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Abstract. This paper proposes a new approach to a rarely investigated topic: How can the emergence of new agents in social life be modeled. It proceeds in two steps. First a set of general simulation features needed to embed the notion of emergence are developed. Then it is shown how these challenges could be met by the use of a certain simulation environment called HE (Human Evolution). It turns out that not only specification and information structures used in HE are radically different from other contemporary approaches, but that the nature of results too leads researchers in a new - in my opinion highly prosperous - direction.
Introduction

Simulation usually is seen as a tool that enables researchers to observe the dynamics of highly interactive, complex systems that could not be studied in direct experiments. If the essential variables and the essential relations between them are modeled adequately, then the essence of the trajectories of the real processes should be close to the trajectories produced by the simulation - neglecting for a moment the difficulties with chaotic systems. The toolbox of simulation techniques thus clearly  is one of the most important scientific methods for the social sciences - there is no controlled experiment in this area and the force of abstraction of the thought experiments of singular scientists is less powerful, at least with respect to capacity and rigidity, than computer simulation.

These facts acknowledged, models of social processes (indeed already models of biological systems) entail a new challenge that cannot be found in physical systems: The entities in these systems are not simply given, they emerge and vanish again, and the relations between them are not fixed and waiting to be discovered, they rather are temporary valid constellations based mainly on intentional behavior of the modeled entities. In short, social system evolve. Despite its evidence, most contemporary social modeling circumvents this challenge by focussing only on time spans where the setting is stable. This paper collects and evaluates some ideas that try to grasp the emergence of social entities. In principle, three perspectives have to be interwoven: some historical instances of the emergence of social entities (1) have to be confronted with the existing simulation attempts (2) to find out which modeling problems emerge - so that finally something for the development of a simulation language for social modeling can be learned (3). As with any modeling exercise, the importance of a simulation tool derives from its capacity to go beyond a thorough meditation on already observed behavior, to produce something new and perhaps surprising. Note that modeling the emergence of entities involves itself innovation of modeling techniques.

On Emergence

The basic element of a model of any society is a social entity. History shows that at any moment in time a set of social entities for a given geographical area can be identified - but this set changes over time. A descriptive model thus can only start at a specified point in time, making an assumption on the prevailing, essential social entities. In other words, the basic assumption of methodological individualism has to be rejected. These social entities create, modify and exchange models of the society. They do so by the use of a language, which they share. The development of this language is a necessary ingredient of human societies, since it enables memory, consciousness and the experience of time. Again the language used at a certain point of time in history, of course stripped to its bare essentials, has to be assumed if one models a human society. A major difficulty that arises in models of language is the ability of language elements not only to refer to non-language items, but also to other language elements: they are sometimes self-referential. In fact any model of language is just an example of a self-referential language. In the sphere of language, where language elements only refer to other language elements, rules for the use of these elements will have to be agreed upon. These rules are the syntax of this language, they are a convention made by social entities. But using the language, using models, often implies the influence of models on the choice of action outside the sphere of language. Models thus might refer to non-language elements. This relation is called the first order semantics of a language. Extending the argument, language elements refering to a language element with first order semantics are said to have second order semantics, and so on. So while the communication of social entities is somehow bound to their non-language environment via first order semantics, compare [1], the growth of social entities relative to their environment implies a growing dominance of higher order semantics. Sharing higher order semantics thus enables social entities to locate certain informational areas which they commonly 'inhabit'.

But social entities not only communicate within themselves and with each other, they also are exposed to a historically determined metabolism - an exchange with their non-living environment that enables their physiological survival. Perhaps the most significant property of almost every strand of economic theory - though it is rarely made explicit - is the assumption that social entities use language and model-building mainly as a supporting tool for this metabolism.

In a sense, the most extreme position was that of Friedrich Hayek, who held that the prices in a fully developed market system are all that is needed to guarantee the optimal support of the metabolism of a social entity: The price structure incorporates everything that is needed for optimal allocation of ressources, see [2], it replaces all other language - in everyday language 'money speaks'. Prices in these theories are anonymously determined outcomes of auctions with given participants, the informational link between the social entity and its environment is as small and efficient as possible. The role of prices and their physical carriers, money signs, thus becomes a kind of 'natural' system, quite independent and not contributing to the development of social entities whose language, now cut off from their metabolism, for them still is their characteristic property. In short, Hayek-type approaches cannot contribute to the current proposal, since they loose sight of the endogenous dynamics of social entities. More recent economic theory for the greater part still sticks to the assumption that the core problem of the metabolism can be cast as 'allocation of scarce ressources', and that the price signals for allocation auctions can be directly derived from predetermined preference orders of individuals. From this perspective any evolution of social entities is clearly out of scope. Nevertheless in the last two decades, model-building of social entities was taken more seriously in economic theory. It is treated under the label of 'expectation formation'. From simple adaptive updating rules to sophisticated solution of differential equation systems many variants of language use have been postulated and tested in their interaction. The simplest case, and in a sense the extreme counterposition to Hayek, is the one assumed by the school of rational expectations: The true model of the social metabolism is the market model, every individual knows it and solves it to express its preference order with price signals. This indeed loads the burden of total information on each single entity instead of freeing it from expectation formation as was the case in Hayek's view. On the other hand the equivalence of the actual core problem of the social metabolism and the models individuals build, together with the assumed capacity to derive from these models exactly the same 'correct' price signals as in Hayek's world, makes the rational expectations approach as pointless with respect to the emergence of social entities as Hayek's.

The most fruitful theoretical development for the purpose at hand seems to be the theory of strategic games. From the perspective of cooperative game theory, the set of social entities at a point in time can be interpreted as a set of coalitions[3]. But contrary to the usual assumptions in this body of theory, expected payoffs are computed by the bounded rationality models of the social entities. Furthermore payoffs are also subject to the working of the different metabolisms of the social entities. For any given coalition structure the choices of actions do change the achieved rewards. This is so because, contrary to mainstream economic theory, it has to be insisted that interaction takes place long before any auction process leads to equilibrium levels
. Allocation of scarce ressources therefore is just one aspect in a broader process of dynamic adaption, learning, communication, manipulation (see [5]) and intended optimization. Clearly any such system will run through equilibrium positions - either in the sense of supply equals demand or in the sense that expected values equal actually reached values - only sporadeously, induced by dynamic adjustments, general equilibrium being an extremely unlikely state. It is a model of general disequilibrium
. While the disequilibrium property generates continuous oscillations, it does not imply continuous emergence of new social entities. As already mentioned above a new coalition structure of lower level entities, i.e. emergence and vanishing of higher level entities, will only occur if a critical mass of old coalitions due to a continuous change in expected payoffs breaks up. In that way continuous change provokes sudden discrete events. More precisely, to model these ideas two game theoretic tools are combined: On the one hand the cooperative, coalition game given in characteristic function form is used, with the value of each coalition transformed into an expected value, which in turn is computed by an explicitly given (bounded rationality) model. An important aspect of this model is the use of time preferences, discounting expected future utilities. Contrary to the assumptions in standard economic theory, time preference of a social entity certainly changes over time. On the other hand instead of the use of an equilibrium concept like the core, elements of Stephen Brams 'Theory of Moves' (see [7]) are used to analyze a bimatrix game where each coalition has the choice either to continue or to break up. The second player in each of these games is always the complementary set of existing coalitions. To include the empirically most important attitudes towards risk, the utilities in the bimatrix games are based on mean-variance considerations. It fits well into the spirit of this approach that Brams' theory insists on the importance of inherited settings and on the force of traditional behavior.

From this perspective the hierarchy of social entities will come into turmoil only if the traditional structure is judged to be inferior by at least one coalition. The breakup of coalitions then sets free smaller social entities open for new combinations
. Clearly there is much room for cumulative effects and surprising new social entities.

Towards a Prototype for Social Simulation

Stating the challenges that a new approach is thought to master and to design a simulation prototype that meets these challenges are two different things. With the simulation tool HE, for a more thourough description compare [9], in principle all aspirations can be adequately incorporated - though at the price of rather demanding specification inputs from the side of the model-builder. In this prototype of a simulation environmet metabolisms of social entities are represented explicitely and are connected to each other as well as to an explicitely modeled environment. Metabolisms themselves might change over time due to endogenous forces, endogenous technical progress being just a specific example. Moreover communication between social entities is included in the simulation too. Learning thus does not only occur as some kind of Bayesian learning from the success of the interaction with the environment. There is also the possibility that social entities transfer models to others - be it to teach them something correct about their environment, or be it to maniplulate them to act favourably for the sender. Social entities thus 'speak' by the use of models. If one considers the importance of learning from other social entities relative to the learning processes that derive from direct interaction with the physical environment, it immediately becomes clear how important that feature of the simulation prototype is. 

Moreover the necessary computations to recognize possible break-ups of coalition structures - see the previous section - could not be incorporated within some reasonable constraints on information processing capacities if there was not the possibilty of communicating models. Indeed in many cases the communicated models can substitute the correct and empirically tested models completely! Social entities can base their actions on quite strange, more or less commonly believed models that escape any empirical validation - and they will continue to use them as long as long as a significant majority of metabolisms produces satisfactory results. This might sound strange to economists but surely is trivial for ethnologists.

To enable the implementation of such a simulation environment it is necessary, or at least wise, to restrict the possible information processing abilities of modeled social entities right from the start. Indeed with communication at its disposal a social entity will store parts of its knowledge outside itself to avoid overflows of its memory. The design of the prototype thus evidently leads to the implementation of external 'model stores', that in HE are called 'media'. With a common language the same medium can be used by different entities and different media can be compared by the same entity. In that way a new type of learning from external sources emerges. 

The great advantage of a simulation run of this type, once it is set up, is that a wealth of interesting results on a historically and empirically valid level can easily be generated. It differs from the currently flourishing 'Artificial Life' approaches
 in that it does not aim at spartanic behavioral traits of ever larger numbers of entities. While there is a necessity to keep things simple, it would mean to overstate this technical need if one substitutes the use of models of modeled social entities by simple stimulus-response functions. If reactions are not dealt with in a somewhat more sophisticated way, it is the implementation of learning that suffers. More detailed information on the algorithmic side of the prototype can be found in a compagnon paper to this contribution [9].

Conclusion
It should be evident by now, that HE can provide results that are substantially different from those of other types of formal analysis. Though they are closer to empirical observations, they usually will be rather sensitive to changes in the rich set of specifications. In a sense they are more like metaphors for possible interpretations of the past or forecasts of future developments. Their very nature is to guide exploration rather than to present themselves as a unique, discovered law governing reality. 

With respect to the central question of  this contribution, the emergence of social entities, this means that HE can help to discover prospective future social entities.  Or, it can help to single out those social entities that are prone to be eliminated. This highly sensitive tool thus clearly transforms the world-view of the social scientists in a fragile, quantitative result that will induce the latter to regard his or her own role in the modeling process as active part: The observer is part of the model. In that way normative and objective findings by the use of HE can be digested as being permanently in a state of flux. With every simulation run and the implied newly emerging entities, the model-builder is confronted with the question if these expected entities are judged as good (and should be furthered) or as bad (and should be suppressed). The judgement itself, of course, should be derived explicitely from current preference orders of model-builders, a further hint at self-reference that not only comes back to the discussion of language, but also shows that self-reference tends to accumulate beyond every scope.
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� This point is developed more carefully in [4].


� General disequilibrium models are not the current fashion in economics, though they gain ground, e.g. [6].


� This is the term Schumpeter used in [8] to characterize innovations.


� For an overview see [10], for an interesting recent example see [11].





