
Java Reserved Words and Keywords

These words have contextual meaning for the Java language and cannot be

used as identifiers.

abstract

assert

boolean

break

byte

case

catch

char

class

const

continue

default

do

double

else

enum

extends

false

final

finally

float

for

goto

if

implements

import

instanceof

int

interface

long

native

new

null

package

private

protected

public

return

short

static

strictfp

super

switch

synchronized

this

throw

throws

transient

true

try

void

volatile

while

The words true, false, and null are literals. The remainder of the words are

Java keywords, although const and goto are not currently used in the Java

language.
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Operator Precedence

These rules of operator precedence are followed when expressions are eval

uated. Operators in a higher level in the hierarchy—defined by their row

position in the table—are evaluated before operators in a lower level.

Thus, an expression in parentheses is evaluated before a shortcut postin

crement is performed, and so on with the operators in each level. When

two or more operators on the same level appear in an expression, the eval

uation of the expression follows the corresponding rule for same-state

ment evaluation shown in the second column.

Operators

0

i ++ --

++ — !

*/%

+ -

instanceof

_ |

&&

II

?;

= +=-=*=/=%=

Order of Same-

Statement Evaluation

left to right

right to left

right to left

left to right

left to right

left to right

left to right

left to right

left to right

left to right

right to left

Operation

parentheses for explicit grouping

shortcut postincrement and postdecrement

shortcut preincrement and predecrement, logical unary NOT

multiplication, division, modulus

addition or String concatenation, subtraction

relational operators: less than, less than or equal to, greater than,

greater than or equal to; instanceof

equality operators: equal to and not equal to

logical AND

logical OR

conditional operator

assignment operator and shortcut assignment operators
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The Unicode Character Set

Java characters are encoded using the Unicode Character Set, which is

designed to support international alphabets, punctuation, and mathemat

ical and technical symbols. Each character is stored as 16 bits, so as many as

65,536 characters are supported.

The American Standard Code for Information Interchange (ASCII) char

acter set is supported by the first 128 Unicode characters from 0000 to

007F, which are called the controls and Basic Latin characters, as shown on

the next page.

Any character from the Unicode set can be specified as a char literal in a Java

program by using the following syntax: '\uNNNN' where NNNN are the four

hexadecimal digits that specify the Unicode encoding for the character.

For more information on the Unicode character set, visit the Unicode

Consortium's website: www.unicode.org.
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Controls and Basic Latin

Characters

Copyright©1991-2010

Unicode, Inc. All rights

reserved. Reproduced

with permission of

Unicode, Inc.

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

000

mil]

0000

SOH!

0001

STXJ

0002

ETX!

0003

EOTJ

0004

enq:

0005

Iack!

0006

jBELi

0007

! BS i

0008

! HTJ

0009

! LF !

0(0*

! VT i

OQOB

! FF I

owe

1 CR

0000

! so

000E

i SI

OOCF

001

Idle:

0010

!dci:

0011

Deal

0012

oca!

0013

DC4

0014

inak:

0015

JSYN!

0016

iETB!

0017

|can:

0018

: em;

0019

isuBJ

001A

JESC!

OOIB

! FS!

001C

;gs

O01D

IRS

001E

JUS

901F

002

ISP i

0020

!

0021

11

0022

0023

$
0024

01

\ 0025
1

0026

1

0027

0028

0029

0O2A

002B

002C

_

0020

i 0Q2E

j

002F

003

0
0030

1
0031

2
0032

3
0033

4
0034

5
0035

6
0036

7
0037

8
0038

9
0039

003*

1

me

003C

—

0030

003E

9
*

003F

004

@
0040

A
0041

B
0042

c
0043

D
0044

E
0045

F
0046

G
0047

H
0048

T

0049

J
OH*

K
0348

L
004C

M
0O4D

N
004E

o
oo*

005

P
0050

0
0051

R
0052

s
0053

T
0054

u
0055

V
0056

w
0057

V

0058

Y
0059

z
035*

0058

\
005C

1
0050

A

005E

005F

006

V

0060

a
0061

b
0062

c
0063

d
0064

e
0065

f
0086

g

h
0068

i
0069

*

1
006A

k
006B

1
006C

m
0060

n
006E

o
1 OOSF

007

P
0070

q
0071

r
0072

s
0073

t
0074

u

0075

V
0076

w
0077

0078

y
0079

z
007A

I
0078

007C

007D

007E

IDEL

007F



Representing Negative Integers

The industry standard method for representing negative integers is called

two's complement. Here is how it works:

For an integer represented using 16 bits, the leftmost bit is reserved for the

sign bit. If the sign bit is 0, then the integer is positive; if the sign bit is 1,

then the integer is negative.

For example, let's consider two numbers, one positive and one negative.

0000 0101 0111 1001 is a positive integer, which we call a.

1111 1111 1101 1010 is a negative integer, which we will call b.

Using the methodology presented in Chapter 1 for converting a binary

number to a decimal number, we can convert the binary number, a, to its

decimal equivalent. Hence, the value of a is calculated as follows:

a = 210 + 28 + 26 + 25 + 24 + 23 + 2°

= 1,024 + 256 + 64 + 32 + 16 + 8 + 1

= 1,401

In contrast, b, the negative number, is represented in binary using the two's

complement method. The leftmost bit, which is the sign bit, is a 1, indicat

ing that b is negative. To calculate the value of a negative number, we first

calculate its two's complement. The two's complement of any binary num

ber is another binary number, which, when added to the original number,

will yield a sum consisting of all 0s and a carry bit of 1 at the end.
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To calculate the two's complement of a binary number, n, subtract n from

2d, where d is the number of binary digits in n. The following formula sum

marizes that rule:

Two's complement of n = 2d - n

Knowing that 2d - 1 is always a binary number containing all Is, we can

simplify our calculations by first subtracting 1 from 2d, then adding a 1 at

the end.

Two's complement ofn = 2d-l-n + l

So to calculate the two's complement of b, which has 16 digits, we subtract

b from a binary number consisting of 16 Is, then add 1, as shown here.

2d - 1 1111 1111 1111 1111

- b 1111 1111 1101 1010

0000 0000 0010 0101

+ 1 1

two's complement of b 0000 0000 0010 0110

Thus, the two's complement of b, which we will call c, is 0000 0000 0010 0110.

Another, simpler, way to calculate a two's complement is to invert each bit,

then add 1. Inverting bits means to change all 0s to Is and to change all Is

to Os. Using this method, we get

b 1111 1111 1101 1010

b inverted 0000 0000 0010 0101

+ 1 1

c 0000 0000 0010 0110

We can verify that the two's complement of b is correct by calculating the

sum of b and c.

b 1111 1111 1101 1010

c 0000 0000 0010 0110

b + c 1 0000 0000 0000 0000

Converting c to decimal will give us the value of our original number b,

which, as we remember, is negative. We have

b = - ( 25 + 22 + 21 )

= - ( 32 + 4 +2 )

= -38
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Because a leftmost bit of 0 indicates that the number is positive, using 16

bits, the largest positive number (we will call it max) that we can repre

sent is

0111 1111 1111 1111

max= (214 + 213 + 212 + 211 + 210 + 29 + 28 + 27 + 26 + 25+ 24 + 23 + 22 + 21

+ 2°)

This is equivalent to 215 - 1, which is 32,768 - 1, or 32,767.

Using 16 bits, then, the smallest negative number (we will call it min) that

we can represent is

1000 0000 0000 0000

The two's complement of min is min itself. If we invert the bits and add 1,

we get the same value we started with:

min 1000 0000 0000 0000

min inverted 0111 1111 1111 1111

+ 1 1

two's complement 1000 0000 0000 0000

and therefore min is -215 or -32,768.

Thus, using 16 bits, we can represent integers between -32,768 and 32,767.





Representing Floating-Point Numbers

IEEE 754, a specification accepted worldwide and used by the Java lan

guage, defines how to represent floating-point numbers in binary num

bers. Single-precision floating-point numbers use 32 bits of memory, and

double-precision floating-point numbers use 64 bits.

Here is how single- and double-precision floating-point numbers are rep

resented:

Single precision (32 bits)

lbit 8 bits 23 bits

sign biased exponent mantissa

lbit 11 bits 52 bits

Double precision (64 bits)

The leftmost bit stores the sign of the floating-point number; a 0 indicates

a positive number, while a 1 indicates a negative number.

To represent the exponent of the number, which can be positive or nega

tive, each representation stores a positive, biased exponent, calculated by

adding a fixed bias, or scaling factor, to the real exponent of the number.
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The purpose of the bias is to be able to represent both extremely large and

extremely small numbers. The bias is equal to

2(#of bits of the biased exponent — 1) j

Thus, for single precision, the bias is

2(8-D _ i=27- 1 = 127

In single-precision, the 8-bit biased exponent can store 256 positive values

(0 to 255). Thus, with a bias of 127, we can represent floating-point num

bers with real exponents from —127 to 128, as shown here:

Real exponent

+ Bias

Biased exponent

-127

122

0

-126 . . .

127 ...

1 ...

0

122

127

. . 127

.. 122

. . 254

128

127

255

Conversely, to find the real exponent from the biased exponent, we subtract

the bias. For example, if the biased exponent is 150, then the real exponent

is 150 - 127, which is 23. Similarly, if the biased exponent is 3, the actual

exponent is 3 — 127, which is —124.

For double precision, the bias is

2(il - i> - i = 210- 1 = 1023

A floating-point number is considered to be in the form

(_l)«ign * (i + significand) * 2(biasedexPonent - bias>

By definition, the significand is of the form 0 followed by a dot followed by

a string of 0s and Is, for example, 0.1101. That string of 0s and Is is known

as the mantissa.

For example, if the significand is 0.1101, then the mantissa is 110100... 0

As an example, let's convert a single-precision binary number to a decimal

floating-point number. We will convert the following single-precision IEEE

754 floating-point number:

0 10000111 11010000... 0

The leftmost digit, 0, tells us that the number is positive. The biased expo

nent is 10000111, which converted to decimal, is

= 27 + 22 + 21 + 2°

= 128 + 4 + 2 + 1

= 135
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The bias for single-precision floating-point numbers is 127, so the number

is

= 1.1101 * 28

= 1 11010000

In decimal, the number is

= 28 + 27 + 26 + 24

= 256+ 128 + 64 + 16

= 464

Given that .1 is Vix or Vi in decimal, and .01 is Vi1 or ]A, and .0001 is Vi4 or Vu

in decimal, we also could have calculated the number using this method:

= 1.1101 *28

= (1 + 1 * Vi1 + 1 * V? + 0 * Yi3 + 1 * '/24) * 28

= 464

Now, let's convert a decimal floating-point number into single-precision,

binary format. Here, we will convert the number —5.375, which we'll call y.

First we convert the whole number portion (5) to binary, getting 101:

5 = 101

Then we convert the fractional part to binary:

.375 = .25+ .125

= lA + %

= Vi2 + /23

= 0 * Vi1 + 1 * V? + 1 * /23

Thus, .375 as represented in binary is .011.

Therefore, y can be represented in binary as

y= - 101.011

= -1.01011 *22

We now can deduce the sign, the biased exponent, and the mantissa. The

sign is 1 because the number is negative. The significand is 1.01011, and

therefore the mantissa is 01011000...00. The exponent is 2, so the biased
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exponent is 129 (2 plus the bias for single-precision numbers, which is

127):

Biased exponent = 2 + 127

= 129

Converting 129 to binary, we get

129 = 1000 0001

Therefore, the IEEE 754 single-precision value of the number y is

1 10000001 010110000...0



Java Classes APIs

In this appendix, we have compiled the APIs for the Java classes and inter

faces used in this book. There are more methods and constructors for the

classes presented here, and there are many more classes in the Java

class library. We invite you to explore the Java APIs at www.oracle.com/

technetwork/java.

Action Event

Package: java.awt.event

Description: contains information relating to the action event fired by a

component. This event is passed to any ActionListener registered on the

component.

A Useful Method of the ActionEvent Class

Return value Method name and argument list

Object getSource( )

returns the object reference of the component that fired the

event.This method is inherited from the EventObject class.
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ActionListener Interface

Package: java.awt.event

Description: interface implemented by a class that will handle ActionEvents

fired by a user interface component.

Interface Method to be Implemented

public void actionPerformed( ActionEvent event )

An event handler that implements the ActionListener interface

provides code in this method to respond to the ActionEvent fired

by any registered components.

ArravList

Package: java.util

Description: implements a dynamically resizable array of object references.

Constructors

ArrayList<E>( )

constructs an ArrayList object of data type f with an initial capa

city of 10.

ArrayList<E>( int initialCapacity )

constructs an ArrayList object of data type £ with the specified ini

tial capacity.Throws an UlegalArgumentException.

Useful Methods of the ArrayList Class

(f represents the data type of the ArrayList.)

Return value Method name and argument list

boolean add( E element )

appends the specified element to the end of the list. Returns true.

void clear( )

removes all the elements from the list.

E get( int index )

returns the element at the specified index position; the element is

not removed from the list.
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int

void

remove( int index )

returns and removes the element at the specified index position.

set( int index, E newElement )

returns the element at the specified index position and replaces

that element with newElement.

size( )

returns the number of elements in the list.

trimToSize( )

sets the capacity to the list's current size.

BiqDecimal

Package: java.math

Description: provides methods that perform addition, subtraction, multi

plication, and division so that the results are exact, without the rounding

errors caused by floating-point operations.

Constructor

BigDecimal( String num )

creates a BigDecimal object equivalent to the deci

mal number num expressed as a String. Throws a

NumberFormatException.

Useful Methods of the BiaDecimal Class

Return value

BigDecimal

BigDecimal

BigDecimal

Method name and argument list

add( BigDecimal num )

returns a BigDecimal object equal to the current

BigDecimal object plus num.

subtract( BigDecimal num )

returns a BigDecimal object equal to the current

BigDecimal object minus num.

multiply( BigDecimal num )

returns a BigDecimal object equal to the current

BigDecimal object times num.
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BigDecimal divide( BigDecimal num )

returns a BigDecimal object equal to the current

BigDecimal object divided by num. Throws an

ArithmeticException.

int numcompareTo( BigDecimal

returns 0 if the current BigDecimal object is equal

to num; -1 if the current BigDecimal object is less

than num; and 1 if the current BigDecimal object

is greater than num.

BorderLavout

Package: java.awt

Description: a layout manager that arranges user interface components

into five areas: NORTH, SOUTH, EAST, WEST, and CENTER. Each area

can hold, at most, one component.

Constructors

BorderLayout( )

creates a border layout with no gaps between components.

BorderLayout( int hGap, int vGap )

creates a border layout with a horizontal gap of hGap pixels

between components and a vertical gap of vGap pixels between

components. Unlike GridLayout, horizontal gaps are not placed at

the left and right edges, nor are vertical gaps placed at the top

and bottom edges.

ButtonGrou

Package: javax.swing

Description: creates a mutually exclusive group of buttons.

ButtonGroup( )

Constructor

constructs a button group. Adding buttons to a ButtonGroup

makes the buttons in the group mutually exclusive.
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A Useful Method of the ButtonGroup Class

Return value Method name and argument list

void add( AbstractButton button )

adds the button to the button group.The argument can be an

object of the Button,JRadioButton, or JCheckBox class because

these are subclasses of the AbstractButton class.

Package: java.awt

Description: creates colors to be used in producing graphical output.

Constructor

Col or( int red, int green, int blue )

instantiates a Color object with the combined color intensities of

red,green, and blue. Each color intensity can range from 0 to 255.

Color Constant

Col or.BLACK

Color.BLUE

Col or.CYAN

Color.DARK_GRAY

Col or.GRAY

Color.GREEN

Color.LIGHT_GRAY

Color.MAGENTA

Color.ORANGE

Color.PINK

Color.RED

Color.WHITE

Color.YELLOW

Predefined Color Constants

Red

0

0

0

64

128

0

192

255

255

255

255

255

255

Green

0

0

255

64

128

255

192

0

200

175

0

255

255

Blue

0

255

255

64

128

0

192

255

0

175

0

255

0
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Container

Package: java.awt

Description: a user interface component that can contain other compo

nents. JComponent is a subclass of Container, thus, all JComponents inherit

these methods.

Return value

Component

void

void

DecimalFormat

Useful Methods of the Container Class

Method name and argument list

add( Component component )

adds the component to the container, using the rules of the layout

manager. Returns component.

removeAl1( )

removes all components from the container.

setLayout( LayoutManager mgr )

sets the layout manager of the container to mgr.

Package: java.text

Description: provides methods for formatting numbers for output.

Constructor

Decimal Format( String pattern )

instantiates a DecimalFormat object with the output pattern spec

ified in the argument.

A Useful Method of the DecimalFormat Class

Return value Method name and argument list

String format( double number )

returns a String representation of number formatted according to

the DecimalFormat pattern used to instantiate the object.This

method is inherited from the NumberFormat class.
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Symbol

0

Commonlv Used Pattern Symbols for a DecimalFormat Obiect

Meaning

Required digit. If the value for the digit in this position is 0, insert a

zero.

Digit. Don't insert a character if the digit is 0.

Decimal point

Comma separator

Multiply by 100 and display a percentage sign

Double

Package: java.lang

Description: wrapper class that creates an equivalent object from a double

variable and provides methods for converting a String to a double primitive

type and a Double object.

Double( double d )

Return value

double

Double

Constructor

instantiates a Double object with a double instance variable hav

ing the same value as d.

Useful Methods of the Double Wra DDer Class

Method name and argument list

parseDouble( String s )

static method that converts the String 5 to a double and returns

that value.Throws a NumberFormatException.

valueOf( String s )

static method that converts the String 5 to a Double object and

returns that object.Throws a NumberFormatException.

Enum

Package: java.lang

Description: provides for creation of enumerated types.
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Return value

int

boolean

int

String

Enum

Exception

Useful Methods for enum Obiects

Method name and argument list

compareTo( Enum eObj )

compares two enum objects and returns a negative number if this

object is less than the arguments positive number if this object is

greater than the argument, and 0 if the two objects are equal.

equals( Object eObj )

returns true if this object is equal to the argument eObj; returns

false otherwise.

ordinal( )

returns the numeric value of the enum object. By default, the

value of the first object in the list is 0,the value of the second

object is 1,and soon.

toString( )

returns the name of the enum constant.

valueOf( String enumName )

static method that returns the enum object whose name is the

same as the String argument enumName.

Package: java.lang

Description: the superclass for all predefined Java exceptions. All sub

classes of the Exception class inherit these public methods.

Useful Methods of Exception Classes

Return value

String

void

Method name and argument list

getMessage( )

returns a message indicating the cause of the exception.This

method is inherited from the Throwable class.

printStackTrace( )

prints the line number of the code that caused the exception,

along with the sequence of method calls leading up to the

exception.
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String toString( )

returns a String containing the exception class name and a mes

sage indicating the cause of the exception.

Package: java.io

Description: represents platform-independent file names.

File( String pathname

FileOutputStream

Constructor

constructs a File object with the pathname file name so that the

file name is platform-independent.

Package: java.io

Description: writes bytes to a file.

Constructor

FileOutputStream( String filename, boolean mode )

constructs a FileOutputStream object from a String representing the

name of a file; if mode is false, we will write to the file; if mode is true,

we will append to the file.Throws a FileNotFoundException.

FlowLayout

Package: java.awt

Description: layout manager that arranges components left to right, start

ing a new row when a newly added component does not fit on the current

row.

FlowLayout( )

Constructor

creates a flow layout with components centered.
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Graphics

Package: java.awt

Description: represents the current graphical context, including the com

ponent on which drawing will take place and the current color.

Return value

void

void

void

void

void

void

void

void

Useful Methods of the Graohics Class

Method name and argument list

clearRect( int x, int y, int width, int height )

draws a solid rectangle in the current background color with its top-

left corner at (x,y), with the specified width and height in pixels.

drawLine( int xStart, int yStart, int xEnd, int yEnd )

draws a line starting at (xStart,yStart) and ending at (xEnd,yEnd).

drawOval( int x, int y, int width, int height )

draws the outline of an oval inside an invisible rectangle with the

specified width and height in pixels.The top-left corner of the rec

tangle is (x,y).

drawRect( int x, int y, int width, int height )

draws the outline of a rectangle with its top-left corner at (x,y),

with the specified width and height in pixels.

drawPolygon( Polygon p )

draws the outline of Polygon p.

drawString( String s, int x, int y )

displays the Strings. If you were to draw an invisible rectangle

around the first letter of the String,{x,y) would be the lower-left

corner of that rectangle.

fil!0val( int x, int y, int width, int height )

draws a solid oval inside an invisible rectangle with the specified

width and height in pixels.The top-left corner of the rectangle is

(x,yl

fillRect( int x, int y, int width, int height )

draws a solid rectangle with its top-left corner at (x,y), with the

specified width and heightin pixels.
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void

void

GridLavout

fi11 Polygon( Polygon p )

draws the Polygon p and fills its area with the current color.

setColor( Color c )

sets the current foreground color to the Color specified by c.

Package: java.awt

Description: a layout manager that arranges components in a grid with a

fixed number of rows and columns.

Constructors

GridLayout( int numberOfRows, int numberOfColumns )

creates a grid layout with the number of rows and columns speci

fied by the arguments.

GridLayout( int numberOfRows, int numberOfColumns,

int hGap, int vGap )

creates a grid layout with the specified number of rows and

columns and with a horizontal gap of hGap pixels between

columns and a vertical gap of vGap pixels between rows. Horizon

tal gaps are also placed at the left and right edges, and vertical

gaps are placed at the top and bottom edges.

Inteaer

Package: java.lang

Description: wrapper class that creates an equivalent object for an mtvari-

able and provides methods for converting a String to an int primitive type

and an Integer object.

Integer( int i )

Constructor

instantiates an Integer object with an int instance variable having

the same value as/.
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Return value

int

Integer

Useful Methods of the Integer Wrapper Class

Method name and argument list

parselnt( String s )

static method that converts the String s to an int and returns that

value.Throws a NumberFormatException.

valueOf( String s )

static method that converts the String 5 to an Integer object and

returns that object.Throws a NumberFormatException.

ItemEvent

Package: java.awt.event

Description: contains information relating to the item event fired by a

component. This event is passed to any ItemListener registered on the com

ponent.

Useful Methods of the ItemEvent Class

Return value Method name and argument list

Object getSource( )

returns the object reference of the component that fired the

event.This method is inherited from the EventObject class.

int getStateChange( )

If the item is selected, the value SELECTED is returned; if the item is

deselected, the value DESELECTED is returned, where SELECTED and

DESELECTED are static int constants of the ItemEvent class.

ItemListener Interface

Package: java.awt.event

Description: interface implemented by a class that will handle ItemEvents

fired by a user interface component.

Interface Method to be Implemented

public void itemStateChanged( ItemEvent event )

An event handler that implements the ItemListener interface

writes code in this method to respond to the ItemEvent fired by

any registered components.
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JButton

Package: javax.swing

Description: a command button user interface component. When a user

presses the button, an ActionEvent is fired.

Constructor

JButton( String buttonLabel )

constructs a command button labeled buttonLabel.

Return value

void

A Useful Method of the JButton Class

Method name and argument list

addActionListener( ActionListener handler )

registers an event handler for ActionEvents on this button.This

method is inherited from XheAbstractButton class.

JCheckBox

Package: javax.swing

Description: a checkbox user interface component. When a user clicks the

checkbox, its state alternates between selected and not selected. Each click

fires an ItemEvent.

Constructors

JCheckBox( String checkBoxLabel )

constructs a checkbox labeled checkBoxLabel. By default, the

checkbox is initially deselected.

JCheckBox( String checkBoxLabel, boolean selected )

constructs a checkbox labeled checkBoxLabel. If selected is true, the

checkbox is initially selected; if selected is false, the checkbox is

initially deselected.

Useful Methods of the JCheckBox Class

Return value Method name and argument list

void addItemListener( ItemListener handler )

registers an event handler for ItemEvents on this checkbox.This

method is inherited from theAbstractButton class.
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boolean

void

isSelected( )

returns true if the checkbox is selected; false otherwise.This

method is inherited from iheAbstmctButton class.

setSelected( boolean state )

selects the checkbox if state is true; deselects the checkbox if state

is false.Ms method is inherited from the AbstractButton class.

JComboBox

Package: javax.swing

Description: a drop-down list user interface component. When a user

selects an item from the list, an ItemEvent is fired.

Constructor

JComboBox( Object [ ] arrayName

Return value

void

int

void

void

constructs a new JComboBox component initially filled with the

objects in arrayMame. Often, the objects are Strings.

Useful Methods of the JComboBox Class

Method name and argument list

addlteml_istener( ItemListener handler )

registers an event handler for ItemEvents on this combo box.

getSelectedIndex( )

returns the index of the selected item. The index of the first item

in the list is 0.

setMaximumRowCount( int size )

sets the number of rows that will be visible at one time. If the list

has more items than the maximum number visible at one time,

scrollbars are added.

setSelectedIndex( int index )

sets the item at index as selected.The index of the first item in the

list is 0.
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JComponent

Package: javax.swing

Description: the superclass for Swing user interface components, except

for top-level components, such as JFrame and JApplet. Subclasses include

JButton, JCheckBox, JRadioButton, JList, JTextField, JTextArea, JPassword-

Field, JComboBox, JPanel, and others, which inherit these public methods.

Useful Methods of the JComponent Class

Return value Method name and argument list

void addMouseListener( MouseListener handler )

registers a MouseListener object on the component.This method is

inherited from the Component class.

void addMouseMotionListener( MouseMotionListener handler )

registers a MouseMotionListener object on the component.This

method is inherited from the Component class.

void repaint( )

automatically forces a call to the paint method.This method is

inherited from the Component class.

void setBackground( Color backColor )

sets the background color of the component to backColor.

void setEnabled( boolean mode )

enables the component if mode is frue,disables the component if

mode is false. An enabled component can respond to user interaction.

void setForeground( Color foreColor )

sets the foreground color of the component to foreColor.

void setOpaque( boolean mode )

sets the component's background to opaque if mode is frue;sets

the component's background to transparent if mode is false. If

opaque, the component's background is filled with the compo

nent's background color; if transparent, the component's back

ground is filled with the background color of the container on

which it is placed.The default is transparent.
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void

void

setToolTipText( String tool Tip )

sets the tool tip text to toolTip. When the mouse lingers over the

component, the tool tip text will be displayed.

setVisible( boolean mode )

makes the component visible if mode is true; hides the component

if mode is false.The default is visible.

JFrame

Package: javax.swing

Description: a window user interface component.

Constructors

JFrame( )

constructs a JFrame object, initially invisible, with no text in the

title bar.

JFrame( String titleBarText )

constructs a JFrame object, initially invisible, with titleBarText dis

played on the window's title bar.

Useful Methods of the JFrame Class

Return value

Container

void

void

void

Method name and argument list

getContentPane( )

returns the content pane object for this window.

setDefaultCloseOperation( int operation )

sets the default operation when the user closes this window, that

is, when the user clicks on the X icon in the top-right corner of the

window.

setSize( int width, int height )

sizes the window to the specified width and height in pixels.This

method is inherited from the Component class.

setvisible( boolean mode )

displays this window if mode is true; hides the window if mode is

/o&e.This method is inherited from the Component class.
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JLabel

Package: javax.swing

Description: a user interface component that displays text or an image. A

JLabel does not fire any events.

Constructors

JLabel( String text )

creates a JLabel object that displays the specified fexf.

JLabel( String text, int alignment )

creates a JLabel object that displays the specified ferf.The align

ment argument specifies the alignment of the text within the

label component.The alignment value can be any of the following

static int constants of the SwingConstants interface: LEFT, CENTER,

RIGHT, LEADING, or TRAILING. By default, the label text is left-

adjusted.

JLabel( Icon image

wmmm

Return value

void

void

creates a JLabel object that displays the image.

Useful Methods of the JLabel Class

Method name and argument list

setlcon( Icon newlcon )

sets the Icon to be displayed in the label as newlcon.

setText( String newText )

sets the text to be displayed in the label as newText.

Package: javax.swing

Description: a list user interface component. When a user selects one or

more items from the list, an ItemEvent is fired.

Constructor

JList( Object [ ] arrayName )

constructs a new JList component initially filled with the objects

in arrayName. Often, the objects are Strings.
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Useful Methods of the JList Class

Return value

void

int

void

void

JOptionPane

Method name and argument list

addLi stSelecti onLi stener(

ListSelectionListener handler )

registers an event handler for ItemEvents fired by this list.

getSelectedIndex( )

returns the index of the selected item.The index of the first item

in the list is 0.

setSelectedIndex( int index )

selects the item at /mfor.The index of the first item in the list is 0.

setSelectionMode( int selectionMode )

sets the number of selections that can be made at one time.The

following static int constants of the ListSelectionModel interface

can be used to set the selection mode:

SINGLE_SELECTION—one selection allowed

SINGLE_INTERVAL_SELECTION—multiple contiguous items can

be selected

MULTIPLEJNTERVAL_SELECTION—multiple contiguous intervals

can be selected (This is the default.)

Package: javax.swing

Description: pops up an input or output dialog box.

Return value

String

void

Useful Methods of the JOptionPane Class

Method name and argument list

showInputDialog( Component parent, Object prompt )

static method that pops up an input dialog box, where prompt

asks the user for input. Returns the characters typed by the user as

a String.

showMessageDialog( Component parent, Object message )

static method that pops up an output dialog box with message

displayed.The message argument is usually a String.
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JPasswordField

Package: javax.swing

Description: A single-line text field user interface component that allows

users to enter text, such as a password, without the text being displayed.

When a user presses the Enter key with the cursor in the field, an Action-

Event is fired.

Constructor

JPasswordField( int number-Columns

Return value

void

char [ ]

void

void

void

constructs an empty password field with the specified number of

columns.

Useful Methods of the JPasswordField Class

Method name and argument list

addActionListener( ActionListener handler )

registers an event handler for this password field.This method is

inherited from iheJTextField class.

getPassword( )

returns the text entered in this password field as an array of chars.

setEchoChar( char c )

sets the echo character of the password field to c.

setEditable( boolean mode )

sets the properties of the password field as editable or non-

editable, depending on whether mode is true or fo/se.The default is

editable.This method is inherited from the JTextComponent class.

setText( String newText )

sets the text of the password field to newText.This method is

inherited from the JTextComponent class.

JRadioButton

Package: javax.swing

Description: a radio button user interface component. When a user presses

the button, other radio buttons in the ButtonGroup are deselected and an

ItemEvent is fired.
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Constructors

JRadioButton( String buttonLabel )

constructs a radio button labeled buttonLabel. By default, the

radio button is initially deselected.

JRadioButton( String buttonLabel, boolean selected )

constructs a radio button labeled buttonLabel. If selected is true,

the button is initially selected; if selected is false, the button is

deselected.

Useful Methods of the JRadioButton Class

Return value Method name and argument list

void addItemListener( ItemListener handler )

registers an event handler for ItemEvents for this radio button.This

method is inherited from the AbstractButton class.

boolean isSelected( )

returns true if the radio button is selected; false otherwise.This

method is inherited from the AbstractButton class.

void setSelected( boolean state )

selects the radio button if state is true; deselects the radio button

if state is fa/se.This method is inherited from the AbstractButton

class.

JTextArea

Package: javax.swing

Description: a multi-line text field user interface component. When a user

presses the Enter key with the cursor in the field, an ActionEvent is fired.

Constructors

JTextArea( String text )

constructs a text area initially filled with text.

JTextArea( int numRows, int numColumns )

constructs an empty text area with the number of rows and

columns specified by numRows and numColumns.
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JTextArea( String text, int numRows, int numColumns )

constructs a text area initially filled with text, and with the num

ber of rows and columns specified by numRows and numColumns.

Useful Methods of the JTextArea Class

Return value

String

void

Method name and argument list

getText( )

returns the text contained in the text area.This method is inher

ited from the JTextComponent class.

setEditable( boolean mode )

void

sets the properties of the text area as editable or non-editable,

depending on whether mode is true or /ofee.The default is

editable.This method is inherited from the JTextComponent class.

setText( String newText )

sets the text of the text area to newText.lhis method is inherited

from the JTextComponent class.

JTextField

Package: javax.swing

Description: a single-line text field user interface component. When a user

presses the Enter key with the cursor in the field, an ActionEvent is fired.

Constructors

JTextField( String text, int numColumns

constructs a new text field initially filled with text, with the speci

fied number of columns.

JTextField( int numberColumns )

Return value

void

constructs an empty text field with the specified number of

columns.

Useful Methods of the JTextField Class

Method name and argument list

addActionListener( ActionListener handler )

registers an event handler for ActionEvents fired by this text field.
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String

void

void

getText( )

returns the text contained in the text field.This method is inher

ited from the JTextComponent class.

setEditable( boolean mode )

sets the properties of the text field as editable or non-editable,

depending on whether mode is true or fo/se.The default is

editable.This method is inherited from the JTextComponent class.

setText( String newText )

sets the text of the text field to newText.Wis method is inherited

from the JTextComponent class.

ListSelectionListener Interface

Package: javax.swing.event

Description: interface implemented by a class that will handle ListSelec-

tionEvents fired by a user interface component, such as a JList.

Interface Method to be Implemented

public void valueChanged( ListSelectionEvent e

An event handler that implements the ListSelectionListener

interface writes code in this method to respond to the

ListSelectionEvent fired by any registered components.

Math

Package: java.lang

Description: provides methods for performing common mathematical

computations. All methods are static.

Predefined static Constants

Data type Description

E double the base of the natural logarithm. Approximate value is 2.78.

Pi double pi, the ratio of the circumference of a circle to its diameter.

Approximate value is 3.14.
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Math Class Method Summary

Note: All methods are static.

Return value Method name and argument list

dataTypeOfArg abs( arg )

returns the absolute value of the argument arg, which can be a

double, float, int, or long.

double log( double a )

returns the natural logarithm (in base e) of its argument. For

example, log(1) returns 0 and \oq(Math.E) returns 1.

dataTypeOfArgs max( argA, argB )

returns the larger of the two arguments.The arguments can be

doubles, floats, ints, or longs.

dataTypeOfArgs min( argA, argB )

returns the smaller of the two arguments.The arguments can be

doubles, floats, ints, or longs.

double pow( double base, double exp )

returns the value of base raised to the exp power.

int round( float a )

returns the closest integer to its argument, a.

double sqrt( double a )

returns the positive square root of a.

MouseEvent

Package: java.awt.event

Description: object containing information relating to a mouse event gen

erated by the user moving or dragging the mouse or clicking its buttons on

a component. This event is passed to any MouseListener or MouseMotion-

Listener registered on the component.
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Useful Methods of the MouseEvent Class

Return value Method name and argument list

int getX( )

returns thex value of the [x,y) coordinate of the mouse activity,

int getY( )

returns they value of the (x,y) coordinate of the mouse activity.

MouseListener Interface

Package: java.awt.event

Description: interface implemented by a class that will handle

MouseEvents (press, release, click, enter, exit).

Interface Methods to be Implemented

public void mouseClicked( MouseEvent e )

called when the mouse button is pressed and released on a

registered component.

public void mouseEntered( MouseEvent e )

called when the mouse enters a registered component.

public void mouseExited( MouseEvent e )

called when the mouse exits a registered component,

public void mousePressed( MouseEvent e )

called when the mouse button is pressed on a registered

component.

public void mouseReleased( MouseEvent e )

called when the mouse is released after being pressed on a

registered component.

MouseMotionUstener Interface

Package: java.awt.event

Description: interface implemented by a class that will handle

MouseEvents (move, drag).
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Interface Methods to be Implemented

public void mouseDragged( MouseEvent e )

called when the mouse is dragged after its button is pressed on a

registered component.

public void mouseMoved( MouseEvent e )

called when the mouse is moved onto a registered component.

NumberFormat

Package: java.text

Description: provides methods for formatting numbers in currency, per

cent, and other formats. There are no constructors for this class.

Useful Methods of the NumberFormatClass

Return value

String

NumberFormat

NumberFormat

Method name and argument list

format( double number )

returns a String representation of number formatted according to

the NumberFormat object reference used to call the method.

getCurrencyInstance( )

static method that creates a format for printing money.

getPercentInstance( )

static method that creates a format for printing a percentage.

ObiectlrmutStream

Package: java.io

Description: reads serialized objects from a file.

Constructor

ObjectInputStream( InputStream in

constructs an ObjectlnputStream from the InputStream in.

Throws an lOException.
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A Useful Method of the ObiectlnoutStream Class

Return value Method name and argument list

Object readObject( )

reads the next object and returns it.The object read must be an

instance of a class that implements the Serializable interface.

When the end of the file is reached,an EOFException is thrown.

Also throws an lOException and ClassNotFoundException.

ObiectOutDUtStream

Package: java.io

Description: writes objects in a serialized format to a file

Constructor

ObjectOutputStream( OutputStream out )

creates an ObjectOutputStream that writes to the OutputStream

ouf.Throws an lOException.

A Useful Method of the ObiectOutDUtStream Class

Return value Method name and argument list

void writeObject( Object obj )

writes the object obj to a file. That object must be an instance of a

class that implements the Serializable interface.Throws an

InvalidClassException, NotSerializableException,an<i lOException.

Package: java.awt

Description: encapsulates a polygon represented by a set of (x, y) coordi

nates that are the vertices of a polygon.

Polygon( )

Constructor

creates an empty Polygon.

A Useful Method of the Polvaon Class

Return value Method name and argument list

void addPoint( int x, int y )

appends the coordinate to the polygon.
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PrintWriter

Package: java.io

Description: writes primitive data types and Strings to a text file.

Constructor

PrintWriter( OutputStream os )

constructs a PrintWriter object from the OutputStream object.

Useful Methods of the PrintWriter class

Return value Method name and argument list

void close( )

releases the resources associated with the PrintWriter object,

void print( boolean b )

prints the boolean b to the OutputStream.

void print( char c )

prints the character c to the OutputStream.

void print( double d )

prints the double d to the OutputStream.

void print( int i )

prints the int i to the OutputStream.

void print( String s )

prints the String s to the OutputStream.

void println( boolean b )

prints the boolean b to the OutputStream and appends a newline.

void println( char c )

prints the character c to the OutputStream and appends a

newline.

void println( double d )

prints the double d to the OutputStream and appends a newline.

void println( int i )

prints the int /to the OutputStream and appends a newline.
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void

Random

println( String s )

prints the String s to the OutputStream and appends a newline.

Package: java.util

Description: generates random numbers.

Random(

Return value

int

Constructor

creates a random number generator.

A Useful Method of the Random Class

Method name and argument list

nextlnt ( int number )

returns a random number ranging from 0 up to, but not includ

ing, number in uniform distribution.

Scanner

Package: java.util

Description: provides support for reading from an input stream or file.

Constructors

Scanner( InputStream source )

creates a Scanner object for reading from source. If source is

System.in, this instantiates a Scanner object for reading from the

Java console.

Scanner( File source )

creates a Scanner object for reading from a file. (See the File class.)

Throws a FileNotFoundException.

Scanner( String source )

creates a Scanner object for reading from and parsing a String.
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Selected Methods of the Scanner Class

Return value Method name and argument list

void close( )

releases resources associated with an open input stream,

boolean hasNext( )

returns true if there is another token in the input stream; false,

otherwise.

boolean hasNextBoolean( )

returns true if the next token in the input stream can be read as a

boolean; false, otherwise.

boolean hasNextByte( )

returns true if the next token in the input stream can be read as a

byte; false, otherwise.

boolean hasNextDouble( )

returns true if the next token in the input stream can be read as a

double; false, otherwise.

boolean hasNextFloat( )

returns true if the next token in the input stream can be read as a

float; false, otherwise.

boolean hasNextInt( )

returns true if the next token in the input stream can be read as an

int; false, otherwise.

boolean hasNextLong( )

returns true if the next token in the input stream can be read as a

long; false, otherwise.

boolean hasNextShort( )

returns true if the next token can be read as a short; false,

otherwise.

String next( )

returns the next token in the input stream as a String.
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boolean

byte

double

float

int

String

long

short

Scanner

nextBoolean( )

returns the next input token as a too/eon.Throws an Input-

MismatchException.

nextByte( )

returns the next input token as a byte.Throws an InputMis-

matchException.

nextDouble( )

returns the next input token as a double.Throws an Input-

MismatchException.

nextFloat( )

returns the next input token as a float.Throws an Input-

MismatchException.

nextlnt( )

returns the next input token as an int.Throws an Input-

MismatchException.

nextLine( )

returns the remainder of the input line as a String.

nextLong( )

returns the next input token as a /omj.Throws an Input-

MismatchException.

nextShort( )

returns the next input token as a short.Throws an Input-

MismatchException.

useDelimiter( String pattern )

sets the delimiter to pattern and returns this Scanner.

Package: java.lang

Description: provides support for storing, searching, and manipulating

sequences of characters.
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Constructors

String( String str

creates a String object with the value of sfr, which can be a String

object or a String literal.

String( )

creates an empty String object.

String( char [ ] charArray )

Return value

char

int

boolean

boolean

int

int

creates a String object containing the characters in the char array

charArray.

Methods

Method name and argument list

charAt( int index )

returns the character at the position specified by /nrfex.The first

index is 0.

compareTo( String str )

compares the value of the two Strings. If the String object is less

than the argument, a negative integer is returned. If the String

object is greater than the String argument, a positive number is

returned; if the two Strings are equal,a 0 is returned.

equals( Object str )

compares the value of two Strings. Returns true if sfr is a String, is

not null, and is equal to the String object; false otherwise.

equalsIgnoreCase( String str )

compares the value of two Strings, treating upper- and lowercase

characters as equal. Returns true if the Strings are equal; false

otherwise.

indexOf( char searchChar )

returns the index of the first occurrence ofsearchChar in the String.

Returns-1 if not found.

indexOf( String substring )

returns the index of the first occurrence of substring in the String.

Returns-1 if not found.
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int

String

String

String

System

length( )

returns the number of characters in the String.

substring( int startlndex, int endlndex )

returns a substring of the String object beginning at the

character at index startlndex and ending at the character at

\n6ex{endlndex-1).

toLowerCase( )

converts all letters in the String to lowercase.

toUpperCase( )

converts all letters in the String to uppercase.

Package: java.lang

System.out

The out class constant of the System class is a PrintStream object, which

represents the standard system output device. The following PrintStream

methods can be called using the object reference System.out in order to

print to the Java console.

Methods

Return value

void

void

Method name and argument list

print( argument )

prints argument to the standard output device.The argument is

usually any primitive data type or a String object.

println( argument )

prints argumentto the standard output device,then prints a new-

line character.The argument is usually any primitive data type or a

String object.



Solutions to Selected Exercises

1.7 Exercises, Problems, and Projects

1.7.1 Multiple Choice Exercises:

1. Java

4. servers.

7. is a multiple of 4.

10. C

13. javac Hello.Java

1.7.2 Converting Numbers

16. 11000011100

19. 0x15

1.7.3 General Questions

22. 1.5 billion

25. red = 51; green = 171; blue = 18

28. javac

1197
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2.7 Exercises, Problems, and Projects

2.7.1 Multiple Choice Exercises

1. int a;

2.7.2 Reading and Understanding Code

4. 12.5

7. 2.0

10. 4

13. 5

16. 2.4

19. 5

22. 0

2.7.3 Fill In the Code

25. boolean a;

a = false;

28. float avg = (float) ( a + b ) / 2;

System.out.println( "The average is " + avg );

31. a *« 3;

2.7.4 Identifying Errors in Code

34. Cannot assign a double to a float variable (possible loss of precision).

37. There should not be a space between - and =.

2.7.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

40. Cannot assign a double to an int variable (possible loss of precision).

Change to:

int a = 26;

43. =+ is different from += (shortcut operator). Here, a is assigned the

value + 3. To add 3 to a, change the second statement to:

a += 3;
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3.19 Exercises, Problems,and Projects

3.19.1 Multiple Choice Exercises

1. import

4. new

7. It is a class method.

10. double

13. Math.E;

3.19.2 Reading and Understanding Code

16. hello

19. 3.141592653589793

22. 8

3.19.3 Fill In the Code

25. System.out.println( s.length( ) );

28. System.out.print( "Welcome" );

System.out.print( "to" );

System.out.print( "Java" );

System.out.print( "Illuminated\n" );

31. // code below assumes we have imported Scanner

Scanner scan = new Scanner( System.in );

System.out.print( "Enter two integers > " );

int i = scan.nextlnt( );

int j = scan.nextlnt( );

int min = Math.min( i, j );

System.out.println( "min of " + i + " and " + j + " is " + min );

34. // code below assumes we have imported Scanner

Scanner scan = new Scanner( System.in );

System.out.print( "Enter a double > " );

double number = scan.nextDouble( );

double square = Math.pow( number, 2 );

System.out.println( number + " square = " + square );
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3.19.4 Identifying Errors in Code

37. The Java compiler does not recognize system. It should be System, not

system.

40. The round method of the Math class returns a long; a long cannot be

assigned to a short variable due to a potential loss of precision.

43. The char 'H' cannot be assigned to the String s. The two data types are

not compatible.

3.19.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

46. Java is case sensitive. The Math class needs to be spelled with an upper

case M.

49. In the output statement, we are just printing the value of grade with

out any formatting. To format grade as a percentage, the output state

ment should be:

System.out.println( "Your grade is " + percent.format( grade ) );

4.7 Exercises, Problems, and Projects

4.7.1 Multiple Choice Exercises

1. java.awt

4. true

7. the (x, y) coordinate of the upper-left corner of the rectangle we are

drawing

10. 256

4.7.2 Reading and Understanding Code

13. 250 pixels

4.7.3 Fill In the Code

16. g.setColor( Color.RED );

19. g.fillRect( 50, 30, 50, 270 );

4.7.4 Identifying Errors in Code

22. There should be double quotes around the literal Find a bug, not sin

gle quotes. Single quotes are used for a char, not a String.
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25. There is no public color instance variable in the Graphics class. The set-

Color mutator method should be used to set the color of the Graphics

object.

4.7.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

28. We are trying to override the paint method, which is an instance

method. The header of paint should therefore not include the key-

wore

5.14

5.14.1

l.

□

□

□

a

□

□

□

4. ye;

7.

□

□

□

□

1

1 static.

ixercises, Problems, a

Multiple Choice Exercises

a

a

a

(

< b

!= b

== 4

b - a ) <= 1

Math.abs( a - b ) >= 2

(

b

a

a

a

a

b % 2 == 1 )

<= 5

< b || b < 10

!= b && b < 10

==4 || b < 10

> b && b < 10

ndPr

true

true

false

false

true

true

true

no

yes

yes

no

5.14.2 Reading and Understanding Code

10. true

13. 27 is divisible by 3

End of sequence
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16. Hello 3

Hello 4

Done

19. Number 3

Number 4

Other number

5.14.3 Fill In the Code

22. if ( a )

a = false;

else

a = true;

25. if ( b % c == 0 )

a = true;

else

a = false;

28. if ( a && b > 10 )

C++;

5.14.4 Identifying Errors in Code

31. The && operator cannot be applied to two int operands {al and al).

34. We need a set of parentheses around bl.

37. There is no error.

5.14.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

40. The expression a = 31 evaluates to an int, 31. The z/condition requires

a boolean expression. To fix the problem, replace a = 31 with a -■ 31.

6.14 Exercises, Problems, and Projects

6.14.1 Multiple Choice Exercises

1. The code runs forever.

4. true
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6.14.2 Reading and Understanding Code

7.

10.

13.

16.

19.

Enter

Enter

Hello

Enter

Hello

8 and

3

an

an

an

42

int> 3

int>5

int > -1

40 and 60

3

3

3

3

4

6.14.3 FililntheCode

22. System.out.print( "Enter an integer > " );

int value ■ scan.nextlnt( );

while ( value != 20 )

if ( value >= start )

System.out.println( value );

System.out.print( "Enter an integer > " );

value = scan.nextlnt( );

}

25. Scanner scan = new Scanner( System.in );

word = scan.next( );

while ( ! word.equals( "end" ) )

// and your code goes here

sentence += word;

word ■ scan.next( );

28. Scanner scan = new Scanner( System.in );

int sum = 0;

System.out.println( "Enter an integer > " );

int value = scan.nextlnt( );

while ( value != 0 && value != 100 )
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sum += value;

System.out.println( "Enter an integer > " );

value = scan.nextlnt( );

}
System.out.println( "sum is " + sum );

6.14.4 Identifying Errors in Code

31. The variable num needs to be initialized after it is declared, and a

priming read is needed.

34. The loop is infinite. Number is always different from 5 or different

from 7. The logical OR (11) should be changed to a logical AND (&&).

6.14.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

37. It is an infinite loop; i should be incremented, not decremented,

inside the body of the while loop so that the loop eventually termi

nates.

40. In the for loop header, the loop initialization statement, the loop con

dition, and the loop update statement should be separated by semi

colons (;), not commas(,).

7.18 Exercises, Problems, and Projects

7.18.1 Multiple Choice Exercises

1. The convention is to start with an uppercase letter.

4. true

7. can be basic data types, existing Java types, or user-defined types

(from user-defined classes).

10. one parameter, of the same type as the corresponding field.

13. these fields do not need to be passed as parameters to the methods

because the class methods have direct access to them.

16. All of the above.

7.18.2 Reading and Understanding Code

19. double

22. an instance method (keyword static not used)
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25. public static void foo3( double d );

7.18.3 Fill In the Code

28. private int grade;

private char letterGrade;

31. public TelevisionChannel( String newName, int newNumber,

boolean newCable )

name = newName;

number = newNumber;

cable = newCable;

34. public String toString( )

return ( "name: " + name + "\tnumber: "

+ number + "\tcable: " + cable );

37. public String typeOfChannel( )

if ( cable )

return "cable";

else

return "network";

}

7.18.4 Identifying Errors in Code

40. The toString method needs to return a String, not output data.

43. The method header is incorrect; it should be

public double calcTax( )

46. There are two errors: The assignment operator = should not be used

when declaring an enum set. And the enum constant objects should

not be String literals but identifiers.

7.18.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

49. The compiler understands that Grade is a method since its header

says it returns a char. It looks as if it is intended to be a constructor so

the keyword char should be deleted from the constructor header.
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52. The constructor assigns the parameter letterGrade to itself, therefore not

changing the value of the instance variable letterGrade, which by default

is the space character. The constructor could be recoded as follows:

public Grade( char newLetterGrade )

{

letterGrade = newLetterGrade;

8.10 Exercises, Problems, and Projects

8.10.1 Multiple Choice Exercises:

1. int [ ] a; and int a[ ];

4. 0

7. a.length

10. false

8.10.2 Reading and Understanding Code

13. 48.3

16. 12

48

65

19. 14

22. It counts how many elements in the argument array have the value 5.

25. It returns an array of Strings identical to the argument array except

that the Strings are all in lowercase.

8.10.3 Fill In the Code

28. if ( a[i] > 20 )

System.out.println( a[i] );

31. System.out.println( "a[" + i +"]=" + a[i] );

34. if ( a.length < 2 )

return false;

else if ( a[0].equals( a[l] ) )

return true;

else

return false;
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8.10.4 Identifying Errors in Code

37. Index-1 is out of bounds; the statement System.out.println( a[-l] );
will generate a run-time exception.

40. When declaring an array, the square brackets should be empty.

Replace a [3] bya[ ].

43. Although the code compiles, it outputs the hash code of the array a.

To output the elements of the array, we need to loop through the

array elements and output them one by one.

8.10.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

46. Index a. 1 ength is out of bounds; when i is equal to a. 1 ength, the

expression a[i] will generate a run-time exception. Replace <= with <

in the loop condition.

9.10 Exercises, Problems, and Projects

9.10.1 Multiple Choice Exercises

1- int[ ][ ] a;andint a[ ][ ];

4. false

7. a[2].length

10. true

13. java.util

9.10.2 Reading and Understanding Code

16. 3

19. Munich

Stuttgart

Berlin

Bonn

22. Munich

Berlin

Ottawa
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25. It counts and returns the number of elements in the argument array a.

28. It returns an int array of the same length as the length of the array

argument a. Each element of the returned array stores the number of

columns of the corresponding row in the array argument a.

31. 7 (at index 0) 45 (at index 1) 21 (at index 2)

9.10.3 Fill In the Code

34. System.out.println( geo[0][5] );

37. for ( int i = 0; i < geo.length; i++ )

{
for ( int j = 0; j < geo[i] .length; j++ )

System.out.println( geo[i][j] );

}

40. int count = 0;

for ( int j = 0; j < a[l].length; j++ )

{

if ( a[l][j] ■= 6 )

count++;

}
System.out.println( "# of 6s in the 2nd row: " + count );

43. This method returns the product of all the elements in an array.

public static int foo( int [ ][ ] a )

{

int product = 1;

for ( int i = 0; i < a.length; i++ )

{

for ( int j = 0; j < a[i].length; j++ )

{

product *= a[i] [j];

}

}

return product;

}

46. System.out.println( languages.size( ) );

49. for ( String s : languages )

{
if ( s.charAt( 0 ) == 'P1 )

System.out.println( s );
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9.10.4 Identifying Errors in Code

52. Array dimension missing in new double [ ] [10]

Example of correct code: double [ ][ ] a = new double [4] [10];

55. Cannot declare an ArrayList of a basic data type; the type needs to be

a class (for example: Double)

58. Correct syntax is variable = expression. Because a.size( ) is not a vari

able, we cannot assign a value to it.

9.10.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

61. Other than a[0] [0], the first row is not taken into account because i is

initialized to 1 in the outer loop. It should be int i = 0;notint i = 1.

64. Index 3 is out of bounds. There are only 3 elements in a; the last

index is 2.

67. Because ArrayList elements begin at index 0, the statement

a.set( 1, 'J' );

sets the value of the second element of the ArrayList. To set the value

of the first element, use this statement:

a.set( 0, 'J' );

10.10 Exercises, Problems, and Projects

10.10.1 Multiple Choice Exercises

1. a class inheriting from another class.

4. protected and public instance variables and methods

7. You cannot instantiate an object from an abstract class.

10. the class must be declared abstract.

10.10.2 Reading and Understanding Code

13. B inherits from A: name, price (foo2 and foo3 are overridden)

C inherits from B: name, price, foo2, and foo3 (fool is overridden)

16. A( ) called

B( ) called

B version of fool( ) called
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19. A( ) called

B( ) called

C( ) called

10.10.3 Fill In the Code

22. private char middle;

public G( String f, String n, char m )

{

super( f, n );

middle = m;

25. public class K extends F implements I

10.10.4 Identifying Errors in Code

28. There is no error, new D( ) returns a D object reference. D inherits

from C; therefore a D object reference "is a" C object reference. Thus,

it can be assigned to c2.

31. The foo method does not have a method body; it must be declared

abstract. The K class must be declared abstract as well.

10.10.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

34. The instance variable n of class M is private, and is not inherited by P.

Therefore, it is not visible inside class P.

11.10 Exercises, Problems, and Protects

11.10.1 Multiple Choice Exercises

1. Exceptions enable programmers to attempt to recover from illegal sit

uations and continue running the program.

4. false

7. the contents of the file, if any, will be deleted.

10. java.util

11.10.2 Reading and Understanding Code

13. ABCD

16. result is ABCABA
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19. Nice finish

22. CS1

0

1

2

3

4

11.10.3 Fill In the Code

25. while ( parse.hasNext( ) )

{

s = parse.next( );

if ( s.equals( "C" ) )

break;

}

28. String s = file.nextl_ine( );

while ( s != null )

{

result += s + " ";

s = file.nextLine( );

}

System.out.println( result );

31. average += grades[i];

average /= grades.length;

pw.print( average );

pw.close( );

11.10.4 Identifying Errors in Code

34. The next method returns a String, the return value cannot be assigned

to an int variable.

11.10.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

37. The catch block is missing; you need to add it after the try block as

follows:

catch ( IOException ioe )

{

ioe.printStackTrace( );
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40. When we try to read 3.5 as an int, the method generates an Input-

MismatchException and we execute the catch block. If we change the

data to 1 3 6, then the output would be

12.18 Exercises, Problems, and Projects

12.18.1 Multiple Choice Exercises

1. JTextField.

4. true

7. All three methods

10. false

13. the horizontal and vertical gaps between the five areas of the com

ponent

12.18.2 Reading and Understanding Code

16. 3

19. "Hello" is output to the console

22. 3

25. 5 is output to the console

12.18.3 Fill In the Code

28. b ■ new JButton( "Button" );

31. public void actionPerformed( ActionEvent ae )

{

if ( ae.getSource( ) == b )

tf.setText( "Button clicked" );

}

34. c.add( labell, BorderLayout.NORTH );

37. for ( int i = 0; i < buttons.length; i++ )

pl.add( buttons[i] );

40. for ( int i = 0; i < textfields.length; i++ )

p2.add( textfields[i] );
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12.18.4 Identifying Errors in Code

43. ActionListener is an interface; it can be implemented but not extended.

12.18.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

46. We are trying to add the label / to the content pane before / has been

instantiated. To fix the problem, instantiate /before line 15 as follows:

1 = new Jlabel{ "Hello" );

49. ActionListener and ActionEvent need to be imported. To fix the prob

lem, add the following import statement:

import java.awt.event.*;

13.10 Exercises, Problems, and Projects

13.10.1 Multiple Choice Exercises

1. may or may not be static.

4. calls itself.

7. a run-time error.

13.10.2 Reading and Understanding Code

10. 0

13. 3

16. There is no output

19. foo3 outputs the argument String in reverse

22. 64

13.10.3 Fill In the Code

25. return foo( s.substring( 2, s.length( ) ) );

28. if ( n >= 1000 ) // base case

return n;

else // general case

return foo( n * n );

13.10.4 Identifying Errors in Code

31. In the else clause, the return keyword is missing.
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13.10.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

34. The base case is not coded properly; it needs to return a value, not

make another recursive call. Instead of return foo( 0 );, you can code

return 1.

37. In the general case, the method makes the recursive call with the orig

inal String less the last two characters as the argument. Therefore,

when a String has an odd number of characters, an exception will

eventually occur when a recursive call is made on a String containing

one character. Assuming this method counts the number of charac

ters in the String argument, we can change the code as follows:

else

return ( 1 +

foo( s.substring( 0, s.length( ) - 1 )));// line 15

14.14 Exercises, Problems, and Projects

14.14.1 Multiple Choice Exercises

1. Linked lists are easily expanded.

4. (7,Ajay,NFL)

7. ( 7, Ajay, NFL ) and ( 5, Joe, Sonic)

10. front = 3, stores 54; back = 0, stores 62

13. front = 7; back = 6; the list is empty

14.14.2 Reading and Understanding Code

16. If the list is not empty, it resets it to empty and returns true. Other

wise, it returns false.

19. It outputs all the Player objects in the list whose game field is Diablo.

14.14.3 Fill In the Code

22. previous.getNext( ).setNext(

previous.getNext( ).getNext( ).getNext( ) );

25. public LLNode( char newGrade )

{

grade = newGrade;

next = null;
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28. public void setGrade( char newGrade )

{

grade = newGrade;

}

public void setNext( LLNode newNext )

{

next = newNext;

}

31. public int numberOfItems( )

{

int count = 0;

LLNode current = head;

while ( current != null )

{

count++;

current = current.getNext( );

}

return count;

}

14.14.4 Identifying Errors in Code

34. The getID method belongs to the Player class and cannot be called

using head, a PlayerNode object reference.

37. The number of items in the queue would never increase and we

would always be able to insert into that queue, eventually overwriting

items that are in the queue. This is a logic error. Furthermore, the

queue would always be considered empty since the number of items

always has the value 0. We would never be able to delete an item from

the queue.

14.14.5 Debugging Area—Using Messages from the Java Compiler and Java JVM

40. There is no getHead method in the PlayerLinkedList class. In order to

get the Player object stored at the first node of the list, we can code a

method returning the Player.
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15.7 Exercises, Problems, and Projects

15.7.1 Multiple Choice Exercises

1. O(n2)

4. 0{n)

7. n*{n+l)/2

10. O(n2)

15.7.2 Compute the Running Time of a Method

13. O(n)

16. O(logn).
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Symbols

&& (ampersands) for AND operator,

213-219,266,317-320,

321-323,1153

* (asterisk)

multiplication operator (*), 45-46,

63-65,1153

shortcut multiplication operator

(*=), 79-80,1153

@ (at sign), for Javadoc block tags,

442-445,448

< > (angle brackets)

declaring ArrayList objects,

612-614,1166

defining classes with generic types,

1078-1085

greater than operator (>), 212,

214-217,255,1153

greater than or equal to operator

(>=), 212,255,1153

in HTML tags, 182-183,442-445

less than operator (<), 212,

214-217, 255,476, 583-584,

1153

less than or equal to operator

(<=), 212, 255,476,583-584,

1153

\ (backslash) for escape sequences,

52, 56-59,134

[ ] (brackets) for declaring arrays,

467-471, 569-577

, (comma)

assigning initial values to arrays,

470,546,573,631

declaring variables, 48,378, 570

in DecimalFormat class patterns,

122-123,126,1171

method arguments (parameters),

101,104,378

multiple interfaces, 709

{ } (curly braces), 28-29,220, 267,

283

assigning initial values to arrays,

470,546,573,631

blocks in selection statements,

219-225,233,267

class definition, 20,26-29,374-376

loop body, 283-285, 295, 333,497

method definition, 44,378,446,

691

try/catch blocks, 739, 743, 746

$ (dollar sign)

in DecimalFormat class patterns,

123-124

in identifiers, 43-44
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= (equal sign)

assignment operator (=), 51, 54,

62,66,81,107,212,214,255,

482,1153

equality operator (==), 211-212,

214,241-243,247-249,255,

489,1153

! (exclamation point)

not equal operator (!=), 211,214,

255,489,1153

NOT operator (!), 213-214,

217-219,255,321,1153

-(hyphen)

decrement operator (--), 77-78,

214,255,1153

shortcut subtraction operator

(-=), 79-81, 214,255,1153

subtraction operator (-), 63-64,

81,214,255,1153

( ) (parentheses), 66-67, 81,104,118,

214,255,659,1153

% (percent sign)

in DecimalFormat class patterns,

122-123,1171

modulus operator (%), 63,66,

80-81,214,255,350-352,

1153

shortcut modulus operator (%=),

80-81,214,255,1153

. (period)

in DecimalFormat class patterns,

123-125,1171

dot notation (dot operator), 104,

113,137-138,141,474

+ (plus)

addition operator, 63-66,118, 214,

255,1153

increment operator (++), 76-77,

81,214,255,1153

shortcut addition/String

concatenation operator (+=),

78-81,117,214,255,1153

String concatenation operator (+),

56,60,81,119,214,255,1153

# (pound sign), in DecimalFormat

class patterns, 122-123,1171

?: (conditional operator), 252-255,

1153

' (quote)

escape sequence for, 58

in char literals, 52

" (quotes)

escape sequence for, 58, 59

in String literals, 56-58

; (semicolon)

after statements, 44,48

in abstract methods, 691, 693

in for loops, 333

after conditions (error), 222,285

/ (slash)

/* */ for block comments, 44-45,

84

/** */ for Javadoc-included

commands, 441

// for line comments, 53, 84

division operator (/), 63-67,214,

255,1153

shortcut division operator (/=),

80-81

_ (underscore), in identifiers, 43,48,

59-60

II (vertical pipe) for OR operator,

213-219,255,317-318,1153

abs method (Math class), 137,

142-143,243,1187

abstract classes and methods,

689-699

Abstract Window Toolkit. See AWT

access modifiers, 375-376, 378, 380

inheritance and, 663, 677-684

interfaces and, 710, 714

accessor methods, 105,137

writing, 386-389
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accumulation, 25,293-296,318

averages, calculating, 299-302

for loop for, 336

summing array elements, 479-480,

503

ActionEvent class, 833-834, 841-845,

1165,1166,1177,1185

ActionListener interface, 834-835,

841, 842, 845-846, 848, 889,

1165,1166,1185

actionPerformed method

(ActionListener interface),

841-842,845, 889, 895, 903,

1166

actual parameters, 378

adapter classes, 870-871

add method

ArrayList class, 615

BigDecimal class, 244-246

Container class, 898,1170

addActionListener method, 835,

1177,1185

addltemListener method, 835, 854,

1178,1184

addition. See accumulation; counting

addition operator (+), 63-65,118,

214,255,1153

addListSelectionListener method,

835,1182

addMouseListener method, 835, 876,

1179

addMouseMotionListener method,

835,1179

addPoint method (Polygon class),

191-192,1190

aggregate array operations

comparing arrays for equality,

487-489

copying arrays, 481-485

displaying data as bar chart,

490-493, 594-597

maximum/minimum values,

finding, 480-481

multidimensional arrays, 578-593,

605-606

printing array elements, 476-477,

580-581

processing columns sequentially,

591-593

processing given column, 587-589

processing given row, 585-587

processing rows sequentially,

589-591

reading data into arrays, 477-478

resizing arrays, 485-487

searching. See searching arrays

single-dimensional arrays,

467-493

sorting. See sorting arrays

summing array elements, 479-480

algorithms, 25-26, 34

ALU (arithmetic logic unit), 4

AND operator (&&), 213-218,

317-319,321-323,1153

angle brackets < >

declaring ArrayList objects,

612-614,1166

defining classes with generic types,

1078-1085

greater than operator (>), 210,

212-214,253,1155

greater than or equal to operator

(>=), 212-214,255,1153

less than operator (<), 212-219,

255,476,583-584,1153

less than or equal to operator

(<=), 212-214,218, 255, 476,

583-584,1153

animation, 305-312

loop conditions, constructing,

321-323

recursion for, 976-980

API (application programming

interface), 98

appending data to text files, 764-765,

767-769
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<APPLET> tags, 181-183

applet viewer, 183

applets, 21,178-183

executing, 181-183

with graphics. See graphics

structure of, 179-181

application programming interface.

See API

application software, 8

applications, Java, 22,26-27

debugging, 30-31. See also

exceptions; testing

applications

example of (programming

activity), 27-32

executing, 29

structure of, 42-45

arguments, 23

argument lists for methods,

101-102,104

passing arrays as, 498, 597-599

retrieving command-line

arguments, 505-506

user-defined methods, 377-378

arithmetic logic unit (ALU), 4

arithmetic operators, 63-65. See also

precedence, operator

ArrayList class, 611-625,

declaring and instantiating,

612-614

looping with enhanced for loop,

615-619

methods of, 614-615

programming with, 619-624

arrays, 466-545,568-610

queues, representing, 1050-1059

stacks, representing, 1041-1046

arrays, multidimensional, 568-610

accessing array elements, 576-581

aggregate array operations,

582-597,609

declaring and instantiating,

569-576

displaying data as bar chart,

594-597

printing array elements, 584-585

processing columns sequentially,

591-594

processing given column, 587-589

processing given row, 585-587

processing rows sequentially,

589-591

in user-defined classes, 496-505

arrays, single-dimensional, 466-545

accessing array elements, 470-475

aggregate array operations,

475-493

comparing arrays for equality,

487-489

copying arrays, 481-485

as counters, 540-545

declaring and instantiating,

467^70

displaying data as bar chart,

490-493

maximum/minimum values,

finding, 480^81

printing array elements, 476-477

reading data into arrays, 477-478

resizing arrays, 485-487

searching

binary search, 529-534

recursive binary search,

964-970

sequential search, 507-512,

528-529

sorting elements of

arrays of objects, 527-528

Insertion Sort algorithm,

518-526

Selection Sort algorithm,

512-517

summing array elements, 479-480

in user-defined classes, 498-505

ASCII character set, 17,1157

assembly languages, 18-19

assignment operator (=), 51, 54, 66,

81,107,214,255,482,1153

asterisk (*)

multiplication operator (*), 63
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shortcut multiplication operator

at sign (@) for Javadoc block tags,

442-444,448

autoboxing, 151, 616-618

autoinitialization, 380

averages, calculating, 74-75,299-302

AWT (Abstract Window Toolkit)

components, 823-824

B

backslash (\) for escape sequences,

52, 56-59,134

backspace character (\b), 58

bang (!)

not equal operator (!=), 211, 214,

255,489,1153

NOT operator (!), 213-215,

217-219,255,321,1153

bar charts, array data as, 490-493,

594-597

base case (recursion)

identifying, 940-944. See also

recursion

recursion with two base cases,

955-959

base classes. See inheritance;

superclasses

BigDecimal class, 244-246,

1167-1168

Big-Oh, 983,1119-1127

Big-Omega, 1120,1122

Big-Theta, 1120-1122

binary files, 757. See also files

binary operators, 63. See also

precedence, operator

binary representation, 12-15

hexadecimal numbers for, 15-17

of floating-point numbers,

1161-1164

of negative integers, 1157-1159

binary search of sorted arrays

recursive approach to, 964-970

single-dimensional arrays,

529-534

bits, 5

block comments, 44

including in Javadoc

documentation, 441

block scope, 225

blocks (of programs), 44

<BODY> tags, 182

boolean data type, 47, 51

Boolean logic operators. See logical

operators

boolean variables (flags), 350-352

Boolean wrapper class, 151

booting the operating system, 7

BorderLayout layout manager,

898-905,906,1168

boundary conditions, 32, 321

braces {}, 28,44

assigning initial values to arrays,

470, 546, 573

blocks in selection statements,

220-223, 233, 267

class definition, 28, 375

loop body, 283,295,497

method definition, 28-29, 378,

446,691,693

try/catch blocks, 743, 750-751

brackets < >

declaring ArrayList objects,

612-614,1166

defining classes with generic types,

1078-1085

greater than operator (>), 212,

214-216,218,255,1153

greater than or equal to operator

(>=),212,214,218, 255,1153

less than operator (<), 212-219,

255,476,583-584,1153

less than or equal to operator

(<=), 212, 214, 218,255,476,

583-584,1153

brackets [ ] for declaring arrays,

467-471, 569-577

break statement. See switch

statements
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Bubble Sort algorithm, 534-538,

1139,1140

button components (JButton class),

823, 825,834, 842-846,1169,

1177,1179

ButtonGroup class, 847-849,851,

916,1183

byte data type, 47,49-50, 52-53,55,

73,84

Byte wrapper class, 151

bytes, 5

C

calling methods, 23,103-107

array elements of objects, 473-475

dot notation, 104, 137-138

in same class, 113

implicit vs. explicit invocation,

140-141,665

processing overhead, 678

static methods, 137-138

capacity of ArrayList objects, 613

capitalization of identifiers, 28,

43-44

classes, 98, 375

constants, 59-60

methods, 98

variables, 47^8, 377

carriage return character, 44, 58,134

case clause. See switch statements

case sensitivity, 28,43-44

catch blocks, 739, 742-747

catching multiple exceptions,

749-753

cells, memory chips, 6

central processing unit (CPU), 3-6

obtaining information about,

10-12

char data type, 50-51, 52

Character wrapper class, 151

characters. See also strings

ASCII character set, 17,1155

data types for, 49-50

Java letters, 43

searching strings for (indexOf

method of String class),

119-120

Unicode character set, 17,18,

43_44, 50,134, 250,

1155-1156

whitespace characters, 134

in application code, 44

as token delimiters, 133, 770

charAt method (String class),

119-121,132-133,1195

charting array data, 490-493,

594-597

checkboxes (JCheckBox class), 823,

825,834, 846-849, 851-855,

1177

checked exceptions, 743

Circle class

in animation, 306-312, 321-323,

342-344

in Figure hierarchy, 690-691,

694-695, 697-698, 701

.class files, 26

class members, 97,375. See also

instance variables; methods;

objects

class methods. See static class

members

class variables. See static class

members

classes, 20,95-161. See also

interfaces; specific class by

name

abstract, 689-699

encapsulation, 97-98,137, 376,

502-505,663,678

enumerations, 423^429

generic, 1078-1085

graphical objects, 416-423

inheritance and, 656-718

Java class library, 114-115

packages of. See packages

polymorphism, 699-702

reusability, 2,20, 98,434-435,609,

654-655,1001
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scope, 377, 385

static members, 136-138,410-416,

699

user-defined, 373-434

wrapper classes, 114,150-153

ClassNotFoundException exception,

788-791,1190

CLASSPATH environment variable,

437-438

clear method (ArrayList class), 615,

1166

clearRect method (Graphics class),

185,309-311

clients (in computer networks), 8

clients (of classes), 96,102-105

close method, 761

ObjectlnputStream class, 784,

788-791

PrintWriter class, 758-759,

764-767,1191

Scanner class, 760-762,1193

CODE attribute, <APPLET> tags,

182-183

code format

comments. See comments

if and if/else statements, 221,223

indentation of program code,

24-25

while loops, 295

white space in application code, 44

code reusability, 2-3

CODEBASE attribute, <APPLET>

tags, 182-183

collision, name, 437

color, 195-200

GUI components, 826

Color class, 195-197,1169

column index (multidimensional

arrays), 576

columns of two-dimensional arrays

processing sequentially, 591-594

processing single column, 587-589

combinations, probabilistic, 955-959

combo boxes (JComboBox class),

823,825,834,862-870,1178

comma (,)

assigning initial values to arrays,

470,546,573,631

declaring variables, 48, 376-377,

569-570

in DecimalFormat class patterns,

122-123,126,1171

in floating point literals, 52

method arguments (parameters),

101,378

multiple interfaces, 710

command buttons. See Jbutton

command-line arguments,

retrieving, 505-506

comments

block comments, 44, 84

for Javadoc documentation,

440-441,448

line comments, 53, 84

compareTo method

BigDecimal class, 244-246,

1167-1168

enum objects, 425-427,1171-1172

String class, 249-252, 527-528,

1195

comparing. See also conditions

arrays (for equality), 487-489

floating-point numbers, 241-246

numbers, 146-147

objects, 247-252

strings, 249-252

compiler (javac), 26,440-441

compiler errors, 29-32

compilers, 19,21, 26-27

Component class, 823-825

components, GUI, 823-825

button components (JButton

class), 823,825, 834,842-846,

1177-1178

checkboxes (JCheckBox class),

823, 825,834, 846-848,

851-855,1177-1178

combo boxes (JComboBox class),

823,825,834,862-870,1178
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labels (JLabel class), 823,825,

827-831,1181

layout managers for

BorderLayout layout manager,

898-905,905-910,1168

FlowLayout layout manager,

828-829,1173

GridLayout layout manager,

885-897,905-910,1175

list components (JList class), 823,

825,834,858-862,1181-1182

password fields (JPasswordField

class), 823,825, 834, 836-842,

1183

radio buttons (JRadioButton

class), 823, 825, 834, 846-851,

1183-1184

text areas (JTextArea class), 823,

825,836-842,1184-1185

text fields (JTextField class), 823,

825, 834, 836-842,1185-1186

computer basics, 3-9

computer networks, 8-9

computer programming, about, 2-3

concatenating strings, 56-57, 81,118,

140-141,214

concatenation operator (+), 56-57,

60,81,118,140-141,214,

255,1153

conditional operator (?:), 252-255,

1153

conditional statements. See looping;

selection

conditions, 210-219. See also

comparing; flow of control

console input, 128-136

constants, 59-61. See also variables

for colors, 196-197

enumerations, 424

static, 137

constructors, 99-103. See also specific

class by name

inheritance rules, 664, 667,669

for subclasses, 664-667

for user-defined classes, 379-386

Container class, 658, 818-822,

824-828, 886, 898, 905,1170

control flow, 22

coordinate system (graphics), 184

copying arrays, 481-485

count-controlled loops, 333-353

counters in loops. See loop control

variables

counting, 296-299

arrays as counters, 540-545

CPU (central processing unit), 3-6

obtaining information about,

10-12

{ } (curly braces), 28,44

assigning initial values to arrays,

470, 546, 573

blocks in selection statements,

219-222, 233, 267

class definition, 44,115, 375,377,

657-658

loop body, 283, 295,497

method definition, 44, 378,446,

691,710

try/catch blocks, 739, 746

currency, formatting, 123-125,

148-150

current color, setting, 195-196

D

dangling else clauses, 233

dash (-)

decrement operator (-), 76-77,

80,214,255,1153

shortcut subtraction operator

(-=), 79-81, 214, 255,1153

subtraction operator (-), 63-65,

81,214,255,1153

data, 42

input. See input

input validation. See validating

input

output. See output

data hiding, 376

data manipulation methods, writing,

395-399
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data structures, 1000-1093

linked lists, 1000-1041

doubly linked lists, 1073-1078

exceptions for, 1022-1024

implementing queues with,

1036-1041

implementing stacks with,

1032-1036

nodes, 1000-1002

of generic types, 1078-1085

of objects, 1016-1032

of primitive types, 1002-1015

recursively defined, 1085-1093

sorted, 1059-1068

testing, 1012-1015,1028-1032

queues

array representation of,

1050-1059

implemented as linked lists,

1036-1041

stacks

array representation of,

1041-1046

implemented as linked lists,

1032-1036

data types. See also variables

arrays of. See arrays

enumeration types, 423-429

primitive, 47, 52

boolean, 51

char, 50-51

floating-point data types, 50

integer data types, 49

debugging applications, 30-32. See

also exceptions; testing

applications

decimal representation, converting to

binary, 14-15

DecimalFormat class, 114,115,

121-126,1170-1171

declaring (defining)

abstract classes and methods,

690-694

ArrayList objects, 612-614

arrays, multidimensional,

569-572,609-610

arrays, single-dimensional,

467-470

classes, 374-376

constants, 59-61

enumerated types, 423

generic classes, 1078-1087

interfaces, 709

object references, 99,101

subclasses, 657

user-defined exceptions, 753

variables, 47

decrement operator (-), 76-77, 80,

214,255,1153

decrementing loop control variable,

339-341

default case. See switch statements

default constructors, 99, 379

defining. See declaring

deleting objects, 110

delimiters, input, 133-134, 770

DeMorgan's Laws, 217-219, 317-318,

321

dequeuing items from queues,

1036-1040,1051-1054,1057

derived classes. See inheritance;

subclasses

DESELECTED constant, 854,1176

designing programs

inheritance, 656-684

iteration vs. recursion, 980-981

pseudocode, 22-26

recursion, 940-981, 1085-1093

animation by, 976-980

binary search, 964-970

identifying base and general

cases, 940-943

linked lists defined by,

1085-1093

two base cases, 955-959

with return values, 944-955

deterministic computing, 126

dialog boxes, 114,153-157
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direct super- and subclasses, 658,

665,667,668,676

divide method (BigDecimal class),

245,1168

division by zero, 72-73

division operator (/), 63-66,214,

255,1153

documentation with Javadoc utility,

440-446

$ (dollar sign)

in DecimalFormat class patterns,

121-126

in identifiers, 43,48

dot. See period (.)

dot notation, 104,137-138,141,474

double data type, 20,42,47-52,55

comparing floating-point

numbers, 241-246

division, 63-64,66-67

double quotes (")

escape sequence for, 56,58

in String literals, 56-58

Double wrapper class, 150-153,1171

doubly linked lists, 1073-1078

do/while loops, 326-329

nesting, 351-352

dragging, mouse, 834, 871-872,

879-885

DRAM (dynamic random access

memory), 6

draw method (graphical objects),

417-420

drawing. See graphics

drawLine method (Graphics class),

185-188

drawOval method (Graphics class),

185,186,189-190

drawPolygon method (Graphics

class), 185

drawRect method (Graphics class),

185,186,189-190

drawString method (Graphics class),

185-187

drop-down lists. See combo boxes

(JComboBox class)

E

£ constant (Math class), 141-143,

1186

echo character, password fields,

837-841,1183

elements, arrays. See arrays

else clause. See entries at ifstatements

empty String, 116-118

encapsulation, 97-98,137, 376

arrays as instance variables,

498-501

inheritance and, 663, 678

end of file, detecting, 289,292, 304,

771,778,1190

endless loops, 285, 289

enhanced for loops, 615-619

enqueuing items into queues,

1036-1041, 1051-1055

enumeration (enum) types, 423-429

EOFException exception, 788-792,

1190

equal sign (=)

assignment operator (=), 51,62,

81,107,212,214,255,482,

1153

equality operator (==), 211-212,

214, 241-243,247-249,255,

489,1153

equality of arrays, determining,

487-489

equality operator (==), 211-212,

214,241-243, 247-249,255,

489,1153

equals method

comparing objects, 247-249

for enum objects, 425-427,1172

String class, 249-252,1195

user-defined classes, 405-410

equalsIgnoreCase method (String

class), 249-252

errors. See also exceptions; testing

applications

cannot find symbol, 30,63,225,

385
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case sensitivity in identifiers, 28,

43

compiler errors, 29-32, 35

dangling else clauses, 233

endless loop, 285, 289

final variables (assigning a new

value), 59

logic errors, 32,35,222,285,394

null object reference, 108-110

possible loss of precision, 55

return type for constructors, 384

rounding errors, 241,244

run-time errors, 31-32, 35,108,

121

stack overflow, 949-950,959

unclosed string literal, 57

variable is already defined, 55-56

escape sequences, 52, 56-58, 290

event-controlled looping, 285-293

event handling, 831-835

EventListener interface, 832

EventObject class, 832-833,1165

Exception class, 739-740, 743-744,

1172-1173

exceptions, 738-757. See also specific

exception by name

catching multiple (finally blocks),

749-753

checked and unchecked, 743

try and catch blocks, 739-753

user-defined, 753-757,1022-1024

exclamation point (!)

not equal operator (!=), 211,214,

255,489,1153

NOT operator (!), 213-215,

217-219,255,321,1153

executing applets, 181-184

executing applications, 27

expanding arrays, 485-487

explicit type casting, 73-75

exponent, 144

expressions, 62-63

conditional operator (?:), 252-255,

1153

extends clause, 179-180,657-658.

See also inheritance

F

factorials, calculating, 945-950,

1118-1119

factoring numbers, 350-353

false (reserved word), 43, 51

fields, of a class, 97, 375, 377, 379,

382

File class, 290-292,1173

FilelnputStream class, 757-758,

788-791

FileNotFoundException exception,

739-740, 759-762, 765, 783,

788,796,1173,1192

FileOutputStream class, 758-759,

764-768,783,1173

writing data, 763-768

writing objects, 783-788

files, 757-777'. See also input; output

appending to text files, 767-768

closing, 761-762

end of file, detecting, 290, 762,

788-791,1191

opening, 761

reading data from text files,

289-293, 759-763, 773-777

reading objects from files, 788-792

writing data to text files, 757-762

writing objects to files, 783-788

writing to text files, 764-767

fillOval method (Graphics class),

185,189-190,1174

fillRect method (Graphics class), 185,

189,1174

bar charts of array data, 490-493

finally blocks, 739, 749, 790-792

firing events. See event handling

flags (boolean variables), 350,

747-748, 873, 880

Float class, 151

float data type, 50, 52

floating-point data types, 50
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comparing floating-point

numbers, 241-246

division, 63, 66,67

floating point unit (FPU), 4, 70

flow of control, 22-24,42,209-262

looping (iteration), 25

do/while loops, 326-329

for loops, 333-353

while loops, 282-326

method calls, 23-24

recursion, 940-958, 964-970,

976-981

recursion versus iteration,

981-982

selection, 24

conditional operator (?:),

252-255,1153

if statements, 219-222

if/else statements, 222-225

if/else if statements, 225-229

switch statements, 255-262

sequential processing, 22

FlowLayout layout manager,

828-830,885,1173

for loops, 333-353

ArrayList objects, looping

through, 615-619

enhanced for loop, 615-619

multidimensional array

operations, 582-597

nesting, 346-353

single-dimensional array

operations, 476-493

testing techniques for, 345-346

foreground color, setting, 195-200,

826,839,1175,1180

form feed character (\f), 58,134

Unicode equivalent, 134

formal parameters, 378, 383

format method

DecimalFormat class, 122-125,

1170

NumberFormat class, 148-149,

1189

format of programming code

comments. See comments

indentation of program code, 24,

212,223,233,295

white space in application code, 44

formatting output. See

DecimalFormat and

NumberFormat

FPU (floating point unit), 4, 70

Frame class, 818-819

functions. See methods

garbage collector, 107,110,1007

GCD (greatest common divisor),

calculating, 950-954

general case (recursion), 940-942,

944_948,952-959, 964-965,

971,977,1127-1128,1131,

1137

generic classes (parameterized

types), 6011,1078-1085,

1086

get method (ArrayList class),

614-617,1166-1167

get methods (accessor methods),

105,137,386-390

getContentPane method (JFrame

class), 820, 822, 1180

getCurrencylnstance method

(NumberFormat class),

148-149,1189

getHeight method (JApplet class),

310

getMessage method (exception

classes), 744, 754,1172

getPassword method

(JPasswordField class), 837,

842,1183

getPercentlnstance method

(NumberFormat class), 148

getSelectedlndex method

JComboBox class, 863, 88-869,

1178

JList class, 859-861,1182

getSource method
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ActionEvent class, 843-845,1165

EventObject class, 832,834

ItemEvent class, 850-851,1176

getStateChange method (ItemEvent

class), 854

getText method

JTextArea class, 837,1185

JTextField class, 837,1186

getWidth method (JApplet class),

306, 308

getX, getY methods

MouseEvent class, 871, 876-877,

885,1188

graphical user interfaces. See GUIs

graphics, 178-179

color, using, 195-200

drawing shapes, 184-195

bar charts, 490-493, 594-597

bullseye, 341-344

dice, 260-262

lines, 185-188

ovals (circle), 185-186,

189-190, 343-344

polygons, 185,190-192

rectangles (squares), 185-186,

189-190

graphics coordinate system, 184

offsets, 194-195

text, displaying, 185-187

Graphics class, 181,184-185,

1174-1175

greater than operator (>), 212,

214-216,255,1153

greater than or equal to operator

(>=), 212-214,255,1153

greatest common divisor, calculating,

950-954

GridLayout layout manager,

885-897,905-906,1175

GUIs (graphical user interfaces),

818-915

adapter classes, 870-885

components, 823-831

buttons (JButton class), 823,

825, 834, 842-846

checkboxes (JCheckBox class),

823,825, 834,846-848,

851-855

combo boxes (JComboBox

class), 823, 825, 834,862-870

labels (JLabel class), 823, 825,

834,827-831

lists (JList class), 823, 825, 834,

858-862

password fields (JPasswordField

class), 823,825,834, 836-842

radio buttons (JRadioButton

class), 823, 825, 834, 846-851

text areas (JTextArea class), 823,

825, 834, 836-842

text fields (JTextField class),

823, 825,834,836-842

containers (Container class), 658,

818-822,824, 825-826, 829,

895,898,905,1170

event handling, 831-835

action events, 833-834,

841-845,1165

adapter classes, 870-871

item events, 833-834,848-855,

862,1176

list selection events, 833-834,

858-861,1186

mouse events, 833-834,

871-885,1187-1188

JComponent class, 824-826

JFrame class, 818-822,824,885,

899,905,1180

panels and (JPanel class),

905-910,1181

layout managers

BorderLayout, 898-906,1168

FlowLayout, 828-830, 885,1173

GridLayout, 885-897,905-906,

1175

H

handling events, 831-835

action events, 833-834, 841-845,

1165



1230 Index

adapter classes, 870-871

item events, 833-834, 848-855,

862,1176

list selection events, 833-834,

858-861,1186

mouse events, 833-834,871-885,

1187-1188

handling exceptions, 738-757. See

also specific exception by name

catching multiple (finally blocks),

749-753

checked and unchecked, 743

try and catch blocks, 742-753

user-defined, 753-757,1022-1023

hard coding, 738

hardware, 3-7

system configuration, 9-12

hasNext method (Scanner class),

290-292, 303-304, 313-314,

762,1193

hasNextBoolean method (Scanner

class), 314,1193

hasNextByte method (Scanner class),

314,1193

hasNextDouble method (Scanner

class), 314,1193

hasNextFloat method (Scanner

class), 314,1193

hasNextlnt method (Scanner class),

312-314,435-436,1193

hasNextLong method (Scanner

class), 314,1193

hasNextShort method (Scanner

class), 314,1193

<HEAD> tags, 182-183

heavyweight components, 824

HEIGHT attribute, <APPLET> tags,

182-183

hexadecimal numbers, 12,15-17,

1155

hierarchies of classes. See inheritance

high-level programming languages,

18-19

<HTML> tags, 182-183

HTML tags, 181-183

hyphen (-)

decrement operator (--), 76-77,

214,255,1153

shortcut subtraction operator

(-=), 80-81, 214, 255,1153

subtraction operator (-), 63-64,

66,81,214,255,1153

I

IDE (integrated development

environment), 27,29-31,34,

43,183

identifiers (names), 43-44, 386

classes, 98,374

constants, 59-61

generic class, 1078

naming conventions, 48-49,

59-60, 98, 375, 377, 390,437,

442

reserved words, 43-44, 51,1151

scope of. See scope

variables, 47-48

if statements, 219-222

if/else if statements, 226-229

dangling else clauses, 233

if/else statements, 222-225,230-238

conditional operator (?:) vs., 252

dangling else clauses, 233

sequential and nested, 230-236

testing techniques for, 236-237

implicit invocation

of superclass constructor, 665

of toString method, 409,427

implicit parameter (this), 404

implicit type casting, 73

import statement, 115

increment operator (++), 76-77, 80,

214,255,1153

indentation of program code, 24-25

if and if/else statements, 219,222

while loops, 295

index, array, 466,470,472, 576

indexOf method (String class),

119-120,1195

induction, proof by, 1130
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inequality. See not equal operator

(!=); relational operators

infinite loops, 285

Infinity value, 72

inheritance, 179, 656-721

abstract classes and methods,

689-699

designing, 658-659

event classes, 832-833

exceptions, 739-740, 753

inherited members of a class,

660-664

interfaces, 709-718

overriding methods, 672-677

polymorphism, 699-709

protected access modifier, 677-684

subclass constructors, 665-669

subclass specialization, 669-672

subclasses, 656-658

superclasses, 656-658

swing components, 824-826

syntax (extends), 657

init method (JApplet class), 420-421

initial values

arrays, 469,470, 569, 573-576

constants, 59-60

instance variables, 377, 380

object references, 108

initializing variables, 51-55

inner classes, 835

input

dialog boxes, 153-157

end of file, detecting, 290, 760,

762,788-792,1190,1193

GUI components for. See

components, GUI

reading from Java console,

128-136

reading from text files, 289-293,

759-763

reading objects from files, 788-792

retrieving command-line

arguments, 505-506

type-safe input, 312-316

validating. See validating input

InputMismatchException exception,

135,312-315,435,740,

770-772,1194

InputStream class, 129, 757-758, 788,

1189,1192

Insertion Sort, 518-526,527-528,

1138-1139

instance variables, 97

access modifiers, 375-377,

663-664, 677-684

arrays as, 498-505

default initial values for, 380

defining, 376-377

inherited, 660-664,677-684

protected (access modifier),

677-684

transient, 787

instance of classes, 96. See also

objects

instanceof operator, 408

instantiation

of arrays 468-470, 571-572

of objects 20,43, 96, 102

using constructors, 99-103

instruction pointer register (program

counter), 5

instructions (programming steps),

2-5, 22,42

int data type, 49

Integer class, 150-153

integer data types, 49, 52

integer division, 69-71, 71-72

integer unit (IU), 4

integrated development environment

(IDE), 27, 29-30, 34,183

interfaces, 709-718

Internet, 3, 8-9,19, 20-21

Internet browsers, 8, 21,178,181

interpreted languages, 19

IOException exception, 290,

739-740, 743, 759, 759-762,

775-776, 783, 785-791,

1189-1190

IP addresses, 9

"is a" relationships, 658
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isEmpty method (ShellLinkedList

class), 1021-1022

ItemEvent class, 833-834, 848, 850,

852-854,862,869,1179

ItemListener interface, 836-837,850,

853,856,864,1179-1181,

1187

itemStateChanged method

(ItemListener interface), 850,

853,856,1176

iteration. See looping

IU (integer unit), 4

J

JApplet class, 179-181,1179

Java applets, 17, 21-22

executing, 181-183

with graphics. See graphics

init method, 420-421

structure of, 179-181

Java applications. See applications

Java compiler (javac), 26

Java console, reading from, 128-136,

138-139

Java Development Kit (JDK), 26,183,

440

.Java files, 26

Java language, 20-22

Java letters, 43

Java packages, 114-115. See also

specific package by name

user-defined, 434-439

Java servlets, 21

java.awt package, 115, 184,190

java.awt.event package, 834, 845

javac (Java compiler), 26

Javadoc utility, 440-446

java.io package, 115,138,289-290,

739, 757-759

java.lang package, 115,116,138,141,

150,424,739,790

java.text package, 115,122,148

java.util package, 115,126,130,

611-612

javax.swing package, 115,153-154,

179, 818, 823-824

javax.swing.event package, 832, 846

JButton class, 823, 825,834, 842-846,

1177

example of (programming

activity), 855-857

JCheckBox class, 823,825,834,

846-848,851-855,1177

JComboBox class, 823, 825, 834,

862-870,1178

JComponent class, 824-826,829,

830,834,905,1170,

1179-1180

JDK (Java Development Kit), 26,183,

440

JFrame class, 818-822,824,829, 834,

839,885-886,899,1183

example of (programming

activity), 911-915

JLabel class, 823, 825, 827-831, 839,

850,853,858,860,902,1181

JList class, 823,825, 834, 858-862,

1179,1181-1182

JOptionPane class, 114,153-158,

410,739,1182

JPanel class, 905-910

example of (programming

activity), 911-915

JPasswordField class, 823, 825,

836-842,1183

JRadioButton class, 823,825,834,

846-851,1169,1179,

1183-1184

JTextArea class, 823, 825, 836-842,

868,1179,1184-1185

JTextField class, 823, 825, 834,

836-842,1179,1183,

1185-1186

JVM (Java Virtual Machine), 19, 21

executing Java code, 26-27,

103-104,183,210,290,379,

404,410,412

exception handling, 31, 71,110,

743,746,749,751-752
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invoking, 26-27, 29

memory allocation, 102,107

method calls and recursion, 678,

949

polymorphism, 699-700

K

keywords, Java, 29, 42-44, 1151

LI cache, 4, 6, 7

L2 cache, 4-7

labels (in GUIs). SeeJLabel

layout managers

BorderLayout layout manager,

898-905,905-910,1168

dynamically setting, 890-897

example of (programming

activity), 911-915

FlowLayout layout manager,

828-830,885,1173

GridLayout layout manager,

885-897,905-910,1175

length method (String class),

119-120,1196

length of arrays, 471,473,476,

576-577

less than operator (<), 212,1153

less than or equal to operator (<=),

212,1153

LIFO (last in, first out) approach,

1032

lightweight components, 824

lines, drawing, 185-188. See also

graphics

linked lists, 1000-1036

doubly linked lists, 1073-1078

exceptions for, 1024-1026

generic types, 1078-1085

implementing queues with,

1036-1041

implementing stacks with,

1032-1036

nodes, 1000-1002,1016,

1018-1020

recursively defined, 1085-1093

sorted, 1059-1068

example of (programming

activity), 1068-1073

testing, 1012-1015

Linux systems, 7

configuration information, 9-12

modifying CLASSPATH variable,

438^39

list components. See JList class

listener (event handler), 832

listener interfaces, 832, 834-835

lists, drop-down. See JComboBox

class

ListSelectionEvent class, 834, 858

ListSelectionListener interface,

834-835,858,860,1186

literal values, 52-53

loading the operating system, 7

local scope, 385

log method (Math class), 142,144,

1187

logic errors, 32,60-61,222, 285,296,

301,304,333,394,591,738

No-op effect, 394

logical operators, 213-219

DeMorgan's Laws, 217-219,

317-318,321

loop conditions, constructing,

316-324

long data type, 49, 52

Long wrapper class, 151

look and feel, defined, 824

loop control variables, 334-339

decrementing, 339-341

scope of, 336-337

loop update statements, 285

for loops, 333-336, 338, 340, 343

looping, 25, 282-356

array operations

multidimensional arrays,

582-597

searching. See searching arrays

single-dimensional arrays,

475-493
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sorting. See sorting arrays

constructing conditions for,

316-324

do/while loops, 326-329

endless loop (infinite loop), 285

nesting, 346-353

for loops, 331-342

example of (programming

activity), 353-356

single-dimensional array

operations, 475-493

testing techniques for, 345-346

two-dimensional array

operations, 582-597

nested loops, 346-353

recursion vs., 980-981

techniques for, 293-312

accumulation, 25, 293-296

average, 299-302

counting, 296-299, 538-543

finding maximum/minimum

values, 302-305

through ArrayList objects,

615-616

while loops, 282-293

testing, 324-326

example of (programming

activity), 329-332

low-level programming languages,

18-19

M

machine language, 18-19

Math class, 114, 115,137,141-147,

1186-1187

max method (Math class), 142,146,

1187

maximum values, finding, 146,

230-232, 302-305

among array elements, 480-481,

516

members of classes, 97. See also

instance variables; methods;

objects

inherited, 660-664

interface members, 709-710

protected (access modifier),

677-684

static, 410-416

transient, 787

memory, 3-7

message dialogs (JOptionPane),

153-158

meta-characters, 770

methods, 20,43,97

abstract, 689-699

arrays as parameters, 498-505,

597-602

calling, 23-24, 97,103-107

constructors, 99-103,665-669

example of (programming

activity), 111-114

implicit vs. explicit invocation,

140-141,665-666

inherited, 660-664

implicit parameter (this), 403-404

overloading, 382-383,676-677.

See also inheritance

overriding vs., 676-677

overriding, 405,656,672-677

overloading vs., 676-677

protected (access modifier), 375,

663-664,676

public vs. private, 102. See also

access modifiers

recursive methods. See recursion

scope, 385

static. See static class members

throwing user-defined exceptions,

753-756

user-defined, 377-379

accessor methods, 386-389

constructors, 379-386

data manipulation methods,

395-399

mutator methods, 390-395

toString and equals methods,

404-410

min method (Math class), 142,

146-147,1187
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minimum values, finding, 146-147,

230-232, 302-305

among array elements, 480^181

minus (-)

decrement operator (--), 76-78,

1153

shortcut subtraction operator

(-=), 79-80,1153

subtraction operator (-), 63,66,

1153

mixed-type arithmetic, 73-76

modulus operator (%), 63, 69-71,

1153

mouse events, 871

MouseAdapter class, 871, 872-876

mouseClicked method

(MouseListener interface),

872,876,1188

mouseDragged method

(MouseMotionListener

interface), 879-885,1189

mouseEntered method

(MouseListener interface),

872,1188

MouseEvent class, 833, 834, 871, 872,

876,879-885,1187-1188

mouseExited method

(MouseListener interface),

872,1188

MouseListener interface, 834, 835,

871-878,1179,1187,1188

MouseMotionListener interface, 834,

835, 871, 879-885,1188-1189

mouseMoved method

(MouseMotionListener

interface), 879-885,1189

mousePressed method

(MouseListener interface),

872,1188

mouseReleased method

(MouseListener interface),

872,1188

msinfo32.exe program, 10

multidimensional arrays, 568-610

accessing elements of, 576-581

aggregate operations, 582-597

displaying data as bar chart,

594-597

printing array elements,

584-585

processing all elements,

582-585

processing columns

sequentially, 591-594

processing given column,

587-589

processing given row, 585-587

processing rows sequentially,

589-591

assigning initial values, 573-576

declaring and instantiating,

569-572

example of (programming

activity), 602-607

method parameters and return

values, 597-602

multiplication operator (*), 46,

63-65,1153

multiply method (BigDecimal class),

244-246,1167

mutator methods, 105,137

writing, 390-395

N

name collisions (multiple

programmers), 437

names. See identifiers.

NaN (Not a Number), 72

n-dimensional arrays. See

multidimensional arrays

nesting

if/else statements, 232-236

loops, 346-353

processing multidimensional

arrays, 582-597

networks, 3,8-9

new keyword, 101,1151

instantiating ArrayList objects,

612-614
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instantiating arrays, 468-470,

571-572

instantiating objects, 99-101

newline character (\n), 44, 52, 58,

133-134

next method (Scanner class),

129-133,1193

nextBoolean method (Scanner class),

129-130,132,1194

nextByte method (Scanner class),

129-130,132,1194

nextDouble method (Scanner class),

129-130,132,1194

nextFloat method (Scanner class),

129-130,132,1194

nextlnt method (Scanner class),

129-130,132,1194

nextLine method (Scanner class),

127-128,134-135,1194

nextLong method (Scanner class),

129-130,132,1194

nextShort method (Scanner class),

129-130,132,1194

nodes. See linked lists

No-op effect, 394

Not a Number (NaN), 72

not equal operator (!=), 211,1153

NOT operator (!), 213-214,1153

null object references, 108-111,380,

403,425,469,473,486-487,

572, 576

NullPointerException exception,

109-110,382,474-475,581,

740,743,830,1011-1012,

1036,1041,1090

NumberFormat class, 114,148-150,

1170,1189

NumberFormatException exception,

157, 740-747, 749, 750-752,

845,1167,1171,1176

Object class, 246,405,489, 614, 656,

659,710,1083

object references, 96,99-103,104,

107-111

null object references, See null

object references

this reference, 403-404

ObjectlnputStream class, 755,

788-793,1192-1193

example of (programming

activity), 793-796

object-oriented programming, 20,

96-97

classes. See classes

inheritance. See inheritance

interfaces, See interfaces

polymorphism. See

polymorphism

ObjectOutputStream class, 757-758,

784-791,1189-1190

objects, 20

arrays of, 467-469,569-575

sorting, 527-528

comparing, 247-249

comparing Strings, 249-252

creating

with constructors, 99-101

with factory methods, 148

deleting, 110

keys for, 1059

polymorphism. See polymorphism

reading and writing to files,

782-792

example of (programming

activity), 792-795

references to. See object references

this reference, 403-404

wrapper classes, 150-153

offsets, 194

OOP. See object-oriented

programming

opening a file, 761

operating systems, 7

system configuration, 9-12

operators

arithmetic operators, 63,1153

assignment operator (=}, 51,

62-63,66,212,1153

binary operators, 63
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conditional operator (?:), 252-254,

1153

equality operators, 211-212,1153

instanceof operator, 408,1153

logical operators, 213-217,1153

DeMorgan's Laws, 217-219

precedence of, 65-67,118,1153

relational operators, 212-213,

1153

shortcut operators, 76-81,1153

OR operator (II), 213-217,1153

DeMorgan's Laws, 217-219

order of magnitude, 981,1119-1123

order of precedence. 65-67,118,

1153

ordinal method, for enum objects,

425-427

OS (operating system), 7

output

formatting numbers,

using DecimalFormat class,

121-126

using NumberFormat class,

148-150

graphical. See graphics

java.io package, 115, 758-759

message dialogs (JOptionPane

class), 153-158

System.out, 138-141

writing objects to files, 782-788

writing to text files, 763-768

appending to text files, 767-768

OutputStream class, 758-759, 764,

765, 783

ovals, drawing, 185-186,189-190

overloading methods, 382-383,

676-677. See also inheritance

overriding vs., 676-677

overriding methods, 405,656,

672-677

inheritance and, 672-677

overloading vs., 676-677

packages, 114-115. See also specific

package by name

user-defined, 434-439

paint method (JApplet class),

179-181

palindrome search (example),

959-964

panels (JPanel class), 905-910

example of (programming

activity), 911-915

parameterized types, 611,1078-1085

parameters of methods. See

arguments

parentheses (), 65-66

calling methods, 104

parseDouble method (Double class),

149-157,1171

parselnt method (Integer class),

149-157,1176

parsing a String using Scanner,

769-773

passing arguments to methods. See

arguments

password fields (JPasswordField

class), 823, 825, 836-842,

1183

Pause class, 111,309

percent sign (%)

for DecimalFormat class patterns,

123-125

modulus operator (%), 63, 69-71,

1153

shortcut modulus operator (%=),

79-81

percentages, formatting, 123-135,

148-150

performance

CPU, 5-6

exception catching, 752

iteration vs. recursion, 980-981

memory, 6-7

protected access modifer, 678

period (.)

for DecimalFormat class patterns,

123-125
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dot notation, 104

with static class members, 137,

415

PI constant (Math class), 141-143

pixel locations, 184

plus (+)

addition operator, 63-65,1153

concatenation operator for Strings

(+), 56-57, 81,118-119

shortcut addition operator (+=),

78-80,1153

shortcut concatenation operator

(+=), 118

shortcut increment operator (++),

76-78,1153

polymorphism, 699-701

example of (programming

activity), 701-709

popping items from stacks,

1032-1036,1041-1046

postfix operators, 77-78,1153

pound sign (#) for DecimalFormat

class patterns, 123-125

pow method (Math class), 142,

144-145,1187

precedence, name, 394

precedence, operator, 65-67,118,

1153

predefined classes, 114-115, See also

specific class by name

predefined colors, 196-197,1169

prefix operators, 77-78,1153

priming reads, 286-295, 298,335

primitive data types, 47

wrapper classes, 150-153

print method

PrintStream class, 138-140,1196

PrintWriter class, 764-768,1191

printing array elements, 474-475

println method

PrintStream class, 138-140, 756,

1196

PrintWriter class, 764-768,1191

printStackTrace method (exception

classes), 744-746,1172

PrintStream class, 138-140, 756,

1199

PrintWriter class, 758-759, 764-768,

1191

private (access modifier), 375-376

inheritance and, 662-663

inner classes (event handlers), 841

instance variables, 375-376

private methods, 378, 385

UML diagrams (indicating on),

659

program design

event-driven model, 831-832

inheritance, 658-659

iteration vs. recursion, 980-981

model-view-controller, 824

pseudocode, 22-26

recursion, 940

UML diagrams, 656, 659

programming basics, 22-26

programming languages, 18-19

strongly typed, defined, 47

programs (software). See application

software

promotion of operands, 73

proof by induction, 1130-1132

protected (access modifier), 375, 385,

676,677-684

rules for, 684

pseudocode, 22-26

pseudorandom numbers, 126

public (access modifier), 375-376,

378

inheritance and, 662,684

interfaces, 710

public methods, 378

UML diagrams (indicating on),

659

pushing items into stacks,

1032-1036,1041-1046
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question mark for conditional

operator (?:), 252-254,1153

queues

array representation of, 1050-1059

implementing with linked lists,

1036-1041

quote ('), escape sequence for, 58

quotes, double ("), 56-59

R

radio buttons (JRadioButton class),

823,825,834,846-851,1169,

1179,1183-1184

RAM (random access memory), 4-7

Random class, 114,115,126-128,

1192

random numbers, 126

reading data. See input

readObject method

(ObjectlnputStream class),

787-792

rectangles, drawing, 85-86,189-190

recursion, 940-981

animation by, 976-980

binary search, 964-970

identifying base and general cases,

940-943

iteration vs., 980-981

linked lists defined by, 1085-1093

palindrome search (example),

959-964

Towers of Hanoi (example),

970-976

two base cases, 955-959

with return values, 944-954

calculating factorials, 945-950

calculating greatest common

divisor, 950-954

regular expression, 769

relational operators, 212-213,1153

remove method (ArrayList class),

615,1167

removeAll method (Container class),

829,1170

removeMouseListener method,

877-878

renaming. See identifiers (names)

repaint method (Component class),

879-881,1179

repetition, See looping

reserved words, 43,1151

resizing arrays, 485-487

return statement, 379

in recursion methods, 944

return values (methods), 104

arrays as, 498-505, 597-602

for constructors (error), 384

recursion with, 944-954

reusability of code, 20,98, 374,434,

444

generic classes, 611,1001

graphical objects, 416

through inheritance, 656-657

through interfaces, 715

round method (Math class), 142,

145,1187

rounding numbers, 145

row index (multidimensional

arrays), 576

rows of multidimensional arrays

processing rows sequentially,

589-591

processing single row, 585-587

running applets, 181-183

running applications, 27, 29

running time analysis, 1118-1141

counting statements, 1123-1126

example of, 1132-1135

evaluating recursive methods,

1127-1132

of searching and sorting

algorithms, 1136-1141

run-time errors, 31-32,108,121
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Scanner class, 114,115

reading data from text files,

289-293, 759-763

reading user input from the Java

console, 128-136

parsing a String, 769-773

verifying data type of input,

312-316

scope

block scope, 225, 284-285

of loop control variable, 333,

336-337, 349

class scope, 377, 385

local scope, 385

searching arrays, 507-511, 528-534

binary search, 529-534

example of (programming

activity), 534-540

recursive binary search, 964-970

sequential search, 505-511,

528-529

SELECTED constant, 852-854

selection (program flow control), 24

conditional operator (?:), 252-254

vs. if/else, 253

dangling else clauses, 233

example of (programming

activity), 238-239

if statements, 219-222

if/else if statements, 226-229

if/else statements, 222-225

sequential if/else statements,

230-232

nested if/else statements,

232-238

testing techniques for, 236-237

sorting arrays. See sorting arrays

selection components (GUIs). See

checkboxes; combo boxes; list

components; radio buttons

Selection Sort (arrays), 512-517,

1132

semicolon (;)

abstract method definition,

691,710

after conditions (error), 222,

285, 333

for loops, 333

statement terminator, 44,48

sentinel values, 283,287-289,296,

316,320,324-325

sequences of variables. See arrays

sequential if/else statements, 230-232

sequential processing, 22

sequential search, 505-511

of sorted arrays, 528-529

Serializable interface, 783-784, 787,

788

servers, 8,9

servlets, 21

set method (ArrayList class), 615,

1167

set methods (mutator methods), 105,

137,390-395

setBackground method

(JComponent class), 826,

830,1179

setColor method (Graphics class),

195-200,1175

setEchoChar method

(JPasswordField class), 837,

840,1183

setEditable method (JPasswordField,

JTextArea, JTextField classes),

837,841,1185,1186,1183

setEnabled method (JComponent

class), 826,1179

setForeground method

(JComponent class), 826,

830,1179

setLayout method (Container class),

829,1170

setMaximumRowCount method

(JComboBox class), 863,868,

1178
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setOpaque method (JComponent

class), 826, 830,1179

setSelectedlndex method

JComboBox class, 862-863,1178

JList class, 859-862, 1182

setSelectionMode method (JList

class), 859-862,1182

setSize method

JApplet class, 422

JFrame class, 820-822,1180

setText method (JPasswordField,

JTextArea, JTextField classes),

837-839,1183,1185,1186

setToolTipText method

(JComponent class), 826,

828,1180

setVisible method

JComponent class, 826,1180

JFrame class, 820-822,1180

shapes, drawing, 182-193. See also

graphics

ShellLinkedList class, 1020-1022

short-circuit evaluation, 215-216,

1011-1012

Short class, 151

short data type, 49, 52

shortcut operators, 76-81

showInputDialog method

(JOptionPane class),

153-157,1182

showMessageDialog method

(JOptionPane class),

153-157,1182

signature, method, 382

overloading, 382-383

overriding, 676

UML, 659

single-dimensional arrays, 466-545

accessing elements of, 470-475

aggregate operations, 475-493

comparing arrays for equality,

487-489

copying arrays, 481-485

displaying data as bar chart,

490-493

examples of (programming

activity), 493-498

maximum/minimum values,

finding, 480-481

printing array elements,

476-477

reading data into arrays,

477-478

resizing arrays, 485-487

summing array elements,

479-480

as counters, 540-545

declaring and instantiating,

467-470

queues, representing, 1050-1059

searching, 507-511, 528-534

binary search, 529-534

example of (programming

activity), 534-540

recursive binary search,

964-970

sequential search, 505-511,

528-529

sorting elements of

arrays of objects, 527-528

Bubble Sort algorithm, 534-540

Insertion Sort, 518-526

Selection Sort, 512-517

stacks, representing, 1041-1046

in user-defined classes, 498-505

single quote ('), escape sequence for,

58

SINGLE_SELECTION constant,

859-862

size method (ArrayList class),

615-616,1167

size of ArrayList objects, 613-614

size of arrays, changing, 485-487

slash (/)

/* */ for block comments, 44-45
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/** */ for Javadoc-included

commands, 440-442

// for comments, 44-45

division operator (/), 63-65,1153

shortcut division operator (/=),

79-81,1153

Smalltalk language, 20

sorting arrays, 512-528

arrays of objects, 527-528

Bubble Sort algorithm, 534-540

Insertion Sort, 512-526

Selection Sort, 512-517

sorting linked lists, 1059-1068

example of (programming

activity), 1068-1073

spaces. See whitespace

speed, CPU, 4-6

sqrt method (Math class), 142,144,

1187

square brackets [ ] for declaring

arrays, 467-468, 569-570

StackOverflowError error, 949

stacks

array representation of, 1041-1046

example of (programming

activity), 1046-1050

implementing with linked lists,

1032-1036

standard output device, 138

statements, 44. See also specific

statement by keywords

static class members, 410-416

calling static methods, 104,

136-138

interface members, 710

static keyword, 136,410

storage devices, 5

String class, 116-121,1194-1196

StringlndexOutOfBoundsException

exception, 121,740

strings, 56-59,116-121,1194-1196.

See also characters

comparing, 249-252

concatenating, 56-57

literals and escape sequences,

56-59

palindrome search (example),

959-964

parsing with Scanner, 769-773

printing backwards, 339-341

reading, 128-135

toString method, 140-141,

404-408

strongly typed programming

languages, 47

structured text files, 769, 773-777

example of (programming

activity), 778-782

subarrays, 512. See also sorting arrays

subclasses, 180,656-659 See also

inheritance

constructors for, 665-669

inheritance rules, 664, 669,676,

684

inheriting from abstract classes,

689-699

overriding inherited methods,

672-677

specialization, adding, 669-672

UML diagrams, 656

substring method (String class), 117,

120-121,1196

subtract method (BigDecimal class),

245,1167

subtraction operator (-), 63,66,1153

summing array elements, 479-480,

585-587, 589-591

super keyword, 665, 673

calling superclass constructors,

665-669

calling superclass methods, 181,

673-676

superclasses, 656-658, See also

inheritance

abstract. See abstract classes and

methods

swing components, 819, 824

SwingConstants interface, 829, 830,

902,1181
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switch statements, 255-262

example of (programming

activity), 263-265

symbol tables, 386

symbols, 385-386

syntax, 2,42

arrays

accessing elements, 470-471,

576-577

declaring and instantiating,

467-469, 579-572

method parameter, 498, 598

method return value, 498, 598

assignment operator, 62

conditional operator, 252

declaring variables, 48, 59,101,

376, 787,1078

defining classes, 375, 657, 690, 710,

1078

defining interfaces, 710

do/while, 326

enum objects, 424

explicit type casting, 74

for loops, 333

if statements, 219,222,226

initializing variables, 51, 54

javadoc comments, 441^142

methods,

calling, 104,137,665,673

writing, 136, 378, 380,691

package statement, 437

return statements, 379

switch statements, 255-256

try/catch block, 743, 749-750

while loops, 283

syntax errors, 30-32

System class, 138-139,1196

System.exit method, 29,138-139

System.in stream, 130,138-139,

1192

System.out stream, 138-139

system configuration, 9-12

tab character (\t), 52, 58

tag section, Javadoc comments, 442

tail recursive methods, 953

tail references (queue), 1037

testing applications, 31-32. See also

debugging applications

encapsulation, 503-505

for loops, 345-346

if/else statements, 236-237

linked lists, 1014-1017

while loops, 324-326

text areas (JTextArea class), 823, 825,

836-842,868,1179,

1184-1185

text fields (JTextField class), 823, 825,

834,836-842,1179,1183,

1185-1186

text files, 287, 757. See also files

appending data, 767-769

end of file, detecting, 290, 760,

762,788-792,1190,1193

into arrays, 475-476

opening, 761

reading data from, 289-293,

759-763

reading objects from, 788-792

structured files, 769, 773-777

writing data to, 763-767

writing objects to, 782-788

text in GUIs. See labels

this reference, 403-404

thresholds for floating-point number

comparison, 242-244

throwing exceptions. See exceptions

<TITLE> tags, 182

toggle variables, 342, 344

tokens, input, 133-135,290-291,

312-315,769-771

toLowerCase method (String class),

119-120,1196

toString method, 140-141

for enum objects, 425-427

exception classes, 744

ShellLinkedList class, 1021-1022
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user-defined classes, 404^408

toUpperCase method (String class),

119-120,1196

Towers of Hanoi (example), 970-976

transient variables, 787-788

traversing linked lists, 1007

trimToSize method (ArrayList class),

615,621-622,1167

true (reserved word), 51

try/catch blocks, 738-753

catching multiple exceptions,

749-753

two-dimensional arrays, 568-607

accessing elements of, 576-581

aggregate operations, 582-597

displaying data as bar chart,

594-597

printing array elements,

584-585

processing all elements,

582-585

processing columns

sequentially, 591-594

processing given column,

587-589

processing given row, 585-587

processing rows sequentially,

589-591

assigning initial values, 573-576

declaring and instantiating,

569-572

example of (programming

activity), 602-607

method parameters and return

values, 597-602

type casting, 73-76

U

unboxing, 151

unchecked exceptions, 743, 752, 772

underscore (_) in identifiers, 43-44,

48, 59-60

Unicode character set, 17-18,43^14,

50,52,250,1155-1156

Unified Modeling Language (UML),

656,659,691

Unix systems, configuration

information, 9-12

unsorted arrays, searching, 507-511.

See also searching arrays;

sorting arrays

update reads, 286-289

URLs (uniform resource locators), 9

useDelimiter method (Scanner

class), 769-775,1194

user-defined classes, 371-446

accessor methods, 384-387

arrays in, 498-505

constructors, 379-386

data manipulation methods,

395-399

enumerations, 423-429

examples of (programming

activity), 400-403,430-434

graphical objects, 416-423

instance variables, defining,

376-377

Javadoc utility, 440-446

methods, 377-410

mutator methods, 390-395

packages, 434-439

static class members, 410-416

this reference, 403-404

toString and equals methods,

404-410

user-defined exceptions, 753-757

user input. See input

user interfaces. See GUIs

validating input

with do/while loops, 326-328

valueChanged method

(ListSelectionListener

interface), 858-861,1186

valueOf method

Double class, 151-153,1171

for enum objects, 425^29,1172

Integer class, 151-153,1176
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value-returning methods, 104, 379.

See also methods

variables. See also constants; data

types

arrays. See arrays

comparing. See conditions

declaring (defining), 48

flags (boolean variables), 350

hard coding, 47, 738

instance variables, 97

arrays as, 465-466

default initial values for, 378,

467

defining, 376-377

inherited, 664

object keys, 1059

protected, 677-684

transient, 787-788

loop control variables, 334-339

names for, 47-48

toggle variables, 341-342

void keyword, 104

as method return type, 104,378

W

wait method (Pause class), 309

while loops, 282-293. See also

looping

event-controlled, 285-328

example of (programming

activity), 329-332

nesting, 346-348

testing techniques for, 324-326

whitespace characters, 133-134

WIDTH attribute, <APPLET> tags,

181-182

Window class, 818

windows

applet windows, 179

input and message dialogs,

153-158

opening new, 818-821

wrapper classes, 150-153

writeObject method

(ObjectOutputStream class),

783-787,1190

Writer class, 758,759

writing output. See output

zero, division by, 71-72

zero-iteration loops, 284
















