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1. Answer the following questions. [5 x 3 = 15 marks] 

a) What will be the contents of array x after the following code segment is 

executed? 

ANS 1(a): 

int x[]={1,2,3,4,5,6,7}; 
int i,j; 
i=4; j=3; 
x[i] = i++; 
x[--j] = --i + 4; 

x[] = 

b) (i) Consider the following declaration: 

int i=B, j=S, k=3; 

Determine the value for the following expression. 

++i + --j * Jt++ 

ANS 1b{i): 

(ii) Consider the following if-else statement structure: 

if el if e2 then sl else s2 else if e3 
then.s3 else s4 

where el,e2,e3 are logical expressions, and sl,s2,s3,s4 are statement 
blocks. Indicate which else statement corresponds to which logical 
expression by rewriting the entire statement with appropriate ctirly braces. 

ANS 1b(ii): 



c) What is printed by the following program? 

#include <stdio.h> 
int x = 5; 

void f(int b, int x) 
{ 

} 

static int a=O; 
if (b == 0) {printf("\n"); return;} 
a++; x+=5; printf("%d" x); 
f(b-1, x); printf("%d ", a); 

int main( ) 
{ 

} 

ANS 1(c): 

int a = 5; 
f(a, x); printf("\na=%d, x=%d\n", a, x); 
return 0; 

d) What is printed by the following code segment? 

int i; 
for (i=12; i; i-=2) putchar("IIT Kharagpur" [i].); 
putchar('\n'); 

ANS 1(d): 



Roll No: _________ ., 

e) What is printed by the following code segment? 

int a[]={1,2,3,4,5,6}, *iP=a+4; 
printf("%d\n", iP[l]); 
printf("%d\n", a[iP[-2]]); 

ANS 1(e): 

------------------------------------------- END OF QUEST I ON 1 -----------------------------------------

REST OF THIS PAGE MAY BE USED FOR ROUGH WORK 



2. This question has three parts. [7 + 5 + 3 = 15 marks] 
a) Write a C program to compute the following series summation correct up to 

five decimal places. 

where 0 < x < 1. 

ANS 2(a): 

xz x3 x4 
S=x- -+---+··· 

2! 3! 4! 

b) Write a C program to read an integer N, and generate the following pattern of 
stars for N lines, using nested loops. 

* 
* * 
* * * 
* * * * 
* * * * * 

• 

a , 



Roll No:. ________ _ 

ANS 2(b): 

c) What will be the output of the following program? 

#include <stdio.h> 
int main() 
{ 

int i=O; 
for ( r i<20; i++) { 

switch (i) { 

case 0: i+=5; 
case 1: i+=2; 
case 5: i+=5; 
default: i+=4; 

} 

print£ ("%d II i) ; 
} 

putchar('\n'); return 0; 
} 

ANS 2(c): 



3. Write a C program in the following way. The function int main() reads a 

positive integer n, 1 ~ n ~ 1000, and then it reads n positive integers in a one
dimensional array of type in t. It also prints the input data. It calls the function: 

void copf(int data[], int n, int cpf[]) 

where the input data is passed through the first parameter. The second parameter is 
the number of data n. 

Values in the array corresponding to the third parameter is computed by the function 
copf ( ) . On execution of this function, cpf [ i] will contain the number of 

distinct prime factors of data [i], for all i, 0 ~ i < n. As an example, if data [2] 

is 140 = 22 x 5 x 7, then cpf [2] will contain 3. 

Finally main () prints the content of the array which is passed as the third parameter 

to the function copf () . 

The function int pc (int k) returns the count of distinct prime factors of its 

argument k. For example, if k is 140, it returns 3. The function copf () calls the 

function int pc (int k) with every, element of data [i] to get the 

corresponding count of distinct prime factors. 

a) Write the function int main() . 

b) Write the function 
void copf(int data[], int n, int cpf[]). 

c) Write C expressions corresponding top~, P2. p3, P4, Ps in the function pc O
int pc(int k){ 

} 

int num, P1 ; 
for ( P2 ; P3 ; ++num) { 

} 

if (k%num == 0) { 
++ count; 

while <P4> Ps ; 
' } 

return count; 

[3 x 5 = 15 marks] 
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ANS 3(a): 

ANS 3(b): 

ANS 3(c): 



4. 
a) A country has coins of denomination 3, 5 and 10 respectively. The following 

function returns -1 if it is not possible to pay a value of k using these coins. 
Otherwise it returns the minimum number of coins needed to make the 
payment. 

For example, canchange (7) will return -1. On the other hand, 

canchange (14) will return 4 because 14 can be paid as 3+3+3+5 and there 

is no other way to pay with fewer coins. 

Write C expressions corresponding to 51, 5:2, 53, 54, 55, 56, 57 in the following 
function. 

int canchange(int k) 
{ 

} 

int a= -1; 
if (k==O) return 0; 

if ( 51 ) return 1; 

if (k < 3) 52 ; 

a = canchange ( 53. ) ; if '(a > 0) return 54 ; 

a = canchange (k - 5) ; . if (a > 0) return 55 ; 

a = canchange ( 56 ) ; if (a > 0) return 57 ; 

return -1; 

b) Modify the function of part (a) to write a function to print the change. For 
example, if we callthe function printchange ( 14) it should print 

3+3+3+5. The function prototype is: 

int printchange(int k) 

[7 +8 = 15 marks] 
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[ Write your answers in the question paper itself. Be brief and precise. Answer all questions.] 

1. Let L be the language 

L = { w E {a, b} * I w contains an equal number of occurrences of ab and ba}. 

For example, ababa E L (two occurrences of ab, arid two of-ba), whereas bbaba tf:. L (one occurrence of ab, 
and two of ba). 3 

(a) Give a regular expression whose language ~s L. (5) 

' .~ .. ~' 

(b) Design a DFAINFA/t-NFA to accept L. (5) 

-Page 1 of6-



2. Consider the following·c~ntext-free grammar to generate arithmetic expressions in one variable a, involving 

addition and multiplication operations only. Here, S is the start symbol. 

S---+a 18+S I SxS 

(a) Draw all the parse trees for the string a+ ax a+ a following this grammar. 
(5) 

(b) Design an unambiguous grammar to generate the same language. Force the operations to be evaluated 
from left to right (like in some digital calculators). This means that+ and x are given the same precedence 
and left-to-right associativity. For example, a + a x a + a is to be interpreted as ( (a + a) x a) + a. (5) 

-Page 2of6-



3. Consider the following unrestricted (Type 0) grammar with the start symbol S, with non-terminal symbols 

S, A, B, C, and with terminal symbols a, b, c. 

s ---t ABCS I E, 

AB---+BA, BA---+AB, AC---+CA, CA---+A~ BC---+CB, CB---+B~ 
' A---+ a, B ---+ b, c ---t c. 

(a) Show a derivation of the string babacc using this grammar. Show each individual step in the derivation, 

and mention the rule used in each step. (5) 

(b) What language over {a, b, c} is generated by this grammar? Justify. (5) 
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4. Exactly one of the following languages is recursive, exactl~, one is not recursive but r.e., and exactly one is 
not r.e. Identify which one is what, and supply a corrobm:1ting proof in each case. 

Ll = {Ml #M2 I NSTEPS(Ml, E) < NSTEPS(M2, E)}, 

L2 = {Ml #M2 I NSTEPS(Ml, E) ~ NSTEPS(M2, E)}, 

£3 - {M1 #M2 I C(Mt) n C(M2) is r.e.}. 

Here, M1 and M2 are (encoding of) Turing machines. For a Turing machine M and for an input w of M, 
the symbol NSTEPS(M, w) stands for the number of steps that M takes before halting, upon input w. If 
M loops (that is, does not halt) on w, we take NSTEPS(M, w) = oo. If M' also loops on w', we make the 
convention that NSTEPS(M, w) = NSTEPS(M', w') (that is, two infinities in this context are equal). 

(a) L1is ____________________________________________________________ __ 

Proof 
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(c) L3 is--------------------------------------~--------------------

~ ~ 

5. Which of the following are properties of r.e. sets? First, supply an answer Yes/No. If the answer is Yes, 
mention whether the property is trivial and/or monotone. If the answer is No, supply a one-line justification. 
In each case, the property is specified by a Turing machine M. · (5) 

(a) M accepts E. 

(b) M (explicitly) rejects E. 

(c) M halts on E. 

(d) C(M) is a context-free language. 

(e) C(M) contains a context-free language. 
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