Arrays
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e Arrays
— Data structures

— Related data items of same type

— Remain same size once created
» Fixed-length entries

(< >

© 2005 Pearson Education, Inc. All rights reserved.



e Array

— Group of variables
e Have same type
— Reference type

(< >
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Index { o subcript) of the cl 10 ] 6453
element. in amay c el Ad ] 78

| }

| A 12-element array.
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e |[ndex

— Also called subscript

— Position number In square brackets

— Must be positive integer or integer expression
— First element has index zero

a=>5
b = 6;
cLa+b]+= ;

e Adds 2 to c[ 11 ]

(< >
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Using a value of type long as an array index
results in a compilation error. An index must be
an int value or a value of a type that can be
promoted to int—namely, byte, short or char,
but not Tong.

(< >
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e Examine array c

— c Is the array name
— c. length accesses array c’s length

— c has 12 elements (c[O], c[1], ... c[11])
e The value of c[0] is—45

(< >
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e Declaring and Creating arrays

— Arrays are objects that occupy memory

— Created dynamically with keyword new
int c[] = new iInt[ 12 ];
— Equivalent to
int c[];
c = new Int[ 12 ];
» We can create arrays of objects too
String b[] = new String[ 100 ];

(< >
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In an array declaration, specifying the number of
elements In the square brackets of the declaration
(e.g., Int c[ 12 ]:;) Isasyntax error.

(< >
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e Declaring arrays

e Creating arrays

e Initializing arrays
 Manipulating array elements

10

(< >
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11

» Creating and initializing an array
— Declare array

— Create array
— Initialize array elements

(< >
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// Fig. 7.2:

// Creating an array.

public class InitArray

{

public static void main

{

InitArray. java

/ array of ints
int array[];: // declare array named arrgy////////////////////////
array = new int[ 10 ]; f7/EF;;;;/;;;/;;

12
Qutline

Declare array as an

Create 10 ints for array; each
intisinitialized to O by default

tri

array. length returns
length of array

System.out.printf( "%s%8s\n", "Index"™, "Value"™ ); // column headings

// output each array element®s value
0; counter < array.length; counter++ )

for ( int counter =

System.out._printf( "%5d%8d\n", counter, array[ counter ] );

} /7 end main

18 } // end class InitArray

3
(X
)
X

OCO~NOUPRLWNELO

Value

OCO0O0O00O000O000O

Each 1nt s initialized
to O by default

array[counter] returns int
associated with index in array

InitArray. java

Line 8
Declare array as
an array of ints

Line 10

Create 10 iInts
for array; each
int is
initialized to O
by default

Line 15
array.length
returns length of
array

Line 16
array[counter]
returns int
associated with
index In array

Program output

(< >
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e Using an array Initializer
— Use initializer list
 Items enclosed in braces ({})
* Items in list separated by commas
int n[f] = { 10, 20, 30, 40, 50 };
— Creates a five-element array
— Index values0of 0, 1,2, 3,4
— Do not need keyword new

(< >
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// Fig. 7.3: InitArray.-java
// Initializing the elements of an array with an array initializer.

public class InitArray

{

public static void main( Strin

// initializer

St specifies the value for €ach

Declare array as an
array of ints

14
Qutline

to allocate array

Compiler uses initializer list jtarray. java

int array[] = { 32, 27, 64, 18, 95, 14, 90, 70, 60, 37 };

System.out.printf( "%s%8s\n", "Index", "Value"™ ); // column headings

// output each array element”s value

for ( int counter = 0; counter < array.length; counter++ )
System.out.printf( "%5d%8d\n"", counter, array[ counter ] );

} /7 end main

17 } // end class InitArray

3
Q
®
X

OCO~NOURWNERO

Value
32
27
64
18
95
14
90
70
60
37

Cine 9
Declare array as
an array of ints

Line 9

Compiler uses
initializer list
to allocate array

Program output

(< >

© 2005 Pearson Education,
Inc. All rights reserved.



15

 Calculating a value to store in each array element
— Initialize elements of 10-element array to even integers

(< >
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1 // Fig. 7.4: InitArray.java 16
2 // Calculating values to be placed into elements of an array. :

3 Outline

4 public class InitArray Declare constant variable ARRAY LENGTH

> A4 ) o ) using the Final modifier

6 public static void main( String a 1) - -

- { InitArray.java
8 Final int ARRAY LENGTH = 10; // decla:w/ Declare and create array 3

9 int array[] = new int[ ARRAY_LENGTH ]:7/ create ar that contains 10 ints Lre constant
- varrable

11 // calculate value for each array element

12 for ( int counter = 0; counter < array.length; counter++ ) Line 9

13 array[ counter ] = 2 + 2 * counter; Declare and

14 create array that
15 System.out._printF(C%s%8s\n"", "Index™, *"Value"™ ); // column headings contains 10 iInts
16

17 // output each array elemen

18 for ( int counter = 0; counter lenath: counter++ ) Line 13

19 System.out.printf( “%5d%8d\n"", co Use array index to Use array index

20 } /7 end main to assign array

21 } // end class InitArray assign array value

Value
2 Program output

3
Q
Q@
X

OCO~NOURAWNERERO
=
o

(< >
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Constant variables also are called named
constants or read-only variables. Such variables
often make programs more readable than
programs that use literal values (e.g., 10)—a
named constant such as ARRAY_LENGTH clearly
Indicates Its purpose, whereas a literal value could
have different meanings based on the context in
which it is used.

(< >
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e Summing the elements of an array

— Array elements can represent a series of values
* We can sum these values

(< >
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1 // Fig. 7.5: SumArray.java

:2% // Computing the sum of the elements of Declare array with

4 public class SumArray Intializer list

5 {

6 public static void m ( String’args[] )

7 {

8 int array[] = { 87, 68, 94, 100, 83, 78, 85, 91, 76, 87 };

9 int total = O;

10

11 // add each element®s value to total

12 for ( int counter = 0; counter < array.length; counter++ )

13 total += array[ counter ]; <~\\\§§\\\\\

14 Sum all array values
15 System.out.printf( "Total of array elements: %d\n", total );

16 } // end main
17 } // end class SumArray

Total of array elements: 849

19
Qutline

SumArray. java

Line 8
Declare array with
initializer list

Lines 12-13
Sum all array
values

Program output

(< >
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 Using the elements of an array as counters
— Use a series of counter variables to summarize data

(< >
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22

// Fig. 7.7: RollDie.java

21

// Roll a six-sided die 6000 times. Outline

import java.util_Random;

public class RollDie

‘ Declare frequency as

array of 7 ints

public static void main( String args[] )

Die.java

{

Line
Random randomNumbers = new Random

10

// random number generator Declare

int frequency[] = new int[ 7 ]; // array of frequency counters frequency as

Generate 6000 random

// roll die 6000 times; use die value as frequency i integersirlrange 1-6

for C int roll = 1; roll <= 6000; roll++ )

F 7 Ints

13-14

++frequency|[ 1 + randomNumbers.nextint( 6 ) ];

Increment Frequency values at
Index associated with random number Line

System.out._printf( "%s%

Generate 6000
random integers
in range 1-6

14

// output each array element™s varue Increment

for ( int face = 1; face < frequency.length; face++ )
System.out.printf( "%4d%10d\n"", face, frequency[ face ] ):
} // end main

} 7/ end class RollDie

frequency values
at index
associated with
random number

Program output

Face Frequency

988
963
1018
1041
978
1012

OUAhWNE

(< >
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An exception indicates that an error has occurred
In a program. A programmer often can write code
to recover from an exception and continue
program execution, rather than abnormally
terminating the program. When a program
attempts to access an element outside the array
bounds, an Array I ndexOutOfBoundsException
occurs. Exception handling is discussed In
Chapter 13.

(< >
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 Enhanced for statement

— New feature of J2SE 5.0

— Allows iterates through elements of an array or a collection
without using a counter

— Syntax
for ( parameter - arrayName )
statement

(< >
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// Fig. 7.12: EnhancedForTest. java
// Using enhanced for statement to total integers In an array. Outline

public class EnhancedForTest

{

public static void main( String args[] )

{

24

EnhancedForTest
-java

int array[] = { 87, 68, 94, 100, 83, 78, 85, 91, 76, 87 }:

int total = 0;

// add each element"s valueym/

for ( int number :
total += number;

array )

For each iteration, assign the next
element of array to int variable
number, then add it to total

System.out.printf( "Total of array elements: %d\n", total );

} // end main

17 } // end class EnhancedForTest

Total of array elements: 849

(< >
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e Lines 12-13 are equivalent to

for ( int counter = 0; counter < array.length; counter++ )
total += array[ counter ];

e Usage
— Can access array elements

— Cannot modify array elements
— Cannot access the counter indicating the index

(< >
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e To pass array argument to a method

— Specify array name without brackets
« Array hourlyTemperatures is declared as
iInt hourlyTemperatures = new Int[ 24 ];

e The method call
modifyArray( hourlyTemperatures );

» Passes array hourlyTemperatures to method
modifyArray

(< >
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// Fig. 7.13: PassArray.java
// Passing arrays and individual array elements to methods.

public class PassArray

{

Declare 5-int array
with initializer list

// main creates array an
public static void

Calls ModifyArray and modifyElement
args[] )

int array[] = { 1, 2, 3, 4, 5 };

27
Qutline

PassArray. java

(1 of 2)

Pass entire array to method
modifyArray

System.out.printin(

ne 9

"Effects of passing reference to entirg”arra
"The values of the original array aré:" );

// output original array elemen

for ( int value : array )
System.out.printf( d™, value );

modifyArray( array ); // pass array reference

System.out.printin( "\n\nThe values of the modified array are:" );

// output modified array elements
for ( int value : array )
System.out.printf( ™ %d", value );

System.out._printf(
"\n\nEffects of passing array element value:\n" +
"array[3] before modifyElement: %d\n", array[ 3 ] ):

Line 19

(< >
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

modifyElement( array[ 2 ] ): // attempt to modify array[ 3 ] Outline
System.out.printf( e
warray[3] after modi fy;%t Pass array eleme_nt array|[3] to
} 7/ end main method mod i1 fyElement

28

// multiply each element of an array by 2
public static void modifyArray( int array2[] )

{

Method modi fyArray
manipulates the array directly

ava

for ( int counter = 0; counter < array2.length; counter++ )

(z UT Z)

array2[ counter ] *= 2;
} 7/ end method modifyArray

Method mod i FyE lement Line 30
manipulates a primitive’s copy

// multiply argument by 2 4’—”_””_,,——
public static void modifyElement( int element )
{

element *= 2;
System.out.printf(
"Value of element in modifyElement: %d\n", element );
} /7 end method modifyElement

49 } // end class PassArray

Effects of passing reference to entire array:
The values of the original array are:

1

2 3 4 5

The values of the modified array are:

2

4 6 8 10

Effects of passing array element value:
array[3] before modifyElement: 8

Value of element in modifyElement: 16
array[3] after modifyElement: 8

Lines 36-40

Lines 43-48

Program output

(< >
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Notes on passing arguments to methods

— Two ways to pass arguments to methods
» Pass-by-value
— Copy of argument’s value is passed to called method
— In Java, every primitive is pass-by-value
o Pass-by-reference
— Caller gives called method direct access to caller’s data
— Called method can manipulate this data
— Improved performance over pass-by-value
— In Java, every object is pass-by-reference
* In Java, arrays are objects
» Therefore, arrays are passed to methods by reference

(< >
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e Multidimensional arrays

— Tables with rows and columns
* Two-dimensional array
* m-by-n array

30

(< >
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Column 0 Column | Column 2 Column 2
Fowo al Q1[0 ] al0]Jl 1] alfoll 21 al 0]l 3]
Fow !l al 1 ][ 01 al1]1[1]1 all11[2]1 al11[ 3]

Row2 al 21001 al2]101]1 al2][21 a[f 21l 5]

l L
Column index

Roow index
Array name

| Two-dimensional array with three rows and four columns.

< >
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» Arrays of one-dimensional array

— Declaring two-dimensional array b[2][2]
intbdd ={{1, 23} {3, 43} 3}
— 1 and 2 initialize b[0] [0] and b[O0][1]
— 3and 4 initialize b[1][0] and b[1]][1]
int bl ={{1, 2% {3, 4, 5} };
— row O contains elements 1 and 2
— row 1 contains elements 3,4 and 5

(< >
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e Creating two-dimensional arrays with array-
creation expressions

— Can be created dynamically
e 3-by-4 array
int b[1[1:
b =new int[ 3 ][ 4 ];
* Rows can have different number of columns

int b[1[1:

b = new int[ 2 ][ 1;
b O] = new int[ 5 ];
b[ 1 ] = new int[ 3 ];

(< >
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e Common multidimensional-array manipulations
performed with For statements
— Many common array manipulations use for statements
E.g.,

for ( int column = 0; column < af[ 2 ].Ilength; column++ )
a[l 2 J[ column ] = 0O;

(< >
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e Class GradeBook

— One-dimensional array
 Store student grades on a single exam
— Two-dimensional array
» Store grades for a single student and for the class as a whole

(< >
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

// loop through rows of grades array

for ( int studentGrades[] : grades )
{
// loop through columns of current row

f i de : d Grades i
{or ( int grade :- studentGrade Loop through rows of grades to find

// if grade less than lowGre the lowest grade of any student

if ( grade < lowGrade )
lowGrade = grade;
} /7 end inner for
} 7/ end outer for

return lowGrade; // return lowest grade
} // end method getMinimum

// find maximum grade

public int getMaximum()

{
// assume First element of grades array is largest
int highGrade = grades[ O J[ 0 ];

36
Qutline

GradeBook. java
(30f7)

Lines 58-67

(< >
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 Variable-length argument lists

New feature in J2SE 5.0
Unspecified number of arguments
Use ellipsis (...) in method’s parameter list

» Can occur only once in parameter list
» Must be placed at the end of parameter list

Array whose elements are all of the same type

(< >
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// Fig. 7.20: VarargsTest. java
// Using variable-length argument lists.

public class VarargsTest

{

// calculate average

public static double average( double...

numbers )

{
double total = 0.0; /7 initialize total

// calculate total using the enhg

Method average receives a variable

for ( double d : numbers ) length sequence of doubles
total += d;

return total / numbe alculate
} 7/ end method average les in the array

the total of the

public static void n

{ Access numbers. length to obtain
double d1 = 10.0] the size of the numbers array
double d2 = 20.0;
double d3 = 30.0;
double d4 = 40.0;

38
Qutline

VarargsTest
-java

(1 0f 2)

Line 7

Lines 12-13

Line 15

(< >
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25 System.out._printf( "dl = %.1fA\nd2 = %.1A\nd3 = %.1F\nd4 = %.1F\n\n", 39

26 di, d2, d3, d4 ); Outline
27 -
28 System.out.printf( "Average of dl1 and d2 is %.1f\n",

29 average( di1, d2 ) );«¥——— |

Invoke method average

30 System.out.printf( “Average of dl, d2 and { . VararasTest
31 average( d1, d2, d3 ) 9 with two arguments 9

32 System.out.printf( "Average o d2, d3 and d4 is %.1f\n", java

33 average( di, d2, d3, d4 ) );

34 3} // end main Invoke method average | p)

35 } // end class VarargsTest with three arguments

di = 10.0 Line 29

d2 = 20.0

d3 = 30.0 .

d4 = 40.0 Line 31

Average of dl1 and d2 i1s 15.0

Average of d1, d2 and d3 is 20.0 i
Average of dl1, d2, d3 and d4 is 25.0 Invoke method average Line 33

with four arguments

Program output

(< >
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Placing an ellipsis in the middle of a method
parameter list Is a syntax error. An ellipsis may
ne placed only at the end of the parameter list.

(< >
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e« Command-line arguments

41

Pass arguments from the command line

e String args|]

Appear after the class name in the Java command

e Jjava MyClass a b

Number of arguments passed in from command line

e args. length
First command-line argument
«args[ O ]

(< >
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// Fig. 7.21: InitArray.java
// Using command-line arguments to initialize an array.

public class InitArray

{

public static void main( String args[]

{

42
Qutline

InitArray. java

// check number of command-line arguments (1 of 2)
" Syeton.out primeind ~~_| AATTaY args stores command- Line 6
“Error: Please re-enter line arguments Yot .
oo “an array Check number of arguments L Line 9
c passed in from the command line Line 16
// get array size from first command-line argument Lines 20-21

int arrayLength = Integer.parselnt( args[ O ]

);
int array[] = new int[ arrayLength ]; // create avr%\ Lines 24-25

// get initial value and increment from cf Obtain first command-line argument

int initialvalue = Integer.parselnt( argsk—g
int increment = Integer.parselnt( args[ 2 ] ):

J 3

T~

// calculate value for each array elemen
for ( int counter = 0; counter < array. lg
array[ counter ] = initialvalue + inci

Obtain second and third
command-lviﬁe\amgments

System.out.printf( "%s%8s\n", "Index", "Value"

Calculate the value for each array element
based on command-line arguments

[ ]

© 2005 Pearson Education,

Inc. All rights reserved.




29
30
31
32

java InitArray

// display array index and value
for ( int counter = 0O; counter < array.length; counter++ )

System.out.printf( "%5d%8d\n*, counter, array[ counter ] );

} 7/ end else
33 } /7 end main
34 } // end class InitArray

Error: Please

an array size,

re-enter the entire command, including
initiak yvalue and increment.

java ni Missing command-line arguments
Index ‘“varue >
0 0
1 4
2 8 _
2 %g Three command-line arguments are

Index

OCONOARLWNERLO

Value

5 0and 4

java InitArray 10 1 2 v\\\\\\\\\\\

Three command-line arguments are
10,1 and 2

43
Qutline

InitArray. java
(2 of 2)

Program output

(< >
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e Draw rainbow

— Use arrays
— Use repetition statement
— Use Graphics method FillArc

(< >
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// Fig. 7.22: DrawRainbow.java

// Demonstrates using colors In an array.
import java.awt.Color;

import java.awt.Graphics;

import javax.swing.JPanel;

public class DrawRainbow extends JPanel

{
// Define indigo and violet
final Color VIOLET = new Color( 128, 0, 128 );
final Color INDIGO = new Color( 75, 0, 130 );

// colors to use iIn the rainbow, starting from the innermost
// The two white entries result In an empty arc in the center
private Color colors[] =
{ Color.WHITE, Color_.WHITE, VIOLET, INDIGO, Color.BLUE,
Color.GREEN, Color.YELLOW, Color.ORANGE, Color.RED };

// constructor
public DrawRainbow()

{

setBackground( Color_WHITE ); set the background to white
} // end DrawRainbow constructor

// draws a rainbow using | Set component background to white
public void paintComponentT{ Grapnics g )

{

super .paintComponent( g );

int radius = 20; // radius of an arch

45
Qutline

DrawRainbow

-java

(1 of 2)

Line 22

(< >

© 2005 Pearson Education,
Inc. All rights reserved.



31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48 } // end class DrawRainbow

// draw the rainbow near the bottom-center
int centerX = getWidth(Q) 7/ 2;
int centerY = getHeight() - 10;

// draws filled arcs starting with the outermost
for ( int counter = colors.length; counter > 0; counter-- )
{

// set the color for the current arc

g-setColor( colors[ counter - 1 ] );

// fill the arc from 0 to 180 degrees
g-fillArc( centerX - counter * radius,
centerY - counter * radius,
counter * radius * 2, counter * radius * 2,NQ, 180 );
} // end for

} // end method paintComponent Draw a filled semicircle

46
Qutline

DrawRainbow

-java

(2 of 2)

Lines 43-45

(< >
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// Fig. 7.23: DrawRainbowTest. java
// Test application to display a rainbow.
import javax.swing.JFrame;

public class DrawRainbowTest

{
public static void main( String args[] )

{
DrawRainbow panel = new DrawRainbow();
JFrame application = new JFrame();

application_setDefaultCloseOperation( JFrame_EXIT_ON_CLOSE );
application.add( panel );
application.setSize( 400, 250 );
application.setVisible( true );
} // end main
} 7/ end class DrawRainbowTest

47
Qutline

DrawRainbowTest
-java

(< >
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Fig. 7.24 | Drawing a spiral using drawLine (left) and drawArc (right).

48

(< >
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e Collaborations

— When objects communicate to accomplish task
» Accomplished by invoking operations (methods)
— One object sends a message to another object

(< >
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e Identifying the collaborations in a system

— Read requirements document to find
 What ATM should do to authenticate a use
 What ATM should do to perform transactions
— For each action, decide
* Which objects must interact
— Sending object
— Receiving object

(< >
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An object

of class... sends the message...

51

to an object
of class...

ATM displayMessage
getinput
authenticateUser
execute
execute
Execute

Balancelnquiry getAvailableBalance

getTotalBalance
displayMessage

Withdrawal displayMessage
getlinput

getAvailableBalance
isSufficientCashAvailable

debit
dispenseCash

Deposit displayMessage
getlnput

1sEnvelopeReceived

Credit
BankDatabase validatePIN

getAvailableBalance

getTotalBalance
debit
Credit

Screen

Keypad
BankDatabase
Balancelnquiry
Withdrawal
Deposit

BankDatabase
BankDatabase
Screen

Screen

Keypad
BankDatabase
CashDispenser
BankDatabase
CashDispenser

Screen
Keypad
DepositSlot
BankDatabase

Account
Account
Account
Account
Account

Fig. 7.25 | Collaborations in the ATM system.
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 Interaction Diagrams

— Model interactions use UML

— Communication diagrams

 Also called collaboration diagrams

« Emphasize which objects participate in collaborations
— Sequence diagrams

 Emphasize when messages are sent between objects

(< >
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« Communication diagrams

Objects

» Modeled as rectangles

« Contain names in the form objectName : className
Objects are connected with solid lines

Messages are passed alone these lines in the direction
shown by arrows

Name of message appears next to the arrow
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execLte] )

—
: ATM i Balancelnquiry

| Communication diagram of the ATM executing a balance inquiry.
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e Sequence of messages In a communication
diagram
— Appear to the left of a message name
— Indicate the order in which the message is passed
— Process in numerical order from least to greatest
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! Screen

T 30 displavMessazel message )

: Balancelnquiry

| getBvailableBalance( accountMumber )
2: petTotalBalance( accountMNumber )

: BankDatabase —M —— : Account
—-..

|.I: zetfvailableBalance()
2.1 getTotalBalance()

| Communication diagram for executing a balance inquiry.
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e Sequence diagrams

— Help model the timing of collaborations
— Lifeline
« Dotted line extending down from an object’s rectangle
— Represents the progression of time
— Activation
» Thin vertical rectangle
— Indicates that an object is executing
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: Withdrawal : Keypad ! Account

: BankDatabase

|
|
! i Screen
1

: CashDispenser

|
displayhessage( message )
PR

[
|
get'”PIUt()

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
getfrvailableBalance( accountMumber ) :

-~

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
getPvailableBalance() :
|
|
|
|
|
|
|
|

1 1

I | B

| 1

| 1

| 1 |

| 1 1 |

| 1 1 |

: isSufficientCash@vailablel amount ) :

1 1 B

| 1 | | il

| 1 | |

| 1 | | o

i 1 | | |
debit{ accountMumber, amount ) I I I

A ! | debit] amount ) :

I 1 S I

| 1 |

| 1 |

| 1 |

| 1 | |

| 1 1 |

I dispenseCash( amount ) I

| 1 1 e |

| L o

|

|

|

displa}Messagé{ message )
— ) !

| Sequence diagram that models a Withdrawal executing.
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: Deposit : Keypad

: Screen
|

i
|
|
|
|

| |
displaydessagel message ) |
 —— | |
|

|

|

|

|

|

|

|

|
getinput()

|

|

|

|

:
displaytessagel message )

1
|
|
|
|
[ e S |
|
|
|
|
|

|

|

|
isEnvelopeReceived()

credit] accountMumber, amount )

: Depositslot

: BankDatabase

| Sequence diagram that models a Deposit executing.

: Account

4’

1 aredit( amount. )
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