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to Integrated Enterprise
Information Systems

LEARNING OBJECTIVES

The objectives of this chapter are to provide a definition for integrated enterprise
information systems, discuss the need for integrated information systems in
enterprises, and assess the extent to which current enterprise information systems
are integrated. After studying this chapter, you should be able to

1. Define integrated enterprise information system

2. Identify impediments to integrating the components of enterprise information
systems

3. Explain the need to eliminate stovepipes in operations and information systems

4. Identify artificial constructs versus natural phenomena in enterprise activities as
opportunities for effective reengineering

INTRODUCTION

Betore we can engage in a detailed discussion of integrated enterprise information sys-
tems, we must define some terms so that we are all using the same vocabulary. Let’s start
with the phrase, “integrated enterprise information system.” That phrase contains several
terms to be defined. Let’s start by defining the term enterprise. For this book we are defin-
ing enterprise as an organization established to achieve a particular undertaking involving
industrious, systematic activitv. Most entcrprises are for-profit business organizations;
however, not-for-profit organizations are also enterprises. Whether the undertaking of an
enterprise is profit driven or charitably motivated, the enterprise needs an information sys-
tem to support its activities. An information system is defined as the network of all com-
munication channels used within an organization. Notice that the concept information sys-
fem is not synonymous with the concept computer technology. Certainly computer
technology is an important component of most modern information systems; however, the

information system is much more inclusive. Any paths by which enterprise employees and
1




2 Chapter One An Introduction to Integrated Enterprise Information Systems

business partners impart and receive information (e.g., telephone conversations, written
docurnents, or fax transmittals) are included in the enterprise information system.
Integration is defined in most dictionaries as the combination of parts info a whole.
This definition may bring to your mind the disassembled pieces of a jigsaw puzzle, and
their assembly into one completed picture, as in Exhibit 1-1. To achieve the integration of
these pieces into the finished whole, each piece must be connected to another piece that
fits and which in turn fits with another piece. The integration of pieces in most jigsaw puz-
zles is a relatively simple task that has a single correct solution. A picture on the box in
which the puzzle pieces are stored illustrates how the assembled end product should look.
The puzzle solver uses that illustration to help determine how to integrate the pieces. For
this book, the puzzle picces we are interested in combining into a whole are the building
blocks of an enterprise information system, and there is not a sole predefined solution.
Thus, the pieces we need to integrate are less similar to jigsaw puzzle pieces and are more
similar to various children’s building blocks, such as Legos, K’nex, Tinkertoys, and so on.
To build something from such building blocks, a person may start with a predefined solu-
tion (e.g., a picture of an end product to build) and follow a set of directions to arrive at
that solution. However, a person may instead visualize something to build, and then start
integrating the pieces, gradually shaping the desired end product. The bnilder’s visualiza-
tion may change as the product takes shape and additional possibilities are identified. As
with jigsaw puzzles, thesc specialized building pieces must fit together in a certain way.
Unlike jigsaw puzzles, these pieces may be correctly assembled in many different ways.
Putting all these terms togetber, we define arz]-;?eo;ared enterprise information s
as a set of communication channels in a business organization, combined together in 1 such
a way as to form one network by which information is gathered and disseminated.

ENTERPRISE SYSTEM SOFTWARE AND DEGREES
OF INTEGRATION

EXHIBIT 1-1
Integration
of Jigsaw
Puzzle Pieces

Today many enterprises have what they consider to be integrated information systems.
What you might picture in your mind as an integrated information system, however, might




EXHIBIT 1-2
Lego and
K’nex Lincoln
Log Trains
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not be consistent with the systems they actually have in place. Remember that integration
can be achieved to various degrees.

Consider the following example as a rough analogy of the degrees to which informa-
tion systems may be integrated: Two children decide to build train cars. One builds a train
car using Legos: the other builds a train car using K'nex Lincoln Logs. (See Exhibit 1 2.)

They decide they want to hook the train cars together and run them on the same track.
Because Legos and K’'nex have different types of connectors, the children must determine
how to connect the train cars. One approach they could take is to tie the train cars together
with string. Such a connection would work, but is not ideal because it is likely to be loose
and to result in the back car swaying to and fro while the cars arc in motion. Another ap-
proach is for one of the children to start over and build a new train car out of the same type
of blocks as the other child’s train car. That would result in the best fit for connecting the
train cars together. Of course, that approach would involve an incredible amount of coop-
eration on the part of one of the children, each of which is likely to want the other child to
rebuild. Unless one of the children either recognizes that the other child’s building blocks
were better for building trains, or one of the children bribes the other child in some way to
rebuild, or unless one of the children would rather build trains than use them, it is con-
ceivable that a mediator (such as a parent) will need to step in and declare which train
should be rebuilt or that the two children will decide not to connect their trains at all.

Other possible integration solutions for the train car example would require some inter-
vention from either the Legos and K’nex manufacturers or from a third-party manufacturer.
One such solution is to have these manufacturers collaborate to build a special combination
building block that has a Lego compatible connector on one end and a K'nex compatible con-
nector on the other end. Another similar solution is for the Lego manufacturer to build a spe-
cial building block that has a Lego compatible connector on one end and a generic type of
connector on the other end, and for the K’ nex manufacturer to build another special building
block that has a K’nex compatible connector on one end and a generic type of connector on
the other end. Then, the Lego end can be connected to the Lego train car and the K’'nex end




Case Iin Point

In 1979 IBM was using more than 300 noncomplex applications to support financial re-
porting requirements alone. In isolation, each system appeared very straightforward.
However, these 300+ financial applications were fed data by thousands of other sys-
tems that provided the details of economic transactions. Attempting to maintain and
control such an information system became nearly impossible and far more costly than
necessary. IBM initiated several reengineering projects aimed at consolidating these
many systems, but still ended up with multiple systems.

can be connected to the K nex train car and their two generic ends can be altached logether,
Of course the manufacturers would need to develop standards for the specifications of the
generic connectors. As long as the integration needed is exclusively between cars (i.e., the
only connections needed are at the edges) these solutions are likely to work as well as the re-
building option. Also important to note is that for any of these integration solutions to work.
the train cars must have the same size wheelbase to operate on a common frack.

You may be wondering what huilding blocks for toy trains have to do with enterprise sys-
tem integration. Admittedly it is a rough analogy, but think of information svstems software
applications built by various divisions, departments, or even individual users in an enterprise
as the train cars in our toy example. The hardware platform and operating system serve as
the track on which the tram cars run. Just as train cars built to run on difTerent tracks cannot
be connected to run together on the same track, software applications built to run on differ-
ent operating systems cannot be connected to run together on the same operating system. In
the train car example, we would need to take one car to the end of its track, unload whatever
the train car was transporting, reload it onto the train car on the next track and take it the rest
of the way to its destination. In an enterprise system we need to print the data from one sys-
tem and rekey it into the other, or preferably we may download it into a generic format from
the one system and upload it into the other system. Depending on the extent of interaction
between the integrated pieces of our system, such an integration solution may be adequate.
However, such a solution is not ideal, just as the string tying the train cars together was not
ideal. Such a system is filled with redundancy (duplication of data), which leads to data in-
consistencies. For example, an enterprise’s marketing department software and its credit de-
partment software may each capture data about customers. When a customer calls to change
his address and telephone number, if those data are stored separately in each software appli-
cation, they must be changed in both places or the result will be data inconsistency.

Current developments in enterprise systems have sought to solve the problem of dis-
parate software applications in organizations. Many large companies and even some mid-
sized companies have implemented enterprise resource planning (ERP) system software
such as Oracle Applications, PeopleSoft, or SAP in an effort to get all of their corporate data
into a common database. Others have developed internal enterprise system software appli-
cations instead of purchasing packaged enterprise sofiware solutions.

Although a goal of enterprise software is to provide one integrated enterprisewide system
with a common database, in reality most implementations of these software packages do not
achieve seamless integration. Some of the ERP software packages themselves are combina-
tions of separate applications for manufacturing, inaterials resource planning (MRP), general
ledger, human resources, procurement. and order entry. Programming code forms connec-



Chapter One  An Inooduction to Integrated Enterprise Information Systems 5

tions between the modules of these applications in much the same way the combination
Lepo/K nex pieces could be manufactured for the purpose of connecting the train cars in our
toy example. Within a specific enterprise software package implemented uniformly through-
out an enterprise, the connections are likely to be solid; so if a sale order 1s entered into the
order entry module, information flows through to the warehouse, manufacturing, and ac-
counting modules. However, many enterprises do not implement the same enterprise soft-
ware package uniformly throughout their organizations. Instead they take a best-of-breed ap-
proach in which they choose one software package that best fits their business process for
manufacturing, a different software package that best fits their human resource business
process, and yet another software package that hest fits their procurement process.

STOVEPIPED OPERATIONS AND STOVEPIPED SYSTEMS

SXHIBIT 1-3
Sessepiped
Swsiem

A recognized problem in integrating enterprise information systems is that stovepiped op-
erations lead to stovepiped systems, and stovepiped systems perpetuate stovepiped opera-
tiong. Let’s examine what this means. First of all, what are stovepiped operations? In Ex-
hibit 1-3 we illustrate the notion of stovepipes. Looking at the stovepipes you can see that
only at the very top docs anything flow back and forth between them. The walls of each
functional area go straight up, so no pathways of communieation connect the stovepipes.
The only openings through which communication can flow are at the top. Second, consider
the form of most enterprises. Most are made up of departments that have different func-
tions; sometimes these departments are called functional areas. Typical departments in en-
terprises may include accounting/finance, customer service, human resources, information
systerns, logistics, manufacturing, marketing, and procurement. Employees in cach of
these arcas arc typically focused on what they, as individuals, need to do for their jobs. In
today’s economic environment, employees are trained to specialize in something. Assem-
bly line workers specialize in a few specific tasks, which they repeat over and over each
day. Credit managers specialize in making a few specific decisions, which they make over
and over each day. Accountants specialize in journalizing a limited number of types of
transactions, and they make those entries over and over. These departments consisting of
people similarly trained in specialized activitics serve as stovepipes. Other authors have
described these functional areas as silos or islands. The common theme of these descrip-
tors is that each functional area is relatively isolated from the other [unctienal areas and
decisions may be made without a realization of how they may affect the other functional
areas. The isolation of functional areas need not be physical; two departments that are lo-
cated on the same floor of the same building may not fully understand each other’s opera-
tions and objectives, nor how they fit together within the broad scope of the enterprise.

Production
Purchasing

Sales
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Even the members of top management in organizations tend to be specialists—the CFO
(chiet financial officer) focuses on financial decisions, while the COO (chief operations of-
ficer) focuses on daily operations, and the ClO (chief information officer) focuses on in-
formation systems issues. Yet these top-level executives provide the primary pathways of
communication by which the functional areas of many enterprises pass information back
and forth. Is it any wonder, then, that in most enterprises, separate information systems
were created to support the separate. specialized functions? Thus enterprises have ac-
counting information systems, marketing information systems, personnel information sys-
tems, and so on. And just as each of the children who built train cars in our toy example is
unlikely to want to rebuild a toy just for the sake of matching the other child’s, the bnilders
of these stovepiped systems are not likely to want to rebuild their systems to match other
systems in the enterprise. The specialized areas must be given a mandate from top man-
agement or they must be given a strong incentive for wanting to rebuild their systems—or
preferably, both!

Now that you understand how stovepiped operations generate stovepiped systems, con-
sider how stovepiped systems perpetuate stovepiped operations. When decision making is
based on information obtained from within one functional arca, those decisions are likely
to be made from a narrow perspective. When systems are not integrated, decision makers
are unlikely to obtain information from multiple arcas, because of the enormous cffort re-
quired to obtain information from multiple systems. If decisions are not based on inte-
grated information, then enterprises may not realize the advantages that such information
may provide.

Breaking Down Stovepipes by Reengineering Business Processes

Many top-level corporate executives have recognized the problem of stovepiped depart-
ments or functional areas. Some have tried to break down the stovepipes by encouraging
interdepartmental interactions. Some enterprises assign building space so people [rom dif-
ferent departments are next to each other, with the thought that those employees will de-
velop friendships with each other and perhaps engage in cross-departmental topic discus-
sions. For some enterprises such physical integration of employees from different
departments may not be possible or practical. For example, it wouldn’t make sense to phys-
ically locate a member of an assembly line in an office with a credit manager.

Michael Hammer recommends that enterprises get rid of traditional departments and
focus instead on workflow processes. Known as a champion of reengineering, Hammer
recognizes that most enterprise workflow processes are cross-functional and that passing
information from one department to another in a nonintegrated enterprise system environ-
ment takes unnecessary time. He also recognizes that to take fnll advantage of their infor-
mation system capabilities, enterprises need to do more than just automate their existing
processes. In a 1990 article he wrote

It is time to stop paving the cowpaths. Instead of embedding outdated processes in silicon
and software, we should obliterate them and start over. . . . use the power of modern
information technology to radically redesign our business processes in order fo achicve
dramatic improvements in their performance. (p. 104)!

'M. Hammer, “Business Process Reengineering: Don't Automate, Cbliterate,” Harvard Business Review;
July-August 1990, pp. 104-12.
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Hammer encouraged enterprises to carefully examine every step in their business processes and
question the necessity of each and every step. Many reenginecring efforts that have been pub-
licized have focused on streamlining workflow and reducing head count. Other reengineering
cfforts have focused on consolidating disparate information systems to eliminate duplication of
effort in collecting, maintaining, and reporting information. An example of a reengineering ef-
fort made to streamlime workflow and reduce head count was undertaken by Ford Motor Com-
pany and is described in Hammer's article. Economic times were tough and the entire automo-
tive industry was in cost-cutting mode. Management believed Ford would realize a significant
cost savings by reengineering its accounts payable (A/P) department. Initially managers hoped
to cut Ford’s accounts payable head count (redirecting the displaced workers to more challeng-
ing, meaningful, and revenue-generating positions) by 20 percent. Upon comparing itself to
Mazda, a much smaller autormotive manufacturer, managers realized that even accounting for
the size difference, Ford should be able to cut its A/P staff by 80 percent. The reengineers started
by taking a close look at the existing A/P processing function, which began when the purchas-
ing department wrote a purchase order (PO} and sent a copy to the A/P department (and one to
the vendor, of course). The vendor sent the goods to the material control department and an in-
voice to the A/P department (not necessarily at the same time}. Upon receipt of the goods, ma-
terial control staff prepared a receiving report and sent a copy to A/P. An A/P clerk compared
the three documents received (PO, vendor invoice, and receiving report) and matched them on
14 data frems. If the 14 fields all matched, the clerk issued payment to the vendor. Most of the
time and effort in accounts payabie was devoted to reconciling the mismalches,

Ford could have chosen to pave the cowpaths by simply automating the existing process.
Instead of the purchasmg department, the vendor, and the maierial control department send-
ing paper documents to A/P. they could have each enfered the data into an information sys-
tem that would automatically compare the 14 fields on the three documents and issue an elec-
tronic payment to the vendors for whom there were no mismatches. The mismatches would
still need to be flagged for human intervention. This would have sped up the process by elim-
inating the lead time associated with transferring paper documents to A/P, by eliminating the
manual matching process, and by climinating the issuance of manual checks for those trans-
actions with no mismatches, The faster lead time would undoubtedly have enabled some re-
duction of head count and also would have enabled Ford to take advantage of more early pay-
ment discounts. However, Ford did even beiter. The reengineers questioned the purpose of
the three-way match, and whether mismatches could be prevented from the start rather than
being detected after they had already entered the system. The three-way match is an age-old
internal control that serves the purpose of ensuring that companies don’t pay for something
they didn’t order and/or that they didn’t reccive. Notice two risks the three-way match miti-
gates: (1) they might receive (and pay for) goods they didn’t order, and (2) they might pay
for goods they didn’t receive. Ford’s more effective procedure had the purchasing department
entering POs into an integrated information system. Upon receipt of goods, material control
clerks immediately entered the receipt information info the system and had the computer
check 1o see if the item numbers and the quantities agreed (within predetermined acceptable
ranges). If they agreed, the shipment was accepted; if they disagreed, the shipment was re-
jected. Vendors quickly learned not to deliver a shipment that didn’t match the order! This
confrol mitigates the first risk of receiving goods that were not ordered, Ford mitigated the
second risk of paying for goods not received by issuing payment based on goods receipts
rather than basing payments on invoices. In fact, Ford asked its vendors to not send invoices
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and even threw away the invoices that were received! Upon the acceptance of a shipment of
goods, the computer automatically flagged the record for payment and the check was issued
within the early payment discount period.

We started this discussion saying that Ford reengineered its accounts payable function.
But is that really true? Actually, Ford reengincered its Acquisition/Payment business
process. The Acquisition/Payment process (that we describe further in Chapter 9) is some-
times called the expenditures cycle or the procure-to-pay process. The reengineering proj-
ect involved three of the major events found in this business process: the ordering of goods,
the receipt of goods, and the payment for goods, and cut across three different departments
(purchasing, material control, and Accounts Payable). That meant many people had to
change their job functions. This radical change approach paid off [or Ford, which achicved
a 75 percent reduction in head count, and improved accuracy of inventory information with
fewer discrepancies between the physical inventory records and the financial inventory
records. Vendors enjoved on-time payments, although they had to get used to not sending
invoices. One vendor complained that their own system didn’t allow thern not to print an
invoice; Ford countered that the vendor could print the invoice as its system required, but
then just throw it away rather than wasling postage to mail it to Ford.

Ford’s reengineers are not the only ones to question an age-old accounting practice such as
the three-way match internal control. McCarthy questions the need for debits and credits to
accomplish accounting.? He proposed an alternative accounting model that he labeled as the
REA (Resources-Events-Agents) accounting model. Tn a series of papers in the years since,
Geerts and McCarthy have proposed expansion of the REA accounting modcl into an enter-
prise domain ontology that can be used as a foundation for building enterprise systems to pro-
vide information not just for accounting purposes but alse for most decision-making necds.’
The premise is that the base objects (the foundational building blocks) in an enterprise infor-
mation system should not be reflective of a certain view (decision-making need) within the
enterprise, but that they should reflect the real underlying activities in which the enterprise en-
gages. Systems containing foundational building blocks thal represent a particular view of
data (c.g., debits, credits, journals, and ledgers) are view-driven. Systems whose foundational
building blocks are representations of the actual underlying activities are event-driven. You
may not have heard the term onfology before. Ontology is the study of what things exist. Do-
main ontologies attempt to define things that are relevant to specific application domains. The
purpose of the REA enterprise ontology is to define constructs commaon to all enterprises and
demonstrate how those constructs may be represented in an integrated enterprise information
system. Effective REA modeling requires and enables thorough understanding of an enter-
prise’s environment, business processes, risks, and information needs.

2W., E. MeCarthy, “The REA Accounting Model: A Generalized Framework for Accounting Systems in a
Shared Data Environment,” The Accounting Review, July 1982, pp. 554-77.

3G. L. Geerts and W. E. McCarthy, *Modeling Business Enterprises as Value-Added Process Hierarchies
with Resource-Event-Agent Object Templates,” in Business Object Design and implementation, edited by
J. Sutherland, D. Patel, C. Casanave, G. Hollowell, and J. Miller (London: Springer-Verlag, 1997), pp.
94-113. Also see "An Accounting Object Infrastructure for Knowledge-Based Enterprise Models,” IEEE
Intelligent Systems and Their Application 14, na. 4 (1999), pp. 89-94; “The Ontological Foundation of
REA Enterprise Information Systems,” presented to the American Accounting Assaciation annual
meeting, Philadelphia, Pennsylvania, 2000; and “An Ontological Analysis of the Econormic Primitives of
the Extended-REA Enterprise Information Architecture,” International Journal of Accounting information
Systems 3, no. 1 (March 2002), pp. 1-16.



“ase in Point

In CIO Magazine Malcolm Wheatley stated, “There’s a tendency for companies to fall
into the trap of putting employees through training programs that are too software-
specific—an easy mistake to make, but one that ignores the fact that ERP systems are
designed to operate by (literally) codifying a set of business processes.”

And according to Cushing Anderson of IDC, “No matter what application an or-
ganization is implementing, they are usually better at the keystroke and transaction
training than they are at the business-and-people processes education.”

Wheailey, “ERP Truining Stinks.” Cf0 Magazine, June 1. 2000, http://www.cio.com/archive/060100_erp.html.

The term enterprise system for many people brings to mind ERP software, Such soft-
ware has the same objective as the REA ontology—to store enterprise information one
time, in a disaggregated format from which it can be retrieved by many different users for
use in making many different types of decisions. O'Leary compared the REA ontology
with SAP, the market leader in enterprise resource planning software.* He concluded that
many similarities exist between the underlying SAP models and the REA pattern, but that
the SAP models contain many artificial constructs as base objects, which is something
REA discourages.® In other words, while parts of ERP software use representations of un-
derlying business activities as the foundational building blocks. they use many artificial
view-driven base objects as well. His analysis confirms that REA provides a good theoret-
ical foundation for studying enterprise system design.

Like REA models. ERP software packages are representations of business processes. If
the software is not an adequate representation of an enterprise’s existing business
processes, either the business process must be changed or the software must be changed.
Either type ol change is problematic. When an enterprise customizes ERP software to fit
its business processes, considerable care must be taken to avoid creating bugs in the soft-
ware. The software changes take extra time, and every time the vendor upgrades the soft-
ware the customizations need to be redone. On the other hand, when an enterprise changes
its business processes, people must change. People don’t like to change. If change man-
agement in such cases is not handled well, the software implementation is doomed to fail.
Most failed ERP software implementations have been blamed on people issues as opposed
to technological software issues. Some practitioners have pinpointed one of the biggest
problems as lack of education about the underlying business processes for system users.

In the chapters that follow, we introduce you to a set of building blocks that are the best
blocks for intcroperability because they focus on the common elements of the reality of
most enterprises. They focus on real things, not artificial constructs. The best news is that
even if you do not agree that these are the best building blocks for designing integrated en-
terprise information systems, the discussions in this book will lead you to thoroughly ana-
lyze the major business processes that are common to most enterprises. By developing a
strong understanding of business processes, you will gam the business-and-people
processes cducation so many ERP software users lack (see Case in Pom( nearby). The REA

4D, E. O'Leary, “On the Relationship Between REA and SAPR” presented to the American Accounting
Assaciation Annual Meeting, San Diego, CA, 1999

5C. L. Dunn and W. E. McCarthy, “The REA Accounting Model: Intellectual Heritage and Prospects for
Progress,” Journal of Information Systems 11, no. 1 {1997}, pp. 31-51.
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ontology approach attempts to eliminate stovepipes and is based on a set of building blocks
that could be used by all enterprises, and by all functional areas within an enterprise. Wher-
ever two areas of an enterprise (or two different enterprises) use these same building blocks
as the foundation of their database design, their systems may be effectively integrated.

Key Terms and Concepts

Artificial constructs, 9 ERP system software, 4 Reengineering, 6
Base object, 8 Information system, 7 Stovepipe, §
Business process, § Integration, 2

Enterprise, / REA ontology, ¢

Review Questions

LO4
LO1, LOZ

CRE

R4,
RS.

What does it mean to have a stovepiped enterprise?

What does it mean to have stovepiped systems?

What are some impediments enterprises may encounter in their efforts to integrate
their information systems?

What does the phrase paving the cowpaths mean with respect to reengineering?
What are three common types of integration attempts currently used by enterprises?

Multiple Choice Questions

MC 1. Most failed software implementations have been blamed on:

Lo2

LO4

LO2

LO4

a. Technological software issues

People issues

- ¢. a.andb.
d. None of the above

MC2. What are domain ontologies?

a. Foundational building blocks
b. Base objects
@ Attempts to define things that are relevant
. None of the above

MC3. What do most ERP users lack?

Business-and-people processes education
b. Understanding of stovepipe organizations
c. People skills
d. Keystoke and transaction training

MC4. The REA ontology approach is intended to:

a. Understand software specific issues

— b. Define artificial constructs
¢. Encourage the use of structured data blocks
@Eliminate stovepipes
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MC5. What is the REA ontology based on?

“ A set of building blocks that can be used by all enterprises and functional areas

b, Debits and credits

¢, A setofbuilding blocks that can be used by a few enterprises and functional areas
d. Enterprise domain

Dhscussion Questions

Lot
103

LO4

LO4

-
D2.
D3,
D4,

D5.

What are the different degrees to which an information system may be integrated, and
whalt are the pros and cons to each approach?

Cxplain the statement, “Stovepiped operations lead to stovepiped systems; stovepiped
systems perpetuate stovepiped operations.” '

Read Michael Hammer’s article on reenginecring. Is reengineering the same as gu-
tomating or computerizing the traditional methods of conducting business? Explain.
Suppose you wanted o implement REA enterprise ontology concepts when you enter
the workplace. What obstacles and challenges are you likely to face?

Would you deseribe the REA enterprise ontology as used for accounting systems as au-
tomating traditional methods of accounting or as reengineering accounting methods? Why?

Applied Learning

200,102,103, LO4

LO1, LOZ, LO3

Al

. Reengineering the Business School.

This chapter included discussions of functional silos or stovepipes in business and the need
to reengineer business processes and information systems to betfer share information
across functions, Consider your college or university’s business school.

Required:

i,

Describe the structure of your business school (e.g., what departments or ather subdi-
visions exist within the business school; who is in charge of those areas; where are fac-
ulty offices located for each department or subdivision; to what extent deo faculty mem-
bers from different departments or other subdivisions coauthor research and/or team
teach; how many business courses are team-taught; docs anything about the structure
of your business school seem remarkable).

Based on your description in part (a). to what extent do you think functional silos are
present in your college or university’s business school?

. How docs the prescnce (or abscnece) of stovepipes in the form of the business school

affect your curriculum?
What are your recommendations about how your business school could be reengi-
neered? Explain,

A2, Management Misinformation Systems

Five assumptions people typically make about information systems foliow. The author,
Russell L. Ackoff, contends these are erroneous assumptions and identifies reasons
why he feels they are in error.® The objective of this assignment is to help you to begin

fRussell L. Ackoff, "Management Misinformation Systems,” Management Scierice 14, no. 4 {December
1967), pp. B-147-B-156.,




“hapter Two

Representation
and Patterns: An
Introduction to the REA
Enterprise Ontology

LEARNING OBIJECTIVES

The objective of this chapter is to help you understand how to analyze and create

representations of enterprises that serve as the core foundation for thejr

information systems. After studying this chapter, you should be able to

1. Explain the importance of representation and modeling in enterprise system
design and use

2. Identify various types of patterns and recognize patterns in the world around you

3. Describe the purpose and the components of the four levels of the REA ontology

4. Describe the usefulness of the REA pattern as a framework for database design

SEPRESENTATION AND MODELING

You may be wondering why representation and modeling are important for understanding
enterprise information systems. The general answer to this question is that we can’t under-
stand enterprise information systems without models that serve as representations of (he sys-
tems and their underlying reality.! The systems are too large and complex for most people to
comprehend in their entirety. The creation and use of models to help build and understand
complex things in life is common. Engineers who build automoliles create models before
they create the real cars. Automaotive repairpersons use models to help them understand the
cars on which they work. Architects create models of the buildings they design; once the

"Much of the material en representation and patterns is based on materials prepared by Professor
William E. McCarthy at Michigan State University. The script material is also based on books written by
Roger Schank, including Telf Me A Story, Northwestern University Press 1990; The Connoisseur’s Guide
to the Mind, Summit Bocks 1991; and Dynamic Memary Revisited, Cambridge University Press 1999,
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EXHIBIT 2-1
Representation
at Token and
Type Levels of
Abstraction

Adupted from: G, L.
Geerls and W, E.
McCarthy, “An
Ontological Analysis
of the Economic
Primitives of the
Extended-REA

Enterprise Information

Architecture,”
International Journal
of Accounting

Information Systems 3,

no. 1 (March 2002),
pp- 1-10.

building is built, other users may need to refer to the model to understand some aspect of the
building (such as where the support beams are located).

To design and understand enterprise information systems, we must be able to develop
and understand representations of the enterprise’s reality. Representations are surrogates
for the real constructs; in other words, they are symbols of those constructs. To design an
information system that closely resembles the underlying reality of the enterprise about
which the information is stored, we must build a set of symbols that represent that reality.
Some models are better than others. Consider an example of model cars. Picture a molded
plastic toy car designed for use by a baby or toddler. For safety reasons, such a toy may be
created with no removable parts that could chole a baby—the wheels wouldn’t turn, and
the doors wouldn’t open. Contrast that with a model car that an adult constructs from a kit.
Such a model may have doors and a trunk that open, headlights that light up, perhaps a
battery-operated convertible top or even a power source that propels it across the floor.
Which is the better representation, and why? Most would consider the adult model car the
better representation because it is mote like a real automobile than is the baby’s toy car.

In modeling enterprisc systems, our symbol representations must not only map as di-
rectly as possible to the underlying reality but they must also be convertible into a com-
puterized format. In the case of designing enterprise databases, that means we must be able
to create paper-based representations of the enterprise reality and then convert the paper
maodels into a format compatible with a database software package.

Representations may be crealed at different levels of abstraction. More specifically, a
representation may symbolize individual objects or categories of objects. In database de-
sign, individual objects are sometimes referred to as tokens, and categories of objects are
known as types. For example, see Exhibit 2—1.

Exhibit 2-1 demonstrates that the reality of sbapes can be represented in different for-
mats and at various levels of abstraction. Each shape 1s represented at the token level by a
word that once upon a time was created as a representation for that shape. The string of
characters s-g-u-a-r-¢ is a representation of the square shape. A token is an individual in-
stance of something. For example Fred s little red Corveite is a token. Please understand

Symbol
(Token)

Symbol
(Type)

Square

Triangle

Circle Shape

Star

%O E

Heart
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that it is not the fact that the shapes are represented by words that makes the middle col-
umn of Exhibit 2—1 a token-level representation; it is the fact that each individual instance
in the reality is represented as a separate token. For the Corvette example, the lokens in the
middle column could include Freds little red Corvette, Samanthas hot pink Corvelte,
Sally’s litile green Corvette, or Andrews roval blue Corvette.

The shapes (reality) in the first column of Exhibit 2—1 also may be represented at the
type level. A type is a category of instances that have something in common with each
other. The box with the word shape inside it in the third column of Exhibit 2—1 is a type-
level representation of the individual shape instances. Each separate shape fits into the
shape catcgory. Corverte is a type, of which Fred s little red Corverte and Samantha s hot
pink Corvette arc tokens.” This reality-to-category mapping is a very important coneept in
building enterprise system models, because often we need to represent categories of things
as well as the individual things themselves. Imagine an enterprise that has 4,000 different
inventory items, 895 employecs, 25 diffcrent cash accounts, 12 branch locations, and en-
gages in thousands of transactions each day. A system must be built to store data about all
those individuat things, but the conceptual model of the system must represent those things
at the type level to make the complexity manageable.

People use patterns of various kinds every day in understanding the environment around
them. Patterns allow us to make predictions about future events and to make sense of the
present based on our past experiences. Patterns arc used in learning from the time that we
are very young children throughout the rest of our lives. Preschoolers and early elemen-
tary school students are given a row ol symbols such as

Vevey

and are asked to fill in the blank with the appropriate symbol. Go ahead; figure out
what goes in the blank. Tt probably didn’t take you very long to identify the correct answer
as ¢!

As students progress, patterns may be more complicated, for example,

$4VAL VS

Of course the correct answer is ¥,

Try this one, which 1s a little more complex:
SHOHOHOKOHE_

The answer is @ and requires recognition that the + x — pattern is embedded inside the
O0O00 pattern.

TTypes also exist at different lovels of detail; we have subtypes and supertypes (Corvette is a subtype of
car, which is a subtype of vehicle). We will save this level of complexity for later chapters.
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Object Patterns

Some patterns serve the purpose ol associating like objects with each other. For example,
an early learning pattern was (and perhaps still is) popular on the children’s television show
“Sesume Street.” A group of [our objects was shown on the screen and a song said some-
thing like, “One of these things just doesn’t belong here; one of these things just isn’t the
same.” The children were asked to identify which thing was different. Simple patterns of
this type might include three things that are identical (e.g., three pictures of the same cow)
and one unique thing (c.g., a picture of an airplane). A slightly harder pattern of this type
could include three things that could be combined into a category, contrasted with another
thing that doesn’t fit the category. For example, a group could include a cow, a dog, a mon-
key, and an airplane; of coursc it is the airplane that is not like the others. Even more ad-
vanced patterns of this type might include three things that are related to each other by
some kind of domain (e.g., 4 cow, a barn, and a tractor are related to each other as part of
the [arm domain) and one thing that is unrclated to that domain (e.g., a monkey). Note that
it 1s particularly complicated if the object that is unrelated to the domain common to the
other three is part of a different domain with at least one of the other objects. In this ex-
ample, cow and monkey are part of the animal domain, but barn and tractor don't fit that
domain.

In conceptual modeling, object patterns consist of expected groupings of things and the
relationships between them. Let’s use the farm example. What things and activities would
you expect to find on a farm? A partial list would include

«  Animals = Iarvesting equipment
= Crops + Field

+ Barn + Harvesting of crops

« Silo + Feeding of animals

+ Farmer « Caring for animals

+ Tractor

What relationships between these objects would you expect to find on the farm? A partial
list would include

* Amnimals take shelter in the bamn

+ Crops (unharvested) grow in the field

+ Crops (harvested) are stored in the silo

+ Farmer participates in harvesting of crops
* Crops participate in harvesting of ctops

« Farmer responsible for caring for animals
* Animals benefit from caring for animals

» Farmer drives the tractor

* Harvesting equipment is used in harvesting of crops |
You can probably think of additional objects, activities, and relationships between them

that you could expect to find on a farm—these lists are intended just to get you thinking.
How do you know what things are likely to be part of the farm’s reality? You probably
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know from past experience, That experience could have been personal (e.g., from visiting
or growing up on a farm) or secondhand (e.g., from seeing a farm on television or hearing
stories about a farm on which your grandfather was raised).

You may not have realized you had a farm object pattern stored in your memory! In fact,
you have many object patterns stored in your long-term memory. Whether the information
is actually stored as a pattern or whether you simply have an indexing scheme that triggers
recall of those objects from various parts of your memory is a matter of debate among ac-
ademic researchers, but that distinction is unimportant for purposes of this book. Qur goal
is to lead you along a lifelong path of using pattern matching to solve problems. When you
are faced with what looks like a new problem, this approach requires you to find some sim-
ilarity to old problems for which you have already developed a solution. You may then
apply the old solution to the new problem, adapting the solution for anything that is dif-
ferent in the new situation. For enterprise system modeling, you will need to think about
what objects you expect to find in an enterprise. match the reality to your expectations, and
adapt as necessary. Such an approach enables you to avoid having to reinvent the wheel
every time you design or evaluate a new enterprise system.

Script Patterns

Whereas object patterns focus on objects and the relationships between them, seript pat-
terns arc sequences of events that typically oceur in combination with each other. Imag-
ine you are in a friend’s house and he came in from his car and said he had just come from
the grocery store. If you are a polite person, you will likely ask if he would like you to help
him carry in the groceries, How do you know he has grocerics to carry? Based on past ex-
perience, you have stored in your memory a script pattern for a sequence of events that fre-
quently occur when someone goes to the grocery store. That seript leads you to infer he
drove to the grocery store (not necessarily from home), took groceries off the store shelves,
transported the groceries to the checkout lane, placed the groceries on the checkout
counter so the prices could be summed and the groceries could be bagged, paid for the gro-
ceries, and drove home. The script that is evoked in your mind is not necessarily accurate
for the particular situation. Perhaps the [riend was looking for only one thing, and was un-
able to find it, so he came home empty-handed, or perhaps he went to the grocery store be-
cause it contained a postal station and he needed to mail a ietter. In spite of exceptions, the
seript patterns you have developed based on your past experiences help you more often
than not in understanding your present and future experiences.

Context 1s important in determining which seript is invoked. and part of what determines
someone’s knowledge is that person’s ability to invoke the most appropriate script for a sit-
uation. For example, imagine that someone starts to tell you a story that begins with the fol-
lowing sentences. “Once upon a time a boy named Jimmy met a girl named Melissa. They
fell in love.” You likely have at least two scripts to invoke based on those sentences, and you
need to know more about the context to guess the ending. If you are told that the story 15 a
traditional romance, vou are likely to guess the ending reads something like this: “They
lived happily ever after.” If you are told the story is a romantic tragedy. you are likely to
guess the ending reads more like this: “One of them died and the other was very sad.”

To thoroughly understand the enterprise domain and o completely represent the phe-
nomena of the enterprise in its information system we must identify object patterns that
communicate things in the enterprise that arc usually associated with cach other, and we
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must also identify script patterns that communicate typical sequences of events. A combi-
nation of such patterns for a particular domain is known as a domain ontology.

THE REA ENTERPRISE ONTOLOGY

MecCarthy proposed a generalized model for accounting systems after analyzing many ac-
counting transactions and identifying the common features of the transactions.? McCarthy
and Geerts have further developed the constructs of the original model to form an enterprise
domain ontology. This ontology is called the REA Enterprisc Ontology because three of the
principle constructs are Resources, Events, and Agents. Resources are things of economic
valuc (with or without physical substance) that are provided or consumed by an enterprise’s
activities and operations. Examples of resources found in many enterprises arc cash, raw
materials, finished goods inventory, equipment, employee labor, and land. (Note: this is not
a comprehensive list!) Events are activities within an enterprise that need to be planned,
controlled, executed, and evaluated. A carefully designed REA model includes only those
events that are necessary and in a sense natural, as opposed to those that could be climinated
witheut changing the substance of the enterprise and thus are in a sense artificial. We return
to this distinction later. For this chapter we focus only on economic events. which arc those
cvents that increase or decrease one or more resources in the enterprise. Later in the book
we introducce other types of events. Agents are individuals, departments, divisions, or or-
ganizations that participate in the control and execution of events.
The REA ontology views enterprises at four levels of detail # The first level of detail is
@ called the value system level. A value system level REA model focuses on the resources
that arc exchanged between the enterprise and its various external business partners such as
suppliers, customers, creditors/investors, and employees. A supply chain is made up of the
value system level models of interconnected business partners. The second level of detail is
=~ called the value chain level, A value chain level REA model focuses on the resource flows
@ between interconnected business processes and on the economic events that accomplish the
resource flows. The term husiness process is a term widely used in practice to mean any-
thing from a single activity of producing a report o an entire transaction cycle. For this text-
book, business process describes an entire transaction cyele. The commonly interconnected

B
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The REA Ontology material included in this chapter is based on the McCarlhy 1982 paper (see footnote
1) and on the following papers: G. Geerts and W. E. McCarthy, “Modeling Business Enterprises as Value-
Added Process Hierarchies with Resource-Fvent-Agent Object Templates” in 1. Sutherland and D. Patel,
eds., Business Object Design and implementation {London: Springer-Verlag, 1997), pp. 94-113. See also
*Using Object Templates from the REA Accounting Model to Engineer Business Processes and Tasks,”
The Review of Business information Systems 5, no. 4 (kall 2001), pp. 89-108; “An Accounting Object
Infrastructure for Knowledge-Based Enterprise Models,” JEEE intelligent Systemns and Their Application
14, no. 4 (1999), pp. 89-94; “The Omological Foundation of REA Enterprise Information Systems, ”
presented Lo the American Accounting Association annual meeting, Philadelphia, Pennsylvania, 2000;
and “An Ontological Analysis of the Economic Primitives of the Extended-REA Enterprise Information
Architecture,” international Journal of Accounting Information Systems 3, no. 1 (March 2002), pp. 1-16.
4Geerts and McCarthy describe the REA ontology as a three-level architecture consisting of the value
chiain, business process, and task levels; however, many professars also find it helpful Lo discuss the
value system level
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business processes included in a value chain level REA model are the financing process,
the acquisition/payment process, the human resources process, the conversion process
{manufacturing), and the sales/collection process. Each of these processes is discussed in
more detail later in this chapter and in later chapters. The third level of detail is the business
C%) process level. A business process level REA model focuses on one or more transaction ¢y-
cles in an enterprise’s value chain, expanding the representation to include various types of
resources, cvents, agents, and relationships among them. The fourth level of detail is the
~ task level. A task level REA model focuses on the individual steps involved in accom-
@ph’shing events in an enterprisc. Tasks are aclivities that may be changed or eliminated and

therefore should not serve as foundational elements in an enterprise information system.
The value system level is an object pattern that depicts a macro level view of the finn,
with the objects being the enterprise itself, its external business partners, and the resources
that are exchanged between them. The value chain level is based on a script pattern.
MeCarthy proposes that there is a business-entrepreneur script (with several possible
variations) that serves as a starting point for modeling enterprises. The script says (from

the enterprise’s point ol view)

» The enterprisc gets some money
» The enterprise engages in valuc-added exchanges, such as
« Purchase equipment and raw materials
= Purchase labor
* Manufacture finished goods
= Sell finished goods
= The enterprise pays back the money and lives off the profit

Variations on this seript include value-added exchanges that involve performing services
rather than manufacturing and selling finished goods, and any of a number of other
revenue-generating and resource-expending activitics that are not covered in this version
of the script. The value chain level models should be created with this overall script
in mind, but adjusted and embellished as appropriate for the particular enterprise being
modeled.

Scripts consist of scenes and involve actors, roles, and props. You have probably expericnced
a dramatic production (e.g., a play, musical, or opera) either as an actor or as an audience mem-
ber. Members of the audience are typically given a program that outlines the scenes that will
take place in the drama. Each scene involves actors and actresses playing roles according to a
written scripl. Sometimes props (physical items used to help communicate the message of the
scene) are used. The value chain lkevel is somewhat analogous to the program given to the au-
dience—it provides an outline of the scenes (internal business processes) that will take place
for the enterprise. Each scene in the value chain then needs to be portrayed as a bnsiness process
level REA object pattern model. The REA object pattern identifies the roles and props involved
in the scene’s events, and also relates the events within a scene to each other.

Example Enterprise
Robert Scott Woodwind Shop (RSWS) is a fictitious enterprise (based on a real enterprise)
we use to illustrate many of the concepts throughout this book. To help separate fact from
fiction, Robert Scott is a real persen and truly is an accomplished woodwind instrument
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repairman, player, and teacher. His primary line of business has been woodwind instru-
ment repair, and many concert musicians claim he is the best in the world because he has
near perfect pitch and can detect subtle tone and pitch changes that other repairmen can’t
hear. He provides repair services and he manufactures clarinet moythpieces, clarinet bar-
rels, oboe reeds. and bassoon reeds. In years past he soid a [ew instruments and taught
some lessons to a few lucky students. He never took on more work than he could perform
by himself, with a little help now and then from whichever one of his children showed an
interest in learning how to perform some of the simpler repair or manufacturing activities.
To keep his workload manageable, he never advertised; word of mouth proved sufficient to
generate enough business to support his family while deing something he loved with a
minimal amount of administrative work. He is currently in semiretirement and has only
limited need for an information system to maintain complete control of his tiny sole pro-
prietorship. To make this an appropriate enterprise for which to discuss the need for an in-
tegrated enterprise information system, we have scaled up this example to include a high
volume of transactions and multiple locations, thus necessitating the usc of multiple em-
ployees, division of labor, and other complicating factors that evolve small sole propri-
etorships into large corporations that need integrated enterprise information systems.

RSWS as a whole has two types of linancing: debt and equity. The debt financing re-
flects occasional loans RSWS obtaing from banks 1o help with short-term cash flow needs.
As RSWS expanded in volume, and needed additional cash infusions to purchase new
equipment, rent new store buildings, and pay employees, Robert Scott made the decision
to change from a sole proprietorship to a corporation. He completed all the necessary legal
paperwork and sold shares of stock representing ownership interest to a dozen of his con-
cert musician fricnds.

RSWS generales revenucs in four ways. First, RSWS purchases woodwind instruments
from its suppliers at wholesale prices and sells them 1o its customers at retail prices. Sec-
ond, RSWS purchases woodwind instruments from its suppliers at wholesale prices and
rents them to customers who are not yet sure they wanlt to buy an instrument. Most often
these rentals are made to the parents of schoolchildren who are just beginning to play an
instrument and the parents wanl some evidence that their child’s interest in the instrument
is more than just a passing fancy. Third, RSWS manufactures various instrument parts and
accessories and sells them to customers. For example, RSWS manufacturcs clarinet bar-
rels. clarinet mouthpieces, oboe reeds, and bassoon reeds, This involves purchasing the
cquipment and raw materials and performing the labor and machining operations needed
to transform the raw materials into the finished goods. Fourth, RSWS perforns repair ser-
vices for customers. This involves evaluating the customer’s woodwind instrument to di-
agnose the problem, purchasing any repair parts that are needed (or taking them from
stock), and performing the labor and machining operations needed to repair the instru-
ment.

RSWS Value System
From this summary of RSWS’s operations, we can identify RSWS’s external business part-
ners and the resources that are exchanged among them. Exhibit 2-2 illustrates RSWS’s
value system level REA model. The external business partners for RSWS include investors,
creditors, supplicrs, customers, and employees. At first glance, you may wonder why em-
ployees are considered to be external business partners. After all, they perform services on




EXHIBIT 2-2
HSWS Value
System Level
REA Model

Chapter Two  Representation and Parerns: An Introduction to the REA Enierjmise Ontology 27

Sl 720V S
ey
Investors and \(Eash‘_o/’fc- / / e
creditors ,:\\ /
Ca;h\-.. \‘
Goods - Guads,
— services
Suppliers SEivices Rv%iig\ﬁﬁgn Gustomers
(vendors) Cash Sh — —
: op. Cash
Labor
P
Employees t//
Cash

behalf of RSWS. Although they perform services on behalf of RSWS, they are being paid
by RSWS to perform those services and as such are external business partners. We return
to the distinction of employees” functioning as internal agents and external business part-
ners later. The resource RSWS reccives from its investors and creditors is cash. and the re-
source RSWS gives to its investors and creditors is also ¢ash. Investors and creditors arce
willing to give cash to RSWS because they expect to receive an amount of cash that is worth
mote to them than the cash they initially gave up (with the excess being interest, dividends,
and/or capital appreciation), The resources RSWS receives from its suppliers are goods and
services, This generic label covers specific resources such as raw materials inventory, ma-
chinery and equipment, advertising services, accounting services, and many other goods
and services. The resource RSWS gives Lo its supplicrs in exchange for these goods and scr-
vices is cash. Suppliers are willing to give goods and scrvices to RSWS because they ex-
pect Lo receive an amount of cash that is worth more to them than the goods and services
they gave up. The resource RSWS receives from its employees is labor. Tn exchange, RSWS
gives cash to its employees. The employees are willing to give labor to RSWS because they
expect (o receive an amount of cash that is worth more to them than the labor (time and ef-
fort) they gave up. The resource RSWS receives from its customers is cash. The resources
RSWS gives to its customers are goods and services. This generic label includes instru-
ments, clarinet barrels and mouthpieces, oboe and bassoon reeds, repair services, and the
temporary use of instruments (rentals), as well as other potential goods and services. RSWS
is willing to give these goods and services to its customers because it expects to receive cash
that 1s worth more to RSWS than the goods and services given up.

Note that the valuc system level REA model is based on expeetations rather than actu-
ality (as are all levels of the REA model). Some customers may not fulfill their end of the
exchange bargain and RSWS will have given up goods and services without receiving the
expected cash. Likewise it is possible that RSWS will not succeed in its endeavors and its
investors will not receive cash in excess of their initial investment. Regardless of what ac-
tually occurs, the model must allow for the expected exchanges.

RSWS Value Chain

Once the external business partners and the resource exchanges between them are identi-
fied, we can proceed to develop a model of RSWS’s internal business processes and the
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EXHIBIT 2-3
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resource flows that link them together. Such a model is called a value chain level model,
and an example is illustrated as Exhibit 2-3. This model is based on the business-
entrepreneur script discussed earlier in this chapter. Comparing the standard script to the
value system model we identify that RSWS has a financing business process (cash is ex-
changed with investors and ereditors), a human resources process (cash is exchanged for
labor with employees), an acquisition/payment process (cash is exchanged for goods and
services with suppliers) a conversion process (accessories are manufactured and instru-
ments are repaired), and a sales/collection process (goods and services are exchanged for
cash with customers).

Each resource flow on this model represents an output from one process and an input
to a related process. Starting at the top and working counterclockwise, cash from the fi-
nancing process is used in the payroll process and in the acquisition/payment proccss.
Within the payroll process, the labor that is acquired in exchange for the cash becomes an
output that then serves as an input to the conversion process. Within the acquisition/pay-
ment process, the acquired raw materials, equipment, and overhead services (such as util-
ities) become outputs of that process and inputs to the conversion process. The acquired
instruments become outputs of the acquisition/payment process and inputs to the revenue
process. The raw materials, equipment, labor, and overhead services that are input to the
conversion process are converted into manufactured accessories and repair services that
arc output to the revenue process. The instruments that are input to the revenue process are
exchanged for cash, which becomes the output of the revenue process and serves as an
input to the financing process. Resources continue to flow throughout the chain until the
enterprise is dissolved.

The value chain level model shown in Exhibit 2-3 is somewhat summatized, using only
one bubble to represent cach business process. To concentrate on the exchange events and
the resource flows resulting from the exchange events, some of the buhbles may be more
appropriately decomposed into smaller, less complex parts. For example, the bubble Ac-
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quisition/Payment Process could be broken down into two parts: acquire goods and acquire
services. Cash would be the inflow resource for each of those separate bubbles, raw mate-
rials and equipment would be the outflow resources from acquire goods that become in-
puts to the conversion process bubble, and overhead would be the outflow resource from
acquire services that becomes an input to the conversion process bubble. The decision as
to whether to decompose these depends on whether the acquisitions of goods and services
are combined into a single sct with the same data attributes captured for them. We discuss
value chain level models in more depth and illustrate them in more detail in Chapter 3.

As we discuss in Chapter 3, developing a value chain level model provides a great deal
of insight about the enterprise and is useful for understanding the enterprise’s mission,
strategy, and overall operations. Facilitating high-level strategic analysis 18 certainly a goal
of the REA enterprise ontology. The primary goal, though, is to provide a structure for the
creation of an cnterprisewide database in which to store disaggregated transaction data.
Once an enterprise’s business processes have been identified, along with the specification
of the resource flows and the events that causcd the resource flows, a pattern has been es-
tablished from which an enterprisewide database may be designed. To develop the business
process level model, each bubble in the value chain level model is further specified as to
the resources, events, agents, and the various types of relationships between them. The
components of the business process level REA model will be discussed in more detail in
Chapter 4; however, an illustration of the basic business process model for the acquisition
of materials is included as Exhibit 2-4. In this exhibit, the purchase of materials is an eco-
nomic event, which increases the materials resource. The disburscment of cash is another
economic event, which decreases the cash resource. The model also shows the participa-
tion of agents in those events. The purchasing agent processes the purchase on behalf of
RSWS and the supplier is the external agent from whom the materials are purchased. The
supplier is the external agent to whom payment is sent, and the accounts payable clerk
processcs the payment on behall of RSWS.

Exhibit 24 is oversimplified to provide a manageable example; additional complexities
that provide more realism are introduced and discussed in later chapters. In Chapter 4 we
describe how models like the one in Exhibit 2—4 are derived and further explain what the
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Task Level

symbols and the names of the constructs shown mean. For now, you need to understand
that each rectangle represents a resource. an event, or an agent. The resources shown are
materials inventory and cash. The events shown are purchase of materials and cash dis-
butrsement. The purchasing agent, supplier, and accounts pavable clerk are agents. You also
need to understand that each of these rectangular constructs corresponds to a table in the
enterprisewide database and that the relationships between them (represented by the dia-
mond symbols) determine how the database tables are linked to each other. The set of re-
lational database tables in Exhibit 2-5 corresponds to the model in Exhibit 2—4. Additional
information beyond that available in Exhibit 2-4 was needcd to derive these tables; that in-
formation is explained in Chapter 4 and the process for deriving the table structures and
entering data into the tables is discussed in Chapter 6. For now the purpose of Exhibit 2-5
is to show you a small piece of a deliverable obtained from the REA ontology: an opera-
tional enterprisewide transaction database.

One goal of this book is to tcach you the basics of designing such a deliverable as the
partial relational database illustrated in Exhibit 2-5. There are complexities involved in
scaling up such a design and optimizing its performance that are beyond the scope of this
book. Courses or modules on interface design, networking and client-server computing
also are recommended. Thus when you master the material covered in this book you have
only a partial toolset to use in designing a working enterprise database for a rcal-world en-
terprise. The toolset vou acquire by mastering the material in this book also can help you
to use and evaluate relational databasc tables (such as those shown in Exhibit 2-5) in real-
life organizations. Such issues are discussed in later chapters.

The final level of detail in the REA ontology is the task level. Recall that any activities that
are not an essential part of an enterprise’s operations—in other words those activitics that
can be reengineered away—should not serve as foundational building blecks for an infe-
grated enterprise information system and thus should not become base objects in the
enterprisewide database. However, enterprises need to be able to document all activities
and to include information aboul them in their enterprise system. A variety of workflow
activities are possible and no pattern has yet been identified to represent the task level. Fur-
ther, a variety of representation techniques for documenting workflow activities are used
in practice, including narrative descriptions, system flowcharts, data flow diagrams,
process models, and fishbone diagrams. For this reason we do not provide a standard rep-
resentation for tasks for the RSWS example. Although a specific pattern has not yet been
discovered for tasks, we describe two of those representation techniques later in the text-
book. The ability to document tasks and (o interpret task documentation is important for
designing, using, and evalualing enterprise information systems.

CONCLUDING COMMENTS

In this chapter we discussed techniques for representing elements of an enterprise’s reality in
a conceptual model (set of symbols on paper) that serves as a basis for designing an
enterprisewide databasc. We discussed the REA enterprise ontology and illustrated how the
enterprise can be viewed from multiple perspectives to ensure the database is designed to
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2-5 RSWS Business Process Level Database Tables: Acquisition/Payment Process

31

Account type
Checking
Petty cash
Payroil imprest

Account Location
Fourth-Second Bank
File drawer, room 222
True American Bank

= Dishursement

- Cork set, standard oboe
Spring set, standard oboe
Cane, %" width x 12" length

$5.00
$9.00
$1.00

Date Amount Cash Account Supplier ID  APClerk ID
Novemnber 5 $1,230.00 1223 S2 E8
November 5 $9,778.65 4556
November 6 $2,476.00 1223 53 E9
Inventory
. Description Standard Unit Cost

Date Amount  Supplier ID PurchAgentID  Disbursement ID
~ Navember 1 $1,230.00 52 £2 cpt
November 1 $2,476.00 S3 E2 D3
. November 3 $ 50000 51 B
als Inventory—Purchase
; Purchase ID  Quantity Purchased  Actual Unit Cost
P 66 $5.00
P1 100 $9.00
P2 200 $9.00
e 676 $1.00
L 100 $5.00
s Payable Clerk
~ lastName First Name Date of Birth Telephone
. Hitchcock Henry October 31 555-1000
_Ingalls Ingrid january 3 555-1012
Jacobs Jennifer February 2 555-1027
_ Last Name First Name Date of Birth Purchase Limit
~ 'Benson Betty September 22 $25,000.00
. Corbett Carlos April 26 $20,000.00
' Daniels Doris June 21 $19,000.00
Name Address City State
We Know Woodwinds 123 Ensemble Ave. Highbrow MA
Adverteaser 118 Stephens Greenfield Mi
Emersmith 6830 Newfound Kansas City MO
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capture information congsistent with the enterprise’s value-adding activities and overall strat-
egy. The coverage of these topics in this chapter provides only a hugh level overview. In the re-
maining chapters of this book we provide more details regarding each level of the ontology.

Key Terms and Concepts

Review Questions

Lo
LO3
LOL, LO3

LOtL
Loz

LO3

Acquisition/payment Human resources Script pattern, 23
process. 25 process, 25 Symbals, 20

Apents, 24 Model, /9 Task level REA
Business-entrepreneur Qbject, 20 v, model, 25

script, 25 Pattern, 27 Token, 20

Business process level REA ontology— Type, 20

REA model, 25 4 Levels, 24 Value chain level REA
Context, 23 Reality, 19 model, 24

Conversion process, 25 Representation, /9 _Value system level REA
Events; 24 Resources, 24 model, 24

Financing process, 25 Sales/coltection process, 25

R1. What is a model? Why do we create models of systems?

R2. What is a business process?

R3. [s it better to make one model of an entirc enterprise, or several smaller models of in-
dividual processes? Why?

R4. What is the difference between token and type level 1t,prc,s<:n1at10n”

R3. What is the difference between an object pattern and a script pattern?

R6. What are the four levels of the REA ontology and what type of pattern (object or
script) exists at each level?

Multiple Choice Questions

LO3

LO3

LO3

MC1. Relationships in the business process level REA model are based on
% Fvents
(B Expectations
C. Actuality
D, Software
MC2. In order from the top down, the hierarchy levels in the REA cnterprise ontology are
A. Task, business process, value chain, value system
B. Business process, task, value system, value chain
Value chain, value system, business process, task
a\/’alue system, value chain, business process, lask
MC3. Which REA ontolagy level focuses on an object pattern of events within one or
more transaction cycles?
A, Task
@ Business process
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-~ C. Value system
D. Value chain

- MC4. Which REA ontology level focuses on the Wm

business pmcesses
A, Task
- B. Business process
C. Value system
@ Value chain
(5. For which level of the REA ontology has a specific pattern not yet been discovered?
Ay Task
B. Business process
C. Value system
D. Value chain

LO3, LO

sion Questions

w04 DI. Dramatic productions follow scripts that contain scenes, actors, props, and roles. De-
seribe how sach of these components maps into the levels of the REA enterprise on-
tology. Do you believe it is useful to think about enterprises from the script perspec-
- tive? Why or why not?
1oz~ D2. The chapter gave an example of a romantic script that some would say is the theme
for most chick flicks (i.e., movies that tend to appeal to a largely female audience).
Write a similar script for the types of action/adventure movies that tend to appeal to
a mostly male audience. What {if anything) do romantic and action movie scripts have
y in common?
105 D3. The chapter gave an example of a business procc vel core Ini:)del including fo
_ sources, events, and agents for the acquisition/payment process for Robert Scott
Woodwinds. What do you think some of the resources, events, and agents would be
for the business process level core model for the revenue cycle for Robert Scott
Woodwinds? Include at least two resources, two events, and three types of agents.
4. Do you think activities that could be reengineered away should serve as foundational
- building blocks in an enterprise information system? Why or why not?
Loy D5, The REA ontology was originally created as an accounting model intended to fe'place
the traditional double-entry model Assets = Liabilities + Owners’ Equity. Using your
knowledge of the traditional double-entry accounting model, what are the essential
parts of accounting that cannot be reengineered away? In other words, what makes up
the essence of accounting? What parts of the traditional double-entry model are arti-
 facts that could be replaced with other methods or approaches? :

Learning

oz Al. Picture in your mind a pizza {or other food) delivery retailer of your choice. Using the
knowledge you have based on your previous experiences with ordering pizza (or other
food), combined with your general business understanding, try to guess what the
value system level model for this enterprise includes. You may either draw a value
~ system level model similar to Exhibit 2-2, or you may prepare a matrix as follows:
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! The REA Enterprise
Ontology: Value System
and Value Chain Modeling

LEARNING OBJECTIVES

The objectives of this chapter are to describe the components of a typical
enterprise’s value system and value chain and to discuss the procedures for
developing models of enterprise value systems and value chains. After studying this
chapter, you should be able to:

1. |dentify an enterprise’s external business partners

2. Identify the resources that are exchanged between an enterprise and its business

partners

3. Develop a value system level REA model for an enterprise

4. Identify the business processes (transaction cycles) in an enterprise

5. Identify the resource flows between an enterprise’s internal business processes

6. Identify the economic events that cause the resource flows between an
enterprise’s internal business processes

7. Develop a value chain level REA model for an enterprise

8. Explain how enterprises create value and describe Porter's Value Chain Model

9. Explain how evaluating enterprise activities at the value system and value chain
levels facilitates understanding the business process level

VALUE SYSTEMS AND VALUE CHAINS

We introduced the concepts of value systems and value chains in Chapter 2; we examine
them more closely in this chapter. You may be surprised to learn that many of the critical
steps of building an information system have little to do with programming a computer.
The process begins with identifying the need for a business selution and acquiring a bet-
ter understanding of the environment you plan to support and/or improve. You must ex-
amine that environment (the cnterprise) from different perspectives and at different levels

35
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of detail. We believe the first level of detail you should consider is the least detailed—the
big picture view that we call the value system level. You may have heard the saying “they
couldn’t see the forest for the trees™ used to describe those so mired in detail that they for-
get the big picture of what they are trying to accomplish. We believe that looking at the
forest level of an enterprise first and trying to develop a plan for analyzing the enterprise
a section at a time will help vou keep your perspective and avoid getting mired in the de-
tail. Obviously there is plenty of detail in which to get mired, so try to keep picturing the
end goal and the plan for getting there to keep you on the path.

Examining the value system level of a firm includes thinking about the enterprise’s
mission and strategy. Understanding this level is crucial because later you must ensure that
activities within the enterprise’s business processes arc consistent with its overall mission
and strategy. The REA ontology is about much more than developing information sys-
temns; it is about understanding enterprises.

Everything an enterprise does should create value for its customers according to
Michael Porter in Competitive Advantage.! Creating value has a cost, For example, an en-
terprise that assembles automobiles creates something of value but also must pay for var-
1ous inpuls (c.g., materials, supplies, and time of emplovees). Porter compules an organi-
zalion’s margin as the difference between value and cosl. This calculation includes all
value and all cost, much of which is difficult to measure financially, but which the REA
value chain model can capture if measurements are available.

The concept of creating value applies to both for-profit and not-for-profit organizations.
For-profil organizations try to maximize their margins. Not-for-profit organizations, such as
charitable or governmental entities, seck to maximize the goods and services they provide
with the resources (funds) they receive. Over the long run, charitable and governmental or-
ganizations seek to optimize their services while matching outflows to inflows. Whether for-
profit or not-for-profit, viahle organizations provide goods and services that customers value
in 4 cost-ellective way. The main difference between for-profit and not-{or-profit enterprises
is that at the value system level, the input resources and output resources are paired with dif-
ferent external business partners. That is, some of the partners who give resources to the
not-for-profit enterprises do not receive resources directly from the not-tor-profit enterprises
and some of the partners who receive resources [rom the not-for-profit enterprises do not
give resources to the not-for-profit enterprises. The overall notion of input resources being
transformed into output resources is still valid because one would expect that if the not-for-
profit organization failed to provide the expected goods and services, its contributing cxter-
nal business partners would discontinue their contributions.

Every organization seeks to create value by providing goods and services customers
want. For example:

* A grocery store creates value by providing food in a clean and convenient lecation for
customers to purchase.

* An airline company creales value by safely transporting passcngers and cargo in a
timely manner.

« An automobile manufacturer creates value by producing safe, reliable vehicles to trans-
port people and cargo.

M. Porter, Competitive Advantage: Creating and Sustaining Superior Perforrance (New York: Free
Press, 1985), p. 12.



Case in Point

In the late 1970s and early 1980s when gas prices were rapidly rising and our oil sup-
plies were in doubt, most new car buyers favored smaller, more gas-efficient automo-
biles. America’s automobile manufacturers had several lean years as they modified
their automobile design to smaller, fuel-efficient vehicles. Over the next decade as the
percentage of small cars increased, most parking lots adjusted the size of the parking
stalls from 8 or 9 feet wide to 7 feet wide. But since 1987 the size of America’s cars has
been getting bigger. In sprawling Western and Southwestern cities, the popularity of
sport-utility vehicles and pickup trucks can make parking a hassle. Parking lots with
larger parking stalls are now able to charge a premium price. Parking problems will
likely increase as the popularity of the Hummer increases. The Hummer is the civilian
adaptation of a military vehicle that is 8 feet wide, including the mirrors.*

*Neal Templin, “Big Cars and Little Spaces Cause Mayhem,” Fhe Wall Srreet Jowrnal, March 11, 1998, pp. B1, 8.

* A municipality creates value by providing essential community services (e.g., police
protection, fire protection. emergency services, and utilities) to ifs citizens.

Enterprises that provide goods and services of value to their customers will survive and
grow while those that do not will shrink and die. Due to competition for scarce resources,
each enterprise must provide value in a cost-effective manner. Although some organiza-
lions manage to deter their demise through deceit, disguise. or political influence, ulti-
mately every organization has to answer to the final arbiter of value—the customer.

Because enterprises need increased adaptability, effectiveness, and efliciency to remain
competitive, most organizations find it essential to differentiate between the various busi-
ness activitics in which they engage. Obviously, organizations must look internally at each
: of their functions and develop capabilities in each area. They also must effectively inte-
grate and coordinate all business functions. However, in today’s business world, an orga-
nization’s performance is increasingly affected by the world around it. You might work for
the most internally cost-cffective organization you can imagine, butl it might be an unsuc-
cessful organization. Why? Perhaps the organization has competitors who better meet the
needs of customers, do a good job of outsourcing some business functions, or do a better
job of creating effective strategic alliances with trading partners.?

To really understand and analyze an organization, you must understand more than in-
ternal operations and functions. You must look outside the organization at the industry, the
suppliers, the customers, and all the other parties that affect organization performance. In
other words, you must examine the enterprise at its value system level. and also consider
how the enterprise’s value system interacts with the value systems of the other enterprises
in its supply chain. An enterprise supply chain encompasses all of the enterprises involved
in providing a produet or service to an end customer. Ior example, Robert Scott Woodwind
Shop purchases instruments from its suppliers as part of its value system level activities.
Those suppliers had value systems of their own to make those instruments available for

2Qutsourcing occurs when one organization finds another organization to perform some work. This is
usually done when the outsourcing organization can't complete the work {e.g., they do not have the
capacity or the expertise) or when they identify another organization that can complete the work in a
more cost-effective manner. 37
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EXHIBIT 3-1

Porter’s Generic Value Chain

Source: Michael Porter, Comperitive Advantuge: Creating and Sustaining Superior Performance (New York: Free Press, 1985).

Support activities

Revenue

v

Costs

v

Firm infrastructure

Human resource management

Technology development
Procurement .
Margin
Inbound Operations Outbound Marketing Service
logistics logistics and sales
P Primary activities B

sale to RSWS, Likely RSWS buys the instruments from the manufacturers; their value sys-
tem levels would involve purchasing raw materials, labor, and manufacturing equipment
from their suppliers. Those supplicrs had value systems to make those items available for
sale.

Eventually managers must look at the entire supply chain to streamline interenterprise
activities and gain efficiencies in operations. However, the best first step is to focus on the
enterprise in the context of its immediate business partners, then to focus on the enterprise
value chain and the internal business processes that comprise that chain, Once you un-
derstand the enterprise in the context of its immediate business partners and its internal
processes, examine the more distant links on its supply chain.

To complete a thorough cradle-to-grave analysis, many people use the value chain
analysis approach originally proposed by Michael Porter.* Porter illustrated that each firm
is a “collection of activities that are performed to design, produce, market, deliver, and
support its produet.” You can see Porter’s Generic Value Chain in Exhibit 3—1.

Although this diagram looks different from the value chain diagrams we use in this text-
book, both types of value chain diagrams encompass the same set of activities. Porter’s
value chain is defined as a set of business activities that add value or usefulness to an ot-
ganization’s products or services; the REA ontology defines the value chain as a set of
business processes through which resources flow, with the assumption that value is added
to the resources within each business process. The value chain is intended to show total
value and consists of value activities and margin. Value activities are the physical and tech-
nological activities performed by an organization. Porter presented two types of value ac-

3M. Porter, Competitive Advantage: Creating and Sustaining Superior Performance (New York: Free
Press, 1985); and Competitive Strategy Techniques for Analyzing Industries and Competitors (New York:
Free Press, 1980),
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tivities in his generic value chain: primary and support. Primary value activities consist
of the events that create customer value and provide organization distinctiveness in the
marketplace. They are the critical activities in running 2 business. Support value activi-
ties facilitate accomplishing the primary activities. Margin is the difference between total
value and the cost of performing the value activities.

Pottet’s piimary value activities include the following categories:

» Tnbound logistics—activities associated with receiving, storing, and disseminating m-
puts to the products or services

= Operations —aclivities associated with transforming inputs into the final products or
services

* OQOutbound logisties—activitics associated with coliccting, storing. and physically dis-
tributing the products or services

* Marketing and sales—activities associated with providing a means by which cus-
tomers can buy products and the means for inducing them to buy

= Service activities assoclated with providing service to enhance or maintain the value
of the products or services

Porter’s support value activities include:

* Proeurement—the function of purchasing inputs to a firm’ value chain

* Technology development—the know-how, procedures. or technology embedded in
processes that are intended to improve the product, services, and/or process

* Human resource management—activities involved in recruiting, hiring, training, de-
veloping, and compensating all types of personnel

* Firm infrastructure—activities that support the entire value chain (e.g., general man-

agement, planning, finance, accounting, legal, government affairs, and quality manage-
ment)

In REA wvalue chain analysis we also differentiate value activities in three event cate-
gories—operating events, infermation events, and decision/management events. We define
and discuss these categories in Chapter 4.

Value system and value chain analyses are valuable because they compel you to under-
stand the internal operations of a firm as well as the forces and parties outside the firm that
affect its ability to create value. The direct actions of an organization are only part of its
overall value chain process. It is also Important to look at external linkages, such as the ac-
tivities of customers and suppliers, to understand the ability of an organization to create
value. For example, some organizations may be more successtul at creating value because
they elicit quality responses from their customers and use the feedback to quickly change
or upgrade their products. Other organizations may achieve success because they have
worked effectively with their suppliers to reduce costs and improve the ability to respond
to customer desires. A thorough analysis of the value system and value chain helps you to
understand all the activities that are strategically relevant to an organization, not just the
portion of activities in which an organization directly participates or controls. In Exhibit
3-2 we illustrate how the value system and value chain activities are linked. In this dia-
gram note that Suppliers encompasses suppliers of every type of resource, including em-
ployees, investors, and creditors, as well as those who supply products and services.
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EXHIBIT 3-2
Relating Value
System

and Value
Chain Levels

Suppliers

:

Requested input

resources

:

Payment for
inpul resources

Customers

-

Goods and
services for
customers

Payment for

goods and
services

Acquistion

ENTERPRISE

Conversion

payment = - collection
process P(ovldes process Provides process
input goods and
resources services

Sales

VALUE SYSTEM LEVEL REA MODELING

To develop a value system level REA model you must answer the question, “Who are the
enterprise’s external business partners?” To answer this question, [ocus on resource
flows and ask the question this way, “To whom does the enterprise give resources and from
whom does the enterprise receive resources?” Recall from Chapter 2 that resources are de-
fined as things (hat have economic value to the enterprise. Recall also [rom Chapter 2 that
we are taking a pattern-based approach to developing enterprise information systems, Thus
we want to consider what is true for most enterprises and then make adjustments as nec-
essary for our particular enterprise. Most enterprise resources fit into one of the following
categorics:

* Cash

* Inventory (raw materials, finished goods, merchandise, parts, and supplies)
* Labor

*  Property, plant, and equipment

* Insurance

* Services (such as advertising or government services)

¢ Utilities (water and energy)

To determine an enterprise’s external business partners, a helpful step 1s to examine which
of these resources the enterprise provides or uses and then determine to whom they provide
the resources and from whom they acquire the resources. To make matters ¢ven simpler, in
the current cconomic environment cash is the universal resource for which most other re-
sources are exchanged. Very seldom do companies engage in barter transactions (ex-
changes of a noncash resource for a ditterent noncash resource). Thercfore by concentral-
ing on identifying the various partners to whom the enterprise pays cash and trom whom
the enterprise receives cash, you very likely have identified all the appropriate external busi-
ness partners, Typically the external business partners fit into the following categories:
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* Vendors or suppliers (of various types of inventory, equipment, utilities, insurance, and
services)

* Employees

* Investors and creditors

¢ Customers

Sometimes examining the cash outflows of an enterprise does not reveal a resource re-
ceived in exchange. For example, when an enterprise pays cash to government agencies
(such as the Internal Revenue Service) what resource does the enterprise receive i ex-
change? Some resources the government provides are easy to identify, such as a license to
do business, or police and (ire protection services. However, the amounts paid in taxes and
fees to the government often exceed an identifiable resource received in exchange and we
must simply label the resource as government services. Payments to charitable organiza-
tions pose a similar dilemma. If an enterprise donates money to a university, what resource
does it receive in exchange? The enterprise must believe it receives a resource, because en-
terprises are assumed to make economically rational decisions. The enterprise may expect
goodwill, an increased reputation in the community (in effect, advertising), or an advan-
tage i recruiting the university’s students. Based on the assumption that the enterprise
does in fact receive resources in exchange for these payments, hopefully you have figured
out that government agencies and charitable organizations would be included in the exter-
nal business partner category of vendors or suppliers.

Once the resources an enterprise uses are identified and the external business partners
with wbom these resources are exchanged are determined, the information is portrayed in
a diagram. The enterprise being modeled is represented as a circle or oval in the center of
the diagram. Each external business partner is represented as a square or reclangle; these
are placed around the outside of the circle that represents the enterprise. Arrows are drawn
between the circle and the squares as appropriate to indicate the actual resource exchanges
between the enterprise and its business partners. Let’s examine the RSWS example intro-
duced in Chapter 2 to determine how the value system level REA model was constructed.
The value system diagram from that example is reproduced in Exhibit 3-3,

The first step in constructing this model is to examing the various resources RSWS uses
in its operations. Cash is certainly used by RSWS. Let’s consider how the cash is used, to

Investors and {~28sh

creditors \
- g

g

Goods,

Goods, h
Suppliers services Robert Scott — Customers
(vendors) Cash Woolwing

‘i Shep Cash

/V

4Cash

Employees
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whom it is paid, and from whom it is reccived. We identify that cash is received from in-
vestors (for equity financing), from creditors (for debt financing), and from customers.
2005 g ey b J'ﬁ:L‘J;aJng‘e to represent the set of investors and creditors and another rec-
tangle to represent the set of customers. Cash is received from investors and creditors be-
cause they expect to receive cash in exchange, therefore we simply draw an arrow from in-
vestors and creditors to RSWS and label it cash to represent those cash inflows. We draw
another arrow from RSWS to investors and creditors to represent cash outflows to investors
and creditors (e.g., for interest payments, dividends, principal repayments, and treasury
stock purchases). Next we draw an arrow from customers to RSWS and label it cash (o rep-
resent the cash inflows from customers, We realize that the reason customers give RSWS
cash is because they expect RSWS to provide goods (c.g., instruments, accessorics), repair
services, or the use of goods (i.e., rental of instruments). Therefore we draw an arrow [Tom
RSWS to customers to indicate that RSWS provides those resources 1o is customers.

We then inspect the narrative to determine what types of cash payments are made and
to whom. We identily cash payments made o employees and realize that those payments
are made in exchange for labor provided by our employees. Therefore we draw a rectangle
to represent the set of employces. We draw an arrow from REWS to employees to repre-
sent the cash outflows to employees and we draw an arrow trom employees to RSWS to
represent the labor inflow from employees. You might notice that there is no arrow to rep-
resent benefits such as health insurance paid to employees. [s it because RSWS doesn’t
ofter any such benefits or is it because they have lorgotten to represent them? The answer
is neither. Payments made for health insurance for employees is a cash outllow to suppli-
ers made by RSWS on behalf of the employees. The aciual insurance is an outflow from
the health insurance supplier to the employees and is outside the scope of RSWS’s value
system model, which only examines the direct resource flows between RSWS and 1ty ex-
ternal business partners. This leads us to the other external business partner for REWS—
the suppliers (some enterprises may call these vendors). Suppliers is Lhe set of all nonem-
ployee individuals or organizalions from which an enterprise acquires poods and services.
We draw a rectangle Lo represent the set of suppliers, an arrow from RSWS to suppliers (o
indicate the cash outflow, and an arrow from suppliers to RSWS to indicate the inflow of
gaods and services.

VALUE CHAIN LEVEL REA MODELING

Once the value system level analysis is complete, much of the initial value chain analysis
has also been completed. This level of analysis focuses on the resource flows between ils
mternal business processes. A business process is a series of activities that accomplishes a
business objective: adding value to input resources. Once you have identified the resources
flowing into and out of the enterprise, examine what the company does with its input re-
sources and how it generates its output resources. As business processes Use Up resources,
they should be producing resources worth more to the enterprise than thosc used up. As
noted earlier, enterprises create value by developing and providing the goods and services
customers desire. Goods and services are provided through a series of business processes.
Regardless of the type of goods or services provided. each organization has at least three
business processes (see Exhibit 3-2):
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1. Aequisition/payment process: The objective of the acquisition/payment process is to
acquire, maintain, and pay for the resources necded by the organization. Many resources are
required including human resources, property, plant, cquipment, financial resources, raw
materials, and supplies. Resources are acquired trom cxternal entitics like suppliers or ven-
dors. These are the inputs required by the organization to provide goods and services to its
customers. Because the acquisition of financial resources and the acquisition of human re-
sources have complexities not found in the acquisition of other goods and services, many
cnterprises separate these activities into additional business processes, called the finuncing
process and the Auman resources process, that we cover scparately in later chapters.

2. Conversion process; The ohjective of the conversion process is to convert the ac-
quired resources into goods and services for customers. The raw inputs are transformed
into finished goods and services by this process.

3. Sules/collection process: The objective of the sales/collection process is to sell and
deliver goods and services to customers and collect payment. The finished goods and ser-
vices from the conversion process are sold to customers (external entities) in exchange for
their payment, usually in the form of cash.

Creating a value chain model that illustrates the linkages between these processes requires
understanding of Lwo very important concepts in the REA ontology: dualin: and siockflow:
These concepts characterize the core economic phenomena of an exchange. As noted eat-
lier, enterprises are assumed to make rational economic decisions. Rational economic the-
ory preciudes decision makers [rom giving up something with no expectation of anything
in exchange. For every event in which an enterprise gives something up we ¢xpect a re-
lated event in which the enterprisc receives something. The causal relationship between a
give evenl and a take event is a duality relationship. Stocktlow is defined as the inflow or
outflow of a resource. Stockflow relationships exist hetween give events and resources
(these stockflows are outflows) and between take events and resources (these stockflows
are inflows). The value chain level of the REA ontology is constructed based on these two
concepts. Geerts and McCarthy say, “Duality relationships are the glue that binds a firm’s
scparate economic cvents together into rational economic processes, while stockflow rela-
tionships weave thesc processes together into an enterprise value chain™

The first step in creating a value chain model is to write the enterprise script to identify
the business processes that need to be included in the value chain. We use the value sys-
tem level model along with whatever other information we have such as a narrative de-
scription about the enterprise’s activities. The second step in creating a value chain model
is to draw the resource flows to link the business processes together. The third step is to de-
termine the economic exchange events and the duality relationships that make up the core
ol each business process in the value chain. An example will clarify these steps.

Let’s revisit our RSWS cxample. In Exhibit 2-3 (reprinted here as Exhibit 3-4} we por-
trayed a summarized value chain level that would be the result of the first twe steps. After
going through steps [ and 2 to reconstruct this model, we discuss step 3 and illustrate the
resulting detailed value chain model.

1G. Geerts and W. E. McCarthy, "Modeling Business Enterprises as Value-Added Process Hierarchies with
Resource-Fvent-Agent Object Templates,” in J. Sutherland and D. Patel, eds., Business Object Design and
Implementation (London: Springer-Verlag, 1997), pp. 84-113.
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EXHIBIT 3-4
Robert Scott
Woodwind
Shop Business
Processes

and Resouree
Flows
Summarized
Value Chain
View

Cash
Financing :
process

Revenue
(sales/collection)
process

Payroll
process

Conversion
{manufacturing)

Manufactured
accessories,
repair services

Equipment

Acquisition/
payment
process

Overhead
Instruments

Step 1: Write the Entrepreneurial Script

To complete this step, we examine the typical scengs of the entrcpreneurial business seript
1o see which of the typical scenes RSWS has. Based on our value system level analysis,
the typical script pattern, and the narrative description of RSWS we write RSWS’s script
as follows:

« RSWS gets cash from investors and creditors
. RSWS cngages in value-adding activities

a3 . -
M 0 + uses cash to buy instruments, raw materials, and overhead from vendors
b,;:\s!ﬂv‘"“ . uses cash to acquire labor from employees

| + uses materials, cquipment, and overhead to manufacture accessories and to provide
G\l repair services

. . i x 3
o « sells instruments, accessories, and repair services to customers for cash

« RSWS pays cash to investors and creditors

The first and last scenes together comprise the financing process; in scene 2, the subscenes
are (in order) the acquisition/payment process. the human resources (payroll) process; the
conversion process; and the sales/collection process. Keep in mind that all of these scenes
and subscenes come directly from our value system level analysis except [or the “uses ma-
terials, equipment, and overhead to manufacture accessories and to provide repair ser-
vices”” Because the subscenc doesn’t involve resource exchanges with external business
partners, it is not modeled at the value system level. Thus you must be careful when de-
veloping your value chain model to include not only the scenes that you derive from the
value system level but also any business processes that add value via internal resource
transformations.
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S2=p 2: Connect the Scenes with Resource Flows

Once all the scenes are identified they need o be combined to form a value chain (at which
point no distinetion is made between scenes and subscenes). The resource flows provide
the link from one scene lo the next. Once the cash is acquired in the financing process, it
is used as mput for the acquisition/payment and human resource processes, where it is
transferred out to external business partners in exchange for instruments, raw materials,
overhead, and labor. Because the value chain model only illustrales the internal processes,
we don’t show the cash outflows from the acquisition and payroll processes to the external
partners, nor do we show the related resource inflows from those external partners, From
this perspective we view the acquisilion process as one that uses up cash and produces ma-
terials, equipment, overhead, and instruments; and we view the payroll process as one that
uses up cash and produces labor, We view the conversion process as one that transforms
the labor, materials, cquipment, and overhead into the accessories and repair service re-
sources, The sales/collection process is then viewed as one that uses up instruments, ac-
cessories, and repair services and obtains cash. The assumption is that in each of these
scenes the resources produced are worth more than the resources used up; thus value is
added to the enterprise in each link of the chain.

Step 3: Specify the Economic Exchange Events within Each Scene

The third step in creating the value chain diagram adds more detail to the diagram that
clarifies how cach scene’s representation in the value chain diagram provides the starting
point for a business process level model representation. This step entails depicting the eco-
nomic exchange events inside each scene’s bubble on the value chain diagram. Each scene
must contain at least one economic increment (take) event and at least one economic
decrement (give) cvent. You can use the resource flows to determine what events are
needed. This analysis also helps you to determine whether a scene in your value chain
should be decomposed into multiple scenes. The general rule to follow for this step is that
each process must have an economic decrement event to match up with each resource in-
flow and an economic increment event 1o mateh up with each resource outflow. The idea
is that if a resource is flowing into a process, the process must include an event that uses
it up (either by transterring it to an external partner or by transforming it into a different
resource). Similarly, if a resource 1s flowing out of a process, the process must include an
event that produced the resource (either by (ransferring it in from an external business part-
ner or by creating it as a transformation of some other resources.

In our RSWS example, lets add detail first to the financing process. Because cash is a
resource inflow to that process, the process must include an event that uses it up (i.e., a
cash disbursement event). Cash is also a resource outflow from financing, so the process
must include an event that acquired it (i.e., a cash receipt event). The cash receipt and cash
disbursement events are linked via a duality relationship. So we draw two event boxes in-
side the financing process bubble and connect them via a diamond (relationship symbol)
labeled with the word dualine. We label the events cash receipt and cash disbursement,
Note that even though the cash (lows from the financing process te multiple other
processes, the data attributes of all cash receipts are likely the same so we consider cash
receipts for all purposes as part of the same event set. The fact that cash got used for dif-
ferent purposes docsn’t matter.
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Next we examine the payroll process. Because cash is a resource inflow, the process
must include an event that uses it up (i.e., a cash disbursement event). Notice that the cn-
terprise will likely have only one cash disbursement event set that encompasses all cash
disbursements made for all purposes, but we must depict the event set in cach business
process that uses cash. The payroll process generates labor as its resource outflow, so there
must be an event within the payroll process that obtains that labor (labor acquisition, an
event that transfers the labor in). So we draw two event boxes inside the payroll process
bubble and connect them via a diamond (relationship symbol) labeled with the word du-
ality. We label the events cash disbursement and labor acquisition.

The acquisition/payment process is similar to the payroll process. Cash is a resource in-
flow to acquisition/payment, so the process must have an event that uses it up (i.e., a cash
disbursement event). The acquisition/payment process has instruments, materials, services,
and equipment as outflows, so the process must include an event that obtains those things
from external sources (i.e., an acquisition evenl set). Here we must determine whether the
same data attributes are recorded for acquisitions of each of these types of items. For any
that are diflerent, the events should be modeled separately and the recommendation would
be to make separale acquisition cycle bubbles. Let’s say we determine that RSWS records
all acquisitions using a common sct of forms and captures the same data attributes for
them. Thus we need only one acquisition event sct and only one acquisition process
(scene). We draw two event boxes inside the acquisition/payment process bubhle and con-
nect them via a diamond labeled with the word duality. We label the events cash dishurse-
ment and acquisition.

Next we examine the conversion process. The conversion process is typically the most
complicated scene. Our value chain diagram shows input resource flows as materials,
equipment, labor, and overhead. That indicates our conversion process must have events
that use up each of those items. We determine that raw materials are used up as they are
issucd into a manufacturing or repair job so we draw a box labeled material issue. We note
that employee labor is used up through the employees’ involvement in labor operations, so
we draw a box labeled labor operarion. Equipment and overhead are used up in machine
operations, so we draw a box labeled machine operation. Next we need to determine what
event produces the finished accessories and/or repaired instruments. We determine that for
RSWS every repair service and each production run for a baich of parts or accessories is
considered to be a work in process job. Thus we add a box labeled WP Job. We realize that
the material issucs, labor operations, and machine operations are economic decrement
events (they use up resources) that arc matched with the WIP job, which is an economic
increment event (it produces resources). Therefore we draw a diamond symbol to connect
all four boxes and label it as duality.

Now all our scenes are detailed except for the Sales/Collection process. We see that the
input resources are the instruments (from the acquisition process), and the manufactured
accessories and repair services (from the conversion process). The instruments get
changed into cash either by selling them or renting them to customers. The repair services
and manufactured accessories are also changed into cash by selling them o customers. As
with the acquisition process, we need to make a choice as to whether there is a common
sale event set for which the same set of data attributes can be maintained, or whether the
activities are dissimilar enough to warrant being maintained as separate event sets. For this
example, we assume RSWS uses the same set of forms and captures the same data attri-
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EXHIBIT 3-5 Robert Scott Woodwinds Shop Detailed Value Chain
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CONCLUDI

butes for each of these revenue-generating activities, 5o we combing them into one eco-
nomic decrement event called sale. The output resource flow is cash, indicating that the
process must include an event that produces or obtains the cash, in other words an eco-
nomic increment event called cash receipt. We draw two boxes with a duality relationship
connecting them; we label one box sale and the other box cash receipt. Now our value
chain is complete (see Exhibit 3-5) and may be used to facilitate creation of the business
process level models for RSWS. We discuss that process in detail in Chapter 4.

NG COMMENTS

In this chapter we have provided a patterned approach for developing models of enterprises
at two levels of detail —the value system level and the value chain level. This approach fa-
cilitates your understanding of how business enterprises work. As you go about your daily
activilies, pay attention to the business enterprises with which you interact and look for
these script patterns. When you go out to eat at a restaurant, or order pizza, see if you can
picture the value system and value chain for that restaurant or pizza place. When you go
shopping at different kinds of stores: grocery, convenience, department, or electronics, see
if you can identify the value system and value chain patterns for those stores. Consider
what they have in common and any differences they may have. Think about the possibili-
ties of using the things they have in common as base objects in an information system and
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keeping the things that are unique as nonfoundational elements in the information system.
Think about how such an approach could lead to enterprise systems that may be integrated
with solid connections rather than tied together with string.

Key Terms and Concepts

Customer, 36 Internal business Resource flow, 40
Duality relationship, 43 process, 38 Service, 39
Economic event, 40 Margin, 36 ] Strategy, 36
Exchange, 40 Marketing and sales, 39 Supplier, 37
External business Operations, 39 Supply chain, 37
partner, 40 Outbound logistics, 39 Support value
Firm mfrastructure, 39 QOutflow, 43 activities, 39
Human resource Primary value Technology
management, 39 activities, 39 development, 39
Inbound logistics, 39 Procurcment, 39 Value chain, 3§
Inflow, 43 Resource, 36 Value system, 36

Review Questions

Lo+ RI. What is a busiuess process? Describe each of the major business processes tound
in most enterprises.

Los  R2. What does it mean to create value? How do enterprises create value?
oz R3. What is an enterprise’s margin as defined by Michael Porter?
102 R4, Differentiate between the objectives of a profit and a not-for-profit enterprise.

ros  R5. Give an cxample of a primary value activity for a retail store.
toe  R6. Give an example of a support value activity for a retail store.
o103 R7. To begin creating a value system model, what does the chapter 1ecommv.:nd as the
first thing you should try to identify?
os  R8. What do duality relationships consist of?
Los,Lo6  R9., What is the difference between a stock inflow and a stock outflow? What types of
events are associated with stock inflows and with stock outflows?
106,107 RI0. When you are creating a value chain level REA model, if you have two resourcc in-
flows and one resource outflow for a transaction cycle, what do you know about the
events in that cycle?

Mulnp]e Choice Questions

Los  MCI1. Which cvents in Porter’s value chain create customer value and provide organiza-
tion distinctiveness in the marketplace?
Primary activities
B. Support activities
C. Operational activities
D. Value activities
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Los, 107 MC2, Which of the following is usually represented as a value activity in the REA value
chain?
- A. The generation of an aged accounts receivable report
B. The sending of a bill to a customer
The sale of goods to a customer
D. The decision as to whether to discontinuc a product line
Lo MC3. Which level of the REA enterprise ontology represents the big-picture view?
- o alue system
B, Value chain
C. Business process
D. Task
Los  MC4. Which of the following is considered a primary value activity, as opposed to a sup-
port activity, in Porter’s value chain?
A. Procurement
B. Accounting
C. General management
Inbound and outbound logistics
o7 MC5. To which other internal business process are manufactured goods typically made
available by the conversion process?
A. Financing
Revenue
C. Payroll
D. Acquisition/payment

Discussion Questions

ws DI. If only enterprises that truly create value survive, how do tobacco companies stay in

business? How do illegal drug markets survive?
ooz D2, Do some events occur outside enterprise boundaries? Should information system de-
signers focus on events that lie beyond an enterprise’s boundaries?

Lo+ D3. All business organizations have at least three broad business processes: acquisi-
tion/payment, conversion, and sales/collection. Into which of these processes do each
of the following activities belong? Explain your response.

a. Delivering a new product to a customer

b. Hiring new employees

c. Paying for a new capital tool

d. Assembling subcomponents for a finished product.

Los D4, Why is it useful to try to understand an enterprise’s activities at the value system and
value chain levels rather than simply beginning with the business process level?

‘ wos-Lo7 - DS, s it easier for you to first think about the resource flows associated with a transaction
cycle and then use that knowledge to identify the economic cvents in the cycle, or is
it easier to first think about the economic events in a cycle and then use that knowl-
edge to identify the related resource flows?




Ontology: Business

Process Modeling

LEARNING OBJECTIVES

The objective of this chapter is to present a template pattern for modeling
enterprise business processes (transaction cycles) that serves as the structure for an
enterprisewide database. After studying this chapter, you should be able to:

ks

Explain each of the constructs in entity-relationship conceptual modeling and the
notation used to represent each construct in diagrammatic and grammar formats

. Assign cardinalities to represent the participation of REA entities in prescribed

relationships

. Explain the concept of pattern discovery and apply pattern-based thinking
. Identify the economic exchanges that form the core of business processes, the

commitment events that lead to economic exchange events, and the instigation
events that lead to mutual commitment events

. Identify resources involved in instigation, commitment, and economic events
. Identify internal and external agents involved in instigation, commitment, and

aconomic events

. Create a conceptual model for a business process following the REA pattern
. Explain the differences among business processes, operating events, and

information process events

INTRODUCTION

In this chapter we focus on modeling one business process at a time; in a later chapter we
discuss the procedures needed to intcgrate the individual business process models to cre-
ate a complete database. In this chapter we present the REA pattern for modeling the busi-
ness process level. The REA pattern is independent of any particular modeling notation. It
can be communicated using (1) narrative descriptions, (2) diagrams of various types with

51
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different notations, (3) structured grammar, (4) predicate logic notation, (5) tags such as
are used in XML and XBRL, (6) programming language notation, and probably using
other means that we haven’t identified. It is very difficult for some people to separate the
pattern that is REA from the notation used to communicate the pattern. Therefore we pre
sent the REA pattern using diagram and structured grammar notations in this chapter.
Both of these notations are derived from an underlying set of constructs called entity-
relationship modeling. The REA pattern is actually separable from entity-relationship
modeling (the same pattern can be applied in object-oriented models and other forms of
modeling). Most of the REA literature has used entity-relationship models to portray the
pattern constructs. These types of models scem to be the easiest to understand, so we focus
on that modeling technique.

CONCEPTUAL MODELING CONSTRUCTS

Entity-relationship modeling has been the most commonly used tool for presenting REA
business process level patterns. Before we discuss the details of the REA business process
level pattern. we need Lo introduce the constructs of the entity-relationship modeling tool.
You've actually already seen some of these constructs represented in the examples we have
shown. The [our constructs we discuss are entities, relationships, attributes, and participa-
tion cardinalities.

An entity is a real-world object that has a separate physical or conceptual existence. En-
tities that possess identical characteristics (but may have different values for those charac-
teristics) form an entity set. In entity-relationship (ER) models, the word enfify nearly al-
ways means entity set. An entity set may he a thing or an event. For example, an enterprise’s
customers form an entity set called Customer. The customers share a set of characteristics
(e.g., CustomerID, name, address, telephone number, credit limit, and account balance due).
Each customer in the set may have different values for these characteristics, but they are ex-
pected to possess these characteristics. Because the word entity is used synonymously with
entity set, the word instance is used to refer to a specific member of the entity set. The spe-
cific customer whose [D is C1234, named Brenda Brenton, who lives at 236 Bonair St.,
Lansing, MI 48917, whose telephone number is (517) 555-2236, whose credit limit is
$4.000, whose account balance due is $100 is an instance of the Customer entity.

A relationship is an association between entities. Notice that because entities are set
level constructs, in the ER model relationships also are actually sets of relationships. Con-
sider an entity Student and an entity Course. The relationship between them may he called
Enrollment. Exhibit 4 [ illustrates a relationship set between the student entity set and the
course enlity set.

Netice that to describe instances of the relationship set, we necd to use characteristics
of hoth of the related cntity sets. Instances of the enrollment set in Exhibit 4-1 are

*  Margaret enrolled in Accounting 201
*  Margaret enrolled in Economics 242
* Joe enrolled in Accounting 201

* Joe enrelled in MIS 179

¢ Frank enrolled in MIS 179
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Student Enrollment

Margaret

Hilda [J [] Physics 678

* Frank enrolled in Markcting 153

+ Frank enrolled in Economics 242
* Susie enrolled in Accounting 201
¢+ Susie enrolled in MIS 179

Relationships also may possess characteristics of their own. For example, the enrollment re-
lationship may possess a grade earned characteristic that reflects the result of a student’s en-
rollment in a course. People sometimes are confused about distinguishing an entity from a
relationship that can possess characteristics of its own. Notice that to fully describe the char-
acteristic of a relationship, you must use both entities in the description (the characteristic
is a grade earned by a sfudent in a course). To fully describe the characteristic of an entity,
you need only use that entity in the description (e.g., Social Security number of a student),
The relationship therefore docs not have separate existence, whereas the entity does.

An attribute is a characteristic possessed by an entity or a relationship. Several kinds of
attributes are distinguished in entity-relationship modeling. A primary key attribute is used
to uniquely and universally describe each instance of an entity or relationship, For a primary
key to be unique, each instance must have a different data value for that attribute. For a pri-
mary key to be universal, each instance must possess a data value for that attribute. Consider
the Student entity and some possible attributes we could use to uniquely and universally iden-
tify each instance in the set of students. Could we use Last Name? Noj it is likely that more
than one student will share the same last name so it would not be unique. Could we use
Driver’s License Number? No; it is likely that some students will not possess a driver’s li-
cense so it would not be universal. If the school in question 1s in the United States, it may be
reasonable to use social security number, substituting an equivalent government-assigned
identification number for non-US citizens. Tn cases where there is not a naturally occurring
attribute that uniquely and universally describes each instance (or if there is one but for some
reason the enterprise doesn’t want to use it), a primary key may be arbitrarily assigned. For
example, the university may decide that using a social security number as the primary key
value for a student table will make that number available to too many users of the database.
(You will understand why primary kcys are more available than other attribute values
after you have completed Chapter 6.) Because privacy issues associated with social security
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numbers make its widespread availability undesirable, the university may choose to assign
student 1D numbers with which to universally and uniquely identify each student. In some
cases it may be possible to uniquely and universally identify an instance of an entity or rela-
tionship using a combination of two (or more) aitributes. For example, to identify instances
of the Enroliment relationship between Student and Course, we can’t usc student [D (not
unique, since the same student may enroll in multiple courses) or course 1D (not unique,
since the same course may have multiple students enrolled). However, a combination of the
student ID attribute with the course ID attribute would suffice as a primary key. Such a key
is called a concatenated primary key.

A simple attribute is an attribute that cannot be further decomposed; whereas a com-
posite attribute may be decomposed into other attributes. An example of a commonly
used composite attribute is address, which may be decomposed into strect address, city,
state or province, country, and postal code. [n general, it is best to store only simple attri-
butes to facilitatc querying and maintenance of the data once they are entered. For exam-
ple, to query all customers who live in a particular city, it will be most efficient if city is
stored as a separate attribute rather than as part of address.

A derivable attribute is an attribute that can be derived (eomputed) from the values of
other attributes in the database. For example, a student’s overall grade point average is an
attribute that is computed based on all of the instances of grade carned in the enrollment
relationship for that student. There are two lypes of derivable attributes: those for which
the derived value will not change if new data arc entered into the database (i.e., a static de-
rivable attribute), and those for which the derived value will change if new data are en-
tered into the database (1.e., a volatile derivable attribute). Student’s overall grade point
average is an example of a volatile derivable attribute. Each time a student completes an-
other course, the value for overall gpa must be recalculated. “Total sale amount™ as an at-
tribute of the Sale entity is an cxample of a static derivable attribute. This attribute may be
calculated as the sum of the quantity multiplied by the selling price of each item sold. For
example, we may compute the total sale amount for Sale 1 as $100. As we enter data for
Sales 2 through 50 into the datahase, that new data do not change the value we computed
as the total amount for Sale 1. In general, derivable attributes should not be stored in a re-
lational database, because they take up valuable storage space. Ignoring the cost of storage
space, [rom a theoretical perspective we recommend storing static derivahle atltributes if
they are likely to be nceded as basc clements in queries, because those queries arc much
less complex and more efficient. For example, the total sale amount is likely to be needed
as a base element in other querics such as “accounts receivable as of the balance sheet
date™ or “lotal sales for region Y during the marketing campaign.” We do not recommend
storing volatile derivable attributes unless the database software is capable of storing them
as triggers (in essence storing the formula by which the data value is computed instead of
storing an actual data value). However, keep in mind that the conceptual level model is in-
dependent of a particular logical mode! or specific physical implementation. Therefore the
conceptual level model should include derivable attributes attached to the entity or rela-
tionship they describe. In fact, the decision to exclude denivable attributes from rclational
tables should not be made until the physical implementation level, at which point the spe-
cific software has been chosen and its capahility of storing triggers is known.

Participation cardinalities are assigned lo represent business rules for how many
times an instance of an entity set is allowed to participate in a relationship. Minimum par-
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ticipation cardinalities reprcsent the minimum number of times each instance of an en-
tity set must participate in a relationship. The possible values for a minimum participation
cardinality are zero and one. This indicates whether an entity’s participation in a relation-
ship is considered optional or mandatory. If minimum participation is zero, any particular
instance of the entity sct is not required to participate in the relationship at all. If the min-
imum participation i1s one, each instance of the entity set must participate in the relation-
ship at least once. Maximum participation cardinalities represent the maximum number
of times cach instance of an entity set may participate in a relationship. The possible val-
ues for a maximum participation cardinality are one and many. The term many for cardi-
nalities is somewhat misleading because it actually means more than one. So if the maxi-
mum participation of an entity happens to be two, it would be depicted as many.

Abstraction relationships often are used in conceptual modeling to represent categories
of entities or hierarchies of entities. One abstraction relationship is called typification; it
allows us to store characteristics about categories, or types, of entities. For example, a uni-
versity may want to track certain characteristics of the categories of students, such as the
tuition rate per credit hour or the maximum number of credits which students in the cate-
gory are allowed to take per semester. Another commonly used abstraction relationship is
called generalization; it allows us to storc entity subtypes and supertypes with an “is-a”
relationship between them. Subtype entities contain more specific instances of supertype
entities. For example, the entitics oboe, bassoon, and English horn all participate in an
“ig-a” relationship with the double-reed instrument entity. Generalization relationships
may even be chained to form a hierarchy; for example, oboe is a double-reed instrument,
a double-reed instrument is a woodwind instrument, a woodwind instrument is a musical
instrument. Another example is an accountant is an employee, a truck driver is an em-
ployee. and a cashier is an employee. Generalization relationships are used in conceptual
modeling when some of the characteristics that we want to include in the model are com-
mon to all subtype entities but some are unique to particular subtypes. The subtype enti-
ties inherit the characteristics of the supertype as well as possessing their own attributes.
For example, we might include a set of common attributes for all employees in an enter-
prise, such as employee id, last name, first name, address, telephone number, and date of
birth. However, there may be unique attributes that we need to store for some employees.
Perhaps we need to store the CPA license number and state of issuance for the employees
who are accountants, but we realize that attribute will be blank (null) for our other em-
ployees. Similarly we may need to store the driver’s license numbers for our truck driver
employees, but we have no need to store that attribute for our other employces. And per-
haps we want to store a bond rating for our cashiers but not for our other employees. Some
insurance companies issue bond ratings for employees as part of a policy paid [or by the
enterprise to mitigate Josses from employee fraud. Many enterprises require employees
who handle cash to be rated by these companies. The process of being rated is sometimes
I referred to as being bonded.

; CONCEPTUAL MODELING NOTATIONS

Entity-relationship models usvally are portrayed in diagram format; however, there is no
requirement that diagrams be used, and several different notations cxist. Chen introduced
the entity-relationship model and his is one of the notations we have chosen to illustrate in
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this textbook edition.! If you have studied entity-relationship models in another course,
you may have used different notation. [t may seem disconcerting that there is not just one
notation that everyone uses for entity-relationship modeling. The differcnces in notation
are particularly pronounced for cardinalities. You must not let these differences frustrate
vou any more than you can let the fact that there are more than a thousand languages spo-
ken across the globe. You must simply be aware of the different notations and make sure
you understand which language an enterprise has used when you are trying to interpret its
system documentation. At least with different spoken languages, the words look different
on paper so you can immediately recognize whether you are rcading English, Spanish, or
Japanese! Just as most English-speaking Americans can’t distinguish between Japanese
and Chinese characters, vou may not be able fo tell exactly what language the nonfamiliar
notation is, but you will at least recognize that it is not the same as a language you know.
With cntity-relationship notation (especially for cardinalities) you must be very careful be-
cause at first glance it may look similar but upon closer examination you may find it is
backward from your approach. You must become multilingual with regard to entity-
rclationship modeling notations!

To get you started on the path to being multilingual for entity-relationship modeling no-
tations, we use two notations in many parts of this textbook. One, as noted earlier, is the
Chen notation, which is a diagrammatic format. We also use a structured grammar repre-
sentation called Backus-Naur form (BNF) grammar as a linguistic alternative for people
who prefer text to graphics.? In this textbook we refer to the Chen notation as ER diagrams
and the BNF notation as ER grammar.

Exhibit 4-2 displays the ER diagram and ER grammar notations for entities and attri-
butes, relationships, and participation cardinalitics using purchase and cash disbursement
as examples (and the duality relationship between them).

As you can sec, entities are represented in ER diagrams as rectangles labeled with the en-
tity names. The attributes of each entity are attached to the entity via lines with small circles
on the ends of them. To indicate which atteibute is the primary key, its cirele is darkened. For
a concatenated primary key, the circles of all attributes comprising the primary key should be
darkened. ITn ER grammars, an entity is represented as the word Entify and the entity’s name,
separated by a colon. The attributes are included as a list following the word Attributes and a
colon, The primary key attribute is listed preceded by the word /dentifier and a colon. For a
concatenated primary key, all attributes comprising the primary key are listed as the Identifier.

Most relationships arc represented in ER diagrams as diamonds labeled with the rela-
tionship names connected to the related entities. Participation cardinalities are listed along
the connection lines (we discuss cardinalitics next). The exception is generalization, which is
represented by an arrow drawn from the subtype entity to the supertype entity. No cardinal-
itics are assigned to generalization relationships. In ER grammars, a relationship is repre-
sented as the word Relationship and the relationship’s name, separated by a colon, Then fol-
lows a statement Connected Entities: followed by the names of the entities that participate in
the relationship. Participation cardinalities indicating each entity’s participation in the rela-
tionship immediately precede each entity’s name in the Connected Entitics statement.

P P. Chen, "The Entity Relationship Model—Toward a Unified View of Data,” ACM Transactions on
Database Systems, March 1976, pp. 9-36

?C. Batini, S. Ceri, and 5. B. Navathe, Conceptual Dalabase Design: An Enlity-Refationship Approach
{San Francisco: Benjamin Cummings, 1992).
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ER Diagram Notation

0,1 {0,N)| Cash
Purchase (0.1) : di
isbursement
Purchasett Purchase Purchase Disburse- Disburse- Digburse-
date amaount ment# ment date  ment amount

ER Grammar Notation

Entity: Purchase

Attributes: Purchase#
Purchase date
Purchase amount

Identifier: Purchase#

Entity: Cash disbursement

Attributes: Disbursement#
Disbursement date
Disbursement amount

ldentifier: Disbursement#

Relationship: Duality
Connected entities: (0,N) Cash disbursement
(0,1) Purchase

Let’s discuss cardinality notation further. To keep the notation to one character per car-
dinality, in the Chen notation many is denoted as N. In this notation, the minimum and
maximum participation of an cntity in a relationship are listed in the format (min,max)
next to the entity itself. For example, (0,N) next to Student in the Enrollment relationship
would indicate that the minimum participation of Student in Enrollment is 0 and the max-
imum participation is N (many). This says that at least one instance of the set of students
(e.g., Hilda) may exist in the university’s database without ever having enrolled in a course,
and that at least one instance of the set of students (e.g., 'rank) may participate in the en-
rollment relationship multiple times (i.¢., may be enrolled in multiple courses).

Examine Exhibit 4-1 again, What do you think the participation cardinalities (min, max)
are for Course in the Enrollment relationship? To answer this question, look at each instance
in the Course set. Does at least one instance of Course cxist without a related instance of
Student? Yes, no student has ever cnrolled for Physics 678 in this university’s databasc.
Therefore the minimum participation is 0 for Course. Is at least one instance of Course re-
lated to multiple instances of Student? Yes, Accounting 201, MIS 179, and Economics 242
are each related to multiple instances of Student. Therefore the maximum participation is N
for Course. The Student to Course relationship is thus a (0,N)—(0,N) relationship.

Nearly every diagrammatic notation in practice represents entities with rectangles (or
rounded rectangles). Notations vary as to whether they represent relationships using dia-
monds, some other symbol. or just connection lines. It is usually reasonably casy to tell at
a glance what the entities and relationships are in any notation. Cardinalities are sometimes
more difficult to interpret across notations. To clarify cardinalities and to illustrate the dif-
ference between the Chen notation and two other notations, examine Exhihit 4-3,
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EXHIBIT 4-3
Comparing
Participation
Cardinality
Notations

Invelved in

Sale Customer

Salet Ok _ =1 Customer 1 {(Amy)

Saled @-----oA~-=-=-= S

Sales 3~

We agk (and answer) four questions to determine what this picturc of reality shows:

1: Can at least one instance of sale exist without a related instance of customer?
« No, each instance of sale involves a customer.

2: Can at least one instance of sale involve more than one customer?
+ No. each instance of sale involves only one customer.

3: Can at least one instance of customer exist without a related instance of sale?
+ Yes, customer 2 (Delia) is unconnected to any sale.

4: Can at least one instancc of customer be involved in more than onc sale?
+ Yes, customer 1 (Amy) is involved in sale 2 and sale 4.

{Note: Customer 3 (Kevin) is also nvolved in multiple sales, but once we find one cus-
tomer that is involved in multiple sales we can answer the question as *Yes™ and there is
no need Lo look further.,)

Thesc same four questions are asked and answered no matter what participation cardi-
nality notation is used; the difference is simply in where the answers to the questions are
placed and what notation is used to communicate the answers. Following Chen's example,
we believe the most logical place to put the answers is next to the first entity in the ques-
tion, with the minimum participation followed by the maximum participation. Alternative
cardinality notations such as the widely used Crow’s Foot and the notation that was used
in the first and second editions of this textbook (HDC notation) place the answers to the
minimum and maximum cardinality questions next to the second entity in the questions.
Crow’s Foot notation places the minimums closest to the center of the relationship and the
maximums closest to the entities. 1IDC nofation lists the minimum first, followed by the
maximum. Interestingly, Crow’s Foot and HDC notations do not represent rclationships
with diamonds (only with a connection line between the related entities) nor do they as-
sign names (o the relationships. We believe it is important to be able to represent relation-
ships with symbols in which names can be included.

Table 41 displays the notation that would be used for the relationship and its cardinal-
ities based on the answers (o the four questions that determine a picture of reality.
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TABLE 4-1 Conceptual Modeling Notation Comparison
Chen (used in current
edition of textbook) Crow's Foot HDC
Notation Min zero = (0, Min zero= —6&— Min zero = (0,
for each Min one = {1, Minone= - |— Min one = (1,
cardinality | Maxone = ,1) Maxone= —+ Max one = 1)
Max many = ,N) Max many = —€— Max many ="}
- Answer Sale (Q1, Q2) Min symbol closest to relationship Sale (Q3, Q4)
placement | Customer (Q3, Q4) center on opposite entity's side; max | Customer (Q1, Q2)
symbol closest to opposite entity.
Sale (Q4, C3) ------
(Q1, Q2) Customer
Solutionte | Diagram format
- Exhibit 4—1
attributes
'(are left off Sale Sale Sale
‘to increase
readability) 1) 0.
Cﬂ
Ep (L]
Customer Customer Customer
Grammar format

Connected entities:

Relationship: participation

(1,1) Sale
(0,N) Customer

PATTERN DISCOVERY

Now that you have some understanding of the notation that is used to represent the con-
structs that comprise the business process level of the REA ontology, we can discuss this
level in more detail. To begin, let’s revisit some of the history and the development goals of
REA ontology. McCarthy proposed REA in 1982 as a generalized mode] for accounting
systems after analyzing hundreds of accounting transactions. Note that REA is not a pattern
McCarthy created as a prescription for the entities and relationships that enterprises should
have in their underlying business processes. Rather, REA is the pattern McCarthy discov-
ered in an enterprise’s business processes. The prescriptive nature of his 1982 research was
that if we realize the pattern exists in the enterprise’s underlying business processes, then
we should build systems that not only match that pattern but also match the underlying re-
ality as closely as possible. At that point, McCarthy’s discovery was limited to what we
refer to as the REA core pattern that we introduced as the business process level pattern
in Chapter 2. After focusing on this core pattern, we discuss extensions to the pattern that
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McCarthy and other colleagues (most notably Geerts) have discovered since then. The on-
tological soundness of some of these extensions is being investigated. Additional exten-
sions to the pattern will likely be discovered in years to come. For now, we believe they are
worthy of discussion in their current state of development,

You may be wondering why the pattern underlying all enterprises isn’t obvious to every-
one and why such patterns haven’t been searched for and already discovered. Even when
a pattern is quite straightforward, sometimes if takes a certain perspective to be able to see
it. Separating a complex reality into parts that are relevant and irrelevant for a particular
context can be quite difficult. One can’t be focused on the form of the activities in which
the enterprise is involved to see patterns- you must focus on the substance of what occurs.
It is very easy to focus on the form with surface level similarities and differences and miss
the substance and deep level commonalities between enterprise processes.

In Chapter 2 we introduced the notion of script patterns that have been researched ex-
tensively by Schank in his quest o figure out how to make computers that can think and
learn like human beings. His most famous script example is restaurants. Unless you had
previously read Schank’s ideas in another book or heard about them in a class you took,
you probably never realized that you have a restaurant script (and possible variations of the
restaurant script) in your memeory that you retrieve and adapt as necessary to allow you to
understand your environment whenever you go to a restaurant. Close your eyes for a few
moments and picture yourself going out to dinner at a fancy restaurant (but don’t forget to
open your eyes and continue reading when you are through imagining that scenario).

What did you see happening? Probably you pictured some combination of the following:

*  Was greeted by host or hostess upon entry into building

*  Waited in lobby area unti] seating was available

* Was scated by host or hostess at a table in dining area

* Was provided with a menu that included deseriptions and prices of available products

* Ordered beverage from waiter or waitress

* Received beverage from wailer or waitress

* Ordered food from waiter or waitress

¢ Stayed at table conversing with companion and sipping beverages while food was pre-
pared by cooks in the kitchen

*  Received food from waiter or waitress

*  Gave waiter or waitress payment for food and beverages (and possibly tip)

*  Waiter or waitress took payment to cashier

* Waiter or waitress returned any change due to you

¢ Left tip for waiter or waitress (if not done earlier with food payment)

*  Left restaurant

This list 1s not necessarily comprehensive and may include mote or less detail in each step
than was included in your list, but likely there was significant overlap.

Now close your cyes again and picture yourself going out to lunch at a fast-food restau-
rant (once again, be surc to open them and continue reading when you finish imagining the
scenario).
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The lollowing list is likely a fairly good representation of what you imagined.

» Entered restaurant and approached the cashier’s counter

» Examined menu board posted on wall while waiting in line at the counter

* Ordered [ood and beverage from cashier

= Paid cashier for food and beverage

+  Waited at cashier’s counter while food was prepared by cooks in the kitchen
= Seated yourself in the dining area

« Ate food

*  Threw trash away

« Left restaurant

How are the two restaurant scripts different? How arc they similar? One of the many ob-
vious differences between them is the order in which the activities occur. In sit-down
restaurants, we typically pay for our meal after we eat: in fast-food restaurants we pay for
our meal before we eat. In sit-down restaurants, we sit down before we examine a menu,
order food, or receive food. In fast-food restaurants, we ¢xamine the menu, order food, and
receive food before we sit down. It is easy to focus on differences, particularly in the phys-
ical flow ol what occurs. Other variations of the script are possible. For example, if the
restaurant you pictured in your mind was a Japancse steakhouse you may have imagined
the food being prepared at your table with the cook entertaining you in the process of
preparing your food. The first time you go to such a restaurant, you immediately notice that
there is something different about this restaurant and you create a Japanese steakhouse
variation in your repertoire of restaurant scripts.

To find a pattern that applies to all restaurants, we focus on those elements of these de-
scriptions that are necessary for this to be considered a restaurant. The essential constructs
seem to be “customer ordered loed,” “customer received food.” “customer ate food,” and
“customer paid for food.” If vou went to a restaurant where normal operations did not in-
volve you ordering food, receiving food, eating food. and paying for food (not necessarily
in that order), you would not know what to think! We can add to this core restaurant pat-
lern, although we will not try to complete the example to its full potential; we just want to
give you the idea of the thought processes involved. We need to sift away all the details that
make the seripts different from each other—not that the different details are not important,
but we can’t include them in a pattern unless we can discover a coneeptual commonality
among them. Let’s look at an example of discovering a conceptual commenality. Although
details—such as who prepared the food, who received payment for the food and beverages,
who received the order from the customer, and where the food was prepared differed —the
fact that a restaurant employee was involved in taking orders, preparing the food, and re-
ceiving payment, and the fact that a location for food preparation was identified can be-
come part of the pattern. Similarly in modeling enterprises to determine what data need to
be stored in enterprisewide databases, we want lo store the identifiable pattern of ncces-
sary elements as base objects and ensure the other details may be stored by enterprises to
which they apply, and left out by enterprises to which they do not apply.

For some management and decision-making activities, physical workflow differences arc
important and physical workflow and information flow certainly need to be documented.
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Those things do not matter [or the storage structure of the data. They can matter for how
and when data are mput and retrieved, but they do not matter for the actual storage struc-
ture, which is what REA is all about. The core elements we identified in our restaurant seript
do not describe workflow, and indeed to form a pattern for the restaurants we do not require
the activitics to happen in a prescribed order. Similarly in REA models, we arc less con-
cerned about the order in which events occur and are more interested in tracking data attri-
butes and relationships to other relevant phenomena.

PATTERN

When McCarthy examined the hundreds of accounting transactions to try to identify a pat-
tern in the underlying reality that could be represented m conceptual modeling symbals
and translated into computer readable form, he took a similar approach. The first core pat-
tern he noticed was the relationship of one economic event to another cconomic event as
part of an exchange. Though different events were involved in various transactions, they
had something in common; there was always a decrement economic event (one in which
something is given up) that could be paired with an increment economic event (one in
which something is received). He also noticed that the exchange was not always immedi-
ate and that there was no rule as to whether the increment or the decrement event happened
first. Sometimes there was a significant lime lag between the events, for which double-
entry bookkeeping entrics created an account fo allow the entrics to balance—to keep both
sides of the Assets — Liabilities + Equity equation equal with each other. McCarthy labeled
these timing differences claims. You may recognize some of these timing differences as ac-
counts reccivable, deferred revenue, prepaid expenses, accounts payable, and wages
payable. He also noticed that although the thing received or given up was different for var-
1ous transactions, that thing always had cconomic value and could be thought of as a re-
source. Finzally, he noticed each event making up the exchange involved not only a what
(the resource) but also a who. In fact each event typically involved at least one person op-
eraling as an agent of the enterprise and another person or company who was an external
business partner. ITe thus proposed the REA core pattern shown in Exhibit 44, Although
MeCarthy proposed the pattern in diagram form, we also display the corresponding gram-
mar notation.

McCarthy also recognized that each corc pattern was actually the core of a different
transaction cycle, so he recommended applying this pattern to each transaction cycle in an
enterprise (o model the core construets of its daily operations. In 1982 McCarthy had not
formally develaped the value chain level; he simply recognized that enterprises’ economic
activities followed an identifiable pattern in which causally related give and take events are
associated with resources and agents. In the years since, he published the value chain script
pattern and has informally described how that compares to the value system level.

Although McCarthy started identifying the pattern at the business process level and
then worked his way up to levels of less detail, it is useful to start from the big picturc and
work down. We can use the value system and value chain level models described in Chap-
ters 2 and 3 to help develop business process level models. Let’s revisit the RSWS exam-
ple [rom those chapters. Recall that RSWS is Robert Scott Woodwind Shop and that it is
an enterprise gencrating revenue by sclling instruments, renting instruments, providing re-
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Diagram format

Internal
agentt
~ Economic Increment
- resourcel ‘econamic
e evant
External
agent
Ecanomic Decrement
resource2 economic
e ‘event ‘
Internal
agent2
Grammar format
Entity: Increment economic event Relationship: Stockflow2
Entity: Decrement economic event Connected entities: Decrement economic event
Entity: Economic resource Economic resource2
Entity: Economic resource2 Relationship: Participationt
Entity: External agent Connected entities: Increment economic event
Entity: Internal agent1 Internal agenti
Entity: Internal agent2 Relationship: Participation2
Connected entities: Increment economic event
Relationship: Duality External agent
Connected enfities: Increment economic event Relationship: Participation3
Decrement economic event Connected entities: Decrement economic event
Relationship: Stockflow1 External agent
Cannected entities: Increment economic event Relationship: Participation4
Economic resource 1 GConnected entities: Decrement economic event

Internal agent2

pair services, and selling manufacturcd accessorics such as clarinet barrels and mouth-
pieces. Recall that to engage in these revenue-generating activities RSWS must purchase
instruments, raw materials, fixed assets, and various services from suppliers. RSWS must
also purchase labor from employees, and use that labor in addition to the materials, fixed
assets, and services to manufacture accessories and repair instruments. The value system
and value chain models from that example are displayed in Exhibit 4-5. We focus on the
acquisition/payment process as an example. The steps we follow in creating a business
process level model from these higher-level models are as follows:

REA Business Process Modeling Step 1: Identify Economic

Exchange Events
The first step is to identify the economic exchange events that form the core of the business
process. To do this, consider the resouree inflows and resource outflows for the business
process for which you are constructing a model and determine what economic exchange
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events provide and use up these resources, Represent the economic exchange events with a
duality relationship between them. Note that if you already prepared a value chain level
model, you have already completed this step, and the economic exchange events and dual-
ity relationship are inside the bubble for that business process on the value chain. So you
can simply copy that to your business process level model.

REA Business Process Modeling Step 2: Attach Resources
to Economic Events

The second step is to attach the resources identified in step 1 to the appropriate events via
stockflow relationships. If there are multiple inflow resources, determine whether the
same attributes need to be stored for cach inflow resource. Combine resources for which
the same attributes are stored: keep separate resources for which different attributes are
stored. Similarly if there are multiple outflow resources. combine resources for which the
same attributes are stored and keep separate those for which different attributes are stored.

REA Business Process Modeling Step 3: Attach External Agents
to Economic Events

The third step is to attach the appropriate external agents to the events via participation
relationships. To determine the appropriate external agents, examine the value system level
and determine which external agent represents the one that gives and receives the same re-
source flows as arc represented in your business process level model. That is the external
agent for your model. If you did not prepare a value system level model, examine any nar-
rative deseription you may have for the process or ask someone knowledgeable from the
enterprise which external business partners participate in those economic cvents.

REA Business Process Modeling Step 4: Attach Internal Agents
to Economic Events

The fourth step is to attach the appropriate internal agents to the events via participation
relationships. Internal agents are nol reflected anywhere in the value system and value
chain levels, so to determine the appropriate internal agents you must examine any narra-
tive description you may have for the process or ask someone knowledgeable from the en-
terprise which type of employees are responsible for each of the economic events in the
process. Keep in mind that sometimes multiple internal agents participate in an event. For
example, one type of employee may perform an event and another type of employee may
authorize the event. Assuming the enlerprise wants to track information about both roles,
it needs to establish separate relationships lor each role.

REA Business Process Modeling Step 5: Attribute Assignment

The fifth step is to assign attributes to each entity in the model and also to assign attributes
to any relationships that possess their own attributes. Typically you are provided with a list
of attributes the company needs to be able to store; il not, ask someone knowledgeable in the
enterprise (i.e., someonc familiar with that business process and its information needs) to de-
termine what attributes need to be assigned. Attribute assignment is a very important step.
To correctly assign attributes to entities and relationships, you must understand what infor-
mation the attribule is supposed to communicate, and you must understand exactly what
thing in reality cach entity symbol and each relationship symbol represents, and at what level
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of detail the data exist. This may seem like an easy task, and for some entities it is quite sim-
ple. For other entities and for some relationships it takes considerable thought, Many system
designers do not include attributes on ER models, because it is difficult to fit them into a
crowded diagram, and because it seems like effort 1s duplicated when the ER model is con-
verted into relational tables and the attributes are assigned into the tables. Although it may
seem tedious to place the attributes twice, once attaching them to the entities and relation-
ships and next listing them as columns in the appropriate tables, we belicve the attributes arc
a necessary component of the ER model, for two reasons. First, attributes are part of the in-
formation that 1s communicated by an ER model. If they are left off, then that information 18
not communicated to the user. Second, the process of assigning attributes is best accom-
plished while formulating the conceptual model because it facilitates understanding of the
nature of the entities and relationships. Sometimes in assigning attributes, designers realize
they misunderstood which reality an entity set was representing. It is best if these misunder-
standings are corrected before the logical level is developed. If it is too difficult to place them
on a crowded diagram, they may be listed at the bottom of the diagram, with the name of the
entity or relationship to which they apply (notice the grammar format has an advantage here,
because it is easy to list as many attributes 4s an entity or relationship has).

Entity or Relationship Attribute?

To determine whether an attribnte describes an entity or a relationship, isolate whether it is de-
scribing just one thing or a combination of things. For example, consider the attribute quan-
tity sold of an inventery item in a sale event. Assume each sale event can involve multiple in-
ventory items and that an inventory item represents a type of inventory (i.e., a model nnmber
and description) that can be sold multiple times. Should this entity be assigned to the inven-
fory entity, to the sale entity, or to the stockflow relationship? To answer this question, think
about what it describes, Does it describe inventory separately from sale? Could you find a data
value for that attribute if you knew which inventory item it was but you didn’t know which
sale 1t was related to? That is, 1f vou knew it was Model KXPJ432, but you didn’t know
whether it was Sale 2, 46, or 797 No, because different quantities may have been sold on each
of'those sales! So quantity sold is not an attribute of nventory. Does it describe sale separately
from inventory? Could you find a data valne for that attribute if you knew which sale it was
but you didn’t know which inventory item was involved? That is, if you knew it was Sale 17
but you didn’t know whether it was Model AFLQ127 or Model CLDI1110? No! So quantity
sold is not an attribute of sale. To fill in a data value for the attribute quantity sold, you must
know both the item and the sale because it is really describing the relationship between them.
Thus 1t is a relationship attribute, not an entity atiribute, Notice that if the attribute of interest
was not the quantity of a particular item sold in a sale event, but the total quantity sold of an
inventory item throughout the company’s history (considering all sale events that have in-
volved that inventory model) then the attribute is an entity attribute and s assigned to inven-
tory, Or if the attribute of interest was the total of all items (of all types) included in a sale
event, then it is an entity attribute and is assigned to sale. So you must verify that you under-
stand what data the enterprise wants for each of the attributes on your list.

Resource Attributes
Resources are usually the most difficult entities to grasp in terms of the underlying reality
and what attributes should be used (o identify and describe them. Cash is an entity many
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people who are new to REA modeling have difficulty conceptualizing. When you pictured
cash as an entity in thinking about the value system and value chain levels, you probably
thought about physical cash-—the actual coins and pieces ol currency. Most of the time we
do not need information about each specific coin and each piece of currency that enters
and exits an enterprise; therefore we do not usually represent cash at the specific instance
level. Instead, we typically represent cash at an aggregated level, representing characteris-
tics of the accounts in which cash is stored. An enterprise’s cash entity often has data at-
tributes such as cash account number, cash account location (e.g., Fourth Street Bank, cash
register 42, or scerctary’s file cabinet drawer in room 144), and cash account type (e.g..
checking, savings, money market, petty cash, or cash on hand).

Inventory is another entity that takes some thought, because sometimes instances of the
inventory entity sct are specifically identified physical items. Other times instances of the
inventory entity set are categories into which the physical items are grouped-—typically by
model or SKU numbers. What determines whether the instances are separate physical
items or whether they are categories? If the enterprise does not separately identify each
physical unit of inventory then the instances must be catcgorics. For example, consider
bags of potato chips at the grocery store. When a bag of potato chips is sold, the cashicr
scans the UPC code that tells the system what brand and what size package was just
scanned. If another bag of chips (of the same brand and size) is scanned, exactly the same
information is communicated to the system. There is no way for the system to distinguish
between the first physical bag of chips and the second physical bag ot chips. Contrast that
with personal computers that have serial numbers to separately identify each physical com-
puter. When the serial number 1s entered into the system, the system knows cxactly which
physical unit is being sold. Technically the entity that represents category level inventory
information should be called Inventory Type and the entity that represents each physical
unit of inventory should be called Inventory and there should exist a typification relation-
ship between them. In fact, if an enterprise wants to store data at both levels of detail, that
is how the model must be constructed. If an enterprise has no need to separately identify
each physical unit of inventory, then often a compromise is made and Inventory Type is
substituted for Inventory and used as if it were a resource instead ol a resource type.

Event Attributes

Assignment of attributes to events is usually straightforward. Let’s consider the informa-
tion that is typically needed regarding events. The five Journalism 101 questions—who,
what, why, when, and where—ure a good representation of what people (and enterprises)
want to know about events. The who and why questions are not answered by including at-
trihutes to answer them. The who question is answered by the participation rclationships
between the event and the internal and external agents. The why question is answered by
the duality relationship between the event and the causally related opposite event. The what
question actually contains two parts. One part is what happened and the other part is what
things were affected by the event. The first part is answered hy the name of the event and
its identifier attribute. The second part is answered by the stockflow relationships between
the event and the related resources and sometimes the inclusion of a dollar value attribute.
The remaining attributes needed to fill out the whole picture, then, are those that answer
the when and the where questions; therefore date and location arc often stored as atiribules
of events, [ there is no question as to the when or where for un event set, then these attri-
butes may be cxcluded. For example, if an enterprise only has one location at which it
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makes sales, or if the location of a sale doesn’t matter for decision-making purposes. then
there is no reason to record location as an atiribute of sale.

Agent Attributes

To consider what attributes are likely to be assigned to agents, think about what you typi-
cally want to know about people or companies with which you do business. An identifier
is needed, of course, (o be able to tell one agent from another, especially if two agent n-
starcces may have the same name. Assuming you can tell them apart, what else do you need
to know? You probably want to know their name and some means of contacting them, such
as addresses and telephone numbers. You may also need to keep attributes that tell you
something about their qualifications and their performance.

REA Business Process Modeling Step 6: Participation

Cardinality Assignment
The sixth step is to assign participation cardinalities to each relationship in the model.
Great care must be taken in assigning cardinalities, as these form some of the business
rules and in some cases dictate what data may or may not be able to be entered into the re-
sulting databasc tables. You may identify the business rules that need to be represented by
the cardinalities by examining any narrative description you have and/or by asking some-
onc knowledgeable in the enterprise (notice that you must ask the questions in a “lan-
guage” they can understand. such as the four questions related to Exhibit 4-3). Business
rules are policies and practices the enterprise adopts in its operations. For example, an en-
terprise’s credit policy is a business rule. If they don’t offer credit, that policy is repre-
sented one way in the cardinalities, whereas if they do offer credit sales that is represented
another way. Some people assign cardinalities before they assign attributes. However,
cardinality assignment requires a solid understanding of the oecurrences within each
entity and relationship in the model. Because attribute assignment helps you to venfy
your understanding of the nature of the entities and relationships and the instances that
comprise them, we believe attribute assignment should be completed before cardinalities
are assigned.

As with attribute assignment, your assignment of eardinalitics is not completely ad hoc.
Heuristics exist 1o guide yvou; however, keep in mind that heuristics are rules of thumb that
usually apply, but don 't always apply. You must carefully consider whether the situation
you are modeling is an exception to the heuristic. We have listed some common exceptions
along with the heuristics, but other exceptions certainly exist!

Resource Type—Economic Event (Stockflow) Cardinality Heuristics

Ifa resource type is substituted for a resource in a stockflow relationship with an economic
event, then the general cardinality heuristics are as follows:

(0,N) Resource Type—(1.N) Econamic Event

The minimum of zero for resource type reflects the common business practice of entering
data about resource types before any economic events invelving them are recorded. As we
see later in this chapter, often the resource type data are entered in conjunction with other
events that precede the actual event that causes the resource inflow or outflow. The maxi-
mum of many for resource type reflects the fact that resource type 1s a category level entity
and one would expect that if every member of that set were only to be involved a maximum




68 Chapter Four The REA Enserprise Ontology: Business Process Modeling

of one time with the set of economic events there would have been no need to represent the
entity at the category level.

The minimum of one for economic event reflects the fact that an economic event must

involve a resource flow by definition an economie event either gives or takes something
of economic value. The maximum of many for economic event rellects the fact that sel-
dom does an enterprise design its business processes so that each event may involve only
one instance of a resource. When an enterprise makes a sale, it would hope at least some
of its sales consist of multiple items. When an enterprise purchases merchandise, it would
be silly to purchase each item separately, especially if multiple resources are purchased on
the same day [rom the same vendor.
Common Exception That Changes the One Minimum on Economic Event 1f alterna-
tive kinds of resource types could participate in an economic event, then the minimum car-
dinality for an economic event would change from one to zero. For example, if a purchase
could involve a fixed asset or an inventory item {and those are maintained as separate en-
tities) then the participation of purchase with fixed assets would be optional (because the
purchase could be of an inventory item) and cash disbursement could be made to an em-
ployee or to a supplier or to a creditor (and those are maintained as separate entities), The
participation of cash disbursement with an employee would be aptional (because it could
involve a supplier or creditor instead) and for the same reason, participation with a sup-
plier would be optional and participation with a creditor would be optional.

Resource-LEconomic Event (Stockflow) Cardinality Heuristics
If a resource entify represents specifically identified resources, the expected cardinality
pattern is

(0,1) Resource—(1,N) Economic Event

The reasoning for the mininum of zero for resource, the minimum ol one for economic
event, and the maximum of many for economic event is the same as in the expected car-
dinality pattern for resource-type—economic event, so we won’t repeat that logic here. The
only difference between the pattern for stockflow relationships involving resources as op-
posed fo resource types is the expected maximum cardinality. Because resources are
specifically identified physical units (as opposed to categories) each can typically be in-
volved in an economic event only one time. Usually the same physical unit of something
can be produced or purchased or sold only one time.
Common Exceptions That Change the One Maximum on Resource One exception that
changes the maximum of one on resource to a maximum of many occurs when the economic
event involves the rental of the resource rather than the permanent transter of the resource.
In this case, what 1s being exchanged for cash is actually the right to use a resource for a con-
tracted period of time, rather than the resource itself. If an enterprise leases a building from
another company, it can rent the same building as part of another economic exchange.
Amnother exception that changes the maximum of one on resource to a maximum of
many occurs when the same resource may be given and taken multiple times. For exam-
ple, a car dealership that handles both new and used vehicles may sell a car, then acquire
the same car when the owner decides to trade it in for another new vehicle, then sell the
car to another customer, and eventually reacquire 1t again. In some such cases an enterprise
may decide to assign a different identificr to the resource each time it is reacquired (an ar-
gument in favor of this approach is that the condition of the resource is likely different each
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time) and then the maximum of one would be appropriate. In other cases the history of the
specific physical item may be important and the enterprise may choose o keep using the
same identifier and specify the maximum cardinality as many.

Economic Event-Agent (Participation Relationship) Cardinality Heuristics
The general participation cardinality heuristic for agent-event relationships is as follows:

(1,1) Economic Event—0,N) Agent

The minimum of one for the economic event’s participation with an agent significs that
most enterprises want to record at least one internal and at least one external agent for each
economic event. If we don’t know who represented each enterprise involved in the ex-
change, it 1s difficult to resolve any future discrepancies about the exchange events.

The maximum of one for the economic event’s participation with an internal agent in-
dicates that most enterprises hold one internal agent accountable for (or give them credit
for) each economic event. The maximum of one for the economic event’s participation
with an external agent indicates that most enterprises maintain information about anly one
external agent involved in a transaction, Lor example, if two college roommates decide to
split the cost of a personal computer for their dorm room, the computer store records the
sale as being to one of the roommates. The company can’t sell hall of a computer! Tf the
two roommates purchase two computers and want the sale split between them. the com-
puter store would typically record two sales, one to each of them. Similarly when an en-
terprise receives goods, cach receipt of goods would come from just one vendor.

The minimum of zero for agents’ participation is typical because in most enterprises,
data about agents must be entered into the system beflore they are permitted to participate
m any cconomic events. The maximum of many for agents” participation represents the
fact that it would be very unusual to restrict the entire set of agents to participating a max-
imum of one time cach in an event. For example, it would seem completely ridiculous for
a company to tell customers they couldn’t buy anything more from the company because
they’ve already participated in one sale!

Of course, as with any heuristics there are exceptions. Typical cxceptions to the eco-
nomic event agent cardinality heuristics are as follows:

Common Exceptions That Change the One Minimum on Economic Event 1f altcrna-
tive types of internal agents can process an cvent, then the minimum cardinality for event
would change from one to zero. For example, if a sale could be made by cither a salesper-
son ot by a manager (and those are maintained as two separate entities), then the partici-
pation of sale with salesperson would be optional (because it could involve a manager in-
stead) and the participation of sale with manager would be optional (because it could
involve a salesperson instead).

Similarly if alternate types of external agents could participate in an event, then the
minimum cardinality for event would change from ong to zero. For example, if a cash dis-
bursement could be made to an employee or to a supplier or to a creditor (and those are
maintained as separale entities), then the participation in a cash disbursement with an em-
ployee would be optional (because it could involve a supplier or creditor instead) and for
the same reason, participation with a supplier would be optional and participation with a
creditor would be optional.

Common Exception That Changes the One Maximum on Economic Event If multiple
agents share responsibility (or credit) for an economic event then the maximum for the
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economic event would change to N. For example, if two salespeople assist a customer in
selecting the product to buy, and they split the commission resulting from the sale, the sale
event has participated in the relationship with salespersons multiple times.

Economic Event—Economic Event (Duality Relationship)

Cardinality Heuristics

Duality relationships typically allow any number of different possible cardinality patterns;
thus no heuristic is available. The enterprise’s business policies must be examined to de-
termine the correct pattern.

REA Business Process Modeling Step 7: Validate Model

The final step of constructing an REA model at the business process level is to validate the model
with one (or preferably more than one) representative from the enterprise who is knowledgeable
about the details and objectives of the business processes being modeled. Validation sessions
should result in either confirmation of the model’s accuracy or modification of the model. When
validating the model with the enterprise representative(s) the REA modeler must take cate to be
aware of potential miscommunications due to differences in vocabulary. Unfortunately many
words have multiple meanings. especially when used in different contexts. When some people
talk about a purchase, they may in fact be referring to a purchase order. Informally, that may be
okay, but the REA model must be created with strict economic definitions observed, and in those
definitions, a purchase does not oceur until the title to goods is transferred from the seller to the
buyer. At that point a sale occurs for the seller and a purchase oceurs for the buyer. When ask-
ing enterprise personnel about events, one must be very caretul to ask enough questions to en-
sure that the strict cconomic definitions are being effectively communicated.

To make sure these steps are clear, next we complete Steps 1 through 6 for the RSWS
example. Obviously we can’t validate the model with an enterprise representative because
it is a fictitious example. The value system and value chain levels for this enterprise are
reprinted here as Exhibit 4-5,

N o & -
RSWS Example Step I e\ Coptons Gu W?Q_ E veaks
The economic exchange events identified in the acquisition/payrnent process bubble on the
value chain are acquisition and cash disbursement. We may represent them in diagram or
grammar form as follows.

RSWS Step | Result
Diagram format Grammar format

s Entity: Acquisition
Acquisition

Entity: Cash digbursement

Relationship: Duality
Connected entities:
{ . ) Acquisition

{ , ) Cash disbursement

Cash
Disbursement
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EXHIBIT 4-5 Value System and Value Chain Models for Robert Scott Woodwind Shop
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The resource flowing into the acquisition/payment process that gets used up\m a decrement
event is cash. Therefore we attach the cash resource to the cash disbursement decrement
event via a stockflow relationship, as illustrated. The resources flowing out of the acquisi-
tion cycle and produced by an increment event are instruments, raw materials, and overhead.
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At this point we must decide whether the same characteristics will be stored for the re-
sources so we know whether to show each type of resource as separate entitics or whether
to combine them. In this example, let’s say we determine to track the same attributes for in-
strument inventory and raw materials so we combine them into one entity set. However, we
determine that the characteristics of the overhead items/services we acquire are different
from the inventory attributes so we create a Sseparate enlity set to represent overhead. We
create two resource entities, one called inventory and the other called overhead, and link
them to the acquisition increment event via two stockflow relationships, as illustrated.

RSWS Step 2 Result
Diagram Format

a9l

Grammar Format

Entity: Acquisition

Inventory EZ’ :@d\\&
i Entity: Cash disbursement
Acquisition
Entity: Cash
Overhead
kNG Entity: Inventory
Entity: Overhead
Relationship: Duality
Connected entities:
Cash Cash { . ) Acguisition
Stockflow3 Disbursement ( . ) Cash disbursement

Relationship: Stockflow1
Connected entities:
{ , ) Acquisition
( , ) Inventory

Relationship: Stockflow?2
Connected entities:
{ , ) Acquisition
( , ) Overhead

Relationship: Stockflow3
Connected entities:
{ , ) Cash disbursement
(, )Cash

RSWS Example Steps 3 and 4 '/:p“\c\dh Evhoeral (3 - Tt (e
In the value system level model, the external agent with which RSWS exchange$ cash for
goods and services (which inventory and overhead arc) is the set of suppliers. Thus we add
suppliers as an external agent to our model and we create two participation relationships:
one between supplier and acquisition and the other between supplier and cash disbursement.
Neither the value system nor the value chain Ievel identifies internal agents; therefore
we must go back and look at the available narrative description for RSWS or ask someone
from RSWS who has the appropriate knowledge. The narrative description provided in
Chapter 2 is a very high level overview and does not contain enough detail to determine
what internal agents apply. Let’s say we asked Robert Scott who processes acquisitions and
cash disbursements on behalf of RSWS and we receive the following reply: “Johnny
Arthur and Cheri Lynn make the acquisitions; Lotie Lisbet, Linda Kay, and Timecthy Rob




Chapter Four The REA Enerprise Ontology: Business Process Modeling 73

process the cash disbursements—those for acquisitions and all other payments we make.
Oh, and Ray Edwards has to approve all checks that are written.” Notice that the response
we received was at the token level of detail. We want our database to be able to store the
token level detail, but we need to form our conceptual model at the type (set) level. We
need to know what type-level names we should use to represent the sets to which these in-
dividuals belong. In some companies we may not want to distinguish between diflerent
employee positions and we may choose simply to attach an entity called Employee to
events to represent internal agent participation. Whether that is a good idea depends on
whether we want to store the same attributes for all categories of employees. If we need to
store different attributes about different sets of employees (i.e.. we need different attributes
for purchasing agents than we do for accounts payable clerks or managers), then we may
choose fo represent cach category of employee as a scparate entity and show relationships
between the cvent and the appropriate employee category agent.

If we represent all employcees as a single entity set, we must take care to identify separate
relationships to represent different roles invelving different individuals with respect to each
event. For example, processing cash disbursements is a different role from authorizing them;
therefore, if RSWS chooses to maintain one overall entity set for employee, 1t should create
two relationships between the cash disbursement event and the employee agent. Let’s assume
that RSWS wants to keep ils employees in separate sets depending on their positions.

When we interview Robert Scott further, he tells us that Johnny and Cheri are called pur-
chase agents; Lorie, Linda, and Timothy are called accounts payable (A/P) clerks; and Ray
is a manager. Therefore we add purchasing agent as an entity and connect it to acquisition
via a participation relationship. We add A/P clerk as an entity and connect it to cash dis-
bursement via a participation relationship. And we add manager as an entity and connect it
to the cash disbursement via an authorization relationship (to distinguish the role of the man-
ager with respect to the cash disbursement from that of the A/P clerks). We take this oppor-
tunity to ask Robert Scott a few more questions, because we know we are going to need more
information about the roles these employees are playing to assign cardinalities. To begin, we
confirm with Scott that RSWS wants to be able to enter information about employees as soon
as they are hired and not wait until after they have participated in an event. His reply, “Of
course; in fact, [ want your system to make sure no transaction can be entered unless a valid
employee is entered as the responsible person. [ also want the transaction to be rejected if an
invalid product or service is entered for the transaction, Information about products we buy
and sell should be entered before any information about the purchases and sales is entered.”

We ask Scott whether Johnny and Cheri ever have to work together on a purchase and as-
sume joint responsibility for that purchase or whether each of them processes a separate set
of purchases. He replies, “Sometimes Johnny will help Cheri open the boxes and count all
the different types of inventory that arrive in one of her incoming shipments, or vice versa,
but Cheri signs off on and assumes responsibility for her receiving reports and Johnny signs
off on and assumes responsibility for his receiving reports. In fact for all activities that hap-
pen at RSWS T want just one employee [ can blame if something goes wrong or give credit
when something is awesome.” We make a note of that and then remember what Scott said
earlier about the A/P clerks processing cash disbursements and Ray signing all the checks.
He says, “Oh ves, | can see why that seems contrary to what I just said, It really isn’t though,
because I hold Ray responsible for all payments, and in case we hire additional managers [
would hold whichever manager approved a payment responsible for it. But we still need to
track which A/P clerk participated in each payment so the personnel department can have that
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information for evaluation purposes.” Based on this interview with Robert Scott, we attach
internal and external agents to our model as illustrated.

RSWS Steps 3 and 4 Result

Diagram Format

Inventory

Overhead

Cash

Stockflow?

Purchase
agent
Acquisition
Partici-
pation2
Supplier
Cash
Disbursement
\ AP clerk
Author- | Manager
ization

Grammar form at

Entity: Acquisition

Entity: Cash disbursement

Entity: Cash

Entity: Inventory

Entity: Overhead
Entity: A/P clerk
Entity: Manager
Entity: Purchase agent
Entity: Supplier
Relationship: Duality

Connected entities:
( , )Acquisition

Relationship: Stockflowd
Connected entities:
{ , )Acquisition

{ , ) Inventory

Relationship: Stockflow2
Connected entities:
{ . ) Acguisition
(, ) Overhead

Relationship: Stockflow3
Connected entities:
{ . ) Cash Disbursement
(, )Cash

Relationship: Participation1
Connected entities:
( , ) Acquisition
( , ) Purchase agent

Relationship: Participation2
Connected entities:
{ , )} Acquisition
( , ) Supplier

Relationship: Participation3
Connected entities:

{ , ) Cash dishursement
( , ) Supplier

Relationship: Participation4
Connected entities:
{ . ) Cash disbursement
(., JAPclerk

Relationship: Authorization
Connected entities:

( , ) Cash disbursement
( , ) Manager

{ , ) Cash disbursement

RSWS Step 5 A-X[\ PR NS arrrp i
This step is to assign attributes to the appropriate entities and relationships in the REA
business process model. Assume RSWS has given you the following list of attributes:
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Acquisition [D

Actual unit cost of an inventory item purchased on an acquisition
A/P clerk identification number

Bond rating for an A/P clerk

Cash account balance

Cash account number

Cash disbursement identification number

Date goods or services were acquired

Date of cash disbursement

Description of inventory item

Description of overhead item

Dollar amount of a cash disbursement applied to a specific acquisition
ID code assigned to overhead item

Identification number for a manager

List selling price per unit of inventory item

Location of a cash account

Manager’s highest degree

Name of A/P clerk

Name of manager

Name of purchase agent

Name of supplier

Purchase agent identification number

Purchase authorization limit for a purchase agent

Quality rating for supplier

Quantity of an inventory item purchased on an acquisition
Quantity of an overhead item purchased on an acquisition
Quantity on hand of inventory item

SKU number of inventory item

Standard unit cost of inventory item

Supplier address

Supplier number

Total dellar amount of a cash disbursement

Total dollar value of an acquisition

Type of cash account

Table 4-2 illustrates the thought processes neaded to assign attributes. In this table, the first
column contains the attribute description as given in the Iist. The second column contains
an abbreviation that we can include in our model to save space and avoid crowding, A (PK)
is added next to the abbreviation for any attributes we identify as primary keys. The third
column contains the name of the entity or relationship to which the attribute should be as-
signed. (Note: You probably won’t do this as a separate step once you understand the
process of attribute assignment, but it helps you to follow the logic of assigning attributes.)
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TAB,LE A2 Attribute description in list Abbreviation Assignment
Attribute
Assignment Acquisition ID Acg-id (PK) Acquisition
Actual unit cost of an inventory item purchased [tem-unit-cost Stockflow1
on an acquisition
A/P derk identification number AP-id (PK) A/P clerk
Bond rating for an A/P clerk AP-bond AJP clerk
Cash account balance AcctBal Cash
Cash account number AcctNum (PK) Cash
Cash disbursement identification number CD-id (PK) Cash disbursement
Date goods or services were acquired Acg-date Acquisition
Date of cash disbursement CD-date Cash disbursement
Description of inventory item Item-desc Inventory
Description of overhead item OH-desc Overhead
Dollar amount of a cash disbursement CD-acg-applied Duality
applied to a specific acquisition
iD code assigned to overhead item OH-id (PK) Overhead
Identification number for & manager Mgr-id (PK} Manager
List selling price per unit of inventory item ltern-list-price Inventory
Location of a cash account Acct Loc Cash
Manager's highest degree Mgr-degree Manager
Name of A/P clerk AP-name AJP clerk
Name of manager Mgr-name Manager
Name of purchase agent PA-name Purchase agent
Name of supplier Sup-name Supplier
Purchase agent identification number PA-id (PK) Purchase agent
Purchase authorization limit for a purchase agent PA-limit Purchase agent
Quality rating for supplier Sup-rating Supplier
Quantity of an inventory item purchased on Itern-qty-purch Stockflow1
an acquisition
Quantity of an overhead item purchased on Oh-qty-purch Stockflow2
an acquisition
Quantity on hand of inventory item Item-goh Inventory
SKU number of inventory item ftern-SKU (PK) Inventory
Standard unit cost of inventory item ltem-std-cost Inventory
Supplier address Sup-add Supplier
Supplier number SupNum (PK) Supplier
Total dollar amount of a cash disbursement CD-amt Cash dishursement
Total dollar value of an acquisition Acg-amt Acquisition
Type of cash account AcctType

Cash

Next we place each of these attributes in the appropriate place on our ER model and
make sure each entity has a primary key attribute and at least one descriptor attribute. It
no attributes describing an entity are needed for decision-making purposes (and you are
sure the list of attributes given to you was complete), then usually the entity should not be
included in your model.



Chapter Four The REA Enterjnise Ontology: Business Process Madeling 77

RSWS Step 5 ER Grammar with Attributes
Entity: Acguisition
Attributes: Acg-id
Acg-date
Acg-amt
Ideptifier: Acg-id

Entity: Cash disbursement

Attributes: CD-id
Cb-date
CD-amt

Identifier: CD-id

Entity: Cash

Attributes: AcctNum
AcctType
Acctloc
AcctBal

Identifier: AcctNum

Entily. Inventory

Attributes: Item-SKU
Item-desc
Item-std-cost
Item-list-price
Item-qoh

Identifier: Item-SKU

Entity: Overhead

Attributes: OH-id
OH-desc

Identifier: OH-id

Entity: A/P clerk

Attributes: AP-id
AP-name
AP-bond

Identifier: AP-id

Entity: Manager

Attributes: Mgr-id
Mgr-name
Mgr-degree

Identifier: Magr-id

Entity: Purchase agent

Attributes: PA-id
PA-name
PA-limit

Identifier: PA-id

Entity: Supplier

Attributes: SupNum
Sup-name
Sup-add
Sup-rating

Identifier: SupNum

Relationship: Duality
Connected entities:
(, ) Acquisition
(, ) Cash disbursement
Attributes: CD-acg-applied

Relationship: Stockflow1
Caonnected eniities:
{, ) Acquisition
(., ) Inventory
Attributes: Item-qty-purch
Item-unit-cost

Relalionship: Stockflow?2
Connected entities:
(, ) Acquisition
{, ) Overhead
Attributes: Oh-qty-purch

Relationship: Stockflow3
Connected entities:
{, ) Cash disbursement
{.)Cash

Relationship: Participation
Connecled entities:
(, } Acquisition
{, ) Purchase agent

Relationship: Participation2
Connected entities:
(, ) Acguisition
() Supplier

Relationship: Participation3
Connected entities:
{, ) Cash disbursement
(, ) Supplier

Relationship: Participationd
Connected entities:
(. ) Cash disbursement
{,) AP clerk

Relationship: Authorization
Connected entities:
(, ) Cash disbursement
{ . ) Manager
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RSWS Step 5 ER Diagram with Attributes
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RSWS Step 6 Do hpcd it Coe I

Step 6 assigns cardinalities to the relationships in Lh)e. REA business process model. We
systematically examine each relationship. We know that the instances ol the inventory cn-
tity set and of the overhead entity set are types rather than tokens. We are reminded of the
knowledge that multiple instances of each inventory type and of each overhead type by the
quantity-purchased attributes describing each of those entity sets. That knowledge allows
us to fill in the maximum cardinality for cach of those resource-types in the stockflowl and
stockflow2 relationships as N. We assign zero as the minimum cardinality for each of those
because we remember from our interview with Robert Scoll that RSWS wants to enter data
about resource types before they actually acquire them (following the normal heuristic for
stockflow relationships). On the acquisition side of the stockflow!] and stockflow?2 rela-
tionships, we realize that we have a common heuristic exception for the minimum cardi-
nality. Because we decided to combine acquisitions of inventory and acquisition, yet to
maintain them each as separate entity scts, we have a situation where an acquisition can in-
volve alternative resource types. Therefore the participation of an acquisition with either
one of those entity scts 1s oplional. An acquisition can involve either inventory or overhead
s0 its parficipation with inventory cannot be mandatory nor can its participation with over-
head be mandatory. When we consider the maximum cardinalities for acquisition in the
two stockflow relationships, we realize it is common business sense that an acquisition
should be capable of involving multiple types of inventory. We look back at our interview
notes and confirm this with Scott’s description of Johnny helping Cheri open all the boxes
and counting all the types of inventory on one of her incoming shipments. Our cardinali-
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ties for the first two stockflow relationships are thus summarized as (0,N) Inventory—(0.N)
Acquisition and (0,N) Overhead — (0,N) Acquisition.

Next we look at the stockflow3 relationship between cash and cash disbursement to see
if it follows our heuristic. We are confident that we need to establish a cash account before
we can make any disbursements out of it and that from one cash account we can make
many disbursements. So the (0,N) Resource Type heuristic applies. When we examine the
cash disbursement side we realize that a cash disbursement cannot exist without coming
from a cash account and since all cash accounts owned by RSWS would be included in this
system as members of the cash entity, participation of cash disbursement in the stockfiow3
relationship must be mandatory (minimum cardinality = 1). We also realize that if we make
disbursement of cash it can only come from one account (maximum cardinality = 1). For
example, when we write a check, the check is drawn on just one bank account. If we want
to pay a supplier with money from two different checking accounts we must write two
checks and that would be considered as two cash disbursements. Our cardinalities for
stockflow3 are summarized as {0,N) Cash—(1,1) Cash Disbursement.

Next we evaluate the duality relationship and remember that there is no heuristic for du-
ality relationships. The fact that RSWS has A/P clerks indicates they make purchases on
credit (otherwise they wouldn’t have accounts payable) so we note the minimum cardinal-
ity on acquisition as optional (zero). We are not sure whether an acquisition is ever paid in
installment payments (i.e., with multiple cash dishursements) or if they are always paid in
full. Similarly, while we know that some cash disbursements are made for expenditures
other than acquisitions (for example, to pay employees or to repay loans), we are not sure
whether a cash disbursement ever pays for multiple acquisitions. We go to see Robert Scott
again and ask him. He tells us RSWS has never made installment payments [or any acqui-
sitions and never intends to do so, but that perhaps the system should be set up so that it
would be possible. Ile says RSWS does make payments that combine multiple purchases,
though. In his words, “For example, we make a folder for Emersmith and store up the bills
for all the purchases we make from Emersmith in a month. At the end of the month we
write one check to Emersmith that covers all of those purchases. We do the same thing for
each of our other suppliers.” Putting all this information together we summarize our dual-
ity relationship cardinalities as (0,N) Acquisition—0,N) Cash Disbursement.

Our participation relationships remain to be examined. We recall our heuristic is (1,1)
Economic Event—(0,N) Agent and look for evidence to confirm or refute that heuristic. We
recall that Scott told us he wants no transaction to be entered without one person and one
person only being identified as the responsible employee. So we know the (1,1} on the Eco-
nomic Event side is valid for all three of the participation relationships that involve inter-
nal agents (participationl, participationd, and participation3). When we consider partici-
pation2, between acquisition and supplier, we confirm the (1,1) hewristic for the acquisition
side is valid because in RSWS’ valuc system level, there 1s no alternative external busi-
ness partner from whom we acquire goods and services. Thus an acquisition must involve
a supplier (minimum = 1), and multiple receipts of goods from the same supplier would be
considered as multiple acquisitions (maximum = 1), Our examination of participation3
between Cash Disbursement and Supplicr reveals a common exception because the value
system level model indicates that RSWS makes cash disbursements to external agents
other than suppliers. This changes the minimum for cash disbursement to zero. The maxi-
mum of one is reasonable because it would not make sense to write one check to two
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different suppliers. Next we consider the (0,N) Agent heuristic for the five participation re-
lationships, We know the minimum of zero holds true for the internal agent relationships
(participationl, participation4, and participation5) because the agent data must exist in our
system before any transactions are entered to be able to validate the responsible employee
upen entry of the transactions. We also know the maximum of many holds true for all
five participation relationships because it is simple common business sensc. There is no
business reason why an enterprise would want to limit participatien in its entire set of a
type of economic event to only one time per agent. That would be saying, for example,
that once we make a sale to a customer, we could never make another sale to that customer
again. Even if that were a reasonable assumption for a small subset of customers, it would
be highly unlikely an enterprise would allow no repeat business at all. To evaluate the min-
imum cardinality for the agent side of the two external agent participation relationships
(participation2 and participation3) we consider whether RSWS would enter an acquisition
or a cash disbursement to a supplier for which RSWS has not already entered data into
the system. We recognize that good business policy would recommend RSWS should
have a vendor selection policy that would result in supplier information being entered
into the system before any fransactions involving them may be entered. We ask Robert
Scott whether RSWS has a need to be able to enter supplicr information before entering
acquisitions or cash disbursements imvolving that supplier. He confirms that in fact, the
vendor selection policy at RSWS requires approval of suppliers prior to engaging in
transactions with them. We therefore assign (1,1) Economic Event—(0,N) Agent to partic-
ipation relationships 1, 2, 4, and 5 and (0,1) Economic Event—((0,N} Agent to participa-
tion3. The results of these cardinality assignments are reflected in our completed model as
follows:

RSWS Step 6 Cardinality Assignment in ER Diagram
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RSWS Step 6 Cardinality Assignment in ER Grammar

Entity: Acquisition

Attributes: Acg-id
Acg-date
Acg-amt

Identifier: Acg-id

Entity: Cash disbursement

Attributes: CD-id
CD-date
CD-amt

Identifier: CD-id

Entity: Cash

Attributes: AcctNum
AcctType
Acciloc
AcctBal

Identifier:  AcctNum

Entity: Inventory

Attributes: [tem-SKU
Item-desc
Item-std-cost
ltem-list-price
ltern-goh

Identifier: Item-SKU

Entity: Overhead

Attributes: OH-id
QOH-desc

ldentifier: QH-id

Entity: A/P clerk

Attributes: AP-id
AP-name
AP-bond

ldentifier: AP-id

Entity: Manager

Attributes: Mgr-id
Mgr-name
Mgr-degree

|dentifier:  Mgr-id

Entity: Purchase agent

Attributes: PA-id
PA-name
PA-limit

Identifier: PA-id

Entity: Supplier

Attributes: SupNum
Sup-name
Sup-add
Sup-rating

Identifier:  SupNum

Relationship: Duality
Connected entities:
(0,N) Acquisition
(0,N) Cash disbursement
Attributes: CD-acg-applied

Relationship: Stockflow1
Connected entities:
(0,N) Acquisition
(0,N) Inventory
Attributes: Item-gty-purch
[tem-unit-cost

Relationship: Stockflow?
Connected entities:
(0,N) Acquisition
(0,N) Overhead
Attributes: Oh-gty-purch

Relationship: Stockflow3
Connected entities:
(1,1) Cash disbursement
(0.N) Cash

Relationship: Participation
Connected enfities:
(1,1) Acquisition
(0,N) Purchase agent

Relationship: Participation2
Connected entities:
(1.1) Acquisition
(0,N) Supplier

Relationship: Participation3
Connected entities:
(0,1) Cash disbursement
(0,N) Supplier

Relationship: Participation4
Connected entities:
(1,1) Cash disbursement
(0,N) AP clerk

Relationship: Authorization
Connected entities:
{1,1) Cash disbursement
(0,N) Manager
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REA Business Process Level Extensions

The main extension to the core pattern proposed by Geerts and McCarthy (but which still
requires further rescarch) is the addition of commitments and relationships involving those
commitments. Observation of practice reveals that enterprises typically commit them-
selves to an economic event before they actually engage in the economic event. For exam-
ple, a customer makes commitments to receive goods or services and to give cash before
actually engaging in the sale and cash receipl events. The extended ontology proposes that
each economic event is preceded by a commitment event, and that for every commitment
event that commits to decrease a resource there is a related commitment event that com-
mits to increase a resource. Those opposite commitment events arc related via a recipro-
cal relationship. This relationship is the equivalent of duality but for commitment events
instead of for economic events,

Each commitment event also 1s related to the resource or resource type that it agrees to
increase or decrease, and to internal and external agents. The relationship between a com-
mitment svent and a resource is called reservation to indicate the purpose of the event to
reserve the resource that will be transferred in or out hy a future economic cvent. The re-
fationship between a commitment event and an agent (internal or cxternal) will for pur-
poscs of this texibook be called participation. For business processes that involve an ex-
change with an external business partner (i.e., for all business processes cxcept the
conversion process) a bundle of commitments (i.e., an increment commitment event paired
with a decrement commitment event) form a contract or mutual commitment event, A
contract commits both enterprises to engage in the [uture economic events. For example,
an accepted customer order commits the seller to transfer the title of goods Lo the customer
and it commits the customer to pay cash to the seller. From the customer’s view, this is a
purchase and a cash disbursement; from the seller’s view this is a salc and a cash receipt,

There are reasons beyond the scope of this textbook why both commitments that comprise |
a contract should be included separately in a business process level REA model. For sim- |

plicity sake, in this textbook we are using a simplified version of the model in which only
the mutual commitment event is modeled. It is related to the noncash-related ecouomic

event and to the associated resource or resource type, Lo the cash resource, and to internal |

and external agents. The separation of commitment evenls is most important in the con-
version process; in that process the bundled commitments form a schedule rather than a
contract and is completely internal to the enterprise. Readers interested in the extended
business process level REA model for the conversion process may consult Chapter L. In
Exhibit 4-6 we illustrate the simplified extended business process level REA model.
Some academics add another event prior {o the commitment/contract event. They differ
in what they call this event; for this textbook we call it an instigation event. What do you
think of when you hear the word instigator? Tor us it brings back memories of a frustrated
parent trying lo break up a sibling fight saying, “Who’s the instigator here?” In other
words, “Who started it?” In a business process we often want to know what cvent started
it. Sometimes it may be an internally instigated event such as in the acquisition/payment
process when a user department identifies a need for more raw materials and sends a reg-
uisition to the purchasing department to ask them to acquire the needed materials. Other
times it may be an externally instigated event such as in the sales/collection process when
a customer calls Lo inquire as to availability and pricing for a product or service. Althougl
the instigation cvent is not officially part of the published REA enterprise ontology, we
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EXHIBIT 4-6 Simplified Extended REA Business Process Level Pattern
Diagram Format

Noncash
resource

Cash
L1 resource

Mutual
commitment
event

Reser-
vation2

Noncash
economic

svent
: '\ Partici-

pationd

Cash
economic
evenl
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Internal
agenti

Internal
agent2

Exiernal
agent

Internal
agent3

Grammar Format

Entity: Mutual commitment event
Entity: Noncash economic event
Entity: Cash economic event
Entity: Noncash resource

Entity: Cash resource

Entity: External agent

Entity: Internal agent1

Entity: Internal agent2

Entity: Internal agent3

Relationship: Duality
Connected entities:
Cash economic event
Noncash economic event

Relationship: Fulfiliment
Connected entities:
Mutual commitment event
Noncash economic event

Relationship: Reservation1
Connected Entities:
Mutual commitment event
Cash resource

Relationship: Reservation2
Connected entities:
Mutual commitment event
Noncash resource

Retlationship: Stockflow1
Connected entities:
Noncash economic event
Noncash resource

Relationship: Stocktlow2
Connected entities:
Cash economic event
Cash resource

Relationship: Participation1
Connected entities:

Mutual commitment event

Internal agent1

Relationship: Participation2
Connected entities:

Mutual commitment event

External agent

Relationship: Participation3
Connecled entities:

Noncash economic event

Internal agent2

Relationship: Participation4
Connected entities:

Noncash economic event

External agent

Relationship: Participations
Connected entities:
Cash economic event
External agent

Relationship: Participation6
Connected entities:
Cash economic event
Internal agent3
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believe many academics have included it in business process level models for most trans-
action cycles because of its usefulness in economic storytelling. Any good story has a be-
ginning, a middle, and an ending. The instigation event serves as the beginning; the com-
mitment events form the middle; and the economic events conclude the story. In Exhibit
4-7 we show the business process level pattern with instigation events and the corre-
sponding relationships.

Geerts and McCarthy have proposed other extensions to the business process level
model, including selected types of resource-agent relationships and agent-agent relation-
ships. These relationships should be included only when those entities have an association
that is independent of the event in which they have mutual participation. For cxample, in
the sales/collection process we sometimes need to track information about assignments of
salespeople to customers. When might we need to do that? Consider a company that sends
sales representatives out into the field to call on customers. Each sales representative typ-
ically has a territory and customers within a sales representative’s territory are assigned to
that sales representative. Other salespeople are not supposed to try to make sales to another

EXHIBIT 4-7 Extended REA Business Process Level Pattern with Instigation Event

Diagram Format
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event
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EXHIBIT 4-7 (continued) Extended REA Business Process Level Pattern with Instigation Event

Grammar Format

Entity: Instigation event

Entity: Mutual commitment event
Entity: Noncash economic event
Entity: Cash economic event
Entity: Noncash resource

Entity: Cash resource

Entity: External agent

Entity: Internal agent1

Entity: Internal agent2

Entity: Internal agent3

Relationship: Duality
Connected enlities:
Cash econemic event
MNoneash economic event

Relaticnship: Fulfillment1
Connected entities:
Instigation event
Mutual commitment event

Relationship: Fulfillment2
Connecled enfities:
Mutual commitment event
Noncash economic event

Relationship: Proposition
Connected entities:
Instigation event
Noncash resource

Relationship: Reservation1
Connected entities:
Mutual commitment event
Cash resource

Relationship: Partlcipationd
Connected Entities:
Mutual commitment event
External agent

Relationship: Reservation2
Connected entities:
Mutual commitment event
Noncash resource

Relationship: Participationd
Connected entities:
Noncash economic event
Internal ageni2

Relationship: Stockflow1
Connected entities:
Noncash economic event
Noncash resource

Relationship: Participation
Connected entities:
Noncash economic event
External agent

Relaticnship: Stockflow2
Connected entities:
Cash econemic event
Cash resource2

Relationship: Participation7
Connected entities:
Cash economic event
External agent

Relationship: Participation1
Connected entities:
Instigation event
Internal agent1

Relationship: Participation8
Connected entities:
Cash economic event
Internal agent3

Relationship: Participation2
Connected entities:
Instigation event

External agent
Relationship: Participation3
Connected entities:

Mutual commitment event
internal agentt
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salesperson’s customers unless they are specifically asked to help. Such a relationship
should not exist if the only relationship between salesperson and customer that is impor-
tant is their mutual participation in the same sale(s). We can already track that information
through the core REA pattern. Similarly sometimes an enterprise may identify a need to
track a direct relationship between a resource and an agent who has custody of the resource
and is responsible for the resource independently of any event.

In Chapters & through 13 we describe additional extensions to the REA enterprise on-
tology in greater detail. Keep in mind the distinction between operating events, informa-
tion process events, and decision/management events. Operating events are the operating
activities performed within business processes to achieve enterprise objectives. This cate-
gory certainly includes economie exchange events and commitment events. It also includes
some instigation events. Information process events include three activities: recording
data about operating events, maintaining reference data that are important to the organiza-
tion, and reporting useful information to management and other decision makers. Record-
ing events involve collecting data about operating events and storing the data in a data
repository (e.g., a data warehouse, a database, or a file). Maintenance events involve col-
lecting and updating reference data about resources they own, employees they hire, and ex-
ternal parties with whom they do business. The data repository formed by recording and
maintenance events is used to generate reports for information customers. This third type
of information process event, reporting, is the most demanding. Reporting provides infor-
mation and measurements to suppori enterprise activities such as planning, controlling,
and evaluating evervday tasks and results of operations., Keep in mind that information




86 Chapter Four

The REA Enterprise Ontolugy: Business Process Modeling

process events are olten the targcts of reengineering efforts and, therefore, should not be
stored as base objects in an information system. Decision/management events are activi-
ties in which managers, employees, and external users make decisions about planning,
controlling, and evaluating business processes.

Past experience has revealed that students sometimes confuse operating events with in-
formation process events. To distinguish these, realize that information process cvents in-
volve the use of data rather than nondata resources. For example, the delivery of a product to
a customer is an example of an operating event; recording data about the delivery and send-
ing a bill to the customer are information process events. The sending of the bill is not what
obligates the customer to pay—the transfer of title of goods from the seller to the customer
(i.c., the sale event) is what establishes the obligation. Reengineering efforts could eliminate
the information process event of sending the bill; therefore, it should not be included in the
REA model. Similarly, recetving a payment from a customer for goods and services provided
1s an operating event; however, recording data about the customer payment is an information
process cvent. A change in the location of a warehouse is an operating event; updating or
maintaining the warehouse location in the data repository is an information process event.

The information customer serves as the final arbiter of value. The key to effective in-
formation customer support is not the amount of information provided; rather it is the abil-
ity to provide accessible, useful, and timely information. You may have the feeling that
identifying operating events is like the famous final exam question: Model the universe and
give three examples. Where in the world do you draw the line? Our answer to all model-
ing questions relating to scope is “What does the enterprise need to plan, execute, control,
and evaluate?”

Key Terms and Concepts

Attribute, 53

Business process, 51
Cash resource, 717
Claim, 62
Commitment event, 82
Composite attribute, 54
Concatenated primary
key, 54

Contract, 82
Decision/management
events, 86

Derivable attribute, 54
Duality relationship. 56
Economic event, 62
Entity, 52

Extended business
process level REA
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Generalization, 55
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Relationship, 52
Resource, 6.7
Resource inflow, 63
Resource outflow, 63
Simple attribute, 54
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Stockflow
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Typification, 55
Volatile derivable
attribute, 54
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Review Questions

LO4
LO4
LO8

RI1.
R2.
R3.
R4.
RS,
R6.
R7.

R8.

RO.
R10.

R11.
R12.
R13.
R14.
R15,

Give three examples of each of the three main types of business processes.
Describe the relationship between business processes and events.

What is an information process? How are information processes triggered?
What is the difference between a business process and an information process?
How are business and information processes related?

Describe three types of information processes.

Describe the acquisition/payment process. What are the main activities that make up
this process?

Describe the sales/collection process. What are the main activities that make up this
process?

How do you determine the scope of a business process level REA model?

List the Journalism 101 questions and explain how they are typically answered in a
business process level model.

List and describe the steps in REA business process level modeling.

How are maximum cardinalities used when designing enterprise information systems?
How are minimum cardinalities used when designing enterprise information systems?
Explain the purpose of a primary key attribute.

Give some examples of nonkey attributes that would describe the entity customer.

Multiple Choice Questions

MC1. Which ofthe following is an object that has either a physical or conceptual existence?

LO1

LO1

LO1

LOZ

@entity

B. attribute
C. relationship
D. cardinality

MC2. What is a relationship?

A. an entity set

B. a characteristic possessed by the primary key of an entity
© an association between entities

D. the primary key itself

MC3. What tern is used to describe a combination of unique key fields?

concatenated
B. composite
C. derived
D. wvolatile

MC4. Give the minimum and maximum participation cardinalities for an entity that has

nonmandatory participation in a relationship and can participate only one time.
A (L1
B. (1,0)
(D (0,1)
D. (0,0)
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Loz

MC5. Give the minimum and maximum participation cardinalities for an entity that has

(1,1

. (1,0)
C. (0,1)
D. (0,0)

§andatory participation in a relationship but can participate only one time.

Discussion Questions

LOZ, LO5

L0z, LO4

LOZ, LO5

10z, LO5

DI.

D2.

D3,

D4,

If you are trying to assign participation cardinalities to an enterprise’s stockflow rela-
tionship between purchase and inventory, you would need to ask some questions to a
knowledgeable representative of the enterprise. Assuming you have no narrative de-
scription to work from, what questions would you ask to get enough information to
assign all four cardinalities?

If you are trying to assign participation cardinalities to an enterprise’s fulfiliment re-
lationship between sale order and sale, you would need to ask some questions to a
knowledgeable representative of the enferprise. Assuming you have no narrative de-
seription to work from, what questions would you ask to get enough information to
assign all four cardinalitics?

What are the heuristic participation cardinalities for a relationship between cash and
cash disbursement? Explain each of the four participation cardinalities and identify
whether there are any common exceptions to the heuristics.

What are the heuristic participation cardinalities for a relationship between sale and
inventory, assuming that inventory is mass-produced and tracked at the type level?
Explain each of the four participation cardinalities and identify whether there are any
common exceptions to the heuristics.

Applied Learning

LO3

LO1-LOB

Al

A3,

Develop a script for a visit to a doctor’s office (based on your past experience or other
knowledge about doctors’ offices). Next develop a script for a visit to a lawyers’ of-
fice (based on your past experience or other knowledge about lawyers’ offices). De-
scribe the similarities and differences between your two scripts. Is there any identi-
fiable pattern, and if so, what generic label would vou assign to it?

Develop a script for taking a cross-country trip on an airplane (based on your past
experience or other knowledge about air travel). Next develop a script for taking a
crosscountry trip on a train or bus (based on vour past experience or other knowl-
edge about train or bus travel). Describe the similarities and differences between
your two scripts. Is there any identifiable pattern, and if so, what generic label would
vou assign to it?

Bowerkate Corporation sells handerafted surfboards to customers through its net-
work of company salespeople. Each surtboard is given a unigue identification num-
ber and a suggested selling price when finished. Upon employment each salesperson
is immediately assigned to service a separate group of customers. When customer
data are initially entered into Bowerkate’s information system, the customer is im-
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mediately assigned to a salesperson. Each sale can include one or more surfboards
and can be paid for in any of three ways: (1) immediately in cash, (2) on the 15th of
the following month, or (3) over the course of six months. No more than one sales-
person participates in making a particular sale. A salesperson may negotiate with a
customer and agree on a selling price for any surfboard that is lower than that surf-
board’s suggested selling price, especially if the customer is a high-volume customer
or if that surfboard is a slow seller (i.e., it has been in stock for a long time). Al-
though the vast majority of cash receipts come from customers (any particular cash
receipt would be from only one customer) for sales, some cash receipts come from
other sources (e.g., bank loans). Every cash receipt is processed by exactly one of
Bowerkate’s several cashiers and is deposited into one of Bowerkate’s bank accounts.
Information about surfboards, employees, and customers often needs to be entered
into the database before any transactions involving them have occurred. The follow-
ing data items (attributes) are of interest to potential users of this model:

surfboard-id#
customer-name
salesperson-name
cash-receipt-total-amount
location-of-cash-account
sale-number
cash-receipt-amount-applied-

cash-account-balance
gty-of-iterns-sold-on-a-particular-invoice
cashier-name

description-of-surfboard
customer-accounts-receivable-balance
salesperson-number

to-a-sale
cash-account-number
customer-number
actual-selling-price-for-a-
surfboard
salesperson-comruission-rate

cashier-ID-number
cash-account-type
suggested-selling-price-for-a-surfboard

sale-total-amount
remittance-advice-number

Note: Salesperson commission rate is determined per contractual arrangement with
cach salesperson and for a particular salesperson it is the same percentage rate no
matter what items he or she sells.

Required:

Create an REA model (in cither BNF Grammar format or in ER diagram format) for Bow-
erkate Corporation’s revenue cycle as just described. Be sure to include all relevant enti-
ties, relationships, attributes, and participation cardinalities.

Answers to Multiple Choice Questions

MCL1. A; MC2. C; MC3. A; MC4. C; MC5. A.




Chapter Five

LEARNING OBJECTIVES

The objective of this chapter is to introduce some tools for documenting the task
level detail of business processes. The task level in REA modeling is the level at which
workflow is documented. After studying this chapter you should be able to:

| 1. Explain the difference between task fevel and business procass level
representations for an enterprise

2. Describe and prepare flowcharts describing the documents, data flows, and
processes of an enterprise systemn

3. Describe and prepare data flow diagrams depicting the flow of data through an
enterprise system

4, Identify the similarities and differences between system flowcharts and data flow
diagrams

5. Describe various kinds of physical media, file types, and processing methods used
in information systems

INTRODUCTION

In Chapter 2 we defined tasks as the individual steps involved in accomplishing events in
an enterprise. The cvents themselves are actually tasks; however, many tasks should not be
represented as events. Tasks for which measurements are either not feasible or not cost ef-
fective should not be represented as events, Tasks that are activitics that may be changed
or eliminated should not serve as foundational elements in an enterprise information sys-
tem database. The purpose of task level modeling is not to design a database; instead it is
to document the flow of data through an enterprise. Tasks that are included in the work-
flow for an enterprise are not represented as base objects in the enterprise database (except
for the tasks that are also events). Data captured as a result of tasks may be included in the
tables as attributes. and data needed to accomplish tasks can be retrieved from the database
via queries.

Pattern discovery at the task level is not as straightforward as at the value system, value
chain, and business process levels. Although there are best practices for how certain activ-
ities can be accomplished in enterprises, workflow can include steps or activities that can
be reengineered away without substantively changing the nature of the enterprise. Tasks
also can oceur in varlous sequences for different enterprises (or for different areas within
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LEARNING OBIJECTIVES

The objective of this chapter is to introduce some tools for documenting the task
level detail of business processes. The task level in REA modeling is the level at which
workflow is documented. After studying this chapter you should be able to:

1. Explain the difference between task level and business process level
representations for an enterprise

2. Describe and prepare flowcharts describing the documents, data flows, and
processes of an enterprise system

3. Describe and prepare data flow diagrams depicting the flow of data through an
enterprise system

4. Identify the similarities and differences between system flowcharts and data flow
diagrams

5. Describe various kinds of physical media, file types, and processing methods used
in information systems

ODUCTION

In Chapter 2 we defined tasks as the individual steps involved in accomplishing events in
an enterprise. The events themselves are actually tasks; however, many tasks should not be
represented as events. Tasks for which measurements are either not feasible or not cost ef-
fective should not be represcnted as events. Tasks that are activities that may be changed
or eliminated should not serve as foundational elements in an enterprise information sys-
tem database. The purpose of task level modeling is not to design a database; instead it is
to document the flow of data through an enterprise. Tasks that are included in the work-
flow for an enterprise are not represented as base objects in the enterprise database (except
for the tasks that are also events). Data captured as a result of tasks may be included in the
tables as attributes, and data needed to accomplish tasks can be retrieved from the database
via queries.

Pattern discovery at the task level is not as straightforward as at the value system. value
chain, and business process levels. Although there are best practices for how certain activ-
ities can be accomplished in enterprises, workflow can include steps or activities that can
be reengineered away without substantively changing the nature of the enterprise. Tasks
also can occur in various sequences for different enterprises (or for different areas withgi)ng
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an enterprise) and the sequencing must be represented in task level models. Recall that for
the other levels, the models did not represent a sequencing of events, but merely relation-
ships between them. A sale may come before a cash receipt. or vice versa; the order does
not matter for establishing the architecture of the enterprise system’s core database as long
as one can be traced to the other. For the task level, sequencing is important, as enterprises
need to document details about the procedural aspects of the business activities and corre-
sponding data entry into and information retrieval from the information system.

The purpose of developing the business process level REA model is to design the en-
terprise database. Any events, or activities that make up those events, that could be reengi-
neered away without changing the overall naturc of the enterprise normally should not be
included as core elements of the enterprise database. This avoids the need to substantially
alter the enterprise databasc every time workflow is changed. However, firms must docu-
ment those events and activities as part of the ente:rprise’s‘ﬂge'mj@mnmtm. An ex-
ample of task level modeling as compared to business process level modeling may help
you to understand the difference.

Jayvision, Inc., is an enterprise that creates video games for children. In its acquisi-
tion/payment process, Jayvision used to have the following procedures:

* A department supervisor identified or confirmed the need to acquire a particular prod-
uct or service, and submitted a requisition form to the purchasing department through
the company mail.

* The purchasing department opened the mail, approved (or disapproved) the requisitions
and sorted the approved requisitions into piles according to the type of products and ser-
vices needed. Disapproved requisitions were returned to the department supervisor with
an explanation of why the requisitions were denied.

= The purchasing department identified appropriate vendors for the requested products
and services. Often this entailed searching the catalogs of established vendors to deter-
mine pricing and availability; sometimes the purchasing agent contacted the vendor’s
sales representative o obfain details about the products and services; sometimes the
purchasing agent needed to prepare a request for quote or to issue requests for compet-
itive bids from potential suppliers.

¢ Once appropriate vendors were selected, the purchasing department prepared purchase
orders (based on one or more purchase requisitions) and mailed or faxed them to the ven-
dors. A copy of the purchase order was sent to the accounts payable department, where
it was filed in a temporary file in vendor number order awaiting further processing.

¢ The receiving department for Jayvision received products. Upon receipt a clerk manu-
ally counted the products and filled out a receiving report listing the product identifica-
tion number, quantity received, and a note describing the condition of the items. A copy
of the receiving report was sent to the accounts payable department where it was filed
in a temporary file in vendor number order awaiting further processing.

*  Services were received by various departments; upon receipt of a service, the appropri-
ate department supervisor filled out a “receiving report” for services, including a de-
scription of the services received and the dates on which they were received. A copy of
the report was sent to the accounts payable department where it was filed in a tempe-
rary file in vendor number order awaiting further processing.




Chapter Five Task Level Modeling 93

« The accounts payable department for Jayvision received vendor invoices in the mail.
For each vendor invoice received, an accounts payable clerk retrieved the purchase order
and receiving report copies for that vendor. The clerk verified that cach line item
amount on the vendor invoice represented the correct amount for a product or service
that had been both ordered and received. The clerk also double-checked the invoice for
mathematical accuracy. If everything was deemed okay, the accounts payable clerk
wrote a check to the vendor for the amount of the invoice and forwarded the check with
its underlying documentation to the controller. The controller signed the check and gave
it to an accounting clerk to copy and send to the vendor. The copy was filed along with
the supporting documentation in a permanent file in the accounting department.

Jayvision recently reengineered its acquisition/payment workflow. The new procedures are
described as follows:

+ A department supervisor identifies or confirms the need to acquire a particular product
or service, and enters requisition data into the enterprise database, This entry triggers
an electronic notification that is sent to the purchasing department.

= Upon receipt of the electronic notification, the purchasing department examines and ap-
proves (or disapproves) the requisitions. Notices regarding disapproved requisitions are
electronically sent to the department supervisor with an explanation of why the requi-
sitions were denied.

« The purchasing department identifies appropriate vendors for the requested products
and services. Often this entails searching the catalogs of established vendors to deter-
mine pricing and availability; sometimes the purchasing agent contacts the vendor’s
sales representative to obtain details about the products and services; sometimes the
purchasing agent needs to prepare a request for quote or to issue requests for competi-
tive bids from potential suppliers.

= Once appropriate vendors are selected, purchase order data are entered into the enter-
prise data and purchase order forms are clectronically generated and are either e-mailed
or printed and faxed to the vendors.

= The receiving department for Jayvision receives products. Upon receipt a clerk checks
the enterprise database to verily an order had been placed for the vendor from whom
the goods were received. The clerk manually counts the products and enters the appro-
priate receipt data into the enterprise database.

» Services are received by various departments; upon receipt of a service, the appropri-
ate department supervisor enters receiving report data into the enterprise database.

« Each day the enterprise database’s interface displays a list (based on the purchase order
and purchase data in the database) of the unpaid purchases (receipts of products and ser-
vices) that are due within three business days. The accounts payable clerk reviews for
accuracy each electronic payment suggested by the enterprise database interface. The
electronic payments approved by the clerk are submitted to the vendors® bank accounts
and recorded in the enterprise database.

The business process level pattern in the old and reengineered acquisition/payment cycles are
identical; however the steps to accomplish the workflow associated with the events in the
pattcm changed sigmﬁcamly Both the old and the new cycles included need identification
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(purchase requisition) as an instigator event, ordering of goods or services (purchase order)
asa comvaem receipt of goods (purchase) as an economic increment
event, (. and payment of cash (cash disbursement) as an economic decrement event. Thus the
database design is the same under both workflow scenarios. However, the documentation of
the document processing and data flows is quite different for the two scenarios. In this chap-
ter you learn how to create this documentation.
Many different types of documentation may be used to represent tasks, including flow-
charts, data flow diagrams, process models, and narrative descriptions. This chapter
presents two tools used to document tasks: system flowcharts and data flow diagrams.

SYSTEM FLOWCHARTING

Enterprises need to document details about workflow—what happens, in what order, and
what details are captured, maintained, and reported by the information system. These de-
tails may be documented using a variety of different methods., One obviously possible
method to use is a narrative description of all the steps in the workflow. Indeed, many com-
panies do create such narratives. [Towever, such narratives are typically voluminous and
can be time-consuming to use to find information about a process. System flowcharts are
used to graphically document information systems. Pages of narrative describing system
processes and data/document flows can be succinctly summarized using flowcharts. Sys-
tem flowcharts focus on the physical aspects of information flows and processes. This
chapter presents the rudiments of this tool to help you develop the skills needed to prepare
new flowcharts and to interpret existing flowcharts.

Flowcharts are used to describe an entire information system, or some portion thereof.
The system flowcharts discussed in this chapter are sometimes called document flowcharts
because they illustrate the data flows of the enterprise and how the data flows are
processed. Since many of the data flows are contained on documents, document process-
ing typically makes up a large portion of the flowcharts. The entire information system is
made up of a series of input, process, and output activities. The inputs and outputs may be
paper documents or electronic data and the processes may be manual or computerized. The
outputs from the various processes may be used for decision-making purposes or they may
serve as inputs to other processes (or both). System flowcharts may be created manually.
either freehand or with the help of a plastic flowchart template—a stencil that allows users
to trace the outline of the various symbols used in flowcharts. System flowcharts also may
be prepared using one of several software packages designed for that purpose. Even word
processing software packages often contain flowcharting symbols among their drawing
tools.

The Basic Elements of System Flowcharts

System flowcharts consist of three simple graphical eclements combined to represent vari-
ous types of physical information flows and processes:

1. Symbols

2. Flow lines

3. Arcas of responsibility
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The documents and processes of information systems can be illustrated by linking various
symbols together as shown in Exhibit 5~1. Compare the following explanation of the process
with its flowchart before we discuss the detailed conventions for preparing flowcharts.

Exhibit 5-1 illustrates possible document flows for processing employee expense reim-
bursements for an enterprise. Employees in various departments throughout the enterprise
spend their own money for expenses such as business-related travel, supplies, and so forth.
They then request reimbursement for those expenditures. Employees prepare requests for
reimbursement, which they submit along with supporting receipts and documentation jus-
tifying the necessity of their expenditure to the Payables department. Payables clerks check
the request for accuracy and agreement with the support documents. They also verify
whether the support documents are approved by the employee’s supervisor and adequately
justify the need for the expenditure. The payables clerks then key the approved reimburse-
ment request data to magnetic tape using a key-to-tape encoding machine. The approved
reimbursement requests are sent to the payables supervisor who puts them into a tempo-
rary file in numeric order. The magnetic tape is sent to the data processing department
where it is used as input fo a computerized process that generates the reimbursement
checks and updates the enterprise database for the expenses and cash disbursement data.
The enterprise database is stored on disk. The checks are prepared in duplicate (the copy
does not look like a real check; it contains only the check stub information). The check and
copy are sent to the payables supervisor. The supervisor pulls the appropriate reimburse-
ment request and support documentation for each check from the temporary file, double
checks everything for accuracy, and signs the check. The check is sent to the employee, the
check copy is attached to the request and support documents and is filed in a permanent
file in employee number order.

Flowcharting symbols and methods can vary widely across professionals and organiza-
tions. There is no one set of generally accepted flowcharting principles and symbols. The
flowcharting conventions and symbols we present in this chapter are representative of
those most commonly used.

Flowcharting Element 1: Symbols
A variety of symbols represent the physical aspects of the document/data flows and
processes of an information system. Since flowcharts illustrate the physical features of a
system, there are various symbols in each category. For example, there are at least four
storage symbols, and the one chosen depends on the physical characteristics of the storage
medium (e.g., whether it is a paper file, a disk file, or a tape file). The following describes
some of the more frequently used symbols in flowcharting.

Input-Process-Output

Properly constructed system flowcharts are simply related “input-process-output” clusters
strung together, with defined starting and stopping points. In system flewcharts, a process
is defined as an activity that uses or alters an input to produce an output. An output from
one process may be used as input to the next process. Exhibit 5-2 illustrates the typical
input, output, and process symbols. Most of the symbols used to illustrate inputs also are
used to represent outputs. For example, a document (symbol B) may be the output of one
process and the input for another process. Similarly, a magnetic tape file (symbol J) or a
disk file (symbol /) may serve as either input or output or both.
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EXHIBIT 5-1 Example System Flowchart
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EXHIBIT 5-2 TFlowchart Symbols

Online manual
device

(G)
Terminal
display

E:] \r/
::j Permanent Temparary

file file
(D) (E)
Single Calculator/ Disk Magnetic (F)
document register storage tape Offline
tape storage paper
file
(H) 0 ()
Manual Online Offline or
process computer noncomputer
process process

On-line Manual Input Device (Keyboard or Touch-Terminal)

Symbol A in Exhibit 5-2 illustrates an online manual device that describes the entry of
data into a computer through an on-line keyboard or touch-terminal. When this symbol and
the computerized process symbol are used together, they are considered to comprise a sin-
gle process for the purpose of inpur-process-output logic. That is, there must be some input
(such as a document) to the keying/computer process and there must st be an ouftput from the
keying/computer process (such as a report or an updated masterfile).

Input/Output Symbols: Paper Documents

Paper documents (symbol B in Exhibit 5-2) are used as inputs and as outputs of processes
in system flowcharts. The document symbol is one of the most commonly used symbols in
system flowcharts, and it has variations that are not illustrated in Exhibit 5-2. Exhibit 5-3
depicts the different symbols commonly used to represent documents (e.g., checks, in-
voices, and reports) that exist in an information system. The name of the document is en-
tered on the symbol’s face (see symbol 4 in Exhibit 5-3). A single document symbol is
used to represent one or more documents of the same type; for example, a batch of 100 re-
mittance advices is represented with the single document symbol, provided there is only
one copy of each remittance advice. Multiple copies of a document are typically illustrated
as staggered symbols for each copy of the document (see symbol B in Exhibit 5-3). Each
copy is numbered in the top right corner. The numbers may be arranged in whatever se-
quence best suits the flow of documents from that point in the flowchart. This method eas-
ily allows the flowchart designer to communicate the separate flows of the different copies
of the document; for example, one copy of a sale invoice may be sent to the customer, an-
other copy sent to the accounts receivable department, and a third copy filed away. If copies
of two (or more) different documents move together in a flowchart, they are illustrated as
staggered symbols for each different document with the appropriate copy of the document
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EXHIBIT 5-3 Flowchart Symbols: Documents

Shipping

receipt
Invoice > Price list
Invoice
) ®) © D)
Single Overlapping symbols, Two overlapping symbols, Nonprocessed
document different copies of the different decuments document

same document

noted (if any) (see symbol C in Exhibit 5-3). A document used to store reference infor-
mation, such as a price list or tax table, as opposed to a document that is processed, such
as a check or invoice, is often distinguished by darkening the left edge of the symbol (see
symbol D) in Exhibit 5-3).

Input/Output Symbols: Calculator/Register Tapes

Symbol C in Exhibit 5-2 represents printouts of calculations made on a calculator, adding
machine, or cash register. These are most often outputs of a manual process, but once they
are processed they also can be used as inputs to other processes, such as reconciliations be-
tween the manual calculations and the computations of'a computer process.

Input/Output Symbols: Files Containing Stored Data
Files of stored data may be used as input to processes or as output from processes. Com-
puterized processes typically use and produce data stored on disk (symbol D in Exhibit
5-2) or on magnetic tape (symbol £ in Exhibit 5 2). A description of the file contents is
entered on the face of the symbol (e.g.. “Customer MasterFile” or “Cash Disbursements
transaction file”). Examples of disk storage with which you are probably familiar include
hard disks, floppy disks, CDs, and DVDs. Examples of magnetic tape storage with which
you are probably familiar are audiocassette tapes and VHS videotapes. Some computer
systems, especially older mainframe systems, have tape drives instead of disk drives and
while you may nat have seen or used such hardware, the tape media has many of the same
characteristics as the audiocassette tapes and VHS videotapes you have seen and used.
Computerized processes sometimes use and produce data stored in paper files, and of,
course manual processes can only use and produce manual off-linc stored data. Symbqﬁ’
in Exhibit 5-2 represents any storage of paper documents (e.g., file cabinct, safe, card-
board box, or shelves). Two types of off-lin storage files exist—temporary and permanent.
A temporary file is a storage device for documents that will be involved in subsequent pro-
cessing. A horizontal line across the top of the file symbol often indicates a permanent file.
The method of document order or organization is denoted using an abbreviation such as 4
(alphanumeric), N (mumeric), or C (chronological). Whenever abbreviations or codes are
used, you should place a legend on your flowchart to assist readers.
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Input/Output Symbels: Terminal Display

The terminal display symbol (symbol G in Exhibit 5-3) illustrates a computer monitor or
terminal display. It is often used in conjunction with the on-line computer-device symbol
to show data being entered into a computer process using an on-line terminal. Alternatively
it may be used to illustrate output from a compuler process that is only seen on a computer
Screen, such as an error message.

Process Symbols
Different symbols represent processes according to the level of automation included in the
processes. The manual-process symbol (symbol A in Exhibit 5-2) indicates an operation
that is primarily manual (such as completing forms, verifying amounts, or making calcu-
lations with a manual calculator). Manual operations most often are used to process doc-
uments. There are two machine-processing symbols: one for on-line computer processing
(see symbol / in Exhibit 5-2) and one for off-line processing or processing performed by
a machine other than a computer, such as an optical character reader (see symbol Jin Ex-
hibit 5-2). A description of the operation is entered on the face of the symbol.

The input-process-output symbols on a system flowchart are supplemented with other
symbols that depict the flow of data throughout the system. These other symbols are illus-
trated in Exhibit 5 4.

Terminal or System Exit/Entry

The terminal symbol indicates the beginning or ending point of the process represented on
a flowchart, and also displays system entry or exit of data (see symbols 4 and B in
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Exhibit 5-4). If the flowchart begins at the top left corner of a page. there is no need to
include a start symbol, because the default starting point for a flowchart is the top-left corner.

On-Page Connector

On-page connectors allow document flows to be bridged within a single page of the flowchart.
The use of on-page connectors allows a document to be shown flowing from one position on
a page to a distant location on the page without drawing a line across the entire page. Each
connector is numbered within a page to enable the reader to know exactly where to continue
reading. An arrow pointing to a connector identifies the other connector on the same page
where the document flow continues. An arrow pointing away from the connector identifics the
connector from which the flow is continuing (see the symbols labeled C in Exhibit 5-4).

Off-Page Connector

Rarely do entire system flowcharts fit on a single page. Off-page connectors are used to
connect multiple pages of a document flowchart. The use of off-page connectors is similar
to on-page connectors, except they illustrate the continuance of the data flow on another
page of the flowchart. Shown within the off-page connector symbol is the page number to
which the flow continues (or from which the flow came) and a connector number (see the
symbols labeled D in Exhibit 5-4).

Annotation

The annotation symbol includes important supplementary information or explanations that
are difficult to describe graphically within the flowchart itself (see symbol £ in Exhibit
5-4). Use annotations sparingly.

Decision

Sometimes in a system, the course of action depends on making a decision or choice. For
example, if a clerk’s task is to review a document for completeness, if the document is com-
plete, the clerk files the document. On the other hand, if the document is incomplete, the
clerk sends the document back to the user department. A decision symbeol (see symbol F in
Exhibit 5-4) displays the decision, and a description of the decision can be included in the
symbol (e.g., “Is document complete?”), Two labeled flow lines exit from the decision sym-
bol to illustrate the indicated course of action. In this case, a line labeled with yes (yes the
document is complete) would lead to a paper off-line file, while a line labeled #o {no the
document is not complete) would show the document flowing back to the user department.

Physical (Nondocument) Objects
Symbol G in Exhibit 5-4 denotes any physical object that may accompany a document
flow (e.g., merchandise, supplies, and fixed assets).

Flowcharting Element 2: Flow Lines

Flow lines connect the symbols on the document flowchart. A solid line indicates actual
physical flow of a document or object. A dotted or dashed line indicates flow of informa-
tion rather than the physical document (see symbol H in Exhibit 5-4). For example, if in-
formation is verbally obtained, either in person or on the telephone, the data flow is repre-
sented with a dotted or dashed line.
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Arrows are used when the document or information flow is not left to right or top to
bottom. The assumed flow of documents and information is from top to bottom and from
left to right. As long as this flow is followed, arrows are not required. Arrows must be used
when there is a counterflow. However, there is nothing wrong with using arrows on all flow
lines, and such use eliminates any potential confusion.

Some flowcharts also display communication link symbols (see symbol ./ in Exhibit 5-4).
This symbal is used when telephone lines, microwave towers, or satellite transmitters trans-
fer data, particularly when the transfer is from one computer directly to another computer.

Sowcharting Element 3: Area of Responsibility

Areas of responsibility are displayed to enable the flowchart reader to clearly identify
changes in responsibility as the docurnents flow through the system. They are represented
on flowcharts by segmenting and labeling columns (see Exhibit 5-1).

Areas of responsibility may be departments, sections within a department, or individ-
nal employees within a department. Judgment must be used in choosing the level of sub-
division that one column should represent. For example, in a small company one or more
pages might represent the billing department.

PREPARATION CONVENTIONS

Several techniques have been developed to guide the preparation of a flowchart. The main
objective of these techniques is to enhance the readability, and thereby enable the valida-
tion, of the flowchart.

Left to Right, Top to Bottom

You have been reading this page from top to bottom and from left to right. A flowchart 1s
most easily understood if you follow the same convention. Therefore, when preparing a
document flowchart, begin in the upper left-hand corner and work from left to right and
from top to bottom.

All Documents Must Have an Origin and Termination

A flowchart must clearly indicate where a document is infroduced into a system and where
it is permanently filed or leaves a system. Each copy of a document must flow to:

1. A permanent file symbol

2. A symbel denoting an exit from the system

3. An off-page connector

Following this convention ensures that the progress of every document has been observed

and documented from cradle to grave. Whenever the final destination of a document is un-
known, use an annotation symbol to indicate that additional investigation is required.

Keep Flowcharts Uncluttered
A flowchart is an important analytical and design tool: however, great amounts of detail re-
duce a flowchart’s ability to communicate. For this reason, to the extent possible, observe
the following rules:
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1. Place areas of responsibility with the most frequent interchange adjacent to each other
to avoid long arrows.

2. Enter narrative on charts only within symbols.

3. Avoid explaining with narrative what is already adequately described by the flowchart itself.

Make Sure the Progress of a Document Is Clear
Diagram a document before and after a process is performed, when entering or leaving a
file, and on entering or leaving a page. Also, if a document is altered (e.g., updated, signed,
or approved), change the name of the document to indicate its current status. For example,
notice in Exhibit 5-1 the flow of the reimbursement request. The manual process “Prepare
reimbursement request” creates it. It is sent to the payables clerk where it 1s approved. The
name is changed accordingly to approved reimbursement request. After further processing,
it is eventually filed in a permanent file. Similarly, notice the flow of the check. The com-
putetized process in the data processing department generates the check, which at that
point is unsigned. Copies 1 and 2 are sent to the payables supervisor, who performs a man-
ual double-check and signing process. The signed check is sent to the employee and the
copy, along with the underlying request and support documents, is filed in a permanent file.

Make Sure Your Flowchart Is Complete: Represent Each Input, Processing,
Output, and Storage Step
When flowcharting a process, make sure you include all the major steps in the process. Re-
member that systems are simply a combination of inputs, processing, outputs, and storage
of data.

SYSTEM FLOWCHART SUMMARY

Following the preceding instructions can guide the development of an effective flowchart
for analyzing an information process or system. The flowchart is one of the casier types of
documentation for information customers and management to understand. Often, auditors
use system and decument/procedure flowcharts to understand business and systems con-
trols in an environment.

To test whether you are beginning to understand how to read and prepare flowcharts, go
back 1o Exhibit 5-1, and write a short narrative of the process. Compare your narrative to
the narrative provided carlier in this chapter to see how accurately you read the flowchart.

Although many individuals and organizations still use flowcharts, their usefulness is limited.
The primary weakness of the flowchart is that it is tied (o physical information flows and sys-
tem characteristics that hide the procedural essence of the system. Some flowcharts are full of
data and processing artifacts because they are tied to an outdated information technology.
Therefore, any effort to propose a new system that takes advantage of current information tech-
nology requires the conceptual aspects of the system to be documented and designed. Data flow
diagrams are a useful tool for documenting the conceptual aspects of an information system.

FILE TYPES, MEDIA, AND PROCESSING METHODS

Because system flowcharts reflect the physical media on which data are stored and the au-
tomation level of each process, they are difficult to prepare or to interpret without adequate
understanding of some features of the common physical media, file types, and tools involved
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in the information processes. Therefore this section provides a description of some common
file types, media on which files are stored, and some common processing methods.

Files store data and processing instructions. Each file is named and saved on a storage
medium such as a hard disk or magnetic tape. An example of a file is a word processing
document created using Microsoft Word or WordPerfect. The two types of files computer
users use most often a executable files and\data f ﬂesB Executable  files are also called pro-
gram or application files, and they usually have an _exe extension. Data files are used to
store anything from transaction data to business reference data to a word processing or
graphics document. Often files are referred to by their type or content. Types of data files
used in most enterprise systems include master files, transaction files. history files, refer-
ence files, and suspense files.

Master files contain balance data or the status of an entity at a point in time. Examples
of master files in enterprise systems are customer, employee, inventory, fixed asset, and
supplier master files (to name a few). Master files do not contain event or activity data, but
they typically contain balances updated by such data. For example. a customer master file
may contain an accounts receivable balance field that is updated by sales and cash receipt
activity data. Transaction files contain activity data used to update the balances on master
files. Examples of transaction files in enterprise systems are cash disbursement, cash re-
ceipt, payroll, purchase. and sales transaction files (to name a few). When a transaction file
is used to update a master file, the transaction file is said to “run against” the master file.

History files or archive files, as the names suggest, contain inactive past or historical data.
Examples of history files include data files [rom years past that are no longer subject to up-
dates. History files are distinguished from baclup files, which are copies of files created in
case the files are destroyed. At least one backup file should be stored at a location other than
the location of original files. Then a disaster such as a fire or flood that could potentially dam-
age or destroy the original would not affect the backup files. Reference files contain referen-
tial data such as tax rate schedules or customer price lists. Suspense files are files of data that
are awaiting some action to complete their processing. Examples include records identified as
incomplete or erroneous that need correction and reentry for processing (e.g., a payment by a
customer who is not listed in the customer master file or a journal entry that doesn’t balance).

Data for most enterprises are stored on media that fall into three categories: paper, magnetic
tape, and d;sk Each of these media types was discussed earlier in this chapter; however, a
Tnore detailed discussion of them can help you understand some of the associated process-
ing issues. Paper is the most common form of media used in enterprises. Source documents
(documents that contain details about transactions) are inputs for many information
processes, and paper reports are produced as outputs for many information processes. Paper
is the media type most people prefer to use. Although increasingly people are asked to read
output screens, reports, and even textbooks on computer monitors, most people still prefer
to have the files printed out and to read hardcopy. Although paper has many advantages, in-
cluding ease of use and lack of dependence on electricity, it also has many disadvantages
such as bulk (for stoxage) lack of search and automated processing capability, and suscep-
tibility to destruction (a[thc‘)u\gh'al_ media types may be easily destroyed, backup copies to
mitigate inadvertent destruction are more casily made with nonpaper media).
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Magnetic tape stores data from source documents and reports in a format that is com-
puter readable. As noted earlier, if you have used audiocassettes of music, or videocassettes
of movies, then you have used magnetic tape media. One important feature of magnetic
tape media is that data are stored sequentially and may be accessed only sequentially. Se-
quential storage implies that records are stored one after another in some order (chrono-
logically, by account number, or alphabetically). Retrieving data in a sequential file re-
quires that all data be read in sequential order to find a particular record. For example.
suppose you purchase an audiocassette containing songs performed by your favorite
recording artist. The songs are stored sequentially (one after another) on the tape. To listen
to your favorite song, you must fast forward or rewind (searching the songs one after an-
other) to sequentially access the desired song—there is no faster access option. Enterprises
use magnetic tape cartridges and open reel tapes to store transaction and report data and
thosc files require sequential storage and access of data.

Disk technology is increasingly replacing magnetic tape as the preferred media, both for
personal audiovisual needs and for enterprise processing applications. Examples ol disk
technology include hard disks, {loppy disks, and Zip disks on computers, and compact disks
and DV Ds for computers and personal audiovisual needs. From an information processing
standpoint, the primary advantage of disk-based storage over magnetic tape storage is the
random storage and direct access capability of disk technology. Random storage allows in-
formation to be stored in any order on the disk device; in fact a file need not be stored in its
entirety in a single location on a disk—part of it may be stored in one location and part of
itin another location, although processing is more efficient if files are not fragmented in that
manner. Direct access allows cach record to be retrieved without reading all the records that
prccede it in the file. The computer maintains an index of the location of each record, thus
allowing the computer to retrieve any record requuwd by the user regardless of its physi-
cal position in a file. There is no need to sequentially scarch part or all of the other records

stored on the storage device. Suppose that instead of purchasing a cassette tape of songs per-

formed by your favorite recording artist you purchased a CD containing those songs. With
the CD player you can choose your favorite song from the index and listen to it without hav-
ing to listen to or fast-forward through the other songs on the CD.

The most obvious distinction between these media types f'or system ﬂuwaharting is that
that must bc made is \\herhu upd'ites are made to the same physmal ﬁ]e or whether a new
file must be created that merges the original data with the updates. If a master file is stored
on magnetic tape, updates may not be made to the same physical medium but rather a new
magnetic tape must be used and data read from the old master file and the transaction file
containing the updates and the updated records rewritten onto the new master file. The rea-
son the updates may not be written directly to the old master file is that they may take up

a different amount of space, and could potentially destroy existing data. “For example, it

you taped four 30-minute television shows on a VCR tape and you want to replace one of
those shows with a 60-minute television show, you couldn’t do that without destroying one
of the other 30-minute television shows. To clarify this even further, suppose the four
shows on vour tape were episodes of Gilligan s Island, Seinfeld, I Love Lucy, and Cheers.
Further suppose you wanted to keep only the episodes of Gilligan s Island and I Love Lucy.
and you wanted to record a one-hour episode of Matlock. So you have a two-hour tape and
you want to end up with two hours” worth of shows, deleting two 30-minute episodes and
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replacing them with one 60-minute episode. If you positioned the tape so that it begins
recording where Seinfeld starts, you would end up replacing / Love Lucy instead of re-
placing Cheers. There is no way to tell the tape to skip over the / Love Lucy episode when
it comes to it and then start recording again.

Contrast that with the updating of a master file stored on disk. Updates may be written
directly to the disk, because it doesn’t matter where the data are physically located on the
disk. As long as space is available for all the needed data. if you update a customer street
address that was 123 Pine St. to 12345 Appleyard Ave. (notice the new address is longer)
it will realize the allotted space is not big enough and will add a pointer to a new location
on the disk that has adequate space. The logical view Mﬁ@g}w-
puter displays these data) does not show that data are stored in fragments, but p Jsicaliy
data are stored in that manner. If the data are stored in too many 1y fragments, processing ef-
ficiency may decrease; that is why you may get an error message on your personal com-
puter occasionally suggesting that you defrag your hard disk drive. The defrag process re-
arranges the physical locations of data on the drive to make processing more efficient.

ng Methods

The timing of processing reveals the peint at which activity data are posted to update the
master files. Therefore the processing method determines the timeliness of the data stored
in master files. Processing is often identified by type: batch, online, real-time, or report-
time processing.

Batch processmg accumulates transaction data for a period of time to collect a batch,
or group, of transaction data. Then all of the transactions in the file are posted to the mas-
ter file in one processing run. Therefore, processing (i.e.. updating of the master file) oc-
curs afler a group of transaction data is collected. Processing involves merging the data in
the transaction file with the current master data to create a new, updated master file. Thus,
with batch processing, transaction data may not be entered in the computer system until
some time after a busmess activity occurs, and master files may be updated even later. The
only time the master file is accurate. - and up-to-date is-immediately . after a—bmf trans-
action data has been processed

Online processing means the computer-input device is connected to the CPU so that
master files are updated as transaction data are entered. Real-time denotes immediate re-
sponse to an information user: transaction data are entered and processed to update the rel-

_ evant master files and a response is provided to the person conducting the business event
= fast enough to affect the outcome of the event. Although they sound similar, online and
-~ real-time processing can differ. Real-time processing updates master files as a business ac-
tivity occurs, while online processing updates master files whenever transaction data are
R entered (which may nor be when a business activity occurs). Real-time processing gener-
A ally requires an online input device.
- —Report-time_processing means the data used to generate the requested report are
processed as the report is created. Report-time processing is a term used primarily in
event-driven systems and it is similar to real-time updating. Most event data are stored in
a detailed or disaggregated form ¢ and the relevant data are selected and processed; any mas-
ter files are updated as the information customer’s report is generated.
Due to the sequential access limitations of tapeLtag,e storage media always use batch
processing. Disk storage media can handle batch, online, or real-time processing.
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DATA FLOW DIAGRAMS

A second documentation tool is the data flow diagram (DFD). Data flow diagramming
symbeols have a variety of system analysis purposes. including graphically displaying the
logical flows of data through a process. Unlike flowcharts, which represent the physical
components of an information system. data flow diagrams provide a more conceptual, non-
physical display of the movement of data through a system. Like flowcharts, they represent
flow of data; however, they disregard such things as organizational units, the computer on
which the data are processed, and the media on which the data are stored. The movement
of data across offices or departments within a particular system environment is not repre-
sented.

Categories of data flow diagrams include:
« Data flow diagrams of the current physical system
= Data flow diagrams of the current logical system
+ Data flow diagrams of the new or proposed logical system
+ Data flow diagrams of the new proposed physical system
Both logical and physical diagrams use the same set of symbols. The logical diagrams
show the conceptual flow of data without including any references to the physical charac-
teristics of the system. The physical diagrams, on the other hand, include labels that de-

scribe physical attributes of the system, such as labeling worker or job titles, department
names, and the names or descriptions of the technology used to process and store the data.

DATA FLOW DIAGRAM SYMBOLS

Process

Data flow diagrams include four data flow diagram symbels: process. data inflow sources
and outflow sinks (destinations), data stores, and data flow lines. Like flowcharting, there
are variations on some of the symbols. For example, two standard symbol sets were de-
veloped by Gane and Sarson! and DeMarco and Yourdon? (see Exhibit 5-5). We use the
DeMarco and Yourdon symbols in this text.

Circles are used to represent processes that transform data inflows into information out-
flows (see symbol 4 in Exhibit 5-5).3 The circle contains two labels. The first label is a
process number (explained later) and the second is a process name.

Data Sources and Sinks

Rectangles (or squares) represent data (inflow) sources and (information outflow) sinks
(see symbol B in Exhibit 5-5). The rectangle is labeled with the name of the data source
or sink/destination (e.g., customer, vendors, government agency). The sources and sinks

'C. Gane and T. Sarson, Structured Systems Analysis (Englewood Cliffs, NJ: Prentice-Hall, 1979).

’T. DeMarco, Structured Analysis and Systems Specifications {Englewoad Cliffs, NJ: Prentice-Hall, 1979),
and E. Yourdon and L. Constantine, Structured Design (Englewood Cliffs, NI: Prentice-Hall, 1979).

ISarme use rectangular boxes with rounded corners.
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5-5 Data Flow Diagram Symbols

(B) (A) (B)

Sources/sinks Process Sources/sinks
(C) (D) (©) (D)
D=zta store Data flow lines Data store Data flow lines
DeMarco and Yourdon symbols Gane and Sarson symbols

play an important role in the data flow diagram. The sources and sinks are agents external
to (i.e., outside the scope of) the system represented on the diagram. They delineate the
boundaries of the system.

2 Stores
Two parallel straight lines are used to display a store or collection of data (sce symbol

“in Exhibit 5-5).4 Some people refer to data stores as data at rest. A description of the data
store contents is enfered on the symbol. Data stores are used anytime it is necessary to
store the output from a process before sending it on to the next process.

2 Flow Lines

Data flow lines display the route of data inflow and information outflow (see symbol D in
Exhibit 5-5). They can be straight or curved lines. The data flow is generally labeled with
the name of the data (e.g.. a customer order. a bill. a financial analysis) and the arrow in-
dicates the direction of the data flow:

AINTS

As with any documentation tool., some conventions should be followed. The following data
flow diagramming rules are recommended by Hoffer, George, and Valacich. Exhibit 5-6
graphically displays several of the rules. We use these rules in this text.

Rules

1. All processes should have unique names. If two data flow lines (or data stores) have
the same label, they should both refer to the exact same data flow (or data store).

4Some use a rectangular box that is open at one end.
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EXHIBIT 5-6 Data Flow Diagramming Rules
Rule Number Incorrect Caorrect

4 @ —@C
- @ ~

7 %___ :—*O—-—b
2 — —>O—>
9 T :—>O;

- 0 e
O @,

Sowree. ). Hoffer, J. George, and . Valacich, Modern Sysiems Analvsis and Design (Reading, MA: Benjamin/Cummings, 1996), p. 321,




Lo 2

LL.

12,

13.

14.

i

16.

17,

18.
19,

Chapter Five Task Level Modeling 109

. The inputs to a process should differ from the outputs of a process.
. Any single DFD should not have more than about seven processes.

. No process can have only outputs. (This would imply that the process is making

information from nothing,) If an abject has only outputs, then it must be a source.

. No process can have only inputs. (This is referred to as a black hole.) If an object

has only inputs, then it must be a sink.

. A process has a verb phrase label.

. Data cannot move directly from one data store to another data store. Data must be

maved by a process.

. Data cannot move directly from an outside source to a data store. Data must be moved

by a process that receives data from the source and places the data in the data store.

. Data cannot move directly to an outside sink from a data store. Data must be moved

by a process,

. A data store has a noun phrase label.

Data cannot move directly from a source to a sink. It must be moved by a process if
the data are of any concern to the system. If data flow directly from a source to a
sink (and do not involve processing) then they are outside the scope of the system
and are not shown on the system DFD.

A source/sink has a noun phrase label.

A data flow has only one direction between symbols. It may flow 1n both directions
between a process and a data store to show a read before an update. To effectively
show a read before an update, draw two separate arrows because the two steps
(reading and updating) occur at separate times.

A fork in a data flow means that exactly the same data go from a common location
to two or more different processes, data stores, or sources/sinks. (This usually
indicates different copies of the same data going to different locations.)

A J_mfl in a data flow means that exactly the same data come from any of two or
more different processes, data stores, or sources/sinks, to a common location.

A data flow cannot go directly back to the same process it leaves. There must be at
least one other process that handles the data flow. produces some other data flow,
and returns the original data flow to the originating process.

A data flow to a data store means update (i.e., delete, add, or change).

A data flow from a data store means retrieve or use.

A data flow has a noun phrase label. More than one data flow noun phrase can
appear on a single arrow as long as all of the flows on the same arrow move together
as one package.
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EXHIBIT 5-7
Context Level
DFD

Order

' Desire_d Decision
information makers

Customers 0

Sales/collection
system

Pagmem

LEVELS OF DATA FLOW DIAGRAMS

Data flow diagrams are divided into levels to keep their size and complexity manageable.

Context Diagram

The highest level of data flow diagrams is the context diagram. Refer to Exhibit 5-7 for
a context diagram of a sample sales/collection system. A single system is represented on a
context diagram and it provides the scope of the system being represented. The system
under investigation is identified in a process symbol in the center of the diagram labeled
with a 0. Sources and sinks (destinations) of data and information are also shown. Thus,
the context diagram shows one process (representing the entire system) and the
sources/sinks that represent the boundaries of the system. The data flow lines inte the
process represent the input data to the system (provided by sources) and the data flow lines
from the process represent the output information from the system (going to the sinks).

Subsequent Level DFDs

The process identified in the context diagram is divided into the more detailed processes
performed within the system. The next level under the context diagram is called level-zero
DFD and depicts only the very high-level processes of the system. Each of the level-zero
processes may be subdivided into more detailed processes in subsequent levels of DFDs.
The act of dividing each process on a data flow diagram into more detailed subprocesses
is referred to as decomposition. When you have decomposed the system processes into the
most detailed levels (referred to as the lowest-level DFDs), the resulting DFDs are called
primitive DFDs.*

Each process in a level-zero DFD is labeled sequentially, with a #.0. For example, if a
level-zero DFD includes four processes that comprise the system represented in a context
diagram, the processes on the level-zero DFD are labeled as 1.0, 2.0, 3.0, and 4.0. The .0
identifies this as the level-zero DFD. For example, Exhibit 5-8 is a level-zero DFD of the
context diagram represented in Exhibit 5-7. It shows that the sample sales/collection sys-
tem has three main high-level process categories:

¢« Process customer orders (labeled as 1.0).
= Process deliveries to customers (labeled as 2.0).
¢+ Process payments from customers (labeled as 3.0)

SRefer to page 335 of J. Hoffer, J. George, and J. Valacich, Modern Systems Analysis and Design
(Reading, MA: Benjamin/Cummings, 1996), for a list of rules on determining when the primitive DFD
level is achieved. This text is also a good source for advanced data flow diagramming concepts and
rules.
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EXHIBIT 5-8
Level-Zero Ak
DFD Process
customer
orders

Desired
information

Desired\‘

Shipping
request
data

Order

Customers 2.0 Decision
Process information makers
customer
deliveries

Accounts
receivable
data

Desired
information

Payment

3.0
Process
customer
payments

Suppose you wanted to show more detail about the processes represented on Exhibit 5-8.
You could create a level-one DFD for each process. Exhibit 5-9 provides a sample level-
one DFD for process 1.0 of Exhibit 5-8. It shows that “Process customer order” is made
up of two processes: “approve and record customer order data™ and “generate information
about orders.” The two processes are labeled as 1.1 and 1.2, respectively. The first digit
refers to the corresponding level-zero process number. The second digit refers to the as-
signed level-one process number, Notice that you can omit the source/sink symbols (in this
case customer and decision makers) on more detailed, lower-level DFDs. In addition, no-
tice that the level-one DFD has the same system input and output data flows as the corre-
sponding level-zero DFD. When such related DFDs are consistent in showing inputs and
outflows, they are said to be balanced DFDs.

Exhibit 5-10 shows a level-two DFD. It shows that the “approve and record customer
order data” process shown in Exhibit 5-10 is comprised of four subprocesses (“1.1.1 re-
ceive order data from customer,” “1.1.2 check customer status.” “1.1.3 check inventory
availability.” and “1.1.4 record order data™). As noted earlier, additional levels of detail
could be provided in subsequent levels of DFDs. For example, if “check customer status™
is complex and there are several subprocesses required to complete this process, process
1.1.2 could be divided into subprocesses on a level-three DFD, labeled as 1.1.2.1, 1.1.2.2,
1.1.2.3, and so on.
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EXHIBIT 5-9
Level-One Order

DFD

1.1
Approve and
record
customer
order data

Approved order datag) e e

Qrder data

1.0

Generate
information
about orders

Desired information

Shipping request
data

EXHIBIT 5-10 Level-Two DFD

~_ Order 144
Receive
“* order data
from 1.1.2 Customer
customer Check credit status Customer
customer . data
status
113 Inventory
Check availability Inventory
Approved inventory |*7 dam
Approved availability
Gustomer order

order data

COMPARING FLOWCHARTS AND DATA FLOW DIAGRAMS

As noted earlier, a primary difference between data flow diagrams and flowcharts is the
representation of the physical and logical characteristics of a system. Flowcharts are biased
toward representing the physical characteristics of the system, while data flow diagrams
can omit the physical system attributes. To illustrate this difference, suppose you wanted
to document the data flows in the following manual system scenario: A supervisor in the
factory collects the time cards from workers in her department and reviews the calculation
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EXHIBIT 5-11 Payroll DFD versus System Flowchart

Flowchart

Factory Accounting
supervisor payroll clerk

| Reviewed
time

ia:d_s‘r—

Record
‘wages

Reviewed
time cards

Processed
time
cards _

-~

of total hours for the week. She sends the time cards to accounting payroll, where a clerk
uses them to record weekly wages in the individual employee earnings record files, then
files the time cards alphabetically.

Exhibit 5-11 displays flowehart and data flow diagram documentation segments of this
activity. Now suppose the activity remaings constant, except that the accounting payroll de-
partment automates its process using magnetic tape.

Exhibit 5-12 displays updated flowchart and data flow diagram documentation seg-
ments that reflect this change. Notice that the DFD did not change from Exhibit 5-11 to
Exhibit 5-12. That is because the conceptual flow of data did not change from the first sce-
nario to the second scenario. The only change was in the physical characteristics of the de-
vices used fo route and store the data.

Now suppose everything still remains constant, except that the accounting payroll de-
partment decides to upgrade to magnetic disks (examine Exhibit 5-13).

Compare Exhibit 5-13 to Exhibit 5-12 and you see that once again the DFD is identi-
cal because the conceptual data flows remained the same. The flowchart changed a second
time to reflect the changes in the physical components of the information system. This ex-
ample should demonstrate to you that data flow diagrams provide more stable documenta-
tion of the underlying data flows and processes in the system. Although not as detailed, the
data flow diagram helps the reader focus on information, rather than technology. On the
other hand, system flowcharts tell the reader exactly what physical components are used
for various purposes in the information system.

A = alphabetic



114 Chapter Five Task Level Modeling

EXHIBIT 5-12 Updated Payroll DFD and System Flowcharts
Data Flow Diagram Flowchart
Factory Accounting
Factary supervisor payroll clerk
supervisor
Time
Time cards
cards

Review
time
cards

Review
time
cards

Reviewed

time cards
Reviewed

time cards

; Processed
Key in | time cards
time cards

Employee earnings

records

!

Time card Record
file WadeR

Earnings
master file

1 1 1

Error Old earnings New earnings  Time card
master file master file data

A = alphabetic

CONCLUDING COMMENTS

This chapter has presented an overview of both flowcharting and data flow diagramming.
Some organizations and consultants have developed their own diagramming techniques.
Whether you use flowcharting, data flow diagrams, or a proprietary diagramming tool 18
really a matter of choice and what you are trying to analyze or design, Diagramming tools
combine the efficiency of graphics and rigor of rules to communicate the nature of the
process being modeled. It is important for analysts to develop the skills to both read and

create documentation of information and business processes using tools such as flowcharts
and data flow diagrams.
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SXHIBIT 5-13  Second Update to Payroll DFD and System Flowcharts

Data Flow Diagram

Factory
supervisor

Time
cards

v

Reviewed
time cards

Employee earnings
records

Time card
file

Flowchart
Factory Accounting
supervisor payroll clerk
Time
cards
Review Reviewed
time time cards
cards
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Processed
time cards

Key in
time cards
Record
+— wages
Employee
earmings
master file
A = alphabetic

115

T

Key Terms and Concepts

Areas of responsibility, 101

Balanced DFD, 117
Context diagram, /10
Data flow diagram, 94
Data flow diagram
symbols, 106

Review Questions

Decomposition, /10
Document/procedure
flowcharts, 102
Flowcharting
conventions, 93
Flowcharting symbols, 94

to make a flowchart easier to understand?

Lo R1.
102 R2.
Loz B3

ment symbol in a system flowchart?

Flow lines, 100
Level-zero DFD, 110
Primitive DFD, 110
System flowchart, 94
Workflow, 9/

Draw the flowcharting symbols and describe the use of each.

What are the important flowcharting conventions or techniques you should follow

When should you use an overlapping document symbol instead of a single docu-
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LOs R4. What is the difference between online processing and real-time processing? Can
processing be both online and real-time? Can processing be online without being
real-time?

103 R5. Draw the data flow diagram symbeols and describe the use of each.

LO3 R6. List and explain the various levels of data flow diagrams.

LO3 R7. What are the important conventions or techniques you should follow when draw-

ing a data flow diagram?

Multiple Choice Questions

Lo3,104 MCL. Of the following representations, which has a primary purpose of illustrating the
logical flow of data in a system?
A. System flowchart
B. REA business process level entity-relationship diagram

Data flow diagram
-D. All of the above
oz  MC2. Which symbol should be used in a system flowchart to represent a check that is sent

to a supplier?

B. —»
prE=o
D. O
Lo3  MC3. Which symbol should be used in a data flow diagram to represent a check that is
sent to a supplier? 3

A.
=
1 .
B
s  MC4. Which type of medium typically requires sequential storage and sequential access?
A. Zip disk
B. Paper document
Open-reel tape
. CD-ROM
Los  MCS5. Which type of file contains batches of current source activity data?
‘(A.) Transaction file
B. Master file

C. Archive file
D. Reference file

Discussion Questions

4 DI, E:'cplafn the. difference(s) between data flow diagrams and flowcharts. Which do -
think is easier to prepare? Why? Which do you think is easier to interpret? Why?

to1 D2, Explain the difference(s) between task level and business process level models in
REA ontology.
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What are the advantages and disadvantages of a system flowchart as compared to a
narrative description of an enterprise system’s documents, processes, and data flows?

d Learning

Al

A2

A3,

A4,

Develop a system flowchart to represent the acquisition/payment tasks for Jayvision,
Inc., as described in the first scenario in this chapter. Next develop a system flow-
chart to represent the acquisition/payment tasks for Jayvision as described in the
second scenario in this chapter. How are they similar? How are they different?

Develop a data flow diagram to represent the acquisition/payment tasks for Jayvi-
sion, Inc., as described in the first scenario in this chapter. Next develop a data flow
diagram to represent the acquisition/payment tasks for Jayvision as described in the
second scenario in this chapter. How are they similar? How are they different?

Working as a team, visit a local enterprise and flowchart a source document (e.g., a
customer order, sales invoice, or purchases order) from origination to its final desti-
nation. Also, flowchart a task performed by one of the organization’s clerks. In class,
exchange your team’s flowchart with another team and write a narrative of their
flowchart. Prepare a written or verbal critique of how well the other team interpreted
the flowchart your team prepared.

The following describes the process to execcute a credit sale at Willie’s Furniture
Store. Sales clerks assist customers in locating and pricing merchandise. A sales
clerk prepares a sales invoice with an original and three copies. If the merchandise
on an invoice is priced differently than the list price. the price change must be ap-
proved with a signature by the sales manager. Copy 3 of the sales invoice is filed by
the salesperson in a salesperson file.

The salesperson walks the customer and the remaining copies of the invoice to the
credit approval department where the invoice is checked for mathematical errors by
a clerk. The credit manager evaluates the credit standing of the customer, approves
or rejects the application based on standard company policy, and marks “credit sale”
on the invoice along with the results of the credit evaluation. Invoice copy 2 of credit
approved sales is given to the customer. The credit approval department keeps the
original copy of the invoice in their files (filed numerically) and sends the other copy
to shipping.

The shipping department uses their copy as a guide to pull merchandise and de-

- liver it to the customer. The customer is asked to sign the invoice copy as evidence

of delivery. The delivery person files the invoice copy by date.

Required:

a. Prepare a document/procedure flowchart for the process just described.
b. Prepare a logical data flow diagram for this process.

s AS.

Motor Building Industry (MBI) Incorporated develops and manufactures natural-gas
powered motors. Capital tools are the larger, more-prominent assets of the organiza-
tion. Because of their long life and significant value, considerable attention is de-
voted to their acquisition and use. The following procedures are used in acquiring
capital tools for MBI Inc.
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A capital tool is defined as any individual item that costs over $10,000. Capital
tools must be requested by a department manager and reviewed and approved by the
capital tool planning committee. The department manager prepares a purchase re-
quest and a copy (which is filed numerically) and sends the original copy to the plan-
ning committee. The planning committes reviews all purchase requests and decides
whether to approve the tool request. The committee remits disapproved purchase re-
quests to the requesting manager and forwards approved purchase requests to MBI's
purchasing department.

Approved capital tools are purchased by the purchasing department manager
Using the approved purchase request, a purchasing agent prepares a purchase order
and a copy for each order. The original is filed numerically and the copy 1s sent to
MBI’s receiving department. Each tool is assigned to only one purchasing agent, and
the assignment is made according to the vendor from whom the tool is intended to
be purchased. Several vendors are assigned to each purchasing agent to establish a
personal relationship with the vendor and secure a more favorable price because of
their knowledge of the vendor.

Receiving clerks at the dock receive the tools, inspect them, match the tool fo a
purchase order, complete a receiving report, and route the tool to the department that
originally requested it. Receiving clerks send the receiving report to the treasury de-
partment and file a copy alphabetically. Purchase orders are filed numerically. Occa-
sionally, tools are received that were never ordered. Even though the number of these
items is relatively small, sorting them out and returning them occupies a major por-
tion of the receiving clerk’s time.

The treasury department is informed of capital tools received by the receiving re-
port. They pay vendors monthly for the items invoiced by the vendor during the
month. An elaborate matching process is required to verify that the price paid is the
same as the price negotiated by the purchasing agent.

Required:

a. Prepare a context diagram for the system.

b. Prepare individual data flow diagrams to represent each of the following: record pur-
chase, maintain buyers, and prepare approved but not yet purchased report. You can
omit process numbers for this exercise.

c. Prepare a flowchart of MBI tool acquisition process (excluding the payment process).

woz,105 A6, The Warchouse Club is a small merchandise discount store that sells everything from
grocery items to automotive parts. The Warehouse Club is able to secure low prices
by buying in bulk and by operating out of a leased warchouse. In addition, only paic
members are allowed to shop at a Warehouse Club location. The following is a de-
scription of the yearly member renewal process.

At or near the first day of each month, an accounts receivable clerk queries the
membership database to identify those whose membership expires during the fol-
lowing month. For example, on January 1 a query is executed to identify member-
ships that expire during February. A membership renewal list is printed for use
preparing individual invoices and for documentation.

Using the computer and the membership renewal list, an accounts receivable clerk
prepares an individual invoice for each member. This process automatically updates
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accounts receivable records. The computer prints two copies of the invoice. The orig-
inal invoice is sent to the customer and the invoice copy is stored numerically in a
filing cabinet. The membership list is also stored in a filing cabinet, but is filed ac-
cording to the date.

When payment checks are received they are immediately processed. First, a copy
is made and stored alphabetically in customer files. Next, account receivable records
are updated and customers are given another year of shopping privileges. Finally at

- the end of the day, checks are endorsed and deposited in the bank.

Required:
a. Prepare a flowchart of this process.
b. Prepare a logical data flow diagram for this process.

Convenient Computing Associates (CCA) operates a mail-order operation and sells
a vast array of computer products and accessories. The following is a description of
Convenient Computing’s collection process:

The policy of CCA is to collect all accounts receivable as quickly as possible.

- CCA encourages prompt payment by sending reminder statements at the end of each

month and calling customers whose balance is more than 30 days past due.

On the last working day of the month, the accounts receivable clerk prints a state-
ment for each customer showing the balance due on the account. Statements are au-
tomatically generated by a computer which maintaing the accounts receivable files
and records. The original statement is mailed to the customer and a copy of the state-

_ment is filed alphabetically according to customers’ last names.

On the 15th and the last day of the month, the accounts receivable clerk prints an
open accounts receivable aging report by customer. The clerk calls the customer on

_all invoices more than 30 days past due. The purpose of the call is to verify the ac-

curacy of the invoice data. If the information is correct, a polite reminder is given to
encourage prompt payment. The open receivable report is marked with the clerk’s
initials and the date the call was made, and filed by date when all calls are complete.

Required:
a. Prepare a flowchart of this process.
b. Prepare a logical data flow diagram for this process.

Wiltex Research is a company that performs energy research on a contract basis for
major oil and chemical companies. The following narrative describes the process to
acquire materials for research projects.

A project manager determines the materials needed for a project and purchases
them from a vendor. The project manager completes a purchase order for each type
of material. A catalog price is used. or the vendor is contacted by telephone to de-
termine the price. The purchase order has an original and two copies.

The project manager sends the purchase order to the project supervisor for approval
or disapproval. The project manager writes approved or disapproved on the purchase
order, signs it, and returns it to the project manager. The project manager sends the

- original copy of approved purchase orders to the vendor; sends Copy 1 to the account-

ing clerk; and files Copy 2 in a permanent project file (ordered numerically by project
number). Disapproved purchase orders are thrown out by the project manager.
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The accounting clerk files Copy 1 in a temporary file (numeric by PO number).
The project manager receives and inspects materials sent from the vendor and
d compares them to the packing slip. The packing slip is sent to the accounting clerk
as evidence that the materials have been received. The accounting clerk matches the
packing slip with Copy 1 of the purchase order and prepares a check (which has an
original and one copy).

The check is attached to the packing slip and Copy 1 of the purchase order is sent
to the project supervisor for a signature. Once signed, the entire set of documents is
returned to the accounting clerk who sends the original copy of the check to the ven-
dor, and files the copy of the check with the supporting documentation attached to it
in a permanent file (ordered numerically by check number).

Required:
Prepare a flowchart of this process.

Answers to Multiple Choice Questions
MCI1. C; MC2. A; MC3. B; MC4. C; MC5. A.




apter SIX

Relational Database
Design: Converting
Conceptual REA Models

to Relational Databases*

LEARNING OBJECTIVES

The primary objective of this chapter is to describe a procedure for converting a
conceptual business process level REA model into a logical relational database model
and then into a physical Microsoft Access database implementation. This process
involves a relatively straightforward set of rules that could even be programmed as
an algorithm so that a computer could accomplish the conversion. This chapter also
discusses data entry issues. After studying this chapter, you should be able to

1. Convert a conceptual business process level REA model into a logical relational model

2. Convert a logical relational model into a physical implementation using Microsoft
Access

3. Explain the difference between conceptual, logical, and physical database models

4. Enter transaction data into a relational database

5. Interpret a physical database implementation in Microsoft Access to determine
what the underlying logical model must have been

6. Interpret a logical relational model to determine what the underlying conceptual
model must have been

7. Recognize and implement various application level controls to facilitate the
integrity of data entered into a relational database

ODUCTION

Before we introduce any topics in this chapter, we want to emphasize that the REA enterprise
ontology and the conceptual models that are developed using this ontology are completely

*Much of the material on converting conceptual models into relational database tables is based on

classroom matenals prepared by Professor William E. McCarthy at Michigan State University. 121
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independent of any particular database software package and of any particular logical data-
base model. The models developed using the techniques discussed in Chapter 4 may be
converted into object-oriented databases, into relational databases, or into programming
language constructs that are not databases of a specified type.

Three models are typically developed in database design. One type is a conceptual data-
base model that is independent of any hardware, software, or even any type of software. The
models we developed in Chapter 4 are conceptual models. In database design, conceptual
models are converted into logical models once the type of database to be used has been de-
termined. Logical models are the second type of model; they are independent of any particu-
lar software package, but may be implemented only by using a software package of a certain
category. Examples of logical database models include relational, object-oriented, hierarchi-
cal, network, and others. Once a conceptual model is converted to a relational logical format,
it can no longer be implemented in object-oriented, hierarchical, network, or other software.
Rather it is limited to one of many relational database software packages. Similarly, if a con-
ceptual model is converted into an object-oriented format, it can no longer be implemented in
non-object-oriented software but may be implemented in a variety of object-oriented software
packages. The third type of model used in database design is the physical database model.
Such a model is created based on the particular database software package in which the data-
base is implemented and is therefore dependent on the software choice.

Because most enterpriscs use relational database software of same kind, and because
most universities make relational database software available to students, we have chosen
to focus only on the relational database logical model, For the physical database model we
illustrate the concepts discussed in this chapter using Microsoft Access 2002 because of its
wide availability both in academia and in practice and because of its ease of use. Please
understand that the construets discussed also apply to other relational database software
packages such as SQL Server, Oracle, FoxPro, Paradox and others.

CONVERTING CONCEPTUAL MODELS INTO RELATIONAL
LOGICAL MODELS

To understand the rules for converting a conceptual data model into a relational logical
model, you must first understand the structure of the relational model. The relational
model was developed by Codd and is based on set theory and predicate logic.! The primary
construct in the relational model is the/r¢lation, which is a two-dimensional storage struc-
ture (i.c., a storage structure with rows and columns) more commonly referred to as a
tdbi& Each table in the relational mode] represents either an entity or a relationship be-
tween entities. The columns in a relational database table are formally called the table in-
tension, schema, or fields, and they represent the attributes of the entity or relationship
set. The rows in a relational database table are formally called the table extension, tuples,
or records, and they represent the specific instances that are members of the entity or re-
lationship set. The order of columns in a table does not matter, nor does the order in which

'E. F Codd, "Derivability, Redundancy, and Consistency of Relations Stared in Large Data Banks,” /BM
Research Report RI599, August 19, 1969; and “A Relational Model of Data for Large Shared Data
Banks,” CACM 13, na. 6 (June 1970), republished in Milestones of Research: Selected Papers
1958-1962, CACM 25th Anniversary Issue, CACM 26, rio. 1 (Yanuary 1983),
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rows appear. This is because the tables are created in such a way that the rows and columns | __
may be sorted as desired through the use of queries. For this to be possible, one require- “*-
ment is that all data values in a column must conform to the same data format (e.g., date,

text, currency). Another reqlurement is that each cell in a relational table (a row-column
intersection) can contain only one value. We discuss this requirement further later in this
chapter. -

The tables in a relational database are linked to each other through primary and foreign
keys. Recall from Chapter 4 that a primary key attribute consists of one or more char-
acteristics of an entity that uniquely and universally identify each instance of the entity set.

A foreign key is the primary key of an entity table that is “posted” (added as another col-
umn) into another entity table to represent a relationship between those entities.

Exhibit 6-1 illustrates an example of a foreign key attribute. Salesperson ID is the pri-
mary key of the Salesperson table, and is posted into the Sale table 1o establish a link be-
tween the Sale and Salesperson tables. Notice that the name of the attribute in the table in
which it is the primary key is not required to match the name of the attribute in the table
in which it is the foreign key. There is, however, a requirement called referential integrity ®
that says a value for a foreign key attribute must either be null (blank) or match one of the
data values in the table in which the attribute is a primary key. In the examples in Exhibit
6-1, example (a) meets referential integrity because each value for salesperson in the Sale
table is either blank or it matches a data value from the Salesperson table. Example (b) in
Exhibit 6-1 violates referential integrity because it includes a data valuc for a salesperson
in the Sale table for salesperson 234567, but there is no salesperson 234567 in the Sales-
person table.

Referential integrity is only one principle to which relational databases must adhere, An-
other important principle is that of entity integrity. Entity integrity says that a primary key @
of a relational table must not contain a null value (which in effect would mean it did not have
a value at all). This guarantees the uniqueness of entities and enables proper referencing of
primary key values by foreign key values. As an example, consider the common practice of
many enterprises that use telephone numbers as identifiers for their customers. Among the

8T 6-1 Foreign Key Examples
s meferential integrity principle (b) Violates referential integrity principle

Sale
Date Amount Salesperson  SalelD Date Amount  Salesperson
: 6/14 $4,218 123456 061401A 6/14 $4,218 123456
6/1-4 $6,437 654321 061401B 6/14 $6,437 654321
6/15 654321 061501A 6/15 $1,112 654321
6/15 0615018 615
6/15 £ 061501C 6/15 234567
/ Salesperson
Name  Telephone SalespersoniD  Name Telephone
Fred 555-0063 123456 Fred 555-0063

Francis 555-0007 654321 Francis 555-0007
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issues associated with this practice is the problem that some customers may not have tele-
phone numbers. If a customer, Joe Smith, does not have a telephone number and telephone
number is used as the primary key for the Customer table, the entity integrity principle would
prohibit the enterprise from entering a row for Joe Smith in the Customer table.

A third principle to which relational databases must adhere is the one-fact, one-place
rule. To understand this rule you must understand the definition of a fact as the term is
used in database design. A fact in database design is the pairing of a candidate key attri-
bute value with another attribute value. A candidate key is an attribute value that could be
used as a primary key for some entity (not necessarily for the entity in whose table it ex-
ists). Because the facts consist of pairs of actual data values, one must consider the likely
data entry possibilities to ensure that each fact will appear only one time. That is, facts are
found in the extension (rows) of the database tables.

Consider the following Sale table, and examine each of its attributes. What attributes
are candidate keys? Arc any other attributes paired with a candidate key for which dupli-
cate data are expected?

Sale

SalelD Date Amount CustomerID CustomerName CustomerAddress®
8532 Qct. 2 $13 422 Andy 456 Pine 5t o
9352 Oct. 14 $14 821 Jennifer 987 Forest St.
10215 Qet, 27 520 (363 Arlie 321 Beech St. v
14332 Nov. 5 318 C422 Andy 456 Pine St.

17421 Nov, 16 $22 368 Arlie 321 Beech St.

The two attributes that are candidate keys are SalelD (which in fact is the primary key for
this table) and CustomerID, which would be the logical primary key to use for an entity set
of all customers. Next examine the data in the table to see if there are any duplicate combi-
nations of candidate keys and other attribute values. Each SalelD is unique, so there is no du-
plication of facts containing that attribute. However, values for CustomerID are not unique.
To determine whether one fact 1 in multiple places we must examine whether the repeated
CustomerIDs are associated with the same data values for another attribute (remember the
definition of a fact is a pairing of a candidate key data value with another attribute data
value). Inspection of the data reveals that every time C422 is listed as the CustomerID, Andy
is listed as the customer name and 456 Pine St. is the customer address. Similarly, each time
C363 is listed as the CustomerlID, Arlie is listed as the customer name and 321 Beech St. is
the customer address. Therefore the one-fact, one-place rule is violated in this table.
Another violation of the one-fact, one-place rule occurs when multiple facts are stored

in one place. This phenomenon 1s commonly known as a repeating group. Consider the
following table:

Employee

EmployeelD Name Office Degree Earned
1 Tony Cleveland BS,MBA

2 Ernily New Yark BA,MBA,PhD

3 Leigh Birmingham BA
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Because emplovees may have earned multiple degrees. the placement of the Degree
[arned attribute in the Emplovee table creates multiple facts in the same row. That is, there
are multiple pairings of a candidate key (EmployeelD) and another attribute (Degree
Earned) in at least onc row. Similarly if we tried to store any other attribute (telephone
number or vehicle owned) for which an employee may have multiple values, we would end
up with a repeating group. To be able to retrieve and manipulate data in accordance with
set theory and predicate logic, the relational model does not allow repeating groups. There-
fore the preceding Employee table is not a relational table.

1f we follow prescribed steps for converting a conceptual entity-relationship model into
relational tables, most violations of the one-fact, one-place rule can be avoided. We pre-
sent these steps and then demonstrate their application.

" Step 1: Create a separate table to represent cach entity in the conceptual model.

1A: Each attribute of the entity becomes a column in the relational table.
1B: Each instance (member) of the entity set will become a row in the relational
table,

Step 2: Create a separate table to represent each many-to-many relationship in the
conceptual model; that is, those relationships for which the maximum
participation cardinalitics are both many. (The primary key from each entity in
the relationship is posted into the relationship table and the combination of those
keys becomes a concatenated primary key for the relationship table.)

Step 3: For relationships that have a participation cardinality pattern of (1,1)-(1,1)
consider whether the conceptual model has correctly represented the underlying
reality as two separate entities or whether theyv should in fact be collapsed into
one entity. If they are best represented as two separate entitics, then follow steps
3A and 3B.
3A: The primary key of one of the entitics is posted into the related entity’s table

as a foreign key.
3B: It typically does not matter which entity’s primary key is posted into the
other entity’s table, but do not post both.

Step 4: For any of the remaining relationships that have (1,1) participation by one of the
entities, post the related entity’s primary key into the (1,1) entity’s table as a
foreign key.

When Step 4 is completed, the only remaining relationships should have (0,1) participation
by one or both of the entities. These relationships take a bit more consideration to determine
the best representation in relational tables. In theory, separate tables should be created to
represent each of these relationships. However, for practical purposes, posted foreign keys
may be used to represent many of these relationships. The decision is based on a concept
called load. Load indicates how many data values for an attribute are expected to be non-
null. A high load indicates most of the values are expected to be non-null (that is good). A
low load means not very many of the values are expected to be non-null (that is bad). A goal
of efficient database design is to avoid null values as much as possible, while creating as few
separate tables as possible. If posting a foreign key from a related entity into a (0,1) entity
will result in most data values being non-null, it is most efficient to post the foreign key
rather than creating a separate table. If posting a toreign key from a related entity into a (0,1)
entity will result in most data values being null, it is most efficient to create a separate table
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EXHIBIT 6-2
Customer-Sale
Relationship
Coneeptual
Model

in Diagram
and Grammar
Formats

Diagram format Grammar format

Entity: Customer

Z —& Custormer|Dr
Customer i 2;;”5 \ Attributes: CustomerlD
—< Tele;elf;ne Name
Address
(O.N) Telephone
: / Identifier: CustomerlD

/ Entity: Sale

Participation]

. Atributes: SalelD
?L// Date
{1et) . 1\//ID Amount
= —a Salel e
Sale Identifier: SalelD
—0 Date
Amiourit Relationship: Participationi

Connected entities: (0,N) Customer
(1,1) Sale

to represent the relationship and post the primary keys of the related entities into the rela-
tionship table to form a concatenated primary key. Thus step 5 is stated as

Step 5: For the remaining relationships that have (0,1) participation by one or both of
the entities, consider load.

5A: Post the related entity’s primary key into the (0,1) entity’s table as a foreign
key for any of the relationships for which that results in high load.

5B: Create a separate table for any of the relationships for which posting a for-
eign key results in low load.

These five steps are derived from‘ three overall goals:{One is to avaid redundancy (re-
peating groups), the second is to avoid null values, and the third is to ereate a minimal data-
base (one that has as few tables as possible). Redundancy avoidance is crucial in relational
database design—a table that contains redundancy is not relational and most relational
database software packages will prevent entry of redundant data. The most critical rule for
avoiding redundancy in converting a relationship in a conceptual model into relational for-
mat is to enly allow posting of foreign keys into tables of entities that have a maximum
participation of 1 in the relationship being converted. That is because by delinition of the
cardinalities, if the entity can participate in the relationship multiple times, then there
would potentially be multiple values of a foreign key to post into the entity’s table. Con-
sider the conceptual model shown 1n Exhibit 6-2.

Our rules require that we create tables to represent the entities Customer and Sale, as
follows:

Customer Sale

CustomeriD Name Address Telephone SalelD Date Amount




EXHIBIT 6-3
Student-Major
Relationship
Conceptual
Model

in Diagram
and Grammar
Formats

Chapter Six  Relational Database Design: Cornwerting Conceptual REA Models to Relatonal Databases 127
Before following the remaining rules to complete this example, consider the (0.N) next to
the customer entity, which communicates the reality that a customer may exist without par-
ticipating in a sale (the O minimum) and that a customer may participate in many sales (the
N maximum). If SalelD were posted as a foreign kev in the Customer table, redundancy
would result because by definition of the N maximum cardinality, the foreign key attribute
could take on multiple values. The result would be a non-relational table. To avoid causing
redundancy via the table implementation, do not post a foreign key into an entity table that
has a maximum cardinality of N with respect to relationship with the foreign key’s entity.

If SalelD were posted as a foreign key in the Customer table, null values would also
exist in the Customer table, because by definition of the 0 minimum cardinality a customer
can exist without a related sale. That leads us to the second goal: avoiding null values, To
avoid null values in foreign key fields, post foreign keys only into tables of entities that
have mandatory participation in the relationship of interest (i.e.. a | minimum).

Examine the possibility of posting the primary key from the Customer entity table into
the Sale entity table as a foreign key. The (1,1) next to Sale reveals that a sale cannot exist
in this enterprise’s database without involving a customer, and that a sale involves no more
than one customer. Therefore if CustomerlD is posted into the Sale table, it will not con-
tain any null values (because of the one minimum) and it will not contain multiple values
(because of the one maximum). The general rule to follow, then, is to post foreign keys into
entities that have maximum participation of one and mandatory minimum participation in
the relationships. Steps 2 through 5 are all derived from this general rule.

Once you realize that posting into a N maximum will (by definition of the cardinality)
cause redundancy, Step 2 should be clear to you. Recall that Step 2 says to make separate
tables for all many-to-many relationships. Many-to-many relationships are those for which
the maximum participation cardinalities of both entities in the r¢lationship are N. The fol-
lowing cardinality patterns are all many-to-many relationships: (0,N)—(0.N); (0,N)—(1,N);
(1,N)~0,N); and (1,N)—(1,N). To make sure Step 2 is clear; consider the relationship for stu-
dents’ declaration of academic majors shown in Exhibit 6-3. The conceptual model for this
relationship communicates the information that a student can exist in the databasc

Diagram format Grammar format

o StudentiD Entity: Student
Student g Attributes: Student/D
Name
A
0 el Address

Identifier: StudentlD

Entity: Major

Attributes: MajorlD
Name_of_major
Credit_hours_required

Identifier: MajorlD

Declaration

—e MajoriD

Ma]or 0 Name_of_major

Relationship: Declaration
Connected entities: (0,N) Student
(0,N) Major

—C Credit_hours_required
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before declaring any major (minimum participation is 0) and that a student can declare mul-
tiple majors (maximum participation is N). It also communicates the information that a
major can exist in the database before any students have declared it (minimum participation
is 0) and that a major can be declared by multiple students (maximum participation is N).
Following Step 1, we create a table to represent the set of students, and another table to rep-
resent the set of majors. We have entered data into these tables to help illustrate the example.

Student

StudentiD Name Address

1 Tony Cleveland

2 Emily New York

3 Leigh Birmingham

4 Abe lllinois

Major

MajorlD Name_of_Major Credit_Hours_Required
1110 Accounting 183
1221 MIS 180
1342 Finance 180
2104 Nuclear Physics 190

The following set of declarations is consistent with the cardinalities:
= Tony is double-majoring in accounting and finance.

* Emily is double-majoring in accounting and MIS.

+ Leigh is majoring in finance.

= Abe has not declared a major.

Notice what happens if we post MajorID into the Student table:

Student

StudentiD Name Address MajoriD
1 Tony Cleveland 1110, 1342
g Ernily New York 1110, 1221
S Leigh Birmingham 1342

4 Abe lllincis

The repeating groups in MajorID represent multiple facts in one place and cause the table
to be nonrelational, so we can’t do that! Similarly. if we post StudentID into the Major table:

Major

MajoriD Name of Major Credit Hours Required StudentiD
1110 Accounting 183 12
1221 MIS 180 2

1342 Finance 180 3

2104 Nuclear Physics 190
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The repeating groups in StudentlD represent multiple facts in one place and cause the table
to be non-relational, so we can’t do that. Notice that it does not matter what minimum car-
dinalities existed for either entity. Even if there were mandatory participation for both stu-
dent and major such that Abe had declared a major in nuclear physics, the repeating groups
problem still exists. The correct table representation for this relationship is as follows:
Student

StudentiD Name Address

1 Tony Cleveland

2 Emily New York

3 Leigh Birmingham

4 Abe llinois

Major

MajorlD Name_of_Major Credit_Hours_Required
1110 Accounting 183
1221 MIS 180
1342 Finance 180
2104 Nuclear Physics 190

Declaration

StudentiD MajorlD

1110
1342
1110
1221
1342

W NN = -

Next, let’s examine Step 3 more closely. Step 3 applies to relationships with the cardinal-
ity pattern (1.1)—(1,1). The first part of the step says to consider whether the two entities
are conceptually separate or whether they should be combined. Consider an enterprise that
earns its revenue by setting up hot-dog stands between the hours of 11:00 A.M. and 2:00
em. each day that classes are in session on college campuses. The enterprise places its
stands in arcas where many students are likely to be walking, and likely to be hungry be-
cause no alternative food vendors are nearby. The enterprise sells hot dogs, lemonade,
chips, fruit, and cookies. All sales are made on a cash basis. The food and the cash change
hands simultaneously. Therefore a sale doesn’t exist without a related cash receipt, and the
sale only involves one cash receipt since it must be paid in full. So sale has a (1,1) partic-
ipation in the relationship. Next we have to make a rather bold assumption that sales are
the only source of cash for this enterprise (that is, they haven’t borrowed money or ob-
tained confributed cash from its owners). That is probably not realistic, but is within the
realm of possibility as the owners could have contributed the equipment as capital instead
of cash, and the enterprise could have purchased its initial inventory on credit, and then
generated enough cash flow from sales to pay for the purchases and make new purchases.
If we accept that possibility as the reality for this enterprise, the minimum participation of
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cash receipt in its relationship with sale is 1 (mandatory). It also seems reasonable to as-
sume maximum participation of cash receipt in its relationship with sale is 1; that says that
a cash receipt applies to only one sale. In this scenario. if we receive cash from a customer
for a hot dog and lemonade, the cash receipt applies only to that sale.

You might be wondering whether the maximum of 1 on Sale is valid if a boyfriend and
girlfriend approach the stand and the boyfriend pays for both their lunches. The hotdog
vendor would view that as one sale and one cash receipt, with the boyfriend as the cus-
tomer. Assume that this is a reasonable (1,1) Sale—(1,1) Cash Receipt relationship. Next it
must be determined whether these two entities are conceptually separate (in the context of
this enterprise) or whether they should be combined into one entity. To make this determi-
nation we must consider the future of this enterprise, allowing for reasonable possible
growth, as well as the present circumstances. If we determine this enterprise will never sell
lunches on credit and will never obtain cash from a source other than sales, it may be rea-
sonable to combine them into a single entity. if we determine that someday they might ob-
tain cash from other sources, then we should maintain them as separate entities and create
separate tables for them. Note that we may determine through this analysis that our chosen
cardinality pattern is not the most appropriate choice and we may decide to change the
minimum cardinality of cash receipt to optional, in case in the future the enterprise wants
to allow cash receipts from loans and owner contributions. If we decide to keep the enti-
ties separate, and to keep the cardinality pattern (1,1)~(1,1) then we can post a key from
either entity into the other entity’s table to establish the relationship in the tables. Consider
the following tables, and information about the relationship.

Sale

SalelD Date Amount
St 6/5 $4.25
S2 6/5 $3.75
CashReceipt

ReceiptiD Date Amount
CR1 6/5 $4.25
CR2 6/5 $3.75

CRI paid for S1 and CR2 paid for S2.

Given the relationship information (notice that the relationship information is consis-
tent with the cardinalities) we can see that if ReceiptID is posied from the CashReceipt
table as a foreign key in the Sale table, it would be fine. We would have no repeating group
problem and no facts stored in multiple places. Similarly we could post SaleID from the
Sale table as a forcign key in the CashReceipt table without any problem. However, we
must choose one or the other. If' we post both foreign keys, we have created one fact (a pair-
ing of a candidate key attribute with another attribute) in multiple places (in this case, in
two different tables). Our recommendation for this particular situation is to post the Re-
ceiptID into the Sale table because that allows the most flexibility in case of future changes
in the enterprise. Thus our recommended solution is as follows: 1
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Sale

SalelD Date Amount ReceiptiD
$1 6/5 $4.25 CR1

S2 6/5 $3.75 '¢%R2
CashReceipt T
ReceiptiD //Date Amount

CR1 6/5 $4.25

CR2 6/5 $3.75

From these examples, Step 4 is probably clearer to you now than when we first introduced
it. This step says that any remaining relationships that have (1,1) participation by one of
the entities should be represented in the tables by posting the related entity’s primary key
into the (1,1) entity’s table as a foreign key. This step covers relationships with the follow-
ing cardinality patterns: (O,N)—(1,1); (I,N)—(1.1); (0,1)-(1,1); (1,1)—~(O.N); (1,1)-(1,N);
and (1,1)~0,1). There is no need to make separate tables to represent any of these rela-
tionships, because posting a foreign key into an entity table with (1,1) participation guar-
antees that no repeating groups or null values will result. Because fewer tables make data-
base querying easier, it is best to avoid making separate tables whenever possible.

Let’s revisit the example that was presented in Exhibit 6-2, with the (O,N) Cus-
tomer—(1,1) Sale relationship. Say that Frank was the customer for sale 1 and Amy was the
customer for sale 2, and Frank liked what he bought in sale 1 so much that he came back
the next day and bought more. That scenario fits with the cardinality pattern given. We have
one customer (Dean) who exists without participating in a sale, and we have one customer
(Frank) who participates in multiple sales. And sale invelves one and only one customer.
We can’t post SalelD into Customer because it will cause a repeating group, but we can
post CustomerID into Sale.

Customer (‘O‘, Af)

CustomerlD Name Address Telephone |[SalelD

(& \ Frank Dover 555-9999 $1. 53

62 « Dean Amherst 555-8888

3 Amy__ Chicago 555-7777 | s2
i

sale (/1) P

SalelD Date Amount CustomeriD

S 5/21 $40.00 C1

s2 5/22 $30.00 c3

S3 5122 $80.00 C1i

Once again, it doesn’t matter what the cardinalities are on the entity that is related to the
(1,1) entity; we will always have an acceptable relational table if we post a foreign key into
the table of an entity that has (1,1) participation in the relationship.
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We have saved the most difficult relationships for last. Once you learn Steps | through
4, you will be able to apply them quickly and easily. because there is very little subjectiv-
ity involved. For Step 5 you will have to be more careful. Still, once you understand the
logic to use, this step will also become straightforward.

Step 5 provides guidance for establishing relationships in tables to represent the fol-
lowing cardinality patterns: (O,N)—(0,1); (LN)—0.1); (0,1)~0.N); (0,1)~(1,N); and
(0,1)~(0.1). For each of these cardinality patterns the general rule for maximum cardinal-
ities prohibits posting a foreign key into the table of the entity that has (1,N) or (O,N) par-
ticipation in the relationship. The general rule for maximum cardinalities cannot be bro-
ken, because it will cause redundancy in the form of repeating groups. The general rule for
minimum cardinalities suggests you shouldn’t post a foreign key into the table of the en-
tity that has (0.1) participation in the relationship because it will create null values in the
database. Null values are undesirable because they waste space in the database (there is
space reserved for the values even though they are not there). To avoid creating redundancy
and to avoid creating null values, then, we would need to create separate tables to establish
each of these relationships. However, creating separate tables takes up valuable space in
the database, and it also makes querying more complicated. So for these cardinality pat-
terns we need to determine which is the least wasteful of space in the database. To make
that determination we evaluate a concept called load. Load refers to the number of non--
null data values for an attribute. If most of the data values are non-null, the attribute is said
to have a high load, or to be highly loaded. If most of the data values are null, the attribute
is said to have a low load. This concept applies to any attribute, but for Step 5 we are only
interested in Joad [or potential foreign key attributes. The decision we need to make is
whether posting into a (0,1) entity’s table will result in more wasted space than the space
creating a separate table would consume. If posting a foreign key into the (0,1) entity’s
table would result in only a few null values, that would waste less space than creating a
separate table would take. However, if posting a foreign key would result in mostly null
values, then a separate table would take less space than the posted foreign key would waste.

"Consider the following cxample. ATter an enterprise makes purchases, it cither pays for
the merchandise (with a separate check written for each purchase) or it returns the mer-
chandise to the vendor. The enterprise rarely returns the merchandise; most of the time the
merchandise received is satisfactory and the enterprise pays for it. On average 98 out of
100 purchases are paid for and 2 out of 100 purchases result in a purchase return. Some-
times the company will return two purchases made from the same vendor as a single re-
turn. Therefore, for this company, a purchase may exist without a related purchase return
(minimum 0) and may result in no more than one return (maximum 1). However a pur-
chase return may not exist without a related purchase (minimum 1) and may result from
more than one purchase (maximum N). Also, a purchase may exist without a related cash
disbursement (minimum 0) and it may result in no more than one cash disbursement (max-
imum 1). A cash disbursement may exist without a related purchase (in inquiring of the
company you discovered that approximately two-thirds of the company’s checks are writ-
ten for employee salaries, dividends, or loan repayments) (minimum 0) and a cash dis-
bursement pays at most for one purchase (maximum 1). This scenario enconmpasses two re-
lationships of interest for discussing load: the relationship between Purchase and Cash
Disbursement and the relationship between Purchase and Purchase Return. Exhibit 64
presents the conceptual models of these relationships.
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Diagram format

Purchasz|D
Purchase o Date
—C Amount
0,1)
(0,1)
(0,1)
Cash —& DishursementiD
asl
. —o D
disbursement e
—O Amount

Reversal

Purchase
return
ReturnlD Date  Amount

Grammar format

Entity: Purchase
Attributes: PurchaselD
Date
Amount
Identifier: PurchaselD

Entity: Cash disbursement
Attributes: DisbursementID
Date
Amount
Identifier: DisbursementID

Entity: Purchase return
Attributes: ReturniD
Date
Amount
Identifier; ReturniD

Relationship: Duality
Connected Entities: (0,1) Purchase
(0,1) Cash Dishursement

Relationship: Results-in

Following Step 1, we create a separate table for each of the entities:

Purchase

PurchaselD Date Amount
Cash Disbursement

DisbursementiD Date Amount
Purchase Return

ReturniD Date Amount

Next we examine the conceptual model to determine whether any of the relationships have
cardinality patterns for which guidance is provided in Steps 2 through 4. There are none.
Therefore we follow the guidance for Step 5 for each of the two relationships. First we ex-
amine the duality relationship. Because the cardinality pattern is (0,1)~(0,1) the maximum
cardinality rule would allow us to post in either direction. That is, we could post PurchaselD
into the Cash Disbursement table or we could post DisbursementID into the Purchase table.
However, if neither posting results in high load, we should make a separate tab.: to avoid
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wasting space. We must examine the likely load if we post in each direction and then de-
termine the most efficient solution. First let’s examine what is likely to happen if we post
PurchaselD into the Cash Disbursement table. We know from the information given to us
previously that approximately two-thirds of the checks the company writes are for nonpur-
chase transactions such as employee salaries, dividends, loan repayments. That means if we
post PurchaselD into the Cash Disbursement table, only one-third of the data values will be
non-null. That is not a high load, so let’s look at the next alternative of posting Disburse-
mentID into the Purchase table. The information we were given revealed that the company
pays for 98 out of 100 purchases. It does not matter that the payment is not made immedi-
ately; you are concerned with how many of the attribute’s data values will cventually be
non-null: 98 percent is a high load, so the best solution for this relationship is to post the
DisbursementID into the Purchase table. The Purchase table will be changed to

Purchase

PurchaselD Date Amount DisbursementiD

The Cash Disbursement and Purchase Return tables remain as shown on the previous page.
[n the Purchase table, for 2 out of every 100 records, DisbursementID will be blank (null)
thus there are only two wasted cells of space for every 100 purchase records. If we had cho-
sen to post PurchaselD into Cash Disbursement, we would have had approximately 66
wasted cells of space for every 100 cash disbursement records. [f we had chosen to create
a separate table to represent the relationship, we would have added a table as follows:

Duality

PurchaselD DishursementID

For every 100 purchases. there will be 98 records added to this relationship table, as op-
posed to filling in 98 data values in the DisbursementID field in the Purchase table. This lat-
ter approach thus wastes 98 cells of space for every 100 purchase records (the PurchaselD
is entered 98 times more in thig example than in the posted key example). This analysis
leads us to believe the DisbursementlD posted into the Purchase table is the best solution.

Next we examine the Reversal relationship. Because the cardinality pattern is (0,1) Pur-
chase—(1,N) Purchase Return, the only alternatives we need to compare are that of posting
Purchase Return into Purchase versus creating a separate table. The maximum cardir';glity
rtule prohibifs us from posting PurchaselD into Purchase Return since by definition a pur-
chase return may have resulted from more than one purchase and would causc a repeating
group. The information we were given revealed that 2 out of 100 purchases end up being
returned. That is a very low load, so if we post ReturnID into the Purchase table nearly all
the data values for that attribute will be null. That approach would waste 98 eclls of space
for every 100 purchase records. The best solution in this case is to ereate a separate table
to represent the Reversal relationship. The relationship table will be established as follows
(in addition to the original Purchase and Purchase Return tables):
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Reversal

PurchaselD ReturniD

For every 100 records entered in the Purchase table, 2 records will be added to this table.
This approach in effect wastes only two cells of space for every 100 purchase transactions
(because the PurchaselD is entered two more times than in the posted key example). Thus
for the Reversal relationship, the separate table 1s the best approach for establishing the re-
lationship in relational table form.

RELATIONSHIP ATTRIBUTE PLACEMENT

EXHIBIT 6-5
Student-
Course
Relationship
Conceptual
Model

in Diagram
and Grammar
Farmats

As you are representing conceptual model relationships in the relational tables, you may
wonder where you should place attributes of relationships. Most of the time relationships
that have attributes of their own are many-to-many relationships. Recall that separate ta-
bles must be created to represent many-to-many relationships. The relationship attributes
for many-to-many relationships must be placed in the relationship table; otherwise redun-
dancy occurs, Consider the relationship between Student and Course shown in Exhibit
6-5.

Our first rule requires that we make a separate table for Student and a separate table for
Course. Our cardinality-based conversion rules require that a separate table be created to
represent the Takes relationship. Exhibit 6-6 displays the initial table structures.

If the attribute Grade earned were placed in the Student table, what would happen when
data are entered for the grades earned by Mildred in ACG 611 and in MIS 650? There
would be only one cell available to hold two data values. I the atiribute were placed in the
Course table. what would happen when data are entered for the grades earned by Mildred

Diagram format Grammar format

-8 StudentiD Entity: Student
Student — Attributes: StudentID
O Address ﬁgg’gss
(ON) Identifier: StudentID
o Grade earned Entity: Course
Attributes: CourselD
Description
(O,N) Credits
- GourselD Identifier: CourselD
Course

—C Description
Relationship: Takes
Connected entities: (O,N) Student

(O,N) Course

0 Credits

Attributes: Grade earned
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EXHIBIT 6-6
Relational Tables
for Student-
Takes-Course
Model
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Student

StudentiD Name Address
999888 Mildred 123 Almanac St.
888777 Kent 456 Market Dr.
777666 Candace 789 Harriet Ave.
Course

CourselD Description Credits
ACGBI Advanced AlS 3

FING42 Financial Markets 3

MISB50 IT Management 3

Takes

StudentID CourselD Grade Earned
999888 ACGB11 B

999888 MISE50 A-

888777 MIS650 B+

and Kent in MIS 6507 Again, there would be only one cell available to hold two data val-
ues. The correct placement of the att kes table.

Sometimes a relationship that has an attribute may not be a many-to-many relationship.
Consider the following situation:

An enterprise manufactures and sells inventory items that are specifically identified and
tracked via serial numbers, The enterprise deals only with new inventory items—that is, it
never repurchases and sells the same inventory item again. The enterprise does not sell
anything except these individually identified inventory items. A sale may involve multiple
items. The enterprise expects to sell every item that it manulactures. Attributes the
enterprise needs to include in its database include the inventory’s ItemID, description, and
date manufactured: the sale number, date, and dollar amount: and the actual sale price for an
inventory item on a sale transaction.

A conceptual model to represent this reality is displayed in Exhibit 6-7.

To convert this model into relational table format, the first step is to create a table for
each entity. Next, because the cardinality pattern fits the rules for Step 3, a decision must
be made as to whether load would be high enough to justify posting the primary key from
the Sale table into the Inventory table as a primary key. Because the enterprise expects all
inventory items to eventually be sold any null values are expected to be temporary and
load shou v hi gh. [fthe relationship is represented with a foreign key, though, what
becomes of thL rclationship attribute? [t gets posted along with the foreign key. In this ex-
ample, although actual sale price deseribes the relationship—because it can’t be deter-
mined without knowing both the item and the sale—it doesn’t cause any redundancy prob-
lem if it is posted into the Inventory table, and the null values that occur for any items
that have not yet been sold are only temperarily null In E‘{hlb]t 6-8 we illustrate this table
design.
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EXHIBIT 6-7
Specific Diagram format Grammar format
Inventory-Sale 5
Conceptual : ItemiD ntity: Inventory
L P Inventory o pessription Attributes: ltemID
Model in Semtemaaipy Description
Diagram and b Date manufactured
Grammar (0,1) |dentifier: ltemiD
Formats :
_ Stockflow o Actual sale price Entity: Sale
Attributes: Salenumber
Date of sale
(1,N) Dollar amount
e -8 Salenumber Identifier: Salenumber
-0 Date of sale
Lo Batranmsint Relationship: Stockflow
Connected entities: (0,1) Inventory
(1,N) Sale
Attributes: Actual sale price
1
EXHIBIT 6-8 P
Relational Tables 2
for (0,1) ItemID Description Date Manufactured Salenumber Actual Sale Price
Inventory— 1 Big blue itern 9/24/05 1 $450
(L.N) Sale 12 Triangle green item 9/25/05 1 $375
Example 13 Small square item 9/26/05
14 Medium pink item 9/27/05 2 3500
Sale
Salenumber Date Dollar Amount
$1 10/12/05 $825
S2 10/15/05 $500

PHYSICAL IMPLEMENTATION OF RELATIONAL MODEL
IN MICROSOFT ACCESS

Once the relational tables are established on paper, forming a logical model, the model may
be implemented into physical form using a particular database software package. Microsoft
Access is used in this chapter to demonstrate the conversion of a logical model to a physical
model. Keep in mind that the procedures are similar but not exactly the same with other re-
lational database software packages. This chapter does not provide you with comprehensive
assistance on every aspect of Access. Instead it provides you with an introduction to creating
tables in Access and communicating information to Access about the links between the ta-
bles (i.e., telling Access which primary keys are posted into other tables as foreign keys or as
parts of concatenated primary keys). If you need additional Access instructions, you may use
the electronic help facility provided in Access or use an Access reference manual. To get to
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EXHIBIT 6-9
Finding Help
in Microsoft
Access
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the appropriate area of the help facility, once Access is open, click on Help in the top menu
bar. then click on the Contents tab. The areas within help that you are most likely to need for
this chapter are under the category Creating and Designing Tables (see Exhibit 6-9) and in-
clude Creating and Opening Tables, Adding Fields and Choosing Data Types, Working with
Primary Keys and Indexes, and Defining Relationships and Setting Referential Integrity Op-
tions. See Exhibit 6-9 to see what this Help Screen looks like.

Creating and Working with Databases

To enter tables in Microsoft Access, you must create a database file in which to store the
tables. For those of you who have used other Microsoft software products, notice that this
is different from some of those products. In Microsoft Word or Excel. you may begin cre-
ating content in a blank document or spreadsheet and then save it to a file later. Microsoft
Access requires you to create a file (and name it) before entering any tables or data. Addi-
tions and changes are then automatically saved as Microsoft Access accepts them.

When you start Microsoft Access, a window appears in which you specify whether you
want to create a new database using a blank database or a database wizard, or whether you
want to open an existing database. (See Exhibit 6-10.)

When you are using Microsoft Access in conjunction with materials in this textbook, do
not use any wizards. These wizards have certain defaults built into them. To effectively use
the wizards you must understand all the defaults they use and you must know when and
how to override them. We do not cover any of that in this book. so we caution you not to
use wizards at all, or to use them at your own risk.
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Once you tell Access to open a blank database, you are required to name the database
before you can enter any tables or data into it. You may choose to store your databasc on
any of your computer drives. To specify the disk drive on which you want your database to
be stored, change the Save in location to your drive choice. Note that to get back to your
database the next time you want to use it, you will open an existing database, click on more
files and change the Look in location to the same drive choice. See Exhibit 6-11.
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EXHIBIT 6-12
Microsoft
Access
Database
Window

| e gt Yew et Toos e
Der &Ry ibe s s®- 8|

i

When you create or open an existing database, Microsoft Access displays the Database
Window. This is a container for objects stored in the database, including tables, queries.
forms, reports, pages. macros, and modules. For this chapter we focus only on tables.

To create a new table, select the table object by clicking on Tables in the left menu bar.
(See Exhibit 6-12.) Notice that you have the options of creating a table in design view, by
using a wizard, or by entering data. If you use design view you have control over all
choices that need to be made during table creation.

To open an existing table, make sure Tables is selected as the object type in the left
menu bar. A list of all available tables appears; simply double-click on the object you want
to open. In Exhibit 6-12 there are no existing tables, so the only choice is to create one.

To begin, double-click on Create table in Design view. This displays a screen with two
sections, as shown in Exhibit 6-13.

Section 1 shows the overall layout of the table. The fields (attributes) of the table are
listed on the left; in the middle column you can choose the appropriate data type for each
field (e.g., text, currency, date, or number). The right column provides space for the table
designer to write a description of what that field represents. The description may be left
blank, and we suspect in most databases most of the descriptions are left blank because.
unfortunately, people generally don’t take the time or see the need for documenting their
system design.

In Section 2 (the field properties panel) you may set additional properties for each field
such as the field size, customized format, default value (the value to be used if the user
doesn’t enter a value), validation rules, or a specification as to whether the field is required
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to contain data (or whether it's okay for it to have blank values). The panel in Section 2
changes based on which field the cursor 1s pointed to in Section 1. That 1s because the field
properties for one fleld can be different from the properties for a different field.

We will work through two examples to give you some experience with creating physi-
cal implementations in Access of relational logical models. You may want to work through
these examples on a computer as you read the rest of this chapter. (If you have not been
working along up to this point, catch voursell up by ereating a new blank database, then
creating a new table so that your screen resembles Exhibit 6-13). The first model we will
implement is the logical model illustrated in Exhibit 6-1(a). This model consists of two ta-
bles: Sale and Salesperson.

Example 1: Creating and Connecting Entity Tables

To create the Sale table, enter the four fields (SalelD, Date, Amount, and Salesperson) in
the left column. You may have noticed that Access set a default data type as Text. Move to
the middle column and change each data type to its appropriate value. Click on the arrow-
head next to Text and a popup list of choices will appear. A good rule of thumb to use when
determining appropriate data types is if it isn’t a date, and you don’t need to be able to per-
form calculations with it, then set it as text; if you do need to perform calculations with i,
then set it as currency if it is a dollar value and as a number if it is not a dollar value. That
rule is obviously simplified, but it works well for most situations. For our example, we will
specify SalelD as Text, Date as Date, Amount as Currency, and Salesperson as Text. No-
tice the field properties panel changes as you click from one field to the next in the top sec-
tion, but don’t change anything in the field properties section yet. You may wonder why we
used Text for Salesperson, when all the data values we have are numeric. Go back to the
rule of thumb. Are we likely to need to calculate anything based on the salesperson ID?
No. And it is possible that someday we may start adding letters into our salesperson IDs,
so we are better off specifying the type as text.
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Now let’s think about the field properties section, but without going into detail on most
of these settings. One thing you need to be aware of with respect to field properties (and
data type, which is also a field property) is that if the properties of two fields are differ-
ent, then Access considers the values in those fields to be different even if the content is
the same. Why is that important? Think about posted foreign keys. In our example, the
identification number for salesperson is a field in both of our tables. In the Salesperson
table (which we haven’t yet made) it is the primary key. In the Sale table (which we are
currently creating) it is a foreign key. Now, recall from earlier in this chapter the referen-
tial integrity principle that relational databases are supposed to meet, That principle said
for a data value entered in the Salesperson field in the Sale table to be acceptable, it must
either be blank or it must match exactly a data value in the SalespersonID field in the Sales-
person table. This means we must be very careful with changing field properties, especially
for fields that are primary and foreign keys.

For learning the basics in this textbeok, our recommendation is that the only field prop-
erties you change for any fields are the data type and the “Required?” field property that
specifies whether data entry in the field is mandatory. The data entry requirement property
for a field determines whether null values are allowed or not. Therefore you must know
something about the enterprise’s business rules to make this decision. This is especially im-
portant for foreign keys, as in many cases the cardinalities are manifestations of business
rules and the degrees of cardinalities are reflected in foreign key postings. For the Exhibit
61 example, we did not start with a conceptual model so we don’t immediately know car-
dinality information. But we can figure out the cardinalities from the information given.
We know that Sale’s participation in the relationship is (0,1). How do we know this? We
have null values for Salesperson in the Sale table, so that indicates a sale can exist without
arelated salesperson (minimum = 0). And because Salesperson is posted into Sale as a for-
cign key, it cannot have more than one value (maximum = 1). Do we know Salesperson’s
participation cardinalities for this relationship? From the data in these tables we note that
we currently have no salespeople in our database who do not yet have a related sale. But
common sense would tell us that we need to enter new salespeople in our database when
they are hired, at which point we would not have expected them to have already made a
sale. So we assume the minimum is 0. We know for sure that the maximum is N, because
we have 4 salesperson who has made multiple sales (Francis). In our example, then, nei-
ther entity has mandatory participation in the relationship, so we need not change the re-
quirement property to yes for any of the fields. [To test your understanding: What if we de-
termined that a sale cannot exist without a salesperson and we change the minimum
cardinality on Sale in its relationship with Salesperson to 17 Then in the Sale table we
would need to set the required data entry property of the Salesperson field to Yes.]

Getting back to our example from Exhibit 61 (with no mandatory participation), we
have no need to change any field properties other than the data types, which we already
changed. At this point, your table design should look like Exhibit 6-14 (ignore the arrows
until you read the next paragraph).

Next we need to communicate to Access which field s the primary key of the Sale table.
In our casc it is the SaleID. To give this information to Access, we must highlight the
SaleID field (click on the small gray box to the immediate left of the field) and then click
on the icon that looks like a small key. The arrows on Exhibit 6-14 show you how. Once
you do this, you will notice a small key symbol appear in the gray box to the immediate
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left of the SalelD field. For the moment, we are finished with the Sale table’s design, so we
need to save the table. You may either choose File, Save from the top menu bar, or click on
the icon with the diskette symbol on it. Name the table Sale and then close the table. You
will notice that your database window now contains a table object called Sale.

Next create the Salesperson table, following similar steps. From the database window,
double-click on Create table in Design view. Enter the three fields: SalespersonID, Name,
and Telephone. None of these are dates, and none are fields that would likely be part of a
calculation, so don’t change the data type or any field properties. Set SalespersonID as the
primary key. Save the table, giving it the name Salesperson, and close the table. Your data-
base window should now resemble Exhibit 6-15.

Did you notice that we left out one very important piece of information in what we com-
municated to Access in designing these tables? No, we are not talking about the entry of
data values into the tables, although that certainly also needs to be done. We are talking
about needing to specify to Access how the tables are linked together. At this point, Access
understands that we have a table representing an entity called Sale and Access understands
that we have a table representing an entity called Salesperson, but it doesn’t have a clue that
there is a relationship between Sale and Salesperson. Recall that we established that rela-
tionship in our logical model by posting Salesperson as a foreign key into the Sale table. But
we have done nothing to differentiate that attribute from any of the other attributes in
the Sale table. To Access it looks like just another attribute. We could, of course, type

“foreign key from Salesperson table” in the deseription area for that field (and for system

oY
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documentation purposes that is a very good thing to do). However, Access doesn’t under-
stand natural language and doesn’t do any processing based on information in description
cells. The way to communicate foreign keys (and composite primary keys that are formed
from posting two different entities’ primary keys into a relationship table) to Access is by
establishing a relationship between the two tables. To do this, go to Access’s “Relationship
Layout” by clicking on the icon that has three boxes connected by two lines (see arrow in
Exhibit 6-13).

The screen that initially appears when you open the relationship layout is the Show
Table window (see Exhibit 6-16). This screen only appears if there are no tables already
in the relationship layout.

Highlight both tables and add them to the layout by clicking Add after they are both
highlighted. Then close the Show Table window (but leave the relationship layout window
open). Your relationship layout should look like Exhibit 6—17.

Note that you may move a table around on the layout by clicking on its titlebar and drag-
ging it to the desired location. Sometimes you may also resize the table windows within
the layout if you want to see all the fields. Next you need to explain to Access that you
posted a foreign key. To do this, start with your cursor on SalespersonlD in the Salesper-
son table. Click and drag the cursor to Salesperson in the Sale table. Make sure you drag
to the matching field!

When you drop the primary key onto the matching foreign key to which you dragged
it, Access will display an “Edit Relationships” window, as shown in Exhibit 6-18.

This window allows you to verify that you are establishing the relationship between the
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(Salesperson) ‘ -

correct two attributes (the attribute that is the primary key in one table and the attribute
that is the posted foreign key value in the other table). This window also allows you to en-
force referential integrity by clicking on the check box next to that phrase. Remember
that principle? Note that Microsoft Access does not require that this principle be enforced.
That tells you that Access allows you to create databases that are not fully relational. This
can cause serious problems with querying if users are not well-trained and very careful.
For purposes of this textbook, always enforce referential integrity. You also have the option
of setting updates in the primary key field to cascade to also update the related field, and
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of setting deletions of the record that is represented by the primary key to cascade to also
delete records in which it was a participant. The first option is usually a good option, be-
cause if you change a customer ID you want it to be changed in all appropriate places. The
second option is very dangerous, because you don’t want to unintentionally lose data that
you may later need.

One important note regarding cascade updates: Many people get the false impression
that enabling this option causes data entry of new primary key values to automatically be-
come entered into the related foreign key ficlds. That cannot happen. because Access
doesn’t have any way of knowing which particular records in the table in which the foreign
key is posted are related to the record in the table from which the foreign key is posted until
the data are actually entered. [n our sales-salesperson example, when we enter records into
the Sale table, Access can’t possibly know which salesperson made the sale unless we tell
it which one made the sale by entering the value of the foreign key. Notice that simply
adding a salesperson to the Salesperson table does not inform Access as to which sales the
salesperson has made and will make in the future. However. once you have created a link
between the fields themselves by establishing the relationship, enabling cascade updates.
and entering common data into the primary and foreign key fields, if you were to decide
to renumber salesperson 123456 to be 1234560, when you change that primary key data
value in the Salesperson table. the change will flow through and change all the foreign kev
values that are 123456 to 1234560,

After enforcing referential integrity and enabling cascade updates, click on “Create™ to
establish the relationship. The relationship layout appears, and now displays the relation-
ship you just created. as shown in Exhibit 6-19.

Although the relationship layout resembles an entity-relationship diagram, it is not! Re-
member, the only purpose for the relationship layout is to communicate to Access infor-
mation about posted key relationships. Because decisions about posting keys to implement
relationships are made based on cardinalities, there are some resemblances between an ER
diagram and the Access relationship layout notation. Notice that when you created the re-
lationship between Sale and Salesperson, some notation appeared on the relationship, A 1
appears beside the SalespersonlD in the Salesperson table and an infinity sign appears be-
side the Salesperson in the Sale table. The 1 beside SalespersonlD in the Salesperson table
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simply means that a particular data value for that attribute (e.g., Salesperson 654321) can
appear in that table a maximum of one time. That makes sense given that it is the primary
key and a primary key cannot have duplicate values! The infinity sign beside Salesperson
in the Sale table indicates that a particular data value for that attribute can appear in that
table multiple times (c.g., Salesperson 654321 made multiple sales and can appear in the
Sale table multiple times).

Example 2: Creating and Connecting Relationship Tables to Entity Tables

The second example demonstrates the physical implementation of the tables from Exhibit
6-6 that resulted from the many-to-many coneceptual model relationship between Student
and Course. To begin, create a new blank database tollowing the steps in Exhibits 6—10 and
6-11. Following the same basic procedure that was illustrated in Exhibits 6-12 through
6-14, add two new tables in design view. One should be named Student, and should in-
clude the following fields: StudentID (text, primary key), Name (text), Address (text). The
other should be named Course, and should include the following fields: CourselD (text,
primary key), Description (text), and Credits (number). Next, create another new table in
design view and include the following fields: StudentID (text), CourselD (text), and Grade
earned (text). For this third table a primary key needs to be specified, but in this example
it is a concatenated primary key made up of both StudentlD and CourselID. To represent
this in Access, click on the gray box immediately to the left of Student ID. Hold the shift
key and click on the gray box immediately to the left of Course ID. If you did this correctly,
the rows for those two fields are now highlighted. With those rows highlighted, click on the
icon that looks like a key. Keys should appear in the gray boxes next to the field names as
illustrated in Exhibit 6-20.

Name the table Takes. Next add the Student, Course, and Takes tables to the relationship
layout following the same basic procedure used in Exhibit 6-16. Recall that the relationship
layout is used to inform Access as to the existence of primary keys that are posted into other
tables either as foreign keys or as parts of concatenated primary keys. Therefore you need
to tell Access you posted the primary keys from Student and Course into the Takes table to
form its concatenated primary key. To do this you simply click on StudentID in the Student
table and drag the cursor to StudentID in the Takes table, similar to what was done in Ex-
hibit 6-17. When you release the mouse, the Edit Relationships window appears, as it did
in Exhibit 6-18. Check the appropriate boxes to enforce referential integrity and enable
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cascade updates, similar to what you did for Exhibit 6-18. Click on OK. A join line should
appear connecting StudentID in the Student table to StudentID in the Takes table. Next click
on CourselD in the Course table and drag the cursor to CourselD in the Takes table and
check the boxes in the Edit Relationships window to enforce referential integrity and enable
cascade updates. Your relationship layout should resemble Exhibit 6-21.

Deleting Existing Relationships

What if you make a mistake and create a relationship you didn’t really want? Open the re-
lationship layout. Single-click the line for the relationship you want to delete (make sure irs
highlighted), and then press the delete key. Notice that you must delete the relationship it-
self, not just one table that was part of the relationship. If you delete a table from the rela-
tionship layout (by selecting the table and pressing the delete key) the relationship will ap-
pear to be gone. However, if you click on Relationships on the top menu bar and then Show
All you will see that the relationship was retained in Access’s memory. Similarly, if you are
frustrated with your layout and decide you want to start over, you may notice an icon thas
looks like a red X that is the Clear Layout icon. Beware! The layout will be cleared, but all
the relationships are still in Access’s memory so you have not deleted them. As soon as you
click on Relationships, Show All they will be back. If you want to delete relationships from
your layout you must highlight each relationship and press the delete key. Access will ask
you if you really want to permanently delete the relationship, to which you would reply ves.
If Access didn’t ask you that question, then you didn’t delete the relationship!

Entering Data into Microsoft Access Tables

Once all of your tables are created and you have verified that the relationship layout cor-
rectly communicates the posted key information, you are ready to begin entering data into
the tables. Two views exist for entering data into a table: datasheet view and form view
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We only discuss datasheet view in this chapter; that is the standard row-column format that
most people are used to, and which is available in most relational database packages.

Enter the appropriate data records, using the TAB key to move between fields. You can also
use the mouse to move the cursor to a desired field or record. As you tab out of one record to
another record, the software automatically saves the record, displaying an error message if it
was unable to save the record becausc of a data entry problem (such as vielations of referential
integrity). Often, you may see a pencil icon in the left, gray column. The pencil indicates the
current record (the one being pointed to in memory). After you finish adding records, choose
File, Close from the main menu. Experiment with the arrow keys al the bottom of the table
window. They allow you to view different fields and records. Don’t worry about entering data
in alpha or numeric order, The computer sorts the data via the primary key attribute field.

Keep in mind that if you have enforced referential integrity (as you should have) and
established mandatory data entry for appropriate fields (e.g., foreign keys posted into a
(1.1) entity table), you must be careful about the order in which you enter the data. Con-
sider the cardinalities in your underlying conceptual model and picture the company’s re-
ality in your mind. Think about what order the data would be entered in real life. Gener-
ally information about resources and agents is input to corporate databases before any
transactions involving them occur. So you should enter your resource and agent data be-
fore you enter your event data and relationship data. If you encounter error messages while
you are entering data, pay attention to them and try to figure out whether you are entering
the data incorrectly or whether you have a flaw in your table design or in your relationship
layout that needs to be fixed before you proceed with data entry.
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CONCLUDING COMMENTS

In this chapter you have learned how to take a conceptual representation (on paper) of an
enterprise’s reality and convert it, first into a logical set of relational tables (on paper) and
then into a physical implementation of relational tables using Microsoft Access software.
You also learned how to enter data into the tables. In the next chapter, you will learn some-
thing about what you can do with data after it has been entered into a relational database.
For it is in the querying capabilities that the real power of the relational database is found.
When you start an that chapter. please do not forget all that you learned in this chapter. A
solid understanding of table design is foundational for a solid understanding of querying.
A solid understanding of querying is foundational for retrieval of valid data, which in turn
is crucial for sound decision making, Perhaps it is now becoming clear to you (if it wasn’t
already clear) why all enterprise system users (that is, anyone who might someday form an
ad hoc query of a relational database) must understand the basics of relational database de-
sign. Hopefully seeing the translation of the conceptual models into an actual working
database has helped clarify some of the concepts that we covered in Chapters 2 through 4
by making them more concrete. You may find it worthwhile to go back and reread those
chapters now that you have a better understanding of the end result.

Key Terms and Concepts

General Terms and Concepts

Atiribute, 722 Field, 122

Cardinality pattern, 125 Foreign key, 123
Column, 122 Intension, /22
Concatenated primary Load (high and low), 125

Primary key attribute, 723
Record, 122

Redundancy, 126
Referential integrity, 123

key, 125 Logical model, 122 Relational database, 122
Conceptual database Null value, /23 Relational model, 722
model, 122 One-fact, one-place Relational table, /123
Data value, 723 role, 124 Repeating group, /24
Entity integrity, 123 Physical database Row, 122 =
Extension, 122 model, 122 Schema, 722

Fact, 124 Posted key, /34 Tuple, 122
Microsoft Access Terms and Concepts

Data type (field Design view, [40
property), 140 Enforce referential
Database window, 743 integrity, 145
Datasheet view, /48

Field property, 142
Relationship layout, /44
Required data entry (field
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Review Questions

LO4 RI1.
LO4

What type of data does each record in an event table contain?
R2. What type of data does each record in a resource table contain?
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Lo+  R3. What type of data does each record in an agent table contain?
101 R4. What is the purpose of a foreign key?
LO1 R5. Does every table in a relational database contain a foreign key? Explain.
1o+ R6. What tables are needed to perform a recording information process?
Los  R7. What tables are needed to perform a maintenance information process?
, ‘ LO3 R8. What are the differcnces between conceptual, logical, and physical database models?
. LO7 R9. What is referential integrity, and how do you enforce referential integrity in Mi-
crosoft Access?
o7 R10. What does it mean to set a field property to require data entry? Is that the same thing
as referential integrity? If not, what is the purpose for setting a field property to re-
quire data entry?

- i

Multiple Choice Questions

w1 MC1. Which of the following is not a typically developed database design?
A. Physical
B. Logical
(Eh _.) Canonical
D. Conceptual
LO1 MCZ A relational table has a row with data but a missing primary key; this violates:
k Referential integrity
,Enuty integrity
C One-fact, one-place
D. No violation
LO2 'qu‘B. What is the name of an attribute stored as a formula to allow data computations?
A. Trojans
B. Independent contributors
(C./Triggers
D Participants
101 ﬁiﬁl Load indicates:
A. The capacity of the database
B. The dollar amounts of the data
C. Null values
C How many data values for an attribute are expected to be non-null
o1 MCS. Creating separate tables to represent relationships helps to avoid:
A. Redundancy
. Non-null values
) Null values
Both A and C above.

sion Questions

o1 DI, Say you are trying to create relational database tables to implement a conceptual
model that has a relatienship (0,1) Sale—duality—+(0.N) Cash Receipt. You have created
a table for Sale and a table for Cash Receipt. You are considering whether to post a
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foreign key from Cash Receipt into Sale. You have the following information avail-
able. Explain whether each of these statements adds to the knowledge you already had
and how each affects your decision as to whether to post the foreign key. If you de-
cide not to post a foreign key from Cash receipt into Sale, what other choices do you
have for implementing this relationship in the relational tables?

= Nearly all of this enterprise’s sales are made on credit.
» The enterprise very rarely has any bad debts resulting from sales.
« Nearly all of this enterprisc’s cash receipts apply to sales.

o1 D2. In creating relational tables we have three objectives. Explain what these objectives
are, and how we attempt to meet them in converting a conceptual model into rela-
tional tables. Do any of these objectives contradict each other, and if so, to which do
we give precedence?

ror  D3. Explain the rule used to create relational database tables from a conceptual model re-
lationship that has the cardinality pattern (0,N)—(0,N). How should the relationship be
implemented and why does it need to be implemented that way? Does the rule differ
if either or both of the minimum cardinalities are changed to 17

o1 D4. Explain the rule used to create relational database tables from a conceptual model re-
lationship that has the cardinality pattern (0,N)—(1,1). How should the relationship be
implemented and why is it best implemented that way? Are there any other choices
for implementing the relationship? What if the pattern is changed to (1,N)-(1,1):
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would vou implement the relationship differently? What if the cardinality pattern is
(1, DH—=(0N) or (1,1)~(1,N)?

What should be vour first consideration if you-encounter a relationship with a cardi- -
nality pattern (1,1)-(1,1) and why? What choices do you have for implementing the
relationship into relational tables and how will you decide which is the most appro-
priate implementation?

When creating a physical relational database implementation, what should you do
‘with derivable attributes? Does your answer differ for static derivable attributes ver-
sus volatile derivable attributes? Does the particular database software being used af-
fect your choice? Explain.

Is the following statement true or false? Explain your answer: “Recording an event
only involves adding one record to an event table.”

Inspect the physical database components implemented in Microseft Access as dis-
played in Exhibit 6-22. Construct the likely underlying logical and coneeptual models.
Inspect the following logical relational database tables. Construct the likely underly-
ing conceptual model.

Library Book Loan Event Library Book Renewal Event

LoaniD Date Time RenewlD Date Time
L9 1/21/2010 8:32 R1 2/7/2010 g:10
L2 1/21/2010 8:37 R2 2/8/2010 8:20
L3 1/21/2010 8:48 R3 212812010 12:40

Loan-Renewal

LoanID RenewlD
L1 R1
L1 B3
L3 R2

Inspect the following logical relational database tables. Assuming the tables were cre-
ated correctly and that entered data are complete and accurate, what must have been
the minimum and maximum participation cardinalities of the Inventory Type entity in
the Stockflow relationship?

Inventory Type Stockflow

ItemiD Description Unit Cost ltemID SalelD  Quantity Sold
11 Heart pin $4.59 11 51 20

12 Topaz ring $22.35 12 S 5

13 Diamond pendant $332.50 {2 52 10

Applied Learning

o4 AL

Use the following partial database tables to answer the required questions:
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Sales Event Table

Sales Event#  Date Terms Salesperson ID  Customer D
11/5 2 10, net 30 2 2543
2 11/5 2 10, net 30 4 635
3 11/5 cob 6 1845
Sale-Inventory Table
Sale Event # Inventory ltem # Inventory Quantity Price each
1 876 10 1.25
1 674 8 0.875
i 451 30 0,995
2 887 54 1.475
2 513 188 0525
3 736 36 24,995
3 001 58 7.875
3 302 16 8.00
3 224 114 875
Salesperson Table
Salesperson ID Last Name First Name
2 Cleaves Mateen
4 Warrick Peter
6 Peterson Morris
8 Janakowski Sebastian
Cashier Table
Cashier 1D Last Name First Name
] Weinke Chris
2 Outzen Marcus
Cash Receipts Event Table
Cash Sales Customer Cash Amount
Receipt# Date Check# CashierlD Event# ID Account # Received
1001 11/6 11097 1 2 635 110146758 $ 178.35
Customer Table
Customer ID Last Name First Name Address City State Zip ]
101 Conrad Chris 5629 Longfellow Dr. Paragould ~ AK . 65323
183 Anderson  Paul 674 Sunderland Lane  Sioux City 1A 63126
635 Padgham Donna 1264 Aigonquin Read  Mason M|~ 48852
1845 Qliver Andrew 8512 Bonita Dr. Clearwater FL 33051
2543 Cook Carol 536 Secondary Ave. Fremont CA - 75518
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Cash Table
Cash # Type of Account Bank Name
110146758 Regular checking North First

1203948102  Payroll checking account  Credit Grantors

Inventory Table

Inventory ltem # Description

001 XL T-shirt

224 XL Sweatshirt

302 XXL T-shirt

451 Felt pennant

513 Ping-pong ball

674 Goif ball

736 XL Polo shirt

876 Bumper sticker

887 Foam football
Required:

a. What events, resources, and agents must have been included in the underlying con-
ceptual model from which these relational tables were designed?

Identify the primary key of each table.

Identify each foreign key in the database.

List the resources and agents involved in Sale event 2.

List the resources and agents involved in Cash Receipt 1001.

S = <

Suppose you wanted to generate an invoice (bill) for customer 2543 that lists the customer
name and address, the salesperson name, and all other information about the sale, includ-
ing the items sold. Which tables contain the data you will need to generate the invoice?

g. Suppose you wanted to generate a report listing each customer name and the amount
due from each customer. Which tables contain the data you need to generate the report?

h. Explain why “total sales amount™ did not need to be included as an attribute in the sales
table. What are the pros and cons associated with leaving this attribute out of the data-
base tables?

i. If you need to record the following sale:

Sale event 4; on 11/10; COD terms; Salesperson 2; Customer 101; 30 units of item
887, for a total of $44.25.

What tables would you use? How many records would you add or modify in the tables?

J- If you need to maintain your records to reflect a change in Donna Padgham’s last name
and address, what tables would you use? How many records would you add or modify
in the tables.

k. If you need to record the following cash receipt:

Cash receipt 1002; on 11/10; from customer 2543 to pay off sale event 1: in the amount
of $49.35 deposited into cash account 110146758

What tables would vou use? How many records would you add or modify in the tables?
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o1, 102,103 A2, Tom owns a small recreational trailer business in a suburban community located close
to the mountains. The community is relatively small but growing at a fast rate. Tom’s
business is growing, not because of his effective sales style and personality, but due to
the growth of the community. Tom’s competition thus far has been nearly nonexistent,
but as the area grows he expects to encounter increasing competition.

Tom sells mostly trailers for vacationing and camping. When customers attive on
Tom’s lot, they are greeted by a salesperson. The salesperson may show the customers
the trailers on the lot, but the salesperson need not be present during the entire show-
ing. Depending on customer preference, the salesperson either takes the customer on a
tour or allows the customer to freely roam the lot, inspecting trailers at leisure.

Since recreational trailers are fairly large-ticket items, customers often leave
the lot without making a purchase, only to return another day after making the decision
to purchase a trailer. When a customer decides to make a purchase, the salesperson ini-
tiates a series of procedures to properly document the order and sale transaction. First,
the salesperson determines the model of the selected trailer and offers the customer a
list of optiens that correspond to the particular model. The customer may (1) purchase
a trailer off the lot with no added features, (2) purchase a trailer off the lot with addi-
tional features, or (3) special order a trailer that is not currently on the lot.

In most cases, customers do not pay cash for their trailers. If, however, the customer pays
cash, a simple sales contract is prepared and the customer drives off with a trailer. The ma-
jority of the customers use an installment method of purchase. Before an installment pur-
chase is authorized, the customer’s credit must be verified to determine creditworthiness.

With an installment purchase, an installment agreement is prepared in addition to
the sales contract. Tom has arranged financing through a local bank for all installment
sales. When an installment sale is made, the bank sends Tom a lump sum payment
equal to the price of the trailer. Instead of making payment to Tom, customers pay the
bank plus interest. In either case, Tom receives a lump sum payment for each trailer
sold, whether that lump sum comes from the customer or from the bank. If multiple
customers finance trailer purchases on the same day, the bank issues one payment to
Tom for the combined total.

Once the credit is approved, the customer can take delivery of the trailer. Thls n-
volves a delivery person inspecting and cleaning the trailer. The customer may ple up
the trailer or have the delivery person tow it to the customer’s home.

Required:
Tom’s Trailer Sales has identified the following events of interest: Customer Looks at
Trailers; Customer Orders Trailer; Deliver Trailer; and Receive Payment.
a. What business process is described?
b. What resource flows (in and out) exist in the value chain with respect to this business
process?
¢. For each resource inflow to this process in the value chain, identify the economic
event that uses it up, and for each resource outflow from this process in the value
chain, identify the economic event that produces it.
d. Create an REA business process level model for this business process; make sure to
include attributes and cardinalities. Use judgment to determine at least two attributes

for each entity. List any assumptions you make to determine cardinalities for which
the narrative is inconclusive.
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e. Convert your conceptual model from part (d) into relational database tables.

f. Create a physical implementation of vour relational database tables using Microsoft
Access (or an alternative database software package of your instructor’s choice).
Look at the REA business process level conceptual model for Happy Thoughts Gift
Shop (HTGS). in both diagram and grammar formats. This model is incomplete to
keep the project manageable in a short time frame, but contains enough entities and
relationships to give you valuable practice creating logical and physical level models.
Please do not add any additional entities, relationships. or attributes to the model.

101,102,103, A3,

LO4, LO7

, Happy Thoughts Gift Shop Conceptual Model

Diagram format

Standard :ﬁ#’m Receiving
ftemlID Description unit cost cost report# Date
g L 1 7 ? i
Inventory (O.N) (1,N)| Purchase
(receipt of
goods)
(11
Quantity O3] o.N
purchased Disbursement (O.N) Distributor
amount
applied to
purchase (O.N)
(O,N) ¢ o &
Distributor Name  Quality
Cash (O,N) (1,1)] Cash rating
| disbursement
Cash Account Location Disbursement Date Total
account# type amount

Grammar format

Entity: Cash Entity: Purchase (receipt of goods)
Attributes: Cash account# Attributes: Receiving report#
Account type Date
Location Identifier: Receiving report#

Identifier: Cash account#

Entity: Cash disbursement
Afiributes: Disbursement 1D
Date
Total amount
Identifier: Disbursement ID

Entity: Distributor
Attributes: Distributor ID
Name
Quality rating
\dentifier: Distributor (D

Entity: Inventory

Atiributes: ltem ID
Description
Standard unit cost

Identifier: ltem ID

Relationship: Duality
Connected entities: (0,1) Purchase

(0.N) Cash disbursement
Attributes: Disbursement amount applied to purchase
Relationship: Participation1
Connected entities: (1.1) Purchase

(0,N) Distributor
Relationship: Patticipation2
Connected entities: (0,1) Cash disbursement

(0,N) Distributor

Relationship: Stockflow
Connected entities: (0.N) Inventory
(1.N) Purchase (receipt of goods)
Attributes: Quantity purchased
Actual Unit cost
Relationship: Stockflow2
Connected entities: (0,N) Cash
(1,1) Cash disbursement
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Along with the conceptual model (in whichever format you prefer) you also need to
know the following information:

HTGS eventually pays for 99 percent of its purchases; only very rarely does HT'GS re-
turn merchandise to a distributor.

HTGS hires a payroll specialty firm (WKP, which stands for We Know Payroll) to han-
dle writing paychecks to employees. Thus HTGS writes one check per month to WKP to
cover the employees’ gross pay plus WKP’s processing fees. Occasionally HTGS also
writes checks for other things such as loan repayments and general and administrative ser-
vice acquisitions; however, most of its cash disbursements (approximately 85 out of every
100 checks) apply to purchases of inventory from distributors.

Required:

a. Convert the conceptual model into a logical level model using the relational model.
(That is, prepare relational table structures on paper)

b. Create a new database in Microsoft Access that has your first and last name followed
by projl as the name of the database (e.g., abelincolnprojl for a student named Abe
Lincoln). Access will add the “mdb™ file extension that indicates the file is a Microsoft
database file. It is always a good idea to make backups of your work.

c. Add each of the tables from your relational solution for HTGS to the database, defin-
ing the data types for each field and identifying the primary key(s) for each table. For
foreign keys, enter “foreign key from table” (filling in the name of the table
from which it was posted) into the field’s description field. This is not required by Ac-
cess but is a project requirement to ensure your understanding of the foreign keys (and
it is a good habit to start for documentation purposes). For each foreign key field, if
the related minimum cardinality requires mandatory participation, make sure that the
field requirement is “yes” (not “no” which is the default). For example, a (0,N) Sales-
person—(1.1) Sale relationship implemented with SalespersonlD posted into the Sale
table. SalespersonlD is a foreign key in the Sale table, and the participation of Sale
with respect to that foreign key is mandatory. That is, we cannot enter data about a
sale without specifying which salesperson was responsible for that sale. In that case.
SalespersonID must be set for required data entry = “yes”. i

d. Create and save the relationship layout for the database, including all tables in the
database (this should be done after you have entered all of the tables from requirement
{c). Set referential integrity and cascade updates (but not cascade deletes) on all rela-
tionships.

e. Make up data to enter info the database tables. Each table must have at least 3 records
and you must enter data that are internally consistent and that conform to the mini-
mum and maximum cardinalities. For internal consistency, you need to make sure the
data make sense when viewed as a whole. For example, if you indicate that cash re-
ceipt #478 applied to sale #1764, and sale #1764 was made to customer #2, then cash
receipt #478 should also be indicated as coming from customer #2. For the minimum
cardinalities, if there is optional participation (for example, a salesperson can be en-
tered into the database before any transactions oceur) you need to have data reflect this
(e.g., a row for a salesperson in the Salesperson table that is not included in any of the
rows in the Sale table—in other words, create a salesperson that hasn’t yet made 2

4181
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sale). If participation is mandatory (such as a sale has to have a customer) you need
to have data reflect this (every sale record has a customer associated with it). If you
followed the instructions in requirement (¢) and specified such fields as required, Ac-
cess will force you to enter a data value for those mandatory cases that involved for-
eign keys. However, for mandatory participation in relationships that are implemented
with separate tables, you will need to enter the data appropriately and will get no
warning from Access. For the maximum cardinalities, your data should illustrate ei-
~ ther “at most one” or “‘at most many” participation. For example, say relationship be-
tween sale and inventory is such that one invoice can include multiple inventory stock
numbers and one inventory stock number may be included on multiple sale invoices.
Your database should itlustrate that at least one of your sales st mclude mltiphe in-
ventory items, and at least one of your inventory item numbers must be sold more than
once. Note that in some cases conforming to the maximum cardinalities may require
you to enter more than three records in a table.

f. Turn in the relational table structures you created on paper in requirement (a) and turn
in the Access database file you created in requirements (b) through (e).

Answers to Multiple Choice Questions
MCI1. C; MC2. B; MC3. C; MC4. D; MCS5. D.




Chapter Seven

Information Retrieval
from Relational Databases

LEARNING OBJECTIVES

The objective of this chapter is to illustrate the means by which information can be

retrieved (via querying) from relational databases to meet demands for enterprise

decisions. After studying this chapter you should be able to:

1. Identify and explain the purpose of the three primary relational algebra
operators

2. Identify and explain the primary components of a Structured Query Language
(SQL) query statement

3. ldentify the relational algebra operations achieved by a given SQL statement

4. Create a SQL statement to retrieve requested information from a relational
database

5. Examine a SQL statement and the tables to which it will be applied and identify
the guery result

6. Find errors in a SQL statement

7. Create a Microsoft Access Query By Example (QBE) to retrieve information from
relational tables

8. Examine a Microsoft Access QBE query and the tables to which it applies and
identify the query result

9. Find errors in a Microsoft Access QBE query

INTRODUCTION

In Chapter 6 we discussed the need for sound database design as a necessity for valid in-
formation retrieval. In this chapter we discuss querying logic and skills that are also nec-
essary for valid information retrieval. If a database is not designed correctly, information
retrieved from it may be meaningless: however, an enterprise database may be perfectly de-
signed and still produce meaningless information if it is retrieved incorrectly. Two philoso-
phies for providing information to decision makers are prevalent in practice. One approach
has information systems professionals predetermine what information users need from the
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database. Then the IS professionals create queries and build interfaces that allow the users
to run the queries without knowing any specifics of how they are constructed. The other
approach does not presuppose what information a user may nced but instead allows users
to query the database in an ad hoc fashion. This approach requires users to be trained in
whatever querying language is used for the database software in which the enterprise data-
base is implemented. Of course, these approaches may be combined by some enterprises
so that an interface is created to allow retrieval of some predetermined types of informa-
tion and ad hoe queryving is allowed for other information needs.

The need for learning how to retrieve information from relational databases for those
who desire to become information systems professionals is obvious. However, the need is
equally great for anyone who may perform ad hoc querying of a database to support their
decision making, or for anyonc who may evaluate the integrity of information retrieved
from an enterprise database. In short, all business professionals should be versed in the
techniques of relational databasc querying. This chapter includes a three-pronged approach
to database querying. First some elements of relational algebra are discussed to lay the
foundation of the underlying logical procedures in querying. Relational algebra is part of
the relational database model and therefore is based on set theory and predicate logic. The
sceond prong discussed is Structured Query Language (SQL), which is a querying lan-
guage shared by many relational database software packages. The third prong discussed is
Query By Example (QBE), which is a type of query interface intended to be more point-
and-click in naturc and to require Icss user expertise. This chapter illustrates the QBE ver-
ston used in Microsoft Access. Different relational database software packages have slightly
different QBE interfaces: however, familiarity with the Microsoft Access QBE interface
should help you to also understand QBE interfaces in other relational database software.

QUERYING RELATIONAL DATABASES

Enterprises need information in many formats to support different types of deeisions.
Mugch of the information is derived from the same underlying data, but those data must be
aggregated in various ways. For example, the marketing manager for the southeast region
of an enferprise may need to know last month’s sales dollar value for the southeast region.
That same marketing manager may also need to know what last month's sales quantity was
for a particular product or product line in the southeast region. The accountant for the en-
terprise needs to know last month’s total sales for the entire enterprise to report on the in-
come statement. These three pieces of information are based on the same underlying
data—that is, the disaggregated sales data which include sale dates, locations, products
sold, cash receipts received in exchange, and internal and external participating agents.
Because data are stored in a format different [rom that format in which they need to be
retrieved, it takes a certain skill set to be able to cffectively query a database. Several in-
o gredients are necessary for good information retrieval. First, the database itself must have
been well designed. Lf the tables are not fully relational, if the tables are incompletely spec-
ified, or if the conceptual model has not been correctly converted into relational format.
querying will be difficult or even impossiblé—Second. the query designer must have a thor-
ough knowledge of the database table structures and of the nature of the data in the tables.
To understand the database table structures, the query designer must have some basic
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knowledge of database design. Third, the query designer must completely understand the
desired output—that is. the information actually needed to support the decision of interest.

i) Fourth, the query designer must have good logic and reasoning skills. Fifth, the query det&
signer must know the querying language used to retrieve information from the enterprise’s
database. Several querying language choices exist, but not all of them are available for
every database package. We discuss three of the prevalent choices next.

LATIONAL ALGEBRA

When the relational database model was initially created, Codd specified relational alge-
bra as a language for retrieving data from the tables.! Because the tables were created in
conformance with set theory and predicate logic, it makes sense that the means for re-
trieving data from the tables is also based on set theory and predicate Togic.

Many relational algebra operators are used to allow complete manipulation of relational
database tables; however, most basic queries are covered by three of these operators:
PROJECT, SELECT, and JOIN. In applying these operators, we discuss horizontal and
vertical subsets of tables, Rows form the horizontal part ol a relational table; columns form
the vertical part of a table. Therefore a horizontal subset is a part of the table that includes
only some of the table’s rows (but includes all the columns). A vertical subset is a part
of the table that includes only some of the table’s columns (but includes all the rows).
PROJECT (pronounced pré-JECT’) is an operator that retrieves a vertical subset of a
table. The SELECT operator retrieves a horizontal subset of a table. The JOIN operator
is the most powerful of the relational algebra operators, allowing us to combine separate
but related tables by linking them on their common attributes.

The following tables give examples of each of the relational algebra operators.

Employee

EmpID SocialSec#  LastName FirstName Street Address Pay Rate Telephone DeptlD

E1 1233456/8 Adams Anita 144 Apple 5t. $10 555-1234 D4
EZ 234456789 Boston Benjamin 255 Banana Rd. $12 555-2345 D2
E3 345567890 Crabb Charlie 366 Cherry Ave, $14 555-3456 D2
E4 456678901 Davis Deborahh 477 Dip Dr. $32 555-4567 D1
ES 567789101 Engler Edvward 588 Eggplanit St. $11 555-5678 D4
E6 678891012 Folkert Fawn 699 Fruity Ave. $23 555-6789 D3
Department gl &
DepartmentiD Name

D1 Executive Management

D2 Accounting

D3 Information Systems

Da Operations

'E. F Codd, “Derivability, Redundancy, and Consistency of Relations Stored in Large Data Banks,” IBM
Research Report RIS99, August 19, 1969; and “A Relational Model of Data for Large Shared Data
Banks," CACM 13, no. 6 (June 1970}, republished in Milestones of Research: Selected Papers
1958-1982, CACM 25th Anniversary Issue, vol. 26, no. 1 (January 1983).
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Training Courses Employee Takes Course
CourselD Description Length EmplID CourselD DateTaken
ACH Accounting Fundamentals 2 days E3 ACH May 1-2
AC2 Chart of Accounts 5 days £3 ACZ June 24-28
151 Basic Information Systems 5 days 6 151 June 24-28
152 Database Design 5 days E6 152 July 8-12
MD100 ERP Systems 10 days E4 ACI Oct 14-15

PROJECT Example

Imagine the enterprise wants to create an emergency phone tree—a list of employee names
and their telephone numbers. The first step is to determine which table or tables contain the
attributes that need to be accessed by the user. Only one table is needed—the Employee
table. However, the enterprise does not want to simply print out the employee table because
they do not want sensitive information such as social security numbers and pay rates to be
included on the phone trec; they only want the names and phone numbers to appear. There-
lore they need a vertical subset of the Employee table. A relational algebra query that
makes use of a PROJECT provides the requested information:

PROJECT Employee Over (LastName, FirstName, Telephone) Giving Answer

This command tells the database software package to list a vertical subset of the Employee
table, with that subset consisting of the three columns that contain the last name, first
name, and telephone, and to present that subset in a new view called Answer. The result of
this relational algebra operation is:

Answer

LastName FirstName Telephone

Adams Anita 555-1234
Boston Benjamin  555-2345
Crabb Charlie 555-3456
Davis Deborah  555-4567
Engler Edward 555-5678
Folkert Fawn 555-6789

SELECT Example

Imagine this has been a difficult economic year for the enterprise, especially in terms of
cash flow. and as a result the enterprise has decided to give cost-of-living raises to only
those employees whose current pay rate is less than $15 per hour. Since only the payroll
department personnel are going to see the information, there is no need to leave out any
attributes from the query result. Therefore they need a horizontal subset of the Employee
table, filtering out those employees who make $15 or more per hour. A relational algebra
query that makes use of a SELECT will provide the requested information:

3}‘{ SELECT Employee Where PayRate <15 Giving Answer
!
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This command tells the database software package to list a horizontal subset of the Em-
ployee table, with that subset consisting of the employees for which the PayRate data value
is less than 15, and to present that subset in a new view called Answer. The result of this
relational algebra operation is:

Answer

EmplD SocialSec#  LastName FirstName Street Address Pay Rate Telephone DeptiD

E1 123345678 Addms Anita 144 Apple St $10 5551234 D4
E2 234456789 Boston Benjamin 255 Banana Rd. $12 555-2345 D2
E3 345567890 Crabb Charlie 366 Cherry Ave. $14  555-3456 D2
E5 567789101 Engler Edward 588 Eggplant St. $11  555-5678 D4

JOIN Examples

A JOIN combines two or more tables on the basis of a commen attribute. Recall from
Chapter 6 that relationships between entities are represented in relational database tables
by posting attributes from some tables into other tables (e.g.. by posting a foreign key into
another table, or by creating a concatenated primary key by posting keys from two differ-
ent tables to form a new table). Joins are used to establish these links between tables for
querying purpeses when information from two or more related tables is needed to answer
a question or create a report.

Two Lypes of joins are of interest for most enterprise queries. One is called an inner join
or an equi-join, This type of join combines the tables together. keeping only those rows for
which the data values of the common attribute match exactly. Note that the JOIN operator
in relational algebra retains all attributes of both tables. Performing a PROJECT operation
on the answer then eliminates unwanted columns.

Imagine the enterprise wants to prepare a list of employees and the names of the de-
partments to which they are assigned. Most of the information needed for this query is
available in the Employee table; however. to obtain the names of the departments, the De-
partment table is also needed. Begin with a JOIN relational algebra command as follows:

%JOIN Employee Department Where Employee.DeptID=Department.DepartmentD
7

Giving Answer

The result of this command is:

Answer ll o
Last First Pay Depart-

EmplD SocialSec# Name  Name Street Address  Rate Telephone DeptlD! mentiD Name

E1 123345678 Adams  Anita 144 Apple St. $10 555-1234 D4 D4 Operations
E2 234456789 Boston Benjamin 255 Banana Rd. $12  555-2345 bE 1 Dbz Accounting
2 345567890 Crabb  Charlie 366 Cherry Ave. §$14  555-3456 D2 D2 Accounting
B4 456678901 Davis Deborah 477 Dip Dr. $32  555-4567 D1 D1 Executive

Management

35 567789101 Engler  Edward 588 Eggplant St.  $11  555-5678 D4 D4 Cperations
E6 678831012 Folkert  Fawn 699 Fruity Ave. $23  555-6789 D3 D3 Information

Systems
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To filter out all columns other than the employee names and department names (if those
were the only attributes needed) a PROJECT command can be issued as follows:

PROJECT Answer Over (LastName, FirstName, Name) Giving Answer2

The result of this command is:

Answer2

LastName FirstName Name

Adams Anita Operations

Boston Benjamin Accounting

Crabb Charlie Accaunting

Davis Deborah Executive Management
Engler Edward Operations

Folkert Fawn Information Systems

"L{\\QC Seon For this example, an inner join yielded complete information because all employees are as-

vy e,

signed to departments, and all departments have at least one employee assigned to them.

Sometimes an inner join leaves out some information that is important for a given de-
cision. Using the example tables given. imagine the enterprise wants a list of the employee
names and the IDs and descriptions of each training course each employee has completed.
The dara needed to satisfy this information need are located in the Employee and Training
Courses tables. However. the table that cstablishes the relationship between these entities
is also needed in completing the query because that is where the common attributes be-
tween Employee and Training Course are located. In other words, there are no common at-
tributes in the Employvee and Training Course tables. However, the Employee and Em-
ployee Takes Course tables contain a commeon attribute (EmplID), and the Training Course
and Employee Takes Course tables contamn a common attribute (CourselD). Thus we need
to perform two join operations as follows:

JOIN Employee Employee Takes_Course Where

.— Employee. EmpID=Employee_Takes_Course.EmplID Giving Answer

JOIN Answer Training_Course Where Answer.CourselD=Training_Course.CourselD
Giving Answer2

The result of the first JOIN is

Answer
Last First Pay Course Date
EmpID SocialSec# Name Name Street Address Rate Telephone DeptlD EmpliD D Taken
E3 345567890 Crabb  Charlie 366 Cherry Ave. $14.  555-3456 D2 E3 ACT May 1-2
E3 345567890 Crabb  Charlie 366 Cherry Ave.  $14  555-3456 D2 P £3 AC2 June
24-28
E4 456678901 Davis Deborah 477 Dip Dr. §32  555-4567 D1 E4 ACT Oct
14-15
E& 678891012 Folkert Fawn 699 Fruity Ave. $23 555-6789 D3 E6 IS1 June
24-28
E6 678891012 Folkert Fawn 699 Fruity Ave. $23 555-6789 D3 E6 152 July

8-12
|

- ] g
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The result of the second JOIN is
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Answer2
Last First Pay Date
EmpID SocialSec# Name Name Street Address Rate Telephone DeptlD| EmpllD CourselD Taken
(B3’ 345567890 Crabb Charlie 366 ChemyAve. $14 5553456 D2 | (35 @ May 1-2
E3 345567890 Crabb Charlie 366 Cherry Ave, $14  555-3456 D2 E3 AC2 June
24-28
E4 456678901 Davis Deborah 477 Dip Dr $32  555-4567 D1 E4 ACT Oct
14-15
E6 678891012 Folkert Fawn 699 Fruity Ave.  $23  555-6789 D3 E6 iS1 June
24-28
£6 678891012 Folkert Fawn 699 Fruity Ave. $23  555-6789 D3 E6 152 July \
g&-12

Answer2 (continued—part of same Answer2 table)

CourselD Description Length
@ Accounting Fundamentals 2 days
AC2 Chart of Accounts 5 days
ACT Accounting Fundamentals 2 days
151 Basic Information Systems S days
152 Database Design 5 days

g

Next we need to perform a PROJECT operation to eliminate the duplicate columns and to
filter out any columns that are not needed based on the information request, as follows:

PROJECT Answer2 Over (LastName, FirstName, CourselD, Description) Giving
N Answer3

The result of this command is:

Answer3

LastName FirstName CourselD Description

Crabb Charlie ACT Accounting Fundamentals
Crabb Charlie AC2 Chart of Accounts

Davis Deborah AC1 Accounting Fundamentals
Folkert Fawn 151 Basic Information Systems
Folkert Fawn 152 Database Design

Examine closely the Answer3 result to determine whether this list meets our information
need; it contains employee names and the course ID and description of courses they have
taken. If we only want a list of employees that have taken firm-offered training courses,
then our need is met. However, what if we want all our employees included on this list,
with blanks left next to those who have not yet taken a firm-offered training course? Then
our need was not met, because three of our employees (Anita Adams, Benjamin Boston,
and Edward Engler) do not appear in Answer3. Let’s backirack to figure oul when and why
they were deleted. Notice that they did not appear in Answer2 either. Indeed, they were
climinated when the first JOIN of Employee and Employee Takes Course was performed,
because their employee 1Ds did not appear in the Employee Takes Course table and the

'Tj:w\-\@(’ _‘Sc-t\ C}'j

T AmEENY o1 4 &8
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JOIN was an inner join. To include all the employees in our answer, we must perform a dif-
ferent type of join. An outer join keeps unmatched records and pairs them with null val-
ues. A full outer join kecps unmatched records from both sides, and the final answer (with
the projection done) would look as follows:

Answer3 (result of full outer joins and projection)

LastName  FirstName  CourselD Description
Adams Anita
Boston Benjamin
Crabb Charlie AC1 Accounting Fundamentals
Crabb Charlie AC2 Chart of Accounts
Davis Deborah ACT Accounting Fundamentals
Engler Edward
Folkert Fawn 151 Basic Information Systems
Folkert Fawn Is2 Datahase Design

MD100 ERP Systems

A right outer join keeps unmatched records from the second table listed in the join and
eliminates unmatched records from the first table in the join. The answer for our example
with a right outer join is:

Answer3 (result of right outer join and projection)

LastName FirstName  CourselD Description

Crabb Charlie ACI Accounting Fundamentals
Crabb Charlie ACZ Chart of Accounts

Davis Deborah ACT Accounting Fundamentals
Folkert Fawn 151 Basic Information Systems
Folkert Fawn IS2 Database Design

MD100  ERPSystems (@

A left outer join keeps unmatched records from the first table listed in the join and elimi-
nates unmatched records from the second table in the join. The answer for our example
with a left outer join is:

Answer3 (result of left outer join and projection)

Laﬂ\lam‘e_ )FirstNaﬂe CourselD Description
("Adams Anita
i Bostan Benjamin
" Crabb Charlie ACT Accounting Fundamentals
Crabb Charlie AC2 Chart of Accounts
Davis Deborah ACH Accounting Fundamentals
Engler Edward
Folkert Fawn 181 Basic Information Systems
Folkert Fawn 152 Database Design

Which of these answers best satisfies the information need we were trying to meet? The
left outer join provides a list of all employees (whether or not they have taken a training
course) and for those who have taken training courses, it lists the training courses taken.
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Therefore for this information need, the left outer join provided the best solution. For other
information needs, an inner join, or a right outer join, or a full outer join may provide the
best data. The best answer depends on the question being asked!

2 S$TRUCTURED QUERY LANGUAGE

Although relational algebra was developed as part of the relational model, it is not the most
commonly used data manipulation language today. One weakness of relational algebra
is that each operator must be accomplished in a separate query. That is. a projection and a
selection are not accomplished in the same query: two queries need to be executed to ac-
complish the two operations. Structured Query Language (SQL) was developed to enable
the performance of multiple operations in a single query. It was also believed that use of a
standard format for every query would simplify the task of query development, which had
proven to be very difficult for many users. For relational algebra, users must learn differ-
ent syntax for each of the various relational algebra operators (including the three we have
discussed as well as several others). In SQL, every information retrieval query follows a
structured, predefined syntax as follows:

SELECT atiribute name(s)
FROM table name(s)
WHERE condition criteria is mei;

Note that the semicolon at the end of the SQL statement is very important if the system
vou are using allows more than one SQL statement to be executed in the same call to a
database server, because it communicates to the database software that the end of the query
statement has been reached. If that is left off, the query will not be executed. Most current
relational database software packages automatically put the semicolon at the end of the
statement to help avoid the syntax error that may occur when it is missing. For some
queries not every component in this syntax is necessary, and for other queries additional
components must be included, but in general every SQL statement must conform to this
format. Although most companies and most database software packages do not make di-
rect use of relational algebra syntax, it is helpful when you are deriving queries to consider
the three major relational algebra operators and determine how you will accomplish those
in either SQL or QBE. To begin we examine how the selection, projection, and join oper-
ators are achieved in SQL.

he first component of each SQL statement (that is, the SELECT component) specifies
which attribute(s) are to be included in the answer to the query. Recall that attributes are
the columns of the table(s). Thus this.component of the SQL statement accomplishes the
projection relational algebra operatorf he second component of each SQL statement (that
is, the FROM component) specifies the tables that contain the data to include in the answer.
If there is just one table, this component of the SQL statement simply identifies which table
it is. If multiple tables are needed to meet the information request, this component helps
to achieve the rgfational algebra JOIN operation (but does not achieve the join without the
next component/The third component of the SQL statement can serve two purposes. In
combination with the FROM component, it helps to achieve the relational algebra JOIN by
specifying the fields for which the two joined tables should have equal values. Alterna-
tively (or additionally) the WHERE component specifies criteria to be met by records in
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TABLE 7-1 Relational Algebra Operator SQL Statement Component(s)
Correspondence

of Relational PROJECT SELECT attribute name(s)

Algebra SELECT WHERE criteria are met

Operators and JOIN FROM table names

SQL Statement WHERE posted key field data values match
Components 2 == —

order to be included in the answer. Thus the WHERE component of an SQL statement ac-
complishes the relational algebra selection operator. Table 7-1 summarizes the SQL state-
ment components—SELECT-FROM-WHERE—that correspond to each of the rela-
tional algebra operators.

Next we use SQL to demonstrate the same queries that we formulated earlier.

PROJECT Example
The first query generated a list of employees’ names and phone numbers to be used for an
emergency phone tree. The query required a projection operator only. In SQL the query is
stated as follows:

SELECT LastNate, FirstName. Telephone

7Z FROM Employee;

Notice that when we are not trying to accomplish a relational algebra JOIN nor a relational
algebra SELECT operator, there are no criteria to be met and thus there is no WHERE
component to the statement.

SELECT Example
The second query we formulated with relational algebra was the list of employees (in-
cluding all attributes) whose pay rate is less than $15 per hour. This query required the re-
lational algebra selection operator but no projection or join operators. The SQL statement
for this query is as follows:
SELBET *

jk FROM Employee
WHERE PayRate <15.00;
Note that the asterisk (*) is a wildcard symbol and simply tells the database software pack-
age to include all attributes in the query result.

Combining SELECT and PROJECT in SQL
Notice that it is very easy to combine a relational algebra selection operator with a pro-
jection operator in a single SQL statement. Say you wanted to retrieve the names and tele-
phone numbers of the employees whose pay rate is less than $15 so you could call those
employees to tell them they are getting a cost-of-living raise. The following SQL statement
accomplishes everything the previous two statements did.

/A, FROM Employee

4 SELECT LastName, FirstName, Telephone
: WHERE PayRate <15.00;
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JOIN Examples
Next let’s examine how to accomplish the information request for a list of all employees
and the names of the departments to which they are assigned. We begin with a SQL state-
ment that accomplishes only the JOIN operation (that is equivalent to the first relational al-
gebra JOIN statement). The SQL statement is as follows:

SELECT *

FROM Employee, Department

WHERE Employee.DeptlD=Department. Department] D

In our relational algebra example of this query. we had to execute a second query to ac-
complish the PROJECT operation. Qur SQL. statement may be revised slightly to accom-

\
o® ;)& plish both the JOIN and the PROJECT in just one query as follows:
o SELECT LastName, FirstName, Name [ As & o .
FROM Employvee, Department \ Stepc - Cﬁ\) I >

WHERE Employee.DeptID=Department. DepartmentID;

Keep in mind that the latter query replaces the former query. Whereas in relational alge-
bra we must use two separate queries to accomplish the two separate operations, in SQL
we combined them into just one query.

To specify that a JOIN needs to be an outer join (to retrieve all records from a table for
which no match is available in the joined table), the syntax needs to be varied slightly. The
outer join must be specified as a Left Join or a Right Join in the From clause of your SQL
statement. Whether you use a left or right outer join depends on the order in which you list
the tables in your SQL statement. Assume for our employees and departments example we
want the list to include the DeptName in our answer, and we want the names of all de-
partments even if they do not have any employees assigned to them. Our statement should
be formulated as follows:

SELECT DeptName, LastName, FirstName, Name

‘::I FROM Department]_l__cf‘{;loin mployee
sl On Department.Department!D=Employee. DeptID;
The following Right Join statement would accomplish exactly the same thing:
SELECT DeptName, LastName, FirstName, Namec
FROM Employec Deparlmem
-7

On Department.DepartmentID=Employee.DeptlD;

Some other clauses are needed to accomplish many queries for decision-making purposes.
For example, we need to be able to calculate amounts based on fields in our database. You
may recall from Chapter 4 that it is undesirable to store any derivable attributes for which
the value will change upon the entry of new data. For example, “Quantity on Hand” as an
attribute in an Inventory table has a value that needs to be increased every time a purchase
is made of an inventory item and decreased every time a sale is made of an inventory item.
Unless the database is capable of using a concept called triggers, which is like storing a
formula instead of a value in the table’s cell, it is preferable not to store this as an attribute
in the Inventory table, but instead to create a query we can run whenever we need an
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updated value for this field. Therefore we need to be able to create formulas within our
queries to caleulate such values.

Using Mathematical, Special Comparison, and Logical Operators

in SQL Queries
Mathematical comparison operators are sometimes needed as criteria by which data val-
ues are selected for inclusion in a query result. Examples of mathematical comparison op-
erators include:

= equal to

< less than

> greater than

< less than or equal to

> greater than or equal to

<> not equal to (in some software this is denoted as !=)

These comparison operators may be applied to any type of ficld. For date fields, dates that are
earlier in time are considered to be “‘less than™ dates that are later in time. For example, April
I, 1980, is less than June 1, 1980. Most database software packages are able to compare and to
perform calculations with date fields because they store the Julian date rather than the text for-
mat of the date. The Julian date is the value assigned to a date based on a continuous count as-
signment to days on the Julian calendar starting January 1, 4713 B.C.E. (before common era).
That date is assigned a Julian value of 1. Today’s Julian date value (depending on when you are
reading this) is likely somewhere in the 2.5 to 3 million range. For text fields, earlier letters in
the alphabet are considered to be less than later letters in the alphabet. For example, apple is
less than banana. Because comparison operators assist in isolating certain rows (i.e., relational
algebra’s selection operation) they are included in the WHERE clause of an SQL statement. The
query used earlier as an example accomplishing a SELECT in SQL (SELECT * FROM Em-
ployee WITERE PayRate < 15.00:) used a mathematical comparison operator.

BETWEEN is a special comparison operator that identifies instances within a certain
range of values. The endpoints of the range are included. Use of a BETWEEN operator is
equivalent to using a combination of less than or equal to with greater than or equal to. For
example, a query to include all sales for the month of June 2005 in its answer could be con-

. structed using WHERE SaleDate >=6/1/2005 AND SaleDate <=6/30/2005, or it could be
F constructed using WHERE SaleDate BETWEEN 6/1/2005 and 6/30/2005.

IS NULL is a special comparison operator that identifies instances for which an attri-
bute value does not exist. EXISTS is a special comparison operator that identifies instances
for which an attribute value does exist.

Queries may include logical operators, also known as Boolean search operators, such
as AND, OR. and NOT. The AND operator accomplishes a set intersection; an answer to a
query connecting two criteria by an AND will contain only the instances that meet both
criteria. The OR operator accomplishes a set union: an answer to a query connecting two
criteria by an OR contains all instances that meet at least one of the criteria. The NOT op-
erator identifies instances that do not meet one or more conditions.

Using Calculations and Aggregation Functions in SQL Queries

There are two types of calculations we may need in queries. One type of calculation performs
mathematical operations within a particular column of data values, such as a computation of
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the average or sum of a set of values. Calculations within a column are aggregation functions,
and several are standard in SQL. To compute the average of a colummn in a query, you would sim-
ply add AVG in front of the field name in the SELECT clause of the SQL statement. For exam-
ple, if we wanted to compute the average payrate for all of our employees, we could specify:

w+ SELECT AVG(PayRate)
/" FROM Employee;

Other aggregation functions that are applied the same way include SUM (to add a column),
MAX (to find the largest value in a column), MIN (to find the smallest value in a column),
and COUNT (to tell how many data values are in a column).

When we use aggregation functions in querying, we may not always want aggregate re-
sults for the table in its entirety. Sometimes we want aggregate results for certain combi-
nations of rows in the table. For example, we may want to calculate total sales for each
date, or we may want to know total purchase amount for each vendor. SQL offers a com-
ponent called GROUP BY that may be added after the WHERE component of a SQL
statement to achieve this subtotaling. Whatever field(s) the query is asked to group by will
be grouped together and any aggregation function that is used will be applied to the sub-
groups rather than to the entire table. Examine the following Sale table.

Sale

SalelD  Date Amount  Customer

5108 April 26 $432.00 C76
5109 April 26 $118.00 83
st10 April 27 $625,00 c19
$111 April 28 $375.00 38
5112 April 28 $864.00 C76

If you wanted to calculate total sales separately for cach date. you will need to GROUP BY
date. The query is formulated as follows:
. SELECT Date, SUM(Amount)
= FROM Sale
GROUP BY Date;

The answer that results from this query is:

SalesByDate

Date SumofAmount
April 26 $550.00
April 27 $625.00
April 28 $1,239.00

If instead. you wanted to calculate total sales separately for each customer, you will need
to GROUP BY customer. The query is formulated as follows:

SELECT Customer, SUM(Amount)

FROM Sale

GROUP BY Customer;
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The answer that results from this query is:

SalesByCustomer

Customer SumofAmount
C19 $625.00
38 $375.00
C76 $1,296.00
€83 $118.00

The other type of calculation needed in some queries is a calculation that computes a math-
ematical function using data values from two fields in a record. Examine the following
table that represents a stockflow relationship between Sale and Inventory.

Stockflow

ItemID SalelD QtySold UnitSellPrice
i $108 10 $25.00
I $109 4 $25.00
11 S111 15 $25.00
12 $108 10 $15.00
12 $112 41 $14.00
13 5108 4 $8.00
13 $109 2 $9.00
13 $112 29 $10.00
IS 5110 25 $25.00

To calculate the sale line extension for a stockflow record, a new field must be created and
defined as the product of QtySold and UnitSellPrice. The query is formulated as follows:

SELECT QtySold*UnitSellPrice As SaleLineExtension
FROM Stockflow;

UERY BY EXAMPLE IN MICROSOFT ACCESS

Much of the ad hoc querying that is done to support enterprise decision making is done by
users who are not trained in SQL. Although most relational database soflware can run
queries that are created in SQL form. most packages also offer an interface intended to
make querying have more of a point-and-click feel. Such an interface is called Query By
Example (QBE) because it has the user provide an example of what they want the answer
to their query to look like. The user doesn’t need to learn SQL code to generate many use-
[ul queries. However, it is very important to understand exactly what the different elements
of the QBE interface accomplish when developing a query. If you do not ask the correct
question, you will not get the correet answer! Query By Example can seem casier than it
really is. Think about this: the less you understand the language of a person (or computer
software) to whom you are asking a question, the more likely you are to make a mistake
in asking that question. You may understand what you are trying to ask, but if you cannot
adequately communicate the question to the database software, you will not get the answer
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you need. The dangerous thing is that you may not even realize the answer is incorrect! Of
course that warning is also true for users querying with SQL, but our own anecdotal ex-
perience leads us to believe QBE is more likely than SQL to cause a false sense of secu-
rity for untrained users. Most users who are trained in SQL are instructed to test their query
construction before relying on the result, whereas many QBE users do not receive such
instruction.

Because we are using Microsoft Access as our physical implementation software, next
we examine some elements of querying with the QBE interface in Access. Note that Ac-
cess also offers a SQL view in which users can directly enter queries in SQL form, so if
you are comfortable with SQL you may choose to bypass the QBE interface.

To create a new query in Microsoft Access. you first need to open a database. It is im-
portant for you to have a solid understanding of both the design and content of the tables
from which you are trying to retrieve information before you create any queries. The over-
all approach to Querying By Example in Access is as follows

1. Select the table(s) and/or query(ies) that contain the fields that eventually need to
appear in the query result, and establish any joins that are needed (make sure to use
the appropriate join type).

2. Drag the ficlds that need to be manipulated or that need to appear in the query result
into the query grid in the lower half of the query design view.

3. Complete whatever steps are needed to develop the answer
a. Set criteria to filter out irrelevant records.

b. Use aggregation functions within fields for which such calculations are appropriate
OR create calculated fields using standard mathematical operators.

c. Apply any other needed functions such as Group By or Sort.

Keep in mind that you may need to accomplish your end result with a series of queries that
build on each other. Generally you will end up with a wrong answer if you mix calculated
fields (which perform mathematical calculations involving multiple columns) and aggre-
gation functions (which summarize within a column). Access doesn’t know which to do
first, the vertical caleulations or the horizontal calculations and if the query runs at all,
it may create an answer that includes every possible combination of everything. It is best
to create one query that applies the aggregation functions and then create a new query
(using the first query as the starting object) that accomplishes the horizontal calculations,
or vice versa, depending on the query demands.

Familiarization with Database

To allow a comparison and contrast with relational algebra and SQL, we use the same
queries introduced earlier for discussing QBE. The database we use therefore consists of
the same tables we used earlier in the chapter. We display them here in Microsoft Access
as Exhibit 7-1 so you can see that we are using the same data. We also provide the Access
data file in case you want to follow along on a computer as you read.

To display each of these tables on the screen simultaneously we simply opened each one
in datasheet view and resized the table windows so they would fit on the screen. We next
display the relationship layout as Exhibit 7-2 so you can familiarize yourself with the re-
lationships between tables that are formed by the use of posted keys.
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Please note that this is not intended to be a complete database. Only the tables neces-
sary to illustrate the query examples are included. It is important for you to familiarize
yourself with each table’s design. The table design view for the Employee and related ta-
bles that are used for most of the queries are displayed as Exhibit 7-3.

It is more informative to look at the design view within Microsoft Access itself, because
the field properties panel may be different for each field. and you can see those differences
only by clicking on each field and then examining the field properties panel. From the
upper panel you can see the data type. which in many cases is all you need to know about
each field when using it in a query. Knowing the data type is important because you can
use most mathematical functions only on number and currency fields: you can also per-
form limited mathematical functions on date fields, for example to compute the difference
between two dates or between a stored date and the current date. The latter is useful for
calculating information such as the number of days an invoice is past due; the former is
useful for calculating information such as the average delivery time for a particular ven-
dor. You must be familiar with the structure of the database tables you are querying,
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Starting a Query and Adding the Appropriate Tables and/or Queries
In the database window. click the Query button and choose New. Microsoft Access will then
display the New Query dialog box (see Exhibit 7—4), Choose design view (do not use query
wizards without having a complete understanding of the assumptions the wizards make).
Microsoft Access displays the Show Table window, which displays a list of tables and
queries in your database. The default is to show the tables; if you want to basc a query on
an existing query, you can click on either the Queries or the Both tab. Exhibit 7-5 illus-
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trates the Show Table window. To include tables in the query. either double-click on each
table name or click each name and click the Add button. To select multiple tables and add
them simultaneously, press the Ctrl key while you click on the table names and when all
the chosen table names are highlighted, click on Add. When all appropriate tables and/or
queries are added to the query window, click on Close. For our first query (generate a list
of employees” names and phone numbers to be used for an emergency phone tree) we only
need the Employee table, so simply double-click on Employee, then click on Close.

Resize the Query window and the Employee table window that appear so vou can see
all the fields in the Employee table and still see the lower panel of the query window as
shown in Exhibit 7-6. To resize windows, simply click and drag on the edges or corners.

The next step is to add ficld names from the table to the query grid. This can be ac-
complished either by clicking the field name(s) and dragging them down to the grid or by
double-clicking each field name ta add it to the grid. For our query we need only the names
and phone numbers for the emergency phone tree. Therefore we add LastName, First-
Name, and Telephone to the query grid as illustrated in Exhibit 7-7.

Because our query only needed to accomplish a PROJECT relational algebra operation,
our query is complete. To see the results of the query, we can either click on the icon that
looks like an exclamation mark (!), or switch to datasheet view (either click on the
datasheet toolbar button or select View, Datasheet). A query’s answer in Microsoft Access
is not actually a table, but is called a dynaset. A dvnasct looks and behaves like a table but
is not actually stored as a table—it is generated as a view each time the query is run. The
dynaset resulting from your query will appear. If new data that affect the query result are
added to the database, the next time the query is run, the dynaset will reflect the addition
of the new data. The answer to our first query is shown in Exhibit 7-8.

Once we are certain our query is executing properly, we need to save the query so it can
be run again in the future, To save the query, cither click on the Save fcon (it {00ks ke a
diskette) or click on File, Save. That will bring up a Save As window into which you can
type a meaningful name for your query and click on OK. See Exhibit 7-9.

Our second query (a list of all attributes of employees whose hourly pay rate is less than
$15) accomplishes the relational algebra SELECT operator. To begin, create a new query
and add the Employee table to the query window following the same steps illustrated in
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Exhibits 74 through 7-6. The next step is to add all the fields from the Employee table
into the query grid. Next it is time to specify the criteria by which the horizontal subset is
to be defined. In this example, the field for which the criterion needs to be specified is
PayRate. and the criterion is <15. The query grid includes a line labeled Criterion on which
to enter the logical operator expression. Criteria should be entered on the same line in the
appropriate fields for any query that includes the logical operator AND, Criteria should be
entered in the Criteria line for one of the appropriate fields and on the Or line for the other
appropriate field for a query that includes the logical operator OR.
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Exhibit 7-10(a) illustrates the appropriate design for this query, and Exhibit 7-10(b)
shows the resulting dynaset.

The third query we looked at in relational algebra and SQL was one in which we wanted
a list of employees and the names of the departments to which they are assigned. This
query required a JOIN relational algebra operator as well as a PROJECT to narrow down
the answer to only include the employee name and department name columns. In SQL we
were able to combine those two operators into one query. In QBE we are also able to ac-
complish both operators with a single query. To formulate this query in QBE, follow the
steps in Exhibits 7-4 through 7-6 adding both the Employce and the Department tables to
the query window. Then add the LastName and FirstName ficlds from the Employee table
and add the Name field from the Department table to the query window. Exhibit 7-11
shows the result of these steps. Notice that a join line automatically appeared between Em-
ployee and Department, linking the DepartmentlD field in the Department table with the
DeptlD field in the Employee table. This line represents the join that was established in the
relationship layout as Access’s means for knowing that DeptID in the Employee table is a
posted foreign key from the Department table. Exhibit 7- 12 shows the result of this query.
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The fourth query we examined previously in this chapter was the list of all employees
and the training courses they have taken. To formulate this query in QBE follow the steps
in Exhibits 74 through 7-6, adding the Employee, CourseTakenByEmployee, and Train-
ingCourse tables to the query window. The joins established in the relationship layout ap-
pear in the query window (between the EmplID fields in the Employee and CourseTaken-
ByEmployee tables and between the CourselD fields in the CourseTakenByEmployee and
TrainingCourse tables). Next add the appropriate field names to the query grid (last name,
first name, course ID, course name). At this point your query design should resemble Ex-
hibit 7-13(a).
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Running this query results in the dynaset shown in Exhibit 7-13(b). What does this an-
swer tell you about the type of join Access uses by default? It must be an inner join, be-
cause only those employees who have actually taken courses show up in our answer.

To include ALL emplovees in the list, showing a blank for those who have not taken any
training courses, the join types must be changed. To change the join types, go back to the
query design and double-click on the join line between Employee and CourseTakenByEm-
ployee. A Join Properties window will appear similar to the one shown in Exhibit 7-14.
This confirms the join was established as an inner join, as it says “Only include rows where
the joined ficlds from both tables are equal.” This needs to be changed to “Include ALL
records from Employee and only those records from CourseTakenByEmployee where the
joined fields are equal” Notice that with Access’s QBE you don’t specify inner join, left join,
or right join—you simply choose the option that describes what you are trying to accomplish.

Onee you have chosen the appropriate option, click on OK. Next change the join type
for the join between CourseTakenByEmployee and TrainingCourse to include all records
from CourseTakenByEmployee and only those records from TrainingCourse where the
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EXHIBIT 7-14

Join Properties
‘Window

EXHIBIT 7-15
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Lines
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change join type
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If your tables are
in a different
order in the guery,
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or:
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joined fields are equal. Notice that the join lines change to arrows, as illustrated in Exhibit
7-15. The arrows point from the table for which all records will be included and toward
the table for which the records whose joined fields are equal will be included. When you

run the query again,

your answer should resemble Exhibit 7-16.

The fifth query we examined earlier was to calculate the average pay rate for our em-
ployees. This query requires an aggregation function called AVG. In QBE aggregation func-
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tions may be added to the query grid by clicking on an icon that looks like a summation
symbol. When that icon is clicked, a Total line is added to the query grid. When this line is
added, it defaults to a Group By aggregation. [f you click on Group By, a drop down menu
appears from which you can select Avg. Exhibit 7-17(a) illustrates the appropriate query de-
sign, and Exhibit 7-17(b) illustrates the query result.

The sixth query we examined earlicr in this chapter calculated total sales separately for
each date. In QBE this query is accomplished by adding the Sale table to the query win-
dow, dragging the date and amount fields to the query grid, adding the Total line to the
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EXHIBIT
7-17(b)
Average Pay
Rate Query
Result

EXHIBIT
7-18(a)

Total Sales

by Date Query
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EXHIBIT

7-18(b)
Total Sales

by Date Query

Result

-'_n-‘_',

E%icrmmcm s - [AvgPayRate - Select

| x '_E _@ & ¥ _ —_F;_-\g ;

Recordr 141 ¢ || T s mpe]efa

T

|wm ’%MM !ﬂtﬂ:‘t-' e —————

| R 2

Field: [Date Amount | \

f@aegatgm;nsmrgm amasrmmmﬂab

- _ =I5i{x]
g‘ﬂé@;m’ L R \“Vélil it
| SumOfamount « | aria! »00 w|H X m %

! Date | SumOfAmount
| 472612005 5:':.50 o0
|| /2712005 §625.00
113 4!25’2805 $1.239.00
1f Record: M]«i]_'z' TS
|| DatashestView g

query grid, and setting the Total line to Group By for the Date field and to Sum for the
Amount field. This query design is illustrated in Exhibit 7-18(a) and the result is displayed
in Exhibit 7-18(b).

If instead, you wanted to calculate total sales separately for each customer, yvou would
need to drag the Customer and Amount fields to the query grid, GROUP BY Customer and
SUM Amount. It is important when you are using aggregation functions that you only drag
the fields to the query grid that actually participate in an aggregation. If you drag the Date,
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Customer, and Amount fields, it is going to first group by Date and then group by Customer
(or vice versa depending which field is listed first). This will not give you the sum you want!
The final query we examined earlier required a caleulation of quantity sold multiplied by the
unit sales price to compute a sale line extension for a stockflow record. To accomplish this query
in QBE, add the Stockflow table to the query window. Drag all the fields to the query grid. Save
the query as Salel ineExtension. Saving the query with fields in the query grid makes those fields
available for manipulation in an Access tool called the Expression Builder, With the cursor in
the next available blank field in the query grid, click on the icon that looks like a magic wand, as
illustrated in Exhibit 7--19. Once the Expression Builder is open, double-click on the QtySold
field to place it in the expression window. Then click on the asterisk symbol for multiplication.
Double-click on the UnitSellPrice field to place it into the expression window. The expression
tells Access this field should store the multiplication of QtySold and UnitSellPrice. Click on OK
to close the Expression Buiider. The result of this query appears in Exhibit 7 20
In the dynaset, the expression is labeled with a generic term Expr/. To change this to a
more meaningful name, switch back to the query’s design view and in the expression’s
field, highlight the Exprl and type the more meaningful name, as shown in Exhibit 7-21.
We noted earlier that Access allows query entry via an SQL view as an alternative to the
QBE view. Let’s enter the SQL statement for the final query directly into Access instead of
using the QBE interface as an illustration. Start a new query, and when the Show Table win-
dow appears, hit close without adding any tables or queries to your query window. In the upper
left corner, the SQL with the small down arrow next to it indicates the path to switch to SQL
view. Click on the arrow next to SQL to display the SQL view, as shown in Exhibit 7-22.
The SQL view appears with the word SELECT followed by a semicolon. Access knows
that every SQL statement begins with the word SELECT and ends with a semicolon. All
that is needed 1s the detail that goes in between. Type the SQL statement in as shown in
Exhibit 7-23, then run the query to sce the same dynaset that resulted carlier using QBE.
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EXHIBIT 7-20
SaleLineltem
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Compare Exhibit 7-23 with Exhibit 7-20; the only difference is the ItemlD, SalelD,
QtySold, and UnitSellPrice attributes do not appear in Exhibit 7-23. That is because the
SQL statement did not specifically ask for these to be included. A slight revision to the
SQL statement will cause those fields to appear in the dvnaset, as follows:

SELECT ItemlID, SaleID, QtySold, UnitSellPrice, QtySold*UnitSellPrice As
SaleLineExtension FROM Stockflow:

PARAMETER QUERIES

Often users need to reuse ad hoc queries they construct on a regular basis, changing only the
date criteria. For example, a marketing manager that wants to know the total sales for a par-
ticular inventory item for a week or a month could use the same query with different date con-
straints. To increase the reusability of queries, Access offers the option of creating parameter
queries. Consider a query that specifies a date range as the criteria: BETWEEN 1/1/05 and
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1/31/05. A user who wants to reuse this query in the future for a different date range (c.g. BE-
TWEEN 2/1/05 and 2/28/05) must change the design of the query to change the date con-
straint. A parameter query for this situation does not specify the exact dates; instead, it in-
cludes parameter names for each date, for example BETWEEN [BeginDate] and [EndDate].
‘When the query is run, Access realizes that it doesn’t know what BeginDate and EndDate are,
so Access prompts the user to specify the values of these parameters. This enables the user to
change the dates each time the query is run without changing the design of the query.

Exhibit 7-24(a) illustrates the design of a parameter query. Access’s syntax for param-
eters requires that they be enclosed in square brackets. Parts (b), (¢), and (d) of Exhibit
7-24 show the prompts for the parameter values and the final query result.
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. CONCLUDING COMMENTS

Querying provides the power of the relational database model. Once you unlock the mystery
of query construction, whether you prefer SQL or QBE, you can tap into the wealth of in-
formation that is at your fingertips in a well-designed relational database. Enterprises today
typically store vast amounts of data in relational databases that can be retrieved in a variety
of different formats for different decision-making purposes. To ensure the information re-
trieved is valid, users should be well versed in relational database design. semantic query
logic, and the syntax of the particular query language used. This chapter is intended to pro-
vide you with only a cursory introduction to querying in SQL and Microsoft Access’s QBE.
To become proficient at querying, you must practice and learn through trial and error. The
automated help facility in Microsoft Access contains more examples of queries and will help
you to solidify your understanding of the query window, QBE grid, Expression Builder, and
[ other syntactic features of Microsoft Access QBE. If you do an Internet search using a search
engine such as www.google.com and keywords SOL tutorial you will find several tutorial
sites that provide help with understanding SQL syntax. Note, however, that you won’t find
| solutions for the semantic nature of queries vou need to formulate. Rather, you must first fig-
| urc out where the desired information is in your database and determine how to get that in-
formation (thinking about this in terms of the relational algebra operators can be very help-
1 ful). We strongly recommend using a pencil and a calculator (or exporting data to a
spreadsheet) to figure solutions out manually before attempting to create a query in Microsoft
Access. That ensures that you understand the logic of the query before enveloping the logic
into the syntax of either QBE or SQL, and it also gives you some check figures to use in de-
termining whether the query is functioning as planned. Comprehensive testing of queries that
are intended to be reused is crucial to ensure they will work for different dates (if date con-
stramts are included), and after new data are entered into the database. In each of the busi-
ness process chapters in this textbool (Chapters 8-13) we discuss information needs and pro-
vide some details about the semantic query logic needed to develop some commonly needed
figures for management decision making, including many financial statement line items.

Key Terms and Concepts

General Terms and Concepts

Ad hoc querying, /62
Aggregation functions, /73
Comparison operator, /72
Data manipulation
language, 69

Equi-join, /65

GROUP BY, /73
Horizontal calculation, /75
Horizontal subset of a
table, 7163

Information retrieval, 1617
Inner join, 763

JOIN (in relational
algebra), 163

Left Join, 171
Logical operator, /72
Mathematical
operation, /72

QOuter join, /68
PROJECT (in relational
algebra), /63

Query, /162

Query By Example
(QBE), 162

Relational algebra, 162
Right Join, /71
SELECT (in relational
algebra), 163
SELECT-FROM-WHERE
(in SQL), 170
Structured Query
Language (SQL), 162
Syntax, 169

Vertical calculation, 775
Vertical subset

of a table, 763
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Review Questions
RI1.

101

101

LO1

Loz
Lo3

LO3

Lo3

107

LO4, LO7

LO4, LO7

Microsoft Access Terms and Concepts

Datasheet view, 179 Join Properties Query window, 179
Design view, 177 window, /83 Relationship layout, 175
Dynaset, 179 Parameter query, 190 Show Tablc window, /87
Expression Builder, /87 Query grid, 175 SQL view, 175

R2.

R3.

R4.
RS.

R6.

R7.

R8.

RO.

R10.

Which of the relational algebra operators is needed to retrieve a vertical subset (i.e.,
a subset of columns) from a relational database table?

Which of the relational algebra operators is needed to retrieve a horizontal subset
(i.e., a subset of rows) from a relational database table?

Which of the relational algebra operators is needed to combine two tables together
in a query?

What is the standard format of an SQL query statement?

Which component of an SQL statement accomplishes a relational algebra SELECT
operation?

Which component of an SQL statement accomplishes a relational algebra PRO-
JECT operation? '
Which components of an SQL statement accomplish a relational algebra JOIN op-
eration?

What is the advantage to creating a query that includes a date constraint as a pa-
rameter query?

What is the difference between an aggregation (vertical calculation) and a hori-
zontal calculation?

Give an example of a query for which you would need to use a left join instead of
an inner join.

Multiple Choice Questions

LO7

107

104

We

. A query’s answer in Microsoft Access is referred to as a:
A. PROJECT
® Dynaset
C. Dataset
D. None of the above
\D%(.IZ. In Microsoft Access, the displayed links of all tables can be viewed in the:
A. Elements display
B. Table design

Relationship layout

D. QBE interface

C3. What does the asterisk (*) mean in SQL?

@ Include all attributes
B. Modify attribute

C. Delete attribute

D. None of the above
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107 Lﬁ QBE is an acronym for:
A. Query Before Example
B. Query By Excellence
C. Query By E-mail
Query By Example
LO4-LO9 C3. You have 200 distributors in your vendor table. Of these 200 distributors, approxi-
mately 40 are potential sources from whom no purchases have yet been made. You
need a report that provides the DistributorID, Name, and the total purchase dollar
) amounts made during a specified time period. The report needs to include cach of
’:ﬁ the 200 distributors, with zero balances appearing for the vendors from whom no
purchases have been made. Assume the table structures appear in your database
layout as follows:

Purchase Distributor

PurchaseNumber - DistributoriD
Date - Name

<« DollarAmount Address
Cash DisbursementiD Phone
VendorlD QuelityRating

What type of join do you need between the Distributor and Purchase tables for the
query on which this report will be based?
® Inner join
B. Full outer join
C. Left outer join
D. Right outer join

Discussion Questions

101,102,103 D1. Whatare the advantages (and/or disadvantages) of SQL compared to relational algebra?
1oz,L07  D2. What are the advantages (and/or disadvantages) of QBE compared to SQL?
105,106,108, 10 3. Explain why a poor database design results in information retrieval problems,
105, 106,108,109 D4, Explain how incorrect information retrieval results may be obtained from even a per-
fectly designed database.

Lo4 D35, Create a query in SQL that will list the last name, first name, and telephone number
for all the customers who live in Florida. States are entered in the database using their
two digit postal abbreviation (Florida is FL). The customer table structure (field types
are noted) follows:

Customer
CustomerlD LastName FirstName Telephone  City State CreditLimit AcctsReceivableBalance
Text Text Text Text Text Text Currency Currency

LO3 D6. You have three tables in your relational database: Student, Course, and TakenBy.
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Student Course

No.
StudentiD Name Address CourselD Description Credits
S1 Angelo Ramon 8892 Sandhurst | Economics 3
52 Chloe Zenker 1262 Gingersnap £2 Finance 3
$3 Harold George 1495 Colorado 3 Marketing 3
TakenBy

StudentiD CourselD Semester GradeEarned

51 cl Sp2010 A
si c3 Sp2010 B+
51 c2 Fa2010 A
52 1 $p2010 B
52 c2 Fa2010 A
52 c3 Fa2010 A
s3 el Fa2010 A
3 c2 Fa2010 B+

What information will result from the following SQL query applied to this re]ationél
database?

SELECT StudentID, Name

FROM Student, TakenBy

WHERE Student.StudentID=TakenBy.StudentID AND CourseID=CI AND
GradeEarned=A;

106 D7. You have three tables in your relational database: Movie, Star, and RolePlayed.

Movie Star

MovielD Title Rating StariD Name YearBirth
M1 Castaway PG-13 St1 Tom Hanks 1956
M2 You've Got Mail PG St2 Meg Ryan 1961
M3 City of Angels PG-13 St3 Nicolas Cage 1964
RolePlayed

MovielD StariD CharacterName

M1 St Chuck Noland
M2 St1 Joe Fox

M2 St2 Kathlean Kelly
M3 St2 Maggie Rice
M3 St3 Seth

If the goal is to retrieve the title and rating of each movie in which Meg Ryan
played a role. what errors, if any. exist in the following SQL statement?
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SELECT*
FROM RolePlayed
WHERE StarID="Meg Ryan™;

108 D8. You have two tables in your relational database: Loan and Lender as illustrated in
Exhibit 7-25 below. What information will result from the QBE query applied to
the relational database tables in Exhibit 7-25?

EXHIBIT 7—25

E&ﬁtm&mwlﬂswﬂﬁ

;-!JE“ @ % @t = F- 1 izl ~@NDA-
3l EAMD = 8
i 8 Doy e | > 2 - EE R | LenderD [ Nome | Address |
75 = [_|* Len? Eighth Bank 1824 Eighth Street N&JMW! Swwan |
JE] cuneasiyinougye ¥|+len?  ‘VVoridwds Bank 5775 industial Plaza 507:213-5713 Kimberly
] Create query by eng wiraed sl
I ol Recorc: 1] 4] T r o2

G TRk el ||
LoaniD | OriginationDat InftiatPrincipa] _interesiRate | LenderD
| ot 12010 $400,000.00 10 Lant
| fLa2 63012010 5260,000.60 g Len
ﬁus V12012 $500,600.00 Fren2
5060 0
Rmd ] H'__»: L] nlnH

Phang. Tnieresifiste
Contact Lerdes 1
1=
<!
Fiekd: [Londeris Parmt: Phone.
Tabde: [Lander Lencer Landar.
Totsl {Growp By | Groves By | Group By
Sort
Show: = BT
Criteria:
o
£l

109 D9. Inspect the StockflowSale-Tnventory table and related QBE query in Exhibit 7-26.
What errors, if any, exist in the QBE query if the goal of the query is to calculate
the total sales dollar value for each inventory item? :
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EXHIBIT 7-26
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Applied Learning

103,108 Al. This applied learning assignment is based on the table structures for Friendly Public
Library (FPL). The table structures and underlying conceptual model for FPL are il-
lustrated in Exhibits 7-27 and 7-28. These exhibits do not represent the entire data-
base for FPL but include enough information for you to develop the queries they
need. Like most public libraries. FPL lends different types of media (e.g.. books,
journals, maps, and videos) to patrons at no cost. Different types of media may be
borrowed for various lengths of time; some media types are noncirculating and may
only be used in the library. FPL created a database in which to storc some of its in-
formation, but FPL has not yet created any queries. For each of the following sce-
narios you are asked to create a query (or set of queries) to meet the information
need identified by FPL. Your instructor will provide you with the electronic database
file in Microsoft Access. You may use SQL view or QBE for cach of the queries. For
each query, print out the query design (use Alt-PrintScreen to copy the query design
and then paste it into a word processing application) and also print out the query re-
sult (you can use the File, Print menu to print the result). Be sure to label the print-
outs and put your name on your assignment.

a. Marketing wants to know whether more children’s fiction books are checked out dur-
ing the month of July than during the month of September. To determine this, Mar-
keting has requested that you create a query that calculates the number of children’s
fiction books checked out during July and another query that calculates the number
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EXHIBIT 7-27 FPL Table Structures®

Media Type

TypeCode CategoryDescription CheckoutPeriod

Media

ltemiD Title Author Publisher YearPublished DateAcquired MediaType®

Library Staff

EmpiD Name Address City State Zip Phone WH SocSect BankAcct#
i L B

PatronlD Name Address City State Zip Phone PatronType®

Loan {Checkout)

LoaniD Date Patronf LibraryStafff«
Loan-Media
LoaniD itemn|D DateDue DateReturned

Patron Type

TypeCode Description AgeCriteria

__*Primary keys are double-underlined; forcign keys are indicated with FK: WH = withholdings

of children’s fiction books checked out during September so that Marketing can
compare the totals. Can you think of a third query to make the comparison for Mar-
keting so they don’t have to make the comparison manually?

Payroll has decided that all ibrary employees must be paid via direct deposit. Until
now direct deposit has been available to employees but was not required. Payroll
needs a list of all library employees for whom no direct deposit information is on file
to prepare a memorandum to send to those employees. The list should include the
emplovee ID, name, address, and telephone number for each employee for whom di-
rect deposit information is missing.

. Operations is concerned that the library is running short on space in its public access

areas. Therefore, Operations wants to move all library holdings that are of a certain
age and that have not been checked out recently into a basement storage area. Those
items will be kept for some length of time and those that are not requested by any
patrons during that time will be sold, discarded, or given away. Items in the basement
that are requested by patrons will be moved to the main public access areas. Opera-
tions anticipates the need to identify items to be moved to the basement storage area
several times a year; therefore they request that the queries you write be ones they
can reuse with their choice of specified dates (for age of item and for how recently
an item has been checked out).

. Circulation needs to send out overdue notices each day to patrons whose media have

not been returned by the due date. Write a query or set of queries Circulation can use
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EXHIBIT 7-28 FPL Conceptual Model
EmplD Name Address City

LA e
State
Library o Zip
(ON) staff :g Sjﬁne

—0 of
lierniD Title Author Publisher c?:t: LoaniD  Date (1 1) ‘L Socse
T ? ? ?{: Yearpub i T ? ] Bankacct#
Media Lo Acqdate Loan
: (

PatronID Name Address City

(1.1) (1.1) R
Patron o State
Typification Lo Zip
—0 Phone

(O,N) (1,1)
Media type
Typifica-
tion2
5 (ON)
Code Description Checkout
period Patron type
) & 4

Code Description Age criteria

each day to identify the patron name, address, city, state, zip, and media title(s) for
each overdue item. Obviously it needs to be a query (set) that can be reused each d day,
with the ability to specify the date(s) involved. :

e. What is another information need you can think of for which some area of FPL may.
need a query or set of queries developed? Develop a query or query set that satlsﬁe;s
the information need you identified.

Answers to Multiple Choice Questions
MCI. B; MC2. C; MC3. A; MC4. D; MC5. A.




Chapter Eight

The Sales/Collection

Business Process

LEARNING OBJECTIVES

The objective of this chapter is to encourage an in-depth understanding of the
sales/collection business process, with a focus on the modeling of this transaction
cycle with the REA enterprise ontology and querying to meet information needs for
this cycle. After studying this chapter you should be able to:

1. Identify activities and documents common to sales/collection business processes
for various enterprises

2. Recognize similarities and differences between different types of revenue-
generating enterprises

3. Identify the components of the REA ontology in the sales/collection business
process

4. Explain how the sales/collection business process fits into an enterprise’s value
system

5. Explain how the sales/collection business process fits into an enterprise’s value
chain

6. Create a REA business process level model for an enterprise’s sales/collection
business process

7. Identify common information needs within the sales/collection process

8. Create queries to meet commeon information needs in the sales/collection process

INTRODUCTION

The sales/collection business process is sometimes called the revenue transaction cycle or
the order to cash mega-process; therefore, you must look past the labels an enterprise assigns
to its various activities and examine the substance to identify the sales/collection process for
a given enterprise. This chapter is the first of several in this module that examine business
processes in detail. Each of these chapters discusses how the transaction cycle of interest fits
into the value system and value chain levels for various enterprises. The REA business
process level design pattern is then discussed, as well as the task activitics that typically
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occur, the risks and internal controls associated with those activitics, the information needs
that arise within the business process, and the development of specific queries using Mi-
crosoft Access to meet some of the identified information needs.

SALES/COLLECTION BUSINESS PROCESS IN AN ENTERPRISE
VALUE SYSTEM

As you analyze and model a business process, you must clearly understand its purpose and
objectives. You must realize how the business process fits into the value system of the enter-
prise as a whole. At the value system level, the sales/collection process is the point of contact
between the customer and the enterprise. Goods and/or services flow from the enterprise to
the customer; cash flows from the customer to the enterprise, as highlighted in Exhibit 8-1.

From the value system we surmise that to exchange goods and services for cash with
the customers, we must attract customers, then help those customers select goods and ser-
vices, deliver the goods and services requested, and collect payments for the goods and ser-
viees. Generating revenue is the key to achieving growth and profitability. Enterprises can
produce an abundance of goods and create a varicty of services, but the real test of value
is whether someone will pay a price that covers the cost of goods and services and provide
the enterprise with an acceptable return on invested funds.

SALES/COLLECTION BUSINESS PROCESS IN ENTERPRISE
VALUE CHAINS

The value chain reveals interfaces between the sales/collection process and other business
processes. Exhibit 82 illustrates the typical value chains for manufacturing enterprises; for
merchandising enterprises such as retail stores, wholesale distributors, and rental agencies:
and for service-provision enterprises. Goods and services are made available to an enterprise’s
revenue process as a result of the conversion, acquisition/payment, and payroll processes; the
revenue process turns those goods and services into cash, which is made available to the fi-
nancing process. To turn the goods and services into cash, the revenue process must include
at least one economic event that transfers out the goods and services (i.e., a decrement event)
and at least one economic event that transfers in the cash (i.e., an increment event).

EXHIBIT 8-1

R ] Cash
Sales/Collection Inveg?or_s and
- creditors
Process in an '\\
Enterprise Cash
Value System Goods,
: Eneds, services
Suppliers Senices Customers
(vendors) Cash
— Cash

EmpEoygesﬁ S /




EXHIBIT 8-2 Sales/Collection Process in the Value Chain

Partial Value Chain for Manufacturers

Machine goods
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For Wholesale or Retail Distributors and Rental Agencies
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Although labor operations exist in every enterprise’s revenue process (i.e., sales represen-
tatives and other employees perform labor in executing revenue cycle events) in most enter-
prises they are not explicitly tracked and matched to the revenue-generating activity. Instead
the labor cost is simply aggregated into a number called selling, general, and administrative
expenses. Service providers are a notable exception. Because labor is in essence the inventory
service providers sell, it usually becomes cost-beneficial for them to track and measure details
of labor operations. Other enterprises for which labor operations are an important component
of the revenue-generating activities may also track labor operations. For example, a furniture
store that provides delivery service to customers who purchase the furniture may want to track
the labor details associated with delivering the furniture. Or a restaurant that offers food de-
livery to customers’ front doors may want to track the labor details associated with delivering
the food. For enterprises that have determined a benefit in excess of the cost of tracking labor
operations in their revenue cycles, a link between the payroll process and the revenue process
should be materialized and accompanied by a labor operation event that participates in the du-
ality relationship, as shown by dotted lines in Exhibit 8-2.

SALES/COLLECTION BUSINESS PROCESS LEVEL REA MODELS

Recall that the extended REA ontology described in Chapter 4 and illustrated in Exhibit
8-3 identifies the pattern underlying each transaction cycle, which consists of instigation
events, mutual commitment events, economic exchange events, resources, agents, types,
and various relationships such as stockflow, duality, fulfillment, reservation, proposition.
and participation. In this section we describe the extended REA ontology components spe-
eific to the sales/collection business process, noting differences for different types of en-
terprises (e.g. merchandiser versus manufacturer or service provider).

The REA pattern aids in analyzing business processes and events by highlighting the
what (the resources involved in the event) and the whoe (the internal and external agents)
of each event. Notice that the where and the when are often stored as atiributes of each
event. The events, agents. and resources involved in the sales/collection process vary
somewhat from enterprise to enterprise. The general pattern discussed in this chapter can
be easily adapted and applied to meet the exact requirements of any enterprise (e.g., non-
profit or governmental agencies, wholesalers, bartering arrangements, catalog sales, cash
sales, retailers. service providers, prepaid sale activities, or manufacturers).

Instigation Events (Marketing Events, Customer Inquiries)
Instigation events may be internally instigated (i.e., by the enterprise) or externally insti-
gated (i.e., by an external business partner of the enterprise). The sales/collection process
is instigated by the attraction of a customer’s decision to buy the enterprise’s goods or ser-
vices. In an effort to influence customer decision making, an enterprisc plans, exccutes,
and evaluates a variety of marketing events (c.g.. sales calls, advertising campaigns, or
promotions) intended to inform customers about products and/or services and hopefully
influence them to trigger the sales/collection process. Therefore marketing efforts are typ-
ically considered to be internally generated instigation events. Conversely, sometimes cus-
tomers know they want a particular product or service and they search for a source for that
product or service. They may call an enterprise to see if the product or service they need
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8-3 Sales/Collection Extended REA Ontology Database Design Pattern

Marketing activity
or customer inquiry Partici- g“egt‘a’
(instigation event) pation ge!
Partici-
% «_pation2

Order for revenue-
generating activity Iantemai
(contractimutual 98
commitment event)

!

[

i :

: Fulfill- ™SS

- ment2.

: Internal

: Revenue- et

1 generating activity

: (decrement

H economic event)

(] External

: agent

L] ~ Partici-

] Duality Reverse revenue- pationS,

H &= generating activity -

: (decrement reversal -

1 economic event)

[

' Cash receipt

' (increment
economic event)

sson2 is shown with dashed lines to indicate thart it is often excluded from the model because the revenue- generating activity (decrement cconomic
= = more reliable cash flow budget factor than is the mutual commitment event.

&5 or services inventory may be excluded for enterprises for which it is not cost effective to use specific identification: if so. stockflow | and stockflow?2
z=x 2o the goods or services mventory type entity: In other cases. the mutual commitment event may specify an instance of goods or services inventery;
cal should connecet to the goods or services inventory entity,

&zeram does not attempt to differentiate internal agents for the various events; for some enterprises one category of employees may participate in all
Sor athers there may be several different categories of employees involved.

is available, without having participated in a marketing event. Such customer inquiries are
externally generated instigation events. Quotes or bids may be provided to the customer as
part of instigation events.

Agents involved in instigation events usually are sales/marketing personnel or customer
service representatives (internal agents) and customers (external agents). Typically there is
no need to specifically identify a good or service for purposes of instigation events; all that
is needed is information about the type of good or service promoted. Of course, some en-
terprises have atypical or unusual circumstances and may therefore involve different agents
and/or may require specific identification of goods and services being marketed.
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Attributes of instigation events that should be captured typically include the date, time.
and location of the event, and the duration of the customer contact. The instigation event
data should also be able to be linked to data regarding the related sales and marketing
or customer service personnel, the customer, and the types of goods or services that were
presented to the customer. Data regarding sales call instigation events are often captured
on a sales call form such as that in Exhibit 8—4. This form may be cither a paper document
or part of a software application interface. In either case, similar data are captured and
stored.

The set of relational tables illustrated in Exhibit 8-5 correspond to Exhibit 8-3’s entity-
relationship representation of the sales call event, the relationships in which it participates
(proposition, fulfillmentl, participationl, and participation2), and the related entities (in-

EXHIBIT 8-4

Sales Call

Report Your Source Company Sales Call Report
Your Source for Everything You Need
123 Main St. No. 42
Anytown, USA 12345

Salesperson name | Jimmy Vitale Salesperson # E23

Customer name Needmore Stuff Customer # C2323
| Sales call location | Needmore Stuff warehouse |
[Date | 542010 |  [Starttime [ 9i12am. | Endtime [ 10:00a.m. |

Customer rap;esen‘t'a‘ﬁve calledon | Sarah Gibson
What is this person’s position? | Procurement supervisor

What products/services were presented at this sales call?
Big stuff (ltem BIS1)

Little stuff {(ltem LIS1)

Huge stuff (ltem HUS1)

Tiny stuff (Item TIS1)

Did a sale order result from this sales call?  Yes g Order Number 14 No D

If yes, what products/services were ordered by the customer?
TS
LIS1

Follow-up comments (e.g., customer reaction to products, other notes):

Customer likes small things! Had no interest at all in big or huge stuff, don’t bother
presenting again. The smaller the better!
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BIT 8-5 Relational Tables Encompassing Sales Call Event

(Instigation) Event
~ Date  StartTime  EndTime Location SalesRepIDf  CustomeriDF
542010 9:12am.  10:00am.  Customer E23 2323

lationship
Item ID

Customer Reaction to Product

~ BIst Negative
LSt Positive
. HUSt Negative
IS Positive
- téﬁyé (internal Agent)

~ Name Address Telephone  DateOfBirth
: Jimmy Vitale 425 ConAir Drive 555-5678 Aug 18, 1962

ernal Agent)

¢ Name Address Telephone  Credit Rating
 Needmore Stuff 86906 Enterprise Court  555-8989 A+

vae (Resource Type)
'7 _‘-.DESCﬂptIOI‘I UnitOfMeasure Standard Cost List Price

 Big Stuff Each $20.00 $50.00
~ Huge Stuff Each $30.00 $70.00
 Little Stuff Box of 6 $36.00 $72.00
- Tiny Stuff Box of 12 $48.00 $96.00

ommitment) Event

Order Date Total Dollar  Sales  Shipping  Sales Sales  Customer
Date  Needed Amt Tax Charge  CalliDFX  ReplDf« IDF*
5/4/2010  5/7/2010 $1,100.00 $0 $0 42 E23 €2323
- Saiie=ent] relattonship is implemented with Sales Call 1D posted into Sale Order table. Participation | relationship is impl d with Sales Rep ID posted
2 =hle. Participation2 rLiatmmhlp is implemented with Customer 1D posted into Sales Call table, Customer readtionfo product is included as an
- ition table t itisi ded to the reaction 1o the product on a particular sales call. It is assumed that the customer could react
= same product on a different sale. Tn essence, customer reaction to a product on a sales call is an attribute of a ternary relationship; however, since the
p 1S not i and since cach sales call involves a maximum of one customer, the proposition table is the best place to store this attribute.

ventory type, sales order, sales representative, and customer). Other possible tables could
be derived depending on the relationship cardinalities. Data from the form in Exhibit §—4
have been entered into the database tables; however, some of these data (e.g., inventory and
customer information) would already have existed in the database tables before the sales
call data were added to the tables, so all that is added regarding those objects is the rela-
tionship information so they can be linked to the event. The sale order data would normally
be entered upon processing of the order; we are assuming the sales order generated at the
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sales call was processed immediately. More detail about the order event is provided in the
next section.

Mutual Commitment Events (Customer Orders, Rentals,

Service Agreements)
A mutual commitment event exists if the enterprise and an external business partner have
each agreed to exchange resources at a defined future time. In the sales/collection process
the most common mutual commitment events are customer orders, rental agreements.
and service agreements. A mutual commitment doesn’t always happen at a discrete point
in time; often it involves a series of activities. Typically a customer (the external agent)
places an order with the enterprise for goods or services (the resource). Typically there is
no need to specifically identify goods or services for mutual commitment events; rather in-
formation about the type of good or service promised to the customer is sufficient. Sales
or customer service representatives and/or order entry clerks (internal agents) assist the
customer and collect the order data. The enterprise determines whether to commit by
checking the availability of requested goods or services, verifying all price and date infor-
mation, and contacting the customer if necessary to adjust pricing or dates promised. The
enterprise also determines whether to extend credit to the customer; therefore a credit man-
ager also may serve as an internal agent.

These determinations are important because the enterprise does not want to commit un-
less it is confident both parties can fulfill their parts of the sales transaction (i.e., the en-
terprise must have the ability to fill the order and the customer must have the ability to
make payment). Once the customer’s order is approved, it becomes an accepted sale order
and is considered a mutual commitment. Ideally an enterprise wants to be able to trace
each sale order (mutual commitment event) to a sales call or other instigation event. Some-
times it is impossible to determine which marketing efforts led to commitments for an en-
terprise; in such cases the fulfillment] relationship is typically not materialized. For other
enterprises, commitments typically occur only as part of marketing events; for example.
vacation ownership, or time-share, sales. In those rare cases, the commitment and instiga-
tion events may be collapsed into a single entity. Linking the marketing efforts to the com-
mitment event provides valuable information to evaluate marketing effectiveness, so en-
terprises should consider the feasibility and cost of materializing this link.

Attributes of mutual commitment events that typically should be captured include the
date, time. and dollar amount of the order; the date by which the customer needs the goods
or services delivered; the delivery method to be used (e.g., Federal Express, UPS, or cus-
tomer pick-up); the desired location of the delivery; and the payment terms. The order data
should also be able to be linked to data regarding the related resources, agents, and ece-
nomic decrement events, and, if possible, to the related instigation event. Data regarding
sale order commitment events are often captured on a sale order form such as that shown m
Exhibit 8-6. This form may be either a paper document or part of a software application in-
terface that is used to update the enterprise database. For many enterprises, the data for sales
orders are obtained from a customer purchase order form, commenly referred to as a cus-
tomer order. The primary difference between a customer order and a sale order is that the
customer order is in the customer’s format, whereas the sale order is in the seller’s format

The set of relational tables in Exhibit 87 correspond to Exhibit 8-3 entity-relationship
representation of the sales order event and the relationships in which it participates (reser-
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EXHIBIT 8-6 Sale Order

Your Source Company Sale Order
Your Source for Everything You Need
el i ORDERNO: __ 14
Anytown, USA 12345 DATE 5/4/2010
Ordered by: Ship to:
Sarah Gibson Needmore Stuff
86906 Enterprise Dr.

Anytown, USA 12345

SALESPERSON | P.O. NUMBER | EST. SHIP DATE | TO SHIP VIA TERMS
E23 Verbal 5/5/2010 FedEx N/30
QUANTITY | STOCK # DESCRIPTION UNIT PRICE | AMOUNT
2| LIst Little Stuff, box of 6 $70.00 $ 140.00
10 | TIS1 Tiny Stuff, box of 12 $96.00 $ 960.00

SUBTOTAL $1,100.00
SALES TAX 0

SHIPPING & HANDLING 0

ORDER TOTAL $1,100.00

vation, fulfillment!, fulfillment2, participation3, and participation4). Other possible tables
could be derived, depending on the relationship cardinalities. Data from the form in Exhibit
8-6 have been entered into the database tables; however, some of these data would already
have existed in the database tables (e.g., the customer and inventory information) before the
sales order data were added to the tables.

Similar types of data are captured on similar forms (again, either in electronic interfaces
or on paper documents) for other mutual commitment events such as service agreements
and rental contracts. Exhibit 8-8 shows a service agreement; note the similarities in the
types of data captured regarding the service agreement and the sale order events. Similar
data would also be captured for rental agreements.

Economic Decrement Event (Sale, Shipment, Rental, or Service Engagement)

The economic decrement event in the sales/collection process may take on one of several
labels because it represents the revenue generating activity, which can take various forms.
The revenue generating activity is the decrement event; resources made available to the
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EXHIBIT 8-7 Relational Tables Encompassing Sales Order Event

Sale Order (Mutual Commitment) Event

Sale Order Date Total Dollar  Sales Shipping  Sales Sales Customer
Order ID Date Needed Amt Tax Charge  CalllDF® ReplD™ IDFK

14 5/42000  S/7/2010 $1,100.00 40 $0 42 £23 €2323

Sales Call (Instigation) Event

Sales Call ID Date StartTime EndTime  Location SalesRepIDf€  CustomerlDFK
42 5/4/2010 9:12am. 10;00 a.m. Customer E23 2323

Reservation Relationship

Sales Order 1D Item ID Quantity Ordered Quoted Unit Price
14 LIS1 2 70.00
14 TIS1 10 96.00

Sales Representative (Internal Agent)

Sales Rep ID Name Address Telephone  DateOfBirth
E23 Jimmy Vitale 425 ConAir Drive  555-5678  Aug 18, 1962

Customer (External Agent)

Customer ID Name Address Telephone Credit Rating
€2323 Needmore Stuff 86906 Enterprise Court  555-8989 At

Inventory Type (Resource Type)

Item ID  Description UnitOfMeasure  Standard Cost List Price

BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 §70.00
LIS1 Little Stuff Box of 6 $36.00 $72.00
TIS1 Tiny Stuff Box of 12 $48.00 $96.00

Fulfillment2 Relationship

Sales Order ID Sale ID

Note: Participation3 relationship is implemented with Sales Rep 1D posted into Sales Order table. Participationd relationship is implemented with Customer 1D
posted into Sales Order table. Fulfillment] relationship is implemented with Sales Call ID posted into Sales Order table. Fulfillment2 data are not yet entered,
assuming a time lag between order and shipment.

revenue cycle by the acquisition and/or conversion cycles must be given or used up in ex-
change for the resource (usually cash) received from external partners. Usually the enter-
prise gives up goods, services, or the temporary use of goods. If the revenue generating ac-
tivity involves the sale of merchandise, the event may be called Sale, Delivery, or Shipmen:
depending in part on whether the customer is on-site to accept possession of the goods o=
whether the enterprise must deliver or ship the goods to the customer. The important con-
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EXHIBIT 8-8 Service Agreement

Your Source Company Repair Service Order
Your Source for Everything You Need !
123 Main St. ORDER NO:
Anytown, USA 12345 DATE

Ordered by: Ship to:

SALESPERSON | P.O. NUMBER ESTIMATED TO SHIP VIA TERMS

COMPLETION DATE

Parts and supplies

QUANTITY | STOCK # DESCRIPTION UNIT PRICE | AMOUNT

SUBTOTAL

Labor charges

HOURS | SERVICETYPE DESCRIPTION REPAIR PERSON | HOURLY RATE | AMOUNT

SUBTOTAL

SALES TAX

SHIPPING & HANDLING
TOTAL DUE

THANK YOU FOR YOUR BUSINESS!

sideration is that a decrement event that represents the sale of goods must represent the
point at which title to the merchandise transfers from the seller to the buyer. If title has not
transferred, then no decrement has occurred and the sale event cannot be materialized.

If the enterprise sells services rather than goods, then the resource given up to the cus-
tomers is a set of employee services, making those services unavailable to provide to some-
one else. Such a decrement event is usually called Service Engagement or something that
more specifically describes the kinds of services performed by the enterprise, such as Re-
pair Service, Audit Engagement, or Consultation. In the case of enterpriscs that rent mer-
chandise to customers, the economic decrement event is usually called Rental. The rental
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event does not involve the transfer of title of goods, but instead involves a transfer of the
right to use goods for an agreed upon length of time. The rental event begins when the right
to temporary possession of the goods transfers from the lessor to the lessee and ends when
possession of the goods transfers back from the lessee to the lessor.

Economic decrement events in the revenue cycle do not always happen at discrets
points in time; rather they are often made up of a series of workflow activities. Once a mu-
tual commitment is made, the enterprise’s fulfillment of that commitment is accomplished
by the tasks that make up the economic decrement event. For enterprises that sell or rent
merchandise that must be shipped to the customer location, these tasks include picking the
inventory from the warehouse, packing the inventory into boxes, and shipping the boxes to
the customer via a common carrier. The rental event also includes recciving the returned
merchandise, inspecting it, and returning it to the warehouse. Economic decrement cvents
for service enterprises generally require active involvement of trained employees who per-
form the services. The enterprise must identify the requirements of the services to be ren-
dered and select an individual or group of individuals to perform the services. Services
may be provided over an extended period of time by a variety of people.

Some enterprises may have multiple revenue generating activities. For example, some
enterprises ship finished products to customers and also provide services. Some enterprises
may have various combinations for different customers. For example, a computer manufac-
turer may serve one customer by shipping a new computer and letting the customer install
it and handle all conversion. For another customer. the enterprise may deliver the computer,
assist with installation. and convert existing applications for processing on the new com-
puter. Yet another customer may request that enterprise to repair a computer that the enter-
prise had previously sold to the customer. The different events may need to be recorded as
separate entities in the REA business process level model, or they may be combined inte
one economic decrement event entity. The appropriate representation depends on the data
captured regarding each different decrement event. If different attributes are needed for the
types of decrements, usually they should be represented as separate event entities, each par-
ticipating in the duality relationship with the appropriate economic increment event.

Several documents often are prepared in conjunction with the activities that comprise
the economic decrement event: picking slips, packing slips, bills of lading, and sales in-
voices. A picking slip is a document that identifies the goods taken out of the warehouse
and made available to be shipped (see Exhibit 8-9). Other names for this document include
pick ticket, picking ticket, pick list, and picking list.

Often a picking slip is initially prepared by the sale order clerk and sent to the ware-
house to authorize an inventory clerk to “pick™ the goods out of the warehouse; the inven-
tory clerk then completes the picking slip. Sometimes the pick ticket is actually a copy of
the sales order with the cost column replaced by a “quantity picked” column (picking list
copies may be designed to accomplish this without having to fill out separate documents).
The mventory clerk notes the quantities of each item picked. notes any stockout problems.
and signs the form to indicate the transfer of custody of those goods to the shipping area.

A packing slip (sometimes called a packing list) is a document that identifies the goods
that have been shipped to a customer (see Exhibit 8-10). Often the packing slip is a copy
of the picking slip on which a shipping clerk fills in the quantitics of each item packed.
notes any discrepancies from the picking slip, and signs to indicate transfer of custody of
the goods to a common carrier.
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EXHIBIT 8-9 Picking List

T

Your Source Company PICKING TICKET: __ 15
Your Source for Everything You Need Clerk ID 137
123 Main St. S e
Anytown, USA 12345
Order Number: 14 Order Date: 5/4/2010 Warehouse: WH1
Sold To: Needmore Stuff Ship To: Needmore Stuff
86906 Enterprise Dr. 86906 Enterprise Dr.
Anytown, USA 12345 Anytown, USA 12345

CUST NUMBER | P.0. NUMBER TERMS REP NUMBER

©2323

Verbal n/30 E23

SHIP VIA DATE-TO-SHIP |

‘ FedEx 5/5/2010
ITEM ID DESCRIPTION QTY ORDERED | QTY PICKED
LISt Little Stuff, box of 6 2 2
TiS1 Tiny Stuff, box of 12 10 10
LINE ITEMS TOTAL QUANTITY
2 12

The bill of lading also indicates transfer of custody of goods [rom the enterprise to a
common carrier; however, it contains different data from the packing slip. Rather than doc-
umenting details about each type of item shipped and the quantities of those items, the bill
of lading documents details about how many boxes made up the shipment and the dimen-
sions and/or weight of those boxes. See the bill of lading in Exhibit 8-11.

Sales invoices (electronic or paper) communicate to customers that the enterprise has
fulfilled its commitment and requests the customer to remit payment to fulfill its commit-
ment. If the customer already paid for the merchandise, the invoice indicates that no bal-
ance is due. Exhibit 8—12 shows a sales invoice.

Exhibit 813 shows the relational tables that correspond to Exhibit 83 entity-relationship
representation of the sale event, the relationships in which it participates (stockflow1, fulfill-
ment2, duality, reversal, participation3, and participation6), and the related resource type enti-
ties. Other possible tables could be derived, depending on the relationship cardinalities. Some
of the data from the forms in Exhibits 8-9 through 8-12 have been entered into the database
tables. Other data from those forms could be added to the tables as well (if the attributcs are
added to the appropriate tables). Some of the data entered in the tables did not come directly
from those forms but would already have existed in the database tables based on earlier activi-
ties of the enterprise.
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EXHIBIT 8-10 Packing List

Your Source Company PACKING LIST: __ 15
Your Source for Everything You Need ClerkID 137
123 Main St. =

Anytown, USA 12345

If there are any questions about this shipment,
contact our sales department (999) 555-3333

Needmore Stuff YOUR PURCHASE ORDER NUMBER
86906 Enterprise Dr. Verbal
Anytown, USA 12345
Contact: Sarah Gibsen No. ltems Ordered: 2

WAREHOUSE | YOUR SOURCE FILL YOUR YOU WE

LOCATION PART NO. QUANTITY | ITEM DESCRIPTION | LINE | ORDERED | SHIPPED
WH1 LIS 2 Little Stuff 1 2 2
WH1 TH&E 10 Tiny Stuff 2 10 10

Creating separate documents for the picking, packing, and shipment of inventory and
for customer billing is not a requirement of any enterprise information system, nor is it re-
quired that those activities be separated into four tasks. An interface to an enterprisewide
information system may make approved sale order data available on the company intranes
and the shipping function may be integrated with the warchousing function. Thus, an in-
ventory clerk may view the approved order details; pick, pack, and ship the goods; and
transmit an electronic invoice to the customer’s information system all in one task, with no
need to document transfers of custody (i.e., the picking and packing) because custody dié
not change until the goods were shipped to the customer.

Relationships in which the economic decrement event participates typically include 2
fulfillment relationship (enabling the enterprise to trace which mutual commitment evens
the decrement fulfilled), a duality relationship (allowing the enterprise to trace a related
economic increment that represents the other part of the exchange), a stockflow relation-
ship (to trace the resource or resource type that was given up in the decrement event), par-
ticipation relationships with the internal and external agents, and occasionally a reversal
relationship (allowing the enterprise to trace sale returns 1o the original sales for which
they reversed the economic effect).

Internal agents typically associated with economic decrement events via participation
relationships include salespeople. shipping clerks, delivery clerks, and engagement pes-
sonnel. External agents typically associated with economic decrement events via partici-
pation relationships include transportation suppliers (such as UPS or Federal Express) anc
customers. The resources typically associated with the economic decrement event viz
stockflow relationships in the revenue cycle are usually inventory, inventory type, or ser-
vice type. Most manufacturers and merchandisers do not specifically identify inventory. s=
the resource that participates in the stockflow relationship is usually inventory type. Fae
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EWHIBIT 8-11  Bill of Lading

UNIFORM STRAIGHT BILL OF LADING — Domestic DocumentNo. 15

Your Source Company Shippers No. 147898
Your Source for Everything You Need Carrier s No. 8796801
123 Main St. Date __ 5/5/2010

Anytown, USA 12345
Federal Express

{Name of Carrier)
Vehicle Number:
Weight
Kinds of Packaging, Description of Articles, | (Subject to Charges
Special Marks and Exceptions Correction) Rate | (for Carrier use only)
Box, stuff 15 Ibs. 1.14
CODP C.0.D. FEE!j SN/A
D.TO: N/A y PREPAID
: : Amt:$ 0.00 COLLECT]
-Where the rate is dependent on value,| Subject fo Section 7 of the conditions, if this .
s are required to state specifically in shipment is to be delivered to the consignee
e agreed or declared value of the without recourse on the consignor, the
oy consignor shall sign the following statement: Total Charges $ 17.10
ed or declared value of the property The carrier shall not make delivery of this
% specifically stated by the shipper to shipment without payment of freight and all
‘exceeding. other lawful charges.
N FREIGHT CHARGES
per_box (Signature of Consignor) Check Appropriate Box:
[C] Freight prepaid
[X] Bill to shipper
[ collect
d subject to the classifications and tariffs in effect on the date of the issue of this Bill of Lading, the
described above in apparent good order, except as noted (contents and condition of contents)
Clerk ID: 137

those enterprises that do specifically identify inventory items, the resource in the stockflow
relationship is inventory. For service providers, the resource involved in the stockflow re-
lationship is usually service rype.

snomic Increment Event (Cash Receipt)

Cash receipts are economic increment events that increase the enterprise’s cash balance.
Cash receipts may take the form of checks, currency, or coins—anything that can be de-
posited into a cash account held either in a bank or on hand in petty cash. Notice that if a
customer pays with a credit card, the enterprise has not yet received cash; the cash receipt
does not occur until the credit card company pays the enterprise. In the latter case, the cash
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EXHIBIT 8-12 Sales Invoice

Your Source Company Sale Invoice
rggr I\fac;ﬁrgi for Everything You Need INVOICE NO: 12
Anytown, USA 12345 DATE 5/6/2010
Sold To: Ship To:
Needmore Stuff Needmore Stuff
86906 Enterprise Dr. 86906 Enterprise Dr.
Anytown, USA 12345 Anytown, USA 12345

SALESPERSON | P.O. NUMBER | 5.0. NUMBER | DATE SHIPPED | SHIPPED VIA TERMS

E23 Verbal 14 5/5/2010 FedEx N/30
QUANTITY | STOCK # DESCRIPTION UNIT PRICE | AMOUNT
2 LIS1 Little Stuff, box of 6 $70.00 $ 140.00
10 TIS1 Tiny Stuff, box of 12 $96.00 $ 960.00

SUBTOTAL $1,100.00

SALES TAX 0

SHIPPING & HANDLING 0
TOTAL DUE $1,100.00

Make all checks payable to; Your Source Company

THANK YOU FOR YOUR BUSINESS!

receipt must be connected to two external agents—the customer, whose accounts receiv-
able balance will be decreased as a result of the cash receipt, and the credit card company.
from whom the cash was literally received.

Cash receipts may occur at various times during the sales/collection process. Some
cash receipts may occur as orders are placed (i.e., a prepayment); other cash receipts mas
occur at the point of sale or upon delivery of goods or services; still other cash receipts
may occur days or weeks after sales take place. The receipt of cash is a custodial function
Two documents are typically involved in task activities that comprise the cash receips
event: remittance advices and deposit slips. When payment is received, cashiers, accounts
receivable clerks, or other company employees (internal agents) verify the payment infor-
mation is correctly recorded on a remittance advice. A remittance advice is a documens
(usually the portion of a customer invoice or customer statement that says “return ths
stub with payment”) that advises the enterprise the customer is remitting payment. In Ex-
hibit 8-14 we show a customer statement with a detachable remittance advice.
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8-13 Sample Relational Tables Encompassing Sale Event

Date Total Sales Shipping Sales Sales Customer
Needed  Dollar Amt  Tax Charge CalliD®®  ReplDF« IDFK
5/7/2010  $1,100.00 $0 $0 42 E23 €2323

PickListiD  PackListlD  BOL#  Sales RepIDF  CustomerlD CashReceiptiDFK
15 15 15 E23 £2323

Quantity Sold Actual Unit Price

s 70.00
10 96.00
(Internal Agent)
Name Address Telephone  DateOfBirth

mmy Vitale 425 ConAir Drive 5555678  Aug 18, 1962

Name Address Telephone  DateOfBirth
Amy Milano 8892 Eddy Ave.  555-9557  January 3, 13'6“4; G

o Address Telephone Credit Ratihg‘ ;
Needmore Stuff 86906 Enterprise Court  555-8989 A+

: esource Type)
UnitOfMeasure  Standard Cost List Price

Each $20.00 $50.00
Each $30.00 $70.00
Box of 6 $36.00 $72.00
Box of 12 $48.00 $96.00

Continued

A deposit slip is promptly prepared summarizing all payments for a prescribed time period
(usually a day); the deposit slip and payments are deposited into one of the enterprise’s bank
accounts. Due to the risk of loss, cash should be deposited at least daily, all employers who
have access to cash should be bonded, and two employees should verify cash transactions. In
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EXHIBIT 8-13 (Concluded)

Cash Receipt (Economic Increment) Event

CashReceiptiD Date DollarAmount CashAccountlDFK Customerl DK CashierlDfK
RAZ20 5/19/2010 $1,100.00 Cal123501 C2323 E111

Sale Return (Economic Decrement Reversal) Event

Sale Return ID Date $Amount SalesReplDFX CustomeriDFK SalelDFX

Note: Participations relationship is implemented with Sales Rep ID posted into Sale table. Participation6 relationship is implemented with Customer ID posted
into Sale table. Duality relationship is implemented with Cash Receipt ID posted into Sale table. Cash receipt data are not yet entered, assuming a time lag
between shipment and cash receipt. Reversal relationship is implemented with Sale 1D posted into Sales Return table. Return data are not yet entered, assuming
a time lag between shipment and sale refurn.

EXHIBIT 8-14 Customer Statement with Remittance Advice

Your Source Company EAGE : PAGE
Your Source for Everything You Need ' )
123 Main St. STATEMENT :  REMITTANCE
Anytown, USA 12345 . ADVICE # 20
CUSTOMER it CUSTOMER
Needmore Stuff DATE NUMBER : | pATE NUMBER
86906 Enterprise Dr. 5/19/2010 C2323 ' 2323
Anytown, USA 12345 :
: = PLEASE DETACH HERE AND
» RETURN THIS STUB WITH YOUR
! REMITTANCE
TERMS: N/30 + TO: Your Source Company
. 423 Main St.
: Anytown, USA 12345
INVOICE PAST PAST PAST PAST INVOICE AMOUNT
NUMBER DATE CURRENT 1-30 31-60 61-90 91-120 | NUMBER APPLIED
12 5/6/2010 1.100.00 12 $ 960.00

: TOTAL TOTAL TOTAL  TOTAL
TOTAL : TOTAL PAST PAST PAST PAST v TOTAL
DUE S CURBENT 1-30 “31-60" 61-90 91-120 . TOTAL DUE REMITTED

$1,100.00 $1,100.00 50 80 50 50 4 $1,100.00 $ 960.00

REVIEWED BY
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addition to having customers mail or bring payments directly to the business, an enterprise can
use the lockbox method or electronic funds transfers to collect customer payments. When the
lockbox method is used, customers mail their checks to a post office address, and for a fee, a
bank will pick up, tetal, and directly deposit the funds into the company’s account. In such sit-
uations the post office serves as an external agent. The bank then sends a copy of the deposit
information and the remittance advices to the company. Electronic funds transfers reduce
human involvement with cash by having customers electronically transfer funds from their
bank accounts directly to the company’s bank account. The form of payment is incidental to
the occurrence of the event.
Attributes captured regarding cash receipts usually include a cash receipt identifier (such
1 as a unique remittance advice number), date, amount received, customer identification, em-
ployee identification (such as employees who count and deposit the cash), the account num-
ber where the cash is deposited, the location of payment (such as mail. or in person at the
main office), and the check number of the payment. Some enterprises link payments to spe-
cific invoices, while others simply apply payments to the outstanding balance.

Enterprise systems should include the ability to record a cash receipt without linking it
to a specific customer. For example, suppose someone sends a check but neglects to send
the remittance advice and the name on the check does not correspond to the name of any
| existing customer account. The enterprise should be able to deposit the funds and tag the
| transaction as “unapplied cash™ (a cash payment that was received but was not posted to a

customer’s receivable balance). If this occurs, the system should generate a listing of “‘un-
‘ applied cash” transactions and, as with all errors, they should be investigated and corrected

as soon as possible. The enterprise system should also allow enterprises to choose how
: they want to link customer payments to customer accounts. Two methods include specific
mvoice and balance forward. As the name implies, the specific invoice method involves
matching payments to specific sales invoices. When enterprises use a balance forward ap-
proach, they apply payments to a customer’s total liability, rather than any specific invoice.

In Exhibit 8-15 we show a set of relational tables that correspond to Exhibit 8-37%
entity-relationship representation of the cash receipt event and the revenue cycle relation-
ships in which it participates (duality, stockflow2, participation7, and participation8).
Other possible tables could be derived, depending on the relationship cardinalities. Addi-
tional tables are also likely necessary to correspond to relationships in which the cash re-
ceipt event participates in other transaction eycles such as financing. The tables in Exhibit
8-15 are only those typically applicable to the sales/collection process.

ic Decrement Reversal Event (Sales Returns and Sales Allowances)

Unfortunately, goods are not always acceptable to customers for various reasons. Perhaps
the goods do not meet quality standards represented in the sale agreement or the product
specifications of the customer; or perhaps the customer’s needs changed while the goods
were in transit. Three options are available to handle disagreements like these: The enter-
prise may allow the customer to keep the product and receive an adjustment or allowance
in the price, or the enterprise may allow the customer to return the product and decrease
the customer’s account receivable or issue a cash refund. Alternatively the enterprise may
take a no returns—all sales final approach. If returns are allowed, the returned products are
the resources involved in the sales return event. Although the return increases the inven-
tory resource, the return is inherently different from an economic increment event such as
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EXHIBIT 8-15 Relational Tables Encompassing Cash Receipt Event

Cash Receipt (Economic Increment) Event

CashReceiptiD Date DollarAmount  CashAccountiDF¢  CustomerlDF CashieriDf¢
RA20 5/19/2Q10 $960.00 Cal123501 C2323 E111

Sale (Economic Decrement) Event

Sale ID Date PickListiD PackListiD  BOL# SalesRepID¥  CustomeriDF¢ CashReceiptiD™
12 5/5/2010 15 15 15 E23 C2323 RA20

Cashier (Internal Agent)

CashieriD Name Address Telephone DateOfBirth
E111 Missy Witherspoon 1710 Crestwood Dr. 555-9392 May 11, 1860

Customer (External Agent)

Customer ID Name Address Telephone Credit Rating
€2323 Needmare Stuff 86906 Enterprise Court ~ 555-8989 A+

Cash (Resource Type)

CashAccountID AccountType Location
Ca123501 Checking 1st Local Bank

Mote: Participation? relationship is implemented with Cashier 1D posted into Cash Receipt table, Participation8 relationship is implemented with Customer 1D
posted into Cash Receipt table. Duality relationship is implemented with Cash Receipt 1D posted mto Sale table. Stockflow relationship is implemented with Cash
Account 1D posted into Cash Receipt table,

a purchase. In effect, the return reverses the sale event, which was an economic decrement

event. Therefore we call this an economic decrement reversal event. [f the goods were

specifically identified upon sale, they should be specifically identified upon return; if they

were measured and recorded at the type level upon sale, they should be measured in that |

same manner for the return. Typically the customer is the external agent involved in the re-

turn event (a common carrier may also necd to be linked as an external agent) and a sales J

manager serves as the internal agent. ‘
Attributes typically captured regarding sales returns include an identifier for the event. |

the return date, and the dollar amount of the return. Links should also be available to attri-

butes of related agents and merchandise inventory. Several documents may be used in work-

flow tasks that make up the sales return event, such as return authorizations, receiving re-

ports, and credit memos. The return authorization is a document that gives permission for

the customer to return merchandise and is typically prepared in response to a customer’s re-

quest to return goods through the mail or via a common carrier. In retail stores a modified

document combines the customer request and store authorization; it indicates what inven-

tory items were returned. Receiving reports are completed by inventory or receiving clerks

when returned goods are received from customers. The receiving report lists the items and

the quantities and condition of each item received. If the customer already paid for the mer-
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EXHIBIT 8-16 Sales Return Authorization

Your Source Company RETURN
Your Source for Everything You Need AUTHORIZATION 1
123 Main St. SN S
Anytown, USA 12345 DATE 5/12/2010
Customer No. C2323 All returns must be clean, in salable
Address: 86069 Enterprise Dr. condition, and shipped prepaid. Thank you

for your cooperation.
Anytown, USA 12345 % g

Far clarification contact
Name Sarah Gibson Customer Return Reguest No. a2
Phone 555-8989 Date of Request __ 5/9/2010

RETURN CODES:

A OVERSTOCK D WRONG PRODUCT [ Cash Refund - Please
BILLED & SHIPPED
B DAMAGED X Credit to Account - Please
E CORRECT PRODUCT
C DEFECTIVE BILLED BUT WRONG
PRODUCT SHIPPED
F OTHER
ITEM ID | DESCRIPTION RETURN | INVOICE QTy. UNIT EXTENSION
CODE NO. RETURNED PRICE
LISt Little Stuff F —too big 12 2 70.00 $140.00
TOTAL

chandise, the enterprise issues a cash refund. Because the cash refund reverses the cash re-
ceipt event, which is an economic increment event, we call the refund an economic incre-
ment reversal event. The credit memorandum (also called eredit memo) is an internal
document used to communicate to the accounting department that a journal entry needs to
be made with a credit to the customer’s account receivable. A copy may also be sent to the
customer to confirm that she was given credit. Exhibits 8-16 through 818 illustrate a sales
return authorization, receiving report, and credit memorandum.

Exhibit 8-19 shows a set of relational tables that correspond to Exhibit 8-3% enfity-
relationship representation of the sales return event and the relationships in which it par-
ticipates (reversal, stockflow3, participation9. and participation!(). Other possible tables
could be derived, depending on the relationship cardinalities.
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EXHIBIT 8-17 Receiving Report

Your Source Company RECEIVING REPORT
Your Source for Everything You Need
123 Main St. NG, 1 a5

Anytown, USA 12345

DATE 5/12/2010 PURCH ORD NO./SALE SR1
RETURN AUTH NO.

RECEIVED FROM Needmore Stuff PREPAID
10

ADDRESS 86906 Enterprise Dr. COLLECT

Anytown, USA 12345
FREIGHT CARRIER FREIGHT BILL NO.
Federal Express FE78901256
QUANTITY ITEM NO DESCRIPTION

1 2 LISt Little Stuff

2.

3.

4,

B,

6.

7

8.

9.

REMARKS: CONDITIONS, ETC.

Perfect condition
RECEIVED BY DELIVERED TO
E111 E23
BE SURETO
MAKE THIS RECORD
ACCURATE AND COMPLETE

INFORMATION NEEDS AND MEASURES IN THE
SALES/COLLECTION PROCESS

Information from the sales/collection process can provide decision-making support for
many information customers. An information customer is someone who needs informa-
tion. Information needs fit into the following categories:

= Internal users need information about internal phenomena.

 Internal users need information about external phenomena.

= External users need information about internal phenomena.

¢ External users need information about external phenomena.
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ur Source Company CREDIT MEMO
Source for Everything You Need
: RO, 4
DATE _ 5/19/2010
CUSTOMER
ACCUNT NO. __ C2323
~_INVOICENO. [ INVOICE DATE | RECEIVING REPORTNO.
. .12 3 4 : 5!5/2010 - 25
DESCRIPTION QUANTITY | PRICEEACH | AMOUNT
Little Stuff 2 70.00 140.00
TOTALCREDIT|  140.[00]
Prepared by
| APPLY ON FUTURE ORDERONLY [T | i
| REFUND BY CHECK [ e Te
CREDIT ACCOUNT [% CreciMuRQet Empd LD

Within each of these categories, users need information at different levels of detail. We
next analyze each of the entities and relationships in the business process level pattern to
give some ideas about the queries that may be needed to satisfy information needs regard-
ing these objects for internal and external users. The queries presented are not a compre-
hensive set of queries (there are simply too many potentially useful queries to list them all).
However, the set provided should provide you guidance for creating similar queries to sat-
isfy similar information needs. To describe example queries needed in the sales/collection
process we use the database tables in Exhibit 8-20.

rce Queries in the Sales/Collection Process

Internal and external users may need information regarding an enterprise resource or re-
source type. The resources and resource types most commonly present in the sales/collec-
tion process are inventory (specifically identified inventory, inventory types, or service
types) and cash. For each resource, users may need any of the following:

« Detailed status information at one or more points in time for each resource instance.
« Detailed status information at one or more points in time for only those resource in-
stances meeting specified criteria.
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EXHIBIT B-19 Relational Tables Encompassing Sales Return Event

Sales Return (Economic Decrement Reversal) Event

Sale Dollar  Receiving Credit Credit Receiving
ReturniD Date Amount ReportNo. Memo# MgriD SalelD™® CustomerlD™®  ClerkiD™
SR1 5/12/2010  $140.00 RR25 1 E16 12 2323 £247

Sale {(Economic Decrement) Event

Sale iD Date PickListlD  PackListiD BOL# SalesRepIDf® CustomeriDF¢ CashRe‘ceipﬂDf"
12 5/5/2010 15 15 15 E23 2323 RAZ0

Receiving Clerk (Internal Agent)

ClerkiD Name Address Telephone DateOfBirth
E247 Kenneth Barki 4312 Monticelio Dr. 556-4891 April 14, 1945

Customer (External Agent)

Customer ID Name Address Telephone Credit Rating
€2323 Needmore Stuff 86906 Enterprise Court  555-8989 Ax

Stockflow3 Relationship

Sale Quantity Actual Condition Reason
Return ID Item ID Returned  Unit Price of Goods  Returned
12 Lis1 2 70,00 Perfect Too big

Inventory Type (Resource Type)

ftem ID Description UnitOfMeasure  Standard Cost List Price
BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 $70.00
LIS Little Stuff Box of 6 $36.00 $72.00
TIS1 - Tiny Stuff Box of 12 $48.00 $96.00

Note: Participation9 relationship is implemented with Customer 1D posted into Sales Return table. Participation10 relationship is implemented with Clerk 1D
posted into Sales Return table. Reversal relationship is implemented with Sale 1D posted into Sales Return table.

= Summarized status information at one or more points in time for all resource instances.

= Summarized status information at one or more peints in time for only those resource -
stances meeting specified criteria.

With regard to each of the above, users may nced to know all characteristics of the in-

stances in the answer set, or they may need only a subset of the characteristics. Informa-

tion regarding inventory and cash that may be needed by internal users (such as salespeo-
ple) and by external users (such as customers) includes:

= A list of each inventory item or item type offered for sale by an enterprise.

< A list of all inventory items or item types that possess certain characteristics (e.z.
all books, real estate listings with lake frontage, toys with selling prices within =
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AccountType Location DateAccountEstablished
Checking 1% Local Bank April 1, 2010
Savings 15t Local Bank April 1, 2010
Petty Onsite—Cashier Desk drawer April 15, 2010
Petty Onsite—CEQ Assistant’s File Cabinet April 22, 2010

(Resource Type)

: ription UnitOfMeasure Standard Cost List Price

Each $20.00 $50.00
Each $30.00 $70.00
Box of & $36.00 $72.00
Box of 24 $56.00 $110.00
Box of 12 $48.00 $96.00
Each $10.00 $25.00

StartTime  EndTime Location  SalesRepIDf& CustomeriD

9:12am.  10:00 am. Customer E23 C2323
"44]_2_010, 927 am. 10:35am. Ours E26 e |

52010 10:30am. 11:15am. Customer E23 6125

al Commitment) Event

Date Sales Shipping Sales Sales  Customer

Needed Dollar Total Tax  Charge CalliD* R :

5/7/2010 $1,100.00  $0 $0 42 C232;

5/12/2010 $3.050.00 30 $0 43 E26 - G473l

5/9/2010 $4,305.00 30 $0 42 E23 2323
5/17/2010 $8,280.00 %0 $0 43 E26 C4731  Continued

certain range, video games in GameBoy Advance format, and preventive dental
care scrvices).

« Quantity on hand of an inventory item type as of a specified date.

« Total cost value of inventory on hand as of a specified date.

= A list of all cash accounts owned by an enterprise as of a specified date.

« Balance in a specific cash account as of a specified date.

» Total balance in all cash accounts as of a specified date.

Whether the information needed by a user is detailed or summarized, whether it involves
one or more instances, and whether it includes one or more characteristics of the re-
source(s), resource queries within the sales/collection process typically only require one
table. Notice that some of the information needs listed above do not fall completely within
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EXHIBIT 8-20 (Continued)
Sale (Economic Decrement) Event
Pick  Pack Sales Cash
Sale ID Date Dollar Total ListiD ListiD BOL# RepiD® CustomeriDFX ReceiptiDf
12 5/5/2010 $1,100.00 15 15 15 E23 €2323 RA20
13 5/7/2010 $3,050.00 16 16 16 E26 4731 RA21
14 5/8/2010 $2,100.00 17 17 17 B3 2323 RAZ0
15 5/10/2010 $2,205.00 18 18 18 E23 2323
Cash Receipt (Economic increment) Event
CashReceiptiD Date Dollar Total CashAccountiDf®  CustomerlD¥¢  CashierlD¥
RA20 5/19/2010 $3.060.00 Cal23501 C2323 E111
RAZ1 5/24/2010 $3,050.00 Cal23501 C4731 E111
RA22 5/31/2010 $25,000.00 Cal123501 E111
Sales Return (Economic Decrement Reversal) Event
Sale Dollar Receiving  Credit Credit Receiving
ReturniD Date Amount ReportNo. Memo# MgriD SalelD® CustomeriDfK ClerkIDfK
SR1 5/12/2010 $140.00 RR25 1 E16 12 €2323 E247
Customer {External Agent)
Customer ID Name Address Telephone  Credit Rating
G2323 Needmore Stuff 86906 Enterprise Court 555-8989 A+
2831 Targeted One 41352 Price Ln. 555-1771 B+
C4731 Gottahave Moore 1207 Emperor Dr. 555-5688 B
CRTZS Don‘t Wantmuch 3421 Carradine St. 555-9098 A+
Cashier (Internal Agent)
CashierlD Name Address Telephone DateOfBirth
E111 Missy Witherspoon 1710 Crestwood Dr. 555-9392 May 11, 1960
E222 Eponine Eldridge 555-9099 Continued

1003 Zenker Dr

July 29, 1972

the sales/collection process and therefore cannot be provided by single-table queries un-
less the database allows the storage of volatile derivable attributes (triggers) as described
in Chapter 6. For example, calculation of quanlity on hand of inventory requires the use of
quantities purchased of inventory along with the quantities sold of inventory. Purchased
quantities are part of the acquisition/payment process and quantities sold are part of the
sales/collection process. Therefore, unless quantity on hand is stored as a triggered update
field attribute in the inventory table, the query will be complex and involve tables from
multiple business processes. Similarly, calculation of the total cash balance requires the
use of cash receipts from multiple business processes (primarily financing and sales/col-
lection) and the use of cash disbursements from multiple business processes (primarily
from acquisition/payment, payroll, and financing). Therefore unless the balance of each
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ring Clerk (Internal Agent)

Name Address Telephone  DateOfBirth
Kenneth Barki 4312 Monticello Dr.  556-4891 April 14, 1945

i Rita Barki 4312 Monticello Dr. ~ 556-4891  May 22, 1948

ntative (Internal Agent)
Rep ID Name Address Telephone  DateOfBirth

Jimmy Vitale 425 ConAir Drive  555-5678  Aug 18, 1962
Cyndie North 122 Front St. 555-6353  Apr4, 1961
Wayland Stindt 3506 Carthan St. 555-0621 Dec 29, 1973

Relationship (Sales Call-inventory)
D HemID  Customer Reaction to Product

BIS1 Negative
LIS1 Positive
HUS1 Negative
TIS1 Positive
MINT Undecided
BIS1 Positive
L1151 Undecided
HUS1 Positive
TIS1 Negative
~ MINT Negative
BIS1 Negative

Negative
Negative
Negative ALY,
Negative Continued =

cash account is stored as a triggered update field in the cash resource type table, the query
will involve multiple tables from multiple business processes. Queries that involve multi-
ple tables from multiple business processes are discussed in Chapter 10 (View Integration
and Implementation Compromises) since an understanding of how the business process
models are integrated and the resulting tables are derived is useful for understanding the
query design. For Chapter 8 we focus on the single-table resource queries per the earlier
list that are found within the sales/collection process.

A list of each inventory item or item type offered for sale by an enterprise is a query
that can be answered using a single-table query of the inventory or inventory type table.
The structured query language code for this query based on the tables in Exhibit 8-20 is

SELECT * FROM InventoryType:

The asterisk (*) is a wild card that indicates all characteristics of the inventory type are to
be included in the answer. There is no WHERE clause because all instances of inventory
type are to be included. Notice that since there is no selection of certain instances nor any
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EXHIBIT 8-20

(Concluded)

Reservation Relationship (Sale Order-inventory)

Sales Order ID

14
14
15
15
16
17

Item ID Quantity Ordered Quoted Unit Price

LIS1 2 70.00
TIS1 10 96.00
BiSt 40 60.00
HUS1 13 50.00
MIN1T 41 105.00
Lis1 120 69.00

Fulfillment2 Relationship (Sale Order-Sale)

Sale Qrder ID

14
15
16
16

Sale ID

12
13
14
T

Stockflow1 Relationship (Sale-Inventory)

Sale ID

73
12
13
3
14
15

Item ID Quantity Sold Actual Unit Price
LISt Z 70.00
TIS1 10 96.00
BIST 40 60.00
HUS1 13 50.00
MIN1T 20 105.00
MINT 27 105.00

Stockflow3 Relationship (Sale Return—inventory)

Sale
Return ID

12

Quantity Actual Condition Reason

Item ID Returned Unit Price of Goods Returned
LIS1 2 70.00 Perfect Too big

projection of certain characteristics, the answer is simply a listing of the inventory type
table. In Microsoft Access, therefore, the information can be obtained by simply opening
the inventory type table in datasheet view. Or a query could be constructed with SQL as
noted above; the same query in Query-By-Example (QBE) format is displayed in Exhibi
8-21, along with the query result.

This single-table query could easily be revised to list only the inventory item types that
possess certain characteristics, such as those with list selling prices less than $70 or those
with each as a unit of measure. The query also could provide only selected characteristics:
for example, when providing inventory information to customers, perhaps the enterprise
doesn’t want to include the standard cost information. To meet any of these information
needs, queries could be constructed that are similar to the following query that lists only
the description, unit of measure, and list price of those items that have list prices less than
$70. The SQL code for this query using the tables from Exhibit 820 is
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Microsoft Access QBE View of Querv to List Each Inventor\ Item Type for Sale
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FROM InventoryType
WHERE ListPrice < 70;

SELECT Description, UnitOfMeasure, ListPrice

The Microsoft Access QBE and query results are illustrated in Exhibit 8-22.
To obtain a list of cash accounts owned by the enterprise as of a certain date, such as
April 20, 2010, a similar single-table query would be constructed with SQL code as follows:

SELECT *
FROM Cash

WHERE DateAccountEstablished < April 20, 2010;

Please realize that to use this SQL statement vou need to format the date according to the
required syntax of the software you are using. For example, in Microsoft Access the
WHERE clause syntax is WHERE DateAccountEstablished <#4/20/20104. In Microsoft
Access QBE if you enter the date constraint as <4/20/2010, Microsoft Access automati-

cally inserts the #% in the appropriate places.
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EXHIBIT 8-23 QBE and Result for List of Cash Accounts as of April 20, 2010
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Exhibit 8-23 illustrates this query in Microsoft Access QBE format, along with its result.

Event Queries in the Sales/Collection Process

Internal and external users may need information regarding events. The most common
events in the sales/collection process are sales calls, sale orders, sales, cash receipts, and
sale returns. For each of these types of events, users may need any of the following:

+ Detailed information about each event instance (i.c., what happened, when did it hap-
pen, where did it happen, and so on)

¢ Detailed information about each event instance that meets specified criteria (e.g., events
of a specified type that occurred during a specified time period or that occurred at &
specified location)

¢ Summarized information for all instances of an event type for a specified time period
(e.g., total of the event instances during a specified time period)

*  Summarized information for only those instances of an event type for a specified time
period that meet specific criteria (¢.g., average dollar value of the event instances for 2
specified location during a specified time period)

With regard to each of the above, users may need to know all characteristics of the -
stances in the answer set, or they may nced only a subset of the characteristics. Informa-
tion regarding sales calls, sale orders, sales, cash receipts, and sale returns that may be
needed by internal users (such as salespeople) and by external users (such as customers |
includes (among many other possibilities):

« Location of a sales call

= Total number of sales calls, sale orders, or sales that occurred at a specified location or
during a specified time period
» Total dollar amount for a specific sale order; sale, cash receipt, or sale return

+ Total or average dollar amount of all sale orders, sales, cash receipts, or sale returns for
one or more specified time periods
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EXHIBIT 9-22 QBE and Result for Supplier Performance Raﬂng of\/ery Good
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Trina's Trinkets 1612 Myway Rd.  '555-2424 Very Good

» Calculation of the total or average length of the timing differences between the events
involved in one or more exchanges.

In the acquisition/payment process the most common economic inerement and ecenomic
decrement events that participate in duality relationships are purchases (acquisitions), cash
disbursements, and putchase returns. If a purchase (increment) occurs without corre-
sponding cash disbursements (decrements) or purchase returns (increment reversals) that
total the purchase amount, there exists a claim typically called accounts payable. If a cash
disbursement (decrement) oceurs without corresponding purchases (increments) that total
the cash disbursement amount, there exists a claim typically called prepaid expense. If a
purchase return (increment reversal) occurs without corresponding purchases (increments)
that total the purchase return amount, then there is an error because something that never
happened cannot be reversed. Some information needs for which queries can be created
using the duality relationship in the acquisition/payment process are

» (Calculation of the outstanding payable balance for a purchase.
» (Calculation of total accounts payable at a point in time.
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EXHIBIT 8-25 Microsoft Access QBE and Resul

T

£
i
|

Record: 1] 4 |f 1 *E)ll‘i;ofl

Field: [Date
Table; (Sale ige
Total: {Whers Sum
Sort: | = -
Showr = |
. Cmea [TRinedn A57U 02 Ang S50 105

' L

Ready

(such as consultants, medical care providers, and waitresses). The external agents mosi.

commonly present in the sales/collection process are customers or clients. For each agentor

agent type, users may need any of the following:

» Detailed status information at one or more points in time for each agent instance

= Detailed status information at one or more points in time for only those agent instances
meeting specified criteria

+  Summarized status information at one or more points in time for all agent instances

+ Summarized status information at one or more points in time for only those agent in-
stances meeting specified criteria

With regard to cach of the above, users may need to know all characteristics of the in-
stances in the answer set, or they may need only a subset of the characteristics. Informa-
tion regarding various types of employees and customers that may be needed by internal
users (such as supervisors and salespeople) and by external users (such as customerss
includes:

+ A list of all salespeople, cashiers, inventory clerks, or credit managers for an enterprise
« A list of all employees that possess certain characteristics (e.g., all waiters and wai-
resses who are at least 21 years old, all staff auditors who have passed the CPA exam.
or all salespeople whose pay is commission-based)
An example agent query that can be constructed using the tables in Exhibit 8-20 is ons
that identifies and lists all attributes of all customers with at least an A credit rating. The
SQL code is
SELECT *
FROM Customer
WHERE CreditRating ="A” or CreditRating="A+";
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Customer Credit Rating A or A+
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The Microsoft Access QBE and query result are displayed in Exhibit 8-206.

HLATIONSHIP QUERIES IN THE SALES/COLLECTION PROCESS

Although resource, evenl, and agent queries satisfy some information needs, many informa-
tion needs can be satisfied only by combining information about resources, events, and/or
agents. For example, for an event it is not always sufficient to know only what happened (and
when and where) but also what resources were affected by or involved in the event, who was
affected by or involved in the event, why did the event occur (e.g., what other events led fo
the event) or what was the result of the event (what subsequent events occurred)? Therefore
let’s examine each relationship in the REA business process pattern to study what types of
queries help to satisfy information needs arising from these relationships.

Relationship Queries in the Sales/Collection Process

Duality relationships represent exchanges comprised of two or more events. Some types of
information needs with respect to duality relationships in gencral are

+ ldentification as to whether a specified exchange is completed.

= ldentification of completed exchanges for a specified time period.

» Identification of incomplete exchanges for a specified time period.

» Calculation of the amount of claims, such as prepaid expenses, payables, unearned rev-
enues, or receivables, either in total or for a specified exchange event.

+ Calculation of the total or average length of the timing differences between the events
involved in one or more exchanges.

In the sales/collection process the most common economic increment and economic decre-
ment events that participate in duality relationships are sales (or service engagements),
cash receipts, and sale returns. If a sale (decrement) occurs without corresponding cash re-
ceipts (increments) or sale returns (decrement reversals) that total the sale amount, then
there exists a claim that is typically called accounts receivable. The sales invoices that
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represent the sales for which cash receipts have not yet occurred are called open sales
invoices. If a cash receipt (increment) occurs without corresponding sales (decrements)
that total the cash receipt amount, then there exists a claim that is typically called deferred
revenue. If a sale return (decrement reversal) occurs without corresponding sales (decrs-
ments) that total the sale return amount, then there is an error because something that never
happened cannot be reversed. For example, some information needs for which queries can
be created using the duality relationship in the sales/collection process are

* Calculation of the outstanding receivable balance for a sale (or service engagement) in-
voice.

* Creation of an open sales invoice file (a list of open sales invoices),

* (Caleculation of total accounts receivable at a point in time.

* Calculation of prepaid revenue at a point in time.

¢ Aging of accounts receivable.

¢ Calculation of the average number of days it takes to collect receivables.

Using the tables in Exhibit 820 we can construct a query to calculate the total dollar
amount of accounts receivable on a particular date (we call it the balance sheet date be-
cause accounts receivable is a line item on an enterprise’s balance sheet). Consider the n-
formation nceded for such a query. Accounts reeeivable is calculated as the total dollar
amount of all sales minus any cash receipts applicable to those sales and minus any sales
returns. The calculation should only include those events that occurred during the time pe-
riod up to and including the balance sheet date. For example, if a sale for $1,000 occurred
on June 29, then $200 of the merchandise was returned on July 6 and the customer paid
the remaining $800 on July 15, then as of June 30 accounts reccivable for the sale was
$1,000: as of July 7, accounts receivable for the sale was $800; and as of July 31 accounts
receivable for the sale was $0. If the dates are not properly constrained or if the informa-
tion is not linked together correctly in constructing the query, the result may be incorrect.
Notice that there is no beginning date constraint; even if the sale took place last year, if it

/as not returned nor was cash received to settle the receivable, then it is still receivable.
When bad debts are important, an enterprise may need to add an event entity to the con-
ceptual model for bad debt writeofts that would also be subtracted from sales in calculat-
ing accounts reccivable.

Procedures for computing accounts receivable in aggregate are generally as follows:

1. Calculate total sales dollar value through the balance sheet date by using the sale table.

2. Calculate total cash receipts that applied to sales, for which the cash receipts occurred
before or on the balance sheet date, using the duality relationship to isolate only those
cash receipts that applied to sales because the cash receipt table includes other cash
receipts from financing or purchase returns).

a. If'the duality relationship is represented with a separate table, join the cash receipt
table to the duality table, establish the constraint on the cash receipt date, and sum
the cash receipt amounts.

b. If duality is represented with the cash receipt identifier posted as a foreign key in
the sale table, then join the cash receipt table to the sale table and establish the
constraint on the cash receipt date. Then, in another query, sum the cash receipt
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amounts. (Note: Do not combine these steps into one query because any cash
receipt that paid for multiple sales will be counted multiple times in the sum and
your query result will be incorrect.)

3. Calculate total sale returns that occurred through the balance sheet date, using the
sale return table.

4. Subtract the amounts calculated in steps 2 and 3 from the amount calculated in step 1.

These procedures cannot be accomplished in a single query because steps 1 through 3 each
involves vertical aggregations based on different tables and step 4 involves a horizontal cal-
culation using those results. Multiple strategies exist to formulate the queries needed to gen-
erate this accounts receivable figure; the queries shown in Exhibit 8-27 are one possibility.
The number of queries it took to generate accounts receivable may dismay you. Espe-
cially when you realize that vou would need to change the design of the accounts receivable
queries when you need to generate accounts receivable for a different date, such as June 30.
The reason the queries are not scamlessly rcusable is because the May 31, 2010, date was
hard-wired into the queries. Fear not! A relatively simple tweak may be made to the May 31
queries that will enable any user to generate an accounts receivable figure as of any date
without having to change the query design. This is done through the use of parameter
queries, which were briefly discussed in Chapter 7. Exhibit 8-28 illustrates each of the
queries from Exhibit 8-27 for which changes in the date constraint were made to remove
the hard-wired 5/31/2010 values and insert in their places a variable name “bsdate” (for bal-
ance sheet date). As long as the same variable name is used in all related queries, when the
user runs the final query (AcctsReceivableFinal), the user will only have to enter the bal-
ance sheet date one time and that date will be plugged into all the related sub-queries.

_ 8-27 Queries to Calculate Accounts Receivable as of May 31, 2010
wesy Step 1: Total Sales Through May 31, 2010
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EXHIBIT 8-27 (Continued)
Query Stﬂp ’»’a Identify Cash Reuﬂp{‘s Applicable to Sales Received Thmugh May 31, 2010
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3. Join the tables together, set the date constraints (beginning and ending dates for
desired time period), and multiply the quantities purchased by the actual unit costs to
get the total purchase line-item amounts.

4. Group the result from step 3 by inventory item and sum the purchase quantity and the
total purchase line-item dollar amount.

5. Start with the result from step 4 and, still grouping by inventory item, divide the sum
of the total purchase line item by the sum of the total purchased quantity,

Exhibit 9-26 displays the Microsoft Access QBE and result for the queries to provide the
requested information for the weighted average unit cost for inventory types purchased in
a specified time period. The query is constructed as a parameter query so that the query
may be run for alternative time periods.

Fulfillment Relationship Queries in the Acquisition/Payment Process

Fulfillment relationships are similar to duality relationships in that both represent associa-
tions between events. Whercas duality relationships associate two or more economic
events, fulfillment relationships represent either associations between economic events and
the commitments that led to the economic events or associations between commitment
events and the instigation events that led to the commitments. Thercfore, some of the in-
formation needs to be satisfied with fulfillment relationships include

= Identification of unfulfilled commitments or instigation events.

« Identification of fulfilled commitments or instigation events.

* Identification of commitment events that were not preceded by instigation events, or
identification of economic events that were not preceded by commitment events.

¢ Calculation of length of time between instigation and commitment events or between
commitment and economic events.

« Identification of causes of commitments and/or of economic events.
= Identification of results of nstigations and/or of commitment events.

In the acquisition/payment process the most common instigation events are purchase req-
uisitions; the most common commitment events that fulfill the purchase requisitions are
purchase orders: and the most common economic decrement events that fulfill the pur-
chase orders are purchases. If a purchase requisition occurs without a corresponding pur-
chase order. the purchase requisition is unfulfilled. An unfulfilled purchase requisition is
called an open purchase requisition. If a purchase order occurs without a corresponding
purchase, the purchase order is unfulfilled. A list of unfulfilled purchase orders is called an
open purchase order file. Some information needs for which queries can be created using
the fulfillment relationships in the acquisition/payment process are:

= Creation of an open purchase order file.

« Identification of filled purchase requisitions (i.e., those purchase requisitions that re-
sulted in purchase orders).

+ Calculation of average number of days the enterprise takes to fill purchase requisitions
for a given time period.

+ Identification of the purchase order that corresponds to a purchase.
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EXHIBIT 8-28 (Concluded)

Query Step 2b Query Step 3
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Relationship Queries in the Sales/Collection Process

a caleulation, so the AcctsReccivable field displays as null also. To fix this, a function called Nz
(null-to-zero) must be inserted into the caleulation for any field that is at risk for having a null
value. The null-to-zero does not actually change a null value to a zero; it simply treats the field
as if it were zero. Nz must be applied separately to each field, not applied to the overall calcu-
lation, otherwise it will evaluate whether the entire calculation is null and if so, treat it as zero.
Exhibit 8-30 illustrates the use of Nz in the calculation for the final query step of Exhibit 828
and the resulting answer when the query is run for the balance sheet date May 15, 2010.

Stockflow relationships represent associations between cconomic increment or decrement
events and the resources that are increased or decreased by those events. Therefore stockflow
relationships are commonly used in queries to satisfy information needs about the effect of
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EXHIBIT 8-31 (Concluded)
Result for May 1-7, 2010
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EXHIBIT 8-32 Queries to Identify Highest and Lowest Selling Inventory
Query Step 1 Constrain Dates and Calculate Extended Sale Amounts for Inventory Sales
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equi-join results in a solution that only includes instances with matching values in both ta-
bles. To keep instances that exist in the Inventory Type table without matching values in the
StockflowSalelnventory table, the join type between those two tables must be changed to
an outer join. The join between InventoryType and StockflowSalelnventory as shown in the
Query Step 1 panel of Exhibit 831 cannot simply be changed to an outer join because the
query includes three tables, thus making the outer join too ambiguous for Access to un-
derstand. Exhibit 8-32 illustrates the revised query steps that better satisfy the marketing
manager’s information need.
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EXHIBIT 8-32 (Concluded)
Query Step 2 Join Extended Sale Amounts for Inventory That Was Sold to Inventory Type Table
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ent Relationship Queries in the Sales/Collection Process

Fulfillment relationships are similar to duality relationships in that both relationships rep-
resent associations between events. Whereas duality relationships associate two or more
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economic events, fulfillment relationships either represent associations between economic
events and the commitments that led to the economic events or they represent associations
between commitment events and the instigation events that led to the commitments. There-
fore some of the information needs to be satisfied with fulfillment relationships include:

+ ldentification of unfulfilled commitments or instigation events.

= Identification of fulfilled commitments or instigation events.

« Identification of commitment events that were not preceded by instigation events, or
identification of economic events that were not preceded by commitment events.

» Calculation of length of time between instigation and commitment events or between
commitment and economic events.

EXHIBIT 8-33 Query Step 1 Calculate Number of Days to Fill Each Sale Order for Orders Accepted in May
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¢ ldentification of causes of commitments and/or of economic events.
= Identification of results of instigations and/or of commitment events.

In the sales/collection process the most common instigation events are sales calls; the most
common commitment cvents that fulfill the sales calls are sale orders (or service engage-
ment contracts); and the most common economic decrement events that fulfill the sale or-
ders are sales (or service engagements). If a sales call occurs without a corresponding sale
order, the sales call is unfulfilled. If a sale order occurs without a corresponding sale, the
sale order is unfulfilled. A list of unfilled sale orders is called an open sales order file.
Some example information needs for which queries can be created using the fulfillment re-
lationships in the sales/collection process are:

= Creation of an open sales order file.

= [dentification of successful sales calls (i.e.. those sales ealls that resulted in orders)

* Calculation of number of average days the enterprise takes to fill sale orders for a given
time period.

Using the tables in Exhibit 8-20, a query can be constructed to calculate the number of
days the enterprise took to fill each sale order, and a further query can be constructed to
calculate the average number of days the enterprise takes to fill sale orders for that time
period. Exhibit 8-33 illustrates the queries needed to satisfy these information needs. Note
that if the date fields had not been designed as Date/Time fields, they could not be sub-
tracted to calculate the number of days to fill the order.

Query Step 2 Calcuhte Averagc of Days to Fill Orders
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Proposition Relationship Queries in the Sales/Collection Process
Proposition relationships represent associations between instigation events and the r=-
sources the events propose to increase or decrease. Therefore proposition relationships are
commonly used in queries to satisfy information needs about the proposed effect of insti-
gation events on resources or the resources involved in instigation events. Some commeon
information needs are

= What resources or resource types does the instigation event propose to increase or de-
crease?

= What quantity of a resource or resource type is the proposed increase or decrease for an
instigation event?

+ When did an instigation event propose to increase or decrease a specific resource or re-
source type?

Within the sales/collection process, the most common instigation events are sales calls.
and the most common resource involved in a sales call is inventory type. Some common
information within the sales/collection process are

= Which inventory types were presented as part of a sales call event?

= What selling price was proposed for an inventory type in a specific sales call event?
»  What was the reaction to each inventory type presented in a specific sales call event?
= Have any inventory types never been presented in any sales call event?

= How many different types of inventory were presented in a specific sales call event?

Using the tables in Exhibit 8-20, a query can be constructed to identify which (if any) in-
ventory items have never received a positive customer reaction during a sales call. Exhibit
8-34 displays the query needed to satisfy this information need.

Reservation Relationship Queries in the Sales/Collection Process
Reservation relationships represent associations between commitment events and the re-
sources the events are commifting to increase or decrease. Therefore reservation relation-
ships are commonly used in queries to satisfy information needs about the eventual effect
of commitment events on resources or the resources involved in commitment events. Some
common information needs are

= What resources or resource types is a commitment event agreeing to increase or de-
crease?

* What quantily of a resource or resource type is a commitment event agreeing to in-
crease or decrease?

= What dollar value of a resource or resource type is a commitment event agreeing to in-
crease or decrease?

* When did an event commit to increase or decrease a specific resource or resource type’
= Where did an cvent commit to increase or decrease a specific resource or resource type’

Within the sales/collection process, the most common commitment events ate sale order
and the most common resource associated with commitment events is inventory typs
Some common information needs of these types within the sales/collection process are
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2T 834  Query Step 1 Identify Items in Sales Calls with Positive Reactions
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«  Which inventory types does a specific commitment event agree to decrease?
«  What quantity of each inventory type does a specific commitment event agree to decrease?
«  What selling price was quoted for each inventory type in a specific commitment event?
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o What was the tote]l dollar vilae of sake onders for 2 specifisd ine periad? {Note: 1 the
tedal dollor amyoumnt 15 sdored e the sale onder event table, then i s mid necexary to use
the reservation reiationship w0 weet this mitemation need |

+ What is the sverage dellar vallue of sale onders of a specified isventory type for 3 spec-
ifhed time period”

Becmise these quecies are very sumilar i the exampiess already (llustrated for the proposi-

tion and stockflow relationship queries, no additional examples are displayed in destil,

Participation Relationship Queries im the Sales/Collection Process
Participation relationships represent assoclanons: berween various events and the upenis
who participate in the evenis, Therefore participation relationships are commonly used m
querics o sansfy information weeds for identification of which sgenty purticipated in
evenis of the events m which agents have participated. Amy commaon information needs on
this Tist could be required fou either lmormal o externz] apents

s Which epenits parpersaied in 8 spocified event)

« [n how may evens of & speCified ivpe has 3 sperified agent participated™

= What is the total dollar value of events of 2 specific type in whick a specificd agont has
participated for a specified tame peniod?
When did 2 specified event 1= which a specified sgent participated eccur?

* Where did 2 specified event Bn which o specified agent partieypated occur?

Within the sales collection procesy, soime common information negds of thess types ane

+ Toowhich customer was o gpocific sale made?

« By which salesperson wis 8 speciic sl ouder acvepied? |

« How many sates calls did o specified salosperson make durmg 4 specified time pesiod®

+ What is the iotal (or sverage | dollar amount of saics made by oach salespetvon duting
1 specified time period”

+ When was & specificd shipmeent sent 10 2 specificd customes™

+ Where did & specified saien Gall 1o a specified customer ke place? '.

Using the databise mables in Exhuibit 8-20, 3 query can be comstructed to calonkie the rom-
ber of salos cafis made by each sailespenon for & specified te period. 'l'htuﬂmmﬂdgj
Sitlest al! and Salesparson, sincer the relevant participasion relationship is implemented
Silespersonild posted a5 o foreigm key in the SafesCall whle. Exhibil 8-35 displiys the

Yo may be wondenng why thie query m Exhibiz 8 35 wis eonstroensd in fwo sheps
than combining both steps into oo, 1 both seps are mnbmd,wuhmmnnmﬂ
his ot made any sules calls during the Hime period sentified by the date mmﬂhhwmﬁ
nppesnr 10 the solution w wlf;, tees EYO Wyland Stindt does wiot appeur on the lisy, Try it!

Queries Requiring Multiple Relationships in the Sales/Collection Process
Sometrmes informanon thar crosses meltipls relationships mad be relneved to sativfy
wformation need. fmwh-mﬁmmhuﬂanﬂ
and an 2gent that wene imvohved m én coonomic cvent needs 10 use both & stockllow
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rionship and a participation eekationship. These types of guenes e the mom complcated

o comvtroct, mnd vet are iypiealiy the most poserfil ook for mecting [nformanon seeds.

Within the ssles’'colicction procesa, 4ame commen informatan nieds thi reguire we of

+ Which sade enders have been partially filled? (Requires sockflow, reservaton, and
fulfillment-sale-order-sale rels bonships. )

« What i the winl dollar value of aecounts receivirble fur o specified customner af o poim
in me? (Requires dualiny, poriapation-cuniomersale. and paricipeinaeresdnmm-
cosherecept relationships b

« Whal invénsory types have heen presented i s apecified costorer in stles vulls duting
a specificd e penod? (Roquires proposition: and participuticn-cuntomer-sales-cill
relalionsdigs )

» Which salespersom presented 0 specificd inventory tvpe o 2 specified customen” [Re-
sales-call rebtionships )

« What 3= the totai dollar amoum of saies of 2 speciad mveniony Ty that hine beda
mslz to cestomers in 8 specilied reghon” (Reguiss sockflow snd participaiion-
customeer-sade relationships |

= o whit region lave sules calls imvalvinig o specified ommotory type beon the most s
cessiui? (Requires propositiont, fulfilinwent-sales-cail-sale-order and rescevation rela-
thonships; 1

I ihe dﬂsqusﬂm of fulfillment relationship queries, a query was consiructed to caleulaie
mmrngcmmhrﬂdmn an emterprise had tken 1o il sade orders {reyislt Exhibit $-33). .
That query by ome weahness: it does not distinguish a filled sale order from o partiaily
filled sale order. As long as the enterprsc has sont something fram n cuslome©’s ooder 10
the customet. it counls the onder a5 having boen fitled for prrposes of calculsting the dns
it ok to 811 the onder. When the temmainder of the order s Giled, that sale date i also fic-
e imie the caleuletion of dave to Bl the ondet: in the sverspe calonlatson i is a4 il e
two paris-of the ordey that ame shipped sepaniely are o difforont orders wilh the came
arder date. (hver a ressonably Tong time frame, thi= distinction i sol esuafly crocial so e
ety showa in Exhibur 8-13 may be wsefal. I howover, 1he firm doos not wimd fo count
an order as filbed wntil it s compdedly Rlled or if the frm wanst o deiermine which
orders hive been only partially filled additional relationship mformation s neaded.
Using tw: dasubuse fibles in Exhibil 8-20, & query can be constructed o determine,
which sake orders have been only partally filled. This query requires imformation fram the
aale arder gven, reservation reluthonship, fulfillmens relationship, sale event, and stockflow
relationadin. The datn needed reparding the sale order avent mre the ander 1D (1 bk 1 tise
reserviion and fubfillment relstionship) and the dasz oo which the arder was placed. Ths
dota needed regarding the sale event are the ssbe 1D (o link o the fulfillment and
Ao relethonchips) and the date on which the sale occurred. In & provious query we
that i is ssefisl @ comploe dme consdramis as 3 prefiinioeny sicp iy gueries thal join
tiple flems together, a5 it helps 1 peevent fillering oul recinds ol shoold) bet included
@i srswer. The sl man steps of She quety demonssmaed in Exhiba &-36 ihorciore
the sile omlers throuph 3 wser-specified date and isolate the. seles throagh a

=



chapter Eight  The SoktCollechin Bismesy Proder 249

Qu.-q,- ‘ij::p b Copprmn '-'rat I‘.rni::' !Jmn:' m H:Lw:- l:'_'lfunlr'red up for Usar-Specifed EI'I'IﬁF[E e

et ."_
B e ARRE @

(hxery Step 2 Consiruin Sale Dute 10 Hh-1-'t' Devured oy uilim.‘.!rip-_‘dﬂur.l El:rJIHp; D

e T
BB - e gy 164 L B :
i - - o [ . St -1 TR

date: Bn: faet. to nid ad hoe gueerying 0 probably uselol 1w dreate two sepanite qw:.rm for
each evenr in o database, one that Keeps all attributes of the event and coustraing (he ovent
date to have oveurreil hefore or on 1 use&-qmﬁm date and one that keeps all nlrﬁhmmﬂf
thie event and comsimins the event date to have oceurred behween user-specified baginning
anid erding dates,

The. third step joine the ﬂa.!a»pnm‘ﬂmﬂ sale arders 1o the teservation relatioaship,
thapeby date constraining e peservalion mlmnn:.!up The folrth: al.ep joins; e dare-
constrained stles to the: stockflow m]ﬂi!'ﬂﬂﬁl'll]:l wble. thereby dute consiraining the stock-
fiow relationship. The fifth step joins the date-constrained reservition result to the fulfill-
ek rr.iaunns'hlp table to-add the velated sale (D) to cach reservation record; similarly, the
with siep joimns the dute-comstrained stock flow resuli to the Falfillment m]ahnnshrp table ta
add_ﬂst retated =ale onder 1D 1o gach sf.ntkﬂ_m, record, The seventh step joins the results
fioan stops = and 6 together based onsale 1D, sale order 10, and imvesory item 1D The
‘griantrty. s0dd fisld 18 somred o that 1F muliple sales applied to the sume sale oeder the
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EXHIBIT 5-36 ey Btep § Jein Dete Costimmed Sale Order w ith Keservanom Relathonsdip to ibensily
Pt Quantivies ol lienn Crderad in Effect Date Comstraiming the Reservtion Relaimshipy
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toral vold can be compared 1o the quantity ordered. The final wep sublructs that otal s
from the quantity ordered to calculaie the undiliod guantry of cach tem on slc wden
e hoen ot beawt partislly filledd This sorics of guory weps ey net nclude ale
that fne oot e filled 20 3 adinons! stops woukd be aerded 0 mechede thowe o
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EXHIBIT B-38 Query Siep 5 Roin Diateoreramed Keicrvanion with Fullilloen w Lok Sake Onders w0 Saic
Tis
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wver. As you can see, querted that imvelie muliple relaticushigs can become gquite com-
plex. It is imporiand o organize your thinking and not combine 1o ey sleps.

NG COMMENTS

This chapier presented mn overs iow of the sctivisies in the sicscollochoa process omd éis-
cussed the exterded REA porvern as 1 is applied to this process, inchadomg simlaribics and
differences in the pattern for coierprises with different tvpes of ovenue-generating -
ties. Whether an enerprise selis hot dogs af » small stand ossside o unhematy Libeary, o
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EXHIBIT B-36
(Concloded)
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sells vvsiom-rmmde computens v ondens placed on the Intemel, whether @ sells
WIDE, ImndraoE, OF wine comthination of prducts md servioes, e

wary likely M the REA patem The ovent labels for 30 esderprive may be &
tharsg wsex! i This texthonk therefore the concrpts learsed bere <anisot be rowts
wih pole memnorration. | Be ki for decovening the patiern i fon & specific
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io think shout 1the nature of the ovenis and partcularly the rescamces affected by them, It
heclps many petsple 10 think e ot the voloe sy stem levol—whar resrunops docs the e
prise exghige with ik castiomary] Nea think st the vithe cham level—whial gesmsrces are
princided 10 the reventss evele by the enetprise s varous tvpes ol aoyuisitionpasmen ov-
eles, what resorees does the iiverue ovrhe prow lde 1o other cvles such s nincing. and
et imponantly what sxchange tv made? Cmce you sre confident you are thinking effec.
tively about resdunces and cvenits tha are pest oof e revense poocsss 2k you Fene sboni-
fied the cvonomic increment pnd docnement events that comprise the duality relationsbop,
then'it should be relatively eisy 1o determinge the commitment cvents anid i gation events
shuat Jedd W euch ecmbnmie event, and (o connoet resources, intermal agents, and externil
ity o gach eviont as peedod. Finally, consider whaither exira relutionghips such ag cul-
sody, aaxignment, or tepification, 5 dispusseed v Chapier 6. apply, or cven whether some
extra nelationships appiy thal arc wmue 0 the enicrprise you are modeling. A< long as the
Tunshatiom of the sysaom dusbase 5 conasionl with REA, ex1r constructs eauslly may be
adided without comprismsing the sdvanisges the pattem provides for automated seasoning
and micrenteprise ifegmiion.

Dvccyiimients o flent asad in the snles collection process were illusirated aind exampke data-
base dublex wepe penerated. Soime sample mformaiion needs and quafiea o satisS them
wiere presenied. "[Those presended reproscm only o small fmction of the many - dififerent m-
fermation sceds that ecterprives huve o a daiby basts. Oine pos! of this chapter t o snable
sudonts whn s day mav e faced with mecting someone’s information necds w dhiok
creziively and generate gueries 10 miet those minrmation needs The database Giblcs pre-
ecuted i11 this chapior afe nod compeehansive, Dtabase tbles i realavorld enterprics sys
tem applications:such ns PeoploBolt, Orsule Apgdicathons, on SAF have digens (spmetines
even hundrods) of anribotes. Exaruinaton of e alinbules svulahle 6 on ewierprisg ays-
wmdatnbase s acritcal step in developiee querics (e repoet valoes of thoae sttrsbetzs in
Ui formmal necled by 3 oser,

 Terms and Concepts

Bill of lading, 240 Econeme merernent Pacidng slig, 270

Cash receign. J 4 reversal event 29 Participmyion

Creidit memorambem or Elecrromc fimads relatsonihip, 2/ 2

crechi memo, 2/ ¢ wansfer, 217 Ficking alip, 278
Cugiomuer opder, 206 Fuolfillment retatsomship, 200 Proposition

Customer stalomanl 244 Inshigation event, J2 relationship. 344
Dieponit slip, 2/ Invemtory, 202 Remittance advice, 244
Drzality velationshop 212 Imemiors nvpe. J20y- 28 Hental M

Ecunomic decremem Macketmg avent, 207 Risorvat

event, i Kl commitmen relabossiup, 2o
Economic decremern event, JiE2 Feversal relatiomship 777
reversl event, J48 Chper gal es mvoice Sabes cull, 200

Feonomic (nerenien file, 232 Rales oollection business.

guend, 20

Opett sakes onder file, 243

process, |9
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Bales voiee, 210 Sales refum, 27T Rervice type, I3
Sules opder 00T Serviop ongagement, 0¥ G kilonw ielatsomship, JP2

Review Questions

Li R List fhes obsectrves of the saples sollevnen prooes
v D Mew s the sales coficction process relpeed 1o the comeryioR procows, The BOQUESEEE
P TIPS e grad the fsencng procee”
LTy Bl Whae is e SfTerencs BOOWOSS § CESFEIN ot ol @ aben ondev®
R4 Faplain the differcnoe beraeen 5 sales onier i & salgs UL
wor  RY. Wikt s an elecrronic famds e
o uom  Rb What is an open gabes onder’! In 3 datsbase densgmud uning the REA oDusioEy. b
cam open sales ordar be plepinfeed”
woruos  RT. What i mn open sales imoice™ [na darnhase deskgnel onmg the REA ontodogy, bow
can open sales mvotoes be jdenty ™
artoe B, During whish event should an entenpnse nagnibe revenue fior an FOR whipping pabs
salen irnnsaction: Sale Crder, Shipment, or Cish Recelpt? Explain your respons.
donios B9, Tdentily typleal resoitrces, micrnal agents, i gxterial wents nssociated with ench
ol the Bllawing bushness eveqs:
o Sales call o similar mstigalion event
b Sales orber o sgnity mimag] comrament aVon
¢ Sale, shipmeni, and'cr service engagemenl of oTher SOORMINL devermeent evenl
d. Lash roocipe of @l SoEmwmIl T e R
¢ Salbe return of nther eoononns oMot Rovernal ever

Multiple Choice Questions

N Whih docemens s ypRcaily ZS0CHA) Wi W sty stetm i ohved mn the wbes P
mrs pvent”
A JReen g repont
Gales oriley
Sales call pepon

Jgf [ EL Sales Ipvuice

L 02, The revenue cvele represents the poini of contach betwean the eprerprine and witich
set of extermal busingss purtners?
A, [vestons aihd Crodimors
b, Suppliers

L sonorh J

Empiloyees
Liw \b(l The resource made avadable t the saies/collection process in the finange process |
i iyl enterprise vabue chon € !
A dmveriory
R Property, plant, snd oquipme
L. Laboo
(B )cad
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\éﬂ M4, Wiich of the followingy entities are-usually paired ina stockilow relaticnstip in the

salesicpliection process?

. Satdes il and lwantiony
B. Cush and cash receipe

+ Sales order anid Inventory
D Sales order and sale

MCS, Which of the followimg events should reflect the point in tme ut which ritle w

goods transfermd from the enterprise 0 8 customer?
A, Sales cail

Sales order

Bale

oy T
E. Salés return

ion Questions

[hesiribet ot least two solee/dollection process mformution. needs for cach of th

IR TITIS

. Monogément

b Markesing

¢. Finince and accoummting

. Hurman sesoune

e, Prluction

onsider the followiny enterprize: Online Sheet Musse {O5M) 8 o company that firo=

vithes n website from which customers can idemtify sheer musie they st 10 buy for

paimo, guitar, and other mueskcs! FEinmments, Cosemers can view ratings provided by

ot customsrs, sead summunes provdad by abeet muscc pablishers, 2 locsie pric-

ing informaton. When customers order shoet e, they place their anders vm O8M.

However, OSM does not wke possession of any sheet music and hold it as inventory,

Rathier, (58 orders s sheet music from s eppropriste sheel mugic pubishers and

arranges for the shest musie 1o be shipped directly from the publishzrs to the vus=

toeners. The customen pay O8M for the sheet music, and OSM pays the publisherns o

purtion of the prodeeds from the cusiomers. keeping the evwess i Mevennes

4, How dues e oicrprise valoe system kevel KEA moded tor USM dilfier from that
il lustrated wn Exheber 8- 17 That is, whad sesources are provided by OSM w0 the coss
tomers? What resounces-are reccived in exchonge? And wht resources are s
vided by OSM 10 the publishers and what resources are received in exchange?
Dwed vour answer depend on whather OSM ever accepls legal title to the est
mishe gvin thowgh OSM never physically posagsses the invemory?

b How does the butiness process kevel REA model fir O83ME salescoliection
process differ from that ilhestrated in Exhibi §-37 Does the pattem change™ Or #
the differctce. merely i the nbeling of sane of the resource, agents, cvenis,

refutionships?

o Whist entities and/or relationsldps mos likely nisgd 1o be meluded in & query 1o cals

culnie the acédimnts redennbic balance for éach customer? Assume the balance s nol
stired 5 3 wolatibe dovivable aimribeme i the Custamer whie
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Applicd Learning

e Al Quasdox Compolers (s 2 store that bays computear compossenin for ow pocok, =
sembies the componenls min compuaers, and then sells e computers 2t high prices.
Eoch enmputer & nasigned o wiugue identifiestion number; and compters that have
common confgiemtions are categarted into vpes (e, Lomgitade 5.0 Taptap thiia ch
cankly petworksd and is eeommiended for Businewes; Elemens is 8 deskoop thai 15 s
temded for home and small husinesacsh Casegonios can be eatenad imio e Mlqu-
e fiore sy ovmmpuiers i the: cotepones are acnmily asembled. The compuier on
nents ire prrchased front whobsalers, One of Ouandris s parchasing apents !
i dirler 1o the whobesnler that hay listed o given component for sole: 17 the order o
accepted, one of Quandsax’s imveniory clerks receives the tema Multiple orden
ssvepted by the same supplier mey be comlidated o one purchase, Cleders ang o
i:'c'.ﬂtrdm thew enthicty or =ol af all \:Erh all of Ouimiran’s onlérs are ooy

cermin category of computers. Onky shoo: 10 percent of Droandkran s puinchasad oo :
ponents are renrmed b soppelisn, snd s eetirn wewbi el from only one o
When payment & due for a parchise, one of Craindex’s cashicn issucs one cheehs
For payrment i full for the ems om that purchase. Semetimes 1 mulapic purchusss
hrve heen musdé from the same suppler within g shoet Hme, Quandris ey s Tor (ios ]
purchases with juit one chack One of Cruandrays managers is reguired to nol onl
suthorire all purchase onders greater than 55 000 b also sign all checks (includ
checks wrtien for expenditunes other than purchases of computer componsnis
Chunndrey reeds (o keep track of the miamagens” partiéipation o these eventy as we
i the partcipation of other employeck in thoge svints. Ty phvsically implemeiniis
the concepiual model inm the datubase tshizs, Quandrix wants 10 combine all o
pimyee hypes iAo just one table, This mesns [unndmx wonld kovp the s=pamie
pliyee ontitics on the E-R diagram. but make just one employec table o represent il
uf the eonplovee entitics, then post kevs. or make relationship Whles os mm:a'-r;l' B
imyplement all relatinnships of amploveds to the relevintsvenis :
Al sles e handled v mall or c-mail, o8 Quandrax does oo have amy show
roons, Quandray assigns sadosprople o its lange corperaie customerns ansd the o
peeple take samiple computors o the cusfome focations to demonsirats Feabun
part of thesr sales calls. Davly 4 snall percenmge of Cruandmix s sales calls resules
onders, snd semetimes o salesperion might oeed womaoke severnl sslea calls o
same customer to abtain one order (fom et cusiomss, Orders also resalt -
toiners surfmg the Internet and weing desorplao: of e computers oo Oaan
website. Thess customers are nol aaxigeod 1o specific n;ﬁmuph- Ouandya iof
ks the salesperson thet aciuilly ok the order. Same of Quindrans saléspeos
ore Wired tochandle fust such order ind-wesuch are not aselpned m:ﬂmﬂy it
it mers. 3
If & cusnomeer orders meiupke compaians on ooz sale-imdor aad some of The Sl
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when the rest of the computers are assembled. Sometimes Quandrax combines com-
puters from multiple sale orders into a single shipment. For example, once a cus-
tomer ordered 10 computers and the next day decided that wouldn’t be enough so he
ordered 4 more. Quandrax shipped all 14 computers in one shipment. Quandrax only
accepts checks for its sales of computers; customers can pay for multiple sales with
a single check, but no partial payments are accepted. Each sale transaction is tracked
by a shipment ID; an invoice is sent to the customer that is due within 10 days, with
no discounts allowed. Quandrax does not allow any sale returns; that is, all sales are
final. Cash receipts are never split between two cash accounts; rather each receipt is
assigned to one of Quandrax’s cash accounts by one of Quandrax’s cashiers. Quan-
drax also receives cash from other activitics, such as loans, so the database must
allow for that. Suppliers, employees, and customers need to be entered into the data-
base before any transactions involving them occur.

The following attributes are of interest to Quandrax. Some of them are related to
the acquisition/payment cycle (we will use this scenario again in Chapter 10 and you
will need them then). The attributes that are related to the sales/collection process
must be included in your solution. Do not add attributes to the list. Use the boldface
attribute abbreviations in parentheses next to the attributes in the list. List any as-
sumptions you make, along with the reasons behind your assumptions (i.e., state
what you think is vague in the problem, say what you are going to assume to clear
up the ambiguity, and make a case for that assumption).

Purchase Order Number (PO#)
Supplier ID (SupplD)

Employee ID (EmpID)

Purchase Order Date (PODate)
Purchase Date (PurchDate)
Location of cash account (Ca-Loc)
ash Account Number (CashAcct#)

Customer ID (Cust-ID)

Date of cash receipt (CR-Date)
Name of customer (Cust-Name)
Total sale dollar amount (Sale-Amt)
Type of employee (EmpType)

Date of sale order (SO-Date)

Date of purchase return (PR-Date)

‘Name of supplier (SupName)
‘Receiving Report Number (RR#)
‘Computer Category ID code (Cat-ID)
Component ID code (CompolD)
Cash Disbursement Date (CD-Date)
Name of employee (EmpName)
Purchase return ID (PR-1D)

ash Disbursement Number (CD#)
Sale Order ID (SO-ID)

‘Shipment ID (Ship-ID)

Date of sales call (SC-Date)
Cuastomer check number (CR-Chk#)
‘Sales Call ID (SC-ID)

Cash Receipt ID (CR-ID)

Dollar amount of cash receipt (CR-Amt)
Current balance of cash account (AcetBal)
Shipping address for a customer (Cust-Ship)
Date of sale/shipment of computers (Ship-Date)
Description of a computer category (Cat-Desc)
Computer component description (Comp-desc)
Total dollar amount of a cash disbursement (CD-
Amt)

Standard cost for a computer component (Std-
Cost)

Quantity of a computer component returned (Qty-
Ret)

Type of supplier (i.e., wholesaler or individual)
(SupType)
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Identification number for a finished computer
(CompulD)

Quantity of a computer component ordered on
purchase order (Qty-Ord)

Proposed selling price for a type of computer on a
sales call (Prop-SP)

Ordered cost for a computer component on a
purchase order (PO-Unit-Cost)

Suggested selling price for computers [hint: by
category]| (List-price)

Required:

Date assembly was completed for a finished
computer (Assemb-Date)

Quoted selling price for each item on a sale order
(Ord-SP)

Actual selling price for a particular finished
computer (Act-SP)

Quantity of a computer component received on a
purchase (Qty-Rec)

Actual cost of a computer component on a
particular purchase (Item-Unit-Cost)

Create a business process level REA model (in either grammar or diagram format) for
Quandrax Computers’ sales/collection process. Be sure to include all relevant entities, re-
lationships, attributes. and participation cardinalities.

Answers to Multiple Choice Questions

MCI. A; MC2. C; MC3. D; MC4. B; MC5. C.



Chapter Nine

Business Process

LEARNING OBJECTIVES

The objective of this chapter is to encourage an in-depth understanding of the
acquisition/payment business process, with a focus on the modeling of this
transaction cycle with the REA enterprise ontology and querying to meet
information needs for this cycle. After studying this chapter you should be
able to:

1. Identify activities and documents common to acquisition/payment business
processes for various enterprises

2. Identify the components of the REA ontology in the acquisition/payment business
process

3. Explain how the acquisition/payment business process fits into an enterprise’s
value system

4. Explain how the acquisition/payment business process fits into an enterprise’s
value chain

5. Create a REA business process level model for an enterprise’s acquisition/payment
business process

6. Identify common information needs within the acquisition/payment process

7. Create queries to meet common information needs in the acquisition/payment
process

INTRODUCTION

The acquisition/payment business process is sometimes also called the expenditures
transaction cycle or the procure to pay mega-process; therefore you must look past the la-
bels an enterprise assigns to its various activities and examine the substance to identify the
acquisition/payment process for a given enterprise. In this chapter we discuss how the ac-
guisition/payment transaction cycle fits into the value system and value chain levels. We
then discuss the REA business process level design pattern for various enterprises, as well
as the task activities that typically occur and the information needs that arise within the
business process.

259
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ACQUISITION/PAYMENT BUSINESS PROCESS IN AN ENTERPRISE
VALUE SYSTEM

EXHIBIT 9-1
Acquisition/
Payment
Process in the
Enterprise
Value System

The acquisition/payment transaction cycle includes the activities associated with buying,
maintaining, and paying for goods and services needed by enterprises. This includes ac-
quiring raw materials, component parts, and other resources contained in finished products
or services. It also includes acquiring, and paying for, a variety of other goods and services
(e.g., utilities, supplies, insurance, repairs, maintenance, research, development, profes-
sional and legal services, and property, plant, and equipment). Processes that are special
cases of the acquisition/payment process but that are typically considered separate busi-
ness processes include the human resources business process (acquisition of and payment
for employee labor) and the financing business process (acquisition and repayment of fi-
nancial capital). We discuss these processes separately in Chapters 12 and 13.

In this chapter we discuss the strategy. objectives, and nature of the acquisition/payment
process. You may recognize that many of the activities in this business process are essen-
tially the same activities as we examined in the sales/collection process only viewed from
the perspective of the buyer rather than the seller. Therefore you may want to read or reread
Chapter 8 and consider the similarities and differences in those activities from the buyer’s
perspective versus the seller’s perspective.

As you analyze and model a business process, you must clearly understand its purpose
and objectives. You must realize how the business process fits into the value system and
enterprise value chain. At the value system level, the acquisition/payment process is the
point of contact between the enterprise and its suppliers (vendors). The enterprise gives
cash to the suppliers in exchange for goods and services as highlighted in Exhibit 9-1.

The value chain reveals interfaces between the acquisition/payment process and other
business processes. Exhibit 9-2 illustrates the typical value chain interfaces.

The overall objective of the acquisition/payment process is to provide needed resources
for the enterprise’s other business processes when they are needed. This objective can be
broken into several subgoals:

» Purchase items from reliable vendors.
 Purchase high-quality items, or at least items of the desired quality.

Investors and |~.2ash
creditors
Cash
Goods
Goods, Y 3
Suppliers services Enistprise il Customers
(vendors) Cash
Cash
Vv
Employees
Cash
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EXHIBIT 9-2  Acquisition/Payment Process in the Value Chain
“umial Value Chain for Manufacturers

Cash
disbursement
Financing
process
Cash
o
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b operation
Conversion
Cash Material @ WIP
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Cash disbursement L
T process e
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payment N operation

Materials and

process
: machinery

Acquisition

F=mal Value Chain for Nonmanufacturers

Cash
disbursement
Financing
process
Cash
receipl
Cash
receipt
Revenue <ﬂ
Cash rocess S
Cash | disbursement p
Acquisition/. e
payment ! QT

process Goods and

Acquisition services

* Obtain the desired items at the best possible price.

* Purchase only those items that are properly authorized and are for legitimate company
purposes.

* Have resources available and in useful condition when they are needed by the company.

* Receive only those items ordered, and rececive all the items ordered.

* Control items received so they are not lost, stolen, or broken.

* Pay for the items received in a timely manner to the appropriate party.

Organizations can acquire a variety of goods and services. These include inventory, sup-

plies, various services, utilities, or property, plant. and equipment. We begin our discussion

of the acquisition/payment process by reviewing some of its more common events. Two
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important reminders before we begin the discussion: First, because we discuss the activ-
ties in a sequential fashion, it may seem that the acquisition/payment process is linear. Thas
is not necessarily true. Increasingly, business processes and the activities that comprise
those processes are dynamic, rather than linear and static. Second, remember that the ac-
tivities in this process are linked to activities in other processes. We are concentrating o=
one process at a time to simplify our analysis.

ACQUISITION/PAYMENT BUSINESS PROCESS LEVEL
REA MODELS

Recall that the extended REA ontology described in Chapter 4 and illustrated in Exhibs
9-3 identifies the pattern underlying each transaction cycle, which consists of instigation
events, mufual commitment events, economic exchange events, resources, agents, typss.
and various relationships such as stockflow, duality, fulfillment, reservation, proposition.
and participation. In this section we describe the extended REA ontology components spe-
cific to the acquisition/payment business process, noting differences for types of enter-
prises (e.g., a merchandiser versus & manufacturer or service provider).

The REA pattern aids in analyzing business processes and events by highlighting the
what (the resources involved in the event) and the who (the internal and external agents:
of cach event. Notice that the where and the when often are stored as attributes of each
event. The events, agents. and resources involved in the acquisition/payment process vars
somewhat from enterprise to enterprisc. The general pattern discussed in this chapter eas-
ily can be adapted and applied to meet the exact requirements of any enterprise. Multiple
instances of the pattern may also be used for an enterprise. For example, if the enterprse
separately tracks acquisitions of inventory, acquisitions of general and administrative sup-
plics and services, and acquisitions of operating assets (such as land, buildings, machin-
ery. or equipment) the enterprise may create three patterns similar to the one shown in Ex-
hibit 9-3 with different labels to indicate the differences in the resource, event, and agent
names. In Exhibit 9-4 we show the pattern to illustrate the purchase of operating assets. &
similar copy could be constructed to illustrate the purchase of general and administratve
supplies and services.

Instigation Events—Need Identification and Request for Goods/Services

The acquisition/payment process responds to an authorized individual’s (internal agents:
requests for goods or services (resources) that are approved for use by the company. Van-
ous supervisors identily the need for goods and services by monitoring enterprise activi-
ties such as production levels, sales levels, capital improvement plans, capital budgets.
sales forecasts, trends, and projections. This monitoring of levels, forecasts, and needs is 2
critical component of the purchasing process. and the information system should help &
providing accurate, timely, and well-controlled information. Once supervisors or other au-
thorized individuals identify a need for goods, they communicate that need to an autho-
rized buyer (internal purchasing agent) via a purchase requisition. Thus the instigation
cvent in the acquisition/payment cycle often is labeled the purchase requisition event.
Agents involved in instigation events in the acquisition/payment process usually are de-
partment supervisors (internal agents who initiate the requisition) and purchasing repre-
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EXHIBIT 9-3 Acquisition/Payment Extended REA Ontology Database Design Pattern

- Goods or Purchase Internal
services requisition agent
inventory type (instigation event)

Partici-
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agent
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Note 1: Reservation2 1s shown with dashed lines to indicate that it 13 often excluded from the model because the revenue-generating activity (decrement cconomic
event) is often a more reliable cash flow budget factor than is the mutual commitment event.

Note 2: Goads or services inventory may be excluded for enterprises for which it is'not cost effective to use specific identification: if s0, Stockflow1 and Stockflow?
should connect to the Goods or Services Inventory Type cntity. In other cases, the mutual commitment event may specify an instance of goods or services mventory;

if s0, Reservation] should connect to the Goods or Services Inventory entity,

Note 3: This diagram does not attempt to differentiate internal agents for the various types of events; for some enterprises one category of employee may participate
in all these events; for others there may be several different categories of employees invalved.

Note 4: Participation relationships 1 and 2 reflect the reality that one internal agent (tvpically a department supervisor) will initiate the purchase requisition and
another internal agent (often a purchasing agent) processes the purchase requisition. Therefore the set of all internal agents plays two different roles with respect to
the eventand cach role must be tracked via a separate relationship. Similarly participation relationships 10 and 11 indicate that one internal agent (again a
department supervisor) authorizes a purchase return and another (often a shipping clerk) processes the retwn. Other events may also involve multiple internal agents
in different roles (e.g., if one employee prepares the cash disbursements and another émployee signs them): they should also participate in multiple participation
relationships.

sentatives (internal agents who process or deny the requisition). Reguisitions may include
a recommended vendor for the requested goods or services; these data may be tracked in
the database and represented via the participation3 relationship shown in Exhibit 9-3. Typ-
ically there is no need to specifically identity a good or service for purposes of instigation
events; all that is needed 15 information about the type of good or service requested. Of

263
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EXHIBIT 9-4 Business Process Level Pattern for Operating Assets Acquisition
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course, some enterprises have atypical or unusual circumstances and may therefore involve
different agents and/or may require specific identification of requested goods and services.

Attributes of instigation events that typically should be captured include the date and
time of the event. The instigation event data should also be able to be linked to data re-
garding the related employees. requested vendaor (if one 1s specified), and the types of re-
quested goods or services. Data regarding purchase requisition instigation events are often
captured on a purchase requisition form such as that shown in Exhibit 9-3. This form may
be either a paper document or part of a software application interface. In cither case, sim-
ilar data are captured and stored.

The set of relational tables illustrated in Exhibit 9-6 correspond to Exhibit 9375 entity-
relationship representation of the purchase requisition event, the relationships in which it
participates (proposition, fulfillmentl, participation], participation2. and participation3),
and the related entities (inventory type, purchase order, department supervisor, purchas-
ing agent. and supplier). Other possible tables could be derived depending on the relation-
ship cardinalities. Data from the form in Exhibit 9-5 have been entered into the database
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EXHIBIT 9-5 Purchase Requisition

Your Source Company PURCHASE REQUISITION
Your Source for Everything You Need NO:
123 Main St. o R17
Anytown, USA 12345
Date prepared: Prepared by: Suggested Vendor:
4/20/2010 E12 V7
Deliver To: Attention: Patrick Date Needed:
Product Warehouse Wellesley 5/2/2010
ltem
Number Quantity | Description Price/Unit
BIS1 100 Big Stuff $20.00
LIS1 200 Little Stuff $36.00
HUSH 100 Huge Stuff $30.00
TIS1 300 Tiny Stuff $48.00
Reason Needed:
To meet customer demand for these products.
Approved by: Department: Date Approved:
E5 Sales 4/22/2010 o

tables; however, some of these data (e.g., inventory and supplier information) would have
existed already in the databasc tables before the requisition data were added to the tables
so all that is added regarding thosc objects is the relationship information that links them
to the event. New data that would be entered as a result of the purchase requisition event
are shown 1n color.

Mutual Commitment Events (Purchase Orders, Rental Agreements,
Service Agreements)

A mutual commitment event exists if the enterprise and an external business partner have
each agreed to exchange resources at a defined future time. In the acquisition/payment
process the most common mutual commitment events are purchase orders, rental agree-
ments, and service agreements. A mutual commitment event doesn’t always happen at a
discrete point in time; often it involves a series of activities. Typically a purchase agent (the
internal agent) places an order on behalf of the enterprise with a supplier (the external
agent) for goods or services (the resource). There is usually no need to specifically iden-
tify goods or services for mutual commitment events: rather, information about the type of
good or service ordered from the supplier is sufficient. The enterprise determines whether
to commit by checking the availability of funds to pay for the goods or services. checking
the vendor’s availability of needed goods or services, obtaining vendor references if the
vendor is not already on the approved vendor list, verifying all price and date information,
and contacting the supplier if necessary to adjust pricing or dates needed. These determi-
nations are important because the enterprise does not want to commit unless it is confident
both partics can fulfill their parts of the purchase transaction (i.e., the supplier must have
the ability to fill the order and the enterprise must have the ability to make payment).
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EXHIBIT 9-6 Relational Tables Encompassing Purchase Requisition Event

Purchase Requisition (Instigation) Event

Maximum Budget Purch Recommended
RequisitionlD Date for This Purchase Date Needed  SuperiDF  AgentiD®®  SupplierlDF¥
R17 4/22/2010 $30.000.00 5/2/2010 ES E12 V7
Proposition Relationship
Requisition 1D Item ID  Quantity Needed  Estimated Unit Cost
R17 BiS1 100 $20.00
R17 Lis1 200 $36.00
R17 HUST 150 $30.00
R17 TI51 300 $48.00

Super ID Name Address Telephone DateOfBirth
E5 Patrick Wellesley 53125 Fenton:Dr. 555-1112 March 4, 1958

Purchasing Agent (Internal Agent)

PurchaseAgent 1D Name Address Telephone DateOfBirth
E12 Joy Berwick 1237 Kirkland Ave. 555-8914 July 14, 1860

Supplier (External Agent)

Supplier ID Name Address Telephone Performance Rating
V7 Joe’s Favarite Vendor 89056 Ransom Hwy.  555-7655 Excellent

Inventory Type (Resource Type)

item ID Description  UnitOfMeasure Standard Cost  List Price
BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff  Each $30.00 $70.00
LIS1 Little Stuff Box of 6 $36.00 §72.00
TS Tiny Stuff Box of 12 $48.00 $96.00

Purchase Order {(Mutual Commitment) Event

Purchase Date Total Purchase Purchase
Order 1D PO Date Promised Dollar Amt RequisitioniDf¥ AgentiDFK SupplierlDF¢

Note: Fulfillment] relationship is implemented with Requisition]D posted into Purchase Order table. Partieipation! relationship is implemented with SupervisoriD
posted into Requisition table: Participation2 relationship is implemented with Purchase AgentlD posted into Requisition table. Participation3 relationship is
implemented with sugeested SupplierID posted into Requisition table. Fulfillment] data are not yet entered, assuming a time lag between requisition and order,

Attributes of mutual commitment events that typically should be captured include the
date, time, and dollar amount of the order; the date by which the enterprise needs the goods
or services delivered: the delivery method to be used (e.g., Federal Express, UPS, or cus-
tomer pick-up), the desired location of the delivery; and the payment terms. The order data
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EXHIBIT 97 Purchase Order

Your Source Company Purchase Order
Your Source for Everything You Need :
123 Main St. KNG 16

Anytown, USA 12345

This number must appear on all related
correspondence, shipping papers, and invoices.

To: Joe's Favorite VVendor Ship To: Your Source Company
89056 Ransom Hwy. 123 Main St.
Metro Village, USA 54321 Anytown, USA 12345
P.0. DATE | REQUISITION # | REQUISITIONER | SHIP VIA | F.O.B. POINT TERMS
4/24/2010 R17 E5 UPS Shipping N/30
UNIT
QTyY UNIT ITEM NO. DESCRIPTION PRICE AMOUNT
100 | Each BIS1 Big Stuff $20.00 $2,000.00
150 | Each HUS1 Huge Stuff $29.00 $4,350.00
200 | Box/6 LIST Little Stuff $35.50 $7,100.00
300 | Box/12 Tist Tiny Stuff $50.00 $15,000.00
1, Plaase send two capies of your invoica. SUBTOTAL $28,450.00
2. Enter this ordar in accordance with the prices, terms, delivery method, SALES TAX $0.00
M B SHIPPING & HANDLING $0.00
3. Please notify us immediately if you are unable o shy as specified. OTH EH $000
4. Send alf correspondance to:
Purchasing Manager
23 Mai 5. Ao, UBK 12345 TOTAL |  $28,450.00
Authorized by: Joy Bevwick E12 Date: 4/24/2010

also should be linked to data regarding the related resources, agents, and economic incre-
ment events, and to the related instigation cvent. Data regarding purchase order commit-
ment events are oflen captured on a purchase order form such as that shown in Exhibit 9-7.
This form may be either a paper document or part of a software application interface used
to update the enterprise database.

Data from the form in Exhibit 9-7 have been entered into the database tables in Exhibit
9-8: however, some of these data (e.g.. inventory and supplier information) would already
have existed in the database tables before the purchase order data were entered. The only data
added regarding those objects are the relationship mformation that links them to the purchase
order event. The new data entered to record the mutual commitment event are shown in color.

The set of relational tables in Exhibit 9-8 correspond to Exhibit 9-3’ entity-relationship
representation of the purchase order event and the relationships in which it participates
(reservationl, fulfullmentl, fulfillment2, participationd, and participation3). Other possible
tables could be derived, depending on the relationship cardinalities.
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EXHIBIT 9-8 Relational Tables Encompassing Purchase Order Event

Purchase Order (Mutual Commitment) Event

Purchase Date Total Purchase Purchase

Order ID PO Date Promised Dollar Amt RequisitionID®¢  AgentIlDF®  SupplierlDF¥
PQ16 472472010 5/2/2010 £28,450.00 R17 ET12 ¥

Purchase Requisition (Instigation) Event

Maximum Budget Date Purch Recommended
RequisitionID Date for This Purchase Needed SuperlDFK AgentlDF¥ SupplierlD™
R17 4/22/2010 $30,000.00 5/2/2010 E5 E12 \i7

Reservation1 Relationship

Purchase Order ID item ID Quantity Needed Quoted Unit Cost

PO16 BISt 100 $20.00
PO16 LI51 200 $35.50
PO1E HUS1 150 $29.00
PO16 Ti51 300 $50.00

Purchasing Agent (Internal Agent}
Purchase Agent ID Name Address Telephone DateOfBirth
E12 loy Berwick 1237 Kirkland Ave. 555-8914 July 14, 1960

Supplier (External Agent)

Supplier ID Name Address Telephone  Performance Rating
V7 loe’s Favorite Vendor 89056 Ransom Hwy.  555-7655 Excellent

inventory Type (Resource Type)

Item ID Description UnitOfMeasure Standard Cost List Price
BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 $70.00
LIS1 Little Stuff Box of 6 $36.00 $72.00
TISt Tiny Stuff Box of 12 $48.00 $96.00

Fulfillment2 Relationship

Purchase Order ID Receiving Report ID

Nate: Participation4 relationship is implemented with PurchAgent ID posted into Purchase Order table. Participation$ relationship is implemented with
Supplier ID posted into Purchase Order table. Fulfillment! relationship is implemented with Requisition ID posted into Purchase Order table. Fulfillment2
data are not yet entered, assuming a time lag between order and receipt of goods,

Similar types of data are captured on similar forms (again, either in electronic interfaces
or on paper documents) for other mutual commitment events such as service agreements
and rental contracts. Similar types of data are captured regarding the service and rental
agreements as are captured for the purchase order events.
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Economic Increment Event (Purchase [Receipt of Goods], Rental,
or Service Acquisition)

The economic increment event in the acquisition/payment process may take on one of several
labels to represent the various resources acquired. Typically if goods are being acquired, the
mcrement event is called Acquisition, Purchase. or Receipt of Goods. 1f the resource acquired
is & lemporary right to use goods, the event is usually called Renial A rental acquisition be-
gins when the right to temporary possession of the goods transfers from the supplier to the en-
terprise and ends when possession of the goods transfers back from the enterprise to the sup-
plier. When services or utilities arc acquired, the label is often Service Acquisition or General
and Administrative Service Acquisition. Whatever label 1s used, the important consideration is
that an increment event must represent the point at which benefit was received by the enter-
prise. It is at this point that a liability is incurred (unless the acquisition was prepaid). Enter-
prises usually purchase several types of resources (e.g., inventory, operating assets, and gen-
eral and administrative services) and therefore must decide for database design purposes
whether to combine the different acquisitions into one acquisition event entity (attached to
multiple different resource entities) or to create separate patterns as illustrated in Exhibits 9-3
and 94, with different event entities and different resource entities. The decision to combine
or separate acquisitions of different resources usually depends on whether different attributes
need to be captured for the different acquisitions. If different attributes are needed for the dif-
ferent increments, usually they should be represented as separate event entities, each partici-
pating in a duality relationship with the appropriate economic decrement event. If the same
attributes are captured for acquisitions of inventory, operating assets, and service types (and
especially if the same sequentially numbered documents or interface screens are used), then
they may be combined into a common acquisition event.

A receiving report is the primary document prepared by the enterprise in conjunction
with the economic increment event. Receiving reports are completed by inventory or re-
ceiving clerks when goods or services are received from suppliers. Receiving reports sim-
ilar to Exhibit 9-9 list the items and the quantities and condition of each item received. If
a document is to be used to represent an acquisition event, the receiving report is the most
representative choice because it indicates the point at which benefit was received by the en-
terprise. Many companies do not record acquisitions until they receive vendor invoices
similar to the one in Exhibit 9-10. Data captured on vendor invoices may provide addi-
tional details of the acquisition; however, such data usually can be stored as nonkey attri-
butes of the acquisition event entity. Enterprises that assign a nondocument-related pri-
mary key to the acquisition event, or that assign the receiving report number as the primary
key of the acquisition event, can record acquisition data upon receipt of goods and services
rather than waiting for the vendor invoice to arrive several days or even weeks later. In gen-
eral, it is unwise for the enterprise to use an externally prepared document as a base object
in its system when an internally prepared alternative is available.

Relationships in which the economic increment event in the acquisition/payment
process participates typically include a fulfillment relationship (enabling the enterprise to
trace which mutual commitment cvent the increment fulfilled), a duality relationship (al-
lowing the enterprise to trace a related economic decrement that represents the other part
of the exchange), a stockflow relationship (to trace the resource or resource type received
in the decrement event), participation relationships with the internal and external agents,
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EXHIBIT 9-9 Receiving Report

Your Source Company RECEIVING REPORT

Your Source for Everything You Need ;

123 Main St. NO: __df

Anytown, USA 12345
DATE 4/30/2010 PURCH ORD NO./SALE PO16

RETURN AUTH NO.
RECEIVED FROM  Joe’s Favorite Vendor PREPAID
XX
ADDRESS 89056 Ransom Hwy. COLLECT
Metro Village, USA 54321
FREIGHT CARRIER FREIGHT BILL NO.
UPs XYAT31253
QUANTITY ITEM NO DESCRIPTION

1. | 100 BIS1 Big Stuff
2. | 200 LISt Little Stuff
3. | 160 HUSH Huge Stuff
4. | 300 TIS1 Tiny Stuff
=
6.
T
8.
9.
REMARKS: CONDITIONS, ETC.

Periect condition
RECEIVED BY DELIVERED TO

E111 E5

BE SURE TO
MAKE THIS RECORD
ACCURATE AND COMPLETE

and occasionally a reversal relationship (allowing the enterprise to trace purchase re-
turns to the original acquisitions for which they reversed the economic effect).

Internal agents typically associated with economic increment events via participation
relationships include purchase agents and receiving clerks. External agents typically asse-
ciated with economic increment cvents via participation relationships include suppliers.
common carriers (such as UPS or Federal Express), and credit card companies. The
resources typically associated with the economic increment event via stockflow relation-
ships in the acquisition cycle are usually /mventory, inventory type, service type, supph
type, or operating asset. Most manufacturers and merchandisers do not specifically iden-
tify inventory. so the resource that participates in the stockflow! relationship for inventors
acquisition is usually inventory type. For those enterprises that do specifically identify in-
ventory items, the resource in the stockflow] relationship is invenfory. For general and ad-
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EXHIBIT 9-10 Vendor Invoice
5
Invoice Joe’s Favorite Vendor
. Let us be your favorite too!
Bo: 4167 89056 Ransom Hwy.
DATE: _ 5/3/2010 Metro Village, USA 54321

Sold To: Ship To:

Your Source Company same

123 Main St.

Anytown, USA 12345

P.O. NUMBER | SALESPERSON | PACKING LIST# | DATE SHIPPED | SHIPPED VIA TERMS
16 Veronica 4199 4/27/2010 uPs N/30
QUANTITY | STOCK # DESCRIPTION UNIT PRICE| AMOUNT
100 | BIS1 Big Stuff $20.00 $2.000.00
200 | LIS1 Little Stufi $35.50 $7,100.00
150 | HUSH Huge Stuff $29.00 $4,350.00
300 | TIS1 Tiny Stuff $50.00 | $15,000.00

Make all checks payable to: Joe's Favorite Vendor
Please make sure your account number is on all correspondence and checks.

SUBTOTAL | $28,450.00

SALES TAX 0

SHIPPING & HANDLING 0
TOTAL DUE | $28,450.00

THANK YOU!

ministrative service acquisitions, the resource involved in the stockflowl] relationship is
usually service type. For supply acquisitions the associated resource is usually supply type,
and for operating asset acquisitions the associated resource is usually operating asset (note
that typically operating assets are specifically identified).

The set of relational tables in Exhibit 9-11 correspond to Exhibit 9-3% entity-relationship
representation of the inventory acquisition event and the relationships in which it participates
(stockflow, fulfillment2, participation6, participation?, duality, and reversal). Other possi-
ble tables could be derived. depending on the relationship cardinalities. Data from the forms
in Exhibits 9-9 and 9-10 have been entered into the database tables; however, some of these
data (e.g., inventory and supplier information) would already have existed in the database ta-
bles before the purchase data were added to the tables so all that is added regarding those ob-
jects 1s the relationship information that links them to the purchase event. The new data to be
added upon receipt of goods are shown in color. The additional data to be entered upon re-
ceipt of the vendor invoice are shown in another color.
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EXHIBIT 9-11 Relational Tables Encompassing Purchase Event

Purchase (Economic Increment) Event

Receiving Dollar Receiving Vendor Invoice Cash
ReportiD Date Amount ClerkiDF SupplierlDX  Invoice# Amount DisbIDFK
RR18 4/30/2010 $28,450.00 E1H1 V7 VI4167 $28,450.00

Purchase Order (Mutual Commitment) Event

Purchase Date Total Purchase Purchase
Order ID PO Date Promised Dollar Amt RequisitionlDFX AgentiDFK SupplierlDFK
PO16 412472010 5/2/2010 $28,450.00 R17 E12 V7

Stockflow1 Relationship

Receiving Quantity Actual
Report ID Item ID Received Unit Cost
RR18 BiST 100 $20.00
RR18 Hst 200 §35.50
RR18 HUST 150 $29.00
RR18 TIS1 300 $50.00

Receiving Clerk (Internal Agent)

Receiving Clerk ID Name Address Telephone DateOfBirth
E111 Kendall Galligan 1235 Germandy Dr. 555-6812  December 12, 1970

Supplier (External Agent)

Supplier ID Name Address Telephone  Performance Rating
V7 Joe's Favorite Vendor 89056 Ransom Hwy.  555-7655 Excellent

Inventory Type (Resource Type)

Item ID Description UnitOfMeasure  Standard Cost  List Price
BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 $70.00
LIST Little Stuff Box of 6 $36.00 $72.00
TIS1 Tiny Stuff Box of 12 $48.00 $96.00

Fulfillment2 Relationship

Purchase Order ID Receiving Report ID
PO16 RR18

Purchase Return (Economic Increment Reversal) Event

Purchase Dollar Packing Debit Receiving Dept Shipping
ReturniD Date Amount Slip# Memo# ReportIDFK SupplierlD¥  SuperID®™  ClerkiD™

Note: Participation6 relationship is implemented with PurchAgent ID posted into Purchasc table. Participation? relationship is implemented with Supplier 1D posted
into Purchase table. Reversal relationship is implemented with Receiving Report ID posted into Purchase Return table. Duality and reversal relationship data are not
yet entered, assuming a time lag between Purchase and either Cash Disbursements or Purchase Returns. Purchase dollar amount is derived using quantities received
and actual unit costs in the stockflow relationship (actual unit costs typically equal the “committed to™ unit costs in the reservation relationship. but could be
adjusted per supplicr acknowledgment).
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Economic Decrement Event (Cash Disbursement)

Cash disbursements are economic decrement events that decrease the enterprise’s cash bal-
ance. Cash disbursements may be made via paper check, debit card, electronic funds transfer,
or cash payment. Notice that if the enterpnse uses a credit card to pay a supplier, the enter-
prise has not yet disbursed cash; the cash disbursement does not occur until the enterprise pays
the credit card company. In the latter case, the cash disbursement must be connected to two
external agents—the supplier, whose accounts payable balance decreases as a result of ten-
dering the credit card, and the credit card company, to whom the cash was literally paid.
Cash disbursements may occur at various times during the acquisition/payment process.
Some cash disbursements may be made as orders are placed (i.e., prepayments); other cash
disbursements may occur at the point of acquisition or upon pickup of goods or services; still
other cash disbursements may occur days or weeks after acquisitions take place. The dis-
bursement of cash is a custodial function; therefore, employees assigned responsibility for
this event should not have additional authorization or recording responsibilities. Several doc-
uments are typically involved in task activities that comprise the cash disbursement event:
disbursement vouchers, vendor invoices, purchase orders, and receiving reports. Two of the
main concerns in the acquisition/payment process are for enterprises to ensure they do not
receive goods or services they did not order, and more importantly to ensure they do not dis-
burse cash for goods or services that they did not receive. To address these concerns, many
enterprises prepare disbursement vouchers to authorize cash disbursements, using the pur-
chase orders, receiving reports, and vendor invoices as support documentation. In Exhibit

EXHIBIT 9-12 Disbursement Voucher

Your Source Company
Your Source for Everything You Need
123 Main St. s
Anytown, USA 12345

Date Prepared:
Authorized by: E36

Disbursement Voucher

5/25/2010 Vendor Number: V7

Remit Payment To:
Joe’s Favorite Vendor
89056 Ransom Hwy.

Metro Village, USA 54321

| VENDOR INVOICE

SUPPORT
INVOICE RETURNS & NET PAYMENT | DOCUMENTS
NUMBER | DATE AMOUNT | ALLOWANCES | DISCOUNT AMOUNT EXAMINED BY
4167 5/2/2010 | $28,450.00 | $0.00 $0.00 $28,450.00 DJB
PAYMENT TOTALS: | $28,450.00 | $0.00 $0.00 $28,450.00
CHECK NUMBER: 41235
CASH ACCOUNT#: Ca123501
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EXHIBIT 9-13 Relational Tables Encompassing Cash Disbursement Event

Cash Disbursement (Economic Decrement) Event

Disb Voucher Dollar Check Cash A/P
Voucher ID Date Amount Number AccountiD®™  ClerkiDF¢ SupplieriDF€
40 5252010 $28,450.00 41235 Ca123501 E36 V7

Cash (Resource Type)

CashAccountiD AccountType Location
Ca123501 Checking 17 Local Bank

Purchase (Economic Increment) Event

Receiving Dollar Receiving Vendor Invoice Cash
ReportiD Date Amount ClerkiDFx SupplierlDf¢  Invoice# Amount DisbIDF
RR18 4/30/2010 $28,450.00 E111 V7 vI4i67 $28,450.00 40

Accounts Payable Clerk (Internal Agent)

A/P Clerk ID Name Address Telephone DateOfBirth
E36 Diane Bowersox 9115 Wolfgang Court  555-7244  Septemnber 15, 1963

Supplier (External Agent)

Supplier 1D Name Address Telephone Performance Rating

V7 Joe’s Favorite Vendor 89056 Ransom Hwy. 555-7655 Excellent

Note: Stockfiow2 refationship is implemented with Cash AccountlD posted into Cash Disbursement table. Participation® relationship is implemented with
A/P Clerk 1D posted into Cash Disbursement table, Participation? relationship is imiplemented with Supplier 1D posted into Cash Disbursement table,
Duality relationship is implemented with Cash Disbursement ID pested into Purchase table,

9-12 we illustrate a disbursement voucher. The comparison of the vendor invoice with the
purchase orders and receiving reports to ensure the enterprise is paying only for goods and
services ordered and received is commonly known as the three-way match.

Some enterprises have reengineered the workflow in the acquisition/payment process in a
manner similar to Ford Motor Company as described in Chapter 1. Ford implemented an in-
tegrated automated system that completely eliminated the vendor invoices and disbursement
vouchers. Rather than having an individual employee perform the three-way match after the
events had oceurred, Ford's information system matched the purchase to the purchase order
as the receipt of goods occurred. Payment was then automatically generated based on the
quantities reccived and the contractual costs per the purchase order commitment event.

Attributes captured regarding cash disbursements usually include a cash disbursement
identifier (such as a disbursement voucher number), date, amount paid, supplier identifi-
cation. employee identification (such as employees who write the checks), the account
number from which the cash is disbursed, and the check number of the payment. Exhibit
9-13 shows a set of relational tables that correspond to Exhibit 9-3% entity-relationship
representation of the cash disbursement event and the acquisition cycle relationships in
which it participates (duality, stockflow2, participation8, and participation9). Other possi-
ble tables could be derived. depending on the relationship cardinalities. Additional tables
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are likely necessary to correspond to relationships in which the cash disbursement event

participates in other transaction cycles such as financing and payroll. The tables shown in
. Exhibit 9-13 are applicable to the acquisition/payment process. Data from the form in Ex-
| hibit 9-12 have been entered into the database tables; however, some of these data (e.g..
purchase, cash. and supplier information) would already have existed in the database ta-
bles before the cash disbursement data were added to the tables so all that is added re-
garding those objects is the relationship information that links them to the cash disburse-
ment event. The new data to be added for the cash disbursement event are shown in color.

Economic Increment Reversal Event (Purchase Returns and Allowances)

If goods and services received do not meet the identified needs, the enterprise may decide
to reverse the increment event by returning the goods or requesting an allowance for the un-
satisfactory services. For purchase return events, the returned products are the associated re-
sources. Although a purchase return event decreases the inventory resource, the return is in-
herently different from an economic decrement event such as a sale. Because the return in
effect reverses the purchase event, we call purchasc return an economic inecrement rever-
sal event. If the goods were specifically identified upon acquisition, they should be specif-
ically identified upon return; if they were measured and recorded at the type level upon ac-
quisition, they should be measured in that same manner for the return. Typically the supplier
is the external agent involved in the return event (a common carrier also may need to be
linked as an exlernal agent), a department supervisor authorizes the purchase return as an
internal agent, and a shipping clerk processes the purchase return as an internal agent.

Attributes typically captured regarding purchase returns include an identifier for the
event, the return date, and the dollar amount of the return. Links also should be available
to attributes of related agents and merchandise inventory. Several documents may be used
i workflow tasks that make up the purchase return event: requests to return goods, pack-
ing slips, bills of lading, and debit memos. A request to return goods notifies a supplier
of the enterprise’s dissatisfaction with goods and asks permission to return those goods in-
stead of paying for them (or in exchange for a refund). In response. the enterprise receives
return authorization information from the supplier (in various formats, such as a paper
document, an e-mail, or a phone call). Inventory or shipping clerks complete packing slips
to document the details of each return of goods to suppliers. If the goods are returned via
common carriers, bills of lading usually are also prepared. Packing slips list the items and
quantities of each item returned; bills of lading list the number and dimensions of boxes in
which the returned goods are packed. If a cash refund is received it reverses the cash dis-
bursement event, which is an economic decrement. Therefore we call the cash refund an
economic decrement reversal event. Debit memorandums (also called debit memos) are
internal documents used to communicate the need for a journal entry to debit (decrease)
the enterprise’s accounts payable balance for that supplier. Such a document is unneces-
sary in an enterprise system that eliminates journals and ledgers. In Exhibits 9—14 through
9- 16 we illustrate a request to return, packing slip, and debit memorandum.

Exhibit 9-17 shows a set of relational tables that correspond to Exhibit 9-3% entity-
relationship representation of the purchase return event and the relationships in which it
participates (reversal, stockflow3, participation10, participation 11, and participation12).
Other possible tables could be derived, depending on the relationship cardinalities. Data
from the forms in Exhibits 9-14 through 916 have been entered into the database tables;
however, inventory, purchase, and supplier information already would have existed in the
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EXHIBIT 9-14 Request to Return Goods to Supplier

Ret. Request No.
Date of Request

3

REQUEST TO RETURN FROM

Your Source Company
Your Source for Everything You Need
123 Main St.

Anytown, USA 12345

VENDOR:

All returns will be clean, in salable condition, and shipped prepaid. A prompt reply will be greatly appreciated.
Thank you for your cooperation.

RETURN CODES:

Patvick wellesley, ES

A OVERSTOCK [1 Cash Refund - Please
B DAMAGED
C DEFECTIVE & Credit to Account - Please FOR CLARIFICATION CONTACT
D WRONG PRODUCT BILLED & SHIPPED
E CORRECT PRODUCT BILLED BUT Account No. Name Patrick Wellesley
WRONG PRODUCT SHIPPED
F OTHER Request by Phone _ 555-3333
QUAN. | PRODUCT RETURN QUAN. LIST COST OR
DEPT. | REQ. | NUMBER DESCRIPTION CODE INVOICE NO. RET. PRICE DISC. EXTENSION
Sales | 48 TTP12 Tiara c 48592 48 $10.00 $480.00
TOTAL $480.00

Return Authoerized by
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EXHIBIT 9-15 Packing List
|
Your Source Company RETURNS PACKING LIST _ 22
Your Source for Everything You Need Clerk ID 137
128 Main St. —
Anytown, USA 12345
If there are any questions about this shipment,
contact our sales department (999) 555-3333
| Trina’s Trinkets RETURN AUTHORIZATION NUMBER: 485
1612 Myway Rd. ORIGINAL PURCHASE NUMBER: RR25
Hinterland, USA 23456
Contact: Trina Weeble
PART NUMBER | QUANTITY | UNIT OF
RETURNED | MEASURE ITEM DESCRIPTION
TTP12 48 each Tiara, faux gold with inlaid baubles
EXHIBIT 9-16 Debit Memorandum
Your Source Company DEBIT MEMO
Your Source for Everything You Need )
123 Main St. NO: 3
Anytown, USA 12345
DEBIT TO Trina’s Trinkets DATE 5/22/2010
SUPPLIER
ACCOUNT NO. Voo
RETURN AUTH NO. INVOICE NO. INVOICE DATE PURCHASE ID
485 48592 5/15/20xx | RR25
ITEM NUMBER | DESCRIPTION | _QUANTITY | PRICE EACH | AMOUNT
THP12 Tiara 48 10.00 480.00
TOTAL DEBIT 480.] 00

database tables before the purchase return data were added to the tables so all that is added
regarding those objects is the relationship information that links them to the purchase re-
turn event. The new data to be added upon return of goods are shown in color.
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EXHIBIT 9-17 Relational Tables Encompassing Purchase Return Event

Purchase Return (Economic Increment Reversal) Event

Purchase Dollar  Packing Debit Receiving Dept  Shipping
ReturnlD Date Amount Slip# Memo#  ReportiDf¢  SupplierlD?® SuperiD™ ClerkiDf
PR3 5/17/2010  $480.00 22 3 RR25 Vag E5 E41

Purchase (Economic Increment) Event

Receiving Dollar  Receiving Vendor Invoice Cash
ReportiD Date Amount  ClerkiD®®  SupplierID? Invoice# Amount DisbID™
RR18 4/30/2010 $28,450.00 Ef11 V7 Vi4167  $28,450.00 40
RR25 5/12/2010 $480.00 Bl Va0 48592 $480.00

Stockflow3 Relationship

Purchase Quantity  Actual
ReturnID  Item ID Returned Unit Cost
PR3 TTP12 48 $10.00

Shipping Clerk (Internal Agent)

Shipping Clerk ID Name Address Telephone  DateOfBirth
E41 Amy Milano 8892 Eddy Ave. 555-9557 January 3, 1964

Department Supervisor (Internal Agent)

DeptSupervisoriD Name Address Telephone DateOfBirth
ES Patrick Wellesley 53125 Fenton Dr.  555-1112  March 4, 1958

supplier (External Agent)

Supplier ID Name Address Telephone Performance Rating
V7 Joe's Favorite Vendor 89056 Ransom Hwy.  555-7655 Excellent
V90 Trina’s Trinkets 1612 Myway R. 555-2424 Very Good

Inventory Type (Resource Type)

Item ID Description UnitOfMeasure Standard Cost List Price
BISt Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 $70.00
LIS1 Little Stuff Box of 6 $36.00 $72.00
TIST Tiny Stuff Box of 12 $48.00 $96.00
TIP12 Tiara Each $10.00 $25.00

Note: Participation 10 relationship is implemented with Dept Supervisor 1D posted into Purchase Return table. Participation 1 relationship is implemented with
Shipping Clerk 1D posted into Purchase Return table. Participation12 relationship is implemented with Supplier ID posted into Purchase Return table. Reversal
relationship 1s implemented with Purchase ID posted into Purchase Return table.
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INFORMATION NEEDS AND MEASURES
IN THE ACQUISITION/PAYMENT PROCESS

Information from the acquisition/payment process can provide decision-making support
for many information customers. An information customer is someone who needs infor-
mation; they fit into the following categories:

+ Internal users need information about internal phenomena.

= Internal users need information about external phenomena.
« External users need information about internal phenomena.
« [External users need information about external phenomena.

Within each of these categories, various users need information at different levels of de-
tail. We next analyze each of the entities and relationships in the business process level pat-
tern to give some idea of the types of queries that may be needed to satisfy information
needs for internal and external users regarding these objects. The queries presented are not
a comprehensive set of queries; there are simply too many potentially useful queries to list
them all. The set provided should guide you in creating similar queries to satisfy similar
information needs. To describe example queries needed in the acquisition/payment process
we use the database tables shown in Exhibit 9-18.

Resource Queries in the Acquisition/Payment Process

Internal and external users may need information regarding an enterprise resource or re-
source type. The resources and resource types most commonly present in the acquisition/pay-
ment process are inventory (specifically identified inventory, inventory types, or service
types), cash, and operating assets such as supplies. property, plant, and equipment. To make
effective acquisition decisions, enterprise department supervisors and purchasing department
personnel must obtain information about products and services available from external sup-
pliers, including information about features, availability, safety. and prices. They also need to
compare that information to existing products and services and to the needs that those prod-
ucts and services are fulfilling. For each resource, users may need any of the following:

= Detailed status information at one or more points in time for each resource instance.

= Detailed status information at one or more points in time for only those resource in-
stances meeting specified criteria.

= Summarized status information at one or more points in time for all resource instances.

= Summarized status information at one or more points in time for only those resource in-
stances mecting specified criteria.

With regard to each of these, users may need to know all characteristics of the instances in the
answer set, or they may need only a subset of the characteristics. Information regarding inven-
tory and cash that may be needed by internal users (such as purchasing agents) and by external
users (such as suppliers) includes the same list as we noted in the sales/collection process.

= A list of each inventory item or item type normally stocked by an enterprise.
= A list of all inventory items or item types that possess certain characteristics; examples
include all books, real estate listings with lake frontage, tovs with selling prices within
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EXHIBIT 8-18 Acquisition/Pavment Process Database Tables for Queries

Operating Assets (Resource)

Asset  Estimated Estimated IRSListed
Asset TagiD Description AcgDate AcgCost Category  LifeYrs Salvage Property
0OA1 Building 4/1/2010 $200,000.00 Buildings 40 $20,000.00 No
0A2 Property 4/1/2010 $300,000.00 Land 0 $0.00 No
OA3 Executive desk 4/10/2010 $2,000.00 Furniture 10 $200.00 No
0A4 Manager desk 4/10/2010 $1,500.00  Furniture 10 $100.00 No
OAS Manager desk 4/10/2010 $1,500.00 Furniture 10 $100.00 No
0AB Administrator desk  4/10/2010 $1,000.00 Furniture 10 $100.00 No
OA7 Administrator desk 4/10/2010 $1,000.00  Furniture 10 $100.00 No
0A8 Executive desk chair  4/10/2010 $500.00 Furniture ¥ $50.00 No
0AS Manager task chair 4/10/2010 $350.00 Furniture 7 $50.00 No
0A10 Manager task chair ~ 4/10/2010 §350.00 Furniture 7 $50.00 No
OA11 Task chair 4/10/2010 $175.00 Furniture 7 $25.00 No
OA12 Task chair 4/10/2010 $175.00 Furniture 7 $25.00 No
0A13 Task chair 4/10/2010 $175.00 Furniture 7 $25.00 No
OA14 Task chair 4/10/2010 $175.00 Furniture 7 $25.00 No
0A15 Toshiba tecra 4/15/2010 $3,000.00 Computers 5 $300.00 Yes
0A16 Dell optima desktop ~ 4/15/2010 $2,000.00 Computers 5 $200.00 Yes
OA17 Dell optima deskiop  4/15/2010 $2,000.00 Computers 5 $200.00 Yes
0oA18 Dell optima desktop ~ 4/15/2010 $2,000.00 Computers 5 $200.00 Yes
0A19 Warehouse shelving  4/16/2010 $10,000.00  Fixtures 40 $0.00 No
0OA20 Fax machine 4/17/2010 $400.00 Comm Equip 2 $0.00 Yes
Cash (Resource Type)
CashAccountlD AccountType Location DateAccountEstablished
Ca123501 Checking 1* Local Bank April 1, 2010
Ca789125 Savings 1¢ Local Bank April 1, 2010
Ca351235 Petty Onsite—Cashier desk drawer April 15, 2010
Ca351327 Petty Onsite—CEO assistant’s file cabinet April 22, 2010
inventory Type (Resource Type)
Item ID Description UnitOfMeasure Standard Cost List Price
BIS1 Big Stuff Each $20.00 $50.00
HUS1 Huge Stuff Each $30.00 $70.00
LIS1 Little Stuff Box of 6 $36.00 $72.00
MINT Miniature Stuff Box of 24 $56.00 $110.00
TIS1 Tiny Stuff Box of 12 $48.00 $96.00
TTP12 Tiara Each $10.00 $25.00 Continued
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EXHIBIT 9-18 (Continued)

Purchase Requisition {Instigation) Event

Purch Maximum Budget Date Purch Recommended

ReglD Date for This Purchase Needed SuperlDFK AgentiDf¥ Supplier|DFK

R17 4/22/2010 $30,000 5/2/2010 E5 E1Z V7

R18 5/5/2010 5/23/2010 52 Bl V14

R19 5/6/2010 5/20/2010 E5 E12 V7

R20 5/15/2010 5/25/2010 E5 Ef2

R21 5/18/2010 5/26/2010 E5 Eid V7

Purchase Order (Mutual Commitment) Event

Purchase Purchase Purchase Supplier

OrderlD OrderDate DateNeeded DollarTotal  RegqiD™ AgentliDF& 1DFK

PO16 4/24/2010 5/2/2010 $£28,450.00 R17 E12 V7

PO17 5/5/2010 5/8/2010 R18 E12 V14

PO18 5/5/2010 5/12/2010 R18 F12 Vel

PO19 5/6/2010 5/10/2010 R19 E12 V14

PO20 5/6/2010 5/24/2010 R19 E12 V7

PO21 5/16/2010 5/24(2010 R20 E12 Vid

Purchase (Economic Increment) Event

Receiving Dollar Receiving Vendor Invoice Cash

ReportiD Date Amount ClerklDFc  SupplierlDFx Invoice# Amount DisbID

RR18 4/30/2010 $28,450.00 E111 V7 VI4167 $28,450.00 40

RR19 5/8/2010 $1,100.00 E111 Vid 821536 $1,100.00

RR27 5/10/2010 $3,240.00 E111 V14 821983 $3,240.00

RR22 5/12/2010 $2,000.00 E111 V7 VI5213 $2,000.00

RR25 5/12/2010 $480.00 E111 90 312353 $480.00
. Cash Disbursement (Economic Decrement) Event

DisbVoucherlD  VoucherDate DollarAmount  CheckNo. CashAcctiDF®  APClerkiDF¢  PayeelDF

39 5/15/2010 $746.57 41234 Cal123501 E36 E23

40 5/252010 $28,450.00 41235 Ca123501 E36 V7

41 5/25/2010 $398.12 41236 Cal23501 E36 E41

Purchase Return (Economic Increment Reversal) Event

Purchase Dollar Packing Debit Receiving Dept Shipping

ReturniD Date Amount Slip# Memo#  ReportiDf« SupplierlD™  SuperIDF<  ClerkiDfK

PR3 5/17/2010 $480.00 22 3 RR25 V90 E5 E41

Supplier (External Agent)

SupplierlD Name Address Telephone PerformanceRating

V7 Joe's Favorite Vendor 89056 Ransom Hwvy. 555-7655 Excellent

Vi4 Reliable Rudy’s 34125 Michigan Ave. 555-1199 Very Good

Va0 Trina’s Trinkets 1612 Myway Rd. 555-2424 Very Good Continued
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EXHIBIT 9-18 (Continued)

Shipping Clerk (Internal Agent)

ShippingClerkiD Name z Address Telephone DateOfBirth
E41 Amy Milano 8892 Eddy Ave. 555-9557 January 3, 1964

Department Supervisor (internal Agent)

DeptSupervisoriD Name Address Telephone DateOfBirth
£5 Patrick Wellesley 53125 Fenton Dr. 555-1112 March 4, 1958

Accounts Payable Clerk {Internal Agent)

APClerkiD Name Address Telephone DateOfBirth
E36 Diane Bowersox 9115 Wolfgang Ct. 555-7244  September 15, 1963

Receiving Clerk (Internal Agent)

ClerkiD Name Address Telephone DateOfBirth
E247 Kenneth Barki 4312 Monticelle Dr. 556-4891 April 14, 1945
E251 Rita Barki 4312 Monticello Dr. 556-4891 May 22, 1948

Proposition Relationship (Purchase Requisition-Inventory Type)

PurchRegliD Item ID QuantityNeeded EstimatedUnitCost
R17 BIS1 100 £20.00
R17 LISt 200 $36.00
R17 HUST 150 $30.00
R17 TIST 300 $48.00
R18 MIN1 20 $56.00
R18 T2 20 $10.00
R19 MIN1 60 $56.00
R19 BIS1 100 $20.00
R20 TiP12 20 $10.00
R21 Lis1 200 $36.00

Reservation Relationship (Purchase Order-Inventory Type)

PurchOrderlD ltemiD QuantityOrdered QuotedUnitPrice
PO16 BIS1 100 $20.00
PO16 Lis1 200 $35.50
PO16 HUS1 150 $29.00
PO16 TIST 300 $50.00
PO17 MINT 20 $£55.00
PO18 TTRP12 20 $10.00
PO19 MIN1 60 $54.00
PO20 BIS1 100 $20.00

PO21 TTP12 20 $11.00 Continued
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EXHIBIT 9-18 (Concluded)

- Fulfillment2 Relationship (Purchase Order-Purchase)

PurchaseOrderID PurchaselD

PO16 RR18
PO17 RR19
PO18 RR25
PO19 RR21
PO20 RR22

Stockflow1 Relationship (Purchase-Inventory Type)

PurchaselD itemlID PurchaseQuantity ActualUnitCost
RR18 BIS1 100 $20.00
RR18 Lis1 200 $35.50
RR18 HUS1 150 $29.00
RR18 Tis1 300 $50.00
RR19 MINT 20 $55.00
RR21 N 60 $54.00
RR22 BIS1 100 $20.00
RR25 TIPi2 48 $10.00

Stockflow3 Relationship (Purchase Return-Inventory Type)
PurchReturniD Item ID QuantityReturned  ActualUnitCost
#FR3 TERLZ 48 $10.00

a certain range, video games in GameBoy Advance format, and preventive dental care
services.

= Quantity on hand of an inventory item type as of a specified date.

= Total cost value of inventory on hand as of a specified date.

« A list of all cash accounts owned by an enterprise as of a specified date.

= Balance in a specific cash account as of a specified date.

« Total balance in all cash accounts as of a specified date.

Similar information can be retrieved regarding operating assets such as supplies, land,

buildings, furniture, vehicles. and machinery: for example:

« A list of general and administrative supply and service types for which the enterprise
maintains descriptive data.

= A list of fixed assets owned by an enterprise.

= Book value of a depreciable fixed asset owned by an enterprise on a specified date.

= Average age of an enterprise’s machinery on a specified date.

Whether the information needed by a user is detailed or summarized, whether it involves one

or more instances, and whether it includes one or more characteristics of the resources, re-

source queries within the acquisition/payment process typically require only one table. As
noted in the sales/collection process discussion, some of the information needs—for example,



284 Chapter Nine The Acquisition/Payment Business Process

EXHIBIT 9-19
QBE to List
Each Fixed
Asset Owned
on 5/31/2010
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inventory quantity on hand and cash balance—do not fall completely within the acquisi-
tion/payment process and therefore cannot be provided by single-table queries unless the data-
base allows the storage of volatile derivable attributes (triggers) as deseribed in Chapter 6,
Queries that involve multiple tables from multiple business processes are discussed in Chap-
ter 10 since an understanding of how the business process models are integrated and the re-
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sulting tables are derived is useful for understanding the query design. For Chapter 9 we focus
on the single-table resource queries that are found within the acquisition/payment process.

A list of each fixed asset owned by an enterprise on May 31, 2010, is a query that can
be answered using a single-table query of the fixed assets table. The structured query lan-
guage code for this query based on the tables in Exhibit 9-18 is

SELECT *
FROM OperatingAssets
WHERE AcquisitionDate <= 5/31/2010;

The same query in Query-By-Example (QBE) format in Microsoft Access is displayed in
Exhibit 9-19, along with the query result.

You may wonder why the resource table for operating assets includes the characteristic,
acquisition date, as that characteristic may be more appropriately assigned to the relation-
ship between purchase and operating asset. Because the operating assets are each specifi-
cally identified and the same asset is not purchased multiple times. there is no design dis-
advantage to including the characteristic in the asset table. There are query advantages (as
in the previous example) to including acquisition date in the asset table; therefore it has
been placed in the asset table.

The single-table query in Exhibit 9- 19 could easily be revised Lo list only the fixed assets
that possess certain characteristics; for instance, those with estimated salvage values greater
than $200 or those classified as listed property by the Internal Revenue Service. To meet in-
formation needs such as these, querics could be constructed that are similar to the following
query that lists the asset tag ID, description, acquisition date, acquisition cost, cstimated use-
ful life in years, and estimated salvage value of all computers owned by the enterprise on
May 1, 2010, based on the tables in Exhibit 9-18. The SQL code for this query is

SELECT AssetTaglD, Description, AcquisitionDate, AcquisitionCost,
EstimatedLifeYrs. EstimatedSalvage

FROM OperatingAssets

WHERE AssetCategory=Computers AND AcquisitionDate<=5/1/2010;

The Microsoft Access QBE and query results are illustrated in Exhibit 9-20. Notice the
query in Exhibit 9-20 is established as a parameter query. Also notice the asset category field
is included in the query grid to set the eriteria but it does not appear in the answer because
the “Show” box is not checked. Finally, notice to establish the AND logic for the eriteria
(thereby including only those records in the answer that meet both criteria), both criteria (ac-
quisitiondate<=[enddate] and assetcategory=""computers”) are listed on the same line of the
query grid. If they were listed on separate lines, the logic to combine the criteria would be-
come OR and any records that meet either eriteria would be included in the answer.

Event Queries in the Acquisition/Payment Process
Internal and external users may need information regarding events. The most common
events in the acquisition/payment process are purchase requisitions, purchase orders, pur-
chases, cash disbursements, and purchase returns. For each of these types of events, users
may need any of the following:

+ Detailed information about each event instance, such as what happened, when did it
happen, where did it happen?
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EXHIBIT 9-20 Quen to List Selected Characterlsncs of Computerq Owned as of 5/1/2010
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= Detailed information about each event instance that meets specified criteria; for exam-
ple, events of a specified type that occurred during a specified time period or that oc-
curred at a specified location.

« Summarized information for all instances of an event type for a specified time period
such as the total event instances during a specified time period.

« Summarized information for a specified time period for only those instances of an event
type that meet specific criteria; for example, the average dollar value of the event in-
stances for a specified location during a specific time period.

With regard to each of these queries, users may need to know all characteristics of the in-
stances in the answer set, or they may need only a subset of the characteristics. Information
regarding the various types of acquisition/payment events that may be needed by internal
users (such as purchasing agents) and by external users (such as supplicrs) includes (among
many other possibilities):

» Total number of purchase orders made during a specified time period.

= Total dollar amount for a specific purchase order, general and administrative servies
and supplies acquisition, operating asset acquisition, inventory acquisition, cash dis-
bursement, or purchase return.
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= Total or average dollar amount of all acquisition/payment events of a specified type for
one or more specified time periods.

« Seller’s tracking number for an expected purchase event.

= Date a purchase event occurred.

Using the tables from Exhibit 9-18, next we create some example queries for similar in-
formation needs. For one query a user wants to know the date and dollar amount of pur-
chase order 18. The SQL code for such a query is

SELECT PurchOrderID, OrderDate, DollarTotal
FROM PurchaseOrder
WHERE PurchOrderID=PO18;

For Microsoft Access, the QBE and resuiting solution are illustrated in Exhibit 9-21. No-
tice that the query illustrated in Exhibit 9-21 is not set up as a parameter query; therefore,
if a user wants to find the date and dollar total for PO19 next, either this query must be re-
vised or a new query must be created. Of course, since this is a relatively simple, one-table
query, the user may choose to simply view the purchase order event table and find the date
and dollar total of purchase order 19.

Agent Queries in the Acquisition/Payment Process
Internal and external users may need information regarding an internal or external agent
or agent type. The internal agents most commonly present in the acquisition/payment
process are purchase agents, accounts payable clerks, inventory clerks (may be separated
into receiving and shipping), and supervisors. The external agents most commonly present
in the acquisition/payment process are suppliers or vendors. For cach agent or agent type,
users may need any of the following:

+ Detailed status information at one or more points in time for each agent instance.

+ Detailed status information at one or more points in time for only those agent instanccs
meeting specified criteria.

« Summarized status information at one or more points in time for all agent instances.

« Summarized status information at one or more points in time for only those agent in-
stances meeting speeified criteria.

With regard to these information needs, users may need to know all characteristics of
the instances in the answer set, or they may need only a subset of the characteristics. In-
formation regarding various employees and suppliers that may be needed by internal users
(such as supervisors and purchase agents) and by external users (such as suppliers)
includes:

« A list of all purchase agents, accounts payable clerks, inventory clerks, or supervisors
for an enterprise.

A list of employees that possess certain characteristics (e.g., all accounts payable clerks
whose honesty is insured under a specified minimum fidelity bond).

= A list of employees that live in a specified city or state.

« A list of all employee names and telephone numbers for an emergency phone tree.
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Proposition Relationship Queries in the Acquisition/Payment Process
Proposition relationships represent associations between instigation events and the re-
sources the events propose to increase or decrease. Therefore proposition relationships are
commonly used in queries to satisfy information needs as to the proposed effect of insti-
gation events on resources or as to the resources mvolved in instigation events. Some com-
mon information needs are

EXHIBIT 9-28
Query

to Calculate
the Number

of Times
During May
2010 in Which
MIN1 Has
Been
Requisitioned

What resources or resource types does the instigation event propose to increase or
decrease?

What quantity of a resource or resource type is the proposed increase or decrease for an
instigation event?

When did an instigation event propose lo increase or decrease a specific resource or re-
source type?

Within the acquisition/payment process, the most common instigation events are purchase
requisitions, and the most common resource involved in a purchase requisition is inven-
tory type. Some common information needs within the acquisition/payment process are

Which inventory types were identified as needed in a purchase requisition event?
What unit cost was estimated for an inventory type in a specific purchase requisition
event?

How many times has a specified inventory type been requisitioned during a time period?
How many types of inventory were requisitioned in a specific purchase requisition event?

Using the tables in Exhibit 9-18, a query can be constructed to identify the number of
times during May in which the item MINI has been requisitioned. Exhibit 9-28 displays

the query needed to satisly this information need.

(B crusat s - CointiomuiionsPork Diiogpriod ot eyl T0TG
S 2 381 wen et Quey ook fineen G =iaxi
B e A e - ol = A

ForiiDuringPerit

@_iie SAt Yew fsert Fomat Becords Tons podew b

E-RSRY 2 NE YH A




Chapter Nine The Acquisition/Payment Business Process 299

Reservation Relationship Queries in the Acquisition/Payment Process

Reservation relationships represent associations between commitment events and the re-
sources the events are committing to increase or decrease. Therefore reservation relation-
ships are commonly used in queries to satisfy information needs as to the eventual effect
of commitment events on resources or as to the resources involved in commitment events.
Some common information needs are

* What resources or resource types is a commitment event agreeing to increasc or decrease?

*  What quantity of a resource or resource type is a commitment event agreeing to in-
crease or decrease?

= What dollar value of a resource or resource type is a commitment event agreeing to
increase or decrease?

» When did an event commit to increase or decrease a specific resource or resource type?

*  Where did an event commit to increase or decrease a specific resource or resource type?

Within the acquisition/payment process, the most common commitment events are pur-
chase orders and the most common resource associated with commitment events is inven-
tory type. Some common information needs of these types within the acquisition/payment
process are

«  Which inventory types does a specific commitment event agree to increase?

+ What quantity of each inventory type does a specific commitment event agree to
increase?

»  What unit cost was quoted for each inventory type in a specific commitment event?

*  What was the total dollar value of purchase orders for a specified time period? (Note:

Iftotal dollar amount is stored in the purchase order event table, then it is not necessary
to use the reservation relationship lo meet this information need.)

+ What is the average dollar value of purchasc orders of a specified inventory type for a
specified time period?

Because these queries are very similar to the examples already illustrated for the proposi-
tion and stockflow relationship queries, no additional examples are displayed in detail.

Participation Relationship Queries in the Acquisition/Payment Process
Participation rclationships represent associations between various events and the agents
who participate in the events. Therefore participation relationships are commonly used in
queries to satisfy information needs to identify which agents participated in events or as to
the events in which agents have participated. Some common information needs are (any on
this list could be needed for either internal agents or external agents)

¢ Which agent(s) participated in a specified event?

» In how many events of a specified type has a specified agent participated?

+  What is the total dollar value of events of a specified type in which a specified agent has
participated for a specified time period?

» When did a specified event in which a specified agent participated occur?

* Where did a specified event in which a specified agent participated occur?
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Within the acquisition/payment process, some common information needs of these types am=

= From which supplier was a specific purchase made?

» By which purchase agent was a specific purchase order placed?

= How many purchase orders did a specified purchase agent make during a specified tims
period?

= What is the total or average dollar amount of purchases made by each purchasing agens
during a specified time period?

* When was a specified purchase received, and by which receiving clerk (include cl
ID, name, and telephone number)?

» To which supplier have the most purchase returns been made?

Using the database tables in Exhibit 918, a query can be constructed to identify when a spec-
ified purchase was received and by which receiving clerk. The tables needed are Purchase ans
Receiving Clerk, since the relevant participation relationship is implemented with Receivinz-
ClerkID posted as a foreign key in the Purchase table. See the query in Exhibit 9-29.

Queries Requiring Multiple Relationships in the Acquisition/

Payment Process
Sometimes information that crosses multiple relationships must be retrieved to satisfy ==
information need. For example, a query that requires information about both a resousce
and an agent that were involved in an economic event will need to use both a stockflow =
lationship and a participation relationship. These types of queries are the most complicated
to construct, and yet are typically the most powerful tools for meeting information nesés
Within the acquisition/payment process, some common information needs that require use
of multiple relationships are:
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* Which purchase orders have been partially filled? (requires stockflow, reservation, and
fulfillment-purchaseorder-purchase relationships)

¢ What is the total dollar value of accounts payable for a specified supplier at a point in
time? (requires duality, participation-supplier-purchase, and participation-supplier-
cash-disbursement relationships)

*  On which requisitions has a specified vendor been the recommended supplier? (requires
proposition and participation-purchaserequisition-supplier relationships)

*  Which purchase agent ordered a specified inventory type from a specified supplier? (re-
quires reservation, participation-supplier-purchaseorder, and participation-purchaseagent-
purchaseorder relationships)

¢ What is the total dellar amount of purchases of a specified inventory type that have been
made from suppliers in a specified region? (requires stockflow-purchase-inventory and
participation-supplier-purchase relationships)

The procedures for calculating individual supplier payable balances are similar to those for
calculating total accounts payable; however, they are slightly more complicated by the ad-
dition of the participation relationships. The general procedures are as follows:

Determine what kinds of acquisitions are represented in your database (except for em-
ployee services) and for each kind of acquisition follow these steps:

1. Determine which tables contain the acquisition date, dollar amount, and related supplier
(usually these are found in the acquisition event table). Group by supplier, and sum the
acquisition amount through the balance sheet date (with no beginning date constraint).

2. Determine which tables contain the cash disbursements that applied to those acquisitions.
To determine this, examine the duality-purchase-cashdisbursement relationship.

a. When the duality relationship is represented with a separate table, join the duality
table to the cash disbursement table, establish the ending date constraint on the
cash disbursement date field (with no beginning date constraint), group by
supplicr, and sum the cash disbursement amount applied to the acquisition.

b. When the duality relationship is represented with the cash disbursement identifier
posted as a foreign key into the acquisition table. join the cash disbursement table
to the acquisition table, establish the ending date constraint on the cash
disbursement date field (with no beginning date constraint), group by supplier, and
sum the cash disbursement amounts.

3. Determine which tables contain purchase returns that applied to those acquisitions. To
determine this, examine the duality-purchase-purchasereturn relationship
a. When the purchase-purchasereturn relationship is represented with a separate table,

join the purchase return table to the acquisition table, establish the ending date
constraint on the purchase return table date field (with no beginning date constraint),
group by supplier, and sum the purchase return amount applied to the acquisition.

b. When the purchase-purchasereturn relationship is represented with purchase ID
posted as a foreign key in the purchase return table, establish the ending date
constraint on the purchase return table date field (with no beginning date constraint),
group by supplier, and sum the purchase return amount applied to the acquisition.

4. Subtract the results of steps 2 and 3 from the result of step 1 to get accounts payable
for each supplier as of the balance sheet date.
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EXHIBIT 8-30 QBE to Calculate Accounts Payable Balances for Each Supplier
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EXHIBIT 9-30 (Concluded)
Combine Purchases and Purchase Returns by Supplier to Get Unreturned Purchases
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Exhibit 0-30 illustrates a set of queries to calculate accounts payable balances on a speci-
fied date for each individual supplier based on the database tables in Exhibit 9-18.

CONCLUDING COMMENTS

This chapter presented an overview of the activities in the acquisition/payment process and
discussed the extended REA pattern as it is applied to this process, including similarities
and differences in the pattern for different acquisitions. Whether an enterprise acquires
general and administrative services, inventory, operating assets. or supplies, the enter-
prise’s acquisition/payment events very likely fit the REA pattern. The event labels for an
enterprise may be different than those used in this textbook; therefore the concepts learned
here cannot be routinely applied with rote memorization. The key for discovering the pat-
tern fit for a specific enterprise is to think about the nature of the events and particularly
the resources affected by them. It helps many people to think first at the value system
level—what resources does the enterprise exchange with its customers. Second, think a
the value chain level—what resources need to be provided to the revenue cycle and to the
conversion cycle. Those resources need to be acquired and paid for, so identifying them
yields guidance as to how many instances of the acquisition/payment process pattern term-
plate are applicable for an enterprise. Does the enterprise only need to purchase inventory”
Or must it also purchase operating assets and services? Once you are confident you are
thinking effectively about resources and events that are part of the acquisition/payment
process and you have identified the econemic increment and decrement events that com-
prise the duality relationship, it should be relatively easy to determine the commitmens
events and instigation events that led to each economic event, and to connect resources. in-
ternal agents, and external agents to each event as needed. Finally, consider whether extra
relationships such as custody, assignment, and typification—as discussed in Chapter 6—
apply, or even whether some extra relationships apply that are unique to the enterprise you
are modeling. As long as the foundation of the system database is consistent with REA.
usually extra constructs may be added without compromising the advantages the pattern
provides for automated reasoning and interenterprise integration.

Documents that are used often in the acquisition/payment process were illustrated and
example database tables were generated. Some information needs and queries to satist
them were presented. Those presented represent only a small fraction of the many infor-
mation needs that enterprises have on a daily basis; one goal of this chapter is to enzhls
students who may one day be faced with meeting someone’s information needs to be able
to think creatively and generate queries to meet those information needs. The database -
bles presented in this chapter are not comprehensive. Database tables in real-world enter-
prise system applications such as PeopleSoft, Oracle Applications, or SAP have dozens
(sometimes even hundreds) of attributes. Examination of the attributes available in an eo-
terprise system database is a critical step in developing queries that report values of these
attributes in the format needed by a user.
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Terms and Concepts

Acquisition/payment Fulfillment Purchase, 260
~business process, 259 relationship, 269 Purchase order, 264
Cash disbursement, 273 Instigation event, 262 Purchase requisition, 262
Check, 273 Inventory, 261 Purchase return, 270
Debit memorandum, 275 Inventory type, 264 Receiving report, 269
Disbursement voucher, 273 Mutual commitment Request to return goods, 275
Duality relationship, 269 event, 262 Reservation
Economic decrement Open purchase order relationship, 299
event, 269 file, 295 Reversal relationship, 270
Economic decrement Open purchase Stockflow
reversal event, 275 requisition, 295 relationship, 269
Economic increment Participation Vendor invoice, 269
event, 267 relationship, 269
Economic increment Proposition
reversal event, 275 relationship, 298
Questions

o1 R1. List eight objectives of the acquisition/payment process.
104 R2, How is the acquisition/payment process related to the conversion process, the
sales/collection process, the human resource process, and the financing process?
10,107 R3. What is the difference between a purchase requisition and a purchase order?
o7 R4. What is an open purchase order?

101,107 RS, Which is the most appropriate time to record a purchase and the corresponding lia-

: bility: upon the receipt of goods or upen the receipt of a vendor’s invoice? Explain

your response,

02,105 R6. Identify the resources, internal agents, and external agents associated with each of the
following business events:

a. Purchase requisition (instigation) event
b. Purchase order for goods/services (mutual commi‘ﬁhﬁnt) event
¢. Receipt of goods/services (economic increment) event
d. Cash disbursement (economic decrement) event
= e. Purchase return (economic increment reversal) event
107 R7. Which relationships should you examine if you want to create a query to calculate ac-
counts payable?
101,102 R8. What does a participation relationship between a purchase requisition and a vendor
= usually represent?
ooz R9. Do most companies keep track of operating assets (e.g., property and equipment) at
the individual instance level or at the type level? Why?
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Multiple Choice Questions

LO1, LO6

LO4

LO2Z, LO5

LOL, 102

Discussion

LO5

LO6

MCl1

MC2.

MC3.

. Which document is most closely associated with the activities involved in the pas

chase return event?

A. Packing list

B. Purchase order

C. Purchase requisition

D. Vendor invoice ; ;
The acquisition/payment process represents the point of contact between the entes
prise and which set of external business partners?

A. Investors and creditors

B. Suppliers

C. Customers

D. Employees

The resource made available by the finance process to the acquisition/paymess
process in a typical enterprise value chain is:

A. Inventory

B. Property, plant, and equipment

C. Labor

D. Cash

MC4. Which of the following entities are usually paired in a stockflow relationship m the

acquisition/payment process?

A. Purchase requisition and inventory type
B. Purchase and inventory type

C. Purchase order and inventory type

D. Purchase order and purchase

MC5. Which of the following events should reflect the point in time at which title &

Ques

DI1.

D2.

goods transferred from a supplier to the enterprise in the acquisition/payment
process?

Purchase requisition

Purchase order

. Purchase

Cash disbursement

. Purchase return

Mmoo wp

tions

The tables in Exhibit 918 do not portray the design for storage of acquisitions of re-
sources other than inventory (e.g., operating assets or general and administrative ser-
viee types). If the enterprise determined that the attributes that need to be stored for
operating asset acquisitions are the acquisition ID, date, and dollar total (and foreign
keys from related cash disbursements, suppliers, and receiving clerks) what design al-
ternatives should the enterprise consider for storing the operating asset acquisition
information?

Describe at least two acquisition/payment process information needs for each of the
following:
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Management
Marketing
Finance and accounting

Human resource

o po TP

. Production

105,107 D3. What entities and/or relationships most likely need to be included in a query to por-
tray the unfilled purchase orders made by each purchasing agent?

. Applied Learning

1os Al. Quandrax Computers is a store that buys computer components for low prices, as-
sembles the components into computers, and then sells the computers at high prices.
Each computer is assigned a unique identification number, and computers that have
common configurations are categorized into types (e.g., Longitude is a laptop that is
easily networked and is recommended for businesses; Element is a desktop that is
intended for home and small businesses). Categories can be entered into the database
before any computers in the categories are actually assembled. The computer com-
ponents are purchased from wholesalers. One of Quandrax’s purchasing agents sub-
mits an order to the wholesaler that has listed a given component for sale. If the order
is accepted, onc of Quandrax’s inventory clerks receives the items. Multiple orders
accepted by the same supplier may be consolidated into one purchase. Orders are ac-
cepted in their entirety or not at all. Nearly all of Quandrax’s orders are accepted.
Sometimes the incorrect components are delivered to Quandrax and Quandrax has
to return them to the appropriate supplier. Sometimes Quandrax returns components
to suppliers for other reasons, such as the result of a change in planned production
of a certain category of computers. Only about 10 percent of Quandrax’s purchased
components are returned to suppliers, and any return would result from only one
purchase.

When payment is due for a purchase, one of Quandrax’s cashiers issues one check
for payment in full for the items on that purchase. Sometimes if multiple purchases
have been made from the same supplier within a short time, Quandrax pays for those
purchases with just one check. One of Quandrax’s managers is required to not only
authorize all purchase orders greater than $5,000 but also to sign all checks (includ-
ing checks written for expenditures other than purchases of computer components).
Quandrax needs to keep track of the managers’ participation in these events as well
as the participation of other employees in these events. In physically implementing
the conceptual model into the database tables, Quandrax wants to combine all em-
ployee types into just one table. This means Quandrax would keep the separate em-
ployee entities on the E-R diagram, but make just one employee table to represent all
of the employee entities, then post keys or make relationship tables as necessary to
implement all relationships of employees to the relevant events.

All sales are handled via mail or e-mail, as Quandrax does not have any show-
rooms. Quandrax assigns salespeople to its large corporate customers and the sales-
people take sample computers to the customer locations to demonstrate features as
part of their sales calls. Only a small percentage of Quandrax’s sales calls result in
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orders, and sometimes a salesperson might need to make several sales calls to 5=
same customer to obtain one order from that customer. Orders also result from cas
tomers surfing the Internet and seeing descriptions of the computers on Quandras s
website. These customers are not assigned to specific salespeople; Quandrax o=
tracks the salesperson that actually took the order. Some of Quandrax’s salespeos s
are hired to handle just such orders and as such are not assigned specifically to ag' )
customers. |

If a customer orders multiple computers on one sale order and some of the com
puters are immediately available whereas the others are not yet assembled, Quandeas
ships the available computers right away and then ships the remainder of the ondes
when the rest of the computers are assembled. Sometimes Quandrax combines com-
puters from multiple sale orders into a single shipment. For example, once a cos-
tomer ordered 10 computers and the next day decided that wouldn’t be enough so 5=
ordered 4 more. Quandrax shipped all 14 computers in one shipment. Quandrax cals
accepts checks for its sales of computers; customers can pay for multiple sales W&
a single check, but no partial payments are accepted. Each sale transaction is trackss
by a shipment 1D; an invoice is sent to the customer that is duc within 10 days, w&s
no discounts allowed. Quandrax does not allow any sale returns; that is, all sales &=
final. Cash receipts are never split between two cash accounts; rather each receipt &
assigned to one of Quandrax’s cash accounts by one of Quandrax’s cashiers. Quas-
drax also receives cash from other activities such as loans, so the database must
allow for that. Suppliers, employees, and customers need to be entered into the date-
base before any transactions involving them occur.

The following attributes are of interest to Quandrax; some are rélated to &=
sales/collection cycle. The atiributes that are related to the acquisition/paymess
process must be included in your solution. Do not add attributes to the list. Use &5
boldface attribute abbreviations in parentheses next to the attributes in the list. Lis
any assumptions you make, along with the reasons behind your assumptions (=g
state what you think is vague in the problem, say what you are going to assumt‘-
clear up the ambiguity, and make a case for that assumption).

Purchase Order Number (PO#)
Supplier ID (SuppID)

Employee ID (EmplD)

Purchase Order Date (PODate)
Purchase Date (PurchDate)
Location of cash account (Ca-Loc)
Cash Account Number (CashAcct#)
Name of supplier (SupName)
Receiving Report Number (RR#)
Computer Category ID code (Cat-ID)
Component ID code (CompolD)
Cash Disbursement Date (CD-Date)
Name of employee (EmpName)

Purchase return ID (PR-ID)

Cash Disbursement Number (CD#)
Sale Order 1D (SO-ID)

Shipment [D (Ship-ID)

Date of sales call (SC-Date)
Customer check number (CR-Chk#)
Sales Call 1D (SC-ID) '
Cash Receipt [D (CR-ID)
Customer ID (Cust-ID)

Date of cash receipt (CR-Date)
Name of Customer (Cust-Name)
Total sale dollar amount (Sale-Amt)
Type of employee (EmpType)



. e of sale order (SO-Date)

Date of purchase return (PR-Date)

Dollar amount of cash receipt (CR-Amt)
“urrent balance of cash account (AcctBal)
Shipping address for a customer (Cust-Ship)

Jate of sale/shipment of computers (Ship-Date)
iption of a computer category (Cat-Desc)
_omputer component description (Comp-desc)
dollar amount of a cash disbursement (CD-
dard cost for a computer component (Std-Cost)
ntity of a computer component returned
-Ret)

Sipe of supplier (wholesaler or individual)
supType)

tification number for a finished computer

mpulD)

Required

swers to Multiple Choice Questions
MCI. A; MC2. B; MC3. D; MC4. B; MC5. C.
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Quantity of a computer component ordered on pur-
chase order (Qty-Ord)

Proposed selling price for a type of computer on a
sales call (Prop-SP)

Ordered cost for a computer component on a pur-
chase order (PO-Unit-Cost)

Suggested selling price for computers [hint: by cat-
egory] (List-price)

Date assembly was completed for a finished com-
puter (Assemb-Date)

Quoted selling price for each item on a sale order
(Ord-SP)

Actual selling price for a particular finished com-
puter (Act-SP)

Quantity of a computer component received on a
purchase (Qty-Rec)

Actual cost of a computer component on a particu-
lar purchase (Item-Unit-Cost)

Create a business process level REA model (in either grammar or diagram format) for
Quandrax Computers’ acquisition/payment process. Be sure to include all relevant entities,
relationships, attributes, and participation cardinalities.




Chapter Ten

2 View Integration
and Implementation
Compromises

LEARNING OBJECTIVES

One objective of this chapter is to explain how to unite the business process level
REA models for multiple transaction cycles. A second objective is to explain
implementation compromises commonly made at each step in conceptual modeling
and database design. A final ohjective of this chapter is to demonstrate retrieval of
information from multiple integrated business processes. After studying this chapter
you should be able 1o

1. Identify the steps needed to integrate multiple business process level REA models

2. Complete an integration of two or more business process level REA conceptual
models

3. Identify and create common conceptual level, logical level, and physical level
implementation compromises

4, Explain commen reasons for compromising implementations

5. ldentify information needs that require information from multiple tables in
multiple business processes

6. Create queries to satisfy information needs that reguire information from
multiple business processes

INTRODUCTION

Recall from Chapter 2 that one of the reasons we create models of information systems is
to control complexity. We initially creale business process level models separately for each
transaction cycle because each cycle presents a manageable set of events and related re-
sources and agents. The creating of separate models for different portions of a system is
called view modeling, To create a database that can serve as the foundation for an inte-
grated enterprisewide information system, however, the separate views must be integrated

31
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to form a comprehensive model. Although we introduced the conversion of a conceptual
model to a logical model, followed by the implementation into a physical database as if
those steps would be part of each separate transaction cycle analysis, in fact the separate
conceptual models for each business process view should be integrated before the conver-
sion to the logical and physical levels occurs. This step is called view integration.

Once a comprehensive conceptual model is created, the entire model is converted into
a logical level model and is implemented into a physical level database software package.
During the conceptual modeling, logical modeling, and implementation phases, compro-
mises must often be made based on practical limitations of technology and measuremens
tools. In this chapter we explain some of those compromises and reasons for making such
compromises,

One goal of relational database design is to store enterprise data in such a way that it
may be retrieved in various formats to satisfy diversc information needs. Some informa-
tion needs require data from multiple business processes. Retrieval of such information re-
quires understanding of the integrated design of the relational tables.!

VIEW INTEGRATION

When you use the full REA ontology as a foundation for designing an enterprisewide data-
base, the first step is to consider the enterprise in the context of its external business pari-
ners and to create a value system level model. The second step is to consider the resource
flows among the transaction cycles within the enterprise and to create a value chain level
model. Identifying the resource flows at the value chain level helps to identify the points
of integration of the transaction cycles and therefore also helps to identify points of inte-
gration for the conceptual models of those transaction cyeles.

View integration may be used in the normal course of database design for a single en-
terprise; alternatively it may be used to consolidate separate databases as a result of a cor-
porate merger, acquisition, or other forms of business consolidation. Whether in the orig-
inal design phase for a single enterprise or in the consolidation of separate databases, view
integration involves three basic steps:

1. Tdentify the common entities in two views.
2. Merge the common entitics, resolving any entity conflicts and performing a se¢t union
of their attributes.

3. Examine each relationship and resolve any relationship conflicts.

Conceptual models are integrated based on their common entities. The resources that flow
from one business process to another are common entities to those business processes:
sometimes the processes also share common agent or event entities. One entity conflict is
name conflict; this occurs when the same entity included in different conceptual models

Much of the material in this chapter is based on S. R. Rockwell and W. E. McCarthy, “REACH:
Automated Database Design Integrating First-Order Theories, Reconstructive Expertise, and
Implementation Heuristics for Accounting Information Systems,” International Journal of Intelligent
Systems in Accounting, Finance & Management 8, no. 3(19399), pp. 181-197; and on C. Batini, 5. Ceri.
and S. B. Navathe, Conceptual Database Design: An Entity-Relationship Approach (Redwood City,
CA:The Benjamin/Cummings Publishing Company, 1992).
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is net labeled identically. Often different people on the same design team separately model
the different views and may use synonymous labels. A person who models the different
views at different times may use synonyms for the same entity. For example, the entity set
representing disbursements of cash may be labeled payment in the financing process and
it may be labeled cash disbursement (or some other synonym) in the payroll process. An-
other type ol name conflict occurs when conceptually different entities are given the same
label. For example, say, two enterprises merged operations and need to merge their data-
bases. One enterprise labeled its sale order entity (mutual commitment event) as Sales. The
other enterprise labeled its sale entity (economic event) as Sales. That is a case of a hom-
onym—the same word to represent two different things.

Attribute conflict exists if different attributes have been identified as important for de-
scribing the same entity in various views. The most extreme attribute conflict exists when
different attributes are assigned as primary key identifiers for the same entities. Perhaps
one designer assigned a unique identifier called Employee ID as the primary key for the
Employee entity, and another entity used social security number for the same purpose.
Other attribute conflicts include overlapping but nonidentical sets of attributes assigned to
the same entity set in different cycles. For example, a person who modeled Inventory Type
in the acquisition/payment process may have included the attributes item ID, description,
unit of measure, and standard unir cost as attributes. A different person who modeled /n-
ventory Type in the sales/collection process may have included item ID, description, unit
of measure, and list selling price as attributes. All necessary attributes of an entity set
needed for all business processes in which that entity set occurs should be included in an
enterprisewide database. To resolve entity and attribute name conflicts, choose a common
label for each commeon entity, choose the most appropriate primary key, and perform a set
union of the attributes needed for the different cycles. Once the entity sets that are shared
by the views to be integrated are identified, relabeled, and assigned the complete set of at-
tributes, the relationships must be examined and relabeled if necessary to see if relation-
ship name conflicts or relationship structure conflicts exist. Each relationship should have
a unique name to avoid any possible confusion in communications about relationships in
the database. Relationship name conflicts are resolved in the same way as entity and attri-
bute name conflicts. Relationship structure conflicts exist when the same relationship 1s as-
signed different cardinalities in multiple views.

Exhibits 10~1 through 10-5 illustrate the process of view integration. Exhibits 101
and 10-2 show separate view models for the revenue and acquisition cycles of a company
that sells custom-made surfboards. Exhibit 10-3 reorganizes the conceptual models to
align the shared entities. Exhibit 10-4 illustrates the merging of the models with the set
union of attributes for each shared entity. This exhibit also illustrates that when an entity
participates in multiple relationships and it isn’t convenient to place the relationships close
to each other, a copy of the entity may be portrayed with a diagonal slash in the bottom
right corner of the entity and no attributes attached to the entity. A person who sees an en-
tity illustrated in such a manner should look elsewhere on the diagram to see the details of
that entity set. Exhibit 103 illustrates the relabeling of the relationships so each relation-
ship has a unique name. The result is an integrated conceptual model containing the core
events, resources, and agents for a revenue and an acquisition cycle of a small enterprise.
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EXHIBIT 10-1 Revenue Cycle View
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EXHIBIT 10-3  View Integration Step 1—Identify the Common Entities
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EXHIBIT 10-4 View Integration Step 2—Merge on Common Entities
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EXHIBIT 10-5 View Integration Step 3—Resolve Relationship Name Conflicts
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You may recall the ER grammar format that was introduced in Chapter 4. Consider how
that format facilitates some aspects of view integration. Reorganization of the physical
diagram layout is not an issue, and copies of entities become unnecessary, as entities and
relationships are simply alphabetized and each relationship that contains an entity as one
of its connected entities refers back to the same entity in the alphabetized list. Of course
the steps involving identification of common entities, resolution of entity conflicts, resolu-
tion of attribute conflicts, and resolution of relationship conflicts are still necessary and the
grammar does not necessarily provide any advantage over the diagram format. Although
overall view integration is facilitated by the ER grammar format, the diagram format fa-
cilitates other tasks. Therefore we are not recommending one format versus the other; we
are merely identifying possible strengths of each format.

IMPLEMENTATION COMPROMISE

An ideal information system is a model of perfection—it is what the information system
would be if we could make it everything we desire. Unfortunately such an information sys-
tem is not usually achievable; compromises must be made due to practical considerations.
insufficient measurement techniques, and other constraints. In this section we discuss some
common implementation compromises in the design of enterprisewide databases. Some
of the implementation compromises we discuss are made at the conceptual level, some are
made at the logical level, and some are made at the physical implementation level.

Conceptual Level Modeling Compromises

Conceptual level modeling compromises occur anytime we determine we cannot com-
pletely and accurately represent an object in reality. Common compromises made at the
conceptual level include

« Exclusion of an entity or relationship because of inadequate measurement mechanisms
or because no decision need exists for those data.

. Consolidation of conceptually congruent entities.
. Materialization of tasks as event entities.

It is only practical to include measurable and definable phenomena in a conceptual mode!
from which a database will be designed. Often we can identify the existence of phenomena
that we cannot measure; it is an implementation compromise to exclude those objects from
the conceptual model. For example, we may be aware that in an enterprise’s revenue cycle.
many different resources are being used up in the process of generating revenue. Fixed as-
sets such as the storefront display room, the warehouse, the shelving within those facilities,
equipment such as cash registers, supplies such as cash register tape, pens, and staplers. and
the labor of sales personnel and support staff are consumed to varying degrees within the
revenue cycle. However, trying to measure the extent to which each of those resources (and
possibly others) is consumed within that cycle is a challenge. Until cost-effective means for
directly measuring and tracing the resources consumed to the resources acquired as a resuft.
the coneceptual model for the revenue eycle must be compromised to exclude those im-
measurable items. The cost of those resources may still be tracked via the acquisition cycle
conceptual model; however, those costs must be represented only as period expenses rather
than directly matched to the revenues they helped to produce.
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In other cases measurement mechanisms may exist, but no decision need exists and
therefore an enterprise may decide to exclude an entity or relationship. For example, if an
enterprise has only one purchasing agent, and intends to always have only one purchasing
agent, then there is no need to track which internal agent is responsible for purchases. Or
if an enterprise sells merchandise only to cash customers and has no need to track infor-
mation about individual customers, the enterprise could choose not to materialize an en-
tity for customer data. Sometimes an enterprise chooses not to implement all the relation-
ships called for by the REA pattern. For example, an enterprise may make a
declarative/procedural trade-off, whereby it decides to exclude the declarative duality re-
lationship between purchase and cash disbursement because the enterprise determines no
need to apply payments directly to individual purchases and by procedurally tracing pur-
chases and cash disbursements each to the related vendor, the enterprise may be able to de-
termine accounts payable by vendor (though not by purchase).

In some enterprises. certain pairs or groups of events always occur simultaneously.
Such events are called conceptually congruent events. The practical compromise is to
collapse, or consolidate, the entities, for conceptually congruent events. For example, con-
sider Only Gas, a gas station/convenience store that sells only gasoline. Only Gas sells
gasoline for cash—no credit cards, checks, or sales on account are permitted. Only Gas’s
procedures are as follows:

» Customers are required to bring their car keys and driver’s licenses to the cashier’s win-
dow, which is conveniently located adjacent to the gas pumps.

¢« Cashicrs unlock the appropriate pumps, enabling the customers to pump gas.

»  Customers pump gas into vehicles or containers, then return to the cashier’s window;
pay for the gas, retrieve their car keys and driver’s licenses, and drive away.

These activities encompass multiple events within the sales/collection process, including
the sale order, sale, and cash receipt. There is no identifiable need to separate these events
for Only Gas, because they are conceptually congruent. That is, each occurrence of a sale
order is automatically accompanied by an occurrence of sale and an occurrence of cash re-
ceipt. Another way of looking at this is that the cardinality pattern is

Sale Order (1,1)—(1,1) Sale (1,1)—(1.1) Cash Receipt.

A sale order would not be entered into Only Gas’s system without also entering exactly one
sale and cxactly one cash receipt. This allows the entities to be collapsed (consolidated)
into a single entity in the conceptual model. Therefore instead of the normal conceptual
model reflecting

e (1.1) (1] saie (1.1) (1.1 cash
order receipt

the compromised conceptual model could be portrayed as follows:

Cash
sale
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We make a simplifying assumption here that Only Gas does not have cash receipis
from other sources such as loans. If that assumption were invalid, there may be a need o
scparate the cash receipt event; however, sale order and sale could still be collapsed into 2
single entity. as follows:

Sale (1.1 0.9 | cash
receipt

The consolidation of conceptually congruent cvents simplifies the conceptual model as
compared to the [ull REA ontology pattern. Another type of implementation compro-
mise—modeling tasks as entities—increases the complexity of the conceptual model. Re-
call from earlier chapters that workflow tasks that comprise an event may involve prepara-
tion of multiple documents. For example. the sale event as described in Chapter § may
sometimes involve picking, packing, and shipping of inventory and may involve prepara-
tion of as many as four documents: picking slip, packing list, bill of lading, and sale in-
voice. Or the purchase requisition cvent as described in Chapter 9 may involve requesting
quotes or bids from potential vendors to help determine the one with whom to place a pur-
chase order. Some companies may determine they have a need to keep the attributes from
each of these tasks separate from each other rather than combining them into the event they
comprise. Therefore a company may choose to model the requests for quotes and the re-
ceipt of quotes from vendors as events between the purchase requisition and purchase
order as follows:

Purchase ) Request Vendor Purchase ; Purchase
requisition [ S\.VRSA for quote gquote order Fulfl

Because the enterprise also would need to track each resource and agent involved with
each of these activities, the complexity added to the conceptual model may be burden-
some. Also. if workflow changes in the future, the database design will need to change. En-
terprises should exercise caution in determining whether to materialize tasks as entities; in
general it is not recommended. To make the determination, enterprises should consider
what is needed to plan, control, execute, and evaluate its activities and employees. If the
attributes can be stored and retrieved effectively for the needed decisions using the stan-
dard REA template, then the standard template should be used. If the attributes cannot be
stored and retrieved effectively in the standard template for an enterprise, then separate en-
tities should be created in which to store the task attributes.

Logical Level Modeling Compromises

Compromises are also made at the logical level, In fact, the procedures recommended in
Chapter 6 for posting a foreign key for appropriate cardinality patterns that would result in
a high load are a logical level implementation compromise. A theoretically pure rela-
tional database should never allow a null value in a table. To be completely consistent with
the relational model theory, Chapter 6% step 5 should require relationships that have car-
dinality patterns of (0,1)—(0,1); (0,1)-(0,N); (0,1)—(1.N): (O,N)—(0,1); and (1,N)}—(0.1) to
be implemented with separate tables. Such an implementation would avoid the possibility
of null values. The trade-off is the increased complexity of queries that involve multiple ta-
bles, Because querics often focus on relationships, relationships that are implemented with
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scparate tables oflen require the use of three tables. By compromising the logical level for
relationships for which a posted foreign key results in a relatively low number of null val-
ues, an enterprise usually can reduce query complexity.

A similar type of compromise is sometimes made when an entity is related to two or
more other entities and the relationships are mutually exclusive: that is, an instance of En-
tity A will be related to either an instance of Entity B or to an instance of Entity C. For ex-
ample, Cash Disbursement is an event in multiple transaction cycles. In the payroll cycle,
cash disbursements are made to employees. In the acquisition/payment cycle, cash dis-
bursements are made to vendors. In the financing cycle, cash disbursements are made to
creditors or investors. However, a specific cash disbursement is made to an instance of only
one of those related entity sets. Panel A of Exhibit 10-6 illustrates the integrated concep-
tual model with the cash disbursement entity participating in three separate relationships
with external agents. Theoretically these three relationships would either require three sep-
arate tables or (if more than half of all cash disbursements are made to one of these sets of
external agents) a posted foreign key for the relationship with high load and two separate
tables for the other two relationships. An implementation compromise could be made to
post a single foreign key; for example, Payee to implement all three relationships. Panel B
of Exhibit 106 illustrates this compromise. The value for the Payee would be an employee
foreign key if the cash were disbursed to an employee; it would be a supplier foreign key
if the cash were disbursed to a supplier, and it would be a creditor or investor foreign key
if the cash were disbursed to a creditor or investor.

A disadvantage that results from combined entity key posting is the inability to en-
force referential integrity. In the example shown, the value for Payee could be posted from
any of three different tables and referential integrity only verifies the value against one ref-
erence table. Thercfore referential integrity for Participatel, Participate3, and Participate4
cannot be enforced. An alternative implementation compromise that could be used is to
combine agents of different types about which similar atiributes need to be stored into a
single entity set. For example, cmployees, suppliers, and lenders could be combined into
one entity set without the use of a generalization hierarchy as long as no specific attributes
need to be stored about each subtype. The conceptual model for the previous example
could be compromised as shown in Exhibit 10-7.

In this case, Participatel portrays the relationship of the cash disbursement to the in-
ternal agent who processes it and Participate2 represents the relationship of the cash dis-
bursement to the external agent to whom it is sent. Referential integrity may now be en-
forced. Because lenders, employees. and suppliers all had the same attributes stored for
them, all that is necessary is the consolidation of any data values already entered into the
tables when they were scparate.

Physical Implementation Compromises

Compromises may also be made at the physical implementation level. Physical level com-
promises include storage of derivable attributes and event activity roll-ups. As de-
scribed in Chapter 6, we recommend the storage of static derivable attributes because the
cost of the extra storage space taken up by those attributes is likely outweighed by the ben-
efit of less complexity, and therefore less processing power needed for queries that use
those attributes. For example, if the enterprise sells mass-produced merchandise inventory,
attributes such as quantity sold and actual unit selling price may be used to derive the total
dollar amount of a sale. That is a static derivable attribute: that is, once the total dollar
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EXHIBIT 10-6 Panel A: Conceptual Model
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Participate1 is implemented via Supplier Payee ID posted
from Supplier into Cash Disbursement.

Participate2 is implemented via EmplID posted from
Employee into Cash Disbursement.

Participate3 is implemented via Employee Payee ID posted
from Employee into Cash Disbursement.

Participate4 is implemented via Lender Payee ID posted
from Lender into Cash Disbursement.

Panel B: Logical Relational Model

Cash Disbursement (Economic Decrement Event)

CashDisbursement# Date Amount EmplIDF Payeefk

Employee (Internal and External Agent)

EmpliD Name

Supplier (External Agent)

Supplier ID Name

Lender (External Agent)

Lender ID Name
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amount for Sale | is computed, it does not change as additional sales are added to the en-
terprise system. If the total sale dollar amount is stored as an attribute in the Sale event
table, it simplifies all additional queries the enterprise needs that include total sales dollar
amounts as components (e.g., accounts receivable or total sales by salesperson).

Another physical implementation compromise is that of event activity roll-up. This
compromise recognizes that enterprise databases exist in a finite storage space and also
recognizes that the larger the size of the database, the less efficient querying becomes. A
benefit of enterprise information systems founded on enterprisewide databases is the abil-
ity to produce financial statements without actually closing the books. This is sometimes
called a virtual close. The disadvantage of never closing the books is the uncontrolled
growth of the database—the database may quickly grow too large for optimized, proficient
querying. One means of controlling that growth is to wait until such a time as event his-
tory detail is not needed and then roll that data up into a single event occurrence. In Ex-
hibit 10-8 we illustrate event history roll-up.

Participate
Cash (0,N) Agent
disbursement
¢ b 4 s 5

CD# Date Amount AgentlD  Name

Sale—Original Table

SalelD Date Amount Customer Salesperson
51 11 $400.00 €23 SP4
52 171 $450.00 2y SP2
53 1/5 $875.00 C46 SP3
sS4 15 $125.00 €72 SP4
55 1/6 $350.00 C14 SP3
S6 /7 $500.00 17 SP2
57 1/8 $700.00 C46 SP3

Sale Table with Event History Rolled Up
SalelD Date
SR 11

Customer Salesperson

#3,400.00 Cco SPD

Amount

SR1 represents the set of sales 1 through 7.
CO is set up as a dummy customer.
SPO is set up as a dummy salesperson.
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INFORMATION NEEDS THAT REQUIRE DATA FROM MULTIPLE
BUSINESS PROCESSES

Consideration of the value system and value chain levels of the REA ontology reveals that
resources typically are the objects on which business process model views are integrated.
Information needs that involve multiple business processes are therefore likely to be fo-
cused on resources. Exhibit 109 portrays a partial set of database tables for the revenue
and acquisition eycles of an enterprise. These tables are useful for illustrating some exam-
ple queries that require integration of information from multiple business processes.

Many of the information needs that imvolve both the revenue cyele and the acquisition
cycle involve cash and inventory, resources shared by those business processes. The calcu-
lations of cash balances (either for one or more specific accounts or for the total balance of
all cash accounts) are typically affected by all the transaction cycles except the conversion
process. In a database these accounts are usually represented in a cash entity table; however,
the balance is a derivable attribute that is not stored unless the software is capable of trig-
gers. Therefore a set of queries is needed to calculate the total cash receipts through the date
for which the balance is needed; then to calculate the total cash disbursements through the
date for which the balance is needed; and finally to subtract the total cash disbursements
from the total cash receipts. If the cash receipt amounts and the cash disbursement amounts
are stored as attributes in the cash receipt and cash disbursement tables, respectively, the
querying is quite simple. If the company only stores amounts in duality relationship tables,
then all the appropriate duality tables need to be joined to the cash receipt and disbursement
event tables to apply the date constraints and get the totals. Most companies recognize the
value of storing the amount fleld in the cash receipt and disbursement event tables, so we
consider that case and ignore the more complicated possibility. The process for querying to
provide the cash balance on a specified date is typically as follows.

1. Determine which table contains the cash receipt date (usually this is in the table that
represents the cash receipt event) and make sure the same table also contains the cash
receipt amount field.

2. Determine which table contains the cash disbursement date (usually this is in the table
that represents the cash disbursement event) and make sure the same table also
contains the cash disbursement amount field.

3. Create a query that establishes the ending date constraint (with no beginning date
constraint) and sum the dollar amount field in the cash receipt event table (or other
table identified in step 1).

4. Create a query that establishes the ending date constraint (with no beginning date
constraint) and sum the dollar amount field in the cash disbursement event table (or
other table identified in step 2).

5. Create a query that subtracts the total in step 4 from the total in step 3.

Exhibit 10-10 depicts a set of queries by example (QBE) to generate the cash balance for
the enterprise represented in the tables in Exhibit 10-9.,

Several needs for inventory-related information require integration of data from multi-
ple business processes. Fxamples include calculations of the quantity on hand for inven-
tory on a specified date, calculations of the dollar cost value of inventory on hand on a
specified date, and calculations of the dollar cost value of inventory that was sold during 2
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EXHIBIT 10-9 Database Tables for Integrated Revenue and Acquisition Cycles

325

DOperating Assets (Resource)

Asset Asset Estimated Estimated IRSListed
TagiD Description AcqDate AcqCost Category LifeYrs Salvage Property
0A1 Building 4/1/2010 $200,000.00 Buildings 40 $20,000.00 No
QA2 Property 4/1/20190 $300,000.00 Land 0 $0.00 No
BA3 Executive desk 4102010 $2,000.00  Furniture 10 $200.00 No
QA4 Manager desk 4/10/2010 $1,500.00  Furniture 10 $100.00 No
OAS Manager desk 4/10/2010 $1,500.00  Furniture 10 $100.00 No
0A6 Administrator desk 4/10/2010 $1,000.00  Furniture 10 $100.00 No
OA7 Administrator desk 4/10/2010 $1,000.00  Furniture 10 $100.00 No
DAS Executive desk chair 4/10/2010 §500.00  Furniture 7 $50.00 No
2A9 Manager task chair 4/10/2010 $350.00  Furniture V: $50.00 No
0A10 Manager task chair 4/10/2010 $350.00  Furniture f $50.00 No
OA11 Task chair 4/10/2010 $175.00  Furniture 7 $25.00 No
DA12 Task chair 4/10/2010 $175.00  Furniture 7 $25.00 No
OA13 Task chair 4/10/2010 $175.00  Furniture 7 $25.00 No
0414 Task chair 4/10/2010 $175.00 Furniture 7 $25.00 No
DA15 Toshiba tecra 4/15/2010 $3,000.00 Computers 5 $300.00 Yes
OA16 Dell optima desktop 4/15/2010 $2,000.00 Computers 5 $200.00 Yes
OA17 Dell optima desktop 4/15/2010 $2,000.00 Computers 5 $200.00 Yes
0A18 Dell optima desktop 4/15/2010 $2,000.00 Computers 5 $200.00 Yes
0A19 Warehouse shelving 4/16/2010 £10,000.00  Fixtures 40 $0.00 No
0A20 Fax machine 4172010 $400.00  Comm Equip 3 $0.00 Yes
Cash (Resource Type)

CashAccountID AccountType Location DateAccountEstablished
£a123501 Checking 15t Local Bank April 1, 2010

Ca789125 Savings 15t Local Bank April 1, 2010

£a351235 Petty Onsite—Cashier dask drawer April 15, 2010

£a351327 Petty Onsite—CEQ assistant’s file cabinet April 22, 201

Inventory Type (Resource Type)

item ID Description UnitOfMeasure Standard Cost List Price

BiS1 Big Stuff Fach $20.00 $50.00

HUS1 Huge Stuff Each $30.00 $70.00

LIs1 Little Stuff Boxof 6 $36.00 $72.00

MIN1 Miniature Stuff Box of 24 $56.00 $110.00

TS ¢ Tiny Stuff Box of 12 $48.00 $96.00

TTP12 Tiara Each $10.00 $25.00

Purchase Requisition (Instigation) Event

Purch Maximum Budget Date Purch Recommended
ReqgID Date for This Purchase Needed Super|DFK AgentIDFK SupplierlDFK

R17 4/22/2010 $30,000.00 5/2/2010 E5 E12 V7

R18 5/5/2010 $1,400.00 5/23/2010 ES E12 V14

R19 5/6/2010 $5,500.00 5/20/2010 E5 E12 V7

R20 5/15/2010 $200.00 5/25/2010 ES E12

R21 5/18/2010 $7,500.00 5/26/2010 E5 E12 V7
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EXHIBIT 10-9 (Continued)

Purchase Order (Mutual Commitment) Event

Purchase Dollar Purchase Purchase  Supplier
OrderiD OrderDate  DateNeeded Total ReqiDfc  AgentIDf¢ IDF*
PO16 4/24/2010 5/2/2010 $28,450.00 R17 E12 V7
PO17 5/5/2010 5/8/2010 $1.100.00 R18 E12 V14
PO18 5/5/2010 5/12/2010 $200.00 R18 E12 V80
PO19 5/6/2010 5/10/2010 $3,240.00 R19 Bt vi4
PO20 5/6/2010 5/24/2010 $2,000.00 R19 E12 V7
PO21 5/16/2010 5/24/2010 $220.00 R20 E12 Vi4

Purchase (Economic Increment) Event

Receiving Dollar Receiving Vendor Invoice
ReportiD Date Amount ClerkiDF& SupplierlDF¢  Invoice#  Amount
RR18 4/30/2010 $28,450.00 E111 V7 Vid1e7 $28,450.00
RR19 5/8/2010 $1,100.00 E111 V14 821536 $1,100.00
RR21 5/10/2010 $3,240.00 E111 Vi4 821983 $3,240.00
RR22 5/12/2010 $2,000.00 E111 V7 VI5213 $2,000.00

RR25 5/12/2010 $480.00 E111 Va0 312353 $480.00

Cash.
DisblDFk
40

Cash Disbursement (Economic Decrement) Event

DisbVoucherlD  VoucherDate DollarAmount  CheckNbr CashAcctIDFC  APClerkiDf¢  PayeelDFK

39 5/15/2010 $746.57 41234 Ca123501 E36 E23

40 5/25/2010 $28,450.00 41235 Cal123501 E36 V7

41 5/29/2010 $398.12 41236 Cal123501 E36 E41
Purchase Return (Economic Increment Reversal) Event

Purchase Dollar Packing Debit Receiving Dept Shipping
ReturniD Date Amount Slip# Memo#  ReportlD®®  SupplierlDf€  SuperlDf ClerkiD™
PR3 5/17/2010  $480.00 22 3 RR25 V30 ES E41
Sales Call (Instigation) Event

Sales Call ID Date StartTime EndTime Location SalesRepIDfX CustomeriDFK

42 5/4/2010 9:12 a.m. 10:00 am.  Customer E23 C2323

43 5/4/2010 9:27am. 10:35am. Ours E26 C4731

44 5/5/2010 10:30 am.  11:15am. Customer E23 €6125

Sale Order (Mutual Commitment) Event

Sale Order Date Dollar Sales Shipping Sales Sales Customer
Order 1D Date Needed Total Tax Charge  CallIDF¥ ReplDf IDF*
14 5/4/2010 5/7/2010 $1,100.00 30 30 42 E23 £2223
15 5/4/2010 5/12/2010 $3,050.00 30 $0 43 E26 C4731
16 5/6/2010 5/9/2010 $4,305.00 $0 $0 47 E23 G2323
1 5/8/2010 5/17/2010 $8,280.00 $0 30 43 E26 C4737
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Dollar Total PickListiD PackListiD BOL# SalesReplDf¢ CustomerIDFK CashReceiptiDF&

$1,100.00 15 15 15 E23 €2323 RA20
572010  $3,050.00 16 16 16 E26 C4731 RA21
5/8/2010  §2,100.00 17 17 17 E23 €2323 RA20
5/10/2010  $2,205.00 18 18 18 E23 €2323

(Economic Increment) Event

Date Dollar Total CashAccountIDFK CustomerlDFK CashierlDF¢
5/19/2010 $3,060.00 Cal123501 2323 ET11
5/24/2010 $3,050.00 Ca123501 Ca73 E111
5/31/2010 $25,000.00 Ca123501 E111

Return (Economic Decrement Reversal) Event

: Dollar Receiving Credit Credit Receiving
D Date Amount  ReportNo. Memo#  MgrD  SalelD™  CustomerlDf¢ ClerkIDF<
| 5/12/2010  $140.00 RR25 1 E16 12 €2323 £247
nal Agent)
Name Address Telephone DateOfBirth EmployeeType
Amy Milano 8892 Eddy Ave. 555-9557  lanuary 3, 1964 Shipping Clerk
- Patrick Wellesley 53125 Fenton Dr. 555-1112  March 4, 1958 Supervisor
. Diane Bowersox 9115 Wolfgang Ct.  555-7244  September 15, 1963 = Accounts Payable Clerk
. Kenneth Barki 4312 Monticello Dr.  556-4891  April 14, 1945  Recelving Clerk.
oS 4312 Monticello Dr.  556-4891  May 22, 1948 Receiving Clerk
. Missy Witherspoon 1710 Crestwood Dr. 555-9392  May 11, 1960 Cashier
Eponine Eldridge 1003 Zenker Dr. 555-9099 luly 29, 1972 Cashier
: Jimmy Vitale 425 ConAir Drive 555-5678 Aug 18, 1962 Sales Representative
- Cyndie North 122 Front St. 555-6353 Apr4, 1961 Sales Representative

 Wayland Stindt 3506 Carthan St. 555-0621 December 29, 1973  Sales Representative

Name Address Telephone PerformanceRating
~ Joe's Favorite Vendor 89056 Ransom Hwy.  555-7655  Excellent :

~ Reliable Rudy’s 34125 Michigan Ave.  555-1199  Very Good

- Trina’s Trinkets 1612 Myway Rd. 555-2424  Very Good

Address Telephone Credit Rating
. Needmore Stuff 86906 Enterprise Court  555-8989 A+
g Targeted One 41352 Price Ln. LA | ' B+
' Gotiahave Moore 1207 Emperor Dr, 555-5688 B

~ Don't Wantmuch 3421 Carradine St. 555-9098 A+
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(E(ﬁ I‘::E‘Iu'l;(;l)ﬂ—g Proposition Relationship (Purchase Requisition-Inventory Type)
PurchReqID ItemID  QuantityNeeded EstimatedUnitCost
R17 BIS1 100 $20.00
R17 LISt 200 $36.00
R17 HUS1 150 $30.00
R17 TIS1 300 $48.00
R18 MIN1 20 $56.00
R18 TTP12 20 $10.00
R19 MINT 60 $56.00
R19 BIS1 100 $20.00
R20 TTP12 20 $10.00
R21 LIS1 200 $36.00

Reservation Relationship (Purchase Order-Inventory Type)

PurchOrderlD  ItemiD QuantityOrdered QuotedUnitPrice

PO16 BIS1 100 $20.00
PO16 LIS1 200 $35.50
PO16 HUS1 150 $29.00
PO16 Tsi 300 $50.00
PO17 MIN1 20 $55.00
PO18 TTP12 20 $10.00
PO19 MIN1 60 $54.00
PO20 BIST 100 $20.00
PO21 TTP12 20 $11.00

Fulfillment Relationship (Purchase Order-Purchase)

PurchaseOrderID PurchaselD

PO16 RR18
PO17 RR19
PO18 RR25
PO19 RR21
PO20 RR22

Stockflow Relationship (Purchase-Inventory Type)

PurchaselD itemiD  PurchaseQuantity ActualUnitCost
RR18 BIS1 100 $20.00
RR18 LISt 200 $35.50
RR18 HUS1 150 $29.00
RR18 TIS1 300 $50.00
RR19 MIN1 20 $55.00
RR21 MINT 60 $54.00
RR22 BIS1 100 $20.00

RR25 TTP12 48 $10.00
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EXHIBIT 10-9

1 i i =
{Continued) Stockflow Relationship (Purchase Return-inventory Type)

PurchReturnlD  Item ID  QuantityReturned  ActualUnitCost
PR3 TTP12 48 $10.00

Proposition Relationship (Sales Call-Inventory)

Sales Call ID Item ID Customer Reaction to Product

42 BIS1 Negative
42 LIS1 Positive
42 HUS1 Negative
42 TIS1 Positive

42 MINT Undecided
43 BIS1 Positive

43 LIS1 Undecided
43 HUS1 Positive
43 TiS1 MNegative
43 MINT Negative
44 BIST Negative
44 LIST Negative
44 HUS1 Negative
44 TIS Negative
44 MINT Negative

Reservation Relationship (Sale Order-Inventory)

Sales Order ID  Item ID Quantity Ordered Quoted Unit Price

14 LIS 2 70.00
14 TIS1 10 96.00
15 BIS1 40 60.00
15 HUS1 13 50.00
16 MINT 41 105.00
17 LIS 120 69.00

Fulfillment Relationship (Sale Order-Sale)

Sale Order ID Sale ID

14 12
15 13
16 14
16 15

Stockflow Relationship (Sale-Inventory)

Sale ID Item ID Quantity Sold Actual Unit Price
12 LISt 2 70.00
12 TIS1 10 96.00
13 BIS1 40 60.00
13 HUS1 i 50.00
14 MIN1 20 105.00

15 MIN1 21 105.00
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EXHIBIT 10-9

Stockflow Relationship (Sale Return-Inventory)

(Concluded)
Sale Quantity
Return ID tem ID Returned

12 LISt 2

Actual Condition Reason
Unit Price of Goods Returned
70.00 Perfect Too big

EXHIBIT 10-10 QBE to Calculate Cash Balance on a Specified Date

Sum Dollar Amounts of All Cash Receipts Through
Ending Date (No Beginning Date Constraint)
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specified time period. Of these three examples the simplest is calculation of the quantity
on hand of each inventory item. Exhibit 10—11 demonstrates queries to calculate quantity
on hand of each mventory item based on the enterprise database tables in Exhibit 10-9.
The more complicated examples are described later in this chapter.

Quantity on hand consists of quantities purchased minus quantities returned minus quan-
tities sold through a specified ending date (with no beginning date constraint). Notice the
similarity to the calculation of cash balance. which was the amount of cash receipts minus
the amount of cash disbursements through a specified date. The pattern for both calculations
is balance equals inflows minus outflows. An important difference between the queries =
Exhibit 10-10 for the total cash balance and the queries to be developed for the quantity o=
hand of each inventory item is the fact that the latter requires a separate balance for each
item whereas for the cash query we did not compute a separate balance for each cash ac-
count (although that certainly is another information need of most enterprises).
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CHIBIT 10-11 QBE to Calculate Quantities on Hand for Inventory Types
% 1. 2. and 7: Constrain Purchase Date; Sum Quantities Purchased for Each Inventory Type

[Ba T Qe ] .
Purchase StockflonPurchaselnventoryType  |S chaselnventoryType
Where Group By Sum

]

QuantityReturriad

H{UnitCostaliowed

TeeniD GuantbRetumed id
StockfowPurchaseRetuminventoryType StockfiorPurchasaReturnlnventoryType |15
Group By Sum |

]
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EXHIBIT 10-11 Steps 5, 6. and 9: Constrain Sale Date; Sum Quantities Sold for Each Inventory Type

(Concluded)
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The procedures for calculating inventory item quantities on hand typically are as follows:

Determine which table contains the purchase date attribute (usually this is in the
table that represents the purchase economic event).

Determine which table contains the purchase quantity attribute and the item 1D
(usually this is in the table that represents the stockflow relationship between the
purchase economic event and the inventory resource).

Determine which table contains the purchase return date attribute (usually this is in
the table that represents the purchase return economic event).

Determine which table contains the quantity returned attribute and the item 1D
(usually this is in the table that represents the stockflow relationship between the
purchase return economic event and the inventory resource).

Determine which table contains the sale date attribute (usually this is in the table
that represents the sale economic event).

Determine which table contains the quantity sold attribute and the item ID (usually
this is in the table that represents the stockflow relationship between the sale
economic event and the inventory resource).

Join the tables identified in steps 1 and 2, group by inventory item, set the ending
date constraint (with no beginning date constraint), and sum the quantity purchased
to get the total quantity purchased per inventory item. Make sure to include the
inventory item identifier attribute in the query result to provide a means for linking
to the result in step 8.

Join the tables identified in steps 3 and 4, group by inventory item, set the ending
date constraint (with no beginning date constraint), and sum the quantity returned
to get the total quantity returned per inventory item. Make sure to include the
mventory item identifier attribute in the query result to provide a means for linking
to the result in step 7.

Join the tables identified in steps 5 and 6, group by inventory item, set the ending
date constraint (with no beginning date constraint), and sum the guantity sold to
get the total quantity sold per inventory item. Make sure to include the inventory
item identifier attribute in the query result to provide a means for linking to the
results in steps 7 and 8.

Join the results from steps 7 and 8. Change the join type to include all records
from the total quantity purchased query and the matches from the total quantity
returned query. The null to zere (Nz) function is necessary in the calculation to
subtract the total quantity returned from the total quantity purchased. For example,
this calculation expression would look something like this (depending on the
query’s variable names):

Nz(SumPurchaseQty) — Nz(SumQtyReturned).

This formula results in the unreturned purchase quantities for each item.

Join the resules from step 9 with the results from step 10. Change the join type to
include all records from the total unreturned quantities purchased query and the
matches from the total quantity sold query. The null to zero (Nz) function is
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needed in the calculation to subtract the total quantity sold from the total
unreturned purchase quantity. For example, this calculation expression would look
something like this (depending on the query’s variable names):

Nz(SumUnreturnedPurchaseQty) — Nz(SumSaleQty)
This query result yields the total quantity on hand separately for each inventory item.

Once the quantities on hand of inventory types are calculated on a specified date, an e
terprise also may want to assign cost values to those inventory types. Various cost as-
sumptions may be used to assign costs to inventory types, including weighted average u=s
cost, first-in-first-out (FIFO), and last-in-first-out (LIFO). The assignment of costs basss
on FIFO or LIFO entails the writing of program code that is too complex for this textbosk.
The assignment of weighted average unit costs to inventory types on hand is less comples
and can be accomplished without extensive program code, as demonstrated in Exhise

EXHIBIT 10-12 QBE to Assign Weighted Average Costs to Inventory Types on Hand
Steps 1, 2, and 3: Constrain Purchase End Date, Calculate Purchase Line Extcnsxons
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EXHIBIT 10-12 (Concluded)
Step 5: Divide Total Punhase Line Extensions by Quanunes 1o Get Weighted Average Unit Costs
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on Hand to Get Inventory Cost by Item
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10-12. The overall steps to compute weighted average costs for inventory types and to as-
sign them to the quantities on hand are as follows;

1. Determine which table contains the purchase date attribute (usually this is in the table
that represents the purchase economic event).

2. Determine which table contains the purchase quantities and unit cost information
(usually these attributes are in the table that represents the stockflow relationship

between purchase and inventory type).
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EXHIBIT 10-13
QBE

to Calculate
Total Inventory
Cost Value on a
Specified Date

3. Join the tables together, set the ending date constraint (with no beginning date
constraint), and. if necessary, multiply the quantitics purchased by the actual unit
costs to get the total purchase line-item amount.

4. Group the result from step 3 by inventory ID and sum the purchase quantity and the
total purchase line-item amount. (Note: if the total purchase line-item amount is a
stored attribute you may combine steps 3 and 4 into a single query.)

5. Start with the result from step 4 and. still grouping by inventory 1D, divide the sum of
the total purchase line item by the sum of the total purchased quantity to get the
weighted average unit cost for each inventory type.

6. Combine the result from step 5 with the quantities on hand of inventory type (result
of step 11 in Exhibit 10-11) to get the cost value of each inventory type on hand.

If the enterprisc needs the total dollar cost value of all inventory items on hand as of 2
specified date. then the result from step 6 of Exhibit 10-12 may be summed as illustrated
in Exhibit 10-13.

A difficult issue associated with the querics demonstrated in Exhibits 10-12 and 10-13, de-
pending on the needs the information is intended to address, is that the aggregation of all pur-
chases up to the ending date results in the inclusion of relatively old costs. For some decision
needs that may be fine; but other decision needs may require consideration of only the more
recent costs. Alternative means for computing weighted average unit costs may be employed
to allocate the costs differently: for this textbook we only illustrate the simplest approach.

Cost of goods sold is a linc item on enterprise income statements that is similar to the
calculation of the dollar value of inventory on hand. Whereas the calculation of inventory
on hand applies an assumed cost value to the quantities of inventory types on hand; the cal-
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culation of cost of goods sold applies an assumed cost value to the quantities of inventory
types sold during a specified time period. The total cost value of inventory on hand appears
as a line item on enterprise balance sheets. The same cost value assumption must be used
in calculating inventory on the balance sheet and cost of goods sold on the income state-
ment. Therefore, if weighted average unit cost is used as the costing assumption for in-
ventory, it must also be used for cost of goods seld.

(5]

The overall procedures needed to calculate cost of goods sold are as follows:

. Determine which table contains the sale date attribute; usually this is in the table that

represents the sale economic event.

. Determine which table contains the sale quantities; usually this is in the table that

represents the stockflow relationship between sale and inventory.

. Join the tables together, set date constraints for the beginning and ending of the

income statement period, group by inventory 1D, and sum the quantity sold.

. Join a weighted average unit cost query result as found in Exhibits 10-12 and 10-13

(conceptually this 1s a list of inventory items and the weighted-average cost for cach
item) to the result from COGS step 3 (conceptually this is a list of all inventory items
that have been sold and the total quantity sold of each item). Multiply the quantity
sold by the weighted average unit cost; this will give you the total weighted average
cost separated by inventory items.

. Create a final query that sums the weighted average cost per inventory item sold to

get the total COGS for the income statement.

Exhibit 10-14 illustrates the QBE for queries following these procedures.

EXHIBIT 10-14 Steps 1,2, 3: Co;mtmln Sale Date (Begm and End): Cmup by Inventory ID and Sum Sale Quantity
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EXHIBIT 10-14
(Concluded)

Step 5: Sum COGS by Item to Get Total Cost of Goods Sold
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CONCLUDING COMMENTS

View integration is required to merge multiple conceptual models to form a single model
used as a blueprint for an enterprisewide database. View integration is a part of the normal
database design process, merging views from related business processes. View integration
may also result from merging two different databases as a result of a corporate merger, ac-
quisition, or other business consolidation. As the conceptual models are created and inte-
grated, some compromises may be made due to inadequate measurement techniques, prac-
tical considerations, and other constraints. When the integrated conceptual model is
converted into a logical model, more compromises may be made. And as the logical model
is transformed into a physical implementation, still more compromises may be made. Once
the final integrated database is designed: information retrieval also may require data from
multiple business processes. Queries to retrieve such information typically involve data
from multiple entities and multiple relationships. and inherently are more complex than
single-table and single-relationship queries.

Key Terms and Concepts

Attribute conflict, 373 Conceptual level Conceptually congmem
Combined entity key modeling events, 379
posting, 32/ compromises, 318 Copies of entities, 378




Date constraint, 324
Derivable attribute, 327
Entity conflict, 372

Event activity roll-up, 327
Group by, 333

Homonym, 373

Implementation
compromise, 3/8

Information need, 3/2

Join, 333
Load, 320

Questions

R1. What three basic steps are involved in view integration?
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Logical level
implementation
compromise, 320
Materialization of tasks as
event entities, 378

Name conflict, 372

Null to zero (Nz) function
(in Microsoft Access), 333
Null value, 320

Physical level
compromises, 32/

Query, 32/

Query by example
(QBE), 324

Relationship conflict, 3/2
Sum, 324

Synonym, 313

View integration, 372
View modeling, 311/
Virtual close, 323

R2. What are two types of entity name conflicts that must be resolved when identifying
common entities in multiple business process conceptual models?

R3. Inview integration, what is attribute conflict and how is it resolved?

R4. List and describe three conceptual level implementation compromises.

‘RS, List and describe three logical level implementation compromises.

R6. List and describe two physical level implementation compromises.

R7. Explain what aspects of view integration may be easler with the ER grammar format
than with the ER diagram format.

R8. What notation is used in a conceptual model in diagram format to represent a dupli-
cate copy of an entity set that is already used elsewhere in the model?

le Choice Questions

103

Lo2

Loz

.MC3_

MCL.

A. Consolidation of congruent event entities
B. Combined entity key posting

C. Event history roll-up

D. Storage of derivable attributes

MC2.
A. Conceptual
B. Logical
C. Physical

D. All of the above
Which of the following is typically an integration point between the sales/collec-

Which of the following is a conceptual level implementation compromise?

At what levels may implementation compromises be made?

tion and acquisition/payment processes for a wholesale distributor?

Salesperson
Supplier
Inventory
Sale order

00w
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105

105, .06

MC4. What resources are involved in most information needs that encompass both the

revenue and acquisition cycles?

A. Raw materials inventory and finished goods inventory
B. Operating assets and salespeople

C. Merchandise (or finished goods) inventory and cash
D. Cash and cashiers

MC5. Which of the following financial statement line items cannot be calculated in

queries that involve only a single business process, but instead require data from
multiple business processes?

Sales on the income statement

Cost of goods sold on the income statement

Accounts receivable on the balance sheet

Rent expense on the income statement

Uawp

Discussion Questions

102

LO3

LO3, LO4

104

LO3, LO4

D1.

D2.

D3.

D4.

Ds.

An enterprise’s financing cycle model includes a cash entity with the attributes cash

account number, account type, and account balance. The same enterprise’s payroll

cycle model includes a cash entity with the attributes cash account 1D, cash account

type, and cash account location.

a. If the enterprise integrates the financing and payroll views, how many cash enti-
ties should the integrated view include?

b. What attributes should the integrated model include for the cash entities?

c. What questions do you need to ask (or what assumptions do you need to make) to
determine the answer to gquestion (b)?

Examine the relational database tables in Exhibit 10-9. Compare them to the rela-

tional database tables in Exhibits 820 and 9-18 from Chapters & and 9. What differ-

0

ence do you notice that could be considered an implementation compromise?
A relationship between cash receipt and customer for an enterprise has cardinalities
(0,1) cash receipt—(0,N) customer. The enterprise creates a cash receipt table and a
customer table to represent the entities. To represent the relationship, the enterprise
posts the primary key of the customer entity table into the cash receipt entity table.
Why is this considered an implementation compromise, and at what level (concep-
tual, logical, or physical) is it an implementation compromise?

Why might a company decide to roll up its cash disbursement event activity? s this
an implementation compromise? If so, does the compromise occur at the coneeptual.
logical, or physical level?

Glorious Bea Enterprises (GBE) receives cash from various external business partners,
including investors, creditors, customers, and suppliers. GBE wants to store informa-
tion about all external business partners in a single database table. Describe the con-
ceptual, logical, and physical level implementation compromises GBE needs to make.

Applied Learning

LOZ

Al.

Quandrax Computers is a store that buys computer components for low prices. as-
sembles the components into computers, and then sells the computers at high prices
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Each computer is assigned a unique identification number, and computers that have
common configurations are categorized into types (e.g., Longitude is a laptop that is
easily networked and is recommended for businesses; Element is a desktop that is in-
tended for home and small businesses). Categories can be entered into the database
before any computers in the categories are actually assembled. The computer compo-
nents are purchased from wholesalers. One of Quandrax’s purchasing agents submits
an order to the wholesaler that has listed a given component for sale. If the order is
accepted, one of Quandrax’s inventory clerks receives the items. Multiple orders ac-
cepted by the same supplier may be consolidated into one purchase. Orders are ac-
cepted in their entirety or not at all. Nearly all of Quandrax’s orders are accepted.
Sometimes the incorrect components are delivered to Quandrax and Quandrax has to
return them to the appropriate supplier. Sometimes Quandrax returns components to
suppliers for other reasons, such as the result of a change in planned production of a
certain category of computers. Only about 10 percent of Quandrax’s purchased com-
ponents are returned to suppliers, and any return would result from only one purchase.

When payment is due for a purchase, one of Quandrax’s cashiers issues one check
for payment in full for the items on that purchase. Sometimes if multiple purchases
have been made from the same supplier within a short time, Quandrax pays for those
purchases with just one check. One of Quandrax’s managers is required to not only
authorize all purchase orders greater than $5,000 but also sign all checks (including
checks written for expenditures other than purchases of computer components).
Quandrax needs to keep track of the managers’ participation in these events as well
as the participation of other employees in these events. In physically implementing
the conceptual model into the database tables, Quandrax wants to combine all em-
ployee types into just one table. This means Quandrax would keep the separate em-
ployee entities on the E-R diagram, but make just one employee table to represent all
of the employee entities, then post keys or make relationship tables as necessary to
implement all relationships of employees to the relevant events.

All sales are handled via mail or e-mail, as Quandrax does not have any show-
rooms. Quandrax assigns salespeople to its large corporate customers and the sales-
people take sample computers to the customer locations to demonstrate features as
part of their sales calls. Only a small percentage of Quandrax’s sales calls result in or-
ders, and sometimes a salesperson might need to make several sales calls to the same
customer to obtain one order from that customer. Orders also result from customers
surfing the Internet and seeing descriptions of the computers on Quandrax’s website.
These customers are not assigned to specific salespeople: Quandrax only tracks the
salesperson that actually took the order. Some of Quandrax’s salespeople are hired to
handle just such orders and as such are not assigned specifically to any customers.

If a customer orders multiple computers on one sale order and some of the com-
puters are immediately available whereas the others are not yet assembled, Quandrax
ships the available computers right away and then ships the remainder of the order
when the rest of the computers are assembled. Sometimes Quandrax combines com-
puters from multiple sale orders into a single shipment. For example, once a cus-
tomer ordered 10 computers and the next day decided that wouldn’t be enough so he
ordered 4 more. Quandrax shipped all 14 computers in one shipment. Quandrax only
accepts checks for its sales of computers; customers can pay for multiple sales with
a single check, but no partial payments are accepted. Each sale transaction istracked
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by a shipment ID; an invoice is sent to the customer that is due within 10 days, with
no discounts allowed. Quandrax does not allow any sale returns, that is, all sales are
final. Cash receipts are never split between two cash accounts; rather each receipt is
assigned to one of Quandrax’s cash accounts by one of Quandrax’s cashiers. Quan-
drax also receives cash from other activities such as loans, so the database must
allow for that. Suppliers, employees, and customers need to be entered into the data-
base before any transactions involving them occur.

The following attributes are of interest to Quandrax; some are related to the ac-
quisition/payment eycle. The attributes that are related to the sales/collection process
must be included in your solution. Do not add attributes to the list. Use the boldface
attribute abbreviations in parentheses next to the attributes in the list. List any as-
sumptions you make, along with the reasons behind your assumptions (i.e., state
what you think is vague in the problem, say what you are going to assume to clear
up the ambiguity, and make a case for that assumption).

Purchase Order Number (PO#)
Supplier ID (SupplD)

Employee [D (EmplD)

Purchase Ordet Date (PODate)
Purchase Date (PurchDate)

Location of cash account (Ca-Loc)
Cash Account Number (CashAcct#)
Name of supplier (SupName)
Receiving Report Number (RR#)
Computer Category ID code (Cat-ID)
Component [D code (CompolID)
Cash Disbursement Date (CD-Date)
Name of employce (EmpName)
Purchase return [D (PR-ID)

Cash Disbursement Number (CD#)
Sale Order [D (SO-ID)

Shipment ID (Ship-ID)

Date of sales call (SC-Date)
Customer check number (CR-Chk#)
Sales Call ID (SC-ID)

Cash Receipt ID (CR-ID)

Customer D (Cust-ID)

Date of cash receipt (CR-Date)
Name of Customer (Cust-Name)
Total sale dollar amount (Sale-Amt)
Type of employee (EmpType)

Date of sale order (SO-Date)

Date of purchase return (PR-Date)
Dollar amount of cash receipt (CR-Amt)
Current balance of cash account (AcctBal)
Shipping address for a customer (Cust-Ship)

Date of sale/shipment of computers (Ship-Date)
Description of a computer category (Cat-Desc)
Computer component description (Comp-dese)
Total dollar amount of a cash disbursement (CD=
Amt)

Standard cost for a computer component (Std-
Cost)

Quantity of a computer component returned (Qty-
Ret)

Type of supplier (i.e., wholesaler or individual)
(SupType)

Identification number for a finished computer
(CompulD)

Quantity of a computer component ordered on pur-
chase order (Qty-Ord)

Proposed selling price for a type of computer on 2
sales call (Prop-SP)

Ordered cost for a computer component on a pui-
chase order (PO-Unit-Cost)

Suggested selling price for computers [hint: by cat-
egory] (List-price)

Date assembly was completed for a finished com-
puter (Assemb-Date)

Quoted selling price for each item on a sale order
(Ord-SP)

Actual selling price for a particular finished com-
puter (Act-SP)

Quantity of a computer component received on &
purchase (Qty-Rec)

Actual cost of a computer component o a partice-
lar purchase (Item-Unit-Cost)
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Required

a.

Create a business process level REA model (in either grammar or diagram format)
for Quandrax Computers’ sales/collection process. Be sure to include all relevant
entities, relationships, attributes, and participation cardinalities. (If you completed
applied learning problem 8—1 you may use the solution you already created for that
problem).

Create a business process level REA model (in either grammar or diagram format)
for Quandrax Computers” acquisition/payment process. Be sure to include all rele-
vant entities, relationships, attributes, and participation cardinalities. (If you com-
pleted applied learning problem 9-1 you may use the solution you already created
for that problem).

Integrate the views created in steps (a) and (b) into a single conceptual model.

. Convert the conceptual model into a logical set of relational database tables.

e. Identify implementation compromises (if any) made at the conceptual and logical

levels.

ers to Multiple Choice Questions
- MCI1. A; MC2. D; MC3. C; MC4. C; MC5. B.




Chapter Eleven

The Conversion
Business Process

LEARNING OBJECTIVES

The objectives of this chapter are to introduce the conversion business process, to

discuss the REA ontology representation of conversion processes, and to describe

r some of the typical information needs in the conversion business process. After
studying this chapter you should be able to:

L 1. Identify the activities and documents commaon to most conversion business
processes

2. Recognize similarities and differences between various types of conversion
processes

3. Explain the various components of the REA ontology in the conversion business
process

4. Create a REA business process level model for an enterprise’s conversion process
5. Identify common information needs within the conversion process

6. Create database queries to retrieve conversion process information from a
relational database

CONVERSION BUSINESS PROCESS IN AN ENTERPRISE
VALUE SYSTEM

The conversion process includes the business events associated with converting raw in-
puts such as materials, labor, machinery, and other fixed assets into finished outputs. Most
of the time the conversion process involves the manufacture or production of finished
goods, so it is sometimes called the manufacturing process or the production process. As
you analyze and model a business process, you must clearly understand its purpose and ob-
jectives. You will better understand this process if you can base your understanding on
some personal experience. Have you ever been involved in a conversion cycle? Perhaps
\ you do not have experience in the manufacturing process of a corporation or other busi-
ness entity; however, most people have participated in the production of some type of
finished product. Have you ever cooked, made crafis, created something on a computer,

345
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written a story, or made lemonade? If so, then you have some real life experience with con-
version cycle activities. In this chapter we use the example of baking cookies to demon-
strate many of the concepts.! If you have never baked cookies, we recommend you find 2
recipe and bake a batch of your favorite cookies before reading the rest of this chapter!

It may seem to vou that the conversion processes for most firms will be different because
the products they produce are so different. Indeed, the specific workflow tasks vary greatly
among enterprises. However, the REA business process level pattern underlies virtually all
conversion processes. In analyzing the conversion process for an enterprise, begin by realiz-
ing how the conversion process fits into the value system of the enterprise as a whole. At the
value system level, the conversion process is completely inside the enterprise bubble (see Ex-
hibit 11-1). It is an internal business process that typically does not provide a point of contact
with any external agents. Although an enterprise may need information from external agents
or may need to provide information to external agents regarding the conversion process, keep
in mind that the value system level depicts resowrce flows, nor information flows. Typicaliy
any resource flows between the enterprise and the external agents are part of either the acqui-
sition/payment or the revenue processes that mterface with the conversion process.

The value chain reveals interfaces between the conversion process and other business
processes. Exhibit 11-2 illustrates the typical value chain interfaces for manufacturers.
Materials and machinery are made available to the conversion process as a result of the ac-
quisition/payment process. Labor is made available to the conversion process as a result of
the human resource process. The conversion process turns those inputs (materials, ma-
chinery, and labor) into finished products, which are made available to the revenue process.
To convert the materials, machinery. and labor into finished goods, the conversion process
must include economic events that use up those inputs and an cconomic event that pro-
duces the finished products.

CONVERSION BUSINESS PROCESS LEVEL REA MODELS

EXHIBIT 11-1
Conversion
Process in the
Enterprise
Value System

Conversion processes can be broadly categorized into two types: batch processes and com-
tinuous processes. Batch processes involve the production of an established number of

Investors and Gash
creditors
Cash
Goods,
Goods, Enterprise services
Suppliers services o Customers
(vendors) Conversion * :
y’
Employees
Cash

We thank Julie Smith David of Arizona State University for the idea of using cookie baking to illustrase
conversion cycle concepts.
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EXHIBIT 11-2 Conversion Process in the Value Chain
Partial Value Chain
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product units, or they may involve a particular job such as a car repair, the printing of a
customized wedding invitation, or a consulting engagement. Continuous processes pro-
duce a homogeneous product somewhat continuously. Examples include the production of
cement, petroleum products, flour. beer. and steel. The main difference between batch
processes and continuous processes is that for batch processes, natural starting and ending
points exist for assigning costs to the produetion run, whereas for continuous processes,
artificial slarting and ending points must be created for cost assignment purposes. Usually
these start and end points are arbitrarily chosen boundaries of a time period. That period
may span minutes, hours, days, weeks, or even months, depending on the nature of the en-
terprisc’s conversion process. Presumably the time periods should be chosen such that they
are long enough to include the production of at least one identifiable resource. For exam-
ple, the time period used for the economic increment event for an agricultural crop may
be designated as the growing season, whereas an hour may be deemed an appropriate time
period for a production run of breakfast cereal. Once the production run event is deter-
mined as either a batch, job, or time period, cost assignment is relatively straightforward.
The assignment of manufacturing costs to units produced is an averaging process; you sim-
ply divide the manufacturing costs (accumulated cither by job, batch. or time period) by
the number of units produced in that job, batch, or time period.

We begin our detailed discussion of the conversion process by reviewing some of its
more common events in the context of cookie baking. While a wide variety of workflow
activities may be included in a conversion process, and as a result the task level modeling
will vary accordingly, a pattern exists into which the activities can be categorized for data
storage and for data exchange purposes for most, if not all, enterprises.

Recall that the REA pattern captures data to answer the who, what, where, when, why
questions regarding a transaction cycle. Answers to the when and where questions are
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EXHIBIT 11-3

Conversion Cycle Core REA Pattern
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typically stored as attributes. unless the location is also a resource; for example, a partic-
ular manufacturing plant, or a particular machine. Answers to the who, what, and why
questions are provided by the relationships captured in the core REA pattern as illustrated
for the conversion cycle in Exhibit 11-3. The participation relationships identify the who
for each event, and the stockflow relationships indicate the what for each event. The dual-
ity relationship reveals why the enterprise engages in the economic events of the cycle.
The core REA pattern for the conversion cycle consists of the same components as the
core pattern for the sales/collection and acquisition/payment processes. Recall that the
core REA pattern for those cycles contains economic increment events paired by duality
with economic decrement events. Each economic event is linked to the resource or re-
source type that the event increases or decreases, and each economic event is linked to 2=
least one initiator agent (who may be internal or external) and at least one responsible
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agent (who is typically internal). In the conversion cycle instead of only two paired eco-
nemic exchange events, typically four economic events are tracked in detail. Three of these
events are economic decrement events that represent the using up of the machinery, labor,
and raw materials. The fourth event is the economic increment cvent—the production run
that produces the finished goods. '

The duality relationship in the conversion cycle is slightly different from the duality re-
lationships in the sales/collection and acquisition/payment processes. In the revenue and
acquisition cyeles, duality usually represents a transfer-type exchange of one or more re-
sources for one or more different resources. That is, the enterprise trades one or more re-
sources for another resource. Usually one of the resources is cash and the other resource
is a noncash resource such as raw materials or finished goods inventory. Such a relation-
ship is a transfer duality relationship. In the conversion process, the duality relationship
represents a transformation-tvpe exchange of noncash resources, That is, the enterprise
transforms raw input resources into a finished good resource. The relationship is therefore
called a transformation duality relationship. Note that there is no requirement that only
two economic events be paired in a duality relationship in the revenue and acquisition cy-
cles; in fact, both of those cycles also include labor operations that use up the labor re-
source. Activities in those cycles also may use up fixed assets, equipment, utilities, and so
forth. However. the use of labor and fixed assets is typically not tracked at the same level
of detail in those cycles as in the conversion cycle, because labor and fixed assets are usu-
ally immaterial compared to the primary cconomic decrement event and because the nec-
essary measurement tools and techniques are usually cost prohibitive. In the conversion
process, the labor and machine operation costs ofien exceed the costs of the raw materi-
als: 1t is cost beneficial, and in fact crucial, to measure them.

As in the acquisition and revenue cycles. the core REA pattern has been extended to in-
clude commitment events and additional relationships such as reservation, reciprocal, ex-
ecutes (fulfillment), linkage, and custody. Exhibit | 1-4 illustrates the extended conversion
cyele pattern for the business process level of the REA enterprise ontolog

As in the acquisition and revenue cyeles, the specific labels on the resources, events,
and agents differ depending on the nature of the enterprise’s conversion cycle. Exhibit
11-5 illustrates labels that could be used for an enterprise whose conversion cycle involves
cookie baking.

Economic Increment Event: Production Run

The center of the pattern is made up of the duality relationship and the events that partic-
ipate in that relationship. The event that usually leaps to mind when contemplating the con-
version process is the production run (sometimes called work-in-process job), because that
is the event that actually increases the quantity of a finished good. In other words, the pro-
duction run is the event that is intended to achieve the overall objective of the conversion
process—the production of a finished preduct resource. In Exhibit 11-5. the cookie batch
is the economic increment event—that 1s, the production run event that produces finished
cookies. Data typically captured regarding production run events are an assigned identifier
for the event, the date/time the event started, and the date/time the event ended. Data also
are recorded regarding what resources and agents are involved.

The relational tables in Exhibit 11-6 illustrate some of the data attributes that may be
captured with respect to the cookie batch event and its related resources and agents. The
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EXHIBIT 11-4

Extended REA Conversion Cycle Business Process Level Pattern
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Note: Links from machine operation to production supervisor and to production employee and from labor operation o production supervisor and to production
emplovee have been omitted to increase readability of the diagram. Those relationships should also be included. Similarly there may exist machinery requisitions
and labor requisitions as commitments to the machine operation and labor operation events.

cookie batch table stores the event data that pertain to each batch as a whole—when it
started, when it ended, how many cookies the batch was supposed to produce as well as
how many cookies the batch actually did produce, and the supervisor in charge of the
batch. The finished cookies table stores the resource data that describe the finished cook-
ies. The resources are not individually identified (¢.g., with a separate identification num-
ber for each physical cookie) but instead are identified at the type or category level; that
is, cach separate kind of cookie is assigned a different identification code. For some enter-
prises, each physical product may need to be specifically identified with a serial number.
In that case, both a finished resource entity and a resource-type entity need to be included
in the conceptual model. We discuss such a situation later in the chapter.

The stockflow table stores the data needed to identify which type of cookic was pro-
duced in each cookie batch. The baking supervisor table stores data that describe supervi-
sors, such as their names and phone numbers. The participation relationship between bak-
ing supervisor and cookie batch is not represented with a separate table, but is traceable
via a posted foreign key of supervisor ID in the cookie batch table. The baking employee
table stores data that describe production employees, such as their names, phone num-
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EWHIBIT 11-5 Cookie Baking Conversion Business Process Level Model
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Association
(responsibility)

Reserves? :
O

bers, and which supervisor is assigned responsibility for them. The participation-
cookiebatch-bakingemployee table represents the relationship between baking employees
and cookie batches, enabling users to identify which employees worked on each separate
cookie batch.

In this example, we can see that Larry, Moe, and Curly baked 40 frosted sugar cookies
with candy sprinkles under the supervison of Ricky. They started on July 15, 2010, at 6:30
A.M and finished that same day at 7:15 A.M. Fred and Ethel baked 48 snickerdoodles under
the supervision of Lucy. They also started on July 15, 2010, at 6:30 a.M.; however, they
took longer to finish their batch, ending at 7:37 A.m.

omic Decrement Event: Material Issuance

The cookie batch event also is involved in the duality relationship, which as noted earlier, iden-
tifies what economic decrement events the enterprise must engage in such that the economic
increment event can occur. In other words, it identifies what the enterprise needed to use up to
produce the finished cookies. One economic decrement event that typically exists is the using
up of raw materials in the production process. Those raw materials are usually transformed
into finished goods and lose their own identity and nature in the process. Such an event is
given a label such as materials issuance and the stockflow relationship between the issuance
event and the raw materials is specified as a use stoekflow relationship. In the cookie-baking
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EXHIBIT 116 Relational Database Tables Encompassing Cookie Batch Event

CookieBatch
Scheduled Actual
BatchlD StartTime CompletionTime Quantity Quantity SupervisoriD
Wi 7/15/2010 6:30:00 AM 7/15/2010 7:15:00 AM 40 40 S2
wWi2 7/15/2010 6:30:00 AM 7/15/2010 7:37:00 AM 48 48 St

StockflowCookieBatch-FinishedCookieType
BatchID FinishedCookieTypelD

W1 FSCS

W2 SN

FinishedCookieType

CookielD Description UnitsPerPackage ListPrice
EE Chocolate chip plain 12 $2.99
CEP Chocolate chip with pecans T2 $2.99
FSCS Frosted sugar cookies with candy sprinkles 10 $3.59
¥ Molasses 12 $3.29
OR Oatmeal raisin 12 $2.99
PB Peanut butter 12 $2.99
5€ Sugar cookies plain 12 $2.99
SN Snickerdoodles 12 $3.59

BakingSupervisor

SupervisoriD SupervisorName SupervisorPhone
S1 Lucy 1-1234
S2 Ricky 1-4321

Baking Employee

EmployeeiD EmployeeName EmployeePhone SupervisoriD
PE1 Fred 1-6789 52
PE2 Ethel 1-9876 52
PE3 Larry 1-7698 S1
PE4 Moe 1-6798 51
PES Curly 1-8796 S1

ParticipationCookieBatchBakingEmployee

BatchID EmployeelD
W1 PE3
WI1 PE4
Wit PE5
Wi2 PE1

Wi2 PE2
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Move Ticket No.

Batch number

Move date:
Moved from: Taken by:
Moved to: Received by:

Production order number:

example, the label ingredient issuance has been used for the materials issuance event. Data
typically captured regarding material issuance events are an assigned identifier for the is-
suance, the date/time of the issuance, and the location of the issuance. Data also are recorded
about which resources and agents are involved and the underlying production order.

A move ticket typically is used to document the actual use of raw materials (i.e., the
materials issuance event); sometimes the move ticket number is used to identify the event
instcad of an assigned identifier. See Exhibit 11-7 for a move ticket document.

The relational tables in Exhibit 11-8 illustrate some of the data attributes that may be cap-
tured with respect to the ingredient issuance event and its relationships with ingredients, in-
ventory clerks, supervisors, and the cookie batch event. The duality table identifies which in-
gredient issuances apply to which cookie batches. The ingredient issuance table stores the
event data that pertain to each issuance, such as when and where it occurred, who authorized
it (supervisor), and who executed it (inventory clerk). In the example shown, the participation
relationships between baking supervisor and ingredient issuance and between inventory clerk
and ingredient issuance are not represented by separate tables, but are traceable via posted for-
eign keys of supervisor 1D and employee D in the ingredient issuance table.

The ingredients table stores the resource data that describe the types of ingredients
available for use in the production process. As with the finished cookies, the ingredients
are not individually identified but instead are identified at the tvpe or category level (i.e.,
cach separatc kind of ingredient is assigned a different identification code). The stockflow
table stores the data needed to identify which type of ingredient (and how much of each)
was actually issued in each ingredient issuance event.

In this example, we can see that Ted and Alice issued several different ingredients to
Ricky and to Lucy for the frosted sugar cookic and snickerdoodle cookie batches on July
15, 2005, between 6:20 and 6:30 A.m. Each of the ingredients was issued to the workcen-
ter where the initial work involving the ingredients was to take place.

Economic Decrement Event: Labor Operation

Notice that in this example, for simplicity’s sake the duality relationship is represented in
three separate duality tables: one that links the cookie batch to the related material is-
suances, one that links the cookie batch to the related labor operations, and one that links
the cookie batch to the related machine operations. Alternatively, one duality table could
have been created to link all four economic events together.

The labor operation event is an economic decrement event that represents the performance
of a particular activity in the conversion process by a production employee, thereby using up
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EXHIBIT 11-8 Relational Database Tables Encompassing Ingredient Issuance Event

DualityCookieBatch-Ingredientissuance

BatchiD IngredientissuancelD

W RiMI4238

WH RMI4239

W1 RMI4240

Wi2 RMI4241

Wiz RMI4242

W RMI4243

Wiz RMI4Z44

W1 RMI4245

wi2 RMI4246

Ingredientlssuance

IngredientlssuancelD IssuanceTime Location inventoryClerkiD  SupervisoriD
RMI4238 7/15/2010 6:20:00 AM WorkcenterA IC1 S2
RMI4239 7/15/2010 6:22:00 AM WorkcenterB Ic2 S2
RMI4240 7/15/2010 6:24:00 AM WorkcenterC 1C2 S2
RMI4241 7/15/2010 6:28:00 AM WorkcenterD IC1 S1
RMI4242 7/15/2010 6:26:00 AM WorkcenterE 1C2 51
RMI4243 7/15/2010 6:29:00 AM WorkcenterC IC1 S2
RMVII4244 7/15/2010 6:29:30 AM WorkcenterE IC1 St
RMI4245 7/15/2010 6:29:00 AM WorkcenterC Ic2 52
RMI4246 7/15/2010 6:29:30 AM Workcenterk 1C2 S1
Stockflowlssuanceofingredients

IngredientiD IssuancelD Quantitylssued UnitOfMleasure

WS RMI4238 5 cups

FL RMI4238 7 cups

EG RMI4239 4 each

SH RMI4239 7 cups

VN RMI4239 3 teaspoons

SL RMI4238 2 teaspoons

Cs RMI4240 1 cup

WS RMI4241 6 cups

FL RMi4241 8 cups

EG Rmi4242 4 each

SH RMI4242 3 cups

VN RMI4242 4 teaspoons

SL RMI4241 2 teaspoons

CN RMI4241 1 cup

PK RMI4243 4 each

PK RMI4244 4 each

ILES RMI4245 4 each

ILSN RMI4246 4 each (Continued)
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EXHIBIT 11-8 (Concluded)

~ Ingredients
IngredientID Description UnitOfMeasure StandardCostPerUnitOfMeasure
WS White sugar 50 |b bag $10.00
NG Eggs, large AA grade 2 dozen carton $1.29
P Flour, white sifted 100 b bag $20.00
VN Vanilla, pure 1 liter bottle $20.00
] Salt, lodized 5 b bag $1.00
Peanut butter 10 Ib jar $8.37
Cinnamon 16 oz tin $3.29
Chocolate morsels 10 Ib bag $19.49
Pecans 2 |b bag $5.32
Shortening 10 Ib can $12.10
Candy sprinkles 1 1b tin $3.18
Butter 10 Ib box $3.98
Brown sugar 50 Ib bag $9.47
Plastic container each $0.12
Ingredient label—frosted sugar each $0.01
Ingredient label—snickerdocodle each $0.01
ClerkName ClerkPhone
Ted 1-5678
Alice 1-8765
ing Supervisor
: ;vi:éanD SupervisorName SupervisorPhone
Lucy 1-1234
Ricky 1-4321

the resource of that person’s labor. Many people often are confused about the difference be-
tween labor (also called labor type) and labor operation. Labor is a resource-type entity set
that represents a list of the types of labor that can be performed in labor operations. Labor op-
erations are the actual using up of the available labor. Data typically captured to describe labor
types are the description and standard or budget information such as the standard hourly cost
of each type of labor. Data typically captured to describe labor operations are the starting and
ending date/time of the labor operation events and the total elapsed time of each labor opera-
tion. Keep in mind that data regarding labor types and labor operations can be captured and
stored only if measurement techniques exist and are cost effective. In the acquisition and rev-
enue cycle, labor operations and labor types are typically not measured and recorded. In the
conversion process, labor operations are often measured and recorded—but not always.

When they are measured and recorded, labor operations usually are documented on job
time tickets or time track forms that indicate the starting and stopping times for the labor
operations and provide descriptions of the labor operations on a specific date by a specific
employee. The job time ticket or time track number serves as an identifier for the labor op-
eration event. See Exhibit 11-9 for a job time ticket.
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EXHIBIT 11-9
Job Time
Ticket Form

Job time ticket no.

Employee ID Name Date
Start time Stop time Total time Rate Total amount | Job numbsr J
" |
i
= 1
Approved by ]

Department Supervisor

The relational tables in Exhibit | 1-10 illustrate some of the data attributes that may be
captured about the labor operations event and its relationships with labor, baking emplas-
ees, baking supervisors, and the cookie batch event. The duality table identifies which
labor operations apply to which cookie batches. The labor operations table stores the event
data that pertain fo each labor operation, such as when it began and ended, who authorized
it (supervisor), and who executed it (employce). The labor table stores the resource das
that describe the types of labor available for use in the production process. The stockfiow
table stores the data needed to identify which type of labor (and how much of each) was
actually used in each labor operation event.

The participation relationship between baking supervisor and labor operation is not rep-
resented with a separate table, but is traceable via a posted foreign key of supervisor ID in
the labor operations table. Similarly, the participation relationship between baking em-
ployee and labor operations is represented with the employee 1D posted as a foreign kev in
the labor operations table.

In this example, we can see that to make the frosted sugar cookics, Larry took 10 minutes
to mix the dry ingredients while Moe took 12 minutes to mix the moist ingredients. Curly
took 5 minutes to combine the dry and moist ingredients. Larry took 5 minutes to form the
cookie dough into cookies and put them onto a cookie sheet. Curly took | minute to put the
cookie sheet into the oven and set the timer. Twelve minutes later, Curly took the cookies out
of the oven. Four and a half minutes later Larry took 4 minutes to frost the cookies, then Moe
took I minute to add candy sprinkles and Curly took 2 minutes to package the final cookies.

Meanwhile, to bake the snickerdoodles, Fred took 10 minutes to mix the dry ingredients
while Ethel took 10 minutes to mix the moist ingredients. Ethel then took 5 minutes to com-
bine the dry and moist ingredients and then she took 2 minutes to form the dough and pu
the cookies onto the cookie sheet. Fred took | minute to put the cookies into the oven and s=t
the timer. Twelve minutes later Fred took 30 seconds to take the cookies out of the oven.
Nearly 35 minutes later, Ethel took 2 minutes to package the finished couvkies, Notice that
one of the things the tables don’t show us is the reason for significant gaps in time—for ex-
ample, why did they wait 35 minutes to package the cookies? It turns out that Fred thoughs
Ethel had packaged them already, whereas Ethel thought that was Fred’s responsibility. Lucy



EXHIBIT 11-10 Relational Database Tables Encompassing Labor Operation Event

Chapter Eleven The Conversian Business Process 357

ityCookieBatch-LaborOperation

LaborOperationlD

LO21
LO22
LO23
LO24
LO25
LO26
LO28
LO29
LO30
LO33
LO34
LO35
LO36
peration
OperationiD StartTime EndTime EmployeelD  SupervisorlD
7/15/2010 6:30:00 AM 7/15/2010 6:40:00 AM PE3 S2
7/15/2010 6:30:00 AM 7/15/2010 6:40:00 AM PE4 s2
7/15/2010 6:40:00 AM 7/15/2010 6:45:00 AM PES = S2
7/15/2010 6:45:00 AM 7/15/2010 6:50:00 AM PE3 s2
7/15/2010 6:50:00 AM 7/15/2010 6:51:00 AM PES S2
7/15/2010 7:03:00 AM 7/15/2010 7:03:30 AM PES 52
7/15/2010 7:08:00 AM 7/15/2010 7:12:00 AM PE3 S2
7/15/2010 7:12:00 AM 7/15/2010 7:13:00 AM PE4 52
7/15/2010 7:13:00 AM 7/15/2010 7:15:00 AM PES 52
7/15/2010 6:30:00 AM 7/15/2010 6:40:00 AM PE1 S1
7/15/2010 6:30:00 AM 7/15/2010 6:40:00 AM PE2 51
7/15/2010 6:40:00 AM 7/15/2010 6:45:00 AM PE2 51
7/15/2010 6:45:00 AM 7/15/2010 6:47:.00 AM PE2 51
7/15/2010 6:47:00 AM 7/15/2010 6:48:00 AM PE1 S1
7/15/2010 7:00:00 AM 7/15/2010 7:00:30 AM PE1 51
7/15/2010 7:35:00 AM 7/15/2010 7:37:00 AM PE2 51
EmployeeName EmployeePhone SupervisorlD
Fred 1-6789 S2
Ethel 1-9876 52
Larry 1-7698 S
Moe 1-6798 51
Curly 1-8796 §1 (Continued)

was in a comic mood and had been keeping them so well entertained that it wasn’t until Ricky
came in to gloat to Lucy that his crew had already finished their cookies even though they
had the harder cookies to make (harder in that they involved more labor operations).
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EXHIBIT 11-10 Labor Type

(Comeinded) LaborTypelD Description
L1 - Mix dry ingredients
L2 Mix moist ingredients
L3 Combine dry and moist ingredients
L4 Add morsels to mixed dough
L5 Add nuts to mixed dough
L& Form dough into cookies
L7 Put cookies onto cookie sheet
L8 Put cookie sheet into oven
L9 Set cookie timer
L10 Take cookie sheet out of oven
L11 Frost cookies
L12 Sprinkle cookies
L13 Package cookies

StockflowLaborTypeinLaborOperation

LaborTypelD LaborOperationID

L1 Lo21
L2 LO22
L3 LO23
L6 Lo24
L7 LO24
L8 LO25
Lg LO25
L10 LO26
L1 LO27
Li2 LO28
L13 LO29
L1 LO30
L2 LO31
L3 LO32
L7 1033
L8 LO34
L9 LO34
L10 LO35
L13 LO36

Economic Decrement Event: Machine Operation

Along with using up materials and labor, conversion processes also often use up machines
and equipment. An economic decrement event called machine operation is included i =
REA enterprise ontology to capture the consumption of a portion of the machine’s usefil ==
The machine operation event is slightly different in nature from the material issuance ==
labor operation economic decrement events, in that the machinery typically still exists = &=
original form (although with some added wear and tear) after the machine operation ocoes.
In contrast, the material issuance and labor operation events result in the materials and avas
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able labor being completely used up—they no longer exist in their original form but have been
transformed into finished goods. Nevertheless, part of the machine’s useful life has been con-
sumed and represents a resource decrease that in some cases is cost-benelicial to measure and
record. Although machine operations could be tracked using a scparate document similar to a
job time ticket, usually machine operations are only tracked on the production run cost shect.

The relational tables in Exhibit 1111 illustrate some of the data attributes that may be
captured with respect to the machine operation event and its relationships with equipment.
baking employees, baking supervisors, and the cookie batch event. The duality table iden-
tifies which machine operations apply to which cookie batches. The machine operation
table stores the event data that pertain to each machine operation, such as when it began
and ended, who authorized it (supervisor), and who executed it (employee). The equipment
table stores the resource data that describe the equipment available for use in the produc-
tion process. Each piece of equipment or machine is specifically identified with a unique
ID; that 1s, this is a token-level entity set rather than a type-level entity set. Specific iden-
tification of fixed assets allows the tracking of cost allocation in accordance with generally
accepted accounting principles. The stockflow table stores the data nceded to identify
which equipment was actually used in each machine operation event. The equipment does
not get completely used up in the machine operation; rather, it is partially consumed. Thus
the stockflow relationship is called a consume stockfiow. The same piece of equipment
can thus be used in multiple machine operations.

The participation relationships between baking supervisor and machine operation and
between baking employee and machine operation are not represented with separate tables,
bul are traceable via posted foreign keys of supervisor ID and employee ID in the machine
operations table.

In this example, we can see that the sugar cookie production run (batch) required three
machine operations (nolice that we are using the term machine loosely—to represent any
fixed asset used in production; some enterprises may prefer to only track consumption of
fixed assets that exceed a certain cost value). The first was a measure and mix operation
that partially consumed a heavy duty mixer and measuring device set. The second was a
baking operation that partially consumed a cockie sheet and an oven. The third was a [in-
1ishing operation that partially consumed frosting utensils. The snickerdoodle batch re-
quired only two machine operations. The first was a measure and mix operation that par-
tially consumed a heavy duty mixer and a measuring device set. The second was a baking
operation that partially consumed a cookie sheet and an oven.

Commitment to Economic Increment Event: Production Order

The discussion thus far has centered on the core economic exchange pattern in the REA on-
tology at the business process level. We next discuss the extension of the pattern to include
commitment events and related resource and agent relationships. [n the conversion cycle the
commitments that make up a mutual commitment event are typically not bundled together
into a single event as they are in the revenue and acquisition processes. Therefore in the con-
version process, one event commils to an economic decrement event and another event com-
mits to an economic increment event. In theory each economic event is preceded by a com-
mitment to that event, The production order event is the event that represents the enterprise’s
commitment to engage in a production run. That is, the production order is the commitment
to an economic increment event that will increase the finished goods resource. Production
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EXHIBIT 11-11 Relational Database Tables Encompassing Machine Operation Event

DualityCookieBatchMachineOperation
BatchiD MachineOperationiD

Wil MO12
W1 MO13
Wil MO14
Wi2 MO15
Wi2 MO16

Machine Operation

MachineOperationlD StartTime EndTime EmployeelD  SupervisoriD
MO12 7/15/2010 6:30:00 AM 7/15/2010 6:45:00 AM PES S2
MO13 7/15/2010 6:51:00 AM 7/15/2010 7:03:00 AM PES 52
MO14 7/15/2010 7:08:00 AM 7/15/2010 7:12:00 AM PE3 52
MO15 7/15/2010 6:30:00 AM 7/15/2010 6:45:00 AM PE2 St
MO16 7115/2010 6:40:00 AM 7£15/2010 7:00:00 AM RE2 S1
Equipment

Acquisition Estimated Estimated
FixedAssetlD Description Date Cost LifeYears SalvageValue
FA1 Oven 1/3/2010 $400.00 10 $50.00
FA2 Oven 4/2/2009 $500.00 3 $100.00
FA3 Heavy duty mixer 3/17/2009 $150.00 3 $0.00
FAd Measuring device set 2/16/2009 $80.00 5 $10.00
FAS Cookie sheet 2/18/2009 $10.00 i $0.00
FAB Cookie sheet 1/3/2010 $15.00 3 $0.00
FA7 Frosting utensils 1/3/2010 $10.00 5 $0.00
FA8 Heavy duty mixer 2/15/2010 $170.00 3 $0.00
FA9 Measuring device set 2/15/2010 $75.00 5 $10.00

StockflowEquipmentinMachineOperation

FixedAssetlD MachineOperationlD
FA1 MQ13
FAZ2 MO16
FA3 MO12
FA4 MQ12
FAS MO13
FAG MO16
FA7 MO14
FA8 MO15

FAS MO15 (Continued}

order information is typically captured on a document (or data entry screen) that is called 2
production order. See the production order document in Exhibit 11-12.

The relational tables in Exhibit 11-13 illustrate some of the data attributes that may be
captured with respect to the production order event (in this example it is called a baking
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EXHIBIT 11-12
Production Production Order No.
Order
Date Product number Description
Approved by: Deliver to: Begin date: Complete by:
Quantity Labor type Start End
Work center Operation completed description date | Time | date | Time

order) and its relationships with [inished cookies, baking employees, baking supervisors,
and the cookie batch event. The duality table identifies which machine operations apply to
which cookie batches. The production order table stores the event data that pertain to each
production order, such as the order date, the requested completion date, and who authorized
it (supervisor). The finished cookies table stores the resource data that describe the finished
goods the production order is committing to increase. Notice that this is the same finished
cookie table that was described in relationship to the production run economic increment
event. The reservation table stores the data needed to identify how many of each finished
cookie type are going to be produced when the production order is fulfilled.

We can see in this example that baking order POl committed the company to produce
40 frosted sugar cookies and called for Larry, Moe, and Curly to be the baking employees
and for Ricky to be the supervisor for the job. Cookie batch WJ1 fulfilled baking order
POI; tracing back to the tables in Exhibit 11-6 reveals that WJ1 produced all 40 frosted
sugar cookies. We also can see that baking order PO2 committed the company to produce
44 snickerdoodles and called for Fred and Ethel to be the baking employees and for Lucy
to be the supervisor for the job. Cookie batch WJ2 fulfilled baking order PO2; tracing back
to the tables in Exhibit 11-6 reveals that WI2 produced 48 snickerdoodles, more than
needed. Whether that is good or bad depends on the company policy. We might suspect that
48 were produced because the recipe for the company (which we discuss later in the link-
age relationships section) is designed to make multiples of 12, and the snickerdoodles are
typically packaged by the dozen.

Commitment to Economic Decrement Event: Materials Requisition

Theoretically every economic decrement event should be related to a corresponding com-
mitment for that decrement. The only commitment for an economic decrement in the ex-
ample given is the raw material requisition event. Because the word requisition may bring
to your mind a purchase requisition (an instigation event in the acquisition/payment
process as described in Chapter 10), we must point out that a material requisition is not the
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EXHIBIT 11-13 Relational Database Tables Encompassing Baking Order Event

BakingOrder

BakingOrderlD  BakingOrderDateTime RequestedCompletion SupervisorlD
PO1 7/14/2010 4:30:00 PM 7/15/2010 8:00:00 AM 52

PO2 7/1472010 4:31:30 PM 7/15/2010 8:00:00 AM 51

PO3 7/15/2010 4:45:00 PM 7/16/2010 8:00:00 AM S

PO4 7/15/2010 4:46:00 PM 7/16/2010 8:00:00 AM 51

PO5 7/15/2010 4:50:00 PM 7/16/2010 8:00:00 AM 52
ReservationBakingOrderFinishedCookieType

CookielD BakingOrderiD QuantityReserved

FSCS PO1 40

SN PO2 44

FinishedCookieType

CookielD Description UnitsPerPackage ListPrice
(&l Chocolate chip plain 12 $2.99
cce Chocolate chip with pecans 12 $2.99
FSCS Frosted sugar cookies with candy sprinkles 10 $3.59
M Molasses 12 $3.2¢
OR Oatmeal raisin 12 $2.99
PB Peanut butter 12 $2.99
5€ Sugar cookies plain 12 $2.99
SN Snickerdoodles 12 $3.59
BakingSupervisor

SupervisorlD SupervisorName SupervisorPhone

$1 Lugy 1-1234

) Ricky 1-4321
ParticipationBakingEmployeeScheduledForBakingOrder

EmployeelD ProductionOrderiD

PE1 PO2

PE2 PO2

PE3 PO1

PE4 PO1

PES PO1

BakingEmployee

EmployeelD EmployeeName EmployeePhone SupervisorlD

PE1 Fred 1-6789 52

PE2 Ethel 1-9876 S2

PE3 Larry 1-7698 ST

PE4 Moe 1-6798 S1

BES Curly 1-8796 S1 (Continued)
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(Concluded)

CookieBatchFulfillsBakingQrder

BatchiD BakingOrderiD

Wi PO1
Wiz PO2
EXHIBIT 11-14
Materials Materials Requisition No.
Requisition

B o e Production order number
Approved by Deliver to
Material ID Description Quantity Unit cost Total cost

same thing as a purchase requisition. A materials requisition (sometimes called a raw ma-
terials requisition) is a commitment event whereby the inventory clerk or warehouse su-
pervisor commits to the production supervisor to transfer materials from the materials
warehouse to the production floor. A materials requisition assumes the raw materials are
available within the enterprise, and is reserving them for use. In contrast, warchouse per-
sonnel initiate purchase requisitions to indicate the need to acquire the raw materials from
an external source. Thus, if a materials requisition is initiated for which insufficient mate-
rials are on hand in the warehouse, this will likely trigger a purchase requisition and
thereby instigate events in the acquisition/payment process. However, the raw materials
requisition event occurs within the conversion cycle and the purchase requisition event oc-
curs within the acquisition/payment cycle. Data captured regarding raw materials requisi-
tions typically include the date/time of requisition and information about the resources and
agents involved in the event, Each requisition is assigned a unique identifier. Requisition
data are typically captured on a document or data entry screen called a materials requisi-
tion. See the material requisition form in Exhibit 11-14.

The relational tables in Exhibit [1-15 illustrate some of the data attributes that may be
captured with respect to the materials requisition event (in this example it is called an in-
gredient requisition) and its relationships with ingredients, inventory clerks, baking super-
visors, and the production order event. The executes or fulfillment relationship identifies
which ingredient issuances fulfill which ingredient requisitions. The ingredient requisition
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EXHIBIT 11-15 Relational Database Tables Encompassing Ingredient Requisition Event

IngredientRequisition

RequisitionID RequisitionDate SupervisoriD BakingOrderiD
1002 7714/2010 4:35:00 PM 52 PO1
1003 7/14/2010 4:35:30 PM S1 PO2

Baking Supervisor

SupervisoriD SupervisorName SupervisorPhone
S1 Lucy 1-1234
52 Ricky 1-4321

ParticipationinventoryClerkingredientRequisition

InventoryClerkiD IngredientRequisitionID
IC1 1002
IC1 1003
IC2 1002
1C2 1003

Inventory Clerk

InventoryClerkiD  ClerkName  ClerkPhone

IC1 Ted 1-5678
IC2 Alice 1-8765

ReservationingredientRequisitioningredients

IngredientiD IngredientRequisitioniD QuantityReserved Unit of Measure
CN 1003 0.5 cup

cs 1002 1 cup

EG 1002 4 each

EG 1003 4 each

FL 1002 8 cups

FL 1003 5] cups

ILFS 1002 4 each

[LSN 1003 4 each

PK 1002 4 each

PK 1003 4 each

SH 1002 2.67 cups

SH 1003 1.75 cups

SL 1002 2 teaspoons

SL 1003 1.75 teaspaons

VN 1002 4 teaspoons

VN 1003 2. 15 teaspoons
WS 1002 6 cups

WS 1003 4.66 cups (Continued)

table stores the event data that pertain to each ingredient requisition, such as the requisi-
tion date, the requested completion date, and who authorized it (supervisor). The ingredi-
ents table in Exhibit 11-15 is the same one shown in Exhibit 11-8; it stores the resource
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redientlssuancelD  IngredientRequisitioniD

1003
1003
1002
1002
1002
1002
1003
1002
1003

data that describe the ingredients that are available for reservation by the ingredient requi-
sition. The reservation relationship table depicts which ingredients the ingredient requi-
sition is committing to decrease.

We can see in Exhibit 11-15 that ingredient requisition 1002 reserves the ingredients
needed for the 40 frosted sugar cookies per baking order POI, and requisition 1003 reserves
the ingredients needed for the 44 snickerdoodles per baking order PO2. We can see that the
ingredient issuances fulfilled the ingredient requisitions; a close examination reveals that
more ingredients were issued for the snickerdoodles than were requisitioned. The issuance
amounts were sufficient to make 48 cookies rather than 44 cookies.

LCustody Relationship

Companies often give custody of materials (and possibly finished goods) to a set of inven-
tory clerks to protect the goods from theft or other misappropriation. Exhibit 11-4 includes
a custody relationship between raw materials and inventory clerk; however, the example
shown in Exhibit 11-5 does not include any custody relationships. Custody relationships
should only be included in a business process level REA model if there is a direct rela-
tionship between raw materials or finished goods and an internal agent. That relationship
must exist independently of their mutual participation in an event such that it would need
to be tracked separately from the relationships that connect the resource and the agent to
the common event. In other words, if all you need to know is which inventory clerk issued
which raw materials in an issuance event, there is no need for a custody relationship—you
can already determine that information from the stockflow relationship and the participa-
tion relationship. However, if some types of materials are assigned to one set of inventory
clerks for security and other types of materials are assigned to another set of inventory
clerks, and you need 1o track which clerks are responsible for a material, then you need a
custody relationship.

Association (Responsibility) Relationship
Association relationships exist when there is a need to track a direct relationship between
two types of agents. As with custody, such a relationship must be independent of their mu-
tual participation in a common event. Association relationships vary depending on the
types of agents that are being connected. Relationships t;et_ween an internal and an exter-
nal agent (such as the salesperson to customer relationship in the revenue cycle) are called
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EXHIBIT 11-16 Relational Database Tables for Association (Responsibility) Relationship

Baking Supervisor

SupervisoriD

51
$2

SupervisorName SupervisorPhone

Lucy 1-1234
Ricky 1-4321

Baking Employee

EmployeelD

PE1
PE2
PE3
PE4
PES

EmployeeName EmployeePhone SupervisoriD

Fred 1-6789 S2
Ethel 1-9876 52
Larry 1-7698 S1
Moe 1-6798 S1
Curly 1-8796 S1

assignment relationships. In the conversion cycle the most common association relation-
ship is between two internal agents and represents the fact that one type of internal agent
is in charge of, or is responsible for, the other type of internal agent. Such an association
is called a responsibility relationship. In Exhibit 11-5 a responsibility relationship is de-
picted between the baking supervisors and the baking employees. Exhibit 11-16 illustrates
the relational tables that include the responsibility relationship. In this case a foreign key
of supervisor ID is posted into the baking employee table to represent the relationship.
These tables indicate that Lucy is responsible for Larry, Moe, and Curly, and that Ricky is
responsible for Fred and Ethel. You may notice that for W1, Ricky supervised Larry, Moe.
and Curly and for WJ2, Lucy supervised Fred and Ethel. This may seem disturbing to you
given the association relationship: however, remember that the association relationship is
independent of the agents” mutual participation in a cookie batch event. Ricky and Lucy
can share information about the employees’ performance; the responsibility relationship
indicates that Lucy will officially evaluate Larry, Moe, and Curly and that Ricky will offi-
cially evaluate Fred and Ethel.

Reciprocal Relationship

The reciprocal relationship in Exhibit 114 is the equivalent of duality only for the com-
mitment events instead of for the economic events. The commitment for an economic in-
crement event must be accompanied by a commitment for an economic decrement event
to reflect the inherent nature of give and take in business processes. Production orders (the
commitment to the economic increment event) triggers the requisitioning of materials (the
commitment to one of the economic decrement events). [f commitments to the labor oper-
ation and machine operations had been tracked, they would also be participants in the re-
ciprocal link. The reciprocal relationship represents a schedule of what is to be produced
and what will need to be used and consumed in the production. In Exhibit 11-5 a recipro-
cal relationship is depicted between the ingredient requisition and the baking order events.
Exhibit 11-17 illustrates the relational tables that include the reciprocal relationship. In
this case a foreign key of baking order ID is posted into the ingredient requisition table to
represent the relationship. These tables indicate that requisition 1002 is related to baking
order PO1 and requisition 1003 is related to baking order PO2.
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EXHIBIT 11-17 Relational Database Tables for Reciprocal Relationship

IngredientRequisition

RequisitioniD RequisitionDate SupervisorlD  BakingOrderiD

1002 7/14/2010 4:35:00 PM S2 PO1

1003 7/14/2010 4:35:30 PM S1 PO2

1004 7/15/2010 4:50:00 PM 51 PO3

1005 7/15/2010 4:51:00 PM S1 PO4

1006 7115/2010 4:55;00 PM s2 POS5

BakingOrder

BakingOrderlD BakingOrderDateTime RequestedCompletion SupervisoriD

PO1 7/14/2010 4:30:00 PM 7/15/2010 8:00:00 AM 52

PO2 7/14/2010 4:31:30 PM 7/15/2010 8:00:00 AM S

PO3 7/15/2010 4:45:00 PM 7/16/2010 8:00:00 AM S1

PO4 7/15/2010 4:46:00 PM 7/16/2010 8:00:00 AM S1

POS 7/15/2010 4:50:00 PM 7/16/2010 8:00:00 AM S2
EXHIBIT 11-18
Bill Bill of Materials
of Materials

Product D Standard batch quantity

Product description

Material ID Material description Quantity needed

Linkage Relationships

The linkage relationships in Exhibit 11— and in Exhibit 11-5 provide a means for identifying
the materials of which a finished good is composed and the types of labor needed to produce a
finished good. Information about the linkage relationship between the materials and a finished
good is often captured on a bill of materials. We show a bill of materials in Exhibit 11-18.
Information about the linkage relationship between labor types and finished goods is
usually captured on an operations list. See an operations list document in Exhibit 11-19.
The relational tables shown in Exhibit 11-20 illustrate some of the attributes often
stored with respect to the linkage relationships between raw materials and finished goods
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EXHIBIT 11-19

Operations Operations List
List

- Product ID Standard batch quantity

Description
Standard time/unit '
Work center Labor type Description Setup Processing

EXHIBIT 11-20 Relational Database Tables Encompassing the Linkage Relationships

LinkagelngredientsNeededForFinishedCookies i

CookieTypelD IngredientiD QuantityNeeded  UnitOfMeasure CookieBatchSize

FSC5 s 0.25 cup 10

FSCS EG 1 each 10

FRES FL 1:75 cups 10

FSCS ILFS 1 each 10

FSCS PK 1 each 10

FSCS SH 0.5 cup 10

FSCS SL 0.5 teaspoon 10

FSCS VN 0.75 teaspoon 10

FSCS WS 1 cup 10

SN CN 3 teaspoons 12

SN EG 1 each 12

SN FL 1.5 cups 12

SN ILSN 1 each 12

SN PK 1 each 12

SN SH 0.67 cup 12

SN St 0.5 teaspoon 12

SN VN 1 teaspoon 12

SN WS 1.5 cups 12 (Continued)

and between labor and finished goods. Such information provides standards against whics
actual commitments and production may be compared for variance analyses and perfor-
mance evaluations. The bills of materials and operations lists are typically used in the plan-
ning stages of the conversion process for made-to-stock finished goods. These documents
are used to help in preparing the production order document that represents the commit-
ment to the economic increment event.
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EXHIBIT 11-20 (Continued)

Ingredient

IngredientiD Description UnitOfMeasure  StandardCostPerUnitOfMeasure
BS Brown sugar 50 Ib bag $9.47
BU Butter 10 Ib box $3.98
M Chocolate morsels 10 b bag £16.49
CN Cinnamon 16 oz tin $3.29
GS Candy sprinkles 1 Ib tin $3.18
EG Eggs, large AA grade 2 dozen carton $1.29
FL Flour, white sifted 100 Ib bag $20.00
ILFS Ingredient label—frosted sugar  each $0.01
ILSN Ingredient label—snickerdoodle  each $0.01
PB Peanut butter 10 Ib jar $8.37
PE Pecans 2 b bag $5.32
PK Plastic container each $0.12
SH Shortening 10 Ib can $12.10
SL Salt, iodized 5 1b bag $1.00
VN Vanilla, pure 1 liter bottle $20.00
WS White sugar 50 Ib bag $10.00
Finished Cookie Type

CookielD Description UnitsPerPackage  ListPrice

cC Chacolate chip plain 12 $2.99

ccP Chaocolate chip with pecans 12 $2.99
FSCS Frosted sugar cookies with candy sprinkles 10 $3.59

M Molasses 12 $3.29

OR Oatmeal raisin 12 $2.89

PB Peanut butter 12 $2.99

5C Sugar cookies plain 12 $2.99

SN Snickerdoodles 12 $3.59 (Continued)

In the linkagel relationship table we can see the quantity of each ingredient needed to
make a batch of 20 frosted sugar cookies and the quantity of each ingredient needed to make
a batch of 24 snickerdoodles. The batch size used for the materials linkage relationship is
an arbitrary choice depending on the needs of the enterprise. Some enterprises attempt to
list the quantity needed to produce a single unit of the finished product. Such an approach
would require us to divide each of the quantities in the linkagel table by 20 for the frosted
sugar cookies and by 24 for the snickerdoodles. Keeping the measurement at such a fine
level of detail may not always be practical or useful. How do you divide an egg by 20 or 24?
The linkage2 labor type relationship does not indicate a particular quantity of labor for each
finished cookie type. However, such an attribute could be added as a standard to which ac-
tual labor use could be compared. If a quantity (e.g., number of minutes) of each labor type
is indicated, a batch size also would need to be included similar to that shown for the link-

agel relationship table. [n this example it was determined that although you could double
the quantity of materials needed for a batch size that was twice as big and get a valid mea-
sure, you couldn’t double the number of minutes for each labor type for a double-sized
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EXHIBIT 11-20 (Concluded)

LaborType

LaborTypelD Description

L1 Mix dry ingredients

L10 Take cookie sheet out of oven
L11 Frost cookies

L12 Sprinkle cookies

L13 Package cookies

L2 Mix moist ingredients

L3 Combine dry and moist ingredients
L4 Add morsels to mixed dough
L5 Add nuts to mixed dough

L6 Form dough into cookies

7 Put cookies onto cookie sheet
L8 Put cookie sheet into oven

L9 Set cookie timer

LinkageLaborNeededForFinishedCookieType

CookieTypelD  LaborTypelD

FSCS L1
FSCS L10
FSCS L11
F5€S L2
FSCS L13
FSCS L2
FSCS L3
FSES L6
FSCS L7
FSCS L8
FSCS L9
SN L1
SN L10
SN L13
SN L2
SN L3
SN L7
SN L8
SN L9

batch and get a meaningful number; therefore the attributes were not captured. In other
words, if it takes 4 minutes to mix the dry ingredients (1 cup of white sugar, 1% cups of flour.
and a % teaspoon of salt) to make a batch of 10 cookies, it will likely not take 16 minutes to
mix the dry ingredients (4 cups of white sugar, 7 cups of flour, and 2 teaspoons of salt) to
make a batch of 40 cookies. To help you make sense of the linkage relationships you can
think of them as the two parts of a recipe. Recipes in a cookbook typically contain a list of
the ingredients along with the quantities needed to make an identified quantity of a food
dish. Recipes also include a list of steps needed (o prepare the food dish.
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INFORMATION NEEDS AND MEASURES
IN THE CONVERSION PROCESS

The most common information customers for the conversion process include top manage-
ment, production personnel, accountants, and auditors. Typically no external information
customers are dircetly associated with the conversion process. Results of the conversion
process are summarized indirectly in various line items on financial statements prepared
by accountants and made available to the public.

We next analyze each of the entities and relationships in the conversion process pattern
to provide some ideas about the tvpes of queries that satisfy information needs in the con-
version process. The queries presented are not a comprehensive set of queries as there are
simply too many potential queries to list them all; however, the set provided should guide
you when creating similar types of queries. To describe example queries needed in the
conversion process we use the database tables in Exhibits 11-6, 11-8, 11-10, 11-11,
11-13, 11-15, 11-16, 11-17, and 11-20.

Resource Queries in the Conversion Process
The most common resources and resource types in the couversion process are raw materi-

als inventory, labor type, machinery, and finished goods inventory. For each resource, users
may need any of the following:

¢ Detailed status information at one or more points in time for each resource instance.

¢ Detailed status information at one or more points in time for only those resource in-
stances meeting specified criteria.

»  Summarized status information at one or more points in time for all resource instances.

» Summarized status information at one or more points in time for only those resource in-
stances meeting specified criteria.

With regard to each of the above, users may need to know all characteristics of the in-
stances in the answer set, or they may need only a subset of the characteristics.

Raw materials and finished goods inventory may be tracked at the type level and/or may
be specifically identified; therefore, queries may be needed at either of those levels of de-
tail. Labor is typically tracked only at the type level. Machinery and other operating assets
are usually specifically identified, but may also be tracked at the category level. For exam-
ple, most enterprises assign an identification tag to each operating asset that has a cost
value exceeding a certain threshold; however, they also keep track of the category to which
the asset belongs (i.e., furniture, computer equipment, or office equipment). Since the raw
materials and machinery resources in the conversion process are the same as those ac-
quired in the acquisition/payment process and the finished goods resources in the conver-
sion process is the same as the inventory resources in the revenue process, any query that
focuses selely on a resource table will be very similar to the resource queries displayed in
Exhibits 8 21 and 8-22 in Chapter 8, and in Exhibits 9—19 and 9-20 in Chapter 9.

Event Queries in the Conversion Process
Users may need information regarding events. The most common events in the conversion
process are materials requisitions. materials issuances, Jabor operations, machine operations,
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production orders, and production runs. For each of these events, users may need any of the
following:

= Detailed information about each event instance (i.e., what happened, when did it begiz

and end, at which workstation did it occur).

« Detailed information about each event instance that meets specified criteria (¢.g.. spe-
cific events that occurred during a specified time period or at a specified workstation 1.

Summarized information for all instances of an event type for a specified time period
(e.g., total of the event instances during a specified time period).

Summarized information for only those instances of an event type for a specified tims
period that meet specified criteria (e.g., average dollar value of the event instances for
a specified location during a specified time period).

Among many other possibilities, some information needs in the conversion process re-
garding events are

= Length of a specific production run (end time minus start time).

« Average length of the production runs within a specified {ime period.

Total number of production runs that occurred at a specified plant or workstation or dur-
ing a specified time period.

= Date and/or time an issuance of materials occurred.

From the event tables in the cookie manufacturing example (IngredientRequisition.
BakingOrder, CookieBatch, IngredientIssuance, LaborQperation, and MachineOperation)
some of the many specific queries that may be developed are

How long did it take to produce a specific batch of cookies? Using the CookieBatch table.
calculate the difference between the start time and the completion time for a specified batch.
Count the number of ingredient issuances that were made to Workcenter E. Using the

IngredientIssuance table, use the Count function to count the issnances for which the
Location field is WorkeenterE.

When did the most recent ingredient requisition take place? Using the IngredientReg-
uisition table, use the Max function to identify the largest (most recent) date in the Reg-
uisitionDate field.

Which baking orders are requested for completion on a particular day? Using the

BakingOrder table, specify the desired day as a criterion by which to select the corre-
sponding orders.

How many machine operations took longer than 14 minutes to complete? Using the Ma-
chineOperation table, create an expression fo calculate the difference in start and ené

times and then use the expression as a criterion by which to select the corresponding
machine operations.

A caution before you try to do each of these example queries in Microsoft Access: The
queries that involve calculations with date/time fields may not provide meaningful resulis
because of the complexities of formatting the results; to make them meaningfil involves use
of Visual Basic code that is beyond the scope of most courses for which this textbook is ap-
propriate. Therefore you may not want to try the queries that involve date/time calculations.

ALl
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Agent Queries in the Conversion Process
Because the conversion process does not typically involve external agents, the agent
queries center on various types of employees. The employees commonly invelved in con-
version processes are production supervisors, production workers, and inventory clerks.
Queries may be needed to obtain any of the following:

* Detailed status information at one or more points in time for each employee.

= Detailed status information at one or more points in time for each employee who meets
specified criteria.

»  Summarized status information at one or more points in time for all employees.

» Summarized status information at one or more points in time for all employees who
meet specified criteria.

Because the agent tables in the cookie manufacturing example (BakingSupervisor,
BakingEmployee, and InventoryClerk) only include employee IDs, names, and telephone
numbers, not many queries can be constructed other than a list of employees and their tele-
phone numbers. A complete database would typically include many other attributes of em-
ployees that could provide useful information for decision makers.

Relationship Queries

Combining information from various resource, event, and agent tables in accordance with
the relationships in which they participate can provide much richer data than single table
queries. We next discuss queries based on the various types of relationships in the conver-
sion process.

Duality Relationship Queries in the Conversion Process

As explained earlier, duality relationships in conversion processes represent transforma-
tions rather than exchanges. Raw inputs are not exchanged for finished goods; rather they
are converted into finished goods. The duality relationship connects raw material is-
suances, machine operations, and labor operations that use up the inputs to the production
runs that produce the finished goods. Information needs with respect to duality relation-
ships in conversion processes include (among other possibilities):

« Identification of labor operations related to one or more specified production runs.

¢ Identification of machine operations related to one or more specified production runs.

= Identification of raw material issuances related to one or more specified production
runs.

= Calculation of the time taken for a labor (or machine) operation as a percentage of a
complete production run.

«  Count of the number of raw material issuances (or labor operations or machine opera-
tions) related to a specified production run.

For the cookie manufacturing example, duality queries could investigate

»  Which labor operations (or machine operations or ingredient issuances) related to batch
WIJ1 and which related to batch WJ2?
* How many ingredient issuances were associated with each cookie batch?
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«  How much of the total production time for batch W1 consisted of machine operations
and how much of the time consisted of labor operations?

As noted earlier, queries that calculate differences in date/time fields are very difficult to
create successfully in Microsoft Access so we do not recommend you try the last query.

Stockflow Relationship Queries in the Conversion Process
Stockflow relationships in the conversion process represent the use or consumption of
input resources by economic decrement events and the production of finished good re-
sources by economic increment events. Therefore stockflow relationships commaonly are
used in queries to identify the effect of economie events on resources or to identify the re-
sources used up or produced by the economic events. Some common information needs
that can be addressed by stockflow relationships in general are

« What resources or resource types were increased or decreased by an economic event?

+  What quantity of a resource or resource type was increased or decreased by an cco-
nomic event?

«  What dollar value of a resource or resource type was increased or decreased by an eco-
nomic event?

»  When did an event increase or decrease a specific resource or resource type?

¢ Where did an event increase or decrease a specific resource or resource type?

These information needs may be addressed at a detailed level or they may be aggregated
for groups of events and/or resources/resource types. The information may be used in iso-
lation or used as part of a trend analysis to project future events and their expected effects
on resources or resource types. Within the conversion process, some common stockflow
information needs (among many other possibilities) are

+  Which raw material types were decreased by a material issuance?

» What quantity of each raw material inventory type was decreased by a material is-
suance?

= What types of labor were used in a labor operation?

+  What equipment was used (and/or for how long) in a machine operation?

«  What finished goods were produced by a production run?

»  What quantity of each finished good was produced by a production run?

»  What is the standard unit cost of the raw materials used by a material issuance?

In the cookie manufacturing example, questions such as the following could be answered
via stockflow relationship queries:

« How long did it take to sprinkie the cookies in labor operation 287 Because this in-
volves a date/time calculation, you should not attempt this in Microsoft Access.

*  How many frosted sugar cookies with candy sprinkles were produced on July 15, 2010,
and in which batches? Join finished cookie type table to duality cookie batch-cookie
type table using cookie type ID to determine which batches were for frosted sugar cook-
ies with candy sprinkles. Join duality cookie batch-cookie type table to cookie batch
table using batch ID, constrain date = 7/15/2010 and sum the actual quantity produced.



Chapter Eleven The Conversion Business Process 375

What kind of cookies were produced in batch W.J1? Join finished cookie type table to
duality batch-cookie type table using cookie type ID. Enter criteria =WIJ1 in batch ID
field and display the batch ID, cookie type 1D, and cookie type description.

How many machine operations were necessary to make cookie batch WJi? Join ma-
chine operations table to DualityCookieBatchMachineOperation table; set criteria for
batch ID = WJI and count the machine operations ID field.

Fulfillment Queries in the Conversion Process
Fulfillment relationships in the conversion process represent associations between the pro-
duction order and production run (the production run fulfills the production order) and be-
tween the materials (or labor or equipment) requisition and the materials issuance (or labor
or machine operation). Fulfillment relationship queries in the conversion process in gen-
eral include:

Identification of unfilled commitment events (production orders for which production
runs have not yet occurred, materials requisitions for which materials issuances have
not yet occurred. and so on.)

Identification of filled commitment events (production orders for which production runs
have occurred, or materials requisitions for which materials issuances have occurred).
Identification of economic events for which commitments were not made (production
runs that were not ordered or material issuances that were not requisitioned).
Calculation of length of time between commitment events and economic cvents (the
length of time between production order and production run or between material requi-
sition and matenial issuance).

Identification of causes for economic events (which production order led to a produc-
tion run or which material requisition led to a material issuance).

Identification of results of commitment events (which production run fulfilled a pro-
duction order or which material issuance fulfilled a material requisition).

In the cockie manufacturing example, questions such as the following could be answered
via fulfillment relationship queries:

®

Has baking order PO4 been fulfilled? Join BakingOrder table to CookieBatch table
with an outer join keeping all baking orders; include bakingorder 1D from BakingOrder
table and batch ID from CookieBatch table; set criteria to select baking order =PO4.
Have any ingredient issuances occurred that were not related to ingredient requisi-
tions? Join Ingredientlssuance table to IngredientlssuanceFulfillsIngredientRequisition
table with an outer join keeping all ingredient issuances; include issuance 1D from In-
gredientlssuance table and ingredient requisition number from IngredientIssuanceFul-
fillsingredientRequisition table; set criteria to select null ingredient requisitions.

What is the average length of time between baking orders and cookie batches for this
company? Because this involves a date/time calculation, do not attempt this in Mi-
crosoft Access.

What baking order triggered cookie batch WJ2? Join CookieBatch table to Cook-
ieBatchFulfillsBakingOrder table using cookie batch 1D; include baking order 1D; set
criferia to select batch 1D =WJ2.
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Reservation Queries in the Conversion Process
Reservation relationships in the conversion process represent associations between com-
mitment events such as production orders and materials requisitions and the resources
those events are committing to increase or decrease. Therefore reservation relationships
are commonly used in queries to satisfy information needs as to the eventual effect of com-
mitment gvents on resources or as to the resources involved in commitment events. Some
common information needs in the conversion process are

*  What finished good or finished good type is a production order agreeing to produce?

»  What quantity of a finished good or finished good type is a production order agreeing
to produce?

* What is the dollar valuc of the finished good or finished good type a production order
is agreeing to produce?

= When did a production order commit to produce a specific finished good or finished
good type?

* What material or material type is a materials requisition agreeing to use up?

«  What quantity of each material type is a materials requisition agreeing to use up?

» What is the standard or actual unit cost for each material a materials requisition is
agreeing to use up?

* When did a materials requisition commit to using up a material or material type?

In the cookie manufacturing example, questions such as the following could be answered
via reservation relationship queries:

» What kind of cookies is baking order POS agreeing to produce and when are they
scheduled to be produced? Join the ReservationBakingOrderFinishedCookie table to
the FinishedCookieType and to the BakingOrder tables to see that POS5 is agreeing to
produce molasses cookies by July 16. 2010, at 8:00 A.m.

= How many peanut butter cookies are scheduled to be produced on July 16, 2010, and
which production order represents the agreement to produce them? Join Reservation-
BakingOrderFinishedCookie table to the FinishedCookieType and to the BakingOrder
tables to determine that PO4 has scheduled 36 peanut butter cookies for production.

«  What are the descriptions of the ingredients scheduled (o be used up by ingredient requi-
sition 10027 Join Ingredients table to ReservationIngredientRequisitionIngredient. Enter
criteria =1002 in IngredientRequisition]D field and display the ingredient description.

Participation Queries in the Conversion Process

Participation relationships in the conversion cycle typically represent the associations be-
tween production orders, materials requisitions, material issuances, machine operations,
labor operations, and production runs and the employees who authorize those events (typ-
ically supervisors) and the employees who accomplish the events (typically production
workers or inventory clerks). Therefore participation relationships are commonly used in
queries to satisfy information needs to identify employees who participated in events or the
events in which specified employees participated. Some common nformation needs are

*  Which production supervisor authorized a machine operation?
» By how many production orders has a production employee been scheduled to work?
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= How long did a production employee take to perform a labor operation?
« How many production orders have been authorized by a specific production supervisor?
+  Which inventory clerk accomplished a materials issuance?

In the cookie manufacturing example, questions such as the following could be answered
via participation relationship queries:

e What is the name of the supervisor who authorized machine operation MOI137 Join the
MachineOperation table to the BakingSupervisor table; enter criterion =MO13 in the
MachineOperationlD ficld and display the supervisor name field.

o What are the names of the employees who were scheduled on baking order PO2? Join
the ParticipationBakingOrderBakingEmployee table to the BakingEmployee table;
enter criterion =PO2 in the baking order ID field and display the employee name field.

*  What are the names and phone numbers of the inventory clerks who processed ingredi-
ent issuances RMI4240-RMI4245? Join the Ingredientlssuance table to the Invento-
ryClerk table; enter criteria BETWEEN RMI4240 and RMI4245 in the ingredient is-
suance ID field and display the ClerkName and ClerkPhone fields.

= How many production runs has Lucy supervised? Join the CookieBatch table to the
BakingSupervisor table; enter criterion =Lucy in the supervisor name field; enter ag-
gregate function COUNT in the BatchlD field.

Linkage Queries in the Conversion Process

Linkage relationships in the conversion cycle typically represent the associations between
finished goods and raw materials and also between finished goods and labor type. As de-
scribed earlier, the information content within the linkage between finished goods and raw
materials is often captured by enterprises on bill of materials documents, and the infor-
mation content within the linkage between finished goods and labor types is often captured
on operations list documents. Therefore querics encompassing the linkage relationships
ask the same kind of questions that could be answered from one of those documents. Some
examples are

*  What raw materials are needed to produce a finished good or finished good type?

« What quantity of each raw material is needed to produce a finished good or finished
good type?

= Which finished goods contain a specified raw material or a specified labor type?

¢ What labor types are needed to produce a finished good or finished good type?

In the cookie manufacturing example, questions such as the following could be answered
via linkage relationship queries:

o How much white sugar is needed to make a batch of snickerdoodles? Join the Fin-
ishedCookieType, Ingredients, and Linkage tables; enter criteria =Snickerdoodles in the
finished cookie type description field and =white sugar in the ingredient description
field; display the quantity needed and unit of measure fields.

» Which finished cookie tvpes contain brown sugar? Join the FinishedCookieType, In-
gredients, and LinkageIngredientsInCookicType tables; enter criterion =brown sugar in
the ingredient description field; display the finished cookie type description field.
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= Which finished cookie types require the labor iype frost cookies? Join the Finisset
CookieType. LaborType, and LinkageLaborTypeNeededForFinishedCookieType mnies
enter criterion =Frost cookies in labor type description field; display the finished cootse
type description field.

CONCLUDING COMMENTS

This chapter presented an overview of the activities in the conversion process and discusses
the extended REA pattern as it applies to this process. Whether enterprises produce cerezl.
video games, furniture, or some other resource, the REA pattern for the necessary compe-
nents of their conversion processes will be similar to each other. Designing an informasos
system that supports the complexities and intricacies of a conversion process requires 2
careful analysis and a detailed understanding of the objectives of the process. Traditionalls.
organizations have generated multiple systems to support the conversion process. In fact
organizations often develop financial accounting systems and a variety of separais
cost/managerial accounting systems. By using the REA ontology to design an integrated so-
terprise information system, organizations can derive financial statement information anc
other information needed to support a variety of programs (including activity-based cos:-
ing, quality management, just-in-time inventories, and material requirements planning).
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Conversion process, 343 Machine operation, 349 Raw materials

Duality relationship. 348 Mave ticket, 353 requisition, 363
Economic decrement Operations list, 367 Reciprocal

event, 348 Participation relationship, 366
Economic increment relationship, 348 Reservation

event, 347 Production employee, 350 relationship, 365
Equipment, 349 Production order Transfer duality
Finished goods, 343 document, 360 relationship, 349
Fulfillment Production order Transformation duality
relationship, 363 event, 360 relationship, 349

Job time ticket, 355 Production run, 347 Use stockflow

Labor operation, 349 Praduction supervisor, 363  relationship, 35/

Review Questions

o1  R1. What is the difference between a materials requisition and a purchase requisition?
o1, Loz R2. What is the primary objective of the conversion process?

o3 R3. How is the conversion process related to the financing process, the human resource
process, the acquisition/payment process, and the sales/collection process?




LO3

LO3

LO6

LO6

R4.

R35.

Ré.

R7.
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Identify the resources and agents associated with each of the following events in the
conversion process:

Materials requisition (commitment to decrement)

Materials issuance (economic decrement)

Labor operation (economic decrement)

Machine operation (economic decrement)

Production order (commitment to increment)

. Production run (economic increment)

50 un O

Describe the information needed by each of the following in performing their role in
the conversion Process:

a. Management

b. Payroll

c. Accounting

d. Personnel

On which relationship in the conversion process would you base a query to calculate
the fime taken for a machine operation as a percentage of a complete production run?
What entities and/or relationships should you consider when creating a query to iden-
tify the quantity of each ingredient that was decreased by an ingredient issuance?

Multiple Choice Questions

LOt, LO3

LO3

LO3

LO3

MCl1.

MC2.

MC3.

MC4.

Which document typically represents the same phenomena as the linkage relation-
ship between raw materials and finished goods?

A. Operations list

B. Job time ticket

C. Bill of materials

D. Move ticket

The cenversion process represents the point of contact between the enterprise and
which set of external business partners?

A. Investors and creditors

B. Suppliers

C. Customers

D. None—it is primarily an internal transaction cycle

The resource typically made available by the conversion process to the sales/col-
lection process in a typical enterprise value chain is
A. Raw materials inventory
B. Finished goods inventory
C. Employee labor
D. Cash

Which of the following pairs of entities is typically found in a stockflow relation-
ship in the conversion process?

Machine operation and machine

Materials requisition and materials

Materials requisition and production supervisor

Production run and production order

Pows
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103

MC5. Which of the following events reflects the commitment of the enterprise to produce

one or more finished goods at a future point in time?
A. Materials requisition

B. Materials issuance

C. Production run

D. Production order

Discussion Questions

LO3

LO3

LO2

Los

D1.

D2.

D3.

D4.

DS,

De6.

D7.

How is the business process level pattern for the conversion cycle similar to the busi-
ness process pattern for the revenue cycle? How are the two patterns different?
Explain the most likely points of integration between the acquisition/payment cycls
and the conversion cycle business process level models.

Respond whether you agree or disagree with the following statement and explain whs
“The conversion cycle business process level model for a company that crochets baby
clothes would look very different from the conversion cycle business process level
model for an automobile manufacturer, because obviously the steps and activities
needed to produce baby clothes are very different from the steps and activities needec
to produce automobiles.”

Respond whether you agree or disagree with the following statement and explain whs
“We can’t use the REA pattern to model the business process level for the conversios
cycle because it doesn’t involve any exchanges with external agents.”

Why are labor operations and labor types often tracked in the conversion process b=
usually not tracked in the revenue process?

How will the relational database table design differ for a company whose production
run involves 10 distinct steps versus a company whose production run involves 35
distinct steps?

Consider the database tables in Exhibit 11-15. Describe the necessary procedures &
construct one or more queries to determine what quantity {and unit of mﬂasure) of
each ingredient Lucy requisitioned.

Applied Learning

LO4

Al.

Marvelous Industries (MI) is a company that creates specialty plaques to commem-
orate marvelous occasions such as the Olympic games, bicentennial celebrations.
and victorious athletic teams’ seasons. Most of its business centers on victorious ats-
letic teams’ seasons at all levels, from professional and college all the way down =
preschool. Some of the plaques it creates are requested by customers and are tailosed
to customer specifications (especially the smaller quantities needed for preschost
through high school teams or occasions); most plaques are made to stock specifice
tions and apply to collegiate and professional sports. For example, MI created spe-
cialty plaques to commemorate the Florida State University’s 1999 football natios=
championship. One plaque featured an image of Peter Warrick reaching to gras &
pass in the end zone that was a key touchdown in the championship game. Anothes
plaque featured an image of Coach Bobby Bowden raising the championship tropks
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in triumph and also included the team schedule and score summary. There were sev-
eral other styles that included images in various themes such as team in action, star
players, posed team, and coach in action.

When MI began doing business, the controller determined through various analy-
ses that it was cost beneficial to purchase all of the raw materials rather than to man-
ufacture them in-house. The raw materials MI starts with include unfinished, un-
stained plaques in various sizes and shapes, stain, paint, matting and mounting
material, prints (images), and finishing varnish. The plaques, stain, paint, mat-
ting/mounting materials, and finishing varnish are purchased from wholesalers. Be-
cause the nature of the various kinds of raw materials is quite different (thus result-
ing in different attributes) and they are used in different parts of the production
process, Ml has chosen to keep each of these categories as different entities. Prints
(images) are purchased from various photographers and other sources (or sometimes
provided by the customer for customized orders). We omit the design layout process
and associated costs in this case for simplicity sake.

MI's manufacturing process has three phases; one production order prepared by a
production supervisor initiates and authorizes activities for all three phases. Each
phase is primarily manual; although hand tools are used, their cost is so immaterial that
their consumption is not tracked. Also, MI wants to track what type of labor is involved
for each work in progress job (e.g., stain plaque, paint plaque, cut matting material,
mount print, and so on), but does not want to track individual labor operations. In
phase one, a plaque preparation supervisor requisitions unfinished plaques from the
warehouse to be used in a staining or painting job. An inventory clerk processes the
requisition and issues the plaques to the staining or painting job where they are re-
ceived by the preparation supervisor. The preparation supervisor alse requisitions stain
and/or paint and these requisitions are processed in the same manner as the unfinished
plaque requisitions. The plaques are stained or painted a color appropriate to the theme
created in that particular job. Each job consists of the production of multiple copies of
the same plaque design. Usually the stain or paint for an athletic team is one of the
team colors. For Florida State’s championship season many of the plaques were stained
with the color garnet; others were painted gold. A preparation supervisor issues the
prepared plaques to an assembly supervisor, who receives them into an assembly job.
An assembly supervisor requisitions images and any matting and mounting materials
needed for the plaque style from the warehouse. An inventory clerk processes the reg-
uisition and issues the requested materials to the assembly job where they are received
by the assembly supervisor. Assembly production employees complete the assembly
job and upon completion an assembly supervisor issues the assembled plaques to a fin-
ishing supervisor who receives them into a finishing job. A finishing supervisor requi-
sitions finishing varnish to be used in the finishing job. An inventory clerk processes
the requisition and issues the finishing varnish to the finishing job where it is received
by the finishing supervisor. Finishing production employees complete the finishing job,
after which the finished plaques are transferred to the sales warchouse.

Required
1. Create a partial value chain that illustrates each of the three phases of the conversion
process as if they are separate cycles (i.e., include a separate circle with duality-linked
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events in it for each phase and illustrate all resource inputs and outputs). For resources
that come from or go to other processes (such as acquisition and sales cycles) draw as
arrow in the appropriate direction, label it with the resource name, and note which

cycle is its source or destination.

2. Create a business process level REA diagram in entity-relationship format for e
preparation phase. Please be sure to label all entities and all relationships, and assize
attributes to the entities and relationships from the following list.

[¥5]

Create a business process level REA diagram in entity-relationship format for the fine

ishing phase. Please be sure to label all entities and all relationships, and assign atis-
butes to the entities and relationships from the following list.

The following attributes need to be accounted for in your solution

Assembled plaque ID (AP-ID)

Assembled plaque issuance ID (AP-Iss-ID)
Assembly job number (Assmb-Job#)

Color of a prepared plague (Pp-color)

Color of stain or paint (Color)

Date of materials requisition (Date-Req)

Date production order was prepared (PO-Date)
Date/time stamp an assembly job is completed
(Comp-AlJ)

Date/time stamp an assembly job is started (AJ-
Start)

Date/time stamp a finishing job is completed
(Comp-FJ)

Date/time stamp a finishing job is started (FJ-
Start)

Date/time stamp a preparation job is completed
(PJ-Comp)

Date/time stamp a preparation job is started (Start-
PJ)

Date/time stamp for issuance of assembled plaques
to a finishing job (AP-Iss-Time)

Date/time stamp for issuance of finishing varnish
to a finishing job (FV-Iss-Time)

Date/time stamp for issuance of matting/mounting
materials to an assembly job (MM-Iss-Time)
Date/time stamp for issuance of unfinished plaques
to a preparation job (UP-Iss-Time)

Date/time stamp for issuance of images to an as-
sembly job (Im-Iss-Time)

Date/time stamp of prepared plaque issuance (Time-
PP-Iss)

Date/time stamp of stain/paint issuance (Time-
SP-Iss)

Description of an assembled plaque (Ap-desc)
Description of a finished plaque (Fp-desc)
Description of a labor type (LT-Desc)

Description of matting/mounting material (MM-
Desc)

Finished plaque ID (FP-ID)

Finishing job number (Fin-Job#)

Finishing varnish ID (FV-1D)

Finishing varnish issuance 1D (FV-Iss-1D)

Image 1D (Imag-1D)

Image issuance ID (Im-Iss-1D)

Inventory clerk ID (IC-ID})

Labor type ID (LT-ID)

Luster of finishing varnish (FV-Luster)

Materials requisition ID (Reg-ID)
Matting/Mounting material ID (MM-11})
Matting/mounting material issuance ID (MM-Iss-1D0
Name of inventory clerk (name-ic)

Name of production employee (PE-name)

Name of supervisor (name-super)

Preparation job number (Prep-Job#)

Prepared plaque ID (PP-ID)

Prepared plaque issuance [D (PP-Iss-ID)
Production employee ID (PE-ID)

Production order ID (Pred-Ord-ID)

Quantity of assembled plaques used in a finishise
job (Qty-used-ap)

Quantity of each unfinished plaque type requesi=s
on a requisition (UP-Qty-Req)

Quantity of each stain/paint type requested om &
requisition (SP-Qty-Req)

Quantity of each matting/mounting material svse
requested on a requisition (Qty-Reg-MM)




Quantity of finishing varnish type used in a finish-
ing job (FV-qty-used)

Duantity of matting/mounting material type used in
‘an assembly job (MM-qty-used)

Quantity of prepared plaques used in an assembly
(Qty-used-pp)

tity of stain/paint used in a preparation job
-used-sp)

tity of unfinished plaques used in a prepara-
on job (Qty-used-up)

equested completion date for a job on a produc-
~order (Due-Date-PQO)

pe of a prepared plaque (Pp-shape)

pe of an unfinished plaque (Shape-up)

ize of an image (Im-Size)

ize of a prepared plaque (Size-pp)

of an unfinished plaque (Size-up)

1in or paint ID (SP-ID)

swers to Multiple Choice Questions
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Stain/paint issuance 1D (SP-Iss-1D)

Standard cost of a matting/mounting material (Std-
Cost-MM)

Standard cost of an unfinished plaque (Std-Cost-
up)

Standard cost per gallon for finishing varnish (Std-
Cost-FV)

Standard cost per gallon for stain or paint (Std-
Cost-SP)

Suggested retail price for a finished plaque (SRP)
Supervisor 1D (Super-1D)

Theme for an image (e.g., team in action, posed
team) (Theme)

Type of wood from which an unfinished plaque is
made (Wood-type)

Unfinished plague 1D (UP-ID)

Unfinished plaque issuance ID (UP-Iss-ID)

MCI. C; MC2. D; MC3. B; MC4. A; MC5. D.




Chapter Twelve

Business Process

LEARNING OBIJECTIVES

The objectives of this chapter are to introduce the human resource business process,
to discuss the REA ontology representation of human resource processes, and to
describe some of the typical information needs in the human resource business
process. After studying this chapter you should be able to:

1. Ildentify the activities and documents common to most human resource business
processes

2. Explain the various components of the REA ontology in the human resource
process

3. Create a REA business process level model for an enterprise’s human resource
process

4. Identify commeon information needs that exist within the human resource process

5. Create database queries to retrieve human resource process information from a
relational database

HUMAN RESOURCE BUSINESS PROCESS IN AN ENTERPRISE
VALUE SYSTEM

The human resource process (also called the payroll cycle) encompasses all of the activi-
ties needed to acquire and pay for employee labor. Although the specific workflow activi-
ties differ in various enterprises’ human resource processes, we discuss the pattern for the
information system’s base objects that has been identified as common to most payroll cy-
cles. Activities in the human resource process include hiring, training, evaluating, termi-
nating, and paying employees for their labor, knowledge, and skills. Often these activities
are separated mto two subprocesses: personnel and payroll. The personnel function hires,
trains, evaluates, and terminates employees. The payroll function disburses payments to
employees. In this chapter, we use the terms fuman resource process and payroll cvele as
synonyms, so please don’t confuse payroll cycle with the payroll function that is a subset
of the cycle as a whole.

385
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EXHIBIT 12-1
Human
Resource
Process in the
Enterprise
Value System

The human resource process is in essence a special case of the acquisition/paymsss
cycle. The personnel function acquires and maintains employee labor and the payroll fume-
tion pays for employee labor. Because the acquisition of and payment for goods and s
side services often results in different information needs than the acquisition of and pav-
ment for labor, both with respect to the types of resources acquired and the types of agesss
from whom they are acquired, the payroll cycle is usually kept separate from the acguis-
tion/payment cycle.

As you analyze and model a business process, you must clearly understand its purpess
and objectives. You must realize how the business process fits into the value system =ms
enterprise value chain. At the value system level, the human resource process is the E
of contact between the enterprise and its employees. At this point of contact, the emplos-
ees are external business partners to the enterprise; in other words they are engaging =
arm’s-length exchanges. Whereas in other business processes we have considered emplos-
ees as internal agents, in the human resource process the only employees we consider &5
internal agents are those whose job functions involve processing payroll (and notice thae
those employees are also members of the external agent employee entity set with respes
to their own provision of labor to the enterprise).

At arm’s length, the enterprise gives cash to the employees in exchange for the e=-
ployees’ labor as highlighted in Exhibit 12-1. Actually, along with their labor (describes
as time worked at a particular wage rate), the employees also provide knowledge and skills
to the enterprise. However, the enterprise usually does not end up owning the employess”
knowledge and skills so we must assume measurements of the knowledge and skills ==
encompassed in the wage rate and time worked. Today many enterprises are attempting =
develop techniques for owning employees’ skills and knowledge so that those can be s
arated to some extent from the simple time-worked construct. To accomplish this, entes-
prises are creating knowledge bases and artificial intelligence based decision support swe-
tems in which to store the knowledge and procedural decision-making processes of &=
most valuable knowledge-intensive employees. Although significant progress has bess
made in the area of knowledge bases and decision support systems, most information sys
tems still can measure labor acquisition only as time worked.

The value chain reveals interfaces between the payroll process and other business
processes. In Exhibit 12-2 we illustrate the typical value chain interfaces.

Investors and |~C2sh
creditors
Cash
Goods
Goods, e
Suppliers services e | Customers .' i
(vendors) Cash Sl
Cash
y’
Employees
Cash




EXHIBIT 12-2
Human
Resource
Process in the
Value Chain
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Partial Value Chain

Cash
disbursement

Financing
process

Cash
receipt

Material
issue

Conversion

Labor Production
operation rn

Machine
operation

Cash
disbursement

Payroll. /7
p I'OC R Duality

Labor

Sale

-
Plabor B LN Revenue
_~Y¥1 operation process
e lmm——a

Cash
receipt

Notice that the solid arrows of Exhibit 12-2 only depict the human resource process
making labor available to the conversion process. In many companies the conversion cycle
is the only process wherein the use of labor is tracked at a specific enough level to justify
including it at the value chain level. If we specifically track labor use in another business
process we would similarly show labor as an output of payroll and as an input to the other
process. The dashed arrow illustrates the value chain depiction of labor made available to
the revenuc process in which the specific use of that labor is included as an economic
decrement event. A similar depiction would be used for labor that is specifically tracked
in the acquisition/pavment and/or financing processes,

The primary objective of the human resource process is to provide the human labor and
expertise the enterprise needs to function cfficiently and effectively. Because employees’
labor is a valuable asset for many enterprises, it is important to model its acquisition and
payment as correctly and completely as possible in a cost effective manner. We begin our
business process level discussion of the payroll cycle by reviewing some of its more com-
mon events. Two important reminders before we begin the discussion: Because we discuss
the activities in a sequential fashion, it may seem that the human resource process is lin-
car. That is not necessarily true. Increasingly, business processes and the activities that
comprise those processes are dynamic, rather than linear and static. Also, remember that
the activities in this process are linked to and sometimes overlap activities in other
processes. We are concentrating on one process at a time to simplify our analysis.

HUMAN RESOURCE BUSINESS PROCESS LEVEL REA MODELS

Recall that the extended REA ontology described in Chapter 4 and illustrated in Exhibit
12-3 identifies the pattern underlying each transaction cycle, which consists of instigation
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EXHIBIT 12-3  Payroll Cycle Extended REA Ontology Database Design Pattern

Labor
requisition
(instigation event)
Partici-
pation2
P S
* Reser- ~
- S Y 2
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I
| l Reser-
: ; vation{ |
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b1 ] tvpe
-
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‘|
i
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| |
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| e~ e
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| Cash "} Cash disbursement 4 A
| N (economic ;
foeouies decrement event) v
: " Partici- : z
pation8 Employee

Note 1: This diagram does not attempt to differentiate internal agents for the different events: for some enterprises one category of employee may participate in all
these events: for others there may be several different categories of emplovee involved. For most enterprises, labor requisitions, labor schedules. and labor
acquisitions are the responsibility of depariment supervisors and cash disbursements for labor are the responsibility of payroll clerks.

Note2: Reservation2 and Fulfillment3 are shown with dashed lines to indicate that they often are excluded from the model because the expenditure-generating
activity (i.e.. the ¢conomic merement event) is often a more reliable cash flow budget luctor than is the mutusl commitment event.

Note 3: The generalization relationship indicated with the arrow between imternal agent and employee indicates the internal agents are u subset of the employee
cntity.

Nute 4: The diagonal slash in the bottom right corner of an entity indicates the entity is a copy of an entity that was already used elsewhere on the diagram. It is
used to help avoid crossing too many lines and thereby creating confusion in an entity-relationship diagram).

events, mutual commitment events, economic exchange events, resources, agents, types,
and various relationships such as stockflow, duality, fulfillment, reservation, proposition,
and participation. In this scction we describe the extended REA ontology components spe-
cific to the human resource business process.

We remind you that instigation events and the relationships in which they participate
(such as proposition) are not part of the published REA ontology. We have added them to
the business process level models in this text as a convenient means of fleshing out the
complete story of each business process: A proposal is made in the instigation event. The
proposal is acted upon and a mutual agreement is reached in the commitment event.
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The mutual commitment is fulfilled by the economic events that comprise the exchange of
resources. These base objects exist in every cycle for every enterprise; however, it may not
be cost effective to measure and store the details of all these phases.

The REA pattern aids in analyzing business processes and events by highlighting the
what (the resources involved in the event) and the who (the internal and external agents) of
each event. Notice that the where and the when often are stored as attributes of each event.
The events, agents, and resources involved in the human resource process vary somewhat
from enterprise to enterprise. The general pattern discussed in this chapter can be adapted
easily and applied to meet the exact requirements of any enterprise (e.g., nonprofit or gov-
ernmental agencies, wholesalers, retailers, service providers, or manufacturers).

Human capital is the resource acquired in the human resource process. Human capital is
made up of the work employees perform and the knowledge and skills employees use in
performing that work. Because human capital is mostly intangible, it is very difficult to
measure. Ownership 1s also difficult to establish, as discussed earlier in this chapter. If we
could resolve the ownership and measurement issues, then we would directly represent the
human capital resource as an entity in an enterprise’s business process level model. Instead,
we typically substitute an entity called labor type. The labor type resource entity serves
as an inventory of the kinds of labor an enterprise may need to acquire and use in its op-
erations. The attributes typically captured to represent labor types include an identifier, a
description, and a standard (budgeted) hourly wage rate for that type of labor,

Cash is the resource given in exchange for labor. Cash in the payroll cycle is typically rep-
resented by the cash accounts from which paychecks arc written. Paychecks usually are writ-
ten from either a regular checking account or an imprest checking account. An imprest
checking account normally maintains a zero balance. For example, when the amount of cash
disbursements needed for a payroll period is determined, a company that uses an imprest
checking account transfers the total amount of the paychecks from one of its regular check-
ing accounts to its imprest account. Paychecks to each specific employee are drawn on the
imprest checking account. As time passes, if the imprest account balance is positive, that in-
dicates employees are not all cashing their paychecks. If the imprest account balance be-
comes negative, a mistake likely occurred. Either situation warrants investigation. Attributes
typically captured to represent the set of cash accounts include an identifier, type, descrip-
tion, and location of each account. If financial institutions such as banks or credit unions
maintain most of the cash accounts, then the account numbers assigned by the financial in-
stitutions also need to be captured. Cash account balance is an example of a volatile deriv-
able attribute for which a stored query may be created and reused for quick retrieval.

Instigation Events—Need Identification and Request for Labor

Supervisors determine the need for labor by monitoring enterprise growth (or lack
thereof), production plans, sales forecasts, employee turnover, and other trends and pro-
jections. Identification of a need for labor often is labeled as a labor requisition event as
shown in Exhibit 12-3. Labor requests occur on an ongoing basis as part of normal oper-
ations and involve identification of the number of hours (or some similar basis) existing
employees are needed to provide specific types of labor. The labor requisition event is ful-
filled by the scheduling of one or more employees to provide that labor.
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EXHIBIT 12-4 Document for Laber Requisition Event: Staffing Plan

Your Source Company
Staffing Plan __7

For Period April 1, 2010-April 7, 2010

Date Plan Approved _2/24/2010 Approved by _ES
Quantity of Labor Needed (in hours)

Labor type 4/1 | 4/2 | 4/3 | 4/4 | 4/5 | 4/6 | 4/7 | Total | Std Wage Rate | Ext. Amount
CT2 Cashier duties Wi 6 6] 96 18T 64 © 80 $10.00 $800.00
US3 Cleaning/janitorial SRR = S L s e B 52 $6.00 $312.00
AP1 Sales tax preparation | 12| 12| 12| 12| 12| 0| © 60 $15.00 $900.00
CT1 Data entry 121 424 12| 12§ 12| 121 12 84 $9.00 $756.00

Totals 48| 48| 48| 48| 48| 24| 12| 276 $2,768.00

List IDs and names of any requested employees here, as well as for what type of labor

E23 James Worthwhile for tax preparation

Agents involved in instigation events in the payroll cycle usually are department super-
visors (internal agents who authorize the requisition) and employees (external agents
whose skills and knowledge are the subject of the request). As noted earlier, because labor
is intangible usually it is measured via categories and is specified as a labor type. Attributes
of labor requisitions that typically should be captured include the date and time of the reg-
uisition. The requisition event data should be linked to data regarding the related supervi-
sor, requested employees (if any are specified), and the type of labor requested. Docu-
mentation of need identification for labor may vary widely. Although theoretically we
could expect to see a labor requisition form that looks much like a purchase requisition
form as shown in the acquisition/payment cycle chapter, not many enterprises use such
forms for routine labor need identification. Indeed, most need for labor is identified by de-
partment supervisors who themselves also approve the request based on their own depart-
ment’s budget. The most commonly used form of documentation on which a department
supervisor may communicate the department’s need for labor for a specified time period is
a staffing plan that has identified the types and quantities of labor needed but has not as-
signed specific emplovees to the schedule. Exhibit 124 illustrates such a plan,

The set of relational tables illustrated in Exhibit 12-5 correspond to Exhibit 12-3%
entity-relationship representation of the labor requisition event, the relationships in which
it participates (proposition, fulfillmentl, participationl, and participation2), and the re-
lated entities (labor type, labor schedule, department supervisor, and employee). Alterna-
tive tables could be derived depending on the relationship cardinalities. Data from the form
in Exhibit 12-4 have been entered into the database tables; however, some of these data
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EXHIBIT 12-5 Relational Tables Encompassing Labor Requisition Event (partial data)
LaborRequisition (Instigation) Event
Maximum Budget Total Estimated Labor Request
LaborReglD Date for Request Budget Request Period SuperlDFK
LR7 2/2412010 $3.000.00 $2,768.00 4/1/2010-4/7/2010 E5
Proposition Relationship
LaborReqiD LaborTypelD Hours Needed Estimated Hourly Wage
LR7 T2 80 $10.00
LR7 Us3 52 $6.00
LR7 AP1 60 $15.00
LR7 Lo 84 $9.00
ParticipationLaborRequisitionEmployee (Participation1) Relationship
LaborRegID Requested EmployeelD
LR7 £23
DepartmentSupervisor (Internal Agent)
SupérlD Authorized Spending Limit
E5 $425,000
Employee (External Agent)
EmpiD Name Address Telephone DateOfBirth  Rating Position Type Wage
ES Patrick Wellesley 53125 Fenton Dr. 555-1112  March 4, 1958 Excellent Supervisor  Salary $35.50
£15 Donna Davis 149 Rovetta Dr. 555-9932 Feb. 3, 1954  Superior Cashier Hourly $10.50
E16 Nancy Hardaway 271 Rovetta Dr. 555-2117 June 11, 1956 Excellent Cashier Hourly $9.75
E17  Joe Thompson 535 Olson St. 555-2277  Apr. 24, 1947 Excellent Custodian  Hourly $6.20
E18 Freda Matthews 3214 Deerlake St. 555-1222  Aug. 6, 1940 Gooed Custodian  Hourly $5.90
£19 John Matthews 3214 Deerlake St. 555-1222 Oct. 14, 1940 Good Custodian  Hourly $5.90
£20 Paula Casgrove 5006 Jazz Ct. 555-5200  Apr. 18, 1958 Excellent Data Entry Hourly $8.50
£21  Rob Fordham 4444 Zephyr Ln. 555-4545  June 4, 1975  Excellent Data Entry  Hourly $9.00
E22  Francis Johnson 1261 Mason Dr. 555-0129 May 5, 1980 Good Data Entry  Hourly $8.25
£23  James Worthwhile 5432 Wadsworth Ln  555-7777  Apr. 14, 1964 Superior Accountant Salary $15.00
E36 Diane Bowersox 9115 Wolfgang Ct  555-7244  Sept 15, 1963 Superior  Payroll Hourly $8.75
LaborType (Resource Type)
Item ID Description Standard Hourly Wage
T2 Cashier duties $10.00
us3 Clean sales showroom and stockroom $6.00
2P1 Prepare quarterly sales tax return $15.00
HE Enter data for sales transactions $9.00
LaborSchedule (Mutual Commitment) Event
Labor Date Schedule Total
SchedulelD Approved Begin Date End Date Dollar Amt LaborReqIDF¢  Super|DF«

Neste: Fulfillment! relationship is implemented with LaborReqlD posted into Labor Schedule table, Participation?2 relationship is implemented with SuperlD posted
=i Requisition table. Fulfillment| data are not vel entered, assuming a time lag between requisition and schedule.
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(e.g.. labor type and employee information) would have existed already in the database ta-
bles before the requisition data were added to the tables so only the relationship informa-
tion that links them to the event is recorded for those objects. New data that would be en-
tered as a result of the labor requisition event are shown in color.

Mutual Commitment Event (Labor Schedule)

A mutual commitment event exists when an enterprise and an external business partner
have each agreed to exchange specified quantities of resources at a defined future time. In
the payroll process a labor schedule serves as a mutual commitment event. An employee
schedule is typically prepared by a supervisor with inputs from the employee as to when
the employee is and is not available to work. This is similar to a purchase agent’s prepara-
tion of a purchase order with input from a supplier as to the availability of goods or ser-
vices. The employee schedule represents a commitment by the employee to provide the
labor as specified and a commitment by the enterprise to pay the employee the contracted
wage rate for the labor provided. If the employee does not work his or her scheduled hours,
(as when a supplier doesn’t fill a purchase order for goods) the enlerprise is not obligated
to pay for those hours not worked.

Attributes of labor schedule events that typically should be captured include the date the
schedule was approved, the total dollar amount to which the schedule commits, and the
time period covered by the schedule (often in the form of a beginning date and an ending
date). The labor schedule should also be linked to data regarding the related labor types,
employees, supervisor, labor acquisition event, and labor requisition event. Data regard-
ing labor schedule events are often captured on a form such as that shown in Exhibit 12-6.
This form may be either a paper document, an electronic spreadsheet, or part of a software
application interface that is used to update the enterprise database.

The set of relational tables in Exhibit 12-7 correspond to Exhibit 12-3% entity-
relationship representation of the labor schedule event and the relationships in which it

EXHIBIT 12-6 Labor Schedule

Your Source Company
Employee Schedule __ 7
For Period April 1, 2010-April 7, 2010

Date Schedule Approved _ 3/4/2010 Approved by _ES5
Empl ID | Name 4/1/10 | 4/2/10 | 4/3/10 | 4/4/10 | 4/5/10 | 4/6/10 | 4/7/10 | Total hours
E15 Donna Davis 7-4 74 7-4 7-4 7-4 40
E16 Nancy Hardaway 9-6 9-6 96 9-6 96 40
E17 Joe Thompson 74 7-4 74 74 7-4 40
E18 Freda Matthews 7-2. 6
E19 John Matthews 7-2 6
E20 Paula Cosgrove 9-1 -1 9-1 o 9-1 9-1 9-1 28
E21 Rob Fordham 8-5 85 8-5 8-5 8-5 40
E22 Francis Johnson 8-5 8-5 16
E23 James Worthwhile 8-8 8-8 8-8 8-8 8-8 80
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LaborSchedule (Mutual Commitment) Event

Labor Date Schedule Total
SchedulelD Approved Begin Date End Date Dollar Amt SuperlDFK
LS7 3/4/2010 4/7/2010 $2,758.80 ES
LaborRequisition (Instigation) Event
i Maximum Budget  Estimated Budget Labor Request
LaborRegID Date for Request for Request SuperiDF«
LR/ 2/24/2010 $2,768.00 4/1/2010-4/7/2010 ES
ReservationLaborScheduleLaborType (Reservation1) Relationship
LaborSchedulelD LaborTypelD HoursScheduled
LS7 clz 80
LS7 us3 52
LS7 AP1 60
LS7 CT1 84
ParticipationLaborScheduleEmployee (Participation4) Relationship
LaborSchedulelD Scheduled EmployeelD Hours Scheduled Wage Rate
LS7 E15 40 $10.50
LS7 E16 40 39.75
Ls7 E17 40 $6.20
L57 E18 6 $5.90
157 E19 6 $5.90
LS7 E20 28 $8.50
LS7 E21 40 $9.00
LS7 E2Z 16 $8.25
LS7 E23 60 $15.00
DepartmentSupervisor (Internal Agent)
SuperiD Authorized Spending Limit
ES $425,000 (Continued)

participates (reservationl, fulfillmentl, fulfillment2, participation3, and participation4).
Other possible tables could be derived, depending on the relationship cardinalities. Data
from the form in Exhibit 12-6 have been entered into the database tables; however, some
of these data (e.g., labor type, supervisor, and employee information) would already have
existed in the database tables before the labor schedule data were added to the tables so
only the relationship information that links them to the labor schedule should be added for
those objects. The new data entered to record the labor schedule event are shown in color.

Economic Increment Event (Labor Acquisition)
Labor acquisition is the primary economic increment event in the human resource
process. This event represents the provision of labor to an enterprise by an employee. Each
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EXHIBIT 12-7

(Concluded)

The Human Resowvce Business Process

Employee (External Agent)

EmpID

E5

E15
E16
E1E
E18
E19
E20
E21
E22
E23
E36

Name

Patrick Wellesley
Donna Davis
Nancy Hardaway
Joe Thompson
Freda Matthews
John Matthews
Paula Cosgrove
Rob Fordham
Francis Johnson

James Worthwhile

Diane Bowersox

Address Telephone DateOfBirth  Rating  Position Type Wage
53125 Fenton Dr. 555-1112 March 4, 1958 Excellent Supervisor  Salary $35.50
149 Rovetta Dr. 555-9932 Feb. 3, 1954 Superior  Cashier Hourly $10.50
271 Rovetta Dr. 555-2117 June 11, 1956  Excellent Cashier Hourly $9.75
535 Olson St. 555-2277 Apr. 24, 1947  Excellent Custodian Hourly = $6.20
3214 Deerlake St. 555-1222 Aug. 6, 1940 Good Custodian  Hourly  $5.80
3214 Deerlake St 555-1222 Oct. 14, 1940 Good Custodian  Hourly  $5.80
5006 Jazz Ct. 555-5200 Apr. 18, 1958  Excellent Data Entry Hourly = $8.5€
4444 Zephyr Ln. 555-4545 June 4, 1975 Excellent Data Entry Hourly $9.00
1261 Mason Dr. 555-0129 May 5, 1980 Good Data Entry Hourly $8.25
5432 Wadsworth Ln  555-7777 Apr. 14, 1964  Superior Accountant Salary $15.00
9115 Wolfgang Ct  555-7244 Sept 15, 1963  Superior  Payroll Hourly $8.75

LaborType (Resource Type)

Item ID

€12
us3
AP1
CcT

Description Standard Hourly Wage
Cashier duties $10.00
Clean sales showroom and stockroom $6.00
Prepare quarterly sales tax return $15.00
Enter data for sales transactions $9.00

FulfillmentLaborAcquisitionLaborSchedule (Fulfillment2) Relationship

LaborSchedulelD LaborAcquisitioniD

Note: Participation3 relationship is implemented with SuperlD) posted into the Labor Schedule table. Fulfillment| relationship is implemented with RequisitionID
posted into Labor Schedule rable. Fulfillment2 data are not ver entered, assuming a time lag between schedule and labor acquisition.

instance typically covers a time period. The time period may be the same as the enterprise
pay period, or each day’s time worked by each emplovee may serve as an instance of the
labor acquisition event. Daily (or even more frequent) recording of labor acquisitions al-
lows for a more complete picture of the enterprise on a continual basis because the tims
lag between the company receiving the benefit of the economic increment event and the
recording of that benefit (and the related liability) is minimized.

The primary document prepared by the enterprise in conjunction with the economic in-
crement event is a timecard. Timecards may be completed on a daily, weekly, or other
basis. Timecards are typically completed by employees and approved by supervisors.
Timecards list the times employees started working (punched in) and stopped working
(punched out) for each day in the covered time period. In Exhibit 12—8 we illustrate a time-
card.

Relationships in which the labor acquisition event in the human resource process partic-
ipates typically include a fulfillment relationship (enabling the enterprise to trace which
labor schedule event the acquisition fulfilled), a duality relationship (allowing the enter-
prise to trace the related cash disbursements), a stockflow relationship (to trace the labor
type that was acquired), and participation relationships with the supervisor and employes.
Department supervisors are typically associated with labor acquisition events via participa-
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ne Card # _49 Pay Period _4/1/2010-4/7/2010

_'oy‘ee'iu E23 Employee Name _James Worthwhile

day 4/1  |Tuesday 4/2 |Wednesday 4/3 |[Thursday 4/4 |Friday 4/5 Saturday 4/6 |Sunday 4/7
ut |In| Out |In|Out |In|Cut |In|{ Out |In| Out |In|Qut!in|Out|In|Out |In|Qut |In|Out|in|Out|In|Out [In| Out
LR AN R e R A

‘hereby attest that | worked the hours recorded above.

ames S. Worthwhile 4/5/2010
Employee Signature Date
oroved by E5 Date: _ 4/8/2010
P

tion (responsibility) relationships. Employees serve as the external agents related to labor
acquisition events via participation relationships. Labor type is the resource typically asso-
ciated with the labor acquisition events via stockflow relationships in the payroll cycle.

The set of relational tables in Exhibit 12-9 correspond to Exhibit 12-3s entity-
relationship representation of the purchase event and the relationships in which it partici-
pates (stockflow 1, fulfillment2, participationS. participation6. and duality). Other possible
tables could be derived, depending on the relationship cardinalities. Data from the form in
Exhibit 12-8 have been entered into the database tables: however, some of these data (e.g.,
labor type and employee information) would already have existed in the database tables be-
fore the labor acquisition data were added to the tables so only relationship information
that links them to the labor acquisition event is added for those objects. The new data Lo
be added upon provision of labor by employees are shown in color.

omic Decrement Event (Cash Disbursement)

Cash disbursements are economic decrement events that decrease the enterprise’s cash bal-
ance. Cash disbursements in the payroll cycle may be made via paper cheek, electronic funds
transfer (direct deposit), or cash payment. Most enterprises use cither paper checks or direct
deposit to pay employees. Paycheck or direct deposit stubs typically contain information such
as gross pay, net pay, and the various withholdings that make up the difference between
gross and net pay (such as income tax, social security, medicare, health insurance premiums.
and retirement plan contributions). Exhibit 12-10 illustrates a direct deposit stub.

Cash disbursements may occur at various times during the human resource process. Most
enterprises pay employees only after acquiring labor from the employees. Some enterprises
do offer advances to employees; those are advance payments for which the employee is
obliged either to provide the corresponding labor or to repay the cash with interest. Attributes
captured regarding cash disbursements usually include a cash disbursement identifier (such
as a disbursement voucher number), date, amount paid, supplier identification (which may be
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EXHIBIT 12-9 Relational Tables Encompassing Labor Acquisition (partial data)

LaborAcquisition (Economic Increment) Event

AcquisitionlD  BeginDate EndDate Total Hours GrossPay  EmpliDf SuperiDFK
TC49 4/1/2010 41772010 60 $900.00 E23 ES

LaborSchedule (Mutual Commitment) Event

Labor Date Schedule Total
SchedulelD Approved Begin Date  End Date Dollar Amt LaborReqIDf  SuperID/
LS7 3/4/2010 4/1/2010 4/7/2010 $2,758.80 LR7 E5

StockflowlaborAcquisitionLaborType (Stockflow1) Relationship
AcquisitionlD LT-ID Hours Worked  Wage
TC49 AP1 60 $15.00

DualityLaborAcquisitionCashDisb Relationship
LaborAcquisitionIiD Voucher# Withholdings Amount

DepartmentSupervisor (Internal Agent)

SuperiD Authorized Spending Limit
kb $425,000

LaborType (Resource Type)

Item ID Description Standard Hourly Wage
€T Cashier duties $10.00
us3 Clean sales showroom and stockroom $6.00
AP1 Prepare quarterly sales tax return $15.00
i Enter data for sales transactions $9.00

FulfillmentLaborAcquisitionLaborSchedule (Fulfillment2) Relationship
LaborSchedulelD LaborAcquisitioniD
LS7 TC49

Employee (External Agent)

EmplD Name Address Telephone DateOfBirth Rating Position  Type Wage
ES Patrick Wellesley 53125 Fenton Dr. 555-1112 March 4, 1958 Excellent Supervisor  Salary $35.50
E15 Donna Davis 149 Rovetta Dr. 555-9932 Feb. 3, 1954  Superior Cashier Hourly $10.50
E16 Nancy Hardaway 271 Rovetta Dr. 555-2117 June 11, 1956 Excellent Cashier Hourly $9.75
E17 Joe Thompson 535 Qlson St. 555-2277 Apr. 24, 1947 Excellent Custodian Hourly $6.20

E18 Freda Matthews 3214 Deerlake St. 555-1222 Aug. 6, 1940 Good Custodian  Hourly $5.50
E19 John Matthews 3214 Deerlake St. 555-1222 Oct. 14, 1940 Good Custodian  Hourly  $5.88

E20 Paula Cosgrove 5006 Jazz Ci. 555-5200 Apr. 18, 1958 Excellent Data Entry Hourly $8358
E21 Rob Fordham 4444 Zephyr Ln. 555-4545 June 4, 1975  Excellent Data Entry  Hourly = $9.68
E22 Francis Johnson 1261 Mason Dr. 555-0129 May 5, 1980 Good Data Entry  Hourly $823
E23 James Worthwhile 5432 Wadsworth Ln  555-7777  Apr. 14, 1964 Superior Accountant Salary $15.00
E36 Diane Bowersox 9115 Wolfgang Ct  555-7244 Sept 15, 1963 Superior Payroll Hourly 3873

Note: Participation3 relationship is implemented with SuperlD posted into Labor Acquisition table. Participation® relationship is implemented with EmplID pestes
inte Labor Acquisition table. Duality data are not yet entered, assuming a time lag between Labor Acquisition and Cash Disbursement.
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EXHIBIT 12-10 Direct Deposit Notification

Your Source Company No. _49
Direct Deposit Notification

Employee ID _23

Income
Employee Name Time |Gross Tax FICA | Medicare
James Worthwhile Card | Pay WiH W/H W/H Net Pay

49 | $900 | $180.10 | $68.85 §13.05 | $638.00

Your Source Company No. _49

Voucher No. _89

Date _4/14/2010
James S. Worthwhile

Your net pay has been transmitted electronically (EFT)
to your financial institution according to your instructions.

an employee who supplied labor). employee identification (i.e., employee who wrote the
check), the account number from which the cash is disbursed, and the check number of the
payment. Exhibit 12—11 shows a set of relational tables that correspond to Exhibit 12-3’
entity-relationship representation of the cash disbursement event and the payroll cycle re-
lationships in which it participates (duality, stockflow2, participation7, and participation8).
Other possible tables could be derived, depending on the relationship cardinalities. As noted
in the acquisition/payment cycle chapter, additional tables are necessary to correspond to re-
lationships in which the cash disbursement event participates in other transaction cycles such
as acquisition/payment and financing. The tables shown in Exhibit 12-11 are applicable to
the human resource process. Data from the form in Exhibit 12-10 have been entered into the
database tables; however, some of these data (e.g., labor acquisition, cash, and employee in-
formation) would already have existed in the database tables before the cash disbursement
data were added to the tables. Only relationship information that links those objects to the
cash disbursements is added to the database upon the cash disbursement. The new data to be
added for the cash disbursement event are shown in color.

INFORMATION NEEDS AND MEASURES IN THE HUMAN
RESOURCE PROCESS

The most common information customers for the human resource business process include
top management, employees, accountants, and auditors. We next analyze each of the enti-
ties and relationships in the human resource process pattern to provide some ideas as to the
types of querics that may be needed to satisfy information needs in the payroll cycle. The
queries presented are not a comprehensive set of queries because there are simply too
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EXHIBIT 12-11 Relational Tables Encompassing Cash Disbursement Event (partial data)

CashDisbursement (Economic Decrement) Event

Disb Voucher Dollar Check Cash Payroll

Voucher ID Date Amount Number AccountIDFK ClerkiDF®  PayeelD¥
88 4/14/2010 $2,028.46 40404 Ca123501 E36 Ca%87654
89 4/14/2010 $638.00 49 Cag87654 E36 E23

Cash (Resource Type)

CashAccountiD AccountType Location
Ca123501 Checking 1%t Local Bank
Caf%87654 Imprest checking 15t Local Bank

DualityLaborAcquisitionCashDisb Relationship
LaborAcquisitionlD  Voucher# Withholdings Amount
TC49 89 $262.00

LaborAcquisition (Economic Increment) Event

AcquisitionlD  BeginDate EndDate Total Hours  GrossPay  EmplIDF¢  SuperIDF
TC49 4/1/2010 4/7/2010 60 $900.00 E23 ES

PayroliClerk (internal Agent)
PayroliClerkiD  Fidelity Bond Rating

E36 AA

Employee (External Agent)

EmplD Name Address Telephone DateOfBirth  Rating Position Type Wage
ES Patrick Wellesley 53125 Fenton Dr. ~ 555-1112 March 4, 1958 Excellent Supervisor  Salary $35.50
E15 Donna Davis 149 Rovetta Dr. 555-9932 Feb. 3, 1954  Superior Cashier Hourly $10.50
E16 Nancy Hardaway 271 Rovetta Dr. 555-2117 June 11, 1956 Excellent Cashier Hourly  $9.75
E17 Joe Thompson 535 Olson St. 555-2277 Apr. 24, 1947 Excellent Custodian  Hourly '~ $6.20

E18 Freda Matthews 3214 Deerlake St. 555-1222 Aug. 6, 1940 Good Custodian Hourly — $5.50
E19 John Matthews 3214 Deerlake 5t.  555-1222 Oct. 14, 1940 Good Custodian  Hourly  $5.90
E20 Paula Cosgrove 5006 Jazz Ct. 555-5200 Apr. 18, 1958 Excellent Data Entry  Hourly. - $8.50
E21 Rob Fordham 4444 Zephyr Ln. 555-4545 June 4, 1975 Excellent Data Entry  Hourly = $9.00
E22 Francis Johnson 1261 Mason Dr. 5550128 May5, 1980 Good Data Entry  Hourly  $8.25
E23 James Worthwhile 5432 Wadsworth Ln 555-7777 Apr. 14, 1964 Superior Accountant Salary  $15.00
E36 Diane Bowersox 9115 Wolfgang Ct  555-7244 Sept 15, 1963 Superior Payroll Hourly  $8.75

Note: Stockflow?2 is implemented with Cash AccountlD) posted into Cash Disbursement table. Participation7 is implemented with PayrolIClerkID posted into Casss
Disbursement table, Participation8 is implemented with PaveelD posted into Cash Disbursement table.
many potential queries to list them all; however, the following set should provide you guid-
ance for creating similar queries. To describe example queries needed in the payroll cvels
use the database tables in Exhibits 12-5, 127, 12-9, 12-11.

Resource Queries in the Human Resource Process

Labor type and cash are the resources that most commonly exist in the human resource
process. For each resource, users may need any of the following:
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Detailed status information at one or more points in time for each resource instance.

Detailed status information at one or more points in time for only those resource in-
stances meeting specified criteria.

Summarized status information at one or more points in time for all resource instances.

Summarized status information at one or more points in time for only those resource in-
stances meeting specified criteria.

With regard to each list item, users may need to know all characteristics of the instances
in the answer set, or they may need only a subset of the characteristics.

Labor is typically tracked only at the type level. Cash is tracked by the accounts in

which the cash is stored. Some example queries based on the tables in this chapter are as
follows:

What are the descriptions for all labor types for the enterprise? Use the labor type table;
display all fields.

Which labor types have standard hourly wage rates less than $10? Use the LaborType
table; enter criterion <10 in the StdHourlyWageRate ficld; display labor type description.
Does the enterprise own any imprest cash accounts? Use the Cash table; enter crite-
rion LIKE *imprest® in the AccountType field; display the cash account ID (notice the
LIKE command coupled with the wild card * symbols identifies any account type that
includes the word imprest in the type name).

What is the average standard hourly wage rate for all labor types? Use the LaborType
table; apply the AVG aggregation function to the standard hourly wage field.

Event Queries in the Human Resource Process
Users may need information regarding events. The most common events in the human re-
source process are labor requisitions, labor schedules, labor acquisitions, and cash dis-
bursements. For each of these types of events, users may need any of the following:

-

Detailed information about each event instance.
Detailed information about each event instance that meets specified criteria.
Summarized information for all instances of an event type for a specified time period.

Summarized information for only those instances of an event type for a specified time
period that meet specified criteria.

Some example queries to satisfy information needs regarding events in the human resource
process are (among many other possibilities) as follows:

What is the maximum budget amount for labor requisition LR7? Using the LaborReq-
uisition table, enter criterion =LR7 in the labor requisition ID field; display the maxi-
mum budget for request field.

When was labor schedule LS7 approved? Using the LaborSchedule table, enter crite-
rion =LS7 in the labor schedule ID field; display the date schedule approved field.
How many days of labor arve included on labor acquisition TC49? Using the LaborAc-
quisition table, enter criterion =TC49 in the acquisition ID field; create an expression to
subtract the begin date field from the end date field.
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* How many cash dishursements were made on 4/14/2010? Using the CashDisbursement
table, enter criterion =4/14/2010 in the voucher date field; apply COUNT aggregatios
function to the disbursement voucher ID field.

= What is the dollar value of wages expense for April 20107 Using the LaborAcquisitice
table, enter criteria >=4/1/2010 in begin date field and <=4/30/2010 in the end dass
field; apply the SUM aggregation function to the gross pay field. Note: This query r=-
veals the need for companies to track labor acquisitions at a finer level of detail than =
this example. When the desired wages expense period includes only part of the time-
card period, it is impossible to isolate the portion of the gross pay applied to the desizec
wages expense period.

Agent Queries in the Human Resource Process
The agents commonly involved in human resource processes are the employees froes
whom labor is acquired, the department supervisors who authorize labor acquisitions. amd
the payroll clerks who generate the paychecks (cash disbursements). Queries may 5=
needed to obtain any of the following:

« Detailed status information at one or more points in time for each employee.

* Detailed status information at one or more points in time for each employee who mess
specified criteria.

* Summarized status information at one or more points in time for all employees.

= Summarized status information at one or more points in time for all employees W&o
meel specified criteria.

Some example queries based on the tables in this chapter are as follows:

*  What are the names and positions of the employees who have been rated as excellem™
Using the Employee table, enter criterion =Excellent in the rating field; display &
name and position fields.

* What is the average wage of the data entry employees? Using the Employee table, ez
criterion =Data Entry in the position field; apply the AVG aggregation function o S5
Wage field.

* What are the names and birth dates of emplovees who were born in 1960 or eariies
Using the Employee table, enter criterion <=12/31/1960 in the date of birth field: &%
play the name and date of birth fields.

Relationship Queries

Combining information from various resource, event, and agent tables in accordance wit
the relationships in which they participate can provide much richer data than single s
queries. We next discuss queries based on the various types of relationships in the basas
TESOUTCE Process.

Duality Relationship Queries in the Human Resource Process
The duality relationship set in the human resource process connects labor acquisitioss W
cash disbursements, as it represents exchanges of cash for labor. Information nesds i
respect to duality relationships in the human resource process include (among othes s
sibilities):
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Calculation of the outstanding wages payable balance at a point in time.
Identification of the labor acquisition for which a cash disbursement was made.
Identification of cash advances made to employees.

Identification and calculation of amounts withheld from gross pay amounts for em-
ployee and employer payroll-related taxes.

Based on the tables in this chapter, duality queries could investigate

Had labor acquisition TC49 been paid for as of 4/10/20107 Join the LaborAcquisition
table to the DualityLaborAcquisitionCashDisb and CashDisbursement tables; enter cri-
teria =TC49 in the acquisition 1D field and <=4/10/2010 in the voucher date field.

What total dollar amount was withheld from payroll checks during the month of April
20107 Join the DualityLaborAcquisitionCashDisb table to the CashDisbursement table;
enter criteria BETWEEN 4/1/2010 and 4/30/2010 in the cash disbursement dollar
amount field; apply the SUM aggregation operator to the cash disbursement dollar
amount field.

What is the balance of wages payable as of April 30, 20107 Query 1: Wages payable
are increased by gross pay amounts that represent the cost of labor acquired. To find the
gross pay amounts for labor acquisitions that occurred through April 30, 2010, use
the LaborAcquisition table: enter criterion <=4/30/2010 in the end date field; apply the
SUM aggregation operator to the gross pay field. Query 2: Wages payable are de-
creased by net pay amounts of paychecks and by withholdings amounts. To find the pay-
check and withholdings amounts that occurred through April 30, 2010, join the Dual-
ityLaborAcquisitionCashDisb table to the CashDisbursement table; enter criterion
<=4/30/2010 1n the cash disbursement voucher date; apply the SUM aggregation oper-
ator to the cash disbursement dollar amount field and also to the withholdings amount
field. Query 3: Subtract the two sums calculated in query 2 from the sum calculated in

query 1.

Stockflow Relationship Queries in the Human Resource Process
Stockflow relationships in the human resource process represent the connections between
resources labor type and cash and the economic events that increase labor and decrease
cash. Some common stockflow information needs in the human resource process (among
other possibilities) are

Which cash account was decreased by a cash disbursement?

What is the total dollar amount of cash disbursements made from a specified cash ac-
count during a time period?

What quantity of each labor type was acquired by a labor acquisition event?
How many different labor types were acquired by a labor acquisition event?
Which labor acquisitions have involved a specified labor type?

Based on the example tables in this chapter, stockflow queries could investigate:

What is the total dollar amount of cash dishursements that were made from imprest
checking accounts during the month of April 20107 Join the CashDisbursement table to
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the Cash table; enter criteria LIKE *imprest® in the account type field and BETWEEN
4/1/2010 and 4/30/2010 in the voucher date field; apply the SUM aggregation operatos
to the dollar amount field,

* How many different types of labor were acquired on labor acquisition TC49? Join the
LaborAcquisition table to the StockflowLaborAcquisitionLaborType table; enter crize-
rion =TC49 in the acquisition ID field; apply the COUNT aggregation operator to the
labor type field.

Fulfillment Queries in the Human Resource Process

The fulfillment relationships that are typically materialized in the human resource process
represent associations between the labor schedules and Tabor acquisitions (the acquisitions
fulfill the schedules) and between the labor requisitions and labor schedules (the schedules
fulfill the requisitions). Fulfillment relationship queries in the human resource process =
general include:

¢ Identification of unfilled commitment events (e.g., schedules for which work has not y&
been performed, requisitions for which schedules have not vet been develaped).

* ldentification of filled commitment events (e.g.. schedules for which labor was ac-
quired. labor requisitions for which schedules were developed).

* Identification of economic events for which commitments were not made (e.g., labos
acquisitions that were not scheduled).

¢ Identification of results of commitment events (e.g., which labor acquisitions resuli=d
from a labor schedule, and were there any discrepancies between the scheduled and ac-
tual acquisitions).

Based on the example tables in this chapter, questions such as the following could be an-
swered via fulfillment relationship queries in the human resource process:

* Has baking order PO4 been fulfilled? Join BakingOrder table to CookieBatch table
with an outer join keeping all baking orders: include bakingorder ID from BakingOrder
table and batch 1D from CookieBatch table; set criteria to s¢lect baking order =PO4.

© Have any ingredient issuances occurred that were not related to ingredient requisi-
tions? Join Ingredientlssuance table to IngredientlssuanceFulfillsIngredientRequisition
table with an outer join keeping all ingredient issuances; include issuance ID from In-
gredientlssuance table and ingredient requisition number from IngredientIssuanceFul-
fillsIngredientRequisition table; set criteria to select null ingredient requisitions.

* What is the average length of time between baking orders and cookie batches for this
company? Because this involves a date/time calculation, you should not attempt this i
Microsoft Access.

* What baking order triggered cookie batch W.J2? Join CookicBatch table to Cook-
ieBatchFulfillsBakingOrder table using cookie batch ID; include baking order ID; set
criteria to select batch 1D =WJ2.

Reservation Queries in the Human Resource Process

The reservation relationship that is typically materialized in the human resource process rep-
resents the associations between labor schedules and the types of labor the schedules comm
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to acquire. Some enterprises also materialize the reservation associations between the labor
schedules and the cash the schedules commit to decrease. Therefore reservation relationships
in the human resource process commonly are used in queries to satisfy information needs as
to the eventual effect of labor schedules on cash or as to the labor types involved in labor
schedules. Some common information needs (among many others) in the payroll cycle are

= What labor type or types is a labor schedule agreeing to acquire?

= How many hours of a specified labor type is a labor schedule committing to acquire?
»  What is the dollar value of cash reserved by a labor schedule?

= On what dates is a labor schedule committing to acquire a specified labor type?

Based on the example tables in this chapter, questions such as the following could be an-
swered via reservation relationship queries in the payroll cycle:

«  What are the descriptions of the labor types that labor schedule LS7 is committing to ac-
quire? Join the ReservationLaborScheduleLaborType table to the LaborType table; enter
criterion =LS7 in the labor schedule 1D field; display the labor type description field.

« How many hours of cashier dulies does labor schedule LS7 commit to acquire? Join
ReservationLaborScheduleLaborType table to the LaborType table; enter criteria LIKE
*eashier™ in the labor type description field and =LS7 in the labor schedule 1D field;
display the hours scheduled field.

Participation Queries in the Human Resource Process

Participation relationships in the payroll cycle typically represent the associations between
labor requisitions, labor schedules, labor acquisitions, and cash disbursements and the em-
ployees who authorize those events (typically supervisors for labor acquisition and payroll
clerks for cash disbursements) and the employees who accomplish those events (typically
a generalized employee entity set). Therefore participation relationships are commonly
used in queries to satisfy information needs to identify employees who participated in
events or as to the events in which specified employees participated. Some common pay-
roll eycle information needs are

« Which department supervisor authorized a labor requisition?

« By how many labor schedules has an employee been scheduled to work?

= How many hours did an employee work on a labor acquisition?

» How many labor schedules has a specific department supervisor authorized?
« Which payroll clerk issued a specific cash disbursement?

Based on the tables in this chapter, questions such as the following could be answered via
participation relationship payroll cycle queries:

o What is the name of the supervisor who authorized labor requisition LR7? Join the
LaborRequisition table to the DepartmentSupervisor and Employee tables; enter crite-
rion =LR7 in the labor requisition ID field and display the supervisor name field.

o What are the names of the employees who were scheduled on labor schedule LS7? Join
the ParticipationLaborScheduleEmployee table to the Employee table; enter criterion
=LS7 in the labor schedule ID field and display the employee name field.
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o Who worked on labor acquisition TC49 and how many hours did the employes wani™
Join the LaborAcquisition table to the Employee table; enter criterion =TC49 in & 5
quisition 1D field; display the employee name field and the total hours field.

CONCLUDING COMMENTS

This chapter presented an overview of the activities in the human resource process and
cussed the extended REA pattern as it is applied to this process. Information needs 2
ciated with the human resource business process were also described in this chapses
though those identified are not a comprehensive list. An enterprise with an
system based on the REA pattern is able to satisfy most (if not all) of the information me=
by constructing queries based on its database tables.

Key Terms and Concepts

Budget, 390 Employee knowledge and Paycheck, 389
Cash disbursement skills, 386 Payroll clexk, 400
event, 397 Fulfillment Reservation

Direct deposit, 395
Duality relationship, 394
Economic decrement

event, 387 event, 392 Timecard, 394
Economic increment Labor type resource, 389 Training, 3835
event, 393 Participation Withholdings, 395

Employee, 385

Review Questions

relationship, 394
Imprest cash account, 399
Labor acquisition

relationship, 394

relationship, 402
Schedule, 390
Stockflow relationship. #

o1 R1. What is the primary objective of the human resource process?

oz R2. How is the human resource process related to the conversion process, the sales's
lection process, the acquisition/payment process, and the financing process?

tor  R3. What is the difference between a timecard in the payroll process and a job time moks
in the conversion process?

101 R4. Which functions in the human resource process are typically thought of as perses
functions, and which functions are typically thought of as payroll functions?

102 RS. Identify the resources, internal agents, external agents, and possible locations assaes

ated with each of the following business events in the human resource process:

a. Schedule (commitment to increment) event
b. Labor acquisition (economic increment) event
¢. Budget (commitment to decrement) event

d. Cash disbursement (economic decrement) event
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1o+ R6. Describe the information required by each of the following in performing their role
in the human resource process:
a. Management
b. Payroll
¢. Accounting
d. Personnel

Multiple Choice Questions

o, 102 MCIL. Which document typically represents the same phenomena as the labor acquisition

(economic increment) event?
A. Payroll register
B. Operations list
C. Timecard
D. Schedule

roz  MC2. The labor acquisition process represents the point of contact between the enterprise
and which set of external business partners?
A. Investors and creditors
B. Suppliers
C. Customers
D. Employees

oz MC3. The resource made available by the human resource process to the conversion
process in a typical enterprise value chain is
A. Inventory
B. Property, plant, and equipment
C. Labor
D. Cash

o2 MC4. Which of the following entities are usually paired in a stockflow relationship in the
human resource process?
A. Labor acquisition and employee
B. Labor type and schedule
C. Cash and cash disbursement
D. Employee and supervisor i

1oz  MCS. Which of the following events reflects the commitment of the emt:rpnse to receive
an employee’s labor for a future time period? -
A. Schedule
B. Labor acquisition
C. Cash budget
D. Cash disbursement

Discussion Questions
1os DI, How do you compute the dollar amount of wages payable for financial statement pur-
poses using a database designed with the REA ontology?
o1 D2. How does training provided to employees affect the resources in the human resource
process?
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1os  D3. Consider the tables in Exhibit 12-7. Describe the necessary procedures fo conss
a query to determine the number of hours for which Freda Matthews is schedits
work during the first week of April 2010.

105 D4. Consider the tables in Exhibit 12-5. Describe the necessary procedures to conssy
a query to determine the total number of labor hours needed for unfulfilled labes =
uisitions.

Applied Learning
103 Al. Customers engage Kravenhall Katering to provide food and beverages at upses

ties. When notified about an upcoming party, one of Kravenhall’s supervisors m
termine staffing needs. The supervisor records the number of hours required
type of labor (e.g., cooking a ham, baking a cake, serving food, or bartending) &
stalling plan for the catering job. The supervisor also notes on the staffing plan whss
the client has requested any specific employees for the catering job. The supervises
creates a schedule for the catering job by calling the employees who have &
needed for each type of labor and verifying their availability and willingness o pas
pate in the catering job for a specified wage rate. The schedule lists cach emplos
the date and hours the employee will need to work on this job. When the catenme

occurs, details of the hours worked by each employee are recorded on a timecase ¥
supervisor verifies the accuracy of each timecard and sends them to the payroll des
ment. On the 15th and last day of each month, a payroll clerk summarizes cacs &
ployee’s timecards for catering jobs in the current pay period. The clerk calculatss &
pay, withholdings, and net pay dollar amounts and enters the payment informatios
the database. The net pay amounts are transferred to the employees’ bank accouss &
direct deposit and a pay stub is given to each employee for recordkeeping purposs

Cash disbursements are tracked via voucher number, since check numbers sa8
rect deposit numbers for different checking accounts may overlap. Kravenhalls &
accounts are all located in banks; Kravenhall has multiple accounts in some 58
and single accounts in other banks. For example, Kravenhall has checking. ss
and money market accounts at First Metro Bank and only a certificate of deposs
count at Uniontown Bank. Information about banks is only entered into Kraves
system after information is entered about the accounts in those banks. Less thas
of the payments Kravenhall issues are for payroll; other checks are written &
dors, stockholders, lenders, and so on. Payroll clerks only process payroll payme
employees in various other positions process nonpayroll payments.

After labor type information is entered, Kravenhall needs to determine and
the various skill types (e.g., baking skill or bartending skill) and the degree o §
level (i.e., high, medium, or low) needed for each type of labor. For example &%
labor type bake a souffle. a high degree of baking skill may be needed: whesess
the labor type bake a cake, a low degree of baking skill may suffice. To aid @ &=
uling. Kravenhall wants to be able to look up the degree of each skill type saes
ployee possesses and the means by which the employee acquired the skill (e &
taking a class, through experience, or by some other means). Therefore afies &
mation about employees is entered into the system, information describing £ |
types each employee possesses must also be entered.
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a. Prepare an REA business process level model for Kravenhall in ER diagram or
grammar format including all relevant entities, relationships, attributes, and partici-
pation cardinalities. The following attributes are of interest to Kravenhall and should
be included in your solution. Do not add or subtract any attributes.

Payroll clerk ID

Employee ID

- Voucher number

‘Employee schedule D

Cash account number

Check or direct deposit number

Supervisor ID

Staffing plan number

Labor type description

Bank name

Check or direct deposit amount

- Employee name

Standard wage rate for labor type

Timecard date

- Maximum number of subordinates allowed for
4 supervisor

Total scheduled hours for each labor type on
an employee schedule

Standard wage rate for a labor type used on

~a staffing plan

Means by which an employee acquired a skill type
Degree of a skill type possessed by an employee
Estimated wage rate for each labor type on

- an employee schedule

Bank ID

b. Convert your REA business process level model into a setf

structures.

" Answers to Multiple Choice Questions

Check or direct deposit date
Cash account type
Employee phone number
Timecard number

Labor type ID

Date staff plan approved
Bank address

Payroll clerk fidelity bond rating

Employee address

Date employee schedule approved

Skill type 1D

Skill type description

Degree of skill type required for a labor type
Requested hours on a staffing plan for each ty
of labor 3
Total hours worked by each employee ona /
timecard 4
Negotiated wage rate for each cmplﬂyee: &
employee schedule F
Actual wage rate for an employee on/
Total scheduled hours for each emp
employee schedule F 4
Amounts mthheld from paym p
timecard

to fund

ke busi-
from the
des'collec-

MCI. C; MC2. D; MC3. C; MC4. C; MCS. A.

d paying for

igies i the fi-

m an external
nse 15 new, be-
may have insuf-
en cash outflows
i or 2dd capacity.
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hapter Thirteen

The Financing
Business Process

LEARNING OBJECTIVES

The objectives of this chapter are to introduce the financing business process, to
discuss the REA ontology representation of financing processes, and to describe
some typical information needs in the financing business process. After studying this
chapter you should be able to:

1. Identify the activities and documents common to most financing business
processes

. Explain the various components of the REA ontology in the financing process
. Create a REA business process level model for an enterprise’s financing process
. Identify common information needs that exist within the financing process

vl B ow N

. Create database queries to retrieve financing process information from a
relational database

CING BUSINESS PROCESS IN AN ENTERPRISE
UE SYSTEM

The financing business process provides the capital resources an enterprise needs to fund
all aspects of its operations. A substantial portion of cash is used to fund two of the busi-
ness processes we have discussed already: the acquisition/payment process and the human
resource process. Much of the cash available to the financing process comes from the
sales/collection process. However, when insufficient cash is available via the sales/collec-
tion process, other financing alternatives are used.

The financing process includes the activities associated with acquiring and paying for
the use of cash through various debt and equity financing mechanisms. Activities in the fi-
nancing process are triggered by an enterprise’s need to obtain cash from an external
source. The most obvious time of need for external cash is when an enterprise is new, be-
fore it has engaged in any operations. However, at other times enterprises may have insuf-
ficient internal cash available either because of timing differences between cash outflows
and expected cash inflows or because of the need to expand operations or add capacity.

409
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EXHIBIT 13-1
Financing
Process in the
Enterprise
Value System

One mechanism for acquiring cash is debt financing, whereby the enterprise borrows cass
from one or more external business partners for a specified period of time and with the
agreement that the enterprise will pay a specified interest rate as well as repayment of
the principal balance. Another mechanism for acquiring cash is equity financing, wherebs
the enterprise issues shares of stock (that represent the right to share in various ownership
interests) in exchange for cash.

The financing process is in essence a special case of the acquisition/payment cycle; =
it the enterprise acquires and pays for various types of financing. Because different infor-
mation needs often exist with respect to the acquisition and payments for cash as compared
to the exchange of cash for goods and services, the financing cycle is usually maintained
as a separate transaction cycle. In this chapter we discuss the strategy, objectives, and na-
ture of the financing process.

As you analyze and model a business process, you must clearly understand its purposs
and objectives. You must realize how the business process fits into the value system ang
enterprise value chain. At the value system level, the financing process is the point of con-
tact between the enterprise and its investors and ereditors. The enterprise gives cash to its
investors and creditors in exchange for cash they previously provided to the enterprise. 2=
highlighted in Exhibit 13-1.

The value chain reveals interfaces between the financing process and other business
processes. Exhibit 13-2 illustrates the typical value chain interfaces.

The arrows in Exhibit 13-2 depict the financing process accepting responsibility fos
cash made available by the revenue process and making cash available to the payroll anc
general acquisition/payment processes. The payroll process disburses that cash in ex-
change for acquisition of labor from employces. The general acquisition/payment process
disburses that cash in exchange for acquisitions of goods and services from suppliers. Cass
received in the revenue process is made available to the financing process wherein it is dis-
bursed to investors and creditors in exchange for the earlier described cash receipts or it &=
reinvested in the enterprise by being made available to the various acquisition processes.

The primary objective of the financing process is to provide the financial capital the en-
terprise needs to function efficiently and effectively. The objectives of this process are 2o
have the liquid funds needed to run the enterprise while not letting cash sit idle. Sufficiens
cash availability enables enterprises to purchase in quantity to obtain more favorable prices

Investors and [Cash
creditors
Cash
Goods
Goods, P :
Suppliers  |services ol Customers |
(vendors) Cash
Cash
Employees
Cash
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Cash
receipt

Cash
disbursement

Payroll
process

Labor
acquisition

Cash
disbursemsnt

Acquisition/
payment

process

Acquigition

and to take advantage of cash discounts. Having cash available to pay obligations on time
and the ability to pay in cash give an organization a great deal of power.

We begin our business process level discussion of the financing cycle by reviewing
some of its more common events. Two important reminders before we begin the discus-
sion: Because we discuss the activities in a sequential fashion, it may seem that the fi-
nancing process is linear. That is not necessarily true. Increasingly, business processes and
the activities that comprise those processes are dynamic. rather than linear and static. Al-
though the specific workflow activities differ in various enterprises’ financing processes,
we discuss the pattern for the information system’s base objects that has been identified as
common to most financing processes. Also, remember the activities in this process are
linked to and sometimes overlap activities in other processes. We are concentrating on one
process at a time to simplify our analysis.

CING BUSINESS PROCESS LEVEL REA MODELS

Recall that the extended REA ontology described in Chapter 4 and illustrated in Exhibit
13-3 identifies the pattern underlying each transaction cycle, which consists of instigation
events, mutual commitment events, cconomic exchange events, resources, agents, types,
and various relationships such as stockflow, duality, fulfillment. reservation, proposition,
and participation. In this section we describe the extended REA ontology components spe-
cific to the finance business process.

We remind you that instigation events and the relationships in which they participate
(such as proposition) are not part of the published REA ontology. We have added them to
the business process level models in this text as a convenient means of fleshing out the
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EXHIBIT 13-3 Generic Financing Cyele Extended REA Ontology Database Design Pattern

Cash
raquisition ~ Partici-
(instigation event) pation1

Financing
agreement

(mutual
commitment event)

Internal

Cash
resource

Cash receipt
(economic

increment event)
Dividend Cash disbursement
declaration {economic
{commitment decrement event)
event)

External
agent

Note 1: This diagram does not attempt o differenijate internal agents for the various types of events; for some enterprises one category of employee may parsoses
in all these events: for others there may be several categories of emplovees involved. For most enterprises, financing requisitions and financing agreements are S
responsibility of finuncing officers, cash receipts are the responsibility of cashiers, and cash disbursements are the responsibility of accounts payable clerks.

Note 2: The diagonal slash in the bottom right corner of an entity indicates the entity isa copy of an entity that was already used elsewhere on the diagram. & st
avoid crossing too many lines and thereby creating confusion in an emtity-relationship diagram.

Note 3: Fulfillment3 relationship applics only to debt linancing agreements: Reciprocal relationship and Fulfillmentd relationship apply only to equity financiss
AgreIments.

complete story of each business process. A proposal is made in the instigation event. Ths
proposal is acted upon and a mutual agreement is reached in the commitment eves
The mutual commitment is fulfilled by the cconomic events that comprise the exchange o
resources. These base objects exist in every cycle for every enterprise; however, it may et
be cost-effective to measure and store the details of all these phases.

The REA pattern aids in analyzing business processes and events by highlighting &=
what (the resources involved in the event) and the who (the internal and external agents) a8
each event. Notice that the where and the when are often stored as attributes of each evems
The events, agents, and resources involved in the financing process vary somewhat from e=-
terprise to enterprise. The general pattern discussed in this chapter can be easily adapted ==&
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applied to meet the exact financing requirements of any enterprise (e.g., nonprofit or gov-

ernmental agencies, wholesalers, retailers, service providers, or manufacturers).

£5

Cash is both the resource acquired and tfie resource grven in the financing process, Cash
is represented in an enterprise system as the various stores of cash owned by the enterprise.
Bank accounts, petty cash accounts, on-hand cash accounts, and other types of cash ac-
counts are all potential instances of the cash resource for an enterprise. The cash resource
is a type entity. because it is normally not practical and cost-effective to identify and rep-
resent the serial number of each piece of currency owned by an enterprise; rather the
amounts of currency and coin and negotiable cash instruments (such as checks or money
orders) are combined into cash accounts of various types such as checking, savings, or
petty cash. The attributes typically eaptured to represent cash accounts include an identi-
fier, a name for the cash account, the type of cash account it is (e.g., savings or checking),
the location, an account number assigned by the financial institution in which the account
is located (if applicable), and the balance of the account. Because cash account balance is
a volatile derivable attribute, it should only be included in a relational database table for
cash if the database software allows the use of triggered update fields. Otherwise, a stored
query may be created and reused for quick retrieval of the cash account balance attribute.

ation Events—Need Identification and Request for Cash

Finaneial officers typically determine the need for cash by monitoring enterprise growth
(or lack thercof). production plans, sales forecasts, employee turnover, and other trends and
projections, and creating a cash flow budget that incorporates expected cash receipts from
the sales/collection and financing processes and expected cash disbursements from the var-
ious acquisition/payment processes, Forecasted cash shortfalls result in decisions to ac-
quire cash from external sources via either debt or equity financing. This identification of
need for cash is often labeled as a cash requisition event as shown in Exhibit 13-3. The
cash requisition event is fulfilled by the financing agreement.

Agents involved in instigation events in the financing cyele usually are financial officers
(internal agents who authorize the requisitions) and investors/creditors (external agents).
Attributes of cash requisitions that typically should be captured include the date, time, and
dollar amount of the requisition. The requisition event data should also be linked to data
regarding the related financial officer, investor and/or creditor, and the type of financing
agreement requested. Documentation of need identification for cash may vary widely.
Some enterprises use a cash requisition form that looks much like a purchase requisition
form as shown in the acquisition/payment cycle chapter. Others simply issue a memoran-
dum summarizing the need for additional cash and the mechanism by which the enterprise
proposes to obtain the cash. In Exhibit 13-4 we illustrate a cash requisition form.

The set of relational tables illustrated in Exhibit 13-5 correspond to Exhibit 13-3%
entity-relationship representation of the cash requisition event, the relationships in which it
participates (proposition, fulfillmentl, participationl, and participation2), and the related
entities (cash, financing agreement, financial officer, and proposed investor/creditor). Alter-
native tables could be derived depending on the relationship cardinalities. Data from the
form in Exhibit 13— have been entered into the database tables; however, some of these
data (c.g.. cash account, employee information, and investor/creditor information) would
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EXHIBIT 13-4 Cash Requisition Document

YOUR SOURCE COMPANY
CASH REQUISITION No.

Date Prepared: Prepared by: Date Needed: Suggested Source
4/05/2010 E64 5/2/2010 V41 3
Cash Amount

Account Needed Reason Needed

Ca123501 $1,450,000 | Cash Flow Budget created 4/05/2010 for the fiscal year reveaIs
$1,429,413 cash shortfall due to expansion plans

‘Approved by: Approval Signature: Date Approved
E62 4/15/2010

already have existed in the database tables before the requisition data were added 3 ',
bles so only the relationship information that links them to the event is recorded e
objects. New data that would be entered as a result of the labor requisition event ars &5
in color.

Mutual Commitment Event (Financing Agreement)

A mutual commitment event exists when an enterprise and an external business par
cach agreed to exchange specified quantities of resources at a defined future time. Becass
financing and equity financing are different financing mechanisms, with different inf
needs resulting from the commitment agreements for each, most enterprises need to s=
represent financing agreements involving debt and equity. For debt financing, the muss
mitment is called a loan contract, a promissory note, a mortgage, or a bond certificate. &
uity financing, the mutual commitment is typically called a stock issuance commitment &
The primary difference between debt financing and equity financing is the specification zm
ing of the resulting cash inflows and outflows. Debt financing agreements usually spe
terminable dollar amount and timing of the cash inflow (loan proceeds) and of the cash
(loan repayments). That 1s not to say that the exact dollar amounts are certain; in fact. ¢
dollar amounts may vary depending on the timing of the cash flows. Equity ﬁnan'cilg_
ments specify a determinable dollar amount and timing of the cash inflow (stock p =
ever, the cash outflows (dividend payments or stock repurchases) are less certain about Has
timing and the dollar amounts. Investors buy enterprise stock (and thus provide cash o &
terprise) with the expectation of getting cash back in the form of dividend payments anc
appreciation so they can sell the stock in the stock market for more than they paid for &

Attributes of debt financing agreement events that typically should be captured =
the agreement date, the total dollar amount to which the agreement commits, the s
rate that applies to the agreement. and the maturity date of the agreement. The
nancing agreement should also be linked to data regarding the cash account into whs
proceeds are deposited, the financial officer responsible for the loan, the creditws &
which the financing was acquired, the resulting cash receipt and cash disbu
events, and the cash requisition event the agreement fulfills. Debt financing agreemess
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' 13-5 Relational Tables Encompassing Cash Requisition Event

(Instigation) Event
Date Dollar Amount Requested  OfficerlD™®  Suggested Investor/Creditorfk
4/15/2010 $1,450,000 E64 V41

“ashReqCashAcct (Proposition) Relationship
CashAc¢countiD Amount Needed
Ca123501 $1,450,000

er (Internal Agent)
Authorized Debt Limit
$2,500,000

ot (External Agent)
Name Address Telephone  Performance Rating
First Chance Bank 43221 Financial Institute Way  555-5576 Excellent
e Type)
D AccountType Location

Checking 1¢t Local Bank

wcingAgreement (Mutual Commitment) Event
LoanDate MaturityDate  InterestRate Amount  CashReqglDF« CreditorIDFX  OfficeriDFK

Fina) cingAgreement (Mutual Commitment) Event

IssueDate  Type #shares  Par Value Amount  CashRegIDF¢ InvestoriDF¢  OfficerlDFX

1 relationship is implemented with CashReqID posted into Debt Financing Agreement table and with CashReqlD posted into Equity Financing Agreement
“on| relationship is implemented with Suggested Investor/CreditorlD posted into Cash Requisition table. Participation2 relationship is iuplemented with

it into Cash Requisition table. Fulfillment] data are not yet entered. assuming a time lag between cash requisition and finaneing agreements.

typically represented on paper as promissory notes or as bond certificates. In Exhibit 13-6
we illustrate a promissory note, and in Exhibit 13-7, a bond certificate.

Attributes of equity financing agreements that typically should be captured include the
date the stock was issued, the par value of the stock, the number of shares issued, and the
dollar amount for which the stock was issued. Exhibit 138 illustrates a share of stock. As
mentioned earlier, the shares of stock do not guarantee future cash flows. Preferred stock
may indicate a percentage or dollar amount for which preferred shareholders have dividend
preference over common shareholders; however that does not guarantee dividends will
ever be paid to anyone. Therefore the equity financing agreement may not be considered
to be a mutual commitment event although the stock carries an implicit commitment on
the part of the enterprise. Explicit commitments related to equity financing agreements are
called dividend declarations. Enterprises declare (announce) they will pay dividends of a
specific amount on a specific date. Dividend declarations are considered to be legal obli-
gations of the enterprise; that is, once a dividend is declared the enterprise is required
by law to actually pay the dividend. Dividend declarations are typically represented as
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EXHIBIT 13-6 Promissory Note

PROMISSORY NOTE
SAMPLE for illustration purposes only

$450,000 Date: May 1, 2009

For value received, the undersigned Your Source Company (the “Borrower”), at 123 Main St., Anytown, USA 12345,
promises to pay to the order of First Chance Bank, (the “Lender”), at 43221 Financial Institute Way, (or at such other
place as the Lender may designate in writing) the sum of $450,000.00 with 10% interest payments due on April 30 of
each year beginning with April 30, 2010.

The unpaid principal shall be payable in full on April 30, 2029 (the “Due Date”).

All payments on this Note shall be applied first in payment of accrued interest and any remainder in payment of
principal. |

If any payment obligation under this Note is not paid when due, the remaining unpaid principal balance and any
accrued interest shall become due immediately at the option of the Lender.

The Borrower reserves the right to prepay this Note (in whole or in part) prior to the Due Date with no prepayment |
penalty.

If any payment obligation under this Note is not paid when due, the Borrower promises to pay all costs of collection,
including reasonable attorney fees, whether or not a lawsuit is commenced as part of the collection process.

If any of the following events of default occur, this Note and any other obligations of the Borrower to the Lender, shall
become due immediately, without demand or notice: |
) the failure of the Borrower to pay the principal and any accrued interest in full on or before the Due Date; ‘
) the death of the Borrower or Lender; ‘
3) the filing of bankruptcy proceedings involving the Borrower as a debtor;

) the application for the appointment of a receiver for the Borrower; [
5) the making of a general assignment for the benefit of the Borrower's creditors; ‘
8) the insclvency of the Borrower; |
7) a misrepresentation by the Borrower to the Lender for the purpose of obtaining or extending credit. ‘

If any one or more of the provisions of this Note are determined to be unenforceable, in whole or in part, for any
reason, the remaining provisions shall remain fully operative.

All payments of principal and interest on this Note shall be paid in the legal currency of the United States. The
Borrower waives presentment for payment, protest, and notice of protest and nonpayment of this Note.

No renewal or extension of this Note, delay in enforcing any right of the Lender under this Note, or assignment by
Lender of this Note shall affect the liability or the obligations of the Borrower. All rights of the Lender under this Note
are cumulative and may be exercised concurrently or consecutively at the Lender’s option.

Signed this_1st day of May 2009 , at

Borrower: Your Source Company

By: _Woodrow D. James
Woodrow D. James, on behalf of Your Source Company

commitment events that are related via reciprocal relationships to the equity financing
agreement commitment events. Dividend declarations should be linked to data regarding
the cash that they reserve for future payment, to the internal and external agents, and to the
cash disbursement events that fulfill the commitments.
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EXHIBIT 13-9 (Continued)

CashRequisition (Instigation) Event

CashReqID Date Dollar Amount Requested OfficerIDf¢  Suggested Investor/Creditorfk

3 4/15/2009 $1,450,000 E64 VAT

FinancialOfficer (Internal Agent)}

OfficerlD Name Authorized Debt Limit

E64 Donald James $2,500,000

Investor/Creditor (External Agent)

Investor/CreditoriD Name Address Telephone Performance Rating
V41 First Chance Bank 43221 Financial Institute Way 555-5576 Excellent

1234 CREF 1 Retirement Dr. 555-9988 Excellent

1235 Schwarb 852 Mutual Maner Ct. 555-7312 Excellent

Cash (Resource Type)

CashAccountlD AccountType Location
Ca123501 Checking 15t Local Bank

FulfillmentCashReceiptFinancing (Fulfillment2) Relationship

FinancingAgreementiD CashReceiptiD

FulfillmentCashDisbDebtFinancing (Fulfilment3) Relationship

LoanlD CashDisbursementiD Principal Pmt Amt Interest Pmt Amt

Note: Participation3 relationship is implemented with Officerll posted into FinancingAgreement tables. Participationd relationship is implemented with InvestorlD
posted into EquityFinancingAgreement table and with CreditorlD posted into DebtFinancingAgreement table. Participationy relationship is implemented with
OfficerlD posted into DividendDeclaration table. Fulfillment! relationship is implemented with CashReqlD posted into FinancingAgreement tables, Fulfillment2,
Fulfillment3. and Fulfillment4 data are not yet entered, assuming a possible time lag between commitment events and the resulting cash receipts and cash
disbursements. There is also a time lag between the financing agreements and the dividend declaration commitment event: this is indicated via the dates entered and

the entry of the later event and relationship data in italic print.

The new data entered to record the financing agreement event are shown in italic. The new
data entered to record the dividend declaration that is reciprocally related to the equity fi-

nance agreement are shown in italic print.

Economic Increment Event (Cash Receipt)

Cash receipt is the primary economiec increment event in the finance process. For debt fi-
nancing agreements, the cash receipt event represents the receipt of the cash proceeds of
the loan or bond. For equity financing agreements, the cash receipt event represents the re-
ceipt of the cash proceeds of the stock issuance. In both cases, the cash receipt event ful-
fills the commitment of the investors and creditors to provide cash to the enterprise; at the
point of cash receipt, the enterprise has not yet fulfilled its commitment to provide loan re-
payments or dividend payments to the investors and creditors. As in the sales/collection
process, the receipt of cash is a custodial function. The document typically involved in task
activities that comprise the cash receipt event in the financing cycle is a deposit ship. When
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cash from financing is received (usually in the form of checks), internal agents (usually
cashiers) verify the payment information is correctly recorded on a deposit slip. A copy of
the deposit slip is retained by the enterprise and the original is sent with the proceeds to
the bank for deposit. In some cases investors and creditors may electronically transfer
funds to the enterprise rather than sending checks through the mail. In such cases the in-
vestors and creditors may send a direct deposit notification; otherwise the monthly bank
statement will serve as notification of the cash receipt.

Relationships in which the cash event in the financing process participates typically in-
clude a fulfillment relationship (enabling the enterprise to trace which debt or equity fi-
nancing agreement event the cash receipt fulfilled), a duality relationship (allowing the
enterprise to trace the related cash disbursements), a stockflow relationship (to trace the
cash account into which the cash receipt was deposited), and participation relationships
with internal agents (typically cashiers) and external agents (investors or creditors).

The set of relational tables in Exhibit 13-10 correspond to Exhibit 13-3% entity-
relationship representation of the cash receipt event and the relationships in which it par-
ticipates (stockflowl, fulfillment2, participation5, participationd, and duality). Other pos-
sible tables could be derived, depending on the relationship cardinalitics. Example data
regarding cash receipt events have been entered into the database tables; however, some of
these data (e.g.. cash account, financing agreement, investor and creditor information, and
employee information) would already have existed in the database tables before the cash
receipt data were added to the tables so only relationship information that links them to the
cash receipt event is added for those objects. The new data to be added upon receipts of
cash from financing agreements are printed in color.

Economic Decrement Event (Cash Disbursement)

Cash disbursements are economic decrement events that decrease the enterprise’s cash bal-
ance. Cash disbursements in the financing cycle are typically made by paper check or elee-
tronic funds transfer and are made to fulfill the terms of the financing agreement, in ex-
change for the cash receipts that occurred at a previous point in time. Altributes captured
regarding cash disbursements usually include a cash disburscment identifier (such as a dis-
bursement voucher number), date, amount paid, the check number of the payment, payes
identification (investor or creditor), employee identification (i.e., employee who wrote the
check), the cash account from which the cash is disbursed, and links to the reason for the
cash disbursement (i.e., what commitment it is fulfilling and the economic increment evens
that began the exchange). Exhibit 13—11 shows a set of relational tables that correspond o
Exhibit 13-3 entity-relationship representation of the cash disbursement event and the 5-
nancing cycle relationships in which it participates (duality, fulfillment3, fulfillmens=
stockflow?2, participation7, and participation8). Alternative table configurations could be d=-
rived, depending on the relationship cardinalities. As noted in the acquisition/payment cycle
chapter. additional tables are necessary to correspond to relationships in which the cash dis-
bursement event participates in other transaction cycles such as acquisition/payment and
payroll. The tables shown in Exhibit 1310 are applicable to the financing process. Data for
cash disbursements applicable to the financing process have been entered into the database
tables; however, some of these data (e.g., financing agreements, dividend declaration. cast
accounts, investor/creditor information, and employee information) would already have e=-
1sted in the database tables before the cash disbursement data were added to the tables. On's
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EXHIBIT 13-11 Relational Tables Encompassing Cash Disbursement Event

CashDisbursement (Economic Decrement) Event

Dish Voucher Dollar Check Cash Financing

Voucher ID Date Amount Number AccountlD®™ ClerkiD™  PayeelD™
124 4/30/2010 - $45,000 921 Cal23501 E36 V4
128 5/17/2010  $25,000 935 Cal23501 E36 1234
139 5/17/2010  $25,000 936 Cal23501 E36 1235

DualityCashDisbursementCashReceipt Relationship

CashReceipt CashDisbursementiD

RA14 124
RATS 138
RATE 139

FulfillmentCashDisbDebtFinancing (Fulfillment3) Relationship
LoanlD  CashDisbursementlD PrincipalPaid InterestPaid

£ 124 $0 445,000

FulfillmentCashDisbEquityFinancing (Fulfillment4) Relationship
DividendDeclarationiD  CashDisbursementID

Blbd] 138

Do 139

Cash (Resource Type)

CashAccountlD  AccountType Lecation
Cal123501 Checking 15t Logal Bank

CashReceipt (Economic Increment) Event
CashReceiptlD Date DollarAmount  CashAccountiDF¥ ExtAgentiD™ CashierlD®

RAT4 5/1/2009 $450,000 Cat23501 Va1l EF1
RA15 5/1/2010 $500,000 Cal23501 1234 E111
RA16 5/1/2010 $500,000 €an123501 1235 E111 (Continued)

INFORMATION NEEDS AND MEASURES
IN THE FINANCING PROCESS

The most common information customers for the financing business process include top
management, investors, creditors, accountants, and auditors. We next analyze each of the
entities and relationships in the financing process pattern to provide some ideas about the
queries that may be needed to satisfy information needs in the financing cycle. The queries
presented are not a comprehensive set of queries (there are simply too many potentiz!
queries to list them all); however, the set provided should guide you in creating simil=s

types of queries. To describe queries needed in the financing cycle we use the database t=-
bles shown in Exhibits 13-5, 13-9, and 13-10.
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o How many shares of common stock have been issued as of 5/31/2010? Using the Equi-
tyFinancingAgreement table, enter criteria <=5/31/2010 in the issue date field and
=common in the type field; apply the SUM aggregation operator to the #shares field.

«  How many cash receipts occurred in May 20107 Using the CashReceipt table, enter cri-
teria BETWEEN 5/1/2010 and 5/31/2010 in the date field; apply COUNT aggregation
function to the cash receipt [D field.

Agent Queries in the Financing Process
The agents commonly involved in financing processes are the financial officers who au-
thorize the financing transactions, the investors and creditors from whom financing is ac-
quired, and the cashiers or other clerks who process the cash receipts and cash disburse-
ments. Queries may be needed to obtain any of the following:

+ Detailed status information at one or more points in time for each financial officer, in-
vestor, creditor, cashier, or clerk.

» Detailed status information at one or more points in time for each financial officer, in-
vestor, creditor, cashier, or clerk who meets specified criteria.

¢ Summarized status information at one or more points in time for all financial officers.
investors, creditors, cashiers, or clerks.

«  Summarized status information at one or more points in time for all financial officers.
investors, creditors. cashiers, or clerks who meet specified criteria.

Some example queries based on the tables in this chapter are as follows:

* What are the names and addresses of the investors who have been rated as excellent”
Using the Investor/Creditor table, enter criterion =Excellent in the performance rating
field: display the name and address fields.

o Which financial officer has the highest limit for which to authorize debt? Using the Fi-
nancialOfficer table, apply the MAX aggregation function to the authorized debt limit
field; display the officer ID field.

Relationship Queries

Combining information from various resource, event, and agent tables in accordance with
the relationships in which they participate can provide much richer data than single table
queries. We next discuss queries based on the various relationships in the financing
process.

Duality and Fulfillment Relationship Queries in the Financing Process
The duality relationship set in the financing process connects cash receipts (financing ac- 7
quisitions) to cash disbursements (financing payments), as it represents exchanges of cash
for cash. Because the financing cash receipts may result from either debt or equity finane-
ing, the direct duality relationship between cash receipts and cash disbursements is ofien
somewhat ambiguous. Other than identifying what cash disbursements applied to a cash
receipt, and vice versa, there is not much information content to be gained from examin-
ing the duality relationship in the financing process. Instead it is typically more informa-
tive to examine the fulfillment relationships between the financing agreement and the cass
receipts and between the financing agreement and the cash disbursements.
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In the financing process, cach financing agreement (both equity and debt) is associated

with at least one cash receipt and at least one cash disbursement. Debt obligations are cash
receipts that relate to debt financing agreements. Cash disbursements related to debt fi-
nancing agreements indicate repayments of debts. Comparisons of the debt obligations to
repayments of those debts reveal loans or notes payable balances.

Fulfillment relationship queries in the financing process in general include:
Identification of unfilled commitment events (e.g.. financing agreements for which cash
has not yet been received and/or for which cash disbursements have not been made in full).

Identification of filled commitment events (e.g., financing agreements for which cash
was received and cash was repaid according to payment terms).

Based on the tables in this chapter, questions such as the following could be answered via
fulfillment relationship queries in the financing process:

What is the outstunding principal balance of debt financing agreement L1 as of May 1,
20107 Query 1: The outstanding principal balance for a loan is increased by cash receipt
amounts that represent the principal acquired. To find the principal amounts acquired
through May 1, 2010. join the CashReceipt and FulfilimentCashReceiptDebtFinancing ta-
bles; enter criteria =L 1 in the financing agreement 1D field and <=5/1/2010 in the cash re-
ceipt date field; apply the SUM aggregation operator to the cash receipt dollar amount field.
Query 2: The outstanding principal balance for a loan is decreased by cash disbursement
amounts that represent repayments of principal. To find the principal repayment amounts
that occurred through May 1, 2010, join the FulfillmentCashDisbDebtFinancing table to the
CashDisbursement table; enter criteria =L.1 in the loan 1D field and <=5/1/2010 in the cash
disbursement voucher date field; apply the SUM aggragation operator to the PrincipalPaid
field. Query 3: Subtract the sum calculated in query 2 from the sum caleulated in query 1.
Have any cash receipts occurred thatr were not related to financing agreements? Join
CashReceipts table to FulfillmentCashReceiptFinancing table with an outer join keep-
ing all cash receipts; include cash receipt ID from CashReceipt table and financing
agreement ID from FulfilimentCashReceiptFinancing table; set criteria to IS NULL in
the financing agreement 1D field.

Stockflow Relationship Queries in the Financing Process

Stockflow relationships in the financing process represent the connections between cash
and the economic events that increase and decrease cash. Some common stockflow infor-
mation needs in the financing process (among other possibilities) are:

Which cash account was decreased by a cash disbursement?

What is the total dollar amount of cash disbursements made from a specified cash ac-
count during a time period?

‘Which cash account was increased by a cash receipt?

What is the total dollar amount of cash receipts for a specified cash account during a
time period?

Because these types of stockflow queries have been illustrated in Chapters 8 through 11,
we do not repeat these details here.
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Reservation Queries in the Financing Process
The reservation relationship that is typically materialized in the financing process repre-
sents the associations between financing agreements and the cash the agreements commit to
acquire and repay. Therefore reservation relationships in the financing process are commonly
used in queries to satisfy information needs as to the eventual effect of financing agreements
on cash. Some common information needs (among many others) in the financing cycle are

*  What dollar amount is a financing agreement committing to acquire for a specific cash
account?

* From which cash accounts will any dividend declarations that occurred during a spe-
cific time period be paid?

*  What is the dollar value of cash reserved by a dividend declaration?

* On what dates is a financing agreement committing to acquire cash?

Based on the tables in this chapter, questions such as the following could be answered via
reservation rclationship queries in the financing cycle:

* What dollar amount is financing agreement E1 committing to acquire for cash account
Cal235017 Use the ReservationFinanceAgreementCashAcct table; enter criterion =E1
in the finance agreement 1D ficld and =Ca123501 in the cash account ID field; display
the amount reserved field.

* What is the total dollar amount reserved for cash account Cal23501 by financing
agreements during the month of May 20107 Query 1: To determine the dollar amount
reserved for cash account Cal23501 by equity financing agreements during May 2010,
Jjoin the ReservationFinanceAgreementCashAcct table to the EquityFinancingAgree-
ment table: enter criterion =Cal23501 in the cash account ID field and BETWEEN
5/1/2010 and 5/31/2010 in the issue date ficld; apply the SUM aggregation operator to
the amount reserved field. Query 2: To determine the dollar amount reserved for cash
account Cal23501 by debt financing agreements during May 2010, join the Reserva-
tionFinanceAgreementCashAcct table to the DebtFinancing Agreement table; eriter cri-
terion =Cal23501 in the cash account ID field and BETWEEN 5/1/2010 and 5/31/2010
m the loan date field: apply the SUM aggregation operator to the amount reserved field.
Query 3: Add the sum from query 1 to the sum from query 2 to get the total reserved
amount for cash account Cal23501 during May 2010

Participation Queries in the Financing Process

Participation relationships in the financing cycle typically represent the associations be-
tween cash requisitions, debt financing agreements, equity financing agreements, cash re-
ceipts, dividend declarations, and cash disbursements and the employees who authorize
those events (typically financial officers), the employees who accomplish those events
(typically cashiers), and the investors and creditors with whom cash 1s exchanged. There-
fore participation relationships are commonly used in queries to satisfy information needs
as to the identification of employees, investors, or creditors who participated in financing
events or as to the financing events in which specific employees, investors, or creditors par-
ticipated. Some common financing cycle information needs are

*  Which financial officer authorized a cash requisition?
* How many debt financing agreements has a financial officer approved?
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*  What is the total dollar amount of cash disbursements paid to a specific creditor?
¢ How many shares of common stock has a specific investor purchased?
*  Which cashier processed a specific cash receipt?

Based on the tables in this chapter, questions such as the following could be answered via
participation relationship financing cycle queries:

= What is the name of the financial officer who authorized cash reguisition 3? Join the
CashRequisition table to the FinancialOfficer table; enter criterion =3 in the cash req-
uisition 1D field and display the officer name ficld.

«  How many debt financing agreements has Donald James approved? Join the DebtFi-
nancingAgreement table to the FinancialOfficer table; enter eriterion =Donald James in
the officer name: apply the COUNT aggregation operator to the LoanID field.

*  What is the name of the cashier who processed cash receipt RA15? Join the CashRe-
ceipt table to the Cashier table; enter criterion =RA15 in the cash receipt ID field; dis-
play the cashier name field.

* What are the nume and address of the investor(s) fo which the most shares of common stock
have been issued? Query 1: To sum the number of shares issued to each investor, use the
EquityFinancingAgreement table; apply the GROUP BY aggregation operator to the in-
vestor ID field; apply the SUM aggregation operator to the #shares field. Query 2: To iden-
tifyy the names and addresses of the investors to which the most shares have been issued,
Join the result of Query 1 to the Investor/Creditor table; apply the MAX aggregation oper-
ator o the sum of #shares field; display the investor name and investor address fields.

CONCLUDING COMMENTS

This chapter presented an overview of the activities in the finance process and discussed
the extended REA pattern as it is applied to this process. Information necds associated
with the finance business process were also described in this chapter, although those iden-
tificd are not a comprchensive list. An enterprise with an enterprise system based on the
REA pattern is able to satisty most (if not all) of the information needs by constructing
queries based on its database tables.

Key Terms and Concepts

Cash disbursement Dividends, 415 Fulfillment

event, 4/4 Duality relationship, 420
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Review Questions

o1 RI1. What is the primary objective of the financing business process?

1oz R2. How is the financing process related to the conversion process, the sales/coliees
process, the acquisition/payment process, and the payroll process?

o1 R3. What is the difference between a bond certificate and a stock certificate?

toi R4, Which documents are typically used to represent a debt financing agreement eves

102 RS. Identify the resources, internal agents, and external agents associated with sach o
following events in the finance process:

Cash requisition (instigation) event

Loan (mutual commitment) event

Stock issuance (commitment to increment) event

Dividend declaration (commitment to decrement) event

Cash receipt (economic increment) event

Cash disbursement (economic decrement) event

A G0 ERTS R

Multiple Choice Questions

Lot MCIl. Which document typically represents the same phenomena as the cash receipt’
nomic increment) event?
A. Disbursement voucher
B. Deposit slip
C. Stock certificate
D. Promissory note

102 MC2. The financing process represents the point of contact between the enie
which set of external business partners?
A. Investors and creditors
B. Suppliers
C. Customers
D. Employees

Loz MC3. The resource made available by the finance process to the payroll procmi'_
ical enterprise value chain is
A. Finished goods inventory
B. Machinery and equipment
C. Labor
D. Cash

Loz MC4, Which of the following entities are usually paired in a stockflow relationship &
finance process? !
A. Cash receipt and employee
B. Cash and debt financing agreement
C. Cash and cash receipt
D. Stock issuance and cash receipt
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1oz MCS5. Which of the following events reflects the commitment of the enterprise to receive
and to repay cash provided by a creditor?
A. Debt financing agreement
B. Dividend declaration
C. Cash requisition
D. Cash disbursement

Discussion Questions

104 DI, Describe at least two financing process information needs for each of the following:
a. Management
b. Finance and accounting
¢. Investors and creditors

105 D2. What entities and/or relationships most likely need to be included in a query to cal-
culate the loan payable balance for each creditor? (Assume the balance is not stored
as a volatile derivable attribute in the creditor table.)

104,105  D3. When determining how much cash to keep on hand, what are some of the factors fi-

nancial officers need to consider, and how can the database tables based on the REA
business process level model help them determine a cash budget?

Answers to Multiple Choice Questions
MCI1. B; MC2. A; MC3. D; MC4. C; MC5. A.




Chapter Fourteen

} Enterprise System Risks
and Controls

LEARNING OBJECTIVES

A consideration of utmost importance for enterprise system designers, managers,
and auditors is the consideration of risk and control. The objective of this chapter is
to introduce some types of risk that occur in enterprises and discuss how these risks
may be lessened by controls designed into enterprise information systems. This
chapter uses the REA pattern as a framework for identifying types of risks and
controls to mitigate those risks. After studying this chapter you should be able to:

1. Describe the relationship between enterprise risks, ocpportunities, and controls
2. Explain the levels at which enterprise risks occur

3. Use the REA pattern to identify sources of enterprise risk

4. ldentify specific controls to prevent, detect, and recover from enterprise risks

THE RELATIONSHIPS BETWEEN RISKS, OPPORTUNITIES,
AND CONTROLS

Risks

A risk is any exposure to the chance of injury or loss. Every enterprise faces a multitude
of risks. When a risk materializes it threatens some aspect of the entities” operations and
more serious risks threaten the ongoing existence of the entity. Every day the news is filled
with risks that have developed into major losses, scandals, or total collapses of enterprises.
Threat is another word some people use to describe these situations because they repre-
sent a possible or probable loss to the entity. The following are just a few risks or threats
that have plagued many companies:

« Bad decisions by management to discontinue popular product lines.

+ Faulty product design that causes costly recalls.

« Fabrication of product quality tests to enhance the value of the company’s stock.
+ Invasion of a company’s network by hackers through the Internet.

* Recognition of revenues a company has not actually earned.
431
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Opportunities and Objectives

Controls

* Overstatement of inventory or operating assets on a company’s balance sheet.
+ Understatement or misclassification of debt on a company’s balance sheet.

Every time one of these risks materializes, critics ask, “Why?” They criticize manag .
for lack of due care. They criticize the auditors for not detecting the problem. They guss
tion how such a thing could happen within the enterprise and not be noticed by other st
ple. Risks need to be identified and controlled, but they must be balanced with opporas
ties, objectives, and the cost of controls. Enterprises must balance operational effics
with operational effectiveness. Enterprise information systems may sometimes facﬂu
efficient and effective controls.

Why do individuals and enterprises take risks? Why expose themselves to threats of loss
Oppeortunity and risk go hand in hand. You can’t have an opportunity without sorme =at
and with every risk there is some potential opportunity. Typically greater opportunities &=
accompanied by higher risks, and vice versa. For example, investments in stock are gemes—
ally riskier than investments in government bonds: those stock investments also provide te
potential for greater returns than do the bonds. Individual and enterprise objectives detess
mine the extent to which risks are sought or avoided. Conservative objectives that sasi
can be achieved require less risk. More aggressive objectives create greater risk as mose
difficult and complex activities are pursued to achieve them. As an example, say. you hae
$10,000 available to invest and you do not need this money back until after you retire £
years from now. If over the course of those 40 years your goal is to simply double yous
money for a total of $20,000, there is no need to invest in risky investments, as investmenss
that are considered risk-free are likely to double your money in 40 years. If your objectives
are more aggressive, such as increasing your $10,000 by 500 percent, then you need =
consider more risky investments that have a higher potential return. With every opporis-
nity there is some element of risk. We seek to manage these risks by a system of contrais.

With every opportunity there is some element of risk. To mitigate the risk of loss while
gaining the advantages afforded by risky activity, most enterprises implement a system oF
internal controls. Such controls are activities performed to minimize or eliminate risks.
For example, a control to mitigate the risk of stock market investments is to maintain a &
versified portfolio rather than holding only one company’s stock. Similarly, an enterprse
that sells goods on credit rather than requiring immediate cash payment for sales creates
an opportunity for additional sales, but also incurs a risk of bad debts. An internal contral
that may be adopted to mitigate this risk is to check customers’ credit ratings before ap-
proving sales to the customers.

Internal controls within enterprise systems are increasingly important in today’s ccon-
omy. Because of recent scandals, Congress passed the Sarbanes-Oxley Act requiring that
when publicly traded companies issue their annual financial reports, they also must issue
reports on their internal control systems. The internal control reports must state manage-
ment’s responsibility for establishing and maintaining adequate internal controls for finan-
cial reporting and the reports must include assessments of the effectiveness of the internal
controls and the financial reporting procedures. Sarbanes-Oxley further requires auditors
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to attest to and report on the assessments made by management in the internal control re-
ports. The AICPA’s Statement of Auditing Standards No. 94 largely established current
standards for internal controls.! Two important documents in the development of current
enterprise risk management and control philosophics were issued by the Committee of
Sponsoring Organizations of the Treadway Commission (COS0).2 These documents
stress the importance of examining controls at many levels of detail.

Two major concerns regarding controls are the time they consume and the cost. Often
multiple controls could each mitigate a particular risk; sometimes the controls differ in
cost and effectiveness. So many potential risks exist that it may seem overwhelming to try
to control all of them. It may also be cost prohibitive to control every potential risk. Only
significant risks for which controls are cost effective should be controlled. The significance
of a risk is determined by its impact on the enterprise, and the likelihood of it occurring.
Exposure is a word some people use to describe the potential impact on the entity, that is,
uncontrolled risk. Some people also use the term risk in a more narrow sense to describe
the probability of a loss occurring. Risks that prevent an enterprise from achieving its ob-
jectives are very costly and may have a catastrophic impact on the ongoing viability of the
entity. Materiality of risk, illustrated in Exhibit 141, is a function of:

1. The size of the potential loss and its impact on achieving the enterprise’s objectives.
2. The likelihood of the loss.

As either the likelihood or size of the loss increases, the materiality of the risk also in-
creases. With higher materiality comes a greater need to manage risk. In many situations
these evaluations can be measured only in rough, order-of-magnitude amounts.

1 Auditing Standards Board, American Institute of Certified Public Accountants, Statement of Auditing
Standards No. 94, The Effect of Information Technofogy on the Auditor’s Consideration of Internal
Control in a Financial Statement Audit (New York: AICPA, 2001).

Znternal Control-Integrated Framework (New York: Committee of Sponsoring Qrganizations of the
Treadway Commission, 1992); Enterprise Risk Management Framework (New York: Committee of
Sponsoring Organizations of the Treadway Commission, 2004).
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Management may choose to ignore risks that have a low impact and a low likelihood of
occurrence unless the controls are costless, Controlling all risks to the point of eliminating
all potential losses is quite unrealistic and unnecessary. In fact, a commitment to zero risk
could render an enterprise totally ineffective because many controls add inconvenience 1o
business processes. Enterprises typically concentrate their control design efforts on risks
that have a high impact and a high likelihood of occurrence. Many enterprises choose &
purchase insurance to mitigate risks that have a high impact and a low likelihood of ac-
currence. For risks that have a low impact and a high likelihood of occurrence, manage-
ment designs controls only if the cumulative costs of the controls are less than the cume-
lative probable losses based on the risk. The key is identifying and controlling risks i =
manner such that the benefits of controlling the risks exceed the costs of the controls. whits
balancing enterprise efficiency and effectiveness.

COMPONENTS OF INTERNAL CONTROL SYSTEMS

The COSO internal control integrated framework discusses five interrelated componsms
of internal control systems: the control environment, risk assessment, control activities.
information and communications, and menitoring. Each of these components is &
cussed in the following sections.

Control Environment
Control environment sets the tone of the enterprise, which influences the control cose
sciousness of its people. Some people refer to the control environment as the tone =2
top. This foundation provides discipline and structure upon which all other componens &
internal control are built. The control environment includes the following areas:

Integrity and ethical behavior.

Commitment to competence.

Board of directors and audit committee participation.
Management philosophy and operating style.
Organization structure.

Assignment of authority and responsibility.

Human resource policies and practices.

The attitudes and actions of top management largely determine the climate of an =
prise. Consider the environment of one enterprise with top management that has vers S
standards of moral and ethical conduct, that is committed to hiring competent peonic sl
properly training them for their work, that develops an organizational structure whess S
work of one person is checked by the work of another person, and that is conservae &
management style and financial reporting. Contrast this with the climate of a secoms e
terprise in which top management constantly tries to take unfair advantage of thes an
ployees, in which people are pootly trained, in which employees” work is poorly defmel
and in which management constantly tries to overstate their achievements and m=mis
their problems. Since the attitudes and actions of lower-level employees typicalls smemn
the attitudes and actions they see in top management, we would expect to find a sress
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trol environment in the first enterprise but a rather weak control environment in the second
enterprise.

®isk Assessment

Risk assessment is an element of an internal control system that involves the identification
and analysis of relevant risks associated with the enterprise achieving its objectives. Risk
assessment forms the basis for determining what risks need to be controlled and the con-
trols required to manage them.

Risk assessment should include consideration of previous company losses and the rea-
sons for those losses, consideration of similar companies’ losses and reasons for those
losses, and communication with employees about where errors and irregularities arc most
likely to oceur. Historical analysis of past errors and irregularities identifies potential fu-
ture losses and provides information by which both the probability and the magnitude of
the loss may be estimated. Much also can be learned by analyzing other companies’ mis-
takes by examining information available directly from the company or through published
literature. Most employees are honest and want to do a good job. They know where errors
and irregularities have occurred and have not been reported, and they know where irregu-
larities could occur and not be detected easily. Effective communication with employees
may reveal critical information needed for risk assessment.

Control Activities

Control activities are policies and procedures enterprises use to ensure necessary actions
are taken to minimize risks associated with achieving enterprise objectives. Controls have
different objectives and may be applied at various organizational and [unctional levels.

Control activities may be classified by function, whether they are used to prevent, de-
tect, or recover from errors or irregularities. The purpose of each control is evident by its
name.

= Preventive controls focus on preventing errors or irregularities.
« Detective controls focus on identifying that errors or irregularities have occurred.

« Corrective controls focus on recovering from, repairing the damage from, or minimiz-
ing the cost of errors or irregularities.

An error is an unintended mistake on the part of an employee while an irregularity is an
intentional effort to do something that is undesirable to the enterprise. Often much of our
attention is focused on irregularities; however, more money is lost as a result of errors than
as a result of irregularities.

It is better to prevent an error or irrcgularity rather than detect it and then have to incur
the cost of recovering from the consequences. Because preventive controls are not always
possible or cost effective, companies must have a means for determining if the prevention
has been effective; therefore detective and corrective controls also are needed. As an ex-
ample, a control to prevent theft of cash by a salesclerk is to have a second clerk assist with
gach cash sale. This preventive control could fail if the two employees collude with each
other (i.e., act together to conspire in a fraud). Another preventive control that lessens the
possibility of collusion is to eliminate the use of cash entirely by requiring all payments to
be made with a credit card or through an electronic fund transfer. The latter preventive con-
trol may not be cost effective. The costs include the transaction costs associated with using
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Information and Communication

Monitoring

credit cards and electronic funds transfers (sellers who accept eredit cards pay fzes w0 e
credit card companies) and the opportunity costs associated with lost revenues from &
tomers who do not want to pay with credit cards or electronic fund transfers. If the =
prise weighs these costs against the benefit of preventing employee theft, the entes
may conclude it is an undesirable control. Therefore the enterprise may implement ome
more detective and corrective controls to back up the preventive control and ensure = &=
fectiveness. For example, as the sales clerks scan items sold, the cash register prices them
automatically. The rule that requires a comparison of the cash in the cash drawer wits
sales accumulated by the cash register during an employee’s shift is an example of
tective control. If the cash in the cash drawer does not equal total sales, we know the =n
ployee either pocketed some of the money or made an error in giving change to a cusom

An example of a corrective control is a policy of deducting the amount of a cash s
from the employee’s pay.

The information system consists of the methods and records used to record, maint
report the events of an entity, as well as to maintain accountability for the related
liabilities, and equity. The quality of the system-generated information affects mansg
ment’s ability to make appropriate decisions in managing and controlling the entizs & &
tivities and to prepare reliable financial reports.
The information system should do each of the following to provide accurate and s
plete information in the accounting system and correctly report the results of operates

1. Tdentify and record all business events on a timely basis.

2. Describe each event in sufficient detail.

3. Measure the proper monetary value of each event.

4. Determine the time period in which events occurred.

5. Present properly the events and related disclosures in the financial statements.

The communication aspect of this component deals with providing an understands
dividual roles and responsibilities pertaining to internal controls. People should us
how their activities relate to the work of others and how exceptions should be repes
higher levels of management. Open channels for communication help ensure the =
tions are reported and acted upon. Communication also includes the policy mamus
counting manuals, and financial reporting manuals.

Monitoring is the process of assessing the quality of internal control performas
time. This is extremely important as most enterprises are constantly changing thes
tions to meet new demands in the marketplace and capitalize on new opportunitizs. W
itoring involves assessing the design and operation of controls on a timely basis ==
ing corrective actions as needed. This process is accomplished by ongoing =
activities by management as they question reports that differ significantly Swem &
knowledge of operations. Internal auditors or system evaluators also accomplish =
periodic evaluations to review internal controls, evaluate their effectiveness, e
results, and provide recommendations for improvement. Information from externs =
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is also valuable in monitoring internal controls. Complaints by customers or suppliers
about billings or payments, reviews by various governmental agencies, and reports by ex-
ternal auditors all provide information on the adequacy of internal controls and how to im-
prove them.

Performance reviews are any reviews of an cnterprise’s performance that provide a
means for monitoring. Some of the more common reviews compare actual data to bud-
geted or prior period data, operating data to financial data, and data within and across var-
ious units, subdivisions, or functional areas of the enterprise. An example of a performance
review is a comparison of actual production costs of the current peried to last period’s pro-
duction costs to identily any significant deviation. Any cost category that deviates signifi-
cantly from last year should be investigated so the cause may be identified. Another ex-
ample is a comparison of the dollar value for sales within each region of an enterprise to
the quantity of inventory shipped to each region to determine whether the ratio of sales to
quantity shipped is similar for each region. If a region’s ratio is lower than others, the cause
should be investigated—it could be due to theft, damaged inventory, or some other expla-
nation.

The COSO report recommends that evaluation of internal control systems focus first on
risk identification, next on identification of mitigating controls, and finally on tests to de-
termine whether the controls are operating effectively. The increased monitoring and at-
testation regarding internal control systems recommended by COSO and demanded by the
Sarbanes-Oxley Act is facilitated by business process and information system designers
similarly focusing on risk identification, development of cost-beneficial mitigating con-
trols that can be designed into the business process and/or into the supporting information
systems, and then implementation of those controls.

RISK IDENTIFICATION

Enterprise risks occur at several levels: economy, industry, enterprise, business process,
and information process. Table 141 illustrates these levels and lists some types of risk at
each level. Keep in mind that the risks identified in Table 14-1 are not a comprehensive
list. In fact. a comprehensive list is impossible because the environment, technology, and
people are constantly changing and new risks continually arise. Also please realize that the
categorization of risks is not an exact science. Overlaps sometimes make it difficult to dis-
tinguish an economy risk from an industry risk, or an industry risk from an enterprise risk.
The most important objective is for you to recognize the risks as potential threats of loss,
whether they are economy. industry, enterprise, business process, or information process
risks. You must apply critical thinking for risk identification; however, this framework pro-
vides guidance for your thinking.

Economy and Industry Risks

Enterprises do not operate in a vacuum; they operate in an industry that is part of a local
economy and also part of the overall global economy. Failure to consider local and global
economy risks and industry risks and to adequately address those risks may prove disas-
trous for enterprises. Economy risks include those resulting from war, epidemics, finan-
cial market changes, terrorist attacks, and natural disasters such as floods, hurricanes, and
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.‘I;?iLE 14-1 Economy risks Risks associated with factors that affect the entire ec,anom_f
i P Global economic downturns
Identification
Levels Vs
Epidemics

Terrorist attacks
Environmental disasters (floads, hurricanes)

Industry risks Risks associated with factors that affect the enterprise’s indusss
Industrywide cost increases : i
Industrywide decrease in demand for pmducts
Economy risk especially bad for a specific industry
Unexpected competition from another industry

Enterprise risks External factors
Increased competition from other enterprises
Reduction of perceived brand quality and/for firm
Crises involving business partners (value system re
Catastrophe that causes an interruption of operations
Merger or acquisition invelving another enterprise

Internal factors
Lack of ethics
Low employee morale
Employee incompetence

Business process risks Risks associated with actual business process objects
Resources (Rs)
Events (Es)
Agents (As)
Resource-Event relationships
Event-Event relationships
Event-Agent relationships
Resource-Agent relationships

Information process risks Risks associated with
Recording information about Rs, Es, and As.
Maintaining information about Rs, Es, am:i As
Reporting information about Rs, Es, and As

drought. Many of these factors can lead to global economic downturns. Soms
omy risks particularly devastate selected industries and thereby become in
For example, the terrorist attacks of September 11, 2001, contributed to a glok
downturn, but were especially damaging to certain industries such as travel
Another type of industry risk is widespread cost increases that particularly af
industry. For example, if the cost of raw materials used intensively in an indusms =
significantly, the entire industry is negatively affected. Several years ago when &=
computer memory chips increased rapidly, the entire computer industry sufferss ¢
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product demand because of the higher prices. As the memory chip costs decreased again,
product demand resumed. Decreased product demand is an industry risk that is sometimes
independent of price increases. Such decreases may result from simple trend shifts (e.g.,
the waning demand for Beanie Babies) or from the development of superior replacement
products developed in another industry (e.g., invention of the telephone replaced much of
the demand for telegraph and personal messenger services).

Enterprise Risks

Enterprise risks reflect potential threats of loss to the enterprise as a result of internal and
external factors that result from the actions or circumstances of the enterprise itself or of
one of its external business partners. Internal risk factors include such threats as low em-
ployee morale, lack of ethics in the enterprise, and employee incompetence. These inter-
nal risk factors are largely determined by management’s philosophy and operating style;
therefore interviews with management may identify the extent to which these risk factors
represent a concern. If management’s philosophy and operating style encourage a high-risk
environment, greater risk also exists at the business process and information process lev-
els. Questions that may help to identify a high-risk environment include:

= Is the enterprise committed to hiring competent people who possess the knowledge and
skills needed to perform their assigned jobs?

= Does management have a conservative or reasonable approach in accepting business
risks and in reporting the financial results of operations?

« If there is a board of directors, are there outside representatives on the board?

» 1If the entity undergoes an annual audit of their financial statements, does it have an
audit committee to oversee the audit?

= Does the company have a well-defined organizational structure with appropriate divi-
sion of duties and responsibilities and identified reporting relationships so that impot-
tant activities are planned, executed, controlled, and monitored on a timely basis?

= Do employees understand the company’s policies and practices, what they are individ-
ually responsible for, and to whom they report?

= Has management developed a culture that emphasizes integrity and ethical behavior?

« Does the enterprise have a whistleblower policy that encourages employees to inform
management or the board of directors of fraudulent activities observed in the firm’s
operations?

Enterprises that can answer these questions in the affirmative likely have favorable control
environments. Enterprises that have not taken these and similar steps to encourage in-
tegrity and competence face a high degree of internal enterprise risk.

Enterprise risk also results from external factors such as increased competition from other
enterprises within the industry, loss of perceived brand quality or firm reputation, catastro-
phes that cause business interruptions, crises involving one or more of the enterprise’s ex-
ternal business partners, and risks resulting from mergers or acquisitions. Increased compe-
tition may lower the enterprise’s market share. Events that cause a perceived loss of brand
quality or firm reputation may result n long-term negative consequences for the enterprise
(e.g., if quality control fails to prevent a defective batch of products from being sold and the
market generalizes the problem to all of the firms’ products). All enterprises face some risk
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of business interruption due to catastrophes such as fire, flood, tornado, power outages. o=
technology failures. All enterprises also face risks that one or more of its external business
partners may experience a business interruption catastrophe that will in turn causc a threat .o
the enterprise. For example, a warehouse fire that destroys a key supplier’s entire inventory
and interrupts the supplier’s business for several months may cause the enterprise to be um-
able to fulfill customer orders until an alternative source is found. Another external enterprse
risk enterprises sometimes face is involvement in a business combination such as a merger
or acquisition. While a voluntary business combination may appear to be an attractive optios
during negotiations, sometimes plans fail to consider all circumstances and unexpected nes-
ative consequences result. The risk of such a consequence is an enterprise risk.

Business Process Risks

Because the REA pattern represents the reality of an enterprisc’s business processes. it pro-
vides a useful framework to help system designers, managers, and auditors identify bmsi
ness process risks. In this section we provide some examples of risks specific to resources.
events, agents, and various relationships in the REA pattern for business processes. The ea-
amples in this section do not provide a comprchensive list of business process risks; indees
a comprehensive list cannot exist becausc as controls for known risks are developed, ads
tional means for misappropriating enterprise assets and misstating results of operations T
enterprises also are being created that existing controls may not sufficiently mitigate. Thas
although the REA pattern provides a useful framework, we discourage students from adege
ing a checklist mentality when considering risks and controls.

Business process risks are defined for this textbook as risks associated with actual bus |
ness process objects, including resources, events, agents, and relationships among ==
sources, events, and agents. Some of the resources most commonly found in enterprsss
are inventory, supplics, operating assets, and cash. Risks associated with resources inciade
threats associated with theft or loss, obsolescence, waste. and intentional or unintentioss
damage. Events arc classified as instigation, mutual commitment, and economic eves
Risks associated with each of these types of events include failure to execute an evens ¢
should be executed. execution of an event that should not be executed, or executing
event too soon or too late.

Most risks do not involve resources or events in isolation, but rather involve some &=
bination of resources, events, and/or agents. Relationships that associate resources
cvents are classified as proposition, reservation, and stockflow relationships. Risks assass
ated with resource-cvent relationships include execution of an event involving an 1
resource, an incorrect quantity of a resource, or an incorrect cost or price for a
The resource-resource relationship typically defined in the REA enterprise ontology &
linkage relationship between raw material inventory type and finished good inventars
which represents a bill of materials. Risks associated with resource-resource relations
include an incorrectly specified correspondence of one resource to another resourcs
example is a bill of materials for a finished good inventory type that specifies an inc
raw material or an incorrect quantity of a raw material. Event-event relationships =
REA enterprise ontology include duality, fulfillment, and reversal relationships. The
mary risk associated with event-event relationships is incorrect sequencing of corres
ing events. For example, if business process policy requires all sales to be accompsz
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that a sale will be accepted without receiving the required cash receipts. Similarly, a risk
exists that a cash disbursement may be made without confirmation that goods were actu-
ally received for which the cash is disbursed.

Event-agent relationships in the REA enterprise ontology represent participation rela-
tionships linking internal and external agents to events. Risks include execution of events
involving unauthorized external agents (e.g., sales made to nonexistent customers) or
unauthorized internal agents (e.g., cash disbursements made by inventory clerks).
Resource-agent relationships reflect custody arrangements such as internal agents being
responsible for physical custody of a resource type; risks include unauthorized agents hav-
ing custody of resources. Examination of single relationships is useful for risk identifica-
tion; however, full risk analysis also requires simultaneous examination of multiple rela-
tionships, For example, queries may be formulated to cvaluate whether linked purchasc
orders, purchases, and cash disbursements are all related to the same vendor. If not, there
may be a data entry error or an irregularity that warrants investigation.

Process Risks

Information process risks are associated with recording, maintaining, and reporting infor-
mation about resources, events, agents, and relationships among them. On the surface, these
risks may seem very similar to business process risks. The difference is that business process
risks have to do with the actual execution of the events and the actual physical resources and
agents. Information processing risks have to do with the information that gets recorded,
maintained, and reported about those objects. For example, if a sale is made to a nonexistent
customer, it is a business process error. If a sale is actually made to an approved customer,
but a data entry error is made so that the sale appears to be made to a nonexistent customer,
it is an information processing error, Information process risks include recording, maintain-
ing, or reporting information that is incomplete, inaccurate, or invalid. Incomplete informa-
tion reflects failure to record, maintain, or report information about resources, events, agents,
or relationships. Inaccurate information reflects the recording, maintaining, and reporting of
data that are incorrect as to the reality they represent. Invalid information reflects the record-
ing, maintaining, and reporting of information about nonexistent resources, events, agents,
or relationships. All of these types of information processing risks need to be controlled.

Economy and Industry Risks

You may be wondering what an enterprise could possibly do to shield itself from economy
and industry risks. These risks can be very difficult, if not impossible. to control. One con-
trol that is likely to be cost effective is the gathering and monitoring of enough informa-
tion to be able to predict trends and product replacements. Enterprises that focus inwardly
and tend to ignore the environment in which they operate are likely to be caught unaware
by economy and industry risks. Enterprises that focus outwardly and pay attention to in-
dustry and economy trends and market demands are likely to be prepared for most shifis
in prices and quantities at the economy and industry levels.

Enterprise Risks

Like economy and industry risks, external enterprise risks often are difficult to predict and
identify and therefore are difficult to control. Constant analysis and awareness of the ex-
ternal environment may help enterprises anticipate and prepare for increased competition.
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Controls for

Strong commitment to quality and extra quality control procedures may help to prevent o=
perceived brand quality or firm reputation; effective responsiveness to the market in case &
quality problem may help to correct any loss of perceived brand quality or firm reputatios
sibly at the expense of a short-term finaneial loss). For example, it may cost a manufacss= o«
significant dollar amount to recall a production run of a defective product and replace the e
ucts at no cost to the customers; however, the cost of not recalling and replacing the praduss
would likely result in a much more costly loss of perceived brand quality and firm repusssss
Enterprises may purchase insurance to mitigate some external risks such as business m=—u
tions. They also may create contingency plans for transferring operations to a backep s
tion during business interruptions. Interruptions of external business partners are more &Sl
to insure. A supplier whose warehouse burned down may have insurance to replace lost =
tory, but usually insurance does not compensate the enterprise that lost money because == &
ventory was not available when it needed to be issued to the production floor. To help ==t mue
such risks, enterprises should consider identifying multiple sources for each type of raw
rial or merchandise inventory they use in their conversion and revenue processes.

Many of the controls for enterprise risks form management’s philosophy and opemss
style. Next we discuss some high-level policies that contribute to a well-controlled entermmss

Human Resource Policies and Practices

Human capital often is considered to be the most important resource of many ente
However, employees who are mismatched with their job responsibilities or whe
managed properly may become more ol a liability than a resource. Human resosrce s
cies and practices relate to hiring, orienting, training, evaluating, counseling. pros s
compensating, and terminating employees.

Sound personnel practices are essential in controlling both operating activities
formation processes. This is becoming increasingly Lmportant as cnterprises emposss
ployees in an attempt to streamline operations and cut costs. The quality of an entcrmes
employees directly influences the quality of the goods and services provided to
tomers. Generally speaking, competent, trustworthy employees are more likely 1o
enterprise create value, Controls that help ensure success in hiring and retaining susls
employees include completion of background checks, full explanation of enterpmss =
cies and procedures, clear definition of promotion and personal growth opport 3
well as termination policies, and clear definition of work schedules. Many enterprsss
suffered significant losses at the hands of individuals who had histories of incom
fraud, or other dishonest acts. Simple background checks could have prevemsas
losses. The other controls mentioned are summarized in a phrase: effective comm
with employees. Employees must understand what is expected of them and thew
equipped with the training and tools they need to meet those expectations. They
to be very aware of the consequences of not meeting expectations.

Business Process Risks
Resource Risks and Controls

Some of the resources most commonly found in enterprises are inventory, suppiics. o
ating assets. and cash. Risks associated with resources include threats associated s+
or loss, obsolescence, waste, and cither intentional or unintentional damage.
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(Case in Point

Most gas stations now allow customers to pay for gas at the pump. These pay-at-the-
pump stations automatically bill the customer’s credit card and eliminate the need for
customers to pay a cashier. All the data about the gasoline sale event (e.g., customer’s
credit card information, type of gas, quantity, pump location, and station location) are
recorded as the customer is pumping gas. Benefits include decreased time customers
spend at the station, decreased number of employees needed to run the station, de-
creased data entry errors, and virtual elimination of nonpaying customers.

Separation of Duties. An important control principle for all types of resources is sepa-
ration (or segregation) of duties, which structures employees” job functions so the work
of one employee checks the work of another emplovee. Effective separation of duties pro-
hibits one employee from performing two or more of the following functions: authoriza-
tion of transactions involving assets, custody of assets, record keeping, and reconciliation.
Separating those functions reduces the opportunity for one cmployee to steal enterprise as-
sets and to conceal the theft in the normal course of work, Of course, collusion (two or
more employees in different positions working together to perpetrate fraud) is still a risk
even with separation of duties.

Resource Theft and Loss: Cash. Theft of resources is a rampant problem for many en-
terprises, costing billions of dollars worldwide every vear. Because cash is the most liquid
of all resources and is universally desirable, it is particularly susceptible to theft; therefore,
enlerprises need strict controls over those who have access Lo eash. Cash is most often stolen
by employees, but potentially could be stolen by customers. Restriction of access to cash 1s
the most common preventive confrol fo mitigate loss due to theft. Obviously currency
should be kept locked in a container to which only authorized employees have access. In the
sales/collection process most enterprises keep cash in cash registers that may be opened
only under certain circumstances. Control over the enterprise checkbook is especially im-
portant in the acquisition/payment, payroll, and financing processes. as access to the check-
book provides access to the cash in the checking account. Enterprises bond employees who
handle cash as a form of insurance. If an employee with an adequate rating from the bond-
ing (insurance) company is proven to have stolen cash from the enterprise. the bonding
company recompenses the enterprise. Bonding is considered a corrective control. Just as
the purchase of automaobile insurance does not prevent a driver from bemng mvolved in a car
accident, bonding does not prevent a seemingly trustworthy employee from stealing cash
from the company. Drivers buy automobile insurance so that if an accident oceurs, they may
be recompensed for the loss incurred. Similarly the purpose for bonding employees is that
if a theft occurs, the enterprise may be recompensed for the loss incurred.

Enterprises may take advantage of electronic funds transfers for cash transactions as a
means of reducing theft. In electronic funds transfers-in, customers send cash receipts di-
rectly to the bank; the bank deposits the cash directly inte the enterprise’s cash account. In
electronic funds transfers-out, the enterprise authorizes the bank to directly transfer funds
from the enterprise cash account to a designated vendor. Such transfers also ensure aceu-
racy of record keeping because usually the transaction data are made available to be auto-
matically input into the enterprise information system.
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Source: Red Flugs: What Every Manager Shoudd Know about Internal Fraud, video, Association of Certified Fraud Examiners, 1991,
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The bookkeeper for White Electric Company had sole responsibility for the com
checkbook and accounting records. Because of lax controls throughout the cc
she felt justified in stealing cash from the company. Her method was quite si
is illustrated with the following example. She received a vendor invoice for

She wrote check 5421 for the actual invoice amount of $10,000. However, in tF
register she recorded check 5421 as $15,000. She then wrote check 5422 to 3
$5,000 but recorded it in the register as Void. Because she herself performe

monthly bank reconciliation, no one realized what she was doing. Because i
controls were also lax, apparently no one questioned why the recorded inve
were overstated. After guilt feelings overwhelmed her, the bookkeeper hir
torney and confessed her crime to her employer. She had stolen app
$150,000 and was sentenced to time in prison. Notice that the risk of her stez
the company could have been prevented by adequate separation of duties,
have been detected by requiring that an alternative employee or manager
the monthly bank reconciliation (because either person would have noticed
matched check amounts on the bank statement as compared to the check
Most current automated enterprise information systems also provide
against this particular fraud scheme because each check stub and entry into
register is automatically generated to match the actual dollar amount of the che

Lapping is a method of stealing cash that enterprises need to control. To accosmis
lapping an employee steals cash from a customer payment and delays posting = ¢
to the customer’s account. The employee uses funds from a subsequent customes o
to post Lo the first customer’s account. This process continues with the employes ¢
ally stealing from subsequent customer payments to post as prior customer paymesss =
ployees who engage in lapping oflen attempt to conceal the fraud by writing off == &
lectible customer accounts that have actually been paid. Eventually, lapping becames
difficult to hide that the perpetrator lcaves the company or the lapping is detected

One of the most important detective controls with respect to cash is the montiiy
ciliation of bank statements. Bank statement reconciliation compares details of the =8
and outflows depicted on the bank statement with the details of the inflows and s
for the same account as recorded in the enterprise information system. Discrepams
the bank statement versus the records in the enterprise system may reveal fraud 3
related activities as well as bank or enterprise errors. An employee with no other =
sponsibilities should perform the menthly reconeiliation.

Periodic counts of actual cash and reconciliation to account balances in the =
system records (similar to bank statement reconciliation) help to detect theft ar &
errors in petty and on hand cash accounts such as those stored in cash registers.
Resource Theft and Loss: Inventory, Supplies, and Operating Assets. Resmcsas
cess to noncash resources is the most common preventive control to reduce the® :
resourees. In enterprises for which inventory, supplies, and operating assets are &
to the cnterprise via commeon carriers or suppliers, the receiving dock should &=
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Fast-food restaurant managers typically count each cash register drawer's contents be-
fore and after each cashier's shift. They compare the difference in cash to the sales
rung up on the cash register to see if the amounts agree or if the cashier ended up
with an overage (too much) or a shortage (too little) of cash in the drawer. Overages
indicate errors by the cashier that cost the customers; shortages result either from
theft or from errors by the cashier. Tracking discrepancies over time for each cashier
reveals whether a cashier needs additional training or whether the enterprise should
conduct additional surveillance to uncover theft by the cashier.

and the goods immediately transferred from the receiving dock to a locked storeroom or
warehouse to which only authorized employees arc allowed access. Then the goods may be
transferred to less secure environments as needed. In enterprises for which merchandise is
sold via shipments (e.g., mail order catalog companies or Internet stores), inventory is typ-
ically kept locked in the storeroom or warchouse with access limited to authorized em-
plovees. In other enterprises customers need to be able to physically examine inventory. so
the inventory must be transferred to a less secure sales floor. For high value items, often
access is still limited. For example, in retail stores high-priced items small enough to be
easily stolen are typically kept in locked display cases and can be examined by customers
only under the direct supervision of a sales representative. When supplies and operating
assets are made available to the business processes in which they are to be used up, their
access should still be restricted when practical. For example, employee offices containing
furniture, computer equipment, and other operating assets should be locked when not in
use. Buildings in which offices are located should be locked during nonworking hours. Pre-
cautions such as tagging each operating asset with a permanent ID tag help to deter theft
and (o facilitate periodic counts of operating assets and reconciliation of the counts with
the recorded assets on hand. As with cash, all enterprise resources should periedically be
counted and the balances compared to the recorded balances in the enterprise information
system, Discrepancies should be brought to management’s attention.

Supplies are the resources employees are most likely to steal from enterprises. Most
supplies are small, relatively inexpensive, and casily mixed in with employees’ personal
supplies. Many employees don’t consider personal use of enterprise supplies as theft; and
some firms may view personal use of supplies by employees as acceptable. Enterprises that
want to monitor supply use typically keep supplies locked in a cabinet, closet, or room that
can be opened only under the watchful eye of an employee assigned custody of those as-
sets. The enterprise may require documentation of what supplies were removed and by
whom to help detect excessive or unnecessary use of supplies. Such procedures have be-
come more important in recent years, as employees have developed personal needs for
more expensive supplics such as printer toner and computer storage media.

A primarily detective control that also may serve as a preventive measure to reduce re-
source theft is the use of surveillance equipment such as security cameras to identify theft or
damagg as they occur or afterwards, and to identify those responsible for theft or damage. Fre-
quently surveillance equipment is used in the less secure environments such as the sales floor
and employee offices, but also may be used in the more secure storerooms and warchouses.
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Cook & Campbell, a construction firm for residential homes, was surprised to fing =
had one more vacant lot on their financial records than they actually owned
end of their first year of operations. Upon closer examination they found they
constructed a home on one of the vacant lots and sold it without recording
of the lot on the financial records. The lot had actually been sold with the hos
the value of the lot was not included as they priced the home and it was not ¢
as part of cost of goods sold on the income statement. The anticipated $15,000
on the speculative home actually turned into a $20,000 loss as they correcte
mistake.

Tracking the chain of custody of resources is a preventive and detective control for
Several technologies exist to assist with tracking the chain of custody of inventory. €
the application of barcodes to inventory and/or inventory containers and the subss
scanning of the barcode labels as the inventory and/or inventory containers move the
out the enterprise’s acquisition and sales processes. An example of using barcodes o &=
the location and chain of custody of assets with which you may be familiar is tha: o=
by enterprises such as Federal Express and UPS. When you ship a package with cme &
these enterprises, a barcode is applied to the package. At each location, and when « '
of the package changes hands, the barcode is scanned to update the database with the &
rent status of the package in the chain of custody. To enhance customer service, these ¢
panies provide customers with tracking numbers that correspond to the barcodes a0
to their packages. Customers may enter the tracking numbers on the company websss
via telephone to determine the location and status of the packages.

Radio frequency identification tags (also called smart labels) are another techs
available to track the chain of custody of resources. These tags communicate electe 3
with a reader via radio waves, thus eliminating the need to scan the tags with barcods == g
ers. The readers are connccted to a networked information system. Items or conzas
items are automatically tracked as they move from location to location. Some e
these tags playing a role in future grocery shopping by allowing shoppers to simpl &
their shopping carts with their debit or credit cards; put desired items into bags =
carts; and then leave the store with the merchandise. The readers would transmit dese
the networked information system and the customer’s debit or credit card vendor we G
billed for the transaction total.

Resource Obsolescence and Waste.  The risk of obsolescence is the likelihood of & =
source becoming outdated or superseded by new products. This risk is pamculuiy
for inventory but also is a concern for some operating assets and supplies. Some =
are more susceptible to decreased value due to obsolescence than are other resos
control the risk of obselescence, enterprises nced to avoid purchasing or producing =
inventories, supplies, and operating assets than they expect to sell or use up in 2 z=us
able timeframe. An integrated cnterprise system can help to mitigate the risk of o&
cence by shortening the entire cycle from estimating demand for a product to acgu=me
raw materials, manufacturing the product, selling the product, and collecting the caste 4
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Security control equipment is being used in retail stores at cash registers to prevent
fraud and promote efficiency. Cash registers and video cameras are connected to, and
controlled by, a computer. The computer maintains a record of each transaction and
the amount of time the clerk takes to execute it. All clerk activities are videotaped. The
computer provides summary statistics at the end of each shift with unusual transac-
tions highlighted based on type or amount of time to execute. Security personnel re-
view the videotape of selected transactions to determine if fraud was present or if a
clerk needs additional training.

Resource Damage: Inventory and Supplies. Another risk associated with resources is
the risk of damage while in storage or while in transit. Damage could result from various
causes, including a lack of climate control, inadequate packaging, careless handling, hap-
hazard placement of inventory on storage shelves, and so on. Well-communicated inven-
tory storage and handling procedures and employee training of those procedures are one
form of preventive control for such damage. Insurance is a corrective control; it will not
necessarily prevent the damage from occurring, but the firm will be compensated for the
loss.

Event and Relationship Risks and Controls

Business and information process risks associated with events and the relationships in
which they participate generally include

= Failure to execute an event that should be executed.

= Failure to record an event that was executed.

« Execution of an event that should not be executed.

« Recording of an event that was not executed.

= Execution of an event at an incorrect time or location, or involving the incorrect re-
sources and/or agents.

= Incorrect recording of event details (such as time, location, affected resources, and
agents involved).

We next examine specific risks that fit into these general categories for each type of event
in various business and information processes.

Instigation Event Risks and Controls

Some risks reduce the likelihood of the enterprise fulfilling its strategic and operational ob-
e jectives with respect to ifs instigation events. Some examples of risk associated with mar-
keting efforts and customer inquiry instigation events include:

+ Failure to make potential customers aware of product features that would entice them to
buy the product.

= Mistakes made in the advertising or promotions regarding the products or services
available for sale.
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* A sales call presentation to a customer including products the customer has no reasoe
to be interested in. or for which they have previously declared no interest.

* Inability of a customer making an inquiry to find the information necded about desir=2 \
products or services.

* Inability to track which customer orders result from each separate marketing efos
(tracking is desired to learn which marketing efforts to continue. which to discontinss.
and which to further develop.)

» Salespeople spending too much time with nontarget customers; that is, people was
never buy anything or who don’t buy enough to justify the time commitment of m=s
keting personnel.

+ Salespeople spending time doing unproductive things that do not influence potense
customers.

Some examples of risk associated with purchase requisition instigation events include:

* Failure to identify needs for resources in a timely manner.

= Requisiltioning resources that are not actually needed by the enterprise.

* Requisitioning of resources that do not have the features actually needed by the enterprse
¢ Inability to locate a reliable source from which to obtain needed items.

¢ Failure to approve a requisition for items for which need was appropriately identified.

+ Department supervisors may requisition items for which they do not have availssie
funding in their budgets.

This list is only a beginning; many risks exist that may inhibit an enterprise from achiss-
ing its strategic and operational objectives for instigation events. The list of possible cose
trols to mitigate risks associated with instigation cvents is even longer: thus we do net =
tempt to provide an exhaustive list. However, one major control is an effective enterprss
information system. The more complete the design of the enterprisewide databass. =
more information-related risks are mitigated. For example. if the database is designed &=
conformance with the REA pattern (and il data are entered correctly and completely)
enterprise can track which instigation events lcad to customer orders. Sales and ma
personnel should be able to tun queries to effectively identify desirable customers asd
help schedule their activities to minimize wasted time. The information system alsa
accurately report salespeople’s activities. Merely recording and reporting the activities
formed and the amount of time spent on each activity encourages effective use of
Similarly, if production schedule data from the conversion cycle are integrated with the
quisition cycle, need for the raw materials involved in upcoming production runs cas
communicated automatically. Such an information system also can integrate inf o
linking departmental budgets to requisitions to determine whether funding is availabie o
whether a proposed purchase will cause budget overruns.

Mutual Commitment Event Risks and Controls
Risks associated with mutual commitment events include:

 Failure to accept an order that both the enterprise and the potential customer would
been willing and able to fulfill.
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* Acceptance of an order from an undesirable or unauthorized customer (e.g., a bad credit
risk, thus increasing bad debt losses).

» Acceptance of an order for a product or service that is not currently sold by the com-
pany and can’t be made available.

¢ Acceptance of an order by an unauthorized internal agent.

« Commitment to provide products or services with an unrealistic delivery date.

» Commitment to provide products or services at an unprofitable price.

= Failure to place a purchase order for items the enterprise needs and can pay for, and
which a reliable vendor could fill.

+ Placement of a purchase order from an undesirable or unauthorized vendor.

« Placement of a purchase order for items the company no longer needs, or for too many
items as compared to the quantity needed by the enterprise.

* Placement of a purchase order by an unauthorized employee.

* A purchasing agent placing an order for a dollar amount that is higher than the author-
ized limit.

» Failure to provide adequate lead time to vendors when placing orders, leading to im-
possible situations or leading to exorbitant shipping and handling costs.

¢ Failure to obtain the lowest possible cost for the highest possible quality items.

Some of these risks can be controlled declaratively within an integrated enterprise infor-
mation system. For example, the interface can be programmed to prevent placement of a
purchase order with an unauthorized vendor, and to prevent acceptance of a sale order from
a customer who is not in the system as an approved customer. The interface also can be
programmed to allow only items on the approved list of goods and services to be purchased
or sold, to allow them to be purchased and sold only by selected internal agents (identified
by passwords and access codes), to antomatically insert the quoted costs and selling prices
from the master cost sheet and price list (and possibly to allow adjustments within a spec-
ified range), and to automatically calculate line item extensions and total order amounts.
Such automation not only improves the cfficiency of the business processes but also im-
proves the control over business and information process risks.

Economic Decrement Event Risks and Controls

Because economic decrement events involve an outflow of economic resources such as in-
ventory, this event is particularly susceptible to risks associated with theft of those re-
sources (see Resource Risks and Controls earlier in this chapter). Risks associated with
sales, shipments, or service engagements in the sales/collection process include:

> Failure to ship goods in response to a sale order commitment.

» Shipment of goods that were not ordered by a customer.

= Shipment of goods by an unauthorized internal agent.

* Shipment of goods to the wrong customer or to an unauthorized location.

= Shipping the wrong product or the incorrect amount of product.

+ Shipping poorly packaged products.

« Selecting a poor carrier or route.

* Losing sales due to untimely shipments.
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Economic Increment Event Risks and Controls
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Marty's Distributing Company is a distributor of alcoholic beverages and soft
Under the precomputerized system, a delivery clerk took a load of beer to areta" =
let and manually prepared a sales slip. There was no independent check on the =
racy of the amount of beer recorded, the extension of quantity multiplied by pries
the summation of the total charge. At the time the computer was installed, the =
system and the new system were operated in parallel for two months to verify T= &
curacy of the new system. During this time many errors were identified, and T e
investigation revealed the delivery clerk made all the errors in manually prepars
sales tickets. The savings the computer system generated by catching and prevesss
these errors more than paid for the computer system in less than one year.

An effective integrated enterprise information system can help control several of S
risks. The system itself can verify who ships products and to whom they are shipped. #as
words can prevent an unauthorized internal agent from gaining access to the system &
products. Computer generated address labels can prevent shipping products to the ;
customers and product bar codes can help prevent shipping the wrong products.

Risks associated with cash disbursements include:

= Failure to pay for goods that were received, or making late payments, thus earning = &
credit rating.

« Recording a cash disbursement that in fact did not occur.

»  Making duplicate cash disbursements for the same purchasc.

= Recording incorrect details about cash disbursements.

« Failure to take advantage of early payment discounts.

Independent checks on performance are crucial to mitigate risks in the cash &
ment event activities. Employees other than those who make the cash disbursems
do these independent checks, or the checks may be done by the enterprise systems 3
face. For example. one employce may write checks based on the supporting docs
tion, and another employee may verify the accuracy of the checks and the entries @ ==
them. Alternatively as the underlying acquisitions are made, the system may genersis &
record the checks and an employee may verify their accuracy and sign them.

Because economic increment events involve resource inflows, these events are parss
susccptible to risks associated with theft (see Resowrce Risks and Controls earlier &= 88
chapter). Risks associated with cash receipts include:

+ Failure to receive cash as a result of a sale, or failure to record cash that was recens
= Recording a cash receipt that in fact did not occur.

« Accepting duplicate cash receipts for the same sale.

« Recording incorrect details about cash receipts

= Failure to deposit cash into the bank in a timely manner, or depositing cass =
wrong cash account.
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When cash is received in the mail, two employees should open the mail together. One em-
ployee should take the money and prepare the deposit and the other person should send a re-
ceipt to the customer and record the receipt in the company’s information system. The system
should compare the deposit total with the total of the receipts to verify their equality. A con-
trol to reduce the risk of data entry errors is the use of computer-readable remittance advices.
If a customer pays the exact amount of an invoice and returns the remittance advice with the
payment, the computer can read the information on the remittance advice and know the
amount of the payment and the customer information needed to correctly process the payment.

Risks associated with acquisitions of inventory, supplies, and operating assets include:

» Failure to receive goods in response to a purchase order commitment.

» Receipt of goods that the enterprise did not order.

= Receipt of the wrong goods or an incorrect quantity of goods.

« Damaging goods during unpacking on the receiving dock.

= Failure to receive goods in a timely manner.

= Failure to record acquisitions quickly enough to take advantage of early payment discounts.
Access restriction controls for resource-related theft risks deseribed in this chapter should
be enforced for acquisition events. An effective integrated enterprise information system
can help control several of the other risks identified. The system can be used during the ac-
quisition event to verify that the goods received were ordered. In an automated integrated
enterprise system, acquisitions are recorded in a timely manner (as the goods are received)
so that early payment discounts may be taken. The sysiem also may be queried on a regu-
lar basis to follow up with vendors regarding unfilled purchase orders (i.e.. orders for
which goods have not yet been received).

Economic Decrement Reversal Risks and Controls

Economic decrement reversal events in the sales/collection process should be subject to
close scrutiny because they are the alternative to the expected economic increment event
and because they involve custody of inventory. Sales returns are sometimes used as a
means to cover up theft of cash (for example, without proper controls, a clerk may steal a
customer payment for an invoice and then process a sales return for the invoice amount).
Other risks associated with sales returns include:

Failure to accept a sale return for which a customer has a legitimate reason.
= Acceptance of returned goods that originally were not sold by the enterprise.
= Approval of a sale return by an unauthorized employee.

* Recording a sale return that in fact did not occur.

These risks may be controlled with the aid of an integrated enterprise information system.
No person without a proper password or access code should be able to autherize a sale re-
turn event, Access restriction controls and chain of custody tracking should be enforced for
the receipt of the returned merchandise into the warehouse.

Economic Increment Reversal Risks and Controls

Similarly, economic increment reversal events in the acquisition/payment process are the al-
ternative to the expected cconomic decrement event and they involve custody of inventory.



452 Chapter Fourteen Enterprise System Risks and Conools

Controls for

Purchase returns are sometimes used as a means to cover up theft of inventory, supplies. or
operating assets (for example, without proper controls, a clerk may steal goods and then
process a fictitious purchase return for the purchase amount). Other risks associated with
purchase returns may include:

+ Failure to return goods that did not satisfy the enterprise’s needs.
* Return of goods that the enterprise in fact does need.

* Approval of a purchase return by an unauthorized employee.

» Recording a purchase return that did not occur.

These risks may be controlled with the aid of an integrated enterprise information system.
No person without a proper password or access code should be able to authorize a purchass
return event. Restriction of access controls should be employed in the activities of pack-
aging and shipping the goods back to the appropriate vendor. The integrated enterprise -
formation system may be used to verify who ships goods and to whom they are shipped =
help resolve any dispute with a vendor as to whether goods were actually returnied. Pass-
words can prevent unauthorized employees from gaining access to the system to ship prod-
ucts. Computer generated address labels can prevent shipping products to the wrong ves-
dors and product bar codes can help prevent returns of the wrong products.

Information Process Risks

Many of the controls for business process risks involved information system controls thas
overlap with controls for information process risks. Indeed, it is often difficult to dists
guish between controls over actual business process objects and the recording, maimse-
nance, and reporting of information about those objects. This section focuses on informa-
tion processing risks and controls that are reasonably separable from the business process
objects themselves.

Although all information processing errors and irregularities are undesirable, those fas
occur during the recording and maintenance processes are particularly harmful. Why? The
adage, “Garbage in, garbage out!” If inaccurate, invalid, or incomplete data are eithes
recorded or maintained, the result is erroneous reporting. Because important decisions s~
garding the enterprise’s strategy and direction are based on reports produced by the sis
tem, the errors may prove disastrous.

System Resource Risks and Controls

In the business process risk section we discussed the need to restrict access to enterpesss
resources. The enterprise information system is one of the resources to which access
should be restricted. Because system resources are used primarily to record, maintain. asd
report information about business processes, we classify system resource risks and cone
trols into the information process risks and controls category. Critical system hardwass
such as file servers should be locked in restricted areas; however, other components &
networked information systems usually need to be accessible to authorized users to come
plete business and information processes. Unauthorized access to systems represesss =
tremendous risk to enterprises, so prevention of unauthorized system access is importsss
Controlling access is critical when systems have online, real-time transaction processss
capabilities. Any computer that is connected to the Internet is vulnerable to amemsmes
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Surveys show that most passwords are no-brainers for hackers trying to break into a
system. The most common password is the user’s own name or the name of a child.
The second most common password is secret. Other common passwords in order of
usage are

Stress related words such as deadline or work

Sports teams or sports terms like bulls or golfer

Payday

Bankers

The current season (e.g., winter or spring)

The user’s ethnic group

Repeated characters (e.g., bbbbb or AAAAA)

Obscenities or sexual terms

Sewrce: I, Light, *“Up Front—The List: Hackers® Delight.” Business Week, February 10, 1997, p. 4.

break-ins by unauthorized users sometimes referred to as hackers. Hackers may seek per-
sonal gain from intruding into an enterprise’s information system, or they may seek only
to cause destruction to the enterprise such as has been accomplished by denial of service
attacks in recent years. In a denial of service attack, an intruder typically logs mto the sys-
tem and launches an application that inundates the server with logins that overload its re-
sources to serve legitimate users’ needs. The most likely way to ensure the seerecy of data
stored on a computer is to keep the computer as a standalone (i.e., never connect it to the
Internet) and keep that computer locked in a secure place. Most enterprises can’t operate
effectively in standalone environments; therefore logical access controls for each layer are
nceded.

Logical access controls restrict unauthorized access to the programs and data in sys-
tems. Networked information systems have several layers of potential access points, each
of which must be secured. Besides controlling access to the enterprise’s application soft-
ware packages, it 1s also necessary to control access to the underlying database, and to the
overall network operating system. If adequate controls are not built into the system at each
layer, unauthorized users may gain access to the application software through a back door
in the network operating system or in the underlying database. System access controls in-
volve the use of passwords and an access control matrix.

A password 1s a unique identifier that only the user should know and is required to enter
whenever logging onto the system. Passwords are a weak form of protection. Unless pass-
words are formally assigned, routinely changed, and protected from use by other people,
they quickly get into the wrong hands and provide unauthorized access to the system.

An aceess control matrix identifies the functions each user is allowed to perform and
what data and programs the user can access after gaining access to the system. For exam-
I ple, a limited number of individuals are allowed access to payroll data. Some users are al-
lowed to only read data, while other users are given the right to read and update the data.
Access controls require users to authenticate themselves (i.e., give evidence that they are
| who they say they are) by providing something they know, something they possess, or
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Source: R. Kay, “Distributed and Secure,” Byre, June 1994, p. 163,

454

Active-badge technology automatically authenticates users who come within
nated range of the receivers. The badges worn by the users transmit weak
nals to the receivers, so no physical contact between the badges and the receives
necessary. ‘ i
In the past, biometrics authentication was based on comparisons of fingaras
palm prints, retina eye patterns, signatures, or voices. More recently, a system &
ognizes keyboard-typing patterns has been developed. Another technology can
edly read infrared facial patterns using only a simple video camera for image ca;

something they physically are. Access controls that represent things users know are pase
words and personal identification numbers (PINs). Access controls that represent thme
users possess include identification smart cards or tokens (see nearby cases in possl
Some biometric access controls require physical characteristics as input including wwses
recognition technolegies, fingerprint identification, retinal scanners, and digital sizms-
ture recognition technology. '

Enterprises also can use terminal identification codes to prevent access by unauthors
terminals over communication lines. A host computer can require a terminal to elecs
cally transmit its identification code that proves it is an authorized terminal and d=5s
(and limits) the tvpe of transactions the terminal user can perform. The host compess=
compares the identification code it receives from the terminal with a list of approved =
minal identification codes to verify that it is an approved terminal.

Encryption is used to protect highly sensitive and confidential data. Encryption & &
process of encoding data entered into the system, storing or transmitting the data in cods
form, and then decoding the data upon their use or arrival at their destination. This see
vents unauthorized access to the data while they are stored or as they are transm :
Unauthorized users can easily intercept information broadcast over networks by appiies
tions that do not use encryption. ]

Protecting Against System Failure. Until we have a fail-safe technology, we must =
against possible failures in the computer hardware and its power source, as well as pr
system hardware from the environment. Such failures can result in the interruption of b
ness operations and the loss of data. As a preventive measure, enterprises should propess
maintain computer equipment and facilities, and operate equipment in an approsess
physical environment (environmental controls). For larger systems, specially preps
rooms are sometimes necessary to house computer equipment. Some enterprises Sms
backup system components (e.g., extra disk storage devices, extra printers, and extra oo
munication channels) so that if a component fails, processing can quickly be transferzes &
another component without interrupting the flow of processing for an extended perod
time.
Not only can computer components fail, but the power source for the components
can fail or provide an irregular power supply. The loss of power shuts down the entizs ap
eration and any data in temporary storage are lost. Protection from the loss of power s
ally is provided through the use of special battery units called uninterruptable power s
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A strong form of protection against unauthorized access to a network is the token sys-
tem that authenticates a user through a hardware device combined with a log-in pass-
word process. The smart cards make the network tougher to crack by incorporating a
randomly generated, one-time-only password code. Like a bankcard, the smart card
works in sync with the host system to authenticate access. But instead of a single code
or PIN, the card generates a random code that can change every 60 seconds and is read
into the system. If the code matches the software on the host, access is granted. Some
cards can be configured to provide access to selected network compeonents. Elaborate
cards may include electronic eyes that capture the resemblances of the users, read
them into the system, and allow them to be viewed by the network managers.

Source: D. MeKay. “Network Managers Face Formidable Challenge” Computer Dealer News, July 13, 1994, p. 29,

plies (UPS). These devices provide battery support and sound an alarm when power is in-
terrupted. This allows needed time to stop computer processes and back up data and in-
structions (programs). An irregular power supply can damage or destroy the computer
hardware. Sudden and dramatic increases in power are called power surges or spikes. Pro-
tecting against surges or spikes involves the use of a surge protecror or line conditioning.
Conditioning power lines is sometimes provided by utility companies, but can also be pro-
vided by a simple and relatively low cost device called a surge protector.

Virus protection (anti-virus) software and firewalls are also important tools for protecting
system resources. Viruses are malicious software programs that attach themselves to other
applications without the user’s knowledge. Worms are more invasive, self-replicating types
of viruses. When an infected file is executed, the attached virus or worm program is also ex-
ecuted and may cause damage such as deleting files, destroying a hard disk drive, or even
crashing an entire system. Enterprises lose millions of dollars each vear because of viruses
and worms. Virus protection software is designed to search for and destroy known virus pro-
gramming code. Firewalls are combinations of hardware and software that are used to shield
a computer network from unauthorized users or from file transfers of unauthorized types.
Firewalls typically provide a higher level of protection than do anti-virus software programs;
however, they are not [oolprool. Firewalls should be used in conjunction with anti-virus soft-
ware because firewalls may allow viruses through when attached to files of legitimate types.
Keep in mind that virus code writers are always a step ahead of anti-virus code writers; there-
fore, firewalls and virus protection software provide only limited defenses. Many enterprises
with firewalls and virus protection software become victims of new viruses and worms.

Software Processing Controls

Software processing controls check the accuracy, completeness, and authorization of in-
formation to be recorded, maintained. and reported. Two broad categories of software pro-
cessing controls are general controls and application controls.

General Controls
i General controls include all controls over data center operations, access security, systems soft-
ware acquisition and maintenance, and application system development and maintenance. A

455



Case in Point

Instant messaging is a technology that can save enterprises money by allowing =
ployees across the world to interactively type messages back and forth to each
without incurring long-distance telephone costs. Security experts agree, however, &
there are too many inherent risks because the messages are not encrypted. Even i 4=
are sending a message to an employee down the hall, the message is first sent out «
the network to the Internet service provider and then to the intended recipient.
encryption is added to instant messaging, many enterprises will adopt policies &
hibiting employees from using it.

Source: S. Gaudin, “Top 10 Enterprise Security Risks” EsecirifyPlanel.com, July 11. 2002, wivw.esecurityplanet.com/wends/article php/ 138408 1. i

high-level executive who reports to the president of the enterprise (e.g., a chief informases
officer or C10) should administer the information system functions of an enterprise. Az I§
steering committee, composed of several other key officers of the enterprise, should work was
the CIO to develop a plan that identifies the strategic use of information technology within &
enterprise and prioritizes the development of individual components.

The CIO 1s responsible for all aspects of the information system functions of the emes
prise. This individual makes sure that there is adequate separation of duties and responsit-
ities and adequate access security, and that the operations of the data center are properly cose
trolled as we have discussed earlier. The other general controls of acquisition, developme
and maintenance of both systems and application software are discussed in the next sectic

Development and Maintenance of Systems and Application Software. Systems o
ware consists of the computer programs that make the computer hardware run. They
clude the operating system, networking and communication software, and various utilises
programs to back up and maintain files. Application software consists of the programs ¢
process the business events of the enterprise such as the acquisition of goods and sz

and the production of finished products. Because of the high cost to develop custom s
ware, there is a growing trend to purchase both systems and application software and &
modify them as necessary to meet the needs of the enterprise. Care must be taken in spee-
ifying the requirements of the software, analyzing available software to see which packass
best meets the requirements, modifying the software as necessary, and testing individes
applications and the entire system to make sure it processes the data accurately.

User departments are generally responsible for developing the list of software regus
ments. People from the user departments, the systems analysts, and the programmers we
together to identify potential software packages in the market and compare their featmes
with those desired by the enterprise. When modifications are required, the systems anafss
design the changes and the computer programmers write the code to make the changs
Test data are generally used to verify that the programs and the entire system work @
rectly. Test data are a set of business events to test every logic path within the prograss
The correct results from running the test data are developed independently from the sss
tem being tested and are compared with the results obtained when processed by the mss
system. If the new system correctly processes the test data we assume it has been modife
correctly. The data control group is responsible for reviewing the testing and the tess =
sults, and verifying that they are adequate and that the systems are ready for use,
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Case in Point

You may not know it, but software can kill. Eugene Smith of Doylestown, Pennsylva-
nia, was declared dead by software. A driver’s licensing database insists he died in a
traffic accident {probably as a result of a data input error). He has spent nearly three
years trying to get reinstated through Pennsylvania’s computer system. But the soft-
ware is designed so that once you are dead you stay dead.

Source: R. Richle, “Killer Software: Program Errors Caun Kill People. Both Figuratively and Literally, Making Structured Software Engineering Fssential,” HP
Frofessiongl, February 1994, p, 54.

This same process must be followed every time a modification is required in a program.
The request comes from the user department. Systems analysts design the change, pro-
grammers write the code, test data verify that the program functions properly, and the data
control group verifies the program is ready for use. Once the modification is complete, it
is turned over to the operating people and controlled by the systems librarian. Controls
over developing and maintaining a system are very important. The way a system is devel-
oped is as important as how it is operated in preventing errors and irregularities.

Financial losses because of software defects are an international problem. As institu-
tions become dependent on electronic funds transfers, the software itself becomes more
complex. Individual programmers have taken advantage of this complexity by concealing
code in programs that transfer minute amounts from individual transactions to their own
accounts. What’s the true magnitude of the financial shrinkage due to faulty software? No
one knows.

Application Controls
" Application controls apply to the processing of individual applications. These controls en-
sure that transactions ate valid, properly authorized, and completely and accurately
processed. Qur discussion of application controls is divided into data input controls, pro-
cessing controls, and file controls.

Data Input Controls
Some of the most important controls are those dealing with the accuracy and completencss
of data that are entered into the computer. Accuracy of input data is checked by event pro-
cessing rules, data entry verification, and several edit checks.

Event processing rules should be built into the system to verify that prescribed business
rules are followed when executing an event. Some examples of potential business rules
include:

A customer may exist in our database before participating in a related sale event, but
it is not permissible to record a sale event without identifying the related customer.

That is:
Relationship: Participation
Connected Entities: (0, ) Customer
(1,) Sale
Products can be shipped (sale event) only after a valid customer order has been taken
(sale order event).
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Case in Point

Sometimes a software defect is intentional. For example, a Manhattan software cc
tractor was fined $25,000 for putting a bug in the software of a law firm. Accorg
to the judgment, the contractor put a statement in the program to make it 2

when the system reached case number 56789. He planned for the system to fail so
law firm would retain him to fix it for a hefty fee. The law nabbed him. But ano
consultant earned $7,000 to repair the software.

Source: R. Riehle; *Killer Software: Program Errors Can Kill People. Both Figuratively and Literally. Making Structured Software Engincering Essential ™ 28
Professional, February 1994, p. 54.
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That is:
Relationship: Fulfillment
Connected Entities; (1. ) Sale
(0. ) Sale Order
Each customer order can have one or more types of inventory associated with it; cack
inventory type can be mvolved in many customer orders; and information about
inventory types may be entered into the system before any orders are taken.

That is:
Relationship: Reservation
Connected Entities: (1,N) Sale Order
(0.N) Inventory Type

As discussed in Chapter 6, these business rules can be designed into the relational date
base tables. Event processing rules and other programmed business logic can help ense=
prises defect errors or irregularities, and can sometimes help prevent errors. To illusirase
detection, consider a mail order company that does not normally have prepaid sales am&
very rarely incurs cash sales. Because the company gets cash receipts from nonsale sourses

(such as bank loans), the information system must allow cash receipts to be entered witse-

out having previously processed a corresponding sale. A risk exists that a cash receipt s
in fact resulted from a sale was not matched to any corresponding sale in the system. &
query may be developed to detect whether there are unmatched cash receipts in the sis
tem. An investigation could reveal the sale was not recorded in the system (the enterpnss s
error). Alternatively a query could identify “overmatched” cash receipts in the system—
those for which the cash receipt amount exceeded the related sale amounts; such a guas
could reveal a customer paid for the same sale twice (the customer’s error).

Event processing rules also can help prevent errors or fraud, if the data input functicss
are embedded in the business process procedures. In such environments, the rules govers—
ing the event and the data describing it can be exccuted and recorded in real time. The sis-
tem can note aclivities that represent exceptions to prescribed rules and send exceptios
messages to a responsible person for review. Based on the authorized person’s respomss.
the system can allow or prevent execution of the activity. For example, is a shipment nee
mally necessary to record an order? No, an order event should precede the shipping evess

| I
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Is an order necessary to execute a shipment? For many enterprises the answer is yes! The
authorization for a shipment is the cxistence of a valid order. Without a valid order, the
shipping event should not be executed. An IT application could deny the execution and
recording of a shipment that is not supported by a valid order. When shipping personnel
can generate shipping labels only through the system, the likelihood of shipping merchan-
dise without an order is reduced significantly. Notice that if an enterprise does not embed
the data entry function into the business process procedures, but instead inputs data after
the events have occurred. the system’s ability to prevent errors and irregularities is sub-
stantially reduced. It can only detect rather than preveat.

Data Entry Verification.  As event data are entered into systems they must be checked to
verify the accuracy of the record being updated and the accuracy of the data themselves.
Two controls often applied in this arca arc closed loop verification and key verification.

Closed-loop verification helps the user verify that the correct record 1s being processed
and updated. It does this by using one input data item to locate the record to be updated
and displaying other data about the record so the data entry person can verify the correct-
ness of the record. For example. it a sales order clerk enters a customer number for a cus-
tomer buying merchandise on account, the computer uses the number to locate the
customer record, then display additional customer data (such as name and address) on
the computer screen. This way the user can verify that the correct customer record is being
updated.

Key verification (rekeying) keys input data twice. The first data entry clerk enters the
data and a second entry clerk reenters the same data. The computer compares the data en-
tered on the second keying operation with the original data and highlights any differences.
The second entry clerk verifies and corrects any differences.

Edit checks are incorporated into computer instructions to verify and validate the com-
pleteness, reasonablencss, and/or accuracy of data. Edit checks can help reduce both oper-
ating risk and information processing risk. Their use 1s not limited to one type of risk or
circumstance. Edit checks may be applied to individual fields or to records or batches of
records. Several edit checks can be used to check the accuracy, reasonableness, and com-
pleteness of individual data input fields. The following overview describes some of the edit
check logic used in information systems.

Check digit. A formula can be applied to an account number, part mumber, or similar
standard number to calculate a check digit. The check digit is appended to and
maintained as part of the number (usually as the last digit). For example, suppose we
want a five-digit account number (including the check digit) and the first four digits of
the account number (based on style, division, color, and product type) are 1534. A
check digit formula is used to add the fifth digit. There are several check digit
formulas, and one rather simple, but less than adequate. formula adds the account
number digits and extracts the second digit of the sum. The resulling account number
using this formula is 15343 (the 3 is the second digit of 1 +5 + 3 +4 = 13).
Completeness check. A completeness check verifies that all critical field data are
entered. [t checks for missing data or blanks.

Default value. Default values set the field contents to a prespecified (default)

value. In some cases the default values may be overridden, while in other cases they
may not.
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Field or mode check. A field or mode check verifies that the entered data type is &
appropriate mode for a field. For example, if a field is declared as a text or an
alphanumeric field, the data input should be alphanumeric (letters and numbers).
Other field modes include numeric, date, logical, counters, memo, and embedded
objects (such as video, audio, or graphics).

Range (limit) check. A range check compares entered data to a predetermined
acceptable upper and/or lower limit. Data are not accepted without special
authorization if the data fall outside the specified limits.

Validity/set check. A validity check compares entered data against prespecified dats
stored within the computer to determine its validity. For example, to determine the
validity of a user identification number, the computer would compare the entered
primary key of the user to a stored list of valid user numbers.

Sample Record Edit Checks. The next level of edit checks examines an entire record s==
erally a record in the file being updated by business event data. Some of the more commus
record edit checks are

Master reference check. A master reference check verifies that an event/transacton
record has a corresponding master record to be updated. An error occurs when thess
is no corresponding master record for the transaction record. For example, there 1= =
error if you input a sale for a customer not currently included in your customer daz=
files.

Reasonableness check. A reasonableness check verifies whether the amount of an
event/transaction record appears reasonable when compared to other elements
associated with each item being processed. For example, il an employee is coded 25 &
clerk, it is probably unreasonable that her pay per week is $5,000. Note that a
reasonableness check is not the same as a limit check. It might be reasonable for =
president to have a weekly check of $5.000. The reasonableness of the pay is based =
the relationship between position (clerk versus president) and the amount of the pax.
not a fixed dollar amount.

Referential integrity. Referential integrity is a safeguard to ensure that every poss=2 I.i
foreign key attribute relates to a primary key attribute. For example, suppose vou S ‘
two tables: a Salesperson table and a Sales event table. Since the two tables have a
relationship (a salesperson participates in each sale), you must include the primary

key attribute of the Salesperson table (e.g.. salesperson number) in the Sales event
table; salesperson number is a foreign key attribute in the Sales event table. You wase
to invoke refercntial integrity to ensure a link between the two tables. Referential
integrity prevents writing a sale in the Sales event table without a valid salespersom
number from the Salesperson table. It also prevents deleting a salesperson from the
Salesperson table as long as the salesperson has sales in the Sales event table.

Vaulid sign check. The valid sign cheek highlights illogical balances in a master file
record. For example, a negative balance for the quantity on hand for a particular ite=

in inventory is a likely error.

Sample Batch Edit Checks. The next level of edit checks is for an entire batch of evemt
or transactions. Sometimes business events can be grouped info batches for a pened &
time, such as one day, and processed together. Controls are needed to make sure noms o
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the events are lost, no unauthorized events are added, and all events are in the proper se-
quence and correctly processed.

Sequence check. A sequence check verifies that the records in a batch are sorted in
the proper sequence. For sequential processing, which is frequently used with batch
processing, the transaction records must be sorted in the same order as the master
file's primary key. A scquence check also can highlight missing batch items, such as a
missing check.

Transaction type check. A transaction type check verifies that all transactions included
within the batch are of the same category or type. For example, we would not want
the addition of a new customer to be confused with the addition of a new employee.
Batch control totals. When transactions are processed in batches, each batch should
be dated and assigned a unique batch number. Batch control totals are used to verify
that all transactions within a batch are present and have been processed. They verify
that no transactions were added or deleted during processing. There are several types
of batch control totals. Let’s use a record that includes a customer number field and an
invoice amount field to illustrate three types of batch control totals: hash, financial/
numeric, and record count control totals.

Hash control roral. A hash control total is the sum of an attribute that normally would
not be summed because its sum has no real meaning. For example, the sum of the
customer number field of all the records in a batch is a meaningless number for
purposes other than as a batch control total. But, if it is calculated when the batch is
first assembled, the computer can recalculate it after the records have been entered for
processing. If the computer-generated sum is the same as the original amount, we
have some assurance that all records were accurately processed. If they are not the
same, one or more transactions may have been either added or deleted from the batch.

Financial/numeric control total. A financial control total is the sum of a financial
field, such as the invoice amount, of all records in a batch. Usually, this is a
meaningful numeric or financial field. For example, the total of the invoice amounts is
meaningful becausc it represents the increase in accounts receivable and it is useful to
evaluate the effectiveness of those taking orders for the day.

Record count conirol total. A record count control total is a total of the number of
records in a batch. So if a batch contains 46 records, the record count is 46.

All the batch control totals can be used to verify batch mput, processing, and output. For
example. suppose a clerk enters 46 customer invoices totaling $14,678.93 in charge sales
into a computer file. Also assume that the sum of the customer account numbers on the in-
voices 18 738476846. Once these records are entered into a batch transaction file, the file
should include 46 records (the record count), the customer number field should total
738476846 (a hash total), and the sum of the invoice amount field should total $14,678.93
(a financial total). When the records are processed to update the customer receivable mas-
ter file, the update run should show that 46 records were affected, and the accounts receiv-
able total should increase by $14.678.93.

Batch control totals may be generated by one computerized process compared with an-
other computerized process that uses the same batch as input; in those cases, a hash total
is as easy as a record count or financial/numeric control total. Often, however, the initial
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EXHIBIT 14-2
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batch control total 1s generated manually with a ten-key adding machine as the batch is e

ated. The batch control total (usually a financial total, but sometimes a record count: &
written on the batch header along with the batch number and date. Once a manual S
control total is computed and the batch is entered into a computerized process, the oo
puter process should generate a control total of the same type (financial, numeric. recest
count, or hash) and the manual total should be compared to the computerized total. If e
match, the enterprise has a reasonable confidence that all items in that batch were = S
processed in the computer system processes. Exhibit 142 illustrates an example batctme
and reconciliation process.

Notice that batch totals do not identity errors in individual records. Batch totals san
highlight errors in the group as a whole. Batch totals do not ensure that individual recesss
are correctly updated. For example, if the total of an accounts receivable subsidiary lefas
equals the total in a general ledger accounts recgivable control account, this does nes s
nify that the postings to the individual customer accounts are correct. It only indicates S
the same total amount was posted; some individual items could have been posted o S
wrong customer’ account!

Processing Controls

Information processing controls are designed to verify that event, resource, agent. amd =
cation information are recorded and maintained accurately, completely, and in 2 mmes
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manner. They also help ensure the information on reports is complete, properly summa-
rized, and reported to the appropriate people.

Process controls verify that the input data are propetly recorded in the database and any
balances maintained within the system are properly updated. Many of the program devel-
opment and maintenance controls, data input controls, and edit check controls identified
earlier also are used as process controls. The following examples illustrate the application
of test data, closed-loop verification, and edit checks to verify process accuracy.

Test data that verify computer programs are functioning properly are an important ele-
ment in verifying the accuracy of information processing, Once a program is correctly
written and tested it is very reliable in performing the same operations again and again.

Closed-loop verification is used when the input data are being processed in an online,
real-time mode. For example, closed-loop verification can make sure the customer account
being updated is accurate. Because of the mode of processing, this serves as an input and
a process control.

Edit checks on the record and batch levels also are used as process controls. For exam-
ple, a reasonableness check when used in a sequential batch process is a process control.
As a transaction is being processed, the computer can compare one element of input with
the master record to see 1[ it appears reasonable. I it does not, an error is recorded on the
error log. An example of this is a sales order process. Selling 10 computers to a customer
with an occupation listed as housewife would not seem reasonable and the transaction
would be printed on an error reporl. If, however, the sales clerk was entering the transac-
tion by an online, real-time process and the sales clerk attempted to execute such a trans-
action, the computer could perform the reasonableness check as the data are entered and
highlight the unreasonableness. In this case it is an input control.

As you can see, many online, real-time controls become process controls when the
mode of processing is shifted to batch processing. This explains why real-time processing
helps enterprises prevent errors more easily than enterprises that perform batch processing
after a transaction has already occurred. With batch processing, error detection is more
common than error prevention.

One of the benefits of an architecture based on the REA pattern is the simplicity of data
storage and processing. Most event data are stored in a raw, unproccssed form. Processing
consists of recording the individual characteristics and attributes about each business
event. Most classifications, summarizations, and balances are developed as part of the re-
porting process. This is much more streamlined and less complex than a traditional pro-
cessing environment where you have to control not only the input but also a complex post-
ing process to perform classifications, summarizations, and balance calculations.
Processing in a REA-based architecture 1s very simple; it is a direct recording of the event
attributes. This allows for straightforward controls. The key to control is making sure the
event record is being recorded in the correct file in a timely, complete, and accurate man-
ner. Then we accurately report these data per the request parameters of the information
customer.

File Controls

Devices or techniques are available to verify that the correct file is being updated and to
prevent inadvertent destruction or inappropriate use of files. Some of these controls in-
clude the following:
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EXHIBIT 14-3
Batch
Processing

External file labels (as simple as stick-on labels) identify a storage medium’s contems
They also help prevent someone from inadvertently writing over the contents of the
disk or tape.

Internal file labels record the name of a file, the date it was created, and other
identifying data on the file medium to be read and verified by the computer. Interns’
labels include header labels and trailer labels. Header labels are a file description
recorded at the beginning of a file. Trailer labels mark the end of a file and contain
control or summary data about the contents of the file.

Lockout procedures are used by database management systems to prevent two
applications or users from updating the same record or data item at the same time.
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The read-only file designation is used to mark data available for reading only. The
data cannot be altered by instructions from users, nor can new data be stored on the
device.

File protection rings allow data to be written on a magnetic tape. When the ring is
removed, the data on the tape are protected from being accidentally overwritten.

Data Loss and File Reconstruction Capability. Regardless of the controls created to se-
cure the computer and prevent problems, files are occasionally lost and programs are occa-
sionally destroyed. Therefore. it is necessary to maintain backup or duplicate copies of cur-
rent data files, programs, and documentation. At least one set of backup copies of all these
items should be stored at a location thal is physically removed from the computer facilities.
Enterprises should develop a policy concerning how long to retain backup copies. The
length of time depends on the managerial and regulatory requirements of the enterprise. The
purpose of backup copies is to allow an enterprise to reconstruct its data should a disaster
strike and cause a loss or corruption of data. The basic task is to retain copies of reference
(resource, agent, and location) data and event data for use in reconstructing any lost data.

File reconstruction involves reprocessing the event or business activity data against the
master resource, agent, or location reference data. Enterprises typically update data in ei-
ther a batch mode or a real-time mode.

Batch Process File Reconstruction
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the “parent” master file.
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EXHIBIT 14-5
Real-Time File
Processing

Batch Process File Reconstruction. Batch processing collects a group of evemt
maintenance data for a period of time (such as a day) before the master reference £
updated. Processing updates the current version of the master reference file to create 2 s
master reference file as illustrated in Exhibit 14-3. When the next batch of event and ==
tenance data for, say, the next day are ready to be processed, the new master reference &
of the prior run become the current master reference data for the new run. The baciy
and file reconstruction procedure generally used with batch processing is known == &
grandparent-parent-child approach. At least three generations of both event =
nance data and master reference data are maintained (see Exhibit 14-4). If the cu
sion (the child copy) of the master reference file is destroyed or lost, the enterprise &
construct it by rerunning the appropriate event/maintenance data against the prior cogs
the reference data (the parent copy). If a problem occurs during that reconstruction rus &
backup data may be used to reconstruct the parent file. The parent is used then o =o
struct the child and processing continues normally. Batch processing often uses checipas
controls for applications that take an extended amount of time to process. Some bach
cessing runs take as long as six to eight hours and if a problem occurs during processs
you don't want to have to start again at the beginning.

Checkpoints consist of data and program snapshots periodically taken during batch ==
cessing, I a hardware failure occurs during a long processing run, the system can ress
processing at the last checkpoint, rather than at the beginning of the run.
Real-Time Process File Reconstruction.  Real-time processing updates master refes
data with new event and maintenance data as the new data are captured as illustrated
hibit 14-5. As the event or maintenance data are processed to update the master
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Case in Point

EXHIBIT 14-6
Real-Time
Master File
Reconstruction

One day a state’s welfare payment system suddenly showed a $15 million shortage. An
investigation showed the $15 million left the fund by a direct wire transfer to a Swiss
bank account. It was withdrawn from the Swiss bank on the day of the deposit and
the account was immediately closed. Further investigation showed the cause of the di-
rect wire transfer was a small section of code (written in machine language) in the
welfare payment program that checked to see if today’s processing date was the same
as a specified date. If they were the same, the $15 million was transferred. The person
who had written the program had ceased working for the state agency about a year
before the fund transfer, and was believed to be living in Switzeriand. This type of
fraud was not possible before welfare payments were processed by computer and be-
fore the existence of direct wire transfers of funds.
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The master file backup becomes the master
file and it is updated for transactions since
the backup occurred.

data, they also are recorded in a separate fransaction log, This log is a critical part of the
reconstruction process.

File reconstruction procedures must be developed for real-time processing. The trans-
action log and a periodic copy of the master reference file are the keys to file reconstruc-
tion. Periodically the master reference file is duplicated on a backup medium such as disk
or magnetic tape. Copies of all event and maintenance data are stored on a fransaction log
as they are entered into the system. At least three generations of both the event/mainte-
nance data and the master reference data are maintained as with batch processing. If the
master reference file is lost or destroyed, the first generation backup copy is updated for the
activity on the transaction log since the copy of the master reference file was made (see
Exhibit 14-6). Once the master reference file is updated, processing continues normally.
The three generations allow for additional errors in reconstructing the file. If the first gen-
eration is destroyed in reconstructing the file, the second-generation master reference file
is used to reconstruct the first generation master reference file. The backup copies of both
the master reference file and the transaction log should be stored at a remote site.
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The information system captures, processes, and reports information to peogis
throughout the enterprise. The information system and internal controls must be constam=
evaluated and updated. As an enterprise changes and as information technology chansss
so do the enterprise risks. New technology sometimes brings new risks that people dos ™
even consider as demonstrated by the aforementioned state welfare system.

CONCLUDING COMMENTS

This chapter introduced the importance of understanding enterprise risks and provides
some examples of available controls to reduce enterprise risks. Some of the control exss-
ples cited are useful for preventing errors and irregularities, while others are helpful @ de-
tecting and correcting errors and irregularities. Just as change has become a constant s
ture of enterprises and information technology, the need for creativity and innovatios &=
identifying risks and in developing control procedures to reduce risks is becoming come
tent across enterprises. The tools provided in this chapter are only a beginning; as new msis
arise, new controls also must be developed. The key is to adequately assess risks. des=s
mine which of the risks need to be controlled, and design cost-effective controls o =
gate those risks. When measuring the cost of controls, any decreases in operational &5

ciency and effectiveness must be considered.

Key Terms and Concepts

Access control matrix, 453
Application controls, 455
Backup, 442

Batch control total, 467
Biometric access
controls, 454

Bonding, 443

Business interruption, 439
Business process risks, 440
Check digit, 459

Closed loop

verification, 459
Collusion, 435
Committee of Sponsoring
Organizations of the
Treadway Commission
(COS0), 433
Completeness check, 459
Contingency plan, 442
Control activities, 434
Control environment, 434
Corrective controls, 435

Default value, 459
Detective controls, 435
Digital signature
recognition, 454
Economy risks, 437
Edit checks, 439
Encryption, 434
Enterprise risks, 439
Error, 433

Exposure, 431

Field or mode check, 460
Fraud, 435

General controls, 455
Grandparent-parent-child
approach, 466
Independent checks on
performance, 450
Industry risks, 438
Information and
communications, 434
Information process
risks, 44/

Internal controls, 432
Irregularity, 435
Key verification
(rekeying), 459
Lapping, 444
Logical access
controls, 433
Master reference
check, 460 ;i
Materiality of risk. 435
Monitoring, 434
Opportunity, 432
Passwords, 449
Performance reviews. &
Personal identifica
numbers (PINs), £5&
Preventive controls. =35
Range check, 460
Read-only file
designation, 463
Reasonableness =
check, 460 '
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Referential integrity. 400 Sequence check, 46/ Valid sign check, 460
Risk, 431 Smart cards or tokens, 454 Validity check, 460
Risk assessment, 434 Statement of Auditing Voice recognition
Separation (or segregation)  Standards No. 94, 433 technologies, 434

of duties, 445 Threat, 431

Review Questions

LO1 R1. What is a system of infernal controls?

LO1 R2. Distinguish between risk, exposure, and threat.

Lot R3. Describe the relationship between risk, opportunity, and objectives.

Lo1 R4. How do you determine the materiality of risk?

LO1 R5. Should enterprises attempt to control all risks? Explain.

104  R6. Describe separation of duties and responsibilities.

LO1 R7. Who is ultimately responsible for internal controls within an enterprise?

1o+ RE.  List and describe the five interrelated components of an internal control system.

LO4 R9. Which type of control is needed more in today’s risk environment: prevention, de-
tection, or correction? Explain.

101 R10. If enterprises change from a manual information system to a computerized infor-
mation system, do their internal control objectives change? Explain.

1ot R11. Is it better to build controls into an information system or add them to the system
after it is built? Why?

1os  RI12. What risks do enterprises face with respect to resources?

o3 RI13. Whatrisks do enterprises face with respect to agents?

103 RI14. What risks do enterprises face with respect to events?

o3 RI15. What is the difference between business process risks and information process rigks?

104 RI16. Whatare three means by which system users can prove their identity to the system?
Which of these means is least vulnerable to falsification?

o4 RI17. Explain the purpose of encryption techniques.

o4 R1s.  Describe an application you have used that incorporated some form of closed-loop
verification.

o4 R19. How do check digits help ensure that field contents are valid?

o4 R20. Give an example of a completeness check. 0

Multiple Choice Questions

oz MC1. Which of the following guidelines helps in distinguishing industry level risks from
gconomy level risks?

A, An industry risk primarily affects the industry in which the enterprise operates,
whereas an economy risk affects all industries within the enterprise’ local or
global economy.

B. An industry risk affects all industrics within the enterprise’s local or global
economy, whereas an economy risk is a result of the enterprise not taking ad-
vantage of production economies of scale.
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C. Anindustry risk is associated with a specific business object such as a
event relationship, whereas an economy risk affects all industries within
terprise’s local or global economy. :

D. An industry risk primarily affects the industry in which the enterprise operas
whereas an economy risk is a result of the enterprise not taking advantzss &
production economies of scale. '

1oz MC2, Which of the following should be classified as an enterprise-level, external

factor? o

A. A global war.

B. Global warming.

_. Employee incompetence. =
}ncreased competition from another enterprise. -

102 MC3. The sudden bankruptcy of an enterprise’s largest customer is an example of
A. An economy level risk. i :
B. An industry level risk.
An enterprise level risk.
D. An information process level risk. :
tor, oz MC4. Why is it important for management’s philosophy and operating style to encoss
a low-risk environment?
A. If management’s philosophy and operating style encourage a low-risk ems
ment, lower risk also exists at the economy level.
B.)If management’s philosophy and operating style encourage a low-risk e
ment, lower risk also exists at the business process and information :
C. Actually, managements philosophy and operating style should enc
high-risk environment because that will result in lower risk at the bus
process and information process levels. e =
D. If management’s philosophy and operating style encourage a low-risk
ment then the enterprise will have an ill-defined organizational s
.inadequate division of duties.
o4 MCS, Virus protection software
A. Provides a higher level of protection than does a firewall. _
B. Ts executed when an attached virus or worm program is executed and mype
causes damage such as deleting files, destroying a hard disk drive. oe -
crashing an entire system. T
C. Is a combination of hardware and software used to shield a computer ne
from unauthorized users or from file transfers of unauthorized types.
@ Is designed to search for and destroy known virus programming code.

Discussion Questions

1o1  DI1. Why is it important to consider both the costs and benefits of internal contreis®

ror D2, Isrisk 100 percent controllable? Explain your response.

1o4 D3. On January 1, CBU installed a new computer system for tracking and caleulass
ventory costs. On December 31, at closing, CBU's system reported inventory -
million for financial statement purposes. At midnight, the auditors performed =




'L

101

LO3, LO4

D4.

Ds.
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ical inventory count and found the invenfory total to be $3.5 million. To correct the
discrepancy, CBU’s accounting staff processed an adjusting entry to reduce inventory
by $1.0 million. The next day, two accountants were discussing the events of the pre-
vious night. Accountant A was proud of the audit and said it illustrated a benefit of
having a good system of internal control. CBU had followed good internal control
procedures by having a regular physical inventory count to safeguard a valuable en-
terprise resource. Accountant A was relieved that the problem was resolved: the fi-
nancial numbers were corrected before they were reported. In short, he felt success-
ful and thought CBU should feel fortunate to have his accounting staff as control
advisors. Accountant B felt differently. She was concerned about the bad decisions
that were made throughout the year based on the incorrect inventory numbers. She
felt that she and the other accountants should have helped develop more timely and
effective system controls. With which accountant’s philosophy do you agree? How
can you explain the diverse opinions? What policies or procedures, if any, should
CBU develop te avoid such problems in the future?

Some people believe that information technology has made enterprise internal con-
trol systems more difficult to design and use. Others believe that information tech-
nology has made it easier to control enterprise risks. Which do you believe is true, and
why?

For each of the following examples of minimum cardinalities (the maximum cardi-
nalities are omitted: you are supposed to consider only the minimum cardinalities) ex-
plain the business rule associated with the cardinalities and list the risk of not fol-
lowing each rule.

a. Sale (1.-) and (0, —) inventory.

Sale (1, —) and (0, —) cash receipt.

Receipt of inventory (1, —) and (0, -) inventory order.

Salesperson (0, —) and (1, —) customer.

Customer (0, —) and (1, —) sale.

Purchase (1, ) and (0, —) vendor.

g. Shipment (1, —) and (0, —) customer order.

Do these cardinalities suggest a certain sequence of procedural rules for doing busi-
ness? Explain. What controls should the enterprise consider implementing to control
any risk?

H O Ao o

Applied Learning

LO3, LO4

Al.

A customer calls a mail order catalog to order merchandise. The order clerk takes the
customer’s name, mailing address, credit card number, and the merchandise num-
bers, sizes, colors, and quantities. After hanging up. the order clerk verifies the mer-
chandise numbers given by the client are valid (that the company does indeed sell an
item with that number) and checks with the shipping department on availability of
the merchandise item.

Required
a. What business process and information process risks exist in this scenario?

b. What controls may be implemented to mitigate the risks identified in part (a)?
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LO3, Lo+ A2,

LO3, LO4

LO3, LO4

Required
a. What business process and information process risks exist in this scenario?

b. What controls may be implemented to mitigate the risks identified in part (a)?

A3, A truck driver for a food distributor loads his truck early in the morning accordiss
to the invoice purchase orders. He is responsible for picking up COD delivery pa-
ments and, on his return trip, for picking up the inventory from major distributoss.
Currently the POs are handwritten by the floor manager the day before the delivess

Required

a. What business process and information process risks exist in this scenario?
b. What controls may be implemented to mitigate the risks identified in part (a)?
Ad.

ABC recently decided to analyze its expenditures. During the analysis, ABC discos-
ered that all orders for repair services always go to a company owned by the viee
president’s sister. The repair company has a reputation for high prices and poor s
vice. During the analysis, ABC also discovered that many of its purchases for sup-
plies were delivered to the vice president’s home address.

Bob owns a small recreational trailer business in a suburban community located &
to the mountains. The community is relatively small but growing rapidly. Bobs &
ness is growing, not because of his effective sales style and personality. but becas
of the growth of the community. Currently, Bob’s competition has been nearly mos
existent, but as the arca grows he expects to encounter increasing competition. S
sells mostly trailers for vacationing and camping. When customers arrive o vy
lot, they are greeted by a salesperson. Depending on the customer’s preference. 88
salesperson either takes the customer on a tour or the customer may roam ihe
freely, inspecting trailers at leisure. Because recreational trailers are fairly large-
items, customers often leave the lot without making a purchase, only to return an
day to purchase a trailer. When the customer decides to make a purchase. the s=¥
person Initiates a series of procedures to properly document the order and sale
action. First, the salesperson determines the model of the selected trailer and
the customer a list of options that correspond to the particular model. The
may (1) purchase a trailer off the lot with no added features, (2) purchase a tr2
the lot with additional features, or (3) special order a trailer that is not curren
the lot. In most cases, customers do not pay cash for their trailers. If; however, the as
tomer pays cash, a simple sales contract is prepared and the customer drives off wa
the trailer. The majority of the customers use an installment method of purchase &
fore an installment purchase is authorized, the customer’s credit must be verise
determine creditworthiness. With an installment purchase, an installment ag
is prepared in addition to the sales contract. Bob has arranged financing thross
local bank for all installment sales. When an installment sale is made, the bank s&=
Bob a lump-sum payment equal to the price of the trailer. Instead of making
to Bob, customers pay the bank plus interest. In either case, Bob receives a lume—=
payment for each trailer sold, whether that lump sum comes from the cusiomes .
from the bank. Once the credit is approved, the customer can take delivery &8 1
trailer. This involves a delivery person who checks the trailer before delivering
the customer. The customer picks up the trailer or has it delivered by Bob.
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Required

What are Bob’s Trailer Sales” instigation, mutual commitment, economic decrement, and
economic increment events, and what risks are associated with those events? What are
Bob’s Trailer Sales’ resources, and what risks are associated with those resources? Who are
the agents for Bob's Trailer Sales and what risks are associated with those agents? What
controls could be implemented to address all of these risks?

ror, 1o+ AS5. A computer operator at the local data processing center decides to visit work on a
Monday evening. She has a key to the outside door, and since there is no key re-
quired for the computer room, she simply walks into the computer room. The oper-
ator is one of the nation’s most notorious computer programmer/hackers; she has
been convicted five times for manipulating various firms’ data files. After opening
the documentation bookcase in the corner of the computer room, she finds the pro-
cedural documentation, the systems documentation, user manuals, application doc-
umentation, and operator manuals. She examines the documentation to understand
the payroll program and to find the location of the payroll files. She accesses the in-
formation systems library, which is available to all computer operators at all times,
accesses the payroll program, reprograms it, and runs a payroll job that creates one
electronic funds transfer (to a new account opened by the operator under an assumed
name). On Tuesday, the operator transfers the funds to a Swiss bank account and
does not show up for work.

Required
Prepare a summary that details any internal controls violated in this situation.
104 A6. Review the user documentation for the DBMS you are using for class projects. Pre-
pare a report that documents how the following controls are implemented in the
DBMS. You may want to include screen shots where applicable (Alt-PrtSc copies the
screen to the Windows clipboard; you may then open a word processor and hit Edit-
Paste to insert the screen shot). Note that you may find more than one use of each
control. You need turn in documentation of only one use for each type of control.
System access
Completeness check
Default value
Embedding business event rules
Field check
Range or limit check
Validity check
Referential integrity
Valid sign check
j. Closed-loop verification

-0 Lo o

=

Answers to Multiple Choice Questions
MC1. A; MC2. D; MC3. C; MC4. B; MC5. D.




Chapter Fifteen
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LEARNING OBJECTIVES

One objective of this chapter is to compare the REA enterprise ontology with current
developments in enterprise resource planning (ERP) systems and electronic
commerce (e-commerce) in the context of the types of integration introduced in
Chapter 1. The prospects for progress in using the REA enterprise ontology as a
foundation for intra-enterprise systems (similar to ERP systems) and for inter-
enterprise systems needed for seamless e-commerce are discussed. After studying
this chapter, you should be able to

1. Compare the goals of current ERP systems with those of the REA enterprise

ontology

2. Describe the needs for intra-enterprise and inter-enterprise system integration

3. Identify information integration tools commonly used in practice (e.g., electronic
data interchange, extensible markup language, enterprise application integration
software, and electronic business extensible markup language) for intra-
enterprise and inter-enterprise information systems

4. Discuss strengths and weaknesses of integration tools commonly used in practice
for meeting intra-enterprise and inter-enterprise information integration needs

5. Discuss strengths and weaknesses of the REA enterprise ontology as a foundation
for meeting intra-enterprise and inter-enterprise information integration needs

475
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INTRA-ENTERPRISE SYSTEMS: ERP AND THE REA
ENTERPRISE ONTOLOGY

Enterprise resource planning (ERP) systems are groups of software applications inte-
grated to form enterprisewide information systems. At the time of this writing the major
ERP software vendors are Peoplesoft, Oracle Applications, and SAP. ERP systems have
their strongest roots in materials resource planning (MRP) system software; however, they
also encompass general ledger software, human resource planning software, and other
types of software previously considered separate systems. ERP systems originally focused
on back-office applications such as accounting and human resources. Back-office is a
term often used in business to describe activities or systems that are seen and used only by
people within enterprises; external partners such as vendors and customers usually do not
see back-office activities. The systems and activities external partners normally see are re-
ferred to as front-office systems and activities. For example, activitics and systems used
in the sales showroom are front-office dealings because customers see and interact with
them. Many bolt-on applications (software programs that can be added to existing ERP
software applications) have been created to allow ERP systems to incorporate front-office
applications such as supply chain optimization, customer relationship management, and
sales force automation. Non-ERP vendors developed most of these bolt-on applications:
however, in some cases the ERP vendors acquired the companies that developed the ap-
plications to more fully integrate the products’ functionality into their own software. For
example, J. D. Edwards (now merged with Peoplesoft) acquired Numetrix in 1999 and
YOUcentric in 2001 to add advanced planning system capability and customer relationshis
management functionality to its software.!

The REA enterprise ontology discussed throughout this textbook has been proposed 2=
a theoretical foundation for ERP systems. Therefore it is important to consider the simi-
larities and differences between them. Although preliminary research has compared the
core REA model to one specific ERP softwarc package and provided some validation of
REA as a theoretical foundation for studying ERP software, the objective in this chapter =
not to comparc REA to any specific software package.? Rather, the objective is to provide
a high-level overview of similarities and differences between ERP systems and REA sys-
tems. To provide such a high-level overview the goals of each are examined along with the
methods by which the goals are achieved.

Goals and Methods of ERP Software and the REA Enterprise Ontology

Three features may be used to compare some of the goals of ERP software-based svsiems
and REA-based systems: a database orientation, a semantic orientation, and a strme-
turing orientation.® We discuss each of these in turn.

). S. David, W. E. McCarthy, and B. E. Sommer, “Agility: The Key to Survival of the Fittest in the
Software Market,” Communications of the ACM 46, no. 5 (May 2003), pp. 65-69.

ZD. E. Q'Leary, "On the Relationship Between REAL and SAP” (paper presented to the American
Accounting Association Annual Meeting, San Diego, CA, 1999).

3C. L. Dunn, and W. E. McCarthy, “REA Accounting Systems: Intellectual Heritage and Prospects for
Progress,” Journal of Information Systems 11, no. 1 (1987), pp. 31-51.
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Database Orientation

One goal of both ERP software-based systems and REA-based systems is the achievement
of integrated enterprisewide storage, maintenance, and reporting of data needed for deci-
sion making. This goal may be referred to as a database orientation; it requires that the fol-
lowing three conditions be met:

= Data must be stored at their most primitive levels, at least for a defined time period.

* Data must be stored only once, and in a way that all authorized decision makers can
access the data.

* Data must be stored to allow retrieval in various formats as needed for different
Purposes.

The most primitive level for data is the level at which the data cannot be further decom-
posed. For example, total sales for the day is nol primitive level data because it may be
further decomposed into finer levels of detail such as the dollar amounts applicable to cach
of sales 42 through 89. Similarly the total dollar amounts of cach of sales 42 through 89
may be further decomposed into the quantities sold and the dollar unit selling prices for
each good or service on each of the sales.

The three database orientation conditions ensure data are stored at the finest level of de-
tail for which decisions may need to be made, so that data may be retrieved and aggregated
as needed to make those decisions. The conditions also attempt to eliminate uncontrolled
redundancy in the data. Nonintegrated systems (often called legacy or traditional systems)
typically record duplicate data about the same object many times (once for cach functional
area that needs access to the data): thus the data are stored multiple times. For example, in
many legacy systems the marketing department records information about customers that
have been identified as potential buyers. Once a customer order is received, the sales order
entry function (which in a legacy system environment is not usually linked with market-
ing) records information about the customer from whom the order was received. The sales
order entry function may request information about the customer from the credit manage-
ment function; credit management will retrieve whatever information is in the customer
master file and if inadequate information is available to establish a credit rating, credit
management may in turn scek and enter additional data [rom outside sources. Those data
are stored and maintained by credit management and are made available to the order entry
function only upon request. The sales order entry function typically passes along informa-
tion about customers to the shipping function and to the customer service function; in
those areas the information is entered into their customer master files (cither via rekeying
or by electronic transmittal). The result is customer data stored in several different cus-
tomer master files by several different functional areas, which is a maintenance nightmare.
Many customers have been frustrated by the fact that when they call their sellers to change
their addresses, some mailings from the sellers reflect the changed addresses but other
mailings continue to be sent to the old addresses. Such frustration occurs because the cus-
tomers’ calls trigger changes n only one application (that of whichever functional area the
customers called) whereas the customers’ address is stored in several applications.

In fully implemented ERP software systems and REA systems, data items are stored
only once and may be accessed from any authorized functional area in various formats,
thus meeting the three database orientation conditions. The extent to which these three
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database orientation conditions are achieved using ERP software varies for different e=
terprises depending on whether they use single source ERP software packages, whethes
they implement best-of-breed ERP solutions, whether they install bolt-on applications =
addition to their ERP software, and whether they implement the ERP software enterprise-
wide or only in some parts of the enterprises. A single-source ERP solution implemented
for an entire enterprise typically maintains a single database and meets the three conditioss
for the database orientation. The implementation of selected modules of an ERP softwass
package or the installation of a best-of-breed ERP system is less likely to completely sa=
isty the database orientation. Such an implementation is more likely to store the same Zes
in multiple places because different modules have to overlap to some extent. Bridges ssm-
ilar to the Lego/K’nex connectors described in Chapter 1 may be built to minimize dats s
dundancy and to facilitate data synchronization. However, the retrieval of data from &=
different modules in combination may be difficult or even impossible. View integration
for views created with different building blocks may not be seamless.

Semantic Orientation
A second goal of REA-based svstems is a semantic orientation. This goal requires obises
in the system’s conceptual model to correspond as closely as possible to objects in the m==
derlying reality. At first glance both ERP-based systems and REA-based systems share &
semantic orientation goal. Horror stories abound of ERP software implementations
which the business processes did not match the software.? [n {act, ERP system impleme
tations are often regarded as business process reengineering efforts because the bus
process tasks must be changed to match those supported by the software. Theremm fB 3
subtle difference between REA-based systems and ERP software-based systems. s
ERP software requires the business to be changed to match the software, REA tailoss
system to match the business’s reality. This difference may be necessary so that ERP s
ware can be commercially viable, To date, REA-based systems have been built as pse
ctary applications as part of custom consulting engagements.>

A semantic orientation also precludes the use of artificial constructs such as de
credits, and accounts as base objects in the enterprise system. Chapters 8 throuss =
demonstrated the derivation of many accounting numbers using queries, with no &2
credits, or accounts in the REA-based system. Most ERP sofiware preserves the wss o
debits, credits. and accounts to satisfy accounting information needs rather than zesesse
ing the accounting numbers from the underlying economic events and relationships &
probable reason for the preservation of accounting artifacts as base objects in ERF
ware 1s market demand: another related reason is lack of education about how to seneae
accounting numbers procedurally on demand rather than storing them in accounts.
vendors offer an optional virtual general ledger that is generated on demand, but the =
ket largely rejects that approach and opts for the vendors’ hardwired general ledgess S
are permanently stored and updated. Whether the market prefers the hardwired zems

“T. H. Davenport, Mission Critical: Realizing the Promise of Enterprise Systerns (Boston: Harvard &
School Press, 2000).
3). O. Cherrington, W. E. McCarthy, D. P. Andros, R. Roth, and E. L. Denna, “Event-Driven Busine=
Solutions: Implementation Experiences and [ssues. In J. |. DeGross, R. P. Bostrom, and D. Robey ‘===
Proceedings of the Fourteenth International Conference on Information Systems, December 52 1555
Association for Computing Machinery, Orlando, Florida.
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ledger approach for efficiency reasons, because of lack of education, because of simple re-
sistance to change. or some other reason is a question for future research. We know only
that REA and ERP systems differ to some extent in their semantic orientations.

Structuring Orientation

A structuring orientation demands the use of a pattern as a foundation for the enterprise
system. A pattern-based system design is important to facilitate automated reasoning by
intelligent software interfaces to the enterprise system. Academic research is ongoing to
develop software applications that can reason with the objects in the REA pattern to aid in
decision making. Pattern-based system design is also important to facilitate integration of
systems between enterprises. If two enterprises merge their business operations and both
used the same pattern-based approach to designing their systems, their systems will be
much easier to combine than if they each followed a task-based or haphazard approach,
REA-based systems obviously incorporate the REA pattern discussed throughout this
textbook. ERP software-bascd systems do not seem to be intentionally built using any par-
ticular pattern; instead they are built to support best practices at the task level. That is, it
appears that ERP developers identify the tasks performed by the enterprises that are be-
lieved to be most efficient or effective in an industry and build softwarc supporting those
tasks. Different versions of the software are created for different industries because the
best practices for one industry are not always the best practices for another industry. This
reveals a significant difference in the structuring orientations of ERP-based systems and
REA-based systems, as most tasks are not uscd as base objects in REA-based systems.

Intra-Enterprise Integration

ERP systems themselves are an attempt to integrate applications and data within enter-
prises, that is, intra-enterprise integration. In theory, an ERP gystem is a single software
program that serves the information needs of all users throughout an enterprise. Installed
correctly, ERP systems can have a tremendous payback.® The five major reasons compa-
nies implement ERP are to integrate financial information, to integrate customer order in-
formation, to standardize and speed up manufacturing processes, to reduce inventory, and
to standardize HR (human resources) information.”

In practice many enterprises that have implemented ERP systems have not realized
complete system integration. One reason is that many companies have implemented best-
of-breed enterprise systems or have implemented only ERP software for part of their en-
terprises. Best-of-breed enterprise system implementations install different ERP software
applications that best meet the needs of different areas of the enterprise. For example, an
enterprise may determine that Peoplesoft best meets its human resource information needs,
and that Oracle Applications is best suited for its financial information needs, while SAP
is ideal for tracking information in its manufacturing processes. Another enterprise may
determine that its main integration needs are for financial reporting purposes and therefore
decide only to implement the financial module of an ERP software package.

¢C. Koch, "The ABCs of ERP " Enterprise Resource Planning Research Center—CIO, 2002,
www.cio.com/research/erp/edit/erpbasics.html.

7Ibid,



Case in Point

Source: E. Prewitt, “Yes, We Had no Integration.” CIQ Magazine, June 15. 2002, www.clo.com.

480

In late 1999/early 2000, CMG! had 21 subsidiaries for which financial info
needed to be integrated. CIO Jo Hoppe described the monthly process of closing
books based on spreadsheets e-mailed or faxed from the subsidiaries as a horrenge
task. Centralized systems became a new priority and CMGI embarked on an ER? &
tem implementation for financial and HR information. CMGI’s system integration
greatly improved by the ERP implementation and a new corporate portal that se
as a single place to go for information.

Within enterprises that have best of breed, partial ERP implementations, or any ot
nonintegrated information systems, two common integration solutions often are emploses.
One is the in-house creation of integration programs tailored to the parts of the sepasss
systems that need to be connected. Another is the adoption of packaged enterprise apgs-
cation integration (EAI) software. Consider the Lego/K’'nex example from Chapter &
The in-house creation of integration programs is similar to the example of developings &
building block with a Lego connector on one end and a K'nex connector on the other ==
and using it to connect the disparate systems. The use of EAI software is more similas &
designing a building block with a Lego (or K'nex) connector on one end and a genenic cos
nector on the other end. A typical EAIL solution builds bridges from existing apphc_
to a generic central hub that integrates the pieces.

The level of integration used for intra-enterprisc systems depends on the goal of the &
tem integration. If the goal is consolidation of information for corporate reporting s
poses, integration may be achieved at a high level by creating some sort of shell reporsmg
model and requiring each system to report its results in compliance with that shell Omse
each piece is submitted in the shell format, the pieces may be easily combined. Such =
gration is not as complex as the EAI hub solutions.

ERP systems were originally developed with an intra-enterprise focus. Accordime
David, McCarthy. and Sommer, early ERP systems were inwardly organized. The oses
objective was to make information more available and more consistent within entess
for internal decision-making purposes. Similarly, in its earliest phases REA was imws
focused. The pattern discovered and applied to each transaction cycle was examines
only one enterprise’s perspective. In recent years, the trend for ERP systems and for
research has shifted to an outwardly organized, supply-chain perspective.? The increas
growth of electronic commerce (e-commerce) and the increasing benefits of suppty &
management have been catalysts for the changing nature of enterprise systems. We =
explore the advancements in REA related to c-commerce and inter-enterprise swsis
design.

8David, McCarthy, and Sommer, “Agility,” pp. 65-69.
“lbid.



Case in Point

Sunbeam and Cott are two companies that run multiple warehouse management sys-
{ tems (WMS). In such environments data must be manually keyed from one system to
\ the other, inviting the possibilities for errors and data inconsistency. Sunbeam runs

two WMS in 12 warehouses and its IT staff has to write additional interfaces between
! the two WMS and its back-end systems. Cott's CIO, Douglas Neary, configured its
\ billing, shipping, and invoicing systems to periodically synchronize with one another
! and uses business intelligence applications to recognize anomalies in the data. In
‘ about half of Cott's warehouses Neary has written interfaces between the legacy ERP
system and WMS, thereby eliminating the need to manually rekey inventory transac-
tions into the ERP system.

Source: M. Levinson, “How to Get Your House in Order” CIQ Magazine, September 15, 2002, www.cio.con.

ELECTRONIC COMMERCE SOLUTIONS
AND INTER-ENTERPRISE SYSTEM DESIGN

E-commerce is increasingly important in today’s global networked economy. E-commerce
oceurs in various forms; the two most general forms are B2B (business-to-business) and
B2C (business-to-consumer). Most people envision B2C transactions when they think
about ¢-commerce; however, most e-commerce activity is actually B2B. If you have ever
purchased an item via the Internet using a credit card, then you have engaged in B2C
e-commerce (as the consumer). Consideration of ERP systems and REA patterns for a
B2C environment isn’t significantly different from consideration of ERP systems and REA
patterns for a catalog mail order or telephone order environment. In those scenarios a cus-
tomer inquires about goods or services (or is informed through a marketing event), the cus-
tomer places an order for goods or services 1o be delivered, the enterprise delivers the
goods or services to the customer, and the customer renders payment to the enterprise for
the goods or services. The simple change in communication technology by which the order
is placed and/or by which the payment is rendered doesn’t change the nature of the busi-
ness process or the structure of the system needed (o capture relevant information.

In B2C commerce the primary differences enabled by electronic technology are the
breaking down of time, place, and form barriers. The time barrier is broken in that no longer
is consumer access to certain business information restricted to business hours; information
may be posted to websites and made accessible 24 hours per day, 7 days per week, 52 weeks
per year. The place barrier is broken in that consumers do not need to physically transport
themselves to business locations to engage in transactions with the businesses. They can
shop from the comfort of their easy chairs with a few clicks of a mouse, and they can ob-
fain product information and products from suppliers around the world from whom they
may not have been able to obtain information before the advent of B2C e-commerce. B2C
e-commerce also breaks the form barrier in that businesses no longer need to be a particu-
lar form or size to attract and satisfy customers. A small enterprise that can’t afford a fancy
physical storefront may be able to attract customers with a well-designed web-based store-
front. Consumers typically do not have automated information systems that need to be
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Case In Point

In spring 2001 Nike Chairman Phil Knight complained publicly about Nike's new S50
million supply chain management system. The system was not realizing the antc
pated benefits because it was not integrated with other key Nike systems. Sume
chain management software can deliver promised benefits only if it has access 10 y
information often stored in other systems within enterprises. In contrast, Dell has =
tegrated its own systems and those of its suppliers. As a result, Dell needs to mania
only four days’ worth of supplies inventory (its competitors average 30 to 50 o=
worth).

Source; C. Hildebrand, “Putting Two and Two Together” Darwin Magazine, January 2002, www.darwinmag.com.
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seamlessly integrated with the businesses’ information systems. Thus e-commerce techms -
ogy advances create little apparent need to change the focus of enterprise systems from as
intra-enterprise view to an inter-enterprise view.

In the B2B arena a shift has occurred that requires an inter-enterprise view of cnterpess
systems. This shift is away from a traditional linear supply chain/value system to the o
rent value webs in which enterprises need information not just about their most dirsct =
ternal partners but also about indirect partners. For example, enterprises today increassses
need information about product demand by their customers’ customers. [t is difficuls o s
whether this shift occurred because of advances in technology or whether the increasme
information needs driving enterprises toward e-commerce necessitated the technolasicn
developments.

Some researchers and practitioners say what we know today as e-commerce began s
a century ago with the inventions of the telegraph and the telephone. Indeed 2 tefccmm
munications infrastructure is necessary to support e-commerce. Other more recent S
dations for e-commerce are electronic data interchange (EDI) and the Internst E20
began in the 1960s but wasn’t widely used until the 1980s. EDI involves the exchanss o8
data betwecn enterprises in a prescribed electronic format, usually through a VAN fsae
added network). The VAN connections between enterprises and the software used = &
complish EDI were proprietary and expensive. Enterprises that recognized the nesd S
better and faster information to manage their supply chains justified the expense. Sucs =
terprises realized how much money they had tied up in inventory sitting idle in warshmss
and targeted inventory management costs for reduction. Inventory management pracs
at that time focused on anticipating demand for products and having products asaiass
when needed to meet that demand. Enterprises believed that reducing the time it oef S
upstream supply chain partners (i.c.. their suppliers) to process their purchase orders s
allow the enterprises to stock lower inventory levels and to better predict downturns &= o=
tomer demand, thus reducing inventory obsolescence while still meeting customes &
mand. Large enterprises did benefit from more cfficient and cffective supply cham s
agement enabled by EDI. In fact, some large enterprises required their suppliers to Seo
EDl-capable if they wanted to remain approved vendors. Some smaller suppliers wess
able to afford the investment in the proprietary hardware and software necessary S &
so they either dissolved their businesses or shifted their business strategies to tarzer
ferent customers.
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Many enterprises today still use EDI; however, many cfforts in the past two decades
have focused on developing standards to make EDI more consistent across industries. In
the early years of EDI different industries had different standards, so it was extremely dif-
ficult for enterprises whose supply chains crossed industries to use EDIL. A decade later the
small suppliers that were forced out of business because of EDI would have an casier time
engaging in B2B e-commerce with their customers. The Internet eliminated the need for
proprietary hardware connections to accomplish EDI, significantly reducing the cost of
EDI. Proprietary software was still required to partner with some companies; however,
efforts such as Open-EDI attempled to eliminate the need for proprietary bilateral
EDI arrangements by creating standards available to all enterprises involved in business
transactions.

Cost reduction and process efficiency efforts continue to focus on supply chain issues
today, and attempts are still being made to develop standards for inter-enterprise exchange
of business transaction data. Customer relationship management bolt-on ERP software ap-
plications provide interfaces to allow automated interactions with customers to better sat-
isfy customer information needs. Supplier relationship management bolt-on ERP software
applications similarly provide suppliers with self-service capabilities via the purchaser’s
Internet website. Advanced planning systems and logistics applications are other examples
of bolt-on ERP software applications that attempt to make enterprise systems more out-
wardly focused.!? Supply chain management for some enterprises has transformed to the
extent that a new term has emerged to describe their efforts: collaborative planning, fore-
casting, and replenishment (CPFR). CPFR is a business technique whereby trading part-
ners agree upon a joint plan and sales forecast; they monitor the extent to which the plan
and forecast are met, replenishing inventory as needed, and they recognize and respond to
any exceptions.!!

INTER-ENTERPRISE SYSTEMS: E-COMMERCE
AND THE REA ENTERPRISE ONTOLOGY

The REA enterprise ontology as introduced in this textbook is primarily inwardly focused.
How might it be adjusted to shift its focus outward? As described in the previous section,
e-commerce requires connections between enterprise systems of upstream and down-
stream supply chain partners. To achieve CPFR, these connections must be as scamless as
possible. Creation of these connections is somewhat similar to view integration. In the
view integration chapter, we discussed only intra-enterprise connections. These connec-
tions between transaction cyeles typically occurred via the resource flows of the value
chain. For inter-enterprise integration, then, it scems logical that connections between
enterprises would occur via the resource exchanges in the value system level model. Let’s
consider the possibility of connecting two enterprise systems at the value system level.

9David, McCarthy, and Sommer, "Agility,” pp. 65-69.
1), C, Andraski and J. Haedicke, “CPFR: Time for the Breakthrough?" Supply Chain Management
Review 7, no. 3 (May/lune 2003), pp. 55-60.
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Recall the Lego/K'nex toy trains example in Chapter 1. To be able to seamlessly conmses
two enterprise systems at the value system level would require both systems to be creassd
from the same building blocks. Theoretically REA constructs serve as a great set of butid
ing blocks. However, in the short term it is unlikely that either or both enterprises will 1=
apart their systems and start building from scratch.

Instead Bill McCarthy, the founder of REA, is making efforts to envelope REA come
structs in the information exchange standards that will comprise the bridges betwesn ==
terprise systems. He has served as an influential member of the UN/CEFACT ebXNE
group whose working documents confirm its adoption of REA constructs as foundanoss
elements of the standards it has created. UN/CEFACT is the United Nations Cente S
Trade Facilitation and Electronic Business, established in 1996. Its mission is to conmbas
to the growth of global commerce by improving the ability of enterprises to effectively ==
change products and services. ebXML (Electronic Business using eXtensible
Language) is one initiative of UN/CEFACT, begun in September 1999 in conjunction
the Organization for the Advancement of Structured Information Standards (OASIS). The
nonprofit global consortium focuses on electronic business standards.

EbXML is a set of specifications that provides a standard method by which enterprss i
may communicate data in common terms. It is similar to EDI but attempts to specify &
structs at a higher semantic level. Whereas EDI defines an exact specification for sach
ument used in business exchanges between the linked partners, ebXML expects =
variations of each document and focuses on the events underlying the documents. ebX3
is a tagging system similar in syntax to HTML (hypertext markup language) and X
languages that are used to create websites. XBRL (extensible business reporting lans
is also a tagging system tailored to financial statement line items. These tagging
wrap each data field in a container that identifies what is inside the wrapper; so evern &
data fields (building blocks) are different, the containers in which they are enclosed & 5
gether. The attempt to base the EbXML containers on REA constructs is a great sies S5
ward encouraging enterprises to use those constructs as foundational building blocks = &=
long term.

Consider some of the difficulties of inter-enterprise view integration to support CEER.
The process of entity and attribute conflict resolution discussed in Chapter 10 is oo -
cated by the fact that entities labeled as sales/collection cycle phenomena by one enterprss
are labeled as acquisition/payment phenomena by the other enterprise. When Enterpmss |
sells merchandise inventory to Enterprise R in exchange for cash, Enterprise Q recosds
sale and a cash receipt. Enterprise R records a purchase and a cash disbursement. To
these two views, therefore, is a nontrivial exercise. Once merged, the integrated view
include two events, a transfer of goods and a transfer of cash. Each event would nesc & 5
related to both Enterprise Q and Enterprise R, with an indication of which enterpriss =
up goods to get cash and which one gave up cash to get goods. This merging at first &
may appear relatively simple: indeed the problems are more political than technical ¥
ample, where would the data reside, who would enter the data, who would own the das
who would maintain the data? The complexitics multiply once Enterprises S, T. L.
are added to the supply web. This textbook does not attempt to solve the problems =ssus
ated with inter-enterprise view integration. Research on REA as an ontology to suppass st
laborative planning, forecasting, and replenishment is ongoing, and as the reseasc® 2o
gresses, future editions of this textbook will incorporate the results of that research.
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Key Terms and Concepts

Back-office Enterprise application Intra-enterprise
“applications, 4760 integration (EAT) integration, 479

Bolt-on applications, 476 software, 480 Primitive level data, 477
Database orientation, 476 Enterprise resource Semantic orientation, 476
¢bXML, 484 planning (ERP) systems, 476  Structuring

Electronic commerce Front-office systems, 476 orientation, 476
(e-commerce), 480 Integration, 478 XBRL, 484

Electronic data interchange  Inter-enterprise XML, 484

(EDI), 482 integration, 483

Review Questions

L1

103

LO2
LO1
LO2
LO3
LO3

103, LO4

R1.
R2.

R3.
R4,
RS.
R6.
R7.
RSE.

Explain the three conditions that must be met to satisfy a database orientation.

Bolt-on applications and best-of-breed software are both concepts associated with
ERP software. What is the difference between these concepts?

What is the difference between intra-enterprise integration and inter-enterprise integration?
What does it mean to have data stored at their most primitive level?

What is the difference between back-office and front-office activities?

To what extent is B2C e-commerce different from B2C commerce?

How has B2B commerce changed with advances in electronic technology?

Which technology makes information exchange between a small supplier and a large
customer more feasible: electronic data interchange or the Internet?

Multiple Choice Questions

LO2

LO1

103, LO#

MC1. Which of the following is an example of a back-office activity?

A. An in-store sale of merchandise.

B. Ordering of merchandise from a vendor.

C. Processing of a sale order for a mail-order catalog sales company.
D. Rental of an office building from a landlord.

MC2. Which of the following is a characteristic of a semantic orientation of a system?

A. Data must be stored at their most primitive levels, at least for a defined time period.

B. Data must be stored only once, and so thart all authorized decision makers can
access the data.

C. A pattern based system design is evident.

D. Objects in the system’s conceptual model correspond as closely as possible to
objects in the underlying reality.

MC3. Which of the following technologies provides the strongest level of inter-enterprise

integration?

A. Electronic data interchange.

B. ebXML.

C. XBRL.

D. ERP (with no bolt-on applications).
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LO¢

LO3

MC4. An enterprise has determined that a best-of-breed ERP impl¢rﬁe_ntaﬁon makes

the most sense. What options should the enterprise consider for intra-enterpmss

integration?

A. None; the system will automatically be integrated throughout the enterprise 5e-
cause data will be seamlessly transferred among the ERP components.

B. The enterprise should consider having its IT department design some prozeess
to transfer data between the different ERP components; otherwise it may hae
to manually rekey data from one package to another.

€. The enterprise should consider purchasing an enterprise application integratas.
software package that is designed to work with the ERP components.

D. Both B and C are options the enterprise should consider.

MC5. Which of the following statements is FALSE?

A. The types of events and information needs regarding those events in B2C come
merce are similar whether the commerce takes place in an electronic commesis
or physical commerce setting. -

B. Electronic B2C commerce breaks down the time, place, and form barriers 5
ically found in a physical commerce setting.

C. Compared to e-commerce via the Internet, EDI (electronic ﬁa{a mterch&nﬁas

an inexpensive means for transacting business for smatll stipphers with ==

customers.

D. E-commerce technology advances create little apparent need to chanee &=
focus of enterprise systems for B2C from an intra~enterprise view to an mies
enterprise view.

Discussion Questions

to1  DI1. How do the semantic orientations of ERP systems and the REA enterprise ontofas
differ?

o1 D2. Do you agree or disagree with the claim that debits, credits, and general ledzes a0
counts are artifacts? Explain why you agree or disagree.

105 D3. Do you believe the REA enterprise ontology provides a valid theoretlg?ai foundatam
for ERP software? Explain why or why not.

o105 D4, Can you think of an alternative pattern to use as a structuring orientation for ssss-
prise systems? Describe the components of your pattern and specify any rules you s
identify for the behavior of those components.

1o+ D5, Explain whether and why you agree or disagree with the following statement: ~Waw
that we have XBRL, real-time financial database reporting (i.e., the reporting of soe
porate financial results by allowing access to selected views of enterpnse data wems-
houses) can become a reality.”
Applied Learning
o+ Al. Choose one of the following types of systems: CRM (customer relationshop s

agement), SCE (supply chain execution), ASP (application service provider). S5
(supplier relationship management), VMI (vendor managed inventory). or EAT =

i —



Chapter Fifteen ERP Systems and E-Commerce: Intra- and Inter-Enterprise Modeling 487

terprise application integration). Conduct library and/or Internet research to find ar-
ticles describing your chosen type of system. Write an essay describing how that sys-
tem facilitates inter-enterprise integration. Give an assessment of what level of inte-
gration is provided (use the Lego-K nex analogy if possible).

o4+ A2, Wal-Mart and Dell Computers are both enterprises that have been lauded for their
supply chain management practices. Conduct library and/or Internet research to find
articles describing Wal-Mart and Dell. Describe the level of nter-enterprise integra-
tion they have achieved, and identify the enterprises with which they have integrated.

Answers to Multiple Choice Questions
MCIL. C, MC2. D, MC3. B, MC4. D, MC5. C.
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