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1. Answer any four questions from the following:                                           4 × 2 

(a) What is the necessity of constraint qualification related with non-linear programming? 

(b) What si multi-objective non-linear programming problem? Give an example of it.  

(c) Write one advantage and one disadvantage of geometrical programming problem. 

(d) Define bi-matrix game with example.  

(e) Define: Nash equilibrium strategy and Nash equilibrium outcome. 

(f) Write two important methods for solving stochastic programming problem. 

 2.  Answer any four questions from the following:                                         4 × 8 

 (a) (i) Let Γ be an open convex set in ℝ𝑛. If 𝜃 is a convex numerical function on Γ then show    

       that 𝜃 is continuous on Γ.  

      (ii) State and prove strict separation theorem for convex set.                    5 + 3        

 (b) (i) What is differentiable concave function? Give the geometrical interpretation of it.  

      (ii) State and prove Kuhn Tucker saddle point sufficient optimality theorem.              3 + 5                                                                                                                              

(c) (i) Define the following terms: Minimization problem, Local minimization problem, Kuhn- 

          Tucker stationary point problem, Fritz-John stationary point problem. 

      (ii) Using the chance constrained programming technique to find an equivalent 

deterministic LPP to the following Stochastic programming problem. 

                                                 Minimize 𝐹(𝑥) = ∑ 𝑐𝑗𝑥𝑗
𝑛
𝑗=1  

                                               subject to ∑ 𝑎𝑖𝑗𝑥𝑗 ≤ 𝑏𝑗 , 𝑥𝑗 ≥ 0, 𝑖, 𝑗 =, 2, … , 𝑛,𝑛
𝑗=1  

where 𝑐𝑗 is random variable.                                                                                  4 + 4  

(d) (i) Find the Nash equilibrium solution(s) of the following bi-matrix game (if exists) 

[
(−2, −1) (1, 1)
(−1, 2) (−1, −2)

]  



 

 

      (ii) Let 𝜃 be a numerical differentiable function on an open convex set 𝛤 ⊂ ℝ𝑛. Then prove 

that 𝜃 is convex on 𝛤 if and only if 𝜃(𝑥2) − 𝜃(𝑥1) ≥ 𝜃(𝑥1)(𝑥2 − 𝑥1) for each 𝑥2, 𝑥1 ∈ 𝛤.                          

          3 + 5                                                                                                                                                                                                                                                                                                                 

(e) (i) State and prove Motzkin’s theorem of alternative. 

     (ii) Write the formulations of an N-person finite static game in normal form.            4 + 4 

(f) Solve the quadratic programming problem using Wolfe’s method        8 

Maximize 𝑍 =  2𝑥1  +  3𝑥2  −  2𝑥1
2 

Subject to                𝑥1  +  4𝑥2  ≤  4,                            

𝑥1 + 𝑥2 ≤ 2 

    𝑥1, 𝑥2 ≥ 0 

       

 


