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Abstract

The paper offers a brief summary of autopoietic systems, history and concept as a theoretical tool, with a background on general system theory. It touches on the many-sided applications that have been found for them and later focuses on already realized aswell as possible artistic projects that make use of the idea of self-generating systems.
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Introduction

Ever since Maturana and Varela coined the term ‘autopoiesis’
  the concept has become somewhat of a paradigm, not only in its wide acceptance within a certain discipline, but also in its crossing to many other realms of science, and also in how fruitful it has proved itself to be.  Moving from biology to cybernetics, from system theory to social function theory, from ontology to art, ‘autopoiesis’ has turned into more than a mere heuristical tool; it has become a way to understand and explain phenomenae without recourse to any further layers of interpretation: a paradigm tout court. 

We shall examine some of the more applicable aspects of the concept. By applicable we mean those more directly related to the present trend of art making: interactive installations.

Systems

System (from Latin systēma, in turn from Greek σύστημα systēma) is a set of interacting or interdependent entities, real or abstract, forming an integrated whole. (Wikipedia)

In order to milk the concept of system to the last drop, it is advisable to define it in as broad terms as possible. By doing this, we make sure that more phenomenae can be analyzed using it, since, when looked at from an appropriate vantage point, almost all objects of human study share some traits of common structures. This might mean that, as we try to explain everything, as we make the holes of our sieve wider and wider so that more and more concepts fall through, we are left with nothing but vague generalities. Virtually everything can be regarded as a “set of interacting or interdependent entities”: it suffices to not focus on only one phenomenological layer, but rather take other contemporary layers into consideration. Or to break down an individual into separate components and regard this new entity as the object of study.  

Yet the study of systems is a very powerful tool to understand the behaviour of physical, biological or social instances. By reducing a complex phenomen to a set of interacting elements, one can concentrate on the behaviour of the whole, its response to inside or outside disturbances, aswell as the states of stability and away from stability that it reaches and what the system needs to reach those states. 

A system is a set of elements that interact with each other. The interaction that these elements carry out serve a specific purpose. In cybernetics, as we will see below, the purpose of the interactions is to receive, process and transform an input signal into an output signal. In econometrics, the elements interact in order to produce an expected outcome from a set of initial economic conditions. In social theory, the system carries out a series of changes in its structure, through the interaction of is constituents, in order to adapta mo efficiently to a determined social condition…  Vague as this may seem, we recognize that what distinguishes a system is its capacity to be fed an input (a signal, a set of economic, social, resource conditions) and trasform it into an output. The output may be a new signal, a new set of conditions or simply a new state in the system’s behaviour. The important thing is that the system carries out a transformation and, if it hasn’t reached a saturation, is again ready to receive new input. The analogy to the black box is telling: what interests us, at least at first glance, is the effect the system has over a certain part of its surroundings: we can look at the system and its environment before and after the processing has taken place and thus find out what the system does, and what it is
.  

Cybernetics

Cybernetics is the study of the structure of complex systems. It focuses mainly on communication  processes,  control mechanisms and feedback systems. Communication processes relate to the receiving, processing and output of communication. The most common type of cybernetic system is the computer. Control theory results by applying engineering and mathematical methods to control the behaviour of a dynamical system (one that changes its behaviour over time), so that the output produced by the system comes as close as possible to a desired output. Feedback systems are, as we will see presently, those that can take up the output they have produced as a new input, thus enabling them to react and adapt to signal disturbances. 

Open and Closed Loop Systems

A first categorization of systems distiguishes between open and closed loop systems.
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Fig. 1. Open and Closed Loop systems

Figure 1 depicts the basic disctinction between open and closed (feedback) loop systems.  In an open-loop system the input consists of a desired behaviour, stated in a way that the system can respond to. The input is processed by the system and leads to an output. Along the line, though, the signal is subject to disturbances, unavoidable in every system, so that the output may not look much like the desired output at all, depending on the strength of the disturbances.   A closed-loop system, also known as a feedback system, is able to take this disturbances into account by reusing the previous output of the system as the input for a new stage. Thus, the system can compare the previous output to the desired one, perform corrections and process the new signal again, this time adapting its behaviour so as to minimize the effect of the disturbances. It is easy to see that feedback systems are much more effective in carrying out a certain task. They can adapt their behaviour to the environment so as to maximize their output and also be able to perform better on the next stage of their processing.

Autopoietic Systems

The term ‘autopoiesis’ was coined by Maturana and Varela, springing from their study of the DNA of a cell. They discovered that the cell was capable of producing itself, by rearranging the network of the interaction of its elements, the chemicals it needed for its own survival:

“Living beings are networks of molecular productions in which the molecules produced regenerate through their interaction the same network that originated them
.”
Both Maturana and Varela were biologists, hence the origin of this concept in the study of the cell. The idea proved fruitful, however, and they themselves extended its usage to understanding certain aspects of cognition and ontology. 

A particularly rewarding separation has been that between an autopoietic system and an allopoietic sytem. The autopoietic system is capable of producing by itself the elements it needs to survive. The cell constitutes an excellent example. An allopoietic system, on the other hand, requires external materials in order to survive. A machine, for instance, needs a source of power. Some analysts have considered this to be the distinguishing trait that could help to define what life is: living beings are what Maturana and Varela call ‘autopoietic machines’:

"An autopoietic machine is a machine organized (defined as a unity) as a network of processes of production (transformation and destruction) of components which: (i) through their interactions and transformations continuously regenerate and realize the network of processes (relations) that produced them; and (ii) constitute it (the machine) as a concrete unity in space in which they (the components) exist by specifying the topological domain of its realization as such a network.
" 
This concept can of course be, and in fact is, applied to many other systems: burocracy, the market, ant colonies, class systems, self-regulating control systems, etc.

Autopoietic systems are what we saw to be closed-loop systems. Most systems reach (ideally) a state of equilibrium, in which the output of the system resembles tolerably the desired output.  Many autopoietic systems, however,  display a non-linear dynamic behaviour, due to the fact that disturbances in the medium causes a reorganization of the internal structure of the system, which in turn has a new effect on the output of the system. This is known as emergence. 

The reorganization of the system’s structure has, alas, also an effect on the possible disturbances that the signal can be subject to. Some forms of autopoietic systems, especially biological systems, can shape their output in such a way that they determine the kind of disturbance that the environment can carry out. We will go into this further when we examine integration of the system into the environment.

Emergence

Emergence is the arising of novel and coherent structures, patterns and properties during the process of self-organization in complex systems. The idea behind it is simple: a system can process an output in such a way that it closely resembles a desired output, but it can also do this by rearranging the components that make up the network of processes that make up the system. By doing this, however, the system has changed itself, retaining a physical entity perhaps, but having changed that which actually identifies it as a system: the interaction of its elements. This can give rise to new and unpredicted behaviour which might not be easily identified and traced back to the original system’s components. 

Examples of this can be found in abundance. Biological evolution can be explained in this way: the organism is subject to a series of disturbances from the medium. The living being then experiences a series of transformations (or at least some members of the species, otherwise the species disappears) which allow it to adapt better to the environment. In the process, however, the organism has changed itself, a new form has appeared, and thus a new species.

Game theorists have tried to explain the paradox of  the ‘invisible hand’ through emergence. The ‘invisible hand’, we remember, would make sure that the free market is levelled and everybody is provided for only if, paradoxically, everyone strives egoistically to satisfy their own needs only. The flexibility of the market and its capacity to respond to violent jerks through the interplay of offer and demand would make sure that the resources are distributed evenly among the population, even allowing for the fact that a vast percentage of the population would  not have access to any other resource besides their own labor. 

Integration into the environment

As we mentioned earlier, autopoietic systems are capable of restructuring their elements as respponse to some esxternal disturbance. The analysis can go a level higher, however, and include systems that reorganize their elements to take into account their own impact upon the environment. A disturbance stemming from the environment causes a series of reorganizations of the elements that make up the system. The disturbances themselves, however, are also the output of a system, which is regulating its behaviour as a response to an extraneous disturbance, and so on. In many cases, this disturbance affecting the system surrounding the autopoietic system is caused by the autopoietic system itself, through the changes in its behaviour. Some autopoietic systems can produce changes or reorganizations of the elements of the environment in such a way that the environment behaves in way that is benefitial, even necessary, for the autopoietic system. In this case the system establishes a relationship with the environment that can be cooperative or parasitic, depending on the capacity of the environment to take up this restructuring without saturating, or on whether the autopoietic system can regulate its own behaviour to avoid saturation of the environment. But alas, as we have hinted at, the environment can also be considered an autopoietic system, it has the capacity to restructure its elements in a way that is most beneficial for itself, even if that means destroying the original autopoietic system. When both systems restructure their own elements in a way that maximizes the benefits for both, in a way that reaches a maximal equilibrium, then a new system has emerged, an ecosystem. 

Artistic autopoiesis

We have given plenty of evidence as to why the concept of autopoiesis would be of interest to artist. Technically oriented artists can find in it enough of a technological challenge to inspire them to produce works of art; socially minded artists can also be drawn to the many social implications that are drawn by the concept; more philosophical artists may find the ontology behind the concept inspiring and fascinating; those artists who are interested in interactive media can find inspiration in all three aspects of autopoiesis. 

Personally, I am interested in the dramatic reduction of possibilities that the design of such a system offers. By this I mean the possibilities open to the creator, while the possibilities of behaviour of the system are (again ideally) limitless. The designer of such a system is presentes with two basic decisions: when observing the behaviour of a system, he can either force the system to move to another behaviour, or allow it to remain in the present one, he can intervene or step aside. When designing the system he must take two aspects into consideration: 

  -What will be the disturbances that the system experiences. In most cases, these disturbances will be provided by the audience (or in some cases by the artist herself) interacting with the system. 

  -How will the system react to this disturbances. 

To follow the diptic way of thinking, the artist has two possibilities for both cases:

  -The disturbance can either support a determined behaviour or work against it. It can reinforce a certain organization of elements which favor the present behaviour or it can compensate by reinforcing an organization  of elements that move to the system to a different state. 

   - The system can either affect the disturbance (in this case the interacting audience) ir it can not affect it. If the behaviour if the system has some sort of effect on the behaviour of the disturbance, then the artist has again two possibilities: reinforece or compensate. If it doesn’t, then the artist is able to concentrate merely on the behaviour of the system as a response to a fixed set of possible disturbances.

Once the artist has made a series of consciuos decisions about these possibilities, the system is self-governing, and potentially independent of further control from the artist.

I will mention two realizations of  artistic autipoietic systems as representing a wide range of these possibilities.

Autopoiesis   

Ken Rinaldo

“Autopoiesis is an artificial life robotic serie of fifteen musical and robotic sculptures that interact with the public and modify their behaviors based on the both the presences of the participants in the exhibition and the communication between each separate sculpture.” 
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Fig 2. Autopoiesis

Audible Ecosystems

A. diScipio

In ‘Audible Ecosystems’ Agostino diScipio transforms a room into an autopoietic system, capable of respopnding to the disturbances caused by the mere presence of an audience, but also by the constant self-regulation of the system itself. By choosing background noise from the room as the only sound source for the entire piece, he establishes a true ecosystem in which the computer interacts with the room, choosing certain frequencies and discariding others, and allowing the room to select itself which frequencies should be reinforced and which should be decreased. It is a fascinating example of a system that completely regulates itself, even to the point of showing unpredictable behaviour, the possibility of saturation, of  Larsen tones, or even the possibility of nothing happening at all, the possibility of not being able to establish a  system between the computer and the room, and thus  allowing for the possibility of failure.
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