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SOLUTIONS 
Q1. [MATHS] 

Consider the following two statements about the function f(x) = |x|: 

P. f(x)  is continuous for all real values of x 

Q. f(x) is differentiable for all real values of x. 

Which of the following is TRUE? 

(A) P is true and Q is false. 

(B) P is false and Q is true. 

(C) Both P and Q are true. 

(D) Both P and Q are false. 

 

Answer: (A) 

Explanation: The only difficulty is at x=0. f(x) = 0 at x=0 so continuity is 

ensured. 

But f’(x) depends on how we approach the origin x=0 from negative 

values to 0 or positive values to 0, so it is not differentiable. 

 
 

Q2.[DISCRETE MATHEMATICS] 

Let S be a set of n elements. The number of ordered pairs in the largest 

and smallest equivalence relations on S are 

(A)  n and n    (B) n2 and n  (C) n2 and 0  (D) n and 1 

Answer: (B) 



The largest relation  will be the one with all the elements in it and this 

will have n*n ordered pairs viz., (a,a) for every element a in the set S. 

The smallest relation will be the one where each element in the set is in 

its own class. The index of the relation now is n. 

 
Q3.[DISCRETE MATHEMATICS] 

What is the maximum number of different Boolean functions involving 

n Boolean variables? 

(A) n2   (B) 2n   (C) 2**2n   (D) 2**n2 

Answer: (C ) 

Explanation: The domain has 2n groups of variables which can map 

onto 0 in  the domain or 1 in the domain. 

So the number of functions is as in (C). 

 
 

 

 

 

 

 

 



 

 

Q5. [MATHS] Consider the DAG with V = {1,2,3,4,5,6}, shown below. 
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Which of the following is not a topological ordering? 

 

(A) 1 2 3 4 5 6  

(B) 1 3 2 4 5 6  

(C) 1 3 2 4 6 5 

(D) 3 2 4 1 6 5  

 

Answer: (D) 

Explanation: In (D) we have 3….1…5 is not correct as 3 cannot come 

before 1. 

 

 



Q6.[THEORY OF COMPUTATION] [TOPIC:UNDECIDABILITY] 

 Which of the following problems is undecidable? 

(A) Membership problem of CFLs 

(B)           Ambiguity problem of CFGs 

(C) Finiteness problem for FSAs 

(D) Equivalence problem for FSAs 

 

SOLUTION: Q6 

Answer: (B) 

 

EXPLANATION: 

For the membership problem we have the CYK algorithm or any 

parsing algorithms of CFGs which uses backup. The finiteness problem 

of FSAs is to merely ensure that there is no cycle in the state diagram of 

the finite state machine. For any two regular sets L1 and L2 we have 

L1=L2 iff L1∏L2’ U L2∏L1’ is empty. Since the regular sets are closed 

under union and intersection the equivalence problem is decidable. 

A standard undecidability result is the determination of the ambiguity 

of CFGs. 

 
Q7. [THEORY OF COMPUATION] [REGULAR SETS]  

 Which of the following is TRUE? 

(A)   Every subset of a regular set is regular. 

(B)   Every finite subset of a non-regular set  is regular 



(C)   The union of two non-regular sets is not regular 

(D)   Infinite union of finite set is regular 

 

Answer: B 

Explanation: Every finite set is trivially a regular set. Choice A cannot 

be correct as any formal language is a subset of Σ* which is a regular 

set. Choice C cannot be correct as the union of two nonregular cfls, a cfl 

and its complement is necessarily regular e.g. take all the palidromes 

over some alphabet. An formal language can be looked upon as the 

infinite union of singleton sets consisting of one string in the language, 

so D cannot be correct. 

 
Q12. [DAA: ANALYSIS] 

The height of a binary tree is the maximum number of edges in any root 

to leaf path. The maximum number of nodes in a binary tree of height h 

is: 

(A) 2h – 1   (B) 2h-1  -1 (C)   2h+1-1     (D) 2h+1 

 

 

Answer: (C ) 

Explanation: For a single node tree consisting only of the root h=0, 

nodes =1: So this reduces the choice to A or C. 

For a three node complete binary tree h=1 and nodes =3 so this reduces 

the choice to C. 



 
Q13. [DAA: DATA STRUCTURES] 

 The maximum number of binary trees that can be formed with three 

unlabeled nodes is: 

(A) 1   (B) 5  (C ) 4  (D) 3 

 

Answer : B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



These are the following trees: 

 

One node tree 
 

Null tree    
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Two  node tree 

Two  node tree 

Three  node 
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Three  node 
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Three node 

Two  node tree

Two  node tree 



            

       

Q14. [DAA: SORTING] 

Which of the following sorting algorithms has the lowest worst-case 

complexity? 

 

(A) Merge sort     (B) Bubble sort     (C  ) Quick sort   (D) Selection sort 

Answer: (A) 

Explanation: 

 

ALGORITHM WORST CASE TIME 

COMPLEXITY 

MERGE SORT O(N LOG N) 

BUBBLE SORT O(N * N) 

QUICKSORT O(N * N) 

SELECTION SORT O(N * N) 

 

 

 
Q15.[DAA: ANALYSIS] 

Consider the following segment of C –code: 

int j, n; 

 j = 1; 

 while ( j <= n) 



  j = j *2; 

The number of comparisons made in the execution of the loop for any n 

> 0 is” 

(A)  log 2 n  + 1     (B)  n     (C)  log 2 n    (D)   log 2 n   +1 

 

Answer: (A) 

 

Explanation: 

 

 

n comparisons Closest formula 

1 1<=1,2<=1 TOTAL=2 ??????? 

2 1<=2,2<=2 TOTAL=2 A,B,D 

3 1<=3,2<=3,4<=3 TOTAL=3 B,A 

4 1<=4,2<=4,4<=4,8<=4 TOTAL=4 A,D excluding 

termination test 

8 1<=8,2<=8,4<=8,8<=8,16<=8 

TOTAL=5 

A ,D excluding 

termination test 

5 1<=4,2<=4,4<=4,8<=4 TOTAL=4 A including 

termination test 

6 1<=4,2<=4,4<=4,8<=4 TOTAL=4 A including 

termination test 

12 1<=12,2<=12,4<=12,8<=12,16<=12

TOTAL=5 

A including 

termination test 

 



 
Q18. [LANGUAGE PROCESSORS] 

Which of the following is a top-down parser? 

(A)   Recursive descent parser 

(B)   Operator precedence parser 

(C)   An LR(k) parser 

(D)   An LALR(k) parser 

 

Answer: (A ) 

Explanation: A recursive descent parser is nothing but an LL(1) parser. 

 

 
 

Q22. [DISCRETE MATHS] 

Let Graph(x) be a predicate which denotes that x is a graph. Let 

Connected(x) be a predicate which denotes that x is connected. Which of 

the following first order logic sentences DOES NOT  represent the 

statement: “Not every graph is connected”.? 

(A) ¬∀(x)(Graph(x) ⇒ Connected(x)) 

(B) ∃x(Graph(x)∧¬Connected(x)) 

(C) ¬∀(¬Graph(x)vConnected(x)) 



(D) ∀x(Graph(x)⇒¬Connected(x)) 

 

Answer: (D) 

Explanation: The four choices can be read as: 

(A) Not for all graphs connectivity is there implies some graphs may 

not be connected. 

(B) There exists a graph that is not connected. 

(C) ¬PvQ is the same as P⇒Q. 

(D) All graphs are not connected. 

 
Q24[MATHS] 

Suppose we uniformly and randomly select a permutation from the 20! 

Permutations of 1,2,3,4,…,20. What is the probability that 2 appears at 

an earlier position than any other even number in the selected 

permutation? 

 

(A) ½ 

(B) 1/10 

(C) 9!/20! 

(D) None of the above 

 

Answer: (A) 

Explanation:  

Consider valid permutations, where the 2 is properly positioned. 



Before the 2: 0! After  the 2:19! 

Before the 2:1! After the 2:18! 

Before the 2:2!  After the 2:17! 

===================== 

Before the 2:18! After the  2:1!  

 

Consider invalid permutations, where the 2 is not properly positioned. 

 

Before the 2:1! After the 2:18! 

Before the 2:2!  After the 2:17! 

===================== 

Before the 2:18! After the  2:1!  

Before the 2:19! After the 2:0! 

 

We see that half are valid permutations and half invalid so the answer is 

½. 

 
 

Q26. [MATHS] 

Consider the set S={a,b,c,d},. Consider the following 4 partitions π 

1,π2,π3,π4 on S: π1={abcd|, π2={ab,cd},π3={abc,d},π4={a,b,c,d}. Let < 

be the partial order on the set of partitions S’={π1, π2, π3, π4} defined 

as follows: πi < πj if and only if πi refines πj. The poset diagram for 

(S’,<) is 



 

(A)      (B)   

 

 

 

 

 

 

 

 

 

(C)       (D)     
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Answer: (C) 

Explanation: (A) is not correct as π3 is not a refinement of π2. 

The same argument applies to (B). In (D) abc is broken up into a, b, c 

i.e. two steps. So the answer is (C). 

 



Q28.[NUMERICAL METHODS] 

Consider the series xn+1 = xn /2   + 9/(8xn), with x0 = 0.5 obtained from the 

Newton_Raphson method. The series converges to 

(A) 1.5  (B)√2  (C) 1.6  (D) 1.4 

Answer: (A) 

Explanation: We will directly try out some iterations: 

Iteration 1.   x(1) = .5/2 + 9/(8*.5) =.25 +9/4=2.5 

Iteration 2.   x(2) = 2.5/2 + 9/(8*2.5)=1.25 + 9/20=1.7 

Iteration 3. x(3) = 1.7/2 + 9/(8*1.7)=.85 + 9/16.8=.85 +.82=1.67 

Iteration 4. x(4) = 1.67/2 + 9/(8*1.67)=approx.835 + 27/40=.835+.675=1.6 

Iteration 5. x(5)=1.6/2 + 9/(8*1.6)=.8 + .7=1.5 

So it appears to be 1.5 

 

Now let us substitute 1.5 directly in the formula then we have 

X(n+1) = 1.5/2 + 9/(8*1.5)=.75 +.75= 1.5 

So the iteration converges to 1.5, and the answer is (A). 

 
 

   

Q29. [THEORY OF COMPUTATION] 

A minimum state deterministic finite automaton accepting the language 

L={w|w ε{0,1}*, number of 0s and 1s are divisible by 3 and 5, 

respectively has 

(A)15 states  (B) 11 states (C) 10 states  (D) 9 states 



 

Answer: (A) 

 

Explanation: 

The dfa of 15 states is given  below, Qij means the 0’seen so far are a 

multiple of 3 plus i and the 1’s seen so far are a multiple of 5 plus j. 

 

State transition 

function 

Input is 0  Input is 1 

Q00 Q10 Q01 

Q10 Q20 Q11 

Q01 Q11 Q02 

Q20 Q00 Q21 

Q11 Q21 Q12 

Q02 Q12 Q03 

Q21 Q01 Q22 

Q12 Q22 Q13 

Q03 Q13 Q04 

Q22 Q02 Q23 

Q13 Q23 Q14 

Q04 Q14 Q00 

Q14 Q24 Q10 

Q24 Q00 Q20 

 



 
Q30.[THEORY OF COMPUTATION] 

The language L = { 0i21j |I>=0} over the alphabet {0, 1, 2} is 

(A) not recursive 

(B) is recursive and is a deterministic CFL 

(C) is a regular language 

(D) is not a deterministic CFL but a CFL 

 

Answer: (B) 

Explanation: One can easily design a deterministic push down automata 

which scans the input left to right, when a 0 is encountered it stacks it, 

and moves to the right. When a 2 is encountered it switches from a 

stacking to a pop state and so long as a 1 comes in the input it pops a 0. 

When the input is exhausted and the stack is empty it goes to a final 

state. 

 

 
Q31.[THEORY OF COMPUTATION] 

Which of the following languages is regular? 

(A) {wwR| w in {0,1}+} 

(B) {wwRx| w,x  in {0,1}+|} 



(C) {wxwR| w,x  in {0,1}+} 

(D) {xwwR| w in {0,1}+} 

 

Answer: (C ) 

 

Explanation: This is merely the language where the strings are either 

0w0, 1w1 where w is any string in {0,1}*. 

The remaining are standard palidrome languages: 

For (A) intersect with 0*110* and apply the pumping lemma. 

For (B) intersect with 0*110*1 and apply the pumping lemma 

For (D) intersect with 10*110* and apply the pumping lemma 

 
Q33.[COMPUTER ORGANISATION] 

Define the connective * for the Boolean variables X and Y as: X*Y = XY 

+ X’Y’. Let Z=X*Y. Consider the following expressions P, Q and R. 

P: X = Y*Z     Q:Y=X*Z       R:X*Y*Z = 1 

Which of the following is TRUE? 

(A) Only P and Q are valid. 

(B) Only Q and R are valid. 

(C) Only P and R are valid. 

(D) All P, Q and R are valid. 

 

Answer: (D) 

Explanation: 



R=X*Y*Z=(X*Y)*(X*Y)=(X*Y)(X*Y) +(X*Y)’(X*Y)’ 

=(X*Y) +(X*Y)’----BY THE IDEMPOTENT LAWS 

=1 

Now consider X*X=XX +X’X’=X+X’=1 

From R we have X*Y*Z=1 

For X substitute Y*Z then (Y*Z)*(Y*Z)=1 so it follows that P:Z=X. 

Now * is a commutative operator as X*Y=XY +X’Y’ and Y*X=YX 

+Y’X’=XY +X’Y’=X*Y 

Now Q: Y=X*Z, R:X*Y*Z=Y*X*Z=1. 

So Y*X*Z=(X*Z)*X*Z=1 or Q is valid. 

  

 
 

Q38.[DATA STRUCTURES, LANGUAGE PROCESSORS, DAA] 

The following postfix expression with single digit operands is evaluated 

using a stack: 

 

 8 2 3 ^ / 2 3 * + 5 1 * - 

Note that ^ is the exponentiation operator. The top two elements of the 

stack after the first * is evaluated are: 

 

(A) 6,1   (B) 5,7   (C) 3,2   (D) 1,5 

 

Answer: (A ) 



Explanation: Method I. By using the method of elimination, * can only 

be applied to the previous two operands so it must result in 23*=6 on the 

stack. 

Method II. Simulate the stack 

 

INCOMING SYMBOL 8 IS STACKED 

  

  

  

  

  

  

  

  

  

Bottom of stack 8 

 

INCOMING SYMBOL 2 IS STACKED 

  

  

  

  

  

  

  

  



 2 

Bottom of stack 8 

 

 

INCOMING SYMBOL 3 IS STACKED 

  

  

  

  

  

  

  

 3 

 2 

Bottom of stack 8 

 

APPLY THE EXPONENTIATION OPERATOR 

  

  

  

  

  

  

  

  

 8 



Bottom of stack 8 

 

 

 

 

 

 

 

 

 

APPLY THE DIVISION OPERATOR, THE NONCOMMUTATIVITY 

OF / DOES NOT MATTER HERE AS BOTH OPERANDS ARE THE 

SAME 

 

  

  

  

  

  

  

  

  

  

Bottom of stack 1 

 

STACK THE INCOMING 

 



SYSMBOL 2 

  

  

  

  

  

  

  

  

 2 

Bottom of stack 1 

 

STACK THE INCOMING SYMBOL 3 

  

  

  

  

  

  

  

 3 

 2 

Bottom of stack 1 

 

APPLY THE * OPERATOR 

  



  

  

  

  

  

  

  

 6 

Bottom of stack 1 

 

 
Q39. [DATA STRUCTURES] 

The inorder and preorder traversal of a binary tree are 

d b e a f c g and a b d e c f g, respectively. The postorder traversal of the 

binary tree is 

(A) debfgca 

(B) edbgfca 

(C)  edbfgca 

(D) defgbca 

 

Answer: (A) 

Explanation:  



From the preorder traversal the root of the tree is evidently a. The left 

subtree from the endorder traversal is dbe and the right subtree from 

the endorder traversal is  fcg. 

From the preorder traversal we see cfg i.e. the root of the right subtree 

is c and the left and right children are f and g. 

From the preorder traversal we see that for the endorder dbe, b is the 

root of the right subtree and d and e are the left and right children. 

From a postorder traversal of the right subtree we must have deb and 

only (A) satisfies this. 

The entire tree is drawn below: 

 

g 
f 

c 

e 
d

b 

a 
 

 

 

 

 

 

 

 

 

 
 

 

Q40.[DAA, DATA STRUCTURES, LP] 



 

Consider a hash table of size seven, with starting index zero, and a hash 

function (3x + 4)mod 7. Assuming the hash table is initially empty, 

which of the following is the contents of the table when the sequence 

1,3,8,10 is inserted into the table using closed hashing> Note that – 

denotes an empty location in the table. 

 

Answer: (B) 

 

Explanation: Simulate the hashing of the inputs. 

Input = 1. hash value= (3*1 + 4)mod 7 = 0  

 

Hash table index Hash table entry 

0 1 

1  

2  

3  

4  

5  

6  

 

 

Input = 3. hash value= (3*3 + 4)mod 7 = 6  

 

Hash table index Hash table entry 

0 1 



1  

2  

3  

4  

5  

6 3 

 

 

Input = 8, hash value= (3*8 + 4)mod 7 = 0  

 

Hash table index Hash table entry 

0 1 

1 8 

2  

3  

4  

5  

6 3 

 

 

 

Input = 10, hash value= (3*10 + 4)mod 7 = 6  

 

Hash table index Hash table entry 

0 1 

1 8 



2 10 

3  

4  

5  

6 3 

 

 
Q41. [DAA] 

In an unweighted, undirected connected graph, the shortest path from a 

node S to every other node is computed most efficiently, in terms of time 

complexity, by 

 

(A) Dijkstra’s algorithm starting from S. 

(B) Warshall’s algorithm. 

(C) Performing a DFS starting from S 

(D) Performing a BFS starting from S 

 

Answer: (D) 

 

Explanation: ( D) depends on the number of edges of the graph,  and 

are so O(E) where E is the number of edges of the graph. (A) can be 

done in O(n2  +E ) time where n is the number of nodes of the graph. 

Warshalls algorithm reduces to matrix multiplication which it is 

conjectured is asymptotically O(n2). 



 
 

Q42.[DAA:LP:PROGRAMMING] 

Consider the following C function 

 Int f(int n) 

{ static int r=0; 

if (n<= 0) return 1; 

if (n > 3) 

 {r = n; 

 return f(n-2) +2; 

 } 

return f(n-1) +r; 

} 

 

What is the value of f(5)? 

(A) 5  (B) 7  (C) 9 (D) 18 

 

Answer: (D) 

Explanation: f(5) sets up r an 5, and then calls f(3) and 

contributes an addition of 2. f(3) calls f(2), f(1), f(0) each contributing 5 

to the sum. Finally f(1) returns contributing 1 to the total. Total is 1 + 5 

+ 5 +5 +2 = 18. 

 



 
Q43.[DAA, DATA STRUCTURES] 

A complete n-ary tree is a tree in which each node has n children or no 

children. Let l be the number of internal nodes and L be the number of 

leaves in a complete n-ary tree. If L = 41 amd  I = 10, what is the value 

of  n? 

 

(A) 3  (B) 4   (C) 5  (D) 6 

 

 

 

 

Answer: ( D) 

Explanation: The root is 1 node. If k=6 it has 6 children. If all are 

interior node we have 7 internal nodes so far. If at level two we have all 

interior nodes this gives 36 nodes. Of these if we take 3 as interior nodes, 

we have our quota of 10 interior nodes. 

The balance is 33 leaves and the 3 interior nodes give 18 leaves making 

up the 41 leaves. 

 

 

 

 

 



 

The tree is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

leaves 
leaves 
5 

5 6 leaves 
6 leaves 

6 leaves 
6 leaves 

6 leaves 

          

 

Q45. [DAA] 

What is the time complexity of the following recursive function: 

   

Int DoSomething ( int n) { 



 If     (n<=2) 

  Return I; 

           Else 

             Return(DoSomething(floor(sqrt(n)  + n); 

} 

 

(A) θ(n2)     (B)  θ(n log2 n)   (C) θ(log2  n)    (D) θ(log2 log2 n) 

 

Answer: D 

Explanation: 

 

The recurrence relation for the time complexity T(n) is given below: 

 

T(0) = T(1) =T(2) = 0 

T(n) =  1 + T(√n) 

 

Take  n as nk  where k is 2r 

 

T(n) = 1 + T((√n)) 

T(√n) =  1 + T(√√n) 

T(√√n)= 1 +  T(√√√n)) 

------ 

----- 

T(1) =0 

 

So 1 is to be added r times which is (D).     



 
 

Q44.[DAA:ANALYSIS] 

In the following C function, let n>=m. 

 Int gcd(n, m) 

{ 

 if(n%m == 0) return m; 

 n = n%m; 

 return gcd(m, n); 

} 

How many recursive calls are made by this function? 

(A) θ(log n)    (B) Ω(n) (C)θ(log log n)     (D)θ(√n) 

 

Answer: (B) 

Explanation: A detailed analysis may be found in Cormen, pp810-811. 

 
Q46. [DATA STRUCTURES] 

Consider the following C program segment where CellNode represents 

a node in a binary tree. 

 

Struct CellNode { 



 Struct CellNode  *leftChild; 

 Int element; 

 Struct CellNode *rightChild; 

}; 

int GetValue (struct CelNode  *ptr) { 

 int value = 0; 

 if (ptr != NULL) { 

  if ((ptr->leftChild == NULL)  && 

   (ptr->rightChild == NULL)) 

  value = 1;  

 else 

  value = value + GetValue(ptr->leftChild) + GetValue(ptr-

>rightChild); 

} 

return(value); 

} 

The value returned be GetValue when a pointer to the root of a binary 

tree is passed as its argument is: 

(A) the number of nodes in the tree. 

(B)  the number of internal nodes in the tree 

(C) the number of leaf nodes in the tree 

(D) the height of the tree 

 

Answer: (C ) 

Explanation: Note that value starts at 0 and is incremented only if the 

left and right children of the node are not present i.e. the node is a leaf. 



 
Q47.[DAA:DATA STRUCTURES] 

Consider the  process of inserting an element into a Max Heap, where 

the Max Heap is represented by an array. Suppose we perform a binary 

search on the path from the new leaf to the root to find the position for  

the newly inserted element, the number of comparisons performed is: 

(A) θ(log2 n) 

(B) θ(log2 log2 n) 

(C) θ( n) 

(D) θ(n log2 n) 

 

Answer: (B) 

Explanation: Binary search takes θ(log2 n), as the search space is 

continuously divided by two. In inserting in the heap we only have to 

move up the path from the leaf to the root, the height of  a heap cannot 

be more than θ(log n). So the time complexity for the insertion is θ(log 

log n). 

 
Q48. Which of the following if TRUE about formulae in Conjucnctive 

Normal Form? 



(A) For any formula , there is a truth assignment for which at 

least half the clauses evaluate to true. 

(B) For any formula, there is a truth assignment for which all the 

clauses evaluate to true. 

(C) There is a formula such that for each truth assignment, at 

most one-fourth of the clauses evaluate to true. 

(D) None of the above. 

 

Answer: ( C) 

Explanation: One can always create  a specific formula. For A and B 

consider the contradiction FFFFFFFFF. 

 
Q49. [DAA] 

 Let w be the minimum weight among all the edge weights in an 

undirected connected graph. Let e be a specific edge of weight w. Which 

of the following is FALSE? 

 

(A) There is a minimum spanning tree containing e. 

(B) If e is not in a minimum spanning tree T, then in the cycle formed 

by adding e to T, all edges have the same weight. 

(C) Every minimum spanning tree has an edge of weight w. 

(D) e is present in every minimum spanning tree. 

 

Answer: ( D) 



Explanation: If all the edges in a complete graph have the same weight 

there are many minimum spanning trees and a particular edge may not 

necessarily be in all the trees. 

A is true as we start by including an edge of minimum weight for an 

instance of the minimum spanning tree. The minimum weight edge has 

to be in the minimum spanning tree so C is true. If e is excluded, then all 

the other edges must be of the same weight. 

 
Q50.[DAA] 

An array of n numbers is given, where n is an even number. The 

maximum as well as the minimum of these n numbers needs to be 

determined. Which of the following is TRUE about the number of 

comparisons needed? 

(A) At least 2n – c comparisons , for some constant c, are needed. 

(B)  At most 1,5n – 2 comparisons are needed. 

(C) At least nlog2 n comparisons are needed. 

(D) None of the above. 

 

Answer: (B ) 

Explanation: A linear algorithm exists so C can be excluded. By using a 

divide and conquer strategy, B is the answer. 



 
Q51. [DAA] 

Consider the following C code segment: 

 Int IsPrime(n) 

  { 

   int I, n; 

   for ( I = 2; I <= sqrt(n); I ++) 

    if(n % I == 0 ) 

     {printf(“Not Prime/n”); return 0;} 

    return I ; 

  } 

Let T(n) denote the number of times the for loop is executed by the 

program on input n. Which of the following is TRUE? 

(A) T(n) = O(√n) and T(n) =Ω(√n) 

(A)    T(n) = O(√n) and T(n) = Ω(1) 

      (C )    T(n) = O(n) and T(n) = Ω(√n) 

(B) None of the above. 

 

Answer: (A) 

Explanation: Note that sqrt(n) does not change in the iteration. So we 

have a simple for statement  which has an index variable varying from 2 

to √n) 



 
 

Q52. Consider the grammar with the nonterminals N = {S, C, S1}, 

terminals T= {a, b, I, t, e}, with S as the start symbol, and the following 

set of rules: 

 

S----------------  iCtSS1 | a 

S1---------------  eS |ε 

C--------------  b 

The grammar is not LL(1) because: 

(A) it is left recursive 

(B) it is right recursive 

(C) it is ambiguous 

(D) it is not context-free 

 

Answer: (C ) 

Explanation: The grammar is  not left recursive, so (A) is not correct. 

The grammar is very much a cfg, as only a single nonterminal appears 

on the lhs of every rule, so (D) is not correct. The grammar is right 

recursive, as S- +----S----, but this has nothing to do with the property 

of being LL(1), so (B) is not correct.  By elimination we have (C ) as the 

answer. 



 
Q53. [LANAGUAGE PROCESSORS] 

Consider the following two statements: 

P: Every regular grammar is LL(1) 

Q: Every regular set has a LR(1) grammar 

Which of the following is TRUE? 

(A) Both P and Q are true 

(B) P is true and Q is false 

(C) P is false and Q is true 

(D) Both P and Q are false 

 

Answer: (C ) 

Explanation: Consider the left recursive right linear grammar 

generating a+, S- Sa|a 

This cannot be LL(1) so P is false. Every regular set is necessarily a dcfl 

and so a LR(1) grammar exists for it, so Q is true. 

 
Q54.[LANGUAGE PROCESSORS] 

In a simplified computer the instructions area: 

OP Rj,Ri     -Performs Rj OP Ri and stores the result in Ri 



OP ,.Ri -Performs val Op Ri and stores the result in Ri. Val denotes 

the contents of the memeory location m. 

MOV m, Ri -Moves the content of memory location m to register Ri. 

MOV Ri,m -Moves the content of register Ri to memory location m. 

The computer has only two registers, and Op iseither ADD or  

SUB. Consider the following basic block: 

T1 = a + b 

T2 = c + d 

T3 = e – T2 

T4 = T1 – T3 

Assume that all the operands are initially in memory. The final value of 

the compuation should be in the memory. What is the minimum 

number of MOV instructions in the code generated for this basic block? 

 

(A) 2 (B) 3  (C) 5 (D) 6 

 

Answer: (B) 

Explanation: 

 

Consider the code below: 

 

MOV a, R1 

ADD b, R1 

MOV c,R2 

ADD d,R2 

SUB e,R2 

SUB  R1,R2 



MOV R2, memory 

 
Q55.[OPERATING SYSTEMS] 

An operating system uses Shortest Remaining Time first(SRT) process 

scheduling algorithm. Consider the arrival times and execution times 

for the following processes: 

Process Execution time Arrival time 

P1 20 0 

P2 25 15 

P3 10 30 

P4 15 45 

 

What is the total waiting time for process P2? 

(A) 5   (B) 15    (C) 40 (D) 55 

Answer: (B) 

Explanation: 

 

Time event Process being 

executed 

0 P1 arrives, wants 20 

units of time 

P1 starts executing 

15 P2 arrives, wants 25 

units of time 

P1 has finished 15 

units and 5 units 



left<25 units left for 

P2, so P1 continues 

executing. 

20 P1 finishes, P2 is the 

only process pending. 

P2 starts, wants 25 

units of time, it has 

now waited 5 units of 

time. 

30 P3 arrives, wants 10 

units of time. 

P2 has finished using 

up 10 units of time, 

and wants 15 more> 

10 units that P2 wants.

So P2 starts executing 

and wants 10 units of 

time. 

 

40 P3 completes and P2 

the only process 

available wants 15 

more units of time. 

P2 resumes its 

remaining 15 units of 

time it wants. 

45 P4 arrives and wants 

15 units of time, 

whereas P2 has 

finished 5 more units 

and has still 10 units 

demand on time.This 

is less than what P4 

P2 continues its 

remaining 10 units of 

time. 



wants. 

55 P2 has completed. P4 starts its 15 units of 

time requirement. 

70 P4 completes.  

 

From the above we see that P2 waited 5 units for P1 to complete and 10 

units for P3 to complete. So its total waiting time is 15, or answer is (B). 

 
Q58[OPERATING SYSTEMS] 

Two processes, P1 and P2, neeed to access a critical section of code. 

Consider the following synchronization construct used by the processes: 

/* P1  */ 

while  (true)   { 

 wants1 = true; 

 while  (wants2 == true); 

 /* critical section */ 

 wants1 = false; 

} 

/* Remainder section */ 

 

/*   P2   */ 

while   (true)    { 

 wants2 = true; 

 while  (wants1 == true); 



 /* critical section */ 

 wants2 + false; 

} 

/* Remainder section */ 

Here, wants1 and wants2 are shared variables, which are initialized to 

false. Which one of the following statements is TRUE about the above 

construct? 

(A) It does not ensure mutual exclusion. 

(B) It does not ensure bounded waiting. 

(C) It requires that processes enter the critical section in strict 

alternation. 

(D) It does not prevent deadlocks, but ensures mutual exclusion. 

 

Answer: (D) 

Explanation: P1 has control of the critical section provided wants1 is 

true and wants2 is false. P2 has control of the critical section provided 

wants2 is true and wants1 is false. So if P1 has control it excludes P2 till 

it completes and vice versa, so mutual exclusion is ensured. This 

eliminates choice (A). 

(B) is false as the time spent by P1 and P2 in their critical sections is not 

controlled or bounded. 

(C ) is not correct for one can easily see that P1 can use the resource, 

release it, use it again, release it and so on without P2 ever demanding 

it. 

(D ) A deadlock can arise as the assignment to wants1 and wants2 is not 

done as an indivisible operation. So when wants1 is set to true at the 

same time wants2 can be set to true. This results in endless waiting. 



 

So (D) is the answer. 

   

 

 
 

Common data for Questions 71, 72, 73: 

Consider the following program segment. Here R1, R2 and R3 are the 

general purpose registers. 

Instruction Operation Instruction size(no. of 

words) 

         MOV   R1,(3000) R1 M[3000] 

 

2 

LOOP: MOV R 2,(R3) R2 -M[R3] 1 

         ADD R2,R3 R2 -R1+R2 1 

         MOV (R3),R2 M[R3] - R2 1 

          INC R3 R3  R3+1 1 

          DEC R1 R1 R1-1 1 

          BNZ LOOP Branch on not zero 2 

          HALT   

 

 

Assume that the content of memory location 3000 is 10 and the content 

of the register R3 is 2000. The content of each if the memory locations 



from 2000 to 2010 is 100. The program is loaded from the memory 

location 1000. All the numbers are in decimal. 

Q71. Assume that the memory is word addressable. The number of 

memory references for accessing the data in executing the program 

completely is 

(A) 10 (B) 11  (C) 20 (D) 21 

Q71. Assume that the memory is word addressable. After the execution 

of this program, the content of memory location 2010 is 

(A) 100  (B) 101 (C) 102 (D) 110 

Q73. Assume that the memory is byte addressable and the word size is 

32 bits. If an interrupt occurs during the execution of the instruction 

“INC R3”, what return address will be pushed on to the stack? 

(A) 1005 (B) 1020 (C) 1024 (D) 1040 

Answer: Q71: (D), Q72: (A), Q73: (C) 

 

 

Explanation: 

THE MEMORY MAP 

Address of 

location 

assuming byte 

addressability 

Address of 

location 

assuming word 

addressability 

Contents of 

memory 

location 

Contents of 

location, 

mnemonic 

INSTR 

SIZE 

1000 1000 MOV 

R1,(3000) 

R1-

M[3000] 

2 

1008 1002 MOV 

R2,(R3) 

R2 M[R3] 1 



1012 1003 ADD R2,R1 M[R3] R2 1 

1016 1004 MOV 

(R3),R2 

M[R3] R2 1 

1020 1005 INC R3 R3 R3+1 1 

1024 1006 DEC R1 R1 R1-1 1 

1028 1007 BNZ LOOP Branch on 

not zero 

2 

1036 1008 HALT  1 

 =======    

 ======    

 2000TO2010 100   

 ======    

 =====    

 =====    

 =====    

 3000 10   

 

 

 

 

 

 

 

 

 

 



 

 

 

Below is a flowchart of the program fragment: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BNZ 

M[R3] R2 

R3 R3+1 

R2 R1+R2 

R1 R1-1 
HALT 

LOOP: R2 M[R3] 

R1 M[3000] 

 

Q71. (D) 

From the above flowchart it is evident that within the loop there are at 

most two memory references. R1 is a loop counter which is initialized to 

10, and we count down in steps of 1, thus there are 10 iterations of the 

loop. This makes twenty memory references. To this we must add the 



first reference outside to loop in the initialization of R1. Total is 21 

memory references, and (D) is the answer. 

 

Q72. (A) 

The only place we store into the memory is form R2 to the contents of 

R3. R3 indexes the memory starting from 2000 and moving onto 2010. 

In the first pass through the loop we store 110 into location 2000. In the 

next pass R3 has the value 2001 and we store 110 into this location. In 

the tenth pass through the loop R3 has the value 2009 and we store 110 

into 2009. 2010 is not affected at all and so it remains 100 at the end of 

the loop. So (A) is the answer. 

Q73(C ) 

From the memory map we see that the address where the interrupt 

occurs is 1020, so the address stored on the  stack is 1024. 

 

 

 

Common Data for Questions 74, 75 

 

Consider the following Finite State Automaton: 

 

 

 

            

            

            

            

a

b
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a

bab
b

q1 q2 

q3 

q0 



            

            

            

      

Q74. The language accepted by this automaton is given by the regular 

expression 

(A) b*ab*ab*ab*   (B)(a+b)*    (C) b*a(a+b)*   (D) b*ab*ab* 

 

Q75. The minimum state automaton equivalent to the above FSA has 

the following number of states 

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

 

Answer: Q74: (C) 

Explanation: q3 is a state that can never be reached from the start state 

so it can be removed from the state diagram without changing the 

language accepted.  

As the start state is not the final state the empty string is not accepted 

and this rules out B. 

The string a is accepted by the finite automata but is not in (A) or (D). 

(A) requires three a’s compulsorily and (D) requires two a’s 

compulsorily. 

The states q1,q2,q3 can be merged into a single state and  once we reach 

this state we remain in it regardless of the input. So (C) is the answer. 

 

Answer:Q75: (B) 

Explanation: The minimal automata is given below: 

 



 

            

            

            

            

           

         
    

a,b
a 

b 

qf Q0 

 

Linked answer questions: Q76 & Q77: 

Suppose the letters a,b,c,d,e,f have probabilities ½,1/4,1/8,1/16,1/32,1/32,  

respectively. 

 

 

Q76. Which of the following is the Huffman code for the letters 

a,n,c,d,e,f? 

(A) 0,10,110,1110,11110,11111 

(B)           11,10,011,010,001,000 

(C)  11,10,01,001,0001,0000 

(D)  110,100,010,000,001,111 

 

Q77. What is the average length of the correct answer to Q 76? 

(A) 3 (B) 2.1875 (C) 2.25 (D) 1.9375 

 



Answer: (A) 

 

 

Explanation:  

 

Step 0. 
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Codes: f is 00000, e is 00001, e is 0001, c is 001, b is 01, a is 1. 

 

Since we can interchange 0 and 1 we have the codes we have 

(a,b,c,d,e,f) = (o,10,110,1110,11110,11110,11111) 

  

Answer: Q77: (D) 

 

Explanation: lengths 

 

Lengths(a+b+c+d+e+f)/6=(1/2 + 2*1/4 + 3*1/8 + 4*1/16 +5* 1/32 

+6*1/32)/6= 

=(16 + 16 + 12 + 8 + 5+ 6)/32= 1.9685 

 
Statement for linked answer questions 78 & 79: 

Consider the CFG with {S, A, B} as the non-terminal alphabet, {a, b} as 

the terminal alphabet, S as the start symbol and the following set of 

production rules: 

 

S-------- aB S------------ bA 

B------- b          A----------- a 

B---------- bS    A--------- aS 



B--------- aBB   A-------- bAA 

 

Q:78. Which of the following strings is generated by the grammar? 

(A) aaaabb     (B)aabbbb   (C)aabbab    (D) abbbba 

 

Q.79. For the correct answer string to Q.78, how many derivation trees 

are there? 

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

 

Answer: Q78. (C ) 

Explanation: The grammar is a standard one that generates an equal 

number of a’s and b’s and only choice (C ) has three a’s and three b’s. 

 

Answer. Q 79. ( B ) 

We can consider leftmost derivations of the sentence aabbab as the 

grammar is in the Griebach Normal Form.  

S----- aB--------- aaBB-- aabB-------- aabbS---- aabbaA------

aabbab 

An alternative derivation is: 

S- aB--- aaBB----- aabSB-- aabbAB--- aabbaB--- aabbab 

The grammar is ambiguous. 

 
 

Statement for Linked Answer Questions 84 & 85: 



Suppose that a robot is placed on the Cartesian plane. At each step it is 

allowed to move either one up or one unit right i.e., if it is at (I, j) then it 

can move to either (I +1,j) or (I , j+!). 

Q.84. [MATHS] 

How many distinct paths are there for the robot to reach the point 

(10,10) starting from the initial position (0,0)? 

(A)      20 C10 

 

(B) 220 

 

(C) 210      

(D) None of the above 

Q85. Suppose that the robot is not allowed to traverse the line segment 

from (4,4) to (5,4). With this constraint, how many distinct paths are 

there for the robot to reach (10,10) starting from (0,0)? 

(A)    29       

 

(B) 219 

 

(C) 8 C4 
 x 11 C5

     

(D) 20 C10   - 8 C4 x  11 C5 

 

Answer: Q84: (A) 

 

Answer: Q85: (D) 

 



Explanation:  For Q84 we see that if the robot makes 20 moves it must 

reach the final position. If it makes 20 moves 10 must be to the right 

along the x-axis. So in 20 moves we have to select any 10 moves for the 

robot to move to its final position. 

For Q85, we see that by elimination the answer has to be (D), 
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