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1. (a) Consider a multi-threaded application. For each of the following, state whether it is shared by all

threads or not: (i) global variables, (ii) local variables, (iii) open files.

(b) Suppose 2 threads within a process execute the following code. Assume that A and i are variables of

the appropriate types.

for (i=0; i < 100; i++) putchar(A[i])

Each of A and i may be a local variable, or a global variable. This gives rise to 4 possibilities. For each

of these possibilities, compute the minimum and maximum number of characters printed on the screen

when the process executes the above code. Clearly justify your answer.

If the same explanation applies in multiple cases, simply state this. You do not have to repeat your explanation.

(c) Explain how asynchronous I/O can be useful for an implementation of a user-level threads library.

[3 + 17 + 8 = 28]

2. (a) In a demand-paged system, it takes 100 nanoseconds to access memory. The page table has 8 entries

and is held in registers. It takes 10 milliseconds to service a page fault if an empty frame is available

or if the victim frame is not dirty. If the victim frame is dirty, the page fault service time is 20ms.

Assuming that the victim frame is dirty 80% of the time, find the maximum page fault rate for which

the effective memory access time remains within 200 nanoseconds.

(b) Consider a demand-paged system where the degree of multiprogramming is currently fixed at four. The

system is periodically monitored for utilization, and the following readings are obtained:

• CPU utilization: 13%, disk utilization: 95%;

• CPU utilization: 13%, disk utilization: 3%;

• CPU utilization: 87%, disk utilization: 3%;

Explain what is most probably happening in each situation. Also suggest a way to increase CPU

utilization in the first two cases.

(c) Consider the i386 memory management hardware.

(i) How many segments can be present in a process’ logical address space? How many of these can be

used at a time?

(ii) How many bits of each page table entry are needed to store the frame address for that page?

[12 + 12 + (4+2) = 30]



3. (a) Consider an SVR2 filesystem with the following parameters:

• the block size for this filesystem is 512 bytes;

• each block number can be stored in 32 bits.

(i) What is the theoretical upper limit on the size of a file in such a system?

(ii) Compute the minimum and maximum number of disk blocks occupied by a file of size (A) 4,000

bytes (B) 16,000 bytes.

(b) When a file is “created” using the creat system call, what permissions are checked in each of the

following situations and why? (i) the file already exists; (ii) the file does not exist (i.e., it is actually

created).

(c) In the umount system call, how does the kernel determine if any file/directory on the mounted filesystem

is currently in use?

[(4+(6+6)) + (4+4) + 4 = 28]

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

Total = [ 5 6 7 6 5 ]

Max =



5 4 3 2 1

1 3 0 3 2

0 1 2 1 3

2 0 X 0 4

1 1 1 1 1


Alloc =



1 1 1 1 1

1 1 0 0 0

0 0 0 0 2

2 0 2 0 0

0 0 0 1 1


Req =



4 0 0 0 0

0 1 0 3 2

0 0 2 1 1

0 0 0 0 3

1 1 1 0 0


Total [i ] specifies the total number of instances of resource i that exists 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.

(a) Compute the minimum value of X for which the system will be in an unsafe state.

(b) Show that the system is not in a deadlocked state.

[14 + 10 = 24]
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