Graduate Aptitude Test in Engineering 2021

Organising Institute - IIT Bombay

Computer Science and Information Technology (CS, Set-1)

General Aptitude (GA)

Q.1 — Q.5 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: — 1/3).
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Q2 A polygon is convex if, for every pair of points, P and Q belonging to the polygon,
the line segment PQ lies completely inside or on the polygon.

‘Which one of the following is NOT a convex polygon?

LT | —— |
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Q3 Consider the following sentences:

(1) Everybody in the class is prepared for the exam.

(1)  Babu invited Danish to his home because he enjoys playing chess.
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Q.5 1s to surgery as writer is to

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

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

ser, M and N, of dimensions 6 cm x 1 cm each.
ylinder by bringing the short edges of the sheet
il square patches and assembled to form the
ming the ends of the cylinder are closed, the

to that of the cube is

R |

CS, Set-1 - Copyright © GATE 2021 Page 6 of 40



(c7-Y | il Graduate Aptitude Test in Engineering 2021
3@21 Organising Institute - IIT Bombay

Computer Science and Information Technology (CS, Set-1)

Q7 Items Cost Profit % Marked Price
® ®
P 5,400 - 5,860
25 10,000

1 Q are presented in the above table. The ratio
is 3:4. Discount is calculated as the difference
1e selling price. The profit percentage is

mce between selling price and cost, to the cost

x 100).

ntage of its marked price, 1s
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Q.8 There are five bags each containing identical sets of ten distinct chocolates. One

chocolate is picked from each bag.

The probability that at least two chocolates are identical is
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Q.9 Given below are two statements 1 and 2, and two conclusions I and II.

Statement 1: All bacteria are microorganisms.

TRV LA ¥ndxr aanaliicsnn 1 ao aneeant

ct.
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Q.10 Some people suggest anti-obesity measures (AOM) such as displaying calorie
information in restaurant menus. Such measures sidestep addressing the core

problems that cause obesity: poverty and income inequality.

Which one of the following statem

(A) | The proposed AOM addresses the

(B) | If obesity reduces, poverty will nat

(C) | AOM are addressing the core prob

(D) | AOM are addressing the problem s
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Q.1 — Q.10 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: — 1/3).

(C)|t>nandt <3 [%-l

(D) | t > [logy(n)] and £ < n
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Q.3 Consider the following three functions.
fl = 10" f‘l = ”[ngn f3 = N"/;

Which one of the following options arranges the functions in the increasing order

(C) | S, is true and S, is true

(D) | Sy is false and S» is false
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Q.5 Consider the following statements.

Si: Every SLR(1) grammar is unambiguous but there are certain
unambiguous grammars that are not SLR(1).
rammar, there is a parser that takes at
arse a string of length n.

s correct?

I e i B T

in base 3 be 210. What is the hexadecimal
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Q.7 Let p and g be two propositions. Consider the following two formulae in proposi-
tional logic.

o>

(-pA(pVa)) —q
q— (-pA(pVy))

5 correct?

tology.

tology.

(C) | S, is false and S, is true.

(D) | Both S; and S> are false.
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Q.9 Consider the following array:.

[23]32][45]69[72]73[89]97 |

r options uses the least number of comparisons
‘he above array in ascending order?

pivot

Q.10 A binary search tree T' contains n distinct elements. What is the time complexity
of picking an element in 7" that is smaller than the maximum element in 77

(A) | ©(nlogn)

(B) | ©(n)

(C) | ©(logn)

CS, Set-1 - Copyright © GATE 2021 Page 15 of 40



(¢7:% ] = Graduate Aptitude Test in Engineering 2021
2@'2__! Organising Institute - IIT Bombay

Computer Science and Information Technology (CS, Set-1)

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

Q.11 In the context of operating systems, which of the following statements is/are correct
with respect to paging?
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Q.13 Suppose a database system crashes again while recovering from a previous crash.
Assume checkpointing is not done by the database either during the transactions
or durine recoverv
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Q.15 Consider a linear list based directory implementation in a file system. Each direc-
tory is a list of nodes, where each node contains the file name along with the file
metadata snch as the list of nointers to the data blocks. Consider a given directory

will necessarily require a full scan of foo for
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Q.16 — Q.25 Numerical Answer Type (NAT), carry ONE mark each (no negative marks).

Q.16 In an undirected connected planar graph G. there are eight vertices and five faces.
The number of edges in G is
Q.17 Consider the following undirected graph with edge weights as shown:

BAvy A woas BlA T LSRR ALLA LT TY Avaa

to a computer such that:

1ghest job and the slowest computer gets the

job.
un be done is

sanew pras
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Q.20 Consider the following expression.
. V2r4+22-4
lim ——M—
-3 r+3

The value of the above expression (rounded to 2 decimal places) is

21 Consider the following sequence of operations on an empty stack.
push(54); push(52); pop(); push(55); push(62); 8 = pop();
Consider the following sequence of operations on an empty queue,
enqueue(21); enqueune(24); dequeue(); enqueue(28); enqueue(32); q = dequeue();

The value of s + q is
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Q.24 Consider the following representation of a number in IEEE 754 single-precision
floating point format with a bias of 127.

| E : 10000001 F': 11110000000000000000000

Here S. E and F denote the sign, exponent and fraction components of the floating
point representation.

he above representation (rounded to 2 decimal

vith CPU bursts of 16, 20 and 10 milliseconds.
about the length of the CPU bursts, the mini-
a for these three processes in a non-preemptive
r)is— milliseconds.
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Q.26 — Q.39 Multiple Choice Question (MCQ), carry TWO mark each (for each wrong
answer: —2/3).

.26 Consider the following grammar (that admits a series of declarations, followed by
expressions) and the associated syntax directed translation (SDT) actions, given
as pseudo-code:
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Q.27 The following relation records the age of 500 employees of a company, where empNo
(indicating the employee number) is the key:

empAge(empNo, age)

Consider the following relational algebra expression:

i ‘ . (empAge))

ge>agel) pcmpNDI , agel

erate?

plovees whose age is the maximum.

mployees whose age is more than the age of

whose age is not the minimum.

whose age is the minimum.
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Q.28 Consider a 3-bit counter, designed using T flip-flops, as shown below:

L

Clock >

PulseT 5 ’7> i P <

mter given by PQR as 000, what are the next

(B) | xis 0 and y is 1.

(C) | zis 1 and y is 0.

(D) |zisland yis L.
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Q.30 Consider the following recurrence relation.

T(n) = T(n/2)+T(2n/5)+ Tn ?f n >0
1 ifn=20

Which one of the following options is correct?
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Q.31 Consider the following context-free grammar where the set of terminals is
{a,b,e,d, f}.

S—daT|Rf
T—aS|baT|e
R—caTR |€
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Q.32 Let r;(z) and w;(z) denote read and write operations respectively on a data item z
by a transaction T;. Consider the following two schedules.

S1: mi(x) ri(y) ra(x) ra(y) wa(y) wi(x)

Syt ri(x) ra(x) raly) waly) ri(y) wy(x)

Which one of the followine antions is correct?

(B) | D is a lossy decomposition, but Ds is a lossless decomposition.

(C) | Both D, and D, are lossless decompositions.

(D) | Both Dy and D; are lossy decompositions.
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Q.34 Let G be a group of order 6, and H be a subgroup of G such that 1 < |H| < 6.
Which one of the following options is correct?

(A) | Both G and H are always cyclic,

| 1 oo Mh i maricd s A srmsmiabiloas ¥V oasd W oceenb dkad 1

(D) | Both S; and S, are false.
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Q.36 Let G = (V, E) be an undirected unweighted connected graph. The diameter of G
is defined as:

diam(G) = nm%c‘{tlw length of shortest path between u and v}

u,vc
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Q.37 Consider the following ANSI C program.

#include <stdio.h>
int main()
{
int i, j, count;
count = 0;

s correct?

sfully.
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Q.38 Consider the following langnage.
L= {w e {0,1}" | w ends with the substring 011}

Which one of the following deterministic finite automata accepts L7
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Q.39 For a Turing machine M, (M) denotes an encoding of M. Consider the following
two languages.

Ly = {(M)| M takes more than 2021 steps on all inputs}
{

L, = {(M)| M takes more than 2021 steps on some input}
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Q.40 — Q.47 Multiple Select Question (MSQ), carry TWO mark each (no negative marks).

.40 Define R, to be the maximum amount earned by cutting a rod of length n meters
into one or more pieces of integer length and selling them. For i > 0, let p[i]
denote the selling price of a rod whose length is i meters. Consider the array of
prices:

(B) | Root of T is an articulation point in G if and only if it has 2 or more children.

(C) | A leaf of T can be an articulation point in G.

(D) | If w is an articulation point in &G such that z is an ancestor of u in 7 and y is a
descendent of u in T', then all paths from z to y in G must pass through u.
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Q.42 Consider the following Boolean expression.
F=(X+Y+2)X+Y)Y +2)

Which of the following Boolean expressions is/are equivalent to F (complement of
)?

Q.43 A relation R is said to be eireular if aRb and bRe together imply cRa.
Which of the following options is/are correct?

(A) | If a relation S is reflexive and symmetric, then S is an equivalence relation.

(B) | If a relation S is circular and symmetric, then S is an equivalence relation.

(C) | If a relation S is reflexive and circular, then S is an equivalence relation.

(D) | If a relation S is transitive and circular, then S is an equivalence relation.
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Q.44 A TCP server application is programmed to listen on port number P on host 5. A
TCP client is connected to the TCP server over the network.

Consider that while the TCP connection was active, the server machine S crashed
and rebooted. Assume that the client does not use the TCP keepalive timer.
Which of the following behaviors is/are possible?

packet, it may wait indefinitely.

n listen on P after reboot.

server reboot, it will receive a RST segment.

server reboot, it will receive a FIN segment.

value 0x1234,

(C) | If the second fragment is lost, P is required to resend the whole TCP segment.

(D) | TCP destination port can be determined by analysing only the second fragment.
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Q.46

Consider the following pseudocode, where S is a semaphore initialized to 5 in line#2
and counter is a shared variable initialized to 0 in line#1. Assume that the incre-
ment operation in line#7 is not atomic.

1. int counter = 0;
2. Semaphore S = init(5);
3. void parop(void)

1e threads successfully complete the execution

1e threads successfully complete the execution

threads.
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Q.47 Consider a dynamic hashing approach for 4-bit integer keys:

There is a main hash table of size 4.

The 2 least significant bits of a key is used to index into the main hash table.
Initially, the main hash table entries are empty.

Thereafter, when more keys are hashed into it, to resolve collisions, the set of
all keys corresponding to a main hash table entry is organized as a binary tree
that grows on demand.

W LD BO
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Q.48 — Q.55 Numerical Answer Type (NAT), carry TWO mark each (no negative marks).

Q.48 Consider the following ANSI C function:

int SimpleFunction(int Y[], int n, int x)

{

| Ao e
I

P AT o

+ o+ o+ 4+

o= O =0

In a compiler, this code segment is represented internally as a directed acyclic graph
(DAG). The number of nodes in the DAG is
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Q.51 In a pushdown automaton P = (Q, %, I, 4, gp, F), a transition of the form,

/}3: a,X =Y @

Y € ' U {¢}, represents

) € d(p,a, X).

itomaton over the input alphabet ¥ = {a,b}

3 A b,A— e
}\ €€ € /Q\ eA— A (f‘;\.
b4 NS

I accepted by the above pushdown automaton

The total time to execute 100 independent instructions on this pipeline, assuming
there are no pipeline stalls, is __________ nanoseconds.
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Q.54 A sender (S) transmits a signal, which can be one of the two kinds: H and L with
probabilities 0.1 and 0.9 respectively, to a receiver (R).
In the graph below. the weight of edge (u, v) is the probability of receiving v when u
is transmitted, where u,v € {H, L}. For example, the probability that the received
signal is L given the transmitted signal was H, is 0.7.

03¢ a

T s
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Qo | semion | S IPS | S | e | | M
1 5 McQ GA C 1 1/3
2 5 McQ GA A 1/3
3 5 McQ GA
4 5 McQ GA
5 5 MCQ GA
6 5 McCQ GA
7 5 McQ GA
8 5 McQ GA
9 5 McQ GA
10 5 McQ GA D 2 2/3
- 5 McQ csS c 1 1/3
> 5 MCQ cs c 1 1/3
: 5 MCQ csS D 1 1/3
- 5 MCQ csS c 1 1/3
5 5 MCQ csS c 1 1/3
6 5 McQ cs A 1 1/3
. 5 MCQ csS B 1 1/3
- 5 MCQ csS c 1 1/3
s 5 MCQ csS c 1 1/3
10 5 McQ cs D 1 1/3
11 5 MsQ cs A; C 1 0
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Q.No. | session | it NAT| Name | Kevrmonge | Mo | Wi
12 5 MsQ cs D 1 0
13 5 MsQ cs A 1 0
14 5 MsQ cs A;C 1 0
15 5 MsQ cs A;C 1 0
16 5 NAT cs 11 to 11 1 0
17 5 NAT cs 3to3 1 0
18 5 NAT cs 0.35 to 0.39 1 0
19 5 NAT cs 65 to 65 1 0
20 5 NAT cs 0.25t0 0.25 1 0
21 5 NAT cs 86 to 86 1 0
22 5 NAT cs 17 to 17 1 0

819 to 820
23 5 NAT cs OR 205 to 1 0
205
24 5 NAT cs |-7.75t0-7.75 1 0
25 5 NAT cs 12 to 12 1 0
26 5 McQ cs B 2 2/3
27 5 McQ cs C 2 2/3
28 5 McQ cs A 2 2/3
29 5 McQ cs A 2 2/3
30 5 McQ cs C 2 2/3
31 5 McQ cs A 2 2/3
32 5 McQ cs B 2 2/3
33 5 McQ cs A 2 2/3
34 5 McQ cs B 2 2/3
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35 5 McQ cs D 2 2/3
36 5 McQ cs A 2 2/3
37 5 McQ cs B 2 2/3
38 5 McQ cs D 2 2/3
39 5 McQ cs
40 5 MSsQ cs
41 5 MSsQ cs
42 5 MSQ cs
43 5 MSsQ cs
44 5 MSsQ cs
45 5 MSsQ cs
46 5 MsQ Cs A;B;D 2 0
47 5 MSsQ cs c 2 0
48 5 NAT cs  [1023to 1023 2 0
49 5 NAT cs 50 to 52 2 0
50 5 NAT cs 6t0 6 2 0
51 5 NAT cs 50 to 50 2 0
52 5 NAT cs 3t03 2 0
53 5 NAT cs 1:1{?‘;50 2 0
54 5 NAT cs | 0.04t00.04 2 0
55 5 NAT cs 50 to 50 2 0
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