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Abstract:

Main principles of the complex nonlinear thinking which are based on the notions of the modern theory of evolution and self-organization of complex systems called also synergetics are under discussion in the article. The principles are transdisciplinary, holistic, and oriented to a human being. The notions of system complexity, nonlinearity of evolution, creative chaos, space-time definiteness of structure-attractors of evolution, resonant influences, nonlinear and soft management are here of great importance. In this connection, a prominent contribution made to system analysis and to a necessary reform of education and thinking by Edgar Morin is considered. 
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“Il y a science des choses simples et art des choses compliquées…  

L’intérêt de la science gît dans l’art de faire la science”.

Paul Valéry.

“Our vision of nature is undergoing a radical change toward 

the multiple, the temporal, and the complex”.

I.Prigogine

1. Principles of Complex Nonlinear Thinking.  The Peculiar Role of Synergetics

All systems of human knowledge are based on certain principles. The latter can be considered as initial attitudes towards any research or as starting points of human reasoning and thinking. Aristotle said:  “The first principles have to be accepted, all the rest has to be justified”. As a rule, there are some initial statements, or principles, in any theory, and then, by moving downward, an entire system of theoretical knowledge is being constructed. The principles make the scientific theories essentially open. Kurt Gödel discovered this fundamental fact for mathematical theorems. He proved that, for most sets of axioms, there are true theorems that cannot be deduced. In other words, they are, so to say, random truths.

Another questions arise, when we enter into the field of methodology and begin to deal with methodological principles. Generally speaking, any developed theory can be used as an instrument for getting new knowledge, thereby it becomes a method of research. Rene Descartes, being a genuine liberator of pure reason, introduced the very idea of method, i.e. an order which we should follow in developing our thoughts (Descartes 1953, p.14-16). If one manage to formulate the methodological principles in an intelligible and plain form, they can serve as a strategy of scientific - or intellectual, in general, - search. Although the paper has not an aim to deal neither with the nature of principles of human knowledge nor with specific features of methodology, the understanding creates the necessary prerequisites for further consideration.

Edgar Morin emphasizes that nowadays a reform of thinking is urgently needed. “There is a more and more wide, profound and serious inadequacy between our disjointed, piecemeal, compartmentalized knowledge – on the one hand, and ever more polydisciplinary, transversal, multidimensional, transnational, global, planetary problems” (Morin 1999b, p.13). The principles of thinking should be holistic, complex and human oriented. The theory of self-organization of complex systems, which I call after Hermann Haken (Haken 1977) synergetics, plays a peculiar role in the indispensable reform of thinking.  

First, the theory is interdisciplinary, or transdisciplinary, by its nature, because it is oriented to reveal common patterns of self-organization of complex systems of any kind, independent of concrete nature of their elements. Recently the synergetic research program goes far beyond the domains of mathematical physics, physics of laser, physics of plasma and physical chemistry, i.e. the fields of research in the frames of which the basic synergetic models have been elaborated. The synergetic models are fruitfully applied to the understanding of human being, human culture and society, human psychology and cognition, creative work and education, strategic planning and management activities. 

Second, synergetics leads to a new constructive dialogue between specialists in different disciplinary fields. The theory makes steps towards the synthesis of natural sciences and of the humanities, of the Eastern and of the Western worldviews, of the new science of complexity and the old traditions of culture, art and philosophy. 

Third, the synergetic knowledge can serve as a strategy of research. If the general patterns of self-organization and of nonlinear synthesis of complex systems are revealed, on the basis of this knowledge, one can forecast the course of processes of structures formation and their evolution in certain fragments of natural or human worlds which are under investigation. Synergetics can prompt how to make a next step in the research. It is savoir faire for a researcher.

Fourth, the knowledge of synergetics is of  great significance for education and teaching. Synergetics has here a double meaning: it can be used not only as contents of education, but also as its method. On the hand, it is a question of education through synergetics, by the transmission and dissemination of synergetic knowledge. On the other hand, it is a question of the synergetic approaches to education, the synergetics ways of organization of the process of education and of upbringing. Synergetics serves as contents of education in the first case, it is used as a method in the second case. The important consequences of the modern theory of complexity for education and teaching are under consideration by a few scholars in different respects: the profound reform of thinking and the very principles of organization of systems of education (Morin 1977, 1999a, 1999b), the understanding of principles of education from the standpoint of internal complexity of living beings (Atlan 1979, 1991), biological roots of human knowledge and the embodiment of cognition (Maturana and Varela 1988, Varela 1999), etc.

When showing the essence of the new complex thinking, E.Morin formulated seven interrelated and complementary principles of such a thinking. These are the organizational and system principle, the principle of “hologram”, the principle of feedback, the principle of recursive loop, the principle of autonomy / dependence (self-eco-organization), the principle of dialogue and the principle of reintroduction of cognitive subject in the cognitive processes (see Morin 1999b, p.108-111, for more details). The aim of this paper is to set forth another view on the principles of complex thinking and its applications. The view turns out to be very close to that of E.Morin. My view is based on the research results of the Moscow school of synergetics at the Keldysh Institute of Applied Mathematics and at the Institute of Philosophy of the Russian Academy of Sciences. Synergetics is under development here as a theory of very fast processes, blow-up regimes, localized structures formation and their evolution in complex (open and nonlinear) dissipative media. Most of the methodological conclusions presented here are founded on the severe results of the mathematical modeling and computer simulation of nonlinear evolutionary processes in such complex media.  

The principles of complex nonlinear thinking bear in themselves the imprint of nature of principles as such. They are elements of open-ended system of knowledge. They are connected not only with pure, rationalized knowledge, but with human convictions as well. Therefore, to cultivate the principles of complex thinking means to learn the art of thinking. Equally, to gain ability to efficiently act in the complex surroundings means to learn the art of activity and of management. This understanding is consonant with the apophthegm of Paul Valéry: “Il y a science des choses simples et art des choses compliquées…L’intérêt de la science gît dans l’art de faire la science”.

2. What is nonlinearity?

“Nonlinearity” is a fundamental conceptual knot of the new synergetic paradigm. The paradigm may be probably called the paradigm of nonlinearity. The complex thinking is, first of all, a nonlinear thinking. Therefore, it is important to understand various implications of the notion of nonlinearity, including its most general, philosophical sense.

Considered from the mathematical point of view, nonlinearity signifies a certain type of mathematical equations which contain unknown quantities in powers more than 1 or coefficients depending on properties of a medium (system). Nonlinear equations can have several, more than one, qualitatively different solutions.

Hence follows the physical sense of nonlinearity. A certain set of solutions of a nonlinear equation corresponds to a multitude of evolutionary paths of system which is described by the equation (a nonlinear system).

The idea of nonlinearity has a profound philosophical sense. It can be developed by a few more intelligible ideas, namely:

► the idea of multiplicity of evolutionary paths, the availability of alternative paths of evolution (it is well worth to underline here the fact that a large number of evolutionary paths is characteristic even for one and the same, invariable, open and nonlinear medium, or system);

► the idea of choice between these alternative paths of evolution;

► the idea of tempo of evolution, i.e. the speed of course of evolutionary processes in an open nonlinear system;

► the idea of irreversibility of evolution.

The specific features of the phenomenon of nonlinearity are as follows.

First, thanks to the nonlinearity, an important principle of “the rank growth of a small”, or “the strengthening of fluctuations” is valid. Under certain conditions, the nonlinearity can strengthen fluctuations. It is able to transform an insignificant difference into an appreciable one which has macroscopic consequences.

Second, special types of open nonlinear systems show another remarkable property – the existence of thresholds of sensitivity. Below a threshold, everything diminishes and disappears. Such events are to be forgotten, they don't leave any traces in nature, science or culture. On the contrary, everything increases excessively above a threshold. 

Third, the nonlinearity gives rise to a certain quantum effect: the discreteness of evolutionary paths of nonlinear systems (media). It means that not any arbitrary (either conceivable or desirable) evolutionary path is possible in a given nonlinear system, but only a discrete spectrum of evolutionary paths is available and feasible for implementation in the system. By the way, the above-mentioned existence of thresholds of sensitivity of special types of open nonlinear systems is an indicator of their quantum nature as well.

Fourth, the nonlinearity signifies the possibility of unexpected, so called emergent, changes of direction in the course of a certain process. It entails some consequences for the human activities connected with predictions of the future. Predictions as extrapolations from an available state of affairs are still, up to this day quite widespread in the studies of, at least, short-term perspectives. Because of nonlinearity of evolutionary processes in the world, such predictions are in principle unreliable and insufficient. The development occurs through accidental choices of a path around bifurcation points, and the change (such is the nature of things) is, as a rule, never repeated.

The research results show that the picture of processes at initial or intermediate stages may be completely opposite to their picture at a developed, asymptotic stage. For example, the processes, which initially spread and faded, may kindle in time and become to be localized near a center of a structure. Such bifurcations are determined not by changes of parameters of a medium, but by the course of processes of self-organization of the medium.

Of course, some forced or spontaneous changes of an open nonlinear medium itself can occur as well. If a medium becomes different, it entails quite naturally qualitative changes in the picture of its evolution. If we consider a deeper level, a transformation of a field of possible evolutionary paths of the medium takes place in such a case.

And finally, the nonlinearity implies the notion of the possibility of super-rapid development at certain evolutionary stages. The very fast evolving processes together with their peaking in open nonlinear media, so called blow-up regimes, have been studied at the Moscow synergetic school. 

3. New facets of complexity
“Complexity” is another key word which specifies the synergetic research. Along with the concepts of “self-organization”, “openness”, “nonlinearity” and “chaos”, synergetics concentrates on the studies in complexity. Synergetics is the cognition and explanation of something complex, its nature, principles of organization and evolution. One might say that synergetics is the modern science of complexity.

According to the second principle of classical thermodynamics, evolution leads to the simplification of organization, to the degradation of structures and formations in the world, and precisely to the increase of entropy, i.e. chaotic, unordered elements, in the observed integrated systems. In its extreme expression, these notions had been brought to the known Clausius' hypothesis of heat death of the universe. Synergetics, which is based on the non-equilibrium thermodynamics, examines mostly the opposite processes: the path to a more and more complex, the origin of the complex and its growth, i.e. the processes of morphogenesis.

The processes of simplification of organization and possible transitions to chaos are considered by synergetics only as necessary evolutionary stages of the functioning of the complex and the ascent of it.

The model of morphogenesis was the subject of research of A.Turing as far back as 1952 (Turing 1952). How does a complex structure appear? Why do self-organizing structures in the world have definite forms, mainly spiral or lattice forms (rightly organized hexagonal lattices)? How is the change of forms, the increasing complexity possible? How does the process of morphogenesis occur? In other words, how is a chain reaction of complication possible? How does the assembly of integrated systems from parts developing with different speeds occur? Experts in the field of the theory of self-organizations didn't cover, probably, even a half of path in the searches of answers to these questions.

3.1. What is complexity? It is hardly possible to give a precise definition of complexity. To strive for exact definitions of general concepts is rather often (even in exact sciences!) a thankless deal. Complexity is a multi-faceted phenomenon in the universe.

It is quite clear that complexity is not only a complicated composition of elements within a system. That is, complexity is not simply connected with a large number of interacting elements or components and intricate interactions between them. It is rather a characteristic of behavior of open nonlinear systems, in particular of the structure formation in them, spatial and temporal patterning.

As J.A.S. Kelso puts it, there are here two problems, namely: the problem of complexity of substance and the problem of pattern complexity, and what's more, the second problem is more important in the theory of self-organization: “Any principle of pattern formation has to handle two problems. The first is how a given pattern is constructed from a very large number of material components. We might call this the problem of complexity of substance... Biological structures like ourselves, for example, are multifunctional: we can use the same set of anatomical components for different behavioral functions as in eating and speaking, or different components to perform the same functions (try writing your name with a pencil attached to your big toe). We might call this second problem the problem of pattern complexity (Kelso 1995, p.5).

Trying to penetrate in the very nature of complexity, be it chemical, biological or social complexity, G. Nicolis and I. Prigogine explore general ingredients of complex behavior. These are “nonequilibrium, feedback, transition phenomena, evolution”(Nicolis and Prigogine 1989, p.40). Complex behavior rather than complex systems is the proper subject of research. “While we cannot yet attempt a clear-cut definition of complexity, we begin to perceive some of its essential ingredients: the emergence of bifurcations in far-from-equilibrium conditions, and in the presence of suitable nonlinearities; the generation of broken symmetries beyond bifurcation; and the formation and maintenance of correlations of macroscopic range (Nicolis and Prigogine 1989, p.78).

Complexity is connected with the seniority of different levels, the hierarchical principle of system organization. Besides, complex hierarchical formations should be regarded in evolutionary light. Instabilities and nonequilibrium phase transitions, which include oscillations, spatial structure formation, and chaos, are the subject of analysis here. Such is the approach of H. Haken (1977) and J.S. Nicolis (1986).

In his book “The Quark and the Jaguar” M.Gell-Mann shows that, no matter how paradoxical it seems, the world of quarks has much in common with the world of jaguar wandering in the darkness (Gell-Mann 1995). Two poles of the universe – the simple and the complex – are closely connected with each other. He proposes a new term “plectics” which, from his point of view, expresses quite well the relations between the simplicity and the complexity in all their diverse manifestations. The term springs from Greek word – πλεκτικη – which signifies the “art of weaving”, “composition”, “complication”. Thus, a turn “from complexity to perplexity” occurs in the modern discussions of complexity. Complexity is poised at the edge of chaos.

Complexity is the unity of plural and diverse elements. According to E.Morin, who agues the problem in the true philosophical context, complexity is “unitas multiplex”. i.e. “unity of and  in diversity”. “Complexity appears therefore in the heart of the One simultaneously as relativity, connectedness, diversity, duality, ambivalence, ambiguity, uncertainty and in the unity if these complementary, competitive and antagonistic notions. The system is a complex entity that is more, less and other than itself. It is simultaneously open and close. There is no organization without disorganization. There is no functioning without dysfunction” (Morin 1977, p.147).   

3.2. Complexity and tempos of evolution. According to the synergetic models of the Moscow school, complexity of structures and of their behavior is conditioned, first of all, by their tempos of evolution. The tempo, or the rate of evolution of open nonlinear systems, is a key characteristic in exploring complexity. The thesis can be explained by a few more concrete ideas:

* there are very fast, avalanche-like processes, the blow-up regimes, which are of great importance. An effect of localization, i.e. the structure formation, and the appearance of extremely complicated structures may be observed in these very regimes;

* periodical alternation of various evolutionary regimes may take place. The change of tempo of evolution as well as of general character of the occurring processes is a basis for self-maintenance of complex structures in the world;

* it is the tempo of evolution that serves as indicator of integration of structures developing with different speeds in a whole complex structure;

* synchronization of tempos of evolution of different complex structures is a way of co-evolution and sustainable development in the world.

3.3. Narrow evolutionary channel towards more and more complex systems. The world is built in such a way that it admits the complexity. The main wonder of the world consists in this very fact.

The formulation of the anthropic principle connected with the origin of the universe is well known. The complexity of the observed universe is determined by an extremely narrow range of sections of primary elementary processes and by values of fundamental constants. If the sections of elementary processes in the epoch of Big Bang would be, for instance, a little bit larger, the whole universe would burn down during a short period of time. The anthropic principle turns to be the principle of existence of complexity in the world. In order to enable the complex systems to exist and to develop, elementary processes at a microlevel had to occur right from the outset very selectively.

One of the most important results of studies of mathematical models of open nonlinear media is the discovery of a phenomenon of inertia of heat and of localization of processes (for example, the processes of burning) in the form of non-stationary structures developing in blow-up regimes (Achromeeva et al. 1989; Samarskii et al. 1995). There are some reasons to formulate a hypothesis of extension of the scope of the anthropic principle to cover the conditions of manifestations of complexity in the phenomena of self-organization. The wording of the hypothesis might be as follows: complex spectra of structure-attractors, which differ from each other in their sizes and forms, exist only for a narrow, unique class of mathematical models with exponential nonlinear functions.

It is astonishing that all the complex formations are built in the world in extremely selective way, that the evolutionary channel to complexity is very narrow. The evolutionary motion upstairs towards more and more complex formations and structures means the realization of less and less probable events.  Thus, relatively simple mathematical models contain the complex, i.e. complex spectra of structure-attractors. It is shown that complex spectra of non-stationary structures, structures developing in blow-up regimes, can spring up and maintain themselves in a meta-stable way in a restricted class of open nonlinear media.

The path of an increasing complexity is a path towards media with bigger nonlinearities and new properties, with more and more complex spectra of forms and structures. There are some reasons to consider the world as a hierarchy of media with different nonlinearities.

3.4. Reduction of complexity. One of the main methodologically constructive ideas is the idea of radical reduction of complexity. Complexity under investigation can be reduced in essential way to more simple representation of evolutionary processes. Attractors of evolution of complex systems are described much more simple than zigzag and ramified paths to them.

Synergetics allows us to overcome certain psychological barriers, fear of systems organized in a very complicated manner. Studying such systems, it is unjustified to excessively complicate the applied models, to introduce many parameters of evolution. A supercomplex and multidimensional system, which has a chaotic, unorganized motion at the level of elements, may be described by few fundamental ideas and images or even, if it's possible, by mathematical equations that determine general trends of evolutionary processes in it.

The approach developed by H. Haken is of great significance here (Haken 1977). To find out only few order parameters, which are generated by elements of a complex system and which enslave the behavior of the elements means to simplify an observed picture of complex behavior in a radical way. This is really a key to our understanding of complex systems, i.e. a way to cope with the complexity. “According to the slaving principle of synergetics, the order parameters determine the behavior of all the individual parts of the system, for instance the motion of the individual volume elements. The number of components may be very large, whereas, in general, the number of order parameters is rather small or may even be only one. In this way, the slaving principle implies an enormous information compression. Instead of characterizing the system by its many individual components and their activities, it is sufficient to characterize it by the order parameters (Haken 1997, p.154).

The synergetic models of another kind have been developed by S.P.Kurdyumov and his collaborators. The radical reduction of complexity takes place here due to an exit of evolutionary process to an asymptotic stage. The asymptotes, or structure-attractors of evolution, are much more simple than the complicated, unstable course of intermediate processes in open nonlinear systems. ”It proves that at an asymptotic stage the processes in the system with a lot of parameters (infinite-dimensional systems) are satisfactorily described by very simplified finite-dimensional models. If we consider a series expansion in harmonics of the solution to a complex nonlinear system, it proves that at an asymptotic stage only a few harmonics make considerable contribution to the solution. As a result, at an asymptotic stage only a few harmonics out of an infinite variety remain essential (Kurdyumov 1990, p.313).

The structure-attractors determine evolutionary trends or “purposes” of occurring processes. The evolutionary processes at an asymptotic stage become simpler in an enormous manner. On the strength of it, new opportunities for the forecasting arise. Anticipating the future, one may proceed

a) from “purposes” of  processes (structure-attractors), 

b) from “a whole”, i.e. from general tendencies of the course of evolutionary processes in integrated systems (media), and, therefore, 

c) from “an ideal”, which is desirable for a man and at the same time concerted with own trends of evolutionary processes in complex systems.

3.5. Complexity and some new paradoxical faces of time. The principles of complex thinking developed by Edgar Morin (Morin 1999, p. 106-111) – the principle of organizational recursion (of retroactive loop), the holographic principle, the dialogic principle, etc. – are closely connected with the modern notion of time and temporal evolution in complex nonlinear systems. The problem of temporal duration and of rate (tempo) of development of structures in complex systems attracts special attention of scientists who specialize in the modern theories of complexity and self-organization. The necessity of exploration of the problem of time corresponds to the observed changes in the frame of mind, mentality. Whereas at the beginning of the 20th century, natural sciences, by picking up the general spirit of Einstein’s theory of relativity, consider a geometrization as an ideal, i.e. try to represent time and force interactions through space and the changes of its properties, nowadays, at the beginning of the 21st century – due to the theory of self-organization of complex structures (called also synergetics) – time turns to be in the focus of attention,  it turns to be possible to represent space through time, because it shows that all the historical and evolutionary stages of development of a structure are represented and can be found now in the spatial configuration of a complex  structure-attractor. The spatial configuration can be treated as a unification of fragments of structures of “different age” that carry in themselves elements of “memory of different depth”. At present the turn from a spatialization of time to a temporalization of space obviously occurs.

A whole series of paradoxical notions connected with time, such as “the influence of the future upon the present”, a “possibility of touching of a rather remote future today”, “the past and the future are available now, in praesenti”, “possibility of reversion of the course of evolutionary processes in time (spread of processes along previous traces)”, appears in the modern theories of complexity. 

It's worthwhile to formulate some principles of complex non-linear thinking on the basis of recent studies in temporal and spatial properties of processes of self-organization and evolution of complex systems. Main results of the studies are as follows: 

a) predetermination, “the influence of the future”, structures-attractors of evolution;

b) nonlinear character of the course of time in the processes of self-organization and evolution of complex structures: 1) elements of cyclicity, 2) the possibility of acceleration or slowing down of the course of time, 3) nonlinearity, eventual branching of time which is similar to the growth of the evolutionary tree of structure formation and transformation;

c) the existence and maintenance of a complex structure are connected with its velocity of development, its tempo of life, the possibility of switching of different regimes of evolution;

d) the intimate connection between space and time which is determined by the space-time invariants at the developed stages of evolution of complex structures, the role of proper topology for sustainable development of complex structures.

4. The Art of Complex Nonlinear Thinking
Some common patterns of the complex systems behavior are revealed in synergetics. The science makes steps towards a new nonlinear evolutionary worldview as well as towards the stating of the principles of complex nonlinear thinking. The most essential elements of this thinking are the understanding of:

1. the constructive role of chaos in evolution, the connection of chaos on a micro-level with evolution of structures on a macro-level;

2. the non-unequivocal purposefulness, the elements of pre-determination on the field of multiple evolutionary paths;

3. the laws of very fast, avalanche-like processes, blow-up regimes in complex systems;

4. the existence of changing rhythms and regimes of evolutionary processes, the nonlinear dynamics of the course of evolutionary processes;

5. the patterns of constructing complex totalities from simpler elements (or subsystems), that is the elaboration of a kind of a new evolutionary holism;

The style of thinking of classical science is subjected to radical criticism from the synergetic point of view. The style is characterized mostly by patterns of linear thinking. Some of them are not eliminated up to the present. That's why it is worthwhile to consider in detail the crucial shift of paradigm from linear to nonlinear thinking. 

4.1. Creative chaos. Up to now many people are afraid of chaos. It did resemble a gaping abyss as far back as in the ancient mythology. Chaos looks like an exclusively destructive element of the world. It seems that chaos leads to nowhere.

The classical view of chance is still sometimes valid. Chance (randomness) is considered as a secondary and subsidiary factor which is not of principal importance. Chances are being forgotten and washed away, they remain no traces in the course of events in nature, science, culture, society. The world we are living in is viewed as independent from small fluctuations at underlying levels of reality as well as from insignificant cosmos influences.

Synergetics reveals the creative role of chaos (random fluctuations) in the evolutionary processes which occur in nonlinear complex systems (media). There must be a certain degree of chaos and destruction in the world. Chaos and fluctuations on a micro-level play an essential role in determining the actual trends, or “aims”, of processes at a macro-level. Chaos manifests itself as a “force”, as a mechanism underlying an exit to one of several evolutionary structure-attractors. The macro-organization evolves from chaos on micro-level. Dissipative processes, being the macroscopic revelation of micro-chaos, act in the same way as a sculptor who chisels and shapes a statue from a block of marble.

Order and chaos, organization and disorganization, construction and destruction seem to be well-balanced in the world. Thus, it is senseless to resist chaos, or to strive to completely eliminate the negative, destructive elements from the world. Chaos is a necessary condition for self-organization.

Besides this, chaos serves as a basis for integration of relatively simple evolutionary structures into more complex ones. It is a mechanism of coordinating their tempos of evolution. Chaos, fluctuations on micro-level, can also be a way of evolutionary switching, allowing a periodical transition from one evolutionary regime to another one.

Thus, synergetics reveals the sympathetic, creative face of chaos.  Chaos is, ultimately a field producing sparks of social and cultural innovations. Because chaos opens up the possibility for the appearance of something completely new, an element of chaos is desirable. Synergetics allows us to understand destruction as a creative principle. “A passion for destruction is creative”, wrote the Russian philosopher M.Bakunin. Thanks to the liberation from the old and to the turn of evolutionary processes to an opposing regime, something new can emerge from the remains of the old.

4.2. Discrete sets of evolutionary paths. From the classical point of view, development is understood as a linear and progressive line, without any alternatives. Only the past is of historical interest. Even if there are some alternatives, they represent only accidental deviations from a certain main stream. They are subordinated to the main stream that is determined by general laws of the universe. All these alternatives flow, finally, into the main course of historical events.

The world is a kind of net of hard links of cause-effect. The causal links have linear character. When following these causal links, the course of development can be infinitely calculated in the past as well as in the future. The development is both retro-dictable and pre-dictable. The present is determined by the past, the future is determined by the past and the present.

One of the most essential and paradoxical consequences of synergetics is a notion of pre-determination which is conceived in a new nonlinear sense. Even as they emerge out of chaos, evolutionary processes are, to some extent, pre-determined. The known notions of final and formal causes coined by Aristotle might be here at issue. They could be interpreted in a new quite materialistic way in the light of synergetics. 

In relatively simple mathematical and computational models, a result of fundamental importance has been obtained: a continuous nonlinear medium potentially contains in itself different kinds of localization processes (different kinds of structures). Medium is a united source that acts as a carrier of different forms of future organization and as a field of different evolutionary paths. In other words, there are discrete sets of evolutionary paths of complex systems in the world (Knyazeva and Kurdyumov 1994).

The same notion follows from the original synergetic model of order parameters and slaving principle elaborated by H.Haken. There is a principle of circular causality which describes the relationship between the order parameters and the parts that are enslaved by the former: the individual parts of a system generate the order parameters that in turn determine the behavior of the individual parts. It can also be expressed in quite another form, namely: the order parameters represent a consensus finding among the individual parts of a system, to draw an anthropomorphic picture. Thus, the few order parameters and the few possibilities they have in accepting their individual states reflect the fact that in complex systems only few definite structures that so-to-speak are self-consistent with respect to the elements are possible. Or to put it differently, even if some configurations are generated artificially from the outside only few of them are really viable (Knyazeva and Haken 1997, 2000).

The future states of complex systems escape our control and prediction. The future is open, not unequivocal. But at the same time, there is a definite spectrum of “purposes” or “aims” of development available in any given open nonlinear medium. If we choose an arbitrary path of evolution, we have to be aware that this particular path may not be feasible in a given medium. Only a definite set of evolutionary pathways are open, only certain kinds of structures can emerge. 

These spectra of evolutionary structure-attractors look much like spectra of purposes of evolution. There is, so to speak, “a tacit knowledge” on the part of medium itself. The spectra are determined exclusively by properties of open nonlinear systems themselves. The future turns out to be open in form of spectra of pre-determined possibilities (Knyazeva 1997). In spite of the existence of a whole set of possible evolutionary paths, many structure-attractors remain hidden. Many possibilities will not be actualized. Many inner purposes cannot be achieved within given parameters of the medium. It looks as if a lot of things exist in a latent world.

The attractors as future states are pre-determined (they are determined by their own properties of a given open nonlinear medium). Patterns precede processes. They can be interpreted as a memory of the future, a “remembrance of future activities”. All the attempts that go beyond one of the basins of attraction (the “cones” of attractors) are the “infernal attempts”. Everything which is not in accordance with the structure-attractors will be wiped out, annihilated. For example, a human can fight unconsciously against those forces (some his attitudes and plans as structure-attractors) that “pull him” from the future, but all these attempts are doomed to failure.
4.3. Hyperbolic growth. Classical science conceived instabilities as 'regrettable troubles' which have to be overcome. Instabilities and small deviations of equilibrium are something negative and destructive, they lead only to losing a right way. However, synergetics shows that the most astonishing events may occur exactly far from equilibrium, i.e. in extremely unstable states. Localized complex self-organizing structures may appear in such states.

The processes of rapid development were sometimes under investigation in classical science. For example, T.R.Malthus proceeded in his theory from the supposition that the population on the earth grows in geometrical progression, whereas the resources grow only in arithmetical progression. It was usually considered and is still sometimes considered that such processes of explosive development obey the exponential law. The notion is actually one of the misconceptions of classical science.

Synergetics investigates conditions for self-organization far from equilibrium and reveals laws of very fast, avalanche-like growth when meta-stable localized complicated structures may emerge. Such a processes of nonlinear, self-stimulating growth takes place all over the space of a complex system (medium), i.e. in every local area of it. 

Most of the processes, for instance the growth of population on the Earth, the growth of scientific information or the sharp upswing of industry, occur in blow-up regimes. The processes obey the hyperbolic rather than the exponential law of development. It is important to understand here how we can initiate such very fast processes in open nonlinear systems and what are requirements for avoiding the probabilistic decay of the complex structures near the moments of their maximal development.


4.4. Rhythms of evolution. Synergetics studies not only mechanisms of fast development, but various types of blow-up regimes as well. The evolution of structures undergoes the periodic change of state from one regime of development to another. There cannot be sharp growth of structure without a threat of fall and destruction. There are some universal laws which govern these rhythms. They are peculiar to living being as well as to inanimate nature. There are some cyclical changes of state: upsurge – slump – stagnation – upsurge – slump etc. Only obeying these “life rhythms”, or oscillatory modes, can complex systems maintain their integrity and develop dynamically. The mechanism of the 'self-movement', auto-oscillation, reminds one of the oriental images – the image of Yin-Yang. Yin is complete potentiality and aspiration: the subconscious, the non-verbalized and the hidden. Yang is the realized: the verbalized, the revealed.

According to the synergetic models of the Moscow school, changing of the two different, complementary regimes, HS- and LS-modes with peaking, takes place in open media (systems) with strong nonlinearity. This could be considered as a mathematical analogy of Yin-Yang alternation, i.e. changing of two complementary world elements. HS-mode is a mode of “infinitely running out wave” when there is no localization, all structures, heterogeneities are being washed away. LS-mode with peaking is a mode of “converging wave of burning”, a mode of localization and intensive growth of processes in a more and more narrow area near the maximum.


4.5. Evolutionary whole. The main principle of holism that “the whole is more that the sum of its parts” may be traced back to ancient philosophical studies. One of the earliest formulations of it may be found in Taoism, in philosophy of Lao Tzu. However, a complete and profound sense of the principle has been revealed only by such theories, as gestalt-psychology, systems theory, and synergetics.

The principle of consideration from the whole to the parts is quite unusual and non-traditional for classical science. The latter moves in the course of analysis mostly from separate parts to a whole. From the synergetic point of view, it is order parameters that determine the behavior of parts (subsystems) of complex systems. They allow to reduce enormously the complexity of description of a system under consideration.

The classical principle of superposition is not valid in the nonlinear world: the sum of partial solutions is not here a solution of equation. The whole is not equal to the sum of its parts. Generally speaking, it is neither more nor less than the sum of parts. It is qualitatively different in comparison to parts which are integrated in it. Besides, an emerging whole alters parts. The co-evolution of different systems means a transformation of all subsystems by mechanisms of system coordination-ordination and correlation between them.

Thus, new principles of organization of an evolutionary whole from parts, or the formation of complex structures from simple ones, are discovered by synergetics. Holism has an evolutionary character in synergetics. A complex structure is an integration of structures of “different ages”, that is: structures at the different stages of evolutionary development. The principles which govern the integration of such structures of 'different ages' are gradually being revealed. The integration of simple structures into a complex one occurs by the establishment of a common tempo of development in all unified parts (fragments, simple structures). Structures of “different ages” start to co-exist in one and the same tempo-world.

5. The Art of Soft Management 

The classical approach to the management of human activities is based on the linear notion of the functioning of complex systems. According to this notion, the result of the governing influence is an unequivocal and linear one. It is directly proportional to the applied energies. It can be described by a simple scheme: 

the governing influence ( the desired result.

It seems that the more energy you put in, the more recoil you get.

The theory of evolution and self-organization reveals some principles of non-linear management of complex systems. The theory teaches us the art of soft management.

( The future is open and unpredictable, but not arbitrary. There are spectra of possible future states, certain discrete sets of structures-attractors of complex evolutionary processes (Knyazeva 1999). Initial conditions do not determine the vector of human activity; the initial conditions will be forgotten when one of the structures-attractors has been initiated. The latent and revealed attitudes determine present activities. The present state of affairs is constructed by and from the future. The soft lines of the future presuppose ways of special, soft management.

( The art of soft, nonlinear management consists in the ways of self-management and the self-control of complex social systems. How to manage a complex system without rough management is the main problem. How can we push a system in a favorable evolutionary path with a small, resonant influence? How can we provide a system with a self-maintaining and sustainable development? As a matter of fact, the synergetic notions are in accordance with the behavioral rules of Eastern people, first of all, with the principle of non-violence. “The Taoist school held that the rulers should go with natural law (the “Tao”), governing as little as possible” (Min 1993, 226). Francis Bacon gave us a similar notice: “Nature cannot be ordered about, except by obeying her”.

( Soft management is management by “clever” and appropriate influences. Weak, but proper – i.e. resonant – efforts are of great efficiency. They have to correspond with the inner trends of development of a complex behavioral system. Correct resonant actions can lead to the revelation of tremendous inner forces and possibilities of a human being or a human community. Thus, synergetics rediscovers the well-known philosophical principle: small events cause large results.

( Certain human actions are doomed to be unsuccessful. They fail because they are not in step with the inner trends of the complex system development. There are evolutionary prohibition rules which are imposed on some kinds of human action.

Taking into account the general synergetic consideration we can explain quite naturally the historical (the past and probably future) failures of voluntaristic management of scientific, technical, and social progress. The unsuccessful and tragic social experiment to build socialism in Russia as well as in the whole geopolitical space of the former USSR can be mentioned here. A management is ineffective, if it attempts to construct those structures which are not adequate to the inner trends of the evolving system, figuratively speaking, which “violate” reality. Man has either to look for ways of changing the own features of the given open nonlinear system or to give up the attempts “to force” the system to develop in an inappropriate way.

( There must be a certain topology of action. It turns out that the managing influence must not be energetic, but rightly topological organized. Its topological configuration – symmetric “architecture” – is important, not the intensity of an influence. Weak, but topologically correctly organized – resonant – perturbations upon the complicated systems, are extremely effective.

The resonant action is a spatially distributed action. It’s a kind of prick in the right place and at the right time. There is an intrinsic connection between space and time in the evolutionary structures-attractors of a behavioral system. On the one hand, it seems that time has a topological structure. We can imagine a tree of time, a tree of historical events. On the other hand, the spatial configuration of a structure-attractor contains, in itself, information of both the past and the future of that structure. We could try to extract the information by simply analyzing the available spatial configuration of a given evolutionary structure. The future and the past penetrate by showing their “faces” in and through the present configuration of the structure-attractor. So, we can speak about a special, synergetic status of “here and now”. We can understand a synergetic sense of “chronotop”: a term introduced by Russian psychologist A.Ukhtomsky.

Synergetics defines how it is possible to reduce multiple time and required efforts to generate, by resonant influence, desirable and, what is no less important, feasible complex structures. This synergetic feature of a complex organization was understood, intuitively, thousands of years ago, by the father of Taoism Lao-Tzu. It was expressed as the weak defeats the strong, the soft defeats the hard, the quiet defeats the loud.
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