PEARSON

EERNEE5EIEZEAAAM
MANAGEMENT SCIENCE AND ENGINEERING CLASSICS

»— % lé »
» »

E3CRETRE )

Wyl - A - 304 (Hamdy A. Taha)

/“
‘ e HEANRKXF HARA




EERNESIEBEE A HHA
MANAGEMENT SCIENCE AND ENGINEERING CLASSICS

»— e ‘\_)ga\
in; ?‘T”A

FIChR - SHOhR - EhlRE

Wil - A - 350 (Hamdy A.Taha) 3




EHEMSE (CIP) HiiE

BEESW: PO, BRI EERE. . FEARKERRE, 20149
RS T RS UHEM.

ISBN 978-7-300-19874-3

[.Diz- . O I OiE%%¥-mSFR-Hb -3 V. 0022

o E R A< 434 CIP Bl (2014) % 200300 5

TEAMFE T2 EEM

BEEFSL (XA - FohR - EiliE )

MR - A - KK E

HARZIT HEARKER R

b JEE R RE3LS HRE4%FS 100080

B iF 010-62511242 ( B4R=E ) 010-62511770 ( Fi&# )
010-82501766 ( HEWIHE ) 010-62514148 ([ THi#E)
010-62515195 ( KATAT ) 010-62515275 ( ¥4k )

g Ht  http:// www. crup. com. cn

http:// www. ttrnet. com ( A KZEHHFM )

& W HEhE

B Bl =W EESARAR

#M M 215mmx275mm 16774 R & 20144E9 A% 1R

Bl 3 2625 il 2 El &k 201449 A% 1 KENRI
F 756000 £ #t 55007

IR FTH BARKLET EpR i AR



)

MEHZEMA WTO, kB EHEALLALEIAGRESF TR, AERFRL
BRAETEE, I/, AN LERRA I EMN, RN LR A K
BEEAF AL ESFH—FAKXTL., BEHFTIMH., EERRAKL—E T RH
AR A — HERHE, TR —Z WA, RHEERAR BT R
EBGXAPEL S, SOEHFRAXIFAFT T T H—FEX,

MEHFLARE L EIGEREFERNGEERE, FEL, WEHFEK
BHEFROCEBRE—AEABEILT, AREXRFHITHHAFREALCIANEER
“+A” ARHESRA, 2RF—FARA, VGEHFMRALBE L AR KA
B REANMNGHRE BT F P, dod, BRAZAARBRAHARST, 12RE25 %
E$3RRREL, WBEBHFHAEYARERAHEB IR K, HEX
KBz, —RFEERTVEHKFHRBREERTPRETZE, REMmAMGH ;
— RN FLERG P ET, FRAFRIRR I AZX—47F], B TRE KM
Bz g 5T (E3E) 69, FRWGERZHIGHKGEARE, Ak, it
REEHEMEBRAEEEZRAETH—ANETZFM, ZAIVAA, SEHFA
— b3k B iz A RAIRE) B R A HEM, AR BALEITE BOEM, MA@
VAR %P B X EE P, RIEE S RT R %, SR EIATE KA 693
FRRAFRAEREN, ERRBEIERLFOH S TE, E S AXHFREHER
E, ARGBRFG. SEHWERM,

AR X —FKARFTARALY, PTEAARKFERARLA 2 BReL6HX
HIRASE, Xy FREKRAS ., BARFTHERAIFLSE, X FA
AAEEKR, BAT —HENSFEFHOETRERBRHM, FRELEAME, AHK
RER, THEHARDRLERELTLFAR, HSE2TRALEFEHGE—K
HEZBRHFEIFHR B FEL, STRBRBEHHFTTELGE LS, MR T —LRE
LREBEEARRESHKFHAL ; F—F @, BRBRFHRAGEHFHMBEES
., EMMERGER, BNERFAHARANTENTH LA HBEEHES LXK, £
LW R L, WAHRZIAMEERFARLEER, AEHMAELTHT A
Tk .

* REHEEXRMBHEMGFE, AEWEHMRBERDARKRFEREE, TR
#HITT—EHNBER, TEZZAMRT —ERESHFURARFLSLZBEAFHAL,
1K R LM AEHE EF BAETS T RREMG RN, + RINGAELRSFF
B, BAEFMREBRETFARA LG TN, XWEFEER; RAEEIFHF,
X FARF AR BAEE,



e RMEMEL VHMGETAE, AEHMRBAFRGL/NE, LHERE
Ry 2 B EiLFEAFRAAGE LR, FLREREFLEREFTX, X
XRINBMAETEELRNEETLES, AW TEAMRELGSGHEE S, BHRERF
eI,

e RA BT MR, REFMAEKRZRM LA H EF LA & B LA
FBRAR S SEHF G R HE |, B AT AT AR RRAE A B B PRI B4R F e A
BATRGERM TR, AR F LR A CRELS S L HM, IHTHRAN TXK
BRFERERFOZE, BEABEHFBEAEHFHES  LAH TFEM
WX TRBEBHFHEMOGEN, 470 G S SGEHM A H

e BasE Mk sari Ak, AiEREE ARERF ASARN LM EREE,
ABHEMBTT —EGMBELE, EEREREALSE ; MRABIKEN, WA
SPERINTFELERAMEIRS, Al AEHMFAALEAL Kikd,

o REBAMKF I H., RIEEFRKHBRAINH AT, KEEMAHIFRAE
T BEV M, wH)FF M. PowerPoint #F3L . XMEE, HEAANSHRH
FEHMLRR, MiledF E AH@A,

AEHMRESGERFEM B RF @G —FP LK, RINELRP . ZABABK
HEREPRITEAFSZRGER, BT I HT, ERELME, A,
A BAVE G B EM EE THS, BMNCAREBE KigERBEEZTFHE
RAeE i, BTEZHANRE, RERMAKRBHIRPLMLEE, [2d FEHEHM
YEZ TR BE, EFFINERTARR, PPATITRAERZZ L, ZitH
ARk EHE B LR A,

t#Hh_H
P EARK R b



What’s New in the
Ninth Edition’

The ninth edition continues to streamline both the text materials and the software
support providing a broad focus on algorithmic and practical implementation of
Operations Research techniques.

For the first time in this book, the new Section 3.7 provides a comprehensive
(math-free) framework of how the different LP algorithms (simplex, dual sim-
plex, revised simplex, and interior point) are implemented in commercial codes
(e.g., CPLEX and XPRESS) to provide the computational speed and accuracy
needed to solve very large problems.

The new Chapter 2 of volume two covers efficient heuristics/metaheuristics
designed to find good approximate solutions for integer and combinatorial prog-
ramming problems. The need for heuristics/metaheuristics is in recognition of the
fact that the performance of the exact algorithms has been less than satisfactory
from the computational standpoint.

The new Chapter 3 of volume two is dedicated to the important traveling salesperson
problem. The presentation includes a variety of applications and the development
of exact and heuristic solution algorithms.

All the algorithms in the new Chapters 2 and 3 of volume two are coded in Excel
in a manner that permits convenient interactive experimentation with the models.
All detailed AMPL models have been moved to Appendix C to complement the

AMPL syntactical rules presented in the appendix. The models are cross-referenced
opportunely in the book.

Numerous new problems have been added throughout the book.

The TORA software has been updated.

In keeping with my commitment to maintain a reasonable count of printed
pages, I found it necessary to move some material to the website, including the
AMPL appendix.

* (IEEERW) (B FEBMREE R, SRR WM, BPEERIGEFEERR, SNI0F/E T AN
¥, {HM I ( www.pearsonhighered.com/taha ) SCIHRFFEUIR, X X FS RIEFE K.



‘l‘Ej Bﬂ i
[ VT =R e

NI SiBJNSEHNES oot A e ;
o s
S NROEEBIDUREIHR v cevsosmasanmse s s &
BB SRS v 57
SR BRHEIRIEAL oo 75
QSR BRI oo e i s 5t s -
ETEE EHR oo -
SR NREERMNR oo -
59 PRMHAIR e -
LA ORI s s
S SIS eerneomsesss e S s S oee -



Contents

Chapter 1

Chapter 2

Chapter 3

What's New in the Ninth Edition i

What Is Operations Research? 1

1.1 Introduction 7
1.2 Operations Research Models 7
1.3 Solving the OR Model 5
1.4 Queuing and Simulation Models 6
1.5 Art of Modeling 6
1.6 More Than Just Mathematics 7
1.7 Phases of an OR Study 9
1.8 About This Book 70
Bibliography 77

Modeling with Linear Programming 13

2.1 Two-Variable LP Model 73
2.2 Graphical LP Solution 76
2.2.1 Solution of a Maximization Model 16
2.2.2 Solution of a Minimization Model 24
2.3 Computer Solution with Solver and AMPL 27
2.3.1 LP Solution with Excel Solver 27
2.3.2 LP Solution with AMPL 37
2.4 Linear Programming Applications 35
2.4.1 Investment 35
2.4.2 Production Planning and Inventory Control 40
2.4.3 Manpower Planning 48
2.4.4 Urban Development Planning 52
2.4.5 Blending and Refining 57
2.4.6 Additional LP Applications 63
Bibliography 68

The Simplex Method and Sensitivity Analysis 69

3.1 LP Model in Equation Form 69
3.2 Transition from Graphical to Algebraic Solution 72



ii Contents

3.3 The Simplex Method 76
3.3.1 Iterative Nature of the Simplex Method 77
3.3.2 Computational details of the Simplex algorithm 79
3.3.3 Summary of the Simplex Method 85
3.4 Artificial Starting Solution 89
3.4.1 M-Method 89
3.4.2 Two-Phase Method 94
3.5 Special Cases in the Simplex Method 99
3.5.1 Degeneracy 99
3.5.2 Alternative Optima 702
3.5.3 Unbounded Solution 704
3.5.4 Infeasible Solution 106
3.6 Sensitivity Analysis 708
3.6.1 Graphical Sensitivity Analysis 708

3.6.2 Algebraic Sensitivity Analysis—Changes in the
Right-hand Side 174

3.6.3 Algebraic Sensitivity Analysis—Objective
function 1723

3.6.4 Sensitivity Analysis with Tora, Solver,
and Ampl 129

3.7 Computational Issues in Linear Programming 1737
Bibliography 136

Chapter 4 Duality and Post-Optimal Analysis 137

4.1 Definition of the Dual Problem 137
4.2 Primal-Dual Relationships 1747
4.2.1 Review of Simple Matrix Operations 1741
4.2.2 Simplex Tableau Layout 742
4.2.3 Optimal Dual Solution 1743
4.2.4 Simplex Tableau Computations 750
4.3 Economic Interpretation of Duality 17153
4.3.1 Economic Interpretation of Dual Variables 754
4.3.2 Economic Interpretation of Dual Constraints 156
4.4 Additional Simplex Algorithms 158
4.4.1 Dual Simplex Algorithm 1759
4.4.2 Generalized Simplex Algorithm 1764
4.5 Post-optimal Analysis 17165
4.5.1 Changes Affecting Feasibility 766
4.5.2 Changes Affecting Optimality 777
Bibliography 1774



Contents iii

Chapter 5 Transportation Model and Its Variants 175

5.1
5.2
5.3

5.4

Definition of the Transportation Model 775

Nontraditional Transportation Models 782

The Transportation Algorithm 787

5.3.1 Determination of the Starting Solution 788

5.3.2 Iterative Computations of the Transportation
Algorithm 7917

5.3.3 Simplex Method Explanation of the Method of
Multipliers 799

The Assignment Model 200

5.4.1 The Hungarian Method 207

5.4.2 Simplex Explanation of the Hungarian Method 206
Bibliography 208

Chapter 6 Network Model 209

6.1

6.2
6.3

6.4

6.5

Scope and Definition of Network
Models 209

Minimal Spanning Tree Algorithm 272

Shortest-Route Problem 277

6.3.1 Examples of the Shortest-Route Applications 277
6.3.2 Shortest-Route Algorithms 227

6.3.3 Linear Programming Formulation of the Shortest-Route
Problem 230

Maximal Flow Model 234
6.4.1 Enumeration of Cuts 235
6.4.2 Maximal Flow Algorithm 236

6.4.3 Linear Programming Formulation of Maximal Flow
Mode 244

CPM and PERT 247

6.5.1 Network Representation 247

6.5.2 Critical Path Method (CPM) Computations 252
6.5.3 Construction of the Time Schedule 255

6.5.4 Linear Programming Formulation of CPM 261
6.5.5 PERT Networks 262

Bibliography 265

Chapter 7 Goal Programming 267

7.1

A Goal Programming Formulation 267

7.2 Goal Programming Algorithms 272

7.2.1 The Weights Method 272
7.2.2 The Preemptive Method 274
Bibliography 280



iv

Contents

Chapter 8

Iinteger Linear Programming 281

8.1

8.2

lllustrative Applications 287

8.1.1 Capital Budgeting 282

8.1.2 Set-Covering Problem 286

8.1.3 Fixed-Charge Problem 297

8.1.4 Either-Or and If-Then Constraints 296
Integer Programming Algorithms 307

8.2.1 Branch-and-Bound (B&B) Algorithm 302
8.2.2 Cutting-Plane Algorithm 370
Bibliography 3175

Chapter 9 Deterministic Dynamic Programming 317

Chapter 10

9.1 Recursive Nature of Dynamic Programming (DP)

Computations 377

9.2 Forward and Backward Recursion 327
9.3 Selected DP Applications 322

9.3.1 Knapsack/Fly-Away Kit/Cargo-Loading Model 323
9.3.2 Workforce Size Model 337

9.3.3 Equipment Replacement Model 334

9.3.4 Investment Model 337

9.3.5 Inventory Models 347

9.4 Problem of Dimensionality 347

Bibliography 344

Deterministic Inventory Models 345

10.1
10.2

10.3

104

General Inventory Model 345

Role of Demand in the Development of Inventory
Models 346

Static Economic-Order-Quantity (EOQ) Models 348
10.3.1 Classical EOQ Model 348

10.3.2 EOQ with Price Breaks 353

10.3.3 Multi-Item EOQ with Storage Limitation 357

Dynamic EOQ Models 359
10.4.1 No-Setup EOQ Model 367

10.4.2 Setup EOQ Model 364
Bibliography 375

Appendix A Partial Answers to Selected Problems 377

Appendix B Statistical Tables 403



1.1

1.2

e T e B A I T S ST TR

INTRODUCTION

The first formal activities of Operations Research (OR) were initiated in England
during World War II, when a team of British scientists set out to make scientifically
based decisions regarding the best utilization of war materiel. After the war, the ideas
advanced in military operations were adapted to improve efficiency and productivity
in the civilian sector.

This chapter introduces the basic terminology of OR, including mathematical
modeling, feasible solutions, optimization, and iterative computations. It stresses that
defining the problem correctly is the most important (and most difficult) phase of
practicing OR. The chapter also emphasizes that, while mathematical modeling is
a cornerstone of OR, unquantifiable factors (such as human behavior) must be
accounted for in the final decision. The book presents a variety of applications using
solved examples and chapter problems. In particular, Chapter 26 on the website is
entirely devoted to the presentation of fully developed case analyses.

OPERATIONS RESEARCH MODELS

Imagine that you have a 5-week business commitment between Fayetteville (FYV) and
Denver (DEN). You fly out of Fayetteville on Mondays and return on Wednesdays.
A regular round-trip ticket costs $400, but a 20% discount is granted if the round-trip
dates span a weekend. A one-way ticket in either direction costs 75% of the regular
price. How should you buy the tickets for the 5-week period?

N
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We can look at the situation as a decision-making problem whose solution
requires answering three questions:

1. What are the decision alternatives?
2. Under what restrictions is the decision made?
3. What is an appropriate objective criterion for evaluating the alternatives?

Three plausible alternatives come to mind:

1. Buy five regular FYV-DEN-FYV for departure on Monday and return on
Wednesday of the same week.

2. Buy one FYV-DEN, four DEN-FYV-DEN that span weekends, and one DEN-FYV.

3. Buy one FYV-DEN-FYV to cover Monday of the first week and Wednesday of
the last week and four DEN-FYV-DEN to cover the remaining legs. All tickets in
this alternative span at least one weekend.

The restriction on these options is that you should be able to leave FYV on Monday
and return on Wednesday of the same week.

An obvious objective criterion for evaluating the proposed alternative is the price
of the tickets. The alternative that yields the smallest cost is the best. Specifically, we have

Alternative 1 cost = 5 X 400 = $2000
75 X 400 + 4 X (.8 X 400) + .75 X 400 = $1880
5 X (.8 X 400) = $1600

Alternative 2 cost

Alternative 3 cost

Alternative 3 is the best because it is the cheapest.

Though the preceding example illustrates the three main components of an OR
model —alternatives, objective criterion, and constraints —situations differ in the
details of how each component is developed and how the resulting model is solved.
To illustrate this point, consider forming a maximum-area rectangle out of a piece of
wire of length L inches. What should be the best width and height of the rectangle?

In contrast with the tickets example, the number of alternatives in the present
example is not finite; namely, the width and height of the rectangle can assume an
infinite number of values because they are continuous variables. To formalize this
observation, the alternatives of the problem are identified by defining the width and
height algebraically as

w = width of the rectangle in inches
h = height of the rectangle in inches

Based on these definitions, the restrictions of the situation can be expressed verbally as

1. Width of rectangle + Height of rectangle = Half the length of the wire
2. Width and height cannot be negative
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These restrictions are translated algebraically as

1. 2(w + h)=1L
2. w=0,h=0

The only remaining component now is the objective of the problem; namely,
maximization of the area of the rectangle. Let z be the area of the rectangle, then the
complete model becomes

Maximize z = wh
subject to
2w+ h) =L
w,h =0

Using differential calculus, the best solution of this model is w = h = % , which calls

for constructing a square shape.
Based on the preceding two examples, the general OR model can be organized in

the following general format:

Maximize or minimize Objective Function
subject to

Constraints

A solution of the model is feasible if it satisfies all the constraints. It is optimal if,
in addition to being feasible, it yields the best (maximum or minimum) value of the
objective function. In the tickets example, the problem considers three feasible
alternatives, with the third alternative yielding the optimal solution. In the rectangle
problem, a feasible alternative must satisfy the condition w + h = '5‘ , where w and &
are nonnegative variables. This definition leads to an infinite number of feasible
solutions and, unlike the tickets problem, which uses simple price comparison, the
optimum solution is determined by using differential calculus.

Though OR models are designed to “optimize” a specific objective criterion
subject to a set of constraints, the quality of the resulting solution depends on the
completeness of the model in representing the real system. Take, for example, the
tickets model. If all the dominant alternatives for purchasing the tickets are not iden-
tified, then the resulting solution is optimum only relative to the choices represented
in the model. To be specific, if alternative 3 is left out of the model, then the resulting
“optimum” solution would call for purchasing the tickets for $1880, which is
a suboptimal solution. The conclusion is that “the” optimum solution of a model is
best only for that model. If the model happens to represent the real system reason-
ably well, then its solution is optimum also for the real situation.
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PROBLEM SET 1.2A"

1.

*5.

7.

In the tickets example, identify a fourth feasible alternative.

(a) Define an infeasible alternative.

(b) Identify a fourth feasible alternative and determine its cost.

In the rectangle problem, identify three feasible solutions, and determine which one is better.

Determine the optimal solution of the rectangle problem (Hint: Use the constraint to
express the objective function in terms of one variable, then use differential calculus.)

Amy, Jim, John, and Kelly are standing on the east bank of a river and wish to cross to
the west side using a canoe. The canoe can hold at most two people at a time. Amy, being
the most athletic, can row across the river in 1 minute. Jim, John, and Kelly would take

3, 6, and 9 minutes, respectively. If two people are in the canoe, the slower person dictates
the crossing time. The objective is for all four people to be on the other side of the river
in the shortest time possible.

(a) Identify at least two feasible plans for crossing the river (remember, the canoe is
the only mode of transportation, and it cannot be shuttled empty).
(b) Define the criterion for evaluating the alternatives.

*(c) What is the smallest time for moving all four people to the other side of the river?
In a baseball game, Jim is the pitcher and Joe is the batter. Suppose that Jim can
throw either a fast or a curve ball at random. If Joe correctly predicts a curve ball,
he can maintain a .400 batting average, else if Jim throws a curve ball and Joe
prepares for a fast ball, his batting average is kept down to .200. On the other hand,
if Joe correctly predicts a fast ball, he gets a .250 batting average, else his batting
average is only .125.

(a) Define the alternatives for this situation.

(b) Define the objective function for the problem, and discuss how it differs from
the familiar optimization (maximization or minimization) of a criterion.

During the construction of a house, six joists of 24 feet each must be trimmed

to the correct length of 23 feet. The operations for cutting a joist involve the

following sequence:

Operation Time (seconds)
1. Place joist on saw horses 15
2. Measure correct length (23 feet) 5
3. Mark cutting line for circular saw 5
4. Trim joist to correct length 20
5. Stack trimmed joist in a designated area 20

Three persons are involved: Two loaders must work simultaneously on operations 1, 2,
and 5, and one cutter handles operations 3 and 4. There are two pairs of saw horses on
which untrimmed joists are placed in preparation for cutting, and each pair can hold
up to three side-by-side joists. Suggest a good schedule for trimming the six joists.

A (two-dimensional) pyramid is constructed in four layers: The bottom layer consists of
(equally-spaced) dots 1, 2, 3 and 4, The next layer includes dots 5, 6, and 7; the following

! Asterisk designates problems whose solution is given in Appendix B.
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layer has dots 8 and 9; and the top layer has dot 10. You want to invert the pyramid
(bottom layer has one dot and top layer has four) by moving the dots around.

(a) Identify two feasible solutions.

(b) Determine the smallest number of moves needed to invert the triangle.2

8. You have five chains each consisting of four solid links. You need to make a bracelet
by connecting all five chains. It costs 2 cents to break a link and 3 cents to resolder it.
(a) Identify two feasible solutions and evaluate them.

(b) Determine the cheapest cost for making the bracelet.

9. The squares of a rectangular board of 11 rows and 9 columns are numbered sequentially
1 through 99 with a hidden monetary reward between 0 and 50 dollars assigned to each
square. A game using the board requires the player to choose a square by selecting any
two-digits and then subtracting the sum of its two digits from the selected number. The
player then receives the reward assigned to the selected square. What monetary values
should be assigned to the 99 squares to minimize the player’s reward (regardless of how
many times the game is repeated)? To make the game interesting, the assignment of $0 to
all the squares is not an option.

SOLVING THE OR MODEL

In OR, we do not have a single general technique to solve all mathematical models that
can arise in practice. Instead, the type and complexity of the mathematical model
dictate the nature of the solution method. For example, in Section 1.2 the solution of the
tickets problem requires simple ranking of alternatives based on the total purchasing
price, whereas the solution of the rectangle problem utilizes differential calculus to
determine the maximum area.

The most prominent OR technique is linear programming. It is designed for
models with linear objective and constraint functions. Other techniques include integer
programming (in which the variables assume integer values), dynamic programming
(in which the original model can be decomposed into smaller more manageable
subproblems), network programming (in which the problem can be modeled as a
network), and nonlinear programming (in which functions of the model are nonlinear).
These are only a few among many available OR tools.

A peculiarity of most OR techniques is that solutions are not generally obtained
in (formula-like) closed forms. Instead, they are determined by algorithms. An
algorithm provides fixed computational rules that are applied repetitively to the prob-
lem, with each repetition (called iteration) moving the solution closer to the optimum.
Because the computations associated with each iteration are typically tedious and
voluminous, it is imperative that these algorithms be executed on the computer.

Some mathematical models may be so complex that it becomes impossible to
solve them by any of the available optimization algorithms. In such cases, it may be
necessary to abandon the search for the optimal solution and simply seek a good
solution using heuristics/metaheuristics or rules of thumb.

2Problems 7 and 8 are adapted from Bruce Goldstein, Cognitive Psychology: Mind, Research, and Everyday
Experience, Wadsworth Publishing, 2005.
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QUEUING AND SIMULATION MODELS

Queuing and simulation deal with the study of waiting lines. They are not optimization
techniques; rather, they determine measures of performance of waiting lines, such as
average waiting time in queue, average waiting time for service, and utilization of
service facilities.

Queuing models utilize probability and stochastic models to analyze waiting
lines, and simulation estimates the measures of performance by imitating the behavior
of the real system. In a way, simulation may be regarded as the next best thing to
observing a real system. The main difference between queuing and simulation is that
queuing models are purely mathematical and hence are subject to specific assumptions
that limit their scope of application. Simulation, on the other hand, is flexible and can
be used to analyze practically any queuing situation.

The use of simulation is not without drawbacks. The process of developing
simulation models is costly in both time and resources. Moreover, the execution of
simulation models, even on the fastest computer, is usually slow.

ART OF MODELING

The illustrative models developed in Section 1.1 are exact representations of real
situations. This is a rare occurrence in OR, as the majority of applications usually
involve (varying degrees of) approximations. Figure 1.1 depicts the levels of
abstraction that characterize the development of an OR model. We abstract the
assumed real world from the real situation by concentrating on the dominant
variables that control the behavior of the real system. The model expresses in an
amenable manner the mathematical functions that represent the behavior of the
assumed real world.

To illustrate levels of abstraction in modeling, consider the Tyko Manufacturing
Company, where a variety of plastic containers are produced. When a production
order is issued to the production department, necessary raw materials are acquired

FIGURE 1.1
Levels of abstraction in model development

Assumed Real World - - Model




