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ONE MARKS QUESTIONS (1-20)

Com:dr:r the ]}Dl\ nomual pix)=a; + a)x +
anx’ + ax’, where & # 0. Vi The
minimum  number uf multiplications
needed to evaluate p on an input X is:

a 3

b 4

e O

d 9

Let X, Y. Z be sets of sizes x. v and 2
respectively, Let W =X = Y and E be the
set ol all subsets of W The number of
functions from Z o E is.

& B
b, Zw2®

~F

B

i I

The set {1, 2, 3, 5, 7, € 9] under

multiplicaion modulo 10 15 not a group.

Given below ore four plausible rensons.

Which ane of them s falge?

g Iis not closed

b. 2 does not have an inverse

¢. 3 does not have an inverse

d. # does not have an inverse

relanon R 15 defined on ordered pairs of

integers as follows,

) Riuviifxs <pand v=>v Then R is;

a. Nether a Parhal Order nor an
Equivalence Relation

b. A Partial Order but not a Total Order

¢ ATotal Order

d An Equivalence Relaton

For which one of the following reasons

does Intermet Protocol (IP) use the ime-io-

live (TTL) held in the 1P datagram header!

a. Ensure packets reach destinalion
within that ime

b. Discard packets that reach later than
that time

¢ Prevent
indefinitely

packets  from  looping

i,

d. Linut the ume for which a packet pets
queuved in intermediate routers

Consider three CPU-intensive processes.
which require 10, 20 and 30 time unils and
armve al tmes 0, 2 and 6, respectively
How many coniest switches are needed 1f
the aperating svstem implements a shortest
remaining time first scheduling algorithm?
Do nol count the context swilches at time
zero and at the end.

Consider the following grammar

S 8S*E

S=»E

E+F+E

E—F

F—=id

Consider the following LR({0} items
corresponding (o the grammar above

| §—=S*E

2 E—-F+E

% Ba¥F4.E

Given the items above. which two of them
will appear in the same set in the canonical
sets-of-1tems for the grammar’

a land2

b. 2and3

¢ land3

d  None of the above

You are given a (ree runming clock with a
duty cvele of 50% and a digital waveform
[ which changes only at the negauve edge
ol the clock. Which one ol the following
circuits (using clocked D flip-flops) will
delay the phase of ['by 18007
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A CPU has 24-bat instructions. A progran
starts at address 300 (in decimal). Which
one of the following 15 o legal program
counter (all values i decimal)?

n. <00

b. 5

c. b

d. 700

In a4 binary max heap contuning n
numbers. the smallest element can be
found i time

o. Nn)

b. O {logn)

. B (log log n)

d. B(l)

Consider a weighted complete graph G on
the verlex 6t [Vi¥s ........¥a) such tha
the weight of the edge (vi. v} is Zi-j. The
werght of & minimum spanning tree of G
(1.4

i n-l

b, 2n-2

n
. [z]
d. o
To mmplement Dijkstra’s  shortest path
algorithm on unweighted graphs so that it
runis in lingar time, the data structure o ba
ueed is;
i Queus
h. Stack
¢. Heap
i B-Tree
A scheme for storing binarv trees in an
array X 1% a5 follows. Indexing of X siuris

[ =]

14.

16.

1'%

2ofll
at | instead of 0. the root is stored a1 X[ 1).
For a node stored at X[i}, the left chld, if
any, 15 stored in X[2i] and the right child,
il anv_ in X[2i-1]. To be able 1o store any
hinary tree on i vertices the mimmum size
of X should be
4. logan
b. n
c. 2n+l
d. 21
Which onme of the following in place
sorting  algonthms needs the minimum
number of swaps?
a. Quick sort
b. Insertion sort
¢. Selection sort
d. Heap sort
Consider  the folloming  C-program
fragment in which i | and n are infeger
variables.
For i =nj =0,i=0:0 1= +=ik
Let val(jidenote the value stored i the
vartable ) after termination of the for loop,
Which one of the [ollowing is triue?
a. val(y) < B(log n)
b, val(j) =6 (n)
¢ val(j) =B(n)
d. val(j)= 8 (nlogn)
Let 8 be an NP-compléte problem and Q
and R be two other problems not known to
be i NP, ) is polynomial time reducible
to S and § 15 polynomial-time reducible to
R Which one of the fidlowing statements
is true?
a. s NP-complete
b. Ris NP-hard
& Qis NP-complete
d. Qis NP-hard
An element in an arcay X is called a leader
i it 15 greater than all clements 1o the right
of il in X, The best algorithm (o find all
leaders in an armay
a. Solves it in lincar ime using a lelt to
right pass of the array
b. Solves it in linear ime vsing & right 1o
left pass of the array
c. Solves it using divide and conguer in
time & log n)
d. Solves it in time 0 (1°)
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We are piven a set X {Si. ..o X)) Where
% = 2. A sample § = X is drawn by
selecting each x/ independently  wilh
probability p; = 12 The expected value of
the smallest number in sample S s:

a, lin

b. 2

& n

don

let Li= (0" n.om = 0} 12 =

O™ nom 2 0} and Lz =

FOTTTTTT o om = 0. Which of these

languages are NOT contest free?

a. Ljonly

b L;only

e LjandLs

d, L: and Lj

Consider the followng log sequence of

two transactions on a bank account, with

nitial balance 12000, that transfer 2000 1o

a mortgage payment and then apply a 5%

interesl.

T1 start

T1 B old= 1200 new= 10000

T1 M old=0) new=2000

T1 commil

T2stant

T2 B old= 100K new= 10500

12 commt

ppose the database system crashes just

before log record 7 s written. When the

avstem 18 restarted. which one statement 18

true of the recovery procedure?

& We must redo log record 6 10 set B to
10500

b. We must undo log record 6 to sel B 1o
10000 and then redo log records 2 and
3

¢, We need not redo log records 2 and 3
because transaction T1 has commatted

d We ¢an apply redo and undo
operations m arbitrary order because
they are wlampotent.

e L 0 ol

21.

For each element in a set of size 2n. an
unhiased coin is tossed. The 2ncomn losses
are independent. An clement is chosen if
the comesponding coin toss were head.

i1

23,

2.

&3

3of 13
The probability that exactly n elements are
chosen 18;

izﬂ\'.
u .a"_fJ
g
-
" n
2"
1
B em—
2n
)
i3
2
Let E. F and G be finite sets

Let X = {(E F) - (F~G)and Y - (E-

(E~G)) (E-F), Which one of the
following is true?

i RcY

b.. X=%

e X=X

d X-Y=ZadY-X=0

Fisann nreal matrix. b isann 1 real

vector. Suppose there are two o« |

vectors, u and v such that u = v, and Fu =

b, Fv = b. Which one of the following

statements is false?

8 Determinant of F is zero

b. There are an infinite nomber of
solutions lo I'x = b

c.  There is an x = () guch that Fx = {)

d, T must have twe dentical rows

Given a set of elements N = [1.2 ..., n}

and two arbiirary subsets A — Noand B —

N how many of the n! permutations 7 from

N and N satisfy min(m(A)) = min{n(B)),

where min(S) is the smallest integer in the

sel of miegers, S and n{S) is the set of

integers obtamed by applying permutation

m 1o each elements of 87
a.  (n{ACBA|B|
b. A"+ Bl*m°
JArB|
i —
| &8
-
d. |[A~BF/ s ]
|_I A8

Let S= {12 3....m}, m> 3 Lal Xi; ...
Xy be subsets of 5 each of size 3. Define a
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function f from S to the set of natural
numbers as, 1{1) 18 the number of sets X,
that contam the clement 1. That s [i) =
=Xl

Then 3" /(1) is

a 3m

h. 3n

¢ 2m=

d o+

Which one of the first order predicate

caleulus statements given below comeztly

expresses the lollowing English stalement?

Tigers and lions attack if they are hungry

or threatened.

a vx[ltigerix) - lion(x)) = {(hungry(x)

threatened(x)) —» attacks(x)}]

b ¥x[(tigerix)  lonix)) = {(hungryix)
‘threatened(x)) - attacks(x)]} |

e xl|ttiger(x) - lion(x)) -+ {lattacks(x)
- (huntry(x)) - threalenedix)} ]

il wx[(bgerix)  hon(x)) » |[(hungry(x)
* threatened(x)) » attacks(x)}|

Consider  the followmg  propositional

slalemenls:

PEL(AAB) > Ch=((A—=C)»(B—+

<N

P2.((AvB)»>0)=((A »C) « (B

1))

Which one of the following is true?

a. Plisa tautology. but not P2

b. P2 isa tautology. but not P1

¢. P1and P2 are both tavtologics

d. Both P1 and P2 are not lautologies

A Togical binary relations ©. is defined as

tollows:

A B ADB
True True Trug
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 15 equivalent
of A B?

2 (~ABIE)

b ~(ABI-B)

¢ ~(~AD-R)

29
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32

dal|3
d (-A9B)
If 515 a string over (0 = 1j* then lel ny(s)
denole the number of - in s and n;{s) the
number of 1-s in s, Which one of the

following languages is not regula?
o L= fs = (0 +1)%nys) is a 3-digit
prime}

b. L= fs = (0 +1)* for every prefix s” of
Sy Inols™) - my(s") <2}

e L= s =0 vI)% npls) - mis) < 4]

d. L=s (0 419 jnks) med T = ni(s)
mod 3 =10}

For & =00 « 1)* let dis) denote the decimal

value of s (eg 1015 Let

L=ts={0~-1)*disimod 5 = 2 and d{s) mod

7=4)

Which one of the following statements s

true?

a. L is recursively enumerable, bul not
recursive

b. L s recursive, but not context-free

¢, L s context-free, but not regular

d, L repolar

Let SHAM; be the problem of finding a

Hamiltonian cvele in a graph C = (V, E)

with |V divisible by 3 and DHAM; be the

problem of determimng if a Hamiltonian

cycle exists in such graphs. Which one of

the following is true?

a. Both DHAMNE and SHAM: are NP-
hard

b. SHAM, s NP-hard, but DITAM; is not

e DHAM; 1s NP-hard. but SHAM; is not

d. Neither DHAM; nor SIIAM, is NP-
hard

Consider the following statements about

the comtext-free grammar G = {5 —» 55, 5

ab. 5> ba 58— e}

1. G ambiguous

2. G produces all strings with equal
number of a’s and b's

3. G can be accepted by a deterministic
PDA

Which combination below expresses all

the true statements about 7

a, | only

b. 1and 3 only

e 2 and 3 only

d L2and3
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Let Ly be a regular language, Ls be a

deterministic context-free language and 1,

a recursively enumerable.  but  not

recursive, language. Which one of the

following statemnents is false?

a Ly Lais s deterministic CFL

b. Lz Ly 08 recursive

¢ Ly Lais comext free

d Ly n Ly m Ly
enwmerable

Consider the regular language L = (111

F11EEY . The mnimum number of states in

aiy DFA accepting this langubges 15

3

Is  recursively

=
8
0

eno®

|

» f

x

¥
Consider the carcuit above. Which one of
the following options comectly represents
fix. v, z)?
5 Ein4e

b, S+ov+z

c Eiap+ ™

d =+avs+ E

Given two three bit numbers asom and
bbby and c. the cay m. the function that
represemts  the carry  generate  function
when these two numbers are added is:

0 oA raAA AN +aalh ol +aahh ta AN
i a4 ¢ Al +aahh + ok +aahh, +amhl

o by s (e, ®b)a +h +(a D Na, +4,))
R S oy Sred YRRV P v AR v Y
Consider the carcanl in the diagram. The @

operator represents Ex-OR, The D flip-
flops are mitialized to 2eroes (cleared),

Tt

ELY

39.
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5 ol !J
The following data: 100110000 is supplied
to the “data”™ termunal m mine clock cycles.
Afier that the values of g2q,qy are
a Don
b 001
¢ 0lo
d 101
Consider a boolean function fiw. x. v, 2)
Suppose that exactly one of s mputs is
allowed to change ot a e 17 the funclion
happens 10 be true for two aput vectors 1
=Wy, Xvo Vi, 2 and 13 = <wy, X3, Y1 217,
wie would ke the function 1o remain true
as the input changes from 1, mnd 1 (1 and
i; differ in exactly ome bit position),
without becoming false momentrarily, Let
Hw. x v, 2) = E£(5.7.1 1.12,13,15). Which
of the following cube covers of [ will
ensure  that the required property s
satisfied?
n WS WP XL T W
b wxz, Wy, waz
C W dz, WEs
d wal wsowes, e 0 s
We consider the addmon of two 2's
complement numbers by, b,s .. be and &,
| 8y2.... B A binary adder for adding
unsigned nary numbers 15 wsed 10 add the
two numbers. The sum is denoted by ¢,
1epa . oy and the carry-out by e, Which
one of the following options correctly
identifies the overflow condition?

I [a &h

h H“,.h,_.t,_. 'i""‘....@‘t‘i.--l‘I =l
c .0,
d a @b B¢

[N

Consider nmbﬂ! represented in A-hil
gray code Let hihshihy be the gy code
representation of a oumber 0 and el
wggigs be the gry code of (ntl)
{module 16) value of the number. Wlich
one of the following functions is correcr’

o gdhahahiha) =E (1,2, 5,6, 10, 13, 14,

15}

b gidhahehiho) = £ 44, 9, 10, 11, 12, 13,
14, 15)

c. i (hshshihi= £ (2,4, 5,06, 7, 12, 13,
L5)
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d. galhshahyhg)= T (0, 1, 6, 7, 10, 11, 12,
13)
A CPU has u cache with block size 64
bytes. The main memory has K banks. cach
bank being ¢ bytes wide Consceutive ¢-
byte chunks are mapped on consecutive
hanks with wrap-around, All the k banks
can be accessed in parallel, but two
accesses to the same hank must be
senalized. A cache block access may
mvolve multiple iterations ol parallel bank
aecesses depending on the amount of data
obtamed by accessing all the Ac banks in
parallel. Each iteration requires decoding
the bank numbers (o be sccessed
parallel and this takes k'2 ns. The latency
of one bank access is 80 ns, If e = 2and k
= 24, the latency of retrieving o cache
Block startmg ot address zero from mam
MEMory i
8 92ns
b. 104 ns
¢ 172ns
d 184 ns
A CPU has a five stage pipeline and runs
at 1 OHz frequency. Instroction fetch
happens in the first stage of the pipelne. A
conditional branch instruction compules
the tarset address and evaluates the
condition in the third stage of the pipeline.
Ihe processor staps fetching new
nstructions following a conditional branch
until the branch oulcome is known. A
program executes 107 instructions out of
which 20% are conditional branches. If
cach mstruction  takes one evele o
complete on average, the total execution
time of the program 15
a. L0 second
b. 1.2 seconds
¢ L4 seconds
i 1.6 seconds
Consider a new instruction named branch-
on-bit-set (mnemonic bbs), The mstruction
“hbs reg, pos. label™ jumps to label if bit in
position pos of register operand reg is one.
A regster s 32 bits wade and the bits are
numbered 0 to 31, bit in positon 0 beng
the least significant. Consider the
following emulation of this instruction on
a processor that does nol have bbs
implemented,

4.

45.

b,

47

L E
temp 4 rep & mask
Branch to label if temp I8 non-2ero
The vanable temp is a temporary registor.
For correct emulation. the vanable mask
must be generated by

a. mask +—Ox 1 =< pos

b. mask « Ox AR -~ pos

¢ mask « pos

d. mask ¢ - (xf

Station A uses 32 byle packets to transmit

messages (0 Station B wsing a sliding

window protocol. The round trip delay

between A and B is 80 milliscconds and

the hottleneck bandwidth on the path

between A and B s 128 kbps, What is the

optimal wimdow size that A should use?

. 2

b. 40

e 160

d. 320

Two computers C1 and C2 are configured

a8 follows, C1 las TP address 203 197 2.53

and netmask 255255 1280, C2 has [P

address  203.197.75.201  and  netmask

255 255.192.0. Which one of the following

statements is true?

a. Cl and C2 both assume they are on the
same network

b. 2 assumes Cl s on same network,
but 1 assumes C2 15 on a diflerent
network

e, CI assumes C2 5 on same network,
but C2 assumes C1 s on a different
network

d. Cl and €2 both assome they are on
dilferent netw orks

Station A needs w send a messape

consisting of 9 packets 10 Station B using a

shiding window (window size 3) and go-

back-n emor control strategy. All packels

arc ready and immediately available for

transmission. If every 5th packet that A

transmits gets lost (but no acks from H

ever get lost). then what is the number of

packets that A will transmil for sending the

message lo BY

& 12

b, 14

c Ib

d. 18

Consider the following graph:
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Which one of the following cannot be the

sequence of edges added, in that order, to a

imnimum spanming tree using Kruskal's

alzorithm?

a. (a-b), (a-f). (b-f), (d-c). (d-e)

b. (a-b), (d-D). (d-ch (b=D). (d-e)

¢ (d-f), (a-b), (d-c), (b-f), (d-e)

d. (d-t), (a-b), (b-D), (d-e), (d-c)

let T be a depth first search tree w an

undwrected graph G. Vertices 1s and v are

leaves of this tree T. The degrees of both u

and v n 0 are at least 2. Winch one of the

following statements 1s true’

g There must exist a vertex w adjacent to
both isand v in G

b There must exist & vertex w whose
removal disconnects u and v in G

¢ There must exist a cyele in G
contaming U and v

d There must exist a cyele m G
contaiming 1s and all 1ts neighbours m
G

An implementation of a queue €. using-

two stacks ST and 82, 1s given below:;

vold inssre 10, =1{
push (81, x) 7
¥

wuid delets Q)1
if{stack-ampty (82] ] thea
A {stack-mmpty (6131 then |
prink (*Q is emgty©};
Feturng

1

wles wbile|l {srack-smpty (31]))¢
==pop (i)
puab (92, %) ¢

\ I"l':ﬂit
Let nmnsert and m (< n) delete operations
be performed in an arbitraxy order on an
empty queue (. Let x and y be the number
of push and pop operatons performed
respectively 1n the process. Which one of
the following 1s true for all i and 17
a ntmsx<nandZm<y=n+tm
b. n+mex<ZnandZm<y<In

-yr

53

Tof 13
¢ 2m=x<ZnandIm<y< n+m
d 2m<x<Znand2m<y<2n
A set X can be represented by an any x (n]
as follows;

1 ifie X
ﬂﬂ-{n ek

Consider the following algorithm in which
x, v. and z are boolean arrays of size n-
lgurseim smxtali. il (114

gy
slif=ixidja —yIil) v [-=0d] & wii))

The set Z computed by the algarithm 15
a (XuyY)

b (X—Y)

e (X-Y)Y-X)

d (X-Y)uY-X)

Consider the following recurrence:
r(n)=21 ([ [) =1 2(1) =1

Which one of the following is true?

a  1'(n)=6(loglogn)

b 1(n)=8(logn)

¢ 1(ny=6(Jn)

d F{w)=0{n)

The median of n elements can be found in
O(n) time Which one of the following is
correct about the complexity of quick sort,
in which median 15 selected as pivot”

a Bin)

b Bin logn)

c B’y

d 8"

Consider the following C-function in
which a [n] and b |[m) are two sorted
integer arrays and ¢ (n 4 m) be another
Inleger array

wodd wys(int o), =t Bl), dot e(]}]
1ot 1.4k

Lol
while ((i=) &b (d=m)) ?
AE{afl] = B{1)} cikes] = mfiss])
sles cik++] = BOJ++L
]

Which of the following condition(s)
hold(s) after the termination of the while
loop”

(pg<m. k=n+)-1 andaln-1]=b[j] 1
=n
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()T<mk=m"i- 1, andblm-1]< afi] if

J=m

a Onlyi

b, Onlyn

¢ Enther i or i but not both

d. Neither i nor i

Civen two arrays of numbers ;... g, and

by..... by, where esch pumber is 0 or 1. the

Tustest algorithm to tind the largest span (1.

1) sueh that Rl T ﬂ,:h|+hﬁ| -
= by, or report that there is no such

space.

g Takes O(3,) und €42%time il hashing
15 permitted

b. Takes On') and Q(n™") time n the kev
comparison model

& Takes @) tme and space

d, Takes O(n ) time only if the sum of
the 2n elements 1s an even number

Consader these two funcbhons and wo

statements 51 and 52 about them.

o et T b, G 0, G 1) [ e emedim w, bee A W
Ih.-.-pq" -

EEX =5,

81, The trapstormation from work] o
work2 s valid, e, for any
program state and inpul arguments,
work2 will compute the same
output and have the same effect on
program state as work |

82 All the transformations applied 1o
workl 1o gel work2 will alwaysy
improve the performance (e
reduce CPU bme) of wark2
compured 1o work |

. 81 is false and 82 js [alse

b 51 s false and 8215 true

¢. Slistrue and 82 15 false

d, 81is e and 82 is true

Consider the tollowing code written in a

pass-by-reference lmguage like

FORTRAN and these statements about the

code.

58.

Boll3
S1:  The compiler will generate code to
ullocate a tlemporary nameless cell.
mitialize it to 13, and pass the
address of the cell to swap
82.  On  execution the code will
generate & runtime eror on hine L]
S3:  On exccuton the code will
wenerate o runtune error on line 1.2
S4:  The program wall pnnt 13 and 8
85 The program will print 13 and -2
Exmetly the following set of stalement(s) is
correct:
a 5| andS2
b, S1and 34
c. 53
d. S1and 85
Consider this C code 1o swap two imtegers
and these five statements: the code
world wwep{isk g, dnt gl |
oo = 2gm + ps
) T =

S1: will generate a compilation en-or
82 may generate u segmentation fault
al runtime depending oo the

arguments passcd

83 comectly mplements the swap

procedure for all mput  pointers
refernng  to  integers stored n
memory locations aceessible o the
process

54 implements the swap procedure
correctly for some hut not all valid
nput pointers

53 may add or subtract mtegers and
pointers

a SI

b. S52and S3

¢ S2and $4

d. S2Zand 85

Consider the Lollowing grammae

S—2FR

R—=*5 e

F—ud

In the predictive parser table, M, of the

grammar the entnes M[S, 1d] and M[R.%]

respectively

a, {S—FR}and {R—z}

b |8 - FR} and] |

¢ {5 TR)und {R—*S)
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d: [F—id} and JR—sg!

Consider the following translaton scheme.
S—» ER

B~ *E{print(™; | R | £

E— F + Ejpeim(s )| F

F (5] | primt i sutsaer ). )

Here Fd is u foken (hal represents in
mteger  and  adivalue  represents  the
corresponding mteger value, For an input
2% 30 4 thns tramslation scheme prints
a 2%3+4

h. 2%+34

g 23% 4

d 2344

Consider the ollowing C code sepment,

for (i=0; i<z i+=) |
for (§=0; J<M; je+) [
iE (in2) {
x = (G*F & 5¥i);
¥ o= (T + d*i);
'
b
]

Which one of the following 1s false”

g, The code contans  loop-tvanant
computation

b. There is seope of common sub-
expression elimination w this code

e, There 15 scope of strength reduction in
this code

d. There 15 scope of dead code
elimmation in this code

The atomie-leteh—-and-set X, v mstruction

unconditionally sets the memorny location x

to | und fetches the old value of x m ¥y

without allowing any intervening access (o

the memory location x Consider the

tollowing implementation of P and V

functions on a binary semaphore 8.

wold P (binary semesphore *S) (
unsloned v
moignad *x = LiS->value):
do ({
fatch-and-set x, ¥;
J whilely):
!}

void V {binary_semophore *S) |
: E->value = 0;
]

Which one of the following 15 true”

4 The implementation may not work if
context switching is disabled m P

b, Instead of usng tetch-and-set. o pair of
normal load store can be used

63,

fwd

Mol 13
¢.  The miplementstion of V is wrong
d. The code does not implement a binary
semaphore
A CI'U generates 32-bit virtual addresses,
The page size 1s 4 KB, The processor has a
translation look-aside bufler (TLE) which
can hold a total of 128 page lable entries
and 15 4-way set assoeiative. The minimum
size of the TLB tag is
g 11y
b. 13 bats
¢ 13bis
d. 20 by
A computer system supports 32-bit virtual
addresses as well as 32-bit  phyvsical
addresses. Since the virtual address space
15 of the sume s1z¢ as the phyvsical address
space. the operating syvstem  designers
deerde to pet nd of the virtual memory
entirelv. Which one of the tollowing s
true?
o. Efficient implementation of mulli-user
suppart is no longer possible
b, The provessor cache organization can
be made more efficient now
¢. Hordware support  lor  memory
management 15 no longer needed
d. CPU scheduling can be made maore
elficient nuw
Consider three processes (process id (0. |,
2. respectively) with compute time bursts
2.4 and 8 time units. All processes amve
at fime  zero. Consider the longest
remaiming tme lirst (LRTEF) scheduling
algorithm. In LRTF ties are broken by
giving priority to the process with the
lowest process id. The average tum around
Lime s

a |13 unis
b. 14 unis
co 15 units
d. 16umits

Consider three processes, all amving al
time zero, with total execution tne of 10,
20, ond 30 units, respectively. Each
process spends the first 20% of execution
time doimg 110, the next 70% of tme
doing computation, and the last 10% of
fime doing 10 again. The operating
svstem uses o shorlest remaining compule
time  frst schedulmg  algonthm  and
schedules o new process either when the
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muting process gets blocked on IO or
when the muming process finishes s
compute burst. Assume that all /D
operations can be overlapped as much as
pogsible, For what percentage of time does
the CPLT remain idle?

a. (%

b 10.6%

¢ 30.0%

d 89.4%

Consider the following snapshot of a
gystemn runmng it processes, Process 1 i
holding %, instances of a resonrce R, for |
<1 < 1, Currently. all {nstances of R are
pecupied, Further, for all 1 process | has
placed a request for an additional Y1
ustances wlnle holding the x1 instances it
alrgady has, There are exactly two
processes p and g =uch that y, =y, = 0.
Which one of the following can serve as a
necessary condition to guarantee that the
aystem 15 not approaching u deadlock?

8, i (X, Xy) < maXes, 4 VK

b o txg 2 mdEes vk

¢, mER 0, %) > 1

o ommn (. x) = |

Consder the relaton account (customer,
balance) where customer 1s a primary key
and there are no null values. We would
like to rank customers according 1o
decressing balance. The eustomer with the
largest balance gets rank 1. Ties are nol
biroken but ranks are skipped: 1f exactly
two customers have the largest balance
they each get rank I and rank 2 1 not
azsigned.

Curyl:

Queryd: | e f.belemcs « B, hmlance

Constder these statements about Query and

Query2.

I Querylwill prodoce the same row set
as Query2 for soime but uot dll
databases

2. Both Query]l and Query2 are correct
implementahons of the specificabon

3. Queryl 18 a comect implementation of
the specification buot Query2 18 not

68,
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4. Neither Queryl nor Query2 12 a correct
implementation of the specification

5. Assigning rank with a pure relationsl
query fakes less time than scanming in
decreasing balance order and assigning
ranks using (Y PBC

Whach two of the above statements are

correct?

a 2and5

b. 1and3

e land4

d. 3and3

Consider the telaton enrolled (student.

conrse) in which (student course) 15 the

prmary key. and the relation pard (stndeml.

amonnt) where student 18 the ponmary key.

Agsume no null valnes and no foreign keys

or mtegnly constramts.  Given  ihe

following four quenes:

Query |1 select student from envolled

where student in (select student from paid) |

Query2: select student from pamd where

gtudent in (select student From enrolled) .

Query3: select E.student from enrolled E.

pamd P where Estudent = Pstudent

Queryd: select student from pad where

exisis

(gelect * from  enrolled

enrolled student = paidstudent)

Which one of the following statements is

corredt!

a.  All queries retumn wdentical row sets for
any database

b, QueryZ and Queryd return identical |
row sets for all databases but there
exist databazes for which Queryl and
Cuery2 return di flerent row sels l

¢. There exigl dalabases for which
Cueryd retums stnctly fewer rows than
Query2

d. There exist databases for which
Cueryd will encounter an integrity
vialanon at runtime

Consider the relation emrolled (stndent, |

course) i which (student. course) is the

primary key. and the relation paid (student,

amount) where studen! is the primary key,

Assume no null values and no foreign keys

or iutegnly consiramls-  Assume  fhat

amounts 6000, 7000, 8000, 9000 and

10000 were each paid by 20% of the

students. Consider these query plans (Plan

where




| on left, Plan 2 on right) w “list all
courses taken by students who have pmud

more than x™.
L A DS
| st g by e
m m
| P v s | =Ty

A disk seek takes 4ms, disk data transfer

bandwidth 18 300MB/s and checking a

tuple to see if amount 1= greater than x

takes 10ps.

Which of the following statemenis 1s

vorrect?

a Plan 1 snd Plan 2 will not outpuo
identical row sets for all dmabases

b. A course may be listed more than once
in the owtput of Plan 1 for some
dathbases

¢ For x = 5000, Plant | executes faster
than Plan 2 for all databases

d. For x =9000, Plan 1 executes slower
than Plan 2 for all databases

70, The followmg functional dependencies are

mven:

AB—=CD.AF->D,DE—-F,C—G,F

SEGA

Which one of the following options 1s

false?

a |{CF} = |ACDEFG)

b. |BG} ={ABCDG)

e |AF}' = |ACDEFG)

d |AB)'= |ABCDFG}

Common Data Questions

Common Data for Questions 71, 72, 73:

The 2" vertices of a graph G correspond 1o all
subsets of a sel of size i, for n 2 6 Tweo verhices
of G are adjacent i and only if the corresponding
sets intersect tn exactly two elements,

71 The number of vertices of degree 2210 i1 0
15

a |
b. n
&= mEl
d 2°
72 The maximum degree of a vertex mn G s

[lof 13

LA P
3 JE

R
A h
d- E-IH

The number of connected components mn 0
15

A
o oE
| =2

+2
n2

i
e

L]

=N
FM }

N

Common Data for Questions 74, 75:

Consider two cache organizations: The first one 15
32 KB 2-way set associstive with 32-byte block
size. The second one is of the same size but direct
mapped. The size of an address is 32 bits in both
cases. A 2-to-1 muluplexer has a latency of 0.6 ns
while i k-bit comparator has a latency of k/10 ns.
The lit latency of the set associative organization
is hy while that of the direct mapped one is h;,

T4, The value of hy 15
a 24ns
b. 23ns
¢ |l8Bns

d 17ns

75 The value of he 15
a 24ns
b. 23ns
c 18ns
d 1 Tns

Statement for Linked Answer Questions 76 &
b H

A S-ary max heap is like a binary max heap, but
instead of 2 children, nodes have 3 children, A 3-
ary heap can be represemted by an mrvay as
follows: The root 1s stored m the first location, a
[0), nodes i the next level, from lefl to right, 15
stored from a |13 to a [3). The nodes from the
second level of the tree from lefi 1o nght are
stored from a 43 location onward, An item x can
be mserted mto a 3-ary heap containing n ilems by
placing x m the location a |n) and pushing it up
the tree (o sansfy the heap property.




76, Which one of the following is « valid
sequence ol clements I oan Ay
representing 3-ary max heap?

a 1,356,859
b. 9.6,3.1.8.5
e 9.3.6,835]
d. 9,5.6,83.1

77, Suppose the clements 7. 2. 10, and 4 are
mserted. in that order. into the vahd 3-ary
max heap lound in the above gquestion.
Q.76. Which one of the tollowing 1s the
saquence ol items in the amay represenling
the resultant heap?

w 10,7,9,8,3,1,52,6.4
b. 10.9.8.7.6.5.4.3.2. 1
¢ 10,9,4,5,7.6,8,2, 1.3
d 10.8,697.23.4, 1.5

Statement for Linked Answer Questions 78 &
79:

Barrier 1s a synchronization construet where a set
of processes synchronizes globally 12 each
process m the set arrives at the barmer and wats
for all others to arnve and then all processes leave
the barner. Let the number of processes i the set
be three and 8 be a binary sgmaphore with the
usual P and V functions, Consider the followang ©
implementation of a barmer with line numbers
shown on the lafi.

void barrier (void] {

1: B(8);
- H proceas_arrivedss;
33 vish:

4z while (process _arrived (= 1);
51 P(8);

6z process_left++;

Te if (process left==3} |

B process_arrived = 0;
- b process_left = 0;
10: }
11: Vis);:

¥

The variables process arived and process lell are
shared among all processes and are imitialized 1o
zero. In a concurrent program all the three
processes call the barmer function when they need
to synehromze globally,

78 The above mplememation of bamer s
incorrect. Which one of the following s
trie?

a. The barrier implementation 1s wrong
due to the nse of binary semaphore S

120f 13

b. The barmer implementation may lead
to # deadlock il two barner invocations
ure used in immediate succession

¢ lLines 6 10 10 need not he inside a
entical seotion

d. The bather implementation 1s cormect of
there are only two processas instead ol
three

79 Which one of the tollowing rechilies the
problem in the implementition”

w Lings 6 1o 10 wre smply replaced by
process arrved-—

b. At the beginning of the bather the first
procass to enter the barrier wails unnil
process arfived becomes zéro belore
proceeding to execile P(S)

¢, Context switch is disabled at the

beginning of the barrier and re-emabled
a1 the end

d. The vunable process left is made
private instead ol shared

Statement for Linked Answer Cuestions B0 &
L

A CUP has u 32 KB direct mapped cache with
128-bvie block size. Suppose A 15 4 two-
dimensional array of size 512 x 512 with elemeants
that cecupy 8-bytes cach. Consider the following
two C eode ssaments, Pl and P,

Fl:for (i=0; @<512; d++) {
Ly for (4=0; <513 F++&) [
3 = += A[1113);

]

FEtor (i=0; L<512; 4} {

for (4=0; §=512; fas) |
¢ = += A[1114):
3 ¥

Pl and P2 are executed mdependently with the
same inihial state, pamely, the anay A is not 1 the
cache and 1, 5. % are in registers. Lot the number of
cache misses expenienced by Pt be M1 and that lor
P2 be M2.

80, Thevalue of M1 1=
w,
b, 204%
c. 16384
d, 262144
#1.  The value of the ratio M1/M2 s
a 0
b, 116
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Statement for Linked Answer Questions 82 &
83:

Consider the diagram shown below where a
number of LANs are connected by (lransparent)
bridges. In order 1o avend packets looping through
circults in the graph, the bndeges organise
themselves i a spanming tree. First, the root
brndee 1s dentilied as the bndge with the least
serial mumber. Next, the root sends oul (one or
more) dala units 1o enable the setting up ol the
spanning tree of shortest paths from the root
bridge 10 cach bridge.

Each bndge identifies a port (the rool port)
through which it will forward frames 1o the root
bridge. Port confhets are always resolved m
favour of the port with the lower index value.
When there Is a possibility of multple bridges
forwardmg 1o the same LAN (but nol through the
rool port), hies are broken as follows: bndges
closest 1o the root gel preference and between
such bndges, the one with the lowest senal
number is preferred

%2, For the given comnechion of LANs by
brdges. which one of the following
choices represents the depth first traversal
ol the spanning tree of bridges?

a. Bl,B5 B3 B4 B2
b. Bl.B3.B5.B2. B4
¢ BLBS B2 B3 B4
d Bl1,B3 B4, B5 B2

83, Consider the correct spanming tree for the
previous question. Let host H1 send out a
broadcast pmg packet Which of the
following options represents the correct
forwarding table on B3"

e
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O, F
I'I-ﬂ.!l»..ﬁﬂﬂll

A

i

HO, Ha
|, Hil, B9, H1D,

T

i

R

R Lol A—
« HE, HO, H10

=
g

uh--l-l;

Hil, H12

Port
E]

3:

HS5, HT, H9,. Hio |}
HT.HE HIL. HIZ (4

Statement for Linked Answer Questions 84 &
BS:

#4  Which one of the lollowing grammars
generates the language [ = {:f'h' |1 I: [

d,
S—+AC|CH
C—aCb|al|b
A—pd|e
B—Bb|e

S—+aS|Shla|b

S5—AC|CH
C—aCh|e
A=sad | e
H-8b|e

S—AC|CH
C—aCh| e
A—vad |a
|B-sbB (b
RS In the correct grammar above, whit 15 the
length of the denvaton (number of steps
slarting from ) to generale the strmg a'b™
with 1=m"
8 max(l,m)+2
b. 1 +m+2
e 1+m+3
d max(l,m}+2






