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UNIT 2- JAVA 

DATA TYPES: 

Java defines eight primitive types of data: byte, short, int, long, char, float, double, and 

boolean. The primitive types are also commonly referred to as simple types. These can be put in 

four groups: 

• Integers This group includes byte, short, int, and long, which are for whole-valued 

signed numbers. 

• Floating-point numbers This group includes float and double, which represent numbers 

with fractional precision 

• Characters This group includes char, which represents symbols in a character set, like 

letters and numbers. 

• Boolean This group includes boolean, which is a special type for representing true/false 

values. 

INTEGER : 

Java defines four integer types: byte, short, int, and long. All of these are signed, 

positiveand negative values. Java does not support unsigned, positive-only integers. 

Byte: The smallest integer type is byte. This is a signed 8-bit type that has a range from –128 to 

127. 

Short: short is a signed 16-bit type. It has a range from –32,768 to 32,767. 

Int: The most commonly used integer type is int. It is a signed 32-bit type that has a range from 

–2,147,483,648 to 2,147,483,647. 

Long: long is a signed 64-bit type and is useful for those occasions where an int type is not large 

enough to hold the desired value. The range of a long is quite large 

Floating-Point Types 

Floating-point numbers, also known as real numbers, are used when evaluating 

expressions that require fractional precision. 

Float: The type float specifies a single-precision value that uses 32 bits of storage 

Name Width in Bits Approximate Range 

Double 64 4.9e–324 to 1.8e+308 

Float 32 1.4e–045 to 3.4e+038 

Double: Double precision, as denoted by the double keyword, uses 64 bits to store a value. 
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Characters 

In Java, the data type used to store characters is char. Java char is a 16-bit type. The 

range of a char is 0 to 65,536. There are no negative chars. 

Booleans 

Java has a primitive type, called boolean, for logical values. It can have only one of two 

possible values, true or false. 

Type Conversion and Casting 

it is fairly common to assign a value of one type to a variable of another type which is 

known as casting. 

Java’s Automatic Conversions 

When one type of data is assigned to another type of variable, an automatic type 

conversion will take place if the following two conditions are met: 

• The two types are compatible. 

• The destination type is larger than the source type. 

When these two conditions are met, a widening conversion takes place. For example, the 

int type is always large enough to hold all valid byte values, so no explicit cast statement is 

required. 

if you want to assign an int value to a byte variable.  This conversion will not be 

performed automatically, because a byte is smaller than an int. This kind of conversion is 

sometimes called a narrowing conversion, since you are explicitly making the value narrower so 

that it will fit into the target type. To create a conversion between two incompatible types, you 

must use a cast. A cast is simply an explicit type conversion. It has this general form: 

 

(target-type) value 

int a; 

byte b; 

// ... 

b = (byte) a; 

Arrays: An array is a group of like-typed variables that are referred to by a common name. 

Arrays of any type can be created and may have one or more dimensions. Aspecific element in 

an array is accessed by its index.                   type var-name[ ]; 
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An Example for Multidimensional Array. 
 
 While we define an multidimensional array it is necessary to define the number 
of row but not the column values. 
 
public class arrayl { 
 public static void main(String args[]){ 
   
  int twoD[][]= new int[4][]; 
   
// Multidimensional array each row has variable column values. 
  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++){ 
   for(j=0;j<i+1;j++) 
   System.out.print(twoD[i][j] + " "); 
    
  System.out.println(); 
  } 
    
  System.out.printf("the value of k is %d",k); 
 } 
 
} 

 

Arithmetic Operators 

Arithmetic operators are used in mathematical expressions in the same way that they are 

used in algebra. The following table lists the arithmetic operators: 

+ Addition 

– Subtraction  

* Multiplication 

% Modulus 

/ Division 

++ Increment 

+= Addition assignment 
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–=  Subtraction assignment 

*=  Multiplication assignment 

%= Modulus assignment 

/= Division assignment 

– – Decrement 

 

The Bitwise Operators 

Java defines several bitwise operators that can be applied to the integer types, long, int, 

short, char, and byte. These operators act upon the individual bits of their operands. They are 

summarized in the following table: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Java’s Selection Statements 

Java supports two selection statements: if and switch. These statements allow you to 

control the flow of your program’s execution based upon conditions known only during run time.  

The if statement is Java’s conditional branch statement. It can be used to route program 

execution through two different paths. Here is the general form of the if statement: 

Operator Result 

~   Bitwise unary NOT 

&   Bitwise AND 

|   Bitwise OR 

^   Bitwise exclusive OR 

>>   Shift right 

>>>   Shift right zero fill 

<<   Shift left 

&=   Bitwise AND assignment 

|=  Bitwise OR assignment 

^=   Bitwise exclusive OR assignment 

>>=   Shift right assignment 

>>>=   Shift right zero fill assignment 

<<=   Shift left assignment 
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if (condition) statement1; 

else statement2; 

The if-else-if Ladder 

A common programming construct that is based upon a sequence of nested ifs is the if-else-if 

ladder. It looks like this: 

if(condition)  

statement;  

else if(condition) 

statement;  

else if(condition) 

statement; 

... 

else 

statement; 

The if statements are executed from the top down. As soon as one of the conditions controlling 

the if is true, the statement associated with that if is executed, and the rest of the ladder is 

bypassed. If none of the conditions is true, then the final else statement will be executed.The 

final else acts as a default condition; 

switch 

The switch statement is Java’s multiway branch statement. It provides an easy way to dispatch 

execution to different parts of your code based on the value of an expression. As such, it often 

provides a better alternative than a large series of if-else-if statements. Here is the general form 

of a switch statement: 

 

switch (expression) { 

case value1: 

// statement sequence 

break; 

case value2: 

// statement sequence 
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break; 

... 

case valueN: 

// statement sequence 

break; 

default: 

// default statement sequence } 

 

The expression must be of type byte, short, int, or char; each of the values specified in 

the case statements must be of a type compatible with the expression. (An enumeration value can 

also be used to control a switch statement. 

 

Iteration Statements 

Java’s iteration statements are for, while, and do-while. These statements create what we 

commonly call loops. As you probably know, a loop repeatedly executes the same set of  

instructions until a termination condition is met. As you will see, Java has a loop to fit any 

programming need. 

 

while 

The while loop is Java’s most fundamental loop statement. It repeats a statement or block 

while its controlling expression is true. Here is its general form: 

while(condition) { 

// body of loop  } 

The condition can be any Boolean expression. The body of the loop will be executed as long as 

the conditional expression is true. When condition becomes false, control passes to the next line 

of code immediately following the loop. The curly braces are unnecessary if only a single 

statement is being repeated. 

do-while 

if the conditional expression controlling a while loop is initially false, then the body 

of the loop will not be executed at all. However, sometimes it is desirable to execute the body of 

a loop at least once, even if the conditional expression is false to begin with. In other words, 
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there are times when you would like to test the termination expression at the end of the loop 

rather than at the beginning. 

 The do-while loop always executes its body at least once, because its conditional 

expression is at the bottom of the loop. Its general form is 

do { 

// body of loop 

      } while (condition); 

Each iteration of the do-while loop first executes the body of the loop and then evaluates 

the conditional expression. If this expression is true, the loop will repeat. Otherwise, the loop 

terminates.  

For Loop: 

Beginning with JDK 5, there are two forms of the for loop. The first is the traditional 

form that has been in use since the original version of Java. The second is the new ―for-each‖ 

form. Both types of for loops are discussed here, beginning with the traditional form. Here is 

the general form of the traditional for statement: 

 

for(initialization; condition; iteration) { 

// body   } 

 

If only one statement is being repeated, there is no need for the curly braces. The for loop 

operates as follows. When the loop first starts, the initialization portion of the loop is executed. 

Generally, this is an expression that sets the value of the loop control variable, which acts as a 

counter that controls the loop. It is important to understand that the initialization expression is 

only executed once. Next, condition is evaluated. This must be a Boolean expression. It usually 

tests the loop control variable against a target value. If this expression is true, then the body of 

the loop is executed. If it is false, the loop terminates. Next, the iteration portion of the loop is 

executed. This is usually an expression that increments or decrements the loop control variable. 

For-Each 

Beginning with JDK 5, a second form of for was defined that implements a ―for-each‖ 

style loop. As you may know, contemporary language theory has embraced the for-each concept, 

and it is quickly becoming a standard feature that programmers have come to expect. A foreach 
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style loop is designed to cycle through a collection of objects, such as an array, in strictly 

sequential fashion, from start to finish. Unlike some languages, such as C#, that implement a for 

each loop by using the keyword foreach, Java adds the for-each capability by enhancing the for 

statement. The advantage of this approach is that no new keyword is required, and no preexisting 

code is broken. The for-each style of for is also referred to as the enhanced for loop. The general 

form of the for-each version of the for is shown here: 

 

for(type itr-var : collection) statement-block 

 

Here, type specifies the type and itr-var specifies the name of an iteration variable that will 

receive the elements from a collection, one at a time, from beginning to end. The collection 

being cycled through is specified by collection. There are various types of collections that can be 

used with the for, but the only type used in this chapter is the array. With each iteration of the 

loop, the next element in the collection is retrieved and stored in itr-var. The loop repeats until 

all elements in the collection have been obtained. Because the iteration variable receives values 

from the collection, type must be the same as (or compatible with) the elements stored in the 

collection. Thus, when iterating over arrays type must be compatible with the base type of the 

array.  

The for-each style for automates the preceding loop. Specifically, it eliminates the need 

to establish a loop counter, specify a starting and ending value, and manually index the array. 

Instead, it automatically cycles through the entire array, obtaining one element at a time, in 

sequence, from beginning to end. For example, here is the preceding fragment rewritten using a  

for-each version of the for: 

 

int nums[] = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 }; 

int sum = 0; 

for(int x: nums) sum += x; 

The General Form of a Class 

Aclass is declared by use of the class keyword. The classes that have been used up to this point 

are actually very limited examples of its complete form. Classes can (and usually do) get much 

more complex. A simplified general form of a class definition is shown here: 
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class classname {  

type instance-variable1; 

type instance-variable2; 

// ... 

type instance-variableN; 

 

type methodname1(parameter-list) { 

// body of method       } 

 

type methodname2(parameter-list) {  

// body of method      } 

// ... 

type methodnameN(parameter-list) {  

// body of method      }   } 

 

The data, or variables, defined within a class are called instance variables. The code is 

contained within methods. Collectively, the methods and variables defined within a class are 

called members of the class. In most classes, the instance variables are acted upon and accessed 

by the methods defined for that class. Thus, as a general rule, it is the methods that determine 

how a class’ data can be used. 

 

Declaring Objects 

Obtaining objects of a class is a two-step process. First, you must declare a variable of the 

class type. This variable does not define an object. Instead, it is simply a variable that can refer 

to an object. Second, you must acquire an actual, physical copy of the object and assign it to that 

variable. You can do this using the new operator. The new operator dynamically allocates (that 

is, allocates at run time) memory for an object and returns a reference to it. 

 

First Method:  

Box mybox = new Box(); 
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Second Method:  

Box mybox; // declare reference to object 

mybox = new Box(); // allocate a Box object 

 

The first line declares mybox as a reference to an object of type Box. After this line 

executes, mybox contains the value null, which indicates that it does not yet point to an actual 

object. Any attempt to use mybox at this point will result in a compile-time error. The next line 

allocates an actual object and assigns a reference to it to mybox. After the second line executes, 

you can use mybox as if it were a Box object. But in reality, mybox simply holds the memory 

address of the actual Box object. 

 

Constructor: 

A constructor initializes an object immediately upon creation. It has the same name as 

the class in which it resides and is syntactically similar to a method. Once defined, the 

constructor is automatically called immediately after the object is created, before the new 

operator completes. Constructors look a little strange because they have no return type, not even 

void. This is because the implicit return type of a class’ constructor is the class type itself. 

Example for Constructor:  
 
class rect{ 
 int Ilength,Ibreadth; 
 // Here rect() is an Constructor 

rect(){ 
  // here the member variables are initialized  
  Ilength=10; 
  Ibreadth=20; 
  } 
 int fun_area() 
 { 
 return Ilength*Ibreadth; 
 } 
} 
public class cons { 
  public static void main(String args[]) 
  { 
   rect op=new rect(); 
    
   int Iarea; 
    
   Iarea=op.fun_area(); 
    
   System.out.println("Area of rectangle is" + Iarea);   
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  } 
} 

 

Parameterized Constructors: 

We can pass the initialization values to the constructor.it is know as parameterized 

constructor. 

import java.util.Scanner; 
 
class cube{ 
 int ISide; 
 cube(int x){ 
  // this is constructor 
  ISide=x; 
  } 
 int fun_volume() 
 { 
 return ISide*ISide*ISide; 
 } 
} 
 
public class paramconst { 
 public static void main(String args[]) 
 { 
  Scanner sr= new Scanner(System.in); 
   
  System.out.println("Enter the side value"); 
   
  int side=sr.nextInt(); 
   
  // Parameterised Constructor 
  cube op=new cube(side); 
   
  int IVolume; 
   
  IVolume=op.fun_volume(); 
   
  System.out.println("Volume of Cube is" + IVolume );   
} 
} 

 

The this Keyword 

Sometimes a method will need to refer to the object that invoked it. To allow this, Java 

defines the this keyword. this can be used inside any method to refer to the current object. That 

is, this is always a reference to the object on which the method was invoked. 

class box{ 
 double height; 
 double depth; 
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 double width; 
 // this operator & constructor when 3 dimensions are known 
 box(double w, double d, double h){ 
  this.width=w; 
  this.height=h; 
  this.depth=d; 
 } 
 //default constructor 
 box (){ 
  height=width=depth=2; 
 } 
 
 double fun_volume(){ 
  return width*height*depth; 
 } 
} 
 
} 
 
 
public class thisop { 
public static void main(String args[]){ 
  
 double volume; 
  
 box mybox1=new boxweight(10,10,10,10); 
  
 volume=mybox1.fun_volume(); 
 System.out.println("volume of mybox1 object is " + volume); 
 } 
} 

 

The finalize( ) Method: 

Sometimes an object will need to perform some action when it is destroyed. 

The finalize( ) method has this general form: 

protected void finalize( ) 

{ 

// finalization code here } 

Here, the keyword protected is a specifier that prevents access to finalize( ) by code defined  

outside its class. 

Overloading Methods : 

In Java it is possible to define two or more methods within the same class that share the 

same name, as long as their parameter declarations are different. When this is the case, the 

methods are said to be overloaded, and the process is referred to as method overloading. Method 

overloading is one of the ways that Java supports polymorphism. 
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Overloading Constructors:  In addition to overloading normal methods, you can also overload 

constructor methods. In fact, for most real-world classes that you create, overloaded constructors 

will be the norm, not the exception. 

class box2{ 
 double height; 
 double depth; 
       double width; 
 // this operator & constructor when 3 dimensions are known 
 box2(double w, double d, double h){ 
  this.width=w; 
  this.height=h; 
  this.depth=d; 
 } 
 //default constructor 
 box2(){ 
  height=width=depth=2; 
 } 
 
 double fun_volume_box(){ 
  return width*height*depth; 
 } 
} 

 

public class consoverloading { 
 public static void main(String args[]){ 
   
  double volume; 
   
  box2 mybox1=new box2(10,10,10);//calls parametrized constructor 
 
  box2 mybox2=new mybox2();//calls default constructor 
 
  volume=mybox1.fun_volume_box(); 
  System.out.println("volume of mybox1 object is " + volume); 
   
  volume=mybox2.fun_volume_box(); 
  System.out.println("Volume of mybox2 obj is " + volume); 
  } 
} 

 

We can pass the value to the member variable through the object. And also we can call the 

member function with the help of object. Here is an example for the above said statement.  

class ree{ 
 int x; 
 int square2(){ 
  return x*x; 
  } 
} 
public class metho { 
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 public static void main(String args[]) 
 { 
  int number,squaredvalue; 
  Scanner sr= new Scanner(System.in); 
   
  ree op=new ree(); 
   
  System.out.println("enter the number"); 
  number=sr.nextInt(); 
  
  op.x=number;  
  
  squaredvalue=op.square2(); 
  
  System.out.println("squared value is" + squaredvalue);   
} 
} 

 

Understanding static 

There will be times when you will want to define a class member that will be used 

independently of any object of that class. Normally, a class member must be accessed only in 

conjunction with an object of its class. However, it is possible to create a member that can be 

used by itself, without reference to a specific instance. To create such a member, precede  its 

declaration with the keyword static. 

 

Instance variables declared as static are, essentially, global variables. 

Methods declared as static have several restrictions: 

• They can only call other static methods. 

     • They must only access static data. 

• They cannot refer to this or super in any way. 

 

// when the member is static it can be accessed  
//before any object can be created 
public class supercla { 
 
 static int a=3; 
 static int b; 
 /*static method  access only static variable 
  * call ststic method. 
  * cant be used by this & super keyword*/ 
 static void meth(int x){ 
  System.out.println("X=" +x); 
  System.out.println("a="+a); 
  System.out.println("b="+b); 
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 } 
 //Static block loaded exactly once when the 
 //class is first loaded 
 static{ 
  System.out.println("Static block"); 
  b=a*10; 
 } 
public static void main(String args[]){ 
 meth(50); 
} 
} 

 

Inheritance Basics 

To inherit a class, you simply incorporate the definition of one class into another by using  

the extends keyword.  

Using super 

There will be times when you will want to create a superclass that keeps the details of its 

implementation to itself (that is, that keeps its data members private). In this case, there would be 

no way for a subclass to directly access or initialize these variables on its own. Whenever a 

subclass needs to refer to its immediate superclass, it can do so by use of the keyword super. 

super has two general forms. The first calls the superclass’ constructor. The second is used to 

access a member of the superclass that has been hidden by a member of a subclass. 

 

class box2{ 
 // this is the base class , here its member variables are private.hece its     
//visibility is with in this class alone. 
 private double height; 
 private double depth; 
 private double width; 
 
 //  use of this operator & this constructor will be called when 3 dimensions 
//are known 
 box2(double w, double d, double h){ 
  this.width=w; 
  this.height=h; 
  this.depth=d; 
 } 
  
//default constructor 
 box2(){ 
  height=width=depth=2; 
 } 
 
 double fun_volume_box(){ 
  return width*height*depth; 
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 } 
} 
 
//the class “boxweight2” inherits the the properties of base class “BOX2” by the 
//keyword extend 
 
class boxweight2 extends box2{ 
 double weight; 
 boxweight2(double w,double h,double d,double we){ 
  //here super keyword is used to access the private members of base class 

      super(w,h,d); 
  weight=we; 
 } 
//default constructor  
boxweight2(){ 
  //here super() is used to call the default constructor in the base class  
  super(); 
  weight=2; 
 } 
} 
 
public class superinherit { 
 public static void main(String args[]){ 
   
  double volume; 
   
  boxweight2 mybox1=new boxweight2(10,10,10,10); 
   
  boxweight2 mybox2=new boxweight2(); 
   
  volume=mybox1.fun_volume_box(); 
  System.out.println("volume of mybox1 object is " + volume); 
   
  volume=mybox2.fun_volume_box(); 
  System.out.println("Volume of mybox2 obj is " + volume); 
  } 
} 

 

Method Overriding 

In a class hierarchy, when a method in a subclass has the same name and type signature 

as a method in its superclass, then the method in the subclass is said to override the method in 

the superclass. When an overridden method is called from within a subclass, it will always refer 

to the version of that method defined by the subclass. The version of the method defined by the 

superclass will be hidden. 

 

When show( ) is invoked on an object of type B, the version of show( ) defined within B 

is used. That is, the version of show( ) inside B overrides the version declared in A. If you wish 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology Course Material (Lecture Notes) 

IT6503 Web Programming Page 17 
 

to access the superclass version of an overridden method, you can do so by using super. For 

example, in this version of B, the superclass version of show( ) is invoked within the subclass’ 

version. 

class A{ 

 int i,j; 
 A(int a, int b){ 
  i=a; 
  j=b; 
 } 
 void show(){ 
  System.out.println("i & j values are " + i + " "+ j); 
 } 
 } 
class B extends A{ 
 int k; 
 B(int a, int b,int c){ 
  super(a,b); 
  k=c; 
 } 
 void show(){ 
  //the following super.show()Is used to call the base class method. 

super.show(); 
  System.out.println("k value is  are " + k); 
 } 
 } 
 
public class overrideclass2 { 
 public static void main(String args[]){ 
  B suboj= new B(1,2,3); 
  suboj.show(); 
 } 
} 

 

Dynamic Method Dispatch or Runtime Polymorphism: 

Dynamic method dispatch is the mechanism by which a call to an overridden method is 

resolved at run time, rather than compile time. Dynamic method dispatch is important because 

this is how Java implements run-time polymorphism. 

A superclass reference variable can refer to a subclass object.  

Java uses this fact to resolve calls to overridden methods at run time. When an overridden 

method is called through a superclass reference, Java determines which version of that method to 

execute based upon the type of the object being referred to at the time the call occurs. Thus, this 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology Course Material (Lecture Notes) 

IT6503 Web Programming Page 18 
 

determination is made at run time. When different types of objects are referred to, different 

versions of an overridden method will be called. 

//method overriding  
class shape{ 
 double dimension1; 
 shape(double a){ 
  dimension1=a; 
 } 
 double volume(){ 
  System.out.println("volume for the shape is not defined"); 
  return 0; 
 } 
} 
 
class sphere extends shape{ 
 sphere(double a){ 
  super(a); 
 } 
 double volume(){ 
  System.out.println("in the computation of volume of sphere"); 
  return (4/3)*Math.PI*Math.pow(dimension1, 3); 
 } 
} 
class hemisphere extends shape{ 
 hemisphere(double a ){ 
  super(a); 
 } 
 double volume(){ 
  System.out.println("in the computation of volume of hemisphere"); 
  return (2.0/3.0)*Math.PI*Math.pow(dimension1, 3); 
 } 
} 
public class overrideclas { 
 public static void main(String args[]){ 
  shape f = new shape(2); 
  sphere s=new sphere(3); 
  hemisphere hs=new hemisphere(4); 
   
  shape ref; 
   
  ref=s; 
  System.out.println("the volume is "+ ref.volume()); 
   
  ref=hs; 
  System.out.println("the volume is "+ ref.volume()); 
 
  ref=f; 
  System.out.println("the volume is "+ ref.volume()); 
 } 
  
} 
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Abstract Class: 

Sometimes you will want to create a superclass that only defines a generalized form that 

will be shared by all of its subclasses, leaving it to each subclass to fill in the details. Such a class 

determines the nature of the methods that the subclasses must implement. You can require that 

certain methods be overridden by subclasses by specifying the abstract type modifier. These 

methods are sometimes referred to as subclass  responsibility because they have no 

implementation specified in the superclass. Thus, a subclass must override them—it cannot 

simply use the version defined in the superclass. 

 

To declare an abstract method, use this general form: 

 

abstract type name(parameter-list); 

 

Any class that contains one or more abstract methods must also be declared abstract. To declare 

a class abstract, you simply use the abstract keyword in front of the class keyword at the 

beginning of the class declaration. An abstract class cannot be directly instantiated with the new 

operator. Such objects would be useless, because an abstract class is not fully defined. Also, you 

cannot declare abstract constructors, or abstract static methods. Any subclass of an abstract class 

must either implement all of the abstract methods in the superclass, or be itself declared 

abstract. 

 

abstract class A5{ 
 abstract void callme(); 
  
 void callmetoo() 
 { 
  System.out.println("this is an example for abstract class "); 
 } 
} 
 
class B5 extends A5{ 
 void callme(){ 
  System.out.println("this ia an implementation of abstract function"); 
 } 
} 
 
public class abstractclass { 
 public static void main(String args[]) 
 { 
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  B5 bobj=new B5(); 
   
  bobj.callme(); 
  bobj.callmetoo(); 
 } } 
 

Uses of Final Keyword: 

Using final with Inheritance 

The keyword final has three uses. First, it can be used to create the equivalent of a named 

constant. 

Using final to Prevent Overriding 

While method overriding is one of Java’s most powerful features, there will be times 

when you will want to prevent it from occurring. To disallow a method from being overridden, 

specify final as a modifier at the start of its declaration  

Using final to Prevent Inheritance 

Sometimes you will want to prevent a class from being inherited. To do this, precede the 

class declaration with final. Declaring a class as final implicitly declares all of its methods as 

final, too. 

//  Named Constant 

final int x=4; 

 

//to prevent overriding 

class A3{ 

 final void meth2() { 

  System.out.println("This is final method"); 

 } 

} 

 

class B3 extends A3{ 

 void meth(){ 

  System.out.println("this is not possible"); 

 } 

} 
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// to prevent inheritance  

final class A4{ 

 -------------------------   } 

class A4 extends B4{ 

 // this is also not possible  

} 

 

Package: 

Java provides a mechanism for partitioning the class name space into more manageable chunks. 

This mechanism is the package. The package is both a naming and a visibility control 

mechanism. You can define classes inside a package that are not accessible by code outside that 

package. You can also define class members that are only exposed to other members of the same 

package. 

Defining a Package  

To create a package is quite easy: simply include a package command as the first 

statement in a Java source file. Any classes declared within that file will belong to the specified 

package. The package statement defines  a name space in which classes are stored. If you omit 

the package statement, the class names are put into the default package, which has no name. 

This is the general form of the package statement: 

package pkg; 

Here name of the package. 

 

INTERFACE 

Using the keyword interface, you can fully abstract a class’ interface from its 

implementation. That is, using interface, you can specify what a class must do, but not how it 

does it. Interfaces are syntactically similar to classes, but they lack instance variables, and their 

methods are declared without any body. 

To implement an interface, a class must create the complete set of methods defined by the 

interface 

This is the general form of an interface: 

access interface name { 

return-type method-name1(parameter-list); 
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return-type method-name2(parameter-list); 

type final-varname1 = value; 

type final-varname2 = value; 

// ... 

return-type method-nameN(parameter-list); 

type final-varnameN = value;  } 

 

When no access specifier is included, then default access results, and the interface is only 

available to other members of the package in which it is declared. When it is declared as public, 

the interface can be used by any other code. In this case, the interface must be the only public 

interface declared in the file, and the file must have the same name as the interface. 

 

Variables can be declared inside of interface declarations. They are implicitly final and 

static, meaning they cannot be changed by the implementing class. They must also be initialized. 

All methods and variables are implicitly public. 

 

interface Callback { 

void callback(int param); 

} 

 

Implementing Interfaces 

Once an interface has been defined, one or more classes can implement that interface. To 

implement an interface, include the implements clause in a class definition, and then create the 

methods defined by the interface. The general form of a class that includes the implements 

clause looks like this: 

 

class classname [extends superclass] [implements interface [,interface...]] { 

// class-body  } 

 

When you implement an interface method, it must be declared as public 

package day1; 
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interface callback{ 
 void callmenow(); 
 } 
 
class client implements callback{ 
 public void callmenow(){ 
  System.out.println("this is an implementation of interface"); 
 } 
  
  
} 
public class interfaceexample { 
 
 public static void main(String args[]){ 
  // creatinf an obj for interface through the method class 
  //implements its method 
  callback c=new client(); 
  c.callmenow(); 
 } 
} 

Multiple Inheritance In JAVA 

interface callback1{ 
 void callmenow1(); 
 } 
 
interface callback2{ 
 void callmenow2(int x); 
 } 
 
class client2 implements callback1,callback2{ 
 public void callmenow1(){ 
  System.out.println("this is an implementation of interface"); 
 } 
  
 public void callmenow2(int x){ 
  System.out.println("Intrger passed in the second implementaion is" + x); 
 } 
  
} 
 
public class multipleinheritance { 
public static void main(String args[]){ 
 callback1 firstobj=new client2(); 
 callback2 secondobj=new client2(); 
  
 firstobj.callmenow1(); 
 secondobj.callmenow2(23); 
} 
} 

EXCEPTIONS: 
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A Java exception is an object that describes an exceptional (that is, error) condition that 

has occurred in a piece of code. When an exceptional condition arises, an object representing that 

exception is created and thrown in the method that caused the error. That method may choose to 

handle the exception itself, or pass it on. Either way, at some point, the exception is caught and 

processed. Exceptions can be generated by the Java run-time system, or they can be manually 

generated by your code 

 

Java exception handling is managed via five keywords: try, catch, throw, throws, and finally. 

 

Program statements that you want to monitor for exceptions are contained within a try block. If 

an exception occurs within the try block, it is thrown. Your code can catch this exception (using 

catch) and handle it. System-generated exceptions are automatically thrown by the Java run-time 

system. To manually throw an exception, use the keyword throw. Any exception that is thrown 

out of a method must be specified as such by a throws clause. Any code that absolutely must be 

executed after a try block completes is put in a finally block. 

A general form of an exception-handling block: 

try { 

// block of code to monitor for errors 

                                                } 

 

catch (ExceptionType1 exOb) { 

// exception handler for ExceptionType1 

} 

// ... 

finally { 

// block of code to be executed after try block ends 

} 

 

Here, ExceptionType is the type of exception that has occurred. 
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It is possible for your program to throw an exception explicitly, using the throw statement. The 

general form of throw is shown here: 

throw ThrowableInstance; 

 

Here, ThrowableInstance must be an object of type Throwable or a subclass of Throwable. 

Primitive types, such as int or char, as well as non-Throwable classes, such as String and 

Object, cannot be used as exceptions. There are two ways you can obtain a Throwable object: 

using a parameter in a catch clause, or creating one with the new operator. 

 

public class throwexample { 

 static void add(){ 

  //int a=0,b=25; 

   

  try{ 

   throw new NullPointerException("demo"); 

  } catch(NullPointerException e){ 

   System.out.println(" Caught inside demoproc() "); 

   throw e; 

  } 

 } 

  

 public static void main(String args[]) 

 { 

 try{ 

  add(); 

 } 

 catch (NullPointerException e){ 

  System.out.println("Recaught"+e); 

 } 

 } 

 } 
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If a method is capable of causing an exception that it does not handle, it must specify this 

behavior so that callers of the method can guard themselves against that exception. Athrows 

clause lists the types 

of exceptions that a method might throw. This is necessary for all exceptions, except those of 

type Error or RuntimeException, or any of their subclasses. All other exceptions that a method 

can throw must be declared in the throws clause 

type method-name(parameter-list) throws exception-list 

{ 

// body of method 

} 

package day1; 
 
public class throwsexceptionexample { 
 
 static void throwone() throws IllegalAccessException { 
  System.out.println("Inside throws"); 
  throw new IllegalAccessException("Demo"); 
   
 } 
  
 public static void main(String args[]) 
 { 
 try{ 
  throwone(); 
 } 
 catch (IllegalAccessException e){ 
  System.out.println("caught"+e); 
 } 
  
} 
} 

 

Multithreading 

Java is a multithreaded programming language which means we can develop multi 

Threaded program using Java. A multi threaded program contains two  or more parts that can run 

concurrently and each part can handle different task at the same time making optimal use of the 

available resources specially when your computer has multiple CPUs. 
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By definition multitasking is when multiple processes share common processing 

resources such as a CPU. Multi threading extends the idea of multitasking into applications 

where you can subdivide specific operations within a single application into individual threads. 

Each of the threads can run in parallel.  

Multi threading enables you to write in a way where multiple activities can proceed concurrently 

in the same program. 

Life Cycle of a Thread: 

 

 

 

A thread goes through various stages in its life cycle. For example, a thread is created, started, 

runs, and then destroyed. The above diagram shows complete life cycle of a thread. 

 

  

 

 

Above- mentioned stages are explained here: 

New: A new thread begins its life cycle in the new state. It remains in this state until the program 

starts the thread.  It is also referred to as a born thread. 
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Runnable: After a newly created thread is started, the thread becomes runnable. A thread in this 

state is considered to be executing its task. 

 

Waiting: Sometimes, a thread transitions to the Waiting state while the thread waits for another 

thread to perforMa task. A thread transitions back to the runnable state only when another thread 

signals the Waiting thread to continue executing. 

 

Timed Waiting: A runnable thread can enter  the Timed Waiting state for a specified interval of 

time. A thread, in this state transitions back to the runnable state when that time interval expires 

or when the event it is Waiting for occurs. 

 

Terminated: A runnable thread enters the terminated state when it completes its task or otherwise 

terminates. 

 

Thread Priorities: 

Every Java thread has a priority that helps the operating system determine the order in 

which threads are scheduled. Java thread priorities are in the range between MIN_PRIORITY (a 

constant of 1) and MAX_PRIORITY (a constant of 10). By default, every thread is given priority 

NORM_PRIORITY (a constant of 5). 

Threads with higher priority are more important to a program and should be allocated 

processor time before lower- priority threads. However, thread priorities cannot guarantee the 

order in which threads execute and very much platform dependant. 

 

Create Thread by Implementing Runnable Interface: 

 

If your class is intended to be executed as a thread then you can achieve this by implementing 

Runnable interface. You will need to follow three basic steps: 

 

Step 1: 
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  As a first step you need to implement a run() method provided by Runnable interface. 

This method provides entry point for the thread and you will put you complete business logic 

inside this method. Following is simple syntax ofrun() method: 

public  void  run(  ) 

Step 2: 

At second step you will instantiate a Thread object using the following constructor: 

Thread(Runnable  threadObj,  String  threadName); 

Where, threadObj is an instance of a class that implements the Runnable interface and 

threadName is the name given to the new thread. 

Step 3 

Once Thread object is created, you can start it by calling start( ) method, which executes 

a call to run( ) method. Following is simple syntax of start() method: 

void  start(  ); 

Here is an example that creates a new thread and starts it running: 

 

class  RunnableDemo  implements  Runnable  { 

private  Thread  t; 

private  String  threadName; 

 

RunnableDemo(  String  name){ 

threadName  =  name; 

System.out.println("Creating  " +    threadName  ); 

} 

public  void  run()  { 

System.out.println("Running  " +    threadName  ); 

try  { 

for(int i =  4;  i >  0;  i--) { 

System.out.println("Thread:  " +  threadName  +  ",  " +  i); 

// Let the  thread  sleep  for  a while. 

 Thread.sleep(50); 

} 
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}  catch  (InterruptedException  e) { 

System.out.println("Thread  " +    threadName  +  " interrupted."); 

} 

System.out.println("Thread  " +    threadName  +  " exiting."); 

} 

 

public  void  start () { 

System.out.println("Starting  " +    threadName  ); 

if(t==  null) 

{ 

t=  new  Thread  (this,  threadName); 

t.start (); 

}    }  } 

 

public  class  TestThread  { 

public  static  void  main(String  args[])  { 

 

RunnableDemo  R1  =  new  RunnableDemo(  "Thread-1"); R1.start(); 

 

RunnableDemo  R2  =  new  RunnableDemo(  "Thread-2"); R2.start(); 

} 

} 

 

This would produce the following result: 

 

Creating  Thread-1 

Starting  Thread-1 

Creating  Thread-2 

Starting  Thread-2 

Running  Thread-1 

Thread:  Thread-1,  4 
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Running  Thread-2 

Thread:  Thread-2,  4 

Thread:  Thread-1,  3 

Thread:  Thread-2,  3 

Thread:  Thread-1,  2 

Thread:  Thread-2,  2 

Thread:  Thread-1,  1 

Thread:  Thread-2,  1 

Thread  Thread-1  exiting. Thread  Thread-2  exiting. 

 

Create Thread by Extending Thread Class: 

The second way to create a thread is to create a new class that extends Thread class using 

the following two  simple steps. This approach provides more flexibility in handling multiple 

threads created using available methods in Thread class. 

Step 1 

You will need to override run( ) method available in Thread class. This method provides 

entry point for the thread and you will put you complete business logic inside this method. 

Following is simple syntax of run() method: 

public  void  run(  ) 

Step 2 

Once Thread object is created, you can start it by calling start( ) method, which executes 

a call to run( ) method. Following is simple syntax of start() method: 

void  start(  ); 

 

Here is the preceding program rewritten to extend Thread: 

 

class  ThreadDemo  extends  Thread  { 

  

private  Thread  t; 

private  String  threadName; 
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ThreadDemo(  String  name){ 

threadName  =  name; 

System.out.println("Creating  " +    threadName  ); 

} 

public  void  run()  { 

System.out.println("Running  " +    threadName  ); 

try  { 

for(int i =  4;  i >  0;  i--) { 

System.out.println("Thread:  " +  threadName  +  ",  " +  i); 

// Let the  thread  sleep  for  a while.  

Thread.sleep(50); 

} 

}  catch  (InterruptedException  e) { 

System.out.println("Thread  " +    threadName  +  " interrupted."); 

} 

System.out.println("Thread  " +    threadName  +  " exiting."); 

} 

 

public  void  start () 

{ 

System.out.println("Starting  " +    threadName  ); 

if(t==  null) 

{ 

t=  new  Thread  (this,  threadName); 

t.start (); 

}     }    } 

 

public  class  TestThread  { 

public  static  void  main(String  args[])  { 

 

ThreadDemo  T1  =  new  ThreadDemo(  "Thread-1"); T1.start(); 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology Course Material (Lecture Notes) 

IT6503 Web Programming Page 33 
 

 

ThreadDemo  T2  =  new  ThreadDemo(  "Thread-2"); T2.start(); 

}   } 

 

This would produce the following result: 

 

Creating  Thread-1 

Starting  Thread-1 

Creating  Thread-2 

Starting  Thread-2 

Running  Thread-1 

Thread:  Thread-1,  4 

Running  Thread-2 

Thread:  Thread-2,  4 

Thread:  Thread-1,  3 

Thread:  Thread-2,  3 

Thread:  Thread-1,  2 

Thread:  Thread-2,  2 

Thread:  Thread-1,  1 

Thread:  Thread-2,  1 

Thread  Thread-1  exiting. Thread  Thread-2  exiting. 

Thread Methods: 

public void start(): Starts the thread in a separate path ofexecution, then invokes the run() 

method on this Thread object. 

public void run(): If this Thread object was instantiated using a separate Runnable target, the 

run() method is invoked on that Runnable object. 

public final void setName(String name): Changes the name ofthe Thread object. There is also 

a getName() method for retrieving the name. 

public final void setPriority(int priority): Sets the priority of this Thread object. The possible 

values are between 1 and 10. 
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public final void join(long millisec): The current thread invokes this method on a second 

thread, causing the current thread to block until the second thread terminates or the specified 

number of milliseconds passes. 

public void interrupt(): Interrupts this thread, causing it to continue execution ifit was blocked 

for any reason. 

public final boolean isAlive(): Returns true if the thread is alive, which is any time after the 

thread has been started but before it runs to completion. 

 

 

 

I/O Fundamentals 

The Java language provides a simple model for input and output (I/O). All I/O is 

performed by writing to and reading from streams of data. The data may exist in a file or an 

array, be piped from another stream, or even come from a port on another computer. The 

flexibility of this model makes it a powerful abstraction of any required input and output. 

The File Class 

The File class is Java's representation of a file or directory path name. Because file and 

directory names have different formats on different platforms, a simple string is not adequate 

to name them. The File class contains several methods for working with the path name, 

deleting and renaming files, creating new directories, listing the contents of a directory, and 

determining several common attributes of files and directories. 

 

Creating a File Object 

You create a File object by passing in a String that represents the name of a file, and 

possibly a String or another File object. For example, 

File a = new File("/usr/local/bin/IPLAB"); 

defines an abstract file name for the smurf file in directory /usr/local/bin. This is an absolute 

abstract file name. It gives all path information necessary to find the file. 

 

You could also create a file object as follows: 

File b = new File("bin/IPLAB"); 
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This is a relative abstract file name, because it leaves out some necessary path information, 

which will be filled in by the VM. By default, the VM will use the directory in which the 

application was executed as the "current path".  

File Attribute Methods 
 
The File object has several methods that provide information on the current state of the file. 
 

 
boolean canRead() 

 
Returns true if the file is readable 

 
Boolean canWrite() 

 
Returns true if the file is writeable 

 
Boolean exists() 

 
Returns true if the file exists 

 
boolean isAbsolute() 

 
Returns true if the file name is an absolute path name 

 
boolean isDirectory() 

 
Returns true if the file name is a directory 

 

boolean isFile() 

 
Returns true if the file name is a "normal" file 

(depends on OS) 

 
boolean isHidden() 

 

 
Returns true if the file is marked "hidden" 

 

long lastModified() 

 
Returns a long indicating the last time the file was 

modified 

 
long length() 

 
Returns the length of the contents of the file 

 
Text I/O Versus Binary I/O 

Java's I/O classes are divided into two main groups, based on whether you want text 

or binary I/O.   Reader and Writer classes handle text I/O. InputStream and OutputStream 

classes handle binary I/O. 

 

Reader and InputStream 

Java supplies Readers and InputStreams to read data; their use is similar. The following 

table shows the most commonly used methods in these classes.  See the javadocs for the other 

methods available.  Note that these two classes are abstract; you won't ever create an instance 

of either, but they provide the base implementation details for all other input classes. 
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Reader Class Methods: 
 
 
 
void close() 

 
Closes the input. Always call this method when 

you are finished reading . it allows the VM to release locks on the file. 

 
 
 
int read() 

 
Reads a single item from the file. In Reader, an item is a char, while in 

InputStream it's a byte. The return value will either be the item or -1 if 

there is no more data 

 
 
 
int read(type[]) 

Attempts to fill the array with as much data as possible. If enough data is 

available, the type[] (char[] for Reader, byte[] for InputStream) will be filled 

with the data and the length of the array will be returned. If there's not 

enough data available, it will wait until the data is available or end-of-file is 

reached.  

and should not be used! 
 
Generally you will call this method in a loop until it does not return 

the length of the array as its result. 

 
 
int read(type[], 
int offset, int 
length) 

 
Similar to read(datum[]) but allows you to start at a specified offset in 

the input and read a limited number of bytes 

 
 
 
int skip(int n) 

 
Skips past the next n bytes or characters in the file, returning the actual 

number that were skipped. (If for example, end-of-file was reached, it 

might skip fewer than requested). 

 

Writer and OutputStream 

Java supplies Writer and OutputStream to write data; their use is similar. The following table 

shows the methods provided in these classes. Note that these two classes are abstract; you won't 

ever create an instance of either, but they provide the base implementation details for all other 

output classes. 

 

 

 

 

 

 

 

 

 

 

 

 
void write(type[], int offset, 
int length) 

 
Similar to write(type[]), but only length units of data will 

written from type[], starting at the offset. 

 
void write(int) 

 
Writes a single item (char for Writer, byte for 

OutputStream) to the file. 

 
void write(String) 

(Writer only!) 

 
Writes the contents of a java.lang.String to the file. 

 
void write(String, int 

offset, int length) (Writer 

only!) 

 
Writes the substring starting at offset and length characters lo 

to the file. 
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Reading and Writing Files 

 

To read and write from files on a disk, use the following classes: 

 

•   FileInputStream 

 

•   FileOutputStream 

 

•   FileReader 

 

•   FileWriter 

 

 

Each of these has a few constructors, where class is the name of one of the above 

classes: 

 

•class(File) - create an input or output file based on the abstract path name passed in 

 

•class(String)- create an input or output file based on the String path name 

 

•class(FileDescriptor)- create an input or output file based on a FileDescriptor (you 

generally won't use this and this class will not discuss it) 

 

•class(String, boolean)- [for output classes only] create an input or output file based 

on the path name passed in, and if the boolean parameter is true, append to the file 

rather than overwrite it 

 

For example, we could copy one file to another by using: 

import java.io.*; 

 

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

try { 

// Create an input file 

FileInputStream inFile = new FileInputStream(args[0]); 

 

// Create an output file 

FileOutputStream outFile = new FileOutputStream(args[1]); 

 

// Copy each byte from the input to output 

 int byteRead; 

while((byteRead = inFile.read()) != -1) 

outFile.write(byteRead); 

 

// Close the files!!!  

inFile.close();  

outFile.close(); 

} 

 

// If something went wrong, report it! 

catch(IOException e) { 

System.err.println("Could not copy "+ 

args[0] + " to " + args[1]); 

System.err.println("Reason:"); 

System.err.println(e);} 

String: 

Strings, which are widely used in Java programming, are a sequence of characters. In the 

Java programming language, strings are objects. 

The Java platform provides the String class to create and manipulate strings. 

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

Whenever it encounters a string literal in your code, the compiler creates a String object  with its 

value in this case, "Hello world!'. 

public  class  StringDemo{ 

public  static  void  main(String  args[]){ 

char[]  helloArray  =  {  'h',  'e',  'l',  'l',  'o',  '.'};  

String  helloString  =  new  String(helloArray);  

System.out.println(  helloString  ); 

} 

} 

 

String Length: Methods used to obtain information about an object  are known as accessor 

methods. One accessor method that you can use with strings is the length() method,  which 

returns the number of characters contained in the string object . 

public  class  StringDemo  { 

public  static  void  main(String  args[])  {  

String  palindrome  =  "Dot  saw  I was  Tod";  

int  len  =  palindrome.length(); 

System.out.println(  "String  Length  is : " +  len  ); 

} 

} 

Concatenating Strings: The String class includes a method for concatenating two  strings: 

 string1.concat(string2); 

This returns a new string that is string1 with string2 added to it  at the end. You can also use the 

concat () method with string literals. 

Some String Methods: 
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char charAt (int index): Returns the character at the specified index. 

int compareTo(Object o): Compares this String to another Object . 

int compareTo(String anotherString): Compares two  strings lexicographically. 

int compareToIgnoreCase(String str): Compares two  strings lexicographically, ignoring case 

differences. 

String concat (String str): Concatenates the specified string to the end of this string. 

boolean equals(Object anObject ): Compares this string to the specified object . 

int indexOf (int ch): Returns the index within this string of the first  occurrence of the specified 

character. 

int length(): Returns the length of this string. 

String replace(char oldChar, char newChar):Returns a new string resulting from replacing all 

occurrences of oldChar in this string with newChar. 

String[] split (String regex): Splits this string around matches of the given regular expression. 

String toLowerCase(): Converts all of the characters in this String to lower case using the rules 

of the default locale. 
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UNIT III- JDBC 

Java Database Connector (JDBC) 

 

Basic Principles 

 

Basically, the JDBC API is a software library providing a number of Java classes and 

interfaces that allows programmers to:  

 Establish a connection to a wide range of different Relational Database Management 

Systems (RDBMS). Note, that each major RDBMS, such as Oracle, Microsoft SQL, or 

MySQL is supported.  

 Access a database within a particular system.  

 Manipulate the structure of a database by creating, deleting, or altering relations from that 

database.  

 Manipulate the content of a database by inserting, deleting, or updating records in 

database relations.  

 Retrieve the content from a database by querying the database.  

Basically, the JDBC operates with two main classes:  

1. DriverManager class operates with a library of drivers for different DBMS 

implementations. The DriverManager class loads requested drivers, physically installs 

connrection to a database and return an instance of a data class "Connection".  

2. An instance of the class "Connection" represent a single connection to a particular 

database. All the communication to the database is carryed out via this object. 
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Installing Connection: 

Establishing JDBC Connection means obtaining a correct instance of so-called 

"Connection" class.  

Usually, establishing a connection is carried out in two steps:  

1. loading an appropriate JDBC driver for the installed RDBMS.  

2. installing connection and getting reference to the Connection object  

Loading a JDBC driver is very simple and involves just a single line of Java code.  

... 

try 

{    Class.forName("com.mysql.jdbc.Driver");   } 

catch(ClassNotFoundException exc){exc.printStackTrace();} 

...  

This line of code just notifyes the DriverManager which particular Java class should be 

loaded as a JDBC driver class.  

         The next step in establishing a database connection is a message to loaded driver 

requesting actual connection to the RDBMS.  The operation is carryed out by sending message 

"getConnection" to the driver manager.  Note that "DriverManager" returns a "Connection" 

instance that is used for further processing the database.  

 

try 

{ 
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... 

Connection connection_; 

String dbms = "jdbc:mysql://" + host + "/" + db; 

connection_ = DriverManager.getConnection(dbms, username, password); 

} 

catch(ClassNotFoundException exc){exc.printStackTrace();} 

 

Method "getConnection()" accepts three arguments:  

1. A so-called Database URL, which encoded using standard URL syntax (protocol + host + 

object). The protocol part starts always with "jdbc:" folowed by the name of the RDBMS 

(in our case "mysql") and terminated with "://" symbols. Thus, the protocol part in our 

example is "jdbc:mysql://".  The host part identifies a server where the DBMS is running. 

In our case (Servlets & DBMS on the same computer) "localhost" can be used to identify 

the host.  Finally, the name of a particular database must be supplied preceeded with the 

slash character. In our case this would be "/example".  

2. A registered username that has the proper privileges for manipulating the database.  

3. A password valid for the username. 

Working with a Database 

In order to actually work with a databaase, a special "Statement" class is used.  

In order to create an instance of such "Statement" class, a message "createStatement" is sent to 

the previously created instance of JDBC connection.  

... 

try 

{ 

Statement statement = connection_.createStatement(); 

} 

catch(SQLException exc) 

{ 

exc.printStackTrace(); 
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} 

If an error occurs during the execution of the createStatement() method a SQLException will be 

thrown.  Instances of the Statement Class provides a public interface to insert, update, or retrieve 

data from a database. Depending on a particular database operation, an appropriate method 

should be invoked. For instance,  

• executeUpdate() can be used to insert data into a relation  

• executeQuery() can be used to retrieve data from a database  

... 

try 

{ 

String insert_sql_stmt = "INSERT INTO " + table + " VALUES(" + values + ")"; 

statement.executeUpdate(insert_sql_stmt);  

} 

catch(SQLException exc){exc.printStackTrace();} ...  

Other methods of the "statement" class can be also applyed to its instances.  

if we need to retrieve the keys automatically generated by the "executeUpdate" statement, we 

need to pass the "Statement.RETURN_GENERATED_KEYS" argument in advance.  

try 

{ 

String sql = "INSERT INTO " + table + " VALUES(" + values + ")"; 

statement.executeUpdate(sql,Statement.RETURN_GENERATED_KEYS); 

ResultSet keys = statement.getGeneratedKeys();  

} 

catch(SQLException exc){exc.printStackTrace();}  

Similarly, to retrieve data from a database we need to obtain an instance of the Statment 

class, and then to invoke executeQuery() method on this instance. This method takes a string 

containing SQL source as an argument.  

try 

{ 

String sql = "SELECT ..."; 

ResultSet query_result = statement.executeQuery(sql);  
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}     catch(SQLException exc){exc.printStackTrace();} 

Note, that the "sql" argument should contain a valid SQL Select statement.  The 

executeQuery() method returns an instance of the ResultSet class.  Generally, execution of any 

JDBC statement that returns data from a database, results in an instance of the ResultSet class.  

This instances may be seen as a number of rows (tuples) that hold the current results.  The 

number and type of columns in this object corresponds to the number and types of columns 

returned as the result from the database system.  

 

Consider the following sample database:  

Customer(cn,cname,ccity); 

Product(pn,pname,pprice); 

Transaction(cn,pn,tdate,tqnt);  

 

... 

try 

{ 

String sql = "SELECT * FROM Customer;"; 

ResultSet query_result = statement.executeQuery(sql);  

...  

 

The "executeQuery" command will result in obtaining an instance of the ResultSet class 

which will hold all tuples from the Customer table as rows, each row will contain 3 values: "cn", 

"cname" and "ccity".  Normally, the SQL statement exlicitly defines the "ResultSet" internal 

structure.  Once when we set a current row of the ResultSet, we can retrieve values by means of 

a number of methods.  The methods correspond to a column type. Thus, to retrieve the value of a 

string column, we invoke a getString() method. Similarily, to retrive an integer value we simply 

invoke a getInt() method.  

try 

{ 

String sql = "SELECT cname, pname, qnt"; 

sql = sql + " FROM Customer, Product, Transaction"; 
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sql = sql + " where Customer.ccity = \"Graz\" And"; 

sql = sql + " Customer.cn = Transaction.cn And"; 

sql = sql + " Transaction.pn = Product.pn"; 

ResultSet query_result = statement.executeQuery(sql); 

while(query_result.next())  

{ 

String customerName = query_result.getString("cname"); 

String productTitle = query_result.getString("pname"); 

int productQuantity = query_result.getInt("cid"); 

... } 

Socket Programming 

The basic java classes (java.net package) that supports Socket programming, namely: 

o InetAddress 

o Socket 

o ServerSocket 

o DatagramSocket 

o DatagramPacket 

o MulticastSocket 

 

1.  The InetAddress class: 

The java.net.InetAddress class is used to represent an IP address as an object.  It is also used 

to resolve from host name to IP address (via the DNS) and vice versa.    

No Constructors, instead, factory methods are provided. 

The following are some of the methods of the InetAddress class.  

Static InetAddress 

getByName(String host) 

Takes a hostname and returns InetAddress object 

representing its IP address. 

Static InetAddress[] 

getAllByName(String host) 

Takes a hostname and returns an array of InetAddress 

objects representing its IP addresses. 

static InetAddress getLocalHost() Returns an InetAddress object representing the IP address 

of the local host 
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String getHostAddress() Returns IP address string of this InetAddress object 

string getHostName() Returns the hostname of this InetAddress object. 

boolean isLoopbackAddress() Checks if the InetAddress is a loopback address. 

boolean isMulticastAddress() Checks if the InetAddress is an IP multicast address. 

String toString() Converts this InetAddress to a String. 

 

Example 1: IP Address Resolver. 

The following example first prints the Address of the current machine and then in a loop 

reads a host or an address from a user and resolving it. 

 

import java.net.*;         import java.io.*; 

 

public class IPAddressResolver { 

 public static void main (String args[]) { 

  try { 

 BufferedReader stdin = new BufferedReader(new InputStreamReader(System.in));   

   InetAddress myself = InetAddress.getLocalHost(); 

   System.out.println("MyAddress is :"+myself);  

   while (true) { 

    System.out.print("host name or IP to resolve - <exit> to quit: "); 

    String input = stdin.readLine(); 

    if (input.equalsIgnoreCase("exit")  break; 

    InetAddress address = InetAddress.getByName(input); 

    if (isHostName(input))  

    System.out.println("IP Addrsss is: "+ address.getHostAddress()); 

    else  

    System.out.println("Host name is: "+ address.getHostName()); 

    System.out.println("addresses for "+input+ " are: "); 

    InetAddress[] addresses = 

InetAddress.getAllByName(address.getHostName()); 

    for (int i = 0; i < addresses.length; i++)  
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     System.out.println(addresses[i]); 

   }  } 

  catch (UnknownHostException e) { 

   System.out.println("Exception: "+e);  } 

  catch (Exception ex) { 

   System.out.println("Exception: "+ex);  } } 

 

 private static boolean isHostName(String input) {  

  char[] ca = input.toCharArray(); 

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

   if (!Character.isDigit(ca[i]) && ca[i] != '.') 

    return true;  } 

  return false; } } 

 

TCP Sockets (Stream Sockets) 

Java provides two classes for creating TCP sockets, namey, Socket and ServerSocket. 

The java.net.Socket class: 

This class is used by clients to make a connection with a server 

Socket constructors are: 

Socket(String hostname, int port) 

Socket(InetAddress addr, int port) 

Socket(String hostname, int port, InetAddress localAddr, int localPort) 

Socket(InetAddress addr, int port, InetAddress localAddr, int localPort) 

Creating socket 

Socket client = new Socket(“www.microsoft.com", 80);  

Note that the Socket constructor attempts to connect to the remote server - no separate 

connect() method is provided.Data is sent and received with output and input streams. The 

Socket class has the following methods, that retruns InputStream and the OutputStream for 

reading and writing to the socket 

public InputStream getInputStream()  
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public OutputStream getOutputStream() 

There's also a method to close a socket:  

public synchronized void close() 

The following methods are also provided to set socket options: 

void setReceiveBufferSize() 

void setSendBufferSize() 

void setTcpNoDelay() 

void setSoTimeout()  

The java.net.ServerSocket class 

The ServerSocket class is used to by server to accept client connections  

The constructors for the class are: 

public ServerSocket(int port)  

public ServerSocket(int port, int backlog)  

public ServerSocket(int port, int backlog, InetAddress networkInterface) 

Creating a ServerSocket 

ServerSocket server = new ServerSocket(80, 50);  

Note: a closed ServerSocket cannot be reopened 

ServerSocket objects use their accept() method to connect to a client 

public Socket accept() 

accept() method returns a Socket object, and its getInputStream() and getOutputStream() 

methods provide streams for reading and writing to the client. 

Note: There are no getInputStream() or getOutputStream() methods for ServerSocket 

Example 2:  The following examples show how to create TcpEchoServer and the corresponding 

TcpEchoClient. 

 

import java.net.*;    import java.io.*;    import java.util.*; 

public class TcpEchoServer 

{ 

 public static void main(String[] args) 

 { 
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  int port = 9090; 

  try { 

     ServerSocket server = new ServerSocket(port); 

   while(true) { 

       System.out.println("Waiting for clients on port " + port); 

       Socket client = server.accept(); 

       System.out.println("Got connection from "+client.getInetAddress()+":"+client.getPort()); 

BufferedReader reader = new BufferedReader(new 

InputStreamReader(client.getInputStream())); 

PrintWriter writer = new PrintWriter(client.getOutputStream()); 

writer.println("Welcome to my server");       writer.flush(); 

      

String message = reader.readLine();  

while (!(message == null || message.equalsIgnoreCase("exit"))) { 

System.out.println("MessageReceived: "+message); 

writer.println(message);    writer.flush(); 

message = reader.readLine();  } 

client.close();     }   }  

catch(Exception ex) { 

   System.out.println("Connection error: "+ex); 

  }   }    } 

 

public class TcpEchoClient 

{ 

 public static void main(String[] args) {     int port = 9090; 

  try { 

   String host = InetAddress.getLocalHost().getHostName(); 

        Socket client = new Socket(host, port); 

   PrintWriter writer = new PrintWriter(client.getOutputStream()); 

BufferedReader reader = new BufferedReader(new  

InputStreamReader(client.getInputStream())); 
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BufferedReader stdin = new BufferedReader(new InputStreamReader(System.in)); 

System.out.println(reader.readLine()); //read welcome message    

   String message; 

   while (true) { 

    System.out.print("Enter message to echo or Exit to end : "); 

    message = stdin.readLine(); 

    if (message == null || message.equalsIgnoreCase("exit")) 

     break; 

    writer.println(message); writer.flush(); 

    System.out.println("Echo from server: "+reader.readLine()); } 

   client.close();    } 

catch (Exception ex) { 

   System.out.println("Exception: "+ex);  }  }     } 

 

Example 3: Multi-Client Tcp Servers 

The following example shows how to create a multi-client TCP server. 

 

import java.net.*; 

import java.io.*; 

import java.util.*; 

 

public class MultiClientTcpEchoServer 

{ public static void main(String[] args) 

 {  int port = 9090; 

  try {    ServerSocket server = new ServerSocket(port); 

   while(true) { System.out.println("Waiting for clients on port " + port); 

    Socket client = server.accept(); 

    ConnectionHandler handler = new ConnectionHandler(client);  

    handler.start(); } 

  } catch(Exception ex) { 

   System.out.println("Connection error: "+ex); } }      } 
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class ConnectionHandler extends Thread { 

 private Socket client;   BufferedReader reader; PrintWriter writer; 

 static int count;  

 public ConnectionHandler(Socket client) { 

  this.client = client; 

       System.out.println("Got connection from"+client.getInetAddress()+":"+client.getPort()); 

      count++; 

      System.out.println("Active Connections = " + count); } 

 public void run() { 

  String message=null; 

   

  try {  

reader = new BufferedReader(new InputStreamReader(client.getInputStream())); 

writer = new PrintWriter(client.getOutputStream());  

writer.println("Welcome to my server"):  writer.flush(); 

message = reader.readLine();  

while (!(message == null || message.equalsIgnoreCase("exit"))) { 

writer.println(message);     writer.flush();   message = reader.readLine();  }     

client.close();     count--; 

System.out.println("Active Connections = " + count);    

} catch (Exception ex) { count--; 

System.out.println("Active Connections = " + count); }     }  } 

 

UDP Sockets (Datagram Sockets) 

Java provides two classes for creating UDP Sockets: 

 DatagramPacket class, used to represent the data for sending and receiving. 

 DatagramSocket class for creating a socket used to send and receive DatagramPackets. 

The java.net.DatagramPacket class: 

Constructor for receiving: 
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 public DatagramPacket(byte[] data, int length)  

 

Constructor for sending : 

 public DatagramPacket(byte[] data, int length, InetAddress addr, int port) 

Some methods provided by the DatagramPacket class are: 

public synchronized void setAddress(InetAddress addr)  

public synchronized void setPort(int port)  

public synchronized void setData(byte data[])  

public synchronized void setLength(int length) 

The java.net.DatagramSocket class: 

 

Constructor for sending:  

public DatagramSocket()  

Constructor for receiving :  

public DatagramSocket(int port) 

public DatagramSocket(int port, InetAddress addr) 

Sending UDP Datagrams involves the following steps: 

 Convert the data into byte array.  

 Create a DatagramPacket using the array  

 Create a DatagramSocket using the packet and then call send() method 

 

Receiving UDP Datagrams involves the following steps: 

 Construct a DatagramSocket object on the port on which you want to listen 

 Pass an empty DatagramPacket object to the DatagramSocket's receive() method  

public synchronized void receive(DatagramPacket dp)  

 The calling thread blocks until a datagram is received  

 dp is filled with the data from that datagram 

 After receiving, use the getPort() and getAddress() on the received packet to know 

where the packet came from.  Also use getData() to retrieve the data, and getLength() 

to see how many bytes were in the data  
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The received packet could be truncated to fit the buffer 

 

Example 4: The following examples show how to create a UdpEchoServer and the 

corresponding UdpEchoClient. 

 

import java.net.*; 

import java.io.*; 

 

public class UdpEchoServer 

{ 

 static final int port = 9999; 

 static final int packetSize = 1024; 

 

public static void main(String args[]) throws SocketException{ 

  DatagramPacket packet; 

  DatagramSocket socket; 

  byte[] data;     

  int clientPort; 

  InetAddress address; 

  String str; 

  int recvSize; 

  socket = new DatagramSocket(port); 

  while(true){ 

   data = new byte[packetSize]; 

   // Create packets to receive the message   

   packet = new DatagramPacket(data,packetSize); 

   System.out.println("to receive the packets or port: "+port); 

   try{ 

    socket.receive(packet);   

   }catch(IOException ie){ 

    System.out.println(" Could not Receive:"+ie.getMessage()); 
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    System.exit(0); 

   } 

   // get data about client in order to echo data back     

   address = packet.getAddress(); 

   clientPort = packet.getPort(); 

   recvSize = packet.getLength();  

   str = new String(data,0,recvSize);  

 System.out.println("Message  from "+ address+":"+clientPort+": "+str.trim()); 

   // echo data back to the client      

 packet = new DatagramPacket(data,recvSize,address,clientPort);    

try{  socket.send(packet); } 

catch(IOException ex){ 

 System.out.println("Could not Send "+ex.getMessage()); 

 System.exit(0); 

   }  }  }    } 

 

import java.net.*; 

import java.io.*; 

 

public class UdpEchoClient { 

 static final int packetSize = 1024; 

 static BufferedReader stdin = new BufferedReader(new 

InputStreamReader(System.in)); 

 public static void main(String args[]) throws UnknownHostException, 

SocketException{ 

  DatagramSocket socket;  

  DatagramPacket packet;  

  InetAddress address;   

  String messageSend;  

  String messageReturn;  

  byte[] data; 
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  int port; 

  try { 

   System.out.print("Enter server name: "); 

   address = InetAddress.getByName(stdin.readLine()); 

   System.out.print("Enter server port: "); 

   port = Integer.parseInt(stdin.readLine()); 

   while (true) { 

   System.out.print("Enter message for the server or press enter to exit: "); 

   messageSend = stdin.readLine();  

   if(messageSend.length() == 0){   System.exit(0);  } 

    socket = new DatagramSocket();    

    data = messageSend.getBytes();   

    packet = new DatagramPacket(data,data.length,address,port); 

    socket.send(packet);    

    //packet is reinitialized to use it for recieving 

    data = new byte[packetSize]; 

    packet = new DatagramPacket(data,data.length); 

    socket.receive(packet); 

    messageReturn = new String(data,0,packet.getLength()); 

    System.out.println("Message Returned : "+ messageReturn); 

   }  

  }catch(IOException iee){ 

   System.out.println("Could not receive : "+iee.getMessage() ); 

   System.exit(0); 

  } }      } 

 

3.  Multicast Sockets 

Multicasting is achieved in Java using the same DatagramPacket class used for normal 

Datagrams.  This is used together with the MulticastSocket class. The MulticastSocket class is 
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a subclass of the DatagramSocket class, with the following methods for joining and leaving a 

multicast group added. 

void joinGroup(InetAddress mcastaddr) 

void leaveGroup(InetAddress mcastaddr) 

void setTimeToLive(int ttl) 

Example 5:  The following examples shows a sample Multicast sender and receiver. 

 

import java.io.*;  

import java.net.*;  

 

public class MulticastReceiver { 

 

   static MulticastSocket receiver; 

   static InetAddress group; 

  

   public static void main(String[] args) { 

      try {  

     group = InetAddress.getByName("224.100.0.5"); 

      receiver = new MulticastSocket(9095);  

      System.out.println("Joined group at 224.100.0.5"); 

      receiver.joinGroup(group); 

 while (true) {    

         byte[] buffer = new byte[1024]; 

          DatagramPacket recvPacket = new DatagramPacket(buffer, buffer.length); 

          receiver.receive(recvPacket);  

 String message = new String(buffer, 0, recvPacket.getLength()); 

if (message.length() == 0) { 

 receiver.leaveGroup(group);    receiver.close(); break;   } 

         System.out.println(message);    }       } 

       catch (Exception ex) {  
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          System.out.println("Exception: "+ ex);        }    }     } 

 

import java.io.*;  

import java.net.*;  

public class MulticastSender { 

   public static void main(String[] args) { 

      MulticastSocket sender; 

      InetAddress group; 

  try {       

         group = InetAddress.getByName("224.100.0.5"); 

         sender = new MulticastSocket(9095); 

         sender.setTimeToLive(32);    

           BufferedReader stdin = new BufferedReader(new InputStreamReader(System.in)); 

 while (true) { 

   System.out.print("Enter message for Multicast: "); 

          String message = stdin.readLine(); 

   if (message.length() == 0) { 

    sender.leaveGroup(group); 

    sender.close(); 

    break; 

   } 

   DatagramPacket packet = new DatagramPacket(message.getBytes(), message.length(), 

group, 9095); 

        sender.send(packet); 

  }     } 

     catch (Exception ex) {     System.out.println("Exception: "+ ex);      }       }       } 

 

Remote Method Invocation 

 A primary goal of RMI is to allow programmers to develop distributed Java programs 

 RMI is the Java Distributed Object Model for facilitating communications among 

distributed objects 
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 RMI is a higher-level API built on top of sockets 

 Socket-level programming allows you to pass data through sockets among computers  

 RMI enables you not only to pass data among objects on different systems, but also to 

invoke methods in a remote object 

The Differences between RMI and Traditional Client/Server Approach 

 RMI component can act as both a client and a server, depending on the scenario in 

question. 

 RMI system can pass functionality from a server to a client and vice versa. A 

client/server system typically only passes data back and forth between server and client. 

Interfaces 

 In RMI, the definition of a remote service is coded using a Java interface.  

 The implementation of the remote service is coded in a class 

 The key to understanding RMI is to remember that interfaces define behavior and classes 

define implementation. 

 

RMI supports two classes: 

1. The first class is the implementation of the behavior, and it runs on the server.  

2. The second class acts as a proxy for the remote service and it runs on the client. 
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A client program makes method calls on the proxy object, RMI sends the request to the remote 

JVM, and forwards it to the implementation. Any return values provided by the implementation 

are sent back to the proxy and then to the client's program. 

RMI Architecture Layers 

The RMI implementation is built from three abstraction layers.  

 The first is the Stub and Skeleton layer. This layer intercepts method calls made 

by the client to the interface reference variable and redirects these calls to a 

remote RMI service.  

 The next layer is the Remote Reference Layer. This layer understands how to 

interpret and manage references made from clients to the remote service objects. 

In JDK 1.1, this layer connects clients to remote service objects that are running 

and exported on a server. The connection is a one-to-one (unicast) link. In the 

Java 2 SDK, this layer was enhanced to support the activation of dormant remote 

service objects via Remote Object Activation.  

 The Transport Layer is based on TCP/IP connections between machines in a 

network. It provides basic connectivity, as well as some firewall penetration 

strategies. 

 

1. A server object is registered with the RMI registry;  

2. A client looks through the RMI registry for the remote object;  

3. Once the remote object is located, its stub is returned in the client;  

4. The remote object can be used in the same way as a local object. The communication between the 

client and the server is handled through the stub and skeleton.  
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Stub and Skeleton Layer 

In this layer, RMI uses the Proxy design pattern. In the Proxy pattern, an object in one context is 

represented by another (the proxy) in a separate context. The proxy knows how to forward 

method calls between the participating objects. The following class diagram illustrates the Proxy 

pattern.  

 

In RMI's use of the Proxy pattern, the stub class plays the role of the proxy, and the remote 

service implementation class plays the role of the RealSubject.  

A skeleton is a helper class that is generated for RMI to use. The skeleton understands 

how to communicate with the stub across the RMI link. The skeleton carries on a conversation 

with the stub; it reads the parameters for the method call from the link, makes the call to the 

remote service implementation object, accepts the return value, and then writes the return value 

back to the stub.  

 

Remote Reference Layer 

The Remote Reference Layers defines and supports the invocation semantics of the RMI 

connection. This layer provides a RemoteRef object that represents the link to the remote service 

implementation object.  
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The stub objects use the invoke() method in RemoteRef to forward the method call. The 

RemoteRef object understands the invocation semantics for remote services.  

The JDK 1.1 implementation of RMI provides only one way for clients to connect to remote 

service implementations: a unicast, point-to-point connection. Before a client can use a remote 

service, the remote service must be instantiated on the server and exported to the RMI system. 

 The Java 2 SDK implementation of RMI adds a new semantic for the client-server connection. 

In this version, RMI supports activatable remote objects. When a method call is made to the 

proxy for an activatable object, RMI determines if the remote service implementation object is 

dormant. If it is dormant, RMI will instantiate the object and restore its state from a disk file. 

Once an activatable object is in memory, it behaves just like JDK 1.1 remote service 

implementation objects.  

Transport Layer 

The Transport Layer makes the connection between JVMs. All connections are stream-based 

network connections that use TCP/IP.  Even if two JVMs are running on the same physical 

computer, they connect through their host computer's TCP/IP network protocol stack. The 

following diagram shows the unfettered use of TCP/IP connections between JVMs.  

 

As you know, TCP/IP provides a persistent, stream-based connection between two machines 

based on an IP address and port number at each end. Usually a DNS name is used instead of an 

IP address; this means you could talk about a TCP/IP connection between 

flicka.magelang.com:3452 and rosa.jguru.com:4432. In the current release of RMI, TCP/IP 

connections are used as the foundation for all machine-to-machine connections.  
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On top of TCP/IP, RMI uses a wire level protocol called Java Remote Method Protocol (JRMP). 

JRMP is a proprietary, stream-based protocol that is only partially specified is now in two 

versions. The first version was released with the JDK 1.1 version of RMI and required the use of 

Skeleton classes on the server. The second version was released with the Java 2 SDK. It has been 

optimized for performance and does not require skeleton classes.Some other changes with the 

Java 2 SDK are that RMI service interfaces are not required to extend from java.rmi.Remote and 

their service methods do not necessarily throw RemoteException.  

RMI can use many different directory services, including the Java Naming and Directory 

Interface (JNDI). RMI itself includes a simple service called the RMI Registry, rmiregistry. The 

RMI Registry runs on each machine that hosts remote service objects and accepts queries for 

services, by default on port 1099.  

On a host machine, a server program creates a remote service by first creating a local object that 

implements that service. Next, it exports that object to RMI. When the object is exported, RMI 

creates a listening service that waits for clients to connect and request the service. After 

exporting, the server registers the object in the RMI Registry under a public name.  

On the client side, the RMI Registry is accessed through the static class Naming. It provides the 

method lookup() that a client uses to query a registry. The method lookup() accepts a URL that 

specifies the server host name and the name of the desired service. The method returns a remote 

reference to the service object. The URL takes the form:  

  

rmi://<host_name> 

      [:<name_service_port>] 

            /<service_name>  

where the host_name is a name recognized on the local area network (LAN) or a DNS name on 

the Internet. The name_service_port only needs to be specified only if the naming service is 

running on a different port to the default 1099. 

Build a simple remote calculator service and use it from a client program.  
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A working RMI system is composed of several parts.  

 Interface definitions for the remote services 

  Implementations of the remote services   

 Stub and Skeleton files   

 A server to host the remote services  

  An RMI Naming service that allows clients to find the remote services  

 A class file provider (an HTTP or FTP server)   

 A client program that needs the remote services  

To simplify things, you will use a single directory for the client and server code. By running the 

client and the server out of the same directory, you will not have to set up an HTTP or FTP 

server to provide the class files.Assuming that the RMI system is already designed, you take the 

following steps to build a system:  

1. Write and compile Java code for interfaces  

2. Write and compile Java code for implementation classes  

3. Generate Stub and Skeleton class files from the implementation classes  

4. Write Java code for a remote service host program  

5. Develop Java code for RMI client program  

6. Install and run RMI system  

1. Interfaces: First, write and compile the Java code for the service interface. The 

Calculator interface defines all of the remote features offered by the service:  

public interface Calculator extends java.rmi.Remote {  

    public long add(long a, long b) throws java.rmi.RemoteException; 

public long sub(long a, long b) throws java.rmi.RemoteException; 

public long mul(long a, long b) throws java.rmi.RemoteException;  

public long div(long a, long b) throws java.rmi.RemoteException; } 

2. Implementation 
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Next, write the implementation for the remote service. This is the CalculatorImpl class:  

public class CalculatorImpl   extends  java.rmi.server.UnicastRemoteObject  

    implements Calculator {  

     //Implementations must have an explicit constructor in order to declare the  

    //RemoteException exception  

    public CalculatorImpl() throws java.rmi.RemoteException {  

        super();   }  

   public long add(long a, long b) throws java.rmi.RemoteException { return a + b; }  

   public long sub(long a, long b) throws java.rmi.RemoteException {  return a - b; }  

 public long mul(long a, long b) throws java.rmi.RemoteException { return a * b; }  

    public long div(long a, long b) throws java.rmi.RemoteException { return a / b;  } }  

The implementation class uses UnicastRemoteObject to link into the RMI system. In the 

example the implementation class directly extends UnicastRemoteObject. This is not a 

requirement. A class that does not extend UnicastRemoteObject may use its exportObject() 

method to be linked into RMI.  

When a class extends UnicastRemoteObject, it must provide a constructor that declares 

that it may throw a RemoteException object. When this constructor calls super(), it activates 

code in UnicastRemoteObject that performs the RMI linking and remote object initialization. 

3. Stubs and Skeletons: You next use the RMI compiler, rmic, to generate the stub and skeleton 

files. The compiler runs on the remote service implementation class file.  

>rmic CalculatorImpl 

4. Host Server: Remote RMI services must be hosted in a server process. The class 

CalculatorServer is a very simple server that provides the bare essentials for hosting.  

import java.rmi.Naming; 
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public class CalculatorServer { 

   public CalculatorServer() { 

     try { 

       Calculator c = new CalculatorImpl(); 

       Naming.rebind("rmi://localhost:1099/CalculatorService", c); 

     } catch (Exception e) {   System.out.println("Trouble: " + e);   } } 

public static void main(String args[]) {   new CalculatorServer();   }   } 

5.Client The source code for the client follows:  

import java.rmi.Naming;   import java.rmi.RemoteException;  

import java.net.MalformedURLException;  import java.rmi.NotBoundException;  

public class CalculatorClient {  

    public static void main(String[] args) {  

        try {  

            Calculator c = (Calculator) Naming.lookup("rmi://localhost/CalculatorService");  

            System.out.println( c.sub(4, 3) );  

            System.out.println( c.add(4, 5) );  

            System.out.println( c.mul(3, 6) );  

            System.out.println( c.div(9, 3) );  

        }  

        catch (MalformedURLException murle) {  

            System.out.println();  

            System.out.println("MalformedURLException");  

            System.out.println(murle);         }  
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        catch (RemoteException re) {  

            System.out.println();  

            System.out.println("RemoteException");  

            System.out.println(re);         }         

 catch (NotBoundException nbe) {  

            System.out.println();  

            System.out.println("NotBoundException");  

            System.out.println(nbe);         }  

        catch (  java.lang.ArithmeticException ae) {  

            System.out.println();  

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

            System.out.println(ae);         }     } }  

6.Running the RMI System 

You are now ready to run the system! You need to start three consoles, one for the server, one 

for the client, and one for the RMIRegistry.  

Start with the Registry. You must be in the directory that contains the classes you have written. 

From there, enter the following:     > rmiregistry 

If all goes well, the registry will start running and you can switch to the next console.  

In the second console start the server hosting the CalculatorService, and enter the following:  

>java CalculatorServer 

It will start, load the implementation into memory and wait for a client connection.  

In the last console, start the client program.   >java CalculatorClient 
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Unit IV- Applets 

What is an Applet? 

According to Sun "An applet is a small program that is intended not to be run on its own, but 

rather to be embedded inside another application....The Applet class provides a standard interface 

between applets and their environment."  

Four definitions of applet: 

 A small application  

 A secure program that runs inside a web browser  

 A subclass of java.applet.Applet  

 An instance of a subclass of java.applet.Applet  

 

public class Applet extends Panel  

 

java.lang.Object 

   | 

   +----java.awt.Component 

           | 

           +----java.awt.Container 

                   | 

                   +----java.awt.Panel 

                           | 

                           +----java.applet.Applet 

Hello World: The Applet 

import java.applet.Applet;    

import java.awt.Graphics;  

               

public class HelloWorldApplet extends Applet { 

 

  public void paint(Graphics g) { 

    g.drawString("Hello world!", 50, 25);  }}  
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The applet version of HelloWorld is a little more complicated than the HelloWorld 

application, and it will take a little more effort to run it as well. 

First type in the source code and save it into file called HelloWorldApplet.java. Compile this file 

in the usual way. If all is well a file called HelloWorldApplet.class will be created. Now you 

need to create an HTML file that will include your applet. The following simple HTML file will 

do. 

<HTML> 

<HEAD> 

<TITLE> Hello World </TITLE> 

</HEAD> 

 

<BODY> 

 This is the applet:<P> 

 <applet code="HelloWorldApplet.class" width="150" height="50"> 

 </applet> 

</BODY> 

</HTML> 

Save this file as HelloWorldApplet.html in the same directory as the HelloWorldApplet.class 

file. When you've done that, load the HTML file into a Java enabled Web Browser.. 

The APPLET HTML Tag 

Applets are embedded in web pages using the <APPLET> and </APPLET> tags. The 

<APPLET> tag is similar to the <IMG> tag. Like <IMG> <APPLET> references a source file 

that is not part of the HTML page on which it is embedded. IMG elements do this with the SRC 

attribute. APPLET elements do this with the CODE attribute. The CODE attribute tells the 

browser where to look for the compiled .class file. It is relative to the location of the source 

document.  

The CODEBASE attribute is a URL that points at the directory where the .class file is. 

The CODE attribute is the name of the .class file itself. For instance if on the HTML page of the 

previous section you had written 

<APPLET  

 CODE="HelloWorldApplet.class"  
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 CODEBASE="classes"  

 WIDTH=200 HEIGHT=200> 

</APPLET> 

 

then the browser would have tried to find HelloWorldApplet.class in the classes directory in the 

same directory as the HTML page that included the applet. 

The HEIGHT and WIDTH attributes work exactly as they do with IMG, specifying how big a 

rectangle the browser should set aside for the applet. These numbers are specified in pixels and 

are required. 

Spacing Preferences 

The <APPLET> tag has several attributes to define how it is positioned on the page.  

The ALIGN attribute defines how the applet's rectangle is placed on the page relative to other 

elements. Possible values include LEFT, RIGHT, TOP, TEXTTOP, MIDDLE, ABSMIDDLE, 

BASELINE, BOTTOM and ABSBOTTOM. This attribute is optional. 

You can specify an HSPACE and a VSPACE in pixels to set the amount of blank space between 

an applet and the surrounding text. The HSPACE and VSPACE attributes are optional. 

<APPLET  

 code="HelloWorldApplet.class"  

 CODEBASE="http://www.foo.bar.com/classes"  

 width=200  

 height=200 

 ALIGN=RIGHT  

 HSPACE=5  

 VSPACE=10> 

</APPLET> 

The ALIGN, HSPACE, and VSPACE attributes are identical to the attributes of the same name 

used by the <IMG> tag. 

The <APPLET> has an ALT attribute. An ALT attribute is used by a browser that understands 

the APPLET tag but for some reason cannot play the applet. , then the browser should display 

the ALT text. 
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<applet code="HelloWorldApplet.class"  

 CODEBASE="http://www.foo.bar.com/classes" width=200 height=200 

 ALIGN=RIGHT HSPACE=5 VSPACE=10 

 ALT="Hello World!"> 

</APPLET> 

Naming Applets 

You can give an applet a name by using the NAME attribute of the APPLET tag. This 

allows communication between different applets on the same Web page.  

 

<APPLET  

 code="HelloWorldApplet.class"  

 Name=Applet1 

 CODEBASE="http://www.foo.bar.com/classes"  

 width=200  

 height=200 

 ALIGN=RIGHT HSPACE=5 VSPACE=10 

 ALT="Hello World!"> 

 Hello World!<P> 

</APPLET> 

JAR Archives 

HTTP 1.0 uses a separate connection for each request. When you're downloading many 

small files, the time required to set up and tear down the connections can be a significant fraction 

of the total amount of time needed to load a page. It would be better if you could load all the 

HTML documents, images, applets, and sounds a page needed in one connection.  

One way to do this without changing the HTTP protocol, is to pack all those different files into a 

single archive file, perhaps a zip archive, and just download that. 

You can pack all the images, sounds, and .class files an applet needs into one JAR archive and 

load that instead of the individual files. Applet classes do not have to be loaded directly. They 

can also be stored in JAR archives. To do this you use the ARCHIVES attribute of the APPLET 

tag 

<APPLET  

 CODE=HelloWorldApplet  
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 WIDTH=200 HEIGHT=100  

 ARCHIVES="HelloWorld.jar"> 

 <hr> 

  Hello World! 

 <hr> 

</APPLET> 

In this example, the applet class is still HelloWorldApplet. However, there is no 

HelloWorldApplet.class file to be downloaded. Instead the class is stored inside the archive file 

HelloWorld.jar.  

The OBJECT Tag 

HTML 4.0 deprecates the <APPLET> tag. Instead you are supposed to use the 

<OBJECT> tag. For the purposes of ewbedding applets, the <OBJECT> tag is used almost 

exactly like the <APPLET> tag except that the class attribute becomes the classid attribute. For 

example,  

 

<OBJECT classid="MyApplet.class"  

 CODEBASE="http://www.foo.bar.com/classes" width=200 height=200 

 ALIGN=RIGHT HSPACE=5 VSPACE=10> 

</OBJECT> 

 

Finding an Applet's Size 

When running inside a web browser the size of an applet is set by the height and width 

attributes and cannot be changed by the applet. Many applets need to know their own size. After 

all you don't want to draw outside the lines. :-)  

Retrieving the applet size is straightforward with the getSize() method. java.applet.Applet 

inherits this method from java.awt.Component. getSize() returns a java.awt.Dimension object. A 

Dimension object has two public int fields, height and width. Below is a simple applet that prints 

its own dimensions. 

import java.applet.*;     

import java.awt.*; 
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public class SizeApplet extends Applet { 

 

  public void paint(Graphics g) { 

    Dimension appletSize = this.getSize(); 

    int appletHeight = appletSize.height; 

    int appletWidth = appletSize.width; 

     

    g.drawString("This applet is " + appletHeight +  

      " pixels high by " + appletWidth + " pixels wide.",  

      15, appletHeight/2); 

  } } 

Passing Parameters to Applets 

Parameters are passed to applets in NAME=VALUE pairs in <PARAM> tags between 

the opening and closing APPLET tags. Inside the applet, you read the values passed through the 

PARAM tags with the getParameter() method of the java.applet.Applet class.  

The program below demonstrates this with a generic string drawing applet. The applet parameter 

"Message" is the string to be drawn. 

import java.applet.*;     

import java.awt.*;  

              

public class DrawStringApplet extends Applet { 

 

  private String defaultMessage = "Hello!"; 

  

  public void paint(Graphics g) { 

    String inputFromPage = this.getParameter("Message"); 

    if (inputFromPage == null) inputFromPage = defaultMessage; 

    g.drawString(inputFromPage, 50, 25); 

  } 

   

} 

You also need an HTML file that references your applet. The following simple HTML file will 

do:  

<HTML> 

<HEAD> 
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<TITLE> Draw String </TITLE> 

</HEAD> 

 

<BODY> 

This is the applet:<P> 

<APPLET code="DrawStringApplet.class" width="300" height="50"> 

  <PARAM name="Message" value="Howdy, there!"> 

</APPLET> 

</BODY> 

</HTML>  

 

You pass getParameter() a string that names the parameter you want. This string should match 

the name of a <PARAM> tag in the HTML page. getParameter() returns the value of the 

parameter. All values are passed as strings. 

The Basic Applet Life Cycle 

1. The browser reads the HTML page and finds any <APPLET> tags.  

2. The browser parses the <APPLET> tag to find the CODE and possibly CODEBASE 

attribute.  

3. The browser downloads the .class file for the applet from the URL found in the last step.  

4. The browser converts the raw bytes downloaded into a Java class, that is a 

java.lang.Class object.  

5. The browser instantiates the applet class to form an applet object. This requires the applet 

to have a noargs constructor.  

6. The browser calls the applet's init() method.  

7. The browser calls the applet's start() method.  

8. While the applet is running, the browser passes any events intended for the applet, e.g. 

mouse clicks, key presses, etc., to the applet's handleEvent() method. Update events are used to 

tell the applet that it needs to repaint itself.  

9. The browser calls the applet's stop() method.  

10. The browser calls the applet's destroy() method.  

 

All applets have the following four methods:  

public void init(); 
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public void start(); 

public void stop(); 

public void destroy(); 

They have these methods because their superclass, java.applet.Applet, has these methods 

In the superclass, these are simply do-nothing methods. For example, 

public void init() {} 

Subclasses may override these methods to accomplish certain tasks at certain times. For instance, 

the init() method is a good place to read parameters that were passed to the applet via 

<PARAM> tags because it's called exactly once when the applet starts up 

The start() method is called at least once in an applet's life, when the applet is started or 

restarted. In some cases it may be called more than once. Many applets you write will not have 

explicit start()methods and will merely inherit one from their superclass. A start() method is 

often used to start any threads the applet will need while it runs. 

The stop() method is called at least once in an applet's life, when the browser leaves the 

page in which the applet is embedded. The applet's start() method will be called if at some later 

point the browser returns to the page containing the applet. In some cases the stop() method may 

be called multiple times in an applet's life. Many applets you write will not have explicit 

stop()methods and will merely inherit one from their superclass. 

The destroy() method is called exactly once in an applet's life, just before the browser 

unloads the applet. This method is generally used to perform any final clean-up. 

Graphics Objects 

In Java all drawing takes place via a Graphics object. This is an instance of the class 

java.awt.Graphics.  Initially the Graphics object you use will be the one passed as an argument to 

an applet's paint() method. 

Drawing Lines 

Drawing straight lines with Java is easy. Just call  
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 g.drawLine(x1, y1, x2, y2)  

where (x1, y1) and (x2, y2) are the endpoints of your lines and g is the Graphics object you're 

drawing with.  

This program draws a line diagonally across the applet. 

import java.applet.*;     

import java.awt.*;  

 

public class SimpleLine extends Applet { 

 

 public void paint(Graphics g) { 

     g.drawLine(0, 0, this.getSize().width, this.getSize().height);  

 } 

 

} 

Drawing Rectangles 

Drawing rectangles is simple. Start with a Graphics object g and call its drawRect() method:  

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

As the variable names suggest, the first int is the left hand side of the rectangle, the second is the 

top of the rectangle, the third is the width and the fourth is the height. This is in contrast to some 

APIs where the four sides of the rectangle are given.  

This uses drawRect() to draw a rectangle around the sides of an applet. 

import java.applet.*;     

import java.awt.*;  

 

public class RectangleApplet extends Applet { 

 

  public void paint(Graphics g) { 

    g.drawRect(0, 0, this.getSize().width - 1, this.getSize().height - 1); 

  } } 

 

Remember that getSize().width is the width of the applet and getSize().height is its height. 
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Clearing Rectangles 

It is also possible to clear a rectangle that you've drawn. The syntax is exactly what you'd expect:  

public abstract void clearRect(int x, int y, int width, int height) 

This program uses clearRect() to blink a rectangle on the screen. 

import java.applet.*;     

import java.awt.*;  

 

public class Blink extends Applet { 

  public void paint(Graphics g) { 

    int appletHeight = this.getSize().height; 

    int appletWidth  = this.getSize().width; 

    int rectHeight   = appletHeight/3; 

    int rectWidth    = appletWidth/3; 

    int rectTop      = (appletHeight - rectHeight)/2; 

    int rectLeft     = (appletWidth - rectWidth)/2; 

 

    for (int i=0; i < 1000; i++) { 

      g.fillRect(rectLeft, rectTop, rectWidth-1, rectHeight-1); 

      g.clearRect(rectLeft, rectTop, rectWidth-1, rectHeight-1); 

    }    }   } 

 

OVAL methods: 

public void drawOval(int left, int top, int width, int height)  

public void fillOval(int left, int top, int width, int height) 

Java also has methods to draw outlined and filled arcs. They're similar to drawOval() and 

fillOval() but you must also specify a starting and ending angle for the arc. Angles are given in 

degrees. The signatures are: 

public void drawArc(int left, int top, int width, int height,  int startangle, int stopangle) 

public void fillArc(int left, int top, int width, int height,  int startangle, int stopangle) 
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Polygons: 

Polygons are defined by their corners. No assumptions are made about them except that 

they lie in a 2-D plane. The basic constructor for the Polygon class is 

public Polygon(int[] xpoints, int[] ypoints, int npoints) 

int[] xpoints = {0, 3, 0}; 

int[] ypoints = {0, 0, 4}; 

Polygon myTriangle = new Polygon(xpoints, ypoints, 3); 

Loading Images 

 Images in Java are bitmapped GIF or JPEG files that can contain pictures of just about anything. 

You can use any program at all to create them as long as that program can save in GIF or JPEG 

format.  If you know the exact URL for the image you wish to load, you can load it with the 

getImage() method: 

URL imageURL = new URL("http://www.prenhall.com/logo.gif"); 

java.awt.Image img = this.getImage(imageURL); 

 

Drawing Images at Actual Size 

Once the image is loaded draw it in the paint() method using the drawImage() method like this  

 g.drawImage(img, x, y, io) 

img is a member of the Image class which you should have already loaded in your init() method. 

x is the x coordinate of the upper left hand corner of the image. 

 y is the y coordinate of the upper left hand corner of the image. 

 io is a member of a class which implements the ImageObserver interface.  

The ImageObserver interface is how Java handles the asynchronous updating of an Image 

when it's loaded from a remote web site rather than directly from the hard drive. 

java.applet.Applet implements ImageObserver so for now just pass the keyword this to 

drawImage() to indicate that the current applet is the ImageObserver that should be used.  
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A paint() method that does nothing more than draw an Image starting at the upper left hand 

corner of the applet may look like this 

public void paint(Graphics g) { 

  g.drawImage(img, 0, 0, this); 

} 

 

import java.awt.*; 

import java.applet.*; 

 

public class MagnifyImage extends Applet { 

 

  private Image image; 

  private int scaleFactor; 

 

  public void init() { 

    String filename  = this.getParameter("imagefile"); 

    this.image       = this.getImage(this.getDocumentBase(), filename); 

    this.scaleFactor = Integer.parseInt(this.getParameter("scalefactor"));  

  } 

   

  public void paint (Graphics g) { 

    int width    = this.image.getWidth(this); 

    int height   = this.image.getHeight(this); 

    scaledWidth  = width * this.scaleFactor; 

    scaledHeight = height * this.scaleFactor; 

    g.drawImage(this.image, 0, 0, scaledWidth, scaledHeight, this); 

  }    } 

Color: color is a part of the Graphics object that does the drawing. 

g.setColor(Color.pink); 

g.drawString("This String is pink!", 50, 25); 

g.setColor(Color.green); 

g.drawString("This String is green!", 50, 50); 

Components 

Components are graphical user interface (GUI) widgets like checkboxes, menus, 

windows, buttons, text fields, applets, and more. In Java all components are subclasses of 

java.awt.Component. Subclasses of Component include 
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 Canvas  

 TextField  

 TextArea  

 Label  

 List  

 Button  

 Choice  

 Checkbox  

 Frame  

 JButton  

 JLabel  

 JComboBox  

 JMenu  

Three Steps to Adding a Component 

  public void init() { 

     Label l; 

     l = new Label("Hello Container"); 

     this.add(l); 

   } 

 

The key thing to remember about adding components to the applet is the three steps:  

1. Declare the component  

2. Initialize the component  

3. Add the component to the layout.  

 

 

import java.applet.*;     

import java.awt.*; 

  

public class HelloContainer extends Applet { 

   public void init() { 
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    Label l; 

    l = new Label("Hello Container"); 

    this.add(l); 

  } 

} 

Here's a very simple applet with a Button: 

import java.applet.*; 

import java.awt.*; 

 

public class FirstButton extends Applet { 

   

   public void init () { 

        this.add(new Button("My First Button")); 

   }     } 

Button Actions 

Unlike labels, buttons do things when you press them. When the mouse is clicked on a 

Button, the Button fires an ActionEvent. To be ready to respond to this event you must register 

an ActionListener with the Button. For example,  

     Button beep = new Button("Beep");     

     add(beep);  // add the button to the layout 

     beep.addActionListener(myActionListener); // assign the button a listener 

Here myActionListener is a reference to an object which implements the 

java.awt.event.ActionListener interface. This interface specifies a single method, 

actionPerformed():  

public abstract void actionPerformed(ActionEvent e) 

The ActionListener object does something as a result of the ActionEvent the button press fired. 

For example, the following class beeps when it gets an ActionEvent: 

import java.awt.*; 

import java.awt.event.*; 

 

public class BeepAction implements ActionListener { 
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  public void actionPerformed(ActionEvent e) { 

    Toolkit.getDefaultToolkit().beep(); 

  }   } 

java.awt.Canvas 

The java.awt.Canvas class is a rectangular area on which you can draw using the methods 

of java.awt.Graphics. The Canvas class has only three methods:  

 

  public Canvas() 

  public void addNotify() 

  public void paint(Graphics g) 

You generally won't instantiate a canvas directly. Instead you'll subclass it and override the 

paint() method in your subclass to draw the picture you want.  

For example the following Canvas draws a big red oval you can add to your applet. 

import java.awt.*; 

public class RedOval extends Canvas { 

public void paint(Graphics g) { 

    Dimension d = this.getSize(); 

    g.setColor(Color.red); 

    g.fillOval(0, 0, d.width, d.height);   } 

   

  public Dimension getMinimumSize() {    return new Dimension(50, 100);     } 

 

  public Dimension getPreferredSize() {    return new Dimension(150, 300);    } 

 

  public Dimension getMaximumSize() {    return new Dimension(200, 400);    }   } 

Any applet that uses components should not also override paint(). Doing so will have unexpected 

effects because of the way Java arranges components. Instead, create a Canvas object and do 

your drawing in its paint() method. 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology Course Material(Lecture Notes) 

IT6503- Web Programming Page 16 
 

Java Servlets 

 Servlets are used primarily with web servers, where they provide a Java-based 

replacement for CGI scripts. They can be used to provide dynamic web content like CGI scripts. 

 Advantages of servlets over CGI scripts: 

1. Servlets are persistent between invocations, which dramatically improves 

performance relative to CGI programs. 

2. Servlets are portable among operating systems and among servers. 

3. Servlets have access to all the APIs of the Java platform (e.g. a servlet can interact 

with a database using JDBC API). 

 

  Servlets are a natural fit if you are using the web for enterprise computing. Web browsers 

then function as universally available thin clients; the web server becomes middleware 

responsible for running applications for these clients.   

  Thus the user makes a request of the web server, the server invokes a servlet designed to 

handle the request, and the result is returned to the user in the web browser. The servlet can use 

JNDI, Java IDL, JDBC, and other enterprise APIs to perform whatever task is necessary to fulfill 

the request. 

  Servlets can be used when collaboration is needed between people. A servlet can handle 

multiple requests concurrently, and can synchronize requests. So servlets can support on-line 

conferencing. Servlets can forward requests to other servers and servlets. Thus, servlets can be 

used to balance load among several servers that mirror the same content, and to partition a single 

logical service over several servers, according to task type or organizational boundaries. 

The Servlet Life Cycle 

  When a client (web browser) makes a request involving a servlet, the web server loads 

and executes the appropriate Java classes. Those classes generate content (e.g. HTML), and the 

server sends the contents back to the client. From the web browser’s perspective, this isn’t any 

different from requesting a page generated by a CGI script, or standard HTML. On the server 

side there is one important difference is persistence. Instead of shutting down at the end of each 

request, the servlet remains loaded, ready to handle the subsequent requests. Each request is 
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handled by a separate thread.  These threads share code and data (instance vars). So try to avoid 

using instance vars, else be sure to use them in synchronized blocks. 

  The request processing time for a servlet can vary, but is typically quite fast when 

compared to a similar CGI program. The advantage in the servlet is that you incur the most of 

the startup overhead only once.  

 

When a servlet loads, its init() method is called. You can use init() to create I/O intensive 

resources, such as database connections, for use across multiple invocations. If you have a high-

traffic site, the performance benefits can be quite dramatic.  

The servlet’s destroy() method can clean up resources when the server shuts down. 

Since a servlet remains active, it can perform other tasks when it is not servicing client request, 

such as running a background thread (where clients connect to the servlet to view the result) or 

even acting as an RMI host, enabling a single servlet to handle connections from multiple types 

of clients. 

 

Servlet Basics 

 The Servlet API consists of two packages, javax.servlet, and javax.servlet.http.  

  The javax is there because servlets are a standard extension to Java, rather than a 

mandatory part of the API. Thus JVM developers are not required to include classes for them in 

their Java development and execution environments. Sun has kept the distribution of the servlets 

API separate from the Java 2 platform because the Servlet API is evolving much faster than the 

core Java SDK. You can find the Java Servlet Development Kit (JSDK) at 

http://java.sun.com/products/servlet/. The JSDK includes the necessary servlet classes and a 

small servletrunner application  for development and testing. 
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HTTP Servlets 

  The HttpServlet class is an extension of GenericServlet class that includes methods for 

handling HTTP specific data. HttpServlet defines a number of methods, such as doGet(), and 

doPost(), to handle particular types of HTTP requests (GET, POST, etc.). These methods are 

called by the default implementation of the service()  method, which figures out the kind of 

request being made and then invokes the appropriate method. (service() is defined in 

GenericServlet class). 

 

Example 1: 

 

import javax.servlet.*; 

import javax.servlet.http.*; 

import java.io.*; 

 

public class HelloWorldServlet extends HttpServlet { 

 public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

        

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

 

       out.println(“<HTML>”); 

       out.println(“<HEAD><TITLE>Have you seen this  

before?</TITLE></HEAD>”); 

       out.println(“<BODY><H1>Hello World!</H1></BODY></HTML>”); 

    } 

} 

 

The doGet() method is called whenever anyone requests a URL that points to this servlet. 

The servlet is installed in the servlets directory and its URL is 
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http://site:8080/servlet/HelloWorldServlet. The doGet() method is actually called by the 

default service() method of HttpServlet. The service() method is called by the web server 

when a request is made of HelloWorldServlet; the method determines what kind of HTTP 

request is being made and dispatches the request to the appropriate doXXX() method (in this 

case, doGet()). doGet() is passed two objects, HttpServletRequest ,and HttpServletResponse, 

that contain information about the request and provide a mechanism for the servlet to provide 

a response, respectively. 

 

Example 2: 

This example deals with forms and dynamic HTML. 

 

The HTML form that calls the servlet using a GET request is as follows: 

 

<HTML> 

<HEAD><TITLE> Greetings Form</TITLE></HEAD> 

<BODY> 

<FORM METHOD=GET   ACTION=”/servlet/HelloServlet”> 

What is your name? 

<INPUT TYPE=TEXT   NAME=username SIZE=20> 

<INPUT TYPE=SUBMIT   VALUE=”Introduce Yourself”> 

</FORM> 

</BODY> 

</HTML> 

 

The form submits a variable named username to the URL  /servlet/HelloServlet. The servlet 

is as follows: 

 

import javax.servlet.*; 

import javax.servlet.http.*; 

import java.io.*; 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com

http://site:8080/servlet/HelloWorldServlet


Sri Vidya College of Engineering & Technology Course Material(Lecture Notes) 

IT6503- Web Programming Page 20 
 

public class HelloServlet extends HttpServlet { 

 public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

        

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

 

       out.println(“<HTML>”); 

      out.println(“<HEAD><TITLE>Finally, interaction!</TITLE></HEAD>”); 

out.println(“<BODY><H1>Hello,” + req.getParameter(“username”) +  

“!</H1>” ); 

out.println(</BODY></HTML>”); 

    } 

} 

 

The getParameter() method of HttpServletRequest is used to retrieve the value of the form 

variable. When a server calls a servlet, it can also pass a set of request parameters.  

 

The POST request 

  The POST request is designed for posting information to the server, although in practice 

it is also used for long parameterized requests and larger forms, to get around limitations on the 

length of URLs. The doPost() method is the corresponding method for POST requests. If your 

servlet is performing database updates, charging a credit card, or doing anything that takes an 

explicit client action, you should make sure that this activity is happening in a doPost() method. 

  This is because POST requests are not idempotent, which means that they are not safely 

repeatable, and web browsers treat them specially. E.g. a browser cannot bookmark them. GET 

requests are idempotent, so they can safely be bookmarked, and a browser is free to issue the 

request repeatedly (say to get some information from the web server) without necessarily 

consulting the user. Hence it is not appropriate to charge a credit card in a GET method! 
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 To create a servlet that can handle POST requests, you need to override the default 

doPost() method from HttpServlet and implement the necessary functionality. If necessary, your 

application can implement different code in doPost() and doGet(). For instance, the doGet() 

method might display a postable data entry form that the doPost() method processes. doPost() 

can even call doGet() at the end to display the form again. 

Servlet Responses 

  In the case of an Http servlet, the response can include three components: a status code, 

any number of HTTP headers, and a response body. 

  You use setContentType() method of the response object passed into the servlet to set the 

type of the response. Examples include “text/html” for text, “image/gif” for returning a GIF file 

from the database, and “application/pdf” for Adobe Acrobat files. 

  ServletResponse and HttpServletResponse each define two methods for producing output 

streams, getOutputStream() and getWriter(). The former returns a ServletOutputStream that can 

be used for text or binary data. The latter returns a java.io.PrintWriter object used for text data. 

  You can use setStatus() or sendError() method to specify the status code sent back to the 

server. Examples include, 200 (“OK”), 404 (“Not Found”) etc. The sendRedirect() method 

allows you to issue a page redirect. Calling this sets the Location header to the specified location 

and uses the appropriate status code for a redirect. 

Servlet Requests 

  When a servlet is asked to handle a request, it typically needs specific information about 

the request so that it can process the request appropriately. For example, a servlet may need to 

find out about the actual user who is accessing the servlet, for authentication purposes. 

  ServletRequest and ServletRequest provide these methods. Examples include 

getProtocol() (protocol used by request), getRemoteHost() (client host name), getServerName() 

(name of the web server),  getServerPort() (port number the web server listens at), 

getParameter() (access to request parameters as form variables), and getParameterValues() 

(returns an array of strings that contains all the values for a particular parameter).  
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Example 3: 

This servlet requests information to restrict access. 

import javax.servlet.*; 

import javax.servlet.http.*; 

import java.io.*; 

 

public class SecureRequestServlet extends HttpServlet { 

 public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

        

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

 

       out.println(“<HTML>”); 

      out.println(“<HEAD><TITLE>Semi-Secure Request</TITLE></HEAD>”); 

 out.println(“<BODY>”); 

 

 String remoteHost = req.getRemoteHost(); 

 String scheme = req.getScheme(); 

 String authType = req.getAuthType(); 

  

 if((remoteHost == null) || (scheme == null) || (authType == null)) { 

      out.println(“Request information was not available”); 

      return; 

 } 

 

 // look for a secure HTTP connection from a .gov host using Digest style /

 //authentication 

 if(scheme.equalsIgnoreCase(“https”) && remoteHost.endsWith(“.gov”) &&  
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    authType.equals(“Digest”)) { 

  out.println(“Special, secret information”); 

 } 

 else { 

  out.println(“You are not authorized to read this information”); 

 } 

 out.println(“</BODY></HTML>”); 

       } 

   } 

Error Handling 

  If the error is part of a servlet’s normal operation, such as when a user forgets to fill in a 

required form field, then write an error message to the servlet’s output stream. 

  If the error is a standard HTTP error, use the sendError() method of HttpServletResponse 

to tell the server to send a standard error status code.  

E.g. if a file was not found, 

resp.sendError(HttpServletResponse.SC_NOT_FOUND); 

Example 4: 

This servlet serves HTML files. 

import javax.servlet.*;    import javax.servlet.http.*;    import java.io.*; 

public class FileServlet extends HttpServlet { 

 public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

        

       File r; 

       FileReader fr; 

       BufferedReader br; 

    

            try { 
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  r = new File(req.getParameter(“filename”); 

  fr = new FileReader(r); 

  br = new BufferedReader(fr); 

 

  if (!r.isFile()) { 

      resp.sendError(resp.SC_NOT_FOUND); 

      return; 

  } 

        } 

        catch (FileNotFoundException e) { 

  resp.sendError(resp.SC_NOT_FOUND); 

  return; 

        } 

          catch (SecurityException se) {    //Be unavailable permanently 

  throw(new UnavailableException(this, “Servlet lacks appropriate  

privileges”)); 

        } 

 

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

       String text; 

       while ((text = br.readLine()) != null) 

  out.println(text); 

       br.close(); 

     } 

   } 

   Servlet Initialization:   When a server loads a servlet for the first time, it calls the 

servlet’s init() method. In its default implementation, init() handles some basic housekeeping, but 

a servlet can override the method to perform other tasks. This includes performing I/O intensive 

tasks such as opening a database connection. You can also create threads in init() to perform 

other tasks such as pinging other machines on the network to monitor the status of these 
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machines. When an actual request occurs, the service methods can use the resources created in 

init(). The default init() is not a do-nothing method. You must call always call super.init() as the 

first action in your own init() routines. 

      The server passes the init() method a ServletConfig object. This object encapsulates the 

servlet initialization parameters, which are accessed via the getInitParameter() and 

getInitParameterNames() methods. GenericServlet and HttpServlet both implement the 

ServletConfig interface, so these methods are always available in a servlet. Consult your server 

documentation on how to set the initialization parameters. 

     Each servlet also has a destroy() method that can be overwritten. This method is called when 

a server wants to unload a servlet. You can use this method to free important resources. 

Example 5: 

   This is a persistent counter servlet that saves its state between server shutdowns. It 

uses the init() method to first try to load a default value from a servlet initialization parameter. 

Next the init() method tries to open a file named /data/counter.dat and read an integer from it. 

When the servlet is shut down, the destroy() method creates a new counter.dat file with the 

current hit-count for the servlet. 

import javax.servlet.*;    import javax.servlet.http.*;      import java.io.*; 

 

public class LifeCycleServlet extends HttpServlet { 

int timesAccessed; 

public void init(ServletConfig conf) throws ServletException  { 

  super.init(conf); 

  // Get initial value  

  try { 

      timesAccessed = Integer.parseInt(getInitParameter(“defaultStart”));  } 

  catch (NullPointerException e) { 

      timesAccessed = 0;   } 

  catch (NumberFormatException e) { 

     timesAccessed = 0;   } 

  // Try loading from the disk 
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  try { 

     File r = new File(“./data/counter.dat”); 

     DataInputStream ds = new DataInputStream(new FileInputStream(r)); 

     timesAccessed = ds.readInt();   } 

  catch (FileNotFoundException e){ 

    //Handle error   } 

  catch (IOException e) { 

    //Handle error   } 

  finally { 

     ds.close();   }    } 

 

public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

      timesAccessed++; 

       out.println(“<HTML>”); 

      out.println(“<HEAD><TITLE>Life Cycle Servlet</TITLE></HEAD>”); 

 out.println(“<BODY>”); 

 out.println(“I have been accessed “ + timesAccessed + “time[s]”); 

 out.println(“</BODY></HTML>”);   } 

public void destroy() { 

 // Write the integer to a file 

 File r = new File(“./data/counter.dat”); 

 try { 

  DataOutputStream dout = new DataOutputStream(new FileOutputStream(r)); 

  dout.writeInt(timesAccessed); 

 } 

 catch (IOException e) { 

 // Handle error, maybe log the error  } 

 finally () 
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   dout.close(); 

 }    }    } 

 

Example 6 

  This servlet implements an ATM display. The doGet() method displays the current 

account balance and provides a small ATM control panel for making deposits and withdrawals. 

The control panel uses a POST request to send the transaction back to the servlet, which 

performs the appropriate action and calls doGet() to redisplay the ATM screen with the updated 

balance. This example also demonstrates thread safety. 

import javax.servlet.*;  import javax.servlet.http.*;  import java.util.*; 

import java.io.*; 

public class AtmServlet extends HttpServlet { 

 Account act; 

 public void init (ServletConfig conf) throws ServletException { 

  super.init();  

  act = new Account(); 

  act.balance = 0; } 

public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

 

       resp.setContentType(“text/html”); 

       PrintWriter out = resp.getWriter(); 

                  out.println(“<HTML><BODY>”); 

       out.println(“<H2> First Bank of Java ATM</H2>”); 

       out.println(“Current Balance: <B>” + act.balance + “</B><BR>”); 

       out.println(“<FORM METHOD=POST   ACTION=/servlet/AtmServlet>”); 

    out.println(“Amount: <INPUT TYPE=TEXT    NAME=AMOUNT  SIZE=3><BR>”); 

 out.println(“INPUT TYPE=SUBMIT  NAME=DEPOSIT   VALUE=\”Deposit\”>”); 

 out.println(“INPUT TYPE=SUBMIT NAME=WITHDRAW VALUE=\”Withdraw\”>”); 

out.println(“</FORM>”); 
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 out.println(“</BODY></HTML>”); 

} 

public void doPost(HttpServletRequest req, HttpServletResponse resp) throws  

            ServletException, IOException { 

 int amt = 0; 

 try { 

  amt = Integer.parseInt(req.getParameter(“AMOUNT”)); 

 } 

 catch (NullPointerException e) { 

  // No amount Parameter passed 

 } 

 catch (NumberFormatException e) { 

  //Amount parameter was not a number 

 } 

 synchronized(act) { 

  if (req.getParameter(“WITHDRAW”) != null) && (amt < act.balance)) 

      act.balance = act.balance – amt; 

  if (req.getParameter(“DEPOSIT”) != null) && (amt > 0) 

      act.balance = act.balance + amt; 

 } //end synchronized block 

 

 doGet(req, resp);   // Show ATM screen 

     }  // end doPost() 

 

 public void destroy() { 

// save balance to a file before servlet is unloaded. If servlet used JDBC to // write 

to a database, need to destroy all database resources here. 

 } 

 

 class Account { 

  public int balance; 
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 }    } 

 

Server-Side Includes 

  Servlets are not confined to handling entire requests. Some web servers allow servlets to 

add small amounts of dynamic content to otherwise static HTML pages. E.g. a server-side 

include to add a randomly selected advertisement to a page. A page that uses the advertisement 

servlet is written like a normal HTML page, except that it contains a <SERVLET> tag and is 

saved with the .shtml extension. When a client requests a .shtml page, the server finds all the 

<SERVLET> tags and replaces them with the output from the appropriate servlets. 

  When using a <SERVLET> tag, you must include a CODE parameter that identifies the 

servlet to be loaded. This can be a class name or a servlet alias set up within the server.  

 

Example 7 

 

Here’s a sample .shtml file that uses a servlet with server-side include. 

 

<HTML> 

<HEAD><TITLE>Today’s News</TITLE></HEAD> 

<BODY> 

<H1>Headlines</H1> 

<H2>Java servlets take over the web! </H2> 

<SERVLET CODE=AdMaker> 

<PARAM NAME=pagetitle  VALUE=”Headlines”> 

</SERVLET> 

</BODY> 

</HTML> 

 

The AdMaker servlet is as follows: 

import javax.servlet.*;    import javax.servlet.http.*;   import java.io.*; 

 

public class AdMaker extends HttpServlet { 
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static String[] adText = {“Al’s Web Services”, 

        “Bob’s House of HDs”, 

        “Main St. Computers”}; 

int currentAd = 0; 

public void doGet(HttpServletRequest req, HttpServletResponse resp) throws  

                  ServletException, IOException { 

String adContent; 

PrintWriter out = resp.getWriter(); 

synchronized(this) {      adContent = adText[currentAd]; 

                   currentAd++; 

    if (currentAd >= adText.length) 

    currentAd = 0; 

 } 

 String title = req.getParameter(“pagetitle”);   // title of the .shtml page 

 I if (title != null) 

   out.println(title + “ is brought to you by”); 

  else 

   out.println(“This page is brought to you by”); 

  out.println(adContent); 

 } 

} 

 

Server-side includes can be a powerful tool but are not part of the standard Servlet API, and 

therefore some servlet implementations may not support them.  JavaServer Pages (JSP) is 

another technology for accessing server-side Java components directly in HTML pages. This is 

similar to Active Server Pages.  

 

The Session Tracking API 

 

Using sessions in servlets is straightforward and involves looking up the session object 

associated with the current request, creating a new session object when necessary, looking up 
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information associated with a session, storing information in a session, and discarding completed 

or abandoned sessions. Finally, if you return any URLs to the clients that reference your site and 

URL-rewriting is being used, you need to attach the session information to the URLs. 

 

Looking Up the HttpSession Object Associated with the Current Request 

 

You look up the HttpSession object by calling the getSession method of 

HttpServletRequest. Behind the scenes, the system extracts a user ID from a cookie or attached 

URL data, then uses that as a key into a table of previously created HttpSession objects. But this 

is all done transparently to the programmer: you just call getSession. If getSession returns null, 

this means that the user is not already participating in a session, so you can create a new session. 

Creating a new session in this case is so commonly done that there is an option to automatically 

create a new session if one doesn’t already exist. Just pass true to getSession. Thus, your first 

step usually looks like this: 

HttpSession session = request.getSession(true); 

 

Looking Up Information Associated with a Session 

 

HttpSession objects live on the server; they’re just automatically associated with the 

client by a behind-the-scenes mechanism like cookies or URL-rewriting. These session objects 

have a built-in data structure that lets you store any number of keys and associated values. In 

version 2.1 and earlier of the servlet API, you use session.getValue("attribute") to look up a 

previously stored value. The return type is Object, so you have to do a typecast to whatever more 

specific type of data was associated with that attribute name in the session. The return value is 

null if there is no such attribute, so you need to check for null before calling methods on objects 

associated with sessions. In version 2.2 of the servlet API, getValue is deprecated in favor of get- 

Attribute because of the better naming match with setAttribute (in version 2.1 the match for 

getValue is putValue, not setValue). Nevertheless, since not all commercial servlet engines yet 

support version 2.2, I’ll use getValue in my examples. Here’s a representative example, 

assuming ShoppingCart is some class you’ve defined to store information on items being 

purchased  
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HttpSession session = request.getSession(true); 

ShoppingCart cart = (ShoppingCart)session.getValue("shoppingCart"); 

if (cart == null) {  

    // No cart already in session 

    cart = new ShoppingCart(); 

    session.putValue("shoppingCart", cart); 

} 

doSomethingWith(cart); 

In most cases, you have a specific attribute name in mind and want to find the value (if 

any) already associated with that name. However, you can also discover all the attribute names in 

a given session by calling getValueNames, which returns an array of strings. This method is your 

only option for finding attribute names in version 2.1, but in servlet engines supporting version 

2.2 of the servlet specification, you can use getAttributeNames. That method is more consistent 

in that it returns an Enumeration, just like the getHeader- Names and getParameterNames 

methods of HttpServletRequest. Although the data that was explicitly associated with a session is 

the part you care most about, there are some other pieces of information that are sometimes 

useful as well. Here is a summary of the methods available in the HttpSession class. 

public Object getValue(String name) 

public Object getAttribute(String name) 

 

These methods extract a previously stored value from a session object. They return null if there 

is no value associated with the given name. Use getValue in version 2.1 of the servlet API. 

Version 2.2 supports both methods, but getAttribute is preferred and getValue is deprecated. 

 

public void putValue(String name, Object value) 

public void setAttribute(String name, Object value) 

 

These methods associate a value with a name. Use putValue with version 2.1 servlets and either 

setAttribute (preferred) or putValue (deprecated) with version 2.2 servlets. If the object supplied 

to putValue or setAttribute implements the HttpSessionBindingListener interface, the object’s 
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valueBound method is called after it is stored in the session. Similarly, if the previous value 

implements HttpSessionBindingListener, its valueUnbound method is called.  

public void removeValue(String name) 

public void removeAttribute(String name) 

These methods remove any values associated with the designated name.If the value being 

removed implements HttpSessionBindingListener, its valueUnbound method is called. With 

version 2.1 servlets,use removeValue. In version 2.2, removeAttribute is preferred, 

butremoveValue is still supported (albeit deprecated) for backward compatibility. 

public String[] getValueNames() 

public Enumeration getAttributeNames() 

These methods return the names of all attributes in the session. Use getValueNames in version 

2.1 of the servlet specification. In version 2.2, getValueNames is supported but deprecated; use 

getAttributeNames instead. 

public String getId() 

This method returns the unique identifier generated for each session. It is sometimes used as the 

key name when only a single value is associated with a session, or when information about 

sessions is being logged. 

public boolean isNew() 

This method returns true if the client (browser) has never seen the session, usually because it was 

just created rather than being referenced by an incoming client request. It returns false for 

preexisting sessions. 

public long getCreationTime() 

This method returns the time in milliseconds since midnight, January 1, 1970 (GMT) at which 

the session was first built. To get a value useful for printing out, pass the value to the Date 

constructor or the setTimeInMillis method of GregorianCalendar. 

public long getLastAccessedTime() 

This method returns the time in milliseconds since midnight, January 1, 1970 (GMT) at which 

the session was last sent from the client. 

Associating Information with a Session 

 

HttpSession session = request.getSession(true); 

session.putValue("referringPage", request.getHeader("Referer")); 
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ShoppingCart cart = (ShoppingCart)session.getValue("previousItems"); 

if (cart == null) {  

    // No cart already in session 

    cart = new ShoppingCart(); 

    session.putValue("previousItems", cart); 

} 

String itemID = request.getParameter("itemID"); 

if (itemID != null) { 

    cart.addItem(Catalog.getItem(itemID)); 

} 

Terminating Sessions 

Sessions will automatically become inactive when the amount of time between client accesses 

exceeds the interval specified by getMaxInactiveInterval. When this happens, any objects bound 

to the HttpSession object automatically get unbound. When this happens, your attached objects 

will automatically be notified if they implement the HttpSessionBindingListener interface. 

Rather than waiting for sessions to time out, you can explicitly deactivate a session through the 

use of the session’s invalidate method. 

A Servlet Showing Per-Client Access Counts 

The following program presents a simple servlet that shows basic information about the 

client’s session. When the client connects, the servlet uses request.getSession(true) to either 

retrieve the existing session or, if there was no session, to create a new one. The servlet then 

looks for an attribute of type Integer called accessCount. If it cannot find such an attribute, it 

uses 0 as the number of previous accesses. This value is then incremented and associated with 

the session by putValue. Finally, the servlet prints a small HTML table showing information 

about the session.  

import java.io.*; 

import javax.servlet.*; 

import javax.servlet.http.*; 

import java.net.*; 

import java.util.*; 
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/**  

* Simple example of session tracking. See the shopping 

* cart example for a more detailed one. 

*/ 

public class ShowSession extends HttpServlet { 

 

    public void doGet(HttpServletRequest request, 

    HttpServletResponse response) 

    throws ServletException, IOException { 

        response.setContentType("text/html"); 

        PrintWriter out = response.getWriter(); 

        String title = "Session Tracking Example"; 

        HttpSession session = request.getSession(true); 

        String heading; 

        // Use getAttribute instead of getValue in version 2.2. 

        Integer accessCount = (Integer)session.getValue("accessCount"); 

        if (accessCount == null) { 

            accessCount = new Integer(0); 

            heading = "Welcome, Newcomer"; 

        } else { 

            heading = "Welcome Back"; 

            accessCount = new Integer(accessCount.intValue() + 1); 

        } 

 

        // Use setAttribute instead of putValue in version 2.2. 

        session.putValue("accessCount", accessCount); 

        out.println(ServletUtilities.headWithTitle(title) + 

        "<BODY BGCOLOR=\"#FDF5E6\">\n" + 

        "<H1 ALIGN=\"CENTER\">" + heading + "</H1>\n" + 

        "<H2>Information on Your Session:</H2>\n" + 

        "<TABLE BORDER=1 ALIGN=\"CENTER\">\n" + 
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        "<TR BGCOLOR=\"#FFAD00\">\n" + 

        " <TH>Info Type<TH>Value\n" + 

        "<TR>\n" + 

        " <TD>ID\n" + 

        " <TD>" + session.getId() + "\n" + 

        "<TR>\n" + 

        " <TD>Creation Time\n" + 

        " <TD>" + 

        new Date(session.getCreationTime()) + "\n" + 

        "<TR>\n" + 

        " <TD>Time of Last Access\n" + 

        " <TD>" + 

        new Date(session.getLastAccessedTime()) + "\n" + 

        "<TR>\n" + 

        " <TD>Number of Previous Accesses\n" + 

        " <TD>" + accessCount + "\n" + 

        "</TABLE>\n" + 

        "</BODY></HTML>");    } 

    /** Handle GET and POST requests identically. */ 

    public void doPost(HttpServletRequest request, 

    HttpServletResponse response) 

    throws ServletException, IOException { 

        doGet(request, response); 

    }       } 

 

The Servlet Cookie API 

 

To send cookies to the client, a servlet should create one or more cookies with designated 

names and values with new Cookie(name, value), set any optional attributes with cookie.setXxx 

(readable later by cookie.getXxx), and insert the cookies into the response headers with 

response.addCookie(cookie). To read incoming cookies, a servlet should call request.getCookies, 

which returns an array of Cookie objects corresponding to the cookies the browser has associated 
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with your site (this is null if there are no cookies in the request). In most cases, the servlet loops 

down this array until it finds the one whose name (getName) matches the name it had in mind, 

then calls getValue on that Cookie to see the value associated with that name. Each of these 

topics is discussed in more detail in the following sections. 

 

Creating Cookies 

 

You create a cookie by calling the Cookie constructor, which takes two strings: the 

cookie name and the cookie value. Neither the name nor the value should contain white space or 

any of the following characters: [ ] ( ) = , " / ? @ : ; 

 

Cookie Attributes 

 

Before adding the cookie to the outgoing headers, you can set various characteristics of 

the cookie by using one of the following setXxx methods, where Xxx is the name of the attribute 

you want to specify. Each setXxx method has a corresponding getXxx method to retrieve the 

attribute value. Except for name and value, the cookie attributes apply only to outgoing cookies 

from the server to the client; they aren’t set on cookies that come from the browser to the server. 

See Appendix A (Servlet and JSP Quick Reference) for a summarized version of this 

information.  

public String getComment() 

public void setComment(String comment) 

 

These methods look up or specify a comment associated with the cookie. With version 0 cookies 

(see the upcoming subsection on getVersion and setVersion), the comment is used purely for 

informational purposes on the server; it is not sent to the client. 

 

public String getDomain() 

public void setDomain(String domainPattern) 

These methods get or set the domain to which the cookie applies. Normally, the browser only 

returns cookies to the exact same hostname that sent them. You can use setDomain method to 

instruct the browser to return them to other hosts within the same domain. To prevent servers 
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setting cookies that apply to hosts outside their domain, the domain specified is required to start 

with a dot (e.g.,.prenhall.com), and must contain two dots for noncountry domains like .com, 

.edu and .gov; and three dots for country domains like .co.uk and .edu.es. For instance, cookies 

sent from a servlet at bali.vacations.com would not normally get sent by the browser to pages at 

mexico.vacations.com. If the site wanted this to happen, the servlets could specify 

cookie.setDomain(".vacations.com"). 

public int getMaxAge() 

public void setMaxAge(int lifetime) 

These methods tell how much time (in seconds) should elapse before the cookie expires. A 

negative value, which is the default, indicates that the cookie will last only for the current session 

(i.e., until the user quits the browser) and will not be stored on disk. See the LongLivedCookie 

class (Listing 8.4), which defines a subclass of Cookie with a maximum age automatically set 

one year in the future. Specifying a value of 0instructs the browser to delete the cookie.  

public String getName() 

public void setName(String cookieName) 

This pair of methods gets or sets the name of the cookie. The name and the value are the two 

pieces you virtually always care about. However, since the name is supplied to the Cookie 

constructor, you rarely need to call setName. On the other hand, getName is used on almost 

every cookie received on the server. Since the getCookies method of HttpServletRequest returns 

an array of Cookie objects, it is common to loop down this array, calling getName until you have 

a particular name, then check the value with getValue.  

public String getPath() 

public void setPath(String path) 

These methods get or set the path to which the cookie applies. If you don’t specify a path, the 

browser returns the cookie only to URLs in or below the directory containing the page that sent 

the cookie. The setPath method can be used to specify something more general. For example, 

someCookie.setPath("/") specifies that all pages on the server should receive the cookie. The 

path specified must include the current page; that is, you may specify a more general path than 

the default, but not a more specific one.  

public boolean getSecure() 

public void setSecure(boolean secureFlag) 
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This pair of methods gets or sets the boolean value indicating whether the cookie should only be 

sent over encrypted (i.e., SSL) connections. The default is false; the cookie should apply to all 

connections. 

public String getValue() 

public void setValue(String cookieValue) 

The getValue method looks up the value associated with the cookie; the setValue method 

specifies it. Again, the name and the value are the two parts of a cookie that you almost always 

care about, although in a few cases, a name is used as a boolean flag and its value is ignored (i.e., 

the existence of a cookie with the designated name is all that matters). 

public int getVersion() 

public void setVersion(int version) 

 

These methods get/set the cookie protocol version the cookie complies with. Version 0, the 

default,  

 

Placing Cookies in the Response Headers 

 

The cookie is inserted into a Set-Cookie HTTP response header by means of the 

addCookie method of HttpServletResponse. The method is called addCookie, not setCookie, 

because any previously specified SetCookie headers are left alone and a new header is set. Here's 

an example:  

 

Cookie userCookie = new Cookie("user", "uid1234"); 

userCookie.setMaxAge(60*60*24*365); // 1 year 

response.addCookie(userCookie); 

 

Reading Cookies from the Client 

 

To send cookies to the client, you create a Cookie, then use addCookie to send a Set-

Cookie HTTP response header. To read the cookies that come back from the client, you call 

getCookies on the HttpServletRequest. This call returns an array of Cookie objects 

corresponding to the values that came in on the Cookie HTTP request header. If there are no 
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cookies in the request, getCookies returns null. Once you have this array, you typically loop 

down it, calling getName on each Cookie until you find one matching the name you have in 

mind. You then call getValue on the matching Cookie and finish with some processing specific 

to the resultant value. This is such a common process that Section 8.5 presents two utilities that 

simplify retrieving a cookie or cookie value that matches a designated cookie name. 

 

Examples of Setting and Reading Cookies 

 

The following program shows the SetCookies servlet, a servlet that sets six cookies. 

Three have the default expiration date, meaning that they should apply only until the user next 

restarts the browser. The other three use setMaxAge to stipulate that they should apply for the 

next hour, regardless of whether the user restarts the browser or reboots the computer to initiate a 

new browsing session.  

 

 SetCookies.java 

 

import java.io.*; 

import javax.servlet.*; 

import javax.servlet.http.*; 

 

/** Sets six cookies: three that apply only to the current 

* session (regardless of how long that session lasts) 

* and three that persist for an hour (regardless of 

* whether the browser is restarted). 

*/ 

public class SetCookies extends HttpServlet { 

    public void doGet(HttpServletRequest request, 

    HttpServletResponse response) 

    throws ServletException, IOException { 

        for(int i=0; i<3; i++) { 

            // Default maxAge is -1, indicating cookie 
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            // applies only to current browsing session. 

            Cookie cookie = new Cookie("Session-Cookie " + i, "Cookie-Value-S" + i); 

            response.addCookie(cookie); 

            cookie = new Cookie("Persistent-Cookie " + i, "Cookie-Value-P" + i); 

            // Cookie is valid for an hour, regardless of whether 

            // user quits browser, reboots computer, or whatever. 

            cookie.setMaxAge(3600); 

            response.addCookie(cookie);         } 

        response.setContentType("text/html"); 

        PrintWriter out = response.getWriter(); 

        String title = "Setting Cookies"; 

        out.println 

        (ServletUtilities.headWithTitle(title) + 

        "<BODY BGCOLOR=\"#FDF5E6\">\n" + 

        "<H1 ALIGN=\"CENTER\">" + title + "</H1>\n" + 

        "There are six cookies associated with this page.\n" + 

        "To see them, visit the\n" + 

        "<A HREF=\"/servlet/coreservlets.ShowCookies\">\n" + 

        "<CODE>ShowCookies</CODE> servlet</A>.\n" + 

        "<P>\n" + 

        "Three of the cookies are associated only with the\n" + 

        "current session, while three are persistent.\n" + 

        "Quit the browser, restart, and return to the\n" + 

        "<CODE>ShowCookies</CODE> servlet to verify that\n" + 

        "the three long-lived ones persist across sessions.\n" + 

        "</BODY></HTML>"); 

    }   } 

The following program demonstrates a servlet that creates a table of all the cookies sent to it in 

the request.  

 

ShowCookies.java 
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import java.io.*;   import javax.servlet.*;   import javax.servlet.http.*; 

 

/** Creates a table of the cookies associated with the current page. */ 

public class ShowCookies extends HttpServlet { 

    public void doGet(HttpServletRequest request, 

    HttpServletResponse response) 

    throws ServletException, IOException { 

        response.setContentType("text/html"); 

        PrintWriter out = response.getWriter(); 

        String title = "Active Cookies"; 

        out.println(ServletUtilities.headWithTitle(title) + 

        "<BODY BGCOLOR=\"#FDF5E6\">\n" + 

        "<H1 ALIGN=\"CENTER\">" + title + "</H1>\n" + 

        "<TABLE BORDER=1 ALIGN=\"CENTER\">\n" + 

        "<TR BGCOLOR=\"#FFAD00\">\n" + 

        " <TH>Cookie Name\n" + 

        " <TH>Cookie Value"); 

        Cookie[] cookies = request.getCookies(); 

        Cookie cookie; 

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

            cookie = cookies[i]; 

            out.println("<TR>\n" + 

            " <TD>" + cookie.getName() + "\n" + 

            " <TD>" + cookie.getValue()); 

        }  out.println("</TABLE></BODY></HTML>");     }  } 

 

JavaServer Pages 

 

JavaServer Pages (JSP) technology enables you to mix regular, static HTML with 

dynamically generated content from servlets. You simply write the regular HTML in the normal 
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manner, using familiar Web-page-building tools. You then enclose the code for the dynamic 

parts in special tags, most of which start with <% and end with %>.  

 

Thanks for ordering <I><%= request.getParameter("title") %></I> 

 

Separating the static HTML from the dynamic content provides a number of benefits over 

servlets alone, and the approach used in JavaServer Pages offers several advantages over 

competing technologies such as ASP, PHP, or ColdFusion. Section 1.4 (The Advantages of JSP) 

gives some details on these advantages, but they basically boil down to two facts: that JSP is 

widely supported and thus doesn’t lock you into a particular operating system or Web server and 

that JSP gives you full access to servlet and Java technology for the dynamic part, rather than 

requiring you to use an unfamiliar and weaker special-purpose language. The process of making 

JavaServer Pages accessible on the Web is much simpler than that for servlets. Assuming you 

have a Web server that supports JSP, you give your file a .jsp extension and simply install it in 

any place you could put a normal Web page: no compiling, no packages, and no user 

CLASSPATH settings. However, although your personal environment doesn’t need any special 

settings, the server still has to be set up with access to the servlet and JSP class files and the Java 

compiler.  

Aside from the regular HTML, there are three main types of JSP constructs that you 

embed in a page: scripting elements, directives, and actions. 

 Scripting elements let you specify Java code that will become part of the resultant 

servlet, 

 directives let you control the overall structure of the servlet, and  

actions let you specify existing components that should be used and otherwise control the 

behavior of the JSP engine. To simplify the scripting elements, you have access to a number of 

predefined variables, such as request in the code snippet just shown. Scripting elements are 

covered in this chapter, and directives and actions are explained in the following chapters.  

 

Scripting Elements 

 

JSP scripting elements let you insert code into the servlet that will be generated from the 

JSP page. There are three forms:  
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1. Expressions of the form <%= expression %>, which are evaluated and inserted into the 

servlet’s output 

2. Scriptlets of the form <% code %>, which are inserted into the servlet’s _jspService method 

(called by service) 

3. Declarations of the form <%! code %>, which are inserted into the body of the servlet class, 

outside of any existing methods 

 

JSP Expressions 

 

A JSP expression is used to insert values directly into the output. It has the following form: 

<%= Java Expression %> 

The expression is evaluated, converted to a string, and inserted in the page. This evaluation is 

performed at run time (when the page is requested) and thus has full access to information about 

the request. For example, the following shows the date/time that the page was requested: 

Current time: <%= new java.util.Date() %> 

JSP Scriptlets 

 

If you want to do something more complex than insert a simple expression, JSP scriptlets 

let you insert arbitrary code into the servlet’s _jspService method (which is called by service). 

Scriptlets have the following form: 

<% Java Code %> 

Scriptlets have access to the same automatically defined variables as expressions 

(request, response, session, out, etc). So, for example, if you want output to appear in the 

resultant page, you would use the out variable, as in the following example. 

<% 

String queryData = request.getQueryString(); 

out.println("Attached GET data: " + queryData); 

%> 

In this particular instance, you could have accomplished the same effect more easily by using the 

following JSP expression:  

Attached GET data: <%= request.getQueryString() %> 
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In general,however, scriptlets can perform a number of tasks that cannot be accomplished 

with expressions alone. These tasks include setting response headers and status codes, invoking 

side effects such as writing to the server log or updating a database, or executing code that 

contains loops, conditionals, or other complex constructs. For instance, the following snippet 

specifies that the current page is sent to the client as plain text, not as HTML (which is the 

default). 

<% response.setContentType("text/plain"); %> 

As an example of executing code that is too complex for a JSP expression the listing presents a 

JSP page that uses the bgColor request parameter to set the background color of the page. Some 

results are shown in Figures 

 

BGColor.jsp 

 

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN"> 

<HTML> 

<HEAD> 

<TITLE>Color Testing</TITLE> 

</HEAD> 

<% 

    String bgColor = request.getParameter("bgColor"); 

    boolean hasExplicitColor; 

    if (bgColor != null) { 

        hasExplicitColor = true; 

    } else { 

        hasExplicitColor = false; 

        bgColor = "WHITE"; 

    } 

%> 

<BODY BGCOLOR="<%= bgColor %>"> 

<H2 ALIGN="CENTER">Color Testing</H2> 

<% 
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    if (hasExplicitColor) { 

        out.println("You supplied an explicit background color of " + 

        bgColor + "."); 

    } else { 

        out.println("Using default background color of WHITE. " + 

        "Supply the bgColor request attribute to try " + 

        "a standard color, an RRGGBB value, or to see " + 

        "if your browser supports X11 color names."); 

    } 

%> 

</BODY> 

</HTML> 

 

The import Attribute 

 

The import attribute of the page directive lets you specify the packages that should be 

imported by the servlet into which the JSP page gets translated. If you don’t explicitly specify 

any classes to import, the servlet imports java.lang.*, javax.servlet.*, javax.servlet.jsp.*, 

javax.servlet. 

http.*, and possibly some number of server-specific entries. Never write JSP code that relies on 

any server-specific classes being imported automatically. Use of the import attribute takes one of 

the following two forms: 

 

<%@ page import="package.class" %> 

<%@ page import="package.class1,...,package.classN" %> 

 

For example, the following directive signifies that all classes in the java.util package should be 

available to use without explicit package identifiers. 

 

<%@ page import="java.util.*" %> 
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The import attribute is the only page attribute that is allowed to appear multiple times within the 

same document. Although page directives can appear anywhere within the document, it is 

traditional to place import statements either near the top of the document or just before the first 

place that the referenced package is used. 

The contentType Attribute 

 

The contentType attribute sets the Content-Type response header, indicating the MIME 

type of the document being sent to the client. For more information on MIME types. 

Use of the contentType attribute takes one of the following two forms: 

 

<%@ page contentType="MIME-Type" %> 

<%@ page contentType="MIME-Type; charset=Character-Set" %> 

 

For example, the directive 

 

<%@ page contentType="text/plain" %> 

 

has the same effect as the scriptlet 

 

<% response.setContentType("text/plain"); %> 

 

Unlike regular servlets, where the default MIME type is text/plain, the default for JSP pages is 

text/html (with a default character set of ISO-8859-1). 
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