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1. (a) Describe the set of processes that start when a user logs in to a UNIX 

system and the relationship between these processes. 
   (7 marks) 
    
 (b) Perform a comparison of the Bourne shell and the C shell scripting 

languages. 
   (8 marks) 
    
 (c) Write a simple Bourne shell script that will take a directory name as a 

command line argument, and print out the total size of all the ordinary fi les 
in that directory. 

   (10 marks) 
    

2. (a) Provide a detailed discussion of the UNIX terminal. 
   (9 marks) 
    
 (b) Consider the  code shown below: 

 
 #i ncl ude <sys/ t ypes. h> 

#def i ne SMALLSZ 10 
 
i nt  mai n( i nt  ar gc,  char  * * ar gv)  {  
 ssi ze_t  nr ead;  
 char  smal l buf  [ SMALLSZ + 1] ;  
 
 whi l e( ( nr ead = r ead( 0,  smal l buf ,  SMALLSZ) )  > 0)  {  
  smal l buf [ nr ead]  = ' \ 0' ;  
  pr i nt f ( " nnr ead: %d %s\ n" ,  nr ead,  smal l buf ) ;  
 }  
}  

   
  The above code will read from the terminal in canonical mode. Change the 

code so that it reads from the terminal in raw mode, and explain the 
significance of this change. 

   (8 marks) 
    
 (c) With the terminal set to raw mode, and the user entering the following 

string: 
The qui ck br own f ox 

 
what output would you expect from your program in part (b) above if the 
MI N and TI ME parameters were set as follows: 
 
 

    MI N TI ME  
   (i) 0 0  
   (ii) 8 0  
   (ii i) 0 8  
   (iv) 8 8  
   (8 marks) 
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3. (a) A file f  has permissions 06600 associated with it. Explain in detail the 

significance of each bit of those permissions. 
   (7 marks) 
    
 (b) In relation to file management, describe each of the following, using 

sample code where appropriate: 
(i) File descriptor 
(ii) File creation mask 
(iii) Hard link 
(iv) Symbolic l ink 
(v) st at  structure 
(vi) inode structure 
(vii) Block device file 
(vii i) Character device file 

   (8 marks) 
    
 (c) Consider the following code: 

 
 #i ncl ude <st dl i b. h> 

#i ncl ude <sys/ st at . h> 
#i ncl ude <di r ent . h> 
 
i nt  mai n( i nt  ar gc,  char  * * ar gv)  {  
  i nt  f t w2( const  char  * pat h,  i nt  ( * f unc) ( ) ) ;  
  i nt  l i s t ( const  char  * name,  const  st r uct  s t at  * spt r ,  i nt  t ype) ;  
  f t w2( ar gv[ 1] ,  l i s t ) ;  
}  
i nt  f t w2( const  char  * pat h,  i nt  ( * f unc) ( ) )  {  
  s t r uct  st at  s t at buf ;  
  s t at ( pat h,  &st at buf ) ;  
  / /  cal l  t he f unct i on whose name i s passed as an ar gument  
  ( * f unc) ( pat h,  &st at buf ,  1) ;  
}  
/ /  t ype = 0 f or  di r ect or y,  t ype = 1 f or  f i l e 
i nt  l i s t ( const  char  * name,  const  st r uct  s t at  * s t at us,  i nt  t ype)  {  
  i f ( t ype == 1)  
    pr i nt f ( " %- 40s\ t 0%- 3o\ n" ,  name,  st at us- >st _mode & 0777) ;  
  el se 
    pr i nt f ( " %- 40s* \ t 0%- 3o\ n" ,  name,  s t at us- >st _mode & 0777) ;  
}  

    
  The above code contains a function named f t w2( …) , which is an attempt 

at re-implementing the f t w( …)  function available in the C library 
f t w. h.  
 

(i) Describe the behaviour of the above program. 
(ii) Rewrite the f t w2( …)  function so that it has the same 

behaviour as the f t w( …)  function. 
   (10 marks) 
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4. (a) Describe in detail the theoretical operation of semaphores. You do not 

need to include any code in your answer. 
   (6 marks) 
    
 (b) Using sample C code, show how semaphores can be used on UNIX 

systems to enforce mutual exclusion of protected regions between 
processes. 

   (9 marks) 
    

 (c) Show how semaphores can be used to provide the following functionality: 
 

• Three processes start, each performing some operations. 
• When each process finishes its work it blocks without exiting. 
• A fourth process executes after a while telling each blocked 

process to exit. 
   (10 marks) 
    

5. (a) Using examples and sample code, describe in detail how a UNIX process 
creates child processes, synchronises with child processes by waiting and 
also how a process changes its program code. 

   (6 marks) 
    
 (b) Describe, compare and contrast the following three mechanisms for 

exchanging data between two processes on the same host 
 

(i) Pipes 
(ii) FIFOs / named pipes 
(iii) Message queues 

 
You must use diagrams, examples and sample code in your answer. 

   (9 marks) 
    
 (c) Show how it is possible to implement connection-oriented and 

connectionless communication between processes on separate hosts.  
 
Describe the circumstances under which connection-oriented or 
connectionless communication would be appropriate. 

   (10 marks) 
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6.  (a) Consider the following session: 

 
 [ exami ner @host  q3] $ l s –l  

t ot al  12 
- r wx- - - - - -     1 exami ner   gr p          80 Jan  1 10: 00 q3a_1 
- r w- - - - - - -     1 exami ner   gr p         234 Jan  1 10: 00 q3a_2. c 
- r wx- - - - - -     1 exami ner   gr p          27 Jan  1 10: 00 st or e 
[ exami ner @host  q3] $ cat  q3a_1 
#! / bi n/ sh 
 
t r ap ' s t or e'  16 
 
whi l e [  1 ]  
do 
        s l eep 1 
done 
[ exami ner @host  q3] $ cat  s t or e 
#! / bi n/ bash 
 
dat e >> l og 
 
 
[ exami ner @host  q3] $ cat  q3a_2. c 
#i ncl ude <st di o. h> 
#i ncl ude <s i gnal . h> 
i nt  mai n( i nt  ar gc,  char * *  ar gv)  {  
        char  i nput [ 10] ;  
        i nt  pi d = at oi ( ar gv[ 1] ) ;  
        do {  
                pr i nt f ( " Ent er  i nf o > " ) ;  
                f get s( i nput ,  10,  st di n) ;  
                k i l l ( pi d,  16) ;  
        }  whi l e ( i nput [ 0]  ! = ' q' ) ;  
}  
[ exami ner @host  q3] $ cc - o q3a_2 q3a_2. c 
[ exami ner @host  q3] $ q3a_1 & 
[ 1]  12624 
[ exami ner @host  q3] $ q3a_2 12624 
Ent er  i nf o > l i ne1 
Ent er  i nf o > l i ne2 
Ent er  i nf o > l i ne3 
Ent er  i nf o > qui t  
[ exami ner @host  q3] $ 

   
  Describe in detail what happens during the session shown above. 
   (7 marks) 
    
 (b) In the context of signals and signal processing explain what is meant by 

the following terms: 
(i) Signal handling 
(ii) Signal blocking  
(iii) Normal termination 
(iv) Abnormal termination 
(v) Core dump 

   (8 marks) 
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 (c) Consider the following system: 
(i) A server process monitors the status of a file by checking every 

second whether its size has changed. 
(ii) Client processes (NOT children of the server) are interested in 

finding out when the size of the file has changed, but don’ t care 
what the actual size of the file is. 

(iii) When client processes start up they must inform the server 
process that they exist by getting their process ID to the server. 

(iv) The whole system must be implemented using signals as the 
only inter-process communication mechanism. 

 
Some code for the server is shown below. Show how to fully implement 
the server and provide the code for the client. 

   
 #i ncl ude <st di o. h> 

#i ncl ude <sys/ st at . h> 
#i ncl ude <s i gnal . h> 
 
i nt  c l i ent _pi ds[ 100] ;  
i nt  num_cl i ent s = 0;  
 
i nt  mai n( i nt  ar gc,  char  * * ar gv)  {  
 
 voi d i nf or m_chi l dr en( ) ;  
 i nt  f i l e_si ze;  
 char  * f i l ename;  
  
 f i l ename = ar gv[ 1] ;  
 s t r uct  st at  s t at buf ;  
 s t at ( f i l ename,  &st at buf ) ;  
 f i l e_si ze = s t at buf . s t _si ze;  
 
 whi l e( 1)  {  
  i f ( st at buf . st _s i ze ! = f i l e_si ze)  {  
   i nf or m_chi l dr en( ) ;  
   f i l e_si ze = s t at buf . s t _si ze;  
  }  
  s l eep( 1) ;  
 }  
}  
 
voi d i nf or m_chi l dr en( )  {  
}  

   
   (10 marks) 

 


