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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 is incorrect, 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 look easy when someone else 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.  
 
TOPICS COVERED 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 analysis.  
 Linear Programming: The Simplex Algorithm (Chapter 4) formulates the LP problem in 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 dual problem is formulated and solved, and 
a detailed sensitivity analysis is 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 simplex 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 special 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 special 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 
evaluation 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 slack 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 all of the 
models are discussed.  
 Forecasting (Chapter 11) includes coverage of subjective forecasting methods, simple 
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 a total 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 mathematical 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 simplified 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 problems involving bottlenecks in 
the smooth flow of a system. Two analytical approaches are presented: (1) a graphical model for 
analysis 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 optimal number of servers. Both single channel and multi-channel queuing 
systems are analyzed.  
 Simulation (Chapter 17) presents an approach for solving complex problems, usually 
those of a stochastic nature.  The technique does not attempt to solve model equations 
analytically, 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 simplex method of linear programming, is presented in 
detail.  
 
SOLUTIONS TO 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 X1 = number of newspaper ads 
     X2 = number of radio ads 
 
 MAX:       180X1 + 700X2 
                           
     Subject to: 50X1 + 500X2 < 2000 (Cost, $) 
                   X1 -   3X2 > 0  (Ratio:newspaper:radio) 
                     (X1, X2) > 0  (Nonnegativity) 
 

2.2 Let X1 = number of regular cheeseburgers 
         X2 = number of double cheeseburgers 
 
       MAX:    2.50X1 + 3.0X2 
  
  Subject to: 4X1 +   8X2 < 320  (Hamburger, ozs.) 
                  1X1 +   2X2 < 90 (Cheese, ozs.) 
                  1X1 +   1X2 < 120 (Buns) 
                     (X1, X2) > 0 (Nonnegativity) 
 

2.3 Let X1 = pounds of soybeans 
     X2 = pounds of wheat 
     X3 = pounds of oats 
     X4 = pounds of corn 
     X5 = pounds of mineral supplement 
 
  MIN:  0.15X1 + 0.25X2 + 0.10X3 + 0.20X4 + 0.18X5 
   
Subj.to: 0.6X1 - 0.4X2 - 0.4X3 + 0.6X4 - 0.4X5 > 0 (40% Corn & Soy)   
       - 0.2X1 + 0.8X2 - 0.2X3 - 0.2X4 - 0.2X5 < 0 (20% Wheat) 
       - 0.3X1 - 0.3X2 + 0.7X3 - 0.3X4 - 0.3X5 > 0 (30% Oats) 
       - 0.1X1 - 0.1X2 - 0.1X3 - 0.1X4 + 0.9X5 > 0 (10% Min Sup) 
         X1 +    X2 +    X3 +    X4 +    X5 = 1000 (Bag weight) 
                          (X1, X2, X3, X4, X5) > 0 (Nonnegativity) 
 
  
Because the weight of each bag is known, an alternative 
formulation can be used: 
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MIN:      0.15X1 + 0.25X2 + 0.10X3 + 0.20X4 + 0.18X5 
 
Subject to:  X1 + X4                > 400 (40% Corn & Soy) 
        X2                     < 200  (20% Wheat) 
        X3                     > 300  (30% Oats) 
        X5                     > 100  (10% Min Sup) 
             X1 + X2 + X3 + X4 + X5  = 1000 (Bag Weight) 
                (X1, X2, X3, X4, X5) > 0  (Nonnegativity) 
 

2.4 Let  X1 = number of G21 gears produced 
       X2 = number of G22 gears produced 
      X3 = number of G23 gears produced 
      X4 = number of G24 gears produced 
 
MAX:      251.551X1 + 340.32X2 + 528.11X3 + 553.13X4       
  
Subject to:   X1                      < 50 (Max. G21 Dem.) 
              X2                      < 50 (Max. G22 Dem.) 
              X3                      < 75 (Max. G23 Dem.) 
              X4                      < 25 (Max. G24 Dem.) 
             4X1 + 6X2 + 4X3 + 4.5X4   < 800 (Forge Cap.) 
             2X1 + 3X2 + 5X3 + 5.5X4   < 700 (Lathe Cap.) 
             3X1 + 3.5X2 + 5X3 + 7X4   < 900 (Cutting Cap.) 
             2X1 + 3.5X2 + 4X3 + 8X4   < 800 (Polishing Cap.) 
              (X1, X2, X3, X4)         > 0 (Nonnegativity) 
 

1Profit for each gear type was determined in the following 
manner: 

 
G21 Gear Sales Price:                                   $432.75 
    Less: 
  Forge Labor (4 * 5.5)     $22.00 
  Lathe Labor (2 * 6.3)   $12.60 
  Cutting Labor (3 * 10.5)      $31.50 
  Polishing Labor (2 * 9.5) $19.00 
  Materials         $54.00 
  Overhead          $42.10    181.20  
   Gross Profit                                    $ 251.55 

 
2.5 Let   X1 = number of pints of blueberries 
       X2 = number of jars of blueberry spread 
       X3 = advertising dollars spent on blueberries 
       X4 = advertising dollars spent on blueberry spread 
 
 MAX:       2.65X1 + 3.20X2 - 1X3 - 1X4 
 
 Subject to:                  X3 + X4 ≥ 500 (Min. Adver.) 



10             Chapter 2   Linear Programming: Problem Formulation
 

                 1.1X1 + 2.85X2 + X3 + X4  < 4000 (Cost, $) 
                 0.6X1 -  0.4X2           > 0 (40% Fresh) 
             (X1, X2, X3, X4)      > 0 
 (Nonnegativity) 
 

2.6 Let  X1 = number of baseballs 
      X2 = number of softballs 
 
     MAX:          6X1 +   9X2 
 
     Subject to: 1.0X1 + 1.5X2 < 200 (Leather) 
                 4.0X1 + 5.0X2 < 900 (Stitching) 
                 550X1 +1000X2 < 100000 (Winding)  
                 (X1, X2)      > 0 (Nonnegativity) 
 

2.7 Let  X1 = number of mixers 
      X2 = number of coffee makers 
      X3 = number of can openers 
 
     MAX:       26X1 + 28X2 + 15X3 
 
     Subject to:19X1 + 22X2 + 10X3  < 4000 (Prod. budget,$) 
                 4X1 +  5X2 +  4X3  < 1000 (Labor hours) 
                  X1               <  400 (Dem., mixers) 
                  X2               <  200 (Dem. Coff. makers) 
                  X3               <  170 (Dem. can open.) 
                       (X1, X2, X3) > 0 (Nonnegativity)   
 

2.8 Let  X1 = pounds of F1 produced at Nacogdoches 
      X2 = pounds of F2 produced at Nacogdoches 
      X3 = pounds of F1 produced at Lufkin 
      X4 = pounds of F2 produced at Lufkin 
 
 MAX:        7X1 + 4.5X2 + 6X3 + 2.5X4 
 
     Subject to: 1X1 + 1X2 + 2X3 + 3X4 < 65000 (Prod. Bud. $) 
                  X1 +  X2            < 3000 (Cap. Nacog.) 
                        X3 +       X4 < 2000 (Cap. Luf.) 
                  X1 +        X3      < 4000 (Max. Dem. F1) 
                        X2 +       X4 < 3000 (Max. Dem. F2) 
                 (X1, X2, X3, X4)      > 0 (Nonnegativity) 
 
 

2.9 Let   X1 = dollar amount invested in Stock A 
       X2 = dollar amount invested in Stock B 
       X3 = dollar amount invested in bonds 
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 MAX:       0.06X1 + 0.09X2 + 0.10X3 
 
     Subject to:    X1 +    X2 +  X3   = 1000 (Tot. Invest.) 
                                 X3   = 300 (30% inv.bonds) 
               - 0.4X1 + 0.6X2 - 0.4X3 < 0 (40% inv.Stock B) 
                            X2        > 200 (Min. inv.Stock B) 
                   1X1 - 1.5X2        > 0 (Ratio B:A) 
                    (X1, X2, X3)       > 0 (Nonnegativity)  
 

2.10 Let  X1 = number of newspaper ads 
      X2 = number of Local Merchant ads 
 
 MAX:       1200X1 + 500X2 
 
     Subject to: 100X1 + 50.50X2  < 1000 (Tot. Adver. Bud. $) 
                    X1            < 30 (No.News.ads) 
                              X2  < 5 (No. L.M. ads) 
                    X1     - 3X2   > 0 (Ratio,News:L.M.,3:1) 
                    (X1, X2)      > 0 (Nonnegativity) 
 

2.11 Let  X1 = mls. of orange drink mix 
      X2 = mls. of 7-UP 
      X3 = mls. of Triple Sec 
 
 MIN:   0.000658X1 + 0.000495X2 + 0.00899X3 
 
     Subject to: X1 +   X2 +   X3 = 1000 (Amt = 1000 ml)               
               - 0.7X1 + 0.3X2 - 0.7X3 > 0 (7-UP > 70% mix) 
               - 0.8X1 + 0.2X2 - 0.8X3 < 0 (7-UP < 80% mix) 
                 0.8X1 - 0.2X2 - 0.2X3 > 0 (O.J mix > 20%) 
                 0.7X1 - 0.3X2 - 0.3X3 < 0 (O.J. mix < 30%) 
              -0.143X1 - 0.143X2 + 0.857X3 = 0(Triple Sec) 
                        (X1, X2, X3) > 0 (Nonnegativity) 

 
2.12 Let  X1 = number of units of D1 
      X2 = number of units of D2 
          X3 = number of units of D3 
          X4 = number of units of D4 
 
 MAX:        5.0X1 + 7.5X2 + 10.50X3 + 15.0X4 
     Subject to: 0.5X1 + 0.5X2 +  1X3 + 1.1X4 < 100 (Plastic) 
                   5X1 +   5X2 +  7X3 +   7X4 < 500 (Paint) 
                  12X1 +  13X2 + 13X3 +  14X4 < 600 (Nylon) 
                   1X1 + 1.5X2 +  2X3 +   3X4 < 200 (Cloth) 
                   1X1 + 0.5X2 +1.5X3 + 1.8X4 < 300 (Labor) 
                   (X1, X2, X3, X4)    > 0 (Nonnegativity)  
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2.13 Let  X1 = ozs. of beef 
      X2 = ozs. of pork 
       X3 = ozs. of chicken 
       X4 = ozs. of filler 
 
 MIN:  0.10625X1 + 0.0625X2 + 0.059375X3 + 0.01875X4 
 
     Subject to:  X1 + X2 + X3 + X4   = 16 (Tot.Wt.=16 ozs) 
                       X2            < 1.6 (Amt.pork, 10%)  
                           X3        ≤  4 (Amt.chick. 30%) 
                  X1                 > 4.8 (Amt.beef, 30%) 
                 5X1 + 3X2 + 4X3 + 1X4 > 10 (Min. mgs.Pro.) 
                 3X1 + 5X2 + 2X3 + 3X4 < 4 (Max. mgs.Fat) 
                 3X1 +10X2 + 4X3 + 3X4 < 8 (Max. mgs.Water) 
                 (X1, X2, X3, X4)     > 0  (Nonnegativity) 
 

2.14 Let  X1 = amount invested in gold 
       X2 = amount invested in bonds 
      X3 = amount invested in savings accounts 
      X4 = amount invested in common stock 
 
 MAXIMIZE:  0.06X1 + 0.09X2 + 0.04X3 + 0.15X4 
 
     Subject to: X1 + X2 + X3 + X4 = 10000 (Tot. Invest., $) 
                      X2 + X3     < 2000 (Sav. & bonds: 20%) 
                 X1               > 500 (Gold, 5%) 
                               X4 < 6000 (C. Stk. 60%) 
                 (X1, X2, X3, X4)  > 0 (Nonnegativity) 
 
 

2.15 Let  X1 = units of product 1 
      X2 = units of product 2 
 
 MAXIMIZE:  12X1 + 36X2 
 
     Subject to:  2X1 + 4X2 < 500  (Work Center 1 Capacity) 
                  2X1 + 6X2 < 800  (Work Center 2 Capacity) 
                  4X1 + 6X2 < 1000  (Work Center 3 Capacity) 
                  (X1, X2) > 0 (Nonnegativity) 
 

2.16 Let  X1 = acres of lettuce 
       X2 = acres of potatoes 
      X3 = acres of tomatoes 
      X4 = acres of beans 
 
 MAXIMIZE:  90X1 + 85X2 + 100X3 + 50X4 
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Subject to:   10000X1               < 40000 (Dem. Lettuce) 
                    40000X2         < 100000 (Dem. potatoes) 
                          2000X3    < 50000 (Dem. tomatoes) 
                             1000X4  < 4000 (Dem. beans) 
                    X1 + X2 + X3 + X4 = 10 (Acres used = 10) 
                   (X1, X2, X3, X4)   > 0  (Nonnegativity) 
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Chapter 4   Linear Programming: The Simplex Algorithm 
 
 
4.1 MAX Z:      8X +  6Y + 0S1 + 0S2  
     Subject to: 6X + 12Y + 1S1 + 0S2 = 72 
                 5X +  2Y + 0S1 + 1S2 = 20 
                   (X, Y, Si ≥ 0) 
 

Initial Tableau 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi Θ 

Slack 1 0 6 12 1 0 72 12

Slack 2 0 5* 2 0 1 20 4 

 Zj 0 0 0 0 0  

 ∆Zj 8 6 0 0  

Entering: X 

Leaving: Slack 2 

 
 

 

Tableau 2 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi Θ 

 

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  

 ∆Zj 0 2.80 0 -1.60  

Entering: Y 

Leaving: Slack 1 
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4.1 (continued) 

Optimal Tableau 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi

Y 6 0 1 0.10 -0.13 5

X 8 1 0 -0.04 0.25 2

 Zj 8 6 0.29 1.25 46

 ∆Zj 0 0 -0.29 -1.25  

 
  Optimal Solution: 
 
  X = 2,   Y = 5,   ZMAX = 46 
 
*The numerical value enclosed by the red square represents the pivot element. 
 
 
4.2 MIN Z:      8X + 10Y +0S1 + 0S2 + MA1 +MA2 
 Subject to: 3X +  6Y - S1 + A1 = 36 
                  X +   Y – S2 + A2 = 10 
                     (X, Y, Si, Ai ≥ 0) 
 

Initial Tableau 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi Θ 

A1 1M 3 6 -1 1 0 0 36 6 

A2 1M 1 1 0 0 -1 1 10 10

 Zj 4M 7M -M M -M M 46M  

 ∆Zj -4M -7M M 0 M 0  

Entering: Y 

Leaving: A1 
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4.2 (continued) 
 

Tableau 2 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi Θ 

 
Y 10 0.5 1 -0.17 0.17 0 0 6 12 

A2 1M 0.5 0 0.17 -0.17 -1 1 4 8 

 
 Zj 5+.5M 10 -1.7+.17M 1.7-0.17M -M M 4M  

 ∆Zj 3-.5M 0 1.7-.17M –1.7+1.17M M 0  

Entering: X 

Leaving: A2 

 
 
 
 
 

Optimal Tableau 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi

Y 10 0 1 -0.33 0.33 1 -1 2

X 8 1 0 0.33 -0.33 -2 2 8

 Zj 8 10 -0.67 0.67 -6 6 84

 ∆Zj 0 0 0.67 -.67+M 6 -6+M  

 
 Optimal Solution: 
 
 X = 8, Y = 2, ZMIN = 84  
 
 
4.3 MAX Z:      5X + Y + 0S1 + 0S2 –MA1 
 Subject to:  X + Y – S1 + A1 = 6 
                 2X + Y + S2      = 8 
                  (X, Y, S1, S2, Ai   ≥ 0)  
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4.3 (continued) 
 

Initial Tableau 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi Θ

A1 -1M 1 1 -1 1 0 6 6

S2 0 2 1 0 0 1 8 4

 Zj -M -M M -M 0 -6M  

 ∆Zj M M -M 0 0  

Entering: X 

Leaving: Slack 2 

 

Tableau 2 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi Θ 

 

A1 -1M 0 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  

 ∆Zj 0 -1.5+.5M -M 0 -2.5-.5M  

Entering: Y 

Leaving: Artificial 1 

 

Optimal Tableau 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi

Y 1 0 1 -2 2 -1 4

X 5 1 0 1 -1 1 2

 Zj 5 1 3 -3.00 4 14

 ∆Zj 0 0 -3 3-M -4  

 
 Optimal Solution: X = 2, Y = 4, ZMAX = 14 
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4.4 MAX Z:      3X1 + 5X2 + 7X3 + 0S1 + 0S2 – MA2 – MA3  
 Subject to: 2X1 – 4X2 + 5X3 + 1S1 + 0S2 + 0A2 + 0A3 = 12 
                  X1 + 6X2 – 3X3 + 0S1 – 1S2 + 1A2 + 0A3 = 16 
                 5X1 + 2X2 + 1X3 + 0S1 + 0S2 + 0A2 + 1A3 = 7 
                       (X1, X2, X3, S1, S2 A2, A3 ≥ 0) 
 
 

Initial Tableau 

 X1 X2 X3 S1 S2 A2 A3  

 Cj 3 5 7 0 0 -M -M Bi Θ 

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 

 Zj -6M -8M 2M 0 M -M -M -23M  

 ∆Zj 3+6M 5+8M 7-2M 0 -M 0 0  

Entering: X2 

Leaving: A2 

 
 
4.5 MIN Z:     4X1 – 12X2 + 5X3 + MA1 + 0S2 + 0S3 + MA3 + MA4 
 Subject to: X1 +  3X2 – 8X3 + 1A1 + 0S2 + 0S3 + 0A3 + 0A4 = 5 
                2X1 –  9X2 + 4X3 + 0A1 + 1S2 + 0S3 + 0A3 + 0A4 = 14 
                3X1 +  5X2 - 1X3 + 0A1 + 0S2 – 1S3 + 1A3 + 0A4 = 7  
                0X1 +  1X2 + 0X3 + 0A1 + 0S2 + 0S3 + 0A3 + 1A4 = 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Initial Tableau 

 X1 X2 X3 A1 S2 S3 A3 A4  

 Cj 4 -12 5 M 0 0 M M Bi Θ 

 
A1 M 1 3 -8 1 0 0 0 0 5 1.67 

S2 0 2 -9 4 0 1 0 0 0 14 -1.56 

A3 M 3 5 -1 0 0 -1 1 0 7 1.40 

A4 M 0 1 0 0 0 0 0 1 2 2.00 

 
 Zj 4M 9M -9M M 0 -M M M 14M  

 ∆Zj 4-4M -12-9M 5+9M 0 0 M 0 0  

Entering: X 2 

Leaving: Artificial 3 
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4.6 Split utility players into those who wind up assigned to infield (UI) and 

those who are assigned to outfield (UO). 
 
 MAX Z:     .193I + .2270F + .284UI + .284 UO (Sum 7 starters’ Avgs.) 
 Subject to:     I  ≤ 3 (Only three infielders available) 
                      I  ≥ 2 (At least 2 infielders must play) 
                      OF ≤ 2 (Only two outfielders available) 
                      OF ≥ 1 (At least 1 outfielder plays) 
                  UI + UO ≤ 6 (6 utility players available) 
                   I + UI = 4 (4 infield positions to be filled) 
                  OF + U0 = 3 (3 outfield positions to be filled) 
 

We can reduce the problem by removing the 2 infielders and 1 outfielder 
we know must play.  The problem then becomes 
 
MAX Z:       .227OF + .284UI + .284UO 
Subject to:     I  ≤ 1 (only 1 unassigned infielder left over) 
                OF ≤ 1 ((only 1 unassigned outfielder left over) 
            UI + UO ≤ 6 (6 available utility players) 
            I  + UI = 2 (exactly 2 infield positions left open) 
            OF + UO = 2 (exactly 2 outfield positions left open) 
 
By inspection, the solution is to play the following: 
 
I  = 2 
UI  = 2 (1 outfielder and 2 utility players don’t play) 

 OF = 1 (Batting average is 
2(.193) + 1(.227) + 4(.284) 

 = .250
7

 

for  UO = 2  the seven players (excluding pitcher and catcher)  
 
4.7 MAX Z:      25X1 + 20X2 + 10X3 
 Subject to:   X1              ≥ 20 
                          X2        ≥ 20 
                                 X3 ≥ 20 
                  35X1 + 30X2 + 15X3 ≤ 3000 
                    X1 +   X2        ≤ 60 
                  60X1 + 50X2 + 25X3 ≥ 5000 
                       (X1, X2, X3  ≥ 0) 
 
 MAX Z: 25X1 + 20X2 + 10X3 + 0(S1 + S2 + S3 + S4 + S5 + S6) – M(A1 + A2 + A3 + A6) 
             Subject to:  X1 – S1 + A1 = 20 
                          X2 – S2 + A2 = 20 
                          X3 – S3 + A3 = 20 
                        35X1 + 30X2 + 15X3 + S4 = 3000 
                          X1 + X2 + S5 = 60 
           60X1 + 50X2 + 25X3 – S6 + A6 = 5000 
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4.7 (continued) 
 

Initial Tableau 

 X1 X2 X3 S1 A1 S2 A2 S3 A3 S4 S5 S6 A 6  

 Cj 25 20 10 0 -M 0 -M 0 -M 0 0 0 -M Bi Θ 

A1 -M 1 0 0 -1 1 0 0 0 0 0 0 0 0 20 20 

A2 -M 0 1 0 0 0 -1 1 0 0 0 0 0 0 20 +∞ 
A3 -M 0 0 0 0 0 0 0 -1 1 0 0 0 0 20 +∞ 
S4 0 35 30 15 0 0 0 0 0 0 1 0 0 0 3,000 85.71 

S5 0 1 1 0 0 0 0 0 0 0 0 1 0 0 60 60 

A6 -M 60 50 25 0 0 0 0 0 0 0 0 -1 1 5,000 83.33 

 Zj -61M -51M -26M M -M M -M M -M 0 0 M -M -5,060M  

 ∆Zj 25+61M 20+51M 10+26M -M 0 -M 0 -M 0 0 0 -M 0  

Entering: X 1 

Leaving: Artificial 1 

          
4.8 MAX Z:      100A + 5B + 25C 
 Subject to:   7A + 5B +  6C ≤ 130 (volume) 

                              

A  10

B  50   (demand)

C  30

≤ 
≤ 
≤ 

 

                     A +  B +   C ≤ 30 (time) 

                              

A  5

B  5    (promises)

C  5

≥ 
≥ 
≥ 

 

                            (A, B, C  ≥ 0) 
 
MAX Z:  100A + 5B + 25C + 0(S1 + S2 + S3 + S4 + S5 + S6 + S7 + S8) – M(A6 + A7 + A8)  
Subject to:           7A + 5B + 6C + S1                     = 130 
                       A             + S2                   =  10 
                            B           +S3                 =  50 
                                 C        +S4               =  30 
                       A +  B +  C          +S5             =  30 
                       A                      -S6  + A6      =   5 
                            B                   -S7  + A7    =   5 
                                 C                - S8  + A8 =   5  
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 4.8 (continued) 
 

Initial Tableau  

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

 Cj 100 5 25 0 0 0 0 0 0 -M 0 -M 0 -M Bi Θ 

S1 0 7 5 6 1 0 0 0 0 0 0 0 0 0 0 130 18.57

S2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 20 20 

S3 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 50 +∞ 
S4 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 30 +∞ 
S5 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 30 30 

A6 -1M 1 0 0 0 0 0 0 0 -1 1 0 0 0 0 5 5 

A7 -1M 0 1 0 0 0 0 0 0 0 0 -1 1 0 0 5,000 +∞ 
A8 -1M 0 0 1 0 0 0 0 0 0 0 0 0 -1 1 5 +∞ 

 Zj -M -M -M 0 0 0 0 0 M -M M -M M -M -5,010M  

 ∆Zj 100+M 5+M 25+M 0 0 0 0 0 -M 0 -M 0 -M 0  

Entering: A 

Leaving: Artificial 6 

 
4.9 We can set up the problem for weekly production, daily production, or 

hourly production.  We have chosen the hourly approach, and we will 
multiply by 40 to get the weekly results:  if we chose the daily level, 
we would multiply the results by 5. 

 
 MAX Z:     4T + 2R 
 Subject to: T + 2R ≤ 4 
                 T +  R ≥ 2 
  (T, R ≥ 0) 
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4.9 (continued) 
 

Initial Tableau 

 T R S1 S2 A2  

 Cj 4 2 0 0 -M Bi Θ

S1 0 1 2 1 0 0 4 4

A2 -M 1 1 0 -1 1 2 2

 Zj -M -M 0 M -M -2M  

 ∆Zj 4+M 2+M 0 -M 0  

Entering: T 

Leaving: Artificial 2 

 
 
 

Tableau 2 

 T R S1 S2 A2  

 Cj 4 2 0 0 -1M Bi Θ 

S1 0 0 1 1 1 -1 2 2 

T 4 1 1 0 -1 1 2 -2

 Zj 4 4 0 -4 4 8  

 ∆Zj 0 -2 0 4 -4-M  

Entering: Slack 2 

Leaving: Slack 1 

 

Optimal Tableau 

 T R S1 S2 A2  

 Cj 4 2 0 0 -M Bi 

S2 0 0 1 1 1 -1 2 

T 4 1 2 1 0 0 4 

 Zj 4 8 4 0 0 16.00

 ∆Zj 0 -6 -4 0 -M  
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4.9 (continued)  
 
 

 
 
 
 
 Solution:  T = 4 dozen/hour, R = 0, S2 = 2 dozen/hour, Z = $16/hour.  

Meaning:  make 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 ≥ 0) 
 

Initial Tableau 

 X Y S1 S2 A2 S3 A3 S4  

 Cj 1 2 0 0 -M 0 -M 0 Bi Θ 

 
S1 0 1 1 1 0 0 0 0 0 1,000 1,000 

A2 -M 1 0 0 -1 1 0 0 0 200 +∞ 
A3 -M 0 1 0 0 0 -1 1 0 400 400 

S4 0 2 -1 0 0 0 0 0 1 0 0 

 
 Zj -M -M 0 M -M M -M 0 -600M  

 ∆Zj 1+M 2+M 0 -M 0 -M 0 0  

Entering: Y 

Leaving: Artificial 3 

 

Optimal Tableau 

 X Y S1 S2 A2 S3 A3 S4  

 Cj 1 2 0 0 -M 0 -M 0 Bi 

S3 0 0 0 1 1 -1 1 -1 0 400 

X 1 1 0 0 -1 1 0 0 0 200 

Y 2 0 1 1 1 -1 0 0 0 800 

S4 0 0 0 1 3 -3 0 0 1 400 

 Zj 1 2 2 1 -1 0 0 0 1,800

 ∆Zj 0 0 -2 -1 1-M 0 -M 0  
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4.10 (continued) 

 
 
 

Solution:  X = 200 square feet, Y = 800 square feet, S3 = 400 square 
feet, S4 = 400 square feet.   
 
Meaning:  Devote 200 square feet to decorations and 800 square feet to 
toys.  S3 is the amount by which the minimum toy space is exceeded and 
S4 is the amount by which the space devoted to toys exceeds twice that 
devoted to decorations. 



        Solutions Manual and Workbook 45 
 

4.11 MAX Z:      2X1 + 3X2 + 5X3 
 Subject to:  X1 +  X2 +  X3 = 10 
                  X1 –        X3 ≥ 4 
                        X2       ≤ 3 
                     (X1, X2, X3 ≥ 0) 
 

Tableau 1 

 X 1 X 2 X 3 A1 S2 A2 S3  

 Cj 2 3 5 -M 0 -M 0 Bi Θ 

 
A1 -M 1 1 1 1 0 0 0 10 10 

A2 -M 1 0 -1 0 -1 1 0 4 4 

S3 0 0 1 0 0 0 0 1 3 +∞ 
 

 Zj -2M -M 0 -M M -M 0 -14M  

 ∆Zj 2+2M 3+M 5 0 -M 0 0  

Entering: X 1 

Leaving: Artificial 2 

 

Optimal Tableau 

 X 1 X 2 X 3 A1 S2 A2 S3  

 Cj 2 3 5 -M 0 -M 0 Bi  

  

X 3 5 0 0.50 1 0.50 0.50 -0.50 0 3  

X 1 2 1 0.50 0 0.50 -0.50 0.50 0 7  

S3 0 0 1 0 0 0 0 1 3  

  

 Zj 2 3.50 5 3.50 1.50 -1.50 0 29  

 ∆Zj 0 -0.50 0 -3.5-M -1.50 1.5-M 0  

 
 Solution:  X1 = 7,000 acres, X3 = 3,000 acres, S3 = 3,000 acres. 
 
 Meaning:  Devote 7,000 acres to corn and 3,000 acres to cattle.  S3 is 

the amount by which cotton falls short of the limiting value. 
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4.12 If Xij represents the number of units to be shipped from warehouse i to 
retailer j, the constraints are 

 

 

11 12 13

21 22 23

31 32 33

41 42 43

11 21 31 41

12 22 32 42

13 23 33 43

X  + X  + X   4,000

X  + X  + X   3,000
 warehouses

X  + X  + X   6,000

X  + X  + X   5,000

X  + X  + X  + X  = 1,000

X  + X  + X  + X  = 4,500

X  + X  + X  + X  =

ü£ ïïïï£ ïïýï£ ïïï£ ïïþ

 retailers

 6,500

üïïïïýïïïïþ

 

 
The objective is to minimize the total shipping cost: 
 
MIN Z:  19X11 + 20X12 + 4X13 + 3X21 + 7X22 + 18X23 + 15X31 + 6X32 + 9X33 + 

20X41 + 10X42 + 25X43 
 

4.13 Let CA = number of checkers on shift A 
  BA = number of baggers on shift A 
  CB = number of checkers on shift B 
 
 In the 6:00-10:00 a.m. time block, to meet the manning requirement, we 

need 
 
 CA ≥ 3, BA ≥ 1, and CA + BA ≥ 8. 
 
 For the 10:00-2:00 period, we have both A and B shift workers, so 
 
 CA + CB ≥ 5, BA + BB ≥ 4, and CA + CB + BA + BB ≥ 11. 
 
 In the 2:00-6:00 p.m. period, we have shift B and shift C workers, so 
 
 CB + CC ≥ 6, BB + BC ≥ 6, and CB + CC + BB + BC ≥ 13. 
 
 For the last time period (6:00-10:00 p.m.), we have 
 
 CC ≥ 3, BC ≥ 2, and CC + BC ≥ 8. 
 
 The problem is therefore to 
 
 MIN Z:  $5(CA + CB + CC) + $3(BA + BB + BC) 
 Subject to the 12 constraints listed above. 
 (Don’t try to solve it.  It is rather large, and has multiple optimal 

solutions.)  
4.14  

Initial Primal Tableau 

 X1 X2 S1 A1 S2 A2 S3 A3  

 Cj 2 3 0 M 0 M 0 M Bi Θ 

 

A1 1M 0 2 -1 1 0 0 0 0 4 2 
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Initial Primal Tableau 

 X1 X2 S1 A1 S2 A2 S3 A3  

A2 1M 1 0 0 0 -1 1 0 0 3 +∞ 
A3 1M 1 1 0 0 0 0 -1 1 8 8 

 
 Zj 2M 3M -M M -M M -M M 15M  

 ∆Zj -2M -3M M 0 M 0 M 0  

Entering: X 2 

Leaving: Artificial 1 

 
 

Dual Initial Tableau 

 Y1 Y2 Y3 S’1 S’2  

 Cj 4 3 8 0 0 Bi Θ

S’1 0 0 1 1 1 0 2 2

S’2 0 2 0 1 0 1 3 3

 Zj 0 0 0 0 0 0  

 ∆Zj 4 3 8 0 0  

Entering: Y3 

Leaving: Slack 1 
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4.14 (continued) 
 
 

Primal Tableau 2 

 X1 X2 S1 A1 S2 A2 S3 A3  

 Cj 2 3 0 M 0 M 0 M Bi Θ 

 
X2 3 0 1 -0 0.50 0 0 0 0 2 +∞ 
A2 M 1 0 0 0 -1 1 0 0 3 3 

A3 M 1 0 0.5 -0.50 0 0 -1 1 6 6 

 
 Zj 2M 3 .5M -.5M -M M -M M 9M  

 ∆Zj -2M 0 -.5M 1.5M M 0 M 0  

Entering: X 1 

  

Leaving: Artificial 2 

  

  
 
 

Dual Tableau 2 

 Y1 Y2 Y3 S’1 S’2  

 Cj 4 3 8 0 0 Bi Θ 

Y3 8 0 1 1 1 0 2 +∞ 
S’2 0 2 -1 0 -1 1 1 0.50

 Zj 0 8 8 8 0 16  

 ∆Zj 4 -5 0 -8 0  

Entering: Y1 

Leaving: Slack 2 
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4.14 (continued) 
 

Primal Tableau 3 

 X1 X2 S1 A1 S2 A2 S3 A3  

 Cj 2 3 0 M 0 M 0 M Bi Θ 

 
X2 3 0 1 -.50 0.5 0 0 0 0 2 +∞ 
X1 2 1 0 0 0 -1 1 0 0 3 -3 

A3 1M 0 0 0 -0.5 1 -1 -1 1 3 3 

 
 Zj 2 3 .5M -.5M M -M -M M 3M  

 ∆Zj 0 0 -.5M 1.5M -M 2M M 0  

Entering: Slack 2 

Leaving: Artificial 3 

  
 

Optimal Primal Tableau 

 X1 X2 S1 A1 S2 A2 S3 A3  

 Cj 2 3 0 M 0 M 0 M Bi  

 

X2 3 0 1 -0.50 .50 0 0 0 0 2  

X1 2 1 0 0.50 -.50 0 0 -1 1 6  

S2 0 0 0 0.50 -.50 1 -1 -1 1 3  

 

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

 ∆Zj 0 0 0.50 -.50+M 0 M 2 -2+M  

 
 
  

Dual Optimal Tableau  

 Y1 Y2 Y3 S’1 S’2  

 Cj 4 3 8 0 0 Bi 

Y3 8 0 1 1 1 0 2 

Y1 4 1 -0.50 0 -0.50 0.50 0.50

 Zj 4 6 8 6 2 18 

 ∆Zj 0 -3 0 -6 -2  

 
 



50             Chapter 4   Linear Programming: The Simplex Algorithm
 

4.15 MAX Z:      2X1 + 3X2 + 5X3 
 Subject to: -X1 – X2 – X3 ≤ -10 
                  X1 + X2 + X3 ≤  10 
                 -X1      + X3 ≤  -4 
                       X2      ≤   3 
 
 MAX Z:      2X1 + 3X2 + 5X3 + 0S1 + 0S2 + 0S3 + 0S4 
 Subject to: -X1 –  X2 -  X3 + S1                    = -10 
                  X1 +  X2 +  X3       + S2              =  10 
                 -X1       +  X3             + S3        =  -4 
                        X2                         + S4  =   3 
 

Optimal Tableau 

 X1 X2 X3 S1 S2 S3 S4  

 Cj 2 3 5 0 0 0 0 Bi  

 

X3 5 0 0.5 1 -0.5 0 0.5 0 3  

S2 0 0 0 0 1 1 0 0 0  

X1 2 1 0.5 0 -0.5 0 -0.5 0 7  

S4 0 0 1 0 0 0 0 1 3  

 

 Zj 2 3.5 5 -3.5 0 1.5 0 29  

 ∆Zj 0 -0.5 0 -1 0 -1.5 0  

 
 The solution is now feasible.  We proceed to optimality by  regular 
simplex. 
  

Optimal Tableau 

 X1 X2 X3 S1 S2 S3 S4  

 Cj 2 3 5 0 0 0 0 Bi  

 

X3 5 0 0.5 1 0 0.5 0.5 0 3  

S1 0 0 0 0 1 1 0 0 0  

X1 2 1 0.5 0 0 0.5 -0.5 0 7  

S4 0 0 1 0 0 0 0 1 3  

 

 Zj 2 3.5 5 0 3.5 1.5 0 29  

 ∆Zj 0 -0.5 0 0 -3.5 -1.5 0  

 Optimal Solution:  X1 = 7, X2 = 0, X3 = 3, ZMAX = 29 
4.16 MIN Z:       8X1 + 2X2 – X3 
 Subject to: -2X1       + X3 ≤ -3 
                  -X1 -  X2      ≤ -2 
 
 MIN Z:       8X1 + 2X2 – X3 + 0S1 + 0S2 
 Subject to: -2X1       + X3 +  S1       = -3 
                  -X1 –  X2            +  S2 = -2 
                     (X1, X2, X3, S1, S2 ≥ 0) 
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 Using Dual Simplex 
 

Initial Tableau 

 X1 X2 X3 S1 S2  

 Cj 8 2 -1 0 0 Bi 

S1 0 -2 0 -1 1 0 -3.0 

S2 0 -1 -1 1 0 1 -2.0 

 Zj 0 0 0 0 0 0 

 ∆Zj 8 2 -1 0 0  

 
 
 

 

 X1 X2 X3 S1 S2  

 Cj 8 2 -1 0 0 Bi 

X1 8 1 0 -0.5 -0.5 0 1.5 

X2 2 0 -1 -0.5 -0.5 1 -0.5

 Zj 8 0 -4 -4 0 12 

 ∆Zj 0 2 3 4 0  

 
 
 
 
 
 
 
 
 
 

Optimal Tableau 

 X1 X2 X3 S1 S2  

 Cj 8 2 -1 0 0 Bi 

X1 8 1 0 -0.5 -0.5 0 1.5

X2 2 0 1 0.5 0.5 -1 0.5

 Zj 8 2 -3 -3 -2 13 

 ∆Zj 0 0 2 3 2  

 
 Optimal Solution: X1 = 1.5, X2 = 0.5, ZMIN = 13 
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 (b) MAX Z:      3Y1 + 2Y2 
      Subject to: 2Y1 +  Y2 ≤  8 
                            Y2 ≤  2 
                     -Y1       ≤ -1 
 
      MAX Z:      3Y1 + 2Y2 + 0S1 + 0S2 + 0S3 
      Subject to: 2Y1 +  Y2 +  S1             =  8 
                            Y2      +  S2        =  2 
                    -Y1                  +  S3   = -1 
   
  Using Dual Simplex 
 
 

Initial Tableau 

 Y1 Y2 S1 S2 S3  

 Cj 3 2 0 0 0 Bi

S1 0 2 1 1 0 0 8

S2 0 0 1 0 1 0 2

 Zj 0 0 0 0 0 0

 ∆Zj 3 2 0 0 0  
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4.16 (b) continued 

 

 Y1 Y2 S1 S2 S3  

 Cj 3 2 0 0 0 Bi

S1 0 0 1 1 0 2 6

S2 0 0 1 0 1 0 2

Y1 3 1 0 0 0 -1 1

 Zj 3 0 0 0 -3 3

 ∆Zj 0 2 0 0 3  

 
 The solution is now feasible.  We proceed to optimality by regular 

simplex. 
 
 

 

 Y1 Y2 S1 S2 S3  

 Cj 3 2 0 0 0 Bi

S3 0 0 0.5 0.5 0 1 3

S2 0 0 1 0 1 0 2

Y1 3 1 0.5 0.5 0 0 4

 Zj 3 1.5 1.5 0 0 12

 ∆Zj 0 0.5 -1.5 0 0  

 

 

 Y1 Y2 S1 S2 S3  

 Cj 3 2 0 0 0 Bi  

S3 0 0 0 0.5 -0.5 1 2  

Y2 2 0 1 0 1 0 2  

Y1 3 1 0 0.5 -0.5 0 3  

 Zj 3 2 1.5 0.5 0 13  

 ∆Zj 0 0 -1.5 -0.5 0  

 
 Optimal Solution:  Y1 = 3, Y2 = 2, ZMAX = 13 
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4.17  

Primal Initial Tableau 

 X1 X2 S1 S2 S3 S4 S5  

 Cj 3 1 0 0 0 0 0 Bi 

 
A1 M 1 5 -1 0 0 0 0 15  

A2 M 2 4 0 -1 0 0 0 24  

A3 M 3 3 0 0 -1 0 0 18  

A4 M 4 2 0 0 0 -1 0 24  

A5 M 5 1 0 0 0 0 -1 15  

 
 Zj 15M 15 -M -M -M -M -M 116M  

 ∆Zj 3-15M 1-15M M M M M M  

 
 Initial Tableau (omitting columns for artificial variables). 
  
   

Dual Initial Tableau 

 Y1 Y2 Y3 Y4 Y5 S’1 S’2  

 Cj 15 24 18 24 15 0 0 Bi Θ 

S’1 0 1 2 3 4 5 1 0 3 .75 

S’2 0 5 4 3 2 1 0 1 1 .5 

 Zj 0 0 0 0 0 0 0 0  

 ∆Zj 15 24 18 24 15 0 0  

 
 
 (Note:  We have a tie for the entering variable between Y2 and Y4.  

Checking the θ’s leads us to select Y4, since more units will enter (½ 
versus ¼), resulting in a larger change in Z.) 
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4.17 (continued) 
   

Dual Tableau 2 

 Y1 Y2 Y3 Y4 Y5 S’1 S’2  

 Cj 15 24 18 24 15 0 0 Bi Θ 

 

S’1 0 -9 -6 -3 0 3 1 -2 1 .33 

Y4 24 2.5 2 1.5 1 0.5 0 0.5 0.5 1 

 
 Zj 60 48 36 24 12 0 12 12  

 ∆Zj -45 -24 -18 0 3 0 -12  

 
 

Optimal Tableau (Perimeter Values Only) 

 X1 X2 S1 S2 S3 S4 S5  

 Cj 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  

 ∆Zj 0 0 0 0 0 .33 .33  

 
 
   

Dual Optimal 

 Y1 Y2 Y3 Y4 Y5 S’1 S’2 

 Cj 15 24 18 24 15 0 0 Bi 

 
Y5 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  

 ∆Zj -36 -18 -15 0 0 -1 -10  
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4.18 a. -∞ < ∆C1 ≤ |∆Z1|; so -∞ < C1 ≤ 23 
 
  No change in optimum solution, since X1 is nonbasic. 
 

 b. Since X2 is a basic variable, we compute 
2

2j

Z

a

∆
 for each nonbasic 

variable.  These values (-15, and +9, ignoring the artificial 
variables) tell us the amounts by which C2 can change before bringing 
a new variable into the solution.  -15 ≤ ∆C2 ≤ +9, or -10 ≤ C2 ≤ +14 
is the allowable range.  If C2 is reduced, ZOPT is reduced, if C2 is 
increased, so is ZOPT. 

 
 c. S1 ≤ ∆b1 < +∞; so -8.167 ≤ b1 < +∞, but since bi cannot be negative, 0 

≤ b1 < +∞ is the range.  The only change is  
  -1 for 1 reduction of S1 if b1 is reduced and a similar increase in S1 

as b1 is increased. 
 

d. Constraint #2 is binding, so the limits on the allowable change in b2 

are found by computing 
i

i2

-X

a
.  The positive ai2 values determine the 

lower bound and the negative ai2 values determine the upper bound. 
 

2

20.167
-.883 1.167 b

3.083.167

.083

−
 −≤ ∆ ≤ −
 −

 

2

17.28
-4.99 b

37.14
≤ ∆ ≤





 

2-1.28 b 20.99≤ ≤  
 
  But since bi cannot be negative, the range becomes  
 0 ≤ b2 ≤ 20.99.  Since constraint #2 is a GTE, increases in b2 reduce 

the feasible region and the value of Z, while decreases in b2 
increase the feasible region and the value of Z. 
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4.19 a) Ore A is $2.17; Ore B is $0.056; Ore C is $0.056.   
 
  b) X4's profit increases to $6: X1 = 2777.778; X3 = 2499.999;  
    X5 = 833.336; ZMAX = 45277.78. 
 
   X4’s profit increases to $7: X1 = 2916.667; X4 = 3750; Slack 3 = 

4999.999; ZMAX = 46666.66. 
 

c) Ore A increases by 9,000 tons: X2 = 499.9987; X3 = 6250.001; X5 = 
750.0005; ZMAX = 64750. 

 
   Ore A decreases by 6,000 tons: X1 = 4222.222; X5 = 666.6666; Slack 2 

= 1000.001; ZMAX = 32222.22 
 
4.20 a) Solution X1 = 0.75; X2 = 0.25; ZMIN = 0.055. 
 
  b) Cost of Lime Juice increases to $0.09 per ounce: X1 = 0.75; X2 = 

0.25; ZMIN = .06. 
 
4.21 Solution X1 = 34.73972; X2 = 502.0345; X3 = 246.9057; X6 = 289.8683; ZMIN = 

404.9974. 
 
    Low   High 
  Nuts  .748264  .965060 
  Corn  .238752  .31814 
  Rice  -.778154  .213094 
  Oats  .236304  +INF 
  Soy Protein .581925  +INF 
  Vit. Supplement.667211  2.12522 
 
4.22 Solution X1 = 115.3846; X3 = 76.92308; ZMAX = 1140 
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5.1 a)  MAX Z:      8X +  6Y 
 Subject to: 6X + 12Y ≤ 72 
                    5X +  2Y ≤ 20 
                                                      (X, Y, S1, S2 ≥ 0) 
 

Initial Tableau 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi Θ 

 
Slack 1 0 6.00 12.00 1.00 0.00 72 12 

Slack 2 0 5.00 2.00 0.00 1.00 20 4 

 
 Zj 0 0 0 0 0  

 ∆jZ 8 6 0 0  

Entering: X 1 

Leaving: Slack 2 

 

Tableau 2 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi Θ 

 

Slack 1 0 0.00 9.60 1.00 -1.20 48 5 

X 1 8 1.00 0.40 0.00 0.20 4 10 

 
 Zj 8 3.20 0 1.60 32  

 ∆Zj 0 2.80 0 -1.60  

Entering: Y 

Leaving: Slack 1 
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5.1 (a) (continued) 
 

Optimal Tableau 

 X Y Slack 1 Slack 2  

 Cj 8 6 0 0 Bi

Y 6 0.00 1.00 0.10 -0.13 5

X 1 8 1.00 0.00 -0.04 0.25 2

 Zj 8 6 0.29 1.25 46

 ∆Zj 0 0 -0.29 -1.25  

 
 Optimal Solution:  X = 2, Y = 5, ZMAX = 46  
 
5.1 (b) MIN Z:       8X + 10Y 
   Subject to:   3X +  6Y ≥ 36 
                         X +   Y ≥ 10 
                         (X, Y)≥ 0 
  
 

Tableau 1 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi Θ 

 

A1 M 3.00 6.00 -1.00 1.00 0.00 0.00 36 6 

A2 M 1.00 1.00 0.00 0.00 -1.00 1.00 10 10 

 

 Zj 4M 7M -M M -M M 46M  

 ∆Zj -4M -7M M 0 M 0  

Entering: Y 

Leaving: A1 
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5.1 (b) (continued)  
 

Tableau 2 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi Θ 

 
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 -1.00 1.00 4 8 

 
 Zj 5+.5M 10 -1.7+.17M 1.7-.17M -M M 60+4M  

 ∆Zj 3-.5M 0 1.7-.17M -1.7+1.17M M 0  

Entering: X 

Leaving: A2 

 

Optimal Tableau 

 X Y S1 A1 S2 A2  

 Cj 8 10 0 M 0 M Bi  

  

Y 10 0.00 1.00 -0.33 0.33 1.00 -1.00 2  

X 8 1.00 0.00 0.33 -0.33 -2.00 2.00 8  

  

 Zj 8 10 -0.67 0.67 -6 6 84.00  

 ∆Zj 0 0 0.67 -.67+M 6 -6+M   

Optimal Solution: X = 8, Y = 2, ZMIN = 84 
 
5.1 (c) MAX Z:      5X + Y 
    Subject to:  X + Y ≥ 6 
                     2X + Y ≤ 8 
                     (X, Y  ≥ 0) 
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5.1 (c) (continued) 
  

Initial Tableau 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi Θ 

 
A1 -M 1.00 1.00 -1.00 1.00 0.00 6 6 

S2 0 2.00 1.00 0.00 0.00 1.00 8 4 

 
 Zj -M -M M -M 0 -6M  

 ∆Zj M M -M 0 0  

Entering: X 

Leaving: S2 

 

Tableau 2 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi Θ 

 

A1 -M 0.00 0.50 -1.00 1.00 -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  

 ∆Zj 0 -1.5+.5M -M 0 -2.5-.5M  

Entering: Y 

Leaving: A1 

 

Optimal Tableau 

 X Y S1 A1 S2  

 Cj 5 1 0 -M 0 Bi

Y 1 0.00 1.00 -2.00 2.00 -1.00 4

X 5 1.00 0.00 1.00 -1.00 1.00 2

 Zj 5 1 3 -3 4 14

 ∆Zj 0 0 -3 -M+3 -4  

 
 Optimal Solution:  X = 2, Y = 4, ZMAX = 14 
 



62             Chapter 5   Linear Programming: Computer Applications
 

 
 
 
5.1 (d) MAX Z:      3X1 + 5X2 + 7X3 
  Subject to: 2X1 - 4X2 + 5X3 ≤ 12 
                   X1 + 6X2 – 3X3 ≥ 16 
                  5X1 + 2X2 +  X3 = 7 
         (Xj ≥ 0) 
 

Initial Tableau 

 X1 X2 X3 S1 S2 A2 A3  

 C 3 5 7 0 0 -M -M B Θ 

 
S1 0 2.00 -4.00 5.00 1.00 0.00 0.00 0.00 12 -3 

A2 -M 1.00 6.00 -3.00 0.00 -1.00 1.00 0.00 16 2.67 

A3 -M 5.00 2.00 1.00 0.00 0.00 0.00 1.00 7 3.50 

 
 Z -6M -8M 2M 0 M -M -M -23M  

 ∆Z 6M 8M -2M 0 -1M 0 0  

Entering: X2 

Leaving: A2 

 
Note: There is no A1 since the labels on the variables refer to the 
constraints in which they are found. 
 

Tableau 4 (Optimal) 

 X 1 X 2 X 3 S1 S2 A2 A3  

 C 3 5 7 0 0 -M -M B  

  

S1 0 -4.33 0.00 0.00 1.00 -1.17 1.17 -1.50 20.17  

X 2 5 1.33 1.00 0.00 0.00 -0.08 0.08 0.25 3.08  

X 3 7 2.33 0.00 1.00 0.00 0.17 -0.17 0.50 0.83  

  

 Z 23 5 7 0 0.75 -0.75 4.75 21.25  

 ∆Z -20.00 0.00 0.00 0.00 -0.75 .75-1.00M -4.75-1.00M  

 
 Optimal Solution:  X2 = 3.08, X3 = .83, ZMAX = 21.25 
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5.1 (e) MIN Z:      4X1 – 12X2 + 5X3 
   Subject to:  X1 +  3X2 – 8X3 = 5 
                   2X1 –  9X2 + 4X3 ≤ 14 
        3X1 +  5X2 –  X3 ≥ 7 
                           X2      = 2 
                        (X1, X2, X3 ≥ 0) 
  

Initial Tableau 

 X 1 X 2 X 3 A1 S2 S3 A3 A4  

 Cj 4 -12 5 M 0 0 M M Bi Θ 

 
A1 M 1.00 3.00 -8.00 1.00 0.00 0.00 0.00 0.00 5 1.67 

S2 0 2.00 -9.00 4.00 0.00 1.00 0.00 0.00 0.00 14 -1.56 

A3 M 3.00 5.00 -1.00 0.00 0.00 -1.00 1.00 0.00 7 1.40 

A4 M 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 2 2.00 

 
 Zj 4M 9M -9M 1M 0 -M M M 14M  

 ∆Zj -4M -9M 9M 0 0 M 0 0  

Entering: X 2 

Leaving: A3 

 

Tableau 4 

 X 1 X 2 X 3 A1 S2 S3 A3 A4  

 Cj 4 -12 5 M 0 0 M M Bi  

  

S3 0 -2.88 0.00 0.00 0.13 0.00 1.00 -1.00 4.62 2.87  

S2 0 2.50 0.00 0.00 0.50 1.00 0.00 0.00 7.50 31.50  

X2 -12 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 2.00  

X3 5 -0.12 0.00 1.00 -0.12 0.00 0.00 0.00 0.37 0.12  

  

 Zj -0.62 -12 5 -0.62 0 0 0 -10.12 -23.38  

 ∆Zj 4.62 0 0 M 0 0 1M 1M  

 
Optimal Solution: X2 = 2, X3 = .12, ZMAX = -23.38 
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5.2 Z = 51.44928 
 
5.3 Z = 131.2329 
 
5.4 Z = 91.8 
 
5.5 Z = -1418481 (infeasible) 
 
5.6 Z = 1725 
 
5.7 Z = 3255.146 
 
5.8 Z = 7872 
 
5.9 Z = 112200 
 
5.10 MAX Z:     4X1 + 3X2 + 6X3 + X4 + 4X5 + 7X6 + 3X7 + 10X8 + 5X9           

 +3X10 
 Subject to: X1 +  X2 +  X3 + X4 +  X5 +  X6 +  X7 +   X8 +  X9      
+  X10 = 1 
                  X1  ≥ .05  X1  ≤ .1 
   X2  ≥ .02  X2  ≤ .2 
   X3  ≥ .1  X3  ≤ .2 
   X4  ≥ .02  X4  ≤ .1 
   X5  ≥ .04  X5  ≤ .25 
   X6  ≥ .1  X6  ≤ .3 
   X7  ≥ .01  X7  ≤ .05 
   X8  ≥ .02  X8  ≤ .05 
   X9  ≥ .1  X9  ≤ .5   
   X10 ≥ .25  X10 ≤ .5 
 
 Optimal Solution: 
 
 X1 = .05  X8 = .05  S15 = 0.08  ZMAX = 5.28 
 X2 = .02  X9 = .10  S16 = 0.21 
 X3 = .16  X10 = .25  S18 = 0.04 
 X4 = .02  S7 = 0.2  S20 = 0.4 
 X5 = .04  S9 = 0.03  S21 = 0.25 
 X6 = .30  S12 = 0.05   
 X7 = .01  S14 = 0.04  
 
 Interpretation:  Variables X1 through X10 are the product proportions.  

The other variables in the solution are slack variables.  All of the 
products except X3 are at either the maximum or minimum boundaries so 
have either a single positive or negative slack representing the range 
between maximum and minimum boundaries.  X3 has a value between its  

5.10 (continued) 
  
 maximum and minimum boundaries and thus both a positive and a negative 

slack.  The positive slack represents the difference between the 
solution value and the maximum boundary and the negative slack 
represents the difference between the solution value and the minimum 
boundary.  X19 is the negative slack and X20 is the positive. 
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5.11 MIN Z:       15X1 + 26X2 + 17X3 +  18X4 + 20X5  + 30X6 
  + 21X7 + 14X8 + 22X9 + 30X10 + 12X11 + 16X12 
 

 Subject to:  X1  + X2  + X3  = 1,500 
                  X4  + X5  + X6  = 2,200 
                  X7  + X8  + X9  = 3,300 
                  X10 + X11  + X12 = 1,000 
 
  X1 + X4 + X7 + X10 ≤ 2,000 
  X2 + X5 + X8 + X11 ≤ 3,500 
  X3 + X6 + X9 + X12 ≤ 3,000 
  (Xij ≥ 0) 
 
 Optimal Solution: 
 
 X3  = 1,500  (amount shipped from III to A) 
 X4  = 2,000  (amount shipped from I to B) 
 X5  =   200  (amount shipped from II to B) 
 X8  = 3,300  (amount shipped from II to C) 
 X11 =     0  (amount shipped from II to D; degenerate) 
 X12 = 1,000  (amount shipped from III to D) 
 X15 =   500  (amount not shipped from III; slack) 
 ZMIN = $127,700 
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5.12 MIN Z:      35X1  + 42X2  + 26X3  + 19X4  + 60X5 
  + 18X6  + 17X7  + 22X8  + 30X9  + 15X10 
  +105X11 + 90X12  + 85X13  + 70X14 + 95X15 
  + 60X16 + 70X17  +  55X18 + 27X19 + 18X20 
  

 Subject to: 

    

1  2  3  4  5  

6  7  8  9  10

11 12 13 14 15

16 17 18 19 20

X + X + X + X + X  =  1

X + X + X + X + X  = 1
Jobs

X + X + X + X + X  = 1

X + X + X + X + X  = 1








 Jobs 

 

  

1 6 11 16

2 7 12 17

3 8 13 18

4 9 14 19

5 10 15 20

X  + X  + X  + X   1

X  + X  + X  + X   1

X  + X  + X  + X   1

X  + X  + X  + X   1

X  + X + X  + X   1

≤ 
≤ ≤ 
≤ 

≤ 

 Machines 

 
 Optimal Solution: 
   
  X3   = 1 (Machine C, Job 1) 
  X7   = 1 (Machine B, Job 2) 
  X14  = 1 (Machine D, Job 3) 
  X20  = 1 (Machine E, Job 4) 
  X25  = 1 (Machine A, not assigned) 
  ZMIN = 131 minutes 
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5.13 MAX Z:      30X1 + 7X2 + 25X3 + 15X4 + 10X5 + 20X6 
 Subject to: 3X1 +.667X2 + 2X3 +.75X4 + 1.8X5 + 3.6X6 ≤ 10,000 
                  X1 ≥   500  
                  X2 ≥   500  
                  X3 ≥   500   
                  X4 ≥   100   
                  X5 ≥ 1,000    
                  X6 ≥   500    
                  X4 –  X3       ≤ 0 
                  X5 – 4X3       ≤ 0 
                  X3 -  X6       ≤ 0 
                  X3 -  X1 - X2  ≤ 0 
 
 Optimal Solution: 
 
 X1  =   500 (Number of large smokers) 
 X2  = 5,285 (Number of small smokers) 
 X3  =   500 (Number of patio tables) 
 X4  =   500 (Number of umbrellas) 
 X5  = 1,000 (Number of patio chairs) 
 X6  =   500 (Number of chaise lounges) 
 S3  = 4,785 (Number of small smokers over minimum) 
 S5  =   400 (Number of umbrellas over minimum) 
 S9  = 1,000 (Number by which chairs fall short of 4     
  times number of tables) 
 S11 = 5,285 (Number by which large and small smokers     
  exceed number of tables) 
 
 The small smokers and tables exceeded their minimums because of their 

relatively high profit per square foot of storage requirement. 
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6.1 MAX Z:      4X1 + 3X2 + 5X3 – 50V1 - 50V2 
 Subject to:  X1 +  X2 +  X3 -   V1 + S1 = 10 
                 2X1 +  X2 + 2X3 +   V2 – S2 = 50 
                     (Xi, Si, Vi ≥ 0) 
 
 Solution: 
 
  X1 = 0, X2 = 0, X3 = 35, V1 = 15, S1 = 0, V2 = 0, S2 = 0, 
 ZMAX = 125 
 
 (Note that the maximum value of Z is computed without the violation 

variables’ effect, since their weights are arbitrary.)  This solution 
violates the first constraint by 15 units. 

 
6.2 MAX Z:  2X1 + X2 + 4X3  + 5X4 – 50V1 – 50V2 – 50V3 – 50V’3  
 S.T.:   3X1 + 2X2 + X3  + 4X4   + V1 – S1 = 100 
              X1 + 2X2 + 3X3 +  X4   – V2 + S2 =  50 
             2X1 + 3X2 + 4X3 + 2X4   + V3 – V’3 = 40 
                        (X1, X2, X3, X4, Si, Vi ≥ 0) 
 
 Solution: 
 
 X1 = 0, X2 = 0, X3 = 9.1, X4 = 22.7, V1 = 0, S1 = 0, V2 = 0, S2 = 0, V3 = 
0, V’3 = 41.8, ZMAX = 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 from the origin. 

 
6.3 MAX Z:      -100V1 + 100S1 -100V2 + 100S2 
 Subject to:    4X1 +  2X2 +  8X3 + V1 – S1 = 100 
                     X1 + 12X2 +   X3 + V2 – S2 = 100 
                     X1 +  2X2 +  3X3           ≥ 18 
                    5X1 +   X2 +   X3           ≤ 48 
                    (X1, X2, X3, Si, Vi ≥ 0) 
 Solution: 
 X1 = 0 X2 = 48 X3 = 0 
 V1 = 4 S1 = 0 Z1 = 96 
 V2 = 0 S2 = 476 Z2 = 576 
 
6.4 MAX Z:     -500V1 + 500S1 – 100V2 + 100S2 
 Subject to: 2X1 + 5X2 + 8X3 + V1 – S1 = 100 
                  X1 + 2X2 + 5X3 + V2 - S2 = 100 
                 3X1 + 5X2 +  X3          ≤ 60 
                  X1 + 6X2 + 4X3          ≤ 64 
                 8X1 +  X2 + 2X3          ≥ 20 
                       (X1, X2, X3, Si, Vi ≥ 0) 
 
 Solution: 
 X1 = 0 X2 = 0 X3 = 16 
 V1 = 0 S1 = 28 
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 V2 = 20 S2 = 0 
 
 MAX Z:      -100V1 + 100S1 -500V2 + 500S2 
 Subject to:    2X1 + 5X2 + 8X3 + V1 – S1 = 100 
                     X1 + 2X2 + 5X3 + V2 - S2 = 100 
                    3X1 + 5X2 +  X3          ≤ 60 
                     X1 + 6X2 + 4X3          ≤ 64 
                    8X1 +  X2 + 2X3          ≥ 20 
                          (X1, X2, X3, Si, Vi ≥ 0) 
 
 Solution: 
 X1 = 0 X2 = 0 X3 = 16 
 V1 = 0 S1 = 28 
 V2 = 20 S2 = 0 
 
6.5 MIN Z:      2V3 + V4 
 Subject to:  X1 + X2 + X3 + X4 = 100,000 
      40X1 +   30X2 +   20X3 +    15X4   ≥ 28(100,000) 
     300X1 +   500X2 +   800X3 + 1,500X4 + V3 – S3 = 80,000,000 
   4,000X1 + 5,000X2 + 6,000X3 + 9,000X4 + V4 – S4 = 700,000,000 
  
 Solution: 
 
 X1 = 52,000 X2 = 0 X3 = 0 X4 = 48,000 
 S1 = 0 S2 = 0 V3 = 0 S3 = $7,600,000 
 V4 = $60,000,000 S4 = 0  
 
 This means that they could produce 52,000 subcompacts, 48,000 luxury 

sedans, and no compacts or standard-sized vehicles.  They meet the EPA 
restrictions exactly; they exceed their profit goal by $7.6 million; 
but they are $60 million short of their sales volume target.  If they 
wish to offer a full line of vehicles, they should specify some minimum 
number of vehicles of each type to be sold, and rerun the problem with 
those added constraints. 

 
 
6.6 MIN Z:      1V4 + 2V5 + 2V6 + 20V7 + 20V8 
 Subject to: X1 + X2 + X3 + X4 + X5 ≤ $8M 
                           X1           ≥ $2M 
                           X2           ≥ 1.5M 
                           X3           ≥ 1.5M 
                           X1 + V4 – S4 = 3M 
                           X2 + V5 – S5 = 2M 
                           X3 + V6 – S6 = 3M 
                           X4 + V7 – S7 = .3M 
                           X5 + V8 – S8 = .2M 
                           (Xi, Vi, Si ≥ 0) 
 
 Solution: 
 
 X1 = $2.5M X2 = $2M X3 = $3M X4 = $.3M X5 = $.2M 
 S1 = 0 S2 = 0 S3 = 0 V4 = $.5M S4 = 0 
 V5 = 0 S5 = 0 V6 = 0 S6 = 0 V7 = 0 
 S7 = 0 V8 = 0 S8 = 0 
 
 This means that the full amounts requested will be approved for 

everything but the water improvements, which will receive only $2.5 
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million.  Different sets of weights would lead to different solutions. 
 
6.7 MIN Z:      20V2 + 10V3 + V4 + V5 + V6 + V7 + V8  
 Subject to: X1 + X2 + X3 + X4 + X5      ≤ $250,000 
       .03X1 + .08X2 + .05X3 + .09X4 + .06X5 + V2 – S2 = $18,000 
       .10X1         + .05X3               + V3 – S3 = $10,000 
          X1 – V4 + S4                         = $100,000 
          X2 + V5 – S5                         = $100,000 
          X3 – V6 + S6                         = $ 25,000 
          X4 – V7 + S7                         = $ 10,000 
          X5 + V8 – S8                         = $ 20,000  
 (Xi, Vi, Si ≥ 0) 
 
 Solution: 
 
X1 = $100,000 X2 = $120,000 X3 = 0 X4 = $10,000 X5 = $20,000 
S1 = 0 V2 = $3,300 S2 = 0 V3 = 0  S3 = 0 
V4 = 0 S4 = 0 V5 = 0 S5 = $20,000 V6 = 0 
S6 = $25,000 V7 = 0 S7 = 0 V8 = 0  S8 = 0 
 
 
 This means that E. Z. should invest $100,000 in stocks; $120,000 in 

bonds; none in preferred stock; $10,000 in commercial 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 investments; but does not quite achieve 
his goal of $15,000 income (he is $3,300 short).  If he decides that 
goal has a priority of more than twice the capital gains goal, he can 
increase the weight on V2 and reduce the problem. 

 
This sort of trial and error procedure is very common in actual 
application of goal programming to real problems, and we dignify it 
with the term Heuristic problem solving. 
 

6.8 MIN Z:      10V3 + V4 + V5 -1S3 – 3S4 – 5S5 
 Subject to: .5L + .2T + .125D ≤   300 (total acreage) 
      L +   T +     D ≤ 1,800 (zoning restriction) 
      L + V3 – S3 = 100 (at least 50 acres luxury homes) 
      T + V4 – S4 = 250 (at least 50 acres tracts) 
      D + V5 – S5 = 400 (at least 50 acres duplexes) 
       (D, L, T, Si, Vi ≥ 0) 
 
 Solution: 
 
 L = 100,  T = 0,    D = 1,700,  S1 = 37.5,  S2 = 0, V3 = 0, 
 S3 = 0,   V4 = 250, S4 = 0,     V5 = 0,     S5 = 1,300 
 
 This means that they should sell 100 luxury 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 land could 
be dedicated to parks or used to enlarge the size of the lots. 

 
 This solution is probably not the final one.  A heuristic approach 

would lead us to change the weights, perhaps making the requirement for 
some tract homesites absolute, rather than a goal.  We would continue 
to shift our priorities (and weights) until we arrive at a solution 
which is acceptable from both practical and theoretical viewpoints. 
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**6.9 MAX Z:      -100V1 + 100S1 -10V2 + 10S2 
 Subject to: 5000M + 6000B + 7000R + V1 – S1 = 50000 
                     M +     B         + V2 – S2 = 12 
                     M +     B +     R            ≤ 12 
                  240M + 300B + 300R              ≤ 3000 
                 3000M + 4000B + 2000R            ≤ 40000 
                   -2M +     B +     R            ≤ 0 
 
 Solution: 
 
 M  = 6.8 B = 0 R = 4.5 
 V1 = 0 S1 = 15910 
 V2 = 5.2 S2 = 0 
 
 
 MAX Z:      -10V1 + 10S1 – 1000V2 + 1000S2 
 Subject to:  5000M + 6000B + 7000R + V1 – S1 = 50000 
                      M +     B +       +V2 – S2 = 12 
                      M +     B +     R          ≤ 12 
                   240M +  300B +  300R          ≤ 3000 
                  3000M + 4000B + 2000R          ≤ 40000 
                     2M +    3B +    3R          ≥ 0 
 
 Solution: 
 
 M  = 6.8 B = 0 R = 4.5 
 V1 = 0 S1 = 15910 
 V2 = 5.2 S2 = 0 
 
6.10 MAX Z:      -400V1 + 400S1 -200V2 + 200S2 -100V3 + 100S3 
 Subject to:  T + V + V1 – S1 = 10 
                  15000T + 12000V + 2000P + 10000L + 6000G +                      

2000S – V2 + S2 = 300000 
                 3.00T + 3.00V + 4L + 1.00P + 2.0G – V3 + S3 = 80 
                 0.75T + 0.75V + 1L – 0.75P - 1.5G ≥ 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 
 
 Solution: 
 
 T = 0 V = 13 P = 5 L = 9 
 G = 0 S = 80 
  V1 = 0 S1 = 3 
  V2 = 116000 S2 = 0 
  V3 = 0 S3 = 0 
 
6.11 X1 = 4; X2 = 5.3333; X4 = 4; Underachievement Goal 1 = 12800; 

Underachievement Goal 2 = 8000; Overachievement Goal 3 = 7333.335; ZMIN = 
0.  Multiple Optimal Solutions. 

 
6.12 X1 = 125; X2 = 55.00001; Overachievement Goal 1 = 0; Underachievement 

Goal 3 = 40.99999; ZMIN = 0.  Multiple Optimal Solutions and Degenerate. 
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6.13 CO112 = 7.25; BW322 = 5.5; Overachievement Goal2 = 100; 

Underachievement Goal3 = 142.75; Underachievement Goal4 = 44.5; ZMIN = 
7045. 

 
6.14 Radio = 600.0002; TV2 = 40; Newspaper = 1000; Overachievement Goal4 = 

165000; ZMIN = 0.  Multiple Optimal Solutions.   
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Chapter 7   Integer Linear Programming 
 
7.1 Z = 210 
 
7.2 Z = 28 
 
7.3 Z = 116 
 
7.4 Z = 115.33 
 
7.5 Let X1 = number of QM110 students 

     X2 = number of QM210 students 

 
 
 MAX Z:       6X

1
 + 9X

2
  (Profit, $) 

 Subject to:   X
1
 + 2X

2
  < 10 (Max. hours per week) 

           X
1
        <  3 (Max. QM110 students) 

                X
2
   <  5 (Max. QM210 students) 

             X
1
, X

2
  = integer (Integer Restriction) 

             X
1
, X

2
  > 0 (Nonnegativity) 

 
7.6 Let  X1 = Pinecrest site 

      X2 = Woodlands site 

      X3 = Arbor Oaks site 

      X4 = Regency site 

      X5 = Hillsboro site 

      X6 = Hillwood site 

 
 
MAX Z:  10000X

1 
+12000X

2 
+20000X

3  

               +24000X4 +16000X5 +6000X6 (Profit, $) 

    Subject to:  120000X
1
 + 100000X

2
 + 164000X

3
 + 206000X

4
  

                   + 100000X
5
 + 82000X

6
  < 600000 (Total Invest.) 

             X
1
, X

2
, X

3
, X

4
, X

5
, X

6
    < 1 (Binary Restriction) 

             X
1
, X

2
, X

3
, X

4
, X

5
, X

6
    > 0 (Nonnegativity)  
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7.7 Let   X
1
 =  investment in Stock A 

       X
2
 =  investment in Stock B 

       X
3 =  investment in Stock C 

       X
4
 =  investment in Income Bond A 

       X
5
 =  investment in Income Bond B 

       X
6
 =  investment in Income Bond C 

MAX Z:      100X
1
 +  200X

2
 +  60X

3
 +  120X

4
  

            +  200X
5
 +  80X

6  (Return, $) 

S.T: 1000X
1
 +2000X

2
 +700X

3
 +1400X

4
  

     +1600X
5
 +800X

6
 < 5000 (Total Investment) 

      X
1
 + X

2
 + X

3
                  < 2 (Max. # of stocks) 

         X
4
 + X

5
 + X

6
               > 2 (Min. # of bonds) 

         X
1
 + X

2
 + X

3
 + X

4
 + X

5
 + X

6
 > 4 (Min. # of invest.) 

         X
1
, X

2
, X

3
, X

4
, X

5
, X

6
      < 1 (Binary Restriction) 

         X
1
, X

2
, X

3
, X

4
, X

5
, X

6
      > 0 (Nonnegativity) 

 
7.8 Let  X

1
 = number of salesmen allocated to East Region 

      X
2
 = number of salesmen allocated to South Region 

      X
3
 = number of salesmen allocated to Southwest Region 

 
 MAX Z:  14000X

1
 + 15000X

2
 + 15500X

3
  

     S.T.: 2750X
1
 +3000X

2
 +2500X

3
 < 150000 (Max. Sales Expense) 

             X
1
                     < 40 (Max. Salesmen, E) 

                 X
2
                 < 40 (Max. Salesmen, S)  

                                X
3
  < 40 (Max. Salesmen, SW) 

             X
1
                     > 15  (Min. Salesmen, E) 

                      X
2
            > 15 (Min. Salesmen, S) 

                                X
3
  > 15 (Min. Salesmen, SW) 

             X
1
 +     X

2
 +      X

3
  < 100 (Total Salesmen) 

            X
1
, X

2
, X

3
            = integer (Integer Restriction) 

            X
1
, X

2
, X

3
            > 0 (Nonnegativity)  

 
 
7.9 Let X

1
 = number of sets of men's clubs 

         X
2
 = number of sets of women's clubs 

      X
3
 = number of sets of junior clubs 

 
MAX Z:  170X

1
 + 165X

2
 + 145X

3 (Profit, $) 
S.T.:   1.25X

1
 +1.30X

2
 +0.75X

3
    < 100 (Total Hours per Month) 

                X
1
                > 5 (Men’s backlog) 

                       X
2
         > 3 (Women’s backlog) 

                               X
3
 > 5 (Junior’s backlog) 

           X
1
, X

2
, X

3
       = integer (Integer Restriction) 

           X
1
, X

2
, X

3
       > 0 (Nonnegativity) 
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7.10 Let  X
1
 = number of lighters 

          X
2
 = number of mirrors 

          X
3
 = number of knives 

 
     MAX Z:  10X

1
 + 8X

2
 +  7X

3 (Profit, $) 
     S.T.:    2X

1
 + 8X

2
 + 10X

3
  < 32 (Total weight, ozs.) 

               X
1
               > 1 (Min. # of lighters) 

                     X
2
         > 1 (Min. # of mirrors) 

                            X
3
  > 1 (Min. # of knives) 

           X
1
, X

2
, X

3
     = integer (Integer restriction) 

           X
1
, X

2
, X

3
     > 0 (Nonnegativity) 

 
7.11 X1 = 4, X2 = 4, ZMAX = 32 
 
7.12 UB = 27.818 (X1 = 0, X2 = 3.909, X3 = 1.182) 
 LB = 22 (X1 = 0, X2 = 3, X3 = 1) 
  
 

1

Z = 27.82

2
X1=0
X2=3

X3=1.57

3
X1=0
X2=4
X3=1

UB=27.0 UB=26.0

Stop
*Inferior*

Stop
*Optimal*

X2 ≤ 3 X2 ≥ 4

 
 
7.13 X1 = 8; X2 = 1; ZMIN = 60 
 
7.14 X1 = 8; X2 = 13; ZMIN = 139 
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7.15 UB = 380.5 (X1 = 22.167, X2 = 0.167) 
 LB = 374 (X1 = 22, X2 = 0) 
 

1

Z=380.5
X1 < 22 X1 > 23

2 
X1 = 22
X2= 0.29

3  
Infeasible
Solution

UB = 380.5
LB = 380.29

5
X1 = 21
X2 = 1

Stop

4
X1 = 22
X2 = 0

Stop
*Inferior*

X2 < 0 X2 > 1

UB = 380.5
LB = 379

UB=380.5
LB = 374

Stop
*Optimal*

 
7.16 X1 = 2; X2 = 3; X3 = 2; ZMAX = 1260. 
 
7.17 X1 = 2; X2 = 4; ZMAX = 48 
 
7.18 X1 = 0; X2 = 1; X3 = 1; X4 = 1; X5 = 1; X6 = 0; ZMAX = 72000. 
 
7.19 X1 = 1; X2 = 0; X3 = 0; X4 = 1; X5 = 1; X6 = 1: ZMAX = 500. 
 
7.20 X1 = 15; X2 = 15; X3 = 25: ZMAX = 822500. 
 
7.21 X1 = 6; X2 = 3; X3 = 118; ZMAX = 18625. 
 
7.22 X1 = 7; X2 = 1; X3 = 1; ZMAX = 85. 
 
7.23 X1 = 6; X2 = 0.667; ZMAX = 32. 
 
7.24 X1 = 6; X2 = 1.6; ZMIN = 55.2. 
 
7.25 Z = 360000. 
 
7.26 Z = 314. 
 
7.27 Z = 318. 
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Chapter 8   The Transportation Model 
 
8.1  (Initial Solution)  

4   

 
 
 Note:  Using the Northwest corner 
method, we do not need the costs to 
obtain an initial feasible solution.  
If we use them, we can compute the 
total cost as: 
35(10)+35(8)+15(8)+15(3)+65(6)+10(4)+
55(3) = $1,390 
 
 
 
 
  
 
8.2 

 
 
Note:  At one point there is a tie between Row A, Row B, and Column 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. 

A

B

C

D

35

35 15

15 65

10 55

5570 30 75

35

50

80

65

230

W X Y Z

A

B

C

D

W X Y Z

10 7 6 4

8 8 5 7

4 3 6 9

7 5 4 3

35

50

80

65

70 30 75 50 230

35

50

70 10

20 25 20

2 1

1

13

3

3

2

2

1

2

4
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8.3  
 

 
 
 
 
 
Total miles by Northwest 
Corner = 44,700  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.4 

LA Miami New York

Atlanta 

Boston

Chicago

Detroit

Dummy

12 6 5 23

23 9

31 16

7

2

22 14 8

24 14 6

000

3

8

1 2

4 4

1

3

8

3

8

1

LA Miami New York

Atlanta 

Boston

Chicago

Detroit

Dummy

23 9

31 16

7

2

22 14 8

24 14 6

000

3

8

3

3 5

1

3

8

3

8

1

2 16

14 15

6 8

8 10

0

Total miles for VAM = 
3(7)+3(16)+5(2)+3(22)+ 
8(24)+1(0)= 33,700 miles. 
Total miles for Northwest Corner:  
44,700 miles. 
Note:  The number of stone cells is 6, but R+K-1 = 5+3-1 = 7 so we will need 
to add an E before we can test for optimality. 
 
 
 
 

12 6 5 23

22 7 2

1

2

6

0
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8.5  

 
 

 
 

Let R4 = 0 
 

Cij = Ri + Kj (stone cells) 
 
∆Zij = Cij – (Ri + Kj) 
 
Since all ∆Zij values are 
positive, the VAM solution is 
optimal. 

 
 
 
 
 
 35 tons from mine A to 
smelter Z 
 50 tons from mine B to 
smelter Y 

 70 tons from mine C to smelter W 
  10 tons from mine C to smelter X 
 20 tons from mine D to smelter X 
 25 tons from mine D to smelter Y 
 20 tons from mine D to smelter Z 
 Total cost = $960. 
 

A

B

C

D

W X Y Z

10 7 6 4

8 8 5 7

4 3 6 9

7 5 4 3

35

50

80

65

70 30 75 55 230

35

50

70 10

20 25 20

+3

+3

+1

+1

+1 +2

+1

+8+4

1

1

-2

0
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8.6 
 

 
 
 
Add the stone cell in the 
Atlanta to LA cell, which is 
one of those with no stone 
path. 
 
Let K1 = 0 
 
Cij = Ri + Kj (stone cells 
only) 
 
∆Zij = Cij – (Ri + Kj) 
 
 
 
 
 
 
 The only cell with a 
negative ∆Zij is the Boston 
to LA cell.  The stone path 
for this cell goes through 

the E cell (Atlanta to LA), and an amount E is all we can move around 
this path.  Therefore, the “improved” solution will not be any better, 
but simply has the E in a different cell.  Our VAM solution is 
therefore optimal. 

 
  3 cars to Atlanta from Miami 
  3 cars to Boston from Miami 
  5 cars to Boston from New York 
  3 cars to Chicago from Los Angeles 
  8 cars to Detroit from Los Angeles 
 
 Since the Dummy destination is supplied from Los Angeles, one extra car 

will stay in LA.   
 
 Total miles = 33,700. 

LA Miami New York

Atlanta 

Boston

Chicago

Detroit

Dummy

12 6 5 23

23 9

31 16

7

2

22 14 8

24 14 6

000

3

8

3

3 5

1

3

8

3

8

1

23

32

22

24

0

0 -16 -30

+8

+6

+16

+16

+16

+12

+30

E

-1

+ -

+-
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MULTIPLE SOLUTION TRANSPORTATION PROBLEMS 
 
8.7  

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 In VAM, tie between 
first Row, third Row, and 
second Column was broken 
in favor of second 

Column, then in favor of first Row.  Let K1 = 0 for MODI.  The solution 
is optimal, since all ∆Zij ≥ 0, but since ∆Z34 = 0, there is an alternate 
optimal solution.  Using the stone path for that cell, we move 2 units 
to obtain the other solution. 

 
 

 
 
  

 
 
  
 
 
 
 
 
 
 
 
 
 
 

Chemical

Hospital

Govt.
Agency

New
Machine

Old
Machine

Hand
Process Dummy

3 2 0

0

0

1 4 6

3 7 9

10

8

2

7 4 5 4 20

+1

+2+6

+7

1

4 4

5 4

2

0

32 4 0

1

3

32

0 3 -1 -3

3

1

3

Chemical

Hospital

Govt.
Agency

New
Machine

Old
Machine

Hand
Process Dummy

3 2 0

0

0

1 4 6

3 7 9

10

8

2

7 4 5 4 20

3

4 4

5 2

2
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8.7 (continued) 
 
The two solutions are: 
 Analyze 1 chemical sample, 4 hospital samples, and 2 agency samples on 

the New Machine; 4 hospital samples on the Old Machine; 5 chemical 
samples by hand; and leave 4 chemical samples not analyzed. 

 Total hours = 1(3) + 4(1) + 2(3) + 4(4) + 5(2) = 39 
 
 Analyze 3 chemical samples and 4 hospital samples on the New Machine; 4 

hospital samples on the Old Machine; 5 chemical samples by hand; and 
leave 2 chemical samples and 2 agency samples not analyzed. 

 Total hours = 3(3) + 4(1) + 4(4) + 5(2) = 39 
 
8.8 

  
  
 
 
 
 
By VAM, we obtain an 
initial feasible 
solution.  A tie between 
the third Row and the 
first Column was broke in 
favor of the Column. 
 
 
 
 
 
 
 
 
 
 
 
 The number of stone 
cells equals R + K – 1 = 
8, so no E is needed.  
Let K1 = 0, and compute 
the ∆Zij values. 

 
 The solution is optimal:  Ponney teaches 4 sections of MG/S; McWilson, 

1 Stat, 2 MG/S, and 1 Queues; Barker, 4 sections of Stat; Roberts, 2 
sections each of Queues and  

Ponney

McWilson

Barker

Roberts

No Prof

Stat MG/S Queues

Simula-
tion

2 1 5 8

4 4 1 5

6 8 10 9

9 9 5 1

0 0 0 0

4

4

4

4

1

6 6 3 2 17

0 0 -3 -7

1

4

6

8

0

4

1 2 1

4

2 2

1

12

2

3

3

1 1

1

0

4

4

0

+1

+1 +1

+7

+7

+7

+14

+8

+10+2

+30

Modi
Values
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8.8 (continued) 
 
 Simulation.  The sixth section of Stat must be covered by a lecturer, a 

graduate assistant, or not offered. 
 
 The only nonpositive ∆Zij value is the 0 in the dummy row and the MG/S 

column, which indicates the existence of an alternate optimal solution.  
The stone path for that cell tells us we can move 1 unit around the 
path, so the alternate optimal solution is: 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Ponney teaches 4 
sections of MG/S; McWilson, 
2 Stat, 1MG/S, 1 Queues; 
Barker, 4 sections of Stat; 

Roberts, 2 sections each of Queues and Simulation.  The sixth section 
of MG/S is covered by a lecturer, graduate assistant, or not offered. 

 
 Preparation times are Ponney 4 x 1 = 4 hrs/wk.; McWilson 
 (4 x 3) + (1 x 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 + 24 + 12 1

 = 13  hrs/wk./faculty.
4 4

  

 
 

Ponney

McWilson

Barker

Roberts

No Prof

Stat MG/S Queues

Simula-
tion

4

4

4

4

1

6 6 3 2 17

4

12 1

4

2 2

1

0



84             Chapter 8   The Transportation Model
 

TRANSPORTATION MAXIMIZATION PROBLEMS 
 
8.9.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Since we are 
maximizing, the VAM 
values are the 

difference between the highest (best) and second highest in the row or 
column.  In placing the values we choose the highest (best) cell in the 
row or column with the largest first difference (VAM value).  The 
solution is degenerate, since the number of stone cells is less than R 
+ K -1.  We have assigned cell (1,1), which has no stone path, the E.  
To test for optimality we let K1 = 0. 

 
 Since we have three ∆Zij values which are positive, it appears that we 

can improve the solution.  Examination 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 “removal” position, so that the improvements 
promised by the positive improvement indices cannot be realized.  
Selecting the +80 cell (1,4), we move the E and have the next tableau. 

Sports Car

Sedans

Subcompacts

Downtown Suburban Rural Wholesale

40 70 90 0

4

80 160 110 0

120 40 100 0

7

9

203 5 6 6

E 4

25

3 6

0 100 50 -120

40

60

120

Modi Values

40 90 10 0

20

20

50

100

50

30 110
+20

+80-70

-70

+60

-180
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8.9 (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Now the only positive ∆Zij has 
a path in which the E is in an 
“adding” position.  So we move 
4 units around the path to 

obtain the new solution, which has no E (is not degenerate), and no 
positive ∆Zij values, and is therefore optimal. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Interpretation:  Howard should 
wholesale all 4 sports cars 
and 2 of the subcompacts, send 

5 sedans to the suburban lot and 2 to the rural lot, and send 3 
subcompacts to the downtown lot and 4 to the rural lot. 
 
Total Profit = 4(0) + 5(160) + 2(140) + 3(120) + 4(100) +                 
       2(0) = $1,780. 

Sports Car

Sedans

Subcompacts

Downtown Suburban Rural Wholesale

40 70 90 0

4

80 160 110 0

120 40 100 0

7

9

203 5 6 6

E4

25

3 6

Modi Values

-60

-80 -70

-10

-20

-100

0

20

0

120 140 90 0

Sports Car

Sedans

Subcompacts

Downtown Suburban Rural Wholesale

40 70 90 0

4

80 160 110 0

120 40 100 0

7

9

203 5 6 6

4

25

3 4

Modi Values

-50

-80 -80

-10

-110

0

10

0

120 150 100 0

-10

2
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8.10  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We start with 
the VAM 
solution.  

Evaluating the empty cells by MODI (beginning with R1 = 0) tells us that 
our solution can be improved by not using 10 units of base R and using 
the unused units of base D to make more of combination MD.  We ignore 
the alternate solution indicated by ∆ZQR = 0, since there is a better 
solution, and we do need a second suboptimal solution.  Our optimal 
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 
explosive force is 40(7) + 20(12) + 35(9) + 15(8) + 20(11) = 1,175,000 
pounds of TNT equivalent. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
8.11 

M

S

Q

Dummy

X R P D

4 7 12

2 9 8

11 6 4

0 0 0 0

60

50

20

30

40 50 35 35 160

12 7 13 12

0

-4

-1

-12

Modi
Values

50 10

35 15

20

20 10

7 1

1

5

54

7

4

12

0

9

5

5

6

-8

-8

-1

-1

+5

0

M

S

Q

Dummy

X R P D

4 7 12

2 9 8

11 6 4

0 0 0 0

60

50

20

30

40 50 35 35 160

7 7 13 12

0

-4

4

-7

Modi
Values

40 20

35 15

20

20 10

-3

-13

-6

-1

-5

-5
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 Stepping stone 
method to test for 
optimality: 

 
 

 
 
 
 
 
 
Optimal Solution 1 
 
 
 
 
 
 
 
 
 
 
 
 Max total profit 
= 20(8) + 20(16) + 
15(7) + 5(9) = $630. 

A

B

C

Dummy

X Y Z

20

20

20

15

7525 25 25

8 6 10

11 12 16

4 7 9

0 0 0

20

20

515

105

VAM:

3 5 6

114

2

4

2

0

A

B

C

Dummy

X Y Z

20

20

20

15

7525 25 25

8 6 10

11 12 16

4 7 9

0 0 0

20

20

515

105

-2

-2-3

-3

0

2
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8.11 (continued) 
 

 
 
 
 
 
 
 
Optimal Solution 2 
 
 
 
 
 
 
 
 
 
 
 
 
 Max total profit = 
15(8) + 5(10) + 20(6) + 
20(7) = $630 
 

A

B

C

Dummy

X Y Z

20

20

20

15

7525 25 25

8 6 10

11 12 16

4 7 9

0 0 0

15

20

5

20

510

-2

-2-3

-3

-2

0
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8.12  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Stepping 
stone method to 

test for optimality: 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

A

B

C

W X Y Z

190

110

200

500

5 15 4 8

8 5 8 14

15 10 18 11

10

60

180

9050

110

3 5

70 160 180 90

3

10 5 14 3

3

1

1 3

4

A

B

C

W X Y Z

190

110

200

500

5 15 4 8

8 5 8 14

15 10 18 11

10

60

180

9050

110

70 160 180 90

+15 +7

+8-2 -1

+4
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8.12 (continued) 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Optimal set of 

shipments: 
 
 From A to W  =  10 
   “  A “  Y  = 180 
   “  B “  W  =  60 
       “  B “  X  =  50 
       “  C “  X  = 110 
       “  C “  Z  =  90 
 
 Total cost = 10(5) + 180(4) + 60(8) + 50(5) + 110(10) + 
                  90(11) = $3,590 
 

A

B

C

W X Y Z

190

110

200

500

5 15 4 8

8 5 8 14

15 10 18 11

10

60

180

90110

50

70 160 180 90

+13 +5

+8

+2

+1

+6
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8.13  
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Stepping stone 
method to test for 
optimality: 

 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Total cost = 
14(4) + 6(6) + 4(13) 
+ 2(9) + 6(5) + 

12(2) 
           = $216  

VAM:

V

X

Y

Z

A B C

14

6

12

12

4410 16 18

8 4 6

6 11 3

13 9 5

10 7 2

14

6

4 2 6

12

2

2

3

3

2

1

5

7 5 2

2

V

X

Y

Z

A B C

14

6

12

12

4410 16 18

8 4 6

6 11 3

13 9 5

10 7 2

14

6

4 2 6

12

0 +6

0

+9 +5

+1
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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 0 400 
 P2 0 0 20 0 0 0 0 0 200 0 0 220 
 P3 0 0 0 120 0 0 0 105 0 0 20 245 
 P4 0 0 0 100 0 100 0 0 0 0 0 200 
 P5 0 0 0 0 145 0 0 0 0 100 0 245 
 P6 100 0 0 0 105 0 0 45 0 0 0 250 
                                                                                          

Demand: 100 120 200 220 250 100 100 150 200 100 20 
                                                                                          

Objective Function Value:  8155 
***Multiple Optimal Solutions***  
 

8.15. 
 
   
 
 From:    F1    F2   F3   W1  W2   W3  M1   M2  M3  M4   Supply 
   
 F1 900 0 0 0 100 0 0 200 0 0 1200 
 F2 0 900 0 300 0 0 0 0 0 0 1200 
 F3 0 0 900 0 0 100 0 0 200 0 1200 
 W1 0 0 0 600 0 0 150 0 0 150 900 
 W2 0 0 0 0 800 0 0 0 100 0 900 
 W3 0 0 0 0 0 800 0 0 0 100 900 
                                                                                          

 Demand: 900 900 900 900 900 900 150 200 300 250 6300 
                                                                                          
 
 Objective Function Value:  12400 
 
 ***Multiple Optimal Solutions***    
 
 
 
 
8.16 
 
From          To           Number        Cost          Amount 
 
M1            R1             100           10            1000  
M1            R2             250           13            3250  
M1            R4             150           16            2400  
M2            R2             200           9             1800  
M3            R1             300           10            3000  
M3            R3             100           17            1700  
M4            R3             300           7             2100  
M5            R4             150           11            1650  
Dummy         R3             100           0              0  
 
Total                                                   16900  
 
** Multiple solutions exist 
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8.17 Min Z = 10,350 
 
8.18 Min Z = 114,300 
 
8.19 Max Z = 217,625 
 
8.20 Max Z = 15,030 
 
8.21 Min Z = 5,940 
 
8.22 Min Z = 5,270 
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Chapter 9   The Assignment Model  
 
9.1 M1-J4, M2-J2, M3-J3, M4-J1, Cost = 10  
 
9.2 PG1-P1, PG2-P5, PG3-P3, PG4-P2, PG5-P4, Cost = 36  
 
9.3 PG1-P4, PG2-DMY, PG3-P2, PG4-Pl, PG5-P3, Cost = 28  
 
9.4 M1-J5, M2-J2. M3-J3, M4-J1, DMY-J4, Cost = 8  
 
9.5 P1-C3, P2-C1, 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-Cl, P3-C5, P4-C4, P5-C2, P6-DMY,  
     Profit = 59,000  
 
9.8 T1-DMY, T2-L2, T3-L5, T4-L4, T5-L3, T6-Ll,  
     Profit = 2,600  
 
9.9 PG1-P1, PG2-P7, PG3-P5, PG4-P2, PG5-P4, DMYl-P3,  
     DMY2-P6, Time = 29  
 
9.10 Rl-Sl, R2-S4, R3-S2, R4-S3, Cost = 39 
 



        Solutions Manual and Workbook 95 
 

 
ASSIGNMENT PROBLEMS 

 
9.11 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 

Diana covers the trial; Olivia, the crash; Mel, the fire; and no one covers 
the drug raid.  Total hours expended:  7 + 7 + 3 + 0 = 17. 

Trial

Crash

Drugs

Fire

Diana Olivia Mel Dummy

7 9 0

10 7 12 0

8 10 11 0

6 4 3 0

Trial

Crash

Drugs

Fire

Diana Olivia Mel Dummy

0* 4 0

3 2 8 0*

1 5 7 0

0* 0 0 1

Trial

Crash

Drugs

Fire

Diana Olivia Mel Dummy

0* 2 0

3 0* 6 0

1 3 5 0*

2 0 0* 1

Trial

Crash

Drugs

Fire

Dummy

1 5 0*

4 3 9 0

2 6 8 0

0* 0 0 0

Diana Olivia Mel

2
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9.12 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Job X on Machine B; Job Z on Machine A; Job Y on Machine C; and no job 
to Machine D.  Minimum total cost = 2  +  5 + 5 + 0 = 12. 

X

Y

Z

Dummy

D

8 2

4

7

6

5 3 8 9

0 0 0 0

A CB

5

Machines

J
O
B
s

X

Y

Z

Dummy

D

6 0*

0

5

2

2 0 5 6

0* 0 0 0

A CB

1

X

Y

Z

Dummy

D

5 0*

0

4

1

1 0 4 5

0* 1 0 0

A CB

0*

X

Y

Z

Dummy

D

4 0*

0

4

0

0* 0 4 4

0 2 1 0*

A CB

0*

Tableau 2

Tableau 3Tableau 4
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9.13  
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

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

 
 

 
 
Lucky to Black Jack 
 
Gus to Baccarat 
 
Slick to Poker 
 
Total Rating = 7 + 8 + + 4 = 19 
 

  
Returning to the same tableau and assigning a zero which did not appear in 
the first solution (Lucky to Baccarat), 

Lucky

Gus

Slick

7

5

8

6 4 9

Black
Jack Poker Baccarat

9

88

Lucky

Gus

Slick

0

0

1

2 0 5

Black
Jack Poker Baccarat

2

33

Lucky

Gus

Slick

0

0*

0

2 0 4

Black
Jack Poker Baccarat

2

23

Lucky

Gus

Slick

0

0

0

0 0 2

Black
Jack Poker Baccarat

4

01

Lucky

Gus

Slick

0*

0

0

0 0* 2

Black
Jack Poker Baccarat

4

0*1
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9.13 (continued) 
 

 
Lucky to Baccarat 
 
Gus to Poker 
 
Slick to Black Jack 
 
Total rating = 8 + 5 + 6 = 19 
 
 
 

9.14 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We are out of lone 
rangers, but not 
all zeros are 
covered.  Pick one 
at random.   

Benson

Jackson

Munson

Dummy

Okla Nev

9 8 5

12 7 2 4

8 5 1 10

0 0 0 0

Kan Utah

6

Benson

Jackson

Munson

Dummy

Okla Nev

4 3 0*

10 5 0 2

7 4 0 9

0* 0 0 0

Kan Utah

1

Benson

Jackson

Munson

Dummy

Okla Nev

3 2 0

9 4 0 1

6 3 0* 8

0* 0 1 0

Kan Utah

0*

Benson

Jackson

Munson

Dummy

Okla Nev

3 2 1

8 3 0* 0

5 2 0 7

0* 0 2 0

Kan Utah

0*

Benson

Jackson

Munson

Dummy

Okla Nev

1 0 1

6 1 0 0

3 0 0 7

0 0 4 2

Kan Utah

0

Lucky

Gus

Slick

0

0*

0*

0* 0 2

Black
Jack Poker Baccarat

4

01
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9.14 (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

AIf we select “Benson to Oklahoma” as a solution option, the optimal 
solution becomes: Benson to Oklahoma, Jackson to Nevada, Munson to 
Utah; Kansas is unassigned.  Total cost = 8,000 + 4,000 + 1,000 = 
$13,000. 
 

 
 
 
 
 
 
  
 
 
 
 
 
   
  
 

BIf we select “Benson to Nevada” as a solution option, the optimal 
solution becomes:  Benson to Nevada, Jackson to Utah, and Munson to 
Oklahoma; Kansas is unassigned.  Total cost = 6,000 + 2,000 + 5,000 = 
$13,000. 

Benson

Jackson

Munson

Dummy

Okla Nev

1 0A 1

6 1 0 0A

3 0 0A 7

0* 0 4 2

Kan Utah

0

Benson

Jackson

Munson

Dummy

Okla Nev

1 0 1

6 1 0B 0

3 0B 0 7

0* 0 4 2

Kan Utah

0B
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9.15 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
  
 
 

Sheri is assigned to Don’s Donuts; Mort, to Ace Concrete; Zelda, to Cal’s 
Bakery; and Thurman to Bob’s Grocery.  Total Commissions are $80 + $100 + $60 
+ $40 = $280. 

Sheri

Mort

Zelda

50 70 20

100 60 10 40

30 60 60 40

60 40 30 30

80

Thurman

Ace
Concrete

Bob’s
Grocery

Cal’s
Bakery

Don’s
Donuts

Sheri

Mort

Zelda

30 10 60

0* 40 90 60

20 0* 0 20

0 20 30 30

0*

Thurman

Ace
Concrete

Bob’s
Grocery

Cal’s
Bakery

Don’s
Donuts

Sheri

Mort

Zelda

20 0 50

0* 30 80 60

40 0 0* 30

0 10 20 30

0*

Thurman

Ace
Concrete

Bob’s
Grocery

Cal’s
Bakery

Don’s
Donuts

Sheri

Mort

Zelda

40 0 50

0* 20 70 50

50 0 0* 30

0 0* 10 20

0*

Thurman

Ace
Concrete

Bob’s
Grocery

Cal’s
Bakery

Don’s
Donuts
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9.16  
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jones is assigned to Georgia; Smith, to Alabama; Polonski, to 
Louisiana; and no one to Mississippi.  Maximum total sales are 10,000 + 
5,000 + 7,000 + 0 = $22,000. 
 
 

9.17 From  To  Cost 
 Bill  C  10 
 Don  A  11 
 Joe  B  12 
 Tom  I  13 
 Mary  D  11 
 Alice J  14 
 Ralph H  11  
 Trixie G  12 
 Norton F  11 
 Dummy1 E   0 
 Total   105 
 **Multiple Solutions Exist** 

Jones

Smith

10 4 3

4 3 5 2

5 6 8 7

0 0 0 0

5

Dummy

Polonski

Ga Miss Ala La

Jones

Smith

0* 6 7

2 0* 3

3 2 0 1

0 0* 0 0

5

Dummy

Polonski

Ga Miss Ala La

1

Jones

Smith

0* 5 7

1 1 0* 2

3 1 0 0*

1 0* 1 0

4

Dummy

Polonski

Ga Miss Ala La
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9.18 From  To Number Cost Amount 
 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  
 Norma 4 1   147 147  
 John  1 1  144 144  
 Dummy 1 0   0 0  
 Dummy 4 1   0 0  
 
 Total      1032  
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9.19 
 

 
  

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

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

A

B

18 9

12 15 8 20

13 20 7 25

8 10 11 14

21

D

C

1 2 3 4

Product

W
O
R
K
E
r

9

A

B

9 0

4 7 0 12

6 13 0 18

0 2 3 6

12

D

C

1 2 3 4

0

A

B

7 0

4 5 0* 6

6 11 0 12

0 0* 3 0

6

D

C

1 2 3 4

0

A

B

2 0

4 0* 0 1

6 6 0* 7

5 0 8 0*

1

D

C

1 2 3 4

0*
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9.20 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Assign the Thugs to Neighborhood A, THE Men to Neighborhood C, Chicos to 
Neighborhood D, and Chans to Neighborhood B for a cost of $500 + $450 + $500 
+ $400 = $1,850. 
 

Thugs

THE Men

650 M

600 M 450 600

M 700 500 500

550 400 600 M

400

Chans

Chicos

A B C D

500

A
G
E
N
C
y

Neighborhood

Thugs

THE Men

250 M

150 M 0 150 

M 200 0 0

150 0 200 M

0

Chans

Chicos

A B C D

100

Thugs

THE Men

250 M

50 M 0* 150

M 200 0 0*

50 0* 200 M

0

Chans

Chicos

A B C D

0*
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Chapter 10  Network Models 
 
10.1 (a) 
 

 
  
 
 
 
 
 
 
 
 
 
 
 

10.1 (b) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
10.2 (a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A

B

C

D

E

F

G

A

B

C

D

E

F
G

A

B

C

D

E

F

G
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10.2 (continued) 
 
 (b) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10.3 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
 

 TE = 23 
 
 CP = 1-2-3-4-5-6 

A

B

C

D

E

F

1

2

3 4

5

6

2

5

9

8

4

6

3

3

2

10

14

20

23
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10.4 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 TE = 
30 
 

 CP = 1-3-6-7-8 
 
 Calculation of Slack 
 
 Activity 2-5 may occur at time 12; must occur at time 30 – 12 = 18, 18 

– 12 = 6 = slack.  Activity 1-2 may occur at time 5; must occur at time 
18 – 7 = 11, 11 – 5 = 6 = slack.  Activity 6-8 may begin at time 12; 
must begin at time 30 – 10 = 20, 20 – 12 = 8 = slack. 

5

3

7

7

8

9

2

12

10

108

1

2

3

4

5

6

7 8

5

3

12

12

12

30

20
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10.5 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 TE = 26 
 
 CP = 1-3-4-7 
 
 Branch Slack = (TL(6) – TE(2)) – (te(2-5) + te(5-6)) 
 
                  = (22 – 4) – (11 + 4) 
 
                  = 18 – 15 
  
                  = 3 weeks (things may be distributed   
 between activities 2-5 and 5-6) 
 
10.6 Completion time = 27 
 
10.7 Completion time = 27 
 
10.8 Completion time = 18 

1

2

3

4

5 6

7

4

12

6
7

11 4

4

13

8

87

4
15

19

14

11

13

6

12

21

26

25
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PERT NETWORKS 
 
10.9 (a) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) TE = 20 weeks 
 

(c) 1-2-3-4 
 

(d) 2 2 21 1
 = 6 +7 +7  = 134 1.93

6 6
σ =  

 

(e) 
22-20 2

Z =  1.04
1.93 1.93

= =  

 
  P(TE ≤ 22) = 1 - .1499 !  85% 

1

0

0

0

2
7
7

0

3

10

9

1

4

11.5

11.5

0

5

15

14

1

6

20

20

0

6.5

7

10

2

4.5
8.5

5

9 5

6.5

10

11.5

9

14

20

19

187
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10.10(a) 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 (b) TE = 38 weeks 
 
 (c) 1-3-5-8-9 
 
 (d) 0 

 
(e) 38 - 8.5 = 29.5 
      
     29.5 – 15.5 = 14 
 
     14 – 5 = 9 

(f)  
2 2 2 21 50

 = 4 +3 +3 +4  = 1.18
6 6

σ =  

36 - 38
Z =  = -1.69

1.18
 

(PE ≤ 36) = 1 - .95449 = .04551 or 
4.551% 

 
 
 
 

10.11 Completion time = 35 
 

10.12 Completion time = 23.667 
 
10.13 Completion time = 21.5 
 
10.14 

 
21-20

Z = .52
1.92

=  

      P(20 ≤ TE ≤ 21) = .1985 
      .1985 x $1,000 = $198.50 

1

0

0

0

2
6
3

3

3
8

8

0

4

12

4

8

6

19

15.5

3.5

5
15.5

15.5

0

7
29.5

20.5

9

8

27

27

0

9

38

38

0

3

4

7

9.5

7.5

7.5 8

5

8.5

5

7

8 11.5 11

10

12.5

15.5

15.5

11

23.5

20.5

29

20.5

38

27
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10.15 (a) 

 
 

 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 TE =  20   CP = 1-3-4-5 
 
 (b)  1 week 3-4     $  400 
 1 week 1-3        700 
 1 week 4-5        800 
                     $1,900 
 
 1 week 3-4     $  400 
 1 week 1-3        700 
      1 week 4-5        800 
      1 week 2-5        200 
      1 week 4-5        800 
                     $2,900 
 

1

0

0

0

2
13

10

3

3
8

8

0

4

12

12

0

5

20

20

0

10

7

3 8

8 4 6

12 14

17
3

20
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10.16 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Longest Path:  1-2-3-5-6-7 = 87 
 
10.17 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

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

16

18

12

20

13

26

11

9

22

17

14

1
0

0

0

2

18

18

0

3

30

30

0

5

56

56

0

4

45

43

2

6

73

73

0

7

87

87

0

5

15 6

13 4

16

11

24

12

16

22

18

12 10

8

17 6
18

16

11
1

0

0

0

2
9

5

4

4

27

19

8

3
15

15

0

5

21

21

0

7

43

43

0

6
42

31

11

8

71

54

17

11
67

67

0

9
59

48

11

10

65

54

11

12

83

83

0
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SHORTEST PATH NETWORKS 
 
10.18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

Shortest Path = 52 
 
10.19 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Shortest Path = 45 
 
10.20 Total = 29 
 
10.21 Total = 27 
 
10.22 Total = 37 

0

16

18

12

26

13

20 9

11

22

17

14

16

18 29

40

38

52

5

15

13 4

6

16

18

12 10

8

17

16

11

24

12

16

18

11

6

22

0

5

15

13 29

17

23

40

33

31

45

53
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10.23 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Minimal Spanning Tree = 75 
 

10.24 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Minimal Spanning Tree = 101 
 
10.25 Cost = 46 
 
10.26 Cost = 69 
 
10.27 Cost = 1310 
 

16

18

12

20

13

11

9

26

22

17

14

5

15

13 4

6

16

18

12 10

8

17

16

11

24

12

16

18

11

6

22
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MAX FLOW/MIN CUT NETWORKS 
 
10.28 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Path    Flow 
1-4-7-12 13 
1-3-5-6-9-12 6 
1-3-4-7-11-12 3 
1-2-6-10-12 5 
        Max. Total Flow   27  
 

10.29 Max flow = 2.5 
 
10.30 Max flow = 7 
 
10.31 Max flow = 160 
  Min cut @ 2-3, 2-4, 2-5 (Unused capacity = 0) 
 

5
0

15 9 6

18 13

1

2

3

4

5

6

7

8

9

10

11

12

12

16

12

8 3

22

13
0

11
1

16 3 0 

6 0 

11

18

11 5

24 11 8

17
11

10
4 6

16
3
0

13
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10.32 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 Path    Flow 
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 
 

 
TRAVELING SALES REP NETWORKS 
 
10.33 Distance = 42 
 
10.34 Distance = 97 
 
10.35 Distance = 42 
 
10.36 Distance = 42 

 
 

1

2

3

4

5

6

7

16 0
13

11

20 11 9 0

26 10 4 1
22

6
0

14

5
2

17
14

12

6

318
9
3

0
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Chapter 11  Forecasting 
 
11.1 Move avg var = 378.79, Weighted Move avg var = 378.79  
 
11.2 Move avg var = 378.79, Weighted Move avg var = 363.75  
 
11.3 Move avg var = 259.38, Weighted Move avg var = 259.38  
 
11.4 Move avg Var = 387.05, Weighted Move avg var = 387.05  
 
11.5 Move avg var = 428.10, Weighted Move avg var = 428.10  
 
11.6 Move avg var = 387.05, Weighted Move avg var = 287.82  
 
11.7 Answers depend upon probabilities chosen  
 
11.8 (a) (b) (c) 
 3 Month 4 Month 5 Month 
 Month Actual Sales Average Average Average 
 January 50  
 February 80 
 March 60 
 April 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 
 September 110 100.00 97.50 92.00 
 October 150 103.33 102.50 100.00 
 November 130 126.67 115.00 112.00 
 December 140 130.00 127.50 118.00 
 
 (d) Variance =  498.77 658.59 876.00 
 
 3 Month Moving Average yields the most accurate result. 
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11.9  
 3 Month 4 Month 5 Month 
 Month Actual Sales Average Average Average 
 January 70  
 February 60 
 March 65 
 April 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 
 September 40 46.67 46.25 47.00 
 October 30 40.00 45.00 45.00 
 November 15 35.00 37.50 42.00 
 December 30 28.33 30.00 33.00 
 
  Variance =  140.43 173.05 208.71 
 
 3 Month Moving Average yields the most accurate result.  
  
11.10 Month Actual Sales 3 MMA 4MMA 
 

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 
  
 Variance =  56.68 66.23 
 
3 Month Moving Average is more accurate than 4 Month 
Moving Average. 
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11.11 Month Actual Sales 3 Month Weighted Moving Avg. 
 January 50 
 February 80 
 March 60 
 April 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 
 September 110 104.00 
 October 150 107.00 
 November 130 132.00 
 December 140 132.00 
 
  Variance = 451.00 
 The 3 Month Weighted Moving Average forecast is better 

than the simple 3 Month Moving Average forecast.  
 
11.12 Month Actual Sales 3 Month Weighted Moving Avg. 
 January 50 
 February 80 
 March 60 
 April 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 
 September 110 108.00 
 October 150 106.00 
 November 130 136.00 
 December 140 130.00 
 
  Variance = 471.11 
 The 3 Month Weighted Moving Average forecast is better 

than the simple 3 Month Moving Average forecast. 
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11.13 Month Actual Beds 3 Month Weighted Moving 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 Sales Exponential Smoothing (α = 0.6) 
 January 50  50.00 
 February 80 .6(50) + .4(50) = 50.00 
 March 60 .6(80) + .4(50) = 68.00 
 April 70 .6(60) + .4(68) = 63.20 
 May 90 67.28 
 June 100 80.91 
 July 80 92.36 
 August 120 84.95 
 September 110 105.98 
 October 150 108.39 
 November 130 133.36 
 December 140 131.34 
 
  Variance = 425.511 
  
 The variance is smaller than that of problems 11.1, 11.4, 
 and 11.5.
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11.15 Month Actual Sales Exponential Smoothing (α = 0.5) 
 January 70  70.00 
 February 60 .5(70) + .5(70) = 70.00 
 March 65 .5(60) + .5(70) = 65.00 
 April 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 
 September 40 42.66 
 October 30 41.33 
 November 15 35.66 
 December 30 25.33 
 
  Variance = 124.11 
 The variance is less than that of problem 11.9. 
 
11.16 Month Actual Sales Exponential Smoothing (α =.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 
 
11.18 Y = 876.341 – 39.954X  
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11.19 (a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) X Y XY X2 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 
 

  
( ) ( ) ( )

( ) ( )

( ) ( )

2

55 218
X =  = 5.5     Y =  = 21.8

10 10

1517 - 10 5.5 21.8
b =  = 3.855

385 - 10 5.5

a = 21.8 - 3.855 5.5 = 0.6

Ŷ = 0.6 + 3.855 X
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11.20 (a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) X Y XY X2 Y2 
  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 
 

  
( ) ( ) ( )

( ) ( )

( ) ( )

2

65 525
X =  = 6.5     Y =  = 52.5

10 10

3650 - 10 6.5 52.5
b =  = 2.879

505 - 10 6.5

a = 52.5 - 2.879 6.5 = 33.788

Ŷ = 33.788 + 2.879 X
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11.20 (continued) 
  
 (d) 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( )

2

2

2 2

10 3650 - 65 525
R  = 

10 505 65 10 29625 525

5,640,625
   = = 0.331

825 20,625

R  = 0.331 = 0.576

  
   − −   

 

 

      (e)    
( )Ŷ = 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 
is not accurate. 

 
11.21 (a) 
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11.21 (continued) 
 
  (b)  X Y XY X2 Y2 
 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 
 

  
( ) ( ) ( )

( ) ( )

( ) ( )

2

428 28900
X =  = 35.67    Y =  = 2408.33

12 12

1115300 - 12 35.67 2408.33
b =  = 108.28

16048 - 12 35.67

a = 2408.33 - 108.28 35.67 = -1454

 

 (c) 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( )
( ) ( )

2

2

2 2

2

8

12 1115300 - 428 28900
R  = 

12 16048 428 12 81010000 28900

1014400
   = = 0.8

9392 1.3691 x 10

R  =  0.8 = 0.894

  
   − −   

 

 
      80% of the variation in monthly income is explained 

by the variation in age. 
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11.21 (continued) 
 
 (d) 

   

Ŷ = -1454 + 108.28X

  = -1454 + 108.23(60)

  = 5042.8

 

  
11.22 (a) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b)  Yes, the production rate has a negative relationship 
with cost of production. 
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11.22 (continued) 
 (c)  X Y XY X2 Y2 
 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 
 
 

 (d) 

             

( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( )
( ) ( )

2

2

2 2

2

15 25650 - 373 1185
R  = 

15 12821 373 15 99075 1185

-57255
   = = 0.753

53186 81900

R  =  -0.868

  
   − −   

 

  75% of the variation in cost of production is   
  explained by the variation in units produced per hour. 
 

( ) ( ) ( )
( ) ( )

( ) ( )

2

373 1185
X =  = 24.87    Y =  = 79

15 15

25650 - 15 24.87 79
b =  = -1.077

12821 - 15 24.87

a = 79 - -1.077 24.87 = 105.77

Ŷ = 105.77 - 1.077X
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11.22 (continued)  
 (e) 

        
Ŷ = 105.77 - 1.077X

  = 105.77 - 1.077(60) = 41.15
   

11.23 (a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Abbreviated Regression Results: 
 

  
2 2

X=1176 Y=1463 

XY=43410 X =38024 Y =51977

∑ ∑

∑ ∑ ∑
 

 

 

( ) ( ) ( )
( ) ( )

( ) ( )

2

43410 - 48 24.5 30.48
b =  = 0.821

38024 - 48 24.5

a = 30.48 - 0.821 24.5 = 10.36

Ŷ = 10.36 + 0.821X
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11.23 (continued) 
 (c)  

X Y Ŷ  ˆY-Y 
1 12 11.18 0.82 
2 10 12 -2 
3 16 12.82 3.18 
4 20 13.64 6.36 
5 16 14.46 1.54 
6 18 15.28 2.72 
7 17 16.11 0.89 
8 22 17.75 4.25 
9 24 18.57 5.43 
10 26 19.4 6.6 
11 23 20.2 2.8 
12 21 21 0 
13 24 21.86 2.14 
14 20 22.68 -2.68
15 26 23.5 2.5 
16 21 23.5 -2.5 
17 19 24.32 -5.32
18 14 25.14 -11.14
19 16 25.96 -9.96
20 21 26.78 -5.78
21 23 27.6 -4.6 
22 26 28.43 -2.43
23 24 29.25 -5.25
24 22 30.07 -8.07
25 28 30.89 -2.89
26 22 31.71 -9.71
27 28 32.53 -4.53
28 32 33.35 -1.35
29 30 34.18 -4.18
30 28 34.99 -6.99
31 33 35.82 -2.82
32 39 36.64 2.36 
33 42 37.46 4.54 
34 46 38.28 7.72 
35 45 39.11 5.89 
36 44 39.93 4.07 
37 48 42.4 5.6 
38 44 41.57 2.43 
39 48 42.4 5.6 
40 52 43.21 8.79 
41 46 44.03 1.97 
42 44 44.85 -0.85
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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) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e) January   = (0.82 + 2.14 - 2.89 + 7.25)/4 = 1.83 
 February  = (-2 – 2.68 – 9.71 + 2.43)/4 = -2.99 
 March     = (3.18 + 2.5 – 4.53 + 5.6)/4 = 1.69 
 April     = (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 
 September = (5.43 – 4.6 + 4.54 + 1.68)/4 = 1.76 
 October   = (6.6 – 2.43 + 7.72 + 1.86)/4 = 3.44 
 November  = (2.8 – 5.23 + 5.89 – 0.96)/4 = 0.63 
 December  = (0 – 8.07 + 4.07 – 3.78)/4 = -1.95 
 
 

-15

-10

-5

0

5

10

0 10 20 30 40 50 60

Month

Difference
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11.23 (continued) 
 

Month 
Trend 

Adjusted
Seasonal
Factor 

Season 
Adjusted

1 0.82 1.83 -1.01 
2 -2 -2.99 0.99 
3 3.18 1.69 1.49 
4 6.36 2.83 3.53 
5 1.54 -1.5 3.04 
6 2.72 -4.07 6.79 
7 0.89 -3.64 4.53 
8 4.25 0.33 3.92 
9 5.43 1.76 3.67 
10 6.6 3.44 3.16 
11 2.8 0.63 2.17 
12 0 -1.95 1.95 
13 2.14 1.83 0.31 
14 -2.68 -2.99 0.31 
15 2.5 1.69 0.81 
16 -2.5 2.83 -5.33 
17 -5.32 -1.5 -3.82 
18 -11.14 -4.07 -7.07 
19 -9.96 -3.64 -6.32 
20 -5.78 0.33 -6.11 
21 -4.6 1.76 -6.36 
22 -2.43 3.44 -5.87 
23 -5.25 0.63 -5.88 
24 -8.07 -1.95 -6.12 
25 -2.89 1.83 -4.72 
26 -9.71 -2.99 -6.72 
27 -4.53 1.69 -6.22 
28 -1.35 2.83 -4.18 
29 -4.18 -1.5 -2.68 
30 -6.99 -4.07 -2.92 
31 -2.82 -3.64 0.82 
32 2.36 0.33 2.03 
33 4.54 1.76 2.78 
34 7.72 3.44 4.28 
35 5.89 0.63 5.26 
36 4.07 -1.95 6.02 
37 5.6 1.83 3.77 
38 2.43 -2.99 5.42 
39 5.6 1.69 3.91 
40 8.79 2.83 5.96 
41 1.97 -1.5 3.47 
42 -0.85 -4.07 3.22 
43 -2.68 -3.64 0.96 
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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 

 
 (f) 

(g)  Trend factor = Ŷ = 10.36 + 0.821X  
                      = 10.36 = 0.821(49) 
                      = 50.59 
 
 Seasonal factor for 49[see (e); month 1] S = 1.83 
 
 Cyclical factor, C = -2.5 
 

                

Ŷ = T + S + C

 = 50.59 + 1.83 - 2.5

 = 49.92
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11.24 (a)(b) 
  
α = 0.1  
 
Solution:                                         Weighted 
                              Moving   Weighted    Moving 
                    Moving    Average   Moving    Average   Exponential 
Period    Measure   Average   Forecast  Average   Forecast  Smoothing 
Jan        160.00                                            160.00 
Feb        130.00    136.67              136.67              160.00 
Mar        120.00    135.00              135.00              157.00 
Apr        155.00    143.33    136.67    143.33    136.67    153.30 
May        155.00    141.67    135.00    141.67    135.00    153.47 
Jun        115.00    135.00    143.33    135.00    143.33    153.62 
Jul        135.00    136.67    141.67    136.67    141.67    149.76 
Aug        160.00    145.00    135.00    145.00    135.00    148.28 
Sep        140.00    150.00    136.67    150.00    136.67    149.46 
Oct        150.00    148.33    145.00    148.33    145.00    148.51 
Nov        155.00    155.00    150.00    155.00    150.00    148.66 
Dec        160.00              148.33              148.33    149.29 
Forecast                       155.00              155.00     
 
Variance             131.39    267.28    131.39    267.28    397.05 

 
(c) 
Obs       X        Y       XY        X2     Y2          Ŷ       Y- Ŷ    (Y- Ŷ )2 
 1       1.00   160.00   160.00     1.00 25600.00  136.9872  23.0128 529.5912 
 2       2.00   130.00   260.00     4.00 16900.00  138.3683  -8.3683  70.0280 
 3       3.00   120.00   360.00     9.00 14400.00  139.7494 -19.7494 390.0390 
 4       4.00   155.00   620.00    16.00 24025.00  141.1305  13.8695 192.3624 
 5       5.00   155.00   775.00    25.00 24025.00  142.5116  12.4884 155.9591 
 6       6.00   115.00   690.00    36.00 13225.00  143.8928 -28.8928 834.7916 
 7       7.00   135.00   945.00    49.00 18225.00  145.2739 -10.2739 105.5526 
 8       8.00   160.00  1280.00    64.00 25600.00  146.6550  13.3450 178.0891 
 9       9.00   140.00  1260.00    81.00 19600.00  148.0361  -8.0361  64.5794 
 10     10.00   150.00  1500.00   100.00 22500.00  149.4173   0.5827   0.3396 
 11     11.00   155.00  1705.00   121.00 24025.00  150.7984   4.2016  17.6537 
 12     12.00   160.00  1920.00   144.00 25600.00  152.1795   7.8205  61.1604 
 
Sum     78.00  1735.00 11475.00   650.00253725.00 1734.9998   0.0001 600.1460 
Avg      6.50   144.58   956.25    54.17 21143.75  144.5833   0.0000 260.0146 
 
a =           135.6060 
b =             1.3811                    Regression Equation: 
R2 =             0.0949                     Y^ =  135.606  +  1.381122 X 
R =             0.3081 
Std Error =    16.1250 
MAD =          12.5534 
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11.25 (a) 
 Alpha value is  .2  
 
Solution:              
                      Exponential 
Period        Measure  Smoothing 
   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 
Forecast                  
Variance               1213.87 
 
 
 (b) 
Obs        X      Y        XY        X2     Y2         Ŷ       Y - Ŷ    (Y- Ŷ )2 
 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                    Regression Equation: 
R**2 =          0.0425                     Y^ =  137.8788  +  1.800702 X 
R =             0.2060 
Std Error =    32.3407 
MAD =          25.1166 
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11.26 
Obs       X        Y       XY        X2      Y2        Ŷ        Y - Ŷ    (Y- Ŷ )2 
 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                    Regression Equation: 
R**2 =          0.9844                     Y^ =  39.0606  +  3.195805 X 
R =             0.9922 
Std Error =     1.5226 
MAD =           1.2319 

 
11.27 
Obs       X        Y      XY         X2      Y2       Ŷ        Y - Ŷ    (Y- Ŷ )2 
 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                    Regression Equation: 
R**2 =          0.9143                     Y^ =  28.95299  +  4.937304 X 
R =             0.9562 
Std Error =     6.0363 
MAD =           4.3448 

 
 Ŷ  = 28.95299 + 4.937304 (12) = 88.2006  
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Chapter 12  Inventory and Production Models 
 
 

 
12.1 (a) 

( ) ( ) ( )2 100,000 200
Q* =  2,000 units/order

10
=  

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

 (c) 
100,000

d =  = 400/day
250

 

 

 (d) 
2,000

T* =  = 5 
400

working days/cycle (1 order/wk) 

 

12.2 (a) 
( ) ( ) ( )2 60,000 200

Q* =  4,000 units/order
1.5

=  

 

 (b) 
60,000

N* =  = 15/year
4,000

 

 

 (c) 
360

T* =  = 24 days between orders
15

 

 

12.3 (a) 
( ) ( ) ( )

( ) ( )
2 72,000 30

Q* =  = 1,600 units/order
.16875 10

 

  

 

( )

s

R L  S = 

72,000
(b) Sales rate (R ) =  = 200/day 

360

    Q  = T R 2 200  = 400 units •

  

 
 

72,000
(c) N* =  = 45 orders/year

1,600
 

 
 
 
 
 

12.4  
( ) ( ) ( )

( ) ( )
2 20,000 250

Q* =  = 1,000 units/order 
.05 200
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20,000

=1666.667 units/month 
12

 

 

1000
=.6 months supply/order 

1666.667
or 

20,000
N* =  20/year

1,000
=  

 
12 12

.6 month/order
N* 20

= =  

 

12.5 
( ) ( ) ( )

( )
2 4,800 120

Q* =  = 480 units/order
5

 

  

 
4,800

N* =  = 10 orders per year
480

 

 

12.6 
( ) ( ) ( )

( )
2 150,000 93.75

Q* =  = 7,500 units/order
.5

 

 

 
150,000

 = 2884.62 units/year
52

 

 

7,500
 = 2.6

2884.62
 weeks supply or 

150,000
N* =  = 20 order/year

7,500
 

 
 

 
52

 = 2.6 weeks/order
20
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QUANTITY DISCOUNTS 
 

12.7 
72,000

 = 6,000 units/order (with discount)
12

 

 

 TAC1 = 
72,000

1,600
(30) + 

1,600

2
(10)(.16875) + 720,000 = $722,700 

 

 TAC2 = 12(30) + 
6,000

2
 (9.8)(.16875) + 705,600 = $710,921.25 

 
 Accept the discount and save $722,700 - $710,921.25 =  $11,778.75  
 
12.8 Without discount: 
 

 1 O h
D Q

TAC  = C + C  + DC
Q 2

   
     

 

 

        ( ) ( ) ( ) ( )20,000 1,000
250 + .05 X  + 20,000 200

1,000 2

   
     

 

 
         =  $4,010,000 
 

 With discount & 
20,000

Q =  = 5,000 units
4

 

     ( ) ( ) ( )2  
20,000 5,000

TAC  = 250 + .05 X  + 20,000 X
5,000 2

   
     

  

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

 
 TAC2 = TAC1 
 
 1,000 + 20,125 X = 4,010,000 
 
                    X = $199.20 
 

 ∴  Percentage Cumulative discount = ( )200 199.2
100%

200

−
 

                                        
                                       = 0.4% 
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12.9 TAC = 
( ) ( ) ( )480 5 4,800

 + 120  + 4800 50
2 480

 

 
 TAC = 1,200 + 1,200 + 240,000 = $242,400 (without discount) 
 

 242,000 = 
5

2
 
 
 

Q + 
4,800

Q
(120) + (4,800)(.97)(50) (w/discount) 

 

 242,400 – 232,800 = 9,600 = 
5

2
Q + 

576,000

Q
 

 

 0 = 
5

2
Q + 

576,000

Q
 - 9,600 (multiplying through by Q gives) 

 

 0 = 
5

2
Q2 – 9,600Q + 576,000 (dividing by 

5

2
 leaves) 

 
 0 = Q2 – 3,840Q + 230,400 (solving by the quadratic formula) 
 

 

( ) ( ) ( ) ( )
( )

2
- -3,840 3,840 - 4 1 230,400

Q* = 
2 1

3,840 14,745,600 - 92,600
Q* = 

2

3,840 13,824,000
Q* = 

2

3,840 3,718 123 7,558
Q* =  =  , 

2 2 2

±

±

±

±

 

 
Q* = 61; 3,779 (The larger value is the correct choice) 
 
Check: 
 

TAC = ( ) ( ) ( ) ( ) ( )3,779 4,800
5  + 120  + 4,800 50 .97

2 3,779
 

 
    = 9447.5 + 152.42 + 232,800 = 242,399.92 
 

12.10 Q* = 790.57 
 

12.l1 Q* = 1496.66 
 



140             Chapter 12  Inventory and Production Models
 

12.12 
( ) ( ) ( )

( )
2 24,000 500

Q* =  = 2,000 units/production run
24 .25

  

 

12.13 
( ) ( ) ( )2 52,000 300

Q* =  = 3,747 units/run
1,800 - 1,000

5
1,800

 
 
 

 

 

 
3,747

1,000
 = 3.75 weeks supply 

 
12.14 Q* = 14242.61 
 

12.15 Q* = 11659.66 
 

12.16 Q* = 36.22 
 

12.17 Q* = 585.09 
 

12.18 Q* = 3333.33; QMAX = 2500; AHC = $26,250/yr; ASC = $26,250/yr 
 

12.19 D = 1000 units/yr; Q* = 38.72983; AHC = $0.04 
 

12.20 TC = $12,574.46/yr; TC w/discount = $11,377.90/yr; 
 Q* = 661;; Savings from using discount = $1,196.56/yr 
 

12.21 Q* = 2451.938 units/order; TC = $907,341.13/yr 
 

12.22 (a) 
( ) ( ) ( )

( )
2 800 50

Q* =  = 400 cases
.5

 

 
 

 (b) o hTIC = 2 D C  C  = ( ) ( ) ( )2 800 50 .5  = $200 
 

 (c) 
( ) ( ) ( )o h s

h s

2 800 50 .5  + 12DC C  + C
Q* =  =  = 490 cases

C C .5 1
 

 

 (d) 
( ) ( )

( ) ( )
o s

h h s

2 800 502DC C 1
V* =  =  = 327 cases

C C  + C .5 .5  + 1
 

  ∴  Units out of stock = 490 – 327 = 163 cases. 
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12.22 (continued) 
 

 (e)  
( )

( ) ( )
( )o h s

h s

2 50 .5 + 12C C  + C
T =  =  = 0.612 yr

C D C .5 800 1
 

 
                = (.612)(300) 
            
                = 184 days 

      
S

 Out of stock period = T
Q

∴  

 

                = ( )163
184

490
 

 
                =61.2 days. 
 
 (f) Maximum inventory on hand = V* = 327 cases 
 

 (g) ( ) ( ) ( )s
o h

h s

C 1
TIC = 2 D C  C  = 2 800 50 .5

C  + C .5 +1
 

 
                                = $163.29 
 

12.23 (c) 
( ) ( ) ( )o h s

h s

2 800 50 .5  + 52DC C  + C
Q* =  =  = 420 cases

C C .5 5
 

 
 

 (d) 
( ) ( )

( ) ( )
o s

h h s

2 800 502DC C 5
V* =  =  = 382 cases

C C  + C .5 .5  + 5
 

 
  ∴  Units out of stock = 420 – 382 = 38 cases.  
 
 

  (e) 
( )

( ) ( )
( )o h s

h s

2 50 .5 + 52C C  + C
T =  =  = 158 days

C D C .5 800 5
 

 

 ( )38
 Out of stock period = 158  = 14.3 days

420
∴  

 (f) Max. inventory on hand = V* = 382 cases 
 

 (g) ( ) ( ) ( ) 5
TIC = 2 800 50 .5  = $190.7

.5 + 5
 

 
 If the stockout cost is low, it is more economical to pursue a 

policy that plans for stockouts. 
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12.24 
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12.25 ABC Analysis 

       1101     -   $250,000 
  
   15% 2419     -    176,000 
 
       2625     -    157,000    AS = 52%   $583,000   3 items 

       1413     -    148,000 
 
       1390     -     94,000 
 
       1984     -     82,000 
   30%  
       1211     -     45,000 
 
       1053     -     28,000 
 
       1717     -     27,000   BS = 38%   $424,000   6 items 

       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 items 

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

 
13.1 (a) TN = T1 x N

b 
 
  T5 = (300)(5)

log.8/log 2 
 
         = (300)(5)-0.096919913/.30102996 
 
         = (300)(5)-0.321928095 
 
         = 178.7 hours 
 

(b) TN = T1 x CN 
 
         T1-5 = (300)(3.738; From Table 13.2) 
 
             = 1,121.4 hours 
 

(c) T1-18 = (300)(9.716) 
 
              = 2,914.8 hours 
 
13.2 (a) T3 = (9)(3)

log .7/log 2 
 
            = 5.114 hours  
 
 (b) T5 = (9)(5)

log .7/log 2  
 
                            =   3.932 hours 
 
13.3 T1-3 = T1 + T2 + T3 
 
 T1 = 15 minutes 
 
 T2 = (15)(2)

log .7/log 2 = 10.5 minutes 
 
 T3 = (15)(3)

log .7/log 2 = 8.523 minutes 
 
 ΣT1-3 = 15 + 10.5 + 8.523 
 
  = 34.023 minutes 
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13.4 (a) T2 = (75)(.850; From Table 13.2) 
 
  = 63.75 minutes 
 

(b) T4 = (75)(.723) 
 
   = 54.23 minutes 
 

(c) T8 = (75)(.614) 
 
   = 46.05 minutes 
 
13.5 (a) T4 = (1)(4)

log .95/log 2  
 
   = (1)(4)-0.074000582 
 
   = .902 hours 
 
   = (.902)(60) = 54.15 minutes 
 

(b) ΣT1-4 = T1 + T2 + T3 + T4 
 
  T1 = 60 min or 1 hour 
 
  T2 = (1)(2)

log .95/log 2 = .95 hrs x (60 min/hr) = 57 min 
 
  T3 = (1)(3)

log .95/log 2 =.922 hrs x(60 min/hr) = 55.32 min 
  
  T4 = (1)(4)log .95/log 2 =.902 hrs x(60 min/hr) = 54.15 min 
 
  ΣT1-4 = 60 + 57 + 55.32 + 54.15 
 
    = 226.47 minutes 
 

    = 
226.47

= 3.7745 hours
60 (min/hr)

 

 
13.6 T4 = (30,000)(.640) 
 
  = 19,200 hours x $40 = $768,000 
 
 T5 = (30,000)(.596) 
 
  = 17,880 hours x $40 = $715,200 
 
 
13.7 (a) T1 = 22.22 minutes 
 

(b) T3 = 18.805 minutes 
 

(c) T8 = 16.2 minutes 
 

(d) Learning rate = 90% 
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13.8 (a) Learning rate = 79.672% 
 

(b) Total Time = 636.489 min or 10.6082 hours 
 
13.9 Calculated learning rate: 85.514%.  An 88% learning rate  is not 
justified.  
   
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                        TP1* 
          ____________________________________________ 
                   5  1200 
 6  800  
 7  500 
 8  600 
 9  900 
                  10                   1200         
          ____________________________________________  

 
Stage 2 
SUMMER 

_____________________________________________________________________________ 
  Price/Dozen Price/Dozen  Total Profit Strategy 
  Stage 2 Stage 1 TP2* TP1* ∑TP1-2* S2 : S1 
______________________________________________________________________________ 
 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 (continued) 
Stage 3 
SPRING 

_____________________________________________________________________________ 
  Price per Dozen    Price per Dozen               Total Profit   Strategy 
     Stage 3          in Stage 2    TP3*   ∑TP1-2*     ∑TP1-3*      S3:  S2: S1 
_____________________________________________________________________________ 
 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* 
  10 500 1700 2200  
_____________________________________________________________________________ 
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14.1 (continued) 
Stage 4 
WINTER 

_____________________________________________________________________________ 
 Price per Dozen     Price per Dozen              Total Profit   Strategy 
     Stage 4           in Stage 3   TP4*  ∑TP1-3*    ∑TP1-4*    S4 : S3 : S2 : S1 
_____________________________________________________________________________ 
 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  
________________________________________________________________ 
 
Solution: 
 
Pricing Strategy with $1 Restriction 
                                                                                     Season: 
 Winter Spring Summer Fall 
Optimal Price $9 $8 $9 $10 
Quarterly Profit $1000 $800 $700 $1200 
Cumulative Profit $1000 $1800 $2500 $3700 

 
                          
Pricing Strategy without $1 Restriction* 
                                                                                     Season: 
 Winter Spring Summer Fall 
Optimal Price $9 $7 $7:8 $5:10 
Quarterly Profit $1000 $1000 $900 $1200 
Cumulative Profit $1000 $2000 $2900 $4100 
 
*For this strategy, it is not necessary to use dynamic programming.  For each 
season, simply select the price that results in the largest quarterly profit.  
Eliminating the price restriction results in a $400 increase in profit. 
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14.2 Route:  A-B-E-H-K-N-P, Total Length: 28 
 
14.3 Route: A-C-E-H-L-O-P, Total Length: 58 
 
14.4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14.5   

 
 
 
 Beginning at the end of the problem, we work backwards to the start.  

The total number of pools he needs next month is 8(3 to have on hand at 
the end of next month (X0 = 3) and 5 to sell next month (SN = 5).  
Therefore, the number he carries into the month (XN) plus the number he 
produces (PN) must equal 8.  The optimum decision will be the 
combination of XN and PN which maximizes his profit.   

7

6

5

4
win

3

2

1

2

1

2

1

2

1

2

Stage 1 Stage  2 Stage 3 Stage 4 Stage 5

1

2

1

1

B A B A B

Solution:

Let  B go  first

1

Stage 6
Optimal Solution

PT = 4 PN = ?

ST = ? SN = 5

XN = ?XT = 2 XO = 3
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14.5 (continued) 
 
 His profit next month (in $thousands) is: 
 
    ProfitN = ($6)(5) – PCN - HCN 

 

    ProfitN = $30 - ($5 + $3PN) – ($1 + $2XN) 
 

 His profit (in $thousands, as a function of the number he carries into 
the month and the number he produces next month is given in the 
following table.   

 
 

Stage 1 
                 ________________________________________________________ 
                     Inventory             Production in           Profit      
                Available (XN)            Stage 1 (PN)            (TPN)          SN          X0* 
                  ________________________________________________________ 
 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 month, his total profit for both months is the 
price this month times the number sold this month, less the cost this 
month, plus the profit next month.  This month's cost is the sum of 
holding cost and production cost (in $thousands) 

 
TCT = $1 + ($2) (2) + $5 + $3 (4) = $22. 

 
This month's revenue is the sales price times the number of units sold 

 
TRT = (420 - $2 ST) ST 

 
This two month profit, as a function of the number sold this month (in 
$thousands) is given in the following table. 
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14.5 (continued) 
Stage 2 

                 ____________________________________________________________ 
                 Inventory           Sales in    Profit        Profit Total Profit 
                Available(XT)  Stage 2(ST)   (TPT)    XN    (TPN)  (TPT)+(TPN) 
                              (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 maximizes the two month total profit is to sell 5 
pools this month, priced at $10,000 each, carry one over into next 
month, and produce 7 next month.  Maximum total profit is $29,000. 
 

14.6  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

AtlantaHoustonDallas

X TR
0        0

1 13

2 18

3 15

4 4

5      -15

X TR

0 0

1 12

2 18

3 18

4 12

5 0

X TR

0 0

1 9

2 14

3 15

4 12

5 5

X3 = 5 X2 X1 X0

S3 S2 S1
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14.6 (continued) 
STAGE 1 (Atlanta) 

              _________________________________________________________ 
             Autos Available              Autos Actually                                                  
                 to Sell (X1)                      Sold (S1)                      TR1*          X0* 
              _________________________________________________________ 
 0 0 0 0 
 1 1 9 0  
 2 2 14 0 
 3 3 15 0  
 4 4 12 0 
 5 5 5 0 
       _________________________________________________________ 
 

STAGE 2 (Houston) 
            _____________________________________________________________ 
            Autos Available       Autos                                         Total Revenue              
                to Sell (X2)       Sold (S2)       TR2*      X1*      TR1*         ∑TR1-2*  
              ____________________________________________________________ 
 0 0 0 0 0 0 
      ------------------------------------------------------------- 
 1 0 0 1 9 9 
  1 12 0 0 12 * 
      ------------------------------------------------------------- 
 2 0 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) 
STAGE 3 (Dallas) 

          ___________________________________________________________ 
          Autos Available       Autos                                        Total Revenue              
              to Sell (X3)       Sold (S3)       TR3*     X2*      TR1-2*       ∑TRi* 
          __________________________________________________________ 
 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,   Houston   2,   Atlanta   2 
                   Dallas   2,   Houston   2,   Atlanta   1 
 
 Total Profit is $45,000 and Hal's commission is $4,500. 
 
14.7  

 
 
 
 
 
 
 
 
 
 
 

STAGE 1  
3d Month 

             __________________________________________________________ 
             Units Available                     Units                                                   
                 to Sell (X3)                     Sold (S3)        S3           X4*        TR3*  
              _________________________________________________________ 
 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 
               ________________________________________________________ 

S1 S2 S3

1st Month 2d Month 3d MonthX2 X3 X4X1 = 8
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14.7 (continued) 
STAGE 2  
2d Month 

             ___________________________________________________________  
             Units Available    Units                                           Total Revenue              
                 to Sell (X2)     Sold (S2)      TR2*      X3*       TR3*           ∑TR2-3* 
                     ______________________________________________________________________________________ 
 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 

   __________________________________________________________ 
 



156             Chapter 14  Dynamic Programming
 

14.7 (continued) 
STAGE 3  

1st Month 
             ____________________________________________________________              
             Units Available     Units                                              Total Revenue              
               to Sell (X1)       Sold (S1)      TR1*      X2*       ∑TR2-3*        ∑TR1-3* 
             ___________________________________________________________ 
 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 
               ___________________________________________________________ 
 

Solution: 
 
            
                   Month(i)     Xi     Si    Xi+1     TRi 
                   ___________________________________________ 
          1 8 4 4 $384 
          2 4 2 2 192 
          3 2 2 0 188 
                                                                                               ___ 
                                                     Total Profit:    $764 
                    ___________________________________________ 
                                                     or 
                   
 
                  Month (i)    Xi    Si     Xi+1    TRi 
                _____________________________________________ 

                        1          8     5      3    $475 
          2          3     2      1     192 
          3          1     1      0      97 
                                                                                               ___ 
                                                      Total Profit: $764 
                    _____________________________________________ 
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14.8   
 

 
 
 
 
 
 
 
 
Xi+1 = 

Xi - Si 
 
 NIi = TRi - HCi 
 

Total net income  NIi* = MAX {NIi + NIi-1*} 
 
 

STAGE 1  
March 

            __________________________________________________________ 
            Units Available                      Units                                                  
                to Sale (X3)                      Sold (S3)       S3             X4*       NI3*  
             _________________________________________________________ 
 1 1 1 0 44 * 
 2 2 2 0 86 
 3 3 3 0 126 
            __________________________________________________________ 
 

*Because all tractors are on hand at the beginning of Jan, the number 
of tractors entering this stage X3 will incur holding costs of $5 ($3 
for Feb-Mar plus $2 for Jan-Feb). 

 
 

S1 S2 S3

Jan. Feb. Mar.X2 X3 X4 = 0X1 = 5

HC = $2 HC = $3
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14.8 (continued) 
STAGE 2 
February 

            ____________________________________________________________ 
            Units Available      Units                                       Total Income              
               to Sale (X2)      Sold (S2)     NI2*      X3*    NI3*      ∑NI2-3* 
            ____________________________________________________________ 
 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 Available     Units                                       Total Income              
                to Sale (X1)      Sold (S1)    NI1*     X2* ∑NI2-3*  ∑NI1-3 

              ______________________________________________________ 
 5 1 19 4 147 166 * 
  2 36 3 109 145  
  3 51 2 69 120  
              ______________________________________________________ 

 
Solution: 

 
     Month        Xi     Si     Xi+1     NIi 
                  _______________________________________ 
         January 5 1 4 $19 
     February 4 1 3 21 
     March 3 3 0 126 
                                   ___                                                
          Total Net Income:   $166 
                   _______________________________________ 
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14.9 Solution: 
 
                 Xi     Si     Pi    Xi+1    TCi 
         ____________________________________________________ 
         January 2 2 1 1 $7 
         February 1 1 1 1 9 
         March 1 4 3 0 6 
         April 0 2 2 0 8 
         May 0 3 3 0 9 
         June 0 2 2 0 4 
                                              __                                    
                          Total Cost:        $43 
         ____________________________________________________ 
 

*It should be noted, the computer program will not totally agree with 
the answer above.  The program did not apply the $4 holding cost for 
the unit left in inventory for the first period.  Therefore, the total 
production cost for the computer answer will be understated by $4. 
 

14.10 Solution: 
 
   Year    Ii    Production (Pi)     Si     Ii+1    Cost 
  ______________________________________________________ 
  
 1    2 4 4 2 $28 
 2 2 5 5 2 32 
 3 2 8 6 4 53 
                                                   ___                              
              Total Cost:$113 

  _______________________________________________________ 
  

 *It should be noted, the computer program will not totally agree with 
the answer above.  The program did not apply the $4 holding cost for 
the unit left in inventory for the first period.  Therefore, the total 
production cost for the computer answer will be understated by $8. 
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14.11 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                       

Stage 1 
                                West Region 
                      _______________________________________________________ 
                          Available (X1)     Allocated (S1)       X0     TR1* 
                      _______________________________________________________ 
 0 0 0 0 
 1 1 0 19 
 2 2 0 39 
 3 3 0 60 
 4 4 0 85 
 5 5 0 105 

          ______________________________________________________ 
 
 

X TR

0  0

1 21

2 44

3 66

4 80

5 95

X TR

0 0

1 17

2 36

3 59

4 79

5 100

X TR

0 0

1 20

2 40

3 62

4 79

5 90

X1 X0

S3 S2 S1

X TR

0 0

1 19

2 39

3 60

4 85

5 105

S4

X4 = 5 X3 X2

WestEastSouthNorth
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14.11(continued) 
Stage 2 

East Region 
  ________________________________________________________________________  
                                                    Total Return    
  Available (X2)          Allocated (S2)     X1      TR2*      TR1*       ∑TR1-2* 
  _________________________________________________________________________ 
 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 (continued) 
Stage 3 

South Region 
____________________________________________________________________________ 
                                                                                                        Total Return    
  Available (X3)        Allocated (S3)               X2   TR3*   TR1-2*   TR1-3* 
______________________________________________________________________________ 
 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 0 * 
       ________________________________________________________________________ 

 
Stage 4 

North Region 
_________________________________________________________________________                  
                                                        Total Return    
 Available (X4)        Allocated (S4)               X3      TR4*    ∑TR1-3*  ∑TR1-4* 
 _________________________________________________________________________ 
 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 (continued) 
 
Solution:                                       Return 
Allocate  3 sales reps to the North Region  $66,000 
Allocate  0 sales reps to the South Region  0 
Allocate  2 sales reps to the East Region  $40,000 
Allocate  0 sales reps to the West Region  0 
                                               _______                                    
                                Total Return:  $106,000 
 
or 
 
Allocate  2 sales reps to the North Region  $44,000 
Allocate  0 sales reps to the South Region  0 
Allocate  3 sales reps to the East Region  $62,000 
Allocate  0 sales reps to the West Region  0 
                                                _______     
                                Total Return:  $106,000 
 
or 
 
Allocate  1 sales rep to the North Region  $21,000 
Allocate  0 sales reps to the South Region  0 
Allocate  0 sales reps to the East Region  0 
Allocate  4 sales reps to the West Region  $85,000 
                                                _______               
                                Total Return: $106,000 
 

14.12 Solution: 
 

Franz should take 10 lbs of coffee back to the Ukraine.  The solution 
is summarized below. 

 
             Item       Ni           Wi       Total Value 

             _____________________________________________ 
             Coffee  10 10 $1,700  
             Tobacco  0  0            0 
             Vodka   0  0         0 
             Shortening  0  0            0 
                                                 _____                             
                            Total Value: $1,700 
           ______________________________________________ 
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14.13 Solution: 
 

The route Mack should take to the peak of Mt. Norwood is given below. 
 

Base Camp→R2→R6→R8→Peak 
 

  The total minimum time to the peak is 7 hours. 
 

14.14   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 Solution: 
 

The shortest route from Reno to L.A. is Reno→5→Dummy 1→L.A. with a 
minimum total miles of 113. 
 

14.15 Solution: 
  
 Stage  Xi*   Pi*    S

i
    Xi-1   HCi   PCi   Total 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 

     _____________________________________________________ 

2

3

4

5

6

7

8

9

Reno L. A.

25

28

32

14

21
10

12

34

85

26

95

38

44

59
47

61

88

76

45

25

0Dummy
1

Stage 4Stage 3Stage 2Stage 1 Stage 5
Optimal Solution
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14.16 
 

 
 
 
 
 
 
 
 
 
                           
               

Product D 
               __________________________________________________________                                                            
                   Machines                  Machines Used       TR1*            

               Available (X1)            Stage 1 (S1)        (00's)        X0* 
               __________________________________________________________ 
 5 5 33  0 
 4 4 29  0 
 3 3 25  0 
 2 2 19  0 
 1 1 9  0 
 0 0 0  0 
                __________________________________________________________ 
 

S4 S1 

Product B

S3 S2 

X0 = 0X4 = 5

Stage 4 Stage 3 Stage 2 Stage 1

X3 X2 X1Product A Product C Product D
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14.16 (continued) 
Stage 2 

Product C 
        ________________________________________________________________________ 
                  Machines             Machines Used       TR2*    TR1*          Total Return 

              Available (X2)    Stage 2(S2) (00's)  X1*(00's)       ∑TR1-2* 
        _________________________________________________________________________ 
 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 (continued) 
Stage 3 

Product B 
                _____________________________________________________________ 
                   Machines         Machines Used      TR3*        ∑TR1-2*  Total Return 
                Available (X3)    Stage 3(S3)  (00's) X2* (00's)     ∑TR1=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 * 
                 ____________________________________________________________ 

 
Stage 4 

Product A 
                _____________________________________________________________ 
                   Machines          Machines Used     TR4*          ∑TR1-3*  Total Return 
                Available (X4)    Stage 4 (S4)  (00's)    X3* (00's)   ∑TR1-4* 
               ______________________________________________________________ 
 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 (continued) 
 

  Solution: 
 
 Products   Machines Assigned   Return ($) 
 A 1 $1300 
 B 1 1200 
 C 2 2200 
 D 1 900 
   _____ 
  Total Return: $5600 
    _________________________________________ 
 
 
14.17 

 
 

 
 
 
 
 
 
 
 
 
 
 

 Item Allocated Wt.Allocated Total Value ($) 
             ______________________________________________________ 
      A 0 0 $   0 
 B 3 9 180 
 C 1 1 15 
                                                                                          
                        Total Value:  $195 
_____________________________________________________

W1 

B
Wt.     $ 
3      60

A
Wt.      $
2       35

C
Wt.       $
1        15

W3 W2

K0 = 0K3 = 10

Stage 3 Stage 2 Stage 1

K2 K1
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14.18  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Solution: 
 Investment Amount Invested    Return 
     _______________________________________ 
 A $1,000,000 $2,000,000 
 B 2,000,000 6,000,000 
 C 0 0 
 D 2,000,000 8,000,000 
 E 4,000,000 9,000,000 
 
 Total Return: $25,000,000 
     _______________________________________ 
 
 
14.19 

3

4

7S. F. N. Y

14 2
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6

8

9
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13

15

16
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5

9
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4
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8
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79

6

7

5

6

4
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6

7

5

8

8
9

10

9

11

12

14
15

13

15

15

12

14

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
Optimal Solution

 
 
Solution: N.Y.→2→6→10→15→S.F. =  35 days 
 
 Or       N.Y.→3→7→10→15→S.F. =  35 days 

X1 X0 = 0

I4 I5 

X3X4 X2

A 
I $
0     0
1     2
2     4
3     6
4     8
5    10

B 
I $
0     0
1     3
2     6
3     7
4     9
5    11

C
I $
0     0
1   1.5 
2     3
3     5
4     7
5     8

D 
I $
0    0
1    1
2    8
3    9
4   10
5   12

E 
I $
0    0
1  0.5
2    4
3    6
4    9
5   10

I3 I2 I1 

X5 = 9
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14.20 Item 1-3, 2-4, 3-0, 4-6, 5-2, 6-8, Value = 510 

 
14.21 Item 1-2, 2-0, 3-0, 4-7, 5-6, 6-0, 7-1, 8-0, Value = 5725 

 
14.22 Min Cost = $24 

 
14.23 Min Cost = $25 

 
14.24 Total Cost = $5105 

 
14.25 Total Cost = %122,000 
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Chapter 15  Decision Analysis 
 
DECISIONS UNDER CERTAINTY AND UNCERTAINTY 
 
15.1 (a) Cut federal spending, decrease federal taxes, anti-abortion. 
 
 (b) Maximum payoff for the four choices are 1.2, 1.5, 1.1, and .9 

million, respectively.  Optimum choice is decrease federal 
spending, at 1.5 million. 

 
 (c) Minimum payoffs are .7, .5, .6, and .6 million.  The maximum of 

these minima is .7, for cut federal spending. 
 
 (d) Taking a weighted average the best (weight = .6) and worst (weight 

= .4) outcomes yields 
 
  (1.2)(.6)+(.7)(.4) = 1.00, (1.5)(.6)+(.5)(.4) = 1.10, 
  (1.1)(.6)+(.6)(.4) =  .90, (.9) (.6)+(.6)(.4) =  .78. 
 
 (e) (1.2)(α)+(.7)(1-α) = (1.5)(α)+(.5)(1-α) 
  1.2α - .7α + .7 = 1.5α - .5α + .5 
         .5α + .7 = 1.0α + .5 
                      .2 =  .5α 

                α = .2
.5

 = .4 

                                  ? 
  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 

 
 

 
 
 
 
 
 
 
 
 

 Optimal issue is decrease federal taxes. 
 
 (g) LaPlace weights each outcome equally.  Expected vote tallies are 
 
         (1.2 + .7 +.7)/3 =.867, (.5 + 1.5 +.8)/3 =.933 MAX E.V. 
  (.6 +.7 +1.1)/3 = .800, (.8 + .6 + .9)/3 = .767  
   
  Optimum strategy is decrease federal taxes; expected vote total, 

933,333 votes.   
15.2 
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15.3 (a) national distribution, $5 million. 
 
 (b) regional distribution, $.7 million. 
 
 (c) local distribution, $.2 million loss (or better yet, forget it!) 
 
 (d) row maxima: .8, 1.2, 5.0. Maximax: $5 million (national 

distribution) 
 
 (e) row minima: -.2, -.8, -2.0. Maximin: $-.2 million (local 

distribution) 
 
 (f) Hurwicz values: 
 
  (.8)(.5) + (-.2)(.5) = .3, (1.2)(.5) + (-.8)(.5) = .2, (5)(.5) + 

(-2)(.5) = $1.5. Optimum choice: National distribution ($1.5 
million) 

 
(g) Regret matrix: 

                                       ROW MAX’S 
 4.2 .5 0 4.2 
 3.8 0 .6 3.8 
 0 .1 1.8 1.8    ← MINIMAX 
   
  Optimal choice is national distribution 
 

(h) expected values 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 million. 
 
15.4 
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15.5 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Optimal alternative = R 
 

(b) Expected value of payoff for optimal choice = 30 
 

(c) Expected regret = 10 
 
15.5 (continued) 
 

(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 = 0.6 
 
                          Q = 1 – 0.6 = 0.4 
 
  Range of P to make R move attractive is 0.0 to < 0.6 
 
  Range of P to make S move attractive is > 0.6 to 1.0 
 
15.6 Maximax -5, Maximin -2, Hurwicz(.5)-5, Savage -4, LaPlace-4 
 EV-4, ER-4 
 
15.7 All Criteria -10 

R

S

P

Q

P

Q

P R
80 20

-20     0

100 0

-50    30

30

10

25

15

.5

.5

.5

.5
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15.8  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Optimal alternative = C 
 
(b) Expected value of payoff = 0 

 
(c) Expected regret = 4 
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15.8 (continued) 
(d) Under perfect information, 

 
  If outcome is G, select B 
 
  If outcome is F, select C 
 

(e) EVPI = 4 – 0 = 4 
 
  Value of probability of outcome G that makes alternatives B and C 

equally attractive is: 
 

  60(P) + (-20)(1-P) = 40(P) + (-10)(1-P) 
                  
                   80P – 20 = 50P – 10 
 
                        30P = 10 
       

                          P = 
1

3
 

 
 
15.9 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Optimal alternative = B 
 

(b) Expected value of payoff = 44 
 

(c) Expected regret = 2 
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15.9 (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 

(d) Under perfect information, 
 
  If outcome is G, select B 
 
  If outcome is F, select C 
 

(e) EVPI = 46 – 44 = 2 
  or 
  EVPI = 2 – 0 = 2 
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DECISIONS UNDER PRIOR AND PERFECT INFORMATION 
 

15.10 (a)and (b) 
 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

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

(e) EVPI – EV(Regret) = $220,000 
 

tr
ia
l

settle

.1
.2
.3
.4

.1

.2

.3

.4

RegretPayoff
$ 0$ 2M

$ 1M $ 0 
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$ 0 $.6M

$.6M

$.6M

$.6M

$.6M $ 0 

$ 0 

$.4M

$ 1.4M

$.55M
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15.11 (a) and (b) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

(c) Expected profit:  $8 million; expected regret: $11 million; optimal 
decision:  Select diesel. 

 
 (d) EVPI = EV(Regret) = $11 million. 
 
15.12 (a) and (b) 
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15.12 (continued) 
 

(c) Optimal act:  order small computer now, switch to large computer if 
2 or more 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 computer. 
 
 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 small computer and the time sharing system are equally 

attractive to the risk seeker. 
 
 (The utility values are estimates; your values may differ 

slightly.) 
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DECISIONS USING IMPERFECT INFORMATION 
 
15.13 (a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

  (b) $1.5 million; add both routes 
 
  (c) EVPI = EV(Regret) = $1 million 
 
  (d) 
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(e) 
 

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

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

   
  Alternatively, EVSI = EV(Regret)prior – EV(Regret)    
  with added information: EVSI = $1M - $1M = 0. 
 
  This result merits further explanation.  Note that the act we 

chose after receiving a “Low” prediction was the same as the one 
chosen after a “High” prediction, and it is the same act we 
selected under prior information.  Thus, we have totally ignored 
the added information—it is valueless to us!  The mathematics 
support this fact by showing that EVSI = 0. 

 
(h) The efficiency is zero, since the predictor did not reduce the 

uncertainty at all. EV(Regret) = $1M. 
 

15.14 (a) Minimin – B, Minimax – 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, Minimax – 0, Hurwicz – 3 & 4, LaPlace – 2, EV – 1, ER – 

1. 
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40 60 100
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        P(PL/L) = .8
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60
40
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c
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15.16 (a) 
 

 
 
   
 

 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Rent the home out.  Expected profit = $1,100/year. 
 
(c) EVPI = EV(Regret) = $300. 
 
(d) 
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15.16 (continued) 
(e) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

  If the prediction is “Good,” rent; if it is “Bad,” sell. 
 

(f) EVSI = $1,230 - $1,100 = $130 or: EVSI = $300 - $170 = $130. 
 

(g) Efficiency = 
EVSI $130

=  = 43.3%
EVPI $300

 

 

32 8 40

18 42 60

50 60 100

Actually Good

Actually Bad

Prediction

Good Bad

Given:  P(PG/G) = .8

        P(PB/B) = .7

32
Revised:P(G/PG) =  = .64

50
18

       P(B/PG) =  = .36
50
8

       P(G/PB) =  = .16
50
42

       P(B/PB) =  = .84
50
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SAMPLE SIZE DETERMINATION 
 
15.17 
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15.17 (continued) 

 
(a) Accept 

 
(b) $80 

 
(c) EVSI1 = $80 - $80 = 0 

 
  EVSI2 = $80 - $75.20 = $4.80 
 
  EVSI3 = $80 - $74.56 = $5.44 
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15.17 (continued) 

 
(d) Optimal sample size is n = 2. 

 
  ENGS = $4.80 - $4.00 = $.80 
 
  For larger sample sizes, the cost of sampling is    
 greater than the cost saving. 
 

(e) $4.80/$80 = .06 

  Note that a sample of n = 1 does not change our optimal act.  The 
expected profit is $80. 

 

 
 

 
15.18 Maximax – Large; Maximin – Small; Hurwicz (α = 0.4) – Large;Savage – 

Medium; LaPlace – Medium. EV – 70, Medium. 
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15.19 Maximax – Manufactue; Maximin – Buy; Hurwicz (α = 0.3) – Buy; LaPlace – 
Buy; Savage – Buy.  EV – 50, Buy.  

 
15.20 EVII - .450008. Efficiency - .1500003. 

 
15.21 EV(Al|Good) = 802.0834; EV(A2|Fair) = 533.333; EV(A2|Poor) = 29.03226).  

EVII = 18, Efficiency = .45. 
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Chapter 16  Waiting Lines (Queues) 
 

 
16.1 A = 10/hr., S = 

1

MST
 = 11/hr., U = 

A

S
 = 

10
= .91

11
, 

 

 s
1 1

T  =  =  x 60 = 60 minutes
S - A 11 - 10

 

 

 Q = s  T UT = .91 x 60 = 54.6 minutes   
 

 S s 
1

N = AT =  x 60 = 10 customers
6
 
 
 

 

 
 Yes 
   

16.2 A = 
1

2
 
 
 

 x 60 = 30/hr.,  S = 
1

x 60 = 40/hr
3

2
 
 
 

, U = 
A

S
 = 

30

40
 = .75 

 
( )

s
1 1

T  =  =  x 60 = 6 minutes
S - A 40 - 30

 
 
 

 

 

 Q = s  T UT = .75 x 6 = 4.5 minutes  
 

 S s 
1

N = AT =  x 6 = 3 customers
2
 
 
 

 

 
 Yes 
 

16.3 
1

A =  x 60 = 12/hr.
5
 
 
 

, S 
1

=  x 60 = 15/hr
4

 

 (a) 
( ) ( )

2 2

Q
A 12 144

N  =  =  =  = 3.2
S S - A 15 15 - 12 45

 

 

 (b) S
1 1

T  =  =  = 20 min
S - A 3

 

 

 (c) 0
A 12

P  = 1 - U = 1 -  = 1 -  = .2
S 15
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16.3 (continued) 
 

(d) 1 – (P0 + P1 + P2) = P(N > 2) 
 
  P0 = .2 
 
  P1 = (1 - .8)(.8)

1 = .16 
 
  P2 = (1 - .8)(.8)

2 = .128 
 
  Pn>2 = 1 – (.2 + .16 + .128) = 1 - .488 = .512  
 

16.4 (a)  
60

 = 7.5 mins.
8

 

 

 (b)  
60

 = 6.0 mins.
10

 

 
(c) 8 arrivals/hr. 

 
(d) 10 customers/hr. 

 

(e) S
1 1

T  =  =  = .5 = 30 min
S - A 10 - 8

 

 

(f) 
( ) ( )

Q
A 8 8

T  =  =  =  = .4 = 24 mins.
S S - A 10 10 - 8 20

 

(g) 6 mins 
 

 (h) S
A 8

N  =  =  = 4 customers
S - A 10 - 8

 

 

 (i) 
( )

( )
( )

22

Q
8A 64

N  =  =  =  = 3.2 customers
S S - A 10 10 - 8 20

 

  

 (j) 0
A 8

P  = 1 - U = 1 -  = 1 -  = .2 = 20%
S 10

 

 

 (k) Q s

3

(N  = 2) (N  = 3)
8 8

P  = P  = 1 -  = .1024 = 10.24%
10 10
   
   
   

 

 
 
 
 
 
 
 



        Solutions Manual and Workbook 191 
 

16.5 (a) 
60

 = 12 mins
5

 

 

 (b) 
60

 = 10 mins
6

 

 
(c) 5 arrivals/hr. 

 
(d) 6 customers/hr. 

 

(e) S
1 1

T  =  =  = 1 hr.
S - A 6 - 5

 

 

(f) 
( ) ( )

Q
A 5 5

T  =  =  =  = 50 mins.
S S - A 6 6 - 5 6

 

 
(g) 10 mins. 

 

(h) S
A 5

N  =  =  = 5
S - A 6 - 6

 

 

(i) 
( )

( )
( )

22

Q
5A 25

N  =  =  =  = 4.17
S S - A 6 6 - 5 6

 

 

 (j) 0
A 5

P  = 1 - U = 1 -  = 1 -  = .1667 = 16.67%
S 6

 

 

(k) ( )Q S  (N  > 2) (N > 3) 0 1 2 3P  = P  = 1 - P  + P  + P  + P  

 

( )

0 = 1 2 = 3

(NQ > 2)

1 5 1 5 25 1 25 125 1 125
P ; P  =  = ; P  = ; P  =  =  

6 6 6 36 36 6 216 216 6 1296

P  = 1 - (.17 + .14 + .116 + .096)

       = 1 - .522  = .478 = 47.8%

           
           
           

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

(a) S3 = 2(3) = 6 customers/hr. 
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16.6 (continued) 

 (b) 
A 11

U =   < 1  11 < 2N
S 2N

 

                  

11
 < N

2
N   > 5.5

N   = 6 workers

 

 

 (c) S
1 1 1 1 1

T  =  =  <     < 
S - A 2N - A 4 2N - 11 4

 

 

  
4

 < 1   4 < 2N - 11   15 < 2N
2N - 11

 

 
  N > 7.5        N = 8 
 

 (d) S
1 1

T  =  =  = 1 hr.
S - A 12 - 11

 

 

 (e) 
( ) ( )

Q
A 11 11

T  =  =  =  =  55 mins.
S S - A 12 12 - 11 12

 

 

 (f) S
A 11

N  =  =  = 11 customers
S - A 12 - 11

 

 

 (g) 
( )

( )
( )

22

Q
11A

N  =  =  =  10.08 customers
S S - A 12 12 - 11

 

 

 (h) ( ) ( )
2

2
11 11

P  = 1 -  = .0833 .8403  = .07 = 7%
12 12

   
   
   

 

 
 (i) s(N 3) 0 1 2P  = 1 - (P  + P  + P )≥  
 
               = 1 - (.0833 + .0764 + .07) = .7703 = 77% 
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16.7 A = .75 
 S = .5D - .05D2 
 
 S1 = .5 - .05 = .45   Infeasible (S < A) 
  
 S2 = 1 - .2 = .8   NQ2 = 14.0625 
 
 S3 = 1.5 - .45 = 1.05  NQ3 = 1.7860 
 
 S4 = 2 - .8 = 1.2   NQ4 = 1.0420 
 
 S5 = 2.5 – 1.25 = 1.25  NQ5 = .9 
 
 Cost 
 
 2 hands   (3)(2)($40) + $750(14.0625) = $10,786.875 
 
 3 hands (3)(3)($40) + $750 (1.7860) = $1,699.500 
 
 4 hands (3)(4)($40) + $750 (1.0420) = $1,261.500* 
 
 5 hands (3)(5)($40) + $750 (.9)     = $1,275.000 
 
 4 dock hands is optimum 
 
16.8 (a) A = 45/hr 
 

 S = 
60

 = 12/hr
5

 

 

  Minimum number of servers = 
45

= 3.75 = 4 servers
12

 

 (b) Traffic density = 
( )

A 45
=  =  0.9375

NS 4 12
 

  
  (Round to .95 and use table for P0) 
 
  P0 = .005 
 

 
( ) ( )

N

Q 02

A
S

T  = P
N - 1 ! NS - A

S
 
 
 
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16.8 (continued) 

    
( ) ( )( )

( )

4

2

45
12

12 .005
3 ! 4 12  - 45

 
 
 =  

 

    
( )
( ) ( ) ( )12 197.75

= .005
6 9

 

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

 (c) ( ) ( )Q QN  = AT  = 45 .22  = 9.9 waiting 
 

(d) Average number per line = 
QN 9.9

=  = 2.5 per line
N 4

 

 
16.9 (a) A = 45/hr. 
 

 S = 
60

 = 12/hr.
5

 

 

  With 5 lanes, Traffic density = 
( )
45

= .75
5 12

 

 
  From the table, P0 = .019 
 
   

  
( ) ( )

N

Q 02

A
S

T  = P
N - 1 ! NS - A

S
 
 
 

 

 

    
( ) ( )( )

( )

5

2

45
12

12= .019
4 ! 5 12  - 45

 
 
 

 

 
    = .0313 hr 
 
    = (.0313)(60) = 1.9 mins. 
 

 (b) QN  = (45)(.0313) = 1.4 waiting 
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16.9 (continued) 

 (c) 

N

W 0
1 A NS

P  =  P
N! S NS - A

 
 
 

 

 

    =  ( )
5

1 45 60
   .019

120 12 15
 
 
 

 

 
    = .47 
 

The probability that a customer does not have to wait is 1 - .47 = .53. 
 

16.10  (a) A = 45/hr 
 

   S = 
60

 = 13.33/hr
4.5

 

 

   min
A 45

N  =  =  = 3.375 = 4 lanes
S 12.33

 

 

(b) Traffic density = 
( )
45

= .85
4 13.33

 

 
  From the table, P0 = .019 
 

  
( ) ( )

N

Q 02

A
S

T  = P
N - 1 ! NS - A

S
 
 
 

 

 
   

 

( )

( ) ( )
( )2

45
13.33

13.33= .019
4 - 1 ! 53 - 45

 
 
 

 

 

 
( ) ( )

( ) ( ) ( )13.33 129.9
= .019  = .086 hr

6 64
 

 
 = (.086)(60) = 5.14 min 
 

(c) With 5 checkers at $5/hr, 
 
  Total cost per hr. = $5 x 5 = $25 
 
  With 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 more cost effective. 
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16.10 ATS = 44.24 

 
16.11 ATS = 12.13 

 
16.12 ATQ = 12.5 minutes, ATS = 15 minutes; ANQ = 4.1666667; U = 83.33333% 

 
16.13 ATQ = 1.695239 minutes; ATS = 5.195251 minutes. 

 
16.14 With the five servers, the average time in the queue (ATQ) increases to 

2.21645 and time in the system (ATS) increases to 6.21645.  There is 
not a significant increase in these values. 

 
16.15 ATQ = 85.00002 minutes; ANQ = 4.816668 customers; 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 
 
 Holding Cost = $5 + $10 = $15 per unit per year 
 
 Quantity Order Cost Holding 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 
 
Optimum number of frames Fleetway should order at a time = 365. 
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17.2 Company’s Cost of Capital = 10% of cost of frame. 
 
 Order range = 0 to 499 frames. 
 
  Unit cost = $100 
 
  Cost of capital = 10% of $100 = $10 
 
  Holding cost = $5 + $10 = $15 
 
 Total purchase cost = Annual demand x unit cost 
 
 Order Total Total Total Total 
 Quantity Order Cost Holding Cost Purchase Cost Cost 
 
 200 5000 1500 1000000 1006500 
 400 2500 3000 1000000 1005500 
 499 2004 3742 1000000 1005746 
 370 2702.70 2775 1000000 1005477.7 
 360 2777.78 2700 1000000 1005477.7 
 365 2739.73 2737.50 1000000 1005477.2 
 Lowest total cost is at an order quantity of 365 frames. 
 
 Order Range = 500 to 999 frames. 
 
  Unit Cost = $95 
 
  Cost of Capital = 10% x $95 = $9.50 
 
  Holding Cost = $5 + $9.50 = $14.50 
 
 Order Total Total Total Total 
 Quantity Order Cost Holding Cost Purchase Cost Cost 
 
 500 2000 3625 950000 955625 
 520 1923 3770 950000 955693 
 700 1429 5075 950000 956504 
 900  1111 6525 950000 956504 
 
 Lowest total cost occurs at an order quantity of 500 units. 
 
 Order Range = 1000 to 4999 frames. 
 
  Unit Cost = $90 
 
  Cost of Capital = 10% x $90 = $9.00 
 
  Holding Cost = $5 + $9 = $14 
 
 Order Total Total Total Total 
 Quantity Order Cost Holding Cost Purchase Cost Cost 
 
 1000 1000 7000 900000 908000 
 3000 333 21000 900000 921333 
 4999 200 34993 900000 935193 
 
 Lowest total cost occurs at an order quantity of 1000 frames. 
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17.2 (continued) 
  
 Order Range = 5000 or more. 
 
  Unit Cost = $80 
 
  Cost of Capital = 10% x $80 = $8.00 
 
  Holding Cost = $5 + $8 = $13 
 
 Order Total Total Total Total 
 Quantity Order Cost Holding Cost Purchase 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 
 frames.  Optimum order quantity is 5000 frames at a minimum 
 total cost of $832,700. 
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17.3  Slim’s RN’s Stretch’s RN’s 
 YES   00 – 84    00 – 89 
 NO   85 – 99    90 – 99 
 TRY                        Results_________________ 
 
 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 
 QTR RN SALES STOCKOUTS STOCKOUTS 
 
 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 
 
   Stockout Carrying 
  Reorder Cost Cost Total 
 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 
 
 STOCKOUTS 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 
                  Stockout  Carrying 
 Reorder Cost Cost Total 
 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)  Women Men 



202 Chapter 17  Simulation
 

   Flu (.2)(12) = 2.4 (.3)(8) = 2.4  - 4.8 (about 5) 
  No Flu            9.6                 5.6 
                       _____                ____ 
            (.6)(20) = 12.0      (.4)(20) = 8.0 
 
                                        Male     Female 
 RN’s RN’s RN’s 
 Male 00 – 39 Flu 00 – 29 00 – 19 
 Female 40 – 99 No Flu 30 – 99 20 – 99 
 
 
 
 Arrivals RN Male RN Female 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 
                         ___                 ___       ___ 
                            5                  15         8 
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17.12  Tee Shot Trap Shot 
  N P(N) RN N P(N) RN 
  Green .3 0 – 2 Green .8 0 – 7 
  Trap .5 3 – 7 Trap .2 8 – 9 
  Lake .2 8 – 9  

 
 

   Lake Shot Green Shot 
  N P(N) RN N P(N) RN 
  Lake .1 0 3 Putt .2 0 – 1 
  Green .6 1 – 6 2 Putt .7 2 – 8 
  Trap .3 7 – 9 1 Putt .1 9 
 
 
  Golfer RN Results Strokes 
  1 84194847 lake, penalty, green, 3 putt 6 
  2 47775872 trap, green, 2 putt 4 
  3 89863921 lake, penalty, trap, trap, green, 2 putt 7 
  4 56230612 trap, green, 2 putt 4 
  5 78276936 trap, trap, green, 2 putt 5 
  6 25366137 green, 2 putt 3 
  7 89178620 lake, penalty, trap, green, 2 putt 6 
  8 50639006 trap, green, 2 putt 4 
  9 26289026 green, 2 putt 3 
  10 63632100 trap, green, 2 putt 4 
                                                           ___ 
  Average 46/10 = 4.6 46 
 
  NOTE:  Only the REALLY BAD golfers will use all eight    

 random digits on the hole. 
 
17.13 Foundation Frame Roof 
  Days Prob RN’s Days Prob RN’s Days Prob RN’s  
  1 .1 0–9 3 .3 0–29 2 .2 0–19 
  1.25 .2 10-29 4 .5 30-79 2.5 .2 20-39 
  1.5 .3 30-59 5 .2 80-89 3 .3 40-69 
  1.75 .3 60-89    3.5 .2 70-89 
  2 .1 90-89    4 .1 90-99 
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17.13 (continued) 
                     Foundation    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 
 
             Foundation            Frame               Roof 
  House Start  End   Idle  Start   End   Idle  Start   End   Idle 
  1 0 1.75 0 1.75 4.75 1.75 4.75 8.25 4.75 
  2 1.75 3.25 0 4.75 9.75 0 9.75 12.25 1.5 
  3 3.25 4.75 0 9.75 13.75 0 13.75 17.75 1.5 
  4 4.75 6.25 0 13.75 17.75 0 17.75 21.25 0 
  5 6.25 7.75 0 17.75 21.75 0 21.75 23.75 0.5 
  6 7.75 9.25 0 21.75 25.75 0 25.75 27.75 2 
  7 9.25 10.5 0   25.75 29.75 0 29.75 32.25 2 
  8 10.5 12.25 0 29.75 33.75 0 33.75 36.75 1.5 
  9 12.25 14 0 33.75 36.75 0 36.75 38.75 0 
  10 14 15.75 0 36.75 40.75 0 40.75 44.75 2 
                      ___                ___                  ___ 
                       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 Framing 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 
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17.14 (continued) 
                1st Crew      2nd Crew    (Per Crew)  Framing Time 
  House Framing Time Framing Time Average Time 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 
 
             Foundation                 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 3.5 
  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 1.75 
  9 12.75 14 0 25.25 28.75 0 28.75 30.75 0.5 
  10 14 15.75 0 28.75 32.75 0 32.75 36.75 2 
                          ___                      ___                     ___ 
                            0                      1.75                    7.75 
 
  Total non-productive time = 1.75 + 7.75 = 9.5 days 
   Total cost = 9.5 x $500 = $4,750   
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SINGLE CHANNEL-CONSTANT ARRIVAL RATE/CONSTANT SERVICE RATE 
 
 
 
17.15 
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17.16 
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17.17 Time between Arrivals (Min) P(time) RN’s 
 
   5 .10 0–9 
   10 .25 10–34 
   15 .50 35-84 
   20 .15 85-99 
 
  Patient RN Time 
  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 
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17.17 (continued) 

 

  (a) 
10

 x 100 = 3.57%
280

 

 
(b) 2 

 

 (c) 
( ) ( )65 x 1  + 45 x 2 155

=  = .554
280 280

 

 

  
155

or  = 1.41
110

 

CONSTANT ARRIVAL RATE/VARIABLE SERVICE RATE 
 

17.18 Time between Landings (Min) P(time) 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 (continued) 
  Airliner RN Time 
  1 00 4 
  2 92 8 
  3 35 6 
  4 32 6 
  5 33 6 
  6 59 6 
  7 42 6 
  8 78 7 
  9 26 5 
  10 62 6 
  11 11 5 
  12 23 5 
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VARIABLE ARRIVAL RATE/VARIABLE SERVICE RATE 
 
17.19   Time between Arrivals (Min) P(time) 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 Operator          Service 
.  Arrival RN Time RN Time 
  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 (continued) 
 

 
   Turned Away 
 
  S & S 5 x $5 = $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. 



        Solutions Manual and Workbook 213 
 

17.20 Time between Arrivals (Min) P(time) RN’s 
 
   4 .2 0–19 
   5 .7 20–89 
   6 .1 90-99 
 
   Wash Time (Min) P(time) RN’s 
 
   4 .2 0–19 
   5 .3 20–49 
   6 .5 50-99 
   
   Dry Time (Min) P(time) RN’s 
 
   3 .3 0–29 
   4 .4 30–69 
   5 .3 70-99 
   
                          Arrival    Wash        Dry 
  Customer RN Time RN Time RN Time 
  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 
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17.20 (continued) 

 
 

(a) Total arrivals = 14 
 
 (b) Max cars in Wash Q = 2 
  Max cars in Dry Q = 0 
 

(c) Average cars in each queue 
 

  Wash = 
71

 - 1.183
60

 

  Dry = 0 
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17.21 Time between Arrivals (Min) P(time) RN’s 
   1 .5 0–49 
   3 .4 50–89 
   5 .1 90-99 
 

  A’s Service Time (Min) P(time) RN’s 
   1 .2 0–19 
   3 .4 20–59 
   5 .4 60-99 
  B’s Service Time (Min) P(time) RN’s 
 
   1 .1 0–9 
   3 .2 10–29 
   5 .7 30-99 
                           Time  
                          Between  A Service B Service 
  Customer RN Arrivals RN Time RN Time 
  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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17.21 (continued) 

 

  (d) 
( )15 + 20 + 6 41

 =  = .683
60 60
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PROBLEMS 17.22 THROUGH 17.25 ANSWERS ARE BASED ON A RANDOM NUMBER SEED OF 25. 

 
17.22 Avg. surplus = 115.00 

 
17.23 Avg. surplus = 450.63 

 
17.24 Avg. surplus = 105.43 

 
17.25 Avg. surplus = 15.50 

 
17.26 Avg. surplus = 4.84 

 
17.27 Avg. surplus = 1.22 

 
17.28 Avg. number in system = 8.94.  Yes, the bank must construct a new 

facility. 
 

17.29 Max in system = 5; Min. in system: 0; Avg. in system:  .7666667 
 

17.30 Max in system: 3; Min in system: 0; 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

.2  .6 .1 .24 .296 .3184 .32736 .330944

             
→ → → → →             

             
 

 
 MTP  MS0 MS1 MS2 MS3 MS4 MS5 
 

 

0   .4

1    1 -.4
X =  =  = .6667

-.2 .4 -.6

 1   1

-.2  0

 1   1 -.2
Y =  =  = .3333

-.6 -.6

 

 
Note that no matter what the initial market shares, the system 
approaches the same equilibrium values. 
 

18.2 

          ( )
            From:

         Hank Rufus

Hank .6  .1 80 .4 .30 .25
 To:   

Rufus .4  .9 120 .6 .70 .75

           
→ →           

           

 

 
 MTP Last Last This Next 
  Year’s Year’s Year’s Year’s 
  Market Market Market Market 
  Shares Shares Shares Shares 
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18.2 (continued) 

0  -.1

.6  .1 X X 1    1 .1
 =    X =  =  = .2

.4 -.1.4  .9 Y Y .5

1    1

 .6X + .1Y = X

.4   0

1    1 .4
 .4X + .9Y = Y       Y =  =  = .8

.5 .5
-.4X + .1Y = 0 

 .4X - .1Y = 0

   X +   Y = 1

     
     
     

 

18.3 
    
           

    
 
 
 
                    

MTP MS0 MS1 MS2 
 

                               
           

                 
 
 

 

0  .3

1   1 -.3
X =  =  = 60%

-.2.3 -.5

1   1

-.2 0

1   1 -.2
Y =  =  = 40%

.5 -.5−

( )
           From:

         Al  Bob

Al .8  .3 .5 .55 .575
To: 

Bob .2  .7 .5 .45 .425

         
→ →         

         
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18.4 

            
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
18.5 
 
 
 
 
 
 
 
 
 
 
 
 Telco  = .44 x 10,000 = 4400 customers 
 
 LDF    = .36 x 10,000 = 3600 customers 
 
 Neither= .20 x 10,000 = 2000 customers 

( )
            From:

      Telco LDF Neither

Telco .6  .4  .4 .2 .44

LDF .3  .5  .3 .3  .36

Neither .1  .1  .3 .5 .20

       
       →       
       
       

( )

( )

0 1 2

        From:

         V    H

V .85 .05 .5 .45 .41
To:

H .15 .95 .5 .55 .59

          MTP    MS      MS       MS

         
→ →         

         

0  -.05

1     1 .05
V's equilibrium share =  =  = .25

.15 -.05 .2

 1    1

.15   0

.10   1 .15
H's equilibrium share =  =  = .75

.2 .2
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18.5 (continued) 
 

.6  .4  .4 T T

.3  .5  .3 L  = L

.1  .1  .3 N N

.6T + .4L + .4N = T

.3T + .5L + .3N = L

.1T + .1L + .3N = N

-.4T + .4L + .4N = 0

 .3T - .5L + .3N = 0

  T + L + N    = 1  

     
     
     
     
     

 

 

0   .4   .4

0  -.5   .3

1    1    1 .32
T =  =  = .5

-.4  .4   .4 .64

.3  -.5   .3

1     1    1

-.4   0   .4 

.3    0   .3

1     1    1 .24
L =  =  = .375

.64 .64

-.4  .4    0

.3  -.5    0

1     1    1 .08
N =  =  

.64 .64
= .125

 

 
 At equilibrium: 
 
  Telco   = .5   x 10,000 = 5,000 customers 
  LDF     = .375 x 10,000 = 3,750 customers 
  Neither = .125 x 10,000 = 1,250 customers 
 
18.6 Equilibrium X1 = 13.6%, X2 = 46.7%, X3 = 39.7% 
 
18.7 Equilibrium: X1 = 26.1%, X2 = 44.6%, X3 = 25.5%, X4 = 3.9%. 
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18.8 
 

 
 

 
 

 
 

 

 
 
18.9 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 

( )

0 1 2

         From:

      H    R   O

H .8   0  .3 .3 .42 .456

To: R .1  .9  .1 .1 .18 .244

O .1  .1  .6 .6 .40 .300

          MTP     MS     MS      MS

         
        → →        
        
         

0   0  .1

0   0 -.3

1   1   1 0
Bill's equilibrium Share =  =  = 0%

-.2  0  .1 -.05

 .1  0 -.3

  1  1   1

-.2  0  .1

 .1  0 -.3

  1  1   1 -.05
Ed's equilibrium Share =    =  = 100%

-.05 -.05

Sally's equilibrium Shar

-.2  0  0

 .1  0  0

  1  1  1 0
e=  =  = 0%

.05 -.05−

-.2   0   .3

 .1   0   .1

  1   1    1 .05
R's equilibrium Share =  = = 50%

-.2   0   .3 .10

 .1 -.1   .1

  1   1    1
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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 competition will probably move to change the MTP long before 

equilibrium is reached.  Even if they don’t, Ed’s place would get 
so crowded that some changes would take place in the MTP from 
changes in customer loyalty. 

 
18.10 

0   0 .3 

0 -.1  0

1   1  1 .03
A's equilibrium share =  =  = 60%

-.2  0 .3 .05

  0-.1  0

  1  1  1

-.2 0 .3

  0 0  0

  1 1  1 0
B's equilibrium share =  =  = 0%

.05 .05

-.2   0   0

  0 -.1   0

C's equilibrium share = 
  1   1   1 .02

=  = 40%
.05 .05

 

 
 

(b) Note that Ben’s is a disappearing state, and will have 0 market 
share at equilibrium.  Unless Jones can expect to change the MTP, 
he probably will not wish to purchase Ben’s store. 

 
18.11 Equilibrium X1 = 51.8%, X2 = 17.8%, X3 = 20.1%, X4 = 10.4%. 

 
18.12 Equilibrium X1 = 70.4%, X2 = 20.5%, X3 = 5.6%, X4 = 0.8%,  

X5 = 0.2%, X6 = 2.5%. 
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18.13 

 
 
 

 
 

 
 

 
 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

18.14 Replacing bulbs 
when they fail policy 

 

( )
              From:

        Gd  Fn  Mg  Fa

Gd .6   0   0  1

Fn .2  .75  0  0
To: 

Mg .15 .15 .2  0

Fa .05 .10 .8  0

   
   
   
   
      
   

 

 
 
 The equilibrium equations will be 
 
 .6Gd  +  0Fn   + 0Mg  + 1Fa  = Gd 
     .2Gd  +  .75Fn + 0Mg  + 0Fa  = Fa 
     .15Gd +  .15Fn + .2Mg + 0Fa  = Mg 
     .05Gd +  .10Fn + .8Mg + 0Fa  = Fa 
 
or 
 

 18.14 (continued) 
 -.4Gd  + 0Fn   + 0Mg  + 1Fa   = 0 
  .2Gd  - .25Fn + 0Mg  + 0Fa   = 0 
  .15Gd + .15Fn - .8Mg + 0Fa   = 0 
  .05Gd + .1Fn  + .8Mg – 1Fa   = 0 
     Gd +   Fn  +   Mg +  Fa   = 1 

0  .3  .1

0  .2 -.3

1   1   1 -.11
%current @ equilibrium =  =  = 68.75%

-.1 .3  .1 -.16

  0 .2 -.3

  1  1   1

-.1 0  .1

  0 0 -.3

  1 1   1 -.03
%overdue @ equilibrium =  =  = 18.75%

-.16 -.16

%Bad Debt@ equilibrium

-.1 .3  0

  0 .2  0

  1  1  1 -.02
=  =  = 12.5%

-.16 -.16
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 Deleting the fourth equation yields: 
 

.4    0   0   1 Gd 0

 .2 -.25   0   0 Fn 0
 = 

 .15 .15 -.8   0 Mg 0

  1    1   1   1 Fa 1

−     
     
     
     
          
     

 

 
 

Solving using Cramer’s rule yields: 
 
 

( ) ( )

( ) ( )

4 4

1 4

-.4   0   0   0

 .2 -.25  0   0

 .15 .15 .8   0

  1   1   1   1
Fa = 

-.4   0   0   1

 .2 -.25  0   0

 .15 .15-.8   0

  1   1   1   1

.4   0   0

-1 1  .2 -.25  0

 .15 .15-.8
   = 

 .2 -.25  0

-1 1  .15 .15-.8

  1

+

+

−

( ) ( )4 4

.4   0   0

+ -1 1  .2 -.25  0

  1   1  .15 .15-.8

-.08
   =  = 0.158

-.4275 - .08

+
−

 

 
 

Expected replacement cost = .158 x $20 
                          = $3.16 
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18.14 continued) 
 
 On a rotating basis policy 
 

           From:

         Gd  Fn Mg

Gd .6  0  1

To: Fn .2 .75 0

Mg .2 .25 0

   
   
   
   
   

 

 
The equilibrium equations will be: 
 
 .6Gd  +  0 Fn  +  1Mg  =  Gd 
 .2Gd  + .75Fn +  0Mg  =  Fn 
 .2Gd  + .25Fn  +  0Mg  =  Mg 
 
or 
 
    -.4Gd  +  0 Fn  +  1Mg  =  0 
 .2Gd  - .25Fn  +  0Mg  =  0 
 .2Gd  + .25Fn  -  1Mg  =  0 
       Gd  +    Fn  +   Mg  =  1 
 
Deleting the third equation yields: 
 

( )
.4   0   1 Gd

 .2 -.25  0 Fn  = 0 0 1

  1   1   1 Mg

−   
   
   
   
   

 

 
Solving using Cramer’s rule yields: 
 

-.4   0   0

 .2 -.25  0

  1   1   1 0.1
Mg =  =  = 0.182

-.4   0   1 0.55

 .2 -.25  0

  1   1   1

 

 
Expected replacement cost = .182 x $25 = $4.55 
 
Therefore, the scheme of bulb replacement when they fail should be 
used. 
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18.15 Morning News = 43.1%, Chronicle = 57.0% 
 

18.16 Morning News = 57%, Chronicle = 43.1% 
  Potential Profit Before Advertising 

  [6000 (.431)] * 0.50                  =    $1293 
 
 Potential Profit After Advertising 
 [(6000 (.570)) * 0.5] - 200           =    $1510 
 
 Additional Profit from Advertising:   $  217 
 

18.17 Operating = 84.2%, Not Operating = 15.8% 
 

18.18 Operating = 89.4%, Not Operating = 10.6% 
  Machine Profit without Preventive Maintenance  

 
 [(1250 * 48) * .8] =                         $50,520 
 
 Machine Profit with Preventive Maintenance 
 
 [(1250 * 48) * .894] - 5000 =                $48,640 
 
 Additional Profit (Loss) due to  
 Preventive Maintenance Program:              $(1,880) 
 

18.19 Business = 21.9%, Education = 37.1%, Liberal Arts = 21.4% 
  Fine Arts = 19.7%. 
 
  Number of students graduating in 4 years  

 
 (2000 * .45) = 900 students 
 
 Business (900 * .219)           = 197.1 
 Education(900 * .371)           = 333.9 
 Liberal Arts (900 * .214)       = 192.6 
 Fine Arts (900 * .197)          = 177.3 
        Total Students Graduating:     900.9 
 

 
 

 



228             Appendix A:  Review of Mathematical Tools
 

Appendix A:  Review of Mathematical Tools 
 
SYSTEMS OF LINEAR EQUATIONS 
 
A.1 (a) 2X + 4Y = 14 (b) Y =  14 – 2X 
  4X + 2Y = 16  Y = -11 + 3X 
   
  2X = 14 – 4Y  14 – 2X = -11 + 3X 
   X = 7 – 2Y     -5X = -25 
  4(7 – 2Y) + 2Y = 16       X = 5 
  28 – 8Y + 2Y = 16 
          - 6Y = -12  Y = 14 – 2(5) 
             Y = 2  Y = 4 
   
          2X + 4(2) = 14 
              2X = 6 
               X = 3    
  
 (c)  2 = -X + 2Y (d) X + 4Y = -8 
  35 = 5X -  Y     3X +  Y =  9 
   
  5(2) = 5(-X) + 5(2Y) (-4)(3X) + (-4)(Y) = (-4)(9) 
    10 = -5X + 10Y    -12X     -  4Y  = -36 
    35 =  5X -   Y   X     +  4Y  = -8   
  ____________________  _______________________ 
  
    45 =  0X +  9Y    -11X            = -44 
     Y =  5       X            = 4 
     2 = -X + 2(5)         4 + 4Y = -8  
     2 = -X + 10             4Y = -12 
    -8 = -X              Y = -3 
        X =  8 
 

 (e) 
Y = 4X - 13

X = 3Y - 16





      

  
 Y = 4(3Y – 16) – 13 
      -11Y =  -77 
         Y = 7 
 X = 3(7) – 16 = 5 
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A.1 (continued) 
 
 (f)  

  

X + Y
 = 3

2  
3X - 2Y

 = 7
4

 X + Y = 6

3X -2Y = 28

3X + 3Y = 18

3X - 2Y = 28

-3X - 3Y = -18

 3X - 2Y = 28

     - 5Y = 10

        Y = -2

 X = 6 - (-2)

 X = 8
















 

 
A.2 Total investment in A and B is $5,000. (See Graph Below)  
   A + B = 5,000 
 Return is to be 10% 
   .09A + .12B = .1(5,000) 
 Solving the investment equation for B 
 

  
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 = 5,000 – A = 5,000 – 3,333 
 B = $1,667 
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A.3 In one hour, the stamping machine can make 

 
1 1

F + S = 1 hour
500 1000

 

 The forming machine can make 

 
1 1

F + S = 1 hour
600 800

  

 Simplifying these relationships  
gives 
  
1000 = S + 2F (Stamping)                            
 

 800 = S + 
4

3
F (Forming) 

__________________________ 
 

200 = 
2

3
 F 

 
 F = 300 

 S = 1000 – 2F 
 S = 1000 – 2(300) 
 S = 400 
 
A.4       TC = TR 
     120 + 3X = 7X 
          120 = 4X 
            X = 30 
 
A.5       OC = HC 
      50 + 1Q = 2 + 4Q 
           48 = 3Q 
            Q = 16 
 
MATRIX ALGEBRA 
 
A.6 (a) (4, 5, 7) + (6, 2, -2) = (10, 7, 5) 
 

 (b)

 2 -1  3

 9  3  6
 -  = 

8 -2 -6

 4  2  2

     
     
     
     −
          
     
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A.6 (continued) 

 (c) 

 3  4  4 1  2  1 4  6  5

 2  1  5 3 -2  4 5 -1  9
 +  = 

-2  6  6 6  5 -3 4 11  3

 8 -4  7 2  0  8 10-4 15

     
     
     
     
          
     

  

 
 

 (d) 
6  1  7 -3 2  4  9 -1 3

 -  = 
5 -2  6 9 -1  3 -4 -1 3

     
     
     

 

 
 

(e) 

7  4

7  2  1  6 2  2
 = 

4  2 -1  3 1 -1

6  3

    2 x 4        4 x 2

T

 
        
  
 

 

 

 (f) 

T -1  4  2
1  6  8  9

6  3  1
 4  3  3  0  = 

8  3  0
 2  1  0  5

9  0  5

 
−   
   
         

 

 

              3 x 4           4 x 3 
 

 (g) ( )
4  8  8  12  4

1  x 2  2  3  1  =  2  2   3  1

7 14 14  21  7 

   
   
   
   
   

 

     3 x 1      1 x 4            3 x 4 
 

 (h) ( ) ( )

1  0  5

6  1  1
3  6  4  2  x  = 59  34  25

4  7  3

2  0 -4

 
 
 
 
  
 

 

     1 x 4         4 x 3        1 x 3 
 

 (i) 
2 -1 4  2  8 -3

 x  = 
5  3 0  7 20 31

     
     
     
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A.6 (continued) 

 (j) 

-1
6 4

 - 1  4 10 10 = 
-1  6 1 1

  
10 10

 
  
  

    
 

 

  (using the shortcut method for 2 x 2’s) 
 

(k) 

-1
2 3

  -4  3 5 5 = 
1  2 1 4

-   
5 5

 
  
  

    
 

 

 
 (l)  

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Check: 
 
          

2  3 -1 2  3/2  5 1  0  0

0  4  2  1 -1/2 -2  = 0  1  0

1  0 -1 -2  3/2  4 0  0  1

−     
     
     
     
     

 

 
 
  

0

I

2  3 -1   1  0  0

0  4  2   0  1  0

1  0 -1   0  0  1

1  3/2 -1/2   1/2 0  0

0   4    2     0  1  0

0 -3/2 -1/2  -1/2 0  1

1   0  -5/4   1/2 -3/8  0

0   1   1/2    0   1/4  0

0   0   1/4

 
 
 
 
 

 
 
 
 
 

II

III

  -1/2  3/8  1

1  0  0   -2  3/2  5

0  1  0    1 -1/2 -2

0  0  1   -2  3/2  4

 
 
 
 
 

 
 
 
 
 
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A.6 (continued)  
 
(m)  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 

Check: 
 

  

1  1  0 0  1  0 1  0  0

1  0  0 1 -1  0  = 0  1  0

0  2 -1 2 -2 -1 0  0  1

     
     
     
     
     

 

 
 
DETERMINANTS 
 

A.7 (a) 4  = +4 
 
 (b)  

 
 

 
 

  

 (c) 
5  -3

 = 10 - (-12) = 22
4   2

 

  

1  1  0   1  0  0

1  0  0   0  1  0

0  2 -1   0  0  1

1  1  0   1  0  0

0 -1  0  -1  1  0

0  2 -1   0  0  1

1  0  0   0  1  0

0  1  9   1 -1  0

0  0 -1  -2  2  1

1  0  0   0  1  0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0  1  0   1 -1  0

0  0  1   2 -2 -1

 
 
 
 
 

4  2
= (4)(1) - (2)(3) = 4 - 6 = -2

3  1
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A.7 (continued) 
 

 (d) 
3  2

= 18 - 18 = 0
9  6

  

 
 
 (e)  

 
  
 
 
 
 
 
 
 
 
 
 
  
 

 

(f)  
2+4

2  1  1  0
2  1  1

1  2  1  4
 = 0 + (-1)  (4) 0  1  2  + 0 + 0

0  1  2  0
1  1  0

1  1  0  0

 

 
  = 4(0 + 2 + 0 -1 -4 + 0) 
 
  = 4(-3) 
 
  = -12 
 
 
 
A.8 (a) 
 

 
[ ] [ ]

2  -7

3   7 (2)(7)  - (-7)(3) 14 + 21 35 5
Y =  =  =  =  = -

-14 -14 -14 -14 2
 

 

[ ]
[ ]

[ ] [ ]

6 -1  5 6  -1

2  1  0 2   1  

3  3  4 3   3

= (6)(1)(4) + (-1)(0)(3) + (5)(2)(3)

  - (5)(1)(3) + (6)(0)(3) + (-1)(2)(4)

= 24 + 0 + 30 - 15 + 0 + 8

= 54 - 7 = 47

[ ] [ ]
[ ] [ ]

-7   6

 7   2 (-7)(2)  - (6)(7) -14 - 42 -56
X =    =  =  =  = 4

2   6 (2)(2)  - (6)(3) 4 - 18 -14

3   2
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A.8 (continued) 

  Check: 2(4) + 6(
5

-
2
) = -7 → 8 – 15 = -7 

   3(4) + 2(
5

-
2
) = 7 → 12 – 5 = 7 

 (b)  

  

[ ] [ ]
[ ] [ ]

[ ] [ ]

8   1

12 -3 (8)(-3)  - (1)(12) -24 - 12 36
X =  =  =  = 

2   1 (2)(-3)  - (1)(1) -6 - 1 7

1  -3

2   8

1  12 (2)(12)  - (8)(1) 24 - 8 16
Y =  =  =  = -

-7 -7 -7 7

 

 

  Check: 2(
36

7
) + 1(

16

7
− ) = 8 → 

72

7
 - 

16

7
 = 

56

7
 = 8 

 

  1(
36

7
) – 3(

16

7
− ) = 12 → 

36 48 84
+  =  = 12

7 7 7
 

(c)
 

[ ]
[ ]

[ ]
[ ]

1  1 -1

(1)(1)(-1) + (1)(1)(3) + (-1)(5)(-1)5  1  1

3 -1 -1 (-1)(1)(3) + (1)(1)(-1) + (1)(5)(-1) 16
X =  =  = 

1  1 -1 (1)(1)(-1) + (1)(1)(1) + (-1)(1)(-1)

1  1  1 - (-1)(1)(1) + (1)(1)(-1) + (1)(1)(-1)

1 -1 -1

−
= 4

4

[ ]
[ ]

1  1 -1

(1)(5)(-1) + (1)(1)(1) + (-1)(1)(3)1  5  1

1  3 -1 (-1)(5)(1) + (1)(1)(3) + (1)(1)(-1) -4
Y =  =  =  = -1

4 4 4

−

 
 

[ ]
[ ]

1  1  1

(1)(1)(3) + (1)(5)(1) + (1)(1)(-1)1  1  5

1 -1  3 (1)(1)(1) + (1)(5)(-1) + (1)(1)(3) 8
Z =  =  =  = 2

4 4 4

−
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A.8 (continued) 
 
  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

(-1)(1)(1) + (-2)(2)(3) + (-1)(0)(1)0   1  2

3   1  1 (-1)(1)(3) + (-1)(2)(1) + (-2)(0)(1)
X =  =  

3  -2 -1 (3)(1)(1) + (-2)(2)(2) + (-1)(1)(1)

1   1  2 - (-1)(1)(2) + (3)(2)(1) + (-2)(1)(1)

2   1  1

− -8
=  = 1

-8

[ ]
[ ]

3 -1 -1

(3)(0)(1) + (-1)(2)(2) + (-1)(1)(3)1  0  2

2  3  1 (-1)(0)(2) + (3)(2)(3) + (-1)(1)(1) -24
Y =  =  =  = 3

-8 -8 -8

−

 

[ ]
[ ]

3 -2  1

(3)(1)(3) + (-2)(0)(2) + (-1)(1)(1)1  1  0

2  1  3 (-1)(1)(2) + (3)(0)(1) + (-2)(1)(3) 16
Z =  =  =  = -2

-8 -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   
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Appendix B:  Practice/Homework Quizzes 
 

Chapter 2 Quiz 
 
 
2.1. A manager must decide on the mix of products to produce for 

the coming week. Product A requires four minutes per unit 
for molding, four minutes per unit for sanding, and two 
minutes for packaging.  Product B requires three minutes 
each in the three departments and Product C requires three 
minutes in molding, two minutes in sanding, and three 
minutes in packaging.  There will be 400 minutes in 
molding, 500 minutes in sanding, and 500 minutes in 
packaging.  Product A has a per unit profit of $3, Product 
B $2, and Product C $1.50.  Formulate a linear program for 
this problem.  

 
 
2.2. For the products A, B, C, and D, which of the following 

could be a linear programming objective function?  
 
 a. Z = 1A + 2B + 3C + 4D  
 b. Z = 1A + 2BC - 3D  
 c. Z = 1A + 2AB + 3ABC + 4ABCD  
 d. all of the above  
 
 
2.3. Which of the following is not an assumption for the use of 
 linear programming models?  
 
 a. Linearity  
 b. Exponentiality  
 c. Divisibility  
 d. Certainty  
 e. Nonnegativity 
 
2.4. A small firm makes three products that follow the same 

three step manufacturing process: milling, routing, and 
sanding.  Product A requires thirty minutes in milling, 
forty-five minutes in routing, and one hour in sanding. 
Product B requires forty minutes in milling, one hour in 
routing, and one and a half hours in sanding.  Product C 
requires one hour and ten minutes in milling, two hours in 
routing, and two hours in sanding.  Available capacities in 
the three departments are 300 hours in milling, 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 program for this problem.  
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2.5. Mark Aiken is an entrepreneur who purchases inventories of 

failed businesses at auction and resells them at profit.  
He has purchased some unassembled office furniture, and 
wishes to determine the optimal 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 without the drawers. The possible 
configurations and their retail values are shown below.  
Set up a linear programming model to enable Mark to 
maximize his sales value. 

 
 Label Item Retail Price 
  D1 Desk (w/o drawers) $100 
  
 D2 Desk (w/3 drawers) $200 
 
 C1 Credenza (w/0 drawers) $ 80 
 
 C2 Credenza (w/2 drawers) $150 
 
 F1 File cabinet (w/0 drawers) $ 40 
 
 F2 File cabinet (w/4 drawers) $120 
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Chapter 3 Quiz 
 
3.1 Solve graphically. 
 
 MAX Z:  20X + 50Y X  =__________ 
 ST:       X +  2Y ≥ 12  
              2X +   Y ≤ 16 Y  =__________ 
              -X +   Y ≤  4 
                  X, Y ≥ 0 S1 =__________ 
 
  S2 =__________ 
 
  S3 =__________ 
 

                                        ZMAX =__________ 
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3.2 Solve graphically (X and Y must be integers). 
 
 MIN Z:     5X + 2Y X = __________ 
 ST:         X + 2Y ≥ 10 
                3X +  Y ≥  9 Y = __________ 
                   X, Y ≥  0 
  S1  = __________ 
 
  S2  = __________ 
 
  ZMIN =___________ 
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3.3 Given the following problem and its graphical solution: 
 
 MIN Z:  X + 8Y X = 9.6 
 ST:     X + 2Y ≥ 16 
            5X +  Y ≥ 20 Y = 3.2 
            4X + 3Y ≤ 48 
               X, Y ≥ 0 S1 = 0 
 
  S2 = 31.2 
 
  S3 = 0 
 
  ZMIN = 35.2 
 

a) If b1 changes from 16 to 15, ZMIN will 
 Circle one (increase, decrease, No change) 
 
b) If b2 changes from 20 to 21, ZMIN will 

  Circle one (increase, decrease, No change) 
 

c) If b3 changes from 48 to 47, ZMIN will 
  Circle one (increase, decrease, No change) 
  

d) What changes in the solution if C1 changes from 1 to 2? 
___________________________________________ 

 
e) How much must C2 decrease before the optimal             

solution (9.6, 3.2) changes?______________________ 
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Chapter 4 Quiz 
 
4.1 Solve using Simplex: 
 
 MAX Z:   3X1 + 2X2 X1 = _________ 
 ST:      2X1 +  X2 ≤ 20 
               X1 +  X2 ≤ 16 X2 = _________ 
                 X1, X2 ≥ 0 
  S1 = _________ 
 
  S2 = _________ 
 
  ZMAX  = _________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2 Formulate the dual of the following problem: 
 
 MAX Z:  3X1 +  X2 
 ST:     2X1 + 3X2 ≤ 18 
             5X1 + 2X2 ≥ 20 
              X1 + 2X2 = 10 
                X1, X2 ≥ 0 
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4.3 Solve using Dual Simplex: 
 
 MIN Z:  4X1 +  X2 X1 = _______ 
 ST:     3X1 + 2X2 ≥ 12 
              X1 + 2X2 ≥ 8 X2 = _______ 
                X1, X2 ≥ 0 
  S1 = _______ 
 
  S2 = _______ 
 
  ZMIN = _______ 
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Chapter 5 Quiz 

 
5.1 Input the following problem to your linear programming 

package. 
 
 MIN Z:  5X1 + 12X2 + 2X3 + 8X4 
 ST:     4X1 +  5X2 + 9X3 + 3X4 ≤ 850 
             2X1 +  9X2 + 6X3 + 8X4 ≤ 1,000 
              X1 +  6X2 + 9X3 + 4X4 ≥ 150 
              X1 +   X2 +  X3 +  X4 = 100 
                     X1, X2, X3, X4 ≥ 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2 Solve the problem from #1 using the computer. 
 

a) What are the solution values for: 
 
 X1 ________ X2 ________ X3 ________ X4________ 
 
 S1 ________ S2 ________ s3 ________ s4 _______ 
 
 ZMIN ________ 
 
 

b) List the basic variables __________________________ 
 
  c) List the binding constraints ______________________ 
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5.3  What would be the effect of the following changes in the 
problem on the optimal solution?  (Do not re-run the 
problem, but use the output to determine as much 
information as possible about the effect of each change.) 

 
      Increase C1 by 1.  Effect______________________ 

 
 Decrease C2 by 1. Effect________________________ 

 
      How far must C4 be reduced before the solution             
  changes? _________________________________________ 
 

 Increase b1 by 1. Effect__________________________ 
 

 Decrease b2 by 1.  Effect___________________________ 
 

 Decrease b3 by 1. Effect____________________________ 
 

 Introduce 1 unit of X2 into the solution. 
  Effect_______________________________________________ 
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Chapter 6 Quiz 
 
6.1 Set up the following problems for solution as goal 

programming problems. 
 
 a)  MAX Z:     6X1 + 5X2 
     ST:        4X1 + 5X2 ≤ 20 
                     X1 + 3X2 ≥ 60 
                      X1, X2 ≥ 0 
                     (Infeasible) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 b)  MAX Z1 = 6X1 + 8X2 + 15X3 (Profit) 
         MIN Z2 = 3X1 + 4X2 + 12X3 (Cost) 
         MAX Z3 =  X1 +  X2 +   X3 (Total Production) 
         ST:      2X1 + 4X2 +   X3 ≤ 100 (Labor Hours) 
                   X1 + 2X2 +  3X3 ≥  20 (Sales Quota) 
                        X1, X2, X3 ≥ 0 
         (Multiple goals weighted 100, 10, 1:  firm constraints) 
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6.2 Use the QMS software to solve the problems from No. 1 and 
interpret the results. 

 
a) Solution:  X1 = ____ X2 = ____ S2 = ____ Z* =______ 

 
  Interpretation: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Solution: X1 = _____ X2 = _____ X3 = _____ 
               
              S1 = _____ S2 = _____ Z1* = _____ 
 
             Z2* = _____ Z3* = _____ 
 
    Interpretation: 
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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 
available for new rental property investments.  After an 
initial screening, he has reduced his investment 
alternatives to a series of commercial buildings and a 
group of apartment buildings in a large apartment complex. 
A commercial building can be purchased for the price of 
$130,000, but there are only four bui1dings available for 
purchase at this time.  Each building in the apartment 
complex contains 8 dwelling units and sells for $182,000. 
The individual apartment buildings can be purchased 
separately, and the complex developer has agreed to build 
as many 8-unit buildings as the professor would like to 
purchase.  

 
 A property manager hired by the professor is free to devote 

140 hours per month to these investments.  Each commercial 
building requires 4 hours of the property manager's time 
each month, while each apartment building will require 40 
hours per month.  The yearly cash flow (after deducting 
mortgage payments and operating expenses) is estimated at 
$2,000 per commercial building and $3,000 per apartment 
building.  The professor would like to allocate his 
investment funds to apartment and commercial buildings in 
order to maximize the yearly cash flow. Fractional values 
for the commercial and/or number of apartment buildings are 
not acceptable.  

 
 Solve this integer programming problem by using the simplex 

method and the branch-and-bound algorithm.  Construct a 
stick-tree to aid in problem solution.  

 



        Solutions Manual and Workbook 249 
 

Chapter 8 Quiz 
 
8.1 Golden 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 tomorrow.  Their dispatchers can line up loads 
for all routes between these cities at the profit (or loss) 
per load as shown in the table below (in $100's).  The new 
fleet manager, Bryan Johansen, wishes to equalize the 
basing of the trucks so that 15 are in each location by day 
after tomorrow.  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 
loss, due to the drivers' salaries and the rental on the 
trucks. and that the same route has different profit in 
opposite directions, due to supply and demand factors.) 

 
                                 TO: 
 FROM: Atlanta Chicago Dallas New York 
 Atlanta $-2 $12 $2 $-4 
  
 Chicago   8 -2  5  -8 
 
 Dallas   6 -5 -2   1 
 
 New York  -3 -1  3  -2 
 
 Solution:  From To #Trucks From To #Trucks   
 
 

 ____ ____  ____ ____ ____ ____ 
 
 ____ ____ ____ ____ ____ ____ 
 
 ____ ____ ____ ____ ____ ____ 
 
 ____ ____ ____ ____ ____ ____ 
 
TOTAL PROFIT (LOSS) = $ ____________  
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8.2 Given the following transportation problem, formulate this 
problem as a linear program. 

 
                            To: 
 From: A B C D Supply  
 
 1 $12 $10 $ 9 $15 36 
 2  10   8   2  10 25 
 3   9   5  13   8 30   
 Demand 26 40 25 30     
 
 Assume source 2 cannot ship to destination C. 
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Chapter 9 Quiz 
 

9.1 An advertising agency has five jobs that must be printed 
this week.  The bids received from each of four printers on 
each of the jobs are shown below. (in $000’s) 

 
a) Use the assignment model to determine the least cost set 

of contracts.  (Due to the limited time available, no 
more than one job can go to any one agency.) 

 
                                       Printers: 
                                                        Don’s 
 Job ABC Best-Way CompU-Print Print Shop  
 Calendar 2.4 1.7 3.1 2.6 
 Handbills  .6  .9 1.7 1.4 
 Newspaper Insert 5.1 6.0 6.2 4.8 
 Fraternity Magazine 9.1 10.2 12.0 9.7 
 College Diplomas  .9  1.9  1.2 1.7 
 Solution: 
 
 ________to ABC  ________to Best Way 
 
 ________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 $2K, respectively, for the jobs, 
repeat the problem, maximizing their profit. 

  
 Solution: 
 
  ________to ABC  ________to Best Way 
 
 ________to CompU-Print ________to Don’s Print Shop 
 
 ________Unassigned.  TOTAL PROFIT = $_________________ 
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9.2 A job shop has four machinists to be assigned to three 
machines.  The hourly cost required to operate each machine 
by each machinist is:  

 
  
                             Machine: 
 Machinist A B C 
 
  1 $12 $11 $ 8 
  2  10   9  10 
  3  14   8   7 
  4   6   8  10 
     _____________________________________ 
 
 However machinist 1 cannot be assigned to machine C and 

machinist 4 cannot be assigned to machine A.  Formulate 
this problem as a linear program. 
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Chapter 10 Quiz 

 
10.1 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

a) Analyze the CPM network and find all slacks and indicate 
the critical path. 

 
 
 
 
 
 

b) If all the activity times are symmetrically distributed 
with a and b 2 weeks below and above m in every activity, 
what is the probability that the project will be more 
than 3 weeks longer than the expected duration? 

 
   P(T > TE + 3) ________ 
 
10.2 What is the shortest path from Node 1 to Node 7? 
 
 Path:__________    Time:__________minutes 

6(
  
, 
 )

9(  ,  )

8
(
 
 
,
 
 
)

1
1
(
 
 
,
 
 
)

3
(
 
 
,
 
 
)

7(  ,  )

5( 
 , 

 )

4(  ,  )

4(  ,  ) 6(  ,  )

1

2

3

4

5

6

7



254             Appendix B:  Practice/Homework Quizzes
 

10.3 Show the minimal spanning tree for the network from #1. 
 
 Total length = ________km. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10.4 Determine the maximum flow for the network from #1. 
 
 Maximum flow = ________gpm 
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Chapter 11 Quiz 

 
11.1 Given the following data: 
 
Advertising 
($ Thousands)10 8 9 15 13 19 22 20 24 19 25 28 
Sales 20 30 25 28 35 36 32 40 37 45 42 48 
($ Millions) 
Month J F M A M J J A S O N D 
 
Draw the scatter diagram for Sales (Y) and Advertising (X). 
 

 
 
11.2 Compute the 3MMA estimates for the 13th month’s sales (as a 

function of time)_______________________ 
 
 
11.3 Compute the exponentially smoothed monthly estimates for 

the 13th month’s sales as a function of time (use α = .6) 
 

 Answer_______________________ 
 

11.4 Plot the actual data (dots), 3MMA (triangles), and 
exponentially smoothed monthly estimates (circles) for 
sales as a function of time. 
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11.5 What is the equation for the least squares model predicting 

sales (Y) as a function of advertising (X)? 
 
 Sales = __________________ 
 
 
 
 Predict sales for the 13th month, using the least squares 

model and assuming that advertising expenditures are 
planned at $30,000. 

 
 Sales prediction _______________________ 
 
11.6 Plot the least squares line on the scatter diagram from 

11.1. 
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Chapter 12 Quiz 

 
Joann’s Smoke Shop handles a line of premium Havana cigars that 
she imports through Canada and sells under her own label as 
Tucker's Maduro Palmas.   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 
holding costs for this line in her climate controlled storage 
vault at $6 per box per year.  She pays $15 per box and sells 
them for $25 per box of 50 cigars.  The lead-time on orders from 
the manufacturer is 12 working days. 
 
12.1 What is her optimal order size (round to integer)? 
 
         ______________boxes 
 
 
 
 
 
 
 
 
12.2 How many working days are between orders? 
 
         ______________days 
 
 
 
 
 
 
 
 
 
12.3 What is her reorder level?      _______________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 line? 
 
  $_______________per year 
 
 
 
 
 
 
12.6 How much of a discount in the cost per box would be 

necessary to get her to switch to a policy of ordering once 
every four months? 

 
  New Price = $________________per box 
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Chapter 13 Quiz 

 
13.1 A local roofing contractor intends to bid on a job 

installing 30 roofs at a local university.  Because this 
will be a new line of work for the contractor, he believes 
there will be a learning effect for the job.  After 
reviewing time records from a similar type of activity, the 
contractor is convinced that an 85% learning 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? ________________ 
 
 
 
 
 
13.2 Students in an operations management class have been 

assigned four similar homework problem.  One student noted 
that it took her 50 minutes to complete the first problem.  
Assume that the four problems are similar and that a 70 
percent learning curve is appropriate.  How much time can 
this student plan to spend solving the remaining problems? 

 
   __________________ 
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13.3 Using Table 13.2,predict the number of repetitions (units) 
that will be needed for a trainee to achieve a unit time of 
6 minutes if the trainee took 10 minutes to do the first 
unit and a learning curve of 90 percent is operative. 

 
   Number of repetitions_______________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
13.4 Work problem 13.3, assuming that the learning rate is 70 

percent instead of 90 percent.  Assume that the first unit 
still took 10 minutes.   

 
   Number of repetitions_______________ 
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Chapter 14 Quiz 
 
14.1 Using dynamic programming and the network below, determine 

the shortest route from node A to Node I. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

A

B

C

D

E

F

G

H

I

10

13

16

14

3

12

11

4

3

5

3

7

6

2

4

4

7

5
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14.2 Immigrant workers hired during the growing season in south 
Texas normally return home across the border several times 
to bring goods that are impossible to get in Mexico.  
Unfortunately, each individual can only transport seven (7 
pounds) of domestic products on each trip.  Three popular 
products, their weight and Mexican market value are given 
in the following table. 

                                   Market 
 Item   Weight  Value(4) 
 
     Canned ham       3              110 
 Bourbon          2               80 
     Perfume          1               70 
 
 Using dynamic programming, determine how many units of each 

item a worker should take across the border on each trip to 
maximize the market value. 
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Chapter 15 Quiz 

 
15.1 Debbie Johnson has inherited a sizeable estate, which had 

been held in trust until she married.  Having at last tied 
the knot and received the inheritance, she wishes to invest 
it so that she and her new husband, Larry, can quit their 
jobs and join the jet set in Puerta Vallarta,  Cozumel, 
etc.  She is considering three investments, and the annual 
return will vary, depending upon the price of oil and gas.  
The annual profits from the three investments are as shown 
below. 

 
  High Oil &  Low Oil & 
  Gas Prices Gas Prices 
 ________________________________________________ 
 
 Exploration Company $400K $ 50K 
 Production Company $250K $150K 
 Tax Free Bonds $200K $200K 
 _________________________________________________ 
 
 What are Debbie’s decision values and optimal choices under 

each of the following criteria?  
 
 (a) Optimism Choose____________ Value____________ 
 
 (b) Pessimism Choose____________ Value____________ 
 

(c) Hurwicz 
 (α = .6) Choose____________ Value_____________ 
 
(d) Savage Choose____________ Value_____________ 
 
(e) LaPlace & MAX EV 
 (Profit) Choose____________ Value_____________ 
 
(f) LaPlace & MIN EVC 

  (Regret) Choose____________ Value_____________ 
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15.2 Larry has researched the matter thoroughly and feels that 
for the next year, at least, the probability of high oil 
and gas prices is only 20 percent.  

 

(a) Draw and label their decision tree under prior 
information.  

 

 

 

 

 
(b) What is their optimal 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 would 
be their decision rule?_____________________________  

 
 
 
 

(f)  What 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 time in predicting major market upturns, 
and 90% of the time in predicting major downturns.  

(a) Add the decision tree under imperfect information.  

 

 

 

 

 
(b) What is their decision rule under imperfect 

information?  
 
 
 
 
 

(c) What is the expected value of profit using imperfect 
information?$_______________________________________  

 
 
 

(d) What is the expected value of regret? $______________ 
 
 
 

(e) How much should 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 limited menu 

restaurant in the parking lot of a shopping mall.  During 
the lunch hour their arrivals are approximately Poisson 
with a mean time between arrivals of 3 minutes, and their 
service times are negative exponentially distributed with a 
mean service time of 2 minutes.  Model the system as a 
single channel, single server system and determine the 
following: 

 
 (a) Service rate                   _____cust/hour 
 
 
 (b) Arrival rate  _______cust/hr 
 
 
 (c) Average time in the system  _______minutes 
 
 
 (d) Average time in the queue  _______minutes 
 
 
 (e) Average time being served  _______minutes 
 
 

(f) Average number of customers 
  in the system  _______customers 
 
 (g) Average number in line  _______customers 
 
 

(h) What percentage of the time  
  will the server be idle?  _______% 
 

(i) What is the probability that 
  there are 2 or more customers 
  waiting in line at any given  
  time?  _______%  
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16.2 A new mall is being built, and Speedy Burger is planning a 
4 window drive-thru installation.  Each of the 4 servers 
still has an average service time of 2 minutes, but the 
arrival rate at peak times are expected to be 90 customers 
per hour.  Analyze their operation as a multi-server 
queuing model, and compute the following: 

 
(a) Probability of no one in the system 

  (all servers idle)  ____________% 
 
  
 
 (b) Average time in the line  ______minutes 
 
  
 
 (c) Average time being served  ______minutes 
 
  
 
 (d) Average time in the system  ______minutes 
 
  
 
 (e) Average length of the line  ____customers 
 
  
 
 (f) Average number in the system  ____customers 
 

 
 
(g) What is the probability that an arriving 

  customer will find a server available 
  and will not have to wait in line? ____________% 
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Chapter 17 Quiz 
 
17.1 A magazine edited by Guy Michaels selects short stories for 

publication as follows: A submission is first read by the 
editor, who rejects 40% of those received.  If he approves 
a story it is sent to both of the staff reviewers, Elmo 
Stevens and David Lee.  Elmo 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, 
Martha Dean, whose decision is final.  Martha rejects 70% 
of the stories she receives. 

 
 Simulate the evaluation of 5 submissions, indicating the 

disposition of each.  Use low RN’s (01, 02, etc.)  for 
rejection. 

                                  Random Numbers 
  
 Guy (R = .4) 88 56 62 02 77 
 
 Elmo (R = .6) 96 71 13 45 83 
 
 David (R = .5) 61 44 68 04 91 
 
 Martha (R = .7) 14 96 47 25 17 
  
 Story Guy Elmo David Martha Action 
 
  A 
 
  B 
 
  C 
 
  D 
 
  E 
 
 What % of the stories in your simulation were accepted? 
       _________% 
 
 Bonus:  What % of all stories will be accepted?__________% 
17.2 Packages for local delivery by ACE DELIVERY are classified 

as 20% small, 50% medium, and 30% large.  Delivery times 
(in hours) vary as shown in the distributions below. 
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(a) Simulate 5 deliveries 

 
 
   Small Medium Large 
 Hours 1 2 3 2 3 4 4 5 6 
 
 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 time observed? ______hrs. 
 
  

(d) What is the average delivery time for your simulation? 
 
        _______________hrs. 
 

(e) If the packages are delivered one at a time; the 
delivery fees are S = $3, M = $5, L = $10; and the 
delivery driver makes $3 per hour; how much profit 
(loss) does ACE make on these 5 deliveries? 

 
      $ _____________profit/loss 
 



270             Appendix B:  Practice/Homework Quizzes
 

Chapter 18 Quiz 
 
18.1 A. Magnum, CPA, had 200 clients for whom he prepared income 

tax forms last year, which represents roughly 10% of his 
potential client pool.  This year he lost 40 of those but 
added 90 new clients. 

  
 

(a) If he models his business as a Markov process, how 
many clients would he expect to have next year?  

 
 
         Ans._____________ 
 
 
 
 
 
 
 
 
 
 (b) What is his long term equilibrium client load?  
 
         Ans._____________ 
 
 
 
 
 
 
 
18.2 The priest of a small parish classifies the members of his 

congregation as regular (40%), infrequent (50%), or C & E 
(Christmas and Easter) in terms of their church attendance.  
He has observed that over the course of a year 20% of the 
regulars slipped to infrequent and 10% to C & E; 30% of the 
infrequent attendees became regulars and 20% dropped to C & 
E; 10% of the C & E's improved to infrequent status.  

 
(a) What % will be regulars by next year? _______________% 
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18.2 (continued) 
 

(b) What % will be C & E’s at equilibrium? _____________% 
 
 
 
 
 
 
 
 
 
 
 
18.3 A college sorority bas four classifications of members: 

active, alumna (paying annual dues), life member (lump sum 
payment of $1.000), and inactive (not current on dues) or 
deceased.  Their experience in terms of members moving from 
one category to another is summarized in the table below.  
If 500 new members are initiated as actives this year, how 
many can be expected to be in each category two years from 
now!  

 
        Active_________________ 
      
        Alumna_________________ 
 
       Life Member_________________ 
 
      Inactive or Deceased ____________ 
 
 
       FROM: 
                                                   Inactive 
 Active Alumna Life Member or Deceased 
 
 Active .6 0 0 0 
 
 Alumna .3 .8 0 0 
 
TO: Life Member .1 .1 .9 0 
 
 Inactive or 
 Deceased 0 .1 .1 1 
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