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 When some years ago we opened the 1st International Conference of 
Biodigital Architecture and Genetics, we were urged by a dark horizon, about the 
entire planetary subsistence. In this 2nd International Conference of Biodigital 
Architecture and Genetics the urgency is no less big. We will have to fight every 
time more and more for the minimum conditions of dignity in human existence, 
at the same time that we feel a cultural pressure for a correct adaptation to new 
times to configure systematically the world that humans needs for today.

 Truly, the question is not a simple caprice, neither an intellectual necessity, 
neither only sensibility for losing less favoured people: now, the question is a global 
necessity, without reservations of classes, races or religions. As we declared 
some years ago, the whole planet is in front of danger of no-sustainability for 
all mankind. And by chance, now in this crucial moment, new techniques of an 
enormous potential are offered: biological and digital techniques. And even a 
fusion of both, in something that can be named biodigital architecture. It has 
incorporated the advantages proportioned by the understanding of genetics in 
both ways, the biological and the digital way, that permit to face with hope some 
continuity also worthy, but this time for the dignity for everybody.

 Then, we are in front of the challenge of creating the future tradition of 
biodigital and genetics. For this it is necessary that people work on three key 
elements: research, teaching and profession. This is exactly what we have been 
doing in Barcelona from 2000, with the Genetic Architecture Research Group 
and Ph.D. Programme, with the Biodigital Architecture Master’s Degree and with 
the Genetic Architectures Office. There we learn & teach, we make research and 
we design: knowing that there are sufficient differential parameters to predict 
a complete age’s change. Today, in the middle of the second decade of our 
new Century, it is time to explain, to check, to discuss fascinations, inspirations, 
experiences, that interested people on this topics have done in the developing of 
this biodigital architecture and genetics, up to now.

Barcelona, Spring 2014
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THE NATURE OF 
ARCHITECTURE

Yannis Zavoleas 

The Nature of Architecture 

The biodigital analogue informing performance 

Dr. Yannis Zavoleas1

1The University of Newcastle Australia 
1http://www.newcastle.edu.au/profile/y-zavoleas, http://www.yzarch.wordpress.com 
1Y.Zavoleas@newcastle.edu.au 

Abstract. Initially driven by the general aim to discuss the analogies between biology and 
architecture, this essay compares the concept of performance as it applies in these two fields. 
Performance is approached along with related terminology such as metabolism and function. 
It further evokes historical precedents of interdisciplinary research dated since the early days 
of modernism, mainly applied for the development of systems. Systems are recently brought 
into attention along with the appointment of digitally-based methods set for analysis, rule 
defining, dynamic simulation and composition. 
In reflection of the above, this essay addresses biology's influences in architecture in three 
main areas. These are stated as a recurring interest in structuralism, the primacy of behavior 
over aesthetics and the generative aspect of design. 
Keywords. Performance; metabolism; behavior; functionality; bio-structuralism. 

Introduction 
Since the early days of modernism, the biological theme has enriched architectural 
discourse with a set of insightful references concerning the design premises and the 
means these can be achieved. Such a broad reservoir of influences is connected with 
processes directed to actions carrying out specific tasks, further suggesting functional and 
utilitarian connotations (Hensel, 2009). 

An updating of the analogies between biology and architecture goes along with the 
introduction of digitally-based techniques. Computation has aided in the development of 
new methodologies concerning data registration, analysis and manipulation towards the 
production of variations about form and also its material manifestation in more dynamic 
manners. One of the main applications of computation in the design process is to define 
and alike to evolve systems capable of collaborating with different factors at optimal 
levels. Such a task may be described as a general understanding of performance. 
Performance may aid in the development and the assessment of complex systems whose 
behavior is comparable to ones of organic nature. A system's desired properties such as 
agility, compliance and overall pertinence in delivering compound operations may be 
examined with advanced digital tools simulating its behavior. 

There is no doubt that nature offers an exceptionally rich asset of knowledge to 
explore; but, after years of study even of fascination with biological references and after 
the related research has often been limited to skin-deep understandings of organic 
themes, we have reached a point where it is important to respond to key questions about 
biology's appointment to architecture, such as: 
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- What are the properties being inherent to the biological model that evoke themes of 
main architectural interest and how may such a transference occur in more meaningful 
ways? 

- How has the biological model helped to readdress critical assumptions about 
architecture, especially with the introduction of digital tools to design? 

In respect, this paper assesses biology's main references along with an updated 
account of performance and then it summarizes its influences in architecture, as these 
have largely been supported by the use of digital means. 

From "Form Follows Function" to "Form Follows Behavior" 
In the recent history of architecture, there has been a recurring interest in studying the 
natural world, often leading to various interpretations of the biological analogue. In 
respect, Mertins (2009) draws upon an extensive list of related references applied to the 
broader field of building construction, dating since late nineteen century. An important 
figure of early modernism was Scottish biologist Geddes (1915), with research on 
sociology and the development of cities in analogy to biological processes. He 
specifically elaborated on the dynamic functions associated with the initial formation and 
the evolution of human settlements. He also went on to explore the interdependencies 
among the organizational patterns, the resources, the environmental factors, the flow of 
capital, the distribution of labor and the human needs in a society. The precedents present 
overall an interdisciplinary focus on biological themes profoundly linking transformative 
operations detected in nature to a range of human-based activities, essentially preparing 
the ground for today’s engagement between architecture and biology. 

Such an appropriation of knowledge from biology to architecture has been more 
fruitful when it is not exhausted to mere morphological imitation. In fact, it is claimed 
that the benefits are very poor when the biological paradigm leads towards extravagant 
adaptations that fail to lend any of the more thoughtful lessons biology is capable of 
giving to the architectural discourse (Hensel, 2009; Costa, 2009). On the other hand, the 
study of biological references has been far more insightful especially when it focuses on 
the processes behind the forms, helping to launch architecture’s propensity to biology’s 
modal functions and procedures such as those related to the reproduction, the adaptation 
and the evolution of live organisms. During the 1960s, Doxiadis (1966) with his peer 
researchers from various fields studied human settlements as compound biological 
systems forming aggregations in constant energy flux [Fig. 1]. Doxiadis presented the 
analogies between man-made systems and organic ones found in nature. The significance 
of such organic approaches in architecture relies on the fact that biological functions are 
factually defined upon the assumption that an organic being is not seen in isolation, but as 
part of a broader ecosystem. Consequently, the biological functions are solutions whose 
vitality is constantly tested by the environment: if they are advantageous, the organism 
will survive, increasing the incidence of these characteristics of adaptability in a given 
population (Costa, 2009), or, else, it is destined to extinction. 

Seen through the above prism, the biological model is compared to an engineer's 
view. An engineer would roughly describe the biological processes of interaction 
between a live organism and its environment as a set of mechanical operations supporting 
an exchange of energies between two or more systems. Such operations generally involve 
a series of transformations between matter and energy. These operations are termed as 
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- What are the properties being inherent to the biological model that evoke themes of 
main architectural interest and how may such a transference occur in more meaningful 
ways? 

- How has the biological model helped to readdress critical assumptions about 
architecture, especially with the introduction of digital tools to design? 

In respect, this paper assesses biology's main references along with an updated 
account of performance and then it summarizes its influences in architecture, as these 
have largely been supported by the use of digital means. 

From "Form Follows Function" to "Form Follows Behavior" 
In the recent history of architecture, there has been a recurring interest in studying the 
natural world, often leading to various interpretations of the biological analogue. In 
respect, Mertins (2009) draws upon an extensive list of related references applied to the 
broader field of building construction, dating since late nineteen century. An important 
figure of early modernism was Scottish biologist Geddes (1915), with research on 
sociology and the development of cities in analogy to biological processes. He 
specifically elaborated on the dynamic functions associated with the initial formation and 
the evolution of human settlements. He also went on to explore the interdependencies 
among the organizational patterns, the resources, the environmental factors, the flow of 
capital, the distribution of labor and the human needs in a society. The precedents present 
overall an interdisciplinary focus on biological themes profoundly linking transformative 
operations detected in nature to a range of human-based activities, essentially preparing 
the ground for today’s engagement between architecture and biology. 

Such an appropriation of knowledge from biology to architecture has been more 
fruitful when it is not exhausted to mere morphological imitation. In fact, it is claimed 
that the benefits are very poor when the biological paradigm leads towards extravagant 
adaptations that fail to lend any of the more thoughtful lessons biology is capable of 
giving to the architectural discourse (Hensel, 2009; Costa, 2009). On the other hand, the 
study of biological references has been far more insightful especially when it focuses on 
the processes behind the forms, helping to launch architecture’s propensity to biology’s 
modal functions and procedures such as those related to the reproduction, the adaptation 
and the evolution of live organisms. During the 1960s, Doxiadis (1966) with his peer 
researchers from various fields studied human settlements as compound biological 
systems forming aggregations in constant energy flux [Fig. 1]. Doxiadis presented the 
analogies between man-made systems and organic ones found in nature. The significance 
of such organic approaches in architecture relies on the fact that biological functions are 
factually defined upon the assumption that an organic being is not seen in isolation, but as 
part of a broader ecosystem. Consequently, the biological functions are solutions whose 
vitality is constantly tested by the environment: if they are advantageous, the organism 
will survive, increasing the incidence of these characteristics of adaptability in a given 
population (Costa, 2009), or, else, it is destined to extinction. 

Seen through the above prism, the biological model is compared to an engineer's 
view. An engineer would roughly describe the biological processes of interaction 
between a live organism and its environment as a set of mechanical operations supporting 
an exchange of energies between two or more systems. Such operations generally involve 
a series of transformations between matter and energy. These operations are termed as 
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Performative-Based Model Extending Functionality 
As a general estimate, the biological model has helped to further investigate on the set of 
behavioral properties describing performance in design. Performance refers to the 
outcome, as well as to the phases of its creation. In biological organisms, the vital 
operations and their supporting organs undergo processes of refinement and adaptation in 
regards to function, also to the purpose an organism serves as a system in the behavioral 
economy of larger systems to which it belongs (Hensel, 2009). A general sense of 
economy about systems and subsystems outlines the levels of efficiency about their 
processes, setting out the range between a minimum and a maximum point. Performance 
in architecture is commonly associated with functionality, a concept mainly addressed in 
the early proclamations of modern architecture based on the machine model (Zavoleas, 
2013). Such an explanation of performance speaks about the optimal resolution of 
interrelated activities, as these are typically addressed in the plan drawing. 

The definition of performance was clearly broadened after Second World War, as it 
turned out referring to competence at all scales, ergonomic design, material selection and 
usage, energy issues, construction methods and techniques, even aesthetics (Neufert, 
1936 & 2000; Zavoleas, 2012 & 2013). In late 1960s, Gordon Pask borrowed the theory 
of Cybernetics, in order to develop the idea that architecture is a compilation of active 
systems and then, concepts associated with performance were extended under a 
cooperative manner among all parts involved. For example, the idea of the house as a 
machine for living in initially assumed that the house was essentially a tool whose sole 
purpose was to serve the inhabitant. Instead, Pask (1969) proposed to position the notion 
into the concept of an environment with and also in which the inhabitant cooperates, and 
so to emphasize on mutualism as compared with mere functionalism, further suggesting 
that functionalism could be usefully refined in a humanistic direction: "the functions, 
after all, are performed for human beings or human societies. It follows that a building 
cannot be viewed simply in isolation." In effect, Pask’s statement has helped to shape a 
definition of performance in design that is in tandem with the biological model. 
Performance ought to communicate all kinds of associations developed in any conjoint 
set of agents. It would also assume compatibility and efficiency in any form of energy 
exchange among them. Such an approach provides with precise descriptions about the 
agents in dynamic associations forming mechanisms and generating emergent 
phenomena (Holland, 1998). Performance is sought after all agents and their functions, 
whose effect may be measured along the course of design and adjusted according to its 
goals. 

The above definition of performance is necessary in order to unravel the versatile 
affinities between architecture and biology especially under the digital scope. Taken from 
its meaning in biology, performance may consist of an inclusive concept in architecture 
too, one that renders the dynamic relationships between an entity and its environment. 
Computation further aids to describe biological functions and to apply them effectively to 
architecture, as in a DNA-like code [Fig. 7]. Advanced simulation software and scripting 
are used as generative tools [Fig. 8] for analyzing and integrating design as an extension 
of nature (Dollens, 2009). If we were to digitally express the organic behavior of a 
system in a reduced model, such a model would present a dual set of properties, often 
associated with optimization, in other cases with the ability to adapt to various 
operations, even to unpredictable ones. 
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Performative-Based Model Extending Functionality 
As a general estimate, the biological model has helped to further investigate on the set of 
behavioral properties describing performance in design. Performance refers to the 
outcome, as well as to the phases of its creation. In biological organisms, the vital 
operations and their supporting organs undergo processes of refinement and adaptation in 
regards to function, also to the purpose an organism serves as a system in the behavioral 
economy of larger systems to which it belongs (Hensel, 2009). A general sense of 
economy about systems and subsystems outlines the levels of efficiency about their 
processes, setting out the range between a minimum and a maximum point. Performance 
in architecture is commonly associated with functionality, a concept mainly addressed in 
the early proclamations of modern architecture based on the machine model (Zavoleas, 
2013). Such an explanation of performance speaks about the optimal resolution of 
interrelated activities, as these are typically addressed in the plan drawing. 

The definition of performance was clearly broadened after Second World War, as it 
turned out referring to competence at all scales, ergonomic design, material selection and 
usage, energy issues, construction methods and techniques, even aesthetics (Neufert, 
1936 & 2000; Zavoleas, 2012 & 2013). In late 1960s, Gordon Pask borrowed the theory 
of Cybernetics, in order to develop the idea that architecture is a compilation of active 
systems and then, concepts associated with performance were extended under a 
cooperative manner among all parts involved. For example, the idea of the house as a 
machine for living in initially assumed that the house was essentially a tool whose sole 
purpose was to serve the inhabitant. Instead, Pask (1969) proposed to position the notion 
into the concept of an environment with and also in which the inhabitant cooperates, and 
so to emphasize on mutualism as compared with mere functionalism, further suggesting 
that functionalism could be usefully refined in a humanistic direction: "the functions, 
after all, are performed for human beings or human societies. It follows that a building 
cannot be viewed simply in isolation." In effect, Pask’s statement has helped to shape a 
definition of performance in design that is in tandem with the biological model. 
Performance ought to communicate all kinds of associations developed in any conjoint 
set of agents. It would also assume compatibility and efficiency in any form of energy 
exchange among them. Such an approach provides with precise descriptions about the 
agents in dynamic associations forming mechanisms and generating emergent 
phenomena (Holland, 1998). Performance is sought after all agents and their functions, 
whose effect may be measured along the course of design and adjusted according to its 
goals. 

The above definition of performance is necessary in order to unravel the versatile 
affinities between architecture and biology especially under the digital scope. Taken from 
its meaning in biology, performance may consist of an inclusive concept in architecture 
too, one that renders the dynamic relationships between an entity and its environment. 
Computation further aids to describe biological functions and to apply them effectively to 
architecture, as in a DNA-like code [Fig. 7]. Advanced simulation software and scripting 
are used as generative tools [Fig. 8] for analyzing and integrating design as an extension 
of nature (Dollens, 2009). If we were to digitally express the organic behavior of a 
system in a reduced model, such a model would present a dual set of properties, often 
associated with optimization, in other cases with the ability to adapt to various 
operations, even to unpredictable ones. 
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The above utterance, apart from setting up provisional criteria about the outcome of 
architectural design, it also interferes with general assumptions about function, also with 
the appointed methodologies and strategies of development about a project. As it turns 
out, the biological model, being a polyvalent referent to performance in itself and having 
been studied extensively within the digital framing, prompts to pursue its analogies with 
the subject of architecture even further, in the areas roughly summarized as below. 

Conclusion. Architecture's Performance, or the Biodigital Nature of 
Architecture 
The properties of the biological model that are of interest to architecture are those related 
to live organisms viewed as systems. An organism's survival depends on generative 
processes of adaptation and evolution being part of a larger ecosystem. The related 
functions describe an organism's metabolic behavior. Accordingly, an organism's form 
may be viewed as the result of generative processes associated with metabolism. The 
above characteristics have helped to redefine critical assumptions about architecture 
largely challenged by the digital processes, tools and techniques, in the following ways: 

First, the comprehension of an architectural edifice as an organic system suggests a 
holistic approach to design, being less about the geometric definition of form and more 
about the interpretation of its qualities at a structural level. A quest on structures in 
architecture is reminiscent of late modern avant-garde studies on structuralism. Each 
element or unit is perceived in relation to a broader system. Such a view of the organic 
further reflects architecture's long-term conviction to align with socio-cultural ideologies 
through proposed modes of hierarchy, order and control, transferred to man-made space. 

Second, architecture's organic behavior involves studying an edifice's performance as 
a metabolic entity. Metabolism in architecture may translate to functions related to 
energy efficiency and sustainability. It implicates virtually all sizes, from micro to macro 
and from material to architectural and the broader scale, as it also links the natural and 
the urban context together. 

Third, the biological model presents preference to generative processes and the 
evolutionary character of design. Form-finding is introduced as a meticulous course 
involving recursive experimentation bringing up intermediary findings and assessment, 
gradually leading to more refined solutions. An interest on methodology has helped to 
build on architecture's affinity to science and its interdisciplinary profile; a set of 
challenges that has escalated with the fusion of computational means and techniques in 
each phase of the design process, especially those being about simulation, code 
definition, recursive operations, evolution and optimization. 

In view of the above, it may be claimed that architecture's multifaceted relationship 
with biology steps upon an exploratory trajectory whose roots are dated in modernism. 
The biological model has helped to reintroduce significant themes of the architectural 
discourse in the present context, which have been overlooked for long and so to link 
again architecture with theories and findings of other sciences too, such as physics, 
material science, engineering, even sociology and political sciences. Finally, a major 
contribution of biology to architecture is that it has caused a surge of interest in advanced 
digital means and techniques, along with a drastic increase of awareness about design 
being a dynamic process that often involves setting up novel modes in creative research 
and pioneer practice. 
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The above utterance, apart from setting up provisional criteria about the outcome of 
architectural design, it also interferes with general assumptions about function, also with 
the appointed methodologies and strategies of development about a project. As it turns 
out, the biological model, being a polyvalent referent to performance in itself and having 
been studied extensively within the digital framing, prompts to pursue its analogies with 
the subject of architecture even further, in the areas roughly summarized as below. 

Conclusion. Architecture's Performance, or the Biodigital Nature of 
Architecture 
The properties of the biological model that are of interest to architecture are those related 
to live organisms viewed as systems. An organism's survival depends on generative 
processes of adaptation and evolution being part of a larger ecosystem. The related 
functions describe an organism's metabolic behavior. Accordingly, an organism's form 
may be viewed as the result of generative processes associated with metabolism. The 
above characteristics have helped to redefine critical assumptions about architecture 
largely challenged by the digital processes, tools and techniques, in the following ways: 

First, the comprehension of an architectural edifice as an organic system suggests a 
holistic approach to design, being less about the geometric definition of form and more 
about the interpretation of its qualities at a structural level. A quest on structures in 
architecture is reminiscent of late modern avant-garde studies on structuralism. Each 
element or unit is perceived in relation to a broader system. Such a view of the organic 
further reflects architecture's long-term conviction to align with socio-cultural ideologies 
through proposed modes of hierarchy, order and control, transferred to man-made space. 

Second, architecture's organic behavior involves studying an edifice's performance as 
a metabolic entity. Metabolism in architecture may translate to functions related to 
energy efficiency and sustainability. It implicates virtually all sizes, from micro to macro 
and from material to architectural and the broader scale, as it also links the natural and 
the urban context together. 

Third, the biological model presents preference to generative processes and the 
evolutionary character of design. Form-finding is introduced as a meticulous course 
involving recursive experimentation bringing up intermediary findings and assessment, 
gradually leading to more refined solutions. An interest on methodology has helped to 
build on architecture's affinity to science and its interdisciplinary profile; a set of 
challenges that has escalated with the fusion of computational means and techniques in 
each phase of the design process, especially those being about simulation, code 
definition, recursive operations, evolution and optimization. 

In view of the above, it may be claimed that architecture's multifaceted relationship 
with biology steps upon an exploratory trajectory whose roots are dated in modernism. 
The biological model has helped to reintroduce significant themes of the architectural 
discourse in the present context, which have been overlooked for long and so to link 
again architecture with theories and findings of other sciences too, such as physics, 
material science, engineering, even sociology and political sciences. Finally, a major 
contribution of biology to architecture is that it has caused a surge of interest in advanced 
digital means and techniques, along with a drastic increase of awareness about design 
being a dynamic process that often involves setting up novel modes in creative research 
and pioneer practice. 

127




