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4.1 Multi Threading

4.1.1 Introduction

Multitasking means performing more than one job at the same time. A modern computer plays music,
downloads a file and runs a word processor together. Multitasking can be of two kinds: process-based
(several programs run together) and thr ead-based (several parts of the same program run together).

A thread isalightweight, independent path of execution inside a program. A program that contains two
or more threads running concurrently is called a multithreaded program. Every Java program has at
least one thread, the main thread, which is created automatically by the VM and executes the mai n( )
method. Other threads are created by the programmer.

Threads of one program share the same memory (heap), so communication between them is cheap, and
switching between threads is faster than switching between processes. Web servers, games, GUI
programs and animation make heavy use of threads. On a machine with a single CPU the threads are
executed one after another in very short slices, which looks like parallel execution.

Process and thread
Basis Process Thread
Meaning A program in execution A part (path of execution) of a process
Memory Has its own separate memory space Shares the memory of the parent process
Weight Heavyweight Lightweight
Communication Slow, needs inter-process mechanisms Fast, through shared objects
Context switch Costly Cheap
Creation cost High Low

Table 4.1: Process vs Thread

Advantages of multithreading

» Better utilisation of the CPU: while one thread waits for input, another can run.

* Programs stay responsive; along task does not freeze the user interface.

* Threads share resources, so they use less memory than separate processes.

» Simple modelling of real-world parallel activities (animation, downloads, servers).
*  Faster execution on multi-core processors.

4.1.2 Creating Threads

Java supports threads through the class java.lang. Thread and the interface
j ava. | ang. Runnabl e. Bath contain the method publ i ¢ voi d run(), which holds the code
that the thread executes. There are two ways to create a thread:
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Way Steps

1. Extending the Thread class Create a class that extends Thread, override run(), create an object of the class
and call start().

2. Implementing the Runnable Create a class that implements Runnable, define run(), passits object to a

interface Thread constructor and call start().

Table 4.2: Two ways of creating a thread

4.1.3 Extending the Thread Class

In this method the new classis asubclass of Thr ead. The general form is:

Syntax
class MyThread extends Thread
{
public void run()
{
/1l code to be executed by the thread
}
}
Steps

Declare the class as a subclass of Thr ead.
Override ther un() method with the code the thread should perform.

Create an object of theclass: MyThread t = new MyThread(); (thethreadisnow inthe
newborn state).

4 Cdlt.start().TheJVM createsanew call stack and then callsr un(') on that thread.

Example 1: Creating a thread by extending Thread

cl ass MyThread extends Thread

{
public void run()
{
for (int i =1; i <= 3; i++)
Systemout.println("Child thread: " + i);
}
}
public class T1
{
public static void main(String[] args) throws InterruptedException
{
MyThread t = new MyThread();
t.start();
t.join(); /1l main waits for the child thread
Systemout.printIn("Main thread finished");
}
}
Output

Child thread: 1
Child thread: 2
Child thread: 3
Mai n thread finished
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start() versusrun()

Point start() run()

Effect Creates a new thread and then callsrun() init | Runslike an ordinary method in the current
thread

Threads used New thread is created No new thread is crested

Calling twice I1legal ThreadStateException Allowed (just a method call)

Purpose Begin concurrent execution Holds the work of the thread

Table 4.3: start() vsrun()

Note: Never call run() directly if you want multithreading. Always call start().

4.1.4 | mplementing the Runnable I nterface

Java does not alow a class to extend more than one class. If a class already extends another class (for
example an applet or a frame), it cannot also extend Thr ead. In such a case the class implements the
Runnabl e interface, which has a single method r un() . The Runnable object is then given to a
Thr ead object.

Example 2: Creating a thread by implementing Runnable

cl ass Task inpl enents Runnabl e

{
public void run()
{
Thread t = Thread. current Thread();
for (int i =1; i <=3; i++)
Systemout.println(t.getNane() + " + i)
}
public class T2
{
public static void main(String[] args) throws |nterruptedException
{
Thread w = new Thread(new Task(), "Wrker-1");
w.start();
w.join();
System out. printl n("Done");
}
}
Output
Worker-1 : 1
Worker-1 : 2
Worker-1 : 3
Done

Thread class vs Runnable interface

www.polynoteshub.co.in Page 5



https://www.polynoteshub.co.in

Basis Extending Thread Implementing Runnable

Inheritance Class cannot extend any other class Classisfree to extend another class

Type Thread isaclass Runnableis an interface

Object sharing Each thread object is a separate object One Runnable object can be shared by many

threads

Method to define

run()

run()

Start

obj.start()

new Thread(obj).start()

Preferred when

Simple programs

Class already has a parent; better design
(separates task from thread)

Table 4.4: Thread vs Runnable

4.1.5 Stopping and Blocking a Thread

Stopping a thread

A thread stops (dies) automatically when itsr un() method finishes. Sometimes it has to be stopped
earlier. The old method st op() isdeprecated because it ends the thread abruptly and can leave shared

datain an inconsistent state. The recommended ways are:

* Useavolatile boolean flag that ther un() loop checksregularly. Another thread setsit to false.

 Cadlinterrupt() onthethread. A deeping or waiting thread receives an I nterruptedException
and can finish cleanly.

Blocking a thread

A thread is blocked when it is temporarily stopped from running but is not dead. It can return to the
runnable state afterwards. A thread can be blocked in the following ways.

Method / situation Effect How it comes back

sleep(ms) Thread sleeps for the given time Automatically after the time elapses
wait() Thread waits until another thread signals notify() or notifyAll() is called
join() Thread waits for another thread to finish The other thread dies

Waiting for alock

by another

Thread tries to enter a synchronized block held

Thelock isreleased

suspend() (deprecated)

Thread suspended indefinitely

resume() (deprecated,
deadl ock-prone)

Table 4.5: Ways of blocking a thread
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Example 3: Stopping athread with a flag and with interrupt()

cl ass Worker inplenents Runnabl e
{
private volatile boolean running = true;
voi d stopWork() { running = false; }
public void run()
{
whi l e (running)
{
try { Thread.sleep(50); } catch (InterruptedException e) { }
}
System out . println("Wrker stopped");
}
}
cl ass Sl eeper extends Thread
{
public void run()
{
try
{
Thr ead. sl eep(5000) ;
Systemout. println("Wke up normally");
}
catch (InterruptedException e)
{
Systemout.println("Sleep interrupted");
}
}
}
public class T5
{
public static void main(String[] args) throws InterruptedException
{
Wor ker w = new Worker();
Thread t = new Thread(w);
t.start();
Thr ead. sl eep(200);
w. st opWor k() ; /1 stop using the flag
t.join();
Sl eeper s = new Sl eeper();
s.start();
s.interrupt(); /1 stop a sleeping thread
s.join();
}
}
Output
Wor ker st opped
Sl eep interrupted

4.1.6 LifeCycleof aThread

During its life a thread passes through several states. It can be in exactly one state at a time. The five
states of the classic model are:
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State

Meaning

How thethread entersit

Newborn (New)

Thread object created but not started

new Thread(...)

Runnable Ready and waiting for the CPU in the queue | start(), or return from blocked state, or
yield()
Running Thread is executing its run() method Chosen by the thread scheduler

Blocked (Waiting)

Temporarily inactive

sleep(), wait(), join(), waiting for alock

Dead (Terminated)

Thread has finished

run() completes, or an uncaught exception
ends it

Table 4.6: Sates of a thread

Figure4.1: Lifecycle of athread

start () schedul er picks

NEVBORN - - ------- > RUNNABLE --------mcmmmmnann > RUNNING ----- > DEAD
A A <--- yield() ---- | run() ends / stop
| | / time slice over
| | | sleep() / wait()
| | | join() / lock busy
| S BLOCKED <------- +
| (sleep ends / notify / join ends / lock free)

Inthe Java API, Thr ead. get St at e() returns one of the values of the enum Thr ead. St at e:

Thread.Statevalue

Equivalent in the classic model

NEW Newborn

RUNNABLE Runnable and Running (Java does not separate them)
BLOCKED Waiting to acquire a monitor lock

WAITING Blocked in wait() or join() without atime limit

TIMED_WAITING

Blocked in sleep(ms), or wait/join with atime limit

TERMINATED

Dead

Table 4.7: Thread.Sate values

Example 4: Observing thread states

public class T3
{

public static void main(String[]

args) throws InterruptedException

{
Thread t = new Thread(() -> {
try { Thread. sl eep(500); } catch (InterruptedException e) { }
s
Systemout.printin("Before start "+ t.getState());
t.start();
Thr ead. sl eep(100);
Systemout.printin("Wile sleeping: " + t.getState());
t.join();
Systemout.printin("After finish : " + t.getState());
Systemout.println("isAlive "+ t.isAlive());
}
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Output

Before start : NEW

Whi | e sl eeping: TIMED WAI TI NG
After finish : TERM NATED

i sAlive . fal se

4.1.7 Using Thread M ethods

The Thr ead class provides many methods to control threads. The most important ones are listed
below.

Method Purpose

void start() Starts the thread; VM calls run()

void run() Entry point; contains the work of the thread

static void sleep(long ms) Pauses the current thread for the given milliseconds; throws
InterruptedException

final void join() Makes the calling thread wait until this thread dies

static void yield() Hints that the current thread iswilling to give up the CPU to others

final boolean isAlive() Trueif the thread has started and not yet died

final String getName() / setName(String) Gets or sets the thread's name

final int getPriority() / setPriority(int) Gets or setsthe priority (1 to 10)

static Thread currentThread() Returns the thread that is executing the call

void interrupt() Interrupts athread; sleeping or waiting threads get InterruptedException

boolean islnterrupted() Tests whether the thread has been interrupted

final void setDaemon(boolean) Marks the thread as daemon (background) thread; must be called before
start()

wait(), notify(), notifyAll() Methods of class Object used for inter-thread communication; must be

called inside synchronized code

» Daemon threads are service threads (for example the garbage collector). The VM exits when only
daemon threads remain.

* join() is used to make sure that one thread finishes before another continues, asin Example 1.
» deep() does not release the lock held by the thread, whereas wait() releasesit.

4.1.8 Thread Exceptions

Thread operations may throw exceptions. Some are checked exceptions and must be handled with
try-catch or declared with throws; others are unchecked (run-time) exceptions.
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Exception Type Cause

InterruptedException Checked A thread in sleep(), wait() or join() isinterrupted by another
thread

I1legal ThreadStateException Unchecked Calling start() twice on the same thread, or setDaemon() after
Start

I1legal ArgumentException Unchecked Priority outside the range 1 to 10 passed to setPriority()

I1legal M onitor StateException Unchecked wait(), notify() or notifyAll() called without owning the
object's lock

SecurityException Unchecked The security manager does not permit the thread operation

Table 4.9: Common thread-related exceptions

Example 5: Thread exceptions

public class T7

{
public static void main(String[] args)
{
Thread t = new Thread(() -> Systemout.println("Running"));
t.start();
try { t.join(); } catch (InterruptedException e) { }
try
{
t.start(); /1 second start
}
catch (Il egal ThreadSt at eException e)
{
Systemout. println("Caught: Il egal ThreadSt at eExcepti on");
try
{
new Qbject().wait(); /'l without synchronized
}
catch (111 egal MonitorStateException e)
{
Systemout. println("Caught: 111 egal MonitorStateException");
}
catch (InterruptedException e) { }
}
}
Output
Runni ng
Caught: 111 egal ThreadSt at eExcepti on
Caught: 111 egal MonitorStateException

4.1.9 Thread Priority

Each thread has a priority, an integer from 1 to 10, which tells the thread scheduler how important the
thread is. In general, athread with higher priority gets the CPU earlier than one with lower priority. A
new thread inherits the priority of the thread that created it. The default priority is 5 (that of the main

thread).
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Constant Value M eaning

Thread.MIN_PRIORITY 1 Lowest priority
Thread.NORM_PRIORITY 5 Default priority
Thread. MAX_PRIORITY 10 Highest priority

Table 4.10: Priority constants

* Priority isset withset Priority(int) andreadwithgetPriority().
* A vaueoutside 1 to 10 throws I llegal ArgumentException.

* Priority isonly ahint to the scheduler. Behaviour depends on the operating system, so a program
must never depend on priority for correctness.

» Javauses preemptive scheduling (a higher-priority runnable thread can take the CPU) and, on most
systems, time-slicing among threads of equal priority.

Example 6: Thread priority

public class T4

{
public static void main(String[] args)
{
Thread m = Thread. current Thread();
System out . println("Name " + mogetNane());
Systemout.println("Priority : " + mgetPriority());
Thread t = new Thread();
t.setPriority(Thread. MAX_ PRI ORI TY);
Systemout.printin("MN=" + Thread. MN_PRIORITY + " NORME" +
Thread. NORM PRIORI TY + " MAX=" + Thread. MAX_PRI ORI TY) ;
Systemout.println("t priority: " + t.getPriority());
try { t.setPriority(11); }
catch (111l egal Argunent Exception e)
{ Systemout.printin("Error: I11legal Argunent Exception"); }
}
}
Output
Name :omain

Priority : 5

M N=1 NORMES MAX=10

t priority: 10

Error: 111 egal Argument Exception

4.1.10 Synchronization

When two or more threads use the same data (a shared resource) at the same time and at least one of
them changes it, the result can be wrong. This situation is called a race condition. For example,
count ++ isreally three steps (read, add, write); if two threads interleave these steps, one updateis lost.

Synchronization ensures that only one thread at a time can use a shared resource. Every Java object
has an internal lock (monitor). A thread must obtain the lock before entering a synchronized method or
block, and releases it on leaving. Other threads that need the same lock are blocked until it isfree.

Ways to synchronize
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Syntax

/1 1. synchronized met hod

synchroni zed void increnment() { count++; }
/1 2. synchronized bl ock

voi d increnent()

{ synchroni zed (this)
{ count ++;
}
}
Basis Synchronized method Synchronized block
Scope Whole method Only the selected statements
Lock used this (or the Class object for static methods) Any object named in the parentheses
Performance Locks for the entire method Better; smaller critical section
Use when Whole method touches shared data Only afew statements touch shared data

Table 4.11: Synchronized method vs block

Example 7: Two threads updating one counter safely

cl ass Counter

{
private int count = O;
synchroni zed void increnent() { count++; }
int getCount() { return count; }
}
class Inc extends Thread
{
Counter c;
Inc(Counter ¢) { this.c = ¢; }
public void run()
{
for (int i =0; i < 1000; i++)
c.increment();
}
}
public class T6
{
public static void main(String[] args) throws InterruptedException
{
Counter ¢ = new Counter();
Inc t1 = new | nc(c);
Inc t2 = new Inc(c);
tl.start(); t2.start();
t1l.join(); t2.join();
Systemout.println("Final count =" + c.getCount());
}
}
Output

Fi nal count = 2000

If the keyword synchr oni zed is removed from i ncr enent (), the final count will often be less
than 2000 because updates are lost.
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Deadlock

A deadlock occurs when two threads each hold alock and wait for the lock held by the other, so neither
can proceed. It can be avoided by acquiring locks in the same order in all threads and by keeping
synchronized sections short.

Points to remember: Multithreading

Create athread by extending Thread or implementing Runnable; always start it with start().
run() holds the thread's work; calling run() directly does not create a thread.

A thread cannot be started twice; doing so throws Illegal ThreadStateException.

Priority ranges from 1 to 10; default is 5; it is only ahint to the scheduler.

sleep() and join() throw the checked exception InterruptedException.

Do not use stop(), suspend() and resume(); they are deprecated. Use aflag or interrupt().
Use synchronized to protect shared data from race conditions.
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4.2 Managing Errorsand Exceptions

4.2.1 Typesof Errors

An error is a mistake in a program that makes it behave in an unwanted way or prevents it from
running. Errors are mainly of two types: compile-time errors and run-time errors. A third kind, the
logical error, isaso discussed in practice.

Type

When it occurs

Detected by

Examples

Compile-time (syntax)
error

While compiling the
source code

Compiler (javac); no .class
fileis produced

Missing semicolon, undeclared
variable, wrong data type,
misspelt keyword, missing return

Run-time error

While the program is
running

JVM; the program stops
abnormally unless handled

Division by zero, array index out
of range, invalid number format,
file not found, null reference

Logica error

Program runs but gives
wrong result

Programmer, by testing and
debugging

Using + instead of *, wrong loop
condition, wrong formula

Table 4.12; Typesof errors

Common run-time problems

* Dividing an integer by zero.

* Accessing an element beyond the size of an array.

* Tryingto store avalue of an incompatible typein an array.

* Passing a parameter that is not in avalid range.

*  Opening afile that does not exist, or afailing network connection.
» Converting an invalid string to a number.
* Using an object referencethat isnul | .

4.2.2 Exception

An exception is an abnormal condition that arises at run time and disturbs the normal flow of the
program. When an error occurs inside a method, Java creates an exception object containing
information about the error (type, message, place) and throws it. If the program does not catch the
exception, the default handler prints a message and the program terminates. Exception handling is the
mechanism that lets the programmer detect the problem, report it and continue with the program in a

controlled way.
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Figure 4.2: Exception class hierar chy

bj ect
|

+-- Throwabl e

+-- Error

+-- Exception

+-- | OException, SQLException, |nterruptedException

+-- RuntinmeException
+-- ArithneticException
+-- Nul | Poi nt er Excepti on

+-- Arrayl ndexQut Of BoundsExcepti on
+-- ||l egal Argunment Exception --> Nunber For mat Excepti on

normal | y handl ed)
| +-- Qut Of MenoryError, StackOverfl owError, Virtual Machi neError

(serious;

(checked)

(unchecked)

Checked and unchecked exceptions

Basis Checked exceptions Unchecked exceptions

Checked at Compiletime Run time

Class Subclasses of Exception (except RuntimeException, Error and their subclasses
RuntimeException)

Must handle? Y es: try-catch or declare with throws No (optional)

Examples | OException, SQL Exception, ArithmeticException, Null PointerException,

FileNotFoundException,
InterruptedException

ArraylndexOutOfBoundsException

Some common exceptions

Table 4.13: Checked vs unchecked exceptions

Exception

Cause

ArithmeticException

Arithmetic error such asinteger division by zero

ArraylndexOutOfBoundsException

Array index negative or not less than the array length

NullPointerException

Using an object reference that is null

NumberFormatException

Converting a string that is not a valid number (Integer.parselnt("abc"))

ClassCastException

Invalid cast of an object to aclassit is not an instance of

FileNotFoundException

Trying to open afile that does not exist

Stringl ndexOutOf BoundsException

Illegal index used with a String method

NegativeArraySizeException

Creating an array with a negative size

Using try and catch

The statements that may cause an exception are placed in atry block. The code to handle the exception
isplaced in acatch block immediately after it. When an exception occursin the try block, the remaining
statements of the try block are skipped and control jumps to the matching catch block.
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Syntax

try
{
/] statements that nmay throw an exception
}
catch (ExceptionType e)
{
/1 statenents that handl e the exception
}

Example 8: Handling ArithmeticException

public class El

{
public static void main(String[] args)
{
int a =10, b = 0;
try
{
int c =a/l b;
Systemout. printlin(c);
}
catch (Arithneti cException e)
{
Systemout.println("Error: " + e.getMessage());
Systemout. println(e);
}
System out. println("Program conti nues");
}
}
Output

Error: / by zero
java.lang. Arithmeti cException: / by zero
Program conti nues

Keywords used in exception handling

Keyword Use

try Encloses the code that may throw an exception

catch Handles a particular type of exception thrown in the try block

finally Block that executes whether or not an exception occurs (cleanup)

throw Explicitly throws an exception object: throw new MyException("msg");

throws Declared in amethod header to list checked exceptions the method may passto its caller

Table 4.15: Exception-handling keywords

throw, throws and user-defined exceptions

A programmer can create his or her own exception class by extending Except i on and throw it with
thet hr ow statement. A method that may throw a checked exception must declare it witht hr ows.
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Example 9: User-defined exception

cl ass MyException extends Exception

{
MyException(String nmsg) { super(nsg); }
}
public class E4
{
static void check(int age) throws My/Exception
{
if (age < 18)
t hrow new MyException("Age " + age + " is below 18");
Systemout.println("Age " + age + " is valid");
}
public static void main(String[] args)
{
try
{
check(25);
check(15);
}
catch (MyException e)
{
Systemout. println("Caught: " + e.getMessage());
}
finally
{
Systemout. println("End");
}
}
}
Output

Age 25 is valid
Caught: Age 15 is bel ow 18

End
Basis throw throws
Purpose Actually throws an exception object Declares that a method may throw exceptions
Position Inside the method body In the method header
Followed by An exception object (instance) One or more exception class names
Count Throws one exception at atime Can list many exceptions separated by
commas

Table 4.16: throw vs throws

4.2.3 Multiple Catch Statements

A single piece of code can cause more than one type of exception. To handle each type differently,
several catch blocks can be written after one try block. When an exception occurs, the catch blocks are
examined in order, and the first one whose type matches is executed; the others are skipped. Control
then goes to the statement after the last catch block.
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Syntax

try
{

}

catch (ExceptionTypel el) { // handler 1}
catch (ExceptionType2 e2) { // handler 2}
catch (Exception e) { /1 general handler }

/] statenents

Example 10: Multiple catch blocks

public class E2

{
public static void main(String[] args)
{
String[] data = {"10", "abc", "30"};
for (int i =0; i <= 3; i++4)
{
try
{
int n = Integer.parselnt(datali]);
Systemout.printin("Value =" + n);
}
catch (Number For mat Exception e)
{
Systemout.println("Not a nunber: " + dataf[i]);
}
catch (Arrayl ndexQut O BoundsException e)
{
Systemout.printIn("lIndex error: " + e.getMessage());
}
catch (Exception e)
{
Systemout.printin("CQher error");
}
}
}
}

Output (the wording of theindex message may differ slightly between Java ver sions)

Val ue = 10
Not a nunber: abc
Val ue = 30

I ndex error: |Index 3 out of bounds for length 3

Rules

» Catch blocks for subclass exceptions must come befor e those for superclass exceptions. If a
genera catch suchascat ch (Excepti on e) isplacedfirst, alater catch for asubclassis
unreachable and the compiler reports an error (exception has already been caught).

*  Only one catch block is executed for one exception.

* A try block must be followed by at least one catch block or afinally block.

* Since Java 7, one catch can handle severa unrelated types using the pipe symbol: cat ch
( Nurber For mat Exception | Arithmeti cException e).

*  Try blocks can be nested; if the inner block has no matching catch, the exception passes to the outer
block.
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4.2.4 Using thefinally Statement

The finally block contains code that must be executed whether or not an exception occurs, and
whether or not it is caught. It is used for clean-up work such as closing files, closing database
connections or releasing resources. It iswritten after the last catch block (or directly after try).

Syntax

try
{
/] statenents
}
catch (ExceptionType e)
{
/1 handl er
}
finally
/1 clean-up code (always executed)
}

Example 11 try-catch-finally

public class E3

{
static int test()
{
try
{
return 1;
}
finally
{
Systemout.printin("finally runs even after return");
}
}
public static void main(String[] args)
{
try
{
int[] a = newint[2];
a[5] = 1;
}
catch (Arrayl ndexQut O BoundsException e)
{
System out. printl n("Caught");
}
finally
{
Systemout.printin("Ceanup in finally");
}
Systemout.println("test() returned " + test());
}
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Output

Caught

Cleanup in finally

finally runs even after return
test() returned 1

Situation Doesfinally run?
No exception occurs Yes
Exception occurs and is caught Yes

Exception occurs and is not caught

Y es (then the exception propagates)

return statement in try or catch

Yes (finally runs before the method returns)

System.exit() iscaled intry

No (the VM shuts down)

JVM crashes or power failure

No

Table 4.17: Execution of finally

* A try statement needs at least one of catch or finally; try-finally without catch is allowed.
* Only onefinaly block is allowed per try block.

*  FromJava7, try-with-resourcestry (Fil eReader f = new Fil eReader("a.txt"))
{ ... } closestheresource automatically.

4.2.5 Using Exceptions for Debugging

Debugging is the process of finding and removing the cause of errors. Exceptions are a powerful
debugging aid because the exception object records what went wrong and where. Information in a
Throwable object can be displayed with the following methods:

Method

Returns/ Action

String getMessage()

Short description of the problem

String toString()

Class name of the exception followed by the message

void printStack Trace()

Prints the exception and the chain of method calls (with line numbers)
that led to it, on the error stream

StackTraceElement[] getStackTrace()

The stack trace as an array; each element gives class, method, file and
line number

Throwabl e getCause()

The original exception that caused this one (if any)

Table 4.18: Methods of Throwable useful for debugging
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Example 12: Reading the stack trace

public class E5

{
static void level2() { int x =51/ 0; }
static void level1() { level2(); }
public static void main(String[] args)
{
try { level1(); }
catch (Arithneti cException e)
{
StackTraceEl enent[] st = e.getStackTrace();
Systemout. println("Message : " + e.getMessage());
Systemout.printIn("Thrown in: " + st[0].getMet hodName());
Systemout.println("Called by: " + st[1].getMethodNare());
Systemout.printin("Called by: " + st[2].getMethodNanme());
}
}
}
Output

Message : / by zero
Thrown in: |evel 2
Call ed by: levell
Call ed by: nmin

Debugging tips

Read thefirst line of a stack trace for the exception type and message, and the first line below it for

the exact place (file and line number).

Usee. print St ackTrace() inside catch blocks while developing so that errors are not silently

hidden.
Never write an empty catch block; at least print or log the exception.
Print the values of important variables before the statement that fails.

Use meaningful messages when throwing exceptions: t hr ow new
1l egal Argunent Excepti on("age nust be positive").

In real applications, use alogging framework instead of System.out.printin.

Points to remember: Exceptions

An exception is an object thrown at run time when an abnormal condition occurs.
Throwable isthe root class; Error and Exception are its two subclasses.
Checked exceptions must be handled or declared; unchecked exceptions need not be.

In multiple catch blocks, write the specific (subclass) exception first and the general one last.

finally always executes (except System.exit or aJVM crash) and is used for clean-up.
throw throws an exception; throws declares exceptions in a method header.
The stack trace is the most useful debugging aid provided by exceptions.

Common errors
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Mistake

Result

catch (Exception €) before catch (ArithmeticException €)

Compile-time error: exception already caught

try block with neither catch nor finally

Compile-time error

Not handling a checked exception (e.g. Thread.sleep() without try
or throws)

Compile-time error: unreported exception

Calling start() twice on athread

[llegal ThreadStateException at run time

Empty catch block

Error is hidden; debugging becomes very
difficult

Table 4.19: Common mistakes
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Multiple Choice Questions (15)

Choose the correct option. The answer key is given at the end of this section.

Q1. Which method isused to start athread so that the run() method executesin a new thread?
(A) run()
(B) start()

(C) begin()
(D) execute()

Q2. Which interface must be implemented to create a thread when the class already extends
another class?

(A) Thread

(B) Runnable
(C) Seridizable
(D) Cloneable

Q3. If run() iscalled directly on a Thread object, then:

(A) A new thread is created

(B) The VM throws an exception

(C) run() executes like a normal method in the current thread
(D) The thread goes to the dead state

Q4. What isthe default priority of athread in Java?
(A)O
(B) 1
©5
(D) 10

Q5. Thevalid range of thread priority is:

(A)0to9
(B) 1to 10
(C)1to5
(D) 0to 100

Q6. Which method makesthe calling thread wait until another thread finishes?

(A) sleep()
(B) yield()
(C) join()

(D) interrupt()

Q7. Starting the samethread object twice throws:
(A) lllegal ArgumentException
(B) InterruptedException

(C) llega ThreadStateException
(D) NullPointerException

Q8. Which keyword isused to allow only one thread at a time to access a method?
(A) static
(B) final
(C) volatile
(D) synchronized
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Q9. Which isthe state of athread that has completed itsrun() method?

(A) Newborn
(B) Runnable
(C) Blocked
(D) Dead
Q10. Which classisthedirect superclass of both Error and Exception?
(A) Object
(B) Throwable

(C) RuntimeException
(D) Number

Q11. Which of thefollowing is a checked exception?

(A) ArithmeticException

(B) NullPointerException

(C) I0EXxception

(D) ArraylndexOutOfBoundsException

Q12. In multiple catch blocks, the catch for a subclass exception must be placed:

(A) After the superclass catch
(B) Before the superclass catch
(C) Anywhere

(D) Inside the finally block

Q13. Which block is executed whether or not an exception occur s?
(A) try
(B) catch
(C) finally
(D) throw

Q14. Which keyword is used to explicitly throw an exception object?

(A) throws
(B) throw
(C) catch
(D) fina
Q15. What exception occurswhen an integer isdivided by zero at run time?
(A) NumberFormatException
(B) ArithmeticException
(C) 10EXxception
(D) ClassCastException
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Answer Key

Q Ans Q Ans Q Ans
1 B 6 C 11 C
2 B 7 C 12 B
3 C 8 D 13 C
4 C 9 D 14 B
5 B 10 B 15 B

Table: Answer key for the 15 MCQs

Short explanations
* Q1 (B): start() creates anew thread and then calls run() iniit.

* Q2 (B): A classthat already extends a class implements Runnable, since Java has no multiple class
inheritance.

* Q3 (C): Direct call of run() is an ordinary method call; no new thread is made.

* Q4(C): Thread NORM_PRIORITY is5.

* Q5(B): MIN_PRIORITY island MAX_PRIORITY is 10.

* Q6 (C): join() makesthe caller wait for the target thread to die.

* Q7 (C): A thread that has already started cannot be restarted: I1legal ThreadStateException.

* Q8 (D): synchronized gives one thread at a time access to the lock.

* Q9 (D): A thread whose run() has finished is dead (terminated).

* Q10 (B): Throwableisthe parent of Error and Exception.

* Q11 (C): I0Exception is checked; the others are unchecked subclasses of RuntimeException.
* Q12 (B): Thefirst matching catch is executed, so specific exceptions go before general ones.
*  Q13(C): finally executes regardless of whether an exception occurs.

* Q14 (B): throw isused inside a method to throw an exception object; throws only declares.

* Q15(B): Integer division by zero raises ArithmeticException ("/ by zero™).
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Broad Questions (10)

Answer the following questions in detail. Where applicable, write syntax, program and output.

Q1. What is athread? Explain the two ways of creating athread in Java with syntax and a suitable
program for each.

Q2. Compare extending the Thread class with implementing the Runnable interface. Explain the
difference between start() and run().

Q3. Explain how athread can be stopped and how it can be blocked. Mention the deprecated methods
and the recommended alternatives with an example.

Q4. Explain the life cycle of athread with aneat diagram. Describe each state and the methods that
cause transitions between them.

Q5. Describe the important methods of the Thread class (Sleep, join, yield, isAlive, setName,
setPriority, interrupt) with their purpose.

Q6. What are thread exceptions? Explain InterruptedException, |1legal ThreadStateException,
I1legal ArgumentException and I11egal M onitor StateException with causes.

Q7. Explain thread priority. State the priority constants, the default value and how the scheduler uses
priority. Write a program to set and display priorities.

Q8. What is synchronization? Explain the race condition and how synchronized methods and
synchronized blocks solve it, with a program. Define deadlock.

Q9. Define an exception. Classify errorsin Java and explain checked and unchecked exceptions with
the exception hierarchy diagram.

Q10. Explain the use of try, multiple catch and finally with syntax and programs. How are exceptions
(getMessage, printStackTrace, user-defined exceptions with throw and throws) used for
debugging?

End of Chapter 4: Multithreaded Programming and Exception Handling
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