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Abstract: While digitalized art plants and animals have been designed using algorithms imitating the natural rules of creating a living being, in interactive media art, their virtual development, growth, and death are simulated based on the visitors’ interactivity. Virtual worlds, which are developed through the rules of the artists, enable a redefining of the rules through the users. The users can create virtual worlds that even the artists have not yet imagined. To realize this, evolutionary, and in particular genetic algorithms are used. 
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1. Introduction
The aspect of the usage of principles of nature, in particular, creating art imitating the rules of nature is widespread in interactive media art. The fact that it is possible to program works based on such rules has been presented here, and this is significant for the development of artworks. For example, the so-called genetic algorithm (see Holland, 1975 and Goldberg, 1989), which is a type of evolutionary algorithm, is used in interactive artworks, which are discussed in this paper. Genetic algorithms are algorithms used for optimization problems and are based on Charles Darwin’s evolutionary theory and the principle of the “survival of the fittest”. The main rules on which they are based are: selection, reproduction, cross-over and mutation. The different usage of such algorithms brought appropriate visual characteristics. Considering the usage of genetic algorithms or the usage of evolutionary algorithms in general for creating virtual life, Thomas S. Ray states that: “Organic life is viewed as utilizing energy, mostly derived from the sun, to organize matter. By analogy, digital life can be viewed as using CPU (central processing unit) time, to organize memory.”
 In this statement, Ray makes analogies between the energy used by real organic life which is derived from sun and the energy used by digital life in form of CPU time. However, CPU time can’t be analgous to the energy of the sun. The energy used by digital life is derived from electricity. Furthermore, the energy for creating digital life would be transformed, as we know, in a series of 0s and 1s. Ray considers that the memory, the CPU, and the computer’s operating system “are viewed as elements of the `abiotic` environment. A `creature` is then designed to be specifically adapted to the features of the environment. The creature consists of a self-replicating assembler-language program. Assembler languages are merely mnemonics for the machine codes that are directly executed by the CPU. […] It is felt that machine instructions provide the most natural basis for an artificial chemistry of creatures designed to live in the computer.”
 For Ray, in the biological analogy, the machine instructions “are considered to be more like the amino acids than the nucleic acids, because they are `chemically active`. They actively manipulate bits, bytes, CPU registers, and the movements of the instruction pointer…”
 
According to Margaret A. Boden “Artificial Life (A-Life) uses informational concepts and computer modeling to study life in general, and terrestrial life in particular. It raises many philosophical problems, including the nature of life itself.”
 She explains that there is “no universally agreed definition of life. The concept covers a cluster of properties, most of which are themselves philosophically problematic: self-organization, emergence, autonomy, growth, development, reproduction, evolution, adaptation, responsiveness, and metabolism.”
 Furthermore, she considers that the central concept of A-Life, excepting life itself, is “self-organization. Self-organization involves the emergence (and maintenance) of order, or complexity, out of an origin that is ordered to a lesser degree.”

According to Christopher G. Langton: “By composing our individual understandings of the dissected component parts of living organisms, traditional biology has provided us with a broad picture of the mechanics of life on Earth. But there is more to life than mechanics – there is also dynamics.”
 Concerning this Langton explains that “Life depends critically on principles of dynamical self – organization that have remained largely untouched by traditional analytic methods.”
 And for him there is a “simple explanation for this – these self-organized dynamics are fundamentally non-linear phenomena…”
 Computer Science constitutes “one of the main basis of the success of the Dynamic Systems progress” and concerning this “Artificial Intelligence contributions being particularly interesting to the advances in fields like Control, Monitoring, Supervision, Diagnosis and Decision of such systems.”
 According to Gabriel Fiol-Roig “Dynamic Processes are characterized by their evolutionary behavior over time, defining a sequence of operation states of the System.”
 

Niran B. Abbas considered the fact that “Since the early 1980s, the posthuman in its various guises (cyborg, clone, transgenic art object) has captured the imagination of a section of the art world with the force of a divine revelation.”
 Concerning this issue Abbas mentioned as examples that in the early twentieth-century, “the avantgarde (Dadaists, Futurists, Russian Constructivists, Vorticists, Duchamp, Picabia, Epstein, Léger, Vertov, etc.) explored of the relationship between the human body and the machine, often in an impressive fashion.”
 Abbas considers that now “artists are in a position to explore new kinds of transhuman possibilities that lie beyond mechanistic articulations. This relationship is based on new powerful cybernetic theories of human/machine interaction and communication, new computing systems, and new disciplines like genetic engineering and biotechnology.”
 He considers that for “many contemporary artists (Stelarc, Eduardo Kac), the cyborg and genetically engineered organism represent visual and material frontiers where one can produce artworks that are received as examples of the most advanced figurative operations of the human imagination.”
 

The intention to simulate creatures that look like real life has already been done in the field of media art and animation. William Latham, in “The Evolution of Forms” in 1990, created visual shapes that are based on the natural shapes and make the illusion that the shapes are already known living things in the real world. The works he developed between 1987 and 1994 “form the basis for an aesthetic that is known today as “Organic Art”, which serves as a model to many artistic artworks. Characteristic of his style are repetitive structures, in which simple geometrical primitives such as balls or tori are repeatedly joined, and, by iteration of geometrical transformations, such as rotations or translations, generate complex organic-appearing structures. His computer sculptures remind us of anemones, lobsters, shells, and of simple organic life-forms. Latham is frequently named in connection with the interdisciplinary area “Artificial Life”, in particular since he used an important technology for generating his picture contents: computer-aided evolution”
 Within the category of Artificial Life, the work of Louis Bec should also be mentioned. His work “Prolegomena”
 (1993) showed the new image of the motif of organic shapes, created by the usage of the principles of real life. According to Oliver Grau: “The application of evolutionary principles ranges from commercial uses, for example, in pharmaceutical research, to finance, telecommunication, and, as we have seen, media art. In computer networks, so the AI researches now hope, these mechanisms will soon bring forth artificial systems capable of self-replication, language and gestures recognition, learning, and memorizing.”
 In this context Grau added that: “Certain visionaries even expect consciousness to emerge.”
 

At the ARS Electronica Festival in 1993, the title „GENETIC ART - ARTIFICIAL LIFE” appeared, and works created by genetic algorithms were presented. The focus of these works was Artificial Life created by Genetic Art, the global origins of life, and the forms that life might take in the future. 
Distinguishing between an animal and a plant is often not possible in such artworks because the visual results sometimes show shapes, which could be counted in either of these categories. Sometimes the behavior of such shapes is opposite to the visual result; we can visually recognize a similarity to a plant, yet the movement of the shape reminds us of an animal. 

2. Evolutionary Design of Interactive Media Artworks

The following examples will be used to review research conducted in which visual results are biological-like shapes. The first example, “Interactive Plant Growing” by Christa Sommerer and Laurent Mignonneau in 1993 has been chosen to represent plant-motifs in interactive media art. This is based on the implementation of evolutionary algorithms and specifically genetic algorithms. The second example, the work “Galápagos” (Galapagos is known as an isolated island on which unique species developed) by Karl Sims in 1997, has been chosen to represent abstract animals in interactive media art, which are created through genetic algorithms. In contrast to this, the work “Life Spacies” in 1996-1997 by Christa Sommerer and Laurent Mignonneau, has been chosen to show insect-like creatures (evolutionary designing is also implemented here) and the nest-like environment of these creatures. Bernd Lintermann’s and Torsten Belschner’s “SonoMorphis” from 1998 will be reviewed as an example that visually reminds us of plant-like shapes while its pulsating movement looks like that of a living creature. 

Christa Sommerer and Laurent Mignonneau explored the relationship between art and science. Sommerer studied Biology and Botany at the University of Vienna and Modern Sculpture and Art Education at the Academy of Fine Arts in Vienna. Mignonneau studied Video Art and Modern Art at the Academy of Fine Arts in Angouleme. Sommerer and Mignonneau created and represented worldwide interactive computer installations such as "Interactive Plant Growing" (1992), "Anthroposcope" (1993), "A-Volve" (1994), "Trans Plant" (1995), "Intro Act" (1995), "MIC Exploration Space" (1995), "GENMA" (1996), "Life Spacies" (1996/1997), "Life Spacies II" (1999), "HAZE Express" (1999), "VERBARIUM" (1999), "Industrial Evolution" (2000), "PICO_SCAN" (1999/2000), "Riding the Net" (2000), "The Living Room" (2001), "The Living Web" (2002), "Nano-Scape" (2002), “Mobile Feelings" (2003) and “Eau de Jardin” (2004), “LifeWriter” (2006) and “Wissengewächs” (2007). Currently Sommerer and Mignonneau are professors at the University of Art and Design in Linz, Austria and head the Department for Interface Culture at the Institute for Media. 
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Figure 1
Interactive Plant Growing, 1993. Christa Sommerer & Laurent Mignonneau.
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Figure 2
Galápagos, 1997. Karl Sims. 
“Interactive Plant Growing” (Fig. 1) was constructed by Sommerer and Mignonneau in 1993 and is permanently on display at the ZKM (Center for Art and Media) Museum in Karlsruhe. This work shows over five columns of different potted plants including ferns, mosses, trees, vines and a cactus in a darkened room. There is a 4 x 3 meter projection screen in front of them. When a visitor touches the real plants or moves his hands towards them, the virtual growth of twenty five and more plants can be influenced and controlled in real time. These virtual plants, which are arranged in a “manifestly artificial, artistic order like the one shown in the Roman frescos of the Villa Livia”
 are program-based and are displayed on the projection screen. The interaction, which is reciprocal communication between the user and a programmed work is displayed in the form of a co‐creation (by the users/visitors). The sensitive interaction with the physical plants determines the growth of the displayed plants. The modification of the displayed plants (their growth angle, rotation, color and position) depends on the values which are a result of the visitors’ interactions with the physical plants.
 The interaction or communication between the users and the real plants is reflected as a creation of virtual plants. The sensitivity of this interaction allows more precision in the creation. A cactus, one of the physical plants, is used as a restart for the displayed image; the artists called it “the killer plant”
. 

The projected plants fill the screen from top to bottom over a black background. The black background gives the animation a weightless effect. The representation of the plants in a naturalistic style as an autonomous motif has been known, since Albrecht Dürer’s, “Das große Rasenstück”, 1503. However, “Interactive Plant Growing” was a pioneer achievement in the field of real-time creation of monumental plants. 
The creators of the “Interactive Plant Growing” present a three-dimensional representation. Through the plant motif, this installation thematically treats the principles of plant-development and plant-evolution, their growth, and their modification over time. The random-principles, which were already used for artistic creations by Dadaists
, play a significant role for making decisions for the further growth. Wheras plants that were designed in artwork before 1993 focused mainly on the aesthetic value of the plants, in “Interactive Plant Growing,” the process of growth is a theme of the work. The artists realize the goal of creating in the virtual world just as nature does in the real world.  

In another interactive media installation, which is based on genetic (evolutionary) algorithms (“Galápagos”
 by Karl Sims, 1997, Fig. 2) the visitors can develop three dimensional animated forms. Galápagos is based on Darwinian evolution
 and is an interactive creation of virtual organisms. Twelve screens are arranged in an arc in an exhibition room. Each of the screens displays an abstract, animated, biological-like form and simulates its growth and behavior. The viewers participate in this exhibit by standing on step sensors in front of those displays to select which organisms they find most aesthetically appealing ("fit for survival"). The selected organisms survive, mate, mutate and reproduce. Those not selected are removed, and their monitor shows new offspring from the survivors. The offspring are copies and combinations of their “parents”, but their genes are altered by random mutations. Sometimes a mutation is favorable; the new organism is more interesting than its ancestors and is thus selected by the viewers. 

As this evolutionary cycle of reproduction and selection continues, more and more organisms emerge. Since the genetic codes and the complexity of the results are managed by the computer, the results are not constrained by the limits of human creativity or understanding. The animal-like creatures here deal with the theme of evolution. Their aesthetic value is the main criteria for the viewers to decide which creatures will survive. 

“Galápagos” by Karl Sims can be classified within interactive media art as an open-system
 work. “Interactive Plant Growing” (Christa Sommerer and Laurent Mignonneau) also belongs in this category, because the final result here is not predictable. The user can achieve different results through the given growth-rules. The result also depends on the aesthetic taste of the users, and the user’s experience with this form of interactivity must also be considered.
Plants as a motif are present in Sommerer and Mignonneau’s work in both the physical environment and in the virtual space. In Sims’ work, the motif of animal-like creatures is present only in the virtual space. Thus, for Sommerer and Mignonneau’s work we can state that the motif of the interface
 is thematically similar to the projected end-result. 

In Sommerer and Mignonneau’s work, the plant motif shows more realistic features. In Sims’ work, the animals in their aesthetic are not similar to natural animals in the real world. However, their behavior shows similar characteristics to biological organisms in the real world. Sommerer and Mignonneau’s “Interactive Plant Growing” shows a design that is based on real nature
 but in a natural
 style. 

Concerning the interaction type, the visitors of Sims’ work can select through the given interface (floor-sensors), and thus “replace” the role of selection in nature. Sims used evolutionary principles in the algorithm and this open-system work allows the visitor to develop creatures by themselves. To achieve the desired visual result the visitor can also consider how the next result would look if his or her chosen animation is combined with the animations chosen by other visitors; which shapes and colors and which kind of movements would then be achieved. In Sommerer and Mignonneau’s work, subtle and respectively complex calculations are accomplished during the interaction, which depends on the distance between the user and the real plant (this varies from 0-70 cm). The interaction changes the parameters of the further growth and also the morphology of the real plants has been taken into consideration. The virtual growth is not based on the principles of the real growth of the plants but on the movements during the growth-process, and the shapes and colors of the virtual plants are optically comparable with real plants evolving in fast-motion. 

Also in Sommerer und Mignonneau’s work, as in the work of Sims, random-principles are present and the motifs have a quasi “autonomous-life” because not only do the users decide how the motifs are going to look, the motifs also have their “own virtual life”. 

Another work based on the principles of evolutionary designing developed by Christa Sommerer and Laurent Mignonneau “Life Spacies” from 1996-1997 (Fig. 3), represents an evolutionary communication and interaction environment at the ICC - NTT Museum in Tokyo (Japan). The creation of it was supported by ATR-Media Integration & Communications Research Lab in Kyoto. 

In contrast to their work “Interactive Plant Growing” an artificial life of virtual organisms is created by email messages
, which can be posted on a web page created for this installation. Users can write a text
 to create three dimensional virtual creatures or to feed the created creatures releasing text characters. The characters and the syntax of a text are interpreted as parameters for the design of the creatures. Form, shape, color, texture and the number of bodies and limbs are influenced by text. Through self-developed software, which transforms the incoming messages into the genetic code of the creature-like shapes, a virtual life is created at the ICC museum. The virtual life is projected on a large screen and the visitors can interact with it by motion and touch. The artificial creatures, which in some stages of their design remind visitors of the insects from “Music Insects” by Toshio Iwai in 1992, communicate and interact with each other, with the visitors of the environment, and with the message writers on the website of “Life Spacies”. Besides this complex structure of communication and influences, there is also indirect communication between people: through the projected creatures, people in the environment communicate with each other and with the online message senders. Besides displaying interaction as reciprocal communication between a user and a programmed work, this work also shows interaction as reciprocal communication between users themselves through a programmed work. The interaction itself is present in the form of co‐creation (by the users/visitors), and it is present in the form of an intimate communication between users/visitors (the text written by one user is being eaten by an insect created by another user). 

The insect-like creatures are hidden in nest-like compositions over the surface, which represents the environment of the creatures. A bunch of the organic-like bands appear dense in some parts over the surface; the plant/nest is gradually evolving and disappearing. 

Another kind of biological motif based on genetic algorithms is presented in the work of the German Bernd Lintermann’s “SonoMorphis” (created in cooperation with Torsten Belschner) in 1998. 

Bernd Lintermann is a German artist who lives and works in Karlsruhe (Germany). Since 1996 he has been a freelance collaborator at ZKM – Institute for Visual Media in Karlsruhe, and he does the artistic and scientific exploration for the program. In particular, he explores the development of the integrated modeling, animation and rendering system “Xfrog”. This system is used for creating complex geometrical structures especially for organic objects, plants and growth simulation.
 Torsten Belschner developed audio-software and interactive sound-installations. He works and lives in Munich. 

Torsten Belschner, who was responsible for the sounds, and Bernd Lintermann, who was responsible for the graphic representation, created “SonoMorphis”, Fig. 4, in 1998
. This work was presented in Germany, France and Poland. An artist in front of the audience performed with it. In a darkened room, an organic shape, which is projected onto the wall, can be manipulated by the visitors using a control panel. The panel is posted facing the projected shape and is mounted over a tablet. Using the panel the visitors can change the parameters of the shape, and change the view and perspective of the projected shape. 

From six possible variations one can first select the general shape that will be projected constituted as a three dimensional shape.


[image: image3.jpg]



Figure 3
Life Spacies, 1996/97. Christa Sommerer & Laurent Mignonneau.
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Figure 4
SonoMorphis, 1998. Bernd Lintermann. 

The modification of it through the evolutionary principle of mutating graphic objects brings a high number of results;
 each visitor can create a unique variation. The installation can also be accessed through a website. The acoustic, which is an important component in this work, is also modified due to the result of the shape. In the space, a visual acoustic object emerges that is being permanently moved accompanied by the generation of sounds. This work, which is an example of an “open system”, is based on a set of predefined components, which serve as a “gene pool” for the system. The interaction as reciprocal communication between a user and a programmed work is present in the form of co‐creation (by the users/visitors). Through interaction the graphic is mutated, selected and shapes are produced similar to those that we know from real nature.
 The shapes are based on the aesthetic of the real biomorphic shapes and formations and they aren’t naturalistic representations. The visual results mainly show a closed shape, which looks like a living ornamental creature. The result sometimes reminds users of a drawing by Ernst Haeckel
 because of its filigree visual result. 

The work “Life Spacies” by Christa Sommerer and Laurent Mignonneau (1996/97) and the work “SonoMorphis” (1998) of Torsten Belschner and Bernd Lintermann are created using evolutionary design. This allows a modification of the works both from within the environment in which the installation is installed and from a website. 

The evolutionary process has been used in Lintermann and Belschner’s work which is based on the user’s selection of the exhibition space (one of six variants can be chosen), the online interactivity of the users/visitors, and a combination of both of these. In Sommerer and Mignonneau’s work, there is a similar interface present both in the exhibition space and online. The difference between these two works is that the interface in the exibition space in Lintermann and Belschner’s work is not similar to the one online. The first is an intuitive interface, which is based on moving and touching by the visitors. The second is based on emails (texts) that the visitors write and send. The visitors can identify themselves incorporated on the results projected. Unlike the visitor in Sommerer and Mignonneau’s work, the visitor in Lintermann’s and Belschner’s work, can create only one shape, and only one user can manipulate this shape in the exhibition space. Thus, in contrast to Sommerer and Mignonneau’s work, there is no communication between the visitors, which are in the installation’s room. Sommerer and Mignonneau also used intuitive interfaces in other works such as  “Interactive Plant Growing”, which has been discussed above. This type of interface is a pioneer achievement.
In Sommerer and Mignonneau’s work, the creatures look like insects, while plant-like shapes of the nests of the creatures appear as a background motif. Lintermann’s and Belschner’s work consists of plant- and flower-like shapes. There is one shape that is being created, transformed and rotated over the surface through the visitors’ interaction, It’s pulsating and movement reminds visitors of an organism. 

Thus, the motif of plant-like shapes and of organic shapes, which are based on the genetic code (genetic algorithm) are being used not just for simulating shapes that look natural. They are also used for creating new forms of animals and plants, new creatures, and new artificial lives, which doesn’t exist in the real world. In addition to innovative visual results appearing, different kinds of artificial behavior are also developed. This representation reflects the contemporary, scientific research in the human – animal and human – plant relationship. 

3. Conclusions

Biological motifs are represented in interactive media art not merely based on their visual characteristics but also on the real process of their living. Plants were illustrated for medical reasons or as ornaments. Recently, even the lives of real plants have been considered motifs in exhibition rooms such as in the work “Grass Grow” by Hans Haacke
, 1969. Similarly, in interactive media art, plants can be created, and the process of their growth and death has been considered a theme. However, the observer/visitor is presently an active designer of them. The observer/visitor selects their growth direction, form, density and even their death (as in the work “Interactive Plant Growing” of Christa Sommerer and Laurent Mignonneau). The plants can be now live manipulated. Their appearance and disappearance can be realized only with the help of visitor’s interaction. Real plants appear as tools for creating and modeling virtual plants. This is new within the designing and modeling of these plants, and it is a possibility, which can be offered only in this type of art. The possibility of interactivity and the ability to choose the interface are important issues for the changing of the creation and the meaning of plants within this kind of art. The observer/visitor is responsible for their design and for the existence of the plants. It is a work that reflects the idea that we are “responsible for our planet”. Since the industrialization has been considered a factor that causes global warming, a person’s responsibility for what he or she does to nature grows each day. The human and that which he or she invents or creates and uses are important factors in global warming. The reflection of the human in his technical developments, and what they can or can’t accomplish together are indirectly related to the concept of interactive media art. Plants as motifs in interactive art, in combination with the interface and the interactivity, transport the meaning of their creation by the human. Humans as creators of plants are represented with this motif in this kind of art. 

In comparison to traditional artworks, animals in interactive media art are represented in abstract forms. This has been defined by the visitors (as in the work “Galapagos” of Karl Sims). Such forms appear in combination with simulations of the animal-behavior – a quality, which characterizes interactive media artworks. The creatures of Galapagos appear in abstracted forms in exhibition spaces. They can survive, mate, mutate and can be selected by users to be recombined and to reproduce. The visitors make decisions which creatures are going to be recombined; they give the course of the further development of evolution. They make decisions concerning which “animals” will survive or die. The visitors create virtual animals with the implemented rules of evolution. Since genetic manipulations have been used in science and technique, the human begins to make decisions about what will be planted, breed and particularly what will be created concerning our “survival” needs. The natural decisions of nature are manipulated by humans in their genetics and specific new life forms evolve. This fact has also been reflected in art. In this work, the animals can be manipulated by their users/observers based on their genetics. Animals of Galapagos represent evolution. The visitors/observers who can make decisions about their creation represent the human in his decisions about the evolution of the nature. Animal motifs in combination with the interface and the interactivity create a new meaning within this kind of art.

The genetic code is important also for the creation of specific virtual animals as in the work “Life Spacies” of Christa Sommerer and Laurent Mignonneau (1996/97). Animals are created and can be fed by email-messages, specifically by text characters. These are translated into the animal’s genetic code. This work gives a visual image to written language, and it reflects the currently used digital communication forms. Furthermore, the manipulation of the genetic code has been implemented in the work “SonoMorphis” (1998) of Bernd Lintermann. Distinguishing between animals or plants is sometimes difficult in this kind of art. This work reminds us visually of plants or flowers, but its pulsating movement puts it in the category of living organisms. This concept reflects the idea that humans do not always know what results present technology will bring. 
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