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4 Chapter 1 Preface

Chapter 1 Preface

A NOTE TO THE STUDENT:

The secret to success in a course in Quantitative Methods lies in getting plenty of practice
in solving problems. If used properly, this computer disk can be a very useful tool. If used
improperly, it can actually reduce your effectiveness in learning by giving you a false sense of
mastery of the models and their application in solving novel problem situations.

The recommended approach is:

a. Work the assigned problems from the text.

b. Check your answer against the one on the CD.

c. If your answer isincorrect, attempt to rework the problem to obtain the correct answer.

d. Review the solution procedure on the CD to be certain that you really understand the method
involved in solving the problem.

e. After you have satisfactorily completed the (assigned) end-of-chapter problems, work the
PRACTICE QUIZ on the CD for that chapter. Your instructor may or may not assign
these as homework, but they are an excellent tune-up for your exams, and we strongly
urge you to use them. Your instructor has the solutions to each of them in his/her
INSTRUCTOR'S CD.

The incorrect way to use this CD is to copy the solutions instead of working assigned
home-work problems, or to "browse" over the worked out solutions before attempting to work
the problems yourself. The solutions always ook easy when someone el se has worked them out.
If you have not had practice at facing a problem "cold" and unraveling the mystery of what is to
be optimized, subject to what constraints; determining what variables should be included and
what values are fixed, or constant; and selecting the practice or model which is most appropriate
for the problem, you are likely to face a very uncomfortable experience when your first quiz
arrives.

Our advice, then, is to use this CD as it was intended to be used-as a study aid, not as a
substitute for your own learning by doing.

TOPICSCOVERED IN THE TEXT

Introduction (Chapter 1) presents a brief review of the history of Management Science
models, details the steps in the systems approach to problem solving, discusses the roles of
models and optimization in the decision-making process, and suggests areas of application for
Management Science tools in business decision-making settings.

Linear Programming: Problem Formulation (Chapter 2) sets forth the steps in
formulating a linear programming problem: (1) identify the variables, (2) define the objective
function, (3) formulate the constraints, and (4) solve the problem. Examples from production
management, marketing, and finance are presented.

Linear Programming: Graphical Analysis (Chapter 3) presents the basic model of the
linear programming problem, and explains graphical solution procedures. Topics introduced
include constraints (GTE, LTE, and EQ), the feasible region, objective functions, maximization
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and minimization, bounded and unbounded solutions, binding and nonbinding constraints,
degenerate and multiple solutions, and sensitivity anaysis.

Linear Programming: The Smplex Algorithm (Chapter 4) formulates the LP problemin a
standard simplex format and explains the simplex procedure in detail. Strong use is made of
graphical concepts to give the students a visual picture of exactly what the mathematical model
is accomplishing at each step of the analysis. Special problems (infeasible, unbounded,
degenerate, and multiple solutions) are explained, the dua problem isformulated and solved, and
adetailed sensitivity analysisis presented. A new addition is the introduction of the dual simplex
model as an attractive alternative to the BIG M method.

Linear Programming: Computer Applications (Chapter 5) describes, through the use of
several examples, the process of formulating, inputting, and interpreting the output of a
computerized LP program. The aim of this chapter is to make the power of linear programming
available to the student who is neither a management scientist nor a computer programmer. It is
written to be used either in addition to or instead of the ssmplex chapter.

Goal Programming (Chapter 6) covers problems "not solvable' by regular Linear
Programming, including the infeasible problem and problems with multiple objectives. A
notation which is simpler than the one usually presented is introduced.

Integer Linear Programming (Chapter 7) includes pure integer, mixed integer, and zero-
one programming. Stick trees and the branch and bound method are treated extensively.

The Transportation Model (Chapter 8) is a specia class of LP problems and specialized
procedures for their solution. Initial solution procedures include the Northwest Corner Model,
the Best Cell Method, and Vogel's Approximation Method (VAM). The Modified Distribution
(MODI) Method for testing solutions for optimality is presented, and the Stepping Stone method
for improving a suboptimal solution is covered. Unbalanced problems, degeneracy, multiple
solutions, and the Transhipment problem are treated.

The Assignment Model (Chapter 9) is a specia case of the Transportation Model, with all
sources and destinations having exactly one unit. The Hungarian Method of solution is
presented, and unbalanced problems and multiple solutions are covered.

Network Models (Chapter 10) presents the critical path method (CPM), program
evauation and review technique (PERT), and CPM/COST models for the analysis of networks
of activities. Methods are developed for determining which activities are critical to the timely
completion of a project, the amount of dack available in the non-critical activities and the least
expensive way to reduce the expected length of the project. Also presented are models for
finding the SHORTEST PATH from one point in a network to another, for reducing a network to
its MINIMAL SPANNING TREE, and for determining the MAXIMUM FLOW through a
network. The TRAVELING SALES REP model is covered, and software solution for al of the
models are discussed.

Forecasting (Chapter 11) includes coverage of subjective forecasting methods, ssimple
and weighted moving averages, exponential smoothing, and linear regression and correlation.
Trend, seasonal, cyclical, and random variations in time series data are treated.

Inventory and Production Models (Chapter 12) provide an application area for classical
optimization techniques. The approach used is to develop atotal cost function and minimize the
sum of competing costs. Optimum values are found for order size, number of orders per year,
length of the inventory cycle, and reorder level. The treatment includes consideration of
shortages (stock outs), buffer stock (safety stock), variable lead time, variable demand, and the
development of the non-instantaneous inventory replenishment (production) model.
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Learning Curves (Chapter 13) discuss a mathematica method for explaining the
improvement in productivity as a result of worker learning. Briefly stated, every doubling of
work repetitions results in a constant percentage decrease in the time per repetition.

Dynamic Programming (Chapter 14) addresses the Sales Distribution, Production
Planning, Investment, Knapsack, and Stagecoach problems utilizing the Transition Function and
employing Bellman's Principle of Optimality.

Decision Analysis (Chapter 15) presents a thorough discussion of decision-making under
conditions of certainty, uncertainty, and risk. Strategies for decisions under uncertainty include
the Maximax, Maximin, Hurwicz, Savage, and LaPlace criteria. Under conditions of risk, the
strategies are optimizing expected payoff value and minimizing the expected value of regret
(opportunity loss). Probability trees, decision trees, the expected value of perfect information
(EVPI) and sample information (EVSI), the expected net gain from sampling (ENGS), and
determination of optimal sample size are covered, and a ssimplified approach to computation of
revised (Bayesian) probabilities using a contingency table format is presented. Utility functions
and risk preference are also treated.

Waiting Lines (Queues) (Chapter 16) treats the class of problemsinvolving bottlenecksin
the smooth flow of a system. Two analytical approaches are presented: (1) a graphical model for
anaysis of simple, deterministic systems; and (2) a mathematical model for analysis of the
steady state, or average, conditions of systems which meet certain requirements. The solutions
focus on the average length of the queue, the average time spent waiting for service, and the
determination of the optima number of servers. Both single channel and multi-channel queuing
systems are analyzed.

Smulation (Chapter 17) presents an approach for solving complex problems, usually
those of a stochastic nature. The technique does not attempt to solve model equations
anayticaly, but by following the changes over time of a dynamic model of the system. In this
chapter the major emphasis is placed on Monte Carlo simulation of stochastic systems. Random
number tables are employed to demonstrate the approximation of probability distributions and
the general approach to simulating systems is discussed and illustrated at length.

Markov Analysis (Chapter 18) provides an interesting application of the matrix
multiplication and the simultaneous linear equations reviewed in Appendix A. First order
Markov chains of market shares of competing firms are analyzed, and both nth period and
equilibrium solutions are presented. The assumptions of the model, absorbing and disappearing
states, higher order chains, and generalizations of the model to other applications are discussed.

Review of Mathematical Tools (Appendix A) is presented to re-acquaint the student with
the basic building blocks that form the basis for the models to be developed in the remainder of
the text. Functional relationships, graphical representation, and elements of scalar algebra are
covered briefly. Addition, subtraction, multiplication, and division (through use of the inverse)
of matrices are covered. Methods for evaluating determinants are presented, and Cramer's rule
for solving sets of linear equations is explained. The Gaussian reduction method of finding the
inverse, that forms the basis for the smplex method of linear programming, is presented in
detail.

SOLUTIONSTO END-OF-CHAPTER PROBLEMS
This CD contains the complete solution to each of the end-or-chapter problems in the text.
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PRACTICE QUIZZES
For Chapters 2 through 18 there are practice quizzes over materials covered in the chapter.
These may be used for review, as preparation for in-class quizzes, or as homework assignments.
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SOLUTIONS TO END-OF-CHAPTER PROBLEMS:

Chapter 2 Linear Programming: Problem Formulation

2.1 Let X;
X2

MAX:

Subj ect t

2.2 Let X;
X2

MAX:

Subj ect

2.3 Let X;

&
L | O | I I 0

MN  0.15X;

Subj .to: 0.6X;
- 0.2X
- 0.3X
- 0.1X
Xy +

nunber of newspaper ads
radi o ads

nunber

of

180X; + 700X>

o: 50X; + 500X
X1 -
(X1, X2)

nunber

of

<
3X5 >
>

regul ar

2000 (Cost, 9)
0 (Rati 0: newspaper : r adi 0)
0 (Nonnegativity)

cheeseburgers

nunber of doubl e cheeseburgers

2.50X; + 3.0X;

to: 4X; +
11X, +
11X, +

pounds
pounds
pounds
pounds
pounds

(X1, X2)

of
of
of
of
of

+ 0. 25X,

- 0.4X%;
+ 0.8X%
- 0.3X%X
- 0.1X;

X +

8X2
2X2
1X

[IVIANIATA

soybean
wheat
oats
corn
m nera

320 (Hanbur ger, o0zs.)
90 (Cheese, o0zs.)
120 (Buns)

0 (Nonnegativity)

S

suppl ement

+ 0.10X3 + 0.20X; + 0.18Xs

0.4X3 + 0.6Xs - 0.4Xs

0.2X3 -

+ 0.7X;5 -

0.1X3 -
X3 +
(X1,

0(40% Corn & Soy)

0.2X; - 0.2Xs < 0(20% Wheat)
0.3X4 - 0.3Xs > 0(30% Cats)
0.1X; + 0.9Xs > 0(10% M n Sup)
Xy + Xs = 1000 (Bag wei ght)

X2, X3, X4, Xs) > O (Nonnegativity)

VIVIAIV

Because the wei ght of each bag is known, an alternative

formul ati on can be used:
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M N: 0. 15X; + 0.25X; + 0.10X3 + 0.20Xs + 0. 18X%s

Subject to: X + X4 > 400
X2 < 200
X3 > 300
Xs > 100

X1+ Xo + X3 + X4 + X5 = 1000

(40% Corn & Soy)
(20% Wheat )
(30% Cat s)

(10% M n Sup)
(Bag Wi ght)

(Xe, Xz, X3, X4y X5) >0 (Nonnegativity)
4 Let X; = nunber of &1 gears produced
X2 = nunber of &2 gears produced
Xz = nunber of &3 gears produced
X4 = nunber of &4 gears produced
MAX: 251.55%%; + 340.32X, + 528.11X; + 553. 13X,
Subj ect to: X1 < 50 (Max. &1 Dem)
X2 < 50 (Max. X2 Dem)
X3 < 75 (Max. &3 Dem)
Xa < 25 (Max. &4 Dem)
4X; + 6X; + 4X3 + 4.5X4 < 800 (Forge Cap.)
2X; + 3X; + 5X3 + 5.5X4 < 700 (Lat he Cap.)
33Xy + 3.5X, + 5X3 + 7X4 < 900 (Cutting Cap.)
2X; + 3.5X; + 4X3 + 8X4 < 800 (Pol i shing Cap.)
(X1, Xz, X3, Xag) >0 (Nonnegativity)

'Profit for each gear type was determined in the follow ng

manner :

@21 Gear Sales Price:

Less:
Forge Labor (4 * 5.5) $22.
Lat he Labor (2 * 6.3) $12.
Cutting Labor (3 * 10.5) $31.
Pol i shing Labor (2 * 9.5) $19.
Mat eri al s $54.
Over head $42.

Gross Profit

5 Let X1

00
60
50
00
00
10

nunber of pints of blueberries

$432. 75

181. 20
$ 251.55

X, = nunber of jars of blueberry spread

X3 = advertising dollars spent on blueberries

X4 = advertising dollars spent on blueberry spread
MAX: 2.65X; + 3.20X; - 1X3 - 1X4
Subj ect to: X3 + X4 2 500

(M n. Adver.)
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1.1X; + 2.85X + X3 + X4 E 4000 (COSt ) $)
0.6X; - 0.4X; >0 (40% Fr esh)

(X1, Xo, X3, Xa) >0

(Nonnegativity)

2.6 Let X nunber of baseballs

Xz nunber of softballs
MAX: 6X; + 99Xz
Subj ect to: 1.0X; + 1.5X; < 200 (Leat her)
4.0X; + 5.0X%; < 900 (Stitching)
550X; +1000X, < 100000 (W ndi ng)
(X1, X2) >0 (Nonnegativity)

2.7 Let X; nunber of m xers

X2 = nunber of coffee nmakers
Xz = nunber of can openers
MAX: 26X; + 28X, + 15X3
Subj ect to:19X; + 22X, + 10Xs < 4000 (Prod. budget, $)
4X; + 5X + 4X3 < 1000 (Labor hours)
X1 < 400 (Dem, m xers)
Xz < 200 (Dem Coff. makers)
X3 < 170 (Dem can open.)
(X1, X2, X3) >0 (Nonnegati vity)

2.8 Let X3 pounds of F1 produced at Nacogdoches

X, = pounds of F2 produced at Nacogdoches
Xz = pounds of F1 produced at Lufkin
X4 = pounds of F2 produced at Lufkin
MAX: X1 + 4.5X, + 6X3 + 2.5X%,
Subject to: 1X; + 1X; + 2X3 + 3Xs < 65000 (Prod. Bud. $)
X1+ X < 3000 (Cap. Nacog.)
X3 + X4 < 2000 (Cap. Luf.)
X, + X3 < 4000 (Max. Dem F1)
X + X4 < 3000 (Max. Dem F2)
(X1, X, X3, Xa) >0 (Nonnegat i vity)
2.9 Let X1 = dollar amount invested in Stock A
X, = dollar anmpbunt invested in Stock B
X3 = dol lar amount invested in bonds
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MAX: 0.06X; + 0.09X; + 0.10X3
Subj ect to: X1 + X2 + X3 = 1000 (Tot. Invest.)
X3 = 300 (30% i nv. bonds)
- 0.4X; + 0.6X;- 0.4X3 <0 (40% i nv. St ock B)
X2 > 200 (Mn. inv.Stock B)
1X; - 1.5X%; >0 (Ratio B: A
(X1, X2, X3) >0 (Nonnegativity)
Let X; = nunber of newspaper ads
X, = nunber of Local Merchant ads
MAX: 1200X; + 500X,
Subj ect to: 100X; + 50.50X, < 1000 (Tot. Adver. Bud. 9)
X1 < 30 (No. News. ads)
X <5 (No. L.M ads)
X1 - 3% >0 (Ratio, News:L.M, 3:1)
(X1, X2) >0 (Nonnegativity)
Let X; = ms. of orange drink m x
X = ms. of 7-UP
Xz =ms. of Triple Sec
M N: 0. 000658X1 + 0.000495X2 + 0.00899X3
Subject to: X; + Xy + Xz = 1000 (Amt = 1000 m)
- 0.7X1 + 0.3% - 0.7X >0 (7-UP > 70% mi x)
- 0.8Xy + 0.2X; - 0.8X3 <0 (7-UP < 80% mi x)
0.8X; - 0.2X; - 0.2X3 > 0 (OJ mx > 20%
0.7X; - 0.3X; - 0.3X3 <0 (OJ. mx < 30%
-0.143X; - 0.143X; + 0.857X3 = O(Triple Sec)
(X1, Xz, X3) >0 (Nonnegativity)
Let X; = nunber of units of D1
X, = nunber of units of D2
Xz = nunber of units of D3
X4 = nunber of units of D4
MAX: 5.0X; + 7.5X; + 10.50X3 + 15. 0X4
Subject to: 0.5X; + 0.5X; + 1X3 + 1.1X; < 100 (Plastic)
5X; + 5% + 7X3 + 7X < 500  (Paint)
12X; + 13X, + 13Xz + 14X, < 600  (Nyl on)
1X; + 1.5X; + 2X3 + 3%, < 200 (d oth)
1X; + 0.5X; +1.5X; + 1.8%, < 300  (Labor)
(X1, X2, Xs, Xa) > 0 (Nonnegativity)
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Let X1

MN: 0.10625X;

Subj ect to: X
X1

5X1

3X1

3Xy

(X1,

Let X; = anpunt
X, = anount

Xz = anount

X4 = anount

ozs. of beef
ozs. of pork
ozs. of chicken
ozs. of filler

+ 0.0625X; + 0.059375X3 + 0.01875X,4

+ X+ X+ X =16 (Tot.W.=16 o0zs)
X2 <16 (Ant . pork, 10%

X3 < 4 (Ant . chick. 30%

> 4.8 (Ant . beef, 30%

+ 3X + 4X3 + 1X3 > 10 (Mn. ngs.Pro.)
+ 5X; + 2X3 + 3% < 4 (Max. ngs. Fat)

+10X; + 4X3 + 3% < 8 (Max. ngs. Water)
X2, X3, Xa) >0 (Nonnegati vity)

invested in gold

i nvested in bonds
i nvested in savings accounts
invested in common stock

MAXIM ZE: 0.06X; + 0.09X; + 0.04X3 + 0. 15X

Subject to: X + Xz + Xz + X4 = 10000 (Tot. Invest., $)
Xo + X3 < 2000 (Sav. & bonds: 20%
X1 > 500 (Gold, 5%
X4 < 6000 (C. Stk. 60%
(Xy, X2, X3, X4) >0 (Nonnegativity)
Let X; = units of product 1
X, = units of product 2

MAXIM ZE: 12X; + 36X;

Subj ect to: 2X; + 4X; < 500 (Wrk Center 1 Capacity)
2X; + 6X; < 800 (Wrk Center 2 Capacity)
4X; + 6X; < 1000 (Wrk Center 3 Capacity)
(X, X)) >0 (Nonnegativity)

Let X; = acres of lettuce

X, = acres of potatoes
X3 = acres of tomatoes
X4 = acres of beans

MAXI M ZE: 90X

+ 85X; + 100Xz + 50X4
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s -

Subj ect to: 10000X; < 40000 (Dem Lettuce)
40000X%; < 100000 (Dem potatoes)
2000X%3 < 50000 (Dem tonatoes)

1000X, < 4000 (Dem beans)
X1 + Xo + X3 + X4 = 10 (Acres used = 10)
(X1, X2, X3, X4) >0 (Nonnegati vity)
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3.1

Cptimm Solution:
X¥=3,¥=2, Z =25

Optimum Solutlon:
X =0, Y =1200, Z, = 9600

Feasible Reglon (Unbounded]

s} 160p

0 ll aoo 1000 1500 2000
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Optimum Solution:
%=1, % =5, gy = 45

TTTT[TTTE

Ferasible
Region

-
& i g
= Optimum Solution:
A
/) U,

. om Ty B w 183

I T e 2% X, 2 1

AtA L Y VA . Ko
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3.9

= 15 Optimal Solution:
Kl =15l’ 'l'.:-“.' = E-]_, zw = 485

] 20 a0 &l B 100 120



Solutions Manua and Workbook 17

3.6 {(a)

1E =

10, + M, = 20

10 =
Feasible Region

[lins segment on eguality constraint
Batwesn points A& and B)

& - I—..l-.___l_. !5';-23‘

___-__

I—l-‘__.__
h.
d =
2_
L

— i3

o - == " L5
0 2 2 & B 10 12

b} % 542 % = 2, Ko m 62
HAX 3 1 3.12 3

(The exact values for X; and X: are found by noting that the
maximom occurs at the intersection of the second and third
constraints, and solving these two eguations.)

1 10 4
z = 17— T oy Ko o® =
{e) Zum 3 8 X, 3 7 3
(At the intersection of the first and third constraints.)
P.T.Cu
, - 10 4
{d) feasible region becom=s a point at {?; . EJ
10¥; + 2%; = 20 ¥+ 24 = 6
4X; + 2¥; = 16 4%, + 2X; = 16
63 = { 3X; = 10
s (1]
= — }:. == o
Xy 3 1 3
¥ = |16-4 ..2_ +2=M=EE. Mo n(ﬁ-E].;_]lii
3 [ 3 3 6 3

_ of2) 4 of20) - 1t L of10) L 4.2
oD o))
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Cptimal Solution:
- X, = 33.333,
~ X; = 33.333,
Ly = 266.0664

3.8

200

180

1o Optimal Solution:

X, = 15
X, = 70
By = 270

140
120
100 4

20 =

60

40 -

F
sl ; X, + 1.5%, £ 120

0 20 40 &0 a0 100 120 140



3.

g

25
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=

MARX Z: ipac + 4001
Subject to: = £ 10
C + T & 12
&0C + 1007 = 1200
C 2 3
T =3
802 + S0T s Bl1OD
g ED
T
cCz3 c <10
Optimal Solution:
¢ =3
T =8
1 T = 3300
Feazible
4 Beglon
~
= "'!
Y "’7
r:b
L
% T 2 3
; TN s 1 o S oot < IZ"CEI"J
H g 10 15 20 i3

80C + 90 T £ 810
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3.10 MAX Z: BO + 12L
Subject te: U+ L 26
U+ L 510
100 + 15L & 120
U, L0

UNLIGHTED

LIGHTED

Hote that the objective function has the same slope as
100 + 15L = 120, so any combination from (8,0) to (4,6)
is optimal.
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3.11 MEX I: BR + 105
Subject to: ZR + 45 5 2B
BR + 45 S 4B
R 22
R, § 20
5]
16

R + 43 £ 48 Optimum solution:

21
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3,12 MIK 3: 4L + BB
Subject to: A+ B < 10
2A + 58230 Protein
5A + 5B 2 50 Fat
BA + 2R 2 32 Piber
B, B2)

18 3

164 @
Optimum solution:

14 44 A= &.KT7
B=3,133
12 4 Ty = 46.67
B 210
: Feasible
6 ST T Aul ) Region
.
'l_l:-l;;t‘r"*
4 llﬂh!l'
L Ad KL

LY ¥ LA A
UEEEE

0 3 10 15 20
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3.13 MRAX I: 40C + 20Pp
Subject to: ic+ P
C+ P
L
"
C, B

MO A A
2 o B WD

PLE

Optimal Solution:

C =

1

= 160

L)

23
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3.14 MAX I: 85 + 1TF
Subject to: 85 + 10F 5 BOD
108 + 6F s 600
8, Fz210

104 puasinie N
E:zgil:: 4
20 4
o T
o 20 40 60 g0 100 120

Since it is impossible to plant a fraction
number of trees, a feasible integar solotion if
we round down the optimal answar is § = 23, P=
6l for a Iy = 620.
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2.14 b Max Z: g8 + TF
Bubject to: BS + 10F £ BOOD
105 + 6F £ 600
F £ 50
S BF 210

s )
] qf*’f;#f&/ 213"_1“;?1 Solution:
w RS 5 -
A

% ""Fj_':-’,.!ﬁf-'_.r'_ IS,
40 4 %ﬁr : %%

Feasible e
Reglon I /
20 - - 7
S
0 T T T T =
o 20 40 all ga 140 120

c. The slope of the cbhjective foncticn would have to be stesper
than that of the second constraint to force the solotion to
the point (60,0), where enly spruce Lress are grown.

|alaope of cbiective function|>|alepe of second constraint|

> F5

>

X ]
- &
_}_
X &

I0X « 54
X = 5540
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e — =

3.15 MAX Z: 1000T + 5008
Subject to: 8T + 25

T 4+
T,

£ 40
857
820

B i bl e L O el OO LD

(a} Optimum noninteger solution:
T=4.33, 8 =2.67, £, = 5665

(b) Optimum integer solution:
T=4,83=23, I=5500

{c} Other solutions:
Viclate constraint 1, T =35, 8§ = 2, 2, = 6000
Vielate constraint 2, T =4, 8§ = 4, 3. = 6000
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3.16 MRX I: 500F + BOOC
Subject to: F+ .7C58.5
§i cz0
F, C20

(@) F=5, C=35, S = 6500

27
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3.17 HMAX Z: 54 + 158
Subject to: LH+I_55.1W{+
id 15
106 4+ 38 & 200000
H < 10000
5 2 10000
H, 520

1000400

So000

BEDOOD

H 2 10000

Cptimal Solutlon:
H =
TOO00 &

60000 . =
10H + 35 £ 200000
50000 -
Feasible Region
40000 = ; 1 |
= —H+— 5§ = 4000
30000 S ] 10 is
20000 4 —t
2§ 5 2 10000
10000
[TTHE
I:I L] L] ¥ L 1 ¥ H
Q 10000 20000 30000 40p00 50000 2 GOODD 70000

g} H= 17000, 5 = 10,000, Eg, = 95000
k) |slope of objective function| < |slope of second cenatraint|

5| | 10
'E] 3
5 10
X 2

10
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3.17 (continued)

()

(2]

TO000 =

{ 2 10000 Optimal Sclutlon:
g0000 4 H = 10000
g = 33333.3
— oy = 133333.3
\ 10H + 35 € 200000
WD Feasible Region
I |
30000 4 —H+ — 8§ < 4000
10 15
20000 -
5 2 10000
10000 -
LIL 1 ] - ] L] T L] |
] 10000 20000 30000 40000 S0000 EO0OC 70000

H

29
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3.18 MIN i: BO000A + 20000M

Subject to: 300A + 1508 € 15000
7.58 +  15M £ 600
6A + 4 2 240
B, M 20

100 4
]

Bl

20 =

{al A =20, M= 30

b} By = 52,200,000
(¢) Space required = 10,500 ft?
{d) Space left over for othar uses = 15,000 - 10,300

4500£t?
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MRX Z: 8018 + 90LL
Subject to: 100LB + 200LL £ 1200000
8018 + 50LL € 400000
30LB 4+ 10LL § 120000
LR, LL 2 0

4000 =

g Dpbimal Selution:
LB = 18149.18

1
LL = 5090,91

EO00 10000 L5000

31



32 Chapter 3 Linear Programming: Graphical Analysis
e — =

3.20 MIN Z: 0.04X + 0,04¥
Subject to: B0X + 100Y 2 600
96X + B0Y 2 480
X, Y0

%
:

i
!
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Chapter 4 Linear Programming: The Simplex Algorithm

4.1 MAX Z: 8X + 6Y + 0S; + 0S;
Subject to: 6X + 12Y + 1S; + 0S, = 72
5X + 2Y + 0S; + 1S, = 20

(X, Y, S >0)

Initial Tabl eau
X Y Slack 1 Slack 2

g 8 6 0 0 Bi o
Slack 1 0 6 12 1 0 72 12
Slack 2 0 2 0 1 20 4
Zj 0 O 0 0 0
AZj 8 6 0 0
Enteri ng: X
Leavi ng: Sl ack 2
Tabl eau 2
X Y Slack 1 Slack 2
g 8 6 0 0 Bi [}
Slack 1 0 0[9.60*| 1 -1.20 48 5
X 8 1 0.40 0 0. 20 4 10
Zj 8 3.20 0 1.60 32.00
AZj 0 2.80 0 -1.60
Enteri ng: Y

Leavi ng: Slack 1
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e

4.1 (conti nued)
Optinal Tabl eau
XY Slack 1 Slack 2
g 86 0 0 Bi

Y 6 01 0.10 -0.13 5
8 10 -0.04 0.25 2

Zj 86 0.29 1.25 46
AZj 00 -0.29 -1.25

Optimal Solution:
X=2, Y=5, ZMAX=46
*The nunerical val ue enclosed by the red square represents the pivot el enment.
4.2 M N Z: 8X + 10Y +OS]_ + OSZ + MA; +MA,
Subject to: 33X+ 6Y - S + A = 36

X+ Y-S, +A =10
(X Y, S, A 20)

Initial Tabl eau
X Y S1AlS2 A2
g 8 10 0 M 0O M B @

Al 1M3|E|-1100366
A2 M 1 1 0 0-11 10 10

Zj 4M 7™M -M M -M M 46M
AZj -AM-7TMM 0 M O

Ent eri ng: Y

Leavi ng: Al
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4.2 (conti nued)

Tabl eau 2
X Y S1 Al S2 A2
g 8 10 0 M 0O MB e
Y 10 0.5 1 -0.17 0.17 0O 0 6 12

A2 1|v|o 0.17 -0.17 -1 1 4 8

Zj 5+.5M10 -1.7+.17M 1.7-0.17M -M M 4M
AZj 3-.5M 0 1.7-.17M -1.7+1.17M M O

Ent eri ng: X

Leavi ng: A2

Optinal Tabl eau
XY s1 Al S22 A2
g 810 O M 0 M Bi

Y 10 0 1 -0.33 0.33 1 -1 2
X 8 10 033 -0.33 -2 2 8

Zf 810-0.67 0.67 -6 6 84
AZj 0 O 0.67 -.67+M 6 -6+M

Opti mal Sol uti on:

X=8, Y=2, ZMN=84

4.3 MAX Z: 5X + Y + 05, + 0S5, —MA;
Subject to: X+ Y-S + A =6
2X + Y+ S, =8

( X' Y, Sll SZ! A| 2 0)
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P

4.3 (conti nued)

Initial Tabl eau
X Y S1 A1 S2
g 51 0-M0 B e

Al -iIM1 1 -11 0 6 6

S2 0100184

Zi -M-M M -MO0 -6M
AZi M M-MO 0O

Ent eri ng: X
Leavi ng: Sl ack 2
Tabl eau 2
X Y S1 Al S2
g b5 1 0 -M 0 Bi e
Al -1MO| 0.50 |-1 1 -0.50 2 4
X 5 1 0.50 0 0 0.50 4 8

Zj 5 2.5-.5M M -M 2.5+ 5M -2M
AZj 0-1.5+.5M-M 0 -2.5-.5M
Enteri ng: Y
Leavi ng: Artificial 1

Optinal Tabl eau
XYSlL Al S2
g 510 -M 0 Bi

Y 1 01-2 2 -14
101 -1 1 2

Zj 51 3 -3.00 4 14
AZj 00-3 3-M -4

Optimal Solution: X =2, Y =4, Zux = 14
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4.4 MAX Z: 3X; + 5X; + 7X3 + 0S; + 0S, — MA, — MAg
Subject to: 2X; — 4X, + 5X3 + 1S; + 0S, + 0A, + 0A; = 12
Xl + GXZ - 3X3 + OS]_ — 182 + 1A2 + 0A3 = 16
5X1 + ZXZ + 1X3 + OS]_ + OSZ + 0A2 + 1A3 =7
( Xll XZ! X3! Sll SZ A2! A3 2 0)
Initial Tabl eau
X1 X2 X3 S1 S2 A2 A3
g 3 5 7 0 O -M -M Bi (0]
S1 0 2 -4 5 1 0 0 0 12 -3
A2 -M 1 [6 ] -3 0 -1 1 0 16 2.67
A3 -M 5 2 1 0 0 0 1 7 3.50
Z -6M -8M 2M 0 M -M -M -23M
AZj 3+6M 5+8M 7-2M O -M O 0
Ent eri ng: X2
Leavi ng: A2
4.5 M N Z: 4X; — 12X, + 5X3 + MA; + 0S, + 0S; + MA; + MA,
Subj ect to: X3 + 3X — 8X; + 1A, + 0S, + 0S; + OA; + OA, = 5
2X1 - ng + 4X3 + OA]_ + 182 + 083 + 0A3 + OA4 = 14
3X; + 5X - 1X3 + 0A; + 0S, — 1S; + 1A; + OA, = 7
0X; + 1X, + 0X3 + 0A; + 0S, + 0S; + 0A; + 1A, = 2
Initial Tabl eau
X1 X2 X3 Al S2 S3 A3 A4
g 4 -12 5 M O 0O MM Bi (0]
Al M 1 3 -8 1 0 0 5 1.67
S2 0 2 -9 4 0 1 0 0 0 14 -1.56
A3 M 3 -1 0 0 - 0 7 1.40
A4 M 0 1 O O 0 0O 0O 1 2 2.00

Zj 4M 9IM -9M M 0 -M M M 14M
AZj 4-4M-12-9M549M 0 0O M 0 O
Enteri ng: X 2
Leavi ng: Artificial 3
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P

4.6 Split utility players into those who wind up assigned to infield (V) and
those who are assigned to outfield (Up.

MAX Z: . 1931 + .2270F + .284U + .284 U (Sum 7 starters’ Avgs.)
Subj ect to: I <3 (Only three infielders avail able)
I =2 (At least 2 infielders nust play)
OF <2 (Only two outfielders avail abl e)
o >1 (At least 1 outfielder plays)
U + U <6 (6 utility players avail abl e)
I + U =4 (4 infield positions to be filled)
OF + U =3 (3 outfield positions to be filled)

We can reduce the problemby renoving the 2 infielders and 1 outfiel der
we know nust play. The problemthen becones

MAX Z: .2270F + . 284U + . 284U,
Subj ect to: I <1 (only 1 unassigned infielder left over)
OF <1 ((only 1 unassigned outfielder |eft over)
U + U <6 (6 available utility players)
I + U =2 (exactly 2 infield positions |eft open)
O+ U = 2

(exactly 2 outfield positions |eft open)

By inspection, the solution is to play the foll ow ng:

I =2
Uy =2 (1 outfielder and 2 utility players don't play)
oF =1 (Batting average is 2199 * 1('2277) * A28 a5
for U = 2 t he seven pl ayers (excluding pitcher and catcher)
4.7 MAX Z: 25X; + 20X, + 10X;
Subj ect to: X1 > 20
Xz > 20
X3 =2 20
35X; + 30X, + 15X; < 3000
X+ X < 60
60X; + 50X, + 25X; = 5000

(Xll XZ! X3 2 0)

MAX Z. 25X1+20X2+1OX3+0(81+82+S3+S4+S5+SG)—N(A1+A2+A3+A6)

Subject to: X, - S, + AL = 20
XZ — SZ + A2 = 20
X3 - 83 + A3 = 20
35X, + 30X, + 15X; + S, = 3000
Xl + XZ + S5 = 60
GOX]_ + 5OXZ + ZSX3 - Se + Ae = 5000
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4.7 (conti nued)
Initial Tableau
X1 X2 X3 s1 Al S2 A2 S3 A3 S4 S5 S6 A6
g 25 20 10 0 -M 0 -M 0 -M 0 0 0 -M Bi e}
AL -m [T ] o o -1 1 0 0 0 0O 0 0 0 O 20 20
A2 -M 0 o o0 =-11 0 0O 0 0 0 O 20 oo
A3 -M o o0 0 0 -11 0 0 0 O 20 +oo
sS4 35 30 15 0 0 0 0 0O 01 0 0 © 3, 000 85.71
S5 1 1 0 0 0 0 0 0O 0O 0O 1 0 O 60 60
A6 -M 60 50 25 0 0 0 0 0O 00O 0 -1 1 5, 000 83. 33
Zj -61M -51M -26M M -M M -M M -M 0 0 M -M -5 060M
AZj  25+61M 20+51M 10+26M -M 0 -M 0 -M 0 0 0 -M O
Ent eri ng: X1
Leavi ng: Artificial 1
4.8 MAX Z: 100A + 5B + 25C
Subj ect to: 7A + 5B + 6C < 130 (vol une)
A =< 10
B < 50 (demand)
C < 30
A+ B+ C <30 (tine)
A =2 5
B = 5 (prom ses)
C = 5

(A, B, C > 0)

MAX Z: 100A + 5B + 25C + O(S; + S, + S; + Sy + S5 + Sg + S, + Sg) — MAs + A + Ag)
130

Subj ect to: 7A + 5B + 6C + S; =
A + Sz =

B +83 =

C +S4 =

A+ B+ C +S5 =

A -Se t+ Ag =

B 'S7 + A7 =

C - S + Ag

10
50
30
30
5
5
5
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4.8 (continued)

Initial Tabl eau
A B C S1 S2 S3 S4 S5 S6 A6 S7 A7 S8 A8

G 100 5 25 0 0 0 0 0 O-MO-MO -M B )
s1 O 7 5 6 10000O0O0GO0O0GO0O0 130 18.57
s2 o 1 0 0 01000O0UO0GO0GO0TO0TO 0 20 20
S3 O 0 1 0 00100O0UO0TO0GO0TO0O0 50 oo
s4 O 0O O 1 000 1000O0O0TO0O0 30 oo
S5 0o 1 1 1 000O0100O00O0GO0TO0 30 30
A6 -aiM[1]0o 0 00000-1100 00 5 5
A7 -iIM 0 1 0 00 000 O0O0-110 0 5000 4+
A8 -iIM 0 O 1 00 0O0OO0OOTO 0T O0-11 5 oo
Zi, -M -M -M 0 00 O0OO M-MM-MM-M-5,010M
AZj 100+M5+M25+M 0 0 0 O O -MO -MO -M 0
Ent eri ng: A
Leavi ng: Artificial 6

4.9 We can set up the problemfor weekly production, daily production, or
hourly production. W have chosen the hourly approach, and we wil|
multiply by 40 to get the weekly results: if we chose the daily |evel,
we would multiply the results by 5.

MAX Z: 4T + 2R
Subject to: T+ 2R< 4
T+ R

VN

>
(T, R20)
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4.9 (conti nued)

Initial

Tabl eau
T R S1S2 A2

g 4 2 0 0-MB o
S1 0O 1 2 1 0 0 4 4
A2 -M[1] 1 0-11 2 2
Zi -M -M 0 M-M-2M
AZj 4+M2+M O -M O
Ent eri ng: T
Leavi ng: Artificial 2
Tabl eau 2
T R S1S2 A2
g 42 0 0 -1MB o
s1 01 1[1] -1 2 2
T 4 11 0-1 1 2 -2
Zl 44 0 -4 4 8
AZj 0-2 0 4 -4-M
Ent eri ng: Sl ack 2
Leavi ng: Slack 1
Opti mal Tabl eau
T R S1 S2 A2
G 42 0 0 -M B
S2 0 01 -1 2
T 4 1 2 0
Zf 48 4 0 0 16.00
AZj 0-6-4 0 -M
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4.9 (continued)

Initial pod
Tableau

Optimal
Tableau Solution
3% Tableaun

Solution: T = 4 dozen/hour, R=0, S, = 2 dozen/hour, Z = $16/ hour
Meani ng: nake 4 dozen tennis balls/hour or 160 dozen/week, no racquet
balls; we exceed the breakeven output by 2 dozen per hour or 80

dozen/ week; profit is $16/ hour or $640/ week.
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4.10 MAX Z: X + 2Y
Subject to: X + Y < 1000
X > 200
Y > 400
2X - Y < 0
(X, Y 20)
Initial Tabl eau
X Y S1S2A2S3A3 4
G 1 2 0 0-MO-MO Bi P
s1 0 1 1 1 0 0 1,000 1,000
A2 M 1 0 0-110 0 0 200 +o
A3 M 0 o -1 1 0 400 400
sS4 0 2 -1 0 001 O 0

Zl -M -M 0 M-MM-MO0 -600M
AZj 1+M2+M O -M O -M 0O O

Ent eri ng: Y

Leavi ng: Artificial 3

Optimal Tabl eau
XYSLS2 A2 S3 A3 4
g 1200 -M0-MO Bi

S3 0 001 1 -1 1 -1 0 400
X 1 100-1 1 O 0 200
Y 2 0111 -1 0 0O O 800
S4 0 001 3 -3 0 O 1 400

Zj 122 1 -1 0 0 0 1,800
AZj 00-2-11-M0 -MO
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4.10 (continued)

1200 qY
X 2 200
1000 - Optimal Solution
5% Tableau
-
800 4 ﬁ's
b ooy
4tn &)™ Guy <
ond 600 4 : ‘ ~ ~ 180y
Tableau " - e ) ~
i Al '
a Vs
() “~ \{ e 1 X
2 N L 3 = ey, ey 7
0. ’ S WV
~ 9
i T ¥ Y T ; ¥ X
. 0 200 400 600 800 1000 1200
Initial
Tableau

Solution: X = 200 square feet, Y = 800 square feet, S; = 400 square
feet, S; = 400 square feet.

Meani ng: Devote 200 square feet to decorations and 800 square feet to
toys. S; is the ampunt by which the mininmumtoy space is exceeded and
S, is the ampbunt by which the space devoted to toys exceeds tw ce that
devoted to decorations.
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4.11 WMAX Z:

2X; + 3X, + 5Xg
Subject to: X + X + X3 =10
X — X3 2 4
X5 <3
(Xll XZ! X320)
Tabl eau 1
X1 X2X3AlS2A2S3
g 2 3 5 -M0-MO0O B e
Al -M 1 1 1 1 0 0 O 10 10
A2 -M[1]o0o -1 0-110 4 4
S3 0 0 1 0 0 0 0 1 3 +=
Zl -2M -M 0 -MM-MO0 -14M
AZj 2+2M3+M 5 0 -M O O
Ent eri ng: X1
Leavi ng: Artificial 2
Optinal Tabl eau
X1 X2 X3 Al S2 A2 S3
g 2 3 5 -M 0 -M 0 Bi
X3 5 0 0.50 1 0.50 0.50 -0.50 0 3
X1 2 1 0.50 0 0.50 -0.50 0.50 0 7
S3 0 O 1 0 0 0 0 1 3
Zfj 2 3.50 5 3.50 1.50 -1.50 0 29
AZfj 0 -0.50 0 -3.5-M-1.501.5-M 0
Solution: X; = 7,000 acres, Xg = 3,000 acres, S; = 3,000 acres.

Meani ng:
t he anpunt

Devote 7,000 acres to corn and 3,000 acres to cattle.
by which cotton falls short of the limting val ue.

45

S;is
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P

4.12 If X represents the number of units to be shipped fromwarehouse i to
retailer j, the constraints are

X1 + X2 + X1z £
Xo1 + Xo2 + Xoz £
war ehouses
X1 + X322 + Xaz £
Xar + Xa2 + Xaz £
Xt + Xo1 + Xzr + Xa1 =

X2 + Xo2 + Xz2 + Xa2 =
Xz + Xoz + Xzz + Xaz =

retail ers

The objective is to minimze the total shipping cost:

MN Z: 19X;; + 20X3, + 4Xy3 + 3Xy; + 7Xpo + 18Xp3 + 15X3; + 6X3p + 9Xgg +
20X41 + 10Xs, + 25X43

4.13 Let Cy = nunber of checkers on shift A

B, = nunmber of baggers on shift A
Cs = nunber of checkers on shift B

In the 6:00-10:00 a.m tinme block, to neet the manni ng requirenment, we
need

Ca>3, By >1, and Cy + B, > 8.

For the 10:00-2:00 period, we have both A and B shift workers, so
Co+ G >5, Ba+Bg >4, and Cy + Gz + By + By > 11.

In the 2:00-6:00 p.m period, we have shift B and shift C workers, so
Co+ C.>6, Bg+ B.>6, and Cg + Cc + Bg + Be > 13.

For the last tine period (6:00-10:00 p.m), we have

Cc 23, B 22, and C. + B: = 8.

The problemis therefore to

M N Z. $5(CA+CB+C(;) +$3(BA+BB+Bc)
Subject to the 12 constraints |isted above.
(Don't try to solve it. It is rather large, and has multiple optimal
sol utions.)
4.14

Initial Prinmal Tabl eau
X1 X2 S1 Al S2 A2 S3 A3
g 2 3 0 MO MO MB e

Al 1MO-11000042



Solutions Manual and Workbook

Initial Primal Tabl eau
X1 X2 S1 Al S2 A2 S3 A3
A2 IM 1 0 0 0-11 0 0 3 +=
A3 IMm 1 1 0 0 0 O0-121 8 8

Zi 2M 3BM-M M -M M -M M 15M
AZj -2M-3MM 0O M 0O M O

Ent eri ng: X 2

Leavi ng: Artificial 1

Dual Initial Tabl eau
Y1Y2Y3S1S2
g 4 3 8 0 0 B e

S1 00110

S 2 0 2 01 0 1 33

Zf 0 00O O 0 O
AZj 4 3 8 0 O
Ent eri ng: Y3
Leavi ng: Slack 1

47
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e

4.14 (continued)

Primal Tabl eau 2
X1 X2 s1 Al S2 A2 S3 A3
g 2 3 0 M O MO MB @

X2 3 0 1 -0 050 0 0 0 0 2 +=
A2 M[1]o o 0 -11 00 3 3
A3 M 1 0 0.5 -0.500 0-11 6 6
Zfi 2M 3 .5M -.5M -M M -M M 9M
AZj -2M 0 -.5M1.5M M 0 M O
Ent eri ng: X1
Leavi ng: Artificial 2

Dual Tabl eau 2
Y1Y2Y3S1S2
g 4 3 8 0 0 Bi @

=
=
o
N

+oo

1 0.50

Y3 8 0 1
S 2 0 |2]-1

o
1
=
=

Zj 0 8 8 8 0 16
AZj 4 -5 0 -8 O

Ent eri ng: Y1

Leavi ng: Sl ack 2
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(conti nued)

Primal Tabl eau 3
X1 X2 S1 Al S2 A2 S3 A3
g 2 3 0 M 0O MO MB @

X2 3 1-.500.5 0 0 0 0 2 +=
X1 2 0 O 0O -11 0 0 3 -3
A3 M0 o0 0 -05[1]-1-11 3 3
Zl 2 3 .5M-.5M M-M-M M 3M
AZj 0 0 -.5M1.5M-M2M M O
Ent eri ng: Sl ack 2
Leavi ng: Artificial 3

Optimal Primal Tabl eau
X1 X2 S1 Al  S2 A2 S3 A3

G 23 o0 M O MO M Bi
X2 3 1 -0.50 .50 0 0 0 O 2
XL 2 1 0 050 -.50 0 0 -1 1 6
s2 0 0 0.50 -.50 1 -1-1 1 3

Zj 3-0.50 .50 0 0 -2 2 18

AZj 0 0.50 -.50+M O M 2 -2+M

Dual Optinal Tabl eau
Y1 Y2 Y3 S1 S2
g 4 3 8 0 0 Bi

Y3 8 0 1 1 1 0 2
Y1 4 1 -0.50 0 -0.500.50 0.50

Zj 4 6 8 6 2 18
Azj 0 -3 0 -6 -2

49
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4.15 MNMAX Z: 2X; + 3%, + 5X%;
Subject to: -X — X — X3 £ -10
X+ X + X3 £ 10
- Xy + X3 £ -4
Xo < 3
MAX Z: 2X1 + 3X2 + 5X3 + 081 + OSZ + 083 + 054
Subject to: -X; - X3 - X3+ S = -10
Xl + X2 + X3 + Sz = 10
'Xl + X3 + Sg = -4
XZ + S4 = 3
Optinal Tabl eau
X1 X2 X3 S1 S2 S3 S4
g 2 3 5 0 0 o0 0 Bi
X3 5 0 0.5 1-0.50 0.5 0 3
S2 0 O 0 1 1 o0 0 0
X1 2 1 0.5 0 -0.50-0.5 0 7
S4 0 1 0 0 o0 O 1 3
Zf 2 3.5 5-3.50 1.5 0 29
Az 0 -0.50 -1 0 -1.5 O
The solution is now feasible. W proceed to optimality by regular
si mpl ex.
Opti mal Tabl eau
X1 X2 X3 S1 S2 S3 S4
g 2 3 50 0 0 0 Bi
X3 5 0 0.5 1 0 0.5 0.5 0 3
S1 0 0O 01 1 0 0 0
X1 2 1 0.5 0 0 0.5 -0.5 0 7
S4 0 1 0 0 O 0 1 3
Zf 2 3.5 5 0 3.5 1.5 0 29
AZj 0 -0.5 0 0 -3.5-1.5 0
Optimal Solution: X, =7, X, =0, X3 = 3, Zwx = 29
4.16 MN zZ: 8Xy + 2X; — X3
Subj ect to: -2X; + X3 £ -3
=X - X <-2
M N Z. 8X; + 2X, — X3 + 0S; + 0S,
Subj ect to: -2X; + X3+ S = -3
'Xl - X2 + Sz = -2
(Xll XZ! X3! Sll SZ 2 0)
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Usi ng Dual Sinpl ex

Initial Tabl eau
X1 X2 X3 S1 S2
g 8 2 -1 0 O Bi

S1 0 -2 0 -1 1 0 -3.0
S2 0 -1 -1 1 0 1 -2.0

Zi, 0 O O O O O
Azfj 8 2 -1 0 O

X1 X2 X3 S1 S2
G 8 2 -1 0 0 Bi

X1 1 0 -0.5 -0.5 0 1.5
X2 2 0 -1 -0.5-0.51 -0.5
Z] 8 -4 -4 0 12

AZj 0 2 3 4 0

Opti mal Tabl eau
X1 X2 X3 S1 S2
g 8§ 2 -1 0 0 Bi

X1 8 1 0 -0.5 -0.5 0 1.5
X2 0 1 0.5 0.5 -10.5

N

Zi 8 2 -3 -3 -2 13
AZj 0 0 2 3 2

Optimal Solution: X3 = 1.5, X, = 0.5, Zyny = 13

51
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(b) MAX Z: 3Y: + 2Y,
Subject to: 2Y; + Y, £ 8
Y, £ 2
- Y. < -1
MAX Z: 3Y; + 2Y, + 0S; + 0S;, + 0S;
Subject to: 2Y, + Y, + S = 8
Y2 + 82 = 2
- Y1 + S; =-1

Usi ng Dual Sinpl ex

Initial Tabl eau
Y1l Y2 S1 S2 S3
g 3 2 0 0 0 B

S1 0
S2 0

o N
[EnY
[N
o O
N 0

Zj 0 0 0 0 OO
AZj 3 2 0 0 O
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il i

4.16 (b) continued

Y1 Y2 S1 S2 S3
G 3200 0 B

S1 0 O 1 6
S2 0 O 0
Y1 3 1 0 0 -1

Zi 300 0-3 3
AZj 0 0 0 3

N

The solution is now feasible. W proceed to optimality by regul ar
si nmpl ex.

YL Y2 S1 S2S3
G 3 2 0 0 0 B

S3 0 0 0.5 0.5

o
[N

S2 0 0 1 0 1

Y1 3 10505 00
Zj 31515 0 0 12
AZj 0 0.5-1.5 0 O

Y1 Y2 S1 S2 S3
g 3 2 o0 0 O Bi

S3 0 0 0 0.5 -0.512
Y2 2 01 O 1 02
YL 3 1 0 0.5 -0.50 3

Zj 3 2 1.5 0.5 0 13
AZj 0 0 -1.5-0.50

Optimal Solution: Yy =3, Y, = 2, Zynx = 13



Chapter 4 Linear Programming: The Simplex Algorithm

- P

.17
Primal Initial Tabl eau

X1 X2 S1 S2 S3 S4 S5

g 3 1 0O 0 00O Bi
Al M 1 5 -10 0 0 O 15
A2 M 2 4 0-1000O0 24
A3 M 3 3 0 0-100 18
AM M 4 2 0 0 0-10 24
A5 M 5 1 0O 0 0 0-1 15

Zj i15Mm 15 -M-M-M-M-M 116M
AZj 3-15M1-15M M M M M M

Initial Tableau (omtting colums for artificial variables).
Dual Initial Tabl eau

Y1Y2Y3Y4Y5S1S2
g 1524182415 0 0 B o

$S1 0 123 45 1 0 3 .75
8’2054310 1 1 .5

Zj 0 00OOO0O O O O
AZj 1524182415 0 O

(Note: We have a tie for the entering variable between Y, and Y,.
Checking the 8's leads us to select Y4, since nore units will enter (%
versus %, resulting in a larger change in Z.)
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4.17 (continued)

Dual Tabl eau 2
Y1 Y2 Y3 Y4 Y5 §1S52
g 15 24 18 24 15 O 0 Bi @

S1 0 -9 -6 -3 01-21 .33

Y4 24 2.5 2 1.5 1 0.5 0 0.50.5 1

Zj 60 48 36 24 12 0 12 12
AZj -45-24-18 0 3 0 -12

Optimal Tabl eau (Perinmeter Val ues Only)
X1 X2 S1 S2 S3 <4 S5

g 3 1 0 0 0 0 0 Bi
S1 0 36
S2 0 18
S3 0 15
X1 3 1
X2 1 10
Zj 13
AZ] 0 0 0 0 0O .33 .33
Dual Opti mal
Yl Y2 Y3 Y4 Y5 S1 S2
g 15 24 18 24 15 0 0 Bi
Ys 15 -3 -2 -1 0 1 .33 -.67 .33
Y4 24 4 3 2 1 0 .167 .833 .33
Zj 51 42 33 24 15 1 10 13

AZj -36 -18 -15 0 0 -1 -10
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e

4.18 a. - < AC, £ |AZy]; sO -» < C £ 23

No change in optinmm solution, since X; i s nonbasic.

. . . . AZ .
b. Since X, is a basic variable, we conpute =22 for each nonbasic
azj

variabl e. These values (-15, and +9, ignoring the artificia
variables) tell us the anpbunts by which C, can change before bringing
a new variable into the solution. -15 < AG, < 49, or -10 £ G, £ +14
is the allowable range. If G is reduced, Zepr is reduced, if G is

i ncreased, soO i S Zopr.

Cc. S; £ Ab; < +=; s0 -8.167 < b; < +=, but since b; cannot be negative, 0
< b; < +~ is the range. The only change is
-1 for 1 reduction of S; if by is reduced and a simlar increase in S;
as by is increased.

d. Constraint #2 is binding, so the limts on the all owabl e change in b,

are found by conputing :zi. The positive aj, val ues determ ne the
aiz
| ower bound and the negative a;, val ues determ ne the upper bound.

~20. 167
-.883 _ . _ 1167
167 -3.083

— 083

4.99 < Ab 17.28
-4, < <

* = \3z14

-1.28 < b2 < 20.99

But since b; cannot be negative, the range becones

0 < b, £20.99. Since constraint #2 is a GIE, increases in b, reduce
the feasible region and the value of Z, while decreases in b,

i ncrease the feasible region and the val ue of Z.
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4,19 a) Oe Ais $2.17; Oe Bis $0.056; Oe Cis $0.056.

b) X;'s profit increases to $6: X; = 2777.778; X; = 2499. 999;
Xs = 833. 336; Zwx = 45277.78.

Xss profit increases to $7: X, = 2916.667; X,
4999. 999; Zux = 46666. 66.

3750; Slack 3

c) Ore Aincreases by 9,000 tons: X
750. 0005; Zwx = 64750.

499. 9987; X3 = 6250.001; X5 =

Oe A decreases by 6,000 tons: X
= 1000. 001; Zwux = 32222.22

4222.222; X; = 666.6666; Slack 2

4.20a) Solution X; = 0.75; X, = 0.25; Zyn = 0.055.

b) Cost of Line Juice increases to $0.09 per ounce: X; = 0.75; X, =
0.25; Zuyn = .06.

4.21 Sol ution X, = 34.73972; X, = 502.0345; X; = 246.9057; X; = 289.8683;: Zun =

404. 9974.

Low Hi gh
Nut s . 748264 . 965060
Corn . 238752 . 31814
Ri ce -. 778154 . 213094
Cat s . 236304 +1 NF
Soy Protein .581925 +I NF
Vit. Supplenent. 667211 2.12522

4,22 Solution X; = 115.3846; X3 = 76.92308; Zwx = 1140
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5.1 a) MAX Z: 8X + 6Y
Subject to: 6X + 12Y < 72
5X + 2Y £ 20
X, Y, S, S 20)

Initial Tabl eau
X Y Slack 1 Slack 2
g 8 6 0 0 Bi @

Slack 1 0 6.00 12.00 1.00 0.00 7212
Slack 2 0 |5.00f 2.00 0.00 1.00 20 4

Zj 0 0 0 0 0
A Z 8 6 0 0
Ent eri ng: X1
Leavi ng: Sl ack 2
Tabl eau 2
X Y Slack 1 Slack 2
g 8 6 0 0 Bi o

Slack 1 0 o.oo 1.00 -1.20 48 5

X1 8 1.00 0.40 0.00 0.20 4 10
Zj 8 3.20 0 1.60 32
AZj 0 2.80 0 -1.60
Enteri ng: Y

Leavi ng: Slack 1
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(a) (continued)

Opti mal Tabl eau
X Y Slack 1 Slack 2
g 8 6 0 0 Bi

Y 6 0.001.00 0.10 -0.13 5
X1 8 1.000.00 -0.04 0.25 2

Zj 8 6 0.29 1.25 46
aAzj 0 0 -0.29 -1.25

Optimal Solution: X =2, Y =05 Zwu = 46

(b) M N Z: 8X + 10Y
Subj ect to: 3X + 6Y = 36
X+ Y =10
(X ¥)z0
Tabl eau 1

X Y S1 Al S2 A2
G 8 10 0 M 0 M B e

Al M 3.00-1.001.00 0.00 0.00 36 6

A2 M 1.00 1.00 0.00 0.00-1.001.00 10 10

Zj 4M  TM -M M -M M 46M
AZj -4AM -TM M 0 M 0
Enteri ng: Y
Leavi ng: Al
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5.1 (b) (continued)
Tabl eau 2
Y S1 Al S2 A2
g 8 10 0 M 0 M B e
Y 10 0.50 1.00 -0.17 0.17 0.00 0.00 6 12
A2 M [0.50|0.00 0.17 -0.17 -1.001.00 4 8
Zj 5+.5M 10 -1.7+. 17M 1.7-.17M -M M  60+4M
AZj 3-.5M O 1.7-.17M -1.7+1.17M M 0
Ent eri ng: X
Leavi ng: A2
Optinal Tabl eau
Y S1 Al S2 A2
g 8 10 0 M 0 M Bi
Y 10 0.00 1.00 -0.33 0.33 1.00 -1.00 2
X 8 1.000.00 0.33 -0.33 -2.00 2.00 8
Zj 8 10 -0.67 0.67 -6 6 84.00
azj 0 0

0.67 -.67+M 6

Optimal Solution: X =8, Y =2, Zyny = 84

-6+M

5.1 (c) MAX Z: 5X + Y
Subject to: X+ Y 26
2X +Y <8
(X, Y 20)
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5.1 (c) (Lﬁntinued)

Initial Tabl eau
X Y S1 Al S2

G 5 1 0 -M 0 B e
Al -M 1.00 1.00 -1.00 1.00 0.00 6 6
S2 0 |2.00/1.00 0.00 0.001.00 8 4

Zi, -M -M M -M 0 -6M
AZib M M -M 0 0

Ent eri ng: X
Leavi ng: S2
Tabl eau 2
X Y S1 Al S2
g 5 1 0 -M 0 B o

Al -M 0.00| 0.50 |-1.001.00 -0.50 2 4

X 5 1.00 0.50 0.00 0.00 0.50 4 8

Zj 5 2.5-.5M M -M 2.5-.5M 20-2M
AZj 0 -1.5+.5M -M 0 -2.5-.5M
Enteri ng: Y
Leavi ng: Al

Optinal Tabl eau
X Y S1 Al S2
g 5 1 0 -M 0 Bi

Y 1 0.001.00-2.00 2.00 -1.00 4
X 5 1.000.00 1.00 -1.00 1.00 2

Zi 5 1 3 -3 4 14
AZfp 0 0 -3 -M3 -4

Optimal Solution: X =2, Y =4, Zyuw= 14
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5.1 (d) MAX Z: 3X; + BXy; + 7X3
Subject to: 2X; - 4X, + 5X3 £ 12
Xp + 6X; — 3X3 16
5X: + 2X, + X3 7
(X = 0)

v

Initial Tabl eau
X1 X2 X3 S1 S2 A2 A3

cC 3 5 7 0 0 -M -M B e
s1 0 2.00-4.00 5.00 1.00 0.00 0.00 0.00 12 -3
A2 -Ml.OO-3.000.00-1.001.000.00 16 2.67
A3 -M5.00 2.00 1.00 0.00 0.00 0.00 1.00 7 3.50

Z -6M -8M 2M 0 M -M -M -23M
AZ 6M 8M -2M O -1M 0 0

Ent eri ng: X2

Leavi ng: A2

Note: There is no A, since the labels on the variables refer to the
constraints in which they are found.

Tabl eau 4 (Optimal)

X1 X2 X3 S1 S2 A2 A3
C 3 5 7 0 0 -M -M B
S1 0 -4.33 0.000.001.00-1.17 1.17 -1.50 20.17
X2 5 1.33 1.000.00 0.00 -0.08 0.08 0.25 3.08
X3 7 2.33 0.001.000.00 O0.17 -0.17 0. 50 0.83
Z 23 5 7 0 0.75 -0.75 4.75 21. 25

AZ -20.00 0.00 0.00 0.00 -0.75 .75-1.00M-4.75-1. 00M

Optinmal Solution: X, = 3.08, X3 = .83, Zywx = 21.25
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5.1 (e) MNZ 4X; — 12X, + 5Xg
Subject to: X; + 3X — 8X3 =5
2X, — 9%, + 4X; < 14
3X, + 5% — X3 > 7
X2 =2
(X1, X, X3 2 0)
Initial Tableau
X1 X2 X3 Al S2 S3 A3 A4
g 4 -12 5 M 0 0 M M B ®
Al M 1.00 3.00 -8.001.000.00 0.00 0.000.00 5 1.67
S2 0O 2.00-9.00 4.00 0.00 1.00 0.00 0.000.00 14 -1.56
A3 M 3.00[5.00|-1.00 0.00 0.00 -1.00 1.00 0.00 7 1.40
Ad M 0.00 1.00 0.00 0.000.00 0.00 0.001.00 2 2.00
Zj 4M 9M -OM 1M 0 -M M M 14M
AZj -4AM -9M  9M 0 0 M 0 0
Ent eri ng: X 2
Leavi ng: A3
Tabl eau 4
X1l X2 X3 Al S2 S3 A3 A4
g 4 -12 5 M 0 0 M M Bi
S3 0 -2.8830.000.00 0.13 0.001.00-1.00 4.62 2.87
S2 0 2.50 0.000.00 0.50 1.000.00 0.00 7.50 31.50
X2 -12 0.00 1.00 0.00 0.00 0.000.00 0.00 1.00 2.00
X3 5 -0.12 0.001.00-0.12 0.00 0.00 0.00 0.37 0.12
Zj -0.62 -12 5 -0.62 O 0 0 -10.12 -23.38
AZj 4.62 0 0 M 0 0 1M 1M
Optimal Solution: X, = 2, X3 = .12, Zywx = -23.38
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Z = 51.44928
Z = 131. 2329
Z =91.8

Z = -1418481 (infeasible)

Z = 1725

Z = 3255. 146

Z = 7872

Z = 112200

MAX Z: 4X; + 33X + 6X3 + X4 + 4Xs + 7Xs + 3X; + 10X + 5%

+3 X410
Subject to: X + Xo + Xg+ Xg+ Xs+ X+ X+ Xg + X
=1

Xp 2 .05 X =1

X, =2 .02 X £.2

Xs > .1 Xg < .2

X, > .02 X, < .1

Xs > .04 Xs < .25

Xs 2.1 Xe £ .3

X; 2 .01 X; £ .05

Xg > .02 X¢ < .05

Xo > .1 Xo < .5

X0 > .25 X0 < .5
Opti mal Sol uti on:
X, = .05 Xe = .05 S = 0.08 Zuwx = 5. 28
X2 = .02 Xg = .10 816 =0.21
X3 = .16 XlO = .25 Slg = 0.04
Xy = .02 S; =0.2 S = 0.4
Xs = .04 S, = 0.03 S, = 0.25
Xs = .30 S, = 0.05
X7:.01 81420.04

Interpretation: Variables X; through X, are the product proportions.
The other variables in the solution are slack variables. Al of the
products except X; are at either the maxi mum or mi ni num boundaries so
have either a single positive or negative slack representing the range
bet ween maxi num and m ni nrum boundaries. Xz has a value between its
(conti nued)

maxi mum and m ni mum boundari es and thus both a positive and a negative
slack. The positive slack represents the difference between the
solution value and the maxi num boundary and the negative sl ack
represents the difference between the solution value and the mnini num
boundary. X;9 i s the negative slack and X;, i s the positive.
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M N Z: 15X; + 26X, + 17X3 + 18X, + 20Xs + 30X
+ 21X; + 14Xg + 22Xy + 30Xy + 12X3; + 16X,
Subject to: X3 + X, + X3 = 1,500
Xo + X5 + Xo = 2,200
X7 + Xg + XQ = 3, 300
Xwo + X112+ X2 = 1,000
Xp + X4 + X7 + X3 £ 2,000
Xo + Xs + Xg + X33 < 3,500
Xs + Xg + Xg + X3 < 3,000
(X; 2 0)
Opti mal Sol uti on:
Xs = 1,500 (anpbunt shipped fromlll to A
X, = 2,000 (anpbunt shipped froml to B)
Xs = 200 (anpbunt shipped fromll to B)
Xg = 3,300 (anpbunt shipped fromll to Q
X1 = 0 (anpbunt shipped fromll to D; degenerate)
X1, = 1,000 (anpbunt shipped fromlll to D)
X5 = 500 (amount not shipped fromlll; slack)

Zun = $127, 700
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S e et e et i

5.12 MN Z: 35X, + 42X, + 26X; + 19X, + 60Xs
+ 18Xy + 17X + 22Xg + 30X, + 15Xy
+105X;; + 90Xy, + 85Xz + 70Xy + 95Xis
+ 60Xy + 70X;; + 55Xy + 27%0 + 18Xy

Subj ect to:
X+ X+ X + X + X =

Xe + X7 + Xs + Xo + Xwo =
X+ X2 + Xz + X+ Xis =

1
1
Jobs Jobs
1
Xie + X7+ Xig+ Xwo+ Xoo = 1

Xt + Xe + Xuz + Xis < 1
X + Xv + Xz + Xiz £ 1
Xs + Xsg + X1z + Xais < 1 Machines
Xe + Xo + Xia + X9 £ 1
Xs + Xio+ Xis + Xo < 1
Optimal Sol uti on:

X3 =1 (Machine C, Job 1)

X7 =1 (Machi ne B, Job 2)

Xig =1 (Machine D, Job 3)

Xoo =1 (Machine E, Job 4)

Xos5 =1 (Machi ne A, not assigned)

131 m nutes
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5.13 MAX Z: 30X1 + 7X; + 25X3 + 15X, + 10Xs + 20X

Subj ect to: 3X; +.667X, + 2X3 +. 75X, + 1.8Xs + 3.6Xs < 10, 000
X 2 500
X, 2 500
Xg 2 500
X, > 100
Xs = 1,000
Xs > 500
Xa — X3 <0
X5 — 4X3 <0
Xz - X <0
X3 - X - X £0

Opti mal Sol uti on:

Xy = 500 (Nunmber of |arge snokers)

X, = 5,285 (Nunber of snmall snokers)

X3 = 500 (Number of patio tables)

X, = 500 (Number of unbrellas)

Xs = 1,000 (Number of patio chairs)

Xe = 500 (Nunmber of chaise | ounges)

S; = 4,785 (Nunber of small snokers over mininum
S = 400 (Number of unbrellas over mi ninum

Sy = 1,000 (Nunmber by which chairs fall short of 4

ti mes number of tables)
S;; = 5,285 (Nunber by which large and snmall snokers
exceed nunber of tables)

The smal |l snokers and tabl es exceeded their mininums because of their
relatively high profit per square foot of storage requirenent.
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Chapter 6 Goal Programming

6.1 MAX Z: 4%, + 3%, + 5X3 — 50V, - 50V,
Subj ect to: Xl + X2 + X3 - V]_ + Sl = 10
2X1 + X2 + 2X3 + V2 - 82 = 50

(X, S, Vi 20)

Sol uti on:

Xl = O, X2 = O, X3 = 35, Vl = 15, Sl = O, V2 = 0, 82 = 0,

(Note that the maxi mum value of Z is conputed without the violation
variables’ effect, since their weights are arbitrary.) This solution
violates the first constraint by 15 units.

6.2 MAX Z:  2X; + X; + 4X3 + 5X, — 50V; — 50V, — 50V; — 50V ;
S T.: 3% +2X + Xs +4X, +V, — S, = 100
Xl + 2X2 + 3X3 + X4 - V2 + 82 = 50

2X1 + 3X2 + 4X3 + 2X4 + V3 -V 3 = 40

( le X21 X3! X4! Si ’ Vi 2 O)

Sol uti on:

Xl O, X2 = O, X3 = 9. 1, )(4 = 227, Vl = 0, S]_ = 0, V2 = 0, Sz = O, V3 =
0, V3 =41.8, Zyx = 149.1.

(Note that we compute Z without the effect of violation variables.)
This solution violates the equality constrain (#3) by 41.8 units on the
side away fromthe origin.

6.3 MAX Z: -100v; + 100S; -100V, + 100S;
Subj ect to: 4X1 + 2X2 + 8X3 + Vl - S]_ = 100
Xl + 12X2 + X3 + V2 - Sz = 100

Xi + 2% + 3Xg > 18
5X; + X, + X3 < 48
( le X21 X3! Si ’ Vi 2 0)
Sol uti on:
Xl =0 X2 = 48 X3 =0
Vl =4 Sl =0 Zl = 96
V, =0 S, = 476 Z, = 576
6.4 MAX Z: -500V; + 500S; — 100V, + 100S,
Subject to: 2X; + 5X; + 8% + V; — S; = 100
Xl + 2X2 + 5X3 + V2 - Sz = 100
33Xy + 5% + X3 < 60
X1 + 6X, + 4X;5 < 64
8Xy + X + 2X3 > 20
(X1, X, X3, S, Vi 20)
Sol uti on:
% =0 X2 =0 Xs = 16
Vl =0 Sl = 28
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Vz = 20 Sz =0

MAX Z. -100V; + 100S; -500V, + 500S,

Subj ect to: 2X; + 5X, + 8X3 + V; — S; = 100
Xl + 2X2 + 5X3 + V2 - Sz = 100
3X, + 5X, + Xs < 60
Xp + 6X; + 4X; < 64
88Xy + X + 2X; > 20

(Xl, X21 X31 Si1 VI 2 O)

Sol uti on:

Xl =0 X2 =0 X3 = 16

Vl =0 Sl = 28

Vz = 20 Sz =0

MN Z: 2V, + Vi

Subject to: X; + X + Xg + X4 = 100, 000
40X, + 30X, + 20X3 + 15X, > 28(100, 000)
300X; + 500X, + 800X; + 1,500X, + V3 — S; = 80, 000, 000

4, 000X, + 5,000X, + 6,000X; + 9,000X, + V, — S, = 700, 000, 000

Sol uti on:

X; = 52,000 X, =0 Xs =0 X, = 48,000

S, =0 S, =0 V; =0 S; = $7, 600, 000
V, = $60, 000, 000 S, =0

This means that they could produce 52,000 subconpacts, 48, 000 | uxury
sedans, and no conpacts or standard-sized vehicles. They neet the EPA
restrictions exactly; they exceed their profit goal by $7.6 mllion

but they are $60 million short of their sales volune target. |If they
wi sh to offer a full line of vehicles, they should specify some mnini num
nunber of vehicles of each type to be sold, and rerun the problemwth
t hose added constraints.

M N Z: 1V, + 2Vs + 2V + 20V; + 20V
Subject to: X, + X + Xz + X3 + X5 < $8M

X1 > $2M

X5 > 1.5M

X3 > 1.5M

Xl + V4 - S4 = 3M

X2 + V5 - Ss = 2M

X3 + Ve - Se = 3M

X4 + V7 - 57 = .3M

X5 + Vg - Sg = .2M

(Xil Vi! Si 2 O)
Sol uti on:
X; = $2.5M X, = $2M X3 = $3M X, = $.3M Xs = $.2M
SJ_:O SZZO 83:0 V4:$5M S4:O
V5:O S5:O VG:O 86:O V7:O
57 =0 Vg =0 Sg =0
This means that the full amunts requested will be approved for

everything but the water inprovenments, which will receive only $2.5
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il i

mllion. Different sets of weights would lead to different sol utions.

M N Z: 20V, + 10V; + V, + V5 + Vg + V; + Vg
Subj ect to: Xi + X + X3 + X4 + Xg < $250, 000
.03X; + .08X, + .05X; + .09%X, + .06X; + V, — S, = $18, 000
. 10X, + . 05X;3 + V; — S; = $10, 000
X — V, + 54 = $100, 000
Xo + Vs — S5 = $100, 000
Xz — Vg + S¢ = $ 25,000
Xy — V7 + S = $ 10, 000
X5+V8—Sg =$20,000
(X, Vi, S 2 0)
Sol uti on:
$100, 000 X, = $120, 000 Xz =0 X, = $10, 000 Xs = $20, 000
V2=$3,3OO SZ=O V3=O S3=0
S, =0 Vs =0 S; = $20, 000 Ve =0
$25, 000 V; =0 S, =0 Vg =0 S =0

This neans that E. Z. should invest $100, 000 in stocks; $120,000 in
bonds; none in preferred stock; $10,000 in comercial paper; and keep
$20, 000 in savings account. He invests all of the $250,000; he achieves
the goal of $10,000 per year in capital gains; violates none of the
constraints on categories of investnents; but does not quite achieve
hi s goal of $15,000 incone (he is $3,300 short). |If he decides that
goal has a priority of nore than twi ce the capital gains goal, he can

i ncrease the weight on V, and reduce the probl em

This sort of trial and error procedure is very conmon in actua
application of goal progranmng to real problens, and we dignify it
with the term Heuristic problem sol ving.

MN Z: 10V; + V4, + V5 -1S3 — 3S; — 5Ss

Subject to: .5L + .2T + .125D < 300 (total acreage)

L + T + D < 1,800 (zoning restriction)

L+ Vs — S =100 (at least 50 acres |uxury hones)
T+ V, - S, = 250 (at least 50 acres tracts)

D+ Vs — S5 = 400 (at least 50 acres dupl exes)

( Dv Lv Tv Si ) \/I 2 0)

Sol uti on:
L =100, T =0, D=1,700, S; =37.5, S =0, V; =0,
S; =0, V, = 250, S, =0, Vs = 0, S; = 1, 300

This means that they should sell 100 |uxury homesites, 850 duplex lots
(1, 700 homes), and no tract home lots. The zoning restriction is met,
and there are 37.5 acres of land left unused. This unused |and could
be dedi cated to parks or used to enlarge the size of the |ots.

This solution is probably not the final one. A heuristic approach
woul d | ead us to change the wei ghts, perhaps making the requirenent for
some tract homesites absolute, rather than a goal. W would continue
to shift our priorities (and weights) until we arrive at a solution
which is acceptable fromboth practical and theoretical viewoints.
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**6.9 MAX Z: -100Vv; + 100S; -10V2 + 10S,
Subj ect to: 5000M + 6000B + 7000R + V; — S; = 50000
M + B + Vz - Sz = 12
M + B + R < 12
240M + 300B + 300R < 3000
3000M + 4000B + 2000R < 40000
-2M + B + R <0
Sol uti on:
M = 6.8 B=20 R=4.5
Vl =0 Sl = 15910
Vz =52 Sz =0
MAX Z: -10Vv; + 10S; — 1000V, + 1000S,

6. 10

6.11

6.12

Subj ect to: 5000M + 6000B + 7000R + V; — S; = 50000

M + B + +V2 - Sz = 12
M + B + R < 12
240M + 300B + 300R < 3000
3000M + 4000B + 2000R < 40000
2M + 3B + 3R >0
Sol uti on:
M = 6.8 B=20 R=4.5
Vl =0 Sl = 15910
Vz =52 Sz =0
MAX Z: -400V; + 400S; -200V, + 200S, -100V; + 100S;

Subject to: T+ V +V, - S =10
15000T + 12000V + 2000P + 10000L + 6000G +
2000S - V, + S, = 300000

3.00T + 3.00V + 4L + 1.00P + 2.0G - V; + S; = 80
0.75T + 0.75V + 1L — 0.75P - 1.5G =2 0
1.50T + 1.50V - 2L + 0.50P - 2L - G >0
3.00T + 3.00V + 4L + 1.00P + 2G-S <0
75.00T + 75 V + 100L + 25P + 50G = 2000
Sol uti on:
T=20 V = 13 P=5 L=29
G=0 S = 80
V]_:O 81:3
V, = 116000 S, =0
V3:0 83:0

Xi = 4; X, = 5.3333; X, = 4; Underachi evenent Goal 1 = 12800;
Under achi evenent Goal 2 = 8000; Overachievenent Goal 3 = 7333.335; Zyn =
0. Miltiple Optinmal Solutions.

X; = 125; X, = 55.00001; Overachievenent Goal 1 = 0; Underachi evenent
Coal 3 = 40.99999; Zyn = 0. Miltiple Optinal Solutions and Degenerate.
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6.13 CO112 = 7.25; BWB22 = 5.5; Overachi evenent Goal 2 = 100;
Under achi evenent Goal 3 = 142.75; Underachi evenent Goal 4 = 44.5; Zyn =
7045.

6.14 Radio = 600.0002; TV, = 40; Newspaper = 1000; Overachi evenent Goal 4 =
165000; Zyn = 0. Miltiple Optinmal Sol utions.
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Chapter 7 Integer Linear Programming

7.1 Z = 210
7.2 Z = 28
7.3 Z = 116

7.4 4 115. 33

7.5 Let Xq nunber of QMVL10 students

Xo = nunmber of QW10 students
MAX Z: 6X1+9X2 (Profit, 9)
Subj ect to: Xl + 2X2 < 10 (Max. hours per week)

Xl < 3 (Max. QMVL10 students)

X2 < 5 (Max. QW10 students)

Xl, X2 = integer (Integer Restriction)
Xl, X2 > 0 (Nonnegati vity)

7.6 Let Xq = Pinecrest site
Xo = Wodl ands site
Xg = Arbor Caks site
X4 = Regency site
X5 = Hillsboro site
Xg = Hllwood site

MAX Z: 1OOOOXl +12000X2 +20000X3
+24000X, +16000X_ +6000X,

Subj ect to:
+ 1OOOOOX5 + 82000X6 < 600000

X, X, Xo X, X, X

X, X, X, X, X, X
3 o s 7%

1
0

IV A

(Profit, $)

120000Xl + 1OOOOOX2 + 164000X3 + 206000X4

(Total Invest.)
(Binary Restriction)
(Nonnegativity)
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7.7 Let X1 = investnent in Stock A
X2 = investnent in Stock B
X3 = investnent in Stock C
X4 = investnent in Incone Bond A
X5 = investnent in Incone Bond B
X6 = investnent in Incone Bond C
MAX Z: 1OOXl + 200X2 + 60X3 + 120X4
+ 200X, + 80X (Return, $)
S. T: 1OOOX1 +2000X2 +700X3 +1400X4
+1600X5 +800X6 < 5000 (Total Investnent)
Xl + X2 + X3 <2 (Max. # of stocks)
X4 + X5 + X6 > 2 (Mn. # of bonds)
Xl+X2+X3+X4+X5+X634 (Mn. # of invest.)
Xl, XZ, XS, X4, X5, X6 <1 (Binary Restriction)
Xl, XZ, XS, X4, X5, X6 >0 (Nonnegativity)
7.8 Let X = nunber of salesnen allocated to East Region

nunber of sal esnen allocated to South Region
nunber of sal esnen allocated to Sout hwest Region

MAX Z: 14OOOXl + 15000X2 + 15500X3

S.T.: 2750X1 +3000X2 +2500X3 < 150000 (Max. Sal es Expense)
X1 < 40 (Max. Sal esnen, E)
X2 < 40 (Max. Sal esmen, S)
X3 < 40 (Max. Sal esmen, SW
Xl > 15 (Mn. Sal esmen, E)
X2 > 15 (Mn. Sal esnen, S)
X3 > 15 (Mn. Sal esmen, SW
Xl + X2 + X3 < 100 (Total Sal esnen)
Xl, XZ, X3 = integer (I nteger Restriction)
X, X, X >0 (Nonnegativity)

7.9 Let Xl = nunber of sets of nmen's cl ubs
X2 = nunber of sets of wonen's cl ubs
X3 = nunber of sets of junior clubs

MAX Z: 170X + 165X + 145X (Profit, $)
1 2 3 ’
S.T.: 1. 25Xl +1. 3OX2 +0. 75X3 < 100 (Total Hours per Mbonth)
Xl > 5 (Men’ s backl og)
X2 > 3 (Worren’ s backl og)
X3 > 5 (Juni or’ s backl og)
Xl, XZ, X3 = integer(lnteger Restriction)
X, X, X >0 (Nonnegati vity)
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7.10 Let X1 = nunber of lighters

X2 = nunber of mrrors
X3 = nunber of knives
MAX Z: 1OX1 + 8X2 + 7X3 (Pr ofit, $)
S.T.: 2X1 + 8X2 + 10X3 < 32 (Total weight, o0zs.)
X1 > 1 (Mn. # of lighters)
X2 > 1 (Mn. # of mrrors)
X3 > 1 (Mn. # of knives)
Xl, XZ, X3 = integer (I'nteger restriction)
Xl, Xz, X3 >0 (Nonnegativity)

7.11 Xy =4, X; = 4, Zwx = 32

7.12 UB = 27.818 (X; = 0, X, = 3.909, X3 = 1.182)
LB =22 (X, =0, X =3, X = 1)
1
= 21.82
X, €3 X 2 4
UB=26. 0 2 3 UB=27.0
X=0 X=0
Xy=3 X,=4
X5=1. 57 X=1
Stop Stop
*Inferior* *Optimal *
7.13 Xy =8; X =1; Zun = 60
7.14 X, = 8, X, = 13; Zyn = 139
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380.5 (X = 22.167, X, = 0.167)

7.15 UB =
LB = 374 (X = 22, X, = 0)
1
Z=380.5
X, <22 X, > 23
UB = 380.5 2 3
LB =380.29 | X = 22 | nfeasible
X,= 0. 29 Sol ution
X, <0 X, > 1 St op
UB=380. 5 4 5 UB = 380.5
LB = 374 | X, = 22 X, =21 |[LB =379
X =0 X =1
Stop Stop
*Inferior* *Opti mal *

7.16 Xy = 2; X, = 3; X3 = 2; Zwx = 1260.

7.17 Xg = 2 X = 4; Zypx = 48

7.18 X =0 X =1; X3 =1: X =1, Xs

0; Zwx = 72000.

1, X

7.19 Xy =1; X =0; X3 =0; X4 =1; X5 =1; X¢ 1: Zwx = 500.

7.20 X = 15, X, = 15; X3 = 25: Zwx = 822500.
7.21 X, = 6; X, = 3; Xy = 118; Zwx = 18625.
7.22 X =7, X =1, X3 = 1; Zux = 85.

7.23 X, = 6; Xo = 0.667; Zwmx = 32.

7.24 X, = 6; X, = 1.6, Zyn = 55. 2.

7.25 Z = 360000.

7.26 Z = 314.

7.27 Z = 318.
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-
Chapter 8 The Transportation M odel
8.1 (Initial Solution)
" . . , A
A 35 35 Note: Using the Northwest corner

met hod, we do not need the costs to
obtain an initial feasible solution.
B 35 15 50 If we use them we can conpute the
total cost as:

35(10) +35(8) +15(8) +15(3) +65(6) +10(4) +

C 15 65 80 55(3) = $1, 390
D 10 55 65
70 30 75 55 230
8.2
w X y z
10 7 6 4
A L
. 35
8 8 5 7
B — 50
4 3 6 9
o - 10 80
7 5 4 3
D 20 25 20 65
70 30 75 50 230
X 2 1
X A

Note: At one point there is a tie between Row A, Row B, and Columm X It
was broken arbitrarily in favor of Row A

Total Cost by VAM

35(4) +50( 5) +70( 4) +10( 3) +
20(5) +25(4) +20(3) = $960.

Total Cost by Northwest Corner = $1, 390.
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8.3
LA M am
23 7
Atl anta 3 3
31 16
Bost on
8 8
22 14
Chi cago
1 2 3
24 14
Detroit 4 8
(] (]
Dunmmry 1
12 6 23

Total mles for VAM =
3(7)+3(16) +5(2) +3(22) +
8(24)+1(0)= 33,700 niles.

Total miles for Northwest Corner:

44,700 m | es.

Not e:  The nunber

of stone cells is 6, but

8.4

At |l ant a

Bost on

Chi cago

Detroit

R+K- 1

to add an E before we can test for optimality.

Total mles by Northwest
Corner = 44,700

LA M ami New Yor k
23 7 9
3 3 R DK
31 16 2
3 5 s A D8
22 14 8
3 3 5 8
24 14 6
8 8 8 10
0 0 0
1 1 L\
12 6 5 23
22 X kY
kN ¢
2 24
543-1 = 7 so we will need
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w X Y z
10 7 @ 6 4
35 35
ol @] [:|o]
50 50
4 3 6 9
"
70 10
@ 7 5 4 3
20 25 20 65
70 30 75 55 230
70 tons frommne Cto snelter W
10 tons fromnne Cto snelter X
20 tons frommne Dto snelter X
25 tons fromnine Dto snelter Y
20 tons fromnine Dto snmelter Z

Total cost = $960.

Gj = R + K (stone cells)
aZij = Gy - (R + K)

Since all Az values are
positive, the VAM solution is
optimal .

35 tons fromnmne Ato
snelter Z

50 tons fromnine Bto
smelter Y
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8.6
LA M ami New Yor k
Atlanta E 3 3 23 Add the stone cell in the
- =y Atlanta to LA cell, which is
: ' one of those with no stone
31 ! 16 2
Bost on @: ' 32 pat h.
+z ______ > 3 5 8
Let K; =0
22 ‘@ 14 ‘Gb 8
Chi cago 3 3 22 G; = R + K (stone cells
onl y)
@@ y =Gy (R K
Det r oi t . e 5 04 Az = G (R + K)
Bumy 1 1 0
12 6 5 23 The only cell with a
negative AZ; is the Boston
0 .16 -30 to LA cell. The stone path

for this cell goes through
the E cell (Atlanta to LA), and an anount E is all we can nobve around
this path. Therefore, the “inproved” solution will not be any better,
but sinply has the Ein a different cell. Qur VAMsolution is
t herefore optinal .

cars to Atlanta from M am

cars to Boston from M am

cars to Boston from New York
cars to Chicago from Los Angel es
cars to Detroit from Los Angel es

o wUlww

Since the Dunmy destination is supplied fromLos Angel es, one extra car
will stay in LA

Total mles = 33, 700.
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MULTI PLE SCLUTI ON TRANSPORTATI ON PROBLEMS

8.7
0 3 -1 -3
New ad Hand
Machi ne Machi ne  Process Dumy
3 3 2
Chenmi cal 1 5 4 10
S e N R 2
1 1
1 \J
|1 4
1 : o | ()
Hospi t al 4! 4 ! 8
e i
3 3 7 9 !
Govt . ! | 2
Agency 21 |
A RN
7 4 5 4 20
¥ X K In VAM tie between
2 first Row, third Row, and
second Col um was broken
in favor of second
Col um, then in favor of first Let K, = 0 for MODI. The solution
is optimal, since all AZj; 2 0, but since AZzy = 0, there is an alternate
optimal solution. Using the stone path for that cell, we nove 2 units
to obtain the other solution.
New ad Hand
Machi ne Machi ne Pr ocess
3 2 (0]
Chemi cal 3 5 10
1 4 6 0
Hospi t al 4 4 8
3 7 9 (0]
CGovt .
Agency 2
7 4 5 20
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8.7 (continued)

The two sol utions are:
Anal yze 1 chem cal sanple, 4 hospital sanples, and 2 agency sanples on
t he New Machi ne; 4 hospital sanples on the A d Machine; 5 chem cal
sanpl es by hand; and | eave 4 chem cal sanples not anal yzed.
Total hours = 1(3) + 4(1) + 2(3) + 4(4) + 5(2) = 39

Anal yze 3 chemi cal sanples and 4 hospital sanples on the New Machi ne; 4
hospital sanples on the AOd Machine; 5 chenical sanples by hand; and

| eave 2 chenical sanples and 2 agency sanpl es not anal yzed.

Total hours = 3(3) + 4(1) + 4(4) + 5(2) = 39

8.8
Modi
Val ules ° 0 -3 s _nzl a
l St at ME S Queues tion
1 2 1 5 8
O L® Ll x
By VAM we obtain an
initial feasible
oW son 4 4 ! 5 ., 5 o solution. Atie between
1 2 1 the third Row and the
Al first Columm was broke in
6 L6 @ @ 10 . 9 favor of the Col um.
Bar ker 4 i ' 8 @ 4 2
@@l ] &
Roberts T E 2 2 4 X
| kel
No Prof 13 E 1 X
| ASPEEY DR
6 6 3 2 17
The nunber of stone
2 'Y X X cells equals R+ K -1 =
3 8, so no E is needed.
X Let Ky = 0, and conpute
the aZ; val ues.
The solution is optimal: Ponney teaches 4 sections of M@S;, McWI son,

1 Stat, 2 MdS, and 1 Queues; Barker, 4 sections of Stat; Roberts, 2
sections each of Queues and
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8.8 (conti nued)

Simul ati on. The sixth section of Stat nmust be covered by a lecturer, a
graduat e assistant, or not offered.

The only nonpositive AZ; value is the 0 in the dummy row and the Md S
col um, which indicates the existence of an alternate optimal solution.
The stone path for that cell tells us we can nove 1 unit around the
path, so the alternate optimal solution is:

Si mul a-
St at M3 S Queues tion
Ponney 4 4
MEW | son 4
2 1 1
Bar ker
4 4
Roberts 2 2 4
No Prof 1 1
6 6 3 2 17

Ponney teaches 4
sections of MdS; McWI son,
2 Stat, 1M S, 1 Qeues;
Bar ker, 4 sections of Stat;
Roberts, 2 sections each of Queues and Sinmulation. The sixth section
of M@S is covered by a |lecturer, graduate assistant, or not offered.

Preparation tinmes are Ponney 4 x 1 = 4 hrs/wk.; MWIson
(4 x3) +(1x 1) =13 hrs/wk.; Barker 4 x 6 = 24 hrs/wk.; Roberts (2 x
5 + (2 x 1) = 12 hrs/wk. Average preparation is

4 + 13 +424 + 12 _ 13% hrs/wk. /facul ty.
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TRANSPORTATI ON MAXI M ZATI ON PROBLENS

8.9.
Modi Values —> 0 100 50 -120
l Downt own  Subur ban Rur al Whol esal e
40 70 90 0
40
Sports Car E 4 4 20 B¢
60 80 160 110 0
Sedans 7 50 30 110
5 2
120 120 40 100 0
Subconpact s 3 6 9 20 100
3 5 6 6 20
2 oq 3 0 Since we are

maxi m zi ng, the VAM
val ues are the
di fference between the highest (best) and second highest in the row or
colum. In placing the values we choose the highest (best) cell in the
row or colum with the largest first difference (VAMvalue). The
solution is degenerate, since the nunber of stone cells is less than R
+ K-1. W have assigned cell (1,1), which has no stone path, the E
To test for optimality we let K, = 0.

Since we have three AZj; values which are positive, it appears that we
can inprove the solution. Exam nation of the stone paths for the three
cells (1,4), (2,1), and (2,4), however, shows that all three paths
include the E cell in a “renpoval” position, so that the inprovenents
prom sed by the positive inprovenment indices cannot be realized.
Selecting the +80 cell (1,4), we nove the E and have the next tabl eau
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8.9 (conti nued)

Modi Val ues —*120 140 90 0

l Downt own  Subur ban Rur al Whol esal e

; 40 70 90 0
Sports Car 4 E 4

20 80 160 110 0
Sedans 5 2 7

0 120 40 100 0
Subconpact s 3 6 9
3 5 6 6 20

Now the only positive AZj; has

a path in which the Eis in an

“addi ng” position. So we nove

4 units around the path to
obtain the new solution, which has no E (is not degenerate), and no
positive AZj; values, and is therefore optinal

Modi  Val ues —*>120 150 100 0]
l Downt own Subur ban Rur al Whol esal e

4 40 70 90 0
Sports Car 4 4

10 80 160 110 0
Sedans 5 > 7

o 120 40 100 0
Subconpact s 3 4 2 9
3 5 6 6 20

Interpretation: Howard should
whol esal e all 4 sports cars
and 2 of the subconpacts, send
5 sedans to the suburban lot and 2 to the rural lot, and send 3
subconpacts to the downtown lot and 4 to the rural |ot.

Total Profit = 4(0) + 5(160) + 2(140) + 3(120) + 4(100) +
2(0) = $1, 780.
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Modi —> 12 7 13 12
Val ues X R P D
M 4 7 12
M 50 10 60 X
D N “a
. G L
S i 35 i 15 50 K
+ [ HEEEET
Q 20 i E 20 X
s | e el .
Dunmy 20 v 1. . 10 30
40 50 35 35 160
X 1 5 N .
. ¥ 12 We start with
4 t he VAM
sol uti on.

Eval uating the enpty cells by MODI (beginning with R = 0) tells us that
our solution can be inproved by not using 10 units of base R and using
t he unused units of base D to make nore of conbination MD. W ignore
the alternate solution indicated by AZg = 0, since there is a better
solution, and we do need a second suboptinmal solution. Qur optinal
solution is 40 units of MR, 20 of MD, 35 of SP, 15 of SD, 20 of QX
with 20 pounds of X and 10 pounds of R left unused. The total

expl osive force is 40(7) + 20(12) + 35(9) + 15(8) + 20(11) = 1,175,000
pounds of TNT equi val ent.

Mdi —* 7 7 13 12
Vallues X R P D
ACHNE :
M 40 20 60
- o] L] [
S 50

15

20

8.11

40 50 35 35 160
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St eppi ng stone
nethod to test for
optimality:

Optimal Solution 1

VAM X Y z
8 6 10
A 20 20
11 12 16
B 20 20
4 7 9
c 15 5 20
0 0 0
Durmy 5 10 15
25 25 25 75
3 5 B
4 1 1
X Y z
JCHOIE
20
A 20
Glel] I
B 20 20
ol I [
C 15 5 20
I DG
Dumy 5 10 15
25 25 25 75

Max total profit
= 20(8) + 20(16) +
15(7) + 5(9) = $630.
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—all

(conti nued)

Optinmal Solution 2

X Y z
8 <:> 6 10
15 5 20
COCENE
20 20
Ol Ller
20 20
IpnEE
10 5 15
25 25 25 75

Max total profit
15(8) + 5(10) + 20(6) +
20(7) = $630
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test for optimality:

—a
w X Y Z
5 15 4 8
10 180 190 L
8 5 8 14
110 110 3
15 10 18 11
60 50 920 200 b
70 160 180 90 500
3 5 4 3
10 5 14 3
St eppi ng
stone nethod to
w X Y z
el oL
10 180 190
O/ MMEOHIOE
110 110
15 10 18 11
60 50 90 200
70 160 180 90 500
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-
8.12 (continued)
W X Y z
ek [-]e
A 10 180 130
ApEeRLE
B 60 50 110
@ 15 10 18 1
c 110 90 200
70 160 180 90 500
Optinal set of
shi pnent s:
FromAto W = 10
“ A" Y =180
“B* W = 60
B“ X = 50
“ . Cc* X =110
“Cc* Z = 90
Total cost = 10(5) + 180(4) + 60(8) + 50(5) + 110(10) +

90(11) = $3, 590



Solutions Manual and Workbook 91

3 -
8.13
VAM
- A B C
8 4 6
v 14 14 Z
6 11 3
X 6 6 3
13 9 5
Y 4 2 6 12 2
10 7 2
Z 12 12 ’5/
10 16 18 44
y St eppi ng stone
? nmet hod to test for
7 5 2 : H .
5 optinality:
A B C
8 4 6
\% @ 14 14
6 11 3
T Sl
13 9 5
Y 4 2 6 12
10 7 2
IO/ [CV/ 0 N S
10 16 18 44
Total cost =
14(4) + 6(6) + 4(13)
+2(9) + 6(5) +
12(2)

= $216
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8.14
From A B C D E F G H I J Dum Supply

P1 0 120 180 0 0 0 100 0 0 0
P2 0 0 20 0 0 0 0 0 200 0
P3 0 0 0 120 0 0 0 105 0 0
P4 0 0 0 100 0 100 0 0 0 0
P5 0 0 0 0 145 0 0 0 0 100
P6 100 0 0 0 105 0 0 45 0 0

Denmand: 100 120 200 220 250 100 100 150 200 100
nj ective Function Value: 8155
***Mul tiple Optimal Sol utions***
8. 15.

From F1 F2 F3 Ww w W M M M3 M Suppl y
F1 900 0 0 0 100 0 0 200 0 0
F2 0 900 0 300 0 0 0 0 0 0
F3 0 0 900 0 0 100 0 0 200 0
WL 0 0 0 600 0 0 150 0 0 150
w2 0 0 0 0 800 0 0 0 100 0
B 0 0 0 0 0 800 0 0 0 100

Demand: 900 900 900 900 900 900 150 200 300 250
bj ective Function Value: 12400
***Multiple Optinmal Solutions***
8. 16
From To Nunber Cost Anpunt
ML R1 100 10 1000
ML R2 250 13 3250
ML R4 150 16 2400
M2 R2 200 9 1800
VB R1 300 10 3000
VB R3 100 17 1700
w4 R3 300 7 2100
Vb R4 150 11 1650
Dummy R3 100 0 0
Tot al 16900

** Multiple solutions exist

N
ecNoNoNoNeNo)

20

400
220
245
200
245
250

1200
1200
1200
900
900
900

6300
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Mn

Max

Mn

M n

e
Z =

N
1

N
1

N
1

N
1

N
1

Solutions Manual and Workbook

10, 350
114, 300
217,625
15, 030
5, 940

5,270

93
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Chapter 9 TheAssignment Model

9.1 ML-J4, M2-J2, M3-J3, M4-J1, Cost = 10

9.2 PGl- P1, P&-P5, PG3-P3, P&-P2, PGh-P4, Cost = 36
9.3 PGl- P4, P&X2-DWY, PG3-P2, P&4-Pl, PGh-P3, Cost = 28
9.4 ML-J5, M2-J2. M3-J3, M4-J1, DW-J4, Cost = 8

9.5 P1-C3, P2-Cl, P3-C5, P4-C4, P5-C2, Profit = 59,000

9.6 T1-L1, T2-L2, T3-L6, T4-L4, T5-L3, T6-L5,
Profit = 2,900

9.7 P1-C3, P2-d, P3-C5, P4-C4, P5-C2, P6-DW,
Profit = 59,000

9.8 T1-DMWY, T2-L2, T3-L5, T4-L4, T5-L3, T6-LI,
Profit = 2,600

9.9 PGl-Pl, P&-P7, PG3-P5 PG4-P2, PG5-P4, DWI-P3,
DWY2-P6, Tine = 29

9.10 R -SI, R2-S4, R3-S2, R4-S3, Cost = 39
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95

ASS| GNVENT PROBLENMS

9.11

Diana Qdivia Mel Dunmy
Tri al 7 9 0]
Crash 10 7 12 0
Dr ugs 8 10 11 0
Fire 6 4 3 Y

Diana Jdivia Mel Dupmy
Tri al 1 5 Q=
Cr ash 4 3 9 q
Dr ugs 2 6 8 q
Fire 6> © © €

Diarla  divia Mel Dupmy
Tri al o* 4 q
Cr ash 3 2 8 Q*
Dr ugs ] 5 7 q
Fire € © ©

Diana divia Mel Dupmy
Tri al S 2 i
Cr ash 3 o= & <
Dr ugs 1 3 5 o=
Fire 2 © 6=

Di ana covers the trial; divia, the crash; Ml, the fire;

the drug raid. Total

hours expended:

7+ 7+ 3+ 0 =17,

and no one covers
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9.12
Machi nes Tabl eau 2
A B C D A B C D
X 8 2 7 X 6 * 5
J
Oy >< 4 5 6 Y >< g 1 2
B
s
z 5 3 8 9 7z 2 @ 5 6
Dunmy 0 0 0 0 Dummy 0* { © 0
Tabl eau 4 Tabl eau 3
A B C D A B ¢ D
X 4 * X 5 * 4
Y g o g Y >< Q 0~ 1
z * ¢ 4 4 z 1 q 4 5
Dunmy @ p 1 0* Dummy 0* 5 i 15}

Job X on Machine B; Job Z on Machine A; Job Y on Machine C and no job
to Machine D.. Mnimumtotal cost =2 + 5+ 5 + 0 = 12.
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9.13
Bl ack
Jack Poker Baccar at
Lucky 7 9 8
Gus 8 5 8
Slick 6 4 o
Bl ack
Jack Poker Baccar at
Lucky 0 2 1
Gus 3 (0] 3
Slick 2 (0] 5
Bl ack
Jack Poker Baccar at
Lucky © 2 ©
Gus 3 p* 2
Slick 2 D 4
Bl ack
Jack Poker Baccar at
Lucky 0 4 0
Gus 1 (0] (0]
Slick 0 o 2

There are no “lone rangers,” so we arbitrarily assign Lucky to Black Jack and

proceed.
Bl ack
Jack Poker Baccar at
Lucky o= 4 6 Lucky to Black Jack
Gus to Baccarat
Qus T 6 o=
Slick to Poker
Stk - ; - Total Rating =7 +8 + + 4 = 19

Returning to the same tabl eau and assigning a zero which did not appear in
the first solution (Lucky to Baccarat),
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9.13 (continued)
Bl ack
Jack Poker Baccar at Lucky to Baccarat
Lucky D 4 )* Gus to Poker
Slick to Black Jack
Gus 1 D* D
Total rating =8 +5 + 6 = 19
Slick D* D %
9.14
Kan Okl a Ut ah Nev
Benson 9 8 5 6
Jackson 12 7 2 4
Munson 8 5 1 10
Duntry (6] (6] (0] (6]
Kan oKkl a Ut ah Nev
Benson 4 3 D* 1
Jackson 10 5 a 2
Munson 7 4 ( 9
Durry o= © f ©
Kan Okl a ah Nev
Benson 3 2 € O
Jackson 9 4 a 1
Munson 6 3 o* 8
Dunmy o= o = o
Kan Okl a Ut ah Nev
Benson 3 2 1 o*
Kan Kl a Ut ah Nev
Benson 1 0 1 0 W are out of |one
rangers, but not
all zeros are
6 1 0 0 .
Jackson covered. Pick one
at random
Munson 3 0 0 7
Dumry 6 ¢ 4 2
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9.14 (continued)

Kan Xl a Ut ah Nev
Benson 1 g4 1 5
Jackson 6 + 0 64
Munson 3 S o4 7
Dunmy o* O 4 2

Af we select

sol uti on becones:

“Benson to Okl ahona” as a solution option
Benson to Gkl ahoma, Jackson to Nevada

the opti nal
Munson to

Ut ah; Kansas is unassigned. Total cost = 8,000 + 4,000 + 1,000 =
$13, 000.
Kan Okl a Ut ah Nev
Benson T 6 T 68
Jackson 6 T 65 0
[a) Fa¥ 2 n -
Munson 2 Y f
Dunmy o~ 0 4 2

Blf we select

sol uti on becones:
&l ahoma; Kansas i s unassigned.

$13, 000.

Tot al

“Benson to Nevada” as a solution option
Benson to Nevada, Jackson to U ah
cost

the opti mal
and Munson to
= 6,000 + 2,000 + 5,000 =
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9.15

Ace Bob’ s Cal’ s Don’ s
Concrete Grocery Bakery Donuts
Sher i 50 70 20 80
Mbr t 100 60 10 40
Zel da 30 60 60 40
Thur man 60 40 30 30
Ace Bob’ s Cal’ s Don’ s
Concriete Grocery Bakery Donuts
Sher i 3p 10 60 D*
Mor t o= 40 90 6lo
Zel da 2p ox o 2
Thur man D 20 30 30
Ace Bob’ s Cal’ s Donl s
Concrete Grocery Bakery Donuts
Sher i 2 o 50 o*
- N 2N N, an
Ace Bob's Cal"s Dons
Concrete Grocery Bakery Donuts
Sheri 40 O 50 o+
Mbr t D* 2|0 70 50
Zel da 5P D o 30
Thur man D 0= 10 20

Sheri is assigned to Don’s Donuts; Mrt, to Ace Concrete; Zelda, to Cal’s
Bakery; and Thurman to Bob’s Grocery. Total Comm ssions are $80 + $100 + $60

+ $40 = $280.
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.16
Ga M ss Al a La
Jones 10 4 3 5
Smith 4 3 5 2
Pol onski 5 6 8 7
Dunny (0} (0} (0} (0}
G M ss Al a La
Jones Q= 6 1 5
Smith 1 2 Q* 3
Pol onski 3 2 q 1
DUrTrTy d 0* Y O
Ga M ss Al a La
Jones Q= 5 i 4
Smith L 1 Q* 2
Pol onski 3 3 € So
Dunny ok k| fa)
Jones is assigned to CGeorgia; Smith, to Al abama; Pol onski, to
Loui siana; and no one to Mssissippi. Mximmtotal sales are 10,000 +
5,000 + 7,000 + 0 = $22, 000.
.17 From To Cost
Bill C 10
Don A 11
Joe B 12
Tom I 13
Mary D 11
Alice J 14
Ral ph H 11
Trixie G 12
Nor t on F 11
Dummy 1 E 0
Tot al 105

**Mul tiple Sol utions Exist**
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-~
9.18 From To Nurber Cost Ampunt
Hal 1 1 135 135
May 2 1 143 143
June 1 0 133 0
June 3 1 144 144
Ann 2 1 154 154
Dot 3 1 165 165
Norma 2 0 155 0
Nor ma 4 1 147 147
John 1 1 144 144
Dumy 1 0 0 0
Dumy 4 1 0 0

Tot al 1032
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.19
Pr oduct
1 2 3 4
A 9 18 9 21
w
O B 12 15 8 20
R
K
g C 13 20 7 25
r
D 8 10 11 14
1 2 3 4
A 0 9 0 12
B 4 7 0] 12
C 6 13 (0] 18
D 0 2 3
T 2 3 q
A ¢ 7 q
B 4 5 D* 6
C 5 11 D 12
D 5 o= B ©
1 2 3 4
A Q> 24 q 1
B 4 (0 D 1
C 6 q D* 7
D 5 € = o=

Assign Wrker Ato Product 1, Wrker B to Product 2, Worker C to Product 3
and Worker Dto Product 4 for a total cost of $9 + $15 + $7 + $14 = $45.
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9.20

Nei ghbor hood

A B C D
Thugs 500 650 M 400
A
GTHE Men 600 M 450 600
E
N .
c Chi cos M 700 500 500
Yy
Chans 550 400 600 M
A B C D
Thugs 100 250 M 0
THE Men 150 M (0] 150
Chi cos M 200 (e} 0
Chans 150 (0] 200 M
A B C D
Thugs o= 250 M P
THE Men 50 M D* 150
Chi cos M 200 D D*
Chans 50 o= 200 oA

Assign the Thugs to Nei ghborhood A, THE Men to Nei ghborhood C, Chicos to
Nei ghbor hood D, and Chans to Nei ghborhood B for a cost of $500 + $450 + $500
+ $400 = $1, 850.
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- s

Chapter 10 Network Models

10.1 (a)
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—alill

10.2 (conti nued)

(b)

10.3

TE=23

9

1-2-3-4-5-6
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Te
30

CP = 1-3-6-7-8

Cal cul ati on of Sl ack

Activity 2-5 may occur at time 12; must occur at tinme 30 — 12 = 18, 18
— 12 = 6 = slack. Activity 1-2 may occur at tine 5; must occur at tine
18 — 7 =11, 11 - 5 =6 = slack. Activity 6-8 may begin at tine 12;
nust begin at tinme 30 — 10 = 20, 20 - 12 = 8 = sl ack.
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Chapter 10 Network Models

10.5

P = 1-3-4-7

Branch Sl ack = (TL(G) - TE(Z)) — (te(2-5) + te(5—6))

(22 - 4) - (11 + 4)

18 - 15

= 3 weeks (things may be distributed
es 2-5 and 5-6)

bet ween activiti
10.6 Conpletion tinme
10.7 Conpletion tine

10.8 Conpletion tine

27

27

18
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PERT NETWORKS

(b) Te = 20 weeks

(c) 1-2-3-4

(d) g =

o

NE*+THT2 = % 134 =1.93

(e) Z 22220 _ 2 _ 4 o4
451 1.93  1.93
/ 151 P(Te £ 22) =1 - .1499 LI 85%
0 22
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10. 10( a)

(b) Tg = 38 weeks

(c) 1-3-5-8-9

(d)y o

(e) 38 - 8.5 =29.5

29.5 - 15.5 = 14

14 -5=9
(f)y o = 1\/42+32+32+42 = 29 -1 18
6 6
Z = 36 - 38 = -1.69
1.18
4,552 (Pe< 36) = 1 - .95449 = . 04551 or
4.551%
36 38 10. 11 Conpletion time = 35
10. 12 Conpletion tinme = 23. 667
10. 13 Conpletion time = 21.5
10. 14
z= 2120 _ 5
1.92
9.851 P(20 < Tg < 21) = .1985

_an15 . 1985 x $1,000 = $198. 50




10. 15 (a)

(b)
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PR RRRE

week

3-4
week 1-3
week 4-5
week 2-5
week 4-5
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10. 16

Longest Pat h:

10. 17

Longest path: 1-3-5-7-11-12 = 83
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SHORTEST PATH NETWORKS

10. 18

22

14

Shortest Path = 52

10. 19

Shortest Path = 45

10. 20 Total = 29
10.21 Total = 27
10.22 Total = 37

113
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10. 23

M ni mal Spanning Tree = 75

10. 24

M ni mal Spanning Tree = 101

10. 25 Cost = 46

10. 26 Cost

69

10. 27 Cost 1310
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MAX FLOW M N CUT NETWORKS

10. 28

16 13 /O B3

-

11
12

\ 16

1
pat
(e aOte

Pat h Fl ow
2

1-12
0-12 5
Max. Total Flow 27

1-4-7-1 13
1-3-5-6-9-12 6
1-3-4-7-1 3
1-2-6-1 5

10. 29 Max fl ow 2.5

10. 30 Max fl ow 7

10. 31 Max flow = 160

Mn cut @2-3, 2-4, 2-5 (Unused capacity =

S

13

12

0)
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10. 32

Pat h Fl ow
1-3-5-7 16
1-2-4-6-7 9
1-2-3-5-7 6
1-2-3-5-6-7 3
Max. total flow 34

TRAVELI NG SALES REP NETWORKS
10. 33 Distance = 42
10. 34 Di stance = 97
10. 35 Di stance = 42

10. 36 Di stance = 42
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Chapter 11 Forecasting

11.

11.

11.

11.

11.

11.

11.

11.

1 Move avg var = 378.79, Wighted Move avg var = 378.
2 Move avg var = 378.79, Wighted Move avg var = 363.
3 Move avg var = 259.38, Wi ghted Move avg var = 259.
4 Move avg Var = 387.05, Weighted Mve avg var = 387.
5 Move avg var = 428.10, Wighted Move avg var = 428.
6 Move avg var = 387.05, Wighted Move avg var = 287.
7 Answers depend upon probabilities chosen
8 (a) (b) (c)

3 Month 4 Mnth 5 Mont h
Mont h Actual Sal es Average Average Aver age
January 50
February 80
Mar ch 60
Apri | 70 63. 33
May 90 70. 00 65. 00
June 100 73.33 75. 00 70. 00
July 80 86. 67 80. 00 80. 00
August 120 90. 00 85. 00 80. 00
Sept enber 110 100. 00 97.50 92. 00
Cct ober 150 103. 33 102. 50 100. 00
Novenber 130 126. 67 115. 00 112. 00
Decenber 140 130. 00 127. 50 118. 00
(d) Variance = 498. 77 658. 59 876. 00

3 Month Movi ng Average yields the nost

117

79

75

38

05

10

82

accurate result.
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11.9

3 Month 4 Month 5 Mont h
Mont h Actual Sal es Average Aver age Aver age
January 70
Febr uary 60
Mar ch 65
Apri | 50 65. 00
May 45 58. 33 61. 25
June 60 53. 33 55. 00 58. 00
July 45 51. 67 55. 00 56. 00
August 35 50. 00 50. 00 53. 00
Sept enber 40 46. 67 46. 25 47. 00
Cct ober 30 40. 00 45. 00 45. 00
Novenber 15 35.00 37.50 42. 00
Decenber 30 28. 33 30. 00 33. 00

Vari ance = 140.43 173. 05 208. 71

3 Month Moving Average yields the nost accurate result.

11. 10 Month Actual Sal es 3 MVA 4 MVA
1 45
2 32
3 40
4 35 39. 00
5 43 35. 67 38. 00
6 30 39. 33 37.50
7 37 36. 00 37.00
8 45 36. 67 36. 25
9 42 37.33 38. 75
10 52 41. 33 38.50
11 60 46. 33 44. 00
12 55 51. 33 49. 75
13 50 55. 67 52.25
14 53 55. 00 54. 25
15 62 52. 67 54. 50
16 58 55. 00 55. 00
17 70 57. 67 55.75
18 65 64. 33 63. 75
Vari ance = 56. 68 66. 23

3 Month Moving Average is nore accurate than 4 Month
Movi ng Aver age.
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i

11.11 Month Actual Sal es 3 Month Wei ghted Movi ng Avg.

January 50

February 80

Mar ch 60

Apri | 70 . 2(50) +. 3(80) +. 5(60) = 64. 00
May 90 69. 00
June 100 78. 00
July 80 91. 00
August 120 88. 00
Sept enber 110 104. 00
Cct ober 150 107. 00
Novenber 130 132. 00
Decenber 140 132. 00

Vari ance = 451. 00
The 3 Month Wei ghted Moving Average forecast is better
than the sinple 3 Month Myving Average forecast.

11.12 Month Actual Sal es 3 Month Wei ghted Movi ng Avg.
January 50
February 80
Mar ch 60
Apri | 70 .2(50)+.2(80)+.6(60)= 62.00
May 90 70. 00
June 100 80. 00
July 80 92. 00
August 120 86. 00
Sept enber 110 108. 00
Cct ober 150 106. 00
Novenber 130 136. 00
Decenber 140 130. 00

Variance = 471.11
The 3 Month Wei ghted Moving Average forecast is better
than the sinple 3 Month Mving Average forecast.
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11.13 Month Act ual Beds 3 Month Wei ghted Movi ng Avg.

1 130

2 110

3 105

4 120 . 2(130) +. 3(110) +. 5( 105) =111. 50
5 108 113.58
6 127 111. 00
7 122 119. 90
8 115 120. 70
9 133 119. 50
10 128 125. 40
11 118 126. 90
12 125 124. 00
13 140 123. 50
14 120 131. 10
15 135 127. 00
16 130 131. 50
17 145 129. 50
18 138 138. 50

Variance = 91.12

11. 14 Month Actual Sal es Exponential Snoothing (o = 0.6)
January 50 50. 00
February 80 .6(50) + .4(50) = 50.00
Mar ch 60 .6(80) + .4(50) = 68.00
Apri | 70 .6(60) + .4(68) = 63.20
May 90 67.28
June 100 80.91
July 80 92. 36
August 120 84. 95
Sept enber 110 105. 98
Cct ober 150 108. 39
Novenber 130 133. 36
Decenber 140 131. 34

Vari ance = 425.511

The variance is smaller than that of problens 11.1, 11.4,
and 11.5.
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11. 15 Month Actual Sal es Exponential Snoothing (o = 0.5)
January 70 70. 00
February 60 .5(70) + .5(70) = 70.00
Mar ch 65 .5(60) + .5(70) = 65.00
Apri | 50 .5(65) + .5(65) = 65.00
May 45 .5(50) + .5(65) = 57.50
June 60 51. 25
July 45 55. 63
August 35 50. 31
Sept enber 40 42. 66
Cct ober 30 41. 33
Novenber 15 35. 66
Decenber 30 25. 33

Variance = 124.11
The variance is less than that of problem 11.09.

11.16 Month Actual Sal es Exponential Snoothing (o =.7)
1 45 45. 00
2 32 45. 00
3 40 35.90
4 35 38.77
5 43 36. 13
6 30 40. 94
7 37 33. 28
8 45 35. 88
9 42 42. 27
10 52 42. 08
11 60 49. 02
12 55 56. 71
13 50 55.51

11.17 Y = 90.731 + 2.372X

=
=
=
o
<
I

876. 341 — 39. 954X
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11. 19 (a)-

0 1 2 3 4 5 6 7 8 9 io ’x
(c) X Y XY x? Y2
1 0 0 1 0
2 10 20 4 100
3 12 36 9 144
4 20 80 16 400
5 21 105 25 441
6 23 138 36 529
7 30 210 49 900
8 30 240 64 900
9 32 288 81 1024
10 40 400 100 1600
55 218 1517 385 6038
x= 2 -55 v= 218 _ 513
10 10
b = 1517 (20) (5.5) (21.8) _ 3 855

385 - (10) (5. 5)°

a =21.8- (3.855)(5.5)= 0.6
0.6 + 3.855 X

<
I
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11. 20 (a)-

Y A

20

10

0 1 2 3 4 5 6 7 8 9 10 11 12 X

(c) X Y XY x? i
2 35 70 4 1225
3 30 90 9 900
4 50 200 16 2500
5 70 350 25 4900
6 60 360 36 3600
7 40 280 49 1600
8 55 440 64 3025
9 65 585 81 4225
10 45 450 100 2025
11 75 825 121 5625
65 525 3650 505 29625
x=9 -65 v= 322 _55

10 10
p - 3650 - (10)(6.5)(52.5) _ , g
505 - (10) (6. 5)

a =525 - (2.879)(6.5): 33. 788

<
I

33.788 + 2.879 X
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S e et e et i

11. 20 (conti nued)

(d)
2 o [(10) (3650) - (65) (525) T
- [(20) (505) - (65) | [ (10) (29625) - (525)']
5,640, 625 _
(825) (20, 625) 0. 331
R = 0.331 = 0.576
(e) Y = 33.788 + 2.879(14)

74.091

(f) No, the independent variable (X) accounts for only
33.1%of the variation in Y, therefore the forecast
i s not accurate.

11.21 (a)

Monthly
I ncome

4500 1
4000 - .
3500 4 3

3000 -
2500 4
2000 4
1500 4
1000 4 .

500 1

0 T T T T T v Age
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11. 21 (conti nued)

(b) X Y XY S &
29 1200 34800 841 1440000
44 2600 114400 1936 6760000
27 1000 27000 729 1000000
29 1400 40600 841 1960000
37 2700 99900 1369 7290000
31 2200 68200 961 4840000
41 3500 143500 1681 1225000
54 4000 216000 2916 1600000
36 3100 111600 1296 9610000
27 1600 43200 729 2560000
30 1900 57000 900 3610000
43 3700 159100 1849 1369000

428 28900 1115300 16048 81010000
x = 428 _ 3567 vz 28990 _ 5408 33
12 12

, = 1115300 - (12)(35.67)(2408.33) _ o .o

16048 - (12)(35. 67)°

QD
I

2408.33 - (108.28) (35. 67) = - 1454

(c)
[(12) (1115300) - (428) (28900)

R =
[(12) (16048) - (428)° | [ (12) (81010000) - (28900)"|
(1014400)° _
(9392) (1.3691 x 10°) 0
R = 0.8 = 0.894

80% of the variation in nonthly incone is explained
by the variation in age.
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= F.
11. 21 (conti nued)
()
Y = -1454 + 108. 28X

- 1454 + 108. 23(60)

= 5042. 8
11. 22 (a)
120 1
*
.
_ 0] e
w
8 . .
c * * *
o 80 1
— . .
o .
_g .
© 60 - -
o
.
S 40- .
20 A1
0 L) L) L] L] L] 1
0 10 20 30 40 50 60

Units produced per hour

(b) Yes, the production rate has a negative relationship
Wi th cost of production.
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11. 22 (conti nued)

(c) X Y XY X ¥2
3 110 330 9 12100
4 90 360 16 8100
6 100 600 36 10000
10 105 1050 100 11025
12 85 1020 144 7225
18 75 1325 324 5625
20 85 1700 400 7225
24 90 2160 576 8100
30 75 2250 900 5625
32 60 1920 1024 3600
36 85 3060 1296 7225
38 70 2660 1444 4900
44 50 2200 1936 2500
46 65 2990 2116 4225
50 40 2000 2500 1600
373 1185 25650 12821 99075
x= 33 -2487 v= 18 _ g
15 15

L . 25650 - (15)(24-87)(29) = .1.077
12821 - (15) (24. 87)

a =79 - (-1.077)(24.87)= 105. 77

Y = 105.77 - 1.077X
(d)
. [(15) (25650) - (373) (1185)
B [ (15) (12821) - (373)° || (15) (99075) - (1185)° |
_ (-57255)"
~ (53186) (81900) 0. 753
R = -0.868

75% of the variation in cost of production is
expl ained by the variation in units produced per hour.
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S e et e et i

11. 22 (conti nued)

(e) X
Y = 105.77 - 1.077X
= 105.77 - 1.077(60) = 41.15
11.23 (a)
Starts
60 1
50 ¢
] LR 4 “‘0
* . L4
. * e 0‘
40 4 .
P4
30 1 .
L 2R 2R 4
0‘ 0‘ ‘0
2094 o * "0" " M
®e
* e *
*
*
104 »
0 T L) T T T 1
0 10 20 30 40 50 60
Mont h
(b) Abbreviated Regression Results:
> X=1176 > Y=1463
D XY=43410 > X*=38024 > Y’=51977
43410 - (48) (24.5) (30. 48
b - (48) (24.5) (30.48) _; o5,
38024 - (48)(24.5)
a = 30.48 - (0.821)(24.5)= 10.36
Y = 10.36 + 0.821X
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11. 23 (conti nued)
(c)

PEBEL,WWWWWWWWWWNNNNNNNNNNEPERPRPRPPRPRPPRPRERRPRPRERE oo MWN R
NPFPOOWO~NOOUOPRA,WNREPOOO~NOOUOORMRWNPODOO~NOOUULAWDNEO X

12
10
16
20
16
18
17
22
24
26
23
21
24
20
26
21
19
14
16
21
23
26
24
22
28
22
28
32
30
28
33
39
42
46
45
44
48
44
48
52
46
44

Y

11. 18
12
12.
13.
14.
15.
16.
17.

18

82
64
46
28
11
75
57

19. 4
20. 2
21
21. 86
22. 68
23.5
23.5
24. 32
25.14
25. 96
26.78
27.6
28.
29.
30.
30.
31.
32.
33.
34.
34.
35.
36.
37.
38.
39.

39

43
25
07
89
71
53
35
18
99
82
64
46
28
11
93

42. 4
41. 57
42. 4
43. 21
44. 03
44. 85

<
_<)

©
o)
R

1
N

N

-2

2.

Mo TRON R oW

o -

~N O W
N B~ O 0

NN 0O
DD Ho©

[N
SN

. 68
5

-2.5

-5

-11. 14

-9
-5

.32

. 96
.78

-4.6

2.
4.
7.
5.
4.

5.

o ®nd

.43
. 25
.07
. 89
.71
.53
. 35
.18
. 99
. 82
36
54
72
89
07
6

© ~ |
o)
PN o
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Chapter 11 Forecasting
43 43 45.68 -2.68
44 47 46. 5 0.5
45 49 47.32 1.68
46 50 48.14 1.86
47 48 48.96 -0.96
48 46 49.78 -3.78
(d)
Di fference
10 1
*
*
PS *
. * o
5 - . .,
*
’o * . . ° PN . Ve
0 . . R . Mont h
10 20 * 30 40° * 50 60
¢ 'S * . * 'S
5 . - . . * *
*
*
*
-10 A * *
*
_15 -

(e) January = (0.82 +2.14 - 2.89 + 7.25)/4 = 1.83
February = (-2 — 2.68 — 9.71 + 2.43)/4 = -2.99
Mar ch =(3.18 + 2.5 - 4.53 + 5.6)/4 = 1.69
Apri | = (6.36 — 2.5 - 1.35 + 8.79)4 = 2.83
May =(1.54 - 5.32 - 4,18 + 1.97)/4 = -1.5
June = (2.72 - 11.14 — 6.99 — 0.85)/4 = -4.07
July = (0.89 — 9.96 — 2.82 - 2.68)/4 = -3.64
August =(4.25 - 5.78 + 2.36 + 0.5)/4 = 0.33
Septenber = (5.43 — 4.6 + 4.54 + 1.68)/4 = 1.76
Cct ober = (6.6 — 2.43 + 7.72 + 1.86)/4 = 3.44
Novenber = (2.8 — 5.23 + 5.89 - 0.96)/4 = 0.63
December = (0 - 8.07 + 4.07 — 3.78)/4 = -1.95
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11. 23 (conti nued)

Mont h

PR
NRLEB©ONOUOAWNE

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Trend Seasona
Adj ust ed Fact or

N TPRONEOW
o
©

. 6
. 8
0
2.14
-2.68
2.5
-2.5
-5.32
-11. 14
-9. 96
-5.78
-4.6
-2.43
-5.25
-8. 07
-2.89
-9.71
-4.53
-1.35
-4.18
-6.99
-2.82
2. 36
4.54
7.72
5. 89
4.07
5.6
2.43
5.6
8.79
1. 97
-0. 85
-2.68

1.83
-2.99
1.69
2.83
-1.5
-4.07
-3.64
0.33
1.76
3.44
0.63
-1.95
1.83
-2.99
1.69
2.83
-1.5
-4.07
-3.64
0. 33
1.76
3.44
0. 63
-1.95
1.83
-2.99
1.69
2.83
-1.5
-4.07
-3.64
0. 33
1.76
3.44
0.63
-1.95
1.83
-2.99
1.69
2.83
-1.5
-4.07
-3.64

Season
Adj ust ed

- 1.
. 99
.49
.53
.04
.79
.53
.92
. 67
.16
.17
. 95
.31
.31
.81
.33
. 82
.07
.32
.11
. 36
. 87
. 88
.12
.72
.72
.22
.18
. 68
.92
. 82
.03
.78
.28
. 26
.02
77
.42
.91
. 96
.47
.22
. 96

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
OCWWUWUORWOROURNNO LURAODODRADTUIOOD~NWUOPOLORLPNWWWAIIWWEO

01
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(9)

Chapter 11 Forecasting

=
44 0.5 0. 33 0.17
45 1.68 1.76 -0.08
46 1. 86 3. 44 -1.58
47 -0. 96 0. 63 -1.59
48 -3.78 -1.95 -1.83
8-
6-
4-
3
5 2-
g
>
:0 T T T T T 1
g j 10 20 3 40 \k«‘ 50 60
° Mont h
-4-
-6 4
_8-
Trend factor = Y = 10.36 + 0.821X

10. 36 = 0.821(49)
50. 59

Seasonal factor for 49[see (e); nmonth 1] S = 1.83
Cyclical factor, C=-2.5

Y

T+S+C
50.59 + 1.83 - 2.5
49. 92



11. 24 (a) E"b)

a=0.1

Sol ution

Peri od
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Cct
Nov
Dec
For ecast

Vari ance

(c

LOCD\ICDU‘I-&UOI\)I—‘Q

Erro

oo oo

;g@;}&frw

=
QOWO~NOUITAWNPE

[N
[N

78.
.50

r
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
12.

00

00

Measur e
160.
130.
120.
155.
155.
115.
135.
160.
140.
150.
155.
160.

00
00
00
00
00
00
00
00
00
00
00
00

160.
130.
120.
155.
155.
115.
135.
160.
140.
150.
155.
160.

1735.
144.

Movi
Aver

136.
135.
143.
141.
135.
136.
145.
150.
148.
155.

131.

00
00
00
00
00
00
00
00
00
00
00
00

00 1
58

135. 6060
1.3811
0. 0949
0. 3081

16. 1250
12. 5534

ng
age

67
00
33
67
00
67
00
00
33
00

39

160.
260.
360.
620.
775.
690.
945.
1280.
1260.
1500.
1705.
1920.

1475.
956.

Movi ng Wei ght ed
Aver age Movi ng
Forecast Average
136. 67
135. 00
136. 67 143. 33
135. 00 141. 67
143. 33 135. 00
141. 67 136. 67
135. 00 145. 00
136. 67 150. 00
145. 00 148. 33
150. 00 155. 00
148. 33
155. 00
267. 28 131. 39
X2 Y?
00 1. 00 25600.
00 4. 00 16900.
00 9. 00 14400.
00 16. 00 24025.
00 25. 00 24025.
00 36. 00 13225.
00 49. 00 18225.
00 64. 00 25600.
00 81. 00 19600.
00 100. 00 22500.
00 121. 00 24025.
00 144. 00 25600.
00 650.00253725.
25 54.17 21143.

00
00
00
00
00
00
00
00
00
00
00
00

00
75

Wi ght ed

Movi

ng

Aver age
For ecast

136.
135.
143.
141.
135.
136.
145.
150.
148.
155.

267.

136.
138.
139.
141.
142.
143.
145.
146.
148.
149.
150.
152.

1734.
144.

67
00
33
67
00
67
00
00
33
00

28

Y
9872
3683
7494
1305
5116
8928
2739
6550
0361
4173
7984
1795

9998
5833

133

Exponent i al

Snoot hi ng
160.
160.
157.
153.
153.
153.
149.
148.
149.
148.
148.
149.

397.

00
00
00
30
47
62
76
28
46
51
66
29

05

Y-Y

Regr essi on Equati on:

YA =

135.606 +

. 0128
. 3683
. 7494
. 8695
. 4884
. 8928
. 2739
. 3450
. 0361
. 5827
. 2016
. 8205

. 0001
. 0000

(Y-Y)?

529.
70.
390.
192.
155.
834.
105.
178.
64.
0.
17.
61.

600.
260.

1.381122 X

5912
0280
0390
3624
9591
7916
5526
0891
5794
3396
6537
1604

1460
0146
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11. 25 (a)
Al pha value is .2

Sol uti on:
Exponenti al
Peri od Measure Snoot hi ng

1 135. 00 135. 00
2 180. 00 135. 00
3 100. 00 144. 00
4 130. 00 135. 20
5 150. 00 134. 16
6 190. 00 137. 33
7 100. 00 147. 86
8 170. 00 138. 29
9 170. 00 144. 63
10 190. 00 149. 71
11 130. 00 157.76
12 150. 00 152. 21

For ecast

Vari ance 1213. 87

(b)

Obs X Y XY x? Y? \% Y- ¥ (Y-7)?
1 1.00 135. 00 135. 00 1.00 18225.00 139.6795 -4.6795 21.8975
2 2.00 180.00  360.00 4.00 32400.00 141.4802 38.5198 83.7766
3 3.00 100.00 300.00 9. 00 10000.00 143.2809 -43.2809 73.2335
4 4. 00 130.00 520.00 16. 00 16900.00 145.0816 -15.0816 27.4539
5 5. 00 150.00  750.00 25.00 22500.00 146.8823 3.1177 9.7202
6 6. 00 190. 00 1140.00 36.00 36100.00 148.6830 41.3170 07.0958
7 7.00 100.00  700.00 49. 00 10000.00 150.4837 -50.4837 48.6028
8 8. 00 170.00 1360.00 64. 00 28900.00 152.2844 17.7156 13.8427
9 9.00 170.00 1530.00 81.00 28900.00 154.0851 15.9149 53.2846
10 10. 00 190. 00 1900.00 100. 00 36100.00 155.8858 34.1142 63.7794
11 11.00 130.00 1430.00 121.00 16900.00 157.6865 -27.6865 66.5419
12 12. 00 150. 00 1800.00 144.00 22500.00 159.4872 -9.4872 90.0069

Sum 78.00 1795.00 11925.00 650.00279425.00 1795.0000 0000 10459.2354

Avg 6. 50 149. 58 993. 75 54,17 23285.42 149.5833 0.0000 1045.9236

a = 137.8788

b = 1. 8007 Regr essi on Equati on

R*2 = 0. 0425 Yr = 137.8788 + 1.800702 X

R = 0. 2060

Std Error = 32. 3407

MAD = 25.1166
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11. 26

Obs X \4 XY x? Y? \% Y- ¥ (Y-7)?
1 1.00 40. 00 40. 00 1.00 1600.00 42.2564 -2.2564 5.0914
2 2.00 45. 00 90. 00 4.00 2025.00 45.4522 -0.4522 0.2045
3 3.00 49.00 147.00 9.00 2401.00  48.6480 0.3520 0.1239
4 4.00 53.00 212.00 16.00 2809.00 51.8438 1.1562 1.3368
5 5.00 57.00 285.00 25.00 3249.00 55.0396 1.9604 3.8431
6 6. 00 59.00 354.00 36.00 3481.00 58.2354 0.7646 0.5846
7 7.00 61.00 427.00 49.00 3721.00 61.4312 -0.4312 0.1860
8 8. 00 63.00 504.00 64.00 3969.00 64.6270 -1.6270 2.6472
9 9.00 70.00 630.00 81.00 4900.00 67.8228 2.1772 4.7400
10 10. 00 72.00 720.00 100.00 5184.00 71.0186 0.9814 0.9631
11 11. 00 73.00 803.00 121.00 5329.00 74.2145 -1.2145 1.4749
12 12. 00 76.00 912.00 144.00 5776.00 77.4103 -1.4103 1.9888
Sum 78.00 718.00 5124.00 650.00 44444.00 718.0000 0. 0000 23.1841

Avg 6. 50 59.83  427.00 54.17 3703.67 59.8333 0. 0000 2.3184
a-= 39. 0606

b = 3.1958 Regr essi on Equati on

R:*2 = 0.9844 YA = 39.0606 + 3.195805 X

R = 0. 9922

Std Error = 1.5226

MAD = 1.2319

11. 27

bs X Y XY X2 Y2 ¥ Y- ¥ (YY)
1 13. 00 96.00 1248.00 169.00 9216.00 93.1379 2.8621 8.1914
2 17.00 115.00 1955.00 289.00 13225.00 112.8871 2.1129 4.4642
3 11.00 86.00 946.00 121.00 7396.00 83.2633 2.7367 7.4894
4 9.00 62.00 558.00 81.00 3844.00 73.3887 -11.3887 129.7029
5 16.00 110.00 1760.00 256.00 12100.00 107.9498 2.0502 4.2031
6 14.00 100.00 1400.00 196.00 10000.00 98.0752 1.9248  3.7047
7 15.00 105.00 1575.00 225.00 11025.00 103.0125 1.9875 3.9500
8 19.00 120.00 2280.00 361.00 14400.00 122.7618 -2.7618 7.6273
9 22.00 130.00 2860.00 484.00 16900.00 137.5737 -7.5737 57.3605
10 16.00 116.00 1856.00 256.00 13456.00 107.9498 8.0502 64.8050
Sum 152. 00 1040.00 16438.00 2438.00111562.00 1040. 0000 -0.0000 291.4985

Avg 15.20 104.00 1643.80 243.80 11156.20 104.0000 -0.0000 29.1498
a-= 28. 9530

b = 4.9373 Regr essi on Equati on

Re*2 = 0.9143 YA = 28.95299 + 4.937304 X

R = 0. 9562

Std Error = 6. 0363

MAD = 4.3448

Y = 28.95299 + 4.937304 (12) = 88.2006
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Chapter 12 Inventory and Production M odels

12.1 (a) Q = \/(2) (100 10(())0) (200) = 2,000 units/order

(b) Cost/order = (2,000)(%$25) = $50, 000

100, 000

d = ———— = 400/da
(c) 550 y
(dy T = 2, 000 = 5 working days/cycle (1 order/wk)
400 9 ATy
12.2 (a) Q@ = \/(2) (60 100;) (200) = 4,000 units/order
(b) N = 60, 000 = 15/ year
4,000
(c) T* = % = 24 days between orders
12.3 (a) Q@ = (2) (72' OOO) (30) = 1,600 units/order
( 16875) (10)
(b) Sales rate (R) = 721;:(?0 = 200/ day

Q= T.. Rs-2(200) = 400 units

72,000

c) N =
() 1, 600

= 45 orders/year

12.4 @ = \/(2) ((2853)(2;))550) = 1, 000 units/order
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20, 000 =1666. 667 units/ nonth
&;6 nont hs supply/order or N = 20, 000 _ 20/ year
1666. 667 1, 000

12 = 12 =.6 nonth/order

\g 20
12.5 Q@ = \/(2) (4 800) (120) = 480 units/order

(5)
N = 4,800 _ 10 orders per year
480

12.6 Q@ = \/(2) (150 000) (93. 75) = 7,500 units/order

( 5)

150, 000 = 2884.62 units/year
52
7500 _ 5 6 weeks supply or N = 220000 _ o0 o der/year
2884. 62 7,500
52

— = 2.6 weeks/order
20
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QUANTI TY DI SCOUNTS

72 000 _ 6, 000 units/order (w th discount)

12.7
12

TAC, = 72 000(30) o L 600(10)(.16875) + 720,000 = $722, 700
1, 600 2

6, 000
TAC, = 12(30) + 5 (9.8)(.16875) + 705,600 = $710, 921. 25

Accept the discount and save $722,700 - $710,921.25 = $11,778. 75

12.8 W thout discount:

TAC: = ([—)jCo+ (QJch + DC
Q 2

(Zf' 000000j25o ¥ (1' goo) (05)(X) + (20, 000) (200)

= $4, 010, 000

20, 000 = 5,000 units

Wth discount & Q =

TAG = (20’ Ooojzsm (5’00‘)) (05) (X) + 20,000 (X)
5, 000 2

1000 + 20,125 X Were X = Engine cost after discount.

TAC, = TAG
1,000 + 20,125 X = 4, 010, 000
X = $199. 20

[0 Percentage Cunul ative di scount = 200 ;0](')99' 2 (1000/()

= 0.4%
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480 (5) , 4,800
2 480

12.9 TAC

(120) + 4800 (50)

TAC = 1,200 + 1,200 + 240,000 = $242,400 (w thout discount)

242,000 = (ng + 4 200(120) + (4,800)(.97)(50) (w discount)
5 576, 000
242,400 — 232,800 = 9,600 = —Q + ———
2 Q
5 576, 000 _ _ :
0 = §Q+ T - 9,600 (nmultiplying through by Q gives)

5 5
0 = EQZ — 9,600Q + 576,000 (dividing by > | eaves)

0 = @ — 3,840Q + 230,400 (solving by the quadratic fornula)

- (-3,840) = /(3 840)’ - 4 (1) (230, 400)

v 2)

3 840 + \/14, 745, 600 - 92, 600
Q‘ =

2

3 840 + /13, 824, 000

Q‘ =
2

Q6_3,84013,718_§ 7,558

2 2 2
Q@ =61; 3,779 (The larger value is the correct choice)

Check:

TAC = 3 ;79 (5)

4, 800
3,779

(120) + (4, 800) (50) (. 97)

9447.5 + 152.42 + 232,800 = 242, 399. 92

12.10 790. 57

12.11 @& 1496. 66
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12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12

13

14

15

16

17

18

19

20

21

22

Chapter 12 Inventory and Production Models

= 2,000 units/production run

_ [(2) (24 000) (500)
¢ = \/ 24 (. 25)

_ [ (52 000) (300)
Q@ = \/5(1 800 - 1,000)
1, 800

= 3,747 units/run

3 747
1, 000

= 3.75 weeks supply

Q@ = 14242.61

Q@ = 11659.66

Q@ = 36.22

Q@ = 585.09

Q@ = 3333.33; Qmx = 2500; AHC = $26, 250/ yr; ASC = $26, 250/ yr
D = 1000 units/yr; Q = 38.72983; AHC = $0.04

TC = $12,574.46/yr; TC w discount = $11, 377.90/yr;
@ = 661;; Savings fromusing discount = $1, 196. 56/ yr

@ = 2451.938 units/order; TC = $907, 341. 13/ yr

_ (@60 ()
@ @ = (20

= 400 cases

(b)) TIC=+2 DG G = ,2(800) (50) (5) = $200

o O = 2DCo G + G _ \/2(800) (50) (5) + 1 _ 490 cases
Cn G .5 1

(@ V= 2DG G _ [2(800) (50) 1 _ 327 cases
G G+ G (5) (5 +1

0 Units out of stock = 490 — 327 = 163 cases.
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12. 23
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(conti nued)

(e)

(f)

(9)

(c)

(d)

(e)

(f)

(9)

26 G+ & 2(50) (5 + 1 _
"“ Voo < _\/(.5)(800) TR

(. 612) (300)

184 days
0 Qut of stock period = %T

- 163 184
490

=61. 2 days.

Maxi mum i nventory on hand = V* = 327 cases

TIC=\/2 DQ@L:\/z(soo)(so)(S) 1
G+ G .5 +1
= $163. 29
o = PGG G \/2(800)(50) (5) *5 _ 450 cases
G G .5 5
v = [2DG G _ [2(800)(50) 5 _ 387 cases
G G+ G (5) (5 +5

0 Units out of stock = 420 — 382 = 38 cases.

_ 26 G+ G _ 2(50) (5)+ 5 _
T_\/HDT_\/(.s)(soo) 5 - 198 days

O «Qut of stock period = %(158) = 14. 3 days

Max. inventory on hand = V* = 382 cases

5
.5 + 5

= $190.7

TIC = \/2 (800) (50) (. 5)

If the stockout cost is low, it is nore econonmical to pursue a
policy that plans for stockouts.
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12. 24

140 ¢

120

100

80

60 ¢

40

20

Chapter 12 Inventory and Production Models

Line of Balance (8/10)

y

5 10 15 20 25 30 1 2 3 4 5 6 7 8 9 10 11

August Shipping Schedule
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12. 25 ABC Anal ysi s

1101 - $250, 000

15% 2419 - 176, 000
2625 - 157, 000 As = 52%  $583, 000 3itens
1413 - 148, 000
1390 - 94, 000
1984 - 82, 000

30%
1211 - 45, 000
1053 - 28, 000
1717 - 27,000 Bs = 38% $424,000 6 itens
1510 - 22,000
1112 - 19, 500
2207 - 18, 000
1341 - 17, 000
1582 - 10, 000

55% 1117 - 8, 500
1220 - 6, 000
1782 - 5, 000
2725 - 4,575
1608 - 3, 000
1666 - 2,500 Cs = 10% $116,075 11 itens

100% $1, 123,000 20 itens
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Chapter 13 Learning Curves

Chapter 13 Learning Curves

13.1

13.

13.

2

3

(a) Tn=Tix N
Ty = (300)(5)|ogsuog2
= ( 300) ( 5) -0.096919913/. 30102996
= (300) (5) -0 321928095
= 178.7 hours
(b) Tn=Tix G
Ti5 = (300)(3.738; From Table 13.2)
= 1,121.4 hours
(c) Ti1s = (300)(9.716)
= 2,914.8 hours
(a) Ts= (9)(3)Iog.7llog2
= 5.114 hours
(b) Ts = (9)(5)Iog.7llog2
= 3.932 hours
Tiz=Ty + Tp + T3
T, = 15 m nutes
T, = (15)(2)'°9 -71°9 2 = 10.5 mi nutes
Ty = (15)(3)'%9 71092 = 8 523 ninut es

St.3 = 15 + 10.5 + 8.523

= 34.023 m nutes
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13.4 (a) T, = (75)(.850; From Table 13.2)

63. 75 m nutes

(b) T4 = (75)(.723)
= 54,23 mnutes
(c) Tg = (75)(.614)

46. 05 m nutes

13.5 (a) T4:(1)(4)Iog.95/Iogz

( 1) (4) -0. 074000582

. 902 hours

(.902)(60) = 54.15 m nutes
(b) S11:4 = Ty + Tp + T3 + Ty
T, = 60 mn or 1 hour
T, = (1)(2)'°9 /1092 = 95 hrs x (60 min/hr) = 57 nmin

Ts = (1)(3)'°9-%/1092 =922 hrs x(60 nmin/hr) = 55.32 mn

_|
S
I

(1) (4)'°9 -%/10g 2 = 902 hrs x(60 nmin/hr) = 54.15 nmin

3114 = 60 + 57 + 55.32 + 54.15

226.47 m nutes

226. 47

= : = 3.7745 hours
60 (m n/hr)

13.6 T, = (30, 000) (. 640)

= 19, 200 hours x $40 = $768, 000
Ts = (30, 000) (. 596)
= 17,880 hours x $40 = $715, 200

13.7 (a) T, = 22.22 mnutes

(b) T3 18. 805 mi nut es
(c) Tg = 16.2 mnutes

(d) Learning rate = 90%
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13.8 (a) Learning rate = 79.672%
(b) Total Time = 636.489 nmin or 10.6082 hours

13.9 Calculated learning rate: 85.514% An 88% |l earning rate
justified.

is not

13.10 All nine units will take 58.155 hours. The additional time required

for units 7 — 9 is 12.989 hours.
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Chapter 14 Dynamic Programming

14.1 Stage 1
FALL
Price ($) per Dozen
in Stage 1 TPy *
5 1200
6 800
7 500
8 600
9 900
10 1200
Stage 2
SUMVER
Pri ce/ Dozen Price/ Dozen Total Profit Strat egy
St age 2 Stage 1 TPy*  TP* TPy o* S S
5 5 600 1200 1800 $5 : $5*
6 600 800 1400
6 5 700 1200 1900 $6 @ $5*
6 700 800 1500
7 700 500 1200
7 6 900 800 1700 $7 : $6*
7 900 500 1400
8 900 600 1500
8 7 900 500 1400
8 900 600 1500
9 900 900 1800 $8 : $9*
9 8 700 600 1300
9 700 900 1600
10 700 1200 1900 $9 : $10*
10 9 500 900 1400

10 500 1200 1700 $10 : $10*
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14.1 (conti nued)
Stage 3
SPRI NG
Price per Dozen Price per Dozen Total Profit Strat egy
Stage 3 in Stage 2 TPs* > TPy »* > TPy 3* S S S
5 5 400 1800 2200
6 400 1900 2300 $5 :$6 : $5*
6 5 500 1800 2300
6 500 1900 2400 $6: $6 : $5*
7 500 1700 2200
7 6 1000 1900 2900 $7: $6 : $5*
7 1000 1700 2700
8 1000 1800 2800
8 7 800 1700 2500
8 800 1800 2600
9 800 1900 2700 $8: $9: $10*
9 8 700 1800 2500
9 700 1900 2600 $9 $9 : $10*
10 700 1700 2400
10 9 500 1900 2400 $10 : $9 :$10*




Solutions Manual and Workbook 149
= F.
14.1 (conti nued)
Stage 4
W NTER
Price per Dozen Price per Dozen Total Profit Strat egy
Stage 4 in Stage 3 TP X TPy 3* > TP 4* Si: S35 S S
5 5 400 2300 2700
6 400 2400 2800
6 5 500 2300 2800
6 500 2400 2900
7 500 2900 3400
7 6 600 2400 3000
7 600 2900 3500
8 600 2700 3300
8 7 700 2900 3600
8 700 2700 3400
9 700 2600 3300
9 8 1000 2700 3700 $9: $8: $9: $10*
9 1000 2600 3600
10 1000 2400 3400
10 9 800 2600 3400
10 800 2400 3200

Sol uti on:

Pricing Strategy with $1 Restriction

Season:
W nt er Spring Sumrer Fal |
Optimal Price $9 $8 $9 $10
Quarterly Profit $1000 $800 $700 $1200
Cumul ative Profit $1000 $1800 $2500 $3700
Pricing Strategy without $1 Restriction*
Season:
W nt er Spring Sunmer Fal |
Optimal Price $9 $7 $7:8 $5: 10
Quarterly Profit $1000 $1000 $900 $1200
Cumul ative Profit $1000 $2000 $2900 $4100

*For this strategy, it is not necessary to use dynam c progranmi ng. For each
season, sinply select the price that results in the largest quarterly profit.

Elimnating the price restriction results in a $400 increase

n profit.
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14.2 Route: A-B-E-HK-N-P, Total Length: 28
14.3 Route: A-CGE-HL-OP, Total Length: 58
14. 4
Stage 1 Stage 2 | Stage 3 Stage 4 | Stage 5 Stage 6

Optimal Sol ution

5
X

N
N
-
=
>

I
I
| | |
I I 5 I [ 2
2
| | | |
I I I I I
| B | A | B | A I B
| | | | |
1 1 1 1 1
14.5
Sol uti on:
Let Bgo first Pr=4 Pu=7?
X = 2 X = ? % =3
R — > —
S =7 $=5

Begi nning at the end of the problem we work backwards to the start.
The total nunmber of pools he needs next nonth is 8(3 to have on hand at
the end of next nmonth (X, = 3) and 5 to sell next nmonth (Sy = 5).
Therefore, the nunber he carries into the nonth (X plus the nunber he
produces (Py) must equal 8. The optinmum decision will be the

conbi nati on of Xy and Py whi ch maxim zes his profit.
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14.5 (conti nued)
His profit next nonth (in $thousands) is:
Profity = ($6)(5) - PGy - HGy
Profity = $30 - ($5 + $3Py - ($1 + $2Xy)
His profit (in $thousands, as a function of the nunber he carries into

the nmonth and t he number he produces next nonth is given in the
foll owi ng table.

Stage 1
I nventory Production in Profit
Avai |l abl e (Xy) Stage 1 (Py) (TPy) S\ Xo*
0 8 0 5 3
1 7 1000 5 3
2 6 2000 5 3
3 5 3000 5 3
4 4 4000 5 3
5 3 5000 5 3
6 2 6000 5 3

Moving back to this nonth, his total profit for both nonths is the
price this nonth times the nunber sold this nonth, less the cost this
nonth, plus the profit next nonth. This nonth's cost is the sum of
hol di ng cost and production cost (in $thousands)

TG = $1 + ($2) (2) + $5 + $3 (4) = $22.
This nmonth's revenue is the sales price tinmes the number of units sold
TRr = (420 - $2 Sy) St

This two nonth profit, as a function of the nunmber sold this nonth (in
$t housands) is given in the follow ng table.
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- -
14.5 (conti nued)
Stage 2
I nventory Sales in Profit Profit Total Profit
Avai |l abl e(X;) Stage 2(Sy) (TPy) XN (TP  (TPy) +(TPRy)
(000" s) (000" s) (000" s)

2 0 -22 6 6 -16
2 1 -2 5 5 3
2 2 10 4 4 14
2 3 20 3 3 23
2 4 26 2 2 28
2 5 28 1 1 29*
2 6 26 0 0 26

The strategy which naximzes the two nonth total profit is to sell 5
pools this nonth, priced at $10,000 each, carry one over into next
nonth, and produce 7 next nonth. Maxinmumtotal profit is $29, 000.

14. 6
Dal | as Houst on Atlanta

X TR X TR X TR

0 0
0 0 0 0

1 13
1 12 1 9

X3 =5 2 18 XZ Xl XO
- " > 2 18 > 2 14 —

3 15
3 18 3 15

4 4
4 12 4 12

5 -15
5 0 5 5
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14.6 (continued)
STAGE 1 (Atlanta)

Aut os Avai l abl e Aut os Actual ly
to Sell (Xp) Sold (S)) TR * Xo*
0 0 0 0
1 1 9 0
2 2 14 0
3 3 15 0
4 4 12 0
5 5 5 0
STACGE 2 (Houston)
Aut os Avai |l abl e Aut 0s Tot al Revenue
to Sel | (Xg) Sol d (Sz) TR* X* TR* ZTR]__ o*
0 0 0 0 0 0
1 0 0 1 9 9
1 12 0 0 12 =
2 0 2 14 14
1 12 1 9 21 *
2 18 0 0 18
3 0 0 3 15 15
1 12 2 14 26
2 18 1 9 27 *
3 18 0 0 18
4 0 0 4 12 12
1 12 3 15 27
2 18 2 14 32 *
3 18 1 9 27
4 12 0 0 12
5 0 0 5 5 5
1 12 4 12 24
2 18 3 15 33 *
3 18 2 14 32
4 12 1 9 21
5 0 0 0 0
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14.6 (continued)
STACGE 3 (Dall as)
Aut os Avai |l abl e Aut os Tot al Revenue
to Sell (X3) Sol d (S,) TRs* Xo* TRy »* TR *
5 0 0 5 33 33
1 13 4 32 45 *
2 18 3 27 45 *
3 15 2 21 36
4 4 1 12 16
5 -15 0 0 -15
Strategies: Dallas 1, Houst on 2, Atl ant a 2
Dal | as 2, Houst on 2, Atl anta 1
Total Profit is $45,000 and Hal's conmm ssion is $4, 500.
14. 7
K8 astweneh L% 2 onth 5 | sgwmn K
Sy S, S
STAGE 1
3d Month
Units Avail abl e Units
to Sell (X3) Sol d (83) S3 Xq* TRs*
0 0 0 0 0
1 1 1 0 97
2 2 2 0 188
3 3 3 0 273
4 4 4 0 352
5 5 5 0 425
6 6 6 0 492
7 7 7 0 553
8 8 8 0 608
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14. 7 (conti nued)

STAGE 2
2d Month
Units Available Units Total Revenue
to Sell (Xz) Sol d (Sg) TR* ZTRZ- 3*
0 0 0 0 0 0 *
1 0 0 1 97 97
1 98 0 0 98 *
2 0 0 2 188 188
1 98 1 97 195 *
2 192 0 0 192
3 0 0 3 273 273
1 98 2 188 286
2 192 1 97 289 *
3 282 0 0 282
4 0 0 4 352 352
1 98 3 273 371
2 192 2 188 380 *
3 282 1 97 379
4 368 0 0 368
5 0 0 5 425 425
1 98 4 352 450
2 192 3 273 465
3 282 2 188 470 *
4 368 1 97 465
5 450 0 0 450
6 0 0 6 492 492
1 98 5 425 523
2 192 4 352 544
3 282 3 273 555
4 368 2 188 556 *
5 450 1 97 547
6 528 0 0 528
7 0 0 7 553 553
1 98 6 492 590
2 192 5 425 617
3 282 4 352 634
4 368 3 273 641 *
5 450 2 188 638
6 528 1 97 625
7 602 0 0 602
8 0 0 8 608 608
1 98 7 553 651
2 192 6 492 684
3 282 5 425 707
4 368 4 352 720
5 450 3 273 723 *
6 528 2 188 716
7 602 1 97 699
8 672 0 0 672
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14. 7 (conti nued)

STAGE 3
1st Mbnth
Units Avail abl e Units Total Revenue
to Sell (X;) Sold (S)) TR * Xo* YTR,.3* TRy 3*
8 0 0 8 723 723
1 99 7 641 740
2 196 6 556 752
3 291 5 470 761
4 384 4 380 764 *
5 475 3 289 764 *
6 564 2 195 759
7 651 1 98 749
8 736 0 0 736
Sol uti on:
Mont h(i) X S Xi +1 TR
18 4 4 $384
2 4 2 2 192
3 2 2 0 188
Total Profit: $764
or
Month (i) X S Xi+1 TR
1 8 5 3 $475
2 3 2 1 192
3 1 1 0 97

Total Profit: $764
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=
14.8
_AES L an % | Feb 5 1 . | K= 0
HC = $2 HC = §3
§ $, S
X =

Xi - S|

NIi = TR - HG

Total net incone N ;* = MAX {NI; + NI;_;*}

STAGE 1
Mar ch
Units Avail abl e Units
to Sal e (X3) Sold (Ss3) S; Xq* NI 3*
1 1 1 0 44 *
2 2 2 0 86
3 3 3 0 126

*Because all tractors are on hand at the begi nning of Jan, the nunber
of tractors entering this stage X3 will incur holding costs of $5 ($3
for Feb-Mar plus $2 for Jan-Feb).
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14. 8 (conti nued)
STAGE 2
February

Units Avail abl e Units Total | ncone
to Sal e (Xz) Sol d (Sg) NI »* X3* NI 3* >NI 2.3%

2 1 25 1 44 69 *
3 1 23 2 86 109 *
2 50 1 44 94
4 1 21 3 126 147 *
2 48 2 86 134
3 73 1 44 117
STAGE 3
January
Units Avail abl e Units Total | ncone

to Sal e (Xl) Sol d (Sl) NI q* Xo* 2Nl 2.3" 2NI 1-3

5 1 19 4 147 166 *
2 36 3 109 145
3 51 2 69 120
Sol uti on:

Mont h X Si X +1 NI ;

January 5 1 4 $19

February 4 1 3 21

Mar ch 3 3 0 126

Total Net Incone: $166
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14.9 Sol ution:

X S Pi Xi 1 TG

January
February
Mar ch
Apri |
May
June

OQOOFrRrEFEDN
NWNRAEDN
NWNWRF -
OCOOOrHF
A OO ON

Tot al Cost: $43

*1't should be noted, the conputer programwill not totally agree with
t he answer above. The programdid not apply the $4 hol ding cost for
the unit left in inventory for the first period. Therefore, the tota

production cost for the conmputer answer will be understated by $4.
14.10 Sol ution:
Year I Production (P) S I Cost
1 2 4 4 2 $28
2 2 5 5 2 32
3 2 8 6 4 53

Total Cost: $113

*1't should be noted, the conputer programwll not totally agree with
t he answer above. The programdid not apply the $4 hol ding cost for
the unit left in inventory for the first period. Therefore, the tota
production cost for the conmputer answer will be understated by $8.
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e
14. 11
North Sout h East West
X TR X TR X TR X TR
0 0 0 0 0 0 0 0
X, =5 1 21 Xs 1 17 X, 1 20 X, 1 19
—_— > > P

2 44 2 36 2 40 2 39
3 66 3 59 3 62 3 60

4 80 4 79 4 79 4 85
5 95 5 100 5 90 5 105

54 53 Sz Sl
Stage 1
West Regi on

Avai |l abl e (Xy) Al'l ocated (S)) Xo TR*

0 0 0 0

1 1 0 19

2 2 0 39

3 3 0 60

4 4 0 85

5 5 0 105
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14. 11(conti nued)

Stage 2
East Regi on
Total Return

Avai l abl e (X) Al located (S,) Xy TRy* TR* TRy »*
5 5 0 90 0 90
4 1 79 19 98
3 2 62 39 101
2 3 40 60 100

1 4 20 85 105 *

0 5 0 105 105 *
4 4 0 79 0 79
3 1 62 19 81
2 2 40 39 79
1 3 20 60 80
0 4 0 85 85
3 3 0 62 0 62
2 1 40 19 59
1 2 20 39 59
0 3 0 60 60
2 2 0 40 0 40
1 1 20 19 39
0 2 0 39 39
1 1 0 20 0 20
0 1 0 19 19
0 0 0 0 0 0
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14. 11 (conti nued)
Stage 3
Sout h Regi on

Total Return

Avai |l abl e (X3) All ocated (Sy) Xo TRs* TRy »* TRy 3*
5 5 0 100 0 100
4 1 79 20 99
3 2 59 40 99
2 3 36 62 98
1 4 17 85 102
0 5 0 105 105 *
4 4 0 79 0 79
3 1 59 20 79
2 2 36 40 76
1 3 17 62 79
0 4 0 85 85 *
3 3 0 59 0 59
2 1 36 20 56
1 2 17 40 57
0 3 0 62 62 *
2 2 0 36 0 36
1 1 17 20 37
0 2 0 40 40 *
1 1 0 17 0 17
0 1 0 20 20 *
0 0 0 0 0 o *
Stage 4

North Region

Total Return

Avai |l abl e (X,) Al l ocated (Sy) X3 TR*  >TRi.3* 2 TRy 4*
5 5 0 95 0 95
4 1 80 20 100

3 2 66 40 106 *

2 3 44 62 106 *

1 4 21 85 106 *
0 5 0 105 105
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14. 11 (cont

Sol uti on:
Al |l ocat e
Al |l ocat e
Al | ocat e
Al | ocat e

ONO W

or

Al | ocat e
Al |l ocat e
Al | ocat e
Al | ocat e

QwWonN

or

Al | ocat e
Al | ocat e
Al |l ocate
Al | ocat e

A OOPR

nued)

sal es
sal es
sal es
sal es

reps
reps
reps
reps

sal es
sal es
sal es
sal es

reps
reps
reps
reps

sal es
sal es
sal es
sal es

14. 12 Sol uti on:

Franz should take 10 | bs of coffee back to the Ukraine.

to
to
to
to

to
to
to
to

t he
t he
t he
t he

t he
t he
t he
t he

is sumari zed bel ow.

Nort h Regi on
Sout h Regi on
East Regi on
West Regi on

Tot al

Nort h Regi on
Sout h Regi on
East Regi on
West Regi on

Tot al

rep to the North Regi on
reps to the South Region
reps to the East
reps to the West

Regi on
Regi on

Tot al

Ret ur n:

Ret ur n:

Ret ur n:

Ret urn
$66, 000
0
$40, 000
0

$106, 000

$44, 000
0
$62, 000
0

$106, 000

$21, 000
0
0
$85, 000

$106, 000

ltem N, W Total Val ue
Cof f ee 10 10 $1, 700
Tobacco 0 0 0
Vodka 0 0 0
Shortening O 0 0
Total Val ue: $1, 700

The sol ution
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14.13 Sol ution:
The route Mack should take to the peak of M. Norwood is given bel ow.
Base Canp-R2-R6-R8-Peak

The total mininumtime to the peak is 7 hours.

14. 14

Stage 1

Stage 4 I Stage 5
Optimal Sol ution

Sol uti on:

The shortest route fromReno to L.A is Reno-5-Dumy 1-L. A with a
mnimmtotal mles of 113.

14. 15 Sol uti on:

Stage X* P, * S X1 HC PG Tot al Cost

3 2 2 3 1 $3  $120 $123
2 1 6 7 0 0 160 160
1 0 7 5 2 6 170 176

Total Costs: $459
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- s
14.16
Stage 4 Stage 3 Stage 2 Stage 1
X,z 5 Product A | X Product B | X Product C | X Product D X = 0
- > > > —
Sy S, S Sy
Product D
Machi nes Machi nes Used TRy *
Avai |l abl e (Xp) Stage 1 (Sy) (00' s) Xo*
5 5 33 0
4 4 29 0
3 3 25 0
2 2 19 0
1 1 9 0
0 0 0 0
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S e et e et i

14. 16 (conti nued)

Stage 2
Pr oduct C
Machi nes Machi nes Used TR*  TRy* Total Return
Avai |l abl e (X)) Stage 2(S;) (00's) X*(00's) 2 TRy »*
5 5 27 0 0 27
4 26 1 9 35
3 25 2 19 44
2 22 3 25 47 *
1 10 4 29 39
0 0 5 33 33
4 4 20 0 0 26
3 25 1 9 34
2 22 2 19 41 *
1 10 3 25 35
0 0 4 29 29
3 3 25 0 0 25
2 22 1 9 31+
1 10 2 19 29
0 0 3 25 25
2 2 22 0 0 22 *
1 10 1 9 19
0 0 2 19 19
1 1 10 0 9 10 *
0 0 1 9 9

0 0 0 0 0 0*
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14. 16 (conti nued)

Stage 3
Product B
Machi nes Machi nes Used TRs* >TR;.,* Total Return
Avail able (X3) Stage 3(S3) (00's) X* (00's) > TRy =3*
5 5 30 0 0 30
4 26 1 10 36
3 22 2 22 44
2 20 3 31 51
1 12 4 41 53 *
0 0 5 47 47
4 4 26 0 0 26
3 22 1 10 32
2 20 2 22 42
0 0 4 41 40
3 3 22 0 0 22
2 20 9 10 30
1 12 2 22 34 *
0 0 3 31 31
2 2 20 0 0 20
1 12 1 10 22 *
0 0 2 22 22 *
1 1 12 0 0 12 *
0 0 1 10 10
0 0 0 0 0 0*
St age 4
Product A
Machi nes Machi nes Used TRy* >TR.3* Total Return
Avail able (X;) Stage 4 (S;) (00's) Xg* (00's) 2TRy4*
5 5 29 0 0 29
4 25 1 12 37
3 23 2 22 45
2 17 3 34 51
1 13 4 43 56 *
0 0 5 53 53
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14. 16 (conti nued)
Sol uti on:

Pr oduct s Machi nes Assi gned Return ($)

A 1 $1300
B 1 1200
C 2 2200
D 1 900
Total Return: $5600
14. 17
Stage 3 Stage 2 Stage 1
K= 10 B K A K, C K =
— W § o W8 o W $ —
3 60 2 35 1 15
W W W
[tem Al | ocat ed W . Al |l ocat ed Total Value ($)
A 0 0 $ O
B 3 9 180
C 1 1 15

Tot al Val ue: $195




Solutions Manual and Workbook 169

14. 18
A B C D E
s L $ L s [ L s
0 0 0 0 0 0 0 o0 0 0
=9 |1 2% |1 3% 1 s |1 1 [N 105 [P70
" 2 4 12 6 12 3 T2 8 T2 4 >
3 6 3 7 3 5 3 9 3 6
4 8 4 9 4 7 4 10 4 9
5 10 5 11 5 8 5 12 5 10
I's I 4 I3 I, Iy
Sol uti on:
| nvest nent Anopunt | nvested Ret urn
A $1, 000, 000 $2, 000, 000
B 2, 000, 000 6, 000, 000
C 00
D 2, 000, 000 8, 000, 000
E 4, 000, 000 9, 000, 000
Total Return: $25, 000, 000
14. 19
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
I Optimal Solution

()
A
_/

5

Solution: NY. -2.6-10-15.S. F.

1
w
(&)
o
Q

<
(2]

O NY. -3-7-10-15-S. F.

1
w
(&)
o
Q

<
w
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20
21
22
23
24

25

Iltem1-3, 2-4, 3-0, 4-6, 5-2, 6-8, Value

Iltem1-2, 2-0, 3-0, 4-7, 5-6, 6-0, 7-1, 8-0, Value

Chapter 14 Dynamic Programming

M n Cost =

M n Cost

Tot al

Tot al

Cost

Cost

$24
$25
= $5105

%22, 000

510

5725
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Chapter 15 Decision Analysis

DECI SI ONS UNDER CERTAI NTY AND UNCERTAI NTY
15.1 (a) Cut federal spending, decrease federal taxes, anti-abortion.

(b) Maxi mum payoff for the four choices are 1.2, 1.5, 1.1, and .9

mllion, respectively. Optinmumchoice is decrease federal
spending, at 1.5 nmillion.

(c¢) Mnimmpayoffs are .7, .5 .6, and .6 mllion. The nmaximum of
these mnima is .7, for cut federal spending.

(d) Taking a weighted average the best (weight = .6) and worst (wei ght
= .4) outcomes yields

(1.2)(.6)+(.7)(.4)

1.00, (1.5)(.6)+(.5)(.4)
(1.1)(.6)+(.6)(.4)

.90, (.9) (.6)+(.6)(.4)

1.10,
. 78.

(e) (1.2)(c)+(.7)(1-a) = (1.5) (o) +(.5)(1-0)
1.200 - 7o+ .7 = 1.5a - .50 + .5
.5ba+ .7 = 1.0 + .5
.2 = .ba

.2
a=— =.4
.5
?

Check: 1.2(.4) + .7(.6) = 1.5(.4) + (.5)(.6)
?

.48 + .42 .6 + .3

90 90
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15.1 (continued)

(f) Construct the regret matrix

MAX REGRET
0 .8 A4 .
7 0 3 «— MN
.6 .8 0 .8
4 .9 .2 .9

Optimal issue is decrease federal taxes.

(g) LaPl ace weights each outcome equally. Expected vote tallies are

1.5 +.8)/3
+

=. 933 MAX E. V.
6 +.9)/3 =

(1.2 + .7 +.7)/3 =867, (.5 +
(.8 . 767

(.6 +.7 +1.1)/3 = . 800,

Optinmum strategy is decrease federal taxes; expected vote total
933, 333 votes.
15.2

Vot e Count

pati gOW: 1.2 M
Anti tax 7 M

AL Sonay
r eedOm

1.5 M
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15.3 (a) national distribution, $5 mllion.
(b) regional distribution, $.7 mllion.
(c) local distribution, $.2 mllion loss (or better yet, forget it!)

(d) row maxima: .8, 1.2, 5.0. Maximax: $5 million (national
di stri bution)

(e) rowmnim: -.2, -.8, -2.0. Maximn: $-.2 mllion (local
di stribution)

(f) Hurwi cz val ues:

-.2)(.5) = .3, (1.2)(.5) + (-.8)(.5) = .2, (5)(.5) +

+ (
= $1.5. Optinmum choice: National distribution ($1.5

(.8)(.5)
(-2)(.5)
mllion)

(9) Regret matri x:

ROW MAX' S
4.2 .5 0 4.2
3.8 0 .6 3.8
0 1 1.8 1.8 ~ M N MAX
Optimal choice is national distribution
(h) expected val ues are:
(.8 +.2-.2)/3 =.267, (1.2 +.7 -.8)/3 = .367

(5.0 + .6 —2.0)/3 = 1.2

Optimum choice is national distribution. Expected
profit, $1.2 mllion.

15. 4

Profit
$.8 M

ool
Fai r $.2 M

Poor
$-.2 M

>
S,
v s
1.2 M
o=
Regi onal m Fair $.7 M
S . $-.8 M
/00
&
$5 M
ot

Fair $.6 M

Poo,
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—
15.5
. P R
y 80 20
0L 9,
<& -20 0

100 0

-50 30

(a) Optimal alternative = R
(b) Expect ed val ue of payoff for optinmal choice = 30
(c) Expected regret = 10

15.5 (conti nued)

(d) Breakeven value of P at which R & S are equally attractive

80(P) + (-20)(1-P) 100(P) + (-50)(1-P)

100P — 20 = 150P — 50
50P = 30
P=20.6

Q=1-0.6 =0.4
Range of P to make R nove attractive is 0.0 to < 0.6
Range of P to nmake S nove attractive is > 0.6 to 1.0

15.6 Maximax -5, Maximn -2, Hurw cz(.5)-5, Savage -4, LaPl ace-4
EV-4, ER-4

15.7 Al Criteria -10



Solutions Manual and Workbook 175

- s
15.8
P R
2~ 30 30
-10
14 IS
8 .20 10
v
60 0
G.2
B, -4
[ 8 IS
-8
Q
-20 10
G-2— 40 20
0
4 IS
-8
-10 0
(a) Optinal alternative = C
(b) Expect ed val ue of payoff = 0
(c) Expected regret = 4
P R
S w F.s -20 10
. B ﬁﬁ% 60 0
¥ H 8 F .8
RN : -20 10
& o Q
s /S

dac)\ < 40 20
.. O
& 4 E8 -10 )

- Fo
g_ 's \30 -20 10
o
[e)]
y— G 1
£E B (600 2>— 6o 0
3 0 Fo
° o \—/\-20 10
©
]
& TR G 40 20
w E
T —— -10 0
[0\ C2— %0 3
\ 10/ F 1
> -20 10
GO
B T 60 0
m 10/ F 1
o T —— -20 10

40 20
vFl
T —— -10 0
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= i
15.8 (conti nued)
(d) Under perfect information,
If outcone is G select B
If outcone is F, select C
(e) EVPI =4 -0=14
Val ue of probability of outcone G that nakes alternatives B and C
equal ly attractive is:
60(P) + (-20)(1-P) = 40(P) + (-10)(1-P)
80P — 20 = 50P - 10
30P = 10
1
P= —
3
15.9
P R
I 8 30 30
20
26
F.s
v -20 10
G.8 — 60 0
B 44
2
la L2
-20 10
G S _ 40 20
30
16
£ 2
-10 0
(a) Optinal alternative = B
(b) Expect ed val ue of payoff = 44

(c) Expected regret = 2



15.9 (continued)

(d)

(e)

Solutions Manual and Workbook

Deci de using perfect

Under

info

\ 2L F.2
(a0 S
E
o 30 LF0

B (60—

O LFo

&

Gl
oo
(20—
v

B 20\
HF\l

[«
(1020

perfect information,

If outcone is G select B

If outconme is F,

EVPI
or
EVPI

46 — 44 =

2-0=2

select C

2

30

-20

60

-20

40

-10

-20

60

-20

40

-10

30

-20

60

-20

40

-10

20

30

10

10

20

30

10

10

20

177
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DECI SI ONS UNDER PRI OR AND PERFECT | NFORVATI ON

15.10 (a)and (b)

Payof f  Regret

$ 2M $0
$1IM  $0
$.5M  $.1M
$0 $. 6M
$.6M $ 1.4M
$.6M  $.4M
$. 6M $0
$. 6M $0

(c) Expected payoff: $600,000; expected regret: $220, 000;
Optinmal choice is to settle out of court.

(e) EVPI - EV(Regret) = $220, 000
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15.11 (a) and (b)

Profit ($M Regret ($M
30 0

,’1/3\\ 20 0

$ 8M 2111
$11M L/,
<L >~ -5 15

0

-20 40

40
15

0

0
15
30
20
20

10

0 10
(c) Expected profit: $8 million; expected regret: $11 nillion; optimal
deci sion: Select diesel.
(d) EVPI = EV(Regret) = $11 mllion.
15.12 (a) and (b)
Uility Uility

($K) ($K) Ri sk Ri sk
Net Profit Regret Avoider Seeker

5 30-10=20 0 .80 .20
G
$13KV(2) .4 go.go=0 20 50 .10
S 90-60=30 20 .85 .30
S
¢)
\\
& 5 _30-50=-20 40 0 0
=) 1)
Large [CE
II computer [$-2K \(2) .4 40.50=10 10 .65 .15
% ~~_ 90-50=40 10 .90 .40
%
$
%,
N 5 __ 30-40=-10 30 .30 .05
)
8K
$ (2) -4 40-40=20 0 .80 .20

$15K (3)

¥
=L 90- 40=50 0 .95 .65
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15. 12 (conti nued)

(c) Optimal act: order small computer now, switch to |arge conputer if
2 or nore contracts are received. Expected profit: $13,000.

(d) and (e) For the risk avoider, the expected utilities are:
(.5)(.8) + (.4)(.5 + (.1)(.85 = .685,
(.5)(0) + (.4)(.65) + (.1)(.90) . 350,
(.5)(.30) + (.4)(.80) + (.1)(.95) . 565

The optimal act is to purchase the small conputer.
For the risk seeker, the expected utilities are:
(.5)(.2) + (.4)(.10) + (.1)(.30) = .170

(.5)(0) + (.4)(.15) + (.1)(.40) = .100

(.5)(.05) + (.4)(.20) + (.1)(.65) = .170

The smal|l computer and the tinme sharing systemare equally
attractive to the risk seeker

(The utility values are estimtes; your values nay differ
slightly.)
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DECI SI ONS USI NG | MPERFECT | NFORVATI ON

15.13 (a)

(b) $1.5 mllion; add both routes
(c) EVPI = EV(Regret) = $1 nmillion

(d)
Profic (5M) Begret (5M)

i
=

A

500y 2 3
® Add 7 o™ \Lo/s — =1 1
< S - <
& ; \a7s )/ - -
& LR 3 e 5 L a
2 ) =2
. & fﬂ' ‘ﬁ' % H-‘I o 5
o‘\' ‘." F0/3 - 2 3
" e . - m _at . 5
E: 2\a3/ L. .2 2
R/
Y.
(o3
\3/1 )/
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(e)

Predi cti on:

Heavy Li ght
Gi ven: P(PH/ H) = .6
"~ Leavy 30 20 50 P(PL/L) = .8
K
> Revi sed: P(H/ PH) = ig = .75
g Light 10 40 50 1o
P(L/PH) = = .25
40
40 60 100 P(H/PL) = 22 = 33
60
p(L/PL) = 20 - g7
60
rior

Probabilities

(f) Add both A and B; expected Profit: $3.25M expected Regret:
$. 5M

(9) EVSI = $1.5M - $1.5M = 0.

Al ternatively, EVSI = EV(Regret)prior — EV(Regret)
with added information: EVSI = $1M - $1M = 0.

This result nmerits further explanation. Note that the act we
chose after receiving a “Low prediction was the sane as the one
chosen after a “Hi gh” prediction, and it is the sane act we

sel ected under prior information. Thus, we have totally ignored
the added information—t is valueless to us! The mathematics
support this fact by showi ng that EVSI = 0.

(h) The efficiency is zero, since the predictor did not reduce the
uncertainty at all. EV(Regret) = $1M

15. 14 (a) Mnimin - B, Mnimx — A& C, Hurwicz(.5 - C & D,
Savage — D, LaPlace - C

(b EV-B ER-B EV-C ER-C EV-C ER- C

15. 15 Maximax — 6, Mnimax — 0, Hurwicz — 3 & 4, LaPlace - 2, EV - 1, ER -
1.
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15.16 (a)

Annual Profit  Repre:

$1,000

(b) Rent the hone out. Expected profit = $1,100/year.
(c) EVPI = EV(Regret) = $300.

(d)

Annunl Profic Regret

[J=tea_f1300 e Lot 1,00
3 o/ o) - ;
B
4? 'h“r B — 7,000 [}
= e Q"'b m %
‘rﬂ nﬁfu‘:ﬂ' i W 300 500
hh‘ 1‘EE'F'J_ _‘!!!.L 1,000 1,000
o e, \160 / 1,000 0
i
L oy 1,000 a
\a0 ) 500 300
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—
15.16 (continued)
(e)
Prediction
Good Bad
Gvenn RARGG =.8
Actual Iy Good 32 8 40 RPR'B =.7
Revi sed: (G FQ = 2—5 64
Actual Iy Bad 18 42 60 18
B == =.36
RBE R 0
50 60 100 _ 8
G = — =.16
RGP 0
42
B = — =%
REB M =
If the predictionis “Good,” rent; if it is “Bad,” sell.
() EVSI = $1,230 - $1,100 = $130 or: EVSI = $300 - $170 = $130.
(9) Efficiency = EVS = $130 = 43. 3%
EVPI $300



Solutions Manual and Workbook 185

SAMPLE S| ZE DETERM NATI ON
15. 17

L

LI Ll

81,000 1,000

-]
=

® @
|

{

2

%
3

g =

q
g

BHEEE I? POEGE®C

:
i
:
:
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15.17 (conti nued)

™.45Y L2800 d=1

(a) Accept

(b)  $80

(c) EVSI; = $80 - $80 = 0
EVSI, = $80 - $75.20 = $4.80
EVSI; = $80 - $74.56 = $5.44
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15. 17 (conti nued)
(d) Optimal sanmple size is n =2
ENGS = $4.80 - $4.00 = $.80

For | arger sanple sizes, the cost of sampling is
greater than the cost saving.

(e)  $4.80/$80 = .06

dufll dol
?':H.ﬁj-%%
Good Lot | 72 i &0 .
BE/E e ) =12
Mdlor | 12 8 30 L
T S T T -":‘:"5'1:"%-.5&

]
FiRfA = -
PR = 1) i 1
Pid=0/pn=1, ?{l A} = .9

Gaod Lo
Fld=llp=1, F = 1}=.1
d
PFfd = Ojn = L, Fﬂ = &} = b
fad Lag
Fld=lle=1, F'i = L) = 4

Note that a sanple of n = 1 does not change our optinal act.
expected profit is $80.

d=0 d=]1 d=7]

F,=.1 | Bdd 164 B 00

. .4 1 ] n .l i]

20 140 &0 |1,000

d=0d=1 d=d d=]

Fa= -1 | 5837 | 1944 216 8 | 8000

Pe=oh | 432 | Bk | 576 | 128 | 2000

kb4 | 1808 9 | 136 10000

The

15. 18 Maxi max — Large; Maximn — Small; Hurwicz (o = 0.4) - Large; Savage —

Medi um LaPl ace — Medium EV — 70, Medium
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15.19 Maxi max — Manufactue; Maximn — Buy; Hurwicz (o = 0.3) — Buy; LaPlace -
Buy; Savage — Buy. EV - 50, Buy.

15.20 EVI1 - .450008. Efficiency - .1500003.

15.21 EV(A | Good) = 802.0834; EV(Ay Fair) = 533.333; EV(A Poor) = 29.03226).
EVI1 = 18, Efficiency = .45.
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Chapter 16 Waiting Lines (Queues)

1 A 10
16.1 A =10/hr., S= — = 11/hr., U= — = — = .91,
VBT S 11
Ts = L = ! X 60 = 60 m nutes

S- A 11 - 10

To=UTs = .91 x 60 = 54.6 m nutes
_ - 1
Ns = ATs = (Ej X 60 = 10 custoners
Yes
16. 2 A=(1)x60=30/hr., s=L X 60 = 40/ hr, u=é=@=.75
2 3) S 40
2
Ts = ! = 1 X 60 = 6 mnutes
S- A (40- 30)
To=-UTs = .75 x 6 = 4.5 m nutes
_ - 1
Ns = ATs = (Ej X 6 = 3 custoners
Yes
1 1
16.3 A= |=| x 60 = 12/hr., s = = x 60 = 15/ hr
5 4
2 2
(a)[\b: A = 12 :ﬂ_:gz
S(S- A) 15(15- 12) 45
(b) Ts = ! =1=20m'n
S- A 3
(c) Po=1-U=1- Aoyl 2,
S 15
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16.3

16. 4

Chapter 16 Waiting Lines (Queues)

(conti nued)

(d)

(a)

(b)

(c)
(d)

(e)

(f)
(9)

(h)

(i)

(i)

(k)

1 - (Po+ P+ P) =P(N>2)
Po=.2
P, =(1- .8)(.8)1!=.16
P, = (1- .8)(.8)2%=.128
Psr =1 - (.2 + .16 + .128) =1 - .488 = .512
@ = 7.5 mns.
8
@ = 6.0 mns.
10
8 arrivals/hr.
10 custoners/ hr.
Ts = ! = L =.5=30mn
S- A 10 - 8
To = A = 8 —i=4=24m'ns.
S(S- A) 10(10 - 8) 20
6 mns
Ns = A = 8 = 4 custoners
S- A 10 - 8
2 2
[\b: L = L = 6_4 = 3.2 custoners
S(S- A) 10(10 - 8) 20
Po=1- U=1- é =1 - ﬁ = .2 = 20%
S 10

3
j (1 - Ej = .1024 = 10. 24%
10

LY
&
I
S
I
LY
7
1l
@
[
N
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16.5 (a) % = 12 mns
(b) 66_0 = 10 mns

(c) 5 arrival s/ hr.

(d) 6 custoners/ hr.

() To= —1 = 1 _qnq
S-A 6-5
- A 5 .
) To= —b = = 2 =50 nins.
D *% 5s-A " 66 -5
(9) 10 mins.
(hy Ns = S —
S-A 6-6
A (5)° 25
) Ne= — 2 = = 2 =417
() SS-A 6(6-5 6
(i) Po:1-U:1-g:1-22.1667=16.67%

(k) Pns>2) = Pins 53 =1 - (Po+P1+P2+P3)

1 5\ (1 5 25) (1 25 125) (1 125
Po- =; Po=|2][2] = =; P-|2||2| = == P =|22)[2] = ==
6 66 36 36)\6 216 2166 1296
Po»2 =1 - (.17 + .14 + .116 + .096)
=1 - (522) = .478 = 47.8%

16.6 A = 11
S = 2N where N = nunber of servers

(a) S; = 2(3) = 6 custoners/ hr.
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16. 6 (continued)

(b) U= é E <1 11 < 2N
S 2N
E <N
2
N > 5.5
N = 6 workers
1 1 1 1 1
(¢) Ts-= = —— < = - < =
S- A 2N - A 4 2N - 11 4
4
<1 4 < 2N - 11 15 < 2N
2N - 11
N> 7.5 N=28
(d) Ts = 1 = ; =1 hr.
S- A 12 - 11
(e) To-= . 11 - . 55 m ns.
S(S - A 12(12 - 11) 12
(f) Ns = A -t 11 custoners
S- A 12 - 11
2 2
(9) No = _A . (11) = 10.08 custoners

S(s- A 12(12 - 11)

2

(P = (1 : Ej (Ej = (0833)(8403) = .07 = 7%
12)\12

(i) Pn 23 =1 - (Po+ P+ P2)

=1 - (.0833 + .0764 + .07) = .7703 = 77%
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16.7 A = .75

S =.5D- .05

S, =.5- .05 =.45 Infeasible (S < A

S, =1- .2=.8 Ne = 14. 0625

S; = 1.5 - .45 = 1.05 Ng = 1.7860

S, =2- .8=1.2 Ny = 1.0420

Sy = 2.5 -1.25 =1.25 Ng = .9

Cost

16.

2 hands  (3)(2)($40) + $750(14.0625) = $10, 786. 875

3 hands (3)(3) ($40) + $750 (1.7860)
4 hands (3)(4)($40) + $750 (1.0420)
5 hands (3)(5)($40) + $750 (.9)

4 dock hands is optinmm

(a) A = 45/ hr
S = 0 12/ hr
5
- 45
M ni mum nunmber of servers = —
12
. . A 45
(b) Traffic density = — = ———
NS 4(12)

$1, 699. 500

$1, 261. 500*

$1, 275. 000

= 3.75 = 4 servers

0. 9375

(Round to .95 and use table for Py)

P, = . 005

=
o
]
—
wl>
NG
P4
3

(N - 1)1 (NS - A)

193
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16. 8 (conti nued)

= - GET - ( 005)

(3)! (4(12) - 45)

12 (197. 75)
(6) (9)

= (.22hr.)(60) = 13.2 nin.

(. 005)

(c) MNo=ATo= (45)(22) = 9.9 waiting

No 9.9

(d)  Average number per line = — = — = 2.5 per line
16.9 (a) A = 45/hr.
S = 80 12/ hr.
5
. _ _ 45 _
Wth 5 lanes, Traffic density = z557E§ = .75
Fromthe table, Py, = .019
N
(s
To = ZF%
(N- 1)1 (NS - A)
5
12(‘1@
= > (019)

. 0313 hr

(.0313)(60) = 1.9 nins.

(b)  No = (45)(.0313) = 1.4 waiting
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16.9 (continued)

N
T L
NI S) NS- A

- L (45j5 %9 (o19)

120 \12) 15
= .47
The probability that a custoner does not have to wait is 1 - .47 = .53.
16.10 (a) A = 45/hr
S = jﬁl = 13. 33/ hr
4.5
Nrin = AL 45 = 3.375 = 4 | anes
S 12. 33
(b) Traffic density = ———:Ei——— = .85
4(13. 33)

Fromthe table, Py = .019

(13. 33) [ 45 j

13. 33
(4 - 1)! (53 - 45)°

(. 019)

(13.33) (129. 9)
(6) (64)

= (.086)(60) = 5.14 nin

(019) = .086 hr

(c) Wth 5 checkers at $5/ hr,
Total cost per hr. = $5 x 5 = $25
Wth 4 checkers at $5/hr, and 4 sackers at $3/hr
Total cost per hr. = (5 x 4) + (4 x 3) = $32

Therefore, the approach with 5 checkers is nore cost effective.
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10
11
12
13

14

15

Chapter 16 Waiting Lines (Queues)

—
ATS = 44.24
ATS = 12.13
ATQ = 12.5 minutes, ATS = 15 minutes; ANQ = 4.1666667; U = 83.33333%

ATQ = 1.695239 m nutes; ATS = 5.195251 mi nutes.

Wth the five servers, the average tine in the queue (ATQ increases to
2.21645 and tinme in the system (ATS) increases to 6.21645. There is
not a significant increase in these val ues.

ATQ = 85. 00002 m nutes; ANQ = 4.816668 custoners; ATS = 100
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Chapter 17 Simulation

17.1 Total Ordering Cost = (Annual demand/ Order quantity) x order cost (per
order)

Total Holding Cost = (Order quantity/2) x holding cost (per unit per
year)

Order Cost = $100 per order

Hol di ng Cost = $5 + $10 = $15 per unit per year

Quantity O der Cost Hol di ng Cost Total Cost
330 3030. 30 2475. 00 5505. 30
370 2702.70 2775. 00 5477.70
390 2564. 10 2925. 00 5489. 10
360 2777.78 2700. 00 5477.78
365 2739.73 2737.50 5477. 23
364 2747. 25 2730. 00 5477. 25
366 2732. 24 2745. 00 5477. 24

Opt i mum nunber of franmes Fl eetway should order at a tine = 365.

Togal Cost
L
1510
5500
5450
TeB0
5470 i
30 340 150 1 I 180 %0

Ordar Quantity
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Chapter 17 Simulation

17.2 Conpany’'s Cost of Capital = 10% of cost of frane.

Order range = 0 to 499 franmes.

Unit cost = $100
Cost of capital = 10% of $100 = $10

Hol ding cost = $5 + $10 = $15

Total purchase cost = Annual demand x unit cost

O der Tot al Tot al
Quantity O der Cost Hol di ng Cost
200 5000 1500
400 2500 3000

499 2004 3742
370 2702.70 2775
360 2777.78 2700
365 2739.73 2737.50

Tot al
Pur chase Cost

1000000
1000000
1000000
1000000
1000000
1000000

Lowest total cost is at an order quantity of 365 franes.

Order Range = 500 to 999 franes.

Unit Cost = $95
Cost of Capital = 10% x $95 = $9.50

Hol di ng Cost = $5 + $9.50 = $14.50

O der Tot al Tot al
Quantity O der Cost Hol di ng Cost
500 2000 3625
520 1923 3770
700 1429 5075
900 1111 6525

Lowest total cost occurs at an order quantity of 500 units.

Order Range = 1000 to 4999 franes.

Unit Cost = $90
Cost of Capital = 10% x $90 = $9. 00

Hol ding Cost = $5 + $9 = $14

O der Tot al Tot al
Quantity O der Cost Hol di ng Cost
1000 1000 7000
3000 333 21000
4999 200 34993

Lowest total cost occurs at an order quantity of 1000 franes.

Tot al
Pur chase Cost

950000
950000
950000
950000

Tot al
Pur chase Cost

900000
900000
900000

Tot al
Cost

1006500
1005500
1005746
1005477. 7
1005477. 7
1005477. 2

Tot al
Cost

955625
955693
956504
956504

Tot al
Cost

908000
921333
935193
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17.2 (continued)
Order Range = 5000 or nore.
Unit Cost = $80
Cost of Capital = 10% x $80 = $8.00
Hol ding Cost = $5 + $8 = $13
O der Tot al Tot al Tot al Tot al
Quantity O der Cost Hol di ng Cost Pur chase Cost Cost
5000 200 32500 800000 832700
7000 143 45500 800000 845643
10000 100 65000 800000 865100

Lowest total cost occurs at an order quantity of 5000
franmes. Optinumorder quantity is 5000 frames at a m ni mum
total cost of $832, 700.

Toxa :? Coapr [chewmiand)

ool

14 0i]

oo

-
g

s | 500 Loao 1000 3000 R000 wo00 pr

33 Drdar Quanricy
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17.3 Slims RN s Stretch’s RN' s
YES 00 — 84 00 - 89
NO 85 — 99 90 - 99
TRY Resul ts

1 83 1 36 1
2 51 1 38 1
3 52 1 58 1
4 19 1 63 1
5 87 - 86 1
6 97 - 01 1
7 18 1 82 1
8 18 1 29 1
9 32 1 76 1
10 54 1 97 -
11 02 1 17 1
12 06 1 57 1
13 47 1 08 1
14 72 1 20 1
15 96 - 52 1
16 27 1 85 1
17 14 1 92 -
18 35 1 66 1
19 48 1 44 1
20 92 - 78 1
16 (80% 18 (90%
17. 4 D P( D) RN s

25 . 05 00 - 04

30 . 05 05 - 09

35 .10 10 - 19

40 .20 20 - 39

45 .25 40 — 64

50 .20 65 — 84

55 .15 85 — 99

Day RN SALES

1 00 25

2 92 55

3 35 40

4 32 40

5 33 40

6 59 45

7 42 45

8 78 50

9 26 40

10 62 45

425 X $1.00 = $425

(Aug=42. 5/ day)
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17.5 D P( D) RN s

80 .15 68 - 82
85 .10 83 - 92
90 . 05 93 - 97
95 .02 98 — 99
75 Reorder 85 Reorder
QIR RN SALES STOCKOQUTS STOCKQUTS
1 70 80 5 0
2 28 75 0 0
3 95 90 15 5
4 85 85 10 0
5 02 75 0 0
6 17 75 0 0
7 28 75 0 0
8 57 75 0 0
30 5
St ockout Carrying
Reor der Cost Cost Tot al
75 $900 $0 $900
85 $150 (10 x 10 x 2)$200 $350
17.6 D P( D) RN s L P(L) RN s
16 .15 68 — 82 5 .10 65 — 74
17 .10 83 - 92 6 .15 75 — 89
18 .05 93 - 97 7 . 05 90 - 94
19 .02 98 — 99 8 . 05 95 — 99
STOCKQUTS STOCKOUTS
QTR RN D RN L L x D (85) (90)
1 65 15 34 <4 -
2 06 15 16 <4 -
3 16 15 48 <4 -
4 34 15 97 8 120 35 30
5 59 15 74 5 -
6 44 15 54 <4 -
7 96 18 09 <4 -
8 70 16 12 <4 -
35 30
St ockout Carrying
Reor der Cost Cost Tot al
85 $1, 050 0 $1, 050
90 $ 900 $100 $1, 000

17.7 Avg. nbr. in system= 3.12.

17.8 Avg. nbr. in system= 13.4
17.9 Avg. nbr. in system= 5.3
17.10 Avg. nbr. in system = 3.7333

17.11 (a) Worren Men



202 Chapter 17 Simulation

i i
Flu (.2)(12) = 2.4 (.3)(8) =2.4 - 4.8 (about 5)
No Fl u 9.6 5.6
(.6)(20) = 12.0 (.4)(20) = 8.0
Mal e Femal e
RN s RN s RN s

Mal e 00 - 39 Flu 00 - 29 00 - 19

Fenmnl e 40 - 99 No Fl u 30 - 99 20 — 99

Arrivals RN Mal e RN Femal e RN Flu
1 27 X 07 X
2 85 X 85
3 14 X 07 X
4 92 X 62
5 35 X 09 X
6 66 X 13 X
7 48 X 34
8 44 X 89
9 92 X 09 x
10 78 X 76
11 53 X 07 x
12 60 X 53
13 76 X 39
14 46 X 81
15 53 X 31
16 32 X 63
17 62 X 69
18 99 X 15 X
19 01 X 16 X
20 90 X 95
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Col fer

QUOWO~NOUIAWNE

=

NOTE:
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G een
Trap
Lake

Lake
G een
Trap

RN
84194847
47775872
89863921
56230612
78276936
25366137
89178620
50639006
26289026
63632100

Tee Shot Trap Shot
P(N) RN N PN RN
.3 0-2 G een .8 0-7
.5 3 -7 Trap .2 8 -9
.2 8 -9
Lake Shot Green Shot
P(N) RN N PN RN
21 0 3 Putt .2 0-1
.6 1 -6 2 Putt .7 2 -8
.3 7 -9 1 Putt 21 9
Results Strokes
| ake, penalty, green, 3 putt 6
trap, green, 2 putt 4
| ake, penalty, trap, trap, green, 2 putt 7
trap, green, 2 putt 4
trap, trap, green, 2 putt 5
green, 2 putt 3
| ake, penalty, trap, green, 2 putt 6
trap, green, 2 putt 4
green, 2 putt 3
trap, green, 2 putt 4
Average 46/ 10 = 4.6 46

Only the REALLY BAD golfers will use all eight

random digits on the hole.

17.13

Foundat i on

Days Prob
.1

.25 .2
.5 .3
.75 .3

1

S N

Frame Roof
RN s Days Prob RN's Days Prob RN s
0-9 3 .3 0-29 2 .2 0-19
10- 29 4 .5 30-79 2.5 .2 20- 39
30-59 5 .2 80- 89 3 .3 40- 69
60- 89 3.5 2 70- 89
90- 89 4 1 90- 99
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17. 13 (conti nued)

Foundati on Frame Roof
House RN Days RN Days RN  Days
1 83 1.57 00 3 70 3.5
2 36 2.5 92 5 28 2.5
3 51 1.5 35 4 95 4.0
4 38 1.5 32 4 85 3.5
5 52 1.5 33 4 02 2
6 58 1.5 59 4 17 2
7 19 1.25 42 4 28 2.5
8 63 1.75 78 4 57 3
9 87 1.75 26 3 08 2
10 86 1.75 62 4 94 4
Foundat i on Fr anme Roof
House Start End Idle Start End Idle Start End I dl e
1 0 1.75 0 1.75 4.75 1.75 4.75 8.25
2 1.75 3.25 0 4.75 9.75 0 9.75 12. 25
3 3.25 4.75 0 9.75 13. 75 0 13. 75 17. 75
4 4.75 6. 25 0 13. 75 17. 75 0 17. 75 21. 25
5 6. 25 7.75 0 17. 75 21.75 0 21.75 23.75
6 7.75 9.25 0 21.75 25. 75 0 25. 75 27.75
7 9.25 10.5 0 25. 75 29.75 0 29.75 32.25
8 10.5 12. 25 0 29. 75 33.75 0 33.75 36. 75
9 12. 25 14 0 33.75 36. 75 0 36. 75 38. 75
10 14 15. 75 0 36. 75 40. 75 0 40. 75 44.75
0 1.75 15. 75
Total non-productive time = 1.75 + 15.75 = 17.5 days.
Total cost = 17.5 x $500 = $8, 750.
17. 14 Second Fram ng Crew
House RN Days
1 65 4
2 34 4
3 06 3
4 16 3
5 16 3
6 48 4
7 34 4
8 97 5
9 59 4
10 74 4

NORNNOORE A

(G2 0¢) BN
ul

(61

(€3]



Solutions Manual and Workbook 205

17. 14 (conti nued)

1t Crew 2" Crew (Per Crew) Framing Tine
House Fram ng Ti ne Fram ng Ti ne Average Tine by 2 Crews

1 3 4 3.5 1.75

2 5 4 4.5 2.25

3 4 3 3.5 1.75

4 4 3 3.5 1.75

5 4 3 3.5 1.75

6 4 4 4.0 2.00

7 4 4 4.0 2.00

8 4 5 4.5 2.25

9 3 4 3.5 1.75

10 4 4 4 2.00

Foundat i on Frame Roof

House Start End Idle Start End Idle Start End Idle
1 0 1.75 0 1.75 3.5 1.75 3.5 7.0 3.
2 1.75 3.25 0 3.5 5.75 0 7 9.5 0
3 3.25 4.75 0 5.75 7.5 0 9.5 13.5 0
4 4.75 6. 25 0 7.5 9.25 0 13.5 17 0
5 6. 25 7.75 0 9.25 12. 75 0 17 19 0
6 7.75 9.25 0 12. 75 16. 75 0 19 21 0
7 9.25 10.5 0 16. 75 20.75 0 21 23.5 0
8 10.5 12.25 0 20.75 25.25 0 25.25 28. 25 1.
9 12. 75 14 0 25.25 28.75 0 28.75 30.75 0.
10 14 15.75 0 28.75 32.75 0 32.75 36. 75 2
0 1.75 7.

Total non-productive time = 1.75 + 7.75 = 9.5 days
Total cost = 9.5 x $500 = $4, 750
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e
SI NGLE CHANNEL- CONSTANT ARRI VAL RATE/ CONSTANT SERVI CE RATE

17. 15

TR 5 WAITING

i S

i
B e — g

it s s ——
rrrTTEE T rreTe n—

100 s 2900 2130 L= =] 330
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17. 16
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B S

17.17 Time between Arrivals (Mn) P(tinme) RN s
5 .10 0-9
10 .25 10-34
15 . 50 35-84
20 .15 85-99
Pat i ent RN Ti me
1 -- 0
2 83 15
3 36 15
4 51 15
5 38 15
6 52 15
7 58 15
8 19 10
9 63 15
10 87 20
11 86 20
12 97 20
13 01 5
14 18 10
15 82 15
16 18 10
17 29 10
18 32 10
19 76 15
20 54 15
___.-
i—-l.'_.
.I—I_-_.
m— - ——i
e  —
HOURS = g ey AR
[T T P |
o | 2 3 4
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17.17 (conti nued)

Il
|

0

L

| 2 3 -
f NUMBER IN SYSTEM HOURS >

(a) —29— x 100 = 3.57%
280
(b) 2
65 1) + (45 2
(0 B8x1) * (5x2) _ 155 _ 4,
280 280
or 1§§ = 1.41
110
CONSTANT ARRI VAL RATE/ VARI ABLE SERVI CE RATE
17.18 Ti me between Landi ngs (M n) P(tinme) RN s
4 . 05 0-4
5 .25 5-29
6 . 45 30-74
7 .15 75- 89
8 .10 90- 99
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17. 18 (conti nued)

Airliner RN
00
92
35
32
33
59
42
78
26
10 62
11 11
12 23

O©CoO~NOOOUITR,WNPE
‘:‘.
U'IU'IO‘)U'I\IO)O)O‘)O‘)O)OO#%
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VARl ABLE ARRI VAL RATE/ VARI ABLE SERVI CE RATE

17.19 Time between Arrivals (Mn) P(tine) RN s
10 .5 0-49
15 .3 50-79
20 .2 80- 89
Service time P(s) RN s
S 15 .7 0- 69
S&S 35 .3 70-99
One QOper at or Service
Arrival RN Ti ne RN Ti ne
1 -- 0 90 35
2 01 10 99 35
3 62 15 32 15
4 53 15 46 15
5 76 15 60 15
6 53 15 78 35
7 92 20 44 15
8 48 10 66 15
9 35 10 92 35
10 14 10 85 35
11 27 10 52 15
12 96 20 20 15
13 72 15 08 15
14 47 10 57 15
15 06 10 17 15
16 02 10 97 35
17 54 15 76 35
18 32 10 29 15
19 18 10 82 35
20 18 10 01 15
21 97 20 86 35
22 87 20 63 15
23 19 10 58 15
24 52 15 38 15
25 51 15 36 15
26 83 20 95 35
27 16 10 15 15
28 69 15 63 15
29 31 10 81 35
30 39 10 53 15
31 07 10 76 35
32 09 10 89 35
33 34 10 13 15
34 09 10 62 15
35 07 10 85 35
36 07 10 36 15
37 00 10 02 15
38 22 10 78 35
39 13 10 28 15

40 21 10 10 15
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17.19 (conti nued)

—_—
e e e g B
e — §
o —
o o ——I:
p—--—--—'ﬂ-
15
AR ———— —r
[ ——— —_—
e — _."
1T b c e s m == = neii
i T HE. ik
§7 b mmemem=ma= - — §
PWTET rreece=m=mae— —f
mﬂ' e e 28
__'_‘ e ——
L % e T Tp——
A g ik ——————
_____ [R—Y ) ————
gty e i
P = 28 -
5Y e E
o e e _I.
] F———— = —— i, 3
P L L T PR—Y,
““mr————--—r-—--—--——-—--—ll

T+ TURNED AWAY

0 §E i;tin |§u- zbu zi:n 3;:-0 30
50 4100 450 500 550 00

Tur ned Away

S&S5x $ = $25
Set Only 7 x $2 = $14

$39

The best an additional operator could do is avoid $30 of lost profit so does
not pay her way.
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17.20 Time between Arrivals (Mn)

P(tinme) RN s

4 .2 0-19

5 .7 20-89

6 .1 90- 99

Wash Time (Mn) P(tinme) RN s

4 .2 0-19

5 .3 20-49

6 .5 50- 99

Dry Time (M n) P(time) RN s

3 .3 0-29

4 .4 30-69

5 .3 70-99

Arrival Wash Dry

Cust oner RN Time RN Tine RN  Tine
1 -- 0 95 6 16 3

2 15 4 69 6 63 4

3 51 5 81 6 39 4

4 53 5 07 4 76 5

5 09 4 89 6 34 4

6 13 4 09 4 62 4

7 07 4 85 6 07 3

8 36 5 00 4 02 3

9 22 5 78 6 13 3

10 28 5 21 5 10 3
11 65 5 51 6 35 4
12 74 5 26 5 54 4
13 02 4 21 5 90 5
14 23 5 11 4 62 4
15 26 5 78 6 42 4

213
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B ———————————————.
17. 20 (conti nued)

MINUTES -~ 7
0 0 20 0 40 50 &0 0

-3
e J'L_I'I_'J_I'L['LTU_I_‘

. .

] 10
+:-rmu I QUETE Qs

(a) Total arrivals = 14

(b) Max cars in Wash Q = 2
Max cars in Dry Q=0

(c) Average cars in each queue

Wash = E - 1.183
60

Dry =0
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Time between Arrivals (Mn) P(tinme) RN s
1 .5 0-49
3 .4 50-89
5 .1 90- 99
A's Service Tinme (Mn) P(tinme) RN s
1 .2 0-19
3 .4 20-59
5 .4 60- 99
B's Service Time (Mn) P(time) RN s
1 .1 0-9
3 .2 10-29
5 .7 30-99
Ti me
Between A Service B Service
Cust oner RN  Arrivals RN Time RN Tinme
1 -- -- 65 5
2 70 3 52 5
3 28 1 34 3
4 95 5 06 1
5 85 3 16 1
6 02 1 16 1
7 17 1 48 3
8 28 1 26 3
9 57 3 34 3
10 08 1 04 1
11 94 5 97 5
12 00 1 60 5
13 01 1 59 3
14 76 3 43 5
15 37 1 74 5
16 36 1 45 5
17 17 1 44 3
18 64 3 54 3
19 18 1 40 5
20 68 3 96 5
21 73 3 10 3
22 55 3 09 1
23 92 5 70 5
24 23 1 69 5
25 21 1 12 1
26 15 1 32 3
27 69 3 41 5
28 59 3 05 1
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e — =
17. 21 (conti nued)

[E—— ]
———m L
i
-y
i &
[a—y
e i
=a §
[S——
E—— )
pe——
PSS | &
l.—l—.l..
h-p.-._..:.._n-h-
[apee———1
[RAE——— 1
[S—

.."_l.ﬂ

MINUTES —= pe—

—_——rd R

———
—_—
= A
0 0 20 30 40 50 &0
A - —_— 8 MIN TDLE
5 - —_— ISMIN. TOLE

. (15 + 20 +6) _ 41
60 60
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17.

17.

17.

17.

17.

PROBLEMS 17.22 THROUGH 17.25 ANSVWERS ARE BASED ON A RANDOM NUMBER SEED OF 25

22

23

24

25

26

27

28

29

30
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_—

Avg. surplus = 115.00

Avg. surplus = 450.63

Avg. surplus = 105.43

Avg. surplus = 15.50

Avg. surplus = 4.84

Avg. surplus = 1.22

?Mg:lnunber in system= 8.94. Yes, the bank nmust construct a new

acility.

Max in system=5; Mn. in system O0; Avg. in system .7666667

Max in system 3; Mn in system O; Avg. in system 1.25.
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Chapter 18 Markov Analysis

18.1
From
To. .8 .4)(.9 . 76 . 704 . 6816 . 67264 . 669056
“L2 .6Jl1) " 2a) 7 {L206) ~ (.3184) ~ (.32736) ~ | 330944
MrP MSo M5, VS, M5, VB, MSs
0 .4
1 1 -. 4
X = = — =. 7
-.2 .4 -.6 660
1 1
-.2 0
1 1 -.2
Y = = —— = .3333
-.6 -.6
Note that no matter what the initial market shares, the system
approaches the sane equilibrium val ues.
18.2
From
(Hank Ruf us)
T Hank .6 .1)\(80 .4 .30 . 25
0: N -
Rufus){.4 .9)/1120 .6 .70 .75
MrP Last Last Thi s Next

Year’ s Year’ s Year’ s Year’ s
Mar ket Mar ket Mar ket Mar ket
Shar es Shar es Shar es Shar es
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= -
18.2 (conti nued)
0 -.1
.6 .1)(X X 1 1 A
= X = = = = .2
.4 .9)\Y Y 4 -.1 .5
1 1
.B6X + .1Y = X
4 0
1 1 .4
AX + .9Y = Y Y = = — = .8
.5 .5
- 4X +.1Y =0
A4X - 1Y =0
X + Y =1
18. 3
From
(Al Bob)
Al .8 .3)(.5 . 55 . 575
To: — —
Bob){.2 .7/(.5 . 45 . 425
MIP M5y M5, M5,
.3
x= b H o 23 5o
F.2.3  -.5 °
1 1
-.2 0
1 1 -
Y = = —2 = 40%

A
ol
1
(6]
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18. 4
( From)
\% H
V)(.85 .05)\(.5 . 45 .41
(To:) S R
H).15 .95)(.5 .55 . 59
MIP Vo S5 VB2
HO -.05‘
L 1 i _ .05
V's equilibriumshare = 5 - 05 - >
1 1
15 OH
10 1
H s equilibriumshare = = 15
2 2
18.5
From
(Tel co LDF Neit her)
Tel co .6 .4 .4)(.2 .44
LDF .3 .5 .3/||.3 - |.36
Neither J{.1 .1 .3)l.5 . 20
Telco = .44 x 10,000 = 4400 custonmers

LDF = .36 x 10, 000 3600 custoners

Nei t her= .20 x 10, 000 2000 custoners
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S e et e et i

18.5 (conti nued)

6 .4 .4\(T T
3 .5 .3|[L| = |L
1 .1 .3J(N
6T + .4L + AN =T
3T + .5L + .3N =L
1T + 1L + .3N = N
- 4T + 4L + 4N =0
3T - .5L + .3N =0
T+L+N =1
o .4 .4
0 -.5 .3
1 1 1
- S
-4 .4 .4 .64
3 -.5 .3
1 1 1
-4 0 .4
3 0 .3
1 1 1
L = - 2% 375
. 64 . 64
-4 .4 0
3 -.5
1 1 1
N = - 98 95
. 64 .64

At equilibrium

Tel co =.5 x 10,000 = 5,000 custoners
LDF = .375 x 10,000 = 3, 750 custoners
Nei ther = .125 x 10,000 = 1, 250 custoners

18.6 EquilibriumX;, = 13.6% X, = 46.7% X3 = 39.7%

18.7 Equilibrium X; = 26.1% X, = 44.6% X3 = 25.5% X, = 3. 9%
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R's equilibrium Share =

P P NP DN
R = Ok O O
R R Wk W

0 0 .18
0O O0-.3
1 1 1
Bill's equilibrium Share = - 0
-.2 0 .1 -.05
.1 0-.3
1 1 1
-.2 0 .1
1 0-.3
1 1 -
Ed's equilibrium Share = = -.05
-.05 -.05
-.2 0 O
.1 0 O
1 1 1 0

Sally's equilibrium Share= =

18.8

= 0%

= 100%
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18.9 (continued)

(b) Note that Ed's is an absorbing state, so at equilibrium he
controls 100% of the market.

(c) The conpetition will probably nove to change the MIP | ong before
equilibriumis reached. Even if they don't, Ed's place would get
so crowded that some changes woul d take place in the MIP from
changes in customer |oyalty.

18. 10

0 0.3

0-.1 O

1 1 1

A's equilibriumshare = - 03 = 60%

-.2 0.3 .05
0-.1 O
1 1 1

-.20 .3
00 O
11 1

B's equilibriumshare = X—— = 0 = 0%

.05 .05

-.2 0 0
0-.1 0
1 1 1

C s equilibriumshare = - 02 = 40%
.05 .05
(b) Note that Ben's is a disappearing state, and will have O narket
share at equilibrium Unless Jones can expect to change the MIP
he probably will not wi sh to purchase Ben's store.

18. 11 EquilibriumX; = 51.8% X, = 17.8% X3 20. 1% X, = 10.4%

18. 12 EquilibriumX; = 70.4% X,
Xs = 0.2% X = 2.5%

20.5% Xs = 5.6% X, = 0.8%
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18.13
o .3 .1
0o .2 -.3
1 1 1 -
%ecurrent @equilibrium= - i 68. 75%
-.1.3 .1 -.16
0.2-.3
1 1 1
-.10 1
00-.3
11 1 -
Y%overdue @equilibrium= - 03 . 18. 75%
-.16 -.16
-.1.3 0
0.2 O
1 1 1 -
%Bad Debt @equilibrium= 16 = % = 12. 5%
i 18. 14 Repl aci ng bul bs
when they fail policy
From

(Gd Fn M Fa)
&\(.6 0 0 1
Fn (.2 .75 0 O

To:
My||.15 .15 .2 O
Fa /(.05 .10 .8 O
The equilibriumequations will be

.6Gd + OFn + 0 + 1Fa = ™

.2&d + .75Fn + OMy + OFa = Fa
.15Gd + .15Fn + .2My + OFa = My
.05G + .10Fn + .8My + OFa = Fa
or
18. 14 (conti nued)
-.4Gd + OFn +0M +1Fa =0
.2&d - .25Fn + OMy + OFa =0
.15Gd + .15Fn - .8My + OFa =10
.05(d + .1Fn + .8My — 1Fa =10
G + Fn + My + Fa =1
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—
Del eting the fourth equation yields:
-4 0 0 1\ 0
.2 -.25 0 O||Fn : 0
.15 .15 -.8 Of|m| |0
1 1 1 1)\Fa 1
Solving using Craner’s rule yields:
-.4 0 0 0
2 -.25 0 0
15 .15 .8 0
Fa = 1 1 1 1
T F 2 0 o 1
2-.25 0 0
15 .15-.8 0
1 1 1 1
-4 0 0
(1™ @y .2-.25 0
_ .15 .15-.8
- .2 -.25 0 -4 0 0
(1" @) .15 .15-.8 + (-1 (1) .2-.25 0
1 1 1 .15 .15-.8
= - 08 = 0.158
-.4275 - .08
Expect ed repl acement cost . 158 x $20

$3. 16
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18. 14 conti nued)

On a rotating basis policy

From
G Fn My
d 6 0 1
To: Fn (.2 .75 0
M )l.2 .25 0
The equilibriumequations will be:
.6&d + OFn + 1M =
.2& + .75Fn + OMp = Fn
.2&d + .25Fn + OMy = My
or
-.4&d + OFn + 1M = O
.2&d - .25Fn + OMg = O
.2&d + .25Fn - 1My = O
&+ Fn + M = 1

Del eting the third equation yields:

-4 0 1\(d
.2 -.25 O0||Fn
1 1 1)lmy

(0 0 1)

Solving using Craner’s rule yields:

0
-.25
1
0
-.25
1

0.1
0.55

RN RN A
P O kPl O O

Expected repl acenent cost = .182 x $25 = $4.55

Therefore, the schene of bulb replacenent when they fail should be
used.
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18. 15 Morning News = 43.1% Chronicle = 57. 0%

18. 16 Morni ng News = 57% Chronicle = 43. 1%
Potential Profit Before Advertising

[6000 (.431)] * 0.50 = $1293
Potential Profit After Adverti sing
[ (6000 (.570)) * 0.5] - 200 = $1510

Addi tional Profit from Adverti sing: $ 217

18. 17 Qperating = 84.2% Not Operating = 15.8%

18. 18 Qperating = 89.4% Not Operating = 10.6%

Machi ne Profit w thout Preventive Maintenance

[(1250 * 48) * .8] =

Machi ne Profit with Preventive NMai ntenance

[ (1250 * 48) * .894] - 5000 =

Additional Profit (Loss) due to
Preventi ve Maintenance Program

18. 19 Busi ness = 21.9% Education = 37.1% Liberal
Fine Arts = 19. 7%

Nunber of students graduating in 4 years

(2000 * .45) = 900 students

Busi ness (900 * .219) = 197.1
Educati on(900 * .371) = 333.9
Li beral Arts (900 * .214) = 192.6
Fine Arts (900 * .197) = 177.3

©

Total Students Graduati ng: 900.

$50, 520

$48, 640

$(1, 880)

Arts

= 21. 4%

227
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Appendix A: Review of Mathematical Tools

.

Appendix A: Review of Mathematical Tools

SYSTEMS OF LI NEAR EQUATI ONS

Al (a) 2X + 4Y = 14

(c)

<
< 1<
\‘

4X + 2Y = 16

2X = 14 - 4Y
X=17-2Y
4(7 - 2Y) + 2Y

28 — 8Y + 2Y
- 6Y
Y

2X + 4(2) =1

=
I n

4(3Y - 16) - 13
.77

3(7) - 16 = 5

(b) Y= 14 — 2X
Y = -11 + 3X
14 — 2X = -11 + 3X
5X = -25
X =5
Y = 14 - 2(5)
Y=4

(d) X + 4Y = -8
3X + Y= 9

(-4)(3X) + (-4)(Y) = (-4)(9)

- 12X - 4Y = -36

X + 4Y = -8

- 11X = -44

X =4

4 + 4Y = -8
4Y = -12

Y=-3
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—alill

Al (conti nued)

()

X;Y _ 5
3X;12Y _

X+Y=6
{3x-2v=28
3X + 3Y = 18
{3x- 2Y = 28
-3X - 3Y = -18
{3x- 2Y = 28
- 5Y = 10
=-.2

X=6- (-2)

X =

(oe]

A2 Total investnent in A and B is $5,000. (See G aph Bel ow)
A + B = 5,000
Return is to be 10%
.09A + .12B = . 1(5, 000)
Solving the investment equation for B

RETRN
5,000 \\ __.-d'":"'" i ¥R = 500
L, 1&T B
; INTESTHENT
¥ 5N
|
LT == == == = =

L= =
1

and substituting into the Return Equation;
B =5,000 - A

_09A + .12(5,000 — A) = .1(5,000)
.09A + 600 - .12A = 500

100 = . 03A

A = $3,333

B =5000 - A =5 000 — 3,333

B = $1, 667
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il
A3 In one hour, the stanping machi ne can nake
1 LS = 1 hour
500 1000
The form ng nmachi ne can make
iF + iS = 1 hour
600 800
Simplifying these rel ati onshi ps
1000 gi ves
abd 1000 = S + 2F (Stanping)
: _ 4 :
g 800 = S + gF(Formng)
" a0
2
200 = — F
3
F = 300
S = 1000 - 2F
S = 1000 - 2(300)
S = 400
A 4 TC = TR
120 + 3X = 7X
120 = 4X
X = 30
A5 oC = HC
50 + 1Q = 2 + 4Q
48 = 3Q
Q=16
MATRI X ALGEBRA
A6 (a) (4, 5 7) + (6, 2, -2) = (10, 7, 5)
2 -1 3
N 3] | 6
(D g -2|  |-6
4 2 2
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A. 6 (continued)

3 4 4 1 2 1 4 6 5
2 1 5 3-2 4 5-1 9
(c) + =
-2 6 6 6 5 -3 411 3
8 -4 7 2 0 8 10-4 15
6 1 7 -32 4 _ (9-13
(d) (5-2 6j_ (9-1 3)'(-4-13)
7 4
7 2 1 6) |2 2
(e) (4 2 -1 3] S |1 -1
6 3
2 X 4 4 x 2
. -1 4 2
-1 6 8 9 BERER
(f) 4330 =] o o
2 1 0 5 5 0 =&
3 x 4 4 x 3
4 8 8 12 4
(g) {1 x 2 2 3 1) =12 2 31
7 14 14 21 7
3 x1 1x 4 3 x 4
1 0 5
6 1 1| _
(hy (3 6 4 2) x P (59 34 25)
2 0 -4
1x 4 4 x 3 1x 3

o (53 %o 7) "~ lwan)

231
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.

A 6 (conti nued)
A 5 4
0 (1 4] _ |10 10
-1 6 1 1

10 10

(using the shortcut nethod for 2 x 2's)

. 4 3\t
(k) 1 o =

(1)

1
1

Check:

o o r O 0Pk OO0k R ODN
o
1
a
N
=2
N
1
@
(o]
o
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(conti nued)

A 6

(m

1

-1 1 0

1

-2 2 1

1

0-1 0O

0 O0-1

Check:

DETERM NANTS

(b)

H =10 - (-12) = 22

5 -3
4 2

o |
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A7 (conti nued)
32 . 18 - 18 = 0
@ gz
2 1
= [6) (D) (4 + (-1)(0)(3) + (5(2 (3]
-[B@OAB + (8)(0)(3) + (-1)(2)(4)
= [24 +0 +30-[15 + 0 + §
=54 - 7 =47
2 1 1 0
2 1 1
1 2 1 4 -
(f) 0120—O+(-1) (4 [0 1 2 +0+0
1 1 0
1 1 0 O
=4(0+2+0-1-4+0)
= 4(-3)
= -12
A 8 (a)
-7 6
X =H 7 2” _ (-7)(2)] - [(6)(7) _ -14 - 42 _ -56
2 6 (2)(2)] - [(6)(3] 4- 18  -14
3 2
2 -7
v = ‘3 7‘ _ @@ - (-] _ 14+21 - 35 _

- 14 - 14 - 14 -14
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A 8 (conti nued)

1
1
~

Check: 2(4) +6(-g) =-7 - 8 -15

1
\‘

3(4) +2(-g) =7 - 12 -5
(b)

8 1
X = 12 -3 _ (8)(-3)] - [(1)(12)] _ -24- 12 _ 36
2 1 (2)(-3)] - [(D (I -6 - 1 7
1 -3
2 8
v = 1 12) _ (2)(12)] - [(8) (1) _ 24-8 _ 16
-7 -7 -7 7
36 16 72 16 56
Check: 2(—) +1(- —) =8 - — - — = — =18
7 7 7 7 7
1(@)_3(-&):12_,§+@:8_4:12
7 7 7 7 7

—~
(@]
~

1 1 -1
5 1 1 (1) (1) (-1) + (1)(1)(3) + (-1)(5)(-1)]
wo B-1-1 O D@3+ (MOEY) + (WG] | 18,
1 1-1 (1) (1)(-1) + (1)(1)(1) + (-1)(1)(-1) 4
111 -(-D (D) + (DD (-1) + (1) (1) (-1)]
1-1-1
1 1 -1
1 5 1 (1) (5)(-1) + (1)(1)(1) + (-1)(1)(3)]
yo B 3-1 -G (M) (M EY] | -4
4 4 4
1 1 1
1 15 (1) (1)(3) + (1)(5)(1) + (1)(1)(-1)
oo -1 8 L @@ - MGBEH MM E)] -8 _,
4 4 4
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A 8

Appendix A: Review of Mathematical Tools

.

(conti nued)
Check: 1(4) + 1(-1) - 1(2 =1 - 4-1-2-=1
1(4) + 1(-1) + 1(2) =5 - 4-1+2-=5

1(4) - 1(-1) - 1(2) =3 - 4+1-2=3

(d)

-1 -2 -1

0 1 2 (-D(D(D) + (-2(2(3) + (-1)(0)(1)]

3 1 1 _ -3 + (-1(2)(1) + (-2)(0)(1)]

3 -2-1 (3)(1) (1) + (-2)(2)(2) + (-1)(1)(1)

112 -[-D (D2 + (3)(2(L) + (-2)(1) (1)

2 1 1

3 -1 -1

10 2 (3)(0)(1) + (-1)(2)(2) + (-1)(1)(3)

2 3 1 _ -[(-1)(0)(2) + (3)(2)(3) + (-1)(1) (1]
-8 -8

3 -2 1

11 0 (3)(1)(3) + (-2)(0)(2) + (-1)(1)(1)

2 1 3 _ -[-1)(1(2) * (3)(0)(1) + (-2)(1)(3)]
-8 -8

Check: 3(1) — 2(3) - 1(-2) =-1 - 3 -6+ 2 =-1

1(1) + 1(3) +2(-2) =0 - 1 +3-4=0

2(1) + 1(3) + 1(-2) =3 - 2+ 3 -2 =3

- -8
-8

1
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Appendix B: Practice/Homework Quizzes

Chapter 2 Quiz

2.

2.

2.

2.

1

2.

3.

4.

A manager nust decide on the m x of products to produce for
the com ng week. Product A requires four mnutes per unit
for nmolding, four mnutes per unit for sanding, and two
m nutes for packaging. Product B requires three mnutes
each in the three departnents and Product C requires three
mnutes in nolding, tw mnutes in sanding, and three
mnutes in packagl ng. There wll be 400 mnutes in
mol ding, 500 mnutes in sanding, and 500 mnutes in
packagi ng. Product A has a per unit profit of $3, Product
B $2, and Product C $1.50. Formul ate a |inear program for
this problem

For the products A, B, C and D, which of the follow ng
could be a linear progranmm ng objective function?

a. Z=1A+ 2B + 3C + 4D
b. Z = 1A + 2BC - 3D

c. Z=1A + 2AB + 3ABC + 4ABCD
d. all of the above

Which of the following is not an assunption for the use of

i near programm ng nodel s?

a. Linearity

b. Exponentiality

c. Divisibility

d. Certainty

e. Nonnegativity

A small firm nakes three products that follow the sane
three step manufacturing process: mlling, routing, and
sandi ng. Product A requires thirty mnutes in mlling,
forty-five mnutes in routing, and one hour in sanding.
Product B requires forty mnutes in mlling, one hour in
routing, and one and a half hours in sanding. Product C
requires one hour and ten mnutes in mlling, two hours in
routing, and two hours in sanding. Available capacities in
the three departnments are 300 hours in mlling, 200 hours

in routing, and 300 hours in sanding. Profit contributions
for the three products are $25 for A; $22 for B; and $30
for C. Formulate a linear programfor this problem
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2.

5.

Appendix B: Practice/Homework Quizzes

i

Mark Aiken is an entrepreneur who purchases inventories of
fail ed businesses at auction and resells them at profit.
He has purchased sone unassenbled office furniture, and
Wi shes to determine the optinmal configuration for resale.
The inventory consists of 50 desks, 60 file cabinets, 25

credenzas, and 150 drawers. The desks and the credenzas
can be sold with or wthout the drawers. The possible
configurations and their retail values are shown bel ow
Set up a linear programmng nodel to enable Mark to
maxi m ze his sal es val ue.
Label Item Retail Price

D, Desk (w o drawers) $100

D, Desk (w 3 drawers) $200

C Credenza (W O drawers) $ 80

G Credenza (W 2 drawers) $150

= File cabinet (w0 drawers) $ 40

Fo File cabinet (w4 drawers) $120
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Chapter 3 Quiz

3.1 Solve graphically.

MAX Z: 20X + 50Y X =
ST: X+ 2Y =2 12
2X + Y £ 16 Y =
X+ Y< 4
X, Y=>0 Ss=___
S=__
S =
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g =
3.2 Solve graphically (X and Y nust be integers).

MN Z: 5X + 2Y X=____
ST: X+ 2Y =2 10
3X+ Y= 9 Y=____
X, Y2 O
S =
52:
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i

3.3 Gven the follow ng problemand its graphical solution

MN Z:. X + 8Y X =09.6
ST: X + 2Y =2 16
5X+ Y 2 20 Y = 3.2
4X + 3Y < 48
X, Y20 S =0
52:31.2
83:0
Iyn = 35.2

a) If b; changes from16 to 15, Zyn Wl
Circle one (increase, decrease, No change)

b) If b, changes from 20 to 21, Zyn W |
Circle one (increase, decrease, No change)

c) If bz changes from48 to 47, Zuyn W ||
Circle one (increase, decrease, No change)

d) What changes in the solution if C, changes from1l to 2?

e) How much nust C, decrease before the optinal
solution (9.6, 3.2) changes?




242 Appendix B: Practice/Homework Quizzes

Chapter 4 Quiz
4.1 Solve using Sinplex:

MAX Z: 33Xy + 2X

ST: 2X3 + X £ 20
X1 + X £ 16
X1, X2 20

4.2 Fornul ate the dual of the follow ng problem

MAX Z: 3X1 + X
ST: 2X; + 3X, £ 18
5Xp + 2X; =2 20
X1 + 2X; = 10
X, X2 20

X1
X2
S
S,

Zypx
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B S
4.3 Solve using Dual Sinplex:

MN Z: 4X; + X X1 =
ST: 33Xy + 2X, 2 12
X1 + 2X; 2 8 Xo =
X1, X2 20
Sl =
Sz =

Zun =
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e

Chapter 5 Quiz

5.1 Input the follow ng problemto your |inear programmng

package.
MN Z: 5X; + 12X, + 2X3 + 8%,
ST: 4X; + 5X; + 9X3 + 3X; £ 850
2X1 + 9X; + 6X3 + 8%, < 1,000
Xp + 6X; + 9X3 + 4X4 = 150
X1 + X2 + Xz + X4 = 100
X, Xo, X3, X4 20

5.2 Solve the problemfrom#1 using the conputer.

a) What are the solution values for:

X X Xs Xa_
S S Ss __ Sa4 ___
ZunN

b) List the basic variables

c) List the binding constraints
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.

What would be the effect of the follow ng changes in the
problem on the optimal solution? (Do not re-run the
problem but use the output to determne as much
i nformati on as possi bl e about the effect of each change.)

Increase C, by 1. Effect

Decrease C, by 1. Effect

How far nust C;, be reduced before the sol ution
changes?

| ncrease b; by 1. Effect

Decrease b, by 1. Effect

Decrease bz by 1. Effect

Introduce 1 unit of X; into the sol ution.
Ef f ect
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Chapter 6 Quiz

6.1 Set up the follow ng problens for solution as goal
progranmm ng probl ens.

a) MAX Z: 6X. + 5X»
ST: 4%, + 5%, < 20
X1 + 3%, > 60
X, X2 >0

(I nf easi bl e)

b) MAX Z; = 6X; + 8X; + 15X3 (Profit)
MN Z, = 3X; + 4X;, + 12X3 (COSt)
MAX Z3 = X3 + X; + X3 (Total Production)
ST: 2Xy + 4X, + X3 100 (Labor Hours)

<
Xy + 2X; + 3X3 2

X1, X2, X3 20

(Multiple goals weighted 100, 10, 1: firmconstraints)

20 (Sal es Quot a)
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<l

Use the QVBS software to solve the problens fromNo. 1 and
interpret the results.
a) Sol uti on: X1 = Xo = _ S, = _ 5 =

| nterpretation:

b) Solution: X3 = Xo=___ Xs =
S s = S =__ Zyr =
Ly = Z3* =

| nterpretation:
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Chapter 7 Quiz

7.1 A college professor invests in the local real estate

market. Currently, the professor has $910,000 which is
avai lable for new rental property investnents. After an
initial screeni ng, he has reduced hi s i nvest ment
alternatives to a series of comercial buildings and a
group of apartment buildings in a large apartnment conplex.
A commercial building can be purchased for the price of
$130, 000, but there are only four buildings available for
purchase at this tine. Each building in the apartnent
conplex contains 8 dwelling units and sells for $182, 000.
The individual apartnment buildings can be purchased
separately, and the conplex developer has agreed to build
as many 8-unit buildings as the professor would like to
pur chase.

A property manager hired by the professor is free to devote
140 hours per nonth to these investnents. Each commerci a
building requires 4 hours of the property nmanager's tine
each nonth, while each apartnment building will require 40
hours per nonth. The yearly cash flow (after deducting
nortgage paynents and operating expenses) is estimted at
$2,000 per commercial building and $3,000 per apartnent
bui | di ng. The professor wuld like to allocate his
investnment funds to apartment and commercial buildings in
order to maxim ze the yearly cash flow Fractional val ues
for the commercial and/or nunber of apartnent buildings are
not accept abl e.

Solve this integer programm ng problem by using the sinplex
met hod and the branch-and-bound algorithm Construct a
stick-tree to aid in problem solution.
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Chapter 8 Quiz

8.

1

Gol den Eagle Van Lines will have 12 trucks in Chicago, 2l
in New York, 16 in Dallas, and 11 in Atlanta at the start
of business tonorrow. Their dispatchers can |ine up | oads
for all routes between these cities at the profit (or |oss)
per load as shown in the table below (in $100's). The new
fl eet manager, Bryan Johansen, w shes to equalize the
basing of the trucks so that 15 are in each |ocation by day
after tonorrow. Where should each truck be sent and what
is their total profit (or loss) on the day's activity.
(Note that any truck not hauling a load sustains a $200
|l oss, due to the drivers' salaries and the rental on the
trucks. and that the sanme route has different profit in
opposite directions, due to supply and demand factors.)

FROM Atl ant a Chi cagoTQ Dal | as New Yor k

Atl anta $-2 $12 $2 $-4

Chi cago 8 -2 5 -8

Dal | as 6 -5 -2 1

New Yor k -3 -1 3 -2

Sol ution: From To #Tr ucks From To #Tr ucks

TOTAL PROFIT (LOSS) = $
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- =
8.2 dven the followng transportation problem fornmulate this
probl emas a |inear program

To:

From A B C D Suppl y
1 $12 $10 $9 $15 36
2 10 8 2 10 25
3 9 5 13 8 30

Demand 26 40 25 30

Assune source 2 cannot ship to destination C
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Chapter 9 Quiz

9.1 An advertising agency has five jobs that nust be printed
this week. The bids received fromeach of four printers on
each of the jobs are shown below. (in $000’s)

a) Use the assignnment nodel to determne the |east cost set
of contracts. (Due to the limted time available, no
nore than one job can go to any one agency.)

Printers:

Don’ s
Job ABC Best-Way ConmpU Print Print Shop
Cal endar 2.4 1.7 3.1 2.6
Handbi | | s .6 .9 1.7 1.4
Newspaper | nsert 5.1 6.0 6.2 4.8
Fraternity Magazine 9.1 10. 2 12.0 9.7
Col | ege Di pl onmas .9 1.9 1.2 1.7
Sol uti on:
________ to ABC ____to Best Wy
________ to CompU- Print ___ to Don’s Print Shop

________ Unassigned. TOTAL Profit = $

b) If the ad agency has quoted prices to the clients of $3K,
$2K, $8K, $12K, and 9$2K, respectively, for the jobs,
repeat the problem mnmaxim zing their profit.

Sol uti on:

________ to ABC to Best Way

________ to ConpU- Print to Don’s Print Shop

________ Unassi gned. TOTAL PROFIT = $
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9.2 A job shop has four nmachinists to be assigned to three

machi nes. The hourly cost required to operate each nachi ne
by each machinist is:

Machi ne:
Machi ni st A B C
1 $12 $11 $ 8
2 10 9 10
3 14 8 7
4 6 8 10

However nachinist 1 cannot be assigned to machine C and
machi nist 4 cannot be assigned to machine A Formul at e
this problemas a |linear program
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Chapter 10 Quiz

10.1

a) Anal yze the CPM network and find all slacks and indicate
the critical path.

b) If all the activity tinmes are symetrically distributed
with a and b 2 weeks bel ow and above min every activity,
what is the probability that the project will be nore
than 3 weeks | onger than the expected duration?
P(T>Te+3

10.2 What is the shortest path from Node 1 to Node 77?

Ti nme: m nut es
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10. 3 Show the m nimal spanning tree for the network from #1.

I
=~
3

Total |ength

10.4 Determ ne the maxi mum flow for the network from #1.

Maxi mum fl ow = gpm
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Chapter 11 Quiz

11.1 Gven the follow ng dat a:

Adverti sing
($ Thousands)10 8 9 15 13 19 22 20 24 19 25 28

Sal es 20 30 25 28 35 36 32 40 37 45 42 48
($ MI1lions)
Mont h J FMAMJI J A S OND

Draw the scatter diagramfor Sales (Y) and Advertising (X).

11.2 Conpute the 3MVA estimates for the 13'" nonth’s sales (as a
function of timne)

11. 3 Conpute the exponentially snoothed nonthly estinmates for
the 13'" nonth’s sales as a function of time (use o = .6)

Answer

11.4 Plot the actual data (dots), 3MVA (triangles), and
exponentially snoothed nonthly estimates (circles) for
sales as a function of tine.
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11.5 What is the equation for the |east squares nodel predicting
sales (Y) as a function of advertising (X)?

Sal es =

Predict sales for the 13'" nmonth, using the |east squares
nodel and assum ng that advertising expenditures are
pl anned at $30, 000.

Sal es prediction

11.6 Plot the |least squares line on the scatter diagramfrom
11. 1.
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Chapter 12 Quiz

Joann’ s Snoke Shop handles a line of prem um Havana cigars that
she inports through Canada and sells under her own | abel as
Tucker's Maduro Pal nas. She has a retail outlet and a mail -
order operation and sells 3,000 boxes per year. She works 300
days per year and demand is fairly steady at 10 boxes per day.
Her ordering costs are $100 per order, and she allocates her

hol ding costs for this line in her climte controlled storage
vault at $6 per box per year. She pays $15 per box and sells

t hem for $25 per box of 50 cigars. The lead-tinme on orders from
t he manufacturer is 12 worki ng days.

12.1 What is her optimal order size (round to integer)?

boxes

12. 2 How many wor ki ng days are between orders?

days

12.3 What is her reorder |evel? boxes
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12.4 What is her total annual cost?
$ per year
12.5 What is her total annual profit on their |ine?
$ per year

12. 6 How nuch of a discount in the cost per box would be
necessary to get her to switch to a policy of ordering once
every four nonths?

New Price = $ per box
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Chapter 13 Quiz

13.1

13.2

A local roofing contractor intends to bid on a job
installing 30 roofs at a local university. Because this
will be a newline of work for the contractor, he believes
there will be a learning effect for the job. After
reviewing tinme records froma simlar type of activity, the
contractor is convinced that an 85% | earning curve is
appropriate. He estimates that the first roof will take
his crew eight days to install. Using Table 13.2, how many
days should the contractor budget for:

(a) The first ten roofs?

(b) The second 10 roofs?

(c) The final 10 roofs?

Students in an operations managenent class have been
assigned four simlar homework problem One student noted
that it took her 50 mnutes to conplete the first problem
Assune that the four problens are simlar and that a 70
percent |earning curve is appropriate. How nuch tine can
this student plan to spend solving the renaining problens?




260 Appendix B: Practice/Homework Quizzes

e

13.3 Using Table 13. 2, predict the nunber of repetitions (units)
that will be needed for a trainee to achieve a unit tinme of
6 mnutes if the trainee took 10 mnutes to do the first
unit and a learning curve of 90 percent is operative.

Nunber of repetitions

13.4 Wrrk problem 13.3, assumng that the learning rate is 70
percent instead of 90 percent. Assune that the first unit
still took 10 mi nutes.

Nunber of repetitions
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Chapter 14 Quiz

14.1 Using dynam c programm ng and the network bel ow, determ ne
the shortest route fromnode A to Node I.
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14.2 I mm grant workers hired during the grow ng season in south
Texas normal ly return home across the border several tines
to bring goods that are inpossible to get in Mxico.
Unfortunately, each individual can only transport seven (7
pounds) of domestic products on each trip. Three popul ar
products, their weight and Mexican market value are given
in the follow ng table.

Mar ket
ltem Wi ght Val ue(4)
Canned ham 3 110
Bour bon 2 80
Per f ume 1 70

Usi ng dynam c progranmm ng, determ ne how many units of each
itema worker should take across the border on each trip to
maxi m ze the market val ue.
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Chapter 15 Quiz

15.1 Debbi e Johnson has inherited a sizeable estate, which had
been held in trust until she married. Having at last tied
t he knot and received the inheritance, she w shes to invest
it so that she and her new husband, Larry, can quit their
jobs and join the jet set in Puerta Vallarta, Cozunel,
etc. She is considering three investnents, and the annual
return will vary, depending upon the price of oil and gas.
The annual profits fromthe three investnents are as shown

bel ow.
Hgh Gl & Low Gl &
Gas Prices Gas Prices
Expl orati on Conpany $400K $ 50K
Product i on Conpany $250K $150K
Tax Free Bonds $200K $200K

What are Debbi e’ s decision values and optimal choi ces under
each of the following criteria?

(a) Optimsm Choose Val ue

(b) Pessimsm Choose Val ue

(c) Hurwicz
(o = .6) Choose Val ue

(d) Savage Choose Val ue

(e) LaPlace & MAX EV
(Profit) Choose Val ue

(f) LaPlace & M N EVC
(Regret) Choose Val ue
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15.2 Larry has researched the nmatter thoroughly and feels that
for the next year, at least, the probability of high oi
and gas prices is only 20 percent.

(a) Draw and | abel their decision tree under prior
i nformati on.

(b) What is their optinmal choice?

(c) What is their expected 1st year profit?$

(d) What is their expected value of regret?$

(e) If they had access to perfect information, what woul d
be their decision rule?

(f) Wat is the expected value of perfect information?

$
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15.3 Van Chauvin has earned a reputation as a reliable market
forecaster in the oil and gas business. She has been
correct 80%of the tine in predicting major market upturns,
and 90% of the tinme in predicting maj or downturns.

(a) Add the decision tree under inperfect information.

(b) What is their decision rule under inperfect
i nformation?

(c) What is the expected value of profit using inperfect
i nformati on?$

(d) What is the expected value of regret? $

(e) How rmuch shoul d Debbie and Mark be willing to pay for
Ms. Chauvin's forecast? $

(f) What is the relative efficiency of the forecast?
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Chapter 16 Quiz

16.1 Speedy Burger has opened a drive-thru limted nenu

restaurant in the parking I ot of a shopping mall. During
the lunch hour their arrivals are approximately Poi sson
with a nmean tinme between arrivals of 3 mnutes, and their
service tinmes are negative exponentially distributed with
mean service tinme of 2 mnutes. Model the systemas a

si ngl e channel, single server system and determ ne the
fol | ow ng:

(a) Service rate cust/ hour
(b) Ariva rate cust/ hr
(c) Average tine in the system m nut es
(d) Average tine in the queuve m nut es
(e) Average tine being served m nut es

(f) Average nunber of custoners
in the system custoners

(g) Average nunber in line custoners

(h) What percentage of the tinme

wll the server be idle? %
(1) What is the probability that

there are 2 or nore custoners

waiting in line at any given

tinme? %
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16.2 Anewnmall is being built, and Speedy Burger is planning a
4 wi ndow drive-thru installation. Each of the 4 servers
still has an average service time of 2 mnutes, but the

arrival rate at peak tines are expected to be 90 custoners
per hour. Analyze their operation as a nulti-server
gueui ng nodel, and conpute the foll ow ng:

(a) Probability of no one in the system

(all servers idle) %
(b) Average tine intheline m nut es
(c) Average tinme being served m nut es
(d) Average tine in the system m nut es
(e) Average length of the line _____custoners
(f) Average nunber in the system _____custoners

(g) What is the probability that an arriving
custoner will find a server avail abl e
and will not have to wait in |line? %
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Chapter 17 Quiz

17.1 A magazine edited by GQuy M chaels selects short stories for

17.

2

publication as follows: A submission is first read by the
editor, who rejects 40% of those received. |f he approves
a story it is sent to both of the staff reviewers, El np
Stevens and David Lee. Elnpo has a rejection rate of 60%
David's is 50% |If both reviewers accept the story, it is
published in the magazine; if both reject it, the author is
notified that it has been rejected. |If one reviewer accepts
and one rejects, the story is sent to a senior reviewer,
Mart ha Dean, whose decision is final. Martha rejects 70%
of the stories she receives.

Sinmul ate the evaluation of 5 subm ssions, indicating the
di sposition of each. Use low RNs (01, 02, etc.) for
rejection.

Random Nunber s

ay (R = .4) 88 56 62 02 77
Elnmo (R = .6) 96 71 13 45 83
David (R = .5) 61 44 68 04 91
Martha (R = .7) 14 96 47 25 17
Story Quy El mo Davi d Martha  Action
A
B
C
D
E

VWhat % of the stories in your simulation were accepted?

Bonus: Wiat % of all stories will be accepted? %
Packages for |ocal delivery by ACE DELI VERY are classified
as 20% small, 50% nedium and 30% | arge. Delivery tines

(in hours) vary as shown in the distributions bel ow
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(a) Sinmulate 5 deliveries

Snal | Medi um Lar ge
Hour s 1 2 3 2 3 4 4 56
Probability .8 .1.1 .4 .5 .1 .2 .2.6
RN's (Arrivals) 17, 82, 38, 64, 93
RN s (Deliveries) 82, 57, 06, 48, 68
(b) What is the |longest delivery time observed? hrs.
(c) What is the shortest delivery tine observed? hrs.

(d) What is the average delivery time for your sinulation?

hrs.

(e) If the packages are delivered one at a tine; the
delivery fees are S = $3, M= $5, L = $10; and the
delivery driver makes $3 per hour; how nuch profit
(l oss) does ACE nake on these 5 deliveries?

$ profit/loss
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Chapter 18 Quiz

18.1 A. Magnum CPA, had 200 clients for whom he prepared incone

18.

2

tax fornms | ast year, which represents roughly 10% of his
potential client pool. This year he |l ost 40 of those but
added 90 new clients.

(a) If he nodels his business as a Markov process, how
many clients woul d he expect to have next year?

ANs.

(b) What is his long termequilibriumclient |oad?

ANs.

The priest of a small parish classifies the nmenbers of his
congregation as regular (40%, infrequent (50%, or C & E
(Christmas and Easter) in terns of their church attendance.
He has observed that over the course of a year 20% of the
regul ars slipped to infrequent and 10%to C & E; 30% of the
i nfrequent attendees becane regulars and 20% dropped to C &
E; 10% of the C & E's inproved to infrequent status.

(a) What %will be regulars by next year? %
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18. 2 (conti nued)

(b) What %wll be C&FE s at equilibriunf %

18.3 A college sorority bas four classifications of menbers:
active, aluma (paying annual dues), life menber (lunp sum
paynent of $1.000), and inactive (not current on dues) or
deceased. Their experience in terns of menbers noving from
one category to another is sunmarized in the table bel ow
| f 500 new nenbers are initiated as actives this year, how
many can be expected to be in each category two years from

now

Active

Al umma

Li fe Menber

| nactive or Deceased
FROM _
| nactive
Active Al uma Life Menber or Deceased

Active . 6 0 0 0
Al umma .3 . 8 0 0
TO Life Menber .1 .1 .9 0

| nacti ve or
Deceased 0 .1 .1 1
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