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===================================================================================== 
Time: 3 hours         Marks: 100 
===================================================================================== 
Instructions: 

1. All subparts of the questions should be answered collectively. 
2. Questions where Boolean answers are sought with an explanation, provide the Boolean 

answer explicitly following the explanation. The explanation will be considered only if the 
Boolean answer is correct. 

3. Please cross the unused sheets. If you answer any question more than once, the answer 
will not be considered for evaluation. 

4. Be concise and to the point in answering.  

------------------------------------------------------------------------------------------------------------------------------------------ 

 

Q1. Consider the following formulas:  

φ1 = p → ((q ∨ r) ∧ ¬(q ∧ r))  
φ2 = p → ((s ∨ t) ∧ ¬(t ∧ s))  
φ3 = s → q  
φ4 = ¬r → t  
φ5 = t → s  
Using resolution, prove that ¬p is the logical consequence of {φ1, φ2, φ3, φ4, φ5}. [10M]  
 



 

              

Q2. Construct BDD((p ∨ q) → (p ∧ q)) from BDD(p ∧ q) and BDD(p ∨ q), using the ordering p < q                                                        
[10M] 



 

 

 

 

Q3. Show (p → q) ∨ ((q ∧ r) ∨ p) ≡ p ∨ ¬p by the construction of the reduced OBDDs of both the formulae. 
[15M] 



 

 

Q4. A fairness constraint is imposed on (the scheduler of) the system that it fairly selects the process to 
be executed next. One can have three typical fairness constraints. 

a. Absolute Fairness, Impartiality: every process should be executed infinitely often 
GF exi 



 

b. Strong Fairness: Every process that is infinitely often enabled should be executed infinitely 
often in a state where it is enabled 
(GF eni) ⇒ (GF(eni ∧ exi)). 

c. Weak Fairness: Every process that is almost always enabled should be executed infinitely 
often 
(FG eni) ⇒ (GF exi) 
 

Formulate each of these fairness constraint in LTL. Use the following atomic propositions: ex i 
denotes process execution. eni denotes process being enabled.  
 
Does absolute Fairness imply Strong Fairness?  
 
Does Strong Fairness imply absolute fairness? [10M] 
 
Absolute Fairness does not imply Strong Fairness, nor vice versa 

Q5. Consider the TS below and the CTL formula ∃◊∀□c. Decide whether the formula is satisfied over the 
TS. Also, outline (in a numbered manner) the CTL model checking steps used to obtain the answer. [15M] 

 

 



 

 

 

Q6.  Write the following statements in predicate logic: 
(a) A natural number is a prime if it has no factors other than 1 and itself. 
(b) Given any natural number, there is a larger prime number. 
(c) Any natural number can be written as a product of primes. 
You can use predicates of your choice. [2x3 = 6M] 

Q7. Prove the sequent: ∃𝑌 ∀𝑋 𝑎(𝑋) → 𝑏(𝑌) ⊢ ∀𝑋 ∃𝑌 𝑎(𝑋) → 𝑏(𝑌)  [4M] 

Q8. Use predicates: 𝒂𝒅𝒅(𝑿, 𝒀, 𝒁) denoting 𝑿 + 𝒀 = 𝒁; 𝒎𝒖𝒍𝒕(𝑿, 𝒀, 𝒁) denoting 𝑿 ∗ 𝒀 = 𝒁; to define 
𝒑𝒐𝒘(𝑿, 𝒀, 𝒁) to denote 𝑿𝒀  =  𝒁; and to define 𝒅𝒊𝒗𝒐𝒇(𝑿, 𝒀) to denote X is a divisor of Y. [5M] 
 
Q9. Define proof rules in natural deduction style for “introduction” and “elimination” of the following 
operators.                                                                                                                                                  [5M]       
          

(a) NOR operator 
(b) NAND operator  

 
Q10.(a) Prove the sequent pVq, p→q, q →p, (𝐩𝐪) |-- r        [5M] 
         (b) Prove the sequent |-- (p V (p →q))                                   [5M] 
 
 
Q11. Prove the sequent x y R(x, y) |-- x y z   (R(x, y)  R(y, z))  [10M] 



 

 


