
Econophysics and Sociophysics

Trends and Perspectives

Edited by 
Bikas K. Chakrabarti, Anirban Chakraborti, and 
Arnab Chatterjee

WILEY-VCH Verlag GmbH & Co. KGaA 


Innodata
File Attachment
9783527609581.jpg





Econophysics and Sociophysics 

Edited by 
Bikas K. Chakrabarti, Anirban Chakraborti, 
and Arnab Chatterjee



Related Titles 

Ashenfelter, O., Levine, P.B., Zimmermann, D.J. 

Statistics and Econometrics:  
Methods and Applications 
320 pages 
2006
Softcover
ISBN 0-470-00945-4

Koop, G. 

Analysis of Economic Data
224 pages 
2004
Softcover
ISBN 0-470-02468-2

DeGroot, M. H. 

Optimal Statistical Decisions
WCL Edition
489 pages 
2004
Softcover
ISBN 0-471-68029-X



Econophysics and Sociophysics

Trends and Perspectives

Edited by 
Bikas K. Chakrabarti, Anirban Chakraborti, and 
Arnab Chatterjee

WILEY-VCH Verlag GmbH & Co. KGaA 



The Editors

Bikas K. Chakrabarti 
Theoretical Condensed Matter Physics Division/ 
Centre for Applied Mathematics and 
Computational Science 
Saha Institute of Nuclear Physics 
1/AF Bidhannagar, Kolkata 700 064 
India 
bikask.chakrabarti@saha.ac.in 

Anirban Chakraborti 
Department of Physics 
Banaras Hindu University 
Varanasi 221 005 
India 
achakraborti@yahoo.com 

Arnab Chatterjee 
Theoretical Condensed Matter Physics Division/ 
Centre for Applied Mathematics and 
Computational Science 
Saha Institute of Nuclear Physics 
1/AF Bidhannagar, Kolkata 700 064 
India 
arnab.chatterjee@saha.ac.in 

Cover 
Simulation of pedestrian streams in the city center 
of Dresden, Germany (Copyright by
Landeshauptstadt Dresden, Städtisches 
Vermessungsamt, Dresden, Germany). 

All books published by Wiley-VCH are carefully 
produced. Nevertheless, authors, editors, and 
publisher do not warrant the information 
contained in these books, including this book, to 
be free of errors. Readers are advised to keep in 
mind that statements, data, illustrations, 
procedural details or other items may 
inadvertently be inaccurate. 

Library of Congress Card No.:
applied for 

British Library Cataloguing-in-Publication 
Data 
A catalogue record for this book is available from 
the British Library. 

Bibliographic information published by 
the Deutsche Nationalbibliothek 
The Deutsche Nationalbibliothek lists this 
publication in the Deutsche Nationalbibliografie; 
detailed  bibliographic data is available in the 
Internet at <http://dnb.ddb.de>. 

Printing  Strauss GmbH, Mörlenbach 

Binding  Littges & Dopf Buchbinderei GmbH, 
Heppenheim 

 2006 WILEY-VCH Verlag GmbH & Co. KGaA, 
Weinheim 

All rights reserved (including those of translation 
into other languages). No part of this book may be 
reproduced in any form – by photoprinting, 
microfilm, or any other means – nor transmitted or 
translated into a machine language without 
written permission from the publishers. 
Registered names, trademarks, etc. used in this 
book, even when not specifically marked as such, 
are not to be considered unprotected by law. 

Printed in the Federal Republic of Germany 
Printed on acid-free paper 

ISBN-13:   978-3-527-40670-8 

ISBN-10:   3-527-40670-0 



V

Contents

Preface XIX

List of Contributors XXIII

1 A Thermodynamic Formulation of Economics 1
Juergen Mimkes

1.1 Introduction 1
1.2 Differential Forms 2
1.2.1 Exact Differential Forms 2
1.2.2 Not Exact Differential Forms 3
1.2.3 The Integrating Factor 4
1.2.4 The First and Second Law of Differential Forms 5
1.2.5 Not Exact Differential Forms in Thermodynamics and

Economics 5
1.3 The First Law of Economics 6
1.3.1 The First Law: Capital Balance of Production 6
1.3.2 Work (W) 7
1.3.3 Surplus (ΔQ) 7
1.3.4 Capital (E) 8
1.4 The Second Law of Economics 8
1.4.1 The Second Law: Existence of a System Function (S) 8
1.4.2 The Integrating Factor (T) 8
1.4.3 Entropy and Production Function (S) 9
1.4.4 Pressure and Personal Freedom 9
1.4.5 The Exact Differential (dS(T, V)) 9
1.4.6 The Maxwell Relation 10
1.4.7 Lagrange Function 10
1.5 Statistics 11
1.5.1 Combinations 11
1.5.2 Normal Distribution 11



VI Contents

1.5.3 Polynomial Distribution 11
1.5.4 Lagrange Function in Stochastic Systems 12
1.5.5 Boltzmann Distribution 13
1.6 Entropy in Economics 16
1.6.1 Entropy as a Production Function 16
1.6.2 Entropy of Commodity Distribution 17
1.6.3 Entropy of Capital Distribution 19
1.6.4 Entropy of Production 20
1.6.5 Summary of Entropy 21
1.7 Mechanism of Production and Trade 21
1.7.1 The Carnot Process 21
1.7.2 The Origin of Growth and Wealth 23
1.7.3 World Trade Mechanism 25
1.7.4 Returns 26
1.8 Dynamics of Production: Economic Growth 27
1.8.1 Two Interdependent Systems: Industry and Households 27
1.8.2 Linear and Exponential Growth (0 < p < 0.5) 28
1.8.3 Trailing Economies: USA and Japan (0.5 < p < 1) 29
1.8.4 Converging Economies, West and East Germany (p > 1) 29
1.9 Conclusion 29

References 33

2 Zero-intelligence Models of Limit-order Markets 35
Robin Stinchcombe

2.1 Introduction 35
2.2 Possible Zero-intelligence Models 39
2.3 Data Analysis and Empirical Facts Regarding Statics 41
2.4 Dynamics: Processes, Rates, and Relationships 45
2.5 Resulting Model 49
2.6 Results from the Model 50
2.7 Analytic Studies: Introduction and Mean-field Approach 51
2.8 Random-walk Analyses 54
2.9 Independent Interval Approximation 59
2.10 Concluding Discussion 60

References 62

3 Understanding and Managing the Future Evolution of a Competitive
Multi-agent Population 65
David M.D. Smith and Neil F. Johnson

3.1 Introduction 65
3.2 A Game of Two Dice 67
3.3 Formal Description of the System’s Evolution 77



Contents VII

3.4 Binary Agent Resource System 81
3.5 Natural Evolution: No System Management 83
3.6 Evolution Management via Perturbations to Population’s

Composition 87
3.7 Reducing the Future–Cast Formalism 91
3.8 Concluding Remarks and Discussion 95

References 97

4 Growth of Firms and Networks 99
Yoshi Fujiwara, Hideaki Aoyama, and Wataru Souma

4.1 Introduction 99
4.2 Growth of Firms 101
4.2.1 Dataset of European Firms 101
4.2.2 Pareto–Zipf’s Law for Distribution 103
4.2.3 Gibrat’s Law for Growth 103
4.2.4 Detailed Balance 105
4.3 Pareto–Zipf and Gibrat under Detailed Balance 107
4.3.1 Kinematics 108
4.3.2 Growth of Firms and Universality of Zipf’s Law 109
4.4 Small and Mid-sized Firms 113
4.4.1 Data for Small and Mid-sized Firms 113
4.4.2 Growth and Fluctuations 114
4.5 Network of Firms 117
4.5.1 Shareholding Networks 117
4.5.1.1 Degree Distribution 117
4.5.1.2 Correlation Between Degree and a Firm’s Growth 119
4.5.1.3 Simple Model of Shareholding Network 120
4.5.2 Business Networks 122
4.5.2.1 Bankruptcy of Firms 122
4.5.2.2 Distribution of Debt 123
4.5.2.3 Lifetime of Bankrupted Firms 124
4.5.2.4 Chain of Bankruptcy and Business Network 125
4.6 Conclusion 127

References 128

5 A Review of Empirical Studies and Models of Income Distributions
in Society 131
Peter Richmond, Stefan Hutzler, Ricardo Coelho, and Przemek
Repetowicz

5.1 Introduction 131
5.2 Pareto and Early Models of Wealth Distribution 132
5.2.1 Pareto’s Law 132



VIII Contents

5.2.2 Pareto’s View of Society 135
5.2.3 Gibrat and Rules of Proportionate Growth 137
5.2.4 The Stochastic Model of Champernowne 138
5.2.5 Mandelbrot’s Weighted Mixtures and Maximum Choice 139
5.3 Current Studies 140
5.3.1 Generalized Lotka–Volterra Model 141
5.3.2 Family Network Model 143
5.3.3 Collision Models 145
5.4 A Case Study of UK Income Data 148
5.5 Conclusions 157

References 158

6 Models of Wealth Distributions – A Perspective 161
Abhijit Kar Gupta

6.1 Introduction 161
6.2 Pure Gambling 164
6.3 Uniform Saving Propensity 166
6.4 Distributed Saving Propensity 169
6.4.1 Power Law from Mean-field Analysis 171
6.4.2 Power Law from Reduced Situation 172
6.5 Understanding by Means of the Transition Matrix 173
6.5.1 Distributions from the Generic Situation 177
6.6 Role of Selective Interaction 180
6.7 Measure of Inequality 183
6.8 Distribution by Maximizing Inequality 185
6.9 Confusions and Conclusions 187

References 189

7 The Contribution of Money-transfer Models to Economics 191
Yougui Wang, Ning Xi, and Ning Ding

7.1 Introduction 191
7.2 Understanding Monetary Circulation 194
7.2.1 Velocity of Money Circulation and its Determinants 194
7.2.2 Holding Time versus Velocity of Money 196
7.2.2.1 From Holding Time to Velocity of Money 196
7.2.2.2 Calculation of Average Holding Time 198
7.2.3 Keynesian Multiplier versus Velocity of Money 199
7.3 Inspecting Money Creation and its Impacts 201
7.3.1 Money Creation and Monetary Aggregate 202
7.3.1.1 A Simplified Multiplier Model 202
7.3.1.2 A Modified Money-transfer Model 203
7.3.2 Money Creation and Velocity of Money 205



Contents IX

7.3.2.1 Velocity of Narrow Money 205
7.3.2.2 Velocity of Broad Money 208
7.4 Refining Economic Mobility 210
7.4.1 Concept and Index of Measurement 211
7.4.2 Mobility in a Money-transfer Model 212
7.4.3 Modification in the Measurement Index 214
7.5 Summary 216

References 216

8 Fluctuations in Foreign Exchange markets 219
Yukihiro Aiba and Naomichi Hatano

8.1 Introduction 219
8.2 Modeling Financial Fluctuations with Concepts of Statistical

Physics 220
8.2.1 Sznajd Model 220
8.2.2 Sato and Takayasu’s Dealer Model 222
8.3 Triangular Arbitrage as an Interaction among Foreign Exchange

Rates 225
8.4 A Macroscopic Model of a Triangular Arbitrage Transaction 228
8.4.1 Basic Time Evolution 230
8.4.2 Estimation of Parameters 231
8.5 A Microscopic Model of Triangular Arbitrage Transaction 236
8.5.1 Microscopic Model of Triangular Arbitrage: Two Interacting ST

Models 237
8.5.2 The Microscopic Parameters and the Macroscopic Spring

Constant 240
8.6 Summary 246

References 246

9 Econophysics of Stock and Foreign Currency Exchange
Markets 249
Marcel Ausloos

9.1 A Few Robust Techniques 251
9.1.1 Detrended Fluctuation Analysis Technique 251
9.1.2 Zipf Analysis Technique 254
9.1.3 Other Techniques for Searching for Correlations in Financial

Indices 255
9.2 Statistical, Phenomenological and “Microscopic” Models 258
9.2.1 ARCH, GARCH, EGARCH, IGARCH, FIGARCH Models 259
9.2.2 Distribution of Returns 260
9.2.3 Crashes 265
9.2.4 Crash Models 267



X Contents

9.2.5 The Maslov Model 268
9.2.6 The Sandpile Model 268
9.2.7 Percolation Models 269
9.2.8 The Cont–Bouchaud model 270
9.2.9 Crash Precursor Patterns 272
9.3 The Lux–Marchesi Model 274
9.3.1 The Spin Models 275

References 276

10 A Thermodynamic Formulation of Social Science 279
Juergen Mimkes

10.1 Introduction 279
10.2 Probability 280
10.2.1 Normal Distribution 280
10.2.2 Constraints 281
10.2.3 Probability with Constraints (Lagrange Principle) 282
10.3 Elements of Societies 283
10.3.1 Agents 284
10.3.2 Groups 284
10.3.3 Interactions 286
10.3.4 Classes 287
10.3.5 States: Collective vs Individual 289
10.4 Homogenious Societies 291
10.4.1 The Three States of Homogeneous Societies 291
10.4.1.1 Atomic Systems: H2O 291
10.4.1.2 Social Systems: Guided Tours 292
10.4.1.3 Economic Systems: Companies 292
10.4.1.4 Political Systems: Countries 293
10.4.2 Change of State, Crisis, Revolution 294
10.4.3 Hierarchy, Democracy and Fertility 294
10.5 Heterogeneous Societies 296
10.5.1 The Six States of Binary Societies 296
10.5.2 Partnership 298
10.5.3 Integration 299
10.5.4 Segregation 300
10.6 Dynamics of Societies 301
10.6.1 Hierarchy and Opinion Formation 301
10.6.2 Simulation of Segregation 304
10.6.2.1 Phase Diagrams 304
10.6.2.2 Intermarriage 305
10.6.3 Simulation of Aggression 307
10.7 Conclusion 308

References 309



Contents XI

11 Computer Simulation of Language Competition by Physicists 311
Christian Schulze and Dietrich Stauffer

11.1 Introduction 311
11.2 Differential Equations 312
11.3 Microscopic Models 320
11.3.1 Few Languages 320
11.3.2 Many Languages 321
11.3.2.1 Colonization 321
11.3.2.2 Bit-string Model 323
11.4 Conclusion 329
11.5 Appendix 331
11.5.1 Viviane Colonization Model 331
11.5.2 Our Bit-string Model 331

References 337

12 Social Opinion Dynamics 339
Gérard Weisbuch

12.1 Introduction 339
12.2 Binary Opinions 341
12.2.1 Full Mixing 342
12.2.2 Lattices as Surrogate Social Nets 343
12.2.3 Cellular Automata 344
12.2.3.1 Growth 344
12.2.4 INCA 346
12.2.5 Probabilistic Dynamics 348
12.2.6 Group Processes 349
12.3 Continuous Opinion Dynamics 349
12.3.1 The Basic Case: Complete Mixing and one Fixed Threshold 350
12.3.2 Social Networks 352
12.3.3 Extremism 354
12.4 Diffusion of Culture 357
12.4.1 Binary Traits 357
12.4.2 Results 358
12.4.3 Axelrod Model of Cultural Diffusion 359
12.5 Conclusions 360
12.5.1 Range and Limits of Opinion Dynamics Models 360
12.5.2 How to Convince 360
12.5.3 How to Make Business 361
12.5.4 Final Conclusions 364

References 364



XII Contents

13 Opinion Dynamics, Minority Spreading and Heterogeneous
Beliefs 367
Serge Galam

13.1 The Interplay of Rational Choices and Beliefs 367
13.2 Rumors and Collective Opinions in a Perfect World 370
13.3 Arguing by Groups of Size Three 372
13.4 Arguing by Groups of Size Four 372
13.5 Contradictory Public Opinions in Similar Areas 375
13.6 Segregation, Democratic Extremism and Coexistence 378
13.7 Arguing in Groups of Various Sizes 381
13.8 The Model is Capable of Predictions 388
13.9 Sociophysics is a Promising Field 390

References 391

14 Global Terrorism versus Social Permeability to Underground
Activities 393
Serge Galam

14.1 Terrorism and Social Permeability 394
14.2 A Short Introduction to Percolation 395
14.3 Modeling a Complex Problem as Physicists do 396
14.4 The World Social Grid 398
14.5 Passive Supporters and Open Spaces to Terrorists 400
14.6 The Geometry of Terrorism is Volatile 404
14.7 From the Model to Some Real Facts of Terrorism 406
14.8 When Regional Terrorism Turns Global 409
14.9 The Situation Seems Hopeless 412
14.10 Reversing the Strategy from Military to Political 413
14.11 Conclusion and Some Hints for the Future 415

References 416

15 How a “Hit” is Born: The Emergence of Popularity from the
Dynamics of Collective Choice 417
Sitabhra Sinha and Raj Kumar Pan

15.1 Introduction 417
15.2 Empirical Popularity Distributions 419
15.2.1 Examples 421
15.2.1.1 City Size 421
15.2.1.2 Company Size 422
15.2.1.3 Scientists and Scientific Papers 422
15.2.1.4 Newspaper and Magazines 424
15.2.1.5 Movies 424
15.2.1.6 Websites and Blogs 428



Contents XIII

15.2.1.7 File Downloads 430
15.2.1.8 Groups 431
15.2.1.9 Elections 431
15.2.1.10 Books 434
15.2.1.11 Language 435
15.2.2 Time-evolution of Popularity 436
15.2.3 Discussion 437
15.3 Models of Popularity Distribution 438
15.3.1 A Model for Bimodal Distribution of Collective Choice 440
15.4 Conclusions 444

References 446

16 Crowd Dynamics 449
Anders Johansson and Dirk Helbing

16.1 Pedestrian Modeling: A Survey 449
16.1.1 State-of-the-art of Pedestrian Modeling 450
16.1.1.1 Social-force Model 450
16.1.1.2 Cellular Automata Models 451
16.1.1.3 Fluid-dynamic Models 451
16.1.1.4 Queueing Models 451
16.1.1.5 Calibration and Validation 451
16.2 Self-organization 452
16.2.1 Lane Formation 453
16.2.2 Strip Formation 454
16.2.3 Turbulent and Stop-and-go Waves 455
16.3 Other Collective Crowd Phenomena 456
16.3.1 Herding 456
16.3.2 Synchronization 456
16.3.3 Traffic Organization in Ants 457
16.3.4 Pedestrian Trail Formation 457
16.4 Bottlenecks 458
16.4.1 Uni-directional Bottleneck Flows 458
16.4.1.1 Analytical Treatment of Evacuation Through an Exit 459
16.4.1.2 Intermittent Flows and Faster-is-slower Effect 461
16.4.1.3 Quantifying the Obstruction Effect 461
16.4.2 Bi-directional Bottleneck Flows 463
16.5 Optimization 463
16.5.1 Pedestrian Flow Optimization with a Genetic Algorithm 463
16.5.1.1 Boolean Grid Representation 464
16.5.1.2 Results 466
16.5.2 Optimization of Parameter Values 467
16.6 Summary and Selected Applications 470

References 471



XIV Contents

17 Complexities of Social Networks: A Physicist’s Perspective 473
Parongama Sen

17.1 Introduction 473
17.2 The Beginning: Milgram’s Experiments 474
17.3 Topological Properties of Networks 474
17.4 Some Prototypes of Small-world Networks 477
17.4.1 Watts and Strogatz (WS) Network 478
17.4.2 Networks with Small-world and Scale-free Properties 478
17.4.3 Euclidean and Time-dependent Networks 479
17.5 Social Networks: Classification and Examples 479
17.6 Distinctive Features of Social Networks 481
17.7 Community Structure in Social Networks 482
17.7.1 Detecting Communities: Basic Methods 483
17.7.1.1 Agglomerative and Divisive Methods 483
17.7.1.2 A Measure of the Community Structure Identification 483
17.7.2 Some Novel Community Detection Algorithms 485
17.7.2.1 Optimization Methods 486
17.7.2.2 Spectral Methods 487
17.7.2.3 Methods Based on Dissimilarity 488
17.7.2.4 Another Local Method 489
17.7.3 Community-detection Methods Based on Physics 489
17.7.3.1 Network as an Electric Circuit 489
17.7.3.2 Application of Potts and Ising Models 490
17.7.4 Overlap of Communities and a Network at a Higher Level 491
17.7.4.1 Preferential Attachment of Communities 493
17.8 Models of Social Networks 493
17.8.1 Static Models 493
17.8.2 Dynamical Models 496
17.9 Is it Really a Small World? Searching: Post Milgram 498
17.9.1 Searching in Small-world Networks 498
17.9.2 Searching in Scale-free Graphs 499
17.9.3 Search in a Social Network 499
17.9.4 Experimental Studies of Searching 500
17.10 Endnote 501
17.11 Appendix: The Indian Railways Network 502

References 502

18 Emergence of Memory in Networks of Nonlinear Units: From
Neurons to Plant Cells 507
Jun-ichi Inoue

18.1 Introduction 507
18.2 Neural Networks 508



Contents XV

18.2.1 The Model System 509
18.2.2 Equations of States 510
18.2.2.1 p = 1 Case 510
18.2.2.2 Entropy of the System 512
18.2.2.3 Internal Energy Density 513
18.2.2.4 Compressibility 513
18.2.2.5 Overlap at the Ground State for μ = 0 514
18.2.3 Replica Symmetric Calculations for the Case of Extensive

Patterns 514
18.2.4 Evaluation of the Saddle Point 517
18.2.5 Phase Diagrams 518
18.2.5.1 Para-spin-glass Phase Boundary 519
18.2.5.2 Critical Chemical Potential μc at T = 0 520
18.2.5.3 Saddle-point Equations for μ < μc at T = 0 520
18.2.6 Entropy of the System 521
18.2.6.1 High-temperature Limit 522
18.2.6.2 At the Ground State 522
18.2.7 Internal Energy 523
18.2.8 The Compressibility 524
18.3 Summary: Neural Networks 525
18.4 Plant Intelligence: Brief Introduction 525
18.5 The I–V Characteristics of Cell Membranes 526
18.6 A Solvable Plant-intelligence Model and its Replica Analysis 527
18.6.1 Replica Symmetric Solution 527
18.6.2 Phase Diagrams 528
18.6.2.1 Saddle-point Equations 529
18.6.2.2 T = 0 Noiseless Limit 529
18.6.2.3 Spin-glass Para-phase Boundary 529
18.6.3 Phase Diagrams for T �= 0 530
18.6.4 Negative λ case 530
18.7 Summary and Discussion 531

References 533

19 Self-organization Principles in Supply Networks and Production
Systems 535
Dirk Helbing, Thomas Seidel, Stefan Lämmer, and Karsten Peters

19.1 Introduction 535
19.2 Complex Dynamics and Chaos 537
19.3 The Slower-is-faster Effect 539
19.3.1 Observations in Traffic Systems 541
19.3.1.1 Panicking Pedestrians 541
19.3.1.2 Freeway Traffic 541



XVI Contents

19.3.1.3 Intersecting Vehicle and Pedestrian Streams 543
19.3.2 Relevance to Production and Logistics 545
19.3.2.1 Semi-conductor Chip Manufacturing 545
19.3.2.2 Container Terminals 545
19.3.2.3 Packaging and Other Industries 547
19.4 Adaptive Control 550
19.4.1 Traffic Equations for Production Systems 550
19.4.2 Re-routing Strategies and Machine Utilization 552
19.4.3 Self-organized Scheduling 554
19.5 Summary and Outlook 557

References 558

20 Can we Recognize an Innovation?: Perspective from an Evolving
Network Model 561
Sanjay Jain and Sandeep Krishna

20.1 Introduction 561
20.2 A Framework for Modeling Innovation: Graph Theory and

Dynamical Systems 563
20.3 Definition of the Model System 564
20.4 Time Evolution of the System 566
20.5 Innovation 567
20.6 Six Categories of Innovation 572
20.6.1 A Short-lived Innovation: Uncaring and Unviable Winners 572
20.6.2 Birth of an Organization: Cooperation Begets Stability 573
20.6.3 Expansion of the Organization at its Periphery: Incremental

Innovations 575
20.6.4 Growth of the Core of the Organization: Parasites Become

Symbionts 575
20.6.5 Core-shift 1: Takeover by a New Competitor 576
20.6.6 Core-shift 2: Takeover by a Dormant Innovation 578
20.7 Recognizing Innovations: A Structural Classification 578
20.8 Some Possible General Lessons 581
20.9 Discussion 583
20.10 Appendix A: Definitions and Proofs 584
20.10.1 Derivation of Eq. (20.1) 584
20.10.2 The Attractor of Eq. (20.1) 585
20.10.3 The Attractor of Eq. (20.1) when there are no Cycles 585
20.10.4 Graph-theoretic Properties of ACSs 585
20.10.5 Dominant ACS of a Graph 586
20.10.6 Time Scales for Appearance and Growth of the Dominant

ACS 587
20.11 Appendix B: Graph-theoretic Classification of Innovations 587

References 590



Contents XVII

Color Plates 593

Subject Index 607

Author Index 613





XIX

Preface

In a proverbial Indian story (Buddhist Udana 68–69), a few blind people
touched different parts of an elephant: the trunk, tusk, leg, tail, etc., and in-
terpreted them as different animate/inanimate objects following their own
perceptions, ideas or experiences. We, the scientists: physicists, biologists,
economists or sociologists, all tend to do the same. In all its manifestations,
inanimate, biological or sociological, nature does perhaps employ the same
elegant code, like the genetic code of the elephant, but suppressed partially
and expressed differently for various parts of its body. We perceive them
differently, depending on our training and background. Nature hardly cares
whether our views are physical, biological, or sociological. The complexity
studies aim to capture these universal codes, manifested differently in differ-
ent parts of the same body of natural phenomena.

This grand unification search is at a very inspiring stage today and this book
reports on a part of these interdisciplinary studies, developed over the last
ten to fifteen years and classified mainly under the headings econophysics or
sociophysics. It was not the success of the studies that motivated us to collect
the authentic reviews on intriguing developments in this volume; but it was
rather the promise and novelty of this research which has been our guide in
selecting them.

The contents of this book may be divided into two parts. The first nine chap-
ters can be broadly categorized as econophysics and the rest as sociophysics,
although there are obvious overlaps between the two.

In the first chapter, J. Mimkes shows how exact differentials can be formed
out of inexact ones, and then identifies and exploits the correspondences be-
tween such functions in thermodynamics and in economics. In the next chap-
ter, R. Stinchcombe shows how limit-order financial markets can be faithfully
modeled as nonequilibrium collective systems of “particles” (orders) deposit-
ing, evaporating, or annihilating, at rates determined by the price and market
condition. After establishing a general “complex adaptive” framework, start-
ing from simple games and well-known limiting cases, like minority games,
D. M. D. Smith and N. F. Johnson show how “general managers” could be



XX Preface

designed for the evolution of competitive multi-agent populations. In the fol-
lowing chapter, Y. Fujiwara et al. analyzed exhaustively the data for firm sizes
and their growths in Europe and Japan, establishing the power-law regimes
and the conditions for detailed balance in their growth dynamics. In the next
chapter P. Richmond et al. briefly review the wealth/income distributions in
various societies, and describe some of the successful statistical physics mod-
els, and the asset exchange model with random savings, in particular, to cap-
ture such intriguing distribution forms. In the next chapter, A. Kar Gupta
concentrates on one class of such (random asset exchange) models, studying
them using a transition-matrix approach, and identifies some correspondence
in formalism with one-dimensional diffusion and aggregation of particles. Y.
Wang et al. then discuss how such asset exchange models can be used to fig-
ure out the monetary circulation process and to improve the measurement
of economic mobility. The mechanical modeling of the triangular arbitrage
advantages in the foreign exchange market is described next by Y. Aiba and
N. Hatano. M. Ausloos in the next chapter, describes the general features of
the fluctuations in the stock and foreign exchange markets, emphasizing mea-
suring techniques and subsequent statistical and microscopic-like models; in-
cluding also the specificity of crash patterns.

In the tenth chapter, J. Mimkes extends the thermodynamical correspon-
dence of free energy minimization to the corresponding optimization of “hap-
piness” in society. C. Schulze and D. Stauffer next discuss the intriguing prob-
lem of growth and decay (due to competition and/or regional/global domi-
nance) of languages and computer simulation models for such dynamics. In
the following chapter, G. Weisbuch reviews the evolutionary dynamics of col-
lective social opinions using cellular automata and percolation models. S.
Galam, in the next chapter, describes how spread and decay of conflicting
public opinion can be modeled using statistical physics. Next, he argues how
social percolation of an extreme opinion (say, of terrorism) occurs, and iden-
tifies the global spread/percolation of such terrorism with the event of the
September 11, 2001 attack on the USA. S. Sinha and R. K. Pan, in the next
chapter, identify some robust features (e.g., log-normal form and bimodality)
in the distribution and growth of popularity in several social phenomena, such
as movies, elections, blogs, languages, etc. and describes how some agent-
based models can capture these features. In chapter sixteen, A. Johansson
and D. Helbing describe the unique features of dynamics of dense crowds un-
der constraints, and review the various cellular automata and flow-like con-
tinuity equation models used to describe them. P. Sen, in the next chapter,
describes the distinctive static and dynamic properties of social networks in-
cluding those of the railway networks and citation networks. The emergence
of “collective memory” in many such social phenomena, including games, are
very characteristic and J.-I. Inoue, in chapter eighteen, describes the celebrated



Preface XXI

Hopfield model for associative memory and its extension to (nonfrustrating)
networks of plant cells for the emergence of “intelligence” in them. D. Helbing
et al. describe in the next chapter, how some fluid/traffic-like flow models can
be adopted for optimized production in various manufacturing industries. In
the last chapter, S. Jain and S. Krishna describe how one can identify the effects
of various innovations in the context of evolving network models.

We sincerely hope that these wonderful and up-to-date reviews in such a
wide landscape of emerging sciences of econophysics and sociophysics will
benefit the readers with an exciting feast of relevant ideas and information.
We are indeed thankful to our esteemed contributors for their efforts and out-
standing co-operation. We are also grateful to Wiley-VCH for their encour-
agement and constant support in this project.

Bikas K. Chakrabarti, Anirban Chakraborti and Arnab Chatterjee

Kolkata and Varanasi, May 2006
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1
A Thermodynamic Formulation of Economics
Juergen Mimkes

The thermodynamic formulation of economics is based on the laws of calcu-
lus. Differential forms in two dimensions are generally not exact forms (δQ),
the integral from (A) to (B) is not always the same as the integral from (B) to
(A). It is possible to invest little in one way and gain a lot on the way back,
and to do this periodically. This is the mechanism of energy production in heat
pumps, of economic production in companies and of growth in economies.
Not exact forms may be turned into exact forms (dS) by an integrating fac-
tor T, dS = δQ/T. The new function (S) is called entropy and is related to
the probability (P) as S = ln P. In economics the function (S) is called pro-
duction function. The factor (T) is a market index or the standard of living,
GNP/capita, of countries. The dynamics of economic growth is based on the
Carnot process, which is driven by external resources. Economic growth and
capital generation – like heat pumps and electric generators – depend on nat-
ural resources like oil. GNP and oil consumption run parallel for all countries.
Markets and motors, economic and thermodynamics processes are all based
on the same laws of calculus and statistics.

1.1
Introduction

In the last ten years new interdisciplinary approaches to economics and so-
cial science have been developed by natural scientists. The problems of eco-
nomic growth, distribution of wealth, and unemployment require a new un-
derstanding of markets and society. The dynamics of social systems has been
introduced by W. Weidlich (1972) [17] and H. E. Stanley (1992) [15] has coined
the term econophysics. A thermodynamic approach to socio-economics has
been favored by D. K. Foley (1994) [4], J. Mimkes (1995) [10] and Drăgulescu
and V. M. Yakovenko (2001) [3]. Financial markets have been discussed by
M. Levy et al. (2000) [8], S. Solomon and Richmond (2001) [14], Y. Aruka
(2001) [1] and many others. Many conferences have been held to enhance the
communication between natural and socio-economic sciences with topics like
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econophysics, complexity in economics and socio-economic agent systems. In
the first chapter, the mechanism of economic production is discussed on the
basis of calculus and statistics. The two mathematical fields will be applied
to economics in a similar way to thermodynamics, this is the thermodynamic
formulation of economics.

1.2
Differential Forms

1.2.1
Exact Differential Forms

The total differential of a function f (x, y) is given by (see, e.g., W. Kaplan [6])

d f = (∂ f /∂x) dx + (∂ f /∂y) dy (1.1)

The second (mixed) derivative of the function f (x, y) is symmetric in x and y,

∂2 f
∂x ∂y

=
∂2 f

∂y ∂x
(1.2)

In the same way every differential form

d f = a(x, y) dx + b(x, y) dy (1.3)

is called total or exact, if the second derivatives

∂a(x, y)/∂y = ∂b(x, y)/∂x (1.4)

are equal. Exact differential forms are marked by the “d” in d f . The function
f (x, y) exists and may be determined by a line integral,∫ B

A
d f =

∫ B

A

(
∂ f
∂x

dx +
∂ f
∂y

dy
)

= f (B)− f (A) (1.5)

The closed integral of an exact differential form is zero: The closed integral
may be split into two integrals from A to B on path (1) and back from B to A
on path (2). Reversing the limits of the second integral changes the sign of the
second integral. Since both integrals depend on the limits A and B only, the
closed integral of an exact differential is zero:∮

d f =
∫ B

A
d f(1) +

∫ A

B
d f(2) =

∫ B

A
d f(2) −

∫ B

A
d f(2) = 0 (1.6)


