
Department oflndustrial Engineering and Management 
Indian Institute of Technology, Kharagpur 

End-Semester Examination -Autumn 2011 
Operations Research -1 (IM21003) 

Time: 3 Hrs (Any missing data may be assumed suitably giving proper justification) Full Mark: 100 
(Attempt any FIVE of the following questions. All the questions carry equal marks) 

Question (1) [(4 + 4 + 2) + (4 + 4 + 2)] 
(a) Consider the following transportation model. The numbers in the squares within each cell is the unit 

transportation cost. The numbers encircled are the basic feasible solution. 

25 

15 

® A3 

® 20 

40 30 B3 

(i) If A3=52, B3=42, and X33=2, is the given basic feasible solution optimal? 
(ii) Write the primal and dual LP formulation for this problem and find the values of the primal and dual 

variables (Assume values of A3, B3, and X33 as above). 
(iii) What values of A3 and B3 give a degenerated basic feasible solution? Is this solution optimal? Is it 

unique? If so suggest an alternate optimal solution. 

(b) Consider the transportation problem in which two factories supply three stores with a commodity. The 
number of supply units available at source 1 and 2 are 200 and 300 units respectively. The demand at stores ..::. 
1, 2, and 3 are 100, 200 and 50 only. The units may be transshipped among the factories and the stores before 
reaching the final destination. Set up the transportation table based on the following units costs. Find out a 
basic feasible solution to the problem using Vogel's approximation method. Is the solution optimal? 

Factory 
1 
2 
1 

Store 2 
3 

Question (2) [2 + 2 + (2 + 10 + 4)] 

Factory 
1 2 
0 6 
6 0 
7 2 
1 5 
8 9 

Store 
2 3 

7 8 9 
5 4 3 
0 5 1 
1 0 4 
7 6 0 

(a) While using Hungarian method, you keep modifying the assignment table. What is the justification that the 
solution that you obtain in the modified table is the optimal solution to the original problem?' 

(b) Is the solution obtained by Hungarian method is always a degenerated solution for the corresponding LP? If 
yes, how many basic variables will have value zero? If no, explain under what circumstances it may be 
degenerated. 

(c) Consider the Travelling Salesman Problem (TSP) on the next page. 
(i). Find out a tour and subtour for the problem. How many tours are possible? 

(ii). Solve the problem using Branch and Bound (B&B) algorithm. Expand the B&B tree upto level two in a 
breadth first manner. Write down the upper and lower bound of the solution at this stage. 

(iii). What is the percentage of error that you may be making if you stop your iteration at this stage? What is 
the current best solution? 
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Question (3) [ (2 + 3 + 5) + (2 + 2 + 2 + 2 + 2)) 
(a) For the following integer programming problem 

Min Z =1 0 xi+ 9xz 
Subject to XI :S 8, xz:S 10, XI+ 3x2?: 45, land x~, x2 ?: 0, x2 is integer. 

(i) Draw its solution space. Is it discrete or continuous? What is the .size of the search space? 
(ii) Write down the fathoming rules used to cut the branches of the B&B tree. 
(iii) Draw the B&B tree for this problem. If you are cutting any branch, mention the rule used to do so. 

(b) Explain how these situations can be modeled using binary integer programming problems. 
(i) Either x1+xz:S 2 or 2xi+3x2?: 8 
(ii) Variable x2 can assume values-O, 5, 9, 12 only. 
(iii) If X<t :S 4 then x5 ?: 6, otherwise x5 :S 3 
(iv) At least two of the following constraints must be satisfied. 

X(;+ X7 :S 2, 
X(; :s 1, 
X7 :S 5, 
X(;+X7?:3. 

(v) You have to choose few products·to make an optimal product mix. Each product has a fixed setup cost 
and a variable production cost proportional to the number of units produced. Assume N products and M 
resources. Each product i is associated with fixed cost K;, variable cost C; and uses/h resource in au unit. 
Each resource j has maximum b1 units available. 

Question (4) [(4 + 6) + 10] 
(a) The cost of transporting material from supply points A, B, C and D to demand points 1, 2, 3, 4 and 5 is given the 

following table. The present allocation is as .follows: A to 1 = 90, A to 2 = 10, B to 2 = 150, C to 2 = 10, ·c to 3 = 
50, C to 5 = 120, D to 4 = 210, D to 5 = 70; Check if this allocation is optimum. If not, fmd an optimum 
allocation. 

1 2 

A 8 10 

B 15 13 

c 14 20 

D 13 19 

3 4 

12 17 

18 n 
6 10 

7 5 

5 

15 

9 

13 

12 
' ' 

(b) The Kolkata police have just received three calls for police. Five cars are available. The distance (in km) of 
each car from each call is given in the table below. Kolkata police wants to minimize the total distance cars 
must travel to respond to the three police calls. Use Hungarian method to determine which car should respond 
to which call. 

Car 
1 
2 
3 
4 
5 

Call 1 
10 
6 
7 
5 
9 

Distance (in km) 
Call2 

11 
7 
8 
6 
4 

Call3 
18 
7 

4 
7 

Note: "-" indicates that the route is not available 
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Question (5) [10 + (3 + 7)] 

(a) Because of excessive pollution in Jamuna River, the Delhi government is planning to build pollution control 
stations. Three sites (1, 2, and 3) are under consideration. Government is interested in controlling the 
pollution levels of two pollutants (1 and 2). It is desired that at least 80,000 tons of pollutant 1 and at least 
50,000 tons of pollutant 2 be removed from the river. The relevant data for this problem are shown in below. 
Formulate an IP to minimize the cost of meeting the government's objectives. 

Cost of Cost of Treating Amount removed per ton of 
Building 1 Ton water water 

Site Station (Rs.) (Rs.) Pollutant 1 Pollutant 2 
1 1,00,000 20 0.40 0.30 

"2 60,000 30 0.25 0.20 

3 ' 40,000 40 0.20 0.25 

(b) Four projects are available for investment. The projects require the cash flows and yield the net present 
values (NPV) (in millions) shown below. The maximum amount available for investment is $6 million at 
time 0. 

Project 
1 
2 
3 
4 

Cash outflow at 
time 0 ($) 
3 
5 
2 
4 

(i) Formulate the problem as BIP problem. 

NPV($) 
5 
8 
3 
7 

(ii) Find the inyestment plan that maximizes NPV using branch and bound approach. 

Question (6) [5 +10 + 5] 
Consider the following problem. 

Maximize Z == 8x, + 24x2, 
subject to 
x, + 2x2 ~ 10 
2x1 + x2 ~ 10 
and x1 2: 0, x2 2: 0. 

Suppose that Z represents profit and that it is possible to modify the objective function somewhat by an appropriate 
shifting of key personnel between the two activities. In particular, suppose that the unit profit of activity 1 can be 
increased above 8 (to a maximum of 18) at the expense of decreasing the unit profit of activity 2 below 24 by twice 
the amount. Thus, Z can actually be represented as 

Z(8) == (8 + e )x, + (24 - 28)x2, where e is also a decision variable such that 0 ~ 8 ~ 10. 

(a) Solve the original form of this problem graphically. Then obtain the final simplex tableau using the graphical 
solution. 

(b) Use parametric linear programming to find an optimal solution and the optimal value of Z(8) as a function of e, 
for 0 ~ e ~ 10. 

(c) Plot Z(8) (do not use graph paper). Determine the optimal value of e. 
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