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Chapter Goals

 To study several sorting and searching algorithms

« To appreciate that algorithms for the same task can differ widely
In performance

« To understand the big-Oh notation

* To learn how to estimate and compare the performance of
algorithms

* To learn how to measure the running time of a program
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Selection Sort

G A LA

« Sorts an array by repeatedly finding the smallest element of
the unsorted tail region and moving it to the front

« Slow when run on large data sets

« Example: sorting an array of integers

11

9

17

5

12

a1 ) Lol g a5 aty ol il ) dilaie § jeaie jraal 1)l e dlag) QA (e de gane je @

el Glilall Gle geae (Ao Jandi die cday o
dagaall dae Y e de gana g e e

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



Sorting an Array of Integers dagaal) 1Y) Ga ciubea )b

Find the smallest and swap it with the first element
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Find the next smallest. It is already in the correct place
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Find the next smallest and swap it with first element of unsorted
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When the unsorted portion is of length 1, we are done
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ch14/selsort/SelectionSorter.java

1 / * *
2 This class sorts an array, using the selection sort
3 algorithm
4 */
5 public class SelectionSorter
6 |
7 private int[] a;
8
9 / * %
10 Constructs a selection sorter.
11 @param anArray the array to sort
12 */
13 public SelectionSorter (int[] anArray)
14 {
15 a = anArray;
16 }
17

Continued

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



ch14/selsort/SelectionSorter.java (cont.)

18
19
20
21
22
23
24
25
26
277
28
29

/ * *

Sorts the array managed by this selection sorter.
*/
public void sort ()

{
for (int 1 = 0; 1 < a.length - [; 1i++)
{
int minPos = minimumPosition (1) ;
swap (minPos, 1);

Continued
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

ch14/selsort/SelectionSorter.java (cont.)

Finds the smallest element in a tail range of the array.
@param from the first position in a to compare
@return the position of the smallest element in the
range a[from] . . . a[a.length - 1]

private int minimumPosition (int from)

int minPos =

(int 1 from + 1 < a.length;

< a[minPos]) minPos

return minPos;

Swaps two entries of the array.

@param i the first position to swap

@param j the second position to swap
*/
private void swap(int 1, int 73)
{

int temp = alil;

ali]l = aljl;

alj] = temp;
[]] p Big Java by Cay Horstmann
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ch14/selsort/SelectionSortDemo.java

1 dimport java.util.Arrays;
2
3 /* *
4 This program demonstrates the selection sort algorithm by
5 sorting an array that is filled with random numbers.
6 */
7 public class SelectionSortDemo
8 {
9 public static void main (String[] args)
10 {
11 int[] a = ArrayUtil.randomIntArray (-0, ) ;
12 System.out.println (Arrays.toString(a));
13
14 SelectionSorter sorter = new SelectionSorter(a);
15 sorter.sort () ;
16
17 System.out.println (Arrays.toString(a));
18 }
19 }
20

Big Java by Cay Horstmann
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ch14/selsort/ArrayUtil.java

1 import Jjava.util.Random;
2
3 /* *
4 This class contains utility methods for array manipulation.
5 */
6 public class ArrayUtil
7 A
8 private static Random generator = new Random() ;
9
10 / * %
11 Creates an array filled with random values.
12 @param length the length of the array
13 @param n the number of possible random values
14 @Qreturn an array filled with length numbers between
15 Oandn-1
16 */
17 public static int[] randomIntArray(int length, int n)
18 {
19 int[] a = new int[length];
20 for (int 1 = 0; i < a.length; i++)
21 a[li] = generator.nextInt(n);
22
23 return a;
24 } Big Java by Cay Horstmann
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ch14/selsort/ArrayUtil.java (cont.)
Typical Program Run:

(65, 46, 14, 52, 38, 2, 96, 39, 14, 33, 13, 4, 24, 99, 89, 77, 73, 87, 36, 81]
(2, 4, 13, 14, 14, 24, 33, 36, 38, 39, 46, 52, e5, 73, 77, 81, 87, 89, 96, 99]

Big Java by Cay Horstmann Big Java by Cay Horstmann
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Self Check 14.1

Why do we need the temp variable in the swap method? What
would happen if you simply assigned a[1i] toa[j] anda[j] to
ali]?

Answer: Dropping the temp variable would not work. Then
aliland a[7] would end up being the same value.
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Self Check 14.2

What steps does the selection sort algorithm go through to sort
the sequence 6 5 4 3 2 17

Answer:
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Profiling the Selection Sort Algorithm

* We want to measure the time the Gl gl il i e

algorithm takes to execute ol
g Jaaail zeals yall 28l g i gll Sagins) e
 Exclude the time the program takes to load gAY iy aladal .
g ell 5 Aol 48 oLis) .

* Exclude output time fae ) 55 2

» Create a StopWatch class to measure i vy
execution time of an algorithm SKECIRELRV A

_ _ System.currentTimeMillis
[t can start, stop and give elapsed time a5 el (S sl
e« Use System.currentTimeMillis method i L sl AL JM::; ’

J

» Create a StopWatch object Sl 2y L S el iy
el i gll ) 3

« Start the stopwatch just before the sort
» Stop the stopwatch just after the sort
» Read the elapsed time

Big Java by Cay Horstmann
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ch14/selsort/StopWatch.java

oo b WDMNDER

/ * *
A stopwatch accumulates time when it is running. You can
repeatedly start and stop the stopwatch. You can use a
stopwatch to measure the running time of a program.

*/

public class StopWatch

{
private long elapsedTime;
private long startTime;
private boolean 1sRunning;

/ * %
Constructs a stopwatch that is in the stopped state
and has no time accumulated.

*/

public StopWatch ()

{

reset () ; Continued

} Big Java by Cay Horstmann
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ch14/selsort/StopWatch.java (cont.)

21 / * %

22 Starts the stopwatch. Time starts accumulating now.

23 */

24 public void start()

25 {

26 1if (isRunning) return;

27 isRunning = ;

28 startTime = System.currentTimeMillis()

29 }

30

31 / * %

32 Stops the stopwatch. Time stops accumulating and is

33 is added to the elapsed time.

34 */

35 public void stop /()

36 {

37 if (!isRunning) return;

38 isRunning = ;

39 long endTime = System.currentTimeMillis()
40 elapsedTime = elapsedTime + endTime - startTime;
:; } Continued

Big Java by Cay Horstmann
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ch14/selsort/StopWatch.java (cont.)

43 / * x

44 Returns the total elapsed time.

45 @return the total elapsed time

46 */

47 public long getElapsedTime ()

48 {

49 1f (1isRunning)

50 {

51 long endTime = System.currentTimeMillis() ;
52 return elapsedTime + endTime - startTime;
53 }

54 else

55 return elapsedTime;

56 }

57

58 / * Xk

59 Stops the watch and resets the elapsed time to 0.

60 */

61 public void reset()

62 {

63 elapsedTime = (;

64 isRunning = ;

65 } Big Java by Cay Horstmann
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ch14/selsort/SelectionSortTimer.java

oJdJo O dWMNR

o

import java.util.Scanner;

/ * *
This program measures how long it takes to sort an
array of a user-specified size with the selection
sort algorithm.

*/

public class SelectionSortTimer

{

public static void main(String[] args)

{

Scanner in = new Scanner (System.in);
System.out.print ( ) ;
int n = in.nextInt();

// Construct random array

int[] a = ArrayUtil.randomIntArray (n, ) ;
SelectionSorter sorter = new SelectionSorter (a);

Big Java by Cay Horstmann
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ch14/selsort/SelectionSortTimer.java (cont.)

21 / / Use stopwatch to time selection sort

22

23 StopWatch timer = new StopWatch ()
24

25 timer.start () ;

26 sorter.sort () ;

27 timer.stop();

28

29 System.out.println (

30 + timer.getElapsedTime () + ) ;
31 }

32 }

33

34

Program Run:

Enter array size: 100000
Elapsed time: 27880 milliseconds

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



= - - . %* . ‘Z\ASLJA ~!... . s 1*3\
Selection Sort on Various Size Arrays* A 2

n Milliseconds
10,000 786
20,000 2,148
30,000 4,796
40,000 9,192
50,000 13,321
60,000 19,299

* Obtained with a Pentium processor, 2 GHz, Java 6, Linux
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Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Selection Sort on Various Size Arrays
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Figure 1 Time Taken by Selection Sort
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Selection Sort on Various Size Arrays

* Doubling the size of the array more than doubles the time
needed to sort it

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



Self Check 14.3

Approximately how many seconds would it take to sort a data set
of 80,000 values?

Answer: Four times as long as 40,000 values, or about 36
seconds.
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Self Check 14.4

Look at the graph in Figure 1. What mathematical shape does it
resemble?

Answer: A parabola.
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Analyzing the Performance of the Selection Sort
Algorithm i g Aga ) ga L) gl Juda

 In an array of size n, count how many times an array element is
visited
« Jo find the smallest, visit n elements + 2 Visits for the swap

« Jo find the next smallest, visit (n - 1) elements + 2 visits for the swap

o The last term is 2 elements visited to find the smallest + 2 visits for the
swap

e paie 153 e oS30 (O paa e de gena e
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Analyzing the Performance of the Selection Sort
Algorithm

* The number of visits:
e n+2+n-1)+2+Mn-2)+2+..+2+2
« This can be simplified to r? /2 + 5n/2 -3
« 5n/2 - 3is small compared to r¥ /2 — so let’s ignore it

» Also ignore the 1/2 — it cancels out when comparing ratios

Ll aae e

Y+Y+ Y+ (Y-)+Y+(V-0)+ Y+
N2 /2 + BN/ 2-3 N dause 0585 Of (S a5 o

alalai Ugen GIAND /2 - &5 jlia s aaBN / 2-3 o
et Ayl die Cygiiag - 0 Y/0) Jalai LS o

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



Analyzing the Performance of the Selection Sort
Algorithm

* The number of visits is of the order 2
 Using big-Oh notation: The number of visits is O(r%)

« Multiplying the number of elements in an array by 2 multiplies
the processing time by 4

* Big-Oh notation “An) = O(g(n))”
expresses that /grows no faster than g

« To convert to big-Oh notation: Locate fastest-growing term, and
Ignore constant coefficient
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Self Check 14.5

If you increase the size of a data set tenfold, how much longer
does it take to sort it with the selection sort algorithm?

Answer: It takes about 100 times longer.
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Self Check 14.6

How large does n need to be so that r2/2 is bigger than 5n/2 - 3?
Answer: If nis 4, then r?/2is8 and 5n/2 - 3is 7.

Big Java by Cay Horstmann
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Insertion Sort 5 g
« Assume Initial sequence a[0] ... alk] Issorted (k = 0):

I o |16]5]7

e Add =2 [ 1]; element needs to be inserted before 11

Do 6] 5 7
c Add a[2]
RSN s | -
« Add 2 [ 3]
[5[9ufie] 7
* Finally, add a2 [ 4]

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




ch14/insertionsort/InsertionSorter.java

1 / * %

2 This class sorts an array, using the insertion sort

3 algorithm

4 */

5 public class InsertionSorter

6

7 private 1intl[] a;

8

9 / * %
10 Constructs an insertion sorter.
11 @param anArray the array to sort
12 * /
13 public InsertionSorter (int[] anArray)
14 {
15 a = anArray;
16 }
17 Continued

Big Java by Cay Horstmann
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ch14/insertionsort/InsertionSorter.java (cont.)

18 / * *

19 Sorts the array managed by this insertion sorter

20 */

21 public void sort ()

22 {

23 for (int 1 = 1; 1 < a.length; i++)
24 {

25 int next = al[i];

26 // Move all larger elements up

27 int § = 1i;

28 while (3 > && al[j - ] > next)
29 {

30 aljl] = al[j - 1];

31 J-=7

32 }

33 / / Insert the element

34 alj] = next;

35 }

36 } Big Java by Cay Horstmann
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Merge Sort i 5 e

 Sorts an array by

JB (ede gana jyay e

 Cutting the array in half haill A sene ol
: , bsd JS )8 54 .
» Recursively sorting each half O okl ma o

- LEAY) £ 55 (g g oul pS JSE o
« Merging the sorted halves - g e gl S

« Dramatically faster than the selection sort

Big Java by Cay Horstmann
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Merge Sort Example

 Divide an array in half and sort each half Lz < 585 i b Cign aiss

* Merge the two sorted arrays into a single sorted array

sanl s L ) de sane ) a8 ailia (e (i) e o
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Merge Sort

public void sort ()

{

1f (a.length <= 1) return;

int [] first = new int[a.length / 2];

int[] second = new int[a.length - first.length];

// Copy the first half of a into first, the second half

// into second

MergeSorter firstSorter = new MergeSorter (first);
MergeSorter secondSorter = new MergeSorter (second) ;
firstSorter.sort () ;

secondSorter.sort () ;

merge (first, second);

Big Java by Cay Horstmann
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ch14/mergesort/MergeSorter.java

1 /**

2 This class sorts an array, using the merge sort algorithm.
3 */

4 public class MergeSorter

5

6 private 1intl[] a;

g

8 /**

9 Constructs a merge sorter.
10 @param anArray the array to sort
11 */
12 public MergeSorter (int[] anArray)
13 {
14 a = anArray;
15 }
16

Continued

Big Java by Cay Horstmann
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ch14/mergesort/MergeSorter.java (cont.)

1'7 / *x *

18 Sorts the array managed by this merge sorter.

19 */

20 public void sort ()

21 {

22 if (a.length <= 1) return;

23 int[] first = new int[a.length / “21;

24 int[] second = new intla.length - first.length];

25 // Copy the first half of a into first, the second half into second

26 for (int 1 = 0; 1 < first.length; i++) { first[i] =
ali]; }

277 for (int 1 = 0U; 1 < second.length; i++)

28 {

29 second[i] = al[first.length + 1i];

30 }

31 MergeSorter firstSorter = new MergeSorter (first);
32 MergeSorter secondSorter = new MergeSorter (second) ;
33 firstSorter.sort () ;

34 secondSorter.sort () ; _

35 merge (first, second); Continued
36 } Big Java by Cay Horstmann
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ch14/mergesort/MergeSorter.java (cont.)

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

/ * %
Merges two sorted arrays into the array managed by this merge sorter.
@param first the first sorted array
@param second the second sorted array

*/

private void merge (int[] first, int[] second)

{

int iFirst = 0; // Nextelement to consider in the firstarray
int iSecond = 0; // Nextelementto consider in the second array
int j = 0; // Nextopen positionina

// As long as neither iFirst nor iSecond is past the end, move
// the smaller element into a
while (1First < first.length && iSecond < second.length)
{
if (first[iFirst] < second[iSecond])
{
alj] = first[iFirst];
iFirst++;
}
else
{
alj] = second[iSecond];
iSecond++;
}
J++;

Copyright © 2009 by John Wiley

Continued
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ch14/mergesort/MergeSorter.java (cont.)

66 / / Note that only one of the two loops below copies entries
67 // Copy any remaining entries of the first array
68 while (iFirst < first.length)

69 {

70 alj] = first[iFirst];

71 iFirst++; j++;

72 }

73 // Copy any remaining entries of the second half
74 while (iSecond < second.length)
75 {

76 alj] = second[1Second];

77 iSecond++; J++;

78 }

79 }

80 }

Big Java by Cay Horstmann
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ch14/mergesort/MergeSortDemo.java

ool dWMNR

import java.util.Arrays;

/**

This program demonstrates the merge sort algorithm by
sorting an array that is filled with random numbers.

*/
public class MergeSortDemo
{
public static void main (String[] args)
{
int[] a = ArrayUtil.randomIntArray (- U, ) ;

System.out.println (Arrays.toString(a))

MergeSorter sorter = new MergeSorter (a);
sorter.sort () ;
System.out.println (Arrays.toString(a))

Continued

Big Java by Cay Horstmann
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ch14/mergesort/MergeSortDemo.java (cont.)

Typical Program Run:

(8, 81, 48, 53, 46, 70, 98, 42, 27, 76, 33, 24, 2, 776, 62, 89, 90, 5, 13, 21]
(2, 5, 8, 13, 21, 24, 27, 33, 42, 46, 48, 53, 62, 70, 76, 76, 81, 89, 90, 98]

Big Java by Cay Horstmann
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Self Check 14.7

Why does only one of the two while loops at the end of the
merge method do any work?

Answer: When the preceding while loop ends, the loop
condition must be false, thatis,

1First >= first.length Or 1Second >= second.length
(De Morgan'’s Law).

fee b Ll merge ges 4l Al S Glilayhile (8 oull (e dath aal 5 13 e
Y. \&}cfalsez\ﬁhkﬁoéoigﬁc:\'éhj\‘;@_mmwhile daalld) Laie :c._a\J;J\ o
- iFirst> = first.length siSecond> = second.length

(O g gdll( o
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Self Check 14.8

Manually run the merge sort
algorithm on the arrays7654321.

Answer:

First sort8 7 6 5.

Recursively, first sort 8 7.

Recursively, first sort 8. It's sorted.

Sort 7. It's sorted.

Merge them: 7 8.

Do the same with 6 5 to get 5 6.

Merge themto 56 7 8.

Do the same with 4 3 2 1: Sort 4 3 by
sorting 4 and 3 and merging them to 3 4.
Sort 2 1 by sorting 2 and 1 and merging
themto 1 2.
Merge34and1l2tol234.

Finally, merge56 78and1234t0123
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Analyzing the Merge Sort Algorithm G Aga ) 93 gad

n Merge Sort (milliseconds) Selection Sort (milliseconds)
10,000 40 786
20,000 73 2,148
30,000 134 4,796
40,000 170 9,192
50,000 192 13,321
60,000 205 19,299

Big Java by Cay Horstmann
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Merge Sort Timing vs. Selection Sort s s g e 6 i i e

2'::' [ i
Selection sort
15 |—
oy -
=
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2 10 |—
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* Merge sort
-
- 4 - - - - -
10 20 30 40 50 G0
N (thousands)
Figure 2

Merge Sort Timing versus Selection Sort
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Analyzing the Merge Sort Algorithm

 In an array of size n, count how many times an array element is
visited

« Assume nis a power of 2: n=27

 Calculate the number of visits to create the two sub-arrays and
then merge the two sorted arrays

« 3 Vvisits to merge each element or 3n visits

« 2n Visits to create the two sub-arrays

« total of 5n visits
Ciia paic 138 e aS 30 (O ada (e de sana B e
MY =N Vo8 a0 ayas o
L Ciiliia (e (i) g a3 (il A Lall Catlia LAY Gl ,L 3l 23e s o
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Analyzing the Merge Sort Algorithm Qa5 Al g e (il
* Let 7{n) denote the number of ViISItS t0 SOt ¢ s e VA7) Zlad) -
an array of 17 elements then O il e Reseme A SR
« T(n)=T(n/2)+ T(n/2)+5nor -

« T(n)=2T(n/2)+ 5n

* The visits for an array of size /2 is:
o T(n/2) =2T(n/4) + 5n/2
« So T(n) =2 x2T(n/4) +5n + 5n

A Y[ O mdssaad Dl L) e

* The visits for an array of size /4 is: 18 £ Gana e e sanal G L5 e
« T(n/4) =2T(n/8) + 5n/4
« SoT(n)=2x2x2TM/8E)+5n+5n+5n
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Analyzing Merge Sort Algorithm

* Repeating the process A times: S dddee O ja I S5
o T(n)=2k%T(n/>*) +5nk
« Since n =27, when k=m: T(n) =27T(n/2") +5nm
« T(n)=nT(1) +5nm
« 7(n) =n+ 5nlog,(n)

Big Java by Cay Horstmann
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Analyzing Merge Sort Algorithm

 To establish growth order
» Drop the lower-order term n
« Drop the constant factor 5

» Drop the base of the logarithm since
all logarithms are related by a constant factor

« We are left with n log(n)
 Using big-Oh notation: Number of visits is O(rog(n))
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Merge Sort Vs Selection Sort 5 a5 e G i e

 Selection sort is an O(r#) algorithm
* Merge sort is an O(mog(n)) algorithm
* The nog(n) function grows much more slowly than r7?

401520 (N2) oo g sll jlaa) e
200 20(rog(n) s g sl ger
N2 e 8 S8 cdauilog(n) daday (O) seb o
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Self Check 14.9

Given the timing data for the merge sort algorithm in the table at
the beginning of this section, how long would it take to sort an
array of 100,000 values?

Answer: Approximately 100,000 x log(100,000) / 50,000 x
l0g(50,000) =2 x 5/4.7 = 2.13 times the time required for
50,000 values. That's 2.13 x 97 milliseconds or approximately
207 milliseconds.

Bt KB gl (he oS canall) 138 Aol A Jsaadl 8 el Al daa ) ) sAd il 5 bl ) plailly g
] Vo vn s e e

YAY = £V /0 x Y= (0rcers)danx Ovvns [(Veverns)danwx Veverss Ml
Al e Yo e iy e sl Al e AY x YT ga 1 il 0 v cn v v 300 ) il
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Self Check 14.10

If you double the size of an array, how much longer will the merge
sort algorithm take to sort the new array?

Answer: (2nlog(2n)/nlog(n)) = 2(1+ log(2)/log(n)). For n> 2,
that is a value < 3.

Qodﬁha.c)m‘)‘)ﬂhb@od)ﬂ\@))\j;u}uugjl\wécu&“»z\mwuﬁ\d\ °

Answer: (2nlog(2n)/nlog(n)) = 2(1+ log(2)/log(n)). )
For n> 2, that is a value < 3.
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The Quicksort Algorithm

 Divide and conquer
1. Partition the range

2. Sort each partition

5 3 2 6 4 1 3 7

3 3 2 1 4 | 6

1 2 33 4 | 5

5

6

/

/

Laalsd am J 8

SRR
&c . “~0.. °
aud S 558 e
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The Quicksort Algorithm ISP IE WISPREY

public void sort(int from, 1nt to)
{

1f (from >= to)

return; 1nt p =

partition (from, to);

sort (from, p):;

sort(p + 1, to);
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The Quicksort Algorithm

< pivot Not vet analyzed > pivot
e, s s

[from] [1] [7] [to]

Partitioning a Range

=pivot < pivot

< pivot < pivot >pivot =pivot

e e e e
v T ! P R 1

[from] [1] []] [to]

Extending the Partitions
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The Quicksort Algorithm

private 1nt partition(int from,

{

int pivot = al[from];

int 1 = from - 1;

int § = to + 1;

while (1 < 7J)

{
i++;
while (al[i] < pivot) i++;
J—=7
while (a[]j] > pivot) J--;
if (i < j) swap(i, 7J);

}

return 7j;

int to)
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The First Programmer
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Babbage’s Difference Engine
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Searching i)

* Linear search: also called sequential search

« Examines all values in an array until it finds a match or reaches
the end

« Number of visits for a linear search of an array of 77 elements:

« The average search visits n/2 elements

» The maximum Visits Is n

» Alinear search locates a value in an array in O(n) steps

Juluiia Ciail) Ll caniig 1ol Ciadl)

Bl ) ey 5l 3t Ly in s b il 8IS Gy o
10 maliall (e de geana (e pdad Sl @) L5 2ae o
paliadl Y /o danall @l jl b ie e

O 9d B e oaBY) 2al) e

il st O(f]) (A sina e g 20ny Jhd Sy e
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ch14/linsearch/LinearSearcher.java

oo Jdo Ol dWN

/ *x %

A class for executing linear searches through an array.
*/
public class LinearSearcher

{

private int[] a;

/ * *
Constructs the LinearSearcher.
@param anArray an array of integers
*/
public LinearSearcher (int[] anArray)

{

a = anArray; Continued

Big Java by Cay Horstmann
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ch14/linsearch/LinearSearcher.java (cont.)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

/**
Finds a value in an array, using the linear search
algorithm.
@param v the value to search
@Qreturn the index at which the value occurs, or -1
If it does not occur in the array
*/
public int search(int wv)
{
for (int 1 = 0; 1 < a.length; 1i++)
{
if (ali] == v)
return 1i;

}

return ;
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ch14/linsearch/LinearSearchDemo.java

1 1mport java.util.Arrays;

2 import java.util.Scanner;

3

4 / * x

5 This program demonstrates the linear search algorithm.

6 */

7 public class LinearSearchDemo

8

9 public static void main (String[] args)
10 {
11 int[] a = ArrayUtil.randomIntArray (- U, ) ;
12 System.out.println (Arrays.toString(a));
13 LinearSearcher searcher = new

LLinearSearcher (a) ;

14
15 Scanner 1n = new Scanner (System.in);
16 Continued
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ch14/linsearch/LinearSearchDemo.java (cont.)

17 boolean done = ;

18 while (!done)

19 {

20 System.out.print (

) ;

21 int n = in.nextInt();

22 if (n == )

23 done = ;

24 else

25 {

26 int pos = searcher.search(n);
27 System.out.println ( + pos);
28 }

29 }

30 }

31 }

Typical Program Run:

(46, 99, 45, 57, 64, 95, 81, 9, 11, 97, 6, 85, 61, 88, 29, 65, 83, 88, 45, 88]
Enter number to search for, -1 to quit: 11
Found in position 8
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Self Check 14.11

Suppose you need to look through 1,000,000 records to find a
telephone number. How many records do you expect to search
before finding the number?

Answer: On average, you'd make 500,000 comparisons.

Gl axe (ailgd) a8 e gl Cllaw Yer v v v YA e plan o) ) dalay Gl (il e
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Self Check 14.12

Why can’t you use a “for each” loop for (int element : a) In
the search method?

Answer: The search method returns the index at which the
match occurs, not the data stored at that location.

f&alldgy ) A (int element @ oa) oo Ala "I aladia) Gy Y 1AL
(& A AR bl a6 laall (8 Gaangy (Al jdpall g la ks Gaaall bl Ay
JEPRIRER
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Binary Search ol A

« Locates a value in a sorted array by
» Determining whether the value occurs in the first or second half

« Then repeating the search in one of the halves

Ji (el )8 Ac senn A dad ady o
Sl J5Y) Caaill 8 sy dad CulS 1) Lo aasd e
i aa) 8 Eall ) Si A e
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Binary Search

 To search 15:

LOJL1ICL21031[4]1C5]1L61L71]
1 5 8 9 12 17 20 32

L41L51Lell7]
12 17 20 32

L41L5]
12 17

L5]
17

e 15 # 17: We don’t have a match
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ch14/binsearch/BinarySearcher.java

1 / * *
2 A class for executing binary searches through an array.
3 */
4 public class BinarySearcher
5 |
6 private int[] a;
g
8 / * %
9 Constructs a BinarySearcher.
10 @param anArray asorted array of integers
11 */
12 public BilnarySearcher (int[] anArray)
13 {
14 a = anArray;
15 }
16

Continued
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ch14/binsearch/BinarySearcher.java (cont.)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

/**

*/

Finds a value in-a sorted array, using the binary
search algorithm.

@param v the value to search

@return the index at which the value occurs, or -1
iIf it does not occur in the array

public int search(int v)

{

int low = 0;
int high = a.length - [;
while (low <= high)
{
int mid = (low + high) / 7;
int diff = a[mid] - wv;
if (diff == 0) //a[mid] ==v
return mid;
else if (diff < 0) //a[mid]<v
low = mid + ;
else
high = mid - ;
}
return ;
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Binary Search

« Count the number of visits to search a sorted array of size n

» We visit one element (the middle element) then search either the left or
right subarray

 Thus.: T(n) =T(n/2) + 1
e If nis N2, then T(A2) =T(nl4) + 1
« Substituting into the original equation: T(n) = T(n/4) + 2
« This generalizes to: T(n) = T(nl2%) + k

O e (e A e Ao gane e Gl Gl LI e Gl
subarray el 5 bl () L) Sl o5 (Jass siadl puaiall) 3al g paie 543
STMm) =Tm/2) + 1 s .

nis nl2, then T(n2) = T(Al4) + 1 o< 13)
T(n) = T(n/4) + 2 ko) Adladll & Jlagi

T(N) =T(2%) + kJ aena 138 o
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Binary Search

« Assume 771s a power of 2, n=2m
where m = log,(n)

* Then: T(n) =1 + log,(n)
 Binary search is an O(log(»)) algorithm
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Searching a Sorted Array in a Program @t 8 8skas j 4 A daly
« The Arrays class contains a static binarySearch method

* The method returns either
o The index of the element, If element is found

« Or-k - 1 where k Is the position before which the element should be

Inserted:
int[] a= {1, 4, 9 };
int v = 7;
int pos = Arrays.binarySearch(a, v);

// Returns -3; v should be inserted before
// position 2
<lbinarySearch A& b dalla dahll g gias o
L glab sl o
Lowainll ) a) (craiy (Al J (a8 ge K Cua ) - S 6l e
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Self Check 14.13

Suppose you need to look through a sorted array with 1,000,000
elements to find a value. Using the binary search algorithm, how
many records do you expect to search before finding the value?

Answer: You would search about 20. (The binary log of 1,024
s 10.)

fial) e giall 8 Caall ) gad o35 sl aae AUl Caadl) d3a ) )53
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Self Check 14.14

Why is it useful that the Arrays.binarySearch method

Indicates the position where a missing element should be
Inserted?

Answer: Then you know where to insert it so that the array
stays sorted, and you can keep using binary search.

lac & jeaic 7)) o A el ) uiArrays.binarySearch 46k of abe s 13l e
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Self Check 14.15

Why does Arrays.binarySearch return-k-1 and not -kto

Indicate that a value is not present and should be inserted before
position A?

Answer: Otherwise, you would not know whether a value is
present when the method returns 0.

Bagaga e Al O A udi IS s ) - S35 sl Arrays.binarySearch 13l e
0 pm g Jib 7, O g
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Sorting Real Data Adda clily 5

« The Arrays class contains static sort methods

&ujﬁ\ggwujcwmuuu .

« To sort an array of integers: e ) e pen 5 -

int[] a = ... ;
Arrays.sort(a);

* That sort method uses the Quicksort algorithm (see Special
Topic 14.3)

(VET Gald & smsa Hail) a8 Al sd £ i slul) 138 axdiy o
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Sorting Real Data

« Arrays.sort sorts objects of classes that e%?‘JJ%Ajysi?rt .
" - ety o g8 Al Gilaal)
implement Comparable interface: e s

public interface Comparable

{
int compareTo (Object otherObject);

}
* The call a.compareTo (b) returns

« A negative number if 2 should come before b

 0Iif a2 and b are the same s call a.compareTo (b) slediul o
. , b Ji b ol casaa S 1Y) dull e o
* A positive number otherwise Lol AD a3+ o

Ay A e sy a8
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Sorting Real Data

« Several classes in Java (e.g. String and Date) implement
Comparable

* You can implement Comparable interface for your own classes:
public class Coln implements Comparable

{

public int compareTo (Object otherObject)
{

Coiln other = (Coin)otherObject;
1f (value < other.value) return -1;
1f (value == other.value) return 0O;

return 1;
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compareTo Method

* The implementation must define a total ordering relationship

 Antisymmetric LISI ey Ao 2 20ad Gl g

Ifa.compareTo (b) <0, thenb.compareTo (a) 2 0
» Reflexive

a.compareflTo (a) =0
« Transitive

Ifa.compareTo (b) < 0andb.compareTo (c) < 0, then
a.comparelo (c) =0
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Sorting Real Data s iy

« Once your class implements Comparable, simply use the
Arrays.sort method:

Coin[] colns = new Coin[n];
// Add coins

Arrays.sort (coins);
« If the objects are stored inan ArraylList, use

Collections.sort:
ArraylList<Coin> coins = new ArraylList<Coin> () ;
// Add coins

Collections.sort (coins) ;

e Collections.sort uses the merge sort algorithm
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Self Check 14.16

Why can’t the Arrays.sort method sort an array of
Rectangle objects?

Answer: The Rectangle class does not implement the
Comparable Interface.

fRectangle GWE e Cata g gArrays.sort 4 hll (Sa Y 3l o
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Self Check 14.17

What steps would you need to take to sort an array of
BankAccount objects by increasing balance?

Answer: The BankAccount class needs to implement the
Comparable interface. Its compareTo method must compare

the bank balances.
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