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Part-I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) Show that (A  B)  B and ( B   A)  B are equivalent by using truth table.  
 b) Define an interpretation for predicates.  

Construct an interpretation in which (x)P(x) has the value false. 
 

 c) Write a pseudo code recursive algorithm for a function to compute F(n),  
the nth Fibonacci number. 

 

 d) Write a closed form solution for the recurrence relation: 
T(1) = 1 
T(n) = 2nT(n − 1) for n ≥ 2 

 

 e) What is the generating function for the sequence 1, 1, 1, 1, 1, 1?  
 f) How many ways are there to assign five different jobs to four different employees if 

every employee is assigned at least one job? 
 

 g) Draw the structure of graphs K6 and K3,4.  
Count the number of vertices and edges in each. 

 

 h) For the following characteristics, draw a graph or explain why such a graph does not 
exist:  
“Four nodes of degree 2, 3, 3, and 4, respectively”. 

 

 i) Write the adjacency matrix for the given graph: 

 
 

 

 j) Show that [{0, 2, 4, 6}, +8 ] is a subgroup of the group [Z8, +8 ] where Z is set of integers 
and +8 is addition modulo 8. 

 

    
  Part-II  

Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 
 a) Using propositional logic, prove that the argument: A  (B  C)  [ (A  B)  (D  C 

) ]  B  D, clearly specify each step with logical equivalence Rules in the derivation 
process. 
 

 

 b) Formulate a recursive algorithm to search an element using binary search technique 
and Give a big-O estimate for the number of comparisons used by a binary search. 
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 c) Find the smallest relation containing the relation R= {(1, 2), (1, 4), (3, 3), (4, 1)} that is 
i) reflexive and transitive. 
ii) symmetric and transitive. 
iii) reflexive, symmetric, and transitive. 

 

 d) i) Draw the Hasse diagram for the partial ordering {(A, B) � A ⊆ B} on the power set 
P(S), where S = {a, b, c}. 
ii) Find the greatest lower bound and the least upper bound of the sets {3, 9, 12} and 
{1, 2, 4, 5, 10}, if they exist, in the poset (Z+, ∣), where | represents divides by, on set of 
positive integers. 

 

 e) Solve the recurrence relation an = 3a(n−1) for n = 1, 2, 3,… and initial condition a0 = 2 
using generating function. 

 

 f) Use generating functions to show that show that: 

 
Whenever n is a positive integer.  

 

 g) Prove that A ∩ (B ∪ C) = (A ∩ B) ∪ (A ∩ C) for all sets A, B, and C by using set 
identities and by using membership table. 

 

 h) What is the disjunctive normal form (DNF) of a Boolean function? 
 Find the sum-of-products expansion for the function F(x, y, z) = (x + y) z’ by using 
Boolean identities. Does disjunctive normal form and sum-of-products are equivalent? 

 

 i) Using Quine–McCluskey method can be used to find a minimal expansion equivalent 
to 

xyz + xy’z + x’yz + x’y’z + x’y’z’. 

 

 j) Using Dijkstra’s algorithm, Find the length of a shortest path between vertex a to vertex 
e and also from vertex d to vertex a in the given weighted graph below: 
 

 
Clearly specify each intermediate steps in derivation of final tree. 

 

 k) Using Prim’s algorithm and Kruskal’s algorithm to find a minimum spanning tree for 
below weighted graph and draw the final tree in each case with clearly mentioning 
each intermediate step: 
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l) 

 
i) Verify Euler’s formula for the following simple, connected, planar graph. 

 
ii) If a simple, connected, planar graph has six nodes, all of degree 3, into how many 
regions does it divide the plane? 

 

    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3 a) Prove that the intersection of two given equivalence relation is an equivalence relation. (8) 
 b) Prove that the union of two given equivalence relation is not an equivalence relation. 

Compare both cases by taking also counter examples in each case to show the validity 
of above statements. 

(8) 

    
Q4 a) Consider a certain nuclear reaction inside of a reactor containing nuclei and high and 

low- energy free particles. There are two kinds of  events: (1) A high-energy particle 
strikes a nucleus and is absorbed, causing it to emit three high-energy particles and 
one low-energy particle; and (2) a low-energy particle strikes a nucleus and is 
absorbed, causing it to emit two high-energy particles and one low-energy particle. We 
assume that every free particle causes an event 1 micro-second after it is emitted. 
Suppose a single high-energy particle is injected at time 0 into a system containing 
only nuclei. Determine the numbers of high-energy and low-energy particles in the 
system at time equal to ‘r’ micro-second. 

(8) 

 b) Use a K-map to find a minimal expansion as a Boolean sum of Boolean products of the 
following functions in the variables w, x, y, and z :  
wxyz + wxyz’ + wxy’z + wx’yz + wx’yz’ + w’xyz + w’x’yz + w’x’yz’ + w’x’y’z 

(8) 

    
Q5 a) Let P be the power set of {a, b, c}.  

 A function f: P   Z is defined as follows : 
For A in P, f (A) = the number of elements in A.  
Is f one-to-one? Justify your answer.  
      Is f onto? Justify your answer. 

(8) 

 b) Suppose that f is an invertible function from Y to Z and g is an invertible function from  
X to Y.  
Show that the inverse of the composition f ◦g is given by (f ◦g)−1 = g−1◦f −1 

(8) 

    
Q6 a) State and Prove Lagrange’s theorem. (8) 

 b) Discuss Warshall’s algorithm. (8) 
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