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Foreword

As generation of academics and practitioners follows generation, it is worthwhile
to compile long views of the research and practice in the past to shed light on
research and practice going forward. This collection of peer-reviewed chapters is
intended to provide such a long view. The effort is motivated by the views of
Professor Arthur M. Geoffrion, who we seek to honor for not only his consider-
able contribution to OR/MS research in the past decades but also his continuing
championship and involvement in matters pertaining to the education and practice of
OR/MS.

Professor Geoffrion’s contributions are well highlighted in “About Professor
Arthur M. Geoffrion,” but I would like to add a personal note. When I was an un-
known first year assistant professor and Art was an established superstar, he took the
trouble to obtain a copy of my thesis, read it, and call me to offer advice and encour-
agement. His advice covered both high-level direction and important details and was
delivered with a charm and humor that made it easy to accept. For example, I was
pretty green then as a mathematician and had used the term “cycle-less graph” in my
thesis. Art’s wry remark was “‘Cycle-less graph,” that must be an east coast term.
Here in California, and I think most of the world, that’s called an ‘acyclic graph’.”
My thesis concerned using Lagrange multipliers to solve job shop scheduling prob-
lems. Art subsequently described in the article Geoffrion, AM. (1974) Lagrangean
relaxation for integer programming. Math Program Stud 2:82-114 how this work
and several other problem-specific uses of Lagrange multipliers could be embraced
within a powerful concept he called “Lagrangian Relation.”

The target audience of this book is young researchers, graduate/advanced under-
graduate students from OR/MS and related fields like computer science, engineer-
ing, and management as well as practitioners who want to understand how OR/MS
modeling came about over the past few decades and what research topics or model-
ing approaches they could pursue in research or application.

This book contains a collection of chapters written by leading scholars/
practitioners who have continued their efforts in developing and/or implementing
innovative OR/MS tools for solving real-world problems. In this book, the contribu-
tors share their perspectives about the past, present, and future of OR/MS theoretical
development, solution tools, modeling approaches, and applications. Specifically,
this book collects chapters that offer insights about the following topics:



vi

Foreword

Survey articles taking a long view over the past two or more decades to arrive
at the present state of the art while outlining ideas for future research. Surveys
focus on use of a particular OR/MS approach, e.g., mathematical programming
(LP, MILP, etc.), and solution methods for particular family of application, e.g.,
distribution system design, distribution planning system, health care.
Autobiographical or biographical accounts of how particular inventions (e.g.,
structured modeling) were made. These could include personal experiences in
early development of OR/MS and an overview of what has happened since.
Development of OR/MS mathematical tools (e.g., stochastic programming, opti-
mization theory).

Development of OR/MS in a particular industry sector such as global supply
chain management.

Modeling systems for OR/MS and their development over time as well as specu-
lation on future development (e.g., LINDO, LINGO, and What’s Best!).

New applications of OR/MS models (e.g., happiness).

I believe this book will stimulate others to follow Professor Geoffrion’s footsteps

in making OR/MS a vibrant community.

The Wharton School, Marshall Fisher
University of Pennsylvania,

Philadelphia, PA, USA

February 2010



Acknowledgments

We would like to thank Professor Fred Hillier (Stanford University), the editor of
Springer’s International Series in Operations Research and Management Science,
who strongly encouraged us to work on this book from the very beginning. The book
received strong support from colleagues from many universities and companies,
many of them committing to contribute to this collection. We would like to express
our sincere appreciation to them for providing their leading edge research for this

book.

Name (in alphabetical
order)

Affiliation

Chapter

Mustafa Atlihan,
Kevin Cunningham,
Gautier Laude,
Linus Schrage

LINDO Systems,
University of Chicago

Challenges in adding a stochastic
programming/scenario planning
capability to a general purpose
optimization modeling system

Manel Baucells,

IESE Business

Optimizing happiness

Rakesh Sarin School, University of
California,
Los Angeles
Dirk Beyer, M-Factor, Inc., Advances in business analytics at HP

Scott Clearwater,
Kay-Yut Chen,

Qi Feng,

Bernardo A. Huberman,
Shailendra Jain,
Alper Sen,
Hsiu-Khuern Tang,
Zainab Jamal,

Bob Tarjan,

Krishna Venkatraman
Julie Ward,

Alex Zhang,

Bin Zhang

Hewlett-Packard
Labs, University of
Texas at Austin,
Bilkent University,
Intuit

Laboratories

vii



viii

Acknowledgments

John Birge

University of Chicago

The persistence and effectiveness of
large-scale mathematical
programming strategies: Projection,
outer linearization, and inner
linearization

Gerald G. Brown (and
Richard E. Rosenthal,
deceased)

Naval Postgraduate
School

Optimization tradecraft: Hard-won
insights from real-world decision
support (reprinted with permission

from INFORMYS)
Daniel Dolk Naval Postgraduate Structured modeling and model
School management
Donald Erlenkotter University of Economic planning models for India
California, in the 1960s
Los Angeles
Robert Fourer Northwestern Cyber-infrastructure and
University optimization

Arthur M. Geoffrion,

University of

Multi-commodity distribution system

Glenn Graves California, design by Bender’s decomposition
Los Angeles (reprinted with permission from
INFORMS)
Hau L. Lee Stanford University Global trade process and supply
chain management
Grace Lin, World Resource Sustainable globally integrated

Ko-Yang Wang

Optimization Inc.,
IBM Global Business
Services

enterprise

Richard Powers

Formerly at
INSIGHT Inc.

Retrospective: 25 years applying
management science to logistics

ManMohan S. Sodhi,
Christopher S. Tang

City University
London, University of
California,

Capitalizing on our strengths to avail
opportunities in the face of weakness
and threats

Los Angeles
Mark S. Daskin, Northwestern Perspectives on healthcare resource
Sanjay Mehrotra, University, University =~ management problems
Jonathan Turner of Michigan

Last, but not least, we are grateful to Mirko Janc for typesetting each chapter
beautifully and expeditiously. Of course, we are responsible for any errors that may
occur in this book as a result of our editing or our own writing.

ManMohan S. Sodhi, London
Christopher S. Tang, Los Angeles



Contents

1 Introduction: A Long View of Research and Practice in Operations
Research and Management Science . ...........................
ManMohan S. Sodhi, Christopher S. Tang
1.1 The Roots of Operations Research ...........................
1.2 About This Compilation. ................ .. ... . ........
1.3 Part—A Long Viewofthe Past.............................

1.3.1  Use of OR for Economic Development ...............
1.3.2  The Principal Approaches for Solving Large-Scale
Mathematical Programs ............................
1.3.3  Efficient Distribution System Designs ................
1.3.4  Modeling and Modeling Frameworks .................
1.3.5  Distribution and Supply Chain Planning from 1985 to
2010 o
1.3.6  Insight from Application ...........................
1.4 PartII—A Long View of the Future . . ........................
1.4.1  Extending Modeling Interfaces to Deal with Uncertainty .
1.42  Extending Applications in the Supply Chain ...........
143 Global Trade ......... ..o,
1.44  Globally Integrated Enterprises ......................
145 Thelnternet ..........ccouiiiiiinnin...
14.6 HealthCare .......... ... i ..
147  Happiness..........ooeioiiiniiiiinnian...
1.4.8  The OR/MS Ecosystem as the Context for the Future. . ..
References

PartI A Long View of the Past

2 Economic Planning Models for India in the 1960s ................
Donald Erlenkotter
2.1 Preface ... ..o
2.2 Introduction



23
24
2.5
2.6
2.7

Contents

The MIT Model forIndia............. ... ... i, 12
The Manne—Weisskopf Model for India....................... 14
Epilogue. .. ..o 17
Concluding Reflections ................ ... o ... 18
NOtES ..ottt 19

The Persistence and Effectiveness of Large-Scale Mathematical
Programming Strategies: Projection, Outer Linearization, and

Inner Linearization............. .. ... .. .. .. .. .. .. .. ... ..... 23
John R. Birge

3.1 Introduction............... . i il 23
3.2 Projection. . ... ...t 24
3.2.1  Projection in Interior Point Methods . ................. 24
3.2.2  Projection in Discrete Optimization .................. 25
3.3 Outer Linearization. .. ..........ouuiiininnin e, 26
3.3.1  Nonlinear Mixed-Integer Programming Methods .. ..... 27
3.3.2  Outer Approximation for Convex, Dynamic
Optimization . .........ouuiiineineiineneenn.. 28
3.4  Inner Linearization ............ ... ... ... ... .. o oL 29
3.4.1  Inner and Outer Approximations for Convex
OptimizZation .. ..........uiiinieenneeneneenn.. 30
3.4.2  Linearization in Approximate Dynamic Programming ... 31
35 Conclusions............ il 32
References . ... 32

Multicommodity Distribution System Design by Benders
Decomposition . . ......... ... ... . 35
A. M. Geoffrion, G. W. Graves

4.1

4.2

4.3

4.4

Introduction . ........... ... 36
41.1 TheModel ...... ... i 36
4.1.2  Discussionofthe Model ......................... ... 37
413 PlanofthePaper ............ ... ... . 40
Application of Benders Decomposition ....................... 41
421 Specialization of Benders Decomposition ............. 42
422 DetailsonStep2b ... 43
423  The Variant Actually Used . ......................... 45
424  Re-Optimization .............c.coveuueeunneenneenn.. 46
Computer Implementation . ..., 47
4.3.1 Master Problem . ....... ... ... o 47
432 Subproblem ......... ... ... 48
433 Datalnputand Storage ............ ... ... ... 48
Solution of a Large Practical Problem ........................ 49
4.4.1 OVEIVIEW ottt ettt e e 49

4.42  Eight Types of Computer Runs ...................... 49



Contents xi

443  Computational Performance...................... ... 53
4.5 A Lesson on Model Representation .......................... 55
4.6 CONCIUSION. . ..ottt 59
References ... 60
5 Structured Modeling and Model Management ................... 63
Daniel Dolk

5.1 IntroducCtion .. ........oeuie it 63
5.2 A Brief History of Model Management ....................... 64
53  Structured Modeling . ... 68
5.3.1  Structured Model Schema .......................... 69
532 GenusGraph ......... ... 71
533 ElementalDetail .................. ... ... ... .. 72
534 Modules . ... 73
5.3.5  Structured Modeling Language (SML) ................ 73
5.3.6  Structured Modeling Environments. .................. 74
5.4  Structured Modeling Contributions to Model Management. . . . . .. 76
5.5  Limitations of Structured Modeling .......................... 77
5.6  Limitations of Model Management. .......................... 78
5.7  Trajectory of Model Management in the Internet Era............ 80
5.8  Next Generation Model Management. ........................ 80
5.8.1  Enterprise Model Management ...................... 81
5.8.2  Service-Based Model Management. .................. 81

5.8.3  Leveraging XML and Data Warehouse/OLAP
Technology. ... ..o i 82
5.84  Model Management as Knowledge Management .. ... .. 82
5.8.5  Search-Based Model Management ................... 84
5.8.6  Computational Model Management .................. 84
5.8.7  Model Management: Dinosaur or Leading Edge? ... .. .. 85
5.9 SUMMArY ..ot 85
References . ... ... 86

6  Retrospective: 25 Years Applying Management Science to Logistics . 89
Richard Powers

6.1 WhereltAllBegan............ ... ... .. .. 89
6.2  The Rise of LOGiStiCs ........oviiiii i 92
6.3 TheRiseof Finance ............ ... ... ... .. . . L. 92
6.4 Globalization........... ... ... ... . i il 93
6.5  Computer Technology .......... ... ... . ... ... 93
6.6  Optimizing Solver Technology ............ ... ... ... ... .. 93
6.7 Inmsight Takes Off. ... ... ... ... . i L. 94
6.8 BumpsintheRoad ............ ... ... . L 96
69 TheViewAhead ........... ... .. ... . L. 97

6.10 InSum ... e 98



xii

Contents

Optimization Tradecraft: Hard-Won Insights from Real-World
Decision Support . . . ... .. ..
Gerald G. Brown, Richard E. Rosenthal

7.1  Design Before YouBuild ............. . ... . i
7.2 Bound All Decisions ................ i
7.3  Expect Any Constraint to Become an Objective, and Vice Versa ..
7.4  Classical Sensitivity Analysis Is Bunk—Parametric Analysis

IS NOt .
7.5 Model and PlanRobustly .............. ... o i
7.6 Model Persistence . ..........couuuniiiiiii i
7.7 PayAttentionto YourDual .......... ... ... ... ... ...
7.8  Spreadsheets (and Algebraic Modeling Languages) Are Easy,

Addictive, and Limiting . .. .......... i i
7.9  Heuristics Can Be Hazardous ...............................
7.10 Modeling COMPONENLS . . ..o v vttt ettt een
7.11 Designing Model Reports ........... ...,
712 Conclusion. ... ....oouiuu e
References . ... ..o

Part II A Long View of the Future

8

Challenges in Adding a Stochastic Programming/Scenario Planning
Capability to a General Purpose Optimization Modeling System . . . .
Mustafa Atlihan, Kevin Cunningham, Gautier Laude,

and Linus Schrage

8.1

8.2

8.3

8.4

8.5

Introduction . ........ ..t
8.1.1 Tribute . ... i
Statement of the SP Problem .. .................. ... ... ...
8.2.1  Applications............couiiiiiiiii i
8.2.2  Background and Related Work ......................
Steps in Buildingan SPModel ............... ... ... .......
8.3.1 Statement/Formulation of an SP Model in LINGO . .. ...
8.3.2  Statement/Formulation of an SP Model in the
What’sBest! Spreadsheet System.....................
8.3.3 Multi-stage Models ...
Scenario Generation . ..............uit it
8.4.1  Uniform Random Number Generation ................
8.4.2  Random Numbers from Arbitrary Distributions ........
8.4.3  Quasi-random Numbers and Latin Hypercube Sampling .
8.4.4  Generating Correlated Random Variables..............
Solution Output foran SPModel ............................
8.5.1 Histograms . .......oouiii i
8.5.2  Expected Value of Perfect Information and Modeling
Uncertainty. . ...,

117



Contents xiil

10

8.6  ConClUSIONS . ..o\ttt e 134
References .. ... ... 134
Advances in Business Analytics at HP Laboratories............... 137
Business Optimization Lab, HP Labs, Hewlett-Packard
9.1  Introduction...............iiiiiiiiii 137
9.1.1  Diverse Applied Research Areas with High Business
Impact. ... ... ... 139
9.2 Revenue Coverage Optimization: A New Approach
for Product Variety Management ............................ 140
9.2.1 Solution ......... ... .. il 141
022  Results ..... .o 149
9.23  SUMMATY ...\ttt e 150
9.3  Wisdom Without the Crowd ......... ... . ... ... ..., 150
9.3.1 MechanismDesign ..................... ... ... .. 151
9.4  Experimental Verification ............. ... ... ... i 153
9.5 Applicationsand Results ............. .. ... . L 154
9.6 Modeling Rare Events in Marketing: Not a Rare Event .......... 155
9.6.1 Methodology .........ccoiiiiiiiiii i 157
9.6.2  Empirical Applicationand Results ................... 160
9.7  Distribution Network Design.............. ..., 164
9.7.1  Outbound Network Design.......................... 164
972 AFormalModel .......... ... ... ... ool 166
9.7.3 Implementation ..............ouuiiineiinennnnn. 168
9.74 RegardingData ........... ... ... ... i, 169
9.7.5 Exemplary Analyses .................... .. ... .. 169
9.8  Collaborations and Conclusion . ...................ooouiia... 172
References . ... 172
Global Trade Process and Supply Chain Management ............ 175
Hau L. Lee
10.1  Introduction..............uniiiiiuinn .. 176
10.2  Supply Chain Design and Trade Processes .................... 178
10.2.1 Supply Chain Design .............................. 178
10.2.2  Trade Process Uncertainties and Risks ................ 181
10.2.3  Postponement Design ................iiiiii.. 181
10.3  Improving Global Trade Processes in Supply Chains ............ 183
10.3.1 Logistics Efficiency and Bilateral Trade . .............. 183
10.3.2  Cross-Border Processes for Supply Chain Security . . . ... 185
10.3.3 IT-Enabled Global Trade Management for Efficient
Trade Process. ... 187
10.3.4 Empirical Analysis of Trade Processes . ............... 190
10.4 Concluding Remarks ........ ... ... ... ... 192

References .. ... 192



Xiv

11

12

13

Contents
Sustainable Globally Integrated Enterprise (GIE) .............. .. 195
Grace Lin, Ko-Yang Wang
11,1 IntroduCtion .. ........couuuiiiin i 195
11.2  An Overview of GIEs and the Challenges they Face ............ 197
11.3  The Evolution of Supply Chains and the Sense-and-Respond
Value Net . ... 199
114 ACaseStudy........ ... 204
11.4.1 Extended Enterprise Supply-Chain Management . ...... 206
11.4.2 Innovative Business Models and Business Optimization . 207
11.4.3 Adaptive Sense-and-Respond Value Net............... 208
11.4.4 Sense-and-Respond Demand Conditioning ............ 208
11.4.5 Value-Driven Services and Delivery .................. 210
11.5 Sustainability of the Globally Integrated Enterprise ............. 211
11.6  ConCluSiON. . . ..ttt 215
References . ... 215
Cyberinfrastructure and Optimization ......................... 219
Robert Fourer
12.1  Cyberinfrastructure and Optimization ........................ 220
122 COIN-OR ..o 222
123 The NEOS Server .. ... 222
12.4  Optimization ServiCes . ............uuueeeemuunneeeennnnn... 223
12.5 Intelligent Optimization Systems .................ccovuunn... 225
12.6  Advanced Computing. .........oouuiiuneinnneineeneenn.. 226
12.7  Prospects for Cyberinfrastructure in Optimization .............. 227
References . ...t 228
Perspectives on Health-Care Resource Management Problems. . . . . . 231
Jonathan Turner, Sanjay Mehrotra, Mark S. Daskin
13.1 IntroduCtion . ............uuiiiiiii e, 231
13.2 A Multi-dimensional Taxonomy of Health-Care
Resource Management . ............ouuuiviiineinneennnenn.. 233
13.2.1 Who and What of Health-Care Resource Management. . . 233
13.2.2 Decision Horizon. ......... ... ... .. iiiiii... 234
13.2.3 Levelof Uncertainty ...................c.ooouioi... 236
13.2.4 Decision Criteria ... ..........ooueuuuinneeennnnn .. 236
13.3 Operations Research Literature on Resource
Management Decisions in Healthcare ..................... ... 237
13.3.1 Nurse Scheduling ......... ... ... ... 238
13.3.2  Scheduling of Other Health-Care Professionals......... 240
13.3.3 Patient Scheduling.................... ... 240
13.3.4  Facility Scheduling . ............. ... .o ... 241
13.3.5 Longer Term Planning ................ . ....... . ... 242
13.4 Summary, Conclusions, and Directions for Future Work . ........ 243

References .. ... 244



Contents

14 Optimizing Happiness ............ ... ... ... ... ... ... ... . ...
Manel Baucells, Rakesh K. Sarin
14.1 IntroduCtion . ............uuiiiiiuine ..
14.2  Time Allocation Model ......... ... ... .. oiiiiiiiiinan.
14.2.1 Optimal Allocation ................covviiivin....
14.3  Income—Happiness Relationship........... ... ... ... ......
14.4  Predicted Versus Actual Happiness............. ... ... ......
14.5 Higher Pay—Less Satisfaction ..............................
14.6  Social CompariSon .. .........couuuunneeeunineeeenn...
147 Reframing ...t
14.8 ConCluSIONS . . ...ttt
References . ...t e
15 Conclusion: A Long View of Research and Practice in Operations

Research and Management Science ............................
ManMohan S. Sodhi, Christopher S. Tang
15.1 Introduction . ...............ouiiuiiiiiiiiiiiinnn
15.2 The OR/MS EcoSyStem . ..........couiiiieiiineinennnnenn..
153 Strengths . ...t
15.3.1 Problem Orientation ..................cciveunn....
15.3.2  Generality or Non-domain Specificity ................
15.3.3 Multidisciplinary Nature. . ..........................
15.3.4 Grounding in Mathematical Theory ..................
15.3.5 Ability to Add Value to Information Technology .......
154 Weaknesses .............. il
15.4.1 The Imbalance in OR/MS Journals ...................
15.4.2 UnclearIdentity . .............. .o iiiiiiinaaa...
15.4.3 Excessive Tools Orientation . . .......................
15.4.4 The Makeup of Professional Societies ................
15.5 Opportunities. ... ....cvuuue ittt
15.5.1 Improving Enterprise IT Applications ................
15.5.2 Extending Applications from One Industry to Another. . .
1553 New SeCtors .. ..ottt
15.5.4 New Computing Platforms . .........................
15.5.5 Globalization ........... ... ...
15.5.6 TheEnvironment................cc.ooiviiiiinnn...
15.5.7 AACSB’s Reversal Regarding the MBA Curriculum . . ..
156 Threats . . ...t e
15.6.1 Rapidly Disseminating OR/MS Tools . ................
15.6.2 Decreasing Native-Born Student Population in OR/MS . .
15.6.3 Dispersion of OR/MS Practitioners...................
15.6.4  Shaky Position in Business Schools ..................
15.6.5 Slow Growth in Visible Employment .................
15.7 What Academics, Practitioners, Universities, and Funding

Agencies Should Do. ... ... ... . .



