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Abstract

Complexity, be it perceived as natural or as artificial, challenges the "normal sciences" : well grounded on some logical neopositivist epistemologies, they cannot easily deal with phenomena which are defined as intelligible and nevertheless eventually unpredictable. Economic sciences, mainly developped through neo-classical theories, are particularly concerned by this challenge, because empirical observations lead it more and more to recognize the basic complexity of most of the economics systems, which cannot be understood by reduction and simplification.

The need for some alternative theories leads many researchers to propose some renewals in the epistemological hypotheses on which the scientific disciplines can be ground : the modeling of complex phenomena can be based today on the so called, "constructivist epistemologies". The corresponding hypotheses (designed universe, teleological modeling) are briefly considered, with the operating principle of rationality defined as the "search for some middle" (Excluded middle).

A theory of the modeling and reasoning on complex systems can today be formulated on such a constructivist epistemological basis. It defines some conceptual modeling tools (symbol and search), through the complex and intelligible interactions of organization, information and decision; and it proposes two modeling principles (of organization by information, and of intelligent organizational decision) completed by the operating principle of procedural rationality).

This "inforgetic theory" (named by analogy with the energetic theory on which neo-classical economics is so often based) leads to the formulation of economics sciences as a new science of organizational engineering, contributing to the emerging new sciences of complexity.
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ON THEORIZING THE COMPLEXITY

OF ECONOMIC SYSTEMS

"Modeling is a principle - perhaps the 
primary - tool for studying the 
behavior of large complex systems... 


Modeling, then, calls for some basic 
principles to manage this 
complexity".

H.A. SIMON, 1990, p. 7.

Is economic science ignoring complex economic systems ?

The "Failure of Armchair Economics" argued by H.A. Simon (1986 a) is not only the failure of "the sovereign principle for deduction prediction" (or of the sovereign principle of "substantive rationality", H.A. Simon, 1986 b), it is also the failure of a monodimensional (or closed) economic science discussed by H. Bartoli in "L'économie multidimensionnelle" (1991). Seen from an epistemological and methodological point of view (H.A. Simon), and from a more historical and political point of view (H. Bartoli), or discussed mainly from empirical (H.A. Simon (1991), or ethical (H. Bartoli) considerations, the arguments which lead to the diagnosis of the dramatic failure of "Armchair Economics" converge today on the same basic old questions : what is "Reasoning"? and what is "Modeling"? ; assuming that "Modeling is neither more nor less logical than reasoning" (H.A. Simon and C.A. Kaplan, 1990, p. 19). The above two questions underlie the main hypotheses which since Aristotle, define our human understanding of our experience of the world, usually defined as "scientific knowledge" : the hypothesis of rationality and the hypothesis of complexity.

We shall find, for sure, other social scientists who have considered all or part of the arguments developped by H.A. Simon and H. Bartoli. They help us to learn urgently from this now well diagnosed "failure". But these two solid, different and convergent economics works give us today a sufficiently convincing state of the art : it is not necessary to restart a new trial. If the "normal scientist" (T.S. Kuhn) - who is usually a neo-classical or a post-neo-classical economist - is still not convinced by the discussion of those two works (for instance), I don't expect to be able to convince him of the "failure" of his armchair or of the "scandal" of his textbooks on microeconomics, to speak as H.A. Simon (1986 a, p. 23).

The need for some alternative theories

If we agree on the diagnosis, we have first to understand the reasons of a so long failure, and then to consider the prescriptions ; I mean : some alternative paradigms which can lead research and teaching in economics in a more scientific and effective way (both empirical and ethical).

What are the reasons for such perseverant failure? H.A. Simon, concluding his famous Nobel Lecture (1978) suggests some of them : "There is a saying in politics that «you can't beat something with nothing. You can't defeat a measure or a candidate simply by pointing to defects and inadequacies. You must offer an alternative.
The same principle applies to scientific theory. Once a theory is well entrenched, it will survive many assaults of empirical evidence that purports to refute it unless an alternative theory, consistent with the evidence, stands ready to replace it. Such conservative protectiveness of established beliefs is, indeed, not unreasonable  ...

What then, is the present status of the classical theory of the firm (or, my addition, the status of the post-neoclassical economics paradigm, with its basic principles of monodimensionality of economics phenomena or of subjective expected utility?) There can  no longer be any doubt that the micro assumption of the theory - the assumption of perfect rationality - are contrary to facts. It is not a question of approximation ; they do not, even remotely describe the processes that human beeings use for making decision in complex situations" (H.A. Simon, 1979, in 1982, vol.2, pp. 490-491). But is there an alternative to this unadequate theory, which doesn't fit any empirical facts? When H.A. Simon answered "yes" to this question in 1978 ("Moreover, there is an alternative. If anything, there is an embarrassing richness of alternatives", ibid, p. 491), he was still trying to convince the tenants of "the classical and neo-classical theories" (ibid), although he could argue that he was developping such an alternative since, at least, 1958 ? (He recalls, in his "Models of my life", 1991, p. 147 the academic crisis provoked by "the near incompatibility of the behavioral theories of economic decision-making that some of us were developping, with the neo-classical theories espoused by most of the economists").

The emerging new sciences of complexity
However one of the greatest scientific benefit of the Nobel Prize in Economics awarded to H.A. Simon in 1978 was to progressively provoke a growing focus of scientific attention, not only on the inadequacy of the neo-classical theories ("failure and scandal"), but also on the conditions of the design (or the identification?) of some solid scientific alternative theories. During the eighties, a general paradigm for the "new sciences of complexitty", epistemologically well grounded and effectively transdisciplinary, become more and more visible. I think that the impressive work of Edgar Morin (through "La Méthode" : 1976, 1980, 1986, 1991, and some related works, mainly 1982/90 and 1990) give us today a rather comprehensive presentation of this basic epistemological breakthrough, born in the field of the sciences of life, (theories of self-organizing systems), the sciences of nature (theories of chaos), the sciences of engineering (theories of networking artificial intelligence and design), the sciences of man (theories of cognition and of hermeneutics), and, in part on the social sciences (pragmatics). The preliminary synthesis published in 1985 by the United Nation University (Science and Praxis of Complexity) gives a rather good overview of these emerging new paradigms, which can be usefully reviewed in the rich collection of articles edited by G.L. Bocchi and M. Ceruti ("La Sfida della Complessita", 1985) and some other classical books (see for instance in French, the serie of the proceedings of the "Colloques  Cerisy", 1983, 1990, 1991).

Increasingly, the growing interest of all the scientific communities for the paradigm of complexity, becomes a matter of concern for economists. The recent book of H. Bartoli, "L'Economie Multidimensionnelle" which I was evoking, offers a rather convincing illustration of this fact (more convincing perhaps than the now classical "Economy as an evolving complex system", edited by P.W. Anderson for the Santa Fe Institute, 1988). After having shown the basic weaknesses of economics science seen as a monodimensional discipline (and, in the same breath, the "local" richness of most of its contributions, when we read them as an interdependent part of a multidimensional spectrum), H. Bartoli devotes the last part of his work to what he calls "discernible itineraries" : in one word, he recognizes our growing ability to model the complexity of the economics phenomena in order to develop our collective capactity to understand them : "The quest of meanings". (One shall find a very useful complementary discussion in the rich synthesis recently developped by J.L. Vullierme in "Le Concept de Système Politique", 1989). 

At the end of the eighties, we can see that the attention of many economists is converging on two related focus of attention : the rationality of the reasoning processes involved in economic behavior (firstly argued by H.A. Simon), and the complexity of the modeling processes of those economic systems (recently illustrated by H. Bartoli). This convergence gives us today the basic principles on which we can organize a well-grounded theorization of economic systems perceived as complex systems : i.e. a well-grounded alternative to the still sovereign neo-classical paradigm. Here our collective aim is not to eliminate the previous paradigm, but to design an alternative which can help the economic actors - be they private citizens or institutional and political responsibles - "to understand what they do" and "to do things which make sense".

Today, the state of the art of the science of complexity is developped enough to guide us in this progressive reformulation of the foundation of such an "alternative theory". Our main aim here, is to present it  trying to focus mainly on the conceptualization of complex economic systems.

I.
THE EPISTEMOLOGICAL FOUNDATIONS OF THE MODELING 
OF COMPLEX SYSTEMS

"Complexity : the Essential Unpredictability"

The essential feature of the concept of complexity is its intelligible unpredictability : in other terms, a complex system can be modeled by an "open" system ; a systemic model which can eventually exhibit, in an understandable way for its model-builder, some uncompletely expected behavior. ("Complexity, essential unpredictability", said P. Valéry). Such a property is seen as paradoxical - and, for this reason, as unacceptable - for the "classical" scientific disciplines whose aim is precisely to understand (and even to explain) the current unpredictable behavior of the phenomena under concern. There is, certainly, many other useful definitions of the complexity of a system. I have discussed some of them in a paper titled "Conception de la complexité et complexité de la conception" (see J.L. Le Moigne et M. Orillard, 1990; See also, an Italian version of this study in G.L. Bocchi and M. Ceruti, Eds., 1985). I shall not discuss them here, because I think that the "unpredictability argument" is strong enough to summarize all the other features of a complex system, and, particularly, of an economic system.

The classical epistemologies through which the classical sciences see themselves as correctly grounded, be they positivism, neo-positivism, empirical positivism, rational realism, ...- all assume two related hypotheses which exclude this conception of complexity as a scientific concept : the ontological hypothesis and the deterministic hypothesis. The phenomena described by scientific knowledge are presumed to have an essential reality, independent from the observer, and to be explainable by some sort or causal laws which have to be "discovered" : scientific knowledge is the growing knowledge of the "laws" which, under any circumstances, completely determine the behavior of the considered phenomena. From those two hypotheses usually a definition of the "scientific truth" results, and from this understanding of the truth (or "necessity"), a procedure to reason about it emerges. Since Aristotle, this procedure is known as the logic syllogism, based on the "principle of the excluded middle". Usually, this principle is considered also as a natural principle, having its own ontological status. It implies that the scientific models describing the phenomena would be enclosed, exhaustively described, in a given and determined universe, the "universe of discourse" of the corresponding discipline.

The founding hypotheses of the constructivist epistemologies 

Since the beginning of the sciences (say, since the pre-Socratics), it is acknowledged that some other epistemological hypotheses can and perhaps must be raised, if we intend to model the phenomena that we perceived or assumed as "complex", and if we intend to correctly reason on those models of complex systems. In the modern age, this conclusion came from many sources (from quantum physics to genetic psychology) but, mainly, from the difficulties which the rational application of the "cartesian dualism" : can we assume the complete separability of the observing subject and the observed object, when we consider only the discursive knowledge formulated by the observer acting on (or in, or by, or with) an object? As given that, in the last thirty years, the ontological status and the deterministics characteristics of the observed object are hypotheses, the legitimity of some alternative and plausible hypotheses grounding the scientific knowledge has often be considered. We can consider for instance the "Designed Universe hypothesis "and the "Teleological hypothesis", whose conjunction appears to be an adequate basis upon which to ground scientific formulations for Modeling and Reasoning on Complex Systems.

The "Designed Universe" hypothesis assumes that the Modeler (or the Observing System as stated by H. von Foerster, 1982) designs his own experience of the world. i.e. "he knows that he don't know" a world having an independent ontological status (the ontological hypothesis), but that he knows "only" his own representations (or models) of his usually constrainted perception of his action. He knows, not the "real world", but the "real" (for him) representation of a world in which he perceives himself as acting. And he knows that he designs (or "constructs") these representations (which can be "complex", including some explicit unpredictabilities).

The Teleological hypothesis (restaured in 1943 by N. Wiener, the founder of Cybernetics, in a famous paper titled "Behavior, Purpose and Teleology") assumes that the Modeler perceives himself as a purposeful system, usually aiming to explicit his own and changing purposes. He assumes also that he considers as plausible that the modeled phenomena can possibly be assumed as purposive. In one word, the modeler, instead of searching for an "efficient cause" ("because"), searches for some "final causes" ("in order to"). The conjunction of these two hypotheses leads to a definition of a "scientific plausibility" (or "possibility", or "feasibility": "Verum et Factum Recipocrantur", or "The criteria and the rule of the true in the doing", wrote G.B. Vico in 1710 !).

The constructivist epistemologies based on those two hypotheses are developed in various formulations (just presented by the positivists), and one can think that the discussions between the various sources will continue in the coming decades : J. Piaget, who had re-established the concept of constructivism in 1967, spoke mainly of genetic epistemology ; H.A. Simon (see e.g. W. Sieg, 1990) speaks of empirical epistemology ; E. Morin talks about an epistemology of complexity ; E. von Glasersfeld (1989) calls for a radical constructivism ; etc .... The new epistemological questions raised by the emerging sciences of cognition are acting as a sort of catalyst for those discussions : isn't cognition an "experimental epistemology", asked W. McCulloch in 1965 (see 1988, p. 359)? However, all those contributions converge more or less explicitely on the two basic hypotheses of the Designed Universe and of the Teleological Behavior, which constitute the modeling and reasoning principles which characterize the constructivist paradigm. As it is the case of the positivist paradigm, there is not a universal agreement on the designation of "constructivism". F. Hayek (1967, p. 104), for instance, considered that "the whole positivist (belief), of which legal positivism is but a particular form, is entirely a product of that cartesian constructivism ...". The local epistemological dispute between positivism and realism leads sometimes to assimilate positivism with constructivism, although the first two only refer to the ontological and deterministic hypothesis. Nevertheless, after the publication of the Epistemologic Encyclopedia edited by J. Piaget in 1967, we can correctly denote as "constructivist" the epistemologies based on the two hypotheses of the Designed Universe  and of the Teleological Behavior. For more recent comments, one may see for instance B. Inhelder and J. Voneche Eds., 1985 ; P. Watzlawick, 1981/1984 ; H. von Foerster, 1982 (and L. Segal, 1990) ; E. von Glasersfeld, 1987 ; J.L. Le Moigne, 1990 and 1991 and M. Ceruti, 1992.

"The search for the middle"  as an the operating principle.

If we now agree to base the search for knowledge on such constructivist epistemologies, we have to consider its consequences on the definition of the reasoning processes ; the operating principle of the "excluded middle" is no longer required : we reason on models, or symbolic representations, and not on separated and independent natural entities.

"It was long ago noticed, wrote A. Bogdanov in 1920, that man in his activity, practice and cognition, only joins and separates some given elements on hand .... In the field of cognition, the generalizing effort binds and unifies elements of complexes of experience ; the discerning efforts separate them ; nothing else, going beyond these limits, can exist here. No logic or methodology was able to this day to find anything else. But further investigation reveals that these two acts, joining and separation, do not play an equal part in the activity of man, or occupy in it an equal place : one of them is primary : the act of joining ... The other is a derivative. The one can be direct, the other is always only a result ... Separation is also secondary ... A completely independent act of separation which is not induced by some act of joining cannot exist" (A. Bogdanov, 1920-1980, pp. 63-65). In other words, reasoning can be guided by any form of syllogisms (or conjunctions) be they dialectical or rhetorical (and not only of the "logical form"). The reasoning process can be guided by the Principle of the Search of some "Middles" (or "Means" suggested Aristotle  ; 2d Anb, 10-30), instead of the Principle of the Excluded Middle ; the middlers which joins together, the "patterns which connect" (as said H. von Foerster). When the aim of science is no more "the objective truth", but the "intelligibly feasible", the cognitive processes of reasoning have more to be intelligible, i.e. discursively reproducible or programmable, than to exclude many avenues of search.

From analytic to systemic modeling methodology.

The constructivist paradigm has a parallel consequence in terms of modeling processes. The reductionist principle associated to nearly all the positivist epistemologies was legitimized by its main aim : if truth lies in the ontological reality of the observed object, the parts of this object have also to be real or true. Therefore in order to know it, we can decide to reduce it to its "simpler" parts, and to describe those real parts (this way, the reductionist principle excludes the hypothesis of the complexity of the observed phenomena). From the time of the famous "Discours de la Méthode" of R. Descartes (1637), we are accustomed to apply this principle under the name of the methodology of analytical modeling (and we often forget that its legitimacy is restricted to the case of the definition of "positive knowledge", under the positivist hypothesis. 

The modeling methodologies which refer to the constructivist hypothesis are not necessarily, nor even preferably, analytical. They are methods for designing "created" representations, not for analysing "discovered" realities. They aim to design possible symbolic models "making sense", intelligible for the observers, which claim that they can establish some correspondences between their empirical perception of their own experiences (physical and cognitive) and such artificially designed models. They know that they are not able to establish the "proof of the truth" of those models, because they know that they cannot correctly define the epistemological concept of "certain truth". The ability to "design", or to search for some medium (symbolic) terms which meaningfully relate the behaviors and the purposes of the observing system, has always been studied : the Aristotle' "topics"  give us a very convincing illustration of this designing capabilities of human mind, just as the Leonard de Vinci' "Handbooks" read by P. Valéry (1984). H.A. Simon (1969-1981) has shown that nowadays, we can develop a "science of design" which studies the process through which a cognitive system (seen as an "Information Processing System") elaborates, or creates, or "designs" symbolic models. Today the case of the "self-organizing cognitive systems", or "information-self-processing systems", or "auto-poïetic systems", are more specifically studied (see H. von Foerster, 1959 ; H. Atlan 1972 ; M. Maturana and F. Varela, 1980). The emerging conclusion is the concept of "possible models" (see F. Jacob : "Le jeu des possibles", 1981). For many classical scientists (and particularly for neoclassical economists), this is a rather provocative argument. The deterministic hypothesis leads them to believe that their theories were the "true" explanations of some natural or real unambiguous necessity, excluding that various alternative theories will be able to interpret the same phenomenon. The modeling methodology, implied by the teleological hypothesis, takes into account this ability of the observing system to design various possible models of its own experience, and to interpret those models along various possible meanings. We recognize here a form of the contingency theory attached to the theory of design (or of modeling), of complex systems. In the last forty years, the experience gained in modeling of complex systems has progressively lead to focus on one family of design methods which appears to be well suited to the modeling of complex systems. The Theory of General System, seen as a Theory of Modeling (see J.L. Le Moigne, 1977, 1991) gives us today a sort of general guideline, or a methodology, epistemologically well grounded on the rich modeling experience of nearly all the scientific disciplines. It can be seen as a sort of "New Rhetorics" (C. Perelman, 1977), or "New Dialectics" (Y. Barel, 1979-1989) or  "Natural Logic" (J.B. Grize (1983)). A tool for the designers of systems conceived as multi-criteria models of complex phenomena. It leads to another basic concept, the concept of "project", or "complex project" (seen by J. Piaget as the "interaction between the subject and the object"). Here the teleological hypothesis is here of direct concern for the intelligibility of the designing process : we cannot consider the classical criteria of objectivity or of subjectivity of a model, but we are concerned with a "new" criterion, the complex criterion of "projectivity", which, as observed by Aristotle, can often be seen as a useful criterion of "inter-subjectivity".

These discussions of the methodology of design of (perceived) complex phenomena have progressively led to a general formulation of an alternative methodology of modeling, known currently as the theory of "Systemic Modeling" which appears as a well-grounded alternative to the familiar theory of "Analytics Modelings". It is fair to add that the contributions of many scientists working in the fields of socio-economics disciplines (and mainly in the area of organization and information systems engineering), were often important in the contemporary renewal of the methodology of systemic modeling, which appears to open the way to the scientific modeling of complex phenomena (see for instance J. Lesourne : "Economie de l'ordre et du désordre, 1991). The works of E. Morin, in Europe and of H.A. Simon, in North America, gave us the decisive impetus which permits to go beyond the too limited ressources of the "cybernetics modeling" (Klir and Valach, 1968) and the related techniques often known as Systems Analysis or Systems Dynamics ; these modeling techniques were based on a basic hypothesis of permanent closure of the models. The concepts of feed-back loop and of circular causality are useful, but not sufficient, to render an account of the complex behavior of many economic phenomena.

Will Economics renounce to its energetic metaphores ?

Amongst the cultural consequences of this shift in our general modeling paradigm, which appears as quite important for Economics, we must underline the renunciation to the classical Energetics Metaphore, as far as it was used as an explanatory principle, and not only as a useful metaphorical heuristic. Economists have in mind the importance of some concepts borrowed to energetics, in our classical theories : equilibrium, entropic process, flow regulation, rate, throughput, speed, acceleration, engineering efficiency, yield, potential, power, etc ... They sometimes believe that they have given to physical energetics one of its prefered concept, the "Principle of Least Action", often known as the "Economic Principle" or the "Natural Parsimony Principle" (see J.L. Le Moigne in A. Martinet, 1991). And it is often admitted that an economic theory based on an energetics theory (mechanical, hydrodynamical, thermodynamical, ...) is scientifically "better" than another which doesn't refer explicitly to some energetics concepts, even if it uses sophisticated mathematics. The use of the energetics metaphore as an explaining hypothesis is, at least in some cases, rather acceptable from a positivist point of view. However economists know now that it will not permitted to consider and to understand the behavior of complex socio-economics systems they have to deal with. So, when they agree to shift their modeling and reasoning processes in the framework of a constructivist epistemology, they must be ready to abandon the simplifying hypothesis suggested by the energetics paradigm : "to consider social organizations as energetic phenomena and to interpret them in terms of energetic theory is pure non-sense", G. Bateson (1972) in 1970 wrote.

In practice, this renunciation to use the energetic hypothesis for the modeling of economics systems usefully incites the economist to some new epistemological discussion which can be helpful. As we shall see now, it leads us to some new theorizing endeavors in order to establish some guidelines, or canonical propositions, which, by focusing on the design of the related concepts of Organization, of Information and of Desicion-Making, may help the economists to design some symbolic models which they perceive as complex ; and to reason cunningly, as Aristotle suggested, on and with those models, in order to design and to evaluate purposefully new models of possible behaviors in complex contexts.

II.
AN EMBRYONIC THEORY OF THE MODELING OF COMPLEX 
ECONOMIC SYSTEMS : THE INFORGETIC THEORY

Modeling and reasoning : what and how to model?

Such a theory of complex systems modeling can be presented in two networks of arguments :


1- the first, articulating the main operating concepts involved in the "designing" of complex systems models (the "modeling processes") : the identification of "what to model".


2- the second, recapitulating the familiar operating concepts used in the "reasoning" processes involved in the modeling processes in order to simulate some feasible expected behaviors : the search of the "how" in the modeling process and result.

In practice, those networks are cognitively strongly interrelated, being the two faces of the same coin ; and we don't expect to invent or to discover any "new" argument : it was rather useful to read once more some of the works of Aristotle (the Organon, and the Rhetorics) before writing about the theory of complex systems modeling, in order to be certain that those arguments are well entrenched in the rich modeling experience of human being. (But we have not limited our readings to the brief chapters of the first "Analytics" in which Aristotle describes the powerful logic syllogistic which he has invented : the chapters on which are based today the essential of the mathematical or formal logic and most of the reasoning processes allowed by classical economics). This presentation will also focus mainly on the arguments which are mainly relevant for the social and political sciences : our purpose is the modeling of complex economic systems. Our evolving cultural understanding of complexity will not permit to establish a stable definition of an economic system which differenciates it clearly from a social or a political system. (The so called "intellectual autarchy of Economics" : R. Nelson and S. Winter, 1982, p. 405).

Given that we shall conclude that the theory of complex economic systems modeling has to be a theory of complex economics organization engineering, we can deal more easily with the formal ambiguity of the definition of economics scientific "object" : we are more concerned by its "projects", i.e. by its "methods", or its "engineering" (generally defined by its specific modeling and reasoning ressources : its "Ingenium" stated G.B. Vico, 1710).

The modeling of complex systems is the modeling 

of actions, not of things or objects.

Probably the first operating proposition suggested by the constructivist paradigm is that we don't perceive "things" but "actions". "We only perceive and represent acts, or operations", wrote P. Valéry in his "Cahiers". Perceiving and modeling are themselves operations, purposeful operations. To represent a tree, observed L. de Vinci, we are forced to represent some context in which it reacts : we perceive and we represent the interaction between the tree and its context, neither the tree, nor the context seen as stable things, but their interaction. This "alternative way of modeling" (searching for temporal actions instead of immutable things), is perhaps not very familiar for people accustomed to a fixed view of the world, but the economists are today amongst the more likely to be able to practice it : most of the concepts used by economic science are verbal substantives, names of action : production, cooperation, competition, distribution, equilibration, regulation, capitalization, ... Economic phenomena are usually first perceived and modelled as processes or operations.

Since Aristotle, we know that the modeling of perceived phenomena can be done through an active evolving form, joining its actual movement and its potential "dunamis". And we can usefully interpret this conjunction in teleological terms : the behavior (or the movement) being intelligible through its "final causes" (its "dunamis") which are "potentialized", or "memorized" through its successive behaviors. This "evolutionary modeling" of economic phenomenon - seen as both active (or functioning) and evolving (or self-transforming) - is probably well illustrated today by the "evolutionary theory of economic change" of R. Nelson and S. Winter (1982), even if the epistemological foundations of such a theory refer to an epistemology of complexity rather than really building it : "(For) this discussion of complexity, it seems to us that one of the central present task of normative micro-economics is to begin to recognize and try to understand the great institutional complexity of Western market-based-economics" (p. 403). Ten years later this "willingness to recognize complexity" (p. 402) gives a sort of incentive to go from the "beginning" to some sort of "achieving" : a theory of economic phenomena seen as "processes" instead of some orthodox or classical theory seeing them as "real objects".

Environments are interactions.

The theory of complexity modeling, focusing on processes (both synchronic and diachronic, or functioning and transforming) has led to a sort of ecological theory of the concept of environment. The modeler cannot consider any longer that there is some sort of "different things" in which the phenomenon would be active. The modelled phenomenon is seen as interacting with other phenomena. In other words, our classical conception of environment (or substratum) "separated" from the phenomenon has to be abandoned and replaced by a theory of system's environment seen as a "carpet of various and tangled processus" (C.P. Bruter, 197). H.A. Simon (1969/1981) has suggested to reverse the modeling procedure, and to consider the phenomenon under concern as an "internal environment" which doesn't differ of the "external environment," except through the focus of attention of the modeler. This argument has led to change the focus of the classical cybernetic modeling ("clearly the inner variables are the variables under control of the system") : systemic (or dialectic) modeling is aware of the self behavior of the ecosystem. The conditions of autonomy of the phenomenon are in solidarity with the interrelated systems. "To be autonomous", said E. Morin (1980), the system must be dependent".

The irreversibility principle

The third characteristic of complexity modeling has hardly to be explicited : from Heraclite to I. Prigogine through H. Bergson, the irreversibility of time postulate is implied by the concept of complexity seen as "essential unpredictability", the unpredictability of the creation : "time is creation, or it is nothing" (Bergson, 1907, "L'évolution créatrice", 1907). "Real things", if they do exist, are perhaps reversible, or eternal? (This "same" stone, a century age ago, and in a century?) But the modeling of action is modeling of action through time, action represented by changes in space (movement, or cinematics) and in form (morphogenesis, or dynamics). The teleological hypothesis implies the irreversibility principle ; and the irreversibility principle forbids the classical "ceteris paribus" reasoning ("any things beeing equal"). The consequences of the irreversibility postulate are mainly concerned with the procedures of the reasoning processes (in our case, "the economic rationality").

The re-emerging concept of "organiz-action"

The articulation of the systemic modeling concepts we can identify to model the complexity of economic systems (teleological processes, functions and transformation, irreversible interactions through autonomisation and solidarisation,  ...) can be theorized by the re-emerging concept of "organiz-action" (suggested by E. Morin, 1977). This concept is probably the main feature and the main product of the theory of complexity modeling : it has been defined and designed by and for complex systems modelers. (The first father of general system theory is not the biologist L. von Bertalanffy, but the "Russian economist, biologist, medical doctor and political figure, A. Bogdanov, pseudonym for A. Malinowski", who published, between 1913 and 1921, his "Tektologia, the universal organization science", ...,"conceived as an evolving science"). A complex and intelligible concept which can be general enough to guide them in the modeling of the various types of complex systems is needed, i.e. to render an account, or to model systems seen as the conjunction of the following : 

- the process and its results ;

- the observing and the observed systems ;

- order and disorder ;

- whole and parts ;

- possibility and necessity ;

- actual and potential ;

- autonomy and solidarity ;

- differentiation and coordination ;

- cooperation and competition ;

- processing fields and processed flow ;

- the articulation and the gaps (or the slacks) ;

- the perceived world (the constraints) and the designed world (the projects) ;

- regularities and singularities ;

- knots and links ;

- levels of networks and network of levels ;

- physical action and symbolic cognition ;

- communication and control (N. Wiener) ;

- information and decision ;

- assimilation and accomodation (J. Piaget) ;

- the channel and the code (C. Shannon) ;

- selection and reproduction, ...

Such conjunctions are perceived in their inseparability (the resources of the dialectical reasoning have been identified since the pre-Socratics) ; but the methodology of analytical modeling (too often seen, as the only "scientific method") has influenced the modeler (in all the scientific disciplines) to "first separate" when they model and reason on their models, that most of those scientific resources, have been forgotten sometimes in the twentieth century. In our modeling exercises, the concept of "structure" (or the concept of "group" in usual mathematical terms), which is well fitted to the modeling of a closed relationship between separated parts, and which is unable to give account of the potential complexity of the modeled phenomena is usually preferred.

The canonical form of "organiz-action"

From A. Bogdanov to E. Morin through J. Piaget and H.A. Simon (amongst many others), the concept of organiz-action was progressively re-designed and "complexified" in order to guide the modelers to represent, in some intelligible manner, those unseparable key-conjunctions perceived in complex systems. The human mind appears to be able to deal with such recursive concepts which take into account both the process and the result : "the organization, the organized thing, the product of this organization and the organizing are unseparable" wrote P. Valéry in 1920 (Cahiers, Pléïade, 1, p. 562). The concept of organization , or, indifferently, organiz-action, appears rather spontaneously each time we have to handle such "familiar" complexity dialectically.

E. Morin (1976,1980) has proposed a rather canonical (or paradigmatic) form of the concept, showing that it always gives account of any combination of six archetypal actions. Three transitive ones and three recursive ones :



to maintain
and 
self-maintain




and




to relate
and 
self-relate




and




to transform
and 
self-transform
The dual consideration of the synchronic and diachronic charecteristics of the recursivity property of the organization can be expressed by the conjunction of the self and the re-organization involved in any active organization, that is an eco-organization.

So each time we consider an organization, we have to consider it as :



an Eco-Auto-Re-Organization
and, remembering that the concept of organiz-action (like the concept of system) is designed as a tool for modeling complex phenomena, we focus on its representational characteristics :



an organization is a representation


a representation that we are able 



to model as an organiz-action.

Organiz-action is (perhaps) not a "natural entity", it is an artificial (intelligible) concept specifically designed to model the conjunction of transitive and recursive actions and the combination (or complex) of actions.

Organiz-action : the paradigm of information processing system.

This artificiality of organization allows to represent it through some symbolic models. Models which can be seen as able to process symbols or informations. H.A. Simon has proposed to understand an organiz-action so defined as an "Information Processing System", that is a system which generates information, memorizes, communicates and computes information (or "physical symbols", states H.A. Simon).

E. Morin has proposed to focus more again on this understanding of the complex concept of organizaction described by its information processing activities : he suggested the following paradigmatic form : 

«Eco-Auto-Re-Organizaction

Informational, Communicational, Computational»

Let us now consider how the modelers of economics systems deal, or can deal, with such a concept. We first observe that in the last twenty years, the concept of organization has become more and more popular amongst the economists. They implicitely seem now to prefer it to their classical concept of (economics) "structure". We have probably the more or less confuse feeling that we need a more complex concept than the concepts of structure and superstructure, to give account of the complexity of the economic phenomena, both at the micro and at the macro level. 

The recent synthesis proposed by O. Favereau (1989) of the various interpretations of the economic concepts of organization and market illustrates and contributes to our richer understanding of organizaction seen as the key feature of the modeling of complex economics systems. And a more recent comment of this synthesis, due to Y. Giordano (1991), shows its main consequences for the reasoning processes involved in the modeling of complex organization. The above studies open new programs of resarch in the field. The theorizing of "Eco-Auto-Re-Organizaction" developped in the modeling of economic system will also contribute to such new avenues of researches.

The first principle of inforgetic theory : organization from information.

I have suggested elsewhere (J.L. Le Moigne, 1990, 1991) to interpret the modeling of a complex system in terms of "representation" of a teleological system seen as active, organized and organizing, through its own information processing activity, both informed by the organizaction which forms it, and informing - and transforming - this organization. The principle of self-organizing systems (H. von Foerster, 1959 ; H. Atlan, 1972 ; E. Morin, 1980), or the corresponding principle of "organizational equilibration" (J. Piaget, 1968, 1975) suggests a first step (or level) in the modeling process which can be presented as the constitutive correspondance between "Information" and "organization".



This basic and recursive correspondEnce which defines recursively, in an understandable manner, the modeling concept of Information and Organization, can easily be entitled the INFORGETIC paradigm. This name metaphorically evokes the "ENERGETICS" paradigm defined by the "natural sciences", describing a "real physical world" (Erg). In the universe of discourse of the designed representation of the perceived complexity, we can state that : "Information is to organization (Org) "what" matter is to energy (Erg) in the universe of discourse of the "given and determined real world".
The first practical result of this metaphor is to offer us alternative paradigm, each time we shall need to refer to an energetics concept (such as flow or yield ...) to theorize an organization : a sort of epistemological parapet ! The second result is to suggest a sort of framework for our theory building endeavor. We can identify a "first principle" of this inforgetic theory, the principle of organizational equilibration, or of self-organizing. It can also help to take into account another key epistemological assumption, in order to model complex phenomena : the teleological hypothesis.

The second principle of inforgetic theory : 

the intelligent organizational decision.

The interactions between information and organizaction are not only governed by the "chance and law" dialectics (as L. von Bertalanffy in "Problems of life", (1949) stated, or in J. Monod, (1970)"Hazard and Necessity" , or "Disorder and Order"  J.P. Dupuy, (1982). These interactions are also governed by the projects, or the teleological behavior of the actors involved in the organizaction, informing it and informed by it. The whole behavior of the organization is perhaps not produced by a deterministic law of "spontaneous social order". It is perhaps "a result of human design, and not only of human action". This hypothesis is at least as plausible as the famous definition of social organization reformulated by F. Hayek (1967) : "The results of human action but not of human design". The "Information-Organization Genotype has to be complexified in order to model this capacity of the human organizations to purposefully design their behavior. ("By genotype, I mean a structure, a mechanism, a rule by which to play the game ; this genotype is capable to engender phenotypes, some "local models", said J.P. Dupuy in "Autonomy and complexity in sociology", UNU, 1985). To do so, we must consider the autonomous decision-making processes involved in any organizational and informational processes, argues H.A. Simon in his study of decision-making processes in administrative organizations ("Administrative Behavior", 1943, 1947, 1977). This thesis  has often been reconsidered by many social scientists (see for instance "Decision and Organization", C. Mc Guire and R. Radner, eds., 1972 ; or "Decisions and Organisations", J. March, 1988). They always conclude to the specificity of the Decision-Making process, which cannot be defined outside its interactions with "Information and Organization" in which it occurs ; so we need to complexify our initial genotypic model :



from loop _ 1 :





and to consider a new paradigm taking into account the teleological decision-making process involved in it :



to loop _ 2 :



The initial loop n°1 (I.O.) is becoming much more complex if we want to understand it : the organization is first the organization of the complex decision-making process (much more than the organization of some physical process). It is the difference between the bee and the architect, recalls a famous metaphore proposed by K. Marx in "Le Capital", (p. 718). The decision-making process must first organize the social organization (loop n°2 : O-D). To do so, the decision making is the decision to inform itself, constructing and selecting symbols, and at the same time, it is itself formed and informed by the informational process (loop n°3 : D-I) generated by the initial loop I-O). Those three interacting genotypic loops constitute the basic framework through which we can model in its perceived complexity, any socio-economic system. This general definition of what I call the INFORGETICS Paradigm does not lead to a "problem solving procedure". Here lies the difference with the physical energetics paradigm, which leads for example to the "problem-solving theory of gravitation". The basic argument of the new paradigm is to propose a problem-setting procedure, which can lead, in some meaningful ways, to the modeling of complex heterogeneous, multidimensional socio-economic systems.

This intelligible complexification of the inforgetic paradigm, from  


 

allows us to develop a theorization of complex organizations in conceptual terms, which can be seen as the "Inforgetic Theory". We have previously recognized the "first principle" of this theory, the self organizing or the equilibration principle" (also stated as "complexity from noise principle" or the "organization from information principle"). The conceptualisation of the adaptive behavior of the teleological organization, as proposed by J. Piaget (1937-1975) and H.A. Simon (1969-1981, 1980), taking into account the self-designing capabilities of the complex symbol processing involved in the decision making process, leads to a "Second Principle of Inforgetics theory", which I suggest to be called (with A. Newell and H.A. Simon, 1976), "the Principle of General Intelligent Action" (see for instance : "The Second Principle of Organizational Engineering : the General Intelligent Action Principle", J.L. Le Moigne, 1982 a). A complex adaptative system is an intelligent system, able "to invent" through its symbol processing capabilities, some "new" possible answers, when purposefully dealing with unexpected and unpredictable conditions. Empirical data often show such observable behaviors of invention in complex contexts. However classical and neo-classical theories do not provide any concept "to accept" (or "to model") them. 

Modeling complexity : intelligent reasoning

The understanding of the organizational intelligent behavior requires for some more thinking about the reasoning processes (the rationality) involved in its modeling and theorizing. H.A. Simon was probably the scientist who has the more clearly discussed this argument in the past thirty years. Today he gives us some of the key features identified by the sciences of cognition which usefully renew our global understanding of the modeling of complex systems. Although very briefly, we can take them into account in our endeavour to theorize the complexity of economic systems. "Intelligence, said J. Piaget (1937, p. 311) organizes the world by organizing itself. Re-reading this sentence (in its context) forty years later, E. von Glasersfeld (1981, 1989) will observe that it constitutes one of the key argument of the constructivist epistemology. Intelligence is here understood as human intelligence, that is to say, as the capability of the human mind to build "mental" (or "symbolic") representations of the world it perceives, and "to reason on it". To organize the world is to build organized and organizing representations of the perceived world ; and recursively, doing so, to organize itself, to process those representations, or to purposefully reason on them. In a constructivist epistemology, this interpretation of the recursive behavior of a cognitive organization, appears as plausible, and we know that many empirical observations can today be presented which corroborate Piaget's initial theory on organizing intelligence.

A main extension of the theory of intelligence was developped by H.A. Simon (often in cooperation with A. Newell), from the "intelligence of the human mind" to the "intelligence of social organization", through the general theory of "information processing system" (or, as initially suggested by H.A. Simon, the theory of "complex information processing". See "The sciences of the artificial", 1969-1981, p. 7 and D. Klark and K. Kotovsky Eds, 1980). The key feature of the theory is to propose an answer to the "how" question : How an intelligent activity is able to identify either a "problem" (or a "difference" in a perceived ill-structured context, or is able to invent some alternative feasible "solutions" to this problem, and is able to evaluate the relevance of those solutions vis-a-vis the purposes of the system. The final stage, the "choice" of the solution to implement (the action, or the change of behavior) is, paradoxically, rather easy to understand, even if many normative  decision theories have been built in the last fifty years to explain it ! However the first stages of the processes were often perceived as confused. The pragmatical answers to the question "what to decide"? as proposed in the various forms of syllogisms (logical, dialectical, rhetorical) and by the old wisdom of the "Topics", do not help us to understand (and to learn) the procedural answers to the question : "how to decide"? In a seminal article titled "On how to decide what to do", H.A. Simon (1978,1982) observed : "Economics, which has traditionally been concerned with what decisions are made rather than with how they are made, has more and more reason to interest itself in the procedural aspects of decision, especially to deal with uncertainty, and more generally with non-equilibrium (we shall say today : "evolutionary") phenomena. A number of approaches to procedural rationality have been developped in such fields as operations research and management science, artificial intelligence, computational complexity and cognitive simulation, which might be of considerable value to economics as it moves in this new direction" (1982, vol. II, p. 460).

The two hypotheses of intelligent reasoning : Symbol and Search

As H.A. Simon argues, the modeling of the reasoning processes involved by an "Information Processing System" (such as a social organization) dealing with ill-structured (or complex) evolutionary phenomena, can be seen as the modeling of an "intelligent" system because "intelligence is closely related with adaptativity, with problem solving, learning and evolution. A science of intelligent systems has to be a science of adaptative systems ... so long as we do not confuse adaptability with the ability to attain optimal solutions" (H.A. Simon, 1980, p. 45). The two key features of such a theory of intelligent systems have been raised by A. Newell and H.A. Simon in a seminal contribution known as their "Turing Lecture" (1976) : we can briefly here recall those two main "hypothesis" (or, as they also say : "laws of qualitative structure"), on which can be based today a procedural theory of "the reasoning processes" , or an answer to the "how to decide?" question (when dealing with complex systems).

 The first one, the "physical symbol hypothesis" , assumes that it is possible to represent a "general intelligent action" (or a purposeful behavior in a complex context) as a "physical symbol system" ("a machine that produces through time an evolving collection of symbol structures (which can design and interpret)"). The second one, the "heuristic search hypothesis", assumes that "a physical symbol system exercices its intelligence by search, that is by generating and progressively modifying symbol structures, until it produces a solution structure" (by symbol computation).

The constructivist modeling of a reasoning process based on those two "laws of qualitative structures" leads to the description of a procedure, in which the invention and the choice of the "next step" of the reasoning process is seen as partially determined by the "results" of the previous step, and, as such, cannot be anticipated. Here lies one of the roots of a fundamental distinction raised by H.A. Simon (after Aristotle) between the two forms of rationality : the substantive and the procedural ones ("From substantive to procedural rationality," 1976, 1982). Substantive rationality does not need any form of "intelligence" : the sequence of the steps of the reasoning process is completely and unambiguously described. It is usually named "algorithm" or "regulation's rule". It is presumed independent of the evolutionary behavior of the system in which and for which it is running (it does not care of the context, once for all determined as "appropriate to the achievement of given goals, within the limits imposed by given conditions constrainsts" (once given, they are assumed not to change). Substantive rationality appears as a form of reasoning relatively well-fitted to the case of well-structured, stable, certain expected situations. It cannot be seen as a really "intelligent" form of reasoning since it does not request any form of "invention", and it does not adapt itself to any unexpected changes in the context. H.A. Simon observes that theory of "Subjective Expected Utility Maximisation", cheered by most of the neo-classical economists, is typically a theory of the "substantive rationality type". Can we expect that it will fit the reasoning processes dealing with the perceived complexity of economic systems? : "In this kind of complexity there is no single sovereign principle for deductive prediction", he concludes (in H.A. Simon, 1986, p. 39).

Intelligent reasoning on complex systems : procedural rationality

The theory of intelligent system gives us, at least, a guide to describe and to model the behavior of purposeful reasoning systems dealing with complex (evolutionary, ill-structured, uncertain) situations : we can represent it as "heuristic search process generating and modifying symbol structures". Let us consider for instance a very classical economic problem : the complex problem of the efficient distribution of revenue. Our empirical observations show that the global amount of the revenues to be shared depend on the sharing rules that the "producers" of the revenue who are its "consumers" use each time ("the size of the cake depends on the sharing of the cake"!). Are we unable to cognitively take into account this empirical fact by arguing that no stable algorithm which can determine the unpredictable form of the relationship between the GNP and the policy of revenue distribution exists ? We know that, by trial and error, by means -end  analysis, we can use our own reasoning process to search one step at a time. We cannot predict or pre-determine the "result" of the process (the efficient policy of revenue distribution, for instance), but we can describe the procedure, the "how we intent to behave" at each step of the reasoning process, deliberating on the result of the previous steps and on the evolution of the behavior of the system as a whole. This paradigm of the "procedural rationality" is argued by H.A. Simon, who suggests also the metaphor of the "appropriate deliberation of a jury" for instance (nobody can predict the "result" with certainty, but we considered that it will be produced by an effective reasoning process), a process which can be modeled on the "heuristic searches of a symbolic system", i.e. as "an intelligent system" (see J.L Le Moigne, 1989, 1990).

Bounded rationality : the engineering of complex economic systems

The theory of procedural rationality clearly reveals the importance of the practical limitations of the cognitive (or computational) capacities (or resources) of any Information Processing System : H.A. Simon has developped, throughout his work, this basic argument under the name of "Bounded Rationality". It is not the rationality in itself which is bounded, it is the processing capacity of the computational system of physical symbols which aims to behave according to a given form of rationality, be it substantive or procedural. The discussion of this argument is now becoming more and more familiar amongst the economists. Therefore I can limit here my comments to some specific points which may have some useful practical interest in terms of economic organization design. They concern the capacity of an adaptive system to effectively manage its ability to generate symbols (the organizational engineering of symbolization), and to memorize symbols (the engineering of memorization), and, correspondingly, to manage its own "attention" (the engineering of the scarest resources ; organizational attention) (see H.A. Simon, 1988). None of these resources (symbolization, memorization, attention) are "given" : they are cognitively designed and built ; through symbols computation and chunking (A. Newell, 1990) by the modelers, observing actors of their observed socio-economic evolutionary organization. As "an intelligent system must and can observe and model its own teleological behavior", observes accutely J. Pitrat (1991, p. 338), it may "build a model of itself, and doing so, plan the search of some solutions to problems while taking its own capabilities in account, monitor and oversee its search process, and understand why (or at least how) it has found some result, so that it can (interpret) it and learn from its successes and failures".

Complexity means many satisficing behaviors

This interpretation of the self-modeling activities of a complex system (through procedural symbolization, memorization and attention) helps us to understand the reason of the basic characteristics of the behavior of an intelligent system : it searches "satisficing" solutions (H.A. Simon, 1957, 1987), i.e. that it knows that there is no "unique" solution to a complex problem. Because it knows that it deals with evolving goals and evolutionary situations which it perceives (and models) as multidimensional, it assumes the rational conclusion that no  unique best solution fits simultaneously the various criteria and the various representations of the problem. It can search and find some "satisficing" solutions, it cannot compare in absolute terms those solutions. All of them are rationnally argumented, all of them appear as satisficing. This rational lack of determination, although firmly based in terms of rationality and in its epistemological roots, is still today hard to accept by most of the economists, accustomed to be considered as the scientific experts in the determination of the optimum solution of any economic problem (see P. Bourgine and J.L. Le Moigne, 1991).

Economics reasoning and sciences of cognition

The engineering of cognition involved in the modeling of the procedural forms of rationality (heuristic symbolic searches), developed in the framework of the inforgetics paradigm, also leads us today to some rather promising developments in the areas of the new Natural Logics and of the related field of the new Dialectics and the new Rhetorics. When the reasoning processes are not formally constrainted to confuse the negation with the contradiction, the "rational modelers" (be they logicians, mathematicians, or economists) rediscover some old aristotelian forms of rationality : the recursive reasoning (which was perfectly described by an old rhetorical figure : "the chiasmus"), the hologramorphic reasoning (which expresses a constitutive relationship between the whole and the parts (see for instance G. Pinson et al., 1985, and E. Morin, 1990), the fractalization procedure (which expresses the micro-macro-cosmic duality involved in systems modeling, which - as observes J. de Rosnay - is basically different from the classical fragmentation procedure defined by classical reductionism) ... These are examples of the contemporary works on rationality that the inforgetic economics can usefully consider today to enrich its own resources in terms of heuristic searches which may appear as relevant when dealing with complex systems. (For some more comments on this topic, see J.L. Le Moigne, 1992, b, c, and in UNU, 1985, pp.35-61, and the readings to which its refers).

CONCLUSION: ECONOMICS INFORGETIC THEORY

CONTRIBUTES TO THE NEW SCIENCES OF COMPLEXITY

Any theorizing endeavour appears as a rather speculative exercise : not only one cannot prove the "truth" of the theory, but, in addition one can only suggest some modest ideas arguing its "usefulness"", The formalization of the  Inforgetic Theory as a tool to guide the economist dealing with complex problems, the discussion of its foundations through the constructivist epistemologies,  and of some of its consequences in terms of appropriate forms of rationality, were justified by the strong need for some alternative theory : However such a justification says nothing in itself about the effective relevance of the alternative. It aims to deal with the perceived complexity of economics systems, but how can we be sure that it will reach its goals? The answer lies in "the doing". We have explained at length that the inforgetic theory is of the procedural type : it does not give any definite answer, only some general searching procedures without any guaranties of success. We have interpreted the work of some of the best contempory social scientists, which have more particularly dealt with the complexity of socio-economic phenomena. We have tried to discuss our own modeling experience in the area of complex social organizations dealing with new information technology in complex contexts (from urban to rural engineering). For the time being, the inforgetics theory appears to be useful. However we see it more as a problem-setting than a problem-solving theory.

Here is perhaps the real answer to any science of complexity : it cannot be a "positive science" (grounded by some positivist epistemology) ; it has to be a fundamental science of engineering (or of design, as stated by H.A. Simon, 1969/1981). A science based on a project of knowledge : the "how to artificially design" a system (which perhaps does not naturally exists), which can, once built, behave itself in some intelligible manner for its designers.We believe that the neo-classical economists will have some difficulties to admit that our discipline has to be considered as a truly engineering science (which has nothing in common with an "applied science", recalls H.A. Simon). But we confess that we do not see any alternative, if we want to understand complex economics systems (and not to first simplify them!). Its practical consequences are many : we have do deal with the engineering of symbolization (the recent design of the symbolic concept of sustainability gives us here a rather convincing example : sustainability is not a positive thing that we can expect to find in nature!) ; with an engineering of memorization (see for instance the work of R. Nelson and S. Winter, 1982, on "routine as organizational memory"), with an engineering of attention (see for instance H.A. Simon, 1988) ... More generally, we have to deal with the engineerings of interaction between organization, decision and information, each of them seen in their intelligible .... and irreductible complexity, and also seen in their evolutionary interdependencies with the two others. Many economists reading this embryonic inforgetic theory of complex system will conclude that they are as "Monsieur Jourdain", the famous Molière' hero : "they practise it although they did not know previously its name". They will be sometimes correct when stating that they practice it each time that they consciously refer to their own cognitive search-process, referencing it to some constructivist epistemology. They will perhaps formulate their theory of modeling in other terms than in the inforgetics one, but as a result they will be in position to effectively deal with the perceived complexity of the world. They will realize that they will heuristically search through the computation of symbol systems which they are generating and chunking, "symbols of all kind, including natural langage and diagrams" (H.A. Simon, 1990).

And, inforgetics or not, "the situations they wish to model are orders of magnitude more complex than the most elaborate models that supercomputers of the present and future will sustain" (ibid, p. 13). H.A. Simon concludes : "We need to apply keen intelligence, whether of people or computers, to make sure that we capture in our models the aspects of the world's systems that are important to us" (ibid). To do so, let us modestly add that we shall be collectively able, joining the modeling resources of social sciences and of engineering sciences, to develop some form of inforgetic theories which help us to deal more intelligently with complexity than the energetics theory,  and which can be praticed enough to become learnable  if not teachable.
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