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Interfaces: Multiple Inheritance

classes in Java cannot have more than one superclass.

& extends B extends L

is not permitted in Java. However, the designers of Java could not overlook the importance of multiple
inheritance. A large number of real-life applications require the use of muluple inhentance whereby
we inherit methods and properties from several, distinct classes. Since C++ like implementation of
multiple inheritance proves difficult and adds complexity to the language, Java provides an alternate
approach known as interfaces to support the concept of multiple inheritance. Although a Java class
cannot be a subclass of more than one superclass, it can implement more than one interface, thereby
enabling us to create classes that build upon other classes without the problems created by multiple
inheritance,




Defining Interfaces

An interface i1s basically a kind of class. Like classes, interfaces contain methods and vanables but with
a major difference. The difference is that interfaces define only abstract methods and final fields. This
means that intertaces do not specify any code to implement these methods and data fields contain only
constants. Therefore, 1t is the responsibility of the class that implements an interface to define the code
for implementation of these methods.

The syntax for defining an interface is very sirmlar to that for defining a class. The general form of

an interface definition 1s:

interface [nterfaceName

Here, interface is the key word and fnrerface Name 15 any valid Java variable (just like class names).
vanables are declared as follows:

static Tinmal typoe VariagbleMame = Value

MNote that all vanables are declared as constants. Methods declaration will contain only a hist of

methods without any body statements. Example:

return-type methodNamel (parameter 11st)




Here is an example of an interface definition that contains two vanables and one method:

interface

Note that the code for the method is not included in the interface and the method declaration simply
¢nds with a semicolon. The class that implements this interface must define the code for the method.
Another example of an interface is:

| interface Area




Extending Interfaces

Like classes, interfaces can also be extended. That is, an interface can be subinterfaced from other
interfaces. The new subinterface will inherit all the members of the superinterface in the manner similar
to subclasses. This is achieved using the keyword extends as shown below:

interface name? extends namel !

{

body of name?

We can also combine several interfaces together into a single interface. Following declarations are
valid:

interface I[temConstants

1
int code = 1001:
String name = “Famnm

interface [temMethods

wvoid displayd
}
interface [tem extends [temlonstants. [temMethods




While interfaces are allowed to extend to other inferfaces, subinterfaces cannot define the methods
declared in the supennterfaces. After all, subinterfaces are still interfaces, not classes. Instead, it 1s the
[ESPONSIDUITY O ANy CIass hal Implements e aenved Interface 1o dening all the methods, Note that
when an interface extends two or more interfaces, they are separated by commas.

It is important two remember that an interface cannot extend classes. This would violate the rule tha

an interface can have only abstract methods and constants,




Implementing Interfaces
Interfaces are used as “superclasses” whose properties are inherited by classes. It is therefore necessary
to create a class that inherits the given interface. This is done as follows:

1.7

Here the class classname “implements™” the interface inrerfacen
implementation may look like thas:

| class

implements inter

This shows that a class can extend another class while implementing interfaces.




Implementing interfaces

/i Imterface Test.java
interface Area// Interface defined

i
final static fl pi = 3.14F:
float compute (float x. float yi:
class Rectangle implememts Area !/ Interface implemented
public float compute (float x. float ¥)
i
return (x®y):
I
} . -
class Circle implements Area /{ Another implementation
I
public float compute (float x, float y)
1
return (pi%x*x):
}
1
'r -
class InterfaceTest

——

publie static void main{String args[ 1)
{
Rectangle rect = new Rectangle(
Circle cir = new Circlel
Arga area; [ Imterface object
area = rect; £ area refers to rect object
System.out.printin{”Area of Rectangle = "

+ grea.compute(l0, 20)):
ared = Cir; /{ area refers to cir object
System.out.printin{~Area of Circle = ~

+ grea. compute(l0, 01);

1e Output 15 as follows:
Area of Rectangle = 200
Area of Circle = 314




Any number of dissimilar classes can implement an interface. However, to implement the methods,
we need to refer to the class objects as types of the interface rather than types of their respective
classes. Note that if a class that implements an interface does not implement all the methods of the
interface, then the class becomes an absfracr class and cannot be instantiated.

Various forms of interface implementation
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Implementing multiple inheritance " float total:
public void putWti

class Student

rint il “sports Wt

ji

+ SpOrtht):
int rol INumber; I _
void getNumberi(int n) void display(
( {
INumber = n: otal = partl + part? + sportkt:
putHumber(
11d putNumber( ] putMarks(
putwti ),

system. out . printini” Ro c "+ rol INumber); System. out.orintint “Tot

extends Student )
class Hybrid
float partl. partZ:; { )
void getMarks(float ml, float m2) public static void main(5tring args[ 1)
|

partl = ml; Kesults studentl = new Resul

parct? = m#: student] .getNumber({1234):
| student]l . getMarks(27.5
-. id putMarks{ ) studentl.display(

System. out . printin{“Marks obtained 7);
sout . printind“part 1 = 7 + partl);
cout printin{“Part2 = " + part2); Output of the Program

Roll Ho ;o 1224
interface Spor Marks obtained
{ Partl = 27.5
float sportWt = 6.0F: Partd = 33
vold putwtl J: Sports Wt = b
) Total score = 66.5
class Results extends Test implements Sports




Packages: Putting Classes Together

Packages are Java's way of grouping a variety of classes and/or interfaces together. The grouping 18
usually done according to functionality. In fact, packages act as “containers” for classes. By orgamizing
our ¢lasses into packages we achieve the following benefits:

|, The classes contained in the packages of other programs ¢an be casily reused,

2. Inpackages, classes can be unique compared with classes in other packages. That 1s, two classes
in two different packages can have the same name. They may be referred by their fully qualified
name, comprising the package name and the class name,

. Packages provide a way to “lide” classes thus preventing other programs or packages from
accessing ¢lasses thal are meant for internal use only.

. Packages also provide a way for separating "design” from “coding”. First we can design classes
and decide their relationships, and then we can implement the Java code needed for the methods,
It is possible to change the implementation of any method without affecting the rest of the design.




Java API| Packages
Java APl provides a large number of classes grouped into different packages according to functionality.

Most of the time we use the packages available with the Java APL Figure shows the functional
breakdown of packages that are frequently used in the programs. Table shows the classes that

belong to each package
—
C_JB“__,J
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Frequently used AP packages

Java System Packages and Their Classas

Package name Cornienis

Language support classes. These are classes that Java compiler itself uses and therefore
they are automatically imported. They include classes for primitive tvpes, strings, math
functions, threads and exceptions.

Language utility classes such as vectors, hash tables, random numbers, date, etc

Input/output support classes. They provide facilities for the input and output of data.

awl Set of classes for implementing graphical user interface. They include classes for
windows, buttons, lists, menus and so on.
a.net Classes for networking, They include classes for communicating with local computers
as well as with internet servers.
a.applet Classes for creating and implementing applets.




Using System Packages

The packages are organised in a hierarchical structure as illustrated in Fig. This shows that the
package named java contains the package awt, which in tum contains various classes required for
implementing graphical user interface.

Package containing
awl package

Package containing
Classes

Classes containing
methods

Higrarchical represantalion of java.awt package

There are two ways of accessing the classes stored in a package, The first approach is to use the fufh
qualified class name of the class that we want to use. This is done by using the package name
containing the class and then appending the class name to it using the dot operator. For example, if we
want to refer to the class Color in the awt package, then we may do so as follows:

java.awt.Colour

But, in many situations, we might want to use a class in a number of places in the program or we
may like to use many of the classes contained in a package. We may achieve this easily as follows:

| import packagename.classname

import packagename,®

These are known as import stafements and must appear at the top of the file, before any class
declarations, import is a keyword.




Creating Packages

Declare the package at the beginming of a file using the form

- package packagename: |

Define the class that is to be put in the package and declare it public

Create a subdirectory under the directory where the maun source files are stored
Store the listing as the classname java file in the subdirectory created.

Compile the file. This creates .class file in the subdirectory.

package fTirstPackage: packapge declaration

A java package file can have more than one class definitions. In such cases, only one of the classes
may be declared public and that class name with .java extension is the source file name. When a
source file with more than one class definition is compiled, Java creates independent .class files for

those classes.

Here the package name is firstPackage. The class FirstClass 15 now considered a part of this
package. This listing would be saved as a file called FirstClass.java, and located in a directory named
firstPackage. When the source file is compiled, JTava will create a .class file and store it in the same
directory.

Remember that the .class files must be located in a directory that has the same name as the package,
and this directory should be a subdirectory of the directory where classes that will import the package
are located,

A java package file can have more than one class defimtions. In such cases, only one of the classes
may be declared public and that class name with .java extension is the source file name. When a
source file with more than one class defimtion 15 compiled, Java creates independent .class files fo

those classes.




Using a Package

Let us now consider some simple programs that will use classes from other packages. The listing below
shows a package named packagel containing a single class ClassA.

package packagel:
public class Classh

public void displayA( )
System.out.printin{"Class A"):

:. This listing shows a simple program that imports the class ClassA from the package packagel. The

source file should be saved as PackageTest].java and then compiled. The source file and the compiled
This source file should be named Cliﬂﬁ.}i"l and stored in the suhdirectur}' Plfhg'fl as stated file would be saved in the directory of which packagel was a subdirectory. Now we can run the

; ; . o . . n . i P program and obiain the resulis.
earlier. Now ':':llll-ml-lll‘l"'L |!|'|I!-r_|E.1|.'II file. The resultant ClassA.class will be stored in the same huhdll'ﬂﬂﬂl‘}". During the compilation of PackageTestl.java the compiler checks for the file ClassA.class in the

packagel directory for information it needs, but it does not actually include the code from
ClassA.class in the file PackageTestl.class. When the PackageTestl program is run, Java looks for
the file PackageTestl.class and loads it using something called class loader. Now the interpreter
knows that it also needs the code in the file Class A class and loads it as well.

This source file should be named ClassA.java and stored in the subdirectory packagel as stated
earlier. Now compile this java file, The resultant ClassA.class will be stored in the same subdirectory,




This listing shows a simple program that imports the class ClassA from the package packagel. The
source file should be saved as PackageTest],java and then compiled. The source file and the compiled
file would be saved in the directory of which packagel a subdirectory. Now we can run the
program and obtain the results.

During the compilation of PackageTestl.java the compiler checks for the file ClassA.class in the
packagel directory for information it needs, but it does not actually include the code from
ClassA.class in the file PackageTestl.class. When the PackageTestl am is rum, Java looks for
the file PackageTestl.class and loads it using something called class loader. Now the interpreter
knows that it also needs the code in the file ssALclass and loads it as well.




Access Protection

Access
modificr
- public

Access
location ¥

Same class

Subclass in

Other classes

In same packs
Subclazs in

other
Mon-subclasses

in other packages

protected

friendly

f:f:_'.l'.;.uulf.l

private
protected

!H'I'I-'I.I'I'!’




Adding a Class to a Package

It is simple to add a class 1o an existing package. Consider the following package:

" body of A

The package pl contains one public class by name A. Suppose we want to add another class B wo
this package. This can be done as follows:

Define the class and make it public.
. Place the package statement

1 body of B
3. Store this as B.java file under the directory pl.
4, Compile B.java file. This will create a B.class file and place it in the directory pl.




Static Import

Static import 15 another language feature introduced with the J25E 5.0 release. This feature eliminates
the need of qualifyimg a static member with the class name. The static import declaration 15 similar to
that of import. We can use the import statement to import classes from packages and use them without
qualifying the package. Similarly, we can use the static import statement to import static members from
classes and use them without qualifying the class name. The syntax for using the static import feature is:

import static package-name subpackage-name.class-
name.staticmemper-name:
LOr)

import static package-name.subpackage-name.class-na

Before introducing the static import feature, we had to use the static member with the gualifying
class name. For example, consider the following code that contains the static member PIL:

double area of circle = Math. Pl * radius * radius;
In the above code, PI is the static member of the class, Math. So the static member Pl is used in the
above program with the qualified class name called Math.




Use of Static import

java.lang.Math.?
matnop

af
g

mathop obj=new mathop()

n . — -
aghi circlel,

The output for the above programs 1s:
The Area of Circle 1s 16.6190251374%0002




Multithreaded Programming

A thread is similar to a program that has a single flow of control. It has a beginning, a body, and an
end, and executes commands sequentially. In fact, all main programs in our earher examples can be
called single-threaded programs.

class ARC

{
Bagmning

Single-threaded body
of exacution

Single-threaded program




A unigque property of Java 15 its support for multithreading. That 15, Java enables us to use multiple
Mows of control in developing proerams. Each flow of control mav be thoueht of as a separate tinwv
program {or module) known as a theead that muens in parallel to others as shown in Fig. A program
that contains multple flows of control is known as multithreaded program.

Main Thrsad

Thread A Thread B

A Multithreaded program




Once initiated by the main thread, the threads A, B, and C run concurrently and share the resources
jointly. It is like people living in joint families and sharing certain resources among all of them, The
ability of a language to support multithreads 1s referred to as comcurrency. Since threads in Java are
subprograms of a main application program and share the same memory space, they are known as

lightweight threads or lightweight processes.

It 18 important to remember that ‘threads running in parallel’ does not really mean that they actually
run at the same time. Since all the threads are running on a single processor, the flow of execution is
shared between the threads, The Java interpreter handles the switching of control between the threads
in such a way that it appears they are running concurrently.




Creating Threads

Creating threads in Java is simple. Threads are implemented mn the form of objects that contan a
method called run( ). The run( ) method 1s the heart and soul of any thread. It makes up the entire body
of a thread and is the only method in which the thread’s behaviour can be implemented. A typical

run( ) would appear as follows:

public void run( )




The run( ) method should be ivoked by an object of the concerned thread. This can be achieved by

creating the thread and initiating it with the help of another thread method called start { ).
A new thread can be created in two ways.
|. By creating a thread class: Define a class that extends Thread class and override its run( )
method with the code required by the thread.
1. By converting a class to a thread: Define a class that implements Runnable interface. The
Runnable interface has only one method, run( ), that is to be defined in the method with the
code to be executed by the thread.




Extending the Thread Class

|. Declare the class as extending the Thread class.
.

Implement the run( ) method that is responsible for executing the sequence of code that the
thread will execute,

3. Create a thread object and call the start( ) method to inihate the thread execution.

Declaring the Class
The Thread class can be extended as follows:

255 MyThread extends Thread

Now we have a new type of thread MyThread.




Implemeanting the run{) Method

The ron{ ) method has been inhented by the class My Thread. We have to overnide this method in
order to implement the code to be executed by our thread. The basic implementation of roand ) will look
like this:

rid run{ )

Thread code here

When we start the new thread, Java calls the thread’s ran( ) method, so it is the run{ ) where all the
action takes place.

Starting Mew Thread
To actually create and run an nmstance of our thread class, we must write the following:
MyThread aThread = mnew MyThread{ J:
aThread. start( ] A0 mvokes rund ) rethiod
The first line instantiates a new object of class My Thread. MNote that this statement just creates the
object. The thread that will man this object is not yvet running. The thread is in a rewhorn state.
The second line calls the start] ) method causing the thread o move into the sannable state, Then,
the Java rmuntime will schedule the thread to run by invoking its ran{ ) method. Now, the thread is said
o be in the ruaming state.




An Example of Using the Thread Class

class A extends Thread

{
public woid rum(
g
for it =1 =5 i+
{
System.out . .printinl "“tFrom Threadd : 7 = 7 + i)
'.w_-.-?rr-"1 out .printin{ "Exit form A ")
1 .
¥
class B extends Thread
I
1
public woid runi )
{
for{int j=1: Jj==5: J++)
{
System_out . .printind "“tFrom Thread B :j = " + j):
}
System, out .printin{ "Exit from B "):
}
class B extends Thread
{
public woid runi )
{
for(int k=1: k<==5: k++)
{
System.out . printIn(““tFrom Thread C : k = " + k)
}
!i_-,-stc-m.r:.r:_.p“'lnt!nt'T;-'t from C
|
}

class ThreadTest
|
publiic static woid main(sString args[ 1)
¥
1
new Al }.start{ };
new B( )} _startd ):
new C( }_startl }

]
}
Output of Program would be:
First run

From Thread A i = 1
From Thread [ b = 2
From Thread B h| = 1
From Thread B J - 2
From Thread C k = 1
F rom Thread [ k - 2
Firom Thread A 1 - K}
From Thraad A } = 4
From Thread B8 J - 3
From Thread B i = 4
From Thread C k - 3
From Thread C k - 4




Life Cycle of a Thread

During the life time of a thread, there are many states it can enter. They include:
I. Newhorn state
. Runnable state
. Running state
. Blocked state
. Dead state

A thread is always in one of these five states. It can move from one state to another via a variety of
ways as shown in Fig.

New Thread

Y

:—f:::d Running Runnabie

A

Idle Thread

(Not Runnable) Blocked

State transition diagram of a thread




Newborn State

When we create a thread object, the thread i1s born and is said to be in newbhorn state. The thread is not
yet scheduled for running. At this state, we can do only one of the following things with it:

e Schedule it for running using start( ) method.
¢ Kill it using stop( ) method.

If scheduled, it moves to the runnable state - If we attempt to use any other method at this
stage, an exception will be thrown.

Newbormn

Scheduling a newborn thread




Runnable State

The runnable state means that the thread is ready for execution and is waiting for the availability of the
processor. That is, the thread has joined the queuc of threads that are waiting for execution. If all
threads have equal priority, then they are given time slots for execution in round robin fashion, i.e.,
first-come, first-serve manner. The thread that relinquishes control joins the queue at the end and again
waits for its tum. This process of assigning time to threads is known as time-slicing.

However, if we want a thread to relinquish control to another thread to equal priority before its turn
comes, we can do so by using the yield( ) method

o| &
T
Runnable Threads

Running
Thread

Relinquishing control using yield( ) method




Running State

Running means that the processor has given its time to the thread for its execution. The thread runs
until it relinquishes control on its own or it is preempted by a higher priority thread. A running thread
may relinquish its control in one of the following situations,
|. It has been suspended using suspend( ) method. A suspended thread can be revived by using the
resume( ) method. This approach is useful when we want to suspend a thread for some time due
to certain reason, but do not want to kill it.

suspend

Ru;i;a_ble Suspended

Relinquishing control using suspend( ) method




2. It has been made to sleep. We can put a thread to sleep for a specified time period using the
method sleep(rime) where time is in milliseconds. This means that the thread is out of the queue
durning this time penod. The thread re-enters the runnable state as soon as this tme period is

-

clapsed.
sieap(l)

. ™

Runﬁabbc

Relinquishing control using sleep( ) method

3. It has been told to wait until some event occurs. This 1s done using the wait( ) method. The
thread can be scheduled to run again using the notify( ) method.

walit

o}<- - (A 2

\ | /
\\/’1 i I o

Running Runnabie Waiting

Relinquishing control using wait( ) method




Blocked State

A thread 15 said to be blocked when 1t 15 prevented from entening into the runnable state and
subsequently the running state. This happens when the thread is suspended, sleeping, or waiting 1n
order to satisfy certain requirements. A blocked thread is considered “not runnable” but not dead and
therefore fully qualified to run again.

A thread can also be temporarily suspended or blocked from entering into the runnable and
subsequently running state by using either of the following thread methods:
sleep( ) [ blocked for a specified time
suspend( ) !/ blocked until further orders
wait( ) [/ blocked until certain condition occurs
These methods cause the thread to go into the blocked (or mot-runnable) state, The thread will
return to the runnable state when the specified time is elapsed in the case of sleep( ), the resume{ )
method is invoked in the case of suspend( ), and the notify( ) method is called in the case of walt( ).




Dead State

Every thread has a life cycle. A running thread ends its life when it has completed executing its run( )

method. It is & natural death. However, we can kill it by sending the stop message to it at any state thus
causing a premature death to it. A thread can be killed as soon it is born, or while it is running, or even

when it 15 in “not runnable” (blocked) condition.

Whenever we want to stop a thread from running further, we may do so by calling its stop{ ) method,
like:

aThread. stopl )

This statement causes the thread to move to the dead state. A thread will also move to the dead state
automatically when it reaches the end of its method. The stop{ ) method may be used when the
premature death of a thread 15 desired.




Using Thread Methods

class A extends Thread
{
publdic woid runi 3

{

for{int i = 1; Jj==5 G+ 4]

'
1A F{i==1) yield({ I:
System.out.printind "“tFrom Thread A L = T #+1i):
¥
System.out _printinmi " exit from A B
}
1
class B extends NlNread
public woid rund }
fordint i=1: i==5 J++1
{
System.out . printin{ "“tFrom Thread B : J = ~ + 3):
AFLj==3} stopl( 1
System_ out . printlr Exit from B
I-
class C extends Thread
!
publiic Wi L )
!
For int k=1 k==5 K+ =
1
System.out . printInd s CcFrom Thread C k - + D
Aflk==11)
try
{
sTeep(l1000) :
catch (Exception &)
i
k
;.
System.out .printin E L T ram
b
}
class ThreadMathods
1
publ4c static void mainiString args
Fey Threads = NN ]
B threadB = Bi{ ]
C threadC = ]
System_out . printini{ "Start thread &
threadA. . startl
System_out _printInd"Start thread =
threadB_start/|
System_out . printin Start thread
threadC.start( )
System.out _printing End o mid i threa



Start thread A
S5tart thread B
Start thread C
From Thread
From FThread
From Thre
Thread .| :
main thread

fhread

Thread
Thread




Thread Exceptions

MNote that the call to sleep{ ) method is enclosed in a try block and followed by a catch block. This is
necessary because the sleepd ) method throws an exception, which should be caught. If we fail to catch
the exception, program will not compile.

Java mn system will throw LllegalThreadState Exception whenever we attempt to invoke a method
that a thread cannot handle in the given state. For example, a sleeping thread cannot deal with the
resume|{ ) method because a sleeping thread cannol receive any instmuctions. The same is true with the
suspendd ) method when it 15 used on a blocked (Mot Runnable) thread.

Whenever we call a thread method that is likely to throw an exception, we have to supply an
appropriate exception handler to catch it. The catch statement may take one of the following forms:

Thereeadlea T h

E_plled shrmesmadd

Cammot bhamndle it e the cormens

Ay other




Thread Priority

In Java, each thread 15 assigned a prionity, which affects the order in whach it 15 scheduled for running,
The threads that we have discussed so far are of the same prnionty. The threads of the same prionty are
given equal treatment by the Java scheduler and, therefore, they share the processor on a first-come,
first-serve basis,

Java permits us to set the priority of a thread using the setPriority( ) method as follows:

IhreadName. setPriority(intNumber

The intNumber is an integer value to which the thread's prionty is set. The Thread class defines
several priorty constants:
MIN_PRIORITY
NORM PRIORIT
MAY PRIORITY

The intNumber may assume one of these constants or any value between 1 and 10, Note that the
default setting i1s NORM_PRIORITY,




Thread
ram

r.poprintInl "threaddA start

out .printind "“tFrom

system.out .printini"Exit from &

-lass B extends lNhread

public woid runi

1
= 5

System.out prinmtini “"threadB ctarted™ ]
for{(int Jj=1;: Jj<=4: j++)

System.out .printind{“vtFrom Thread B

b
syvystem.owt . printinl " Exit Trom B

extends Thread
woid runi

System_out . printin{ ~threadC
for{int k=1: k==4:. k++)

System.out ..printin "vtFraom




printini "Exit Trom C

class ThAreadPriority

=

public static wvoid main(5tring args[ J1)

A threadA = new AL ).
B threadB = new B{ ]
C threadC Cq
(Thread. MAX PRIORITY )
Ol (threadA getPriorityl(
cirtyllThread MIN PRIUDRITY )

"Start thread A )
ni“"Start thread B
nd "Start thread C°

threadlC.st

aystem.out . pri “"kEnd




threadC
From
From
From

From

L Qe acm
o

o @ @ @ o

Ex1t from

End of main thr
From IThread
From IJhread

Exit from B

threadh




Synchronization

In Java, the threads are executed separately to each other. These types of threads are called as
asynchronous threads. But two problems may occur with asynchronous threads.

1. Two or more threads share the similar resource (variable or method) while only one of them
can access the resource at one time.

2. If the producer and the consumer are sharing the same kind of data in a program then either
producer may make the data faster or consumer may retrieve an order of data and process it
without its existing.

Suppose, we have created two methods as increment( ) and decrement( ). which increases or
decreases value of the variable "count” by 1 respectively shown as:

public void increment( )

{

count++;

}

When the two threads are executed to access these methods (one for increment( ),another for
decrement( )) then both will distribute the variable "count". in that case, we can't be sure that
what value will be returned of variable "count".
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To avold this problem, Java uses monitor also known as‘‘semaphore” to prevent
data from being corrupted by multiple threads by a keyword synchronized to
coordinate them and intercommunicate to each other. It is basically a mechanism
which allows two or more threads to share all the available resources in a
sequential manner.

Java's synchronized is used to ensure that only one thread is in a critical region.
Critical region is a lock area where only one thread is run (or lock) at a time. Once

the thread Is in its critical section, no other thread can enter to that critical region.
In that case, another thread will has to wait until the current thread leaves its critical
section.General form of the synchronized statement is as:

synchronized(object)

{

/[ statements to be synchronized

}




Lock:

Lock term refers to the access approved to a particular thread that can
access the shared resources. At any given time, only one thread can hold
the lock and thereby have access to the shared resource. Every object in
Java has build-in lock that only comes in action when the object has
synchronized method code.

By associating a shared resource with a Java object and its lock, the object

can act as a guard, ensuring synchronized access to the resource. Only one
thread at a time can access the shared resource guarded by the object lock.

Since there Is one lock per object, If one thread has acquired the lock, no
other thread can acquire the lock until the lock is not released by first
thread. Acquire the lock means the thread currently in synchronized
method and released the lock means exits the synchronized method.




Remember the following points related to lock and synchronization:

1. Only methods (or blocks) can be synchronized, Classes and variable cannot be synchronized.

2. Each object has just one lock.

3. All methods in a class need not to be coordinated. A class can have both synchronized and non-
synchronized methods.

4. If two threads wants to execute a synchronized method in a class, and both threads are using the
similar instance of the class to invoke the method then only one thread can execute the method at
a time.

5. If a class has both synchronized and non-synchronized methods, multiple threads can still
access the class's nonsynchronized methods. If you have methods that don't access the data you're
trying to protect, then you don't need to synchronize them. Synchronization can cause a hit in
several cases (or even deadlock if used incorrectly), so you should be careful not to overuse it.

6. If a thread goes to sleep, it holds any locks it has—it doesn't let go them.

7. A thread can obtain more than one lock. For example, a thread can enter a synchronized
method, thus acquiring a lock, and then directly invoke a synchronized method on a different
object, thus acquiring that lock as well. As the stack unwinds, locks are unrestricted again.

8. A block of code can also be synchronized.

9. Constructors cannot be synchronized
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When we declare a method synchronized, Java creates a “monitor” and hands it over to the thread
that calls the method first time, As long as the thread holds the monitor, no other thread can enter the
synchronized section of code. A monitor 15 like a key and the thread that holds the key can only open
the lock.




It 15 also possible to mark a block of code as synchronized as shown below:
synchronized (lock-obiect)

/1 code here 18 synchronized

Whenever a thread has completed its wark of using synchronized method (or block of code), it will
hand over the momtor to the next thread that is ready to use the same resource.




An interesting sifuation may occur when two or more threads are waiting to gain control of a
resource. Due to some reasons, the condition on which the waiting threads rely on to gain control does

not happen. This results in what 1s known as deadlock. For example, assume that the thread A must
access Method] before it can release Method2, but the thread B cannol release Method | until it gets

hold of Method?. Because these are mutually exclusive conditions, a deadlock oceurs, The code below
lhustrates this:

THhread A
symchronized metl
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Creating Threads using Runnable interface

. Declare the class as implementing the Runnable interface.

. Implement the run{ ) method.

. Create a thread by defimng an object that 15 instantiated from this “runnable” class as the target
of the thread.

Call the thread's start{ ) method (0 run the thread.




class X implements Runnable

voIl1d rumg J

for(int 1 = 1; d<=10; 1i++]
|
system.out.printin("vtThreadXx
-I
System.out.printin{"tnd of ThreadX ):
|
I
class RunnableTest
|
public static woid main{String args(
{
X runnable = new X{ J:
Thread threadX = new Thread{runnable)
threadk.starce
System.ogut.printin{"End of main Thread™)
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