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Chapter Goals

« To learn about the software life cycle
* To learn how to discover new classes and methods
« To understand the use of CRC cards for class discovery

« To be able to identify inheritance, aggregation, and dependency
relationships between classes

« To master the use of UML class diagrams to describe class
relationships

« To learn how to use object-oriented design to build complex programs

Clina ) Bls 3 ) 53 G2 2 jall 48 jral o

s b 5 caliudall Caling) 48K 48 jaal o

Aahall GLESYCRC iy aladin) agdl o

Gkl daadll AEde 5 caraail] 5 el juall aat e 3 )aE Sl e
da jall GlEdlal) Caa JUML 48 4nlad) o gyl alodin) lasy e
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The Software Life Cycle

 Encompasses all activities from initial analysis until

obsolescence sl (e Aty ] gaan Jads o

. Al s )
Formal process for software development T T
» Describes phases of the development process Aaaiill lae Jal jo Clay o
285 Sl g 8 (salie (Jhany o
» Gives guidelines for how to carry out the phases Jal yall
* Development process
» Analysis Jias e
« Design sl o
9. ks .
» /mplementation Cuoad e
» Jesting
» Deployment
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Analysis

» Decide what the project is supposed to do
* Do not think about how the program will accomplish tasks

e QOutput: Requirements document
» Describes what program will do once completed
« User manual: Tells how user will operate program

» Performance criteria

Jadi O g g el (i L

el 3 g gualill RS 5 S Y

488 5 lllaia 1) AY!

7=l LS Ladie Jrdin 13l Caay

bl Jars a2dbuall (oS (55 5 em‘ Jala
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Design pana

* Plan how to implement the system
 Discover structures that underlie problem to be solved
* Decide what classes and methods you need
« Output:
» Description of classes and methods

» Diagrams showing the relationships among the classes

lela oty il AISE o) g eSS i) L) JSLa o
b Y bl L .
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Implementation Gk

« \Write and compile the code

« Code implements classes and methods discovered in the design
phase

* Program Run: Completed program

A ) Glapladl) dan g 4S o
aranaill dls ya 8 48LES) Cllal 5 il 3udai 2 e
JaiSa geall 1 andl mali y o
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Testing Wy

* Run tests to verify the program works correctly

* Program Run: A report of the tests and their results

zona S il Jary Jialis e (333l ol HLad) e
Leaili g Sl JUEAY) o o) 1l i o
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Deployment S

« Users install program

« Users use program for its intended purpose

~~~~
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The Waterfall Model Z3sad JoLAY

« Sequential process of analysis, design, implementation, testing,
and deployment

« When rigidly applied, waterfall model did not work

Analysis
g LAl 5 2dE g avanal g Julad (e Alialidie Aalec
Jas ¥ DL 23 50 o el IS4 GGkt Lavic o

Implementation —__
.

N\
'+

Testing
\\‘..

1

Deployment

Figure 1 The Waterfall Model



The Spiral Model sl 3 galll

» Breaks development process down into multiple phases
« Early phases focus on the construction of profotypes

* Lessons learned from development of one prototype can be
applied to the next iteration

BJMJA\JA‘_AJYFJM\M&A\}B °
Sl Sl e Gkt (Say asl s ol z3sad ol (e Salitusall (g all

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



The Spiral Model sl i gallly

* Problem: Can lead to many iterations, and process can take too
long to complete C . C
J P Bind O (S dlaall 5 ) Sl e Sl () 05 ) (S AISEA)

JLSY laa By gl U

Design

Analysis ' Implementation
"""‘-\-—_. ‘

Prototype #1
Prototype #2
Final

Product
Testing

Deployment

Figure 2 A Spiral Model



o ] ] . gébl.&m il gdawa
Activity Levels in the Rational Unified Process sas gall Ludi ) dgles
Development process methodology by the inventors of UML

UML (0 Cre sidall 8 (e dpaiil) dlae dingia

- _ Inception | Elaboration | Construction Transition
Process Workflows

Business Modeling

Requirements

Analysis and Design

Implementation

Testing — e,
l_}ep lo VITEent ‘_

Supportng Workflows
Configuration and

Change Management —_— e e

Project Managemen! i, . o, | . . | e ——

Environment

iter
i+ 1

iter iter
Hr+2| #m

iter
#rn+1

iter iter
#2 #n

preliminary| iter
iteration(s) | #1

Figure 3 Activity Levels in the Rational Unified Process Methodology



Extreme Programming 48 jlaial) dawa
 Strives for simplicity
 Removes formal structure

* Focuses on best practices

Al e o
e dSa Jay e
o sad) il e <1 e
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Extreme Programming 43 el Aaa )

 Realistic planning

2351l Jayla
» Customers make business decisions sl e e Dleadl
* Programmers make technical Aol ) Al
decisions e e
* Upaate plan when it conflicts with Lo Aaal] ygan
reality 23151 e
3 yraall <) yinl)
Small releases e A e 2 V)
» Release a useful system quickly _ ‘“TJ?\

« Release updates on a very short —e ot
\J.A 0 yuald 5 ga 61{:
cycle 5 i
. dad ol (paa yuall
Metaphor s ) Al S ik
« Programmers have a simple shared ol

Story that explains the system



Extreme Programming 43 el Aaa )

« Simplicity
» Design as simply as possible instead of preparing for future complexities
 Testing

« Programmers and customers write test cases
« Test continuously

» Refactoring

» Restructure the system continuously to improve code and eliminate
auplication

ALladl o

Al il juiadl e Y (See Ahliy maai @
OLAY) YIS Jla ) eDlenll 5 e yrall e

e LEA) e

Osandie) o
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Extreme Programming

 Pair programming
« Two programmers write code on the same computer

 Collective ownership

» All programmers can change all code as needed

« Continuous integration

* Build the entire system and test it whenever a task is complete

z sl dxa

FionaSll adh o daaa pll Gilaglaill S (o juall (e 0l
fueleall 2SL)
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Extreme Programming

o 40-hour week

» Don’t cover up unrealistic schedules with heroic effort

 On-site customer

» A customer Is accessible to the programming team at all times

« Coding standards

» Follow standards that emphasize self-documenting code

icls £ g )

Ll gk laga o dadly e Jglaa i Y

Jranll adise e
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Self Check 12.1

Suppose you sign a contract, promising that you will, for an agreed-
upon price, design, implement, and test a software package exactly as it
has been specified in a requirements document. What is the primary risk
you and your customer are facing with this business arrangement?

Answer: It is unlikely that the customer did a perfect job with the
requirements document. If you don’t accommodate changes, your
customer may not like the outcome. If you charge for the changes,
your customer may not like the cost.

o e gana LAl g il g araal ¢ s Lgle B8l ¢ pail) a0 lae )5 cdiall o g5 il (= )

128 e 4a) 5 clliae 5 A ol jhlae o Lo colilbaiall 4355 8 elld aaa 25 LS Lalad el all

€ andl i il

e sind Y i€ 1Y) blbiall 484 5 ae Adlie Jang ol Jaesl) Ol e sall g2 (e 4] 1l sl

Y a8 el alall Jaandl el il e Y gsase i€ 13 Aagiill Camay W 28 6y (alal) Jrasl) el il
481K iy
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Self Check 12.2

Does Extreme Programming follow a waterfall or a spiral model?

Answer: An “extreme” spiral model, with lots of iterations.

il 52 sl ol JOLS 48 yhaiall s yll ai Y e
J\‘)Sﬂ\w)ﬁﬁ\@czm\‘pcj}u"ﬁ‘)w\" u_i\j;j\ .
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Self Check 12.3

What is the purpose of the “on-site customer” in Extreme
Programming?

Answer: To give frequent feedback as to whether the current
iteration of the product fits customer needs.

fama ) A& 48 plaiall "ad gall d Jranll" (0 3l 2 e
cilalia) ol geiiall AN S S 13 L Jsa 5 Sie cillaadle sllae Y sAlay) o
el
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Object-Oriented Design Gripdl) ppanas
1. Discover classes

2. Determine responsibilities of each class

3. Describe relationships between the classes

ladall ekl o
38 S Ol gpee 12T o
Glahal) o Gl Cany o
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Discovering Classes b i)

A class represents some useful concept

Concrete entities: Bank accounts, ellipses, and products

Abstract concepts: Streams and windows

Find classes by looking for nouns in the task description

Define the behavior for each class

Find methods by looking for verbs in the task description

Ja o sgle (azy 438 Jiai

ilatiall g ecadall g cdd paall Glluall Baasa GULS

28) gill g &l HL 13 yaal) aalial)

dage Caa g b el e il DA (e ciliudal) dual)
" 25 JS0 o L) Cay yas
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Example: Invoice

8438 1 Jla

Sam's Small Appliances
100 Main Street
Anyvtown, CA 98765

Item Quy
Toaster 3
Hair Dryer 1
Car Vacuum 2

Figure 4 AMOUNT DUE: %154.78
An Invoice

INVOICE

£$29.95
£24.95

£19.99

Total

$89.85

$24.95

£39.98




Example: Invoice

e Classes that come to mind: Tnvoice, LLineTtem, and
Customer

» Good idea to keep a list of candidate classes
 Brainstorm, simply put all ideas for classes onto the list
* You can cross not useful ones later
Jreall s cLineltem 5 oaldll ) ol ) clall e
e Akl A0 e Llaallsam 3 S8 o

Aald e il SN JS ddaliy ¢ Aadl) Caianll o
@YJ}@DWM&J}&M o
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Finding Classes Jyucd o ) ginl

» Keep the following points in mind: aglal) Ll e Jalaal)

ey
lie V)
« Class represents set of objects with the same (e A sana Jia Al
behavior sl udl g LS
o Entities with multiple occurrences in problem Cia g 4 320eke
description are good candidates for obfects x> axiix o AL
o Find out what they have in common i

o Design classes to capture commonalities A )
A8 yidall au il
» Represent some entities as objects, others as ol Mjfj:

it A8 jidiall al g8l
rimitive types e

P VP UL poamy (Jiad
o Should we make a class Address oruse a AY gaxlly (SLlss
String? iy g sl e
_ _ _ O st drad O (A
» Not all classes can be discovered in analysis falul aladin) ol 45
phase e LBLIS) (S Y
« Some classes may already exist BARG

Glaal) (pamy aa g 28
J=all



CRC Card 4ilk,CRC

 Describes a C lass, its Responsibilities, and its Collaborators

« Use an index card for each class
 Pick the class that should be responsible for each method (verb)

« Write the responsibility onto the class card

Lexe (i sl2idlIC 5 cledld s 3R ABC iy

28 IS ) 280 Ay aladiud e

(J=2) A8k S e A i (688 O ang A A8 sl
5 Ay e Ay pueall Jlusy) o

Continued
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CRC Card

* Indicate what other classes are needed to fulfill responsibility

(collaborators)

Responsibilities

(O shaiall) Al g paall (3iail A U (gAY Claidall Le i

Invoice

COmMpHLe amount due

Lineltem

Figure 5 A CRC Card

Collaborators

tmann

Copyright © 2009 by John Wiley & Sons. All rights reserved.



Self Check 12.4

Suppose the invoice is to be saved to a file. Name a likely
collaborator.

ANnswer: PrintStream

CAJAM U)L’:‘Af““‘ JAJ\L@.LS;#'&JJSM\ u\ ud).\ﬁ.\j
PrintStream ;<) sall

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Self Check 12.5

Looking at the invoice in Figure 4, what is a likely responsibility of
the Customer class?

Answer: To produce the shipping address of the customer.

fCustomer ¢l 28l Alaisall 44 g guuall 58 Lo ¢(€) JS h“&z)ﬁ\ﬂ&uﬁyi .
Jreall (28l (o)) i ZUY Ay .
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Self Check 12.6

What do you do if a CRC card has ten responsibilities?

Answer: Reword the responsibilities so that they are at a
higher level, or come up with more classes to handle the
responsibilities.

Tl g puall 3 e LLCRC 48Uy 13) Jadd 13la @
Gl e el ae z s Al Sl el (s sine e 0585 Enay Al g pusall delpa dale) il sal)
Sl g susal) ae Jalaill
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Relationships Between Classes il f ciENal)

* |Inheritance

 Aggregation .
JIIEY fadll

* Dependency
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Inheritance &),

/s-a relationship

Relationship between a more general class (superclass) and a
more specialized class (subclass)

Every savings account is a bank account

Every circle is an ellipse (with equal width and height)

It iIs sometimes abused

o Should the class 71 re be a subclass of a class Circle?

o The has-a relationship would be more appropriate
Bdle- a
(Aac ) Lawads ST dada g (48 5iiall) acl 48y 4830
(B rae Gl b gl Qe S
(55 )Y1 5 (aadl 4 slusia a) GaBlill adadll 8 3 jila JS
055 Ukl el
S aall 5 10 o due i A58 ol ey didal) S8 o) cany
iV e s Ae clgaal



Aggregation s

« Has-arelationship "
A @l

* Objects of one class contain references to e (ssisisasl s 48 (o il

objects of another class SO O SIS el
d\_pd\ W?\M‘

 Use an instance variable
« Atire has a circle as its boundary: 1 san LaS 5l 4zal il HULYIA

class Tire

{

private String rating;
private Circle boundary;
}

. i i Ll 3 b S
« Every car has a tire (in fact, it has four) ORI jbm\

(Al 4l oS



Example

class Car extends Vehicle

{

private Tire[] tires;

Figure o
UML Notation for
Imnheritance and Aggregation

Yehicle

T3 re



doa )

Dependency 3

» Uses relationship

 Example: Many of our applications depend on the Scanner
class to read input

« Aggregation is a stronger form of dependency

« Use aggregation to remember another object between method
calls

A L] sg\);s&;}@s\ @w\&u\g; Lilandat e 0 et t e @
i) (e s 581 JSE 58 paanl) o
Gl Clelediul g AT (AS SES () apendll aladin) e
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UML Relationship Symbols UML e 38l

Relationship Symbol Line Style | Arrow Tip
Inheritance & | Solid Triangle
Interface Implementation | ======== & | Dotted Triangle
Aggregation < Solid Diamond
Dependency "mTT""""2 | Dotted Open

A3Ne el lail) Jaaj calilal) ik

BT > | Sl il

igalyaas | emm——— =S L Ll

gl < Slulaia dula

Ll rmmmm———— | i) z sik
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Self Check 12.7

Consider the Bank and BankAccount classes of Chapter 7. How
are they related?

Answer: Through aggregation. The bank manages bank
account objects.

filall b aa af |V JadiBankAccount s <lidl J gad A hill o
i) Glea Sy @il enill DA e aY) o
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Self Check 12.8

Consider the BankAccount and SavingsAccount objects of
Chapter 10. How are they related?

Answer: Through inheritance.

flall cld oy af Vv Juaidll (e £ LEYISAvingsAccount sBankAccount (& skl e
gl A (e Ay o
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Self Check 12.9

Consider the BankAccountTester class of Chapter 3. Which
classes does it depend on?

Answer: The BankAccount, System, and PrintStream
classes.

Q‘_A:: A Yy L@Ai RN e
PrintStream. <kl 5 (aUss (BankAccount o) il sl e

Big Java by Cay Horstmann
Copyright © 2009 by Jghn Wil
Sons. All rights recstgcr)\rl)g&l.
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Attributes and Methods in UML Diagrams
b s UML (8 ol 3 o

BankAccount

Attributes
halance
Methods
deposit()
withdraw()

Attributes and Methods in a Class Diagram

Big Java by Cay Horstmann
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Multiplicities

e any number (zero or more): *
e one or more: 1..*
* zeroorone: 0..1

« exactly one: 1

&

l..
Customer S ——————————————————————— Ban kAcCcount

An Aggregation Relationship with Multiplicities

Big Java by Cay Horstmann
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Aggregation and Association daad g gand

« Association: More general relationship between classes
« Use early in the design phase

« Aclass is associated with another if you can navigate from
objects of one class to objects of the other

« Given a Bank object, you can navigate to Customer objects

Slaahal) p daladl A8all e tdimas

| sl Als ja (a Sia 5 plast
AN QS ) Baal 5 408 6 g g (e Jaill GliSay 13) (5 A pe 408 Jai )
e Daall IS ) Jal i€y il 1S 1 s

SErves
Bank = Customer

An Association Relationship



Five-Part Development Process Aol Alas £ ja) Auuad

1. Gather requirements

2. Use CRC cards to find classes, responsibilities, and
collaborators

3. Use UML diagrams to record class relationships

4, Use javadoc to document method behavior

5. Implement your program
GLllaial) xas o
O staall 5« g pusall 5 ikl e ) glICRC Sy alasiul o
dgdall Alidle JindllUML @labas aladsial e
Alal 48y 5l @il avadoc aladdal e
GAB)QM LET e
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Case Study: Printing an Invoice — Requirements «bikic - 5,508 Aol Al du)

* Task: Print out an invoice 55l delibay o8 dagall o

Invoice: Describes the charges for a set of products =kl a5
: : " Al Alatial) (e de gasdl
in certain quantities .

An=a
« Omit complexities o el
o) sill s Ol puall g 2o ) ga e
» Dates, taxes, and invoice and customer numbers Al e Slaall
. . . BJJSEM iclda o
* Print Invoice 3 sill maan s Sl gl i o
. . _ el alaall
» Billing address, all line items, amount due M e

c'éd;)ﬂ JM}LJ.&A}M o

e Line item el i gllall 2eSl

. -y T : - ey
Description, unit price, quantily ordered, total price feals Y bl .

 For simplicity, do not provide a user interface padiual

3 5i Ailia) 1 ) iy
« Test program: Adds line items to the invoice and e gk &3,
then prints it



Case Study: Sample Invoice 5 3 e Al Al

INVOICE

Sam’s Small Appliances
100 Main Street
Anytown, CA 98765

Description Price  Qty Total

Toaster 2995 3 89.85
Hair dryer 2495 1 24.95
Car vacuum 1999 2 39.98

AMOUNT DUE: $154.78

Big Java by Cay Horstmann
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Case Study: Printing an Invoice — CRC Cards

CRC il - 551l delda -la A ,a o
* Discover classes
Gl Celis) e

* Nouns are possible classes: A 0 b cland) 0

Invoice 5ysld e
Address Olgie e
Lineltem ) La e
Product C""‘M .
Description Cuagll e
Price ) e
Quantity sl o
Total Slea) e
Amount Due Gatuall aliall o

Big Java by Cay Horstmann
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Case Study: Printing an Invoice — CRC Cards

* Analyze classes:

Invoice
Address
LineItem //
Product
Description //
Price //
Quantity //
Total //

Amount Due //

» Classes after a process of elimination:

Invoice
Address
Lineltem
Product

Records the product and the qgquantity

varlable of the Product class
varlable of the Product class
Not an attribute of a Product
Computed - not stored anywhere
Computed - not stored anywhere

HA) Y Ales 2y J gucd
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CRC Cards for Printing Invoice

ITnvoice and Address must be able to format themselves:

e.g-u&-\"\ 4-\-\.@&.' g uJD 3)4@
format the invoice CJ‘J'."“
Address

format the address

Big Java by Cay Horstmann
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CRC Cards for Printing Invoice

Add collaborators to invoice card:

:a8ay 3y gilal i glatial) A8l

Invoice

format the invoice

Address

Lineltem

Big Java by Cay Horstmann
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CRC Cards for Printing Invoice

Product and LineItem CRC cards:

Product

get descriptiosn

get wrnit price

Lineltem

fﬂrm.::zr the trtem Product

get rotal price




CRC Cards for Printing Invoice

Invoice must be populated with products and quantities:

1S 5 Claiia e 3 A W she oy ol

Tnvolce

format the invoice Address

add ::IF?’ﬂtl‘rﬁf'r arrd grantity  Lineltem
Product

Big Java by Cay Horstmann
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Printing an Invoice — UML Diagrams «hsiismoUML - 55 Aol

Fmm————————— Invoice < Address
I

I

I

l ?

I

I

A"}

Product — lineltem

Figure 7 The Relationships Between the Invoice Classes



Printing an Invoice — Method Documentation
Gisill Ay b -3 gl dclh .
Use javadoc documentation to record the
behavior of the classes javado® < j’;jm

de b okl dis & i
javadoc & Juds

* Run javadoc to obtain formatted version of =~ J's=! i sle dsasl
HTML J<5 8 sl

Leave the body of the methods blank

documentation in HTML format L5

. - SHTML daaa G55
Advantages: TR

« Share HTML documentation with other team A e e s JSA
members s aad) cldd

Gkl Qlilat 63
» Format is immediately useful: Java source files At )l

» Supply the comments of the key methods



Method Documentation — Invoice Class s, g - 55 4o,k

/**

Describes an invoice for a set of purchased products.
*/
public class Invoice

{

/**
Adds a charge for a product to this invoice.
dparam aProduct the product that the customer

ordered

dparam quantity the quantity of the product

*/

public void add(Product aProduct, int quantity)

{

}

Continued

Big Java by Cay Horstmann
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Method Documentation — Invoice Class (cont.) (1)

/**
Formats the invoice.
@return the formatted invoice
*/
public String format ()
{
1

Big Java by Cay Horstmann
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Method Documentation - LineItem Class - ais 4 klineltem 4l

/**
Describes a quantity of an article to purchase and its
price.
*/
public class Lineltem
{
/**
Computes the total cost of this line item.
dreturn the total price
*/
public double getTotalPrice ()
{
}

Continued

Big Java by Cay Horstmann
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Method Documentation — LineItem Class (cont.) (=4)

/**
Formats this item.
dreturn a formatted string of this line item
*/
public String format ()
{
¥

Big Java by Cay Horstmann
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Method Documentation — Product Class zuidldd - gia s h

/~k~k
Describes a product with a description and a price.
*/

public class Product

/**
Gets the product description.
dreturn the description

*/

public String getDescription ()

{

}

Continued

Big Java by Cay Horstmann
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Method Documentation — Product Class (cont.) (&4)

/**
Gets the product price.
@dreturn the unit price
*/
public double getPrice()
{
}

Big Java by Cay Horstmann
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Method Documentation — Address Class olsal daal - g5 45 4k

/**
Describes a mailing address.
*/
public class Address
{
/**
Formats the address.
dreturn the address as a string with three lines

*/

public String format ()
{

}

Big Java by Cay Horstmann
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The Class Documentation in the HTML Format

< - - l,g__*:]

ePrinter
Lineltem
Product

4 o~

File Edit wiew History Bookrmarks Tools Help

1 fileyshomejfcay/Biglava,ch 12 invoice/indesx. htmil

Package [[HEECEN Tree Deprecated Index Help

ERAMME S HOD FRAMES

PREYW ClLAaASS HNEXT ClLASS
DETAIL: FIELD | CONSTR | METHOD

SUMMARY: NESTED | FIELD | CONSTR | METHOD

Class Invoice

java.lang.Object
L Invoice

public class Invoice
extends java.lang.Object

Describes an imnwvoice for a set of purchased products.

Constructor Summary

Invoice ( Address anAddress)
Constructs arn imvoice.

Method Summary

vold | add (Product aProduct, int quantity)
Adds a charge for a product to this imnvoice,

jJava.lang.String | format()
Formats the imnvoice.

double | getAmountDue { )
Computes the total armournt due,

“ s

g

Figure 8 The Class Documentation in HTML Format



Printing an Invoice — Implementation 1A% - 3 gild Aok

« The UML diagram will give instance variables

* Look for associated classes

« They yield instance variables

Qi puaiall aaSUML (Sd) i s o
e Adaijal) iliaall (e Cany o

JEL &l i) e jai Ll e
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Implementation ke

 Invoice aggregates Address and LineIltem

* Every invoice has one billing address seadlTnvoice
. . . ] Lineltem sAddress
* An Iinvoice can have many line items: il @) ) g apal s gld S e
s
public class Invoice e sl oS ijgjﬁé .
{ 13 gl

private Address billingAddress;
private ArrayList<Lineltem> items;
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Implementation

A line item needs to store a Product object and guantity:

public class Lineltem el 5 el (S ATzl A A e
{

private 1nt quantity;
private Product theProduct;

Big Java by Cay Horstmann
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Implementation

* The methods themselves are now Very easy ;.. .. ;9 os e )

las
 Example:
- getTotalPrice Of Lineltem gets the unit price of S e
the product and multiplies it with the quantity: T
. getTotalPri
wece
Computes the total cost of this line Lineltem
item. ‘_AD dm;.t
@return the total price Cwe b gl r
* / il
public double getTotalPrice () Al Cacliay
{ A4S e
return theProduct.getPrice() *
quantity;

}

Big Java by Cay Horstmann
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ch12/invoice/InvoicePrinter.java

coJdJo Ol dWINBK

/**

*/

This program demonstrates the invoice classes by printing
a sample invoice.

public class InvoicePrinter

{

public static void main (String[] args)

{

Address samsAddress

= new Address ( ,
Invoice samsInvolce = new Invoilce (samsAddress);
samsInvoice.add (new Product ( , ), ) ;
samsInvoice.add (new Product ( , ), ) ;
samsInvoice.add (new Product ( , ), ) ;
System.out.println (samsInvoice.format());



ch12/invoice/Invoice.java

1 import java.util.ArrayList;

2

3 /* *

4 Describes an invoice for a set of purchased products.
5 */

6 public class Invoice

T A

8 private Address billingAddress;

9 private ArraylList<Lineltem> items;
10
11 / * %
12 Constructs an invoice.
13 @param anAddress the billing address
14 */
15 public Invoice (Address anAddress)
16 {
17 items = new ArrayList<Lineltem>();
18 billingAddress = anAddress;
19 }

Continued



ch12/invoice/Invoice.java (cont.)

21
22
23
24
25
26
27
28
29
30
31

/ * %
Adds a charge for a product to this invoice.
@param aProduct the product that the customer ordered
@param quantity the quantity of the product
*/
public void add(Product aProduct, int quantity)
{
Lineltem anlItem = new Lineltem(aProduct, quantity);
items.add (anItem) ;

Continued
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ch12/invoice/Invoice.java (cont.)

32 /**

33 Formats the invoice.

34 @return the formatted invoice

35 */

36 public String format ()

37 {

38 String r =

39 + billingAddress.format ()

40 + String.format ( ,

41 ) ;
42

43 for (LinelItem item : i1tems)

44 {

45 r = r + item.format () + ;

46 }

47

48 r = r + String.format ( , getAmountDue ()) ;
49

50 return r;

51 }

52



ch12/invoice/Invoice.java (cont.)

53 /**

54 Computes the total amount due.

55 @Qreturn the amount due

56 */

57 public double getAmountDue ()
58 {

59 double amountDue = 0;

60 for (LinelItem item : items)
61 {

62 amountDue = amountDue + item.getTotalPrice();
63 }

64 return amountDue;

65 }

66 }

Big Java by Cay Horstmann
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ch12/invoice/Lineltem.java

1 / * %

2 Describes a quantity of an article to purchase.

3 */

4 public class Lineltem

S5

6 private 1nt quantity;

7 private Product theProduct;

8

9 / * %
10 Constructs an item from the product and quantity.
11 @param aProduct the product
12 @param aQuantity the item quantity
13 */
14 public Lineltem(Product aProduct, int aQuantity)
15 {
16 theProduct = aProduct;
17 quantity = aQuantity;
18 }
19

Continued

Big Java by Cay Horstmann
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ch12/invoice/Lineltem.java (cont.)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

/ * %
Computes the total cost of this line item.
@Qreturn the total price

*/

public double getTotalPrice ()

{

return theProduct.getPrice () * quantity;

}

/ * %
Formats this item.
@return a formatted string of this item
*/
public String format ()
{
return String.format ( ,
theProduct.getDescription (), theProduct.getPrice(),
quantity, getTotalPrice());

Big Java by Cay Horstmann
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ch12/invoice/Product.java

1 /* *
2 Describes a product with a description and a price.
3 */
4 public class Product
5
6 private String description;
7 private double price;
8
9 / * %
10 Constructs a product from a description and a price.
11 @param aDescription the product description
12 @param aPrice the product price
13 */
14 public Product (String aDescription, double aPrice)
15 {
16 description = aDescription;
17 price = aPrice;
18 }
19

Continued
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ch12/invoice/Product.java (cont.)

20 /**

21 Gets the product description.
22 @return the description

23 */

24 public String getDescription ()
25 {

26 return description;
27 }

28

29 /**

30 Gets the product price.

31 @return the unit price

32 */

33 public double getPrice ()
34 {

35 return price;

36 }

37 }

38

Big Java by Cay Horstmann
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ch12/invoice/Address.java

oo Jdoy U d WDN K

/**

*/

Describes a mailing address.

public class Address

{

private
private
private
private
private

/**

String
String
String
String
String

name;
Sstreet;
city;
state;
Z1p;

Constructs a mailing address.

@param
@param
@param
@param
@param

*/

aName the recipient name
aStreet the street
aCity the city
aState the two-letter state code
aZip the ZIP postal code

Continued
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ch12/invoice/Address.java (cont.)

20 public Address (String aName, String aStreet,
21 String aCity, String aState, String azip)
22 {

23 name = aName;

24 street = aStreet;

25 city = aCity;

26 state = aState;

277 zlp = azZip;

28 }

29

30 / * %

31 Formats the address.

32 @return the address as a string with three lines

33 */

34 public String format ()

35 {

36 return name +

37 + city + + zip;
38 }

39 }

Big Java by Cay Horstmann
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Self Check 12.10

Which class is responsible for computing the amount due? What
are its collaborators for this task?

Answer: The Invoice class is responsible for computing the
amount due. It collaborates with the I.ineTItem class.

Phogall s3g) Leaa (i sbaiall o Lo $3aiuall aliall Clusial e Al g puall oo ) 25dl) o

Lineltem. &kl ao o glafis | gadusal) jluall Gludal e A gpeal) oo 3 ) 5l 458 1l sall o
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Self Check 12.11

Why do the format methods return St ring objects instead of
directly printing to System.out?

Answer: This design decision reduces coupling. It enables us
to reuse the classes when we want to show the invoice in a
dialog box or on a web page.

'System.out (! 5_milue deludall (e Yoy Ll Aludi 3 g S5 Cullu) 13 o
ek ) i Ledie: cliadal) aladil sale) (e LS ), 0 58 JI avenad ) a0 138 1l o) o
s daia ool el g e 85 sl
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Case Study: An Automatic Teller Machine —

Requirements : e
Q\e.‘h".m-gi\!\ ) pall ) rddla Al g2 o

ATM is used by bank customers. A customer has a

» Checking account
4l Jree @il eMae J8 e (Y1 Gl pall andiny o

» Savings account FREE
» Customer number b gl uu; o
* PIN PIN -
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Case Study: An Automatic Teller Machine —

Requirements

« Customers can select an account

« The balance of the selected account is displayed
* Then, customer can deposit and withdraw money

* Process is repeated until the customer chooses to exit

Gloa JLAA) o Slaall (Say o

Sl Claadl da ) (e o8y e

Jlsa¥) g gl Jranll (S e o
oAl daenll U, s dleall ) ShHy o
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Case Study: An Automatic Teller Machine —
Requirements

« Two separate interfaces:
« GUI that closely mimics an actual ATM

o Text-based interface

Aliadia cpfi) Cilgaly o
il V) Gl yall 5 el IS e Sy GAIGUL e
o ) Al dgaly e
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Case Study: An Automatic Teller Machine —

Requirements
 GUI Interface Faa g aakiueal) Fgal s
iliall da )
» Keypad o
» Display C B <A LY

Ol Al e ) ailda 5 aalad
 ButtonsA, B, C

» Button functions depend on the state of the machine

Figure 9 M| First National Bank of Java N =1
Graphical User Interface I

for the Automatic Teller Machine — =
4 6
1 3
0 . CE
Enter customer number
A = OK




Case Study: An Automatic Teller Machine —
Requirements

At start up the customer is expected to
o Enter customer number
 Press the A button
» The display shows:

Enter Customer Number
A = OK

J el () ad giall (pe el A& o
M\@Jd}di °

A L)l baal .

Z Wl I PSVE P
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Case Study: An Automatic Teller Machine —
Requirements

* The customer is expected to
J el o)) adgiall (pay o

- Enter a PIN PIN dasl
. 0J le bial e

Press A button ASEN e jelay e
« The display shows:

EFnter PIN

A = OK

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Case Study: An Automatic Teller Machine —
Requirements

« Search for the customer number and PIN gl fls dsaadl ) e e
« /it matches a bank customer, proceed Lad aaall
LA Jaaddll cad Alzage o
« Else return to start up screen
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Case Study: An Automatic Teller Machine —
Requirements

. : : eDlazdl (30 13) e
If the customer is authorized A e el

» The display shows:.

Select Account
A = Checking

B = Savings

C = Exit

Big Java by Cay Horstmann
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Case Study: An Automatic Teller Machine —
Requirements

* If the user presses C C aaiisall Luimg 13 o

« The ATM reverts to its original state YV ol puall 3 jeal o

Al adlla ) 2 say
« ATM asks next user to enter a customer number ariedl LwATM  »

- If the user presses A or B i Jasy ‘”;u:
« The ATM remembers selected account A axiiadl iy 13)

. _ B

» The display shows. 3 :
piay Yl pall B jeal e

Balance = balance of selected account daaall Cluadl SA
Enter amount and select transaction sl de jelay e

A = Withdraw
B = Deposit
C = Cancel
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Case Study: An Automatic Teller Machine —

Requirements

* If the user presses Aor B B SIA pxdiall ey 1Y)
o gl 5l dasdad sy o
* The value entered is witharawn or Jle Y o) oy BlSladd o

deposited w5l Jeni ¥
« Simulation. No money is dispensed and S asmy AVl peall 8 jeal o

no deposit is accepted ALl adlls
, (OIPRENA| ariay 13) e
« The ATM reverts to previous state ) 3 Y1 Gl all 3 el

* If the user presses C Al 4l

« The ATM reverts to previous state
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Case Study: An Automatic Teller Machine —
Requirements

 Text-based interaction

* Read input from System. 1n Instead of the buttons

» Here is a typical dialog:

Enter account number: 1

Enter PIN: 1234

A=Checking, B=Savings, C=Quit: A
Balance=0.0

A=Deposit, B=Withdrawal, C=Cancel: A
Amount: 1000

A=Checking, B=Savings, C=Quit: C

Slo il Jeladl
Uil
MR 3e) j8
Systqm.in (e
DOV e Yy
Dlsall g Lia
e g
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An Automatic Teller Machine - CRC Cards
Gliday - IV Gl all AICRC

Nouns are possible classes: ;

ATM ATM
User fﬁi-j“d‘

zilaal) s gl
Keypad o
Display u.é)d‘i\;-u{)
Display message N
Button s
State Sl Clua
Bank account Ol claa
Checking account BYPRENIEN
Savings account ;Ltj\
Customer d“\’d‘ej
Customer number (ot J“‘&
PIN '
Bank
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] ] ATM &) (e CRC <y
CRC Cards for Automatic Teller Machine

Customer

get ACCoHrIts
mrcatch rmrber arnnd PIN

Bank

ferrd cumstomer Customer

‘."'l‘_?-::?-lii CHSTOPTIEY S




CRC Cards for Automatic Teller Machine

ATM

mandge state Customer
select customer Bank
select account BankAccount

execite transaction

Big Java by Cay Horstmann
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ATM States 3Ll ATM

1. START: Enter customer ID
Sall|D Jaal el

2. PIN: Enter PIN sadil) el JAPING e
3. ACCOUNT: Select account e N
4. TRANSACT: Select transaction

Big Java by Cay Horstmann
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State Diagram for ATM Class ATM J alasa 2150l

START -\\".
III|
A Customer number entered
| |
Customer |I
{ not found \
||I K\‘ PIM _\.".,
\
l Customer found
Exit selected —
] ACCOUNT '\
III|
A Account selected
| l
Transaction |
|
completed or |
canceled A
TRANSACT

Figure 10 State Diagram for the ATM Class



An Automatic Teller Machine - UML Diagrams

- Y dilpall AIUML (Aol an

1
ATMFrame < ATM <> 5 Bank
I.f
F
F
0 ! ?
r
F
F e
Fi
Fi
F
.rr 1
¥ Customer
Keypad /
rf
|-
2 T
BankAccount

Figure 11 Relationships Between the ATM Classes



Method Documentation ATM Class G sl Ay W ATM Al

/**
An ATM that accesses a bank.
*/
public class ATM
{
/**
Constructs an ATM for a gilven bank.
dparam aBank the bank to which this ATM connects
*/
public ATM (Bank aBank) { }
/**
Sets the current customer number
and sets state to PIN.
(Precondition: state i1is START)
dparam number the customer number
*/

public void setCustomerNumber (1nt number) { } .
Continued
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Method Documentation ATM Class (cont.) (&)
/**

Finds customer 1n bank.
If found sets state to ACCOUNT, else to START.
(Precondition: state 1s PIN)
@param pin the PIN of the current customer

*/

public void selectCustomer (int pin) { }

/**
Sets current account to checking or savings. Sets
state to TRANSACT.
(Precondition: state 1s ACCOUNT or TRANSACT)
dparam account one of CHECKING or SAVINGS

*/

Continued
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Method Documentation ATM Class (cont.) (&Y)

public void selectAccount (int account) { }

/**
Withdraws amount from current account.
(Precondition: state 1s TRANSACT)
dparam value the amount to withdraw

*/

public void withdraw (double wvalue) { }

Big Java by Cay Horstmann
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An Automatic Teller Machine — Implementation
LIV 9ATM - L

« Start implementation with classes that don’t depend on others

e Keypad

e RankAccount

e Then implement Customer which depends only on
BankAccount

« This bottom-up approach allows you to test your classes
iIndividually
GAY) e aaied Y Gl i) we 345 ey
miladlda gl e
BankAccount (e k8 adiny (Al Jueall 2855 55 o
L..;J)é Ja cladall PEQY Sl T LQJ.GLLAAM @@_’\S\ Jaa e
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An Automatic Teller Machine — Implementation

» Aggregated classes in UML diagram give instance variables

public class ATM JEal) &l paial) daad Ald) s IUML (A drana clihal) o

{
private Bank theBank;

}

* From description of ATM states, it is clear that we require
additional instance variables: ke Ul aml 1 ek ATM Ul oy e+
Agilia) JUal cljaiall
public class ATM Al J "
{

private 1nt state;
private Customer currentCustomer;

private BankAccount currentAccount;



An Automatic Teller Machine — Implementation

* Most methods are very straightforward to implement

e« Consider selectCustomer: 30 s daual g b Gkl alane o
selectCustomer: kil e

/**
Finds customer i1n bank.
If found sets state to ACCOUNT, else to START.
(Precondition: state i1s PIN)
@param pin the PIN of the current customer

*/

Continued

Big Java by Cay Horstmann
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An Automatic Teller Machine — Implementation (cont.)

» Description can be almost literally translated to Java
Instructions: il ol L i L s Lien 5 (Kas Coas @

public void selectCustomer (1nt pin)

{

assert state == PIN;
currentCustomer = theBank.findCustomer (customerNumber,
pin) ;
1f (currentCustomer == null)
state = START;
else

state = ACCOUNT;

Big Java by Cay Horstmann
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ch12/atm/ATM.java

coJdoUl b WDMNDR

/**

*/

An ATM that accesses a bank.

public class ATM

{

public
public

private
private
private
private
private

public
public
public
public

static final 1int CHECKING =
static final 1Int SAVINGS =

int state;
int customerNumber;
Customer currentCustomer;

BankAccount currentAccount;
Bank theBank;

static final int START = |;
static final int PIN = 2;

static final 1int ACCOUNT =
static final 1Int TRANSACT =

.
14

°
14

.
14

°
14



ch12/atm/ATM.java (cont.)

20 /**

21 Constructs an ATM for a given bank.
22 @param aBank the bank to which this ATM connects
23 * /

24 public ATM (Bank aBank)

25 {

26 theBank = aBank;

277 reset () ;

28 }

29

30 /**

31 Resets the ATM to the initial state.
32 */

33 public void reset ()

34 {

35 customerNumber = ;

36 currentAccount = ;

37 state = START;

38 }

39



ch12/atm/ATM.java (cont.)

40 / * %

41 Sets the current customer number

42 and sets state to PIN.

43 (Precondition: state is START)

44 @param number the customer number.
45 * /

46 public void setCustomerNumber (int number)
47 {

48 assert state == START;

49 customerNumber = number;

50 state = PIN;

51 }

52



ch12/atm/ATM.java (cont.)

53 /**

54 Finds customer in bank.

55 If found sets state to ACCOUNT, else to START.

56 (Precondition: state is PIN)

57 @param pin the PIN of the current customer

58 * /

59 public void selectCustomer (int pin)

60 {

61l assert state == PIN;

62 currentCustomer =
theBank.findCustomer (customerNumber, pin);

63 1f (currentCustomer == )

64 state = START;

65 else

66 state = ACCOUNT;

67 }

68



ch12/atm/ATM.java (cont.)

69 /**

70 Sets current account to checking or savings. Sets

71 state to TRANSACT.

72 (Precondition: state is ACCOUNT or TRANSACT)

73 @param account one of CHECKING or SAVINGS
74 */

75 public void selectAccount (1nt account)
76 {

77 assert state == ACCOUNT || state == TRANSACT;
78 1if (account == CHECKING)

79 currentAccount =
currentCustomer.getCheckingAccount () ;

80 else

81 currentAccount =
currentCustomer.getSavingsAccount () ;

82 state = TRANSACT;

83 }

84



ch12/atm/ATM.java (cont.)

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

/ * %
Withdraws amount from current account.
(Precondition: state is TRANSACT)
@param wvalue the amount to withdraw

*/

public void withdraw (double wvalue)

{
assert state == TRANSACT;
currentAccount.withdraw (value) ;

}

/ * %
Deposits amount to current account.
(Precondition: state is TRANSACT)
@param wvalue the amount to deposit

*/

public void deposit (double wvalue)

{
assert state == TRANSACT;
currentAccount.deposit (value) ;



ch12/atm/ATM.java (cont.)

107 ] r

108 Gets the balance of the current account.
109 (Precondition: state is TRANSACT)
110 @return the balance

111 */

112 public double getBalance ()
113 {

114 assert state == TRANSACT;
115 return currentAccount.getBalance()
116 }

117

118 / **

119 Moves back to the previous state.

120 */

121 public void back()

122 {

123 if (state == TRANSACT)

124 state = ACCOUNT;

125 else 1f (state == ACCOUNT)
126 state = PIN;

127 else 1f (state == PIN)

128 state = START;

129 }

130



ch12/atm/ATM.java (cont.)

131
132
133
134
135
136
137
138
139

/ * %
Gets the current state of this ATM.
@return the current state

*/

public 1int getState()

{

return state;

}

Big Java by Cay Horstmann
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ch12/atm/Bank.java

1 import java.io.File;
2 1import java.io.IOException;
3 import java.util.ArrayList;
4 1import java.util.Scanner;
5
6 / * %
7 A bank contains customers with bank accounts.
8 */
9 public class Bank
10 {
11 private ArrayList<Customer> customers;
12
13 / * *
14 Constructs a bank with no customers.
15 * /
16 public Bank()
17 {
18 customers = new ArraylList<Customer> ()
19 } .
20 Continued
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ch12/atm/Bank.java (cont.)

21 / * *

22 Reads the customer numbers and pins

23 and initializes the bank accounts.

24 @param filename the name of the customer file

25 */

26 public void readCustomers (String filename)

27 throws IOException

28 {

29 Scanner in = new Scanner (new File (filename)) ;
30 while (in.hasNext ())

31 {

32 int number = in.nextInt () ;

33 int pin = in.nextInt();

34 Customer ¢ = new Customer (number, pin);
35 addCustomer (c) ;

36 }

37 in.close();

38 }

39

Continued
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ch12/atm/Bank.java (cont.)

40 /**

41 Adds a customer to the bank.

42 @param c the customer to add

43 */

44 public void addCustomer (Customer c)

45 {

46 customers.add (c) ;

47 }

48

49 /**

50 Finds a customer in the bank.

51 @param aNumber a customer number

52 @param aPin a personal identification number

53 @return the matching customer, or null if no customer
54 matches

55 */

56 public Customer findCustomer (int aNumber, int aPin)
57 {

58 for (Customer ¢ : customers)

59 {

60 if (c.match (aNumber, aPin))

61l return c;

62 }

63 return ;

64 } Big Java by Cay Horstmann
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ch12/atm/Customer.java

odoU b WDN R
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/**

*/

A bank customer with a checking and a savings account.

public class Customer

{

private int customerNumber;

private int pin;

private BankAccount checkingAccount;
private BankAccount savingsAccount;

/**

*/

Constructs a customer with a given number and PIN.

@param aNumber the customer number
@param aPin the personal identification number

public Customer (int aNumber, int aPin)

{

customerNumber = aNumber;

pin = aPin;

checkingAccount = new BankAccount () ;
savingsAccount = new BankAccount () ;

Continued
Big Java by Cay Horstmann
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ch12/atm/Customer.java (cont.)

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
A4

/ * %
Tests if this customer matches a customer number
and PIN.
@param aNumber a customer number
@param aPin a personal identification number
@return true if the customer number and PIN match
*/
public boolean match (int aNumber, int aPin)
{

return customerNumber == aNumber && pln == aPin;

}

/ * %
Gets the checking account of this customer.
@return the checking account
*/
public BankAccount getCheckingAccount ()
{

heckingA ; '
return checkingAccount Continued
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ch12/atm/Customer.java (cont.)

45 / * *

46 Gets the savings account of this customer.

47 @return the checking account

48 */

49 public BankAccount getSavingsAccount ()
50 {

51 return savingsAccount;

52 }

53 }

Big Java by Cay Horstmann
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ch12/atm/ATMSimulator.java

1 import java.io.IOException;
2 import java.util.Scanner;
3
4 / * *
5 A text-based simulation of an automatic teller machine.
6 */
7 public class ATMSimulator
8 {
9 public static void main(String[] args)
10 {
11 ATM theATM;
12 try
13 {
14 Bank theBank = new Bank();
15 theBank.readCustomers ( ),
16 theATM = new ATM(theBank) ;
17 }
18 catch (IOException e)
19 {
20 System.out.println ( ) ;
21 return;
22 ) Continued
23 Big Java by Cay Horstmann
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ch12/atm/ATMSimulator.java (cont.)

24 Scanner 1n = new Scanner (System.in);
25

26 while ( )

27 {

28 int state = theATM.getState()

29 1f (state == ATM.START)

30 {

31 System.out.print (

) ;

32 int number = in.nextInt ()

33 theATM. setCustomerNumber (number) ;
34 }

35 else 1if (state == ATM.PIN)

36 {

37 System.out.print ( ) ;
38 int pin = in.nextInt();

39 theATM.selectCustomer (pin) ;

40 }



ch12/atm/ATMSimulator.java (cont.)

41
42
43
) ;
44
45
46
47
48
49
50
51
52
53
54
55
56

else 1f (state == ATM.ACCOUNT)

{

}

System.out.print (

String command = 1in.next();

1f (command.equalsIgnoreCase ( ) )
theATM.selectAccount (ATM.CHECKING) ;

else 1f (command.equalsIgnoreCase ( ) )
theATM.selectAccount (ATM.SAVINGS) ;

else 1f (command.equalsIgnoreCase ( ) )
theATM.reset () ;

else
System.out.println ( ) ;

else 1f (state == ATM.TRANSACT)

{

System.out.println ( +

theATM.getBalance () ) ;

57

58

System.out.print (

String command = in.next ();



ch12/atm/ATMSimulator.java (cont.)

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

1f
{

}

(command.equalsIgnoreCase ( ) )
System.out.print ( ) ;
double amount = in.nextDouble();

theATM.deposit (amount) ;
theATM.back () ;

else 1f (command.equalsIgnoreCase (

{

}

System.out.print ( ) ;
double amount = in.nextDouble () ;
theATM.withdraw (amount) ;
theATM.back () ;

else 1f (command.equalsIgnoreCase (

theATM.back () ;

else

System.out.println (

))

))

) ;



ch12/atm/ATMSimulator.java (cont.)

Program Run:

Enter account number: 1

Enter PIN: 1234

A=Checking, B=Savings, C=Quit: A
Balance=0.0

A=Deposit, B=Withdrawal, C=Cancel: A
Amount: 1000

A=Checking, B=Savings, C=Quit: C

Big Java by Cay Horstmann
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ch12/atm/ATMViewer.java

1 dimport java.io.IOException;

2 1import javax.swing.JFrame;
3 import javax.swing.JOptionPane;
4
5 /**
6 A graphical simulation of an automatic teller machine.
7 */
8 public class ATMViewer
9 |
10 public static void main(String[] args)
11 {
12 ATM theATM;
13
14 try
15 {
16 Bank theBank = new Bank();
17 theBank.readCustomers (
18 theATM = new ATM(theBank) ;
19 }
20 catch (IOException e)
21 {
22 JOptionPane.showMessageDialog (
) ;
23 return;
24 }

25



ch12/atm/ATMViewer.java (cont.)

26 JFrame frame = new ATMFrame (theATM) ;

277 frame.setTitle ( )

28 frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
29 frame.setVisible ( ) ;

30 }

31 }

32

Big Java by Cay Horstmann
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ch12/atm/ATMFrame.java

coOdo U b WNBR

NNNMNNRRRERRPRRERRRERRRR
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import java.
import java.
import java.
import java.

import java
import java
import java
import java

/**

awt.FlowLayout;
awt.GridLayout;
awt.event.ActionEvent;
awt.event.ActionListener;
X.swing.JButton;
X.swing.JFrame;
X.swing.JPanel;
x.swing.JTextArea;

A frame displaying the components of an ATM.,

*/
public clas
{
private
private

private
private
private

private
private

s ATMFrame extends JFrame

static final int FRAME WIDTH
static final int FRAME HEIGHT

JButton aButton;
JButton bButton;
JButton cButton;

KeyPad pad;
JTextArea display;

.
’



ch12/atm/ATMFrame.java (cont.)

24

25 private ATM theATM;

26

2'7 / * *

28 Constructs the user interface of the ATM frame.

29 */

30 public ATMFrame (ATM anATM)

31 {

32 theATM = anATM;

33

34 // Construct components

35 pad = new KeyPad() ;

36

37 display = new JTextArea (4, ) ;

38

39 aButton = new JButton ( ) ;

40 aButton.addActionlListener (new AButtonListener()):;
41

42 bButton = new JButton ( ) ;

43 bButton.addActionlListener (new BButtonlListener());

44



ch12/atm/ATMFrame.java (cont.)

45 cButton = new JButton/( ) ;

46 cButton.addActionlListener (new CButtonListener()):;
477

48 // Add components

49

50 JPanel buttonPanel = new JPanel () ;
51 buttonPanel.add (aButton) ;

52 buttonPanel.add (bButton) ;

53 buttonPanel.add (cButton) ;

54

55 setLayout (new FlowLayout ());

56 add (pad) ;

57 add (display) ;

58 add (buttonPanel) ;

59 showState () ;

60

6l setSize (FRAME_WIDTH, FRAME_HEIGHT) ;
62 }

63



ch12/atm/ATMFrame.java (cont.)

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

/ * %
Updates display message.
*/
public void showState ()
{
int state = theATM.getState();
pad.clear () ;
1f (state == ATM.START)
display.setText (
else 1f (state == ATM.PIN)

display.setText ( ) ;

else 1f (state == ATM.ACCOUNT)
display.setText (
+
else 1f (state == ATM.TRANSACT)
display.setText (
+ theATM.getBalance ()
_|_
_|_



ch12/atm/ATMFrame.java (cont.)

85 class AButtonlListener implements ActionListener

86 {

87 public void actionPerformed (ActionEvent event)

88 {

89 int state = theATM.getState();

90 if (state == ATM.START)

91 theATM.setCustomerNumber ( (int) pad.getValue()):;
92 else 1f (state == ATM.PIN)

93 theATM.selectCustomer ( (int) pad.getValue())
94 else 1f (state == ATM.ACCOUNT)

95 theATM.selectAccount (ATM.CHECKING) ;

96 else 1f (state == ATM.TRANSACT)

97 {

98 theATM.withdraw (pad.getValue ()) ;

99 theATM.back () ;
100 }
101 showState () ;
102 }
103 }

104



ch12/atm/ATMFrame.java (cont.)

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

class BButtonlListener implements ActionlListener

{

public void actionPerformed (ActionEvent event)

{

int state = theATM.getState();

1f (state == ATM.ACCOUNT)
theATM.selectAccount (ATM.SAVINGS) ;

else 1f (state == ATM.TRANSACT)

{
theATM.deposit (pad.getValue()) ;
theATM.back () ;

}
showState () ;

Continued

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



ch12/atm/ATMFrame.java (cont.)

121 class CButtonListener implements ActionlListener
122 {

123 public void actionPerformed (ActionEvent event)
124 {

125 int state = theATM.getState();

126 1f (state == ATM.ACCOUNT)

127 theATM.reset () ;

128 else 1f (state == ATM.TRANSACT)

129 theATM.back () ;

130 showState () ;

131 }

132 }

133 }



ch12/atm/KeyPad.java

coOdo U b WNBR
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import
import
import
import
import
import
import

/**

Java.awt.BorderLayout;
Java.awt.GridLayout;
Java.awt.event.ActionEvent;
Java.awt.event.ActionListener;
Javax.swing.JButton;
Jjavax.swing.JPanel;
Javax.swing.JTextField;

A component that lets the user enter a number, using
a button pad labeled with digits.

*/
public
{

class KeyPad extends JPanel

private JPanel buttonPanel;
private JButton clearButton;
private JTextField display;

Continued
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ch12/atm/KeyPad.java (cont.)

36 // Add digit buttons

37

38 addButton ( ) ;

39 addButton ( ) ;

40 addButton ( ) ;

41 addButton ( ) ;

42 addButton ( ) ;

43 addButton ( ) ;

44 addButton ( ),

45 addButton ( ) ;

46 addButton ( ) ;

47 addButton ( ) ;

48 addButton ( ) ;

49

50 // Add clear entry button

51

52 clearButton = new JButton ( ) ;
53 buttonPanel.add (clearButton);

54



ch12/atm/KeyPad.java (cont.)

55 class ClearButtonlListener implements ActionListener
56 {

57 public void actionPerformed (ActionEvent event)
58 {

59 display.setText ("");

60 }

6l }

62 ActionlListener listener = new ClearButtonListener():;
63

64 clearButton.addActionlListener (new

65 ClearButtonlListener());

66

67 add (buttonPanel, ) ;

68 }

69



ch12/atm/KeyPad.java (cont.)

'70 / * %

71 Adds a button to the button panel

72 @param label the button label

73 */

74 private void addButton(final String label)

75 {

76 class DigilitButtonListener implements ActionlListener
77 {

78 public void actionPerformed (ActionEvent event)
79 {

80

81 / / Don&apos;t add two decimal points

82 1if (label.equals( )

83 && display.getText () .indexOf ( ) 1=
84 return;

85

86 // Append label text to button

87 display.setText (display.getText () + label);
88 }

89 }

90



ch12/atm/KeyPad.java (cont.)

91 JButton button = new JButton (label):;
92 buttonPanel.add (button) ;

93 ActionlListener listener = new DigitButtonListener();
94 button.addActionlListener (listener) ;
95 }

96

9'7 / *x *

98 Gets the value that the user entered.

99 @return the value in the text field of the keypad
100 */
101 public double getValue ()
102 {
103 return Double.parseDouble (display.getText ())
104 }

105

106 /**

107 Clears the display.

108 */

109 public void clear ()

110 {

111 display.setText ("");

112 }

113 }



Self Check 12.12

Why does the Bank class in this example not store an array list of
bank accounts?

Answer: The bank needs to store the list of customers so that
customers can log in. We need to locate all bank accounts of a
customer, and we chose to simply store them in the customer
class. In this program, there is no further need to access bank
accounts.
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Self Check 12.13

Suppose the requirements change — you need to save the
current account balances to a file after every transaction and
reload them when the program starts. What is the impact of this
change on the design?

Answer: The Bank class needs to have an additional
responsibility: to load and save the accounts. The bank can
carry out this responsibility because it has access to the
customer objects and, through them, to the bank accounts.

Lelian 3ale) 5 Alalaa IS amy cale ) 4 jlad) cllisall 3aia )l Jads ) 2lias - collbaia jaci m yitdl o
Casaaill o ozl 138 580 g Lo gali ) Jaadii ey 2ic

o8 25 feliall Sy g Cllian Jada 5 Jraad) 1Al g el €] die () zling clid) 28 3L Y) .
A e Slln ) aglDA e s cdpanl LIS €Y Jpaa sl 3 4pal 43 Al g pasdll

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



