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1. Let m[0]…m[4] be mutexes (binary semaphores, initialized to 1) and P[0] …. P[4] be processes. 

Suppose each process P[i] executes the following:  

  wait (m[i]);wait (m[(i+1) mod 4]);  

  ......... 

  signal (m[i]); signal (m[(i+1)mod 4]);  

Could this cause (a) Deadlock (b) Starvation? Justify with logic.       

2. The following sequence shows the semaphore operations at the beginning and at the end of the tasks P, 

Q, R. Determine, for the 4 cases a, b, c, d, given in the table, in which sequence the tasks will be 

executed, using the initializations of the semaphore variables given in table. Assume that the CPU 

scheduler is non-preemptive and process arrival sequence is P, Q, R. Internally, semaphore maintains a 

FIFO queue. 

Sequence of semaphore operations  

Task P   Task Q   Task R 

 

P(SA)   P(SB)   P(SC) 

P(SA)   .   P(SC) 

P(SA)   .   P(SC) 

.   .   . 

.   .   . 

V(SB)   V(SC)   V(SB) 

 

END   END   END 

 

Initial values for semaphore variables  

 



Variable a b c d  

SA 2 3 2 2 

SB 0 0 1 0 

SC 2 2 1 3 

 

3. A shared variable p, initialized to zero, is operated on by four concurrent processes W, X, Y, Z as 

follows. Each of the processes W and X reads p from memory, increments by one, stores it to memory, 

and then terminates. Each of the processes Y and Z reads p from memory, decrements by two, stores it to 

memory, and then terminates. Each process before reading p invokes the wait() operation on a counting 

semaphore S and invokes the signal() operation on the semaphore S after storing p to memory. 

Semaphore S is initialized to two (2). What is the maximum possible value of p after all processes 

complete execution?  

4. A computer system has the segmented paging architecture for virtual memory. The memory is byte 

addressable. Both virtual and physical address spaces contain 2
16

 bytes each. The virtual address space is 

divided into 8 nonoverlapping equal size segments. The memory management unit (MMU) has a 

hardware segment table, each entry of which contains the physical address of the page table for the 

segment. Page table are stored in the main memory and consists of 2 byte page table entries. 

(i) What is the minimum page size in bytes so that the page table for a segment requires at most one page 

to store it? Assume that the page size can only be a power of 2. 

(ii) Now let’s assume that the page size is of 256 bytes. Assume that each page table entry contains 

(besides frame number) 1 valid bit, 3 bits for page protection and 1 dirty  bit. How many bits are available 

in page table entry for storing the aging information for the page?                 

 

5. Free disk space can be kept track of using a linked list (grouping) or bit map scheme. Disk addresses 

require D bits. For a disk with B blocks, F of which are free, deduce the condition under which the linked 

list uses less space than bit map. For D having the value 16 bits, express your answer as a percentage of 

disk space that must be free. 

6. Consider a disk with the 100 tracks numbered from 0 to 99 rotating at 3000 RPM. The capacity of each 

track is 32KB and size of each sector is 512 bytes. Each data block is made of two consecutive sectors. 

The time to move the head between two successive tracks is 0.2 millisecond. Now answer the following 

questions (i) Consider a file consists of five disk blocks each located at five different tracks. A set of disk 

requests have been initiated to read the file from tracks 32, 7, 45, 5 and 10. Assuming that the SCAN 

algorithm is used to schedule disk requests, and the head is initially at track 25 moving up (towards larger 

track numbers), what is the total seek time for servicing the requests? (ii)  Compute the average time 

required to read the entire file from the disk. You can assume that for each data block transfer, controller 

overhead is of 0.1ms.     

7. A Unix-style Index-node has 10 direct pointers and one single, one double and one triple indirect 

pointers. Disk block size is 1 Kbyte, disk block address is 32 bits. What is the maximum possible file 

size?           



8. Consider a disk where each seek takes 6msec per cylinder movement, rotation speed is 3600rpm and 

each track holds 1 MB of data. Each disk block is of size 4KB. The disk implements SCAN algorithm. 

Now assume that one file of size 32KB is stored on the disk. The i
th
 block of the file (i starts from 0) is 

stored on cylinder (i×30)%n where n=100 are the total number of cylinders (cylinder numbers: 0-99). 

Compute the total time required to read the complete file. Assume that the disk head is initially on 

cylinder 25 moving up (towards larger track numbers) and disk controller overhead is negligible.   

9.A computer system implements 8 KB pages and a 32-bit physical address space. Each page table entry 

contains a valid bit, a dirty bit, three permission bits, and the translation information. If the maximum size 

of the page table of a process is 24 MB, compute the length of the virtual address (in bits) supported by 

the system.  

10. Consider a hard disk with 16 recording surfaces (0 − 15) having 16384 cylinders (0 − 16383) and each 

cylinder contains 64 sectors (0 − 63) . Data storage capacity in each sector is 512 bytes. Data are 

organized surface-cylinder-sector–wise (starting from minimum surface, cylinder and track number) and 

the addressing format is <surface no., cylinder no., sector no.>. A file of size 42797 KB is stored in the 

disk and the starting disk location of the file is <9, 1200, 40>. What is the cylinder number of the last 

sector of the file, if the file is stored in a contiguous manner? 

 

 


