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INSTRUCTIONS

1. There are 4 questions in this paper, carrying a total of 60 marks. You may answer as

many questions as you like. The maximum that you can score is 50.

2. For each question, please write your answer in the space provided after that question.

Please keep your answers brief and to the point.

3. You may use answer sheets for rough work (only). Please submit the answer sheets along

with this question paper.

4. For each question, a very rough indication of the amount of time you should expect to

spend on that question has also been provided.

1. (a) Recall that the integer value of a binary semaphore can only be 0 or 1. Write pseudo-code to

show the functioning of the busy waiting version of the wait and signal operations on a binary

semaphore S. Note that increment (++) and decrement (- -) operators do not apply to binary

semaphores. [3 marks, 10 mins.]

wait(S) { signal(S) {

} }

[You do not need to worry about the actual implementation of these operations that ensures their atomicity. It is

enough to show how these operations behave.]

(b) Consider the following code. The functions wait c(C) and signal c(C) are supposed to implement

the wait and signal operations for a counting semaphore C.

binary_semaphore S1 = 1, S2 = 0; int C = 1;

1 wait_c(C) {

2 wait(S1);

3 C--;

4 if (C < 0) {

5 signal(S1);

6 wait(S2);

7 }

8 else signal(S1);

9 }

1 signal_c(C) {

2 wait(S1);

3 C++;

4 if (C <= 0) signal(S2);

5 signal(S1);

6 }
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The wait / signal functions used within the body of wait c(C) and signal c(C) work on binary

semaphores only. Two processes, P1 and P2, each run the following code to synchronise access to

critical section().

... wait_c(C); critical_section(); signal_c(C); ...

Complete the example scenario below to show that the maximum number of times that P2 can

enter critical section() before P1 gets a chance to enter critical section() depends on the

scheduler instead of being a fixed constant. (In other words, the above implementation does not

guarantee bounded waiting.) [5 marks, 30 mins.]

Process Completes executing (provide line number(s) or function name)

P2 wait c(C), critical section()

P1 wait c(C) line 3

(c) (i) Show how you would use the semget() system call to create a single counting semaphore.

[2 marks, 5 mins.]

(ii) Write C functions to implement the wait and signal operations using the semop() system call.

Your functions should take the semaphore descriptor (semid) as the only argument.

[4+4=8 marks, 30 mins.]
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wait(int semid) { signal(int semid) {

} }

2. Consider the following Resource Allocation State involving 5 processes and 5 resources.

Total = [ 10 20 30 20 10 ]

Max =



5 10 15 10 5

5 4 3 2 1

10 10 10 10 10

6 7 8 9 10

10 15 20 10 5


Alloc =



1 2 1 4 0

1 2 2 0 1

1 2 3 4 2

1 2 4 0 1

1 2 5 4 2


Req =



4 8 12 6 4

1 2 1 2 0

8 8 7 6 5

5 5 4 9 4

1 13 15 5 3


Total [i ] specifies the total number of instances of resource i that exist in the system (including both

allocated and free instances). Max [i , j ], Alloc[i , j ], and Req [i , j ] denote, respectively:

• the maximum number of instances that process i may request of resource j,

• the number of instances of resource j currently allocated to process i, and

• the number of instances of resource j that process i is currently requesting.

Show that the system is not currently in a deadlocked state. Also show that deadlock could possibly

happen in the future (i.e., the system is not in a safe state). [6+7=13 marks, 25 mins.]

System not currently deadlocked
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Deadlock may happen in future
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3. (a) Consider an SVR2 filesystem with the following parameters.

• disk block size = 4096 bytes

• space required to store an inode on disk = 128 bytes

• amount of space used to store inode list = 210 blocks

• amount of space used to store data blocks = 218 blocks

Suppose the filesystem is full. Assume that none of the files contain any “holes”.

(i) Compute how much space would be wasted if the average file size is

A. 16 Kbytes:

B. 16 Mbytes:

(ii) For what value of the average file size will no space be wasted when the file system is full?

[4+4+2=10 marks, 45 mins.]

(b) Briefly describe two fields that are contained in a cached (in-core) copy of an SVR2 inode, but are

not contained in the corresponding disk copy. [3 marks, 15 mins.]
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Field 1:

Field 2:

(c) List the 4 fields contained in each global file table entry. [2 marks, 10 mins.]

Field 1:

Field 2:

Field 3:

Field 4:

(d) Describe the possible situations that can result in the indegree of a global file table entry being

greater than 1. [3 marks, 10 mins.]
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4. (a) Consider the following extract from a program, written in a C-like language, that computes the

transpose of a matrix.

for (i = 0; i < N; i++)

for (j = 0; j < N; j++)

B[i,j] = A[j,i];

A and B are N×N matrices with floating point entries that are stored in memory in row-major order

as shown in the example below.

A[0,0] A[0,1] A[0,2] . . . A[0,N-1] A[1,0] A[1,1] . . . A[N-1,N-1]

This program runs under an operating system that uses paging based memory management with

the following parameters.

• Page size: 212 bytes

• Number of frames allocated to the program: 4

• Page replacement policy: FIFO

• N = 215

• Size of each matrix entry: 8 bytes

• Each of A and B is stored starting from the beginning of a page.

• None of the pages allocated to A or B are initially in memory.

(i) How many pages do the matrices A and B occupy?

(ii) Considering only memory references to the matrix entries, compute the page fault rate for the

matrix transposition code given above.

[1+8=9 marks, 25 mins.]
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(b) (i) In operating systems running on i386 processors, can the following happen? Justify your answer

in each case. [2 marks, 5 mins.]

A. Internal fragmentation: yes / no

B. External fragmentation: yes / no
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