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The way we teach architecture depends upon the way we think about and practise 
architecture, and changes in this perceptual domain, as reflected in its history, are 
naturally accompanied by changes in the way architecture is taught. This is due to the 
fact that architecture is based upon a system of values principally related to the con-
ception of the human being as individual or social entity, to which architecture is ad-
dressed, and to the worldview according to which architecture is produced. Therefore, 
it follows that architectural education is based upon the same set of values. The proc-
ess of creating architectural forms and the architectural education process are fun-
damentally expressions, representations or manifestations of the same set of values 
dominating in a certain period of time. Thus, the development and transformation of 
values in time are accompanied not only by transformations in architecture itself, but 
consequently, by transformations in the way architecture is taught.

In transitional periods from one value system to another, architectural produc-
tion has oscillated between two coexisting systems, yielding architectural products 
that belong to one or to the other system, experiencing this way the coexistence 
of completely different perceptions, contemplations and practices of architecture. 
The same process is also valid for architectural education. As a result, it is not a rare 
occurrence to note that in the same institution, new ideas are usually adopted by 
a small number of teachers, thus leading to the coexistence of more than one set 
of architectural values, which may not always be advantageous to the education of 
students. 

In this particular overlapping condition, the new, labeled as avant-garde, pro-
motes a critical and even polemic attitude to the old, labeled as established. More-
over, an emerging architectural literature encourages this debate, which, in most 
cases, focuses on some particular aspects of architectural creation, stressing their 
significance and implicitly introducing a partial view or understanding of architec-
tural creation. This is the reason why the new, in most cases, appears to overempha-
sise its principles in order to surmount the resistance of the established. This stance, 
as a consequence, renders those that favor the new vulnerable and exposed to criti-
cism on the grounds of partiality and fragmentation. Thus, teachers introducing new 
ideas very often emphasize the dominant characteristics of the new, promoting this 
way a fragmented and narrow understanding of architecture. More specifically, in 
design education, teachers are sometimes attached to innovative ideas primarily fo-
cusing on the formal expression of the values these ideas are founded upon, conse-
quently marginalizing the teaching of architectural creation that derives from more 
profound theoretical premises or from an aspect of materiality and its construction 
which are both dependent upon the same context and founded upon the same set 
of values. 

The old and the new in a continuum

Contemporary society is distinguished by speedy changes. Structured upon an in-
creasingly globalised knowledge-based economy, facilitated by the already powerful 
media and the extended applications of digital technology in all sectors of produc-
tion, administration, education and consumption, the contemporary world is condi-
tioned to rapidly transform. The mental and operational landscape of our life is affect-
ed on a day-to-day basis by unexpected modifications of possibilities, capacities and 
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conditions directly influencing our social, financial, cultural and built environment as 
well as our conceptions about human beings and the world. All our activities are pro-
foundly influenced by this new condition of instability, fluidity and interdependency 
of various, unpredictable parameters and factors, which rapidly transform our vision, 
introducing us progressively to a parametric understanding of the world and our posi-
tion in it.

The project of Modernism was to create a world of stabilized parameters defined 
on the basis of rationality and scientific knowledge. All its cultural and technologi-
cal production was based upon predefined norms, axioms, standards, models, rules, 
benchmarks, patterns, measures or exemplars. Modernism spent all its energy and 
resources in order to define and institutionalize constants in all levels of our every-
day life, believing that this would assure for human beings a better and more secure, 
predictable life. Nowadays, we increasingly accept the existence of unstable param-
eters, and this attitude transforms our worldview by introducing a conception of the 
standard as just a version of the parametric, not necessarily the most appropriate or 
the most valuable one. Our project is now to administrate and manage complex pa-
rameters and in this project information technology sets the conditions for assuring 
such complex management in which the unconventional and the fluid often obtain 
the status of a value.

In this unconventional and fluid environment of globalised economy and informa-
tion society architecture, as a cultural statement and manifestation of our life in space, 
seeks new considerations. It is constantly elaborating, redefining or restructuring a 
new framework of values and principles, knowledge, skills and competences, tools and 
means, as well as priorities and preferences, as a new paradigm. New terms, notions 
and concepts are constantly appearing in the architectural vocabulary.  Liquid, hybrid, 
virtual, trans, fluid, emergent, animated, seamless, interactive, parametric, machinic, 
self-generating, are all new terms introducing a new culture where change is replac-
ing stability and solidity and complexity are replacing simplicity and clarity –terms and 
values that have nourished architecture for centuries.

Although society is more apt to embrace changes, schools of architecture interest-
ingly enough remain somewhat resistant to the avant-garde. The speedier the diffu-
sion of the new in the academic environment the more fragmented and partial the 
education. The emerging architectural paradigm is based upon the extended use of 
digital technology through which forms are generated as the digital representation 
of a script articulating modifiable parameters depended upon predefined relations. In 
this reality, the teaching of architectural design is often dominated by the technical 
aspect of the use of software or the creation-modification of this software. This frag-
mented approach to the new, encouraged by the fascination for the forms created 
by digital means as expressions of an ‘other’ promising world, turns students towards 
a formalistic aspect of architecture, disconnected from a theoretical discourse and a 
consistent content of their design proposals. 

From the above-mentioned conditions and accepting the premise that architects-
to-be, as well as architects, as Rahim puts it, have to realize their role as agents in the 
loop between technology and culture1, a fundamental question emerges: How can we, 
the teachers, teach our students to translate the new set of values of our society into 
architectural principles and then into architectural designs without being ‘imprisoned’ 
in the technicalities of scripting or software application?   
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The design and the materialization in a continuum 

Despite the conscious efforts to embrace the issue of materiality in architectural cur-
ricula, in most cases graduates lack the necessary skills and competences that could 
enable them to turn their ideas into buildings. Compromising the continuity between 
idea and building has always been a common struggle and challenge for architects 
of all times. Nowadays, the central role of IT in both generating a form and turning it 
into a building seamlessly, the complexity of a world informing design and construc-
tion, the galloping technological advances in building techniques and the emergence 
of new materials and components render this issue more acute. Even in the most re-
nowned schools of architecture, where the necessary infrastructure is at the disposal 
of all students, and the courses are tailored to explore and achieve this aim, continuity 
is only achieved at a level of simulation and rarely at 1:1 scale. Even when the opera-
tional scale is 1:1 the outcome is rarely tested to real conditions of loading, weather-
proofing, sustainability, material properties and the respective failures etc.  Moreover, 
new non-isotropic materials, the materials that open up to new possibilities to struc-
ture complex non-linear forms are hardly ever explored. 

There is a new element that further contributes to the difficulty for educators to 
teach this continuity and for the students to grasp it. Admittedly, every masterpiece 
in the history of architecture has been distinguished as such for the consistency with 
which it managed to transform a set of values of a given intellectual system into the 
built form. 

The emerging paradigm of parametric architecture has brought about a radical 
change to what we have been accustomed to until it turned up2; that is, the transfor-
mation of values such as mutability, ‘adaptivity’, transformation, flexibility, affordance, 
individualization, personalization, customization, intelligence and ecology into built 
form. A new perception of materiality is therefore called in to accommodate the trans-
formation of the unstable into a new perception of construction, detailing, and nodal 
points and to redefine established perceptions of the building as a whole. 

The above-mentioned change is accompanied by another one, which concerns the 
non-Euclidean geometry and topology, the rules of which are followed by the emerg-
ing architectural forms. The proposed forms, in their majority, cannot be materialized 
with the existing building industry equipment and infrastructure. The products of 
these traditional building industries have constituted for years the content of construc-
tion courses in schools of architecture, and they have been explicitly described in the 
relevant bibliography or presented as construction technical libraries in the schools’ 
construction workshops, testing structures and conventional materials and techniques.   

The non-standard forms generated in the new architectural paradigm presuppose 
a customized production of components, rendering the existing knowledge on tradi-
tional materials and techniques practically irrelevant. In this context the emerging ne-
cessity is for architectural education to incorporate knowledge and experiences, unat-
tainable from the digital simulation, infrastructure schools often have at their disposal. 
Such necessity can be accomplished through the collaboration between schools and 
technologically-advanced building industries. Nowadays, in the world of contempo-
rary construction there are industries and enterprises that come into the design and 
construction teams to act as agents or transformers offering their expertise and func-
tioning as mediators that can rapidly make a prototype to test and eventually custom-
ize the entire construction of a building3. 
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From the above-described conditions another fundamental question emerges: 
How can we teach the materiality and the construction of the architectural forms of 
the new paradigm? It becomes apparent that there is a need for a new teaching pro-
tocol to be defined in which direct contact with the real production process of cus-
tomized components is necessary; a new relationship between schools and building 
industries has to be established. 

Why “CONTINUUM”

Continuum was a programme funded by the EU that was put forward to address the 
above issues. Even though at first glance Continuum appears to be an educational 
project, it is, in fact, a programme where schools of architecture get together with the 
building industry to work on the ultimate case of achieving continuity between idea 
and materiality: the file-to-factory seamless process. The original premise was that 
education and the building industry share the same frustration deriving from different 
starting points: the former from the fact that even centers of excellence in architec-
tural education cannot test their ideas in a real context and the latter from the fact 
that even well-known building industries have not developed and established digital 
manufacturing techniques. 

The objectives of continuum were to:
 1. establish exchange among educators, researchers and industries of experiences 

and information related to the knowledge of contemporary trends and the special 
needs of architectural creation,  

 2. enrich the educational material offered in design and construction courses and to 
re-design new courses capable of accommodating and projecting the new condi-
tions in the production of the built environment through new design vehicles, new 
teaching methods and pedagogic protocols, new teaching techniques and new 
educational strategies. 

 3. bring students closer to the real world of building production and to familiarise 
them with the idea and logic of designing materials, components and the con-
struction itself as an inseparable and indistinguishable part of the design of archi-
tectural form. 

 4. facilitate the access of students to the real world of building production, stimulat-
ing their interest in experimentation and scientific research in the area of new ma-
terial generation and the implementation of new techniques entailed. 

 5. open up avenues towards research subjects that will support the development of 
new research programmes among the partner schools. 

 6. establish among enterprises and universities the exchange of research results, new 
ideas and queries on the contemporary discussion about the tendencies of avant-
garde architecture.

 7. bring students close to building production aiming at effective cooperation in 
their professional life.

 8. develop a dialogue among partners on design pedagogy in the new context of ar-
chitectural creation and to form a pedagogic protocol with new values and strate-
gies compatible with the contemporary attestations of architecture. 
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Alongside the above, by gathering seven schools of architecture from six European 
countries to work with twenty industries from France, Spain and Greece according to 
the European conference4 on innovation, the multicultural and multidisciplinary char-
acter of the group enhances innovation.

The present volume is an account of this two-year experiment that was informed 
and enriched by the lectures of internationally renowned specialists that teach and 
practice in the area and with researchers coming from universities around the world 
that work in this area. 

(Re)thinking Continuum 

The Continuum project was an experiment: An opportunity to investigate possibilities, 
to develop experimentations and to collaborate in a multicultural, multidimensional 
and multidisciplinary environment of architectural creation. As all the activities of this 
project were presented in detail in an exhibition, this text focuses on a number of re-
marks that could be made as an epilogue and, at the same time, as a possible open-
ing to new possibilities and debate. These remarks mainly concern issues raised by the 
partners at the meetings and the workshops of the project, and to a certain extent, by 
the works presented in the Conference, which appear in this volume. 

Does f2f initiate a new design process?

The file-to-factory process is part of a new conception of creation and materializa-
tion of spatial forms corresponding, as was already mentioned, to a new set of values, 
terms and priorities. Does it also correspond to a new concept of the design process as 
such? This issue was broadly discussed between the partners from the very first meet-
ings and it reappeared in the works that students presented in the workshops. Do we 
have to think and develop the act of designing as a process in which the whole de-
fines the part or as one in which the parts are responsible for the form of the whole? Is 
this process top down or bottom up?

It is common knowledge that the 20th century introduced an approach to architec-
tural design where the whole was defined as the regulator of the part. Consequent to 
its broader conception of the world, in which the elements of a system are depended 
upon the system itself, the architecture of this century defined the part as the result 
of a certain fragmentation of the whole. This fragmentation was based upon a broad 
spectrum of logics and views, from a scientifically oriented de-composition to a more 
subjective, intuitive de-construction. In all these cases the part was conceived as the 
component which could properly represent, portray and assure the idea of the whole 
as it was condensed in terms such as concept/conception, ‘parti’, dominant or general 
idea, etc. 

Nowadays, we are moving towards an increasingly individualized society, where 
individuals are progressively losing their collective consciousness. We are experienc-
ing an individualization of our social behaviors, preferences, choices, and expecta-
tions. The more we individualize our social presence and escape from the formerly es-
tablished norms by personalizing our everyday objects, the more the customization of 
industrial production of these objects becomes the prevalent strategy of the industry. 
In this context, the individualized-customized part tends to become an autonomous 
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component of an unpredictable whole, dependent upon the emerging dynamics of 
unstable and variable parameters. The more obscure the whole, the clearer the part; 
the more we can contemplate and formulate the part, the better we can conceive the 
whole.

In contemporary architectural creation the detail becomes a crucial issue of archi-
tectural quality5. Building components are very often designed autonomously, regard-
less of the final form of the building. Architects organize the design proposals on the 
basis of the adaptability, transformability and flexibility of the building components. 
In this case the design of the building starts from the design of these components and 
not vice versa. The generic design of a component parametrically allows the manufac-
turing of unique elements that follow the same logic and structure but possess differ-
ent positions in a complex, multidimensional form. 

If the file-to-factory process introduces a new way of making and materializing 
buildings, does this way introduce a different process of designing forms? Partner 
schools in this project appeared to implement both approaches at the two workshops 
of the project. Could they be both equally efficient in this new mode of production? 
This question was left unanswered allowing, in turn, space for further reflection and 
investigation in the future.

Can we teach the seamless in a fragmented curriculum?

In principle the file-to-factory processes are the ultimate and closest means to a seam-
less and continuous connection between design and manufacturing. They are the di-
rect and uninterrupted diffusion of an idea that encapsulates the values of an intellec-
tual system vis-à-vis materiality, or the translation of values into built form. However, 
the Continuum experiment revealed how difficult it is to teach the seamless in an ex-
tremely fragmented educational system.

The infinite know-how of the new field of digital design and manufacturing ap-
pears to form a decisive factor that can easily alienate both educators and students 
to be consciously or unconsciously detached from this seamless connection. It also 
seems that the demand for continuity can be easily turned into an exercise where 
manufacturing non-standard forms is an end in itself. Contemporary architectural 
education in the area has not as yet identified how this new conception of creation 
and materialization of architectural forms can be positioned in the existing school 
curricula. 

In fact, our educational system is constructed on the basis of a top-down process, 
where architectural knowledge as a whole is split into smaller subject areas, which are 
further split into smaller courses and modules, thus creating parts which have to be 
taught in order to reconstruct the fragmented whole of the architectural knowledge. 
In this educational environment, the conception of continuity, articulation of knowl-
edge and experiences, are absent. Schools in this system have difficulties controlling 
how the synthesis of students’ knowledge could be achieved most appropriately and 
systematically. The system can only evaluate a result of articulated architectural knowl-
edge which has built up in students’ minds and consciousness, but which has never 
been systematically taught or strategically organized.

Under the above conditions, fragmentation is a fact not only in the form of organi-
zation of studies but also as a kind of viewpoint in educators’ consciousness and, to a 
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certain degree, in the students’ perceptions. A direct consequence of this perception is 
to consider this continuum as fragmented or as a unification of fragments and not as 
a unique, seamless process. The fact that different professional bodies and specializa-
tions are involved in this process makes it more difficult to overcome the handicap of 
fragmentation. 

Do we have to radically transform our educational system in order to be able to 
teach the new paradigm properly? How easy is it, and to what extent is such a project 
feasible? Should we wait for such a reform or is the ground already prepared for action 
and initiative for an operational teaching of f2f processes? These are questions, which 
have to be further investigated by all the partners of this project in the near future.

Can existing materials materialize non-standard forms?

The file-to-factory process is a mode of production. As such, it is already implemented 
in many sectors of industrial production using materials that belong to the traditional 
palette of materials familiar in the building sector. Therefore, our educational system, 
which founds its teaching on existing materials, can rather easily incorporate f2f prac-
tices and familiarize future architects with this mode of production. This was the basis 
on which Continuum project developed. During the two workshops of the program 
conventional building materials were mostly used with the only exception being the 
use of high-density micro-fibrous concrete and the use of cardboard tubes, which 
could be characterized as non-building materials6. The prototypes of the presentations 
at the conference at Chania were mostly made of conventional building materials.

Even if f2f has a significant efficiency with the existing materials, its operational 
value is mainly based upon the enormous possibilities it can develop through new 
and non-standard materials. By incorporating in its capacity both standard and non-
standard materials, f2f appears to represent a mode of production which, supported 
by the advanced technological developments of our times, broadens the spectrum 
of production possibilities and, in this broadened spectrum, the standardized is just 
a small and less significant part. We can easily recognize the accordance of this condi-
tion with the above mentioned parametric worldview according to which, the stand-
ard is just one version of the parametric and not necessarily the most appropriate or 
the most valuable one. 

This worldview affects also the conception of the relationship between matter and 
form. Any material is conceived now as having endogenous tendencies and capaci-
ties (affects). Simple materials have inevitably simple capacities and tendencies, which 
restrict what DeLanda7 defines as ‘self-organizing capabilities of matter’, but complex 
materials are those in which many things are left ‘active and affective’, non-linear and 
closer to form the topological rather than the geometric representing what Deleuze8  
defines as “hylomorphic model”. The latter have complex and variable behavior rais-
ing their morphogenetic potential. This potential is a core concept in the way that the 
new paradigm perceives materiality since it manifests the continuously variable be-
havior of the matter as a value, assuring the continuum between form and its genera-
tion through the exploration of its materiality. Form is conceived now as teased out 
of an active material and part of its design is to define the properties of continuous 
variation of its materiality9. 
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This new conception on materiality opens the way toward the use of new materials 
and, more often, composite ones with specifically designed properties, accompanied 
with a strong tendency for experimentation and innovation. Many educational envi-
ronments have already absorbed this tendency by declaring the experimentation on 
forms and new materials as one of their educational priorities, and defining innovative 
and creative thinking as the most significant competences of future architects. 

Is non-standard architecture sustainable?

Even if this question was not raised either during the work conducted in the Contin-
uum Project or by the presentations in the closing conference, it appears to be cru-
cial and burning. Is the new paradigm environmentally sensitive and friendly or will it 
collapse under the pressure of the demanded environmental consciousness? Can f2f 
processes assure a more environmentally friendly strategy related to the use of mate-
rials in the building sector, which makes the most significant contribution to the pollu-
tion of the environment? Is the customized building inexpensive or elitist10? 

It is difficult to make a general statement about the environmental quality of non-
standard architecture as the variety of used materials does not allow safe generaliza-
tions. On the contrary, what we can certainly admit is that new technology can easily 
contribute, if not assure, a measurable economy of means to achieve a certain out-
come11. Even if little research has been devoted to this issue, in fact, f2f processes can 
be considered sustainable financially as well as ecologically or environmentally; more 
specifically, file-to-factory processes are potentially sustainable in terms of:

 1. The performance of the materials used by the technologies of f2f construction. 

  The customization / optimization of structures assured by this approach, the accu-
rate cutting patterns of material and the techniques of maximum use of the avail-
able material result in using less material more effectively. 

 2. The procurement and production performance of the environmentally-sensitive 
technologies of f2f construction. Procurement and production are achieved by 
customizing building components locally so they do not have to be shipped (i.e. 
sending virtual data rather than materials). Moreover, production can be used stra-
tegically, generating a great deal with limited resources.

 3. The environmental sensitivity of the emerging technologies of f2f construction.
  Environmentally sensitive building components are achieved by changing ge-

ometries, forms and positions in order to adapt to specific environmental condi-
tions e.g. optimized solar shading panels etc. This way the non-standard forms can 
become more environmentally efficient and be more tailored to the particularities 
of the climate. 

Finally, all the above issues require further investigation in order to make an exact 
claim on the environmental aspects of the new approach to architecture and materi-
alization of the designed forms.
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Does experimentation on non-standard architecture nurture architectural 
thinking?

With the infinite possibilities offered by contemporary construction technology the 
constraints of materializing a form are no longer part of making a concept stronger12.  
Given the eternal loop and vicious circle where technological advances have cultural 
effects and that societal needs push for technological innovation, the emerging ques-
tion is: how can we not lose track of the real cultural content of architecture ‘seduced’ 
by the power of CNC machines to manufacture anything conceivable? How can archi-
tects translate technological advances into innovative designs that produce lasting 
and significant cultural effects?13 How will students or rather future architects not be-
come the (neo-)Arts and (Digi-)Crafts14 people of contemporary times? 

In the history of architecture the relationship between thinking and making has 
been challenged between extremities of total isolation to total integration. There have 
often been conflicts between thinking and making architecture to the extreme of one 
overshadowing to invalidating the other. On the one hand, the 19th century Arts and 
Crafts Movement was primarily focused on the tangible qualities of craftsmanship. On 
the other hand, new ideas on architecture that were never built were dismissively15  
characterized as ‘paper architecture’ (Utopia16). 

The industrialized economy in the Modern movement introduced an interesting 
articulation of these extremities. Industrial production, according to Le Corbusier is 
not the production of objects but a world of intellectual constructions, of formal lan-
guages and information17. This new relationship between materiality and the intellect, 
between craftsmanship and thinking processes, seems to be under redefinition in the 
non-standard architecture and, at this crucial moment, it is imperative to support, en-
hance and sustain the thinking process as the necessary regulating factor in the loop 
between technology and culture. The emerging question is: how can we teach our 
students to become agents of the loop between technology and culture?

Nowadays, we can observe a progressive impoverishment of the humanities in ar-
chitectural curricula, which, in most of the cases, are replaced by modules related to 
more technical development of IT applications to architectural design and construc-
tion. The humanities have significantly lost their role in the design decisions. Cultural 
sensitivity and particularity, which dominated architectural design in the seventies 
and the eighties, have disappeared from architectural discourse, legitimizing designed 
buildings. In most publications the contents focus on the process of generating non-
standard forms and marginally refer to the social and cultural impact of the outcome 
of this process. If our educational system is becoming more technical, procedural and 
intuitive how can we then efficiently cultivate and develop creativity and innovation?  

Can innovation stem from a technical thinking alone? Can competences that en-
courage innovation be assured in an educational system with the humanities mar-
ginalized? Established educators such as Ken Robinson18 agree with a recent survey 
by Newsweek19 that the association of ranking mathematics and sciences as the top 
subjects in the education of future innovators is wrong20. In acknowledging the inher-
ent complexity of our times and, without undermining the invaluable contributions 
made by distinguished scientists and engineers, Alan Brinkley remarks that this world 
would be unimaginable without the great works that have defined culture and values. 
In his article “Half a Mind is a Terrible Thing to Waste”21  his suggestion to all educators, 
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clearly architecture educators included, is the balance between equally cultivating the 
sciences and humanities that put the world together:

Along the same line Alan Nevins asserts that for him,  “the humanities are not sim-
ply vehicles of aesthetic reward and intellectual inspiration, as valuable as those purposes 
are. Science and technology aspire to clean, clear answers to problems (as elusive as those 
answers might be). The humanities address ambiguity, doubt, and skepticism -essential 
underpinnings in a complex and diverse society and a turbulent world…..it is almost im-
possible to imagine our society without thinking of the extraordinary achievements of sci-
entists in building our complicated world. But try to imagine our world as well without the 
remarkable works that have defined our culture and values. We have always needed, and 
we will need, both.”

Do schools disposing advanced IT infrastructure produce better architects?

Would schools of architecture that possess the most advanced CNC machinery and 
offer their students possibilities to even construct their own machines for a given, 
unique design question, put forward better architecture than schools that do not?

The creation of prototypes and models for testing of design proposals was always a 
significant part of the educational process in all schools of architecture. 1:1 prototypes, 
no matter how timely and crude, have always been a means for this testing22. Architec-
ture in its attempt to strive for innovation has always proposed unprecedented ideas 
that only if not failing in their testing could be established as good and genuine. Rapid 
prototyping has certainly the merits of speed and accuracy but its high cost does not 
allow for repetitive testing. On the other hand the number of students in schools of 
architecture in most cases does not permit them to have access to this infrastructure 
due to the time and cost limits imposed by the time schedule and the poor finances of 
schools, at least at undergraduate level. 

Contemporary machines can certainly produce complex forms in prototypes for 
testing. However, what differs in the non-standard architectural forms is that for each 
building there is one parametric detail which Oosterhuis, defines as ‘universal’ 23. Test-
ing an idea through testing its unique parametric nodal point is a new and interest-
ing concept of turning construction of elements into the manufacturing of paramet-
ric components to be assembled. It becomes evident that for schools of architecture 
there is a broad spectrum of possible experimentations with the new technologies. 
What our education system must certainly avoid is to dissolve the use of IT technolo-
gies and testing as an end-in-itself exercise, depriving students  of the final outcome 
of the content and association with its original theoretical premises and architectural 
ideas.

Towards parametric architectural curricula

From all the above remarks that emerged from the Continuum experiment, it be-
comes evident that, as teachers we are all confronted with the challenge to reshape 
our educational environments in order to meet the demands of a fast-changing world. 
Even though we all recognize the need for change, in our everyday educational expe-
riences, the key word is not so much the change itself, which in any case has framed 
all the recent developments of our educational system, but the speed of this change. 
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The speed of change appears to be the central issue of our educational environment, 
which profoundly affects our teaching strategies and pedagogical approaches. 

How can we adapt the architectural education we are offering in order for our stu-
dents to be responsive to this fast changing world? Can the forms of education of-
fered till now cope with the new demands of practice, the fast growth of the variety of 
building materials, the implementation of new construction methods and techniques, 
the variable expectations of the clients, the liquidity in the financial and political dy-
namics in the globalised economy? Is it still possible to teach the same way we have 
been taught? Can we structure curricula for an unpredictable profile of the graduate 
architect? Can we envisage the context in which our graduates will operate? Can we 
apply the same educational and pedagogical strategies to students who are nowa-
days exposed to unpredictable, multiple stimuli, knowledge and images reaching 
them through the digital infrastructure available? Can an architectural design course 
be taught in the same way when it takes place in a room called atelier, laboratory, de-
sign studio or lab? Can we teach the same way we used to people who have no free-
hand sketching skills but have incredible dexterity in texting? Can we develop the 
same pedagogical approaches for our students who read and write less but see and 
hear more? 

We are becoming more and more conscious that we have to proceed to radical 
reforms in our educational system in order to update the impact of the education we 
are offering to the needs and the conditions of our globalised world. In this new chal-
lenge we must rethink the modularized system we apply in order to structure a new 
one which will incorporate a parametric view on architectural education that will be 
easily responsive to the dynamics of an unstable, broader social and economic envi-
ronment. The design and implementation of a new parametric architectural curricu-
lum is for an already significant number of schools of architecture one of the most 
significant projects to be accomplished. The Continuum project offered us extremely 
useful stimuli, opportunities to think and to rethink our educational practices and to 
investigate new needs, objectives and means towards a more challenging education 
of future architects.  
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F2f Continuum was conceived as a platform, a field which could support evolution 
and transformation in education, and change the way we understand building con-
struction and materials in a digital fabrication context. Through the meetings, factory 
visits and the two workshops (Lyon and Barcelona), we searched for the design of a 
procedure of digital communication with the fabricant, we discussed software com-
patibility between the parties involved and took into account the fabricants CNC ma-
chines possibilities and perspectives of improvement. 

The two workshops at Lyon (Grands Ateliers) and Barcelona (ETS Arquitectura del Val-
lès, TP, BEC)  proposed two different working concepts.

At Lyon, each national team had concluded the design before the workshop and 
then at Grands Ateliers the fabrication of the different projects took place. The positive 
side of this approach was the widening of the f2f problematic through the co-pres-
ence of different ideas. At Barcelona, groups of students from different schools where 
formed in place. They design and construct three tensile structures. The accent was in 
the condensed knowledge produced on one common f2f focused design item.

Both the Lyon and Barcelona workshops revealed a number of design issues closely 
related to the digital construction perspective. 

Throughout the workshops preparation meetings in 2008 (Thessaloniki and Lyon) we 
established that the file is a means of communication between designer and fabrica-
tor. Communicating via the file is necessary in situations when necessary design in-
formation is too accurate or complex for conventional means of communication. The 
F2F approach includes the possible reference to a parametric model of the construct 
with descriptions of the individual parts, their parametric relationships and methods 
of changing overall form and structure. The F2F design includes the design of a proce-
dure of digital communication with the fabricant, the search for software compatibility 
between the parties involved, the taking into account of the fabricants CNC machines 
possibilities and perspectives of changing – performance improvement. Proposition 
of future involvement of third party CNC or s/w industry must be noted.

F2F is the about the design of a process leading to the realization of a project:
 • File is for the knowledge, ideas, concepts, design, research and all the embedded 

information such as materials properties e.t.c.
 • 2 stands for the communication, translation, transformation of the file along with 

the construction of a common language (script, software) between file and fac-
tory, between students and teachers, between schools.

 • Factory is all about action, industrial processes, construction, manufacturing and 
applying innovative materials. 

 • Continuum is for the overall process that has to be continuous and fluid.

In our discussions before the actual workshops, two approaches needed to be exam-
ined and evaluated:
 • The first (“from the project to the industry”), could propose to start working with 

the diagram of an architectural artefact, (i.e. spaceframe structure), choosing the 
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industries to be involved in a first 
phase (i.e. paper tubes and cement) 
and after elaborating a first design 
phase introducing other fabricants 
(i.e. glass or textile).

 • The second (“from the industry to 
the project”), could propose to start 
working with one material and indus-
trial partner to determine the limits of 
their current manufacturing process, 
designing a small detail that requires 
this manufacturing process to be ex-
tended beyond these current limits 
and finally proposing a small con-
struction implementing the research 
work previously done.

When arriving at the actual workshops at 
Lyon and Barcelona, the above two seem-
ingly different approaches, evolve in the 
bipolon working on the material Vs fabri-
cating a tool.

The working on the material approach fo-
cused on a digital fabrication question: 
How does the design promote, push, acti-
vate or propose a direct transformation of 
the final construction material? Does the 
CNC work on the final material? Projects 
that could illustrate this approach could 
be:
 • Rep-Tile: Parametric Sunshades on a 

Structure of Cardboard Tubes1 (Fig. 1)
 • Multidirectional Nodes2 (Fig. 2)
 • A Lightweight Façade3 (Fig. 3)

The fabricating a tool approach focused on the design of a tool that leads to the fab-
rication of the final material, in a perspective of digitally fabricated tools production. 
Related to this approach was the question of designing a concrete parametric mould.  
Projects that could be referenced are:
 • Tiles from Modular Concrete4 (Fig. 4)
 • Concrete Strip5 (Fig. 5)
 • Nature-Inspired Concrete Perforated Wall Panels6 (Fig. 6)
 • A Tower from a Parametric ‘Module’ 7 (Fig. 7)
 • Shelter Tubes in Different Sections8 (Fig. 8)

Fig. 1-3
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Fig. 4-8

In parallel, a Managing the Whole Vs  Resolving the Node bipolon was present  at a con-
ceptual design level, influencing the f2f methodology.  We must clarify that it is evi-
dent that we cannot categorize the projects and name them a “Whole project” or a 
“Node project”. What was always present was the coexistence of the two, as a continu-
ous oscillation between the two poles during the elaboration of each project. We can 
follow this oscillation as it governs the overall project; we could also follow it as it ap-
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Fig. 9-11

pears inside the project at different phas-
es. There are projects that finally favorise 
the Whole or the Node point of view, in a 
sense that a concrete proposition for one 
of them governs the whole projects and 
its construction procedure. 

Projects that favoured a Managing the 
Whole approach could be all three 
projects of the Barcelona Workshop:
 • The Dream of Flight: Urban Tensions  

Using Tensile9 (Fig. 9)
 • Tensegrity Shader10 (Fig. 10)
 • Free-Standing Inverted Cones11 (Fig. 11)

Projects that favoured a Managing the 
Whole approach while at the same time 
focusing in a decisive way on the node 
fabrication problem were the following:
 • Parametric Space Frame12 (Fig. 12)
 • Parametric Joints13 (Fig. 13)

The Whole Vs Node dichotomy could be 
associated, in theory and in practice, to 
the need for a Global Control  Vs Cellular 
Proliferation design initial option.

In the Global Control, a path sketch is lo-
cally defined, a related Diagram  dispos-
ing a clear structure is defined once and 
for all, evolving in itself and producing 
different final results through internal 

Fig. 12-13
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changes, offering the possibility of different architectural solutions inside the initial 
global logic.

In a Cellular Proliferation logic, an algorithm in continuous re-running, a digital tool (a 
code) is created almost from scratch, a structural – material solution is decided from 
the very beginning, the Node thus becoming the central construction problem.

What the F2F workshop projects show is that there are always open questions on how 
to create a solution space, a space in which possibilities of architectural objects could 
occur.
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File to factory processes, direct fabrication and the technologies that drive them are 
often described by a number of perceived outcomes. First, they seem to be flexible 
throughout the process of design. By controlling designs parametrically, many design 
decisions can be deferred to a later point in the process, adjusted by altering param-
eters at any time. Second, they appear to provide a unique ability to create non-stand-
ard architecture. Individual elements may be entirely unique, and change in every in-
stance of their application. Finally, the resulting products of construction are highly 
complex, and this results both in an unprecedented ability to adapt to functional re-
quirements and to a new aesthetic in its own right.

This paper argues against these points. More specifically, it proposes that these are 
true only in a certain sense, while in another sense which is perhaps more relevant 
with respect to design, the opposite—clear definition up front, standardisation and 
simplicity—are the case. The paper is a summary of a number of reflections on the 
student workshops held over the past two years of the F2F Continuum project, and 
the results of these workshops will be used to illustrate the main points.

Structure Versus Processing

Two terms from outside the field will be used to discuss the work and make an impor-
tant distinction between ways in which it might be viewed. These are borrowed from 
linguistics, and refer in that discipline to two different types of rules that might be 
considered to form sentences. The first of these terms is ‘structure rules’ (Devitt 2006), 
which is exemplified by a classical grammar (Chomsky 1957) that generates a well-
formed, syntactically correct sentence by a series of discrete steps of replacing generic 
tokens such as ‘verb-phrase’ with ever more specific instances of verbs, adverbs, etc. 
These structure rules are based on the notion that language is highly ordered, and are 
crafted in such a way that they will generate all, and only, the well-formed sentences 
of a given language. The importance of structure rules is that they are necessary for 
communication—we are competent speakers of a language precisely because we are 
able to form and interpret speech that conforms to these rules (Devitt 2006). Because 
these structure rules are shared between us, we are able to get our message across to 
one another.

The other term to be used is ‘processing rules’, referring to the actual process by 
which our minds form and interpret the sentences themselves. In classical linguistics, 
the processing rules are often considered to be identical (or at least a homomorphism 
at a certain level of resolution) to structure rules, however a good deal of more recent 
work suggests that the brain’s activity can be better understood as a dynamical sys-
tem than a set of discrete rules. Neural network models by Elman (1995), for exam-
ple, are able to learn grammatical rules that might be visualised as a state space or 
vector field, in which the generation of a sentence corresponds to a particular path 
through regions that correspond to the individual words. The processing rules, there-
fore, may be very unlike the structure rules that we presume to share when speaking 
a language. More importantly, we may all have very different processing rules in our 
individual minds, so long as they produce the same structure.

These two terms have similar expression in other fields. In visual cognition and ar-
tificial intelligence, for instance, Marr (1977) makes the distinction between a level-1 
theory of what is being computed and a level-2 algorithm for how. They might also 
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be considered to correspond roughly to declarative versus procedural knowledge. 
They are relevant in the context of design and file to factory production because the 
technologies and working methods we are considering represent a change in the type 
of rules that are being communicated. Traditionally, as with language, we have been 
used to communicating structure rules in the form of drawings, models, etc., each of 
which may be interpreted by all involved in construction in a slightly different way 
with respect to their trade or role in the project. As with language, the differing inter-
pretations at the level of processing rules matter little, so long as they produce the ap-
propriate structure rules as expressed on the drawing. With a file to factory approach, 
on the other hand, what we typically need to communicate are the processing rules 
themselves, as these will be followed directly, without further interpretation. The im-
plications of this shift will be discussed here. 

Structure and Processing Rules: an Example

As an example of the two kinds of rules, and an illustration of why it is important to 
get the processing rules right, I will begin with an example of a project in which I was 
involved, before moving on to the student examples. Antony Gormley’s Exposure is a 
25 metre high figure of a crouching man, designed to be formed of an irregular space 
frame overlooking the Dutch coastline in Lelystad. The structure consists of a complex 
lattice of several thousand uniquely sized linear members, composed in a certain way 
to meet a number of aesthetic criteria. These criteria were quite clear to Gormley, to 
myself, and to the whole team working on the project, in that it was obvious when a 
member was placed incorrectly. To make the aesthetic objectives explicit, a set of rules 
were set within which to work:
 1. The topology should approximate the form of the given boundary envelope as 

closely as possible (with a given number of nodes).
 2. The nodes should be as evenly distributed in space as possible. 
 3. The internal angle between any two edges springing from the same node must be 

sufficiently big.
 4. Struts must be within a set minimum and maximum length. 
 5. Two edges must not cross each other too closely in space, not to mention inter-

secting each other. 
 6. The space frame should only as many connections as necessary. 

These rules are structure rules—shared by all and used to clearly judge the compe-
tence of any arrangement of members. But nothing in these rules indicates how the 
structure is actually to be formed, and so one of the crucial design tasks was the der-
ivation of an appropriate set of processing rules—ideally a set that could be imple-
mented as a computer algorithm to greatly increase the speed of design.

A number of algorithms were tested (Fig. 1), including strategies of dynamic relax-
ation, the definition of geometry by Voronoi cells, and neural or branching models of 
growth, many of which were explored also in student projects of the time. All gave a 
reasonable approximation, but none actually replicated the desired structure rules ex-
actly, and the results typically required many hours of manual fine tuning to bring the 
design in line with what was felt to be correct aesthetically.
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Fig. 1

Three different processing rules to generate space frames in the form of the body: dynamic relaxa-
tion, Voronoi regions and a branching growth model.

Fig. 2

A simulated spring system efficiently generates the appropriate structure rules. Project and im-
age: Tassos Kanellos.

Fig. 3

The design process as an alternation between structure and processing rules.
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Eventually, a single algorithm developed by Tassos Kanellos for his MSc thesis was 
found to produce all of the above structure rules, and to do so very economically  
(Fig. 2). This consisted of a simple spring simulation, in which random points con-
strained within the volume to be described would be connected to one another by a 
set of springs of a single length. Only points within a certain range would be connect-
ed to one another, and once connected, these would be pushed around by the effects 
of the springs. When the spring lengths are within an appropriate range (differing with 
the density of the points), the entire structure stabilises to describe the overall form, 
while producing a structure conforming to the six rules above. The mechanism for do-
ing so is extremely simple and based on a clearly understandable physical process that 
represents the processing rule to correspond with the desired structure rules. It is this 
processing rule, I would argue, that the team was able to intuit before setting the six 
structure rules, even though it was not expressed at the time.

The Design Process

A closer look at how the process of design unfolded over time is revealing, as a 
number of features are common. A sketch or sketch model would be made, and the 
structure of this next interpreted as an algorithm—producing Voronoi cells, for exam-
ple. The results of this were found to be lacking somewhere and fixed in a subsequent 
sketch, which was again reinterpreted as yet another algorithm. To simplify somewhat, 
the process consists of a dialogue back and forth between two methods of working: 
the clear concepts of the generative, parametric or computational ‘programmer’ work-
ing on the algorithm, and the actual instances created by the sketching ‘designer’  
(Fig. 3). The latter instances must embody (and are a means of working out) the struc-
ture rules, and the former algorithms are the processing rules.

If this dialogue of constant reinterpretation appears somewhat convoluted, it is 
only because design itself is such a process (Fig. 4, top). Rittel and Webber (1984) de-
scribe design, at least as it occurs in disciplines such as architecture an planning, as 
dealing with ‘wicked problems’. They begin with a relatively ill-defined brief, may be 
subject to a series of changes in client demands, team membership or unknown pro-
curement issues, and arrive at a unique solution by a process that can not be known 
in advance. It has been pointed out (e.g. Schön 1983) that such problems can only be 
solved by the kind of dialogue and reflection implied by the explanation above. 

In marked contrast to this are the kind of problems suited to optimisation ap-
proaches to design (Fig. 4, bottom). These begin with a relatively constrained brief and 
a generally predetermined process and objectives, then proceed in a straightforward 
way toward a solution. The kinds of industries for which this type of process is suit-
ed, automotive and aerospace for example, are the industries that have yielded the 
parametric CAD software and file to factory processes being discussed here. They rep-
resent a different way of working, with consequences for the way design is practiced 
and taught. The following sections will outline three of these implications.

First Implication: Processes Determined Up Front

In traditional construction, as mentioned above, the process begins by a definition of 
structure rules alone, and a large amount of knowledge—of designers, engineers and 
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Fig. 4

Architects must deal with ‘wicked problems’. Optimisation deals with clearly defined ones. These 
are two very different mindsets.

Fig. 5

Unexpected effects such as material behaviour are not always adequately embedded in processing 
rules early on. Project: Olivier Ottevaere.
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builders—is embedded throughout the whole timeline of the project. Many aspects of 
the management of actual construction are not explicitly considered by the designer 
at the start because they are standard practice, or can be solved by skilled parties who 
have roles later in the process. File to factory approaches differ in requiring the defini-
tion of processing rules. As such, a much higher degree of procedural knowledge in 
the form of relatively highly structured channels of communication, file formats and 
physical constraints on machine and material, must be defined up front. A greater 
degree of control is perhaps granted to the designer, but this requires this greater re-
sponsibility of the prior consideration of process.

One of the consequences of this on student and professional projects is that occa-
sionally some of this essential knowledge is not properly embedded in the processing 
rules as they are set at the outset. At the Continuum workshop at Grands Ateliers in 
Lyon, for example, design was completed in most cases before students came in con-
tact with the materials to be used, and in a number of cases the properties of those 
materials were not anticipated accurately. In Olivier Ottevaere’s project for casting 
concrete tiles (Fig. 5), the maximum curvature used proved unstable with respect to 
the particular concrete chosen, making the casting of a complete element impossible 
without cracking.

The opposite problem was also seen to occur in some projects, in which the rel-
evant structural considerations actually are embedded in the processing rules, only 
this is not acknowledged. One of the group projects to construct tensile membrane 
structures at the Continuum workshop in Barcelona based their design on an elegant 
module of a roughly conical shape, which was to be repeated by placing at varied and 
arbitrary locations over an area to be covered by the canopy (Fig. 6). Because of the ir-
regular distances between modules, their intersections would result in a set of Voronoi 
cells in plan, and a set of differently shaped and sized, intersecting vaults in section, 
producing a complex and varied structure from a simple and minimal process.

A number of structural and constructional aspects were also built into the unit. Be-
cause all intersections were symmetrical on either side (Voronoi boundaries always bi-
sect their node points exactly), the tensile forces in the fabric were assured always to be 
balanced, and so required only one set of calculations to stand for all instances of the 
module. Because the curvature is identical for all, one single set of textile cutting patterns 
could be used, with only small subsequent modifications by trimming later at the lines of 
intersection. These elegant outcomes were direct results of the processing rules that de-
termine the overall form, and as this was discovered on the first day of the workshop, the 
group would have had a remaining five days to detail and construct the canopy.

Instead, several more days were used to run a number of analyses and simula-
tions on the structure of multiple modules combined. Even though the final project 
was a success, this period of work provided no new information, raised a number of 
problems related to the modelling in CAD and the transfer of geometry between soft-
ware packages, and unfortunately took time that may well have been used to refine 
details or produce a more ambitious canopy. The reasons for this decision may be sev-
eral—an unwillingness to trust in the properties of the modular design, a reliance on 
a set method that assumes a certain order of software analyses as a matter of course, 
or simply the desire to use technology for its own sake—but the root problem would 
seem to be the instinctive habit of working at the level of structure, rather than proc-
ess. Only the full, final CAD model of the whole project, at the structural level, was as-
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Fig. 6

Structural logic may be embed-
ded in processing rules, and 
sometimes not noticed. The 
Voronoi plan of the canopy en-
sures the relevant symmetry for 
each module of this canopy.

Fig. 7

The eye must compress visual information for transmission over a narrow channel. The same is 
true for communication of designs in a file to factory process.
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sumed to be worthy of modelling and consideration, and the processing rules repre-
sented by the intersection of modules were simply overlooked.

Second Implication: Narrow Channels of Communication,  
and Standardisation

Communication of a design, as with any sort of communication, involves a certain se-
ries of conventions, codes and channels. Issues related to bandwidth invariably arise 
here, not just in the familiar sense of our digital networks, but in writing a letter to be 
sent by post, speaking on the telephone, and even biology. The retina of the human 
eye, for example, contains approximately 126 million photoreceptors, and the visual 
cortex a similarly large group of 140 million neurons. Connecting the two is a relatively 
narrow channel of an optic nerve made of only one million fibres (Fig. 7). In effect, the 
retina acts to compress the incoming signals in a manner analogous to the compres-
sion of digital data, and this compressed signal is then passed through the nerve to 
the cortex before being reconstructed as what we experience as vision.

In a similar manner, the often complex structure of a given design must be codi-
fied and communicated via a set channel to another party who will set about build-
ing something that matches this structure. In the case of a file to factory situation, this 
communication is by a set of processing rules, typically encoded in given digital file 
formats (such as G-code, the standard for CNC-machines), and the coding strategy for 
these rules must be predetermined beforehand—it must be standardised.

The familiar mechanisms for automated fabrication, from laser sintering to large 
scale CNC steel cutting and welding, tend to give the impression that once the design 
is set and coded, there is little more work to be done. Unfortunately, at least until con-
struction sites are fully staffed by teams of robots, the people who must assemble the 
final project do not always operate well with the same kind of processing rules that 
drive machines. The increase in formal complexity that has become fashionable with 
the advent of advanced CAD, computer scripting and coding in design brings with it 
a set of problems associated with the buildability of the intended geometry and the 
management of the process on site. Several student projects developed in the work-
shops took these issues as a primary focus, working out a set of processing rules that 
could be standardised in a such a way that a construction team would be able to find 
the correct geometry on site.

Kaiti Papapavlou had used a genetic algorithm to optimise the geometry of a 
space frame to support a specific load, with the intent to fabricate the structure us-
ing Abzac cardboard tubes as struts. The algorithm produces an irregular geometry 
in which each member is a different length, and every angle between members is 
unique. A standard set of plan and elevation drawings describes the structure exactly, 
but not in a way that can be easily interpreted by a team attempting to find a single, 
unique right member to install at the right point and the correct angle. The challenge 
and major design activity of the workshop, therefore, was to craft the processing rules 
that would allow this. These took advantage of the fact that the structure was entirely 
triangulated, which both allows construction entirely by pin joints and assures that as 
long as the correct member sizes are joined in the right sequence, the structure will 
automatically take the appropriate form (Fig. 8). The resulting rules numbered the 
unique struts, and set out a schedule of assembly in which the correct connections 
would be made.
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Fig. 8: Structures optimised by a 
genetic algorithm withstand a 
specified load, but are irregularly 
shaped. Pin joints and triangula-
tion ensure the correct form dur-
ing construction. Project: Kaiti 
Papapavlou.
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Bengt Cousins-Jenvey built much of the processing rules directly into a physical mech-
anism to cast columns, by making adjustable and parametrically controlled concrete 
formwork. The project was based on slip-form or jump-form casting, in which a sin-
gle mould is gradually moved upward while concrete is poured in the top. The con-
crete sets by the time the formwork has passed, forming stable support for the upper 
section being poured at any given time. Cousins-Jenvey’s mechanism consisted of a 
multiply hinged skeleton that can be set in an endless variety of positions to change 
the angles of various triangular faces of the column or the size of its overall section 
(Fig. 9). It is completely flexible in isolation, but dependent entirely on three degrees 
of freedom defining the locations of its initial anchor points—each of which can be 
associated with a control parameter. Digital models using Bentley Generative Compo-
nents were used to explore the geometry and range of column shapes generated by 
different parameter settings, and once a final form was selected, the entire form could 
be reduced to this list of numerical values, to be easily set into the physical structure 

Fig. 9

A parametrically controlled physical mechanism for casting concrete. Project: Bengt 
Cousins-Jenvey.
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when casting on site. The process itself used two identical pieces of formwork, the up-
per anchored to the lower at any given point. A rapid-setting concrete provided by 
Vicat was used, and when a required portion of this was set, the lower mould could be 
removed and anchored to the top of the upper mould, to take the next pour. In this 
way, the set concrete served as an ongoing record of parameter settings as the two 
segments leap-frogged their way up the growing column (Fig. 10).

Fig. 10

The two moulds alternate upward while concrete is poured. Project: Bengt Cousins-Jenvey.
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Third Implication: Simplicity in Processing, if not Structure

Browning’s (1855) often quoted phrase “less is more” is so deeply associated with Mies 
Van Der Rohe and the minimalism of many modernist buildings that it seems unusual 
to consider it in the context of the often complex forms made possible by contempo-
rary use of algorithms in design and file to factory production. It is, however, a good 
route to an understanding of elegance in all design. The clearly definable form of the 
Seagram building obviously has this elegance, but so do many forms that cannot be 
so easily described, such as the computationally sophisticated work shown by Ali Ra-
him in his appropriately titled keynote lecture (Elegance). At first glance it is tempting 
to define the first group as simple and the second as complex, but this is only true at 
the level of surface structure. Just as Gormley and the team working on the project 
mentioned above appeared to intuit a set of simple, underlying processing rules, it 
would seem that what we recognise as elegant in many of these novel, complex forms, 
is an underlying simplicity of processing rules in the algorithms that produce them. 

This way of thinking is not new, as a sketch and comments by Browning’s contem-
porary illustrate. Ruskin (1904, volume 3, pp. 83–84) used a simple set of processing 
rules familiar today to produce fractal shapes by recursion, to draw a surprisingly con-
temporary looking image of a tree in 1858 (Fig. 11). His thought was that what we ap-
preciate as beautiful in nature was not simply the surface structure of the particular 
instance of a tree or other form, but a deeper understanding at some level of these 
elegant processes by which this form is produced—in his words “knowing the way 
things are going” (Ruskin 1904, volume 15, p. 91).

It is likely to be an element of this sort of intuition that allows us immediately to 
recognise the appropriate curvature of tensile membranes or minimal surfaces. These 
also are derived computationally by very simple underlying algorithms as process-
ing rules that find positions of equilibrium for a large number of simulated points. As 
we become more accustomed to the habit of thinking in terms of simple processes, 
it is likely that our fashion for surface complexity is a result of becoming more able 
to appreciate the aesthetics of previously mysterious forms for which the rules were 
unknown.

The use of aperiodic tiling and quasi-crystals as generators of form is relatively re-
cent, with small tile sets only having been discovered in the 1970s (e.g. Penrose 1974). 
The tiles consist of a number of repeated units that completely cover an infinite plane, 
but have no translational symmetry—that is the local arrangement of the tiles is differ-
ent everywhere. Their apparently unusual asymmetry can nevertheless be generated 
by a number of simple processes, one of which was exploited by Olivier Ottevaere in 
his project at the Lyon workshop, for casting concrete structures. In this case, the ob-
jective was to use a minimal amount of formwork to create an endlessly varying form.

The project created a parametric system for generating aperiodic tiles using the 
‘projection method’. If a regular grid is intersected by a projection line at an irrational 
angle, the grid points projected onto that line within a set boundary will define the 
boundaries between intervals that repeat themselves along that line, but never in the 
same order. The same principle is used to generate a tile pattern or quasi-crystal, only 
the grid is in higher dimensions and the line is a hyperplane. For the project, Ottevaere 
used a six-dimensional grid to project down into two dimensional space, resulting in 
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Fig. 12

Projection from six dimensions to two results in an aperiodic grid. Project and image: Olivier 
Ottevaere.

Fig. 11

A fractal tree drawn by a recursive proc-
ess. John Ruskin, 1858.

Fig. 13

Six tiles will tile the full plane 
in constantly varied configura-
tions. Project and image: Olivier 
Ottevaere.
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15 possible axes of rotation that could be driven parametrically to generate an infinite 
variety of possible tiling patterns (Fig. 12). One of these was chosen, yielding a small 
set of six tiles that could be formed and reconfigured in different arrangements in re-
lation to one another, to fully cover a plane without repeating (Fig. 13).

The boundary and surface curvature were also defined using parametric CAD, and 
the final form of each tile carved by CNC milling to construct the formwork for the 
concrete tiles. A minimal set of six moulds were required, but by reusing these, the re-
quired tiles could be cast to form a structure of any size, in which the curvature varies 
endlessly (Fig. 14). 

The final form is certainly complex. It is non-repeating and involves geometry in 
dimensions that are difficult to contemplate and impossible to experience, yet the 
processing rules that generate it are quite simple, and no matter what parameters are 
chosen, this simplicity appears to ensure a certain order on the final form that can be 
appreciated as aesthetic elegance.

An Unconventional Description of F2F

The three implications described in the work above—of explicit definition of rules 
up-front, standardisation, and simplicity—are not the usual ways of discussing the re-
sult of computationally intense design processes and file to factory, automated fab-
rication. In fact they appear emblematic more of the pre-digital age and so are quite 
opposed to the norm. I would suggest this is because we are so used to discussing 
design at the level of structure rules. At this level, the apparent form of all of these 
projects is flexible throughout the process of design, uses non-standard elements and 
is highly complex. But it is at the level of processing rules that the designs really make 
sense, and at this level these old principles of design are given a new opportunity to 
operate and surprise. 

In the first case, parametric methods do allow us to defer some decisions, but 
these are usually not the ones that really matter in design. The crafting of the relation-
ships that make up the model is the real task of the designer, and it must be acknowl-
edged that we define these clearly in advance. When working with traditional meth-
ods in which only structure rules need to be defined, there are few consequences of 
a slight error, as the skills and knowledge for building it will be able to compensate 
later. When we set the processing rules, they must be correct. This has important and 
ultimately beneficial implications for teaching of design and construction because it 
forces the practiced designer and the student to carefully consider the methods of 
construction, and to be in more intimate contact with the ultimate process of making. 
It can be used therefore to narrow a gap in education by requiring that this procedural 
knowledge be fully embedded in every design.

Standardisation may always be an issue whenever projects are collaborative. In 
this case, the standardisation of processing rules instead of structure offers a range of 
challenges and opportunities. Every element may be entirely non-standard in its final 
instantiation, but for those who have become accustomed to thinking in terms of al-
gorithms, the crafting of rules to order these has become a central task in design.

This relates strongly to our aesthetic appreciation, which appears not to be a sim-
ple glorification of the complexity of what the new technologies can do, or even a set 
extension of the limits of how much complexity might be allowed, but an apprecia-
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Fig. 14

A completed portion of a structure composed of aperiodic tiles. Project and image: Olivier 
Ottevaere.
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tion of an underlying simplicity of the process. This might often be intuitive, but more 
frequently it can be brought into discussion and practice in the form of processes and 
generative algorithms. These too are skills that can and are currently being taught.

Structural rules and procedural rules are two equally valid ways of describing what 
we design and construct, but the experiences of the workshops considered here sug-
gest that we are often in the habit of thinking with the former even while working 
with technologies that operate via the latter. For reasons of understanding design 
and for similar reasons of teaching, it is likely that we will have to become more accus-
tomed to talking procedural. 
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At the intitiative of “Grands Ateliers” and especially its director, Myriam Olivier, the PIC 
(Pôle Innovation Constructive) has been involved in the Continuum from the begin-
ning; but what is PIC?

The “Pôle Innovation Constructive” is one the Continuum partners. The association 
is constituted of industrial companies and professionals, training and research centres 
in the fields of construction and building, and professional and local structures.

Its aim is to disseminate the present knowledge and know-how in relation with sus-
tainable buildings: design, prescription, construction. www.pole-innovation-constructive.fr

Its members participate in a wide range of activities: they initiate conferences to de-
velop synergy between actors of the construction, participate in the design and/or re-
alise sustainable buildings, get involved in pedagogical think tanks on training for the 
whole building industry and so forth.

Among the members, six industrial companies have been solicited to get involved in 
the Continuum:
 - Vicat and Lafarge: cement and concrete
 - Abzac: cardboard
 - Ferrari: industrial textiles
 - Xella: aerated concrete
 - Saint-Gobain: special artistic glass.

 
The Continuum project is aimed at experimenting with the direct relation between 
architects and designers on the one hand, and building industries on the other.
 

The objective is to give designers and industrials / manufacturers the opportunity to 
exchange information and explanations based on the needs of the former, and the ca-
pacity of the later.
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What was our contribution?
We participated in the three first workshops in order to prepare the two final work-

shops of France and Barcelona.
Visits were madeto six of the factories which were chosen to participate to the 

Continuum.

From the industrials’ point of view, this sort of think tank is very important to get a 
very accurate and updated idea of the construction designers’ needs and questions.

On the other hand, the workshop last September showed the importance for the 
designer to understand what the constraints of industrials manufacture are, and the 
difficulties in linking different materials when the geometry is not just made of square 
angles.

This project also showed the necessity of developing a shared culture on construc-
tion, a common vocabulary namely between the worlds of architecture and industry, 
and the need to maintain this relation with the objective of sustainable construction 
design.

In the end, during this last workshop, the industrials’ participation was the following:
 - Help and advice in helping the student to find practical solutions to their design,
 - providing material on site, including special orders and transportation,
 - providing assistance on site for the use of both type of concrete, with the presence 

of technical staff during the workshop.

Conclusion

This project illustrates a good example of how architecture using parametric design 
can help in the definition of industrialised construction, while keeping open the pos-
sibilities of customisation  of and adaptation to everyone’s needs.

The limits of the first year common work that may be greatly improved during the sec-
ond year are:
 - From the industrials’ side, the understanding of the stakes linked to parametric 

design, and of the industrial processes modifications that would be necessary 
for their own industrial plant. This question is most important for many industrial 
companies involved in building, because one of the answers to sustainable build-
ing (building high energy efficient building, while keeping a low final cost) is to 
industrialise a large part of construction. And in that case, only parametric design, 
linked with CNC machines, can answer the social needs for customized buildings.

 - Regarding the pedagogical aspects of the project, the links with the industrial 
partners during the designing of the projects appeared not effective enough. It 
entailed difficulties in understanding the needs of the students for the companies, 
and trouble in the realisation of the projects. Also, it appeared that the students 
who are used to working by themselves did not take enough advantage of the 
availability of the industrials to verify the technical feasibility of their projects. 
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ONL [Oosterhuis_Lénárd] architecture is based on digital design and fabrication, 
where the design merges into fabrication in a process of direct transfer of data from 
a 3D modeling software to a CNC [Computer Numerically Controlled] machine. This 
paper describes ONL design and fabrication processes referring to three main aspects: 
[1] Form-Finding Process: Styling, [2] File to Factory: Digital Design and Fabrication, [3] 
Real Time Behavior: Programmable Architecture. 

Form-Finding Process: Styling 

The ONL form-finding process is a hybrid process: it relies on diverse concepts and 
techniques incorporating digital and non-digital media: splines and hand-drawn 
curves, 3D computer models and physical models are used to complement each other 
in the creative process, whereas digital design and reverse engineering constitute in-
tegral parts of the process. 

While digital design refers to computer-generated design, reverse engineering 
represents the inverse of this process. It implies a process of translation from physical 
to digital. The 3D scanning of the physical model is followed by a software conversion 
process, which allows for regeneration of the scanned model as a digital 3D model. 

The complementary use of these techniques is reflected, for instance, in the design 
process of the project Web of North-Holland. This process starts with a free-formed 
digital model. Its concomitant CNC milling allows for further formal experimentation 
such as adjustment of the shape by means of conventional techniques, while the sub-
sequent translation of the physical model into a digital model by means of reverse 
engineering enables digital manipulation: in this process, an icosahedron is mapped 
on the NURBS surface in order to define a generic structure. After being twisted and 
deformed according to spatial and formal requirements, the warped icosahedron rep-
resents an initial structural model. It establishes a spatial matrix for further generation 
of CNC data for digital fabrication. 

File to Factory 

File to Factory refers to the seamless merging of the design process into fabrication: 
it involves direct transfer of data from a 3D modeling software to a CNC [Computer 
Numerically Controlled] machine. It employs digital design and fabrication strategies 
based on computational concepts. 

Digital Design 

ONL projects rely mainly on [4] computational concepts. The first concept implies the 
geometry of continuous curves and surfaces mathematically described as NURBS: 
Non-Uniform Rational BSplines. The second is based on parametric design, the third 
implies scripting and programming and the fourth computational concept relies on 
motion kinematics and dynamics. 

BSplines 

Freehand drawn curves resemble BSplines because of their free-formed complex 
shape. The ability to control their shape effortlessly by manipulating control points al-
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lows for formal experimentation. For instance, BSplines establish the geometry of the 
building in the project Acoustic Barrier. They follow the trajectory of the highway de-
fining within the sequence of a relative smooth curve a bulge: the Cockpit. 

Fig. 1

Acoustic Barrier: NURBS Model [2004]. 

The Cockpit as integral part of the Acoustic Barrier is generated according to a rule-
based design by expanding the virtual volume between the lines in such a way that 
the length of the Cockpit is 10 times bigger than the width in order to keep the 
smooth appearance when passed by at a speed of 120 km/h. 

In addition to NURBS-geometry, Acoustic Barrier and Cockpit also imply paramet-
ric design and scripting as computational concepts. 

Parametric Design 

Parametric Design refers to parametric definitions such as for instance 1 = x2/a2 + y2/b2, 
to describe a 2D curve. Each time a parameter changes, the model regenerates to re-
flect the new value. The parametric model represents the setup of a metadesign allow-
ing for a reconfigurable design. 

In order to establish a parametric model, the NURBS surface of the Acoustic Barrier  
is intersected with a generic structural model generating a point-cloud [Figure 2]. The 
point-cloud represents a parametric setup: it describes the volume by points and es-
tablishes spatial relationships between them. Between these points structure and skin 
are generated by means of scripting. 
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Scripting and programming 

Scripting and programming refer to the process of writing a simple program in an util-
ity language to orchestrate behavior. It consists of a set of coded instructions that ena-
bles the computer to perform a desired sequence of operations. In the case of Acous-
tic Barrier the geometry is based on several MAXScript routines: 
 1. The first script loads the [DWG] files containing the point clouds. It builds the axis 

of the steel profiles that form the structure and projects the planar surfaces gener-
ated between the points, defining shape and position of the glass panels. 

Fig. 2

Acoustic Barrier: Point Clouds [2004]. 

Fig. 3

Acoustic Barrier: Steel-Glass Structure [2004]. 

 2. The second script generates a detailed 3D model of the steel-glass structure [Fig. 3]. 
 3. The third script is in development: it verifies the 3D model resulting from the pre-

vious two scripts, applies constraints such as maximum tolerance and effectively 
replaces deficient parts. 

Finally, the data generated by scripting is directly transferred to the steel and the glass 
manufacturer for further digital processing such as laser cutting. 
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Digital Fabrication 

Digital Fabrication refers to CNC [Computer Numerically Controlled] technologies, im-
plying data transfer from a 3D modeling program to a CNC machine and fabrication 
by means of formative, subtractive and additive techniques. These allow production of 
small-scale models and full-scale building components directly from 3D digital models. 

In order to produce small-scale models, ONL uses additive and subtractive tech-
niques such as 3D printing and CNC milling respectively. While subtractive techniques 
refer to material removal processes, such as for example multi-axis milling, the ma-
chine is exclusively computer-controlled; additive techniques involve processes of lay-
er-by-layer addition of material. 3D Printing, as one of these techniques, uses ceramic 
powder and glue, where the physical model is generated in a process of selective ad-
dition of glue layers. Finally, the loose powder is separated from the model. 

Beyond generating small-scale models by means of Rapid Prototyping techniques, 
ONL projects, as mentioned before, make use of CNC technologies such as laser cut-
ting. ONL not only establishes direct communication and data-transfer with the manu-
facturers by accessing data from a common database on the Internet but the digital 
data from the 3D model controls the CNC machine. 

Fig. 4

Variomatic: Web Page [2004]. 

Digital fabrication allows for variable, non-repetitive design. It implies the concept of 
mass-customization, enabling development of non-standardized building systems 
through digitally controlled variation and serial differentiation [Kolarevic, 2003]. 

The concept of mass-customization is reflected in the project Variomatic, which 
is a web-based housing project [Figure 4]. It proposes within certain limits individ-
ual designs, where volume, shape, material and openings are variable. The web site 
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www.variomatic.nl offers an interactive interface for its clients. While changes in the 
geometry take place in real time, the customers become an active part of the design 
process. The final design is converted into data for industrial production where the 
participants in the collaborative production process are accessing data from a com-
mon database on the Internet. 

While digital fabrication allows for serial production based on local variation and 
differentiation, collaborative design and collaborative construction via the Internet 
enable participants to communicate and collaborate in developing individual designs 
and producing customized buildings. The process of collaborative design and col-
laborative construction proves to be effective because of the direct link established 
between customer [client], architect and manufacturer. It skips several iterations such 
as generation of 2D drawings [construction documents] for the industrial production, 
which proves to be unnecessary [Bier, 2004]. Also, generation of designs according to 
the client’s needs is taken over by the interactive software on the Internet. 

ONL creates a platform for collaborative design and collaborative production proc-
esses. In the design process, it not only makes use of NURBS-geometry and parametric 
design but introduces scripting and programming into the design process of complex 
shapes such as double curved surfaces. This allows not only for automated 3D mod-
eling of building components according to the script, but also allows for automated 
generation of quantitative and qualitative data to control the CNC fabrication of the 
components. 

Construction Strategies 

In response to requirements of the double curved surface, ONL employs specific con-
struction strategies and concepts such as Structural Skin, Polygonal Tessellation, Ge-
neric Detail and Composite Material. 

Structural Skin 

As a construction concept, Structural Skin implies skin geometries such as double 
curved surfaces capable to serve as structure, and therefore capable of self-support. 
The constructive concept of structural skin opposes the modernist concept of separa-
tion of skin and structure. 

Polygonal Tessellation 

This refers to the transformation of the surface from curved to facetted, enabling sub-
sequent extraction of 2D, planar surfaces from double curved surfaces. The transfor-
mation of a NURBS surface into a facetted surface refers to automated tessellation 
processes based on surface subdivision algorithms providing several computer gener-
ated tessellation alternatives. ONL develops a different strategy to transform NURBS 
surfaces into polygonal structures: it intersects in a first step the NURBS surface with a 
generic structure in order to create point clouds. These points resulting from the inter-
section between the equidistant lines - defining a pattern of identical triangles - and 
the NURBS surface establish a spatial matrix. From these points the structure and the 
envelope are developed by means of scripting, where the point clouds establish gen-
eral conditions for the development of a generic detail. 
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Generic Detail 

The constructive concept of the Ge-
neric Detail is based on the premise 
that there is no separation between 
building components such as vertical 
and horizontal elements - walls and 
floors - as known in traditional archi-
tecture. From the generic detail devel-
oped according to the requirements 
of the whole, specialized details are 
developed according to local rules. For 
instance, the triangulation of the skin 
of the WEB [of North-Holland] corre-
sponds to the concept of generic de-
tail, implying that every single panel, 
though triangular, has an individual 
size and shape. Even though the ele-
ments are the same, since they are all 
[generic] triangles, they are all different 
and therefore specialized. “One build-
ing, one detail“, as stated by Oosterhuis 
[2003] refers to this principle of devel-
opment of specialized building compo-
nents from generic components. 

Composite Material 

Produced by combining different constituent materials, the composite displays prop-
erties of the different components representing an improvement in performance. 
For instance, the 2 mm thick hylite aluminum panels employed in the project WEB of 
North-Holland are composed of a polypropylene core between two ultra thin layers of 
aluminum. By fastening the triangle at the midpoints of three sides and subsequently 
fastening the edges of the triangle with omega shaped fasteners, the panels are able 
to follow the geometry of the curved surface. 

Conclusion

[NURBS] rely on non-Euclidean geometries, which are based on axioms different from 
Euclid’s in which everything takes place on a flat plane or in space. Non-Euclidean ge-
ometries study the properties of lines and points on a concave or a convex curved sur-
face, whereas Euclidean planar surfaces expose a special condition of zero curvature. 
New spatial concepts are challenging the historical concept of “axiality, symmetry and 
formal hierarchy“ [Kolarevic, 2003] in architecture based on Cartesian principles. The 
paradigm changes from mechanical to digital challenges the concept of repetitive, 
modular systems of organization of modern architecture: it introduces the concept 
of non-repetitive variable designs developed, designed and constructed by means of 
digital technologies. 

Fig. 5

Web: Structure and Skin [2002]. 
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ONL implements new spatial concepts based on non-Euclidean geometries by 
means of digital design and fabrication, while it develops its own design tools appro-
priating computer programs designed for the movie, automotive or airplane industry. 
Since these computer programs are not specifically designed for architects, they are 
appropriated by means of programming. ONL develops its own tools: it customizes 
its design tools by programming with the ultimate objective of developing a compu-
ter model containing all qualitative and quantitative data necessary for designing and 
producing a building. While the single source of information is the digital model, ONL 
establishes a platform of collaborative production with numerous parties in the build-
ing process via the Internet.    

ONL also develops prototypes for programmable interactive architecture engag-
ing in future-oriented research with the Hyperbody Research Group at the University 
of Technology in Delft. 

Real Time Behavior 

Real time computing implies applications and systems, which operate to an input-out-
put latency of seconds, enabling response to stimuli within milli- or microseconds. 

Trans-ports, for instance, is a programmable building. It changes shape and con-
tent in real time according to data-input from the Trans-ports web site. Hydraulic com-
puter-controlled cylinders are connected to spherical joints and form an active space 
frame. The movements of the frame are controlled by a computer program that cal-
culates in real time the changes in form and sends corresponding instructions to the 
pneumatic cylinders. 

Basically, interactive architecture is based on the concept of hyper-architecture. 
Like hypertext [html], hyper-architecture establishes connections in real time: while 
hypertext connects users all over the world via the Internet, hyper-architecture estab-
lishes connections between the building and its user. It responds to specific requests 
reconfiguring itself in real time based on the premise that interaction can take place 
only between two active parts, where one active part is the user and the other one is 
the building. 

The building is not only active but also proactive, anticipating developments and 
acting in advance, while being connected to the world through the Internet and to the 
users through the user’s interface. Hyper-architecture continuously processes informa-
tion re-configuring itself in real time: Hyper-architecture exposes Real Time Behavior. 

Computational Concepts 

Real Time Behavior implies additional computational concepts: motion kinematics 
and dynamics, which are motion-based modeling techniques such as forward and in-
verse kinematics and dynamics. 

Basically, kinematics studies motion without consideration of mass or external 
forces, whereas dynamics takes into consideration physical properties such as mass, 
elasticity and physical forces such as gravity and inertia. Generating design in such en-
vironments offers the possibility of, for instance, simulating movement of people in or-
der to develop architectural devices responding to this movement. Interactive spatial 
reorganization and re-configuration are typical features of responsive architectures. 
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Fig. 6

Trans-ports: Motion Kinematics [2001].

Computational Processes 

Protospace [PS] developed within the Hyperbody Research Group at the University of 
Technology in Delft is a web-based multi-user environment relying on computational 
processes based on: [1] Virtual Reality [2] Collaborative Systems [Group Decision Sys-
tems] [3] 3D Game Programming. 

VR [Virtual Reality] 

VR describes an environment that is simulated by a computer. VR environments are 
primarily visual experiences, displayed either on a computer screen or projected on 
surfaces in space. Users can interactively manipulate a VR environment, either through 
standard input devices like a keyboard, or through specially designed devices such as 
interactive interfaces. The simulated environment can be similar to the real world - for 
example, in simulations for pilot training - or it can differ significantly from reality, as in 
VR games. 

PS is an immersive system: it employs sensor and effector technologies based on 
multi-modal and multisensory devices incorporating human-machine interfaces. 
These interfaces process human input by employing gesture, speech recognition, 
gaze, head tracking and generate in turn visual, audio or haptic feedback. 

Collaborative Systems 

Collaborative Systems rely on the concept of shared virtual space, where collaborating 
participants work synchronously or asynchronously on the same project. Intelligent 
engines, which reside in this shared space, support the activities of the participants 



64 File to Factory: The design and fabrication of innovative forms in a continuum

by providing automated services, such as detecting design changes and automatically 
notifying the participants of changes. 

Underlying the shared space is a series of databases, which contain information 
related to the project. Databases include [1] 3D models of the evolving building, [2] a 
document management system containing and managing correspondence, contracts, 
lists [3] a discussion platform, and [4] a shared software database that provides soft-
ware applications to the parties. 

PS operates as a research facility providing not only means of design representa-
tion such as walkthrough or flythrough but also means of design development such 
as 3D modeling, performance analysis, simulation. PS is a spatial medium enabling 
Computer-Supported Cooperative Work [CSCW] where Group Decision Systems [GDS] 
intervene only when a coordinated decision making effort between the communicat-
ing individuals who possess specialized or unspecialized knowledge takes place. PS 
proposes four specialists - designer, engineer, ecologist and economist - implying that 
their views, while being different, reflect particular aspects of the same project. 

Fig. 7

VOR: Responsive Geometry [2001].

[3D] Game Programming

The programming is based on Virtools, which is a platform for creating interactive 3D 
applications. It is employed for creating multi-user applications, establishing database 
connectivity, and ensuring accessibility of custom components. Virtools generates be-
haviors that obey the fundamental laws of physics employing the digital concept of 
motion kinematics and dynamics. This allows for precise definition and programming 
of complex behaviors. VOR [Virtual Operation Room], as a subproject, within PS ex-
plores ways to develop an adaptive system which responds to commands from out-
side weather and from inside the user the system, and acts as space for transaction 
and negotiation between participants. 

In order to develop its own dynamic and reorganize itself in real time, VOR re-
lies on the self-organizing principles of swarms. In an analogy with swarm behav-
ior, elements of the structure interact with each other in response to environmental 
changes. 
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“Swarm architecture is based on the idea that all building elements operate like in-
telligent agents“ [Oosterhuis, 2003], where the self-organizing aspect of a swarm is of 
special interest: it goes back to Reynolds’ [1986] studies regarding swarm behavior. He 
created a computer program which simulates the flocking behavior of birds. The rules 
according to which the birds move are simple: they maintain a minimum distance to 
their vicinity, they match velocity with that of neighbors and they move towards the 
center of the swarm. These rules are local, establishing the behavior of one member in 
relationship to its next vicinity. While hierarchically the formation of flocks is from the 
bottom up, organizationally flocks tend toward similar configurations [Allen, 1999]. 

Similar to Reynolds‘ flocking rules, VOR establishes rules regarding the movement 
of its vertices. The initiation world of VOR has a WEB-like internal structure, namely the 
structure of an icosahedron. The movements of its vertices are controlled by the fol-
lowing rules:
 [1] Try to be at a certain distance from your neighbors vertices; move there faster if 

you are further away.
 [2] Try to be at a certain distance from your neighbors‘ neighbors; move there faster if 

you are further away. 
These rules aim to establish a desired state of equilibrium implying that VOR aims to 
organize itself as an icosahedron. Under exterior influences, VOR executes geometri-
cal-spatial transformations according to the rule [3].

Fig. 8

VOR: Initiation World [2002]. 
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Fig. 9

VOR: Purification System [2002]. 

Fig. 10

VOR: Brain World [2002].
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 [3] Try to maintain a certain distance to the avatar, whereas the avatar is an embodi-
ment or icon representing a user in a multi-user virtual reality. VOR, as a multi-user 
virtual reality, is a computer simulation of an imaginary system a game that ena-
bles users to perform operations on the simulated system and shows the effects 
in real time. VOR, for instance, features a responsive geometry: the geometry re-
sponds in real time to the actions of the players of the game, where avatars em-
body the players. 

Basically, VOR consists of 3 bodily systems: lymphatic system, purification -or kidney- 
system and brain. In each of these responsive systems, the player interacts by point-
ing, shooting and killing cells while the input device, a joystick, allows for intuitive 
maneuver and navigation. The score reflects the total number of points made by each 
player based on the effectivity of the player in for instance, catching bacteria, while 
navigating through the lymphatic system. In the end, successful players are congratu-
lated for having healed themselves. 

The changes in geometry in the Brain rely on GAs (Genetic Algorithms), which are 
in fact search tools. They have been used for problem solving in science and engineer-
ing. Once the objective is encoded in a structure called genome, the genetic algorithm 
creates a population of genomes that then applies crossover and mutation to the in-
dividuals in the population to generate new individuals. These techniques are applied 
in this case to develop multiple designs according to rules such as “adjust amount and 
size of structural parts according to its future use“ [Oosterhuis, 2003]. 

Fig. 11

VOR: Lymphatic System [2002]. 
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Beyond changes in geometry, VOR exposes interactive behavior patterns developed 
in 3D game software. Basically, VOR employs a self-diagnosis and self-treatment game 
concept: its goal is to heal the patient embodied in the avatar. The game begins with 
information regarding the patient‘s state of health based on 3D computer tomography, 
for instance. In accordance with the diagnose - in this case cancer - the treatment in-
volves destruction of cancerous growth, the ultimate goal being the complete healing. 

3D Game Programming involving Virtools is employed not only in VOR but also in 
the project the MUSCLE, which is the built prototype for a programmable structure. It 
changes shape in real time driven by the Virtools software connected to 72 program-
mable muscles wrapped around the inflated volume. The pressure inside the inflat-
able and the tension in the pressurized tensile muscles change accordingly to the pro-
grammed behavior exposing three degrees of activity:
 1. bored [low activity]
 2. happy [high activity] 
 3. nervous [hyper-activity]. 
The degree of activity the Muscle exposes is correlated to the input coming from peo-
ple in its next proximity. 

Fig. 12

MUSCLE: Prototype [2003]. 

In regard to technology and components: the pneumatic muscles are contractile hos-
es which, by means of air pressure, are able to generate tractive forces up to 6 KN cor-
responding to 600 kg. The air pressure is controlled by programmable switches, where 
singular or strings of muscles can be activated. Working together, muscle groups per-
form complex movements such as twisting, hopping or crawling. 

The MUSCLE’s movements are in fact responses to external inputs coming from 
people moving around, interacting with the MUSCLE: motion and proximity infrared 
sensors detect people’s movements in the surrounding area, prompting the MUSCLE 
to react slightly, while touch sensors induce a stronger reaction. 

Conclusion 

ONL not only develops software [VOR] but also physical-prototypes [MUSCLE] for pro-
grammable interactive architectures. ONL‘s ultimate goal is to develop an architecture 



Kas Oosterhuis   Hyperbody Research Group at Delft University of Technology; ONL, The Netherlands 69

which responds to the requests of its users reconfiguring itself in real time, while be-
ing connected to the world through the Internet and to the users through the user’s 
interface. It not only responds to the requests of its users but proactively engages in 
the communication and reconfiguration process. 
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The content of the present lecture constitutes my recent work as an educator with the 
background I have acquired through my work with digital design and fabrication in 
my practice and in my teaching. For that reason I would like to contextualize my aca-
demic work within my own practice, in which I have been exploring for several years 
the use of digital technologies for the production of Architecture. I will go over sev-
eral projects quickly, to give you a scope of the type of projects I have been involved 
in1, beginning with XURRET System, an urban furniture design project for Escofet S.A., 
a concrete company in Spain, in which I did the production of parametric models and 
full-scale prototypes from an original design by architects Abalos & Herreros (Fig. 1). I 
have also undertaken design and manufacturing projects like MORSlide, a system of 
sliding plywood panels included in the interior design for an apartment in Barcelona, 
where I was involved both in the design and full-scale fabrication (Fig. 2). Another ex-
ample of my work is a series of large installations like FLUOScape (Fig. 3)  and CONEplex  
(Fig. 4), which were produced for the exhibition ‘M-City’ on both floors of the Kunsthaus 
in Graz. In the first floor, hundreds of variable flags were laser cut and suspended from 
the existing ceiling, producing  an inverted topography that helped organize different 
areas in the space without dividing it with conventional walls. In the second floor, or a 
series of suspended cones were conceived as projection rooms, again designed with 
the aim of not dividing the space of the exhibition floor and produced with the same 
technology.

This is a quick introduction to my work in practice, but today I am here to show my stu-
dents’ work of the last year. 

In the projects I’ve shown, what was important was to explore the theory and practice 
of a continuum between design and fabrication, and investigate the potential of a con-
vergence between the two. To explain this approach, we can use the analogy of the 
process of pottery making, where is not clear whether you are designing or fabricating, 
but it seems that both happen simultaneously as you go along. The integration of dig-
ital design and fabrication is somehow similar: you obviously have an original design 
to start from, but if you really work with the properties of the material you want to use 
and consider the parameters of manufacturing of the machines you will be using, you 
end up working in a real continuum where design issues get decided as you are mak-
ing them ( Fig. 5). Everything I do in practice and in academics follows this premise of 
integration.  

Today, architectural production shows that digital fabrication is becoming increasing-
ly affordable and available in our industry. Many projects, including several with low 
budgets for construction, are taking advantage of digital tools for the production of 
geometrically challenging projects. Indeed, the integration between CAD/CAE/CAM 
tools for design, analysis and fabrication is a fact in Architecture. 

Yet within the application of industrial digital fabrication processes in Architecture, Ibe-
lieve there are other issues one could be thinking about. Almost all the work that I have 
been doing this last year with my students has thus been reflecting on three major is-
sues: Accessibility, Adaptation and Specificity (Fig. 6).
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Fig. 1 Fig. 2

Fig. 3 Fig. 4

Fig. 5 Fig. 6

Fig. 7 Fig. 8
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Let me try to explain this. First, by the question of accessibility I mean the necessity to 
address who has access to digital fabrication equipment and where. Second, to think of 
the adaptation of digital fabrication processes and machines to accommodate different 
deployment conditions to those you would find in large manufacturing factories. Third, 
to explore the kind of specificity that would better fit the intrinsic processes of architec-
ture and building construction, which might be quite different in the aerospace and 
automotive industries from which we have borrowed these technologies.

In terms of accessibility, as I said, it is becoming very clear that digital fabrication ma-
chines are increasingly affordable and accessible. Moreover, there is a growing DIY 
Internet community that is beginning to share open source design files to make your 
own CNC machines (now known as fabbers) and all sort of home-made robotic devices. 
As a consequence, there is an opportunity to begin to think about smaller, cheaper, 
custom-made CNC devices, and begin to explore alternative modes of production to 
that of larger factories. When CNC machines can be made and used by anyone, it is 
obvious that it implies social and economical consequences, and architects could for 
sure take advantage of it. In terms of adaptation, it seems that we often limit the scope 
of digital fabrication projects to interior design installations and building applications 
in highly developed industrial societies. Therefore, the perspective of thinking about 
more itinerant, mobile and versatile CNC devices for fabrication -which could eventu-
ally be deployed in different places of the world- would imply that we consider their 
adaptation to different contexts, and investigate creative ways of using these new 
machines in different places. For instance, we could consider using local materials, as 
opposed to manufacturing in factories and then shipping our fabricated parts, repro-
ducing the old models and energetic consequences of prefabrication. If we were to 
move machines, use local materials and connect with local construction systems, we 
would surely contribute to using less energy.  Finally, the specificity aspect has to do 
with the fact that we are currently borrowing techniques from other disciplines, which 
might not always be specific to the realities of the building construction industry. In 
that sense, we could think of fabrication processes that are more adjusted to the way 
we operate in our field, considering the technical specificities of building systems but 
also contemplating the possibility that construction workers could eventually collabo-
rate with our new CNC devices for the material execution on-site. In that way, the re-
alization of digital designs would be extended to places where the human work force 
is more available than industrial solutions. Considering these three subjects, I believe 
there are opportunities to explore new ways of implementing advanced fabrication 
methods in architecture, not necessarily provided by the standard industrial machines 
that we all know.

I will show you some of the references I have showed my students and then move on 
to their projects. Let us begin with examples of the development of smaller and cheap-
er machines and its consequences on the democratization of fabrication. There are a 
series of companies that are developing desktop size 3D printing machines, with the 
assumption that –like inkjet printers in the past- in a few years everyone will have a 
personal fabricator at home. There are also many sites over the Internet that offer open 
source solutions to build your own milling machine (Fig. 7), robotic arms and many oth-
er kind of devices. You get the files for laser cutting its parts, the possibility of buying all 
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its electronic components and specific instructions on how to assemble it all together. 
One can also find all sorts of crazy machines, which eventually do not even exist in the 
market, like an automated wire stripper from someone who thought  ‘if I have to do this 
a hundred times, I would rather make a machine that does it for me!’ (Fig. 8).  A widely 
known project in this field is the Fab@Home project2: an open source 3D printing ma-
chine that many people are beginning to reproduce in different places of the world in 
all sort of colors and materials, showing explicitly that its design files and instructions 
have been provided for people to put together their own version of the machine (Fig. 
9). We have also seen this morning the Rep-Rap project3, an interesting example of a 
custom-made 3D printing machine that can actually reproduce almost all its constitu-
ent parts in order to replicate itself. Other examples include all sorts of inventions from 
people who are hacking into existing machines or making hilarious devices. This is the 
case of the CNC toaster mounted on an existing CNC milling machine, or the Candy 
Fab project4, a 3D printing machine that works with sugar and a heat gun nozzle that 
allows you to print three-dimensional customized candies (Fig. 10). Another fantastic 
example is a milling machine made with Lego blocks, which is one of several examples 
of machines built from construction toys.

A fundamental aspect of this whole process of making your own devices is ultimately 
related to the increasing accessibility of electronics. In that respect, the development 
and evolution of open-source electronics prototyping platform like Arduino (Fig. 11), 
which is based on flexible, easy-to-use hardware and software, and allows you to con-
nect sensors and actuators easily, has been crucial in pushing designers and hobbyists 
interested in creating interactive objects or environments. I have thus showed you what 
is out there free and open source, with the intention of illustrating that anyone (includ-
ing architects) could get involved in the development of new robotic devices, now that 
digital fabrication is globally more accessible and distributed at a local level.

I will now expand the second issue at stake -the development of mobile, itinerant ma-
chines- which is connected to the idea that one could actually build on site with CNC 
devices. I found this very funny illustration5 (Fig. 12): I see in it this crazy digital archi-
tect on the construction site, with his computer connected to the spitting concrete 
machine…I can totally imagine that is the same architect that has actually invented, 
designed and built this particular machine! He looks as if he was almost inventing the 
project during the process of printing, in a kind of absolute simultaneity of design and 
fabrication that, again, reminds me of pottery making. The image seems quite futuristic 
but there are a few people already working on large scale rapid manufacturing proc-
esses for architecture. I am sure you know most of them, but I will introduce them very 
quickly: Berok Koshnevis6 is developing a process of printing concrete called ‘contour 
crafting’ and has already made architectural elements like columns. His approach is 
that one would install a machine on site and would print an entire house. Another per-
son that is working in his field is Enrico Dini7 from the company Monolite UK, who has 
developed a very large D printing machine that prints on sand and produces monolith-
ic building parts in artificial stone. The machine he has invented was developed with 
the idea that it could be dismantled in parts, and reassembled to print directly on site  
(Fig. 13). Similarly, Rupert Soar8, who investigates freeform construction and finds in-
spiration in the complex insect constructions, built a very large scanning device on 
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site in order to scan and understand the geometry of a termite mount. The concept of 
the scanner was later used to fabricate a deposition machine for paste-like materials, 
which is now installed at Loughborough University. Here the scanner serves to visual-
ize what the printing machine could look like, when deployed on site. More familiar to 
all of you may be the work of Fabio Gramazio and Matthias Kohler9, who have clearly 
proven the possibility of moving digital fabrication equipment when they took their 
robotic arm ROB to the Venice Biennale and had the robot assemble the Swiss Pavilion 
in the Giardini (Fig.14). With this last example, I take as a given that CNC devices can 
actually be moved to the construction site, and consequently we can begin to think 
about new possibilities for architecture.

Let me now introduce the work of my students at IAAC (Barcelona) and AA (London). 
At IAAC we have been working for several years in collaboration with the Center for 
Bits and Atoms10 from MIT, because we have a digital fabrication laboratory that is part 
of the Fab Lab Network. At the lab we have used a very small milling machine to make 
our own electronic chips and have used Internet zero to do interactive installations 
with sensors. Last year I invited Jeroen van Amejde and Michael Grau to participate in 
a seminar I was teaching called ‘Experimental Fab’. For an entire week, we organized 
a workshop called ‘Home-made CNC machines’ which was fantastic, where students 
designed and developed their own devices (Fig. 15). The idea was to make machines 
that could potentially fabricate things, with solutions that could be affordable, easily 
portable and deployable on site.

One group11 made a machine that would help a construction worker in the process of 
brick layering, inspired by both the work of Eladio Dieste, aiming towards a cheaper 
alternative to the robot of Gramazio&Kohler. What was interesting is that they based 
their approach on an old technique for building domes and vaulted spaces, where the 
worker ties a rope to his risp to determine the distance of the brick position in space. 
Their invention was a machine that would release more or less rope according to a 
digital design input, thus allowing for building freeform constructions. Following a 
certain design, the computer would calculate how much rope you needed to place 
the brick in each position in space, and the CNC device would respond to that specific 
instruction. With that minimum equipment, you could build your digital file directly 
on site. Here you see the students demonstrating the performance of layering bricks 
with their computer and their machine (Fig. 16). 

Another group12 invented a measuring device to build something in an environt-
ment (i.e. a forest) that would have no specific geometric reference to measure from. 
They imagined that one could control space using a little device -similar to the pre-
vious project- with 3 rolls of rope that could be hung from 3 trees in any configura-
tion, tied together to a little weight that would act as a pointer in space. When con-
nected to a computer and using a simple script from a CAD file, the machine would 
control the angles and length of each rope to position the pointer at the right loca-
tion. This group made a big effort in considering this assignment as an open source 
project, describing the assembly of their machine in very simple graphic terms, so that 
they could upload it on the Internet and allow anyone to reproduce and use it freely  
(Fig. 17). 
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A third interesting project is called ‘Ballpen’ 13, which dealt with the desire of building 
foam like constructions of spherical components intersecting each other like soap 
bubbles, inspired by Frei Otto but also from the ‘Blobwall’ by Greg Lynn . The idea was 
that you could set up large sets of bubbles in any configuration, and intersect them to 
create a compact mass. Taking into consideration the complexity of the design idea, 
with no other spatial reference than the spheres themselves, students invented a de-
vice that could draw, number and cut out the intersection curves on each sphere to 
facilitate their assembly. Their concept machine was designed to mark the exact inter-
section circle on a ping pong ball, with two motors that would rotate the ball under a 
static pen (Fig. 18). Like for any other group, the hardest part of the work was to devel-
op a script that would translate their drawing file into machine instructions, calibrate 
the movement of its motors, and make sure that the machine behaved as expected, 
moving at the right speed. 

Some of the students we had in that workshop continued developing these kinds of 
ideas in a design studio I taught the following semester at IAAC. I had asked them to 
develop a fabrication method for temporary shelters in Tunisia. One of my students14 
took as a reference the ‘puzzle joint’ developed by Axel Killian at MIT and worked on a 
parametric joint that would adjust its design along variable curves, to produce tem-
porary curved constructions out of flat sheet materials, inspired by the nomadic tents 
of the desert. The question that arose was how one could potentially cut the sheets in 
a place without laser cutting machines. The student thought there could be another 
way to do this, as opposed to fabricating the parts in a different place and shipping 
them to Tunisia. With this intention, he made a little robot with an Arduino micro-
controller, where you could upload your file and have the robot draw the puzzle like 
curves on the flat sheet material. The amazing thing here is that his robot emerged 
from hacking an open source robot called SERB, downloaded straight from the Inter-
net. The student had to teach his robot how to draw, by developing a script and cali-
brating the movement of its wheels to follow a certain path, while turning right and 
left rhythmically to draw the puzzle joint. At the end, each wheel was turning at the 
right time and speed, and the robot was able to move precisely according to a CAD 
file (Fig. 19). During his final thesis15, the student developed a more sophisticated ver-
sion of the robot, which incorporated a drilling tool to cut the flat sheet material while 
driving on it.

Now I would like to introduce the work done by my students of the DRL16 at the  
AA, where I am currently teaching a one-year long design studio called ‘Machinic Con-
trol’ 17, within the larger agenda of ‘Proto-design’ that is common for all DRL studio tu-
tors. At the AA I am doing work along the same lines as at IAAC, but slightly different. 
The studio brief asks students to explore architectural design processes incorporating 
novel digital fabrication methods that are not optimized as in the current, industrial, 
repetitive modes of production but instead can be itinerant, adaptive and highly spe-
cific. It investigates how design and construction processes can be re-engineered by 
becoming independent from mass produced materials and standardized software 
packages, opening up possibilities for the parametric translation of user input and 
context information, as well as the integration of different performance criteria into 
specific material systems.



Marta Malé - Alemany   IaaC, Spain and Architectural Association DRL, (UK) 79

I will show here the projects from 3 teams.

Inspired by the development of Contour Crafting, the first team18 is looking into a 
system of deposition of paste-like materials. To begin their research, they hacked the 
existing CNC milling machine at the school lab, designing a pump and a nozzle that 
could be attached onto the drill bit (Fig. 20). With that set up, they have been testing 
the deposition possibilities of clay, related to its material properties, adjusting both 
the pressure of the pump and the trajectory of the nozzle to avoid the collapse of the 
construction. They have gone through all sorts of experiments in order to gain specific 
knowledge on what kind of geometries they could achieve by layering material, given 
certain material parameters of viscosity, etc. By doing their tests on a 1:1 scale with real 
materials, they have learned quite a great deal from it. It is quite a challenging and in-
teresting process because -in contrast with the precision of the machine- the semi-li-
quidity of the material causes the material to have it own behavior and thus strongly 
influences the resulting construction. Making physical prototypes serves to extract the 
rules of formation taking into consideration machine and material parameters, which 
later can be applied in the production of more complex enclosures (Fig. 21). The goal 
is to make them with an intelligent deposition of material only where needed, and op-
timize their performance through the printing of intricate hollow walls. Here you can 
see a wall section that is designed to contain multiple cavities in its interior, where the 
clay is deposited along sinusoidal curves in order to create structural stability during 
the printing process and after (Fig. 22). Like all the projects I will show from the AA DRL 
studio, this is a work in progress so, as I am presenting it in the middle of its develop-
ment, the research on the system and its design applications is not fully completed. For 
instance, this team will need to address the issue of implementation on a larger scale. 
Yet in this case, it is possibly a project where scale might be relatively easy to deal with, 
because clay might in fact be a material that scales up easily.

The second team19 looked for inspiration in existing fiber placement technology to de-
sign and develop a machine that wraps cotton thread around a scaffold. Shortly, they 
engineered a custom-made fiber placement device to wrap spatial volumes in thread, 
which could later be solidified with resin, and perform as incredibly light weight rigid 
structures. Like the previous one, their research and design project developed through 
both machinic and material experimentation. As soon as they began testing the system, 
they quickly realized that the scaffolding design was fundamental in order to avoid the 
slipping of the thread -through the incorporation of a series of hooks-, and to deter-
mine different types of enclosures. Their initial machine offered a spherical work area, 
with one axis of rotation to turn the thread around the object, and another to rotate 
object around itself. These two movements ensured the proper deposition of thread 
all around the spherical working area, yet some minor technical problems forced the 
development of more sophisticated scaffolding, and specific scripts to determine the 
movements of the machine while holding the thread in tension at all times (Fig. 23). 
The aim was to control the deposition of material and produce different densities or 
arrays, which could subsequently respond to structural performance, ventilation, trans-
parency, or other criteria (Fig. 24). The resulting volumes are all minimal surfaces and 
thus provide maximum space with a minimal use of material (See Image 25). As far as 
implementation on site is concerned, the team is thinking of deploying the fiber wrap-
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ping machine on site, and of eventually using several machines collaborating with one 
another. Like that of the the previous group, this is a work in progress and has not yet 
been completed.

Finally, the third team20 is investigating a new additive fabrication method, by deposit-
ing phase changing material on water, where water becomes the medium for printing 
in 3D. Using wax (or any other polymer-based phase changing liquid) as a 3D printing 
material -which would immediately solidify in contact with cold water- they could ob-
tain solid forms in real time. It would be like casting without a cast. 

This team, like the first one, began by hacking into the CNC milling machine of 
the digital prototyping lab, replacing the drill bit by a home-made deposition nozzle  
(Fig. 26). By controlling the position of the machine, they experimented with injecting 
wax in water in different ways, and tried to understand the behavior of the material and 
its emerging solid patterns. Experimenting with water, shampoo and other changing 
materials, they produced a series of beautiful examples of what could come out of it 
(Fig. 27). Soon they began to think of the studio brief, and realize that if they had to 
deploy the system on site, they would need to design their own device to plot the wax 
in large water bodies. With that in mind, they invented several mechanisms of one or 
more nozzles connected to an air pressure pump, some of whichwere absolute failures 
but provided the necessary knowledge to understand the effects of varying wax and 
water temperature, as well as the intervention of different air pressure parameters. In 
their early attempts, wax was exploding in all directions because of too much air pres-
sure, which made it impossible to control the material deposition. As a result, they 
began to think of the possibility of mixing wax with other components (like cement), 
in order to produce a denser and heavier plotting material.  By adjusting the material 
composition of the original wax, they could potentially affect its solidifying behavior 
and buoyancy. With that in mind, they did a whole catalogue of different material mix-
tures and found out that wax could indeed have very different properties: it could be 
more or less brittle, present different levels of buoyancy, be more or less conductive (by 
mixing in iron powder), etc (Fig. 28). The interesting aspect of this research is that one 
could imagine mixing materials as you print and subsequently determine the material 
qualities you needed in each part of your resulting solid construction. In a test of wax 
mixed with concrete, one can already see it perform in a completely different and much 
more controlled way: the wax stays a lot more compacted because it is a bit gooier, and 
–instead of exploding in all directions- begins to form continuous structures. Some of 
their latest prototypes in terms of material composition are absolutely beautiful; they 
look completely crazy in terms of their final geometry, but students are clearly taking 
great leaps forward in terms of material control.  The latest tests are indeed very con-
trolled in terms of temperature, pressure and so on (Fig. 29).  

So these are the type of experiments they are involved with, doing very serious re-
search to develop a multi-nozzle machine with pressure and temperature control to 
be deployed on site. Their idea about the project is to have a multi-agent system of 
machines, with several printing pods swimming around, organized in swarm like for-
mations. The pods would be able to communicate and follow each other, almost like a 
school of fish. With that vision in mind, students have begun to work with Arduino and 
replicated the machine scenario with toy cars, which have proximity sensors to com-
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municate and behave as a group, sensing each other. When one car moves, the other 
follows; the,test thus displays the kind of intelligence that these swimming machines 
would need if they were to follow each other, in order to stay together.

The idea would be that their machines end up floating around; and for that students 
are trying to collaborate with companies that been developing swimming robotic 
devices (jellyfish prototypes and many others) and thus have the expertise students 
would need to make it happen (Fig. 30). At this point, we do not know whether we will 
succeed in this, but if the machine they develop has the possibility to control both ma-
terial and mechanical behavior, we will consider it a success. 

At the moment, students are also contemplating the idea that if these machines 
could move around, the deposition of material in the water would thus be affected. If 
two machines were to come close together, their wax deposition would fuse and col-
lapse in a single solidified stream. As a result of this observation, they are studying the 
choreography of machines in space, as a design mechanism to form specific architec-
tural structures.  

In order to simulate this, they are using computational models with agent based 
systems and particles, which address how to design structures by predicting the behav-
ior of wax and its forming water environment. Here are some simulations of their swim-
ming machines dropping wax in a specific trajectory, working with the parameters that 
were extracted from their material observations and based on all the prototypes that 
they have already done. These simulations allow them to create new geometries and 
render what could potentially come out of the real physical tests. If we compare these 
with previous images we have seen, we would agree that the simulation is pretty close 
to what they would actually get in reality (Fig. 31).  

In terms of the design application of this project, students are looking at different 
earth works on costal sites, coral reefs, icebergs and other water related constructions.  

Their project, still in process at this point, offers several possibilities of building wa-
ter ecologies and instant structures with a phase changing material that is formed in 
almost no time and has the possibility of performing according to its material composi-
tion. I believe the project is very interesting because it contenplates many crucial as-
pects: computational design, material research, machine development and intelligent 
behavior.

To end the lecture I would like to finish with a last reflection. If we agree -from what I 
demonstrated at the beginning- that the integration of digital design, analysis and fab-
rication tools is a fact in the production of contemporary architecture, I think we can 
also agree that scripting has been an expansion of this integration. The fact that de-
signers, architects and engineers have begun to produce their own software has liber-
ated them from standard packages and has opened up a whole new world in terms of 
design possibilities. My point today is that on the opposite side, fabbing (or the possi-
bility of making your own or hacking into existing machines) can expand fabrication as 
much as scripting does at the level of design.

I was lucky enough to work with Enrico Dini this summer, with one of the very large 
3D printing machines that I showed you early on. As I was full of sand all over my body 
and printing large stone parts in front of my eyes, I realized this is definitely happening. 
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With people like him who develop new machines for large scale freeform construction, 
we are surely moving into a new ground for architectural production. The research and 
design work I do with my students is grounded in this possibility and pushes its poten-
tial application for the very near future.

Notes
 1 The projects shown here were produced by ReD | Research + Design, a design and research 

practice operating from Porto and Barcelona until 2008, co-founded and directed by Marta 
Malé-Alemany and Portuguese architect José Pedro Sousa.

 2 The Fab@Home project has been developed by Rod Lipson and Evan Malone, from the Depart-
ment of Mechanical and Aerospace Engineering at Cornell University. 

 3 The Re-Rap Project has been developed by Adrian Bowyer at the University of Bath.

 4 Both these projects have been developed by Evil Mad Scientists.

 5 Unfortunately I don’t know the author of the illustration. I apologize for not being able to 
credit his work here.

 6 Berok Koshnevis is a professor of Industrial & Systems Engineering and Civil & Environmental 
Engineering, the Director of the Center for Rapid Automated Fabrication Technologies (CRAFT) 
and Director of Manufacturing Engineering Graduate Program at the University of Southern 
California.

 7 Enrico Dini is a civil engineer working in mechanics, automation and robotics and directs 
the company MONOLITE UK LTD/London which produces and sells 3D Printers for building 
construction.

 8 Rupert Soar lead for many years the Rapid Manufacturing Research Group at Loughborough 
University and is the director of Freeform Engineering Ltd, a research, development and con-
sultancy company of freeform construction.

 9 Fabio Gramazio and Matthias Kohler are joint partners in the architects’ office Gramazio & 
Kohler in Zurich and lead the Architecture and Digital Fabrication group at the ETH Zurich 
Department Architecture.

 10 The Center for Bits and Atoms (CIBA) is directed by Neil Gershenfeld, who leads the Things 
That Think industrial consortium and runs the Physics and Media research group.

 11 The group included students Michal Grymala (Poland), Maciej Burdalski (Poland), An-
drea Kondziela (Germany) and Guo Liang (China), from the IAAC Master of Advanced 
Architecture.

 12 The group included students Gian Matteo Cossu (Italy), Anastasia Fotopoulou (Greece), Ka-
terina Karagianni (Greece) and Santiago Mañero (Spain), from the IAAC Master of Advanced 
Architecture.

 13 The group included students Yick Ho Alvin Kung (China), Mohamed Omer (Sudan), Vinay Patil 
(India), Kanika Singh (India) and Qiu Xiao Jian (China), from the IAAC Master of Advanced 
Architecture.

 14 Maciej Burdalski, from the IAAC Master of Advanced Architecture.

 15 His thesis was tutored by José Perez de Lama, an invited guest faculty member from the School 
of Architecture of Sevilla (Spain).

 16 Design Research Lab.

 17 With the assistance of Jeroen van Ameijde.
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 18 The group is named PASTA and includes the students Shankar Kothapuram (India), Mei-Ling 
Lin (Taiwan), Han Ling (China) and Jiawei Song (China), from the AA DRL Master Program.

 19 The group is named FIBRHOUSE and includes the students Amrita Deshpande (India), Saahil 
Parikh (India) and Akhil Laddha (India), from the AA DRL Master Program.

 20 The group is named FLYIN ANIMALS and includes students Maria Eugenia Villafañe (Argen-
tina), Ena LLoret Kristensen (Denmark), Catalina Pollak Williamson (Chile) and Jaime de Miguel 
Rodriguez (Spain), from the AA DRL Master Program. 

Marta Malé-Alemany is an architect and the co-director of the Master Programme at IaaC 
(Institute of Advanced Architecture of Catalonia). She is the course Master at the Architectural As-
sociation, London, and leads a design studio within the DRL (Design Research Laboratory). Marta 
Malé-Alemany is the co-founder of RED (Research Design) architectural practice based in Barcelona. 
She is now practicing as an independent architect. She is the curator of a Rapid Manufacturing 
Exhibition at the Design Museum, to be held in Barcelona in May 2010. 
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New Words/New Worlds

History

 - 1988: first system of grid computing set up in the DECsystem laboratory at Palo 
Alto (California). This very basic system consisted in mailing very large numbers to 
a hundred students for factorizing.

 - 1993: 600 volunteers enter a competition with prize money of $100, the aim of 
which is to break a security code created by RSA Security (United States).

 - January 1996: beginning of GIMPS.
 - May 1999: beginning of Seti@Home
 

“I want to be like a new-born child, knowing nothing, absolutely nothing, about Europe.”
          P. Klee

Notation

“With tape and synthesizers, the action on the structure of sound harmonics can become 
not so much a matter of taste as an action in the field of possibilities. The notation that I 
have written for Variations deals with this in and for itself.”
                J. Cage, Composition as Process.

Grid Computing

“GeneGrid is a research project being jointly developed by Fusion Antibodies Ltd., Amtec 
Medical Ltd. and the Belfast e-Science Centre (BESC) with funding from the DTI (Depart-
ment of Trade and Industry). This project will combine the skills and experience of the 
stakeholders and the collaborative sharing and coordinated use of their distributed re-
sources to create a ‘virtual Bioinformatics laboratory’ using the Grid. This will allow all rel-
evant organizations, partners & customers to access their collective skills, experience and 
results in a secure, reliable and scalable manner.

It has been more than a year since the human genome was mapped, considered one 
of the most gargantuan scientific endeavours ever undertaken. The DNA-sequencing data 
from the human genome project (HGP) contains much untapped data that needs to be 
converted to meaningful information. At present, the human genome database has ap-
proximately six terabytes of data. This data set is expected to double every six months, 
leading to a proportionate increase in the need for distributed computing solutions. Bio-
technologies are creating massive volumes and multiple sources of biological and chemi-
cal data. The volume of data and the processing power required to analyse it, is threaten-
ing to create a bottleneck that might hamper the growth of biotechnology itself. At present 
there is a vital need to develop Grid-based solutions to capture, analyse, manage, mine 
and disseminate these vast amounts of genomic data, in order to develop actual diagnos-
tic and therapeutic strategies.”

“The lack of computational power within an organization for analyzing scientific data, 
and the distribution of knowledge (by scientists) and technologies (advanced scientific de-
vices) are two major problems commonly observed in scientific disciplines. One such scien-
tific discipline is brain science. […] The emerging Grid technologies that enable the shar-
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ing, selection, and aggregation of geographically distributed resources can help in solving 
these problems.

[…] We have developed an MEG data analysis system by leveraging Grid technologies, 
primarily Nimrod-G and Gridbus. The wavelet analysis program has been parameterized 
using the Nimrod-G parameter specification language. This application is enabled for dis-
tributed processing on the Grid with minimal software engineering cost and development 
time.

[…] In this system, we attempted to reduce analysis time (deadline) and cost (budget) 
and to seamlessly integrate resources (computational, data, and MEG instrument).

[…] The results demonstrate that grid technology is effective and promising for real-
life medical and scientific problems.”

                Economic and On-Demand “Brain Activity Analysis”  
                        on the World Wide Grid Using Nimrod-G and Gridbus Technologies.

              The NeuroGrid Project.

“e-Science is about global collaboration in key areas of science, and the next generation of 
infrastructure that will enable it.” 

   John Taylor, Director General of Research Councils Office 
     of Science and Technology

“Real supercomputing consists of converting CPU-bound problems to IO-bound ones”.
     Anonymous 

Language

From HTML (Hyper Text Markup Language) to BioML (Biopolymer Markup Language), CML 
(Chemical Markup language) & MML (Mathematical Markup Language)

 
From factories hierarchy to JBL (Job Description Language)

 
Etc.

 
 
The winter 2002/2003 issue of the Cahiers du Musée national d’art moderne – number 
82, on architecture – includes a text by Frédéric Migayrou entitled Extensions de la 
grille (Extensions of the Grid). The author starts his essay with a question: “Is there such 
a thing as conceptual architecture?” and then continues with a series of theoretical 
analyses covering the role played by what is a fundamental feature of twentieth-cen-
tury art and architecture -the grid- in establishing such an architecture, its role in the 
destruction of representation, its interpretation and, finally, the way it was used by a 
number of major figures such as Andrea Branzi, Peter Eisenman, Ludwig Hilberseimer, 
Le Corbusier and Adolfo Natalini (Superstudio). n extensions to “Extensions of the Grid” 
is a complementary analysis which I could begin with a more trivial, non-architectural 
question: “What is the sense of ‘grid’ in ‘grid computing’?” What I mean by this is sim-
ple: if, today, the only architecture is conceptual architecture, a premise I accept, then 
what roles do the events linked to contemporary global production play in defining 
and producing this architecture? I will therefore consider the nature of current produc-
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tion but also the nature of the production that came just before it, through the read-
ing made of this by two of the architects mentioned by Frédéric Migayrou’s article: Le 
Corbusier and L. Hilberseimer. One question we can already ask is: how is production 
actually done nowadays, what are Distributed Production and Integrated Science, and 
what might “Integral Capitalism”1 and the “Ambient Factory”, two concepts I devel-
oped, actually be?

Contemporary architecture has taken on board most of the contemporary advances 
in the sphere of production. Today, the e-Factory and e-Manufacturing are part of 
the conceptual arsenal of advanced architecture, whether this is “highly industrial-
ized”2 -involving skyscrapers and airports- or the work of a handful of “experimental” 
architects elaborating modes of production based on a digital chain that stretches 
all the way from conception to realization. Given that stereolithography -a theoreti-
cal model of laser production using a standard STL file- can now be carried out ac-
tual scale (1:1 scale) with 3D systems for laying down liquid cement, the question is 
settled. If architecture has learnt from global industry, then why is there this feeling 
that it should have learnt more?3 Indeed, could it have learnt more, more than capital-
ism itself, which “does not rationalize too much, but too little”4? To take the opposing 
viewpoint, if capitalism and contemporary science over-rationalize, does architecture 
even have the means to integrate this hyper-rationalization without wholly forsaking 
its identity as a discipline?5 What the grid brought to architecture in the twentieth cen-
tury was a succession of theoretical tools for answering these questions. In the most 
radical proposals it can be seen as a tool for rationalizing something that is eminently 
non-spatial, which something is a real, marked by “ubiquity” and by the “generalized 
outsourcing” of production, by its already effective rationalization and by its nature as 
an abstract “parametric space”6 (F. Migayrou) whose physical manifestation is but one 
among n parameters. Both for Le Corbusier, for whom “the very idea of a rationaliza-
tion of space must be immediately discarded,”7 and for Superstudio, the grid, by “ban-
ishing all demands for inscription,” “endlessly and without exteriority underscores the 
extension of the technological and rational domain.”8

In fact, while most twentieth-century architects agree on the essential point, i.e., the 
institution of a general rationality, they differ (“only”) on the question of man’s role 
within this rationality. It is there that the romanticism of Le Corbusier’s “geometrism” 
becomes apparent when we note that his Platonic constructions preserve the pos-
sibility of a human synthesis based on what is naturally visible. Indeed, although Le 
Corbusier recognizes the importance of a basic level of abstract notation (for exam-
ple, the introduction of coefficients of penetration of the air in relation to a variety of 
forms in Towards a New Architecture or the statistical diagrams of the 1922 project City 
of 3 Million Inhabitants), this notation never appears as an actual architectural propos-
al. And although he recognizes the importance of industrialization, he sees industry as 
a world of objects and not as the world of linguistic constructs that it has already be-
come. These constructions are based on the new logico-mathematical languages and 
the new systems of scientific notation. Industry, like rationality itself, is in any given 
age the maximum possible rationality and this new rationality of the twentieth cen-
tury is logical reduction, not the production of objects: the latter is at bottom only the 
visible part of an amorphous-looking iceberg, of that something that no longer is and 
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that will never again be a material world, but a world of intellectual constructions, of 
formal languages and information. One manifestation of this world, for Robert Musil, 
was the newspaper, “filled with a measureless opacity” that “goes far beyond the intel-
lectual capacity of a Leibniz.”9 It makes “each self” a “simple function of a monstrous, 
intellectual entity.”10 Le Corbusier therefore makes one last attempt to produce a 
synthesis, a human synthesis for which there is no point in him going looking for the 
actual nature of contemporary rationality. Working on the premise that “industry is 
rational,” for him it is enough to industrialize architecture in order to rationalize archi-
tecture.11 In this spirit of things, it was not necessary to understand either the deep 
nature of industrialization or that of scientific rationality. And, so like Poincaré, who 
regretted that “instead of trying to reconcile intuition with analysis, we have satisfied 
ourselves with sacrificing one of the two” and that, “since the analysis must remain 
impeccable, we have condemned intuition,”12 Le Corbusier refuses to make a defini-
tive choice between the abstract language of symbols and formal knowledge (which 
Malevich perceptively saw as a “world without object”) and the world of the objects 
that they describe and generate. No naive realist, he is well aware that the world of 
visible objects is not exactly the one that mathematics and, more precisely geometry, 
describe; he knows that the latter “does not in reality concern itself with natural solids” 
but “takes as its object certain ideal, totally invariable solids that are like a simplified 
and distant image of them.”13 He also knows implicitly that “if there were no solid bod-
ies in nature, there would be no geometry”14 and therefore no architecture. And so, 
to maintain the possibility of architecture in the face of the most absolute abstraction 
of notation (visible in David Hilbert’s Foundations of Geometry, in which the establish-
ment of axioms” is equivalent to “the logical analysis of our perception of space”15), Le 
Corbusier out of principle rejects any overly analytical form of language. In the world 
of objects in which he lives, his choice between the several different available systems 
of notation and geometry is based on convention. The remaining humanist element 
in Le Corbusier’s system, whose yardstick is the human body, immediately enters into 
correspondence with the world of geometries where, like Poincaré, he accepts the 
principle of plural definitions (“one geometry cannot be truer than another; it can only 
be more convenient”) but nevertheless recognizes that “Euclidian geometry is and will 
remain the most convenient.”16 However he uses it, and whether non-representational 
or the opposite, and whether it is “a real productive tool, more than a method of com-
position”17 or is linked to the “town planner’s” need to “take over the whole territory, 
the whole topography,”18 on the conceptual level Le Corbusier’s grid remains a classic 
three-dimensional one. What we can note here about this image of the grid is that for 
many years it remained a standard interpretation of architecture, one reproduced by 
art theory (“At this point the three-dimensional grid [now a lattice] is understood as a 
theoretical model of architectural space in general, some small piece of which can be 
given material form.” R. Krauss19) but also by the actual theory of architecture, too. We 
know that Eisenman critiqued this interpretation in his “Decompositions” and we can 
also observe that in the case of Superstudio it is, paradoxically, when the grid is two-
dimensional and not three-dimensional that it acquires a possible extension implying 
the n dimensions of contemporary production.

For Le Corbusier, then, it is in a way logically impossible to envisage production as a 
complex system with n dimensions, a system caught up in the “parametric space” 
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mentioned above. There is no problem with his geometrism, but simply with the ge-
ometry that he has chosen, since for creatures that are “not like us,”—the inhabitants 
of some fantasy world, for example, whose bodies change shape when they move 
around—it would be perfectly possible to envisage another geometry based on “non-
Euclidian movements,” one that this time would be “non-Euclidian geometry.”20 But 
then again, what Le Corbusier seems to be saying to us is this: “since we are the kind 
of creatures we are, and not the creatures of some fantasy world, there is no reason to 
‘stop using the language of ordinary geometry’,”21 especially since this is not even nec-
essary. Le Corbusier combines the convenience of representation with an attachment 
to anthropocentrism, conventionalism and romanticism. In comparison with Hilber-
seimer’s analysis, which we will consider below, what limits Le Corbusier’s analysis of 
production is a simple question of notation. It is this classical notation that prevents 
him from seeing that a visible world can actually exist in totally different configura-
tions, within that “space of configurations”22 evoked, already, by the physics of the day, 
and whose complexity and abstraction go beyond the “space-time” interpreted and 
championed by Siegfried Giedion.23 And it is again because of this notation that he 
is unable to imagine another form of organization than that of the visible, when in 
fact this is only a tiny part of the world of the media-driven and then computerized 
production that have gradually begun to develop, and in relation to which it is neces-
sary at the very least to make a physical/logical distinction (a distinction effected for 
the topology of the Internet and for its visualization). Le Corbusier’s world is a world of 
forms but not a formal world, in the sense of formal logic and formal languages, these 
being the universal languages of computational production. This world that Le Cor-
busier does not envisage is thus the world that forms the everyday reality of all con-
temporary production (including architecture, of course) in which, in order to become 
operational, geometry is first translated into algebra and then into algorithms and, 
finally, into programs. It is therefore in this sense that Le Corbusier’s thought, which, 
like Goethe’s, attests “an unceasing activity,” nevertheless remains one of “a thoroughly 
classical exactitude of observation and interpretation.”24 This abstract and European 
classicism25—which will later inspire the “Real and English” approach, and which, for-
tunately, is already very different from the concrete and French classicism of Tony Gar-
nier and Auguste Perret and from 99.99% of the architecture and “theory” produced 
in France—is ultimately based only one man’s ferocious determination to maintain a 
human synthesis, at least as a possible horizon. In spite of his rationalism, Le Corbusier 
thus remains the last representative of a situation that will never occur again, one in 
which it is still possible to live more or less peacefully without the analytical notation 
of algebra, without diagrammatical notation and without formal languages. 

Now, this situation is one that other, apparently less rationalist individuals perceived 
more clearly. “Where is it from, this mechanical, non passional, accumulation [my ital-
ics] of material data, this fight against lived experience leading to an aggregation of 
concepts, of facts, of details, which no longer rest on any human synthesis?”26 Where 
indeed does this accumulation of data come from, and what can be done with it? 
Well, certainly not a human synthesis. All we can do is analyze them, sometimes even 
derive a certain pleasure from them (John Maynard Keynes: “statistics give me sexual 
pleasure.”) This is exactly what is done by Hilberseimer who, as Mies van der Rohe says 
of him in the foreword to The New City, is “conscious of the fact that the material and 
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spiritual conditions of the problem are data, that one cannot influence them, that they 
are rooted in the past and that in the future too they will be determined by objec-
tive developments.”27 Because he “contents himself” with the work of a engineer and 
with an analytic activity, Hilberseimer is the anti-humanist described by K. Michael 
Hays; he works “directly with scientific data and their objectivity” and, in doing so, in-
troduces into architectural theory a notion that will later be extremely important for 
Andrea Branzi and then Winy Maas, that of “raw data.” From another angle, because 
the work of the engineer “does not project a meaning, a horizon of understanding or 
intelligibility the way a language or discourse does,” but “instead presupposes […] a 
‘functioning’-type coherence,”28 Hilberseimer now introduces in a much more embry-
onic form the syntactic/semantic separation later to be taken up by Eisenman in an-
other form and for other reasons. Either way, the German architect implicitly leads us 
towards a production that will be increasingly based on linguistic constructs, a pro-
duction whose advent he is himself able to observe when, living in the United States, 
he witnesses the explosion of media, the birth of computing and the advent of a civ-
ilization of specialists in which “each individual was expected to act as a technician, 
with each one in charge of a small part of a large-scale experiment.”29 If, in Germany, 
Hilberseimer recognized that “at the end of the day, science in general relies on trust,” 
and that “the ultimate details are always a matter of belief whose roots are found in 
the religions,”30 in the United States he accepts the fragility of the foundations of sci-
ence as a simple axiom on the basis of which greater edifices are nevertheless built. In 
this respect, where Le Corbusier may on many points remind us of the French math-
ematician Henri Poincaré, Hilberseimer reminds us of his fellow German Max Planck. 
It is difficult not to be struck by the intellectual kinship between the architect and the 
physicist when the latter states that the concept of reality is “metaphysical”31 and also 
admits that if “we look closely at the edifice of science, the idea will soon come home 
to us that it has a dangerous weak spot - its very foundations!”32 But, above all, how 
can we not see that after these few metaphysical questions the two men both press 
on with equal celerity to “serious matters” and adumbrate a “new scientific map of 
the world” from which subjectivity is excluded. Like Diotima, a character in The Man 
Without Qualities, Le Corbusier is still inclined to believe that “on the seventh day God 
placed the human pearl in the shell of the world”, whereas like the novel’s hero, Ulrich, 
Hilberseimer and Planck seem to be more of the opinion that man is just “a cluster of 
little dots placed on the crust of a tiny globe.” For the physicist, it is at least certain 
that man is surely not “himself, providing he is able to make correct use of his senses, 
the biggest and most precise physical apparatus that could possibly exist.”33 On the 
contrary, indeed, “immediately perceived sensorial impressions, the primordial sources 
of scientific activity, have totally disappeared from the picture, where now sight, hear-
ing and touch no longer play a role. A glance inside a modern laboratory shows that 
the functions of these senses have been replaced by a collection of extremely com-
plex, subtle and specialized apparatus invented and built for dealing with problems 
that require help from abstract concepts, analytical or geometrical symbols, and which 
more often than not lie beyond the range of the layman’s understanding.”34 Now, there 
can be no human synthesis of these abstract and analytical symbols, but a mechani-
cal -computational- synthesis is not only possible but is already a reality. For what 
are these contemporary processes such as Data Basing, Data Mining, Data Screening, 
Shape Analysis, Pattern Recognition, Pattern Matching and Voice Recognition if not a 
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series of analytic-synthetic operations carried out on the endless accumulation of data 
(Information Overload) and on their incessant flux (Data Streaming)? What, in more 
concrete terms, are the technologies related to geomatics, GPS, the visualization of in-
formation and search engines, if not the destruction of the series of ideals surround-
ing synthesis, order and classification? What are these new factors if not the signs of 
the existence of a space of production with n parameters and, even more, of a real 
space of parameters which is also a space of algorithms (the true machines), of pure 
calculation and notation? Hilberseimer does not yet have a complete perception of 
this space, but he does perceive very clearly the multidimensional character of pro-
duction. He perceives the decentralization that is underway, he sees that all produc-
tion already comprises the following elements: information, quantity of energy, noise, 
transfer rate, loss of signal, etc. -all of which the nascent fields of cybernetics and infor-
mation theory have brought to his attention in the United States,35 - and that Le Cor-
busier, living in a Europe whose energy is focused on reconstruction of the material 
world, simply cannot envisage. Thus, while diagrammatical notation does not appear 
overtly in Le Corbusier’s work as a pure architectural proposal, it does appear quite 
overtly in what is without a doubt Hilberseimer’s most radical and conceptually most 
quantitative proposal, H Bomb on Chicago, dated 1946. An excerpt from a lecture by 
his contemporary, Planck, would make a suitable caption for this piece: “An appropri-
ate calculation has shown that the quantity of energy liberated in this way in a cubic 
meter of uranium oxide pulverized in a hundredth of a second would be enough to 
raise a load of a billion metric tons to a height of some 18,000 meters. Such a quan-
tity of energy could replace the combined production of all the world’s most powerful 
plants for a good many years.”36 

While the grid does not appear in H Bomb on Chicago as a pure concept, it is at 
least present as the abstraction of a quantitative fact. As Frédéric Migayrou points out, 
destruction and radiation here are “translated into a pure motif, a variation in the sche-
ma,” which “accentuates to an extreme degree the modern status of the grid.”37 Exactly. 
Hilberseimer’s grid is the extreme limit that takes architecture from the integration of 
a future realization (abstract, conceptual, computational and an n-dimensional, the 
kind that Grid Computing continues to radicalize even today) to its realization, for in 
trying “to technically evaluate the disruption caused by the explosion of a hypotheti-
cal nuclear bomb on Chicago,”38 Hilberseimer is acting as the frontier between “old art” 
and “new art”: “old art tried to make the non-visible (energy, feeling) visible (by means 
of traces). New Art tries to make the non-visual (mathematics) visible (concrete).”39 This 
new art will be Minimal Art, which will evolve in an almost parallel process towards 
conceptual art. As for Hilberseimer’s ambiguity, it lies in the fact that H Bomb on Chi-
cago does not enable us to visualize energy by its traces, even though this energy is 
eminently mathematical.

Hilberseimer’s grid is “the tool for a rationalization in which space is no more than a 
parameter.”40 It has more than three dimensions but is not yet completely n-dimen-
sional; it is beyond physical space but cannot be in cyberspace (whose importance is 
recognized, along with that of distributed computing, by M. Novak as early as 1991). It 
destroys the classical limits of meaning but is not yet completely syntactical; it is ab-
stract and quantitative but not conceptual. Hilberseimer’s grid is thus a series of hy-
potheses based on the ultimate and systematic integration into production of a set 
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of n parameters (the fact that these parameters are no longer quite our own is of no 
importance here), about the final disappearance of all classical forms of city, about 
the impossibility of any kind of human synthesis, about the possibility of man’s purely 
conceptual existence, about “progressive cerebralization” (“which is quite simply this: 
an increasingly ineluctable distance between instinct and cortex, between intuition 
and concept, between color and figure”41), and finally, a hypothesis about the place 
of nature in production, thanks to the “production park system.” However -and this 
last hypothesis on the role of nature in production enables us to perceive this fairly 
clearly- a form of “academic respect for reality” prevented Hilberseimer from glimpsing 
certain essential mutations that will be considered later by Branzi (as we shall see in a 
future text). The first of these transformations is the transition from a classical image 
of nature to its “computational” image (this nature is today “fragmented, contained, 
reconstituted and simulated. Management transforms it into a data bank and simula-
tion into an environment.”42). I have shown something of the way this nature works in 
my “Research on the Biocapitalist Landscape”; nature here is transformed in a complex 
way, with every form of intelligence that can be extracted from it (biomorphic intel-
ligence, Natural Computing, etc.) increasingly consolidating its transformation. Al-
though the structure of DNA (1953) was discovered after The New City (1944), it had 
already ceased to be possible at the time to consider that nature could be this “natural 
camouflage” presented by Hilberseimer. To be convinced of this it may have been nec-
essary, like William Burroughs, to have “medicine in the blood.”43 This was exactly the 
case with Gottfried Benn, the Expressionist poet but also dermatologist, who in 1930 
prophesied the advent of a “new history”: “the history of the future, will be the history 
of the Mendelized countryside and of synthetic nature.”44 The second transformation is 
the henceforth very real possibility of integrating man into all the levels of production, 
and to do so independently of any concept of labor power (but rather, within a new 
concept of raw material). This anthropotechnics was also envisaged by Konstantin Mel-
nikov in 1930, in a project for a Green City on the edge of Moscow. F. Migayrou rightly 
points out the anachronism of M. Ginzburg’s proposal for this same project, for it is 
very much Melnikov’s radicalism that concerns us here. Now, this proposal, which, by a 
sublime irony preserves Malevich’s most revolutionary watchword: “Laziness as the Ef-
fective Truth of Man,” is the most productivist project that could then be envisaged: a 
“city of sleep.” Nor was the idea to produce an environment. Instead, it was to produce 
new subjectivities by direct, chemical means. Every kind of technique was brought 
into play towards this programming of the human and its sleep, since “rationalization” 
must not be “superficial, external. Its process, with regard to such and such an archi-
tectural solution,” must “go to the very root of things.” Melnikov envisages the creation 
of “laboratories” equipped with “special rooms with air that is rarified, condensed or 
enriched by a kind of ether, where suitable music, conceived by specialists, will ensure 
a deep sleep,” then the creation in the city center of an “institute for changing man’s 
appearance.” This project of Melnikov’s introduces a problematic that is taken up in the 
1960s by Timothy Leary’s “neuropolitics.” The third transformation that Hilberseimer 
does not envisage is the following: the disappearance not only of any kind of classical 
city, but also of the very concepts of city and city planning. Hilberseimer’s The New City 
is decentralized, but it is still planned. What Mies van der Rohe envisages, and what ex-
plains his almost constant but increasingly obvious lack of interest in planning (a lack 
of interest that will be shared by the whole of American avant-garde architecture, and 
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which alone suffices to demonstrate its advance on all other architectures), is the end 
of planning itself, the shelving of the very concept of town planning. “There are no 
cities, in fact, any more. It goes on like a forest. That is the reason why we cannot have 
the old cities anymore; that is gone forever, planned cities and so on. We should think 
about the means that we have to live in a jungle, and maybe we do well with that.”45 
Global positioning systems proved Mies van der Rohe right.46 Finally, the last devel-
opment, which Hilberseimer does not envisage -it was impossible- is the role played 
by the personal computer in the decentralization of production. Whereas Hilberse-
imer bases himself on the separation of habitat and industry, Grid Computing turns 
all the PCs in the world into the real place of decentralized, distributed production. 
Each PC, each house, each laptop computer, each individual, “each one in charge of a 
small part of a large-scale experiment.” No factory can hope to compete with this form 
of production. I call this new, global factory the Ambient Factory. In fact, the advent 
of Grid Computing is as fundamental as the introduction of the electric grid,47 which 
Hilberseimer sees as “the real force toward decentralization. Even the smallest settle-
ment can be supplied with water, electricity, heat and light.”48 But Grid Computing 
also overturns a number of established relations, including the one between producer 
and consumer. In Grid Physiology, the ordinary individual is a producer because he/
she owns a part of the computing resources (“producers also called resource owners”), 
whereas “commercial” societies are consumers (“consumers as grid users”). But what-
ever the nature of these individual elements, the dimension and meaning of the ex-
ternalization of production that is now underway cannot be reduced to the problem 
of physical relocation envisaged by Hilberseimer, or, conversely, to a simple problem 
of communication in cyberspace.

Here we have considered only a very limited number of elements relating to the 
question of production, but if the capacity “to raise a load of a billion metric tons to 
a height of some 18,000 meters” added to the possibility that “such a quantity of en-
ergy could replace the combined production of all the world’s most powerful plants 
for a good many years” was enough to provide L. Hilberseimer with a whole research 
program, the new computational reality that is the totalization in three years, within 
the seti@home grid computing project, of the equivalent of 400,000 years of comput-
ing time on a single processor, should also be sufficient for our needs. As for our own 
production, the contemporary production mentioned at the beginning of this essay, 
presages of which I have looked for in Le Corbusier and Hilberseimer, here are some of 
its characteristics:

 • Computational production.
 • Distributed production (thanks to grid computing, shared computing or parallel 

computing).
 • Analytical production (the continuous reading and analysis of databases are exam-

ples of production based only on analysis. But, on a lesser scale, the media and cul-
ture were also elements of this kind). 

 • The quasi-exponential and automatic production of a quantity of knowledge and 
number of scientific discoveries thanks to generalized computerization and to the 
associated “formal language games.”
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 • Development of Virtual Laboratories.
 • Scientization of capitalism, visible in the operational concept of Integrated Sci-

ence49 leading to a scientific (algorithmic) capitalism.
 • Integral capitalism (capitalism based on the integration of science into every type 

of production, on the integration of the sciences in general into a constantly grow-
ing whole -more powerful than the sum of its parts- and on the necessary junc-
tion of different types of knowledge: knowledge concerning language and, more 
generally, any form of abstract information -infocapitalism- knowledge of the 
properties of inert matter -technocapitalism- and knowledge of the properties 
of living matter-biocapitalism. An example of integral capitalism is the DNA com-
puter, which brings together multiple fields of knowledge from among the three 
types mentioned here. Many other examples can be found in the biotechnologies. 
The profound difference between integral capitalism and all other “pre-computer” 
capitalism is its automatic growth and the natural character of this growth. A DNA 
computer allows us to decipher and process more information, which information 
can in turn boost the performance of the computer, etc. In the most recent pre-
computer capitalism -in the automobile industry, for example- a car (now physi-
cally constituted by 50% computing, but almost 100% if we consider the complete 
process leading to its production) had no direct effect on the robot that produced 
it. The circular and radical consolidation of knowledge and production is some-
thing new, and is based on the fact that a computer or group of computers can at 
any moment synthesize a huge quantity of knowledge and information within a 
new production.

 • Capitalism that may be cognitive, but that is not based on any human synthesis.
 • The Ambient Factory: directly linked to Grid Computing and computational (and 

not only informational) production.
 • Lastly, I would add to these various elements that characterize contemporary pro-

duction the disappearance of the actual concept of human labour power in favor 
of the idea of man as a raw material (physically, with M. Iacub’s idea of “human 
matter,”50 but also formally, in databases, whether genomic, proteomic, etc., and in 
the form of symbols and formal languages concerning his biological constitution). 
If capitalism is based on science, most of Musil’s hypotheses and Planck’s affirma-
tions are now becoming practical, global realities. For Planck, “The world of the 
senses (the human senses) is the one that, so to speak, provides science with raw 
material for its work.”51
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techniques are concerned with bioethical law, not the body, but the ‘human material’ […] Since 
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the invention, in around the 1970s, of brain death and the medical techniques that accom-
panied its appearance, notably intensive care and transplants, death has ceased be beyond 
the reach of biopolitics. The original human material […] no longer experiences death but an 
indefinite and infinitely modifiable life. In the eyes of the managers, life and death no longer 
differ; they are two symmetrical and homogenous moments. Life does not emanate from the 
individual but from human matter […].” M. Iacub, “Les biotechnologies et le pouvoir sur la vie,” 
L’infréquentable Michel Foucault, Paris: Epel, 2001.

 51 M. Planck, Signification et limite de la science.
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This 45-story, 450,000-square-foot residential tower incorporates multiple levels of 
architectural complexity in its design, manufacturing and assembly. Construction-
ally, the design is based on a transformation of four structural tubes, three interior 
and one exterior. This structure integrates all mechanical and electrical systems; as 
it transforms, it opens to allow light to penetrate to the interior. The integration con-
tinues in the development of techniques that enable the fabrication and assembly 
of all building systems. Through its capacity to be adjusted and fine-tuned interac-
tively, the design creates varied unit types that provide opportunities for new real 
estate sales models, based on qualities and potentialities of spaces rather than sim-
ply square footage.  Economy at the scales of assembly and manufacturing, com-
bined with the provision for innovative approaches to unit sales, allow for the devel-
opment of elegance in a cost-effective way.
  
The building overlooks the city of Dubai and the Arabian Gulf on one side and the 
desert on the other. Located on Sheikh Zayed Road—the main thoroughfare con-
necting Dubai and Abu Dhabi, the project attempts to engage Dubai’s status as a 
regional economic hub and as a haven for foreign nationals seeking to invest abroad 
and to dodge political unrest at home. By catalyzing exchanges with both its resi-
dents and the larger city, the building aims to facilitate a series of migrations, wheth-
er human, economic, or architectural.

To incorporate the myriad economic factors and site relationships into the design, 
our design goal was to activate the middle—the section of the building typically 
considered least desirable from a real estate perspective. Each floor and the struc-
ture responded to three desirable conditions: privacy between units, maximization 
of views to the surrounding landscape, and the provision of several emergency exit 
paths. 

The twisting generated the tower’s undulating profile—a vertical coastline marking 
the flows and migrations within the system that generated it. In addition, the mid-
dle floors of the building were compressed or made shorter in height. As these new 
organizational patterns were guided by our decision making process, we developed 
new possibilities for the economic development of the middle section of the tower. 

The building consists of two contiguous 45-story buildings that fuse, shedding their 
individual identities. Each story in the tower is developed into a variable module 
consisting of concrete, glass, and portions of a concrete structural core, elevator 
shaft, and emergency exit stairs. In aggregate, the variations between the modules 
produce the dynamic shape of the overall tower. The exterior glass walls are inflect-
ed, some curving outward and others remaining flat. The windows are clad in heat 
sensitive low-iron glass that exhibits differing qualities depending on the location of 
the sun and amount of heat gained on its surface. The structural modules also twist 
over the height of the building, altering the load-bearing capacities of each floor. 
The elevator core stays roughly in the same position between floors, but the emer-
gency stairs are torqued to maximize their potential utility.
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The inflections in the building’s envelope and cores cause the interior spaces to 
compress and expand from floor to floor. The plan of each level is unique. On floors 
where the emergency stairs and elevator core are close together, the space in-be-
tween may be used for storage; on the floors above, as the two cores move farther 
apart, the interstitial area grows larger and may afford a dining space. The compres-
sion of the middle levels leads to units that have lower ceiling heights and are gener-
ally smaller and more affordable, alleviating the potential undesirability of the apart-
ments on these floors. The units in the tower thus avoid the repetition and sameness 
typical of high-rise residential buildings. Apartments in the building range from 
studios to four-bedrooms and vary in size from 1,000 to 5,000 square feet. However, 
the complex inflections of spaces, room sizes, ceiling heights, and apartment organi-
zations makes it impossible to reduce units  to descriptions like “two-bedroom.” In-
stead, each apartment affords a range of conditions and possibilities for occupation 
that expands the developer’s options for marketing the units.

The relationships between structure, emergency stair core, and unit change not only 
between floors but also in response to the unique aspect of each user. For example, 
the curvature of the exterior glass windows generates effects that change in relation 
to the perspective of inhabitants and passersby moving within or past the building. 
As the building’s envelope and spaces shift, twist, and rotate, they produce migrat-
ing effects in perception and use. On a larger scale, these perceptual and occupa-
tional effects may attract other foreign nationals to purchase units in the building. 
Hence the formation has the potential to inflect local migration patterns and to be 
transformed by changing occupancies. 

The migration is also developed into inter-relational models of the fabrication of the 
systems that are done off-site. The model that is developed with the collaboration 
of glass manufacturers and concrete fabricator in Guangdong, China, is responsive 
and is specific to the cost of glass and its curvature that controls its cost. The glass 
is linked to the overall building form, and as the form is changed so is the glass. In 
addition to this direct relationship changing, the relationship of all the other glass 
pieces also changes. This zone of influence of a particular change is designed to be 
gradual to maintain the aesthetic elegance of the project while also modulating the 
tower and the curvature of glass to make it affordable.
 
The building also contains effects in relation to its site. Several features at the base of 
the tower may serve to draw commerce away from Sheikh Zayed Road and toward 
the desert, possibly increasing the value of the land behind the tower and produc-
ing another migrating coastline. Amenities at the base include ponds that create a 
cool environment and power outlets that may facilitate the gathering of markets. 
The exact outcomes generated by such affordances depend on the specific behav-
iors of users. The intention, however, is to provide the potential of shifting economic 
exchanges and openness towards the desert.

By suggesting a new approach to selling real estate—in terms of qualities and po-
tentials of space rather than simply square footage, the design of the tower may 
influence how developers build and market condominiums in the future. The for-
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mation comprises a series of migrating coastlines that reflect and shape the resettle-
ment patterns of its residents—specifically, their attempts to gain residency in the 
UAE by purchasing real estate in Dubai. Finally, the tower inflects the local economic 
conditions of Sheikh Zayed Road, potentially shifting the relationship between the 
desert and the city. 

Editor’s Note
For images see Ali Rahim and Hina Jamelle, 2007 ”The Economies of Elegance 
Migrating Coastlines: Residential Tower Dubai”, In AD Elegance, pp 66-75. 
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Introduction

Approaching its second anniversary after its creation in August 2007, the AA Digital 
Prototyping Lab is asserting its central role as model making facility, manufacturing 
laboratory and fabrication knowledge centre assisting in the teaching activities relat-
ed to the various units and programs throughout the school. Available to all current 
students and staff on an equal basis, the Lab enables access to the most current CAD-
CAM technologies for individual projects or specialist courses and in addition organ-
izes its own independent workshops exploring the limits and possibilities of architec-
tural design centred around fabrication.

This paper offers an overview of the different categories of work and the separate 
goals that are being pursued through the research linked to the Lab, as machines are 
being used for purposes ranging from mere representation of digital complexity to 
the invention of new, machine-based design+build scenarios.

The Digital Prototyping Lab at the Architectural Association

The Digital Prototyping Lab was created in 2007 by concentrating two existing proto-
typing machines in the school in a new space together with three new machines and 
a teaching space. Fulfilling a demand already evident in the large number of students 
relying on external companies such as 3D printing bureaus, the Lab was an instant 
success and has been growing rapidly since its creation, acquiring new machines and 
staff. It currently houses three laser cutting machines, three CNC milling machines and 
two 3D printers and is operated by two full-time staff members and a team of paid 
student assistants1. Use of the machines is free except for the cost of materials, and 
various programs organize courses and workshops are centred around them. 

To complement the range of work produced in the lab and expand upon the ca-
pacities of the machines, the lab staff have started conducting research and organ-
izing student workshops experimenting with the technologies and design processes 
informed by them.

Representational Techniques: Visualizing Complexity

As most of the current student population even from the first years on are develop-
ing their projects through digital modelling applications such Rhino, Maya and 3D 
Studio, a large number of objects produced in the Digital Prototyping Lab is serving 
the purpose of visualizing the spatial complexity and formal intricacies of their de-
sign. Increasingly, even designs featuring standard Euclidean geometries are being 
proposed to be produced by CNC milling or 3D printing. The Lab operates very few 
policies on this as it is recognized that there is a benefit for the students in the possi-
bility to produce output quickly and time efficiently, with a series of models serving as 
conversation pieces, helping the rapid development of a project through visualization 
and analyses. The true potential of these types of use however lies in the combina-
tion of the speed and precision of rapid prototyping with the complexity that student 
projects can incorporate through the increasing accessibility of modelling and script-
ing tools such as MEL, Rhinoscript and Grasshopper. After the period of excitement 
and fascination with complexity and parametricism, there is a renewed academic in-
terest in how its products can actually perform.
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Physical Prototyping as Design Research

‘Digital Prototyping’ as a term is a combination of technologies referred to with ‘dig-
ital fabrication’ and processes exploring prototypes both as innovative architectural 
models or concepts, and physical objects which can be tested for performance. The 
Prototyping Lab has witnessed an increasing interest in using physical prototypes as 
means to develop student research, using quickly produced models to evaluate vari-
ous performance criteria which would be harder to simulate in a digital environment. 
In addition, the ability of discovering unforeseen possibilities through working ‘by 
hand’ with series of digitally fabricated components or building elements is adding an 
extra dimension to the students research and the combination of digital prototyping 
elements and techniques that allow for material computation offers the possibility for 
the emergence of projects that are not entirely about control.

First and foremost, the experience with the prototyping teaches students how to 
work with digital fabrication as construction technique as the machines could be con-
sidered as a model for real-life manufacturing.

Fabrication Intelligence: CAM technologies as design parameters

The work of some of the teaching programs within the AA as well as independent 
workshops organized by the Digital Prototyping Lab demonstrate a increasing interest 
in the specific qualities of digital fabrication technologies and how they can be inte-
grated in parametric design processes. As specific technologies such as CNC milling 
and laser cutting can be considered as a model for machines used in the building in-
dustry, the exercise of incorporating the design-to-production process can offer good 
learning opportunities as well as positive limitations which can inform more realistic 
design scenarios.

The workshop ‘AudioLounge’, organized by the Digital Prototyping Lab in collabo-
ration with the AA Independent Radio (AAIR), was intended to investigate the design 
and production process for a 1:1 scale furniture object incorporating various listening 
positions for the different types of content of the AA Radio. Experiencing a range of 
limitations and problems using a process based on standard CAD-CAM software, the 
project also demonstrated the low material economy caused by the top-down ap-
proach of a complex geometry sliced into many layers of foam2.

A series of workshops with the title ‘Fabrication Intelligence’ have been organized 
to investigate other possibilities, such as the integration of fabrication limitations into 
the very early stages of (scripting based) design processes. In the workshop brief for a 
parametric shelf wall for instance, the goal was to consider the nesting of individual 
elements in larger sheets when CNC cutting plywood elements, to try and achieve a 
one hundred percent material efficiency. Additional demands such as ‘no screws, no 
glues’ were implemented to stimulate designs that could be easily assembled and dis-
assembled, and all students teams achieved differentiated systems through the cod-
ing of the manufacturing layout system back into the design3.

Hacking into the Machines: Scripting G-Code and Adapting Hardware

Under the new agenda ‘Proto-Design’ at the AA’s Design Research Laboratory (AADRL) 
master program, a number of students have started, in collaboration with the Digital 
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Prototyping Lab, to investigate possibilities of bypassing existing CAM software and 
adapting the standard infrastructure to enable formative or additive fabrication proc-
esses in existing CNC machines.

In some experiments for instance, a customised toolpath was generated through 
a Rhinoscript designed to output machine-specific G-Code, moving a heatgun 
mounted on the CNC machine’s spindle in spiralling motions to apply heat to sheets 
of thermoformable plastic for longer or shorter periods of time. In other experiments, 
equipment to deposit clay or wax was attached to the router position, enabling the 
construction of three-dimensional structures in formations related to the behavioural 
patterns within the movements of the machine4. 

In order to be able to link the output from generative algorithms in the Maya or 
Rhino software, simple scripts were developed to translate coordinates of points along 
curves of movement into G-Code, with the syntax being able to adapt for the different 
types of machines.

Designing Customized CNC Devices

Additionally within the AADRL masterprogram’s new Proto-Design agenda, short 
workshops and studio topics have been organized to start investigating the possibili-
ties of using custom-built CNC-devices as part of design-research processes5. 

Rather than adapting existing CNC technologies which were originally developed 
for customised but repetitive, centralised production of industrial components, this 
research speculates on the design potential of machines specifically developed for ar-
chitectural production. Using a homemade, low-cost hardware setup to test various 
specific production processes with a high energy and material efficiency, the limita-
tions of these custom-built machines are seen as creative possibilities rather than re-
strictions. Besides developing and building the actual machines, students are asked 
to reflect on and develop the possibilities of an emergent design language that is in-
formed collectively by input parameters, material formation specificities and machinic 
behaviour based on the specific layout of the device.

Specific advantages of this approach are already presenting themselves, such as 
the possibility of using low-cost, lightweight machines in mobile scenarios at unusual 
scales. The AADRL studio ‘Machinic Control’ led by Marta Malé-Alemany and taught 
with Jeroen van Ameijde, focuses specifically on the design opportunities for pro-
totypical housing based on specific, on-site fabrication scenarios using custom-de-
signed, Computer Numerically Controlled construction systems. Student work within 
the studio includes a project focusing on environmentally responsive housing typolo-
gies constructed through a layered fabrication process using paste-like materials, and 
a project featuring a lightweight, high-performance housing design and construction 
scenario using an on-site adaptation of filament winding technologies6.

Conclusions and Future Developments

The expansion of lab facilities and increased involvement with digital prototyping 
technologies has caused a noticeable impact on the student work produced at the Ar-
chitectural Association. Gradual growth has increased the exposure of students and 
their projects in all parts of the school, and the ever increasing demand for more and 
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better machines has caused the school to consider plans for dramatic expansion of the 
Prototyping Lab in the future.

Through teaching courses and workshops, Prototyping Lab staff and invited col-
laborators are shaping a new agenda focused on exploring the potential of fabrication 
based scenarios in architectural design processes, pushing the boundaries of existing 
digital fabrication technologies and inventing new ones altogether. In the latter area, 
a whole new field of exciting possibilities is opening up with several projects that can 
be developed for the years to come, investigating the architectural potential of ma-
chine-based production processes and exploring scenarios from the School’s unique 
position at the overlapping fields of technology and design.
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Algorithms and Oulu

At present the study of algorithm-aided architectural design is developing strongly 
from bottom to top in the Department of Architecture at University of Oulu in Finland 
as it is in the leading architect schools in other countries of the world. Both students 
at an advanced stage and young researchers have shown creative development in the 
field of algorithm-aided architectural design, and also extension course workshops 
have been arranged. The results have been high quality and have raised wide interest 
in Finland. The Department of Architecture at the University of Oulu is the only archi-
tecture school in Finland that has had any courses in Algorithmic Architecture even it 
is not yet part of the curricula. 

Even internationally the use of algorithms in design is a relatively new phenom-
enon. Regardless of the excitement which exists among the students in Oulu, the new 
design methods and change in design approach are not viewed without some criti-
cism. First and foremost, they are seen as new, additional tools for design. “Algorithmic 
architecture is not a new trend or fashion in architecture, even as a name it is slightly 
misleading.” 1. The design and construction methods cannot necessarily be detected 
by looking at the outcome. Therefore one cannot always tell whether a project has 
been designed using algorithmic design methods or not. Often however the exciting 
possibilities presented by the new tools can be initially overwhelming and the result-
ing designs become distinctively complex and organic. The first structural experi-
ments have been built using timber and plywood. The use of timber based materials 
and the striving to be practical can easily be seen as the characteristics of a northern 
interpretation of an international phenomenon.

Ligna Pavilion

The latest project that was manufactured in a 1:1 scale by the young architect Eero 
Lundén (at that time still student of architecture) and senior student of architecture 
Toni Österlund (finishing his diploma work) was a wooden pavilion construction for 
Woodpolis Ltd 2 to Ligna Hannover - World Fair for the Forestry and Wood Industries 18-22 
May 2009. The Ligna Pavilion was an experimental, 100% wooden building. It incorpo-
rated the logic and behaviour of natural growth models with architecture to generate 
the structure of the pavilion. Algorithmic design methods were used to control and in-
tegrate the design and manufacturing processes. The construction of the pavilion was 
scripted in Rhinoscript and it used the L-system for generating its organic structure3. 

Aristid Lindenmayer (1925-1989) was a Hungarian biologist. In 1968 he developed 
a formal language that is today called the L-system or Lindenmayer Systems. Using 
those systems Lindenmayer modeled the behavior of cells of plants. The L-system is 
nowadays used to model fractal plant growth. The main idea of the L-system is that 
it is possible to create polymorphous systems by simple rules. Even though the L-sys-
tem is quite simple to generate in 2D, its transformation in three dimensional version 
to the Rhinoceros program appeared to be challenging. The first task of using the al-
gorithmic tool for designing the Ligna Pavilion was to find a way to control the plant 
growth in 3D, so the resulting line network would work as a pavilion structure. It is 
relatively easy to create a 2D line network that use the X- and Y-axels to control the 
growth, but it is much more difficult to define in 3D. By using a predetermined surface 
to control the growth of the plants, the network of lines was grown three dimension-
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Fig. 1

Space shaped by the surrounding trees gives formal idea for the Ligna Pavilion.

Fig. 2

L-system was used to generate the organic structure of Ligna Pavilion.

Fig. 3

Ligna Pavilion seen from above.
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Fig. 4

Wooden peg joints of Ligna Pavilion.

Fig. 5

An in-depth structural analysis was conduct-
ed of Ligna Pavilion.

Fig. 6

Mounting the 1:1 scale prototype of Ligna Pavilion.

Fig. 7

Final Ligna Pavilion at Ligna Hannover - World Fair for the Forestry and Wood Industries 2009. 
Photograph by Timo Mäkisalo.
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ally to make the cupola-like tree structure. The resulting structure consisted of 19 dig-
itally grown trees that together formed a complex set of braches. A so-called cleaning 
script was made to join similar branches together and simplify the overall structure, 
because the structure was to be built of wooden material. The second challenge was 
to transform the network of lines into a structure that the CNC-milling device would 
be able to produce. For that purpose a special script was made that calculated all the 
intersections on the lines, gave them thickness and produced the connecting pegs for 
assembly.

The Ligna Pavilion is made out of birch wood and the machinery used for actual 
milling was cnc-aided machinery called Hundegger K2. Usually this machinery is used 
in the field of the log house industry. That is why the the minimum length is 450 mm 
and minimum milling measurement is 50x50 mm, which was quite a large diameter 
for a small pavilion structure like Ligna. The final structure consisted of 324 different 
branches in four different dimensions. All joints were wooden peg joints, that were 
calculated so that not more than two branches connected at the same point. Eero 
Lundén and Toni Österlund used also civil engineer student Tuomo Järvenpää to do 
the structural calculations needed for the building permission in Hannover. The cal-
culations showed that the structure used only about 18% of the structural capacity of 
the birch wood.

Before the final milling of the structure, a 1:1 prototype model was made out of 
pine wood to make sure that the construction itself and the joints worked as wanted. 
The milling took place at Woodpolis in Kuhmo. Woodpolis Ltd is a Finnish expert or-
ganization of the woodworking branch and an active actor in Kainuu. Its co-operation 
network and expertise are available for woodworking enterprises and educational in-
stitutions. The aim of Woodpolis Ltd is to raise the overall level of know-how in the 
wood constructing industry by offering an operational environment, which consists of 
modern woodworking machines and programming software and which is applicable 
for training, R&D and manufacturing purposes. – Co-operation with organizations like 
Woodpolis Ltd is important for the university, in order to be able to create large scale 
prototypes and real structures with building production scale machinery.

Future challenges

Architect Eero Lundén who graduated in May 2009 continued studying the structure 
of the Ligna - pavilion in a larger scale in his diploma work Paka Stadium – Football Sta-
dium to City of Turku, Finland. Toni Österlund is finishing his diploma work by studying 
the use of genetic algorithms under theme of Morphogenesis and Ecology in Architec-
ture. Eero Lundén and Toni Österlund are not alone, because in the core of algorithmic 
architecture development in the Department of Architecture at the University of Oulu 
is a group of enthusiastic students. In January 2009 the Finnish Cultural Foundation 
awarded this group4 a grant to organize the international seminar Generate that took 
place on 30th October 2009 at Oulu, a design exhibition with 1:1 and 3D-scale models 
and to edit a publication based on high quality advanced student projects and de-
signs already carried out. The main interest of this group is on generating architectural 
structures by algorithmic scripting to Northern conditions out of wood material. 

At the moment the focus is on presenting designs for physical structures and in-
stallations. The subject field is vast and will give rise to research and development 
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Fig. 8

Voronoi canopy structure made out of ply-
wood by Toni Österlund.

Fig. 9

Space under the Voronoi canopy by Toni 
Österlund.

Fig. 10

Taphina Pavilion by Eva Haggrén.

Fig. 11

Taphina Pavilion: natural lighting study of inte-
rior space by Eva Haggrén.

Fig. 12

Paka Stadium structure by Eero Lundén.
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projects for years to come. Recently some examples of the possible use of algorithms 
in the urban context have started to emerge. Lighting in urban areas, for example, can 
be designed to react to changing conditions or situations by using genetic algorithms 
and interdisciplinary cooperation. There are also emerging examples of projects where 
natural conditions of the site such as prevailing winds or sea currents are being used 
as inputs in the algorithmic design process. These examples represent only the first 
steps along the path of the new approach in architecture. As the paradigm shift slowly 
takes place, skills and knowledge spread among the practitioners and interdisciplinary 
fields as a result of which many more applications which will benefit architectural de-
sign, will no doubt be discovered. 

Challenges of institutions on responding new phenomena

The initiative and the interest in using algorithms in architectural design at the Depart-
ment of Architecture in the University of Oulu grew bottom up, from within the stu-
dent community. When Eero Lundén and Toni Österlund presented their design and 
research projects in the spring of 2008, I immediately realised that this was more than 
just a one-off project. The enthusiasm in algorithmic architecture was clearly much 
wider and begun to spread like wildfire. A workshop5 organised during the fall of 2008 
with Toni Österlund as teacher gathered together an excited crowd of students. As the 
skills progressed, interests and ambitions grew and it was soon realised that research 
into algorithmic architecture had to continue. Students also had a real need to see 
their works in 3D format. Unfortunately the University did not have funds to organise 
an exhibition, let alone publish a book. As I had already been involved in organising 
the workshop and seen the outcomes first hand it seemed like a good idea to set up a 
project group and apply for external funding. We made an application to the Finnish 
Cultural Foundation which was successful. It is thus that we are now able to publish 
this book GENERATE.  From algorithm to structure6, hold a seminar, put on an exhibition 
and organise new workshops.

The enthusiasm of the students in the use of algorithms has also made me, as a 
teacher and a representative of the University, consider my role in relation to such new 
phenomena and the learning process. In all honesty I must confess that whilst being 
the head of the Algorithmic Architecture Project Group, my role is merely that of a pro-
ducer as I do not have the skills to use algorithms as a tool for design. At times it has 
felt odd to be assisting students with their design projects which have been in essence 
outside my own skill base. As a result, I have only been able to comment on the form 
and structure of the designs rather than the design process as such. In practice I have 
had much help from Toni Österlund who has been the only person at the Department 
whose skills have been sufficient to review projects designed using algorithmic meth-
ods. The situation is simultaneously remarkable and distorted. It is remarkable that the 
University engenders students who are able to follow international trends independ-
ently, to develop the necessary skill base and adapt a new tool for design. The skills of 
the few individuals are passed around, creating enthusiasm and are eventually trans-
formed into a resource for the entire academic community. As teachers, we should be 
content as new methods of learning and the community based use of information and 
communication technologies are being used by the students voluntarily. What makes 
it distorted is that it this leaves the University as an institution solely the role of being 
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the guardian. I believe that the student-led approach is just an initial phase as the new 
phenomenon turns out to be something more than a passing trend and one way or 
another takes its place within the Architectural Department. In a way, however, the 
student-led learning process acts as a pioneer in showing a way towards an open and 
progressive organisation structure. 
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Introduction 

This paper describes an ongoing research investigation into the limitations and po-
tentials of fabrication machinery and particularly of CNC milling machine in the De-
partment of Architecture at the University of Nicosia. The investigation examines and 
discusses the 3D use of milling machine through various examples. Thus, attention is 
given not only to the final results but also to the process behind the use of this tool. 

The paper is divided into three parts: 
 • The first part gives a brief introduction to the goal of this paper. 
 • The second part presents a case study where the milling machine is used for the 

production of 3D forms. In this part, basic steps of fabrication procedure are dem-
onstrated attempting to give an overview of the process and to discuss the limita-
tions and potentials of the milling machine. 

 • The third part draws some general conclusions.

Nowadays, different types of fabrication machines are becoming a central aspect of 
architectural design influencing various stages of the design process. Together with 
advanced digital design tools, they are used in schools of architecture (architectural 
studio or digital design courses) and in architectural firms all over the world. However, 
the way tools are used in the design process is still unclear and not to their full extent 
due to a number of reasons (or restrictions). Among others these might include:  
 • Limited ability or ignorance (in the worst case) of students and architects to apply 

digital fabrication techniques to their designs. 
 • Digital design courses focus on the teaching of digital tools and little attention is 

given to the teaching of digital fabrication. 
 • Digital fabrication courses are very rare or non-existent in architectural curricula. 
 • Lack of knowledge of limitations and potential of digital manufacturing tools. 

An attempt to actively introduce digital fabrication as an indispensable part of digital 
design courses is under investigation in our department and it has been initiated by 
establishing a digital design and fabrication laboratory (see Kontovourkis and Econo-
mides, 2009). Currently the laboratory is equipped with a 3D printer and a CNC milling 
machine. 

So far, the CNC milling machine has been applied for the production of physical 
models using 2D functions (operations) of the machine. In other words, two degrees 
of freedom (DOF) have been applied, the movement of a cutter in x and y axes1. 

Students have been using the machine for their architectural studio courses pro-
ducing interesting results. 2D elements were cut and assembled in order to produce 
their physical models. Figure 1 shows an example where the CNC milling machine has 
been used in architectural design courses [Postekis, Spring2009].  

However, a CNC milling machine (depending on the model), apart from cutting 2D el-
ements, can be used for milling 3D forms. It can be used to sculpt a block of material 
using z axis as well, and this can be done from one, two or more sides of the material2. 
 • What happens in case where an object has to be milled from two sides? 
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 • What are the limitations and potentials of the machine? 
 • How can the architect-user effectively participate in such a design and fabrication 

procedure? 

In our department this investigation was something new since the 3D capabilities of 
milling machine (beyond its conventional 2D use) had not been examined before. And 
it was very interesting to test possibilities, observe the results and draw useful conclu-
sions for developing our understanding, hence for improving the digital design and 
fabrication courses. 

Information on the use of 3D functions of CNC milling machine and on how one or 
two-sided forms are milled follows Desktop Prototyping software tutorial [Delft Spline 
Systems, 2006]. So, having the information, the next step was to introduce this into the 
general framework of the design process using a process of trial and error.    

Case study 

Design creation 

The first step in this procedure is obviously to define the form under investigation. It is 
well known that machines have certain working dimensions (working areas) that vary 
according to the type of machine. The scale of model can be adjusted into these di-
mensions or if it is impossible to fabricate it using a single block of material to decom-
pose it into more parts [Pottman et al, 2007, p 587]. The type of machine (STEP-FOUR 
Precise 1000) used in our lab has working dimensions of 1000mm width (x), 600mm 
length (y) and 100mm height (z).  

The limitation of the machine’s z dimension can also influence the height of form 
and the way this is treated on the machine. In this case, the machine can mill objects 
up to 100 mm, meaning that maximum z dimension of the model, total or partial, can-
not exceed this dimension. 

Fig. 1

 The use of CNC milling machine in architectural design courses [Student: Postekis, Spring2009].
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Case study investigates forms that are divided into two main categories: 
 - One-sided 3D forms. 
  Examples may include landscape, surface, façade design, etc. 
 - Two-sided 3D forms. 
  Examples may include long-span structures, industrial object design, etc.

Forms have been generated using 3D modeling software (3DStudio Max) [Murdock, 
2008]. An important part in design procedure is to create forms that can carry certain 
geometrical characteristics like curved surfaces (convex and concave) in order to test 
a machine’s capabilities beyond its vertical and horizontal milling functions. 

The design of 3D forms in both categories has been achieved using Wave modifier 
from the Modify menu in the 3D modeling software as shown in figure 2.

Changes tο the modifier’s parameters allow the creation of several design solu-
tions. Τhe following figures show 3D forms that have been created for testing purpos-
es. Figure 3 shows a one-sided 3D form. Figure 4 shows a two-sided 3D form.  

Figure 5 shows another design example, again based on similar geometrical prin-
ciples. A 3D form has been generated starting from a chamfer box. A relax modifier 
has been applied and a selection of vertices has been used to deform the upper part 
of the object (Edit Poly Modifier to select the vertices). 

Input information into the program: milling paths calculation  

Before geometry is loaded into the machine for milling, the milling paths are calcu-
lated using appropriate software. The software (DeskProto 4.1) [Delft Spline Systems, 
2006] is used to prepare the prototype and to specify the parameters for the milling 
machine and cannot be used for geometrical manipulation. The geometry can be 
loaded into the software using STL (Stereolithography) file format or other formats 
like DXF (Drawing Interchange Format). 

An important part in this stage is the way various parameters are defined.  There is 
no rule governing this and the selection of appropriate parameters and settings might 
influence the milling process. 
Parameters and settings include: 

 - The number of segments: the segment defines the outline of the object’s part that is 
going to be milled. Obviously, the dimensions of the segment determine the block of 
material as well. One or more segments can be used, usually one segment for a one-
sided form, two segments for a two-sided form, etc.  

Figure 6 shows two examples where a two-sided milling procedure is applied. In both 
cases two segments are used; however, the way the segments are defined in each case 
is different. 

In the first case (see figure 6 top), for the upper and the lower surface the dimen-
sion and the position of the segments are identical because parts of the surface are 
overlapping. However, because the block of material will be milled from two sides, two 
parts are defined, the front and the back. For the lower part (or back side) the object 
has to be turned upside down and the same applies during the fabrication procedure.    
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Fig. 2

The use of Wave modifier for the generation of forms. 

Fig. 3

One-sided 3D form.

Fig. 4

Two-sided 3D form. 

Fig. 5

Two-sided 3D form.  



126 File to Factory: The design and fabrication of innovative forms in a continuum

In the second case (see figure 6 bottom), for the upper and the lower surface the di-
mension and position of the segments are different. Because parts are not symmetri-
cal, the position of the segments in z dimension is moved from the central axis3. 

Fig. 6

Defining number of segments in two-sided form.  

Fig. 7

Two-sided milling paths (Toolpaths). 
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Parameters and settings also include: 
 - The type of cutter and parameters related to the operation of the cutter, like the dis-

tance between toolpaths (route of cutter) in each iteration of the cutter’s movement, 
the smoothness of the surface (roughing or finishing)4, etc. 

In this case study the ball nose cutter is used. The edge of the cutter is hemispherical 
and it is used for curved surface milling providing good quality results on the surface 
of the form [Delft Spline Systems, 2006]. 

The cutting operation can be in one, two or more stages, which might be catego-
rized into roughing, finishing, or another operation stage [see Delft Spline Systems, 
2006]. In the case of roughing, large diameter of cutters and large distance between 
toolpaths are used. In the case of finishing, because the surface has to be as smooth as 
possible, a small diameter of cutter and short distance between toolpaths is defined5. 

Then, the milling paths (or toolpaths) are calculated. The architect-user can ob-
serve the toolpaths and workpiece point, which is the starting point of the paths for 
each segment (see figure 7). The last step in this procedure before the toolpaths are 
loaded into the milling machine is to save it as NC (Numeric Control) program. 

In the case of two-sided geometry, the front and back side are calculated separate-
ly since the block of material will need to be turned upside down after the first side is 
milled (see figure 7). 

The architect-user needs to check all parameters and toolpaths before the NC program 
is loaded into the milling machine. Parameters that have been defined virtually need 
to match the actual parameter-conditions during the fabrication process. These may 
include dimensions of the block of material, type of cutter (cutting length, diameter, 
etc). 

Any inconsistency between virtual and real parameters may cause problems and 
failures during the fabrication process. Our investigation faced such problems, which 
caused damage to models and repetitions of the procedure several times before ob-
taining satisfactory final results. 

Input information into the CNC milling machine  

The preparation before the NC program is imported into the milling machine includes: 
 - The selection of the appropriate material and the right dimensions of the block 

(Balsa).
 - The use of the appropriate cutter (3.0 mm and 2.0 mm diameter).
 - The definition of workpiece zero point on the milling machine. 

The material with the appropriate size is placed on the working area. The architect-
user moves the cutter (x, y, and z directions) towards the position of workpiece zero 
point (black dot) as it is defined by the software and can be seen in the toolpaths (see 
figure 8 top). 

Then, the NC program is imported (see figure 8 bottom), the calculation of milling 
time is given and the milling of the block of material starts. 
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Milling and prototypes 

The following figures show some stages in the process of milling one and two-sided 
forms. 

Fig. 8

The workpiece zero point.

Fig. 9

Two-sided form: front side. 

Fig. 10

Two-sided form: back side.  
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After the first side (front) of the material is milled, the prototype is cut and prepared 
to be positioned and then to be milled from the second side (or back). The half model 
is positioned in relation to the previous position of the material and workpiece zero 
point (the machine can specify this automatically) but now is turned 180 degrees in x 
axis. This is the same rotation angle with the settings defined in the software for calcu-
lation of toolpaths. Figure 10 shows some steps in the process of milling the back side 
of the prototype. Figure 11shows front side and final model. 

The following figures show more examples where the same approach has been 
investigated. 

Fig. 11

Two-sided form: 
back side.  

Fig. 12

Two-sided form: back side.  

Fig. 13

Two-sided form: back side.  
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Figure 14 shows the final model of the two-sided form; figure 14 left shows the final 
model with supporting parts. The workpiece zero point for the back side has not been 
specified correctly resulting in unsuccessful outcomes.  

Figure 15 shows the unsuccessful results of the milling process. The examples are 
results of the wrong calculation of toolpaths and problems with the cutters. 

Results 

Results show that a milling machine can be used for the fabrication of a large number 
of forms. In this case study, one and two-sided 3D surfaces have been tested showing 
that limitations and potential can be found.   

Limitations: 
 - The machine allows fabrication of forms with certain geometrical characteristics.   
  For this reason, forms need to be checked before they are loaded into the software 

for calculation of toolpaths and then into the milling machine for fabrication. 
 - The fabrication process is not highly automated but involves a large degree of the archi-

tect-user’s intervention. This is different from the use of a 3D printer where the architect-
user’s intervention is less.    

  For example, the selection of inappropriate milling parameters by the architect-
user may cause problems, failures, delays, etc. in different stages of the fabrication 
process. Only through experience can knowledge be gained. 

Potentials: 
 - The machine offers accuracy in producing free form prototypes. 
  Obviously geometry and manufacturing are directly connected. Form creation 

presupposes the selection of the appropriate type of machine that will produce a 
physical model as accurately as possible.   

Fig. 14

Two-sided form: 
final model. 

Fig. 15

Two-sided forms: 
front side. 
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 - The machine offers high quality physical models. 
  Variations on the smoothness of surface and the choice of right materials results in 

the production of high quality models. The selection of materials is one advantage 
in comparison with the 3D printer where the material is predefined.  

 - The machine accelerates the time required for the fabrication of free forms.
  This is directly connected with the selection of the appropriate milling parameters 

by the architect-user.   

Conclusions 

Through our testing procedure conclusions on the role of the architect-user and on 
the role of fabrication machines have been drawn:  

 • On the role of the architect-user: 
  The architect-user’s role is essential in this procedure. His or her decisions in vari-

ous stages of the digital design and fabrication procedure will direct any investiga-
tion. The architect-user is the person responsible for taking decisions on: 

   - The type of machine used for specific fabrication purpose in relation to the special 
characteristics of the form that needs to be fabricated. 

 3D printers, milling machines, robotic arms, etc. can be used for different pur-
poses since they carry their own special characteristics that have to be taken 
into account before any design and fabrication decisions are made. These may 
include 2D or 3D functions, complex three dimensional forms, surfaces, etc. 
Obviously, all these are directly connected with the availability and accessibil-
ity of fabrication machinery. 

   - The necessary steps undertaken after the selection of the appropriate fabrication 
machine. 

 Design creation, selection of materials, software, settings and decisions on the 
tools (cutters), steps (roughing, finishing, etc). There is no guideline that directs 
this investigation and again the architect is responsible for combining all these 
parameters together in the best possible way in order to use effectively the ap-
propriate machine for the specific design and fabrication purposes. 

 • On  the role of fabrication machines: 
  The knowledge of a machine’s limitations and potentials is an essential part of the 

fabrication process. Through testing, adequate knowledge can be gained and ma-
chines can be used effectively for the production of form.  

  Machines have certain characteristics that identify them (depending on the type of 
machine) but many architects and users are not aware of these. Our purpose was 
to test some of these characteristics, learn through this procedure and apply our 
knowledge for digital design and fabrication purposes. This presentation is an at-
tempt to discuss all these, knowing that through such investigation useful knowl-
edge can be gained and used in the future.  
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Notes 
 1 Information on degrees of freedom (DOF) can be found in the book Architectural Geometry 

[Pottman et al, 2007].  

 2 Similar attempts to investigate the 3D functions of CNC milling machines can be found  in:

  Lyon, E. R., 2008. CAD and CAM Systems Integration: A rule based system for NURBS surfaces 
fabrication using CNC Technology. Proceedings of eCAADe, 2008. Antwerp, pp. 837-843

  Lyon, E. R., 2008. Knowledge Based Design Manufacturing: A Design for Manufacturing Model 
(DfM) for Digital Fabrication using Computer Numerical Controlled Machinery (CNC). Proceed-
ings of eCAADe, 2008. Antwerp, pp. 625-632  

 3 The way segments are defined depends on the architect-user’s decision and choice. The ar-
chitect-user is responsible for organizing the segments and in turn the block of material for 
milling in the best possible way.

 4 Parameters are related to each other. Changes to the one parameter might influence the others 
directly or indirectly.

 5 The meaning of roughing is basically to remove material and of finishing is to produce an 
accurate model [Delft Spline Systems, 2006]. 
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Digital fabrication has been introduced into few schools of architecture in Latin Amer-
ica, with scarce equipment and resources, therefore effective pedagogic strategies are 
required. A collaborative research project between schools of architecture in Chile, Ar-
gentina and Brazil allowed us to carried out experimental activities to introduce dig-
ital fabrication and make a overall review, in order to identify appropriate educational 
conditions. 

The experiences involved exercises in regular studios, technical courses or special 
events, in different educational levels, time-extension, assignments and equipment. 
The more extensive experience took place in the School of Architecture of Universi-
dad Catolica de Chile, which has a large facility to make models with laser cutters, rap-
id-prototyping printers and CNC-routers. It was carried out in an architectural studio 
over four semesters; it was devoted to prefabricated design and was guided by profes-
sor Claudio Labarca. The students reviewed some traditional constructive systems and 
developed their own designs with making digital and material models, and in some 
cases real scale constructions with plywood.

In Universidad del Bio-Bio a laser cutter was installed inside a manufacturing labo-
ratory where students can develop their models. One exercise carried out in a third 
year design studio was aimed at developing a stadium for horse sports, a rodeo-ball, 
called “medialunas”. They are normally built in the countryside, in rural and sub-urban 
areas with hand-crafted materials and with a labor force that lacks regular and safe 
conditions. The exercise was the designing of a new constructive method to elaborate 
a stadium with prefabricated components, making a scale model in timber manufac-
tured in the laser cutter.

Inn addition, in this school an exercise with models of high-rise buildings was car-
ried out elaborated in a milling machine related to a 5th year design studio, several 
more models of final degree projects and an exercise to design and test lattice-panels 
for facades, both of them with pieces elaborated with a laser cutter and tested in a 
solar workbench and windtunnel.

In Brazil, the exercise was carried out in a workshop between the School of Archi-
tecture of Unisinos and a local furniture company. Twenty students worked for a cou-
ple of days in the computer lab of the school developing the design of a wall that it 
was possible to build with wooden boards. The third day they worked inside the facto-
ry with several digital controlled machines cutting the panels and making assemblies.

In Argentina, a similar three-day workshop was carried out with the collaboration 
of a local manufacturer and the school of architecture. Graduate students of a Master’s 
programme designed and modeled a piece of urban furniture and developed scale 
models with digital fabrication, working in groups and developing the design accord-
ing to conditions of modeling and material production.  

The review included the analysis of activities and results, interviews with students 
and teachers, and a common questionnaire through a virtual platform. The assess-
ment was based on PBL (Problem-based-learning) concepts and understanding of 
constructive features to measure pedagogic and knowledge achievements. The results 
reveal a good appraisal of the experiences. Students valued the application of diverse 
skills and social interaction, although they recognized a weak projection of the experi-
ence to regular work and overall projects. The constructive features resulted in  a high 
understanding, particularly of structural and material issues. However, the behavior 
of buildings was poorly understood. The best results were achieved in the activities 
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involving more integral design tasks, even with different equipment and of different 
duration - months or few days. These results suggest that constructive projects are a 
good strategy to teach digital fabrication, and that equipment and curricula organiza-
tion are not decisive. The results also reveal the lack of understanding of some techni-
cal features and applications, which should be corrected. 

The following phase of this research is devoted to specific activities based on the 
approach identified. These activities are in general explorations of constructive sys-
tems through digital manufacturing with industrial collaborations, for example, the 
development of a flexible ventilated envelope based on wood-boards manufactured 
by laser-cutters with support of local producers, and construction laboratories. Also, 
a design and assembly system of timber panels for modular construction through 
robotic arms is studied for a factory of industrial settlements. In addition it explores 
a digital manufactured procedure of concrete panels for companies devoted to built 
social housing in order to develop new design arrangements. Furthermore, the devel-
opment of an industrialized metallic roof was agreed with local steel companies, and 
a network between several schools of architecture in Latin-American and industrial as-
sociations was set up to have a collective exploration of these technologies targeted 
to design sustainable buildings. 

This review of educational activities and subsequent initiatives demonstrated the 
potential of digital fabrication to integrate design and technical skills in architecture 
and promote new developments. Those technologies encourage the collaboration 
and creativity needed to face scarce resources and building needs, but also they reveal 
requirements of technological learning and transference. Digital fabrication envisages 
new possibilities for the building industry and changes in architects’ competences that 
must be considered in teaching institutions. 

Fig. 1

Parametric Image of Latin America.
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Fig. 2

Workshop in Brazil.

Fig. 3

Workshop in Argentina.
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Fig. 4

Programming of structural sections and laser-cutter models.

Fig. 5

BIM modeling and fabrication of low-cost housing.
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Fig. 6

Assembly with robotic arms of building modules. 

Fig. 7

Development of a ventilated self-supported envelope.
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Introduction

In a world that aims to sustainably deliver customized products and services to end-
users on demand, while Digital Design and Fabrication have made significant tech-
nological progress at the process level, overall performance in CAD/CAM projects still 
lags behind. It seems that we cannot learn to manage technology as fast as we pro-
duce it. Current studies in Digital Fabrication focus on automating design and fabri-
cation of complex assemblies of planar interlocking parts that are custom fabricated 
using low cost 3-axis CNC technology1 (Fig. 1). While these studies employ the most 
sophisticated computational methods to rationalize 3D models into constructible 
components, they use manually assembled mockups to evaluate constructability. Why 
is so much technology invested In design generation while empiricism is invested on 
constructability evaluation? 

Fig. 1

Three-axis CNC mill.

A Digital Fabrication Production System (DFPS) for Smart Customization

A Digital Fabrication Production System (DPFS) is a decentralized network of produc-
tion processes that can collectively fabricate, transport, and put together, piece by 
piece, a complex assembly of custom parts on demand, independent of location.  The 
set of possible design solutions that can be produced is limited by tool, resource, and 
distribution constraints. A DFPS project is a complex assembly of custom parts that is 
delivered by a network of fabrication and assembly processes. This network is called 
the value chain.  

The Value Chain 

The value chain describes the threads of all the processes and resources that are nec-
essary to bring the artifact to life, from design to production. It starts from conceptu-
alization, procurement of raw amorphous matter, transformation of matter into build-
ing components, and finally assembly of the components to form the actual artifact 
(Fig. 2). On every step of the chain, fabrication and assembly processes gradually turn 
the amorphous disordered matter into ordered form. 
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Fig. 2

DFPS value chain.

The Traditional Value Chain

In the traditional value chain both fabrication and assembly processes took place by 
the builder at the final step of the chain, the construction site (Fig. 3). The designer 
would know what, but the builder would know how. The traditional value chain was 
experienced-based: a great number of decisions were taken on site. Therefore, design 
in the traditional value chain was an implicit description of form. 

Fig. 3

The traditional value chain.

The Digital Value Chain

In the Digital value chain, however, fabrication takes place in the middle of the chain 
by the fabricator while assembly of the components takes place at the end of the 
chain, by the assembler (Fig. 4). The designer needs to know both what and how and 
instruct fabricator and assembler. The digital value chain is knowledge-based: all deci-
sions have to be taken before production starts. Therefore, design in the digital value 
chain is an explicit description of processes. For example, the assembler cannot use 
his experience to assemble a number of pre-fabricated parts because the assembly se-
quence is already determined by the designer. As a consequence, any mistake during, 
design process is irreversible if fabrication of parts has taken place. 
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Fig. 4

The digital value chain.

DFPS Workflow

A DFPS has a straightforward top-down workflow: begin your design process with a 
conceptual geometric form; rationalize it into constructible parts; send the part digital 
files for fabrication; transport all fabricated parts to the construction site for assembly; 
finally, assemble the artifact (Fig. 5, 6, 7, 8). Entrusting current technological advances 
in Architecture, Digital Fabrication theorists claim that potentially we can build almost 
anything, almost anywhere, in a controllable time and budget.

 
 
 

Fig. 5

DFPS workflow.

 

Fig. 6.

Parametrically adjustable box con-
sisting of 252 custom parts organized 
into: (a) structural grid consisting of 
12 subassemblies of 8 parts each 
and 48 connecting joints; (b) skin 
paneling consisting of 108 panels 
(54 interior and 54 exterior).
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Fig. 7

Cut sheet layout 
of the 252 parts

 

Fig. 8

Parametric variations of geometry and grid.

Digital Fabrication Projects Today

Unfortunately, current practice with Digital Fabrication projects is different from the-
ory: they take more time than what was planned, they become more expensive than 
what was expected, they involve great risk and uncertainty, and finally they are too 
complex to plan, understand and manage. Moreover, most of these problems are dis-
covered during production when it is already late for corrective actions (Fig. 9). How 
can we define a formal method to evaluate the difficulty of production of an artifact if 
we know the artifact’s design and the production system’s structure?

 

Fig. 9

Assembly incompatibilities: some parts of the artifact cannot not be installed.
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Background

Previous Work in Architecture

Previous research in understanding assemblability in architecture has focused on two 
main directions: CAD modeling (3D, 4D) and Physical Mockups. CAD 3D modeling has 
been used for modeling assemblies. However, CAD 3D modeling represents the final 
state of the assembly, when all parts have been put together, but not the process of 
putting these parts together. Moreover, the order of constraint delivery in CAD models is 
not necessarily the same as the actual constraint delivery of the real assembly. As a con-
sequence, by studying a CAD 3D model, the designer cannot tell if a design is assembla-
ble, nor he can estimate the difficulty of the assembly. CAD 4D modeling has been used 
for clash detection during assembly sequence. However, 4D modeling fails similarly to 
describe actual constraint delivery between parts (Fig. 10). Physical mockups have been 
used during design development to test assemblability. However, there is a significant 
loss in time and cost. Moreover, in this fashion, testing is empirical, understanding the 
solution to the geometrical problem is obscure, and design development becomes in-
tuitive. Clearly, designers need efficient tools to study and evaluate assemblies.

Fig. 10

CAD modeling fails to describe assembly constraint delivery.

If digital manufacturing is a new field in architecture, we should perhaps seek the so-
lution to the problem of description in the disciplines that have been dealing with this 
field. Product Development and industrial management have been long dealing with 
modeling of both assemblies and production systems. 

Previous Work in Industrial Engineering

Assembly modeling has been thoroughly studied in mechanical engineering and 
manufacturing using the liaison graph2. The liaison graph is a directed acyclic graph 
whose nodes represent parts and arcs represents liaisons. The direction of arcs indi-

Fig. 11

The liaison graph (left) and adjacency matrix (middle) of an assembly of 6 parts (right).
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cates order of constraint delivery between two different parts. In a liaison graph no 
cycle is allowed since that would mean that a part constrains itself through a chain 
of constraint deliveries. An assembly sequence can be explicitly defined as a series 
of nodes and liaisons. The liaison graph provides a concise and formal method to de-
scribe assemblies (Fig. 11).   

Theory

Structural Analysis of Assembly Design

An assembly sequence is a valid way to trace a liaison graph from precedent nodes to 
decedent nodes starting from a root node. Validity depends on connectivity rules that 
are explained later in this paper. A root node is a node that has no precedents. The dif-
ficulty of each step relates to the in-degree of the node which indicates the number 
of simultaneous liaisons that must be achieved during that step. For example, a part 
will be more easily connected to another part if it has one liaison rather than if it has 
multiple liaisons. Therefore, the in-degree distribution along an assembly sequence in-
dicates the difficulty of the assembling process. 

In the adjacency matrix an assembly sequence can be represented as an ordering 
of the rows and columns. Such ordering can be derived by rearranging the rows and 
columns of the adjacency matrix so the resulting matrix has all its marks below the 
diagonal. The sequence of the sums of each column gives the in-degree distribution 
of the assembly sequence. 

Assemblability rules for Planar Part Assemblies

In what follows I present a set of rules for evaluating planar part assemblability and 
defining a valid assembly sequence (Fig. 12). 
 1. A planar part A is represented by the normal vector a of its plane. Each node in the 

liaison graph is assigned the value of the normal vector of the part it represents.
 2. A liaison connecting part A with part B is represented by the liaison vector ab. Each 

arc in the liaison graph is assigned the value of the liaison vector it represents. In 
the liaison graph liaisons are represented by solid lines.

 3. Two nodes can be connected by a liaison if and only if the cross product of their 
normal values is 0 or 1. If it is 0 then the parts are perpendicular; if it is 1, then the 
parts are coplanar.

 4. There are 3 liaison types to connect 2 perpendicular parts A and B: a, b, axb. Type 
1 means that B connects to A along the direction of the normal vector of A. Type 
2 means that B connects to A along the direction of the normal vector of B. Type 
3 means that B connects to A along the direction of the cross product of A and B 
(Figure 2).

 5. An Adjacency Key Characteristic (AKC) between two adjacent parts A and B is the 
cross product vector of A and B and it indicates the direction of the edge between 
A and B. In the liaison graph an AKC is represented by a dashed line.

 6. The in-degree of a node defines the difficulty of its assembly step. 
 7. Two or more nodes can be clustered into one subassembly and represented as one 

node.
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 8. A part can be located by another part by one or more liaisons. If the liaisons are 
more than one then their vectors must be parallel. 

 9. Two parts can be connected by a third part which is perpendicular to them. The 
third part has a normal value equal to the cross product of the two parts.

 10. A part can be installed if all of its predecessor parts have been installed first.
 11. A part with a zero in-degree but non-zero out-degree is a root part.
 12. A part with a zero out-degree but non-zero in-degree is an end part.

Defining an assembly sequence

To find a valid assembly sequence we start testing all possible ways to trace the liaison 
graph; on every step we select one of the 3 possible liaison types and verify that all 
incoming liaisons are of the same type (a, b, or axb) (Fig. 13).

 

Fig. 13

An invalid assembly sequence of the 6 parts of figure 1. The 6th step violates rule 8.

Fig. 12

 The 3 possible liaisons between 
planar parts and their representa-
tion in the liaison graph: in the 
first from left, the installation vec-
tor is the normal vector of part 
A; in the middle, the installation 
vector is the normal vector of 
part B; in the third, the installa-
tion vector is the cross product 
of parts A, B.
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Application

The following examples demonstrate experiments conducted at the Massachusetts 
Institute of Technology by the author where the liaison graph was used to determine 
a valid assembly sequence and provide data to a System Dynamics3 model of the as-
sembly process to evaluate the performance. The examples apply to assemblies of pla-
nar interlocking parts that are manufactured at custom shapes using three-axis CNC 
routers. Since three-axis CNC routers cut planar parts perpendicularly to their plane, 
two parts can have a connection if and only if they are coplanar or perpendicular. By 
applying the assemblability rules in the liaison graph, we can evaluate whether an as-
sembly is possible or not, as well as determine a valid assembly sequence. The process 
consists of the following steps: first, description of the assembly as a directed liaison 
graph; direction of connections indicates constraint delivery. Second, determination of 
assembly sequence and evaluation of its difficulty using the nodal degree distribution. 
Third, execution and evaluation of the assembly sequence in a task sequence System 
Dynamics model of the value chain in terms of time, cost, and risk. 

Example 1: Assembly sequence analysis of a chair made from interlocking planar parts

The following experiment refers to the design, fabrication and assembly of a chair 
made from interlocking planar parts4 (Fig. 14). The chair was designed in 3D CAD mod-
eling software (Rhinoceros V4.0) and the parts were fabricated from 1” plywood sheets 
in a 3-axis CNC router. The assembly consisted of 29 interlocking pieces of plywood: 16 
were horizontal and 13 were vertical.  Modeling of the assembly focused on represent-
ing two states of the artifact: the assembled form where all parts are put together and 
the flattened parts in cut-sheets for fabrication. The assembled form seemed to be a 

Fig. 14

Physical assembly, 
Liaison graph, and 
adjacency matrix 
of the actual as-
sembly sequence 
of the chair. Red 
nodes indicate im-
possible steps.
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valid configuration of the artifact with no clashes between the solid volumes of the 
parts. Unfortunately, the assembly process stopped at a certain point; installation of 
parts was impossible due to conflicts in the installation vectors. The designers had no 
tools to describe, understand, and evaluate the assembly process. 

A description of the assembly with the liaison graph clearly shows that the assem-
bly sequence is in fact impossible due to installation vector incompatibility between 
parts. For simplicity this liaison graph represents a similar assembly of 18 parts: 9 
horizontal and 9 vertical. All liaisons are of type 3 (rule 4). From the liaison graph we 
can have a formal understanding of the assembly sequence: the first part can be any 
horizontal or vertical member; in the experiment we selected the 6th horizontal mem-
ber from the bottom. In the liaison graph, the next 9 pieces can be easily installed by 
one liaison each. However, starting from the 11th part, all other parts need to achieve 
9 simultaneously non-parallel liaisons; this is impossible. The analysis shows that as-
sembly should jam at the 11th step because after that each next part would have to 
simultaneously connect with nine non-parallel installation vectors with the rest of the 
assembly. However, real assembly jammed later due to the looseness of the notches 
of the parts.

Example 2:  Assembly sequence analysis and simulation of a Façade Panel made from inter-
locking planar parts 

The second experiment refers to the design, fabrication, and assembly of a mockup of 
a façade panel5 (Fig. 15). Design development took place in a parametric 3D CAD mod-
eling software (CATIA V5 R18). In this case, while the assembly was successful, it proved 
to be difficult, and took significantly more time than the designer expected. While this 
example is relatively simple, as it includes a small number of parts, it clearly demon-
strates the lack of tools that designers need to understand the assembly process. 

A representation of the assembly with the liaison graph shows that while the as-
sembly is possible, there are two steps in the assembly sequence of high difficulty 
because they need simultaneous connections (Fig. 16). The nodal degree distribution 
along the actual assembly sequence shows the difficulty of each step as a function of 
the number of connections that have to be achieved with the rest of the assembled 

Fig. 15

Physical prototype of an aluminum façade panel, and CAD model.
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artifact. The nodal degree sequence is then inserted as input in the simple System Dy-
namics model that simulates the assembling process. System Dynamics is a discipline 
coming from Control Theory, originally developed by Jay Forrester6, for modeling the 
structure, and simulating the behavior of complex feedback systems. System Dynam-
ics has been used extensively in supply chain management.  The System Dynamics 
model clearly shows that the assembling rate will significantly drop at the 12th and 23rd 
step of the assembly sequence (Fig. 17).

 

Fig. 16

Part listing and corresponding liaison graph of the assembly sequence. Size of nodes is proportional 
to the in-degree, showing difficulty of assembly step.
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Fig. 17

Adjacency matrix with in-degree distribution (left), and System Dynamics model with simulations 
(right)

Discussion

Mapping & Simulating Supply Chain structure

Generalizing, similar principles to the ones applied in the liaison graph and the assem-
bly sequence evaluation can be applied to the entire value chain network. As the as-
sembly sequence describes the way according which the assembling processes will 
collaborate to assemble the artifact, similarly the task sequence describes the order in 
which the production processes will collaborate to bring the parts to the construction 
site. The assembly sequence graph is just a specialization of a task sequence graph; in 
fact, it is the final branch of the task sequence graph.  Starting from the liaison graph 
and following a reverse order, we can map the entire value chain structure (Fig. 17). 
Application of network analysis methods to evaluate feasibility of a DFPS project can 
provide significant help during design process. 
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 3 D. Papanikolaou, “Attribute Process Methodology: Feasibility Assessment of Digital Fabrication 
Production Systems for Planar Part Assemblies Using Network Analysis and System Dynam-
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and Design (Prof Terry Knight, Prof Lawrence Sass) at the Massachusetts Institute of Technology 
in fall 2006. Team members: Dimitris Papanikolaou, Joshua Lobel, Magdalini Pantazi.

 5 The façade panel used in this experiment was an individual project in class 4.592 Special Prob-
lems in Digital Fabrication (Prof Lawrence Sass) at the Massachusetts Institute of Technology in 
Spring 2007. Team: Dimitris Papanikolaou.

 6 Forrester, Jay Wright. Industrial Dynamics. Pegasus Communications, 1961. 
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The paper focuses on a particular aspect related to the design and following construc-
tion of an architectural object: the verification of the level of satisfaction of future us-
ers and the implementation of a feedback process concerning the design guidelines 
and the client output. In this case, the verification is an essential check of the thought 
process that allows designers and clients to redevelop their own choices based on the 
answers of the future users.  

The opportunity to apply and test this particular design item was provided by a 
manufacturer of window frames – doors, windows and screens – with its own outlet. 
The client’s goal was to start up a new showroom for the sale of a wide range of win-
dow frames, also enhanced by other brands, able to answer specific input formulated 
by the business and marketing plan, using visual merchandising solutions.

To achieve this goal, the client turned to the University of Parma, in particular to 
two research teams – Technology of Architecture and Marketing1 - both aiming at de-
fining innovative sales solutions and at solving the specific needs of the client. The 
multidisciplinary research started an integrated design process where the visual mer-
chandising lines expressed by the Marketing team have been translated into exposi-
tive solutions by the second research group.  

The fact that this project is interdisciplinary and hybrid – concerning both applied 
research and design – required a method which involved an in fieri process. The ap-
proach the client approved was based on real and virtual modelling to represent the 
phases of the design.

Thanks to the analysis carried out by the Marketing team, some considerations on 
visual merchandising - strictly linked to the strategy by which window frames are sold 
- emerged and were given to the design team. The layout of the design is based on 
three main needs: an area dedicated to movement, one to the exhibition and one to 
customer assistance and product demonstration. The making of these areas involved 
mainly day lighting and artificial light design and a specific use of communication, as 
required by concept stores as far as visual merchandising and design strategies are 
concerned. 

The first approach of the design team is the result of a study on the most famous ex-
hibition modalities for museums and on the most common sales solutions for window 
frames and similar products.

Before taking shape, the project went through the analysis of some museum ex-
hibition areas in order to grasp some ideas from Italian design -– Carlo Scarpa and 
Franco Albini – and from the most important contemporary authors - Rem Koolhaas, 
Sverre Fehn and others.

In order to understand the world of window frames better, a short in-depth analy-
sis on doors and windows in contemporary art, advertising and cinema was carried 
out. Charming images came out revealing significant symbols which guided the first 
step of the design and helped stimulating the participants of the Focus.

The second approach defined the relationship between the existing building hosting 
the new show room and the surrounding area: the car park, the adjacent buildings, 
the environment close to it. In this phase, the building was seen as an integral part 
of the context. Thus, it underwent changes in order to enhance the possibility of sale 
and its appeal towards the people driving along via Emilia, which the building over-
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Fig. 1

These images are the sug-
gestions of the first design.
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looks. The vision of the building, especially its window, was developed through the 
manipulation of elements belonging to the surrounding environment. Also, new el-
ements were inserted in the main views visible from the road, both eastbound and 
westbound.

After defining the relationship between building and environment, the interior was 
articulated according to the results of the Marketing team’s analyses, before the “cor-
rections” originated from the focuses.

The products were shown in three macro areas: the decompression, the proper ex-
hibition and finally the design area, also meant for economic negotiations.

Inside the exhibition area, specific sub-areas were created in order to gather the 
same type of products supported by informative equipment, to help both the client 
and the trade advisor through their final choice. For this reason, in the sale area there 
was a division between exterior and interior products, and a further division among 
them according to the product analysis made by clients and Marketing research area.

Fig. 2

Layout of the showroom: 
partition of the three 
main sale area.

The first architectural elements of the exhibition area were presented by 3D digital 
schematic designs. The modelling of the central path was both manual through a pa-
per model, and virtual through a specific software, while the formal and material defi-
nition of some surfaces in opal glass - to be collocated near the window so as to control 
the incidence of daylight – was possible thanks to a lighting calculation software.2  

At this stage of the project the Focus experience was introduced.
Focuses are meetings where stakeholders led by a helper – in this case a Marketing 

Professor from the faculty of Economics – invites the participants to tell their own sale 
experiences and reveal their expectations of the product and of the sale system. This 
gives the company and the design team the necessary inputs both on the trade and 
marketing plans and on visual merchandising.

Focuses were activated because of the need to highlight strong links between en-
trepreneurial activity, users and clients of the sale area, and designers. Such links rein-
force the relationship between client and seller-producer.

Generally, the designer considers both the entrepreneur and the client’s expecta-
tions. His design solution must solve formal and functional matters but also “virtual” 
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ones. As well as representing the 
company brand, expositive solutions 
must meet the client’s requirements 
and help the sale.

The focuses aimed at analysing the 
users’ preferences both on the prod-
uct and on the expositive and data-
acquisition modalities. This allowed 
the design group - together with the 
entrepreneur – to define the specific 
goals the new architectural area had 
to achieve. The direct relationship 
with the showroom’s future public, as 
well as the users’ outing spurred by 
the helper and the ongoing feedback 
between helper and designer – play-
ing the role of interlocutor and helper 
– were all very helpful in clarifying 
the buyer’s superficial and deeper ex-
pectations. The subsequent revision 
by Marketing experts allowed them 
to detect the guidelines for the sales 
strategy, while designers defined the 
first formal and functional features 
of the exhibition area and the client– 
who took part in this phase as auditor 
- could inspect the whole project.

Thanks to the focus, some main 
points emerged.

Stakeholders provided the show-
room with the general idea of formal 
and functional features: the with-
drawal of the previous idea of a store-
house; good depth of field; “dynamic” 
paths to help the client move from 
one point to the other and to make 
the products interact; favour natural 
lighting. 

The clients gave new instructions 
for the design: the need to educate 
the client so as to favour his under-
standing of the characteristics of the 
product, and to work with him in or-
der to improve the product and its 
sale; custom-made industrialization, 
or organised craftwork – co-market-
ing and cross-selling processes may 

Fig. 3

Virtual and digital modelling used in the Focus 
experience.
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be launched; the choice of the colours for the exhibition (grey and bordeaux); the win-
dow obscuring to protect the products.

On the basis of what emerged in the focuses, the Marketing researchers made 
some observations: the need to build a relationship based on trustworthiness be-
tween client and company – to improve the production and sale, and to create a loyal 
relationship; to consider the client, who is not an expert but has an approximate idea 
of the product. Also, “collocation” is important, that is, the client’s mental collocation 
of the company brand (pervasive brand). Finally, the trading-up promotion, that is, a 
vertical widening of the offer.

So, the focuses generated many changes to the original architectural project.
The design project was then characterised by the following points: make the or-

ganisation of space immediately visible; find the right balance between architecture 
and communication spectacularity; avoid superfluous elements; avoid the exhibition 
of elements exceeding eye-level so as not to lose the overall perception of the whole 
showroom area. The Marketing area provided a mainly functional, “sales-effective” so-
lution. They were against the use of “adapted spaces” for the simulation of room types 
– living room, bedroom, kitchen, etc. Instead, they suggested the organization of 
spaces – paths and places – provided with a “hidden inner constructive logic” aiming 
at informing and forming, as well as simplifying and accelerating the choice and sale. 
Finally, the Marketing area proposed to work on the use of light, which must look for 
theatrical effects and be directed on the products but never on the client. The differ-
ent theme-areas must be characterised by visual and emotional links.

The original idea of creating a central path was submitted to the public’s opinion 
and was welcomed by the stakeholders, so it was kept as the fundamental element of 
the exhibition.

In fact, the area is characterised by a central winding and passing spine developed 
on the East-West axis. This is the main element in the whole area. It is made of a se-
quence of wooden portals whose constituent elements are homogeneous but which 
differ in light and height of the passage. In some points the portals are placed at a dis-
tance which allows people to go through, in others they are filled in the intrados with 
flexible panels. The spine has a double role: it allows spatial scanning between the 
area where internal doors are exhibited and the frame area – window frames, obscur-
ing elements and front doors. Moreover, it works as cognitive path, allowing the client 
to learn not only the characteristics of the products for sale, but above all the quality 
of the service provided by the company – from production to the management of the 
“forum wall”.

The central spine is the area where the account takes place. It is the slow space for 
in-depth analysis and reflection. Inside the spine, the communication system - which 
was entrusted to an expert – will link the two fundamental aspects of the design, as 
it was elaborated together with the client, the designers and university researchers: 
technical rigour and emotion depending on the exhibition: science and theatre.

The category of internal doors is laid out in the northern area of the exhibition and 
is based on small sets of two or four units gathered by brand. The definition of the set 
is strongly helped by artificial lighting, which forms a sort of light halo on top of the 
doors. Other doors are collocated inside a sliding container next to that area.

As far as the windows are concerned, a sort of cornice – lighted on the top – is 
hold by a tubular pedestal crossing it on the centre line, from the floor to the base and 
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Fig. 4

These pictures, concerning architectural and lighting design, describe the showroom project pre-
sented to the client during the last seminar.
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from the top to the false ceiling. The cornice can turn around the holding pedestal and 
is put near the window, on the southern side of the showroom. The fact that a succes-
sion of window-cornices are collocated in front of the window allows a scenic effect of 
continuum, particularly charming at night, when the lighting emphasizes shapes and 
colours.

Since project areas had to be collocated, three wooden and glass cabins articulate 
the area between the spine and the succession of cornices along the window, thus 
enhancing the winding effect of the central path, which is recalled by contrast by the 
wooden horizontal elements. The same solution applies to the desk in the hall and 
to the finish of the three visible pillars in the exhibition area where internal doors are 
collocated.

After abandoning a project on the enhancement of natural light – following the cli-
ent’s needs -the design on artificial lighting defined a complex system of lighting bod-
ies – led, metallic iodide lamps, compact fluorescent pipes – according to the different 
areas. They were calculated to guarantee the minimal light intensity required by the 
law and, above all, to have the possibility of accentuating or softening the sales, nego-
tiation and design areas, as well as the break and knowledge areas.

The panels for the development of the central path would be made by numerically 
controlled machines, as would the dimensioning and material composition of the opal 
panels, which would be almost entirely computer-made.

In conclusion, this project aims at showing the need to stop the continuum of the file 
to factory, to take the design back to the real needs for which it was meant. Inside 
the continuum, it is important to consider both the user, together with his needs and 
expectations, and the client – who should be given the possibility to improve his pros-
pect throughout the design. Also, the designer should be given the chance to control 
the project and be involved in the very architectural work. Digital technology simu-
lates the architectural effect of the new space, thus helping the client to understand 
the project, yet it cannot replace the client’s expectations.

Computers should be supported by a regular check of the design inputs and out-
puts. In particular, the focus experience proved to be a fundamental tool to check the 
user’s reaction, to such an extent that it will be used to verify the real level of space us-
age and the analysis of the actual condition of the economic activity.

Thus, the focus can be considered as a necessary tool to guide the process –con-
tinuous only in this case – from file to factory.

Notes
 1 The Technology of Architecture team is composed of Agnese Ghini – Researcher – Barbara 

Gherri and Emanuele Mazzadi – PhD students. The Marketing team of Edoardo Sabbadin 
– Associate Professor.

 2 Computer-aided design is based on simple softwares of 2D and 3D design and Rendering 
Design. It also uses a specific software on the modelling of reflective surfaces absorbing light 
radiation.
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Daylighting design is vital today to increase user health, task performance and satis-
faction, especially in creating a perfect balance between natural and artificial light. 
Daylighting design can be enhanced through the use of digital fabrication technolo-
gies, for rapid prototyping of accurate scale models that can facilitate natural lighting 
assessment and optimized components fabrication.

In a world of changing technology, of constant improvements in physical and dig-
ital modelling capability, the increasing importance of using natural light, in order to 
reduce drastically artificial light and to save energy, allows us to point out different 
lighting strategies.

The whole design process should be involved to establish and agree what the 
daylight and energy efficiency performance targets are, and to assess convenient 
strategies.       

Fig. 1

Herzog & de Meuron, TATE Modern, Turbin Hall, London.

Realities:United, Light and media facade, ILUMA building, Singapore

PSLAB, RE/DO installation, Milan

The main problem in daylighting design is that modern architects are not skilled 
enough to evaluate the performance of daylighting design: critical decisions concern-
ing daylighting and energy saving solutions are made in a schematic design phase, 
with a simple intuitive approach. The effective integration of daylighting considera-
tions into the design process requires many issues to be addressed simultaneously, 
such as daily and seasonal variations, or illuminance in order to reach a global envi-
ronmental awareness.

The key aim is to support the design process using a goal-oriented approach 
based on iterative design improvement suggestions and digital simulation that could 
be integrated in the production phase, in order to reach specific objectives.

Therefore, the major challenge that designers, architects and manufactures have 
to face is how to combine effectively various parameters involved in daylighting with 
aesthetic considerations, functional and energetic targets and manufacturing needs. 
These parameters include daily and seasonal variant, the balance between artificial il-
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lumination and visual comfort, the thermal aspects of incoming solar radiation that 
could be properly combined with prompt factory process and requirements. 

Good daylighting practice can be evaluated only if this integration happens early 
in the design process, in order to assure a significant impact on energy savings and ul-
timate building performance, instead of testing different solutions practically on site. 
This goal can be carried out by using Digital simulation approach.

In order to achieve reliable results at the end of the simulation process, it is essen-
tial to identify from the beginning all the factors that could influence the simulation 
arrangement and consider every parameter during the simulation execution. 

That is why it is impossible to start a daylighting simulation process unless a large 
amount of preparatory work has first been carried out in order to define and set up 
the simulation system and its parameters, in order to obtain convincing results.

There are some basic types of inputs required:
 a) 3D Model Geometry referring to room and space.
 b) 3D Model Geometry of specific lighting control device.
 c) 3D Model Materials, (physical attributes like textures and colours).
 d) Sky type description and sun position according to date and time.

Fig. 2

Accurate digital modelling of daylight in buildings is a challenging problem of increas-
ing importance, not only to support the diffuse energy saving dispositions, but also 
to offer careful management of daylighting in a building, in order to minimize its en-
vironmental impact and to anticipate other problems that could happen during the 
production and realising phase. 
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DIALux is a lighting simulation software that can mock up a wide range of mate-
rial types and forms based on realistic physical models and which can provide digital 
simulations and visualizations of daylighting solutions and room appearance, helping 
to solve glare, efficiency and sustainability problems in techniques of natural and sup-
plemental illumination. In this way the relationship between designing and manufac-
turing complex shapes can be redefined through the integration of computer-aided 
design and digital simulation for architectural aims.

Because the architectural design process is usually described as a non-linear, non-
quantifiable process of creating forms and spaces (Broadbent, 1988), modern digital 
technologies and computer aided design tools could help the design process, by pre-
vious testing of performance and prompt simulations of possible future applications 
of a particular shading device or special diffusing panes.

This initial development phase, especially for lighting devices to be used in mu-
seums, exhibitions and other cases of existing buildings, always involves an iterative 
process, often based on long and repetitive trial-and-error methods, even in a non-lin-
ear way because of the presence of simultaneous considerations. 

Digital simulation can stand in for this kind of method, bypassing expensive test-
ing phase or on site experiments, and it can explore a range of alternatives in an ef-
ficient way.

The case study was carried out to get a detailed investigation of solar access and 
the daylighting simulation research in museum exhibition. 

The increasing desire to use daylight to illuminate space and minimize energy con-
sumption, using a daylighting control system, can often be a cumbersome process. 

The project concerns the lighting design of a historical museum, Fondazione 
Magnani Rocca in Traversetolo, Parma, Italy, whose exhibition rooms have to be re-ar-
ranged, because of inappropriate lighting levels, so the plan requires a suitable light-
ing technology project, also in order to reduce artificial lighting drastically, creating a 
shading system that allows diffusing light and blocking direct sunlight, in relation to 
very different lighting scenes. 

The museum presented a significant lighting design challenge of balancing con-
servation and display lighting, both natural and artificial, for permanent exhibits with 
the articulation of complex architectural gallery spaces with many of the lighting loca-
tions pre-defined by the architecture. 

 
This is the reason that led to define self-supporting, movable, modular opal-glass pan-
els to be displayed in front of windows and independent of the walls of the historical 
building. Panels are modelled using DIALux, which allows us to evaluate every param-
eter, thinking about the most suitable form, inclination, size and complex morphology 
of glass panels, including artificial and natural lighting effects on a 3D surface.

Panels allow the required amount of natural light to filter through curved glass 
panels, as well as the daylight that penetrates from the windows to be screened us-
ing opal glass, offering a quantitative determination of the lighting variables which 
are significant to form-giving panels features.

The digital design process of curved glass panels (that can be also backlit, with a 
diversified artificial lighting system, hidden in the back of glass, completing the illu-
sion that there is much more daylight in the space than is actually present) tested by 
the software, allows us to produce components like curved panes accurately, to re-
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duce time and material waste, by testing the effects and benefits of different glass em-
ploying, to get an optimal solution.

Additionally, to evaluate these performances, computer models can be used to 
produce diagnostic analyses about the current performance using comfort, energy 
criteria, and, in this particular case, to display the best illuminance distribution in or-
der to reach an adequate light level, according to target values. However, the real na-
ture of daylighting architectural design simulation prevents a traditional optimization 
method, by refining sample models of device such as opal glass panes, by accepting a 
computer-generated optimum (or even a set of optima) as final design choice, and to 
be sure to have considered a range of alternatives in the best efficient way.

 

Fig. 4

Internal view of Galleria Grande, with the opal glass panels in front of windows among columns, 
and back view from the backlit panels towards the Galleria Grande.

Fig. 3

Ground floor plan.
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This paper intends to create a system of specialist conventions that would rule the en-
tire lighting design phase in the case of a preset museum setting in which real tests 
and other invasive detections would be impossible to arrange.

Hence, this method could be implemented as an iterative process in case of more 
complex case of daylighting performance requirements by relating the standard pro-
cedure to design decisions and environmental factors such as seasons, weather, time 
of the day, and other architectural issues.

Standard simulation protocol:
 1. User’s definition of goals to achieve for daylighting strategies.
 2. Analysis of the incoming amount of natural lighting in the “as is” status.
 3. Performance evaluation of different type of windows glass and ceiling glass, to fil-

ter and exclude UV.
 4. Analysis of the incoming amount of natural lighting throughout windows towards 

exhibited works.
 5. Flat and planar opal glass panels definition to be set in front of each windows.
 6. Definition of a curve opal glass panel to be set in front of each window, starting 

from the best result previously achieved, in order to get the best curvature.
 7. Definition of a semi-elliptic opal glass panel to be set in front of each window, 

starting from the best result previously achieved.
 8. Artificial light sources selection to be hidden behind glass panels for ambient 

lighting.
 9. Tasklighting luminaries selection that provide best colour rendition allowing the 

same illumination levels of natural lighting to be reached.
 10. Global appraisal and set of DALI system. 
 11. Global assessment of panels and ceiling according to requirements of different 

rooms.

Fig. 5

Definition of flat and planar opal glass panel to be arranged in front of each windows among 
columns.

Definition of flat and slanted opal glass panel to be arranged in front of each windows.

Definition of semi-elliptic and opal glass panel to be arranged in front of each window.

Definition of slanted semi-elliptic opal glass panel to be arranged in front of each window.
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This procedure eliminates many geometric constraints imposed by traditional draw-
ings, physical calculation methods and production processes, that makes complex 
curved shapes much easier to handle; it will also reduce dependence on standard 
mass-produced components by creating a digital continuum, from file to factory. The 
final result can be directly, forwarded to a computer numerical control machine, to get 
tailored panes.

The software calculates the correct amount and variable fraction of natural and ar-
tificial lighting according to different external conditions and assures suitable lighting 
levels (about 200 lux in case of exhibits susceptible to light damage).    

Fig. 6

Standard procedure sample in case of natural lighting, with different dimensions. Standard pro-
cedure sample in case of artificial luminaries behind panels and ceiling in case X4, the best result 
in daylighting conditions. The aim is to reach the same lighting levels in both lighting conditions 
(about 200 lux).

The choice of working with slanted semi-elliptic opal glass panel aims to diffuse and 
readdress incoming natural light, and to spread artificial light from luminaries hidden 
behind panels, as well as the choice of employing slanted semi-elliptic panes being 
necessary to adapt these devices to the architectural elements such as columns be-
tween windows. 
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Afterwards it is necessary to tilt the panels to obtain the most appropriate diffus-
ing and spreading lighting effect in the room, and to converge the right amount of 
light to the opposite walls. Then it is essential to integrate concealed luminaries and 
natural light, thanks to the so-called DALI system.

DALI stands for Digital Addressable Lighting Interface, that is, an International 
Standard lighting control system providing a single interface for all light sources and 
lighting controllers, providing a simple and flexible digital integrated lighting system. 
A simple system could consist of a few light fittings and a switch connected to a DALI 
group controller and the switch providing on/off control and up/down dimming of 
the fittings.

Lastly, thanks to the insertion of appropriate luminaries, chosen among dichroic 
reflector lamps and T5 tubular fluorescent luminaire behind each pane, it is possible 
to reach the same lighting levels in both lighting conditions (about 200 lux). 

       

Fig. 7

Internal vista with natural light and artificial light behind panes.

Such a digital design technology allows us to produce non standardized repetitive 
panes directly from digital data, making “uniqueness” as economic and affordable to 
achieve as the notion of “manufacturing repetition”.

This process goes by a few names, but it is most commonly known as “3D Printing”, 
and makes possible the curved panes production by using a CNC milling machine in a 
further phase; by digitally automation via computer numerical control.

Right now, most 3D printing is limited to single-material objects but soon it will 
be possible to achieve different and customizable products as well, by creating a cus-
tomization procedure in which the overall form of panes, as in the case of Fondazi-
one Magnani Rocca, is fixed and the pattern flows over them. Digital manufacturing, 
combined with the potential of design software and other daylighting control devices 
makes up a new lighting design paradigm, where needs of a single individuals or sin-
gle space may be met by a personalized and tailored approach and not reduced or 
approximated to a mass produced offer. 
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PBC – Porosity by Curvature is a research exploration into the relations between po-
rosity and structural efficiency depending on surface curvature. The research has been 
carried out at the Faculty of Engineering at the University of Bologna, through the Si-
LaB (Sirani LAB - modeling and visual representation lab), with the help of technician 
Giovanni Bacci.

Porosity and energy-matter flows

In nature, flows of energy and matter are the fueling processes of life itself and those 
by which relations between an organism and the environment are established. These 
flows regard all scales and levels of complexity in nature, from the molecular level 
(molecular configuration is also a mean of communication1) to the food web in eco-
systems and languages in communication systems, ranging through fossil fuels, pro-
teins, heat and radiation, electric energy, etc. Matter-energy circulation allows vital 
processes like respiration, photosynthesis, movement.

Porosity is the condition that regulates these flows, intensifying or blocking them, 
in order to trigger new flow paths or exploit those that are more suitable among the 
existing ones; therefore, it is one of the determining aspects of ecology. This means 
light, radiation, heat, air and sound exchange between organisms and environments. 
Speaking in terms of architecture (let us take for example a membrane which at the 
same time defines and divides an interior and an exterior space), it is possible to con-
sider a building as an organism since its vital functions require a continuous exchange 
in terms of mass and energy. There is a complex relation that tends to dynamically bal-
anced states (homeorhesis) between the morphology of an organism and its metabo-
lism2. Organisms with highly dissipative metabolisms (which have an intense exchange 
of mass and energy with the environment) require a high rate in terms of exposed sur-
face/body mass to allow movement and self maintenance; in order to reach the highest 
rate possible, the soft part of the external layer (membrane, skin) is then folded and pli-
cated (fig. 1). This is also true for crassulacean plants (i.e. Cactacee), where folds, besides 
increasing exposed surface area, act as thermal regulators as well as structural devices. 
In both cases, curvature is the condition on which these processes rely.

In mathematics, curvature is a derived condition (it implies the definition of a 
differential) which can be calculated on a point but involves the surrounding set of 
points to be determined: when the differential range tends to the limit of 0, curvature 
can be associated to a specific point on a curve. Since every point on a surface also be-
longs to all the infinite curves that go through it, the definition of curvature implies a 
point and a direction for calculation. Some of the major definitions of curvature (Gaus-
sian and mean curvature) are based on minimum and maximum curvature values on 
the analyzed point on surface.

Beyond pure mathematics, curvature is also a track of the actualization of gradient 
force fields over time on a form, and this is the aspect that is mostly consistent within 
the approach considered by this paper, according to which the definition above is just 
one of all possible explicit descriptions of this interrelation3. Folds in surfaces are topo-
logical conditions that define differences and endow them with several performative 
qualities, among whose structural strategy is one of the most evident: folds are in fact 
the very structural strategy in nature. This is true from the nanoscale: what allows long 
protein chains to carry a larger sequence and develop organisms of higher complex-
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ity is the process by which they start to fold 
onto themselves once a critical length has 
been reached; developing further in space 
and time, this initial folded structure starts 
bending and folding onto itself, and so on. 
Folding strategy occurs as well in the inor-
ganic world, and manifests itself throughout 
all scales (although with different results). 
Structural efficiency in folded surfaces cou-
ples with an increase in the amount of area 
comprised in a single volume unit, thus rais-
ing the possibilities of energy-matter ex-
change both in terms of the chemical trade 
that goes on through the surface itself and in 
terms of information complexity that can be 
deployed on it in quantity (amount of infor-
mation) and quality (pattern complexity). 

Curvature and space models

Biologist D’Arcy Wentworth Thompson was one of the first to focus his attention on 
the study of curvature, along with inflection (the continuous curvature condition, in 
which curvature is constantly present but does not have a constant value along the 
curve or surface) and deformation, as diagrams of intensive forces (such as tempera-
ture, weight, pressure etc.) on form, from the cell-aggregation level and tissue forma-
tion to more complex shape-formation relations (from the shells of radiolarian to his 
theory of transformations), envisioning a tight set of linkages among physics, biology 
and mathematics. For example, the deployment, intended as distribution and densifi-
cation, of cell tissues in the human femur creates the Michell figure, also known as the 
minimum-material configuration for a cantilever-like structure (fig. 2). Along this sub-
ject-crossing and braiding track, a brilliant mathematician like Alan Turing also showed 
his interest in these connections with a stunning paper on mathematical biology that 
described the formation of 
patterns in the skin of ani-
mals and how it is related 
to the different geometric 
expression of force-driven 
potential4. Etiénne-Jules 
Marey, a physiologist, was 
one of the first pioneers 
to study curvature as the 
trace of both gradient 
forces and time. Unlike his 
contemporary Muybridge, 
his photo sequences were 
not framed in regular time 
intervals but he was more 

Fig. 1

Fig. 2
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concerned about how movement and trajectories (which are the movement’s record) 
were connected to the body rhythms and flows. Among his inventions one deserves 
particular attention: with the purpose of studying human locomotion and the me-
chanics of running, before using photography he developed a portable impulse re-
cording machine, which was triggered by pressure sensors placed underneath special 
shoes: the impulse recording was then linked not to regular periodic time intervals 
but to the cyclic body movement itself (fig. 3). His remarkable studies on motion em-
phasized and focused on trajectories, which he already envisioned as an expression of 
force in time: the interpolation of point sequences that belonged to the same initial 
sample point led to a curvilinear shape, in which curvature differentiates the hetero-
geneous effects of forces-time interaction (fig. 4). Space-time relation is not linear and 
thus cannot be framed within a Cartesian model of space, in which forces are consid-
ered  separately from the position of a body: the position of a point in space is there 
described only by coordinates, which are explicit numerical values associated with an 
external system of measurement of space dimensions. On the contrary, position and 
forces coexist but (as Heisemberg stated in his principle) when we observe one, we 
cannot measure the other. Each point in the continuum of space possesses intrinsic 
values expressed by different gradient fields of forces, each of which has intensity and 
direction: the set of these vectors altogether on a point is n-dimensional and can be 
referred to as a tensor field. An n-dimensional space is associated with the tensor field, 
and it is commonly called a “phase space” or space of possibilities. Since time is de-
scribed as a continuous curvilinear flow (and not a discretely framed linear sequence) 
the diagrams of Marey can as well be considered, as Greg Lynn calls them, “phase por-
traits”. Photo-finishes (or slit camera photo sequences) stress even more this curvilin-
ear expression of space-time relation: they are based on an inversion between space 
and time as a domain variable (all runners are shot in the act of crossing the finish 
line, except that they are in different positions within the picture: the horizontal axis 
here describes time instead of space): the domain switch induces a linearization of 
time that makes evident the curvilinear deformation of body forces in space (fig. 5). 
In evolutionary theory and virtual philosophy, a dynamic model of space-time evolu-
tion produced virtual landscapes in which spatial topological traits are expression of 
evolutionary and morphogenetic forces and constraints; speaking of phase portraits, 
Conrad Hal Waddington’s epigenetic landscape (fig. 6) is a phase space (virtual) in 
which the topography of the landscape represents the evolutionary possibilities of 
development for an organism. Topographic characteristics in this landscape (what 
Waddington called chreods – a concept recently respawned by Sanford Kwinter5) drive 
the flow of potential in the morphogenetic development of cells, not by prefiguring a 
determined final shape but by dynamically constraining potential onto certain paths 
(Kwinter himself refers to a “landscape of development”).

Coding process

How can these two conditions (porosity and structural efficiency) be related together 
through geometric intrinsic properties in a multi-performance membrane?

Since curvature is a track of the registration of force and time onto form, force and 
time are coded into it and thus it is possible to access them; like all patterns, poros-
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Fig. 3-6
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ity itself is established by the action of forces (as complex as those where interaction 
controls metabolism) in time along development paths. Still, there is one important 
thing to point out: the curvature-porosity reversed relation is subjective (every curva-
ture in the codomain can be accessed through more than one porosity pattern in the 
domain); therefore in the attempt to decode curvature, the goal cannot be to reach a 
specific, unique, shape, for there is an infinite set of possible developmental porosity 
traits that are encoded in each curvature. In other words, curvature is a virtual prop-
erty (which can be actualized in different shapes, each bearing their own porosity and 
structural efficiency) affecting morphogenesis.

Tessellation algorithms are one possible way of de-coding curvature; they identify 
paths of shape actualization in a virtual phase landscape; each algorithm defines a 
family of development path to extract morphologies from curvature, but the goal is 
not optimization or the use of an iterative goal-seeking process to find the best pos-
sible shape, rather there is no goal but a mutual contingent and catalytic process of 
form-efficiency adaption. Tessellation, in a virtual phase space, or - like Waddington’s 
landscape – in a space of developmental possibilities, is like one of the aforemen-
tioned topological characters. It makes use of geometry and discretization algorithms 
(extrinsic constraints) in order to establish parametric part-to-whole and whole-to-
part relationships; it can also prove to be a key parameter to describe curvature in an 
useful way in which hierarchic connections between porosity and structure work as 
its derived conditions. The starting point is a generic double curvature NURBS surface 
(a genotype with its intrinsic constraints, fig. 7-8), selected among other case studies 
with the criteria of maximum curvature heterogeneity; the surface is subsequentially 
the territory that tessellation algorithms try to approximate with the use of discreet 
mesh faces (fig. 9).  Phenotype variations are then generated through the variation of 
meshing parameters such as minimum/maximum mesh face length (fig. 10); the cho-
sen prototype shows a thicker wireframe in smaller curvature areas, while acting the 
other way around in flatter zones. The mesh thickening at once describes and makes 
discrete curvature variation along the surface, providing the points needed for tessel-
lation. Openings are then created according to a percentage of the distance between 
a point and his neighbors, thus linking algorithmically curvature (which is an intrinsic 
property of the surface) and porosity. This local rule leads to the formation of emer-
gent surface effects, such as morphological differentiation from wider spans in flatter 
areas to dense ribs in smaller curvature ones. These differentiations endow those areas 
with diverse structural properties which, even though geometry-related (and curva-
ture related), need to be investigated both in physical prototypes and virtual models.

Structural efficiency, besides the geometric connection with morphology and cur-
vature, requires some more variables for its full definition: material systems and the 
production scale are the internal constraints of an object and act as scale mediators, 
thus addressing the possible development of the final shape and its structural per-
formance. The dependencies and interconnections between material and geometry 
are multi-hierarchy and scale-dependent (as allometry studies have already revealed); 
from that perspective, for the purpose of this investigation, a physical prototype was 
produced as proof of concept after a case selection in order to test its performative 
qualities.
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Fig. 7-10
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A 3D printed model (fig. 12-16) was first created and modeled in Autodesk® Maya; the 
chosen tessellation phenotype was then exported directly in STL format, checked in 
MeshLab® and NetFabb® to be finally prototyped by Z-Corp® 3D printer. A 3D proto-
type serves as a useful model to test design integrity, porosity and, most important, 
overall and local structural performance in order to gather the necessary feedback for 
the next research phase more focused on structural related properties (research is still 
in progress). The printed model evidenced two different classes (differentiated by the 
hierarchical levels they act on) of emergent effects (fig. 17-18):
 1. Emergent modeling-derived effects (unpredicted tessellation and smoothing ef-

fects such as the ribs in the smallest curvature zone);
 2. Emergent material effects (layer isocurves appearing on flat zones due to material 

system and fabrication technique in use).

Both of these classes enrich the model with ornamental qualities, intending ornament 
as “surface modulation” (in the definition of Sir John Summerson6), a strategy for dif-
ferentiation and articulation; their performative efficiency and potential, however, is, 
still uninvestigated.

Fabrication tools and techniques do not spoil a supposed perfection of the dig-
ital model, rather they add their own properties in the mix, endowing the final prod-
uct with the possibility of exhibiting emergent properties which are inexperienced in 
the digital model. When reaching this point many translations from the digital to the 
physical are considered a failure just because they do not match the digital image, and 
a lot of effort is put into the attempt to domesticate machines and get as close as pos-
sible to the “perfection” of the digital: my opinion is that the “perfection of the digital” 
is a misleading concept, I rather think that the digital model is missing exactly material 
system characters, which are properties of fabrication techniques and materials used. 
What is generally considered an “imperfection” is in my opinion an emergent property 
endowed by the physical actualization of the model.

Notes
 1 Cell membranes recognize nutrients and catalyzers through a lock-key mechanism that relies on 

spatial configuration of molecules. This is also a reason of the importance of chirality in chemistry 
and also is an explanation of why symmetric molecules behave in different, unexpected ways. 
See Molecular symmetry and Chirality (Chemistry) pages on Wikipedia. See also Perhaps looking-
glass milk isn’t good to drink, Spacesymmetrystructure blog, [http://spacesymmetrystructure.
wordpress.com/2007/07/25/perhaps-looking-glass-milk-isnt-good-to-drink-some-puzzles/]

   “Lewis Carroll’s Through the Looking Glass makes several references to the left/right dichotomy 
(“Perhaps Looking-glass milk isn’t good to drink”). It was published in 1872, at a time when chemical 
structural theory was being challenged by the recent finding that a substance present in muscle 
appeared to be identical with lactic acid obtained by fermentation of milk, except that solutions 
of the two substances rotated plane polarized light in opposite senses.” Dunitz, J. Symmetry argu-
ments in chemistry. Proceedings of the National Academy of Sciences of the United States of 
America.

 2 See Weinstock, M. Metabolism and Morphology, in Hensel, M. & Menges, A. Versatility and 
Vicissitude: Performance in Morpho - Ecological Design. (Wiley: 2008)

 3 “Curvature in a temporal environment is the method by which the interaction of multiple forces 
can be structured, analyzed and expressed.”  Lynn, G. Animate Form, p.23.



Alessio Erioli   Università di Bologna, Facoltà di Ingegneria, DAPT, Italy 179

Fig. 11-18
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 4 See, for example, Dartnell, L. How the leopard got its spots, article in +Plus magazine.

 5 The concept of chreod as a topological character of a virtual developmental morphogenetic 
landscape is discussed by Kwinter, S. in A discourse on method, in  Kultur, B.F. & Geiser, R. 
Explorations in Architecture: Teaching, Design, Research. (Birkhäuser Basel: 2008).

 6 Summerson, J. (1941) printed in Heavenly Mansions 1963, p. 217.
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Despite the fact that the process of generating architecture and realizing it in the con-
temporary paradigm is seamless, compartmentalized teaching of subject areas in con-
temporary architecture in most schools worldwide does not allow students to grasp 
this continuity. As a consequence, both projects in the school studio and their respec-
tive virtual materiality and materialization, but also later on in practice suffer from the 
lack of this understanding leading to the perpetual compromise between the archi-
tect and the manufacturer or rather between concept and end product.  

The paper focuses on the case of architectural education and is founded on observa-
tions made in an elective course at the School of Architecture of Aristotle University of 
Thessaloniki. The project ran for a semester and the background of the students could 
enable them to envisage a digital state of a virtual spatial product, with no anticipa-
tion of any materialization strategy. In a department of architecture like ours, encapsu-
lated in a School of Engineering, materiality is, however, an issue that hinders students’ 
creativity and is counterproductive to their imagination.

In this context the F2F-Continuum Research Project was exploited to test how our 
students’ perceptions on the seamless process would change if they worked with 
real building industries outside the school context and limitations and how their in-
teraction with other schools around Europe would enhance, enrich and encourage 
this learning experience. The idea that architects could diffuse to working positions 
through all “the construction industry” and also control the whole manufacturing 
process through computers was one of our premises for this teaching experiment. The 
ultimate aim was to reinstate in the minds of the students the perception of the archi-
tect information master builder1. 

The palette of materials offered by 
the industrial partners of the Project 
was one of our original premises 
and limitations. We felt that these 
limitations not only give a pragmat-
ic dimension to the project but also  
as Jean Baudrilliard2 puts it in his 
discussion with Jean Nouvel, limita-
tions are what can make a concept 
strong. From the very beginning, 
when the tools were first intro-
duced to the students, they started 
anticipating in what ways the given 
materials could be organized in a 
sophisticated way in order to per-
form intelligently. On the one hand 
students wanted to create a spatial 
product that would adapt to a vari-
ety of conditions by “sensponding” 
(sense and respond). This intention 
was moderated after the first tutori-
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als as the tutors felt that it could be misleading and beyond the scope of the Project 
alluding to smart architectures of a different nature and set of priorities.  On the other 
hand, that returned the loop of the process to the inhibiting mentality of our students 
to produce a design idea not directly “fabricatable”. This continuous loop and cycles  
kept the design process unstable in an interesting way, and we tutors were observing 
how this introduced to it unforeseen research qualities.

A critical fact of the aforementioned condition, was that most of the students were 
not familiar with associative design software as well as animated dynamic systems. 
One of them was selected to be keen on Autodesk Maya design software, as the re-
maining four of them were more familiar with analogue computing models and con-
struction detailing. Just after the first group meeting, where the F2F- Continuum con-
cept was explained as well as the offered materials being introduced, students started 
brainstorming by assembling animated dynamic systems in Maya.

While this was happening at the school, the tutors from all the partner institu-
tions had visits and seminars to the partner factories and were shown production and 
manufacturing processes and materials, components and their properties and poten-
tial. Tutors also had meetings among the partner institutions to discuss the pedago-
gy implemented at each partner institution. The time span of student familiarization 
with the digital computational tool and brainstorming was organized around a weekly 
group meeting where tutors presented the industrial partners’ factories, as well as the 
material production and fabrication processes. During these presentations, there were 
discussions about the production processes, the material’s specifications, possible 
uses and possible changes that could be made during the production process in order 
to achieve different properties and acquire the desired forms. 

Picking up a term from an Evan Duglis’s lecture, “Rep-Tile”, was considered as an 
inspiring precedent and an operational path for the students. Duglis3 used this term 
with a double meaning. While the student studies were focusing on a crawling com-
plex animal looking structure, from one of the partners tutors’ meetings it was thought 
appropriate for all projects to be given some maximum dimensions for the final proto-
type (dimensions of 3 m wide 6 m long and 1.5 m high). 

Meanwhile, our team decided to examine their adaptable Repetitive-Tile working as a 
paneling - cladding system made of some of the materials offered. 

The idea was that a double curved surface tessellates by a UV series of serf-organ-
ized panels. A quite complex double curved surface was designed, in order to offer a 
wide range of conditions for the panels to be applied. The complexity of the surface 
gave the students a complete image of how the panel performs in a wide range of 
varied conditions, and gave them the opportunity to explore its performative possi-
bilities, as well as to solve emerging assembly issues.

Students did not used a standard tessellation algorithm, but they critically selected 
the generic size of the panels, considering size limitations of the project and materials, 
and the aesthetics of the overall structure. In order to fulfill their selected criteria they 
controlled the number of U and V divisions of the surface and the curvature degree of 
it. The outcome was a croissant-looking surface, which was firstly divided into a ten by 
four grid of patches. This surface defined the supporting structural layer of the “Rep-
Tile”, as the eleven polyLines represented a ribbed structure where the panels could 
be attached. After defining the supporting geometry, each of the forty surfaces were 
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re-tessellated to a one by six 
patches grid. The latest pop-
ulation of surfaces became 
the cladding panels.

Interested in adding more 
intelligence to the structure, 
a dynamic animated model 
was assembled in Autodesk 
Maya virtual environment. A 
hinge applied at each pan-
el’s upper edge added the 
capacity of rotation around 
that edge. This organiza-
tion let each panel perform 
as open, closed and all the 
intermediate conditions. In 
order to explore non-pre-
dictable behavioral patterns, 
Maya Dynamical fields were 
set in motion around the 
Rep-Tile’s virtual model. Each 
panel was programmed to 
be affected by the fields, and 
it was this fields’ magnitude 
and location which indirectly 
controlled each panel’s state 
of “openness”. This parametri-
cally organized virtual model 
gave the students the oppor-
tunity to explore variations of 
the model’s performance in 
different scenarios, such as a 
shading system adaptable to 
various sun paths, or trans-
formable porosity systems in 
order to control privacy. At 
this stage the group of stu-
dents returned to the idea of 
the potential that their con-
cept could have if it were the 
product of a collaborative 
design team of architects, 
structural engineers, compu-
ter engineers working with 
similar industrial partners in 
order to create “senspond-
ing” structures.
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This virtual model was 
the students’ idea best de-
scription. However, as the 
notion of the workshop was 
to connect the virtual con-
ceptual model with a fabri-
cated version of it through 
a computer file organized 
method, a process of mate-
rialization had to begin. The 
first point of this process 
was the decision of which 
specific materials had to be 
used for each part of the 
“Rep-Tile”. It seemed obvious 
that ABZAK cardboard tubes 
could be cut and connected 
to form the ribbed structure. 
Furthermore, panels should 
be made out of a material 
which had to be a flat sur-
face rigid but capable of be-
ing folded. The ability of the 
material to be folded quite 
easily while retaining that 
fold as well as the rigidity of it was critical as the panels were not only designed to be 
a cover layer, but also to connect the ribbed structure and control the Rep-Tile’s rigid-
ity. For this part of the Rep-Tile, the most preferable material was the lightweight two 
millimeter ALUMIL etalBond; a laminated sheet of two sheets of aluminum with an en-
closed plastic connecting sheet, which was offered for free by the company just for 
this project. Unfortunately, the process of transforming (cutting - folding) was not pos-
sible with affordable means in the given time and another material had to be selected. 
By that time, Grands Ateliers, the venue of the prototype building, offered two differ-
ent material options such as polycarbonate sheets and cardboard. The final selection 
was only possible in situ after making some testing mockups. However, both materials 
had similar behavior in cutting and there was no time available in order to create the 
suitable cutting-pattern for each material.

A further design issue was the connections of the Rep-Tile. There were two types 
of connectors in the structure, the connecting nodes of the cardboard tubes in order 
to form the linear ribs, and a connection solution in order to attach the panels onto 
the ribs. For the first issue, students came up with the idea of a parametrically chang-
ing corner made out of timber, which would also have an expansion cross-shape part 
at each end in order to nest in the cardboard tubes and connect them. In order for the 
cutting pattern of these connectors to be generated, the rib elements from the Maya 
mode were imported to Rhinoceros, where the cut file was organized. A Carpenter’s 
Union that has an advanced CNC based timber workshop in Katerini, a small town in 
northern Greece, offered to cut these connection pieces out of MDF and a cutting file 
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was e-mailed from our school to Kat-
erini. Two days later, the pieces were 
ready. Students assembled them with 
glue and then packed them in order 
to send them to France for the proto-
type building. Another critical detail 
was the connection of each panel with 
the carbon tubes while retaining each 
individual “openness”. For these partic-
ular reasons a new version of a more 
sophisticated panel solution was cre-
ated, having embedded a pair of flaps, 
which controlled the angle of each 
panel as well as connecting the ribs of 
the Rep-Tile. As the materials were in 
Grands Ateliers, and there was no spe-
cific fabrication strategy at the time, 
students generated all the panels cut-
ting patterns and organized them in a 
CAD file and a plotted version as well. 
Travelling with the timber connectors, 
the plotted rolls of the unfolded ver-
sion of panels in 1:1 scale and plenty 
of flash drives with a lot of files, the 
group flew to Lyon for the workshop.

Upon arrival at Grands Ateliers, 
the group found the ordered pack of 
cardboard tubes and plenty of two 
millimeter thick white polycarbonate 
sheets. They immediately started to 
organize their workflow by splitting 
in two subgroups; three of them were 
cutting tubes in specific lengths with 
a ban-saw following specific data from 
an Excel file as the rest of them started 
dealing with the panels. The factory 
producing the tubes could have pro-
grammed their machines to have al-
ready cut our tubes into the right sizes 
but they refused to slow down their 
production line for the project. The 
panels’ group organized a working 
station of a desk with two computers 
in order to control the overall fabri-
cation process and an indexing area 
unrolled the 1:1 scale plotted cutting 
patterns and organized them in a grid 
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as the generator’s surface V and U. Each panel’s fabrication needed a series of specific 
tasks, such as cutting the perimeter, scoring where they should be applied, scoring of 
the folding lines, marking each panel’s index code, folding and sanding each of them 
for a better finish depending on the cutting method. There were two cutting methods 
available, on the one hand Lyon’s School of Architecture portable CNC cutting router 
and on the other hand, a more traditional labor intensive jigsaw following the plotted 
cutting pattern for each panel. Due to the fact that the local school had planned to use 
their CNC cutting router for the first couple of days and aiming for the best time use, 
the whole group set up a workflow to cut out the polycarbonate sheets; each panel 
with two jigsaws, then one of them scored the folds and the screw holes, another one 
folded them by using a hot beam, a third one sanded the panels for a better finish 
and a last one indexed the panels on the ground over the holes of the already cut pat-
terns and controlled the overall process. Two days later, as the students had already 
prepared half of the panels, they started using the CNC cutting router as well, and at 
the end of that day they had finished the whole panel  ‘production’. That evening, after 
an exhausting day where even the tutors had cut with the jigsaw, on the floor of the 
Grands Ateliers were lying all the two hundred panels organized on a grid, the forty 
four tubes and the fifty five connector corners. The rest of the work was already well-
organized and took only half a day. The students used two electrical screw drivers and 
a box of screws in order to assemble the cardboard tubes and the wooden connectors 
to the eleven ribs.

Right after this, they started attaching panels to the one side of each rib creating 
ten arches of panels, which were supported from the one side. The last part of the as-
sembly process was not expected to be that difficult; while attaching the arches one 
next to the other to form the final Rep-Tile structure, a lot of tension was generated 
deforming the structure. It took a lot of discussion to find out what was causing this 
deformation to the final project, and it seemed that the ninety degrees fold of the pan-
els’ flaps was not appropriate for each individual panel. The final touch to the Rep-Tile 
was given by an industrial portable heater with which the students heated the fold of 
each panel in order to “relax” them into the proper angle and finally the prototype was 
in place quite close to the original idea.

The whole process was interesting for the group of students as well as for the tu-
tors. The combination of digital experimentation with complexity and the specificity of 
parametrically adoptable detailing needed a lot of effort from the group as the desired 
outcome requested both characteristics. In order to accomplish the whole task, the 
group was in a state of ongoing negotiation. From the tessellation of the first surface, 
to the planarity of the panels and the simplicity of the attaching flaps through the final 
shape of the whole Rep-Tile, students were called to define with a non-standard detail 
what the fabricated version of their idea would look like and how it would perform.

Critical tools and skills during this long and hard process was the creation of a com-
patible file carrying descriptive fabrication information. These files were, .mb Maya, 
.3dm Rhinoceros, .iges NURBS files, as .dxf vector files, simple EXCEL files containing 
organized data or even simple .jpg image files with rendered details that had to be fol-
lowed during the final assembly.  Vital to this file exchange process was compatibility, 
as most of these files had to be discussed or even worked on by other individuals in 
order to prepare some components, or order material or just comment on some de-
sign ideas. Moreover, equally critical was the capability of cross-platform information 
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exchange through file as it is time consuming or even impossible to prepare for every 
part of the design in a single software.

Last but not least was the outcome from the whole workshop; it is intelligence 
and work that matters much more than talent in the contemporary building industry. 
During the design process, students prepared a population of different models, which 
were critiqued thoroughly in order to select which could be the most fit representa-
tion of their design for the workshop. Furthermore, they tested many variations of 
fabrication strategies on models of any scale, in order to develop the one that creates 
the closest to their design result in the most efficient way. These two aforementioned 
design evolution processes stresses the importance of combining hard and rigorous 
work with critical thinking in the new F2F-Continuum Era.
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Introduction
Response to F2F-Concept. Description of our school’s academic environment and 
its teaching guidelines about construction as part of a polytechnic.

Defining F2F
Trying to define F2F from our point of view, as we did in the very beginning before 
Lyon.

Workshop’s schedule / timeline Team formation
Introduction to parametric software

Design through computing vs. representation modeling.
Students’ familiarization with the new logic of the design software.

Playing around and brainstorming on geometry.
Introduction of materials and limitations

Presentation of field trips to students, discussions on ways of utilizing the of-
fered materials.
Research on construction possibilities of the offered materials.

Structure Brainstorming
Four proposals, aiming for intelligence in design. Moving, Transforming, Para-
metrically Responding structures.

Rep-Tile
 Introducing Rep-Tile as a guideline for form - structure - size of the model.
Encapsulation of interesting parts of the four proposals to a digital parametric 
model of a structure, which may offer various affects.
Simulations, tests of the model according to various conditions.
Final selection of a multi state of the model, which illustrates the capacities of 
the model.

Defining the structure
Material selection. Organization of the detailing. Definition of deferent scales in 
the model.
Fabrication drawings.
Fabrication of components.
Katerini’s Factory Tubes strategy Aluminum Panels proposal, alternative mate-
rial strategies. Panels’ index plot in 1:1 scale

Setting Up Week in Lyon
Transport of ready made connectors. Tubes.
Testing the CNC process by cutting panels by electric handsaw as well as CNC 
router at the shop.
Final assembly.

Outcome
Testing different strategies in a virtual as well as a material environment. Testing 
fabrication ideas and strategies with material scale models as well as mockups.
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The students ability in classic fabrication techniques helped in order to respond 
quickly to and overcome issues which emerge during the Design 2 Fabrication 
process. They are really tough negotiators...The handicap of lacking the f2f infra-
structure at the first workshop venue eventually acted as a healthy transition from 
the hand-crafted to the absolute, highly computerized manufactured product. 
The industrial partners eventually learned from the students what is to come from 
their demanding, avant-guard architects-clients to be. We learned that for as long 
as ideas are infinite, and for as long as new tools and new materials are invented 
we will be on an ongoing learning curve and architectural education will be per-
petually experimental, not given and founded on healthy uncertainties. 

Notes
 1 Kolarevic, B., Information Master Builders, in: Architecture in the Digital Age” Design and Manu-

facturing, Kolarevic, B. (ed.), 2003, Spon Press, London, 55-63. 

 2 Baudrilliard J. and Nouvel J., Les Objects Singuliers, 2000, Calmann-Levy, Paris, 16.

 3 Silver, M. (guest editor), Code, Eros and Craft: An Interview with Evan Douglis, In: AD Program-
ming Cultures: Art and Architecture in the Age of Software, July-August 2006, 53-62. 
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 Introduction

The development of architectural vocabulary is largely related to recent advances in 
the world of digital design. Advanced CAD tools and geometric modellers allow the 
creation of forms that overtake Euclidian models. But the digital also affects the uni-
verse of manufacturing; CNC technologies provide the possibility of creating physical 
version of design alternatives.   

The CFD workshop - conception, fabrication, digital - is an opportunity to chal-
lenge the process of design to making. From the imaginary form to the physical one, 
the aim is to handle the form in terms of its concept, construction and assembly char-
acteristics as well as CNC facilities.  

Nancy’s Context

The City of Nancy played a prominent part in Art History, especially during the Modern 
Style period, called Art Nouveau in France. The “Ecole de Nancy” movement, “School of 
Nancy” movement, is one of the two French modern style trends. Between the end of the 
19th century and the beginning of the 20th century, artists and architects derived their 
idea from natural and organic forms, linking this design process with the new produc-
tion methods and material features. Ornament was no longer incidental decoration but a 
part of the building itself. The scientific paradigm of this period and the way nature was 
analysed, showed and documented, played a large part in the emergence of the Modern 
Style. The decorative element was no longer defined by its nature itself but in accordance 
with the image of this nature as promulgated by the culture of science. The understand-
ing of this tamed nature went through the identification and representation of the sym-
metrical relationships between elements (Haeckel, 2007). Moreover, shape characteristics 
were subject to production methods and behaviour of materials. Basic patterns were de-
rived depending on the different types of application and production techniques (Olaf 
Breidbach, 2007). Nowadays, the ornament question is being revived in contemporary 
architecture through the use of digital technologies. Kai Strehlke (Strehlke and Loveridge, 
2005) presents a work made with students in the exploration of ornament redefinion. He 
lists three main generative methods, nurbs sculpting surface, programmed surface and 
images derived surface, and exemplifies the possibilities. 

Jean Prouvé, a native of Nancy, is another major actor in Architectural History. During 
the middle of the 20th century, he contributed greatly to the renewal of the architectural 
language through the integration of industrial procedures and techniques. Familiar with 
metal, he explored both furniture and building, through the production of structural sys-
tems or envelope components. He was very attached to experimentation and he con-
sidered material feature knowledge as one of the main design principles. This material 
knowledge was acquired through its manipulation. In particular, he considered the use 
of physical prototypes as a design method.  Jean Prouvé was very involved in the fabrica-
tion processes and he introduced industrial techniques into the field of architecture. He 
especially worked on the home standardisation and home industrialisation production 
in the context of the reconstruction after the Second World War. Nowadays, Prouvé’s way 
of working has been updated by digital fabrication technologies and mass customisation 
production. Here the object takes place in a continuous formal variation, the designer 
works on an aspiring shape variation and the final object symbolizes a significant instant 
of the process (Kolarevic, 2005).
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Educational approach

CFD was a one-week workshop with graduate students from the Architecture School 
of Nancy in France that took place in February 2009. Twelve students, divided into four 
groups, were asked to lead a project from the conceptual idea to a small performance 
model. The starting point of the design process was a picture of a natural phenom-
enon, organic or inorganic construction. This picture was intended to stimulate the 
imagination and the creativity of the students. This approach was established on ana-
logical thinking, visual culture and the visual ability of a plastic interpretation based 
on a picture inspiration. The analytical question was then tackled through the explicit 
formulation of the morphogenetic and constructive characteristics. The image was to  
be interpreted until a physical reality. The generative components of the shape was to 
be identified and understood in order to be digitally modelled. The form composed 
by the adjustments of unitary forms, the growth of the form, the form in motion, the 
continuous deformation and isomorphic transformation are some examples of a mor-
phologic look. Based on this exciting image selection, students were free to define a 

Fig. 1

Door, Prouvé’s project.  
Light effects and variation.

Fig. 2

Geometric and symmetric interpretation of 
natural form.
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program, formulate a purpose and choose a site for the project. The second stage of 
the exercise aimed at a constructive interpretation. Students were helped by the for-
mal taxonomy supplied. Finally they were asked to include the whole thickness of the 
architectural question. Physical qualities, sensitive affects, social effects and usage fea-
tures were to be argued. 

Lectures

Students had no specific knowledge in digital fabrication and we started the week 
with four lectures. The first one was an introduction to the digital fabrication ap-
proach, methods, machines and processes. We presented different digital fabrication 
techniques, the additive and subtractive methods and we respectively illustrated the 
different kind of existing machines: 3D rapid prototyping, lasers cutter, water cutter, 
3D milling, cutters and engravers. We gave some examples of the continuum process 
associated to a file to factory approach. These examples were extracted from previous 
experiences led in the architecture schools of Lyon and Grenoble, especially with the 
European Learning Project Continuum F2F. We epitomized the digital process from the 
digital model of the object under conception, to the constructive interpretation of the 
shape, and finally to the setting up of fabrication files, including the tool paths defini-
tion and the nomenclature of components. We exemplified the importance of convok-
ing early on in the design process the material behaviour and fabrication constraints.

The second lecture presented a categorization of the architectural formal vocab-
ulary in which each shape family was associated with its constructive characteristics 
and constraints. We identified five “Morpho-types” in function of the scale and the ge-
ometry of the shape’s components, of the material and products used, of the struc-
tural system behaviour and of the assembling and fabrication methods. These fami-
lies are stacking, tilling, mesh, braces and membranes; moreover, they were divided in 
subgroups.

 • The stacking refers to the superposition of horizontal plans evenly or not. Corbel-
ling generates the form in elevation. The friction between the elements cancels 
the horizontal forces. A distinction could be made between modulate stacking and 
layering.

 • The tessellation refers to the splitting up of a structural surface with similar ele-
ments, which fit together avoiding an empty space between them. A distinction 
could be made between facets, waffles and folds tessellation. 

 • The mesh is a grid of a bars network. Bars are fixed together by knots and are es-
pecially subject to traction and compression. The mesh is located in the plan of the 
surface or parallel with it. Edges, lattices and braiding make up this category.

 • The brace is a composition of various structural elements that build a three-di-
mensional shape. This shape could receive an envelope surface. Braces are normal 
to the surface. Frames, arches and grids extend the category.

 • The membrane is a continuous structural surface made with linear (planks) or sur-
face (panels) elements but assembled with no angle. Vaults or shells represent a 
variation of the membranes.
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The third lecture offered different assembly solutions and types of knots. These tie prin-
ciples were organised into six main categories: free union, frivolous ligature, interlock-
ing, supported union, assisted union and intimate connexion. Each of these categories 
was subdivided. Straddle, ligature, padlock and fasten composed the free union family; 
ligature and sew the frivolous ligature one. Interlocking, mortise and tenon, wedge and 
splint made up the interlocking category. Connect and tighten made the distinction in-
side the supported union group; link-pin, cotter, screw, clasp, bolt extended assisted 
union and direct stick or assisted stick represented intimate connexion.

The fourth lecture was about the geometric interpretation of natural shapes. The 
digital geometric concepts and the form production strategies, that is to say, the ad-
justment, combination of unitary forms, or the continuous shape deformation through 
the use of morphologic operators like twist, stretch, pinch (…), were linked to natural 
morphogenetic processes. The necessity of a geometric interpretation of the natural 
shapes in the context of digital modelling was demonstrated. Symmetric arrange-
ments, algorithmic growth and the mathematic of the natural form were illustrated. Fi-
bonnacci sequence, fractal description, recursive processes, Voronoï tessellation were 
some of the given examples. Cecil Balmond (Balmond, 2008) explored the potential of 
nature and science as an open book able to highlight geometric realities.

 
 
 

Resources

To lead the design, the students had direct access to different kind of resources. First, 
in order to stimulate their creativity, they could pick an image from a library composed 
of two hundred pictures arranged by type: animals, trees, art, corals, shells, water, 
snow, natural forms, plants, rocks and crystallography.

The following software were used: Maya© and 3DStudio Max©, mel and maxscript 
associated to the conceptual modelling, Autocad© and Illustrator© dedicated to two 
dimensional drawings and adjustments, Artcam© concerning fabrication files setting, 
WinPC© in charge of the post processing and the machine driving.

Moreover, a library of mel and maxscript functions was available: automatic 
Boolean operations and transformation, random positioning, recursive tessellating, 

Fig. 3

Algorithmic Growth: Geometric 
interpretation of natural growth.

Fig. 4

Recursive sequence.
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Fibonacci sequence, multiple sectioning, unfolding facets, automatic “half-wood” as-
sembling generation.

Finally, a 3D milling machine was installed. This machine has an 800 x 750 mm cut-
ting area. From 3 to 8 mm diameter wood wicks and 3 mm thickness MDF panels were 
available. This CNC machine is part of the Digital Fabrication Lab of the Architecture 
School of Lyon.

Work in progress

The first half-day was dedicated to the lectures and general information. But very 
quickly students started to work on their own project. Between half a day and two 
days were given over to conceptual design, then each group, based on temporary re-
views, had to prepare its fabrication files. The last two days were devoted to the pan-
els’ cutting, fabrication and assembling. The generation of Numerical Control (NC) ma-
chine code was done with traditional CAM software such as Artcam©. The files setting 
up were important during this phase and students had to define cutting paths, cut-
ting tools and specific machine parameter. Due to the lack of time, students were sup-
ported during this phase.

Case study

The following project is interesting because of its going backwards and forwards be-
tween atoms and bits. The starting point of the project was a picture of a bird’s nest: 
beginning with this evocative image, the students projected a small museum evoking 
a natural form. They started by hand modelling a grilling in order to obtain the de-
sired shape. Then they proceeded to the digitalization of the physical shape with the 
help of a portable handheld 3D laser scanner. After an optimisation phase of the point 
cloud data, two constructive hypotheses were explored.
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 The first constructive solution was based on an assembly at “half-wood” of a series of 
arches. This arches grid was made with the use of a parametric script that allows defin-
ing distance between two beams, beams’ thickness and depth fitting. Geomagic© soft-
ware and 3DStudio Max© with maxscript were used to design this structural envelop.

The second constructive solution was intended to keep the notion of randomness 
in the final structure, as is present in a natural bird’s nest. In order to evoke this, stu-
dents  placed vertical plans evenly and thus defined structural arches. Then they ran-
domly displayed a series of struts. Here, all the drawings were hand-done in Autocad©, 
no automatic procedure was implemented.

Discussion

Our experimentation remained on the scale of model production. Nevertheless, it 
seems very important to explore the digital production on the one to one scale. First 
because behaviours of materials will change, the linear transposition from model to 
final project is not possible, and second because the physical experimentation of the 
space and effects generated are really instructive. Nevertheless, such experimenta-
tions require larger machine capacities, a dedicated workshop, equipments and tech-
nician competences. Such equipment is available in architecture schools like ETH 
(Zurick), University of Oulu (Finland), Harvard University (USA) or Les Grands Ateliers 
(France), and will be in the near future in Nancy with the Innocité project.

We started to build a tools box putting together scripts and functions but we have 
to enhance it. Supplying students with predefined scripts is fruitful and enables us to 
increase the available tools in return. Our aim is to link together our morpho-types 
with their corresponding assembly solutions and thus implement scripts that allow a 
parametric production of respective components.
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Natural disasters, wars, terrorism and unpredictable events are becoming so frequent 
today that it is urgent to find possible solutions.

Architects are asked to invent new kinds of adaptable spaces able to adapt to dif-
ferent sorts of emergency, predictable or unpredictable ones. 

High adaptability and rapid deployability are highly requested in order to fulfill every 
kind of timely measure. Sometimes the answers that are able to be achieved are not 
satisfactory in term of effectiveness and efficacy. 

Too often the provisory dwelling units used to resolve an immediate housing problem 
after a disaster tend to become permanent and rather frequently the first aid arrive 
too late at the place of the calamity. 

Anyhow one of the main issues that occur in almost every kind of emergency is 
the sanitary one. As a result of our research we found out that according to the Word 
Health Organization (WHO) the emergency medical services pose one of the main 
problems of the health care system. They are needed to make fast and appropriate 
responses to life-threatening situations. 

Out-of-hospital emergency medical services (OHEMS) and hospital emergency de-
partments form the two pillars of emergency medical services. Although better coor-
dination could improve performance and reduce mortality and the rate of morbidity, 
it is not achieved in most cases.Out-of-hospital emergency services must cope with 
the fast development of communication systems and technology, and the popula-
tion’s demands for fast and efficient services. 

In attempt to fulfill all these necessities, health care delivery systems are now con-
fronting important challenges posed by the rapid development of communication 
and biomedical technology, the need for cost containment and the focus on effective-
ness and efficiency, the increase of the demands of the populations for services and 
changes in demographic and epidemiological factors.

The different strategies for reform include decentralization and centralization, 
substitution policies, redefinition of the functions of hospitals and primary care, the 
creation of new roles for professionals, improved management, cost-containment and 
market orientation. No matter what the strategy adopted is, the aims of reform are to 
provide health care that is oriented towards outcome, based on evidence and focused 
on effectiveness and efficiency, to enhance the availability of services, patient satisfac-
tion and the quality of care.

Despite all this growing interest in the increasing OHEMS performances, the WHO 
is still facing a problem with intermediate health services. At this stage they subdivide 
the emergency units in three categories, ascribing different aims a diverse duration in 
time. 

 • First 48 hours:
 - It is allowed to work with the energy of the location. In any case it is recom-

mended to be self-sufficient.
 - Operative capacity in situ.
 - Be able to treat multiple intense lesions.
 - It is allowed to work with the energy of the location. In any case it is recom-

mended to be self-sufficient.
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 • From 3 days up to 15 days: 
 - Secondary attention.
 - Traumatism continuous control.
 - Diarrhea.
 - Inhaling serious infections.

 • From 15 days up to 2 years:
 - Not to be tents or inflatable structure mechanisms.
 - Closed air circuit.
 - Self energy.
 - Primary attention.

The specialized aspect we are trying to deal with is related to the intermediate hospi-
talization process. 
 
In this sort of temporary situation the design proposal wants to cross the bridge be-
tween a prolonged health emergency and a normal hospital operation in the fastest 
time and in the most effective way possible.

The main aim of the project is to provide an Intermediate Health Unit, customizable 
through an Emergency Interface, therefore able to satisfy a large range of different 
medical needs in a short time almost everywhere. 
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The WHO will strengthen its directional role allowing a greater contribution from each 
individual nation that, on the other hand, will be allowed to select and personalize the 
kind of emergency unit they are asking for.

WHO has actually solved emergency systems that had to be a short time based 
emergency health ones. They use a tent structure that allowed them to stay between 
48 hours and 15 days. They also build new emergency definitive systems in case of 
need but we are dealing with its weak point.

I am dealing with an INTERMEDIATE HEALTH DEPLOYABLE SYSTEM, with an interface-
based design, able to solve the intermediate situation between 15 days and one year. 

When a predictable or unpredictable emergency happens, the first step will be to 
work with the interface; through it the client can design his own intermediate health 
unit. The emergency interface, through a series of easy questions, will guide you all 
the way through the design of your unit. Once the design process is finished and ap-
proved, it reaches the factory directly, where the unit will be cut and packed for the 
proper system and directly sent by trucks to the site.

In order to plan, manage and monitor any public health programme properly, it is vi-
tal that up-to-date, relevant information is available to decision-makers at all levels of 
the public health system. As every disease problem or health event requires a differ-
ent response and policy decision, information must be available that reflects a realistic 
assessment of the situation at local, national and global levels. This must be done with 
the best available data and taking into consideration disease transmission dynamics, 
demographics, availability of and accessibility to existing health and social services as 
well as other geographic and environmental features.
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Geographic information systems (GIS) provide ideal platforms for the convergence 
of disease-specific information and their analyses in relation to population settle-
ments, surrounding social and health services and the natural environment. They are 
highly suitable for analyzing epidemiological data, revealing trends and interrelation-
ships that would be more difficult to discover in tabular format. Moreover, GIS allows 
policy makers to easily visualize problems in relation to existing health and social serv-
ices and the natural environment and so target resources more effectively.

 The current health distribution is missing an intermediate unit: a unit that can stay 
longer than a tent hospital if required, and a unit that can solve some hospitalizations 
so as not to load the current hospitals with hundreds of patients if an emergency hap-
pens. The Intermediate Hospital Transportable Unit will work from a transportable, 
adaptable and customizable point of view. The designed interface will help us to cus-
tomize the I.H.T.U. depending on the needs and will carry the client through the de-
sign. Thousands of data have been collected to make the interface work. 

The Emergency Interface

In recent decades the notion of time-based design has increased the interest of ar-
chitectural practices in exploring new kinds of design processes more linked to biol-
ogy, philosophy and other disciplines whose main potential is to make possible a real 
application into contemporary processes to change the conventional architectural 
methods by diagramming, mapping and animation techniques. When we designed 
our interface, which, connected to the overall system generates the health system, we 
realized that not only the common architectonical design techniques can be used.

  
The EMERGENCY INTERFACE will help us to decide quickly in critical situations how the 
Unit must be and how it will carry us through the design in real time. Our Health De-
ployable System has an interface-based design. When an emergency, predictable or 
unpredictable occurs the WHO will work through the Interface.

Making the client answer a serial of questions, the interface connected to the fac-
tory will fabricate the system, customize it for the situation and pack and fold it, ready 
for deployability by truck, plane or boat via several containers.

The questions the interface proposes are those which help the customization of 
the system and deployability. Sample questions will be where the emergency hap-
pens or it is going to happen, kind of emergency, expected number of days, expected 
number of patients, etc…

The interface will design some compulsory parts for the case, already customized 
for the situation, but also will offer to the client some optional parts that the client 
will be able to choose to have. The customization of several compulsory and optional 
parts is also allowed.

Once the interface work has finished, all the data will be received at the factory. 
Then the proper pattern system will be automatically designed, creating the proper 
membrane sheet and folding and packing it for a proper deployment.

 
The clear properties of the material and some basic real controlled parameters will 
perform the unit, helping us to create a real transformable, transportable and custom-
izable space. Developing the pattern in some different SCALES, it will arrive at its final 
development. 
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The Emergency Intermediate Health System, Interface customized, is able to satisfy 
most medical needs in the shortest time almost everywhere. A time-based system is 
divided into two kinds of units:
 - Basic triage 
  Fast deployable pack ready to be sent immediately after the disaster. With a limited 

use in time and focus in the acute phase. Usable as an adaptable triage or first-aid 
unit working alone or with an existing health facility damaged or overcrowded.

  - Specific health 
  Different rapid deployable units customizable according to the kind of emergency 

through an interface-based design. Unit reponses to the specific spaces and needs, 
so it is a complete integrated system, able to adapt to specific diseases, spatial and 
technological needs, and able to form a field hospital.

Deployable 3D structure from a flat surface, able to arrive directly from the factory to 
site, perfectly packed and ready for easy and quick use. A Multilayered Membrane In-
telligent System different for both packs but based in the same logic. 

We are designing 2D patterned 
deployable surfaces that ex-
pand into a complete 3D space. 
The idea of having a multilay-
ered patterned membrane that 
expands 400% is the base of 
the deployable system we are 
proposing.

[An_D] designs through a developing and controlling process. Thinking about the re-
lationships between patient/doctor, the functional needs, the actual situations and 
the technological problems, we are proposing a new concept of health resources dis-
tribution and a new idea of health unit. 
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The structural system is a deployable 3D structure from a flat surface that is de-
signed through our interface depending on the emergency characteristics, and that 
arrives directly from the factory to the site by trucks, helicopters or boats, perfectly 
packed and ready for easy and quick assembly. The patterns controlled in four differ-
ent scales will hold all the design weight. Controlling some basic parameters, it is pos-
sible to order the material how to behave. Controlling some basic parameters is possi-
ble to tell the hospital what to do. We are designing the future adaptable customizable 
architecture.

 
So that our system is not only an envelope for a space, it is not a space that after you 
can fix with the medical equipment. It is designed instead for this focus situation, pa-
tient and use. It is a fully integrated system. It will be designed to include water, elec-
tricity and oxygen supplies as well as the necessary medical equipment.   

We are proposing two different systems to solve the two packs but both of them 
based on the same logic: a patterned 2D multilayered membrane that will deploy and 
expand creating the units.

Basic Package

We are dealing with a new idea of space 
that interrelate patient, doctors and nurs-
es. After the research, we realized through 
the current A&E system at the hospitals 
and the emergency tent hospitals that we 
had to change the concept of space they 
are dealing with. This decision was taken 
in order to improve the efficiency of the 
service, to try to minimize the numbers 
of doctors required as well as the waiting 
time, and to improve the emotional and 
psychological aspect of the relationship.
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The basic concept of every emergency hospital is the TRIAGE. Our fist 24 hours basic 
pack will be composed by the triage and all the compulsory tools to join it together. Af-
ter the first 24 hours of study the interface will decide if other kinds of units are neces-
sary and design them, whether it is a complete hospital or whatever kind of emergency 
health unit is necessary to be sent in order to complete the health given by the triage. 

The users are divided into two categories: doctors and patients (children, female and 
male) and treated depending on the emergency of their case, in different categories 
of doctors, time attendance and not doctor needs. Currently this last type of emer-
gency will be brought forward introducing a secondary nurses’ boundary where doc-
tor attendance is not required. 

In any case, the new concept of space we are dealing with, the negotiated bound-
ary, will not allow us to have the exact idea of the square meters until a final decision 
has been taken. That is why, now, we are still considering changes to this space, trying 
to reach an efficient interrelationship patient/doctor/nurse so that changes are made 
in a short time. 

The concept of triage we are trying to propose exists in a negotiated mixed space 
where the interaction between doctors, nurses and patients takes place only in the 
moments that are completely necessary. In the meantime, they will have separated 
spaces, leaving the patients resting in privacy and the doctors can attend other pa-
tients without disturbing the first group of patients. This is designed in orded to im-
prove its efficacy. The first main change is that the patients do not have to queue in 
the admissions room, so that the first collapsing point disappears. As soon as they ar-
rive they can enter any of the triage pods where, being monitored, they will be seen 
to in orden depending on the emergency of the case. The sensorized pod will react to 
the patient weight and movement making a complete adaptable cellule, but always 
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being within the positions allowed for the doctor to the patient. On the other hand, 
the disposition of the pod cellules is designed in a way in which a maximum number 
of patients will be attended to by a minimum number of doctors and nurses.

This new idea of triage eliminates, the need of another space for the admissions room 
because it is inherent in it. The waiting room will also be considered a different space 
being located outside the unit [except obviously the one for the families of ill children] 
in a pod field that will be located between the forest and the river approaching the 
views.

The patient can reach all the other spaces of the health unit; this means that the pa-
tient can enter them only if authorized by a doctor or nurse, who will be with him/her 
when he/she is using them. These will be our P+D spaces.

We are proposing four types of spaces in a complete design unit:

P spaces [patient spaces]
D areas [doctor+ nurse spaces]
P/D boundary [separate doctor and patient space that interact and blend when 

necessary]
P+D spaces [spaces the patient can only enter if authorized and always supervised 

by a doctor or nurse]
S areas [service areas, used by doctors, nurses and maintenance people]
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P spaces: waiting fields
D areas:  rest nurses/doctors, laboratory, morgue, nurses desk.  
P/D boundaries:  triage, short/term bed, pediatrics.    
P+D spaces:  operating room, recovery room, radiology, emergency care. 
S areas:  pharmacy, restrooms, laundry, kitchen, storage, mechanical room. 

System

The structural system is a deployable 3D structure from a flat surface that was de-
signed through our interface depending on the emergency characteristics, and that 
arrive directly from the factory to the site by trucks, perfectly packed and ready for 
easy and quick assembly.

The system will be a three dimensional structure that allows the openings inside them 
to move and variate the lighting and ventilation system.

It will also be a fully integrated system. It will be designed to include water, electricity 
and oxygen supplies as well as the necessary medical equipment.

So that our system is not only an envelope for a space, it is not a space that after you 
can fix with the medical equipment afterwards. It is designed instead for this focus 
situation, patient and use.

We will try to avoid the use of positive pressure designing a system that will be 
completely static once joined, structurally speaking but completely capable of resist-
ing wind efforts and possible weather bad conditions. It will also be possible for more 
system units to be added should the need for them arise.

The patterns controlled in four different scales will hold all the design weight. Con-
trolling some basic parameters, it is possible to order the material how to behave. 
Through controlling some basic parameters is possible to tell the hospital what to do. 
We are designing the future adaptable customizable architecture.

[An_D] designs through a develop-
ing and controlling process. Think-
ing about the relationships between 
patient/doctor, the functional needs, 
the actual situations and the techno-
logical problems, we are proposing 
a new concept of health resources 
distribution and a new idea of health 
unit. 

This system is presented as a 
complete recycling circle, being able 
to be dismantled, blended, and re-
used at the factory in the next emer-
gency intermediate system.
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Triage Basic Pack

Roof Layers

The basic triage is a quite instantaneous one. A completely inflatable system mem-
brane helped by positive pressure consists of in a four layer membrane that controls 
the curvature depending on the pillows inflated. It is also capable of expanding ac-
cording to the needs and changes in use after the initial 48 hours.It is composed of 
FIVE BASIC LAYERS:
External PTFE membrane layer,
2 internal layers of EFTE pillows, 
Internal FIRE proof Membrane.

The two pre-external EFTE pillow membranes help to control insulation and shape 
through the different levels of inflation. Also the different pillows can allow different 
amount of sunlight depending on the density of the material and also the possibility 
of drawing a pattern on their surfaces. 

Not only for the triage but also for the specific units, the membrane includes in 
the tubing preset mechanics of the building connections. Data, electricity and oxygen 
tubing will just need to be connected when completely deployed to the rest of the 
system. This makes our membrane a smart one, solving several of the problems that 
the tents have with these kinds of mechanics.

Floor Layers

The adaptable floor system will be able to adapt in both systems to several ranges of 
different floor conditions.
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The floor of the triage is composed of a tubing system and latex deformable bal-
loons. The balloons are filled with polyurethane foam that, when inflated, creates solid 
foam configurating a rigid base for the floor.

On it a bag of Phase Change Material will configure the horizontal surface provok-
ing this phase change state when already deployed with an electric current through it.

Specific Unit System

Regarding the second system sent, that which is going to configure the less tempo-
rary field hospital facilities, we will try to avoid the use of positive pressure, designing 
a system that will be completely static once joined, structurally speaking, but com-
pletely capable of resisting wind efforts and possible weather bad conditions. It will 
also be possible for more system units to be added should the need for them arise

Roof Layers 

The basic membrane is composed of SEVEN layers. 

The external layer is a pattern PTFE membrane, the two pre-external ones are inflata-
ble membranes composed of ETFE pillows, the central membrane is composed of the 
structural clip system and the opening/closing system balloons.    

The external membrane, transpirable , PTFE coated glass-fibre, incombustible accord-
ing to international standards, is resistant to all known acids and alkaline solutions. It 
also allows different amounts of sunlight to come into the interior spaces. 

The two pre-external EFTE pillows membranes help to control insulation and shape 
through the different levels of inflation. Also the different pillows can allow different 
amount of sunlight depending on the density of the material and also the possibility 
of drawing a pattern on their surfaces.  

The central layer, the more structural one, will be composed of the structural clips that 
open and close the complete multilayered membrane, and the opening/closing bal-
loon system and will also be reinforced with carbon fiber.

Our system combines two kinds of systems with 
the same logic, which came from the previous 
study in physical and digital experimentations. The 
mixed resulting system is a combination of tubes, 
wires and joints that acts as the structure, and, ad-
justed into it, the second one, inflatable, whose 
task is to control the light and the heat-cooling 
system. Where it is required, a secondary structure 
will configure the interior landscape inside the 
boundaries. In that case, we will be using techno-
gel® for the design of the body adaptable surfaces. 
This atoxic polyurethane based material adapts its 
physical conformation to the body using it distrib-
uting the pressure with adaptability and without 
any permanent deformation after use.
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It is not necessary after the joining to do a complete new installation of electricity, 
oxygen and water supply. Our system includes a quite complete mesh of cables and 
pipes previously set, so that adding the floor system for electricity and water it is only 
necessary to connect the system and activate the pumps. The kind of floor used will 
allow us not only to solve all these technical supplies but also the current state of the 
ground of the area used.

Deployment Storyboard

The deployment of our system is a 10 STEP based STORYBOARD:

STEP 1:  Deployment of several concrete small cubes (25 x 25 x 25 cm) for the prefixed 
points.

STEP 2:  Flat patterned membrane arriving at the site in containers folded and packed. 
Unpack and deploy flat sheet on the site.

STEP 3: Floor fixed to the prefixed points.

STEP 4: Folding membrane sheet over the floor.

STEP 5: Floor clips opening. The kind of floor used will allow us not only to solve all 
these technical supplies but also the current state of the ground of the area 
used.

 
STEP 6: Walls pattern opening. 

STEP 7: Roof pattern opening. Shape configuration.
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STEP 8: Floor deployment. The kind of floor used will allow us, not only to solve all 
these technical supplies but also the current state of the ground of the area 
used.

STEP 9: Internal Landscape configuration. 

STEP 10: Internal External system conexion

It has always been difficult to predict the unpredictable but with current knowledge 
and technologies it should be at least possible to forecast the predictable in order to 
be ready for providing the primary human requirements.
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Introduction

Computing design provides new possibilities for the genesis of free forms but these 
new shapes are just a facet if their formation and rationale is based only on the typical 
structural organizations. An internal logic and method is important. Cecil Balmond, an 
innovative engineer, writes in his book under the title ‘informal’: “the ingredients are 
all there to evolve form in fascinating ways…the challenge is to make structure the 
new discipline in a re-examination of space’ 1. 

As the technical development of CAD techniques proposes new ways of thinking, 
representation, and simulation so respectively, the evolution of CAM techniques fa-
cilitates the production of non-standard forms and further encourages the systematic 
exploration of novel approaches to rationalization methods required for their manu-
facture. By presenting experimental and realized projects we bring to the fore the 
necessity of rethinking the concepts of design and construction evolution and their 
interconnection. There is a strong relation between techniques and the generation, 
control and construction of complex forms. 

 ‘Deep’ Surface

The technologies of our time offer new design techniques and processes. From the ini-
tial stages the design examples unfold in a digital 3D environment through the appli-
cation of animation techniques and software that utilize time and changeability as vi-
tal ingredients of design2. The emergence of complex and curved shapes can be seen 
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far back in the past. We could argue that in different periods of history there has been 
a strong legitimization between the developments of technology for the representa-
tion of design information and the types of architectural drawings and the invention 
of complex components and shapes. 

The Greek word for ‘tradition’ (‘παράδοση’) means and refers to something that 
has been delivered from the past to the present. So in analogy we could assume that 
design is the preservation and medium of the established (traditional) knowledge of 
the past. Its continuity in time embeds a result controlled and ensured by the previ-
ous experience. In this way the design process acts as a preconception: it is a kind of 
standardization and classification of pre-existing information, behaviour, and cultural 
and social practices. This knowledge is realized and presented through a specific de-
sign process and a final design result. Design procedures are carriers of pre-existing in-
formation. These procedures have been ‘published’ in the past; they are preserved and 
memorised to produce design codes, that is, how things must be done and be ordered.  

Naval architect. 

The structure of the medium of information has a strong influence on our way of life, 
on how we think and of course on how we design. Throughout history, man extracts 
gradually more and more matter from nature to imprint information on it. In this way 
he is transforming matter to cultural objects. Using ‘traditional’ techniques and proce-
dures is a way of using specific methods for imprinting form onto the formless. In this 
way a designer may control and ‘dominate’ matter. According to Vilem Flusser, ‘domi-
nate’ means to impose form, to inscript form into matter, to inform.[3] It is a commit-
ment against the chaos of coincidence (against anarchy) and in support of the inscrip-
tion of form onto matter. These procedures of matter information produce inscripted 
data on the sub layers of matter. Together with the embedded information, these sub 
layers generate surfaces which are ‘deep’. A surface with more information embedded 
is deeper, so the more information a surface has, the deeper it becomes. 



216 File to Factory: The design and fabrication of innovative forms in a continuum

Matter is a carrier of information; it is ‘intelligent’ because of its embedded behavioral 
properties, mechanical and chemical (elasticity, flexibility, strength, hydrophilic etc). 
The techniques and the processes of production add new ‘layers’ of information to 
matter and produce heterogeneous properties and new behaviors. The combination 
of the produced materials with different properties produces a new whole, a system 
with new behaviors and properties.

Case Study 1: “Topo_morph” 4

«Topo_morph» was produced to exhibit an architectural research project by the use of 
an interactive presentation which was projected onto a computer screen.  It is a hybrid 
object that was generated by the fusion of two programs: sitting and displaying. The 
hybrid object was designed by determining and then morphing the initial ‘functional’ 
surface. The use of animation techniques offers a continuous parametric manipulating 
of the surface and the ability to adapt to local micro functional needs (for example, a 
small ‘pocket’ was created to embed the computer box).  

For the geometrical definition of the surface, the method of the serial cross sections, 
which produced 33 sectional profiles in total, was used through the whole object. This 
specific operational method of the geometrical definition of the ‘topo_morph’ deter-
mined in a way the preferred tectonic system. All the previous sectional profiles were 
‘interpreted’ to 33 styrofoam panels of 3 cm in width. These panels were numbered 
and cut according to the sections and then placed in the predetermined sequence 
to produce the final form of the object. The panels were connected and fixed with a 
small gap between them for minimizing the used material. The assembly was easily 
completed by the use of four pvc tubes that penetrate all the panels at predetermined 
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holes. So the pre-cut holes and the pvc tubes operate as a coordinator system for con-
trolling the assembly. 

Case Study 2: “Od.”  5

The sculpture was created for an exhibition which was organized in memory of the 
educator Odyssea Margari. «Od.» It is a free-standing hanging sculpture that displays 
Odysseas’  face in an abstract way. From a specific viewpoint his image emerges gradu-
ally from the gridded structure. 

The design of the sculpture began by the deformation of a horizontal two-dimen-
sional rectangular-shaped surface into a three-dimensional free form. By the applica-
tion of simple deformations with the use of animation techniques, the surface was 
deformed to reach the necessary height needed for the orthogonal projection of the 
facial photograph of Odyssea. 

To describe the final free form, an orthogonal grid was projected onto the sculp-
ture resulting in the generation of parallel and serial longitudinal sectional curves in 
both axes (33 sections in length and 12 in width). By this method the basic tectonic 
system was produced. The sectional curvy profiles directed the cuts of the outlines to 
produce the cardboard bands. The stripes were connected and fixed together at the 
correct distance with the help of the predetermined cuts. These cuts nested the stripes 
together to made the structure durable. At the first fifteen cross sections of the tec-
tonic system, the outlines of the facial photograph were projected onto the cardboard 
bands. The outlined shapes were cut and subtracted in order for the face was finally 
“described” by the cardboard voids. 
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Case Study 3: anima_ta 6

‘anima_ta’ is an experimental installation generated by the use of digital techniques 
and processes proposing a different way of display.  It was designed for the exhibition 
‘digital topo_graphies’ 7 to host computer mediated design research projects. 

Revealing the Euclidian grid of the building was a starting point for the morph 
genesis of the ‘anima_ta’. By connecting the existing rows of the columns of the build-
ing, six pairs of lines became visible. The design results from the influence of the force 
turbulence on these twelve lines which follow the direction of the columns. By trans-
forming them to ‘soft’ curves, a net of related point-locators, defined exactly in space, 
was constructed. By introducing gravitation, the ‘frozen’ lines became ‘elastic’, supple 
to the forces applied. The result was differentiated by testing combinations of mag-
nitude and attenuation values. The animation of the curves was paused in the time 
frame that provided the desired quantity of the force influence in order to achieve the 
suitable spatial relationships. These alternative forms lead to a new relation of body 
and display beyond the Cartesian geometry of 90 degrees. The twelve curves in space 
are translated into the structure and content of the exhibition. The lines (interpreted 
into iron sheets) form ‘lofts” (translated into fabric), offering areas for printing and 
projection. The semi-transparent material allows light to make the installation lose its 
solid form and reveal its structure. 

Experimental installation anima_ta.

The use of parametric design gives the digital information in order to direct the con-
struction in detail. The materialized form is a result of merging new techniques of 
CAD, CNC milling machines with traditional handcraft experience. The final 3D model 
provides the data for cutting the metal stripes and the perforated fabric. The outlines 
of the fabrics were sent via email to participants to design the layout of their present-
ed project by following a few pre-given simple graphic rules. Then they sent the print 
files back for printing and cutting. In fact, this procedure meant that the construction 
of the metal structure had to be very precise. 

So the free form installation had to be very precisely constructed in the physical 
space. For this reason another technique was used. An orthogonal grid was projected 
onto the final 3D model to generate serial sections every one meter. These sectional 
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profiles or outlines were used to cut mdf panels and then assembled at the exhibition 
space in a serial order according to the floor plan. 

By this procedure we created a wooden skeleton of the form, a scaffolding for the 
metal structure that we had to construct. The outlines of the mdf panels defined pre-
cisely the points where the metal stripes of 20 cm in width had to be located in the 3D 
physical space. After the exact placement of the metal stripes onto the mdf skeleton, 
the in-between metal trusses of ‘U’ profile were installed to produce the final metallic 
skeleton. A final irregular metal space frame was constructed. The next step was to re-
move the mdf panels, to paint the resulting light metallic space frame, and install the 
perforated fabric printed pieces at the exact places. 

  

Construction and assembly of the installation anima_ta.

Case Study 4: Central Square of the City of Thermi 8

The design process of the central square of the city of Thermi produces an informal 
architecture in contrast to preconceived and predictable results based on the imple-
mentation of conventional square typologies and standards. From the initial stages, 
the design of the central square «Paramana» unfolds in a digital 3D environment by 
the application of animation techniques and software that utilize time and change-
ability as vital ingredients of design. The proposal is based on the dynamic ‘formation’ 
of two overlapping and interactive network-fields: a ‘path network’ of all the possible 
pedestrian movements and a ‘programmatic network’ of the potential activities on 
the surface of the square. The square programmatic surface is transformed from a 2D 
surface to a 3D surface with ‘depth’, behaving as an intelligent interface able to host 
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and generate the new program by proposing new activities and provoking other, un-
predictable ones, as an outcome of the users’ personal experience. The gradual deci-
sions of materiality, load resistance and surface programmatic performance informed 
the digital model with the required data. The final form of the square is the effect of 
two processes of morphing and controlling.  It is the amalgam of the two dynamically 
transformed networks and the outcome of the intensive inspection of the surface al-
titudes and inclinations by serial cross-sections along the whole length of the square.  
In this way the generative curves are reformed and improved to shape the final sur-
faces of the square. 

’Paramana’ central square of Thermi Municipality.

  

Animation techniques applied to the initial networks.  

As the technical development of CAD techniques proposes new ways of thinking, 
representation and simulation, so, respectively, the evolution of CAM techniques fa-
cilitates the production of non-standard forms and further encourages the systematic 
exploration of novel approaches of rationalization, which is required for their manu-
facture. A systematic method is needed to describe and define geometric free form 
shapes, as in many examples constructed internationally.  A method beyond the or-
thogonal projections which is more similar to axial tomography is used and involves 
serial transverse sections along the irregular – curved axis (backbone) of form growth. 
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The evolution of design as a continuum to manufacture has focused on a systemat-
ic attempt to rationalize the form through standardization as much as possible. The 
atypical, non-standard shapes of multiple curvatures due to different local conditions, 
available means and material performances, lead to the implementation of custom-
ized rationalization methods. 

The main challenge that had to be confronted during the design process and con-
struction was the limited load-bearing resistance of the pre-existing underground 
parking lot which is located under one half of the square surface. Due to this fact, a 
more complex but significantly lighter structure was required for the half part of the 
square located over the parking lot. Because of its limited load-bearing resistance, a 
metal structure is chosen and developed as a tectonic system above the underground 
parking lot, while at the remaining area of the square reinforced concrete is used to 
materialize the varied curvilinear surfaces: space frame as components. 

Space frame as components.

Cost reduction requires maximum standardization of the metal structure. The struc-
ture consists of a metal skeleton covered by two kinds of cladding. The atypical shape 
gets rationalized and described by the same articulated space frame derived from 
cross-sections perpendicular to the curved axis of the form, which ends up being the 
load-bearing structure also. Standard elements are combined into repetitive trian-
gular-shaped space frames, components (derived from sections) repeated serially by 
changing in-between angle and distance as they follow the curved axis of the form. 
However, many space frames vary gradually following the shape transformation. De-
spite geometric variations, they are easily produced as typical parts. They are cut, as-
sembled and painted in an industrial plant using CAM technology. Afterwards, the 
components are transported to site, placed in the exact location and connected by us-
ing varied linear elements that are regulated on-site. 
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The rationalization of the metal structure (by space frames) embedded in the reinforced concrete 
stripes. 

The metallic space frames as components derived from the cross-sections of the shape.

Cladding is attached to a specially designed light metal frame fixed to the bearing 
structure. The two materials of cladding are planks of tropical wood and perforated 
galvanized metal panels as prescribed by the design, one for each surface of the atyp-
ical form. For further cost reduction, incurvation of materials is avoided. Thus, out of 
necessity, the curved contours are translated into polylines and the topological sur-
faces are analyzed to polyhedrical and then triangular faces. The triangular panels of 
perforated metal sheet and their metal frames are welded together, transported and 
placed in predetermined positions on the metal structure. Some stages of the con-
struction, such as the connection of the frames on site and the attachment of clad-
ding, are not completely automated and are therefore driven by creative treatment 
and the use of available tools. 

Case Study 5: “Surf” 9

This installation was proposed as an alternative presentation and display of an archi-
tectural project. The exhibition space was used as a promotion and archive space of 
architectural products and materials. The design of the installation unfolds from the 
initial steps by the use of animation techniques. These techniques offered to the ini-
tial surface the required parametric control and adaptability to respond to altered de-
sign intentions and needs. The basic design tasks were that the installation had to be 
a piece of experimental research based on the project that would be displayed and 
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presented; and also for it to be an autonomous exhibit by itself. The exhibition space 
restricted dimension and its equipment determined the disposable areas and the ar-
eas where the installation could unfold. These possible areas describe a virtual path of 
movement and vision. That path generated the lofted surface which was deformed ac-
cordingly by responding to the positions and angles required for better visibility of the 
displayed information. 

These deformations transformed the geometry and the width of the displayed sur-
face without destroying its topological continuity. At the next stage the smooth nurb 
(this is a technical word I assume?) surface was converted to a polygonal surface and was 
divided into 42 connected faces. These faces were the components that would produce 
the installation. By this method the initial curvilinear surface was described by differ-
entiated four-sided shapes or components. For their assembly a small extension of  
3 cm length was added to each component. These extensions were designed at two of 
the four sides with the appropriate cuts and folds so as to be able to couple the com-
ponents one with the other in the predetermined serial order. It was decided that the 
polygonal surfaces were to be materialized by PVC panels. Twenty five panels (100x70 
cm) were used to produce the 42 components. The files that were sent to automate 
machines included all the required data for printing, creasing and cutting. The mate-
rial properties of the pvc made the assembly of the components easier. Its flexibility al-
lowed the final assembled surface to transform and adapt itself to the exhibition space; 
the folding of the components provide the final surface with the appropriate strength. 

Conclusions 

In the five paradigms presented, the design evolved in a computational environment 
by using animation software and morphing techniques. Time, from a measuring tool, 
becomes a vital design ‘substance’. The initial rigorous rigid and standardized organi-
zational grid is transformed into a flexible, dynamic and responsive network. These de-
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sign paradigms indicate the ability of the designer to construct a variety of dynamic 
and digital parametric systems according to the specific occasion, and his/her objec-
tives and desires. Also the design stages and the hierarchic relations of the system can 
be preserved in its memory as ‘the history of the design processes’.  This ability of the 
system to be ‘open’ offers the capacity to recall the necessary information and be re-
informed to the new demands at every stage of the dynamic design process.

The available computational tools and techniques also provide the designer with 
the ability to generate customized approaches and strategies of rationalization proc-
esses. It would be better for these processes not to develop these processes in a linear 
way but to integrate them in the form finding process from the very beginning in or-
der that the rationalization methods be really integrated from the initial decisions and 
intentions that generate and describe the evolving form geometrically. The technical 
development of CAD and CAM facilitates the production of non-standard forms and 
further encourages the systematic exploration of novel approaches of rationalization 
which is required for their manufacture. One possible way of a better rationalization 
process would be to design more intelligent and differentiated components.

A better correlation of material, structure, form and program would be achieved by 
exploring, describing and controlling the articulation of components and geometrical 
and material behaviour of components. What is obvious is the need for dynamic sys-
tematic methods that escape the common ways of describing and defining the a-typi-
cal shapes. The atypical, non standard shapes of multiple curvatures need a different 
method of rationalization adapted to various conditions and material performances. 
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This paper examines the results of this year’s design research agenda, set up by Stu-
dio Hadid at the University of Applied Arts in Vienna. Students investigated into script 
based and parametric design research, shifting their focus from urban scale and build-
ing scale onto highly integrated multi-layered interior organisations. The paper docu-
ments the results of this research in the light of the current state of design theory and 
exemplifies its underlying strategies and processes by showcasing two particularly 
successful student projects, one examining milling technologies on pre-molded Co-
rian sheets and one researching milling techniques for custom made laminated wood 
boards within their design research agenda.

Throughout the last years Studio Hadid has based its agenda on script based and par-
ametric design research, aiming to explore new design methods in order to advance 
the field of contemporary digital architectural design. Students investigated into 
script based and parametric design research, shifting architectural design towards a 
new digital paradigm. During this time, a series of innovative design processes were 
iteratively developed, tested, improved and applied to different architectural scales, 
the urban scale, the building scale and the ergonomic scale. 

Student work is organized in a “vertical studio”, in which students with different levels 
of experience work together on one project in self-organizing teams of three or four 
students, complementing each other’s individual skills. In this way previously acquired 
knowledge and techniques can be applied, redistributed and passed on among all 
participating students.

It is considered an important didactic aspect that each student, according to their 
specific abilities and ambitions, can set out their own procedural method within the 
paradigm of parametricism. Whereas ambitious or advanced students might prefer to 
write their own code to achieve maximum control over the processes they set up, oth-
ers might rather make use of parametric modeling tools, which are readily included 
in the software they use, like particle system simulations, fluent dynamics analyses or 
hair dynamics.

Script based design research, as practised in the studio, is therefore not limited to 
the technique of actually writing code, but is rather understood as a systematic, rule 
based mode of operation, in which a process is analyzed and broken down into a se-
ries of smaller subsequent steps that are – with varying parametric values - iteratively 
and thoroughly applied to all the entities within the fields to be structured.

Surface pattern variations (students: Krcha, Klassing).
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As part of the studio culture, digital research and parametric design are closely linked 
to digital production techniques, setting up an iterative process in which the effects 
of lawful digital production are constantly evaluated and results are immediately fed 
back into the design process. The interdependencies and relations between script-
based and analogue modeling lead to digital models on the one hand, and to the re-
search of milling techniques, which produce a wide range of physical models on the 
other hand. Both together result in an advanced and complex architectural project.

Devising an enclosed architectural space that holds the potential for a wide range of 
effective and effective conditions calls for the systematic elaboration of tectonic sys-
tems that unfold and differentiate within the terms of their own internal logic. This can 
be most clearly pursued by starting to investigating interior conditions, without im-
mediately exposing the resulting architecture to external influences and conditions.

In this context the appropriation of complex recurring geometric patterns and their 
underlying mathematical concepts becomes a source for the experimental devel-
opment of gradient architectural field patterns with different degrees of densities 
which in turn are able to produce a whole range of different affective architectural 
conditions.

The concepts and logics in question are mostly drawn from the domains of mathemat-
ics, physics or biology and include:

Dynamic systems: for example fluid dynamics or particle systems.
Crystallization systems: for example diffusion limited aggregation.
Self-optimizing systems: for example Voronoi patterns, foams and bubbles.
Geometric systems: for example triangulation systems or self-similar subdivisions.
Behavioural systems: for example flocking or swarming.

All these systems are to a certain extent characterized by the following properties:
Complexity: the system builds up complexity out of a series of single components. 
However, their interaction according to a set of clear rules and their initial condition 
give rise to a high level of complexity.
Emergence: the emergent properties of a system are generated by the recurring itera-
tion and superimposition of interactions of  its single components, which add up to 
the complex state of that system. Consequently, the result of such a non-linear process 
cannot due to its complexity, be predicted. This is also known as a “bottom-up” proc-
ess, as opposed to a “top-down” process, in which the overall form is determined first.
Gradient transitions: a field is seen as one continuous organisational unit, which organ-
ises and modulates a series of entities, which are subjected to the same set of inter-
nal and external rules. As the parameters that drive these sets of rules vary gradually 
across the field, no binary conditions occur, rather gradient transitions from one state 
to another.
Coherence: due to their strictly rule-based generative process, resulting field condi-
tions show a high level of coherence, not primarily (or only) in aesthetical terms, but 
rather in the sense that consistent conceptual and abstract logics necessarily become 
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embedded into the system. A formal or visual coherence needs then to be understood 
as the result of such a process. 

Modulated field conditions: a system is able to create a modulated field of different 
yet gradually changing densities and/or other properties that are held in a dynamic 
equilibrium. Emerging and receding patterns (of geometry) resulting from this system 
are always understood as modulations of an in itself continuous system of changing 
dependencies, where each modulation becomes an environmental condition (i.e. an 
agent of change) to their adjacent entities.

The systematic exploration and subsequent application of a system’s emergent and 
non-linear behaviour gives rise to the emergence of unpredictable design patterns 
within the design process. At the same time this procedure evades traditional deter-
ministic design approaches, which most rely on previous experience and which are 
typical of the presently still predominating design paradigm of modernism. Research 
indicates that arguably all successful intuitive decisions rely on previous experiences 
which are processed on a subconscious level. Therefore the more experience one has 
in a specific field, the better the intuition (Gladwell: 2005).

These modes of operation are however are incapable of starting to shift the de-
sign processes towards a new paradigm, within which new organisational, typologi-
cal or formal solutions to existing design problems can be developed. The production 
of knowledge mainly operates within its respective research paradigm developing its 
own set of tools after once having set its research agenda (Kuhn: 1967). This is also 
true for modernist architecture, where design methodologies and their modes of rep-
resentation to a large extent foreclose possible design innovations.

All processes in question are evaluated according to their individual capacity to give 
rise to emergent solutions which  bear relevance to an architectural context. As these 
generic processes in themselves have arguably no capacities to solve problems out-
side their initial scientific domain, they need to be appropriated, enhanced and trans-
ferred into the field of architecture.

To this end the intrinsic properties of a generative process are analysed, abstracted 
and catalogued at first in order to be able to speculate about their potential to solve 
architectural problems. In a next step students try to understand and describe the 
process in a mathematical way, allowing them to reproduce its results in a scripted or 
parametric process. When transferring the process to architecture, students develop 
an architectural model, indicating which contextual internal and external require-
ments will then determine the values of the parameters that drive the emergence of 
these configurations.

The main objective is to identify processes that can be efficiently utilised to purpose-
fully structure, modulate and differentiate fields of varying scale. This is by nature a 
heuristic and teleological process, in which the qualities of the architectural results de-
pend on the exhaustive and thorough exploration of a specific design space in order 
to maximize the effects and affects of the generated interior spaces. The systematic 
variation of intrinsic and extrinsic parametric values results in an immense range of 
possible outcomes and determines the capacity of generating unexpected results and 
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raising of their morphogenetic potential, while at the same time testing the limits and 
boundaries of the conceived system.

“Only if virtual evolution can be used to explore a space rich enough so that all the 
possibilities cannot be considered in advance by the designer, only if what results 
shocks or at least surprises, can genetic algorithms be considered useful visualization 
tools.” (DeLanda: 2001: 521)

Interior spaces always require a concurrent series of complex design solutions, where-
as most scripted systems cannot but produce one aspect of its underlying systemat-
ics and logics, which then guide the generation of project-specific geometries and 
shapes. Thus a series of different systems and subsystems need to be implemented 
into the project simultaneously, which all work together to generate the overall com-
plexity of the tectonic system.

Students are aiming to build up a multi-layered complexity with a high degree of law-
ful differentiation within each system and with a high level of correlation between the 
various subsystems that constitute the overall tectonic system. Each subsystem is as-
sociated with corresponding or complementary differentiations within the other sub-
systems. For example, structural differentiation is correlated with material or textural 
differentiation etc.

The main focus rests on developing complex, layered and highly differentiated 
tectonic systems that then in turn can start to compete – and be compared - with the 
best historical examples in terms of their richness, coherency, precision of formal or-
ganisation and qualitative differentiation and the intensity of part to part and part to 
whole relationship.

As ordered complexity, these designs are highly differentiated, yet based on a sys-
tematic set of lawful correlations that are defined between the differentiated elements 
and subsystems. Just like natural systems,  compositions are so highly integrated that 
they cannot be easily decomposed into independent elements. This constitutes a new 
kind of elegance, an elegance that articulates complexity.

Whereas one should avoid simple repetition of elements or the collaging of unre-
lated elements, all forms and formations developed need to be considered to be para-
metrically malleable in order to be differentiated gradually at varying rates and cor-
related systematically.

Considering (once again following Kuhn) the recent shift from modernism (via its 
two transitional phases postmodernism and deconstructivism) to parametricism as a 
transgression into a new architectural paradigm, it becomes clear that the studio’s cur-
rent agenda at this point, at which parametric design and its underlying loigics and 
techniques are about to become mainstream agenda, is not opening up a new archi-
tectural agenda or paradigm, but rather subjects parametric architecture to a series of 
refinements and sophistications while keeping on working within the same scientific 
paradigm and further advancing the field of parametric design.

To facilitate and channel the design research towards a parametricist interiority, stu-
dents were asked to work on the design of an urban club in New York. The design ef-



230 File to Factory: The design and fabrication of innovative forms in a continuum

fort was focused on a cluster of primary social rooms as lounge room, dining room, 
library, conference room, ballroom or den.

In the course of this research, students started to investigate innovative methods 
of digital production in order to be able to produce adequate physical models that 
would help them to evaluate the effects and affects that were digitally conceived. The 
results of these model making experiments were then fed back into the research cycle 
to further advance the project. The final design was then aimed to synthesise all of the 
aspects that contribute to a full-blown architectural experience, like form, structure, 
material, texture, ornament, colour, transparency/opacity and light/shadow.

The project Barotic (students: Karaivanov, Guellmeister, Reist, Elbanero) explores dy-
namic systems, in seeing its potential of embedding an infinite amount of interior 
conditions within one parametric organisation without losing its overall coherency. By 
translating architectural elements into dynamical inputs, a three dimensional vector 
field system with a high degree of gradual differentiation and systematic correlation is 
constituted, which by far surmounts conventional collage techniques. 

Streamline-Method is used to visualize the vector data. By controlling and ma-
nipulating the line output, a fluent shift from texture to structure is achieved. In this 
way various architectonic elements with different functions, structures (facade, stairs), 
textures (floors, furniture) appear as iconic figurations within the system. Various sub-
systems express a structural differentiation which correlates with the material and tex-
tural differentiation. 

As within this design process structures and textures are inscribed onto and inter-
woven into three dimensional surfaces, the students started, based on previous ex-
plorations, to explore new milling techniques by experimenting with the milling of 
three dimensional pre-moulded Corian sheets. In first experiments Corian sheets were 
manually deformed and pressed into pre-milled molds by heating them in an house-
hold oven. In a second step these formed sheets were then milled with different drill-
bits, inscribing patterns onto the moulded surface. Experiments show that the level of 
temperature the different drillbits reach when in operation facilitates the process of 
milling as it makes the material easily malleable.

Barotic: digital model (students: Karaivanov, Guellmeister, Reist, Elbanero).
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Barotic: Corian moulding (students: Karaivanov, Guellmeister, Reist, Elbanero).

Barotic: first test results (students: Karaivanov, Guellmeister, Reist, Elbanero).

Barotic: final model (students: Karaivanov, Guellmeister, Reist, Elbanero).

Barotic: final model (students: Karaivanov, Guellmeister, Reist, Elbanero).

The project Interiorities II (students: Büyükköz, Kleindienst, Petrovic) starts with analyzing 
history’s richest examples of architecture, from the landscape design of Versailles and 
mosques interiors of Isfahan, to art nouveau furniture. During investigation it becomes 
clear that interior spaces are not reducible to a collage of its individual components, 
such as furniture, material, structure or ornament, but interiorities are rather constitut-
ed by a multitude of nested systems creating both visual and architectural complexity 
not by their separateness but through their interrelatedness. Therefore our primary re-
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search-interest lies in the “in-betweeness” of interiorities, the transition between one at-
mosphere to another, the overall coherency throughout several systems or spaces. 

To achieve this, a basic field logic is developed, which - by negotiating between 
points of attraction - generates a primary intensity map of spatial differences. This data 
set was used to generate rough, diagrammatic spaces, which were further refined by 
secondary systems to create the building’s components such as structure, apertures 
or façade.

To create viable physical representations of the multilayered color-coded system 
created, the students started to experiment with the manual fabrication of different 
laminated wood boards, which were then milled with patterns of different directions 
and depths to test the resulting effective and affective conditions. The finished ele-
ments were then assembled into a coherent mixed media model.

interiorities II: digital field explorations (students: Büyükköz, Kleindienst, Petrovic).

 

interiorities II: digital model (students: Büyükköz, Kleindienst, Petrovic).

interiorities II: milling results – pattern 1 (students: Büyükköz, Kleindienst, Petrovic).
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interiorities II: milling results – pattern 1 (students: Büyükköz, Kleindienst, Petrovic).

interiorities II: milling results – pattern 3 detail (students: Büyükköz, Kleindienst, Petrovic).

All the student projects presented in this paper are selected from design studio work 
done in Zaha Hadid`s Studio at the Institute of Architecture at the University of Ap-
plied Arts in Vienna, Austria. Professor: Zaha M. Hadid. Guest Professors 2008/2009: 
Patrik Schumacher and Ali Rahim. Scientific Staff: Christian Kronaus, Jens Mehlan, Rob-
ert Neumayr, Jan Tabor, Hannes Traupmann and Masha Veech.
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The theoretical and practical composing frame of this thesis consists of crossroads of 
the title’s senses.

How could the aspect of kinetic architecture be approached through the design 
of an organism, focusing on its epidermic nature, and how could a swarm of these 
configure a network into the urban web? In other words, how could a city network of 
organisms be structured, with the main characteristic of each one being the kinetic 
transmutation through interactive processes. Furthermore, how could the epidermic 
character of the organism be maintained through its complex morphology and the 
integration of essential characteristics of the human skin?

A network of interactive, informational spaces is chosen as the expression of all 
these theoretical intentions. It is considered to be the right decision, seeing there are 
a concentration of museums and archeological places in the center of Athens, to place 
this network in that specific part of the city. All these spaces could be informed in real-
time about all the events that happen in any museum/archeological place, via a wire-
less network. This service could also facilitate the transfer of information among the 
organisms.    

These organisms function as information receivers for the museums and the ar-
cheological places, but also as information transmitters for their visitors. Received in-
formation comes from the places that are enclosed into the wireless network that eve-
ry organism transmits and the transfer of information among them is realised through 
the crossing parts between two or more wireless networks. 

The basis of the organism’s network depends on another network, the one of the 
metro stations. Having as a primary intention the placement of each organism next 
to the entrance/exit of the metro stations and considering that every organism has 
the same importance as a node in the final network, setting a collective radius for 
the wireless network with the appropriate length is attempted. This is accomplished 
through a procedure of adversative parameters: The right choice of a radius that ensures 
the potential expansion of the network to other metro stations in a future development of 
other museums according to the continuity of wireless network’s crossing parts. This radi-
us should also enable the minimum necessary quantity of organisms, but although every 
museum/archeological place should be enclosed in the final network system. 

All these restrictions direct us towards the radius of 600 m. as the most convenient 
result for the parameters that are mentioned above.

The materialisation of the organism emerges through the analysis of its morphology 
into triangles, creating a mesh. The interactive nature and the transformation of its 
shape and volume demand the flexibility of its geometry. This is realised with the use 
of telescopic pistons with changing length. In order to recompose the epidermis of 
the organism, it is necessary to elaborate the potential movement of the pistons in 
three dimensions. This demands the design of a new swivel. This works as a node of 
the mesh that receives six pistons in a horizontal direction and four as the connec-
tion of the two epidermises. The restrictions of the materialization and the setting 
of the transformations that the organism will do are the parameters for the design 
of the swivel. With all these, the final construction frame of the organism is created; 
the next step is the covering layer. The carbon fiber is the covering material, as it com-
bines maximum endurance with a minimum of weight, something that only a com-
posite material could provide. Every sheet of carbon fiber has a triangular shape with 
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three layers. The mid layer has the capability of expansion into three separate pieces 
resulting the augmentation of the surface of each sheet. The expansion of each piece 
follows the transformation of the organism and it has also the capability of rotation 
through its bonding part with the skeleton of the organism. As a result the covering 
sheets as well as the pistons have the capability of free movement in three dimensions 
giving the organism the possibility of every potential transformation.  

Finally it is important to mention that the function of the organism is built on the 
use of a locative media system with several cameras, which help determine the trans-
formation of the organism according to the precise location of every visitor. Camer-
as are inside and outside of the organism and they are connected with a server. The 
server, with the development of a specific software, can determine the change of the 
length of every piston. The analysis of the stimuli that every camera gives and the soft-
ware that works as an actuator for the function of every piston provide the constant 
transmutation of the organism and keep alive.       

> Classification of places / Primary network

> Determination process of final network
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> Wireless network / radius 400 m.

> Wireless network / radius 600 m.

> Diagram of pedestrian flow / 7 final metro station
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> Statistics of visits for museums / archeological places

> Diagram of flexibility and reshuffle of network

> Presentation of first idea of enclosed organism
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> Evolutionary process of morphology

> Topological Approach / Interior Space and Function

> Presentation of final morphology
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> Final piston and bonding part

> Part of the construction frame of the organism / transformations
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> Part of the construction frame of the organism / transformations

> Covering layer / triangulation

> Floor analysis
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> Floor analysis

> Locative media system and interactive locations

> Organism’s kinetic control
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> Evolutionary process of thesis
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Technological advancements have always played pivotal roles in the practice of archi-
tecture and related academic discourse. Advances in materials, systems, and manufac-
turing have reshaped our built landscape and reconfigured processes of design and 
construction.

Boundaries between architect, consultant, and supplier are shifting, and new ap-
proaches to building are emerging with the digital building model as the instrument 
of communication throughout the process, from “file to factory” (“F2F”). Ironically, the 
pervasiveness of digital technology has ushered in a level of control over the physical 
structure absent for much of the past century. This new control is changing the way 
architects think about their tasks: as we enter an era in which computing power and 
manufacturing sophistication allow us to design and construct nearly anything con-
ceivable, architects—and schools of architecture--must increasingly ask “why?” and “to 
what end?”.

We believe that the consideration of digital technology in architecture and industrial 
design is necessary and unavoidable, given its pervasiveness and widespread effects 
on the practice, teaching and research.

Healthy teaching remains tolerant of a state of flux by constantly questioning the  
inclusion or exclusion, import or export, and collaboration or isolation to or from 
new ideas, new techniques, new disciplines, and new technology. At the perim-
eter of this nebulous exchange, an innovative digital discourse is emerging that of-
fers some unexpected new conduits to an attentive subject of architecture and de-
sign. Topics within this discussion are evolving with a particular set of important 
distinctions from one another. Thus, we contend that the digital discourse should be  
augmented by inlcuding topics such as: Digital Pedagogy, Digital Tools, Digital Produc-
tion/Fabrication, Digital Visualization, Digital Projects, Digital Design, Digital Representa-
tion, Digital Thinking, and Digital Practice. 

Has “the digital” been absorbed by the discipline or has “the digital” absorbed the dis-
cipline? Depending on the perspective, Architecture either continues to disintegrate 
or has reformed around a new definition of “the master builder”. Digital technology 
has opened a variety of new career opportunities for the graduates of a digitally ad-
vanced architectural education. Some depictions of this trend have the discipline 
of architecture continuing to fragment into specialties. However, software has es-
tablished platforms from which the activity surrounding a design project can be di-
rected, managed, and built. But, does the capacity of software to re-center what is  
required to make a built environment mean that the design and making of such will 
fall to the historic notion of “master builder” or “the architect”? 

Much of what applies to the general education of an architect can also be said for 
the digital portion of architectural curricula. Some students come to the university 
with digital media skills,  some are autodidactic, a large number are waiting to be 
taught and some either struggle to  absorb digital skills or probably do not fit a life 
in architecture. In the midst of this new landscape,  sketching and drawing freehand 
has become more important and necessary. Ironically, less time is provided to build 
these “old” skills because more time goes to learning a variety of digital skills. Syn-
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thesizing digital media training and tool use into an already demanding professional  
curriculum along with the financial demands of upgrading and absorbing changes in 
this technology is overwhelming for students, faculty, pedagogy, and the institution. 

A recent computer survey sent by the NJIT School of Architecture to thirty-one 
mostly American design schools, including twenty-nine architecture schools, indicat-
ed that all but one had  networked design studios. This is clear evidence that digital 
methods are becoming routine in  architecture schools. In addition, the Internet and 
web have resulted in new methods of working.

Since the first virtual distance studios, where students collaborated over the inter-
net with students in other physically remote studios, in 1994 by Wojtowicz and col-
leagues, such studios had to rely on web-based databases to store shared design 
information. This has led to some very  sophisticated connected studios where 
students exchange and develop each other’s designs. A model for this kind of ex-
change, and perhaps the most advanced web-based infrastructure for  studio teach-
ing, is the Arc-Line project at ETH in Zurich, part of a university-wide web infrastruc-
ture project called “ETH World.” Here, up to 170 first year architecture students have a  
collaborative environment allowing project submission, viewing and reviewing of de-
sign projects, and access to design resources.

Digital design requires digital presentations of which distributed design reviews are 
an extension. Here, a physically remote critic, connected to the same display over 
the Internet by some collaborative software (such as Microsoft Windows Messenger 
and NetMeeting) participates in the critique over the web. In architectural practice, 
the office of Norman Foster (Foster and Partners) has pioneered the use of “extran-
ets” (a restricted portion of the Internet) to enable  collaboration with consultants 
and distant branch offices. Clearly, a major issue that all architecture schools face is 
the provision of an adequate computing infrastructure. Clearly, schools must pro-
vide networking and output devices such as printers,  plotters and projectors and 
training on their use. Opinions are divided, however, on the provision of computers. 
Some schools recommend or even require that students provide their own comput-
ers and software.

Students need to use digital techniques throughout the curriculum to understand 
how computing can support architecture’s diverse endeavors and thinking modes. In 
particular, students must be able to explore and communicate design ideas fluidly us-
ing digital and traditional media suitable to specific queries. Schools should provide 
exposure to a palette of current and emerging techniques and foster development 
of a personalized set of media skills. Along with basic design and drawing, most be-
ginners need a guided introduction to digital media. As in language learning, basic 
skills need to be immediately applied to problems of increasing complexity. Technical 
concepts will be most easily absorbed when they are introduced in support of design 
tasks on a need to know basis, with help available on demand. Baseline competency 
in 2D and 3D expression should be confirmed by portfolio screening, with remedial 
support available. Once fluency is reached,  designers are empowered to experiment 
with media that supports their goals.
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To reach fruition, a digital design sensibility must pervade the school culture. Facul-
ty, staff and  students need access to internal knowledge sharing as well as external 
educational opportunities.  Students need to understand conceptual frameworks and 
strategies for approaching new technology, so faculties with broad knowledge are 
needed as well as instructors experienced in specific software applications. Peer tutors 
and small student-teacher ratios can make training exercises work for individuals of 
differing abilities. A positive learning community is crucial to making computers effec-
tive in architectural education.

The DICATA Fabrication Lab of the Naples School of Architecture provides a venue 
through which students and faculty will be able to gain experience with this new re-
ality of the profession. It will be a vehicle for the use of advanced digitally driven de-
sign, prototyping and manufacturing equipment, fostering a context through which 
students and faculty are better equipped to probe the potential of pervasive digital 
design and manufacturing processes. Fundamental to this is the understanding that 
architecture exists in the physical world and the belief that the physical realm of de-
sign investigation is a necessary complement to virtual simulation. As such, the Fabri-
cation Lab is a bridge between the digital and the physical and is intended to be uti-
lized throughout the design process at multiple scales. Furthermore, the Fabrication 
Lab will equip young professionals with the skills to thrive in an increasingly fluid and 
technologically sophisticated model of practice. This facility is a natural fit in a school 
of architecture and design with a strong legacy of innovation in design education and 
at a university renowned for the advancement and application of technology. During 
the design development we have used softwares dedicated for design, structural anal-
ysis and preparation of fabrication files. The team I had the pleasure to work with used 
softwares mostly for structural analysis and creation of cutting patterns. The form itself 
has been found through parametric modeling in Grasshopper. It was a very interesting 
experience of fully continuous file to factory process starting from conceptual design 
stage and finishing at the assembly of the actual object, not solely a prototype or a 
model. Such ca ontinuum has become possible since the advent of computer aided 
manufacturing (“CAM”). Quite surprisingly however F2F might be considered as para-
digm which is not completely new.

Resin models made with CAD-CAM. Digital-lab – DICATA, Naples
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Development of forms through parametric  processing and using Rhino software. Digital-lab – DI-
CATA, Naples

Designers using F2F start to work with the actual materiality at a very early stage. This 
is precisely how craftsmen used to work before means of 3D representation in 2D were 
invented. The contemporary amalgam of CAM and 3D modeling is in a sense bring-
ing us back to where we were before the 16th century – closer to the material. If you 
add parametric design or generative methodologies to the F2F phenomena there is a 
good chance for architecture with increased performance. Some experiences on com-
ponent design are developed in collaboration with Permasteelisa 3D group.  

Other have been conducted on small-scale objects using programs such as rhi-
no, this always with a view to reaching a specific product in its volumetric geometry, 
where it would not have succeeded with only the manual skills.  With the introduction 
of the rapid prototyping, direct from digitized charts, it was intended to give an indi-
cation of the method to take into account what is practicable in terms of formal rigor, 
economic costs and management of prototypes, where samples need to be devel-
oped in a very diverse fashion and rapidly. But digital technology was also used to ini-
tiate: creative forms and functions have been produced through the digitization of nu-
merical parameters assigned to gray scale images, with the clear knowledge that the 
computer can not only facilitate the design, but also open for it ideas for new paths.

The digital age has radically reconfigured the relationship between conception and 
production, creating a direct digital link between what can be conceived and what 
can be built through “file to factory” processes of computer numerically controlled 
fabrication. 

In the process, they discovered they have the digital information that could be 
used in fabrication and construction to directly drive the computer-controlled ma-
chinery, making the time-consuming production of drawings unnecessary. 

Digital Visualization addresses representational challenges from within and with-
out Architecture. ‘Disciplinary’ Digital Visualization is used to explore, understand and 
communicate architectural information associated with the production of buildings.  
3D modeling, rendering, animation and VR as well as the power of digital media to 
permit the seamless integration of various data types are unleashing completely new 
ways to display architecture. As digital power continues to increase and get cheaper, 
portability and wi-fi networks take root, and visualization work becomes even more 
mainstream, we can expect growing changes in the way the design process is con-
ducted, buildings are presented and documented, and the public’s and third party  de-
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mands from professional services. This demands more conscious research/pedagogies 
aimed at  developing new representation conventions.

‘Interdisciplinary’ Digital Visualization is a rapidly expanding area of expertise with 
competency ranging from artificial environments (video game worlds, cinemato-
graphic stage sets, web and other cyber environments) to abstract data representa-
tion constructs (information architecture). This type of work has already generated 
quite a number of new jobs, educational programs and research projects in many in-
dustries, schools and universities. Whether or not this type of knowledge implies a dif-
ferent type of architect is subject to debate. What is beyond argument is the fact that 
the need for this kind of expertise will only grow in the coming years. 

Architecture is presently engaged in an impatient search for solutions to critical ques-
tions about the nature and the identity of the discipline, and digital technology is a 
key agent for prevailing innovations in architecture. However, this is really nothing 
new, as new technology has always been a catalyst for new ideas in architecture. A pos-
itive digital future in architecture requires a clearer definition of principles and skills 
necessary to maintain a rigor in emerging digital projects What is digital architecture? 
Architectural ideas have found new forms of digital representations, as information 
reconfigures into digital visualizations, and projects evolve further as digital fabrica-
tions. However, using digital technology doesn’t necessarily constitute creating dig-
ital architecture. Ideas are still scrutinized by the author(s). Thus, a responsibility for a 
critical dimension still falls upon the author(s). Any new categorizations of architecture 
must connect equally with the critical as well as the technological skill base of the au-
thors. Just as there is a difference between building and architecture, there is also a 
distinct difference between digitally generated projects and digital architecture.

Does the tool path limit the density of the ripple? Did I choose a suitable algorithm for 
that surface? A clear and critical definition of new principles has yet to materialize in the 
wake of these new tool driven terminologies. I submit that digital architecture projects 
still come to life through the lens of a familiar architectural process as a critical problem 
solving activity that results in projects represented with a rigor and depth of idea and 
intention, albeit with a highly sophisticated digital tool skill set. Without new princi-
ples, many projects remain impenetrable and thus intimidating, or merely “interest-
ing.” Without a rigorous and critical dimension, the projects will remain only exercises 
in software.

Describing design as a sequence of steps cannot convey the complexity of social inter-
actions that it embodies. Design is not merely a process, but a co-evolution of efforts 
and events in various places and times —both synchronous and asynchronous. De-
signers share their values, effort and expertise within design settings via artifacts that 
further the design process. Increasingly, these design settings in academia, research, 
and professional practice combine physical and virtual modalities such as immer-
sion, projection, and a range of interaction technologies. Peter Anders has described 
such spaces as cybrids: hybrids that integrate virtual and physical space. In these set-
tings, designers use overlapping physical and virtual artifacts and tools to arrive at a 
co-operative design resolution. Within collaborative design, these artifacts take on an 
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additional role. As embodiments of design ideas and actions, they become media for 
communication.

Donald Schon asserts that design should be considered a form of making, rather than 
primarily a form of problem solving, information processing or research. Indeed the 
line separating creation from design is becoming increasingly blurred. For the design 
artifact itself may become a part of the design proposal — its virtual presence incor-
porated within a cybrid structure or object. We may in the future see a proliferation of 
cybrid settings that support collaborative, digital design.  The technologies for this al-
ready exist in collaborative tools, networked computing, scanning and immersive me-
dia. However, it will take a creative vision to see how these disparate tools and devices 
can be integrated within the ideal design setting.

As digital technologies and connective systems begin to redefine traditional notions of 
place, space and time, how might Architecture itself transform? Over the past century, 
extreme conceptual and spatial transformations have come about in relation to the 
introduction of mechanical reproduction, computer graphics and redundant systems, 
however Architecture and representation have remained somewhat constant. This is 
evident in the continuity of traditional architectural representation methods that draw 
primarily from Renaissance models - though the original impetus from which such 
projection methods evolved no longer bear the same significance to culture. How do 
contemporary models of communication, mass production, distribution and imaging 
influence the conception and production of Architecture? How might hybrid mod-
els influence architectural production, from pre-manufactured housing to consumer 
products, brand identity to mass-market advertising? Below are three aspects of con-
temporary representation that explore emerging connections between architecture, 
media, representation and culture.

Whether handcrafted, computer-translated or computer-generated, drawing pro-
vides us with abstraction capable of communicating architectural design ideas. With 
the increase in digital media and availability of computer graphics applications and 
hardware, the medium of the drawing is changing. With a change in mediums analog 
to digital, should that impose a change in how we draw, what we draw, and the in-
tended use of a drawing? Will the two-dimensional flattened image give way to intelli-
gent three-dimensional digital models for construction? Digital media is providing an 
opportunity to return a sense of materiality to an immaterial realm. The relationship 
between architectural design and production are brought closer together given the 
fluidity and accuracy of digital tools. Computer-aided design and computer-aided fab-
rication processes provide the means to create new forms of architectural practice and 
challenge traditional methods of project delivery.

As computing technologies have begun to be absorbed into the popular realm, the 
general public has become acclimatized to an inundation of media. Relationships be-
tween architect/client may be facilitated by the use of popular or experimental media 
such as television, computer games, and the web. Architects might look to popular 
media for techniques of communication to the general public. As methods of repre-
sentation change, Architecture’s definitive boundaries are being transformed. Relation-
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ships between disciplines may join more readily, forging collaborative partnerships. 
Students now enter architectural education and the profession from a technologized 
generation more facile and familiar with digital tools and environments, and they be-
gin to effect representational changes in both education and the profession from the 
bottom up. The computer has gone from being an isolated box to becoming part of a 
gigantic digital network of networks, which shapes our collective future. The way and 
pace at which we connect, communicate, memorize, imagine and control the flows of 
valuable information have changed forever. There are at least six digital phenomena 
that directly affect the architectural world: miniaturization (of all that can be shrunk), 
ubiquity (being everywhere, global), realtime (communing globally in realtime, which 
is 1/10th of a second), noospherization (networking everything), virtuality (all that is 
solid melts into knowledge), and anamnesia (inability to forget).

Temporal contiguity and temporal connectivity have taken precedence over spatial 
and geographical contiguity. The strands that animate our life today emanate from 
spatially distant but temporally contiguous/connected places. Technical competence 
in computer technology has become a conditio sine qua non of landing a job at a re-
spectable architectural practice. A few practices are looking beyond the drafting and 
visualization solutions offered by digital technology and finding themselves reshaped 
in the course of this interaction. The problems that those practices solve today are 
less related to design than to organization and project management. This reflects the 
uniqueness of practice among the other architecturally related endeavors, such as 
theory or education.

Technology has a revolutionary potential in architectural practice, but an ingrained 
psychological stigma needs to be abolished first. A torrent of energy will be unleashed 
when the legal framework of the industry stretches to accommodate the digital model 
as a legitimate appendix to or replacement of the traditional bid documents. Until the 
profession finds a non-mediated route between digital design and digital fabrication, 
the changes in the practice will be more cosmetic than internal.
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 In the recent past, placed at the end of the operative chain, strangled by contracts 
with the general contractor and impeached by a traditional company culture, the con-
struction industry seemed to have few possibilities for development. Today, the con-
struction process is becoming more and more global with a high international compe-
tition and the industrial production is necessarily obliged to reply to the requirements 
of architects in terms of flexibility and innovation, with products very often designed 
ad hoc. The reasons that have caused the present industrialization state in the con-
struction process have not only been technical. The technological progress has to be 
included in the wider context of the structural transformation suffered by the con-
struction sector since the beginning of the 1900s until now. In fact, the push to the 
industrialization has involved, in addition to the merely technological and industrial 
aspects, also social-economical, scientific, cultural and ideological ones.

Nowadays, industrialization seems again to catalyze interest: there are at least two 
strong signals. On the one hand, there is an exponential diffusion of industrialized 
components, due to the competitivenes opening markets, the improvement of per-
formances and quality control, but also due to their capability of suiting technologi-
cal complexity and construction flexibility of many architectural projects: a tendency 
towards the “technological push”, i.e. to the pressing of new products and systems 
towards design, pushed by an industry which searches for new markets investing in 
technology.

On the other hand, the exchange between these technological potentialities ex-
pressed by the industry and the capacity by many representatives of the contempo-
rary architecture to interpret it in an innovative way is increasing. This tendency can 
be seen as “need pull”, a search for satisfaction which can generate profitable interfer-
ences with the technological push. In reality, in fact, it is difficult to find models exclu-
sively referred to one or the other, but more often a wide range of hybrid solutions: 
the genesis of a technology can be found in an intermediate position between the 
necessity to satisfy a need and the availability of solutions for this need (Verganti, Cal-
derini, 2005).

This is connected to the change in production modalities, nowadays realized by 
flexible CNC machines. In particular, during the last years, construction industry has 
been proceeding towards a production made to measure but on a large scale, with 
simplified processing and systems of light pre-fabrication, introducing file2factory 
procedures.

Those terms indicate a personalization of product which, recognizing the impor-
tance of the requirements for each single project, does not renounce the conception 
of efficient technologies at a contained cost.

An example is the Coophimmelb(l)au BMW welt for Monaco where the steel struc-
ture has been studied by consultants, cladding specialists and designers in order to 
optimize the layout. This has allowed them to design the structure and produce it di-
rectly from the drawings, passing from a traditional layout to a single layout and sav-
ing almost 20% of steel quantity. Thus, the products are realized to measure for the 
project and not as standard production or for market forecasts. 

Mass-customization and file2factory assume a double meaning: on the one hand 
they are the expression of a mature construction industry applying for a qualitative 
development, on the other hand they apply constructive choices to design before site 
operations. «In other words, the formal complexity of many contemporary projects is 
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offering the opportunity to reconsider the sequence idea-project-site based on engi-
neering, to propose instead the central explorative character of the design activity» 
(Campioli, in Pignataro, 2005, p. 47).

These constructive modalities affect the work site, because the dry assembling cre-
ates difficulties for the traditional building company, less involved in the construction 
and more consigned to assistance for the parts constructed and installed by special-
ized teams on its own work site. Consequently, the organization for the construction 
of a building is destined to change and no longer depends on logic sequences of the 
traditional work site.

The best department at Politecnico di Milano is running some PhD courses and ex-
perimentation on mass customization and file to factory procedures.

The first case study we present is directly linked with file to factory approaches and 
is focused on problems that emerge during the development of a complex geome-
try from 3D modeling to CNC 3D printing, solved through the use of visual scripting 
techniques.

The project was developed participating in WAAS – Workshop on Advanced Archi-
tectural Structures, 2009 edition, organized by Prof. Arno Pronk and held at TU Delft 
in the Netherlands. The workshop, dedicated to advanced design instruments and 
building techniques for architecture, was useful in order to experiment the use of in-
novative visual scripting techniques using Grasshopper plug-in for the best known 
McNeel Rhinoceros. This experience, organised by the McNeel Official Trainer Rinus 
Roelofs, was divided into a first part dedicated to the basics for the use of the soft-
ware and a second phase focused on the autonomous development of projects by the 
participants. At the end of the workshop the TU Delft rapid-prototyping laboratory 
(TNO) offered the realization of the projects through a nylon-base 3D printer, with a 
maximum.

Using the output model dimension limits as starting point, we decided to inves-
tigate problems linked with the composition of complex geometries and their trans-
lation from a common digital model into a stereo-lithography data flow, useful for 
further production steps. From this basis we developed a highly intricate free form 
structure based on the concept of a knot (Fig. 1), which emerged in several works pre-
sented by Roelofs during the first part of the workshop. The shape was generated from 
a single circular arc, deformed along a path in order to form a sort of fillet surface. The 
thin shape is so regulated by a series 
of different arches which represents 
the generative curves of a NURBS sur-
face. Once the geometry was created, 
we gave it a thickness (1 mm, mini-
mum limit defined for the 3D printer). 
Then I copied it in series, aiming to 
obtain the whole structure.

Fig. 1

Simple sketch that shows the design con-
cept, baed on ta knotted geometry.
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Grasshopper plug-in is a powerful instrument for parametric design, based on vis-
ual scripting techniques which are appropriate to for approaching the world of script-
ing for the first time. Using this software students can select commands from a series 
of options, mainly divided between parameters (data containers used for design in-
puts) and components (responsible for the transformation of an input into a different 
output) (Fig. 2). All these commands are defined by icons that can be arranged and 
linked to each other in order to create clusters of relationships of data containers and 
different graphical, logical and mathematical operations. In this project our definition 
starts with defining a series of control points, defined by coordinates, which generate 
the arches. The position of the points can be manually regulated using specific slid-
ers. In a next step we generated the NURBS surface by lofting the arches. Then we in-
troduced a second series of control sliders in order to realize the knot. Once that the 
surface was defined we set the thickness as input parameter, realizing a solid volume 
through capping the holes (Fig. 3).

At the end of the process we baked all the solid volumes, exporting them to Rhi-
noceros, in order to prepare a stereo-lithography format from 3D printing (Fig. 4).

Although the volumes were correctly generated by the grasshopper definition we 
weren’t able to translate them into an .stl file. The problem was due to a series of auto-
intersections of the volumes, which cannot be printed by the CNC machine. Consider-
ing a common 3D modeling process, this solution of this kind of problem may require 

Fig. 2

Grasshopper standard view-
port, where it is possible to 
see how some components 
and parameters generate a 
simple shape.

Fig. 3

The complete definition 
that generated the knotted 
geometry.
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a long procedure, based on Boolean operations and focused on the deleting of all 
the auto-intersecting volumes of the shape (Fig. 5). By contrast, the use of paramet-
ric design saves a lot of time, just by changing parameters through the sliders. Using 
Grasshopper the solution to our problem took few minutes, detaching the volumes by 
working on generative arches length. At the end of the process we checked the qual-
ity of stereo-lithography file and then sent it to the TNO laboratory, in order to obtain a 
nylon maiden model of the complex geometry (50x50x50mm and 1mm thick) (Fig. 6).

This project highlights two aspects linked with advanced design techniques from 
file to factory, considering teaching activity in particular. Visual scripting allows us to 
enter the “black box” of generative design more easily, and thinking about the innova-
tive interface that is far from classic script editors. Using these devices, it is possible 
to comprehend better how innovative design is not based on the definition of com-
plex shapes anymore, but on the design of complex relationships between simple ge-
ometries. A second aspect is related to the translation of a solid shape into a printable 
volume. This operation must be conducted more carefully, considering the result de-
riving from a bad quality digital model. In this scenario, parametric design represents 

Fig. 4

First result of the complete 
Grasshopper definition.

Fig. 5

Auto-intersection of the geometry which generates problems 
with .stl translation.

Fig. 6

The shape printed by the cnc machine.
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a time saving approach, based on the possibility of changing every parameter in order 
to obtain a different result.

The future of the building process will pass through an increasing use of file to fac-
tory production techniques. This experience demonstrates how a teaching activity 
focused on the use of parametric and generative software can be useful in order to 
enhance the design and production of complex shapes.

 
The second case study is focused on generative component design and the definition 
of a data set useful for the realization of building products through a file to factory 
approach.

The project was developed during the AAST – Advanced Architecture Settimo 
Tokyo, held by Lars Moth-Poulsen, Alessio Erioli, Ludovica Tramontin and Alessandro 
Uras. The topic was focused on the shelter, a kind of protective element which could 
be used in different contexts, being adaptable to different environmental conditions. 
The work started with a selection between two typologies: on one hand a simple cov-
ering structure and on the other hand the integral envelope, which defines a closed 
construction that totally encases people, apart from the entrance and exit. Our group 
focused its attention on this last typology, aiming to diversify, during the design proc-
ess, the construction of the building in order to diversify different parts and functions 
thanks to the use of different structures and materials.

The second choice was the definition of those parameters that, with a huge 
number of possibilities, better define the adaptation of this architectural organism. In 
this case we selected the gradient of the ground as the variable directly connected to 
the morphology of our shelter, and the sun as a second control element, responsible 
for the constant variation of the components that proliferates tessellation surfaces in 
an adaptive way (Fig. 7).

Once we selected the direction of our inductive process we started to define a hy-
pothetical terrain into Generative Components. One of the lines which describe the 
slope had been used as a generative element of the envelope, so linked to a curve 
directly detected through the use of topographical instruments in a strongly objective 
way. Starting from this curve we extracted the vector product between the perpen-

Fig. 7

Simple sketch that shows 
our design concept.
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dicular to the tangent along a series of points and the vertical to the Cartesian plane 
defined in the origin. This value is directly responsible for the increase and reduction 
of the building transversal sections dimension, as the sketches show. After the defi-
nition of the vector product we generated a series of segments, linked to each other 
through the so-called “sezione aurea” and forming two concentric rectangles (Fig. 8). 
Then we generated two autonomous surfaces, based on those points: the subjacent 
one constitutes the floor of the shelter, while the upper part works as a covering. The 
first one is a monolithic element, similar to a sepia bone, while the second represents a 
lightweight structure, generated by the variation of a single component. This last, de-
signed apart, is formed by a lightweight steel (or aluminum) frame and a quadrilateral 
panel, which has a mechanism that allows it to rotate around one of its diagonals. The 
adaptive logic which animates the component says that, the more vertical the sun is 
above the panel, the more closed the panel will be in order to give protection from 
strong light and temperature. By contrast, the more grazing the rays are, the more 
open the panel will be in order to allow in indirect lighting (Fig. 9).

Fig. 8

Series of passages that al-
low the definition of the 
generative process.

Fig. 9

Application of different 
components to the same 
surface.
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Once designed, the component was applied to the upper surface of the shelter 
through an adaptive process, after the tessellation. Then, as a fundamental operation, 
we linked the adaptive rotation of the components with the vector product between 
the vertical direction of each panel and the direction of a hypothetical sun (in this 
project it has been defined by a point whole rotation is based on two circular arch-
es, regulating the yearly movement and the daily cycle of night and day). This kind of 
parametric model allows us to adapt the architectural organism to different terrains, 
taking into consideration both urban environments and extreme natural contexts. 
Moreover, the responsive behavior of the components in relation to the movement of 
the sun allows us to obtain a regulation gradient of the internal environment, in order 
to preserve optimal lighting condition during the day (Fig. 10).

It’s interesting to note how, using this software, the definition of the component 
is completely autonomous beside the definition that governs the building. This ap-
proach allows the architect to define the behavior of the component through a short 
series of simple commands, starting from a data set as input. Once the component 
has been designed, it can be saved into a specific format and then used as ca ompo-
nent, populating a free form architecture, previously tessellated. Through this passage 
all the components are linked to the geometry of the building in an interactive way 
and can adapt their parts to each single change of the main geometry (Fig. 11).

The last and most important command extract from the digital model has all the 
information useful for CNC production. Considering this project it could be possible 
to produce the panels that generate the external surface of the shelter, just by extract-
ing paths for laser-cutting or CNC-milling into a single .dwg or .dxf file. But the most 
important aspect of the use of this software is the capability to update this kind of 
output every time that the geometry changes, recalculating all the paths and redefin-
ing the output for industrial production of the building components (Fig. 12).

This project aims to understand which advantages emerge from the use of an in-
teractive software in order to realize a complex geometry with CNC machines. The ex-
perience we had demonstrates how interactivity is important in order to govern the 
data flow during the complex translation between the design of a shape and its divi-
sion into single producible parts. Obviously this kind of conversion can also be man-
aged with a more traditional approach, but only conserning simple and less articulat-
ed shapes. In the future architecture will became increasingly complex and architects 
will need a fully data driven process in order to govern the production of new shapes.

All the experiences presented in this paper tend to show an ongoing renovation 
process that involves many teaching programs at the Best Depaetment of Politec-
nico di Milano. Graduated students are stimulated by their teamwork to experiment 
with new digital approaches, participating in workshops and Masters’ courses in other 
countries and acquiring very specific competencies. These skills are then translated 
into a new impulse of renovation for courses, Masters’ courses and other teaching ac-
tivities at Politecnico di Milano, in particular for undergraduate students. 

Conserning the acquisition of competencies and the translation into a new kind of 
academic programs, BEST Department focuses its attention on the complex process 
that drives architects from the digital design to the advanced production of building 
components, investigating innovative technologies and how their influence tends to 
change the actual construction activity and, on the other hand, design strategies. In-
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Fig. 10

Final result of the genera-
tive design process.

Fig. 11

Quick substitution of 
standard components 
with other versions.

Fig. 12

Outuput .dwg file useful 
for file to factory produc-
tion by using a laser-cutter 
or CNC-milling machine.
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formation is the real core of the activity, driving the entire process and allowing archi-
tects to develop the production of complex shapes through industrial processes.

In the near future the increasing quantity of data that can be associated with 
a single process will push universities to exclude more traditional approaches to ar-
chitectural design, focusing their activities on the use of new instruments and tech-
niques for data management. File to factory processes already represent the correct 
approach to the future of architecture and it’s necessary to diffuse them through uni-
versity courses, workshops and Masters’ courses. Universities play a fundamental role 
in this process of bridging architectural design and advanced construction; teaching 
as a single data flow can control all these passages, also facilitating the cooperation of 
many different competencies in a single project. Students will learn how to govern the 
digital process easily in order to apply innovative technologies to their projects, when 
they will finally start to build their future as architects.
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Introduction

Within the contemporary world it is generally considered that the more connected re-
mote places are, the weaker connection there is between places that are physically ad-
jacent; the equivalent communication between people may be considered in a similar 
way. Within the design proposal that we will look at, we challenge this statement and 
we question whether we could electronically augment a place, link it to other places 
and people and – at the same time – provoke and augment the communication be-
tween the people who are physically close and experiencing it.

The study of the virtual space in juxtaposition to the physical one evidently brings 
forth several issues, enriches our understanding of space and has been extensively 
studied. Within this broader field, we will look particularly look into the boundary – the 
in-between situation that certain spatial arrangements lead to. The communication 
between people who are in the same physical space takes place either in public or 
in private environments. In contrast, the communication through the Internet most 
of the time takes place in private spaces and has been studied as such.1 What would 
happen, then, if we transferred it into a public communal space? What changes in the 
way one uses it would occur? Would this experiment inform us at all about the way in 
which we inhabit and use spaces and mediums?

In our case, the particular augmented environment that we are looking at is a kind 
of simulation of an Internet chat-room, transferred though into a ‘human-scale’ screen, 
and set within an everyday functional public space: an urban bus stop. Several param-
eters of the cyber-communication are thus shifted, due to the scale, context, physical 
attributes, and materiality of the medium and of its surroundings. 

So, in what follows, we will look into (a) the design proposal of the augmented 
bus stop and (b) a studio-simulation created in order to test certain aspects of the de-
signed intervention.2

From hyper-local interaction to local interface

The designed bus stop constitutes a hybrid meeting place, linking virtually and physi-
cally different parts of the city. The bus stops are made up of semi-transparent human-
scale screens onto which another bus stop is being projected. With a system of em-
bedded microphones, speakers and cameras, the bus stops are visually and sonically 
linked. Thus, people waiting for the bus can chat – in real time – with people at some 
other bus-stop of the city. 

The scope of such an intervention is not only to create an augmented interesting 
experience of telecommunication between different parts of the city, but also to en-
gage the people who share the very same physical space in a communal activity and 
interaction. 

The bus stop has also been selected due to its character as an in-between space. 
On the one hand, the intervention practically augments the experience of an everyday 
waiting space in practical terms; on the other it negotiates the bus stop’s transitional 
role – a stop between different places, means of transport, velocities – and the possi-
bilities of thoughts that the experience of such a space may provoke.3 

The augmented bus-stop has many similarities to the Internet chat rooms, and, 
thus, several implications equivalent to the Internet-meeting appear. One can start a 
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conversation with someone that he doesn’t already know and who just happens to be 
at the bus stop he is linked to at that moment. The bus stops have to be linked in pairs 
at each particular moment, which can be arranged in several ways: One way is always  
to have the same pairs of bus stops linked, whereas another is to have different ones 
connected every day – either randomly or based upon a simple algorithm.4

Depending on the kind of connection and rotation that is established, different 
kinds of relations develop amongst the users. If the users of the bus stop encounter 
(electronically) the same people every day, some degree of familiarity may develop, 
bringing the experience gradually closer to the one of an ordinary bus stop. Anonym-
ity within the Internet chat-rooms, though, is considered to be one of the main ele-
ments that lets people interact  ‘freely’  within them.5 

Anonymity; a role-playing game 

In our case, the screen shows the user’s face and his actual location, unless he chooses 
to hide it. He thus has the option to switch to a ‘shadow’ kind of view, so as to conceal 
his facial characteristics, or to present a sort of avatar on top of his figure. However, his 
body movements and gestures will still be visible.

In the case of the personal computer one can hide his identity, physical characteristics, 
location etc., and even if he intends to reveal them, one cannot be sure about what 
the truth is. Rheingold, within the body-spirit dichotomy – based upon the Enlighten-
ment thought – points out the liberation that electronic mediums provide, whereas 
other theorists open up this dipole and look into the complex ways in which one is 
bodily engaged within a hybrid situation. In our case, the particular kind of augment-
ed environment gives the user the possibility of either hiding or revealing his ap-
pearance, playing around with this opposition of the physical and virtual encounters. 
Within this environment one becomes even more conscious of his potential decision 
of partly concealing his appearance. At the same time, his appearance is inevitably vis-
ible to the people who are physically around him, rendering the situation even more 
complex. 

Fig. 1
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As Rheingold argues, within a virtual environment such as the one of Internet 
communications, one can distance himself from his physical characteristics and estab-
lish a communication with other people without his appearance interfering.6 

Physical appearance, though, is there, even via Internet communication, whether 
someone else sees it or not, and anyway possibly affects one’s behaviour. The choice 
of avatar, for example, is inevitably related to one’s physical appearance, whether it 
copies it or completely alters it. The way one perceives his physical appearance forms 
aspects of his character which may be present at an online communication even if 
there no image appears. Within this field of thought, the previously mentioned di-
chotomy and the ‘liberation’ from the appearance does not really occur.

This very argument, though, may seem to be drawing upon the thought that the 
complete ‘self’ is already there and that our behaviour reveals only parts of it.7 Thus it 
seems to be based upon the consideration of the self as something that exists wheth-
er we may access it or not, a consideration that reminds us of Plato’s ideas or those of 
the Romantics.8 Thus, the consideration of the body as an indispensable part of the 
self may lead to the assumption that the self is a vague and complex system, not really 
accessible or open. 

On the contrary, through the behaviourist’s perspective the above case would 
shift. Gilbert Ryle’s consideration of the self – based upon an Aristotelian viewpoint 
– would oppose this argument, since, according to him, one is characterized by his 
behaviour and praxis – and not in reference to a concept of his ‘inner’ or ‘complete’ be-
ing that may be partly and occasionally revealed.9 One’s behaviour and acts are there 
whether his physical appearance is revealed or not, and independently of whether he 
is ‘fully’ or ‘truly’ ‘entirely’ revealed (as mind/ soul/ body or as a whole).10

Fig. 2
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The above mentioned issues are challenged and brought forth through the sug-
gested intervention, mainly due to its public character and to the fact that this com-
munication setting is usually experienced by a group of people, and not by one alone. 
The ‘revealing’/ ‘concealing’ of the appearance or of the identity thus turns into a col-
lective game – a setting that evidently brings up these issues in a quite straight for-
ward way; most probably even within the conversation between the participants. 

Fig. 3
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Simulation

In order to study the above mentioned issues, we set up a testing equivalent; we con-
nected in real time – through image and sound – two public spaces of the Univer-
sity, and we observed and documented how they worked. The spots linked are the 
entrance foyer of Minto House and the one of Alison House, the two buildings that 
people involved in the School of Arts, Culture and Environment (of the University of 
Edinburgh) use regular. 

We have to mention, though, that there are several differences between a public bus 
stop and this space, and the potential comparison has to take this into account.11 

Visible/ Invisible architecture

One of the outcomes of this experiment was the fact that the materiality of the me-
dium – its perceivable characteristics, the visible elements of the equipments and the 
imperfections or ruptures of the system-functioned at the same time as ‘obstacles’ (of 
some sort) and also as elements that constituted its very nature; elements that trig-
gered the participation of the users (of the people passing by) and turned it into a 
kind of an engaging game.

Architecture – as has been extensively discussed – is not only the material con-
struction elements of a place or building; rather it is constituted by all sorts of ele-
ments that co-create the qualities and the potential of a space. The insertion of this 
‘soft’ and ephemeral intervention thus created a new situation. 

Fig. 4
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At times, though, the space was observed to be functioning as if the intervention 
didn’t affect users at all. For example, when an informal meeting amongst colleagues 
was taking place, the presence of the camera, screen, microphone and possibly peo-
ple in the corresponding room (on the screen), didn’t seem to affect at all the ordinary 
function of the space at all. We could therefor claim that because of the much more 
engaging experience of the physical co-presence, the link between the two spaces 
was ignored (as it was actually meant to by the design of the setting), and the every-
day function of the space as a casual meeting place was not disturbed at all. 

Visible/ invisible medium

Within our initial design of the bus stop, the medium, for example, the microphones, 
the speakers, the cameras, etc. were hardly considered as material, visible elements; 
their existence was purely identified with their function, as if they were entirely ‘trans-
parent’.12 Through the simulation we carried out, though, we realized that the materi-
ality of the medium was present, moving in and out of our attention; and this appear-
ance and disappearance of the tool13 was constituting its very nature and function in 
space. 

The ‘ruptures’ observed, or else the ways in which the materiality of the medium af-
fected the situation, were mainly of four different kinds:
(a) The first one has to do with the technical specifications of the equipment and the 

subsequent spatial fields that this creates. As one walked in the foyer, he could au-
tomatically get into visual contact with someone in the other room and had the 
possibility of listening and talking to him. In the very first moments the interface 
seemed seamless; he could clearly hear the other person talking (possibly to him 
or to someone else) and he could get involved in the conversation. Very soon the 
materiality of the medium was made visible – or rather sensible in various ways. The 
participant realized that in order to be heard he had to be at a certain distance from 
the microphone (not too far away), and in order to be seen he had to be within the 
area that the camera captured; therefore he had to adjust his movement and posi-
tion accordingly.14 The space had thus acquired invisible boundaries and fields of 
different qualities or potential, which were not automatically or instantly assumed. 

(b) The second kind of ‘rupture’ was due to the cultural symbolic load of the objects in-
volved. The microphone and the camera – as objects – were already carrying sever-
al connotations that have been variously experienced by the users. For some peo-
ple the microphone and the camera constituted a kind of ‘stage’. They considered 
it as something ‘fun’ and they engaged into a kind of performance-game, often in 
teams of people, being either in one of the rooms or in both. In this case, what at-
tracted people to becoming engaged with the installation was the ‘rupture’ itself. 
The materiality of the medium ‘interrupted’ their way through the foyer and made 
them want to interact with it. For other people the camera and the microphone 
in a public space functioned as objects that ‘terrified’ them and made them feel 
uncomfortable. They were not behaving as freely as they would in a face-to-face 
situation due to the interference of these objects and their symbolic load.15 In this 
case, it was the associations that the specific media led to that made them ‘visible’.
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(c) The third kind of ‘ruptures’ were related to certain technical limitations, or specifica-
tions of the equipment that created some kind of problem for the communication 
between the two locations. The ‘parallax’ effect, for example, was a phenomenon 
that differentiated this virtual communication from a physical one – and therefore 
brought the medium forth. Even when the camera and the projector are properly 
placed at the same height and angle, still they do not really create an accurate sim-
ulation of the physical mutual gaze.16 The perspective in which you see someone is 
not relevant to your or his movement, like it is in a physical space. For that, it is 
not possible for eye contact – the element that most often stimulates the start of a 
conversation – to take place. As R.S. Fish suggests, in everyday informal conversa-
tions, one figures out if the other person is available for communication through 
a moment of eye contact.17 For that, as we see, the participants tried new ways of 
attracting the attention of someone passing by in the other room; they talked to 
them, waved, or they moved closer to the camera so that the other person could 
see them.18 This is, though, quite different to the spontaneous eye-communication 
that takes place the moment just before a conversation starts. The eye-contact as 
the triggering element for conversation was replaced by the playfulness of the in-
stallation; the fact that the installation created a relatively unfamiliar situation for 
the specific place and turned it into a kind of game.19

(d) The fourth kind of ‘rupture’ 
noticed was the breakdown 
of the equipment, the tech-
nical problems that were due 
to an unforeseen and random 
technical problem. These 
ruptures are not due to the 
limitations of the technology 
used, but to its incidental mal-
function. These ruptures are 
different to the previous ones 
in the sense that the malfunc-
tion is not (only) of the instal-
lation, but of the equipment 
as such. In the previous cases 
the equipment functioned 
as it was meant to, whereas 
in this case it does not. Such 
an example was the moment 
when the Internet connection 
suddenly broke off and the 
link between the two places 
was violently cut off. Another 
moment was when the sound 
cable got accidentally discon-
nected and one of the two 
sides could not listen to the 
other.20 Fig. 5
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Transparency – way out

Within this experiment, our purpose was to gain a better understanding of the spe-
cific characteristics of the visible and invisible components of the system and of the 
way these are perceived and experienced by the users. We could argue, thus, that the 
materiality (and the imperfections) of the medium are crucial elements of the charac-
ter of such an experience. If the ‘parallax’ effect were magically solved, if the imperfec-
tions of the camera image were not there, if the microphone and the speakers were 
not physical elements, etc., then the experience would be identical to an encounter 
within the same physical space. We do not thus intend to turn the system completely 
‘transparent’, rather than look into the potential of its materiality. Besides, ‘transpar-
ency’, within this sort of systems, has been considered in different ways. On the one 
hand ‘transparent’ is considered the medium that allows the work that it is meant to 
do to run smoothly; as if the medium were not there. In this case the medium does 
not interfere and the content of the work is accessible in a smooth and seamless way. 
On the other hand, a medium is considered ‘transparent’ when it reveals its structure, 
materiality and way of functioning. Sherry Turkle discusses this issue of transparency 
by presenting the opposition between the early Macintosh computers and the IBM pc 
ones. As she claims, for some people transparency is correlated to the user-friendly in-
terface that does not interrupt the flow of the work, and simulates a simple functional 
working environment, like the Macintosh computers of the early 80s did for the first 
time. For others, it is related to the possibility of accessing the code, the “underlying 
process”; to knowing how the system functions, and to being able to observe and pos-
sibly change it. Equivalent correlations can be of course made also with the architec-
tural ‘transparency’.21 

In our case the medium plays around with both kinds of transparencies; parts of 
it are hidden or immaterial whereas other parts are visible denoting their function. 
The visible material parts turn ‘invisible’, or else ‘objects ready to hand’ as Heidegger 
would call it, when one engages within a conversation and his attention and ‘care’ 22 is 
directed there. Through this experiment we noticed that when a conversation is estab-
lished, then the medium generally seems to disappear and the participants are only 
concerned with the content of their communication.23 

Something equivalent 
also happens with the 
conversation amongst 
people in one of the two 
spaces. At several mo-
ments we noticed that 
some people gathered 
initially around the in-
stallation because of its 
particularities and later 
on they were talking be-
tween themselves with-
out the installation inter-
fering. However, we also 
noticed that at particular 
moments a setting like Fig. 6
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this may bring forth specific aspects of someone’s character and, in some sense, mag-
nify them. By putting someone in a different situation and kind of communication, dif-
ferent qualities of his behaviour come forth. For example some people were extremely 
playful around the installation, others got to be very talkative, others turned out to 
feel very shy in front of a camera, whereas others started dancing.

The issues, thoughts and conclusions-in-progress presented here have been part of 
broader research around new media and their affect upon the way in which we in-
habit, perceive and design space. Their elusive, ephemeral character and the possi-
ble transparency of their materiality turn them into potentially interesting designing 
tools. The experiment presented – both of the bus stop and of the ‘chat-room’ simula-
tion – intends to explore the potential of such mediums and of the equivalent situa-
tions created.

Νotes
 1 We have to mention here that private conversations over digital mediums take place in public 

spaces too; for example, through mobile phones, i-pods, and several other devices that support 
Internet connection, emails, social platforms like twitter, etc. Nevertheless, the discussions 
through all these media remain private, whereas in our case the scale of the screen and the 
speakers turn in into a more public and communal experience.

 2 This is based upon two older projects: the ‘time-machine’ bus stop – which was presented in 
ASCAAD conference 2007 [A. Karandinou, A. Al-Attili, “Conscious Interaction with Immaterial 
Space” (paper presented at the ASCAAD, Alexandria, 2007).], and the electronically augmented 
bus stop – a project-in-progress.

 3  The bus stop, and the situations it involves, may be considered as ‘objects-to-think-with’; see 
also Sherry Turkle, Life on the Screen; Identity in the Age of the Internet (London: Weidenfeld & 
Nicolson, 1996). p.44, and Howard Rheingold, The Virtual Community: Homesteading on the 
Electronic Frontier (MIT Press, 1999). p.352 

  See also Marc Augé, Non-Places: Introduction to an Anthropology of Supermodernity (London: 
Verso Books, 1995). , p.75-88. The bus stop has to be considered within the broader discussion 
about transportation interchange spaces – characterised as ‘non-places’ by Auge, due to their 
transitional character, and lack of potential for social life. We investigate, thus, the possibility of 
introducing within these kinds of spaces elements that give the potential for social interaction 
and communal everyday life. However, this issue raises several questions such as the ethics 
of such an intervention: who would use it? Would everyone be happy with the possibility of 
approaching or being approached by someone over such a medium – or not? Is it possibly 
only addressing the issues that certain designers are interested in, supposing that everyone 
else does the same? The internet chat-rooms are already self selective, whereas the public bus 
stop spaces are not – at least in the same way. Would people therefore be interested in taking 
part in this sort of situation? These questions are not further developed here, but are crucial 
issues of the broader research that this paper is part of.

 4 A third way would be to give the possibility to the users of the bus stop to change the ‘chat-
room’ (bus stop) they are linked to, with an embedded button for example.

 5 We have to mention here that within the last few years there has been an expansion of forums 
for Internet interaction (facebook, twitter, msn, myspace, etc.) that are not ‘anonymous’ at all. 
On the contrary the users hyper-state and demonstrate themselves. In this paper, though, we 
correlate the designed interventions mainly to the ‘anonymous’ or partly ‘anonymous’ Internet 
environments.



Anastasia Karandinou, Vangelis Lympouridis   University of Edinburgh, UK 273

 6 Thus, people who do not feel comfortable or confident with their appearance can free them-
selves from this anxiety or concern and be ‘truly’ themselves. We could argue, therefore, that 
these thoughts emerge out of a rational that divides the being into mind and body, into 
conceptual and material world, generally prioritizing the conceptual over the material. See 
also: Rheingold, The Virtual Community: Homesteading on the Electronic Frontier. p.11 

  As Coyne notices, “[f ]or Rheingold, information technology assists toward the Enlightenment 
aim of diminishing inequality and prejudice […]. For these narratives, the essential person 
is the being who thinks, not the mere body with all its imperfections that houses the mind. 
Information technology is a technology of the mind that allows the transmission of aspects of 
the essential self.” Richard Coyne, Technoromanticism : Digital Narrative, Holism, and the Romance 
of the Real (Cambridge, Mass.; London: MIT Press, 1999). p.24 

  Within this area of philosophical thought we could assume that the Internet conversations 
free the participants from certain attributes of their beingness or nature, such as some of their 
physical characteristics and let their spirit and thought come forth as if it is (or as if it could be) 
detached from the rest. In our case this feeling is challenged (complicated or brought forth) 
by the juxtaposition of the gaze of the people surrounding the user and the potential one 
(concealed or not) of the people elsewhere (at some other bus stop). 

 7 see also Ibid. p.59-61, and Nicholas Jolley, Leibniz (Routledge, 2005). p.100-102. 
  It also reflects upon Leibnitz’s consideration of body and mind and the interrelation between 

them.
  According to Jolley, unlike Descartes, Leibniz does not oppose mind to body within a dichot-

omy, but doesn’t present them within a unity either; as a rationalist, he rather differentiates 
the nature of each entity. He opposes Descartes’ doctrine because he does not consider the 
body and mind as substances. 

  “One Cartesian assumption that Leibniz fails to share is that the human mind and the body 
are both substances. Although, on at least one occasion, Leibniz says that the human mind 
is more strictly a substantial form than a substance, he generally commited to holding that 
it is an immaterial substance. But at no point in his career does Leibniz hold that the human 
body, considered in abstraction of the mind, is substance in its own right.” Jolley, Leibniz. p.101. 
Michael Hooker, looking into the evolution of Leibniz’s thought, argues that Leibniz makes a 
clear distinction between the mind and the body; the distinction, though, lies in their relation 
to time and memory. “Unlike bodies, which are only momentary minds and retain conflicting 
conatus only at the moment of impact, true minds retain conatus. […] Like Hobbes, Leibniz 
believes that recollection and comparison are essential for all true thought. […] Leibniz in fact 
seems to think that memory is the only thing that distinguishes minds from bodies.” Michael 
Hooker, Leibniz (Manchester University Press, 1982). p.172-173

 8 Although this approach may not be necessarily based upon the dichotomy between the body 
and the mind, and may regard them as a system, it refers to the self as a remote entity that in 
some sense cannot be grasped or fully perceived as such. One’s self, whether considered as 
‘mind’ and ‘body’ or not, is at a remote location and one cannot ‘really’ reach it. 

  Plato’s philosophy is largely based upon the dualism between ideas and matter (mind and 
body). Nevertheless, here the transgression of this dipole and the consideration of the self as 
a complex system based upon the body appearance too, reminds us of Plato’s ontology in a 
different way: the complex system of the self seems now as an entity that resembles Plato’s 
‘ideas’, an absolute entity that can only partly be accessed. And thus, this worldview can be 
opposed to that of Aristotle that considers the self in relation to ones acts, praxis. 

 9 Gilbert Ryle, The Concept of Mind (London: Hutchinson’s University Library, 1949). Aristotle 
negotiates the issue of mind and body in several parts of his work. According to Aristotle, the 
soul is the ‘form’ of the body – considering the ‘form’ as the essence and the mind as part of 
the soul. Aristoteles and W. D. Ross, Aristotle, De Anima (At the Clarendon Press). At this mo-
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ment we refer, though, to his consideration of one’s self as the sum of his actions, upon which 
Gilbert Ryle draws his thought further. 

 10 The issue becomes even more complex if we look into the cases where the participant of an 
Internet chat room consciously pretends to be someone else and argues for some ideas op-
posite to what he actually thinks, for some particular purpose. Besides, a virtual person can 
be anything; it is possible that he is not even a person, but a program – an algorithm that 
behaves like an avatar of an actual person. Turkle, Life on the Screen; Identity in the Age of the 
Internet., p.15-17

  Moreover, as Turkle notices, “one can be many and many can be one”, in the sense that a virtual 
character can be made up of two or more people that have been setting it up together, and 
the other way round too. Turkle, Life on the Screen; Identity in the Age of the Internet. p.17. Sherry 
Turkle argues so based upon her personal experience with the virtual games based upon the 
‘Multi-User Domains’ system.

  11 The fact that many of the people involved know each other affects the way they interact 
with one another. Another major difference is that people at the bus stop are anyway wait-
ing there and they do not have to go unless their bus arrives. In contrast, in the foyer space, 
people pass by, in most cases quite quickly and they only stop on relatively rare occasions: if 
they meet someone that they (already) wanted to talk to or if there is something exceptional 
happening.

  Another test carried out, which is not presented or analysed here, was a similar installation 
between two common rooms of the university. People spend more in the common rooms time 
than in the entrance foyer, which is in most cases only a passage-space. For that it was thought 
to be more appropriate; people would be more relaxed and they were in a space where they 
would spend more time than in the foyer. Nevertheless, the entrance-foyer case was selected 
to be presented here for the following reasons: (a) In the common rooms there were quite 
often private meetings taking place, and in some occasions some informal lecture or tutorial. 
(b) People were almost always going there together with other colleagues in order to have a 
coffee or chat. For that, the encounters were already pre-arranged and the random ones very 
limited and rare. Therefore, the situation eventually was a lot different to that of a public bus 
stop. 

 12 ‘Transparent’ according to the 1st of the two description of the notion that we will look at later 
on.

 13 See also: M. Heidegger, Being and Time (Blackwell Oxford, UK, 1962). p.135-144].

 14 For that, as one can see in the videos of the installation, the first part of many discussions 
was something like ‘do you see me now?’, or ‘I can’t hear you very well; please go closer to the 
microphone’, etc.

  15 The issue of surveillance is also involved. Although in this case the camera was only transmit-
ting the image in real-time, without recording it, and it was not in any case used as a means 
for surveillance, the cameras in public spaces are often faced with suspicion.

 16 “The use of the VideoWindow system often leads to anomalies in apparent eye contact that 
do not occur when people are face-to-face. This is because the combination of mobile users 
and cameras with a fixed point of view inevitably leads to parallax problems.” Robert S. Fish, 
Robert E. Kraut, Barbara L. Chalfonte, “The Videowindow System in Informal Communications’” 
(paper presented at the ACM Conference on Computer-supported cooperative work, Los 
Angeles, California, United States, 1990).p.8-9 

 17 “As Kendon and Ferber […] describe it, sighting is a necessary preinteraction phase of a 
greeting. Seeing someone often brings with it a social obligation to acknowledge their pres-
ence with a greeting. In addition, the visual channel is used to establish the opportunity for 
conversation. That is, by looking at a potential target of conversation, the initiator can often 
interpret the target’s locus of attention and infer whether and when he or she is available for 
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conversation. In one example, the initiator could tell by looking at another person when the 
target had disengaged from his previous conversation and was available to be hailed.” Ibid. p.3. 
See also: A. & Ferber Kendon, A. , “A Description of Some Human Greetings. ,” in Comparative 
Ecology and Behavior of Primates., ed. R. Michael & J. Crook (London: Academic Press, 1973).

  “The visual channel plays an important role in informal communication. […] [S]eeing some-
one can serve several purposes. It provides a means for recognizing the presence of another 
person, determining who they are, and assessing their availability for interaction. It also serves 
as a stimulus for picking a topic of conversation - seeing someone can remind you that there 
is something you wanted to speak to this person about.” Fish, “The Videowindow System in 
Informal Communications’”. p.4

 18 The ‘parallax’ problem amongst other technical issues has been an issue that several research-
ers have dealt with. With systems of multiple cameras and screens they have managed to 
coordinate the gaze of a speaker and the listeners to some extent. Still, though, they were 
looking at a typical teleconference layout, where people were sitting around a table, without 
the possible movement of people around the room involved. A study that is closer to ours is 
the one of Robert S. Fish et.al. He looked at a tele-presence situation of colleagues having an 
informal meeting in the coffee-lounge of a working environment, where the discussions were 
spontaneous, informal and the people could be moving around in the space. Within Fish’s 
work, the experiment seems quite similar but the purpose and the main issues investigated 
are different. He considers ‘successful’ the situations where people are naturally engaged 
in a conversation as if there were no medium interference, and he assesses, therefore, the 
experiment based upon the degree of its simulation to a face to face interaction. In our case, 
in contrast, we looked into the in-between situation that such a set-up creates. It is neither 
a virtual meeting place, nor a physical one, and the seams and ruptures that this situation 
entails are the elements that we are mainly interested in. The other aspect that we were 
consernered with, is the situation that such an installation creates, not only between the 
people at remote places, but also between people who are physically close – in the same 
physical room. For them the installation is a kind of ‘game’ around which they gather and 
share something in common. In this sense the medium functions as a starting point for the 
communication between them. See also: Lertrusdachakul Thitiporn et al., “Transparent Eye 
Contact and Gesture Videoconference,” Int. J. Wire. Mob. Comput. 1, no. 1 (2005). J. Sellen 
Abigail, “Speech Patterns in Video-Mediated Conversations,” in Proceedings of the SIGCHI 
conference on Human factors in computing systems (Monterey, California, United States: ACM, 
1992).

 19 There have been several discussions about the engagement that each kind of medium pro-
vokes, and also concerning how active or passive the kind of engagement is. McLuhan, for 
example, uses the metaphor of ‘hot’ and ‘cold’ mediums: “A hot medium is one that extends 
one single sense in ‘high definition.’ High definition is the state of being well filled with data. 
… Hot media are, therefore, low in participation, and cool media are high in participation or 
completion by the audience”, Marshall McLuhan, Understanding Media: The Extension of Man 
(Routledge, 2001). p.24-25. With the development of a vast variety of new kinds of interactive 
mediums, it is quite hard to predefine if a medium as such is ‘hot’ or ‘cold’; e.g. in different 
environments it can be used in different ways engaging in different degree the participation 
of the users.

 20 Within Heidegger’s phenomenological perspective, these situations are relevant to what he 
describes as ‘rupture’/ ‘breakdown’ and to what he describes as ‘care’. Within these concerns 
he explores the conditions that identify what is phenomenologically ‘close’ to us, ‘presenting’ 
or ‘revealing’ itself. He involves these notions within the discussion of everyday activities and 
our experience of those, and also in relation to the understanding of technology as ‘uncon-
cealment’. Heidegger, Being and Time, M. Heidegger, The Question Concerning Technology, and 
Other Essays (Harper & Row New York, 1977).
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 21 Turkle, Life on the Screen; Identity in the Age of the Internet. p.42
  Turkle associates the first approach to post modernism and the second one to modernism. 

She also relates it to a political framework of thought: she correlates the ‘transparency’ of the 
second kind to the deep understanding of how society works and to the possibility of chang-
ing it: “If only society could be rendered transparent and be fully analysed, the way engineers 
can analyse a machine, then people could take charge and make things right”. (Ibid p.44) In 
contrast, ‘opaque’ technology, within the realm of modernism, had been considered as “a bad 
object-to-think-with for thinking about society”. (Ibid p.44) Here she refers to Jameson, who 
argues that in contrast to the modern industrial word, the post-modern one does not provide 
us with things to think with. Straight after, though, she kind of reverses that referring to the 
www and its possibility of providing a new way of thinking, navigating and correlating things. 
(Ibid p. 45-46)

  “[…] Jameson noted that the postmodern era lacked objects that could represent it. The 
turbine, smokestack, pipes, and conveyor belts of the late nineteenth and early twentieth 
centuries had been powerful objects to think with for imaging the nature of the industrial 
modernity. […] The postmodern era had no such objects”, Ibid p.44-45, with reference to 
Fredric Jameson, Postmodernism, or the Cultural Logic of Late Capitalism (London - New York: 
Verso, 1991).

 22 ‘Care’ in the sense that Heidegger uses it within a phenomenological approach, in order to 
discuss the distinction between physical proximity and the proximity created by the situation 
one is involved in.

 23 In the video recordings of this test we can see some conversations within which the medium is 
almost ‘invisible’ – the conversation seems to be the same as it would be if it was face-to-face. 
In one of the videos we can see a girl seeing her supervisor in the other room and they start 
a brief conversation about her work and a possible future meeting that they can arrange. In 
another instant a familiar member of the staff sees me on the screen, is surprised and a brief 
friendly discussion starts. Another occasion is again between two postgraduate students that 
meet up randomly through the installation system (after a long time not having met) and 
arrange to go for a coffee in an hour’s time. In these cases the materiality of the medium was 
perceived mainly while initiating the conversation and while, thus, the participants wanted 
to make sure that the medium seams would not interfere with their communication. 
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Introduction: big-SMALL

The origin for the use of the dyad concept comes from observations on contemporary 
life: today architects [and students of architecture] from different parts of the world 
aim at a satisfactory solution for the globalized client [receiver]. Architects accept the 
big scale of the world by necessity, but they have to keep the SMALL one. By using 
the SMALL scale, one can hold or maintain the specific characteristics: the way light is 
trapped, the velocities developed in and out of the building, the openings, everything 
that one brings from the way she was brought up, from her background and so on. It 
allows the architect living in this Babylonian world to preserve the unit of her entity 
and existence as a creator and to put her stamp on it.

For these reasons the big - SMALL and other related antitheses are defined as du-
alities where one of their opposites is inside the other. The members of the duality are 
not equal: they interchange positive or negative roles in the hierarchical dyad. Duali-
ties interpreting big - SMALL are: Generic – Specific, Macro – Micro, Differentiation – 
Repetition, Unique-Similar, Complexity – Simplicity, Global – Local, Global – Individual, 
Common – Particular etc.

big - SMALL refers to the need for a type of architecture that can be flexible 
enough in order to respond to the global picture [big] as well as customize itself to 
the local or personal needs [SMALL ].

big - SMALL is essentially a term to introduce a mass customized architecture for 
the production of a family of structures where all its members are unique but deriving 
from the same genes.

The two Families

This paper investigates the process of creation and production of the families of two 
structures that demonstrate the concept of big - SMALL. First the blanket, a 3D modu-
lar surface which is a open air pavilion to be placed in different sites of the world and 
second MCUS, a 3D modular structure that consists of an artificial garden that ‘erases’ 
noise in the city. They are flexible mechanisms that fluctuate between the different 
scales of big - SMALL.  They both have been developed as parametric designs that de-
pend on: facts, needs, and desires and they can be transformed to innumerable forma-
tions in space. Facts are the site conditions; needs are the programmatic requirements; 
desires are the preferences of the user. These 3 families of parameters have been ana-
lyzed computationally and empirically. 

Blanket and MCUS investigate two different forms of customization: the blanket 
explores customization as parametric variations of a single topological structure and 
MCUS explores customization as infinite combinatorial variations of a family of prede-
fined modules.

Blanket

The blanket is a system of triangles connected to each other to create a flexible system 
that has infinite configurations in 3D dimensions. It can transform from a 2D into a 3D 
[horizontal or vertical] surface and finally to a spatial enclosure. This system is similar 
to the triangulation of surfaces appearing in 3D software programs where triangles 
are used to map a terrain or a curved object. (Fig. 1)



Zenovia Toloudi   Harvard University, USA 281

Fig. 1

40 configurations of the blanket.

Blanket: generic
Blanket relates to Paul Klee’s sketches in his book The Thinking Eye1 through the dual-
ity of dividual-individual he introduces. As a surface consisting of simple triangles the 
blanket represents the dividual: It is only a structure. As it transforms to different for-
mations it becomes the individual.

The blanket has potentiality to be used in architecture either as a 3D surface or as 
an envelope. This research is mainly using it as a mechanism to produce spatial con-
figurations. As a mechanism the blanket consists of identical trigonal panels all con-
nected to each other through hinges. 

The blanket’s hinges affect the formations according to their flexibility or friction. 
The initial idea of the blanket includes hinges that have ±360o rotation freedom to allow 
maximum possibilities of the envelope configurations. At least 20 physical models have 
been constructed to follow the blanket’s path from geometry to architecture. (Fig. 2)

Fig. 2

The Plywood Model.

Blanket: specific
The blanket is tested as a global pavilion that is sited in different locations of the world. 
The aim through this application was to see how the local facts, specific needs and de-
sires would affect the formation and materiality of the blanket mechanism. The blan-
ket acts as a parametric design approach where the system [big] is being transformed 
according to specific predefined parameters [including climate, city/site, event, time, 
program, size/area and budget] that give various [SMALL] results.

In an era of enormous efforts towards sustainability and ecological thinking, the 
most unappealable parameter to affect the design form is that of the climatic zone. 
For this reason the research focuses on three different climatic areas of average, ex-
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Fig. 3

Facts, needs and desires: The parameters that transform the blanket.

Fig. 4

Blanket formations generated from one specific parameter each. Examples of parameters are: 
movements of people, sun position, wind direction and site attributes.
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treme cold and extreme hot climates. The sites of London,UK, Barrow,Alaska and 
Tombouctou,Mali are chosen for their representative climatic character. (Fig. 3)

The first instance to be studied is placed in the London site. Every summer a tem-
porary pavilion is constructed in the gardens of the Serpentine Gallery in Hyde Park in 
London by a famous architect. The brief is to create a cafe for the daytime and a place 
for parties at night. It is also desirable that the pavilion would be a demountable struc-
ture that can be relocated somewhere else.

The analysis focuses on gathering all the necessary information that will affect 
the final formation. Emphasis is given to the climatic and regional characteristics that 
could create a more comfortable space to live in. The movements of the people to-
gether with the activities taking place every year are recorded and studied.

Blanket: mechanism
In order to avoid an intuitive and arbitrary selection of a possible formation, a meth-
odology is created that documents a number of formations generated from one spe-
cific parameter each. The parameters studied explicitly are: movements of people, sun 
positions at different times per day in four different months, main wind directions and 
site attributes [unevenness and obstacles]. 43 different cases are studied: some param-
eters cause similar results. One result coming from one parameter has a level of com-
plexity that can satisfy more than this one parameter. After the analysis of the results a 
final decision is taken that satisfies most of the preset parameters. (Fig. 4)

 The blanket mechanism is also an algorithm described as a matrix of points 
where each one has 3 coordinates [x; y; z] and other properties [color, height, ‘person-
ality’, etc related to the list of parameters].The system performs a form of artificial intel-
ligence in terms of virtually exploring the physical abilities of the blanket mesh. A set 
of parameters is given to the system in order to guide it towards specific needs and 
intentions. This method is similar to the empirical one but has more advantages due 
to the computer’s ability for complicated calculations. (Fig. 5)

 The final formation of the pavilion instance came after the scrutiny of all the pa-
rameters: intuitively but mainly through the empirical and computational studies. The 
parameters that create similar formations were categorized. The few parameters that 
were creating conflicting formations were reconsidered and sometimes excluded. The 
final formation is the result of taking the [big] generic blanket mechanism and con-
trolling it with the parameters that represent facts, needs of and desires for a [SMALL] 
unique pavilion for the Serpentine Gallery in London. (Fig. 6)

Fig. 5

Blanket algorithm development. Diagrams generated by Georgios Louizis.
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MCUS

Cities do have gardens, but they are sometimes remote. Based on this observation, 
there is a need for a different typology of a garden that would be more similar to that 
of a tree. This garden typology does not require a lot to grow; it can be spread in many 
spots in the city and is accessible to everyone. 

MCUS: generic
The busy and noisy daily life in a metropolis calls for a spot, a heterotope where the 
tired worker of downtown or the man of the neighborhood can stop for a second, feel 
the city, the [everchanging] weather and take a break. Inspired by the carefree and sce-
nic happy moment of a man enjoying life under a plane tree, the MICRO CEASEFIRE UN-
DER SHADOW [MCUS] is a SMALL city garden growing next to the streets. The hybrid 
typology of MCUS merges the quality of a rich plane-tree shadow by using artificial 
foliage that absorbs or defleets the severe urban noise or even transforms it into a rus-
tling or warbling sound. MCUS is a SMALL breath within the megalopolis where people 
can escape from the hostile urban environment to smoke a cigarette, eat a snack, chat, 
meet, talk on the phone, or simply loaf. Ideally many MCUS will cover the needs of pas-
sages for a pause by transforming the noise in the city to sounds of nature.

MCUS is conceived as a prototypical artificial micro-environment for the dense 
city with qualities of an urban tree. MCUS attributes are: 1. Leaf  2. Shadow  3. Enjoy 
4. Anti-noise. (Fig. 7). MCUS [artificial] foliage is made by one modular leaf that prop-
agates itself in 3D space in innumerable interlocking configurations. A number of 
models were made to investigate the structure that would best qualify the four above 
mentioned criteria. Self-supporting structures and perforated ones that allow light 
to come through are preferred. A final structure was selected and tested in different 
scales. (Fig. 8)

Fig. 6

Blanket final instance formation.
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The interlocking leaf for MCUS is inspired by the platanus leaf. The platanus tree is 
associated with enjoyment, relaxation and community gathering. At the same time, 
platanus in its different species is planted in many cities worldwide due to its ability to 
absorb the city noise through the volume of its foliage. This noise absorption quality 
of platanus in the city is what this Micro-Ceasefire wants to be. The strategy to investi-
gate the appropriate technology is twofold: One deals with the modular leaf materiality 
and the other relates to noise-cancelling. The material candidates for MCUS leaf should 
qualify both sound and self supporting criteria. They range among: rigid materials, 
which have high self-supporting attributes but low noise absorption ability and flexible 
materials, like foamy materials that are incapable of supporting themselves but able to 
absorb noise. The best possible option is a composite honeycomb polymer material.

MCUS is an anti-noisy environment where [ideally] a sound wave reflects the noise 
of the city by making it zero locally, with the purpose of altering the noise contours 
of the city. This action is similar to the noise-cancelling technology used in earphones 
in airplanes, and other noisy environments. The single anti-sound wave creation for an 
outdoor structure, where multiple noise waves occur without meeting in a single spot 
[like in the case of noise cancelling technology where this spot is the ear hole] is an 
expensive research area that requires large simulation labs. Shopping malls are the first 
possible urban applications of this technology, but this research is still at an early stage. 

Fig. 7

MCUS attributes are
1. Leaf [right]
2. Shadow
3. Enjoy
4. Anti-noise [left].

Fig. 8

MCUS Shadow. Mock-up 
1:1.
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MCUS is accompanied by an active sound installation to simulate the anti-noise ef-
fect that the leaves would produce in real life. The bird and warbling sounds act like a 
counterplot to attract the ear. The wired or wireless electrical sound system is embed-
ded in the foliage and it is activated by the people’s motion.

MCUS: mechanism
MCUS is a big - SMALL child like the blanket. It is conceived as a generic mechanism 
that forms itself by responding to specific facts, needs and desires. A mathematical ex-
pression was developed that responds to the following parameters: 
 a. Spatial form of foliage: This varies from strict geometrical ones to apparently an-

archistic. Examples are: cubic, L-space, vertical or horizontal surface, tree like, and 
others depending on the area available in which MCUS will be placed.

 b. Size of leaf and quantity of leaves: This range will define the density of MCUS 
shadow.

 c. 3D representation of final format: This includes color variation, texture differentia-
tion or material preference.

 d. Software for automatic or interactive process: This aims at the creation of a friendly 
visual interface to allow the user to explore possibilities of formations. (Fig. 9)

The programming deals with:
leaf shape selection
contour -> geometrical description of outline  [module]
limits -> description of desired space -> cube, sphere, some surface, etc
max_items -> initial maximum number of leaves [arbitrary]
count_items -> leaves counter initial 0

The algorithm includes the following steps (Fig. 10):
/root -> first leaf as base -> insert 0,0,0
/new_leaf -> insert 0,0,0
/transofrmation > move x,y,z > rotate 3d  ->  new leaf in its position
/check_bbx -> check weather new leaf goes outside the bounding box

If not incr 1 leaves counter
if count_items >= max_items stop exit 
else repeat new_leaf

MCUS: specific
MCUS was installed as one instance in Old Ice-Chambers of the Thessaloniki Harbor 
for the exhibition “Other Spaces” -Heterotopias: 1st Thessaloniki Biennale of Contem-
porary Art in September 2007 (Fig. 11) and as a second one in Athens Byzantine and 
Christian Museum as part of “Unbuilt” research events in September 2008 (Fig. 12). The 
two instances consist of the same leaves but each of the final formations is created 
based on the specific exhibition space to be installed. Ongoing research for the con-
struction of a third instance deals with issues of materiality, self-support, sound ab-
sorption, density of shadow and the possibility of adding another attribute to MCUS, 
that of solar energy harvest.
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Fig. 9

MCUS intentional formations based on facts, needs and desires.

Fig. 10

MCUS algorithm development.

Fig. 11

MCUS first instance at Hetero-
topias: 1st Thessaloniki Bien-
nale of Contemporary Art in 
September 2007.

Fig. 12

MCUS second instance at Ath-
ens Byzantine and Christian 
Museum as part of “Unbuilt” 
research events in September 
2008.
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Discussion

This research is about the notion of big - SMALL. The big and SMALL are under-
stood as a duality whose members are one inside the other. big - SMALL describes 
the need for architecture to find systems or typologies that could respond to the 
global realm by allowing local, personal expressions through built work. While the 
actions of SMALL influence the big, blanket, MCUS or other mechanisms of big -  
SMALL can be implemented with a low cost and high customization due to their char-
acteristics, such as to be simultaneously: simple-complex structures, repetitive while 
having innumerable configurations, globally produced and locally sited, adaptive with 
a personal identity.

Note
 1 Klee, P. The Thinking Eye, The Notebooks of Paul Klee. New York: G. Witten- born, 1961.
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Contemporary architecture deals so much with representation and fabrication of com-
plexity, which is not always easy to cope with; there is a huge number of buildings, as 
attractive as obscure in construction techniques. The form that’s behind these build-
ings is worth understanding, worth being drawn from, but how? 

The case study is a Master’s Degree Architecture course of Politecnico di Milano 
named Representation, where students have the task of representing – imaging the 
fabrication method – a building of their choice, with a certain degree of surface com-
plexity. They were given a method of comprehension which analyzes the building as 
complex machinery, composed of different pieces, which interact with each other. This 
method was taught to the writer of this paper by prof. Andrea Rolando, and applied 
to the above group of students. The students’ reaction to this specific architectural ap-
proach is here reported and analysed. It aims to teach the students to recognise and 
understand special elements called shape-generators, which determine the essentials 
of a building. Once these elements have been acquired, they remain as a heritage of 
every students for future use. The whole scheme of shape-generator elements conveys 
a distinctive way to represent architecture, which can be named analytic drawing. This 
is a road to discretize the continuum from which architectural image is composed into 
shape-driver elements. The proposed approach points out the methodological differ-
ences between Italian and overseas Architecture Faculties in teaching tasks. We rely 
deeply on the analysis and investigation of the built environment as a base for further 
design, so that every piece of architecture is generated by small changes of known 
elements. Students’ work starts from reference and bibliography, where they have to 
study by retrieving drawings and notes on the building analysed. It is due to a general 
difficulty of the student in finding relationships and characters that it is better to start 
analysis by magazine/ book readings, instead of leaving them and finding themselves 
in this very first phase.  The following step is the drawing of sketches where students 
demonstrate how they understand the chosen building, through personal drawn ideas 
based on material studied that will build the base for the core of their work. These ini-
tial steps are useful to find the best way to represent the architecture with the aim ex-
plained above. 

The following phase finally gives the student the opportunity to draw a “personal” 
interpretation of architectural material studied; in fact, only a single element is usually 
drawn on, magazines, explaining the general functioning of structure. The aim of the 
student is redrawing the given element in all main occurrences, giving a reason for its 
behaviour in the whole of the building analysed. The suggested way to go through 
this step is to represent architectural structure in axonometric drawings, because this 
method compels a full comprehension of the organism to accomplish this task.

After the knowledge of shape-generator elements has been accomplished, students 
are required to produce geometrical drawings of the whole building analysed, having 
a precise comprehension of how elements must be drawn to better communicate the 
architectural idea beneath the building. Then they are required to sum up all the build-
ing’s character through the layout of a brief text where they write a synthesis of all the 
drawing work made, and check if every aspect has been correctly elaborated upon. 

Looking at the process as a whole, students start from real world architectural shapes, 
passing through shape-generator elements, arrive at continuous architectonic ideas. 

The buildings analysed are:
1 – Santiago Calatrava – Turning Torso – Credits: Ayca Ozmen
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2 – Toyo Ito – Relaxation Park – Credits: Ramon Rodenas Requena
3 – Louis Kahn - Kimbell Art Museum: Credits: Perm Sridurongkatum

Santiago Calatrava – Turning Torso

The Turning Torso is a skyscraper located in Malmo, Sweden, in a coastal area where 
a widespread urban development has started, and is still evolving. This area has been 
populated in recent years with a series of high quality buildings, which lay under the 
shade of the Turning Torso.

The starting point for this building analysis is the organic idea behind the sky-
scraper, created by the dynamic movement of a human torso. This inspiration guides 
not only the image given by the building, but also the structure lying inside; in fact, 
the Turning Torso is made of seven cubes around a steel support that produce a spi-
ral twisting sculpture. The parallel between the human and the building resides in the 
cubes, of which the tower is formed, in fact ,these are like vertebrae, and the inner core 
of the cubes represents the spine.

The building is mainly composed of nine boxes units of five floors, connevted with 
each other through a nucleus of internal elevators and stairs. The vertical nucleus 
around which the sculpture turns in a spiral form, the exterior steel structure which 
adds stability to the construction and the nine attached twisted cubes are set together 
in a way that the achieved visual impact turn the whole area into one of the landmarks 
of the Malmo skyline. The analytic drawing of this building shows the role of the main 
structural elements, the core and the twisting column, as they support the outer spine 
and curtain walls. The figurative idea of a spinal twist is given by of two composed 
rotations of cubes, the first made by different layers of the same cube and the second 
made by different cubes.

In each cube there are six layers, between every two layers there is a floor. Each 
layer rotates about 1.6 degree counter clockwise, relative to the lower floor. So six lay-
ers have a total of five floor rotations making a total rotation of about 8.2 degrees from 
the bottom to the top of each cube. 

Fig. 1

Turning Torso – S. Calatrava – Rotation of levels in a single cube.
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In the whole building there are nine cube units, each cube rotating around the cylin-
der core. The bottom surface of first cube starts with 3.3 degrees versus ground level 
(0 degrees). The rotation between the top and the bottom surface of each cube ( from 
the top surface of previous and the bottom of each cube ) is 1.6 degree. The total rota-
tion in the building is a 90-degree counter clockwise angle from ground floor to the 
top, counted in this way: 3.3 + (8.2 x 9) + (1.6 x 8) = 90°

Fig. 2

Turning Torso – S. Calatrava – Rotation of cubes.

The structure is made up of outer steel support and spine, a reinforced concrete core, 
reinforced concrete columns and curtain wall. The outer steel support consists of a 
steel column at the pointed end of the floor of the building and 20 horizontal and 18 
diagonal steel cigars encasing the glazed part of the façade. These cigars are connect-
ed with structural walls spanning two floors at the top of each cube. The purpose of 
these walls is to transfer shearing forces from the steel frame to the supporting con-
crete core. In addition, the steel column is connected to two stabilizing elements on 
each floor. These stabilizers support the steel column. The core, shaped like a concrete 
pipe, has an inner diameter of 10.6 metres and walls, which gradually goes from 2.5 
metres in thickness at the bottom to approx 0.4 metres at the top of the building. In-
side the core a concrete construction houses lift shafts and staircases.

Fig. 3

Turning Torso – S. Calatrava – Structure analysis.
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Toyo Ito – Relaxation Park

This series of buildings, built near Alicante in Spain, are leisure constructions. It has 
been analyzed for the particular approach of the student with the language of their 
architectural shape. These three cave structures are located on a hillside like shells left 
on a beach; this aspect  was given by the helicoidal shape of the cladding, which is ad-
joined to the structural component in a whole formal element.

Fig. 4

Toyo Ito – Relaxation Park – Geometry analysis.

The geometrical construction of this building is created by the nine pentagonal sec-
tion of proportional dimension, each one rotated by 180 degrees relatively to the pre-
vious section. For each vertex of the pentagon there is a helicoidal curve that passes 
through it.

Fig. 5

Toyo Ito – Relaxation Park – Structure modeling.
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Fig. 6

Toyo Ito – Relaxation Park – Skin modeling.

Louis Kahn - Kimbell Art Museum

The building can be described as “a series of vaulted galleries with a skylight at the top 
to admit daylight”. Almost all the structural components are easily identifiable, so the 
discretization work was pretty easy. The most interesting structural element is certain-
ly the roof, which is composed of a series of pre-stressed reinforced concrete shells, 
each supported by four columns. The roof span is 22 x 102 feet with the thickness of 
the shells only a mere 4 inches. The structure of Kimbell Art Museum is composed of 
three elements: A uniformly thin shell, stringers and arch-shaped end diaphragms. 
The characteristic of this one-storey exhibition building was the ability to use its roof 
as a source of natural light. This availability, together with the use of penetrating light 
courts, was a fundamental feature of the initial concept as was the idea of a repeti-
tive element to contain all of the essentials of the museum. Courtyards and light slots 
introduce natural light, varying quality and intensity during the day. The alluminium 
reflector is located immediately under the slit and works as a filter of natural light by 
reflecting a part of light onto a cycloid ceiling, thus permitting a small amount of light 
to pass through the perforated holes.

 

Fig. 7

Louis Kahn - Kimbell Art Museum – Element 
analysis.
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The unique design of the roof is based on a cycloid shape that fits perfectly the re-
quirements of this building, such as the skylight on the top and the space fruition, 
which could not be influenced by vault-bearing columns.

The study of cycloid properties was deepened through the drawing of geometrical 
construction, which pointed out that cycloid has vertical tangents at both ends and 
the ratio between its width and height is equal to “pi”. The curve generated by a point 
on the circumference of a circle, which rolls without slipping on a straight line. The 
shape is very similar to that of the ellipse.

Fig. 8

Louis Kahn - Kimbell Art Museum – Cycloid shell geometry.

The use of cycloid, which apparently seems aesthetic only, in practice has a special 
role in this architecture, because the traditional barrel vault has compression stress 
below the structure, so it is necessary to have a load-bearing wall to support the vault 
throughout the whole length. 

   

Fig. 9

Louis Kahn - Kim-
bell Art Museum 
– Load-Bearing 
vault  analysis.

The cycloidal shell works instead as a combination of tensile and compression areas, 
so the vault can sit on four columns without any support below. Its behaviour re-
sembles that of beam and column. It was necessary only to compensate the lateral 
stress with methods not expanded upon in this analysis. So the flow of space under 
the roof is the advantage of this shell structure. The work goes through  analysis of 
the geometric relations involving the shape generator element, the cycloid shell used 
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through all the building. The most apparent of the Kimbell’s mathematical ratios are 
those which determine the proportions of its two major parts, those being the South-
ern and Northern groups of five bays (excluding the porches). Each group of five bays 
forms rectangles of approximately root two proportions. They have internal dimen-
sions of 100 feet by 140 feet, yielding a ratio of 1:1.4. This falls very close to a root two 
rectangle, of 1:1.414. However, there is one very good reason why we should not ex-
pect to find precise ratios incorporating irrational numbers in the Kimbell, and that is 
because The Kimbell contains a multitude of ratios involving small rational numbers. 
In plan, the internal proportions of the bays are 5 to 1. In section, the internal propor-
tions of each bay are 5 to 3 (measuring to the springing point of the cycloid shells), 
while the internal proportions of the interstitial spaces linking each vaulted bay (or 
“servant” spaces as Kahn called them), are 1 to 2. Lengths measurable in whole feet 
are to be found everywhere in the Kimbell. For example, 1” x 1’ pieces of parquetry sit 
beside 6’ x 2’  travertine floor tiles, which align with the 2’  square columns.

Results

This course tries to give the students a method of analysis and acquisition of the archi-
tectural shape. The main goal is improving students’ visual thinking skills by extracting 
geometry from valuable buildings. The photos of these buildings are very attractive, 
but give fascination to students, not knowledge, so they were pushed to rely mostly 
on drawings. The core of the work is, in fact, the re-interpretation and intelligent re-
production of architectural drawings. So, they get only a generic idea of an aesthetic 
valuable shape seen in an architectural magazine, but they do not have any idea of, or 
worse they don’t even ask themselves where that shape comes from. So the method 
proposed gives them a point to start from in understanding such themes.

Some of the students chose buildings with a high grade of surface complexity, so 
the final results were apparently accurate in representation, but poor in form analysis. 
This is due to a general lack in understanding of the most suitable use of digital tool, 
generally suffered by most Italian engineering/architecture students, which is reflected 
in a general failure to control shape in a skilful way. The process of modelling took all the 
students a lot of effort, so the analysis was greatly reduced. Most of the students, indeed, 
skilfully chose controllable buildings, so their analysis was rich in variety and details. The 
richness exists in the sensibility to the series of variations on the starting shape-genera-
tor element. The teaching method applied for this course was based on getting deeper 
knowledge of built architecture, because it enhanced students in space analysis and de-
sign workout.  Therefore all works gave a personal interpretation of architectural mas-
terpieces, so a deep understanding of the buildings has been accomplished.
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Background

The Emergent Technologies and Design programme introduces design research as a 
process that implements diverse analysis and design methods that continuously cross-
inform each other. Emergence is defined as that which is produced by multiple causes, but 
which cannot be said to be the sum of their individual effects. The programme is focused 
on the concepts and convergant interdisciplinary effects of Emergence on design and pro-
duction technologies, and on developing these as creative inputs to new architectural de-
sign strategies. The instruments of analysis and design in Emergent Technologies are 
computational processes that lead to an architectural design approach that utilizes 
genetic algorithms for structural optimization and generative design. 

There are two main research paths that are followed. One looks at biological para-
digms in order to abstract the underlying principles of their morphogenesis and func-
tion. This biomimetic approach is looking at natural systems for inspiration and innova-
tion. It is a process of observation and analysis in order to abstract principles that can 
be applied in architectural design or engineering. The second research path focuses 
on the behaviour of material systems that comprise geometric logics, material charac-
teristics and behaviour as well as manufacturing and assembly logics. This requires an in-
tricate connection between design and fabrication. A strategy for the integration of all 
design and fabrication processes through feedback loops can lead to optimized struc-
tures that respond simultaneously to multiple performance criteria.

The Canopy design process created an interface where inputs from various factors 
were incorporated leading to an adaptive design that emerges from the negotiation 
of performative, fabrication and structural requirements, aiming at the generation of a 
system that would optimize form, function and structure.

A data driven design process

The programmatic requirements for the Canopy initiated the design process. The de-
velopment of the material system was constantly informed by material constraints 
calibrated by physical experiments; the environmental performance and structural 
behaviour was continuously analyzed through Computer Fluid Dynamics (CFD) simu-
lations in an iterative process.  The brief required a Canopy that would provide shelter 
in one of the schools public areas, hence its environmental performance had been a 
key concept from the very beginning. A successful design would respond to various 
performance criteria, it would provide shading, protect from rain and modulate the 
wind. 

The fabrication method was constrained by the CNC machines available, which 
defined a range of possible material types and sizes that could be implemented for 
the canopy construction. The fact that the canopy was to be constructed and assem-
bled by students utilizing the school’s facilities placed further constraints on the scale, 
weight and assembly logic. These constrains informed the design process at all stag-
es. The environmental input and its influence on the structure was checked through 
CFD analysis that simulates wind and rain in order to inform the design process. 

During the first stage of the design process, five groups of students worked on a 
canopy proposal. After one month of design work these five groups were reduced to 
three, which would further develop the ideas into a construction proposal. The final 
design was selected from these three proposals incorporating ideas, concepts and 
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strategies from the rest of the design proposals. Thus a wavelike assembly of wooden 
strips formed the first sketch that would be further developed into the Canopy design. 
The overall morphology and curvature of the strips achieves water drainage at specific 
points in the terrace as well as channeling of the wind through the apertures created 
between strips. 

Several physical experiments were carried out and prototypes were constructed in 
order to test the construction method and modify the process accordingly. The physi-
cal experiments informed the digital model of the material limitations and the radius 
of curvature achieved through bending. Digital and physical models constantly in-
formed each other in an iterative fashion. 

Transforming data into vectors

The AA terrace is located in the middle of a wind tunnel which generated very spe-
cific conditions to be taken into consideration. The aim of protecting it from the wind 
and rain simultaneously was a complex task, especially due to the fact that rain direc-
tion can change following changes of wind direction and velocity. This required an 
optimization strategy that could only be achieved through several iterations of de-
sign, analysis and evaluation. The brief had no specific requirement on the percent-
age of covered area, thus it was decided that the canopy would cover a part of the 
terrace, mainly acting as a barrier to the prevailing winds while offering protection 
from rain. Sunlight is not frequent in the UK which led to the decision not to prioritize 
the requirement for sun protection, thus shading as a fitness criterion was assigned 
less weight.

The input parameters of the site regarding the geometry of the terrace and the en-
vironmental conditions were transformed into data that was fed into diverse optimi-
zation algorithms that would define the overall geometry of the canopy. Thus through 
various iterations an initial surface was oriented according to its exposure to the wind, 
aiming to reduce wind turbulence under it and direct the rain water to the drainage 
points. An attractor based script moved the points of the surface in the z axis creating 
thus optimal slopes for water drainage.

During the design process the resultant surfaces were analyzed through Compu-
ter Fluid Dynamics (CFD) simulations in order to check the effect that each geomet-
ric modification would have on the modulation of environmental conditions. The aim 
was to reduce turbulence under the canopy and increase laminar flows. CFD analysis 
of the surface highlighted the areas which are more exposed to wind pressure. In-
creasing the porosity of these areas would decrease the wind load and thus increase 
the structural stability of the canopy.

A pattern of overlapping wavelike strips proved to be an option that could chan-
nel the wind through it and at the same time direct the rain water to the drainage 
points of the terrace. The strip component was analyzed through CFD analysis and the 
simulation illustrated that the wind channeled through the apertures creates local tur-
bulence separating thus the airflow from rain.

Scaled models were used in all phases of the design, ranging from the initial com-
ponent exploration to the final joinery mockups. This gave an insight into the materi-
ality of the system and informed further decisions. 
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Engineering feedback

The collaboration with Buro Happold engineers was crucial. The initial design concept 
was developed so as to incorporate structural demands into the design process. The 
engineers were not consultants exterior to the process but played an intrinsic role in it 
its growth as their feedback helped the structure to evolve. There was an ongoing ne-
gotiation between the engineer’s demand of the system to withstand unpredictable 
loads over time but also an architectural motivation to keep the system as ‘pure’ as 
possible using only one material.

Several scaled prototypes were built in order to test the structural viability of the 
strips and their connection to each other. Various degrees of overlap were evaluated 
in order to find the range needed to negotiate between structural strength and maxi-
mum angle achieved by the cantilevering of the strips outwards. A structural analysis 
tested the deformation of the system under load in order to inform the physical model 
of the axial stresses and moment stresses.

The first structural proposal consisted of two layers of 1.5mm plywood bolted to-
gether. This configuration was tested through simple load tests and proved to be too 
flexible and thus a number of alternatives were discussed with the engineering team. 
One of the options consisted of reinforcing the strips by adding a third layer of glass fi-
bre and resin in between them. Different configurations were tested to determine the 
number of glass fibre layers required to provide sufficient stiffness without increasing 
the total weight. The use of three layers added stiffness to the system but made the 
strips excessively heavy. Evaluating the outputs of the physical experiments led to the 
conclusion that two layers of glass fibre would provide sufficient stiffness without in-
fluencing negatively the weight of the structure. In addition to the local reinforcement 
of the strips, the introduction of steel struts in between the strip layers would increase 
the overall stiffness of the system. The struts were designed as compression elements 
working together with the strips as a three-dimensional truss. This strategy helped to 
control local deformation considerably, but increased the overall weight dramatically 
as well as the total assembly time.

Further explorations were focused on fixing the canopy to the existing columns 
and investigating alternatives that would substitute the use of struts. Through the 
collaboration with the engineering team a new solution emerged; it was possible to 
achieve local stiffening of the strips and connection to the existing structure with one 
single element: a vertical fin that would intersect with the strips to lock their relative 
position and attach to the column transmitting the loads to its lower part.

Introducing vertical fins

The fins were designed as vertical beams of plywood which were slotted to accom-
modate the strips and act as ‘stiffeners’ to avoid local failure under compressive forces; 
they would also constitute the main travel path for any vertical loads, being the ele-
ment responsible for transferring the loads onto the columns. 

The structure incorporated a total of three fins, one per column; each fin consisting 
of three layers of plywood: 12mm for the outer layers and 18mm for the inner one. 

Fabrication constraints and the standard material sizes available informed the de-
cisions on the geometry and construction methods adopted. Plywood sheets with 
these thicknesses could only be provided in 1.2 x 2.4m rectangular panels. Thus, each 
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fin was divided into two parts: top and 
bottom. 

The upper fin was connected to 
the top plate of the existing columns 
through a pin connection (20mm). The 
existing column plate was reinforced 
with a steel flitch plate screwed to the 
inner layer. The lower fin was connected 
to the existing columns at the bottom 
using a ring clamp around the columns.

Joinery

The lower fins were positioned on the 
outer side of the balustrade; while 
only a small section of the upper fins 
would extend over the terrace fencing. 
The connection between the top and 
bottom fins was firstly thought to be 
pinned similarly to the one at the top of 
the column. However, providing a mo-
ment connection at this position helped 
with distributing the vertical load in 
between the top and bottom column 
attachment points. A connection with 
zero degrees of freedom was preferred 
over a pinned joint. This required careful 
consideration of the number and type 
of bolts used to ‘form’ the connection; 
it was necessary to ensure that it would 
be capable of resisting the maximum 
bending moment value along the fin. 
A ring clamp detail was developed for 
the connection of the fins to the bot-
tom of the columns. It consisted of two 
steel layers clamped around the column 
section which extended over the balus-
trade and connected with the bottom 
of the fins. All steel plates were laser-cut 
and incorporated among the layers of 
the fins before assembly.

Construction Sequence

The fins’ profile and the construction 
sequence were planned in detail to en-
sure that the actual construction of the 
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project could be made as safe and as quickly as possible. The aim was to minimize 
the assembly time on the terrace, considering the fact that it is one of the main public 
spaces of the school and was constantly occupied by students. Thus the construction 
sequence was aimed at the prefabrication of the biggest part of the canopy outside 
the terrace area, its transport on site and its assembly in place. The lack of machinery 
on site and the manual assembly placed further constraints on the size and weight of 
the prefabricated pieces. A careful consideration of the above led to the establishment 
of the assembly method as a sequence of discrete steps.
Phase 01: CNC milling of parts and lamination of strips.
Phase 02:  Assembly of the top and bottom fins. 
Phase 03:  Lifting and securing of fins and bolt connection at top of column. 
Phase 04:  Placement of the 5m long strips from top to bottom. 
Phase 05:  Rotation of the complete fin and strips structure to its final position and fix-

ing of bolted joint at lower part of column.

Parametric associative model

With numerous variables in play, there was absolute need for an associative digital 
model. A parametric definition was developed in order to input the changes and rea-
dapt to specific structural requirements. The curvature of the strips was informed by 
an attractor based script that incrementally increased the openings between com-
ponents where wind drag was to be reduced. Structural requirements were also an 
informing factor as the structural strength needed was directly proportional to the 
amount of overlap between the strips. Combining the various requirements and their 
effects on the form created a population of forms representing various adaptations 
to environmental criteria; those individuals that best fitted the demands were recom-
bined with previous adaptations and created a form that best represented a concilia-
tion of all exterior requirements.

The parametric associative model defined the relationship between local com-
ponents and global morphology. The local control of curvature of the strips through 
attractors allowed the development of a geometry that responded to local variations 
of stresses in the variable widths of the 14 strips. The strips could be fabricated from 
plywood sheets which would be bent and fixed in place. The fabrication logic was em-
bedded in the design process, thus a complex geometry could be easily unfolded and 
translated into a flat pattern that would generate the code for the CNC machine. 

CNC milling of plywood

The components of the canopy were unfolded and converted into flat patterns; they 
were subsequently named using an alphanumerical code and nested optimizing ma-
terial using algorithmic optimization routines in Rhino. Constraints such as material 
thickness and CNC bed size defined the distribution of the flat geometry on the ply-
wood sheets. Due to the parameterization of the model, any change occurring in the 
model, either in global or local level, it was directly translated into the flat pattern ge-
ometry, ready to be cut by a CNC milling machine. A script was used to translate the 
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geometry into machine code. A total of 200 sheets of 1.5 mm thickness plywood were 
used to fabricate the 14 strips constituting the canopy. 

Lamination and finishing

The aim to achieve structural rigidity in the flexible material led to further material ex-
plorations that led to the establishment of the lamination process. Two identical piec-
es of wood were laminated together with polyester resin and glass fiber strand creat-
ing a much stiffer composite. Load tests and measurement of the deformations were 
provided with empirical data which was fed into the calculations in order to analyze 
the structural performance of the canopy.

The plywood was varnished before and after the lamination in order to protect the 
wood from humidity. Before the two sheets of plywood were laminated with resin, 
the strips were curved and clamped in order to verify that they acquire the correct ge-
ometry; after this verification the lamination could start. The distances between strips 
were measured in the digital file and verified during the bending process; thus the 
curvature of each strip was created with precision. The glass fiber strand would assist 
the bonding of the materials and prevent delamination.

Several experiments were done in order to test different finishes. The sealing and 
waterproofing of joints and edges would not only enhance the appearance of the fin-
ished product, but would also protect the wood in the long term.

Global form precision

The precision of the entire canopy relied on fabricating the strips as precisely as pos-
sible. In addition to the curvature of the individual waves, each strip also displayed an 
overall curvature. The curvature of the waves was governed by the height and length 
of each wave. In order to achieve the global curvature on each strip, a curved jig was 
carefully designed and built.

The lamination process took place on the curved jig achieving thus the overall cur-
vature of the finished canopy. The strips were laminated with resin and glass fibre and 
were directly curved and bolted into place. Each strip was held in position with clamps 
for at least one hour until the resin was dry. Subsequent strips were constructed on 
top of the previous ones, securing the relative position of the two strips with bolts. 

Project Logistics

The design and fabrication of the canopy was carried out by the entire EmTech group, 
dividing tasks appropriately in order to optimize the overall quality and construction 
time. 

Certain works could overlap, while others had to follow a strict sequence. The de-
sign was constantly evolving incorporating the engineering input, while experiments 
and prototypes were carried out in parallel. There were groups investigating issues re-
lated to the geometry, digital design and translation to machine code and groups that 
were involved in the actual fabrication of the strips. All 14 strips were prefabricated in 
the school’s courtyard and were transported to the terrace in clusters of three. The en-
tire structure was assembled in two days and was completed on 2nd July 2009, one day 
before the opening of the annual Projects Review.
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Evaluating the process

Various feedback loops had informed the design and construction throughout the 
whole process. This project would not have been achieved as such without an intricate 
connection between design and fabrication. A “file to factory continuum” was neces-
sary in order to generate and materialize the canopy. This construction experiment ex-
plored a combination of automated and analogue tools in order to optimize the use of 
material, the construction time and fabrication costs, exploiting the possibilities of the 
available technology to create complex geometries from simple components.
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Introduction

In a time of rapid technological innovation, one that opens up a whole new range of 
potentialities to the scientific and professional fields of architecture, the challenges 
that the architectural discipline has to take up are multiple. From the design stage to 
the fabrication of building components, digital tools provide opportunities for the en-
suing of a continuum in the construction process. The seamless use of computer-aid-
ed design and fabrication techniques is establishing new forms of synergies between 
architects, engineers and contractors, which are not only revolutionising the manufac-
turing industry itself but also shaping a forward-looking form of architectural practice.

The recent “BMW Welt Experience and Delivery Centre” in Munich (Fig. 1), designed 
by the Viennese avant-garde team Coop-Himmelb(l)au, is an exemplary project in 
terms of innovative design and the use of cutting-edge CAD/CAM technologies. The 
radical architecture of the multi-functional building complex makes it an icon for the 
dynamic corporate image of the automobile company and a new landmark for the 
city of Munich. As Wolf D. Prix, head of the design team, notes, “Radical architecture 
is only radical today when it is also built … that is the difference between now and 
then.”1 Contemporary digital design and fabrication techniques have been the key to 
the full-scale materialization of such daring architectures.

The high demand level of construction – posed by the massive scale of the build-
ing and its complex geometry and structure- necessitated an integrated planning at 
an early stage of development. The aspiration to develop form, function and their 
technical realization in parallel has led to hybrid concepts while putting together a 
large interdisciplinary team of engineers and specialized consultants. The implemen-
tation in practise of such an intricate project has only been made possible through 
the use of advanced computational tools which enabled the multi-optimization of the 
system with regard to more economical fabrication and rapid assembly processes.

Building shell and functional concept

The BMW Welt programmatic requirements asked for diverse, heterogeneous func-
tions to be housed in a single building. Therefore, rather than a classical monofunc-

Fig. 1

“BMW Welt”, Munich, Coop-Himmelb(l)au, 2001-2007.

© COOP HIMMELB(L)AU
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tional building typology, the architects came up with a hybrid shell, able to offer a 
stage-like space with maximum flexibility for constantly changing productions and 
events. The architectural concept of a free-standing object in combination with the 
challenging interplay of the various functions and the massive total area of the pro-
gram led to the construction of a four-story service area underground base for the 
BMW Welt. These underground areas cover 48,000 square meters, double the floor 
area of the aboveground levels, which comes to about 28,000 square meters. 

The dominating element of the building is a gigantic Double Cone, a glass and  
steel structure. The dynamic element of the Double Cone is the point of origin for a 
16,000 m² seemingly floating inhabitable ‘deep’ roof. The roof looks like an inverted 
topography, resting on only eleven columns. The sculptural differentiation of the 
depth of the roof configures zones in its interior and the space below, which can be 
experienced by the visitors as spatial sequences.  Under the roof, a space-enclosing 
glazed façade system defines the main exhibition and event hall. The transparent 
glass façades permit views of the landscape of the Olympiapark and the Four Cylin-
ders building, headquarters of the BMW Group, that are adjacent to the site of the new 
BMW Welt. 

The delivery of new vehicles takes place in the Premiere area, situated in the centre 
of the building. New vehicles are stored and prepared for delivery in the underground 
areas and then transported in transparent glass elevators on the Premiere rotating 
platforms. From there, customers picking up their new vehicles can drive out of the 
building via a ramp. The Lounge, one the few areas limited to customers access only, is 
integrated into the roof. It is practically suspended over the Premiere area, supported 
only by the utility service shafts and a column.

The Forum is another important function in the building. Located on the north 
edge of the roof, it has a high degree of functional independence. Main parts of it are 
an auditorium for up to 800 people used for a variety of different events and a multi-
functional conference centre.  Service areas for the Forum are also situated in the un-
derground floors of the building. On the southwest side, a steel-reinforced concrete 
structure makes up the massive core of the Gastro-Tower, which constitutes one of the 
main support elements of the roof. 

In addition to the two primary restaurant units, it also includes exhibition and sales 
floors as well as the administrative offices for up to 200 people and the Junior Campus 
for children.

All publicly accessible areas inside the BMW Welt, such as the Double Cone, the 
Tower and the Forum are connected by a lightweight sweeping bridge structure. The 
bridge also extends out of the building, connecting it over the highway with the ad-
jacent BMW headquarters and Museum. In the interior, the bridge is suspended from 
the roof, leaving the space of the main hall below free from any support structures. 
Curving bulges at defined panoramic points of the pathway invite the visitors to pause 
and enjoy the views.

Double Cone

The Double Cone is a main roof support element, contributing both to vertical load-
bearing as well as to the horizontal rigidity of the whole structure. Since the Double 
Cone and the roof structure work together as a complete complex system, they were 
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represented at an early stage as a complete 3D model. Planning updates on individual 
components could this way be directly monitored and transferred to the 3D model.2

From a structural engineering perspective, one particular challenge proved to be 
the geometric complexity of building elements and their interaction, as each local 
change had important consequences on the global scale of the system. This high level 
of interdependency needed to be integrated in the analytical models of the structure, 
which required, for example, the setting up of an extensive model of the complete 
roof structure including all load-bearing elements. Any significant change to the stiff-
ness of one of the cores, for instance, had considerable repercussions for the overall 
behaviour of the structure necessitating the re-evaluation and recalculation of the 
overall system. Consequently, this elaborate, iterative design process depended en-
tirely on intense collaboration with the architects and related, clearly defined proto-
cols of data exchange.3

Roof

The roof forms the upper space-enclosing limit of the building. In the northern part 
of the building the roof merges with a double cone to form a hybrid shape. Its sup-
port structure, as in the case of the Double Cone, is an integral component of the 
building structural system and had thus to be planned and recalculated in response 
to local changes. For this reason, both architects and engineers continuously updat-
ed a 3D model to reflect the ongoing modifications and optimizations. As a result of 
such changes, the structural depth of the system varies between a maximum of 12 
metres and just 2 metres in areas of less force, adapting to the various stresses it must 
withstand.

During the competition it was developed as a double-layered girder grid which 
demarcated the upper and lower boundaries of the roof-space phase in alignment 
with the architectural concept of a floating cloud.4 Driven by the 3D simulation of an-
ticipated loading scenarios, the initially planar girder grid was deformed so that the 
upper layer assumed a cushion-like bulge. The lower layer also reacts to a number of 
spatial and structural criteria; for example, the roof integrates the customer lounge, 
a large incision that opens the views towards the famous BMW headquarters tower 
and channels the forces to the defined bearing points. The combined capacity of both 
girder grid layers to act as one spatial structure with locally differentiated behaviour is 
achieved through the insertion of diagonal struts within the interstitial space.

Façade

The Façade was designed as a modified post-and-beam system. Leaning ten degrees 
out of the vertical, the posts are bent at a height of 7.5 meters. The horizontal beams 
are placed at intervals of 2.5 meters and take the form of welded triangular profiles 
that take up only the stresses caused by the wind.

The façade, with its average height of 22 meters and the geometric demands of 
the bending point in conjunction with the limiting conditions posed by the over-
all structure, presented a level of difficulty in the structural evaluation of the façade 
system. In order to investigate the various façades system parameters (height, joints, 
sections support, etc.) a number of partial 3D models were developed. The expected 
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internal and external force variables and distortions were determined on the basis of 
these 3D models. As an example, through the bend and the additional protrusion cal-
culations of the roof structure, the free span of the façade trusses were reduced to a 
third of the original length, enabling an especially lean façade design.5

Lounge

The lounge is located directly above the Premiere platforms, integrated directly into 
the roof structure. The lounge structure, which measures approximately 70 x 40 me-
ters on two levels, was planned to rest on only five rest points in order not to interfere 
with the Premiere area on level 1. Based on these limiting conditions, a “load-bearing 
box” was developed with load-bearing panels and walls in the form of floor slabs and 
the surrounding story-high lattice girders. The support structure of the Lounge was 
likewise modelled as a three-dimensional framework, constantly updated by the struc-
tural engineering re-evaluations. 

Bridge

The bridge connects in the interior of the building all publicly accessible areas and ex-
tends in the exterior connecting BMW Welt to the adjacent BMW headquarters and 
Museum. The largest span of the exterior bridge is around sixty meters. The material 
chosen for the outer cladding is glass-blasted stainless steel, the same as the outer 
shin of BMW Welt.

In order to avoid columns in the interior, the bridge was suspended from the roof. 
The support structure of the bridge consists mainly of a steel trough cross-section, the 
sides of which are executed as truss girders in the longitudinal direction. The regular 
interval between the elements in the trough half-frame is three meters. The 3D calcu-
lation model was likewise carried out for the entire bridge system as a spatial frame-
work.6 For the bridge support structure as well, all changes and adjustments were up-
dated continuously in the overall model with the roof and the double cone. This made 
it possible, among other things, to examine temperature restraints between the spiral 
staircase and the double cone.

Conclusion

The formal and structural complexity of the building necessitated the close coordina-
tion of all agents involved during the planning and construction process through clear-
ly defined digital interfaces for exchanging data. This was achieved with the use of a 
continuously updated detailed 3D model, where inputting constraints and parameters 
allowed it to respond to changing needs and to optimize structure and form, while en-
abling ideas and performance to be tested and evaluated efficiently. (Fig. 3) From the 
early competition stage to the final design and construction phase, a series of digital 
and physical study models were developed alongside the required drawings and tech-
nical documents. Sophisticated digital modelling software platforms and numerically-
controlled (CNC), laser-cutting and rapid prototyping machines were systematically 
used by the architects and engineers as means for this scope. (Fig. 2)

Furthermore, the constant reconciliation of the 3D models aimed at a systematic 
simplification of the system in terms of technologic and economic feasibility. (Fig. 4, 5)  
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Fig. 2

Study models produced with the use of a 3D milling 
machine.

© COOP HIMMELB(L)AU

Fig. 3

3D Digital models of the steel structure of the roof with load-bearing scenarios’.

© COOP HIMMELB(L)AU

Fig. 4

Development of the 
glass surfaces in the 
Double Cone out of the 
3D Digital model.

© COOP HIMMELB(L)AU
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As design, fabrication and installation work was carried out, as a principle, simultane-
ously, the detailed monitoring of the construction works with the use of high-accuracy 
electronic surveying instruments, including total stations, was also vital to the imple-
mentation of the complex design.7

The hybrid building put up for discussion new ideas about space, function and 
technology and examined them in the wind channel of reality. The novel design of the 
project and the multiple technical challenges that were posed, pushed the limits of 
what is feasibly possible for the contemporary construction industry through the inte-
gration of advanced digital tools in the design and fabrication process.
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 1 Wolf D. Prix (2007), “In fact. From the very start” in P. Noever (ed.), Beyond the blue, MAK, Prestel 
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Fig. 5

Development of the stain-
less-steel cladding panels 
in the Double Cone out of 
the 3D Digital model.
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Introduction

The aim of this paper is to show the project for the new covering of a great vaulted 
hall in the ancient citadel of Damascus, Syria.

This project is part of an international tender, the “Project for the scheduled inter-
vention for the Citadel of Damascus” that was signed on 10th May 2007 by the Gen-
eral Directorate of Antiquities and Museums of the Syrian Ministry of Culture and by 
a consortium headed by the University of Parma, under the scientific guide of Prof. 
Carlo Blasi. This plan is only the final part of a larger plan, the “Renovation and Reor-
ganization of the National Museum of Damascus and Re-use of the Citadel of Damas-
cus’’, signed in November 2004 by the Italian and Syrian Arab Republic Governments, 
in order to preserve and reevaluate the entire Citadel as the heart of the ancient Syr-
ian and Mediterranean culture, also in consideration of the fact that Damascus would 
become the Capital of Islamic Culture for 2008.

An interdisciplinary team of experts, coordinated by the University of Parma, car-
ried out different analyses on this ancient Citadel, starting from the precision survey 
of the buildings, the historical analysis and the material characterization, up to the 
definition of intervention criteria for a correct reuse of the monument.

One of the biggest challenges of this project was the covering of the Ayyubid Hall, 
whose dome collapsed centuries ago: it had to be replaced in order to protect the in-
terior of the building.

Here came the dilemma: whether to project something “old-fake”, with the risk of 
confusing the original monument with the new intervention, or to build something 
clearly new, threatening the overall image of the Citadel?

The plan for the new covering, presented here, is the conclusion of a path of in-
vestigation and analysis of the past, in order to enable the reuse of the magnificent 
Ayyubid Hall.

Fig. 1-2

Plan of the old city of Damascus and drawing of the Citadel.

 

Damascus and its Citadel

Damascus, the capital of Syria, is considered the most ancient continuously inhabited 
city in the world.

Differently from most citadels, the one of Damascus was built on flat land in the 
north-western corner of the old city. This fortress was built as a royal residence and 
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military stronghold during the Seljuk period (1076-1193 A.D.) in order to repel the 
Crusaders’ attacks. Enlarged by the Ayyubid Sultan Al-Adil Muhammad Abu Bakr Bin 
Ayyubid (1202-1217), the new citadel consisted of twelve fortified towers spaced at 
30 meter intervals along the sides, connected together by curtain walls, in addition to 
important civil buildings such as Ayyubid Hall and the south-western building.  

The Citadel of Damascus, as part of the ancient city of Damascus, was listed as a 
UNESCO World Heritage site in 1979.

The Ayyubid Hall

The Ayyubid hall is an impressive square-shaped vaulted hall, measuring 19x19 m, dis-
tributed on three naves with a height of about 8 meters from the base of the columns 
to the key of the vaults, whose ceiling is supported by four central columns of a huge 
diameter (about 1m), topped by Corinthian capitols that originally belonged to a Ro-
man building. Four arches, coming out of those four columns, hold the central tam-
bour constituting the neck of a dome that has today disappeared.

The transition between the arches and the tambour is obtained through two series 
of concave spherical triangles (Mouqarnas decoration). 

Fig. 3-4

Interior view of the Ayyubid hall and Ayyubid domes in the Citadel of Aleppo.

A new covering 

The new use of the hall requires the covering of the opening over the tambour to con-
trol the internal environmental conditions.

For such a structure, several forms and materials may be proposed, either tradi-
tional or modern. 

In Syria there are still a lot of Ayyubid domes still standing, especially in Aleppo, so 
that it is quite easy to imagine how the collapsed dome may have looked. 

Supporters of the reconstruction “à l’identique” suggested rebuilding the dome “as 
it was, where it was”. 

But how could we be sure of the ancient shape of this dome and of the materi-
als with which it was built? And even if we were sure, how could we distinguish, after 
such a reconstruction, the different age of the new and of the original part? 

Every project of a new covering that imitates the traditional forms of the Ayyubid 
period would create a “fake”, with the risk of not being able to distinguish the original 



320 File to Factory: The design and fabrication of innovative forms in a continuum

parts of the building from the new ones. Therefore it was thought that the new dome 
should have a clear, modern shape. 

But what could be the “right” form? And what about the materials to be used?

Forms and Elements of the Arabic Architecture

Elements such climate and location lie at the origin of different styles and different ar-
chitectural forms: it is always important to study the lesson that comes to us from mil-
lennia of local architecture, from the processes and practice steeped in and refined by 
time.

Due to local climate conditions, the Arab world developed many different ways to 
protect buildings from excessive heat and efficient bio-climatic solutions.

Here we shall analyze above all the two elements of traditional Arab architecture 
that served as “catalysts” in the choices made for this project: the dome-shaped covers 
and the “Mashrabiya or Shanashil” (ornamental screening systems).    

The dome: a simple and effective bio-climatic system

The shape of domes allows a number of advantages from a bio-climatic point of view:
 a) upon reaching the volume of the dome, air-flows are forced into a reduced pas-

sage therefore accelerating their speed with a consequent cooling effect on the 
surface;  

 b) except when the sun is directly overhead, part of the dome’s outer surface will al-
ways be in the shadow. The resulting difference in the temperature of sunny and 
shady sides originates air movements inside the building;

 c) warm air collects in the higher reaches of the dome, allowing the cooler air to re-
main at the lower levels, those used by people;  

 d) since sunbeams are parallel, a domed surface is struck by fewer sunrays than an 
equivalent flat surface area: as a result the interior is subject to less heat;

 e) by the same token, the radial exposure of a domed surface induces greater heat 
dispersion in cool air at night.

Fig. 5

Bio-climatic functioning of the domes (Guido Moretti, “Casa de la Mujer” – Tindouf, Algeria in “The 
Plan” n° 17/2006, pp.  27-32).

The “Mashrabiya”: a wonderful screening-system

Often mentioned in folk tales and songs, “Mashrabiya” or “Shanashil”  is the Arabic 
term given to a type of projecting window enclosed with carved wood latticework, 
located on the higher storey of a building. It allows people to look from the inside out 
without being seen: hence, the Mashrabiya screens are used to cover the windows of 
women’s quarters.
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The designs of the latticework usually come with smaller openings in the bottom 
part and larger openings in the higher parts, hence causing the draft to be fast above 
the head and slow in lower parts. This provides a significant amount of air moving in 
the room without causing discomfort. 

Fig. 6

Mashrabiyas and a dome in Aleppo.

Building Techniques for the New Cover

Dimensions and proportions of the new structure

In light of the considerations exposed above, among the many possible covers one 
in the form of a dome was finally chosen. Apart from the bio-climatic function of the 
dome, this volume would “crown” a space that was thought to be topped by a similar 
form.

In order to respect tradition, and the presence of the 12-sided drum of the col-
lapsed dome, a 12-sided dome was chosen, but the basis would not lie directly on the 
existing drum. 

The new cover would contain and protect the tambour in spite of leaning on it. 
The approach that was established, by which the dome should not be a decorative 

element, but rather a shelter for the archeological elements lying below, led to choose 
a plain curvature for the 12 slices of the dome.

Fig. 7

South façade of the Hall – first project.
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The first project, which foresaw a dome with a double curvature, appeared not re-
spectful enough of the existing building: therefore a reduction of the dimensions of 
the new covering was decided and also part of the holes originally foreseen on the 
Cor-ten sheets were eliminated, in order to make the lower part look more similar to 
the traditional openings of Ayyubid domes. In the end the volume of the dome would 
not be too big: from the outside the relation of masses in the perspective of the east-
ern part of the citadel (well visible from the esplanade) would not change. The internal 
height of the dome is only 2,10 meters, while the external height is 2.40 m.

 The maximum distance between two opposed sides of the dome (from the outside) 
is about 9.30m. This dimension of the basis allows maintenance-activities in the space 
between the drum and the internal surface of the dome, but it is not wide enough to 
receive tourists. Besides, with this diameter, the basis of the dome will lie on the 4 in-
ternal columns and thus the new covering will respect the structure of the building.

The total weight of the dome will be approximately 6,000 kg: not much if com-
pared to the weight of the stones and mortar that will be removed from the vaults of 
the building (about 612,000 kg). Therefore we can estimate that the weight of the new 
dome will be approximately 1/100 of the weight of the materials that will be removed.

The structure of the dome

The main structure of the dome is composed of 12 reticular elements, each one made 
of 15 diagonal items (L 50x50x5 mm) which will be welded to 4 steel ribs (2 in the 
upper part and two in the lower part). The steel ribs, onto which the Corten covering 
will be screwed, have a non-circular geometry: thus they will have to be cut by a laser 
machine.

In order to avoid an excessive deformation of the dome, three dodecagonal ties 
will be provided. The upper and middle ones will be composed of L 40x40x4 mm steel 
profiles, while the lower one will be made of two parallel L 100x10 mm steel profiles. 
At the top of the dome, a steel ring will join together the 12 slices.

Fig. 8

Views of a slice of the dome. 
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The “light-skin” of the dome

In order to prevent the distraction of the visitors from the “Mucarnas” decorations, the 
dome will not be treated like a decorative element.

The covering will be composed of two laser-perforated Cor-ten sheets 4 mm thick: 
an external one and an internal one (distanced about 300mm from one another). The 
ventilation cavity between them, in the plain upper part of the dome, will avoid the sun-
rays to overheat the dome. Every slice has, at its top, four holes to let the air flow out.

The drums of the domes of the Ayyubbid period usually had openings: in the new 
dome these elements would be suggested by the perforation of the lower part of the 
steel sheets. These 12 “openings” will be created by perforating the two steel sheets 
with a grid of little squared holes thanks to a laser-machine, all having a 60mm side 
and placed at a distance of 40 mm of each other.

Fig. 9

The elements of one of the 12 slices of the dome. 

The external grid of squares will be rotated 45 degrees in relation to the internal one. 
This particular geometry will create interesting light effects, which will change con-
stantly during the day. At night, the internal artificial light could flow through the 
openings, and generate  interesting light effects on the outside. 

The Arabic element of the “Mashrabiya” is therefore evoked, although the beauti-
ful light effects are here conveyed not by a complex hand-made decoration, but on 
the contrary, would be created thanks to a simple pattern: the two outdistanced and 
twisted grids of squares. These rotated grids would ensure a quasi-“impalpable” space 
around the existing drum: the modulation of the natural light will create an evocative 
ambience that will help the enjoyment of the indoor archeological area.

This kind of “light-skin” was used, with brilliant results, by architects like Jean Nou-
vel for projects as the “Institute du Monde Arabe” (Paris), the museum “Louvre Abu 
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Dhabi” (Arab Emirates), the Skyscraper in Doha, in which the “metal double-skin” is 
thicker on the south than on the north façade, in order to reduce heat gain.

In our project the “double-skin” will work really well as a solar-screen and even if it 
conveys an effect of “lightness”, the sun-rays will be well screened, in this way avoiding 
the overheating of the air inside.  

Fig. 10

Jean Nouvel:  “Louvre Abu Dhabi”, Institute du Monde Arabe” and “metal double-skin” for a Sky-
scraper in Doha. 

Insulation, ventilation and maintenance

In order to avoid the condensation of the water-vapor on the internal surface of 
the dome, a 60mm thick thermal insulation layer (high-density rock-wool) will be 
provided.

40mm-thick alveolar polycarbonate panels will be placed  between the two Cor-
ten sheets in order to prevent the rainwater from falling on the inside.

The alveolar polycarbonate panels were chosen also for their good thermal resist-
ance: the inside air cavities provide a better insulation than glass slabs.

In order to guarantee a sufficient ventilation of the interior, 4 of the 12 sides will 
have an openable polycarbonate panel.

Each element and each material was chosen so as to minimize the need of main-
tenance and to prevent the deterioration of the structure. Cor-ten steel does not need 
anti-corrosion treatment, the polycarbonate between the two steel sheet will not be 
visible from the inside when dirty, and all the connections and joints are designed in 
the simplest possible way. 

Fig. 11

Section of the dome along the openable polycarbonate panels. 
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The modeling of the project: an iteration process (2D-3D-2D)

While the cross section of the dome shows a plain curvature, the section along the 
ribs is not an arch of circle: its geometry was designed using both 2D and 3D CAD 
software.

In the beginning the cross section and the plan of the dome were designed and 
then the 3D CAD model was elaborated. 

In order to fit the complex designed geometry, each element (the internal and 
external Cor-ten sheet, the polycarbonate panels, the components of the 12 reticular 
structures), had to be cut by a laser machine. Obviously the laser-machine operates on 
a flat surface, therefore each element was projected, thanks to the CAD software, on a 
2D file.

Once cut, the elements were curved as needed and the items of the ribs were 
welded in the factory: so that the assemblage operations on the building site are 
minimized.

Conclusions: New Technologies and Restoration 

The designing process must be be extremely  precise, since several elements– like the 
ribs --have a geometry very close to an arch of a circle, but even minor inaccuracies 
would result in big problems during the assemblage on the building site.

An accurate software-assisted design, where all the components are made by a 
machine operating with CAD-file input, is particularly useful for delicate restoration 

Fig. 12

Render of the interior of the dome with the existing tambour – first project.
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works. Problems on the building site, due to a rough project, may lead to huge dam-
age to historical buildings.

The new covering, with its “light” technology, instead of competing in beauty with 
the Ayyubid Hall building, will exalt the features of the exiting heritage: the new dome 
as an element protecting and commenting on the legacy of history. 

A deep knowledge both of existing built contexts and of new technologies will 
eventually lead to a conscious project, where the notion of “technique” refers directly 
to the Greek etymology “tékne”: a synthesis between art and craft.
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