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1.

a.

(5 points) Use graphical methods to solve the problem:

Maximize ¢7 % subject to
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b. (5 points) State the dual problem and use graphical methods to solve it.
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2. (25 points) Find the optimal solution (z1,x2, z3) of the following problem:

Minimize 2x; — x5 + 5x3 subject to

I + x3 > 2
21!1 + X9 = 2
8151 + 393'2 + 2.’23'3 = 10

where 1 > 0, 32 < 0, and z3 is unrestricted.

This is a 25 point problem. If you’re having problems or are running out of time, for
15 points you may solve the problem with the constraints x1,x2,x3 > 0 instead.
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3. Consider the primal problem:

Minimize 4z 4+ 2z2 + x3 subject to

2.’)31 + T2 + x3
T2 — I3
1 + 9 — 21’3

where 1 > 0, 2 > 0, and x3 is unrestricted.

a. (3 points) State the dual problem
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b. (12 points) An optimal solution of the primal problem is 1 = 0, 5 = 3, z3 = —2.
Use this and complementary slackness to solve the dual problem.
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4. (10 points)
A restaurant has hired four employees:
1) Lyosha, 2) Yael, 3) YiLi, and 4) Vinh.
The manager needs to assign four jobs:
1) dishwasher, 2) cook, 3) busboy, and 4) waiter.

Yi Li insists on $7/hour to be a busboy or a dishwasher, $10/hour to be a waiter, and
$11/hour to be a cook. Lyosha has more experience than Yi Li, so he is demanding $2
more per hour than she does, with one exception. He loves to cook, so he’s willing to
do that for $10/hour. Yael doesn’t care what job she’s given; she just wants $9/hour.
Vinh has the least experience and so would accept $1 less per hour than Yi Li, with
one exception: He has delicate hands and would wash dishes only for $12/hour.

The manager wants to assign the jobs in a way that would spend the least possible
amount on wages. Who should get what job? How much per hour will the restaurant
be paying for these four workers? (Please index the workers and jobs as above. For
example, Ca3 is how much Yael would be paid to be a busboy.)

In case you’ve never worked in a restaurant: busboys and waiters may be male or
female.
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5. (10 points) Solve the assignment problem with the given cost matrix. Show your work.
Also, give the cost of the optimal solution.

Do not solve the problem by inspection! At each step, say what you’re doing and make
it clear to the grader that you’re using the Hungarian algorithm of §5.2.

327 48
54 3 8 5
C=137912
4 2 6 57
2 8 46 6
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6. (10 points) Consider the following transportation problem:

Minimize 2.%'11 + 21’12 + ZT13 + To1 + Too + 31’23 + 25!331 + 2.’1232 + 33
Subject to
T tri2+Tiz = 25

To1 + T2 +T23 = 25
x31 + T3 + 33 = 10
T11+ X1 231 = 10
Ti2 + Too + 230 = 20
13 + 23 + 33 — 30

where z;; >0 for 1 <7<3,1<5<3.

Find an optimal solution. What is its cost?
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7. Consider the following transportation problem:

Minimize 2z11 + 1212 + 3%13 + 2291 + 3222 + 2293 + 4731 + 32 + 3T33
Subject to

Ty +Zi2+r13 = 10
To1 + T2 + 123 = 20
x31 + T3z +T33 = 25
Ti1+ T2+ 231 = 15
Ti2 + Too + 230 = 20
T3+ T23 + w33 = 20

where z;; >0 for 1 <7<3,1<5<3.

At one point in the minimization process, the basic variables are x11, Z21, 229, 31, and
I33-

a. (2 points) Fill in the transportation tableau below and compute the current value
of the objective function.
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b.

(5 points) Complete the following simplex tableau

Ti11 Ti12 T13 T21 T22 T23 T31 T32 T33
11 1 0 0 0 0 10
921 0 1 0 0 0
92 0 0 1 0 0
31 0 0 0 1 0
33 0 0 0 0 1
0 0 0 0 0
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c. (3 points) Choose an entering variable. What is the departing variable? Fill in
the resulting transportation tableau below and find the new value of the objective
function.
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8. Consider the following simplex tableau.

1 X2 T3 T4 Ty g Ty Ig
zz 1 0 1 -2 0 6 0 0 2
zz —2 1 0 2 0 -3 -2 00
zs 2 0 0 0 1 6 -3 0 2
z 0 0 0 4 0 -1 9 10
-2 0 0 1 0 3 -1 09

a. (1 point) What are the basic variables?
b. (1 point) What are the nonbasic variables?

c. (6 points) For each nonbasic variable, fill in the blanks in the following: “If _
were to be an entering variable then the departing variable(s) would be ___ and
the new value of the objective function would be _ 7 If you find this question
confusing, look at parts d and e of this problem and see if that helps.
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d. (1 point) If the simplex tableau arose as part of a minimization problem, what
would you choose as the entering variable?

e. (1 point) If the simplex tableau arose as part of a maximization problem, what
would you choose as the entering variable?
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