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Some school authority decides to serve two food items to the students for lunch as per following data. The 
problem is to decide the number of servings for both items so that the daily requirements of three 
ingredients are satisfied while minimizing the cost. 

Grams of ingredient per serving 

Ingredient Item 1 Item 2 Daily Requirement (grams) 

Carbohydrates 5 15 At least 50 

Protein 20 5 At least 40 

Fat 15 10 At most 60 

Cost per serving($) 4 2 

a. Formulate and find the optimal solution using graphical method. 
b. Find the range of 'Cost per serving' of 'item 1' so that the solution found in part 'a' remains 

optimal. 
c. Is there any redundant constraint in this problem? If so identify it. 
d. If you apply simplex algorithm to solve the problem, which point (in the graphical solution space) 

will be the starting basic feasible solution. (Obviously you will use big M method) 
e. Identify the possible path of the simplex algorithm. Justify your answer. (Do not solve using 

simplex) 

Question 2 (3x5) 
Consider the following LP 
Maximize Z = 2x1 + 4x2 + 4x3 - 3x4 

Subject to 

X1 + X2 + X3 = 4 
Xt + 4x2 + X4 = 8 
Xt, X2, X3, X4 2:: 0 

a. Determine all the basic solutions of the problem, and classify them as feasible and infeasible. 
b. By using x3 and X4 as the initial basic variables, apply simplex algorithm to find the optimal 

solution of the problem. 
c. Find the shadow price of each. resource and the range of right ~and side vector for which they ~re 

valid. 
d. What is the new optimal solution when a new constraint 'xt + x2 :::; 1 0' is added? 
e. Is there any alternative optimal solution for the problem? Justify your answer. 



Question 3 (3X5) 

Consider the following LP 

Maximize Z = xI, 
Subject to 

x1+3x2+4x3+x4=20 
2xl+x3=5 
-7xl +3x2+x4=0 
XJ 2: 0, X2 2: 0, X32: 0 , X42: 0. 

a. Solve the above problem using Big M method 
b. Carry out the'phase 1 of two phase method. 
c. Observe in part 'b' that the artificial variable sti11 ref!lains in the basis. Since the problem is 

feasible (See results of Part 'a'), why do you think the artificial variable is not going out ofthe 
basis? 

d. Construct the dual of the above problem. 
e. Find the values ofthe optimal values ofthe dual variable using the principle of revised simplex 

method and the concept of duality. (Solution of Part 'a' may be referred) 

Question 4 (1.5x10) 

a. Differentiate between a solution, a basic solution, a feasible solution, a basic feasible solution and 
an optimal solution. 

b. Consider a linear programming problem in standard form consisting of 'n' variables and 'm' 
constraints. What is the upper bound on the number of simplex iterations? 

c. What is a convex set? Give an example a convex set and an example of a set which is not convex. 
d. Why do you think the solution space of a linear programming problem is convex? 
e. When the primal problem is unbounded, the dual is infeasible. Why is it so? 
f. Consider a product mix problem. Show that if you increase a resource by one unit, the objective 

function increases by the value of the corresponding dual variable. 
g. State and prove complementary slackness theorem. 
b. While using the primal simplex algorithm you use the minimum ratio rule for choosing the leaving 

variable in case of both minimizat~on and maximization problem. But in dual simplex method while 
choosing the entering variable you use maximum ratio rule for the minimization problem and use 

minimum ratio rule for a maximization problem. Why is it so? 
i. How do you detect infeasibility while applying simplex algorithm? 
j. How do you detect infeasibility while applying dual simplex algorithm? 
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