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1. (a) Recall that the integer value of a binary semaphore can only be 0 or 1. Write pseudo-code to show the

functioning of the blocking version of the wait and signal operations on binary semaphores. (Do not

write code for ordinary counting semaphores.)

(b) Show how you would implement the above wait and signal system calls using an atomic

swap(int *x, int *y) operation. [4+6=10]

2. (a) Define internal and external fragmentation.

(b) For which of the following memory management schemes is internal / external fragmentation possi-

ble: (i) paging, (ii) segmentation? In each case, justify your answer in 2-3 lines.

(c) Explain how page-fault frequency monitoring can be used to prevent thrashing.

(d) Clearly explain what hardware support is provided in i386 processors’ architecture to speed up the

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

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

3. Consider a variant of the SVR2 filesystem in which the inode table of contents consists of 15 entries,

comprising 10 direct, 2 single indirect, 2 double indirect, and 1 triple indirect entry. Assume that

• the block size for this filesystem is 4096 bytes,

• each block number can be stored in 32 bits,

• the format of a directory data block is the same as in SVR2 filesystems.

(a) Calculate the maximum possible file size for this filesystem.

(b) The stat command is used to display information about a file on UNIX-like filesystems. When the

command is run on a particular computer, it shows that the inode number corresponding to both the

root directory (/) and the /home directory is 2. Explain why / how this can happen.

(c) Recall that the mkdir and touch commands can be used to create the specified directories and files

respectively. Draw a diagram of the data block for the directory myNewDirectory after the following

commands are executed to create some new files and directories.

$ mkdir myNewDirectory

$ mkdir myNewDirectory/a myNewDirectory/b myNewDirectory/c

$ touch myNewDirectory/d myNewDirectory/e

What will change if the file myNewDirectory/d is now deleted?

p.t.o.



(d) Recall that the link count for an inode (with inode number n, say) within a filesystem may be defined as

the total number of directory data block entries (over the entire filesystem) in which the inode number

field contains n. Using this definition, explain why the link count for the directory myNewDirectory

would be 5 after the above operations. [3+2+(2+1)+5=13]

4. ProZilla is an application that is used to download files from HTTP or FTP servers. It makes multiple

connections to a server and downloads a file in multiple parts simultaneously to reduce the time required

for a download. Suppose that you implement ProZilla using the following outline.

...

partSize = totalDownloadSize / numParts;

fp = fopen(targetFile, "w");

for (count = 0; count < numParts; count++) {

if (0 == (p = fork())) {

socketfd = socket(...); /* open connection */

getPartialData(socketfd, count, buffer, partSize); /* download my part into buffer */

fseek(fp, count * partSize, SEEK_SET); /* go to my part of file */

fwrite(buffer, sizeof(char), partSize, fp); /* dump my part */

return;

}

else {

count++;

printf("Forked child (pid %d) to take care of fragment %d\n", p, count);

}

}

(a) Draw a diagram to show the relationship between the inode cache, global file table (GFT), and process

file descriptor tables for the processes involved. Show the relevant fields in the GFT entries. Hence

explain why this is an incorrect solution.

(b) Suggest a simple modification that will make the scheme work correctly. [(4+3)+3=10]

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

Total = [ 5 4 5 3 6 ]

Max =


5 1 1 1 5

2 2 2 2 2

0 1 2 3 4

4 0 4 0 4

2 0 1 2 3

 Alloc =


1 1 1 1 1

1 1 1 0 0

0 0 0 0 2

2 0 2 0 0

0 0 0 1 1

 Req =


1 0 0 0 4

1 1 1 1 1

0 0 0 2 2

1 0 0 0 3

2 0 1 1 1


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

Show that the system is neither in a safe state nor in a deadlocked state. [5+5=10]
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