
Information Sharing 

in Supply Chains

Improving the Performance of Collaboration

by

Dr. Jason Shiu Kong Lau

ERICH SCHMIDT VERLAG



ISBN-13: 978 3 503 09727 2

ISSN: 1863-3390

All rights reserved
© Erich Schmidt Verlag GmbH & Co., Berlin 2007

www.ESV.info

This paper fulfi lls the requirements of the 
Frankfurter Forderungen of Die Deutsche Bibliothek 

and the Gesellschaft für das Buch concerning the paper permanence 
and meets the tight regulations of American National Standard 

Ansi/Niso Z 39.48-1992 as well as ISO 9706

Printing and Binding: Hubert & Co, Göttingen

Bibliographic information published by Die Deutsche Bibliothek

Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografi e; 
detailed bibliographic data are available in the Internet at http://dnb.ddb.de.

For further information concerning this title please follow this link: 

ESV.info/978 3 503 09727 2



VII

Table of Contents

List of Figures .................................................................................................... XI

List of Tables ...................................................................................................... XIII

Chapter 1 – Introduction ..................................................................................  1
1.1 Background ............................................................................................. 1
1.2 Research Objectives and Significance .................................................... 4

1.2.1 Levels of Information Sharing and Modeling of Supply
Chain Dynamics ....................................................................... 5

1.2.2 The Inventory Replenishment Problem ................................... 7
1.2.3 The Distributed Project Scheduling Problem .......................... 7
1.2.4 The Distributed Project Rescheduling Problem ...................... 9

1.3 The Research Framework ....................................................................... 10
1.4 Summary of Results ................................................................................ 12
1.5 Outline of the Dissertation ...................................................................... 13

Chapter 2 – Literature Review on Information Sharing in
Supply Chains ........................................................................................ 15

2.1 Introduction ............................................................................................. 15
2.2 Review Methodology .............................................................................. 15
2.3 Research Frontiers ................................................................................... 16

2.3.1 Supply Chain Structures .......................................................... 16
2.3.2 Level of Decisions ................................................................... 19
2.3.3 Production Information Model (PIM) ..................................... 22
2.3.3.1 Product Information ................................................................. 26
2.3.3.2 Process Information ................................................................. 26
2.3.3.3 Resource Information .............................................................. 28
2.3.3.4 Inventory Information .............................................................. 29
2.3.3.5 Order Information .................................................................... 29
2.3.3.6 Planning Information ............................................................... 30
2.3.4 Modes of Information Sharing ................................................ 31
2.3.5 Dynamics Index Model (DIM) of

Supply Chain Performance ...................................................... 34
2.3.6 Supply Chain Dynamics Modeling (SCD) .............................. 35
2.3.7 Impacts Analysis of Supply Chain Dynamic Performance ..... 39



Table of Contents

VIII

2.4 Chapter Summary ................................................................................... 40

Chapter 3 - Multi-agent based Modeling of Supply Chains ......................... 43
3.1 Definition of Agents ............................................................................... 43
3.2 Multi-agent Systems ................................................................................ 46

3.2.1 Design Issues of MAS ............................................................. 46
3.2.2 Advantages of MAS ................................................................ 49
3.2.3 Limitations of MAS ................................................................. 49

3.3 Multi-agent Systems and the Research Framework ............................... 50
3.2.1 Agent’s Attitude ....................................................................... 51
3.2.2 Application of MAS on the Research Problems ...................... 53

3.4 A Generic Agent-based Model of Supply Chains .................................. 54
3.4.1 The Generic Agent Model ....................................................... 55
3.4.2 Implementation of the Agent-based Models ........................... 56

3.5 Chapter Summary ................................................................................... 58

Chapter 4 – Inventory Replenishment in Distribution Supply Chains ........ 59
4.1 Introduction ............................................................................................. 59
4.2 The Agent-based Supply Chain Model ................................................... 61
4.3 Modes of Information sharing ................................................................ 65
4.4 Experimental Design and Simulation Results ........................................ 66
4.5 Data Analysis and Discussions ............................................................... 69

4.5.1 Factorial Impacts of PIM ......................................................... 69
4.5.2 Values of Information Sharing ................................................ 73
4.5.3 Impacts of Interactions between PIM and Sharing Modes ...... 74

4.6 Managerial Implications ......................................................................... 81
4.7 Chapter Summary .................................................................... 83

Chapter 5 – Distributed Project Scheduling in Supply Chains .................... 85
5.1 Introduction ............................................................................................. 85
5.2 Literature Review .................................................................................... 88
5.3 Problem Formulation .............................................................................. 92
5.4 Agent-Based Information Modelling for DPSP ...................................... 94

5.4.1 Project Agent’s Model ............................................................. 96
5.4.2 Contractor Agent’s Model ....................................................... 97

5.5 Modified Contract-Net Proctocol ........................................................... 98
5.5.1 Detailed Description of MNCP ............................................... 99
5.5.2 Comparison between MCNP and conventional CNP .............. 101

5.6 A Centralized Heuristic for SCSP ........................................................... 102
5.7 Computational Study .............................................................................. 105
5.8 Chapter Summary ................................................................................... 109



Table of Contents

IX

Chapter 6 – A Negotiation-based Algorithm for DPSP ................................. 111
6.1 Introduction ............................................................................................. 111

6.1.1 Overview of the Negotiation-based Algorithm ....................... 111
6.1.2 Schedule Flexibility Information ............................................. 113
6.1.3 Outline of the Negotiation Process .......................................... 114

6.2. Related Works ......................................................................................... 116
6.2.1 Lagrangian Relaxation ............................................................. 116
6.2.2 Market-based Approach ........................................................... 118
6.2.3 Techniques from Distributed Artificial Intelligence ............... 120

6.3 Agent’s Problem Modeling ..................................................................... 122
6.3.1 Project Agent’s and Contractor Agent’s Local Problems ....... 123
6.3.2 Schedule Flexibility Information ............................................. 124
6.3.2.1 PA’s Objective Function and Flexibility Costs ....................... 125
6.3.2.2 CA’s Objective Function and Flexibility Costs ....................... 129
6.3.3 Algorithms for PA’s and CA’s Local Problems ...................... 132
6.3.3.1 Local Search Heuristic for PASP ............................................ 132
6.3.3.2 Local Search Heuristic for CASP ............................................ 134
6.3.4 An Illustration of the Negotiation Process .............................. 135

6.4 The Negotiation-based Algorithm .......................................................... 141
6.4.1 The Negotiation Mechanism ................................................... 141
6.4.2 Details of the Negotiation-based Algorithm ............................ 144
6.4.2.1 CA’s Procedures ...................................................................... 145
6.4.2.2 PA’s Procedures ....................................................................... 148
6.4.2.3 Selection of a Final Schedule .................................................. 153

6.5 Computational Study .............................................................................. 155
6.5.1 Global Performance of NEG ................................................... 155
6.5.2 Improvement on Computational Efficiency of NEG ............... 161
6.5.3 Illustration of Schedule Selection ............................................ 167

6.6 Chapter Summary ................................................................................... 169

Chapter 7 – Distributed Project Rescheduling in Supply Chains ................ 171
7.1 Introduction ............................................................................................. 171

7.1.1 Centralized Approaches to Rescheduling ................................ 171
7.1.2 Distributed Approaches to Rescheduling ................................ 173

7.2 Problem Description and Formulation .................................................... 175
7.2.1 Formulation of the Distributed Project Rescheduling

Problem .................................................................................... 177
7.2.2 Disturbances in Supply Chains ................................................ 178

7.3 Rescheduling Methods ............................................................................ 181
7.3.1 Distributed Affected Operations Rescheduling ....................... 181
7.3.1.1 Initializing Phase ..................................................................... 181
7.3.1.2 Running Phase ......................................................................... 187



Table of Contents

X

7.3.1.3 Handling of a new project agent .............................................. 188
7.3.2 Negotiation-based Algorithm .................................................. 190
7.3.3 Total Rescheduling .................................................................. 190

7.4 Computational Study .............................................................................. 191
7.4.1 Factors (PIM) in the Experimental Study ................................ 192
7.4.2 Experimental Results ............................................................... 193
7.4.2.1 Arrival of New Projects ........................................................... 193
7.4.2.2 Resource Failure ...................................................................... 197
7.4.2.3 Increase of Operation’s Processing Time ................................ 201
7.4.3 Discussions .............................................................................. 206

7.5 Chapter Summary ................................................................................... 208

Chapter 8 – Conclusion .................................................................................... 211
8.1 Summary of Work ................................................................................... 212

8.1.1 Inventory Replenishment ......................................................... 212
8.1.2 Distributed Project Scheduling ................................................ 212
8.1.3 Distributed Project Rescheduling ............................................ 213
8.1.4 Comparison of MCNP, NEG, distAOR and CTR ................... 214
8.1.5 Implication on Inter-Organizational Information Systems ...... 215

8.2 Contributions ........................................................................................... 217
8.3 Possible Directions for Future Research ................................................. 220

8.3.1 The research framework .......................................................... 220
8.3.2 The supply chain problems ...................................................... 225

8.4 Chapter Summary ................................................................................... 228

Chapter 9 - Appendices .................................................................................... 229

Appendix A – Agent-based Model for Distribution Supply Chains ................... 235
Appendix B – Analysis of Modified Contract-net Protocol ............................... 229
Appendix C - Analysis of the Negotiation-based Algorithm .............................. 237
Appendix D – Analysis of distAOR ................................................................... 243

Chapter 10 – Bibliography ............................................................................... 251

Index .................................................................................................................. 263




