
Time: 3 Hrs 

Question 1 (4x5) 

Department of Industrial Engineering and Management 
Indian Institute ofTechnoiogy, Kharagpur 

End-Semester Examination- Autumn 2012-13 

Operations Research -1 (IM21003) 

(Attempt Any Five including the last question) Full Mark: 100 

A company has a daily budget if 320hours of labor and 350 units of raw material to manufacture two products. If 
necessary, the company can employ up to 10 hours daily of overtime labor hour. The LP formulation of the 
problem problem and associated optimal solution are given below. The variables X1 and x2 represent units produced 
per day for product 1 and 2 respectively, x3 is the hours of overtime used per day and s1 is the slack variable 
associated with constraintj. 

Max z=IOx1+l2x2-2x3 
Subjected to 

x1+2x2-x3 ~ 320 
3x1+x2 ~ 350 

X3 ~ 10 
X1,X2,X3:::0:0 
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i) The firm currently pays an additional ~ 2 per overtime hour. What is the most the company should be willing to 
pay so that the current solution remains optimal? 

ii) The firm has the opportunity to buy 100 units of additional raw material at ~2 per unit. What the company 
should do? 

iii) Suppose the firm can use no more than 8 hours of overtime per day. Calculate the new optimal solution. 
iv) Compare the dual prices of constraint 1 (labor hour) and constraint 2 (overtime hour). As mentioned earlier, 

current overtime rate per hour is ~ 2 more than the normal labor hour. Should the dual price of labor hour and 
overtime hour be same? Give your insights about the observation you are making. 

Question 2 (2x10) 
(a). Consider the following transportation table. The number in the right top comer of each cell represents the unit 

cost of transportation. The numbers encircled are value of the variables corresponding to the cell. 
i) Identii}t the basic and non basic variables. Write their values and the value of the objective function. 

ii) Is the solution identified in part {i) optimal? Justii}t your answer. 
iii) Formulate the dual of this problem. Find the value of the dual variables. 
iv) Is the given solution same as that of the initial basic feasible solution obtained by Vogel's approximation 

method? Verii}t. 
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(b) Consider the following transshipment model. Give two linear programming formulations of this problem, first 
by not representing it as a transportation model and then representing it as a transportation model. You must be 
using a buffer in the latter model whereas not in the former. Why is it so? 
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Question 3 (2xtO) 
(a). The ABC company has purchased three new machines. There are four available locations to install these 

machines, of which location 2 is not suitable for machine 2. The locations are to be selected in manner so as to 
minimize the total material handling cost. 

i) Formulate as an assignment problem and solve. 
ii) Enumerate the solution space. Find the value of the objective function in each of these points and identifY the 

optimal assignment. 

·~ Ll L2 L3 L4 
Machine 

Ml 13 16 12 II 

M2 15 - 13 20 

M3 5 7 10 6 

(b) Consider the following 8 city travelling salesman problem, whose links are associated with the distances. Dash 
indicates absence of a link. 
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i) Draw the graph assuming the links are bidirectional. Assume that City 1 to be the start node of any tour. 
Identity a tour as per your choice and calculate the travel distance. 

ii) Identity a sub-tour using Hungarian algorithm. 

Question 4 ( 4x5) 
Consider the following problem 

maximize z = -5x1 + 25x 2 
subjected to 
-3x1 +30x2 -::;,27 
3x1 +x2 -::;,4 
x1,x2 are binary 

i) Use branch and bound algorithm to solve the following binary integer programming problem. Show the 
graphical solution for each of the sub problems. If you fathom any node, explicitly specifY the rule you 
have used. 

ii) Trace the path of the algorithm in the LP relaxation of the original problem. 
iii) Enumerate the solution space in the form of a tree. IdentifY the feasible solutions and the optimal solution 

among them. 
iv) What fractions of nodes are actually getting expanded by the application of branch and bound technique? 



Question 5 (2xtO) 
(a) Following table gives the set up cost for developing four possible product lines and the marginal revenue from 

each unit of product. Management's objective is to maximize the profit (total net revenue - set up cost). 
Formulate the problem under the following restrictions imposed by the management: 
• No more than two of the products can be produced. 
• Either product 3 or 4 can be produced only if either product 1 or 2 is produced respectively. 

Product 
1 2 3 4 

Setup Cost $50,000 $40,000 $70,000 $60,000 
Marginal Revenue $70 $60 $90 $80 

(b) Consider the Branch and Bound Solution tree for a pure integer programming problem given below. Answer the 
following question and justify your answer in each case. 

i) What is the best possible solution (lower bound) at this stage? 
ii) What is next node you would like to expand? 

iii) If you terminate the algorithm at this stage, what is maximum possible error you may incur? 
iv) Find out the nodes that are fathomed, specify the order in which they are fathomed and the reasons for which 

they are fathomed. 
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Question 6 (2x10, attempt any TEN) 
With reference to a balanced transportation problem with m sources and n destinations (i-iv): 

i. How many basic variables are there? 
ii. What is the number of basic feasible solutions? 
iii. How many dual variables are there? 
iv. What is the nature of the dual variables?- Positive, negative or unrestricted? 
v. Under what condition a transportation problem becomes infeasible? 
vi. Under what condition a transpiration problem gives a degenerated solution? 
vii. In the transportation simplex algorithm the values of simplex multipliers can take any value as per the choice of 
the solution maker. Does it mean the dual of the transportation problem have as many different solutions? 

With reference to a balanced assignment problem (viii-xi) 
viii. How many basic variables are there? 
ix. How many basic variables will be zero? 
x. Can you solve an assignment problem by transportation algorithm? Justify? 
xi. Is Hungarian method a variation of simplex method? Explain 
xii. Solution space of a mixed integer programming problem is discrete or continuous? 
xiii. When should you fathom a node in branch and bound algorithm for an integer programming problem? 




