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The common understanding of morphogenesis implies a three-dimensional
evolutionary change in form witnessed in the developmental process of an
organism. This evolutionary process emerges from cell growth, cellular
differentiation and environmental changes that generate specific conditions
between genotype and phenotype. The complex nature of these aspects is intrinsic
to evolutionary biology, and its accurate implementation in bio-generated
architectures potentiates a twofold understanding of different morphogenetic
strategies and its spatial consequences. Within this premise the morphogenetic
factors of cell-differentiation and cell-signaling become a crucial aspect in a
real-time communication system between an archetype and space, thus
performing within particular modes in which design correlates to space. The
paper hypothesizes and tests the use of Cell-Signaling as system of
communication that governs fundamental cellular activities within the process of
Gastrulation. This process occurs in early cell-embryo development and where
communication between cells is favorably active and cellular the structure is
established. The Emosphera project is a technical re-contextualization of this
specific morphogenetic process. The principles denote a genetic code of the
object can be scripted in a CAD environment and reproduced real-time by means
of communication through a multimedia platform, which render form as a
consequential aspect.
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The common understanding of morphogenesis implies a three-dimensional evolutionary change in
form witnessed in the developmental process of
an organism. This evolutionary process emerges
from cell growth, cellular diﬀerentiation and environmental changes that generate speciﬁc conditions
between genotype and phenotype. The complex

nature of these aspects is intrinsic to evolutionary
biology, and its accurate implementation in biogenerated architectures potentiates a twofold understanding of diﬀerent morphogenetic strategies
and its spatial consequences. Within this premise
the morphogenetic factors of cell-diﬀerentiation and
cell-signaling become a crucial aspect in a real-time
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communication system between an archetype and
space, thus performing within particular modes in
which design correlates to space. The paper hypothesizes and tests the use of Cell-Signaling as system
of communication that governs fundamental cellular activities within the process of Gastrulation. This
process occurs in early cell-embryo development and
where communication between cells is favorably active and cellular the structure is established. The
Emosphera project is a technical re-contextualization
of this speciﬁc morphogenetic process. The principles denote a genetic code of the object can be
scripted in a CAD environment and reproduced realtime by means of communication through a multimedia platform, which render form as a consequential aspect.

INTRODUCTION
Contemporary biology, like many parts of science,
is increasingly dependent on computer technology.
Among many sites for this interdependence, probably the most signiﬁcant is the growth of high volume, high throughput molecular data generation, of
which the best-known instance is high-speed gene
sequencing. The question what to do with this data
has spawned the boom in systems biology and has
led many to question orthodox assumptions about
science as hypothesis-driven. As biological models
become ever more complex, the philosophical question also arises whether scientiﬁc explanation should
require the possibility of a design premise. The correlation between biology, realtime and multimodal
strategies requires to understand and to calculate the
impact of every element. Within these evolutionary
environments the integration of new media and innovative computational models will provide an integrated design workﬂow (Grosz, 2001). This becomes
evident in the subﬁeld of Computational Development where the structure to build models that emulates the real based on accurate computational techniques. This competence to accurately emulate, allows a deeper understanding of the processes of development and to identify how mechanisms work,
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and how to create complexity by simple procedures.
The same principle goes towards fabricating spatial systems that interact with the environment. Only
some modules interact with the environment in capturing and releasing diﬀerent information, by means
of sensors and actuators. However, the way that information is processed within the code biologically
known as the genotype, in this case inﬂuences the
prototype, which subsequently aﬀects further inner
behaviors. In biological terms, this sequence of procedures corresponds to the process of morphogenesis, biologically known as the twofold dynamic relation between genotype and phenotype. By borrowing the understanding of this autopoietic form
of evolutionary development, it enables the creation
of new computational techniques, and consequently
new forms of simultaneously appropriating information and space. Yet, the manner in which the morphogenetic processes are currently appropriated are
generally detached from its biological aptitudes and
merely used as a form-ﬁnding tool.
If biology requires such a complex structure of
disciplines, it seems reductive that one arbitrarily use
of morphogenesis to generate something as complex as art or architecture. The speciﬁcity in the type
of morphogenetic structure that a design departs
from or which elements the genesis responds to are
among the questions by Evolutionary developmental biologists, hence they should be among generative design. Indeed, the process is biologically similar for all organisms, however the manner in which
physical processes and constraints aﬀect biological
growth should deﬁne some sort of a phylogenetic
structure (Figure1). Hence natural patterns of design
should be taken into consideration to avoid the risk
of falling into a mere representation of biological design.
Among the spectrum of evolutionary developmental stages, emerge processes that specify how
diﬀerent types of cells are organized into spatial
groups that contain diﬀerent functions. Basically,
each cell is free to evolve within, as long as the connections between their modules remain consistent.

Figure 1
Simpliﬁed version
of the Phylogenetic
Tree of Life
according to the
ﬁeld of Evolutionary
Biology (Ciccarelli,
2006).

This characteristic denominated as cell-signaling provides complex intracellular relations that are embedded in the genetic code. Accordingly each contains cell speciﬁc molecular modules that foster inner procedures such as, loops, symmetry and subdesigns, meaning that cells have a behavioral code
enabling them to perform only a certain number
of tasks. Only through intracellular communication
new cellular functionality is developed, which is simultaneously based in the cells genetic code, as well
as the interaction signals from the surrounding environment. These actions create a framework implemented in computational development, which consequently aim towards the usage of evolutionary algorithms in design (Holland, 1975).
The common understanding of morphogenesis merely implies a three-dimensional evolutionary change in form witnessed in the developmental process of an organism. This evolutionary process emerges from cell growth, cellular diﬀerentiation and environmental changes that generate speciﬁc conditions between genotype and phenotype.
Nevertheless the complex nature of morphogenesis
is intrinsic to evolutionary biology, and its accurate
implementation in bio-generated architectures potentiates a twofold understanding of diﬀerent mor-

phogenetic strategies and its spatial consequences.
Within this premise the morphogenetic factors of
cell-diﬀerentiation and cell-signaling become a crucial aspect in a communication system between an
archetype and space, thus performing within particular modes in which design correlates to space.

BIOLOGY AND REALTIME SIGNALING
Within the biological process of morphogenesis different procedures potentiate diﬀerent species by setting diﬀerent types of cells to organize and communicate in groups that contain speciﬁc functions. Fundamentally, each cell is free to evolve within, as long as
the connections between their modules remain consistent. These processes are bidirectional and speciﬁc
in the form they evolve, in order to remain ﬁt in a determined environment. Speciﬁcity in the process of
morphogenesis is an important factor that is continuously neglected in the ﬁeld computational architecture and becomes even more critical if we deal with
the notion of realtime design (Maturana and Varela,
1980).
The notion of realtime is implicit and the ﬁeld
of Evo-Devo and emerged simultaneously with some
of the earliest ideas by D'Arcy Thompson on how
physical and mathematical processes aﬀect biologi-
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cal growth, which were subsequently applied and developed in the reaction-diﬀusion mathematical models by Alan Turing. These works propose the presence of chemical signals and physic-chemical processes such as reaction and diﬀusion (activation and
deactivation) in cellular and organismic growth.
The usage and understanding of evolutionary
development enables the creation of new computational techniques, which recurs in the improvement
of science as well as technology. This stance though
the combination of computers and biology, provides
a scientiﬁc a correlation of biological behaviors as
data. Speciﬁcity can be understood as a measuring
component, which correctly limits the modularity biological behavior. A critical standpoint if the strategy
aims to be accurate in order to produce speciﬁcity in
a biologically oriented design.
Departing form the understanding that morphogenesis involves a change in the three-dimensional
form of the developmental process of any organism.
This emergent process encompasses a set of simultaneous procedures, which include cellular growth and
diﬀerentiation, as well as, environmental changes
that generate speciﬁc dynamics. The speciation occurs through a set of genes called the hox genes
that through biological modularity allow speciﬁcity
in adaptation without having collateral eﬀects in the
overall design. Computationally speaking this can be
understood as Diﬀusion-Limited Aggregation (DLA) a
process whereby cells follow signaling procedures to
aggregate a similar cell structure (Witten and Sander,
1981). Overall the complex nature of these aspects
is intrinsic to biology nonetheless their temporal and
spatial qualities are essential factors for generative
design. Consequently, an analogous morphogenetic
use of cell-diﬀerentiation and cell-signaling becomes
a crucial aspect in the system of communication between media and space. With an equivalent biological modularity to the hox genes, space can perform
within particular modes in which correlates in realtime with the environment, another individual, or
even another space of the same kind.
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Gastrulation as Realtime Generative System
In order to support this methodology, the use of
Gastrulation as a speciﬁc phase of morphogenetic
development was selected. Gastrulation is a particular coordinated cell migration that forms a gut,
which is a process also known as invagination. In
some cases it might form as a blastula a spherical
layer of 128 cells surrounding a cavity. Developmental processes are crucial in construction and selforganization, which form the structure that drives a
cell to become a multicellular organism. There are
ﬁve main processes that are involved in the biological development. These are cleavage divisions, pattern formation, morphogenesis, cellular diﬀerentiation and cellular growth. All of which are collectively
controlled by proteins that are assembled by amino
acids, in which are produced by genes.
Cleavage Division occurs when a fertilized cell
undergoes a series of divisions to create more cells.
There is no increase in cellular mass and the result is
a hollow ball of cells, known as blastula. The blastula production comes out from Pattern Formation
a process that occurs when pattern of cell activities
within the embryo is organized to develop a viable
structure. This structure contains two main stages,
Fate Maps and Germ Layers. Fate Maps are deﬁned by
positioning the body plan, which deﬁnes where each
cell is going to be placed. Simultaneously, the Germ
Layer process organizes diﬀerent cell types by layer
in order to produce diﬀerent functions, such as the
ectoderm, mesoderm and endoderm of a cell (Figure 2). These diﬀerent cell functions occur by cell
diﬀerentiation process where the cells acquire a different structure by regulating diﬀerent amounts of
proteins, oxygen molecules and enzymes. Cells are
therefore diﬀerentiated not only by the genetic material but the manner their evolution regulates distinctive ratios within their nucleus. This adjustment
within cellular diﬀerentiation occurs simultaneously
due to cell-signaling and asymmetric division. The
cell-signaling process can also be called as Inductive
Signaling as the cell genome selects a single signal

set expecting a singular response. Cell signaling also
allows cells to detect and respond to extracellular
environmental conditions, which allow their growth
and diﬀerentiation. To complete this cycle of development, the cells multiply by duplicating their matter and consequently reproducing into a parent and
oﬀspring.
Figure 2
Gastrulation,
Localized Fate Maps
and Phylogenesis
Process (Stern,
2004).

the environment or other machines; a code containing the logic that combines all incoming and outgoing information; and an eﬀector that can perturb the
environment or other machines. All of these have
equivalent elements within a cell, and this intracellular communication holds a biological translation between technology and spatial behaviors. This provides a natural to interact and transact with space allowing individual objective and subjective communication with space.

Cell-Signaling in Diﬀusion-Limited Aggregation

These processes are achievable due to the presence
of chemical signals and physic-chemical processes
such as reaction and diﬀusion (activation and deactivation) in cellular and organismic growth, hence establishing a direct link to the development of an embryo. Due to the complexity of its elements and intrinsic connections, the understanding and practice
of evolutionary development prompts the creation
of new computational techniques, which rematerialize in the improvement of science as well as technology. This a arrangement of computers and biology
permits decoding of biological behaviors into data.
By encoding speciﬁc biological data, recoding
for a speciﬁc media and decoding it into a certain
array of media, one allows the presence of biological behaviors in a previously solely formal element,
merging in this manner biology, realtime and multimodal design. Inherently de design becomes an
autonomous agent itself that requires three characteristics; a sensor, which receives information from

From a biological standpoint, DLA systems are
a highly intricate network of co-dependent subsystems, which Drift, Gene Flow, Mutation, Natural
Selection and Speciation are a limited part. Correspondingly, these are comprised of a large amount
of interacting constituents - such as proteins, oxygen
molecules and enzymes - whilst the intracellular signaling process occurs.
The generative methods of this project are
based on the morphogenetic process of Gastrulation. The process happens in an early cell-embryo,
in which the ectoderm, mesoderm and endoderm
are established. This process forms multilayered
unicellular elements by means of determination
(Fate Maps) diﬀerentiation (Blastoderm) functionality
(Morphogenetic Fields) and cell lineage (Phylogenesis). The development occurs when Fate Maps (extraembryonic signals) inform extra-embryonic cells of
their Morphogenetic Field, a process called Fibroblast Growth Factor (FGF). The FGF signals are sent
within intracellular pathways via Bio-Molecular connections in a binary format, allowing the cells to embody emergent characteristics and behaviors.
The Gastrulation procedure allows diﬀerent
types of cells to organize into spatial groups that
contain diﬀerent functions. Basically, each cell is free
to evolve, as long as the connections between their
modules remain consistent. This characteristic gives
complex results that include inner procedures, such
as loops, symmetry and sub-designs within each cell
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or module,. Similarly, these are the procedures that
create the framework implemented in computational
development, which is consequently used in this
project.

CELL-SIGNALING AS A MULTIMODAL DESIGN PRINCIPLE
Within the ﬁeld of biology and its vast use of morphogenetic processes, diﬀerent procedures potentiate diﬀerent species. Despite of the overall schema of
action-reaction, diﬀerent types of cells organize and
communicate in groups that contain speciﬁc functions. Fundamentally, each cell is free to evolve
within, as long as the connections between their
modules remain consistent. These processes are
quite speciﬁc in the form they evolve in order ﬁt
in a determined CAD environment, within architectural realms the understanding and implementation
of these connections is often bleak. Speciﬁcity in the
process of morphogenesis should be understood as
an important factor that is continuously neglected
in the ﬁeld computational architecture and becomes
even more vital if it is strategically dealt within realtime interactive spaces.
Overall the path delineated through new media and architecture in combination with technology, evolved into art forms that are the foundations of what can be understood as a dynamic form
of "Correalism" (Kiesler, 1939). From the initial assertive approach of the Total Work of Art, through the
Bauhaus, the avant-garde movement as it pertains to
new media art and beyond, the concept of an artwork containing several interconnected art forms has
emerged from its subculture and taken its place in
the mainstream of new media. The diﬃculty stands
as the placement of this realm into the current taxonomy; and the opportunity, the introduction of this
domain as a form to evolve space through any form
of open-end communication.
A possible solution to this drawback is the coordination of generative tools with optimization tools
an integration of a twofold algorithm of sorts. This
combination could provide a design solution that
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embeds simultaneous mathematical determinations
of the highest performance between theoretical and
functional factors. This process could be interpreted
as a potential eﬀort to achieve the design solution
by ﬁnding its ﬁtness between form and context. It
would help architects to ﬁnd optimal or suitable solutions that would support the design throughout
multidisciplinary barriers a project goes through to
ﬁnd possible design alternatives. If applicable this integrated process would go against the creative nature of design itself. This would require coding the
subconscious and experience of the architect, as well
as the design intentions. Undoubtedly, this transformation will be very diﬃcult to achieve. Another potential disadvantage to take into account in applying
this methodology is the fact that various problems
arise or diversify during the design procedure. Consequently, this interactivity between designer and algorithm requires constant adjustments, in order to allow the designer to operate variables or ﬁtness functions, which require resetting and rerunning the algorithm. This is a procedure that partially obliterates the automation aspect, which quintessentially
genetic algorithms are design for.
Departing from the premise that the code of
the space is, to a certain extent, intrinsic to the
archetype's environmental experience, this construction includes a system of communication by means
of cell-signaling. The system hypothesizes a constrained evolution through speciﬁc principles of intracellular communication within the DLA morphogenetic process, which aim to induce a biological relation between environment, interaction and form.

Integration of Cell-Signaling and Realtime
Systems
Intrinsic to this construct of biological networks, is
the use of realtime procedures that call upon multiple media along a single algorithmic structure. In this
manner the process of coevolution can only occur,
if there is a structure of interaction with the system.
This exchange between automatic control systems in
both machines and living things is the study subject

in the ﬁeld of cybernetics. The design relevance in
the use cybernetics is linked to the cognitive aspects
of this association of multiple systems.
The use of cybernetics in art and architecture
is not new, and is highlighted in the "Evolutionary
Architecture" as Gordon Pask was particularly interested in how interactive systems might be applied
to the architectural design process in order to evolve
structural form and behavior. Pask's understanding
is particularly important since it suggests how, in the
emergent ﬁeld of ubiquitous computing, humans,
devices and their real and virtual worlds, can coexist
in a mutually positive association (Haque, 2007).
Having the ability to interact with multiple spatial systems, Pask's experiments with electrochemical
systems provide a conceptual framework for building interactive objects. Without becoming rigid or
restrictive, the structure of these artifacts are able to
deal with the natural dynamic complexity that environments embody. An example of such natural
mode of interaction with space is in the interface
used in "Evolutionary Architecture". By appropriating
the human competence to manipulate cubic modules, a natural mode of interacting with a computer
is achieved, but more importantly a form of interacting in both real and virtual spatial systems.
In this context, these artifacts demonstrate interactive systems that encourage distinctive interaction
proﬁles with each user. This allows necessary unrestricted interpretation of any context that is particularly important to consider in any design process, and
more importantly achieving a natural spatial experience. This interaction becomes spatially applicable
when our actions are recognized by the system and
where a reaction by the system generates some feedback in its environment. The fact that one is aware
of the interaction with multiple systems is known
as second-order cybernetics. By being part of the
system, and the importance of consciousness, along
with the self-organizing abilities of the system, one
can never understand how the arrangement works
by because the users are continuously engaged with
the system.

This parallel awareness and interaction with different spaces makes it clear that we need to be able
to make intelligible relations with our environmental
systems, rather than simply doing exactly what we instruct them to do. This fundamental change departs
that one must know exactly what to do while interacting with machines, which implies that one must
know the terms that are predetermined by the original designer. Alternatively, the interaction with evolutionary systems informs what they consider for the
individual. This approach relies on the environment
interpreting our spatial needs, as the system informs
us with a method for comparing our notion of spatial
conditions with the one designed by the evolutionary conception of the space.
It is vital at this stage in the development of interactive and time-based media to reconsider authoritarian models of interaction, particularly because today's user is no longer inexperienced in dealing with
technological interfaces. The present society expects
more than a general form of interaction, and is also
increasingly able to comprehend the structures behind them. An evolutionary approach to spatial systems does not necessarily require complexity of interaction as it relies on the properties of the media and
the computational design across an interface, being
this technological or otherwise. Presently an individual is already socially ubiquitous thus this manner of
interaction should also transverse into spatial modalities.

Cell-Signaling and Realtime Systems Workﬂow
In order to decode an automated principle of an algorithmic solution needs to perform a number of iterative searches, commencing each new search from
a speciﬁed starting point. Nonetheless the diﬃculty
arises when this principle still fails to provide full conﬁdence that our algorithm has discovered the best
outcome of our solution array. Furthermore, as the
amount of variables used to deﬁne the problem progressively increases, the outcome can be a solution
interval which might contain elements such as edges,
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tunnels or bridges which undermine the conﬁdence
in the ﬁnal solution (Dehne, Sach and Zeh, 2007). The
problem becomes even more complex when the algorithm will unfold into multiple media. As the general topological qualities of a solution interval approaches high levels of complexity, ﬁnding the clearest solution, or even to ﬁnd the ability to tell the
diﬀerence between initial/last or top/down becomes
highly problematical. These problems rely in the
manner in which a designer uses search techniques
of an algorithm so it sheds some order to the overall
result.
The initiation starts from the emerging clusters
and will adjust itself to proximity, separation, propagation and continuity. The artifact was produced
with a genetic code, developed and run in Maya Embedded Language (MEL). The code emulates the evolutionary structure that characterizes the Emosphera
project. The procedures that deﬁne the generative
function are as follows: Generation of Geometry, Dif-

ferentiation, Lineage, Fitness, Cell Signaling and Mutation.
In each stratum, the assembly of the genetic algorithm is constantly evolving, as it holds the traces
of its development and obtains its own ruled-based
scheme. The decoding of the artifact becomes a plan
of its dual process, merging scripting implementations that evolve from early biological responses into
primary procedures in form of triangulations, stratiﬁcations, repetitions and formal geometries. The
structural base for the gastrulation script has an emphasis in non-linear emergent behavior according to
object lineage. The code is developed from a matrix
of random objects, to which follows an initial selection of potential elements (Figure 3).
As the initial elements try emerge with the
neighboring constituent, the model becomes a morphogenetic ﬁeld; the basic requirement that allows
an evolutionary and developmental growth, equivalent to the process of Gastrulation. The communiFigure 3
Phylogenetic
structure of
Gastrulation-based
geometrical output.
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cation signals are sent and received continuously via
CVs within the object surface in order to transpose
the characteristics between elements. Object signaling is also used to know their positioning within
the morphogenetic ﬁeld, in order to achieve selforganized patterns. In the case cells are unable to
communicate, they eventually fall out of the ﬁeld and
die, creating a phylogenetic structure.
In order to control the procedure's propagation, one can decide between two main strategies
of growth according to diﬀerent assembly structures.
For instance, one strategy would be to choose a possible high number of cells to evolve and develop
through a constrained number of iterations. Or another method can be to input a small number of cells
(even only one) and let it iterate in a longer period,
allowing the a constant evolutionary output of similar elements while preventing them to fall into an optimal state of repetition. This recursive dual process
allows the allocation of non-linear cyclic relations between any constituents and unfolds as the basis of
the multimodal design structure.
Cell-Signaling Structure in Multimodal Design.
The premise of the Emosphera project is to provide
a structure that aﬀords interoperability among heterogeneous, autonomous events. These events in-

clude both direct interaction and/or remotely usable
information, which assemble a system based on extensible multimodal design that also meets its generative requirements. The multimodal design structure recodes the established Sell-Signaling Structure,
promoting interoperability among existing computational procedures. Parallel to establishing a formal connection to a DLA realtime approach (Kahl and
Burckert, 2012). The procedures allow distinct modes
of spatial modalities according to the preexisting array of embryological division, therefore emulating
the speciﬁc cell-signaling structure for multimodal
systems of control. The emulation of cell-signaling
structure in multimodal design is attained through
the use of speciﬁc modules that interact with the environment. This interaction is achieved through the
capture and release of spatial information through
distinct modal qualities, by means of sensors and actuators (Figure 4).
Emulating the cell diﬀerentiation the multimodal
structure extracts and reads spatial data through
proximity, spatial occupation, light and sound. Subsequently, a designed array of reactions either combined or individual emerges through kinetic actuators, sonic and visual modalities. The multimodal
communication structured developed in MaxMSP , is

Figure 4
Multimodal System
view of
Emosphera’s
integrated realtime
signalling structure.
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continuously evolving and aiming to achieve spatial
balance, by instigating even qualities of interaction.
If there is overstimulation the system decreases its actions and lack of stimulus will increase its activity. The
system also learns the traces of its own activity and
extracts its on ruled-based strategy, which allows it
to choose the mode it will interact with the environment. The decomposition of the piece becomes a
map of its original process, synthesized scripting performances that evolve from initial kinetic responses
into visual techniques through the use of animated
isosurfaces, meshes, light and colours; and into sonic
performances through the use of Granular Synthesis in the form of grain size, grain separation, grain
pitch, grain rate variation, grain size variation and
grain pitch variation.
Multimodal Kinetic, Visual and Sonic Operations.
The unfolding and understanding of the algorithm
transgresses the singularity of the formal object, and
spawns into a series of multimodal elements which
carry a speciﬁc code but vary in mode of interaction
with the space. Due to the distinct modal qualities
in which the communication is expressed, the design
attracts singular modes of spatial interaction due to
its kinetic, visual or sonic qualities, therefore delineating the form an individual interacts with archetype.
Consequently this propagation introduces the problem of tracing communication systems, thus requiring synthesis as a set of instructions, are composed
of a large number of interacting components -such
as; proteins, oxygen molecules and enzymes- while
the cell signaling process occurs.

The correspondence of such elemental components into the visual and sonic modalities is established by the characteristics of the grains - the elemental structure of Granular Synthesis. These properties include; grain size, grain separation, grain
pitch, grain rate variation, grain size variation and
grain pitch variation. This equivalence is then after
ﬁltered through communication and ﬁtness values
generated and extracted from the code.
The granular structure characterizes the multimodal kinetic, visual and sonic operations output of
the Emosphera project. An initial an evolutionary
strategy deﬁnes a generative function with an array
of stochastic output that is combined with a state of
optimal ﬁtness, which is ultimately reached, in the
absence of an exterior factor. In case of reaching optimal state this would be expressed by a uniform combined behavior of kinetic, visual and sonic in the form
of a synchronized interrelation between the kinetic
mobile wires, the visual boids, meshes and surfaces,
and the sonic grains and pulses of the archetype. This
homogeny would be expressed in any modality making the experience a repetitive and dull monotone.
Therefore instead calling upon the usage of an evolutionary strategy, the alternative was the use of one
of the principles used in Complex Adaptive Systems
(Figure 5).
This recursive process allows the allocation of
non-linear cyclic relations between any compositional technique and time structure (Feldman, 1992).
Producing a constant evolutionary output of modalities, preventing these to fall into an optimal state of
Figure 5
Graphics mapping
the realtime
normalization
sequence of the
genetic algorithm
(from top-left to
bottom-right).
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repetition. Similar to a cell-signalling, a succession of
operations results from the combined formalization
of the genetic algorithm with the acquisition speciﬁc
data. Where subsequently the task is to decipher the
algorithm as an evolutionary mechanism in search
of a symbiotic relation with the environment. The
integration of external data with generative operations unfolds into kinetic visual and sonic inventories
of transformation, introduced as formal expressions
of the algorithm. The unfold of morphogenetic processes of genetic drift, gene ﬂow, mutation, ﬁtness
and speciation are at this point formally transposed
to kinetic, visual and sonic components, directly connected to their signalling properties.

CONCLUSION
The motivation behind this dissertation was to deﬁne
a language, based in academic and critical discourse,
which one could use to describe the procedures and
operations employed in the creation within a architectural stance of a biological derived total artwork.
Within this perspective this dissertation, although
not strictly about architecture, follows a long line of
similar researches in the ﬁeld, in which designers describe the techniques and theory used in the making
of their work. A fundamental for this research are the
notions of " Correalism" that unfolded into the constructs of "Evolutionary Architecture" as works that
embed and resonate as contemporary understandings. As fascinating as it is for some, the idea of breeding buildings inside a computer, it is also clear that
simple use of digital technology without functional,
structural and topological thinking is insuﬃcient for
real architecture.
Certainly there are numerous diﬃculties in the
application of algorithms in architecture, there is potential to play a more eﬀective role in the design
and perception of space. By directly addressing algorithm and spatial design the project emulates cellsignaling elements and processes that denote a genetic code of an archetype, and can be recoded
and unfolded into multimodal means of communication. By replicating the cell-signaling system of com-

munication, the modeling system exposes a speciﬁc
manner of biological representation between form,
sound an visuals within a realtime communication
envelope. The technique diﬀers from generative design techniques by means of cell-signaling, modularity and recoding, thus limiting aggregation techniques. Despite the workﬂow the design principle
evolves in a continuous reconﬁguration of its elements, with a ﬁnal objective of having an adaptive
correspondence in a multimodal space. Nonetheless
the workﬂow that integrates computational biology
structure with multimodal design can also be further
reﬁned in order to improve and optimize the relation and implementation between tectonic and multimodal design.
Overall the research is the baseline model for the
development of various works that is abstract and
open enough that it can be scaled, augmented, and
modiﬁed as needed. The modularity of the deﬁnition
of the study facilitates experimentation with the form
and structure of works developed using biological realtime construct. Therefore, multimodal aspects can
be swapped with each other readily, leaving only the
speciﬁcs of second-order cybernetics and other contextual considerations open for later deﬁnitions. In
other words, an assortment of methods and structures could be used with a single modality, and a multitude of modalities could be used with a single structure and operation.
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