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GATE CS Topic wise Questions

Digital Logic

YEAR 2001

Question. 1

Given the following Karnaugh map, which one of the following

represents the minimal sum-of-Broducts of the map ?

wx
y2\. 00 01 11 10
00| 0| x| o0]|X
01| X | 1] x| 1
1mf o x| 1] o0
1001 |1 ] X
(A) zy+y'z

(C) v+ yz+ zy

(B) w'y' + xy + 22

(D) 2z+y
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x—Ho, D e

SOLUTION

wx

2
/ 00 01 11 10

o0l 0 | X | 0 | X

orf(x |1 | x| 1)

110&10
100&&0

There are 2 quads.

y'z+ yx
So zy+ 9'z

Hence (A) is correct option.

Question. 2

Consider the following circuit with [initial state @y = @ = 0. The
D flip-flops are positive edged triggered and have set up times 20
nanosecond and hold times 0.

i

’— Clock @ Clock
c

Consider the following timing diagrams of X and C'; the clock of
C' = 40 nanosecond. Which one is the correct plot of YV

C

X




SOLUTION

Consider the following circuit with initial state Qo= @, = 0. The
D flip-flops are positive edged triggered and have set up times 20
nanosecond and hold times 0.

Figure
Consider the following timing diagrams of X and C'; the clock period
of C'= 40 nanosecond. Which one is the correct plot of Y 7

Figure

0 20 40 60 80 | 100~ 120 140 160 200 220

Question. 3

The 2’s complement representation of (— 539);, is hexadecimal is

(A) ABE (B) DBC
(C) DE5 (D) 9E7
SOLUTION

Binary of 539 = 1000011011
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Binary :0010 0001 1011

2's comp :1101 1110 0101
Hexadecimal D FE 5

(DES) 1
Hence (C) is correct option.

Question. 4

Consider the circuit shown below. The output of a 2:1 Mux is given
by the function (ac' + bc).

1—a a
2:1 9 2:1 |
MUX MUX

0—1b c b c
rl m2|

Which of the following is true ?

(A) f=al"+ a2 (B)af = z1'22 + 2122’
(C) f= 2122 4 z1'22' (D)f =p2] + 22
SOLUTION

Output of any 2:1 MUX = ac' + be
Here output of MUX 1.
g = az + b
Output of MVX 2
=g+ nn
f = (az+ bm) 2o+ my 3
f= az Ty + br T + T2
Given a=1,b0=0
[ =nm+ no
Hence (C) is correct option.

Question. 5

Consider the circuit given below the initial state Qy =1, = Q> = 0.

The state of the circuit is given by the value 40, + 20 + Qo
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’7 LSB
Clock —

MSB

Which one of the following is the correct state sequence of the circuit

?

(A)1,3,4,6,7,5,2

(C)1,2,7,3,5,6,4

(B)1,2,5,3,7,6,4

(D) 1,6,5,7,2,3,5

SOLUTION
Initially | Qo Q| Q| Value 40Qs4 20, + Qo
Clk 1 010 1
1 0 1 0 2
2 1 0 1 5
3 1 1 0 3
4 1 1 1 7
5 0 1 1 6
6 0 0 1 4

Hence (B) is correct option.

YEAR 2002

Question. 6

Minimum sum of product expression for f(w,z,vy,2) shown in

Karnaugh-map below is
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wx
y2\_ 00 01 11 10

(A) zz+ ¢z (B) 22" + 2o’
(C) 2y+ 22 (D) None of the above
SOLUTION
wx
yz

00 ‘01 11‘ 10
0

S

r
R

1

_Tif_‘\\ 0
0

10| 0 (f—
|

S

X

There are 2 quads possible
2+ 7'z

Hence (B) is correct option.

Question. 7

The decimal value of 0.25

(A) is equivalent to the binary value 0.1

(B) is equivalent to the binary value 0.01

(C) is equivalent to the binary value 0.00111.....
(D)

D) cannot be represented precisely in binary.
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SOLUTION

Given decimal no. 0.25

Binary =7

26 x2=.5
HX2=1
(.01)

Hence (B) is correct option.

Question. 8

The 2’s complement represent representation of the decimal value

—15 is

(A) 1111 (B) 11111
(C) 111111 (D) 10001
SOLUTION

Given (— 15)10
Binary of 15 = (01111),

2’s complement of 15 would fépregent (— 15).
01111

(10001),

Hence (D) is correct option.

Question. 9

Sign extension is a step in

(A) floating point multiplication
(B) signed 16 bit integer addition
(C) arithmetic left shift
(D)

D) converting a signed integer from one size to another.

SOLUTION

Sign extension is the operation in computer arithmetic of increasing
no. of bits of a binary no., while preserving sign and value done by
appending MSB’s. In the floating point multiplication to bring the
no. in desired no. of significant digits sign extension is done.

Hence (A) is correct option.
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Question. 10

In 2’s complement addition, overflow

(A) Relational algebra is more powerful than relational calculus
B) Relational algebra has the same power as relational calculus.

D

(B)
(C) Relational algebra has the same power as safe relational calculus.
(D) None of the above.

SOLUTION

In 2’s complement addition, overflow occurs when the carries from
sign bit & previous bit doesn’t match. So overflow can’t occur when
a positive value is added to some negative value.

Hence (B) is correct option.

Question. 11

Consider the following logic circuit whose inputs are functions f, f, f
and output is f

[ > —sn

Given that
filz,y,2) = %(0,1,3,5)
b(x,y,2) = 3(6,7), and
flz,y,2) = 3(1,4,5)

£ is

(A) £(1,4,5) (B) %(6,7)

(C) ¥(0,1,3,5) (D) None of the above
SOLUTION

filz,y,2) = ¥(0,1,3,5)
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Yz
x
00 01 11 10
ol(1 [ID)] 1
0 [ B 2|
DD
4 5 7| 6]
=2y +yz+ 22
b(x,y,2) = 3(6,7)
Yz
x
00 01 11 10
0
1 (1 1)
:xy
f(x7y7z) - 2(17475)
Yz
x
00 01 11 10
—
0 1
(1 [[1]
:xyl+ylz
fzy,2) = fb - §
=L kth

= zy(2y + yz+ 22) + (zy + '2)
b =xyz+ oy + xyz+ 22
£ =%2(1,4,5)

Hence (A) is correct option.

Question. 12

Consider the following multiplexor where 10, 11, 12, 13 are
four data input lines selected by two address line combinations
A1A0 = 00,01,10,11 respectively and f is the output of the

multiplexor. EN is the Enable input.
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10

11

12 4To 1

13 Multiplexor [ f(z, y, 2)

Al
A0
EN

{4

The function f(z,y,z2) implemented by the above circuit is

(A) zy? (B) zy+ =
(C) z+y (D) None of the above
SOLUTION

Al A(] EN (MUX) WOI'k

0 |0 |1 |donot

0 |1 |0 [(MUX) Work

1 [0 [1 |donot

1 11 10

So MUX is ENABLED only if Ag =0
So output should have 2.

Consider zyz' option (A)

A, Ag=1 0 gives correct answer.
Hence (A) is correct option.

Question. 13

Let f(A,B) = A'+ B. Simplified expression for function f(f(z+ v,7),2)
1s

(A) 2+ 2 (B) zyz
(C) ) + 2 (D) None of the above
SOLUTION

flz+yy) =(z+y'+y
= z+yt+y
ff(z+y,y).2) =2s+y+y+=z
= (z+ty- -y +=
[(z+y) - yl+2

Page 10



CS Topicwise 2001-2010
[z + yy] + 2
Ty + 2

Hence (C) is correct option.

Question. 14

What are the states of the Auxiliary Carry (AC) and Carry Flag
(CY) after executing the following 8085 program 7

MIV H, 5DH

MIV L, 6BH

MOV A, H

ADD L

(A) AC=0and CY=0 (B) AC=1and CY=1
(C) AC=1and CY=0 (D) AC=0and CY=1
SOLUTION

Program is to add 2 nos kept in H & Lg result of addition is stored
in A.
(56D)16+ (6B) 15 =

(D111

01011101
+ 01101011
(0)11001000

@ is the carry so CY =0
(1) is auxillary carry AC =1

Hence (C) is correct option.

Question. 15

The finite state machine described by the following state diagram

with A as starting state, where an arc label is = and z stands for

1-bit input and y stands for 2-bit output.
Page 11
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0/01

QMU @ 1/10

0/01

0/00

(A) Outputs the sum of the present and the previous bits of the
input.

(B) Outputs 01 whenever the input sequence contains 11
(C) Outputs 00 whenever the input sequence contains 10
(D) None of the above.

SOLUTION
Previous input | Present i/p | Output
0(A) 0(A) 00
0(A) 1(B) 01
1(B) 0(A) 01
1(B) 1(C) 10
1(C) 1(C) 10
1(C) 0(A) 01

So output is always sum of the present and previous bits of input.
Hence (A) is correct option.

YEAR 2003

Question. 16

Assuming all numbers are in 2’s complement representation, which of
the following number is divisible by 111110117

(A) 11100111 (B) 11100100
(C) 11010111 (D) 11011011
SOLUTION

We can’t judge the no’s in 2’s complement first we need to convert
them in decimal
Given no. 11111011-00000101=5
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(A) 11100111 - 00011001 = 25
(B) 11100100 - 00011100 = 28
(C) 11010111 - 00101001 = 41
(D) 11011011 — 00100101 = 37

From all only option (A) is divisible by 5.

Shortcut : To convert 2’s complement no. directly into original binary,
we should complement all the digits from MSB till the last one (1).
Keep the last 1 from the LSB as it is. Observe in the example.

Question. 17

The following is a scheme for floating point number representation
using 16 bits.

Bit Position 15 14... ... 9 8. ... .. 0

S e m

sign exponent Mantissa

Let s,c and m be the number, represented in binary in the sign,
exponent, and mantissa fields respectively. Then the flouting point
number represented id

{(— 1)2(1 + mx 2 %2 *Afthe exponent 111111

0 otherwise

What is the maximum difference between two successive real numbers
representable in this system?

(A) 27" (B) 2
(C) 222 (D) 231
SOLUTION

e has 6 bits so max value can be
2°—1 =63 when e= 111111
But given e # 111111

So max e = 62 = 111110
Two consecutive number will have same exponent but difference in
mantissa by 1.
Difference would be

(= 1)1+ (m+1)2792%% — (= 1)*(1 +m x 277277312 x 277

— 222
Hence (C) is correct option.
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Question. 18
A 1l-input, 2-output synchronous sequential circuit behaves as follows.
Let z,n. denote the number of 0’s and 1’s respectively in initial k£ bits

of the input (z + n, = k). The circuit outputs 00 until one of the
following conditions holds.

1. my — m = 2. In this case, the output at the k-th and all subsequency
clock ticks is 10.

2. n, — z = 2. In this case, the output at the k-th and all subsequent
clock ticks is 01.

What in the minimum number of states required in the state transition
graph of the above circuit?

(A) 5 (B) 6
(C) 7 (D) 8
SOLUTION

The sequential circuit has 3 variables to decide the state in which
input & 2 inputs are presents Output for particular inputs decide
states.

State
Intial

~
~
=3
@]
o
—
]
e
[N}

TLK—ZK:2

ZK—TLKIQ

Initial

TLK—ZK:2

0
1
0
1 Not applicable
0
1
0

ZK—TLK:2

el Laal Ll il E=1 k=1 [Nl Nan)
el E==1 Ken RN =S BEi B en Rl Naw)

1 1 1S correct

Using 3 bits we require
2° — 1 =7 states here.
Hence (C) is correct option.

Question. 19

The literal count of a boolean expression is the sum of the number of
times each literal appears in the expression. For example, the literal
count of (zy+ x2) is 4. What are the minimum possible literal counts



of the product-of-sum and sum-of-product representations respectively
of the function given by the following karnaugh map?

Here, X denotes “don’t care”

zw
zy\_ 00 01 11 10

00| X 1 0 1

01f 0 1| X 0

11 1 | X | X 0

10 X | O 0 | X

(A) (11,9) (B) (9,13)
(C) (9,10) (D) (11,11)
SOLUTION

Considering product of sum &"sum of'product separately.

ATl YAV
Ty Y
N0 01 11 107 00 01 11 10
&y\@ 1) ] o <1/ 00 @ 1 {(0)| 1
01| 0 |((1] Xj 0 oiflo)| 1 |(x 0)
nlalm x| o 11| x |[x oj
10/@ 010 (X\ 10| [o [To]| )

Sum of product Product of sum
= wy+ wy + Jwr +2yd = (y + ) (2 +y) (w+ 2)
12 34 567 8910 (24 z+ w)

Literal count =10 Lateral count =9

Hence (C) is correct option.
In SOP the K-map is solved for 1 & POS K-map solved for 0

CS Topicwise 2001-2010
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Question. 20

Consider the following circuit composed of XOR gates and non-
inverting buffers.

i I apiren BDay

8= 2 8,= 4

The non-inverting buffers have delays 6, = 2ns and 6, = 4ns as shown

in the figure. both XOR gates and al wires have zero delay. Assume
that all gate inputs, outputs and wires are stable at logic level 0. If
the following waveform is applied at input. A, how many transition
(s) (change of logic levels) occur (s) at B during the interval from 0
to 10 ns?

Logic 1
A g

: T T T T T T 1 T : : Logic 0
Time O 1 2 3 4 5 6 “78 9 10 1lmns

(A) (B2
(©) 3 (D)4
SOLUTION

Due to delays S; =2 & S, = 4 the transitions would occur at time 1,
2 & 4.

Time | Input (A) | Output (B)

0 1 0
I 1 1 0 Transition
II 2 1 0 Transition
11 4 0 1 Transition

So total 3 transitions
Hence (C) is correct option.

YEAR 2004

Question. 21

The Boolean function 2'y' + xy + 2'y is equivalent to
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(A) 2+ (B) z+y
(C) z+y (D) 2 +y
SOLUTION
l.lyl+ xy_|_ x,yl
2(y+19)+ ay (A+A")=1
T+ zy (A+AB)=(A+A) - (A+ B)
(Z+2) (249
L. (2+y)
24y

Hence (D) is correct option.

Question. 22

In an SR latch made by cross-coupling two NAND gates, if both S
and R inputs are set to 0, thenfit will result in

(A)@=0,@ =1 B)@=1,=0
C)R=10Q=1 (D) Indeterminate states
SOLUTION

SR latch both S and R when 0 leads to invalid state.

So———

Dot
R

B

Transition table for SR flip flop.
S R Q(Next state)

0 0 Invalid so Q=Q’=1 change
0 1 1
1 0 0
1 1 previous state
For S=R=0 Q=Q’=1

Hence (C) is correct option.
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Question. 23

If 73, (in base-z number system) is equal to 54, (in base-y number
system), the possible values of x and y are

(A) 8, 16 (B) 10, 12
(C) 9,13 (D) 8,11
SOLUTION
(73). = (54),

Tr+3 =5y+4

(Z,y) Tr+ 3 Sby+4

8, 16 59 84

10, 12 73 64

9,13 64 69

8, 11 59 59

Hence (D) is correct option.

Question. 24

What is the result of evaluating the _following two expressions using
three-digit floating point arithmetic with rounding?

(113.4—111.)+7.51

113.4+(—111.47.51)
(A) 9.51 and 10.0 respectively (B) 10.0 and 9.51 respectively
(C) 9.51 and 9.51 respectively (D) 10.0 and 10.0 respectively

SOLUTION

Expression 1

(113.0 4+ (= 111.) + 7.51

(113.0 — 111.0) + 7.51

2.0+ 7.51

9.51

10 rounded off
Expression 2

113.0 4+ (= 111.0 4+ 7.51)

113.0 4+ (— 103.49)

113.0 — 103.00

10.0 rounded off

Hence (D) is correct option
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Question. 25

A circuit outputs a digit in the form of 4 bits. 0 is represented by
0000, 1 by 0001,...9 by 1001. A combinational circuit is to be diesigned
which takes these 4 bits as input and outputs 1 if the digit = 5, and
0 otherwise. If only AND, OR and NOT gates may be used, what is
the minimum number of gates required?

(A) 2 (B) 3
(C) 4 (D) 5
SOLUTION

CKT takes 4 bits as the input so K-Map will have 4 variable so 16
options are available.

cd
PN 00 01 11 10

ool 0O 1] O | O | O

01| 0 (1 (1) 1}
x| [x)] x)

1001 | 1

1 digit =5

0 otherwise

Here for 0 to 4 we have 0 output, from 5 to 9 1 output & for 10 to 15
don’t care. 1 octed & 2 pounds.

a+ bd+ be

a+b(d+ ¢

Two OR gates

One AND gate

Total 3

Hence (B) is correct option.

Question. 26
Which are the essential prime implicates of the following Boolean
function?
fla,b,¢c) = dec+ acd + b'e
(A) d'c and ac (B) d'c and b'c

CS Topicwise 2001-2010
Digital Logic
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(C) d'c only (D) ac' and bc

SOLUTION

fla,b,c) = d'c+ ac'+ V¢
Making min terms a'bc+ a'b'c + abc' + ab'c' + a'b'c+ ab'c
Since b'c gives no new term.
So d'c & ac' are only essential prime implicants.
Solution detailed method
Tabulation method
Since b'c gives no new term.
So da'c & ac' are only essential prime implicants.
Solution detailed method
Tabulation method
fla,b,¢) =>.m(1,3,5,6,4)
Figure
Figure
3 & 6 have only 1 cross they are ina'c & ac

Question. 27

Consider the partial implemeéntation fo a 2-bit counter using 7T flip
flops following the sequence 0-2-3-1-0f as shown below

T, Q;j X—T, @

2

’7 MSB ’7 LSB
CLK

To complete the circuit, the input X should be

(A) @' (B) @+ Q
(C) (Q® Q) (D) Q® Q,
SOLUTION

Counter counts the no. of signal inversion change of states.
Sequence input is 0 —2—-3—-1—-0
Page 20



Binary 00 — 10— 11— 01 — 00 to generate signals if we XOR gate
then it outputs 1 if both are different.

So output sequence would be. 0 — 1 — 0 — 1 — 0 & the sequence would
be counted.

So. X = Q1® QQ

Hence (D) is correct option.

Question. 28

A 4-bit carry look ahead adder, which adds two 4-bit numbers, is
designed using AND, OR, NOT, NAND, NOR gates only. Assuming
that all the inputs are available in both complemented and
uncompensated forms and the delay of each gate is one time unit,
what is the overall propagation delay of the adder? Assume that the
carry network has been implemented using two-level AND-OR logic.

(A) 4 time units (B) 6 time units
(C) 10 time units (D) 12 time units
SOLUTION

Carry of any higher order bit-is~dependent-upon previous order bit
addition generated carry.
Cout = go+ po C in
PP PP

g3 g2 9190
C3 C2 €1 Cp

c; g3+ Psgo+ PsPogi+| PyPyPogy+ PsP, P, Py Cin
This is 4 bit look ahead adder equation total gate delay
=14+14+2+2
=6

Hence (B) is correct option.

Question. 29

Let A =11111010 and B 0000 1010 be two 8-bit 2’s complement
numbers. Their product in 2’s complement is

(A) 1100 0100 (B) 1001 1100
(C) 1010 0101 (D) 1101 0101

CS Topicwise 2001-2010
Digital Logic
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SOLUTION
A and B are in 2’s complement form.
A =11111010

Binary = 00000110 = 6

2’s complement represent —ve number

So A=-6
B = 00001010
MSB is 0 so +wve no. decimal 10.
B =10
AX B=—6x10
=—60

Binary of 60 = 00111100
2’s complement 11000100

Hence (A) is correct option.

YEAR 2005

Question. 30

Consider the following circuit.

i}}f

Z—

Which one of the following is TRUE?
(A) f is independent of X (B) f is independent of Y
(C) f is independent of Z (D) None of X,Y,Z is redundant
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SOLUTION
X XY
XY.Y2
% o
Y.Z
A

f=XY-Y-Z
=X-Y+Y-Z
=X-Y+Y-Z

For redundant check we need to draw K map to min terms.

XY(Z+2)+(X+X) - YZ
XYZ+ XY Z+XYZ+XYZ

Yz
T
00 01 11 10

11 (o]

XY+ YZ+ XZ
Hence (D) is correct option.

Question. 31

The range of integers that can be represented by an a bit 2’s
complement number system is

(A) —2" 1o (2" 1—1) B) —(2" '=1) to (2" ' —1)
(C) —2" " to 2"! (D) — (2" "+ 1) to (2" ' —1)
SOLUTION

n bit 2’s complement system must have corresponding bit binary
system.

But to implement +ve & — ve nos.

Both we require MSB to be sign bit.

So maximum magnitude can be 2"' — 1 suppose we take n = 4.
Page 23
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Using 4 bits.

1111, ..... 0000, ..... 0111
-7 +7

This would be the range.

So —(2"'—=1) to +(2"'—1)

Hence (B) is correct option.

Question. 32

The hexadecimal representation of 6575 is

(A) 1AF (B) D78
(C) b71 (D) 32F
SOLUTION

(657)s = (7)16
Making binary
00010101111 = (TAF)js
Hence (A) is correct option.

Question. 33

The switching expression corresponding to

f(A,B,C,D) =¥ (1,4,5,9,11,12] is

(A) BCD + A'CD+ ABD (B) ABC'+ ACF+ BCD
(C) ACD'+ A'BC' + AC'D (D) A'BD+ ACD' + BCD'
SOLUTION

f(A,B,C,D) =3(1,4,5,9,11,12)

Drawing K map for min terms.

CD

AB
1
OO 0 ﬂl 3 2
01 m @
4 5 7 6
11 U
2 13 15| 14

10 (1] 1)

8 9 11] 12
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BCD+ACD+ABD
So min terms are
BCD+ACD+ AB D
Hence (A) is correct option.
Question. 34

Consider the following circuit involving a positive edge triggered D
-FF.

X—}
[ >

Y

B DI ot
A ’7 CLK— Q' —‘

Consider the following timing diagram. Let A7 represent the logic

level on the line A in thé i —%h clock period.

CLK

.
.
()
_;_
N
__U_'_

Let A represent the complement of A. The correct output sequence
on Y over the clock perids 1 through 5 is

(A) AgA A'A3 A, (B) AgA Ay Az A,y
(C) 414, A5 A3 A,y (D) A1 Ay A3 AL As
SOLUTION

We need to calculate equation for D input.
D = (4:X) - (XQ)'
=A+X+X+Q
D=A'"+X+Q
Drawing truth table for ckt

Clock | X QO =0 Ql =1 Ai Y
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0 1 0 1 Ay | Ao
1 1 0 1 A A
2 0 0 1 A" A
3 1 0 1 A" LAY
4 1 0 1 A LA
5 0 0 1 A" | A

Hence (A) is correct option.

Question. 35
The following diagram represents a finite state machine which takes

as input a binary number from the least significant bit

0/0 0/1

1/0
1/1

@ @

Which one of the following is=FRUE?

(A) It computes 1’s complement of*tlie)input number
(B) It computes 2’s complement of the input number
(C) It increments the input number
(D)

D) It decrements the input number

SOLUTION

The transition table for the diagram

Present state | Input | Next state [ Output
Qo 0 Qo 0
Qo 1 o) 1
Ql 0 o) 1
o 1 o 0

So the FSM takes input from LSB side it doesn’t change state till the
first 1 comes from LSB side, after that it complement all the bits.
This is logic for 2’s complement.

Hence (B) is correct option.
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Question. 36

Consider the following circuit

Dy Q | D)o ol
sl iy

CLK

The flip-flops are positive edge triggered D FFs. Each state is
designated as a two bit string @, ). Let the initial state be 00. The
state transition sequence is

(A) 00 — 11 — 01 (B) 00 — 11
(C) 00— 10 - 01 — 11 (D) 00 — 11 — 01 — 10
SOLUTION

Truth table for DFF

CP D | Qi1 Action
0 X . |No change
1 0 0 Reset
1 1 1 Set

D here AX+ X'Q
Truth table for ckt

@ @ N S
0 0 1 1
1 1 1 0
1 0 0 1
0 1 0 0
0 0 1 1
and so on.

Hence (D) is correct option.

Data for Q. 37 & 38 are given below.
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Solve the problems and choose the correct answers.

Consider the following floating point format

15 14 8 7 0

:

Sign bit  Excess-64 Mantissa,
Exponent

Mantissa is a pure fraction is sign-magnitude form.

Question. 37

The decimal number 0.239x 2" has the following hexadecimal

representation without normalization and rounding off

(A) 0D 24 (B) 0D 4D
(C) 4D 0D (D) 4D 3D
SOLUTION

Sign bit 0

Exponent = 13
Excess 64 = 13+ 64 = 77 = 1001101
Binary of 239

carry
239%2 0

AT8%2
.956%2
912x2
824 %2
.648%2
296 x2
.592x2
184 v

[ s Y S G S G T

We have & bits for Mantissa 00111101

So the floating point format.
Page 28



0 1001101) 00111101
0100 1101 00111101
4 D 3 D

Hence (D) is correct option.

Question. 38

The normalized representation for the above format is specified as
follows. The mantissa has an implicit 1 preceding the binary (radix)
point. Assume that only 0’s are padded in while shifting a field. The
normalized representation of the above number (0.239 x 2'%) is

(A) 0A 20 (B) 11 34
(C) 4D DO (D) 44 ES
SOLUTION

Given no. .239 x 2

Normalized form of binary.
Binary — .239 = (00111101),
Normalized = 1.11101 x 2
A
Proceeding implicit 1
So 8 bit mantissa
11101000
padding

Excess 64 exponent
1001010="74
Sign bit =0

Floating | Point Format
0 1001010 | 11101000
0100 1010 1110 | 1000
4 A E 8

GAES
Hence (D) is correct option.

CS Topicwise 2001-2010
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YEAR 2006

Question. 39

You are given a free running clock with a duty cycle of 50% and a
digital waveform f which changes only at the negative edge of the
clock. Which one of the following circuits (using clocked D flip flops)
will delay the phase of f by 180° ?

f—P>—{D D QF—

CLK g

f—P—D Q D Q—

(A)

<)
o

B) o1k

a
Q
=

—— D Q—
(D)
—
CLK
SOLUTION

We require phase shift of 180 in f In ckt (B) the negation of signal f
& clock delays signal f by 180.



0

CLK

1 - oLk ’—{>o—

So phase shift occurs.

Hence (B) is correct option.

Question. 40

Consider the circuit below. Which one of the following options

correctly represents f(x,y,2)?

T
Mux

Mux

(A) 2+ 2y + y2
(C) 22+ 2y + yz

(B) 22+ 3y + yz

(D) zz+ 2y + yz

SOLUTION

MVXI

Selects X when Z = 0
Y whenZ =0

MVX II

Selects (XZ2'+ Y'Z) when y=0

X when y =0

Simplifying

=2y + 2y + xy
= 22y +zy(z+ 2) + 29/

so (XZ+Y2Z)Y+ XY

w2y + xyz+ zyd + 2y (x+ o)
= 22"y + xyz+ 2y + wy'z+ 2y'z
Yz+ xy'z+ xyd + zyz+ xyja+ a =

=yz+ad(y+y) +ay(z+2)

=yz+ 2 + 2y

CS Topicwise 2001-2010
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Hence (A) is correct option.

Question. 41

Given two three bit numbers a,a;ay and b, b by and ¢, the carry in, the
function that represents the carry generate function when these two
numbers are added is

(A) b+ qraibi+ ;aragby + ayaobyiby+ a1 b by + aragba by + agba by by
(B) @b+ abiby+ ;abiby+ aagbu b+ aiagby + aragbyby + @ agbi by
(C) &+ bt (@®b)[a+ b+ (a®b)(a+ )

(D) aabo+ Gy by + @z a9by + a2 Gy by by + a3 b2 by @y ag b2 by + ag by by by

SOLUTION
as |a; |ag by [ b1 |0y |C
0 |10 |0 |0 (O |O
0 [0 |1 ]0 |0 (1
0O (1 |0 |0 |1 |O
0O (1 [0 ]0 |1 (&
1 ]0 |1 {1 [0 |@
110 |0 [1 |0 |1
1 |1 |1 ({1 |1 {0
1 (1 (0 (1 |1 |1
Case 1 These are the possible value of a;a;ay & by b by when a, = 1
c=1

Case 11 bo=1c=1s0 ay+ by
Case III If any 1 of ay or by is 1 a; @ by
thenif gy=1c=1
bi=1c=1s0 a® by[a;+ b
Case IV If any of a, or by is 1 & any of a, or b, is 1
then if aqp=1c¢=1 or if by = 1 then ¢ =1 so overall.
ar+ b+ [(a2 @ by){a1+ b1+ (a1 @ by) (a0 + bo) }]
Hence (C) is correct option.

Question. 42

Consider a boolean function f(w,z,y,z). Suppose that exactly one of
its inputs is allowed to change at a time. If the function happens to
be true for two input vectors 4 + < wy, m, 11,1 > and i + < uy, By, Yo, 2 >



, we would like the function to remain true as the input changes from
it to i (4 and 4, differ in exactly one bit position), without becoming
false momentarily. Let f(w,z,vy,2) =3 (5,,711,12,13,15). Which of
the following cube covers of f will ensure that the required property
is satisfied?

(A) wzz, wry, xyz, xyz, WYz (B) wzy, wrz, wyz
(C) wzyz, xz, wryz (D) wzy, wyz, wrz, wwzz, 1Yz, vYZ
SOLUTION

Given function f(w,z,y,2) = 3(5,7,11,12,13,15) draw K-map of the
above function.
Yz
wz
00 01 11 10

1
00 0 1 3 2

o1 114 | 1

4 5. I 6
111 |\1)||1
(—mﬂz%p] 14
10 1 b
8 9 1 10

1 quad = az=xzz(y+ ¥y) = 22y + ay'z

(1§

2 pairs = wzxy + wyz
Yz + xy' 2z + wry + wyz
Hence (A) is correct option.

Question. 43

We consider addition of two 2’s complement numbers b, 10, ».....0
and a, 1a, »....ap. A binary adder for adding unsigned binary numbers
is used to add the two numbers. The sum is denoted by ¢, 1¢, 5....co
and the carryout by ¢,,,. Which one of the following options correctly
identifies the overflow condition?

(A) Cout(@, 1® b, 1) (B) ay1by1C 1+ @y 1by 100y
(C) Cout @ Ch—1 (D) a‘nfl@ b”,1 @ Ch—1
SOLUTION

Binary adder generates C out only if

CS Topicwise 2001-2010
Digital Logic
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1{Cin |1 [0 |1

0la 1111

11b 0 (1 (1

1 [{Cout |1 |1]1
C out in this case is C,_; generated carry.
Cinis C,_,
So

V'rdn1Cnat by1a,1¢h 2

f=Cou® C,,

Hence (C) is correct option.

Question. 44

Consider number represented in 4-bit gray code. Let hzhyhihy be the
gray code representation of a niimber n and let g; ¢ ¢ gy be the gray
code of (n+ 1) (modulo 16) value of the number. Which one of the
following functions is correct?

(A) go(hihohihe) = ¥ (1,2,3,6,10,13,14, 15)

(B) qu(hhehiho) = ¥ (4,9:40,18.12.413114.15)
(C) p(hhhuho) = 3 (2,4,5,6,7,12,113,15)
(D) g(hhahhy) = ¥(0,1,6,7, 10,11,12:18)
SOLUTION
Binary |h | hshahiho | (n+1) | 93929190
mod 16
0000 0 10000 1 0001
0001 1 10001 2 0011
0010 2 (0011 3 0010
0011 3 (0010 4 0110
0100 4 10110 5 0111
0101 5 |0111 6 0101
0110 6 0101 7 0100
0111 7 10100 8 1100
1000 8 1100 9 1101




1001 9 11101 10 1111
1010 10 [ 1111 11 1110
1011 11 (1110 12 1010
1100 12 (1010 13 1011
1101 13 {1011 14 1001
1110 14 11001 15 1000
1111 15 [ 1000 0 0000

This gives the solution option (B)
[ (hﬁa h27 hb h’O)

YEAR 2007

Question. 45

What is the maximum number of different Boolean functions involving

n Boolean variables?

(A) n*
(C) 2*

SOLUTION

Each boolean variable can have values 0 or 1, so for expression
involving n boolean variables will have terms 2". These 2" terms
need to be arranged in different manner and nos., suppose 2" = M.
So this arrangement would take 2V ways or 2° ways.

Hence (C) is correct option.

Question. 46

How many 3-to-8 line decoders with an enable input are needed to
construct a 6-to-64 line decoder without using any other logic gates?

(B) 8
(D) 10

(A) 7
(C)9

SOLUTION

Total output lines required = 64

We need to use 3 to 8 decoders.
64

So decoders required 3

= 8 decoders for output.

>(4,9,10,11,12,13,14,15)

@) 2"
D)2

CS Topicwise 2001-2010
Digital Logic

Page 35



CS Topicwise 2001-2010
Digital Logic

But we need one more decoder i.e for combining result.
8 +1 =9 decoders.
Hence (C) is correct option.

Question. 47

Consider the following Boolean function of four variables
flw,z,,y,2) = ¥(1,3,4,6,9,11,12,14)

The function is

(A) independent of one variable

(B) independent of two variables

(C) independent of three variables

(D) dependent on all the variables

SOLUTION
flw,z,y,2) =>,m(1,3,4,6,9,11,12,14)

Yz
wT
00 |01 11| 10

111
00 0 1 3 2

S O
4 5 7

DI
2 13 15 4

10 @I}

11] 10]

2 qglead
1* qlead 2
2" qlead vz

22+ dzad + 'z
So independent of 2 variables.
Hence (B) is correct option.

Question. 48

Let f(w,x,y,2) =3(0,4,5,7,8,9,13,15). Which of the following
expressions are NOT equivalent to f7?

(A) 2yz+ Wy + wy'z+ x2 (B) w'y'2 + wa'y' + a2

(C) w'y'2' + we'y + zyz+ xy'2 (D) 292+ wry' + W'y
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SOLUTION

flw,z,y,2) =>,m(0,4,5,7,8,9,13,15)
Drawing K-map.

Yz

wr
1
00 ﬂ() 1 3| 2
01 @ ﬁ }
4 5 7 6
nl NGy
12 15 14

0/ [ 1)

8 9 11 10]

xz+ w'y' 2 + wa'y

Hence (B) is correct option.

Question. 49

Define the connective* for the boolean variable X and Y as: X* Y
= XY+ XY

Let Z=X*Z

Consider the following expression P, @,and R.
PX=Y*Z2Q:Y=X*Z

RX*Y*Z=1
Which of the following is TRUE?
(A) only Pand Qare valid (B) Only Qand Rare valid
(C) Only Pand Rare valid (D) AllP, @,Rare valid
SOLUTION
Given Z=X* 7 = XZ+ X7
PX =YX Z
=YZI4+ Y7
=Y(XZ+X72)+ Y7
=XYZ+ XYZ + Y7
= XYZ+ XYZ + XY Z + XY 7 valid.
QY =X*%7Z

= X7+ X7
= X(XZ+X7)+ X7
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= X7+ X7
=X(Y+Y)Z+X(Y+ V)2
= XYZ+ XY Z+ XYZ + XY Z valid
RXxY*kZ=1
(XY+XY)% Z = (XZ+XY)Z+ (XY+XY)Z

= XYZ+ XY Z+[(XY + XY) 7]
= XYZ+XYZ+[(X+Y) - (X+ V)7
= XYZ+XYZ+XYZ+XYZ #1

So invalid

Hence (A) is correct option.

Question. 50

Suppose only one multiplexer and one inverter are allowed to be used
to implement any Boolean function of nvariables. What is the
minimum size of the multiplexer needed?

(A) 2" line to 1 line (B) 2" line to 1 line
(C) 2"~ ! line to 1 line (D) 2" * line to 1 line
SOLUTION

To select 2" lines we need a select functipn with n bits.

Here with n variables we have (n — 1) selegt bits thus 2" ' data lines.
So MUX has 2" lines to 1.

Hence (C) is correct option.

Question. 51

In a look-ahead carry generator, the carry generate function G; and
the carry propagate function P, for inputs, A, and B; are given by
B = At@)Bb and Gz = AiBL‘

The expressions for the sum bit S and carry bit C;; of the look
ahead carry adder are given by

Si+ P® C; and C,,G;+ P.C;, Where ( is the input carry.

Consider a two-level logic implementation of the look-ahead carry
generator.. Assume that all P, and G; are available for the carry
generator circuit and that the AND and OR gates can have any
number of inputs. The number of AND gates and OR gates needed
to implement the look-ahead carry generator for a 4-bit adder with
S3,5,5,5 and C; as its outputs are respectively



(A) 6,3 (B) 10,4
(C) 6.4 (D) 10,5
SOLUTION

The equation for 4 bit carry look ahead adder is

Cout g3+ P3go+ p3p2gi + p3p2pigo+ pspaprpo Cin
Here
no. of AND gates = 10
OR gates =4

Hence (B) is correct option.

Question. 52

The control signal functions of 4-bit binary counter are given below

(where X is “don’t care”)

Clear | Clock | Load | Count | Fumétion

1 X X X Clear to 0

0 X 0 0 No'change

0 1 1 X Loadsinput
0 1 0 1 Count néxt

The counter is connected as follows

A4 A3 A2 Al

Count=1
4-bit counter Load=0
— Clock
i) 0 1 1J
Inputs

Assume that the counter and gate delays are negligible. If the counter

starts at 0, then it cycles through the following sequence
(A) 0,3,4 (B) 0,3,4,5
(C)0,1,2,34 (D) 0,1,2,3,4,5

CS Topicwise 2001-2010
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SOLUTION

From the truth table for the counter ckt we can see that when counter
= 1. & load = 0, count next is the function.

So it would count from 0 to 4 & then clear to 0 & again start if clock
input is increasing.

Hence (C) is correct option.

YEAR 2008

Question. 53

In the IEEE floating point representation the hexadecimal value
0200000000 corresponds to

27127 27126

(A) the normalized value (B) the normalized value

(C) the normalized value 40 (D) the special value +0

SOLUTION

This 0X00000000 hexadegimal valueycan be converted into 32 bit
binary.

0000 0000 0000 0000 0000 0000 00BO 0000

0 x 2°

This is representation in IEEE floating point format.

Case for special +0.

Hence (D) is correct option.

Question. 54

In the karnaugh map shown below, X denoted a don’t care term. What
is the nominal form of the function represented by the karnaugh map

D00 01 11 10
00| I | I I
01| X
11| x
10| 1|1 X
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(A) b.d+ a.d (B) a.b+ bd+ abd
(C) b.d+ ab.d (D) a.b+ b.d+ a.d
SOLUTION

Given K-map is

ab
N0 01 11 107
ol@o| |
01| |x
1] |x
10/@) D @

So ab+bd+a
Hence (D) is correct option.

Question. 55

Let a denote number system radix. The only value(s) of r that satisfy
the equation v121 4 11, is/are

(A) decimal 10 (B) decimal 11
(C) decimal 10 and 11 (D) any value> 2
SOLUTION

J(121), = (11),
If »=10 it is true it can’t be 2 since bit value can’t be 2 then. It is
not true for r= 11
It is true for 3 to 10.
So it is true for
r> 2

Hence (D) is correct option.
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Question. 56

Give f f and f in canonical sum of products form (in decimal) for the

circuit
A
h—/

- o
j

ﬁ - Zm(475767778)

k=xm(1,6,15)
f = Zm(17678715)

Then f is

(A) Xm(4,6) (B) xm(4,8)
(C) Zm(6,8) (D) £m(4,6,8)
SOLUTION

fl—

fg—
i

I3

Given f =¥m(1,6,8,15)
h=2m(1,6,15)
So output 1,6,8,15 here 1,6,15 can come form f.
Since the final gate is OR gate so from fi AND £ no minterm except
1,6,8,15 should come.
i =Xm(4,5,6,7,8)
So b can be Xm(6,8)
Since 4,5, & 7 should no 7 come here.
Hence (C) is correct option.

Question. 57

If P, Q, R are Boolean variables, (P+ Q) (P.Q+ P.R) (P.R+ Q)
simplifies to

(A) P.Q (B) P.R



(C) P.Q+R (D) PR+ Q

SOLUTION

=(P+ Q)+ (PQ+PR) - (PR+Q
= (PPQ+ PPR+ PQ Q-+ PQR) (P R+ Q)
= (PQ+ PR+ PQ+ PQR)(P R+ Q)
= (PQ+ PR+ PQR)(P R+ Q)
=[PQ(1+ R)+ PR](P R+ Q)
=P(Q+R)(PR+Q)
=(PPR+PQ)(Q+R)

=PQ - (Q+R)

= PQ+ PQR

= PQ(1+ R)

= PQ

Hence (A) is correct option.

YEAR 2009

Question. 58

(1217)5 is equivalent to

(A) (1217)46 (B) (028F) 16
(C) (2297)40 (D) (0B17)16
SOLUTION

= (1217)5

= 001010001111

— (OQSF) 16

Hence (B) is correct option.

Question. 59

What is the minimum number of gates required to implement the

Boolean function (AB+ C) if we have to use only 2-input NOR gates
?

(A) 2 (B) 3
(C) 4 (D) 5

CS Topicwise 2001-2010
Digital Logic

Page 43



CS Topicwise 2001-2010
Digital Logic

SOLUTION

AB+C implementation through NOR gate (X+ Y)
We require one AND gate & 1 OR gate

) : A+C+B+C

A A+C
C

b BiC
C
AND gate & OR gate can be implemented by NOR gate.
=A+C+B+C
=A+C- B+ C
= (4+0) - (B0)
= (C+ AB

So we require & NOR gates.
Hence (B) is correct option.

YEAR 2010

Question. 60

The minterm expansion of f(P,Q,R) = PQ+ QR+ PR is
(A) ma+ my+ me+ my (B) my+ my + mg+ m;

(C) mo+ my + mg+ my (D) my+ ms+ my+ ms

SOLUTION

Given expression is
f(P,Q,R) = PQ+ QR+ PR
For min term expansion we add the remaining variables in the
expression.
= PQ(R+R)+ (P+P)QR+ P(Q+ Q)R
= PQR+ PQR+ PQR+ PQR+ PQR+ PQR
= PQR+ PQR+PQR+PQ R
= M7+ Mg+ Mo+ My
=111+110+ 010 4 100

So = my+ my+ mg+ my
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Hence (A) is correct option.

Question. 61

P is a 16-bit signed integer. The 2’s complement representation of P
is (F87B)5. The 2’s complement representation of 8% P is

(A) (C3D8) 1 (B) (187B) 6
(C) (F878)1 (D) (987B)1s
SOLUTION
P’s 2’s complement.
= (F87B) 1
Is complement= F87B — 1
= (F87A)1s
In base 16 complement is done by subtracting from 15 i.e F.
P = (0785)1
= (0000 011110000101).
=1x2°+1 x Pl x2"+1 x2°+1 x2°+1 x 2"
P =1925

8 X P =8 x 1925'= 15400
Its binary 0011110000101000
For hexadecimal make pairs of 4 ik, (3028);s
2’s complement P = 1100 00111101 1000
C 3 D 8
2’s complement of P = (C3D8) 4
Hence (A) is correct option.

Question. 62

The Boolean expression for the output f of the multiplexer shown
below is

R—
R —
R —

(A)P® Q®R B)P®Q®R
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(C) P+Q+R (D) P+ Q+R

SOLUTION

S; & so are the select bits which are used to select any 1 of the 4
inputs.
Selection table

S1(P)| So(Q) | Input
0 0 OR
0 1 1R
1 0 2R
1 1 3R
The expression has 3 variables
So K-map
QR
P

00 01 11 10
ol 0| 1 ]0 |1

111170110

This is K-map for P® Q ® R
ie PQR+P QR+ PQR+ P QR
Hence (B) is correct option.

Question. 63

What is the boolean expression for the output f of the combinational
logic circuit of NOR gates given below 7

r

Q

DD

Doy O

T O
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(A) Q+R (B) P+ @

(C) P+ R (D) P+ Q+R
SOLUTION

After 1 stage

P+ Q Q+R P+ R Q+R
After 2 stage

P+Q+Q+R P+R+Q+R

After 3 stage
=PtQ+Q+R+P+R+Q+R

(A+B=A-B
=(P+Q+Q+R) - (P+R+Q+R)

(A=A

=(P+Q+Q+R)- (P+R+Q+R)
(A+B=4-B

=(P+Q) * (Q+R) 1 (P+R) - (Q+R)

— Q+ PR - RFEQ

— Q+ PR+ R+ PQ

=R(P+ D+ QP D

=(Q+R)

Hence (A) is correct option.

Question. 64

In the sequential circuit shown below, if the initial value of the output
Q) Qo is 00, what are the next four values of @, Q, 7

1—T Q T Q
Clock —
@y Q
(A) 11, 10, 01, 00 (B) 10, 11, 01, 00
(C) 10, 00, 01, 11 (D) 11, 10, 00, 01
SOLUTION

There are 2 T-toggle flip flops in the ckt. Truth table for TFF.
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CP T Q%+1

0 X Q. (), previous state
1 0 Q. CP clock pulse
1 1 Q. (Q).+1 next state

T toggle input
Since initially Q, @, = 00, so during 1" clock cycle both T & clock
signals in ckt are 1. After @y =1 this fed to 2" TFF which invert
previous state @y =1 so 1 Qy =11
11 when fed to next cycle clock = 1 so @y = 0 (), = 1 since no inversion
Q, Q=10
In next cycle clock = 1 @y = Ldnverse, (); = 0 in the end @ Qy = 00
So order 11, 10, 01, 00

Hence (A) is correct optien.

KRRk koK sk sk ok ok



GATE Multiple Choice Questions

For Computer Science

By NODIA and Company

Available in Two Volumes

FEATURES

The book is categorized into units and the units are sub-divided into chapters.

Chapter organization for each unit is very constructive and covers the complete

syllabus
Each chapter contains an average of 40 questions
The questions are standardized to the level of GATE examination

Solutions are well-explained, tricky and consume less time. Solutions are

presented in such a way that it enhances you fundamentals and problem solving

skills
There are a variety of problems on each topic

Engineering Mathematics is also included in the book



