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Why simulations?

Computer simulations were introduced in different research fields usually when solutions could not be derived analytically, i.e. when pure deduction fell short of providing satisfactory results. For instance in Economics the entire Agent-Based Computational Economics research field was introduced to palliate the poor ability of the existing mathematical framework to handle the real-world heterogeneity of economic agents. Nobel Laureate T. Shelling could originally solve his segregation model by hand [SCH 78], but nowadays all its extensions deeply rely on simulations.

Computer simulations provide the researcher with an extremely powerful tool to design artificial societies populated with autonomous agents endowed with perceptions, goals, representations, communications abilities and action rules. All constraints can be relaxed in silico, and all degrees of freedom considered, which makes simulations a great means of exploration and discovery. But this comes at a certain cost, to name a few, the curse of dimensionality (exploration of the full parameters space typically grows exponentially with time, often making it impossible), the issue of stability and sensitivity to parameters (since simulations do not rely on deduction, their results have to pass drastic tests of robustness to claim any generalisation power) and of reproducibility (there is currently no standard for code availability, making published results difficult to reproduce). Finally, and more pragmatically, one must admit that researchers experts in their own domain  have to face a rather steep learning curve associated with acquiring the proper skill set necessary for implementing their own simulation models.  

[KISS, Lindenbergs's Decreasing abstraction, learning by doing]

Why using a platform?

This last problem has been addressed for many years by the Computer Science community, who invested a lot of time and effort in developing general-purpose agent-based simulation platforms ([1-4], for a review see [GIL02,SER02,TOB04]), fully equipped with visualisation tools and post-processing abilities, letting the modeller concentrate exclusively on the core of the problem, agents behaviour and interactions mechanisms. If the code implementation was facilitated by such platforms, a good deal of computer literacy still appears necessary at the design phase, when the expert translates his usually under-specified conceptual model into an operational model susceptible of being implemented in a computer, often learning much in the process [Gilles chapter in Porquerolles book]. As a consequence, we see the optimal profile of future Complexity Scientists as multi-skilled researchers, expert in their original field but computer-literate and making full use of existing tools provided by Computer Scientists. This way simulations could displace entire research fields (like they already did in some Operations Research such as traffic control), in a rather similar way Mathematics were slowly introduced into Economics from the 1870s to WWII, before imposing itself as the main paradigm.

Between Simulations & Experiments

Computer simulations can be used as a natural extension to laboratory experiments, which are usually conducted on a very limited number of subjects, for obvious reasons. By taking results obtained from experiments as a starting point to design artificial agents, simulations investigate the possible emergence of macroscopic phenomena when thousands or millions of those agents interact, for instance by using results from Prospect Theory in an artificial stock market [GIVE OTHER EXAMPLES FROM OTHER FIELDS]. Given the current state of Artificial Intelligence, those artificial agents cannot be endowed with arbitrarily high cognitive capabilities, but even though this technique thrives to isolate the fundamental laws responsible for the emergence of collective phenomena in artificial societies. 

But we can go further and use simulation platforms as a tool for a new kind of experiments, building on the field of Participatory Simulations, where “students act out the roles of individual system elements and then see how the behavior of the system as a whole can emerge from these individual behaviors. The emergent behavior of the system and its relation to individual participant actions and strategies can then become the object of collective discussion and analysis” [9]. Experiments were run in which professional traders were asked to imprint themselves and their decision rules into an artificial avatar, which would then compete in an artificial market against thousands of instances of other avatars [DMS 05]. Subjects then analysed the result of the simulations runs and could update their own avatar accordingly, in an iterative process. This is a way to get the best of both worlds: emergence can be observed in an artificial society populated with thousands of agents, while human subjects directly input their decision making process into the computer, with no need for interpreting or conceptualising them. This is extremely relevant to financial markets, largely driven in reality by self-referential dynamics in which traders spend their time predicting the actions of the rest of the traders [ORL 99]. 
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http://www.pse.ens.fr/senior/orlean/depot/publi/CHA2005tSELF.pdf
[1] MadKit, a modular and scalable multiagent platform written in Java and built upon the AGR (Agent/Group/Role) organizational model: agents are situated in groups and play roles. MadKit allows high heterogeneity in agent architectures and communication languages, and various customizations.


http://www.madkit.org
[2] Moduleco, A modular multi-agent platform designed to simulate markets, organisations, social phenomena and population dynamics 
http://www.cs.manchester.ac.uk/ai/public/moduleco
[3] SWARM, a software package for multi-agent simulation of complex systems intended to be a useful tool for researchers in the study of agent based models.http://www.swarm.org

[4] Repast, another agent modeling toolkits which borrows many concepts from the Swarm agent-based modeling toolkit, but has multiple pure implementations in several languages and built-in adaptive features such as genetic algorithms and regression

http://repast.sourceforge.net/

[5] HubNet, A Classroom-based Network of Handheld Devices and Up-front Computer 
http://ccl.sesp.northwestern.edu/ps/
