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Abstract

This thesis presents a number of algorithms for formingitoak among cooperative agents
in pragmatic domains where traditional cooperative gamerth solution concepts do not
apply due to bounded rationality of agents. While previouskwio coalition formation in
multi-agent systems research operated on relatively smatlber of agents, e.g. less than
30 agents, this work explores coalition formation among a@énts, this is due to limited
computational resources not the performance of the ouritigts. We explore a best-
first search centralized algorithm for optimal coalitiorustures which is based on a novel
idea of deciding what is the best coalition to put into caatitstructure being generated.
Empirical results show that the solution reaches optimajitickly and terminates quickly
in pragmatic domains. We further explore on optimal caaitstructures with distributed
algorithms in linear and non-linear domains. For the lird@mnains, we explore linear pro-
duction and integer programming. For the non-linear dosaia explore logistic providers.
Based on existing algorithms, we explore a novel environraéfarming coalitions in sup-
ply networks involving buyers, sellers and logistics pd®mrs agents. In this setting, buyers
form coalitions to increase their negotiation power whééles's and logistics providers form
coalitions to aggregate their supply power and optimize tiesources usage.



List of Publications

The material of this thesis is based on the following pulbioces:

1. Chattrakul Sombattheera, Aditya Ghose: A best-first amg/algorithm for computing
optimal coalition structures. AAMAS (3) 2008: 1425-1428

2. Chattrakul Sombattheera, Aditya Ghose: A Pruning-Basgamthm for Computing
Optimal Coalition Structures in Linear Production Domai@anadian Conference on
Al 2006: 13-24

3. Chattrakul Sombattheera, Aditya Ghose: A Distributedotitym for Coalition For-
mation in Linear Production Domain. ICEIS (2) 2006: 17-22

4. Chattrakul Sombattheera, Aditya Ghose: Supporting Dyon&upply Networks with
Agent-Based Coalitions. IEA/AIE 2006: 1127-1137

5. Chattrakul Sombattheera, Aditya K. Ghose: A Distributedridh-and-Bound Algo-
rithm for Computing Optimal Coalition Structures. SETN 20884-344

6. Chattrakul Sombattheera and Aditya Ghose: Agent-baselitiGosin Dynamic Sup-
ply Chains. the international conference 9th Pacific Asia €a@rfce on Information
Systems (PACIS 2005).

7. Chattrakul Sombattheera, Aditya Ghose, Peter Hyland: @&miéwork to Support
Coalition Formation in Supply Chain Collaboration. ICEB 2004 1

Vi



Acknowledgements

First and foremost, | thank my supervisors: Professor Ad@hose, who introduced me to
the area of coalition formation, guided me to produce moshyfpublications, etc. There
are too many to mention here and | just want to say that | owe digneat deal. Asso-
ciate Professor Peter Hyland, who brought me to do this PRABdhongong, supported me
throughout the difficult times, and most importantly, help ta reach the end of this thesis.

| also would like to thank, Dr. Richard Booth and Mr. Evan Moons who have been
very sincere and very helpful in proofreading most of theteonof this thesis. | thank my
old DSL colleagues, Chee Fon “Chief”, Peter Harvey, Duc, Ahdaad many others) who
helped train me via so many presentations. Of course, newbaesmof DSL colleagues,
George Koliadis and Evan, are very generous. | thank my Téiadl§ (as far as | can remem-
ber): Noi, Mam, Tip, P’ Suay, Savanid, etc. for their friehgtsand help.

| thank my bosses (Deans of Faculty of Informatics, Mahddaa University, Thai-
land): Associate Prof Wanchai Rievpaiboon, Assistant Beafe Sangkom Pumpan, Assis-
tant Professor Sujin Butdeesuwan and Associate Professat Péngsiri, for being support-
ive throughout my study leave. | thank my colleagues in Managnt Information System
Department, Ajarn Preecha, Ajarn Boy, Ajarn Chumsak, Ajarmilkon, for being support-
ive and taking care of my teaching during my absence.

To my family, | thank my father, Khun Por Prayoon Sombatthe®rho contributed his
saving to my education. It has always be emotional whenetl@nk about what it means
to him and to me. | owe him a lot. | thank my mother, Khun Mae RenS8ombattheera,
who has been the best of the best supporter throughout thydorgg journey. | can never
come this far without her support. My thanks go to my broth&iboonseth and Paripat
Sombattheera for their support throughout these years.

The last but not the least, | thank Dr. Sujanya Sombattheayacousin sister who
inspired me to come to Australia and helped me a lot durinditbehalf of my 12 years in
down under.

vii



Contents

Abstract

List of Publications

Acknowledgements

1

Introduction

1.1

Introduction . . . . . . ...

1.2 Background . . . . . ... e

1.3 Structure ofthethesis . . . . . . . . . . . . . . . ..

Background

2.1

2.2

2.3

2.4
2.5

Introduction to Coalition Formation . . . . . ... ... . ... .. ..

2.1.1
2.1.2
2.1.3

Cooperative Game Theory . . . .. .. .. ... ... ......
Example of Cooperative Game . . . . . .. ... .. ... ....
Solution Concepts in Cooperative Games . . . . ... ... ...

Coalition Formation in Multi-agent Systems . . . . . . . . .. ... ..

2.2.1
2.2.2
2.2.3
224
2.2.5

Impractical Issues in Cooperative Game Theory . . . . . . . .
Early Dynamic Coalition Formation . . . . . ... .. ... .. ..
Kernel in Multi-Agent Systems . . . . . . ... ... ... ....
Bounded Rational and Time-Constrained Coalition Foonati . .
Strategic Coalition Formation . . . . ... ... .. ... ....

Algorithms for Computing Optimal Coalition Structures . . . . . . ..

2.3.1
2.3.2

The Analysisofthe Problem . . . . . ... .. ... .......
Coalition Value Distribution . . . . .. ... .. ... .......

Previous Centralized Algorithms in Optimal Coalitionstures . . . . . .

Coalition Formation in Combinatorial Settings . . . . . . .. ... . ..

251

Linear Production Games . . . . . . . . . . . . ... .. ...

viii

Vi

vii



2.6 Coalition Formation in Supply Networks . . . . . . .. .. ... .. ..

2.6.1 CoalitionsofBuyers . . ... ... ... . ... ... . ... ... 32
2.6.2 Coalitionsof Buyersand Sellers . . . . . ... ... ........ 6 3
2.6.3 Coalitions of Logistics Providers . . . . . ... ... ... ... 37
2.7 Qualitative Coalition Formation . . . . . ... ... ... ....... 39
2.8 Other Coalition FormationWork . . . . . ... ... ... ... ..... 41
2.9 Motivation to the Thesis and Research Question . . . . .. ... ... 41
2.9.1 Motivation . . . . ... 41
29.2 ResearchQuestions. . . . . . . . . . .. ... ... 42
Computing Optimal Coalition Structures 45
3.1 Introduction . . . . . . . . . . 45
3.2 TheCHAIlgorithm . . . . . . . .. . . 46
3.21 MainFunction . . .. .. ... 49
3.2.2 WorkingFunctions . . . . . ... .. ... 51
3.2.3 Proof Completeness and Systematicity of the CH algorith . . . 54
3.2.4 Example of Coalition Structures Generation . . . . . . ...... . 57
3.2.5 Applying Branch and Bound Method . . . .. .. .. ... .... 58
3.2.6 Example of Applying Branchand Bound . . .. .. ... ... .. 59
3.3 ExperimentalResults . . . . . .. . ... ... . 9 5
3.3.1 EmpiricalResults . . . . . . ... 61
3.4 Conclusion . . .. ... 65
Computing OCS in Linear Production Domain 66
4.1 Introduction . . . . . . . . . e 66
4.2 Coalition in a Linear ProductionDomain . . . . . .. .. .. .. .... 67
4.3 Distributed Algorithm for Coalition Formation. . . . . . .... . ... .. 69
4.3.1 DeliberatingProcess . . . . . .. ... . .. ... 0o 69
4.3.2 Coalition Formation Algorithm . . . . . ... .. ... ... ... 47
4.3.3 Best Coalition and Coalition Structure Pattern . . . . . ...... . 77
4.3.4 Generating Coalition Structures . . . . . . ... ... ... ... 78
4.3.5 An Example of Generating Coalition Structure 78
4.4 EXperiments . . . . . . .. e e 80
441 Generating Coalitions . . . . . ... ... .. ... .. ... .. 80
4.4.2 Generating Optimal Coalition Structures. . . . . ... ...... . 82
4.5 Conclusion . . . .. 83



5 Non-Linear Optimal Coalition Structure

5.1 Introduction . . . . . . . . . .

5.2 Distributed Algorithm for Distributing Goods . . . . . . .... . . .. ..
5,21 Setting . ... .. . ...
5.2.2 MainAlgorithm . . . ... ... ... ... .. ...
5.2.3 Algorithm to Deliberate Task-Plan . . . . . . .. ... .. ...
5.2.4 Algorithm to Deliberate Task-Agent . . . . . . . ... ... ..
5.2.5 Algorithm to Choose the Best Assignment. . . . . . ... ...

53 Example . . . . . . e e
5.3.1 Combinations of Tasks, Plans, Execution and AccessCast . .
5.3.2 ExampleofRun . .. ... .. ... ... ... ...

5.4 EXperiments . . . . . . . ..

55 Conclusion . . . . . ..

6 Coalition Formation in Dynamic Supply Networks

6.1 Introduction . . . . . . . . . ...

6.2 Coalitions in Dynamic Supply Networks . . . . . . .. ... ... ...

6.3 Coalition Formation . . . . . . . . . ... .
6.3.1 Setting . ... ... ... e
6.3.2 Forming Primary Coalitions . . . . . ... ... .. .......
6.3.3 Secondary Coalitions . . . . . ... ... ... .. ... .....
6.3.4 Decision Mechanism . . . .. ... .. ... ... . .......

6.3.5 Algorithm . . . . . . ... . ..

6.4 EXperiments . . . . . . . . . . .
6.5 Conclusion . . . . . . . ..

7 Conclusion and Future Work
7.1 Introduction . . . . . . .. e
7.2 Contribution . . . . . ...
7.3 Significance ofthe Research . . . . . ... ... ... ... ......
7.4 Limitations . . . . . . . ...
7.5 Futuredirections . . . . . ... e
7.6 Conclusion . . .. . ... e

Bibliography



List of Tables

2.1 Search Space in Coalition Structure whebg™is the number of coalition

4.1

structures, “Largest;” is the largest layet, “S(n,:)” is the number olC'S
in that layer:, “# of Config.” is the number of configuration, “Conf Max”
Is the configuration which has the largest numbe€'éfs, “CS Max” is the
number ofCSsin“ConfMax”. . . . .. ... ... ... . ........

This table compares the average deliberation time df agent using our
algorithm against exhaustive search. Our algorithm ofmpeis exhaustive
search after the number of agents exceeds 35 (exhaustwadtitavailable—

Xi



List of Figures

2.1
2.2
2.3

3.1

3.2

3.3

3.4

ConfigurationBounds . . . . . . . . . . . ... ... 24
Search Direction in Divided Search Space . . . . .. ... ... .... 27
ConfigurationBounds . . . . . . . . . . ... 28

Data Structure Coalitions are stored in 2-dimension ar@yAvailable can-

didate coalitions for all layers are kept tracks by 2-dimensrray5. The

CS being constructed is kept in 1-dimension a8y The remaining agents,
which can be candidates for the best coalition at the prdagat/ of CS,

are kept track by 1-dimensionarr®. . . . . ... ... ... ... .... 48
Generating Coalition Structure Coalitions are stored in array, where

rows represent the position of the coalitions in each catiyn represented

by column. Candidate coalitions for each layer C'S are stored in arraj3,

whose rows represent the layer@$ and columns represent the cardinality.
Attached to the left of the array are two additional columiibe first one
indicates the execution round, while the second one reptetee respective

layer of CS. The coalition structure is stored in one dimensional afi8y

As it appeared here, multiple rows are the current statéSowith respect

to the corresponding execution round appears.irRemaining agents are
stored in arrayR. Each row represents remaining agents after a candidate
coalition has been chosen f66 in the same execution round in the corre-
spondingrowsoBandCS. . . .. . ... ... e 56
Empirical Results on STD Distribution The graphs show convergence and
termination times of Algorithm CH against that of algorithm RNSTDF1,
STDF5 and STDF10 distributions. . . . . . .. .. ... ... ....... 16
Empirical Results on IND Distribution The graphs show convergence and
termination times of Algorithm CH against that of algorithm RNINDF1,

INDF5 and INDF10 distributions. . . . . . .. ... ... ......... 26

Xii



3.5

3.6

3.7

3.8

4.1

4.2

5.1

5.2

5.3

6.1

Empirical Results on DCD Distribution The graphs show convergence and
termination times of Algorithm CH against that of algorithm RNDCDF1,
DCDF5 and DCDF10 distributions. . . . . . . .. ... ... .......
Empirical Results on CCD Distribution The graphs show convergence and
termination times of Algorithm CH against that of algorithm RNCCDF1,
CCDF5 and CCDF10 distributions. . . . . . . . .. ... ... .......
Empirical Results on CVD Distribution The graphs show convergence and
termination times of Algorithm CH against that of algorithm RNCVDF1,
CVDF5 and CVDF10distributions. . . . . . .. .. ... ... .. ....
Empirical Results on RDD, NMD and UNI Distribution The graphs show
convergence and termination times of Algorithm CH againat tif algo-
Athm RN, . .

Ranking AgentsAgents are ranked by their potential profit per each resource

ofagood. . . . . ...
Empirical Results This graph shows the number of coalition structures gen-
erated and elapsed time for generating the optimal coal#iuctures of our

62

63

70

algorithm against those of exhaustive search. . . . . . ... ... ... 83

Empirical Results NLRP-NLRP The graphs show reduced cost in raw fig-
ure and percentage achieved from the seven time allocataegies as per
elapsedtime. . . . . . . ...
Empirical Results NLRP-NLDL The graphs show reduced cost in raw fig-
ure and percentage achieved from the seven time allocatategies as per
elapsedtime. . . . . . . . ..
Empirical Results NLDL-NLRP The graphs show reduced cost in raw fig-
ure and percentage achieved from the seven time allocdtategies as per
elapsedtime. . . . . . . . ...

Empirical Results of V(CS) against FEV(CS)The graphs show conver-
gence versus termination time, and V(CS) versus FEV(CS) oV{gS)-

106

107

107

Oriented versus FEV(CS)-Oriented search. . . .. ... .. ... ...125

Xiii



	Advances in practical optimal coalition structure algorithms
	Recommended Citation

	Copyright warning

	Title page

	Dedication

	Declaration

	Abstract

	List of publication

	Acknowledgements

	Contents

	List of tables 
	List of figures


