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1. (a) Given a resource allocation graph for a set of processes and resources, what possible con-

clusions can be drawn about the processes with respect to deadlock?

(b) Briefly describe and justify a deadlock prevention approach which ensures that the circular

wait condition is never fulfilled in a system.

[6+8=14]

2. (a) Consider the following modified version of a standard scheme for solving the 2-process

critical section problem (CSP).

shared char want[2] = {0,0};

shared int turn = 0;

1. P_i()

2. { while (1) {

3. turn = j;

4. want[i] = 1;

5. while (want[j] && turn!=i);

6. critical_section();

7. want[i] = 0;

8. remainder_section();

9. }

10.}

Show that the above scheme does not guarantee mutual exclusion by constructing an ap-

propriate interleaved sequence of instructions executed by two processes P0 and P1.

(b) Consider the following solution to the standard Dining Philosophers problem.

semaphore chopstick[5] = {1,1,1,1,1};

while (1) {

think();

wait(chopstick[i]); wait(chopstick[(i+1) % 5]);

eat();

signal(chopstick[i]); signal(chopstick[(i+1) % 5]);

}

Recall that the above solution is not deadlock-free. One way to avoid deadlock is to have

odd philosphers pick up their left chopstick first, while even philosophers pick up their

right chopstick first (or vice versa). Suggest an alternate deadlock-free, semaphore-based

solution to this synchronisation problem. (hint: Use 1b.)

(c) Now consider the following variant of the problem. One of the philosophers is highly

respected by everyone else. When he announces that he is hungry, his neighbours give him

1



their forks. Can deadlock happen in the modified scenario? If yes, give an example of a

deadlocked situation. If not, explain which of the deadlock conditions is/are violated.

[10+6+4=20]

3. (a) What is the disadvantage of having a large page / frame size in a page based memory

management system? What is the disadvantage of having a small page / frame size?

(b) Consider an operating system that uses paging. Process address space sizes are uniformly

distributed between 1 byte and 64 KB. However, the size of the page table is the same for

all processes. Also, each page table entry occupies 4 bytes. What is the optimum page size

for this system?

(c) With reference to page replacement, what is a stack algorithm?

(d) Using the definition above and the following reference string, show that the FIFO page

replacement strategy is not a stack algorithm.

1, 2, 3, 4, 1, 2, 5, 1, 2, 3, 4, 5

(e) How can you determine the minimum number of frames to be allocated to a process in a

demand-paging system?

(f) What is the difference between global and local page replacement strategies? How does the

choice of this strategy affect the design of the proc structure and u area?

[3+10+2+12+3+4=34]

4. (a) Describe the format of logical and linear addresses generated by i386 processors. (Include

the bit-wise breakup of the address field in your answer.)

(b) Clearly explain what hardware support is provided in this architecture to speed up the

translation of 2-dimensional logical addresses to 32-bit linear addresses.

[8+6=14]

5. Suppose you have to create an SVR2-like filesystem on a 512MB disk with 2KB block size. You

estimate that the average file size is likely to be about 16KB.

(a) Assuming that it takes 128 bytes to store each inode, how many blocks would you use to

store the inode list for the file system? How many blocks would be available for use as data

blocks? (You may make reasonable approximations.)

(b) What problem would arise if your estimate in question 5(a) is (i) an overestimate (i.e.,

most files are shorter than 16KB) (ii) an underestimate? In your opinion, which of these

problems is the more serious?

(c) A process P has opened in O RDWR mode a file abc.txt of size 300 bytes stored in the above

filesystem. Calculate the total number of disk blocks read and written when P executes

the following sequence of actions on this file. Ignore caching effects.

(i) P seeks to byte offset 1000, and writes 10 bytes of data.

(ii) P seeks to byte offset 22000 and writes 10 bytes of data.

(iii) P seeks to byte offset 9000 and reads 10 bytes of data.

Explain your answer.

[8+8+12=28]
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