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COMPUTER SCIENCE & ENGINEERING

e e T AEE ST

SECTION - A (100 Marks)

Write in your answer-boak the corvect or the
most appropriate answer to the following
miuiltiple choice questions by writing the
corresponding letter A, B. C or D against the

Sub-question number.

(25x 1=125)

I Let A and B be sets and let A" and B"
denote the complements of the sels A and

B The st (A-B){B-Al_d A~ B) is equal

o

a AJUB

b. A“UB®

. AmB

d A“-B"

Let X = {2, 3. 6, 12, 24}, Let < be the
parhial order defined by x < v 1l = divides

y. The number of edges in the Hasse
diagram of (X, =)1s

a 3
b 4
g W
d None of the above

3 Suppose X and Y are sets and |X| and |Y|
are their respective cardinalities. It1s given
that there are exactlv 97 functions from X
oY, From this one can conclude that

i3

a Xj=L[Y]=
b, [Xi=97.¥|=1
¢ |X|=97.[Y]=

d MNone ol the above
4 Which of the lollowing stalements 15
false'
a. The sel of rattional numbers is an
abelian group under addition,

b The set of inlegers 1s an abelian group
under addition

¢ The set of ranonal numbers form an
abelian group under muloplication

":":m—; F e
-———-—ll- .

d  The set of real numbers excluding zero
t5 an  abelian  group  under
multiplication

Twao dice are thrown simullaneously. The

probability that at least one ol them will

have 6 facing up 1s
I

a$ —_—
6
1
B =
3
25
c, —
3b
W
36

The formula wsed to compute an
approximation for the second denvative of
a Tunction [ at a point xq 15

(4 h)+ £ (5, ~h)

2
b flx,+h)=1(x.~h)
h
Fla, 40) 421 (x,)4 (x5, =h)
hl
d Fx+h)=21(x )+ f(x,~h)
1 3

Let Ax = b be a system of linear equations
where A 15 annm x n matnx and bisam X
| column vector and x is an X | column
vector for unknowns, Which of the
following 15 false?

a. The system has a solution if and only
if. both A and the augmented matrix
[ A b] have the same rank

b. If m <n and b is the zero vector, then

the svstem has nfimtely  many
zolutions,

¢ ITm=nand bis anon zero vector,
then the system has a unique solution
d The system will have only a tnvial

solution when m = n. b is the zera
vector and tank (A) n.
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Two of the followmg four regular

expressions are equivalent. Which two? (g

is the empty string), -

(i) (00)® {5+ 1)

(i) (00)=

{ni) 0%

(1w ) OO0 y*

g (1) und (i)

b (i) and (i)

¢ (iyand (in)

do (i) and (iv)

Which of the following statements 1s

[alse!

a. The Haling Problem for Turing
machines 1s undecidable.

b, Determining whether a context lfree
grammar is ambiguous is undecidable

c. Gwen two warbitrary  context  free
grammars Gy and Ga 1t 1s undecidable

13,

whether L{G ) = L{Ga). 14.

d Given two regular grammars Gy and
Ci= it s undecidable whether L(Gy) =
LiGa)

Let L £ E¥ where © = {a. b}. Which ot the
following is true?

a L= {x = hasan equal number of a's
and b's} 15 regular

b, L ={a"h" n21}1s regular

¢ L= %] % hus more a's than bs} i
regular

d L= {a"h" | m=21, n21}is repulor
Which of the following is false!

log s
100n Jo =U£——)
o [lm

b Jlogn = Oflop Jog n) 13

¢ IO« x<ythenn’ - Ofn’)

d. 2*20m"

Consider the following statements.

1, First-in-lirst-out types ol computations
are clficiently supported by STACKS.

i. Implemenung LISTS on linked lists 1s
more  efficient  than

LISTS on an army for almost all the
basie LIST operations.

implementing 16.

2ol 1D

il Implementmg QUEUES on a crreular
array I8 more  ellicient than
implementung QUEUES on a linear
array with two indices.

iv. Last-in-firsi-out tvpe of compuiations
are efficiently supported by QUEUES.

Which of the tollowing is corfeet!

a. (i) and (i) are troe

b, (1) and (ii ) are true

€. (uijand (1v) are true

d. () and (1v) are true

An odvantoge of chamed hash  lable
{extemal hashing) over the open
addressing scheme is

a. worst case complexity  of  search
operations is less

b. space used is less

¢ deletion 1s ensier

d. none of the above

In the balanced binary tree i Fig 114
given  below, how many  nodes  will
become  unbalanced when a node s
inserted as a child of the node “g™7

(a)
(b)) (<
Fig 1.14
) @@
9)
|
b. 3
G
d B

Which of the following sequences denotes
the post order Iraversal sequence of the
tree of Question | 147

g fegedha

b. gcbdale

¢ gcdblea

d. ledgeba

Relative mode of addressing 15 most
relevant lo wnting

g coroutines

b positon-independent code




i

IR

18

¢, shareable code

d. intermupt handlers

The pass numbers lor easch of the
following activities

1. object code generation

1. literals added to literal table

1, listing printed

1v_ address resolution of local 2ymbols
That occur in a two pass assembler
respectively are

& 1,212

O B B

e Bl AT

o 1,2.2.%

The process state franzition diagram in Fig.
1,18 ig representative of

a. a batch operating system

b, an operating system with a preemptive
scheduler

¢, an operating system with a non-
preemptive scheduler

d, a uni-programmed operating system

A critical section 18 a program segment

g, which should run in a certain specified
amount of time

b, which avends deadlocks

¢. where shard resources are accessed

d. which must be enclosed by a pamr of
semaphore operations. Pand V'

Which of the following is an example of a

spooled device?

4. a line printer used to print the output of
a mumber of jobs

b. a terminal used to enter mput data to a
TN Prograr

¢ a secondary storage device in a virtual
memory gystem

d. a grapluc display device

Z1

24

Jof 10
A ROM 1= nsed to store the table for
mulaplication of twa  8-bit  unsigned
integers, The size of ROM required 15

g, 256x 1A
b, 4k x 8
¢ 4Kx16
d MK=x16

Number of machine cydes requited for
RET mstruction m 8085 microprocesgor 15

a 1

b 2

-

d. 5

Booth's algonthm for  inteper
multplication gives worst performiunce
when the multiplier pattern iz

a 101010 .. 1010
b. 100000 ......0001
S B ) e 1
[ S L R 1110

For the dasy chain scheme of connecting
VO devices, wlich of the Fllowing
stalements is true?

a It gives non-nniform priority to yvanons
devices.
b, 1t gives uniform pnonty to all devices.
¢. It is only usefil for connecting slow
devices 1o a processor.
d. 1t requires a separate interrupl pin on
the processor for each device.
Consider the following foating pomt
nimber representation
n u B 0
[Exponen | ) =
Fig 125
The exponent 18 m 2°s complement
representation and mantigsa 1= m the sign
magnitude representation. The tange of the
magmmde of the normalised numbers in
thie representation iz
a. Otol
b. 051
¢ 2905
d. 0.5to(12




Write in your answer book the correct or

the most  appropriate

answer to  the

following multiple choice questions by
writing the corresponding letter A, B, C or

12 against the sub question number.
(25x2=5M)
26.  Let R denote the set of real numbers, Let [

27.

28

Rx R » R x R be a bijective function
defined by f (x, ¥) = (x = ¥, x¥). The
inverse function of {15 given by

b e y)=(x=px0p)

e, f"l.t'._}'!-{

R R y]
1 3

2
do fHay)=(2(e- p)e3xs )

let B be a non-empty relation on a
collection of sets defined by A RB if and

only it A B ~ & Then. (pick the true
statement )

a. Ris reflexive transitive

b, R is symmetric and not transitive

e R 5 an equivalence relation

il. R s not reflexive and not symmelric
Which one of the following is false? Read
a8 AND o a5 OR. --ax NOT. - as one
way implication and <s as two way
implication.

A (X ~»y) nX)=» ¥

b, ((-x—=2¥) [—x—-¥)lax

e (x-{xuy))

d. ((xuy)es (~x-»-¥))

Which one of the following is false?

A The set of all bijective functions on a

finite set forms o group under function
composilion.

b. Theset {1, 2, ..., p-1) forms & group
under multiplication mod p where p is
a prime number.

. The set of all sirmps over a [imte
alphabet £ forms a group under
eoncatenalion

3.

31

32

34,

dof 10
d. A subset s = § of G is a subgroup of
the group <G, *= it and only if for any
parrof element a. b =s,a * b-1 = 5,
The Newton-Raphson steration formula for
finding e, where e = s,

_2eedfe
et I
h-_. x‘r_'I.:-I—‘tL-?{il‘n:
; 3
e xm::!{!lrf
3
d x 2 e
‘el 313
f - f
cosf? st/ a 0
Th ices | d
nmamw_ﬁinﬂ s ‘un !_ﬂ h|
commute under multiplication
a. fa=bor & =nm, nan integer
b. always
c. nevet

d. WWacos# =buin &

The probability that the top and bottom
cards of a randomly shufiled deck are both
aces s

b o
" 52 82
g Lo E
52 52
4 3
(B — ] —
52 51
g A4
52 51

If Lyand L; are context free languages and
R a regular sel, one of the languages below
is not necessarily a context free language,
Which one?

a Lals

b. Linls
e. Lanly
d Livls

Define for a contest free language L — {0,
e




35

6
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Lo a0, 117)
u..—-u“ ﬁﬁw—wu \

:IL:H- " “dhq-ﬁlhﬂﬂ.ﬂu

@ the set of all binary stnings with 18,

unequal number of O “sand I's

b, the set of all binary strmgs mecluding
the null strimg

¢ the set of all hinary stomgs with exactly
ptie more O thun the number of 1's ar
one more | than the number of 0 5
il none ol the above
The grammar whose productions are
(tet) + il id then (stmt)
(stont) > if i then (stm) clse {sta)
(stmt) & id = id
is ambiguous becuause
o the semence
iffthe if thene =d
has two parse Irees
b, the lefl most and raght most denvations
of the senlence
ifathen ifbthene =d

3.

give rige 1o different parse trees 40

¢ lhe senfence
ifathenifbthene =delsee =¥
has more than two parse trees

d. the sentence
ifathenifbthenc =delsee=1{
has two parse rees

The mumnumum number of mierchinges
needed to convert the array

8% 1940,17,12. 10,25, 7. 11,6, 8.70
mic a heap with the maximum element at

the root 1s +41.

a i)

L

e 2

d 3

The recurrence relation
w2 ,_

Tio)=3 E‘)-H'l

has the solution _T(n) equal to
g Cxn)

b O{log n)

Saf 1o
e O(n")

i Mone of the above

The wverage number of key compansons
done m u successiul sequential search m o
hist of length 1t 15

a logn
-]
]
2
.l
) E
I
d H+
2

A bimary search tree 15 genemted by
imserting m order the following miegers:
), 15,62, 5,20,58, 91, 3,8, 37, 60,24

The number of nodes i the left subtree
and right subtree of the root respectively is
a (4.7)

b. (7.4)

B {B:3)

d. (3.8)

Quacksort 15 run on two mputs show below
to sort in ascending order

P [ T S |

it mlwd .. ]

Let € and C2 be the number aof
compansons mude for the inpuls (1) and
(1) respectively. Then.

a C1<C2

b. Cl>C2

¢c. Ct=C2

d We comnot say anviling for arbitrary n

Whach of the following macros can put o
muero assembler mto an infinite loop?

I MACRO MI, X
FEQX i X=0thes
M X+
JENDC
JF ME.X ilX #lithen

MWORD X | addvess (X) s stosed here
JENDC k
JENDIM

i MACRD M2, X
JFEQ X
MIX

X
X+

i




#2,

43

A

45,

- (i) only

. (i) enly

Both (i) and (ii)

d. none of the above
The correct matching for the following
pairs 18

Activation record
Location counter

. Reference counts
Address relocation
Linking loader
Garbage collection
Subroutine call
Assembler

A-3. B4, C-1:D-2
A-4,.8-3.C-1, D2
A-4, 83, C-2,D-|
A-3, B4, C-2. -1

A 1000 Kbyte memory 18 managed using
vanable partibons but no compaction. Tt
currently has two partiions of sizes 200
Klytes and 260 Kbytes respectively. The
smallest allocation request i Kbytes that
coold be demed 15 for

8. 151

b. 181

g 23

d. 541

A solution to the Dining Philosophers

Problem which avoids deadlock 1s;

a, ensure that all philosophers pick op the
left tork before the nght fork

b ensure that all philosophers pick up the

night fork before the left fork

ensure that one partcular philosopher

picks up the left fork before the nght

fork, and that all other philosophers

pick up the right fork before the left
fork

i. none of the above

Four jobs lo be executed on a single
processor systemn amve at ime 07w the
order A, B, C, [l Thewr burst CPU hme
requrements are 4, |, 8 | time umts
respectively, The completion time of A

=iy

£

PR R FURNC-OOWE

o

47

48.

fiof 10

under roumd robm scheduling with time
ghee of one time unit 1s

a. 14

b. 4

e B

d. 9

Consider the cireuit in Fig. 2,21 which has
a four bit binary number b:b-b;by, as mput
and a five bit binary number dsd-d.d,d, as
output, The circmt implemments:

LA

LHL]

% LR LL
Buriary to Hex conversion
Binary to BCD conversion
Bmary to grey code conversion
Bmary to radix-12 conversion

Consiler the cremt im Fig, 222 f
implements

T

A B
a. ABC+ABC + ABC

b. A4+B+C
e. ABRBC
i AB+BCZ+CA

Congider the following state tuble in Fig.
2.23 for a sequential machine The number
of states in the minimized machine will be

=N

ox | 80

B | ar | e
C | AX |8
o | A e

W] Sirske, Oulipud.
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What 15 the equavalent boolean espression
in product-of-sums form for the Kamaugh
map givenin Fig. 2 24
AB
CON OO0 ot 1w

oo | 1

aiy 1 1

LIl ] 1

BD + BD
- (B+C+D)(B+C+D)

-

B

(B+D)(B+D)

Fis

; I:B+E} [E +D)

A microprogram control unit s required to
generate o lotal of 25 control signals.
Assume that durmg any mieromstruction,
at most two eontrol signals are active,
Mimumum oumber of bits required in the
control word 0 generate the required
contrel signuls will be

o

b. 25

e 1D

d. 12

Let [be a iimetion defined by

x2 for (x < 1)
axlibxic for l<xs2
x+d for x > 2
Find ithe valves for the constants a, by, ¢ und

d 50 that [ 15 continuouns and differennable
evervwhere on the real ling

A binary search tree 15 used to locate the
number 43. Which of the following probe

sequences are possible and which are not!
Explain,

b 6135214114043
b 2350406043
6 1065 3] 483743

fix) =

e
L
ek

34,

Tl lh
d RI6152144143
e 17772766 1843
A logie network has two data mputs A and
B, wmd two control mputs Cy and Cy. It
mmplements the function F aceording to the
following Table

C; Cp F
e 0 |AB
0 1 | A+B
1 0 |A®B
1 1 | AB

Implement the circunt using one 4 o |
Multplexor, one 2-mput Exclusive OR
gale, one 2-mput AND gate. one 2-mpul
OR gate and one Inverter

An 8052 based system has an output port
with address 001 Consider the following
assembly language program.

ORG (10CH

MV A, OOH

LX1 H. 0103H

OuUT 00H

INR A

PCHI

HLT

() What does the program do with respect
to the output port BOH?

(b} Show the waveforms at the three least
significant bits of the port O0H.

A demand paged virual memory sysiem
uses |6 bt virtual address, page size of
256 bytes, and has | Kbvte of mam
memory. LRU  page replacement 18
miplemented using a hst whose current
status (page numbers in decimal) 15

{ 17 1 63 |
.T
LRLU page

For each hexadecimal address i the
address sequence given below,

O0FF, 010D, 1OFE. 1180
mdicate,

(1) the new status of the st
(11) page faults, 1f any_ and
(111} page replacements, if wny




SECTION-B (50 Marks)

Answer any TEN questions from this section.
All yuestions earry equal marks.

36

a7

58

54,

60

Let F be the collection of all functions £
L2 3] > 1L23).Uland g e F,
define an equivalence relaton -~ by g if
and only if {3)~ g 3)

{n) Find the number of equivalence classes
defined by

(b} Find the number of ¢lements in each
equivalence class

The Fibonacei sequence {1, f, i, . §)
15 defined by the following recumence:

"rﬂ-: - -'F:H-I +r'-i' ”2:": l.(l=l.' ’I =]

Prove by induction that every thind
element of the sequence s even

Let A = ["" ""] SHdB = [:" :'J be

it

two matrices such that AB = | Lat C = A
L]
ll ] and CD = |, Express the elements

I d‘.‘i

1=l
ol 12 10 t2rms of the elements of B

Let G be a context-free grammar where
G({SABC)fabd).PS) with the
productions in P given below.

5 s ABAC

Avakle

B-shB e

C—sd

(edenotes the null smng). Transform the
grammar (G to an equivalent context-free
grammar (" that has no ¢ productions and
no umt productions. (A unit production 18
of the form x —» v, % and y are non
termnals )

Given below are the mansmon dingrams
(Fig. 12) for two finite state machines M,
and M: recogmising languages L, and L
respectively

g 12 St

61,

8ol 1o

a Display the pansibon diagram for a
machine that recognizes L L3, obtained
from the wansition diagrams for M,
and M; by adding only & transitions
and no new states

b Modify the transition diagram obtained
in part (a) to obtan a transthon
diagram for a machine that recognizes
(LiLs)® by adding only & transitions
and no new states
(Final states are enclosed in double
circles)

Let Q = (1) 4al, o by, fu, b, £}, 8, 41,

Z, §) be a pushdown automaton accepling

by empty stack, for the language which is

the set of all nonempty even palindromes
over the set a, b}, Below is an incomplete
specification of the transitton function &,

Complete the specification. The top of

stack 15 assumed to be at the right end of

the string representing stack contents,

ﬂ#-:.-ﬂ- (s1.22)]

a3.0.2) = |(a;.2) |

qr.a.a)= [ | 1+ [ 1)
@iqube)=( — —1.—1)

sl

az.6.5) ={(az,)

w2..2) = {(az.e)
A two dimensional array A|l— n|[l-f
miegers 15 partially soried if
Vi,jell--a—11 AR <Al +1) sad

AJi)lj]) < Ali+ 13)

Fill in the blanks:

{a) The smallest item n the armay 15 o
AL where = landy -

{b) The smallest tem is deleted. Complete
the tollowang (ni procedure 1o msert item
x (which is pusranieed to be smaller than
any item wn the last row or column) sull
keeping A partially sorted.




2

i

emsnlgre e (n: micper),

- Wi e

Lgm

) be=lje=i =x

) whis [ w [EF_—)do
e )] AR +IND < ALG] e b
(L1} Al = Al + 10 : i=i+1
[47] =

% e bagin

m ]

M A= O3

ad

Insert the characters of the string K K P C
SNY TJMintoa hash table of size 10
Llse the hush [anetion

hix ={ord (2)-ord ("0 ) = ymod 10

and linear probing o resolve collisions,

(a) Which insertions cause collisioms?

{b) Display the final hash table.

A complate, undirected, weighted graph G
15 given on the verlex set |0, 1. - n-1} for
wry fixed ‘n’. Draw the mimmum
spanning tree of G il

a. the weight ol the edge (W v) 15 [u-v ]

b, the weightof the edge (u, viisu - v

Let 0 be the directed. weighted gruph
shown below in Fig. 17,

We are mierested in the “shortest paths
from A,

g Dulput  the Ssaquence of vertices
dentilied by the Dikstra’s algonthin
for sigle source shortest path when
the algorithm is started at node A,

b, Write down the sequence of vertices in
the shortest path from A to E,

¢, What is the cost of the shortest path
from A to 7

Consider the lollowing program  that

altempts to locate an element x in an arvay

a| | using binary search Assume N |

The program is erroncous. Under what

conditions does the program Lal?

67

GR.

6.

Mok LUy

v i kiinteger;  x:imleger,
ar gy [ - . W] of ieger ;
begin i=L j=N;
iz ka=(i+Ddiv2;

if afkl] <z b i=k
e jr=k

el (] = x) g (i = j) ;
if (a[k] = x) then
writeln ( 'x is in the army’ )}

s

writcln ( 'x i Bot in the sy )
end ]
Consider the following program n pseudo-
pascal syntax. What is pnnted by the

program if purameter a in procedure test |
is passed as

i albiy-reforence parasater?
- call-try-valee-rosult parumsetsr?

brain _bmt0 md;
test] (n 1 imiager) |

weineln (poimt 1 1°, 8., b);
il
weriteln (‘polod 3 5%, 4, b) .
md:
bagin (" Boesmple %)
be=3; el (W)
writctn { ‘pobatd : * b)
Consider the syntax-direeted translution
sthema (SDTS ) shown below:

E=E+E {print "+~)

E—E+E {primt " )

E-sid {print id aame)

E—=(B)

An [R-parser executes the actions
associated  with  the  productions

mmmediately alter a reduction by the
corresponding production. Draw the parse
tree and wrte the translation for the
senlence

(ath)*(ctd), using the SDTS given above.
The concurrent programming conslructs
fork und join are as below:

tork = label: which creates n new
process exeenting from the specified label
jon <vanable- which decrements the
specified synchromsaton vanable (by 1)
amd terminates the process il the new value
1s not (),
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71

3

Show the precedence graph for 51, 52, 53,
54 and 55 of the concurrent progrum
below

N=2
M=1
ek LY
forkld
11

Li: jois N
f3 ]

L% join M
5B
Pt ==t

In =

u,

w "
o 12

[

A computer system Uses the Banker's
Algorithm 1o deal with deadlocks. s
current state is shown in the whles below,
where PO, P1, P2 are processes, and RU,
R1. R2 are resource types

Mdyismaem Cizrent Avadabre
Mo Alircanion
RO R K2 EORIN2 RORIND
L P10 218
Hllﬂﬂﬂl:]
Fmji1 23 FmLo 2

a Show that the svstem can be in this
state

b What will the system do on 8 request
by process PO for one umt of resource
type RI?

A lile system with a one-level directory

structure 5 implemented on a disk with

disk block swe of 4K bytes. The disk is
used as follows

sk ok B el iy o s
o et

-1 s Plleairy, il . £ bl iy pr i,

[ Dok 1; ~

Dol sk X D i 1o

. What is the muaximum possible number
of files?

b What is the maximum possible file size
in blocks”?

Consider die  synchronous  sequential
circuit m Fig. 24.

n Draw a stte diagram  which s
implemented by the circuit Use the

13

T4

13

76

[l 1
following names for the states
corresponding to the values of flip-
flops as given below
Qo @ Stk

0 o -
0 0 1 5
1 1 1 5

Cirven that the mimal state ol the circwt 18
S84, idenufy the set ol sttes which are not
reachable,

A hard disk 5 connected to @ 50 MHz
processor through a DMA  controller
Assume that the mitil set-up ol a DMA
transfer takes 1000 lock cycles for the
processor, and sssume that the handling of
the nterrupt at DMA completion requires
500 clock cycles for the processor The
hard disk hos n transfer rate of 2000
Kbyvies/see and average block size
transferred 15 4K bytes What fraction of
the processor time 15 consumed by the
disk, il the disk s nctively transferming
100% of the time?

A computer system has a three level
memory herarchy, with access time and
hit ratios as shown below

lﬂlh“. Ll Lawasd ¥

ey

a. ‘What should be the minimum sies of
level | and level 2 memories to
achieve an average access time of less
than 100 nsec?

b. What is the average access time
achieved using the chosen sizes of
level 1 and level 2 memornes?

A library relational database syslem uses
the following schema

LISERS (User#, LiserName, HomeTown)
BOOKS (Book#, BookTitle. AuthorName)
ISSUED Beok®, Usar®, [ite)

Explain n one English sentence, whal
each of the following relational algebra
queries 15 designed to determing,

m‘u:imlﬂ.-ﬂ-ﬂhwm“ LERLITER) b= misk i
TP T TT— T






