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“To articulate the past historically does not mean to recognize it “the way it
really was.” It means to seize hold of a memory as it flashes up at a moment
of danger. Historical materialism wishes to retain that image of the past
which unexpectedly appears to man singled out by history at a moment of
danger. The danger affects both the content of the tradition and its recei-
vers. The same threat hangs over both: that of becoming a tool of the ruling
classes. In every era the attempt must be made anew to wrest tradition away
from a conformism that is about to overpower it".!

BACKGROUND AND FOUNDATIONS FOR THE INVESTIGATION

This dissertation explores the impact of digitalization on architecture from
the moment when the first computers were introduced, up to the present. In
recent work that deals with digital technology, the most common approa-
ches have tended to take two opposite points of view, either technopho-
bic or technophilic, although there are positions that swing between both
extremes. On the one hand, there are those who defend the idea that the
introduction of computers has brought about a revolution in the discipline
and, as a result, they advocate for a fundamental and radical revision of the
premises and tactics that have been used up to this point; they describe the
phenomenon as a new chapter in the history of architecture. On the other
hand, there are those who defend the opposite approach, claiming that the
introduction of computers into the field of architecture is only an instru-
mental phenomenon that has not changed the discipline at all, with certain
exceptions that have to do with documentary productivity.

Due to their exclusivity and their reductionism, both standpoints seem lac-
king in interest. This dissertation, however, develops an alternative and in-
clusive approach —based on the hypothesis that the impact of digitalization
on architectural culture is similar to the effects of the linguistic turn in phi-
losophy- and steers clear of exclusive dichotomous approaches, without
the foundational reconsideration of the discipline or its ontological con-
servation. The epistemological turn suggested here is based on the new
categories that emerged from the understanding of language as a focus of
study in itself, as opposed to just a medium between understanding and
reality. We could imagine the equivalent with cybernetics and computation,
if we posit them as the articulation of an architectural meta-theory, as a new
language that can be used to discuss and think about architecture.

This study corroborates the aforementioned hypothesis using different re-
gisters, which correspond with the chapters of the text that include his-
toric and contemporary material, and that detail the arguments, the terms
and the perspectives that are opened up or intensified under the influence
of digitalization. | have been developing this dissertation for the past ten
years in different academic, editorial and professional circles. In each of
them | have conducted experiments, organized debates and developed pro-
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jects that have served to test the hypothesis and garner feedback for the
overall argument. The approach is open and broad, which was a necessary
condition for demonstrating the power of the turn brought about by digita-
lization. Most studies on the digital phenomenon carried out in the context
of the discipline are focused on the more technical aspects?, with expert
discourses based on the standpoint of the optimization of existing proces-
ses. This text was inspired by a concern and a certain discomfort with res-
pect to those positions, which are often underwritten by a positivist vision
of reality. This concern gave way to the idea for a study rooted in a cultural
approach to the phenomenon. Given the general tendency toward creating
experts —a phenomenon that, on the other hand, is not exclusive to the field
of architecture- and encapsulating knowledge, this dissertation is meant to
be based on a transversal vision, which can help non-specialist readers to
understand certain complex phenomena. It is an attempt at combating the
society of ignorance that has come into being with the information society.®
In a society that promotes specialized knowledge, which multiplies expo-
nentially, it becomes more and more difficult to possess “general knowled-
ge”; architecture is no exception in this sense. If technology is articulated
as a source of specialization, yet it also constitutes a phenomenon that has
a transversal effect on all architectural culture as well as its disciplinary
specificity, there is a clear need for studies that address digitalization from
a holistic and cultural perspective. That does not mean we need to try to
establish a universalizing narrative or a macro-discourse, but we should
aim to provide as open a vision of the phenomenon as possible. In this type
of investigation, rigor is understood as “making the conditions for unders-
tanding explicit”. Those conditions steer clear of “objectivities” or “subjec-
tivities,” depending upon whether the object of understanding has a more
scientific or a more social component, and build instead a project based
on “intersubjectivities” where the text engages in a constant and explicit
articulation of its working framework and the basis for evaluating the argu-
ments it lays out.* This provides the reader with critical tools, on the basis
of a position that is not founded on causal devices intended to simplify
highly complex phenomena, but rather on frameworks that are tied in with
lines of thought.

On the other hand, the interest of this study is to promote better personal
understanding of my own work in the context of professional and academic
practice. In this hermeneutic circle, the scholar is part of the object of stu-
dy and promotes constant epistemological performativity, where there is
a loop of feedback between the object of study and the author. The study
itself affects what is being studied and the person doing the studying is
also studying himself as he modifies his approach to the object of study. In
a slightly paradoxical way, this circle steers clear of finalistic conclusions
(which are impossible to reach in the context of this logic, at any rate),
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disqualifying itself in terms of common practice in the hard sciences, but
equipping itself with a more powerful understanding of the reality in which
it operates. These kinds of circles are quite common in the context of cultu-
ral and historical studies. An illustrative example could be a book that can
only be read by someone who is familiar with the language required for its
comprehension, yet at the same time, the very reading of the book is what
provides the reader with that capacity.® This paradoxical situation makes us
understand that the comprehension resulting from this approach is never
absolute; it is always open-ended. It is rigorous, without rigid a priori as-
sumptions, and it is dependent on an immersion where the very act of na-
vigating is changed by the incorporation and the assignation of meaning,
derived from the reading itself. In a way, this is a meta-cybernetic study
that is not based on premises that can be demonstrated or on a set of pre-
established conclusions; it establishes a dynamic for comprehension and
for the development of lines of thought that incorporates the feedback from
the process as it evolves. The rigor in this study is derived from an iterative
and evolutive explanation -to the point of reaching situations of apparent
contradiction-, intended to make intersubjective criticism possible, and to
avoid obscurity in its language.

Another aspect that needs to be taken into account is the relatively current
nature of the studies undertaken. All of the historical analyses -recent, yet
in that past, after all- and their endowment with meaning have been under-
taken from our present perspective and according to the interests of the
present. That does not necessarily imply that they fall prey to systematic
anachronism, but | have been very conscious of this condition, and | have
explicitly remarked on the “reconstructive” ambition of the critical interpre-
tations of many of the projects from the point of view of the present.

The title of this dissertation makes an explicit reference to the book by Si-
gfried Giedion Mechanization Takes Command,® a study of the role of me-
chanization in modern life published for the first time in 1948. Giedion’s
study has a historical component that stretches from classical antiquity
up to the time when the book was published and it deals with a number
of themes on very different scales. The book is based on the premise that
the foundations of mechanization lie in the discovery of the notion of mo-
vement; it is a history of mechanization, not of the machines themselves.
The study moves beyond the mechanical development of the machines and
creates a critical history in which the tensions and the losses created by
mechanization are made explicit; it is not a disinterested description of the
process. The reader does not end up with a clear idea of a position with
respect to the phenomenon, but the catalog of situations and details cons-
tructed by the author help the reader reactivate his or her own reflections
from a renewed perspective. A number of authors who have analyzed the
book have come to call it kaleidoscopic or Surrealist because of its exten-
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sive use of images and arguments that build up a series of realities that do
not follow a linear or historical logic.” What begins as an aesthetic history,
ends up becoming a history of inventions, which touches on an analysis of
domesticity and technology. It is a transdisciplinary work, in the strictest
sense of the word, and the mortar that holds it together is a cultural, techni-
cal and material phenomenon that is updated in the form of mechanization,
but which has a historical process that goes far beyond modern construc-
tion. The author’s observations do not hide the problems surrounding the
affects of the machine, but the background is conciliatory and holds onto a
certain amount of redemptory hope for progress and a better future.

This dissertation deals with the history of digitalization and its impact on
architectural culture with a similar attitude. On the subject of the book, Gie-
dion said, “History writing is ever tied to the fragment. The known facts
are often scattered broadcast, like stars across the firmament. It should not
be assumed that they form a coherent body in the historical night. Cons-
ciously, then, we represent them as fragments and do not hesitate when
necessary, to spring from one period to another. Pictures and words are
but auxiliaries. The decisive step must be taken by the reader. In his mind
the fragments of meaning here displayed should become alive in new and
manifold relations.”®

Digitalization Takes Command is a dissertation that stems from a concern
for the phenomenon of digitalization as it has transformed architecture, as
opposed to an interest in the computer as a machine or in computation as
a science. The investigation revisits a number of predigital projects, in the
sense that they were developed before the appearance of computers or of
cybernetics as a science, but which are identified as computational in their
operating methods. The use of historical and disciplinary material is direc-
ted toward the articulation of a new language that allows for thinking about
architecture in an expansive way, incorporating the productive potential of
new technologies, but more importantly, developing more powerful capabi-
lities in the designer than had previously been possible.

This dissertation refers to well-known studies and authors that have been
essential to the development of my arguments, without whose insight and
inspiration this text would not have been possible. | would like to highlight
three of them. First, Stan Allen, American architect and academic who has
written on recent architectural practice and theory from a perspective that
is always sensitive to the introduction of technology and to the impact that
it has on discourse and on the way architects operate.® Second, Gordon
Pask, whose text on the relevance of cybernetics in architecture!® made me
pay attention to the linguistic approach to digitalization for the first time,
when everyone was approaching it from an instrumental logic. Finally, the
texts by Mario Carpo, an ltalian theorist who writes about and works on
digitalization and whose texts (mainly his book on the impact of the prin-
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ting press on architecture)'! have always been an object of study and a
source for debate among those of us who are interested in understanding
technology’s role in cultural phenomena.

METHODOLOGY AND INTRODUCTION TO THE CHAPTERS

The dissertation is organized into seven main chapters plus one additional
chapter that presents a synthesis of the project as a whole. Each chapter
includes: the analysis of work or arguments that are relevant to the cate-
gory in question; an in-depth look at an author or a theory that sheds light
on the discussion of the turn caused by digitalization in the context of each
aspect; and, finally, a description of experiments, projects or cases which
illustrate or are relevant to the overall argument.

The first chapter involves a comparative look at predigital and digital buil-
dings with very evident relationships in their architectural approaches,
which allows for analyzing the similarities and differences generated by
digitalization. This comparative analysis helps to contextualize the major
themes that will be developed in subsequent chapters of the dissertation.
The second chapter focuses on a general introduction to the history of
computing and cybernetic theories and discusses the difference between
arevolution, in the sense that Thomas Kuhn gives to scientific revolutions,
and a turn, in the sense of the linguistic turn, along with the relevance of
both models to the description of the impact of digital technology on archi-
tecture. It delves especially into the text by Gordon Pask on the relevan-
ce of cybernetic theories to architecture, in which he defends the role of
cybernetics as a theory that can be used for thinking about architecture;
finally, there is a glossary of the terms that are necessary for reading the
material and understanding the arguments developed in the rest of the text.
The third chapter is centered on the main foundations of the conceptual
apparatus used in the analysis of the development of digitalization, through
concepts such as constrains and protocols and content such as play and
dynamism. A study of the work of Charles and Ray Eames and of texts by
the Situationists serves as the foundation for a discussion of the particular
uses of those concepts and to specify the strengths based on which digi-
talization operates.

The fourth chapter investigates the problem of authorship. One of the main
claims made by digital designers concerns the reformulation of the ideal
of authorship as it has been understood up until the modern era. It begins
with the analysis of studies on the impact of other ICTs (alphabetic wri-
ting, the printing press, etc.), like the one by Mario Carpo, and explains
the differences between a number of first-generation digital practices. This
chapter takes up the discussion on digital authorship, not so much from the
standpoint of the modern dissolution of authorship, but understood as a
possibility for Nietzschean empowerment. From postmodern anti-architect
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proposals -like the ones posited by Cedric Price or Bernard Tschumi- the
focus moves toward a detailed study of work in other authorial disciplines,
like Antonin Artaud’s writings on theatre. Finally, the figure of the total de-
signer is projected and articulated as the aim toward which digital potential
should be directed.

Chapter five studies the process of digitalization as it relates to produc-
tion. It provides an analysis of available digital manufacturing systems and
their implications in promoting certain types of design operations. Robin
Evans and his theory on the translation of drawings into buildings'? serves
as a means of reflecting on the necessary mediation that is altered by the
means of digital manufacturing. This chapter is a study of the phenomenon
of digital installations as a new genre linked to digital manufacturing and
highlighting, in particular, the opportunity represented by the use of digital
manufacturing as an educational platform for new architects, capable of
bringing together different pedagogical traditions that may have seemed
incompatible.

Chapter six discusses digital aesthetics based on a synthesis of models
and categories developed by authors such as Stan Allen or Mario Carpo,
who have analyzed digitalization since its beginnings, along with more re-
cent theories such as the studies of patterns by Paul Andersen and David
Salomon. The second part of this chapter posits the turn from an “identity”
model to a “similarity” model as fundamental and presents an experiment
undertaken by the author for the 2002 Venice Biennale of Architecture.
Finally, the seventh and final chapter analyzes contemporary digital prac-
tices carried out by architects who were trained in the digital era and vi-
sualizes and explains the main differences between them based on three
categories: practices in which digitalization has accelerated autonomy
and formal experimentation; practices that are motivated by a perspecti-
ve of optimization; and, finally, practices that | have classified as “playful-
performative”, which exemplify a more complex digital self-consciousness
according to the point of view defended by this dissertation.
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NOTES

1 Benjamin, Walter, “Uber den Begriff der Geschichte”, in Tiedemann, Rolf and
Schweppenhauser, Hermann (eds.), Walter Benjamin. Gesammelte Werke, vol. |, Suhrkamp
Verlag, Stuttgart, 1991, pp. 693- 703 and 1223-1266; and vol. VII, pp. 783-784. (English
version: “On the Concept of History.” http://www.sfu.ca/~andrewf/CONCEPT2.html).

2 There are contributions with more generalist ambitions like the work by Manuel
Castells (La era de la informacién: economia, sociedad y cultura, Alianza Editorial, Madrid,
2000) or William J. Mitchell (City of Bits: Space, Place, and the Infobahn, The MIT Press,
Cambridge [Mass.], 1995), but they tend to offer readings of the phenomenon from the
point of view of sociology or urban studies.

3 This phenomenon has been analyzed and described in: Mayos, Gongal, “La
sociedad de la incultura”, in La Sociedad de la Ignorancia y otros ensayos, Infonomia,
Barcelona, 2009.

4 Gongal Mayos develops the notions of intersubjectivity and the

hermeneutic circle at length in his book Conocimiento cultural e histérico, Doc UOC,
P06/74038/01789.

5 “A book can only be properly understood through the reading of its parts, which
must be read in linear order, even if the chapters may be interspersed (as Julio Cortéazar
suggested, for example in his novel Hopscotch). Only when one has finished reading
entirely, however, can one arrive at an adequate understanding of some or all of its parts.
This last case is common in detective novels, where the information in the final chapter
entirely disrupts -despite a relationship of compatibility- the interpretations of previous
chapters. In all cases, if we were to wait to begin reading until we were sure about
everything, either it would no longer make sense to read at all, or we would never be in a
position even to begin.” Mayos, Gongal, Conocimiento cultural e histérico, op. cit., p. 14.
(English version by the translator.).

6 Giedion, Sigfried, Mechanization Takes Command: A Contribution to Anonymous
History, Oxford University Press, Oxford, 1948..
7 “The overwhelming wealth of material in Dr. Giedion’s kaleidoscopic book makes

it hard to convey its content completely. Facts and trends, patents and tastes, dentists’
chairs and late mediaeval miniatures, artificial insemination and skating on artificial ice,
baking of bread and improving vacuum cleaners are interwoven into a monumental canvas
of man-kind’s struggle for, with and against the machine. Thus it is quite natural that the
tre-mendous scope of this enterprise makes it impossible for the author always to follow
con-sistently the historic, the technical, the sociological, or the aesthetic approach”
Zucher, Paul, review of Sigfried Giedion's book Mechanization Takes Command in The
Journal of Aesthetics and Art Criticism, vol. 7, num. 3, March 1949, pp. 259-260.

8 Quoted from the review published by Donald Horton in American Sociological
Review, vol. 13, no. 5, October 1948, pp. 641-642.

9 See, for example, Stan Allen’s text “The Future that is Now,” in Ockman, Joan (ed.),
Architecture School, The MIT Press, Cambridge (Mass.)/London, 2012, p. 212.

10 Pask, Gordon, “The Architectural Relevance of Cybernetics”, Architectural Design,
vol. 7, no. 6, New York, 1969, pp. 494-496..

11 Carpo, Mario, Architecture in the Age of Printing: Orality, Writing, Typography, and
Printed Images in the History of Architectural Theory, The MIT Press, Cambridge (Mass.),
2001..

12 See: Evans, Robin, Translations from Drawing to Building and Other Essays,
Architectural Association, London, 1997.
13 Salomon, David and Andersen, Paul, The Architecture of Patterns, W. W. Norton

and Company, New York/London, 2010..
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The Construction of a Problem
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The generalized use of digital technology in architecture studios is a fact.
Within a short period of time, digital design has become second nature.
The attentive observation of certain seminal built works can allow for cla-
rifying a number of questions that can help to structure and provide fee-
dback on fundamental premises and research in the discipline. The role of
academic research doesn’t have to be a faithful reflection of professional
practice; in fact, both registers -discipline and practice- have taken on
different roles as motors for innovation. In terms of digital implementa-
tion, the economic motor of practice has provided a fundamental impulse
for the use of certain technologies (see, for example, the role played by
Gehry Technologies), but the biggest efforts toward the categorization
and conceptualization of the effects of digitalization on the discipline are
happening in academic spheres.

This chapter is centered on a comparative analysis of predigital projects
and projects from the digital age which have a common architectural in-
tention. The comparison highlights both the continuities and the diffe-
rences resulting from digitalization. In order to carry out the study of the
cases that will be described in the following pages, drawings of three di-
fferent registers were made for each of the pairs in question: the first is
a description of the building, highlighting the relationship between the
parts and the whole; in the second, emphasis is placed on the most rele-
vant details that tie in the technical systems with the architectural agen-
da; finally, the third provides a synthesis of the architectural intention in
technical terms. Not all of the selected contemporary projects are claimed
as digital, but they do make use of techniques and languages that came
about as aresult of digitalization in their aesthetic provisions and lines of
reasoning, in their construction methods and in their references.

SSYSTEMS STRUCTURES:
From Transparency to Lightness and Mimicry
Kazuyo Sejima and Ryue Nishizawa, the founders of SANAA design studio,
have never claimed that their work is digital, nor have they used technology
as a discourse to justify their work. In fact, beyond the hermetic objectual
description that is characteristic of the Japanese tradition, their work is
usually explained from a perspective that highlights the user’s experience
and programmatic solutions. All the same, looking at their built projects we
23T are immediately struck by work that moves beyond pure functionalism and
phenomenology. For example, in the case of the New Museum (New York,
2002-2007) (Fig. 2) there is an attempt to dissolve the building’s volume
into the prevailing language of the city. For the Seagram building (New York,
1958-1960), (Fig. 1) Mies van der Rohe developed and refined his work on
transparency in the modern building by calibrating the relationship between
structure and glass surface to a maximum, developing the language of mo-
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dern architecture. In contrast, SANAA centers their work on the opaque sur-
faces in order to deconstruct the volume, so that it disappears into a group
of volumes within the city, by way of mimicry. They create a pattern that
merges with the one Rem Koolhas' indentified in his analyses of New York,
with respect to height-based volumetric setback that responds to changing
legislation. There is a move from idealized volumes (a logic of optimization)
to a systematic reaction to planning (open logic).
SANAA's second project in this category is the glass pavilion for the Tole-
do Art Museum (Ohio, 2001-2006) (Fig. 4), a project that updates research
based on revisiting Mies’s basic organization using two horizontal slabs and
large panes of glass for the enclosure. The Farnsworth House (Plano, Illinois,
1945-1951) (Fig. 3) is an inescapable reference. Although the projects are
238 gimilarin many aspects —their relationship with the landscape, transparency
as a design material, the use of metallic structure and horizontal slabs-, the
differences are remarkable. Whereas Mies integrates the structure into the
general composition in a very precise, delicate way (in details like hiding the
welding seams, the relationship between the steel beams and the cornices,
etc.), SANNA uses a structural distribution that can't be understood from a
Cartesian logic or in relation to the general volume. The pillars are reduced
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as much as possible to minimally expressive cylindrical elements in order to
avoid their being subject to a conventional reading as structural elements,
as happens with the industrialized pillars in the Farnsworth house. On the
other hand, the pillars are distributed to create an apparently chaotic order,
which resembles the complexity of a forest structure more than the optimi-
zation of a mesh distribution. Finally, the use of glass is radically different.
Whereas Mies used the maximum flat surface of glass available at the time
and avoided interferences as much as possible through total transparency,
SANAA opted for curved glass, produced using sophisticated manufactu-
ring systems, and overlapped it in multiple layers set at different distances
in order to create a world that leaves behind transparency and takes on re-
flections. From the idealized transparent modern world of the Farnsworth
239 house, we have moved toward a complex, sensorially charged world.
Finally, it is worth mentioning one final project from the Japanese studio,
the project for the Rolex Learning Center (Lausanne, 2004-2010) (Fig. 6), in
which a curved slab takes on the quality of a landscape by creating a topo-
graphy for the different areas in the student center. A predigital project that
uses similar languages and elements is the Casa del arroyo (Mar del Plata,
1943-1945) (Fig. 5) by Amancio Williams, a house that completes an exis-
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ting landscape, a small stream, with a symmetrical section that holds the
house’s program and where the volume defines the landscape as opposed to
being integrated into it. We could say something similar about the building
in Lausanne, located on a flat plot of land. The building is not integrated
into the site, but rather transforms it, creating a new topography which, in
conjunction with the plot, articulates a new system. Both projects represent
an important typological turn. In the case of Casa de arroyo, there is a move
from a modern building, set on top of pilotis and separated from the ground,
to a house that constructs the landscape. In the case of the Rolex Learning
Center, the move is from a mat-building -the constitution of an interiorized
world through the use of patios- to a much more complex typology, where
the mat-building not only constitutes an interior world, but also establis-
hes an explicit relationship between the interior and exterior spaces as a
result of its sinuous variations in section. Whereas the first mat-buildings
were interior landscapes, SANAA interiorizes the exterior landscapes and
captures them in the three-dimensional movement of the building’s users.
However, as was the case with the previous two pairs -the New Museum
and the Seagram building; and the glass pavilion at the Toledo Museum and
the Farnsworth house-, the technical solutions used in the predigital and
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digital projects are very different, not only because of the time that elapsed
between them, or because of the availability of new resources, but because
of an enormous evolution in the conceptual matrix used in the conception of
both projects, in large part due to the changes resulting from digital techno-
logy. Whereas Amancio Williams' Casa del arroyo still inhabited the modern
model of orthogonal space, where there is a direct correspondence between
the constituted space and the structure, and where the structure is defi-
ned according to optimization, in SANAA projects, both the Rolex Learning
Center and the Toledo Art Museum, the stability of the system is avoided. In
the Toledo Museum, the horizontal slabs are destabilized by the curvature
of the glass and the random distribution of the pillars, and in the case of the
Rolex Learning Center, the terms are inverted. The regularity of the orthogo-
nal mesh of pillars is mobilized by the three-dimensional modification of the
slabs and the curved and differentiated positioning of the glass-enclosed
courtyards.

SYSTEMS STRUCTURES:
From the Expression of Optimization to Expressive Redundancy
A second series of pairs involves projects that deal with structures of si-
milar types, in which updating has resulted in a move from optimization
toward redundant configurations.
The first pair is made up of the Palazzetto dello Sport (Rome, 1956-1957)
(Fig. 7) by Pier Luigi Nervi and the Yokohama Port Terminal (1995-2002)
(Fig. 8) by Foreign Office Architects (FOA). Aside from the fact that their
structures are built with very different materials -prestressed reinforced
concrete in the first case and steel in the second-, the structural expres-
sion is directly linked to the load-bearing function of the surface. The main
difference in the Yokohama project is that the geometry of the roof also
serves as the support for an urban park. This multiplicity of functions and
the geometric considerations linked to the different settings -ramps, rims,
gaps in the surface, etc.— differentiate the surface as well as the folds that
compose it. In the case of the Palazzetto dello Sport, its symmetric plan and
its specialization and optimization (self-supporting roof) make the struc-
ture into symmetric and repetitive pattern as well. In the FOA project, in
contrast, the roof is a redundant system for each of the functions it fulfills.
The port terminal in Yokohama has a higher level of embedded information.
241 That means that if each level of analysis of the roof is isolated, the system
reads as redundant; however, it is precisely this excess of information that
enables it to perform more than one function at the same time.
A second example of this phenomenon would be the geodesic structures
developed by Richard Buckminster Fuller in the 1950s (Fig. 9) and a pro-
ject like the Sendai mediateque (1995-2000) (Fig. 10) by Toyo Ito. Both
projects use a structural logic of rods and “nets” created from those rods.
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In the case of the geodesic structures, Buckminster Fuller uses the logic of
subdividing surfaces to approximate a dome. Using discrete elements, he
makes an attempt to approximate the geometry of continuous surfaces so
that the structural behavior of the whole is optimized. Any project will have
anumber of simultaneous interests; in the case of the research on geodesic
domes, there were a lot of open questions having to do with lightweight
and easily transportable systems. However, what interests us in this case is
focusing on the question that helps to better understand the update or the
turn that has taken place the digital age. With this perspective in mind, the
Sendai mediateque also explores the possibilities of rod structures, howe-
ver in this case they are not organized according to the premise of a holistic
form (like the dome in the case of Buckminster Fuller). Instead, they are di-
fferentiated according to the patterns of demand to which they are subject.
As such, the vertical load-bearing structures are three-dimensional tubes
that allow for circulation and admit programmatic aspects. The slabs are
organized so that they resolve the continuity between the square perime-
ter and the four circles created by the three-dimensional columns. Again,
as in the previous pair, a specialized and optimized system like Fuller’s is
compared with a proposal that uses a similar structural typology, but with
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a redundant configuration, where the structure always does more than me-
rely performing its load-bearing function.
The third pair in this series includes the Olympic Stadium in Munich (1968-
1972) (Fig. 11) by Frei Otto and the sports pavilion in Huesca (1990-1994)
(Fig. 12) by Enric Miralles. Both projects construct a topography and then a
tensile roofing structure is spread on top. In both projects, the roof and the
floor plan also fail to coincide exactly; they have a certain amount of auto-
nomy that dilutes the readability of the volume. In the project by Frei Otto,
there is a direct correlation between the geometry and the structural beha-
vior; meaning, the tension in the cables and the surfaces that are created
are optimized in response to the tension that they bear. In the case of the
pavilion by Miralles, when it comes to avoiding the vertical thrust to which
243 thetensile structure is subject, there are no additional cables used to com-
pensate for the force, as is the case in Munich. Instead, the roof is loaded
with weights that are distributed into different volumes, which embody the
building’s self-expression when it is seen from the outside. The shape of
the roof is no longer the visual expression of its structural behavior. From
the point of view of the forces it is subject to, it takes on the quality of a
landscape that is independent of its optimization.
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SSYSTEMS STRUCTURES:
From Specialization to Inclusion
The first example in this category includes the restaurant Los Manantiales
(Mexico City, 1957-1958) (Fig. 13) by Félix Candela and the Hypar pavilion
(New York, 2000-2001) (Fig. 14) by Diller Scofidio + Renfo. Both projects
make use of the same primitive geometry: the hyperbolic paraboloid. In the
case of the restaurant by Félix Candela, the thickness of the concrete shell
is reduced to a minimum as a result of the overall geometric configuration
of the surface. The difficulty that comes with using this type of piece invol-
ves recognizing and controlling the lines of force generated by the points
where the stress of the structure is unloaded. Whereas in Candela’s restau-
244 rant the geometry is adapted to optimize its structural behavior, in Diller
Scofidio + Renfo’s building, the discussion becomes a bit more complex.
On the one hand, the roof has to resolve an imposed geometry that doesn’t
correlate with its structural behavior and, on the other, there is a need for
the resulting form not only to serve as the roof for a space, but to create an
extension of the square and serve as another section of public space. This
programmatic requirement adds a number of demands to the structural be-
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havior and the roof finishings, which in turn prevent the use of a concrete
shell like the one used in the restaurant by Candela. It becomes necessary
to turn to the potential of digital manufacturing to define the necessary me-
tal profiles that won’t compromise the general geometry, but that will pro-
vide the added structural performance and added functionality. Candela’s
specialized system is expanded in the New York building as a result of the
inclusion of different functions and technical and spatial requirements.
The second case is the pair formed by Lina Bo Bardi's Sao Paulo Museum
of Art (MASP) (1957-1968) (Fig. 15) and the Columbia University labora-
tory building (New York, 2010-2011) (Fig. 16) by Rafael Moneo, both bridge
buildings with structural supports used only at the ends. In the case of the
MASP, as Lina Bo Bardi says in her own description, the building couldn’t
245 block the views of the Avenida Paulista, so four enormous pillars hold up
large beams, two on each level. As such, the general volume frames the
view without interfering with the elements at ground level. The principal
structural elements are left exposed and they become the expression of the
building. On the other hand, Moneo’s building jumps from one end to the
other of the site for different reasons. An existing building, which could not
be demolished, made it necessary to find other support and leave the rest of
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the building hanging. Instead of a concrete structure, a three-dimensional
metallic structure is used, which works along the perimeter of the fagade
along with a large-scale central truss, a structure that creates a “box” that
acts as a whole. Whereas Lina Bo Bardi’s structure concentrated its efforts
on a limited series of load-bearing elements, making it necessary to invent
a solution for the necessary post-tensioning, the structure of Moneo's buil-
ding resorts to multiple rods to resolve the structural efforts. This prolifera-
tion of diagonal elements on the fagade is used to organize the formal logic
of the enclosure, so that an element that, in principle, responds to a specia-
lization in the load-bearing behavior becomes an organizing pattern for the
overall composition. The capabilities of digital modeling and the structural
typology allow for the engineers and the architect to evaluate the layout of

246 the structural elements, not only from the point of view of their behavior
when they are subject to loads. The layout of structural elements can also
vary, or they can be eliminated, according to programmatic or compositio-
nal requirements, with an automatic update in the definition of the rest of
the structural elements. These dynamic analyses and the management of
automatic manufacturing allow for the sequencing of iterations in which
the different demands of the project are designed inclusively.
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The final pair of projects is the Salk Institute (La Jolla, California, 1959-
1964) (Fig. 17) by Louis I. Kahn and Milstein Hall (Ithaca, New York, 2009-
2011) (Fig. 18) by OMA. The building by Louis |. Kahn was one of the first
cases where a Vierendeel truss was used, beams that can span large widths
while the geometric layout of their elements allows for the occupation of
the space inside the structure. In this case, the system was used with the
rest of the structure as an effective way of prefabricating the laboratories.
In accordance with Kahn’s well-known “service space” and “served space,”
the structure was specialized so that it would fulfill a double function: bea-
ring the weight and creating the necessary span widths for the laboratory
spaces and the corresponding installations. In the case of the enlargement
of the Cornell architecture school, Milstein Hall, the use of Vierendeel trus-
247 ses s different. The building needed to host the studios and the socializa-
tion areas for the architecture students and provide a solution for a plot that
had some limitations in terms of support, limitations that made it necessary
to create large cantilevers on each end with a hybrid metal Vierendeel truss.
As in other cases analyzed here, instead of a mechanical model based on
repetition, a different structure is built in response to the area it crosses.
The rods that make up the truss are bent or not, in accordance with an exis-
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ting negotiation between the structural and programmatic demands that
encompass large areas of indetermination.

SYSTEMS ENVELOPES:
From the Standard Logic to the Systemic Logic
In this series the projects explore enclosures that establish specific rela-
tionships between the geometries employed and the manufacturing sys-
tems. The first pair worth mentioning is the glass pavilion (Cologne, 1914)
(Fig.19) by Bruno Taut and the Prada Aoyama boutique (Tokyo, 2000-2003)
(Fig. 20) by Herzog & de Meuron. Taut's building is a project where the crys-
tallization of the dome allows for resolving the roof with pieces of glass
-which could not be very large at the time- and developing an expressive
248 language with clear geological and botanical references. The relationship
between the geometry of the panels is the result of a mesh that subdivides
the surface of the dome and coordinates the standard of the glass with the
polygonal resolution of a slightly distorted dome. In their project for the
boutique in Tokyo, Herzog & de Meuron also used rhomboidal geometry
to organize the enclosure: a closed mesh with curved glass that creates a
series of reflecting effects that enrich the experience both from the exte-
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rior and the interior. However, the difference between the two projects is
substantial. Whereas Bruno Taut used the polygon as a way of subdividing
the roof to adapt it to the standard of glass that was available, Herzog & de
Meuron created a system that could cover any type of volume, a system that
moves beyond enclosure and expands into the interior, organizing subdivi-
sions and closed-off divisions with the different programs in the boutique.
The second example is the pair made up of the pavilion in Ulm (Stuttgart,
1955-1956) (Fig. 21) by Max Bill and the Serpentine Gallery pavilion (Lon-
don, 2002) (Fig. 22) by Toyo lto. Both architects take on the design of the
pavilions using a mathematical approach: Max Bill's pavilion is based on
an element repeated four times in a series, forming a spiral. Toyo Ito’s uses
an algorithm that multiplies a series of lines based on the rotation and sys-
249 tematic shifting of an initial square. Max Bill's project adapts its geome-
try to the restrictions introduced by the standard size of the wood panels
used for the enclosure, whereas Toyo Ito exploits the maximum differen-
tiated manufacturing allowed for by digital manufacturing to articulate a
network of lines that maximizes the expression of different geometries in a
continuous plane. The correlation between geometry and the constructive
elements does not have anything to do with optimization or the modulation
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of a standard, but rather with the legibility of a figure that was the result of
parametric operations.

SYSTEMS ENCLOSURES:
From Expression to Affect
The final series of projects centered on enclosures are the pairs where
there is a shift from a highly expressive proposal, which attempts to achie-
ve a specific sensory effect, toward projects that approach the impact on
the user from the Deleuzian “affect”, articulated as a system that affects
the senses directly without the intervention of reason.
The first pair in this series includes the project for the National Football
Hall of Fame (New Brunswick, 1967) (Fig. 23) by Robert Venturi and John
250 Rauch and the Portuguese pavilion for the Venice Biennale of Architectu-
re (2008) (Fig. 24) by Eduardo Souto de Moura. Both projects use struc-
tures that are similar to advertisements. In the case of Venturi and Rauch,
the building expresses itself in the language of an advertisement, where
the visible face transmits the message to passers-by. In the case of Souto
de Moura, materiality —a mirrored surface- is used to build a project on an
urban scale where the user sees both the city’s reflection and his or her
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own, making the pavilion invisible as an object and transforming it into a
machine that causes a slight distortion in the familiar context. When you
enter the building, this effect is multiplied by the use of even more mirro-
red surfaces. In this case, there is no attempt to transmit a codified mes-
sage or to make reference to objects from popular culture that are critical
of it or appropriate it, as was the case with Venturi and Rauch. Souto de
Moura builds a mechanism to construct experiences that are not codified
purely through the senses.
A second group is the Whitney Museum (New York, 1963-1966) (Fig. 25)
by Marcel Breuer and another museum, in this case by Herzog & deMeu-
ron, the CaixaForum (Madrid, 2001-2008) (Fig. 26). Both projects attempt
to reconstruct and highlight the volumetric autonomy in a highly dense
251 urban environment. Breuer used concrete walls to separate the building
from the existing partition walls and paneling to create a unified percep-
tion of all of the building’s sides, through material. The few windows that
were opened were created in three dimensions to accentuate the effect of
thickness and weight of the volume. Finally, the building section was mo-
dified at street level to accentuate the abstraction of the cube. All of these
operations are intended to express the representative role, both institutio-
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nal and cultural, of the building. In the case of the building by Herzog & de
Meuron, we find operations that are apparently very similar, although they
are executed according to different techniques and aesthetic references.
The existing building is covered up and separated from the ground. The
few windows that are left repeat a three-dimensional operation that is very
similar to what Breuer did for the Whitney Museum. The use of a single
material and the geometric detachment from the location make Herzog
& de Meuron'’s proposal a literal reference to the Whitney Museum. That
said, Herzog & de Meuron introduce an enlargement into their repertoire:
the underside of the cantilevered volume is triangulated with a cladding
made up of metallic pieces, organized according to a pattern that was de-
signed and produced digitally. A metallic enclosure with different degrees
of perforation was also manufactured for the top of the existing building
using digital systems. Breuer's expressive institutional language is au-
tomatically expanding in the building in Madrid using a dynamic system
where visitors are exposed dynamically to different experiences that push
them away from any kind of interpretative understanding of the building
through narrative and toward a sensory journey through the building.

MATERIALS MOLDS:

From Deviation to Anexact!

This categorization brings together projects that work from the idea of a
mold. This approximation can happen on different scales and with diffe-
rent objectives, but whereas predigital projects work from a logic that es-
tablishes a direct relationship or, at most, a designed deviation between
the mold and the project, in the digital projects that accompany them there
are the beginnings of lax control and a certain amount of uncertainty in the
results of the molding process.

The first pair of projects is Park Giell (Barcelona, 1900-1914) (Fig. 27) by
Antoni Gaudi and the Xavier Montsalvatge park (Barcelona, 2002-2006)
(Fig. 28) above the metro depot, by the studio Coll-Leclerc. In Park Guell,
the structure for the market square serves as a support and as a mold for
the square above it, whereas in other areas of the park, the columns beco-
me supports for planters; in any case, the structure is not only understood
as load-bearing material; it also acts as a mold that organizes the succes-
sive layers above it. There is a direct correlation between the resulting
forms and that of the molds or, in any case, there are minimum deviations,
which are the product of light earthworks. In the case of the roofs for the
metro depots in Barcelona, Coll-Leclerc introduce a series of coffers and
plastic stay-in-place formwork systems that define an artificial topography
without adding any weight to the structure. The relationship between that
topography and the landscape of the square is mediated by the system of
supports of differing heights. The geometry of the many-sided formwork
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means that there is a “low resolution” approximation of the final geometry,
in the sense that there isn’t a direct correlation between the geometry of
the mold and the molded area. It establishes control at a distance, tied into
the relationship between the systems, an anexact control.
The second pair in this category includes the Hermanas Hospitalarias so-
cial center (Ciempozuelos, 1985-1986) (Fig. 29) by Miguel Fisac and the
P-Wall installation by Andrew Kudless (Columbus, 2006) (Fig. 30). Fisac's
project was part of a series of experiments with prefabricated concrete
fagade materials using formwork systems that played with different kinds
of rustication. Wooden molds and fabric were used in order to produce
the three-dimensional patterns which, once put together, were intended
to create an effect of continuity that would dissolve the legibility of the
253 parts of the fagade. The molds and the production system cause each of
the resulting panels to be slightly different because of the different to-
lerances and the effects of the layers that were applied. Kudless's work
makes a direct reference to Fisac, but in this case digitalization plays an
important role in constituting the graphic pattern: instead of repeating the
parts, it builds a differentiation field based on control points. The project
organized a system of molds based on points of control that are regulated
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using adigital composition and that, incorporating a certain flexibility, use
fabric to make a mold into which a liquid is poured and then left to harden.
The force of gravity and the setting of the material mean that the result
emerges in a controlled regimen, which has an important margin of uncer-
tainty and of difference at the same time. Whereas Fisac’s work is based on
the deviation from an idealized figure that is abstracted through repetition,
Kudless uses the introduction of anexact processes into highly controlled
systems.

MATERIALS MOLDS:

From the Repetition of Difference to Coherence and Consistency

The Center for hydrographic studies (Madrid, 1960-1963) (Fig. 31) by Mi-
guel Fisac and the extension of the Nelson-Atkins Museum of Art (Kan-
sas City, 1999-2007) (Fig. 32) by Steven Holl help verify the turn that has
taken place in the use of prefabricated pieces and their ability to shape
light. Fisac spent years developing research on prefabricated pieces with
different profiles, which he used in a number of projects. In this case, the
piece is used to construct the section of the roof and the skylight. The pie-
ces were industrialized and assembled one next to the other in order to
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create a skylight beam after the post-tensioning was done. All of the pieces
are identical and allow for natural light to enter as an integral part of the
coherence of the section. In the case of the museum by Steven Holl, the
use of prefabricated pieces is very different: pre-tensioned prefabricated
pieces are used to support a landscape, including green areas and flooded
areas. This dictates the location of the skylights independently of their re-
lationship to the prefabricated pieces, which are perforated to let light into
the underground area. In contrast to Fisac’s building, there is a autonomy
between the piece and the landscape, yet the two combine to determine the
programmatic consistency.
The second pair is the TWA terminal at John F. Kennedy airport (New
York, 1956-1958) (Fig. 33) by Eero Saarinen and the Kakamigahara cre-
255 matorium (2004-2006) (Fig. 34) by Toyo Ito. Both projects build a concrete
shell using organic shapes. However, whereas Saarinen’s airport terminal
is a symmetric structure that repeats its section on one side and the other
and works using the repetitive logic of the mold, Toyo |to creates a highly
differentiated roof that is based on an irregular distribution of pillars with
a formwork system that can be adjusted to create the mold for the surface
without introducing any repetition at all. Digital tools allow for a point-to-
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point control of the geometry and prepare the molds to be used based on a
logic of consistent variation, as opposed to repetition.

MATERIALS ASSEMBLY:
From Aggregation to Growth
Up until now we have dealt with projects that prioritize the continuity of
their parts, either through the use of a single material or by the subdivision
of surfaces using paneling, which guarantees the geometric proximity to
the whole. However, the digital turn has also had its effect on projects that
are developed using a logic based on the assembly of distinct parts.
The first example up for study is the pair made up of the Habitat 67 projects
(Montreal, 1963-1967) (Fig. 35) by Moshe Safdie and the apartment buil-
256 ding in Tabshi-ku (Tokyo, 2006-2010) (Fig. 36) by Sou Fujimoto. Safdie’s
project became a milestone for prefabricated architecture and the experi-
ments in collective housing during the 1960s and ‘70s. The prefabricated
modules for the units were stacked one on top of the other along general
infrastructural elements and included assembly systems that were based
on acombinatory logic, which allowed for organizing different types so that
the pieces complemented one another. Fujimoto’s project is also an accu-
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mulation of dwellings, one on top of the other, but it gives up on a geome-
tric negotiation between the pieces to adopt a logic of vertical growth, in
which there is no attempt at joining the pieces together; they are simply
accumulated. The access system grows up around the stacked pieces, the
opposite of what happens in Safdie’s project, where the pieces are added
together in an orderly fashion, around the access pieces. Fujimoto mainta-
ins the typological readability of each dwelling as an autonomous element
and the negotiations between them are the result of accumulation. This
project promotes unexpected situations that are the result of the system
that is established, and which create a whole that is subject to an unstable
equilibrium.

The second pair in this category brings together another project by Sou Fu-
jimoto, the House before House (Toguchi, 2007-2008) (Fig. 38) and Utzon’s
Espansiva prototype (Hellebaek, 1969) (Fig. 37). Utzon's house develops
the Espansiva system, created for Utzon himself, based on a catalog of pie-
ces which allows for the construction of different types of dwellings using a
combinatory logic. The pieces are fitted with joints to allow for assembly, so
that the modules that make up the general volumes are created by adding
together the different parts. On the other hand, Fujimoto’s project is based
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on the construction of a basic three-dimensional module that constitutes a
growth system, following an aggregative dynamic, which allows for multiple
three-dimensional configurations. The way they are added together arti-
culates different possible kinds of growth, because the elements used for
circulation are external to the aggregation system. Utzon’s system is based
on pieces that need to be assembled before they acquire a certain amou-
nt of structural autonomy, where as Fujimoto defines a system that is ba-
sed on programmatically and structurally autonomous units, including the
elements used for landscaping. The relationships between the parts and
the whole in Utzon’s project form a closed combinatory system, whereas in
Fujimoto’s project they establish an open system in which the relationships
between the parts and the whole are open and multiple.

MATERIALS ASSEMBLY:
From Fitting to Adjusting
In the projects from the digital era based on the assembly of parts, there has
been a turn toward two different sides: on the one hand, there are projects
that have made use of the possibilities provided by digital manufacturing to
maximize control over the pieces, reducing the need for tolerances in com-
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plex geometries; on the other hand, there are projects that have introduced
designs that experiment with a “soft” control of the resulting geometries.
One example of the first case is the pair made up of the Cristo Obrero church
(Atlantida, 1952-1958) (Fig. 39) by Eladio Dieste and the Gantenbein wi-
nery (Flasch, 2005-2006) (Fig. 40) by Bearth & Deplazes. Dieste designed
a church with a load-bearing curved wall of reinforced brick and a sinusoid
roof that rests on top of it. The geometry along with the standard pieces
that were used mean that the whole is the modular result of the parts, which
fit together without any gaps between them in order to guarantee stability
and texture. In contrast, Bearth & Deplazes introduce the knowledge they
developed during their experiments with robotic arms at the architecture
school at the ETH in Zurich, disassociating the structure from the enclo-
259 sure that is created using a trellis made of ceramic pieces. Despite the fact
that the pieces are standard, which is also the case in the project by Dieste,
they are put together in a way that does not close all of the gaps between
them. The high level of control provided by the robotic arm in placing the
pieces in certain positions opens up a range of possibilities for the trellises
and the geometries that are used. Whereas in Dieste’s church the frames
are used as guides to fit the pieces together in the correct position, in the
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case of the winery by Bearth & Deplazes, the robotic arm was used to adjust
each of the parts, so that the resulting whole becomes a pattern of subtly
variable geometries and differentiated openings.

In the same line of research dealing with control, the second pair is made
up of another project by Bearth & Deplazes, the Monte Rosa mountain
shelter (Zermatt, 2008-2009) (Fig. 42) and Jean Prouvé's porticoed house
(1945) (Fig. 41). Both projects were designed to be produced in a factory
and assembled elsewhere. Throughout his career, Jean Prouvé developed
a series of proposals that investigated the definition of the minimum struc-
tural element that allowed for creating spaces for housing. His work deve-
loped every last detail with the aim of guaranteeing structural performance
and accounting for tolerances and a good fit in order to ensure easy as-
sembly in unfavorable conditions or with limited resources. The high mou-
ntain shelter by Bearth & Deplazes is, again, the result of a collaboration
with researchers and students from the ETH architecture school in Zurich.
Using digital modeling techniques and workshop production, the pieces
were sized to allow for their transportation via helicopter and so the heli-
copter could also be used as a crane during the assembly of the building.
The geometry of the geological references in the general shape means that
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each of the pieces is different. As a result of digital manufacturing, there
has been a shift from operating methods where standardization and tole-
rance served as the foundations for extreme prefabrication, to projects with
differentiated pieces and a structural behavior that is optimized by fittings
and assemblies that are subject to a high level of geometric control, which
reduces the tolerances used.

TECHNIQUES PATTERNS:
From Regulation to Multiplicity
Konstantin Mélnikov’s own house (Moscow, 1918-1929) (Fig. 43) and the
0-14 tower project (Dubai, 2006-2007) (Fig. 44) by RUR, a team including
Jesse Reiser and Nanako Umemoto, are good examples of the use of pat-
261 terns to organize the enclosure of a building. Mélnikov’s house is made
up of a pair of twin cylinders that are perforated by a system of irregularly
distributed rhomboid holes. This strategy decreased the use of materials
in the thick brick wall that forms the perimeter. Many of the holes were
also refilled after they were made because they were not necessary from
a functional standpoint; only those that were adapted to their use on the
interior remained. The distribution pattern for the holes is regular and re-
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petitive and their relationship with the interior space is direct and regulated.
In the case of the 0-14 tower, a building with a double skin, the exterior skin
made of concrete is structural and is perforated following a complex pattern
of different-sized, nearly circular shapes in a regular distribution. The inte-
rior beams rest on this exterior skin and are receded to prevent them being
seen from the outside through the holes. A glass wall, which is set back with
respect to the exterior perimeter, conditions the interior space. The pattern
developed by RUR is not regulated according to a single factor; it carries out
different functions simultaneously -structure, visual functions and environ-
mental conditions— based on ventilation effects and the control of sunlight
exposure. This multiplicity of attributes means that the system is always re-
dundant when it is analyzed from an isolated perspective, but at the same
time it builds up a structure with a higher level of information than the unam-
biguous specialized skin used in the case of Mélnikov's house.

The second pair is made up of the Bacardi offices (Mexico City, 1958-1961)
(Fig. 45) by Mies van der Rohe and the extension of the Helvetia headquar-
ters (St. Gallen, 1989-2002) (Fig. 46) by Herzog & de Meuron. Like most pro-
jects at the time, Mies’s works from a head-on vision of the building and with
a system for subdividing the fagade. The composition of the beams and the
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glass panels is delicately calibrated and regulated according to criteria that
establish the relationships between the parts and the whole. Because the
proportions between the parts are determined, any modification of the whole
would end up affecting them (and vice versa). On the other hand, the buil-
ding by Herzog & de Meuron makes a literal reference to Mies’s language, but
goes no further. The architects introduce an expanded way of working in the
same manner, where the repetition of the element is more complex due to the
diversity of orientations within the glass plane. With this simple operation,
Mies's regulated pattern becomes a field of multiple reflections. The relation-
ship between the parts and the whole in the long fagades becomes irrelevant,
which opens up a closed composition in a system that contains the possibi-
lity for proliferation. The regulated patterns become a field of multiplicities.
263
TECHNIQUES FOLDS:
From Figurative Structure to Structural Figuration
In the examples included in this section, the projects share a technique that
consists of folding surfaces, which, as a result of their expressive capability,
become an organizational resource that extends beyond their structural op-
timization.
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The first pair is made up of Pier Luigi Nervi’s exhibition building (Turin,
1947-1949) (Fig. 47) and the Riverside Museum of Transport (Glasgow,
2004-2011) (Fig. 48) by Zaha Hadid Architects. Nervi's structure is built
using wave-shaped prefabricated elements to reduce the required thick-
ness of each piece, and the section includes the necessary perforations to
let in light. The aggregation of the pieces, reinforced with concrete arches
on site, creates a highly transparent surface that, depending on the way you
look at it, harkens back to a bone structure or a skin with scales. The River-
side Museum by Zaha Hadid in Glasgow is organized using a metallic roof
with a sinusoidal section. Its formalization does not have a direct link with
its structural efficiency; it is the result of the objectification of a parametric
model which makes a reference, on the inside, to the infrastructures and
high-speed movements of the objects that are on display in the museum
and, on the outside, to wave-form landscapes and industrial motifs.

Finally, it is interesting to mention the pair that includes the Air Force Aca-
demy chapel (Colorado Springs, 1954-1962) (Fig. 49) by SOM and the
Saint-Loup chapel (Pompales, 2008) (Fig. 50) by Local Architecture (in
collaboration with the ETH architecture school in Zurich). Both religious
spaces use folded surfaces to organize their interior spaces and resolve the
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structure. The SOM chapel is mainly guided by criteria based on enginee-
ring efficiency, although the resulting figurative reading of the roof’s folds
is inevitable. The structure used by engineers in aviation hangars creates
tetrahedrons and is cladded with aluminum, which promotes a reading in
terms of aeronautical engineering. This helped put to rest a great deal of
polemic about the appropriateness of its symbology for a religious building.
In the project for the small temporary chapel in Switzerland, Local Architec-
ture worked with a group of researchers at the ETH in Zurich to explore the
possibilities, through folding, for using CNC machines to cut and manipu-
late the wood panels that make up the roof. Through the study of different
origami techniques, an analysis of structural behaviors was undertaken for
each geometry, with a final result that extends beyond structural optimiza-
tion. Its volume makes a direct reference to the habitual crystalline rock for-
mations in the mountainous landscapes where the chapel is located.

BUILDING A CONSTELLATION OF QUESTIONS
The compilation and analysis of all of these cases of architectural practices
opens up the possibility of proffering a series of observations about the
impact of digitalization on architectural discipline. In the case of systems
designed from the perspective of specialization and optimization, a turn
is observed toward redundant systems that allow for an expressivity that
is differentiated from univocal functionality. These complex approaches
to material systems, structures and enclosures reformulate the traditional
definitions of what is understood as standard or the resulting aesthetic ca-
tegories. Another fundamental change concerns the pursuit of hard con-
trol over how systems affect organizations: there is a move toward logics
involving indirect, soft or diverted control. There is a move from a technical
schematic and an aesthetic framework centered on optimization and con-
trol to an open environment that is complex and redundant. This turn goes
beyond the digital technique used in each case, since it creates a common
framework that is different from the analogical one, within which the ar-
chitectural arguments are developed. This dissertation deals with a series
of questions that are the direct consequence of this differentiated conti-
nuity. If the digital impact has changed the procedures used by designers
and the conceptual and linguistic frameworks in which they operate, which
methodological changes and new fundamental pillars contribute to, or are
265 the consequence of this turn? In an environment characterized by more
open systems and processes that are technologically mediated with others,
which are able to exert a much more explicit influence on design decisions
than digital technology, how is the traditional role of the author redefined,
with respect to how it has been understood since the Renaissance? The
impact of digital technology is increasingly linked to production and ma-
nufacturing methods. How has this change affected the way we think about
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and educate digital architects? All of these questions revolve around the
issue of new aesthetics and new practices. As has been explained in the
first chapter of this dissertation, a turn of this scope does not have to imply
a refoundational break with the discipline; it can be understood as an ex-
pansion and an empowerment. The constitution of the discipline requires
a proactive and projective theoretical perspective of the discipline itself. In
that vein, by approaching the discussion based on each of the questions
that have emerged from the observation of practice, this dissertation aims
to contribute to a new cybernetic disciplinary theory.
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NOTES

1 The category of the anexact refers to a concept developed by Edmund
Husserl in Origin of Geometry, cited by Greg Lynn: Edmund Husserl developed
the category of the anexact yet rigorous in the Origin of Geometry, in 1936,

to describe forms which are neither exact (they cannot be reduced to
mathematical statements) nor inexact (they cannot be measured with precision).
The necessity of these vague descriptions to any ideal geometry has been
developed more extensively by Jacques Derrida in Edmund Husserl’s Origin of
Geometry: An Introduction of 1962. Lynn Greg, Folds bodies and Blobs, ed La
Lettre Volée. June 1998. P 136

IMAGES

1,2 © Evan Bliss, David Showalter

3.4 © Nazifa Virani, Lauren Wiatrek

5,6 © Lauren Kolek, Emmanuel Garcia

7.8 © Jessica Parmenter, Alvaro J. Vanegas
9,10 © Michael kendall, Anh Pham

11,12 © Brett Gustafson, David Mulder

13,14 © Dana Rybarski, Patricia Diaz, Yuge Lin
15,16 © Ayla Mull, Azalia Sanchez, Peter Schlosser, Janina Sanchez
17,48 © Matthew Busscher, Yi Han

19,20 © Brett Gustafson, Emmanuel Garcia
21,22 © Joanna Grant, Tim Walser

23,24 © Kim Anh Tran-Dinh, Lauren Kolek
25,26 © Yu Ge liu, Sayam Kim, Janina Sanchez, Azalia Sanchez
27,28 © Kim Anh Tran-Dinh, Brett Gustafosn
29,30 © Jessica Parmenter, Ada Rivas

31,32 © Rezvan Farahany, Alvaro J. Vanegas
33,34 © Michael Kendall, Lauren Kolek

35,36 © David Mulder, Katherine Simson

37,38 © Kim Anh Tran-Dinh, Anh Pham

39,40 © Nazifa Virani, Samer Afifi

41,42 © Evan Bliss, Jessica Parmenter

43,44 © Sayam kim, Patricia Diaz

45,46 © Janina Sanchez, Yi Han

47,48 © Matthew Busscher, Patricia Diaz

49,50 © Yuge Liu, Janina Sanchez, Phil Morroni

267

Continuities and Differences. The Construction of a Problem






e - - —~ e i
. .,.., e e e b et T LI ST e e e




.70 Toward a New Cybernetic

Theory of Architecture

Digitalization Takes Command



271

Toward a New Cybernetic Theory of Architecture



272

In 1968, the exhibition “Cybernetic Serendipity” was opened at the Ins-
titute of Contemporary Arts (ICA) in London, curated by Jasia Reichardt.
The exhibition material was published in a catalog under the same name.
That exhibition marked the first instance of experimentation with compu-
ters in all sorts of creative processes, from composing music to literary
exercises, in addition to a wide range of graphic production and interacti-
ve installations. Nearly half a century has gone by since then and digitali-
zation has become an essential part of our daily lives. Part of the premises
laid out by digital pioneers have proven to be naive, like trusting in syste-
matic progress for the introduction of new technologies into people’s lives
,or the generalized expansion of knowledge and education to encompass
the population as a whole.

This dissertation responds to an exercise in reflection that has a projecti-
ve ambition with respect to the impact of this phenomenon on the archi-
tectural discipline. The same year that “Cybernetic Serendipity” opened,
was also marked by the death of Sigfried Giedion, author of Mechaniza-
tion Takes Command, from which this dissertation takes part of its title, in
which Giedion reformulated a historiography based on a perspective that
traced the impact of mechanization on modernity. To a certain extent, the
exhibition marked the beginning of a phenomenon, digitalization, which
would come to replace mechanization in articulating present-day culture.
The phenomenon of digitalization has been the object of a number of stu-
diesinrecent years. This dissertation does not approach the phenomenon
in order to describe it as one more chapter in the history of technology,
but looks at how it contributes to the construction of a new theory that be
used to revisit the discipline in an expanded manner.

The aim of this dissertation is, in part, to provide a response to the specia-
lized micro-histories that are generally used as the foundation for addres-
sing the digital phenomenon in architecture. Gordon Pask blazed the trail
when he asserted that the real impact of cybernetics on architecture was
meta-theoretical, understanding it as a new language that could be used
to think and talk in a different way. This “cybernetic turn” has many ramifi-
cations and articulations. Comparable to the linguistic turn in philosophy,
where the center of philosophic study was redirected toward language,
providing it with a constitutive entity as opposed to a mediatory one, in
the digital turn cybernetics is understood as constitutive of a new lan-
guage that is used to think about and develop the discipline. There were
different approaches involved in the philosophical turn: the most analyti-
cal variants centered on the formal analysis of language, the pragmatic
currents centered more on acts than on words, the hermeneutical studies
that lent a constitutive role to language in the construction of reality and,
lastly, the proposals that centered on the ability of language to construct
intersubjective realities. Similarly, postmodern architecture has given
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way to more formal approaches that have suffered from positivist naivety,
in many cases, to or work that has proven to be more closely linked to the
hermeneutical and transcendental traditions, and has often evolved into
rhetoric that strays far from disciplinary formalization. As revealed in the
chapters of this dissertation, the most powerful digital turn is tied in with
the most pragmatic interpretation.

In that kind of work, the performative act, defined as a convergence of ad-
jective and verb, becomes constitutive and constituted without needing,
a priori, to move beyond universal formalizations, yet without diluting its
connection with the external conditions that are a necessary part of any
material practice.

THE LANGUAGE PROCESS
In the digital turn, process becomes constitutive as opposed to mediatory
between idea and form; from an instrumental perception of methodology,
which is useful for transferring ideas from thought to representation, there
is a move toward a performative perception. The process is a project in
itself, which conditions our ways of thinking; it is not just a representa-
tion of a thought process. There is an increase in the complexity of the
tradition of linear thought in architecture, where the order represented by
thought-representation-production is expanded into a circular cycle in
which there are a series of iterations in a relationship of continuous fee-
dback: thought-modeling-production-thought. These loops are processes
that mix together intuitions, experiences, automatisms and problematizing
projections at every stage, without any intention of reaching closure, but
rather with the aim of refining the development of the system itself.
There are two fundamental pillars in this new schematic. The first is a dy-
namic idea of the project, understanding dynamism not as movement in
itself, but as an opening up of the system of references and its capacity
for evolution. Although it may appear paradoxical, this opening up occurs
through the constant definition of the system’s organizational protocols.
Hence the necessity for understanding the external and internal constric-
tions as motors for defining the project itself, and not as negative restric-
tions. The second of the pillars is play, understood in the context of its role
in the anti-positivist tradition, which links architecture with a cultural and
political force, as opposed to a relation of services. The digital turn has
273 also seen a neofunctionalist variant that has understood the role of tech-
nology instrumentally: in terms of incrementing the designer’s productivi-
ty, or optimizing his efficiency or that of his designs. In view of all that, this
dissertation is aligned with a more activist, cultural tradition, where digital
technology is used to empower the architect faced with processes that
tend toward his or her alienation as a thinking agent. Given an integrative
approach in the system or an opportunist maneuvering, the digital turn
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presents itself as an opportunity to put pressure on the system’s inside-
outside positioning. As demonstrated by the argument developed in the
second chapter of this dissertation, the performative aspect of the situa-
tion of the intermediary, which is dynamic by definition, demands an in-
crease in political self-awareness on the part of the designer. In engaging
in a constant definition of the inside-outside with respect to the system,
the architect is forced to activate his or her political-cultural positioning
within the discipline. The continuous feedback between the procedural
specifications and the disciplinary effects is a first-rate setting for poli-
tical activation. As a result, the digital turn can be leveraged for cultural
activation, although it could also be used in the interest of complete alie-
nation or for the preparation of agents who will be committed to conten-
ding with non-reductive complexity, as is demanded by the questions of
our day.

THE TOTAL DESIGNER

Throughout this study, the profile of the digital architect is posited as an
architect with abilities and working methods that are expanded with res-
pect to the mechanical architect (expanded instrumentally in addition to
the amplification of their conceptual frameworks). Perhaps, unlike the first
digital architects, this amplification also implies a reformulation of their
cultural and political assets.

The modification of certain canonical references from the mechanical age
-like a visual culture based on identity- and the introduction of new fra-
meworks for production and categorization -like parametric design- have
changed the classic definition of authorship. From a model in which the
author recognized himself in an original (primitive) design that was repea-
ted or reproduced, we have moved toward an author model where an original
(primitive) design is actualized in different ways, based on the ranges and
the capacities of the system designed. The opening up of the parametric
system has a double effect: on the one hand, it increases a design’s ability
to evolve and adapt to all kinds of differentiating processes (personifica-
tion, adaptation to new needs, etc.); but, on the other hand, it introduces
the possibility of elements and agents “interfering” with the classical logic
of authorship. New processes of collectivization, automation or deviation
from the original design structures become possible. A new dynamic has
also emerged in which representation disappears as an intermediate stage
between the author and the work -which used to have the capacity of docu-
menting authorship- as a result of digital manufacturing. In this case, there
is no representation to mediate between design and production. None of
these changes question the figure of the author as such (it is not at all true
that the author disappears); on the contrary, the definition of authorship is
broadened and qualified with new potential. Whereas before, the binomy
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was limited to author-work, it now opens up to an author-system process.
Indeed, parametric systems make the project designer into the author of a
system that can be updated dynamically in a number of different ways. In
Deleuzean terms, the new architect is the author of objectiles.

Therefore, the digital turn offers the possibility of short-circuiting the
postmodern tradition that attacked the modern architect, associated with
a controlling figure, restoring it through amplificatory projective logics.
Whereas part of postmodernity attacked the architect author by introdu-
cing the power of the receiver of the work into the authorial process, the
digital architect reclaims the figure of total architect. This total architect is
not the architect of modern control, or the postmodern anti-architect, but
the meta-systematizer of a design who prioritizes circular logics that incor-
porate feedback, and whose attention is directed more toward performative
aspects than descriptive ones. As this dissertation demonstrates, the new
architect works in an open and systemic manner, designing the protocols
that determine relational systems to allow for connections, and positing
ways of negotiating between generic personal subjectivity and up-to-date
collective subjectivity. This new author operates computationally, even
without computers.

SPECULATIVE PRODUCTION
In the tradition of mechanical production, the main factors for evaluation
with respect to manufacturing systems were based on the logic of how
well a model could be reproduced and repeated. In the digital age, evalua-
tions are more often linked to factors like time and the accessibility of the
means -in terms of software and hardware- required by the designer. This
change in the framework of efficiency is not only tied in with an economic
discussion; it also has a very important impact on a conceptual level. The
convergence between the architect and the production system reduces
the distance between representation and production to a great degree; it
is precisely in this intermediate space where a large part of architectural
invention used to take place. Given the reduction in the space mediated by
representation, the pressure has been transferred onto two different po-
les in the new process: modeling and production. On the one hand, mode-
ling incorporates design decisions that have a technical correspondence
with the type of software used, the level of programming-personalization
275 ysed with respect to the default settings, and the type of geometries used:
NURBS, polygons, etc. On the other hand, the use of digital manufactu-
ring, with its limitations and technical characteristics, implies that an infi-
nite number of radically different objectified updates can be obtained from
the same model, depending on the decisions that are made with respect to
the machine being used and its configuration. Therefore, there is a trans-
fer of decision making from the realm of interpreting what has been re-
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presented toward the modeling process itself on the one hand and toward
the productive machinery on the other. This shift toward the poles has not
always had positive effects. A large amount of digital work has given ex-
cess autonomy to the modeling process or resulted in the banalization of
an immediate objectification without any kind of articulation. As in any
transition period, experimentation with limits is useful in constituting the
most in-depth platforms for development.

This dissertation demonstrates that, whereas in the mechanical era there
was more discussion of transfer and translation processes, in the digital
age, we talk about codification processes. Whereas part of mechanical
speculation used to take place within the space of representation, we are
now faced with the possibility of speculative production where a linear
process ending in production no longer exists; production is included in
the feedback loop as just one more method of representation.

HISTORY RECONSTRUCTED

With the digital turn came a change in visual culture and aesthetics that
reaches far beyond the instrumental impact that is generally association
with the introduction of computers into disciplinary practice. This turn has
the potential for historical reconstruction in the discipline, which can lend
new value to projects that, up to now, have only been interpreted in mecha-
nical terms. There is a whole series of projects that have been built recently
that are the result of influences and questions that were first brought up in
the modern period. As such, the digital turn has meant that the problems
that came to light during the modern period have been approached from
a different sensibility and a distinct conceptual framework. This has not
caused an interruption; on the contrary, it has allowed for a differentiated
continuity, a disciplinary expansion. As a result of the analyses undertaken
in this dissertation, a series of common arguments have surfaced in this
reconstructed history. For example, there is a use of materials that moves
away from the modern language of efficiency and places emphasis on the
search for an effect that is not tied in with modern rational mediation, but is
directly linked to the impact of abstract formal organizations on the senses.
It is not a question of reclaiming a phenomenological discourse on archi-
tecture, but of harnessing the whole potential of digitalization in order to
explore complex formal articulations, some of which have clear precedents
in the traditions of craftsmanship that were lost during the rise of mechani-
cal culture and which add richer and more diverse experiences to the more
austere modern spatial experience.

Another of the commonalities in many of the analyzed projects is the in-
troduction of redundancy as a productive value within the material orga-
nizations. Whereas redundancy was considered to be something negati-
ve according to the mechanical logic of optimization, in the digital logic it
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creates a valuable, information-rich scenario in that it allows for simulta-
neity, multiplicity and a variety of updates. This occurs at all levels, from
structural systems to programmatic organizations.

The third fundamental change has to do with control. The mechanical era
articulated tectonic investigation and the interest in detail through a parti-
cular understanding of control, which consisted in a total control over geo-
metry based on introducing a clear definition of tolerance, with respect to
assembly and materials, into its evaluation. In the digital era, there isa more
complex idea of control and the extremes have become radicalized. Control
is subject to a very high level of precision and rigor in construction, and
a reduction of tolerance; at the other extreme, however, a whole series of
projects have emerged that are centered on a reintroduction of “soft” con-
trols over geometry based on a hybridization of digital techniques with low-
resolution analog manufacturing..

AESTHETIC PLAY
The field condition as a material organization and the notion of a pattern
as a formal category are two of the most important effects of the digital
turn in the area of aesthetics. The mechanical model articulated around
identity has been displaced toward a model based on similarity. Mecha-
nical production conditioned a conceptual apparatus based on repetition,
which displaced the model of craftsman-like differentiation. In this new
digital turn, the pattern of readability is reconfigured based on figures like
fields where continuity and difference are the new relationship structures.
In mechanical visual organization, the relationship between objects and
their relative proportions constitutes the parameters for observation and
evaluation. In digital visual culture, the relationship between objects is not
substituted to bring about a correlation between figure and ground; ins-
tead, an intensification appears and a representation within a continuum.
As a way of organizing the readability of these new compositional struc-
tures, patterns become central to the recovery of part of the sensibility
that was dampened during the mechanical age. A whole new vocabulary
is being developed to help contend with the differences between conti-
nuums and new theories are emerging about the effects of those formal
organizations on subjects. The impact of the digital turn, technical in ori-
gin, has mainly been developed in terms of theory and epistemology. In
27T its most powerful and contemporary version, the digital turn does develop
its work in technological terms; it uses parametrics as a mediator and as
the foundation for play. It rejects the modern optimizing tradition and the
postmodern formal autonomy and complexifies relationships. Its aesthetic
is based on its problematizing capability and it is not as concerned with
ensuring that its products are the reflection of its processes, with tautolo-
gical indexical formalizations; rather, those products should construct and
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develop sensibilities and play that promotes the evolution of disciplinary
theses in an open, cultural manner. Their formalization does not respond
to an aprioristic predisposition; it is the result of a disciplinary agenda in
which the status quo is displaced in order to provide structure for indeter-
minate cases and open up closed systems.
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