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The examination is closed book except for one page of 8.5 inch by 11 inch, hand
written notes. ' .

You may use a calculator, but other than this and your page of notes, you should have
only writing instruments at your desk. (No trumpets, trombones, etc.)

Write with a soft pencil or a pen (blue or black ink).

Write only on the exam sheets provided.

Waitch the blackboard or overhead for corrections and/or explanations,

Read carefully. Problems often have several parts or subsections.

The point distribution for each question out of 100 percent is shown in ( ).



1. ( 16%) Short answer guestions. :
a) Explain why the dual linear program is infeasible if we know that the primal linear
prog
program is unbounded.

(b) We have a maximize linear program. The results of a parametric analysis show that
for 8 = 0 the objective value z(0) = 276. As 6 increases z(6) increases to 336 when
6 = 4. Then, as § increases beyond 4 z(8) decreases to 218 when 6 = 8. What
conclusions can you draw from this information?

(c) What happens to the objective function value of a linear program with a maximize
objective function if we replace an = with < in a constraint? Why?

(d) Consider a connected, directed network with 79 nodes and 2007 arcs. Explain why
the Bellman-Ford shortest path algorithm will never need more than 79 iterations to
determine the optimal shortest paths from the source to all other nodes or to determine
that a negative dicyle is present?

2. (12%) Fill in each blank or circle one word as indicated so that each of the fellowing

statement 13 true,

(a) If the optimal objective value for a primal Phase [ linear program is
then original linear program has no feasible solution.

(b) Assume that we have a minimize linear program model. To relax a < constraint we
(increase/decrease ) the right hand side.

(¢) Assume that we have a minimize linear program model. As we tighten a constraint
the impact becomes (greater /lesser) the more we relax it.

(d) If, at optimality, a dual variable has a value of non-zero then the slack variable for
the associated primal constraint of the linear program model is { < for > /=) 0.




3. (18%) Consider the following magimize linear progam. Assume that all main con-
straints are < form and that all decision variables are non-negative.

L1 *2 T3 T4 Ts
c 1 2 0 0 0
-2 1 1 0 0 2
A -1 2 0 1 0 7
1 0 0 0 1 3
t=3 2nd ist N N 3rd
z(®) 4 1 0 0 2

Furthermore, you are given that

-1/3 2/3 0
Byl = ( ~2/3  1/3 0)
2/3. ~1/3 1

(a) Compute the reduced costs ¢ for both nonba.sic.:ck.

(b) Why is ) not optimal?



(c) What is the comi:lementar

why not?

(18%) For each of the partia] simplex searches
linear program is a maximize t
variables, Further,
search you are asked to determine (i)

and (iv) if the complementary dual solutio

in each case assume

y dual solution (without slacks)? Is it optimal? Why or

given below assume that the Ghderlying
ype with < main constraints and non-negative decision
that the origin is feasible. For each simplex

if an optimal solution has been found; (ii) if an
unbounded solution has been reached; (iii) if a degenerate solution has been reached;

responses.
T T2 T3 T4 T5
t B B B N B
zi-1 10 17 5 0 0
V= (0, 0, 1, 0)
Ck 0 0 0 -3 0

n is feasible or infeasible. Circle all correct

(optimal) (primal feasible) (unbounded) (degenerate) (dual feasible) (dual infeasible)

(b.)

Ty I 3 Ty s

t B B N B .. N
zt-1 50 0 0 5 0
v = (1, 0, -1/2)

Cx ) 0 -1 0 1/2
Az® 1 2 0 5 -1

(optimal) (primal feasible) (unboundéd) (

(e

(optimal) (primal feasible) (unbounded) (

degenerate) (dual feasible) (dual infeasible)

T I3 T3 T4 I3
t B B N N N
zt1 3 6 0 0 0
v= (9, 1/2)
Tk 0 0 -1 0 -1/2

degenerate) (dual feasible) (dual infeasible)



On the previous page is the output obtained for this linear program using LINDQ. Using
this output and your intimate knowledge of linear programs, answer the following questions.

(a.) (6 %) By how much will the optimal cost change if the minimum daily requirement

on chocolate is decreased from 6 ounces to 4 ounces? increased from 6 ounces to 10
ounces,?

(b.) (4 %) Currently brownies are not used as an input to produce the minimum cost diet.

At what cost will brownies become an attractive input to produce a minimum cost
diet? ST

(c.) (5 %) State the dual of this linear program.



(21 %) My diet requires that all the food I eat come from one of the four basic food

groups—chocolate cake, ice cream, soda, and cheescake. At present, the following four
foods are available for consumption: brownies, chocolate ice cream, cola, and cherry
cheesecake. Each brownie costs 50 cents, each scoop of chocolate ice cream costs 20
cents, each bottle of cola costs 30 cents, and each piece of cherry cheesecake costs 80
cents. Each day, I must ingest at least 500 calories, 6 ounces of chocolate, 10 ounces
of sugar, and 8 ounces of fat. The nutritional content per unit of each food is shown

in the table below,

FOOD Calories Choc. (o0z.) Sugar (o0z.) Fat (oz.)
Brownie (one) 400 3 2 2
Choc. ice cream (1 scoop) 200 2 2 4
Cola (1 bottle) 150 0 4 1
Chy. cheescake (1 piece) 500 0 4 5
MIN 50 X1 + 20 X2 + 30 X3 + 80 X4
'SUBJECT TO
2) 400 X1 + 200 X2 + 150 X3 + 500 X4 >= 500
3) 3IXL+2X2 > 6
4) 2 Xl + 2 K2+ 4 X3+ 4K4 5=
S 2 X1 4+ 4 X2 + X3 + 5 X4 >=
END

Lp OPTIMUM FOUND AT STEP

2

OBJECTIVE FUNCTION VALUE

1)

VARIABLE
X1
X2
X3
4

90.000000

VALUE

-000000

3.000000
1.000000
006000

ROW SLACK CR SURPLUS

.2y 250.000000
- 3) . 000000
4} . 000000
5) 5.000000
NQO. ITERATIONS= b2

REDUCED GOST
27.500000
.000000
.000000
50.000000

DUAL PRICES
-000000

2.. 500000
7.500000

"~ .000000

s

RANGES IN WHICH THE BASIS IS UNCHANGED:

VARIABLE

X1
X2
. &3
X4

ROW

(SRS PSR V]

CURRENT
COEF

50.000cC00C

20.000000
30.000000

§0.0C0000-

CURRENT
" RHS
500.000000
€.000000
10.000000
8.000000

QBJ C

OEFFICIENT RANGES

ALLOWABLE

- INCREASE

RIGHTHAND SIDE- RANGES

INFINITY
18.333330
10.G000C0

INFINITY

ALLOWABLE
INCREASE
250.000000
4.000000
INEFINITY
5.000000

ALLOWABLE
DECREASE
27.500000
5.000000
30.000000
50.000000

ALLOWABLE
DECREASE
INFINITY
2.857143
4.000000
INFINITY




(d.) (9 %) Suppose a new food, chocolate covered raisins, is available at a cost of 25 cents
per serving. A serving of chocolate covered raisins has a nutritional content of 350
calories, 2 ounces of chocolate, 2 ounces of sugar, and 1 ounce of fat. Will this new
food affect the current optimal diet? Why or why not? e

6. (15 %) Consider the undirected graph given below. The table records part of the first
three iterations of the Bellman-Ford algorithm with node 1 as the source. Answer the
following questions concerning this algorithm.

itr = 1 2 3 4 5 6 7 8
t=0 v 0[k] 0 ) oo oo 00 00 00 00
t=1 vk] 0 5.1 3.4 00 00 00 0o 00
d[k] - 1 1 1 - - - -
t=2 v @) [k] 0 4.4 3.4 4.9 7.1 00 8.4 o0
d[k] - 2 1 3 2 - 3 -
t=3 vkl 10 4.4 3.4 4.9 8.4 10.8
d[k] - 2 1 3 3 7




(a.) (6 %) Compute v(®[5] and v(®)[6]. Show all your work!

(b.) (2 %) What does d[7] = 3 at iteration = 2 tell you?

(c.) (4 %) After iteration 3, what is the shortest path from 1 to 87 At what future iteration
will this shortest path change? Why? '
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