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1. What are design patterns? Develop and discuss a singleton design pattern with a suitable 
example of your own. 

 
Sample Answer: 
A pattern can be defined a solution for a problem in a context. Thus, a design pattern can be 
defined as: ������������	
������
�����������
�������������	
����
�������������
���
��
�����
������������	
�������
���

���
�������������������������������
���
���

�
�����	������
�������

�

������������������
�������
• Intent: Ensure a class only has one instance, and provide a global point of access to it. 
• Idea: Have an encapsulated static variable holding the single instance of a class. Provide a static 

get-operation that creates the single instance once and returns it from then on. 
• Example: While Java has many Singleton-like classes, java.lang.Runtime is a by the book example 

of a singleton. Every Java application has a single instance of class Runtime that allows the 
application to interface with the environment in which the application is running. The current 
runtime can be obtained from the getRuntime method.  

 
  publ i c c l ass Runt i me {  
      pr i vat e st at i c Runt i me cur r ent Runt i me = new Runt i me( ) ;  
 
      / * *  
       *  Ret ur ns t he r unt i me obj ect  associ at ed wi t h t he cur r ent  
    *  Java appl i cat i on.  
       *  Most  of  t he met hods of  c l ass <code>Runt i me</ code> ar e i nst ance 
       *  met hods and must  be i nvoked wi t h r espect  t o t he cur r ent  r unt i me obj ect .  
       *  
       *  @r et ur n  t he <code>Runt i me</ code> obj ect  associ at ed wi t h t he cur r ent  
       *           Java appl i cat i on.  
       * /  
      publ i c st at i c Runt i me get Runt i me( )  {  
          r et ur n cur r ent Runt i me;  
      }  
 
      / * *  Don' t  l et  anyone el se i nst ant i at e t hi s c l ass * /  
      pr i vat e Runt i me( )  { }  

 
' pr i vat e st at i c  Runt i me cur r ent Runt i me = new Runt i me( ) ; '  makes the 
class itself responsible for keeping track of its sole instance.", the key word private means that only 
this class may access the field currentRuntime. The keyword static denotes that only one instance 
of particular field may exist.  
 
The first method in the class goes on to implement "there must be exactly one instance of a class, 
and it must be accessible to clients from a well-known access point." Both of these idioms are 
further reinforced by the privatization of the Runtime constructor, as the author notes in her 
comments. 

 
 
2. Discuss the process of creation of server and client sockets with Exceptions handled explicitly with 

a suitable example. 
 

Sample Answer: 



�����	����
������
���������������������������������������	����

• �	���
���� �����

• �	���
����	���
�!����	�������
������������ �����

• "�
!������
�!����������������� ���
����!�����������������#��	����������
• $��
���	���

%��������	��
���	����������������
�������
������������%�����������	���
���
�����������	�
����������������!�	��!��������������������
����
� ���������

���������������������
���

&������
���	����
������
����������������������!��	���
���� ����� ���������

 
Socket  MyCl i ent ;  
MyCl i ent  = new Socket ( " Machi ne name" ,  Por t Number ) ; �
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Socket  MyCl i ent ;  
t r y {  
           MyCl i ent  = new Socket ( " Machi ne name" ,  Por t Number ) ;  
}  
cat ch ( I OExcept i on e)  {  
    Syst em. out . pr i nt l n( e) ;  
} �
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Ser ver Socket  MySer vi ce;  
t r y {  
   MySer ver i ce = new Ser ver Socket ( Por t Number ) ;  
        }  
        cat ch ( I OExcept i on e)  {  
           Syst em. out . pr i nt l n( e) ;  
        } �
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Socket  c l i ent Socket  = nul l ;  
t r y  {  
   ser v i ceSocket  = MySer vi ce. accept ( ) ;  
        }  



cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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Dat aI nput St r eam i nput ;  
t r y {  
   i nput  = new Dat aI nput St r eam( MyCl i ent . get I nput St r eam( ) ) ;  
}  
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �

%�����
���Dat aI nput St r eam�
���������������
!������������0��
�!�3
�
�	���������!
�
�
��	������
�	���

����
���&���
�������!�������
��r ead��r eadChar , �r eadI nt , �
r eadDoubl e, �
�!�r eadLi ne, ��4������������������������������ ���������������!��
!�	��!�������������	�����!
�
���
��������������������������������

����������������!��������
������Dat aI nput St r eam��������������	���������������������

 
Dat aI nput St r eam i nput ;  
t r y {  
      i nput  = new Dat aI nput St r eam( ser vi ceSocket . get I nput St r eam( ) ) ;  
}  
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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Pr i nt St r eam out put ;  
t r y {  
   out put  = new Pr i nt St r eam( MyCl i ent . get Out put St r eam( ) ) ;  
}  
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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Dat aOut put St r eam out put ;  
t r y {  
   out put  = new Dat aOut put St r eam( MyCl i ent . get Out put St r eam( ) ) ;  
}  



cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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Pr i nt St r eam out put ;  
t r y {  
   out put  = new Pr i nt St r eam( ser vi ceSocket . get Out put St r eam( ) ) ;  
}  
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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t r y  {  
           out put . c l ose( ) ;  
           i nput . c l ose( ) ;  
   MyCl i ent . c l ose( ) ;  
}   
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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t r y  {  
   out put . c l ose( ) ;  
   i nput . c l ose( ) ;  
   ser v i ceSocket . c l ose( ) ;  
   MySer vi ce. c l ose( ) ;  
}   
cat ch ( I OExcept i on e)  {  
   Syst em. out . pr i nt l n( e) ;  
} �
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i mpor t  j ava. i o. * ;  
i mpor t  j ava. net . * ;  
 
publ i c  c l ass smt pCl i ent  {  
    publ i c  st at i c  voi d mai n( St r i ng[ ]  ar gs)  {  
 
/ /  decl ar at i on sect i on:  
/ /  smt pCl i ent :  our  c l i ent  socket  
/ /  os:  out put  st r eam 
/ /  i s :  i nput  st r eam 
 
        Socket  smt pSocket  = nul l ;    
        Dat aOut put St r eam os = nul l ;  
        Dat aI nput St r eam i s = nul l ;  
 
/ /  I ni t i al i zat i on sect i on:  
/ /  Tr y t o open a socket  on por t  25 
/ /  Tr y t o open i nput  and out put  st r eams 
 
        t r y  {  
            smt pSocket  = new Socket ( " host name" ,  25) ;  
            os = new Dat aOut put St r eam( smt pSocket . get Out put St r eam( ) ) ;  
            i s  = new Dat aI nput St r eam( smt pSocket . get I nput St r eam( ) ) ;  
        }  cat ch ( UnknownHost Except i on e)  {  
            Syst em. er r . pr i nt l n( " Don' t  know about  host :  host name" ) ;  
        }  cat ch ( I OExcept i on e)  {  
            Syst em. er r . pr i nt l n( " Coul dn' t  get  I / O f or  t he connect i on t o:  
host name" ) ;  
        }  
 
/ /  I f  ever yt hi ng has been i ni t i al i zed t hen we want  t o wr i t e some dat a 
/ /  t o t he socket  we have opened a connect i on t o on por t  25 
 
i f  ( smt pSocket  ! = nul l  && os ! = nul l  && i s ! = nul l )  {  
            t r y  {  
 
/ /  The capi t al  s t r i ng bef or e each col on has a speci al  meani ng t o SMTP 
/ /  you may want  t o r ead t he SMTP speci f i cat i on,  RFC1822/ 3 
 
os. wr i t eByt es( " HELO\ n" ) ;   
                os. wr i t eByt es( " MAI L Fr om:  k3i s@f undy. csd. unbsj . ca\ n" ) ;  
                os. wr i t eByt es( " RCPT To:  k3i s@f undy. csd. unbsj . ca\ n" ) ;  
                os. wr i t eByt es( " DATA\ n" ) ;  
                os. wr i t eByt es( " Fr om:  k3i s@f undy. csd. unbsj . ca\ n" ) ;  
                os. wr i t eByt es( " Subj ect :  t est i ng\ n" ) ;  
                os. wr i t eByt es( " Hi  t her e\ n" ) ;  / /  message body 
                os. wr i t eByt es( " \ n. \ n" ) ;  
os. wr i t eByt es( " QUI T" ) ;  
 
/ /  keep on r eadi ng f r om/ t o t he socket  t i l l  we r ecei ve t he " Ok"  f r om 
SMTP,  
/ /  once we r ecei ved t hat  t hen we want  t o br eak.  



 
                St r i ng r esponseLi ne;  
                whi l e ( ( r esponseLi ne = i s . r eadLi ne( ) )  ! = nul l )  {  
                    Syst em. out . pr i nt l n( " Ser ver :  "  + r esponseLi ne) ;  
                    i f  ( r esponseLi ne. i ndexOf ( " Ok" )  ! = - 1)  {  
                      br eak;  
                    }  
                }  
 
/ /  c l ean up:  
/ /  c l ose t he out put  st r eam 
/ /  c l ose t he i nput  st r eam 
/ /  c l ose t he socket  
 
os. c l ose( ) ;  
                i s . c l ose( ) ;  
                smt pSocket . c l ose( ) ;     
            }  cat ch ( UnknownHost Except i on e)  {  
                Syst em. er r . pr i nt l n( " Tr y i ng t o connect  t o unknown host :  "  
+ e) ;  
            }  cat ch ( I OExcept i on e)  {  
                Syst em. er r . pr i nt l n( " I OExcept i on:   "  + e) ;  
            }  
        }  
    }             
} ��
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i mpor t  j ava. i o. * ;  
i mpor t  j ava. net . * ;  
 
publ i c  c l ass echo3 {  
    publ i c  st at i c  voi d mai n( St r i ng ar gs[ ] )  {  
 
/ /  decl ar at i on sect i on:  
/ /  decl ar e a ser ver  socket  and a c l i ent  socket  f or  t he ser ver  
/ /  decl ar e an i nput  and an out put  st r eam 
 
        Ser ver Socket  echoSer ver  = nul l ;  
        St r i ng l i ne;  
        Dat aI nput St r eam i s;  
        Pr i nt St r eam os;  
        Socket  c l i ent Socket  = nul l ;  
 
/ /  Tr y t o open a ser ver  socket  on por t  9999 
/ /  Not e t hat  we can' t  choose a por t  l ess t han 1023 i f  we ar e not  
/ /  pr i v i l eged user s ( r oot )  
 
        t r y  {  
           echoSer ver  = new Ser ver Socket ( 9999) ;  
        }  
        cat ch ( I OExcept i on e)  {  
           Syst em. out . pr i nt l n( e) ;  



        }     
 
/ /  Cr eat e a socket  obj ect  f r om t he Ser ver Socket  t o l i s t en and accept   
/ /  connect i ons.  
/ /  Open i nput  and out put  st r eams 
 
t r y {  
           c l i ent Socket  = echoSer ver . accept ( ) ;  
           i s  = new Dat aI nput St r eam( cl i ent Socket . get I nput St r eam( ) ) ;  
           os = new Pr i nt St r eam( cl i ent Socket . get Out put St r eam( ) ) ;  
 
/ /  As l ong as we r ecei ve dat a,  echo t hat  dat a back t o t he c l i ent .  
 
           whi l e ( t r ue)  {  
             l i ne = i s . r eadLi ne( ) ;  
             os. pr i nt l n( l i ne) ;   
           }  
        }     
cat ch ( I OExcept i on e)  {  
           Syst em. out . pr i nt l n( e) ;  
        }  
    }  
}  

 
 

 
3. What are threads? Discuss some new applications of threads (apart from those explained in the 

lecture). 
 

Sample Answer: 
To improve a program's performance, developers typically use threads. A thread--sometimes called an 
execution context or a lightweight process--is a single sequential flow of control within a program. You use 
threads to isolate tasks.  

 
Well you are familiar with writing sequential programs. You've written a program that displays "Hello 
World!" or sorts a list of names or computes a list of prime numbers. These are sequential programs. That is, 
each has a beginning, an execution sequence, and an end. At any given time during the runtime of the 
program, there is a single point of execution.  

A thread is similar to the sequential programs. A single thread also has a beginning, a sequence, and an end 
and at any given time during the runtime of the thread, there is a single point of execution. However, a 
thread itself is not a program; it cannot run on its own. Rather, it runs within a program. The following 
figure shows this relationship.  

 
 

Definition:  A thread is a single sequential flow of control within a program.  

 

There is nothing new in the concept of a single thread. The real hoopla surrounding threads is not about a 
single sequential thread. Rather, it's about the use of multiple threads in a single program, running at the 
same time and performing different tasks. This is illustrated by the following figure:  



 

The HotJava Web browser is an example of a multithreaded application. Within the HotJava browser you 
can scroll a page while it's downloading an applet or image, play animation and sound concurrently, print a 
page in the background while you download a new page, or watch three sorting algorithms race to the 
finish. You are used to life operating in a concurrent fashion...so why not your browser?  

Some texts use the name lightweight process instead of thread. A thread is similar to a real process in that a 
thread and a running program are both a single sequential flow of control. However, a thread is considered 
lightweight because it runs within the context of a full-blown program and takes advantage of the resources 
allocated for that program and the program's environment.  

As a sequential flow of control, a thread must carve out some of its own resources within a running 
program. (It must have its own execution stack and program counter for example.) The code running within 
the thread works only within that context. Thus, some other texts use execution context as a synonym for 
thread.  

The following diagram shows the states that a Java thread can be in during its life. It also illustrates which 
method calls cause a transition to another state. This figure is not a complete finite state diagram, but rather 

an overview of the more interesting and common facets of a thread's life. 

 

 
 
4. Discuss two methods of implementing the running behavior of Java Threads with suitable 

examples. 
 

Sample Answer: 

Subclassing Thread and Overriding run  

The first way to customize what a thread does when it is running is to subclass Thread (itself a Runnable 
object) and override its empty run method so that it does something. Let's look at the SimpleThread class, 
the first of two classes in this example, which does just that:  
publ i c  c l ass Si mpl eThr ead ext ends Thr ead {  
    publ i c  Si mpl eThr ead( St r i ng st r )  {  
        super ( st r ) ;  
    }  
    publ i c  voi d r un( )  {  
        f or  ( i nt  i  = 0;  i  < 10;  i ++)  {  
            Syst em. out . pr i nt l n( i  + "  "  + get Name( ) ) ;  



            t r y  {  
                s l eep( ( l ong) ( Mat h. r andom( )  *  1000) ) ;  
            }  cat ch ( I nt er r upt edExcept i on e)  { }  
        }  
        Syst em. out . pr i nt l n( " DONE!  "  + get Name( ) ) ;  
    }  
}  
The first method in the SimpleThread class is a constructor that takes a String as its only argument. This 
constructor is implemented by calling a superclass constructor and is interesting to us only because it sets 
the Thread's name, which is used later in the program.  

The next method in the SimpleThread class is the run method. The run method is the heart of any Thread 
and where the action of the Thread takes place. The run method of the SimpleThread class contains a for 
loop that iterates ten times. In each iteration the method displays the iteration number and the name of the 
Thread, then sleeps for a random interval of up to 1 second. After the loop has finished, the run method 
prints DONE! along with the name of the thread. That's it for the SimpleThread class.  

The TwoThreadsDemo class provides a main method that creates two SimpleThread threads: one is named 
"Jamaica" and the other is named "Fiji". (If you can't decide on where to go for vacation you can use this 
program to help you decide--go to the island whose thread prints "DONE!" first.)  

publ i c  c l ass TwoThr eadsDemo {  
    publ i c  st at i c  voi d mai n ( St r i ng[ ]  ar gs)  {  
        new Si mpl eThr ead( " Jamai ca" ) . st ar t ( ) ;  
        new Si mpl eThr ead( " Fi j i " ) . s t ar t ( ) ;  
    }  
}  
The main method also starts each thread immediately following its construction by calling the start method. 
Compile and run the above program and watch your vacation fate unfold. You should see output similar to 
the following:  
0 Jamai ca 
0 Fi j i  
1 Fi j i  
1 Jamai ca 
2 Jamai ca 
2 Fi j i  
3 Fi j i  
3 Jamai ca 
4 Jamai ca 
4 Fi j i  
5 Jamai ca 
5 Fi j i  
6 Fi j i  
6 Jamai ca 
7 Jamai ca 
7 Fi j i  
8 Fi j i  
9 Fi j i  
8 Jamai ca 
DONE!  Fi j i  
9 Jamai ca 
DONE!  Jamai ca 
(Looks like I'm going to Fiji!!) Notice how the output from each thread is intermingled with the output from 
the other. This is because both SimpleThread threads are running concurrently. Thus, both run methods are 
running at the same time and each thread is displaying its output at the same time as the other.  

 
Try This:  Change the main program so that it creates a third thread with the name "Bora Bora". Compile 
and run the program again. Does this change the island of choice for your vacation? 

 



Now, let's look at another example, the Clock applet, that uses the other technique for providing a run 
method to a Thread. 

Implementing the Runnable Interface  
The Clock applet shown below displays the current time and updates its display every second. The Clock 
applet uses a different technique than SimpleThread for providing the run method for its thread. Instead of 
subclassing Thread, Clock implements the Runnable interface (and therefore implements the run method 
defined in it). Clock then creates a thread and provides itself as an argument to the Thread's constructor. 
When created in this way, the Thread gets its run method from the object passed into the constructor. The 
code that accomplishes this is shown in bold here:  
i mpor t  j ava. awt . Gr aphi cs;  
i mpor t  j ava. ut i l . * ;  
i mpor t  j ava. t ext . Dat eFor mat ;  
i mpor t  j ava. appl et . Appl et ;  
 
publ i c  c l ass Cl ock ext ends Appl et  i mpl ement s Runnabl e {  
    pr i vat e Thr ead c l ockThr ead = nul l ;  
    publ i c  voi d st ar t ( )  {  
        i f  ( c l ockThr ead == nul l )  {  
            cl ockThr ead = new Thr ead( t hi s,  " Cl ock" ) ;  
            c l ockThr ead. st ar t ( ) ;  
        }  
    }  
    publ i c  voi d r un( )  {  
        Thr ead myThr ead = Thr ead. cur r ent Thr ead( ) ;  
        whi l e ( c l ockThr ead == myThr ead)  {  
            r epai nt ( ) ;  
            t r y  {  
                Thr ead. s l eep( 1000) ;  
            }  cat ch ( I nt er r upt edExcept i on e) {  
            / /  t he VM doesn' t  want  us t o s l eep anymor e,  
            / /  so get  back t o wor k 
            }  
        }  
    }  
    publ i c  voi d pai nt ( Gr aphi cs g)  {  
        / /  get  t he t i me and conver t  i t  t o a dat e 
        Cal endar  cal  = Cal endar . get I nst ance( ) ;  
        Dat e dat e = cal . get Ti me( ) ;  
        / /  f or mat  i t  and di spl ay i t  
        Dat eFor mat  dat eFor mat t er  = Dat eFor mat . get Ti meI nst ance( ) ;  
        g. dr awSt r i ng( dat eFor mat t er . f or mat ( dat e) ,  5,  10) ;  
    }  
    / /  over r i des Appl et ' s  st op met hod,  not  Thr ead' s 
    publ i c  voi d st op( )  {  
        c l ockThr ead = nul l ;  
    }  
}  
 
The Clock applet's run method loops until the browser asks it to stop. In each iteration of the loop, 
the clock repaints its display. The paint method figures out what time it is, formats it in a localized 
way, and displays it.  

Deciding to Use the Runnable Interface 

You have now seen two ways to provide the run method for a Java thread:  

1. Subclass the Thread class defined in the java.lang package and override the run method.  



2. Provide a class that implements the Runnable interface (also defined in the java.lang 
package) and therefore implements the run method. In this case, a Runnable object 
provides the run method to the thread.  

There are good reasons for choosing either of these options over the other. However, for most cases, 
including that of the Clock applet, the following rule of thumb will guide you to the best option.  

 
Rule of Thumb:  If your class must subclass some other class (the most common example being Applet), 
you should use Runnable as described in option #2.  

 

To run in a Java-enabled browser, the Clock class has to be a subclass of the Applet class. Also, the Clock 
applet needs a thread so that it can continuously update its display without taking over the process in which 
it is running. (Some browsers might create a new thread for each applet so as to prevent a misbehaved 
applet from taking over the main browser thread. However, you should not count on this when writing your 
applets; your applets should create their own threads when doing computer-intensive work.) But since the 
Java language does not support multiple class inheritance, the Clock class cannot be a subclass of both 
Thread and Applet. Thus the Clock class must use the Runnable interface to provide its threaded behavior. 

 


