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There are 5 questions in this examination paper. Points of parts are shown there. Show your steps
and argument for all parts.
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Solve the following minimization problems.

(3 points) Min (x — 6)".

(3 points) Min (x — 6), 5.t x <3.

(3 points) Min (x — 6)*+(y — 10)%.

(3 points) Min (x — 6 +(y — 10)%, s.t.x+y=38.

(3 points) Min (x — 6)*+ (y — 10)%, s.t.x +y<8.

The constraints of a linear program are: x —y>0,x<5,x> 0,y > 0.
(5 points) Sketch the feasible region of the linear program.

(5 points) Find the co-ordinates of the three corner points (i.e., extreme points) in the
feasible region.

(5 points) Find the maximum point and the corresponding maximum objective function
value if the objective is to maximize x — y.

(5 points) Find the change in the maximum objective function value if the constraint x <5 is
changed to x < 6.

(5 points) Find the change in the maximum objective function value if the constraint x —y 2
0 is changed to -x + y > 0 while the constraint x < 5 remains unchanged.

Consider a linear world that can be represented by a line segment [0, 10]. There are 11
persons living in this linear world, each at one integer point. Consequently, there is a person
living at point x for x = 0, 1, ..., 10. Every day the 11 persons need to shop once ina
supermarket.

(3 points) Suppose that there is only one supermarket in this linear world, and that the
supermarket is located at x = 5. Find the total traveling distance in one day of the 11 persons
to go shopping and return back home.
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(b). (3 points) Suppose that there is only one supermarket in this linear world, and that the
supermarket is located at x = 0. Find the total traveling distance in one day of the 11 persons
to go shopping and return back home.

(c). (2 points) Compare the results from part (a) and (b). Which is a better location to locate the
supermarket, x =0 or 57 Give your reasons.

(d).  There is already one supermarket at x = 5 and you would like to add new supermarket(s) to
compete. Suppose that everyone goes to the closest supermarket to shop, and that each
location can only accommodate at most one supermarket.

(1). (4 points) Suppose that you would only add one supermarket. Where will you locate it to
maximize your market share?

(ii). (4 points) Suppose that you would add two supermarkets. Where will you locate them to
maximize your market share? '

(iii). (4 points) Suppose that this linear world can hold at most three supermarkets. Given the
analysis in parts (i) and (ii), where is the best location for the first supermarket?

4. The following table gives the data for a balanced transportation problem. The 9 numbers
encircled by the bolded line segments are the unit costs of sending an item from supplier i to
customer j, i,j € {1, 2, 3}; e.g., the cost to send 1 item from supplier 2 to customer 3, ¢33 = 8.

Customer .
1 2 3 Supply
1 7 4 2 20
Supplier 2 5 3 8 10
3 6 9 1 15
Demand | 10 18 17

(a). (8 points) Put down the formulation that minimizes the total cost to ship the supplies to the
customers.

(b). (3 points) Give a feasible solution for the problem.

(c).  Add linear constraints to your formulation in part (a) to handle the following new situations.
Answer the parts independently from each other.

(1). (3 points) Supplier 1 cannot send any item to customer 1.

(i1). (3 points) Supplier 2 should send no less items to customer 2 than to customer 3.

(iii). (3 points) The supply from supplier 3 should be shared evenly among the three customers.
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5 The following pérts are related to ﬁndiﬂg the shortest path from node s to node r.
(a). (10 points) Find the shortest distance from node s to node /. Show the intermediate steps
and explain the reasons.
(b). (10 points) Formulate the problem as a linear program.
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