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0.1 - 0.20 Carry One Mark Eacn

Consider the polynomial pix)=a, +ax-+ax" —ax’, where a =0,%. The

minimum numper of multiplications needed to evaluate pon an input xis:

(A) 3
(B) 4
(C) 6
(D) 9

Let XY, Z be sets of sizes x, v and z respectively. Let W - X xY and £ be the set
of all subsets of W. The number of functions from Z to E 15;

(A) 2%
(BY Zx2%
(mZ“
(D) 2

The set {LE,E,S,? 3, Q}Lmder multiplication modulo 10 is not a group. Given

helow are four plausible reasons., Which ohe of them 15 false?

(AY It 15 not closed
BY 2 does not have an inverse

'i
(C) 2 does not have an inverse
(D) 8 does not have an inverse

A relation R Is defined on ordered pairs of Integers as follows:

yIR(uv)if x<uandy =v, Then R is:

A} Neither a Partial Order nor an

C) A Total Order

1 An Equivalence Relation

(X
(
(B} A Partial Order but not a Total Order
(
(D

—quivalence Relation

For which one of the Tollowing reasons does Internet Protocol (IP) use the time-
to-live (TTL) field in the IP datagram header?

(A} Ensure packets reach destinaticn within that time

B5) Discard packets that reach later than that time

(
(C) Prevent packets fram lgaping indefinitely
(

] Limit the time for which a packet gets gueuded in intermediate routers.

Consider three CPU-intensive processes, which require 10, 20 and 30 time units

and arrive at times 0, 2 and 6,

respectively. How many context swglches are
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needed it the operating system implements a shortest remaining time first
scheduling algorithhm? Do not count the context switchies at time zerg and at the

end,

(A) 1
B} 2
C) 3
D) 4

'i
(
(

Consider the following grammar.

5 3 5*%F
5= F
E— 1+ £
E— F
Fo—id

Consider the following LR [0)items carresponding to the grammar above,

(1) S = §5%F
iy £ >F.-F
(iiy £ »F +.E

Given the items above, which two of them will appear n the same set Iin the
canonical sets-of-items for the grammar?

LA

{
(
(

You are given a free running cloc

B

)
C)
J

B

{
{
(

1y and (i)

13 and {11}
1y and {11}

None of the above

< withh a duty cycle of 50% and a digital

waverorm { which changes only at the negative edde of the clock. Which one of

the following circuits (using clocked D fl]

180°7
(A)
:
>0+ D C?—J
Cie
(B)
/ Eﬁ3ﬂ153 Q|
ctk |

]

n-flops) will delay the phase of 1 by
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(C) f =l 0 Q| I Qi_
otk |

(D) —_—
f—::' D . = III'_I':; Q —
R Iy
Cik
Q. A CPU nhas Z24-bit instructions. A program starts at address 300 {in decimal).
Which one of the tfollowing 1s a legal program counter (all values Iin decnmal)”
(AY 400
(B} 500
(C) 600
(D) 700
10, In a binary max heap containing 7 numpers, the smallest element can be found
I time
(A} QR
(B O[\mgﬂ

(C) Ofloglogn)
(D) Of1)

11. Consider a weighted complete graph G on the vertex set {v,,v,,...., v }tsuch that

the weight of the edge (w,.Iw_,.] 1S 2\#’ - 7. The weight of a minimum spanning tree

of G s:
(A n 1
(B) 2n-2
.".Ill-—ll....
.
OR[N
(D) "
12. To mplement Dikstra's shortest path algornthun on unwelghted graphs so that it
runs It linear time, the aata structure to be used 15;
(A Queue
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(B} Stack
(C) Heap
(D) B-Tree

155 A scheme for stornng binary trees in an array X s as follows. Indexing of X starts

at 1 Instead of U. the root Is stored att X[ 1]. For a node stored at X[i1], the left
cnild, 1T any, 1s stored in X[ 21| and the right cnild, It any, in X[2i+1]. To be able to
store any binary tree on nvertices the minimum size of X should be

(A) log, n
(B) m

(C) 2n+1
(D) 27 -1

14, Whnich one or the rtollowing In place sorting algarithms needs the minimum
number of swaps?

(AY Quick sort
(B)Y Insertion sort

(C) Selection sort
(D) Heap sort

15. consider the following C-program Tragment Iin which |/, ] and nare Integer
varighbles.

for{i=n,3j=0;1>0;1/=2,] +=i);

Let val{j]dencte the value stored in the variable jafter termination of the
for loop. Which one of the following 15 true?

(A) vaflj) - @{logn)

n)

(B) val({jj=¢0[V
(C) vall{jl-#&(n]
(DY vall{j) - &(nlogn)

16. tet S5 be an NP-complete problem and Q and R be two other problems not known

te be I NP, Q is poelynhomial time reducible to S and S 1s polynomial-time
reaucible to K. Which one of the following statements 1s true’?

(A) R is NP-complete
(B} R is NP-hard
(C) Qs NP-complete
(D) Qs NP-hara
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17. An element In an array X is called a leader if it is greater than all elements to the
fight of 1t 1n X, The best algonthm to find all leaders in an array

(AY Solves it in linear time using a left to right pass af the array
(B} Sclves it in linear time using a right to left pass of the array

(C) Sclves it using divide and conguer in time #{nlogn)

(D) Solves itin time &[n*|

18. We are given a set X ={x.,...... x,! where x, =2, A sample S < Xis drawn by

selecting each x,independently with probability p. - %.The expecied value of the

cimtallest number N sample 5 s;

(A) =
1

(B) /
(C) + 17
(D)

19.  Let L ={0™"1"0"|n,m >0}, L, ={Q""1"" 0" n,m > 0}, and

L, - {D 170" nom = D}. Which of these languages are NOT context free?

(A) L, only
(B) L, only
(C) L and L
(D) L, and L,

20, Consider the following log sequence of two transactions on a bank account, with

nitial balance 12000, that transfer 2000 (¢ a mortgage payment and then apply
a >% Interest,

11 start

T1 B old=1200 new=10000
T1L ™M aold=0 new=2000

11 commit

T2 start

72 B old=10000 new=10500
T2 commit

- O B e MO

Suppose the database system crashes just before log record 7 i1s writternn. When
(e system Is restarted, which one statement Is true of the recovery praocedure’

(A We must redo log record 6 to set B to 10500

(B) We must undo log record 6 to set B to 10000 ana then redo log records 2
and 3
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21.

L s

LS

24,

(C) We need not redo leg records 2 and 3 because transaction T1 has committed

(D) We can apply redo and undo operations int arbitrary order because iney are
Idempotent.

.21 - Q.75 Carry Two Marks Each

For each element in a set of size 2n, an unblased coin is tossed., The 27 coin

tosses are independent. An element is chosen if the corresponding coin toss were
Read. The probability that exactly n elements are chosen is.

]

(D) E

Let B, F and G be finite sets.

let X =(ENF)-(FAGandY =(E-(ENG)}-(E-F].

Whnich ohe of the following is true?
(AY X Y

(B} X Y

(0 A =¥

(D) X =Y z&dand Y - X #iJ

Fis an nxnreal matrix. b is an pxlreal vecior. Suppose there are {(wo
nx1lwvectors, w ana vsuch that w.-v,and Fu - D, Fr - b. Which one of the

following statements is false?

(AY Determinant of £ 15 Zero

(B} There are an infinite numBper of solutions to Fx = &
(C) Thereis an x -+ 0such that Fx - 0
'i

D] F must have two identical rows

Given a set of elements N=1{12,..... ,nyand  two  arbitrary  subsets
Ac N and 8 < i, how many of the nlpermutations T from M to N satisfy

. "u . "

|'.

miﬁ(:-r[:,rﬂl_]]:mmpr[Bj},where min{Siis the smallest integer in the set of
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integers S, and x(S)is the set of integers obtained by applying permutation rto
cach element of 5/

) (n-|AUE])Alg
(B) [ AC+ B |n?

)y ”!_{":'IFIB
Al)B

D) |ANBL/| 45

25, let S -41,2,3,........ m},m>3. Let X

Define a function ffrom S to the set of natural numbers as, f(/i}is the number of

X, be subsets of S each of size 3.

sets X that contain the element /. Thatis F{/) - {j = }i’|} .

Then Ef(r’)iz

26, Which one of the first order predicate calculus statements given below correctly
expresses the rollowing English statement?

Tigers and lions attack it they are hungry or threatened.

(AY x|

x)alion(x}] — {{;huﬂgrﬁf (x]wv threatened{x]} — attar:kz{x]} :

_[:tiger x) v lion(x}) — ([hungry {x) v threatened (x|} » attacks(x ]}

<[
Ly

(B)

(C) "v’x[[:tiger x) v lion{x}) %{attackmx (hungry (x) v threatened[;—::}j}:

D)

<[
:a;

[t|ger|;{j u“‘ICIﬂLJ{' o huﬂgr*}r X | fthI'EE!'iZEﬂEEJ{J{]]- attack5[:~:’]}:

27, Consider the fellowing propositional statements:
P [:[A ~ B) — C;}) = [:{A — ClatlB - Cj]
2 ({Av B} > r:}) = (A = C|v(B— C]

Which one of the following s true?

(A} P1 is a tautology, but not P2

(B} P2 is a tautology, but not P11

(C) PL and P2 are both tautologies

(D) Both P1 and P2 are not tautologies
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28, A logical binary relation | is defined as follows:

2l 5 A B

Irue [rue | True

True False True

False True False

False False True

Let ~be the unary negation (NOT) operator, with higher precedence then
Which one of the following is equivalentto A A~ 87

(A) [~ A B]
(B) ~(A ~ B
(C} == A =B
(D) ~(~A B}

i

o If sis a string over {0+1) then let n. (s]denote the number of 0's in
s and n. {s]the number of 1's in s. Which one of the following languages is not
regular?

(A) L={se(0+1}* n,{s} is a 3-digit primc|

My 187)--1, (8] = 2}

(C) L={se(0+1}*|n, (s)-n {s]| <4}

{
(BY £ - [5 = (0 11 1}* for every prefix 57 of s,
{

(D) L=1{5e(0+1)* n.{s] mod 7 =n,{s] mod 5= 0]

30. For Se{0+1)*let d|s)denote the decimal value of s{e.g.d{101)=5).

let L ={5¢ (0+1)*d(s}mod5=2 and d(s)mad7 = 4}

Which one af the following statements Is true?

(A} L s recursively enumerable, but not recursive
(B} Lis recursive, but not context-free

(C) Lis context-tree, but not regular
(D) Lis regular

31. Let SHAM. be the problem of finding a Hamiltonian cycle In a graph
G = (V, E]with Hdiviaib\e oy 3 and DHAM-. be the preblem of determining It a

Hamiltonlan cycle exists In such graphs, Whicn one of the following 15, Ll 7
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(AY Both DHAM: and SHAM, are NP-hard
(BY SHAM- 1s NP-hard, but DHAM, 1s not
() DHAM; Is NP-hard, but SHAMz 15 not
(D) Neither DHAMy hor SHAM, 15 NFP-nard

32, Consider the following statements about the context free grammar
G={5->3555—=ab5—bas -}

I. G Is ambiguous

[I. G produces all strings with equal number of a’s ana b's

III. & can be accepted by a deterministic FOA,

Wnich combpination below expresses gll the true statements about G7
(ALY T only

(BY T and III only

(C) 1L and I only

(D) I, II and III

33, tet L. be a regular language, L, be a deterministic context-free language and L, a

recursively enumeraple, bul not recursive, language, Which one of the fellowing
statements is false?

(A) L 71L1s a deterministic CFL
(B) L, 1L 18 recursive

(C) L, JL is context free

(D

) L0 T L s recursively enumerable

34, Consider the regular language £ ={111+11111)*. The minimum number of
states In any DFA accepting this languages Is:
(A) 3
(B) >
(C) 8
(D) 9

30,

MUX

o
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Consider the crcuit above, Which one of the following options correctly

represents f(x,y,Z2}7

(A) X7 rxy--?ﬁ
(B} Xz rxy--;E
(C) Xz + Xy L;E
(D) xzw-x?ﬁ~;z

Eim] Given two three bit numbers a,aa. and 5.5,8, and ¢, the carry in, the function

that represents the carry generate function when these two numbers are added
£

(A) a,b, raab - aaab t+aabbd 1+abpo -aa8.Db.Db 180,00,
LB 2l +abl +880 0 - 88040 +884 — 8800, — 8800,

LT LT

(C) a,1 b, +(a @h)(a 15 +{a &b }a

1By )]

J

(D) a,b, +a,ab —~aaab, +aabb +abb +aabb +abbb

| R

3/, Consider the circuit in the diagram. The @ cperator represents Ex-OK., The D flip-
flops are initialized to zeroes (cleared).

The following aata: 100110000 1s supplied to the “data”™ terminal in nine clock
cycles. After that the values of g,q. g, are:

(A} 000
(B) 001
(C) 010
(D) 101

363 Consider a Boolean function f{w, x, v, 7}. 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 /- {w,,x., v,z and i, —{w,, x,,v,,z,;, we would like the function to

!

rertaln tiue as Lhe nput changes from
o to f, (i, and /, differ in exactly ane bit position], without becoming false
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momentarily. Let 7 (w,x,y,Zz}= > (57,11,12,13,15]. Which of the foellowing cube
covers of £ will ensure that the required property is satisfied?

(A WXZ, WXV, XVZ, XYZ, WYZ
(B} wxhﬁ:ﬁ:’z,wyz

(C) WJ-:E, XZ wg}fz

'i

D) w2y, Wyz, WXZ, WXZ, XVZ, XyZ

K4 f We consider the additicn of two 2's complement numbers b .b_.....0, and
a .a. .....a. A binary adder for adding unsigned binary numbers is uaed to add
the two numbers. The sum Is denoted by ¢, .C. .....C;and the carry-out by C_,..

Wnich one of the Tollowing options correctly IdEﬂtIfIEE the overflow condition?

lirﬂ'nj' E«ﬂ-‘..‘i [a'._]. I:I:] D.ﬂ ,.J

(B} a,..b, c (- P « o
LGy €, BE,
(O] &, B0,

40}, Consider numepers represented in 4-bit gray code. Let A.A00, De the gray code
representation of @ numper pand et g§.,g9.9.g,pbe the gray code of

{7+ 1) {modulo 16)value of the number. Which one of the following functions is
correct?

(A g, (hh Ay} -3 (1,2,3,6,10,13,14,15]
(B) g, (hhAMI -3 (4,910,11,12,13,14,15)
(C) g, (hhhh)-3(2,4,56,7,12,13,15)
(D) g, (hmhh) -3 (0,1,6,7,10,11,12,13)

41. A CPU has a cache with block size 64 bytes. The main memary has & banks, each
bank Dbeng ¢bytes wide. Consecutive ¢ -byte chunks are mapped on

consecutive banks with wrap-around. All the K banks can e accessed in parallel,
but two accesses to the same bank must be serialized. A cache block access may

nvolve multiple iterations of parallel bank accasses depending on the amount of
data cobtained by accessing all the xpkanks in parallel. Each iteration reguires

decodirtg the bank numbers to be accessed in parallel and this takes gng. The

latency of onte bank access 5 80 ns. If ¢ -2 and & - 24, the latency of retrieving
a cache block starting at address zero froim mairn Memaory 1s:

(AY 92 ns

(B} 104 ns
(C) 172 ns
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4.2,

4 3,

44,

45,

(D) 184 ns

A CPU has a five-stage pipeline and runs at 1 GHz freguency. Instruction fetch

happens In the first stage of the pipeline. A conditiona

| branch instruction

Ccomputes the target address and evaluates the cendition in the trird stage of the

bipeline, The processor stops fetching new Instructions 1ol

owing a caonditional

branch until the branch outcome is known., A program executes 107 instructions

oUt of which 20% are conditional branches. If each instruction takes one cycle to
complete on average, the total execution time of the program 1s;

(A) 1.0 secand
(BY 1.2 seconds
(C) 1.4 seconds
(D) 1.6 seconds

Caonsider a new Iinstruction named branch-on-bit-set (mnemonic bbs). The
instruction “BbHs reg, pes, fabel” jumps to label IT bit in position pos of register

operand reg 1s one, A register is 32 bits wide and the bits ar

edih. mbereg D To 31,

hit in positicn 0 being the least significant. Consider the following emulation of

this instruction on a processor that does not nave 0os implemented.

femp «— reg & ImMmask

Branch to fabel It temp Is non-zero.

The vanable temp 15 a temporary register. For correct em
mask must be generated by

(A) mask « 0x1 pos
BY mask « Qxfffffffif pos

(
() mask «— pos
(D

] mask «— 0xf

Station A uses 32 byte packets to transmit messages to Station B using a shiding

window protocel, The round trip delay between A and B |s

ulation, the variable

S0 milliseconds anc

the bottleneck bandwidth on the path between A and B is 128 kbps. What is the

optimal window size that A should use?
(AY 20

(B} 40
(C) 160
(D) 320

Two computers C1 ana CZ2 are configured as follows,

C1 has IP address

203.197.2.52 and netmask 255.255.128.0. C2 has [P address 203.19/.75.201
and netmask 255.255.192.0. which one of the following statements is tge’
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46,

47,

(A) C1 and C2Z both assume they are on

(BY C2 assumes C1 1s on same network,
Nelwork

(C) C1 assumes CZ is on same network,
network

(D) C1 and C2 both assuitte they are an

Station A needs (o send a message cor

the same network
but C1 assumes C2Z 1s ont a different

hUut C2 assumes C1 is an a different

differentt networks.

sisting of 9 packets to Station B using a

sliding window (window size 3) and go-

hack-n errcr control strategy. All packets

are ready and immediately available for transmission. If every 5" packet that A

E

transmits gets lost {(but no acks

rom B ever get [ost), then what is the number of

nackets that A will transmit for sending the message to B?

(AY 12
(B) 14
(C) 16
(D)1

Consider the following graph:

Which cohe of the following cannot be
order, to a minimum spanning tree usin

(A) [ﬁ—fﬂ};(d--f]f[b—f),{fﬂ’-Ef}r{fd---eﬁl

(B) (a-b},(d-F),(d-C], LE:*—fj}r{jd---E:]
(C) (d-F},la~-b),d-c],lb-T}, {d-e]
(DY (d-TF},(a-b),(B-F ),{:d—e],[ﬂ'—c]

the sequence of edges added, in that
g Kruskal's algorithim?

LOLLEGE:



48,

45,

s,

Let 7 e a depth first search tree in an undirected graph G, Vertices 4 and v are
leaves of this tree 7. The degrees of both 4 and vin G are at least 2. which che
of the following statements 1s true?

(A} There must exist a vertex w adjacent to both ¢ and rin G

B) There must exist a vertex w whose removal disconnects & and vin G

(
(C) There must exist a cycle in G containing v and »
{

) There must exist a cycle in G containing v and all its peighbours in .

An implementation of a queue O, using two stacks S1 anad 52, s given below:

- o= .. R e =
ool Tnmigort [0, X

P (G adke@imieae (B3 L ag
2 e ol A & Bl I el | oyl I
WEL AN
T - o Sl o |
K=y (2 )
NN R NI S .
AT LT A

Let 7 insers and m{E n}de" ore gperations be performed in an arbitrary order
Ort an empty queue Q. Let x and v be the number of puss and won operations

perfarmed respectively In the process, Wnich one af the following is true for all
moand N’

(AY m—-—m< x <Z2nand Zm <y <1+

(B) n—-m=x<=2Z2nand Zm=y <.2n
(C) Z2max<Zpnand 2m=y 2 n0+m
{

D) 2ZmZx <Jnand 2m =y £ 2n

A set X can be represented by an array x|n| as follows.

1 ifie X

x[i]|=1

'0 otherwise

Consider the following algorithm in which x,y and z are Baaglean arrays of size n:

_ _ i B — , - . . B . !
f . ;..J- :;. . E._. _.I . :-I .'?I .-_.-ll -'?I Il- }'-. . s r 1:i||l = 1 T -?I & :: .ll

I - m
T T
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7T M L et DU W feBLY] & B T
’
The set 2 computed by the algorithm Is:
(A) (X Y]

(B} [X Y]
(C) (X =-YINY -X]
{

D) (X =YY - X]

51. Consider the following recurrence;
T{m=27(vn|+1,7{1)=1
Which one gf the following is true?

(A) T{n}=¢0{loglogn]

(B} T{n)=2#{logn)

(C) T{n}=#{vn]

52.  The median of n elements can be found in O[n)time. Which one of the following

S correct about the complexity of quick sort, In which median 1s selected as
DIvoL 7

(A) 0(n)

(BY ¢(nlogn)

(C) o(n)

1
-

(D) #(n’]

53.  Coensider the following C-function in which a|n| and b|m|are two sorted integer

arrays and r:\ n + m |be another integer array.

Il AR T B, hd B, Sfhe w0 o
SRR e L N
T =J=k=.J;
Lot [ LB olde L |S200G ¢
oL E ., € W], j s i, o, §
e e — o7 ;
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Dy

Wnich of the following conditicn(s) hecld{s} after the termination of the while

[elelel;

(i) jemk=n—j-1 andaln-1.<bljiifi=n
(i) f<mk=m+i-1, andbjm-1'<ai|ifj=m
(A) only (1)

(B} only (i)

(C) either (i) or (i) but not both

(D) neither (1) nor (i)

Given two arrays of numbers a,...,a, and 8,,...,b, where each numbper is 0 or 1,

the fastest algerithm to find the largest span {/, jisuch that

8 -a. ...

a8, - Db

(A) Takes O(3"} and ©[2"]time if hashing is permitted

(B) Takes O{n’] and Q{n*" | time in the key comparison model

(C) Takes @in)time and space

| b, or report that there is not such span,

(D) Takes GHE] time only If the sum of the 2n elements is an even number

1 1
" -

Consider these two functions and twg statements 51 and 52 about them.

. = Srls |

RGBT ST L T Foobl, meiebee i | Ml ®gp
cEl. B o= ST SEL Lo = e EG
T W= | 3 1
o R 1. = b
vl e LB — 2
S1: The transformation form «s-<° o wor<Z 15 valid, 1.e., far ar

and input arguments, worz? will compute the same output anc

effect on program state as wor <

Y program state
Mave the same

520 All the transtormations applied to worlkl to get w=-<2 will alwavs improve the

serformance (i.e reduce CPU 1

(A} S1 is false and $2 is false
(B} S1 1= false ana S2 1s true
(CYy S1 s true and 52 1s ralse
(

D) 51 is true ana 52 Is true

ime) of work?2 compared to worlk’
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~E, Consider the following code written
FORTRANMN and these statements about the code.

N a pass-by-reference language like

S1: The compiler will generate code to allocate a temporary nameless cell,

initialize it to 13, and pass the address of the cell swap

52 O execution the code will generate a runtime error an line L1

S3:0n execution the code will generate a runtime errgr on line L.

54 The pregram will print 12 and &

55 The program will print 13 and -2

(A} Sl and 52
(BY 51 and 54
(C) 53

(D) S1 and $5

-xXactly the following set of statemeni{s) Is Ccorrect;

57. Consider this C code to swap two integers and these five statements: the code

51: will generate a compilation error

Ry =

Fox =

"PX - Fpy;
“PX + TRy,
Py - TPX;

void swap (int *px, int *py) {

52 may generate a segmentation fault at runtime depending on the arguments

nassed

S3: correctly 1m

dlements the swap procedure for all input pointers referring to
integers stored in memaory [ccations accessible to the process
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540 implements the swap procedure correctly for seme but not all valid input
DOINters

S5 may add or subtract integers and painters.
51

72 83N 535

572 and 54

S2 and 55

SAGICEE

Sa. Consider the following grammar:
S » FR
R — * 5‘ fa
S ¥
In  the predictive parser table, M, of the grammar {{he entries
M[_S, id . and M| R, $| respectively,

Ay {S > FR} and {R ¢

'i

(B} {5 > FR} and { |

(C) IS > FR} and {R » *S)
'i

D) {F >id} and {R > #}

59. Consider the following translation scheme.
5 » EF
R > *E{print('*'};} R«
E w51 <k E{printf—i—'};HF
F— (_Sj|fd{priﬂt{id.ua\uej 1

Here idis a token that represents an Integer and gvaluerepresents the
corresponding integer value. For an input 273+ 47, this translation scheme

Drints
(AY 275314
(B 2¥+3 4
(C)y 2 3%4 4+
(D) 2 344
60, Consider the following € code segment.

[oame £ == g *gww =5 g

e ol s VIR s of

- f S
A = 1 s

LOLLEGE:



61,

2.

b 3.

Wnich one of the following is false?
(AY The code contains loop invariant computation

(B} There 1s scope of common sub-exprassion elimination in this code
(C) There is scope of strength reduction in this code
(D) There s scope of dead code eliimunation in this code

The atomic fefch-and-set X, vy Instruction unconditionally sets the memaory
location x to 1 and feteches the old value of x rnt y without allowing any intervenirg
access to the memaory location x. consider the following implementation of P and
V functions on a binary semaphare 5.

Which one of the following s true?

(A) The implementation may not work If context switching 1s disabled in F

(B} Instead of using fefch-and —sect, a pair of normal load/store can be Used
(C) The implementation of V I1s wrong
(

D) The code does nol implement a binary semaphnore

A CPU generates 32-bit virtual addresses. The page size 15 4 KB, The processor

has a translation look-aside buffer (TLB) which can hold a total of 128 page table
entries and Is 4-way sel assoclative. The minimum size of the TLE tag Is:

(A} 11 bits
(B) 13 bits
(C) 15 bits
(D) 20 bits

A computer system supports 3Z2-bit virtual addresses as well as 32-bit physica

addresses, Since the virtual address space is of the same size as the phvysica

address space, the gperating system designers decide to det rid of the wvirtua
memary enttirely. Which one of the fellowing is true?

(A} Efficient implementation of multi-user support is no longer possible
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05,

Db,

o/,

(B} The processor cache organization can e made more efficient now

(C) Hardware support for memory manaqement i1s no longer needed

(D) CPU scheduling can be made more efficient now

Consider three processes (process 1d 0, 1, 2 respectively) with compute time

around tim

hursts 2, 4 and & time units. All processes arrive at time zero, Consider the
ongest remaining time first (LRTE) scheduling algorithm. In LRTF ties are broken
By qIving priority to the process with the lowest process id. The average turn

= g

(A} 13 units

(
(
(

B 14 units
CYy 15 units
D) 16 units

Consider three processes, all arriving at time zerg, with total execution time of

L0, 20 and
time doing
time doing

cofmpute b

30 units, respectively, Each process spends the first 20% of execution
[/O, the next 70% of time doing computation, and the |ast 10% of
I/O again. The operating system uses a shortest remaimimg compute

time first scheduling algorithm and schedules a new process either when the
Funning process gets blocked on I/0 or when the running process finishes its

[

urst. Assume that all I/0O operations can be overlapped as much as

nossible. For what percentage of time does the CPU remain idle?

(A) 0%

(B} 10.6%
(C) 30.0%
(D) 89,449

Consider t
halding  x,

oCccupied,

ne following snapshot of a system running n processes, Process 1S

nstances of a resource R, 1</ < currently, all instances of R are
Further, for all {, process 7nas placed a reguest for an additional

y.Instances whnile nolding the X, instances It already has. There are exactly two

LI CES5ES

a rneressy
deacdlock?

{’ﬂ"} min {.H_.:HI ‘Hr.:,' } < ma:{.&';;:__c_r ¥,

£ and gsuch that y_ = y_ =4, Which one of the following can serve as

l-.

vy condition to guarantee that the system s not approaching a

i

(B) X, + X, 2 min, an ¥a

() ma:{(,:fﬁ,xﬂi] = ]

(D) min{x,,x,}=>1

Consider the relation account (customer, balance) where customer 1s a primary
key and there are ng null values., We would like to rank customers according to

decreasing

balance. The customer with the largest balance gets rank 1. ties are
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not broke but ranks are skipped: it exactly two customers have the largest
balance they each get rank 1 and rank 2 15 not assigned.

select A customer, count{B.customer)

Queryl: | from account A, account B

where A.halance < =B.balance

qroup by A.customer

select A.customer, 1+count{B.customer)
QueryZ: | from account A, account B

where A.balance =< B.balance

qroup by A.customer

Consider these statements about Queryl and Query.Z,

1. Queryl will produce the same row set as Query? for some but not all
databhases,

Both Queryl and QueryZ are correct implementation of the specification

Queryl is a correct implementation of the specification but QueryZ s not
Meither Queryl nor Query?Z 1s a correct implementation of the specification

A [ iV 0 B A

Assigning rank with a pure relational query takes [ess time than scanning in
decreasing balance order assigning ranks using QDB

Wnich two of the above statements are correct?
(AY 2 and 5
(BY 1 and 3
(C) 1 and 4
(D) 3 and 5

Cansider the relation enrolled (student, course) in which {student, course) is the
Jrimary key, and the relaticn paid {student, amount) where student I1s the

Drimary Key. Assume no null values and no foreign keys or integrity constraints.
Given the following four queries:

Queryl:select student from enrolled where student in {select student from paid)

QueryZ:select student from paid where student in {select student from enrelled)

Query3:select E.student from entolled E, paid P where E.student = P.student
Queryd. select student from paid where exists

(select * from enrglled where enrolled.student = paid.student)
Which one of the following statements Is correct?
(AL ALl gueries return identical row sets for any database

(B} Query?Z and Queryd return identical row sets for all databases but there exist
databases for which Queryl and Query./ retuirn different row sets.

(L) There exist databases for which Querys returns strictly fewer rows than
Queary?
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(D) There exist databases for wnich Queryd will encounter an integrity viclation
at runtime.

69, Consider the relation enrolled (student, course; in which {stuaent, course) is the
orimary Key, and the relation pald {(student, amount; where student Is the
orimary Key. Assume no null values and no toreign kKeys or integrity constraints.,
Assume that amounts 6000, /7000, 8000, 9000 and 10000 were each paid by

20% af the students. Consider these query plans (Plan 1 on left, Plan 2 on right)
to "list all courses taken by students who have paid more than x”

errolled 4] enrollea (2

:r | _ d . . . !
Frobe index Sanuential Probe index Sequential sean
on stuaent scan, select orn stuaent
arrornt = ox -
Indexed nastad loop join Indexed naested loop jain

Project on course l Select on amount = X
'!’ Project or course l

!

A disk seek takes 4ms, disk data transter bandwiath is 300 MB/s and checking a

tuple to see It amaount Is greater than x takes lOWs. Which of the following
statements Is correct?

(AY Plan 1 and Plan 2 will not cutput identical row sets for all databases

(B} A course may be listed more than ance In the output of Plan 1 for same
aatabases

(C) For x = 5000, Plan 1 executes tfaster than Plan 2 for all databases
(D) Far x = 9000, Plan [ executes slower than Plan 2 Tor all databases.

/70, The following functional dependencies are given;
AB - CD AF - D DE - F,C -G, F - E,G = A

Which one af the tollowing options I1s false?

(A) {CFY - 1ACDEFG)

) 18

Gt
) {AFY = {ACDEFG)
B} -

) 1A

- { ABCDG]

| ABCDFG)
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Comimon Data Questions:

Commoan Data for Questions 71, 72, F3:

The 2% vertices of a graph G corresponds to all subsets of a set of size n, for n = 6. Two

vertices of G are adjacent It and only It the corresponding sets intersect in exactly two
elements.,

/1. The number af vertices of dedree zero In G 15!
(A L
(B} n
(C) -]
(D)2°

K s The maximum degree of a vertex in G Is:

I.j g 2 xﬁl- n o2

w[ig

(B) 27
(C) 277 %3
(D) 27

P The numper of connected components in &G 1s.
(AY N
(BY n-2

(©) 27

(D) =

i1

Common Data tor Questions 74, 75:

"

Consider two cache grgartizations: [he Tirst one I1s 32 KB Z2-way sel assaciative with 3.2-
hyte block size, The second one 1s of the same size put divect mapped. The size of an
address 15 32 bits In both cases. A Z2-to-1 multiplexer has a latency of U.6 ns while a «-
hit comparator has a latency af k/10ns. The hit latency of the set associative

orgartization is A, while that of the direct mapped ane is n,.

/4. The value of N is:

/5. The value of his:
(AY 2.4 ns
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(B} 2.2 ns
(C) 1.8 ns

(D) 1.7 ns

Lirtked Answer Questions: Q.76 to Q85 Carry Two Marks Each

Statement for Linked Answer Questions 76 & 77

A Z-ary max heap is like a binary max heap, but insteadq of 2 children, ncdes have 3
childrert. A 3-ary heap can be represented by an array as follows: The root Is stored In
the first location, all], nodes In the next level, from left to rignt, Is stored from a|l] Lo
al3]. The nodes from the second level of the tree from left te right are stored from al 4|
ocation onward. An item x can be inserted nto a 3-ary neap contamning n items by
slacirntg x in the location aln] and pushing it up the tree to satisty the heap property.

/6. Which one of the following 15 a valid sequence of elements I an array
representing 3-ary max heap?

(A) 1,3,5,6,8,0
(B) 9,6,3,1,8,5
(C) 9,3,6,8,5,1
(D) 9,5, 6,8, 3, 1

/7. Suppose the elements /7, 2, 10 and 4 are nserted, 1in that order, imto the valia 3-

ary max heap found in the above guestion, Q.76. Which one of the following is
the seguence of Items In the array representing the rasultant neap?

(A) 10,7.9,8,3,1,5,2. 6,4
(B) 10,9,8,7,6,5,4,3,2, 1
(C) 10,9,4,5,7,6,8,2,1, 23
(D) 10,8,6,9,7,2,3,4,1,5

o

Statement for Linked Answer Questions 7 & 79:

Barrier i1s a synchronization construct where a set of processes synchronizes globally 1.e.
eacht process in the set arrives at the barrier and walts far all others to arrive and then
all processes leave the parrier. Let the number of processes [N the set be three and S be

a binary semaphore with the usual P ang V functions. Consider the following C
mplementation of a barrier with line numbers shown on left.
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[ ] e e "y = = mmr mmr = o == - [ ]
'::E [ [— 5 - e .-. .:l l:- B |:- a :_.! - - - .'.'- I-. .:. I: - - I-. .-I .Il

The varables process arrived and process left are shared among all processes and are

nitialized to zero. In a concurrent program all the three processes call the barrier
runction when they need to synchronize globally.

/&, The above implementation af barrier is incorrect. Which one of the following is
true?

(ALY The parrier implementation is wrong due to the use of binary semaphore 5

(BY The barrier implementationn may lead to a deacalock if two barrier in
Intvocations are used in immediate successiort.

(C) Lines &6 to 10 need not be inside a critical section

(D) The barrer implementation 1s correct If there are only two processes instead
of three.

79, Which one of the following rectifies the problem in the implementaton?
(A) Lines 6 to 10 are simply replaced by process _arrived--

(B} Al the beginning of the barrier the first process (o enter the barrier walts
until process arrived becomes zero pefore proceeding to execute PIS).

(C) Context switch 1s disabled at the beginning of the barrier and re-enabled at
the end.

(D) The variable process |eft 1s made private instead of shared

Statement Tor Linked Answer Questions 50 & &1z

A CPU has a 372 KB direct mapped cache with 128-byie block size, Suppose A s a two-
dirmensional array of size 512x5172 with elements that occupy -bytes each. Cansider the

following two © code segments, PL ang P2,

=
I
|

1
I

i

I

"

|
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F1 and P2 are executed independently with the same initial state, namely, the array A 1S
nat 0 the cache and J, 7, x are in registers. Let the number of cache misses experienced

by P1 be M, and that for P2 be M..

30, The value of M, Is
(A U
B) 2048

'i
(C) 16384
(D) 262144

v
81. The value of the ratio ! is:

MF‘

(A) O

1

(B) —

Statemeant for Linked Answer Ouestions 82 & 83:

Consider the diagram shown telow where a number of LANs are connected by
(transparent) bridges., In order to avoid packels leoping througn circuits 1n the grapn,
the bridges organize themselves in a spanning tree. First, the root bridge s identified as
the bridge with the least serial number, Next, the rool sends out (one or more) data

Units to enable the setting up of the spanning tree of shortest paths from the root bridage
to each bridge.

Fach bridge identifies a port (the root port) through which 1t will forward frames to the
ool bridge. Port conflicts are always resclved In Tavour of the port with the lower index
value. VWhen there 1s a possibility of multiple bridges forwarding to the same LAMN (but
noC thiougn the root port), ties are broken as follows: bridges closest to the ragt get

oreference and petween such bridges, the one with the lowest serial numbper Is
nreferred,

i_
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83.

H1 | H 2

I I R S
| \
2 HHEHH‘&Hmh_‘hﬁ;-=:#ﬂrﬂrﬂﬁﬂ#ffj ‘3
T - 4
. f—— ]
{ Bl ‘1 i

For the given connect
represents the depth T

H S IHJG

(A} B1, B5, B3, B4, B2
‘BY B1, B3, B5, B2, B4

L)

51, BS, BZ,

53, B4

(D) B1, B3, B4, B5, B2

gh” H1.Z

on of LANs by bridges, wnich one of the following cholces

st traversal of the spanning tree of bridges?

Consider the correct spanning tree for the previous gquestion. Let host H1 send

out a broadcast ping

LA

packet. Which of the following options represents the

correct forwarding table on B37
.B)
HOSLS Port
H1l, HZ2, H3, H4 3
H5, Ho, H9, H10U 1
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H7, HE, H11, H1Z / H5, HB 1
H/, H3, HY, H10,H1L]1,H1Z Zz

14 D)
HOSLS POrC HOSES Fort
HZ3, H4 3 H1, HZ2, H3, H4 3
H5, He, HG, H10 1 H5, HZ, HS, H10 1
Hl, HZ < H7, H8, H11, H1Z2 | 4
H7, H8, H11, H1Z i
Statement for Linked Answer Quesiions 54 & 55:
84, Wnich ohne of the following grammars generates the language L = {a’ Bt | j}?
(A (B) S — aS|Sh|a|b
5 — AC} 8
C — aC f]‘ a‘ 5
A — gAls
BE'—= BA|l=
(G D)
S »AC|CB S s> AC|CB
C-oaCbc C — aC b|c
A —= A A—=aAa
E »BD|cs E »>EBbDD
&5, In the correct grammar above, what is the length of the derivation (number of

steps starring from S) to generate the string a'6™ with [ #m?
(AY maxi/,im)+2

(B f+m-2
(CYy f1m -3
(

D) maxi({,m] 13
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