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1. Background
This Special Issue consists mostly of the work presented at the Tenth Workshop on Economic Heterogeneous Interacting Agents (WEHIA 2005) hosted by  the Centre for Computational Finance and Economic Agents of the University of Essex, UK. The collection reports on advances in an exciting and fast growing subfield of economics, with replication and analysis of markets and other socio-economic environments with interacting, often heterogeneous, artificial and human agents as the major themes. The conference also honoured the contributions of Benoit Mandelbrot who delivered a keynote address on the statistical signatures of complex dynamical systems characterized by non-Gaussian phenomena of fat tails and fractal nature of volatility—themes that resonate in a number of contributions included here.

The subfield that comprises these papers is variously referred to as agent-based computational economics (ACE) and Economic Science for Heterogeneous Interacting Agents (ESHIA). This field has built on advances in complex adaptive systems (CAS) and computer hardware and software that are outlined below. 
Advances in complexity sciences
The formal results on the limits of computability and logical deduction, and the von Neumann-inspired investigation (1970) of artificial evolution have led to the growth of complexity sciences and the interdisciplinary study of complex adaptive systems.  CAS is closely related to self-referential decision problems that can be proven not to have a unique and effective procedure for finding solutions. Decision problems that defy deductive reasoning typically have a self-defeating or contrarian structure. 
In the context of ACE models, Arthur (1991,1994) used the vignette of the El Farol bar game to demonstrate the impossibility of a homogenous deducible forecast rule that enable agents in the system to determine the winning strategy.
 Hence, inductive trial and error adaptive/evolutionary learning of rational expectations in markets become necessary (Arifovic, 1994). Heterogeneous agent models (HAMs) with a multiple set of meta-rules for behaviour are now characteristic of artificial stock markets. They include popular archetypes such as trend followers (who accentuate the direction of historical prices) and fundamentalists (who effectively implement the contrarian strategy by selling when the market price goes above a threshold and buying when it goes below); see, Tesfatsion and Judd, 2006, for recent surveys.  The representative agent model, in which a single agent optimizes a single-equation decision problem, has only limited ability to characterize the behaviour of the economy as a whole (see, Kirman, 1992, 2006).
As an important corollary of the above problem, CAS manifests endogenous production of systemic surprises and novel objects through competitive co-evolution among hostile agents (see, Markose 2004, 2005, and Robson 2005). This thread links evolutionary biology and immunology to socio-economic systems whose dynamics includes innovation in structure or regime, as in business cycles and asset markets. A wide class of activities that defy command-and-control solutions include growth of cities, technological innovation, socio-economic networks and congestive systems from transport to environmental resource allocation involving dispersed actions. This phenomenon points to the value of moving beyond equilibria derived from assuming fully rational optimizing and strategic behaviour. Deploying concepts such as self-organization and emergence in the determination of macro-level patterns that arise from agents following boundedly rational decision rules based on local information, interaction and competition increasingly appear to be fruitful. 
Advances in computer hardware and software
Technological breakthroughs in electronic processing of information have made it possible to create virtual CAS as well as specific market environments in laboratory with human or artificial subjects.  ACE and experimental economics can extend explanation and inference beyond what can be analytically and mathematically deduced.  Till recently, analytical and econometric models were the main arbiters of the veracity or plausibility of assumptions and hypotheses in economics.  Theoretical and axiomatic frameworks typically supply internal consistency within prescribed conditions and assumptions, many of which are often chosen for analytical tractability.  Prior to ACE and experimental economics, there was limited scope to encapsulate a reality that extends beyond such simplifying assumptions and to investigate macroscopic properties of problems that pose constraints of outright non-computability, NP-hardness or decentralized information.  The ‘bottom up’ micro-simulative approach of ACE permits a generative explanation of socio-economic dynamics with the advantages of replicability and forensic investigation of the conditions under which various outcomes may follow (see, Gode and Sunder, 1993,
 and Sunder, 2006).  This has become a powerful tool for hypothesis testing.  Likewise, ACE and experimental economics provide policy makers and institutional designers with a powerful interactive tool to find answers for 'what-if' questions and to do 'wind tunnel tests' of proposed innovations prior to implementation.  

The papers in this Special Issue highlight the following aspects of the ESHIA/ACE revolution in economics:
( Heterogeneous (instead of homogeneous) decision processes as a characteristic of socio-economic systems and the statistical non-Gaussian properties of their macro level outcomes; 
( Adaptive and evolutionary dynamics under limited information and rationality; 
( Local socio-economic interactions modelled by dynamic networks; and
( The application of ACE and experimental economics to market and policy design. 
2. Overview of Papers
The first set of papers fall under the rubric of  ‘Fat Tails, Volatility Clustering and Behavioural Heterogeneity in Asset Prices’ and provide an interesting contrast between how ACE models and laboratory based experiments investigate similar problems.  Lux and Kaizoji propose the use of the Markov switching multi-fractal model (MSM) in order to forecast volatility of stock returns.  A pure fractional integrated process for volatility makes it too smooth and the Markov switches introduce the sudden changes in volatility. The relative forecasting success of MSM vis-à-vis other candidate models, indicates that both components matter.  This can potentially resolve the controversy on whether the observed long memory in volatility is caused by genuine embedding of long memory from integrated and fractal inputs or whether it is the spurious artefact of regime switches in the underlying market.  Kirchler and Huber report that greater heterogeneity in the access to fundamental information generates fatter tails in the distributions of asset returns. Hirota and Sunder report that the presence of human investors with short term investment horizons generates bubbles and indeterminacy in asset prices, a property which is absent in markets populated by long-term investors. Consiglio and  Russino simulate a multi-asset non-Gaussian risk framework to examine co-movements of bubbles in the different asset markets.  Boswijk, Hommes and Manzan use a heterogeneous agent model to estimate switches in beliefs of traders to ‘explain’ some stylized facts about stock markets.  
The second set of papers showcase the use of ACE modelling in computational mechanism design where proposed market protocols can be constructively demonstrated to work in a simulated economic environment. Arifovic and Ledyard conduct parallel human experiments and simulations with artificially created agents in order to validate their approach of using low-cost computer simulations to discover the empirical properties of alternative market structure. Their paper confirms a “folk theorem” of experimental economics: in auctions, making more or better real time information available about the actions of other market participants does not necessarily improve allocative efficiency, and such information may even lower the efficiency. Their results show that providing information about the book to traders between calls lowers allocative efficiency.  In a very real sense, information creates noise. Markose et al. is one of the first large scale applications of a multi-agent model to determine the price for traffic congestion externality for a real world congestion hot spot. A smart market design is implemented based on a cap and trade model where the price is determined by a willingness to pay approach using the Dutch auction protocol. This contrasts with the generalized cost approach used in extant congestion pricing models and further the smart market model is implemented by recognizing that users are heterogeneous in their value of time.
In the third section, Neir et. al., simulate the role of network connections in propagation of systemic risk in interbank markets. A number of interesting results regarding interbank connectivity emerge. The effect of the degree of connectivity is non-monotonic, i.e. initially a small increase in connectivity increases the contagion effect; but after a certain threshold value, connectivity improves the ability of a banking system to absorb and dissipate shocks. A similar result can be shown to hold for the size of inter-bank exposures. More concentrated banking systems are shown to be prone to larger systemic risk, all else equal.  In turn, Battiston et al.  develop an inter-firm trade credit simulation to explore the significance of credit in the propagation of bankruptcy crisis and for macro level business cycles. They manage to distinguish between firms that go bankrupt due to supply or demand shocks and because of non-payment by creditors in the credit/production chain which define the domino effect.  Kirman et al.  propose an ACE model for a computationally feasible boundedly rational implementation of group/network formation as the axiomatic framework based on the Shapley value implies an NP-hard problem in the general case.  They claim that this ACE model can help resolve a long standing conundrum on the foundations of reciprocity and equity in society.  It has been widely held that other regarding values of reciprocity and equity in segregated close knit groups reminiscent of hunter gathers are inconsistent with self-interested behaviour of maximizing payoff functions based on the principle of marginal contribution found in large market networks.  In the same vein as the Gode and Sunder (1993) discovery, Kirman et al. use the ACE simulation results to overturn the widely held dichotomous view on reciprocity and self-interest.  In the final paper, Dawid examines economic micro foundations of evolutionary game dynamics and reports that complex basins of attraction with respect to population level dynamics can easily occur in simple economic settings and that predictions of evolutionary game theory can significantly deviate from the actual behaviour in the corresponding heterogeneous agents model. 

3. Concluding Remarks 

We hope that this volume highlights both the power and the pitfalls of ACE and human subject experimental models. Formal foundations of the theory of non-computability in self-reflexive systems that underpin complexity dynamics and novelty production suggest that, to make profit in a stock market populated by agents with identical initial wealth and information, one would endogenously adopt heterogeneous forecasts and contrarian trading rules.  In other words, an ACE model should generate heterogeneity endogenously, and need not assume it a priori.  In these papers, the source of uncertainty facing the investors varies. Boswijk et al. assume that somehow there is common knowledge about the fundamental value of the stock and investors can disagree only about how long the traded price will diverge from (trend followers) or converge to this value, with the possibility of herding in each direction triggered by switches in beliefs about the profitability of short-term trades.  Kirchler and Huber hold that the knowledge regarding the fundamental value of the stock is distributed asymmetrically, and the insiders are able to trade on this knowledge with impunity. Hirota and Sunder claim that the presence of short term investors, who unlike the long term investors, have little interest in, or ability to, backward induct to the fundamental value, is critical to formation of price bubbles. Hence, they purport that there is an exogenous and perhaps naturally arising heterogeneity in investment horizons that induces the stylized facts of stock returns.  It is clear that the problem of model selection looms large on the ACE horizon as competing hypotheses for the explanation of the same phenomena multiply.  


In contrast to the artificial stock market models which are often intimately based on empirically informed ‘stylized facts’, ACE models such as on the network structures of credit markets and other analyses of industrial organisation in the Battiston et al. paper, retain a generic and often ad hoc form.  A criticism that can be levelled at some of the modelling choices made by the authors is that they have little empirical justification in terms of observed firm activity.  Such ACE models remain to be fleshed out and calibrated before we can draw definitive conclusions from them on the nature of dynamical processes or for purposes of market or policy design.  
In models similar to Markose et al., more than qualitative results are needed. In addition to the fully digitized reproduction of the underlying real world structures and the empirical calibrations of parameters in behavioural rules, field experiments are necessary to determine how well the decisions of artificial agents approximate the decision made by humans in similar real world environments. Although these issues have been raised before in the context of the use of artificial agents to test the robustness of auction protocols (Erev and Roth, 1998), such work remains in its infancy.  
With the powerful medium of computers to create artificial environments, and the advances reported here on ACE and human subject experimental modelling, these shortcomings can be viewed as temporary.  The demand for computational market and policy designs is being propelled by the growth in electronic supply chains, retail and asset markets, and the need to manage complex socio-economic systems in real time. These areas will see active research and development to exploit the full potential of the ACE paradigm.    
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� The El Farol game gives players the best payoffs when they are in a minority.  In order to win the game, a player has to be a contrarian to the forecast that most other agents hold. For formalization of the absence of a deductive methodology or the non-existence of a unique and effective procedure in the formation of rational forecasts as fixed points of asset market prices see Spear (1989) and Markose (2002, 2005).  Boschetti and Batten (2006) have recently argued that self-defeating structures are endemic in human eco-systems and simulations results of such systems show that innovators who break away from the norm are essential for the system to be sustainable.





� Gode and Sunder (1993) discovered the following through fortuitous use of  ACE models.  Contrary to one of the shibboleths of  neoclassical economics on the necessity for explicit optimization by agents at a micro level for allocative efficiency in markets,  they found that it is the operation of  the rules of double auction that is instrumental for over 90% of allocative efficiency even with so-called zero intelligence traders.  In complex environments how institutions and heuristics matter, remains one of the modelling challenges for ACE.









