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1. (a) Consider n processes that use the following code structure:

{ ... wait(mutex); critical_section(); signal(mutex); ... }

where mutex is a semaphore initialised to 1. Clearly explain how this solution satisfies the bounded

waiting property if the semaphores are implemented using (i) busy-waiting, (ii) blocking. Use ap-

propriate references to the implementation of the wait() and signal() functions as necessary.

(b) Once upon a time, somewhere in Africa, there was a big lake. A large herd of elephants and a pride

of lions would both come to the lake to drink water, but these two sets of animals always avoided

each other.

You need to write an application that uses semaphores to simulate this situation. Model each animal

by a process that executes an appropriately named function (elephant() or lion()). You may

assume the existence of a function named drink() that has the obvious significance.

Write pseudo-code for the bodies of the elephant() and lion() functions to ensure that two different

types of animals are never simultaneously executing drink(). Full credit will only be given to

solutions that are starvation free.

[(8+4) + 24 = 36]

2. (a) Consider a memory management system on a machine with a 32-bit address bus that uses a page/frame

size of 2 Kbytes. Assume that each page table entry is 4 bytes long.

(i) How many bits can be used to store additional information about a page (besides the physical

address of the corresponding frame) in each page table entry?

(ii) List and briefly explain (2-3 lines) any three types of such additional information that are

usually stored in page table entries.

(b) What is Belady’s anomaly?

(c) Explain the Additional Reference Bits approximation to the LRU page replacement algorithm.

[(2+12) + 1 + 8 = 23]

3. Consider the memory management system in the 80386 architecture.

(a) Describe the format of the 16-bit segment selector used in this system.

(b) List and describe (in 1-2 lines each) four important fields contained in a segment table entry.

(c) How many segments can a process’ address space contain? If each segment table entry is 8 bytes,

how much space will be required to store the segment table(s)?

[3 + 6 + 4 = 13]

p.t.o.



4. (a) Briefly explain why (i) inodes, and (ii) disk blocks are assigned numbers starting from 1 instead of

0.

(b) Explain how an inode in the inode cache can be simultaneously on a hash queue and the free list.

Briefly describe a situation where this can be useful.

(c) Briefly explain how the list of free data blocks is maintained in an SVR2 filesystem. Why is an

analogous structure not needed to maintain a list of free inodes?

(d) (i) What timestamps are stored in the inode for a file or directory in an SVR2 filesystem?

(ii) Suppose some of your classmates are having an argument about which of these timestamps is

displayed in the output produced by the ls -l command. Design an “experiment” to resolve

this dispute (you should describe what command(s) you will run, and explain what conclusions

you can draw based on the observed output).

[(2+2) + 7 + 7 + (3+12) = 33]
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