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Computation has already played an important role in improving
techniques of architectural design. New software programs for modeling
and testing form, and for controlling the whole process of design

and construction offer substantial advantages over previous analog
techniques. But the real potential of computation lies, surely, not simply
in improving the practice of architectural design, but in revolutionizing

it. As such, the introduction of new algorithmic techniques not for
modeling form, but for ‘breeding’ form through the manipulation of code
— techniques that have become known as "scripting" — offer us a
tantalizing glimpse of an even more radical potential role of computation

within architectural design.

This volume seeks to offer an overview of the impact of new
computational techniques — and scripting in particular — on
contemporary architectural design, by providing a snapshot of the
latest developments in the field. Contributors to this volume range from
inspired, commercial firms to progressive, experimental firms, and from
engineers to students and academic researchers. But the common
thread throughout is an attempt to make a significant contribution to the

rapidly developing field of computational design.

This volume is part of a two volume bi-lingual edition that also includes
a volume on digital fabrication, Fabricating the Future. These volumes
emerge out of the DigitalFUTURE conference and exhibition held at
Tongji University in 2011 that were organized as a collaboration between
the American Academy in China and the College of Architecture and
Urban Planning of Tongji University. We are grateful to the sponsors
who made these events possible: Hewlett Packard, Architectural
Record, Time+Architecture, McNeel Associates, Gehry Technologies,
Permasteelisa, Architectural Design and Research Institute of Tongji
University, Shanghai Tongji Urban Planning and Design Institute, and
the American Academy in China. We are also grateful to the contributors
themselves as well as to all those who assisted in the production of this
volume, including Sherry Yang, Deramore Hutchcroft, Crisie Yuan, the
graphic design team — 4aTEAM, and the translators Dai Xiangping,
Huang Renling and Yin Wen.

Neil Leach & Philip F. Yuan
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Contemporary digital design practice is in a state of rapid evolution.
While architects have employed computer-aided drafting (CAD)
systems for decades, only recently have two distinct and potent
design sensibilities — parametric and algorithmic design — emerged.
Nurtured by early architectural researchers and programmers
operating in practice, these methodologies are now gaining

widespread professional and academic acceptance.

Together these two techniques are opening up a new field of
possibilities for architectural practice. Most significantly, they have
been developed and refined primarily in commercial practice and

not in academia. Since the late 90s, these advances have coincided
with the emergence of a number of digital research units within
commercial practice, such as the Specialist Modelling Group at
Foster and Partners, Gehry Technologies spun off of Gehry Partners,
the Advanced Geometry Unit at Arup, and CODE at Zaha Hadid
Architects. These in-house digital research units have been developed
as a means of ensuring that the complex buildings of today are
designed and constructed efficiently, on time and within budget. We
can therefore discern an evolution within the development of digital
design tools, from a period when they were associated with science
fiction and virtual reality in the 1990s, through to a period when they
began to be used to understand within the realm of digital tectonics
to understand material behaviors in the 2000s, through to a moment
when they have become almost indispensable in the production of
complex buildings in the 2010s.
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However, these two design sensibilities — parametric and algorithmic
design — are often confused, and sometimes collapsed into the
single term, "parametricism". In China the situation is especially
problematic, as the term "parametric design" has become adopted
almost universally to refer to computational design, even though

the use of actual parametric software is relatively limited. Not only
does this often lead to the conflation of a method with a style, but

it is highly misleading from a technical point of view. Although most
leading exponents of computational design in the West now avoid
the term "parametric" except when referring specifically to the use

of parametric software, confusingly commentators in China still use
the term. This article is an attempt to clarify the situation, and to offer
some precise definitions of terms in order to differentiate these two
quite distinct digital techniques. It is also an attempt to evaluate the
term "parametricism" itself, and to question whether or not what we

see emerging is a new "style" of architecture. ®

Parametric Design

Parametric is a term used in a variety of disciplines from mathematics
through to design. Literally it means working within parameters of

a defined range. Within the specific field of contemporary design,
however, it refers broadly to the utilization of parametric modeling
software. In contrast to standard software packages based on

datum geometric objects, parametric software links dimensions

and parameters to geometry thereby allowing for the incremental
adjustment of a part which then affects the whole assembly. For
example, as a point within a curve is repositioned the whole curve
comes to realign itself. The operations that it facilitates are adaptation,
blending and smoothing. It is therefore useful not only in modeling
individual forms but also in the whole field of associative urban
planning. Of course all architecture since the beginning of time has
depended on the use of "parameters”, but the actual use of the

term "parametric" as an "associative" mode of designing is a recent
development. In hindsight, perhaps, it would have made more sense
to use the term "associative" to refer to what we now call "parametric"

software.

Parametric software lends itself to curvilinear design, as in the

work of Frank Gehry, Zaha Hadid, and other architects whose work
is characterized by the manipulation of form. In itself, however,
parametric software does not open up a new vocabulary of form.
Such offices were modeling using analog techniques long before the
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introduction of parametric software. However, these techniques are
highly efficient for remodeling forms, and afford greater control in
the design process. They also provide more precise information for

digital fabrication processes.

It would be wrong, however, to assume that parametric design is
concerned solely with form-making. On the contrary, parametric
techniques afford the architect with new modes of efficiency
compared to standard approaches and new ways of coordinating the
construction process (called Building Information Modeling), as in the
case of Digital Project, an architectural version of CATIA customized
for the building industry by Gehry Technologies. The big advantage
of such packages is that they allow the construction team to interface
on a single platform, and afford a higher level of control in terms of

monitoring the time and cost of construction.

Algorithmic Design

Algorithmic is a term that refers to the use of procedural techniques
in solving design problems. Technically an algorithm is a simple
instruction. It therefore relates as much to standard analog design
processes, as it does to digital design processes. Within the field of
digital design, however, it refers specifically to the use of scripting
languages that allow the designer to step beyond the limitations of
the user interface, and to design through the direct manipulation not
of form but of code. Typically algorithmic design would be performed
through computer programming languages like RhinoScript, MEL
(Maya Embedded Language), Visual Basic, or 3dMaxScript. In
contrast, due to the difficulty of programming, the applications
Generative Components and Grasshopper bypass code with
pictographic forms of automation. We might therefore describe them
as forms of graphic scripting. Algorithmic design exploits the capacity
of the computer to operate as a search engine, and perform tasks
that would otherwise consume inordinate time. It therefore lends itself
to optimization and other tasks beyond the limitations of standard

design constraints. @

Parametric versus Algorithmic

There is now a widespread practice of conflation the two terms,
"parametric" and "algorithmic". This is partly due to the fact that the
two techniques can end up producing similar forms. Algorithmic work

generated using Processing or RhinoScript, for example, often has
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curvilinear forms that are seemingly similar to work produced using
parametric tools. But it is also partly due to the fact that as yet there
is little real understanding of what the terms actually mean — at least
on the part of those less familiar with the world of computation. To
some extent the term, "parametric”, has become a short hand way
of bracketing much digital design that seems to be curvilinear in its
aesthetic expression, thereby providing a convenient expression for a
new style in architecture. The resultant forms may look similar, but the

techniques for generating them are radically different.

In fact were we to chart the various modes of designing in the
contemporary academic environment, we would probably find the
use of genuine parametric softwares, such as Digital Project, to be
fairly marginal. The vast majority might be using explicit modeling
techniques, such as Maya or 3D Rhino, and a relative minority would
be using graphic/coded automation of some form, but only a very
small fraction — maybe 1% — would be using actual parametric
software. Grasshopper, Processing and Rhino Scripting are actually
algorithmic tools, and should not be referred to as "parametric".

Although there will always be a need for synonyms or accessible
terms to describe broad approaches, this development is a little
disturbing, and will lead no doubt to further confusion. Often

within architectural culture terms have been adopted that have

little relevance to their use in culture at large. Indeed we can look
through the history of architecture, and find several terms, such as
"Postmodernism" or "Deconstructivism/Deconstruction”, adopted
within an architectural context to refer to architectural styles in a
way that has made them reduced parodies of their original cultural
meanings. Parametrics or parametric design now seems to be
suffering a similar fate: although it is actually a new digital technique
that fosters a new process or methodology of design, it has now been

adopted to refer to a new aesthetic expression or style of architecture.

As computation becomes increasingly prevalent within architectural
culture, some effort must therefore be made to clarify the terms,
before the confusion becomes so widespread that the use of the term
parametric to describe a style is sanctioned through sheer popularity.
So let us state here quite clearly: Algorithmic techniques are based on
the use of code. Parametric techniques are based on the manipulation

of form. They are therefore quite distinct techniques.

At the same time algorithmic techniques are often used in association
with parametric techniques. We might point, for example, to the use
of certain algorithmic techniques to generate the initial form that is
subsequently manipulated using parametric techniques. Conversely,
algorithmic techniques can be used for optimization and other
operations at the other end of the design process, once the initial
generated form has been modeled through parametric techniques.



There is, however, a deeper concern that destabilizes this neat modeling operation, for example, can be used to smooth out form in

distinction between the parametric and the algorithmic, and this is a seductive visual way — especially at an urban level — but cannot

the role of visualization in the process of design. Many architects take account of any useful performance related information embedded
do not learn to write code from scratch, but learn by "hacking in a Building Information Modeling (BIM) model.

into" the logic of the code displayed in boxes on the screen, as

they model forms using platforms such as Maya or Rhino. In Moreover, a distinction should made between graphic scripting

other words, the code is used merely to provide the "key" to the techniques, such as Grasshopper, and non-pictorial forms of scripting.

manipulation of form, and can be understood primarily through the Graphic scripting is relatively limited in its scope. Seldom are there

medium of the visual. This emphasis on the visual is heightened any code trees to be found in Grasshopper robust enough to compete
further with the introduction of recent applications — such as with the average text based scripting. Indeed graphic codes have
Grasshopper — that bypass code by using pictographic forms no text editor, and have severe limitations in terms of accuracy,
of automation. In the end it is not so clear how many architects constructability, rationalization and scalability. Code based scripting
are working within a truly algorithmic framework, as opposed to enjoys far greater levels of control. Despite their apparent similarities,
simply operating within a visual framework. then, there are important distinctions to be made not only between
algorithmic and parametric operations, but also between visual
Further, it could be argued that parametric and algorithmic scripting and purely code-based algorithmic operations.
operations share certain similarities, in that both are containers in
which values can change based on user input. Just as one can Clearly parametric and algorithmic techniques respond to different
adjust the code algorithmically to generate different outcomes, design challenges, and both have an important role to play. Moreover,
so one can adjust the form parametrically to generate different the increasing use of Building Information Modeling systems suggests
outcomes. Both operations appear to be based on the adjustment that Digital Project — as a parametric software — has much to
of parameters. Indeed the introduction of graphic scripting contribute to the future of architectural design. And yet there is a
techniques, such as Grasshopper, serves only to blur the worrying tendency, it would seem, for parametric modeling — no
distinction between parametric and algorithmic design. Moreover less than explicit modeling techniques — to be used primarily for the
all parametric design relies necessarily on code. In other words generation of form, and visually seductive form in particular. As such,
we find ourselves in a dialectical situation where code and form parametric design threatens to help promote, as Patrik Schumacher
rely upon one another. There can be no form without code, and argues, a new design aesthetic or style.

often no code without form. To some extent, then, algorithmic
design and parametric design are merely two sides of the same Surely what the world of computation promises is not merely a new
coin. style, but a radically new way of approaching design, where we

embed new computational techniques into evolutionary and emergent

Yet there are clear distinctions that can and must be made systems, and where we breed systems and test them out in real time,
between the algorithmic and parametric design. Importantly, it is so that the diagram becomes the reality and reality is the diagram.
the duration and permanency of their connections to parameters Form should be seen as largely irrelevant within this new horizon.

that distinguish them as operations. Further, parametric design Instead we should be exploring the potential of algorithmic techniques,
depends greatly on a manipulation of form that might appear and focus on more intelligent and logical design processes. Logic
visually interesting, but is often superficial. The blend-shape should be the new form.
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Fabric study. The urban fabric comprises both cross towers and perimeter blocks. The image shows the morphological range of the perimeter block
type. Blocks are split into four quadrants allowing for a secondary, pedestrian path system. At certain network crossing points the block system is
assimilated to the tower system: each block sponsors one of the quadrants to form a pseudo-tower around a network crossing point



