Java technology is both a programming language and a platform.’

The Java Programming Language

The Java programming language is a high-level language that can be characterized by all of the
following buzzwords: :

Simple Architecture neutral
Object oriented | Portable
Distributed High performance
Multithreaded | Robust
Dynamic Secure

In the Java programming language, all source code is first written in plain text files ending with the
.java extension. Those source files are then compiled into .class files by the javac compiler. A .class
file does not contain code that is native to your processor; itinstead contains bytecodes the machine
language of the Java Virtual Machine' (Java VM). The java launcher tool then runs your application

with an instance of the Java Virtual Machine.
ooxm, 2y
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MyProgram.java
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My Program
An overview of the software development process.

Because the Java VM is available on many different operaling systems, the same .class files are
capable of running on Microsoft Windows. the Solaris ™ Operating System (Solaris OS), Linux, or
Mac OS. Some virtual machines, such as the Java HotSpot virtual machine, perform additional ste
at runtime to give your application a performance bcost. This include various tasks such

ps
performance bottlenecks and recompiling (1o native coce) frequently used sections of code

as finding
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The Java Platform

A platform is the hardware or software environment in which a program runs. We've already

mentioned some of the most popular platforms like Microsoft Windows, Linux, Solaris OS, and Mac

OS. Most platforms can be described as a combination of the operating system and underlying
hardware. The Java platform differs from most other platforms in thatit's a software-only platform that
runs on top of other hardware-based platforms.

The Java platform has two components:
o The Java Virtual Machine

* The JavaApplication Programming Interface (API)

You've already been introduced to the Java Virtual Machine; it's the base for the Java platform and is
ported onto various hardware-based platforms.

The API is a large collection of ready-made software components that provide many useful

cap?(bllitles Itis grouped into libraries of related classes and interfaces; these libraries are known as
packages

myProgram.java

. apl
P Java
Java virtual Machine platform

Hardware-Based Platform
\_ J

The API and Java Virtual Machine insulate the program from the underlying hardware.

As a platform-independent environment, the Java platform can be a bit slower than native code.
However, advances in compiler and virtual machine technologies are bringing performance close to
that of native code without threatening portability.

What Cathava Techndlogy Do?

The general-purpose, high-level Java programming language is a powerful software platform. Every
fullimplementation of the Java platform gives you the following features:

Development Tools: The development tools provide everything you'll need for compiling,
runnlng, monitoring, debuggmg, and documenting your applications. As a new developer,
the main tools you'll be using are the javac compiler, the java launcher, and the javadoc
documentation tool.

Application Programming Interface (API): The API provides the core functionality of
the Java programming language. It offers a wide array of useful classes ready for use in
your own applications. It spans everything from basic objects, to networking and security,
to XML generation and database access, and more.

Deployment Technologles The JDK software provides standard mechanisms such as
the Java Web Start software and Java Plug-In software for deploying your applications to
end users.

User Interface Toolkits: The Swing and Java 2D toolkits make it possible to create
sophisticated Graphical User Interfaces (GUIs).

Integration Libraries: Integration libraries such as the Java IDL API, JDBC™ API, Java
Naming and Directory Interface™ ("J.N.D.L.") API, Java RMI, and Java Remote Method

Invocation over Internet Inter-ORB Protocol Technology (Java RMI-IIOP Technology) enable
database access and manipulation of remote objects.
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Data Types

Javais a strongly typed language.
There are.eight primitive types in J
types; one is the character type
boolean type for truth values.

iable must have a declared type.
valian two are floating-point number
ode encoding, and one is 3

This means thatevery .
ava. Four of them are integer types;
har, used for characters in the Unic

Integers

' Theg{integer types are for Anumbers' without fractional pa
provides the four integer types : S 4
int4 bytes-2,147,483,6480 2,147,483, 647 (just over 2 billion)
short 2 bytes -32,768t0 32,767
long 8 bytes -9,223,372,036,854,775,808L to 9,223,372,036,854,775,807L
byte 1 byte-128t0127- . :

In most situatiohs, the inttype is the most practical. If you want to represent the numt_aer o_f inhabitants
of our planet, you'll need to resort to a long. The' byte and short types are mainly lntendgd for
specialized applications, s?ch as low-level file handling, or for large arrays when storage spaceis ata
premium. '

Under Java, the ranges of the integer types do not depend on the machine on which you will be
running the Java code. This alleviates a major pain for the programmer who wants to move software
from one platform to another, or even between operating systems on the same platform. In contrast,

~ Cand C++ programs use the most efficient integer type for each processor. As a result, a C program
that runs well on a 32-bit processor may exhibit integer overflow on a 16-bit system. Since Java '

programs must run with the same results on all machines, the ranges for the various types are fixed.

Longinteger numbers have a suffix Example (forexample, 4000000000L). Hexadecimal
numbers have a prefix Ox (for example, 0xCAFE). Octal numbers have a prefix 0. For example, 010 is
8. Naturally, this can be confusing, and we recommend againstthe use of octal constants. ,

~—Floating-Point Types

The floating-point types denote numbers with fractional parts. There ar
float 4 bytes approximately +3.40282347E+38F (67 significant decim
double 8 bytes approximately +1.79769313486231 570E+308 (
digits) : .

€ two floating-point types:
al digits)
15 significant decimal

The name double refers to the fact that these numbers have twice t isi

type. (Some people call these double-precision numbers.) ngzprticgsi(;n;fttge frl]oat . {
applications is double. The limited precision of float is simply not suffic,ientfor rgan choose in mos

situations. Seven significant (decimal) digits may be enough to precisely expressy |

in dollars and cents, but it won't be enough for your company president's sa|g %/rc:ur bt
use floatis in the rare situations in which the slightly faster processing of sin |ety" e only reason to
important, or when you need to store a large number of them. Numbers of typ% ﬂé)r?r?Slon numberSf l?
example, 3.402F. Floating-point numbers without an F suffix (such as 3 402) a g | avea suffixF, od

to be of type double. You can optionally supply the D suffix such as 3.402D B

All floating-point computations follow the IEEE 754 specification, | i
three special floating-point values: R N particular, there are

positive infinity '
negative infinity
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NaN (not a number)

to denote overflows and errors. For example, the result of dividing a positive number by 0 is positive
infinity. Computing 0/0 or the square root of a negative number yields NaN.

Boolean

The boolean data type has only two possible values: true and false. Use this data type for simple

flags that track true/false conditions. This data type represents one bit of information, but its "size”
isn't something that's precisely defined.

Char

The char data type is a single 16-bit Unicode character. It has a minimum value of \u0000' (orQ)and
amaximum value of "uffff' (or 65,535 inclusive).

Varlables

InJava, every variable has a type. You declare a variable by placing the type first, followed
by the name of the variable. Here are some examples:
double salary;

intvacationDays;
long earthPopulation;
charyesChar;
boolean done;

Notice the semicolon at the end of each declaration. The semicolon is necessary because a
declaration is a complete Java statement.

Therules for a variable name are as follows:

A variable name must begin with a letter, and must be a sequence of letters or digits. Note that the
terms "letter” and "digit" are much broader in Java than in most languages. A letter is defined as 'A"Z’,
‘a"z','_', orany Unicode character that denotes a letterina

Ianguage_ For example, German users can use umlauts such as ' &' in variable names: Greek
speakers could use a p. Similarly, digits are '0"9' and any Unicode characters that denote a digitin a
language. Symbols like '+' or. '©' cannot be used inside variable names, nor can spaces. All

characters in the name of a variable are sngnrf icant and case is also significant. The length of a
variable name is essentially unlimited.

You can have multiple declarations on a single line
inti, j; //both are integers

However, we don't recommend this style. If you define each varlable separately, your
programs are easnerto read.

Assignments and Imtlallzatlons

Afteryou declare a varlable you must exphcntly |n|tla||ze itby means of an assignment .
sta’ementyou can never use the values of uninitialized variables. You assign to a previously declared

varlable using the variable name on the left, an equal sign (=), and then some Java expression that
has an appropriate value on the right.

intvacationDays; // this is a declaration

vacationDays = 12; // thisis an assignment

Here's an example of an assignment to a character variable:

charyesChar, '

yesChar ='Y", ;

One nice feature of Javais the ablllty toboth declare andinitialize a variable on the same llne
Forexample:

mtvacatlonDays 12; //thisisan |n|t|allzat|on

Finally, in Java you can put declarations anywhere in your code. For example, the followmg is valid
codein Java: l

double salary =65000.0;
System.out.printin(salary);
intvacationDays = 12; //oktodeclarevanable here

4
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Onstants (Final Keyword)

InJava,
Public ¢

mple,
YOu use the keyword final to denote a constant. Forexamp
ass Constants

Public static void main(String[] args)
{

final double CM_PER_INCH=2.54:

double paperWidth = 8.5;

double PaperHeight = 11: ) .
System.out.println("Paper sizein centimeter:

+ paperWidth * CM_PER_INCH +" by"
+paperHeight * CM_PER_INCH)
}

}
The keyword final i

ndicates that you can assign to the variable once, then its value is set
§ customary to name constants in all upper case.

Public static final doubleCM_p

ER_INCH =2.54::
public static voig main(String[] a
{

rgs)

-double PaperWidth =8 5;

double PaperHeight = 11: :
System.out.println(“Paper size in centimeter-:
* paperWidth * CM_PER_INCH +* by"
*paperHeight * CM_PE‘R_INCH)
} 3

}

g Operators

The usu

operator denoteg inte
integers, and floating-point divisi i
denoted by %. For example, 15/
Note thatinteger divisio
~ aninfinite or NaN result

You can
intn=5;

L inta=2*n://ais10

Thereis

rtcutfor using binary arith
example, - ‘ B

X+=4

1

al arithmetic Operators +

*/are usedin Java for addition,
multiplication, and division. The/

gerdivision if both
on otherwise, Integer

i rémainder (that is, the
2|s7,15%2is1,and15.0/2is75. '
nby Oraises an exception, whereas float

Ing-point division
use the arithmetic Operatorsin y

\

Metic Operatorsin an

aconvenientsho

is equivalent to
X=X+4;

(Ingeneral, place the operatorto the left of the = sign, such as*

Increment and Decrement Operators

Programmers, of course, kn

~variable
increme

=0r%=.)

owthatone 6f the most com
m
is to add or subtract 1, Java, following i o

e
: N Operations with, 5 Nnumeric

Ngin the footst _

nt and decrement operators; i+ ‘add Sieps of Cang e

S 1 to the *+, hasboth nd * HA\
-subtracts 1 from it. For example, the coge current value of the variable x, a s

2 ™ _un
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subtracts 1 from it. For example, the code
intn=12,
N++;

changes nto 13. Because these operators change the value of a variable, they cannot be

applied to numbers themselves. For example, 4++ is not a legal statement.

There are actually two forms of these operators; you have seen the “postfix” form of the

operator thatis placed after the operand. There is also a prefix form, ++n. Both change the

value of the variable by 1. The difference between the two only appears when they are used inside

expre:)slsmns The prefix form does the addition first; the postfix form evaluates to the old value of the
variable

intm=7;

intn=7; .
inta=2*++m;//nowais 16, mis 8

intb=2*n++;//nowbis 14,nis 8

We recommend against using ++ inside other expressions as this often leads to confusmg code and
annoying bugs.

(Of course, while it is true that the ++ operator gives the C++ language its name, it also led to the first
joke about the language. C++ haters point out that even the name of the language contains a bug:

“After all, it should really be called ++C, since we only want to use a language after it has been
improved.”)

Relational and boolean Operators

Java has the full complement of relational operators. To test for equality you use a double

. equal sign, ==. For example, the value of 3 ==7 is false.

Use a !=for inequality. For example, the value of 3= 7 is true.

Finally, you have the usual < (less than) > (greaterthan), <= (less than orequal), and >=
(greater than or equal) operators.

Java, following C++, uses &&for the logical and"operator and || for the logical “or”
operator. As you can easily remember from the != operator, the exclamation point ! is the

logical negation operator The && and || operators are evaluated in “short circuit” fashion.
This means that when you have an expression like:
A&&B-

once the truth value of the expression Ahas been determined to be false, the value for the

- expression B is not calculated. Forexample, in the expresswn

x!=0&&1/x>x+y//nodivision by 0 : -

the second partis never evaluated if x equals zero. Thus, 1/xis not computed |f X |s zero,

and no divide-by-zero error can occur. - :
Similarly, if Aevaluates to be true, then the value ofA|| Bis automatically true, without et
evaluating B.

Finally, Java supports the ternary ?: operator that is occasionally useful. The expressmn

condition ?e1:e2 ;

evaluates to e1 if the condition is true, to e2 otherwise. For example

X<y?Xx:y

gives the smallerofxand y.

Bitwiée Operators

When working with any of the integer types, you have operators that can work directly with the bits
that make up the integers. This means that you can use masklng techniques to get atindividual bitsin .
anumber. The bitwise operators are:

& (“and”) | (“or") A (“xor”) ~ (“not”) ’
These operators work on bit patterns. Forexample if nlsan mtegervarlable then
intfourthBitFromRight = (n&8)/8;

gives you a one if the fourth bit from the right in the binary representatlon ofnis oqg and azeroif not.
Using & with the appropriate power of two lets you mask out all buta single b|t

L}
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Control Flow Statements

The statements inside your source files are generally executed from top to bottom, in the order tha
they appear. Control flow statements, however, break up the flow of execution by employing decisior
making, looping, and branching, enabling your program to conditionally execute particular blocks of
code. This section describes the decision-making statements (if-then, if-then-else, switch), the

looping statements (for, while, do-while), and the branching statements (break, continue, return)
supported by the Java programming language.

Theif-then and if-then-else Statements
The if-then Statement

The if-then statement is the most basic of all the control flow statements. It tells your program to
execute a certain section of code only if a particular test evaluates to true. For example, the Bicycle
class could allow the brakes to decrease the bicycle's speed only if the bicycle is already in motion.
One possible implementation of the applyBrakes method could be as follows:
void applyBrakes(){
if (isMoving){// the "if" clause: bicycle must moving
currentSpeed--; // the "then" clause: decrease current speed
}

}

If this test evaluates to false (meaning that the bicycle is not in motion), control jumps to the
end of the if-then statement.

In addition, the opening and closing braces are optional, provided that the "then" clause
contains only one statement:
void applyBrakes()}{

_if (isMoving) currentSpeed--; // same as above, but without braces

Deciding when to omit the braces is a matter of personal taste. Omitting them can make the code
more brittle. If a second statement is later added to the "then" clause, a common mistake would be

forgetting to add the newly required braces. The compiler cannot catch this sort of error; you'll just get
the wrong results. :

_ The if-then-else Statement

The if-then-else statement provides a secondary path of execution when an "if" clause evaluates to
false. You could uge an if-then-else statement in the applyBrakes method to take some action if the

brakes are applied when the bicycle is not in motion. In this case, the action is to simply print an error
message stating that the bicycle has already stopped. '

void applyBrakes(){
if (isMoving) {
currentSpeed--;
Jelse {

System.err.printin("The bicycle has already stopped!");
}

The following program, IfElseDemo, 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 soon.
class IfElseDemo {

niihlin atatic vnid main(Strinall aras) {
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inttestscore = 76;
char grade;

if (testscore >= 90) {
grade ="A';

Jelse if (testscore >= 80) {
grade="B"; -

Jelseif (testscore >=70) {
grade ='C";

Jelse if (testscore >=60) {
grade='D";

Jelse{
grade ='F’;

}

System.out.printin("Grade =" + grade);

}
}

The output from the programis: ‘. *

Grade=C
You may have noticed that the value of testscore can satisfy more than one expression in the
Compound statement: 76 >= 70 and 76 >= 60. However, once a condition is satisfied, the appropriate
statements are executed (grade ='C';) and the remaining conditions are not evaluated.

Multiple Selections the switch Statement

Theif/else construct can be cumbersome when
with many alternatives. Java has a switch state
in C and C++, warts and all. , .

String input = JOptionPane.showlnputDiang
("Selectan option (1, 2, 3, 4)");
intchoice = Integer.parselnt(input)
switch (choice)

{

case1;

you have to deal with multiple selections
mentthatis exactly like the switch statement

break;
case2:

break: ‘
case 3; |

break; -
case4:

N break;
default:
//badinput

i).r;aak; ‘ | ' | 00 p ﬂé
_ } | 1l
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The while and do-while Statements

The while statement continually executes a block of statements while a particular condition is true. [ts
syntax can be expressed as:

while (expression) {
statement(s)

The while statement evalgates expression, which must return a boolean value. If the expression
evaluates to true, the while statement executes the statement(s) in the while block. The while
statement continues testing the expression and executing its block until the expression evaluates to

false. }Jsing the while statement to print the values from 1 through 10 can be accomplished as in the
following WhileDemo program:

class WhileDemo {
public static void main(String[] args){
intcount=1;
while (count<11){
System.out.printin("Countis: " + count);
count++,

}
}

You canimplement an infinite loop using the while statement as follows:
while (true){

/I your code goes here

The Java programming language also provides a do-while statement, which can be
expressed as follows:
do{
statement(s) ,
}while (expression); '
The difference between do-while and while is that do-while evaluates its expression at the bottom of
the loop instead of the top. Therefore, the statements within the do block are always executed at least
once, as shown in the following DoWhileDemo program:
"~ class DoWhileDemo {
public static void main(String[] args){
intcount=1,
do{
System.out.printin("Countis:" + count);
count++; : '
Jwhile (count<=11);
}
}

The for Statement

~ ides a compact way to iterate over a range of values. Programmers oﬂep_ ref¢_er
-t‘;)hiet’ f:; z:z;t?frg:a lr:)tc‘:);;'(')\t/)'gcause of Ft)hg wayy in which it repeatedly loops until a particular condition is
satisfied. The general form of the for statement can be expressed as follows: ;
for (initialization; termination; increment) {
- statement(s) ' :

When using this version of the for statement, keep in mind that: .
« Theinitialization expression initializes the loop; it's executed once, as the loop begins.
« When the termination expression evaluates to false, the loop terminates. .
« The increment expression is invoked after each iteration through the loop; it is perfectly
acceptable for this expression toincrement or decrementa value.
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Object-Oriented Programming Concepts

i S iale Delif e oSl Neeqd 1o ear

If you've never used an opject orienteq programming BAQUBGEe DN :: e g U
basic concepls before you can begin wiiting any “ode s ""’_"j'_ e ot Mlace o
e Wy 2 SIS0 ASSS () - o

Classes, mhemance intertaces and packages Each Qiscussion fo . €

S anA S IReUCEON 10 The SyNias of v e
relate 1o the real world while simuilanecusty provEing an NroCuUCton y '
Programming language

What s an Object?

AN ODIRCT i% a s0Maate Dusitie of felalod] stalo afw] efiguiar " .Mmals (IAeCEs ars ONen use
the real-wor'c OUERCEs (al yious finid i evet yday lite This lessan saplawss Now SI8l8 8na Le
fepresentied wihun an oject. Ntiotuces the concen! of data snEaESUIGNEn. 00 S1IEINS T fer
of designing your softaate i s Mmannet

Whatis aClass?

A class i3 a biwepnmt or prototype from which objects are creatsd This
modeis The state and behavior of a real-world object It

intentionally focuses on e basics
oW @ & sumpiie Class can Gleanly model slate and behavior

SECHNON d8fMEs § class »

"
S
‘ | y

Whatls Inheritance?

InPeritance prowides a powerful and natural mechanism for organizing and
This section exgiains how classes inherit state and behavior from their superciasses anc saziars
how o denve one class from another using the simple syntax provided by the Java prograrrmirg
language

3«'2"‘.‘('..’\.'1"1"@ Your sct™ac

A" e
> 1 Bt

~ W

What s an Interface?

An merface s a conlrac! between a class and the outside world. When a ciass imp!

nterface, it prormses 1o provide the behavior published by that interface. This section defnes 2
simple nterface and explains the necessary changes for any class that implements it

Whatls a Package?

A package is a namespace for organizi
code into packages makes large softw
is useful, and introd

ng classes and interfaces in a logical manner. Placing \h
are projects easier to manage. This section explains why th=

o, uces you 1o the Application Programming Interface (AP1) provided by the Javd
Classes and Objects
Classes

A class is a blueprint or prototype from which obi
objects
modsls the state and behavior of a real-world obj'oct. |

_ . N laed [h;ﬂ
are created. This section defines a class
how even a simple class can cleanly model state and b

. . _ s o \\&H’Ez
tintentionally focuses on the basics. sho
ehavior
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- lesson on interfaces and inheritance will explain how and why yo

Public class Stuaenty

//the Student class has two fields
publicintid;
public String name;

/I the studeAnt class has methods
public void setld(int newValue) {
id =newValue;

}

public void setName(String newValue){
name =newValue;
}
}

You can also add modifiers like public or private at the very beginningso you can see that the opening
line of a class declaration can become quite complicated. The modifi

; Iers public and private, which
determine what other classes can access Student class, are discussed later in this lesson. The

U would use the extends and

implements keywords in a class declaration. For the moment you do not need to worry about these

extra complications.
Ingeneral, class declarations can include these components, in order:

1. Modifiers such as public, private, and a number of others that you will encounter later.
2. Theclass name, with the initial letter capitalized by convention.

3. The name of the class's parent (superclass), if any, preceded by the keyword extends. A
class can only extend (subclass) one parent.

4. A comma-separated list of interfaces implemented by the class, if any, preceded by the
keyword implements. Aclass can ‘implement more than one interface.

5. Theclass body, surrounded by braces, {}.
Providing Constructors for Your Classes

Aclass contains constructors that are invoked to create objects from the class blueprint. Constructor
declarations look like method declarationsexcept that they use the name of the class and have no
return_type. Forexample, Bicycle has one constructor: _ ,
public Bicycle(int startCadence, int startSpeed, int startGear) {
gear = startGear;
cadence = startCadence;
speed = startSpeed;
} .
To create a new Bicycle object called myBike, a constructoris called by the new operator:
Bicycle myBike = new Bicycle(30, 0, 8); _ o
nev{ Bicyc)lle(30, 0, 8) creates space in memory for the object and initializes its fields.

Although Bicycle only has one constructor, it could have others, including a no-argument
constructor:
public Bicycle() {

gear=1;

cadence=10;

speed=0;

Bicycle yourBike = new Bicycle(); invokes the no-argument constructor to create a new Bicycle object
N e ' have different argument lists. As
Both have been declared in Bicycle because they ave differe .
With rﬁzrtll?gclij: t?i:tsa 3gl\jgjplztform differentiates constructors on th?1 baSItSh of the r;unrztr)':eg :rf :r:%ut;\pznés;
in the li ‘thei . You cannot write two constructors that have the sam )
a"gum“esr:tir}grut]ﬁgszﬁz class, because the platform would not be able to tell them apart. Doing so

‘Causes a compile-time error.

A‘ R
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. to tell them apart. Daojp, .,
‘{Jments for the same class, because the platform would not be able 9 30

“Causes a compile-time error.

reful when doing th,
lass, but you must be ca J this,
' ' constructors for your class, for any class with
\'1(?1: dc%mfe\iezfﬁtgﬁ;?;ﬁ; yprovides a no-argument, defatgtcgggtfggtgtro (I;f the su);/)erclass. In t(r):iJst
constructors. This default constructor will call the no-argum'er"1 a no-argument constructor so yo,
situation, the compiler will complain if the superclass doesn't av:eh n it has an IMplicit superciagy .
must verify that it does. If your class has no explicit superclass, the

Object, which does have a no-argument constructor.

You can use a superclass constructor yourself. The Mounta!nBiIr(fe Clzséi gtintl?;}ritt):r?égr.“ng of this
lesson did just that. This will be discussed later, in the lesson on interface

You can use access modifiers in aconstructor's declaration to control which other classes can call the
constructor.

Objects

A typical Java program creates many objects, which as you know, interact by |n\{ok|ng methods
Through these object interactions, a program can carry out various tasks, such as |mplem(?nt|ng a
GUI, running an animation, or sending and receiving information over a network. Once an object has
completed the work for which it was created, its resources arerecycled for use by other objects.

Here's a small program, called CreateObjectDemo, that creates three objects: one Point object and
two Rectangle objects. You will need all thre

e source files to compile this program.
public class CreateObjectDemo {

public static void main(String[] args){

//Declare and create a point object

/land tworectangle objects.

Point driginOne = new Point(23, 94);

Rectangle rectOne = new Rectangle(originOne, 100, 200);
Rectangle rectTwo = new Rectangle(50, 100);

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

System.out.println("Heightof rectOne: " +
z rectOne.height);

System.out.printin("Area of rectOne: " + rectOne.getArea());

IIsetrectTwo's position
rectTwo.origin = originOne;

/ldisplay rectTwo's position
System.out.printin("X Position of rectTwo;"
+rectTwo.origin.x);

System.out.printin("Y Position of rectTwo:"
+rectTwo.origin.y);
/lmove rectTwo and dis
rectTwo.move(40, 72);
System.out.printin("X Position of rectTwo: "
+rectTwo.origin.x);

System.out.printin("Y Position of rectTwo: "
+rectTwo.origin.y):

play its new position
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Instantiating a Class

. ject and returnr,
The new operator instantiates a class by allocating memotgye(f;?::oansi?:’ ctgslpa Hrning
reference to that memory. The new operator also invokes the obj

Note: The phrase "instantiating a class" means the same thing aﬁ.l"cf;itt';% r?é“;bclggs When yo |
Create an object, you are creating an "instance” of a class, therefore "ins :

|
The new operator requires a single,

postfix argument: a call to a constructor. The name of the
constructor provides the name of the class to instantiate.

The new operator returns a reference to the object it created. This reference is usually assigned tq 3
variable of the appropriate type, like:

Point originOne = new Point(23, 94)
The reference returne

d by the new operator does not have to be assigned to a variable. It can alsg be
used directly in an expression. For example:

intheight = new Rectangle().height:
‘This statement will be discussed in the next section.

Initializing an Object

Here's the code for the Pointcl
publicclass Point{
publicintx=0;
publicinty=0:
llconstructor
Public Point(int a, int b){
X=a; :
y=b;

ass:

Point originOne = new Point(23, 94)
The result of executing this statem

entcan be illustrated in the nextfigure:

A point object

( - Origin one

Here's the code for the Rectangle class, Which contains four constructors:
public class Rectangle { '
publicintwidth =0;
publicint height = 0;
public Point origin;
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// four constructors

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

Lublic Rectangle(Point p) {
origin = p;

Lublic Rectangle(intw, inth){
origin = new Point(0, 0);
width=w;
height=h;

} :

public Rectangle(Pointp, intw, inth) {
origin=p;
width=w;
height=h;

} ;

/I amethod for moving the rectangle
public void move(int x, inty){
origin.x =Xx;
origin.y =vy;

I/l amethod for computing the area of the rectangle
publicint getArea(){ .

return width * height;
} o _

}

Each constructor lets you provide initial values for the rectangle's size and width, using both primitive
and reference types. If a class has multiple constructors, they must have different signatures. The
Java compiler differentiates the constructors based on the number and the type of the arguments.
When the Java compiler encounters the following code, it knows to call the constructor in the
Rectangle class that requires a Point argument followed by two integer arguments:

Re_ctangle rectOne = new Rectangle(originOne, 100, 200),

This calls one of Rectangle's constructors that initializes origin to originOne. Also, the constructor
sets width to 100 and heighf 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:

A point object

Origin one IE———

A recfénglo object
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Using the this Keyword

Within an instance method or a constructor, this is a reference to the c‘;rtgenéﬁfrj;?tt otg'(:a gtbg::"‘ Whose
method or constructor is being called. You can refer to any member of the Ject from withir
aninstance method or a constructor by using this.

L‘lslng this with a Field

The most common reason for using this keyword is because a field is shadowed by a methog ol
constructor parameter. | '
+ Forexample, the Point class was written like this
' * public class Point { -
publicintx =0;
publicinty =0;

llconstructor .
Public Point(int a, intb) {
Xx=a;
y=b;

H } )
butit could have been written like this:
public class Point{
- publicintx=0;
" publicinty=0;

llconstructor -

public Point(int x, inty) {
this.x=x;
this.y=y;

}

Each argument to the second constructor shadows one of the object’

_ s fieldsinside the constructor xis
‘alocal copy of the constructor's first argument. To refer to the Point

field x, the constructor must use
this.x.

{
\

Using this with a Constructor

class.:Doing so is called an explicit constructor invocation. Here's another Rectangle class, with 2
differentimplementation from the onein the Objects section. - . ~

. publicclass Rectangle {
5 privateintx, y; : -
private int width, height; .

public Rectangle(){
B . this(0,0); PR
- { '

public Rectangle(int width, int height) {
this(0, 0, width, height); . -

o ; ~ . |
public Rectangle(intx, inty, int width, int height) {
this.x=Xx; _ '
this.y=y: ‘
this.width = width;

4
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Static Fields and Methods

8 In all sample programs that yo‘u have seen, the rpain me.thod is.tagged yv_ith the static
modifier. We are now ready to discuss the meaning of this modifier. ,

Static Fields

If you define a field as static, then there is only one such field per class. In contrast, each .
object has its own copy of all instance fields. For example, let's suppose we want to assign a unique
identification number to each employee. We add an instance field id and a static field nextld to the
Employee class: ‘ : Y

class Employee . ’

7

privateintid;
private static int nextld = 1;

}

Now, every employee object has its own id field, but there is only one nextld field that is

* shared among all instances of the class. Let's putit another way. If there are one thousand

. objects of the Employee class, then there are one thousand instance fields id, one for each
object. But there is a single static field nextld. Even if there are no employee objects, the

staticfield nextld is present. It belongs to the class, not to any individual object.

Static Methods

Static methods are methods that do not operate on objects. For example, the pow method of the Math
class is a static method. The expression:

Math.pow(x, y) _ |
computes the power xy. It does not use any Math object to carry out its task. In other words, it has n0

implicitparameter. - .
In other words, you can think of static methods as methods that don't have athis parameter.

Because static methodg. don'toperate on objects, you cannotaccess instance fields from a
static method. But static methods can access the static fields in their class. Here is an examplé o

such a static method: |
' public staticint getNextld()
return n'éxtld; // returns static field

To call this method, you supply the name of the class:
~nrl
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' Interfaces

There are a number of situations in software engineering when it is mpgr{ant(z?sr déi%";‘]r a:‘; groups of
Programmers to agree to a "contract" that spells out how their software in erade is it Sn ép shoulq
be able to write their code without any knowledge of how the other group’s co - (5€nerally
speaking, interfaces are such contracts.

For example, imagine a futuristic society where vcomputer-cor)trolled robotic cars transpop
passengerz througr?city streets without a human operator. Automobile manufactucrjers \;\mte Software
(Java, of course) that operates the automobilestop, start, accelerate, turn left, and so forth. Anothe,
.industrial group, electronic guidance instrument manufacturers, make computer systems tha
receive GPS (Global Positioning Satellite) position data and wireless transmission of traffi.
conditions and use that information to drive the car.

The auto manufacturers must publish an industry-standard interface that spells out in deta'll What
methods can be invoked to make the car move (any car, from any manufacturer). Th_e guidance

~ manufacturers can then write software that invokes the methods described in the interface tg
command the car. Neither industrial group needs to know how the other group's softw_are is
implemented. In fact, each group considers its software highly proprietary and reserves the right to
modify itatany time, as long as it continues to adhere to the publishedinterface.

Interfaces in Java

In the Java programming language, an interface is a reference type, similar to a class, that can
contain only constants, method signatures, and nested types. There are no method bodies.
Interfaces cannot be instantiatedthey can only be implemented by classes or extended by other
interfaces. Extension is discussed laterin this lesson.
Defining aninterface is similar to creating a new class:

publicinterface OperateCar { -

/I constant declarations, ifany

// method signatures -
intturn(Direction direction, //Anenum with values RIGHT, LEFT
double radius, double startSpeed, double endSpeed);
intchangelLanes(Direction direction, double startSpeed, double endSpeed);
int signalTurn(Direction direction, boolean signalOn);
int getRadarFront(double distanceToCar, double speedOfCar);
_intgetRadarRear(double distanceToCar, double speedOfCar);

// more method signatures

Note that the method signatures have no braces and are terminated with a semicolon.

To use an interface, you write a class that implements the interface. When an instantiable class
implements an interface, it provides a method body for each of the methods declared in the interface.
Forexample,

public class OperateBMW760iimplements OperateCar{

/I the OperateCar method signatures, with implementation --
[/ forexample:
int signalTurn(Direction direction, boolean signalOn) {
//code to turn BMW's LEFT turn indicator lights on
/lcode to turn BMW's LEFT turn indicator lights off
/lcode to turn BMW's RIGHT turn indicator lights on
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jlcode toturn BMW's RIGHT turnindicator lights off
}

/] other members, as needed --forexample, helper classes
// notvisible to clients of the interface

Inthe robotic car example above, itisthe automobilej—manufacturers who willimplement the interface.
Chevrolet's implementation will be substantially different from that of Toyota, of course, but both
manufacturers will adhere to the same interface. The guidance manufacturers, who are the clients of
the interface, will build systems that use GPS data on a car's location, digital street maps, and traffic

data to drive the car. In so doing, the guidance systems will invoke the interface methods: turn.,
change lanes, brake, accelerate, and so forth.

Interfaces as APls

The robotic car example shows an interface being used as an industry standard Application
Programming Interface (API). APls are also common in commercial software products. Typically, a

company sells a software package that contains complex methods that another company wants to

use inits own software product. An example would be a package of digital image processing methods

that are sold to companies making end-user graphics programs. The image processing company
writes its classes to implement an intarface, which it makes public to its customers. The graphics
company then invokes the image processing methods using the signatures and return types defined
in the interface. While the image processing company's APl is made public (to its customers), its
implementation of the API is kept as a c'osely guarded secretin fact, it may revise the implementation

atalater date as long as it continues ‘o implement the original interface thatits customers have relied
on.

Interfaces and Multiple Inheritance

Interfaces have another very important role in the Java programming language. Interfaces are not
part of the class hierarchy. although they work in combination with classes, The Java programming
!anguage does not permit multiple inhentance (inhertance is discussed later in this lesson), bul
interfaces provide an alternative.

In Java, a class can inherit from only one diass out it can implement more than one interface

fore, objects can have muitipie types: he type of their own class and the types of all the
interfaces that they implement. This means that # 2 variable is declared to be the type of an interface,
IS value can reference any obiect that is | i from any class that implements the intérface

is discussed later in this lesson. in the section tied "Using an Interface as a Type "
Defining an Interface
Aninterface deciaration consists of modifiers, the keyword interface, the interface Name, & comma-
Parated st of parent interfaces (f any ). and the interface Dody For example
Pubkic interface Groupedinterface sutends Interfacel,
Interface2. Interfacesd (

- w

ll constant dectarations
double E =2 718282, // basa of natural logantnms

ll method signatures
void doSomething (int i, double xJ.
')“NOSomemingE}se(Smng s},
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The clone() Method . S
, an ys

If a class, or one of its superclasses, implements the %‘;n;‘sg: ;r:) Swrite: y N Use the . lone,

method to create a copy from an existing object. To crea ,

aCloneableObject.clone(); whether the object on which
ol i is m ecks to see whe Clongyy
Object's implementation of this method ch hod o)

f(a»\'

invoked - implements the Cloneable interface. If the object does not, the met e,

CloneNotSupportedException exception. Exception handgn% will be covered in 3 |5
the moment, you need to know that clone() must be declare la
protected Object clone() throws CloneNotSupportedException

--or-- '
public Object clone() throws CloneNotSupportedException ' ‘
) method to override the one in Object.

. ifyou are going to write a clone( ‘
) was invoked does implement the Cloneable Interface, Objects

If the object on which clone( _
implementation of the clone() method creates an object of the same class as the original object ang
initializes the new object's member variables to.have the same values as the origing| objects

corresponding member variables.
The simplest way to make your class cloneable is to add implements Cloneable to your classy

declaration. then your objects caninvoke the clone() method. -

Fo.r-some Classes, the default behavior of Object's clone() method works just fine. If, however an
object contains a reference to an external object, say ObjExternal, YOu may need to override clor’1e()
to get correct pehavnor. Otherwise, a change in ObjExternal made by one object will be visible inifs
clone also: This means that the original object and its clone are not independentto decouple them,

two objects are equal. imiti
~does not. The equals() ;oegtﬁgénglr\éiigata types: this gives the correct result. For objects, however!
. €d by Object tegts Whether the object references are equalt® .
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The finalize() Method

The Obiject class provides a callback method, finalize(), that may be invoked on an object when it
becomes garbage. Opject s implementation of finalize() does nothingyou can override finalize() to do
cleanup, such as freeing resources. e 1
The finalize() method may be called automatically by the system, but when itis called, or even if it is
" called, is uncertain. Therefore, you should not rely on this method to do your cleanup for you. For

example, if you don't close file descriptors in your code after performing I/0 and you expect finalize() -
to close them for you, you may run out of file descriptors.

The getClass() Method

You cannot override getClass. . j - : ,
The getClass() method returns a Class object, which has methods you can use to get information
about the class, such as its name (getSimpleName()), its superclass (getSuperclass()), and the

~interfaces it implements (getinterfaces()). For example, the following method gets and displays the
- class name of an object: '

void printClassName(Object obj) { _
System.out.printin("The object's classis " '
-obj.getCIass().getSimpleName());

The Class class, in the java.lang package, has a large number of methods (more than 50). For

.. example, you can test to see if the class is an annotation (isAnnotation()), an interface (isInterface()),

or an enumeration (isEnum()). You can see what the object's fields are (getFields()) or what its
methods are (getMethods()), and so on. | |
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Strings, which are widely used in Java programming, are a sequence of characters_ |, i,
Programming language, strings are objects. o e
The Java platform provides the String class to create and manipulate strings.

Creating Strings

The most direct way to create a string is to write: |
String greeting = "Hello world!":

In this case, "Hello world!" is a string literala series of characters in your code that is enclosed i

dOPble quotes. Whenever it encounters a string literal in your code, the compiler creates g String
object with its valuein this case, Hello world!.

As with any other object, you can create String objects by using the new keywc')rq.and a
constructor. The String class has 11 constructors that allow you to provide the initial value of the
string using different Sources, such as an array of characters:

char(] helloArray = {h e, 1,0, 0, ),

String helloString = new String(helloArray);
System.out.println(helloString);

The last line of this code snippet displays hello.

String Lengt_h

Methods used to obtain information abaut an ob

' ject are known as accessor methods. One
accessor method that you can use with strings is the length

A : : () method, which returns the number
- of characters contained in the string object.

Concatenating Strings

The String class includes a method for concatenatin
string1.concat(string2);

This returns a new string that is string1 with string2 added to it at the end.
You can also use the concat() method with string literals, as in;
"My name is ".concat("Rumplestiltskin")

Strings are more commonly concatenated with the + operator, as in
llHe"o’ll + L1] World" + ll!ll -

which results in
"Hello, world!"

g two strings:
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croating Format Strings

have seen the use of the printf() and format() methods to print output with formatted
You bers. The String class hgs an equivalent class method, format(), that returns a String object
n;;]"ar than a PrintStream object.
:)sing string's static fqrmat()lmethod allows you to create a formatted string that you can reuse,
5 opposed toa ope-tlme print statement. For example, instead of
8o, intf("The value of the float variable is %f, while the value of the " + "integer variable

m.out.pr o :
g;jj and the string is %s", floatVar, intVar, stringVar);

you can writeé

string fs: = L
fs = String.format("The value of the float variable is %f, while the value of the " + "integer variable

is %d, and the string is %s", floatVar, intVar, stringVar);
system.out.println(fs):

converting Strings to Numbers

Frequently, a program ends up with numeric data in a string objecta value entered by the user, for

example.
The Number subclasses that wrap primitive numeric types ( Byte, Integer, Double, Float, Long,
and Short) each provide a class method named valueOf that converts a string to an object of that
type. Here is an example, ValueOfDemo , that gets two strings from the command line, converts
them to numbers, and performs arithmetic operations on the values:

public class ValueOfDemo {

public static void main(String(] args) {

/lthis program requires two arguments on the command line
if (args.length == 2) {
//convert strings to numbers
float a = (Float.valueOf(args[0]) ).floatValue();
float b = (Float.valueOf(args[1]) ).floatValue();

//do some arithmetic
System.out.printin("fa+b ="+ (a+ b))
System.out.printin("a-b ="+ (a-b));
System.out.printin("a* b ="+ (@* b))
- System.out.printin("a /b = "+ (alb)),
System.out.printin("a % b ="+ (a % b) );
Jelse {
\ System.out.printin(

}
}

"This program requires two command-line arguments.”);

Converting Numbers to Strings _
io_metimes you need to convert a number to a string because you need t°,°p_e’ate on the value
s string form. There are several easy ways to convert a number to a string:
inti; - ~ \
String 51 = ™ + j; //Concatenate "i" with an empty string;
//conversion is handled for you.

or

Strin = Qfri N /Th lueOf class method. . . s
Each g s2 = String.valueOf(i); //The va . t will convert its primitive
Ype tg?f the Number subclasses includes a class method, toString(), tha .

@ string. For example:
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Manipulating Characters in a String

ods for exa
changing case, an

ining the contents of strings, finding
The String class has a number of meth mining R Sher tasks.

characters or substrings within a string,

Getting Characters and Supstrings by Index

string by invoking the charAt() accessor--
ndex of the last character is length()-1.
from a string, you.can use the substring

You can get the character at a particular_index V\_/ithin a
method. The indeX of the first character IS 0 while the |
If you want to get more than one consecutlve character

method. . , . : .
The substring Methods in the String Class Method Description String sub.strlng(lnt beginindex, int
endIndex) Returns a new string that is a substring of this string. The first integer argument

specifies the index of the first character. The second integer argument is the index of the last

character + 1. String substring(int beginindex) Returns a new string that is a substring of this |
string. The integer argument specifies the index of the first character. Here, the returned substring

extends to the end of the original string.

\ . ‘
Other Methods for Manipulating Strings
Here are éeVeraI other String méthvods for manibulating strings:

Other Methods in the String Class for Manipulating

Strings _ . , ,
Method Description
String[] split(String regex) Searches for a match as specified by the string argument

String[] split(String regex; int limit) | (which contains a regular expression) and splits this string
, ' : : . into an array of strings accordingly. The optional integer
argument specifies the maximum size of the returned
array. Regular expressions are covered in the lesson til€

"Regular Expressions." I

CharSequence subSequence(int: | Returns a new character sequ
. . i : ence constructed from

beginindex, int endIindex) beginindex index up until encziln dex - 1.
String trim() -  mE Returns a copy of this string with leading and trailing white
_ . _ space removed. _ .
String toLowerCase() - Returns a copy of this string converted to lowercas® or
String toUpperCase() - . | uppercase. If no conversions are necessary, these

methods return the original string. -

i

f
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Searching Tor Lnaraciers and Substrings in String
The following table describes the various string search methods.

The Search Methods in the String Class

Description

int indexOf(int ch)

Returns the index of h
int lastindexOf(int ch) I the first (last) occurrence of

the specified character.

Returns the index of the first (
the specified character, searching forward
(backward) from the specified index.

Returns the index of the first
the specified substring.

Returns the index of the first (last
the specified substrin
(backward)

Int indexOf(int ch, int fromindex) last) occurrence of

int lastindexOf(int ch, int fromindex)

int indexOf(String str)
int lastindexOf(String str)

(last) occurrence of

) occurrence of
g, searching forward
from the specified index.

Returns true if the string contains the specified
character sequence.

int indexOf(String str, int fromindex)
int lastindexOf(String str, int fromindex)

Boolean contains(CharSequence s)

Note: CharSequence is an interface that is implemented by the String class. Therefore, you can

use a string as an argument for the contains(

) method.

Replacing Characters and Substrings into a String

The String class has very few methods for inserting characters or substrings into a string. In

general, they are not needed: You can create a
have removed from a string with the substring t

The String class does have four methods for re
They are:

Method

String'replace(char oldChar, char newChar)

new string by concatenation of substrings you
hat you want to insert.

placing found characters or substrings, however.

Description

Returns a new string resulting fro_m re’placing all
occurrences of oldChar in this string with

newChar.

String replace(CharSequence target,
CharSequence replacement)

Replaces each substring of this string_that
matches the literal target sequence with the
specified literal replacement sequence.

—

String replaceAll

(String regex, String
replacement) .

i his string that
Replaces each substring of t i i
maFt)ches the given regular expression with the

given replacement.

String replaceFirst(String regex, String
replacement)

ing his string that
laces the first substring of this string t!
rr;(;‘t)ches the given regular expression with the

given replacement.

————
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Exception Handling
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Exceptions are the customary way in Java to indicate to a calling method that ap, abng,

condition has occurred. This Chapter discusses how to use qxfeptl&lsni?gropélitely L
programs and designs. Look to this companion article for a tutoria ohr) and bholts qf Whay
exceptions are and how they work in the Java language and virtual machine.

When a method encounters an abnormal condition (an gxception.condltlon) that it can'thande jt
it may throw an exception, Throwing an exception is I1}<e throwing a beeping, flashing req b

indicate there is a problem that can't be handled where it occurred. Somewhere, you hope, th
will be caught and the problem will be dealt with. Exceptions are caught by handlers positioneg
the thread's method invocation stack. If the calling method isn't prepared to catch the except
throws the exception up to its calling method, and so on. If one of the threads of your program throws
an exception that isn't caught by any method along the method xnvocatlon stack, that threaq wil
expire. When you program in Java, you must position catchers (the exception handlers)

strategically
SO your program will catch and handle all exceptions from which you want your program to recover,

Ma

Self
all tg
S ha|l
alon,
on, jt

¢ 1

Exception classes

In Java, exceptions are objects. When you throw an exception, you throw an object. You can't throw
just any object as an exce

ption, however -- only those objects whose classes descend from
Throwable. Throwable serves as the base class for an entire family of classes, declared in java.lang,

that your program can instantiate and throw. Asmall part of this family is shown in Figure 1.

As you can see in Figure 1, Throwable has two direct subclasses, Exception and Error. Exceptions
(members of the Exception family) are thrown to signal abnormal conditions that can often be
handled by some catcher, though it's possible they may not be caught and therefore could resultina

dead thread. Errors (members of the Error family) are usually thrown for more serious problems, such
as OutOfMemoryError, that may not be so easy

to handle. In general, code you write should throw
only exceptions, not errors. Errors are usually thrown by the methods of the Java API, or by the Java
virtual machine itself.

Throwable

Exception

Interrupted Exception Runtime Exception Thread Death
Arithmetic Exception ) ( Null Pointer Exception Class Cast Exception

Packge java.lang;

* k%

%%k

Figure 1. A partial v‘iew of the Thr.éwable family
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ing objects whose classes are declared in j
.-OntothFOW'”g ; java.lang, you can throw obj
adgg'sign. To create.your 0;‘;" ;:las.ls Olf throwable objects, you need only declare it aé)ajzﬁﬁc?;g:g;
owne member of the Throwablée at:“' }Id n geTeraI, however, the throwable classes you define should
s0Me " |ass Exception. They should be "exceptions." The reasoning behind this rule will be

e:;gined [aterin this article.
e k1 . .
e an existing exception class from java.lang or creat
ther you Us . ! eate one of your own de
he n some cases, a class from java.lang will do just fine. For Zxample if gﬁgd:fuy%%,:

e situation: 1% 24 ith an invalid
ds s invoked with aninvall argument, you could throw lllegalArgumentException, a subclass

ods| I
?&tznﬁmeExceptlon injava.lang.
: r, you will want to convey more information ab iti
other times however, ) n about the abnormal condition than a
dlass from java.lang will allow. Usually, the class of the exception object itseif indicates the type of
abnormal condition that was enc_:oqntered. For example, if a thrown exception object has class
ption, that indicates someone passed an illegal argument to a method.

. lllegaIArgumentExpe at
ou will want to indicate that a method encountered an abnormal condition that isn't

Sometimes ; .

represented by class in the Throwable family of java.lang.

As an example, imagine you are writing a Java program that simulates a customer of a virtual café
coffee. Consider the exceptional conditions that might occur while the customer

drinking a cup of r
sips. The class hierarchy of exceptions shown in Figure 2 represents a few possibilities.

Throwable )

H

Temperature Exception

Too Cold Exception “Too Hot exception

Fi . :
gure 2. Exception hierarchy for coffee sipping
ogram could throw a

if the customer dis . . .

covers, with dismay, that the coffee is cold, your progr
g?g;gldException. On the other hand, ify the customer discovers that the coffee IS overly f:gt' YOU;
hOpefn|]| could throw a TooHotException. These conditions could be exceptions becaugle rezy 'irst
outsig ully) not the normal situation in your café. (Exceptional conditions are not necesslir' %/hr.a' )
ethe normal flow of events.) The code for your neéw exception classes might Jooklke s

/l'n Source Packet in file except/ex1/T emperatureExceptionjava

class TemperatureException extends Exception {

b .

, . .
/“" Source Packet in file except/ex1/T ooCoIdExceptlon.Java
class TooColdException extends TemperatureException {-
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i In Source Packet in file exceptex1/TooHOtException java
abiira {
class TooHotException extends TemperatureEACepuon {

}

This family of classes, the TemperatureException family, declares ree ne ",:"(:;'f : ‘
your program to throw. Note that each exception indicates by its class Ihe kind Clatnorms
that would cause it 10 be thrown: TemperatureEzception Indicates some Xino o prob
temperature; TooColdException indicates something was 0o cold, and r(/m:, Cxcept of
something was oo hot. Note also that TemperatureException extends ExCeption - no
Error, or any other class declared in java lang

Throwing exceptions

To ‘hrow an excopuon‘ y()“ “"”‘)ly hie "Nj "lf”‘fl Pl"f’”)"l 'ﬂl"l an n‘f)]l:f’,'f [f:.“:f‘:ﬂ ce. asin,
throw new TooColdE xcoption(),

The type of the referonce must be Thrownble o one of its subelasses

The following code shows how a class thit raprasants the customer, class VinualPerson, mightine

exceptions if the coffee didn't meot the customar's termpeeatine praterencss Notetnat Javaasora:

a throws keyword in addition to the throw keyword, Only throw can te usad 1o throw an ercepiar
The meaning of throws will be explainad later in this article

II''n Source Packet in file except/ex1/ViftualPersorn java
class VintualPerson {

private static final int tooCold = 65;
private static final int tooHot = 85;

public void drinkCoffee(CoffeeCup cup) throws
TooColdException, TooHotException {

int temperature = cup.getTemperature();
if (temperature <= tooCold) {
throw new TooColdException();
} .
else if (temperature >= tooHot) {
throw new TooHotException();

)
/...

/I In Source Packet in file except/ex1/CoffeeCup java
class CoffeeCup {

I1'75 degrees Celsius: the best temperature for coffee
private int temperature = 75;
public void setTemperature(int val) {
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temperature = val;

}
public int getTemperature() {
return temperature;

I..
}

catching exceptions

/

Tocatch an exception in Java, you write a try block with one or more catch clauses. Each catch clause

- specifies one exception type that it is prepared to handle. The try block places a fence around a bit of

code that is under the watchful eye of the associated catchers. If the bit of code delimited by the try
block throws an exception, the associated catch clauses will be examined by the Java virtual
machine. If the virtual machine finds a catch clause that is prepared to handle the thrown exception,
the program continues execution starting with the first statement of that catch clause.

As an example, consider a program that requires one argument on the command line, a string that
can be parsed into an integer. When you have a String and want an int, you can invoke the parselnt()
method of the Integer class. If the string you pass represents an integer, parseint() will return the
value. If the string doesn't represent an integer, parselnt() throws NumberFormatException. Here is
how you might parse an int from a command-line argument:

I In Source Packet in file except/ex1/Example1.java
class Example1 {
public static void main(String[] args) {

int temperature = 0; -
if (args.length > 0) {
try {
temperature = Integer.parselnt(args[0]);
} .
catch(NumberFormatException e) {
System.out.printin(
"Must enter integer asfirst argument.”);
return;
"}
}
else {
System.out.printin( .
"Must enter temperature as first argument.”);
.return;

}

Il Create a new coffee cup and set the temperature of
IIits coffee.
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CoffeeCup cup = new CoffeeCup();
cup.setTemperature(temperature);

// Create and serve a virtual customer.
VirtualPerson cust = new VirtualPerson();

VirtualCafe.serveCustomer(cust, cup);
Yoo .
}

Here, the invocation of parseint() sits inside a try block. Attached to the try block is a catch clause
that catches NumberFormatException:

_catch(NumberFormatException e) {
System.out.printin(
"Must enter integer as first argument.");

return; -
ThaAa lAaurAaranen Alharantar o ic A rafaranan A thA faveaiaon /o0 - _
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The finally Clause

When your code throws an exception, it stops processing the remaining code in your methq
and exits the method. This is a problem if the method has acquired some |OC§| resource that
“only it knows about and if that resource must be cleaned up. One solution is to catch ang
rethrow all exceptions. But this solution is tedious because you need to clean up the resoyre,
allocation in two places, in the normal code and in the exception code.
Java has a better solution, the finally clause:

Graphics g = image.getGraphics();

try

{

code that might

throw exceptions

}

catch (IOException e)

{

show error dialog

}
finally

{
g.dispose().
)

This program executes the code in the finally clause whether or not an exception w

as
caught. This means, in the example code above, the program will dispose of the graphics

context under all circumstances.

Defining your own exception classes

Now you know how to write exception h

runtime system, and thrown by methods i S€ exception objects that are thrown DY

nthe standard class library.
Itis also possible for you to define yOur own exce

to be thrown whenever an exceplion occurs_ In

puon classes, and to cause objects of those classe®
exceptional condition.

i t g an
this case, you get to decide just what constitute
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a data-processing application that processes integer data obtained via

ou could write
e program indicates that the integer

For eszg‘ link from another computer. If the specification for tt
aTC 10 should never be received, you could use an occurrence of the integer value 10 to cause an

e":’;’;ﬁoﬂ object of your own design to be thrown.

choosing the exception type to throw

Before throwing an exception, you must decide on its type. Basically, you have two choices in this
« Use an exception class written Dy someone else, such as the myriad of exception classes
defined in the Java standard library.

« Define an exception class of your own.

Choosing a superclass to extend

If you decide to define your own excepton class, it must be a subclass of Throwable. You must

decide which class you will extend

The two existing subclasses of Throwable are Exception and Error. Given the earlier description of
Error and its subclasses. it is not likely ®at your exceptions would fitthe Error category. (In concept,

errors are reserved for serious hard errors mat occur deep within the system.)

MyException(String message ¥/ consy
- super(message);
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'Th reads

Threads are sometimes called Ii_ghtweight
execution environment, but creating a new

process. : | e ch NG, ds share the pr o
: t one. Threads S process's

it withi ss every process has at leas ; . ;
-rrehsrgt?nii:xiﬁctsh\:vc;ti:g n?e%g?; and ope?ll files. This makes for efficient, but potentially problematic,

communication.

Multithreaded exécution is an essential feature of the Java plati __ .
one thread or several, if you count "system" threads that do things like memory management and

ign: i ' icatiori progi '« noint of view, you start with just one thread,
signal handling. But from the applicatiori programmers point of | .
ca%led the mair? thread. This thread has the ability to create additional threads, as we'lldemonstratein

the next section.

rocesses and threads provide an

s. Both p i
processe or resources than creating a ney

thread requires few

Defining a Thread *

<

_'Lln Java, a thread is defined as a special class in the java.lang package. The thread

class implements an interface called the “Runnable’ interface, which defines a single abstract
method called “run”. - -

i iﬁ the java.lang.Runnable file you ‘will"ﬂnd thé following interface
- package java.lang; ;

public interface Runnable {
public void run(); // just Iike a pure.vi

}

rtual fimction in C++ '

Since we are defining an intgrfaée, run is implicitly a “abstract” method. As we have seen,
__interfaces in Java define a set of methods with NO implementation. Some class must “implement’
the Runnable mterface and provide an implementatidn of the run method, which is the method

. - (?nre'
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o

llyou
}o

java

L

red bY

i implem

that

uplicvoid unl

) is thread you
start it. Gallin

thread. Java provides a “Thread"
entsthe Runnable interface, but does notimplement the run

public 2SS Coneur

rocedure on that new thread stack.

rentReaderimplements Runnable {

) {I* code here executes concurrently with caller *1}

need to first create an object of typé Thread, bindittoan

ew Thread obj
g start creates the thread stack for the thread, and then object,

invoked the run()

concurrentReader readerThread = new ConcurrentReader();

Thread t=nNEW

Thread(readerThread); // create thread using a Runnable object

readerThread.start(); . :
Thejava.lang.Thread class has a constructor that takes an object of type Runnable:

_ Thread(Runna

ble object); // must provide an object thatimplements run

Alternatively, we can define a subclass ofthe class Thread directly.

dass ConcurrentWriter extends Thread {
public void run(){

providethecode heretorunasa separate thread of control

lang.Thread
publicclass T
private charna

Ju v ,

Tostartthis thread you just need to do the following:
ConcurrentWriter writerThread = new ConcuirrentWriter();
witerThread.start(); // start calls run()

hread implements Runnable {
mef(];

private Runnable target;

public final stat
public final stat

icint MIN_PRIORITY =1;
icintNORM_PRIORITY =5;

Publicfinal static int MAX_PRIORITY = 10; , )
Private void init(ThreadGroup g, Runnable target, String nam'e) ).
Public Thread() {init(null, null, "Thread-* + nextThreadNum()); }

Public Thread(Runnable target) {

i}mt("Ull. target

,"Thread-" + nextThreadNum());

Public Thread(Runnable target, String name) {init(null, target. name); )

Public synchronized native void start();
Public void run()

i (target 1= ny|
} fget.mn();

)

'“af'ra“QEThrea q

N

Tb"c class Thread implements Runnable {

Pubjj

Pubj; Static native Thread currentThread():

Publl'c Static native void yield();

ICstatic n

ic native void sleep(long millis) throws Interru

ptedException:
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AFile Has Many Names

AFile object contains the file name string used to construct it. That string never changes throughout
ne lifetime of the object. A program can use the File object to obtain other versions of the file name,
some of which may or may not be the same as the original file name string passed to the constructor.

suppose a program creates a File object with the constructor invocation
File a = new File("xanadu.txt");

The program invokes a number of methods to obtain different versions of the file name. The program
isthen run both on a Microsoft Windows system (in directory c:\java\examples) and a Solaris system
(indirectory /home/cafe/java/examples). Here is what the methods would return:

Method Invoked Returns on Microsoft Windows Returns on Solaris
atoString() ' |

—— xXanadu.txt . xanadu.ixt

2.0etNamey() xanadu.txt ‘ xanadu.txt

?ﬁ;"\ﬁi NULL NULL

a-getCanZ U.tePath( ) c:\iava\examples\xanadu.txt /home/café/iava/examples/xanadg.txt
NicalPath() | c:\java\examples\xanadu.txt /home/cafel/java/examples/xanadu.ixt

hen th ' '
. the , :
File s a;e{me-program constructs a File object from a more complicated file name, using

e = g _or_O‘SpeCify the file name in a platform-independent way.
Althoygy, W File(".." + File.separator + "examples" + File.separator + "xanadu.txt");

b ~ : .
O "efers to the same file as a, the methaods return slightly different values:
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iIntroauction or Frogramming rParadigims

Paradigm can also be termed as method to solve some problem
or do some task. Programming paradigm is an approach to solve
problem using some programming language or also we can say it
is a method to solve a problem using tools and techniques that
are available to us following some approach. There are lots for
programming language that are known but all of them need to
follow some strategy when they are implemented and this
methodology/strategy is paradigms. Apart from varieties of
programming language there are lots of paradigms to fulfil each

and every demand. They are discussed below:

Programming Paradigms
Imperitive Programming paradigm Declarative Programming Paradigm I—
P procedural programming Paradigm Logic Programming Paradigm I e
-I Object Oriented Programming Functional Programming h
‘I Parallel Processing Approach Database Processing Approach I-
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1. Imperative programming paradigm:

It is one of the oldest programming paradigm. It features close
relation to machine architecture. It is based on Von Neumann
architecture. It works by changing the program state through
assignment statements. It performs step by step task by changing
state. The main focus is on how to achieve the goal. The paradigm
consist of several statements and after execution of all the result

1s stored.
Advantage:

1. Very simple to implement

2. It contains loops, variables etc.
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e Procedural programming paradigm -
This paradigm emphasizes on procedure in terms of under
lying machine model. There is no difference in between
procedural and imperative approach. It has the ability to reuse
the code and it was boon at that time when it was in use

because of its reusability.
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1) Monolithic Programming Approach
2) Procedural Programming Approach
3) Structured Programming Approach
4) Object Oriented Programming Approach

Monolithic Programming Approach: In this approach, the program
consists of sequence of statements that modify data. All the
statements of the program are Global throughout the whole
program. The program control is achieved through the use of jumps
i.e. goto statements. In this approach, code is duplicated each time
because there is no support for the function. Data is not fully
protected as it can be accessed from any portion of the program. So

this approach is useful for designing small and simple programs.
The programming languages like ASSEMBLY and BASIC follow this

approach.

e e e mminn Annrnach: This approach is top down
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In procedural In object oriented
programming, program is programiming, program
divided into small parts is divided into small

called functions. parts called objects.
Procedural programming Object oriented
follows top down Copy Share Selectall ~Web search
approach. bottom up approach.

Object oriented
There is no access programming have
specifier in procedural  access specifiers like
programming. private, public,

protected etc.
Adding new data and

function is easy.

Adding new data and

function is not easy.
o mnine Nhiect ariented
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Benefits of OOP

e OOP models complex things as reproducible, simple

structures
e Reusable, OOP objects can be used across programs
e Allows for class-specific behavior through
polymorphism
e Easier to debug, classes often contain all applicable

information to them

e Secure, protects information through encapsulation
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text as it can be stored, searched, and edited easily.
Hypermed:ia on the other hand is a superset of hypertext. OOP
also helps in laying the framework for hypertext and
hypermedia.

e Al Expert System: These are computer application that is
developed to solve complex problems which are far beyond the
human brain. OOP helps to develop such an Al expert System

« Office automation System: These include formal as well as
informal electronic systems that primarily concerned with
information sharing and communication to and from people
inside and outside the organization. OOP also help in making

office automation principle.
. Neural networking and parallel programming: It addresses

~ B PR S nm““nwr;m"‘\f‘inh l"\'F f‘nmn]pY-rime
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Class

A class is a user defined blueprint or prototype from which

objects are created. It represents the set of properties or methods

that are common to all objects of one type. In general, class

declarations can include these components, in order:

1.

Modifiers: A class can be public or has default access (Refer
this for details).

. class keyword: class keyword is used to create a class.
. Class name: The name should begin with an initial letter

(capitalized by convention).

. Superclass(if any): The name of the class’s parent (superclass),

if any, preceded by the keyword extends. A class can only

extend (subclass) one parent.

. Interfaces(if any): A comma-separated list of interfaces

implemented by the class, if any, preceded by the keyword
implements. A class can implement more than one interface.

. Body: The class body surrounded by braces, { }.
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Object

It is a basic unit of Object-Oriented Programming and represents
the real life entities. A typical Java program creates many objects,
which as you know, interact by invoking methods. An object

consists of :

1. State: It is represented by attributes of an object. It also reflects
the properties of an object.

2. Behavior: It is represented by methods of an object. It also
reflects the response of an object with other objects.

3. Identity: It gives a unique name to an object and enables one
object to interact with other objects.

Example of an object: dog
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Java

// Class Declaration

public class Dog
{

// Instance Variables

String name;

String breed;

int age;

String color;

// Constructor Declaration of Class

public Dog(String name, String breed,

int age, String color)

i
this.name = name;
this.breed = breed;
this.age = age;
this.color = color;
}

// method 1
public String getName()
{

return name;

}

// method 2
public String getBreed()
{

return breed;

}

// method 3
public int getAgel)
i

return age;

}

// method 4
public String getColor()
i

return color;

}

@Override
public String toStringl()
{

return("Hi my name is "+ this.getName()+

".\nMy breed,age and color are

this.getBreed()+"," + this.getAge
T T Pt IR I PR
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return("Hi my name is "+ this.getName()+

".\nMy breed,age and color are
this.getBreed()+"," + this.getAge
","+ this.getColor());

}

public static void main(Stringl[] args)

{
Dog tuffy = new Dog("tuffy", "papillon",

System.out.println(tuffy.toString());

Output:

Hi my name 1is tuffy.

My breed,age and color are papillon,5,white

e This class contains a single constructor. We can recognize a
constructor because its declaration uses the same name as the
class and it has no return type. The Java compiler differentiate
the constructors based on the number and the type of the
arguments. The constructor in the Dog class takes four
arguments. The following statement provides

“tuffy”,”papillon”,5,”white” as values for those arguments:

Dog tuffy = new Dog("tuffy","papillon",5, "white");
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only the required characteristics of an object ignoring the
irrelevant details. The properties and behaviours of an object
differentiate it from other objects of similar type and also help in

classifying/grouping the objects.

// Java program to illustrate the concept of Abstra

abstract class Shape {

String color;

// these are abstract methods
abstract double areal);

public abstract String toString();

// abstract class can have a constructor
public Shape(String color)
{

[ B T, —~ e de — et e T MOV L e R T R et e
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@Override

public String toString()

{
return "Circle color is "
+ super.color
+ "and area 1is "
+ areal);
}

class Rectangle extends Shape {

double length;
double width;

public Rectangle(String color,
double length,

double width)

// calling Shape constructor

super(color) ;

- TETEE N I 2 oam e 1 - ~mAarmotrrinetnr
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Difference between Abstraction and Encapsulation:

Abstraction

Abstraction is the process or
method of gaining the

information.

In abstraction, problems are
solved at the design or interface

level.

Abstraction is the method of
hiding the unwanted

information.

We can implement abstraction
using abstract class and

interfaces.

In abstraction, implementation
complexities are hidden using
abstract classes and interfaces.

The objects that help to perform

abstraction are encapsulated.

Encapsulation

While encapsulation is the
process or method to contain

the information.

While in encapsulation,
problems are solved at the

implementation level.

Whereas encapsulation is a
method to hide the data in a
single entity or unit along with
a method to protect information

from outside.

Whereas encapsulation can be
implemented using by access
modifier i.e. private, protected
and public.

While in encapsulation, the
data is hidden using methods of
getters and setters.

Whereas the objects that result
in encapsulation need not be

abstracted.
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Overriden method

Inherited method
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void show()

{
System.out.println("Child's show()");

// Driver class
class Main {

public static void main(Stringl([] args)
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IT IS IMportant 10 Know that the only possible way to access an
object is through a reference variable. A reference variable can be
of only one type. Once declared, the type of a reference variable
cannot be changed.

The reference variable can be reassigned to other objects
provided that it is not declared final. The type of the reference
variable would determine the methods that it can invoke on the
object.

A reference variable can refer to any object of its declared type or
any subtype of its declared type. A reference variable can be
declared as a class or interface type.

Example

Let us look at an example.
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Shape

areal()
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ClassA

ClassB

ClassA

ClassA

‘ ClassB

ClassB
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public interface Vegetarian{}

public class Animal{}
public class Deer extends Animal implements Vegetari:

Now, the Deer class is considered tn he nalvmnarnhinr cinma thie
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