Math Models of Operations Research. MATP 4700/ DSES 4770.
First Exam. Tuesdav, September 30, 2008.
You may use any result from your notes or a homework that is clearly stated. You may use one sheet

of handwritten notes, but no other sources. The exam consists of five questions, and lasts one hundred
and ten minutes.
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1. {15 points; each part is worth 5 points.)
gram in standard form:

The following tableau represents a linear pro,
;L} To Tz Ty Ty Ts

31 9 0 0 0 2 0O

~— 110,=-3 0 0 1 10 0

s 112] 8 0 -2 0 6 1

1/ 111, 1 -1 0 0 0

(a) Give an optimal basic feasible solution to this linear program

(b) Find another optimal basic feasible solution.

(c¢) Show that the set of optimal solutions is unbounded.
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2. (21 points. Each part is worth 7 points.)

The following tableau represents a linear program in standard form:

!

Iy X9 T T4
37=3 0 -1 0
0 4 1 -1 0
12012 0 /31

(a) There are two nonbasic variables. What are the simplex directions corresponding to each of
these nonbasic variables?

(b) Find the steplengths in the directions found in part 2a. Hence find the new basic feasible
solutions that would be obtained by introducing each of these nonbasic variables.

(¢) Show that the optimal solution can be found in one iteration by choosing the entering variable
appropriately.
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3. (20 points)

Consider the following tableau for a standard form linear program:

Iy T Tz T4 Iy ITg Ir Ty
3/-3 -2 -1 0 -2 0 -4 -6
ﬁ,; 3 7 13 —2 1 6 0 2 3

1]-3 =6 1 0 10 1 3 -1

Several simplex pivots are taken. The pivot matrix corresponding to this sequence of pivots is:

|

]
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ET5 bt

6
P = 1
3

-1 BN

| O
The new basic sequence consists of r; and 3.

(a) {6 points) What is the basic feasible solution obtained as a result of this sequence of pivots?
What is its value?

{b) (7 points) Show that the solution vou obtained in part 3a is not optimal.
\
J

(¢) (7 points) How would you next update the pivot matrix?
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4. (24 points: each part is worth 6 points)

The variables in the {following linear programming problem have upper bounds:

min S5r; — 319
subject to 3ry — 2xp + 13 = 16
20y 4+ T2 + 14 = 9
0 < z; < 4
0D < x3 < 25
0 < gy £ 4

Slack variables are not introduced for the upper bound constraints. Instead, variables can be nonbasic
at either their upper or lower bounds.

(a) Show that 3 must be basic in any basic feasible solution. (Hint: Consider the bounds on x;
and rs.)
(b) Find all the basic feasible solutions where at least one variable is at its upper bound.

(c) Show that the original linear program is equiv alent to the following linear program:

min By — 3o

subject to 5 < 217 + a9 <09
0 < mn < 4
0 S I S 3

(For the purposes of this question. two linear programs are equiv alent if any feasible solution in
one can be mapped to a feasible solution in the other with the same objective value.)

(d) Plot the feasible region of the linear program in part 4c. NMark each of the basic feasible solutions
vou found in part 4b. Find the optimal solution graphically.
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5. (20 points: each part is worth 5 points)

A company manufactures parts ¢ = 1.....min weeks 1 = 1..... 7, where each unit of part 7 requires
a; units of production resource k = 1....,¢ and has value v;. Production resource capacities by

cannot be exceeded in any period and part demands d;, must be met. Express each of the following
as linear constraint({s) in these parameters and the nonnegative decision variables ;, := number of
units of 7 produced in week t and z;, := inventory of product 7 held at the end of period 7. Initial
inventories all = 0.

(a) No production capacity can ever be exceeded.

(b) The total value of held inventories should never exceed 200.

(¢) Quantities of each part i available after week 1 should balance with demand and accumulated
inventory.

(d) Quantities of each part i available after weeks 2....,n — 1 should balance with demand and
accumulated inventory.
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