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Despite computation’s wholescale adoption for the generation 
of complex geometries, the application of computer code 
has remained relatively undeveloped in an environmental 
context. Anna Pla Catalá discusses the use of computation 
in relation to ecological systems and how it might be applied 
within projects with a complex set of urban components.
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Kevin Hirth, Strip-Block_Protoblock_
Cities, New Ecologies_Spring09, Harvard 
Graduate School of Design, 2009 
below: A strategy of stratifi cation, 
accretion and sponging of ‘work-live’ 
units is deployed in order to construct 
a topographical and drainage macro-
system. Multiple series of combinatorial 
algorithms distribute the architectural 
elements of each subsystem: macro- and 
microstructures and facade systems, 
patios, service cores, ponds and energy 
hubs, enabling water to run from top 
to bottom, thus becoming the physical 
cooling, heating and drainage prototype.

Vera Shur, Rhizomic Gradient_Protoblock_
Cities, New Ecologies_Spring09, Harvard 
Graduate School of Design, 2009 
opposite: Two major scripts are the 
generating devices to develop accumulative 
and distributive strategies. An initial 
script creates a rhizomatic circulation 
scheme while a second one based on a 
cellular automata algorithm is used to 
condense cells according to a defi ned 
minimum facade-to-circulation ratio. 
Novel massing confi gurations emerge 
from the interaction of these two major 
scripts while subsequent scripts dictate 
the distribution of opening, air cooling 
channelling, transparent/opaque plane, 
view and privacy.

Eli Allen, Cellular Rhythms_Protoblock_
Cities, New Ecologies_Spring09, Harvard 
Graduate School of Design, Cambridge, 
Massachusetts, 2009 
previous spread: The maximum block 
mass is subdivided according to an 
orthogonal grid set by minimum units that 
respond to fenestration, ventilation and 
structure. Void centroids are strategically 
distributed via a cellular automata 
algorithm according to maximum distances 
of circulation and major green void span, 
becoming the catalysing points for a 
3-D Voronoi subdivision script. Grid and 
Voronoi geometries become intricately 
interlocked with each other, but allow cells 
to be independent of each other so that 
they can be individually operated upon 
with an attractor-based script.
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The term ‘ecosystem’ defi nes the whole set of dynamic 
interrelationships between an organism and its environment. 
Currently, the environmental inputs architecture must condense 
amount to the vast array of knowledge areas that include 
physical, social, political, economic, artistic and technological 
conditions. With the aim of managing the resulting complexity 
of the interactions among such different fi elds, the design 
research presented here develops a series of methodologies via 
the use of computational techniques. 

Although computation has been increasingly incorporated 
into the discipline of architecture, it has mainly been applied 
to generate complex geometries rather than to develop an 
architectural model capable of strategically and tactically 
relating to its environment. Thus, the ambition of the work 
here is to use computer code beyond the self-fulfi lling 
isolation of formal intensities and aesthetic effects in an effort 
to reconsider the whole ecology formed by the complex set of 
urban components.

Ecology is generally and perhaps too immediately linked 
to sustainability. The etymology of the word ecology (from the 
Greek oikos, ‘house’ or ‘living relations’ and logia, ‘study of ’), 
however, does not necessarily imply the prioritisation of energy-
effi cient solutions, nor does it favour the notions of ‘green’ or 
of ‘good’ for that matter. Ecology refers to the interdependent 
(enduring or temporary) relationships between the physical and 
the biological components of an environment that function as 
one whole ecological unit. It is in the logic of interaction among 
components and their overall system dynamics that the focus 
of this science resides, and as such it is more closely related to 
cybernetics, with which it shares its epistemological basis.

As introduced by American mathematician Norbert 
Wiener in 1948, cybernetics studies regulatory systems, 
both physical and social. The fi eld was founded to document 
processes of information transmission and control within 
natural and artifi cial systems. Cybernetics is key when 
studying feedback processes; those moments when a system 
causes signifi cant changes in an environment and those 
changes have an effect back onto the system itself, forcing it to 
adapt to new conditions. 

Ecooologgyy refferss too tthee 
innteeerrdeeppeenddeent (eenddurringg or 
teemmmpooraaary)  reelatiioonshipps bbeettwweeeenn 
thhee pphhyysicaal aandd thee bbioloogiicaaall 
ccoommmppoonnennts of aan eenvviroonnmmeennnt 
thhaat fuunncctioon aas oonee whhollee 
eecoologiiccal unnit.
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Eli Allen, Cellular Rhythms_Protoblock_
Cities, New Ecologies_Spring09, Harvard 
Graduate School of Design, 2009 
below: Polyjet resin facade study model. 
Feedback loop series of rotation and 
overlap operations run from macro 
(volumetric) to micro (fenestration) 
scale to test degrees of collision and 
smoothness between interdependent 
cells. Opportunities for differentiated 
space and usage arise from the overlaying 
of the resulting effects caused on the grid 
and Voronoi orders. Balcony types are 
tested according to such effects and to 
facade orientation.

The self-organisational and responsive qualities of 
cybernetic models are crucial in setting up the conceptual 
and technical framework from which to evaluate and respond 
to the level of complexity that the contemporary urban built 
environment has achieved. The niche of exploration that 
opens up ahead of us as architects lies in the mathematics 
of the relationship between ecology and computation as 
a means to describe a disciplinary shift from the study of 
objects to the study of processes. 

Computation has given the designer an unprecedented 
degree of control over highly complex, dynamic, nonlinear 
systems. It is an extremely powerful tool capable of 
calculating variable data in multiple combinatorial ways at 
an unimaginable speed for the human mind. As a design 
tool it permits parametrically defi ning the coordinates 
of a project and the setting up of a dynamic generic 
framework that will eventually resolve itself into a specifi c 
confi guration. It is precisely because of such capacities that 
computation can neither be reduced to an autonomous 
formal strategy nor a purely optimisational one (as has 
been the case until now). With the use of computational 
techniques, it is possible to develop prototypes which 
can be recurrently tested to evaluate their environmental 
performance in relation to actual changing conditions. The 
utilization of code as design method acquires full meaning 
only if the computer code integrates the affects of the 
material context in which it develops.

Ecotypes 
The projects featured here are part of a larger series of 
studies of the ‘urban block’ as a prototypical design unit. 
Each prototype conceives a formal strategy coupled with an 
ecological proposal for high-density urban environments. 
In focusing on the block, and by extension the grid, as the 
epitome of Western urban order, a series of its subtypes were 
generated and analysed. Such variations represent modalities 
of block formations within an ideal isotropic grid, and as 
such they challenge the grid order and its implications as the 
established mode of organisation and city generator.

Jeong Jun, Systemic Block_Protoblock_
Cities, New Ecologies_Spring09, Harvard 
Graduate School of Design, 2009 
opposite: An octree script is the generating 
device to create and infi ll strategy between 
perimeter and centre based on porosity 
and subdivision. The outer perimeter and 
bi-axial qualities of the original single 
block envelope are maintained in order for 
successive subdivision loops to generate 
a pedestrian green corridor running along 
the connecting axis to contiguous  
urban blocks.
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Anna Pla Catala_Architects, Grid-Block, 
Barcelona, 2009
Barcelona’s city grid serves as a generic site 
to develop both analytical and generative 
strategies operating in conjunction to construct 
a genealogy of urban block prototypes 
based on: pedestrian circulation, degree of 
inserted built mass, solar orientation and 
interconnection between blocks within the 
grid. A multiscalar matrix that spans from the 
urban fi eld to the building component scale is 
derived by means of multiple and combined 
computational techniques that defi ne the 
‘regulating’ parameters for party walls, poche, 
housing unit, and facade screen and depth.
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With the use of scripting and parametric software, design 
protocols for multiscalar systems ranging from the metropolitan 
to the building component scale were generated. In the course of 
the design process, this collection of protocols and computational 
techniques were combined, exchanged and employed in recurrent 
loops and across various scales depending on the ecological model 
that each project set up: drainage, cooling, sunlight and so on. 
Other categories belonging to different types of ecologies were also 
taken into consideration: for example, degree of privacy, rent value, 
internal subdivision, closeness to circulation and so on.

As a result, each specifi c collection of techniques assembles a 
systemic format that compiles relational sets of instructions and 
algorithmic sequences in accordance with geometric, structural, 
formal, material and sensorial variables. However, although these 
sets of rules are generated from the case study of prototypical 
conditions, relations that are initially generic are able to be 
fi ne-tuned according to highly specifi c local conditions, while 
maintaining the consistency of their internal logics as instances of 
a larger population.

The research is a step towards answering the question as to 
whether formal and ecological strategies are reconcilable, and 
whether there can, at the same time, exist a strategy that integrates 
the use of code with a political dimension. It is clear so far that 
empowering digital code allows us to not only reveal, but to 
activate the potentially latent in reality. What is not so clear is what 
the consequences of an integral use of computation will be for the 
discipline and the profession of architecture. 

In many ways, architectural design has itself become 
an ecosystem with as much ‘cyber’ as material components. 
From its generative stages to its modes of fabrication, digital 
code and physical matter have become an irreducible unit. 
Expanding computation to incorporate a more comprehensive 
conception of ecology constitutes the type of research that the 
new cultural paradigm emerging from the contemporary crisis 
we are living in demands. 1
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Inn mmmaannyy wwaayss, arrchhiteecttuurraall 
ddeeessiggnn haas itseelf bbeecooommee 
aann eeccooosyysteemm wiith ass 
mmuuucchh ‘cyybeer’ aas mmatteeriiaal 
ccoommpooneennts.


