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ABSTRACT
This paper aims to establish a concept to poetics of complexity cor-
relating specific scientific principles of Complex Systems with their 
application in Cybernetic Art. This correlation reveals the tension 
between art and the application of scientific models in the creation 
and simulation of technological systems. Based on the review of 
selected artworks presented on the exhibitions Consciência Ciber-
nética promoted by the Itaú Cultural in 2017 and 2019 in São Pau-
lo, Brazil, we outline some scientific principles used by artists. The 
simulation of those principles with applied computation is a signifi-
cant resource to simulate complexity, and the artworks discussed in 
this paper can illuminate how the use of it is paramount to poetics 
related to the complex.
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1 THE POETICS OF THE 
COMPLEXITY

One of the fundamental practices of Art is drawing by observation. 
For an artist, to observe something is not always an act of repre-
senting, but also an act of deforming. We can understand defor-
mation as the performance of seeing something, and an expression 
of its form. In this act, the artist uses mind, sensibility and skills. 
Although an artist can recognize complexity, he cannot necessarily 
observe it in its whole.

Complexity is apprehended by human sensibility, which is ca-
pable of perceiving both individualities and patterns. In order to 
sense or comprehend complexity within systems it is helpful to 
map its formative structures, which also allows us to simulate them 
and thus expand our perception of the complex. As human beings, 
we are unable to fully recreate every specific complexity that we 
perceive, but, using technology, we can create other complexities, 
systems formed by agents and Generative Art and interactions that 
generate complexities.

Notwithstanding the above, the act of creating complexities may 
fall in the same dichotomy between the world of the arts and sci-
ences, as complex systems are not an elementary topic. The sub-
ject relies on several areas of expertise and can be applied to many 
different phenomena. Making the simulation of complex systems 

available to the non-scientific public opens its possibilities as an 
exploratory tool, as well as a poetic medium.

Complexity is not a recent topic in the field of technologi-
cal-computer arts. In 1968, in London, a group of pioneering artists 
presented the exhibition Cybernetic Serendipity [1]. This exhibition 
is one of the milestones for the area and is important historically to 
the concept of the “Poetics of Complexity”. Cybernetics was espe-
cially impactful for complexity because of its statements about the 
relationship between entities and their environment. The mathema-
tician Norbert Wiener, who published in 1948 his work on the con-
trol of communication in animals and machines, placed biological 
and mechanical structures at the same level in terms of information 
exchange. Through cybernetics, it is understood that information 
and computing are phenomena that occur both in electronic circuits 
and in living systems.

2 THE SCIENTIFIC PRINCIPLES OF 
COMPLEX SYSTEMS AND THEIR 
APPLICATION BY ARTISTS IN 
CONSCIÊNCIA CIBERNÉTICA.

Consciência Cibernética (Cybernetic Consciousness) was a curated 
exhibition series initiated by Itaú Cultural, first in 2017 [2] and then 
2019 [3] in São Paulo, Brazil. The exhibitions followed a similar line 
of inquiry to previous expositions promoted by this institution, dis-
cussing the intrinsic relationships between art and technology. In 
this paper, both versions of 2017 and 2019 exhibitions were select-
ed for study, teasing out the concept of Cybernetic consciousness1. 
According to the website description, the curators were looking for 
artworks that could respond to the reciprocity between the human 
and technological abilities of processing and communication.

This paper does not discuss the curatorship, nor does it include 
an analysis of all the works in the exhibitions, as the scope of events 
were large. To discuss the Poetics of Complexity, we selected art-
works where the scientific principles of complex systems are most 
evident, according to its descriptions on the exposition catalogue of 
Conciência Cibernética of 2017 [4] and 2019 [5] and firsthand expe-
rience of the works themselves.

To situate how the artworks in Conciência Cibernética 2017 and 
2019 were selected for the discussion in this paper, we first present 
an overview of the principles of complex systems. Complexity has 
been extensively explored in a variety of scientific fields. In Phys-
ics, for example, it is commonly associated with thermodynamics 
and entropy as a measure of physical disorder. In mathematics and 

1 It is significant to note that the 2019 exhibition included a question mark at the 
end of the title: Consciência Cibernética?, questioning the concept of consciousness in 
cybernetic systems.
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computer science, various measures of “algorithmic complexity” 
and “information complexity” have been proposed, attempting to 
quantify the amount of true information content in a communica-
tion system. Algorithmic complexity can be thought of as the short-
est possible program that can generate a specific sequence of data.

Complex systems, on the other hand, are typically dynamic 
systems that generate more complex outcomes than that of their 
specification. Hence, they often exhibit the properties of database 
amplification and emergence. They can involve the interactions of 
base components that give rise to complex outcomes or artefacts as 
a system. A classic example is the self-organising patterns made by 
flocks of birds. There is no central coordination or control, rather 
the movement of the flock emerges through the local interactions 
of individual birds.

There are several common mechanisms that support these 
kinds of complexity. One such mechanism is that of function itera-
tion, where a function (such as a transform) is recursively applied 
to an element to generate complex forms, often with a degree of 
“self-similarity”. Furthermore, complexity is a discipline about de-
scription and, sometimes, the prediction of dynamics that exhibit 
changing behaviours. Mitchell [6] defines complexity studies as the 
study of systems that exhibit non-trivial emergence and self-orga-
nized behaviour. She also explains that systems always have three 
common properties: a network of individual components, each 
following relatively simple rules without central control; the parts 
must use information, internal signalling and external interactions; 
and the parts incorporate changes in their behaviour to improve 
their chances of survival or success, through learning or evolution-
ary processes, those would be the scientific principles described in 
this paper.

According to Mitchell, the science of complexity was born with 
the theory of dynamic systems, which describe, in general terms, 
how a system can change and what types of macroscopic behaviour 
is possible. Additionally, the study of dynamic systems describes 
predictions about behaviours. The theory of dynamic systems be-
came very popular due to one of its aspects, the study of Chaos, 
which came to confront the clockwork model of the universe, and 
to the statement of Pierre Simon Laplace in 1814, that – in view 
of Newton’s laws – it would be possible, in principle, to predict 
everything at any time given enough resources and knowing the 
initial states. However, two great discoveries of the 20th century2 
showed that Laplace’s theory of predictability is not possible, even 
in principle.

2.1 DYNAMIC-INFORMATIONAL 
ARTWORKS

The first complex system principle we will discuss in this section 
is that of dynamical systems. This is the principle of non-linearity, 
and the capacity for unpredictable behaviour that can emerge, even 
without random external interference. Additionally, the behaviour 
of non-linear systems cannot, in principle, be predicted in the long 
term due to dependencies on initial conditions3. Although it is not 
possible to predict the behaviour of chaotic systems, there is an 
order in chaos: the bifurcation and Feigenbaum constants4. An out-
come is that some predictability is possible in more global aspects 
2 The first discovery was the uncertainty principle in quantum mechanics by Werner 
Heisenberg and the second is the sensitive dependence on initial conditions by Henri 
Poincaré.
3 Recent developments in the beginning of this year 2020 demonstrated that the field of 
quantum computing is revealing that there is no problem simulating opposite-in-time 
evolution, which may change those arguments for complex science in the future.
4 Feigenbaum constants are two mathematical constants that express proportions in a 
bifurcation diagram for a non-linear map.

and not at the level of individual detail.
The second principle is the exchange of information within sys-

tems, and at what levels the exchange of information influences 
the complexity of a system? Information was the first concept to 
present a challenge to entropy. Although the concept of entropy has 
many roots, which can create confusion for artists, we can perceive 
it in two major threads. The first one, entropy as it is understood by 
thermodynamics as a measure of disorder, is where a system’s en-
tropy always increases, until it reaches its maximum possible value, 
and will never decay on its own until an external agent works to 
create order. And second, as Shannon’s entropy [7], refers to the 
amount of information available in a communication channel. In 
Shannon’s information theory, entropy is maximum when all pos-
sible macrostates are probable. As a result, in a complex system, 
information is paramount to entropy, and in the simulation of com-
plexity, different levels of exchange and the actions resulting from 
them, will impact on the autonomy of the parts.

To discuss dynamic-informational systems we selected πTon/2 
(Figure 1), created in 2017 by Cod.Act. The work is described as a 
musical being, where music is revealed when the device is operated, 
the content is combined by variable parameters.

Figure 1: πTon/2, by Cod.Act, photograph.

It is interesting to further analyse πTon/2 as an apparatus, and 
as such its dynamics are enclosed inside of a structure. This artistic 
choice challenges the public to understand its internal dynamics 
at the same time that provokes that sensibility when handled by 
someone. According to André Décosterd “It creates its movements 
freely and the music it produces reacts in relation to its movements, 
more specifically from its efforts”. The πTon/2 encapsulated the idea 
of a complex system that plays with the minds of the public. First 
because of the effort mentioned by the artist, it is perceived as relat-
ed to an individual, but the various internal forces are responsible 
for the aesthetic result. Second, because the structure isn’t mimetic, 
which reinforces its own individuality. Finally, with its own materi-
ality, the semi-transparent flexible structure reveals the struggle of 
its own structure.

Additionally, Quantum Garden (Figure 2) by Robin Baumgarten, 
produced in 2018 is an installation of 228 touch-sensitive springs 
arranged in hexagons, each surrounded by an LED ring. The work 
uses a quantum computing algorithm and displays the results as 
concentric rings on the screen.

Quantum Garden presents a distributed dynamic of many indi-
viduals, and the collective behaviour is explicit. Also, it highlights 
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the choice of a quantum algorithm related to the science of com-
plexity in terms of dynamics. According to Robin Baumgarten “the 
algorithm behind visualises a particular quantum effect (quantum 
particle movement using Schrödinger’s Equation), and as such 
doesn’t change or evolve across different simulations”. The author 
also states that, although they do not evolve, “each interaction has 
an element of randomness (related to the uncertainty of quantum 
states), so no two interactions are the same”.

Figure 2: Quantum Garden, by Robin Baumgarten, photo-
graph by André Seiti.

The quantum advances had not yet helped to disclose some spe-
cific characteristics of heterogeneous systems, but in the beginning 
of this year 2020, new discoveries of its logic are changing this view. 
And according to Margulis and Sagan [8] the principles of thermo-
dynamics are extremely related to biologic and physical systems, 
and complexity in life organizes in response to a difference across 
distance, and that connects life with no-life. Quantum computing 
is a challenging area to explore, especially related to how it can 
influence our perceptions of complexity, and Quantum Garden ex-
plores these concepts, bringing the public to confront the advances 
of those technologies, and when they become an accessible reality, 
how they will be related to the ways of communicating and living.

2.2 LEARNING SYSTEMS ARTWORKS
The third principle in complex systems is about the impact of 
Gödel’s and Turing’s mathematics and the establishment of com-
puting as a process of learning for the field of complexity as poetics. 
In particular, the instability of the reasoning power of mathemat-
ics, that is sometimes misunderstood in cultural studies. Turing [9], 
even predicted some prejudices that are still being applied as a judg-
ment on the quality of computer artworks. Kurt Gödel is responsi-
ble for the Theorem of Incompleteness, taking as an example the 
sentence “This statement is not provable”, if indeed the statement 
in the sentence is provable the entire sentence is false, and the false 
sentence would be proved, and arithmetic would be inconsistent. 
If the statement in the sentence could not be proved, it means that 
arithmetic is incomplete, so it is either inconsistent or incomplete. 
As a result, if arithmetic is consistent, then there are sentences 
that cannot be proved. Therefore, the arithmetic is incomplete. If 
arithmetic is inconsistent, then there are false sentences that can 
be proved, and all mathematics would collapse. Alan Turing con-
tributed to the further understanding of incompleteness in what is 

known as the Indecision Problem or Halting Problem. A Turing ma-
chine is an abstract machine that manipulates a stream of symbols 
on a paper tape, according to a table of rules. In modern computing, 
the halting problem defined by Turing in 1936, is a proof that there 
is no algorithm that can determine if any arbitrary program/input 
pairs will finish. Gödel found a way to encode mathematical sen-
tences so that they can talk about themselves. Turing figured out 
how to code mathematical propositions as machines and, therefore, 
how to run themselves. With that, Turing creates the basis for mak-
ing such machines physically but also shows that there are limits to 
what can be computed.

To discuss the third principles of complex systems we selected, 
Learning to See which was created in 2017 by Memo Akten, and is 
an artwork described as an attempt to deconstruct and reconstruct 
the live camera feed using resources and representations that the 
machine has learned compared with what it sees. Café com os Santi-
agos by Claudio Pinhanez, Heloisa Candello e Paulo Costa, support-
ed by IBM and produced in 2017, is described as to be able to use 
natural conversation processing technology from the IBM Watson 
Development Cloud and expressive text systems developed in the 
IBM Research laboratory in Brazil to recreate dialogues extracted 
from the book Dom Casmurro, by Machado de Assis (1839-1908).

Both artworks use deep learning technology to generate be-
haviour, and so follow complex principles. Deep learning can be 
considered a subset of artificial intelligence, where neural network 
models are trained with data. Deep learning models are based on 
distributive units of computation. It is not the intent of this article 
to explain in detail the various types of deep learning architecture 
but to highlight its proximity with the concept of complex systems 
itself. In complex systems, parts do not have access to the entire 
information available in order to make a decision, as such their in-
dividual behaviours are related to the local information, however, 
because the system as a collective learns how to react to predict-
able events, it adapts. In this subset area of artificial intelligence, a 
collective learning way of thinking reflects on ourselves and about 
how we understand the world.

According to the description on the catalogue, Learning to See 
illustrates how human-machine interaction can be used as artistic 
co-creation. The artwork is composed of an artificial neural net-
work inspired by the human cortex. It looks at the external world 
through cameras, and tries to assign meaning to what is perceived 
by them. The catalogue also describes the installation as attempt-
ing to deconstruct and reconstruct the live camera feed of previous 
learning resources and representation, in a metaphora of worldview 
or life experience. Café com Santiagos has an even more relevant 
appeal in the imagination of Brazilians, since it works with charac-
ters of the book Dom Casmurro, a national classic present on high 
school’s official curriculum. The public has those characters in their 
memory, and are usually familiarized with them. According to the 
documentation, it uses the rich vocabulary of the Machado de Assis 
literature as a base to answer questions from the public. This work 
uses conversational systems trained from antecedent- consequent 
sentence pairs extracted from the book. The catalogue explains that 
one-character chatbot, for example, peers, where phrases or ques-
tions are made directed at him by other characters and the conse-
quent, are the character’s own responses. The public (in this case 
Brasilians) would perceive the questions made to the intelligent 
system as the “way of speaking” of the character. Both systems sim-
ulate inteligent behaviour through the means of computation with 
distributed levels of decision-making, a characteristic property of 
complex systems.

Another example of complex networks is Bion (Figure 3), cre-
ated in 2006 by Adam Brown & Andrew H. Fagg, is an artwork 
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composed of synthetic, three-dimensional, life forms that appear to 
communicate by light and sound.

Figure 3: Bion, by Adam Brown & Andrew H. Fagg, photo-
graph.

Bion is formed by hundreds of tiny luminous machines that 
communicate with each other and with the visitor. Bion’s internal 
decision-making process is not detailed in the catalogue documen-
tation; there is only a reference saying that bions work in a neural 
network. According to its description, bions absorb the public as 
part of the system after some time of interaction. When a person 
approaches, a bion receives the alert of its presence and quickly 
passes the information to the swarm of other bions, signaling one 
by one that a stranger is approaching – and, like a standard wave, is 
silent. Later, bions get used to the visitor’s presence and react as if 
they are part of the ecosystem. This artwork illuminates the concept 
of swarm intelligence introduced by Gerardo Beni and Jing Wang 
in 1989, and like deep learning, also considered a subset of artifi-
cial intelligence. This model is based on a fundamental principle of 
complex systems, a decentralised population of agents, where the 
interaction leads to the emergence of a collective intelligence.

Bion, as a physical artwork, cannot change its form although it 
changes its illuminance and sound as an emergent behaviour. It also 
is a collective of robotic structures, and its organization could be 
perceived as an enormous modular body, similar to a Mycorrhizal 
network in nature. Bion is a recursive artwork presented in Brazil 
and was exhibited in Emoção Art.Ficial 5.0 promoted in 2010 by 
Itaú Cultural.

Lastly in the description of learning systems, Co(AI)xistence 
(Figure 4), created in 2017 by Justine Emard, with Mirai Moriyama 
& Alter developed by Ishiguro Lab, Osaka University and Ikegami 
Lab, Tokyo University. In this work, a human dancer and robot con-
struct a dialogue through the signals of their respective languages, 
both bodily and verbal. Using a non-anthropomorphic deep learn-
ing system, the robot can learn from its encounter with the dancer 
and increase its cognitive, motor and expressive capacities.

Co(AI)xistence, a long-term performance between a human and 
a robot. Robots are complex machines and may look like an indi-
vidual structure, but the interaction of many internal systems are 
necessary in order to produce this singularity. This artwork chal-
lenges the public mind into perceiving the robot as a complex sys-
tem because of its similarity with the human body reduced to a 
steel skeleton with servo motors, cables and diodes, and a mask that 
reproduces some recognizable expressions. Although it resembles a 
human figure, it is also described as capable of establishing its own 
space through unique gestuality and voice, not directly based on a 
human being.

This artwork presents two complex systems in interaction: a bi-
ologic, the dancer and a technological, the robot. According to the 

catalogue description, a robot that is animated by a form of prim-
itive intelligence is based on a neuronal system, an artificial life 
system programmed by Ikegami Lab (Tokyo University).

According to the description, more than one robotic system was 
developed. Where the second is based on the learning process of 
the first. New generations in robots are dependent on a technical 
review, and in order to create a new version it is necessary to re-
code, update physical parts and new performance tests. This pro-
cess consists of abandoning an old version to create a new one, but 
not from scratch, an iterative version, dependent on the old one 
both in material as in computing previous choices. This creates a 
genealogy of beings, and there is a specific field in complex systems 
about evolutionary robotics. However, evolution in the field may be 
considered controversial, because it needs an entity capable of be-
stowing the new adapted form of life. In evolutionary robotics, Sil-
va et al [10] describe a series of problems in building evolutionary 
robotic systems, which we will present only one to Illustrate our 
point. The reality gap first described by Nick Jakobi, Phil Husbands 
and Inman Harbey. The reality gap occurs when controllers evolved 
in simulation become ineffective once transferred to the physical 
robot. This is only one question that highlights the difficulties in 
creating physical machines that can self-reproduce and evolve in-
dependently of human intervention.

Figure 4: Co(AI)xistence, by Justine Emard, with Mirai Mori-
yama & Alter developed by Ishiguro Lab, Osaka University e 
Ikegami Lab, Tokyo University, photograph.

2.3 EVOLUTIONARY SYSTEMS 
ARTWORKS

The last, and maybe more disclosed principle in Cybernetic Art, 
is evolution. Evolutionary systems are complex, as evolution re-
quires non-linearity, information and autonomy. However, in sci-
ence some aspects are still contended in fundamental points such 
as the significance and roles of mutation and symbiogenesis. Mu-
tation and symbiogenesis are, respectively, the most and the least 
explored solutions about the poetic potential of evolution in com-
plex systems for Cybernetic Art. However, in the field of evolution, 
mutation, gradual small changes and symbiogenesis are forces that 
bounce against each other, and natural selection is still the stron-
gest principle.

For the point of view of the artist, one can easily choose to fol-
low classical authors such as Richard Dawkins [11] about natural 
selection and gradual small changes being the way of evolution, 
as well as follow the ideas of paleontologists as Stephen Jay Gould 
and Niles Eldredge about Punctuated equilibrium [12], or sim-
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ulate an idea of symbiogenesis evolution by Lynn Margulis [13]. 
Any of those theories can contribute to creating evolutionary art, 
still somehow, a choice made by the artist. However, according to 
Mitchell it is interesting to understand that the discoveries made in 
1970 about RNA by Manfred Eigen and Peter Schuster are challeng-
ing the vision of natural selection as the only explanation for evolu-
tion. Also, according to Hofstadter [14], the DNA contains encoded 
versions of its decoders and it also contains encoded versions of all 
the proteins that are responsible for synthesizing DNA nucleotides, 
a self-referential circularity that would undoubtedly please Alan 
Turing, if he had lived to see it explained.

It is when evolution is present in an artwork that complexity 
is fully revealed. Structures that can change themselves, they do 
not only try to understand what is outside the system, or change 
its environment, they self-reproduce in consequence of adaptation. 
Adaptation is a strong force, it requires the above abilities and in 
nature it does not occur easily, it comes with lost and new genera-
tions. To try to expose this, computation is required, but not only 
computation, it is also necessary to leave the control of the aesthetic 
results to the autonomy of the computation.

To illustrate those principles of evolution we selected Eden 
(2010, Figure 5), an artwork by Jon McCormack. It consists of a cel-
lular world populated by a collection of evolving virtual creatures 
that move around in their environment, producing and listening to 
sounds, searching for food, finding predators and possibly mating. 
The system is also aware of its environment and user presence, and 
uses this information to adapt through the production of food re-
sources based on visitor interest. Eden is an ecosystem, and as such 
is understood as simulating the complex feedback mechanisms be-
tween organisms and their environment. The organisms adapt in 
terms of environmental conditions and resources, which ultimately 
determines the distribution and abundance of these organisms. The 
conditions establish a relationship with natural selection and coin-
cide with a degree of uncertainty where environmental events mod-
ify the conditions of selection, which on the other hand serve to 
stimulate the organism’s behavior. This poetic view, contrasts with 
the idea of “survival of the fitness”, in this work, a variety of hetero-
geneous conditions and resources generated inside the ecosystem 
allow different types of organisms to co-exist in different niches. 
The artist sees the scientific points of evolution such as the mainte-
nance of diversity, self-modifying configurations and adaptation as 
ideas to motivate and inspire artistic practices. The artist describes 
his work closest to the creative power of biological evolution, dis-
tancing it from the evolutionary computing approaches of optimis-
ation and fitness. In the artwork, an individual is permitted to ma-
nipulate the virtual environment to gain resources and manipulate 
the conditions required for reproduction, to access the resources 
and the ability to reproduce is determinant to the aesthetics results.

In this ecosystem the organisms have an artificial intelligence 
system that enables them to learn and adapt to their environment, 
including the behaviour of the human audience for the work. One 
year in Eden is about 15 minutes of real time, and the organisms are 
displayed over two translucent screens, crossing in an ‘X’ shape. 
The Eden system offers a symbiotic relationship between human 
presence and virtual organism survival. if visitors stay in front of 
the work, their presence indicates interest in what is happening 
in the virtual world. Human presence generates more resources 
to the available organisms, influencing their viability and the like-
lihood that they will produce offspring that the visitors will also 
find interesting. Over time the virtual creatures evolve to generate 
interesting sounds that will keep human visitors interested, hence 
increasing their supply of food and ability to survive and pass their 
genes onto the next generation.

In terms of complex systems, Eden present all the properties dis-
cussed in this section, a network of individual components, each 
following relatively simple rules without central control; parts us-
ing information, internal signalling and external interactions; and 
parts incorporating changes in their behaviour to improve their 
chances of survival or success, through learning and evolutionary 
processes. It enhances complexity as poetics, simulating an entire 
ecosystem.

Figure 5: Eden, by Jon McCormack, photograph.

2.4 THE RELEVANCE OF COMPLEX 
SYSTEM PRINCIPLES WITHIN 
ARTWORKS TO POETICS OF 
COMPLEXITY

This section presents a wider selection of artworks in Consciência 
Cibernética 2017 and 2019, and discusses the application of the com-
plex systems principles according to the catalogue descriptions. At 
this point, the paper focuses on the strict presence of those complex 
systems principles within the artwork, and creates a relevant paral-
lel to the poetics of complexity. Any artwork in Consciência Ciber-
nética 2017 and 2019 not strictly working with collective parts, or 
where the available information was uncertain about the presence 
of those complex systems principles where excluded of this analysis

Table 1 summarizes our analysis of the selected artworks, orga-
nized by when the artwork was created, its title and author, and the 
last four columns display the scientific complex system principles 
discussed in this paper.

From table 1, it is possible to assume that all the selected art-
works could be described as presenting dynamic-informational fea-
tures, showing unpredictable behaviour and also exchanging infor-
mation within internal parts.

The simulation of dynamic principles in complex systems reveal 
behaviours often inaccessible to the naked eye, and for the poetics 
point of view this is like the ability to observe the unseen. It seems 
to creates a profound movement towards the desire of being able 
to expose these hidden interactions. As an example, Quantum and 
Parallel Horizons made in 2019 by Rejane Cantoni is an immer-
sive installation where the artist intentionally exposes her desire to 
place someone inside a fluid subatomic universe. As a consequence, 
working with those simulated dynamics concealed from people’s 
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natural view has the potential to enhance the first characteristic 
of complexity in systems, demonstrating the presence of physical 
forces present within all complex organizations.

Table 1: List of selected artworks in Conciência Cibernética 
2017 and 2019, where (D) Dynamic behaviour, (I) Information 
Change, (L) Learning process and (E) Evolution.

The exchange of information within parts of the system has a 
different appeal than dynamics, as its main concern implies a pres-
ence of some sort of communication. Establishing a language with-
in parts could be considered a poetic act of transferring the ability 
of self-organization to the artwork. Although the protocols of this 
exchange are programmed by the artist, the resultant self-organi-
zation by information parameters creates a layer of forces between 
dynamics and autonomous organization.

From Table 1, it is also possible to conclude that learning is a 
high-level ability in complex system principles explored by the art-
ists, which is most consistent with the main statements of cybernet-
ics. The potential to learn outlines the basis for artificial intelligence 
and brings with it the poetic desire to exhibit a heterogeneous fac-

ulty of intelligence.
To conclude, only one of table 1 selected artworks explore the 

concept of evolution. In terms of poetics, we may agree with the 
scientific principles in saying that evolution is a challenging phe-
nomenon in complex systems. It is a challenge to observe, to simu-
late and to infer conclusions about. Nevertheless, it is an imminent 
complex phenomenon, revealed in the decaying and young organic 
forms that surround us daily. To demonstrate this, an artist will 
have to define rules of loss and replacement at the same time they 
relinquished control of the novel.

2.5 QUALIFICATION OF COMPLEXITY 
WITHIN SYSTEMS

Measures of complexity in systems as a science, like informational 
entropy [15], can illuminate issues related to the qualification of 
system complexity in poetic terms. There are also methods for mea-
suring fractal dimension, which, unlike the previous, is not based 
on informational and computational theories. This model proposes 
the qualification of a cascade of details of a given object, something 
as if it were the countless descriptions of each perceived complexity 
and its relation to the whole. The fractal dimension quantifies how 
much detail appears on all scales while sinking deeper and deeper 
into the infinite cascade of self-similarity. However, they are fragile 
in the face of philosophical discussions about the field of aesthetics. 
For further information this paper suggests Jon McCormack’s Aes-
thetics, Art, Evolution [16].

3 POETICS OF COMPLEXITY
Before establishing a concept for the Poetics of Complexity, it is 
relevant to highlight some forms of aesthetic deviation’s expression 
from the scope proposed in this paper.

1. The first example is the graphic models of description 
and visualization of complex systems. These models 
stimulate a registered form of a certain system, in a 
particular period. However, only the visualization of the 
static form, although allusive, lacks a series of indica-
tions to rouse in the observer the relevance of individual 
actions within a system. Autonomous actions within a 
system are significant for the emerging pattern observed. 
These models primarily present the whole, leaving the 
parts that make up this collective in the background.

2. The second example is the visualization of complexities 
produced in some artworks without computation, which 
map the social relations between individuals and point 
to the emerging complexities, as well as to the diversity 
that compose them. When working with social systems, 
an artist will necessarily be discussing complexity, as 
he discusses systems that are humanly recognizable as 
complex. However, for the sensibility that this paper is 
proposing, the recreation by a single human agent, the 
artist, excludes the computation ability necessary for 
simulating complexity.

3. Finally, a very common aspect of computational art po-
etics is the intersection between computational systems 
and biological systems. We exclude here artworks trying 
to reveal unseen dynamics, and include the idea of in-
teraction as a main phenomenon. Despite being artificial 
technological systems, and sometimes decentralized, re-
garding the computer system, some proposals of interac-
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tive systems leave aside learning or evolution. Therefore, 
this type of work where the computational system will 
only be subjected to a degree of complexity external to it 
had no balance of exchanges.

For a proposal of Poetics of Complexity, while intentionally not 
trying to reveal dynamic phonemes but a system, evolutionary sim-
ulation, or evolution itself in biotechnology, or artificial intelligence 
is essential as a poetic intention. Thus, we establish the Poetics of 
Complexity as stylistic resources capable of arousing emotions and 
sensibilities for the conception of the complex, of autonomous in-
teractions between all parts and the emergence of these interac-
tions. Thus, as there is no objective definition in the qualification of 
complexity, there is also no legitimation of artistic work as more or 
less complex, but the desired characteristics of complexity follows 
the scientific development of the concept. Three questions must al-
ways be asked: Is there a degree of autonomy in the work between 
the structures that make up the work? Is there an exchange of infor-
mation that changes the coordination of the system? Are the parts 
able to learn or evolve?

In the case of systems created for the Poetics of Complexity, it is 
evident that programmable machines are fundamental, since they 
are the resources artists have to be able to simulate systems that 
exchange information and compute the data obtained, and these 
machines need autonomy. Social and biological systems are nat-
urally autonomous, machines need to be coded to perform these 
functions. Finally, it should also be noted that, in the development 
of these simulations, it is not the scientific validation that consti-
tutes the bases of the Poetics of Complexity, but the inherent ten-
sion between the simulation of the models constructed by science 
and its controversial perceptions of the reality concerning the sen-
sibility of the artist.

As a conclusion, the applications of scientific models in the cre-
ation and simulation of technological systems are like observing 
and drawing. There is always a trace in the artist’s work, but in the 
Poetics of Complexity, the creation starts from a model fundamen-
tally incapable of being perceived only by the vision and human 
intellectual capacity. The conception, in this case, is an association 
between the visible and the non-visible, between creation and crea-
tures.
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