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CS2304  -   PROGRAMMING PARADIGMS 

 
Unit I  Object-oriented Programming – Fundamentals 

 

OOPS 

 
• Abstraction : the virtue by which the data from a traditional process-oriented 

program can be transformed into its component objects. 
• Encapsulation : the mechanism that binds together code and the data it manipulates, 

and keeps both safe from outside interference and misuse. 
• Inheritance : the process by which one object acquires the properties of another 

object. 
• Polymorphism(Many Forms) : A feature that allows one interface to be used for a 

general class of actions. The specific action is determined by the exact nature of the 
situation. 

 

   
 

 
 
 

Review of OOP - Objects and classes in Java – defining classes – methods - access 
specifiers – static members – constructors – finalize method – Arrays – Strings - 
Packages – JavaDoc comments 
 

Operator Result
+ Addition
- Subtaction(Also unary minus)
* Multiplication
/ Division
% Modulus
++ Increment
+= Addition Assignment
-= Subtraction Assignment
*= Multiplication Assignment
/= Division Assignment

%= Modulus Assignment
-- Decrement

Arithmetic OperatorsSimple Data Types

Integers
Data Types No. of Bits
byte 8

short 16

int 32

long  64

Floating -Point Numbers
float 32

double  64

Characters
char 8

Booleans
Boolean 
 
 

 

true or false
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JAVA  is platform independent programming language, which provides developers with 

the means to create powerful applications, which are very small in size, platform independent, 
secure and robust. 
 

 
 
 

 
• JAVA is language that has evolved from C++ which is a direct descendant of C. Most 

of the characters of JAVA is inherited from C and C++. 
� Derives its Syntax from C. 
� Object Oriented features influenced by C++. 
 

• Java was conceived by James Gosling (popularly known as “Creator of Java”), Patrick 
Naughton, Chris Warth, Ed Frank, and Mike Sheridan at Sun Microsystems, Inc.in 
1991. 

• It took 18 months to devolop the first working version. This was initially named “Oak” 
but was renamed as “JAVA” in 1995. 

• Although the Java programming language is usually associated with World Wide Web, 
its primary motivation was to develop a language which is platform -  independent(i.e., 
architecture neutral) that could be used to create software to be embedded in various 
consumer electronic devices, such as microwave ovens and remote controls.  

 
 

� Reasons Which Led To JAVA Language Development 
 

1. To create software to be embedded in various consumer electronic devices 
many CPUs are used as controllers. The problem with C and C++ is that they 
are designed to be compiled for a specific target. 
  Even though C++ programs can be developed for any type of CPU, to do 
so it requires a full C++ compiler targeted for that CPU. The problem here is 
compilers are expensive and time consuming to create.  
   
  To overcome this the work began on developing a portable, platform-
independent language that could be used to produce code that run on a variety 
of CPUs under differing environments, which led to the creation of JAVA. 

2. World Wide Web also took shape at the same time Java was implemented. 
With the emergence of WWW, Java was propelled to the forefront of computer 
language design, because the Web also demanded portable programs. 

 
 

HISTORY OF JAVA  
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� Why Java was Successful? 
 

1. JAVA was designed, tested and refined by real, working programmers.  
2. JAVA is cohesive and logically consistent. 
3. JAVA gives the programmer,full control. It’s a language for professional 

programmers. 
 

 
 
 
 
 
 
 
 
 

• Byte code is a highly optimized set of instructions designed to be executed by the 
Java run-time system, which is called the Java Virtual Machine (JVM). 
 

• JVM is an Interpreter for Byte code. 
 
 
� THE JAVA VIRTUAL MACHINE 

 
� The JVM is a virtual computer that resides in memory only.  
� Translating a program into bytecode makes it easier to run a program in a wide 

variety of environments.  
Reason :  Only the JVM needed to be implemented for each platform. 

� The Java programs are compiled for the JVM is what makes the language so unique 
but in order for java programs to run on a particular platform, the JVM must be 
implemented for that platform. 

� The JVM is the reason why Java is Portable. It provides a layer of Abstraction 
between the compiled Java Program and the underlying hardware platform and 
operating system. 

 
 
 
 
 
JAVA TECHNOLOGY IS BOTH A PROGRAMMING LANGUAGE AND A 
PLATFORM. 
 
� JAVA PROGRAMMING LANGAUGE 

 

NOTE 
� JAVA sometimes referred to as “Internet version of C++”, because of its 

application in World Wide Web. 
� Java is to Internet programming what C was to systems programming. 

JAVA BYTECODE 

JAVA TECHNOLOGY  
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� With most programming languages, you either compile or interpret a program so 
that you can run it on your computer. The Java programming language is unusual in 
that a program is both compiled and interpreted.  

� With the compiler, first you translate a program into an intermediate language 
called Java bytecodes —the platform-independent codes interpreted by the 
interpreter on the Java platform. The interpreter parses and runs each Java bytecode 
instruction on the computer. 

� Compilation happens just once; interpretation occurs each time the program is 
executed.  

� The following figure illustrates how this works.  

 
 

� You can think of Java bytecodes as the machine code instructions for the Java Virtual 
Machine (Java VM). Every Java interpreter, whether it's a development tool or a Web 
browser that can run applets, is an implementation of the Java VM.  

� Java bytecodes help make "write once, run anywhere" possible. You can compile your 
program into bytecodes on any platform that has a Java compiler. The bytecodes can 
then be run on any implementation of the Java VM. That means that as long as a 
computer has a Java VM, the same program written in the Java programming language 
can run on Windows 2000, a Solaris workstation, or on an iMac.  

 
 
� THE JAVA PLATFORM 

 
� A platform is the hardware or software environment in which a program runs. 

We've already mentioned some of the most popular platforms like Windows 2000, 
Linux, Solaris, and MacOS. Most platforms can be described as a combination of 
the operating system and hardware.  

� The Java platform differs from most other platforms in that it's a software-only 
platform that runs on top of other hardware-based platforms.  

� The Java platform has two components:  
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1. The Java Virtual Machine (Java VM)  -- (Already exaplained) 
2. The Java Application Programming Interface (Java API)  

   The Java API is a large collection of ready-made software components     
                        that provide many useful capabilities, such as graphical user interface  
                       (GUI) widgets.  

The Java API is grouped into libraries of related classes and interfaces;                  
these libraries are known as packages.  

� The following figure depicts a program that's running on the Java platform. As the 
figure shows, the Java API and the virtual machine insulate the program from the 
hardware.  

 
� Native code is code that after you compile it, the compiled code runs on a specific 

hardware platform. As a platform-independent environment, the Java platform can 
be a bit slower than native code. However, smart compilers, well-tuned interpreters, 
and just-in-time bytecode compilers can bring performance close to that of native 
code without threatening portability.  

 
 

 
 

 
� Java Program may contain many classes of which only one class defines the main method. 
� A Java Program may contain one or more sections. 

 
Documentation Section 
Package Statement 
Import Statements 
Interface Statements 
Class Definitions 
Main Method Calss 
{ 
   Main Method Definition 
} 

 
Of the above Sections shown in the figure, the Main Method class is Essential part, 
Documentation Section is a suggested part and all the other parts are optional. 
 
� Documentation Section 

� It Comprises a Set of comment lines giving the name of the program, the author and 
other details. 

� Comments help in Maintaining the Program. 

JAVA BUZZWORDS JAVA PROGRAM STRUCTURE 
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� Java uses a Style of comment called documentation comment. 
                            /* * …… */  
This type of comment helps is generating the documentation automatically. 
 

 
� Package Statement 

� The first statement allowed in a Java file is a package statement. It declares the 
package name and informs the compiler that the classes defined belong to this 
package. 

Example : 
                                     package student; 
� It is an optional declaration. 

 
� Import Statements 

� The statement instructs the interpreter to load a class contained in a particular 
package. 
Example :  import student.test; 

      Where, student is the package and test is the class. 
 

� Interface Statements 
� An interface is similar to classes which consist of group of method declaration. 
� It is used when we want to implement the feature of Multiple Inheritance in Java 
� It is an optional declaration. 

 
� Class Definitions 

� A Java Program can have any number of class declarations. 
� The number of classes depends on the complexity of the program. 

 
� Main Method Class 

� Every Java Stand alone program requires a main method as its starting point. 
� A Simple Java Program will contain only the main method class. 
� It creates objects of various classes and uses those objects for performing various 

operations. 
� When the end of main is reached the program terminates and the control transferred 

back to the Operating system. 
 
 
 
� A Variable is a named piece of memory that is used for storing data in java Program.  
  An object stores its state in variables. 

A variable is an identifier used for storing a data value. 
 
            Definition:  A variable is an item of data named by an identifier. 
 
� A Variable may take different values at different times during the execution if the program, 

unlike the constants. 

VARIABLES  
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� We must explicitly provide a name and a type for each variable you want to use in your 
program. The variable's name must be a legal identifier --an unlimited series of Unicode 
characters that begins with a letter. You use the variable name to refer to the data that the 
variable contains.  

� The variable's type determines what values it can hold and what operations can be 
performed on it. 

� General form of variable declaration : 
 
 
 
In addition to the name and type that you explicitly give a variable, a variable has scope. 
� Example of Variable names : 

� average 
� height 
� total height 
� classStrength 

� Rules followed for variable names ( consist of alphabets, digits, underscore and dollar 
characters)  
1. They must not begin with digits. 
2. Uppercase and lowercase are not the same. Example: Total and total are two variables 

which are distinct. 
3. It should not be a keyword. 
4. Whitespace is not allowed. 
5. variable names can be of any length. 

 
 
 
 
The MaxVariablesDemo program, shown below, declares eight variables of different types 
within its main method. The variable declarations are bold: 
 
public class MaxVariablesDemo { 
    public static void main(String args[]) { 
        // integers 
        byte largestByte = Byte.MAX_VALUE; 
        short largestShort = Short.MAX_VALUE; 
        int largestInteger = Integer.MAX_VALUE; 
        long largestLong = Long.MAX_VALUE; 
        // real numbers 
        float largestFloat = Float.MAX_VALUE; 
        double largestDouble = Double.MAX_VALUE; 
        // other primitive types 
        char aChar = 'S'; 
        boolean aBoolean = true; 
        // display them all 
        System.out.println("The largest byte value is " + largestByte); 

type name 

EXAMPLE PROGRAM  
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        System.out.println("The largest short value is " + largestShort); 
        System.out.println("The largest integer value is " + largestInteger); 
        System.out.println("The largest long value is " + largestLong); 
        System.out.println("The largest float value is " + largestFloat); 
        System.out.println("The largest double value is " + largestDouble); 
        if (Character.isUpperCase(aChar)) { 
            System.out.println("The character " + aChar + " is upper case."); 
        } else { 
            System.out.println("The character " + aChar + " is lower case."); 
        } 
        System.out.println("The value of aBoolean is " + aBoolean); 
    } 
} 
OUTPUT 
The largest byte value is 127 
The largest short value is 32767 
The largest integer value is 2147483647 
The largest long value is 9223372036854775807 
The largest float value is 3.40282e+38 
The largest double value is 1.79769e+308 
The character S is upper case. 
The value of aBoolean is true 
 
� SCOPE AND LIFETIME OF VARIABLES 

� Java allows variables to be declared in any block. A block defines a scope. Each 
time when we start a new block we are starting a new scope. 

� Scope determines what objects are visible to other parts of the program and also 
determines the lifetime of those objects. 

� Two major scopes in Java are  
�  Defined by a class. 
� Defined by a method. 

� The Scope defined by a method begins with its opening curly brace. As a 
general rule, a variable declared inside a scope are not visible to the code that is 
defined outside the scope. 

 
 
 
� Final Variables 

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

o To declare a final variable, use the final keyword in the variable declaration 
before the type: 
                                   final int aFinalVar = 0; 

o The previous statement declares a final variable and initializes it, all at once. 
Subsequent attempts to assign a value to aFinalVar result in a compiler error.  
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o A final local variable that has been declared but not yet initialized is called a 
blank final. Again, once a final local variable has been initialized, it cannot be 
set, and any later attempts to assign a value to blankfinal result in a compile-
time error. 

 
 
 
 
� Every variable must have a data type. A variable's data type determines the values that 

the variable can contain and the operations that can be performed on it. 
 

� Data types in Java are of two types: 
1. Primitive Types( Intrinsic or built-in types ) 
2. Derived Types (Reference Types). 

 
� The following table lists, by keyword, all of the primitive data types supported by the  

Java platform, their sizes and formats 
 

Primitive Data Types  

Keyword Description Size/Format 

(integers) 

byte Byte-length integer 8-bit two's complement 

short Short integer 16-bit two's complement 

int Integer 32-bit two's complement 

long Long integer 64-bit two's complement 

(real numbers) 

float Single-precision floating point 32-bit IEEE 754 

double Double-precision floating point 64-bit IEEE 754 

(other types) 

char A single character 16-bit Unicode character 

boolean A boolean value (true or false) true or false 

� Arrays, classes, and interfaces are reference types. The value of a reference type variable, 
in contrast to that of a primitive type, is a reference to (an address of) the value or set of 
values represented by the variable. 

DATA TYPES 
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� A reference is called a pointer or a memory address in other languages. The Java 
programming language does not support the explicit use of addresses like other languages 
do. You use the variable's name instead. 

 

 
 
 
 
 
� Operators are used in programs for manipulating data and variables. 
� An operator performs a function on one, two, or three operands.  
� An operator that requires one operand is called a unary operator.  

For example, ++ is a unary operator that increments the value of its operand by 1. 
�  An operator that requires two operands is a binary operator.  

For example, = is a binary operator that assigns the value from its right-hand operand to its 
left-hand operand.  

� A ternary operator is one that requires three operands. The Java programming language 
has one ternary operator  ?: 

� The various categories of operators are as follows: 

• Arithmetic Operators  
• Relational and Conditional Operators  
• Shift and Logical Operators  
• Assignment Operators  
• Other Operators 

♦ Arithmetic Operators 

The following table lists the basic arithmetic operators provided by the Java programming 
language. Except for +, which is also used to concatenate strings, these operators can be used 
only on numeric values.  
 

Binary Arithmetic Operators  

Operator Use Description 

+ op1 + op2  Adds op1 and op2; also used to concatenate strings  

- op1 - op2  Subtracts op2 from op1  

*  op1 * op2  Multiplies op1 by op2  

/ op1 / op2  Divides op1 by op2  

% op1 % op2  Computes the remainder of dividing op1 by op2  

OPERATORS 
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These short cut operators increment or decrement a number by one.  

 

 

Shortcut Arithmetic Operators  

Operator Use Description 

++  op++  Increments op by 1; evaluates to the value of op before it was incremented  

++  ++op  Increments op by 1; evaluates to the value of op after it was incremented  

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

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

Here are the Java programming language's other arithmetic operators.  

Unary Arithmetic Operators  

Operator Use Description 

+  +op  Promotes op to int if it's a byte, short, or char  

-  -op  Arithmetically negates op  

♦ Relational and Conditional Operators 

Use these relational operators to determine the relationship between two values.  

Relational Operators  

Operator Use Description 

>  op1 > op2  Returns true if op1 is greater than op2  

>=  op1 >= op2  Returns true if op1 is greater than or equal to op2  

<  op1 < op2  Returns true if op1 is less than op2  

<=  op1 <= op2  Returns true if op1 is less than or equal to op2  

==  op1 == op2  Returns true if op1 and op2 are equal  

!=  op1 != op2  Returns true if op1 and op2 are not equal  
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You can use the following conditional operators to form multi-part decisions.  

 

 

Conditional Operators 

Operator Use Description 

&&   op1 && op2  Returns true if op1 and op2 are both true; conditionally evaluates op2  

||  op1 || op2  Returns true if either op1 or op2 is true; conditionally evaluates op2  

!  !op  Returns true if op is false  

&   op1 & op2  
Returns true if op1 and op2 are both boolean and both true; always 
evaluates op1 and op2; if both operands are numbers, performs bitwise 
AND operation  

|  op1 | op2  
Returns true if both op1 and op2 are boolean and either op1 or op2 is 
true; always evaluates op1 and op2; if both operands are numbers, 
performs bitwise inclusive OR operation  

^  op1 ^ op2  Returns true if op1 and op2 are different — that is, if one or the other of 
the operands, but not both, is true  

 

♦ Shift and Logical Operators 

Each shift operator shifts the bits of the left-hand operand over by the number of positions 
indicated by the right-hand operand.  
 
The shift occurs in the direction indicated by the operator itself.  
 

Shift Operators  

Operator Use Description 

<<  op1 << op2  Shift bits of op1 left by distance op2; fills with zero bits on the right-
hand side  

>>  op1 >> op2  Shift bits of op1 right by distance op2; fills with highest (sign) bit on 
the left-hand side  

>>>  op1 >>> op2  Shift bits of op1 right by distance op2; fills with zero bits on the left-
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hand side  

 

 

These operators perform logical functions on their operands.  

Logical Operators  

Operator Use Operation 

&   op1 & op2  Bitwise AND if both operands are numbers;  
conditional AND if both operands are boolean  

|  op1 | op2  Bitwise OR if both operands are numbers;  
conditional OR if both operands are boolean  

^  op1 ^ op2  Bitwise exclusive OR (XOR)  

~  ~op2  Bitwise complement  

♦ Assignment Operators 

The basic assignment operator looks as follows and assigns the value of op2 to op1.  
op1 = op2; 

In addition to the basic assignment operation, the Java programming language defines these 
short cut assignment operators that perform an operation and an assignment using one operator.  

Shortcut Assignment Operators  

Operator Use Equivalent to 

+=  op1 += op2  op1 = op1 + op2  

-=  op1 -= op2  op1 = op1 - op2  

*=  op1 *= op2  op1 = op1 * op2  

/=  op1 /= op2  op1 = op1 / op2  

%=  op1 %= op2  op1 = op1 % op2  

&=  op1 &= op2  op1 = op1 & op2  

|=  op1 |= op2  op1 = op1 | op2  
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^=  op1 ^= op2  op1 = op1 ^ op2  

<<=  op1 <<= op2  op1 = op1 << op2  

>>=  op1 >>= op2  op1 = op1 >> op2  

>>>=  op1 >>>= op2  op1 = op1 >>> op2  

♦ Summary of Other Operators 

The Java programming language also supports these operators.  
 

Other Operators  

Operator  Use  Description  

?:  op1 ? op2 : 
op3  If op1 is true, returns op2. Otherwise, returns op3.  

[]   type []  Declares an array of unknown length, which contains type 
elements.  

[]   type[ op1 ]  Creates and array with op1 elements. Must be used with the new 
operator.  

[]   op1[ op2 ]  Accesses the element at op2 index within the array op1. Indices 
begin at 0 and extend through the length of the array minus one.  

.  op1.op2  Is a reference to the op2 member of op1.  

()  op1(params)  
Declares or calls the method named op1 with the specified 
parameters. The list of parameters can be an empty list. The list is 
comma-separated.  

(type)  (type) op1  Casts (converts) op1 to type. An exception will be thrown if the type 
of op1 is incompatible with type.  

new  new op1  Creates a new object or array. op1 is either a call to a constructor, or 
an array specification.  

instanceof  op1 instanceof 
op2  Returns true if op1 is an instance of op2  

 
Java Classes : 

 
An object type description defining methods and attributes available on each object. 

 
• Java provides library of classes  
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• Developer defines additional classes 

Classes 
 

• Consider the int type 
    int  x; 
    int  y; 
 

• The name “int” has two implications: 
 

1. Tells what values to expect. 
� E.g.,4,5,6 and not false or “Mary” 

2. Tells what values to expect. 
� E.g.,x + y and not y # x 

 
• Java allows us to define our own data types: Classes. 
• Class: An abstract data type that encapsulates operations and data. 
• String is an example of a Java defined class 

 
Class name  
 
Attributes 

 
   Methods 

 
 

• Objects: Runtime instance of class. 
• Objects have state 
They maintain data in attributes. 
• Objects have identity 
Have unique name and /or location 
• Objects have behaviour  defined in methods 
They have operations that can change the state in certain ways. 
 
• Java supports user defined data types via the class construct. 
• Convention says that class names have initial capital letters and rest of words have 

initial capital letters. 
Class MyClass{ 
 //code here 
  } 

Class contents: 
 

• Attributes:  
1. Data member may be any primitive or user-defined type 

String 
 

Letters:char[] 
 

Length:int 
Concat():  void 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 24 

2. Attributes keep the same state (value) unless modified by a method or object is 
deleted. 

3. Convention says that attribute name have initial lower case and rest of words 
have initial capital letters. 

• Methods 
1. Operations that may be applied to the class. 
2. May modify the state of the object. 
3. Define what the object can do. 

Methods have two parts. 
1.Declaration: Specifies the name of the method,parameters,and what it returns. 

     2. Method body: Code that carries out the method’s operation. 
        3. Contains procedural code  as described in the java syntax   section. 

Method Declaration 
 Access_specifier  modifier  Return –type name(params) Throws exception_list 
 
e.g., Public double getrate() 

  Method Access Specifiers 
 
 Used to restrict access to methods. 
 

• public : Accessible to all classes regardless of where located. 
• protected :Accessible by any class that extends (inherit from) the current class ,or 

any class within the same package. If you try to illegally access a protected method 
,you’ll  receive a message that the method does not exists. 

• private:  methods accessibly to methods only in the same class. 
� Higest form of security. 
� Even methods in subclass don’t have access 

• Default: default specifier is called friendly. Allows methods to be accessible to any 
class in the current package but not to any classes outside of the package. 

Methods Modifiers 
Used to set properties of the methods. 
 
Static: 
 
Differentiates between properties that belong to a specific instance and properties that belong 
to the class itself. 
 
 i.e., apply to all instance of class  
  
Public static void setRate(double newrate) 
{ 
  curentrate=newrate; 
} 
 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 25 

Static modifiers also applies to attributes. 
 
 private static double currentrate; 
 
Static methods may be called either using a variable or class name. 
 
 setRate(0.02); 
 Account.setRate(0.02); 
Abstract:   
 
These methods are declared but or not implemented in the current class. 
Subclass method should implement them. Static methods cannot be declared abstract. abstract 
void calculateInterest(); 
 
Final : 
 
 Subclasses cannot override the methods. 
  Subclasses cannot write new implementation for methods . 
 
  final void deposit(double amt) 
  { 
  } 
 

• All static methods are implicitly final 
• final methods are inlined for faster execution. 
• Attributes may also be defined as final. 
• final attributes are not allowed to be modified 
• static and final used together to declare constant 

 
Method return type: 

 
• Return types may be any primitive or user-defined type. 
• All methods must have a return type. 
• Method exists from any point with keyword return. 
• Methods with the void return type do not have to contain a  return statement, but 

they can return; 
• Methods with a non void return return type  must return an expression of the return 

type: 
    return x; 
• Results of methods can be ignored. 
• Legal to make the following call with no assignment.  

myAccount.getBalance(); 
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Method Parameters: 

 
Parameter lists are a list of information passed to the method of the form: 
 
  (datatype variablename,datatype variablename,…) 
  (int amt) 
 
// This program declares two Box objects. 
 
class Box { 
  double width; 
  double height; 
  double depth; 
} 
   
class BoxDemo2 { 
  public static void main(String args[]) { 
    Box mybox1 = new Box(); 
    Box mybox2 = new Box(); 
    double vol; 
    // assign values to mybox1's instance variables 
    mybox1.width = 10; 
    mybox1.height = 20; 
    mybox1.depth = 15; 
    /* assign different values to mybox2's 
       instance variables */ 
    mybox2.width = 3; 
    mybox2.height = 6; 
    mybox2.depth = 9; 
    // compute volume of first box 
    vol = mybox1.width * mybox1.height * mybox1.depth; 
    System.out.println("Volume is " + vol); 
    // compute volume of second box 
    vol = mybox2.width * mybox2.height * mybox2.depth; 
    System.out.println("Volume is " + vol); 
  } 
} 

Methods OverLoading 
• Java uses a method’s name,class ,and arguments to determine which method to 

execute. 
• Two methods can have the same name as long as their arguments differ. 
• Overloading: Creating two methods on the same class with the same name but 

different arguments. 
• Impossible to differentiate two methods based on return type. 

� Since you can ignore the value returned from a method,you cannot 
determine the method based on its call. 
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Public static  double getRate() 
{ return currentRate;} 
public static double getRate(double increment) 
{ return currentRate*increment;} 
//Which method gets called? 
 myAccount.getRate(); 
 myAccount.getRate(0.01); 
 

Java Applications : 

 
• Java applications consists of several  to many classes that work together to 

accomplish a task. 
• All executable code in java must be contained within a class. 
• Execution may begin at the main method in any class that has public static void main  

method. 
� May be more than one class that has a main method. 

• One object  can have access to another object via: 
� First object creates instance of second 
� First object  receives a reference to the second via a method parameter. 

• One object invokes a method on another by the variable name followed by a dot 
followed by the method to be invoked: 

  
 

• A method may call another method on the same object in two ways: 
 
1. Current object is implicit: 
 

  Example: 
 

Public void withdraw(double amt) 
{ 
 if(amt>getBalance()) 
 { 

   System.out.println(“Insufficient funds”); 
    Return; 
   }} 
 

2. Using the this Keyword 
 
• Usually used to pass object to another method 

 
    Example: 
 
//add current object to container collection.add(this); 
//or 
… 
if(amt>this.getBalance()) 
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{ 
 … 
} 

 
 
               

Class Declaration 
 

 
 

Access Specifiers 
 
• private  

� No other class can instantiate your class. Your class may contain public class 
methods (sometimes called factory methods), and those methods can construct 
an object and return it, but no other classes can.  

• protected  
� Only subclasses of the class and classes in the same package can create 

instances of it.  
• public  

� Any class can create an instance of your class.  
� no specifier gives package access  

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

 

Declaring Member Variables  
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Example: 
 
Public static final n; 

 
 
 
Implementing Methods:  
 

 
 

 
 

Details of a Method Declaration  
 

 
 
Example: 
 
Public static final int myMethod(int I, char ‘a’) throws IOException 

Controlling Access to Members of a Class  
 
Specifier class subclass package world  

Private X    
Protected X X* X  

Public X X X X 
Package/default/friend X X   
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Forced static binding 
 
• if a method cannot be overridden, it can be statically bound 

� Java assumes methods can be overridden -> dynamic binding 
– final keyword allows static binding 
 

Implementing dynamic method invocation 
 
Superclass var1; 
var1 = new Subclass(); 
var1.methA(); 
var1.methB(); 
var1.methC(); // compile error 
// This program uses a parameterized method. 
 
class Box { 
  double width; 
  double height; 
  double depth; 
  // compute and return volume 
  double volume() { 
    return width * height * depth; 
  } 
  // sets dimensions of box 
  void setDim(double w, double h, double d) { 
    width = w; 
    height = h; 
    depth = d; 
  }}   
class BoxDemo5 { 
  public static void main(String args[]) { 
    Box mybox1 = new Box(); 
    Box mybox2 = new Box(); 
    double vol; 
    // initialize each box 
    mybox1.setDim(10, 20, 15); 
    mybox2.setDim(3, 6, 9);     
    // get volume of first box 
    vol = mybox1.volume(); 
    System.out.println("Volume is " + vol); 
    // get volume of second box 
    vol = mybox2.volume(); 
    System.out.println("Volume is " + vol); 
  }} 
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/* Here, Box uses a constructor to initialize the  
   dimensions of a box.*/ 
 
class Box { 
  double width; 
  double height; 
  double depth; 
  // This is the constructor for Box. 
  Box() { 
    System.out.println("Constructing Box"); 
    width = 10; 
    height = 10; 
    depth = 10; 
  } 
  // compute and return volume 
  double volume() { 
    return width * height * depth; 
  } 
} 
   
class BoxDemo6 { 
  public static void main(String args[]) { 
    // declare, allocate, and initialize Box objects 
    Box mybox1 = new Box(); 
    Box mybox2 = new Box(); 
    double vol; 
    // get volume of first box 
    vol = mybox1.volume(); 
    System.out.println("Volume is " + vol); 
    // get volume of second box 
    vol = mybox2.volume(); 
    System.out.println("Volume is " + vol); 
  } 
} 
 

 
 
 
 
 

� AN INTRODUCTION TO CLASSES 

� Classes are made up of objects. This is easy to understand if you are familiar with 
object-oriented programming. Think of an apartment building, for example.  

� It is made up of apartments. Each apartment probably has doors, windows, a kitchen, a 
bedroom, and a bathroom, among other things. Each apartment is a unit. Sometimes 
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an apartment building is referred to as a five-unit apartment building. The apartments 
do not all have to be exactly alike. Some may be on the first floor, some may be in the 
basement, some may face south, and some may be recently refurbished. One apartment 
may have two bedrooms and another, just down the hall, only one. Each apartment has 
its own mail slot with an individual address. Even though the apartments are not all 
identical, they are all apartments.  

� Apartments are the objects in this example. Even though they have smaller parts and 
are not identical, conceptually each is a unit. The apartment building is the class. It is 
made up of objects, or units. These objects are not all exactly alike, but they have 
enough similar characteristics that they can be classed together.  

� Another term useful in object-oriented programming is instance. Apartment building 3 
is an instance, or actual apartment building. It is real. An instance is one specific 
object within the class of objects.  

� Each apartment has more interesting information. One might be empty. In this case, the 
empty status is the apartment's state. A rental-application program could keep track of 
available apartments on the basis of this state. A method would be associated with 
testing for the state of this apartment.  

� Now let's take these ideas to another level of abstraction. The complex is made up of 
apartment buildings, which are made up of apartment units. The whole complex can be 
referred to as Countrybrook or something else equally romantic and descriptive. The 
complex, then, is the conceptual gathering together of the apartment buildings in the 
area even though each apartment building is slightly different, with different addresses 
and other characteristics that make them unique.  

� The apartment complex is an example of one of the classes in a class library. A class 
library is a set of classes. Class libraries group classes that perform similar functions 
but are dissimilar enough to warrant their own classes. Recall that the apartment 
complex is one class. Suppose right down the street is a mall. The mall is made up of 
smaller units-stores. The mall is another class in the class library. It is a building, but it 
has quite a different structure and function than the apartment building. It could be set 
up as its own class.  

� Java comes with a set of class libraries that handle many tasks, such as input/output, 
screen painting, and mouse clicks. The class libraries of Java are its heart and strength.  

 

 

� Classes are made up of many different parts, such as methods and variables. 
Consider the apartment example. The class is a template for information about a group 
of things, even though the individual things may be somewhat different. Classes also 
contain methods for obtaining information about the state of a member. Each real 
member of a class is referred to as an instance.  

� Methods are functions that report back a status. Methods can report back with a value 
such as an integer or a boolean. Methods can be called by other classes outside their 
own immediate class.  

CLASSE
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� A superclass is the top-level class of every application. In Java, it is automatically the 
Object class. This means that if a class does not implicitly declare its superclass, or next 
higher class level, then it is a subclass of Object. Every instance of a class reimplements 
the definitions and logic created by the superclass.  

� Subclasses extend the superclass and create a new variation of the class. They inherit 
the characteristics of the preceding class.  

� DECLARING A CLASS 

A class must have a valid identifier name; it can begin with an alphabetic character, the 
underscore, or the dollar sign.  

Syntax for declaring a class:  

class MySuperClass.MyClass { 
    // class body 
}  

The class body is declared within curly braces. Notice that the name of the class has the super 
class and. before the class name. This is how the compiler knows where to go for information 
on the class.  

The name associated with a class has the same restrictions that identifier names do; that is, they 
can be named anything as long as they begin with an alphabetic character, a dollar sign, or an 
underscore. By convention, however, a class name should begin with a capital letter. This 
makes the class easily distinguishable from methods, variables, and so on. Java itself follows 
this convention. 

 

� MODIFIERS 

� Modifiers alter certain aspects of classes. They are specified in the declaration of a class 
before the class name.  

� Class modifiers are used to specify two aspects of classes: access and type.  

� Access modifiers are used to regulate internal and external use of classes.  
� Type modifiers declare the implementation of a class. A class can be used as either 

a template for subclasses or a class in and of itself.  
� DECLARING CLASS SECURITY  

Classes can be declared with security so they can be accessed outside their package by using 
the public statement in the class declaration. If no explicit statement is made at declaration time, 
the class may be accessed only from within its own package. A compile error is generated if 
any other security modifier is used in the declaration, such as private or protected, which are 
reserved for methods.  
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The following are examples of declaring class security:  

public class classname {    //able to be accessed outside of 
                            //own package 
} 
class classname {           //only able to be accessed within 
                            //own package 
}  

This is another example of code reuse in the same or different applications in Java. Java's 
structure makes this easy and allows for some protection if necessary.  

� CLASS TYPES: ABSTRACT OR DEFAULT   

� There are only two types available to classes: abstract or default.  
� Abstract classes must be explicitly declared. The abstract modifier is used to create 

template classes. These are classes that normally are used to provide a superclass 
for other classes. An abstract class can contain such things as variable declarations 
and methods but cannot contain code for creating new instances.  

� An abstract class can also contain abstract methods. These are methods that define 
return type, name, and arguments but do not include any method body. Subclasses 
are then required to implement those abstract methods in which they supply a body. 
If an abstract class contains only methods and no variables, it is better to use 
interfaces  

� Here is an example of an abstract class declaration:  

abstract class AClass { 
   int globalVariable; 
   abstract void isBlack (boolean) { 
   } 
}  

This abstract class declares a global variable called globalVariable and defines a template 
for a method called isBlack. Notice that there is no body for the isBlack method. That is 
left to subclasses of AClass. The subclasses must implement isBlack or they will receive a 
compile-time error.  

 

 

� CLASS VARIABLES 

Variables are used in classes to hold data to be used later. Good programming form places 
variables immediately following the class declaration statement, as in the following:  

class ShowVariables { 
   int Int1, Int2;      //declare some integer variables 
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   int Int3 = 37;       //declare and initialize a variable 
   char OneChar;        //declare a character type variable; 
   float FloatArray[];  //declare single dimensional array of floating-point  
   boolean AmITrue;     //declare boolean variable 
                        //here would be code to do something... 
}  

The variable declaration statements in this example just set up the variables to be used in this 
class. There are no methods or expressions set up to do anything at this point.  

Every class can have variables associated with it. Variables fall into two categories: those that 
are particular to an instance, called instance variables, and those that are global to all instances 
of a particular class, known as class variables. The use of the variable determines its type.  

Instance Variables 

Instance variables exist only for a particular instance of an object. This means that different 
instances of a given class each have a variable of the same name, but Java stores different 
values for that variable in different places in memory. Each of these instance variables is 
manipulated individually. If an instance goes away, so does the variable. You can access 
instance variables from other instances, but the variable itself exists only in a particular 
instance.  

They are declared after a class declaration but before method declarations. Every instance of 
that class has a copy of this variable and can modify it as needed without affecting any other 
instance copies of the variable.  

Here is an example of an instance variable declaration:  

class ACat { 
   String[] name; 
   String[] color; 
   int weight; 
}  

Here every instance of class ACat has a name, color, and weight variable used to store 
information about a particular cat. If you had two cats and wanted to put them on your Web 
page, you could specify the name, color, and weight of each cat in individual instances without 
worrying about overwriting the information.  

Static Variables 

You can modify variable (and method) declarations with the static modifier. Static variables 
exist in only one location and are globally accessible by all instances of a class. A variable 
cannot be changed by a subclass if it has been declared static and final . Static variables have 
the same information in all instances of the class.  
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All instances will have the same value for the variable. All classes accessing that variable point 
to the same place in memory. This variable will remain there until the last instance accessing 
the variable is flushed from memory.  

A static variable is declared in the same way as an instance variable but has the keyword static 
in front of it.  

In the following code, the variable animalType is declared static and is thus the same for all 
instances of class ACat:  

class ACat { 
   static String animalType[] = "cat";  
}  

In this way, all the instances can check this variable for the value of animalType. An external 
class can query this variable for the same information. Its value needs to be specified only once 
and stored in one location because the information is the same for all instances of class ACat.  

 

� Predefined Instances 

Java comes with three predefined object values: null , this, and super. They are used as 
shortcuts for many common operations in Java.  

null  

A variable can be created that is simply a placeholder for subclasses to fill with values. In this 
situation, a variable can be declared null, meaning that no value is assigned to a variable, as in 
the following:  

int PlaceHolder = null;    //PlaceHolder is an empty object  

Following is a code fragment using null:  

class ACat{ 
   static String name = null; 
   public void main (String args[]) { 
   ACat cat = new ACat(); 
   if (cat.name == null) { 
      promptForName("Enter name> ");  
   } 
}  

In this example the variable name is initialized to null. It is then tested in main to see if the 
variable is null. If so, the user is prompted to enter the cat's name. null  cannot be used with 
primitive data types.  
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this 

To refer to the current object, use the keyword this, which allows the current instance of a 
variable to be referenced explicitly.  

This is valuable when the current instance of a variable is to be passed to another class that will 
also use the variable:  

void promptForName (String prompt){  
   StringBuffer name; 
   char ch = '\0'; 
   name = new StringBuffer(); 
   System.out.print(prompt); 
   System.out.flush(); 
    While (ch != '\n') { 
      try {ch = (char)System.in.read(); } 
      catch (IOException e) {};  
      name.append(ch); 
   } 
   this.name = name.toString(); 
}  

The compiler understands implicitly that the current instance of a class variable is this. Do not 
explicitly reference it unless necessary.  

super 

super is a reference to the superclass. It is often used as a shortcut or explicit way to reference a 
member in the superclass of the current class.  

In the following code, a subclass named APersianCat uses the super keyword to reference the 
method promptForName in its superclass, ACat:  

class APersianCat extends ACat { 
   void getCatInfo { 
      super.promptForName() : 
   } 
}  

APersianCat would look for a method called promptForName in the current class if super were not 
used, generating a compile error.  

 

 

 

� Methods are functionally similar to functions in C and C++. They provide a way to group a 
block of code together and then refer to it by name. You can use the block of code again 

CLASS METHODS 
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simply by referring to the name of the method. Also, the code does not have to intrude into 
the middle of other code.  

� Methods do not have an explicit declaration keyword as classes do. They do have names 
but also have arguments and return types, which classes do not.  

� Arguments are parameters that are passed to the method when it is called so that a method 
can be made to do different tasks. The code internal to the method knows how to 
manipulate the input parameters.  

� Methods also have a return type. This is a value that can be returned to the code that called 
the method. Return values can be of any valid Java type, including strings and numeric 
values.  

� Methods can be called from not only the current class, but also from subclasses, 
superclasses, and even entirely unrelated classes. This is the structure internal to Java that 
makes it so flexible and time-effective.  

� An example of a method follows:  
� public static void main (String args[]) { 

   ...body of method.... 
}  

� It is the method main, which is the first method called when a stand-alone Java application 
is started. In this example, public and static are method modifiers, void is the return type, main 
is the name of the method, and (String args[]) is the list of method arguments. This is 
followed by an opening { that marks the beginning of the body of the method. The method 
body can consist of any valid block of Java code. It can also include calls to other methods, 
even itself. Finally, the method body is followed by a final } .  

� Return Types 

Methods can return any valid Java type. This could be a simple boolean, an array, an object 
representing an entire apartment complex-anything. The return type immediately precedes the 
variable name of a method.  

The following code declares a method named isBlack to return a variable with type boolean:  

boolean isBlack (Color color) { 
   if (color == black) 
     return (true); 
   else 
     return (false); 
}  

The method body tests whether the color passed is black. If it is, the method uses the return 
keyword to specify that value to return to the calling method is boolean true. Otherwise, it will 
use return to return the boolean false.  

void is a special return type in Java that indicates that there is no return type of any kind. This is 
used for methods that have no need to return anything to the calling program, or that modify 
only method arguments or global variables.  
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An example of a method that does not need to return anything is one that only prints output to 
the screen. There is no need to return anything because there is no further processing to be 
done. There is no need to use the keyword return anywhere in the method if the method is 
declared void.  

� Method Modifiers 

The concept of modifiers presented with classes also can be applied to methods. Method 
modifiers control access to a method. Modifiers also are used to declare a method's type. 
However, methods have more modifiers available than do classes.  

� Declaring Method Security and Accessibility 

Method-declaration statements provide information to the compiler about allowable access. In 
Java terms, accessibility is security. The five levels of access follow:  

LEVEL ALLOWABLE ACCESS 

public  All other classes 

private  No other classes 

protected  Subclasses or same package 

private protected  Subclasses only 

<default>  Same package 

private 

The private modifier specifies that no classes, including subclasses, can call this method. This 
can be used to completely hide a method from all other classes. If no other classes can access 
the method, it can be changed as needed without causing problems.  

Here is an example of a method declared private:  

private void isBlack (Color color) {  
   .... 
}  

protected 

The protected modifier specifies that only the class in which the method is defined or subclasses 
of that class can call the method. This allows access for objects that are part of the same 
application, but not other applications.  

Here is an example:  
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protected void isBlack (Color color) { 
   .... 
}  

private protected 

The private protected modifier is a special combination of private and protected access modifiers. 
This modifier specifies that only the class in which the method is defined or subclasses of the 
class can call the method. It does not allow package access as protected does but also allows 
subclasses as private does not.  

Here is an example:  

private protected void isBlack (Color color) { 
   ..... 
}  

default 

The method defaults to an access control in which the class itself, subclasses, and classes in the 
same package can call the method. In this case, no access type is explicit in the method-
declaration statement.  

Here is an example:  

void isBlack (Color color) { 
   .... 
}  

static 

The static modifier is associated only with methods and variables, not classes. The static 
modifier is used to specify a method that can only be declared once. No subclasses are allowed 
to implement a method of the same name. This is used for methods, such as main, that are entry 
points into a program. The operating system would not know which method to call first if there 
were two main methods. Static methods are used to specify methods that should not be 
overridden in subclasses.  

Here's an example:  

static void isBlack (Color color) { 
   .... 
}  

final 

The final modifier indicates that an object is fixed and cannot be changed. When you use this 
modifier with a class-level object, it means that the class can never have subclasses. When you 
apply this modifier to a method, the method can never be overridden. When you apply this 
modifier to a variable, the value of the variable remains constant. You will get a compile-time 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 41 

error if you try to override a final method or class. You will also get a compile-time error if 
you try to change the value of a final variable.  

Here is how you can use the final modifier:  

class neverChanging { 
 
   // a final variable 
   final int unchangingValue = 21; 
 
   // a final method 
   final int unchangingMethod(int a, int b) { 
   } 
}  

abstract 

The abstract modifier is used to create template methods, which are very similar to function 
prototypes in C and C++. Abstract methods define return type, name, and arguments but do not 
include any method body. Subclasses are then required to implement the abstract method and 
supply a body.  

Here is an example of an abstract class:  

abstract void isBlack (Color color) {  
}  

This defines a template for a method named isBlack. Notice that no body of isBlack is specified; 
that is left to subclasses of the class in which the abstract method is declared. The subclasses 
must implement a body for method isBlack, or they will cause a compile-time error.  

Arrays 

Introduction 
 

• An array is a group of contiguous or related data items that share a common name. 
• Used when programs have to handle large amount of data 
• Each value is stored at a specific position 
• Position is called a index or superscript. Base index = 0 
• The ability to use a single name to represent a collection of items and refer to an item 

by specifying the item number enables us to develop concise and efficient programs. 
For example, a loop with index as the control variable can be used to read the entire 
array, perform calculations, and print out the results. 
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Declaration of Arrays: 

 
• Like any other variables, arrays must declared and created before they can be used. 

Creation of arrays involve three steps: 
� Declare the array 
� Create storage area in primary memory. 
� Put values into the array (i.e., Memory location) 

 
• Declaration of Arrays: 

� Form 1: 
Type arrayname[] 

� Form 2: 
Type [] arrayname; 

 
Examples: 
 

  int[] students; 
  int students[]; 
 

Note: we don’t specify the size of arrays in the declaration. 
 

Creation of Arrays: 
 

• After declaring arrays, we need to allocate memory for storage array items. 
• In Java, this is carried out by using “new” operator, as follows: 

� Arrayname = new type[size]; 
• Examples: 

�   students = new int[7];  
 

69 

61 

70 

89 

23 

10 

9 

0 

1 

2 

3 

4 

5 

6 

index values 
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Initialisation of Arrays: 
 

• Once arrays are created, they need to be initialised with some values before access 
their content. A general form of initialisation is: 

� Arrayname [index/subscript] = value; 
• Example: 

� students[0]  = 50; 
� students[1]  = 40; 

• Like C, Java creates arrays starting with subscript 0 and ends with value one less than 
the size specified. 

• Unlike C, Java protects arrays from overruns and under runs. Trying to access an 
array beyond its boundaries will generate an error message.  

Arrays – Length 
• Arrays are fixed length  
• Length is specified at create time 
• In java, all arrays store the allocated size in a variable named “length”. 
• We can access the length of arrays as arrayName.length: 
 e.g.  int x = students.length;      //  x = 7 
• Accessed using the index 

  e.g.   int x = students [1];   //  x = 40 

Arrays – Example 
// Demonstrate a one-dimensional array. 

 
class Array { 
  public static void main(String args[]) { 
    int month_days[]; 
    month_days = new int[12]; 
    month_days[0] = 31; 
    month_days[1] = 28; 
    month_days[2] = 31; 
    month_days[3] = 30; 
    month_days[4] = 31; 
    month_days[5] = 30; 
    month_days[6] = 31; 
    month_days[7] = 31; 
    month_days[8] = 30; 
    month_days[9] = 31; 
    month_days[10] = 30; 
    month_days[11] = 31; 
    System.out.println("April has " + month_days[3] + " days."); 
  } 
} 
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// StudentArray.java: store integers in arrays and access 
 
public class StudentArray{ 
public static void main(String[] args) { 
        int[] students; 
        students = new int[7]; 

 System.out.println("Array Length = " + students.length); 
for ( int  i=0;  i < students.length;  i++) 
 students[i] = 2*i; 
 System.out.println("Values Stored in Array:"); 
for ( int  i=0;  i < students.length;  i++)                    System.out.println(students[i]); 
} 
} 
 

Arrays – Initializing at Declaration: 

 
• Arrays can also be initialised like standard variables at the time of their declaration. 

� Type arrayname[] = {list of values}; 
• Example: 
 int[] students = {55, 69, 70, 30, 80}; 
• Creates and initializes the array of integers of length 5. 
• In this case it is not necessary to use the new operator. 

 

Arrays – Example 
 
// An improvied version of the previous program. 
 
class AutoArray { 
  public static void main(String args[]) { 
int month_days[] = { 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 }; 
System.out.println("April has " + month_days[3] + " days."); 
  } 
}  
// Average an array of values. 
 
class Average { 
  public static void main(String args[]) { 
    double nums[] = {10.1, 11.2, 12.3, 13.4, 14.5}; 
    double result = 0; 
    int i; 
     
    for(i=0; i<5; i++)  
      result = result + nums[i]; 
 
    System.out.println("Average is " + result / 5); 
  } 
} 
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Two Dimensional Arrays 
 

• Two dimensional arrays allows us to store data that are recorded in table. For 
example: 

• Table contains 12 items, we can think of this as a matrix consisting of 4 rows and 3 
columns. 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
2D arrays manipulations: 
 

• Declaration: 
� int myArray [][]; 

• Creation: 
� myArray = new int[4][3]; // OR 
� int myArray [][] = new int[4][3]; 

• Initialisation: 
• Single Value; 

� myArray[0][0] = 10; 
• Multiple values: 

� int tableA[2][3] ={{10, 15, 30}, {14, 30, 33}}; 
� int tableA[][] ={{10, 15, 30}, {14, 30, 33}}; 

 
// Demonstrate a two-dimensional array. 
 
class TwoDArray { 
  public static void main(String args[]) { 
    int twoD[][]= new int[4][5]; 
    int i, j, k = 0; 
 
    for(i=0; i<4; i++)  

1 32 200 Salesgirl 
#3 

4 200 10 Salesgirl 

#4 

33 30 14 Salesgirl 
#2 

30 15 10 Salesgirl 

#1 

Item3 Item2 Item1  
Sold 

Person 
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      for(j=0; j<5; j++) { 
        twoD[i][j] = k; 
        k++; 
      } 
 
    for(i=0; i<4; i++) { 
      for(j=0; j<5; j++) 
        System.out.print(twoD[i][j] + " "); 
      System.out.println(); 
    } 
  } 
} 
 
 Variable Size Arrays 
 

• Java treats multidimensional arrays as “arrays of arrays”. It is possible to declare a 2D 
arrays as follows: 
� int a[][] = new int [3][]; 
� a[0]= new int [3]; 
� a[1]= new int [2]; 
� a[2]= new int [4]; 

 
 

 
 
// Manually allocate differing size second dimensions. 
 
class TwoDAgain { 
  public static void main(String args[]) { 
    int twoD[][] = new int[4][]; 
    twoD[0] = new int[1]; 
    twoD[1] = new int[2]; 
    twoD[2] = new int[3]; 
    twoD[3] = new int[4]; 
    int i, j, k = 0; 
    for(i=0; i<4; i++)  
      for(j=0; j<i+1; j++) { 
        twoD[i][j] = k; 
        k++; 
      } 
    for(i=0; i<4; i++) { 
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      for(j=0; j<i+1; j++) 
        System.out.print(twoD[i][j] + " "); 
      System.out.println(); 
    } 
  } 

 

Try: Write a program to Add to Matrix 
 

• Define 2 dimensional matrix variables: 
� Say: int a[][], b[][]; 

• Define their size to be 2x3 
• Initialise like some values 
• Create a matrix c to storage sum value 

� c[0][0] = a[0][0] + b[0][0] 
• Print the contents of result matrix. 

 
 
// Initialize a two-dimensional array. 
 
class Matrix { 
  public static void main(String args[]) { 
    double m[][] = { 
      { 0*0, 1*0, 2*0, 3*0 }, 
      { 0*1, 1*1, 2*1, 3*1 }, 
      { 0*2, 1*2, 2*2, 3*2 }, 
      { 0*3, 1*3, 2*3, 3*3 } 
    }; 
    int i, j; 
    for(i=0; i<4; i++) { 
      for(j=0; j<4; j++) 
        System.out.print(m[i][j] + " "); 
      System.out.println(); 
    } 
  } 
} 
 
Arrays of Objects : 

 
• Arrays can be used to store objects 

  Circle[] circleArray; 
  circleArray = new Circle[25]; 

• The above statement creates an array that can store references to 25 Circle objects. 
• Circle objects are not created 
• Create the Circle objects and stores them in the array. 

� //declare an array for Circle 
 Circle circleArray[] = new Circle[25]; 
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 int r = 0; 
// create circle objects and store in array 

    for (r=0;  r <25; r++) 
  circleArray[r] = new Circle(r); 

String Operations in  Java 

 
Introduction: 
 

• String manipulation is the most common operation performed in Java programs. The 
easiest way to represent a String (a sequence of characters) is by using an array of 
characters. 

� Example: 
� char place[] = new char[4]; 
� place[0] = ‘J’; 
� place[1] = ‘a’; 
� place[2] = ‘v’; 
� place[3] = ‘a’; 

• Although character arrays have the advantage of being able to query their length, they 
themselves are too primitive and don’t support a range of common string operations. 
For example, copying a string, searching for specific pattern etc.  

• Recognising the importance and common usage of String manipulation in large 
software projects, Java supports String as one of the fundamental data type at the 
language level. Strings related book keeping operations (e.g., end of string) are 
handled automatically. 

 
 

String Operations in Java: 
 

• Following are some useful classes that Java provides for String operations. 
� String Class 
� StringBuffer Class 
� StringTokenizer Class 

 
 
String Class: 

• String class provides many operations for manipulating strings. 
� Constructors 
� Utility 
� Comparisons 
� Conversions 

• String objects are read-only (immutable) 
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Strings Basics: 
• Declaration and Creation: 

� String stringName; 
� stringName = new String (“string value”); 
� Example: 

� String city; 
� city =  new String (“Bangalore”); 

� Length of string can be accessed by invoking length() method defined in 
String class: 

� int len = city.length(); 
 
String operations and Arrays: 

• Java Strings can be concatenated using the + operator. 
� String city = “New” + “York”; 
� String city1 = “Delhi”; 
� String city2 = “New “+city1; 

• Strings Arrays 
� String city[] = new String[5]; 
� city[0] = new String(“Melbourne”); 
� city[1] = new String(“Sydney”); 
� … 
� String megacities[] = {“Brisbane”, “Sydney”, “Melbourne”, “Adelaide”, 

“Perth”}; 
 
 
String class – Constructors: 
 
public String() Constructs an empty String. 

Public String(String value) Constructs a new string copying the 
specified string.  

 
String – Some useful operations: 
 
public int length() Returns the length of the string. 

public char charAt(int index) Returns the character at the specified 
location (index) 

public int compareTo( String 
anotherString) 
public int compareToIgnoreCase( 
String anotherString) 

Compare the Strings. 

reigonMatch(int start, String other, 
int ostart, int count) 

Compares a region of the Strings with 
the specified start. 
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public String replace(char oldChar, 
char newChar) 

Returns a new string with all 
instances of the oldChar replaced with 
newChar. 

public trim() Trims leading and trailing white 
spaces. 

public String toLowerCase()  
public  String toUpperCase() 

Changes as specified. 

 
String Class – example: 
 
// StringDemo.java: some operations on strings  
 
class StringDemo { 
        public static void main(String[] args) 
        { 
                String s = new String("Have a nice Day"); 
                // String Length =  15 
    System.out.println("String Length = " + s.length() ); 
                // Modified String =  Have a Good Day 
  System.out.println("Modified String=" +s.replace('n', 'N')); 
                // Converted to Uppercse =  HAVE A NICE DAY" 
System.out.println("Converted to Uppercase = " +s.toUpperCase()); 
                // Converted to Lowercase =  have a nice day" 
 System.out.println("Converted to Lowercase = " + s.toLowerCase()); 
  } 
} 

StringDemo Output 
 
String Length = 15 
Modified String = Have a Nice Day 
Converted to Uppercase = HAVE A NICE DAY 
Converted to Lowercase = have a nice day 
 
String Examples:  
 
// Construct one String from another. 
 
class MakeString { 
  public static void main(String args[]) { 
    char c[] = {'J', 'a', 'v', 'a'}; 
    String s1 = new String(c); 
    String s2 = new String(s1);  
    System.out.println(s1); 
    System.out.println(s2); 
  } 
} 
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// Construct string from subset of char array. 
 
class SubStringCons { 
  public static void main(String args[]) { 
    byte ascii[] = {65, 66, 67, 68, 69, 70 }; 
 
    String s1 = new String(ascii); 
    System.out.println(s1); 
 
    String s2 = new String(ascii, 2, 3); 
    System.out.println(s2); 
  } 
} 
 
// Using concatenation to prevent long lines. 
 
class ConCat { 
  public static void main(String args[]) { 
    String longStr = "This could have been " + 
      "a very long line that would have " + 
      "wrapped around.  But string concatenation " + 
      "prevents this."; 
    System.out.println(longStr); 
  } 
} 
 
// Override toString() for Box class. 
 
class Box { 
  double width; 
  double height; 
  double depth; 
  Box(double w, double h, double d) { 
    width = w; 
    height = h; 
    depth = d; 
  } 
  public String toString() { 
    return "Dimensions are " + width + " by " +  
            depth + " by " + height + "."; 
  } 
} 
class toStringDemo { 
  public static void main(String args[]) { 
    Box b = new Box(10, 12, 14); 
    String s = "Box b: " + b; // concatenate Box object 
    System.out.println(b); // convert Box to string 
    System.out.println(s); 
  } 
} 
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//getChars() method 
 
class getCharsDemo { 
  public static void main(String args[]) { 
    String s = "This is a demo of the getChars method."; 
    int start = 10; 
    int end = 14; 
    char buf[] = new char[end - start]; 
    s.getChars(start, end, buf, 0); 
    System.out.println(buf); 
  } 
} 
 
// Demonstrate equals() and equalsIgnoreCase(). 
 
class equalsDemo { 
  public static void main(String args[]) { 
    String s1 = "Hello"; 
    String s2 = "Hello"; 
    String s3 = "Good-bye"; 
    String s4 = "HELLO"; 
    System.out.println(s1 + " equals " + s2 + " -> " + 
                       s1.equals(s2)); 
    System.out.println(s1 + " equals " + s3 + " -> " + 
                       s1.equals(s3)); 
    System.out.println(s1 + " equals " + s4 + " -> " + 
                       s1.equals(s4)); 
    System.out.println(s1 +" equalsIgnoreCase " + s4+"-> " +s1.equalsIgnoreCase(s4)); 
  } 
} 
 
// equals() vs == 
 
class EqualsNotEqualTo { 
  public static void main(String args[]) { 
    String s1 = "Hello"; 
    String s2 = new String(s1); 
    System.out.println(s1 + " equals " + s2 + " -> " +   
                       s1.equals(s2)); 
    System.out.println(s1 + " == " + s2 + " -> " + (s1 == s2)); 
  } 
} 
 
// A bubble sort for Strings. 
 
class SortString { 
  static String arr[] = { 
    "Now", "is", "the", "time", "for", "all", "good", "men", 
    "to", "come", "to", "the", "aid", "of", "their", "country" 
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  }; 
  public static void main(String args[]) { 
    for(int j = 0; j < arr.length; j++) { 
      for(int i = j + 1; i < arr.length; i++) { 
        if(arr[i].compareTo(arr[j]) < 0) { 
          String t = arr[j]; 
          arr[j] = arr[i]; 
          arr[i] = t; 
        } 
      } 
      System.out.println(arr[j]); 
    }  }} 
 
// Demonstrate indexOf() and lastIndexOf(). 
 
class indexOfDemo { 
  public static void main(String args[]) { 
    String s = "Now is the time for all good men " + 
               "to come to the aid of their country."; 
 
    System.out.println(s); 
    System.out.println("indexOf(t) = " + 
                       s.indexOf('t')); 
    System.out.println("lastIndexOf(t) = " + 
                       s.lastIndexOf('t')); 
    System.out.println("indexOf(the) = " + 
                       s.indexOf("the")); 
    System.out.println("lastIndexOf(the) = " + 
                       s.lastIndexOf("the")); 
    System.out.println("indexOf(t, 10) = " + 
                       s.indexOf('t', 10)); 
    System.out.println("lastIndexOf(t, 60) = " + 
                       s.lastIndexOf('t', 60)); 
    System.out.println("indexOf(the, 10) = " + 
                       s.indexOf("the", 10)); 
    System.out.println("lastIndexOf(the, 60) = " + 
                       s.lastIndexOf("the", 60)); 
  } 
} 
 
// Substring replacement. 
 
class StringReplace { 
  public static void main(String args[]) { 
    String org = "This is a test. This is, too."; 
    String search = "is"; 
    String sub = "was"; 
    String result = ""; 
    int i; 
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    do { // replace all matching substrings 
      System.out.println(org); 
      i = org.indexOf(search); 
      if(i != -1) { 
        result = org.substring(0, i); 
        result = result + sub; 
        result = result + org.substring(i + search.length()); 
        org = result; 
      } 
    } while(i != -1); 
 
  } 
} 
 
// Using trim() to process commands. 
 
import java.io.*; 
 
class UseTrim { 
  public static void main(String args[])  
    throws IOException 
  { 
    // create a BufferedReader using System.in 
    BufferedReader br = new 
      BufferedReader(new InputStreamReader(System.in)); 
    String str; 
 
    System.out.println("Enter 'stop' to quit."); 
    System.out.println("Enter State: "); 
    do { 
      str = br.readLine(); 
      str = str.trim(); // remove whitespace 
 
      if(str.equals("Illinois")) 
        System.out.println("Capital is Springfield."); 
      else if(str.equals("Missouri")) 
        System.out.println("Capital is Jefferson City."); 
      else if(str.equals("California")) 
        System.out.println("Capital is Sacramento."); 
      else if(str.equals("Washington")) 
        System.out.println("Capital is Olympia."); 
      } while(!str.equals("stop")); 
  } 
} 
 
// Demonstrate toUpperCase() and toLowerCase(). 
 
class ChangeCase { 
  public static void main(String args[])  
  { 
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    String s = "This is a test."; 
    System.out.println("Original: " + s); 
    String upper = s.toUpperCase(); 
    String lower = s.toLowerCase(); 
    System.out.println("Uppercase: " + upper); 
    System.out.println("Lowercase: " + lower); 
  } 
} 
 
StringBuffer Class Examples: 
 
// StringBuffer length vs. capacity. 
 
class StringBufferDemo { 
  public static void main(String args[]) { 
    StringBuffer sb = new StringBuffer("Hello"); 
    System.out.println("buffer = " + sb); 
    System.out.println("length = " + sb.length()); 
    System.out.println("capacity = " + sb.capacity()); 
  } 
} 
 
// Demonstrate charAt() and setCharAt(). 
class setCharAtDemo { 
  public static void main(String args[]) { 
    StringBuffer sb = new StringBuffer("Hello"); 
    System.out.println("buffer before = " + sb); 
    System.out.println("charAt(1) before = " + sb.charAt(1)); 
      sb.setCharAt(1, 'i'); 
      sb.setLength(2); 
      System.out.println("buffer after = " + sb); 
      System.out.println("charAt(1) after = " + sb.charAt(1)); 
  } 
} 
 
// Demonstrate append(). 
 
class appendDemo { 
  public static void main(String args[]) { 
    String s; 
    int a = 42; 
    StringBuffer sb = new StringBuffer(40); 
    s = sb.append("a = ").append(a).append("!").toString(); 
    System.out.println(s); 
  } 
} 
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// Demonstrate insert(). 
 
class insertDemo { 
  public static void main(String args[]) { 
    StringBuffer sb = new StringBuffer("I Java!"); 
    sb.insert(2, "like "); 
    System.out.println(sb); 
  } 
} 
 
// Using reverse() to reverse a StringBuffer. 
 
class ReverseDemo { 
  public static void main(String args[]) { 
    StringBuffer s = new StringBuffer("abcdef"); 
    System.out.println(s); 
    s.reverse(); 
    System.out.println(s); 
  } 
} 
 
// Demonstrate delete() and deleteCharAt() 
 
class deleteDemo { 
  public static void main(String args[]) { 
   StringBuffer sb = new StringBuffer("This is a test."); 
    sb.delete(4, 7); 
    System.out.println("After delete: " + sb); 
    sb.deleteCharAt(0); 
    System.out.println("After deleteCharAt: " + sb); 
  } 
} 
 
// Demonstrate replace() 
 
class replaceDemo { 
  public static void main(String args[]) { 
   StringBuffer sb = new StringBuffer("This is a test."); 
    sb.replace(5, 7, "was"); 
    System.out.println("After replace: " + sb); 
  }}  
Summary: 
 

• Arrays allows grouping of sequence of related items. 
• Java supports powerful features for declaring, creating, and manipulating arrays in 

efficient ways. 
• Each items of arrays of arrays can have same or variable size. 
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• Java provides enhanced support for manipulating strings and manipulating them 
appears similar to manipulating standard data type variables. 

 
 

 

 

A package is the largest logical unit of objects in Java. 

Consider the apartment example. In our town, there are several large complexes owned 
by a single company. This real estate company also owns malls, empty commercially zoned 
land, and warehouses. These are alike in that they are real property. Think of the company as 
the largest unit of reference for the properties. The company knows about each of the 
individual apartment units and can make use of them as needed.  

In Java terms, the company is the package. The package groups together class libraries, such as 
the libraries containing information about different commercial properties, as well as tract land 
for suburbs.  

Packages in Java group a variety of classes and/or interfaces together. In packages, classes can 
be unique compared with classes in other packages. Packages also provide a method of 
handling access security. Finally, packages provide a way to "hide" classes, preventing other 
programs or packages from accessing classes that are for internal use of an application only.  

� Declaring a Package 

Packages are declared using the package keyword followed by a package name. This must occur 
as the first statement in a Java source file, excluding comments and whitespace. Here is an 
example:  

package mammals; 
class AMammal { 
   ...body of class AMammal 
}  

In this example, the package name is mammals. The class AMammal  is now considered a part of 
this package. Including other classes in package mammals is easy: Simply place an identical 
package line at the top of those source files as well. Because every class is generally placed in 
its own source file, every source file that contains classes for a particular package must include 
this line. There can be only one package statement in any source file.  

Note that the Java compiler only requires classes that are declared public to be put in a 
separate source file. Nonpublic classes can be put in the same source file. Although it is 
good programming practice to put each of these in its own source file, one package 
statement at the top of a file will apply to all classes declared in that file.  

PACKAGES  
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Java also supports the concept of package hierarchy. This is similar to the directory 
hierarchy found in many operating systems. This is done by specifying multiple names in a 
package statement, separated by a period.  

In the following code, class AMammal belongs to the package mammal that is in the animal 
package hierarchy:  

package animal.mammal; 
class AMammal { 
   ...body of class Amammal 
}  

This allows grouping of related classes into a package and then grouping related packages into 
a larger package. To reference a member of another package, the package name is prepended to 
the class name.  

This is an example of a call to method promptForName in class ACat in subpackage mammal in 
package animal:  

animal.mammal.Cat.promptForName();  

The analogy to a directory hierarchy is reinforced by the Java interpreter. The Java interpreter 
requires that the .class files be physically located in a subdirectory with a name that matches the 
subpackage name, when accessing a member of a subpackage.  

The Java compiler will place the .class files into the same directory as the source files. It may be 
necessary to move the resulting class files into the appropriate directory if the source files are 
not in the class files.  

All classes actually belong to a package even if not explicitly declared. Even though in the 
examples used throughout most of this book no package name has been declared, the programs 
can be compiled and run without problems. The package does not have an explicit name, and it 
is not possible for other packages to reference an unnamed package.  

� Accessing Other Packages  

The import  statement is used to include a list of packages to be searched for a particular class. 
The syntax of an import statement follows:  

import packagename;  

import  is a keyword and packagename is the name of the package to be imported. The statement 
must end with ;. The import statement should appear before any class declarations in a source 
file. Multiple import  statements can also be made. The following is an example of an import 
statement:  

import mammal.animal.Cat;  
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In this example all the members (for example, variables, methods) of class Cat can now be 
directly accessed by simply specifying their name without prepending the entire package name.  

The advantage is that the code is no longer cluttered with long names and is easier to type. 
The disadvantage is that it is more difficult to determine from which package a particular 
member came. This is especially true when a large number of packages are imported.  

import  statements can also include the wildcard character * . The asterisk specifies that all 
classes located in a hierarchy be imported, rather than just a single class. For example, the 
following code imports all classes that are in the mammal.animal subpackage:  

import mammal.animal.*;   

This is useful when you want to bring all classes from a particular package.  

 

� Package-Naming Conventions  

Packages can be named anything that follows the standard Java naming scheme. By 
convention, however, packages begin with lowercase letters to make it simpler to distinguish 
package names from class names when looking at an explicit reference to a class. This is why 
class names are, by convention, begun with an uppercase letter. For example, when using the 
following convention, it is immediately obvious that mammal and animal are package names and 
Cat is a class name. Anything following the class name is a member of that class:  

mammal.animal.Cat.promptForName();  

Java follows this convention for the Java internals and API. The System.out.println() method that 
has been used follows this convention. The package name is not explicitly declared because 
java.lang.* is always imported implicitly. System is the class name from package java.lang.*, and it 
is capitalized. The full name of the method is  

java.lang.System.out.println();  

Every package name must be unique to make the best use of packages. Naming conflicts that 
will cause runtime errors will occur if duplicate package names are present. The class files may 
step on each other in the class directory hierarchy if there is duplication.  

It is not difficult to keep package names unique if a single individual or small group does the 
programming. Large-group projects must iron out package-name conventions early in the 
project to avoid chaos.  

No single organization has control over the World Wide Web, and many Java applications will 
be implemented over the Web. Remember also that Web servers are likely to include Java 
applets from multiple sources. It seems impossible to avoid duplicate package names.  
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Sun recognized this problem late in the development stage but before officially releasing Java. 
It developed a convention that ensures package-name uniqueness using a variation on domain 
names, which are guaranteed to be unique: to use the domain name in a reverse manner. 
Domain mycompany.com would prefix all package names with com.mycompany. Educational 
institute city.state.edu would prefix package names with edu.state.city. This neatly solves the 
naming problem and generates a very nice tree structure for all Java class libraries.  

JDBC: Java Database Connectivity 
 
Introduction: 
 

• Most popular form of database system is the relational database system. 
• Examples: MS Access, Sybase, Oracle, MS Sequel Server. 
• Structured Query Language (SQL) is used among relational databases to construct 

queries. 
• These queries can be stand-alone or embedded within applications. This form of SQL 

is known as embedded SQL. 
 

Simple Database Application: 
 
 
 
 
 
 
 
 
 
 
 
Multi-Databases: 
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Standard Access to DB: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ODBC Architecture: 
 

 
Open Database Connectivity (ODBC) Standard: 
 

• ODBC standard is an interface by which application programs can access and process 
SQL databases in a DBMS-independent manner. It contains: 

• A Data Source that is the database, its associated DBMS, operating system and 
network platform 

• A DBMS Driver that is supplied by the DBMS vendor or independent software 
companies 

• A Driver Manager that is supplied by the vendor of the O/S platform where the 
application is running 
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ODBC Interface: 
 

• It is a system independent interface to database environment that requires an ODBC 
driver to be provided for each database system from which you want to manipulate 
data. 

• The database driver bridges the differences between your underlying system calls and 
the ODBC interface functionality. 

 
Java Support for ODBC : JDBC: 
 

• When applications written in Java want to access data sources, they use classes and 
associated methods provided by Java DBC (JDBC) API. 

• JDBC is specified an an “interface”.  
• An interface in Java can have many “implementations”. 
• So it provides a convenient way to realize many “drivers”. 
 

Java Support for SQL: 
 

• Java supports embedded SQL. 
• Also it provides an JDBC API as a standard way to connect to common relational 

databases. 
• You need a JDBC:ODBC bridge for using the embedded SQL in Java. 
• Java.sql package and an extensive exception hierarchy. 
• We will examine incorporating this bridge using sample code. 
 

Data Source: 
 

• Local relational database; Ex: Oracle. 
• Remote relational database on a server; Ex: SQLserver. 
• On-line information service; Ex: Dow Jones, Customer database. 

 
 
 
Data Source and Driver: 
 

• Data source is the data base created using any of the common database applications 
available.  

• Your system should have the driver for the database you will be using. 
• For example your Windows system should have the MS Access Driver.  
• There are a number of JDBC drivers available.  
 

What is JDBC ? 
 

• Developed in 1996. 
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• Java Database Connectivity. 
• Its tasks:  

� establish connection 
� send SQL statements 
� process the results 

• It is a part of JDK 1.2 
 

The JDBC-ODBC Bridge Driver  
 

• ODBC Architecture. 
• What is JDBC-ODBC bridge? 
• Using the bridge. 
• The JDBC-ODBC URL. 

 

 
 

What is JDBC-ODBC Bridge? 
 

� provides JDBC access via most ODBC drivers.  
 
JDBC-ODBC BRIDGE: 
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Using the Bridge: 
 

• Opens a JDBC connection using URL with the odbc subprotocol. 
� Ex: jdbc:odbc:sybase. 
� jdbc:odbc:mydb;UID= me; PWD =secret 

• Does not allow untrusted applet to access ODBC data source if a browser is provided. 
 

The ODBC URL: 
 

• General JDBC URL Structure : 
jdbc:<subprotocol>:<subname> 

• The Bridge Specified  URL Structure: 
jdbc:odbc:<ODBC datasource name<[;attribute-name= attribute value]... 

• subprotocol: database connectivity being requested.  
• subname: specified the ODBC data source name to use, and addition connection 

string attributes for the subprotocol. 
 

Summary: 
 

• JDBC’s goal is: 
� DBMS-independent interface. 
� Can access any data source without recoding. 

• JDBC Drivers: 
� JDBC-ODBC Bridge 
� Partial Java driver 
� Pure Java driver for database middleware 
� direct to database pure Java driver.  

• JDBC supports basic SQL functionality  
• JDBC is flexible, easy to manage and inexpensive. 
 

Features and Benefits: 
 

• Features: 
� No  Complex Installation. 
� Complete access to metadata. 
� URL Database Connection. 

• Benefits: 
� Flexibility to businesses. 
� Easy and economical. 
� No configuration for client side is required. 

JDBC Security: 
 

• Using three-tier system. 
� Uses encryption to send login information to the application server. 
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� Application server decodes the information. 
� Application server sends the decoded information to the database server.  

 
 
 
Three-Tier System:  

 
 
JDBC API: 
 

• Data Types 
• Simplified API 

� Loading Driver 
� Connecting 
� Statements 
� Results 

• API in Detail 
� Callable and Prepared 
� Exceptions 

 
Data Types 
 
Java to SQL Mapping.  JDBC defines a set of generic SQL type identifiers in the class 
java.sql.Types 

• bit 
• tinyint 
• smallint 
• integer 
• bigint 

 Client 
En
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• float 
• real 
• double 
• numeric 
• decimal 
• char 
• varchar 
• longvarchar 
• date 
• time 
• timestamp 
• binary 
• varbinary 
• longvarbinary 
• other 
• resultset* 
• prepared and callable statement*  

 
JDBC Components: 
 

• Driver Manager: Loads database drivers, and manages the connection between 
application & driver. 

• Driver : Translates API calls to operations for a specific data source. 
• Connection: A session between an application and a driver. 
• Statement: A SQL statement to perform a query or an update operation. 
• Metadata: Information about the returned data, driver and the database. 
• Result Set : Logical set of columns and rows returned by executing a statement. 

 
JDBC Programming Steps:  
 

• Import necessary packages;  
Ex: import java.sql.*; 

• Load JDBC driver(driver should have been installed) 
• Data source and its location should have been registered. 
• Allocate Connection object, Statement object and ResultSet object 
• Execute query using Statement object 
• Retrieve data from ResultSet object 
• Close Connection object. 
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JDBC Interface (simplified): 

 
 
Establishing a Connection:  
 

• The first thing you need to do is establish a connection with the DBMS you want to 
use. This involves two steps: 

� loading the driver and 
� making the connection. 

 
Loading Drivers: 
 

• Loading the driver or drivers you want to use is very simple. For example, if you 
want to use the JDBC-ODBC Bridge driver, the following code will load it: 

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
 
Making a Connection: 
 

• The second step is to have the appropriate driver connect to the DBMS. 
Connection  
con=DriverManager.getConnection(“jdbc:odbc:MyDSN”,"myLogin", "myPassword"); 

• The URL consists of the protocol, type of database, hostname, port, and name of the 
database.  In this case we are using JDBC to connect to a mysql database, on host 
cannings.org, port 3306, to database test. 

 
Creating Statements, Updates: 

• A Statement object is what sends your SQL statement to the DBMS. You simply 
create a Statement object and then execute it. 

• Statements can be used to update the database: 

Driver 

Connection 

Statement DataBase MetaData 

Resultset 
 

ResultsetMetaData 
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Statement stmt = con.createStatement(); 
stmt.executeUpdate("CREATE TABLE COFFEES " + "(COF_NAME VARCHAR(32), 
SUP_ID INTEGER, PRICE FLOAT, " +"SALES INTEGER, TOTAL INTEGER)"); 
 
Creating Statements, Queries: 
 

• Statements are also used to Query the database: 
 

ResultSet rs = stmt.executeQuery( 
    "SELECT COF_NAME, PRICE FROM COFFEES"); 
 
Result Sets: 
 

• JDBC returns results in a ResultSet object, so we need to declare an instance of the 
class ResultSet to hold our results. 

 
String query = "SELECT COF_NAME, PRICE FROM COFFEES"; 
ResultSet rs = stmt.executeQuery(query); 
while (rs.next()) { 
    String s = rs.getString("COF_NAME"); 
    float n = rs.getFloat("PRICE"); 
    System.out.println(s + "   " + n); 
} 
  
Result Sets, methods: 
 

• The getXXX method is used to retrieve data by column name: 
String s = rs.getString("COF_NAME"); 

• We may also use a column index to access the data: 
String s = rs.getString(1); 
float n = rs.getFloat(2); 

• The next() method is used to access the next row in the resultset: 
while (rs.next())  
{ 
/* get current row */ 
} 
 
More JDBC: 
 

• We have now been introduced to the following interfaces: 
� java.sql.drivermanager 
� java.sql.connection 
� java.sql.statement 
� java.sql.resultset 
� java.sql.types 

• Now lets look at the rest of the API.. 
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Callable and Prepared Statements: 
 

• Prepared Statement 
� pre-compiled query 
� reduces execution time 
� given sql query when it is created 
� used for queries that are used many times 

• Callable Statement 
� a stored procedure inside the DBMS 
� can be created and accessed by JDBC 
� used to encapsulate a set of operations or queries to execute on a database server 
 

Prepared Statement Example: 
 
PreparedStatement updateSales = con.prepareStatement( 
 "UPDATE COFFEE SET SALES = ? WHERE COF_NAME LIKE ? "); 
updateSales.setInt(1, 75);  
updateSales.setString(2, ”Columbian");  
updateSales.executeUpdate(): 
 
Callable Statement Example: 
 

� Syntax for defining a stored procedure is different for each DBMS 
String createProcedure = "create procedure SHOW_SUPPLIERS" +"as " +"select 
SUPPLIERS.SUP_NAME, COFFEES.COF_NAME " +"from SUPPLIERS, COFFEES " 
+"where SUPPLIERS.SUP_ID = COFFEES.SUP_ID " +"order by SUP_NAME"; 
 
Statement stmt = con.createStatement(); 
stmt.executeUpdate(createProcedure); 
CallableStatement cs = con.prepareCall("{call SHOW_SUPPLIERS}"); ResultSet rs = 
cs.executeQuery();  
 
Main Exceptions:  
 

• SQLException 
� An exception that provides information on a database access error or other 

errors.  
• SQLWarning 

� An exception that provides information on database access warnings. 
Warnings are silently chained to the object whose method caused it to be 
reported. 

Summary:  
• JDBC API of Java language conforms to the ODBC standard. 
• It supports ODBC by providing classes/interfaces for driver manager, driver, 

connection, statement and resultset and others. 
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• You can access various components in JDBC by instantiating or implementing 
objects and accessing their methods. 

 
JDBC CODE SAMPLES : 
 
/*Using select statement to fetch data from database table.*/ 
 
import java.util.*; 
import java.sql.*; 
public class JDBCDemoSelect  
{ 
public JDBCDemoSelect()  
{ 
Connection c = getConnection(); 
try 
{ 
Statement s = (Statement)c.createStatement(); 
ResultSet rs = s.executeQuery("select * from emp"); 
while(rs.next()) 
{ 
String ss = rs.getString("Ename"); 
    int n = rs.getInt("Salary"); 
    System.out.println(ss + "   " + n); 
} 
c.close(); 
}catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
} 
private Connection getConnection()  
{ 
Connection con=null; 
  // Register the driver using Class.forName()  
  try { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
con = DriverManager.getConnection("jdbc:odbc:MyDSN"); 
  } catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
return con; 
} 
public static void main( String[] args )  
{ 
  new JDBCDemoSelect(); 
} 
} 
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/*Using insert statement to insert data to database table.*/ 
 
import java.util.*; 
import java.sql.*; 
public class JDBCDemoInsert  
{ 
public JDBCDemoInsert()  
{ 
Connection c = getConnection(); 
try 
{ 
PreparedStatement ps = c.prepareStatement("insert into emp values(?,?,?)"); 
ps.setString(1,"E104");  
ps.setString(2,"Jones");  
ps.setFloat(3,12000);  
 ps.executeUpdate(); 
System.out.println("Inserted"); 
c.close(); 
}catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
} 
private Connection getConnection()  
{ 
Connection con=null; 
  // Register the driver using Class.forName()  
  try { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
con = DriverManager.getConnection("jdbc:odbc:MyDSN"); 
 
  } catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
return con; 
} 
public static void main( String[] args )  
{ 
  new JDBCDemoInsert(); 
} 
} 
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/*Using update statement to update data in database table.*/ 
 
import java.util.*; 
import java.sql.*; 
public class JDBCDemoUpdate  
{ 
public JDBCDemoUpdate()  
{ 
Connection c = getConnection(); 
try 
{ 
Statement s = (Statement)c.createStatement(); 
 s.executeUpdate("update Emp set Ename='Deep' where Ename='Bob'"); 
 
System.out.println("Updated"); 
c.close(); 
}catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
} 
private Connection getConnection()  
{ 
Connection con=null; 
  // Register the driver using Class.forName()  
  try { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
con = DriverManager.getConnection("jdbc:odbc:MyDSN"); 
 
  } catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
return con; 
} 
public static void main( String[] args )  
{ 
  new JDBCDemoUpdate(); 
} 
}  
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/*Using delete statement to delete data from database table.*/ 
 
import java.util.*; 
import java.sql.*; 
public class JDBCDemoDelete 
{ 
public JDBCDemoDelete()  
{ 
Connection c = getConnection(); 
try 
{ 
PreparedStatement ps = c.prepareStatement("Delete from emp where eid=?"); 
ps.setString(1,"E104");  
 ps.executeUpdate(); 
System.out.println("Deleted"); 
c.close(); 
}catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
 
} 
private Connection getConnection()  
{ 
Connection con=null; 
  // Register the driver using Class.forName()  
  try { 
  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
con = DriverManager.getConnection("jdbc:odbc:MyDSN"); 
 
  } catch ( Exception e ) { 
   e.printStackTrace(); 
  } 
return con; 
} 
public static void main( String[] args )  
{ 
  new JDBCDemoDelete(); 
} 
} 
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Java Documentation Comments 

 

Java supports three types of comments. The first two are the // and the /* */. The third type is 
called a documentation comment. It begins with the character sequence /** and it ends with */. 

Documentation comments allow you to embed information about your program into the 
program itself. You can then use the javadoc utility program to extract the information and put 
it into an HTML file. 

Documentation comments make it convenient to document your programs. 

The javadoc Tags: 

The javadoc utility recognizes the following tags: 

Tag Description Example 

@author Identifies the author of a class. @author description 

@deprecated 
Specifies that a class or member is 
deprecated. 

@deprecated description 

{@docRoot} 
Specifies the path to the root directory 
of the current documentation 

Directory Path 

@exception 
Identifies an exception thrown by a 
method. 

@exception exception-name 
explanation 

{@inheritDoc} 
Inherits a comment from the 
immediate superclass. 

Inherits a comment from the 
immediate surperclass. 

{@link} Inserts an in-line link to another topic. {@link name text} 

{@linkplain} 
Inserts an in-line link to another topic, 
but the link is displayed in a plain-text 
font. 

Inserts an in-line link to another topic. 

@param Documents a method's parameter. @param parameter-name explanation 

@return Documents a method's return value. @return explanation 

@see Specifies a link to another topic. @see anchor 

@serial 
Documents a default serializable 
field. 

@serial description 

@serialData 
Documents the data written by the 
writeObject( ) or writeExternal( ) 

@serialData description 
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methods 

@serialField 
Documents an ObjectStreamField 
component. 

@serialField name type description 

@since 
States the release when a specific 
change was introduced. 

@since release 

@throws Same as @exception. 
The @throws tag has the same 
meaning as the @exception tag. 

{@value} 
Displays the value of a constant, 
which must be a static field. 

Displays the value of a constant, 
which must be a static field. 

@version Specifies the version of a class. @version info 

Documentation Comment: 

After the beginning /**, the first line or lines become the main description of your class, 
variable, or method. 

After that, you can include one or more of the various @ tags. Each @ tag must start at the 
beginning of a new line or follow an asterisk (*) that is at the start of a line. 

Multiple tags of the same type should be grouped together. For example, if you have three 
@see tags, put them one after the other. 

Here is an example of a documentation comment for a class: 

/** 
* This class draws a bar chart. 
* @author Zara Ali 
* @version 1.2 
*/ 

What javadoc Outputs? 

The javadoc program takes as input your Java program's source file and outputs several HTML 
files that contain the program's documentation. 

Information about each class will be in its own HTML file. Java utility javadoc will also 
output an index and a hierarchy tree. Other HTML files can be generated. 

Since different implementations of javadoc may work differently, you will need to check the 
instructions that accompany your Java development system for details specific to your version. 
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Example: 

Following is a sample program that uses documentation comments. Notice the way each 
comment immediately precedes the item that it describes. 

After being processed by javadoc, the documentation about the SquareNum class will be found 
in SquareNum.html. 

import java.io.*; 
 
/** 
* This class demonstrates documentation comments. 
* @author Ayan Amhed  
* @version 1.2 
*/ 
public class SquareNum { 
   /** 
   * This method returns the square of num. 
   * This is a multiline description. You can use 
   * as many lines as you like. 
   * @param num The value to be squared. 
   * @return num squared. 
   */ 
   public double square(double num) { 
      return num * num; 
   } 
   /** 
   * This method inputs a number from the user. 
   * @return The value input as a double. 
   * @exception IOException On input error. 
   * @see IOException 
   */ 
   public double getNumber() throws IOException { 
      InputStreamReader isr = new InputStreamReader(System.in); 
      BufferedReader inData = new BufferedReader(isr); 
      String str; 
      str = inData.readLine(); 
      return (new Double(str)).doubleValue(); 
   } 
   /** 
   * This method demonstrates square(). 
   * @param args Unused. 
   * @return Nothing. 
   * @exception IOException On input error. 
   * @see IOException 
   */ 
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   public static void main(String args[]) throws IOException 
   { 
      SquareNum ob = new SquareNum(); 
      double val; 
      System.out.println("Enter value to be squared: "); 
      val = ob.getNumber(); 
      val = ob.square(val); 
      System.out.println("Squared value is " + val); 
   } 
} 

Now process above SquareNum.java file using javadoc utility as follows: 

$ javadoc SquareNum.java 
Loading source file SquareNum.java... 
Constructing Javadoc information... 
Standard Doclet version 1.5.0_13 
Building tree for all the packages and classes... 
Generating SquareNum.html... 
SquareNum.java:39: warning - @return tag cannot be used\ 
                      in method with void return type. 
Generating package-frame.html... 
Generating package-summary.html... 
Generating package-tree.html... 
Generating constant-values.html... 
Building index for all the packages and classes... 
Generating overview-tree.html... 
Generating index-all.html... 
Generating deprecated-list.html... 
Building index for all classes... 
Generating allclasses-frame.html... 
Generating allclasses-noframe.html... 
Generating index.html... 
Generating help-doc.html... 
Generating stylesheet.css... 
1 warning 
$ 

Object Cloning in Java 

 
 
 
 
 
 
 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 78 

 
CS2304  -   PROGRAMMING PARADIGMS 

 
Unit II  Object-oriented Programming – Inheritance 

 

 
 
 

 

The three* hierarchies of OOP 
 

• Inheritance:      
 

 1 – n 
   
 
 

 
 
 

• Instantiation : 
 

 1 – n 
 
 
 

 
 
 

• Composition 
 

 1 – n 
 
 
 
 

Inheritance – class hierarchy – polymorphism – dynamic binding – final keyword – 
abstract classes – the Object class – Reflection – interfaces – object cloning – inner 
classes – proxies 

INHERITANCE  

superclasss 

subclasss 

classs 

instance 

object 

Instance variable 
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Inheritance 
 

• Superclass – subclass 

� Subclass inherits all methods, variables 

� Subclass can add methods, variables 

� Subclass can overwrite all methods, variables 

� increased reusability 

Access to variables and methods 
 

• Objects - public or private 

  -plus protected 

Inheritance rules 

• Single inheritance– subclass has only one superclass; classes form an inheritance tree 

• Multiple inheritance– subclass can have multiple superclasses 

• Single inheritance plus interfaces (Java) 

Problems of multiple inheritance 

• Identifier conflict: 
 
 
 
 
 
 
 
 
 

Interfaces solve the multiple inheritance problem 
• No variables in interfaces 

• No method implementations in interfaces – only protocols 

 BUT 

• Weaker inheritance – no gain in code reuse 

Class Super1 
int x, y 
 

Class Super2 
double x, z 
 

Class Sub extends Super1, Super2 
 

    Which x? 
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Type checking 
 

• subclasses are subtypes* 

� type compatibility – object of subtype can be assigned to identifier declared 

of superclass type 

� dynamic type checking provides polymorphism 

Polymorphism in method calls : 
 
Super a,b,c,d; 
a = new Super(); 
b = new Sub1(); 
c = new Sub2(); 
d = new Sub3(); 

 
 
 
 
 
 
 
 
 
 
 

Polymorphism means dynamic type checking 
 

• class of object must be determined at run time 

� methods bound to messages dynamically 

� parameters type checked dynamically 

BUT 
• protocol can be verified statically 

� purpose of abstract methods 

 

 class Super1 
 method x() 
 

 class Sub1 
 method x() 
 

 class Sub2 
 

 class Sub3 
 method x() 
 

a.x()     b.x()     c.x()     d.x() 
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Introduction to Inheritance 

� One of the more powerful concepts in an object-oriented language is the concept of 

inheritance, which is a methodology whereby the code developed for one use can be 

extended for use elsewhere without having to make an actual copy of the code.  

� In Java, inheritance is done by creating new classes that are extensions of other classes. The 

new class is known as a subclass. The original class is known as a superclass. The subclass 

has all the attributes of the superclass, and in addition has attributes that it defines itself. A 

class can have only one superclass. This is known as single inheritance. A superclass can 

have multiple subclasses.  

� Consider apartment building example again. An apartment building class is made up of 

individual apartments and may be part of a larger complex made up of other types of 

buildings such as schools, stores, and houses. One way to implement this in Java is to start 

with the concept of a building. All buildings share certain characteristics, including 

building size (height, width, depth), size of lot, and type of heating. Using these 

characteristics, we could build up a class that stores and manipulates these characteristics.  

� An apartment building can be thought of as being a more specialized version of a building. 

Apartment buildings are made up of a group of individual apartments, any of which might 

be empty at any given moment. These characteristics can be incorporated as part of the 

building class but would not apply to a school. Instead, an apartment building class is 

created that inherits characteristics of the building class but also adds its own particular 

characteristics. This creates a more specific version of building that is customized for 

describing an apartment building. More specialized versions of buildings could be created 

for a school, store, or house.  

� Declaring Inheritance 

Declaring inheritance in classes is simply an extension of the class-declaration rules discussed 

earlier. This is done with the extends keyword:  

class classname extends anotherclass { 
  ... body of class 
}  
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The extends keyword immediately follows the class name. It is followed by the name of the 

superclass from which this class will inherit characteristics. There can be only one class name 

following the extends keyword.  

Let's use the apartment building analogy to demonstrate inheritance, starting with the building 

class:  

public class Bldg { 
   int height, width, depth, lotsize; 
   String heatType; 
   public String getHeatType () { 
      return(heatType); 
   }  
}  

In this simplistic version of a building class, variables for holding height , width , depth , and 

lotsize  and a method for printing out the type of heating have all been declared. These are the 

characteristics that all buildings share.  

The next step is to create an apartment building class that extends the previously declared 

building class:  

public class AptBldg extends Bldg { 
   int numApts; 
   Apt apt[]; 
   public int findVacatApt () { 
      int i; 
      for (i = 0; i < numApts; i++) { 
         if (apt[i].isVacant == true) { 
            return(i);  
         } 
      } 
      return(-1); 
   } 
} 
public class Apt { 
   boolean vacant; 
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   int aptNumber; 
   public boolean isVacant() { 
      return(vacant); 
   } 
}  

In this example, two classes are declared: an apartment building class (AptBldg ) and an 

apartment class (Apt ). The apartment building class is declared using extends  Bldg , which 

declares that AptBldg  is a subclass of Bldg . By doing this, AptBldg  inherits all the variables 

and methods declared in Bldg . AptBldg  extends Bldg  by declaring a variable for number of 

apartments and an array containing apartment objects. There is also a method that returns the 

first vacant apartment in the array of apartments.  

The Apt  class is a brand-new class and does not extend any other classes. It declares two 

variables, vacant  and aptNumber , as well as method isVacant , which can be used to 

determine if the apartment is vacant. The next step is to use the classes that are now declared.  

� Using Inheritance 

The classes declared previously are used in a new Java program that can do this:  

public AptManager { 
   public findEmptyApt (AptBldg aptBldg) { 
      int AptNum; 
      String heatType; 
      AptNum = aptBldg.findVacantApt();  
      if (AptNum > 0) { 
         heatType = aptBldg.getHeatType(); 
         System.out.println("Apartment " + AptNum + "is available for 

rent"); 
         System.out.println("Type of heat is" + heatType); 
      } 
   } 
}  
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In this example, a method for finding an empty apartment has been created. It is passed an 

apartment building object as an argument. The method then calls the findVacantApt  method 

in the aptBldg  object to locate a vacant apartment. If one is found, a call to the method 

getHeatType  is made to determine the type of heat in the building. Both of these pieces of 

information are then printed out.  

Notice that although findVacantApt  is explicitly declared in AptBldg , the getHeatType  

method is not. It is instead declared in the Bldg  class. Because AptBldg  is declared a subclass 

of Bldg , it automatically inherits all of Bldg 's methods, including getHeatType . If other 

subclasses of Bldg , such as school  or house , were declared, they would also inherit this same 

method.  

A recompile of all subclasses must occur every time an upper-level class is changed. The very 

nature of Java is such that, because it is an interpreted language, no such recompile needs to 

take place. All superclass characteristics are passed down through inheritance.  

Inheritance 
Inheritance creates a new class definition by building upon an existing definition (you extend 
the original class) 

The new class can, in turn, can serve as the basis for another class definition 

• all Java objects use inheritance  
• every Java object can trace back up the inheritance tree to the generic class Object  

The keyword extends is used to base a new class upon an existing class 

Several pairs of terms are used to discuss class relationships (these are not keywords) 

 

• note that traditionally the arrows point from the inheriting class to the base class, and 
the base class is drawn at the top - in the Unified Modeling Language (UML) the arrows 
point from a class to another class that it depends upon (and the derived class depends 
upon the base class for its inherited code)  
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• the parent class/child class terms are not recommended, since parent and child is more 
commonly used for ownership relationships (like a GUI window is a parent to the 
components placed in it)  

A derived class instance may be used in any place a base class instance would work - as a 
variable, a return value, or parameter to a method  

Inheritance is used for a number of reasons (some of the following overlap) 

• to model real-world hierarchies  
• to have a set of pluggable items with the same "look and feel," but different internal 

workings  
• to allow customization of a basic set of features  
• when a class has been distributed and enhancements would change the way existing 

methods work (breaking existing code using the class)  
• to provide a "common point of maintenance"  

When extending a class, you can add new properties and methods, and you can change the 
behavior of existing methods (which is called overriding the methods) 

• you can declare a method with the same signature and write new code for it  
• you can declare a property again, but this does not replace the original property - it 

shadows it (the original property exists, but any use of that name in this class and its 
descendants refers to the memory location of the newly declared element)  

Inheritance Examples 

Say you were creating an arcade game, with a number of different types of beings that might 
appear - wizards, trolls, ogres, princesses (or princes), frogs, etc. 

• all of these entities would have some things in common, such as a name, movement, 
ability to add/subtract from the player's energy - this could be coded in a base class 
Entity  

• for entities that can be chosen and controlled by a player (as opposed to those that 
merely appear during the course of the game but can't be chosen as a character) a new 
class Playable could extend Entity by adding the control features  

• then, each individual type of entity would have its own special characteristics - those 
that can be played would extend Playable, the rest would simply extend Entity  

• you could then create an array that stored Entity objects, and fill it with randomly 
created objects of the specific classes  

• for example, your code could generate a random number between 0 and 1; if it is 
between 0.0 and 0.2, create a Wizard, 0.2 - 0.4 a Prince, etc.  
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The Java API is a set of classes that make extensive use of inheritance 

• one of the classes used in the GUI is Window - its family tree looks like:  

 

Payroll with Inheritance 

Our payroll program could make use of inheritance if we had different classes of employees: 
exempt employees, non-exempt employees, and contract employees 

• they all share basic characteristics such as getting paid (albeit via different algorithms), 
withholding, having to accumulate year-to-date numbers for numerous categories  

• but they have different handling regarding payment calculations, benefits, dependents, 
etc.  

• exempt employees get a monthly salary, while nonexempt get a wage * hours, contract 
employees are handled similarly to nonexempt, but cannot have dependents  

Also, we have already seen some duplication of effort in that our dependents store some of the 
same information as employees (first and last names) 

• they use this information for the same purposes, so it might make sense to pull that 
common information into a base class  

This would leave us with an inheritance scheme as follows: 

 

Note that a scheme with ContractEmployee extending NonexemptEmployee might also be a 
reasonable approach 

Derived Class Objects 

You can view a derived class object as having a complete base class object inside it 

• lets assume that the Entity class defines the properties name, energy, and position, and 
methods moveTo() and changeEnergy()  

• the Playable class adds a property playerID  
• the Wizard class adds a spells property (an array of spells they can cast) and a 

castSpell() method  
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Any Wizard object contains all the elements inside its box, include those of the base classes 

• so, for example, the complete set of properties in a Wizard object is:  
o name  
o energy  
o position  
o playerID  
o spells  

• a Wizard reference to a Wizard object has access to any public elements from any class 
in the inheritance chain from Object to Wizard  

• code inside the Wizard class has access to all elements of the base classes (except those 
defined as private in the base class - those are present, but not directly accessible)  

• a more complete description of access levels is coming up in a few pages  

Note: although it appears that a base class object is physically located inside the derived class 
instance, it is not actually implemented that way 

Polymorphism 

Inheritance and References 

If a derived class extends a base class, it is not only considered an instance of the derived class, 
but an instance of the base class as well 

• the compiler knows that all the features of the base class were inherited, so they are still 
there to work in the derived class (keeping in mind that they may have been changed)  

This demonstrates what is known as an IsA relationship - a derived class object Is A base class 
instance as well 

• it is an example of polymorphism - that one reference can store several different types 
of objects  

• for example, in the arcade game example, for any character that is used in the game, an 
Entity reference variable could be used, so that at runtime, any subclass can be 
instantiated to store in that variable  

• Entity shrek = new Ogre(); 
Entity merlin = new Wizard(); 

• for the player's character, a Playable variable could be used  

Playable charles = new Prince(); 

When this is done, however, the only elements immediately available through the reference are 
those know to exist; that is, those elements defined in the reference type object 
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• the compiler decides what to allow you to do with the variable based upon the type 
declared for the variable  

• merlin.moveTo() would be legal, since that element is guaranteed to be there  
• merlin.castSpell() would not be legal, since the definition of Entity does not include it, 

even though the actual object referenced by w does have that capability  
• the following example gives a hint as to why this is the case:  
• Entity x; 
• if (Math.random() < 0.5) x = new Wizard(); 

else x = new Troll(); 

there is no way the compiler could determine what type of object would actually be 
created  

• the variables names above, shrek, merlin, and charles, are probably not good choices: 
presumably we know shrek is an ogre, and always will be, so the type might as well be 
Ogre (unless, of course, he could transmogrify into something else during the game ...)  

Dynamic Method Invocation 

When a method is called through a reference, the JVM looks to the actual class of the instance 
to find the method. If it doesn't find it there, it backs up to the ancestor class (the class this 
class extended) and looks there (and if it doesn't find it there, it backs up again, potentially all 
the way to Object). 

Sooner or later, it will find the method, since if it wasn't defined somewhere in the chain of 
inheritance, the compiler would not have allowed the class to compile. 

In this manner, what you could consider the most advanced (or most derived) version of the 
method will run, even if you had a base class reference. 

So, for our arcade game, an Entity reference could hold a Wizard, and when the move method 
is called, the Wizard version of move will run. 

An interesting aspect of dynamic method invocation is that it occurs even if the method is 
called from base class code. If, for example: 

• the Entity class move method called its own toString method  
• the Ogre class didn't override move, but did override toString  
• for an Ogre stored in an Entity variable, the move method was called  

The Entity version of move would run, but its call to toString would invoke the toString 
method from Ogre!  
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Creating a Derived Class 
The syntax for extending a base class to create a new class is: 

Syntax 
 [modifiers] class DerivedClassName extends  
BaseClassName { 
 (new property and method definitions go here) 
} 

• if you do not extend any class, Java assumes you are extending Object by default  

Your new class can use the properties and methods contained in the original class (subject to 
the note coming up in a few pages about access keywords), add new data properties and 
methods, or replace properties or methods 

A derived class object may be stored in a base class reference variable without any special 
treatment - the reverse is not true, but can be forced 

Java doesn't allow multiple inheritance, where one class inherits from two or more classes 

• it does have a concept called an interface, which defines a set of method names  
• a class may implement an interface, defining those methods in addition to whatever 

other methods are in the class  
• this allows for several otherwise unrelated classes to have the same set of method 

names available, and to be treated as the same type of object for that limited set of 
methods  

Inheritance Example - A Derived Class  

When a derived class is created, an object of the new class will in effect contain a complete 
object of the base class within it 

The following maps out the relation between the derived class and the base class (note that the 
diagrams show the apparent memory allocation, in a real implementation the base class 
memory block is not inside the derived class block)  

public class MyBase { 
 public int x; 
 public void show() { 
  System.out.println("x =" + x); 
} 

 

class MyDerived extends MyBase { 
 public int y; 
 public void show() { 
  System.out.println("x = " + x);  
  System.out.println("y = " + y);  
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 } 
} 

Since everything in MyBase is public, code in the MyDerived class has free access to the x 
value from the MyBase object inside it, as well as y and show() from itself 

• the show() method from MyBase is also available, but only within MyDerived class 
code (but some work is required to get it, since it is hidden by the show() method added 
with MyDerived) - code in other classes cannot invoke the MyBase version of show() 
at all  

Inheritance and Access 

When inheritance is used to create a new (derived) class from an existing (base) class, 
everything in the base class is also in the derived class 

• it may not be accessible, however - the access in the derived class depends on the 
access in the base class:  

base class access accessibility in derived class 
public  public  

protected  protected  

private  inaccessible 

unspecified (package access) unspecified (package access) 

Note that private elements become inaccessible to the derived class - this does not mean that 
they disappear, or that that there is no way to affect their values, just that they can't be 
referenced by name in code within the derived class 

Also note that a class can extend a class from a different package 

 

Inheritance and Constructors - the super Keyword 

Since a derived class object contains the elements of a base class object, it is reasonable to 
want to use the base class constructor as part of the process of constructing a derived class 
object 

• constructors are "not inherited"  
• in a sense, this is a moot point, since they would have a different name in the new class, 

and can't be called by name under any circumstances, so, for example, when one calls 
new Integer(int i) they shouldn't expect a constructor named Object(int i) to run  
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Within a derived class constructor, however, you can use super( parameterList ) to call a base 
class constructor 

• it must be done as the first line of a constructor  
• therefore, you can't use both this() and super() in the same constructor function  
• if you do not explicitly invoke a form of super-constructor, then super() (the form that 

takes no parameters) will run  
• and for the superclass, its constructor will either explicitly or implicitly run a 

constructor for its superclass  
• so, when an instance is created, one constructor will run at every level of the 

inheritance chain, all the way from Object up to the current class  

Code Sample: Java-Inheritance/Demos/Inheritance1.java 

class MyBase { 
 private int x; 
  public MyBase(int x) { 
  this.x = x; 
 } 
 public int getX() { 
  return x; 
 } 
 public void show() { 
  System.out.println("x=" + x); 
 } 
}  
class MyDerived extends MyBase { 
 private int y; 
 public MyDerived(int x) { 
  super(x); 
 }  
 public MyDerived(int x, int y) { 
  super(x); 
  this.y = y; 
 } 
 public int getY() { 
  return y; 
 }  
 public void show() { 
  System.out.println("x = " + getX()); 
  System.out.println("y = " + y); 
 } 
} 
public class Inheritance1 { 
 public static void main(String[] args) {  
  MyBase b = new MyBase(2); 
  b.show(); 
  MyDerived d = new MyDerived(3, 4); 
  d.show(); } 
} 

Code Explanation 
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The diagram below shows the structure of our improved classes: 

 

• a MyDerived object has two constructors available, as well as both the getX and 
getY methods and the show method  

• both MyDerived constructors call the super constructor to handle storage of x  
• the show method in the derived class overrides the base class version  
• x from the base class is not available in the derived class, since it is private in 

MyBase, so the show method in MyDerived must call getX() to obtain the value  

Derived Class Methods That Override Base Class Methods 

As we saw before, you can create a method in the derived class with the same name as a base 
class method 

• the new method overrides (and hides) the original method  
• you can still call the base class method from within the derived class if necessary, by 

adding the super keyword and a dot in front of the method name  
• the base class version of the method is not available to outside code  
• you can view the super term as providing a reference to the base class object buried 

inside the derived class  
• you cannot do super.super. to back up two levels  
• you cannot change the return type when overriding a method, since this would make 

polymorphism impossible  

Example: a revised MyDerived using super.show()  

class MyDerived extends MyBase { 
 int y; 
 public MyDerived(int x) { 
  super(x); 
 }  
 public MyDerived(int x, int y) { 
  super(x); 
  this.y = y; 
 } 
 public int getY() { 
  return y; 
 }  
 public void show() { 
  super.show(); 
  System.out.println("y = " + y); 
 } 
} 
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Inheritance and Default Base Class Constructors 

One base class constructor will always run when instantiating a new derived class object 

• if you do not explicitly call a base class constructor, the no-arguments base constructor 
will be automatically run, without the need to call it as super()  

• but if you do explicitly call a base class constructor, the no-arguments base constructor 
will not be automatically run  

• the no-arguments (or no-args for short) constructor is often called the default 
constructor, since it the one that will run by default (and also because you are given it 
by default if you write no constructors)  

Code Sample: Java-Inheritance/Demos/Inheritance2.java 

class Purple { 
 protected int i = 0; 
 public Purple() { 
  System.out.println("Purple() running and i = " + i); 
 } 
 public Purple(int i) { 
  this.i = i; 
  System.out.println("Purple(i) running and i = " +  i); 
 } 
} 
class Violet extends Purple { 
 Violet() { 
  System.out.println("Violet(i) running and i = " +  i); 
 } 
 Violet(int i) { 
  System.out.println("Violet(i) running and i = " +  i); 
 } 
} 
public class Inheritance2 { 
 public static void main(String[] args) { 
  new Violet(); 
  new Violet(4); 
 } 
} 

Code Explanation 

Each constructor prints a message so that we can follow the flow of execution. Note that using 
new Violet() causes Purple() to run, and that new Violet(4) also causes Purple() to run. 

If your base class has constructors, but no no-arguments constructor, then the derived class 
must call one of the existing constructors with super(args), since there will be no default 
constructor in the base class. 

If the base class has a no-arguments constructor that is private, it will be there, but not be 
available, since private elements are hidden from the derived class. So, again, you must 
explicitly call an available form of base class constructor, rather than relying on the default  
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• try the above code with the Purple() constructor commented out or marked as private  

The Instantiation Process at Runtime 

In general, when an object is instantiated, an object is created for each level of the inheritance 
hierarchy. Ech level is completed before the next level is started, and the following takes place 
at each level: 

1. the memory block is allocated  
2. the entire block is zeroed out  
3. explicit initializers run - which may involve executable code, for example: private 

double d = Math.random();  
4. the constructor for this level runs  

o since the class code has already been loaded, and any more basic code has been 
completed, any methods in this class or inherited from superclasses are 
available to be called from the constructor  

o when you call a superconstructor, all you are really doing is selecting which 
form of superconstructor will run - timingwise, it was run before we got to this 
point  

When the process has completed, the expression that created the instance evaluates to the 
address of the block for the last unit in the chain.  

Example - Factoring Person Out of 
Employee and Dependent  
Since dependents and personnel have some basic personal attributes in common, we will pull 
the first and last name properties into a base class representing a person 

1. Create a new class, Person, cut the first and last name properties and the associated get 
and set methods out of Employee and paste them here (including getFullName)  

2. Create a constructor for Person that sets the first and last names  
3. Declare Employee to extend Person; change the constructor that accepts the first and 

last name properties to call a super-constructor to accomplish that task  
4. Note that you will need to revise getPayInfo() - why?  
5. Then, in a similar fashion, modify Dependent - in this case all you need to do is remove 

the name properties and associated methods, then modify the constructor to call the 
super-constructor to set the name elements  

6. We can test the code using a simplified version of Payroll  

Code Sample: Java-
Inheritance/Demos/employees/Person.java 
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package employees; 
 
public abstract class Person { 
 private String firstName; 
 private String lastName; 
  
 public Person() { 
 } 
 
 public Person(String firstName, String lastName) {  
  setFirstName(firstName); 
  setLastName(lastName); 
 } 
 
 public String getFirstName() { return firstName; }  
 
 public void setFirstName(String firstName) { 
  this.firstName = firstName; 
 } 
 
 public String getLastName() { return lastName; } 
 
 public void setLastName(String lastName) { 
  this.lastName = lastName; 
 } 
 
 public String getFullName() { 
  return firstName + " " + lastName; 
 } 
 
} 

Code Explanation 

This class includes the name properties and related set and get methods. 

Code Sample: Java-
Inheritance/Demos/employees/Dependent.java 

package employees; 
 
public class Dependent extends Person { 
  
 private Employee dependentOf; 
  
 public Dependent(Employee dependentOf, String firs tName, String lastName) { 
  super(firstName, lastName); 
  this.dependentOf = dependentOf; 
 } 
 
 public Employee getDependentOf() { 
  return dependentOf; 
 }  
} 

Code Explanation 
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Since this class extends Person, the name-related elements are already present, so we remove 
them from this code. 

Code Sample: Java-
Inheritance/Demos/employees/Employee.java 

package employees; 
 
public class Employee extends Person { 
 private static int nextId = 1; 
 private int id = nextId++; 
 private int dept; 
 private double payRate; 
 private Dependent[] dependents = new Dependent[5];  
 private int numDependents = 0; 
  
 public Employee() { 
 } 
 public Employee(String firstName, String lastName)  { 
  super(firstName, lastName); 
 } 
 public Employee(String firstName,String lastName, int dept) { 
  super(firstName, lastName); 
  setDept(dept); 
 } 
 public Employee(String firstName, String lastName,  double payRate) { 
  super(firstName, lastName); 
  setPayRate(payRate); 
 } 
 public Employee(String firstName, String lastName,  int dept, double 
payRate) { 
  this(firstName, lastName, dept); 
  setPayRate(payRate); 
 } 
 
 public int getId() { return id; } 
 
 public int getDept() { return dept; } 
 
 public void setDept(int dept) { 
  this.dept = dept; 
 } 
 
 public double getPayRate() { return payRate; } 
 
 public void setPayRate(double payRate) { 
  this.payRate = payRate; 
 } 
 
 public void addDependent(String fName, String lNam e) { 
  if (numDependents < dependents.length) { 
   dependents[numDependents++] = new Dependent(this , fName, lName); 
  } 
 } 
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 public String listDependents() { 
  if (dependents == null) return ""; 
  StringBuffer temp = new StringBuffer(); 
  String newline = System.getProperty("line.separat or"); 
  if (newline == null) newline = "\n"; 
 
  for (int i = 0; i < numDependents; i++) { 
   temp.append(dependents[i].getFirstName()); 
   temp.append(" "); 
   temp.append(dependents[i].getLastName()); 
   temp.append(newline); 
  } 
  return temp.toString(); 
 } 
 
 public String getPayInfo() { 
  return "Employee " + id + " dept " + dept + " " +  
      getFullName() +  
      " paid " + payRate; 
 } 
} 

Code Explanation 

The same changes that were made to Dependent can be made here. Note that since getPayInfo 
calls getFullName, which is now inherited and publicly accessible, that code did not need to 
change.  

Code Sample: Java-Inheritance/Demos/Payroll.java 

import employees.*; 
import util.*; 
 
public class Payroll {  
 public static void main(String[] args) throws Exce ption { 
  KeyboardReader kbr = new KeyboardReader(); 
  String fName = null; 
  String lName = null; 
  int dept = 0; 
  double payRate = 0.0; 
  double hours = 0.0; 
  int numDeps = 0; 
  String dfName = null; 
  String dlName = null; 
 
  Employee e = null; 
 
  fName = kbr.getPromptedString("Enter first name: "); 
  lName = kbr.getPromptedString("Enter last name: " ); 
  dept = kbr.getPromptedInt("Enter department: "); 
  do { 
   payRate = kbr.getPromptedFloat("Enter pay rate: "); 
   if (payRate < 0.0) System.out.println("Pay rate must be >= 0"); 
  } while (payRate < 0.0); 
  e = new Employee(fName, lName, dept, payRate); 
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  numDeps = kbr.getPromptedInt("How many dependents ? "); 
  for (int d = 0; d < numDeps; d++) { 
   dfName = kbr.getPromptedString("Enter dependent first name: "); 
   dlName = kbr.getPromptedString("Enter dependent last name: "); 
   e.addDependent(dfName, dlName); 
  } 
  System.out.println(e.getPayInfo()); 
  System.out.println(e.listDependents()); 
 } 
} 

Code Explanation 

No changes need to be made to Payroll to take advantage of the addition of the inheritance 
hierarchy that we added - the only changes we made were for the sake of brevity.  

To revisit the sequence of events when instantiating a Dependent using the constructor that 
accepts the Employee and first and last names: 

1. memory for an Object is allocated  
2. any Object initializers would run  
3. the Object() constructor would run  
4. memory for a Person is allocated  
5. it there were any Person initializers, they would run  
6. the Person(String firstName, String lastName) constructor would run, because 

that was the version selected by the Dependent constructor we called  
7. memory for a Dependent is allocated  
8. it there were any Dependent initializers, they would run  
9. the Dependent constructor we called would run  

Exercise: Payroll-Inheritance01: Adding Types of 
Employees  

We wish to improve our payroll system to take account of the three different types of 
employees we actually have: exempt, non-exempt, and contract employees. Rather than use 
some sort of identifying code as a property, OOP makes use of inheritance to handle this need, 
since at runtime a type can be programmatically identified. 

Also, the solution code builds upon the Person base class from the preceding example. You can 
either copy the Person.java file into your working directory and edit Employee.java to match, 
or just copy the set of files from the Demos directory into a new working directory and use 
those.  

1. Create three new classes: ExemptEmployee, NonexemptEmployee, and 
ContractEmployee that extend Employee (one possible approach is to copy the base 
class into new files and modify them)  

2. In our company, exempt employees get a monthly salary, non-exempt an hourly rate 
that is multiplied by their hours, as do contract employees - revise the getPayInfo 
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method to take this into account and also identify which type of employee it is (note 
that the payRate field will hold a monthly amount for exempt and an hourly amount for 
non-exempt and contractors, but these last two will need an additional field for their 
hours, plus methods to set and get the hours)  

3. We need some way to handle the fact that contract employees do not have dependents - 
for now, just override listDependents to do nothing for a contract employee, and also 
override the addDependent method to do nothing for a ContractEmployee  

o we can see here a problem with the hard-coded instantiation of the dependents 
array in Employee  

o a better approach might be to leave it as null, and add a method to create the 
array, which could accept a size at that time (we won't bother to do this, since 
the collections classes offer a much better way that we will implement later)  

4. Add constructors as you see fit  
5. Have the main program create and display the information for instances of each type of 

employee (for now, comment out the code that uses the Employee array and just hard-
code one of each type of employee)  

 

Typecasting with Object References 
Object references can be typecast only along a chain of inheritance 

• if class MyDerived is derived from MyBase, then a reference to one can be typecast to 
the other  

An upcast converts from a derived type to a base type, and will be done implicitly, because it is 
guaranteed that everything that could be used in the parent is also in the child class 

Object o; 
String s = new String("Hello"); 
o = s; 

A downcast converts from a parent type to a derived type, and must be done explicitly 

Object o = new String("Hello"); 
String t; 
t = (String) o; 

• even though o came from a String, the compiler only recognizes it as an Object, since 
that is the type of data the variable is declared to hold  

As a memory aid, if you draw your inheritance diagrams with the parent class on top, then an 
upcast moves up the page, while a downcast moves down the page 

More on Object Typecasts 
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The compiler will not check your downcasts, but the JVM will check at runtime to make sure 
that the cast is feasible  

• a downcast could fail at runtime because you might call a method that is not there, so 
the JVM checks when performing the cast in order to fail as soon as possible, rather 
than possibly having some additional steps execute between casting and using a method  

Object o = new Integer(7); 
String t, u; 
 
// compiler will allow this, but it will fail at ru ntime 
t = (String) o; 
u = t.toUpperCase(); 

• since t was not actually a String, this would fail with a runtime exception during the 
cast operation - at that point the runtime engine sees that it cannot make the conversion 
and fails  

You can use a typecast in the flow of an operation, such as: 

MyBase rv = new MyDerived(2, 3); 
System.out.println("x=" + rv.getX() + " y=" + ((MyD erived) rv).getY() ); 

• ((MyBase) rv) casts rv to a MyDerived, for which the getY() method is run  
• note the parentheses enclosing the inline typecast operation; this is because the dot 

operator is higher precedence than the typecast; without them we would be trying to run 
rv.getY() and typecast the result  

Typecasting, Polymorphism, and Dynamic Method 
Invocation 

The concept of polymorphism means "one thing - many forms" 

In this case, the one thing is a base class variable; the many forms are the different types 
derived from that base class that can be stored in the variable 

Storing a reference in a variable of a base type does not change the contents of the object, just 
the compiler's identification of its type - it still has its original methods and properties 

• you must explicitly downcast the references back to their original class in order to 
access their unique properties and methods  

• if you have upcast, to store a derived class object with a base class reference, the 
compiler will not recognize the existence of derived class methods that were not in the 
base class  

• the collection classes, such as Vector, are defined to store Objects, so that anything you 
store in them loses its identity  
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o you must downcast the reference back to the derived type in order to access 
those methods  

o the introduction of generics in Java 1.5 provides a solution to this annoyance 
(more on this in the Collections chapter)  

During execution, using a base class reference to call to a method that has been overridden in 
the derived class will result in the derived class version being used - this is called dynamic 
method invocation  

The following example prints the same way twice, even though two different types of variable 
are used to reference the object: 

Code Sample: Java-Inheritance/Demos/Inheritance3.java 

public class Inheritance3 { 
 public static void main(String[] args) { 
  MyDerived mD = new MyDerived(2, 3); 
  MyBase mB = mD; 
  mB.show(); 
  mD.show(); 
 } 
} 

More on Overriding 

Changing access levels on overridden methods 

You can change the access level of a method when you override it, but only to make it more 
accessible 

• you can't restrict access any more than it was in the base class  
• so, for example, you could take a method that was protected in the base class and make 

it public  
• for example, if a method was public in the base class, the derived class may not 

override it with a method that has protected, private or package access  

This avoids a logical inconsistency: 

• since a base class variable can reference a derived class object, the compiler will allow 
it to access something that was public in the base class  

• if the derived class object actually referenced had changed the access level to private, 
then the element ought to be unavailable  

• this logic could be applied to any restriction in access level, not just public to private  

As a more specific example of why this is the case, imagine that ExemptEmployee overrode 
public String getPayInfo() with private String getPayInfo()  
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The compiler would allow 

Employee e = new ExemptEmployee(); 
 
// getPayInfo was public in Employee, so compiler s hould allow this 
e.getPayInfo(); 

• because Employee, the type on the variable e, says that getPayInfo is public  
• but, now at runtime, it shouldn't be accessible, since it is supposed to be private in 

ExemptEmployee  

Redefining properties 

A property in a derived class may be redefined, with a different type and/or more restrictive 
access - when you do this you are creating a second property that hides the first; this is called 
shadowing instead of overriding 

• a new property is created that hides the existence of the original property  
• since it actually a new property being created, the access level and even data type may 

be whatever you want - they do not have to be the same as the original property  
• I don’t know of any good reason to do this, but it is possible  
• a strange thing happens when you use a base class reference to such a class where the 

property was accessible (for example, public)  
o the base class reference sees the base class version of the property!  

Object Typecasting Example 

Say our game program needed to store references to Entity objects 

• the exact type of Entity would be unknown at compile time  
• but during execution we would like to instantiate different types of Entity at random  

Perhaps our code for Entity includes a method move() that moves it to a new location. Many of 
the entities move the same way, but perhaps some can fly, etc. We could write a generally 
useful form of move in the Entity class, but then override it as necessary in some of the classes 
derived from Entity. 

Code Sample: Java-Inheritance/Demos/EntityTest.java 

class Entity { 
 private String name; 
 public Entity(String name) { this.name = name; } 
 public String getName() { return name; } 
 public void move() { 
  System.out.println("I am " + name + ". Here I go! "); 
 } 
} 
class Playable extends Entity { 
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 public Playable(String name) { super(name); } 
 public void move() { 
  System.out.println("I am " + getName() + ". Here we go!"); 
 } 
} 
class Ogre extends Entity { 
 public Ogre(String name) { super(name); } 
} 
class Troll extends Entity { 
 public Troll(String name) { super(name); } 
} 
class Princess extends Playable { 
 public Princess(String name) { super(name); } 
 public void move() { 
  System.out.println("I am " + getName() + ". Watch  as I and my court 
move!"); 
 } 
} 
class Wizard extends Playable { 
 public Wizard(String name) { super(name); } 
 public void move() { 
  System.out.println("I am " + getName() + ". Watch  me translocate!"); 
 } 
} 
public class EntityTest { 
 public static void main(String[] args) { 
  String[] names = { "Glogg", "Blort", "Gruff",  
            "Gwendolyne", "Snow White", "Diana", 
            "Merlin", "Houdini", "Charles", "George " }; 
  for (int i = 0; i < 10; i++) { 
   int r = (int) (Math.random() * 4); 
   Entity e = null; 
   switch (r) { 
    case 0: e = new Ogre(names[i]); break; 
    case 1: e = new Troll(names[i]); break; 
    case 2: e = new Wizard(names[i]); break; 
    case 3: e = new Princess(names[i]); break; 
   } 
   e.move(); 
  } 
 } 
} 

The compiler allows the calls to the move() method because it is guaranteed to be present in 
any of the subclasses - since it was created in the base class 

• if not overridden in the derived class, then the base class version will be used  
• if the method is overridden by the derived class, then the derived class version will be 

used  

At runtime, the JVM searches for the method implementation, starting at the actual class of the 
instance, and moving up the inheritance hierarchy until it finds where the method was 
implemented, so the most derived version will run.  

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 104 

Checking an Object's Type: Using instanceof  

Given that you can have base class references to several different derived class types, you will 
eventually come to a situation where you need to determine exactly which derived class is 
referenced - you may not know it at the time the program is compiled 

• in the above example, perhaps wizards, ogres, trolls, etc. have their own special 
methods  

• how would you know which method to call if you had an Entity reference that could 
hold any subclass at any time?  

The instanceof operator is used in comparisons - it gives a boolean answer when used to 
compare an object reference with a class name 

Syntax 
referenceVariable instanceof ObjectType 

• it will yield true if the object is an instance of that class  
• it will also give true if the object is a derived class of the one tested  
• if the test yields true, then you can safely typecast to call a derived class method (you 

still need to typecast to call the method - the compiler doesn't care that you performed 
the test)  

For example: 

if (e[i] instanceof Wizard) ((Wizard) e[i]).castSpe ll(); 

There is another method of testing that is exact:  

• every object has a getClass() method that returns a Class object that uniquely identifies 
each class  

• every class has a class property that provides the same Class object as above; this object 
is the class as loaded into the JVM (technically, class isn't a property, but syntax-wise it 
is treated somewhat like a static property)  

• with this method, a derived class object's class will compare as not equal to the base 
class  

if (e[i].getClass().equals(Wizard.class)) ((Wizard)  e[i]).castSpell(); 

• it is rare that you would need this type of test  

Typecasting with Arrays of Objects 

Unlike with arrays of primitives, it is possible to typecast an array of one type of object to an 
array of another type of object, if the types are compatible. The following example converts an 
array of strings to an array of objects and back again: 
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Code Sample: Java-
Inheritance/Demos/ObjectArrayTypecast.java 

public class ObjectArrayTypecast { 
 
 public static void main(String[] args) { 
  
  Object[] objects; 
  String[] strings = { "A", "B", "C", "D" }; 
   
  objects = strings; 
   
  for (Object o : objects) System.out.println(o); 
   
  strings = null; 
  strings = (String[]) objects; 
  for (String s : strings) System.out.println(s); 
   
 } 
} 

Code Explanation 

Both upcasts and downcasts can be made. Because the arrays store references, the physical 
attributes, like the size, of each element remains the same regardless of what type of object the 
element references. 

Exercise: Payroll-Inheritance02: Using the Employee 
Subclasses 

Duration: 45 to 60 minutes. 

1. In the main method of Payroll, reinstate the array of Employee objects  
2. Create instances of the non-exempt employees, exempt employees, and contract 

employees to fill the array  
o you can ask which type of employee using "E", "N", and "C", then use if ... else 

or a switch to control the input and the instantiation of the specific type of 
employee (if using if ... else, Character.toUpperCase(char c) may come in 
handy)  

3. Create a report that lists all employees, grouped by type, by looping through the array 
three times  

o the first time, show all exempt employees and their pay information  
� also list their dependents  

o the second time. print only the non-exempt employees and their pay information  
� also list their dependents  

o the third time. print contract employees and their pay information  
o since you'll be writing the same loop multiple times, you could try both indexed 

loops and for-each loops (the solution uses for-each loops)  
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Other Inheritance-Related Keywords 

abstract  

States that the item cannot be realized in the current class, but can be if the class is extended 

Syntax 
abstract [other modifiers] dataType name ... 

• for a class, it states that the class can't be instantiated (it serves merely as a base for 
inheritance)  

• for a method, it states that the method is not implemented at this level  
• the abstract keyword cannot be used in conjunction with final  

abstract Classes 

Used when a class is used as a common point of maintenance for subsequent classes, but either 
structurally doesn't contain enough to be instantiated, or conceptually doesn't exist as a real 
physical entity 

public abstract class XYZ { ... } 

• we will make the Employee class abstract in the next exercise: while the concept of an 
employee exists, nobody in our payroll system would ever be just an employee , they 
would be exempt, non-exempt, or contract employees  

• while you cannot instantiate an object from an abstract class, you can still create a 
reference variable whose type is that class  

abstract Methods 

The method cannot be used in the current class, but only in a inheriting class that overrides the 
method with code 

public abstract String getPayInfo(); 

• the method is not given a body, just a semicolon after the parentheses  
• if a class has an abstract method, then the class must also be abstract  
• you can extend a class with an abstract method without overriding the method with a 

concrete implementation, but then the class must be marked as abstract  

final  

Used to mark something that cannot be changed 

Syntax 
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final [other modifiers] dataType name ... 

final Classes 

The class cannot be extended 

public final class XYZ { ... } 

final Methods  

The method cannot be overridden when the class is extended  

public final void display() { ... } 

final Properties  

Marks the property as a constant 

public static final int MAX = 100; 

• a final value can be initialized in a constructor or initializer:  

public final double randConstant = Math.random(); 

or 

public final double randConstant; 

• then, in a constructor:  

randConstant = Math.random(); 

• note: String and the wrapper classes use this in two ways :  
o the class is final, so it cannot be extended  
o the internal property storing the data is final as well, but set by the constructor 

(this makes the instance immutable - the contents cannot be changed once set)  
• in some cases, a declaration of final enables the compiler to optimize methods, since it 

doesn't have to leave any "hooks" in for potential future inheritance  

Note that final and abstract cannot be used for the same element, since they have opposite 
effects. 

Methods Inherited from Object  
There are a number of useful methods defined for Object  
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Some are useful as is, such as: 

Class getClass() - returns a Class object (a representation of the class that can be used for 
comparisons or for retrieving information about the class) 

Others are useful when overridden with code specific to the new class: 

Object clone() - creates a new object that is a copy of the original object 

• this method must be overridden, otherwise an exception will occur (the Object version 
of clone throws a CloneNotSupportedException)  

• the issue is whether to perform a shallow copy or a deep copy - a shallow copy merely 
copies the same reference addresses, so that both the original object and the new object 
point to the same internal objects; a deep copy makes copies of all the internal objects 
(and then what if the internal objects contained references to objects … )  

boolean equals(Object) - does a comparison between this object and another 

• if you don't override this method, you get the same result as if you used == (that is, the 
two references must point to the same object to compare as equal - two different objects 
with the same properties would compare as unequal) - that is how the method is written 
in the Object class  

• you would override this method with whatever you need to perform a comparison  

int hashCode() - returns an integer value used by collection objects that store elements using a 
hashtable  

• elements that compare as the same using the equals(Object) method should have the 
same hashcode  

String toString() - converts this object to a string representation 

• this method is called by a some elements in the Java API when the object is used in a 
situation that requires a String, for example, when you concatenate the object with an 
existing String, or send the object to System.out.println()  

• note that the call to toString is not made automatically as a typecast to a String - the 
only behavior built into the syntax of Java is string concatenation with the + sign (so 
one of the operands must already be a String); the code in println is explicitly written to 
call toString  

• if you don't override this method, you will get a strange string including the full class 
name and the hashcode for the object  

void finalize() - called by the JVM when the object is garbage-collected 

• this method might never be called (the program may end without the object being 
collected)  
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There are also a several methods (wait, notify, and notifyAll) related to locking and unlocking 
an object in multithreaded situations 

Code Sample: Java-
Inheritance/Demos/ObjectMethods.java 

public class ObjectMethods { 
 
  int id; 
  String name; 
  int age; 
  ObjectMethods(int id, String name, int age) { 
    this.id = id; 
    this.name = name; 
    this.age = age; 
  } 
 
  public boolean equals(Object x) { 
    if (x == this) return true; 
    else if (x instanceof ObjectMethods) { 
      ObjectMethods omx = (ObjectMethods) x; 
      return id == omx.id && name.equals(omx.name) && age == omx.age; 
    } 
    else return false; 
  } 
 
  public int hashCode() { 
    return id + age * 1000; 
  } 
 
  public String toString() { 
    return id + " " + name + " is " + age + " years  old"; 
  } 
 
  public Object clone() { 
    return new ObjectMethods(id, name, age); 
  } 
 
  public static void main(String[] args) { 
    ObjectMethods om1 = new ObjectMethods (1, "John ", 6); 
    ObjectMethods om2 = new ObjectMethods (1, "John ", 6); 
    ObjectMethods om3 = new ObjectMethods (2, "Jane ", 5); 
    ObjectMethods om4 = (ObjectMethods)om3.clone();  
    System.out.println("Printing an object: " + om1 ); 
    if (om1.equals(om2))  
      System.out.println("om1 equals(om2)"); 
    if (om1.equals(om3)) 
      System.out.println("om1 equals(om3)"); 
    if (om1.equals("John")) 
      System.out.println("om1 equals(\"John\")"); 
    if (om3.equals(om4)) 
      System.out.println("om3 equals(om4) which was  cloned from om3"); 
    System.out.println("object class is: " + om1.ge tClass()); 
  } 
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} 

Code Explanation 

The clone method returns Object rather than ObjectMethods, since that is how it was declared 
in the Object class, and you can't change the return type when overriding - thus the typecast on 
the returned value. 

Similarly, the parameter to equals is Object, rather than ObjectMethods. This is not required by 
Java's syntax rules, but rather a convention that enables other classes to work with this class. 
For example, the Collections API classes use the equals method to determine if an object is 
already in a set. If we wrote the method as equals(ObjectMethods om) instead of equals(Object 
o), the collections classes would call equals(Object o) as inherited from Object, which would 
test for identity using an == test.  

The hashCode method was written out of a sense of duty - Sun specifies that the behavior of 
hashCode "should be consistent with equals", meaning that if two items compare as equal, then 
they should have the same hash code - this will be revisited in the section on Collections.  

Inheritance Conclusion 
In this lesson of the Java tutorial you have learned: 

• The role of inheritance in a Java program  
• How to declare and use classes that extend existing classes  
• About methods inherited from Object  

To continue to learn Java go to the top of this page and click on the next lesson in this Java 
Tutorial's Table of Contents. 
 
 

Polymorphism is the ability of an object to take on many forms. The most common use 
of polymorphism in OOP occurs when a parent class reference is used to refer to a child class 
object. 

Any java object that can pass more than on IS-A test is considered to be polymorphic. In Java, 
all java objects are polymorphic since any object will pass the IS-A test for their own type and 
for the class Object. 

It is important to know that the only possible way to access an object is through a reference 
variable. A reference variable can be of only one type. Once declared the type of a reference 
variable cannot be changed. 

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

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

Example: 

Let us look at an example. 

public interface Vegetarian{} 
public class Animal{} 
public class Deer extends Animal implements Vegetarian{} 

Now the Deer class is considered to be polymorphic since this has multiple inheritance. 
Following are true for the above example: 

 A Deer IS-A aAnimal 
 A Deer IS-A Vegetarian 
 A Deer IS-A Deer  
 A Deer IS-A Object 

When we apply the reference variable facts to a Deer object reference, the following 
declarations are legal: 

Deer d = new Deer(); 
Animal a = d; 
Vegetarian v = d; 
Object o = d; 

All the reference variables d,a,v,o refer to the same Deer object in the heap. 

Virtual Methods: 

In this section, I will show you how the behavior of overridden methods in Java allows you to 
take advantage of polymorphism when designing your classes. 

We already have discussed method overriding, where a child class can override a method in its 
parent. An overridden method is essentially hidden in the parent class, and is not invoked 
unless the child class uses the super keyword within the overriding method. 

/* File name : Employee.java */ 
public class Employee 
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{ 
   private String name; 
   private String address; 
   private int number; 
   public Employee(String name, String address, int number) 
   { 
      System.out.println("Constructing an Employee"); 
      this.name = name; 
      this.address = address; 
      this.number = number; 
   } 
   public void mailCheck() 
   { 
      System.out.println("Mailing a check to " + this.name 
       + " " + this.address); 
   } 
   public String toString() 
   { 
      return name + " " + address + " " + number; 
   } 
   public String getName() 
   { 
      return name; 
   } 
   public String getAddress() 
   { 
      return address; 
   } 
   public void setAddress(String newAddress) 
  { 
      address = newAddress; 
  } 
  public int getNumber() 
  { 
     return number; 
  } 
} 

Now suppose we extend Employee class as follows: 

/* File name : Salary.java */ 
public class Salary extends Employee 
{ 
   private double salary; //Annual salary 
   public Salary(String name, String address, int number, double 
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      salary) 
   { 
       super(name, address, number); 
       setSalary(salary); 
   } 
   public void mailCheck() 
  { 
       System.out.println("Within mailCheck of Salary class "); 
       System.out.println("Mailing check to " + getName() 
       + " with salary " + salary); 
   } 
   public double getSalary() 
   { 
       return salary; 
   } 
   public void setSalary(double newSalary) 
   { 
       if(newSalary >= 0.0) 
       { 
          salary = newSalary; 
       } 
   } 
   public double computePay() 
   { 
      System.out.println("Computing salary pay for " + getName()); 
      return salary/52; 
   } 
} 

Now you study the following program carefully and try to determine its output: 

/* File name : VirtualDemo.java */ 
public class VirtualDemo 
{ 
   public static void main(String [] args) 
   { 
      Salary s = new Salary("Mohd Mohtashim", "Ambehta,  UP", 
                                 3, 3600.00); 
      Employee e = new Salary("John Adams", "Boston, MA", 
                                 2, 2400.00); 
      System.out.println("Call mailCheck using  
                                   Salary reference --"); 
      s.mailCheck(); 
      System.out.println("\n Call mailCheck using  
                                   Employee reference--"); 
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      e.mailCheck(); 
    } 
} 

This would produce following result: 

Constructing an Employee 
Constructing an Employee 
Call mailCheck using Salary reference -- 
Within mailCheck of Salary class 
Mailing check to Mohd Mohtashim with salary 3600.0 
 
Call mailCheck using Employee reference-- 
Within mailCheck of Salary class 
Mailing check to John Adams with salary 2400.0 

Here we instantiate two Salary objects . one using a Salary reference s, and the other using an 
Employee reference e. 

While invoking s.mailCheck() the compiler sees mailCheck() in the Salary class at compile 
time, and the JVM invokes mailCheck() in the Salary class at run time. 

Invoking mailCheck() on e is quite different because e is an Employee reference. When the 
compiler seese.mailCheck(), the compiler sees the mailCheck() method in the Employee class. 

Here, at compile time, the compiler used mailCheck() in Employee to validate this statement. 
At run time, however, the JVM invokes mailCheck() in the Salary class. 

This behavior is referred to as virtual method invocation, and the methods are referred to as 
virtual methods. All methods in Java behave in this manner, whereby an overridden method is 
invoked at run time, no matter what data type the reference is that was used in the source code 
at compile time. 

Java - Abstraction 

Abstraction refers to the ability to make a class abstract in OOP. An abstract class is one that 
cannot be instantiated. All other functionality of the class still exists, and its fields, methods, 
and constructors are all accessed in the same manner. You just cannot create an instance of the 
abstract class. 

If a class is abstract and cannot be instantiated, the class does not have much use unless it is 
subclassed. This is typically how abstract classes come about during the design phase. A parent 
class contains the common functionality of a collection of child classes, but the parent class 
itself is too abstract to be used on its own. 
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Abstract Class: 

Use the abstract keyword to declare a class abstract. The keyword appears in the class 
declaration somewhere before the class keyword. 

/* File name : Employee.java */ 
public abstract class Employee 
{ 
   private String name; 
   private String address; 
   private int number; 
   public Employee(String name, String address, int number) 
   { 
      System.out.println("Constructing an Employee"); 
      this.name = name; 
      this.address = address; 
      this.number = number; 
   } 
   public double computePay() 
   { 
     System.out.println("Inside Employee computePay"); 
     return 0.0; 
   } 
   public void mailCheck() 
   { 
      System.out.println("Mailing a check to " + this.name 
       + " " + this.address); 
   } 
   public String toString() 
   { 
      return name + " " + address + " " + number; 
   } 
   public String getName() 
   { 
      return name; 
   } 
   public String getAddress() 
   { 
      return address; 
   } 
   public void setAddress(String newAddress) 
  { 
      address = newAddress; 
  } 
  public int getNumber() 
  { 
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     return number; 
  } 
} 

Notice that nothing is different in this Employee class. The class is now abstract, but it still has 
three fields, seven methods, and one constructor. 

Now if you would try as follows: 

/* File name : AbstractDemo.java */ 
public class AbstractDemo 
{ 
   public static void main(String [] args) 
   { 
    
      /* Following is not allowed and would raise error */ 
      Employee e = new Employee("George W.", "Houston, TX", 43); 
 
      System.out.println("\n Call mailCheck using  
                                   Employee reference--"); 
      e.mailCheck(); 
    } 
} 

When you would compile above class then you would get following error: 

Employee.java:46: Employee is abstract; cannot be instantiated 
      Employee e = new Employee("George W.", "Houston, TX", 43); 
                   ^ 
1 error1 

Extending Abstract Class: 

We can extend Employee class in normal way as follows: 

/* File name : Salary.java */ 
public class Salary extends Employee 
{ 
   private double salary; //Annual salary 
   public Salary(String name, String address, int number, double 
      salary) 
   { 
       super(name, address, number); 
       setSalary(salary); 
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   } 
   public void mailCheck() 
  { 
       System.out.println("Within mailCheck of Salary class "); 
       System.out.println("Mailing check to " + getName() 
       + " with salary " + salary); 
   } 
   public double getSalary() 
   { 
       return salary; 
   } 
   public void setSalary(double newSalary) 
   { 
       if(newSalary >= 0.0) 
       { 
          salary = newSalary; 
       } 
   } 
   public double computePay() 
   { 
      System.out.println("Computing salary pay for " + getName()); 
      return salary/52; 
   } 
} 

Here we cannot instantiate a new Employee, but if we instantiate a new Salary object, the 
Salary object will inherit the three fields and seven methods from Employee. 

/* File name : AbstractDemo.java */ 
public class AbstractDemo 
{ 
   public static void main(String [] args) 
   { 
      Salary s = new Salary("Mohd Mohtashim", "Ambehta,  UP", 
                                 3, 3600.00); 
      Salary e = new Salary("John Adams", "Boston, MA", 
                                 2, 2400.00); 
 
      System.out.println("Call mailCheck using 
                                   Salary reference --"); 
      s.mailCheck(); 
      System.out.println("\n Call mailCheck using 
                                   Employee reference--"); 
      e.mailCheck(); 
    } 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 118 

} 

This would produce following result: 

Constructing an Employee 
Constructing an Employee 
Call mailCheck using  Salary reference -- 
Within mailCheck of Salary class 
Mailing check to Mohd Mohtashim with salary 3600.0 
 
Call mailCheck using Employee reference-- 
Within mailCheck of Salary class 
Mailing check to John Adams with salary 2400. 

Abstract Methods: 

If you want a class to contain a particular method but you want the actual implementation of 
that method to be determined by child classes, you can declare the method in the parent class 
as abstract. 

The abstract keyword is also used to declare a method as abstract.An abstract methods consist 
of a method signature, but no method body. 

Abstract method would have no definition, and its signature is followed by a semicolon, not 
curly braces as follows: 

public abstract class Employee 
{ 
   private String name; 
   private String address; 
   private int number; 
    
   public abstract double computePay(); 
    
   //Remainder of class definition 
} 

Declaring a method as abstract has two results: 

 The class must also be declared abstract. If a class contains an abstract method, the 
class must be abstract as well. 

 Any child class must either override the abstract method or declare itself abstract. 

A child class that inherits an abstract method must override it. If they do not, they must be 
abstract,and any of their children must override it. 
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Eventually, a descendant class has to implement the abstract method; otherwise, you would 
have a hierarchy of abstract classes that cannot be instantiated. 

If Salary is extending Employee class then it is required to implement computePay() method as 
follows: 

/* File name : Salary.java */ 
public class Salary extends Employee 
{ 
   private double salary; //Annual salary 
   
   public double computePay() 
   { 
      System.out.println("Computing salary pay for " + getName()); 
      return salary/52; 
   } 
 
   //Remainder of class definition 
} 

 
Java  Interfaces 

An interface is a collection of abstract methods. A class implements an interface, thereby 
inheriting the abstract methods of the interface. 

An interface is not a class. Writing an interface is similar to writing a class, but they are two 
different concepts. A class describes the attributes and behaviors of an object. An interface 
contains behaviors that a class implements. 

Unless the class that implements the interface is abstract, all the methods of the interface need 
to be defined in the class. 

An interface is similar to a class in the following ways: 

 An interface can contain any number of methods. 
 An interface is written in a file with a .java extension, with the name of the interface 

matching the name of the file. 
 The bytecode of an interface appears in a .class file. 
 Interfaces appear in packages, and their corresponding bytecode file must be in a 

directory structure that matches the package name. 

However, an interface is different from a class in several ways, including: 

 You cannot instantiate an interface.  
 An interface does not contain any constructors. 
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 All of the methods in an interface are abstract. 
 An interface cannot contain instance fields. The only fields that can appear in an 

interface must be declared both static and final. 
 An interface is not extended by a class; it is implemented by a class. 
 An interface can extend multiple interfaces. 

Declaring Interfaces: 

The interface keyword is used to declare an interface. Here is a simple example to declare an 
interface: 

Encapsulation can be described as a protective barrier that prevents the code and data being 
randomly accessed by other code defined outside the class. Access to the data and code is 
tightly controlled by an interface. 

The main benefit of encapsulation is the ability to modify our implemented code without 
breaking the code of others who use our code. With this feature Encapsulation gives 
maintainability, flexibility and extensibility to our code. 

 

 

� An interface only defines a method's name, return type, and arguments. It does not include 

executable code or point to a particular method. Interface is a template of structure, not 

usage.  

� Interfaces are used to define the structure of a set of methods that will be implemented by 

classes yet to be designed and coded. In other words, the calling arguments and the return 

value must conform to the definition in the interface.  

� The code internal to one method defined by the interface may achieve the intended result in 

a wildly different way than a method in another class.  

� The concept of using interfaces is a variation on inheritance used heavily in Java. The chief 

benefit of interfaces is that many different classes can all implement the same interface. 

This guarantees that all such classes will implement a few common methods. It also 

ensures that all the classes will implement these common methods using the same return 

type, name, and arguments.  

� Consider a method is defined in the interface as boolean. The only argument is an input 

string. In the comments  section, the method is said to test something to see if it is black and 
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return true  or false . Methods using this interface could be written to test cats, pavement, 

teeth, screen color-just about anything. The only thing these methods have in common is 

that they have the same definition. Any programmer seeing the method name knows the 

purpose of the method and the calling arguments.  

� Java, of course, does not require all classes that implement a method of a certain name to 

use the interface for argument verification.  

� Declaring an Interface  

An interface is declared in much the same manner as a class, but instead uses the interface  

keyword instead of the class  keyword:  

interface name { 
   ... body of interface 
}  

The interface body is declared between the curly braces. The body of an interface consists of 

declarations for variables and methods.  

� Using an Interface 

A continuation of the apartment example can be used to go into more detail on interfaces. 

Recall that an apartment building class AptBldg  was defined previously. It contains all the 

information needed to define an apartment building.  

Another piece of information that could be added to the apartment building class is address. 

Address  can be manipulated after it is added to the class; one way to do this is simply to add 

address- manipulation methods to the existing apartment building class. This limits the address 

information to just one class. If all the address-manipulation methods were placed in an 

interface, however, all classes would have access.  

Here is an example of such an interface:  

public interface Address { 
   public abstract void printAddress (anAddress);  
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   public abstract void setStreet (anAddress);  
   public abstract String getState (anAddress);  
}  

The interface is a template for manipulating the address information through methods. The 

methods print the entire address, change the street name, and return only the state. Each of 

these methods is specific to manipulating addresses. When interface is defined, a class can 

make use of it with the implements keyword.  

 

SYNTAX  

class name [extends classname ] implements interfacename [, 

interfacename] { 
   ... body of class 
}  

The implements keyword follows the name of the class (or extends  declaration) and in turn is 

followed by one or more comma-separated interface names. The capability to specify a list of 

interfaces enables a class to have access to a variety of predefined interfaces.  

In the building example, the class is declared as follows:  

public class AptBuilding implements Address {  

   ... body of class  

}   

Other classes can make use of these same methods by also implementing the same interface 

after it has been declared.  

Suppose we decide to implement other classes, such as schools, stores, and high-rise office 

buildings. Each of these could use the same method definitions for manipulating addresses that 

were defined for class AptBldg . Not only does that save programming steps by reusing an 

existing template, it also enables all the different building classes to use the same methods for 

manipulating addresses. The call needed to look up a school's address is exactly the same as 
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that needed for a store's address. This also means that the same method name is used. There is 

no need to come up with a unique name for every class's address. This is important in large 

projects.  

Example: 

Let us look at an example that depicts encapsulation: 

/* File name : NameOfInterface.java */ 
import java.lang.*; 
//Any number of import statements 
 
public interface NameOfInterface 
{ 
   //Any number of final, static fields 
   //Any number of abstract method declarations\ 
} 

Interfaces have the following properties: 

 An interface is implicitly abstract. You do not need to use the abstract keyword when 
declaring an interface. 

 Each method in an interface is also implicitly abstract, so the abstract keyword is not 
needed. 

 Methods in an interface are implicitly public. 

Example: 

/* File name : Animal.java */ 
interface Animal { 
 
 public void eat(); 
 public void travel(); 
} 

Implementing Interfaces: 

When a class implements an interface, you can think of the class as signing a contract, agreeing 
to perform the specific behaviors of the interface. If a class does not perform all the behaviors 
of the interface, the class must declare itself as abstract. 

Aclass uses the implements keyword to implement an interface. The implements keyword 
appears in the class declaration following the extends portion of the declaration. 
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/* File name : MammalInt.java */ 
public class MammalInt implements Animal{ 
 
   public void eat(){ 
      System.out.println("Mammal eats"); 
   } 
 
   public void travel(){ 
      System.out.println("Mammal travels"); 
   }  
 
   public int noOfLegs(){ 
      return 0; 
   } 
 
   public static void main(String args[]){ 
      MammalInt m = new MammalInt(); 
      m.eat(); 
      m.travel(); 
   } 
}  

This would produce following result: 

Mammal eats 
Mammal travels 

When overriding methods defined in interfaces there are several rules to be followed: 

 Checked exceptions should not be declared on implementation methods other than the 
ones declared by the interface method or subclasses of those declared by the interface 
method. 

 The signature of the interface method and the same return type or subtype should be 
maintained when overriding the methods. 

 An implementation class itself can be abstract and if so interface methods need not be 
implemented. 

When implementation interfaces there are several rules: 

 A class can implement more than one interface at a time. 
 A class can extend only one class, but implement many interface.  
 An interface itself can extend another interface. An interface cannot extend another 

interface. 
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Extending Interfaces: 

An interface can extend another interface, similarly to the way that a class can extend another 
class. The extends keyword is used to extend an interface, and the child interface inherits the 
methods of the parent interface. 

The following Sports interface is extended by Hockey and Football interfaces. 

//Filename: Sports.java 
public interface Sports 
{ 
   public void setHomeTeam(String name); 
   public void setVisitingTeam(String name); 
} 
 
//Filename: Football.java 
public interface Football extends Sports 
{ 
   public void homeTeamScored(int points); 
   public void visitingTeamScored(int points); 
   public void endOfQuarter(int quarter); 
} 
 
//Filename: Hockey.java 
public interface Hockey extends Sports 
{ 
   public void homeGoalScored(); 
   public void visitingGoalScored(); 
   public void endOfPeriod(int period); 
   public void overtimePeriod(int ot); 
} 

The Hockey interface has four methods, but it inherits two from Sports; thus, a class that 
implements Hockey needs to implement all six methods. Similarly, a class that implements 
Football needs to define the three methods from Football and the two methods from Sports. 

Extending Multiple Interfaces: 

A Java class can only extend one parent class. Multiple inheritance is not allowed. Interfaces 
are not classes, however, and an interface can extend more than one parent interface. 

The extends keyword is used once, and the parent interfaces are declared in a comma-separated 
list. 

For example, if the Hockey interface extended both Sports and Event, it would be declared as: 
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public interface Hockey extends Sports, Event 

Tagging Interfaces: 

The most common use of extending interfaces occurs when the parent interface does not 
contain any methods. For example, the MouseListener interface in the java.awt.event package 
extended java.util.EventListener, which is defined as: 

package java.util; 
public interface EventListener 
{} 

An interface with no methods in it is referred to as a tagging interface. There are two basic 
design purposes of tagging interfaces: 

Creates a common parent: As with the EventListener interface, which is extended by dozens 
of other interfaces in the Java API, you can use a tagging interface to create a common parent 
among a group of interfaces. For example, when an interface extends EventListener, the JVM 
knows that this particular interface is going to be used in an event delegation scenario. 

Adds a data type to a class: This situation is where the term tagging comes from. A class that 
implements a tagging interface does not need to define any methods (since the interface does 
not have any), but the class becomes an interface type through polymorphism. 

Java - Encapsulation 

Encapsulation is one of the four fundamental OOP concepts. The other three are inheritance, 
polymorphism, and abstraction. 

Encapsulation is the technique of making the fields in a class private and providing access to 
the fields via public methods. If a field is declared private, it cannot be accessed by anyone 
outside the class, thereby hiding the fields within the class. For this reason, encapsulation is 
also referred to as data hiding. 

Encapsulation can be described as a protective barrier that prevents the code and data being 
randomly accessed by other code defined outside the class. Access to the data and code is 
tightly controlled by an interface. 

The main benefit of encapsulation is the ability to modify our implemented code without 
breaking the code of others who use our code. With this feature Encapsulation gives 
maintainability, flexibility and extensibility to our code. 

Example: 

Let us look at an example that depicts encapsulation: 
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/* File name : EncapTest.java */ 
public class EncapTest{ 
 
   private String name; 
   private String idNum; 
   private int age; 
 
   public int getAge(){ 
      return age; 
   } 
 
   public String getName(){ 
      return name; 
   } 
 
   public String getIdNum(){ 
      return idNum; 
   } 
 
   public void setAge( int newAge){ 
      age = newAge; 
   } 
 
   public void setName(String newName){ 
      name = newName; 
   } 
 
   public void setIdNum( String newId){ 
      idNum = newId; 
   } 
} 

The public methods are the access points to this class.s fields from the outside java world. 
Normally these methods are referred as getters and setters. Therefore any class that wants to 
access the variables should access them through these getters and setters. 

The variables of the EncapTest class can be access as below:: 

/* File name : RunEncap.java */ 
public class RunEncap{ 
 
   public static void main(String args[]){ 
      EncapTest encap = new EncapTest(); 
      encap.setName("James"); 
      encap.setAge(20); 
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      encap.setIdNum("12343ms"); 
 
      System.out.print("Name : " + encap.getName()+  
                             " Age : "+ encap.getAge()); 
    } 
} 

This would produce following result: 

Name : James Age : 20 

Benefits of Encapsulation: 

 The fields of a class can be made read-only or write-only. 
 A class can have total control over what is stored in its fields. 
 The users of a class do not know how the class stores its data. A class can change the 

data type of a field, and users of the class do not need to change any of their code. 

Java - Overriding 

In the previous chapter we talked about super classes and sub classes. If a class inherits a 
method from its super class, then there is a chance to override the method provided that it is not 
marked final. 

The benefit of overriding is: ability to define a behavior that's specific to the sub class type. 
Which means a subclass can implement a parent calss method based on its requirement. 

In object oriented terms, overriding means to override the functionality of any existing method. 

Example: 

Let us look at an example. 

class Animal{ 
 
   public void move(){ 
      System.out.println("Animals can move"); 
   } 
} 
 
class Dog extends Animal{ 
 
   public void move(){ 
      System.out.println("Dogs can walk and run"); 
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   } 
} 
 
public class TestDog{ 
 
   public static void main(String args[]){ 
      Animal a = new Animal(); // Animal reference and object 
      Animal b = new Dog(); // Animal reference but Dog object 
 
      a.move();// runs the method in Animal class 
 
      b.move();//Runs the method in Dog class 
   } 
} 

This would produce following result: 

Animals can move 
Dogs can walk and run 

In the above example you can see that the even though b is a type of Animal it runs the move 
method in the Dog class. The reason for this is : In compile time the check is made on the 
reference type. However in the runtime JVM figures out the object type and would run the 
method that belongs to that particular object. 

Therefore in the above example, the program will compile properly since Animal class has the 
method move. Then at the runtime it runs the method specific for that object. 

Consider the following example : 

class Animal{ 
 
   public void move(){ 
      System.out.println("Animals can move"); 
   } 
} 
 
class Dog extends Animal{ 
 
   public void move(){ 
      System.out.println("Dogs can walk and run"); 
   } 
   public void bark(){ 
      System.out.println("Dogs can bark"); 
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   } 
} 
 
public class TestDog{ 
 
   public static void main(String args[]){ 
      Animal a = new Animal(); // Animal reference and object 
      Animal b = new Dog(); // Animal reference but Dog object 
 
      a.move();// runs the method in Animal class 
      b.move();//Runs the method in Dog class 
      b.bark(); 
   } 
} 

This would produce following result: 

TestDog.java:30: cannot find symbol 
symbol  : method bark() 
location: class Animal 
                b.bark(); 
                 ^ 

This program will throw a compile time error since b's reference type Animal doesn't have a 
method by the name of bark. 

Rules for method overriding: 

 The argument list should be exactly the same as that of the overridden method. 
 The return type should be the same or a subtype of the return type declared in the 

original overridden method in the super class. 
 The access level cannot be more restrictive than the overridden method's access level. 

For example: if the super class method is declared public then the overridding method 
in the sub class cannot be either private or public. However the access level can be less 
restrictive than the overridden method's access level. 

 Instance methods can be overridden only if they are inherited by the subclass. 
 A method declared final cannot be overridden. 
 A method declared static cannot be overridden but can be re-declared. 
 If a method cannot be inherited then it cannot be overridden. 
 A subclass within the same package as the instance's superclass can override any 

superclass method that is not declared private or final. 
 A subclass in a different package can only override the non-final methods declared 

public or protected. 
 An overriding method can throw any uncheck exceptions, regardless of whether the 

overridden method throws exceptions or not. However the overridden method should 
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not throw checked exceptions that are new or broader than the ones declared by the 
overridden method. The overriding method can throw narrower or fewer exceptions 
than the overridden method. 

 Constructors cannot be overridden. 

Using the super keyword: 

When invoking a superclass version of an overridden method the super keyword is used. 

class Animal{ 
 
   public void move(){ 
      System.out.println("Animals can move"); 
   } 
} 
 
class Dog extends Animal{ 
 
   public void move(){ 
      super.move(); // invokes the super class method 
      System.out.println("Dogs can walk and run"); 
   } 
 
} 
 
public class TestDog{ 
 
   public static void main(String args[]){ 
 
      Animal b = new Dog(); // Animal reference but Dog object 
      b.move();//Runs the method in Dog class 
 
   } 
} 

This would produce following result: 

Animals can move 
Dogs can walk and run 

Java - Inheritance 

Inheritance can be defined as the process where one object acquires the properties of another. 
With the use of inheritance the information is made manageable in a hierarchical order. 
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When we talk about inheritance the most commonly used key words would be extends and 
implements. These words would determine whether one object IS-A type of another. By using 
these keywords we can make one object acquire the properties of another object. 

IS-A Relationship: 

IS-A is a way of saying : This object is a type of that object. Let us see how the extends 
keyword is used to achieve inheritance. 

public class Animal{ 
} 
 
public class Mammal extends Animal{ 
} 
 
public class Reptile extends Animal{ 
} 
 
public class Dog extends Mammal{ 
} 

Now based on the above example, In Object Oriented terms following are true: 

 Animal is the superclass of Mammal class. 
 Animal is the superclass of Reptile class. 
 Mammal and Reptile are sub classes of Animal class. 
 Dog is the subclass of both Mammal and Animal classes. 

Now if we consider the IS-A relationship we can say: 

 Mammal IS-A Animal 
 Reptile IS-A Animal 
 Dog IS-A Mammal 
 Hence : Dog IS-A Animal as well 

With use of the extends keyword the subclasses will be able to inherit all the properties of the 
superclass except for the private properties of the superclass. 

We can assure that Mammal is actually an Animal with the use of the instance operator. 

Example: 

public class Dog extends Mammal{ 
   public static void main(String args[]){ 
 
      Animal a = new Animal(); 
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      Mammal m = new Mammal(); 
      Dog d = new Dog(); 
 
      System.out.println(m instanceof Animal); 
      System.out.println(d instanceof Mammal); 
      System.out.println(d instanceof Animal); 
   } 
} 

This would produce following result: 

true 
true 
true 

Since we have a good understanding of the extends keyword let us look into how the 
implements keyword is used to get the IS-A relationship. 

The implements keyword is used by classes by inherit from interfaces. Interfaces can never be 
extended. 

Example: 

public interface Animal {} 
 
public class Mammal implements Animal{ 
} 
 
public class Dog extends Mammal{ 
} 

The instanceof Keyword: 

Let us use the instanceof operator to check determine whether Mammal is actually an Animal, 
and dog is actually an Animal 

interface Animal{} 
 
class Mammal implements Animal{} 
 
class Dog extends Mammal{ 
   public static void main(String args[]){ 
 
      Mammal m = new Mammal(); 
      Dog d = new Dog(); 
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      System.out.println(m instanceof Animal); 
      System.out.println(d instanceof Mammal); 
      System.out.println(d instanceof Animal); 
   } 
}  

This would produce following result: 

true 
true 
true 

HAS-A relationship: 

These relationships are mainly based on the usage. This determines whether a certain class 
HAS-A certain thing. This relationship helps to reduce duplication of code as well as bugs. 

Lets us look into an example: 

public class Vehicle{} 
public class Speed{} 
public class Van extends Vehicle{ 
 private Speed sp; 
}  

 

 

This shows that class Van HAS-A Speed. By having a separate class for Speed we do 
not have to put the entire code that belongs to speed inside the Van class., which makes it 
possible to reuse the Speed class in multiple applications. 

In Object Oriented feature the users do not need to bother about which object is doing the real 
work. To achieve this, the Van class hides the implementation details from the users of the Van 
class. SO basically what happens is the users would ask the Van class to do a certain action and 
the Vann class will either do the work by itself or ask another class to perform the action. 

A very important fact to remember is that Java only supports only single inheritance. This 
means that a class cannot extend more than one class. Therefore following is illegal: 

public class extends Animal, Mammal{}  
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However a class can implement one or more 
interfaces. This has made Java get rid of the impossibility of multiple inheritance 

Why create a local copy? 

The most probable reason for creating a local copy of an object is because you plan to 
modify the object, and you don't want to modify the method caller's object. If you decide that 
you need a local copy, you can perform the operation by using the clone() method of the 
Object class. The clone() method is defined as protected, but you must redefine it as public in 
all subclasses that you might want to clone. 
 
For example, the standard library class ArrayList overrides clone(), so you can call clone() for 
ArrayList, like this: 

Code: Java 

import java.util.*; 
  class MyInt  
  {  
      private int i; 
   
   
      public MyInt(int ii) {  i = ii; }  
   
   
      public void increment() {  i++; }  
   
   
      public String toString()  
      {  
          return  Integer.toString(i); 
      }  
   }  
   
   
  public class Test  
  {  
      public static void main(String[] args)  
      {  
          ArrayList  al = new ArrayList ();  
          for(int i = 0; i < 10; i++ ) 
              al.add(new MyInt(i)); 
           
          ArrayList  al1 = (ArrayList )al.clone(); 
          // Increment all al1's elements: 

Object Cloning in Java 
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          for(Iterator  e = al1.iterator(); e.hasNext(); ) 
                  ((MyInt)e.next()).increment(); 
    }  
   }  

The clone() method produces an Object, which must be recast to the proper type. This example 
shows how ArrayList's clone() method does not automatically try to clone each of the objects 
that the ArrayList contains -- the old ArrayList and the cloned ArrayList are aliased to the 
same objects. This is often called a shallow copy, since it's only copying the "surface" portion 
of an object. The actual object consists of this "surface," plus all the objects that the references 
are pointing to and all the objects those objects are pointing to, etc. This is often referred to as 
the "Web of objects." When you copy the entire mess, it is called a deep copy. 

The Cloneable interface and deep copies 

By default, classes in Java do not support cloning; the default implementation of the 
clone() method throws a CloneNotSupportedException. You should override implementation 
of the clone() method. Remember that you must make it public and, inside the method, your 
first action must be super.clone(). Classes that want to allow cloning must implement the 
marker interface Cloneable. Since the default implementation of Object.clone only performs a 
shallow copy, classes must also override clone to provide a custom implementation when a 
deep copy is desired. Basically, if you want to make objects of your class publicly cloneable, 
you need code like this: 

Code: Java 

class Test implements Cloneable 
  {  
   ... 
      public Object clone() 
      {  
          try  
      {  
              return  super.clone(); 
          }  
      catch( CloneNotSupportedException e ) 
      {  
              return  null ; 
          }  
      }   
  ... 
  }  

If you are happy with a protected clone, which just blindly copied the raw bits of the object, 
you don't need to redefine your own version. However, you will usually want a public one. 
(Note: You can't create a private or default scope clone; you can only increase the visibility 
when you override.) 
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Possible problems and a solution 

Since the clone() method is protected, subclasses have to explicitly agree to be 
cloneable by overriding this protected method with a public method. All of the Collections 
classes do this. The subclass also has to implement Cloneable for the default cloning 
mechanism in Object.clone() to work. 
 
If you have an object that you know has a public clone() method, but you don't know the type 
of the object at compile time, you have problems. For instance, say x is declared as an Object. 
You can't just call x.clone() because Object.clone() is protected. If Cloneable defined a public 
clone() method, you could use ((Cloneable) x).clone(), but it doesn't. You either have to 
enumerate all the classes that you think x could be, or you have to resort to reflection. 
 
Another problem arises when you try deep copying of a complex object. You're assuming that 
the clone() method of all member object variables also does deep copy; this is too risky of an 
assumption. You must control the code in all classes, or you must know that all classes 
involved in deep copy operation do such a copy in the right way. 
 
One solution to these problems is to clone using serialization. Serialization is usually used to 
send objects off somewhere (such as into a file or over the network) so that somebody else can 
reconstruct them later. You can abuse serialization to immediately reconstruct the object 
yourself. If the object is serializable at all, the reconstruction should be a faithful copy. In 
normal uses of serialisation, the original object is nowhere near a faithful copy; it could be on 
the other side of the world at the far end of a network connection. You can be sure that 
changing the copy will have no effect on the original. 

 

 

clone (Java method) 

clone() is a method in the Java programming language for object duplication. Since objects in 
Java are manipulated through reference variables, there is no direct way to copy an object. (We 
would be trying to duplicate the reference variable rather than the object control referred to 
through that variable). 

Contents 

• 1 Overview  
• 2 Alternatives  
• 3 clone() and the Singleton pattern  
• 4 clone() and class hierarchy  
• 5 clone() and final fields  
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• 6 References  

Overview 

Classes that want copying functionality must implement some method to do so. To a certain 
extent that function is provided by "clone()". 

clone() acts like a constructor. Typically it calls the clone() method of its superclass to obtain 
the copy, etc. until it eventually reaches Object's clone() method. The special clone() method in 
the base class Object provides a standard mechanism for duplicating objects. 

The class Object's clone() method creates and returns a copy of the object, with the same class 
and with all the fields having the same values. However, clone() throws a 
CloneNotSupportedException unless the class you are trying to use it on implements the 
marker interface Cloneable. 

The default implementation of Object.clone() performs a shallow copy. When a class desires a 
deep copy or some other custom behavior, they must perform that in their own clone() method 
after they obtain the copy from the superclass. 

The syntax for calling clone in Java is: 

Object copy = obj.clone(); 

or commonly 

MyClass copy = (MyClass) obj.clone(); 

which provides the typecasting needed to assign the generic Object reference returned from 
clone to a reference to a MyClass object. 

One disadvantage with the design of the clone() method is that the return type of clone() is 
Object, and needs to be explicitly cast back into the appropriate type. However, overriding 
clone() to return the appropriate type is preferable and eliminates the need for casting in the 
client (using covariant return types, since J2SE 5.0). 

Another disadvantage is that one often cannot access the clone() method on an abstract type. 
Most interfaces and abstract classes in Java do not specify a public clone() method. As a result, 
often the only way to use the clone() method is if you know the actual class of an object; which 
is contrary to the abstraction principle of using the most generic type possible. For example, if 
one has a List reference in Java, one cannot invoke clone() on that reference because List 
specifies no public clone() method. Actual implementations of List like ArrayList and 
LinkedList all generally have clone() methods themselves, but it is inconvenient and bad 
abstraction to carry around the actual class type of an object. 
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Alternatives 

There are alternatives to clone(), notably the use of a copy constructor - a constructor that 
accepts as a parameter another instance of the same class - or a factory method. These methods 
are not always adequate when the concrete type of the cloned object is not known in advance. 
(However, clone() is often not adequate either for the same reason, as most abstract classes do 
not implement a public clone() method.) 

Also the use of serialization and deserialization is another alternative to using clone. 

clone() and the Singleton pattern 

When writing a class using the Singleton pattern, only one instance of that class can exist at a 
time. As a result, the class must not be allowed to make a clone. To prevent this, override the 
clone() method using the following code: 

public Object clone() throws CloneNotSupportedException { 
    throw new CloneNotSupportedException();  
} 

(Note: This is only necessary if a superclass implements a public clone() method, or to prevent 
a subclass from using this class's clone() method to obtain a copy. Since classes don't usually 
inherit a public clone() method (Object doesn't have a public clone() method), it is usually 
unnecessary to explicitly implement a non-functional clone() method. 

clone() and class hierarchy 

When working with the clone() in a hierarchy of classes, there are several things that must be 
handled properly. 

1) Every type reference that needs to call the clone function must have a clone() method in its 
own class or a publicly accessible clone() method in its parent classes. That means that if you 
want to clone a reference to an abstract base class, either the base class must have a clone() 
method, or one of its parents must have a publicly accessible clone() method. 

Example 

- since varY1 is of type Y, then Y must have clone(), or a parent of Y must have clone() 

abstract public class X implements Cloneable { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
abstract public class Y extends X { } 
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public class Z extends Y { } 
  
public class test1 { 
        public void function() throws CloneNotSupportedException { 
                Y varY1 = new Z(); 
                Y varY2 = (Y) varY1.clone(); 
        } 
} 

2) Every class that has any data other than primitives that has to be cloned must contain a 
clone() function that handles it. This includes all objects and all primitives that are allocated 
with the 'new' command such as variable length arrays. (This assumes that the programmer 
wants the objects to be cloned (deep copy) and not just have their reference copied (shallow 
copy).) 

Example 

- since class Z has a reference to an object of another class, there needs to be specific code to 
clone that object. 
abstract public class X implements Cloneable { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
abstract public class Y extends X { } 
  
public class ObjectABC implements Cloneable { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
public class Z extends Y { 
        private ObjectABC someABC; 
  
        public Object clone() throws CloneNotSupportedException { 
                Z newZ = (Z) super.clone(); 
                newZ.someABC = (ObjectABC) someABC.clone(); 
  
                return newZ; 
        } 
} 
  
public class test1 { 
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        public void function() throws CloneNotSupportedException { 
                Y varY1 = new Z(); 
                Y varY2 = (Y) varY1.clone(); 
        } 
} 

Easy Solution 

The easiest solution to this is to make the base class "implements Cloneable" and have the base 
class and all sub-classes contain the clone() method. When a class has data in it that must be 
cloned, adding a line or two to the clone() method is straight forward. 

Example 

abstract public class X implements Cloneable { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
abstract public class Y extends X { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
public class Z extends Y { 
        public Object clone() throws CloneNotSupportedException { 
                return super.clone(); 
        } 
} 
  
public class test1 { 
        public void function() throws CloneNotSupportedException { 
                Y varY1 = new Z(); 
                Y varY2 = (Y) varY1.clone(); 
        } 
} 

Downsides 

If every class in your hierarchy has a clone() method, then when the actual class is cloned all of 
these functions will be called, adding some overhead. Over many calls this could be 
significant. 
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With complex object graphs deep copying can become problematic, with recursive references. 
Once one object is cloneable, others tend to follow until the entire graph attempts to implement 
Cloneable. Sooner or later you run into a class that you can't make Cloneable. 

It is not always appropriate to have multiple copies of the same object floating around. Besides, 
using clone() tends to defeat the "single object, multiple references" paradigm. 

clone() and final fields 

Generally, clone() is incompatible with final fields. Because clone() is essentially a default 
constructor (one that has no arguments) it is impossible to assign a final field within a clone() 
method; a compiler error is the result. Where the value of the field is an immutable object this 
is okay; just let the 'constructor' copy the reference and both the original and its clone will 
share the same object. 

But where the value is a mutable object it must be deep copied. The only solution is to remove 
the final modifier from the field, giving up all the benefits it conferred. 

For this reason, many programmers prefer to make the objects in the hierarchy Serializable, 
and create copies by serializing the old object and then creating a new object from the resulting 
bitstream, which should be nearly as fast as the calls to clone(), uses only one object's worth of 
extra memory, and that only during the operation, and handles final data members correctly. 

Nested Classes 

 
The Java programming language allows you to define a class within another class. Such a class 
is called a nested class and is illustrated here:  
class OuterClass { 
    ... 
    class NestedClass { 
        ... 
    }} 

 
Terminology: Nested classes are divided into two categories: static and non-static. Nested 
classes that are declared static  are simply called static nested classes. Non-static nested 
classes are called inner classes.  

 
class OuterClass { 
    ... 
    static class StaticNestedClass { 
        ... 
    } 
    class InnerClass { 
        ... 
    } 
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} 
A nested class is a member of its enclosing class. Non-static nested classes (inner classes) have 
access to other members of the enclosing class, even if they are declared private. Static nested 
classes do not have access to other members of the enclosing class. As a member of the 
OuterClass , a nested class can be declared private , public , protected , or package private. 
(Recall that outer classes can only be declared public  or package private.)  

Why Use Nested Classes? 
There are several compelling reasons for using nested classes, among them:  

• It is a way of logically grouping classes that are only used in one place.  
• It increases encapsulation.  
• Nested classes can lead to more readable and maintainable code.  

Logical grouping of classes—If a class is useful to only one other class, then it is logical to 
embed it in that class and keep the two together. Nesting such "helper classes" makes their 
package more streamlined.  

Increased encapsulation—Consider two top-level classes, A and B, where B needs access to 
members of A that would otherwise be declared private . By hiding class B within class A, 
A's members can be declared private and B can access them. In addition, B itself can be hidden 
from the outside world.  

More readable, maintainable code—Nesting small classes within top-level classes places the 
code closer to where it is used.  

Static Nested Classes 
As with class methods and variables, a static nested class is associated with its outer class. And 
like static class methods, a static nested class cannot refer directly to instance variables or 
methods defined in its enclosing class — it can use them only through an object reference.  

 
Note: A static nested class interacts with the instance members of its outer class (and other 
classes) just like any other top-level class. In effect, a static nested class is behaviorally a top-
level class that has been nested in another top-level class for packaging convenience.  

 

Static nested classes are accessed using the enclosing class name:  

OuterClass.StaticNestedClass 
For example, to create an object for the static nested class, use this syntax:  
OuterClass.StaticNestedClass nestedObject = new OuterClass.StaticNestedClass(); 
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Inner Classes 
 

As with instance methods and variables, an inner class is associated with an instance of 
its enclosing class and has direct access to that object's methods and fields. Also, because an 
inner class is associated with an instance, it cannot define any static members itself.  

Objects that are instances of an inner class exist within an instance of the outer class. Consider 
the following classes:  

class OuterClass { 
    ... 
    class InnerClass { 
        ... 
    } 
} 
 
An instance of InnerClass  can exist only within an instance of OuterClass  and has direct 
access to the methods and fields of its enclosing instance. The next figure illustrates this idea.  

 

An Instance of InnerClass Exists Within an Instance of 
OuterClass  

To instantiate an inner class, you must first instantiate the outer class. Then, create the inner 
object within the outer object with this syntax:  

OuterClass.InnerClass innerObject = outerObject.new InnerClass(); 
Additionally, there are two special kinds of inner classes: local classes and anonymous classes 
(also called anonymous inner classes). Both of these will be discussed briefly in the next 
section.  
 

Inner Class Example 
 
To see an inner class in use, let's first consider an array. In the following example, we will 
create an array, fill it with integer values and then output only values of even indices of the 
array in ascending order.  
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The DataStructure  class below consists of:  

• The DataStructure  outer class, which includes methods to add an integer onto the 
array and print out values of even indices of the array.  

• The InnerEvenIterator  inner class, which is similar to a standard Java iterator. 
Iterators are used to step through a data structure and typically have methods to test for 
the last element, retrieve the current element, and move to the next element.  

• A main  method that instantiates a DataStructure  object (ds ) and uses it to fill the 
arrayOfInts  array with integer values (0, 1, 2, 3, etc.), then calls a printEven  method 
to print out values of even indices of arrayOfInts .  

 
public class DataStructure { 
    //create an array 
    private final static int SIZE = 15; 
    private int[] arrayOfInts = new int[SIZE]; 
     
    public DataStructure() { 
        //fill the array with ascending integer values 
        for (int i = 0; i < SIZE; i++) { 
            arrayOfInts[i] = i; 
        } 
    } 
     
    public void printEven() { 
        //print out values of even indices of the array 
        InnerEvenIterator iterator = this.new InnerEvenIterator(); 
        while (iterator.hasNext()) { 
            System.out.println(iterator.getNext() + " "); 
        } 
    } 
     
//inner class implements the Iterator pattern 
    private class InnerEvenIterator { 
        //start stepping through the array from the beginning 
        private int next = 0; 
         
        public boolean hasNext() { 
            //check if a current element is the last in the array 
            return (next <= SIZE - 1); 
        } 
         
        public int getNext() { 
            //record a value of an even index of the array 
            int retValue = arrayOfInts[next]; 
            //get the next even element 
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            next += 2; 
            return retValue; 
        } 
    } 
     
    public static void main(String s[]) { 
        //fill the array with integer values and print out only values of even indices 
        DataStructure ds = new DataStructure(); 
        ds.printEven(); 
    } 
} 
The output is:  
0 2 4 6 8 10 12 14  
Note that the InnerEvenIterator  class refers directly to the arrayOfInts  instance variable 
of the DataStructure  object.  

Inner classes can be used to implement helper classes like the one shown in the example above. 
If you plan on handling user-interface events, you will need to know how to use inner classes 
because the event-handling mechanism makes extensive use of them.  

Local and Anonymous Inner Classes 
There are two additional types of inner classes. You can declare an inner class within the body 
of a method. Such a class is known as a local inner class. You can also declare an inner class 
within the body of a method without naming it. These classes are known as anonymous inner 
classes. You will encounter such classes in advanced Java programming.  

Modifiers 
You can use the same modifiers for inner classes that you use for other members of the outer 
class. For example, you can use the access specifiers — private , public , and protected  — 
to restrict access to inner classes, just as you do to other class members.  
 
 
 
 

Class Proxy 

 
public class Proxy  
extends Object  
implements Serializable 

Proxy provides static methods for creating dynamic proxy classes and instances, and it is also 
the superclass of all dynamic proxy classes created by those methods.  

To create a proxy for some interface Foo:  
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     InvocationHandler handler = new MyInvocationHandler(...); 
     Class proxyClass = Proxy.getProxyClass( 
         Foo.class.getClassLoader(), new Class[] { Foo.class }); 
     Foo f = (Foo) proxyClass. 
         getConstructor(new Class[] { InvocationHandler.class }). 
         newInstance(new Object[] { handler }); 
  
or more simply:  
     Foo f = (Foo) Proxy.newProxyInstance(Foo.class.getClassLoader(), 
                                          new Class[] { Foo.class }, 
                                          handler); 
  

A dynamic proxy class (simply referred to as a proxy class below) is a class that implements a 
list of interfaces specified at runtime when the class is created, with behavior as described 
below. A proxy interface is such an interface that is implemented by a proxy class. A proxy 
instance is an instance of a proxy class. Each proxy instance has an associated invocation 
handler object, which implements the interface InvocationHandler. A method invocation on a 
proxy instance through one of its proxy interfaces will be dispatched to the invoke method of 
the instance's invocation handler, passing the proxy instance, a java.lang.reflect.Method object 
identifying the method that was invoked, and an array of type Object containing the arguments. 
The invocation handler processes the encoded method invocation as appropriate and the result 
that it returns will be returned as the result of the method invocation on the proxy instance.  

A proxy class has the following properties:  

• Proxy classes are public, final, and not abstract.  
• The unqualified name of a proxy class is unspecified. The space of class names that 

begin with the string "$Proxy" should be, however, reserved for proxy classes.  
• A proxy class extends java.lang.reflect.Proxy.  
• A proxy class implements exactly the interfaces specified at its creation, in the same 

order.  
• If a proxy class implements a non-public interface, then it will be defined in the same 

package as that interface. Otherwise, the package of a proxy class is also unspecified. 
Note that package sealing will not prevent a proxy class from being successfully 
defined in a particular package at runtime, and neither will classes already defined by 
the same class loader and the same package with particular signers.  

• Since a proxy class implements all of the interfaces specified at its creation, invoking 
getInterfaces on its Class object will return an array containing the same list of 
interfaces (in the order specified at its creation), invoking getMethods on its Class 
object will return an array of Method objects that include all of the methods in those 
interfaces, and invoking getMethod will find methods in the proxy interfaces as would 
be expected.  

• The Proxy.isProxyClass method will return true if it is passed a proxy class-- a class 
returned by Proxy.getProxyClass or the class of an object returned by 
Proxy.newProxyInstance-- and false otherwise.  
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• The java.security.ProtectionDomain of a proxy class is the same as that of system 
classes loaded by the bootstrap class loader, such as java.lang.Object, because the code 
for a proxy class is generated by trusted system code. This protection domain will 
typically be granted java.security.AllPermission.  

• Each proxy class has one public constructor that takes one argument, an 
implementation of the interface InvocationHandler, to set the invocation handler for a 
proxy instance. Rather than having to use the reflection API to access the public 
constructor, a proxy instance can be also be created by calling the Proxy.newInstance 
method, which combines the actions of calling Proxy.getProxyClass with invoking the 
constructor with an invocation handler.  

A proxy instance has the following properties:  

• Given a proxy instance proxy and one of the interfaces implemented by its proxy class 
Foo, the following expression will return true:  

•      proxy instanceof Foo 
  

and the following cast operation will succeed (rather than throwing a 
ClassCastException):  

     (Foo) proxy 
  

• Each proxy instance has an associated invocation handler, the one that was passed to its 
constructor. The static Proxy.getInvocationHandler method will return the invocation 
handler associated with the proxy instance passed as its argument.  

• An interface method invocation on a proxy instance will be encoded and dispatched to 
the invocation handler's invoke method as described in the documentation for that 
method.  

• An invocation of the hashCode, equals, or toString methods declared in 
java.lang.Object on a proxy instance will be encoded and dispatched to the invocation 
handler's invoke method in the same manner as interface method invocations are 
encoded and dispatched, as described above. The declaring class of the Method object 
passed to invoke will be java.lang.Object. Other public methods of a proxy instance 
inherited from java.lang.Object are not overridden by a proxy class, so invocations of 
those methods behave like they do for instances of java.lang.Object.  

Methods Duplicated in Multiple Proxy Interfaces 

When two or more interfaces of a proxy class contain a method with the same name and 
parameter signature, the order of the proxy class's interfaces becomes significant. When such a 
duplicate method is invoked on a proxy instance, the Method object passed to the invocation 
handler will not necessarily be the one whose declaring class is assignable from the reference 
type of the interface that the proxy's method was invoked through. This limitation exists 
because the corresponding method implementation in the generated proxy class cannot 
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determine which interface it was invoked through. Therefore, when a duplicate method is 
invoked on a proxy instance, the Method object for the method in the foremost interface that 
contains the method (either directly or inherited through a superinterface) in the proxy class's 
list of interfaces is passed to the invocation handler's invoke method, regardless of the 
reference type through which the method invocation occurred.  

If a proxy interface contains a method with the same name and parameter signature as the 
hashCode, equals, or toString methods of java.lang.Object, when such a method is invoked on 
a proxy instance, the Method object passed to the invocation handler will have java.lang.Object 
as its declaring class. In other words, the public, non-final methods of java.lang.Object 
logically precede all of the proxy interfaces for the determination of which Method object to 
pass to the invocation handler.  

Note also that when a duplicate method is dispatched to an invocation handler, the invoke 
method may only throw checked exception types that are assignable to one of the exception 
types in the throws clause of the method in all of the proxy interfaces that it can be invoked 
through. If the invoke method throws a checked exception that is not assignable to any of the 
exception types declared by the method in one of the the proxy interfaces that it can be invoked 
through, then an unchecked UndeclaredThrowableException will be thrown by the invocation 
on the proxy instance. This restriction means that not all of the exception types returned by 
invoking getExceptionTypes on the Method object passed to the invoke method can 
necessarily be thrown successfully by the invoke method.  

 
Field Summary 

protected 
 InvocationHandler 

h  
          the invocation handler for this proxy instance. 

   

 

Constructor Summary 

protected Proxy(InvocationHandler h)  
          Constructs a new Proxy instance from a subclass (typically, a dynamic proxy 
class) with the specified value for its invocation handler. 

   

Method Summary 

static InvocationHandler getInvocationHandler(Object proxy)  
          Returns the invocation handler for the specified proxy 
instance. 
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static Class getProxyClass(ClassLoader loader, Class[] interfaces)  
          Returns the java.lang.Class object for a proxy class given a 
class loader and an array of interfaces. 

static boolean isProxyClass(Class cl)  
          Returns true if and only if the specified class was dynamically 
generated to be a proxy class using the getProxyClass method or the 
newProxyInstance method. 

static Object newProxyInstance(ClassLoader loader, Class[] interfaces, 
InvocationHandler h)  
          Returns an instance of a proxy class for the specified interfaces 
that dispatches method invocations to the specified invocation 
handler. 

   

Methods inherited from class java.lang.Object 

clone, equals, finalize, getClass, hashCode, notify, notifyAll , toString, wait, wait, wait 

   

Field Detail 

h 

protected InvocationHandler h 
the invocation handler for this proxy instance.  

Constructor Detail 

 

Proxy 

protected Proxy(InvocationHandler h) 
Constructs a new Proxy instance from a subclass (typically, a dynamic proxy class) 
with the specified value for its invocation handler.  

Parameters:  
h - the invocation handler for this proxy instance 

Method Detail 

getProxyClass 

public static Class getProxyClass(ClassLoader loader, 
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                                  Class[] interfaces) 
                           throws IllegalArgumentException 

Returns the java.lang.Class object for a proxy class given a class loader and an array of 
interfaces. The proxy class will be defined by the specified class loader and will 
implement all of the supplied interfaces. If a proxy class for the same permutation of 
interfaces has already been defined by the class loader, then the existing proxy class 
will be returned; otherwise, a proxy class for those interfaces will be generated 
dynamically and defined by the class loader.  

There are several restrictions on the parameters that may be passed to 
Proxy.getProxyClass:  

• All of the Class objects in the interfaces array must represent interfaces, not 
classes or primitive types.  

• No two elements in the interfaces array may refer to identical Class objects.  
• All of the interface types must be visible by name through the specified class 

loader. In other words, for class loader cl and every interface i, the following 
expression must be true:  

•      Class.forName(i.getName(), false, cl) == i 
  

• All non-public interfaces must be in the same package; otherwise, it would not 
be possible for the proxy class to implement all of the interfaces, regardless of 
what package it is defined in.  

• No two interfaces may each have a method with the same name and parameter 
signature but different return type.  

• The resulting proxy class must not exceed any limits imposed on classes by the 
virtual machine. For example, the VM may limit the number of interfaces that a 
class may implement to 65535; in that case, the size of the interfaces array must 
not exceed 65535.  

If any of these restrictions are violated, Proxy.getProxyClass will throw an 
IllegalArgumentException. If the interfaces array argument or any of its elements are 
null, a NullPointerException will be thrown.  

Note that the order of the specified proxy interfaces is significant: two requests for a 
proxy class with the same combination of interfaces but in a different order will result 
in two distinct proxy classes.  

Parameters:  
loader - the class loader to define the proxy class  
interfaces - the list of interfaces for the proxy class to implement  
Returns:  
a proxy class that is defined in the specified class loader and that implements the 
specified interfaces  
Throws:  
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IllegalArgumentException - if any of the restrictions on the parameters that may be 
passed to getProxyClass are violated  
NullPointerException - if the interfaces array argument or any of its elements are null 

 

newProxyInstance 

public static Object newProxyInstance(ClassLoader loader, 
                                      Class[] interfaces, 
                                      InvocationHandler h) 
                               throws IllegalArgumentException 

Returns an instance of a proxy class for the specified interfaces that dispatches method 
invocations to the specified invocation handler. This method is equivalent to:  
     Proxy.getProxyClass(loader, interfaces). 
         getConstructor(new Class[] { InvocationHandler.class }). 
         newInstance(new Object[] { handler }); 
  

Proxy.newProxyInstance throws IllegalArgumentException for the same reasons that 
Proxy.getProxyClass does.  

Parameters:  
loader - the class loader to define the proxy class  
interfaces - the list of interfaces for the proxy class to implement  
h - the invocation handler to dispatch method invocations to  
Returns:  
a proxy instance with the specified invocation handler of a proxy class that is defined 
by the specified class loader and that implements the specified interfaces  
Throws:  
IllegalArgumentException - if any of the restrictions on the parameters that may be 
passed to getProxyClass are violated  
NullPointerException - if the interfaces array argument or any of its elements are null, 
or if the invocation handler, h, is null 

 

isProxyClass 

public static boolean isProxyClass(Class cl) 
Returns true if and only if the specified class was dynamically generated to be a proxy 
class using the getProxyClass method or the newProxyInstance method.  

The reliability of this method is important for the ability to use it to make security 
decisions, so its implementation should not just test if the class in question extends 
Proxy.  

Parameters:  

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 153 

cl - the class to test  
Returns:  
true if the class is a proxy class and false otherwise  
Throws:  
NullPointerException - if cl is null 

 

getInvocationHandler 

public static InvocationHandler getInvocationHandler(Object proxy) 
                                              throws IllegalArgumentException 

Returns the invocation handler for the specified proxy instance.  
Parameters:  
proxy - the proxy instance to return the invocation handler for  
Returns:  
the invocation handler for the proxy instance  
Throws:  
IllegalArgumentException - if the argument is not a proxy instance 

 
 

Explain the final keyword in java. 

May 22nd, 2008  

• A java variable can be declared using the keyword final. Then the final variable can be 
assigned only once.  

• A variable that is declared as final and not initialized is called a blank final variable. A 
blank final variable forces the constructors to initialise it.  

• Java classes declared as final cannot be extended. Restricting inheritance!  
• Methods declared as final cannot be overridden. In methods private is equal to final, but 

in variables it is not.  
• final parameters – values of the parameters cannot be changed after initialization. Do a 

small java exercise to find out the implications of final parameters in method 
overriding.  

• Java local classes can only reference local variables and parameters that are declared as 
final.  

• A visible advantage of declaring a java variable as static final is, the compiled java 
class results in faster performance.  

 

 
 

final (Java) 
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In the Java programming language, the final  keyword is used in several different 
contexts to define an entity which cannot later be changed. 

Contents 

• 1 Final classes  
• 2 Final methods  
• 3 Final variables  
• 4 Difference from the C++ "const" type qualifier  

• 5 References  
• 6 External links  

Final classes 

A final class cannot be subclassed. This is done for reasons of security and efficiency. 
Accordingly, many of the Java standard library classes are final, for example java.lang.System 
and java.lang.String. All methods in a final class are implicitly final. 

Example: 

public final class MyFinalClass {...} 

Final methods 

A final method cannot be overridden by subclasses. This is used to prevent unexpected 
behavior from a subclass altering a method that may be crucial to the function or consistency 
of the class.[1] 

Example: 

public class MyClass { 
    public final void myFinalMethod() {...} 
} 

A common misconception is that declaring a class or method final improves efficiency by 
allowing the compiler to directly insert the method inline wherever it is called. This is not 
completely true; the compiler is unable to do this because the classes loaded at runtime might 
not be the same versions of the ones that were just compiled. Further, the runtime environment 
and JIT compiler have the information about exactly what classes have been loaded, and are 
able to make better decisions about when to inline, whether or not the method is final.[2] 

Final variables 
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A final variable can only be assigned once. This assignment does not grant the variable 
immutable status. If the variable is a field of a class, it must be assigned in the constructor of its 
class. (Note: If the variable is a reference, this means that the variable cannot be re-bound to 
reference another object. But the object that it references is still mutable, if it was originally 
mutable.) 

Unlike the value of a constant, the value of a final variable is not necessarily known at compile 
time. 

Example: 

public class Sphere { 
  
    public static final double PI = 3.141592653589793;  // this is essentially a constant 
  
    public final double radius; 
    public final double xpos; 
    public final double ypos; 
    public final double zpos; 
  
    Sphere(double x, double y, double z, double r) { 
         radius = r; 
         xpos = x; 
         ypos = y; 
         zpos = z; 
    } 
  
    [...] 
} 

Any attempt to reassign radius, xpos, ypos, zpos will meet with a compile error. In fact, even if 
the constructor doesn't set a final variable, attempting to set it outside the constructor will result 
in a compile error. 

To illustrate that finality doesn't guarantee immutability: suppose we replace the three position 
variables with a single one: 

    public final Position pos; 

where pos is an object with three properties pos.x, pos.y and pos.z. Then pos cannot be 
assigned to, but the three properties can, unless they are final themselves. 

Like full immutability, finality of variables has great advantages, especially in optimization. 
For instance, Sphere will probably have a function returning its volume; knowing that its radius 
is constant allows us to memoize the computed volume. If we have relatively few Spheres and 
we need their volumes very often, the performance gain might be substantial. Making the 
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radius of a Sphere final informs developers and compilers that this sort of optimization is 
possible in all code that uses Spheres. 

Difference from the C++ "const" type qualifier 

• In C++, a const field is not only protected from being reassigned, but there is the 
additional limitation that only const methods can be called on it and it can only be 
passed as the const argument of other methods.  

• Non-static inner classes can freely access any field of the enclosing class, final or not.  
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CS2304  -   PROGRAMMING PARADIGMS 

 
Unit III Event-Driven Programming 

 

 

 

� INTRODUCTION 

� Most programs, to be useful, must respond to commands from the user. To do so, 
Java programs rely on events that describe user actions. 

� Every time the user types a character or pushes a mouse button, an event occurs. 
Any object can be notified of the event. All it has to do is implement the appropriate 
interface and be registered as an event listener on the appropriate event source. 
Components can generate many kinds of events. 
 

� JAVA EVENT HANDLING MODEL  

� GUIs are event driven 
– Generate events when user interacts with GUI 

� Mouse movements, mouse clicks, typing in a text field, etc. 
– Event information stored in object that extends AWTEvent 

� To process an event 
– Register an event listener 

� Object from a class that implements an event-listener interface (from 
java.awt.event ) 

� "Listens" for events 
– Implement event handler 

� Method that is called in response to an event 
� Event handling interface has one or more methods that must be defined 
� Delegation event model 

– Use of event listeners in event handling 
– Processing of event delegated to particular object 

� When an event occurs 
– GUI component notifies its listeners 

� Calls listener's event handling method. 
� Example 

Graphics programming – Frame – Components – working with 2D shapes – Using color, 
fonts, and images - Basics of event handling – event handlers – adapter classes – actions 
– mouse events – AWT event hierarchy – introduction to Swing – Model-View-
Controller design pattern – buttons – layout management – Swing Components 

EVENT HANDLING 
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– Enter pressed in a TextField 
– Method actionPerformed called for registered listener 

Each event is represented by an object that gives information about the event and identifies the 
event source. Event sources are typically components, but other kinds of objects can also be 
event sources. As the following figure shows, each event source can have multiple listeners 
registered on it. Conversely, a single listener can register with multiple event sources. 

 

Multiple listeners can register to be notified of events of a particular type from a 
particular source. 

� In this model, different classes of events are represented by different Java classes. 
Every event is a subclass of java.util.EventObject. AWT events, which is what 
we are concerned with here, are subclasses of java.awt.AWTEvent .  

� The various types of AWT events, such as MouseEvent  and ActionEvent , are 
placed in the new java.awt.event package.  

� Every event has a source object, which can be obtained with getSource(), and 
every AWT event has a type value, which can be obtained with getID(). This 
value is used to distinguish the various types of events that are represented by the 
same event class.  

� For example, the FocusEvent has two possible types: FocusEvent.FOCUS_GAINED  
and FocusEvent.FOCUS_LOST . Event subclasses contain whatever data values are 
pertinent to the particular event type.  

� For example, MouseEvent has getX() , getY() , and getClickCount()  methods; it 
also inherits the getModifiers()  and getWhen()  methods, among others.  

� The event handling model is based on the concept of an "event listener." An object 
interested in receiving events is an event listener. An object that generates events 
(an event source) maintains a list of listeners that are interested in being notified 
when events occur, and provides methods that allow listeners to add themselves and 
remove themselves from this list of interested objects. When the event source object 
generates an event (or when a user input event occurs on the event source object), 
the event source notifies all the listener objects that the event has occurred.  

� An event source notifies an event listener object by invoking a method on it and 
passing it an event object (an instance of a subclass of EventObject ). In order for a 
source to invoke a method on a listener, all listeners must implement the required 
method.  

� It ensured that all event listeners for a particular type of event implement a 
corresponding interface. 

�  For example, event listener objects for ActionEvent  events must implement the 
ActionListener  interface. The java.awt.event  package defines an event listener 
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interface for each of the event types it defines. (Actually, for MouseEvent  events, it 
defines two listener interfaces: MouseListener  and MouseMotionListener .) All 
event listener interfaces themselves extend java.util.EventListener . This 
interface does not define any methods, but instead acts as a marker interface, clearly 
identifying all event listeners as such.  

� An event listener interface may define more than one method.  
For example, an event class like MouseEvent  represents several different types of 
mouse events, such as a button press event and a button release event, and these 
different event types cause different methods in the corresponding event listener to 
be invoked. By convention, the methods of an event listener are passed a single 
argument, which is an event object of the type that corresponds to the listener. This 
event object should contain all the information a program needs to respond to the 
event 

 

� HOW TO IMPLEMENT AN EVENT HANDLER ?  

Every event handler requires three bits of code: 

1. In the declaration for the event handler class, code that specifies that the class either 
implements a listener interface or extends a class that implements a listener interface. For 
example: 

public class MyClass implements ActionListener { 
      
2. Code that registers an instance of the event handler class as a listener upon one or more 
components. For example: 

someComponent.addActionListener(instanceOfMyClass); 
      
3. Code that implements the methods in the listener interface. For example: 

public void actionPerformed(ActionEvent e) { 
    ...//code that reacts to the action... 
} 
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• When the user interacts with a GUI application, an event is generated. 
•  Examples of user events are clicking a button, selecting an item or closing a window. 

Events are represented as Objects in JavaTM technology. The super class of all event 
classes is java.util.EventObject.  
Some of the important classes and their hierarchy is shown below.  
 

� EVENT CLASS HIERARCHY 

 The top most super class of all the new event classes is java.util.EventObject 

 

 

 

The Event Class Hierarchy 

 

IMPORTANT METHODS  

          Object getSource(); 

One sub class of EventObject is java.awt.AWTEvent, which is the super class of all the 
delegation model event classes. Again there is only one method of interest: 

          int getID(); which returns ID of the event. 

EVENTS 
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An event’s id is an int that specifies the exact nature of the event.  

 

The hierarchy is as follows:  

Java.util.EventObject 

·         Java.awt.AWTEvent 

o ActionEvent  
o AdjustmentEvent  
o ComponentEvent  

� ContainerEvent  
� FocusEvent  
� InputEvent   

• KeyEvent  
• MouseEvent  

� PaintEvent  
� WindowEvent  

o ItemEvent  
o TextEvent  

 
The InputEvent super class has a long getWhen() method that returns the time when the event 
took place. 

� AWT EVENT CLASSES  

� The subclasses of AWT Event can be categorized into two groups: 

� Semantic events : Semantic events directly correspond to high level user 
interactions with a GUI component. Clicking of a button is an example of a 
semantic event.  
Following event classes are semantic classes.  

1. ActionEvent  
2. AdjustmentEvent  
3. ItemEvent  
4. TextEvent  

���� Low-level events: Multiple low-level events may get generated for each 
high level user event.  
Following event classes are low level event classes.  
1. ComponentEvent  
2. ContainerEvent  
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3. FocusEvent  
4. KeyEvent  
5. MouseEvent  
6. PaintEvent  
7. WindowEvent  

���� EVENT CLASSES FOR GUI CONTROLS  

� By GUI component I mean objects like Button, ListBox etc. For each Java GUI 
component a set of events of above type are generated. It is important to understand 
which events are generated for each component.  

� Event types and corresponding EventSource & EventListener  

Event Type Event Source Event Listener interface 
ActionEvent Button, List, MenuItem, TextField ActionListener 
AdjustmentEventScrollbar AdjustmentListener 

ItemEvent 
Choice, Checkbox, 
CheckboxMenuItem, List 

ItemListener 

TextEvent TextArea, TextField TextListener 
ComponentEventComponent ComponentListener 
ContainerEvent Container ContainerListener 
FocusEvent Component FocusListener 
KeyEvent Component KeyListener 

MouseEvent Component 
MouseListener, 
MouseMotionListener 

WindowEvent Window WindowListener 

� EVENT LISTENERS  

� An event listener is an object to which a component has delegated the task of handling 
a particular kind of event.  

� When the component experiences input, an event of the appropriate type is constructed 
and passed as the parameter to a method call on the listener.  

� A listener must implement the interface that contains the event handling method.  
� These are objects that define methods to handle certain type of events.  
� An event source (for example a PushButton) can generate one or more type of events, 

and maintain a list of event listeners for each type of event.  
� An event source can register listeners by calling addXListener type of methods. For 

example a Button may register an object for handling ActionEvent by calling 
addActionListener.  

� This object would then need to implement the listener interface corresponding to 
ActionEvent, which is ActionListener 

� The standard formula for giving an action listener to a component is: 
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1. Create a listener class that implements the appropriate interface.  
2. Construct the component.  
3. Construct an instance of listener class.  
4. Call addTypeListener() on the component, passing in the listener object.  

� A component may have multiple listeners for any event type. There is no guarantee that 
listeners will be notified in the order in which they were added. There is also no 
guarantee that all listener notification will occur in the same thread; thus listeners must 
take precautions against corrupting shared data. 

� An event listener may be removed from a component’s list of listeners by calling a 
removeXXXListener() method, passing in the listener to be removed.  

� LISTENER INTERFACES AND THEIR METHODS 

 ActionListener 

• ActionPerformed (ActionEvent)  

 AdjustmentListener 

• AdjustmentValueChanged (AdjustmentEvent)   

ComponentListener 

1. ComponentHidden (ComponentEvent)  
2. ComponentMoved (ComponentEvent)  
3. ComponentResized (ComponentEvent)  
4. ComponentShown (ComponentEvent)  

ContainerListener 

1. ComponentAdded (ContainerEvent)  
2. ComponentRemoved (ContainerEvent)  

FocusListener 

1. FocusGained (FocusEvent)  
2. FocusLost (FocusEvent)  

ItemListener 

• ItemStateChanged (ItemEvent)  
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KeyListener 

1. KeyPressed (KeyEvent)  
2. KeyReleased (KeyEvent)  
3. KeyTyped (KeyEvent)  

  

MouseListener  

1. MousePressed (MouseEvent)  
2. MouseReleased (MouseEvent)  
3. MouseClicked (MouseEvent)  
4. MouseEntered (MouseEvent)  
5. MouseExited (MouseEvent)  

MouseMotionListener 

1. MouseMoved (MouseMotionListener)  
2. MouseDragged (MouseMotionListener)  

TextListener 

• textValueChanged (TextEvent)  

WindowListener 

1. windowActivated (WindowEvent)  
2. windowClosed (WindowEvent)  
3. windowClosing (WindowEvent)  
4. windowDeactivated (WindowEvent)  
5. windowDeiconified (WindowEvent)  
6. windowIconified (WindowEvent)  
7. windowOpened (WindowEvent)  
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Sample CODING 

 

// A window with just an OK button. 

public class exampleWindow extends Frame { 

       Button OkButton; 

       OkHandler handler; 

       public exampleWindow() { //Constructor 

  /* Code to create a window, button and set a    

             layout Manager. */ 

  /* Now create and add listener */ 

             handler = new OkHandler(this); 

             OkButton.addActionListener(handler);   

        } 

 

        public static void main (String args []) { 

                new exampleWindow(); 

        } 

} 

/* Now define a listener object. It must implement the  

interface ActionListener by defining the function  

actionPerformed. */ 

 

class OkHandler implements ActionListener { 
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        private exampleWindow win; 

        public OkHandler(exampleWindow window) { 

              win=window; 

        }       

        public void actionPerformed(ActionEvent evt) { 

                // Process clicking of button here. 

        } 

} 
 

So to set up the processing of events the following tasks must be done.  

I. For the GUI component (like pushbutton) associate a listener object class with 
the component by calling a method of type addXListener (See table below for 
list of methods).  

II.  Define this listener object. It must implement the corresponding interface. The 
name of interface is of type EventListener. Table below gives list of event 
listeners.  

III.  The object must define all the methods defined in the interface it is 
implementing. See table for the list of Event Listener methods defined in each 
Event Listener interface.  

Event Listener Interfaces and corresponding methods which it defines  

Event Listener 
interface 

Event Listener Methods 

ActionListener actionPerformed(ActionEvent evt) 
AdjustmentListener adjustmentValueChanged(AjustmentEvent evt) 
ItemListener itemStateChanged(ItemEvent evt) 
TextListener textValueChanged(TextEvent evt) 

ComponentListener 

componentHidden(ComponentEvent evt), 
componentMoved(ComponentEvent evt), 
componentResized(ComponentEvent evt), 
componentShown(ComponentEvent evt) 

ContainerListener 
componentAdded(ContainerEvent evt), 
componentRemoved(ContainerEvent evt) 

FocusListener focusGained(FocusEvent evt), focusLost(FocusEvent evt) 
KeyListener keyPressed(KeyEvent evt), keyReleased(KeyEvent evt), 
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keyTyped(KeyEvent evt) 

MouseListener 
mouseClicked(MouseEvent evt), mouseEntered(MouseEvent 
evt), mouseExited(MouseEvent evt), mousePressed(MouseEvent 
evt), mouseReleased(MouseEvent evt) 

MouseMotionListener 
mouseDragged(MouseEvent evt), mouseMoved(MouseEvent 
evt) 

WindowListener 

windowActivated(WindowEvent evt), 
windowClosed(WindowEvent evt), 
windowClosing(WindowEvent evt), 
windowDeactivated(WindowEvent evt), 
windowDeiconified(WindowEvent evt), 
windowIconified(WindowEvent evt), 
windowOpened(WindowEvent evt) 

 

 

 

 

 

 

� Event adapters facilitate implementing listener interfaces. Many event listener interfaces 
have more than one event listener methods.  

� For such interfaces, Java technology defines adapter classes. These have empty 
implementation (stubs) of all the event listener methods defined in the interface they 
implement.  

� A listener can subclass the adapter and override only stub methods for handling events of 
interest. The table below lists the low level event listener interfaces and their adapters.  

 
Event Listener Interfaces and their corresponding adapter classes. 

Event Listener interfaceEvent Listener Adapter
ComponentListener ComponentAdapter 
ContainerListener ContainerAdapter 
FocusListener FocusAdapter 
KeyListener KeyAdapter 
MouseListener MouseAdapter 
MouseMotionListener MouseMotionAdapter 
WindowListener WindowAdapter 

ADAPTER CLASSES  
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� EXAMPLE OF ADAPTER CLASSES 

CODING
 

 import java.awt.*; 

 import java.awt.event.*;  
 public class MouseBeeper extends MouseAdapter  { 

    public void mouseClicked(MouseEvent e) { 

       Toolkit.getDefaultToolkit().beep(); 

    } }  

Without extending the MouseAdapter  class, I would have had to write the same class like this  

import java.awt.*; 

import java.awt.event.*; 

public class MouseBeeper implements MouseListener  { 

  public void mouseClicked(MouseEvent e) { 

    Toolkit.getDefaultToolkit().beep(); 

  }  public void mousePressed(MouseEvent e) {} 

  public void mouseReleased(MouseEvent e) {} 

  public void mouseEntered(MouseEvent e) {} 

  public void mouseExited(MouseEvent e) {} 

 

}  
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Responding to mouse input is a simple matter. Because responding to the events 
generated by the mouse are such an important and common task in modern programming, 
Java’s classes already includes special methods for responding to these events.  

A mouse generates six types of event messages that you can capture in your applets. These 
events are listed below, along with their descriptions and the method that handles them:  

• MOUSE_DOWN-This event, which is handled by the mouseDown()  method, is caused when 
the user presses the mouse button.  

• MOUSE_UP-This event, which is handled by the mouseUp()  method, is caused when the 
user releases the left mouse button.  

• MOUSE_MOVE-This event, which is handled by the mouseMove()  method, occurs when 
the user moves the mouse pointer on the screen.  

• MOUSE_DRAG-This event, which is handled by the mouseDrag()  method, is generated 
when the user moves the mouse pointer while holding down the left mouse button.  

• MOUSE_ENTER-This event, which is handled by the mouseEnter()  method, is sent when 
the mouse pointer enters the area owned by an applet or component.  

• MOUSE_EXIT-This event, which is handled by the mouseExit()  method, occurs when 
the mouse pointer leaves the area owned by an applet or a component.  

� HANDLING MOUSE CLICKS 

The most commonly used mouse event in Java programs (and any other program written for a 
graphical user interface) is the MOUSE_DOWN event, which is generated whenever the user clicks 
within an applet. It's the MOUSE_DOWN event, for example, that lets Java know when an on-
screen button component has been clicked. You don't have to worry about clicks on on-screen 
buttons (usually), because they're handled by Java.  

Java provides a couple of methods by which you can respond to mouse events. The easiest way 
to capture a MOUSE_DOWN event is to override the applet's mouseDown() method. Java 

EXAMPLE PROGRAMS HANDLING  

MOUSE  AND KEY BOARD EVENTS. 

MOUSE EVENTS 
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automatically calls mouseDown()  whenever the MOUSE_DOWN event is generated, which makes 
responding to this event easier than melting butter with a blowtorch.  

The mouseDown() method's signature looks like this:  

public boolean mouseDown(Event evt, int x, int y) 

The arguments passed to the function are an Event  object and the X,Y coordinates of the 
mouse event. Although Java has already extracted the X,Y mouse coordinates for you, you can 
also get them from the Event  object by examining the values stored in the x  and y  data fields, 
as described in Table 25.1. (Because Java has already extracted the coordinates for you, 
though, it makes more sense to use the x  and y  parameters sent to the function.)  

NOTE 

Although most of Java's event-handling methods automatically receive as 
arguments the basic information you need about a specific event (such as 
the coordinates of a mouse click), you can extract whatever additional 
information you need from the Event  object, which is always the first 
parameter in a message-handling method.  

 

EXAMPLE   --  Using Mouse Clicks in an Applet 

As I was describing the mouseDown()  method in the previous section, I felt an example coming 
on. And, sure enough, here it is. The applet in Listing 25.1 responds to mouse clicks by 
printing the word "Click!" wherever the user clicks in the applet. It does this by storing the 
coordinates of the mouse click in the applet's coordX  and coordY  data fields. The paint()  
method then uses these coordinates to display the word.  

 

 CODING : MouseApplet.java: Using Mouse Clicks in an Applet. 

import java.awt.*; 

import java.applet.*; 

public class MouseApplet extends Applet 

{    int coordX, coordY; 

    public void init() 

    { 
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        coordX = -1; 

        coordY = -1; 

        Font font = new Font("TimesRoman", Font.BOLD, 24); 

        setFont(font); 

        resize(400, 300); 

    }   public void paint(Graphics g) 

    { 

        if (coordX != -1) 

            g.drawString("Click!", coordX, coordY); 

    } 

    public boolean mouseDown(Event evt, int x, int y) 

    { 

        coordX = x; 

        coordY = y; 

        repaint(); 

        return true; 

    } 

}
 

EXPLANATION ( of above given Java Program) 
Tell Java that the applet uses the classes in the awt  package. 
Tell Java that the applet uses the classes in the applet  package. 
Derive the MouseApplet  class from Java's Applet  class. 
Declare the class's data fields. 
Override the init()  method. 
Initialize the click coordinates. 
Create and set the font for the applet. 
Size the applet. 
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Override the paint()  method. 
If the user has selected a coordinate... 
Draw the word Click! at the selected coordinate. 
Override the mouseDown()  method. 
Save the mouse click's coordinates. 
Force Java to repaint the applet. 
Tell Java that the event was handled. 

NOTE 

When you run MouseApplet, you'll discover that the applet window gets 
erased each time the paint()  method is called. That's why only one 
"Click!" ever appears in the window.  

� HANDLING MOUSE MOVEMENT 

Although mouse clicks are the most common type of mouse event to which your applet may 
want to respond, tracking the mouse pointer's movement can also be useful. Drawing 
programs, for example, enable you to draw shapes by tracking the movement of the mouse and 
displaying the results on the screen.  

Unlike mouse clicks, though, which are rare, only occurring when the user presses a mouse 
button, MOUSE_MOVE events come flooding into your applet by the hundreds as the user moves 
the mouse around the screen.  

Each one of these events can be handled in the mouseMove() method, whose signature looks 
like this:  

public boolean mouseMove(Event evt, int x, int y) 

Aguments an Event  object and the X,Y coordinates at which the event occurred.  

EXAMPLE   -- Responding to Mouse Movement in an Applet 

Responding to mouse movement isn't something you have to do often in your applets.  

For example, when need to track mouse movement when writing a game applet that uses the 
mouse as input. A more common use is in graphics programs that enable you to draw on the 
screen. Listing 25.2 is just such an applet.  

Click the mouse in the window to choose a starting point and then move the mouse around the 
window. Wherever the mouse pointer goes, it leaves a black line behind  
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CODING --   MouseApplet2.java: An Applet That Tracks Mouse Movement. 

import java.awt.*; 

import java.applet.*; 

public class MouseApplet2 extends Applet 

{ 

    Point startPoint; 

    Point points[]; 

    int numPoints; 

    boolean drawing; 

 

    public void init() 

    { 

        startPoint = new Point(0, 0); 

        points = new Point[1000]; 

        numPoints = 0; 

        drawing = false; 

        resize(400, 300); 

    }    public void paint(Graphics g) 

    { 

        int oldX = startPoint.x; 

        int oldY = startPoint.y; 

 

        for (int x=0; x<numPoints; ++x) 
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        { 

           g.drawLine(oldX, oldY, points[x].x, points[x].y); 

            oldX = points[x].x; 

            oldY = points[x].y; 

        } 

    } 

    public boolean mouseDown(Event evt, int x, int y) 

    { 

        drawing = true; 

        startPoint.x = x; 

        startPoint.y = y; 

        return true; 

    } 

    public boolean mouseMove(Event evt, int x, int y) 

    { 

        if ((drawing) && (numPoints < 1000)) 

        { 

            points[numPoints] = new Point(x, y); 

            ++numPoints; 

            repaint(); 

        } 

        return true; 

    }} 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 175 

 

EXPLANATION ( of above given Java Program) 

 

Tell Java that the applet uses the classes in the awt  package. 
Tell Java that the applet uses the classes in the applet  package. 
Derive the MouseApplet2  class from Java's Applet  class. 
Declare the class's data fields. 
Override the init()  method. 
Initialize the starting point. 
Create an array for storing the coordinates of line segments.  
Create and set the font for the applet. 
Set point count to zero. 
Set drawing flag off. 
Size the applet. 
Override the paint()  method. 
Initialize the drawing's starting point. 
Cycle through each element in the points[]  array.  
Draw a line segment. 
Save ending point as the starting point for the next line. 
Override the mouseDown()  method. 
Set the flag in order to allow drawing to begin. 
Save the mouse click's coordinates. 
Tell Java that the event was handled. 
Override the mouseMove()  method. 
if it's okay to add another line segment... 
Create a new point and save the mouse's coordinates.  
Increment the point counter. 
Force Java to repaint the applet. 
Tell Java that the event was handled.  

 

 

 

Obviously there may be times when you'll want to handle the keyboard events at a lower level 
than you can with something like a TextField  control.  

Java responds to two basic key events, which are represented by the KEY_PRESS and 
KEY_RELEASE constants.  

KEYBOARD EVENTS 
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Java defines methods that make it just as easy to respond to the keyboard as it is to respond to 
the mouse.  

 

� RESPONDING TO KEY PRESSES 

Whenever the user presses a key when an applet is active, Java sends the applet a KEY_PRESS 
event. In your applet, you can respond to this event by overriding the keyDown() method, 
whose signature looks like this:  

public boolean keyDown(Event evt, int key) 

This method receives two arguments, which are an Event  object and an integer representing 
the key that was pressed. This integer is actually the ASCII representation of the character 
represented by the key.  

In order to use this value in your programs, however, you must first cast it to a char  value, like 
this:  

char c = (char)key; 

 

EXAMPLE  --  Using Key Presses in an Applet 

Although capturing key presses is a fairly simple process, there's nothing like an example 
applet to put the theoretical stuff to the test. It is an applet called KeyApplet that displays 
whatever key the user presses.  

NOTE 

If you run KeyApplet under a browser like Netscape Navigator, click on the 
applet with your mouse before you start typing. This ensures that the applet 
has the focus and will receive the key presses. 
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CODING --  KeyApplet.java: An Applet That Captures Key Presses. 

import java.awt.*; 

import java.applet.*; 

public class KeyApplet extends Applet 

{ 

    int keyPressed; 

    public void init() 

    { 

        keyPressed = -1; 

        Font font =new Font("TimesRoman", Font.BOLD, 144); 

        setFont(font); 

        resize(200, 200); 

    } 

 

    public void paint(Graphics g) 

    { 

        String str = ""; 

        if (keyPressed != -1) 

        { 

            str += (char)keyPressed; 

            g.drawString(str, 40, 150); 

        } 
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    } 

 

    public boolean keyDown(Event evt, int key) 

    { 

        keyPressed = key; 

        repaint(); 

        return true; 

    } 

} 

 

EXPLANATION ( of above given Java Program) 

Tell Java that the applet uses the classes in the awt  package. 
Tell Java that the applet uses the classes in the applet  package. 
Derive the KeyApplet  class from Java's Applet  class. 
Declare the class's data field. 
Override the init()  method. 
Initialize keyPressed  to indicate no valid key received yet. 
Create and set the font for the applet. 
Size the applet. 
Override the paint()  method. 
Create the empty display string. 
Draw the character on the screen. 
Override the keyDown()  method. 
Save the key that was pressed. 
Force Java to redraw the applet. 
Tell Java that the event was handled.  
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Introduction to the Java Swing Toolkit 

About Swing 

Swing library is an official Java GUI toolkit released by Sun Microsystems.  

The main characteristics of the Swing toolkit  

• platform independent  
• customizable  
• extensible  
• configurable  
• lightweight  

Swing consists of the following packages  

• javax.swing  
• javax.swing.border  
• javax.swing.colorchooser  
• javax.swing.event  
• javax.swing.filechooser  
• javax.swing.plaf  
• javax.swing.plaf.basic  
• javax.swing.plaf.metal  
• javax.swing.plaf.multi  
• javax.swing.plaf.synth  
• javax.swing.table  
• javax.swing.text  
• javax.swing.text.html  
• javax.swing.text.html.parser  
• javax.swing.text.rtf  
• javax.swing.tree  
• javax.swing.undo  

Swing is probably the most advanced toolkit on this planet. It has a rich set of widgets. From 
basic widgets like Buttons, Labels, Scrollbars to advanced widgets like Trees and Tables.  

Swing is written in 100% java.  

Swing is a part of JFC, Java Foundation Classes. It is a collection of packages for creating full 
featured desktop applications. JFC consists of AWT, Swing, Accessibility, Java 2D, and Drag 
and Drop. Swing was released in 1997 with JDK 1.2. It is a mature toolkit.  

The Java platform has Java2D library, which enables developers to create advanced 2D 
graphics and imaging.  
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There are basically two types of widget toolkits.  
• Lightweight  
• Heavyweight  

A heavyweight toolkit uses OS's API to draw the widgets. For example Borland's VCL is a 
heavyweight toolkit. It depends on WIN32 API, the built in Windows application 
programming interface. On Unix systems, we have GTK+ toolkit, which is built on top of X11 
library. Swing is a lightweight toolkit. It paints it's own widgets. It is in fact the only 
lightweight toolkit I know about.  
 
SWT library 
 
There is also another GUI library for the Java programming language. It is called SWT. The 
Standard widget toolkit. The SWT library was initially developed by the IBM corporation. 
Now it is an open source project, supported by IBM. The SWT is an example of a heavyweight 
toolkit. It lets the underlying OS to create GUI. SWT uses the java native interface to do the 
job. The main advantages of the SWT are speed and native look and feel. The SWT is on the 
other hand more error prone. It is less powerful then Swing. It is also quite Windows centric 
library.  
 
Java Swing first programs 
 
In this chapter, we will program our first programs in Swing toolkit. The examples are going to 
be very simple. We will cover some basic functionality.  
 
Our first example 
 
In our first example, we will show a basic window.  

import javax.swing.JFrame; 
 
public class Simple extends JFrame { 
   public Simple() { 
 
        setSize(300, 200); 
        setTitle("Simple"); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
   } 
 
    public static void main(String[] args) { 
 
        Simple simple = new Simple(); 
        simple.setVisible(true); 
 
    }  
} 
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While this code is very small, the application window can do quite a lot. It can be resized, 
maximized, minimized. All the complexity that comes with it has been hidden from the 
application programmer.  
 
 import javax.swing.JFrame; 
 
Here we import the JFrame widget. It is a toplevel container, which is used for placing other 
widgets.  
 
 setSize(300, 200); 
 setTitle("Simple"); 
 
This code will resize the window to be 300px wide and 200px tall. It will set the title of the 
window to Simple.  
 
 setDefaultCloseOperation(EXIT_ON_CLOSE); 
 
This method will close the window, if we click on the close button. By default nothing 
happens.  
 

 
 
Figure: Simple 
 
Centering window on the screen 
 
By default, when the window is shown on the screen, it is not centered. It will pop up most 
likely in the upper left corner. The following code example will show the window centered on 
the screen.  

import java.awt.Dimension; 
import java.awt.Toolkit; 
import javax.swing.JFrame; 
public class CenterOnScreen extends JFrame { 
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    public CenterOnScreen() { 
        setSize(300, 200); 
        setTitle("CenterOnScreen"); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        Toolkit toolkit = getToolkit(); 
        Dimension size = toolkit.getScreenSize(); 
        setLocation(size.width/2 - getWidth()/2,  
  size.height/2 - getHeight()/2); 
    } 
    public static void main(String[] args) { 
        CenterOnScreen cos = new CenterOnScreen(); 
        cos.setVisible(true); 
    } 
} 

 
To center the window on the screen, we must know the resolution of the monitor. For this, we 
use the Toolkit class.  
 
 Toolkit toolkit = getToolkit(); 
 Dimension size = toolkit.getScreenSize(); 
 
We get the toolkit and figure out the screen size.  
 
 setLocation(size.width/2 - getWidth()/2, size.height/2 - getHeight()/2); 
 
To place the window on the screen, we call the setLocation() method.  
 
Buttons 
 
In our next example, we will show two buttons. The first button will beep a sound and the 
second button will close the window.  

import java.awt.Dimension; 
import java.awt.Toolkit; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
public class Buttons extends JFrame { 
    private Toolkit toolkit; 
    public Buttons() { 
        setTitle("Buttons"); 
        setSize(300, 200); 
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        toolkit = getToolkit(); 
        Dimension size = toolkit.getScreenSize(); 
        setLocation((size.width - getWidth())/2, (size.height - getHeight())/2); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        JPanel panel = new JPanel(); 
        getContentPane().add(panel); 
  panel.setLayout(null); 
        JButton beep = new JButton("Beep"); 
        beep.setBounds(150, 60, 80, 30); 
        beep.addActionListener(new ActionListener() { 
            public void actionPerformed(ActionEvent event) { 
                toolkit.beep(); 
            } 
        }); 
       JButton close = new JButton("Close"); 
       close.setBounds(50, 60, 80, 30); 
       close.addActionListener(new ActionListener() { 
           public void actionPerformed(ActionEvent event) { 
               System.exit(0); 
          } 
       }); 
        panel.add(beep); 
        panel.add(close); 
    } 
    public static void main(String[] args) { 
        Buttons buttons = new Buttons(); 
        buttons.setVisible(true); 
    } 
} 

 
In this example, we will see two new topics. Layout management and event handling. They 
will be touched only briefly. Both of the topics will have their own chapter.  
 JPanel panel = new JPanel(); 
 getContentPane().add(panel); 
We create a JPanel component. It is a generic lightweight container. We add the JPanel to the 
JFrame.  
 
 panel.setLayout(null); 
By default, the JPanel has a FlowLayout manager. The layout manager is used to place widgets 
onto the containers. If we call setLayout(null) we can position our components absolutely. For 
this, we use the setBounds() method.  
 
 JButton beep = new JButton("Beep"); 
 beep.setBounds(150, 60, 80, 30); 
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 beep.addActionListener(new ActionListener() { 
     public void actionPerformed(ActionEvent event) { 
         toolkit.beep(); 
     } 
 }); 
 
Here we create a button. We position it by calling the setBounds() method. Then we add an 
action listener. The action listener will be called, when we perform an action on the button. In 
our case, if we click on the button. The beep button will play a simple beep sound.  
 System.exit(0); 
The close button will exit the application. For this, we call the System.exit() method.  
 panel.add(beep); 
 panel.add(close); 
In order to show the buttons, we must add them to the panel.  
 

 
 

The Swing layout management 

 
The Java Swing toolkit has two kind of components. Containers and children. The 

containers group children into suitable layouts. To create layouts, we use layout managers. 
Layout managers are one of the most difficult parts of modern GUI programming. Many 
beginning programmers have too much respect for layout managers. Mainly because they are 
usually poorly documented. I believe, that GUI builder's like Matisse cannot replace the proper 
understanding of layout managers.  
ZetCode offers a dedicated 196 pages e-book for the Swing layout management process:  
 
No manager 
 
We can use no layout manager, if we want. There might be situations, where we might not 
need a layout manager. For example, in my code examples, I often go without a manager. It is 
because I did not want to make the examples too complex. But to create truly portable, 
complex applications, we need layout managers.  
Without layout manager, we position components using absolute values.  
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import javax.swing.JButton; 
import javax.swing.JFrame; 
 
public class Absolute extends JFrame { 
 
 
    public Absolute() { 
 
        setTitle("Absolute positioning"); 
 
        setLayout(null); 
 
        JButton ok = new JButton("OK"); 
        ok.setBounds(50, 150, 80, 25); 
 
        JButton close = new JButton("Close"); 
        close.setBounds(150, 150, 80, 25); 
 
        add(ok); 
        add(close); 
 
        setSize(300, 250); 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new Absolute(); 
    } 
} 

This simple example shows two buttons.  
 setLayout(null); 
We use absolute positioning by providing null to the setLayout() method.  
 
 ok.setBounds(50, 150, 80, 25); 
 
The setBounds() method positions the ok button. The parameters are the x, y location values 
and the width and height of the component.  
 
 

Flow Layout manager 
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This is the simplest layout manager in the Java Swing toolkit. It is mainly used in combination 
with other layout managers. When calculating its children size, a flow layout lets each 
component assume its natural (preferred) size.  
The manager puts components into a row. In the order, they were added. If they do not fit into 
one row, they go into the next one. The components can be added from the right to the left or 
vice versa. The manager allows aligning the components. Implicitly, the components are 
centered and there is 5px space among components and components and the edges of the 
container.  

 FlowLayout() 
 FlowLayout(int align) 
 FlowLayout(int align, int hgap, int vgap)  

There are three constructors available for the FlowLayout manager. The first one creates a 
manager with implicit values. Centered and 5px spaces. The others allow to specify those 
parametes.  

import java.awt.Dimension; 
 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.JTextArea; 
import javax.swing.JTree; 
 
 
public class FlowLayoutExample extends JFrame { 
 
 
    public FlowLayoutExample() { 
 
        setTitle("FlowLayout Example"); 
 
        JPanel panel = new JPanel(); 
 
        JTextArea area = new JTextArea("text area"); 
        area.setPreferredSize(new Dimension(100, 100)); 
 
        JButton button = new JButton("button"); 
        panel.add(button); 
 
        JTree tree = new JTree(); 
        panel.add(tree); 
 
        panel.add(area); 
 
        add(panel); 
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        pack(); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new FlowLayoutExample(); 
    } 
} 

The example shows a button, a tree and a text area component in the window. Interesingly, if 
we create an empty tree component, there are some default values inside the component.  
 
 JPanel panel = new JPanel(); 
 
The implicit layout manager of the JPanel component is a flow layout manager. We do not 
have to set it manually.  
 
 JTextArea area = new JTextArea("text area"); 
 area.setPreferredSize(new Dimension(100, 100)); 
 
The flow layout manager sets a preferred size for it's components. This means, that in our 
case, the area component will have 100x100 px. If we didn't set the preferred size, the 
component would have a size of it's text. No more, no less. Without the text, the component 
would not be visible at all. Try to write or delete some text in the area component. The 
component will grow and shrink accordingly.  
 panel.add(area); 
To put a component inside a container, we simply call the add() method.  
 

 
Figure: FlowLaout manager 
 

GridLayout 
 
The GridLayout  layout manager lays out components in a rectangular grid. The container is 
divided into equally sized rectangles. One component is placed in each rectangle.  
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import java.awt.GridLayout; 
 
import javax.swing.BorderFactory; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
 
 
public class GridLayoutExample extends JFrame { 
 
    public GridLayoutExample() { 
 
        setTitle("GridLayout"); 
 
        JPanel panel = new JPanel(); 
 
        panel.setBorder(BorderFactory.createEmptyBorder(5, 5, 5, 5)); 
        panel.setLayout(new GridLayout(5, 4, 5, 5)); 
 
        String[] buttons = { 
            "Cls", "Bck", "", "Close", "7", "8", "9", "/", "4",  
            "5", "6", "*", "1", "2", "3", "-", "0", ".", "=", "+" 
        }; 
 
 
        for (int i = 0; i < buttons.length; i++) { 
 
            if (i == 2)  
                panel.add(new JLabel(buttons[i])); 
            else  
                panel.add(new JButton(buttons[i])); 
        } 
 
        add(panel); 
 
        setSize(350, 300); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
 
    } 
 
    public static void main(String[] args) { 
        new GridLayoutExample(); 
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    } 
} 

The example shows a skeleton of a simple calculator tool. It is an ideal example for this layout 
manager. We put 19 buttons and one label into the manager. Notice, that each button is of the 
same size.  
 
 panel.setLayout(new GridLayout(5, 4, 5, 5)); 
 
Here we set the grid layout manager for the panel component. The layout manager takes four 
parameters. The number of rows, the number of columns and the horizontal and vertical gaps 
between components.  
 

 
Figure: GridLayout manager 
 

BorderLayout 
 
A BorderLayout  manager is a very handy layout manager. I haven't seen it elsewhere. It 
divides the space into five regions. North, West, South, East and Centre. Each region can have 
only one component. If we need to put more components into a region, we can simply put a 
panel there with a manager of our choice. The components in N, W, S, E regions get their 
preferred size. The component in the centre takes up the whole space left.  
It does not look good, if child components are too close to each other. We must put some space 
among them. Each component in Swing toolkit can have borders around it's edges. To create a 
border, we either create a new instance of an EmptyBorder  class or we use a BorderFactory. 
Except for EmptyBorder, there are other types of borders as well. But for layout management 
we will use only this one.  

import java.awt.BorderLayout; 
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import java.awt.Color; 
import java.awt.Dimension; 
import java.awt.Insets; 
 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.border.EmptyBorder; 
 
 
public class BorderExample extends JFrame { 
 
 
    public BorderExample() { 
 
        setTitle("Border Example"); 
 
        JPanel panel = new JPanel(new BorderLayout()); 
        JPanel top = new JPanel(); 
 
        top.setBackground(Color.gray); 
        top.setPreferredSize(new Dimension(250, 150)); 
        panel.add(top); 
 
        panel.setBorder(new EmptyBorder(new Insets(20, 20, 20, 20))); 
 
        add(panel); 
 
        pack(); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new BorderExample(); 
    } 
} 

The example will display a gray panel and border around it.  
 
 JPanel panel = new JPanel(new BorderLayout()); 
 JPanel top = new JPanel(); 
 
We place a panel into a panel. We used a BorderLayout  manager for the first panel, because 
this manager will resize it's children.  
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 panel.add(top); 
 
Here we placed a top panel into the panel component. More precisely, we placed into the 
center area of the BorderLayout  manager.  
 
 panel.setBorder(new EmptyBorder(new Insets(20, 20, 20, 20))); 
 
Here we created a 20px border around the panel. The border values are as follows: top, left, 
bottom and right. They go counterclockwise.  
 

 
Figure: Border example 
The next example will show a typical usage of a border layout manager.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
import java.awt.Insets; 
 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JMenu; 
import javax.swing.JMenuBar; 
import javax.swing.JTextArea; 
import javax.swing.JToolBar; 
import javax.swing.border.EmptyBorder; 
import javax.swing.border.LineBorder; 
 
 
public class BorderLayoutExample extends JFrame { 
 
 
    public BorderLayoutExample() { 
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        setTitle("BorderLayout"); 
 
        JMenuBar menubar = new JMenuBar(); 
        JMenu file = new JMenu("File"); 
 
        menubar.add(file); 
        setJMenuBar(menubar); 
 
        JToolBar toolbar = new JToolBar(); 
        toolbar.setFloatable(false); 
 
        ImageIcon exit = new ImageIcon("exit.png"); 
        JButton bexit = new JButton(exit); 
        bexit.setBorder(new EmptyBorder(0 ,0, 0, 0)); 
        toolbar.add(bexit); 
 
        add(toolbar, BorderLayout.NORTH); 
 
        JToolBar vertical = new JToolBar(JToolBar.VERTICAL); 
        vertical.setFloatable(false); 
        vertical.setMargin(new Insets(10, 5, 5, 5)); 
 
        ImageIcon select = new ImageIcon("drive.png"); 
        ImageIcon freehand = new ImageIcon("computer.png"); 
        ImageIcon shapeed = new ImageIcon("printer.png"); 
 
        JButton selectb = new JButton(select); 
        selectb.setBorder(new EmptyBorder(3, 0, 3, 0)); 
 
        JButton freehandb = new JButton(freehand); 
        freehandb.setBorder(new EmptyBorder(3, 0, 3, 0)); 
        JButton shapeedb = new JButton(shapeed); 
        shapeedb.setBorder(new EmptyBorder(3, 0, 3, 0)); 
 
        vertical.add(selectb); 
        vertical.add(freehandb); 
        vertical.add(shapeedb); 
 
        add(vertical, BorderLayout.WEST); 
 
        add(new JTextArea(), BorderLayout.CENTER); 
 
        JLabel statusbar = new JLabel(" Statusbar"); 
        statusbar.setPreferredSize(new Dimension(-1, 22)); 
        statusbar.setBorder(LineBorder.createGrayLineBorder()); 
        add(statusbar, BorderLayout.SOUTH); 
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        setSize(350, 300); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new BorderLayoutExample(); 
    } 
} 

The example shows a typical application skeleton. We show a vertical and horizontal toolbars, 
a statusbar and a central component. (a text area)  
A default layout manager for a JFrame component is BorderLayout  manager. So we don't 
have to set it.  
 add(toolbar, BorderLayout.NORTH); 
Simply put the toolbar to the north of the layout.  
 add(vertical, BorderLayout.WEST);  
Put the vertical toobar to the west.  
 add(new JTextArea(), BorderLayout.CENTER); 
Put the text area to the center.  
 add(statusbar, BorderLayout.SOUTH); 
Put the statusbar to the south.  
That's it.  
 

 
Figure: BorderLayout manager 
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BoxLayout 
BoxLayout is a powerful manager, that can be used to create sofisticated layouts. This layout 
manager puts components into a row or into a column. It enables nesting, a powerful feature, 
that makes this manager very flexible. It means, that we can put a box layout into another box 
layout.  
The box layout manager is often used with the Box class. This class creates several invisible 
components, which affect the final layout.  

• glue  
• strut  
• rigid area  

Let's say, we want to put two buttons into the right bottom corner of the window. We will use 
the boxlayut managers to accomplish this.  

import java.awt.Dimension; 
 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
 
 
public class TwoButtons extends JFrame { 
 
    public TwoButtons() { 
 
        setTitle("Two Buttons"); 
 
        JPanel basic = new JPanel(); 
        basic.setLayout(new BoxLayout(basic, BoxLayout.Y_AXIS)); 
        add(basic); 
 
        basic.add(Box.createVerticalGlue()); 
 
        JPanel bottom = new JPanel(); 
        bottom.setAlignmentX(1f); 
        bottom.setLayout(new BoxLayout(bottom, BoxLayout.X_AXIS)); 
 
        JButton ok = new JButton("OK"); 
        JButton close = new JButton("Close"); 
 
        bottom.add(ok); 
        bottom.add(Box.createRigidArea(new Dimension(5, 0))); 
        bottom.add(close); 
        bottom.add(Box.createRigidArea(new Dimension(15, 0))); 
 
        basic.add(bottom); 
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        basic.add(Box.createRigidArea(new Dimension(0, 15))); 
 
        setSize(300, 250); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
 
    } 
 
    public static void main(String[] args) { 
        new TwoButtons(); 
    } 
} 

The following drawing illustrates the example.  
 

 
Figure: Two buttons 
We will create two panels. The basic panel has a vertical box layout. The bottom panel has a 
horizontal one. We will put a bottom panel into the basic panel. We will right align the bottom 
panel. The space between the top of the window and the bottom panel is expandable. It is done 
by the vertical glue.  
 basic.setLayout(new BoxLayout(basic, BoxLayout.Y_AXIS)); 
Here we create a basic panel with the vertical BoxLayout.  
 JPanel bottom = new JPanel(); 
 bottom.setAlignmentX(1f); 
 bottom.setLayout(new BoxLayout(bottom, BoxLayout.X_AXIS)); 
The bottom panel is right aligned. This is done by the setAlignmentX() method. The panel has 
a horizontal layout.  
 bottom.add(Box.createRigidArea(new Dimension(5, 0))); 
We put some rigid space between the buttons.  
 basic.add(bottom); 
Here we put the bottom panel with a horizontal box layout to the vertical basic panel.  
 basic.add(Box.createRigidArea(new Dimension(0, 15))); 
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We also put some space between the bottom panel and the border of the window.  
 

 
Figure: Two buttons 
When we use a BoxLayout manager, we can set a rigid area among our components.  

import java.awt.Dimension; 
 
import java.awt.Insets; 
 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.border.EmptyBorder; 
 
 
public class RigidArea extends JFrame { 
 
    public RigidArea() { 
 
        setTitle("RigidArea"); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BoxLayout(panel, BoxLayout.Y_AXIS)); 
 
        panel.setBorder(new EmptyBorder(new Insets(40, 60, 40, 60))); 
 
        panel.add(new JButton("Button")); 
        panel.add(Box.createRigidArea(new Dimension(0, 5))); 
        panel.add(new JButton("Button")); 
        panel.add(Box.createRigidArea(new Dimension(0, 5))); 
        panel.add(new JButton("Button")); 
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        panel.add(Box.createRigidArea(new Dimension(0, 5))); 
        panel.add(new JButton("Button")); 
 
        add(panel); 
 
        pack(); 
 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new RigidArea(); 
    } 
} 

In this example, we display four buttons. By default, there is no space among the buttons. To 
put some space among them, we add some rigid area.  
 panel.setLayout(new BoxLayout(panel, BoxLayout.Y_AXIS)); 
We use a vertical BoxLayout manager for our panel.  
 panel.add(new JButton("Button")); 
 panel.add(Box.createRigidArea(new Dimension(0, 5))); 
 panel.add(new JButton("Button")); 
We add buttons and create a rigid area in between them.  
 

 
Figure: Rigid area 
Tip of the Day 
JDeveloper has a dialog window called Tip of the Day.  
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Figure: Tip of the Day 
We will create a similar dialog. We will use a combination of various layout managers. 
Namely a border layout, flow layout and box layout manager.  

import java.awt.BorderLayout; 
import java.awt.Color; 
import java.awt.Dimension; 
import java.awt.FlowLayout; 
import java.awt.event.KeyEvent; 
 
import javax.swing.BorderFactory; 
import javax.swing.BoxLayout; 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JCheckBox; 
import javax.swing.JDialog; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
import javax.swing.JSeparator; 
import javax.swing.JTextPane; 
 
 
public class TipOfDay extends JDialog { 
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    public TipOfDay() { 
 
        setTitle("Tip of the Day"); 
 
        JPanel basic = new JPanel(); 
        basic.setLayout(new BoxLayout(basic, BoxLayout.Y_AXIS)); 
        add(basic); 
 
        JPanel topPanel = new JPanel(new BorderLayout(0, 0)); 
        topPanel.setMaximumSize(new Dimension(450, 0)); 
        JLabel hint = new JLabel("JDeveloper Productivity Hints"); 
        hint.setBorder(BorderFactory.createEmptyBorder(0, 25, 0, 0)); 
        topPanel.add(hint); 
 
        ImageIcon icon = new ImageIcon("jdev.png"); 
        JLabel label = new JLabel(icon); 
        label.setBorder(BorderFactory.createEmptyBorder(5, 5, 5, 5)); 
        topPanel.add(label, BorderLayout.EAST); 
 
        JSeparator separator = new JSeparator(); 
        separator.setForeground(Color.gray); 
 
        topPanel.add(separator, BorderLayout.SOUTH); 
 
        basic.add(topPanel); 
 
        JPanel textPanel = new JPanel(new BorderLayout()); 
        textPanel.setBorder(BorderFactory.createEmptyBorder(15, 25, 15, 25)); 
        JTextPane pane = new JTextPane(); 
 
        pane.setContentType("text/html"); 
        String text = "<p><b>Closing windows using the mouse wheel</b></p>" + 
            "<p>Clicking with the mouse wheel on an editor tab closes the window. " + 
            "This method works also with dockable windows or Log window tabs.</p>"; 
        pane.setText(text); 
        pane.setEditable(false); 
        textPanel.add(pane); 
 
        basic.add(textPanel); 
 
        JPanel boxPanel = new JPanel(new FlowLayout(FlowLayout.LEFT, 20, 0)); 
 
        JCheckBox box = new JCheckBox("Show Tips at startup"); 
        box.setMnemonic(KeyEvent.VK_S); 
 
        boxPanel.add(box); 
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        basic.add(boxPanel); 
 
        JPanel bottom = new JPanel(new FlowLayout(FlowLayout.RIGHT)); 
 
        JButton ntip = new JButton("Next Tip"); 
        ntip.setMnemonic(KeyEvent.VK_N); 
        JButton close = new JButton("Close"); 
        close.setMnemonic(KeyEvent.VK_C); 
 
        bottom.add(ntip); 
        bottom.add(close); 
        basic.add(bottom); 
 
        bottom.setMaximumSize(new Dimension(450, 0)); 
 
        setSize(new Dimension(450, 350)); 
        setResizable(false); 
        setDefaultCloseOperation(JDialog.DISPOSE_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
 
    public static void main(String[] args) { 
        new TipOfDay(); 
    } 
} 

The example uses a mix of layout managers. Simply we put four panels into the vertically 
organized basic panel.  
 JPanel basic = new JPanel(); 
 basic.setLayout(new BoxLayout(basic, BoxLayout.Y_AXIS)); 
 add(basic); 
This is the very bottom panel. It has a vertical box layout manager. The basic panel is added to 
the default JDialog component. This component has a border layout manager by default.  
 JPanel topPanel = new JPanel(new BorderLayout(0, 0)); 
The topPanel panel has a border layout manager. We will put three components into it. Two 
labels and a separator.  
 topPanel.setMaximumSize(new Dimension(450, 0)); 
If we want to have a panel, that is not greater than it's components, we must set it's maximum 
size. The zero value is ignored. The manager calculates the necessary heights.  
 JPanel textPanel = new JPanel(new BorderLayout()); 
 ... 
 textPanel.add(pane); 
The text pane component is added to the center area of the border layout manager. It takes all 
space left. Exactly, as we wanted.  
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 JPanel boxPanel = new JPanel(new FlowLayout(FlowLayout.LEFT, 20, 0)); 
The check box is shown in the boxPanel panel. It is left aligned. The flow layout manager has a 
20px horizontal gap. Other components have 25px. Why is that? It is because the flow layout 
manager puts some space to between the component and the edge as well.  
 JPanel bottom = new JPanel(new FlowLayout(FlowLayout.RIGHT)); 
 ... 
 bottom.setMaximumSize(new Dimension(450, 0)); 
The bottom panel displays two buttons. It has a right aligned flow layout manager. In order to 
show the buttons on the right edge of the dialog, the panel must stretch horizontally from the 
beginning to the end.  
 

 
Figure: Tip of the Day 
 
Basic Swing components 
 
Swing components are basic building blocks of an application. Swing toolkit has a wide range 
of various widgets. Buttons, check boxes,sliders, list boxes etc. Everything a programmer 
needs for his job. In this section of the tutorial, we will describe several useful components.  

JLabel Component 
 
JLabel is a simple component for displaying text, images or both. It does not react to input 
events.  

import java.awt.BorderLayout; 
import java.awt.Color; 
import java.awt.Dimension; 
import java.awt.Font; 
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import java.awt.Toolkit; 
 
import javax.swing.BorderFactory; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
 
 
public class MyLabel extends JFrame { 
 
    private Toolkit toolkit; 
 
    public MyLabel() { 
 
 setTitle("No Sleep"); 
 
        String lyrics =  "<html>It's way too late to think of<br>" +  
        "Someone I would call now<br>" +  
        "And neon signs got tired<br>" +  
        "Red eye flights help the stars out<br>" +  
        "I'm safe in a corner<br>" +  
        "Just hours before me<br>" +  
        "<br>" +  
        "I'm waking with the roaches<br>" +  
        "The world has surrendered<br>" +  
        "I'm dating ancient ghosts<br>" +  
        "The ones I made friends with<br>" +  
        "The comfort of fireflies<br>" +  
        "Long gone before daylight<br>" +  
        "<br>" +  
        "And if I had one wishful field tonight<br>" +  
        "I'd ask for the sun to never rise<br>" +  
        "If God leant his voice for me to speak<br>" +  
        "I'd say go to bed, world<br>" +  
        "<br>" +  
        "I've always been too late<br>" +  
        "To see what's before me<br>" +  
        "And I know nothing sweeter than<br>" +  
        "Champaign from last New Years<br>" +  
        "Sweet music in my ears<br>" +  
        "And a night full of no fears<br>" +  
        "<br>" +  
        "But if I had one wishful field tonight<br>" +  
        "I'd ask for the sun to never rise<br>" +  
        "If God passed a mic to me to speak<br>" +  
        "I'd say stay in bed, world<br>" +  
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        "Sleep in peace</html>"; 
 
        JPanel panel = new JPanel();  
        panel.setLayout(new BorderLayout(10, 10)); 
  
        JLabel label = new JLabel(lyrics); 
        label.setFont(new Font("Georgia", Font.PLAIN, 14)); 
        label.setForeground(new Color(50, 50, 25)); 
 
 
        panel.add(label, BorderLayout.CENTER); 
        panel.setBorder(BorderFactory.createEmptyBorder(10, 10, 10, 10)); 
        add(panel); 
        pack(); 
 
        toolkit = getToolkit(); 
        Dimension screensize = toolkit.getScreenSize(); 
        setLocation((screensize.width - getWidth())/2,  
            (screensize.height - getHeight())/2); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
    } 
 
    public static void main(String[] args) { 
 
        MyLabel mylabel = new MyLabel(); 
        mylabel.setVisible(true); 
 
    } 
} 

 
In our example, we show lyrics of no sleep song from cardigans. We can use html tags in 
JLabel component. We use the <br> tag to separate lines.  
 
 JPanel panel = new JPanel();  
 panel.setLayout(new BorderLayout(10, 10)); 
 
We create a panel and set a BorderLayout  manager.  
 
 JLabel label = new JLabel(lyrics); 
 label.setFont(new Font("Georgia", Font.PLAIN, 14)); 
 label.setForeground(new Color(50, 50, 25)); 
 
Here we create the label component. We set it's font to plain georgia, 14 px tall. We also 
change the foreground color.  
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 panel.add(label, BorderLayout.CENTER); 
 panel.setBorder(BorderFactory.createEmptyBorder(10, 10, 10, 10)); 
 
We put the label into the center of the panel. We put 10px around the label.  
 
 add(panel); 
 pack(); 
 
The panel is added to the frame component. We call the pack() method, which will resize the 
window, so that all components are visible.  
 

 
Figure: JLabel 
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JCheckBox 
 
JCheckBox is a widget that has two states. On and Off. It is a box with a label. If the checkbox 
is checked, it is represented by a tick in a box. A checkbox can be used to show/hide 
splashscreen at startup, toggle visibility of a toolbar etc.  

import java.awt.Dimension; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.JCheckBox; 
import javax.swing.JFrame; 
 
 
public class CheckBox extends JFrame implements ActionListener { 
 
    public CheckBox() { 
 
        setLayout(new BoxLayout(getContentPane(), BoxLayout.Y_AXIS)); 
        add(Box.createRigidArea(new Dimension(15, 20))); 
 
        JCheckBox checkbox = new JCheckBox("Show Title", true); 
        checkbox.setFocusable(false); 
        checkbox.addActionListener(this); 
        add(checkbox); 
 
        setSize(280, 200); 
        setTitle("CheckBox example"); 
        setLocationRelativeTo(null); 
        setResizable(false); 
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
 
        new CheckBox(); 
 
    } 
 
 
    public void actionPerformed(ActionEvent e) { 
        if (this.getTitle() == "") { 
            this.setTitle("Checkbox example"); 
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        } else { 
            this.setTitle(""); 
        } 
 
    } 
} 

Our code example shows or hides the title of the window depending on it's state.  
 setLayout(new BoxLayout(getContentPane(), BoxLayout.Y_AXIS)); 
 add(Box.createRigidArea(new Dimension(15, 20))); 
 
In this example, we use a BoxLayout layout manager. We put some space there, so that the 
checkbox is not too close to the corner.  
 
 JCheckBox checkbox = new JCheckBox("Show Title", true); 
 
Here we have a constructor for the checkbox. We provide text and state.  
 
 checkbox.setFocusable(false); 
 
We have disabled the focus for the checkbox. The rectangle around the text looks ugly, so we 
go without the focus.  
 
 if (this.getTitle() == "") { 
     this.setTitle("Checkbox example"); 
 } else { 
     this.setTitle(""); 
 } 
Here we toggle the title of the window.  
 

 
Figure: JCheckBox 
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JSlider 
 
JSlider is a component that lets the user graphically select a value by sliding a knob within a 
bounded interval. Our example will show a volume control.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
 
import javax.swing.BorderFactory; 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.ImageIcon; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
import javax.swing.JSlider; 
import javax.swing.event.ChangeEvent; 
import javax.swing.event.ChangeListener; 
 
 
public class Slider extends JFrame { 
 
    private JSlider slider; 
    private JLabel label; 
 
    ImageIcon mute = new ImageIcon(ClassLoader.getSystemResource("mute.png")); 
    ImageIcon min = new ImageIcon(ClassLoader.getSystemResource("min.png")); 
    ImageIcon med = new ImageIcon(ClassLoader.getSystemResource("med.png")); 
    ImageIcon max = new ImageIcon(ClassLoader.getSystemResource("max.png")); 
 
    public Slider() { 
 
        setTitle("JSlider"); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BoxLayout(panel, BoxLayout.X_AXIS)); 
        panel.setBorder(BorderFactory.createEmptyBorder(40, 40, 40, 40)); 
        setLayout(new BorderLayout()); 
 
        panel.add(Box.createHorizontalGlue()); 
        slider = new JSlider(0, 150, 0); 
 
        slider.setPreferredSize(new Dimension(150, 30)); 
 
        slider.addChangeListener(new ChangeListener() { 
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            public void stateChanged(ChangeEvent event) { 
                int value = slider.getValue(); 
                if (value == 0) { 
                    label.setIcon(mute); 
                } else if (value > 0 && value <= 30) { 
                    label.setIcon(min); 
                } else if (value > 30 && value < 80) { 
                    label.setIcon(med); 
                } else { 
                    label.setIcon(max); 
                } 
            } 
        }); 
 
        panel.add(slider); 
        panel.add(Box.createRigidArea(new Dimension(5, 0))); 
 
        label = new JLabel(mute, JLabel.CENTER); 
        panel.add(label); 
        panel.add(Box.createHorizontalGlue()); 
        add(panel, BorderLayout.CENTER); 
 
        pack(); 
        setLocationRelativeTo(null); 
 
    } 
 
 
    public static void main(String[] args) { 
 
        Slider button = new Slider(); 
        button.setVisible(true);  
    } 
} 

In the code example, we show a JSlider and a JLabel. By dragging the slider, we change  
the icon on the label component.  
 
 ImageIcon mute = new ImageIcon(ClassLoader.getSystemResource("mute.png")); 
 
Here we create an image icon.  
 
 panel.setLayout(new BoxLayout(panel, BoxLayout.X_AXIS)); 
 
Panel component has a horizontal BoxLayout.  
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 panel.setBorder(BorderFactory.createEmptyBorder(40, 40, 40, 40)); 
 
We creare a 40px border around the panel.  
 
 panel.add(Box.createHorizontalGlue()); 
 
We put resizable space to bo both sides, left and right. It is to prevent JSlider from growing to 
unnatural sizes.  
 
 slider = new JSlider(0, 150, 0); 
 
This is a JSlider constructor. The parameters are minimum value, maximum value and current 
value.  
 
 slider.addChangeListener(new ChangeListener() { 
 ... 
 }); 
 
We add a ChangeListener to the slider. Inside the listener, we determine the current slider 
value and update the label accordingly.  
 
 panel.add(Box.createRigidArea(new Dimension(5, 0))); 
 
We place a 5px rigid space between the two components. They are too close to each other, 
when the slider is at the end position.  
 

 
Figure: JSlider 
 

JComboBox 
 

Combobox is a component that combines a button or editable field and a drop-down 
list. The user can select a value from the drop-down list, which appears at the user's request. If 
you make the combo box editable, then the combo box includes an editable field into which the 
user can type a value.  

import java.awt.Component; 
import java.awt.Dimension; 
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import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
import java.awt.event.ItemEvent; 
import java.awt.event.ItemListener; 
 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JComboBox; 
import javax.swing.JDialog; 
import javax.swing.JLabel; 
import javax.swing.border.LineBorder; 
 
 
public class ComboBox extends JDialog implements  
  ActionListener, ItemListener { 
 
    final String[] authors = { 
 "Leo Tolstoy", "John Galsworthy",  
        "Honore de Balzac", "Stefan Zweig",  
 "Boris Pasternak", "Tom Wolfe" 
    }; 
 
    final String[] images = { 
 "tolstoy.jpg", "galsworthy.jpg", "balzac.jpg",  
        "zweig.jpg", "pasternak.jpg", "wolfe.jpg" 
    }; 
 
    private JLabel display = null;   
    private JComboBox combobox = null; 
    private JButton button = null; 
 
    ImageIcon icon = new ImageIcon( 
  ClassLoader.getSystemResource("balzac.jpg")); 
 
    public ComboBox() { 
 
        setLayout(new BoxLayout(getContentPane(),  
  BoxLayout.Y_AXIS)); 
        add(Box.createRigidArea(new Dimension(0, 35))); 
 
        display = new JLabel(); 
        display.setPreferredSize(new Dimension(100, 127)); 
        display.setMaximumSize(new Dimension(100, 127)); 
        display.setAlignmentX(Component.CENTER_ALIGNMENT); 
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        display.setBorder(LineBorder.createGrayLineBorder()); 
        add(display); 
 
        add(Box.createRigidArea(new Dimension(0, 15))); 
 
        combobox = new JComboBox(authors); 
        combobox.setSelectedIndex(-1); 
        combobox.setPreferredSize(new Dimension(140, 22)); 
        combobox.setMaximumSize(new Dimension(140, 22)); 
        combobox.addItemListener(this); 
        add(combobox); 
 
        add(Box.createRigidArea(new Dimension(0, 15))); 
 
        button = new JButton("Close"); 
        button.setAlignmentX(Component.CENTER_ALIGNMENT); 
        button.addActionListener(this); 
        add(button); 
 
        setTitle("JComboBox"); 
        setSize(300, 300); 
        setDefaultCloseOperation(JDialog.DISPOSE_ON_CLOSE); 
        setLocationRelativeTo(null); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new ComboBox(); 
    } 
 
 
    public void actionPerformed(ActionEvent e) { 
        System.exit(0); 
    } 
 
    public void itemStateChanged(ItemEvent e) { 
 
        if (e.getStateChange() == ItemEvent.SELECTED) { 
            JComboBox combo = (JComboBox) e.getSource(); 
            int index = combo.getSelectedIndex(); 
            display.setIcon(new ImageIcon( 
                ClassLoader.getSystemResource(images[index]))); 
        } 
 
    } 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 212 

} 

In our example, we have three components. A label, a combobox and a button. The button 
closes the window. We have six names of famous novelists in our combobox. If we select a 
name, an image is displayed in the label.  
 
public class ComboBox extends JDialog implements  
  ActionListener, ItemListener { 
 
This is a dialog based application example. 
  
 display = new JLabel(); 
 
The display area is a simple JLabel.  
 
 combobox = new JComboBox(authors); 
 combobox.setSelectedIndex(-1); 
 
The constructor of the JComboBox takes a string array of novelists. If we provide -1 as an 
argument in the setSelectedIndex() method, no item to be selected.  
 combobox.addItemListener(this); 
 
We add an ItemListener to our combobox. In the event handler, we get the selected index of 
the combobox and set an appropriate icon for the label. The selected item is an index to the 
array of images.  
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Figure: JComboBox 
 

JProgressBar 
 
A progress bar is a widget that is used, when we process lengthy tasks. It is animated so that 
the user knows, that our task is progressing. The JProgressBar widget provides a horizontal or 
vertical progress bar. The initial and minimum values are 0, and the maximum is 100.  

import java.awt.Dimension; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.BorderFactory; 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.JProgressBar; 
import javax.swing.Timer; 
 
 
public class ProgressBar extends JFrame { 
 
    ActionListener updateProBar; 
    Timer timer; 
    JProgressBar progressBar; 
    JButton button; 
 
    public ProgressBar() { 
 
        setTitle("JProgressBar"); 
 
        JPanel panel = new JPanel(); 
        panel.setBorder(BorderFactory.createEmptyBorder(40, 40, 40, 40)); 
        panel.setLayout(new BoxLayout(panel, BoxLayout.Y_AXIS)); 
 
 
 
        progressBar = new JProgressBar(); 
 
        progressBar.setMaximumSize(new Dimension(150, 20)); 
        progressBar.setMinimumSize(new Dimension(150, 20)); 
        progressBar.setPreferredSize(new Dimension(150, 20)); 
 
        progressBar.setAlignmentX(0f); 
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        panel.add(progressBar); 
        panel.add(Box.createRigidArea(new Dimension(0, 20))); 
 
        button = new JButton("Start"); 
        button.setFocusable(false); 
        button.setMaximumSize(button.getPreferredSize()); 
 
        updateProBar = new ActionListener() { 
            public void actionPerformed(ActionEvent actionEvent) { 
                int val = progressBar.getValue(); 
                if (val >= 100) { 
                    timer.stop(); 
                    button.setText("End"); 
                    return; 
                } 
 
                progressBar.setValue(++val); 
            } 
        }; 
 
        timer = new Timer(50, updateProBar); 
 
        button.addActionListener(new ActionListener() { 
            public void actionPerformed(ActionEvent e) { 
                if (timer.isRunning()) { 
                    timer.stop(); 
                    button.setText("Start"); 
 
                } else if (button.getText() != "End") { 
                    timer.start(); 
                    button.setText("Stop"); 
                } 
 
            } 
        }); 
 
 
        panel.add(button); 
        add(panel); 
 
        pack(); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        setResizable(false); 
        setLocationRelativeTo(null); 
        setVisible(true); 
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    } 
 
    public static void main(String[] args) { 
 
        new ProgressBar(); 
    } 
} 

 
The example displays a progress bar and a button. The button starts and stops the progress.  
 
 progressBar = new JProgressBar(); 
 
Here we create the JProgressBar. The minimum value is 0, maximum 100 and the initial 
value is 0. These are the default values.  
 
 progressBar.setMaximumSize(new Dimension(150, 20)); 
 progressBar.setMinimumSize(new Dimension(150, 20)); 
 progressBar.setPreferredSize(new Dimension(150, 20)); 
 
These lines are for design purposes only. I want my examples to look nice. The default height 
on my box was only 14px which looked bad.  
 
  progressBar.setAlignmentX(0f); 
 
This line aligns both progress bar with the button. To the left.  
 
 panel.add(Box.createRigidArea(new Dimension(0, 20))); 
 
Here we put some rigid space between the two components.  
 
 button.setFocusable(false); 
 
Focus looks bad, better disable it.  
 
 timer = new Timer(50, updateProBar); 
 
The timer object launches updateProBar listener every 50ms. Inside that listener, we check, if 
the progress bar reached the value 100 and stop the timer, or update the progress bar.  
 
 if (timer.isRunning()) { 
     timer.stop(); 
     button.setText("Start"); 
 
 } else if (button.getText() != "End") { 
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     timer.start(); 
     button.setText("Stop"); 
 } 
Clicking on the button starts or stops the progress. The text of the button is updated 
dynamically. It can have Start, Stop or End String values.  
 

 
Figure: JProgressBar 
 

JToggleButton 
 
JToggleButton is a button that has two states. Pressed and not pressed. You toggle between 
these two states by clicking on it. There are situations where this functionality fits well.  

import java.awt.Color; 
import java.awt.Dimension; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.BorderFactory; 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.JDialog; 
import javax.swing.JPanel; 
import javax.swing.JToggleButton; 
import javax.swing.border.LineBorder; 
 
 
public class ToggleButton extends JDialog implements ActionListener { 
 
    private JToggleButton red; 
    private JToggleButton green; 
    private JToggleButton blue; 
    private JPanel display; 
 
    public ToggleButton() { 
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        setTitle("JToggleButton"); 
 
        JPanel bottom = new JPanel(); 
        bottom.setLayout(new BoxLayout(bottom, BoxLayout.X_AXIS)); 
        bottom.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        JPanel leftPanel = new JPanel(); 
        leftPanel.setLayout(new BoxLayout(leftPanel, BoxLayout.Y_AXIS)); 
 
        red = new JToggleButton("red"); 
        red.addActionListener(this); 
 
        green = new JToggleButton("green"); 
        green.addActionListener(this); 
 
        blue = new JToggleButton("blue"); 
        blue.addActionListener(this); 
 
        blue.setMaximumSize(green.getMaximumSize()); 
        red.setMaximumSize(green.getMaximumSize()); 
 
        leftPanel.add(red); 
        leftPanel.add(Box.createRigidArea(new Dimension(25, 7))); 
        leftPanel.add(green); 
        leftPanel.add(Box.createRigidArea(new Dimension(25, 7))); 
        leftPanel.add(blue); 
 
 
        bottom.add(leftPanel); 
        bottom.add(Box.createRigidArea(new Dimension(20, 0))); 
 
        display = new JPanel(); 
        display.setPreferredSize(new Dimension(110, 110)); 
        display.setBorder(LineBorder.createGrayLineBorder()); 
        display.setBackground(Color.black);     
 
        bottom.add(display); 
        add(bottom); 
 
        pack(); 
        setResizable(false); 
        setLocationRelativeTo(null); 
        setDefaultCloseOperation(JDialog.DISPOSE_ON_CLOSE); 
        setVisible(true); 
    } 
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    public static void main(String[] args) { 
        new ToggleButton();     
    } 
 
    public void actionPerformed(ActionEvent e) { 
 
        Color color = display.getBackground(); 
        int red = color.getRed(); 
        int green = color.getGreen(); 
        int blue = color.getBlue(); 
 
        if (e.getActionCommand() == "red") { 
            if (red == 0) { 
                red = 255;   
            } else { 
                red = 0; 
            } 
        } 
 
        if (e.getActionCommand() == "green") { 
            if (green == 0) { 
                green = 255;   
            } else { 
                green = 0; 
            } 
        } 
 
        if (e.getActionCommand() == "blue") { 
            if (blue == 0) { 
                blue = 255;   
            } else { 
                blue = 0; 
            } 
        } 
 
        Color setCol = new Color(red, green, blue); 
        display.setBackground(setCol); 
    } 
} 

 
The example has three panels and three toggle buttons. Panels are bottom panel, left panel and 
display panel. The bottom panel is use to organize the left and display panels. For this, we use 
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horizontal BoxLayout manager. The left panel will holt three toggle buttons. This time we use 
vertical BoxLayout manager. We set the background color of the display panel to black. The 
toggle buttons will toggle the red, green and blue parts of the color value. The background 
color will depend on which togglebuttons we have pressed.  
 red = new JToggleButton("red"); 
 red.addActionListener(this); 
Here we create a toggle button and set an action listener to it.  
 
 blue.setMaximumSize(green.getMaximumSize()); 
 red.setMaximumSize(green.getMaximumSize()); 
 
We make all three buttons of equal size.  
 
 Color color = display.getBackground(); 
 int red = color.getRed(); 
 int green = color.getGreen(); 
 int blue = color.getBlue(); 
 
In the actionPerformed method, we determine the current red, green, blue parts of the display 
background color.  
 
 if (e.getActionCommand() == "red") { 
     if (red == 0) { 
         red = 255;   
     } else { 
        red = 0; 
     } 
 } 
 
We determine, which button was toggled, and update the color part of the RGB value 
accordingly.  
 
 Color setCol = new Color(red, green, blue); 
 display.setBackground(setCol); 
 
Here a new color is created and the display panel is updated to a new color.  
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Figure: JToggleButton 
 
 
 

Basic Swing components II 
 
Swing components are basic building blocks of an application. Swing toolkit has a wide range 
of various widgets. Buttons, check boxes,sliders, list boxes etc. Everything a programmer 
needs for his job. In this section of the tutorial, we will describe several useful components.  
JList Component 
JList  is a component that displays a list of objects. It allows the user to select one or more 
items.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
import java.awt.Font; 
import java.awt.GraphicsEnvironment; 
 
import javax.swing.BorderFactory; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JList; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.UIManager; 
import javax.swing.event.ListSelectionEvent; 
import javax.swing.event.ListSelectionListener; 
 
 
public class List extends JFrame { 
 
    private JLabel label; 
    private JList list; 
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    public List() { 
 
        setTitle("List"); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BorderLayout()); 
        panel.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        GraphicsEnvironment ge =  
            GraphicsEnvironment.getLocalGraphicsEnvironment(); 
 
        String[] fonts = ge.getAvailableFontFamilyNames(); 
 
        list = new JList(fonts); 
        list.addListSelectionListener(new ListSelectionListener() { 
            public void valueChanged(ListSelectionEvent e) { 
                if (!e.getValueIsAdjusting()) { 
                    String name = (String) list.getSelectedValue(); 
                    Font font = new Font(name, Font.PLAIN, 12); 
                    label.setFont(font); 
                } 
            } 
        }); 
 
        JScrollPane pane = new JScrollPane(); 
        pane.getViewport().add(list); 
        pane.setPreferredSize(new Dimension(250, 200)); 
        panel.add(pane); 
 
        label = new JLabel("Aguirre, der Zorn Gottes"); 
        label.setFont(new Font("Serif", Font.PLAIN, 12)); 
        add(label, BorderLayout.SOUTH); 
 
 
        add(panel); 
 
        pack(); 
        setLocationRelativeTo(null); 
        setVisible(true); 
 
    } 
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    public static void main(String[] args) { 
        new List(); 
    } 
} 

 
In our example, we will display a JList  and a JLabel components. The list component contains 
a list of all available font family names on our system. If we select an item from the list, the 
label will be displayed in a font, we have chosen. 
  
 GraphicsEnvironment ge =  
     GraphicsEnvironment.getLocalGraphicsEnvironment(); 
 
 String[] fonts = ge.getAvailableFontFamilyNames(); 
 
Here we obtain all possible font family names on our system.  
 
 list = new JList(fonts); 
 
We create a JList  component.  
 
 public void valueChanged(ListSelectionEvent e) { 
     if (!e.getValueIsAdjusting()) { 
 
This code is quite confusing. Events in list selection are grouped. We receive events for both 
selecting and deselecting. To filter only the selecting events, we use the 
getValueIsAdjusting() method.  
 
 String name = (String) list.getSelectedValue(); 
 Font font = new Font(name, Font.PLAIN, 12); 
 label.setFont(font); 
 
We get the selected item and set a new font for the label.  
 JScrollPane pane = new JScrollPane(); 
 pane.getViewport().add(list); 
 
Interesingly, JLabel component is not scrollable by default. We must put the list into the 
JScrollPane to make it scrollable.  
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Figure: JList 
 

JTextArea component 
 
A JTextArea is a multi-line text area that displays plain text. It is lightweight component for 
working with text. The component does not handle scrolling. For this task, we use JScrollPane 
component.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
 
import javax.swing.BorderFactory; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.JTextArea; 
 
 
public class TextArea extends JFrame { 
 
    public TextArea() { 
 
        setTitle("JTextArea"); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BorderLayout()); 
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        panel.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        JScrollPane pane = new JScrollPane(); 
        JTextArea area = new JTextArea();  
 
        area.setLineWrap(true); 
        area.setWrapStyleWord(true); 
        area.setBorder(BorderFactory.createEmptyBorder(8, 8, 8, 8)); 
 
        pane.getViewport().add(area); 
        panel.add(pane); 
 
        add(panel); 
        setSize(new Dimension(350, 300)); 
 
        setLocationRelativeTo(null); 
        setVisible(true); 
 
    } 
 
    public static void main(String[] args) { 
 
        new TextArea(); 
 
    } 
} 

 
The example shows a simple JTextArea component with an excerpt from Martin Luther King 
speech.  
 
 JTextArea area = new JTextArea();  
 
This is the constructor of the JTextArea component.  
 area.setLineWrap(true); 
 
Make the lines wrapped, if they are too long to fit the width.  
 area.setWrapStyleWord(true); 
 
Here we specify, how is line going to be wrapped. In our case, lines will be wrapped at word 
boundaries, whitespaces.  
 area.setBorder(BorderFactory.createEmptyBorder(8, 8, 8, 8)); 
 
We put some border around the text in the component.  
 pane.getViewport().add(area); 
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To make the text scrollable, we put the JTextArea component into the JScrollPane 
component.  
 

 
Figure: JTextAra 
 

JTextPane component 
 
JTextPane component is a more advanced component for working with text. The component 
can do some complex formatting operations over the text. It can display also html documents.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
 
import java.io.IOException; 
 
import javax.swing.BorderFactory; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.JTextPane; 
 
 
public class TextPane extends JFrame { 
 
    public TextPane() { 
 
        setTitle("JTexPane"); 
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        setDefaultCloseOperation(EXIT_ON_CLOSE); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BorderLayout()); 
        panel.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        JScrollPane pane = new JScrollPane(); 
        JTextPane textpane = new JTextPane();  
 
        textpane.setContentType("text/html"); 
        textpane.setEditable(false); 
 
        String cd = System.getProperty("user.dir") + "/"; 
 
        try { 
            textpane.setPage("File:///" + cd + "test.html"); 
        } catch (IOException e) { 
            System.out.println("Exception: " + e); 
        } 
 
        textpane.setBorder(BorderFactory.createEmptyBorder(8, 8, 8, 8)); 
 
        pane.getViewport().add(textpane); 
        panel.add(pane); 
 
        add(panel); 
        setSize(new Dimension(380, 320)); 
 
        setLocationRelativeTo(null); 
        setVisible(true); 
 
    } 
 
    public static void main(String[] args) { 
 
        new TextPane();     
 
    } 
} 

This is the html code, that we are loading into the JTextPane component. The component does 
not handle scrolling.  

<html> 
<head> 
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<title>A simple html document</title> 
</head> 
<body> 
 
<h2>A simple html document</h2> 
 
 
<p> 
<b>JTextPane</b> can display html documents.  
</p> 
 
<br> 
 
<pre> 
 JScrollPane pane = new JScrollPane(); 
 JTextPane textpane = new JTextPane();  
 
 textpane.setContentType("text/html"); 
 textpane.setEditable(false); 
</pre> 
 
<br> 
<small>The Java Swing tutorial, 2007</small> 
 
</body> 
 
</html> 

In our example we show a JTextPane component and load a html document. Example shows 
formatting capabilities of the component.  
 
 JTextPane textpane = new JTextPane();  
 
 textpane.setContentType("text/html"); 
 textpane.setEditable(false); 
 
We create a JTextPane component, set the content of the component to be a html document 
and disable editing.  
  
String cd = System.getProperty("user.dir") + "/"; 
 
Here we determine the current working directory of the user. The html document is located 
there.  
 
 try { 
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     textpane.setPage("File:///" + cd + "test.html"); 
 } catch (IOException e) { 
     System.out.println("Exception: " + e); 
 } 
We load a html document into the pane.  
 

 
Figure: JTextPane 
 

Java Swing model architecture 
 
Swing engineers created the Swing toolkit implementing a modified Model View Controller 
design pattern. This enables efficient handling of data and using pluggable look and feel at 
runtime.  
The traditional MVC pattern divides an application into three parts. A model, a view and a 
cotroller. The model represents the data in the application. The view is the visual 
representation of the data. And finally the controller processes and responds to events, typically 
user actions, and may invoke changes on the model. The idea is to separate the data access and 
business logic from data presentation and user interaction, by introducing an intermediate 
component: the controller.  
The Swing toolkit uses a modified MVC design pattern. The Swing has single UI object for 
both the view and the controller. This modified MVC is sometimes called a separable model 
architecture.  
 
In the Swing toolkit, every component has it's model. Even the basic ones like buttons. There 
are two kinds of models in Swing toolkit.  

• state models  
• data models  
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The state models handle the state of the component. For example the model keeps track 
whether the component is selected or pressed. The data models handle data, they work with. A 
list component keeps a list of items, it is displaying.  
 
For Swing developer it means, that we often need to get a model instance in order to 
manipulate the data in the component. But there are exceptions. For convenience, there are 
some methods that return data without the model.  
 

 public int getValue() {  
     return getModel().getValue();  
 } 

For example the getValue() method of the JSlider component. The developer does not need to 
work with the model directly. Instead, the access to the model is done behind the scenes. It 
would be an overkill to work with models directly in such simple situations. Because of this, 
the Swing tookit provides some convenience methods like the previous one.  
To query the state of the model, we have two kinds of notifications.  

• lightweight notification  
• stateful notification  
 

The lightweight notification uses a ChangeListener class. We have only one single event 
(ChangeEvent) for all notifications coming from the component. For more complicated 
components, the stateful notification is used. For such notifications, we have different kinds of 
events. For example the JList  component has ListDataEvent and ListSelectionEvent.  
 
If we do not set a model for a component, a default one is created. For example the button 
component has DefaultButtonModel model  
 

 public JButton(String text, Icon icon) { 
 // Create the model 
 setModel(new DefaultButtonModel()); 
 
 // initialize 
 init(text, icon); 
} 

If we look at the JButton.java source file, we find out, that the default model is created at the 
construction of the component.  
 

ButtonModel 
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The model is used for various kinds of buttons like push buttons, check boxes, radio boxes and 
for menu items. The following example illustrates the model for a JButton. We can manage 
only the state of the button, because no data can be associated with a push button.  

import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.DefaultButtonModel; 
import javax.swing.JButton; 
import javax.swing.JCheckBox; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
import javax.swing.event.ChangeEvent; 
import javax.swing.event.ChangeListener; 
 
 
public class ButtonModel extends JFrame { 
 
    private JButton ok; 
    private JLabel enabled; 
    private JLabel pressed; 
    private JLabel armed; 
 
    public ButtonModel() { 
 
        setTitle("ButtonModel"); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(null); 
 
        ok = new JButton("ok"); 
        JCheckBox cb = new JCheckBox("Enabled", true); 
 
        ok.setBounds(40, 30, 80, 25); 
        ok.addChangeListener(new ChangeListener() { 
            public void stateChanged(ChangeEvent e) { 
 
            DefaultButtonModel model = (DefaultButtonModel) ok.getModel(); 
            if (model.isEnabled()) 
                enabled.setText("Enabled: true"); 
            else 
                enabled.setText("Enabled: false"); 
 
            if (model.isArmed()) 
                armed.setText("Armed: true"); 
            else 
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                armed.setText("Armed: false"); 
 
            if (model.isPressed()) 
                pressed.setText("Pressed: true"); 
            else 
                pressed.setText("Pressed: false"); 
            } 
 
        }); 
 
        cb.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                if (ok.isEnabled()) 
                    ok.setEnabled(false); 
                else  
                    ok.setEnabled(true); 
            } 
        }); 
 
        cb.setBounds(180, 30, 100, 25); 
 
        enabled = new JLabel("Enabled: true"); 
        enabled.setBounds(40, 90, 90, 25); 
        pressed = new JLabel("Pressed: false"); 
        pressed.setBounds(40, 120, 90, 25); 
        armed  = new JLabel("Armed: false"); 
        armed.setBounds(40, 150, 90, 25); 
 
        panel.add(ok); 
        panel.add(cb); 
        panel.add(enabled); 
        panel.add(pressed); 
        panel.add(armed); 
 
        add(panel); 
 
        setSize(350, 250); 
        setLocationRelativeTo(null); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new ButtonModel(); 
    } 
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} 

In our example, we have a button, check box and three labels. The labels represent three 
properties of the button. Whether it is pressed, disabled or armed.  
 
 ok.addChangeListener(new ChangeListener() { 
 
We use a lightweight ChangeListener to listen for button state changes.  
 
 DefaultButtonModel model = (DefaultButtonModel) ok.getModel(); 
 
Here we get the default button model.  
 
 if (model.isEnabled()) 
     enabled.setText("Enabled: true"); 
 else 
     enabled.setText("Enabled: false"); 
 
We query the model, whether the button is enabled or not. We update the label accordingly.  
 
 if (ok.isEnabled()) 
     ok.setEnabled(false); 
 else  
     ok.setEnabled(true); 
 
The check box enables or disables the button. To enable the ok button, we call the setEnable() 
method. So we change the state of the button. Where is the model? The answer lies in the 
AbstractButton.java file.  

 public void setEnabled(boolean b) { 
     if (!b && model.isRollover()) { 
         model.setRollover(false); 
     }  
     super.setEnabled(b); 
     model.setEnabled(b); 
 } 

The answer is, that internally, we the Swing toolkit works with a model. The setEnable() is 
another convenience method for programmers.  
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Figure: ButtonModel 
 

Custom ButtonModel 
 
In the previous example, we used a default button model. In the following code example we 
will use our own button model.  

import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.ButtonModel; 
import javax.swing.DefaultButtonModel; 
import javax.swing.JButton; 
import javax.swing.JCheckBox; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
 
 
public class ButtonModel2 extends JFrame { 
 
    private JButton ok; 
    private JLabel enabled; 
    private JLabel pressed; 
    private JLabel armed; 
 
    public ButtonModel2() { 
 
        setTitle("ButtonModel"); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(null); 
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        ok = new JButton("ok"); 
        JCheckBox cb = new JCheckBox("Enabled", true); 
 
        ok.setBounds(40, 30, 80, 25); 
 
        cb.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                if (ok.isEnabled()) 
                    ok.setEnabled(false); 
                else  
                    ok.setEnabled(true); 
            } 
        }); 
 
        cb.setBounds(180, 30, 100, 25); 
 
        enabled = new JLabel("Enabled: true"); 
        enabled.setBounds(40, 90, 90, 25); 
        pressed = new JLabel("Pressed: false"); 
        pressed.setBounds(40, 120, 90, 25); 
        armed  = new JLabel("Armed: false"); 
        armed.setBounds(40, 150, 90, 25); 
 
        ButtonModel model = new DefaultButtonModel() { 
            public void setEnabled(boolean b) { 
                if (b) 
                    enabled.setText("Pressed: true"); 
                else  
                    enabled.setText("Pressed: false"); 
 
                super.setEnabled(b); 
            } 
 
            public void setArmed(boolean b) { 
                if (b) 
                    armed.setText("Armed: true"); 
                else 
                    armed.setText("Armed: false"); 
 
                super.setArmed(b); 
            } 
 
            public void setPressed(boolean b) { 
                if (b) 
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                    pressed.setText("Pressed: true"); 
                else  
                    pressed.setText("Pressed: false"); 
 
                super.setPressed(b); 
            } 
 
        }; 
 
        ok.setModel(model); 
 
        panel.add(ok); 
        panel.add(cb); 
        panel.add(enabled); 
        panel.add(pressed); 
        panel.add(armed); 
 
        add(panel); 
 
        setSize(350, 250); 
        setLocationRelativeTo(null); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new ButtonModel2(); 
    } 
} 

This example does the same thing as the previous one. The difference is that we don't use a 
change listener and we use a custom button model.  
 
 ButtonModel model = new DefaultButtonModel() { 
 
We create a button model and overwrite the necessary methods.  
 
 public void setEnabled(boolean b) { 
     if (b) 
         enabled.setText("Pressed: true"); 
     else  
         enabled.setText("Pressed: false"); 
 
     super.setEnabled(b); 
} 
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We overwrite the setEnabled() method and add some functionality there. We must not forget 
to call the parent method as well to procede with the processing.  
 ok.setModel(model); 
We set the custom model for the button.  
 

JList models 
 
Several components have two models. The JList  component has the following models: 
ListModel  and ListSelectionModel. The ListModel handles data. And the ListSelectionModel 
works with the GUI. The following example shows both models.  

import java.awt.BorderLayout; 
import java.awt.Dimension; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
import java.awt.event.MouseAdapter; 
import java.awt.event.MouseEvent; 
 
import javax.swing.BorderFactory; 
import javax.swing.Box; 
import javax.swing.BoxLayout; 
import javax.swing.DefaultListModel; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JList; 
import javax.swing.JOptionPane; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.ListSelectionModel; 
 
 
public class List extends JFrame { 
 
    private DefaultListModel model; 
    private JList list; 
 
    public List() { 
 
        setTitle("JList models"); 
 
        model = new DefaultListModel(); 
        model.addElement("Amelie"); 
        model.addElement("Aguirre, der Zorn Gottes"); 
        model.addElement("Fargo"); 
        model.addElement("Exorcist"); 
        model.addElement("Schindler list"); 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 237 

 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BoxLayout(panel, BoxLayout.X_AXIS)); 
 
        JPanel leftPanel = new JPanel(); 
        JPanel rightPanel = new JPanel(); 
 
        leftPanel.setLayout(new BorderLayout()); 
        rightPanel.setLayout(new BoxLayout(rightPanel, BoxLayout.Y_AXIS)); 
 
        list = new JList(model); 
        list.setSelectionMode(ListSelectionModel.SINGLE_SELECTION); 
        list.setBorder(BorderFactory.createEmptyBorder(2, 2, 2, 2)); 
 
        list.addMouseListener(new MouseAdapter() { 
 
            public void mouseClicked(MouseEvent e) { 
                if(e.getClickCount() == 2){ 
                  int index = list.locationToIndex(e.getPoint()); 
                  Object item = model.getElementAt(index); 
                  String text = JOptionPane.showInputDialog("Rename item", item); 
                  String newitem = null; 
                  if (text != null)  
                     newitem = text.trim(); 
                  else  
                     return; 
 
                  if (!newitem.isEmpty()) { 
                    model.remove(index); 
                    model.add(index, newitem); 
                    ListSelectionModel selmodel = list.getSelectionModel(); 
                    selmodel.setLeadSelectionIndex(index); 
                  } 
                } 
            } 
 
        }); 
 
        JScrollPane pane = new JScrollPane(); 
        pane.getViewport().add(list);   
        leftPanel.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        leftPanel.add(pane); 
 
        JButton removeall = new JButton("Remove All"); 
        JButton add = new JButton("Add"); 
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        add.setMaximumSize(removeall.getMaximumSize()); 
        JButton rename = new JButton("Rename"); 
        rename.setMaximumSize(removeall.getMaximumSize()); 
        JButton delete = new JButton("Delete"); 
        delete.setMaximumSize(removeall.getMaximumSize()); 
 
        add.addActionListener(new ActionListener() { 
            public void actionPerformed(ActionEvent e) { 
                String text = JOptionPane.showInputDialog("Add a new item"); 
                String item = null; 
 
                if (text != null)  
                    item = text.trim(); 
                else  
                    return; 
 
                if (!item.isEmpty()) 
                    model.addElement(item); 
            } 
        }); 
 
        delete.addActionListener(new ActionListener() { 
            public void actionPerformed(ActionEvent event) { 
                ListSelectionModel selmodel = list.getSelectionModel(); 
                int index = selmodel.getMinSelectionIndex(); 
                if (index >= 0) 
                    model.remove(index); 
            } 
 
        }); 
 
        rename.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                ListSelectionModel selmodel = list.getSelectionModel(); 
                int index = selmodel.getMinSelectionIndex(); 
                if (index == -1) return; 
                Object item = model.getElementAt(index); 
                String text = JOptionPane.showInputDialog("Rename item", item); 
                String newitem = null; 
 
                if (text != null) { 
                    newitem = text.trim(); 
                } else 
                    return; 
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                if (!newitem.isEmpty()) { 
                    model.remove(index); 
                    model.add(index, newitem); 
                } 
            } 
        }); 
 
        removeall.addActionListener(new ActionListener() { 
                public void actionPerformed(ActionEvent e) { 
                    model.clear(); 
                } 
        }); 
 
        rightPanel.add(add); 
        rightPanel.add(Box.createRigidArea(new Dimension(0,4))); 
        rightPanel.add(rename); 
        rightPanel.add(Box.createRigidArea(new Dimension(0,4))); 
        rightPanel.add(delete); 
        rightPanel.add(Box.createRigidArea(new Dimension(0,4))); 
        rightPanel.add(removeall); 
 
        rightPanel.setBorder(BorderFactory.createEmptyBorder(0, 0, 0, 20)); 
 
        panel.add(leftPanel); 
        panel.add(rightPanel); 
 
        add(panel); 
 
        setSize(350, 250); 
        setLocationRelativeTo(null); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        setVisible(true); 
    } 
 
    public static void main(String[] args) { 
        new List(); 
    } 
} 

The example shows a list component and four buttons. The buttons control the data in the list 
component. The example is a bit larger, because we did some additional checks there. We do 
not allow to input empty spaces into the list component.  
 
 model = new DefaultListModel(); 
 model.addElement("Amelie"); 
 model.addElement("Aguirre, der Zorn Gottes"); 
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 ... 
 
We create a list model and add elements into it.  
 
 list = new JList(model); 
 list.setSelectionMode(ListSelectionModel.SINGLE_SELECTION); 
 list.setBorder(BorderFactory.createEmptyBorder(2, 2, 2, 2)); 
 
We create a list component. The parameter of the constructor is the model, we have created. 
We put the list into the single selection mode. We also put some space around the list.  
 if (text != null)  
     item = text.trim(); 
 else  
     return; 
 
 if (!item.isEmpty()) 
     model.addElement(item); 
 
We add only items that are not equal to null and are not empty. e.g. that contain at least one 
character other than white space. It makes no sense to add white spaces or null values into the 
list.  
 
 ListSelectionModel selmodel = list.getSelectionModel(); 
 int index = selmodel.getMinSelectionIndex(); 
 if (index >= 0) 
     model.remove(index); 
 
This is the code, that runs when we press the delete button. In order to delete an item from the 
list, it must be selected. So we must figure out the currently selected item. For this, we call the 
getSelectionModel() method This is a GUI work, so we use a ListSelectionModel. Removing 
an item is working with data. For that we use the list data model.  
So, in our example we used both list models. We called add(), remove() and clear() methods of 
the list data model to work with our data. And we used a list selection model in order to find 
out the selected item, which is a GUI job.  
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Figure: List Models 

A document model 
 
This is an excellent example of a separation of a data from the visual representation. In a 
JTextPane component, we have a StyledDocument for setting the style of the text data.  
 

import java.awt.BorderLayout; 
import java.awt.Dimension; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.BorderFactory; 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.JTextPane; 
import javax.swing.JToolBar; 
import javax.swing.text.Style; 
import javax.swing.text.StyleConstants; 
import javax.swing.text.StyledDocument; 
 
 
public class DocumentModel extends JFrame { 
 
    private StyledDocument doc; 
    private JTextPane textpane; 
 
    public DocumentModel() { 
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        setTitle("Document Model"); 
 
        JToolBar toolbar = new JToolBar(); 
 
        ImageIcon bold = new ImageIcon("bold.png"); 
        ImageIcon italic = new ImageIcon("italic.png"); 
        ImageIcon strike = new ImageIcon("strike.png"); 
        ImageIcon underline = new ImageIcon("underline.png"); 
 
        JButton boldb = new JButton(bold); 
        JButton italb = new JButton(italic); 
        JButton strib = new JButton(strike); 
        JButton undeb = new JButton(underline); 
 
        toolbar.add(boldb); 
        toolbar.add(italb); 
        toolbar.add(strib); 
        toolbar.add(undeb); 
 
        add(toolbar, BorderLayout.NORTH); 
 
        JPanel panel = new JPanel(); 
        panel.setLayout(new BorderLayout()); 
        panel.setBorder(BorderFactory.createEmptyBorder(20, 20, 20, 20)); 
 
        JScrollPane pane = new JScrollPane(); 
        textpane = new JTextPane();  
        textpane.setBorder(BorderFactory.createEmptyBorder(8, 8, 8, 8)); 
 
        doc = textpane.getStyledDocument(); 
 
        Style style = textpane.addStyle("Bold", null); 
        StyleConstants.setBold(style, true); 
 
        style = textpane.addStyle("Italic", null); 
        StyleConstants.setItalic(style, true); 
 
        style = textpane.addStyle("Underline", null); 
        StyleConstants.setUnderline(style, true); 
 
        style = textpane.addStyle("Strike", null); 
        StyleConstants.setStrikeThrough(style, true); 
 
 
        boldb.addActionListener(new ActionListener() { 
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            public void actionPerformed(ActionEvent e) { 
                doc.setCharacterAttributes(textpane.getSelectionStart(),  
                    textpane.getSelectionEnd() - textpane.getSelectionStart(), 
                    textpane.getStyle("Bold"), false); 
            } 
        }); 
 
        italb.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                doc.setCharacterAttributes(textpane.getSelectionStart(),  
                    textpane.getSelectionEnd() - textpane.getSelectionStart(), 
                    textpane.getStyle("Italic"), false); 
            } 
 
        }); 
 
        strib.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                doc.setCharacterAttributes(textpane.getSelectionStart(),  
                    textpane.getSelectionEnd() - textpane.getSelectionStart(), 
                    textpane.getStyle("Strike"), false); 
            } 
 
        }); 
 
        undeb.addActionListener(new ActionListener() { 
 
            public void actionPerformed(ActionEvent e) { 
                doc.setCharacterAttributes(textpane.getSelectionStart(),  
                    textpane.getSelectionEnd() - textpane.getSelectionStart(), 
                    textpane.getStyle("Underline"), false); 
            } 
        }); 
 
        pane.getViewport().add(textpane); 
        panel.add(pane); 
 
        add(panel); 
 
        setSize(new Dimension(380, 320)); 
        setLocationRelativeTo(null); 
        setDefaultCloseOperation(EXIT_ON_CLOSE); 
        setVisible(true); 
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    } 
 
    public static void main(String[] args) { 
        new DocumentModel(); 
    } 
} 

The example has a text pane and a toolbar. In the toolbar, we have four buttons, that change 
attributes of the text.  
 
 doc = textpane.getStyledDocument(); 
 
Here we get the styled document, which is a model for the text pane component.  
 
 Style style = textpane.addStyle("Bold", null); 
 StyleConstants.setBold(style, true); 
 
A style is a set of text attributes, such as color, size. Here we register a bold style for the text 
pane component. The registered styles can be retrieved at any time.  
 
 doc.setCharacterAttributes(textpane.getSelectionStart(),  
     textpane.getSelectionEnd() - textpane.getSelectionStart(), 
     textpane.getStyle("Bold"), false); 
 
Here we change the attributes of the text. The parameters are the offset, length of the selection, 
the style and the boolean value replace. The offset is the beginning of the text, where we apply 
the bold text. We get the length value by substracting the selection end and selection start 
values. Boolean value false means, we are not replacing an old style with a new one, but we 
merge them. This means, if the text is underlined and we make it bold, the result is an  
underlined bold text.  

Figure: Document model 
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CS2304  -   PROGRAMMING PARADIGMS 
 

Unit IV  Generic Programming 
 

 
 

Generics 

It would be nice if we could write a single sort method that could sort the elements in an 
Integer array, a String array or an array of any type that supports ordering. 

Java Generic methods and generic classes enable programmers to specify, with a single 
method declaration, a set of related methods or, with a single class declaration, a set of related 
types, respectively. 

Generics also provide compile-time type safety that allows programmers to catch invalid types 
at compile time. 

Using Java Generic concept we might write a generic method for sorting an array of objects, 
then invoke the generic method with Integer arrays, Double arrays, String arrays and so on, to 
sort the array elements. 

Support for the generics, or "containers-of-type-T", subset of generic programming were added 
to the Java programming language in 2004 as part of J2SE 5.0. In Java, generics are checked at 
compile time for type correctness. The generic type information is then removed via a process 
called type erasure, and is unavailable at runtime. For example, a List<String> is converted to the 
raw type List. The compiler inserts type casts to convert the elements to the String type when 
they are retrieved from the list. 

 

 
 
 
 

 Motivation for generic programming – generic classes – generic methods – 
generic code and virtual machine – inheritance and generics – reflection and generics – 
exceptions – exception hierarchy – throwing and catching exceptions – Stack Trace 
Elements - assertions - logging 
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What Are Generics? A Simple Generics Example 

 
 

The term generics means parameterized types 

1. T is a type parameter that will be replaced by a real type.  
2. T is the name of a type parameter.  
3. This name is used as a placeholder for the actual type that will be passed to  
4. Gen when an object is created. 

class GenericClass<T> {  
  T ob;  
 
  GenericClass(T o) {  
    ob = o;  
  }  
 
  T getob() {  
    return ob;  
  }  
 
  void showType() {  
    System.out.println( "Type of T is " + ob.getClass().getName());  
  }  
}  
 
public class MainClass {  
  public static void main(String args[]) {  
    // Create a Gen reference for Integers.  
    GenericClass<Integer> iOb = new GenericClass<Integer>( 88);  
    iOb.showType();  
 
    // no cast is needed.  
    int v = iOb.getob();  
    System.out.println( "value: " + v);  
 
    // Create a Gen object for Strings.  
    GenericClass<String> strOb = new GenericClass<String>( "Generics Test" );  
    strOb.showType();  
 
    String str = strOb.getob();  
    System.out.println( "value: " + str);  
  }  
}  

 

Type of T is java.lang.Integer 
value: 88 
Type of T is java.lang.String 
value: Generics Test 
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Hierarchy and classification 

As per Java Language Specification[2]: 

• A type variable is an unqualified identifier. Type variables are introduced by generic 
class declarations, generic interface declarations, generic method declarations, and by 
generic constructor declarations.  

• A class is generic if it declares one or more type variables. These type variables are 
known as the type parameters of the class. It defines one or more type variables that act 
as parameters. A generic class declaration defines a set of parameterized types, one for 
each possible invocation of the type parameter section. All of these parameterized types 
share the same class at runtime.  

• An interface is generic if it declares one or more type variables. These type variables 
are known as the type parameters of the interface. It defines one or more type variables 
that act as parameters. A generic interface declaration defines a set of types, one for 
each possible invocation of the type parameter section. All parameterized types share 
the same interface at runtime.  

• A method is generic if it declares one or more type variables. These type variables are 
known as the formal type parameters of the method. The form of the formal type 
parameter list is identical to a type parameter list of a class or interface.  

• A constructor can be declared as generic, independently of whether the class the 
constructor is declared in is itself generic. A constructor is generic if it declares one or 
more type variables. These type variables are known as the formal type parameters of 
the constructor. The form of the formal type parameter list is identical to a type 
parameter list of a generic class or interface.  

Motivation for generics 

The following block of Java code illustrates a problem that exists when not using generics. 
First, it declares an ArrayList  of type Object . Then, it adds a String  to the ArrayList . 
Finally, it attempts to retrieve the added String  and cast it to an Integer . 

  List v = new ArrayList(); 
  v.add("test"); 
  Integer i = (Integer)v.get(0);        // Run time error 

Although the code compiles without error, it throws a runtime exception 
(java.lang.ClassCastException ) when executing the third line of code. This type of 
problem can be avoided by using generics and is the primary motivation for using generics. 

Using generics, the above code fragment can be rewritten as follows: 

  List<String> v = new ArrayList<String>(); 
  v.add("test"); 
  Integer i = v.get(0); // (type error)  Compile time error 
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The type parameter String  within the angle brackets declares the ArrayList  to be constituted 
of String  (a descendant of the ArrayList 's generic Object  constituents). With generics, it is 
no longer necessary to cast the third line to any particular type, because the result of v.get(0)  
is defined as String  by the code generated by the compiler. 

Compiling the third line of this fragment with J2SE 5.0 (or later) will yield a compile-time 
error because the compiler will detect that v.get(0)  returns String  instead of Integer . For a 
more elaborate example, see [3]. 

 

Generic Methods: 

You can write a single generic method declaration that can be called with arguments of 
different types. Based on the types of the arguments passed to the generic method, the compiler 
handles each method call appropriately. Following are the rules to define Generic Methods: 

 All generic method declarations have a type parameter section delimited by angle 
brackets (< and >) that precedes the method's return type ( < E > in the next example). 

 Each type parameter section contains one or more type parameters separated by 
commas. A type parameter, also known as a type variable, is an identifier that specifies 
a generic type name. 

 The type parameters can be used to declare the return type and act as placeholders for 
the types of the arguments passed to the generic method, which are known as actual 
type arguments. 

 A generic method's body is declared like that of any other method. Note that type 
parameters can represent only reference types not primitive types (like int, double and 
char).  

Example: 

Following example illustrate how we can print array of different type using a single Generic 
method: 

public class GenericMethodTest 
{ 
   // generic method printArray                          
   public static < E > void printArray( E[] inputArray ) 
   { 
      // Display array elements               
         for ( E element : inputArray ){         
            System.out.printf( "%s ", element ); 
         } 
         System.out.println(); 
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    } 
 
    public static void main( String args[] ) 
    { 
        // Create arrays of Integer, Double and Character 
        Integer[] intArray = { 1, 2, 3, 4, 5 }; 
        Double[] doubleArray = { 1.1, 2.2, 3.3, 4.4 }; 
        Character[] charArray = { 'H', 'E', 'L', 'L', 'O' }; 
 
        System.out.println( "Array integerArray contains:" ); 
        printArray( integerArray ); // pass an Integer array 
 
        System.out.println( "\nArray doubleArray contains:" ); 
        printArray( doubleArray ); // pass a Double array 
 
        System.out.println( "\nArray characterArray contains:" ); 
        printArray( characterArray ); // pass a Character array 
    }  
} 

This would produce following result: 

Array integerArray contains: 
1 2 3 4 5 6 
 
Array doubleArray contains: 
1.1 2.2 3.3 4.4  
 
Array characterArray contains: 
H E L L O 

Bounded Type Parameters: 

There may be times when you'll want to restrict the kinds of types that are allowed to be passed 
to a type parameter. For example, a method that operates on numbers might only want to 
accept instances of Number or its subclasses. This is what bounded type parameters are for. 

To declare a bounded type parameter, list the type parameter's name, followed by the extends 
keyword, followed by its upper bound. 

Example: 

Following example illustrate how extends is used in a general sense to mean either "extends" 
(as in classes) or "implements" (as in interfaces). This example is Generic method to return the 
largest of three Comparable objects: 
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public class MaximumTest 
{ 
   // determines the largest of three Comparable objects 
   public static <T extends Comparable<T>> T maximum(T x, T y, T z) 
   {                       
      T max = x; // assume x is initially the largest        
      if ( y.compareTo( max ) > 0 ){ 
         max = y; // y is the largest so far 
      } 
      if ( z.compareTo( max ) > 0 ){ 
         max = z; // z is the largest now                  
      } 
      return max; // returns the largest object    
   } 
   public static void main( String args[] ) 
   { 
      System.out.printf( "Max of %d, %d and %d is %d\n\n",  
                   3, 4, 5, maximum( 3, 4, 5 ) ); 
 
       System.out.printf( "Maxm of %.1f,%.1f and %.1f is %.1f\n\n", 
                   6.6, 8.8, 7.7, maximum( 6.6, 8.8, 7.7 ) ); 
 
       System.out.printf( "Max of %s, %s and %s is %s\n","pear", 
         "apple", "orange", maximum( "pear", "apple", "orange" ) ); 
   } 
} 

This would produce following result: 

Maximum of 3, 4 and 5 is 5 
 
Maximum of 6.6, 8.8 and 7.7 is 8.8 
 
Maximum of pear, apple and orange is pear 
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Generic Classes: 

A generic class declaration looks like a non-generic class declaration, except that the class 
name is followed by a type parameter section. 

As with generic methods, the type parameter section of a generic class can have one or more 
type parameters separated by commas. These classes are known as parameterized classes or 
parameterized types because they accept one or more parameters. 

Example: 

Following example illustrate how we can define a generic class: 

public class Box<T> { 
 
  private T t; 
 
  public void add(T t) { 
    this.t = t; 
  } 
 
  public T get() { 
    return t; 
  } 
 
  public static void main(String[] args) { 
     Box<Integer> integerBox = new Box<Integer>(); 
     Box<String> stringBox = new Box<String>(); 
     
     integerBox.add(new Integer(10)); 
     stringBox.add(new String("Hello World")); 
 
     System.out.printf("Integer Value :%d\n\n", integerBox.get()); 
     System.out.printf("String Value :%s\n", stringBox.get()); 
  } 
} 
 

This would produce following result: 

Integer Value :10 
 
String Value :Hello World 
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Generic class definitions 

Here is an example of a generic class: 

public class Pair<T, S>{ 
  public Pair(T f, S s){  
    first = f; 
    second = s;    
  } 
  
  public T getFirst(){ 
    return first; 
  } 
  
  public S getSecond()   { 
    return second; 
  } 
  
  public String toString()  {  
    return "(" + first.toString() + ", " + second.toString() + ")";  
  } 
  
  private final T first; 
  private final S second; 
} 

Note that the above class is for illustration of java generics only. A better implementation of 
Pair can be found in this stackoverflow.com discussion. 

This generic class can be used in the following way: 

Pair<String, String> grade440 = new Pair<String, String>("mike", "A"); 
Pair<String, Integer> marks440 = new Pair<String, Integer>("mike", 100); 
System.out.println("grade: " + grade440.toString()); 
System.out.println("marks: " + marks440.toString()); 

Generic method definitions 

Here is an example of a generic method using the generic class above: 

public Pair<T,T> twice(T value) 
{ 
   return new Pair<T,T>(value,value); 
} 

In many cases the user of the method need not indicate the type parameters, as they can be 
inferred: 

Pair<String, String> pair = twice("Hello"); 

The parameters can be explicitly added if needed: 
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Pair<String, String> pair = this.<String>twice("Hello"); 

Note that you cannot use native types, ex: 

Pair<int, int> pair; // this fails. You have to use Integer instead. 

Generics in throws clause 

Although exceptions themselves cannot be generic, generic parameters can appear in a throws 
clause: 

public <T extends Throwable> void throwMeConditional 
      (boolean conditional, T exception) throws T 
{ 
   if(conditional) 
     throw exception; 
} 
 

Wildcards 

Generic type parameters in Java are not limited to specific classes. Java allows the use of 
wildcards to specify bounds on the type of parameters a given generic object may have. 
Wildcards are type parameters of the form "?", possibly annotated with a bound. Given that the 
exact element type of an object with a wildcard is unknown, restrictions are placed on the type 
of methods that may be called on the object. 

As an example of an unbounded wildcard, List<?>  indicates a list which has an unknown 
object type. Methods which take such a list as an argument can take any type of list, regardless 
of parameter type. Reading from the list will return objects of type Object , and writing non-
null elements to the list is not allowed, since the parameter type is not known. 

To specify the upper bound of a generic element, the extends  keyword is used, which 
indicates that the generic type is a subtype of the bounding class. Thus it must either extend the 
class, or implement the interface of the bounding class. So List<? extends Number>  means 
that the given list contains objects of some unknown type which extends the Number class. For 
example, the list could be List<Float>  or List<Number> . Reading an element from the list 
will return a Number, while writing non-null elements is once again not allowed. 

The use of wildcards above are necessary since objects of one type parameter cannot be 
converted to objects of another parameter. Neither List<Number>  nor List<Integer>  is a 
subtype of the other, even though Integer  is a subtype of Number. So, code that deals with 
List<Number>  does not work with List<Integer> . If it did, it would be possible to insert a 
Number that is not a Integer  into it, which violates type safety. Here is a sample code that 
explains the contradiction it brings if List<Integer>  is a subtype of List<Number> : 

List<Integer> ints = new ArrayList<Integer>(); 
ints.add(2); 
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List<Number> nums = ints;  //valid if List<Integer> is a subtype of List<Number> according to substitution rule.  
nums.add(3.14);   
Integer x=ints.get(1); // now 3.14 is assigned to an Integer variable! 

 
The solution with wildcards works because it disallows operations that would violate type 
safety. 

To specify the lower bounding class of a generic element, the super  keyword is used. This 
keyword indicates that the aforementioned generic type is a super-type of said bounding class. 
So, List<? super Number>  could represent List<Number>  or List<Object> . Reading from a 
list defined as List<? super Number>  returns elements of type Object . Writing to such a list 
requires elements of type Number or its subclasses. 

Generics and Exceptions 

Generic programming refers to writing code that will work for many types of data. The Java 
collections framework promotes generic programing by applying a unifying philosophy that 
adds operational functionality, and dynamic growth to object classes. Unification is 
accomplished through interfaces that each collection object inherits. Various types of objects 
may be handled in a similar manner within collection framework classes. Functionality such as 
searches, sorts, insertion and deletion use highly efficient algorithms. 

Exception handling is a method of trapping or coping with anticipated errors (system, data 
entry or calculation) and handling or dealing with them in a graceful manner. The Exception 
class of objects offers a rich group of subclasses to trap specific errors and recover from them. 

Note:Unless another library is indicated the following classes are contained in the java.lang 
package. 

• Collections & Mappings 
• Utilities and Algorithms 
• Parameterized Types 

•  Arrays to Lists 
•  Concordance 
•  Word Checking 

• Exception Handling 
• throws and throw 
• Effective Hierarchy 

Collections and Mappings 

Note: All collection objects are unsynchronized. If multiple thread programming is used, place 
the collection in a synchronization wrapper. 

The collection interfaces are Collection, List, Set, SortedSet and Queue. They are dynamic data 
structures similar to arrays. Collection is at the top of this hierarchy and includes the core 
methods add(obj), addAll(coll), clear(), contains(obj), containsAll(coll), equals(obj), 
hashCode(), isEmpty(), iterator(), remove(obj), removeAll(coll), retainAll(coll), size(), and 
toArray(). List extends Collection for classes that are a sequence of elements (similar to an 
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array). It adds the methods get(idx), indexOf(), lastIndexOf(), set(idx) and subList(i1,i2) and 
overrides appropriate methods. Set extends Collection by overriding the add() method in a way 
that prevents duplicate objects. SortedSet extends Set to keep all contained objects in a ordered 
manner. It includes the methods comparator(), first(), headSet(obj), last(), subSet(o1,o2) and 
tailSet(obj). Queue puts objects in a line pending processing. 

Concrete collection classes implement the appropriate interfaces and incorporate advanced and 
optimized data structures for programming ease. The main collection classes include ArrayList, 
HashSet, LinkedList and TreeSet. ArrayList implements List and is very similar to arrays but is 
dynamic (ie. its size does not have to be declared at compile time). Some additional methods in 
ArrayList include lastIndexOf(obj) to return the object's position, get(index) to return an object 
at a specific position, and toArray() for converting a collection back to a regular array. HashSet 
implements the Set interface and uses a hash table for efficient storage. LinkedList implements 
the appropriate data structure which can be traversed and nodes inserted and deleted. TreeSet 
implements a sorted set using a binary tree for storage, allowing rapid access to list elements. 

An example of how specific list objects can be located for access by indexing is: 

// Staff is a list object 
for (int x=0; x<emp.size(); x++) // by index number 
    { if (emp.get(x) instanceof Staff)  // emp can be of several types 
      { Staff s = (Staff) emp.get(x);} } // cast it to new Staff object 

An example of walking through a collection with an iterator is: 

Iterator it=c.iterator(); // set up iterator for the collection 
while (it.hasNext()) {this.add((String)it.next());} // check, then access 

The mapping interfaces are Map and SortedMap. These are similar to 'associative arrays' in 
other languages. Map defines a table that is a one-to-one relationship between a key and an 
element. No duplicate keys are allowed. SortedMap maintains order within the mapping. 

HashMap and TreeMap are concrete mapping classes. TreeMap orders the mapping key while 
HashMap does not. 

Utilities and Algorithms 

The utility interfaces include Comparator, Iterator and ListIterator. Their methods can be 
customized by overriding. Comparator defines how two objects are compared. It has two 
methods, compare(obj1,obj2) and equals(obj) Iterator and ListIterator enumerate objects 
within a list (similar to an array index). Iterator contains the methods next(), hasNext() and 
remove(). ListIterator has the additional methods of hasPrevious(), previous() and set(). 

Several algorithms are defined as static methods within the collections interface. They are 
binarySearch(), binarySort(), copy(), enumeration(), fill(), max(), min(), nCopies(), reverse(), 
reverseOrder(), shuffle(), singleton(), sort(), sychronizedCollection(), synchronizedList(), 
synchronizedMap(), synchronizedSet(), synchronizedSortedMap(), synchronizedSortedSet(), 
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unmodifiableCollection(), unmodifiablelist(), unmodifiableMap(), unmodifiableset(), 
unmodifiableSortedMap() and unmodifiableSortedSet(). 

Parameterized Types 

Note: A ClassCastException error is generated if objects are incompatible such as adding an 
incompatible object to a collection. Collection objects can be type checked at compile time by 
using parameterized types to avoid casting errors at runtime. 

LinkedList<Integer> myIntList = new LinkedList<Integer>(); 
myIntList.add(new Integer(0)); 
Integer x = myIntList.iterator().next(); 

The type declaration inside the angle bracket ensures checking at compile time. No casting is 
required! Types specified must be class types. Primitives must use their wrapper objects. 
Mappings such as HashMap and TreeMap specify objects by using an ordered list (eg. 
<String,Float>). 

Warning: Use wildcard typing <?>  at your own peril!!! 

Convert Arrays to Lists 

Static arrays can be converted easily to dynamic lists. This can be readily appreciated when our 
WordCount2 example is made into wcPlus with an unlimited number of unique words instead 
of a precompiled limit. A single list of word objects is used instead of parallel word and count 
arrays. Iterators are used instead of indexes when walking through the list. 

Concordance 

Concordance produces an index of words and the line numbers of occurrence within a 
document. Java collections should be used to add dynamic size (ArrayList) and sorting 
(TreeMap), making the indexing easier to program. The StringTokenizer class is used to 
provide the words/locations to be indexed. The report should be in columns for readability. 
concordance.java (a command line solution) and concord.java (GUI based) use file IO 
techniques. concord.java is also used as an example of how an application is deployed using 
Web Start. 

Word Checking 

Word checking utilities compare the words in a document against a 'dictionary'. If a word is not 
found, it and its line number or context is displayed. The utility can be modified so that 'found' 
words are displayed and the dictionary could be a list of required searches or of words that 
require avoidance. 

Begin by reading the dictionary into a sorted list. Then read the document line by line, parsing 
and checking each as you read the line. Issue any errors immediately. No demo is given. 
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Exception Handling 

Exceptions are objects that describe any error caused by an external resource not being 
available or an internal processing problem. They are passed to exception handlers written by 
the programmer to enable graceful recovery. If the handler has not been written, the program 
will terminate with a display of the Exception class. There are many exception classes such as 
IOException and NumberFormatException. 

Java uses the try - catch - finally syntax to test (ie. try) a section of code and if an exception 
error occurs in that region, to trap (ie. catch) the error. Any number of catches can be set up for 
various exception types. The finally keyword can be used to provide a block of code that is 
performed regardless of whether an exception is signaled or not. The syntax is: 

try 
{ 
// tested statement(s); 
} 
catch (ExceptionName e1) 
{ 
// trap handler statement(s); 
} 
catch (ExceptionName e2)  // any number of catch statements 
{ 
// display exception to screen 
System.out.println("Exception: " + e2); 
} 
finally 
{ 
// always executed block 
} 

throws Clause and throw Keywords 

The throws clause is used to pass a possible exception up the stack (processing chain). The 
Java compiler is aware of how some methods may cause specific exceptions and it forces you 
to deal with these immediately. If you choose not to write an exception handler then use the 
throws xxxException clause on the surrounding method to abdicate responsibility. For example 
System.in.read() will give a compile error for IOException. Add the throws clause to the 
surrounding method to pass the error up to the next level (or else write your own catch/try 
handler). 

The throw keyword (note the singular form) is used to force an exception. It can also pass a 
custom message to your exception handling module. For example: 

throw new FileNotFoundException("Could not find beatles.txt"); 
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Effective Exception Class Hierarchy 

The exception classes are arranged in a hierarchy. Handlers (or catches) for specific exceptions 
should always be written prior to the generic handler. For example since 
FileNotFoundException is a child of IOException, a catch for FileNotFoundException should 
occur before the one for IOException. The latter handler will catch those exceptions that are 
missed by individual child handlers. And a generic handler for Exception would cover any 
missing situation. 

FileInputStream fis=null;  // declare in outer block 
try 
{ 
  fis = new FileInputStream (new File (args[0])); // uses cmd line 
  int ch; 
  while (ch = fis.read() != -1) 
    {System.out.print ((char) ch);} 
  fis.close(); 
  System.out.println(""); 
} 
catch (FileNotFoundException e) 
{ 
  System.out.println("File not found!"); 
  try 
  { 
    fis.close(); 
  } 
  catch (IOException ioe) {}  // disregard close failure 
} 
catch (IOException e) 
{ 
  try 
  { 
    fis.close(); 
  } 
  catch (IOException ioe) {}  // disregard close failure 
  System.out.println("Unable to read file!");  } 

Generics Reflection  

Using Java Generics typically falls into one of two different situations:  

1. Declaring a class/interface as being parameterizable. 
2. Using a parameterizable class. 

When you write a class or interface you can specify that it should be paramerizable. This is the 
case with the java.util.List  interface. Rather than create a list of Object  you can 
parameterize java.util.List  to create a list of say String .  

When runtime inspecting a parameterizable type itself, like java.util.List , there is no way 
of knowing what type is has been parameterized to. This makes sense since the type can be 
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parameterized to all kinds of types in the same application. But, when you inspect the method 
or field  that declares the use of a parameterized type, you can see at runtime what type the 
paramerizable type was parameterized to. In short:  

You cannot see on a type itself what type it is parameterized to a runtime, but you can see it in 
fields and methods where it is used and parameterized. Its concrete parameterizations in other 
words.  

The following sections take a closer look at these situations.  

 

Generic Method Return Types 

If you have obtained a java.lang.reflect.Method  object it is possible to obtain information 
about its generic return type. This cannot be any of the Method  objects in the parameterized 
type, but in the class that uses the parameterized type. You can read how to obtain Method  
objects in the text "Java Generics: Methods". Here is an example class with a method having a 
parameterized return type:  

public class MyClass { 
 
  protected List<String> stringList = ...; 
 
  pulic List<String> getStringList(){ 
    return this.stringList; 
  } 
} 

In this class it is possible to obtain the generic return type of the getStringList()  method. In 
other words, it is possible to detect that getStringList()  returns a List<String>  and not 
just a List . Here is how:  

Method method = MyClass.class.getMethod("getStringList", null); 
 
Type returnType = method.getGenericReturnType(); 
 
if(returnType instanceof ParameterizedType){ 
    ParameterizedType type = (ParameterizedType) returnType; 
    Type[] typeArguments = type.getActualTypeArguments(); 
    for(Type typeArgument : typeArguments){ 
        Class typeArgClass = (Class) typeArgument; 
        System.out.println("typeArgClass = " + typeArgClass); 
    } 
} 

This piece of code will print out the text "typeArgClass = java.lang.String". The Type[]  array 
typeArguments  array will contain one item - a Class  instance representing the class 
java.lang.String . Class  implements the Type  interface.  

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 260 

 

Generic Method Parameter Types 

You can also access the generic types of parameter types at runtime via Java Reflection. Here 
is an example class with a method taking a parameterized List  as parameter:  

public class MyClass { 
  protected List<String> stringList = ...; 
 
  pulic void setStringList(List<String> list){ 
    this.stringList = list; 
  } 
} 

You can access the generic parameter types of the method parameters like this:  

method = Myclass.class.getMethod("setStringList", List.class); 
 
Type[] genericParameterTypes = method.getGenericParameterTypes(); 
 
for(Type genericParameterType : genericParameterTypes){ 
    if(genericParameterType instanceof ParameterizedType){ 
        ParameterizedType aType = (ParameterizedType) genericParameterType; 
        Type[] parameterArgTypes = aType.getActualTypeArguments(); 
        for(Type parameterArgType : parameterArgTypes){ 
            Class parameterArgClass = (Class) parameterArgType; 
            System.out.println("parameterArgClass = " + parameterArgClass); 
        } 
    } 
} 

This code will print out the text "parameterArgType = java.lang.String". The Type[]  array 
parameterArgTypes  array will contain one item - a Class  instance representing the class 
java.lang.String . Class  implements the Type  interface.  

 

Generic Field Types 

It is also possible to access the generic types of public fields. Fields are class member variables 
- either static or instance variables. You can read about obtaining Field  objects in the text 
"Java Generics: Fields". Here is the example from earlier, with an instance field called 
stringList .  

public class MyClass { 
  public List<String> stringList = ...; 
} 
Field field = MyClass.class.getField("stringList"); 
 
Type genericFieldType = field.getGenericType(); 
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if(genericFieldType instanceof ParameterizedType){ 
    ParameterizedType aType = (ParameterizedType) genericFieldType; 
    Type[] fieldArgTypes = aType.getActualTypeArguments(); 
    for(Type fieldArgType : fieldArgTypes){ 
        Class fieldArgClass = (Class) fieldArgType; 
        System.out.println("fieldArgClass = " + fieldArgClass); 
    } 
} 

This code will print out the text "fieldArgClass = java.lang.String". The Type[]  array 
fieldArgTypes  array will contain one item - a Class  instance representing the class 
java.lang.String . Class  implements the Type  interface.  

 

A simple generic class.  
 

 

 
 
class Gen<T> {  
  T ob; // declare an object of type T  
 
  Gen(T o) {  
    ob = o;  
  }  
 
  T getob() {  
    return ob;  
  }  
 
  void showType() {  
    System.out.println( "Type of T is " + ob.getClass().getName());  
  }  
}  
 
public class GenDemo {  
  public static void main(String args[]) {  
    Gen<Integer> iOb;  
    iOb = new Gen<Integer>( 88);  
 
    iOb.showType();  
 
    int v = iOb.getob();  
    System.out.println( "value: " + v);  
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    System.out.println();  
 
    Gen<String> strOb = new Gen<String>( "Generics Test" );  
 
    strOb.showType();  
 
    String str = strOb.getob();  
    System.out.println( "value: " + str);  
  }  
}  
 

//A simple generic class with two type parameters: T and V. 
 

 

 
 
class TwoGen<T, V> {  
  T ob1;  
 
  V ob2;  
 
  TwoGen(T o1, V o2) {  
    ob1 = o1;  
    ob2 = o2;  
  }  
 
  void showTypes() {  
    System.out.println( "Type of T is " + ob1.getClass().getName());  
    System.out.println( "Type of V is " + ob2.getClass().getName());  
  }  
 
  T getob1() {  
    return ob1;  
  }  
 
  V getob2() {  
    return ob2;  
  }  
}  
 
public class SimpGen {  
  public static void main(String args[]) {  
    TwoGen<Integer, String> tgObj = new TwoGen<Integer, String>( 88, "Generics" );  
    tgObj.showTypes();  
    int v = tgObj.getob1();  
    System.out.println( "value: " + v);  
    String str = tgObj.getob2();  
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    System.out.println( "value: " + str);  
  }  
}  

 

 

 

Demonstrate a simple generic method. 
 

 

 
 
/*  
Java 2, v5.0 (Tiger) New Features  
by Herbert Schildt  
ISBN: 0072258543  
Publisher: McGraw-Hill/Osborne, 2004  
*/  
  
public class GenMethDemo {   
  
  // Determine if an object is in an array.  
  static <T, V extends T> boolean isIn(T x, V[] y) {  
  
    for( int i= 0; i < y.length; i++)  
      if(x.equals(y[i])) return true;  
  
    return false;  
  }  
  
  public static void main(String args[]) {   
  
    // Use isIn() on Integers.  
    Integer nums[] = { 1, 2, 3, 4, 5 };  
  
    if(isIn( 2, nums))  
      System.out.println( "2 is in nums" );  
  
    if(!isIn( 7, nums))  
      System.out.println( "7 is not in nums" );  
  
    System.out.println();  
  
    // Use isIn() on Strings.  
    String strs[] = { "one" , "two" , "three" ,  
                      "four" , "five" };  
  
    if(isIn( "two" , strs))  
      System.out.println( "two is in strs" );  
  
    if(!isIn( "seven" , strs))  
      System.out.println( "seven is not in strs" );  
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    // Opps! Won't compile! Types must be compatible.  
//    if(isIn("two", nums))  
//      System.out.println("two is in strs");  
  }   
}  
   

 

Exceptions 
The Java programming language uses exceptions to handle errors and other exceptional events. 
This lesson describes when and how to use exceptions.  

• What Is an Exception? 
An exception is an event that occurs during the execution of a program that disrupts the 
normal flow of instructions.  

• The Catch or Specify Requirement 
This section covers how to catch and handle exceptions. The discussion includes the 
try , catch , and finally  blocks, as well as chained exceptions and logging.  

• How to Throw Exceptions 
This section covers the throw  statement and the Throwable  class and its subclasses.  

• Unchecked Exceptions — The Controversy 
This section explains the correct and incorrect use of the unchecked exceptions 
indicated by subclasses of RuntimeException .  

• Advantages of Exceptions 
The use of exceptions to manage errors has some advantages over traditional error-
management techniques. You'll learn more in this section.  

• Summary 
 
 
 

What Is an Exception? 
  
The term exception is shorthand for the phrase "exceptional event."  

 
Definition:   An exception is an event, which occurs during the execution of a program, that 
disrupts the normal flow of the program's instructions.  

 

When an error occurs within a method, the method creates an object and hands it off to the 
runtime system. The object, called an exception object, contains information about the error, 
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including its type and the state of the program when the error occurred. Creating an exception 
object and handing it to the runtime system is called throwing an exception.  

After a method throws an exception, the runtime system attempts to find something to handle 
it. The set of possible "somethings" to handle the exception is the ordered list of methods that 
had been called to get to the method where the error occurred. The list of methods is known as 
the call stack (see the next figure).  

 

The call stack. 

The runtime system searches the call stack for a method that contains a block of code that can 
handle the exception. This block of code is called an exception handler. The search begins with 
the method in which the error occurred and proceeds through the call stack in the reverse order 
in which the methods were called. When an appropriate handler is found, the runtime system 
passes the exception to the handler. An exception handler is considered appropriate if the type 
of the exception object thrown matches the type that can be handled by the handler.  

The exception handler chosen is said to catch the exception. If the runtime system exhaustively 
searches all the methods on the call stack without finding an appropriate exception handler, as 
shown in the next figure, the runtime system (and, consequently, the program) terminates.  

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 266 

 

Searching the call stack for the exception handler. 

Using exceptions to manage errors has some advantages over traditional error-management 
techniques. You can learn more in the Advantages of Exceptions section.  

 
The Catch or Specify Requirement 
 
Valid Java programming language code must honor the Catch or Specify Requirement. This 
means that code that might throw certain exceptions must be enclosed by either of the 
following:  

• A try  statement that catches the exception. The try  must provide a handler for the 
exception, as described in Catching and Handling Exceptions.  

• A method that specifies that it can throw the exception. The method must provide a 
throws  clause that lists the exception, as described in Specifying the Exceptions 
Thrown by a Method.  

Code that fails to honor the Catch or Specify Requirement will not compile.  

Not all exceptions are subject to the Catch or Specify Requirement. To understand why, we 
need to look at the three basic categories of exceptions, only one of which is subject to the 
Requirement.  

The Three Kinds of Exceptions 
 
The first kind of exception is the checked exception. These are exceptional conditions that a 
well-written application should anticipate and recover from. For example, suppose an 
application prompts a user for an input file name, then opens the file by passing the name to the 
constructor for java.io.FileReader . Normally, the user provides the name of an existing, 
readable file, so the construction of the FileReader  object succeeds, and the execution of the 
application proceeds normally. But sometimes the user supplies the name of a nonexistent file, 
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and the constructor throws java.io.FileNotFoundException . A well-written program will 
catch this exception and notify the user of the mistake, possibly prompting for a corrected file 
name.  

Checked exceptions are subject to the Catch or Specify Requirement. All exceptions are 
checked exceptions, except for those indicated by Error , RuntimeException , and their 
subclasses.  

The second kind of exception is the error. These are exceptional conditions that are external to 
the application, and that the application usually cannot anticipate or recover from. For 
example, suppose that an application successfully opens a file for input, but is unable to read 
the file because of a hardware or system malfunction. The unsuccessful read will throw 
java.io.IOError . An application might choose to catch this exception, in order to notify the 
user of the problem — but it also might make sense for the program to print a stack trace and 
exit.  

Errors are not subject to the Catch or Specify Requirement. Errors are those exceptions 
indicated by Error  and its subclasses.  

The third kind of exception is the runtime exception. These are exceptional conditions that are 
internal to the application, and that the application usually cannot anticipate or recover from. 
These usually indicate programming bugs, such as logic errors or improper use of an API. For 
example, consider the application described previously that passes a file name to the 
constructor for FileReader . If a logic error causes a null  to be passed to the constructor, the 
constructor will throw NullPointerException . The application can catch this exception, but 
it probably makes more sense to eliminate the bug that caused the exception to occur.  

Runtime exceptions are not subject to the Catch or Specify Requirement. Runtime exceptions 
are those indicated by RuntimeException  and its subclasses.  

Errors and runtime exceptions are collectively known as unchecked exceptions.  

Bypassing Catch or Specify 
 
Some programmers consider the Catch or Specify Requirement a serious flaw in the exception 
mechanism and bypass it by using unchecked exceptions in place of checked exceptions. In 
general, this is not recommended. The section Unchecked Exceptions — The Controversy talks 
about when it is appropriate to use unchecked exceptions. 

 
Catching and Handling Exceptions 
 

This section describes how to use the three exception handler components — the try , 
catch , and finally  blocks — to write an exception handler. The last part of this section walks 
through an example and analyzes what occurs during various scenarios.  
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The following example defines and implements a class named ListOfNumbers . When 
constructed, ListOfNumbers  creates a Vector  that contains 10 Integer  elements with 
sequential values 0 through 9. The ListOfNumbers  class also defines a method named 
writeList , which writes the list of numbers into a text file called OutFile.txt . This example 
uses output classes defined in java.io , which are covered in Basic I/O.  

//Note: This class won't compile by design! 
import java.io.*; 
import java.util.Vector; 
 
public class ListOfNumbers { 
 
    private Vector vector; 
    private static final int SIZE = 10; 
 
    public ListOfNumbers () { 
        vector = new Vector(SIZE); 
        for (int i = 0; i < SIZE; i++) { 
            vector.addElement(new Integer(i)); 
        } 
    } 
 
    public void writeList() { 
        PrintWriter out = new PrintWriter( 
                            new FileWriter("OutFile.txt") ); 
 
        for (int i = 0; i < SIZE; i++) { 
            out.println("Value at: " + i + " = " + 
                         vector.elementAt(i)); 
        } 
 
        out.close(); 
    } 
} 
The first line in boldface is a call to a constructor. The constructor initializes an output stream 
on a file. If the file cannot be opened, the constructor throws an IOException . The second 
boldface line is a call to the Vector  class's elementAt  method, which throws an 
ArrayIndexOutOfBoundsException  if the value of its argument is too small (less than 0) or 
too large (more than the number of elements currently contained by the Vector ).  

If you try to compile the ListOfNumbers  class, the compiler prints an error message about the 
exception thrown by the FileWriter  constructor. However, it does not display an error 
message about the exception thrown by elementAt . The reason is that the exception thrown by 
the constructor, IOException , is a checked exception, and the one thrown by the elementAt  
method, ArrayIndexOutOfBoundsException , is an unchecked exception.  

Now that you're familiar with the ListOfNumbers  class and where the exceptions can be 
thrown within it, you're ready to write exception handlers to catch and handle those exceptions.  
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The try Block 
 
The first step in constructing an exception handler is to enclose the code that might throw an 
exception within a try  block. In general, a try  block looks like the following.  
try { 
    code 
} 
catch and finally blocks . . . 
The segment in the example labeled code contains one or more legal lines of code that could 
throw an exception. (The catch  and finally  blocks are explained in the next two 
subsections.)  

To construct an exception handler for the writeList  method from the ListOfNumbers  class, 
enclose the exception-throwing statements of the writeList  method within a try  block. There 
is more than one way to do this. You can put each line of code that might throw an exception 
within its own try  block and provide separate exception handlers for each. Or, you can put all 
the writeList  code within a single try  block and associate multiple handlers with it. The 
following listing uses one try  block for the entire method because the code in question is very 
short.  

private Vector vector; 
private static final int SIZE = 10; 
 
PrintWriter out = null; 
 
try { 
    System.out.println("Entered try statement"); 
    out = new PrintWriter(new FileWriter("OutFile.txt")); 
    for (int i = 0; i < SIZE; i++) { 
        out.println("Value at: " + i + " = "  
                     + vector.elementAt(i)); 
    } 
} 
catch and finally statements . . . 
If an exception occurs within the try  block, that exception is handled by an exception handler 
associated with it. To associate an exception handler with a try  block, you must put a catch  
block after it; the next section shows you how.  

 
The catch Blocks 
 
You associate exception handlers with a try  block by providing one or more catch  blocks 
directly after the try  block. No code can be between the end of the try  block and the 
beginning of the first catch  block.  
try { 
      
} catch (ExceptionType name) { 
      
} catch (ExceptionType name) { 
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}   
Each catch  block is an exception handler and handles the type of exception indicated by its 
argument. The argument type, ExceptionType, declares the type of exception that the handler 
can handle and must be the name of a class that inherits from the Throwable  class. The handler 
can refer to the exception with name.  

The catch  block contains code that is executed if and when the exception handler is invoked. 
The runtime system invokes the exception handler when the handler is the first one in the call 
stack whose ExceptionType matches the type of the exception thrown. The system considers 
it a match if the thrown object can legally be assigned to the exception handler's argument.  

The following are two exception handlers for the writeList  method — one for two types of 
checked exceptions that can be thrown within the try  statement.  

try { 
      
} catch (FileNotFoundException e) { 
    System.err.println("FileNotFoundException: "  
                        + e.getMessage()); 
    throw new SampleException(e); 
     
} catch (IOException e) { 
    System.err.println("Caught IOException: "  
                        + e.getMessage()); 
} 
Both handlers print an error message. The second handler does nothing else. By catching any 
IOException  that's not caught by the first handler, it allows the program to continue executing.  

The first handler, in addition to printing a message, throws a user-defined exception. 
(Throwing exceptions is covered in detail later in this chapter in the How to Throw Exceptions 
section.) In this example, when the FileNotFoundException  is caught it causes a user-defined 
exception called SampleException  to be thrown. You might want to do this if you want your 
program to handle an exception in this situation in a specific way.  

Exception handlers can do more than just print error messages or halt the program. They can 
do error recovery, prompt the user to make a decision, or propagate the error up to a higher-
level handler using chained exceptions, as described in the Chained Exceptions section.  

The finally Block 
 
The finally  block always executes when the try  block exits. This ensures that the finally  
block is executed even if an unexpected exception occurs. But finally  is useful for more than 
just exception handling — it allows the programmer to avoid having cleanup code accidentally 
bypassed by a return , continue , or break . Putting cleanup code in a finally  block is always 
a good practice, even when no exceptions are anticipated.  
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Note: If the JVM exits while the try  or catch  code is being executed, then the finally  block 
may not execute. Likewise, if the thread executing the try  or catch  code is interrupted or 
killed, the finally  block may not execute even though the application as a whole continues.  

 

The try  block of the writeList  method that you've been working with here opens a 
PrintWriter . The program should close that stream before exiting the writeList  method. 
This poses a somewhat complicated problem because writeList 's try  block can exit in one of 
three ways.  

1. The new FileWriter  statement fails and throws an IOException .  
2. The vector.elementAt(i)  statement fails and throws an 

ArrayIndexOutOfBoundsException .  
3. Everything succeeds and the try  block exits normally.  

The runtime system always executes the statements within the finally  block regardless of 
what happens within the try  block. So it's the perfect place to perform cleanup.  

The following finally  block for the writeList  method cleans up and then closes the 
PrintWriter .  

finally { 
    if (out != null) {  
        System.out.println("Closing PrintWriter"); 
        out.close();  
    } else {  
        System.out.println("PrintWriter not open"); 
    }  
}  
In the writeList  example, you could provide for cleanup without the intervention of a 
finally  block. For example, you could put the code to close the PrintWriter  at the end of 
the try  block and again within the exception handler for ArrayIndexOutOfBoundsException , 
as follows.  
try { 
     
    out.close();       //Don't do this; it duplicates code.  
     
} catch (FileNotFoundException e) { 
    out.close();       //Don't do this; it duplicates code. 
    System.err.println("Caught: FileNotFoundException: "  
                      + e.getMessage()); 
    throw new RuntimeException(e); 
     
} catch (IOException e) { 
    System.err.println("Caught IOException: "  
                      + e.getMessage()); 
} 
However, this duplicates code, thus making the code difficult to read and error-prone should 
you modify it later. For example, if you add code that can throw a new type of exception to the 
try  block, you have to remember to close the PrintWriter  within the new exception handler.  
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Important:  The finally  block is a key tool for preventing resource leaks. When closing a file 
or otherwise recovering resources, place the code in a finally  block to ensure that resource is 
always recovered.  
 

Putting It All Together 
The previous sections described how to construct the try , catch , and finally  code blocks for 
the writeList  method in the ListOfNumbers  class. Now, let's walk through the code and 
investigate what can happen.  

When all the components are put together, the writeList  method looks like the following.  

public void writeList() { 
    PrintWriter out = null; 
 
    try { 
        System.out.println("Entering try statement"); 
        out = new PrintWriter( 
                   new FileWriter("OutFile.txt")); 
            for (int i = 0; i < SIZE; i++) 
                out.println("Value at: " + i + " = "  
                             + vector.elementAt(i)); 
     
    } catch (ArrayIndexOutOfBoundsException e) { 
         System.err.println("Caught "  
                     + "ArrayIndexOutOfBoundsException: "  
                     +   e.getMessage()); 
      
    } catch (IOException e) { 
         System.err.println("Caught IOException: "  
                             +  e.getMessage()); 
      
    } finally { 
         if (out != null) { 
             System.out.println("Closing PrintWriter"); 
             out.close(); 
   
         }  
         else { 
             System.out.println("PrintWriter not open"); 
         } 
     } 
} 
As mentioned previously, this method's try  block has three different exit possibilities; here are 
two of them.  

1. Code in the try  statement fails and throws an exception. This could be an 
IOException  caused by the new FileWriter  statement or an 
ArrayIndexOutOfBoundsException  caused by a wrong index value in the for  loop.  

2. Everything succeeds and the try  statement exits normally.  
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Let's look at what happens in the writeList  method during these two exit possibilities.  

Scenario 1: An Exception Occurs 
The statement that creates a FileWriter  can fail for a number of reasons. For example, 

the constructor for the FileWriter  throws an IOException  if the program cannot create or 
write to the file indicated.  

When FileWriter  throws an IOException , the runtime system immediately stops 
executing the try  block; method calls being executed are not completed. The runtime system 
then starts searching at the top of the method call stack for an appropriate exception handler. In 
this example, when the IOException  occurs, the FileWriter  constructor is at the top of the 
call stack. However, the FileWriter  constructor doesn't have an appropriate exception 
handler, so the runtime system checks the next method — the writeList  method — in the 
method call stack. The writeList  method has two exception handlers: one for IOException  
and one for ArrayIndexOutOfBoundsException .  

The runtime system checks writeList 's handlers in the order in which they appear 
after the try  statement. The argument to the first exception handler is 
ArrayIndexOutOfBoundsException . This does not match the type of exception thrown, so the 
runtime system checks the next exception handler — IOException . This matches the type of 
exception that was thrown, so the runtime system ends its search for an appropriate exception 
handler. Now that the runtime has found an appropriate handler, the code in that catch  block is 
executed.  

After the exception handler executes, the runtime system passes control to the finally  
block. Code in the finally  block executes regardless of the exception caught above it. In this 
scenario, the FileWriter  was never opened and doesn't need to be closed. After the finally  
block finishes executing, the program continues with the first statement after the finally  
block.  

Here's the complete output from the ListOfNumbers  program that appears when an 
IOException  is thrown.  

Entering try statement 
Caught IOException: OutFile.txt 
PrintWriter not open  
The boldface code in the following listing shows the statements that get executed during this 
scenario:  
public void writeList() { 
   PrintWriter out = null; 
 
    try { 
        System.out.println("Entering try statement"); 
        out = new PrintWriter( 
                   new FileWriter("OutFile.txt"));  
        for (int i = 0; i < SIZE; i++) 
            out.println("Value at: " + i  
          + " = " + vector.elementAt(i)); 
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    } catch (ArrayIndexOutOfBoundsException e) { 
          System.err.println("Caught "  
                    + "ArrayIndexOutOfBoundsException: "  
                    + e.getMessage()); 
      
    } catch (IOException e) { 
            System.err.println("Caught IOException: "   
                                +  e.getMessage()); 
      
    } finally { 
        if (out != null) { 
            System.out.println("Closing PrintWriter"); 
            out.close(); 
        }  
     else { 
            System.out.println("PrintWriter not open"); 
        } 
    } 
} 

Scenario 2: The try Block Exits Normally 
In this scenario, all the statements within the scope of the try  block execute 

successfully and throw no exceptions. Execution falls off the end of the try  block, and the 
runtime system passes control to the finally  block. Because everything was successful, the 
PrintWriter  is open when control reaches the finally  block, which closes the PrintWriter . 
Again, after the finally  block finishes executing, the program continues with the first 
statement after the finally  block.  

Here is the output from the ListOfNumbers  program when no exceptions are thrown.  

Entering try statement 
Closing PrintWriter 
The boldface code in the following sample shows the statements that get executed during this 
scenario.  
public void writeList() { 
    PrintWriter out = null; 
    try { 
        System.out.println("Entering try statement"); 
        out = new PrintWriter( 
                  new FileWriter("OutFile.txt")); 
        for (int i = 0; i < SIZE; i++) 
            out.println("Value at: " + i + " = "  
                         +  vector.elementAt(i)); 
     
    } catch (ArrayIndexOutOfBoundsException e) { 
         System.err.println("Caught "  
                     + "ArrayIndexOutOfBoundsException: "  
                     + e.getMessage()); 
      
    } catch (IOException e) { 
         System.err.println("Caught IOException: "  
                            + e.getMessage()); 
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    } finally { 
         if (out != null) { 
             System.out.println("Closing PrintWriter"); 
             out.close(); 
          }  
          else { 
             System.out.println("PrintWriter not open"); 
          } 
    } 
} 

Specifying the Exceptions Thrown by a Method 
The previous section showed how to write an exception handler for the writeList  

method in the ListOfNumbers  class. Sometimes, it's appropriate for code to catch exceptions 
that can occur within it. In other cases, however, it's better to let a method further up the call 
stack handle the exception. For example, if you were providing the ListOfNumbers  class as 
part of a package of classes, you probably couldn't anticipate the needs of all the users of your 
package. In this case, it's better to not catch the exception and to allow a method further up the 
call stack to handle it.  

If the writeList  method doesn't catch the checked exceptions that can occur within it, the 
writeList  method must specify that it can throw these exceptions. Let's modify the original 
writeList  method to specify the exceptions it can throw instead of catching them. To remind 
you, here's the original version of the writeList  method that won't compile.  

// Note: This method won't compile by design! 
public void writeList() { 
    PrintWriter out =  
               new PrintWriter(new FileWriter("OutFile.txt")); 
    for (int i = 0; i < SIZE; i++) { 
        out.println("Value at: " + i + " = "  
                     + vector.elementAt(i)); 
    } 
    out.close(); 
} 
To specify that writeList  can throw two exceptions, add a throws  clause to the method 
declaration for the writeList  method. The throws  clause comprises the throws  keyword 
followed by a comma-separated list of all the exceptions thrown by that method. The clause 
goes after the method name and argument list and before the brace that defines the scope of the 
method; here's an example.  
public void writeList() throws IOException, 
                               ArrayIndexOutOfBoundsException { 
Remember that ArrayIndexOutOfBoundsException  is an unchecked exception; including it 
in the throws  clause is not mandatory. You could just write the following.  
public void writeList() throws IOException { 
 

How to Throw Exceptions 
 
Before you can catch an exception, some code somewhere must throw one. Any code can 
throw an exception: your code, code from a package written by someone else such as the 
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packages that come with the Java platform, or the Java runtime environment. Regardless of 
what throws the exception, it's always thrown with the throw  statement.  

As you have probably noticed, the Java platform provides numerous exception classes. All the 
classes are descendants of the Throwable  class, and all allow programs to differentiate among 
the various types of exceptions that can occur during the execution of a program.  

You can also create your own exception classes to represent problems that can occur within the 
classes you write. In fact, if you are a package developer, you might have to create your own 
set of exception classes to allow users to differentiate an error that can occur in your package 
from errors that occur in the Java platform or other packages.  

You can also create chained exceptions. For more information, see the Chained Exceptions 
section.  

The throw Statement 
 
All methods use the throw  statement to throw an exception. The throw  statement requires a 
single argument: a throwable object. Throwable objects are instances of any subclass of the 
Throwable  class. Here's an example of a throw  statement.  
throw someThrowableObject; 
Let's look at the throw  statement in context. The following pop  method is taken from a class 
that implements a common stack object. The method removes the top element from the stack 
and returns the object.  
public Object pop() { 
    Object obj; 
 
    if (size == 0) { 
        throw new EmptyStackException(); 
    } 
 
    obj = objectAt(size - 1); 
    setObjectAt(size - 1, null); 
    size--; 
    return obj; 
} 
The pop  method checks to see whether any elements are on the stack. If the stack is empty (its 
size is equal to 0), pop  instantiates a new EmptyStackException  object (a member of 
java.util ) and throws it. The Creating Exception Classes section in this chapter explains how 
to create your own exception classes. For now, all you need to remember is that you can throw 
only objects that inherit from the java.lang.Throwable  class.  

Note that the declaration of the pop  method does not contain a throws  clause. 
EmptyStackException  is not a checked exception, so pop  is not required to state that it might 
occur.  

Throwable Class and Its Subclasses 
 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 277 

The objects that inherit from the Throwable  class include direct descendants (objects that 
inherit directly from the Throwable  class) and indirect descendants (objects that inherit from 
children or grandchildren of the Throwable  class). The figure below illustrates the class 
hierarchy of the Throwable  class and its most significant subclasses. As you can see, 
Throwable  has two direct descendants: Error  and Exception .  

 

The Throwable class. 

Error Class 
When a dynamic linking failure or other hard failure in the Java virtual machine occurs, the 
virtual machine throws an Error . Simple programs typically do not catch or throw Error s.  

Exception Class 
Most programs throw and catch objects that derive from the Exception  class. An Exception  
indicates that a problem occurred, but it is not a serious system problem. Most programs you 
write will throw and catch Exception s as opposed to Error s.  

The Java platform defines the many descendants of the Exception  class. These descendants 
indicate various types of exceptions that can occur. For example, IllegalAccessException  
signals that a particular method could not be found, and NegativeArraySizeException  
indicates that a program attempted to create an array with a negative size.  

One Exception  subclass, RuntimeException , is reserved for exceptions that indicate incorrect 
use of an API. An example of a runtime exception is NullPointerException , which occurs 
when a method tries to access a member of an object through a null  reference. The section 
Unchecked Exceptions — The Controversy discusses why most applications shouldn't throw 
runtime exceptions or subclass RuntimeException .  

 

 
Chained Exceptions 
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An application often responds to an exception by throwing another exception. In effect, the 
first exception causes the second exception. It can be very helpful to know when one exception 
causes another. Chained Exceptions help the programmer do this.  

The following are the methods and constructors in Throwable  that support chained exceptions.  

Throwable getCause() 
Throwable initCause(Throwable) 
Throwable(String, Throwable) 
Throwable(Throwable) 
The Throwable  argument to initCause  and the Throwable  constructors is the exception that 
caused the current exception. getCause  returns the exception that caused the current exception, 
and initCause  sets the current exception's cause.  

The following example shows how to use a chained exception.  

try { 
 
} catch (IOException e) { 
    throw new SampleException("Other IOException", e); 
} 
In this example, when an IOException  is caught, a new SampleException  exception is 
created with the original cause attached and the chain of exceptions is thrown up to the next 
higher level exception handler.  

Accessing Stack Trace Information 
 
Now let's suppose that the higher-level exception handler wants to dump the stack trace in its 
own format.  

 
Definition:   A stack trace provides information on the execution history of the current thread 
and lists the names of the classes and methods that were called at the point when the exception 
occurred. A stack trace is a useful debugging tool that you'll normally take advantage of when 
an exception has been thrown.  

 
The following code shows how to call the getStackTrace  method on the exception object.  
catch (Exception cause) { 
    StackTraceElement elements[] = cause.getStackTrace(); 
    for (int i = 0, n = elements.length; i < n; i++) {        
        System.err.println(elements[i].getFileName() + ":"  
                      + elements[i].getLineNumber()  
                      + ">> "  
                      + elements[i].getMethodName() + "()"); 
    } 
} 

Logging API 
The next code snippet logs where an exception occurred from within the catch  block. 
However, rather than manually parsing the stack trace and sending the output to 
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System.err() , it sends the output to a file using the logging facility in the 
java.util.logging  package.  
try { 
    Handler handler = new FileHandler("OutFile.log"); 
    Logger.getLogger("").addHandler(handler); 
     
} catch (IOException e) { 
    Logger logger = Logger.getLogger("package.name");  
    StackTraceElement elements[] = e.getStackTrace(); 
    for (int i = 0, n = elements.length; i < n; i++) { 
        logger.log(Level.WARNING,  
                   elements[i].getMethodName()); 
    } 
} 

 
Creating Exception Classes 
 
When faced with choosing the type of exception to throw, you can either use one written by 
someone else — the Java platform provides a lot of exception classes you can use — or you 
can write one of your own. You should write your own exception classes if you answer yes to 
any of the following questions; otherwise, you can probably use someone else's.  

• Do you need an exception type that isn't represented by those in the Java platform?  
• Would it help users if they could differentiate your exceptions from those thrown by 

classes written by other vendors?  
• Does your code throw more than one related exception?  
• If you use someone else's exceptions, will users have access to those exceptions? A 

similar question is, should your package be independent and self-contained?  

An Example 
Suppose you are writing a linked list class. The class supports the following methods, among 
others:  

• objectAt(int n) — Returns the object in the nth position in the list. Throws an 
exception if the argument is less than 0 or more than the number of objects currently in 
the list.  

• firstObject() — Returns the first object in the list. Throws an exception if the list 
contains no objects.  

• indexOf(Object o) — Searches the list for the specified Object  and returns its 
position in the list. Throws an exception if the object passed into the method is not in 
the list.  

The linked list class can throw multiple exceptions, and it would be convenient to be able to 
catch all exceptions thrown by the linked list with one exception handler. Also, if you plan to 
distribute your linked list in a package, all related code should be packaged together. Thus, the 
linked list should provide its own set of exception classes.  
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The next figure illustrates one possible class hierarchy for the exceptions thrown by the linked 
list.  

 

Example exception class hierarchy. 

Choosing a Superclass 
Any Exception  subclass can be used as the parent class of LinkedListException . However, 
a quick perusal of those subclasses shows that they are inappropriate because they are either 
too specialized or completely unrelated to LinkedListException . Therefore, the parent class 
of LinkedListException  should be Exception .  

Most applets and applications you write will throw objects that are Exception s. Error s are 
normally used for serious, hard errors in the system, such as those that prevent the JVM from 
running.  

 
Note: For readable code, it's good practice to append the string Exception  to the names of all 
classes that inherit (directly or indirectly) from the Exception  class.  

 
Unchecked Exceptions — The Controversy 

Because the Java programming language does not require methods to catch or to specify 
unchecked exceptions (RuntimeException , Error , and their subclasses), programmers may be 
tempted to write code that throws only unchecked exceptions or to make all their exception 
subclasses inherit from RuntimeException . Both of these shortcuts allow programmers to 
write code without bothering with compiler errors and without bothering to specify or to catch 
any exceptions. Although this may seem convenient to the programmer, it sidesteps the intent 
of the catch  or specify  requirement and can cause problems for others using your classes.  

Why did the designers decide to force a method to specify all uncaught checked exceptions that 
can be thrown within its scope? Any Exception  that can be thrown by a method is part of the 
method's public programming interface. Those who call a method must know about the 
exceptions that a method can throw so that they can decide what to do about them. These 
exceptions are as much a part of that method's programming interface as its parameters and 
return  value.  

The next question might be: "If it's so good to document a method's API, including the 
exceptions it can throw, why not specify runtime exceptions too?" Runtime exceptions 
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represent problems that are the result of a programming problem, and as such, the API client 
code cannot reasonably be expected to recover from them or to handle them in any way. Such 
problems include arithmetic exceptions, such as dividing by zero; pointer exceptions, such as 
trying to access an object through a null reference; and indexing exceptions, such as attempting 
to access an array element through an index that is too large or too small.  

Runtime exceptions can occur anywhere in a program, and in a typical one they can be very 
numerous. Having to add runtime exceptions in every method declaration would reduce a 
program's clarity. Thus, the compiler does not require that you catch or specify runtime 
exceptions (although you can).  

One case where it is common practice to throw a RuntimeException  is when the user calls a 
method incorrectly. For example, a method can check if one of its arguments is incorrectly 
null . If an argument is null , the method might throw a NullPointerException , which is an 
unchecked exception.  

Generally speaking, do not throw a RuntimeException  or create a subclass of 
RuntimeException  simply because you don't want to be bothered with specifying the 
exceptions your methods can throw.  

Here's the bottom line guideline: If a client can reasonably be expected to recover from an 
exception, make it a checked exception. If a client cannot do anything to recover from the 
exception, make it an unchecked exception. 

 
 
 
 
 
Advantages of Exceptions 
 
Now that you know what exceptions are and how to use them, it's time to learn the advantages 
of using exceptions in your programs.  

Advantage 1: Separating Error-Handling Code from "Regular" Code 
Exceptions provide the means to separate the details of what to do when something out of the 
ordinary happens from the main logic of a program. In traditional programming, error 
detection, reporting, and handling often lead to confusing spaghetti code. For example, 
consider the pseudocode method here that reads an entire file into memory.  
readFile { 
    open the file; 
    determine its size; 
    allocate that much memory; 
    read the file into memory; 
    close the file; 
} 
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At first glance, this function seems simple enough, but it ignores all the following potential 
errors.  

• What happens if the file can't be opened?  
• What happens if the length of the file can't be determined?  
• What happens if enough memory can't be allocated?  
• What happens if the read fails?  
• What happens if the file can't be closed?  

To handle such cases, the readFile  function must have more code to do error detection, 
reporting, and handling. Here is an example of what the function might look like.  
errorCodeType readFile { 
    initialize errorCode = 0; 
     
    open the file; 
    if (theFileIsOpen) { 
        determine the length of the file; 
        if (gotTheFileLength) { 
            allocate that much memory; 
            if (gotEnoughMemory) { 
                read the file into memory; 
                if (readFailed) { 
                    errorCode = -1; 
                } 
            } else { 
                errorCode = -2; 
            } 
        } else { 
            errorCode = -3; 
        } 
        close the file; 
        if (theFileDidntClose && errorCode == 0) { 
            errorCode = -4; 
        } else { 
            errorCode = errorCode and -4; 
        } 
    } else { 
        errorCode = -5; 
    } 
    return errorCode; 
} 
There's so much error detection, reporting, and returning here that the original seven lines of 
code are lost in the clutter. Worse yet, the logical flow of the code has also been lost, thus 
making it difficult to tell whether the code is doing the right thing: Is the file really being 
closed if the function fails to allocate enough memory? It's even more difficult to ensure that 
the code continues to do the right thing when you modify the method three months after 
writing it. Many programmers solve this problem by simply ignoring it — errors are reported 
when their programs crash.  
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Exceptions enable you to write the main flow of your code and to deal with the exceptional 
cases elsewhere. If the readFile  function used exceptions instead of traditional error-
management techniques, it would look more like the following.  

readFile { 
    try { 
        open the file; 
        determine its size; 
        allocate that much memory; 
        read the file into memory; 
        close the file; 
    } catch (fileOpenFailed) { 
       doSomething; 
    } catch (sizeDeterminationFailed) { 
        doSomething; 
    } catch (memoryAllocationFailed) { 
        doSomething; 
    } catch (readFailed) { 
        doSomething; 
    } catch (fileCloseFailed) { 
        doSomething; 
    } 
} 
Note that exceptions don't spare you the effort of doing the work of detecting, reporting, and 
handling errors, but they do help you organize the work more effectively.  

Advantage 2: Propagating Errors Up the Call Stack 
 
A second advantage of exceptions is the ability to propagate error reporting up the call stack of 
methods. Suppose that the readFile  method is the fourth method in a series of nested method 
calls made by the main program: method1  calls method2 , which calls method3 , which finally 
calls readFile .  
method1 { 
    call method2; 
} 
 
method2 { 
    call method3; 
} 
 
method3 { 
    call readFile; 
} 
Suppose also that method1  is the only method interested in the errors that might occur within 
readFile . Traditional error-notification techniques force method2  and method3  to propagate 
the error codes returned by readFile  up the call stack until the error codes finally reach 
method1 —the only method that is interested in them.  
method1 { 
    errorCodeType error; 
    error = call method2; 
    if (error) 
        doErrorProcessing; 
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    else 
        proceed; 
} 
 
errorCodeType method2 { 
    errorCodeType error; 
    error = call method3; 
    if (error) 
        return error; 
    else 
        proceed; 
} 
 
errorCodeType method3 { 
    errorCodeType error; 
    error = call readFile; 
    if (error) 
        return error; 
    else 
        proceed; 
} 
Recall that the Java runtime environment searches backward through the call stack to find any 
methods that are interested in handling a particular exception. A method can duck any 
exceptions thrown within it, thereby allowing a method farther up the call stack to catch it. 
Hence, only the methods that care about errors have to worry about detecting errors.  
method1 { 
    try { 
        call method2; 
    } catch (exception e) { 
        doErrorProcessing; 
    } 
} 
 
method2 throws exception { 
    call method3; 
} 
 
method3 throws exception { 
    call readFile; 
} 
However, as the pseudocode shows, ducking an exception requires some effort on the part of 
the middleman methods. Any checked exceptions that can be thrown within a method must be 
specified in its throws  clause.  

Advantage 3: Grouping and Differentiating Error Typ es 
 
Because all exceptions thrown within a program are objects, the grouping or categorizing of 
exceptions is a natural outcome of the class hierarchy. An example of a group of related 
exception classes in the Java platform are those defined in java.io  — IOException  and its 
descendants. IOException  is the most general and represents any type of error that can occur 
when performing I/O. Its descendants represent more specific errors. For example, 
FileNotFoundException  means that a file could not be located on disk.  
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A method can write specific handlers that can handle a very specific exception. The 
FileNotFoundException  class has no descendants, so the following handler can handle only 
one type of exception.  

catch (FileNotFoundException e) { 
    ... 
} 
A method can catch an exception based on its group or general type by specifying any of the 
exception's superclasses in the catch  statement. For example, to catch all I/O exceptions, 
regardless of their specific type, an exception handler specifies an IOException  argument.  
catch (IOException e) { 
    ... 
} 
This handler will be able to catch all I/O exceptions, including FileNotFoundException , 
EOFException , and so on. You can find details about what occurred by querying the argument 
passed to the exception handler. For example, use the following to print the stack trace.  
catch (IOException e) { 
    e.printStackTrace();  //Output goes to System.err. 
    e.printStackTrace(System.out);  //Send trace to stdout. 
} 
You could even set up an exception handler that handles any Exception  with the handler here.  
catch (Exception e) {    //A (too) general exception handler 
    ... 
} 
The Exception  class is close to the top of the Throwable  class hierarchy. Therefore, this 
handler will catch many other exceptions in addition to those that the handler is intended to 
catch. You may want to handle exceptions this way if all you want your program to do, for 
example, is print out an error message for the user and then exit.  

In most situations, however, you want exception handlers to be as specific as possible. The 
reason is that the first thing a handler must do is determine what type of exception occurred 
before it can decide on the best recovery strategy. In effect, by not catching specific errors, the 
handler must accommodate any possibility. Exception handlers that are too general can make 
code more error-prone by catching and handling exceptions that weren't anticipated by the 
programmer and for which the handler was not intended.  

As noted, you can create groups of exceptions and handle exceptions in a general fashion, or 
you can use the specific exception type to differentiate exceptions and handle exceptions in an 
exact fashion.  

Summary 
 
A program can use exceptions to indicate that an error occurred. To throw an exception, use 
the throw  statement and provide it with an exception object — a descendant of Throwable  — 
to provide information about the specific error that occurred. A method that throws an 
uncaught, checked exception must include a throws  clause in its declaration.  
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A program can catch exceptions by using a combination of the try , catch , and finally  
blocks.  

• The try  block identifies a block of code in which an exception can occur.  
• The catch  block identifies a block of code, known as an exception handler, that can 

handle a particular type of exception.  
• The finally  block identifies a block of code that is guaranteed to execute, and is the 

right place to close files, recover resources, and otherwise clean up after the code 
enclosed in the try  block.  

The try  statement should contain at least one catch  block or a finally  block and may have 
multiple catch  blocks.  

The class of the exception object indicates the type of exception thrown. The exception object 
can contain further information about the error, including an error message. With exception 
chaining, an exception can point to the exception that caused it, which can in turn point to the 
exception that caused it, and so on.  

 

 

 

 

 

Exception Handling- Notes 
 
Exceptions: 
 

• An exception is a condition which occurs during program execution which is 

(usually) indicative of some kind of failure or error condition. 

• Examples include attempting to access a file which does not exist, attempting to 

convert a non-numeric string to a numeric value, and using an array subscript which 

is out of range 

 

RunTime Exceptions: 
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• If you don't catch these, a stack trace will be generated and the program will 

terminate. 

• The compiler does not force you to catch these exceptions. 

 

Exception Types: 
 

• Exceptions are objects! 

• Exception types are classes. 

� A (quite large!) hierarchy of classes. 

• All exception types are derived from the class Exception 

� there are some methods defined in this base class. 

 
Exception Type Hierarchy (partial): 

 
 

 
 
 
Types of Exceptions: 
 

• Java has two kinds of exceptions 

• An unchecked exception is an exception that the programmer is NOT required to 

provide code to handle (number format errors and array subscript errors are of this 

type). 

Throwable 

Exception Error 

RunTimeException 

NullPointerException 

ArithmeticException 

IOException 

EOFException 

VirtualMachineError 
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• A checked exception is an exception that the programmer MUST provide code to 

handle or a fatal compiler error will be issued (all exceptions related to i/o operations 

are of this type). 

• If the programmer calls a method which can throw a checked exception, code must be 

provided to handle that exception 

 
Exception Handling: Some Options: 
 

• Print something 

• Throw a new exception 

• Re-Throw the exception 

• Fix the problem  

• Exit 

 

Exception Handling: exiting: 
 

• Sometimes the error is fatal, and you want to stop the program immediately. 

   System.exit(); 

 
Handling Exceptions: 
 

• Code which may result in an exception is said to throw the exception (the actual Java 

statement is ‘throw’). 

• An exception is implemented as an object which contains information as to what error 

condition occurred. 

• The code which detects the exception throws the exception and the programmer must 

provide code to catch the thrown exception object 

• Place the code which can result in an exception in a try block 

try { 

             <….. Code which can throw exceptions…> 

} 

•    Following the try block, place one or more catch blocks to handle the class of the 

thrown exception object (or a more general class) 
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     catch(ExceptionClass e) { 

           <…..  Code to handle exceptions of class ExceptionClass..> 

} 

 catch(ExceptionClass e) { 

          <…..  Code to handle exceptions of class ExceptionClass..> 

} 

• The catch block is really a method which is called (automatically) if the code in the 

try block throws an exception of class ExceptionClass. The exception object is passed 

to the method as the argument and named e by the argument list 

 
 
 
 
Exception Handling Example: 
 

• The code below illustrates the try/catch blocks required for creation of a FileReader 

object 

 

FileReader fr;    // don’t define inside of block, not visible outside if you do 
try { 
        fr = new FileReader(“c:\\stuff\\foo.dat”); 
} 
catch (FileNotFoundException e) { 
 JOptionPane.showMessageDialog(null,e); 
 System.exit(0); 
} 
 
using finally: 
 
Try 
 { 
   statements . . . 
} catch (ExceptionType1 ename1)  
{ 
   error handling statements . . . 
} catch (ExceptionType2 ename2)  
{ 
   error handling statements . . . 
} finally { 
   … this code always executed … 
} 
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Exception Handling Sample Codes:  
 
Analyse the print stack Trace in the below two examples:  
 
Example1: 
 
class Exc0 { 
  public static void main(String args[]) { 
    int d = 0; 
    int a = 42 / d; 
  } 
} 
Example2: 
class Exc1 { 
  static void subroutine() { 
    int d = 0; 
    int a = 10 / d; 
  } 
  public static void main(String args[]) { 
    Exc1.subroutine(); }} 
Handling Exceptions: 
 
class Exc2 { 
  public static void main(String args[]) { 
    int d, a; 
    try { // monitor a block of code. 
      d = 0; 
      a = 42 / d; 
      System.out.println("This will not be printed."); 
    } catch (ArithmeticException e) { // catch divide-by-zero error 
      System.out.println("Division by zero."); 
    } 
    System.out.println("After catch statement."); 
  } 
} 
 
// Handle an exception and move on. 
 
import java.util.Random; 
class HandleError { 
  public static void main(String args[]) { 
    int a=0, b=0, c=0; 
    Random r = new Random(); 
    for(int i=0; i<32000; i++) { 
      try { 
        b = r.nextInt(); 
        c = r.nextInt(); 
        a = 12345 / (b/c); 
      } catch (ArithmeticException e) { 
        System.out.println("Division by zero."); 
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        a = 0; // set a to zero and continue 
      } 
      System.out.println("a: " + a); 
    } 
  } 
} 
 
// Demonstrate multiple catch statements. 
 
class MultiCatch { 
  public static void main(String args[]) { 
    try { 
      int a = args.length; 
      System.out.println("a = " + a); 
      int b = 42 / a; 
      int c[] = { 1 }; 
      c[42] = 99; 
    } catch(ArithmeticException e) { 
      System.out.println("Divide by 0: " + e); 
    } catch(ArrayIndexOutOfBoundsException e) { 
      System.out.println("Array index oob: " + e); 
    } 
    System.out.println("After try/catch blocks."); 
  } 
}  
 
// An example nested try statements. 
 
class NestTry { 
  public static void main(String args[]) { 
    try { 
      int a = args.length; 
      /* If no command line args are present, 
         the following statement will generate 
         a divide-by-zero exception. */ 
      int b = 42 / a; 
      System.out.println("a = " + a); 
      try { // nested try block 
        /* If one command line arg is used, 
           then an divide-by-zero exception  
           will be generated by the following code. */ 
        if(a==1) a = a/(a-a); // division by zero 
 
        /* If two command line args are used 
           then generate an out-of-bounds exception. */ 
        if(a==2) { 
          int c[] = { 1 }; 
          c[42] = 99; // generate an out-of-bounds exception 
        } 
      } catch(ArrayIndexOutOfBoundsException e) { 
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        System.out.println("Array index out-of-bounds: " + e); 
      } 
    } catch(ArithmeticException e) { 
      System.out.println("Divide by 0: " + e); 
    } 
  } 
} 
 
/* Try statements can be implicitly nested via 
   calls to methods. */ 
 
class MethNestTry { 
  static void nesttry(int a) { 
    try { // nested try block 
      /* If one command line arg is used, 
         then an divide-by-zero exception  
         will be generated by the following code. */ 
      if(a==1) a = a/(a-a); // division by zero 
      /* If two command line args are used 
         then generate an out-of-bounds exception. */      
      if(a==2) { 
        int c[] = { 1 }; 
     c[42] = 99; // generate an out-of-bounds exception 
      } 
    } catch(ArrayIndexOutOfBoundsException e) { 
 System.out.println("Array index out-of-bounds: " + e); 
    } 
  } 
  public static void main(String args[]) { 
    try { 
      int a = args.length; 
      /* If no command line args are present, 
         the following statement will generate 
         a divide-by-zero exception. */ 
      int b = 42 / a; 
      System.out.println("a = " + a); 
      nesttry(a); 
    } catch(ArithmeticException e) { 
      System.out.println("Divide by 0: " + e); 
    } 
  } 
}  
 
// Demonstrate throw. 
 
class ThrowDemo { 
  static void demoproc() { 
    try { 
      throw new NullPointerException("demo"); 
    } catch(NullPointerException e) { 
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      System.out.println("Caught inside demoproc."); 
      throw e; // re-throw the exception 
    } 
  } 
  public static void main(String args[]) { 
    try { 
      demoproc(); 
    } catch(NullPointerException e) { 
      System.out.println("Recaught: " + e); 
    } 
  } 
} 
 
// This program contains an error and will not compile. 
 
class ThrowsDemo { 
  static void throwOne() { 
    System.out.println("Inside throwOne."); 
    throw new IllegalAccessException("demo"); 
  } 
  public static void main(String args[]) { 
    throwOne(); 
  } 
} 
 
 
 
 
 
 
 
 
// This is now correct. 
 
class ThrowsDemo { 
  static void throwOne() throws IllegalAccessException { 
    System.out.println("Inside throwOne."); 
    throw new IllegalAccessException("demo"); 
  } 
  public static void main(String args[]) { 
    try { 
      throwOne(); 
    } catch (IllegalAccessException e) { 
      System.out.println("Caught " + e); 
    } 
  } 
} 
// Demonstrate finally. 
 
class FinallyDemo { 
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  // Through an exception out of the method. 
  static void procA() { 
    try { 
      System.out.println("inside procA"); 
      throw new RuntimeException("demo"); 
    } finally { 
      System.out.println("procA's finally"); 
    } 
  } 
 
  // Return from within a try block. 
  static void procB() { 
    try { 
      System.out.println("inside procB"); 
      return; 
    } finally { 
      System.out.println("procB's finally"); 
    } 
  } 
  // Execute a try block normally. 
  static void procC() { 
    try { 
      System.out.println("inside procC"); 
    } finally { 
      System.out.println("procC's finally"); 
    } 
  } 
  public static void main(String args[]) { 
    try { 
      procA(); 
    } catch (Exception e) { 
      System.out.println("Exception caught"); 
    } 
    procB(); 
    procC(); 
  } 
}  
// This program creates a custom exception type. 
 
class MyException extends Exception { 
  private int detail; 
  MyException(int a) { 
    detail = a; 
  } 
  public String toString() { 
    return "MyException[" + detail + "]"; 
  }} 
class ExceptionDemo { 
  static void compute(int a) throws MyException { 
    System.out.println("Called compute(" + a + ")"); 
    if(a > 10) 
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      throw new MyException(a); 
    System.out.println("Normal exit"); 
  } 
  public static void main(String args[]) { 
    try { 
      compute(1); 
      compute(20); 
    } catch (MyException e) { 
      System.out.println("Caught " + e); 
    }  }} 
 
FAQ’S: 
 

• How do you know what code to put in a try block and which exceptions to catch? 

• Look at examples which do what you want to do and/or let the compiler tell you 

which exceptions you failed to handle 

• What do you do in your catch block? 

• For our purposes, just issue a message (passing the exception object to 

showMessageDialog will cause the exception text to display) and shut the program 

down. 

• How much code do you put in the try block? 

1. Include the statement(s) which can throw a given class of exceptions or 

related exceptions. 

2. If the code which can throw the exception is in a loop, put the entire loop in 

the try block because the exception handling apparatus is expensive (in 

terms of processor work) 

3. If a piece of code which can throw exceptions will be coded in several 

places, put the code in a method so that the try/catch code is only written 

once. 

 

 
 
 

An element in a stack trace, as returned by Throwable.getStackTrace() . Each element 
represents a single stack frame. All stack frames except for the one at the top of the stack 
represent a method invocation. The frame at the top of the stack represents the the execution 

Class StackTraceElement 
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point at which the stack trace was generated. Typically, this is the point at which the throwable 
corresponding to the stack trace was created.  

public final class StackTraceElement 
extends Object 
implements Serializable 

 

Method Summary 

 boolean  equals( Object  obj)   
          Returns true if the specified object is another StackTraceElement  instance 
representing the same execution point as this instance. 

 String  getClassName()   
          Returns the fully qualified name of the class containing the execution point 
represented by this stack trace element. 

 String  getFileName()   
          Returns the name of the source file containing the execution point represented by 
this stack trace element. 

 int  getLineNumber()   
          Returns the line number of the source line containing the execution point represented 
by this stack trace element. 

 String  getMethodName()   
          Returns the name of the method containing the execution point represented by this 
stack trace element. 

 int  hashCode()   
          Returns a hash code value for this stack trace element. 

 boolean  isNativeMethod()   
          Returns true if the method containing the execution point represented by this stack 
trace element is a native method. 

 String  toString()   
          Returns a string representation of this stack trace element. 

Method Detail 

getFileName 
public String  getFileName() 

Returns the name of the source file containing the execution point represented by this 
stack trace element. Generally, this corresponds to the SourceFile  attribute of the 
relevant class  file (as per The Java Virtual Machine Specification, Section 4.7.7). In 
some systems, the name may refer to some source code unit other than a file, such as an 
entry in source repository.  
Returns: 
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the name of the file containing the execution point represented by this stack trace 
element, or null  if this information is unavailable. 

 

getLineNumber 
public int getLineNumber() 

Returns the line number of the source line containing the execution point represented 
by this stack trace element. Generally, this is derived from the LineNumberTable  
attribute of the relevant class  file (as per The Java Virtual Machine Specification, 
Section 4.7.8).  
Returns: 
the line number of the source line containing the execution point represented by this 
stack trace element, or a negative number if this information is unavailable. 

 

getClassName 
public String  getClassName() 

Returns the fully qualified name of the class containing the execution point represented 
by this stack trace element.  
Returns: 
the fully qualified name of the Class  containing the execution point represented by this 
stack trace element. 

 

getMethodName 
public String  getMethodName() 

Returns the name of the method containing the execution point represented by this 
stack trace element. If the execution point is contained in an instance or class initializer, 
this method will return the appropriate special method name, <init>  or <clinit> , as 
per Section 3.9 of The Java Virtual Machine Specification.  
Returns: 
the name of the method containing the execution point represented by this stack trace 
element. 

 

isNativeMethod 
public boolean isNativeMethod() 

Returns true if the method containing the execution point represented by this stack trace 
element is a native method.  
Returns: 
true  if the method containing the execution point represented by this stack trace 
element is a native method. 

 

toString 
public String  toString() 
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Returns a string representation of this stack trace element. The format of this string 
depends on the implementation, but the following examples may be regarded as typical:  

• "MyClass.mash(MyClass.java:9)"  - Here, "MyClass"  is the fully-qualified 
name of the class containing the execution point represented by this stack trace 
element, "mash"  is the name of the method containing the execution point, 
"MyClass.java"  is the source file containing the execution point, and "9"  is 
the line number of the source line containing the execution point.  

• "MyClass.mash(MyClass.java)"  - As above, but the line number is 
unavailable.  

• "MyClass.mash(Unknown Source)"  - As above, but neither the file name nor 
the line number are available.  

• "MyClass.mash(Native Method)"  - As above, but neither the file name nor 
the line number are available, and the method containing the execution point is 
known to be a native method.  

Overrides: 
toString  in class Object  
Returns: 
a string representation of the object. 
See Also: 
Throwable.printStackTrace()  

 

equals 
public boolean equals( Object  obj) 

Returns true if the specified object is another StackTraceElement  instance 
representing the same execution point as this instance. Two stack trace elements a and 
b are equal if and only if:  
     equals(a.getFileName(), b.getFileName()) && 
     a.getLineNumber() == b.getLineNumber()) && 
     equals(a.getClassName(), b.getClassName()) && 
     equals(a.getMethodName(), b.getMethodName()) 
  

where equals  is defined as:  
     static boolean equals(Object a, Object b) { 
         return a==b || (a != null && a.equals(b));  
     } 
  

Overrides: 
equals  in class Object  
Parameters: 
obj  - the object to be compared with this stack trace element.  
Returns: 
true if the specified object is another StackTraceElement  instance representing the 
same execution point as this instance. 
See Also: 
Object.hashCode() , Hashtable  
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hashCode 
public int hashCode() 

Returns a hash code value for this stack trace element.  
Overrides: 
hashCode  in class Object  
Returns: 
a hash code value for this object. 
See Also: 
Object.equals(java.lang.Object) , Hashtable  
 
 
 

 

Programming With Assertions 

 

 

An assertion is a statement in the JavaTM programming language that enables you to test your 
assumptions about your program. For example, if you write a method that calculates the speed 
of a particle, you might assert that the calculated speed is less than the speed of light.  

Each assertion contains a boolean expression that you believe will be true when the assertion 
executes. If it is not true, the system will throw an error. By verifying that the boolean 
expression is indeed true, the assertion confirms your assumptions about the behavior of your 
program, increasing your confidence that the program is free of errors.  

Experience has shown that writing assertions while programming is one of the quickest and 
most effective ways to detect and correct bugs. As an added benefit, assertions serve to 
document the inner workings of your program, enhancing maintainability.  

This document shows you how to program with assertions. It covers the topics:  

• Introduction  
• Putting Assertions Into Your Code  
• Compiling Files That Use Assertions  
• Enabling and Disabling Assertions  
• Compatibility With Existing Programs   

 

Introduction 

The assertion statement has two forms. The first, simpler form is:  
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    assert Expression1 ; 

where Expression1 is a boolean  expression. When the system runs the assertion, it evaluates 
Expression1 and if it is false  throws an AssertionError  with no detail message.  

The second form of the assertion statement is:  

    assert Expression1 : Expression2 ; 

where:  

• Expression1 is a boolean  expression.  
• Expression2 is an expression that has a value. (It cannot be an invocation of a method 

that is declared void .)  

Use this version of the assert  statement to provide a detail message for the AssertionError . 
The system passes the value of Expression2 to the appropriate AssertionError  constructor, 
which uses the string representation of the value as the error's detail message.  

The purpose of the detail message is to capture and communicate the details of the assertion 
failure. The message should allow you to diagnose and ultimately fix the error that led the 
assertion to fail. Note that the detail message is not a user-level error message, so it is generally 
unnecessary to make these messages understandable in isolation, or to internationalize them. 
The detail message is meant to be interpreted in the context of a full stack trace, in conjunction 
with the source code containing the failed assertion.  

Like all uncaught exceptions, assertion failures are generally labeled in the stack trace with the 
file and line number from which they were thrown. The second form of the assertion statement 
should be used in preference to the first only when the program has some additional 
information that might help diagnose the failure. For example, if Expression1 involves the 
relationship between two variables x  and y , the second form should be used. Under these 
circumstances, a reasonable candidate for Expression2 would be "x: " + x + ", y: " + y .  

In some cases Expression1 may be expensive to evaluate. For example, suppose you write a 
method to find the minimum element in an unsorted list, and you add an assertion to verify that 
the selected element is indeed the minimum. The work done by the assert will be at least as 
expensive as the work done by the method itself. To ensure that assertions are not a 
performance liability in deployed applications, assertions can be enabled or disabled when the 
program is started, and are disabled by default. Disabling assertions eliminates their 
performance penalty entirely. Once disabled, they are essentially equivalent to empty 
statements in semantics and performance. See Enabling and Disabling Assertions for more 
information. The addition of the assert  keyword to the Java programming language has 
implications for existing code. See Compatibility With Existing Programs for more 
information.  
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Putting Assertions Into Your Code 

There are many situations where it is good to use assertions. This section covers some of them:  

• Internal Invariants  
• Control-Flow Invariants  
• Preconditions, Postconditions, and Class Invariants  

There are also a few situations where you should not use them:  

• Do not use assertions for argument checking in public methods.  

Argument checking is typically part of the published specifications (or contract) of a 
method, and these specifications must be obeyed whether assertions are enabled or 
disabled. Another problem with using assertions for argument checking is that 
erroneous arguments should result in an appropriate runtime exception (such as 
IllegalArgumentException , IndexOutOfBoundsException , or 
NullPointerException ). An assertion failure will not throw an appropriate exception.  

• Do not use assertions to do any work that your application requires for correct 
operation.  

Because assertions may be disabled, programs must not assume that the boolean 
expression contained in an assertion will be evaluated. Violating this rule has dire 
consequences. For example, suppose you wanted to remove all of the null elements 
from a list names, and knew that the list contained one or more nulls. It would be wrong 
to do this:  

    // Broken! - action is contained in assertion 
    assert names.remove(null); 

The program would work fine when asserts were enabled, but would fail when they 
were disabled, as it would no longer remove the null elements from the list. The correct 
idiom is to perform the action before the assertion and then assert that the action 
succeeded:  

    // Fixed - action precedes assertion 
    boolean nullsRemoved = names.remove(null); 
    assert nullsRemoved;  // Runs whether or not as serts are enabled 

As a rule, the expressions contained in assertions should be free of side effects: 
evaluating the expression should not affect any state that is visible after the evaluation 
is complete. One exception to this rule is that assertions can modify state that is used 
only from within other assertions. An idiom that makes use of this exception is 
presented later in this document.  
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Internal Invariants 

Before assertions were available, many programmers used comments to indicate their 
assumptions concerning a program's behavior. For example, you might have written something 
like this to explain your assumption about an else  clause in a multiway if-statement:  

    if (i % 3 == 0) { 
        ... 
    } else if (i % 3 == 1) { 
        ... 
    } else { // We know (i % 3 == 2) 
        ... 
    } 

You should now use an assertion whenever you would have written a comment that 
asserts an invariant. For example, you should rewrite the previous if-statement like this:  

    if (i % 3 == 0) { 
        ... 
    } else if (i % 3 == 1) { 
        ... 
    } else { 
        assert i % 3 == 2 : i; 
        ... 
    } 

Note, incidentally, that the assertion in the above example may fail if i  is negative, as the % 
operator is not a true modulus operator, but computes the remainder, which may be negative.  

Another good candidate for an assertion is a switch  statement with no default  case. The 
absence of a default  case typically indicates that a programmer believes that one of the cases 
will always be executed. The assumption that a particular variable will have one of a small 
number of values is an invariant that should be checked with an assertion. For example, 
suppose the following switch  statement appears in a program that handles playing cards:  

    switch(suit) { 
      case Suit.CLUBS: 
        ... 
        break; 
 
      case Suit.DIAMONDS: 
        ... 
        break; 
 
      case Suit.HEARTS: 
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        ... 
        break; 
 
      case Suit.SPADES: 
        ... 
    }  

It probably indicates an assumption that the suit  variable will have one of only four values. To 
test this assumption, you should add the following default case:  

      default: 
        assert false : suit;  

If the suit  variable takes on another value and assertions are enabled, the assert will fail and 
an AssertionError  will be thrown.  

An acceptable alternative is: 

      default: 
        throw new AssertionError(suit);  

This alternative offers protection even if assertions are disabled, but the extra protection adds 
no cost: the throw  statement won't execute unless the program has failed. Moreover, the 
alternative is legal under some circumstances where the assert  statement is not. If the 
enclosing method returns a value, each case in the switch  statement contains a return  
statement, and no return  statement follows the switch  statement, then it would cause a syntax 
error to add a default case with an assertion. (The method would return without a value if no 
case matched and assertions were disabled.)  

   

Control-Flow Invariants 

The previous example not only tests an invariant, it also checks an assumption about the 
application's flow of control. The author of the original switch  statement probably assumed 
not only that the suit  variable would always have one of four values, but also that one of the 
four cases would always be executed. It points out another general area where you should use 
assertions: place an assertion at any location you assume will not be reached. The 
assertions statement to use is:  

    assert false;  

For example, suppose you have a method that looks like this:  

    void foo() { 
        for (...) { 
            if (...) 
                return; 
        } 
        // Execution should never reach this point!!! 
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    }  

Replace the final comment so that the code now reads:  

    void foo() { 
        for (...) { 
            if (...) 
                return; 
        } 
        assert false; // Execution should never reach this point! 
    }  

 
Note: Use this technique with discretion. If a statement is unreachable as defined in the Java 
Language Specification ( JLS 14.20), you will get a compile time error if you try to assert that 
it is not reached. Again, an acceptable alternative is simply to throw an AssertionError .  

 

   

Preconditions, Postconditions, and Class Invariants  

While the assert construct is not a full-blown design-by-contract facility, it can help support an 
informal design-by-contract style of programming. This section shows you how to use asserts 
for:  

• Preconditions — what must be true when a method is invoked.  
o Lock-Status Preconditions — preconditions concerning whether or not a given 

lock is held.  
• Postconditions — what must be true after a method completes successfully. 
• Class invariants — what must be true about each instance of a class. 

   

Preconditions 

By convention, preconditions on public methods are enforced by explicit checks that throw 
particular, specified exceptions. For example:  

    /** 
     * Sets the refresh rate. 
     * 
     * @param  rate refresh rate, in frames per sec ond. 
     * @throws IllegalArgumentException if rate <= 0 or 
     *          rate > MAX_REFRESH_RATE. 
     */ 
     public void setRefreshRate(int rate) { 
         // Enforce specified precondition in public method 
         if (rate <= 0 || rate > MAX_REFRESH_RATE) 
             throw new IllegalArgumentException("Il legal rate: " + rate); 
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         setRefreshInterval(1000/rate); 
     }  

This convention is unaffected by the addition of the assert  construct. Do not use assertions 
to check the parameters of a public method. An assert is inappropriate because the method 
guarantees that it will always enforce the argument checks. It must check its arguments 
whether or not assertions are enabled. Further, the assert  construct does not throw an 
exception of the specified type. It can throw only an AssertionError .  

You can, however, use an assertion to test a nonpublic method's precondition that you believe 
will be true no matter what a client does with the class. For example, an assertion is appropriate 
in the following "helper method" that is invoked by the previous method:  

   /** 
    * Sets the refresh interval (which must corresp ond to a legal frame 
rate). 
    * 
    * @param  interval refresh interval in millisec onds. 
    */ 
    private void setRefreshInterval(int interval) { 
        // Confirm adherence to precondition in nonpublic method 
        assert interval > 0 && interval <= 1000/MAX _REFRESH_RATE : interval; 
 
        ... // Set the refresh interval 
    }  

Note, the above assertion will fail if MAX_REFRESH_RATE is greater than 1000 and the client 
selects a refresh rate greater than 1000. This would, in fact, indicate a bug in the library!  

   

Lock-Status Preconditions 

Classes designed for multithreaded use often have non-public methods with preconditions 
relating to whether or not some lock is held. For example, it is not uncommon to see something 
like this:  

   private Object[] a; 
 
   public synchronized int find(Object key) { 
      return find(key, a, 0, a.length); 
   } 
 
   // Recursive helper method - always called with a lock on this object 
   private int find(Object key, Object[] arr, int s tart, int len) { 
       ... 
   }  

A static method called holdsLock  has been added to the Thread  class to test whether the 
current thread holds the lock on a specified object. This method can be used in combination 
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with an assert  statement to supplement a comment describing a lock-status precondition, as 
shown in the following example:  

    // Recursive helper method - always called with  a lock on this. 
    private int find(Object key, Object[] arr, int start, int len) { 
        assert Thread.holdsLock(this); // lock-status assertion  
        ... 
    }  

Note that it is also possible to write a lock-status assertion asserting that a given lock isn't held.  

   

Postconditions 

You can test postcondition with assertions in both public and nonpublic methods. For example, 
the following public method uses an assert  statement to check a post condition:  

    /** 
     * Returns a BigInteger whose value is (this -1  mod m). 
     * 
     * @param  m the modulus. 
     * @return this -1  mod m. 
     * @throws ArithmeticException  m <= 0, or this  BigInteger 
     *         has no multiplicative inverse mod m (that is, this BigInteger 
     *         is not relatively prime to m). 
     */ 
    public BigInteger modInverse(BigInteger m) { 
        if (m.signum <= 0) 
            throw new ArithmeticException("Modulus not positive: " + m); 
 
        ... // Do the computation 
 
        assert this.multiply(result).mod(m).equals(ONE) : this; 
        return result; 
    } 

Occasionally it is necessary to save some data prior to performing a computation in order to 
check a postcondition. You can do this with two assert  statements and a simple inner class 
that saves the state of one or more variables so they can be checked (or rechecked) after the 
computation. For example, suppose you have a piece of code that looks like this:  

    void foo(int[] array) { 
        // Manipulate array 
        ... 
 
        // At this point, array will contain exactl y the ints that it did 
        // prior to manipulation, in the same order . 
    } 
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Here is how you could modify the above method to turn the textual assertion of a postcondition 
into a functional one:  

    void foo(final int[] array) { 
 
        // Inner class that saves state and performs final consistency check 
        class DataCopy { 
            private int[] arrayCopy; 
 
            DataCopy() { arrayCopy = (int[]) array. clone(); } 
 
            boolean isConsistent() { return Arrays. equals(array, arrayCopy); 
} 
        } 
 
        DataCopy copy = null; 
 
        // Always succeeds; has side effect of saving a copy of array 
        assert ((copy = new DataCopy()) != null); 
 
        ... // Manipulate array 
 
        // Ensure array has same ints in same order as before manipulation. 
        assert copy.isConsistent(); 
     }  

You can easily generalize this idiom to save more than one data field, and to test arbitrarily 
complex assertions concerning pre-computation and post-computation values.  

You might be tempted to replace the first assert statement (which is executed solely for its 
side-effect) by the following, more expressive statement:  

    copy = new DataCopy();  

Don't make this replacement. The statement above would copy the array whether or not asserts 
were enabled, violating the principle that assertions should have no cost when disabled.  

   

Class Invariants 
A class invariants is a type of internal invariant that applies to every instance of a class at all 
times, except when an instance is in transition from one consistent state to another. A class 
invariant can specify the relationships among multiple attributes, and should be true before and 
after any method completes. For example, suppose you implement a balanced tree data 
structure of some sort. A class invariant might be that the tree is balanced and properly 
ordered.  

The assertion mechanism does not enforce any particular style for checking invariants. It is 
sometimes convenient, though, to combine the expressions that check required constraints into 
a single internal method that can be called by assertions. Continuing the balanced tree example, 
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it might be appropriate to implement a private method that checked that the tree was indeed 
balanced as per the dictates of the data structure:  

    // Returns true if this tree is properly balanc ed 
    private boolean balanced() { 
        ... 
    } 

Because this method checks a constraint that should be true before and after any method 
completes, each public method and constructor should contain the following line immediately 
prior to its return:  

    assert balanced();  

It is generally unnecessary to place similar checks at the head of each public method unless the 
data structure is implemented by native methods. In this case, it is possible that a memory 
corruption bug could corrupt a "native peer" data structure in between method invocations. A 
failure of the assertion at the head of such a method would indicate that such memory 
corruption had occurred. Similarly, it may be advisable to include class invariant checks at the 
heads of methods in classes whose state is modifiable by other classes. (Better yet, design 
classes so that their state is not directly visible to other classes!)  

   

Advanced Uses 
The following sections discuss topics that apply only to resource-constrained devices and to 
systems where asserts must not be disabled in the field. If you have no interest in these topics, 
skip to the next section, "Compiling Files that Use Assertions".  

   

Removing all Trace of Assertions from Class Files 

Programmers developing applications for resource-constrained devices may wish to strip 
assertions out of class files entirely. While this makes it impossible to enable assertions in the 
field, it also reduces class file size, possibly leading to improved class loading performance. In 
the absence of a high quality JIT, it could lead to decreased footprint and improved runtime 
performance.  

The assertion facility offers no direct support for stripping assertions out of class files. The 
assert statement may, however, be used in conjunction with the "conditional compilation" 
idiom described in JLS 14.20, enabling the compiler to eliminate all traces of these asserts 
from the class files that it generates:  

    static final boolean asserts = ... ; // false t o eliminate asserts 
 
    if (asserts) 
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        assert <expr> ;  

   

Requiring that Assertions are Enabled 

Programmers of certain critical systems might wish to ensure that assertions are not disabled in 
the field. The following static initialization idiom prevents a class from being initialized if its 
assertions have been disabled:  

    static { 
        boolean assertsEnabled = false; 
        assert assertsEnabled = true; // Intentional side effect!!! 
        if (!assertsEnabled) 
            throw new RuntimeException("Asserts mus t be enabled!!!"); 
    }  

Put this static-initializer at the top of your class.  

   

 

Compiling Files That Use Assertions 

In order for the javac  compiler to accept code containing assertions, you must use the -
source 1.4  command-line option as in this example:  

    javac -source 1.4 MyClass.java  

This flag is necessary so as not to cause source compatibility problems.  
 

Enabling and Disabling Assertions 

By default, assertions are disabled at runtime. Two command-line switches allow you to 
selectively enable or disable assertions.  

To enable assertions at various granularities, use the -enableassertions , or -ea , switch. To 
disable assertions at various granularities, use the -disableassertions , or -da , switch. You 
specify the granularity with the arguments that you provide to the switch:  

• no arguments  
   Enables or disables assertions in all classes except system classes.  

• packageName...   
   Enables or disables assertions in the named package and any subpackages.  
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• ...  
   Enables or disables assertions in the unnamed package in the current working 
directory.  

• className 
   Enables or disables assertions in the named class  

For example, the following command runs a program, BatTutor , with assertions enabled in 
only package com.wombat.fruitbat  and its subpackages:  

    java -ea:com.wombat.fruitbat... BatTutor 

If a single command line contains multiple instances of these switches, they are processed in 
order before loading any classes. For example, the following command runs the BatTutor  
program with assertions enabled in package com.wombat.fruitbat  but disabled in class 
com.wombat.fruitbat.Brickbat :  

    java -ea:com.wombat.fruitbat... -da:com.wombat. fruitbat.Brickbat 
BatTutor  

The above switches apply to all class loaders. With one exception, they also apply to system 
classes (which do not have an explicit class loader). The exception concerns the switches with 
no arguments, which (as indicated above) do not apply to system classes. This behavior makes 
it easy to enable asserts in all classes except for system classes, which is commonly desirable.  

To enable assertions in all system classes, use a different switch: -enablesystemassertions , 
or -esa . Similarly, to disable assertions in system classes, use -disablesystemassertions , 
or -dsa .  

For example, the following command runs the BatTutor  program with assertions enabled in 
system classes, as well as in the com.wombat.fruitbat  package and its subpackages:  

    java -esa -ea:com.wombat.fruitbat...  

The assertion status of a class (enabled or disabled) is set at the time it is initialized, and does 
not change. There is, however, one corner case that demands special treatment. It is possible, 
though generally not desirable, to execute methods or constructors prior to initialization. This 
can happen when a class hierarchy contains a circularity in its static initialization.  

If an assert  statement executes before its class is initialized, the execution must behave as if 
assertions were enabled in the class. This topic is discussed in detail in the assertions 
specification.  
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Compatibility With Existing Programs 

The addition of the assert  keyword to the Java programming language does not cause any 
problems with preexisting binaries (.class  files). If you try to compile an application that uses 
assert  as an identifier, however, you will receive a warning or error message. In order to ease 
the transition from a world where assert  is a legal identifier to one where it isn't, the compiler 
supports two modes of operation in this release:  

• source mode 1.3 (default) — the compiler accepts programs that use assert  as an 
identifier, but issues warnings. In this mode, programs are not permitted to use the 
assert  statement. 

• source mode 1.4 — the compiler generates an error message if the program uses 
assert  as an identifier. In this mode, programs are permitted to use the assert  
statement. 

Unless you specifically request source mode 1.4 with the -source 1.4  flag, the compiler 
operates in source mode 1.3. If you forget to use this this flag, programs that use the new 
assert statement will not compile. Having the compiler use the old semantics as its default 
behavior (that is, allowing assert  to be used as an identifier) was done for maximal source 
compatibility. Source mode 1.3 is likely to be phased out over time.  

 

 

 

 

 

 

 

JavaTM Logging Overview 

The logging APIs are described in detail in the J2SE API Specification. The goal of this 
document is to provide an overview of key elements.  
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1.1 Overview of Control Flow 

Applications make logging calls on Logger objects. Loggers are organized in a hierarchical 
namespace and child Loggers may inherit some logging properties from their parents in the 
namespace.  

Applications make logging calls on Logger objects. These Logger objects allocate LogRecord 
objects which are passed to Handler objects for publication. Both Loggers and Handlers may 
use logging Levels and (optionally) Filters to decide if they are interested in a particular 
LogRecord. When it is necessary to publish a LogRecord externally, a Handler can (optionally) 
use a Formatter to localize and format the message before publishing it to an I/O stream.  

 

Each Logger keeps track of a set of output Handlers. By default all Loggers also send their 
output to their parent Logger. But Loggers may also be configured to ignore Handlers higher 
up the tree.  

Some Handlers may direct output to other Handlers. For example, the MemoryHandler 
maintains an internal ring buffer of LogRecords and on trigger events it publishes its 
LogRecords through a target Handler. In such cases, any formatting is done by the last Handler 
in the chain.  

The APIs are structured so that calls on the Logger APIs can be cheap when logging is 
disabled. If logging is disabled for a given log level, then the Logger can make a cheap 
comparison test and return. If logging is enabled for a given log level, the Logger is still careful 
to minimize costs before passing the LogRecord into the Handlers. In particular, localization 
and formatting (which are relatively expensive) are deferred until the Handler requests them. 
For example, a MemoryHandler can maintain a circular buffer of LogRecords without having 
to pay formatting costs.  
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1.2 Log Levels 

Each log message has an associated log Level. The Level gives a rough guide to the importance 
and urgency of a log message. Log level objects encapsulate an integer value, with higher 
values indicating higher priorities.  

The Level  class defines seven standard log levels, ranging from FINEST (the lowest priority, 
with the lowest value) to SEVERE (the highest priority, with the highest value).  

1.3 Loggers 

As stated earlier, client code sends log requests to Logger objects. Each logger keeps track of a 
log level that it is interested in, and discards log requests that are below this level.  

Loggers are normally named entities, using dot-separated names such as "java.awt". The 
namespace is hierarchical and is managed by the LogManager. The namespace should typically 
be aligned with the Java packaging namespace, but is not required to follow it slavishly. For 
example, a Logger called "java.awt" might handle logging requests for classes in the java.awt 
package, but it might also handle logging for classes in sun.awt that support the client-visible 
abstractions defined in the java.awt package.  

In addition to named Loggers, it is also possible to create anonymous Loggers that don't appear 
in the shared namespace. See section 1.14.  

Loggers keep track of their parent loggers in the logging namespace. A logger's parent is its 
nearest extant ancestor in the logging namespace. The root Logger (named "") has no parent. 
Anonymous loggers are all given the root logger as their parent. Loggers may inherit various 
attributes from their parents in the logger namespace. In particular, a logger may inherit:  

• Logging level. If a Logger's level is set to be null then the Logger will use an effective 
Level that will be obtained by walking up the parent tree and using the first non-null 
Level.  

• Handlers. By default a Logger will log any output messages to its parent's handlers, and 
so on recursively up the tree.  

• Resource bundle names. If a logger has a null resource bundle name, then it will inherit 
any resource bundle name defined for its parent, and so on recursively up the tree.  

1.4 Logging Methods 

The Logger class provides a large set of convenience methods for generating log messages. For 
convenience, there are methods for each logging level, named after the logging level name. 
Thus rather than calling "logger.log(Constants.WARNING,..." a developer can simply call the 
convenience method "logger.warning(..."  

There are two different styles of logging methods, to meet the needs of different communities 
of users.  
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First, there are methods that take an explicit source class name and source method name. These 
methods are intended for developers who want to be able to quickly locate the source of any 
given logging message. An example of this style is:  

void warning(String sourceClass, String sourceMetho d, String msg);  

Second, there are a set of methods that do not take explicit source class or source method 
names. These are intended for developers who want easy-to-use logging and do not require 
detailed source information.  

void warning(String msg);  

For this second set of methods, the Logging framework will make a "best effort" to determine 
which class and method called into the logging framework and will add this information into 
the LogRecord. However, it is important to realize that this automatically inferred information 
may only be approximate. The latest generation of virtual machines perform extensive 
optimizations when JITing and may entirely remove stack frames, making it impossible to 
reliably locate the calling class and method.  

1.5 Handlers 

J2SE provides the following Handlers:  

• StreamHandler: A simple handler for writing formatted records to an OutputStream.  
• ConsoleHandler: A simple handler for writing formatted records to System.err  
• FileHandler: A handler that writes formatted log records either to a single file, or to a 

set of rotating log files.  
• SocketHandler: A handler that writes formatted log records to remote TCP ports.  
• MemoryHandler: A handler that buffers log records in memory.  

It is fairly straightforward to develop new Handlers. Developers requiring specific 
functionality can either develop a Handler from scratch or subclass one of the provided 
Handlers.  

1.6 Formatters 
J2SE also includes two standard Formatters:  

• SimpleFormatter: Writes brief "human-readable" summaries of log records.  
• XMLFormatter: Writes detailed XML-structured information.  

As with Handlers, it is fairly straightforward to develop new Formatters.  

1.7 The LogManager 
There is a global LogManager object that keeps track of global logging information. This 
includes:  
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• A hierarchical namespace of named Loggers.  
• A set of logging control properties read from the configuration file. See section 1.8.  

There is a single LogManager object that can be retrieved using the static 
LogManager.getLogManager method. This is created during LogManager initialization, based 
on a system property. This property allows container applications (such as EJB containers) to 
substitute their own subclass of LogManager in place of the default class.  

1.8 Configuration File 

The logging configuration can be initialized using a logging configuration file that will be read 
at startup. This logging configuration file is in standard java.util.Properties format.  

Alternatively, the logging configuration can be initialized by specifying a class that can be used 
for reading initialization properties. This mechanism allows configuration data to be read from 
arbitrary sources, such as LDAP. JDBC, etc. See the LogManager API Specification for 
details.  

There is a small set of global configuration information. This is specified in the description of 
the LogManager class and includes a list of root-level Handlers to install during startup.  

The initial configuration may specify levels for particular loggers. These levels are applied to 
the named logger and any loggers below it in the naming hierarchy. The levels are applied in 
the order they are defined in the configuration file.  

The initial configuration may contain arbitrary properties for use by Handlers or by subsystems 
doing logging. By convention these properties should use names starting with the name of the 
handler class or the name of the main Logger for the subsystem.  

For example, the MemoryHandler uses a property "java.util.logging.MemoryHandler.size" to 
determine the default size for its ring buffer.  

1.9 Default Configuration 

The default logging configuration that ships with the JRE is only a default, and can be 
overridden by ISVs, system admins, and end users.  

The default configuration makes only limited use of disk space. It doesn't flood the user with 
information, but does make sure to always capture key failure information.  

The default configuration establishes a single handler on the rootr logger for sending output to 
the console.  

1.10 Dynamic Configuration Updates 
Programmers can update the logging configuration at run time in a variety of ways:  
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• FileHandlers,MemoryHandlers, and PrintHandlers can all be created with various 
attributes.  

• New Handlers can be added and old ones removed.  
• New Loggers can be created and can be supplied with specific Handlers.  
• Levels can be set on target Handlers.  

Package java.util.logging  
Provides the classes and interfaces of the JavaTM 2 platform's core logging facilities.  

See:  
          Description  

Interface Summary 

Filter  
A Filter can be used to provide fine grain control over what is logged, beyond 
the control provided by log levels. 

   

Class Summary 
ConsoleHandler This Handler  publishes log records to System.err . 

ErrorManager  
ErrorManager objects can be attached to Handlers to process any error 
that occur on a Handler during Logging. 

FileHandler Simple file logging Handler . 

Formatter  A Formatter provides support for formatting LogRecords. 

Handler A Handler  object takes log messages from a Logger  and exports them. 

Level 
The Level class defines a set of standard logging levels that can be used 
to control logging output. 

Logger 
A Logger object is used to log messages for a specific system or 
application component. 

LoggingPermission 
The permission which the SecurityManager will check when code that is 
running with a SecurityManager calls one of the logging control methods 
(such as Logger.setLevel). 

LogManager 
There is a single global LogManager object that is used to maintain a set 
of shared state about Loggers and log services. 

LogRecord 
LogRecord objects are used to pass logging requests between the logging 
framework and individual log Handlers. 

MemoryHandler  Handler  that buffers requests in a circular buffer in memory. 

SimpleFormatter Print a brief summary of the LogRecord in a human readable format. 
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SocketHandler Simple network logging Handler . 

StreamHandler Stream based logging Handler . 

XMLFormatter  Format a LogRecord into a standard XML format. 

   

Package java.util.logging Description  

Provides the classes and interfaces of the JavaTM 2 platform's core logging facilities. The central 
goal of the logging APIs is to support maintaining and servicing software at customer sites.  

There are four main target uses of the logs:  

1. Problem diagnosis by end users and system administrators. This consists of simple 
logging of common problems that can be fixed or tracked locally, such as running out 
of resources, security failures, and simple configuration errors.  

2. Problem diagnosis by field service engineers. The logging information used by field 
service engineers may be considerably more complex and verbose than that required by 
system administrators. Typically such information will require extra logging within 
particular subsystems.  

3. Problem diagnosis by the development organization. When a problem occurs in the 
field, it may be necessary to return the captured logging information to the original 
development team for diagnosis. This logging information may be extremely detailed 
and fairly inscrutable. Such information might include detailed tracing on the internal 
execution of particular subsystems.  

4. Problem diagnosis by developers. The Logging APIs may also be used to help debug an 
application under development. This may include logging information generated by the 
target application as well as logging information generated by lower-level libraries. 
Note however that while this use is perfectly reasonable, the logging APIs are not 
intended to replace the normal debugging and profiling tools that may already exist in 
the development environment.  

The key elements of this package include:  

• Logger: The main entity on which applications make logging calls. A Logger object is 
used to log messages for a specific system or application component.  

• LogRecord: Used to pass logging requests between the logging framework and 
individual log handlers.  

• Handler: Exports LogRecord objects to a variety of destinations including memory, 
output streams, consoles, files, and sockets. A variety of Handler subclasses exist for 
this purpose. Additional Handlers may be developed by third parties and delivered on 
top of the core platform.  

• Level: Defines a set of standard logging levels that can be used to control logging 
output. Programs can be configured to output logging for some levels while ignoring 
output for others.  
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• Filter: Provides fine-grained control over what gets logged, beyond the control 
provided by log levels. The logging APIs support a general-purpose filter mechanism 
that allows application code to attach arbitrary filters to control logging output.  

• Formatter: Provides support for formatting LogRecord objects. This package includes 
two formatters, SimpleFormatter and XMLFormatter, for formatting log records in 
plain text or XML respectively. As with Handlers, additional Formatters may be 
developed by third parties.  

The Logging APIs offer both static and dynamic configuration control. Static control enables 
field service staff to set up a particular configuration and then re-launch the application with 
the new logging settings. Dynamic control allows for updates to the logging configuration 
within a currently running program. The APIs also allow for logging to be enabled or disabled 
for different functional areas of the system. For example, a field service engineer might be 
interested in tracing all AWT events, but might have no interest in socket events or memory 
management.  

Null Pointers 

In general, unless otherwise noted in the javadoc, methods and contructors will throw 
NullPointerException if passed a null argument. The one broad exception to this rule is that the 
logging convenience methods in the Logger class (the config, entering, exiting, fine, finer, 
finest, log, logp, logrb, severe, throwing, and warning methods) will accept null values for all 
arguments except for the initial Level argument (if any).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 319 

CS2304  -   PROGRAMMING PARADIGMS 
 

UNIT V  CONCURRENT PROGRAMMING 

 

 
 
Multi-Whatever: 
 

• What you want: 
� The computer that runs multiple programs  at the same time. 
� A program with seperate  independently running subtasks. 

What you usually have: 
 

• A single CPU which can run one program at a time. 
• Software which makes it appear that multiple programs are running ,by giving them 

each part of the CPU’s time. 
 
Multitasking and Multithreading: 
 

• Multitasking refers to a computer's ability to perform multiple jobs concurrently 
� more than one program are running concurrently, e.g., UNIX 

• A thread is a single sequence of execution within a program 
• Multithreading refers to multiple threads of control within a single program. 
• Each program can run multiple threads of control within it, e.g., Web Browser 

 
Current Terminology: 
 
Process/Task: 
 

• A process (or task) is a self-contained instance of a program, running in its own 
address space. 

• A multi-tasking operating system(e.g.Unix) runs multiple tasks(processes) at a 
Time.Each thinks it has the CPU to itself. 

� Preemptive multitasking means the OS can switch  tasks at any time. 
� Cooperative multitasking means the OS must wait for each task to give up 

the CPU. 
 

Threads: 

Multi-threaded programming – interrupting threads – thread states – thread properties – 
thread synchronization – thread-safe Collections – Executors – synchronizers – threads 
and event-driven programming 

Multi Threaded programming 
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•    A “thread is a single sequential flow of control within one process. 

� Lighter weight than a separate process. 
� Memory is shared among threads. 
� Typically tie threads to events, e.g. 

� Button push 
� Timer 
� Menu choice 

• Java supports threads. 
What are Threads Good For? 
 

• To maintain responsiveness of an application during a long running task. 
• To enable cancellation of separable tasks. 

Application Thread: 
 

• When we execute an application: 
� The JVM creates a Thread object whose task is defined by the main() 

method  
� It starts the thread 
� The thread executes the statements of the program one by one until the 

method returns and the thread dies 
Multiple Threads in an Application: 
 

• Each thread has its private run-time stack  
• If two threads execute the same method, each will have its own copy of the local 

variables the methods uses 
• However, all threads see the same dynamic memory (heap) 
• Two different threads can act on the same object and same static fields concurrently 

 
Java Threads: 
 

• Implementation is up to the JVM: 
� it's not defined whether a Java thread is mapped to a something else at the OS 

level (a native thread or process), or whether the JVM does timesharing itself. 
• Every Java program is a threaded program! 

� garbage collection runs as a thread. 
 
 
 
 
 
 

Threads 
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Threads enable a single program to run multiple parts of itself at the same time. For 
example, one part of a program can display an animation on the screen while another part 
builds the next animation to be displayed.  

Threads are a lightweight version of a process. Threads are similar to processes in that they 
can be executed independently and simultaneously, but are different in that they do not have all 
the overhead that a process does.  

Threads do not make copies of the entire parent process. Instead, only the code needed is run in 
parallel. This means that threads can be started quickly because they don't have all of the 
overhead of a complete process. They do, however, have complete access to all data of the 
parent process.  

Threads can read and/or write data that any other thread can access. This makes interthread 
communication simpler, but can lead to multiple threads modifying data in an unpredictable 
manner.  

� Uses of Threads 

Threads are useful programming tools for two main reasons.  

� They enable programs to do multiple things at one time. This is useful for such 
activities as letting a user do something while something else happens in the 
background.  

� Threads enable the programmer to concentrate on program functionality without 
worrying about the implementation of multitasking schemes. Declaring Threads 

Creating Threads: 
 

• There are two ways to create our own Thread object. 
� Subclassing the Thread class and instantiating a new object of that class 
� Implementing the Runnable interface. 

• In both cases the run()  method should be implemented. 
• To  Create a thread: 

�  Instantiate an object with new on the class you defined. 
� Invoke start() on the thread object. 
� This initializes the thread and invokes its run() method. 

• Could exit using the return command. 
• Could be an infinite loop. 
• Will run until the entire program stops. 
• Java will occasionally switch to another thread. 
• Should use a sleep() or something to keep it from hogging the CPU. 
• Can still be preempted without sleep(),but the whole system will be less 

responsive. 
 

Creating a thread: 
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• Create a java.lang.Thread object. 

� creates a new thread, but doesn't tell the thread what to do. 
� In other languages we tell a new thread what method to run - in Java we 

can't do this (no pointers to methods!). 
� In Java we need to tell the new thread what Object to run - the Object 

must implement the Runnable interface. 
 

Extending Thread: 
 
public class ThreadExample extends Thread { 
   public void run () { 
      for (int i = 1; i <= 100; i++) { 
         System.out.println(“Thread: ” + i); 
      } 
   } 
} 
 

Thread Properties: 
void start() 
 

– Creates a new thread and makes it runnable 
– This method can be called only once 

void run() 
– The new thread begins its life inside this method 

void stop() (deprecated) 
– The thread is being terminated 

yield() 
– Causes the currently executing thread object to temporarily pause and allow 

other threads to execute 
– Allow only threads of the same priority to run 

  sleep(int m)/sleep(int m,int n)   
– The thread sleeps for m milliseconds, plus n nanoseconds 
 

The Runnable interface: 
public interface Runnable { 
 abstract public void run(); 
} 

• A class that implements Runnable must have a run() method. 
– this is the code that will be run by the thread. 

 
Implementing Runnable: 
 
public class RunnableExample implements Runnable { 
 public void run () { 
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  for (int i = 1; i <= 100; i++) { 
           System.out.println (“Runnable: ” + i); 
       } 
    } 
} 
 
A Runnable Object: 
 

• The Thread object’s run()  method calls the Runnable object’s run()  method 
• Allows threads to run inside any object, regardless of inheritance 

 
 

Scheduling Threads: 
 

 
 
 
 
 

Thread State Diagram: 
 

I/O operation completes 

start() 

Currently 

executed 

thread 

Ready 

queue 

•Waiting for I/O operation to be completed. 

•Waiting to be notified. 

•Sleeping. 
•Waiting to enter a synchronized section. 

Newly created 

threads 
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Thread Lifetime: 
 

• A thread is done when: 
� the run() method returns. 
� uncaught exception occurs. 
� someone calls the threads stop() method (which is deprecated and shouldn't 

be used!). 
• A program is done when all (non-daemon) threads have finished. 

 
Example: 
 
public class PrintThread1 extends Thread {  
    String name;  
    public PrintThread1(String name) {  
        this.name = name;  
    }  
    public void run() { 
        for (int i=1; i<500 ; i++) {  
            try {  
                sleep((long)(Math.random() * 100));  
            } catch (InterruptedException ie) { }   
            System.out.print(name);  
        } }  
public static void main(String args[]) {  
        PrintThread1 a = new PrintThread1("*"); 
        PrintThread1 b = new PrintThread1("-"); 
        PrintThread1 c = new PrintThread1("="); 
        a.start();  
        b.start();  
        c.start();  

Alive 

New Thread Dead Thread 

Running 

Runnable 

new ThreadExample(); 

run() method returns 

while (…) { … } 

Blocked 

Object.wait() 

Thread.sleep() 

blocking IO call 

waiting on a monitor 

thread.start(); 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 325 

 } 
}  

 

INTERRUPTING  THREADS 

To create classes that make use of threads, you can extend the class Thread or implement the 
interface Runnable. Both yield the same result. By implementing Runnable , existing classes 
can be converted to threads without having to change the classes on which they are based.  

Creating Threads by Extending Thread  

An example of creating a thread by extending class Thread  follows:  

public class MyMain {  
   public static void main            (String args[ ]) {  
      CntThread cntThread;            //declare thr ead  
      cntThread = new CntThread();    //create thre ad  
      cntThread.start();              //start threa d running  
      try {System.in.read();}           //wait for keyboard input  
      catch(java.io.IOException e){}  
      cntThread.stop();               //stop thread  
   }  
}  
class CntThread extends Thread {  
   public void run() {  
      int ix = 0;  
      while (true) {  
 
         System.out.println("running, ix = " + ix++ );   //write count to 
screen  
         try {Thread.sleep(1000);}                         //sleep 1 second  
         catch(InterruptedException e){}  
      }  
   }  
}  

In this example, a thread is created that will write an incrementing counter to the screen. It will 
continue to count until the main  routine receives a character from the keyboard, at which time 
the counting thread stops. This means you can press any key on the keyboard followed by the 
Enter key or press only the Enter key to stop the thread from counting.  

Creating Threads by Implementing Runnable  

The second way to create a thread is by implementing the Runnable  interface. The following 
code creates a thread that increments a counter until a character is entered from the keyboard:  
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import java.applet.*; 

import java.awt.*; 

 

public class MyApplet extends Applet implements Runnable { 

 

   int ix = 0; 

   Thread mainThread; 

   CntThread cntThread; 

 

   public void start() { 

      if (mainThread == null) {  

         mainThread = new Thread(this); 

         mainThread.start();              //start main thread 

      } 

   } 

 

   public void run() { 

      cntThread = new CntThread(this);    //create CntThread instance 

      cntThread.start();                  //start cntThread instance 

   } 

 

   public boolean keyDown(Event evt, int key) {    //process key press 

      cntThread.stop();                            //stop cntThread instance 

      return(true); 

   } 

 

   public void paint(Graphics g) { 

      g.drawString("running, ix = " + ix, 10,20);  //write count to screen 

   } 

} 

 

class CntThread implements Runnable { 

 

   MyApplet parent; 

   boolean loop; 

   Thread cntThread; 

 

   public CntThread(MyApplet p) {                  //constructor for CntThread 

      parent = p;                                  //save parent instance 

   } 

 

   public void start() { 

      if (cntThread == null) { 

         cntThread = new Thread(this);             //create counting thread 

         cntThread.start();                        //start counting thread 

      } 

   } 

 

   public void stop() { 

      loop = false;                        //set value to exit main while loop 

   } 

 

   public void run() { 
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      loop = true; 

      while (loop == true) { 

         parent.ix++;                              //incremen t counter 

         parent.repaint();                         //repaint screen 

         try {Thread.sleep(1000);}                   //sleep 1 second 

         catch(InterruptedException e) {} 

      } 

   } 

}  

This example also uses try  and catch  for exceptions.  

new and the Instantiation of Threads 

Instances of threads are created using the standard new keyword. Arguments to new can either 
use the Thread  class explicitly, as in  

mainThread = new Thread(this);   

or specify a class that is a subclass of Thread , like this:  

mainThread = new MyThreadClass();   

In the first example, the current instance, this , of an object is initialized as a thread. Any 
object, however, can be passed as an argument to the Thread  class.  

Note that the Thread  class has few constructors. If additional constructor types are needed, 
creating a subclass of Thread  with the needed constructors is quite useful. The second thread-
creation example allows for these possibilities.  

� Destroying a Thread 

The execution of a thread can be controlled in several ways using the stop, start, and 
destroy methods. The object remains in existence as long as the object is referenced 
somewhere, even if stop  is invoked.  

It is not necessary to explicitly destroy the thread object. Java's garbage collector takes care of 
this detail. If it is necessary to give the garbage-collection process a helping hand, make sure 
all references are removed to the thread object.  

The simplest way to do this is to assign the value null  to all variables containing thread 
references, as in the following example:  

Thread myThread = new Thread(); 
myThread.start(); 
myThread.stop(); 
myThread = null;  
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In this example, the thread object is instantiated with new. The thread is then started and 
stopped. Finally, null is assigned to the variable containing the thread instance. This last step 
ensures that Java's garbage collector will schedule a resource deallocation for that object.  

� Named Threads 

Java provides a means for assigning names to threads. Names can consist of any valid Java 
string. Naming threads makes it convenient to distinguish one thread from another and enables 
a parent process to query a thread for its name. A thread can be assigned a name at creation 
time or at any point thereafter. Threads can also be renamed at any time.  

To assign a thread a name at creation time, simply use a Thread  constructor that accepts a 
string as an additional argument, like this:  

Thread myThread = new Thread(this."My first named thread");  

In this example, the thread is instantiated by new and assigned a name of "My first named 

thread" .  

The getName Method 

A thread name can be obtained using the getName method. getName returns the name 
associated with a specified thread object, as in the following example:  

System.out.println("The name of this thread is " + myThread.getName());  

This example prints out the name assigned to the thread object myThread. Using the previous 
example, this statement would print the following to the screen:  

The name of this thread is My first named thread   

A thread can also query for its own name in the same way:  

System.out.println("My name is " + this.getName());   

The setName Method 

You can set or change a thread name after creation using the setName method. The parent 
process, the thread itself, or any other method that has access to the thread object can do this. 
Following is an example of changing a thread name using setName:  

myThread.setName("My newly renamed first thread");  

This example changes the name of the thread from "My first named thread"  to "My newly 

renamed first thread" .  
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Synchronization of Threads 

Multiple threads can access the same object or method because threads are not independent 
processes with complete copies of data objects. However, there is no guarantee which thread 
will access an object at a given time, which can lead to unpredictable results. In situations 
when this is not acceptable, use the Java synchronization logic. The keyword that provides this 
logic is synchronized.  

Synchronization 
Threads communicate primarily by sharing access to fields and the objects reference fields 
refer to. This form of communication is extremely efficient, but makes two kinds of errors 
possible: thread interference and memory consistency errors. The tool needed to prevent these 
errors is synchronization.  

• Thread Interference describes how errors are introduced when multiple threads access 
shared data.  

• Memory Consistency Errors describes errors that result from inconsistent views of 
shared memory.  

• Synchronized Methods describes a simple idiom that can effectively prevent thread 
interference and memory consistency errors.  

• Implicit Locks and Synchronization describes a more general synchronization idiom, 
and describes how synchronization is based on implicit locks.  

• Atomic Access talks about the general idea of operations that can't be interfered with by 
other threads.  

Thread Interference 
Consider a simple class called Counter   
 
class Counter { 
    private int c = 0; 
 
    public void increment() { 
        c++; 
    } 
 
    public void decrement() { 
        c--; 
    } 
 
    public int value() { 
        return c; 
    } 
 
} 
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Counter  is designed so that each invocation of increment  will add 1 to c , and each invocation 
of decrement  will subtract 1 from c . However, if a Counter  object is referenced from multiple 
threads, interference between threads may prevent this from happening as expected.  

Interference happens when two operations, running in different threads, but acting on the same 
data, interleave. This means that the two operations consist of multiple steps, and the 
sequences of steps overlap.  

It might not seem possible for operations on instances of Counter  to interleave, since both 
operations on c  are single, simple statements. However, even simple statements can translate to 
multiple steps by the virtual machine. We won't examine the specific steps the virtual machine 
takes — it is enough to know that the single expression c++  can be decomposed into three 
steps:  

1. Retrieve the current value of c .  
2. Increment the retrieved value by 1.  
3. Store the incremented value back in c .  

The expression c--  can be decomposed the same way, except that the second step decrements 
instead of increments.  

Suppose Thread A invokes increment  at about the same time Thread B invokes decrement . If 
the initial value of c  is 0, their interleaved actions might follow this sequence:  

1. Thread A: Retrieve c.  
2. Thread B: Retrieve c.  
3. Thread A: Increment retrieved value; result is 1.  
4. Thread B: Decrement retrieved value; result is -1.  
5. Thread A: Store result in c; c is now 1.  
6. Thread B: Store result in c; c is now -1.  

Thread A's result is lost, overwritten by Thread B. This particular interleaving is only one 
possibility. Under different circumstances it might be Thread B's result that gets lost, or there 
could be no error at all. Because they are unpredictable, thread interference bugs can be 
difficult to detect and fix.  
 

Memory Consistency Errors 
 
Memory consistency errors occur when different threads have inconsistent views of what 
should be the same data. The causes of memory consistency errors are complex and beyond the 
scope of this tutorial. Fortunately, the programmer does not need a detailed understanding of 
these causes. All that is needed is a strategy for avoiding them.  

The key to avoiding memory consistency errors is understanding the happens-before 
relationship. This relationship is simply a guarantee that memory writes by one specific 
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statement are visible to another specific statement. To see this, consider the following example. 
Suppose a simple int  field is defined and initialized:  

int counter = 0; 

The counter  field is shared between two threads, A and B. Suppose thread A increments 
counter :  
counter++; 

Then, shortly afterwards, thread B prints out counter :  
System.out.println(counter); 

If the two statements had been executed in the same thread, it would be safe to assume that the 
value printed out would be "1". But if the two statements are executed in separate threads, the 
value printed out might well be "0", because there's no guarantee that thread A's change to 
counter  will be visible to thread B — unless the programmer has established a happens-before 
relationship between these two statements.  

There are several actions that create happens-before relationships. One of them is 
synchronization, as we will see in the following sections.  

We've already seen two actions that create happens-before relationships.  

• When a statement invokes Thread.start , every statement that has a happens-before 
relationship with that statement also has a happens-before relationship with every 
statement executed by the new thread. The effects of the code that led up to the creation 
of the new thread are visible to the new thread.  

• When a thread terminates and causes a Thread.join  in another thread to return, then 
all the statements executed by the terminated thread have a happens-before relationship 
with all the statements following the successful join. The effects of the code in the 
thread are now visible to the thread that performed the join.  

For a list of actions that create happens-before relationships, refer to the Summary page of the 
java.util.concurrent  package..  

The synchronized Keyword  

The synchronized keyword is used to lock an object long enough to execute a block of code. 
No other thread can make changes to the specified object while the block of code is being 
executed.  

Here is an example using synchronized :  

public void printIndex() {  
   syncronized(index) {  
      index++;  
      System.out.println("index = " + index);  
   }  
}  

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 332 

In this example, the printIndex  method contains a synchronized block of code. In this block, 
the object index  is locked while the block of code making up the body of the synchronized  
statement is executed. The increment of index  and the printing of the value of index  are 
contained inside the block. This ensures that the value of index  is printed to the screen without 
having to worry that some other thread incremented index  before it was printed.  

 
Synchronized Methods 
The Java programming language provides two basic synchronization idioms: synchronized 
methods and synchronized statements. The more complex of the two, synchronized statements, 
are described in the next section. This section is about synchronized methods.  

To make a method synchronized, simply add the synchronized  keyword to its declaration:  

public class SynchronizedCounter { 
    private int c = 0; 
 
    public synchronized void increment() { 
        c++; 
    } 
 
    public synchronized void decrement() { 
        c--; 
    } 
 
    public synchronized int value() { 
        return c; 
    } 
} 

If count  is an instance of SynchronizedCounter , then making these methods synchronized 
has two effects:  

• First, it is not possible for two invocations of synchronized methods on the same object 
to interleave. When one thread is executing a synchronized method for an object, all 
other threads that invoke synchronized methods for the same object block (suspend 
execution) until the first thread is done with the object.  

• Second, when a synchronized method exits, it automatically establishes a happens-
before relationship with any subsequent invocation of a synchronized method for the 
same object. This guarantees that changes to the state of the object are visible to all 
threads.  

Note that constructors cannot be synchronized — using the synchronized  keyword with a 
constructor is a syntax error. Synchronizing constructors doesn't make sense, because only the 
thread that creates an object should have access to it while it is being constructed.  

 
Warning:   When constructing an object that will be shared between threads, be very careful 
that a reference to the object does not "leak" prematurely. For example, suppose you want to 
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maintain a List  called instances  containing every instance of class. You might be tempted to 
add the line  
instances.add(this); 

to your constructor. But then other threads can use instances  to access the object before 
construction of the object is complete.  

 

Synchronized methods enable a simple strategy for preventing thread interference and memory 
consistency errors: if an object is visible to more than one thread, all reads or writes to that 
object's variables are done through synchronized  methods. (An important exception: final  
fields, which cannot be modified after the object is constructed, can be safely read through 
non-synchronized methods, once the object is constructed) This strategy is effective, but can 
present problems with liveness, as we'll see later in this lesson.  

Intrinsic Locks and Synchronization 
Synchronization is built around an internal entity known as the intrinsic lock or monitor lock. 
(The API specification often refers to this entity simply as a "monitor.") Intrinsic locks play a 
role in both aspects of synchronization: enforcing exclusive access to an object's state and 
establishing happens-before relationships that are essential to visibility.  

Every object has an intrinsic lock associated with it. By convention, a thread that needs 
exclusive and consistent access to an object's fields has to acquire the object's intrinsic lock 
before accessing them, and then release the intrinsic lock when it's done with them. A thread is 
said to own the intrinsic lock between the time it has acquired the lock and released the lock. 
As long as a thread owns an intrinsic lock, no other thread can acquire the same lock. The other 
thread will block when it attempts to acquire the lock.  

When a thread releases an intrinsic lock, a happens-before relationship is established between 
that action and any subsequent acquistion of the same lock.  

Locks In Synchronized Methods 
When a thread invokes a synchronized method, it automatically acquires the intrinsic lock for 
that method's object and releases it when the method returns. The lock release occurs even if 
the return was caused by an uncaught exception.  

You might wonder what happens when a static synchronized method is invoked, since a static 
method is associated with a class, not an object. In this case, the thread acquires the intrinsic 
lock for the Class  object associated with the class. Thus access to class's static fields is 
controlled by a lock that's distinct from the lock for any instance of the class.  

Synchronized Statements 
Another way to create synchronized code is with synchronized statements. Unlike 
synchronized methods, synchronized statements must specify the object that provides the 
intrinsic lock:  
public void addName(String name) { 
    synchronized(this) { 
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        lastName = name; 
        nameCount++; 
    } 
    nameList.add(name); 
} 

In this example, the addName method needs to synchronize changes to lastName  and 
nameCount , but also needs to avoid synchronizing invocations of other objects' methods. 
(Invoking other objects' methods from synchronized code can create problems that are 
described in the section on Liveness.) Without synchronized statements, there would have to be 
a separate, unsynchronized method for the sole purpose of invoking nameList.add .  

Synchronized statements are also useful for improving concurrency with fine-grained 
synchronization. Suppose, for example, class MsLunch  has two instance fields, c1  and c2 , that 
are never used together. All updates of these fields must be synchronized, but there's no reason 
to prevent an update of c1 from being interleaved with an update of c2 — and doing so reduces 
concurrency by creating unnecessary blocking. Instead of using synchronized methods or 
otherwise using the lock associated with this , we create two objects solely to provide locks.  

public class MsLunch { 
    private long c1 = 0; 
    private long c2 = 0; 
    private Object lock1 = new Object(); 
    private Object lock2 = new Object(); 
 
    public void inc1() { 
        synchronized(lock1) { 
            c1++; 
        } 
    } 
 
    public void inc2() { 
        synchronized(lock2) { 
            c2++; 
        } 
    } 
} 

Use this idiom with extreme care. You must be absolutely sure that it really is safe to interleave 
access of the affected fields.  

Reentrant Synchronization 
Recall that a thread cannot acquire a lock owned by another thread. But a thread can acquire a 
lock that it already owns. Allowing a thread to acquire the same lock more than once enables 
reentrant synchronization. This describes a situation where synchronized code, directly or 
indirectly, invokes a method that also contains synchronized code, and both sets of code use 
the same lock. Without reentrant synchronization, synchronized code would have to take many 
additional precautions to avoid having a thread cause itself to block.  

Atomic Access 
In programming, an atomic action is one that effectively happens all at once. An atomic action 
cannot stop in the middle: it either happens completely, or it doesn't happen at all. No side 
effects of an atomic action are visible until the action is complete.  
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We have already seen that an increment expression, such as c++ , does not describe an atomic 
action. Even very simple expressions can define complex actions that can decompose into 
other actions. However, there are actions you can specify that are atomic:  

• Reads and writes are atomic for reference variables and for most primitive variables (all 
types except long  and double ).  

• Reads and writes are atomic for all variables declared volatile  (including long  and 
double  variables).  

Atomic actions cannot be interleaved, so they can be used without fear of thread interference. 
However, this does not eliminate all need to synchronize atomic actions, because memory 
consistency errors are still possible. Using volatile  variables reduces the risk of memory 
consistency errors, because any write to a volatile  variable establishes a happens-before 
relationship with subsequent reads of that same variable. This means that changes to a 
volatile  variable are always visible to other threads. What's more, it also means that when a 
thread reads a volatile  variable, it sees not just the latest change to the volatile , but also the 
side effects of the code that led up the change.  

Using simple atomic variable access is more efficient than accessing these variables through 
synchronized code, but requires more care by the programmer to avoid memory consistency 
errors. Whether the extra effort is worthwhile depends on the size and complexity of the 
application.  

Some of the classes in the java.util.concurrent  package provide atomic methods that do 
not rely on synchronization. We'll discuss them in the section on High Level Concurrency 
Objects 

Thread-Safe Collections 
 
public static Collection synchronizedCollection(Collection c)  
public static List synchronizedList(List l) 
public static Map synchronizedMap(Map m) 
public static Set synchronizedSet(Set s) 
public static SortedMap synchronizedSortedMap(SortedMap m) 
public static SortedSet synchronizedSortedSet(SortedSet s)  

 

import java.util.Collections; 
import java.util.HashSet; 
import java.util.Set; 
public class MainClass { 
  public static void main(String[] a) {  
    Set s = new HashSet(); 
    s.add( "A" ); 
    s.add( "B" ); 
    s.add( "C" ); 
    s.add( "D" ); 
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    s.add( "E" ); 
    s.add( "F" ); 
    s.add( "H" ); 
    Collections.synchronizedSet(s); 
  } 
}  

 

 

Executors 
In all of the previous examples, there's a close connection between the task being done by a 
new thread, as defined by its Runnable  object, and the thread itself, as defined by a Thread  
object. This works well for small applications, but in large-scale applications, it makes sense to 
separate thread management and creation from the rest of the application. Objects that 
encapsulate these functions are known as executors. The following subsections describe 
executors in detail.  

• Executor Interfaces define the three executor object types.  
• Thread Pools are the most common kind of executor implementation 

Executor Interfaces 
The java.util.concurrent  package defines three executor interfaces:  

• Executor , a simple interface that supports launching new tasks.  
• ExecutorService , a subinterface of Executor , which adds features that help manage 

the lifecycle, both of the individual tasks and of the executor itself.  
• ScheduledExecutorService , a subinterface of ExecutorService , supports future 

and/or periodic execution of tasks.  

Typically, variables that refer to executor objects are declared as one of these three interface 
types, not with an executor class type.  

The Executor Interface 
The Executor  interface provides a single method, execute , designed to be a drop-in 
replacement for a common thread-creation idiom. If r  is a Runnable  object, and e is an 
Executor  object you can replace  
(new Thread(r)).start(); 

with  
e.execute(r); 

However, the definition of execute  is less specific. The low-level idiom creates a new thread 
and launches it immediately. Depending on the Executor  implementation, execute  may do 
the same thing, but is more likely to use an existing worker thread to run r , or to place r  in a 
queue to wait for a worker thread to become available. (We'll describe worker threads in the 
section on Thread Pools.)  

The executor implementations in java.util.concurrent  are designed to make full use of the 
more advanced ExecutorService  and ScheduledExecutorService  interfaces, although they 
also work with the base Executor  interface.  
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The ExecutorService Interface 
The ExecutorService  interface supplements execute  with a similar, but more versatile 
submit  method. Like execute , submit  accepts Runnable  objects, but also accepts Callable  
objects, which allow the task to return a value. The submit  method returns a Future  object, 
which is used to retrieve the Callable  return value and to manage the status of both Callable  
and Runnable  tasks.  

ExecutorService  also provides methods for submitting large collections of Callable  objects. 
Finally, ExecutorService  provides a number of methods for managing the shutdown of the 
executor. To support immediate shutdown, tasks should handle interrupts correctly.  

The ScheduledExecutorService Interface 
The ScheduledExecutorService  interface supplements the methods of its parent 
ExecutorService  with schedule , which executes a Runnable  or Callable  task after a 
specified delay. In addition, the interface defines scheduleAtFixedRate  and 
scheduleWithFixedDelay , which executes specified tasks repeatedly, at defined intervals. 

Thread Pools 
Most of the executor implementations in java.util.concurrent  use thread pools, which 
consist of worker threads. This kind of thread exists separately from the Runnable  and 
Callable  tasks it executes and is often used to execute multiple tasks.  

Using worker threads minimizes the overhead due to thread creation. Thread objects use a 
significant amount of memory, and in a large-scale application, allocating and deallocating 
many thread objects creates a significant memory management overhead.  

One common type of thread pool is the fixed thread pool. This type of pool always has a 
specified number of threads running; if a thread is somehow terminated while it is still in use, it 
is automatically replaced with a new thread. Tasks are submitted to the pool via an internal 
queue, which holds extra tasks whenever there are more active tasks than threads.  

An important advantage of the fixed thread pool is that applications using it degrade 
gracefully. To understand this, consider a web server application where each HTTP request is 
handled by a separate thread. If the application simply creates a new thread for every new 
HTTP request, and the system receives more requests than it can handle immediately, the 
application will suddenly stop responding to all requests when the overhead of all those threads 
exceed the capacity of the system. With a limit on the number of the threads that can be 
created, the application will not be servicing HTTP requests as quickly as they come in, but it 
will be servicing them as quickly as the system can sustain.  

A simple way to create an executor that uses a fixed thread pool is to invoke the 
newFixedThreadPool  factory method in java.util.concurrent.Executors  This class also 
provides the following factory methods:  

• The newCachedThreadPool  method creates an executor with an expandable thread 
pool. This executor is suitable for applications that launch many short-lived tasks.  
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• The newSingleThreadExecutor  method creates an executor that executes a single task 
at a time.  

• Several factory methods are ScheduledExecutorService  versions of the above 
executors.  

If none of the executors provided by the above factory methods meet your needs, constructing 
instances of java.util.concurrent.ThreadPoolExecutor  or 
java.util.concurrent.ScheduledThreadPoolExecutor  will give you additional options.  

 

 

 

 

 

Thread & Event Driven Programming 
 
 

Methods Threading Event Driven Programming 

Model A process contains multiple 
threads: Each thread may 
computable or blocked at 
any instant in time. 

 
Examples: 
DECthreads, Windows NT 

A process consists of the processing 
of a series of events. At any instant 
in time, a single event is being    
processed. 

 
Examples: 
   OpenVMS AST, X-Windows 

Process Lightweight : 
• Separate Register Set 
• Separate Stack 
• Separately Dispatchable 
• Preemptable 
• Low resource 
consumption 

 
 

Featherweight 
• Shared Register Set 
• Shared (nested) Stack 
• Separate Address Space 
• Extremely inexpensive Creation 
• No preemption 
• Implicit synchronization 

      • Extremely inexpensive 

Method If no interactions, simple   
application implementation. If 
there are interactions between 
threads, then the interactions 
require locking and other   

Each event is treated as an 
independent transaction by the  
program. Pre-emption is not  
permitted, so there are no locks or 
synchronization    required to access 
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mechanisms to prevent subtle 
programming errors from  
causing failures. 

data structures during the processing 
of a single event. 

 
 

Implementation • Preemption model 
• Priority model 
• Debugging 
• Application suitability 

 
 

• FIFO 
• Non-preemptable 
• ’Featherweight’ 
 

 
 
 
 
 
 
 
 
 

Sample Programs 

 
Example 1: 

 
public class BankAccount { 
    private float balance; 
    public synchronized void deposit(float amount) { 
        balance += amount; 
    } 
    public synchronized void withdraw(float amount)  { 
        balance -= amount; 
    }        } 

Example 2: 

 
public class PrintThread2 extends Thread {  
    String name;  
    public PrintThread2(String name) {  
        this.name = name;  
    }  
    public static synchronized void print(String na me) { 
     for (int i=1; i<500 ; i++) {  
            try {  
                Thread.sleep((long)(Math.random() *  100));  
            } catch (InterruptedException ie) { }   
         System.out.print(str);             
        }    }  
public void run() { 
        print(name); 
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    }  
      public static void main(String args[]) {  
        PrintThread2 a = new PrintThread2("*“); 
        PrintThread2 b = new PrintThread2("-“); 
        PrintThread2 c = new PrintThread2("=“); 
        a.start();  
        b.start();  
        c.start();  
 } 
}  
 

Threads Examples: 

 
// Controlling the main Thread. 

 
class CurrentThreadDemo { 
  public static void main(String args[]) { 
    Thread t = Thread.currentThread(); 
    System.out.println("Current thread: " + t); 
    // change the name of the thread 
    t.setName("My Thread"); 
    System.out.println("After name change: " + t); 
    try { 
      for(int n = 5; n > 0; n--) { 
        System.out.println(n); 
        Thread.sleep(1000); 
      } 
    } catch (InterruptedException e) { 
      System.out.println("Main thread interrupted") ; 
    }  }} 

 

// Create a second thread. 
 
class NewThread implements Runnable { 
  Thread t; 
  NewThread() { 
    // Create a new, second thread 
    t = new Thread(this, "Demo Thread"); 
    System.out.println("Child thread: " + t); 
    t.start(); // Start the thread. 
  } 
  // This is the entry point for the second thread.  
  public void run() { 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println("Child Thread: " + i); 
        Thread.sleep(500); 
      } 
    } catch (InterruptedException e) { 
      System.out.println("Child interrupted."); 
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    } 
    System.out.println("Exiting child thread."); 
  } 
} 
class ThreadDemo { 
  public static void main(String args[]) { 
    new NewThread(); // create a new thread 
 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println("Main Thread: " + i); 
        Thread.sleep(1000); 
      } 
    } catch (InterruptedException e) { 
      System.out.println("Main thread interrupted." ); 
    } 
    System.out.println("Main thread exiting."); 
  } 
} 
 

 
 

 
 

 
 

 

 
 

 
 

 
// Create a second thread by extending Thread 

 
class NewThread extends Thread { 
  NewThread() { 
    // Create a new, second thread 
    super("Demo Thread"); 
    System.out.println("Child thread: " + this); 
    start(); // Start the thread 
  } 
  // This is the entry point for the second thread.  
  public void run() { 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println("Child Thread: " + i); 
        Thread.sleep(500); 
      } 
    } catch (InterruptedException e) { 
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      System.out.println("Child interrupted."); 
    } 
    System.out.println("Exiting child thread."); 
  } 
} 
class ExtendThread { 
  public static void main(String args[]) { 
    new NewThread(); // create a new thread 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println("Main Thread: " + i); 
        Thread.sleep(1000); 
      } 
    } catch (InterruptedException e) { 
      System.out.println("Main thread interrupted." ); 
    } 
    System.out.println("Main thread exiting."); 
  } 
} 
 

// Create multiple threads. 
 
class NewThread implements Runnable { 
  String name; // name of thread 
  Thread t; 
  NewThread(String threadname) { 
    name = threadname; 
    t = new Thread(this, name); 
    System.out.println("New thread: " + t); 
    t.start(); // Start the thread 
  } 
  // This is the entry point for thread. 
  public void run() { 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println(name + ": " + i); 
        Thread.sleep(1000); 
      } 
    } catch (InterruptedException e) { 
      System.out.println(name + "Interrupted"); 
    } 
    System.out.println(name + " exiting."); 
  } 
} 
class MultiThreadDemo { 
  public static void main(String args[]) { 
    new NewThread("One"); // start threads 
    new NewThread("Two"); 
    new NewThread("Three"); 
    try { 
      // wait for other threads to end. 
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      Thread.sleep(10000); 
    } catch (InterruptedException e) { 
      System.out.println("Main thread Interrupted") ; 
    } 
    System.out.println("Main thread exiting."); 
  } 
} 
 

// Using join() to wait for threads to finish. 
 
class NewThread implements Runnable { 
  String name; // name of thread 
  Thread t; 
  NewThread(String threadname) { 
    name = threadname; 
    t = new Thread(this, name); 
    System.out.println("New thread: " + t); 
    t.start(); // Start the thread. 
  } 
  // This is the entry point for thread. 
  public void run() { 
    try { 
      for(int i = 5; i > 0; i--) { 
        System.out.println(name + ": " + i); 
        Thread.sleep(1000); 
      } 
    } catch (InterruptedException e) { 
      System.out.println(name + " interrupted."); 
    } 
    System.out.println(name + " exiting."); 
  } 
} 
class DemoJoin { 
  public static void main(String args[]) { 
    NewThread ob1 = new NewThread("One"); 
    NewThread ob2 = new NewThread("Two"); 
    NewThread ob3 = new NewThread("Three"); 
 
    System.out.println("Thread One is alive: " 
                        + ob1.t.isAlive()); 
    System.out.println("Thread Two is alive: " 
                        + ob2.t.isAlive()); 
    System.out.println("Thread Three is alive: " 
                        + ob3.t.isAlive()); 
    // wait for threads to finish. 
    try { 
      System.out.println("Waiting for threads to fi nish."); 
      ob1.t.join(); 
      ob2.t.join(); 
      ob3.t.join(); 
    } catch (InterruptedException e) { 
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      System.out.println("Main thread Interrupted") ; 
    } 
    System.out.println("Thread One is alive: " 
                        + ob1.t.isAlive()); 
    System.out.println("Thread Two is alive: " 
                        + ob2.t.isAlive()); 
    System.out.println("Thread Three is alive: " 
                        + ob3.t.isAlive()); 
    System.out.println("Main thread exiting."); 
  } 
} 

 

// Demonstrate thread priorities. 
 
class clicker implements Runnable { 
  int click = 0; 
  Thread t; 
  private volatile boolean running = true; 
  public clicker(int p) { 
    t = new Thread(this); 
    t.setPriority(p); 
  } 
  public void run() { 
    while (running) { 
      click++; 
    } 
  } 
  public void stop() { 
    running = false; 
  } 
  public void start() { 
    t.start(); 
  } 
} 
class HiLoPri { 
  public static void main(String args[]) { 
   Thread.currentThread().setPriority(Thread.MAX_PR IORITY); 
    clicker hi = new clicker(Thread.NORM_PRIORITY +  2); 
    clicker lo = new clicker(Thread.NORM_PRIORITY -  2); 
    lo.start(); 
    hi.start(); 
    try { 
      Thread.sleep(10000); 
    } catch (InterruptedException e) { 
        System.out.println("Main thread interrupted ."); 
    } 
    lo.stop(); 
    hi.stop(); 
    // Wait for child threads to terminate. 
    try { 
      hi.t.join(); 
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      lo.t.join(); 
    } catch (InterruptedException e) { 
      System.out.println("InterruptedException caug ht"); 
    } 
    System.out.println("Low-priority thread: " + lo .click);  
    System.out.println("High-priority thread: " + h i.click); 
  } 
} 

 
// This program is not synchronized. 

 
class Callme { 
  void call(String msg) { 
    System.out.print("[" + msg); 
    try { 
      Thread.sleep(1000); 
    } catch(InterruptedException e) { 
      System.out.println("Interrupted"); 
    } 
    System.out.println("]"); 
  } 
} 
class Caller implements Runnable { 
  String msg; 
  Callme target; 
  Thread t; 
  public Caller(Callme targ, String s) { 
    target = targ; 
    msg = s; 
    t = new Thread(this); 
    t.start(); 
  } 
  public void run() { 
    target.call(msg); 
  } 
} 
class Synch { 
  public static void main(String args[]) { 
    Callme target = new Callme(); 
    Caller ob1 = new Caller(target, "Hello"); 
    Caller ob2 = new Caller(target, "Synchronized") ; 
   Caller ob3 = new Caller(target, "World"); 
    // wait for threads to end 
    try { 
      ob1.t.join(); 
      ob2.t.join(); 
      ob3.t.join(); 
    } catch(InterruptedException e) { 
      System.out.println("Interrupted"); 
    } 
  } 
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} 

 
// This program uses a synchronized block. 

 
class Callme { 
  void call(String msg) { 
    System.out.print("[" + msg); 
    try { 
      Thread.sleep(1000); 
    } catch (InterruptedException e) { 
      System.out.println("Interrupted"); 
    } 
    System.out.println("]"); 
  } 
} 
class Caller implements Runnable { 
  String msg; 
  Callme target; 
  Thread t; 
  public Caller(Callme targ, String s) { 
    target = targ; 
    msg = s; 
    t = new Thread(this); 
    t.start(); 
  } 
  // synchronize calls to call(). 
  public void run() { 
    synchronized(target) { // synchronized block. 
      target.call(msg); 
    } 
  } 
} 
class Synch1 { 
  public static void main(String args[]) { 
    Callme target = new Callme(); 
    Caller ob1 = new Caller(target, "Hello"); 
    Caller ob2 = new Caller(target, "Synchronized") ; 
    Caller ob3 = new Caller(target, "World"); 
    // wait for threads to end. 
    try { 
      ob1.t.join(); 
      ob2.t.join(); 
      ob3.t.join(); 
    } catch(InterruptedException e) { 
      System.out.println("Interrupted"); 
    } 
  } 
}  
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// An example of deadlock. 
class A { 
  synchronized void foo(B b) { 
    String name = Thread.currentThread().getName();  
    System.out.println(name + " entered A.foo"); 
    try { 
      Thread.sleep(1000); 
    } catch(Exception e) { 
      System.out.println("A Interrupted"); 
    } 
    System.out.println(name + " trying to call B.la st()"); 
    b.last(); 
  } 
  synchronized void last() { 
    System.out.println("Inside A.last"); 
  } 
} 
class B { 
  synchronized void bar(A a) { 
    String name = Thread.currentThread().getName();  
    System.out.println(name + " entered B.bar"); 
    try { 
      Thread.sleep(1000); 
    } catch(Exception e) { 
      System.out.println("B Interrupted"); 
    } 
    System.out.println(name + " trying to call A.la st()"); 
    a.last(); 
  } 
  synchronized void last() { 
    System.out.println("Inside A.last"); 
  } 
} 
class Deadlock implements Runnable { 
  A a = new A(); 
  B b = new B(); 
  Deadlock() { 
    Thread.currentThread().setName("MainThread"); 
    Thread t = new Thread(this, "RacingThread"); 
    t.start(); 
    a.foo(b); // get lock on a in this thread. 
    System.out.println("Back in main thread"); 
  } 
  public void run() { 
    b.bar(a); // get lock on b in other thread. 
    System.out.println("Back in other thread"); 
  } 
  public static void main(String args[]) { 
    new Deadlock(); 
  } 
}  
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// Using suspend() and resume(). 
class NewThread implements Runnable { 
  String name; // name of thread 
  Thread t; 
  NewThread(String threadname) { 
    name = threadname; 
    t = new Thread(this, name); 
    System.out.println("New thread: " + t); 
    t.start(); // Start the thread 
  } 
  // This is the entry point for thread. 
  public void run() { 
    try { 
      for(int i = 15; i > 0; i--) { 
        System.out.println(name + ": " + i); 
        Thread.sleep(200); 
      } 
    } catch (InterruptedException e) { 
      System.out.println(name + " interrupted."); 
    } 
    System.out.println(name + " exiting."); 
  } 
} 
class SuspendResume { 
  public static void main(String args[]) { 
    NewThread ob1 = new NewThread("One"); 
    NewThread ob2 = new NewThread("Two"); 
    try { 
      Thread.sleep(1000); 
      ob1.t.suspend(); 
      System.out.println("Suspending thread One"); 
      Thread.sleep(1000); 
      ob1.t.resume(); 
      System.out.println("Resuming thread One"); 
      ob2.t.suspend(); 
      System.out.println("Suspending thread Two"); 
      Thread.sleep(1000); 
      ob2.t.resume(); 
      System.out.println("Resuming thread Two"); 
    } catch (InterruptedException e) { 
      System.out.println("Main thread Interrupted") ; 
    } 
    // wait for threads to finish. 
    try { 
      System.out.println("Waiting for threads to fi nish."); 
      ob1.t.join(); 
      ob2.t.join(); 
    } catch (InterruptedException e) { 
      System.out.println("Main thread Interrupted") ; 
    } 
    System.out.println("Main thread exiting."); } }  
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CS2304  -   PROGRAMMING PARADIGMS 
 

TWO MARKS QUESTION & ANSWER  
 

1: What is the difference between an Interface and an Abstract class?  
  
A: An abstract class can have instance methods that implement a default behavior. An Interface 
can only declare constants and instance methods, but cannot implement default behavior and 
all methods are implicitly abstract. An interface has all public members and no 
implementation. An abstract class is a class which may have the usual flavors of class members 
(private, protected, etc.), but has some abstract methods. 
 
2: What is the purpose of garbage collection in Java, and when is it used? 
  
A: The purpose of garbage collection is to identify and discard objects that are no longer 
needed by a program so that their resources can be reclaimed and reused. A Java object is 
subject to garbage collection when it becomes unreachable to the program in which it is used.   
   
3: Describe synchronization in respect to multithreading. 
  
A: With respect to multithreading, synchronization is the capability to control the access of 
multiple threads to shared resources. Without synchonization, it is possible for one thread to 
modify a shared variable while another thread is in the process of using or updating same 
shared variable. This usually leads to significant errors.    
  
 
4: Explain different way of using thread?  
  
A: The thread could be implemented by using runnable interface or by inheriting from the 
Thread class. The former is more advantageous, 'cause when you are going for multiple 
inheritance..the only interface can help.  
 
5: What are pass by reference and passby value?  
  
A: Pass By Reference means the passing the address itself rather than passing the value. Passby 
Value means passing a copy of the value to be passed.   
  
 
6: What is HashMap and Map? 
  
A: Map is Interface and Hashmap is class that implements that.  
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7: Difference between HashMap and HashTable? 
  
A: The HashMap class is roughly euivalent to Hashtable, except that it is unsynchronized and 
permits nulls. (HashMap allows null values as key and value whereas Hashtable doesnt allow). 
HashMap does not guarantee that the order of the map will remain constant over time. 
HashMap is non synchronized and Hashtable is synchronized.   
 
8: Difference between Vector and ArrayList? 
  
A: Vector is synchronized whereas arraylist is not.  
   
9: Difference between Swing and Awt? 
  
A: AWT are heavy-weight componenets. Swings are light-weight components. Hence swing 
works faster than AWT.  
 
 
10: What is the difference between a constructor and a method?  
  
A: A constructor is a member function of a class that is used to create objects of that class. It 
has the same name as the class itself, has no return type, and is invoked using the new operator. 
A method is an ordinary member function of a class. It has its own name, a return type (which 
may be void), and is invoked using the dot operator.  
 
11: What is an Iterators? 
  
A: Some of the collection classes provide traversal of their contents via a java.util.Iterator 
interface. This interface allows you to walk a collection of objects, operating on each object in 
turn. Remember when using Iterators that they contain a snapshot of the collection at the time 
the Iterator was obtained; generally it is not advisable to modify the collection itself while 
traversing an Iterator.  
 
12: State the significance of public, private, protected, default modifiers both singly and 
in combination and state the effect of package relationships on declared items ualified by 
these modifiers. 
  
A: public : Public class is visible in other packages, field is visible everywhere (class must be 
public too) 
private : Private variables or methods may be used only by an instance of the same class that 
declares the variable or method, A private feature may only be accessed by the class that owns 
the feature. 
protected : Is available to all classes in the same package and also available to all subclasses of 
the class that owns the protected feature.This access is provided even to subclasses that reside 
in a different package from the class that owns the protected feature. 
default :What you get by default ie, without any access modifier (ie, public private or 
protected).It means that it is visible to all within a particular package.  
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13: What is an abstract class? 
  
A: Abstract class must be extended/subclassed (to be useful). It serves as a template. A class 
that is abstract may not be instantiated (ie, you may not call its constructor), abstract class may 
contain static data. Any class with an abstract method is automatically abstract itself, and must 
be declared as such. 
A class may be declared abstract even if it has no abstract methods. This prevents it from being 
instantiated.  
 
14: What is static in java? 
  
A: Static means one per class, not one for each object no matter how many instance of a class 
might exist. This means that you can use them without creating an instance of a class.Static 
methods are implicitly final, because overriding is done based on the type of the object, and 
static methods are attached to a class, not an object. A static method in a superclass can be 
shadowed by another static method in a subclass, as long as the original method was not 
declared final. However, you can't override a static method with a nonstatic method. In other 
words, you can't change a static method into an instance method in a subclass.  
     
 
15: What is final? 
  
A: A final class can't be extended ie., final class may not be subclassed. A final method can't be 
overridden when its class is inherited. You can't change value of a final variable (is a constant). 
 
 
 
17: What if the main method is declared as private? 
  
A: The program compiles properly but at runtime it will give "Main method not public." 
message.  
 
18: What if the static modifier is removed from the signature of the main method? 
  
A: Program compiles. But at runtime throws an error "NoSuchMethodError".   
 
19: What if I write static public void instead of public static void? 
  
A: Program compiles and runs properly.   
 
20: What if I do not provide the String array as the argument to the method? 
  
A: Program compiles but throws a runtime error "NoSuchMethodError".   
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21: What is the first argument of the String array in main method? 
  
A: The String array is empty. It does not have any element. This is unlike C/C++ where the 
first element by default is the program name.  
   
 
22: If I do not provide any arguments on the command line, then the String array of 
Main method will be empty of null? 
  
A: It is empty. But not null.  
   
 
23: How can one prove that the array is not null but empty? 
  
A: Print args.length. It will print 0. That means it is empty. But if it would have been null then 
it would have thrown a NullPointerException on attempting to print args.length.  
   
 
24: What environment variables do I need to set on my machine in order to be able to run 
Java programs? 
  
A: CLASSPATH and PATH are the two variables.  
   
 
25: Can an application have multiple classes having main method? 
  
A: Yes it is possible. While starting the application we mention the class name to be run. The 
JVM will look for the Main method only in the class whose name you have mentioned. Hence 
there is not conflict amongst the multiple classes having main method.  
   
 
26: Can I have multiple main methods in the same class? 
  
A: No the program fails to compile. The compiler says that the main method is already defined 
in the class.  
   
 
27: Do I need to import java.lang package any time? Why ? 
  
A: No. It is by default loaded internally by the JVM.  
   
 
28: Can I import same package/class twice? Will the JVM load the package twice at 
runtime? 
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A: One can import the same package or same class multiple times. Neither compiler nor JVM 
complains abt it. And the JVM will internally load the class only once no matter how many 
times you import the same class.  
   
 
29: What are Checked and UnChecked Exception? 
  
A: A checked exception is some subclass of Exception (or Exception itself), excluding class 
RuntimeException and its subclasses. 
Making an exception checked forces client programmers to deal with the possibility that the 
exception will be thrown. eg, IOException thrown by java.io.FileInputStream's read() method· 
Unchecked exceptions are RuntimeException and any of its subclasses. Class Error and its 
subclasses also are unchecked. With an unchecked exception, however, the compiler doesn't 
force client programmers either to catch the 
exception or declare it in a throws clause. In fact, client programmers may not even know that 
the exception could be thrown. eg, StringIndexOutOfBoundsException thrown by String's 
charAt() method· Checked exceptions must be caught at compile time. Runtime exceptions do 
not need to be. Errors often cannot be.  
     
 
30: What is Overriding? 
  
A: When a class defines a method using the same name, return type, and arguments as a 
method in its superclass, the method in the class overrides the method in the superclass. 
When the method is invoked for an object of the class, it is the new definition of the method 
that is called, and not the method definition from superclass. Methods may be overridden to be 
more public, not more private.   
     
 
31: What are different types of inner classes? 
  
A: Nested -level classes, Member classes, Local classes, Anonymous classes 
 
Nested -level classes- If you declare a class within a class and specify the static modifier, the 
compiler treats the class just like any other -level class. 
Any class outside the declaring class accesses the nested class with the declaring class name 
acting similarly to a package. eg, outer.inner. -level inner classes implicitly have access only to 
static variables.There can also be inner interfaces. All of these are of the nested -level variety. 
 
Member classes - Member inner classes are just like other member methods and member 
variables and access to the member class is restricted, just like methods and variables. This 
means a public member class acts similarly to a nested -level class. The primary difference 
between member classes and nested -level classes is that member classes have access to the 
specific instance of the enclosing class. 
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Local classes - Local classes are like local variables, specific to a block of code. Their visibility 
is only within the block of their declaration. In order for the class to be useful beyond the 
declaration block, it would need to implement a 
more publicly available interface.Because local classes are not members, the modifiers public, 
protected, private, and static are not usable. 
 
Anonymous classes - Anonymous inner classes extend local inner classes one level further. As 
anonymous classes have no name, you cannot provide a constructor. 
 
32: Are the imports checked for validity at compile time? e.g. will the code containing an 
import such as java.lang.ABCD compile? 
  
A: Yes the imports are checked for the semantic validity at compile time. The code containing 
above line of import will not compile. It will throw an error saying,can not resolve symbol 
symbol : class ABCD 
location: package io 
import java.io.ABCD;   
   
 
33: Does importing a package imports the subpackages as well? e.g. Does importing 
com.MyTest.* also import com.MyTest.UnitTests.*? 
  
A: No you will have to import the subpackages explicitly. Importing com.MyTest.* will import 
classes in the package MyTest only. It will not import any class in any of it's subpackage.  
   
 
34: What is the difference between declaring a variable and defining a variable? 
  
A: In declaration we just mention the type of the variable and it's name. We do not initialize it. 
But defining means declaration + initialization. 
e.g String s; is just a declaration while String s = new String ("abcd"); Or String s = "abcd"; are 
both definitions.  
   
  
35: What is the default value of an object reference declared as an instance variable? 
  
A: null unless we define it explicitly.  
   
 
36: Can a  level class be private or protected? 
  
A: No. A  level class can not be private or protected. It can have either "public" or no modifier. 
If it does not have a modifier it is supposed to have a default access.If a  level class is declared 
as private the compiler will complain that the "modifier private is not allowed here". This 
means that a  level class can not be private. Same is the case with protected.  
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37: What type of parameter passing does Java support? 
  
A: In Java the arguments are always passed by value .  
   
 
38: Primitive data types are passed by reference or pass by value? 
  
A: Primitive data types are passed by value.  
   
 
39: Objects are passed by value or by reference? 
  
A: Java only supports pass by value. With objects, the object reference itself is passed by value 
and so both the original reference and parameter copy both refer to the same object .  
 
40: What is serialization? 
  
A: Serialization is a mechanism by which you can save the state of an object by converting it to 
a byte stream.  
   
 
41: How do I serialize an object to a file? 
  
A: The class whose instances are to be serialized should implement an interface Serializable. 
Then you pass the instance to the ObjectOutputStream which is connected to a 
fileoutputstream. This will save the object to a file.  
   
 
42: Which methods of Serializable interface should I implement? 
  
A: The serializable interface is an empty interface, it does not contain any methods. So we do 
not implement any methods.  
   
 
43: How can I customize the seralization process? i.e. how can one have a control over the 
serialization process? 
  
A: Yes it is possible to have control over serialization process. The class should implement 
Externalizable interface. This interface contains two methods namely readExternal and 
writeExternal. You should implement these methods and write the logic for customizing the 
serialization process.  
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44: What is the common usage of serialization? 
  
A: Whenever an object is to be sent over the network, objects need to be serialized. Moreover 
if the state of an object is to be saved, objects need to be serilazed.  
   
 
45: What is Externalizable interface? 
  
A: Externalizable is an interface which contains two methods readExternal and writeExternal. 
These methods give you a control over the serialization mechanism. Thus if your class 
implements this interface, you can customize the serialization process by implementing these 
methods.  
   
 
46: What happens to the object references included in the object? 
  
A: The serialization mechanism generates an object graph for serialization. Thus it determines 
whether the included object references are serializable or not. This is a recursive process. Thus 
when an object is serialized, all the included objects are also serialized alongwith the original 
obect.  
   
 
47: What one should take care of while serializing the object? 
  
A: One should make sure that all the included objects are also serializable. If any of the objects 
is not serializable then it throws a NotSerializableException.  
   
 
48: What happens to the static fields of a class during serialization? Are these fields 
serialized as a part of each serialized object? 
  
A: Yes the static fields do get serialized. If the static field is an object then it must have 
implemented Serializable interface. The static fields are serialized as a part of every object. But 
the commonness of the static fields across all the instances is maintained even after 
serialization.  
 
 
 49 :Does Java provide any construct to find out the size of an object? 
  
A: No there is not sizeof operator in Java. So there is not direct way to determine the size of an 
object directly in Java.  
   
 
50: Does importing a package imports the subpackages as well? e.g. Does importing 
com.MyTest.* also import com.MyTest.UnitTests.*? 
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A: Read the system time just before the method is invoked and immediately after method 
returns. Take the time difference, which will give you the time taken by a method for 
execution.  
To put it in code... 
 
long start = System.currentTimeMillis (); 
method (); 
long end = System.currentTimeMillis (); 
 
System.out.println ("Time taken for execution is " + (end - start)); 
 
Remember that if the time taken for execution is too small, it might show that it is taking zero 
milliseconds for execution. Try it on a method which is big enough, in the sense the one which 
is doing considerable amout of processing. 
  
   
 
51: What are wrapper classes? 
  
A: Java provides specialized classes corresponding to each of the primitive data types. These 
are called wrapper classes. They are e.g. Integer, Character, Double etc.  
   
 
52: Why do we need wrapper classes? 
  
A: It is sometimes easier to deal with primitives as objects. Moreover most of the collection 
classes store objects and not primitive data types. And also the wrapper classes provide many 
utility methods also. Because of these resons we need wrapper classes. And since we create 
instances of these classes we can store them in any of the collection classes and pass them 
around as a collection. Also we can pass them around as method parameters where a method 
expects an object.  
   
 
53: What are checked exceptions? 
  
A: Checked exception are those which the Java compiler forces you to catch. e.g. IOException 
are checked Exceptions.  
   
54: What are runtime exceptions? 
  
A: Runtime exceptions are those exceptions that are thrown at runtime because of either wrong 
input data or because of wrong business logic etc. These are not checked by the compiler at 
compile time.  
  55: What is the difference between error and an exception? 
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A: An error is an irrecoverable condition occurring at runtime. Such as OutOfMemory error. 
These JVM errors and you can not repair them at runtime. While exceptions are conditions that 
occur because of bad input etc. e.g. FileNotFoundException will be thrown if the specified file 
does not exist. Or a NullPointerException will take place if you try using a null reference. In 
most of the cases it is possible to recover from an exception (probably by giving user a 
feedback for entering proper values etc.).  
   
 
56: How to create custom exceptions? 
  
A: Your class should extend class Exception, or some more specific type thereof.  
   
 
57: If I want an object of my class to be thrown as an exception object, what should I do? 
  
A: The class should extend from Exception class. Or you can extend your class from some 
more precise exception type also.  
   
 
58: If my class already extends from some other class what should I do if I want an 
instance of my class to be thrown as an exception object? 
  
A: One can not do anytihng in this scenarion. Because Java does not allow multiple inheritance 
and does not provide any exception interface as well.  
   
 
59: What happens to an unhandled exception? 
  
A: One can not do anytihng in this scenarion. Because Java does not allow multiple inheritance 
and does not provide any exception interface as well.  
   
 
60: How does an exception permeate through the code? 
  
A: An unhandled exception moves up the method stack in search of a matching When an 
exception is thrown from a code which is wrapped in a try block followed by one or more 
catch blocks, a search is made for matching catch block. If a matching type is found then that 
block will be invoked. If a matching type is not found then the exception moves up the method 
stack and reaches the caller method. Same procedure is repeated if the caller method is 
included in a try catch block. This process continues until a catch block handling the 
appropriate type of exception is found. If it does not find such a block then finally the program 
terminates.  
   
 
61: What are the different ways to handle exceptions? 
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A: There are two ways to handle exceptions,  
1. By wrapping the desired code in a try block followed by a catch block to catch the 
exceptions. and  
2. List the desired exceptions in the throws clause of the method and let the caller of the 
method hadle those exceptions.  
   
 
62: What is the basic difference between the 2 approaches to exception handling...1> try 
catch block and 2> specifying the candidate exceptions in the throws clause? 
When should you use which approach? 
  
A: In the first approach as a programmer of the method, you urself are dealing with the 
exception. This is fine if you are in a best position to decide should be done in case of an 
exception. Whereas if it is not the responsibility of the method to deal with it's own exceptions, 
then do not use this approach. In this case use the second approach. In the second approach we 
are forcing the caller of the method to catch the exceptions, that the method is likely to throw. 
This is often the approach library creators use. They list the exception in the throws clause and 
we must catch them. You will find the same approach throughout the java libraries we use.  
   
 
63: Is it necessary that each try block must be followed by a catch block? 
  
A: It is not necessary that each try block must be followed by a catch block. It should be 
followed by either a catch block OR a finally block. And whatever exceptions are likely to be 
thrown should be declared in the throws clause of the method.  
   
 
64: If I write return at the end of the try block, will the finally block still execute? 
  
A: Yes even if you write return as the last statement in the try block and no exception occurs, 
the finally block will execute. The finally block will execute and then the control return.  
   
 
65: If I write System.exit (0); at the end of the try block, will the finally block still 
execute? 
  
A: No in this case the finally block will not execute because when you say System.exit (0); the 
control immediately goes out of the program, and thus finally never executes.  
 
66: How are Observer and Observable used? 
  
A: Objects that subclass the Observable class maintain a list of observers. When an Observable 
object is updated it invokes the update() method of each of its observers to notify the observers 
that it has changed state. The Observer interface is implemented by objects that observe 
Observable objects.  
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67: What is synchronization and why is it important? 
  
A: With respect to multithreading, synchronization is the capability to control 
the access of multiple threads to shared resources. Without synchronization, it is possible for 
one thread to modify a shared object while another thread is in the process of using or updating 
that object's value. This often leads to significant errors.  
 
68: How does Java handle integer overflows and underflows? 
  
A: It uses those low order bytes of the result that can fit into the size of the type allowed by the 
operation.  
 
69: Does garbage collection guarantee that a program will not run out of memory? 
  
A: Garbage collection does not guarantee that a program will not run out of memory. It is 
possible for programs to use up memory resources faster than they are garbage collected. It is 
also possible for programs to create objects that are not subject to garbage collection 
.  
70: What is the difference between preemptive scheduling and time slicing? 
  
A: Under preemptive scheduling, the highest priority task executes until it enters the waiting or 
dead states or a higher priority task comes into existence. Under time slicing, a task executes 
for a predefined slice of time and then reenters the pool of ready tasks. The scheduler then 
determines which task should execute next, based on priority and other factors.  
 
71: When a thread is created and started, what is its initial state? 
  
A: A thread is in the ready state after it has been created and started.  
 
72: What is the purpose of finalization? 
  
A: The purpose of finalization is to give an unreachable object the opportunity to perform any 
cleanup processing before the object is garbage collected.  
 
73: What is the Locale class? 
  
A: The Locale class is used to tailor program output to the conventions of a particular 
geographic, political, or cultural region.  
 
74: What is the difference between a while statement and a do statement? 
  
A: A while statement checks at the beginning of a loop to see whether the next loop iteration 
should occur. A do statement checks at the end of a loop to see whether the next iteration of a 
loop should occur. The do statement will always execute the body of a loop at least once.  
 
75: What is the difference between static and non-static variables? 
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A: A static variable is associated with the class as a whole rather than with specific instances of 
a class. Non-static variables take on uniue values with each object instance.  
 
76: How are this() and super() used with constructors? 
  
A: Othis() is used to invoke a constructor of the same class. super() is used to invoke a 
superclass constructor.  
 
77: What are synchronized methods and synchronized statements? 
  
A: Synchronized methods are methods that are used to control access to an object. A thread 
only executes a synchronized method after it has acuired the lock for the method's object or 
class. Synchronized statements are similar to synchronized methods. A synchronized statement 
can only be executed after a thread has acuired the lock for the object or class referenced in the 
synchronized statement.  
 
78: What is daemon thread and which method is used to create the daemon thread? 
  
A: Daemon thread is a low priority thread which runs intermittently in the back ground doing 
the garbage collection operation for the java runtime system. setDaemon method is used to 
create a daemon thread.  
 
79: Can applets communicate with each other? 
  
A: At this point in time applets may communicate with other applets running in the same 
virtual machine. If the applets are of the same class, they can communicate via shared static 
variables. If the applets are of different classes, then each will need a reference to the same 
class with static variables. In any case the basic idea is to pass the information back and forth 
through a static variable.  
 
An applet can also get references to all other applets on the same page using the getApplets() 
method of java.applet.AppletContext. Once you\'ve got a reference to an applet, you can 
communicate with it by using its public members.  
 
It is conceivable to have applets in different virtual machines that talk to a server somewhere 
on the Internet and store any data that needs to be serialized there. Then, when another applet 
needs this data, it could connect to this same server. Implementing this is non-trivial.   
]   
 
80: What are the steps in the JDBC connection? 
  
A:   While making a JDBC connection we go through the following steps :  
 
Step 1 : Register the database driver by using :  
Class.forName(\" driver classs for that specific database\" ); 
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Step 2 : Now create a database connection using : 
 
Connection con = DriverManager.getConnection(url,username,password); 
 
Step 3: Now Create a uery using : 
 
Statement stmt = Connection.Statement(\"select * from TABLE NAME\"); 
 
Step 4 : Exceute the uery : 
 
stmt.exceuteUpdate(); 
 
81: How does a try statement determine which catch clause should be used to handle an 
exception? 
  
A: When an exception is thrown within the body of a try statement, the catch clauses of the try 
statement are examined in the order in which they appear. The first catch clause that is capable 
of handling the exceptionis executed. The remaining catch clauses are ignored. 
 
82: Can an unreachable object become reachable again? 
  
A: An unreachable object may become reachable again. This can happen when the object's 
finalize() method is invoked and the object performs an operation which causes it to become 
accessible to reachable objects.  
 
83: What method must be implemented by all threads? 
  
A: All tasks must implement the run() method, whether they are a subclass of Thread or 
implement the Runnable interface.  
 
84: What are synchronized methods and synchronized statements? 
  
A: Synchronized methods are methods that are used to control access to an object. A thread 
only executes a synchronized method after it has acuired the lock for the method's object or 
class. Synchronized statements are similar to synchronized methods. A synchronized statement 
can only be executed after a thread has acuired the lock for the object or class referenced in the 
synchronized statement. 
  
 
85: What is Externalizable?  
  
A: Externalizable is an Interface that extends Serializable Interface. And sends data into 
Streams in Compressed Format. It has two methods, writeExternal(ObjectOuput out) and 
readExternal(ObjectInput in)   
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86: What modifiers are allowed for methods in an Interface? 
  
A: Only public and abstract modifiers are allowed for methods in interfaces.  
  
 
87: What are some alternatives to inheritance? 
  
A: Delegation is an alternative to inheritance. Delegation means that you include an instance of 
another class as an instance variable, and forward messages to the instance. It is often safer 
than inheritance because it forces you to think about each message you forward, because the 
instance is of a known class, rather than a new class, and because it doesn't force you to accept 
all the methods of the super class: you can provide only the methods that really make sense. On 
the other hand, it makes you write more code, and it is harder to re-use (because it is not a 
subclass). 
  
 
88: What does it mean that a method or field is "static"?  
  
A: Static variables and methods are instantiated only once per class. In other words they are 
class variables, not instance variables. If you change the value of a static variable in a 
particular object, the value of that variable changes for all instances of that class.  
Static methods can be referenced with the name of the class rather than the name of a particular 
object of the class (though that works too). That's how library methods like 
System.out.println() work out is a static field in the java.lang.System class.  
 
 
89: What is the difference between preemptive scheduling and time slicing? 
  
A: Under preemptive scheduling, the highest priority task executes until it enters the waiting or 
dead states or a higher priority task comes into existence. Under time slicing, a task executes 
for a predefined slice of time and then reenters the pool of ready tasks. The scheduler then 
determines which task should execute next, based on priority and other factors.  
  
 
90: What is the catch or declare rule for method declarations?  
  
A: If a checked exception may be thrown within the body of a method, the method must either 
catch the exception or declare it in its throws clause.  
  
 
91: What is the Collections API?  
  
A: The Collections API is a set of classes and interfaces that support operations on collections 
of objects.  
 
92: What is the List interface? 
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A: The List interface provides support for ordered collections of objects.   
 
93: What is the Vector class? 
  
A: The Vector class provides the capability to implement a growable array of objects.    
 
94: What is an Iterator interface?  
  
A: The Iterator interface is used to step through the elements of a Collection .  
 
95: Which java.util classes and interfaces support event handling?  
  
A: The EventObject class and the EventListener interface support event processing.  
 
96: What is the GregorianCalendar class?  
  
A: The GregorianCalendar provides support for traditional Western calendars   
 
 
97: What is the Locale class?  
  
A: The Locale class is used to tailor program output to the conventions of a particular 
geographic, political, or cultural region .  
 
 
98: What is the SimpleTimeZone class? 
  
A: The SimpleTimeZone class provides support for a Gregorian calendar .  
 
 
99: What is the Map interface?  
  
A: The Map interface replaces the JDK 1.1 Dictionary class and is used associate keys with 
values.  
 
 
100: What is the highest-level event class of the event-delegation model? 
  
A: The java.util.EventObject class is the highest-level class in the event-delegation class 
hierarchy.  
 
 
101: What is the Collection interface?  
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A: The Collection interface provides support for the implementation of a mathematical bag - an 
unordered collection of objects that may contain duplicates.  
 
102: What is the Set interface?  
  
A: The Set interface provides methods for accessing the elements of a finite mathematical set. 
Sets do not allow duplicate elements.   
 
 
103: What is the typical use of Hashtable? 
  
A: Whenever a program wants to store a key value pair, one can use Hashtable.  
   
104: Can a ArrayList contain heterogenous objects? 
  
A: Yes a ArrayList can contain heterogenous objects. Because a ArrayList stores everything in 
terms of Object.  
   
105: What is an enumeration? 
  
A: An enumeration is an interface containing methods for accessing the underlying data 
structure from which the enumeration is obtained. It is a construct which collection classes 
return when you reuest a collection of all the objects stored in the collection. It allows seuential 
access to all the elements stored in the collection.  
   
106: Considering the basic properties of Vector and ArrayList, where will you use Vector 
and where will you use ArrayList? 
  
A: The basic difference between a Vector and an ArrayList is that, vector is synchronized 
while ArrayList is not. Thus whenever there is a possibility of multiple threads accessing the 
same instance, one should use Vector. While if not multiple threads are going to access the 
same instance then use ArrayList. Non synchronized data structure will give better 
performance than the synchronized one.  
   
 
 
107 : Diff between an Array, Vector and Hashtable  
 
An interface is not a class - it is a declaration of method headers and constant fields - there are 
no implementations in an interface. An abstract class is a class, where one or more methods are 
not implemented, but it can provide many methods which are implemented already, what an 
interface can't provide, because it has no implementations. An abstract class cannot be 
instantiated. 
 
An abstract class is also usefull, to provide a class, which implements one or more interfaces 
particially - see AbstractTableModel for example - it provides implementations for most of the 
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methods of the TabelModel interface, but leave some of them unimplemented - therefore it is 
an abstract class. Also in provides some additional methods, which are usefull but not part of 
the TableModel interface - see the methods to add and remove TableModelListeners and the 
methods for firing events to theses listeners. 
 
AbstractTableModel is a really usefull class - it has implementations for most of the methods 
of the TableModel interface, but provides no storage model itself - you are free to use that one, 
you want. DefaultTableModel, which is not an abstract class, provides a storage model - a 
Vector of Vector. 
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16 Marks Questions with Key 
 

Unit I  OOP – Fundamentals 
 

1. Describe Java in details ? 
 

• Review of OOPS 
• History of Java 
• Java Program Structure 
• Example – Java 
 

2. Explain Data types ,Operators & Variable in Java ? 
 

• Data types – with Syntax & example 
• Operators types with Description  

� Arithmetic Operators  
� Relational and Conditional Operators  
� Shift and Logical Operators  
� Assignment Operators  
� Other Operators 

• Variable – Syntax with examples 
 

3. Define Java Class , Methods & Access Specifier . 
 

• Class contents: 
� Method Access Specifiers 
� Methods Modifiers, Method return type, Method Parameters 
� Methods Over Loading 

• Class Declaration 

• Declaring Member Variables  
• Access Specifier  
• Sample Program with Explanation 
 

4. Explain  Constructors ? also use Final Method and give  Example? 
 

• Constructors type 
• Define Final Method 
• Coding that uses final method  
 

5. Explain Array & String in detail? with example. 
 

• Array 
� Declaration of Array 
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� Creation of Arrays 
� Initialisation of Arrays 
� Arrays – Example 
� Two Dimensional Arrays 
� Demonstrate a two-dimensional array 
� Variable Size Arrays 

• String 
� Introduction 
� String Operations in Java: 
� String Class: 
� String operations and Arrays: 
� String class – Constructors: 
� String class – Example 

 
6. Explain Package in with example? 
 

• Declaring Package 
• Accessing other Package 
• Package Naming Conversion 
• Sample Package program with explanation 
 

Unit – II OOP– Inheritance 
 

7. Explain Inheritance In Java? 

• Inheritance rules 

• Declaring Inheritance 
• Payroll with Inheritance 

8. Explain Polymorphism In Java? 
 
9. Describe Dynamic binding with Example? 

 
10. Describe Abstract classes & Object classes 

 
11. Explain Reflection and Interface with example? 

 
12. Explain in detail about Object Clonning? 

 
� Need of Clonning 
� The Cloneable interface 
� Content : 

 1 Overview  
2 Alternatives  
3 clone() and the Singleton pattern  
4 clone() and class hierarchy  
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5 clone() and final fields  
6 References 

 
Unit-III  Event Driven Programamming  

 
13. Describe Event Handler in Detail. 
 

� Introduction 
� Java event handling model 
� How to implement an event handler 
� Event class hierarchy 
� Exapmle 

14. Expalin AWT Event Handler in detail with example? 

Java.util.EventObject 

·           Java.awt.AWTEvent 

� ActionEvent  
� AdjustmentEvent  
� ComponentEvent  

• ContainerEvent  
• FocusEvent  
• InputEvent  

• KeyEvent  
• MouseEvent  

• PaintEvent  
• WindowEvent  

� ItemEvent  
� TextEvent  

15. Describe Swing Components in detail? 
 

Characteristics of the Swing 
Swing Package 
Swing Componets 

• JLabel Component 
• JCheckBox 
• JSlider 
• JComboBox 
• JProgressBar 
• JToggleButton 
• JList 
• JText Area 
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• JPanel 
 
Unit-IV Generic Programming 
 

16. Explain Generic Programming in Detail? 
 

• Introduction 
• Simple Program 
• Hierarchy and classification 
• Motivation 
• Generic Methods with example 
• Generic Class with example 
• Wildcard 
 

17. Describe Generic in Exception? 
 

 
 
 
 

18. E
xpalin Generic Reflection in Detail? 

 
• Generic Method Return Types 
• Generic Method Parameter Types 
• Generic Field Types 
• Demonstrate a simple generic method 
 

19. Explain Exception in Detail? 

• What Is an Exception? 
An exception is an event that occurs during the execution of a program that disrupts the 
normal flow of instructions.  

• The Catch or Specify Requirement 
This section covers how to catch and handle exceptions. The discussion includes the 
try , catch , and finally  blocks, as well as chained exceptions and logging.  

• How to Throw Exceptions 
This section covers the throw  statement and the Throwable  class and its subclasses.  

• Unchecked Exceptions — The Controversy 
This section explains the correct and incorrect use of the unchecked exceptions 
indicated by subclasses of RuntimeException .  

• Collections & Mappings 
• Utilities and Algorithms 
• Parameterized Types 

•  Arrays to Lists 
•  Concordance 
•  Word 

Checking 

• Exception Handling 
• throws and throw 
• Effective Hierarchy 

www.Vidyarthiplus.com

www.Vidyarthiplus.com



 

 371 

• Advantages of Exceptions 
The use of exceptions to manage errors has some advantages over traditional error-
management techniques. You'll learn more in this section.  

• Summary 
 

20. Give a example for StackTraceMethod? With explanation? 
 
21. Describe Logging & Assertion in detail? 

 
 

UNIT-V Concurrent Programming  
 

22. Explain Multi thread in detail? 
 

• Thread 
• Multi Thread 
• Use of Thread 
• How to create thread 
• Thread properties 
• Thread State 

 
23. Explain Synchronization in thread? 

• Thread Interference describes how errors are introduced when multiple 
threads access shared data.  

• Memory Consistency Errors describes errors that result from inconsistent 
views of shared memory.  

• Synchronized Methods describes a simple idiom that can effectively prevent 
thread interference and memory consistency errors.  

• Implicit Locks and Synchronization describes a more general 
synchronization idiom, and describes how synchronization is based on 
implicit locks.  

• Atomic Access talks about the general idea of operations that can't be 
interfered with by other threads.  

24. Describe Executors? In detail. 

• Executor Interfaces define the three executor object types.  
� Executor  Interface 
� ExecutorService  Interface 
� ScheduledExecutorService  Interface 

• Thread Pools are the most common kind of executor implementation 

25. Difference between thread and Event-driven programming? 
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