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General Aptitude (GA)

Q.1 — Q.5 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: — 1/3).

| 0.1 | Gauri said that she can plav the kevboard her sister.
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Q3 If @1s the angle, in degrees, between the longest diagonal of the cube and any
one of the edges of the cube, then, cos 8=

(A)

O =

o 1Y 3 .
If x—E = x—E =x+2, then the value of x1s:

@A) | 2

®) |4

©) |6

D) | 8
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Q.9 Pen : Write :: Knife :

Which one of the following options maintains a similar logical relation in the

above?
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Q. 6 — Q. 10 Multiple Choice Question (MCQ), carry TWO marks each (for each wrong
answer: — 2/3).

Q.6 Listening to music during exercise improves exercise performance and reduces
discomfort. Scientists researched whether listening to music while studying can
help students learn better and the results were inconclusive. Students who needed
external stimulation for studying fared worse while students who did not need

any external stimulation benefited from music.

Which one of the following statements is the CORRECT inference of the above

passage?

(A) | Listening to music has no effect on learning and a positive effect on physical

exercise.

(B) | Listening to music has a clear post

learning.

(C) | Listening to music has a clear post

positive effect on leaming only in

(D) | Listening to music has a clear post

has a positive effect only in some ¢
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Q.8 The number of students in three classes is i the ratio 3:13:6. If 18 students are
added to each class, the ratio changes to 15:35:21.

The total number of students in all the three classes in the beginning was:
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Q9 350
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Year 1 Year 2 Year 3
o Number of units ENet Profit (°)

The number of units of a product sold in three different years and the respective

net profits are presented in the figure above. The cost/unit in Year 3 was * 1, which

was half the cost/unit in Year 2. The cost/unit in Year 3 was one-third of the

©) |34

D) | 1:2
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Q.10 Six students P, Q, R, S, T and U, with distinct heights, compare their heights

and make the following observations.

Observation I: S is taller than R.

MNhneratine TT- M in dha choasdandt £ a1

[l B L4 |
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Q.1 — Q.10 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: — 1/3).

Q.1 Let G be a connected undirected weighted graph. Counsider the following two state-
ments.
S1: There exists a mimimum weight edge in (G which is present in every
minimum spanning tree of G.
Sy 1 If every edge in G has distmct weight, then G has a unique minimum
spanning tree.
Which one of the following options is correct?
(A) | Both S| and S3 are true.
(B) | Sq is true and S5 is false.
(C) | Sq is false and Sy is true.
(D) | Both S| and S, are false.
Q.2 Let H be a binary min-heap consisting of n elements implemented as an array. What
is the worst case time complexity of an optimal algorithm to find the maximum
element in H?
A) | @)
(B) | ©(logn)
(C) | ©(n)
(D) | B(nlogn)
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Q.3 Consider the following ANSI C program:
int main() {
Integer x;
return O;
}
Which one of the following phases in a seven-phase C compiler will throw an error?
(A) | Lexical analyzer
(B) | Syntax analyzer
(C) | Semantic analyzer
(D) | Machine dependent optimizer
Q.4 The format of the single-precision floating-point representation of a real number as
per the IEEE 754 standard is as follows:
| sign | exponent | mantissa |
Which one of the following choices is correct with respect to the smallest normalized
positive number represented using the standard?
(A) | exponent = 00000000 and mantissa = 00000000000000000000000
(B) | exponent = 00000000 and mantissa = 00000000000000000000001
(C) | exponent = 00000001 and mantissa = (00000000000000000000000
(D) | exponent = 00000001 and mantissa = 00000000000000000000001
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Q.5 Which one of the following circuits implements the Boolean function given below?

flz,y,2z) = mg+ my + mg + my + mg + mg, where m; is the i minterm.

1 I L I 5 3~ 1
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Q.6 Consider the following statements S1 and S2 about the relational data model:

S1: A relation scheme can have at most one foreign key.
S2: A foreign key in a relation scheme R cannot be used to refer to tuples of R.

Which one of the following choices is correct?

Q.7 Consider the three-way handshake mechanism followed during TCP connection es-
tablishment between hosts P and Q. Let X and Y be two random 32-bit starting
sequence numbers chosen by P and Q respectively. Suppose P sends a TCP connec-
tion request message to Q with a TCP segment having SYN bit = 1, SEQ number
= X, and ACK bit = 0. Suppose Q accepts the connection request. Which one of
the following choices represents the information present in the TCP segment header
that is sent by Q to P?

(A) | SYN bit = 1, SEQ number = X+1, ACK bit = 0, ACK number =Y, FIN bit =0

(B) | SYN bit = 0, SEQ number = X+1, ACK bit = 0, ACK number =Y, FIN bit = 1

(C) | SYN bit = 1, SEQ number = Y, ACK bit = 1, ACK number = X+1, FIN bit =0

(D) | SYN bit = 1, SEQ number = Y, ACK bit = 1, ACK number = X, FIN bit = 0
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Q.8 What is the worst-case number of arithmetic operations performed by recursive
binary search on a sorted array of size n?

(A) | ©(vn)
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Q.10 Consider the following ANSI C program.

#include <stdio.h>
int main(){
int arr[4]1[5];
ant i, J;
for (i=0; i<4; i++){

gram?!
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Q.11 — Q.15 Multiple Select Question (MSQ), carry ONE mark each (no negative marks).

Q.11 Consider the following sets, where n > 2:

Si: Set of all n x n matrices with entries from the set {a,b, ¢}
Sy: Set of all functions from the set {0,1,2,...,n” — 1} to the set {0,1,2}

Q.12 Let L; be a regular language and Ly be a context-free language. Which of the
following languages is/are context-free?

(A) | LinI,

(B) | T,UT

(C) | Liu (Lo ULy)

(D) | (L1 N Ly) U (Ly N Ly)
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Q.13 In the context of compilers, which of the following is/are NOT an intermediate
representation of the source program?

(A) | Three address code
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Q.15 Choose the correct choice(s) regarding the following propositional logic assertion
S:

S:((PAQ) = R) = (PAQ) — (Q = R))

(A) | S 1s neither a tautology nor a contradiction.
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Q.16 — Q.25 Numerical Answer Type (NAT), carry ONE mark each (no negative marks).

Q.16 Consider a complete binary tree with 7 nodes. Let A denote the set of first 3
elements obtained by performing Breadth-First Search (BFS) starting from the
root. Let B denote the set of first 3 elements obtained by performing Depth-First
Search (DFS) starting from the root.

The value of |A — Bl 1s

Q.19 Consider a set-associative cache of size 2KB (1KB = 2!° bytes) with cache block
size of 64 bytes. Assume that the cache is byte-addressable and a 32-bit address is
used for accessing the cache. If the width of the tag field is 22 bits, the associativity

of the cache 1s
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Q.20 Consider a computer system with DMA support. The DMA module is transferring
one 8-bit character in one CPU cycle from a device to memory through cycle stealing
at regular intervals. Consider a 2 MHz processor. If 0.5% processor cycles are used
for DMA. the data transfer rate of the deviceis _—____ bits per second.

t X denote the random variable whose value
ppeared in these 1,000 tosses. The standard
1 places) is

tion:

turn 1;

onlx - ¥, ¥):
onlx, y - x);

}

The value returned by SomeFunction(15,255) is
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Q.24 Suppose that P is a 4 x 5 matrix such that every solution of the equation Px =0

is a scalar multiple of [2 5 4 3 1]7. The rank of P is
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Q.26 — Q.39 Multiple Choice Question (MCQ), carry TWO mark each (for each wrong
answer: — 2/3).

Each letter in the string must be assigned a
properties:
gned to one letter must not be a prefix of the

equency, the letter which occurs earlier in the
de whose length 1s at most the length of the

mments which satisfy the above two properties,
meoded string?
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Q.27 Assume a two-level inclusive cache hierarchy, L1 and L2, where L2 1s the larger of
the two. Consider the following statements.

Sy : Read misses in a write through L1 cache do not result in writebacks
of dirty lines to the L2.

Sy : Write allocate policy must be used in conjunction with write
through caches and no-write allocate policy is used with writeback

i correct?

CS, Set-2 - Copyright © GATE 2021 Page 23 of 43



(¢7:% ] = Graduate Aptitude Test in Engineering 2021
2821 Organising Institute - IIT Bombay

Computer Science and Information Technology (CS, Set-2)

Q.28 Suppose we want to design a synchronous circuit that processes a string of 0’s
and 1's. Given a string, it produces another string by replacing the first 1 in any
subsequence of consecutive 1's by a 0. Consider the following example.

Input sequence: ~ 00100011000011100
Output sequence:  00000001000001100

1 I = 50 1
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Q.29 In an examination, a student can choose the order in which two questions (QuesA

and QuesB) must be attempted.

- If the first question is answered wrong, the student gets zero marks.

- If the first question 1s answered correctly and the second question 1s not answered
correctly, the student gets the marks only for the first question.

- If both the questions are answered correctly, the student gets the sum of the
marks of the two auestions.

sility of correctly answering a question and the

of answering correctly | marks
0.8 10
0.5 20

vants to maximize her expected marks in the
| she attempt the questions and what is the
ne that the questions are independent)?

ed marks 14.

ed marks 14.
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Q.30 Consider the following ANSI C code segment:

z=x+ 3 + y->f1 + y->£2;
for (1 =0; 1 <200; i=1i+ 2){
if (z > 1) {

P=PpP+x+3;

q

I
Vo]
+*
5
v
'..h
il
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Q.31 The relation scheme given below is used to store information about the employees of
a company, where empId is the key and deptId indicates the department to which
the employee is assigned. Each employee is assigned to exactly one department.

emp (empId, name, gender, salary, deptld)

Consider the following SQL query:
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Q.32 Let S be the following schedule of operations of three transactions Ty, Th and Tj
in a relational database system:

Ry(Y), By(X), Ry(Z), By (Y), Wi(X), Ra(Z), Wa(Y), Ry(X ), W3(Z)

Consider the statements P and Q below:

- e L

then S 1s recoverable.

s correct?

.
B) | 75573
: r+3
©) | 75+3

(D) (r;_—l-b) (r—ri——le—l (rl}t—?—z (}L_f';—il)
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Q.34 Consider the cyclic redundancy check (CRC) based error detecting scheme having
the generator polynomial X*+ X + 1. Suppose the message mymgmomymg = 11000
is to be transmitted. Check bits cycqey are appended at the end of the message by
the transmitter using the above CRC scheme. The transmitted bit string is denoted
by mymamamymgeacicg. The value of the checkbit sequence cacycp 18
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Q.36 Consider the following ANSI C program:

#include <stdio.h>
#include <stdlib.h>
struct Node{

int value;

struct Node #next;};

CS, Set-2 - Copyright © GATE 2021
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Q.36 Consider the following two statements about regular languages:
Si: Every infinite regular language contains an undecidable language as a subset.
Ss: Every finite language is regular.

Which one of the following choices is correct?

(A) | Only S 1s true.

©) | 11

(D) | 100
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Q.38 For a statement S in a program, in the context of liveness analysis, the following
sets are defined:
USE(S) : the set of variables used in S
IN(S) : the set of variables that are live at the entry of S
OUT(S) : the set of variables that are live at the exit of S
(Manaider a hacie hlack that ecoancigte of twn statements S, fallowad he Sa
Q.39 For constants a > 1 and b > 1, consider the following recurrence defined on the
non-negative integers:
1
T(n)=a-T (%) + f(n)
Which one of the following options is correct about the recurrence T'(n)?
(A) | If f(n) is nlogy(n), then T'(n) is ©(nlogy(n)).
. n .
B) | If f(n) is ——, then T(n) is O(logs(n)).
(B) f(n) bfogg(n) wen T(n) is O(logy(n))
(C) | If f(n) is O(n'*%(9)~¢) for some € > 0, then T(n) is ©(n'e:(®)),
(D) | If f(n) is O(n'%(@)), then T(n) is O(n'o%@),

CS, Set-2 - Copyright © GATE 2021 Page 32 of 43



(¢7.-% | Sl Graduate Aptitude Test in Engineering 2021
2@'2__:'_ Organising Institute - IIT Bombay

Computer Science and Information Technology (CS, Set-2)

Q.40 — Q.47 Multiple Select Question (MSQ), carry TWO mark each (no negative marks).

Q.40 Suppose the following functional dependencies hold on a relation U with attributes

P,Q. RS, andT:

P — QR
RS—>T

lependencies can be inferred from the above

Q.41 For a string w, we define w® to be the reverse of w. For example, if w = 01101
then w® = 10110.

Which of the following languages is/are context-free?

(A) {IL-‘.I'H'R.I'R | w,z € {0,1}"}

(B) | {ww"zz® | w,z € {0,1}}

(©€) | {wzw® | w,z € {0,1}"}

(D) | {wzzfw? | w,xz € {0.1}*}
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Q.42 Consider the following multi-threaded code segment (in a mix of C and psendo-
code), invoked by two processes P1 and P2, and each of the processes spawns two
threads T1 and T2:

int x = 0; // global
Lock: L1: // global
main() {
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Q.43 Consider a computer system with multiple shared resource types, with one instance
per resource type. Each instance can be owned by only one process at a time.
Owning and freeing of resources are done by holding a global lock (L). The following
scheme is used to own a resource instance :
function OWNRESOURCE(Resource R)
Acquire lock L // a global lock

if R 1c availahla thean

fan | rm 1 a1 a1 1l 1 -
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Q.44 If the numerical value of a 2-byte unsigned integer on a little endian computer
is 255 more than that on a big endian computer, which of the following choices
represent(s) the unsigned integer on a little endian computer?

(A) | 0x6665
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Q.45 Consider a computer network using the distance vector routing algorithm in its
network layer. The partial topology of the network is as shown below.

X‘A\-Z
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Q.46 Consider the following directed graph:
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Q.47 Which of the following regular expressions represent(s) the set of all binary numbers
that are divisible by three? Assume that the string ¢ is divisible by three.

(A) | (04 1(01%0)*1)*
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Q.48 — Q.55 Numerical Answer Type (NAT), carry TWO mark each (no negative marks).

Q.48 Consider a three-level page table to translate a 39-bit virtual address to a physical
address as shown below.

int main()

{
int r = foo(15,15,10);
printf ("%d", r);
return 0;

}

The output of the program upon execution is
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Q.50 Let S be a set consisting of 10 elements. The number of tuples of the form (A, B)
such that A and B are subsets of S, and A C B 1s

1 I 1 o~ Ll — LA B R LS B B S L - e masmnbae adb atbasaeo am Fha ond |
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Q.53 Consider a pipelined processor with 5 stages, Instruction Fetch (IF), Instruction
Decode (ID), Execute (EX), Memory Access (MEM), and Write Back (WB). Each stage
of the pipeline, except the EX stage, takes one cycle. Assume that the ID stage
merely decodes the instruction and the register read is performed in the EX stage.
The EX stage takes one cycle for ADD instruction and two cycles for MUL instruction.
Ignore pipeline register latencies.

Consider the followine seauence of 8 instructions:

Q.54 Consider a network using the pure ALOHA medium access control protocol, where
each frame is of length 1,000 bits. The channel transmission rate is 1 Mbps (= 106
bits per second). The aggregate number of transmissions across all the nodes (in-
cluding new frame transmissions and retransmitted frames due to collisions) is
modelled as a Poisson process with a rate of 1,000 frames per second. Throughput
is defined as the average number of frames successfully transmitted per second. The
throughput of the network (rounded to the nearest integer) is
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Q.55 In a directed acyclic graph with a source vertex s, the quality-score of a directed
path is defined to be the product of the weights of the edges on the path. Further,
for a vertex v other than s, the quality-score of v is defined to be the maximum
among the quality-scores of all the paths from s to v. The quality-score of s is
assumed to be 1.

END OF QU = wn e
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