
INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 
Mid-Term Examination- Autumn 2012 

IM 41082: Operations Research 

Time: 2 Hours 
Instructions: 

Maximum Points: 30 

1. This question paper has four questions on two printed sides. 
2. Show All Work To Obtain Full Or Partial Credit 
3. State All Your Assumptions Clearly 

Good Luck! 
Question 1) (5+1 points) 

A large paper manufacturing company has 10 paper mills from which it needs to supply 1 ,000 customers. It 
uses three alternative types of machines and four types of raw materials to make five different types of 
paper. Therefore, the company needs to develop a detailed production distribution plan on a monthly basis, 
with an objective of minimizing the total cost of producing and distributing the paper during the month. 
Specifically, it is necessary to determine jointly the amount of each type of paper to be made at each paper 
mill on each type of machine and the amount of each type of paper to be shipped from each paper mill to 
each customer. 

The relevant data can be expressed symbolically as follows: 

Djk = number ,of units of paper type k demanded by customer j , , 
rktm= number of units of raw material m needed to produce 1 unit of paper type k on machine type /, 
R;m = number of units of raw material m available at paper mill i, 
Ckl = number of capacity units of machine type I that will produce 1 unit of paper type k, 
Cii = number of capacity units of machine type I available at paper mill i, 
Pikl = production cost for each unit of paper type k produced on machine type I at paper mill i, 
Tijk =transportation cost for each unit of paper type k shipped from paper mill ito customer j. 

a. Using these symbols, formulate a linear programming model for this problem. 
b. How many functional constraints and decision variables does this model have? 

Question 2) 

Consider the following problem. 

Minimize 
Subject to 

and 

2X1 + X2 ~ 10 
-3X1 + 2X2 S 6 

X1 + X2 ~ 6 

X1 ~ 0, X2 ~ 0 . 
• 

Solve this problem using: 
a. Graphical method. 
b. Big M method. 

{3+ 5 Points) 
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Question 3) 

Consider the following problem. 

Maximize 
Subject to 

and 

X 1 + 2X2 + X3 S 1 0 
3X1+3X2 +2X3 S 10 

a. Construct the dual problem from this primal problem. 

(2+ 1 + 3+ 4 Points) 

b. Use the dual problem to demonstrate that optimal value of Z for primal problem cannot exceed 25. 
c. Solve the dual problem using graphical method. Use this solution to identify the basic variables and 

the non-basic variables for the optimal solution of the primal problem. 
d. Directly derive solution, obtained in part (c), using Gaussian elimination. 

Question 4) 

Consider the following problem. 

Maximize 
subject to 

and 

2X1 + 3X2 + 5X3 S 9 
X 1 + 2X2 + 3X3 S 5 

(2+ 2+ 2 Points) 

Let X4 and xs denote the slack variables for the respective functional constraints. After we apply the simplex 
method, the final simplex tableau is 

Coefficient of: 
Basic Right 
Variable Eq. z X1 X2 X3 X4 xs Side 
z (0) 1 0 1 0 1 1 14 
X1 (1) 0 1 -1 0 3 -5 ·2 
X3 (2) 0 0 1 1 -1 2 1 

While doing post-optimality analysis, you learn that some of the parameter values used in the original 
model just given are just rough estimates, where the range of likely values in each case is within ± 50 
percent of the values used here. For each of the following parameters, perform sensitivity analysis to 
determine whether this ·uncertainty might affect either the feasibility or the optimality of the above basic 

·· solution. Specifically, for each parameter, determine the allowable range of values for which the current 
basic solution (perhaps with new values for the basic variables) will remain both feasible and optimal. Then, 
for each parameter and its range of likely values, indicate which part of this range lies within the allowable 
range and which parts correspond to values for which the current basic solution will no longer be both 
feasible and optimal. 

a) Parameter b2 b) Parameter c2 (c) Parameter a22 
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