JOHN | JARVIS
HANIE D SHERALI

FWILEY



CONTENTS

Preface

ONE:

TWO:

THREE:

FOUR:

FIVE:

..................................................................................................................... xi
INTRODUCTION ..ot ss e st 1
1.1 The Linear Programming Problem ..o, 1
1.2 Linear Programming Modeling and Examples

1.3 Geometric SOIUHOMN ..o covwiiruineeeecrenminenseecsssesenas

1.4 The Requirement SPace ... .ocoeeeieie e siirissiice e
1.5 NOLAEON .ot es e e s

Exercises
Notes and References

LINEAR ALGEBRA, CONVEX ANALYSIS, AND
POLYHEDRAL SETS ... es s e ebb e
21 Vectors..........

2.2 Matrices
2.3 Simultaneous Linear Equations ...........
24 Convex Sets and Convex Functions.........oeov v 64
2.5 Polyhedral Sets and Polyhedral Cones.....ooooovvinniiiieiee e, 70
2.6 Extreme Points, Faces, Directions, and Extreme
Directions of Polyhedral Sets: Geometric Insights ........ccooeeee 71
2.7 Representation of Polyhedral Sets e 75
BXEICISES ..vvevcrireirie ettt it eba s em e ea s sk 82
Notes and References. i 9Q
THE SIMPLEX METHOD ...t
3.1 Extreme Points and Optimality ..o,
3.2 Basic Feasible SOIUtions ......cccoociveeeeic i
3.3 Key to the Simplex Method ..o
3.4 Geometric Motivation of the Simplex Method ....
33 Algebra of the Simplex Method........c..ccovmvnnnciiee
3.6 Termination: Optimality and Unboundedness ...........ooceene.
37 The Simplex Method ..o
3.8 The Simplex Method in Tableau Format
3.9 Block Pivoting .....

EXErCises o.onumcniriinnnnns

Notes and RefereriCes. ..., oivererererninp e e
STARTING SOLUTION AND CONVERGENCE...............coees 151
4.1 The Initial Basic Feasible Selution 151
42 The Two—Phase Method ... i 154
4.3 The Big—A Method...c..cvi e w...165
4.4 How Big Should Big—MBe? . W72
4.5 The Single Artificial Variable Technique ..... 173
4.6 Degeneracy, Cycling, and Stalling............ I
4.7 Validation of Cycling Prevention RUles....o owemeercveernn, 182

EXEITISES ..1iieiveieeieeeeiie i san ettt etac e iaen e s sras e s rsn s bpe s ssn s 187

Notes and References..........ccooivivenniiniein v ierieennns 198

SPECTAL SIMPLEX IMPLEMENTATIONS AND

OPTIMALITY CONDITIONS ..o enin
5.1 The Revised Simplex Method ...
52 The Simplex Method for Bounded Variables

vii



viii

SIX:

SEVEN:

EIGHT:

NINE:

Contents

53 Farkas® Lemma via the Simplex Method ...
54 The Karush—-Kuhn-Tucker Optimality Conditions....

Exercises

Notes and References....
DUALITY AND SENSITIVITY ANALYSIS.......ooiiieececienen 259
6.1 Formulation of the Dual Problem ...............
6.2 Primal-Dual Relationships .......cccocoeveeerneneee.
6.3 Economic Interpretation of the Dual
6.4 The Dual Simplex Method.........ocooieeinne
6.5 The Primal-Dual Method .......c.cocoooviiiiirec
6.6 Finding an Initial Dual Feasibie Solution: The

Artificial Constraint Technique ....ccooovvvonievccniiiieeenne 293
6.7 Sensitivity Analysis
6.8 Parametric Analysis

EXOICISEE et

Notes and References
THE DECOMPOSITION PRINCIPLE .......coooeviiiniiin i 339
7.1 The Decomposition ALZorithim .......c..oocvviceniiinn, 340
7.2 Numerical EXample ..ot 345
7.3 Getting Started......ccovevvivvnireiinaninnnn v 353
74 The Case of an Unbounded Region X.......cccoocevererrennnvervrnnns 354
7.5 Block Diagonal or Angular STruciure e comereemecrencenenns 361
7.6 Duality and Relationships with other

Decomposition Procedures
Exercises.....ccvoenmnrcncrcarenean.
Notes and References.........ocooeeviieiciieeiciccce

COMPLEXITY OF THE SIMPLEX ALGORITHM

AND POLYNOMIAL-TIME ALGORITHMS

8.1 Polynomial Complexity ISSUES........coccoevriirciciic i
8.2 Computational Complexity of the Simplex Algorithm ,.......... 397
8.3 Khachian®s Ellipsoid AIZorithim ....o.cooviiiecin e oo 441
8.4 Karmarkar’s Projective AlZorithi....ooeecieciicmeie e 402
8.5 Analysis of Karmarkar’s Algorithm: Convergence,
Complexity, Sliding Objective Method, and Basic
Optimal SOIUtiONS ...ocveieeeece et 417
8.6 Affine Scaling, Primal-Dual Path Following, and
Predictor—Corrector Variants of Interior Point Methods......... 428
EXBICISEE ...eerericriir et e et
Notes and References.......
MINIMAL-COST NETWORK FLOWS .......cccooooiiiccininvinans 453
9.1 The Minimal Cost Network Flow Problem.........o.ococcocenncnnnn, 453
9.2 Some Basic Definitions and Terminology
from Graph Theory ... e e 455
9.3 Properties of the A MatriX ...ocoveeirieeeeecs et 459
9.4 Representation of a Nonbasic Vector in
Terms of the Basic VECIOIS..c..ocoovviereieir e
9.5 The Simplex Method for Network Flow Problems...
9.6 An Example of the Network Simplex Method.......... "
9.7 Finding an Initial Basic Feasible Solution ......c..c.ce.vvererniinna
9.8 Network Flows with Lower and Upper Bounds.........c.ovennne




Contents

2.9

9.10

ix
The Simplex Tableau Associated with a Network
Flow Problem..........cc.oooiminis e 481
List Structures for Implementing the Network
Simplex AlgOTithin ..o e

Degeneracy, Cycling, and Stalling.......
Generalized Network Problems ...
EREICISES e in et emr s s enssnan e
Notes and References

TEN: THE TRANSPORTATION AND ASSIGNMENT PROBLEMS........ 513
10.1 Definition of the Transportation Problem .........c..cccecvivvnane, 513
10.2 Properties of the A Mattix ..o cecncnice e 516
10.3 Representation of a Nonbasic Vector in Terms
of the Basic VeCtOrs ... e
10.4 The Simplex Method for Transportation Problems y
10.5 {llustrative Examples and a Note on Degeneracy .........cceveeeee
10.6 The Simplex Tableau Associated with a Transportation
TABIGAU ..cecvi st 535
10.7 The Assignment Problem: (Kuhn’s) Hungarian
ALZOTITNITL ...v s et 535
10.8 Alternating Path Basis Algorithin for Assignment Problems.. 544
19.9 A Polynomial-Time Successive Shortest Path
Approach for Assignment Problems
10.10 The Transshipment Problem ............ccoe.
EXEICiSes..cocvvireriirearenrens
Notes and References
ELEVEN: THE OUT-OF+KILTER ALGORITHM.........coocntnrniricnieeeeeens 567
11.1 The Out—of-Kilter Formulation of a Minimal
Cost Network Flow Problem ........cocoiiiinininie,
11.2 Strategy of the Out—of-Kilter Algorithm
11.3 Summary of the OQut--of -Kilter Algortthm........c.oovvvirniinicns 586
11.4 An Example of the OQut—of-Kilter Algorithmt .o.o.cooevvvviieennnn 587
11.5 A Labeling Procedure for the Out-of-Kilter Algorithm......... 589
11.6 Insight into Changes in Primal and Dual Function Values .....591
11.7 Relaxation Algorithims ... 593
EXOICISES . cvivieris ettt st e 595
Notes and References. ..o 605
TWELVE: MAXIMAL FLOW, SHORTEST PATH, MULTICOMMODITY
FLOW, AND NETWORK SYNTHESIS PROBLEMS
12.1 The Maximal Flow Problem .......cocooreeeriimeninsiimeea,
12.2 The Shertest Path Problem......c.ueemisiiiciimcces
12.3 Polynomial-Time Shortest Path Algorithms for Networks
Having Arbitrary Costs........o..ovvnciimmienniinens 635
12.4 Multicommodity FIows......cccoommenm s 639
12,5 Characterization of a Basis for the Multicommodity
Minimal-Cost Flow Problem...........ccceoeei oo v 649
12.6 Synthesis of Multiterminal Flow Networks ... 654
EXEICISES ottt w063
Notes and References......oocoveirrnieiseieicceen e 678
BIBLIOGRAPHY i asae et s b sb e et 681
INDEX et se s nr e S b b e e 733



