APM 236 First Midterm (February 4, 2004) 100 points possible

You may not use calculators, cell phones, or PDAs
during the exam. Partial credit is possible. Please read
the entire test over before starting.

The test ends at 7:00 pm. If even one student does
not stop writing when asked, I will not curve the test.

Print your name clearly:

Please sign here:

Problem 1 out of 20
Problem 2 out of 20
Problem 3 out of 20
Problem 4 out of 20
Problem 5 out of 20

TOTAL out of 100



1. (20 points) An advertising manager is assigned the task of putting together an ad-
vertising campaign for a client. The client has set the objectives of getting at least
160 million exposures, with at least 60 million of those exposures being persons with
income of at least $8000 per year and at least 80 million in the 18 to 40-year-old-age
groups. Market studies indicate that an ad in a certain magazine will be seen by 8
million people of whom 3 million will be in the targeted income group and 4 million will
be in the targeted age group. Each magazine ad will cost $40,000. An ad on television
will be seen by 40 million people of whom 10 million will be in the targeted income
group and 10 million will be in the targeted age group. Each television ad will cost
$200,000. How can the objectives of this advertising campaign be achieved at least
cost?

Source: William J. Baumol, “Economic Theory and Operations Analysis”, 1972, page
98

Please write this word problem as a linear programming problem.



. For each of the following four problems, use graphical methods to find the optimal
solution(s) if any.

a. (b points)
Maximize x4+ o

subject to
1 Z 1
To S 2
—T9 S 2
I1 Z 0
b.
Minimize 1z + z2
subject to
I Z 1
W) S 2
—T2 S 2
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3. Consider the following linear programming problem:

Minimize —2x1 — 229
subject to
T1

T+ T2

ININ IV
Y

T+ T2

Z1,T2 Z 0.

a. (5 points) Plot the region of feasible solutions in the (x1,z2) plane.

b. (1 points) List all extreme points of the set of feasible solutions.

c. (4 points) Find the optimal solution(s) of the linear programming problem.



d. (2 points) Write the linear programming problem in canonical form.

e. (1 points) The feasible solutions of the linear programming problem in part d can
be written as “The set of Z that satisfy AZ = b and & > 0”. What is the matrix
A? What is the vector b?

f. (3 points) For each extreme point (z1,z2) you found in part b, what is the cor-
responding extreme point of the linear programming problem that you found in
part d?



g. (4 points) Use the first, second, and fourth columns of A to find a basic solution
Z. Is your basic solution a basic feasible solution? Looking at your plot in part
a, to what does your basic solution correspond?



4.

a.

Consider the set of points (z,y) in R? that satisfy the following four inequalities:
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(3 points) Plot this set of points. By visual inspection, is this a convex set in R??

(7 points) Prove or disprove that this set is convex. Recall that “a set in R? is
convez if (xo,Yo) and (z1,y1) are in the set then (txo + (1 — t)z1,tyo + (1 — t)y1)
1s in the set for all0 <t < 1.7



b. Consider the set of points (x,y) in R? that satisfy the following two inequalities:

y >z’
y <1

(2 points) Plot this set of points. By visual inspection, is this a convex set in R??

(8 points) Prove or disprove that this set is convex. Recall that “a set in R? is
convez if (zo,yo0) and (z1,y1) are in the set then (tzg + (1 — t)zq,tyo + (1 — t)y1)
1s in the set for all0 <t < 1.”



5. a. (10 points) Write the following linear programming problem as a linear program-
ming problem in canonical form.

Once you have done this, what is your matrix A and your vectors ¢ and b so that
the problem becomes “Maximize ¢ - T subject to AZ = b and & > 0?7”

Minimize 1 — 529

subject to
—I1 + 4.1'2 = 10
2(171 + T2 S 2
I — 7.’25'2 Z -3

z1, T2 2> 0.



(10 points) Write the following linear programming problem in standard form.

Once you have done this, what is your matrix A and your vectors ¢ and b so that
the problem becomes “Maximize ¢ - Z subject to AZ < b and ¥ > 0?”

Maximize —x1 + 10z9
subject to
—T1 + 21}2 = 4
1 + 31’2 Z 6
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