Java Fundamentals

gl

1.1 Programming Approach from Procedural to Object Orientation (OO)
Methodologies -

e Programming is to give the machine a list of steps to perform a particular task.
e Ifthesystemto which the programming is done is a computer than it s called as Computer Programming.
e The programming of any system has to be done in the language understood by that system.

¢ A digital system like computer understands only binary languége (which consists only of 0s and 1s), also called as
machine language. But, programming in machine language is almost impossible for a human being. Hence, the
manufacturers of the processor develop a language called as assembly language. Assembly language is simpler than

the machine language, but making a huge software using this is again very difficult. It includes the following :
¢ An English language word that specifies the operation to be performed and
¢ The operands, which are the data on which the operation is to be performed.

¢ Machine language and asseml_ﬁ]y language are called as low level languages.

To remove the complexity of programming, which was there because of low level languages, High level languages (HLL)
were developed. HLL are simplest for programming the processors.

¢ Some of these languages are FORTRAN, BASIC, COBOL, C, C++, JAVA, .net, etc.

HLL programming languages like C / C++ / Java are structured programming languages and hence are quite easy for

the programmers. C / C++ are sometimes also referred to as middle level languages as they are not fully high level
languages and neither are they low level languages.

In this subject we have to learn the programming language Java. Also we have to make some small programs using this
language. :

Procedure oriented programming gives significance to procedure L.e. how to do a task.

The structure of a procedure oriented programming as shown in Fig. 1.1.1, is made up of functions. If a variable is to be

accessed by multiple functions then such a variable is known as global variable.
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Fig. 1.1.2' : Structure of an object oriented program

1.2 Comparison of C++ and Java
| Sr, Cit . Java
No. . e
| 1. | C++ is object oriented programming but not a | Java is a purely object oriented programming; no program can

purely object oriented programming language. A
program can be written in C++ even without
using classes and objects.

be written without classes and objects.

2. | C++ has a goto statement. But this statement
makes the program system dependent.

To avoid this dependency of system, goto statement is not
available in Java.

3. | Pointers are also allowed in C++, and it also
makes the program system dependent.

Pointers are not there in Java to avoid platform dependency.

4. | Multiple and Hybrid inheritance are possible in
C++. '

Multiple and Hybrid inheritance are not in Java., A slight
implementation of the same can be done with a special tool
called as Interface.

5. | Operator overloading is possible in C++
programming. ' '

Operator overloading is not allowed in Java programming,

6. | We include a header file in C++ that consumes a
lot of memory space for even those objects that
are not used in the program:

In Java we import class files, which do not consume memory.
As we know memory space is required for objects and not
classes. Hence until we need an object, we will not create it
and hence memory space is not wasted.

7. | In C++ we had three access specifiers namely:
public, protected and private.

In Java we have five access specifiers namely: public,
protected, private, default and private protected. Although
private protected is not available in recent versions of Java.

8. | We have destructors in C++.

Java is said to be garbage collected ie. the objects are
automatically destroyed once their use is over.
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0. [ Ce+ doesn’t have exception handling. In case of | Java has a powerful exception (error) handling system.

any errors, the compiler cannot handle it.

—— %
C44 doesn’t support multi threading, | Java supports multi threading, ‘

Ce+ cannot be used on internet for making | Java can be used on internet b
1

—
y making applets ang hence |
applets, having dynamic applications.

————

1.3 Introduction to Object Oriented Programming Methodology

—
'

me says gives more significance to the objects which has data and functions

*  Object oriented programming as the nai
built around it.

associated with it. The functions of one object can access the

P approach wherein the smaller tasks are first dealt in detail and gradually
Creating the entire huge system,

Object oriented programming on the other hand gives more importance to data rather than a procedure,
The structure of object oriented programs is shown in Fig, 1.3.1. "

Object A Object B

Data

y

Functions

et

Object C

Fig. 1.3.1: Structure of an object oriented program

1.4 Features of Object Oriented Programming (O0oP)

Object oriented programming gives signifi

cance to objects or data rather than the Procedure, Let ys see the features of
0oO0P,
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;o Programs are divided ino objects ag shown in Fig. 1.3.1. As shown In Fig. 1.3.1, the objects contain data and functions

required to ncces m. Thire
1 AeCess them. Thus, in an object orfented program, you will notice the objects as shown in the structure.

. ‘ s ! v - ¥ 3
1 Data stroctures are designed such that they characterize the object lLe. all the information required for an object are
stored in the variables of that object.

4. Functions that operate on the data of an object are tled together in data structures i.e. the functions that operate on a
data are associated with them as shown in Fig. 1.3.1,

2

Data is hidden or cannot be access by external function. The data of an object can be accessed only by the functions of
the same object.

6. Objects communicate with each other through functions. If a function of an object wants the data of another object then
it can be accessed only through the functions.

3

New data and functions are easily added when required. Whenever new data is to be added, all the functlons need not
be changed; only that functions are to be changed, which require to access the data. )

It follows a bottom-up approach. In this type of approach, each element is first specified in detail and then the entire
system is made using these elements. You will notice in the programming of C++, that this approach of bottom-up

o

approach makes the programming very simple.

1.5 Important Terminologies for Object Oriented Programming

There are few important terms related to Object Oriented Programming that we need to understand. First the concept
of objects and classes and then the specialties of OOPs viz. Data Abstraction, Encapsulation, lhheritance, Polymorphism, etc.
Let us understand them one by one. '

1. Class and objects: It is a type or a category of things. It is similar to a structure with the difference that it can also have
functions besides data items. A structure, we have seen, can have only data variables but a class can have data members
as well as function members.

2. Object : It is an instance or example of a class. You can imagine it to be similar to a variable of class like we have a
variable of a structure. ) _

3. Data abstraction : Data abstraction is like defining or abstracting the object according to the required parameters. For
example; if there is a class for circle we need to just define the radius of the object of this class. We need not bother
about anything else of that object.

4. Data encapsulation or data hiding : The data of an object is hidden from other objects. This is called as encapsulation,
Encapsulation is achieved by putting data and functions associated with it into a class.

5. Inheritance : The mechanism of deriving the properties of one class into another class is known as inheritance. We will
see in detail about this concept in a special section dedicated on Inheritance.

6. Polymorphism : Poly refer's to multiple and morph refers to different forms. Hence, polymorphism means multiple
forms of the same thing. This topic will also be covered in detail in the later sections

7. Message Communication : The communication of the objects to pass messages is done by the functions or the
methods in the class. This is shown in the Fig. 1.3.1. The message or the data required by one object can be taken from

the other using the function of that class.
8. Reuse : The main advantage of the object oriented (00) system is the reusability of the code. The methods or functions
written in a class can be used by all the objects of tat class. Hence there is no need to write separate functions for each

of the objects.

Fasities
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9,

11, Meta Class : A class whose instances are not ob

) he stre
Coupling and Cohesion 1 Coupling can be ‘|pnnt.dl":| l I as to how the elements making up a module are Telateq
. definec ] K
oblect orlented system, whereas coheslon can be asures the design interface. To minimize the complexity of an 1
(A N

g me
Cohesion measures the internal design while coupling high cohesion and low coupling.
application, it is divided into modules such that there is hig

Examples of cohesion :

] Subtract 3 from 12 argument

2 Type caste the 9% argument to char

Reverse string of characters in another argument

3
q, Print next line

Examples of coupling

A component directly modifies another’s data | . | |
A component modifies ariother’s code, with the help of jumps (goto) into the middle of a routine,
co

2. . i 9
10. Sufficiency, Completeness and Primitiveness : Sufficiency as the name refers to the satisfaction of the Minimym
. oUuliic ] ol s
requirements. In this case the user should be able to find the minimum required methods in the class. There shoylg not-

be any extra methods. It can be said that sufficiency refers to keeping the class as simple and focused ag possible,

1.

at it gives the users 3

class of services they expect. The users tend to assume the services required from a class based on the name e
semantics of the class. Primitiveness is a check for completeness. The methods: should be designed to offer 3 single
Same operation. Hence there

primitive and unique operation. There shouldn’t be multiple methods to perform the
should be minimum and simple set of methods to implement the behavior of the class, According to Booch for well

Completeness is a measure for the satisfaction of the necessary requirements. It can be said th

formed objects there should be:
1. High cohesion 2. Low coupling

3. Sufficiency 4. Completeness

5. Primitiveness
jects instead they are again classes are called as Meta class, Hence the

meta class has its instances as classes. A meta class is used to define the behavior of a group of classes and their

instances, .
|

1.6 Java Evolution : History

_  _ { Frrr

ir project. They decided to make a new programming:

They couldn't find 5 single Programming language suited for the

language and called it as “oak”,
some other company, hence they decided to re

The team h : ' g
coiene :;1 :on"jumed a lot of coffee during the making of this programming language. The island “Java g

' ® Javanese” which had gajneg 1 ity i N ame VeSS
Biven as a synonym for il 8 global popularity in the 17 century. And hence the n Jav 3




"’ Fundamentals ol JAVA I‘murnmmlnu (SPrw)

e . 1-7 | Java Fundamentals
e
1.7 Features of Java ,

o

———

Java has various features as listed below

1. Simple

2 Purely object-oriented
3. Platform independent 4 Distributed -
5. Dynamic 6. Multi Threaded
7 Garbage collected 8 Robust
9.  Secure 10, Interpreted
11. Portable 12, High performance

13. Scalability

Let us discuss in detail each of these features of Java

Simple : Java is very simple especially compared to languages like C, C++. Java doesn’t allow pointers,'which was a
complicated concept in C/C++. Java also doesn’t allow operator overloading, goto statement etc. Besides the syntax
rules of Java are kept almost similar to that of C/C++, hence allowing easy migration for the C/C++ programmers.

Purely object-oriented : Java is a purely object oriented language means no program can be written without a class.
An object oriented programming language needs to necessarily have classes and object. A class is a type of objects and
an object is an instance of class. We will be seeing more about these in the subsequent chapters.

Platform Independent : This is the most important feature of Java. This was the main feature what James Gosling
wanted from the programming language to be used in their software. Platform Independent means a program made for
one platform will also work on any other platform. A platform is a combination of a system (computer), operating
system and other packages with that system. For example, a Pentium based system with Windows, or a Pentium based
system with Linux, or a AMD based system with Windows etc. The feature “Platform Independent” ensures that the
program or software developed in the Java programming language can work on any of the above said or some other
platform. This was not possible in earlier programming languages like C/C++. This is possible with Java because of a
special tool called as Java Virtual Machine (JVM). We will discuss in detail about JVM in the subsequent section.

Distributed : This feature of Java was found to be very useful. Because of being platform independent, a java based
program can be distributed over internet and hence run on any platform (system) in the world. This feature of being
distributed of Java has made many things possible over the Internet.

Dynamic : We have seen what is meant by dynamic and static in C++. Those thmgs that happen during the complile
time are called as static while those things that happen during the execution time are called as dynamic. Java has more
dynamic features compared to C++ We will see the dynamic features of Java during the later chapters.

Multi-Threaded : This is another new thing implemented in Java. A thread is one function in a program or a process.
We can have multiple threads that can run concurrently with the same program. There is a time sharing implemented
to share the processor resource for multlple threads on a time scale i.e. one thread runs for some time then another
thread for some time and so on multiple threads can run concurrently wherein any one of the thread is being executed
by the processor at any given time. ;

Garbage collected : An object which is no more in use is automatically thrown in garbage by JVM. Thus the memory
allocated to an object is automatically made free and available for other variables or objects. This removes the

requirement of destructor as it was required in C++. In C++ the memory allocated to an object was to be made free by a
destructor. [n Java it Is automatically done, hence garbage collected.

whi—
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. robust. Also, Java d
8. Robust: Java has a very good inbullt exception handling capacity that makes a Java program : I" 0es not
matically allo
keeps the authority of memory allocation and de-allocation with the programmer. JVM auto y allocates ang

" 1 5o easily as it would d
frees up the memory allocated for an object. Hence a software made on Java will not crash y oona

C/Cas baged software,

9. Secure: Security issues like virus attack are less possible on a Java based software.

10, Interpreted : Java programs are said to be interpreted. Java programs are converted into a special byte co@e. This byte
code s interpreted by the JVM. JVM interprets the byte code generated by the Java compiler. By interprets, it means
that the JVM converts the byte code into the machine understandgble code.

11. Portable : A program written on Java is portable i.e. it can be carried over anywhere on any computer. This is because
the Java program is platform independent and hence can work on any computer.

12. High Performance : Earlier there was a’ problem with JVM. The JVM has to interpret the Java program and tl.len
execute the same. :I‘his use to take more time i.e. first convert from byte code to machine code, then execute it. Later |
Java people introduced a special tool in VM called as Just In Time (JIT) compiler. This increased the speed and hence |
giving high performance. '

13. Scalability : Java based programs.are scalable over a huge number of systems besides computer. The team of Sun
Microsystems Inc. had mainly developed this programming language tool for programming the systems used in
consumer electronics like washing machine, microwave oven, etc. Herce this programming language can be used even

in such independent systems and not just computers. Thus Java is said to be scalable over all systems.

1.8 Java Virtual Machine (JVM)

¢ JVM is an interpreter. [VM-is the main component of Java programming language that makes java to be platform
independent and gives the language so many advantages over other programming languages.

¢ The main feature of Java ie. platform independent is because this byte code file can be carried onto any system and the

JVM residingvin the system will interpret or translate the byte code into the machine understandable code of that
machine.

¢ The java program written has to be stored with the “java” extension. The source code file is the program file where you
have your code i.e. your program. j

When it says that the Java program is portable or architectural neutral, it is because of this byte code that can be carried
on any system. _ . :

Note : The source code is never distributed. If the source code is distributed then the customer can do the needful

changes by himself and will never come back to the software developer. Hence a software developer should

never give away the source code developed by him. In C++ programs, the developer had to go and install the

software on the customer's system; and sometimes also make some changes in the code as required.

When this code is compiled by the Java compiler i.e. “javac”, it converts the java program into a special format called as

age with each information in a packet of 8 binary digits Le.
class” file i.e. a file with the extension of “.class”. -

The components of [VM are shown in the block diagram of JVM (Fig. 1.8.1).

byte code. The byte code as the name says is a coded langu
byte. This byte code file is storedasa“

—

o
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The different tokens of Java are Its

o character sel o keywords

s identfers o constants and varlables

o operators

o data types

e Wewill see these tokens In the subsequent sub-sections.

1.8.1  Character Set of Java

program can contain. Charactep 5
setincludes all the alphabets, digits and special symbols supported by the processor. ’

*  When we will be writing Java programs, all these will be found in our program. Table 1.9.1 gives a list of Java character

el
Table 1.9.1 : Character Set of Java
s Characters ' _ Listincluded 7
No. :
1. Alphabets (Upper case and lower case) ABC...Z
a,b,c z
2. | Digits (numbers) v 0,1,2,..9
3. Special symbols (all those seen on a keyboard, nothing | <>{}() (1,512 /+*=%&#@|\~"$A_-
besides that) ' (The names used for these symbols are given in
the Table 1.9.2)
4, Other special characters - Blank Space, Tab, Carriage Return (Enter Key)

Table 1.9.2 : SpecialSymbols and their names

Symbol | Name of Symbol Symbol Name of Symbol
i Comma & Ampersand
Period or dot * Asterisk
; Semicolon - Minus ngn
Colon + Plus Sign
? Question Mark < | Opening Angle (Less than sign)
! Exclamation Mark > Closing Angle (Greater than sign)
| Pipe ( Left Parenthesis
L / | Forward Slash ) Right Parenthesis
L \ Back Slash [ Left Square Bracket
L ! Single Quotes ] Right Square Bracket
L “ Double Quotes { Left Brace
L ~ Tilde } Right Brace
L - Underscore # Hash
[ A Caret $ Dollar
L % Percentage

Each of these special symbols may have some significance which will be discussed in the forthcoming chapters.

v":?nulu!; 3
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1.9.2 Keywords

SC are some speci ’ 7
o Thes . ome special words that have q predefined meaning for the Java compller, Hence, these words cannot be used
as identifiers (identifiers are discussed In'Sectlon 1,9.3)

hese are a set of words B ot
e T ¢ ['words which are reserved for the certaln operatlons and hence are also sometimes referred as
reserved words,

e All keywords are in lower case,

e The keywords used in Java are as given in Table 1.9.3

Table 1.9.3
abstract | default | if private “this
boélean do implements | protected throw
break double | import public throws
byte else instanceof | return transient
case extends | int - short try
catch final interface static void
char finally | long sfrlctfp ‘ volatile
class™ | float native super while
.const for new switch’
con-tinuev goto backage synchronized

¢ These keywords will be used in différent, places in programming. Their significance and use will be studied wherever

required in the forthcoming chapters.

1.9.3 Identifiers

Identifiers are names given to different user defined things like variables, constants, functions, classes, objects,

structures, unions, etc. While making these identifiers we need to follow some rules. These rules are stated below :

1. The identifier can consist of alphabets, digits and two special symbols i.e. "’ (underscore) and ‘$’ (dollar sign).
An identifier cannot start with a digit. It can start either with an alphabet or underscore or dollar sign.
It cannot contain any special symbol except underscore and dollar sign. Blank spaces are also not allowed.

2
3
4. It cannot be a keyword. .
5 al in one identifier with same name in another identifier with that alphabet

It is case sensitive i.e. an alphabet capit

small case will be considered different (for more details see examples in this section).

Ex. 1.9.1 : A list of valid and invalid identifiers is given below with reasons wherever required.

1. simple_interest 2. char

3. 3friends 4, _3%friends
5. - Simple interest 6. #3friends
7. void 8. Void

9

. $xyz : L) . g
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. simple_interest : Valid

+ chartInvalid, becaunse It 1s a keyword

3SMends : Valid

1
2
3. 3fviends : Invalid, because starts with a digit
4
5

Simple intevest : Invalid, because blank spaces are not allowed
6. #3friends: Invalid, because no special symbol except underscore Is allowed.
7. vold : Invalid, because keyword not allowed.
8. Void : Valid, case sensitive.
9. $xyz:Valid

1.8.4 Data Types

e The data type decides the type of data and the memory locations required for storing that type of data in the memory.

Primitive, Derived and User defined data types.

The data types of Java can be divided into three types:

The different primitive types of data that can be used in Java are integer, character, fraction type numbers, etc.

imitive data types and the memory space required for storing them.

Table 1.9.4 : Data types

Table 1.9.4 shows the different pr

Sr. / Data / Default Range Space required in
No. type Value A memory
1 ] byte I 0 -128to0 127 1
/ short I 0 - 32768 to 32767 , 2
int 0 A " -2147483648 4
to 2147483647
/ long / oL - 9223372036854775808 to 8
9223372036854775807
[ 5. I float I 0.0f - 3.4e38to 3.4e38 ' , 4
I 6. ] double I 0.0d - 1.8e308 to 1.8e308 8
[ 7. J char ] ‘\u0000’ 0 to 65535 2
I 8. J String I Null a
{ 9. I boolean J false

Ex. 1.9.2 : Some examples of data to be stored are listed below with the data types that will be best suited for them

1. Agein years , 2. Rate of interest

3. Alphabet 4, Principal amount

5. Runs made by a batsman 6. Factorial of a number
7. Radius of a circle 8. Area of a circle

9. User input as ‘true’ or ‘false’

—
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Age In years :int type data must be used, as years Is an Integer value.

Rate of interest : loat data must be used, as rate of Interest s a fraction type value.

Alphabet : char type of data is to be used, as a character Is to be used.

4. Principal amount : float type data must be used, as principal is in rupee and paise.

5. Runs made by a batsman : int type data must be used, as no. of runs will always be integer.

6. Factorial of a number : int type data must be used, as the factorial is always an integer.

7. Radiusofacircle: float type data must be used, as radius will mostly be a fraction number.

8. Areaofacircle: float type data must be used, as area is (radius)? x 3.14, which has to be fraction number.

9. User inputas ‘true’ or ‘false’ : boolean type data must be used.

Note: The arithmetic operations can be done even on char type of data. This is because the processor stores ASCII

(American Standard Code for Information Interchange) to store the characters. The ASCII value for capital ‘A’ is
65, ‘B’ is 66, ‘C' is 67 and so on. While the ASCII values for small alphabets are 97 for ‘a’, 98 for ‘b’, 99 for ‘c’ and
so on. The derived and user defined data types will be studied in the subsequent chapters wherever it is needed.

1.8.5 Constants and Variables

Constants are values given to the identifiers that do not change their values throughout the execution of the program.

Constants can be defined in Java by writing the keyword “final” before the data type.

Constants are used to declare the values that remain constant, for e.g. value of pi.

The use of constants in program will be discussed later wherever required.

Variables are values given to identifiers that can change their values during the execution of the program.

Ex. 1.9.3 : A variable can be defined with the data type as shown'in the examples below :
1. For declaring age as an integer type data the syntax (grammar or method of writing) is

2. For declaring rate of interest as float data type the syntax is
3. For declaring a character data type element the syntax is

L
2.

.Soln. :

For declaring age as an integer type data the syntax (grammar or method of writing) is : int age;

For declaring rate of interest as float data type the syntax is: float rate;

3. Fordeclaring a character data type element the syntax is : char x;

1.9.6

Escape Sequences

* Escape sequence is a character followed by a backslash (\).
¢ They are used especially to perform some special operations like going to new line, providing a horizontal tab, vert[cal

tab etc.
The following is a list of escape sequences.

1. \n Newline
Z '\t Horizontal Tab

3. \v Vertical Tab

4, \r Carriage Return

5 \f Form feed

TochKnomlisdge
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decrement and pre decrement
It can also be used to store the result in another varlable, But In this case the post 4 't

(o]
< (‘ ‘A’ W ( x } .

o Inpost decrement case, for e if x = 5,
theny = x-;
will make the value of y equal to 5 and x equal to 4.
© Inpre decrement case, fore.g. ifx =5,
theny = -.x;
will make the value of y equal to 4 and x equal to 4.

©  More such examples will be seen with programs.
1.8.7(B) Binary Operators

*  Operators that require two operands are called as binary operators.

* These operators are further classified into various types namely the Arithmetic operators, Logical operators, Bitwise
operators and Relational operators.

*  We will see these operators one by one in this section.

(a) Arithmetic operators

This set includes the basic arithmetic operators to perform basic arithmetic operations like addition, subtraction,

]

o
multiplication and division. There are five operators in this set. They are:

1. * tofind the product . i ) . ko
2./ tofind the quotient after division

3. % tofind the remainder after division

4. + tofind the sum

5. - tofind the difference

©  One important thing to be noted here is that the /¢ oOperator returns only the quotient, while the ‘%’ operator (also .
called as MOD operator) returns the remainder after division. '

©  The sign of the remainder js always the same as that of the dividend.

©  MOD operator is possible only for int or char type of data. It doesn’t work on float and double type of data,

o For example of each of these operators
1. 2*2=4;
2. Forinttype ofdata,5 /3 =1;
For float type ofdaia, 5/3=1.67
3. 5%3=2
4. 2+2=4
5 3-2=71;




' Fundamentals
“g Fundamentals of JAVA Programming (SPPU) 1-17 Jvary

e

(b) Bitwise operators

o These operators work bitwise on a data,

o They perform different operations on bits of a data like AND, OR, EXOR and NOT.
o The operators are listed below :

1.~ toperform bitwise NOT operation,

(%]

& to perform bitwise AND operation,

w

| toperform bitwise OR operation.

4. " toperform bitwise EXOR operation.

5. << to perform bitwise left shift operation.

6. >> to perform bitwise right shift operation.

7. >>>to perform bitwise right shift operation and fill zeroes in blank spaces
o These operators are use to perform bitwise binary operations on the data.

i i i ations; similarly AND,
o Aswe have addition, subtraction operations in decimal data for performing arlthmet.lc operation
OR, NOT are basic bitwise operations on the binary data.

. . ' forr ion 1.9.7(B) of
o The result of these operations can be understood from the following examples and referring the Section (B)

binary operations:
1. 5&3=1
(520 (0 1 0 1)
(3)o (0 0 1 1)
0O 0 0 12  =(1w
2. 12]9=13
(120 (1 1 0 0):
(9D (1 0 0 1)
1 1 0 1) =(13)10
3. 8710=2 . gl
8w (1 0 0 0)
(10)w (1 0 1 0)
© 0 1 0: =
4, ~7=-8

(Do (0 1 1 1)

(@ 0 0 0) =(8)10
in it wi i d hence -8 will be the result). Hence; in
i va, wherein it will take more no. of bits an
(According to C/ C++ / Java,

general the ~x is always = - (x+1).

=
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0

‘ F'"dﬂm('"”"‘
‘"‘ "l‘ I'l‘ ' “ d“"‘
a '" h. ( '"“ '.' . " )

Aveum
(00010100)

After shifting Jeft once
ining leNt for the gecond time
Jo bit Is shifted left. The first bit Is lost and the last bit is inserted as 0.

(00101000);:(40)10'

After sh

\’Mn smmng to loﬂ each of ﬂ
on = -3

135> 3¢ 1
Assuming the datato be char i.e. 8 bit data

(13)10 (00001011);

After shifting right once (00000101),

After shifting right for the second time (00000010);

After shifting for the third time (00000001)= (1)1

[Note : _ When shifting to ight, each of the bitis shifted right. The first bit is inserted as O and the lastbit islost.

7. -128>>3=-16
Assuming the data to be char i.e. 8 bit data
-{128)10 (10000000):
After shifting right once (1100000 0):
After shifting right for the second tirhe (11100000):

After shifting for the third time (11110000)2=-(16)10

[Ene :  When shifting to right, each of the brt |s shiﬂed nght The first b|t is retained as it is as well as copled In the
position while the last bit is lost. L - ' il

(c) Logical operators
o Logical operators follow the same truth table as for the b1tw15e operators as seen in Section (1.9.7(B)(b)); but they
are used to check conditions instead of performing operations on a data.

The binary logical operators are AND and OR. The symbols used for these operators in Java are && and ||
respectively.

o For example a statement
y>5&&y<10;

will result in “true” i.e. 1 is the value of y is greater than 5 AND less than 10, else it will result in false i.e. 0.

o Another example a statement

y>5|l y==2; |
will result in “true” i.e. 1 is the value of y is greater than 5 OR equal to 2, else it will result in false i.e. 0.
o Logical operators will be understood in more details with the expressions and program examples followed by thi’

section.
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M
(d) Relational operators

o Therelational operators are used to test the relation between two varlables or a varlable and constant.
o The operators like '<' (less than) and ‘" (greate

r than) used In the above examples are relational operators. We .
have seen the example also of the ;

==" (equality operator) In the above loglcal operators.

o Alistolall the relational operators is given below

1. == used to check if the two things are equal,

2. 1= used to checkif the two things are not equal.

3. < usedtocheckif the first data is less than the second one.

4. > usedto check if the first data Is greater than the second one.

5. <= used to check if the first data is less than or equal to the second one.
6. >=

used to check if the first data is greater than or equal to the second one.
o The examples of these relational operators are as shown with the logical operators above.

1.9.7(C) Ternary Operator

e Anoperator that requires three operands is called as a térnary operator.

There is only one ternary operator in Java. This operator is used to check a condition and accordingly do one of the two
things based on the condition being true or false. v

« The syntax (way of writing) of this operator is as given below :
‘ (condition) ? <value if condition is true> : <value if condition is false>;

¢ Hence as shown in the syntax, first the condition is to be written in brackets followed by a question mark (?). Then the

operation that is to be performed if condition is true and then a colon (:) followed by the operation to be performed if
the condition is false.

¢ For example:
z=(x>y)?x:y;
This statement will put the value of x into z if the given condition i.e. x > y is true. Else the value of y will be put into z.
Hence, the value of the greater variable will be put into z.
¢ Aslightly complicated use of this operator is to find the greatest of three numbers as shlown in the example
g=(x>y)?((x>2z)?7x:2)): ((y>2)?y:2);

This statement will give the largest of x, y and z into the variable g.

1.9.7(D) Assignment Operators

* These operators are used to assign the value of the expression or variable on the right of the assignment operator to the

variable on its left.

The simple assignment operator is ‘=", But there are some more assignment operators called as composite assignment
operators,

The different assignment operators are as listed below :

1. = :  This operator assigns the value of the expression or variable on its right to the variable on its left. For
egy=x+2;

Tech Knowledge
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2. e
3, -=
4 *=
5. /=
6. %=
7. &=
8 |=
9, A=
iO. <<=
11. >>=
12, >>>=

K ;..y;}“i.‘

This operator adds the varlable on Its left and right and the result is put into the variable on jtg left"

Foreg yt=x;issameasy=y +Xx; ' 1
4

This operator subtracts the varfable on its right from the variable on its left and the result is put into%:

the variable on its left. For e.g. y-=x; is same as y=y-X; 1
This operator multiplies the variable on its left and right and the result is put into the variable on itsjff
left. For e.g. y* = X; is same as y = y*X; ' i
This operator divides the variable on its right from the variable on its left and the result is put int6 the’
variable on its left. For e.g. y /=x;issameasy =y /X;

This opefator finds the remainder by dividing the variable on its right from the variable on its left and

the result is put into the variable onits left. Fore.g.y % =x;issameasy =y %X;

This operator ANDs the variable on its left and right and the result is put into the variable on its left.

Foreg y&=x;issameasy =y &x;

This operator ORs the variable on its left énd right and the result is put into the variable on its left. For

e.g y|=x;issameasy = y|x; '

This operator EXORs the variable on its left and right and the result is put into the variable on its left

Foregy " =x;issame asy=y”"x

This operator shifts in left direction the variable on its left for the number of times indicated by the
variable or value on right and the result is put into the variable on its left. For e.g. y<<=x; is same as
y:y((x;

This operator shifts in right direction the variable on its right for the number of times indicated by the
variable or value on right and the result is put into the variable on its left. The blank spaces are filled
with the MSB. For e.g. y >> = X; is same as y = y>>X;

This operator shifts in right direction the variable on its right for the number of times indicated by the

variable or value on right and the result is put into the variable on its left. The blank spaces are filled

with the zeroes. For e.g.y >>> =X; is same as y = y>>>X;

1.9.7(E) Selection Operators

These operators are used to select certain element of a set of elements. Here, we will make a list of these operators and

see the detailed use of these operators when we study the corresponding topic where these operators are required.

e The different operators in this set are listed below :

0

1.

2,
3.
4.

1.9.8

o The precedence of the operators means the sequence in which the operators will be operated on, in casé of m“mg
operators in a statement i.e. which operator will be executed first and which operator will be executed later.

0

)

Precedence and Associativity of Operators

This operator is used to select an element of Array. We will understand more about this in the chapter

named Array.
This is called as period operator and is used to select an element of a object.
This is called as a function call operator and is used to call or select a function.

The comma (,) operator is used to separate the different values etc.

!
]
i
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The associativity of operators refers to the direction In which the operation will be performed In case of equal
precedence operators Le. If multiple additions are there In a statement then it will be performed from left to right. We

will see more about this in the examples followed by this section,

The precedence and assoclativity table is as glven In Table 1.9.5,

Table 1.9.5 : Precedence and Assoclatlvity of operators

Precedence Operator ~'Operator name Assoclativity
1. | [l access array element ‘| Left to right
. access object member
0 invoke a method
2. o+t pre-increment - Right to left
. pre-decrement
- unary minus
! logical NOT
= bitwise NOT
3. 0 Cast Right to left
new object creation
4. o multiplicative Left to right
/
%
5. + - Additive Left to right
+ string concatenation
6. <<>> shift Left to right
>>>
7. <<= . Relational Left to right
>>= type comparison
instanceof
8. == Equality Left to right
I= Inequality
9, & bitwise AND Left to right
10. A bitwise XOR Left to right
11. | bitwise OR Left to right
12. && logical AND Left to right
18! Il logical OR Left to right
14, 7: Ternary (conditional operator) Right to left
15. = 4= -z Assignment and compound assignment Right to left
*= [= Y= operators
&= "= |=
<<= >> = >>5=

vuam-w
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1.10 Expressions

Let us see some examples of how the processor performs operations when some statements are given to us n the

b

following examples. We will also see some examples whereln an expression Is to be written In Java, so how are they Wl‘lttgf, i
e

(a) Determine the value of the following expressions ifa=7,b=3 and c = 4;
1. a%b
=7%3
= 1 (since the remainder after dividing 7 by 3 Is 1)
2. a/c
=7/4
=1 (since the quotient after dividing 7 by 4 is 1)
3. a*b/c
=7*3/4
=21/4 (since the associativity of arithmetic operations is left to right first operation is *)
=5 (since; quotient is 5) ‘ ‘ :
4. a*(c%b)
=7*(4%3)
=7*1 (since bracket opening is to be done first, and remainder of 4 divided by 3 is1) AN
-7 ' o ' |
5. 2*b+3*(ax)
=2*3+3*(7-4)

=6+3*(3) ,
=6+9 (since precedence of multiply is more than add, first multiplication is done)

=15
6. a*c%b
=7*4%3
=28%3
=1
7. a+b-c
=7+3-4
=6
(b) Suppose the following statements are written :
inti=9,j=6;
floatx=0.5,y = 0.1;

chara='a’, b="'b
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Find the values of the following expressions

1.

B*i=2*N%(2%a-)

=(27-12) % (2 * 97 - 98)

-(Since the ASCII values stored in char type varlubles Is.97 for a & 98 for b)
=(15) % (96)

=15

200/ +(4* (3% (i+]-2)
=2‘(6/5)+(4*(6—3))%(9+6-2)

=2* () +(4*(3)) % (13)

=2+(12)% 13

=14

(x>y) && (i>0) && (j > 5)

=1&&1&&1 ....(if condition is true its result is 1 else it is 0)
=1

((x<y)&&(i>0)) || (>3)

=(0&&1) | (1)

=(0) 11 (1)

=1

a==99

=0  ..(since condition givén is false, the value of a is 97 as discussed in section 2.12)

++i

=10 ..(sinceitis pre increment it will return the value after incrementing i.e. 10)
i++

=9 ...(since this is post increment it will return the value before incrementingi.e. 9)
!(b==98)

=1(1) ...since the condition given is true)

=0 ....(since after performing NOT operation the value becomes 0)

() Write the Java assignment expressions for the following :

-1

A is greater than B and greaFer than C
Solution: (A>B) &&(A>C)

A is either less than B or greatér than C
Solution : (A< B)||(A>C)

Side is equal to square root of (a%+ b%+2ab) .

" Solution : Side = Math.pow ((a*a+b*b+2*a* b) 0.5)
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[ wore :

|

k

| & ah avaliable static method in the class Math that can be used to perform x’
WY
::;”hm 16 be given In the brackets as shown in above example.

Only the round brackets l.e. () are allowed in expressions. Other brackets have different meanin
Wy ’

programming languages.

All the operations including that of multiplication is to be specified; no operation is implied.

operation. x and Y are the |

g in the Javay 3

{.a

Fot ©.9. we cannol write x = ab, instead we need to write x=a* b,

"X
m~~z(‘,)*l}’
SANES G A

as= X+y+z

Solution : a = (x"y + 2*(x/y) + 2*y) / (x + y + 2);

-bi}[b’-'}ac .

2a :
Solution : X1 = (-b + Math.pow ((b*b-4*a*c) ,0.5)) / (2*a);
X2 = (-b-Math.pow ((b*b-4*a*c),0.5)) / (2*a);

N

Solution:z=a+1 / (1+ (k+a) / 2);

1.12 Input / Output In Java

Description of the program statements are called as comments, Comme
program later.

Compiler ignores the comments and hence there is no standard syntax for comments.

three types of comments :

1.

nts are useful for someone who reads the

Single line comments : Statements that begin with double forward slash (

“//") are comments upto the end of?
that line, ;

Block Comments : Statements beginning with forward slash and star sign
comments, while the reverse (i.e.

multiple lines,

(“/*") indicate the beginning of block
“*/") indicates the end of block comments. This type of comments can extend to b

Documentation Comments : Statements that begin with forward slash
beginning and a star sign followed by forward slash >/
Documentation comments have an advantage to automaticall
by documentation generation tool like “javadoc”,

and two star sign (“/**") indicates the |
) indicates the end of documentation commenf

In this section we will see how to accept the data from user and display some data on the monitor.

1.12.1

Displaying Output in Java

print() and println() for displaying the output on standard output devic® B
monitor.
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Theer methods are avaflable in the a package called as “Javalang”. This file has many classes and Is by default avallable
in any fava program. We will discuss in more detail about this package In chapter 10,
One of the class of this package is called as “System”, This class has a variable called as “out”; that corresponds to the

standard output device L.e. monitor. The class has two methods namely print() and printin() that are static i.e. these
methods can be called without making the object of the class “System”. The syntax for calling a static member method
Is :

class namc.m(-llmd_namc()

For e.g.: System.out.print() or System.out, printin()

The parameters passed to these methods are displayed on the monitor, The only difference between the two methods

print() and printin() is that the second function makes the cursor go to the next line after displaying the given values
while the first one doesn’t.

1.12.2 Accepting Input in Java

In Java we have many methods to accept input from the user (or keyboard). Mostly used ones are functions of the
classes like BufferedReader, DatalnputStreamReader and Scanner.

We will be using a very simple and important method of these i.e, Scanner. All the other classes have functions to accept
string. The string accepted is to be then converted to the required data type. But for the class Scanner, we can directly
accept the required data type value, We will also see a program using the BufferedReader class in this section.

There are methods to accept various data type values in the class Scanner. These methods are non-static and are in the
class Scanner, Hence we need to make an object of this class to use these methods. The syntax of making an object of a
class in Java is as given below:

class_name object_name = new class _name(parameters_for_constructor);
The class Scanner Is in the package “java.util”, When making an object of the class Scanner, we need to pass an object of
»we need Lo pass Lo the constructor a variable of the class “System” called as “in”. This variable refers to the standard
input device i.e, keyboard. Hence the object of the class Scanner is to be created as shown below: '

Scanner sc = new Scanner (System.in);
Here the object named as “sc” is created of the class Scanner. While creating this object a variable is passed to the

constructor that ndicates the source of the input. The new operator is used to create an ob]ect of a class as already
discussed in this section.

Since this class “Scanner” is In the package “java.util”, we need to import all the classes of this package by writing the
statement “Import java.util.*” in the beginning of the program.

The nextint() method can‘accept integers. Similarly nextFloat() for float type values. A list of these methods is given in
the Table 1,12.1.

Table 1.12.1
r.No. Method Punction
Ml' nextint() Returns an integer value entered from the keyboard
NN_Z' nextLong() Returns an long value entered from the keyboard
j nextFloat() Returns an float value entered from the keyboard
|4 nextDouble() | Returns an double value entered from the keyboard
5 | next() Returns an string terminated with a blank space entered from the keyboard
6. nextLine() ::;ztums ;n string value (that terminates with a new line or enter key) entered from the
L yboar
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gxplanation

¢ The three arguments passod through the command line are recelved (n the three elements of the array l.e. args(0],

args(1]) and args|2]. These three elements are then parsed to (ntegers and stored In the varlables namely nol, no2 and
nod respectively.

This program uses ternary operator to find the lar ger of two numbers nol and no2 and put that into the variable

“large”, Then again the same operator is used to find the largest of lnrge and no3 and hence get the largest number in
the variable large.

1.18 Introduction to Control Statements

¢ Inprogramming we need to sometimes control the flow of operation other than just the sequential statements. In this

case we need the control statements.

Control statements are classified into two types viz. the iterative statements and conditional statements.

[terative statements are used to perform certain operations repetitively for certain number of times. [n Java we have

three iterative statements viz. for loop, while loop and do-while loop. Iterative statements are also called as repetitive
statements as they repeat a set of statements for a glven number of times.

Conditional statements are used to perform the operations based on a particular condition i.e. if a condition is true
perform one task else perform another task. In Java we have two conditional statements namely if-else statements and

switch-case statements. Conditional statements are also called as selective statements i.e. these statement select a
particular statement to be executed based on the condition.

¢ Inthe subsequent sections we will see all these statements one by one in detail,

1.19 The for Loop

e Forlsa Iterative statement. It Is used to repeat a set of statements number of times. The syntax (method of writing) the
“for” statement is given below :

for(initializations; condition; increment / dccrement/ updating)

{

statements;

}
* The sequence of executlon of the for loop Is such that the initialization statements are executed first.
e These Initialization statements are executed only once. They are used to Initialize the values of the variables.

° The second step Is checking the condition specified. There can be only one condition. If more than one conditions are
required they can be combined using the logical AND, OR operators. '

* Ifthe conditlon Is false the execution of the loop will be terminated Le. the execution will go outside the braces of for
loop, If the condition Is not true.

VMMW
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all the statements inside the curly braces. These statements will be ex
€Cuteq

ﬂ Fundamcnmls
is to execute

e The third step |
quentially. The pumber of statements can be of any count. There can be another control statement if required g |

se( aiy. ‘ nsmﬁ‘
one control statement. . e‘%

The fourth step is the increment / decrement or updating operations. These operations are not nece -
erations, but mostly these are increment decrement and hence called so. We can updSSarﬂy',
' a

e
variables over here before starting the next iteration of the Iterative statements. te the{

Finally the control goes back to the second step. As said the first step is executed only once, the steps th
repeated continuously are the second, third and fourth steps. After the fourth step the condition is checked again "

increment or decrement op

are'i;

o Ifthe condition is true the execution continues, else the control goes outside the for loop i.e. the curly braces 3

e In the following sub section we will see some programs using the for loop.

1.19.1 Programs Based on for Loop

)
s Sy

Program 1.19.1 : Write a program to display the word “Computer” five times using for loop

class Display

{

public static void main(String args[ ])

{

int i;

for(i=1:i<=5:i++)

{

System.out.printin("Computer\n");

} _ ‘

) , v ‘ 0
) :
Output

Computer
Computer
Computer
Computer

Computer

Explanation ' _ i

¢ In the above program we have used the for loop. The variable ‘I’ is initialized to 1 in the initialization statement‘ﬁ},e
condition statement is checked if the value has reached 5. If not reached then the control enters inside the loop ie e

curly braces.

o Al tl.1e csjtate?nents inside the loop are executed. In this case there is only one statement i.e printin() to disp'a
required string. Finally the increment decrement operation statements or updating statements are executed-.“‘

case the value of ‘i is incremented to 1. Th

, + Thereafter the control goes b ition statem d the =8
, , aCk nt: an sy
continue until the value of ‘i’ reaches to five L.e. five times ° to the conlition, statem 4
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45  0922.5

50 122500
55 148225
60 176100
65 20702.5
0 22m0.0

-
S5 27562.5
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Jad Ty L

80 313600
85 354025

90  39690.0 ‘ i :
05 442225 =
100 49000.0

bz SR BT
i bk i A & e
(A 8

95  44227.500861
100 49005.000954

Explanation . |
) §
e Thevalues of s, v, and a are taken from the user., , & :

¢ The output is displayed in a tabular form with the values of t and s se

parated by a horizontal tab (using the escapei
sequence “\t").

h!
y!

¢ The first value i.e. with t=1, is displayed outside the loop, asit doesn’t match the series of 5,10, 15, 20...100. “

* The remaining values are calculated and displayed usin

ga for loop wherein the value of t is incremented by 5 after
every iteration. The new value of s is calculated and displ

ayed again separated with a horizontal tab.
¢ Thisloopis repeated until the value of t reaches 100.

1.19.2 Nested for Loop

" e

Afor loop inside another for loop is called as nested for loop. - !
i
[ ]

When a particular operation has two references, we re

quire nested for loop. For example if we w
of row number and column number,

then we can use a nested for loop:
Many programs based on nested for loo
keeps a track of column number,

ant to keep a reference |

p are given below. In this case the variable i keeps a track of row number and j

Program 1.19.16 : Write program to dlSplay *Hi" twice in a line and five such lines,
import java.util. *, A T e s

class Simple

{

public static void main(String args[ ])
{ ,

int ij;
for(i=1;i<=5;i+ +)
for(ji=1;j<=2j++)

‘? 'll!illﬂl""'v
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Output

Enter number of lines:5
1

23

456

78910

1112131415

Explanation

* Here the numbers to be printed are not the same as the value of j i.e. column number. Instead the numbers are to be ;

incremented every time a value is printed. Hence a separate variable i.e. k is used to keep a track of the numbers to be |
printed. :

1.20 while and do-while Loops

&

¢ while and do-while loops are also used for repetitive operations.

¢ The operations are slightly different than the for loop, ﬁ
while loops. : : , 3
s Although there is one rﬁajor difference in a do

-while loop wherein one particular operation cannot be implemented,
This will be discussed later in this section.

but the same operations can be implemented by for, while or do-v?

§

* Thesyntax of while loop is given below : : , L
Syntax of while loop: . - ?
while(condition) ' ’ 2
¢ ) e 3
statements; . %

- K

The operation of the while loop is such that, first the conditi

on is checked. If the condition is true, then the statements
are executed. : j

®  Once the statements are executed, the condition is a

gain checked and this keeps on repeating, until the condition is
false. If the condition is false, the statements inside th

e loop are not executed, instead the control directly comes out of -

*  The syntax of do-while loop is given below :
Syntax of do-while loop:
do

{

‘-,r.;r.;ﬁ

08
publicatiof sy
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= e : -
statements;

-

}while(condition); s .

o Inthis case the operation is slightly different i.e. first the statements are executed and then the condition is checked.

e If the condition is true the statements are executed again. If the condition is false, the statements are not executed
again. , |

e One major point to be noted is that in case of do-while loop, the statements are executed atleast once even if the
condition is not true for the first statement.

e On the other hand, in case of for ]oop’ and while loop, even for the first time the statements are executed only if the
condition is true.

The implementation of a for loop converted to while and similarly do-while loop is shown in Fig. 1.20.1 (a) and 1.20.1 (b)

respectively.
for (initialization; condition; increment / decrement) initialization
{ while(condition)
statements; .
statements;
i increment / decrement operation
- }
Fig. 1.20.1(a) : Implementation of a while loop related to for loop
for (initialization; condition; Increment / decrement) Initialization
{ do
{
statements; )
statements;
: increment / decrement operation
} } while(condition);
Fig. 1.20.1(b) : Implementation of a do-while loop related to for loop

"' TechKnowledge
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d. . ‘
tside the loop, the condition i in the
You will note (in Fig, 1.20.1) that the initialization statements are remow:d g: inside the Ioop, 3EtHe ot e
brackets associated with the while part and increment decrement are to

implement a similar operation as that in the for loop.

. erm ,20.1.
Differences between the while and do-while loop is given in Table 1.20

Table 1.20.1 : Differences between while and do-while loop

! do-while loop
Sr. while loop . :
NO. L —
1 | Syntax of while loop: ’ do
while(condition) ' {
( :
. statements;
statements; -
- , }whi]e(condition);
}
2 | This is called as a entry controlled loop, as the entry | This is called as exit controlled loop, as the entry inside
inside the loop is possible only if the condition is trye, this loop is sure ie, no condition is checked to enter
inside the loop. But the exit is possible only if ‘the
condition is false,

If the condition is not trye for the first time, the control | Even if the condition is not true for the first time the
will never enter ihto the loop. Hence there Is a possibility control will enter into the loop. Hence the statements
that the contro] never enters into the loop and the | inside the loop will be executed atleast once even if the
| Statements inside the loop are never executed.

condition is not trye for the first time,
There is no semicolon (;) after the

syntax of the while loop.

condition in the

There is a semicolon () after the

ondition in the
Syntax of the do-while loop.

® There after we will see

some programs wherein we will
imp]ementation.

1.20.1 Programs Based on while and d

Program 1.20.1 : Write a program to display first n natural numbers using the while loop.
import java.uli].*; S ‘

O-while Loop

class Natura]
A

public static void main(String args( 7).

s
B TechKnowiedp!
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if(copy = =sum)

Sys\om.mll.primlu("/\rmslmng Number");

clse

System.out.println("Not Armstrong Number");

}

1.22 Switch-Case Selective Statement

e Inthe previous section we have seen the if-else ladder. A better solution of this is switch-case. Using switch-case the if-
else ladder can be implemented in a much better way. ’

e The syntax of switch-case is given below :
switch(expression / variable) 7
{
case labell: statements;
- break;
case label2:statements;
break;
case label3:statements;
break;

caselabeln:statements;
break;
default : statements;

}

Note: Break statement transfers the control outside the current loop.'We will see some more cases of break statement
along with the for / while /do-while statements in section 3.6. ' ‘

* The expression or variable can be given in the brackets associated with the switch statement. The values of this
expression / variable are the labels associated with the cases inside the switch statement.

® The value of the expression / variable is first compared with the labell. If they are equal, then the statements followed
by the corresponding case are executed. The break statement followed by these statements, transfers the control after
the switch statement.

* If the expression / variable is not equal to labell, then it is directly compared to label2 without executing the
statements followed by the labell.

*  Hence the statements of only that case are executed with the correct label value of the expression / variable.

| Note :
1. Break statement is not compulsory. But if the break statement is not written everything will be executed after the case
statements .

TechKnomlodge
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1.23 Branching Statements (Break and Continue)

—

These statements transfer the control to a different place in the program. We will see the operation of each of these, We
have already seen the use of break statement in switch-case. Let us see the use of continue and break in other loop

statements
*  The break statement neglects the statements after it in the loop and transfers the control outside the loop as shownp in
Fig. 1.23.1. The Fig. 1.23.1 shows the operation of break statement in each of the loop statements i.e. for, while and dq. L

while statements.

for(initialization; condition; inc / dec) while(condition) do

{ {

break; break; break;

} } } while{condition);

(a) Operation of break statement (b) Operation of break statement in (c) Operation of break statement in
in a for loop a while loop a do-while loop

Fig. 1.23.1

® The continue statement also neglects the statements after it in the loop and transfers the control back to the starting of

the loop for next iteration. The Fig. 1.23.2 shows the operation of continue statement in each of the loop statements .,
for, while and do-while statements. ' '

- do

for(initialization:; conditien; inc / dec) while(condition) {

( i

: continue;

continue; continue; -
. ' : }while(condition);

) }
(a) Operation of continue (b) Operation of continue statement (c) Operation of continue statement
statgment in a for loop ’ in loop in a while a do-while loop

" Fig 1.23.2

Program 1.23.1 : Write a program to demonstrate the use of break statement,

OR Write a program to accept 10, 2-digit numbers from user and add them. If the user enters a three digit number stop
accepting the numbers and display the sum, '

Aimport java,uil.*; "

. élaés' Break

public st void main g arge )

vrmnﬂ‘
Publigatiedd



Classes and Objects

2.1 Introduction to Objects

e An Ob_IECt isan 'lnstance or an example of a class, For example if “Human Being” is a class, then you and me are examples.
or objects of this class. A real-world object or the object of a class has two characteristics:

1. State 2. Behavior

e Wewillunderstand these concepts In the next sub-section.

2.1.1 State and Behaviour of an Object

e The state of an object can be related to the variables. For example if there is a class like “Student”, then some of the
states of the object of this class can be :

1. Name of the student,
2. Class and Division of the student,
3.  Roll number of the student, etc.

e The behavior refers to the different operations done by the object. The behavior of the object of the class
“Student” can be '

1.  Attending Lectures,
2. Issue abook from Library,

3. Completing Assignments, etc.

2.1.2 Introduction to Java Access Modifiers

-

e  The access to the members of a class i.e. the constructors, methods and fields of class is controlled by access specifiers.

* Thus access specifiers indicate who can access the members of a class. For encapsulation, we should keep the data

fields in minimal access whilé method members in maximal access.

* Theaccess specifiers are as listed below :
1. public 2. protected

3. default 4.  private

5. private protected

* Letussee these access specifiers in detail.

1. public

Those fields, methods and constructors that are declared public i.e. least restriction. The members that are declared

public can be accessed by members of all the classes may be c_)f same or different package.

——
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2.

private

The private member fields and methods are the most restricted ones l.e. they cannot be accessed by any Methog

except for the ones in the same class.
protected

The fields and methods declared “protected” can be accessed by every method except for the methods in the nop sub
classes of different package.

private protected

“This gives a visibility level between the “protected” and “private”. These members can be accessed only by the sy},

* classes that can be of the same package or other package. This access specifier is not available in some later versions of

2.2 Java Member Methods

JDK.

default

~

Java also provides a default specifier which, as the name says is the access specifier for those members where no access
modifier is present. All fields and methods that have no declared access specifier are accessible only by the methods of
same class. This access specifier is also many times termed as “friend”.

The Table 2.1.1, shows the scope of access of the members of a class.

Table 2.1.1 : Access Specifiers/ Modifiers

AccessModiﬁer—) : Publlc Protected A Default ,,,,,,
= = (frlendly) i

Access Location e

|Sameclass . | Yes | Yes . Yes Yes Yes
Sub class in same package Yes Yes - Yes_ ~ Yes No
Other classes in same paékage Yes Yes . Yes No | No
Subclass in oth‘erpackages . Yes Yes No Yes ‘No
Non-subclasses in other packages Yés : No No No No

L

A class is a collection of fields and methods. We can make objects of that class and memory space will be allocated to
the fields of that object. The methods of a class can be accessed using the objects using the period operator. The syntax

of making an object of a class is as given below:

class_name object_name = new class_name(parameters_to_be_passed_to_the_constructor) .
We will learn some more concepts of Object Oriented Programming in later sections. We will see some simple program

examples for making classes and its object.
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2-9 Classes and Objects
2.3 _ Constructors, Destructors, Modifiers,

Iterators and Selectors

“\C Op « tions or the |‘|Qn\()ds h1 a Clﬂss y d n
cra nat l 1 \Y p lnl,o SCVCIHI typc.;. ACC')' | p) i

1. Constructor 2. Destructor
3. Modifier 4. Selector
5. lterator

o The Constructors and destructors are used to create and destroy objects of a class, respectively, Basically the

constructor initializes the values of the member varlables of an object, while destructor destroys the memory space
allocated for that object. :

e The destructor work is implemented by the finalize() method in Java, We will see the constructors in detail in the next
sub-sections while finalize() method later in next chapter. ’ '

e Some methods wprk as Modifiers i.e. change the values within the obiect Selectors as the name says just read the
values from an object without modifying them.

e Some methods are called as [terators methods that provide orderly access to the components of an object. The iterator
methods are most common with objects maintaining collections of other objects like vector class object.

23.1 Constructors

e Constructor is a special member method used to initialize the field members of an object. *

e There are some special points to be noted for a constructor, as listed below: v

Constructor should always be in the public/default/protected visibility of aclass.

The name of the constructor should always be same as that of the class.

Constructor should not have any return type, not even void.

Constructor is automatically called whenever an object of that class is created.

There can be more than one constructor, with different parameter list. This is called as constructor overloading.

o n oW

Parameters can be passed to the constructor, while creating the object in the brackets as discussed in the syntax

. of declaration of an object.

7. Constructors can be classified based on parameters passed to it. If no parameters are passed to a constructor, such
a constructor is called as Default constructor. If parameters are passed to constructor, such constructor is called

as parameterised constructor. A constructor that accepts an object of same class as parameter is called as copy
constructor.

o We will see the different types of constructo

23.1(A) Parameterized Constructor

to make a class called as Circle. It should have a parameterized constructor to initialize the
s namely : calculate area and display the area.

rs in the following program.

Program 2.3.1 : Write a program
radius. It should have two method

import java.util . *;
class Circle
{

private float r,area;

Circle(float x)

TechKnowledge
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#

Output

Enter two numbers:20 ‘ | b

]2 N : i ’: i “‘l "5“ 1t ." ‘:‘ “ : ‘:"‘ “:v i ; Lo = ”
sop=s - s e e s
Explanation

e The class Euclid is first made with the private data (field) members ‘n1’, ‘n2’ and “gcd”. The class has three method
members namely

1.  Euclid() i.e. the default constructor to accept the two numbers. This constructor accepts two inputs from user and
initializes the variables n1.and n2.

2.  calculate() to calculate the GCD.
3. display() to display the GCD.

e Thenanother class is made, that has the main() which is the beginning of the execution of the program. Hence the name
of the program is as the name of this class. Also the main() method is declared public and static. =
e Intheain() method, we have created an object of the class Euclid named as ‘e’. he ‘ diE

e Then the calculate() method is called and finally the display() method.

2.3.1(C) Copy Constructor

e Aparameterized constructor to which the parameter passed is an dbject is called as copy constructor.

e The parameters of the object passed to the constructor are used to initialize the parameters of the newly created object,
hence the name “copy”. o A

e Letussee some programs using this copy constructor.

Program 2.3.5 : Write a program to make a class called as Circle. It should have a default constructor to initialize the radnus
and a copy constructor. It should have two methods namely: calculate area and dlsplay the area.

class Cu-cle

B ,pnvateﬂoat r,area, e
-f’Clrcle()

Scanner sc= new Scanner(System m) i ;

System out. prmt(“Emer Radms 5 s s

‘ _r—sc.nextﬂoat(), Sl

Circle(Circlex)

'lm
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{ ,
Euclid e=new Euclid();

e.calculate();
e.display():
Evclid el=new Euclid (¢);
el.calculate()s
el.display()
}

}

Output

Enter two numbers:20

1S : 3 | | “ .

GCD=5 - - ‘

Explanation

The class Euclid is first made with the private data (field) members ‘n1’, ‘n2" and “gcd”. The class has three methog

L

members namely : ‘
1. Euclid() ie. the default constructor to accept the two numbers. This method accepts two integers, which s

initialized in the variables n1 and n2. Another constructor is written with a parameter as an object of the same
class. The two numbers of this object is initialized in the object of new constructor.

2.  calculate() to calculate the GCD.
3. display() to display the GCD.

¢ Then another class is made, that has the main() method which is the beginning of the execution of the program. Hence
the name of the program is as the name of this class. Also the main() method is declared public and static.

¢ Inthe main() method, an object is created of the class Euclid named as ‘e’, This calls the default constructor.

¢ Then the calculate() method is called and finally the display() method.

® Another object is made i.e. “e1” of the same class i.e. “Euclid”. To this constructor the previously created object is passed

Le. the object “e”. Hence it calls the copy constructor.,
¢ The calculate() and display() methods are then called for this object also.

2.4 Passing Objects to a Method

® We have seen that for copy constructors, we pass an object of the same class to the constructor. Objects can be passed
to methods also. The objects are handled in the same manner by a method as that was done by constructors in the
above program examples. We will see the following program example, wherein we pass an object to a method.

® When an object is passed to a method in Java, the values contained in that object can be changed. These values will
remain changed even when the method execution ends and the control returns to the caller method. This will be seen
in more details in the further sections. In this program given below, we are adding a complex number with another. The
add() method will be called by one of the object and another object will be passed to this method.

The method will add the values of the corresponding object and then the result will be displayed.
; - TechKnowleogt
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Output

Enter real and imaginary part of a complox number:
2
3
Enter real and imaginary part of another complex number:
4
S
6+i8
Explanation

® The class Complex has a constructor to initialize the values of the object made of this class. The class has twg Methoq
members namely :

1. add() to add the two complex numbers,

2. display() to display the complex number,

® The add() method accepts an object of the class Complex. The method adds the real and Imaginary parts of the object
for which the method is called with the corresponding values of the object ‘a’ passed to it.

® In the main() method, we have accepted the real and imaginary parts of two complex numbers from user and
accordingly two objects are made namely c1 and ¢2. : : :

® Then the add() method is called by the object c1 and the object c2 is passed to this method. The method as discusseq

earlier adds the corresponding parts of the two complex members, Finally the display() method is called again by the
object c1 as the result is in the object c1.

“+i” must be displayed between the two values i.e. x and y. But if the imaginary part is less than zero, then the x value
followed by the value of y with its sign and finally “i” as it is, The special care has to be taken to differentiate between
the “+" sign as addition and the “+” sign as string concatenation (joining). You will notice that is done in the statement
in the display() method,

2.5 Returning Objects from a Method

® The return type of a method indicates what type of data will a method return. If the method returns an integer type
data, the return type is written as “Int”; similarly for “float” type of data to be returned, the return type is “float” and so
on. Similarly if an object of a class Is to be returned the return type of that method will be the name of the class, whose
object is to be returned. i

e We will see an example of returning an object in the next program example, The same concept of adding two complex
numbers will be considered, but the result will be returned to another object of the same class.

Program 2.5.1 : Write a program that demonstrates returning objects to a method, -

import java.util.*;
class Complex
{ ,
private int x,y;
Complex(int a,int b)

{

TechKnouledph
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Output

Enter real and imaginary part of a complex number:

1
2
Enter real and imaginary part of another complex number:
3
4
4+i6
Explanation

® The class Complex has a constructor to initialize the values of the object made of this class. There Is a constructor addeq -

in this program that doesn't initialize the values of its variable ¥’ and 'y". This constructor is especially for the object 3
and the object c.

® Theclass has two method members namely
L. add() to add the two complex numbers,
2. display() to display the complex number.

¢ The add() method accepts an objéct of the class Complex. The method adds the real and imaginary parts of the object
for which the method is called with the corrésponding values of the object ‘a’ passed to it. The answer is stored iy
another object created in the method itself. Hence this object is returned by the add() method and accepted by the
main() method into the object c3. : ;

¢ In the main() method, we have accepted the real and imaginary parts of two complex numbers from user and
accordingly two objects are made namely c1 and c2, '

“+i” must be displayed between the two values i.e. x and y. But if the imaginary part is less than zero, then thé x value
followed by the value of y with its sign and finally “i” as it is. The special care has to be taken to differentiate between

the “+” sign as addition.and the “+" sign as string concatenation (joining). You will notice that is done in the statement
in the display() method.

2.6 Call by Value and Call by Reference

[n the chapter 5, we saw we passed parameters to a method.
another variable in the method, ' '

2.6.1 Call by Value

The values of those variables were given to a set of -

® The variables passed by the method are called as actual

parameters and the ones received by the called method aré
called as formal parameters, '

Since only the values of the variables are passed and not the actual parameters,

the method cannot alter the actual
parameters.

® The formal parameters are altered, but the actual parameters remain unchanged, This can be understood by a program
on swapping two numbers using a method.

pupiication’
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After gwapping it
Numbers 8
After rett

Numbe

1y method
rea=7h=4
ming from method

s are ﬂ=7 b=4

E,(pmnatlon

[n this case the object {s passed to the method swap().

The object is received in formal parameter namely x. The parameters of this object ‘% are swapped, but the actual
parameters are also changed in this case,

This is demonstrated in the output of the program. The numbers accepted were 4 and 7 respectively for ‘a’ and ‘b’. In '

the method the numb‘ers are swapped le. ‘a’ has 7 and ‘b’ has 4. And when the control returns back to the main()
method the values are also found to be swapped i.e. changed.

97 Static Class Members

We can declare a method or a field to be static. We may also have a block called as static. What is the effect of the
keyword “static” on these members will be seen in the following sub-sections.

In this chapter we have called methods by making the objects of the class. Such methods are called as instance
methods i.e. they can be called by the instance (object) of a class.

A static method is a method that works on a class and not on an object of that class. To call a static method of a class we
need not make any object of that class. .

A static method has to be called with the syntax class_name.method_name(), as also discussed in the earlier chapters.

A static field member is also having the similar properties like a static method. A static field or variable will be common
for all the objects of the class. '

A common memory location will be allocated for a static variable for all the objects made of that class.

One of the majoradvantages of a static variable is that we can make use of static variable to find the count of the objects
made of a particular class. Since each object will access the same memory location for static variable, we can increment
this variable in the constructor of the class. Whenever an object is created, this constructor will be automatically called

and this static variable common to all the objects will be incremented. At any time if we want to know the number of
objects created -till that time we need to just display this static variable value. We will see this done in the

program 2.7.1.

—

Program 2.7.1 : Write a program to count the number of o

jects made of a particular class using static variable and static

method to display the same.
class Counter

{

Private static int count;
Counter()
{

count+ +;

}

8tatic yoid display()

Z . i Publication
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}
}

System.out.println(*Count=* +count);

class Main

{

public static void main(String args(])
{
Counter el =new Counter();
Counter.display();
Counter c2=new Counter();
Counter c3=new Counter();
Counter.display();
Counter c4 =new Counter();
Counter c5=new Counter();

Counter.display();

}
}
Output
Count=1
Count=3
Count=5
Explanation ,
® 'The class Counter has just one static variable and a static method. Besides static members, the class also has 2
constructor to increment the value of the static variable count.
® Thevariable is incremented whenever an object of the class Counter is created. We have called the static method by the
syntax class_name.method_name(), after creating some objects. -
®  For the first time we have just created one object and we have called the display() method and hence the output shows
Count=1. : ' -
® The next two times we have done the same thing but after making two objects each time and hence the outputs are
Count=3 and Count=5 respectively, '
2.8 . The “this” Keyword '

The “this” keyword refers to the current object. When you are executing the statements in a method(), and you wantto
refer to the same obfect through which the method Is called, then you need to use the “this” keyword.

We have been using the parameters of the current object In the instance methods of the programs in this chapter. But
we never required the keyword “this”. We do require the keyword “this” in some cases. A very good example of the

same s shown In Program 2.8.1 below.

"’ l’lm
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31 Arrays
31 A=

e lItisaco

llection of multiple data of same data type. For example we can have an array of int type data or float type data
etc.

o Remember, array can have data of same type only i.e. all elements of an array have to be of same type only. We cannot

have an array of combination of different data types.

o Weneed to note two very important points about array
1. Thestarting index i.e. index of the first element of an array is always zero.
2. Theindex of last element is n-1, where n is the size of the array

¢ Anarray does not have static memory allocation in case of ]ava i.e. memory size can be allocated for an array during
run time

o Syntax of declaring an array

new is an operator to allocate memory to an object _
array_size is an integer value which determines size of the array or memory locations to be allocated to an array.
Fore.g.inta[] =new int [10];

is an array of int type data named ‘a’ and can store upto 10 integers indexed from 0 to 9 i.e. 0 to n-1, wherenis the
size

The memory allocated to an array also depends on the data type i.e. the space required for each element

For e.g. : int a[ ] = new int[lO], will require 40 byte memory locations, as each integer type data requires 4 byte
memory locations double x[ ]=new double [20]; will require 1600 byte memory locations, as each double type data
requires 8 bytes of memory.

Toaccess an element of an array we have to use the array selection operatori.e. [].

For e.g. if we want to access the 3™ element of an array named ‘a’, then we need to access it as a[2]. Remember 3d
element will be indexed 2, as the index of first element is 0.
Hence to access an element we need to use the array name or identifier and write the index number in brackets,

Another e.g. to access the 9% element of an array ‘x, we need to write x[8].

Tr—
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e If numbers from 1 to 10 are stored in an array of 10 elements then, the values will be stored In the array ag showp,
the Fig. 3.1.1 each of these locations shown in the Fig. 3.1.1 are of four bytes le. to store one integer typg of data,

af0] | .1 -
al1]| 2

a[2]| 3
- a[3] 4

a(4] 5

a[5)| 6

a[6] 7
“a[71]| 8

a[8]| o9

a[9] | 10

Fig. 3.1.1 : Memory allocation for an »array ‘a’ of 10 integer elements

®  We will see some very basic programs of accepting and displaying the elements of an array and then move on to some
programs that use these operations. )

® Later we will also see some programs of arrays using functions.

Program 3.1.1 : Write a program to accept ‘n’ integers from user into an array and display them one in each line.

import java.util.¥;
~ public static void main(String arg |

£ ST

=
~ Scannersc = new S‘éa;l'riéf'(S}stem_n);: :
~ System.out.print(“Enter no of éleﬁ:emé:f’)
n=scaextlnt(); : o
~inta[]=newint [n];

o forli=Oi<=n-Lii++)

S}gtém;iﬁtipdni(fEnﬁﬁr a Iid;" .
- afil=scextlnt);

fori=Oj<=nli+4)

 Systemoutprintn(afil;

W ane
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{

System,out.printin(a[i]); B
}
}

}
Output

Enter no of elements:5
Enter a no:4

Enter a no:6

Enter a no:1

Enter a no:85

Enter a no:9

After Sortihg

85

Explanation

® Bubble sorting algorithm says that compare the consecutive elements from the beginning of array till the end,

Wherever the proper sorting is not found, swap the numbers. And this entire set of comparisons is to be repeated for
n-1 times. Let us take the example of numbers as given in the output.of the program to understand this logic.

The first two elements are compared i.e. 4 and 6, since they are already sorted i.e. 4 < 6, no swapping takes place. The
next comparison is the next two elements i.e. 6 and 1; now these are not sorted i.e. 6 > 1, hence these are swapped. This

continues until the last two elements are compared as shown in Fig, 3.1.2.

You will notice in Fig. 3.1.2, after all the comparisons done in the first iteration;

last position. But the numbers are still not sorted properly. To sort these numbe
for n-1 times.

the largest number has reached to the
r's we need to repeat the above process

Note: Since the %" and the “j + 17 elements are compared the value of “j” must go maximum upto n - 2. When the value
of ‘" is n = 2, we will be comparing the n — 2 and n-1 i.e. the last two elements. Also since the value of “" is
starting from 0, we have to go upto n -2, as we have to perform n—1 comparisons.

Initial Afterfirst - After second After third After fourth
values comparison comparison comparison * comparison

Iteration 1 4>6, No, hence no 6>1, Yes, hence swap | 6>85, No, hence no 85>9, Yes, hence

- swap g ' swap swap
4 4 : 4 , 4 4
6 6 1 1 1 Laitel
1 1 6 ' 6 6 J

v TechKnowledps
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ln:tlal After first o Methods and Inheritance In JAVA
values comparison second
_—1 s comparison ther e Mier fourth
g 85 - omparlson comparison
9
tion 2 4>1, 9
ltel'ad Yes, hence 456, No, h 85
swap KN e0ceng 6>9,No, henceno | 9>85,No,h
— - swap , No, hence no
4 1 . swap swap
1
1 4 1 1
4 4 4
6 6 7
9 9 i 6
85 85
[teration 3 1>4, No, hence :
s no 4>6, No, hence no 6>9, No, hence no 9585, No, hence no
4 swap swap swap
1 1 1 1
1 4 4 4 4
6 -6 6 6 6
9 9 9 9 9
‘85 85 85 - 85 85
Iteration 4 1>4, No, hence no 4>6, No, hence no 6>9, No, hence no 9>85, No, hence no
swap ' swap : swap swap
4 1 1 1 1
1 o4 /_L.-_——A_,___iﬁ g
o | s 6
=] : 9
_ : : 85 85
. Fig. 3.1.2¢ Bubble sorting example :
' Jeted after the second Iteration. The remaining two
. ; ¢ the sorting is already compP
* You n?ay also notice in the Fig 3.1.2;‘:,36 1o consider the worst case condition Le. if all the numbers entered by the user
iterations do no swapping: But, we[ e we would require all the four jterations. This s explalngd in the Fig. 3.1.3.
were in exactly reverse Order [ ERS T ing Is required- The worst case conditiori [s one In which the
* H i i he last iteration the swaPP h bers are in descend
ere, you will notice that till d to be. You will notice In this case the numbers ar scending
numbers are exactly in the reverse order as exgercte |
. ending OM .
order and they are to be sorted in asc 4 comparlson After third comparlson After fourth comparison
on | After 60— — |
Iteration 1 W 4 4
— 5 3 .
4 LJ/;V/// —
e e e , TeckKnowledyd
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I ——————— R T o 4 e e VA
| Inltial values | After first comparison | After second comparison | After third comparison | After fourth compm
] 3 5 2 2 R
2 2 2 5 1 .
4 ‘ 1 1 5
|f9f§ﬁm 2 453, Yes, hence swap 4>2, Yes, henco swap 4>1, Yes, hence swap | 4>5, No, hence no swap
4 3 - 3 3 - 3
§ 4 2 2 2
2 2 4 1 1
! 1 | 1 4 4
5 5 5 , 5 . 5
lteration 3 352, Yes, hence swap 3>1, Yes, hence swap 3>4, No, hence no swap | 4>5, No, hence no swap
3 2 2 2 2
- 3 ) 1 ] o
1 1 3 i . 3 3
4 ' 4 4 4 .
5 5 5 5 v .
saldich 2>1, Yes, hence swap | 253, No, hence no swap | 3>4, No, hence no swap | 455, No, hence no swap
L I 2 I 1 1 1 1
/ / ’ ’ - } 2 2 2
L / 4 / g } 3 ‘ 3" ' 3
L / 4 I 4 l 4 4 4
L I ° l | 5 I 5 5 ' 5

Fig. 3.1.3 : Worst case condition of sorting numbers using Bubble sorting

3.2  Multi-dimensional Arrays

® Multi dimensional arrays are used to store data that requires multiple references for €.8. a matrix requires two
references namely row number and column number. Hence, “matrix” is a best example of two dimensional arrays.

e Wecanalso have an array of more than two dimensions, But, we will not require an array of more than two dimensions
as per our syllabus. ' ' :

e [fantwo dimensional array i.e. matrix is to be declared of a size 3 x 3, then the declaration statement will be as below :
inta(][] = new Int [3][3];

The size of the array will be 3 x 3, but the indices will be from 0 to 2 in both the rows and columns,

. “,mﬂmlm‘-‘
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The representation of the same can be as shown [ the Fig, 3.2.1

1 pundamentals of JAVA Programming (sppu)

0 : 4 2

Y alolo) | afoji) [ afo)iz)

5 alllo] | a1)(1) | a2
al20] | a1 | a[2)z)

Fig.3.2.1:
) 1: Arrangement of the elements In a two dimensional array

in the Fig. 3.2.1,
B Ai :;:. in g the first brackets lnd‘lcate the row number while the second brackets indicate the column
n .

tand how a matri
. "ro u;.cgér:ent SN, ;x element can be accessed Fig. 3.2.1 explains it all, but the elements of this matrix are stored
ma e , emer és shown in Fig. 3.2.2. This figure assumes the values In matrixas 1,2, 3 ... 9.

Memory
a[0][0] 1
afo]f1] 2
a[0][2] 3
af1][0] 4
a[1]01] 5
af1][2] 6
a[2][0] 7
a[2][1] 8
a[2][2] 9

Fig. 3.2.2 : Arrangement of the elements in a two dimensional array
¢ Asshown in Fig. 3.2.2, the elements are stored in a Sequential manner with all the elements of a row together one
below the other, and then the next row and so on. :
* The method of accepting elements of anm xn matrix and displaying it in natural form is shown in Program 3.2.1

(Note : m is the number of rows and n is the number of columns).

* Thevalues of m and n must be taken from user. Natural form display of a 2 x 4 matrix is as shown below.

5 6 7 8
—
trix and display it in natural form.

Program 3.2,1 : Write a program to accept an m x n ma

Import java, util, *;
class Matrix

{

Public static void main(String args[])
{
int m,n,i,j;
Scanner sc = .new Scanner (System.in);
‘ SYStem.out.print(“Emer no of rows and columns:”);
m=sc.nextInt(); v

n=sc.nextInt();

\ / Teiavaieigs i
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o, in the Fig. 3.2.4 you will notice thqt toc
his is what is implemgnted by the thye
n each of the products are added tq this elemen

Tofind each element, you will notice that t},e column ny
mple in the first term, (a  x bo,0) + (

and 10T the second term, while the row nhumber of maty

yence, the third nested loop varies the value of k frorﬁ

Methods and Inheritance in JAVA

ach term of the iesultant'matrlx,
sted loops, Injt

tand hence obt

alculate ¢ e
e level ne we need to add many product
ally the element of the resultant matrix is made
aln the entire expression value. _

mber of matrix1 s chan
81X bl, o)

ged while the row number for matrix 2.
as seen the column number of matrix 1 is 0 for the first term
X 21is 0 for the first term and 1 for the second term. '

character type data.

o We will first go through some of the important methods suppofted

using those methods.

by the class String and then make some programs

33.1 Methods of String Ciass

o The String class has a number of ‘methods for its objects. Some of them are listed in'the table below with their

operation.

Jength()

Returns an Integer value equal to the length of the string

toLowerCase() It returns the string object through which it is called with the strihg converted into lower case

toUpperCase() It returns the string object through which-it is called with the string converted into upper
case - |

trim() This method l"emove‘s the blank spaces at the end of a §tring.

Teplace(char, char)

- passed to the method.

This method replaces all the occurrences of the first character with the second character

e ———— §
-equals(String) This method compares the string object through which it is called and the string object
e passed to this method. It returns true if the two strings are equal else returns false.

-equalslgnoreCase(String)

This method compares the string object (ignoring their case i.e. upper case or lower case
doesn’t matters) through which it is called and the string object passed to this method: It

returns true if the two strings are equal else returns false.

'\ . : 4 ‘
'°°mpareTo(String) This method compares the string object through which it is called and the string object:
4 to this method. It returns ‘0’ if the two strings are equal. It returns positive value if the
: . PP ion
_Ptajse bject through which it is called is greater than the second else returns a negative
string.obje : ;
value. — ing from-the index tioned i
s“bstring(int) This method returns a sub-string of a string object starting from. men ioned in the
R e L brackets.

", TechKnowledge
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S % e . L f““'OpéPaflbli R D A
[ Method | | bty i

' and ending from the indiceg
substring(int,int) This method returns a sub-string of a string object starting
mentioned in the brackets.

ad of ending Index.

Note : the ending index given is always index of ending +1 inste — This\th
' rackets. metho
.concat(String) A string to be concatenated is passed to the method in the pehas concatenat:
concatenates the two strings and returns the result as an object w e

strings.

- T —
.charAt(int) Returns the character at the index passed in the brackets to the method. sl
indexOf(char) This method returns the index of the character passed in the brackets to the method - it
indexOf(char, int) - This method returns the index of the character passed in the brackets to the method after the
index of the integer passed in the brackets |
-toCharArray() This method converts the String ob]ect into an array of characters and returns this array of

characters.

®  We will use these methods in the following programs and understand their operation much better.

Program 3.3.1 : Write a program to convert a user entered string to upper case.

uuport ]ava unl

claSS:UPperCaSE. :

_ public static void main(String args[]

Scannél:‘__sc‘:» -‘—'new Scanner Z(SySlémun)‘
ys !gm;bigﬁ,pﬁh tln _(‘.fEntef a Stnn g
: 'su-.;c.nexthne() 5 '
8 —;s_tr.toUppngase(};._ e

m.out priniln(str);

Explanation

® Thestring s simply accepted from the use

rand then it is converteq tou
bject ang then displayed,

| Pper case using the method discussed earljer.
. The returned string is put into the same 0

| ' memw J
' Publicutlens
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ethods In Java

e et
D B

sk Is to be execut:
\hen some tgﬁk: oo umuteld lnmny tmes n a program, a methad must be written for the same; and this method
i # be called whe ask s to be executed, Instead of writing the same code again and again.
a. The syntax for dec|

Wwe will see how to write methods In Jav

aring a method or writing the method header line Is as
given

pelow : return_type mcthod__name(p:\ramctcl‘_llst_to_bc_ncccptcd_by_thc_method_wlth thelr_data_types);

o Here the return_type Indicates the data type of the data that will be returned by the method. A method s normally
called to perform an operation and return an answer. The data type Is of this data to be returned by the method. A
method that doesn’t return any data is called as a vold method and Its return type Is void.

. The method_name can be anything as far as it satisfies the rules for Identifiers seen In chapter 2.

o The parameters that are to be passed to the method will be accepted by the method in the variables listed in the
brackets along with the method. The variables in which the parameter values are received are called as formal
parameters. The parameter whose values are passed to the method, are called as actual parameters. The number of
actual parameters and formal parameters must always be the same. The data type of the actual and formal parameters

must also be the same. We will see the details of these formal and actual parameters in the first program itself of
methods i.e. Program 3.4.1. S

Program 3.4.1 : Write a program to add two numbers using a method.
import java.util.*; |
class Add
{
public static void main(String args[])
{
int a,b,sum;
Scanner sc = new Scanner (System.in);
System.out.println(“Enter two numbers:”);
a.=sc.nextlnt();
=sc.nextlnt();
sum=add(a,b); _
S)’Stem.out.println(“Sum=“+sum)§

}

Static int add (int x, int y)

{

retum(x+y);

}
Outpyt

Enter Wo numbers:
4

5
Sum=9

", TechKnomledge
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atlon i
EXP"“

ghis program shows the real advantage of methods, T

he factorlal Ist dof
Vrmng e same ]08]0 of factorlal caleul 0 be found of 5 different numbers. And instea
\

a

e tion five times, we have written it just once, and called it five times.
First time We call the method facto() to calculate the factorlal of ‘n’, then ‘¢’ and then ‘n-r’ for the calculation of the value
of "Cr

gimilarly we call the method to calculate the factorja] of new values of ‘n’ and

'’ for the calculation of "P,.
5 Recursive Methods

B —
Amethod that calls itself is called as recursive methog,

L] i
. Arecursive method is normally made of an if-else statement. This if-

il os else statement has a condition to decide whether
the method must be called again or it should exit from this loop of call e

o ing the method again and again.
o Thus the if-else condition may be implemented in such 3 manner tha

i = tif the condition is satisfied then the method must
pe called again and if the condition is not satisfied then it must exit fr

om this loop of calling the method again and again.

« The condition could also be reverse of what is given in the above statement i.e. if the condition is satisfied then it must

exit from this loop of c;lling the method again and again while if the condition is not satisfied then the method must be
called again. _

¢ Letussee some program examples of recursive methods.

Program

3.5.1:Writea program to find the factorial of a number, using a recursive function.

 eamer e = new Scanner (Sy
= SY§léin.qut,pﬁritln(“Eﬁtér ;h_é}'_val_u:
el

fact:facto(n); ‘

 em e prinn(*Fetoril="+faer).

e e

‘T.elumi]‘;" i

et %
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Output :

Enter the value of ny i e i
g . ‘

Factorial =120
Explanation

®  The number "n" is passed to the method facto() to find the factorial. If the value of the variable e ‘
method is equal to 1, then the method returns 1, else It calls the same method itself again by passing the-value of g,

variable "n” as “n"-1 and multiplying it by the varfable “n”,
®  Letusunderstand this with an example. This s demonstrated in Fig. 3.5.1. The figure assumes that the number entereq

“w__n

n” recelved by tp,

by the useris 5. —

5 1

ol
{

stiatic int faoto (inp
{ £ .

PUbKS static vVoid main(String.arg]) throws stati inl luoto (Int n) 1/ alio Ho | (aci fim ) 4.
mnfsct, R N ! P i

BulleredReader br=pew BufterodReaden Mnest) | LA 0 ey H(n==1) i
String 8ir; X i RN P 0 rafum A folum1; -
Systern.out pinth(“*Enter the value of n'*); URRTRARIY (SN R PP e Sy o AU TRt
str=br.readl ine(); : also I Bt ¢ o J
n=lntegar parselnt(str); return (n'* lacto (7= 1)); | s fatum (n " facto (n-1)); - retum (? fa
Yaor=tacp(n): o i L s u LAt
Systern O\ printin{“Factorial="+fac); ‘ b NG B

1

called first time called second time called third time called fourth time called fifth time

Fig. 3.5.1

® Assaid, we have assumed that the number entered by the user is 5. Now the method “main” calls the method “facto” for
the first time with passing the value of the variable “no” as 5. This is shown in the left part of the figure. The method
checks the value of “n” to be equal to 1. Since the condition is not true, the control goes to the else part of the if-else
statement. Here the value to be returned is the value of “n” multiplied with the value to be obtained by calling the same
method again to find the factorial of 4 (as the factorial of 5 can be written as 5 multiplied with the factorial of 4).

® Hence, the same method is called again (in the Fig. 3.5.1, another method is shown just for understanding purpose),
with the value being “n” - 1i.e.5-1 =4, :

¢  This time the method again checks the value of “n” to be equal to 1. Since the condition is false, it agdin goes to the else
part and calculates the value to be returned as “n” multiplied with the factorial of “n”- 1 i.e. 3. Hence again calls the
same method again.

 The third time when the method is called, the value received in the variable “n” is 3. Again in this case it is not equal to
1, hence it goes to the else part. The same is repeated i.e. calling the method again with the value being passed as 2. This

time again since the value of the variable “n” is not equal to 1, it goes to the else part calling itself again with the value of

n”as 1.
This time the received value of the variable “no” is equal to 1, hence the condition is true and the statements under “if"
are executed. The statement says to return the value 1. »

¢  Thisvalue is received by the statement “return (n*facto (n - 1))” In the case where the method was called in the fourth
time of Fig. 3.5.1. This method now multiplies this received value l.e. 1 with the value of “no” in this case i.e. 2. Hence;
the value 2 is returned back to the case where this method was called in the thirg time of the
Fig. 3.5.1. In this case the value to be returned is again calculated as the value received multiplied by the value of the
variable “n” in this case i.e. 2 multiplied by 3, returning the result l.e. 6. '

—
‘f,vmm-w
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Program 9.6.8 1 Wilte a program 1o find value ol y using r60ureive mothod, vhore y « /

import Java.ntil®

class owe

{

publie statie vodd maln(Siing args|])

{

intxny
Seanner se = new Seannor (System.in);
System.out.primtin(* Enter the value of x and n:");

x=aenexting();
n=ae.noxting();

y=pow(x,n);
System.outprintin(“Anss **4y);

)

~ static int pow(int x, int n)
{
if (n=w=1)
return x;
else
return(x * pow(x,n-1));
)
}

Output

Enter the value of x and n:
3 it e
4 ‘ i ; ,; )
Ans=81 il o

Explanation
® Inthis program to get the value of x", by Just multiplying “x” with ™, This {s continued untfl we get x1

* Thisis done by the recursive method “exponential”,
® It checks the value of the Index, If it Is equal to 1, then It returns Just the value of “x”; else it returns the value of x*1by

calling itself Le. recursive method.

3.6 Introduction to Inheritance

¢ The mechanism of derlving a class from another class Is known as inheritance.
The class from which another class Is derlved Is called as the base class or super class while the class which is derived is

.
called as derived class or sub class.
Although, we have already seen about the access specifiers In chapter 6, we will briefly go through the same once again.
e The members of a class may be public, protected or private and the class may also be derived in the following ways :
1. public 2. protected
3. private 4, private protected 5. default
| Jr
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. These keywords viz. public, protected, private

a member.

3-35 Methods and Inheritance in JAVA
R e

»and default are called as “access specifiers”, as they decide the access of
p ' y

The visibility of class members within the program Is as shown in Table 3.6.1

Table 3.6.1 ; Visibllity of class members in the program

Access Modifier —|  public protected default private private
. (friendly) | protected

Access Location
Same class Yes Yes Yes “ Yes Yes
Sub class in same package . Yes Yes Yes Yes No -
Other classes in same package Yes Yes Yes No No
Subclass in other packages Yes Yes . No Yes No
Non-subclasses in other packages Yes No No No No

e Hence, you will notice in the Table 3.6.1, the public members are visible in the entire program and also in other
packages.

e The protected members are accessible in the same package as well in thé sub classes of other packages.

e The default or friendly members are accessible only in the same package, be it a derived or non-derived class.
e The private protected members are accessible in the same class or derived classes.

¢ The private members are accessible only in the same class. |

¢ There are various types of inheritance namely:

1. Single Inheritance

2. Multilevel Inheritance

3. Hierarchical Inheritance

¢ Toderive a class from another we need to use the following syntax :
class derived_class_name extends base_class_name

¢ Java doesn’t supports Multiple and hence Hybrid Inheritances. These can be slightly made possible using interfaces
seen in the further sections of this chapter. |

* Letussee these types of inheritance in the subsequent sub-sections.

3.7  Single Inheritance

* Inthis case only one class is derived from another class.

* The class diagram and a program example is given in Fig. P.3.7.1.
————

Program 3.7.1 : Write a program to add two numbers using single inheritance such that the base class method must accept
the two numbers from the user and the derived class method must add these numbers and display the sum.

Solution -

The class diagram of this requirement is as shown in Fig. P. 3.7.1. This diagram shows that the class “Sum” is derived
from C]ass “Data"_
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ul Level Inheritance
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o one class I8 derived from a class which s

also derived fro
i m anot ’
TN a1 her class. The class diagram of such-a

(his cas
ance C

class ‘C" is derived from class 'p’

n
mhpl‘ll
in this CASC: ]

umlrwl inheritance.
m

whi
ch s derived from class ‘A'. Let us see some program examples using

Class A

bﬂv&le 3 :
protectad
p’ubllo

Class B

Vs

Fig. 3.8.1 : Multi level inheritance

Program 3.8.1 : Write a program to calculate volume of sphere using multi level inheritance. The base class method will
acoept the radius from user. A class will be derived from the above mentioned class that will have a method to find the area of
¢ circle and another class derived from this will have methods to calculate and display the volume of the sphere. 3

Solution : The class diagram of this requirement is as shown in Fig. P. 3.8.1.

protected
area,r,
publio
read(); ;¢
caloulate(
 display();:

Volume |

prva
‘yolume,

protected
area,r;
public
read();
calculate();
dieplay();7
‘campu
‘output()

e Y i n A 64.Aleas Niaaram of VMulti Level Inheritance for Pr"’&s'a'1 !
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aitipte

ietike M
e many @

qusseed prog”

erarchy
times the derived class is also called as child class while the b

am example of hierarchical inheritance.

e

pandS herit
¢ merchlcal Inheritance

asses are derived from a class and further more ¢l

father, his children, their children and so on

asses are derlved from these derived classes.

ase class is called as parent class

e x
! n3.9.1 . Write a program to define the following inheritance relationship.

import java.util.*;

class Staff

{

}

Statf
code
name
A
Teacher Typist Officer
subjegt ] ' :‘épeed .grade
-experience experience ‘department

daily wages.

Fig. P. 3.9.1 : Class Diagram of Hierarchical Inheritance for Program 3.9.1

protected String name;

protected

int code;

Class Teacher extends Staff

{
t

private String subject;

Private int experience;

public void read()

{

Scanner sc = new Scanner (System.in);

System.out.println(“Enter name,

name=sc.next();

code=sc.nextlnt();

wt=sc.next0;

code, subject and ex

perience of the teacher:");

7
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o.read();
o.display();
break;

case 3:Regular r=new Regular();

r.read();
r.display();
break; ‘
case 4:Casual c=new Casual();
c.read();
c.display();
break;
default:System.out.println(“Invalid choice™);
} .
}
}
Output
1. Teacher

2. Officer : : i ; S
3. Regular Typist :
4. Casual Typist

Enter the choice, whose details you want to enter:

: ’ | ; i
Enter name, code, department and grade of the officer:

Ajay

325

Accounts

1

Officer Details:

Name:Ajay

Code:325
Department:Accounts
Grade:1

3.10 Method Overriding

* Ifaclass has multiple methods with same name but different parameter list, then it is called as method overloading

® Ifabase class and the derived class have a method with the same name but dj
‘method overloading. But, if this member which has the same name in the b
has same parameter list, then it is called as method overriding.

fferent parameters, then also it is called as
ase class (or super class) and the sub class

e The method should have same name and same parameter list to be called as met

: hod overriding. Method overloading
\ will be discussed in this chapter later in Section 3.14.2. : .

e Letusseeaprogram example of method overriding,

g:g TechKnowledgs
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= reanentblont();
Volume a=new Volume():
naead(x)y
aealenlate();
aceompute();
adisplay();
)
}

Output

Enter the radius:

10
Volume=4186.6665

Explanation

e Theimplementation Program 3.10.1 s done with same method display() in base class Area and in sub class Volume.

® Herethe method display() of the derived class i.e. “Volume” overrides the method display() of the base class “Area”.

3.11 Keyword “final” and Final class ’

* The keyword final can be preceded to any member of a class or to the class itself,

® Making anything final has following implications.
o Ifafield member is declared as final then the variable value cannot be changed i.e. it becomes a constant.
© Ifamethod is declared as final then that method cannot be overridden.

© Ifaclass is declared as final then that class cannot have any sub class i.e. no class can be derived from the final
class. '

® Letusseeaprogram example of a final method,

Program 3.11.1

: Write a program 1o display volume of sphere and hemisphere. Make use of final method to display the
volume.

import java,util,*;
class Base
{
protected float ryvol;
public void read(float X)
{
r=x;
}
final public void display()
{

System.out.printin(“Volume=* 4 vol);

} y
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Explanation

*  The implementation program is done with final method display() in base class and hence, cannot be again defined i,
sub classes Sphere and Hemisphere l.e. it cannot be overridden.

*  The base class “Base” has the method display() declared as “final”, hence the derived class members cannot override
this method.

3.12 Java Abstract Class and Method

*  Abstract classes are used to declare common characteristics of subclasses. '

e  Abstract classes are declared with the keyword ‘abstract’ preceding the class definition. Abstract classes are used tg
provide a template for subclasses. _ o

* No object can be made of an abstract class. It can be used as a base class for other classes that are derived from the
abstract class.

e  An abstract class can contain fields and methods.

e An abstract class can have methods with only declaration and no definition. These methods are called as abstract
methods. The abstract method must be declared as shown in Program 3.12.1. If a class has any abstract method, the
class becomes abstract and must be declared as abstract. Abstract methods provide a template for the classes that are
derived from the abstract class.

e Any method definition can be overridden by subclasses, but the abstract methods must be overridden.

Program 3.12.1 : Write a program to display volume of sphere and hemisphere. Make use of abstract class.

import java.util.*;
abstract class Base
{
protected float r,vol;
public void read(float x)
{
r=x; : :
}
* public abstract void calculate();
public void display()
{

System.out.println(“Volume=*+vol);

}

class Sphere extends Base

{
public void calculate()

{
vol=3.14f*r*r*r*4/3;

V'rmm-l_mi
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313 Polymorphism

S ——— T ——

¢ Polymorphism means multiple forme, We can have miltiple W""’ of n same: thing, We will understand it better yyy,
the subsequent sections and programe in these sections,

« Polymorphism has two types hased on the time of resolution, If the resolution fs done during the complling of the
program, then 1t bs called as statle polymorphism, 1t if the resolution 15 done during the run time, then it 5 called 5
Aynamic polymaorphism,

¢ suatic polymorphism or early Winding inchudes method overioading and constructor overloading,

¢ Dynamie polymorphism or late binding includes method overriding and. dynamic method dispatch,

¢ We have already seen constructor overloading in chapter 6 and method overriding in Section 3,10, We will still see
these concepts again and with the remaining topics also,

314 Static Polymorphlsm

¢ A already discussed, those multiple forms (polymorphism) whose resolution is done during the complile time are
grouped under static polymorphism,

¢ T cases come under statle polymorphism namely constructor overloading and method overloading,

4141  Constructor Overloading

Multiple constructors In the same clags with different parameters is called 25 constructor overloading, Let us see some
program ezamplos of congtructor overloading,

Prbgmm 4141 ; Yits s proyram to dcrrhnetmtc r’/mﬁt‘mcfm» overloading,

cass Hectang)e
/

ptivate int | by
pibie: Weetang)el)

'

J5 f) H);
J
il Weatangleding 7)
/
[
Je )y x;
/
grithie: Wectang)edint 7, int y)
/ ;
L7
b=y,
/

piibie voidd arenly

{



V——- WEISRARR . ARAR. L BRR ZARREBERERRRREREETI20n 1

tals of JAVA Programming (SPpu) 9.t

(521
(521

g pundamen Methods and Inheritance in JAVA

System.out.println(“Area=" 4| *h);
= Al

p—

\

;,5;,- Main
! public static void main(String args|])
{
Rectangle rl =new Rectangle();
Rectangle r2=unew Rectangle(5);
Rectangle r3=new Rectangle(3,3);
rl.area();
r2.area();
r3.area();
1
)
}
Output
Area=100
Area=25
Area=9
Explanation

¢ The class Rectangle has three constructors with no parameters, one parameter and two parameters respectively.

¢« There are three objects of the class Rectangle made in the maiﬁ() method. The first object uses the default constructor,
with no parameters. Hence the length and breadth are initialized to 10 each and the area is displayed as.100.

¢ The second object passes one parameter and hence both length and breadth are initialized to the passed value for the

second constructor. :
¢ The third object is made with passing 2 pafameters to the constructor, and hence the passed values are initialized and

the area displayed accordingly.
* There are multiple constructors in the same class (name has to be same) with different parameter list. This is called as

constructor overloading.

3142 Method Overloading

*  Multiple Method with same name in the same class or in the base and derived class with different parameters is called
as Method overloading. .

* Letussee some program examples of Method overloading.

Comparison between overriding method and overloading method

S, Method overloading Method overriding

No.

o | ,
L | It can occur in the same class as well as super and
|| Subclass.

It can occur only in the super and sub class.

Inheritance is not necessary for method | Inheritance is necessary for method overriding.

|| overloading.

Return type must be same.

= | Return type of functions may not be same.

Parameters of the overloading functions

| different.

must be | Parameters of the overriding ﬂinctio’ns must be sant

“, TechKnowledgs
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1entalsof]AV rog ng LIFY) Methodoverridlng

Static as well as dynamic polymm‘l\\

hism Can 1,

\

\" Fund
Sr., Method overloading
No.

S. | Only static polymorphism can be implemented
using method overloading.

implemented using method overriding.

1.
6. | Example: Refer Program 3.14.2. Example : Refer Program 3.10.

Program 3.14.2 : Write a program to demonstrate Method overloading by overloading the methods for calculating arg, of
circle, rectangle and triangle.
class Area

{

private float x,y,z;
public float area(float r)

{ ;
return(3.14f*r*r);

public float area(float 1, float b) -

, return. (1*b); -
. ;};ublic float area(float a, float b, float cj
' { ~ floats;
s=(a+b+c)/2;
=8%(s-2)*(s-b)¥(s-c);
; retum(ﬂoat)(Math.sqrt‘(s)).;
} :
class Main-
{
public static void main(String args[])
{ :
Area a=pey Area();
System.out.println(“Area of circle=“+a.area(10));
System.out,println(“Area of Rectangle=* +a.area(10), 10));
} Sys‘tem.out.println(“Area of 'I‘nangle— shag -area(10,10 ,10));
i
Output
Area of circle=3]4, 0
Area of Rec!angle*loo 0

Area of Triangle=43 2 30127
Explanation

® The class Area has three meth
This is culad a5 mathid over]O::‘snwnth the same name je, area() The Methods haye different nymb f parameter®
number of p
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gl ! fing In @& base and derivod clagg |,
m-mm’m.‘ 4.4 1 Write program 1o demonstrate Method overloading Y Ovorgy
*1or dinplaying the value of a variable contained in the class,

dlng ty

lasy Paren

|‘mhlu void display(ing %)

System.outprintln(“y = 4 %)

)
)

class Chilg extends Parem

public void display(int x, i y)

System.out.println(“x =4 +"\ny="4y);
}

class Main

{

public static vojd main(String args(])

Child e=new Child();
c.display(10);
cdisplay(5,5);

Explanation

¢ The class Parent has a method display() with one parameter.
¢ Class “child” extended from the class “Parent” has the same method display() with two parameters,

¢  When one parameter s passed you will notice the base class method is called while when two parameters are passed
you will notice that the derived class method s called,

¢ Here the methods with same name and dlfferent parameter list are not in the same class but in the base ahd derived
class. This s also called as Method overloading,

3.15 Dynamic Polymorphism

¢  Dynamic polymorphism as already discussed has two types, the method overriding and dynamic dispatch of methodS-
¢  The method overriding concept Is already discussed section 3.13, We will discuss here the concept of Dynamic Dispatch
of methods. '

3.15.1 Dynamic Method Dispatch ;

e In case of method overriding, when a method Is called by an object of the class the method of the corresponding classls
called. |

e  Abase class reference object can be used to refer either a base class object or a derived class object.

g
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316 The finalize() Method Instead of Destructor In Ja

not have destructors, As dis
s The'Cw Programming language had the destructors. But in Java we docollected" ‘Le. the objects are e
features of "Java” programming language in Chapter 1, “Java Is garbaget . ’ Automg
destroyed when their yse is over, Hence there Is no need of having destructors.

: xample, if :
But, there may be certain operations to be carried out when an object is destrozec; F:: :sm ;:he ﬂnt:lt: object Wag uslng
a particular resource of the system, the resource is to be surrendered. This can be do 4 ze() Methgq,

1
“Ca“y

® Letusseea Program example of this method.

Program 3.16.1 : Write a Program to demonstrate finalize() method. ‘

class Demo
{
public void display(int x)
{
System.out.prinlln(“‘x,=‘.“+x); ;
y ‘

protected void finalize()

{

-System.out.println(“In finalize method of class Demo”);

}
-class Main
{ e
public static void main(String args[]) - e
Demo d=new Demo();
d.display(10);
d=null;
System.gc();

}

Output

x=10

In finalize method of class Demo

Explanation

® Anobject “d”, is made of the class Demo. The object is used to call the display() methodq,

. ~'I‘hen the object is given “null” or made null, This is to indicate the JVM that the use of thjs object is over. : Sxreed)

® The static method gc() of the class System is called. This meth

od is called as garbage collection method.
® Although garbage collection happens at regular interval jn

1 for
a program, byt since our program is very small and
demonstration purpose, we need to call this method,

® You will notice that the statement “In finalize method of class Demo”, s automatically printed, without exclllsivel)'
calling the finalize() method. Thus when the garbage collection happens, the finalize() method is autom atically called :

e . ‘v‘j-g/‘-‘.“'
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7 The Super Keyword :

I you want to access a member of a base class from the derived class, then the keyword “super” is used.
Thisls especlally to access the constructors and method members of the super (or base) class.

Let us see a program example that uses the super keyword to call the constructor and another method of the base class.

program 3.17.1 : Write a program to demonstrate the use of “super” keyword.,
solution :
class Parent
{
public Parent(int a)
{ 5
System.out.printIn(“In constructor of Parent class: “4-a);
) ,
public void display(int x) 5
{ ! :
System.out.println(“x=*“+x); .
} .
} i =
class Child extends Parent
{ ' s
~ public Child(int a)
{ :
super(a);
System.out.println(“In constructor of Child class: “+a);
X . : v : :
public void display(int y)
{ i
super.display(y);
System.out.println(“y="+y);
} ,
}
class Main
{
public static void main(String args[])
{ |
Child c=new Child(3);
‘ c.display(5);
Yo
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Output

In constructor of Parent class: 3

In constructor of Child class: 3 ; L bl

Explanation AR . : -
i i vWEhav

An object “c” is created of the child class. The constructor as we know is automatically called. In the child cJagg .
also called the constructor of the “Parent” class, by simply using the keyword super(). When the keyworq super g

written, without specifying-the method name, then the constructor of the base class is called. The Parameterizgg

constructors of the parent and child classes are passed with the parameters
The display() method is then called for the child class. Again using the keyword “super”, the dlsplay() method of the
parent class is called. But, in this case, we have specified the method name of the super class to be called in the

statement super.display().

Qad
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a1 Interface
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444 Introduction

« The multiple inheritance problem is solved in Java with the help of Interface.

« Multiple Inheritance is possible when extending interfaces i.e. one interface can extend as many interfaces as required.
Java does not allow multiple inheritance, but it allows to extend one class and implement as many interfaces as

required. A class that implements an in'terface has to either define all the methods of the interface or declare abstract
methods and the method definitions may be provided in the subclass. '

41.2 Extending an Interface

o Interface are used to define a general template and then classes can impleinent the interface and can hence inherit the
properties of the “interface”. ' '

o Interfaces just specify the method declaration and can also contain fields.

o The methods are implicitly public and abstract.
41.3 Variables in Interface

¢ The fields are implicitly public static final.
¢ The definition of an interface begins with a keyword interface.

¢ No object can be made of an interface i.e. it cannot be instantiated.

41.4 Difference between Interface and Abstract Class

Sr. Abstract class i Interface
No. : b

1. | Abstract class is a class which contains one or more An Interface can contain only method declarations
and no definition.

abstract methods, which are to be defined by sub classes.

e keyword | An Interface deﬁnition begins with the keyword
“interface” followed by the interface definition.

2. | Abstract class definition begins with th
“abstract’ keyword followed by Class definition.

3. | Abstract classes can have general methods defined and Interfaces have all methods with only declarations

some methods with only declaration defined in the defined _ in . subtlasses
subclasses i.e. classes implemented from the interface.

static and All variables in an Interface are by default public,

4. | Variables in Abstract class need not be public,
static and final.

gﬂal.

—————
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class.

When a class extends an abstract class, it need not
implement any of the methods defined in the abstract

————-—‘f Interface
Sr. Abstract class |
No.
. orts multiple Inheritance, .
S. | Abstract class does not support Multiple Inheritance. Interface o1PP : ’
have public me
6. | An abstract class can contaln private as well as protected | An Interface can only p mbers,
members,
7.

A class implementing an interface must implemem

all of the methods declared in the i

nterface,

8. Abstract classes are fast.

Interfaces are slow as it requires

to find corresponding method in the actualclij

—_ ]
extra indirectig,

Program 4.1.1 : Write a program to display volume of sphere and hemisphere. Make use of interface to define the templatg

methods to be there in the derived classes.

import java,util.*;
interface Base
{
public void read(float x);
public void calculate();
public void disb]ay();
}
class Sphere implements Base
{
protected float r,vol; ’
public void read(float x)
{
r=x;
}
public void calculate()
i g
vol=3.14*r*r*r*4/3;
-~ '
public void display()
{
System.out.println(“Volume="+vol);
}
}

class Hemisphere implements Base

{




}
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}

class Main

{

public static void main (String args|[ ])

{

ﬂoat X.¥:
er sc = new Scanner (System.in);
intln(“Enter. the length and breadth:”);

0:

: 03

Square S=new Square();

§ .read(x);

s-calculate(),
System-out.prinl]n(“Squarﬂ”);
s.display();

Rectangle h=pe, Rectangle();
h.read(x,y); 4

h.calculate();

S_vstem.out.prindn(“Rectangle:”);

h.display(); :

Output
Enter the length and breadth:

10
20

Square:
Area=100.000
Rectangle:
Area=200.000

4.2  Introduction to Packages

We have been writing small program until now. If we need to make a huge software, we must not put all the classes in
the same package. We must have a package with a set .of classes and then we can import the package to use the
members of those classes. ‘ . '
Package is a way to organize the code i.e. the similar function or related classes must be in a package.

Thus one folder or package will have all the classes of similar functions while ‘another folder or package for another
type of classes. For e.g. all printer related classes in one package, all user i.nput based classes in one package and so on.

Advantages of Packages

L

Since the classes of similar type are organized together, it becomes easy to access them. It also makes it easy for

debugging to locate error if any.

Itbecomes easy for the coding purposes also.
Packages also avoid the clashes of using the same name classes. You can have classes with same name in different

Packages. Let us see the use of packages and some in built packages in JDK.

Publications
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4.3 Creating a Package - T
We need to begin the program with this keyworg ang l’he

® Tocreate a package we need to use the keyword "package”.

) ackage.
name of the package. We need to also make a folder to store this packag
®  Letussee the steps to be followed to make a package.

Step 1: We need to specify the key word "package” followed by the n

Step 2 : We need to make a class and write the members of the class. -
me as that of the package and store the file as the nap, of

then the folder in which the Prograp,

ame for the package.

Step 3 : Store the program file in a folder with the same na

1d”,
the class that has the main() method. For example if the package name Is “wol i .
will be stored should also be “world”, If the name of the class having the main() method Is Hello”, then the Prograp,

should be stored as “Hello.java”
Step 4 : Compile the program as usual i.e. using “javac” followed by the class name. This has to be done in the folder of
the package. In case of above example, in the folder “world” you need to compile the program with the statement javac

Hello.java”
Step 5: Come out of the package folder and execute the program with the syntax: java Package_name.class_name,

For example in the above case: java world.Hello

Let us see these steps in more details with a program example.

Program 4.3.1 : Write a program to create a package and show the execution of the same.

package World;
class Hello
: :
public static void ﬁqajn(String args[ ])
{ o
System.out.println(“Hello Friends”);
) ) ;
}
Output

C:\java programs>cd world

C:\java programs>javac Hello.java
C:\java programs>cd..

C:\java programs>java World.Hello
Hello Friends i

C:\java programs >
‘Explanation

e The output is shown with the entire process to be followed for ex

explained in the steps 1 & 2 above. The program is to be stored in a pProper folder as explained in step 3.

e Then the steps 4 and 5 can be seen in the output. First the program s compiled in the folder “world” i.e. the name of the

package.
¢ Then the-execution is done outside the folder with a special syntax as shown insteps

o‘l‘
K »l
W ol
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program 4.3.2 : Write a program 1o create a package and show the oxecution of the same, The program should display
pumbers from 110 10

package numbers;

class

}

Integers

pnh\u static void main(String args|))

inti;
for(i=13i<=10;i++)
{

System.out.printin(i);

Output

C:\java programs>cd numbers
C:\java programs>javac Integers.java

i B =) TV B S N VU ]

O o™

10

C:\java programs>cd.. =
' C:\java programs >java numbers.Integers :
] :

C:\java programs> -

Explanation

Similar program with a slight changes in the name and the main() method operation. Here the maint) method displays

the numbers from 1 to 10 using a simple “for” loop.

4.4

Creating a Sub-Package

The same process is to be used to create a sub package. You need to just specify that it is a package inside a package by
the statement as given in the Program 4.4.1 i.e. “package world.india”". '

Also another care to be taken is that the folder of the sub package name has to be stored inside the folder with the
package name. This is demonstrated in Program 441 :

nar TecthKnowledge
Publivations
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Output

C:\java programs>cd prog 4.4.2

C:\java programs>cd world

C:\java programs >cd india

C:\java programs>javac Hello.java
C:\java programs >cd..

C:\java programs >cd..

C:\java programs>java world.india.Hello
Hello Indians

:\java programs>

xplanation

Here an interface is created and a class is- inherited or implemented from this interface. The display(Q method is
executed according to the operation specified in the program.

4.5 Importing a Package

We imported some packages in all our programs like java.io, java.util etc. These were inbuilt packages. Let us see
how to import our self made package.

The package is to be made in the same manner. This package is to be imported by another program outside the
folder with the package name. '

For example we can make another program and call the display method from there. Let us see a program for the
same.

Program 4.5.1 : Write a program to create a package, import it in another program and call the method in the package
Note :

Here we need to make two programs one the package and another that lmports the package The package is to
be stored as studied earlier in this chapter. Let us see these two programs

Program 1 : Package

package world.india;

public class Hello

{
public void display()
{
System.out.println(“Hello Indians”);
) .
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Program 2 : Importing package

import worlduindin,*y

class Hellol

{

}

public static void main(Steng arga| ])

{
Hello he=new Hello()
h.display():

Output

C:\java programs >javac Hellol Jjava

C:\java programs >java Hello)

Hello Indians

C:\java programs>

Explanation

Two programs as seen above are to be written. The first one has to be stored in the folder according to the name of the
package as seen in the above sections. Thus, since it is a sub-package the program is to be stored in the “india” folder
inside the “world” folder of the main program folder. ' _

The main program is to be written in the outside folder i.e. the folder that contains the folder “world”.

Here we have imported the package made by us. We have made an object of the class “Hello” and called the member
method display(). Since the object is made outside the package, the class is to be declared as “public”; else it will not be
accessible in another package.

4.6  The java.lang Package

We have many in built packages avaflable with the JDK (Java. Development Toolkit). Some of the packages used by us
quite frequently are “fava.lang” and “java.util”. In the subsequent sections we will see the classes and some methods
supported by these packages.

The javalang package has again many classes available In it. This class is so important, that it is found that you can
almost have no program without importing this package. Hence this package is imported by default for any program
written in Java. Hence you must have noticed In all the programs in this book, we have used the classes and their
methods from this package without importing this package.

One of the types of classes of this package s the wrapper classes. Let us see this in detail,

4.6.1 Wrapper Classes

The base class is the Number class. It has many sub classes like Byte, Short, Integer, Long, Double and Float.

All these sub classes of “Number”, have methods to convert a primitive data to and from string. For example we have '
sparselnt() method in the class Integer to convert a string to “Int” type data. Similarly in the class “Float” we have the
method parseFloat() to convert the string to “float” type data, We also have toString() method in these classes to
convert a data into string type object.

l‘ull(mulT‘ili

Pudlivationy
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an object of class “Float” and so on.
o Thisisrequired in the following cases:.
1.

example in Vector class.

across many methods.

4. Primitive data types cannot be made as a part of the object hierarchy.

is performed.

Also these classes have mthods that are us.d to convert the primitive data types to an object of a class.

5. When a primitive data becomes an object various methods are available with it.

Let us see a program example for the use of toString() method

The toString() method is used to convert an object to string. When you want to display the values of an objecta
just say display the object, the toString() method of that class is automatically called and the operation in that method

These classes have static methods to convert string class objects Into primitive data types. We have been using these
methods in almost all our programs f.e. parselnt(), parseFloat() etc.

For example you can convert and “int” value to an object of the wrapper class “Integer”. Similarly a “float” type value to

As seen in the chapter 6, we cannot change the actual value by passing the variable value, instead we need to pass
the object. Objects of primitive data types can implement call by reference

) Many classes you need to pass an object of a class as a parameter, you canhot pass a primitive data type, for

Using objects of primitive data type you can have multiple methods using the object and its value can be accessed

nd you

Program 4.6.1 : Write a program to make an object of a class and display the object using toString() method.

import java.io.*;

class Demo
( )
int x;
public Demo(int a)
{
x=a;
}
public String toString()
{
' return(“x=*“+x);
}
}
class Main
{ .
public static void main(String args[])
{
Demo d=new Demo(5);
System.out.println(d); A
}

o W bW menshm A
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}
public String toString()
{
return("Volume="+vol +"\n");
\
J
}
class Size
{
public String size(Rectangle z)
{
return(z.toString());
}
public String size(Cube z)
{
return(z.toString());
&
public String size()
I
return("-1");
} | |
public static void main(String args[]) .
{
Cube c=new Cube();
Rectangle p=new Rectangle();
Size s=new Size();
p-Area();
c.volume();
System.out.print(s.size(c));
System.out.print(s.size(p));
) :

}

4.6.2 Other Classes in java.lang

e The package java.lang includes the following classes:

‘Boolean Long »  String '

Byte | Mathl —p=t StringBuffer
Character Number System

Class Object -| Thread
ClassLoader Package ThreadGroup
Compiler Process ThreadLocal
bouble Runtime Throwable
SecurityManager Integer Short

Float RuntimePermission

Void InheritableThreadLocal

€? TechKnowledgs
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) - using quite a few classes of the
*  Thereare some more classes also In the javalang package. Anyways, we have been using q se.

*  Wrapper classes like Integer, Float, Double etc are been used In our programming.

* The "Thread” class has been widely used in chapter 8. We have scen many methods of this class like setName)
getName(), setPriority(), getPriority(), isAlive(), join(), yleld(), sleep() etc.

®*  We have also used another class i.c. “String” In the chapter 3, with many methods of this class like toUpperCase[),
toLowerCase(), compare(), substring() etc

* We have also used a method pow() of the class “Math”, Let us sce some more methods in this class in the subsequent

sub-section.
4.6.3 Math
® This class contains various methods. Some of the important methods required can be grouped as below:
1. Transcendental Methods 2. Exponential Methods
® Table 4.6.1 shows the methods in these groups and their operation:
Table 4.6.1
Method Operation
Transcendental Methods

double Itis a static method that returns the sine of the variable passed to itin radians.
sin(double)
double Itis a static method that returns the cosine of the variable passed to it in radians.
cos(double)
double Itis 'a static method that returns the tan of the variable passed to it in radians.
tan(double)
double It is a static method that returns the anglé in radians whose sine is passed to the
asin(double) method.
double Itis a static method that returns the angle in radians whose cosine is passed to the
acos(double) method.
double *| It is a static method that returns the angle in radians whose tan is passed to the
atan(double) method.

Exponential Functions

double Itis a static method and it returns the value of ‘e’ raised to the parameter passed.

exp(double)

double Itis a static method and it returns the natural logarithm of the parameter passed.

log(double)

double It is a static method and it returns the value of the first parameter passed raised to
’ pow(double, the second parameter passed.

double)

double Itis a static method and it returns the square root of the parameter passed.

sqrt(double)

e There is another widely used method i.e. the double random(), method. This is also a static method-and returns a
pseudorandom value. The random value returned by this method is between 0 and 1.

"’ TechKnowledgs
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4.7

The java.util Package

-,

Interfaces and Packages

This is another very widely used package besides ihe “Java.lang” package.

One of the classes of this package used by us is “Vector”. A list of all the classes in the package java.util are listed in the

Table 4.7.1.
Table 4.7.1

AbstractCollection Hashtable TreeMap
EventObject Scanner Calendar
PropertyResourceBundleAbstractList Stack Observable
GregorianCalendar ArraylList TreeSet
Random LinkedList Collections
AbstractMap StringTokenizer Properties
HashMap Arrays | Vector
ResourceBundleAbstractSequentialList | ListResourceBundle | Date
HashSet TimeZone PropertyPermission
Sim-pleTimeZone BitSe‘t‘ WeakHashMap
AbsfractSet Local Dictionary

Let us see some of these classes and their methods. ‘

Array list and Linked list

ArrayList

e The class ArrayList supports dynamic arrays i.e. arrays that can grow as and when required.

e The normal arrays in Java are fixed in length. Once they are created, they cannot grow bigger or shrink to smaller, while
this can be done on ArrayList class objects.

e It has three constructors viz. a default constructor that builds an empty array, a constructor that takes the collection as
arguments and another takes an integer as the size of the list.

e [t has various methods like add() to add an element, clone() to make a clone of the list, clear() to remove all the
elements etc. .

LinkedList :
¢ The LinkedList class as the name says is used to create a linked list i.e. a list of objects linked together.
* Ithas two constructors viz. default constructor and a constructor that accepts a collection of objects.

* It has various methods add() to add a new object, addLast() to add at the end, addFlrst() to add at the begmnmg,

clone() to create a clone, clear() to clear all the elements, etc

Program 4.7.1 : Each year, sleepy Hollow Elementary school holds a "Principal for a Day" lottery. A student can participate
by entering his/her name and ID into a pool of candidates. The winner is selected randomly from all entries. Each student is
allowed one entry. Implement a student class that encapsulates a student. Implement StudentLottery class with methods ;

addStudents ( ) and pickwinner () and main (). Hint : Use Random class to pick winner.

g €F 'I'c-clll(neulcdg'l'
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Stndentlottory sl ey StudentLoory();
slhaddStudents();
aladdStudents()
sladdStudents();
sladdStudents()
sladdStudents();
sladdStudonts();

sl.pickWinner();

}
471 Date

e The class “Date” has a field that keeps a track of milliseconds that have elapsed from midnight January 1, 1970. The
class has methods that can give the time and date using the calculation done on this fleld,

e Letussee a program example to demonstrate the use of the “Date” class.

Program 4.7.2 : Write a program to make an object of the class Date and display the date and time.
import java.util.¥;’ ‘

class DateTime

public static void main(String args| 1)

{

Date d=new Date();

System.out.println(d);

}
Output

Fri Dec 16 07:00:55 IST 2011 .
Explanation

*  Avery simple program. We have simply made an object of the class “Date” and displayed that object using the printin()
method. |

* The output shows the week day, month name, date, time in hours, minutes and seconds. Followed to this the output

also shows the time zone and the year.

472 Calendar

. The calendar class is considered to be better In some cases, because it gives the access to all the fields for date,
month, year, hours etc to get the time In our own required format.
. Let us see a program example to demonstrate the same.
N7 Techknomledgs
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and time,
Program 4.7.3 : Write a program to make an objoct of tho class Calendar and display the date

import java.util %,

class DateTime

{
public static void main(String args| ])
{
String monthName[ ] = { “Jan”, “Feb”, “Mar”, “Apr”, “May”, “Jun”, “Jul”, “Aug”, “Sep”, mOokly SNov s Bet s
Calendar ¢ = Calendar.getlnstance();
System.out.println(“Date: “+c.get(Calendar.DATE)
+7/"+monthName[c.get(Calendar.MONTH)] +"/” +c.get(Calendar. YEAR));
System.out.println(“Time: “+c.get(Calendar.HOUR) + ,
“"+e.get(Calendar.MINUTE) + “:”-Fc.get(Ca]cndar.SECOND));
y ; .
} i
Output

Date: 16/Dec/2011

Time: 7:12:53

Explanation

The class “Calendar” is an abstract class. Hence we cannot create an object of this class.

We have used the getInstance() method that returns the object of the sub-class of an abstract class.

Then we have accessed the static fields of the abstract class “Calendar”. The fields like “MONTH”, “YEAR”, “HOUR”,
“MINUTE”,"SECOND",”"DATE" etc. :

The get() method is used to get the values of these variables.

4.7.3 Vector

but with the major

Vector is a class in the package java.util. Vector is a dynamic array. It is almost similar to an array,
It also has methods

difference that it contains legacy methods to help programmer to insert, add or delete an element.
to search an element, remove an element etc. The size of the vector can be'incremented during the execution of the

program.
The vector class has four constructors: a default one and three parameterized constructors. The prototype of these

constructors is listed below:
1.  Vector() 2, Vector (int size)

3. Vector(int size, int incr) 4, Vector(Collection c)

The first constructor is the default constructor that takes an initial size of the Vector as 10 elements. The second
constructor creates a vector with initial capacity as specified by size variable passed to the constructor.

The third one has a size as well as variable incr. This variable “incr” indicates the number by which the size should

increment in case if a new element is added to the vector and the capacity of the Vector was full. In case of any
constructor where the incr. is not specified the incr. value is taken to be same as the size variable value. The fourth -
constructor accepts an array or collection of elements which it directly initializes in the vector. v ‘

We have seen this in detail in Chapter 3 in the Section 3.5.

Publitations
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Hash table is used in data structures. It is a kind of linked list.

When you store a data and you have to link a detailed data using a key.

The best example of use of Hash table usage is the phone book of your mobile, You select a name and that selects the
detailed information of that person. You can store the phone number, date of birth, email id etc of a person.

A hash table maps keys to values. For example in the above case the name may work as a key and point to the values i.e.
the detailed information of that person. '

4.7.5 Collection Classes

The java.util.Collections class consists of static methods that operate on collections. It contains polymorphic algorithms
that operate on collections, wrappers and return a new collection.

The methods throw a NullPointerException in case if collection passed is NULL. Some of the methods in this class are
listed below :

1.
2.

Static Boolean addAll (Collection, < list >) : This method adds all the elements passed to the specified collection.

Static int binarySearch (List, T key) : This method returns the element member of the “T key” passed in the
specified list using binary search algorithm.

3.  Static void copy (List, List): This method copies the second list passed into the first list.

Qaa
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5.1 _Introduction to Exception Handling

e Exception handling refers to handling of abnormal or unexpected events,

« Some of these abnormal conditions are known to

the java compiler while some occur during run time and are unknown
to the compiler. :

‘Exception’ is a class and it has sub classes. The different sub classes are the according to exceptions possible in Java.

The list of the names of sub classes of the base class Exﬁeption is given in the Table 5.2.1. This table lists all the checked
and unchecked exceptions of Java and the condition for their occurrences.

Exception as discussed is an error condition occurrence. For example if a integer is expected and a character is entered,

then while parsing the character to .integer, an error will occur. This error or exception is called as
NumberFormatException. It is one of the sub class of the base class

‘Exception’. Since it is name of a class, there is no
space between the words.

Exceptions are classified into two types namely : Checked Exceptions and Unchecked Exceptions.

5.2 Checked and Unchecked Exceptions

5.21 Checked Exceptions

All checked exceptions are sub-classes of the class ‘Exception’

Checked Exceptions makes the programmers to handle the exception that may be thrown.

For e.g. 1/0 exception caused because of readLine() method is a checked exception.

There are two ways of dealing with an exception :

1 Indicate that the method throws an exception (as we have been doing till now i.e. indicating that the method
throws I0Exception) or '

Method must catch the exception and take the appropriate action using the try catch block (will be studied in later
sections of this chapter).

522  Unchecked Exceptions.

Unchecked Exceptions are RuntimeException and its subclasses. These are not sub class of the class Exception.

The compiler doesn’t check for the unchecked exceptions and hence the compiler doesn’t make the programmers
handle them,

In fact, the progrémmers‘ may not even know that'such an exception would be thrown.
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Table 6.2.1 N
Exception name Case in which the exception occurs i
Java’s Unchecked Exceptions BEGT]
ArithmeticException In case of arithmetic error, such as divide by zero. Sy
Arra’yl.ndexOutOfBoundsException Accessing an element out of the size of an array i.e. outside its boundary o
ArrayStoreException Assigning an incompatible type element to an array s
ClassCastException Casting not possible or invalid casting =
IllegalArgumentException The formal parameters‘and actual pafameters do not match =l
NegativeArraySizeException The variable used to create the array has a negative value hence negative array size.
NullPointerException Trying to access the members pf an object which is not allocated with any memory
space. Mémory spaceAis allocated to an object using the new operator.
NumberFormatException "| The value expected was a number and the data given is not a number.

StringIndexOutOfBounds Similar to array index out of bounds exception, but for an array of strings.

IliegalMonitorStateException In case of multi threading, if a thread is waiting for another thread, which is locked.

UnsupportedOperationException Operation is not supported by Java

Java’s Checked Exceptions

ClassNotFoundException The class whose object is attempted to be made or static member is tried to be
accessed is not found. f

IllegalAccessException Access to the member is illegal

InstantiationExcepﬁon v This exception is generated if you try to create an object of an abstract classs or an
interface

InterruptedException A thread has been interrupted by another

NoSuchFieldException Attempt to access a field that doesn’t exists

NoSuchMethodException Attempt to access a method that doesn’t exists

® Letus see a simple program that generates an exception. We will accept two numbers from user, the dividend and the
divisor. The divisor entered by user must be zero, so that it generates the divide by zero error.

Program 5.2.1 : Write a program to perform division of two numbers accepted from user to demonstrate ArithmeticException
and also NumberFormatException.

~ import java.io.*;
class Divide

{

public static void main(String args| ]) throws IOEXception

g}g TethKnouledgs
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Output 3

5
Enter two nunibers:

)

2
thods to handle these exceptions.

The Quotient=2
We will see in the subsequent sections, the different me

L ]
There are different keywords to handle the Exceptions. The three ways aré

1. try-catch-finally
2. throws
catch-finally is used to hapgq),

3. throw ,
We have been using the second method for many times by now. The first method Le. try-

an exception generated due to abnormal behavior.
s an exception.
Letus seé them in details with programming example,

The second i.e. throws is used to indicate that the method generate

The third i.e. throw is used to generate an exception of your own.
catch-finally is as given below : .

5.3 try-catch-finally
Exceptions can be handled using the try-catch-finally. The syntax of try-

try
{
statements;
}

catch (Exception_class_name object_name)

{

statements;
finally
statements; i ' = : =

}
try Block
The statements that you think can generate an error or exception must be placed in this block.
If an exception occurs then the catch block will be executed and then the finally block will be executed.

Else if no exception occurs, then the control will directly go to the finally block i.e. the catch block will not be executed
Java code that you think may produce an exception is placed within a try block for a suitable catch block to handle the

error.

If an exception occurs, but a matching catch block is not found, then it reaches to the finally block.

In any case, when the exception occurs in a particular statement of try block, the remaining statements after this
statement of the try block are not executed ie. no statements of the try block are executed after the exceptio"

4__‘.——.‘4

generating statement.
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e The exception thrown by the try block are caught by the catch block.

e The type of the exception occurred must match with the exception mentioned ln the brackets of the catch block.

finally Block
* Afinally block is always executed irrespective of whether the exception occurred or not.

e Itisan optional block. It is not necessary to have a finally block i.e. you may just have the try and the catch blocks.

® Letussee the program seen in 5.2.1 again, using try catch block.

Program 5.3.1 : Write a program to perform division of two numbers accepted from user. Handle the divide by zero exception
using the try-catch block.

import java.io.*;

class Divide

{

public static void main(String args[ ]) throws IOException
{ ' '

int a,b;res;

BufferedReader br = new BufferedReader (new InputStreamReader (System m))
String str; ' '

System.out.println(“Enter two numbers:”);
str=br.readLine();

a=Integer.parselnt(str);

str=br.readLine();

b=lntegér.parse[nt(str);

try
{
res=a/b;
i System.out.println(“The Quotient="* + re:s);
) |
catch(ArithmeticException ae)
{ il bk .
System.out.println(“Exception has occurred. You have entered the divisor as zero”);
} :
}
}
Output 1
Enter two numbers:
4

. i O A e

Exception has occurred. You have entered the divisor as zero
Explanation

® Inthis case when you compare with the Program 5.2.1, the exception is not some

garbage, which will not be understo
by an end user, You can make a proper statement of what you want to be display

ed as an error,

2= TechKnowle
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Systemeout.printhn(“The Quotiont=** - pos);
catch(Arithmetickxception ae)
!
\
Qustern.out.println(“Exeeption has occurred. Y ; , R
Systenm.out:g e s oceurred. You have entered the divsior as zero™);

}
Output

Enter two numbers:

5

a

Invalid number

Exception has occurred. You have entered the divisor as zero
Explanation

*  You will notice in this case the character is entered, but a proper error is displayed saying “Invalid number”.

* The values of ‘a’ and ‘b’ are to be initialized. As the statements in which the values are put into the variables ‘@’ and ‘b’
may not be executed if the exception takes place in a statement before them in the try block.

* Now one more exception is displayed, saying divisor given is zero. But you have entered divisor as a character. But the
initial values of ‘a’ and ‘b’ were zero. Since the statement that generated the first exception did not allow the new value
to be given to the variable “b”, “b” remained 0. Hence we get this exception.

*  Wewill see in the next section how should we handle multiple exceptions.

5.3.1  Multiple Try Catch Block
When multiple exceptions are to be caught, we must use multiple try catch block. But we must have all the statements
that can generate an exception in one try block and the catch blocks for.all exceptions that can be generated. Let us see this

in the subsequent programs.

Program 5.3.3 : Write a program lo perform division of two numbers accepted from user. Handle the Number forma
exception and also handle the divide by zero exception using multiple try catch block. s

"? TechKnowledge .
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Explanation
L N

A similar implementation as in previous program, Only that here three exceptions are caught.
L] -

In this case, we have removed the "throws 10Exception” for the main method. This 1s because the 10Exception jg alsg

now h ,
w handled by the try-catch block instead of the throws keyword.

5.3.2  Nested Try Catch Block

. Y .
When multiple exceptions are to be caught there is one more method called as nested try catch block.
L
The nested try catch block as the name says, has a try catch block Inside another try block.

°
Let us see a program example to understand this concept.

:;0ng 5.3.5 : Write a program to perform division of two numbers accepted from user. Handle the Number forma
ception and also handle the divide by zero exception using nested try catch block.

import java.jo.*;

class Divide

{

public static void main(String args[ ]) throws IOException

{

int a=0,b=0,res; , 1
BufferedReader br = new BufferedReader (ﬁew ‘Input'Sni‘eémRea(:iér (Syételﬁ-in));
String str; o L
System.out.printin(“Enter two numbersvzv”);rv -

try ; .

{

str=hr.readLine();
a=Integer.parselnt(str);
str=br.readLine();

b=Integer.parselnt(str);

try
{

res=a/b;
System.out.println(“The Quotient="* + res);

}

catch(ArithmeticException ae)

{
System.out.printIn(
}
}

catch (NumberF ormatException ne)

“Exception has occurred. You have entered the divisor as zero”);
9

r



¥F Fundamentals of JAVA Programming (SPPU) 5-12 Multithreading and Exceptiop, Hang,
. 8

str=br.readLine();
b=Integer.parselnt(str);
try
{
res=a/b;
System.out.printIn(“The Quotient=" + res);

}

catch(ArithmeticException ae)

{
System.out.println(“Exception has occurred. You have entered the divisor as zero”);
}
finally
{
System.out.println(“In F inally Block™);
} :
} = =
Output 1 |
Enter two numbers:
4
0

Exception has occurred. You have entémd the di;’isor as zero
In Finally Block -
Output 2

Enter two numbers:

4

2

The Quotient=2

In Finally Block

Explanation

. Here you will notice for both the cases the finally block is executed,

. This can be confirmed because in both the cases i.e exception A
; . generated o e
“In Finally Block” is executed. I'not, catch block executed or not but th

5.4 Keyword “throws”

e  Although we have been using this keyword in almost all the programs of our syllabys

e  We will still see a simple program as a demonstration purpose for “throws” keyword

puplicatior

AT O W T —




\" Fundamentals of JAVA Programming (SPPU) 5-13 Multithreading and Exbeption Handling

Program 5.4.1 : Write a program to perform division of two numbers accepted from user. Handle the IOException using the
keyword “throws".

import java.io.¥;
class Divide

{

public static void main(String args[ ]) throws 10Exception

{

int a,b,res;

BufferedReader br = new BufferedReader (new InputStreamReader (System.in));

String stry

System.out.println(“Enter two numbers:”);
str=br.readLine();
a=Integer.pérseInt(str);.
str=br.readLine();
b=Intege.r.parseInt(str);

res=a/b;

System.out.println(“The Quotient=" + res);

}
Output 1

Enter two numbers:
= i
4

The Quotient=0

Explanation

In this case we have simply indicated that tile niainO method throws an IOExceptidn

5.5 Keyword “throw”

¢ Using the keyword ‘throw’, you can make your own conditions to throw the exceptions.

¢ This means till now, the statements of your program generated exceptions. But now you will purposely throw an
exception. ; S '

¢ It will not be an in-built exception; it will be your own created exception

* For example, you accept an integer from user as the month number. The user enters 25. This is invalid month number,
but not invalid integer. Hence the number format exception will not take place according to the rules. But you can
throw your own exception for this.

Let us see this program example.

Program 5.5.1 : Write a program to accept and display the month number. Throw an number format exception if improper‘
month number is entered. A

a'ﬁ' TechKnowledge
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the string type object
*  We have defined a constructor In the public visibility of this class. The constructor accepts 8 type object ang
displays it,

* Inthe main program we throw an exception when the month number entered Is Invalld.
and throw the object,
* Tothrow an exception, we have seen In the previous program that we need to make an object J

of strin e to
* Hence we have made the object and while making the object we have passed a parameter g type to the
constructor. In the constructor we have stmply displayed the recelved string.

®  The object is caught in the catch block. Here there are no statements to be executed.

e If the month number is given in proper range no exception is thrown and the month number is again displayed as
shown below in output 2,

Output 2

Enter month number:
12 '

Month number entered is 12

5.6 Introduction to Threads

® Athread can be said to be a set of statements or a small code or a task.-

¢ The major advantage of having threads is that multiple threads can run concurrently on a time sharing basis i.e. each
thread is given the computer and the processor for some time.

® Threadsare required when multiple tasks are to be executed simultaneously.
® Wewill learn in this chapter how to make threads and what is the effect of threads.

® A thread is always being executed in the Java program. This thread is called as the “main” thread under the group
“main” and has a priority of 5. We will see these terminologies in subsequent sections.

¢ Letusseea very simple program to understand what is a “Thread” by displaying the current thread parameters.

Program 5.6.1 : Write a program to display the current thread.

class Main

{
public static void main(String args[]).
{ i
Thread t1=Thread.currentThread( );

System.out,println(t1);

i3
"Output
Thread[main,5,main]) ; i

Explanation

®  The static method currentThread( ) of the class Thread is used here that returns the current thread in execution to the
newly created object of Thread class. ’

e  This Thread is then displayed. _

"7 TechKnowledgs
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When the “Thread” object is displayed the standard display Is as shown In the output Le, the class name “Thread”,
followed by some parameters in the square brackets,

The parameters displayed are the “Threag” name (as discussed the baslc thread Is always In execution called as
»main”), the priority of that “Thread” (pi: lority is

as the name says the Importance glven to that thread, we will see more
about this concept later) and the group under which the “Thread” Is (It is a group name).

In this case the corresponding values are “main”, 5 and “main” respectively.

The priorities vary from 1 to 10. 1 is considered as minimum priority while 10 is considered as maximum priority.

57 Making Thread ‘

There are two ways of creating threads. We have an interface named as Runnable and aclass named as Thread. Based
on this, there are two ways to create thread:

o Bylmplementing the Runnable interface.
o ByExtending the Thread class.

Let us see these methods in following sub sections

571 Implementing the Runnable Interface

As discussed one way to create threads in ]ava is to make your class 1mplementmg the lnterface Runnable Interface and
make an object of this class.

You have to override the run() method into your class.

The run( ) method contains the code that is to be executed when the thread runs. The main task should be in this
method.

Let us see the stepwise procedure for creating thread using the Runnable interface :

Step1: Make a class that implements Runnable and write a run( ) method in that class. Also make an object of this

class that implements “Runnable”.
Step2: An object of the Thread class is to be created by passing an object (to the constructor of the Thread class) of
the class which implements Runnable created in step 1.
The start() method is to be invoked for the object created of Thread class. The start( ) method actually makes

the run( ) method of that class to be executed.
Step4: When the run( ) method ends, the thread ends:

Step3:

Letus see a program for the demonstration of this method of creating a thread.

Program 5.7.1 : Write a program demonstrate the making of a thread to print numbers from 1 to 10.

class Numbers implements Runnable

{

public void run()

(-
int i;
for(i=1;i<=10;i++)
i

System.out.println(i);

V Tuhl(na-lodg-
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}

}
class Main
{
public statie void main(String args|])
{ A
Numbers n=new Numbers( );
Thread t1=new Thread (n);
U.starl( );
}
}
Output
1
2
3
4
5
6
7
8
; .
10
Explanation

¢ The same steps are followed as discussed i in this sub section. The class “Numbers” is created implementing the interface
“Runnable”,

* A method named as run( ) is written in this class. This method will be executed when the thread starts A “for” loop is
written in this method to display the numbers from 1 to 10.

e Anobject of the “Numbers” class is made in the main( ) method and passed to the constructor of another object made of

_ class Thread.

e Finally the start( ) method is called with the object of the “Thread” class. The output displays as per the code written in

the run() method. '

5.7.2 Extending Thread Class

The second method of creating a thread as discussed earlier is by extending the class to the “Threag” class. To make 2
thread using this method, follow the steps below : -

Step 1: Make a class that extends the class “Thread” and write a run( ) method in that class. Also make an object of this
class that extends the class “Thread". _

‘; TechKnowledst
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Step 2: An object of the Thread class is to be
s created by passing an ob
i ey irea Srediad T ot p g an object (to the constructor of the Thread class) of the

3: Thest
Step he start( ) method is to be invoked for the object created of Thread class. The start() method actually makes the
run( ) method of that class to be executed.

Step4: When the run() method ends, the thread ends.

Let us see a program for the demonstration of this method of creating a thread

Program -5.7.2 Write ~.a program demonstrate th i
e makin i
1 to 10 by extending the “Thread” class. g e 8 e R S

class Numbers extends Thread

{
public void run()
{
int i; : :
for(i=1;1<=10; 1++)
{ e
7 System.out.println(i); -
}
i =
class Main
{ = .
: public static void main(String argéij): L
{ ; ‘ . - v
Numbers n=new Numbers(); :
Thread t1=new Thread(n); »
tl.start(); : :
}
}
Output
1
2
;3
4
5
6
7
8
9
10

V Tldll"li‘!'

rnuuuuun




1
.

Multithreading and Exception Handling

¥F Fundamentals of JAVA Programming (SPPU) 5-20

Explanation
» Is created extending the clagg

* The same steps are followed as discussed In this sub sectlon. 'Ihe class “Numbers
“Thread”.

® A method named as run( ) is written in this class. This method will be executed when the thread starts. A “for” loop (g
written in this method to display the numbers from 1 to 10.

* Anobject of the "Numbers” class is made in the main( ) method and passed to the constructor of another object made of

class Thread.
* Finally the start( ) method is called with the object of the “Thread” class. The output displays as per the code written in

the run( ) method.

Note: Use of method 1 (discussed in Section 5.7. 1) is preferable because we can

besides implementing from Runnable, while this is not possible in ‘method 2
method 2 once you extend your class to “Thread" you cannot extend it to any other class, as Java dcesn't

extend the class to another class
(discussed in Section 5.7.2). In

support multiple inheritance.

‘5.8 Life Cycie of a Thread

Arthread may have to go through the following states during its life time:

Newbornstate 2. Runnable state

Runningstate 4.  Blocked state

Dead state

The Fig. 5.8.1 shows the transition from and to different states of the life cycle.

L]
stop ()

Fig. 5.8.1

You will notice besides the different states, there are also many methods involved in the life cycle We will discuss all

[ ]
these methods along with the states below.

5.8.1 New 'Born State

v A thread is in this state when it is created or made.
When we call the start( ) method for a thread it enters into the runnable state. The thread will remain in this state until

its turn comes to be in the running state.

e Ifastop() methdd is executed for a thread then it goes into the dead state,

S
rmrrer ok V'mhl(no-ll“‘
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58.2 Active State

This is the most important state of a thread,

When the thread is started, it comes in this siate, The thre

ing stat ad is in active state means, that it can be in either runnable
state or running state.

Only one thread can be in running state at any given time. All other threads can be in runnable, if they are ready for

execution. Based on the priorities time slices are allocated to each thread in the runnable state. Each thread gets a time
slice, the time slice depends on its priority (importance).

Ifa stop() method is executed for a thread then it goes into the dead state.

If sleep( ), suspend() or block() method is called, the thread enters into the blocked state.

58.3 Blocked State

A thread is in this state when it is blocked because of some resource or if a delay (sleeping) is required. The thread
enters into this state by the sleep( ), suspend( ) or block( ) methods.

The thread enters into this state from the active state. The thread exits from this state when the resume( ) or notify() -
method is called. ) :

In case if the thread is blocked for some event to occur using the block( ) method, then it is to be notified about the
occurrence by the notify() method.

~ In case if the thread is suspended using the suspend( ) method( ), then it is to be resumed using the resume( )

method( ).

In case if the thread is made to go to sleep by the sleep( ) method, then the thread automatically wakes up after the
specified milliseconds in the brackets while calling the sleep( ) method. This indicates that when calling the sleep( )
method, the delay for which the thread is expected to sleep, must'be passed in the brackets. For e.g.
Thread.sleep(5000), will make the current thread sleep for 5000 milliseconds.

5.8.4 Dead State

The thread goes into this state when it is stopped by the stop( ) method.

5.9 Creating Multiplle Threads

® We can create multiple threads in a program wherein each task is used to perform different operations.

*  Each task will perform operation as given in the start method of the corresponding class.

Let us see some program examples for the same.

Program 5.9 1 : Write a program that has two threads. One of the threads displays the odd numbers from 1.to 10 while the
other dlsplays even numbers from 1 to 10.

class OddNumbers extends Thread

{

public void run()

{
int i;
for(i=1;i<=10;i+ =2)
{

System.out.printIn(i);

Eg Tuhl(nouhdgl
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Note :

Each time you execute this (infact most of the programs related to Thread) program on your compute} and when |
: you execute on a different computer,

the output will be different. This is because the computer assigns different

| time slice in each computer and each tme you execute it. You will also notice that the output in this case is not in
’ sequence from 1 to 10.

5.10 Thread Methods .

The “Thread” class has many methods. We will discuss the some 6f these methods available in the class “Thread” in this
section.

We have used one of the static methods in the first program of this chapter in Program 5.6.1 i.e. currentThread(). This
method returns the current thread in executions i.e. running state.

Another static method is the sleep(int) method, to which we pass a integer value, that makes the thread to sleep (enter
into blocked state) for the specified milliseconds

Another static method yield(), makes the current thread in running state to move into the runnable state.

Some other methods like setName(String), getName() are used to name a thread and get the name of a thread
respectively. :

Similarly the methods like setPriority(int) and getPriority() are used to set the priority of a thread and get the
priority of a thread respectively.

e Thejoin() and isAlive() are another very important methods.
¢ TheisAlive() method says whether the thread is alive or in the dead state.

The join() method actually waits for the thread to complete, for the object on which it is called. The join() method can
be used to join one thread to another i.e. when a thread is joined the joined thread will begin only after the completion

of the thread. For e.g. if we write t1.join() and thent2.start(), then thread t2 will begin after the end of t1, where t1 and
t2 are thread objects.

* Letussee programs to demonstrate the use of the methods join() and isAlive( ).

Program 5.10.1 : Write a program to demonstrate isAlive( ) and join( ) method.

class Alphabets extends Thread -
{

public void run()

{

int i;

for(i=1;i<=5;i++)

{
System.out.prinlln((chnr) (i+64));
try
{
Thread.sleep(100);
}
catch(Exception €)
{

: a‘g Tuhl(noulod.i" ;
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5.11  Thread Synchronlzation ——

S~

it Is required that only one thread Must g,

® /\ "(‘((“".(.(‘ ‘ l oo
. . ' e 'l\' ".'I‘("l hv '"”"I"I“ ‘h”'n(',“. l" ,'“""’ cases,
-)y”(l" ”"l'['"l"”,

the common resource at any given time, In such cases we require to use
for multiple threads such that only one threyq can

*  Synchronization refers to controlling the access of a shared resource
access this resource at any glven time.

*  The "Producer-Consumer model” Is a widely known system that requires Synchronization. In this model, “Producep is

data created by the “Producer”. The “Prodyeg,s

“Consumer” takes it. Now this variable mysy p,

" Is reading from it. This can be done by

a task that produces data while “Consumer” Is task that consumes the
produces the data and stores it in a memory or varfable from where the
locked such that either the “Producer” Is writing on It or the “Consume

synchronizing the statements that are accessing the varfable.

¢ Fig.5.11.1 shows how a Synchronized resource works.
Throad 1 Throad 2

Fig. 5.11.1: Working of Synchronized block or method
When a block or method is synchronized, only one thread cah enter that block. You will notice in the Fig.5.11.1, Thread
1 enters the synchronized block. Since no other thread was in this block, it is allowed to enter. When Thread 2 comes, it
has to wait since the thread 1 is already inside the synchronized block.
e  Once the thread 1 leaves the block, the thread 2 is allowed to enter into the synchronized block. .
It is a kind of lock to the synchronized block. Only one thread can enter the block and the block is again locked until it
leaves the block. '
e Synchronizing can be attained in Java in two ways i.e. synchronized methods or synchronized blocks.
For method synchronization the method should be preceded by the keyword “synchronized” and then only one thread
of the object will be able to enter into this method.

e Similarly to make a synchronized block, the following syntax is to be used

synchronized (this)

{

statements:

}

e The statements Inside the above block will be synchronized in the same manner as a thread is synchronlzed. The
keyword “this” in the brackets corresponds to the current object, hence only one thread of the current object can enter

into this synchronized block.

VI’WHH““
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6.1 Introduction to AWT, Graphics and Swings Packages

e For graphics programming in Java, we need the “Graphics”

class in the package “awt”. This class has many methods to
draw various shapes and hence these function can be called by making an object of the “Graphics” class.

The Graphics implemented needs to be displayed in a separate window. To create this frame (similar to window) we
need the “JFrame” class in the “

swing” package. In this frame we need to place a panel in which the graphics drawn will
be displayed. The panel can be created using the “JPanel” class, also in the package “swing”.

¢ Thus, we need to create the class that extends to “|Panel”

o Then, we need to create a class that extends the “JFrame” class and add a panél instance to the same in the constructor
of this class as shown in the Program below.

Program 6.1.1 : Write a graphics Java program to display “All the Best” using a frame.
import javax.swing.JI'rame;

import java.awt.Graphics;

import javax.swing.JPanel;

class MyPanel extends JPanel

{ ,
public void paint(Graphics g)
{ ‘
g-drawString("All the best", 50, 30);
}
}
public class Graphi extends JFrame
{
Graphi()
{ ,
setSize(150,100);
MyPanel mp=new MyPanel();
add(mp);
}
public static void main(String args(])
{ .
new Graphi().setVisible(true);
}
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Output
| 0 X
All the best
Explanation

e The AWT (Abstract Window Toolkit) is a package required to support the graphical user interface of windows,

* The second package imported is the java.swing. The class made by you must extend the class JPanel. Hence we have

extended our class “MyPanel” to the class “JPanel”.

e Every class for JPanel should have a paint() method, as in application based programs we use to have the main()
method. This paint() method should be capable of accepting an object of the class “Graphics” as in case of main()
method we use to have an array of objects of the “String” class.

e This class has many methods. We will bé studying these methods in this chapter. One of the method i.e. drawString() js
used here to display a text.

e The drawString() method has three arguments. The first argument is a string to be displayed. The second and thirq
arguments are the x and y co-ordinates respectively of the start point of thg string to be displayed.

6.2 Graphics Class and its Methods

This class has many methods to draw various shapes on the applets. The drawString() method seen in the above

sections is also a method is this class. There are many other methods which are discussed with program in the following

sub-sections.

6.2.1 Drawing Lines

e The following method is used to draw a line in an applet:
: void drawLine (int startX, int start, int endX, int endY)
e This method has parameters startX and startY which indicate the x and y co-ordinates of the starting point of the line.
The parameters endX and endY are the x and y co-ordinates of ending point of the line.

e Letusseea Program 6.2.1 to draw some lines.

Program 6.2.1 : Write a Java graphics program to draw horizontal and vertical parallel lines.
import javax.swing.JFrame;
import java.awt.Graphics;
import javax.swing.JPanel;
class MyPanel extends JPanel
{ ;
public void paint(Graphics g) 4
3%
g.drawLine(10,10,50,10);
g.drawLine(10,20,50,20);
g.drawLine(15,15,15,55);

——n
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¢ The first method has variables top and left which are the co-ordinates of the start

Graphics Programming and Fj), "‘mdun
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the methods of the class Graphics ar
® Inthis program and In all the programs In the subsequent sectlons Where € useq

the co-ordinate system shown In Fig 6.2.1 s followed. ¢ of the applet, as per the co-ordinates pas
®  Hence you will notice that the lines drawn are on the left top corne

drawLine() method,

sed tothe

6.2.2 Drawing Rectangles

®  The methods avallable for drawing the rectangles are glven below :
1. void drawRect(int top, int left, Int width, Int height) |
2. vold fillRect(int top, int left, int width, int height) '
3.  void drawRoundRect(int top, int left, Int width, Int helght, int xDlam, int yDiam)
4. void fillRoundRect(int top, int left, int width, Int height, int xDiam, int yDiam)

¢ There are four methods to draw rectangles as listed above.
ng point on the left top of the

rectangle. The parameters width and height are the width and height of the rectangle.
® Inthe second method the parameters are same. But this method fills the rectangle with the current colour.,

® In the third method, you will notice there are two extra parameters. This method also draws rectangle but wiy,
rounded corners, The parameters xDiam and yDiam are the diameters of the round ( or oval) at the corners of the
rectangle,

®  The fourth method is again same as the third method, but that it fills the rectangle with the curreny colour.

Letusseea Program 6.2.2 to draw some rectangles.

Program 6.2.2 : Write g graphics Java program to draw all four types of rectangles i.e. normal rectangle, filled rectangle,
round corners rectangle and filled round corners rectangle.

lmport 5&vaxlsiviné.]F rame:
;'irhpo‘rtja'vn.uwt.‘Gx‘aphics; e
‘i“n‘lpor.tjavax.swing.‘JPanel;'l i A

:§1§§§ Mj'Pgne] extends JPgn'él :

: pui)]in void paipt(Crép‘h‘ics‘g‘) |
y g.dmeect(lO,lO;SO,1;0‘)‘;“ i e
~ efillRect(60,70,50,20); L

" ‘fg.drﬁwRouxdeeét(lQS,105,5;0,‘25,1‘,1'0,‘]0.);“ o

i .g‘.ﬁuqundnecakzos;z15,50,5‘0.‘1“0,16);;‘\ il
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aethro(SOO300), ' TR
h MyPanel mp= ncw Myl’unol(), R DL e R e et el G
: ‘ ndd(mp), : i
i * i
 public static void ﬁlxiin(Strii\g el ‘

- new GT‘iPm20-Selvi8ible(lm0);’:; i

Output
1= - O X
—

Explanatlon

~ The rectangles are drawn of different sizes filled and not filled, round corner rectangle and filled round corner
rectangle.

6.2.3 Drawing Ovals and Circles

e The methods available for drawing the ovals are given below:
1. void drawOval(int top, int left, int width, int height)
"2, void filloval(int top, int left, int width, int height)

0& There are two methods to draw ovals as listed above. The first method has variables top and left which are the co- .
“ordinates of the starting point on the left top of the rectangle in which the oval will fit. The parameters width and height
. are the width and height of the same rectangle in which the oval has to fit.

®: “‘In the second method the parameters are same. But this method fills the oval with the current cc;lour.
o.. .Ifthe height and width are same, we will get a circle.

Let us see a Program 6.2.3 to draw some ovals.

o

vrmmui
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The methods available for drawing the arcs are given below :

1. void drawArc(int top, int left, int width, int height, int startAngle, int sweepAngle)

2. void fillArc(int tbp, int left, int width, int height, int startAngle, int sweepAngle)
There are two methods to draw arcs as listed above.

The first method has variables top and left which are the co-ordinates of the starting point on the left top of the
rectangle in which the oval will fit, whose part is the arc to be drawn. The parameters width and height are the width
and height of the same rectangle. The parameters startAngle and sweepAngle are the angles which gives the starting
position of the curve in the given oval in anti-clockwise direction. The sweep angle is the angle of how much the arc is
to be made. We will understand more about this in the program in this sub-section.

In the second method the parameters are same. But this’meth_od fills the arc with the current colour.

Let us see a Program 6.2.4 to draw some arcs.

Program 6.2.4 : Write a Java graphics program to draw an arc and a filled arc. -
import javax.swing.]Framej = 7 7

import java.awt.Graphics;

import javax.swing.JPanel; =

class MyPanel extends jPanel

public void paint(Gréphics g
gdrawAre(10,10,50,100,180,180); .
gllArc(60,70,50,50,00.00); 1+ & s nnin s

} S

}
j publi(; class Graphi4 extends JFrame
{
Graphi4()
{
setSize(500,300);
MyPanel mp=new MyPanel();
add(mp);
}
public static void main(String args[])
{
new Graphid().setVisible(true);
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Output

£

\_ja

Explanation
Compare the starting angle and sweep angle given in the methods with the output. The sweep angle indicates the tots]

angle of which the curve is to be drawn.
6.2.5 Drawing Polygons

¢ The methods available for drawing the polygons are given below:.‘
1. void drawPolygon(int X[ ], int y[ ], int numPoints)
2. void fillPolygon(int X[ ], int y[ ], int numPoints) .

e There are two methods to draw polygons as listed above.

¢  The first method has parameters as an array of integer which are the co-ordinates of the points to be joined to make the
polygon. There are two integer arrays, one for the x co-ordinates of all the points while the other array is the y co-
ordinates of all the points. The third parameter is an mteger which is the number of points or the number of elements

to be taken from the array.
¢ Inthe second method the parameters are same. But this method ﬁ]ls the polygon with the current colour.

® LetusseeaProgram 6.2.5 to draw some polygons.

Program 6.2.5 : Write a Java graphics program to draw a pentagon.

import javax.swing.JFrame;
imp;)n java.awl.Graphics;
import javax.swing.JPanel;
class MyPanel extends JPanel
{
public void paint(Graphics g)
{
int j;
int x[]= {25,5,5,45,45,25};
- inty[]1=125,45,65,65,45,25} ;
g.drawl’olygon(x,y,G);

" Tm

punnn'"‘"

e R 3y Sk




B,

e o 5 Pr amming and File H
[F Graphlics Program andljp
Fundamentals of JAVA Programming (SPPU) ., 6-10 4

6.2.6. Changing Colors
¢ lor. But ¢
® The shapes drawn in all the above graphics In the above sub-sections is by default black In colo sometimes o,

need to change the colors.
. hods.
In this sub section, we will see how can we change colors for the shapes HEinE semERTES '
for example by the valyeq of

" lors

e There are quite a few methods of chan I re many ways of defining co
ging colors. There a 258 ) N
R(ed), G(reen) and B(lue). Another method is by defining'the values for Hue, Saturation and Brightness. We will uge t,

first one i.e. defining the values for RGB (red, green and blue). .
f this class. There are three constructors in this clasg 54

We have a class called as Color. We need to make an object o

listed below.
1. Color (int red, int green, int blue)

2. Color (int rgb)

3. Color (float red, float green, ﬂoat'blue)
Using the color combination of red, green and blue; we can make the required color. For example, if we need red color,

we need to make first variable maximum value and the remaining two are to be made zero in the first constructor. For

yellow, we can mix red, green and blue in the right quantity, and so on to get different colors. The maximum value that

can be given for the first constructor to each parameter is 255. )

e We will be using this way of changing the color i.e. make an object of the class Color with the right values of R, G and B,
Hence while making the object of the class Color itself, we need to pass the values of R, G and B to the constructor.

e Then using the setColor() method we can set the color object to be the current color for all the graphics operation
carried out in the applets. We can also set the background color and foreground color using the setForeground( ) and

setBackground( ) methods. The getColor() method gives the object of the class Color, with the current color

combination. The setColor() method is used to set a color.

We will see more use of these methods in the Program 6.2.6 that demonstrates the color changing in Java applets.

L d
Program 6.2.6 : Write a Java graphics program to draw different shapes of different colors.

import javax.swing.JFrame;
import java.awt.*;
-import javax.swing.JPanel;

class MyPanel extends JPanel |

{
public void paint(Graphics g)

{

Color red=new Color(255,0,0); -
Color green=new Color(0,255,0);
Color blue=new Colr:)r(0,0,ZSS);
Color yellow=new Color(255,255,0);
g.setColor(red);
g-drawLine(10,10,40,40);
g.setColor(green);

g.drawRect(10,60,20,20);
BE—
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6.3 Miscellaneous Graphics Programs
Program 6.3.1 : Write a Java graphics program to display the following.
o O
Solution : .
import javax.swing.JFrame;
import java.awt.*;
import javax.swing.JPanel;
class MyPanel extends JPanel
{
public void paint(Graphics g)
{ :
g-.drawOval(10,10,40,15);
g.drawOval(90,10,40,15); S
g-drawLine(70,20,70,50);
g.drawLine(40,60,100,60);
}
} :
public class Graphi7 extends JFrame
{
Graphi7()
{
setSize(500,300);
MyPanel mp=new MyPanel();
add(mp);
}
public static void main(String args[])
{ .
new Graphi7().setVisible(true);
}
} <
Output
() = .8 x
D
rmxT.;l'-dT'
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" public class Graphi8 extends JFrame

{

wﬂm&& Graphics Programming and File Handling

Explanation
o Just by using the d.ifferent methods studied upto now and the co-ordinate system of Graphics, we have made this
program.

o Whenever such a figure is given to be drawn, you can try drawing rows and columns giving them co-ordinates or draw

on graph paper with co-ordinates. Then accordingly you can get the co-ordinates for the methods to be called.

Program 6.3.2 : Write an applet to display the followihg. .
(- (-

Solution :

‘import javax.swing.JFrame;

i
i

C

mport java.awt.*;
mport javax.swing.JPanel;

lass MyPanel extends JPanel

i

public void paint(Graphics g)

{ .
g.drawaal(lO,lOAO,l_Sﬁ ‘- |
g.drawOval(90,10,40,15);
g.drawLine(70,20,70,50); , |
pdrawArc(40,50,5020,180,180;

} ' .

Graphi8()
{
setSize(500,300);
MyPanel mp=new MyPanel(); !
add(mp);
}
public static void main(String args[])
{ :
new Graphi8().setVisible(true);
}

§ﬁ TechKnowledgd

Publications



Graphics Programming and File Handllng

l)v Fundnmcn(alsol‘M\'/\ Programming (SPPU) 6-14 m—
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o s
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Explanation :

Just by using the different methods studied upto now and the co-ordinate system of Graphics, we have made thjs

program. S

6.4 File Handling in Java

* File handling mainly refers to accessing a file i.e. to read or write a file through the Java program. Itis a very important -
part of any programming language as every time we execute a program its output is displayed and gone. If we want tg
store the output or use it as input for another program or give input to any program through a file, it is necessary to
learn file handling. - ' s

® Forfile handling in Java, we have a class called as “File” in the java.io package. We need to create an object of this class
and then perform various operations using the in-built methods of this class. : '

¢ Table 6.4.1 below gives a list of few of the useful methods in the class “File”. There are many methods in the ”Fi!e" class,
but we will see some of them as required for us. We will see the use of these methods in the subsequent programs in
this section. '

Table 6.4.1 ; Methaods in “File” class of Java

Sr. | Methodname | Return ' _ Description
No. type

1. | createNewfFile() Boolean | It creates the file with the given name and path as a parameter to the méthod..lt
returns true if a file was created else returns a false . i

[:. / exists() / . Boolean | This method checks whether a particular file exists or not. If it exists, it returns a
: ' true, else returns false -
B. ’ getName() String It returns the name of the file along with the path
l 4. getAbsolutePath() String It returns the exact path of the ﬁle‘
r 5. | canWrite() Boolean | It returns true or false based on whether the file is Writable or not
f 6. l canRead() Boolean | It returns true or false based on whether the file is readable or not J )

i'g TechKnowledge
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., Method name Return Description

lo. type

7. | length() int Itreturns the size of the file in bytes

g. | write() void It writes the data (parameters) passed to it into the file. This is 2 method in the
class FileWriter,

9, | hasNextLine() Boolean | It returns true or false, based on whether the given file has next line or not

10. | delete() Boolean | This method deletes the specified file and returns 2 true if it could delete the file
else returns a false '

11. | closeQ) void This method is in the Scanner class and is used to dlose the connection estzblished
by a Scanner class object with 2 given File class object Hence doses the file
opened with the given object.

Let us see some program examples of file handling

>rogram 6.4.1 : Write a Java program to create a file “Data.txt”.

import java.io.*;

class CreatéFile ‘

{

public static void main(String args[])

{
File f0 = new File("C:Data.txt");
i ‘
{ .
if (f0.createNewFile())

{

System.out.println("Created sucessfuly file: " + {0.getName());

}

else

{.

1 1 y m,
System.out.println("File already exists in the given directory.’);

}

catch (Exception e)

{

System.out.println("An unexpected error has occurred.’);
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{
Systom.out.printin(f0.getName()+ " file is successfully deleted .");
}
) else
| {
} System.out.println("An unexpected error is occurred.");
} °
}
| }
| | Output

C:\Java>javac DeleteFile.java
C:\Java>java DeleteFile

Data.txt file is successfully deleted .

Explanation

." We have used the various methods discussed in the table in this section to display the information of the file.

6.5 Concept of Streams, Stream Classes And Random File Access

e Streams refer to an array or set of data like a stream of characters, integers etc.

e We have seen BufferedReader class which reads data from the standard input device as a stream. Similarly using
streams, we can read and write from the file randomly.

e Let us first see some stream classes and then we will access files randomly (from axiy given position in the file) using
the streams. _ i -

e Javahas two types of streams namely, byte stream and character stream.

e The byte streams are used to read or write binary data while the character streams are used to read the characters.

e InputStream and OutputStream named abstract classes are.the base classes for the byte stream classes in Java. These
classes hove many methods with the most useful ones being read() and write() methods.

e Reader and Writer named abstract classes are the base classes for the character stream classes in Java. These also have

many methods with the most useful ones being read() and write() methods.

¢ Some of the byte and character stream classes are listed in Table below.
Table 6.5.1 : Stream classes

~ Stream Class Name Stréam Class Type Description
BufferedInputStream ByteStream Used for buffered input
BufferedOutputStream ByteStream Used for buffered output
DatalnputStream ' ByteStream Has methods to read standard data types
DataOutputStream ByteStream Has ﬁethods to write standard data types
FileInputStream ByteStream Has methods to read from file
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