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When the French software company Dassault Sys-
témes launched the three-dimensional modeling
program CATIA (Computer-Aided Three-Dimension-
al Interactive Application) in 1981, the application
was intended for the French aerospace industry. Yet
just one decade later, after first establishing itself as
the world’s leading application in both aeronautical
and automotive design, CATIA entered architecture
at the instigation of James Glymph, then partner of
Frank O. Gehry.! Initially deployed as an expedient
tool to help resolve the complex geometries of Geh-
ry’s Barcelona fish sculpture at Vila Olimpica, Spain
(1989-1992) and later to facilitate the realization of
several projects including Gehry’s Guggenheim Mu-
seum, Bilbao (1991-1997) and Walt Disney Concert
Hall, Los Angeles (1989-2003), CATIA’s contribu-
tion to architecture was the way in which it not only
transformed how architecture could be practiced
- from reconfiguring the relationships between ar-
chitect and builder through 3D digital models to in-
novating new ways for buildings to be realized - but
also how it redefined what could constitute the very
nature of architecture. Just as Walter Benjamin ar-
gued in his 1936 essay “"The Work of Art in the Age
of Mechanical Reproduction” that the technological
invention of photography not only transformed the
“techniques” of the arts but also brought about a
transformation in what actually constituted “art,”
the deployment of CATIA is not simply a technical or
formal story, but one that has transfigured model-
making practices while also facilitating, from a cer-
tain perspective, the re-disciplining of architecture
into what might be called a craft nouveau; a new
mode of working.

Glymph’s introduction of CATIA into Frank O. Gehry
and Associates in 1991 addressed Gehry’s desire to
get “into more complex shapes,”? and have them

realized in an uncompromised manner. Implicit in
Gehry’s ambition was the need to address three
concerns. The first, a translation problem, con-
cerned the architectural “working out” of Gehry’s
paper study models. The second, a communication
problem, involved the transmission of the models’
complicated geometries to building contractors and
fabricators:

From the beginning I've been worried about the
translation of ideas through the many people in-
volved in the process of making a building. They
frequently drain the strength and power out of an
idea.?

The third, contingent on the second, was an au-
thority problem, explicitly how the architect might
begin to regain lost (design) ground in a building
industry where architects had more or less lost all
control to other building professions.* Reflecting on
this loss Gehry remarked:

Architects were often treated like [...] little women
[...] when it comes to the real work, the construc-
tion guys, who've been in business for 30 years, in-
advertently undermine the power of the architect’s
work by changing [the design] to save money.®

In such an incongruous (and bizarrely gendered)
construction climate, the role of CATIA for Gehry
can be crudely understood as a means to an end: a
tool to expeditiously communicate and ensure that
irregular model forms could be realized. As Gehry
specifically put it, “[t]he important thing is that the
computer gives us a tool, which we use to commu-
nicate with the contractors,”® software emerging as
the unlikely midwife bridging the disciplinary divide
between the “little women” who conceive and the
builders who deliver.”
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Figure 1. Frank Gehry, Fish sculpture, Vila Olimpica, Spain
1989-1992

Gehry’s Barcelona fish sculpture at Vila Olimpica,
Spain (1989-1992), marks the first application of
CATIA within architecture and serves as an early
example of how the aeronautical design software
was initially deployed. While Gehry and his col-
laborators continued to “design” in the traditional
sense, relying on hand made physical models for
schematic design and design development; CA-
TIA was introduced into the design process mid-
way to translate form - the curved surfaces of
the sculpture’s skin - into drawing. Reducing the
physical models to geometric points and polar co-
ordinates through a 3-D tracing, CATIA could rep-
resent Gehry’s form visually and mathematically,
while allowing further formal manipulation to take
place onscreen.® Rather than being reduced to plan
and section, Gehry’s design was represented as a
digitally interactive 3-D model. After analyzing the
data generated from the digitized models, geomet-
ric information could be passed on to contractors
and fabricators for manufacture. Describing how
CATIA was deployed, Randy Jefferson and Glymph
reported:

The concept of bringing the computer into the office
was to introduce it in a way that it did not change
Frank’s design process. The criterion was to try to
augment a process which has evolved here over
the past 30 years. The computer had to relate to
the three-dimensional models that Frank is used to
work with.?

And further:

Our idea was to create a process for controlling ge-
ometries and dimensions and for documenting these
projects, which is an entirely different realm from

the concept of using computers for presentation. We
did not use the computer for that at all. [...] We used
it in order to facilitate what was an extremely fast
construction period and a very tight budget. [...] It
had nothing to do either with the design process,
because the design was already finished. Unlike
many other architects who use the computer ren-
dering and animation programs to convey ideas to
the client, we began past that stage, so the only
applications that we were interested in were those
that would assist manufacturers and contractors in
producing the job cheaper and more efficiently.®

The feedback loop between physical model and
digitized model can be understood as a hybrid de-
sign practice: one that collapses the high tech (i.e.,
CATIA software) with the low tech (i.e., handmade
models)!! to streamline form and optimize costs.
Through this high-low technique, Gehry’s paper
models (i.e., virtual buildings) evolved into real
buildings. And, in so doing, an anticipatory quan-
tity surveying takes place: cost calculation fast-for-
warded into design, a pre-emptive value engineer-
ing. As Gehry explained:

Now we can budget jobs in the earliest design phas-
es. Also we know that if we use flat materials it’s rel-
atively cheap; when we use single curved materials
it's a little more expensive and it’s most expensive
when we warp materials. So we can rationalize all
these shapes in the computer and make a judgment
about the quantity of each shape to be used.*?

As a geometric problem of skin - leaving aside
the sculpture’s all too visible structural scaffold-
ing — the design development of Gehry’s Barcelona
fish closely resonates with the way in which a very
nascent CATIA was deployed some twenty years
earlier by Dassault Aviation to shape the outside
skins of airplanes in three dimensions,!3 and later,
almost in parallel with Gehry’s Fish, in the develop-
ment of NASA’s next-generation space suit in 1994,
another example of skin-as-design-problem. While
the latter, designed by engineering company Ham-
ilton Standard, relied on CATIA to resolve the suit’s
geometrically complex “Hard Upper Torso” (HUT),
it did so without preliminary “sketch models.” As
Gehry collapsed high and low modeling techniques
(sketch models preceding geometric models; fi-
nal models output digitally), Hamilton Standard
sustained a high tech approach: the digital mod-
el preceding the physical model, which was later
generated with computer-numerically-controlled
(CNC) machining.'* Despite differences in method,
both Gehry’s and Hamilton Standard’s forms are
predicated on the presence of an original: a sketch
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Figure 2. Frank Gehry, Fish sculpture, 3-D CATIA Model.

model in Gehry’s case, the human torso in NASA’s.
Irrespective of “technique,” both architecture and
aeronautical design employ CATIA not as a form
giver, but a form facilitator.

While the facilitation (i.e. translation) of form, digi-
tally, is one possibility offered by CATIA, perhaps
even more innovative (for architecture at least) was
the way in which the digital 3-D model - referred
to as a "master model” by Gehry et al - functioned
beyond form per se. Operating as a performative
model (as opposed to a representational one) in
Gehry’s Guggenheim museum Bilbao, Spain (1991-
1997), the first major building designed with CA-
TIA, the master-model served as a platform for
the co-coordination of topological relationships
between building systems during design and con-
struction processes. Digital files, passed electroni-
cally to other members of the project team oper-
ated as either design templates or manufacturing
instructions?> and elevated the master-model to a
site where information could be updated and peo-

Figure 3. Hamilton Standard, NASA’s next-generation
space suit, 1994

ple could be organized. According to Gehry, “[t]he
new computer and management system allow[ed]
us to unite all the players - the contractor, the en-
gineer, the architect - with one modeling system.”¢
As Glymph explained, the master-model was the
means through which to communicate:

Typically this model will describe the primary geo-
metric characteristics of the project and, in the case
of components that are ‘digitally contracted,” also
the scope of the work as a quantity output from the
model.”

The master-model also brought lucidity to the pro-
cess as Gehry reported in 2003:

The computer demystifies the building to such a de-
gree of accuracy that builders know exactly what
they’re building. You can see the joints and connec-
tions. It's like having a 3D model. The clarity, the
definition, is more precise. It leads to fewer mis-
takes and a better-organized process. It also saves
time. The dream is to go paperless.!®

The shift in the role of the architectural model as
a digital performative marks an attempt to regain
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Figure 4. CATIA process of Guggenheim Museum, Bilbao
Spain 1991-1997:

a CATIA engineer tracing model for digital input

b digitized points form basis for 3D computer model

c surface model is created from digitized points

d shaded model is created

e CNC fabricated milled model to verify accuracy of 3D
computer model

f primary structure is created

g secondary structure is created

h cladding pattern and 2D drawings are created from 3D
computer model

i finished building

authority by redefining the architect-builder-engi-
neer relationships. In many ways, Gehry’s use of
CATIA resonates with the way in which the software

was used for the design of Boeing’s 777 airplanes
in 1994, a collaboration between Boeing, IBM, and
Dassault Systémes. While CATIA geometry drove
all aspects of the airplane’s part and assembly de-
sign, along with the visualization of the airline, it
did so in the absence of drawings. The design pro-
cess was, according to Bill Creel, Boeing’s director
of information systems, “less a computer problem
than a people problem.” Rather, the challenge was
“about 80% cultural change and just 20% tech-
nical.”*® The cultural change to which Creel refers
was a process of working: the software instigating
a complete restructuring of how the airplane should
be designed and built. The managers reorganized
the program into 230 design-build teams, each
team containing no more than 20 people. While
past practices in aeronautical design had seen
separate disciplines function as stand alones and
had relied on experts to be brought in at the ap-
propriate moment, the restructuring of the design
process into “product teams” saw people collected
through tools rather than disciplines. For example
a “wing product team,” with members from the ap-
propriate engineering disciplines, was responsible
for the design and manufacture for a definable
portion of the aircraft, in contrast to the previous
organization, where “separate disciplines, such as
structures, hydraulics, electrical, or payload stood
alone as intimidating departments and almost ends
unto themselves.”?°

Despite Boeing’s 777 being the first airline to be
developed in a 100% solid-modeled environment
and Gehry yet to achieve the “paperless” building,
Gehry’s use of CATIA as a platform to unite players
across the construction industry resonates close-
ly to the design process of Boeing’s 777. Gehry’s
process operates as what Glymph more recently
called a “continuum,” much the same as it does
in aeronautical design: software as a site in archi-
tecture to bring architects, builders, contractors to
the same 3-D model, just as is in aeronautical de-
sign (Boeing 777), where different disciplines were
brought together through the software. As Michael
Schrage of Fortune magazine accurately observed,
“the issue isn’t Catia; it's that software can create a
seamless continuum between conceiving forms and
implementing them. The process of creating an in-
novative automobile or airplane or building begins
to look pretty similar.”?* As Gehry’s processes of
architecture merge closer to those of aeronautical
design, Gehry’s contribution can be understood not
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only as a re-tooling of the design process through
new techniques but also offers an alternative to the
ways in which architectural practice has tradition-
ally been formulated and understood: architectural
practice now emulating and following the practices
of design.

While the term “practice” has received numerous
definitions in architecture, ranging from sociolo-
gist Robert Gutman’s definition of architecture as
essentially a professional “service,” during the late
1980s and early 1990s,?? to Alejandro Zaera-Polo’s
“alternative” market models, and OMA/AMQ'’s “col-
laboration” model during the late 1990s,?* Gehry’s
modus operandi fits into a more recent re-interpre-
tation of the term practice, one directly indebted
to the particularities of software technologies, and
one initiated in 1995 when architecture theorist
Michael Speaks called for new forms of practice
(rather than simply new forms).?* While this latter
trajectory resonates most closely with the practices
of a generalized design field in terms of design pro-
duction and fabrication, Gehry’s use of CATIA is of
particular interest because he deploys it from the
center of architecture.

During Gehry's fifteen-year engagement with
CATIA, the embryonic impact of CATIA on ar-
chitecture has been to reconfigure, through the
[re]organization of labor, a less polarized relation-
ship, between builder and architect. The historical
split between the two roles, established when ar-
chitecture acquired an intellectual discipline during
the Italian Renaissance,?® was characterized by a
fundamental separation of “conceiving” from “deliv-
ering.” This separation, achieved through the tech-
nique of drawing - disegno - enabled architecture
to be distinguished from craft or mechanical work.
Governed by codes and conventions, architecture
- a site for abstract thought — was separated from
medieval building, the site of doing. The architect
issued instructions through 2-D representations
- plans, sections, elevations, and details — and the
builder executed instructions. As architectural his-
torian Robin Evans argued, the architect’s drawings
first had to be translated into buildings.

The recent professionalization of architecture and
the increasing irrelevance of the architect in the
construction industry have seen builders gain great-
er autonomy and become less reliant on architec-
tural instructions, i.e., drawing. Gehry’s attempt to

regain lost ground in the construction industry with
CATIA effects a near reversal of the traditional ar-
chitect-builder divide. Rather than the architect first
issuing instructions to the builder through draw-
ings (2-D plans and sections), Gehry's introduction
of contractors early on in the design process (to a
digital 3-D master model) lies in the hope that their
input will evolve Gehry’s shapes into more cost ef-
fective buildings. In a reversal of the Renaissance
model where the 2-D drawing precedes building, a
defining characteristic of architecture for at least
five hundred years, a digital 3-D model precedes
drawing to become a site of operation for both ar-
chitect and builder. Instead of the architect handing
over drawings to the builder later in the process,
Gehry’s CATIA model requires both architect and
builder to negotiate design issues early on, and
prior to issuing construction drawings, through a
“modeling process.” This coming together during
the “thinking” process not only marks a narrow-
ing of the disciplinary gap between architect and
builder and a collapse of Renaissance distinctions
between drawing/thinking and construction/doing,
but suggests a return of the “Master Builder” prin-
ciple where architect and builder constitute a single
entity. Accountable for both design and construc-
tion, the Master Builder — a pre-renaissance mode
of practice?® - marks a return to a moment before
architecture had acquired its disciplinarity.

Indeed, Gehry describes his workings with CATIA
as enabling the return of power to the architect by
working closely with craftsmen, “the abilities and
imagination of contractors and craftspeople” taking
his architecture further.?” Regaining more control
of the industry through greater control over the
construction process, Gehry sees his practice re-
turning, preferably, to the pre-renaissance model
of “master-builder”:

I've always thought that from an architectural stand-
point, the era of the master builder that built cathe-
drals was better. When someone hires an architect,
it's for a certain kind of creative input ...%®

He comments further on the master-builder rela-
tionship enabled by software:

It's the ‘master builder’ principle. I think it makes
the architect more the parent and the contractor
more the child--the reverse of the 20th-century sys-
tem. It’s interesting because you wouldn’t think that
would happen with something as technical as the
computer, but in fact it has.?



312 THE VALUE OF DESIGN

While Gehry’s use of the term “master-builder”
is no doubt confused (by definition, the master-
builder was both designer and builder rolled into
one, as opposed to the architect who, only as a
conceiver and thereby removed from the building
site, could assume the disciplinary authority to be
in charge), the re-coupling of architect with builder,
simultaneously undoes architecture’s disciplinarity,
by definition traditionally predicated on the sepa-
ration of thinking/drawing and construction/doing.
This “undoing” evokes a counter hypothesis to ei-
ther party’s aggrandizement: actually, no one is
really in control. Instead, it is CATIA that brings
together all the parties, by collecting separate re-
sponsibilities of each field through the software
model, bringing architectural practice closer to de-
sign practice (e.g. as in Boeing’s 777). Here CATIA
re-engineers the architecture of relationships be-
tween architect, contractors, and builders. By solic-
iting the knowledge and experience of contractors
and builders to help resolve problems earlier in the
design process and in collaboration with the archi-
tect, the builder brings technical know-how?° to the
“thinking” process. In so doing, Gehry inserts into
the binary thinking/doing divide a new paradigm:
thinking-by-doing or, more precisely, conceiving-
by-delivering. Provisionally distinguished from Mi-
chael Speaks’ “thinking-as-doing,” a form of knowl-
edge that is not disciplinary but rather in line with
technical training — a trade skill - and closer to the
craftsman’s “know-how,” conceiving-by-delivering
is a form of business savvy.3!

With the undoing of architecture’s traditional no-
tion of disciplinarity through Gehry’s re-coupling
of architect with builder, Gehry makes way for the
re-disciplining of architecture through design tech-
nologies. Just as Gehry and his partners needed
to become literate with the aeronautical industry’s
CATIA in its facilitation of architectural form, so too
did the builders and engineers with whom Gehry
collaborated, who, now in addition to understand-
ing traditional 2-D drawings, need to understand
buildings as 3-D digital models as well. This techni-
cal re-education cuts both ways: as Gehry adjusted
his practice to meet the reality of marginalization in
the construction industry, the construction industry
was required to adjust its skills to meet the new re-
ality of CATIA models. Through a deferral of exper-
tise, Gehry suspends the conclusion of “conceiving”
until the moment of CATIA collaboration. And so,
rather than the architect, it is CATIA that plays the

disciplining role, blurring the lines between archi-
tecture, engineering and building as it does so0.3?

Gehry’s closing of the gap between architect and
builder affects a ninety-degree shift in their disci-
plinary working relationship. Moving away from a
vertical, linear command structure (the renaissance
model, namely architect to builder) toward a hori-
zontal, multipart collaboration (the CATIA model,
namely architect with builder), the role of the ar-
chitect is re-situated through a deferral of disciplin-
ary authority: “conceiving” acquires a longer life
and becomes the obligation of many parties. Echo-
ing the process by which various product teams
worked horizontally to design and manufacture
pieces of Boeing’s 777 airline, Gehry’s solicitation
of trade “know-how,” turns the role of the archi-
tect-as-individual-genius passing down completed
designs and drawings to a builder, into a collabora-
tor in the producer collective that works in concert
to calculate, execute and evolve the design into
building. This revision in the architect’s responsibil-
ity is simultaneously an expansion, as the architect
emerges as a new kind of design professional. Mov-
ing away from a generalist (aka, the renaissance
man) or even a specialist (aka, the professional ar-
chitect who might specialize in, say, hospitals) the
architect becomes an integralist, a role best char-
acterized as one of amalgamation, facilitating the
merging of tools and techniques: know-how with
thinking and doing.

As a way for the architect to regain control of the
building process, Gehry’s integralist practice can be
situated into one of two recuperation-attempt tra-
jectories. While the first trajectory is predicated on
the architect-developer hyphenate that emerged
during the 1980s, John Portman its obvious poster
child, the second trajectory, predicated on an archi-
tect-builder convergence and to some extentalready
institutionalized by a “design-build” legacy, Gehry’s
modus operandi with CATIA can be understood as
an updated episode in this latter chapter.3* Concen-
trating on the manner of working, as Robin Evans
reflected in his essay “Translations from Drawing to
Building,” these trajectories offer the possibility for
writing an alternate architectural history and an-
other speculation. If, as Rem Koolhaas has argued,
the architect-developer combination led to a new
form of professionalism that defined the essence of
historicist post-modernism, Koolhaas thus able to
resituate historicist post-modernism not as a style
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but rather a new manner of working,3* then Geh-
ry’s architect-builder merge can equally be argued
as a new mode of professionalism but on different
terms. As a transformation of the “design-build”
legacy into the digital, Gehry’s practice provides
a paradoxical avant-garde for the parallel profes-
sionalism of BIM (Building Information Modeling)
practices. His call for a return to the “master-build-
er” principle, arguably constitutes a craft nouveau:
the combination of a low tech, hands-on method of
working with paper models and a high tech method
of design development, constituting a new form of
technological craftsmanship.

While historicist post-modernism and craft nouveau
can both be understood as an architect’s attempt to
recuperate lost territory in the construction indus-
try, they do so by treating the architectural object
(building) as an object capable of being divided up
and organized into realizable chunks: in the case of
post-modernism, as 2D fagade elements and col-
ors;* in the case of craft nouveau, into 3-D com-
ponents dissected by software. As a new mode of
professionalism, craft nouveau shifts away from
the convention of 2-D drawings communicating all
work toward a practice where 3-D master-models
negotiate work. Here craft nouveau gives rise to a
different understanding of the architectural object
through practice: a series of realizable components
akin to Boeing’s 777 plane parts.

With architecture conceived as a series of compo-
nents, craft nouveau - as a mode of professional-
ism - is further preoccupied by how architecture is
optimally delivered to the building site. As Glymph
commented, the real lessons for architectural de-
livery lie not within the building industry per se, but
rather in the manufacturing innovations now taking
place inside product design:

Manufacturing industries have completely trans-
formed the way products are designed, built, and
delivered [...] but the building industry remains en-
trenched in a paper-based, two-dimensional world.
We realized that substantial opportunities existed in
bringing advances in practice that we have discov-
ered to the rest of the industry.3¢

As Glymph speculates on the processes of the
building industry coming closer to the world of
product design (paperless, reliant on component
systems, conceived solely in 3-D), it also opens up
the possibility for a new definition for architecture:
the architect’s role shifting away from providing a

“service” (as defined in current AIA literature) to
providing a “product”” where interest is primar-
ily invested in the process of making and deliver-
ing the architectural artifact to the building site. By
emancipating architecture from its reliance on the
service obligation’s rulebook, craft nouveau allows
more experimental work to get realized through
the logic of product design.

As a mode of professionalism, craft nouveau is sim-
ply about efficiency: its purpose is to get the archi-
tecture built through a streamlined design and con-
struction process geared toward quality. Gehry’s
deployment of aeronautical design’s software tech-
nology — CATIA - to this end has impacted both his
architecture and practice, just as Walter Benjamin
argued in 1936 that the technological inventions of
photography and film transformed the “techniques”
of the arts along with the definition of what might
actually constitute “art.” While Gehry’s realignment
of builder, architect and engineer through software
and 3D models might suggest a return to a pre-
renaissance (and thus undisciplined) mode of prac-
tice, it actually represents something new: a re-
disciplining of architectural practice.

As architectural practice become more like that of
certain design specializations, its manner of work-
ing shifts from the privileging of architectural draw-
ings as the medium to communicate with the build-
er, to the privileging of software models. Without
drawing, a defining mode of disciplinarity, archi-
tecture comes closer in definition to other design
specializations. Challenging Banham’s 1988 claim
that what ultimately distinguished architecture
from design was not “what” it was, but “how” it was
done (for Banham it was drawing), Gehry’s deploy-
ment of CATIA demonstrates that a revolutionizing
of architecture’s “how,” through the emulation of
design’s techniques and technologies, can advance
the discipline under revised terms.
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