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I. (a) Write, from your own understanding, the difference in properties of the following types of
operating systems: (5)

(i) Batch, (ii) Interactive, (iii) Time Sharing, (iv) Real Time and (v) Distributed

(b) What is the purpose of system programs? Why these programs are necessary when we have
system calls? (5)

(c) Consider the Safety Algorithm that is used to check whether or not a system is in safe state. Let n
be the number of processes in the system and m be the number of resource types. Prove that the
algorithm requires an order of m x n2 operations. [Hint: Work and Finish vectors used in the
algorithm are of length m and n respectively]. (10)

2. (a) The page size of a virtual memory system varies between 512 Kbytes and 16 Kbytes. What is
your choice, a larger page size or a smaller page size? Discuss advantages and disadvantages for both
the cases. (6)

(b) What is forward distance and backward distance for a page in a page trace? (2)

(c) A paged virtual memory system has two-level hierarchy: Main memory and Disk memory.
Assume a page size of 4 words. The number of page frames in main memory is 3. The number of
pages in disk memory is 10. A certain program generates the following sequence of word addresses:
9, 10, II, 12, 14, 15, 24, 25, 24, 26, 28, 29, 30, 31, 25, 2,4, 2, 4, 0, 1, 2, 8, 9, 4, 20, 21, 23, 4, 5, 21,
22, 16, 18,33,35,36,37,32,33.

Show the successive virtual pages residing in the three page frames with respect to the above
trace using (i) FIFO, (ii) LRU and (iii) LFU. Compute and compare the hit ratios. (12)

3. (a) From the figure given below find which pair of the events (a, b), (c, d), (e, f) are causally related
and which are not. Use Lamport's logical clock concept to find the value of the clock at x. The initial
values are all I as shown in the figure. (3+3=6)
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(b) Why vector clock is necessary in distributed system even though we have Lamport's logical clock
that gives the virtual time of progressing events? Explain clearly. By comparing the vector time
stamps, find whether the following events are causally related or not. (4+4=8)

(i) (3,2,4,3), (2, 0, 3, 3) and (3, 3, 4, 4) (ii)(5, 3, 4,1) and (3,2,3,1)
(iii) (8,5,6,2,7) and (4,4,0,3,5) (iv) (1, 0,1,3) and (5,1,4,4)



(c) In Birman-Schiper-Stephenson Protocol for causal ordering of messages, there are two conditions
based on which a received message is delivered or delayed. State the condition that takes care of the
ordering of messages corresponding to processes other than the sender process. As this condition is
not for the messages from the sender process, why then is it necessary? Explain. (3+3=6)

4. (a) State whether the following set of messages of a global state are consistent or inconsistent. (2)
I. {rn; I send (mij) E LSi /\ rec (mij) ~ LSj }
ii. {rn., I send (mij) ~ LSi /\ rec (mij) E LSj }

(b) State, with the help of diagrams, how two concurrent cut events form consistent cut, whereas,
two causally related cut events are inconsistent cut events. Prove that if C={ c I, c2, ... en) is a cut
with a vector time VTc , then the cut is consistent iff

YTc = (YTcl[I], YTd2], VTd3], ... VTcn[n]). (5+5=10)

(c) Explain Chandy-Lamport's Marker Sending and Marker Receiving rules with the help of proper
diagrams. How consistent global state can be recorded using this? (6+2=8)

5. (a) What is a Request Set in the non-token based distributed mutual exclusion algorithms? Why is it
so important? (1+2=3)

(b) In Lamport's mutual exclusion algorithm, there are two conditions to be met for a site to enter the
CS. Which are these? Is the second condition redundant? If not, why is it necessary? (2+3=5)

(c) In Suzuki Kasami broadcast algorithm, what information is kept by the token? Where and how is
it used in the algorithm. (2+3=5)

(d) In Raymond's tree-based algorithm explain how the logical tree changes when the token T
(which is node a now) is requested by the node p in figure below. When the token T reaches p, node
b requests for it. State how node b's request will reach node p.

(3+4=7)

6. (a) The Oral Message Algorithm OM(m) will work if there are at most m traitors out of total n
processors. Can you give a simple proof to show that the algorithm will not work if the number of
traitors are even one more than m? (where m=L(n-l)/3J) (5)

(b) In the Interactive Convergence algorithm for clock synchronization, discuss how after every
synchronization process the clocks come closer by a factor of 3mln . (5)

(c) Draw a two process time-space diagram to show how live-lock occurs due to process failures. (5)

(d) Explain, with the help of proper diagrams, what information is sent along with the request of
process p to take a tentative checkpoint so that the processes in ckpt cohort; will also take tentative
checkpoint in Koo and Toueg's Checkpointing algorithm. (5)

********Answer only 5 questions. All answers of the same question should be in same place*********


