CS 201 OPERATING SYSTEMS (FALL 2005)
SOLUTIONS TO ASSIGNMENT 2

(For reference only -- some questions may have several acceptable answers)

Q 1 
7.3(5 pts)

Consider the second while() statement in process Pi while Pi has already gotten its number. Since Pi can enter its critical section (CS), test ((number[k]!=0) && ((number[k], k) < (number[i],i))) must be false. This corresponds to two cases:

1) number[k]==0. This implies, when performing the above test, Pk hasn’t gotten its number yet. In other words, Pk gets its number after Pi does. When Pk gets its number (number[k]!=0), 

number[k] = max(number[0], number[1], …, number[i], …, number[n-1])+1,
    ( number[k] > number[i]  ( (number[k], k) >(number[i],i)). 

2) number[k]!=0, but (number[k], k) >= (number[i],i)). However, since k!=i, we get
  (number[k], k) >(number[i],i)).  

So, we can come to the conclusion that if Pi is in its critical section and Pk(k!=i) has already chosen its number[k]!=0, then (number[i],i)<(number[k],k).

7.4(5 pts)

(1) Mutual Exclusion: Let us consider the two process P0 and P1.

a. If only P0 wants to enter its critical section, it sets flag[0] to true, finds flag[1] is false in the while loop condition and enters its critical section.

b. If only P1 wants to enter its critical section, it sets flag[1] to true, finds flag[0] is false in the while loop condition and enters its critical section.

c. Suppose both P0 and P1 want to enter their critical section at the same time. They should set flag[0]=flag[1]=true. Then they both enter the first while loop. Note that turn=0 or 1 at one point of the time, say turn=0, P0 will wait on the first loop till P1 executes flag[1]=false before while(turn=0). Po will enter its critical section but P1 will wait on the second while loop. So mutual exclusion is preserved.\

(2) Progress: When only process Pi wants to enter its critical section, it finds that flag[i] is false and enters its critical section. When both processes want to enter their critical section, the value of turn matters. As we have seen earlier, if turn is 0, process P0 enters its critical section, P1 waits as long as P0 is in its critical section. P0 exists its critical section and set turn to 1, flag[0] to false. And now P1 enters its critical section. Similarly, when turn is 1. So, we observe that the progress requirement is met and the selection of the next process to enter its critical section is done within a finite amount of time. 

(3) Bounded waiting: When a process exits the critical section, the value of turn is set to the value of the other process. Since this is the only time that turn is modified, the other process will be able to enter critical section if it wishes to after at most one entry by another process.

7.5(5 pts)

(1) Mutual Exclusion: Each process Pi can enter the critical section only when flag[i] is in_cs and turn is i. It is possible for more than one process to have the value of flag as in_cs, but since turn can have only one value, the process that has flag[i]==in_cs and turn=i will be in the critical section. So there is mutual exclusion and only one process can be in its critical section.

(2) Progress: Note that a process Pi can be prevented from entering the critical section only if it is stuck in the repeat-until loop with the condition j>=n and (turn=i or flag[turn]=idle). Note that when there is no process executing in the critical section, we can have j=n. Also note that since a process Pk existing the critical section set turn to some value corresponding to the processes which are waiting to enter the critical section and set flag[k] to idle. This allows processes which are waiting to enter the critical section to proceed.

(3) Bounded waiting: When a process Pk existing the critical section, it will set turn to the next process which is not idle in the cyclic ordering and set flag[k] to idle. It designates the first process in this ordering that is in the entry section as the next one to enter the critical section. Any process waiting to enter its critical section will do so within n-1 turns, maintaining the bounded waiting requirement. 

7.8 (10 pts) 

solution 1 (using semaphores)

semaphore 
customers = 0 ;

semaphore 
barbers = 0 ;

semaphore 
mutex = 1 ;

integer 
waiting = 0 ;

barber() 

{


while(true) 


{ 


 
wait(customers) ;


 
wait(mutex) ;



waiting-- ;



signal(barber) ;



signal(mutex) ;


      
cut_hair() ;       /* virtual action of giving hair cut */


}

}

customer() 

{


wait(mutex) ;


if (waiting < n) 


{



waiting++ ;



signal(customers) ;



signal(mutex) ;



wait(barbers) ;



get_hair_cut() ;  /* virtual action of getting hair cut */


}


else signal(mutex) ;

}

solution 2 (using monitors)

monitor BarberShop 

{


condition
empty, busy;


integer

waiting;


sleep() 


{



if (waiting==0) empty.wait() ;


}


call_customer() 


{ 

busy.signal() ;


}


boolean enter()


{



if (waiting>=n) return false ;



waiting++ ;



if (waiting==1) empty.signal() ;

 

return true ; 


}



wait_turn()



{




busy.wait() ;




waiting-- ;



}

waiting = 0 ;

} 
\* end monitor *\ 

barber() 

{


while(true)  


{



BarberShop.sleep() ;  /* if no customers */



BarberShop.call_customer() ;



cut_hair() ; /* Ordinary function */


}

}

customer()

{


if (!BarberShop.enter()) return ;  


BarberShop.wait_turn() ;


get_hair_cut() ;  /* Ordinary function */


leave() ;
  /* Ordinary function */

}

7.11 (10 pts)

#define N    10     // size

bounded buffer: monitor

{ 

portion buffer[N] 
// array 0..N -1 of portion;

int front = 0;     

// 0 to N-1


int rear  = 0;     

// 0 to N-1


int count = 0;   

// 0 to N

  
condition notEmpty, notFull;

void append(portion x){

if (count == N) notFull.wait();

buffer[rear] = x;

rear = (rear + 1) % N;

count ++;

notEmpty.signal();

};

portion fetch(){


portion x;

if (count == 0) notEmpty.wait(); 

x = buffer[front];

front = (front + 1) % N;

count --;

nonFull.signal();

return x;

}
}

7.16 (15 pts)

a.

monitor m

          {

int readcount;

Boolean notwriting, not reading;

Condition x;

    void init(){

readcount=0;

notwriting=true;

notreading=true;

}

     void beforereading(){

readcount++;

if (readcount= =1)
x.await(notwriting);

notwriting=false;

        
 }

 void afterreading(){

readcount--;

         if(readcount= =0)

 

      notwriting=true;

 }

void beforewriting(){

         x.await(notwriting);

         notwriting=false;

         
 }

void afterwriting(){

        notwriting=true;

        
}

writer(){

      m.beforewriting();

                    writing();

           m.afterwriting();

}

reader(){

     m.beforereading();

      reading();

      m.afterreading();

}
}

b. This construct cannot be implemented efficiently. The general Boolean expression B needs to be evaluated again for the waiting process and this can be expensive. Also the Boolean expression can include shared monitor variables as well as local variables of the waiting process. So the Boolean expression will need to be evaluated for each waiting process to check if B has become true.

c. If the B condition is declared at the beginning of the monitor, the condition will not be dependant on local data of a monitor procedure (i.e. private data of a calling procedure). “One or more of these conditions (at the beginning of the monitor) may be used in the monitor’s procedures by means of the await statement invokes the evaluation of the corresponding Boolean expression.  If found true, the process continues, otherwise the process will be suspended. Whenever a process relinquishes control, the conditions which have processes waiting on them are evaluated.  If none is found true, the monitor is made accessible for external processes; otherwise, for the first such one found, one of the processes in its queue is resumed.
PAGE  
1

