Read the following instructions carefully:

(1) This gquestion paper consists of two sections: A & B.
(1) Section A has EIGHT questions. Answer all questions in this section,

(111) Section B has TWENTY guestions. Answer any TEN guestions in this section.

(1) Begin answer for this section on a fresh page.

(V) Answer to questions in each section should appear together in the same
sequence in wnich they appear in the guestion paper.

(vi}  There will be no negative marking.

Section — A

1. Choose one of the alternatives tor the following questions:

Ll FORTRAN implementaticn do not permit recursion pecause

(a) they use static allocation for variables

(b) they use dynamic allocation for variables
(c) stacks are not availaple on all machines
(d) it is not possible to implement recursion on all machines

1.7 Let A and B be real symmetric matrices of size nxn. Ihen which one of the
tollowing 1s true?

(3} AA =1 (bYA= A (c) AB = BA (d) (AB) = BA

dy

1.3 Backward Euler method for solving the differential equation ;
b

= L, 08

specified by, (choose one of the following).
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1 4 Let A and B be any two arbitrary events, then, whicn one of the following i1s true?

(a) P(ArB)=P(A)P(B) (b) P{(AUB)=P(A)=P(B)
(c) P(AB)=P(AnB)P(B (d) P(AwB)<P(A)+P(B)

1 An unrestricted use of the "goto” statement is harmful because
(a) 1t makes it more adifficult to verify programs
(b} it increases the running time of the programs
(Cc} it Increases the memory reguired for tne programs
(d} It results in the compiler generating longer machine code
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1.5 The number of distinct simple grapns with upto three nodes is
(a) 15 (b) 10 (Y # (d) 9

1.7 The recurrence relation that arises In relation with the complexity of binary
search is:

(a) T(n)=T|Z +k, kaconstant (b) T(m =2T|Z|+k, kaconstant

+logn (dy T(ny=T

{8 5 The |ogic expression for the output of the circuit shown in figure bpelow Is:
(a) AC + BC +CD B
(b) AC +BC +CD -

(c) ABC =CD

(d) AB+BC+C D 5
3
D0 «3]
1.9 The rank of matrix -9 3 5 - 1s:
P3N
(a) U (b) 1 [y 2 (d) 3

1.10 Some group (G,o)is known to be abelian. Then, which one of the following is
true for G7

(a) g=g foreverygeG (b) g=g” foreverygeG
(] [gﬂhf = g'oh’ forevery g, he G (d} G is of finite order

1.11 In a compact single dimensional array representation for lower triangular
matrices (i.e all the elements above the diagonal are zero) of size nxn, non-zerg

elements (1.e elements of the lower triangle) of each row are stored one after

another, starting from the first row, the index of the [/, ) "element of the lower
triangular matrix in this new representation is:

(i-1)

(a) 1+ (b) i+ j-1 (C) j_|_1r el £ A4 —-’f{j'_ 1]

2 | Z

1.12 Generation of intermediate code based on an abstract machine model 1s useful n

d ATk I‘"!.il.";'l’l"ri:' I'_'I.‘:'Iil"':lll -
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(b) syntax-directed translations can be written for intermediate code generation
(c) 1t enhances the portability of the front ena of the compiler

(d) 1t 1s not possiple to generate code for real macnines directly from high level
language programs

1.13 A memory page containing a heavily used variable that was initialized very early
and is In constant use 1s removed when

(a) LRU page replacement algorithm is used

(b} FIFO page replacement algorithm is usec

(c} LFU page replacement algorithm is used
(d} None of the above

1.14 Whnich of the following permutations can be obtained Iin the output {(Iin the same
orger) using a stack assuming tnat the input 1s the sequence 1, 2, 3, 4, 5 In that
order?

[:‘EI] 3.r 4'1' Sf :L Z {Dj 3: 4: S.r 2: 1 [-:Ej 1f Ef z.r 3: 4 l::':” Sf 41’ 3! 1f 2z

1.15 The number of substrings {of all lengths inclusive) that can bpbe formed from a
character string of length n is
M) ) a(n+1)
7 /

(a) n (b) n ()

1.16  Which of the following conversions 1s not possible {algorithmically)?
(a) Regular grammar to context free grammar
(D) Non-deterministic FSA Lo deterministic FS5A
(C) Non-deterministic PDA to deterministic PDA

(d) MNon-deterministic Turing machine to deterministic Turing machine

1.1/ Linked lists are not suitable data structures of which one of the following

oroblems?
(a) Insertion sort (b Binary search
(C} Radix sort (d}) Polynomial manipulation

1.18 Which of the following features cannot be captured by context-free grammars?
(a) Syntax of if-then-else statements
(D} Syntax of recursive procedures
(c} Whether a variable has been declared before its use
(d) Variable names of arbitrary length

LOLLEGE.



1.19. Which of the following algorithm design techniques 1s used in the quicksort

algorithm?
(a) Dynamic programming (b} Backtracking
(c} Divide and conquer (d} Greedy method

1.20. In which one of the following cases is it possible to obtain different results for
call-by reference and call-by-name parameter passing methods?

(a) Passing a constant value as a parameter

(b) Passing the address of an array as a parameter
(c} Passing an array element as a parameter

(d)} Passing an array following statements is true

1.21. Which one of the following statements is true?

(a) Macro definitichs cannot appear within other macre definitions in assembly
lanquage programs

(b)) Overlaving is used to run a praogram which is longer than the address space
of computer

(c} Virtual memory can be used to accommodate a program which is longer than
the address space of a computer

(d) It 1s not possible to write Interrupt service routines Iin a nigh level l[anguage

1.22. Which one of the following statements is false?

(a) Uptimal binary searcn tree construction can be performed efficiently using
dynamic programming.

(b) Breadth-first search cannot be used to find converted components of a graph

(c) Given the prefix and postfix walks over a binary tree, the hinary tree cannot
be uniquely constructed,

() Depth-first search can be used to find connected components of a graph.

1.23. Consider the rollowing two functions:
WP TEED SR E£I0.000

i Tor.5E100800

1 for 0 <n <100

| n® for n> 100

Which of the following is true?

(2) g,(n) is 0(g, () (b) g, (n) is 0(n’]
(¢} g,(n) is O(g, (M| (d) g,(n}) is O(n]
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2.9.

Consider the following heap (figure) in which blank regions are not in Use and
natcned region are in use.

4+— L0 —M—lEG—H—Bﬂﬂ—%—#—EE'ﬂ—M—EﬁﬂD—#

Increasing addresses

The seguence of requests for blocks of size 300, 25, 125, 50 can be satisfieq if
we Luse

(a) elther first fit or pest Tt policy {any one)

(Db} first fit but not best fit policy

(c} best fit but first fit policy

(d) None of the above

Fill in the blanks:

The number of flip-flops required to construct a binary modulo N counter Is

On the set N of non-negative Integers, the binary operation =
associative and non-commutative.

Amongst the properties {reflexivity, symmetry, anti-symmetry, transitivity} the
relation R ={(x,y) e N°|x = ¥ } satisfies _

The number of subsets {1,2,...n;with odd cardinality is

The number of edges in a regular graph of degree d and n vertices is

The probability of an event B is £. The probability that events A and B occur
together s £, while the probability that A and B occur together 15 £,. The
probability of the event A in terms of £, P, and P, 15

Consider n-bit {Iincluading sign bit) 2's complement representation of integer
numper, The range of integer values, N, that can be represented s
< N <

Let A, B and C be independent events which occur with probabilities 0.8, 0.5 and
0.3 respectively. The probability of occurrence of at least one of the event is

The Hasse diaarams of all the lattices with up to four elements are
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2.10. The regular expression for the language recognized by the finite state automateon

i i o

S

2535

3.4,

3.4,

of flgure 15

Answer the Tollowing gus

State True gr False with one line explanation

Multiplexing of address/data lines in 8085 microprocessor reduces the instruction

execution time,.

State True or False with aone ling explanation

Expanding opcode instruction formats are commonly employed in RISC. (Reduced
Instruction Set Computers) machines.

State True or False with one linge explanation

A FSM (Finite State Machine) can be designed to add two integers of any
arbitrary lengtn (arbitrary number of digits).

Match the following items

(1) Newton-Raphson

(a) Integration

(11} Runge-Kutta

(D) Root finding

(111) Gauss-5Seidel

(¢} Ordinary Differential Equations

(1v) Simpson’s Rule

(d) Solutions of Systems of Linear Equations

Match the following items

(1) Backus-Naur form

(a) Regular expressions

(11} Lexical analysis

(i1} YACC

(D) LALR({I) grammars
(¢) LL{I} grammars

(1v) Recursive descent

parsing | () General context-free grammars

LOLLEGE.



5.6 State True or False with reason

There s always a decomposition into Boyce-Codd normal form {BCNF) tnat is
lassless and dependency preserving.

3.7.  An instance of a relational scheme R{A, B, C) has distinct values for attrinute A.
Can vou conclude that A is a candidate key for RY

3.8, Give a relational algebra expression using only the minimum number of operators
from [w, —}which is equivalentto R 5.

3.9, Every subset of a countapble set s countable.
State whether the above statement 1s true or false with reason.

3,10, Match the tollowing items

A= & (a) Unipolar; very nigh speed difficult to fabricate; good resistance
to radiation

(11} Ga As | (b) Unipolar; low power: modest speed and packing density

(ii1) TTL (¢) Bipolar: highest speed silicon IC; low packing density

(V) (d) Bipolar, modes packing density, Inexpensive
CMOS

3.11. State True or False with reason
Logical data Independence Is easier to achieve than physical data independence

| 1 B

3.12. Find the inverse of the matrix -1 1 1
10 1 0

3.13. Let p and g be propositions. Using only the trutnh table decide whether
= gdoes notimply p 2 g is true or false.

1, (a) Let ™ be a Boclean operaticn defined as A* B = AB + A B
[f C = A* B then evaluate and fill in the blanks:

(1] A *A =

Y G SR

(D) Solve the following boolean equations for the values of A, B and C:

A8 AL = 1
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A 3-ary tree is a tree in which every internal node has exactly three children. Use
induction to prove that the number of leaves In a 3-ary tree with n Iinterval nodes
s 2(n-1]+3.

wnat runction of X, nis computed by this program
Function what (X, n:integer): integer:
Var
valle : Integer,
Degin
value: =1
It n=>0 then
begin
It n mod 2 = 1 then
vallie=value*x;
vallue:=value™what{x™x, n div 2);
ard

f

what:value

S YEL:

An array A contains n integers in locations A[QO]A[1], ......cocooeiiil. Aln=11. It is
required to snift the elements of the array cyclically to the left by K places, where
1=K=n-1. An Iincomplete algorithm for doing this in linear time, without using
anotner 1s given below., Complete the algoritnm by filling In the blanks, Assume
all variables are suitably declared.

MIiN:=n,;
j=11;
while  do
beqgin
temp:=Alil];
=L
Wwhile alo

begin
Al 2= :
= F Ko ol
If 7<min then

min. =],
end,
Al(n+i-K)mod n]: =
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8. A rooted tree with 12 nodes has its nodes numbered 1 to 12 in pre-order. When
the tree Is traversed In post-order, the nodes are visited in the order 3, 5, 4, 2,
£.0,0; 10, L1, 12, 2,1,

Reconstruct the original tree from this information, that Is, find the parent of
cach node, and show the tree diagrammatically.

Answer any TEN guestions in this section.

Lr, Following 7 DIt single error correcting Hamming coded message s recejved.
(figure below):

/ 3 3 4 ) 2 1 bit No.

Determine if the message s correct (assuming that at most 1 bit could be
corrupted). It the message contains an errcr find the bit which Is erroneous and
gives the correct message.

10. Write a program Iin 8085 Assembly language to Add two 16-bit unsigned BCD{ 8-
4-2-1 Binary Coded Decimal) number. Assume the two Input cperands are in BC
and DE Register pairs. The result should be placed in the register pair BC. (Higner
order register in the register pair contains nignher order digits of operand)

11, Find the contents of the flip-flop @Q,,Q, and @, In the circult of figure, after giving
rour clock pulses to the clock terminal. Assume Q,Q ¢, = 000 initially.

= j Q.ﬂ =T D [:]J N— T Q
| cK T CK CK
[
l _lock
: . LR L
Four clock pulses given
gl=igss

L (a) Assume that a CPU has only two registers K, and K and that only the
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L&,

14.

Using this XOR instruction, find an instruction sequence in crder to exchange

the contents of the registers R, and R,.

(b] The line p of the circuit shown in figure has stuck at 1 fault.

input test to detect the fault.

Consider the following relational schema:

COURSES {(¢cno, chame)

STUDENTS (rollno, sname, age, yvear)

REGISTERED FOR (cno, rollng)

The underlined attributes Indicate the primary keys tor th

.

o

-

=lations. Th

etermine an

e ar

attribute for the STUDENTS relation indicates the year in which the student is

currently studying (First year, Second year etc.)

(a) Write a relational algebra query Lo

Print the roll number of students who have registered for cno 32°2.

(b) Write a SQL query to

Print the age and vear of the youngest student In each year.

Consiger 8 —tree of order d shown in figure?

(A) 6 —tree of order d contains between d and 2d keys in each node

(a) Draw the resulting B™ —tree after inserted in the figure.

| 25 WEE F—E"
|

(b) For a B —tree of order d with n leaf nodes, the number of nodes accessed

during a search is 0[-).
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16.

1/.

1G.

EDE

(a) Use the patterns given to prove that

(=]

Y (2i+1]=dr

-

(You are not permitted to employ induction)

etc
1 - 2
(b) Use the result obtained in (a) to prove that
nin+1)

=5

Every element a of some ring (R, +, 0} satisfies the eguation aca = a.

Decide whether or not the ring is commutative.

State whether the following statements are True or False with reasons for yvour
ganswer:

(a) Coroutine is just another name for a subroutine.

(b)Y A two pass assembler uses its machine gpcode table in the first pass of
assembly.

State whether the following statements are True or False with reasons for yvour
answer

(a) A subroutine cannot always be used to replace a macro in an assembly
language program.

(D) A symbol declared as ‘external In assembly language Is assigned an address
oUutside the program by the assembler itself.

(a) Given a set

o {,:hr there 1s an x-block of 2's In the decimal expansion of H’}

(Note: x-block is a maximal block of x successive 5's)

Whnich of the following statements is true with respect to $7 No reasons need
to be given for the answer.

(1) S Is regular

(1) S Is recursively enumerable
(11} S I1s not recursively enumerable
(IV) S IS recursive

(D) Given that a language L, is regular and that the language L, L, 1s regular, is
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20, A grammar G is in Chomsky-Normal Form (CNF) if all its productions are of the
torm A= BC or A = a, where A, B ana C, are non-terminals and a is a terminal.
Suppose Gis a CFG in CNF and w is a string in L{G) of length, then how long is a
derivation of win G7?

il Consider the Tollowing recursive function:
function fip {(1:integer);integer;

begin

if (n=0) or (n=1) then fib:=1
else fib:;=fin{n-1} + fig{n-2)
end:

The above function is run on a computer with a stack of 64 bytes. Assuming that
only return address and parameter and passed on the stack, and that an integer
value and an address takes 2 bytes each, estimate the maximum wvalue of n for
which the stack will not overflow. Give reasons for your answer.

22, Consider the program bpelow:
Frogram main;

varrointeger:

procedure two;

beagin write (r) end:

procedure one;

var riinteger;

bedin r:=5 two; end

Deginr:=2;

two; one; two;
end.,

Whnat 1s printed by the above program If

(1) Static scoping 1s assumed for all variables;
(i) Dynamic sceping 1s assumed for all variables.
Give reasons for your answer.

23, SUppose we have a computer with a single register and only three instructions
given below:
LOAD addren - load register
» from addren

STORE addren » store reqgister
at addren
ADD addren » add register to

' contents of addren
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24,

25,

20,

27

Consider the following grammar:

A-=21d :=E

E> E+T|T T (E)id

Write a syntax directed translation to generate code using this grammar for the
computer described above,

An independent set in a graph 15 a subset of vertices such that no two vertices In
the subset are connected by an edge. An Iincomplete scheme for a greedy
algorithm to find a maximum independent set In a tree 15 given below:

Wnile
Degin

Vi Set of all vertices in the tree: [i=w
Vo2 0do

select a vertex U; € V such that
Vi=V— {Up;

If U is such that

then 1:= ILJ{U}

gl

output{I);

(a) Complete the algorithm by specifying the property of vertex U in each case

(b} What is the time complexity of the algorithm.

An array a contains n integers in non-decreasing order, A|ll|<A|2|=...< A|n|.

Describe, using
that A7+ Al j

Pascal like pseudo code, a linear time algorithm to find 1, j, such
—a given integer M, If sucn 1, 1 exist.

A gqueue Q containing n 1tems and an empty stack & are given. It I1s required to
transter all the items from the gqueue to the stack, so that the item at the front of
queue is gn the top of the stack, and the grder of all other items is preserved.
Show how this can be done In O(n) time using only a constant amount of
additional storage. Note that the only operations which can be performed on the
gueue and stack are Delete, Insert, Push and Fgp. Do nol assume any

mplementation

of the gueue or stack.

(a) Draw a precedence graph for the following sequential code. The statements
are numbered from 5, to 5,

FEad. N

1.=1

It 1=n goto next
ali):=i+1
=1l
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28,

(b) Can this graph be converted to a concurrent program using parbegin-parend

construct only?

Consider the resource allocation graph given in the figure.

(a) Fina If the system is In a deadlock state.
(b} Otherwise, find a safe sequence.
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