Siileyman Demirel University
Faculty of Engineering

Department of Natural Sciences, Mathematics and Informatics

Basic Java
Selected topics

(Part 1)

Almaty - 2000




Siileyman Demirel University
Faculty of Engineering

Department of Natural Sciences, Mathematics and Informatics

Basic Java

Selected topics
@ (Par t 1)
~ PO E ®
) ®
®
e Editor

Eidar K. Hajilarov

The‘ Intrpductory Course was approved by the TFaculty of
Engineering and Administration of the Suleyman Demirel
University.

. Recommended o the learners of the course
“Algorithms and Programrning”, #

The universitYiofl
' ! n Demire
Almaty - 20‘0 RSy e

ibrary
::l 1/ /-

il

\

e ——
> s

e



bbK 32.973-01573

I'13

Eldar Hajilarov

I3 Basic Java. Selected Topics, Almaty — 2000, 137 pages

ISBN 9965-9150-1-6

£ 16602120000
- 00(15) =01
ISBN 9965-9150-1-6

BBK 32.973-01473

© Eldar Hajilarov, 2000

Preface
Chapter 1.
1.1,
2
1.3.
1.4.
Chapter 2.
2.1.
2.2
2.3,
Chapter 3.
3.1
e
3.3,
3.4.
3.5

CONTENTS

Language Basics

Variables

Operators

Expressions, Statements, and Blocks
Control Flow Statements

Object Basics and Simple Data Objects
The Life Cycle of an Object

. Characters and Strings

Arrays

Classes and Inheritance

Creating Classes

Controlling Access to Members of a Class
Understanding Instance and Class Members
Managing Inheritance

Implementing Nested Classes

w U s

15
35
4]
61
61
70
82
92
92
117
125
133
134



Preface

This book gives a brief but concise introduction to Java
programming language and Object-Oriented Programming.
Basic notions and constructions of the language are discussed,

and illustrated by simple programs. Can be used as additional
workbook by students studying Java.

Chapteri.Language Basics

The BasicsDemo program that follows adds the numbers from
1 to 10 and displays the result.

public class BasicsDemo {
public static void main(String][] args) {
int sum = Q;
for (int current = 1; current <= 10; current++) {
sum += current;
}

System.out.println("Sum =" + sum);

}
}

The output from this program is:
Sum =55

Even a small program such as this uses many of the traditional
features of the Java programming language, including
variables, operators, and control flow statements. The code
might look a little mysterious now. But this trail teaches what

you need to know about the Jaya programming language to
understand this program.

1.1.Variables

You use variables in your program to hold data. This section

discusses data types, how to initialize variables, and how to
refer to variables within blocks of code

identifier.
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You must explicitly provide a name and a type for each

ariable you want to use in your program. The variable's name
must be a legal identifier --an unlimited series of Unicode
characters that begins with a letter. You use the variable name
to refer to the data that the variable contains. The variable's
type determines what values it can hold and what operations
can be performed on it. To give a variable a type and a name,

Zl?iu write a variable declaration, which generally looks like
s:

Iype name

In addition to the name and licitly give a
variable, 2 varighio type that you explicitly gi

has Scope. The section of code where the

. » that is, where the declaration appears in
relation to other code elements,

rhe I\bdaxvaﬁ?bIeSDemo program, shown below, declares eight
variables of different types within its main method.

public f:lass MaxVariablesDemo {
Public static vojq main(String args[]) {

// integers

byte largestByte =Byte. MAX VALUE;
short largestShort < Short MAX_VALUE;
int largestlnteger = Integer.MAX_ VALUE;
long lar‘gestLong = Long MAX \7ALUE;

/" reai Numberg
float la.rgestFloat =

Fl »
double largegtry. %t MAX_VALUE;

le = Double. MAX_VALUE;
// other Primitive types

6

char aChar ='S";
boolean aBoolean = true;

// display them all

System.out.println("The largest byte value is-" +
largestByte);

System.out.printin("The largest short value is " +
largestShort); ‘

System.out.printin("The largest integer value is " +
largestInteger);

System.out.printIn("The largest long value is " +
largestLong);

System.out.println("The largest float value is " +
largestFloat);

System.out.printIn("The largest double value is " +
largestDouble);

if (Cha.racter.isUpperCase(aChar)) {
System.out.println("The character " + aChar +"
is upper case.");
} else {

System.out.printin("The character " + aChar + "
is lower case.");

}
System.out.println("The value of aBoolean is " +
aBoolean); -

}
}

The output from this program is:
The largest byte value is 127
The largest short value is 32767
The largest integer value is 2147483647
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The largest long value is 9223372036854775807
The largest float value is 3.40282¢+38

The largest double value is 1.79769e+308

The character S is upper case.

The value of aBoolean is true

The following sections elaborate on the various aspects of
variables, including data types, names, scope, initialization, and
final variables. The MaxVariablesDemo program uses two
items with which you might not yet be familiar and are not
covered in this section: several constants named
MAX_VALUE and an if-else statement. Each MAX VALUE
constant is defined in one of the number classes provided by

the Java platform and is the largest value that can be assigned
to a variable of that numeric type.

Data Types

Every variable must have a data type. A variable's data type
determines the values that the variable can contain and the
operations that can be performed on jt. For example, in the
MaxVariablesDemo program, the declaration int largestInteger
declares that largestInteger has an integer data type (int).
Integc?rs can contain only integral values (both positive and
negative). You cap perform arithmetic operations, such as
addition, on integer variables,

The Java' Programming language has two categories of data
types: primitive and reference. A variable of primitive type
contains a single value of the appropriate size and format for its
type: a number, a character, or a boolean value. For example,
an Integer value is 32 bits of data in a format known as two's

coml?lement, the value of a char is 16 bits of data formatted as
a Unicode character, and SO on,

description of each. The MaxVariablesDemo program declares
one variable of each primitive type.

Primitive Data Types ,
Keyword | Description | Size/Format
(integers)
byte Byte-length integer | 8-bit two's
complement
short Short integer 16-bit two's
complement
int Integer 32-bit two's
complement
long Long integer 64-bit two's
complement
(real numbers)
float Single-precision 32-bit IEEE 754
floating point
double Double-precision 64-bit IEEE 754
floating point
(other types)
char A single character 16-bit Unicode
character
‘boolean A boolean valye true or false
(true or false)

Purity Tip: In other languages, the format and size of primitive
data types may depend on the platform on which a program is
running. In contrast, the Java Programming language specifies
the size and format of its Primitive datg types. Hence, you don't
have to worry about systpm-dependencies,

You can put a literal Primitive valye directly in your code. For

example, if you need to assign the valye 4 to an integer
variable you can write this:




int anlnt = 4;

The digit 4 is a literal integer value. Here are some examples of
literal values of various primitive types:

Examples of Literal Values and Their Data Types

Literal Data Type
178 . int

8864L long
37.266 double
37.266D double
87.363F float
26.77e3 double

'c' char

true boolean
false boolean

Generally speaking, a series of digits with no decimal point is
typed as an integer. You can specify a long integer by putting
an 'L’ or ' after the number. 'L’ is preferred as it cannot be
confused with the digit '1'. A series of digits with a decimal
point is of type double. You can specify a float by putting an 'f
or 'F' after the number. A literal character value is any single
Unicode character between single quote marks. The two

boolean literals are simply true and false.

Arrays, classes, and interfaces are reference types. The value of
a reference type variable,

in contrast to that of a primitive type,

is a reference to (an address of) the value or set of values
represented by the variable,

A reference is calle

the variable's name instead,

10

1 Names o
Ka;lrzglr‘;m refers to a variable's value by the variable's name.
For example, when it displays the value of the largestByte
variable, the MaxVariablesDemo program uses the ‘name
largestByte. A name, such as largestByte, tl!at’s composed of‘ a
single identifier, is called a simple name. Simple names are in
contrast to qualified names, which a class uses to refer to a
member variable that's in another object or class.

In the Java programming language, the following must hold
true for a simple name: o
LIt must be a legal identifier. An identifier is an unlimited
series of Unicode characters that begins with a letter.

2.It must not be a keyword, a boolean literal (true or false), or
the reserved word null.

3.It must be unique within its scope. A variable may have. the
same name as a variable whose declaration appears in a
different scope. In some situations, a variable may share the
same name as another variable if it is declared within a nested
block of code. (We will cover this in the next section, Scope.)
By Convention : Variable names begin with a lowercase letter,
and class names begin with an uppercase letter. If a variable
name consists of more than one word, the words are joined
together, and each word after the first begins with an uppercase

“letter, like this: isVisible. The underscore character Qis

acceptable anywhere in a name, but by convention is used only
to separate words in constants (because constants are all caps
by convention and thus cannot be case-delimited).

Scopé

A variable's scope is the region of a program within which ?;he
variable can be referr_;d to by its simple name. Secondarily,
scope also determines when the system creates and destroys
memory for the variable. Scope is distinct from visibility,
which applies only to member variables and determines
whether the variable can be used from outside of the class

11




within which it is declared. Visibility is set with an access
modifier. .
The location of the variable declaration within your program

establishes its scope and places it into one of these four
categories:

member variable
local variable
- method parameter

exception-handler parameter
class MyQlass {

© © @ o

Member
Variable
Scope \q

Method

member variable declarations

public void aMethod( wethod paraweters ) {

Parameter —__
Scope

Local
Variable
‘Scope

‘Exception- P s

T

handier —~ -

Parameter

Scope —

}

A member variable is
declared within a ¢]
constructor. A member
of the class. However,
appear before it is y,
initialization expressio

member variables, refer to Declaring Member Variables in the
next lesson.

a member of a class or an object. It is
ass but outside of any method or
variable's scope is the éntire declaration
the declaration of a member needs to
sed when the use’ is in a member

n. For information about declaring

You declare local variables within a block of code. In general,
the scope of a local variable extends from its declaration to the
end of the code block in which it was declared. In
MaxVariablesDemo, all of the variables declared within the
main method are local variables. The scope of each variable in
that program extends from the declaration of the variable to the
end of the main method --indicated by the first right curly
bracket } in the program code.

Parameters are formal arguments to methods or constructors
and are used to pass values into methods and constructors. The
scope of a parameter is the entire method or constructor for
which it is a parameter. , ‘

Exception-handler parameters are similar to parameters but are
arguments to an exception handler rather than to a method or a
constructor. The scope of an exception-handler parameter is the
code block between { and } that follow a catch statement.
Handling Errors with Exceptions talks about using exceptions
to handle errors and shows you how to write an exception
handler that has a parameter.

Consider the following code sample:

if (...) {

inti=17;

} vee . ]

System.out.printin("The value of i="+1); // error

The final line won't compile because the local variable i is out
of scope. The scope of i is the block of code between the { and
}. The i variable does not exist anymore after the closing }.
Either the variable declaration needs to be moved outside of the

if statement block, or'the println method call needs to be
moved into the if statement block.

13



Variable Initialization

Local variables and member variables can be initialized with
an assignment statement when they're declared. The data type
of the variable must match the data type of the value assigned
to it. The MaxVariablesDemo program provides initial values
for all its local variables when they are declared. The local
variable declarations from that program are as follows.

// integers

byte largestByte = Byte MAX VALUE;
short largestShort = Short MAX_VALUE;
int largestInteger = Integet. MAX_VALUE;
long largestLong = Long MAX_VALUE;

// real numbers ‘

float largestFloat = F loat MAX_VALUE;
double largestDouble = Double MAX VALUE;

/1 other primitive types
‘char aChar ="§",
boolean aBoolean = true;

Parameters  and exception-handler parameters cannot be

ir;liiiialiZed in this way. The value for a parameter is set by the
Caller. .

Final Variables

You can declare a variable in any scope to be final. The value
of a ﬁna! variable cannot change after it has been initialized.
Such variables are similar to constants in other programming
languages.
To declare a final var

abl yword in the
variable declaration be € use the final keywor

fore the type:

final int aFinalVar = ,

The previous statement declares a final variable and initializes
it, all at once. Subsequent attempts to assign a value to
aFinalVar result in a compiler error. You may, if necessary,
defer initialization of a final local variable. Simply declare the
local variable and initialize it later, like this:

final int blankfinal;

i)ia.nkﬁnal =0;

A final local variable that has been declared but not yet
initialized is called a blank final. Again, once a final local
variable has been initialized, it cannot be set, and any later
attempts to assign a value to blankfinal result in a compile-time
error.

- Summary of Variables

When you declare a variable, you explicitly set the variable's
name and data type. The Java programming language has two
categories of data types: primitive and reference. A variable of
primitive type contains a value.

The location of a variable declaration implicitly sets the
variable's scope, which determines what section of code may
refer to the variable by its simple name. There are four
categories of scope: member variable scope, local- variable
scope, parameter scope, and exception-handler parameter
scope.

You can provide an initial value for a variable within its
declaration by using the assignment operator (=).

You can declare a variable as final. The value of a final

variable cannot change after it's been initialized.

1.2.0perators

This.sectio.n details how you perform various operations, such
as arithmetic and assignment operations.
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An operator performs a function on one, two, or three
operands. An operator that requires one operand is called a
unary operator. For example, ++ is a unary operator that
increments the value of its operand by 1. An operator that
requires two operands is a binary operator . For example, = is a
binary operator that assigns the value from its right-hand
operand to its left-hand operand. And finally, a ternary operator
is one that requires three operands. The Java programming
language has orie ternary operator, ?:, which is a short-hand if-
else statement.

The unary operators support either prefix or postfix notation.

Prefix notation means that' the operator appears before its
operand:

operator op //prefix notation

Postfix notation means that the operator appears after its
operand:

Op operator //postfix notation

All of the binary Operators use infix notation, which means that
the operator appears between its operands:

opl opéraﬁor op2 /finfix notation

The terary operator is also infix; each component of the
Operator appears between operands;

opl ? op2 : op3 /finfix notation

subtraction, return numbers-the result of the arithmetic
operation. The data type returned by an arithmetic operator
depends on the type of its operands: If you add two integers,
you get an integer back. An operation is said to evaluate to its
result.

We divide the operators into the categories described below.

Arithmetic Operators

The Java programming language supports various arithmetic
operators for all floating-point and integer numbers.

These operators are + (addition), - (subtraction), *
(multiplication), / (division), and % (modulo).

The following table summarizes the binary arithmetic
operations in the Java programming language.

Operator Use Description
+ opl +.0p2 Adds op1 and op2
opl - op2 Subtracts op2 from opl
* opl * op2 Multiplies op1 by op2
/ opl / op2 Divides op1 by op2
% opl % op2 Computes the remainder of
dividing op1 by op2

Here's an example program, ArithmeticDemo, that defines two

~ integers and two double-precision floating-point numbers and

uses the five arithmetic operators to perform different

arithmetic operations. This program also uses + to concatenate
strings. The arithmetic operations are shown in red: )

public class ArithmeticDemgo {
public static void main(String[] args) {

//a few numbers The university of
inti=37;, " | Sulsyman Demirel
intj=42;

Library
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numbersy

double x = 27.475;
double y = 7.22;
System.out.println("Variable values...");

System.out.printin(" i=" + i);
System.out.println(" j=" +j);
System.out.println(" x =" + x);
System.out.println(" y="+y);

//adding numbers
System.out.println("Adding...");
System.out.println(" i +j=""+ (i +j));
System.out.printin(" x +y ="+ (x +y));

//subtracting numbers
System.out.println("Subtracting...");
System.out.println(" i -j="+ (i - j));
System.out.printin(" x -y ="+ (x-y));

//multiplying numbers
System.out.println("Multiplying...");
System.out.println("  j * j=" + (i * j));
;Sys‘tem.out.println(l" X*y="+x*y)
//di\(iding numbers

Syst'em.put.println("Dividing...");
System.OUt.println(" i/j="+(@/));
Systemiq‘ut.prigﬂn(" x/y="+x/y))
//computing the remainder resulting from dividing

System.out.println("Compuﬁng the remainder.. .");

gymemomgn( 1% ="+31%]j))

© PYSemoutptintln("  x 95y ="+ (x % y));
o g
//mlx'mg typess -

System.out.println("Mixing types....”);
System.out.println(" j+y="+(G+y));
System.out.printin(" i*x="+ (i * x));

}
} . .
The output from this program is:

Variable values...

X +y=34.695
Subtracting...
i-j=-5
X -y=20.255
Multiplying...
i*j=1554
X *y=198.37
Dividing...
i/j=0
x/y=3.8054
Computing the remainder...
i%j=37
Xx%y=5.815
Mixing types...
jty=4922
i*x=1016.58

Note that when an integer and a floating-point number are used
as operands to a single. arithmetic operation, the result is
floating point. The integer is implicitly converted to a floating-

point number before the operation takes place.

19



The following table summarizes the data type returned by the
arithmetic operators, based on the data type of the operands.

The necessary conversions take place before the operation is
performed.

Data Type of | Data Type of Operands

Result

long Neither operand is a float or a double
(integer arithmetic); at least one operand
is a long.

int i Neither operand is a float or a double
(integer arithmetic); neither operand is a
long.

double At least one operand is a double.

float At least one operand is a float; neither
operand is a double. _

In addition to the binary forms of + and -

, each of these
operators has unary versions

that perform the following

operations;
Opermp Use Description
& +op Promotes op to int if it's a byte,
I — short, or char
————— L0 | Arithmetically negates op

Two shortcut arithmetic gpe. —_ its
Operator ++. which increments 1
operand by 1, and - pe S are ++, wi

o d--, ‘which decrements its operand by 1. Eith.ef
"_can appear before (prefix) or after (postfix) It5

oi‘)em.ld' The prefix VErsion, ++op/--op, evaluates to the value

;bsttlflii operand after the increment/decrement operation. The

o S7ob ealiis e vl of e P

o v Incren “eCrement operation.

gf:ﬁf"u"wmg program, called Sol;tDemo- , uses ++ twice and -

public class SortDemo {
public static void main(String[] args) {
int[] arrayOflnts = { 32, 87, 3, 589, 12, 1076,
' 2000, 8, 622, 127 };

for (int i = arrayOflnts.length; --i >=0; ) {
for (int j = 0; j <i; j++) {
if (arrayOflnts[j] > arrayOfInts[j+1]) {
int temp = arrayOflnts(j];
arrayOfints[j] = arrayOflInts[j+1];
arrayOflnts[j+1] = temp;
} , .
}
}

for (int i = 0; i < arrayOflnts.length; i++) {
System.out.print(arrayOfIntsfi] + " ");
}
System.out.println();
}
}

This program puts 10 integer values into an array-a fixed
length structure that can hold multiple values of the same type-
then sorts them. The line of code in red declares an array
referred to by arrayOflnts, creates the array, and puts 10 integer
values into it. The program uses arrayOfInts.length to get the
number of elements in the array.

Individual elements are accessed with this notation:
arrayOfInts[index], where .index is an integer indicating the
position of the element within the array. Note that indices
begin at 0. .

The output from this program is a list of numbers sorted from
highest to lowest:
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3 8123287127 589 622 1076 2000

Let's look at how the SortDemo program uses -- to control the

outer of its two nested sorting loops. Here's the statement that
controls the outer loop:

for (int i = arrayOfints.length; --i >= 0; ) {
}

The for statement is a looping construct, which you'll meet

later in this trail. What's important here is the code in red,
}’v!nch continues the for loop as long as the value returned by -~
118 greater than or equal to 0. Using the prefix version of -
means that the lagt iteration of this loop occurs when i is equal
to 0.. If we change the code to use the postfix version of --, th_e
last iteration of this loop occurs when i is equal to -1, which 18

Incorrect for this Program because i is used as an array indeX

and -1 is not a valid array index.

Ee (I)xtlhel:otwo loops in the program use the postfix version of

because - th cases, the version used doesn't really matter,
sthing, value retumed by the operator isn't used fof

AOPeratlonsvgl:? theedrem value of one of these short:;:}?et

POStfix version used for anything, convention prefers

The shorteys ‘in'é"r’ S .
ORI ICrement/de ‘ zed 1
the fgugwing table. " Crement operators are summari

P

Peb s Thecription oo |
pt . Increments op by 1; evaluates to
| value of op before it was
17“1_5_\ Incremented ——1
=8 P- | Increments op by 1; evaluates to th

\"’“%aﬁer it was incremented/

- op-- Decrements op by 1; evaluates to the
value of op before it was
decremented

- --0p Decrements op by 1; evaluates to the
value of op after it was decremented

Relational and Conditional Operators .
A relational operator compares two values and determines the
relationship between them. For example, != returns true if the

two operands are unequal. This table summarizes the relational
operators:

Operator | Use Returns true if

> opl > op2 opl is greater than op2

>= opl >=o0p2 | opl is greater than or
equal to op2

< opl <op2 opl is less than op2

<= opl <=o0p2 | opl is less than or equal to
op2

— opl ==op2 | opl and op2 are equal

= opl !'=op2 | opl and op2 are not equal

Following is an example, RelationalDemo, that defines three

integer numbers and uses the relational operators to compare
them.

public class RelationalDemo {
public static void main(String[] args) {

//a few numbers

inti=37; o
intj=42;
int k =42;

System.out.printIn("Variable values...");
System.out.println(" i="+j);
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38 1232 87 127 589 622 1076 2000

Let's look at how the SortDemo program uses -- to control the

outer of its two nested sorting loops. Here's the statement that
controls the outer loop:

for (int i = arrayOfints length; - >= 0;) {
=

The for statement is a looping construct, which you'll meet
late.r in this trail. What' important here is the code in red,
which continues the for loop as long as the value returned by --
118 greater than or equal 1o (. Using the prefix version of --
means that the last iteratiop of this loop occurs when i is equal
fo 0. If we change the code to use the postfix version of --, the
last iteration of thig loop occurs when i is equal to -1, which is
reorrect for this program because i is used as an array index
and -1 is not a valig array index.

Ee ‘I’;hegotwo loops in the program use the postfix version of
because - ot cases, the version used doesn't really matter,
m“f‘? ﬁ}‘? Yalue returned by the operator isn't used for
'~opér§g!§;§ ‘Y::;? th:d Teturnt value of one of these short::;llct
postfix vérsion, - used for anything, convention prefers

&efgﬁzr;gtg‘f?aff?@fldéuemem operators are summarized 1
* 0% Theoiion e |
P+ . | Increments op by 1; evaluates to the
| | value of op before it was
| Incremented —.
S Top Increments op by 1; evaluates to the
\\

~

—Lvalue of op after it was incremented -

F op-- Decrements op by }; evaluates to the
value of op before it was

decremented

Decrements op by 1; evaluates to the
value of op after it was decremented

- --Op

Relational and Conditional Operators .
A relational operator compares two values and determlne:S the
relationship between them. For example, != returns true if the

two operands are unequal. This table summarizes the relational
operators:

Operator | Use Returns true if

> opl > op2 opl is greater than op2

>= opl >=op2 | opl is greater than or
equal to op2

< opl <op2 opl is less than op2

<~ opl <=op2 | opl is less than or equal to
op2

— opl ==op2 | opl and op2 are equal

= opl !=0p2 | opl and op2 are not equal

Following is an example, RelationalDemo, that defines three

integer numbers and uses the relational operators to compare
them.

public class RelationalDemo {
public static void main(String[] args) {

//a few numbers

inti=37; ‘
intj=42;
intk =42;

System.out.println("Variable values...");
System.out.println(" j="+ i);
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they are equal

System.out.printin(" j="+j);
System.out.println(" k =" + k);

//greater than

System.out.println("Greater than...");
System.out.printin(" i>j="+(@i>j); /false
System.out.printin(" j>i="+(>1); /true
System.out.println(" k>j="+(k>j); //false.

//greater than or equal to
System.out.printin("Greater than or equal to...");
System.out.println(" j >=j ="+ (i>=j)); //false
System.out.printn(" j>=j="+ (G>=1)), //true
System.outprintin(" k >=j ="+ (k>=])); //true

MNess than

SYSfem-Ou‘t.println("Less than...");
System.out.println(" i<j="+(i<j)); [ltrue
Systcm.out.println(" j<i="+(j<i)); //Malse
System.out.prinﬂn(" k<j="+(k<j); //false

/Ness than or equal to
S}*’?tﬁm-DUt-println(“’Less than or equal to...");
vSyStg}n;out.println(" i<=j="4 (i<=j))); /Mrue
Sjﬂem;qut.pxjmln(" j<=i="+(j<=1)); //false
SyStem.out:println("~ k<=j="+(k<=j)); /frue
,//eqﬁal to
: Sys"em-om-Prinﬂn("Equal to...");
System.out.println(“ i==j="+(==j)); /false
System.out.println(" k=j="4+(k==j)); /ltrue
/ot €qualto
SYStem.out.prih‘t]n("Not equal tO...");

~ oA

. Woimie g =) /ftrue
System.out.println(" i!= j="+ a! _]).),.
System.out.printin(" k!=j="+(k !=j)); //false

}
}

Here's the output from this program:

Variable values...
i=37
1=42
k=42
Greater than...
1> j = false
J>i=true
k> j = false
Greater than or equal to...
1>=j = false
J>=1=true
k>=j=true
Less than...
1<j=true
J<i=false
k <j= false
Less than or equal to...
1<=j=true
] <=i=false
k<=j=true
Equal to...
i==j = falge
kK==j=true
Not equal to.... .
il=j=true
k !=j=false
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Relational operators often are used with conditional operators
to construct more complex decision-making expressions. The
Java programming language supports six conditional operators-
five binary and one unary--as shown in the following table.

Operator | Use

| opl|op2 | either opl or op2 is true,
| always evaluates op} and op2
op1*0p2 |ifopl and op? are different--
that is if one or the other of the

Returns true if ]
&& opl && | opl and op2 are both true,
op2 conditionally evaluates op2

I | op1llop2 | either opl or op2 is true,

- conditionally evaluates op2
! o op is false
& opl & op2 | op1 and op2 are both true,

| always evaluates op1 and op2

—————L____ | operands is true but not both
o ‘SI'ICh operator is &&, which performs the conditional AND
operation. You can use two different relational operators along
}Mth o to determine whether both relationships are true. The

oll?wmg. l.mc of code uses this technique to determine whether
alThezmy 'mvﬁk?lj is. Detween two boundaries. It determines
tVl‘ian me m.dex, 18 both greater than or equal to 0 and less
Value_ - o Which is a previously defined constant

0 <= index &4& index < NUM_ENTRIES
Note that in S0
conditional operat,
Segment:

me instances, the second operand to 2
Or may not be evaluated. Consider this codé

(numChars < L'MT) && (..)

~o

The && operator will return true only if both operands are true.
So, if numChars is greater than or equal to LIMIT, the left-
hand operand for && is false, and the return value of && can
be determined without evaluating the right-hand opfsrand. Ig
such a case, the interpreter will not evalua'te the qght—hand
operand. This has important implications if the right-han

operand has side effects, such as reading from a stream,
updating a value, or making a calculation. h

When both operands are boolean, the operator & performs t ;
Same operation as &&. However, & always eva.luate.s both o

its operands and returns true if both are true. L1kew1§e, when
the operands are boolean, | performs the same operation as ||.
The | operator always evaluates both of its operands and returns
true if at least one of its operands is true. When their operands

_are numbers, & and | perform bitwise manipulations.

Shift and Logical Operators o

A shift operator performs bit manipulation on data by shifting
the bits of its first operand right or left. This table summarizes
the shift operators available in the Java programming language.

| Operator | Use Operation :
>> opl >> | shift bits of op] right by
op2 distance op2
=< opl << shift bits of op1 left by
op2 distance op2
>>> opl >>> | shift bits of opl right by
op2 distance op2 (unsigned) |

Each Operator shifts the bits of the lefi-hand operand over by
the number of positions’ indicated by the right-hand ope:ranc;_-

€ shift occurs in the direction indicated by the operator 1t5‘t3]13 :
For example, the following statement shifts the bits of the
INteger 13 to the right by one position:
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13>>1;

The binary representation of the number 13 is 1101. The result

of the shift operation is 1101 shifted to the right by one
position-110, or 6 in decimal. The left-hand bits are filled with
Os as needed. .

The following table shows the four operators the Java
programming language provides to perform bitwise functions

on their operands;
Operator Use Operation
& | opl & op2 bitwise and
] opl | op2 bitwise or
A opl ” op2 bitwise xor
~ | ~op2 bitwise complement

_ .+ £°ND lunction sets the resulting bit to 1 if the
?01?@02%% bit in both Operands is 1, as shown in the
ollowin e. _

[ u.( :
%L[Ekesult
L o —Tp——

Supp.osg_that yoiz Were to AND th, . ) .
13 & 12. The reslt of this opergrie. 1> 22d 12, like this:

sentats . S Operation is 12 because the binary
ll‘e::,’pirse ﬁn(r)t?non of 12 is 11 0, and the binary representation of

1101 /13
28

& 1100 //12

1100 /12

If both operand bits are 1, the AND'functnon sets the rel_si;lllélzﬁ
bit to 1; otherwise, the resulting bit is 0. So, “.’hen y:;l can see
the two operands and perform the AND functloll,ty the left of
that the two high-order bis (the two bits o the resuting bit n
each number) of each operand are 1. Thus, the r 0 Eecause
the result is also 1. The low-order bits evaluate to both of its
either one or both bits in the operands are 0. When clusive or
OPerands are numbers, the | operator performs the lrc-:ration.
Operation, and ~ performs the exclusive or ().(Ol-{) 10 pthe result is
Inclusive or means that if either of the two bits lSf ;nclusive or
L. The following table shows the results o

Operations:

opl op2 Result
0 0 0
0 1 1
1 0 1
1 1 1

i ifferent the
Exclusive or means that if the two op eranfC} :)lltfn?:leg cthable shows
Tesult is 1, otherwise the result is 0. The follo

€ results of an exclusive or operation.

opl op2 Result
0 0 10
0 1 .. |1
1 0 11
1 11 0
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And finally, the complement operator inverts the value of each

bit of the operand: if the operand bit is 1 the result is 0 and if
the operand bit is 0 the resy]t is 1.

Among other things, bitwise manipulations are useful for
managing sets of boolean flags. Suppose, .for.example, that
your program had several boolean flags that m@matgc} the state
of various components in your program: is it visible, is it

staic final int VISIBL £ = 1.
static final int DRAGGABLE = 2;

static final int SELECTABLE = 4;
static firal int EDITABLE = 8;

int flags = 0,

To set the "visible" flag

when Something became visible you
would use this Statement:

flags ~ flags | VISIBL

To test for visibility, You could then write:

30

if ((flags & VISIBLE) == VISIBLE) {

}

: includes this
Here's the complete program, BitwiseDemo, that in
code.

public class BitwiseDemo {

. = 1 .
static final int VISIBLE = 1; ..
static final int DRAGGABII:,E =24,.
static final int SELECTAB=. . 5
static final int EDITABLE = 8;

public static void main(String[] args)

{
int flags = 0;

LE;
flags = flags | VISIBLE;
flags = flags | DRAGGABLE;

== VISIBLE) {
' & VISIBLE) o GABLE)
! (i(ff}?t%ng & DRAGGABLE) == DRAG

{

S . .« . 1 . i
ggable- )’

}
}

ﬂags = ﬂags | EDITABLE,

LE) {
if ((flags & EDITABLE) == EDIr'lI(')./::vBalso)
System.out.printIn("Flags are
Editab]e_“);

}
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}
}

Here's the output from this program:

Flags are Visible and Draggable.
Flags are now also Editable.

Assignment Operators

You use the basic assignment operator, =, to assign one value

to another. The MaxVariabiesDemo program uses = to
initialize all of its loca] variables:

// integers

byte largestByte = Byte.MAX_VALUE;
short largestShort = Short.MAX__VALUE;
int largestInteger = Integer.MAX~VALUE;
long largestLong = Long.MAX_VALUE;

// real numbers

float largestFloat = F loat.MAX_VALUE;
double largestDoybje = Double.MAX_VALUE;

Il other pﬁiniti-ve types
char aChar = 'S";
boolean aBoolean = true;
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. ator +=9
You can shorten this statement using the shortcut oper
like this:

i+=2; '
: following
The two previous lines of code are equivalent. The fo

eir lengthy
table lists the shortcut assignment operators and th
equivalents:

Equivalent to
%erator (I)Jpsf o opl = op{ + 0p22
R - 31 = - 0p
= 1 -= op2 opl =op
*— 2{;1 *= op2 opl = OP} : 0p22
= = op
= opl / = Opz opl 0p
[ %= ogl %=op2 |opl=opl% 0p§
&= opl &= op2 opl = °pi |&0§
~ = 1=opl |op
e ogl I"= op2 | opl=opl A3p2 2
<<= opl <<=op2 |opl= °pi ; 232
>>= opl >>=o0p2 | opl = °pl 555 op2
>SS>= opl >>>= op2 opl =op
Other Operators

Java
The following table lists the other operators that the Ja
Programming language supports.

Operator [ Description
TL Shortcut if-else statement -
[l Used to declare arrays, create ’
and access array el.ements
: Used to form qualified names1 —
(params ) | Delimits a comma-separated lis
parameters =
(type) Casts (converts) a value to the spec
type
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new

Creates a new object or a new array

instanceof

The () Operator

Determines whether its first operand is
an instance of its second operand

Shortcut if-else Statement

The ?: operator is a con
an if-else statement:

opl ? op2 : op3

The ?: operator re

ditional operator that is short-hand for

turns op2 if opl is true or returns op3 if opl
is false. ]

float[] arrayOfFloats = pew float[10];

The previous code declares
point numbers, Here's how
that array: -

arféyOfFloats[6] ;

an array that can hold ten floating
you would access the 7th item in

Note that array indices begin at (,

The dot (.) operator accesse

class members of a class.

S instance members of an object or

34

: d's
When declaring or calling a method, you hSt’f;hea;ne:;)pty
arguments between ( and ). Ytou can esgigzm.
argument list by using () with nothing betwe

The (type) Operator

Casts (or "converts") a value to the specified type.

The new Operator ) new array.
You use the new operator to create a new objecto(];{eac Cgom the
Here's an example of creating a new Integer 0DJ

Integer class in the java.lang package:

Integer anInteger = new Integer(10);

The instanceof Operator . erand is on
The instanceof operator tests whether its first op

instance of its second.

opl instanceof op2

: be the name
OP1 must be the name of an object and OP? Sn;a‘;s:e of a class if
of a clags, An object is considered to be an 1n

at class.
that object directly or indirectly descends from th

1.3.Expressions, Statements, and Blocks

.4 WO
: ) in the previous O
arlables and operators, which you met in combine

Sections, are basic building blocks of prograﬂlss-i;(lg? segments
literals, variables, and operators to form extri;‘; values. Certain
of code that perform computations and re omplete units of
Xpressions can be made into statements-:,ith curly braces
€Xecution., By grouping statements together

and }, yoy create blocks of code.
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Expressions

Expressions perform the work of a program. Among other

things, expressions are used to compute and to assign values to
variables and to help control the execution flow of a program.
The job of an eXpression is twofold: to perform the

computation indicated by the elements of the expression and to
return a value that j

s the result of the computation.
Definition: An eXpression is a series of variables, operators,
and method callg

> \constructed according to the syntax of the
language) that evaluates to 3 single valye.

27other Primitive types
char aChar = 'S
boolean aBoolean = true;

/I display them g1
M-out. printin("The largest byte value js " +

if (Character.isUpperCase(aChar)) {
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ion depends
The data type of the value returned by an eXPrrZZSSlg; aCILar _
on the elements used in the expression. The exp afor returns a
'S' returns a character because the assignment op;r Char and 'S'
value of the same data type as its operands an aressions, o
are characters. As you see from the ot%ler aex}:g o,
expression can return a boolean value, a smng,ou to construct
The Java programming language allows y rious. smaller
Compound expressions and statements froclinb one part of the
€Xpressions as long as the data types required by
€Xpression matches the data types of the ofhel.‘-
Here's an example of a compound expression:

X*y*gz

: ion 1S
In this particular example, the order in whlchftlr:f uft)l(gl:zstl onis
®valuated is unimportant because the n?sults o T e same 10
independent of order--the outcome 1s al\jvays However, this
Matter what order you apply the multlphcatloln . e ollowing
IS net true of all expressions. For examp ec,m whether you
“Xpression gives different results depending

Svisi ion first:
. Perform the addition or the division operation fi

X+y/100 //ambiguous

ssion to be
You cap specify exactly how you want a:n ZX)I?f;or example
®valuated by using balanced parentheses ( :

1
. icuous, you cou.
' make the previous expression unambigu

Write:

d
(x +y)/ 100 /lunambiguous, recommende

. : ou want the
If you don't explicitly indicate the or.der n “];lélcil:ez'fonned, the
OPerations in a compound -expression to ed to the operators
order jg determined by the precedence assign with a higher
in yge within the expression. Operators
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precedence get evaluated first. For example, the division

operator has a higher precedence than does th; addition
operator. Thus, the two following statements are equivalent:

Xx+y/100
x +(y/ 100) /fanambiguous, recommended

When writing compound expressions, you should be explicit

and indicate with parentheses which operators should be

evaluated first. This will make your code easier to read and to

Yy lower precedence. Operators
edence.

postfix operators [1 . (params) expr+—+ expr--

- R ~1
unary operators +H-expr €Xpr +expr -expr ~ !

logical AND &%
logical OR ]
[conditional

? : B
7 \
aSSlgnment = e = | . /= %= &= A= I= <<=

creation or cast new (type)expr
multiplicative * /%
additive + -
shift . <<>>>>>
relational <S<=oo instanceof
equality == |=
bitwise AND & —
bitwise exclusive OR T |
bitwise inclusive OR
TV OR [ |

S . >>= >>>=
N\
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i € same
When operators of equal precedepce .appe:lr aizdﬂflirst. All
expression, a rule must govern which is ev tuo erators are
binary operators except for the ass'e ent operators are
evaluated in lefi-to-right order. Assignment op
evaluated right to left.

Statements : al
Statements are roughly equivalent to senter.lcesf ler:c egzggn.
languages. A statement forms a complete unit 0 ode info a
The following types of expressions can be n;colon G):
Statement by terminating the expression with a sem ’

Assignment expressions
Any use of ++ or --
Method calls

Object creation expressions

i tements.
These kinds of statements are called expression sta
Here are some examples of expression statements:

aValue = 8933.234; //assignment
Statement

aValue++; //increment staten"ﬁ’,nt

System.out.println(aValue); //method ca
Statement

Integer integerObject = new Integer(4); //object creation .
Statement

. are
In addition tg these kinds of expression statements, ttg:;ares
two other kinds of statements. A declaration statemen

i tion
@ Vvariable. You've seen many examples of declara
Statements,

double aValue = 8933.234;

// declaration
Statement
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A control flow statement regulates the order in which
statements get executed. The for loop and the if statement are
both examples of control flow statements.

Blocks

A block is a group of zero or more statements between

balanced braces and can be useq anywhere a single statement is
allowed. The following listing shows two blocks from the

MaxVariablesDemo program, each containing a single -

statement:

if (Character.is,UpperCase(aChar)) {

System.out.println("The character " + aChar + " is
upper case.");

} else {

System.out.printin("The character " + aChar + " is
lower case.");

}

i‘:‘::::ry Of E;XPTCSSiOHS, Statements, and Blocks
PIESsion 1s a series of variables, operators, and method
calls (constructed acc ot of the 1

ording to the syntax of the language) that

You can group zero or more statements together into.a block
with curly brackets ( { and } ). Even though not required, w;
recommend using blocks with control flow statements even 1

there's only one statement in the block.

1.4.Control Flow Statements ' al
When you write a program, you type statements into a 1ile.
Without control flow statements, the interpreter executes these
statements in the order they appear in the file from left to right,
top to bottom. You can use control flow statements in )’O‘I1r
Programs to conditionally execute statements, to repeatedly
execute a block of statements, and to otherwise change the
normal, sequential flow of control. For 'e).(ample, in the
following code snippet, the if statement conditionally executes
the System.out.println statement within the braces, based on
the return value of Character.isUpperCase(aChar):

char c;

if (Character.isUpperCase(aChar)) { .
-System.out.printin("The character " + aChar + " is
UPper case.");

}

The Java programming language provides several control flow .
Statements, which are listed in the following table.

—
| Statement Type Keyword
looping A while, do-while , for
| decision making if-else, switch-case
|exception handling | try-catch-finally, throw
branching break, continue, label:,
return
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In the sections that follow, you will see the following notation
to describe the general form of a control flow statement:

control flow statement details {
statement(s)

Technically, the braces, { and }, are not required if the block :

contains only one statement. However, we recommend that you
always use { and }» because the code is easier to read and it
helps to prevent errors when medifying code.

The while and do-while Statements
You use a while statement to continually execute a block of

statements while g condition remains true, The general syntax
of the while statement is:

‘Wwhile (expression) {
statement

First, the while Stateme
return a boolean v,
while statement

1t evaluates expression, which must

while statement to Step through the characters of a string,

appending each character from (he string to the end of a string
bufferf until it encounters the letter g

public class WhileDemq {
public static voiq main(String]] args) {
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alue. If the eXpression returns true, then the

String copyFromMe = "Copy this string until you

"encounter the letter g\ '
StringBuffer copyToMe = new StringBuffer();

inti=0; _
char ¢ = copyFromMe.charAt(i);

while (c I="g") {
copyToMe.append(c); _
¢ = copyFromMe.charAt(++i);

System.out.println(copyToMe);
}
}

The value printed by the last line is: Copy this strin.

The Jaya programming language provides anotk_ler sta;ten:ﬁt
that g Similar to the while statement--the do-while statement.
The generg) syntax of the do-while is:

do {
Statement(s)
} while (expression);

Insyead of evaluating the expression at the top of the l;)lOP, ctll(l);

° evaluates the expression at the bottom. T I;S east
Statements associated with a do-while are executed a
Once, _

Here's the Previous program rewritten to use do-while and
Tenameq to DoWhileDemo: *

bublic class DoWhileDemo {
public static void main(String[] args) {
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String copyFromMe = "Copy this string until you "

"encounter the letter 'g'.";
StringBuffer copyToMe = new StringBuffer();

inti=0;
charc = copyFromMe.charAt(j);

do{

co‘pyToMe.append(c);

c= copyFrornMe.charAt(Hi);
} while (c 1="g);
} System.out.println(copyToMe);
}

The value printed by the last line js: Copy this strin.

The for Statement

The for statement provides a Compact way to iterate over a
range of values. The

general form of the for statement can be
" expressed like this:

tional.
iteration through the loop. All these cqul(lntllfrnet: ;r(;rzls)sions:
In fact, to write an infinite loop, you omit

for (;;){ // infinite loop

}

) ents in an
Often for loops are used to 1tera}te over ﬂ}guzl:vlinng sample,
array, or the characters in a str19g° The the elements of
ForDemo, uses a for statement to iterate over

an array and print them:

public class ForDemo { o ' {
public static void main(String[] args) 12, 1076,
int[] arrayOfints = { 32, 87, 3, 589, 12,
2000, 8,622, 127 };

for (int i = 0; i < arrayOfints.length; w)r) {
System.out.print(arrayOflInts[i] + " ");

System.out.println();
}
08622
10 output of the program is: 32 87 3 589 12 1076 2000 8 622
127,

. ithin the -
Note that you can declare a local variable W;th(l)l; this
initializatiop expression of a for loop. The Scofl‘) the block
variable extends from its declaration to the end 0 ed in the
soverned by the for statement so it can be “31 variable
termination and increment expressions as Well. If eloo it's
that controls a for loop is not needed outside of the k p’The
€St to declare the variable in. the initialization exprészw(ﬁ-aﬂng
flames i, j, and k are often used to control for loops; de
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them within the for loop initialization expression limits their
life-span and reduces errors.

The if/else Statements

The if statement enables your program to selectively execute
other statements, based on some criteria. For example, suppose
that your program prints debugging information, based on the
value of a boolean variable named DEBUG. If DEBUG is true,
your program prints debugging information, such as the valye
of a variable, such as x. Otherwise, your program proceeds

normally. A segment of code to implement this might look like
this:

if (DEBUG) {
System.out.printin("DEBUG: x =" + x);
}

This is the simplest version of the if statement: The block
governed by the if is executed if a condition is true. Generally
the simple form of if can be written like this: ’

if (expression) {
statement(s)

What if you want to perform a different se i

expression is false? You use the else ts::tzt;t::: e?ct:' lfht:te
Consider g_.nqthet exa.mple. Suppose that your program needs tt;
perform d;ffergnt actions depending on whether the user clicks
the OK button or another button in an alert window. Your

program could do this by using an j W
else statement: g an if statement along Wlth an

// response is either OK or CANCEL depénding
46

// on the button that the user pressed

if (response == OK) {
// code to perform OK action
} else {
// code to perform Cancel action

}

The else block is executed if the if part is false. Another form
of the else statement, else if, executes a statement based on
another expression. An if statement can have any nurpbel: of
companion else if statements but only one else. Following 1s a
program, IfElseDemo, that assigns a grade based on the value
of a test score: an A for a score of 90% or above, a B for a
score of 80% or above, and so on:

public class IfElIseDemo {
public static void main(String[] args) {

int testscore = 76;
char grade;

if (testscore >= 90) {
grade ="'A’;

} else if (testscore >= 80) {
grade ='B';

} else if (testscore >= 70) {
grade ='C;

} else if (testscore >= 60) {
grade ="D’;

} else {
grade ="F';

3.

System.out.printIn("Grade = " + grade);
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}
The output from this program is:
Grade=C

You may have noticed that the value of testscore can satisfy
;1160re _than one of the expressions in the compound if statement:
>= 70 and 76 >= 60..However, as the runtime system
§;z$f§es a corflpound if statement such as this one, once a
( adel:n' é's safisfied, the appropriate statements are executed
grade = ;)> and control passes out of the if statement without
evaluating the remaining conditions.
The Java programming language supports an operator, ?:, that

is a compact version of an if state .
fr . ment. Recall this men
om the MaxVariablesDemo program: statement

if (Character.isUpperCase(aChar)) {

System.out.println("Th " "
apper casamy ("The character " + aChar + " is

} else {

System.out.printIn("The
: . char: " n:
lower case."); ntind acter ™ + aChar + " is

}

te tha i .

System.out.println("The character " + aChar +"is " +

Ch: i
Tower") + (Character.isUpperCase(aChar) ? "upper” :

L
‘case."),

The ?: operator returns the string "

method returns true. Otherwise, jt upper” if the isUpperCase

returns the string “lower".
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The result is concatenated with other parts of a message to be
displayed. Using ?: makes sense here because the if statement
is secondary to the call to the println method. Once you get
used to this construct, it also makes the code easier to read.

The switch Statement
Use the switch statement to conditionally perform statements

based on an integer expression. Following is a sample program,
SwitchDemo, that declares an integer named month whose
value supposedly represents the month in a date. The program

displays the name of the month, based on the value of month,

using the switch statement:

public class SwitchDemo {
public static void main(String[] args) {

int month = 8§;

switch (month) {

case 1: System.out.println("January"); break;
case 2: System.out.println("F ebruary"); break;
case 3: System.out.printin("March"); break;
case 4: System.out.printin("April"); break;

case 5: System.out.printin("May"); break;

case 6: System.out.printin("June"); break;

case 7: System.out.printin("July"); break;

case 8: System.out.println("August"); break;
case 9: System.out.println("September“); break;
case 10: System.out.println("October"); break;
case 11: System.out.println("November"); break;
case 12: System.out.println("December"); break;
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The switch statement evaluates its expression, in this case the
value of month, and executes the appropriate case statement.

Thus, the output of the pro e
> : gram is: August. Of
could implement this by using an if statemi;llt: course, you

int mqnth = 8’
if (month == 1) {

System.out. printIn("January"
} else if (month =—2) { )
} System.out.println("pebmary..)

.../ and so on

]

pecxc.lh:ig whether to use an if statement or a switch statement
15 a judgment call. You can decide which to.use, based on
readability and other factors. An if statement can be used to

:tllatthe ntll:;l tIsirst statement following the switch block. The break
st f;rltle tlll)(;ce$§ary beca.tuse without them, the case
control vl g ough. That is, without an explicit break

OW  sequentially through  subsequent cast;
ng ample, SwitchDemo2, which
through: ful to have case statements fall

public S:l‘ass SwitchDemo?2 {
public static void main(Stﬁng[] args) {

int month = 2;
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int year = 2000;
int numDays = 0;

switch (month) §{
case 1:
case 3:
case 5:
case 7:
case 8:
case 10:
case 12:
numDays = 31;
break;
case 4:
case 6:
case 9:
case 11:
numDays = 30;
break;
case2: .
if ( ((year % 4 == 0) && !(year % 100 ==0))
| (year % 400 ==0))

numDays = 29;
else
numDays = 28,
break;
} n
System.out.printin("Number of Days =" +
numDays);
}
} .
The output from this program is:

Number of Days = 29
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Technically, the final break is not required because flow would
fall out of the switch statement anyway. However, we
recommend using a break for the last case statement just in
case you need to add more case statements at a later date. This
makes modifying the code easier and less error-prone.

You will see break used to terminate loops in Branching
Statements. '

Finally, you can use the default statement at the end of the

switch to handle all values that aren't explicitly handled by one
of the case statements. ) :

- int month = §;

switch (month) {
case 1: System.out.println("January"); break;
case 2. System.out.printin("February"); break;
case 3:. System.out.println("March"); break;
case 4: System.out.println("April"); break;
case 5: System.out.println("May"); break;

~case 6: System.cut.println("June"); break;
case 7: System.out.println("July"); break;
case 8: System.out.printin("August"); break;

~ case 9: System.out.printin("September"); break;
case 10: System.out.println("Qctober"); break;
case 11: System.out.printin("November"); break;
case 12: System.out.printIn("December"); break;

default: System.out.printin("Hey, that's not a valid
month!"); break;

}

Exception Handling Statements

The Java Prog;arhming language provides a mechanism known
as exceptions to help programs report and handle errors. When
an error oceurs, the program throws an exception. What does
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this mean? It means that the normal flow of the program 1;
interrupted and that the runtime environment attempts to fin
an exception handler--a block of code that can handle a
particular type of error. The exception h.andler can attempt to
recover from the error or, if it determines that the error 1s
unrecoverable, provide a gentle exit f:rom the péog@.

Three statements play a part in handling exceptions: _
The try statement identifies a block of statements within which
an exception might be thrown. ' .

The catch statement must be associated with a try statc?mj:;
and identifies a block of statements that can hanfile a partlcti "
type of exception. The statements are executked if an exceptio
of a particular type occurs within the try block.

The finally statement must be associated with a try stateg;:rsl;
and identifies a block of statements that are executed regar

* of whether or not an error occurs within the try block.

Here's the general form of these statements:

try {
statement(s)

} catch (exceptiontype name) {
statement(s)

} finally {
statement(s)

}

This has been a brief overview of the statements plg)w}/lldec(liﬁg)gl
the Java programming language used in {ep,ort-mg an hanas i
errors, However, other factors and considerations, suc s
difference between runtime and checked exceptions an he
hierarchy of exceptions classes, which represent vanm;ls a:?i,fm
of exceptions, play a role in using the exception mccVides a;
The Handling Errors with Exceptions lesson pro
complete discussion on this subject.
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Branching Statements

The Java programming language supports three branching
statements:

The break statement
The continue statement
The return statement

The break statement and the continue statement, which are
covered next, can be used with or without a label. A label is an

identifier placed before a statement. The label is followed by a
colon (©):

statementName: someJavaStatement;

You'll see an example of a label within the context of a
program in the next section,

The break Statement

public class BreakDemo {
public static void main(String[] args) {
int[} arrayOfints = {32,87, 3,589, 12, 1076,
2000, 8, 622, 127 b
int searchfor = 12;
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inti=0;
boolean foundIt = false;

for (; i < arrayOflnts.length; i++) {
if (arrayOflnts[i] == searchfor) {
foundIt = true;
break;

}
}

if (foundlIt) { . .
(System.out.println("Found' + searchfor + " at

index " + j);
else o N
} Systfam.out.println(searchfor + "not in the array");

}
}
}

The break statement terminates the for loop when th; Yﬁ)l:rei nl;
found. The flow of control transfers to the statement od oing
the enclosing for, which is the print statement at the en
program. .

The output of this program is:

Found 12 at index 4

The unlabeled form of the break statement. is used to tfrgli‘g::
the innermost switch, for, while, or do-»\.zhﬂe;.the labeﬂ? label
terminates an outer statement, which is 1dent1ﬁec} by the e
Specified in the break statement. The following progrt it
BreakWithLabelDemo, is similar to the previous one, (lil for
Searches for a value in a two-dimensional array. Two neslteb o]
loops traverse the array. When the value is found, a labe
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break terminates the statement labeled search, which is the
outer for loop:

public f:lass BreakWithLabelDemo {
public static void main(String[] args) {

int{][] arrayOfints = { { 32, 87, 3, 589 },
{ 12, 1076, 2000, 8 },
{622,127,77,955 )
}.

int searchfor = 12_;

inti=0;
intj=0;
boolean foundlt = false;

search:
for (; i.< arrgyOﬂnts.length; i++) {
fox: (j = 0; j <arrayOfints[i].length; j+H) {
if (arrayOﬂnts[i][j] == searchfor) {

foundIt = true; -
break search;
}
}
if (foundIt) { ‘
+i+ u, n +j);sy8tem'°m-println("Found "4 searchfor +Mgt"
} else {
SYSt.. em.out.printin(searchfor + "not in the array");
}
}
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The output of this program is:
Found 12 at 1,0

This syntax can be a little confusing. The break statement
terminates the labeled statement; it does not transfer the flow of
control to the label. The flow of control transfers to the
statement immediately following the labeled (terminated)
statement.

The continue Statement

You use the continue statement to skip the current iteration of a
for, while , or do-while loop. The unlabeled form skips to the
end of the innermost loop's body and evaluates the boolean
expression that controls the loop, basically skipping the

" remainder of this iteration of the loop. The following program,

ContinueDemo, steps through a string buffer checking each
letter. If the current character is not a p, the continue statement
skips the rest of the loop and proceeds to the next character. If
it is a p, the program increments a counter, and converts the p

to an uppercase letter.

public class ContinueDemo {
public static void main(String[] args) {

StringBuffer searchMe = new StringBuffer(
"peter piper picked a peck of pickled
peppers");
int max = searchMe.length();
int numPs = 0;

for (int i = 0; i < max; i++) {
//interested only in p's
if (searchMe.charAt(i) !="p')
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continue;

/lprocess p's

numPs++;

searchMe.setCharAt(i, P,
} .

. System.out.println("Found " + numPs + " p's in the
string.");

System.out.println(searchMe);
}
}

Here is the output of this program:

Found 9 p's in the string.
Peter PiPer Picked a Peck of Pickled PePPers

jI'he !abeled form of the continue statement skips the current
lteration of an outer loop marked with the given label. The
following example program, ContinueWithLabelDemo, uses
nested loops to search for a substring within another string.
Two nested loops are required: one to iterate over the substring
and one to iterate over the string being searched. This program

uses the labeled form of continue to skip an iteration in the
outer loop: ' :

public class Continue WithIabelDemo {
public static void main(String[] args) {

Stt'?ng searchMe = "Look for a substring in me";
String substring = "sub";
boelean foundlt = false;

int max = searchMe.léngthy() - substring.length();
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test:
for (int i = 0; i <= max; i++) {
int n = substring.length();
intj=i;
intk=0;
while (n-- !=0) {
if (searchMe.charAt(j++) !=
substring.charAt(k++)) {
continue test;

}

}
foundlt = true;

break test;
}

System.out.println(foundlt ? "Found it" : "Didn't
find it");
}
}

Here is the output from this program:
Found it

Th n Statement

Thz ’l.::tlrofﬁava’s branching statements is the return statementf
You use return to exit from the current method. The ﬂ(_mf (;1
control returns to the statement that follows the orlgﬁll ,
method call. The return statement has two forms: one ?
returns a value and one that doesn't. To return a value, sn:ge)rf
put the value (or an expression that calculates the value)

the return keyword:

return ++count; -
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The data type of the value returned by return must match the
zlypi, of the .method's declared return value. When a method is
eclared void, use the form of return that doesn't return a value:

return;

J\Zte : Alth?ugh goto is a reserved word, currently the Java
programming language does not support the goto statement.
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Chapter2.0Object Basics and
Simple Data Objects

This trail begins with a general discussion about the life cycle
of objects. The information presented applies to objects of all
types and includes how to create an object, how to use it, and,
finally, how the system cleans up the object when it's no longer
being used.

2.1.The Life Cycle of an Object

A_ typical Java program creates many objects, which interact
with one another by sending each other messages.

Through these object interactions, a Java program can
Implement 2 GUI, run an animation, or send and receive
information over a network. Once an object has completed the
work for which it was created, it is garbage-collected and its
resources are recycled for use by other objects. ‘
Here's a small program, called CreateObjectDemo, that creates
ﬂlfee objects: one Point object and two Rectangle objects. You
will need all three source files to compile this program.

public class CreateObjectDemo {
public static void main(String[] args) {

// create a point object and two rectangle objects

Poinit origin_one = new Point(23, 94);

Rectangle rect_one = new Rectangle(origin_one,
100, 200); ‘

Rectangle.rect_two = new Rectangle(50, 100);

/1 display rect_one's width, height, and area
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System.out.println("Width of rect_one: " +
rect_one.width); '

System.out.println("Height of rect_one: " +
rect_one.height);

System.out.println("Area of rect_one: " +
rect_one.area());

// set rect_two's position
rect_two.origin = origin_one;

// display rect - two's position
System.out.println("X Position of rect_two: " +
rect_two.origin.x);

System.out.println("Y Position of rect_two: " +
rect_two.origin.y);

// move rect_two and display its new position

rect_two.move(40, 72);

System.out.println("X Position of rect_two: " +
rect_two.origin.x);

System.out.printl‘n("Y Position of rect_two: " +
rect_two.origin.y); -

}

Afier creating the objects, the program manipulates the objects

and displays some information dbout them. Here's the output
from the program; :

Width of rect_one: 100
Height of rect_one: 200
Area of fect_one: 20000
X Positien of rect_two: 23
Y Position of rect_two: 94
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X Position of rect_two: 40
Y Position of rect_two: 72

This section uses this example to describe the ?ife cycle of .212
object within a program. From this, you can learn how tocI::n :
code that creates and uses an object and how the system

it up.

Creating Objects o s
Aseyou l%novx;‘, a class provides the description fqr objects; yotL;
Create an object from a class. Each of the following stalt:n::'n
taken from the CreateObjectDemo program creates an object:

. . . _ . 4);
Point origin_one = new Point(23, 94); o
RZ::tanglgllr':ect_one = new Rectangle(origin_one, 100,

200); '

) Rectangle rect_two = new Rectangle(50, 100);

The first line creates an object from the Point f}llasls{ ;r:gn g;:
second and third lines each create an objegt from the

class.

Each statement has three parts:

- 1.Declaration: The code in the previous listing uses a number

of variable declarations that associate a name :wtlcllegl art};pee;
When you create an object, you do l}ot havel 0 Joclare 2
variable to refer to it. However, a variable dec l:;\.ra to
appears on the same line as the code to create an o _:ec th e
2.Instantiation: new is a Java operator that creates

Object cates space for it).

3.IJni(t;ia(lziiﬁion: Tll:e new operator is fqllowed by a cag; ::11 ;
constructor. For example, Point(23, 94) is a call to Poin
Constructor. The constructor initializes the new object.
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The next three subsections discuss each of these actions in
detail:

Declaring a Variable to Refer to an Object

From the Variables section in the previous lesson, you learned
that to declare a variable, you write: -

type name

This notifies the compiler that you will use name to refer to
data whose type is type.

In addition to the primitive types, such as int and boolean,
provided directly by the Java platform, classes and interfaces
are also types. So to declare a variable to refer to an object, you
can use the name of a class or an interface, as the variable's
type. The sample program uses both the Point and the
Rectangle class names as types to declare variables.

Point origin_one = new Point(23, 94);
Rectangle rect_one = new Rectangle(origin_one, 100,
200);

Rectangle rect_two = new Rectangle(50, 100);

Dﬁecla:ations do not create new objects. The code Point
origin_one does not create a new Point object; it just declares a
variable, named origin_one, that will be used to refer to a Point
object. The reference is empty until assigned. An empty
reference is known as a null reference.

To create an object you must instantiate it with the new
operator.

Instantiating an-Qbject

The new operator instantiates a class by allocating memory for
a new object. The new Operator requires a single, postfix
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argument: a call to a constructor. The name of the constructor
provides the name of the class to instantiate. The constructor
initializes the new object. o

The new operator returns a reference to the object it creafed.
Often, this reference is assigned to a variable'of the appro.pnat'e
type. If the reference is not assigned to a variable, the object is
unreachable after the statement in which the new operator

appears finishes executing.

Initializing an Object
Here's the code for the Point class:

public class Point {
public int x = 0;
public int y = 0;
//A constructor!
public Point(int x, int y) {
this.x = x;
this.y =y;
}
}

This class contains a single constructor. You can recognize a
constructor because it has the same name as the class and has
10 return type. The constructor in the Point class takes 'tvlvlo
integer arguments, as declared by the code (int x, int y). T‘ e
f0110wing statement provides 23 and 94 as values for those

arguments:
Point origin_one = new Point(23, 94);

The effect of the previous line of code can be illustrated in the
next ﬁgure: .
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origin_one | g APoint Object

Here's the code for the Rectangle class, which contains four
constructors:

public class Rectangle {
public int width = 0:
public int height = 0;
public Point origin;

//Four constructors
public Rectangle() {
origin = new Point(0, 0);

}

public Rectangle(Point p) {
origin = p;

public Rectangle(int w, int h) {
this(new Point(0, 0), w, h);

publi-c Rectangle(Point p, int w, int h) {

origin = p;
width = w:
height = h;

}
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//A method for moving the rectangle
public void move(int x, int y) {
origin.x = X;
origin.y =y,

}

//A method for computing the area of the rectangle
public int area() {
return width * height;
}
h

Each constructor lets you provide initial values for dlffc_:renf
aspects of the rectangle: the origin; t%le width, and the helgz{i
all three; or none. If a class has multiple constructors, they
have the same name but a different number qf argurpents t}cl)r
different typed arguments. The Java platform dlfferentlau;s the
constructors, based on the number and the type 0 the
arguments. When the Java platform encounters the follothn%
code, it knows to call the constructor in the Rectangle class .a
requires a Point argument followed by two integer arguments:

Rectangle rect_one = new Rectangle(origin_one, 100,
200);

This call initializes the rectangle's origin variable to the: Point
object referred to by origin_one. The code also sets width to
100 and height to 200. Now there are two references to the
Same Point object; an object can have multiple references to it,
as shown in the next figure:
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origin_one

APoint Object

A Rectangle Object

Multiple references can refer
line. of code calls the cq
arguments, which provid
height. If you inspect the
see that it creates a new
initialized to 0:

to the same object. The following
nstructor that requires two integer
e the initial values for width and
code within the constructor, you will
Point object whose x and y values are

Rectangle rect_two = pey Rectangle(50; 100);

The Rectangle constructor used in the following statement
doesn't take any ar

arguments, so it's called a no-argument
constructor: ‘ i

Rectangle rect = neyw Rectangle();

- explicitly declare any constructors, the Java
platform automatically provides a no-argument constructor,

tructor, that does nothing. Thus, all

classes have at least one constructor,

AR

Cleaning Up Unused Objects
Some obgjechriented languages require that' you keep tra(;l( cl)rf
all the objects you create and that you explicitly de:s’troyl.ciczl
when they are no longer needed. Managing memory expli tg
is tedious and error prone. The Jav? }?latform allowsbyouhat
Create as many objects as you want (llm}ted, of course, by ‘]:,out
your system can handle), and you dopt have to worry ‘:)1' out
destroying them. The Java runtime environment deletes 0 J';‘ehi
When it determines that they are no longer being used. This
rocess is called garbage collection. .
gn object is elig%ble f%r garbage collection when therelgn? nz
More references to that object. References fhat are he tnof
Variable are usually dropped when the van.able gf(?es Ol.el 2
Scope. Or, you can explicitly drop an object re e;enih atz
Setting the variable to the special value null. Remem ;:r hat 2
Program can have multiple references to the same o J;C  all
references to an object must be dropped before the objec
eligible for garbage collection.

The Garbage Collector

€ Java runtime environment has a garbe}ge collector ﬂ:f::
Periodically frees the memory used by objects that are

longer referenced. The garbage collector does its job

AUtomatically, although, in some situations,. you may w?ﬂt] gg
Tun the garbage collection explicitly by cailllmg thet %g ;?m tod
in the System class. For instance, you might wan ! the
8arbage collector after a section of code that creates czll : I%t
AMount of garbage or before a section of code that needs

of memory.

Finalization o
Before an object gets garbage-collected, the garbage collector

Blves the object an opportunity to clean up after itself through a
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call to the object's finalize meth i i
inalization. od. This process is known as
liglfl; megr&tlrhnmers don't have to worry about implementing the
b te }nel od. In rare cases, however, a programmer might
as nat?vlem§ e:inergl a finalize method to release resources, such
S, '
collector, at aren't under the control of the garbage
The finali .
theeto oi‘th mﬁthod 1s 2 member of the Object class, which is
of allpclas € Java platform's class hierarchy and a superclass
Sexforn a.nses._ A. c!ex.ss can override the finalize method to
y finalization necessary for objects of that type. If

zl(:gul(c)lve;?de ﬁnaliz'e., your implementation of the method
Call super.finalize as the last thing it does.

2.2.Characters and Strings

The Java platform .
avap. contains three classes th
working with character data: at you can use when

Character-- .
value. t?Il:hi? Cllass whose instances can hold a single character
manipuylat class also defines handy methods that can
S&ing-;'A?colrrzss for 1 single-character data.
10r worki ith 3 .
g:;?p(g@g of mul ﬁ'ple.crhar fct‘;':;h immutable (unchanging) data
ngBuffer--A class for stopi:
g , : storin: : ; ;
éata composed of multiple Charactger?d manipulating mutable

Characters

e ue i
that - requires objects, 1nto a data structure, such as a vector,

CharacteiDemo, creates. aT'he fon‘)Wing sample program,

few character objects and displays

~n o

some information about them. The code that is related to the
Character class is shown below:

public class CharacterDemo {
public static void main(String args[]) {
Character a = new Character('a');
Character a2 = new Character('a');
Character b = new Character('b");

int difference = a.compareTo(b);

if (difference == 0) { ‘
System.out.printin("a is equal to b.");

} else if (difference < 0) {
System.out.println("a is less than b.");

} else if (difference > 0) {
System.out.println("a is greater than b.");

}
System.out.println("a is "
+ ((a.equals(a2)) ? "equal" : "not equal”)
+ " to a2.");
- System.out.printin("The character " + a.toString() +
lS "
+ (Character.isUpperCase(a.charValue()) ?

. nupper" : "lower")

+ "case.");

}
}

The folloWing is the output from this program:
aislessthanb. =

a is equal to a2.
The character a is lowercase.
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The CharacterDemo program calls the following constructors
and methods provided by the Character class:

Character(char)

The Character class's only constructor, which creates a
Character object containing the value provided by the

argument. Once a Character object has been created, the value
it contains cannot be changed.

compareTo(Character)
An instance method.

that compares the values held by two
character objects: the

object on which the method is called (ain
the example) and the argument to the method (b in the
- example). This method returns an integer indicating whether

the value in the current object is greater than, equal to, or less
than the value held by the argument. A letter is greater than
another letter if its numeric value is greater.
equals(Object)

An lnstance method that compares the value held by the current
object with the value held b

. Yy another. This method returns true
if the values held by both objects are equal.

charValue() :
An instance method that returs the value held by the character
object as a primitive char value, '

isUpp’etCase(char)

’p)

A class method that determines whether a primitive chardvat:;i
is uppercase. This is one of many Character class methods
inspect or manipulate character data.

Wh tring Classes? .

They 'lJ“::;S p]atgform provides _two cla;ses, Smr;g ;ant:
StringBuffer, that store and manipulate stnngs-chargc erc]ass
consisting of more than one cl}aracter. The String s
Provides for strings whose value will not change. For examﬂlzoci
if you write a method that requires string data and the m;tdn

is not going to modify the string in any way, pass ?d fo%
object into the method. The StringBuffer class provides or
Strings that will be modified; you use string bl.xffers when %'ou
know that the value of the character data' will change. You
typically use string buffers for constructing chagactera fﬁe
dynamically: for example, when reading text data '01:1 2 usé
Because strings are constants, they are more .e'fﬁ'cwn 1o use
than are string buffers and can be shared. So it's impo

use strings when you can.

FOllowing is a sample program calle.d StringsDemo, &Ed;
Ieverses the characters of a string. This program uses
String and a string buffer.

public class StringsDemo { .
public static void main(String[] args) { .
String palindrome = "Dot saw I was Tod";
intlen= palindrome.lengthQ; .
StringBuffer dest = new StnngBuffer(lgn),

for (int i = (len - 1); i >=0; i--) { N
dgst.append(palindrome.charAt(l)),
}

System.out.println(dest.toString());
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3
}
~ The output from this program is:

doT saw I was toD

In addition to highlighting the differences between strings and

strin: ; . .
g buffers, this section - discusses several features of the

Strin, ingBuffer -

buffe%s azginsgmi:%gssoer 012888: creating strings and string
L r m ; .

string or string buffer, e 10 get information about a

and modifying a string buffer.
Creating Strings and StringBuffers

A string is often created from

String palindrome = "Dot saw I was Tod":

| e String e -
provide tl%el liusii:lr(:zgies sfveral constructors th.at allow you to
such as an arr y' of éh;xo the String, using different sources,
buffer. o waracters, an array of bytes, or a string

Here'san e I ereati i
Xample of Creating 4 string from g character array:
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char[] helloArray = { 'h’,'¢", I, T, '0' };
helloString = new String(helloArray);
System.out.printIn(helloString);

The last line of this code snippet displays: hello.

You must always use new to create a string buffer. The
StringsDemo program creates the string buffer refe.rred to by
dest, using the constructor that sets the buffer's capacity:

String palindrome = "Dot saw I was Tod";

int len = palindrome.length();
StringBuffer dest = new StringBuffer(len);

This code creates the string buffer with an initial capacity equal

to the length of the string referred to by the name palindror{le.
This ensures only one memory allocation for dest becauge it's
just big enough to contain the characters that will be copied to
it. By initializing the string buffer's capacity to a reasonable
first guess, you minimize the number of times memory must be
allocated for it. This makes your code more efficient because
Mmemory allocation is a relatively expensive operation.

Accessor Methods

Getting the Length of a String or a String Buffer

Methods used to obtain information about an object are known
as accessor methods. One accessor method that you can use
With both strings and string buffers is the length methpd, which
returns the number of characters contained in the string or the
string buffer. After the following two lines of code have been

€Xecuted, len equals 17:

String palindrome = "Dot saw I was Tod";
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int len= palindrome.length();

In addition to length, the. StringBuffer class has a method
called gapacity, which returns the amount of space allocated for
the string buffer rather than the amount of space used. For
example, the capacity of the string buffer referred to by dest in

the StringsDemo program never changes, although its length
Increases by 1 for each iteration of the loop. The following
figure shows the

capacity and the length of dest after nine
characters have been appended to it, g

A string buffer's length is the numb,
a string buffer's capacity is the num
have been allocated. The Sti'ing cl
method, because a string cannot ch

er of characters it contains;
ber of character spaces that
ass doesn't have a capacity
ange.

Y5 the index of the last is length()-1. For
mﬂe’ the following code gets the character at index 9 in a

: S“ing'énOﬂTerPhlmdrome = I\T: .
ot a > = "Niagara. O roar again!";
char aChar = anoﬂlerPalindrome.charAt(S?); ¢

Indices begin at 0, g0 the char :

. i e ? Character at e WY
illustrated in the following figure: index 9 is 'O’ as
0 2 - !

N ; - ."3 z ﬂ ’ 7¢,8 9 0112 g 14 15 18 17 18 10 20 21
'T"a_g‘,a»rva” Ol |rlofalr ajglajifni!
‘ \ :

charAe(9) charts) T

charAt(length() - 1)
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- Use the substring method to get part of a string or string

Use the charAt method to get a character at 2 particulfar ﬂ::dle:;t
The figure also shows that to compute the index othe > last
character of a string, you have to subtract 1 from

returned by the length method. _
If you waflt to get more than one character from a string or a

string buffer, you can use the subst.ring method.. The ts;;xel?smng
method has two versions, as shown in the f°n°W1;‘1$ tzr e
The following code gets from the Niagara 1p5 mhich c e
substring that extends from index 11 to index 15, w

word "roar":

. .
String anotherPalindrome = "Niagara. O roar1 a%gl)r.l. ;
String roar = anotherPalindrome.substring(11, 15);

buffer.

Remember that indices begin at 0.

Modifying StringBuffers ' 4
he l'g::felt met%lod uses StringBuffer's append method to ad

a character to the end of the destination string: dest.

class ReverseString { ' :
public static String reverselt(String source) {

int i, len = source.length(); ‘_
lSn‘ctrilr,lg%uffelr dest = new StringBuffer(len);

for (i = (len - 1); 1>=0; i--) {. .
ord(est.a(ppend(source.charA’c(l)),

return dest.to‘String();

}
}
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If the appended character causes the size of the StringBuffer to
grow beyond its current capacity, the StringBuffer allocates
more memory. Because memory allocation is a relatively
expensive operation, you can make your code more efficient by
initializing a StringBuffer's capacity to a reasonable first guess,
thereby minimizing the number of times memory must be
allocat(j:d for it. For example, the reverselt method constructs
the StringBuffer with an initial capacity equal to the length of
l(:il;estsomce string, ensuring only one memory allocation for
The version of the append method used in reverselt is only one
of the StringBuffer methods that appends data to the end of 2
StnngBuﬁ‘er‘. There are several append methods that append
'dat? of various types, such as float, int, boolean, and even
Object, to the end of the StringBuffer. The data is converted t0
a string before the append operation takes place.

Inserting Characters

g\fﬁ times, you mdy want to insert data into the middle of a
ngBuffer. You do this with one of StringBufffer's insert

methods. This example illustr ;
e t .
string into a StringBuffer: ates how you would insert

StriI{gBuﬁ.er sh= new Strin e 1.
sb.insert(s, "‘HU.{' 0 ngﬁer( Drink Java!");
S.ystem.out.prmtin(sb.tGString());

This code snippet prints: i

Drink Hot Java!

begin at 0, so the index for 'J' is 6. To insert data at the
beginning of a StringBuffer, use an index of 0. To add data at
the end of a StringBuffer, use an index equal to the current
length of the StringBuffer or use append.

Setting Characters

Another useful StringBuffer modifier is setCharAt, which
replaces the character at a specific location in the StringBuffer
with the character specified in the argument list.. setCharAt is
useful when you want to reuse a StringBuffer.

Collverting Objects to Strings

The toString Method -

It's. often convenient or necessary to convert an object to a
String because you need to pass it to a method that accepts only
String valyes. The reverselt method used earlier in this lesson
uses StringBuffer's toString method to convert the StringBuffer
to a String object before returning the String.

class ReverseString {
public static String reverselt(String source) {
int i, len = source.length();
StringBuffer dest = new StringBuffer(len);

for (i=(len - 1);i>=0;i--) {
dest.append(source.charAt(i));

return dest.toString();

}
}

With StringBuffer' ; ' “
ith StringBuffer's many insert methods, you specify the

index before which you want the datg inserted. In the example,

Hot " needed to be inserted before the 'J' in "Java". Indices

All clagses inherit toString from the Object class and many
Classes in the javalang package override this method to
Provide an implementation that is meaningful to that class. For
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example, the "type wrapper" classes--Character, Int.eger,
Boolean, and the others--all override toString to provide a
String representation of the object.

The valueOf Method

As a convenience, the String class provides the class method
valueOf, You can use valueOf to convert variables of different
types to Strings. For example, to print the value of pi:

System.out.prixiﬂn(String.valueOf(Math.PI));

Converting Strings to Numbers

~ The String class itself does not provide any methods for
converting a String to a floating point, integer, or other

numerical type. However, four of the "type wrapper" classes

(Integer, Double, Float, and Long) provide a class method

named valueOf that converts a String to an object of that type.

Here's a small, contrived example of the Float class's valueOf:

String piStr = "3.14] 59",
Float pi = Elpat.valueOf(piStr);

Strings and t‘-ﬁe,‘,]jaya Compiler |
The. Java '..c,.ompi;ler uses the String and StringBuffer classes
behind the scenes i hanidle litera] strings and concatenation.
Literal Strings e

In Java, you specify liferal Sll;-ings between double quotes:
"Hello World!"

You can use literal strings anywhere you would use a String
object. For ¢xample, S

¥ - System.out.printin accepts a String
?hrgumr ent, 80 you could yse 5 literal string in place of a String
Nere. :
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System.out.println("Might 1 add that you look lovely
today.");

You can also use String methods directly from a literal
string,

int len = "Goodbye Cruel World".length();

) . oot
Because the compiler automatically creates a new Slt:'mfl c;l:gie:g
for every literal string it encounters, you can use a fiter

to initialize a String.

String s = "Hola Mundo";

The above construct is equivalent to, b'ut more e(flﬁct{etgefhan,
this one, which ends up creating two Strings instead ot one:

String s = new String("Hola Mundo");

. . the
The compiler creates the first string when it encounters

litera] string "Hola Mundo!", and the second one when it
€ncounters new String.

Concatenation and the + Operator ’ .
In Java, you can use + to concatenate Strings together:

String cat = "cat"; o
Syste%n out.println("con” + cat + "enation”);

. ’t be
This is a little deceptive because, as you know, smngisl;am uses
changed. H owever, behind the scenes the comp cample
StringBuffets to implement concatenation. The above e
Compiles to:
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gtring cat = "cat";
ystem.out.println(new StringBuffer().append("con").
append(cat).append("enation").toString());

You can also use the +
operat .
that are not themselves Slzn’ng(s):r to append values to a String

System.out.println("Java's Number " + 1);

The compil
Voo converts the non-String value (the integer 1 in the

example) to a St )
concatenation Operaﬁ;;mg object. before performing the

2.3.Arrays

An array is a struc
tur .
type. The length of © that holds multiple values of the same

an array is established when the array is

created (at runti Af
structure, " - me). T creatiop, an array is a fixed-length

first index 0 ;

Array length is 10

Here's a simple prograr
array, puts §e§1e \l:;fl%:g{n’.caned ArrayDemo, that creates the
, TUes Init, and displays the \’lalues.

Creating and Usmg Arrayg
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public class ArrayDemo {
public static void main(String[] args) {
int[] anArray; // declare an array of integers

anArray = new int[10]; // create an array of integers

// assign a value to each array element and print
for (int i = 0; i < anArray.length; i++) {
anArray[i] =1;
System.out.print(anArray[i] + """,
}

System.out.println(); .

}
}

De.claring a Variable to Refer to an Array
This line of code from the sample program declares an array

Variable:
int[] anArray; // declare an array of integers

Like declarations for variables of other types, an array
declaration has two components: the array's type and the array's

‘Mame. An array's type is written type[l, where type is the data

type of the elements contained within the array, and [] indicates
that this is an array. Remember that all of the elements within

an array are of the same type. .
he sample program uses int[], so the array called anArray will
€ used to hold integer data. Here are declarations for arrays

that hold other types of data:

float[] anAnayOfF loats;
boolean[] anArrayOfBooleans;
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Object[] anArrayOfObjects;
String[] anArrayOfStrings;

As with declarations for variables of other types, the
declaration for an array variable does not allocate any memory
to contain the array elements. The sample program must assign
a value to anArray before the name refers to an array.

Creating an Array

You create an array explicitly using Java's new operator. T.he
next statement in the sample program allocates an array with

enough memory for ten integer elements and assigns the array
to the variable anArray declared earlier.

anArray = new int[10]; // create an array of integers

In general, when creating
plus the data type of the
elements desired enclosed

an array, you use the new operator,
array elements, plus the number of
within square brackets ('[' and 7).

new elernentType[arraySize]

If the new statement were ommitted from the sample program,

the compiler would print an error like the following one and
compilation would fai],

... . ArrayDemo java:4: Varigbje anArray may not have been
initialized.

Accessing an Array Elemen;

Now that some memory

! has been allocated for the array, the
program assigns valye

S to the array elements:

for (int i = 0;i < anArray,lengtt; i++) {
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anArray[i] = i; .
System.out.print(anArray(i] + )s

}

This part of the code shows that to reference an array :fm:ﬁg
either to assign a value to it, or to accei}sh the v';llze,b ﬁ)w ee}:lp e
e valu

SQuare brackets to the array name. ' he
Square brackets indicates (either with a variable 011'\I S;;n:h c:lt e
Xpression) the index of the element to access. e s
Java, array indices begin at 0 and end at the array len

1. , .

Getting the Size of an Array .
O get the size of an array, you write

arrayname.length

Be careful: Programmers new to the Java prograrr:;lr:)%
anguage are tempted to follow length with an el?pt):n oo
Parenthesis, This doesn't work because length is r:? a et
length is a property provided by the Java platform

arays,

The for loop in our sample program iterates over eacll1 eley:;zg;
of anArray, assigning values to its elements. Thefor loop us¢

Array.length to determine when to terminate the loop.
Array Initializers

€ Java programming language provides a shortcut syntax for

i ‘o ' ample of this
Creating and initializing an array. Here's an examp
Syntax: .

boolean{] answers = { true, false, true, true, false };
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The !ength of the array is determined by the number of values
provided between { and }.

Arrays of Objects

Arrays can hold reference types as well as primitive types. You
create sucl} an array in much the same way you create an array
with primitive  types. Here's a small program,
Ar_rayOﬂ?‘trmgsDemo that creates an array containing three
string objects then prints the strings in all lower case letters.

public class ArrayOfStringsDemo {
public static void main(String[] args) {

Stl'lng[]anAn-a = { "Stri W NQyyel "
“String Three ) y = { "String One", "String Two",

for (inti=0; i< anArray.length; i++) {
} System.out.pﬁntln(anArray[i]‘toLowerCase());
}
}

Thi Creates
S Program creates and populates the array in a single

state \
ement. However, you can create an array without putting

any elefients in i . .
blgck, e(%eér;tsenm;;;’nm li’,\rmgs us to a potential stumbling
arrays that contain Obj:r-_: Y new programmers, when using

ects. Consider this line of code:
String[] anArray = pew String[5);

After this line of ;
exists and haseezilfg: ° 1S executed, the array called anArray

the array doesn't COﬁtr;?\mag; hold 5 string objects. However,

e . strings yet. It is empty. The
%ﬁ%ﬁﬁﬁf licily create sirings yand put »thelgtyin the
Seem obvious, however, many beginners

assume that the previous line of code creates the array and
Creates 5 empty strings in it. Thus they end up writing code like
the following, which generates a NullPointerException:

String[] anArray = new String[5];

for (int i = 0; i < anArray.length; i++) {
/ ERROR: the following line gives a runtime error
System.out.println(anArray[i].toLowerCase());

}

?he problem is more likely to occur when the array is created
0 a constructor or other initializer and then used somewhere
else in the program.

Arrays of Arrays
ays can contain arrays. ArrayOfArraysDemo creates an
ArTay and uses an initializer to populate it with four sub-arrays.

public class ArrayOfArraysDemo {
public static void main(Stringf[] args) {
String[][] cartoons =

N~ { "Flintstones", "Fred", "Wilma", "Pebbles",
Dlno" }, .
{ |lRubbleS"’ llBameyll, "Betty", llBam Baln" }’
"Rox: { "Jetsons", "George", "Jane", "Elroy", "Judy",
Osie”, "Astro" },
"y { "Scooby Doo Gang", "Scooby Doo", "Shaggy",
elmau, "Fred", "Daphne" }
b o

fox; (int i = 0; i < cartoons.length; i++) {
System.out.print(cartoons[i][0] + ": ");



for(intj=1;j< cartoons|[i].length; j++) {
System.out.print(cartoons[i][]] S P
}

System.out.println();

}
}

Notice that the sub-arrays are all of different lengths. The
names of the sub-arrays

are cartoons([0], cartoons[1], and so on.
As with arrays of objects, you must explicitly create the sub-
arrays within an array, S if you don't use an initializer, you
need to write code like the following, which you can find in:
ArrayOfArraysDemo?

public class ArrayOfArraysDemo?. {
pu!)lic static void main(String[] args) {
nt[][] aMatrix = new int[4][];

/Ipopulate matrix

for (int i = 0;i< aMatrix.length; i++) {
aMatrix[i] = new ni[S]; //create sub-array
for (int j = 0; < aMatrix[i].length; j++) {
: aMatrix[i}[j] = i st

H

/lprint matrix

for (int i = 0 = aMatrix.length; i++) {

for (intj = 0; j < aMatrix[i] length; j++) {
System.out.print(aMatrix[i][i] il ¢
System.out.println();

Q0

}
}

You must specify the length of the primary arrﬂzlly :{llllizrr };;1;
Create the array. You can leave the length of the
Unspecified until you create them.

Sgg’;;lsgtt?rr::ls'agrsraycopy method to efficiently Eopy g::s f;‘(l)‘I;Z
One array into another. The arraycopy metlll;? tre;;mn‘ce o
arguments: public static void angycopy((l)] jec s
Stelndex, Object dest, int destIndex, int length)

The two Object arguments indic.ate the array to :Opiidf;:r:;; atllllcei
the array to copy to. The three integer argm:lentlsnation by
Stamng location ineach the source and t_he desti b
and the number of elements to copy. This diagram
OW the copy takes place:
Srcindex

. s
Gw1 2 3 4 5 (50708 S

Sm—

LE"M;:IMEX

dast

to
The following program, ArrayCopyDemo, uses arraycopy

To
“OPY some elemets from the copyFrom array to the copy

public class ArrayCopyDemq {
public static void main(String[] args) {




char[] copyFrom = { 'd', ¢, 'c', 'a', 'f, 'f, ',
ril, lnl, lal, Itl’ !e|5 ldf };
char[] copyTo = new char[7];

System.arraycopy(copyFrom, 2, copyTo, 0, 7);

System.out.println(new String(copyTo));
}

}

The arraycopy method call in
copy at element number? in ¢
indices start at 0, so that the
¢'. The arraycopy method call
destination array beginning at

this example program begins the
he source array. Recall that array
copy begins at the array element
puts the copied elements into tl}e
the first element (clement 0) 1{1
- The copy copies 7 elements: 'c',
a, B, ", %!, '\, and ', Effectively, the arraycopy method takes
the "caffein" out of "decaffeinated", like this:
2

copyTo Lclatf f e“lﬂ

Note that the destination array must be allocated before you
call arraycopy and must be large enough to contain the data
being copied.

Summary of Arrays
An array is a fixed-

The length of the array must be specified when it o fotff.;
You can use the new operator to create pr arrayilora}rrray cannot
an array initializer. Once created, the size of t jse the length
Change. To get the length of the array, you

4 e

I‘ftrf1 l::?;;ent within an array can be accessed by ;;islrlldex‘
Indices begin at 0 and end at the length of the array m -

fo copy an array, use the arraycopy method in the System
class,



Chapter3.Classes and
Inheritance

3.1.Creatti1mg Classes

Now that we've covered how to create and use objects, and

how objects are cleaned up, it's time to show you how to write
the classes from which objects are created. This section shows
you the main components of a class through a small example
that implements a last-in-first-out (LIFO) stack. The following
diagram lists the class and identifies the structure of the code.

Class Declaration Class Body

ublic class Stack
7 7

Variable —1%

Constructor

A

Methods

This implementation of a stack uses another object, a '\f'ector, tg
Store its elements. Vector is a growable array of obJectsc:;ni .
does a nice job of allocating space for new.objects ]e;s spa;n s
fequired. The Stack class makes use of th1§ cgde y usLI% S
Vector to store its elements. However, it imposes o
Testrictions on the Vector-- that is, you can only add elemen
10 and remove elements from the top of the stack.

The ¢, eclaration .

e lekflisssilc)le of the following diagram shows the l{)o;lsc;b(l):
Components of a class declaration in the orfler thf:y sd 0 1d or
Must appear in your class declaration. The right side l:zsc bes

€ir purposes. The required components are the classthaywther

and the class name and are shown in bold. All be ?tself
COmponents are optional, and each appears on a line ﬁl tscl
thug "extends Super" is a single componen.t). Italics Il;l s
an identifier such as the name of a class or interface. }I':l) do
0t explicitly declare the optional items, the Java co ngnal
33Sumes certain defaults: a nonpublic, nonabstract, no

. Subclass of Object that implements no interfaces.

e AoEseIE pub S ATPEsEIbE:

Class cannot he instantlatekd. _

Classicannotibe subiciagsed.
Class.

2SS Name(

ClassBody
}
\

- . lass
The f0110wing list provides a few more details about ea::cfions
declaraion component. It also provides references tot s,
later in this trail that talk about what each componen




how to use each, and how it affects your class, other classes,
and your Java program
public

access to other classes.
abstract

ares that the claés cannot be instantiated. For a discussion

Decl .
about when abstract classes are appropriate and how to write

them, see Writing Abstract Classes and Methods.
final

Declares that the class cannot pe subclassed. Writing Final
Classes and Meth,

ods shows You how to use final and discusses
the reasons for using it,

class NameOfC]asS

e class keyword indicates to the compiler that this is a class
declaration ang that the name of the class is NameOfClass.
extends Super

€ extends clayge identifies Super as the superclass of the
Class, thereby i

1nserting the clags within the class hierarchy.

methods:
Constructor--a no-argument constructor--and three
Push, pop, and isEmpty.

P roviding Constructors for Your Classes sed o initialize a

All Java classes have constructorsttha;: a':rfh used to initialize 2

j t type. A constructor : 2 the

2lew Otl)?-‘ect )(:grtxlll:letyt%e name of the Stack cla'ss s c?l:tsrtzlétor s

Sta:xS Sk 0;6 ame ’ of the Rectangle class s' co tructor is

R cta;1 i ° nd the name of the Thread class's con

€C e, an ; .
adf.g Stack defines a single constructor:

ublic Stack() { _
d items = new Vector(10);

}

i at a class
Java Supports name overloading for constructors so th:

all of which have the

ber of constructors, o

g:.rnn pave anng;llr:wing is another constructor that. c'(t)jl;lldsize
deﬁlele:llab;ryles.tack. This particular constructor sets the ini

f the stack according to its parameter:

blic Stack(int initialS.iz'e.) { -
puiteffns = new Vector(initialSize);

}

' t they have

Bot constructors share the same name, S??;e,r:; iatesy e

fferent parameter lists. The compiler lters bt and
“Onstructors based on the number of parame

o i initialize the new

Ypigﬁy, a constructor uses its argymc:ntls1 ;gszmtt}l;l e

Yject's state. When creating an object, c O e oalize the
OS¢ arguments best reflect how you w.

New obji ¢ you pess

~ased g)iCtti]e number and type of the arguments that you ps

n sne whic
i termine
into the constructor, the compller can de



constructor to use. The compiler knows that when you write
the following code, it s

hould use the constructor that requires a
single integer argument:

new Stack(10);

Similarly, when you write the following code, the compile.r
chooses the No-argument constructor or the default constructor:

new Stack();

When writing

your own class, you don't have to provide
constructors for j

I 1it. The default constructor is automatically

€ default provided by the runtime system

» if you want to perform some
will have to write some constructors for your
class,

Th'e constructor for the following subclass of Thread performs
animation, sets up some default values, such as the frame speed
and the number of images, and then loecls tho images:

class AnimationThreaq extends Thread {
int frarhesPerSecond;
nt NumImages; -
Image[] images;

AnimationThread(int fps, int num) {

sqper("AnimationThread");
tms.ﬁmesPerSecond = fps;

t,hls.numlmages = num;

this.images = pey, Image[numlmageS];

for (int i = 0; i <= numImages; i++) {

// Load all the images.

}

- fa

Note how the body of a constructor is l(,like] theti :I?sdyl O(; '

Method; that is, it contains local variable dec alx:ze i’n Ps,

ad  other statements. However, one | dln e in the
imationThread constructor that you wou

Method is the second line:

super("AnimationThread");

This fine invokes a constructor provided‘ by the. Sﬂ?a:rc'll‘a}?:e :j
imationThread, namely, Thread. This pf?l';‘llfrtad Thread
“Onstructor takes a String that sets the name of Thread. Ofen 2
Onistructor wants to take advantage of 1m§1 ;es fon_code
Written in a class's superclass. Indeed, some ¢ aIS) s must cal
®ir superclass constructor in order for the o u_;t * Lo veork
Properly. If present, the superclass constru'ct(‘:n mob‘ect e
Statement in the subclass‘salco?istru;:i'trc;xt'. ject .
Perfo igher-level initialization first. _ -
Ou ::Int?;el;i%thhat other objects can create t;;sta:::: ;lfc}tlgrs'
®lass by using an access specifier in
declaration:

pl'iVate

i lass may .
© other class can instantiate your class. Your ¢

i tory
Ontain public class methods (sometimes called fac
eth,

obi d return
- . ®thods), and those methods can construct an object an

1t, bu no other classes can.



protected

Only subclasses of the class and classes in the same package
can create instances of it.

public

Any class can create an instance of your class.

o specifier gives package access

Only classes within the same package as your class can
construct an instance of jt.

Constructors provide a way to

initialize a new object.
Initializing Instance and Class Members describes other ways

Declaring Mempey Variables

Stack uses the following line of code to define its single
member variabe:

Private Vector items;

. like a local variable
within  the class: body but outside of any methods or
constructors. The memper variable declared is named items,
and its data type jg Veetor. Also, the private keyword identifies
1tems aska lPﬁVate member. This means that only code within

 Stac s

AQl e, Aty "ﬂkﬁbfﬁf’féﬁi@ﬁi@iﬂiﬁ o e b
type name The tyoe and name of the variable. s

ibutes,
type, name, and access leve!, but also %t:ti;c:ts;riable
inch;ding wi1ether the variable is a class ore:1 e e
and whether it's a constant. Each cof;lpon
variable declaration is further defined below:

Lets yom o a member
Lets you control which other classes have access to

Variable by using one of four access levels: publitcl; %rsotienctz:lé
Package a)llnd private. You control access to metho
Same way.
Dec i iable.
Dec;;res this is a class variable rather tha:(; an instance vari
Ou also use static to declare class methods.
i i . The
Indicates that the value of this member canr(:g:l s:;gﬁ:lgzamed
olloWing variable declaration defines 'a G
AVOGADRO, whose value is Avogadro's num
1023) and cannot be changed:

final double AVOGADRO = 6.022¢e23;

' a

Its o compile-time error if your program efyer lzlt:itov;}::;g:re

fina) variable. By convention, the name of co

SPelled in uppercase letters.

Tansient . . lly specified by 'l_“h{: Java
e Spefaion bt is vl I st serzaton

Which s covered in Object Serialization to

Variables that should not be serialized.

Volag .
ot‘t\l};latile keyword is-used to prevent meb::m%:r i‘:"a':‘l
®Iforming certain optimizations on a mc}m A .rogrammefsa

vanced Java feature, used by only a few Java p
W is outside the scope of this tutorial.
pe



€ in ijts superclass, Additionally, a member
variable and 5

method can have the same name. For example,
the following code s legal: -

public clasg Stack {
Private Vector items;

// a method wigy Same name as a member variable
Public Vector items() {

}
}

Implementing Methods
This figyy

rethod %, SBOWS the code for Searys push method. This
method Pushes an gh;

. Ject, the one passed in as an argument,
onto the top of the Stack, and "
Methog -

returns jt.
. et )
Declaration ’ RUbTic

Method'Body —_—

e
3%.“;,. “5
ReA e i
i

Like a class, 2 method has tyy, major parts: method,declaration
and method- body, The methog declaration defines all of the
method's attributes, sych, g acces

. . s level, return type, name, and
arguments, as illustrateq here:

100

Attess  Return . Method

Arguments
Leve| Type Name

i ins
The method body is where all the action takﬂels glace. It conta
the Java instructions that implement the method.

Detq; ethod Declaration . . e
nféﬁ,gg: ggclaration provides a lot- of mfotrman::dalt):ti’tﬂler
Method to the compiler, to the.runtlme sys te;lr:, and to other
Classes and objects. Included is not only e namo of (e
Method, but also such information as the re e o e
lnethod’ the number and type of the argumepts reqam by the
Method, ang which other classes and objects ¢
et .
°};:dt.his may sound like writing a n?vel rather g;ar; ::;ﬂf:z
Cclaring a method, most method attributes :znd e declarcd
impliciﬂy. The only required elements of a mef gf reclaration
Are the method's name, its return type, and a p;l:l f ; renth
(). This figure shows the elements of a method de

AGERS S eveTfBrATS mEthog,

“This Is a class method.
THiS tethaf 18 ot iropleme

R YRR (A :.')-"}“r:;n }}: B L -
0K exiy & jEeseaitianshrown:y s methol

. o low:
Each element of a method declaration is further defined be

ac("essLeve] .




As with member variables, you control which other class.eS
have access to a method using one of four access levels: public,
protected, package, and private. Controlling Access to

Members of 2 Class covers access levels in detail.
static

As with member variables, static declares this method as 2

class method rather than an instance method. Understanding

Instance and Class Members talks about declaring instance and
class methods, :

abstract

An abstract method has no implementation and must be a
member of an abstraet class, Refer to Writing Abstract Classes
and Methods for information about why you might want to

write an abstract method and how such methods affect
subclasses.

final

declared as suck ysi the native Key Java
Native Inter ace aﬁ . ve Keyword. Check out our

! for informati writing native
methods, ' IMormation about g

Concunenﬂy Tunning thféads ofien invoke methods that
operate on the same daty, These methods may be declared
oyn chmn}md to.ensure that the threads access information in 2
thread-safe-rpanner. SYnchronizing method calls is covered in
Threads: Doing Two or More Tasks At Once. Take particular
note of the section entitled Synchronizing Threads.

1 N~

I'etumTy e
Java requges that a method declare the data type of the valtlli:
Lit returns. If your method does not return a value, 1t{rse e
keyword void for the return type. Retuming a Value ﬁ-or:ln 2
ethod talks about the issues related to returning values fro
Method,
MethodName o
Method name can be any legal Java identifier. You need to
“Onsider several issues in regards to Java method names. These
e covered in Method Names.
Paramlist ) .
OU pass information into a method QHough its arguments. See
the nexy section, Passing Information into a Method.
[throws exceptions]
Your metho% throws any checked exceptions, your method

SClaration must indicate the type of those exceptions. See

andling Errors with Exceptionsfor information. In particular,
*efer to Specifying the Exceptions Thrown by a Method.

Return; hod
ng a Value from a Metho .
You dedgre a met{od's return type in its method declaration.

ithin the body of the method, you use the return operator to

" e value. Any method that is not declared void must
i°0ntain a return statement. The Stack class declares the

SEmpty method, which returns a boolean:

Public boolean isEmpty() {
if (items.size() = 0)
return true;
else .
return false;

The d k . tch the method's
ata type of the return value must ma :
St typgp you can't return an Object type from a metho



declared to return an integer. The isEmpty method r eturtgz
either the boolean value true or false, depending on .
outcome of a test. A compiler error results if you try to write
method in which the return value doesn't match the return typz-n
The isEmpty method returns a primitive type. Methods also ¢

return a reference type. For example, Stack declares the pop
method that returns the Object reference type:

public synchronized Object pop() {
int len = items.size();
Object obj = full;
if (len==0) - '
throw new EmptyStackException();
obj = items.elementAt(len -1);

items.removeElementAt(len -1);
return obj;

}

- f
When a method returns an object such as pop does, the class 0
the returned obje

Ct must be either a subclass of or th?: exaC(:
class of the return type. This can be a source of confusion, z .
let's look at this more closely. Suppose you have a Clao
hierarchy here ImaginaryNumber is a subcle}ss ;
java.lang Nig ber, which is, in turn, a subclass of Object, 2
illustrated here: S

Inaginarylunber )

Now suppose you have method declared to return a Number-

public Number returnANumber() {

}

i Number
turn an Imaginary

ber method can re e r because
. O ’
it's class of Number. . e other type.
nece:saiilis a Number--it could be a StrtlzrgnotrYls):? In this case,
You also can use interface names as re fied interface.
the object returned must implement the spec

Tove s Name i o that multiple
ame overloading s
‘L?Zglosd‘;pg:: Zhal;l:t:lll()edsa?ne name. F:or exampl:% ;:tip?si; gg;,:
e writing a class that can render various tz%is of data strings,
integers, and so on) to its drawing area.h e e
Method that knows how to render eac 2 type. In other
Anguages, you have to think of a new nam]::1 or each methots
for eXi:;gmp,le drawString, drawInteger, drawanoof d so on. I
ava, you can use the same name for all of the drawing
Methods but pass a different type of parax:iledare cach method
O, in your data rendering class, you can

i ter:
" Nameq draw. each of which takes a different type of parame

class DataRenderer {
void draw(String s) {

void draw(int i) {
}
void draw(float f) {

}
}



B ———

declared to return an int
either the boolean value
outcome of a test. A compil
method in which the return

eger. The isEmpty method returns
true or false, depending on the
er error results if you try to write a
value doesn't match the return type.

The isEmpty method returns a primitive type. Methods also can

return a reference type. For example, Stack declares the pop
method that returns the Object reference type:

public synchronized Object pop() {
int len = items.size();
Object obj = null;
if (len == ()

throw new EmptyStackException();
obj = items.elementAt(len - 1);

items.removeE[ementAt(len -1);
return obj;

}

When a method returng an object such as pop does, the class 0f

the returned object must be either a subclass of or the exact

class of the return type. This can be a source of confusion, S°
let's look at thi

® more closely. Suppose you have a Clas?
hierarchy  where ImaginaryNumber is a subclass ©
java.lang Number, which is, in turn, a subclass of Object, a5
illustrated here:

{ Object
(' Number

Inagi haryNumber

Now suppose you have amethod declared to return a Number

public Number returnANumber() {

104

1

i Number
ber method can returf'l. an"lmagmary i
E‘lte Ffsit:u ;A gb\;:(l:t. ImaginaryNumber "is aaané)rEjt;i b;asc s
'S a subclass of Number. Howevc?r, s i
Necessarily a Number--it could be a String it
Ou also can use interface names as retunziggd i;nerface_
the object returned must implement the spe

) . i
Aa\!}:Et:ﬁI;er‘:;anrfemod name overloading 501 ﬂ;?lt pr;‘;';t;gs
e exan;g ::% dat,; (strings,
¢ writing a class that can rende'r various tgf{p R e
nisgers, and so o B area.h c;) ta type. In other
Method that knows how to render eac afor L Bl
ANguages, you have to think of a new namFeloat e T8

Or example, drawString, drawInteger, drawall oI: 3l Wading
4Va, you can use the same name for e RS
Methods but pass a different type of parar:ile gy
%, in your data rendering class, you can dec e bhiriched

Named draw, each of which takes a different typ

class DataRenderer {
void draw(String s) {

"

void draw(int i) {

} .
void draw(float f) {

-

}
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. e
Overloaded methods are differentiated by the number anacin tg{;
of the arguments passed into the metl}od. In the pode SethOds
draw(String s) and draw(int i) are distinct and unique mcannO 5
because they require different argument types. You e
declare more thap one method with the same name an e
Same number and type of arguments because the comp 9
cannot differentiate them. So, draw(String s) and draw(String
are identical and result in a compiler error. .
A class may override 4 method in its superclass. The overrlciltne%
method must have the Same name, return type, and param
list as the me

u
thod it overrides. Overriding Methods shows yo
how to override methods.

Passing Information into a Method

€
€1 you write your method, you declare the number and 'CYF’e
of the arguments required by that method. You declare the typ

. or
and name for €ach argument ip the method signature. tI;le
€xample, the following is 5 method that computes the mon
Payments for a home

loan based on the amount of the loan, the

: d
interest rate, the length of the Joan (the number of periods), an

e
the future valyg of the loan (presumably the future value of th
loan is zerg because

at the end of the loan, you've paid it off):

double coniP“tePaymcnt(double loanAmt, double rate,
double futureValue,
int numPeriods) {

double |, partial], denominator, answer;

I=rate / 1000,

partial] = Math.pOW((l +1), (0.0 - numPeriods));
denominator = (1 - partial1) /1,

answer = ((-] * loanAmt) / denominator)

- ((futureValue * partiall) / denominator);
return answer;

t, the
ts: the loan amount,
. takes four argumer f periods. The
;t:::sresl? T‘;}tlg dthe future value agd t?zgn;;?::; 1(1)m gers, o e
: isi oati
first three are double-precision |
s g o integer. ents to any method is a
ith thi d, the set of argum : ey
CA:m‘:gth ﬂn:rzr:t]:ctlh 0list of variable declarations whe
a-sep : e
Variable declaration is a type/name pa

type name

thod,
As you can see from the body of the computePayment me

argument's
You simply use the argument name to refer to the argum
Valye,

. e

ﬁ:‘«%:ment Tygae: pass an argument of any valid Javeasd:ltlil:yl;s

intg ‘;a’rg:tlllmd. This includes primitive tg:fozgutePayment

“Oubles, floats and integers as you saw in bjects and arrays.
ethoe(? ’ asd reference data types such as obj

array as
+ Hereg an example of a factory method that accepts an array

gum tes a new
i the method crea an
. In this examp.le, ) e o o
pol;gron ole);l;ct and initializes it f{om a'hst of Points (P
“ass that represents an X, y coordinate):

static Polygon polygonFrom(Point[] listOfPoints) {
}

hlijke s methods into
some other y ot pas
i languages, you canp p.

'a methods. But you can pass an object into a method and

then invoke the object's methods.



Argument Names

When you declare an argument to a Java method, you provide a

name for that argument. This name is used within the method
body to refer to the item.

e
A method argument can have the same name as one of th

class's member variables, If this is the case, then the argument

is said to hide the member variable. Arguments that hide

. - - ., . a
member variables are often used in constructors to initialize
class. For ex

ample, take the following Circle class and its
constructor:

class Circle {
intx,y, radius;
public Circle(int X,inty,

}
}

int radius) {

The Circle clags has three member variables: x, y and radius. In
addition, th

catch
local to the method, or the name of any parameter to a

clause within the same method.

P ue. When
Inas&}::,); V;le:lelods, argumentsthari a]I:;SS:fdthzyva:'iaallble passed
i ives the i
m;?ans t;ralnt the method cannot change its value._b -value means
en the argument is of reference type, passf Y ce. but can
that th ; thod cannot change the ~ob_]ect. e e:;,n ;ccessible
invokee tl;l: object's methods and modify the
Var ithin the object. . ammer writes a
al:l: l;leiggghl tlllle sourie of confusion--a progr itse;r ot
methOd that attempts to mOdli(fy theex‘}l)il;zd()fl?g?s look at such
and d doesn't work as s it does
Hlethtg; an;lzthtﬁen investigate how to cl(llange it so that
t the programmer originally intended. hich attempts to
onsiderpthis series of Java statements whi in a graphics
"ttieve the current color of a Pen object i
plication:

intr=-1g =1, b(=;;b).
Pen.getRGBCp or 1:: »b);
System.out.println("red =" +r +
“’ green: " + g+
" blue="+b),

C 1 led’ the
At the time when the getRGBColor methold {;h ;alcaller "
Variableg g, and b all have the value -1.



expecting the getRGBColor method to pass back the red, l;glrzen
and blue values of the current color in the r, g, and b varia e -
However, the Java runtime passes the variables' values (-1) 1‘;1 b
the getRGBColor method; not a reference to the I, g anlike
variables. So you could visualize the call to getRGBColor
this: etRGBColor(-1, -1,-1).

eg control passes into the getRGBColor method, the

o e, . tO
arguments come into scope (get allocated) and are initialized
the value passed into the method:

class Pen {

int redValye, greenValue, blueValue;.
void getRGBColor(int red, int green, int blue) {

// red, green, and blue have been created
// and their values are -]

.
}

So getRGBColor gets access to the values of f, g and b in tlhe
caller through jtg arguments red, green, and blue, resp ?Ctﬁlveﬂq};
The method gets ity own copy of the values to use within ies
scope of the method, Any changes made to those local cop!
are not reflected in the Original variables from the caller.

. 'n
Now, let's look at e implementation of getRGBColor with!
the Pen class that e method signature above implies:

class Pen {

int redValue, greenValye, blueValue;

// this method does not work as intended

void 8etRGBColor(int req, int green, int blue) {
red = redValye;

green = greenValue;
blue = blueValue;

}
}

. i shown
the println statement in the following °°ge’ ‘Zgilchar\:iast’)lue, no
Previously, getRGBColor's arguments, tl;en,lag;e t(; them within
onger exist. Therefoe the - and b are all still equal to -1.

the method had no effect; r, g,

ixit‘r =-1, ng-ll, ?(r= ;31 ;b).
en.getRG olo 8, b);
g}’Stem.ou’t.pnntln( rec'l ="+r+
" green="+g+
n’ blue =" 4 b);

grammer some
Passing variables by vah'let agg;(;?lythniocﬁg a variable that
Safety: Methods cannot uninten

a method to be
+ 1S outside of its scope. However, you ofgzswant
" 3ble to modify one or more of its arguments.

. ts
X in point. The caller wan
method is a case In p X ents.
y getRG(IiB (iglofeuun three values thrqugh its e;rftl;m and,
z’ v the method cannot modify its E:lg thrm;gh its
o a method can only return one Vv tlli:n one value, -
retunell‘m(l)re’ So, how can a method return fnoref its soope?
Or hav;, 2nu:ffec; (modify some valuet) ?tu Sxf:t %e of a reference
\ modify an argument, s are also
e e Gt e
t the value of an ed in by
pa:Sed by.valﬁlet, al;;uments of reference types are %?Zit is the
efe:ffect l;{t na;:.e the name. A reference to an ::nfent in the
“I€rence. He:
Addregg eof the object in memory. No“;, t;lteio?lris the ealler.
Method s referring to the same memory loc



Let's rewrite the getRGBColor method so that it actually does
what you want. First, you must introduce a new type of object,

RGBColor, that can hold the red, green and blue values of a
color in RGB space:

class RGBColor {
public int red, green, blue;

}

Now, we can rewrite getRGBColor so that it accepts an
RGBColor object as an argument. The getRGBColor method
returns the current color of the pen by setting the red, green and
blue member variables of its RGBColor argument: -

class Pen {

int redValue, greenValue, blueValue;
void getRGBColor(RGBColor aColor) {
aColor.red = redValue;
aColor.green = greenValue;

aColor.blue = blueValue;
}

}

And finally, let's rewrite the calling sequence:

RGBColor penColor = new RGBColor();
pen.»getRGBColor(penColor);

System.out.println("red ="+ penColor.red +

", green = " + penColor.green +
", blue ="+ penColor.blue);

The modifications made to the

RGBColor object within the
getRGBColor method affect the

object created in the calling

i alling sequence)
se the names penColor (in the ¢
Zi%ueargglsf c(a:; the getRGBColor method) refer to the same

object.

thod Bo .
Zihje‘lzodz sam‘glle that follows, the method bodies for the

isEmpty and pop methods are shown in bold:

class Stack { .
static final int STACK_EMPTY =-1;

Object[] stackelements; .
int topelement = STACK_EWTY,

i)‘ ;)lcan isEmpty() {
0if (topelement == STACK_EMPTY)
return true;
else
return false;

}
Object pop( {
ijf (topelement == STACK_EMPTY)

return null;

elsf«et{urn stackelements[topelement--];
}

}

}
‘ is in the

' lements, you can use t}_us n

Besides regular Java language ee . ye St object, The

method body to referb’;gc:f!ghose method is being called. You

current object is the 0 bers in the superclass that the
er to refer.to memo d bod

can also use suﬁas hidden or overridden. Also, a met:lot tha)t,

current object r variables that are local to

may contain declarations fo

method.



this

Typi thi .
dl);l;;:x}l,lytr(,) \&nﬂug an object's method body you can just refef
e object's member variables. However, sometimes

0 . !
you need to disambiguate the member variable name if on¢ of

e tpimes o e o s

initializesps(;meeofguowu{g constructor for the HSBColor clas$

the arguments pas s::il object's member variables according 0

the constructor has thl nto the constructor. Each argument t©

variable whose initial’ e same name as the object's member
Initial value the argument contains.

cléa:ss HSBColor {
int hue, saturation, brightness;

HSBColor (i . .
this.hu: in;ltu}:;le’ int saturation, int brightness) {

this.saturation = saturation;

\ this.brightness = brightness;

You must us
e the thi e
have to disambi s keyword in this constructor because yOU

variable hue (andg;:)ate th.e argument hue from the membe’

= hue; riiakes no senzrel with the other arguments). Writing hue

hide member varj 51 ' AI iment names take precedence an
ables with the same name. So to refer to the

member varj

using the thisalt:tl:;vyvgudmuSt do so through the current object™

Some pro 1d to refer to the current object--explicitly:
grammers prefer to al 4 P

referring to a mem ways use the this keywrod whe?
ember vari . eywro
reference appears 1; o:iga:ie of the object whose method th°

explici , mak i de
Y(?u ?;:‘ﬁsf?cezanors based onerfa;?eestl;z:?g; of the 0

g se : ©
object’s methods, Agzi;h}iils(eyw‘)fd to call one of the current

ambiguity in the method g is only necessary if there is S0
intent of the code clearer name and is often used to make

Super
If your method hides one of its superclass's member variables,

_ your method can refer to the hidden variable through the use of

fhe super keyword. Similarly, if your method overrides one of
its superclass's methods, your method can invoke the
overridden method through the use of the super keyword.

Consider this class:

class ASillyClass {
boolean aVariable;

void aMethod() {
aVariable = true;
}
}

and its subclass which hides aVariable and overrides aMethod:

class ASillierClass extends ASillyClass {

boolean aVariable;

void aMethod() {
aVariable = false;
super.aMethodO;
System.out.println(aVariable);
System.out.println(super.aVariable);

}
}

First aMethod sets aVariable (the one declared in ASillierClass
that higes the one declared in ASillyClass) to false. Next

aMethod invoked its overridden method with this statement:

super. aMpthod(); )



s sets the hidden version of the aVariable (the one declared

in ASillyClass) to true. Th
. . Then aMeth i .
of aVariable which have different vall(:::is:d isplays both versions

false
true

Local Variables

Within t '

for use 3;3 b'Odthf thethmethod you can declare more variables

and Tive otlnlun t me od. These variables are local variable
y while control remains within the method Thiz

method declares a 1 .
ocal vari 1 : .
elements of its array argum;:t)le I that it uses to iterate over the

Object findObject j j
anayonbjects) { jectinArray(Object o, Object[]
;nt 1(, // local variable
or (i = 0; i < arrayOfObj i
(= jects.length; i+
if (arrayOfObjects[i] == o) BT
return o,
}
}- return null;

After thi |
r this method returns, i no longer exists.

3.2.

One(s?lt;lt:(;il:;%sAicess to Members of a Class

memmber varisbl, % c}'asses is that classes can protect their

Why is this e r?:n methods from access by other objects

closy that reprcls, t? Well, consider this. You're writin z;
ents a query on a database that containsgall

kinds of secret i
cret information
9 Sa ) 3 .
statements for your startup comga;';nPlOyee records or income

Certain information and queries contained in the class, the ones
supported by the publicly accessible methods and variables in
your query object, are OK for the consumption of any other
object in the system. Other queries contained in the class are
there simply for the personal use of the class. They support the
operation of the class but should not be used by objects of
another type--you've got secret information to protect. You'd
like to be able to protect these personal variables and methods
at the language level and disallow access by objects of another
type.
In Java, you can use access specifiers to protect both a class's
variables and its methods when you declare them. The Java

language supports four distinct access levels for member

variables and methods: private, protected, public, and, if left

unspecified, package.
The following chart shows the access level permitted by each
specifier.

Specifier | class subclass | package world

private | X

protected | X X* X

public X X X X

package X
The first column indicates whether the class itself has access to
the member defined by the access specifier. As you can see, a

to its own members. The second
subclasses of the class (regardless of -

which package they are in) have access t0 the member. The

third column indicates whether classes in the same package as
the class (regardless of their parentage) have access to the
ether all classes have

member. The fourth column indicates wh
access to the member.

class always has access
column indicates whether

Let's look at each access level in more detail.



Private
'ils'h: most restrictive access level is private. A private member
Usec::};smble only to the class in which it is defined.
e ass a(’:[(’:lfiss to declare m.embers that should only be used by
i acce:;ed :) includes variables that contain information that
. ‘ Yy an outsider could put the obj i
Inconsistent state, or methods that, if i " o outsidur,
. State, at, if invoked by an outsider
;:tzlﬂd Jequrdll)z? thte state of the object or the program in whic};
running. Priva i
anybody. e members are like secrets you never tell
To i i
declare a private member, use the ‘private keyword in its

declaration. The f; i
. ) ollowing class contains i
. on
variable and one private method ¢ private member

class Alpha {
pr@vate int iamprivate;
private void privateMethod() {
System.out.println("privateMethod");

}

Object ha can |

5 arjizztli Zf: éyge A.lpha can 1nspect or modify the iamprivate

s o Fan nvoke privateMethod, but objects of other
_ - F'or example, the Beta class defined here:

class Beta {
void accessMethod() {
Alpha a = new Alpha();
a.laxpprivate =10; //illegal
} aprivateMethod();  // illegal

}

cannot S B
on an o;;:(;sf,fhe 1amprivate variable or invoke privateMethod
type Alpha because Beta is not of type Alpha.

When one of your classes is attempting to access a member
varible to which it does not have access, the compiler prints an
error message similar to the following and refuses to compile

your program:

Beta.java:9: Variable jamprivate in class Alpha not
accessible from class Beta.
a.iamprivate = 10; // illegal
A

1 error

mpting to access a method to

Also, if your program is atte
you will see a compiler error

which it does not have access,

like this:
Beta.java:12: No method matching privateMethod()
found in class Alpha.
a.privateMethod(); // illegal
1 error

ers might ask if one Alpha object can
access the private members of another Alpha object. This is
illustrated by the following example. Suppose the Alpha class
contained an instance method that compared the f:urrent A.lpha
object (this) to another object based on their iamprivate

variables:

New Java programm

class Alpha {
private int iamprivate;
boolean isEqualTo(Alpha anotherAlpha) { .
if (this.iamprivate == anotherAlpha.iamprivate)

return true;

else
return false;



}

This is perfectl

y legal.
one ' anothercs pri%:'lteo
réstrictions apply
claSS) rather than
a class),

bjects of the same type have access to
at the g‘:sf:bers. This is because access
at the ob; or type lf:vel (all instances of a

object level (this particular instance of

Protecteq

The next
acces g .
Clas§ itself, Sulicll::l sPec}ﬁer 1s protected, which allows the
earlier), and g CIas?sZ (‘f"lth the caveat that we referred to
S In the same_ package to access the

members. Use th
. e -
for a class's gyp l Protected access level when it's appropriate

unrelated classe:. alf::ts to have access to the member, but not
You don't mind if ¢ ected members are like family secrets—
trusted friends bt © whole family knows, and even a few
T_O declare g DrOtzou Wouldn't want any out;iders to know.
First, let's look at thed member, use the keyword protected-
classes in the same OW the protected specifier affects access for
class which is no Package. Consider this version of the Alpha
W declared to be within a package named

Greek and wh;
ch has
Protected method dec]aigg i‘::%tected member variable and on®
i It:

p ackage Greek

Public clags A jpj
Alpha {
g:g::z:eg int iamprotected:
: steem\;md pfotectedM’ethod() {
: ut.pnntln("protectedMethOd")5

}

Now, SUppose that the class

member of the Greek packagGamma was also declared to be 2

e (and is not a subclass of Alpha)-

The Gamma class can legally access an Alpha object's
iamprotected member variable and can legally invoke its

protectedMethod:
package Greek;

class Gamma {
void accessMethod() {
Alpha a = new Alpha();
a.iamprotected = 10; // legal
a.protectedMethod(); // legal

}

}
That's pretty straightforward. Now, let's investigate how the
Protected specifier affects access for subclasses of Alpha.
Ita, that derives from Alpha but

Let's introduce a new class, Delt:
lives in a different package--Latin. The Delta class can access

both jamprotected and protectedMethod, but only on objects of
type Delta or its subclasses. The Delta class cannot access
+lamprotected or protectedMethod on objects of type Alpha.
‘accessMethod in the following code sample attempts to access
the jamprotected member variable on an object of type Alpha,

which is illegal, and on an object of type Delta, which is lfaga‘l.
Similarly, accessMethod attempts to invoke an Alpha objects

protectedMethod which is also illegal:

package Latin;
import Greek.*;

class Delta extends Alpha {
void accessMethod(Alpha a, Delta d) {

a.iampi‘otected =10; //illegal
d.jamprotected = 10; //legal



a.protectedMethod(); //ill
} d.protectedMethod(); /! lleggla1
}

If a i

class with the
protected me
the protected member. mber, then the class has access to

Public

The easiest - '
access specifier i :
package, has ciier is public. Any class, i
members OM?C?ES ;1(1)(;2111 class's public memberz. Decflse;relgu;]r;z
results if : access cannot produ i
an outsider uses them. There are II:O per(:m:ln g: i‘lral?}e
amily

secrets here; this i
knowing 18 for stuff you don't mind anybody else

To declare a public member, use

example, the keyword public. For

package Greek;

public class Aiphei {
publf'c int iampublic;
public void publicMethod() {
System.out.println("publicMethod")‘

}

Let's rewri
: 1te our Bet
different package 2 class one more time and put it in a

than Alph
completel pha and make sur PR
pletely unrelated to (not a subclass of) Aip}fa- ¢ that it is

package Roman;

import Greek.*;

class Beta {
void accessMethod() {
Alpha a =new Alpha();
a.iampublic = 10; // legal
a.publicMethod(); // legal

}
}

As you can see from the above code snippet, Beta can legally
inspect and modify the iampublic variable in the Alpha class

and can legally invoke publicMethod.

Package

The package access Jevel is what yoﬁ get if you don't explicitly

set a member's access to oné of the other levels.
This access level allows classes in the same package as your
mbers. This level of access assumes that

class to access the me
ackage are trusted friends. This level of

classes in the same P
trust is like that which you extend to your closest friends but

wouldn't trust even to your family.
For example, this version of the Alpha class declares a single

package-access member variable and a single package-access
method. Alpha lives in the Greek package:

package Greek;

class Alpha {
int iampackage;
void packageMethod() {

System.out.primln "packageMethod");

}
} c
s access both to jampackage and

The Alpha class ha ge.
packageMethod. In addition, all the classes declared within the
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same package as Alpha also have acc
packageMethod. Suppose that both

declared as part of the Greek package:

ess to iampackage and
Alpha and Beta were

package Greek;

class Beta {
void accessMethod() {
Alpha a = new Alpha();
a.iampackage = 10; // legal
a.packageMethod();  // legal

}

Beta can legally access iampackage and packageMethod as
shown,

3.3.Understamding Instance and Class Members
When you declare

a member variable such as aFloat in
MyClass:

class MyClass § ,
float aFloat;
}

you declare an instance v
Instance of a class, the runt
the class's instance variabl

ariable. Every time you create an

ime system creates one copy of each
es for the instance,

i throu
You can access class variables through an instance or gh
0 ‘ ,
the class itself. have instance methods
imilar: Your classes can
Methods are i;?(ljl:r .h?s(t)ance methods operate on th:h:ug:;l;
an‘.l cl‘ass me c: v;n-iables but also have access ttoaccess the
objects m(s:tia\n s methods, on the other hand, canno e ot
variables. ariziles declared within the class (;%lfss Als)(; ot
instance v d access them through the object). A ne,ed o
i n&wdzbf:rtl "be invoked on the class, you don
metho
instance to call a class method.

: declared
ise specified, a member
By default, unless other\;S;lenI;ber. The class defined below

ithi i instan --and two
within a class 1s an 1nst ble--an integer named x

has one 1ntshtar;e x";;':g setX~--that let other objects set and
instance methods--

query the value of x:

class AnintegerNamedX {
int x;
public int X0 {
return X;

I}Jublic void setX(int newX) {
x = newX;

}

} ot
. ou geta
. bject from a class, y v
: instantiate a new o . ese copies
Every time you me ¢ class's instance variables. Thes o on
new copy of each (')th the new object. So, every tim

i i class, you
are_associated WIA nintegerNamedX object f?mw?tl; fass, o
instantiate a neWy of x .that is associate

cop
get a new

bject. : ntation of an
AnlIntegerNamedX glajs's -share the same ml;lfmeel:lx chare the
All instano® ocfl'aall instances of Anlntfgi;atmbr’loth methods, X
i r;wthe(ilt;u:ion of x and setX. Note
same implem
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and se j .
ey 55;1 Zfl‘(er"fgalthe.: object's instance variable x by name
ot imp]eme;l t;t. l instances of AnIntegerNamedX share thcl
ooy Dlemen &qgﬁc;f X apd setX isn't this ambiguous?" The
oer varial;;le re; an instance method, the name of an
aseumming et fers to the current object's instance variable
raamerss o b thiu;stance: vanablt? isn't hidden by a methoci
Object outsi&e o x and setX, x is equivalent to this.x.
must do 9o thicuch AnInt.egerNgmedX that wish to access x
Suppose 2(11 partgcular instance of AnIntegerNamedX
code snippet was in another object's method:

It creates two diff:
. erent objects of typ
their x values to different values, menemf‘;t;{:;zgtireliimedx, sets

Anhr::egerNamedX myX = new AnintegerNamedX();
egerNamedX anotherX = ne O
AnIntegerNamedX(); v

myX.setX(1);
gnotherX.x =2;
ystem.out.printin("myX x = "
S 1 VXX ="+ myX, ,
: y _Stem.out.prlntln("anotherX.x = "{- ar):c())t%l’erx x());

Notice that th &

. € code used setX

just assi to set the x value fi

code is g;:le;iau‘l’al}le to anotherX.x directly. Eithg: IJVIZX ?l:u

contained in tIl)1 atng two different copies of x: they " one
¢ myX object and the one contair;ed in (':g:

anotherX object. Th
. Theo .
myX.x = | utput produced by this code snippet is:

anotherX.x = 2

showing th i
g that each instance of the class AnIntegerNamedX has

its own cop
; y of the i .
different Val, he instance variable x and each x has a
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Similarly, you can specify that a method is a class method
thod. The system creates a single

rather than an instance me
first time it encounters the class in

copy of a class variable the
which the variable is defined. All instances of that class share
e. Class methods can only

the same copy of the class variabl
operate on class variables--they cannot access the instance

variables defined in the class.
iable is a class variable, use the

To specify that a member varl
static  keyword.  For example, let's change the
h that its x variable is now a class

AnlntegerNamedX class suc
variable:

class AnIntegerNamedX {
static int X;
public int x0 {
return X;

}
public void setX(int newX) {
x = newX;
}
}

Now the exact same CO
instances of AnlntegerN :
displays them produces this,

de snippet from before that creates two
amedX, sets their X values, and then

different, output.

myX.x =2
anotherX.x = 2

because X is now a class variable so

< only one copy of the variable and it is shared by all
;?I:I:nlcse: ofy AnIntegerNamedX, including myX and anotherX.
- on either instance, you change the value

When you invoke setX
of x for all instances of AnintegerNamedX.

The output is different
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You use ¢ i : '

of and v h:sflsn‘l/z;agles for 1tems that you need only one copy

the class in whgep the accgss1bl§ by all objects inheriting from

variables are oftop ¢ variable is declared. For example, class
used with final to define constants; this is

. fficie ;
nt than final instance variables because

constants can't
ons an't change, 5o you really only need one copy).

Similar]
Ys Wh 3
method to pe o declarmg a method, you can specify that

acl
Class methods c:nasosn]meth(’d rather than an instance method.
access the instance v, 'Y Operate on class variables and cannot
To specify that a variables flefmed in the class.
in the I]‘::etg?% Is a class method, use the static
AnlntegerNamegx clas od declaration. Let's change the
S such that its member variable x is

once again an {
an instan s
class methods: C¢ variable, and its two, methods are now

class AnInt
int x; “gerNamedX {
Static public j

“Teturn x; O

Static public voj .
K=newx; O ewX)

the . 7 10 compile th; :
compiler displays a5, eng:‘?ik‘;etflsﬁlgn of AnintegerNamedX,
, one:

AnInbegerN
eCrNamedX java:4: Cant
to X.java:4: Can't make a static reference

nonstatic vayg '
ariable x ; )
return x; X n class AnIntegerNamedX.

A

17

'y

This is because class methods cannot access instance variables
unless the method created an instance of AnIntegerNamedX

first and accessed the variable through it.
Let's fix AnlntegerNamedX by making its x variable a class

variable:

class AnIntegerNamedX {
static int X;
static public int x() {
return X;

}
static public void setX(int newX) {
x = newX; '

}
}

Now the class will compile and the same co

before that creates two instances of
AnIntegerNamedX, sets their x values, and then prints the x

values produces this output:

de snippet from

myX.x =2
anotherX.x =2

Again, changing X through myX also changes it for other

instances of AnntegerNamedX. )
Another difference between instance members and class
bers are accessible from the class

members is that class mem
tantiate a class to access its class

itself. You don't need to ins
members. Let's rewrite the code snippet from before to access X

and setX directly from the AnIntegerNamedX class:

;A;AlntegerNamedX.setX(l);
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System.out.println(" AnIntegerNar =8
AnlntegerNamedX .x()); o v AT,

?otlce that you no longer have to create myX and anotherX

Ag;n teczxrlN set X and retrieve x directly from the

membe%s amedX class. .You cannot do this with instance

e an’d you can only m.voke instance methods from an

i ot :::an only access instance variables from an object.

AL cess class variables and methods either from an
ce of the class or from the class itself.

g?;halmng Instance and Class Memb'ers
f e e )
an use static initializers and instance initializers to

provide initial values for ¢ .
es for class and inst m
. ance me w
declare them in a class: Beis When you

class BedAndBreakfast {

static final int MAX_CAPACITY = 10;
} boolean full = false; ’

This ;N
Someti?nfks‘ well for members of primitive data type.
B e S, 1t even quks when creating arrays and objects.

s form of initialization has limitations, as follows:

1.Initializers
can perform only initializati
] _ zations
expressed in an assignment statement. A Ao

2.Initializers ¢
annot ca
exception. 1l any method that can throw a checked

2)-(1;;221]113:;?]11?1- calls a method that throws a runtime

If you it sonlx cannot do error recovery.

in an initializer be initialization to perform that cannot be done

put the initiali ecfuse of one of these limitations, you have to

members, put hza }09. oc de. elsewhere. To initialize class
» put the initialization code in a static initialization
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block. To initialize instance members, put the initialization
code in a constructor.

Using Static Initialization Blocks
Here's an example of a static initialization block:
import java.uti1.ResourceBund1e;

class Err s {

¥
The errorStrings resource bundle must be initialized in a static

initialization block. This is because error recovery must be
performed if the bundle cannot be found. Also, errorStrings is a
class member and it doesn't make sense for it to be initialized
in a constructor. As the previous example shows, a static
initialization block begins with the static keyword and is a

normal block of Java code enclosed in curly braces {}.

A class can have any number of static initializatioq blocks that
appear anywhere in the class body. The runtime -syf-;tem
guarantees that static initialization blocks and static initializers
are called in the order (left-to-right, top-to-bottom) that- they

appear in the source code.

ce Members

If you want to initialize an instance variabl'e and cax}not do it in

the variable declaration for the reasons cited previously, then

put the initialization in the chStruc_tor(s) for the class. Suppose

the errorStrings bundle in the previous example is an instance
rather than a class variable. Then you'd use the

variable an a cla
following code to initialize 1t:
131
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import java.util.Res ;
class Errors { oureeBundle
ResourceBundle errorStrings;
Errors() { ,
try {
errorStrings = ResourceBundle.
getBundle("ErrorStrings");
. - - . gs ’
} c/e;tch (]ava.utll.MlssngesourceExcel))tion e)
\ error recovery code here {
} .
y

The code that initiali
t initiali e .
tshe class. zes errorStrings is now in a constructor for
ometimes ]

constructor :llg\lwasssﬂlcontams many constructors and each
fﬁfferent instance vaﬁleblcea;llerf :g provide initial values for
java.a ' of the new obj

wt.Rectangle has these three construct(J):;t. For example

Rectangle();
g:ctangkqnt width, int height);
ctangle(int x, int Y, int width, int height);

The no-ar
initial val ugel;n;’:l:t a;;:lhsi:uptor doesn't let the caller provide
the caller set initial val g, and the other two constructors let
and size, Yet. all fV ues either for the size or for the origi
size, for Revi vlo the instance variables, the origin and 32
ofton have anc cg e must be initialized. In this case, classes
constructors ol thln§tructor that does all of the work. The other
values o thois s constructor and provide it either with the
example, here are t}1:aramet'e_rs or with default values. For
Rectangle consuu'» e possible: implementations of the .three
uctors shown previously (assume x, y, width

1)

?.nd height are the names of the instance variables to be
initialized): g

Rectangle( {
this(0,0,0,0);

}
Rectangle(int width, int height) {
this(0,0,width,height);

)
Rectangle(int X, int ¥, int width, int height) {
this.x = X;
this.y = ¥
this.width = width;
this.height = height;

}
The Java language supports instance initialization blocks,
which you could use instead. However, these are intended to be

used with anonymous classes, which cannot declare

constructors.

The approach described here that uses constructors is better for
these reasons:

All of the initialization ¢

code easier to maintain and read.

Defaults are handled explicitly. Constructors are widely
understood by the Java community, including relatively new
Java programmers, while instance initializers are not and may

cause confusion t0 others reading your code.

ode is in one place, thus making the

3.4.Managing Inheritance
Recall from the previous Jesson that the extends clause declares

that your class is a subclass of another. You can specify only
one superclass for your class (Java does not support multiple
class inheritance), and even though you can omit the extends
clause from your class declaration, your class has a superclass.
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So, every class in J ’

: . ava has one and onl ; .
superclass. This statement leads to the questi ‘ ??\ithedlat.e
all begin?" q 10n, ere does it
clas;l egzcltlfdwﬁchth;foéﬁwngl figure, the top-most class, the
class defined in java.lang.er classes are derived, is the Object

The Oble
o izj?c;:e C}:f,s defines and implements behavior that every
classes, Tre immad.s‘ystem needs. It is the most general of all
the hierarehy ifn ulue subclasses, and other classes near top of
bottomn ofthe,hierp elxlnent g?neral behavior; classes near the
Deﬁnition-‘ o bar;: y provxde for more specialized behavior
subclass mh ; class is a class that extends another class A
erits state and behavior from all of its ancestc;rs

The term "Sll 3
perclass” refers to 's di
as to all of its ascendant classes 2 class's dircet ancestor as well

e e
aclass is called a nes?e‘:lisl:s:sa?l:in grilltl’fl;u-o:t:g(ﬁ::; eloss, Such
class EnclosingClass{ |
class ANestedClass {

-

" access specifiers restrict

}

Definition: A nested class is a class that is a member of
another class.

o reflect and enforce the relationship

You use nested classes t
between two classes. You should define a class within another

class when the nested class makes sense only in the context of
its enclosing class or when it relies on the enclosing class for
its function. For example, a text cursor makes sense only in the

context of a particular text component.
As a member of its enclosing class, a nested class has a special

privilege: It has unlimited access to its enclosing class's
members, even if they are declared private. However, this
special privilege isn't really special at all. It is fully consistent

with the meaning of private and the other access specifiers. The
access to members for classes outside

of the enclosing class. The nested class is inside of its

enclosing class so that it has access to its enclosing class's

members.
Like other members, a nested class can be declared static (or

not). A static nested class is called just that: a static nested
class. A nonstatic nested class is called an inner class. These

are illustrated in the following code:

class EnclosingClass{

.s';a.tic class AStaticNestedClass {

}
class InnerClass {

-
}



gz tl‘:(l)lgsl asxtlz«.(litlf’ rpe‘:lllods and yariables (normally called class
o an 1arla es), a static nested class is associated with
s enelosr g (cm ass. And 1.1ke class methods, a static nested class
oann ende:; g ec;ly t9 instance variables or methods defined
n s ene g class-it can use them only through an object
?sssozgg duvlsitg]nce 'methods apd variables, an inner class is
Bsoctated wit agl ms'ta:.we of its en(.:losing class and has direct
s o inno Jclects .mstance.: variables and methods. Also,
s ! S1mier class is _a.ssomated with an instance, it cannot
e ):1 v c n}embers‘ itself.

ﬁmherpwel erentiate the.terms nested class and inner class
The te:rm f:llggtezt you tl:mk about them in the following way.
b ecsl :s se;lats}?at feﬂectstath.e a]slyntactic relationship

asses; is, syntactically, the code for o
Sﬁsnser ag?:szr"s wfllthm the code.of another. In contrast, the terlllg
e reflects the relationship between instances of the
o classes. Consider the following classes:

class EnclosingClass {
class InnerClass {

-
}

1“1‘: g};esrgsm}g feature about the relationship between these
within Enclc:s' mg that InnerClass is syntactically defined
InnerClass cans ingClass. Rather, it's that an instance of
and that it has gf“St only within an instance of EnclosingClass

irect access to instance variables and methods

of its enclosing insta 5 ¢
dea. sing instance. The following diagram illustrates this

1L

. the same as for other <

Instance of

EnclosingClass Instance of

InnerClass

You may encounter nested classes of both kinds. in the Java
API and be required to use them. However, most nested classes
that you write will be inner classes. »

Definition: An inner class is a nested class whose instance
exists within an instance of its enclosing class and has direct
access to the instance members of its enclosing instance.

Other Facts about Nested Classes
Like other classes, nested classes can be declared abstract or
final. The meaning of these two modifiers for nested classes is
lasses. Also, the access specifiers--
d, and package--- may be used to

private, public, protecte
classes just as they do t0 other class

restrict access to nested
members.

Any nested class, not just anonym
any block of code. A nested class
other smaller block of code has access

variables in scope.

ous ones, can be declared in

declared within a method or
to any final, local
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