Complex Systems and Social Simulations

Course Syllabi (as per teaching days)

1) CSS in Sociology (Klaus G. Troitzsch, U. Koblenz)
Agent-based computational modeling is changing the face of social science. In Generative Social Science, Joshua Epstein argues that this powerful, novel technique permits the social sciences to meet a fundamentally new standard of explanation, in which one "grows" the phenomenon of interest in an artificial society of interacting agents: heterogeneous, boundedly rational actors, represented as mathematical or software objects. This novel method has already been put to use in such different fields and attacking such diverse topics as archaeology, civil conflict, the evolution of norms, epidemiology, retirement economics, spatial games, or organizational adaptation. 

Sociologists have long believed that psychology alone can't explain what happens when people work together in complex modern societies. In contrast, most psychologists and economists believe that we can explain much about social life with an accurate theory of how individuals make choices and act on them. R. Keith Sawyer argues, however, that societies are complex dynamical systems, and that the best way to resolve these debates is by developing the concept of emergence, paying attention to multiple levels of analysis--individuals, interactions, and groups--with a dynamic focus on how social group phenomena emerge from communication processes among individual members.

While empirical sociologists simply refuse to lose much sleep over emergence and will need quite a lot of convincing to fix something that they don't regard as broken, simulation appears to tackle many of the more substantive problems troubling the relationship between different research methods. Social statisticians look for methodologically valid associations in aggregate numerical data but are challenged for not really explaining those associations. Qualitative researchers describe the richness of individual experience and social settings but often either do not (or interestingly do not wish to) generalize from these accounts and build "middle range" theories. In consequence, they are often accused of journalism or story telling. In simulation, the "Gilbert and Troitzsch box" (Gilbert and Troitzsch 2005) suggests how a simulated system (abstracted from a real system) can be used to generate simulated data that can then be compared with real data offering the potential for falsification. In this methodology, statistical analysis is no longer "ungrounded" at the individual level and ethnography (or at least insights from it suitable to design agent based simulations) is no longer unable to generalize because of the potential complexity of social interaction. The two approaches to social simulations are strong methodological individualism and those that involve agents with shared representations of norms and social structures. 

Mark Granovetter, "A Theoretical Agenda for Economic Sociology", in M. F. Guillen, R. Collins, P. England, and M. Meyer (eds.), Economic Sociology at the Millenium, Russell Sage Foundation, New York, 2001.

Flaminio Squazzoni, Riccardo Boero: “Towards an Agent-Based Computational Sociology. Good Reasons to Strengthen a Cross-Fertilization Between Complexity and Sociology”, in (ed) Stoneham P. M., Advances in Sociology Research II, Nova Science Publishers Inc., New York, USA, 2005, pp. 103-133

Michael W. Macy and ​ Robert Willer: „FROM FACTORS TO ACTORS: Computational Sociology and Agent-Based Modeling”, Annual Review of Sociology, Vol. 28: 143-166 
Lars-Erik Cederman. 2005. Computational Models of Social Forms: Advancing Generative Process Theory. American Journal of Sociology, volume 110 (4), pages 864–893.
2) Social Dynamics (Péter Érdi, Dept. of Biophysics KFKI Research Institute for Particle and Nuclear Physics of the Hungarian Academy of Sciences  and Center for Complex Systems Studies, Kalamazoo College, MI)
This module will give an overview of social dynamic models. The concepts and methods of dynamical systems theory have been applied for understanding very different social phenomena (e.g. war dynamics, economic cycles and chaos, biological and social epidemics, opinion changes etc). Both temporal phenomena (which assume perfect mixing of 'players', i.e. spatial homogeneity) and spatiotemporal processes (which lead to homogenization in closed systems, and pattern formation – including waves – in opens system) were investigated.
Social networks can be derived as the discrete, somewhat more microscopic, approaches to continuous models; the nodes might be people, organizations, communities, documents etc. Dynamic network models have two extreme forms: (i) propagation on networks, (ii) evolution of networks. This latter case is discussed in more detailed way.
Current empirical data show that frequency distributions characterize budget change in the United States and elsewhere strongly deviates from the Gaussian distribution. Year to year budget changes (adjusted for inflation) from many nations all are distributed as power functions. We are building a model framework which takes into account such assumptions as: (i) limited attention of political institutions; (ii) friction by collective decision rules, resistance to change, (iii) error accumulation or strong signals, (iv) prioritized preferences.
3) CSS Tools with Special Emphasis on Simulation (László Gulyás, Collegium Budapest.)
This module will introduce the audience into the study of complex social systems. After a short overview of the approach and general problems of the field, the focus will be on the methods and methodology of complex systems studies. Since complex social systems consist of many intertwining components, whose interdependence is typically non-linear, typical models of such systems are generally beyond the means of formal analysis. Therefore, the standard method to study them involves computational simulation. 

The module will discuss computational modeling in detail, with special focus on agent-based simulation. Agent-based modeling is a new branch of computer simulation, especially suited for the modeling of complex social systems. Its main tenet is to model the individual, together with its imperfections (e.g., limited cognitive or computational abilities), its idiosyncrasies, and personal interactions. Thus, the approach builds the model from ‘the bottom-up’, focusing mostly on micro rules and seeking the understanding of the emergence of macro behavior.

The module will contain practical, working examples of agent-based modeling and simulation, using Repast, one of today’s leading agent-based modeling and simulation platform. The examples will range from introductory toy models to the summary of actual research project, and will, in general, arch over the various social disciplines where agent-based simulation and the study of complex systems have recently proven to be influential.

Nigel Gilbert, Klaus G. Troitzsch: „Simulation for the Social Scientist”, Open University Press, 2005, pp312

László Gulyás: „On the Transition to Agent-Based Modeling: Implementation Strategies From Variables To Agents”, Social Science Computer Review, Vol. 20, No. 4, Winter 2002, pp. 389-399.

Michael W. Macy and ​ Robert Willer: „FROM FACTORS TO ACTORS: Computational Sociology and Agent-Based Modeling”, Annual Review of Sociology, Vol. 28: 143-166 
​
4) Bio-Inspired CSS Models (György Kampis, Collegium Budapest)
Many biologically ispired notions have over the past years proved to be relevant in the context of CSS modeling: competition, collaboration, reinforcement mechanisms, stigmergy, swarm methods, parallelism, coordination, specialization and recruitment. More importantly, however, processes of relational emergence as found in biological systems (e.g. phenotype plasticity, developmental networks, or niche construction) may serve as new templates for understanding the social mechanisms of self-maintenance, stability and change in systems of emergent actors (such as institutions or families). 

The course proceeds by first discussing general methodological questions of the modeling of systems of changing composition and extending existing modeling techniques to incorporate the “non-transparent” changes that occur where new functions arise as consequences of varying degrees of agent permeability and non-permeability. We discuss how developmental and ecological modeling helps understand structurally similar modeling problems for social systems. A special attention will be paid to biological and social explanations as examples for “mechanisms” in the sense of Bechtel, Machamer, Craver and others, and detail implications for causal modeling (using the theory of “fully constrained systems”) – pioneered in theoretical sociology by Jon Elster and others.
5) CSS and Innovation  (Petra Arhweiler, University College Dublin)
Innovation networks are a principal mode of co-ordination, which is particularly relevant in knowledge based market sectors such as biotechnology and the ICT industries. The need for knowledge creation and transfer within markets is one of the main reasons for networking. Walter Powell (1990) suggests that it is impossible to put a price tag on qualitative features such as an innovation-friendly strategy, a special style of production, technological capacity, know-how or a zero-failure philosophy, none of which can be traded on the market. Combining knowledge resources in networks enables innovation and learning that are difficult to provide by other means. Thus, markets are more than places where goods are bought and sold within an institutional context: they are the arenas where innovation takes place, where knowledge is generated, communicated, re-combined and exchanged.

For example, the SKIN model of (Ahrweiler, Pyka and Gilbert) is a multi-agent simulation of firms who try to optimize their innovation performance in order to answer the technological and economic requirements of a changing environment. The agent-based approach allows the representation of heterogeneous agents that have individual and varying stocks of knowledge showing the knowledge dynamics in and between the firms. The simulation is able to model uncertainty, historical change, and effect of failure on the agent population.

Its agents are innovative firms who try to sell their innovations to other agents and end users but who also have to buy raw materials. Each firm tries to improve its innovation performance and its sales by improving its knowledge base through adaptation to user needs, incremental or radical learning, and co-operation and networking. A single firm has to improve its performance by exploiting external resources which are often available to everybody, and internal resources which are often similar to those of other firms more creatively and intelligently than its competitors. To keep this competitive advantage, firms are engaged in permanent learning processes. The SKIN model can investigate the dynamics and outcomes of these organizational learning efforts on the micro level of single firms. On this level, strategic management has to choose between different learning activities (professional development and training of employees, exploitation external knowledge sources by partnerships and networks, discovery and imitation of the successful behavior of competitors etc.) in estimating the availability, the adequacy, the cost/benefit relation and the effectiveness of each activity. Following David Garvin´s statement that only learning that can be measured will be useful to managers (Garvin 1993), the SKIN simulation shows the outcome of different learning activities. The simulated scenarios inform decision makers on the management level about chances and risks of firm investment in different learning activities while taking into account the firm’s markets/clients, its competitors and partners, its external and internal resources, and its firm policies. The model aims to combine a sociological STS perspective with insights from evolutionary economics in order to characterize both the trading and the knowledge levels of high-tech innovation networks.
Petra Ahrweiler & Andreas Pyka & Nigel Gilbert, 2004. "Simulating knowledge dynamics in innovation networks (SKIN)," Discussion Paper Series 267, Universitaet Augsburg, Institute for Economics.

David Garvin, (1993). Building a learning organization. Harvard Business Review, 78-91.

Walter W. Powell (1990). "Neither Market Nor Hierarchy: Network Forms of Organization." In Research in Organizational Behavior, (Ed. B. Staw and L. Cummings) JAI Press, Vol.

12, pages 295-336.

Andreas Pyka & Petra Ahrweiler, 2004. "Applied Evolutionary Economics and Social Simulation," Journal of Artificial Societies and Social Simulation, Journal of Artificial Societies and Social Simulation, vol. 10
6) (Ferenc Jordan, Microsoft Research - Univeristy of Trento, Centre for Computational and Systems Biology, Trento, Italy)
Topic will be centrality in ecological and social networks, how topology is related to functioning, how to quantify indirect effects in these types of networks. Temporal changes and dynamics will also be discussed.
7) Agent-Based Modeling in Finance: The Tradition of Human-Subject Experiments (Professor Dr. Shu-Heng Chen)
The purpose of this lecture is to give a quick introduction to agent-based modeling in finance. The introduction starts with a historical review on how agent-based modeling actually entered into economics, finance, political sciences, sociology, and finally, almost all disciplines of social sciences. It is hoped that this background will help students see the value of doing agent-based modeling in social sciences, and may, therefore, be further motivated to have their own pursuit of agent-based social sciences.


There are two traditions of agent-based modeling in social sciences. The first one is the sociophysic tradition, or, more precisely, the cellular automata tradition, and the other is the human-subject experimental tradition. We shall go through both of them. The sociophysic tradition began in late 1960s, whereas the experimental tradition began in middle of 1980s. Both, however, did not draw much attention from social scientists until the 1990s. This lecture will focus more on the experimental tradition. Two particular experiments, namely, the N-armed bandit experiment and the double auction experiment, are used to illustrate how the idea of algorithmic agents has been enriched through human-subject experiments, including zero-intelligence agents, programmed agents, calibrated agents, and autonomous agents.

We then move to the agent-based modeling in finance. We review the development of agent-based financial markets based on the two traditions. The sociophysic tradition gives the so-called H-type agent-based financial market, and the experimental tradition gives the Santa Fe stock market. Their contrasts in terms of agent engineering, novelties discovery and microstructure are presented. The comparison work is also extended to their capability to replicate financial stylized facts.
We end up this lecture by highlighting the potential usefulness of agent-based modeling in financial policy or market design, such as transaction tax. Specifically, an agent-based lottery market is proposed to show the determination of the lottery tax rate. The relevance of this result is further discussed with empirical evidence.

Faculty

Petra Ahrweiler

Petra Ahrweiler is newly appointed Professor of Innovation and Technology Management in this area. She studied law, sociology, journalism and political science at the University of Hamburg finishing with her Ph.D. in the area of science and technology studies at the Free University Berlin where she was supported by the German National Merit Foundation. Since her habilitation thesis at the Faculty for Sociology, University of Bielefeld, on social simulation of innovation processes she worked as a Heisenberg Fellow (grant at the professorial level) of the Deutsche Forschungsgemeinschaft DFG at the University of Hamburg where she built up a new research programme on innovation research. Petra Ahrweiler has long experience as principal investigator and co-ordinator of international projects on innovation networks, e.g. the EU project on Simulating Self-Organizing Innovation Networks (SEIN) or the DAAD project on Innovation Networks in biotechnology-based Industries: a German-British Comparison. She holds various research awards and is member of various advisory boards in both governmental and academic organizations. Since November 2006 she is team leader for a work package in the Eu project NEMO and belongs to the management board of this project. (http://www.sozialwiss.uni-hamburg.de/publish/IpW/Workgroups/Medien/MitarbeiterInnen/Petra/Ahrweiler.html) 
László Gulyás

László Gulyás (Ph.D. in Computer Science) is assistant professor at the Department of History and Philosophy of Science, Lorand Eotvos University, Budapest. He is also a research partner at AITIA International Inc and a fellow at Collegium Budapest (Institute for Advanced Study). He is a member of the Scientific Advisory Board of the Simulation Center of the Informatics Cooperative Research and Education Center of the Eötvös Loránd University. He spent three semesters at Harvard University's Government Department and at the Center for Basic Research in the Social Sciences (CBRSS) as a research associate. He has been doing research on agent-based modeling and multi-agent systems since 1996. He leads the development of the Multi-Agent Simulation Suite (MASS) and the Functional Agent-Based Language for Simulations (FABLES) In the past, he has led the development of the Multi-Agent Modeling Language (MAML), the first special purpose programming language for agent-based simulation. He also contributed to the design and development of RePast, one of the leading second generation agent-based simulation environments. He's been involved in teaching both graduate and undergraduate level courses in agent-based modeling and simulation at Harvard University, at the Central-European University and at the Eötvös Loránd University, Hungary. He was also a faculty member at the 2002 Budapest Complex Systems Summer School organized by the Santa Fe Institute. Dr. Gulyás has authored several book chapters and journal articles, and published many conference papers. Dr. Gulyás is a graduate of the Eötvös Loránd University, Hungary, from where he received his PhD, MSc and BSc degrees, all in Computer Science. His main research interests are computational multi-agent systems where he has worked on 'engineering' desired emergent phenomena. He is currently working on agent-based models of social systems.

(http://user.aitia.ai/~gulyas_laszlo/) 

George Kampis

George Kampis has been the founding chair of the HPS department at ELTE. He holds a PhD and a habilitation in Biology as well as a DSc in philosophy of science, with a main research interest in ALife, cognitive science (e.g. BSCS, http://hps.elte.hu/BSCS), and evolutionary modeling. He was/is the organizer of several national and international meetings inlcuding “Intentionality: Past and Future” in 2002, and the upcoming “Toward a Science of Consciousness” (www.tsc2007.org). He is a member of the COMEST subcommitte of the Hungarian UNESCO Committee, a founding member of the PhD School on History of Science at Budapest Technical University, and President of the Hungarian IUHPS/DLMPS Committee, which is a member of ICSU. In 1997 he won the Count Szechenyi Professoral Fellowship. In the field of complex systems, he was guest professor at Hokkaido Uinversity (in 2001 and 2004), and in 2002/3 he was Fujitsu Chair of Complex Systems at JAIST (Japan Advanced Inst. for Science and Technology), Tatsunokuchi. He is leader of a Hungarian team in the EU FP6 project QosCosGrid (IST STP -033883) and leader of the Collegium Budapest Focus Group on the Philosophy of Complexity. (http://hps.elte.hu/~kampis/)

Klaus G. Troitzsch 

Klaus G. Troitzsch has been a full professor of computer applications in the social sciences at the University of Koblenz-Landau since 1986. From 1972 to 1974 he served as an assistant to the Liberal Party Group in the Parliament of Hamburg and was a member of this Parliament from 1974 to 1978 where he also acted as Chief Whip of the Liberal Party Group. In 1979, after having taken his PhD in political science from the University of Hamburg, he returned to academia, first as a senior researcher in an election research project at the Institute of Political Science of the University of Koblenz-Landau, from 1986, after having passed the "Habilitation" at Koblenz, as full professor of computer applications in the social sciences. In 1990 he moved to the Faculty of Computer Science and its Institute of Computer Applications in the Social Sciences. He served his university as dean (1987 to 1992) and vice-dean (1992 to 2000) of the Faculty of Computer Science and as head of the Information Systems Institute (Institut für Wirtschafts- und Verwaltungsinformatik) between 2001 and 2005. Among his main research projects there is the MIMOSE project (funded by Deutsche Forschungsgemeinschaft between 1988 and 1992) which has developed a simulation tool for micro and multilevel simulation since 1986. From 1996 to 2002 he was involved in an international project (funded by the European Union in its TACIS/TEMPUS programme) devoted to implement simulation and Internet courses for the social sciences (together with Nigel Gilbert, University of Surrey, Guildford, England, and Serge Chernyshenko, Dnipropetrovs'k National University, Dnipropetrovs'k, Ukraine) during which he organised a series of summer schools in social science methodology and, especially, social simulation, for international participants. 

(http://www.uni-koblenz.de/FB4/Institutes/IWVI/AGTroitzsch/People/KlausGTroitzsch/) 

Shu-Heng Chen

Péter Érdi
Ferenc Jordán
Robert L. Goldstone
PAGE  
6

