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SECTION- A

This question consisis of 25 (TWENTY FIVE)
multiple choice gquestions, each carrying one
mark. For each question, four options are
provided out of which exactly one is correct,
Write the correct option for each question
ONLY in the box provided for the guestion in
the first sheet of the answer book.

| Suppose that the expectation of a random

variable X is 5. Which of the following

slatements is true”

a, There s a sample point af which X has
the value 5,

b There 15 a sample point at which X has
value greater than 5,

¢ There s a sample point at which X has
a value greater than or equal 10 5

d None ol the above.

The number of bimary relabons on a sel
with n elements is.

=]

2 n°
b 2°
g 3
d None of the above

3 The number of binary stnngs of n seroes
and k ones such that no two ones are
adjacent 1s,

g TR

v

Tl
d. None of the above

4 Consider  the  regular  expression
(=l 1) 0 dimes. The mintmum state
fimite  automaton  that  recognizes  the
language represenied by this regular
EXPression contiuns;

a. nstates

b n+l states

¢ 2 states

d None ol the above

5 Context free languages are closed under.

fr

- ——

4. Umon, inlersection

b Umaon, Kleene closure

¢ Inlersection, complement

d Complement, Kleene Closure

Let L be the set of all languages accepied
by a PDA by final state and L;: the set of
all languages accepted by empty stack
Which of the followng is true?

f*;.n =iy
fFI| = IFFJ__-
L= ly

None of these

Which of the following expressions is not
equivalent 10X 7

8 XNANDx

b, xNORx

c. A NAND |

d xNOR I

Which of the f[ollowing funcuons

Implements the Kamaugh map shown
below!?

a
b
c
d

00 [or |11 |10
AB :
oo (0o Jo |1 0
01 X IX 1T X
1 0 |1 [ 0
10 0 |1 1 0
a AB+CD
b J'}l:f‘+.-1:|-
c AD+AB
d. (C+D)(C=D)(4+R)

Listed below are some operaling svstem
abstractions (in the lefl colunm) and the
hardware components or mechanism (in
the nght column) that they are abstractions
of Which of the [ollowing matching of
pairs 1s correct”™

A, Thread

B. Virtual address space

C. File system

D, Signal




1.

I

2.

14.

15.

Imerrupt

Memiry

cPu

sk

A-2, B4, C-3,D-1

A-1,B-2, C-3, D4

A-3, B-2, C, D-]

A-4, B-1, C-2, D-3

Which of the lollowing disk scheduling
strategies 15 likelv W give the best
throughput?

a. Farthest evlinder next

b, Nearest cylinder next

¢ First come first served

d Elevator algonthm

Svstem calls are usvally invoked by using:
a. A software interrupt

b Polling

¢ An indirect jump

d. A pnvileged instruction

A sorting technique is called stable if:
w1t takes Ofnlog n) ime

b. It muintains the relauve order of
occurrence of non-distinet elements

¢. It uses divide and conguer paradigm

d. 1t takes Ofn) space

Suppose we want 1o arrange the il numbers
stored in an array such that all neganve
values occur before wll positive ones.
Minimum number of exchonges required
in the worst case is:

o n-l

b on

& fq+l

d. None of the above

Il one uses straght two-way merge sort
algorithm (o sort the following elements in
ascending order

20,47, 15, 8. 9.4, 40, 30, 12, 17

then the order of these elements afer the
second pass of the algorithm is:

a 8.9.152047.4,12.17.30,40
b 8,15.20474.9, 30,40,12.17
c. 1520474.89.12.3040.17
d. 4.89152047.12,17.30,40

The number of articulation ponts of the
following graph 1s:

&P S B BWke

16,

17

14

9.

2al8

=6 o
ok — =

II nis 8 power ol 2. then the mimmum
number of  multiplications needed 10
compute 8" is:

a logzn

b. v

¢ n-l

d n

Which of the llowing s the most
powerful parsing method?

a, LL{)

b. Capomeal ER

¢. SER

d. EALR

Consider the jom of a relaiion B with o
relation S. If K has m tuples and S has n
tuples. then the maximum and mimimum
sizes of the join respectively are:

g m+nand(

b. mnand

c. m+oandm-n

d. monandm +n

The  relational  algebra  expression
equivilent to the following luple caleulus
Expression

{itera(t4]=10n1]B]=20)} is
o o(d=10vB20)r)

b a(A=10)(r)ua(s=20)(r)
a(Ad=10)(r)ne(B=20)(r]
ald=10)r)-c(B=20)(r)

Booth™s coding in 8 bits for the decimal
number — 57 is:

I 0-100+1000

2, 0-100+100-1

3, 0-1=100-10+1

o

b
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22

25.

4. 00-10<100-1

The maximum gate delay for any outpul to
appear m an  array  multiplier  for
multiplymg two n bit numbers is:

a. Ond)

b, n)

¢ Oflogn)

d. 1)

The main memory of a computer has 2 cm
blocks while the cache has 2c blocks. If
the cache uses the sél associative mapping

scheme with 2 blocks per set, then block k
of the main memory maps to the sel

4. (k mod m)of the cache

b, (kmod ¢) of the cache

e (kmod 2¢) of the cache

i. [k mod 2e.m) of the cache

The Newton-Raphson method is to be used

to find the rool of the equation fix) - 0

where xg is the initial approximation and /°

5 the derwative of £ The method

COTIVETHES:

a. Always

h. Onlyif /is a polynomial

e Onlyif fixg) <0

. None of the above

Let R = (A, B, C. D. E. F) be a relation

scheme with the following dependencies:

C—F, E—A. EC-D. A»B. Which of

the following 5 a key for RY

o CD

bh. EC

e AR

d. AC

Which of the fullowing is correct?

a. B-trees are for storing data on disk and
B’ trees are for main memory,

b. Range gueries are faster on B trees.

¢ B-trecs are for primary indexes and B’
trees are for secondary indexes.

. The heaght of a B tree 15 independent
of the number of necords,

This guestion consists of 25 (Twenty  five)
multiple choice questions, each carrying 2
marks. For each question, 4 options are
provided out of which one or more are correct.
Write ALL the correct options for each

Fuf9

guestion only in the box provided for the
guestion, in the second sheet of the answer hoot
Credit will be given only il all and only the
correct aplions are written.

26,

27,

28,

(25 =3 =30

Congider two evenls E; and E- such that
probability of £y, Pr{E,] - 1/2. probability
of Ex Pr{E;] = 13, and probability of E;
and Ez, Pr{E; and Ez] = /5. Which of the
following stalemenls is/are true?

a PriElorE;) s 23

b Events Ey and Ez are ndependent

e Events Ey and E: are not mdependent
d. PHEEa] =4/5

Two girls have picked 10 roses. 15
sunflowers and 14 daffodils. What s the
number of ways they can divide the
fowers amongst themselves?

a, 1638

b 2100

e 2640

d. None of the above

Let L be a set with a relation R which is
transitive, anli-symmetric and  reflexsive
and lor any iwo clements o, b= let the
least upper bound lub(a, b) and the greatest
lower bound glbla. b) exist. Which of the
following 1 are true?

a Lsaposet

b. L is aboolean algebra

e Losalattice

d. None of the above

If L1 is & context frée language and L2 as
a regular language which of the following
is/are false?

a. L1-L2 s not context free

b‘l Li il [42 iﬁ context l'l'ﬂ

e L1 ix context free

d. -L2is regular

Given the programming constructs i)
assignment ii) for loops where the loon
parameter cannot be changed within the
loop i) [-then-else w) forward go to v)
arbitrary go 1o vi) non-recursive procedure
call vii) recursive procedure/function call
vini) repeat loop, which constructe will you
not mclude m & programmmg  language
such that it should be possible W program
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32,

EEN

the terminates (1.e. halting) function in the
sime programming language,

@ i) ki) 1v)

b, v, vid) viii)

€ Vi), Vil Vi

d. din), vid), viil)

For the schedule given below. which of the
following 1s correct:

! ResdA
2 Read B
3 Write A
4 Read A
5 Write A
& Write B
7 RemdB
E WreB

This schedule is senalisable and can

oecur in a scheme using 2P protocol.

b, This schedule is seralisable but cannot
oceir in @ scheme using 2P1. protocol

¢ This schedule 1s not senalisable but
can occur o Scheme wsing 2P0,
protocnl

d. This schedule 1s not senalisable and
cannol oceur in a scheme usmg 2P0
protocal,

Consider the s¢hema B = (5 T U V) and

the dependencies S—'1, T—ll U=V md

V=8 Let R (RI mnd R2) be a

decomposition such that RIAR2 # @ The

decomposition 1s:

a. Notin 2NF

b. 1n 2NF but not in 3NE

€ In 3ANF but not m 2NF

d. In both 2NF and 3NF

Consider the circuit shown below. In 2

certuin steady state, the lme Y is at °|'

What are the possible values of A, B. and

C i this state?

[

ET)

4oty
Which of the following sets of
component(s) isare  suflicient 1o
implement any arbitrary boolean function?
. XNOR gates, NOT gates
b. 2w | multplexors
¢ AND gates, XOR gates
d. Threenput gates that output (A B)+C
tor the inputs A, B, and C.
A multi-user, multi-processing operating
system  cumnot e implemented  on
hardware that does not support:
a. Address translation,
b. DMA for disk transler,
¢ At least two modes of CPU execution
(privileged and non-privileged).
d. Demand paging,
Which of the following 1s/are advontages
of virtual memon?
a. Foster access W0 memory ob i
averiage.
b. Processes cim, be given protected
address spaces.
¢ Lmker can  ussign  addresses
independent of where the program will
be loaded in physical memory
d. Programs larger than the physical
memory size can be run,
Which of the [bllowing actions isare
tvmeally not performed by the operating
system  when swilching context from
process A lo process BY
4 Saving currenl register values and
restoring  saved register values lor
process 8,
b. Changmg address translation tables,
¢, Swapping out the mentory image of
process A to the disk,
d. Invalidating the translanon look-aside
bufter
Consider the followmng program m a
language that has dypannc seeping.
1o x - real;
show,
begin print (x), end,
amall;
var x ; veal;
begin x = 0,125; show, end,

begin x =035,
sherw, small,
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40

41

2

A3

4

Then the output of the program is;
g 0.1250.125

b. 0250325

e 0250123

d. 0125025

The number of tokens 1u the Foriran
statement DO 101=1251s

R o=

3
4
5
d. None of the above

A prammar that i= both lefl and right
recwrsive for 8 non-terminal, ig

4 Ambiguons
b, Unambiguous

¢ Information 15 not sufficient to decide
whether 1t 1z ambignous or

unambignons.
d, None of the above

The number of fill and half-adders
required to add 1 6-hat numbers 15

a. 8 half-adders, 8 full-adders
b. | halfadder. 15 full-adders
c. 16 half-adders, 0 foll-adders
d. o half-adders. 12 full-adders
Zero has two representations mn:
a  Sign magnitnde

b, 178 eomplement

¢ 27s complement

d. None of the above

RAID configurations of disks are used to
provide

g, Fault<tolerance

b. High speed

c. High data density

d. None of the above

Arrange the followmng configurations for
CPU i dectedsing  order of operating

gpeeds,

Hardwited control,  wvertical  micro-
rogramming, horzontal
MICTOPTOETamming

a. Hardwired control, vertical micro-
programming.  honzontal — mmero-
Programmng

db.

47.

449,

5 ef9
b. Hardwired control. horzontal micro-

Programiming, vertical MICTo-
programming

¢ Honzontal MHETO-Programming.
vertical MICTO-PIOZRAMINING.
hardwired control

d. Vertecal MICTO-programming,
honzontal T CTO-PrOgramming,
hardwired control '

The minimum  oumber  of  record
movements reqmred to merge Ave fles A
(with 10 records), B (with 20 record). C
(with 15 records), D (with 3 records) and E
(with 25 records) is:

g. 165

b, 90

- B

d. 65

If T; = O 1), give the comrect matching for
the following pairs;

M) T, =Tei=n ()T = Ol

Brei, PRt
= ~ =

iHTu-T:' ogn m'ﬁ*mﬂ

M-W, N-V, O-U, =X
MW, N-U, 0-V, PV
M-V, N-W, 0-X, P
d MW, N, 0=V, P-X

The main difTerence(s) between a CISC

and a RISC processor is/are that a USC

processor typically

a. has fewer instructions

b, has fewer addressing modes

oo hag more registers

d. iz easier to implement using hard-
wired control logie

A certain processor supports only the

immediate and the direct addressing

o oo

modez,  Which of the following
programming language featnres cannot be
implemented on this processor?

a. Ponters

b. Araye

¢. Records

d. Recursive procedures with local

varinbles
Consmder the following € function
dhmtion.
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o ((a >=b) && (c <b)) retwrn I,
else if (a>= b) retwrn Trial{a.ch),
else renwrn Trial(bac),

)

The luncton Trial:

a, hinds the maxmiom ol a, b, and ¢

b. finds the mipimum ot a. b, and ¢

¢. finds the middle number of a, b, and ¢

d. None of the above

Which of the following is‘are correct?

a. An  SOQL query automotically
ehiminates duphicates

b. An SQL query will not work if there
gre no indexes on the relabons

c. SOL pernuts atribute numes o be
repeated in the same relation

d. None of the above

oty

(1)

b, Show that for every pair of elements

w, beG, either aH = bH or uH and bH

ure dispomnt.

(2]

¢, Ulse the above to argue that the order
of H must divide the order of G,

(2)
Let Gi be a connecied. undirected graph. A
cut in G is a set of edges whose removal
results in 0 being broken nto two or more
components which ane not connected with
cuch other, The size of a cut s called its
cardinality. A men-cut of G is g cut in G ol
minimum  cardinulity.  Consider  the
following graph.

E
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This section consists of TWENTY questions ol

FIVE marks each. ANY FIFTEEN out of them c F

have to be answered. If more number of . , , _ ;

questions is attempred, score off the answers # W]m:; ul the following sets of edges s

not to be evaluated, else only the first fifteen i et

unscored answers will be considered. () HABMEFUB.DUWAELAD))
{i1) {B.DLC Fl(AB)

3l {h

I, Mr. X claims the following;
If o relanon R s both symmetne and
transiive, then R 15 reflexive. For this,
Mr. X offers the following proof
“From xRy, using symmetry
we pet yRy. Now hecause R s
tramsitive, xRy and yRx together imply
¥Rx. Therelore, R is rellexive.”
Brefly pomt out the flaw i Mr. X5
prool
(3)
2. Give an example of a relation R which
is symmetric and transitive but not
rellexive,
{2)
let ¢ be a fione group and H be a
subgroup of G. For ae(s, define aH =
tah| heH},
o. Show that o] = H|

b. What i3 the cardinality of o mm-cut in
this grmph?
(2)
c. Prove that if 8 connecled undimected
wraph G with n vertices has 1 mm-cul
of cardinality k. then G hus at least
(nk/2) edpes
(2)

o, Given thar A 18 regulor and A w B s
regulor, does o follow that B s
necessarily  regular?  Justify  your
answer.

(2)

b. Given two Gole sulomam M. M2,
outline an  algorithm 0 decide [
LM cLIM2). (note: strict subsat)

(3}
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Show that the language £ = xetills

nnd ¢ 15 a termunal symbol ) 15 not context
free eas not O or |

(3

Let A be an pon matnx such that the
clements i each row and each column are
arranged n ascending order. Draw a
decision tree which finds 1%, 2 and 3"
smallest elements i mimmum number of
COMPATISONS.

{3)
Lt synthesized attribute val give the value
of the binary number generated by 8 in the

following grammar. For example, on input
100101 S.val = 3.625.

SSLL|L
L LB(B
B0l

Wrile S-attributed values corresponding to
each of the productions (o find S val.
()
Suppose we have a function HALTS
which when applied 1o any  arbitrary
function f and its arguments will say
TRUE if function /' terminates for those
arguments  and  FALSE  otherwise,
Example; Given the lolowing function
definition.
FACTORIAL (N) = II' (N=) THEN 1
ELSE N*FACTORIAL (N- 1)
Then HALTS(FACTORIAL 4) - TRUE
and HALTS(FACTORIAL -5) = FALSE
Let us define the function FUNNY () = IF
HALTS(/) THEN not(ffi ELSE TRUE
a. Show that FUNNY terminates for all
functions I
(2)
b. Use (a) o prove (by contradiction) that
it is not possible to have a function like
HALTS which (or arbitrary funetions
and inputs  savs  whether it will
lerminate on that imput or not.

(3)

6, Consider the [ollowing algorithm.
Asgume. procedure A and procedure B
take OX1) and O{1/m) unit of time
respeciively. Denve  the time
complexity of the algorthin in O-
notation.

6l

i,

Tol9

(3)
algorithm whal{n)
begin
if n= | then call A
else begin
what{n-1});
call B{n)
end
end

b, Wnte a constant time algonthm (o
insert o node with data 1D just belore
the node with address p of a smgly
linked list.

(2)

u, Ina binary tree. u ml node s defined 1o
be u node with 2 children. Use
induction on the height of the binary
tree o prove that the number of full
nodes plus one 15 equal to the number
of leaves.

(3)

b. Drmw the mm-heap thal resulis from
insertion of the following elements in
order inte an inibially empty mm-heap:
7.6.5.4, 2, 3, 1. Show the result afler
the deletion of the root of this heap.

(2]

An instruction  pipeline  consists of 4

stages. Feteh (F). Decode operand field

(1), Execite (E). and Resuli-Write (W),

The 5 mstructions in g certain mstruction

sequence need (hese stages lor the

different number of clock cyeles as shown
by the fable below.

.o e opcessomt B

"“TI

ettt
-l e
hh—ﬂ—-‘

Find the number of clock eyveles needed o
perform the 3 instructions.

(3]

u. Show that the formuln
[{ p\fq]:)l:q:.&pl] 5 nol o8
tnutology

(3)

b Let A be u tauelogy and B be any

other formula Prove that (A v B) s n
lnutology.




(2)
63 What will be the outpui of the followmg
program assuming thal parameler passing
15
(1) call by value
(i) call by reference
ity call by copy restore

procedure Fiay,z),
beginy =y+l, 2 = r+x end:

a=Zb=3
Plath. n, a)
print (a)

(5}
6d Consider the (ollowing Pascal program
skeleton:

progrom soal... ).
AKX ...

vari, .

Assume that ab a given point in lime
during program executton.  following
procedures are achive sort, qsort(l, 9)
gsorii 1. 31, partinon( 1.3), exchange( 1.3
Show snapshots of the runtime stack with
access Links after cach of the aotivations
(5
65 Consider the following program fragment
in the assembly language of a cerfain
by pothetical processor The processor has
three general purpose registers R1, R2 and
R3. The meunings of the instructions are

o7

Boi'w
shown by comments (starting with) after
the instructions
® (n! N TR .ﬂ—u!.lulﬂ.uumuml—u

-4 K -r--m
WOV LR m i 2
i

BRI B ] L

gL B i bl L ey i

CMP B, B Covipare 13 and 0 and e flagn i Enied ipgess
"y ,:l-;i‘mu'-'l'

e 1 - Inorewess K3 by 1

Stk k) Sl vigha A ey | iy

e X B R X

B oW o=

Initindly. RI. B2, and R3 contain the
values 5. 0, snd O respectively. Whai
are the final values of R1 and R3 when
control reaches 77
(2)
b In general, if RI, R2. and R3 imtially
contain the wvalues n. 0, and 0O
respectively. what is the final value of
R3 when control reaches 27
(3)
Design o 2K - ¥ (2048 lpcations. ench &
bit wide) memory system mapped at
addresses ( 1000}, ta (1 7FF)y, for the ROBS
processor using four 1K 4 memory
chips. Tach of these chips has the
following signal pins:

{ C8 (Chip select, data lines are in high
impedance state when it is 1)

RO (U for read operation )

WK (0 lor write aperalion )

Aoy Mgy A Gmput address lines, Ao s
the least significant

5 Dy Dy, Dy Dy (bi-directional data
lines, D15 the least significant )

- b

(3)

A certain  computer  system  has  the

segmented paging architecture for virtual

memory, The memor is bvie addressable

-Both virtual and physical address spaces

contain 216 byles ¢ach. The virtunl nddress

space is divided imo ¥ non-overlapping
equal  size segments. The memory
maragement unil (MMU) has a hardware -
segment lable, each emry of which
contmins the physical address of the page
able for the segment Page mbles are
stored in the mam memory and consist of

2 byie page table entries.

g What is the minimum page size in
byites so that the page table for a
segment requires ot most one page 1o
store it? Assume that the page size can
only be power of 2.




08,

(2)

. Now suppase that the page size 15 512

bytes, It 1s proposed 1o provide a TLB
ftranslation  look-pside  buller) Tor
speeding Up oddress translation The
proposed TLE will be capable of
storing page lable entnes for 10
recently relerenced —irlual pages. 1 a
fast cache that will use the direct
mapping scheme, What s the number
of lap bits that will need lobe
associated with each cache entry?

(4

. Assume that each page mble emry

contains (besides other information) |
valid bit. 3 bits for page profection and
| darty bit, How many bits are available
in 4 poge tuble entry for stonng the
aging information for the page?
Assume that the page suee s 512 byvtes,

2)

oA certain processor provides o “test

and set” instruction that is used as
fiollows,
TSET register. flag

This instruction atomically copies Hag
o remster and sets flag w 1. Give
pseudo= code for smplementing the
entry umd exit code 1o a eritical region
using this mstruction

(2)

. Consider the [llowing solution Lo the

producer-consumer problem using o
bulfer of size | Assume That the
imtial value of count is 0, Also assume
that the testmg of count and
assignment 10 eounl  are  alomie
Bperatioms,

70,

UL

i coumt = 0 therr geep;
Remove iem from buffer;
count = 0,
wakeup{Produces),
Comsume ilem

i ]
Show that in this solution it 15 possible
that both the processes are sleeping i
the same time.
(3
Consider u B-tree with degree m., (hat 15,
the number of children, ¢. of any internal
node (except the root) 15 such that m ¢ =
2Zm - 1. Dernve the maxmum and
minimum number of records m the leal
nodes [or such a B-tree with height b, h =
1. (Assume that the root of a tree is ot
height (1)
(3)
Consider the set of relations
EMP(Emplovee-no, Dept-no, Emplovee-
name; Salary)
DEPT{Dept-no, Dept-name. Location)
Wite an SQL query o
a, Find all emplovee names who work in
departments located ol "Caloutia™ and
whose salorv s greater than Rs,
50,000,
(2)
b. Culeulate. lor  esch  department
number, the number of employees with
u salury greater than Rs. 100,000,

13}






