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ABSTRACT
Computation in architectural design, specifically algorithmic/generative design, is a byproduct of advances in 
software development that have enhanced the digital tools available for explorations in all design disciplines. It 
is also quickly becoming a sub-discipline with a broad inter-disciplinary range. Currently, computational design 
methods have extended design and analytical capabilities in software tools available to architects. While there 
is a growing number of software applications and myriad methods for writing custom applications/programs ca-
pable of leveraging the use of algorithms for many tasks within the design process, there is limited understand-
ing of how to integrate and adapt computational capabilities into the design workflow. 

This article surveys the spectrum of computational design theory as it applies to the practice of architecture and 
is intended to be an instrument for presenting a framework, which stands as a knowledge model for adaptive 
use of programming and algorithms in the design process. It also introduces a new term, “Process Automation”, 
which defines how computation can expedite and enhance standard task involved in the architectural design 
process. 

KEYWORDS: computational design, parametric design, algorithmic design, evolutionary design systems, gen-
erative modeling/processes, scripting, programming, design artifacts, process objects
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1.0 INTRODUCTION
The profession of architecture is entering into a period 
of major change that is revolutionizing how architects 
utilize digital technology and leverage software tools for 
building design, construction and documentation. This 
period in the profession is rooted in BIM (building in-
formation modeling) as the new foundation of practice. 
At its core, BIM as a paradigm is more about building 
information management and associations and integra-
tion of building components and disciplines. It provides 
a building database model that is the integrated envi-
ronment that better facilitates collaboration and com-
munication between architects, clients, consultants and 
engineers. 

However, it is not the end or extent of change, nor have 
the advances it provides to the practice of architecture 
heavily impacted design process beyond documenta-
tion and delivery methods.  It has introduced associa-
tive parametrics as a measure of design control and 
flexibility that was not been available in past architec-
tural design software tools and removes the disconnect 
between design and documentation that prevented 
CAD from being an integrated design tool. 

This article is about further advances on the horizon 
based in innovative design techniques and methods 
utilizing computation as an applied design theory. The 
next progression or evolution will regard design tech-
niques and methodologies establishing new design ap-
proaches. These approaches are based on emerging 
means of utilizing computational design to automate 
design task and create better means for iterating and 
validating design results.  

Figure 1 is a look at one aspect of applying computation 
from a form generation approach to construct design 
artifacts or “process objects”1. Generative modeling 
was utilized to develop an enclosure system through 
aggregation, and rapid prototyping (a form of digital 
fabrication) was utilized to study and analyze form as 
scale representations.

As an applied design technique, generative modeling is 
categorized under the umbrella term of computational 
design and in the example shown in Figure 1, is a part 
of a design approach including rapid prototyping (3D 
printing) to create design artifact(s) at varied scales for 
study and rationalizing construction. Although this rep-
resents a widely utilized aspect of computational means 
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and methods, this article will focus only on the larger 
entity, computational design and touch on additional 
techniques and methods not including digital fabrica-
tion and rapid prototyping.

Computation as a design tool and method for design 
only includes the initial design concept, scripting an al-
gorithmic solution and the resultant geometry (geomet-
ric model as shown in Figure 1) to create the intended 
design element/component or spatial arrangement in-
tended. 

The structure of this article is to define these new meth-
ods in application, or as an adjective, computational de-
sign, and within this categorization describe applicable 
usage of algorithms and programming as it applies to 
analytical and generative methods of designing. There 
are additional correlations to additional advances and 
technologies impacting the profession, such as rapid 
prototyping and digital fabrication. However, the focus 
in this study is to describe what computational design is 
and prescribe an approach for integrating use as a new 
design approach. 

In the context of this research article computation refers 
to utilization of algorithms and programming to control 
parametric 2D/3D objects for design purposes and ref-
erent to the term computational design as an adjective. 
This body of research will not dispel common miscon-
ceptions/preconceptions regarding algorithmic and 
generative design. The research will also provide aware-
ness and understanding of how practical use of compu-
tation can become common place in the architectural 
design process by investigating algorithmic methods for 
spatial design and form finding. What will also be ex-
amined is how this revolution impacts Autodesk Revit 
Architecture, the primary design software application in 
our working environment.
 

The facts and examples of use will present computation 
from a fresh and forward perspective and identify how 
computation utilized in the design process can auto-
mate preliminary design and conceptual design inves-
tigations, aid in design productivity and enhance final 
building design solutions. It is not intended to establish 
a doctrine of computation becoming the design process, 
or an attempt to negate traditional design methods by 
initiating a philosophy of “Computer as Creator”2. This 
endeavor also introduces a theory of “Process Automa-
tion” as a standard method for computational design 
approaches and utilizing new capabilities to automate 
design task; toward the goal of formalizing the begin-
ning of ideas for the future development of custom 
design and productivity tools driven by algorithms and 
scripts.

2.0 DEFINING COM•PU•TA•TION
noun 1 a : the act or action of computing : CALCULA-
TION.      
 -Merriam Webster Dictionary

All physical systems can be thought of as registering 
and processing information, and how one wishes to de-
fine computation will determine your view of what com-
putation consists of3.     
 -Seth Lloyd

Before reading this article, most readers probably pre-
conceive computation to be computing and have a un-
derstanding limited to the Merriam-Webster definition 
of computing as a transitive verb, which is: “to deter-
mine especially by mathematical means; also : to deter-
mine or calculate by means of a computer”4.  

In general, the perception would be correct in regard to 
the act of computers processing data, and applicable 
to how the profession has utilized CAD for over two de-
cades.  However, the basic utilization of software as an 

Figure 1: Design artifact/process object. (image courtesy of Computation Group, Department of Architecture and Planning,  
Massachusetts Institute of Technology).
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architectural representation substitute and drafting tool 
has changed dramatically.

To better define this: Computation is the logical asser-
tion of rules structured within the confines of an algo-
rithm. A systemic formula created to reckon or assert 
a solution and/or define a result that assists the design 
process.  Computation based on an algorithmic system, 
by definition is not dependent on computers. However, 
the focus of algorithms in this paper will be computer 
dependent and used in the context of computational 
design strategies.

“Such a use of computation can involve the articula-
tion of computer programming to solve problems with 
known targets, as well as, to address problems whose 
targets are unknown. Within this realm, solutions can 
be built for almost any problem whose complexity, 
amount or type of work justifies the use of algorithms 
and computer processing in design process to solve, 
organize or explore problems with increased visual or 
organizational complexity.”5  

3.0 COMPUTATIONAL DESIGN AS METHOD AND  
      PROCESS
In a research paper titled “Digital Rocaille”, Aaron 
Westre reviews the 2005 MoMA PS1 submission by 
Benjamin Aranda and Chris Lasch, which was a small, 
avant-garde structure that employed an experimental 
digital process method for design and innovative manu-
facturing production techniques to create a novel form 
resembling a cave or grotto. In the paper he states: “this 
method falls into a category of design denoted by a wide 
variety of descriptors: generative, procedural, algorith-
mic, parametric, computational, among others. Regard-
less of the name applied, it is a method of designing 
which employs an algorithm, a series of procedures and 
rules, to arrive at a formal solution. It is a method that 
embraces the automatic, recursive and rigid logic of the 
computer. It is a seemingly radical break from tradition-
al design methods in which the object of invention is the 
computer code itself.”6

As a concept to integrate into customary design pro-
cess, this can be difficult to grasp for most in the profes-
sion of architecture. The extent of computational design 
as a generative process applied to design in the pro-
fession is fairly new. Although the theories that define 
computational design have been in academic and ar-
chitectural theorist circles for as long as CAD has been 
present in the profession as a drafting productivity tool, 
this is new and uncharted territory. 

Lack of exposure beyond what software manufacturers 
have been advertising and marketing for several years 
has fostered unawareness of the potential and limited 
progress in the profession to date. It has only recently 
become valued in traditional architecture and is a large 
part of all major architecture and design programs 
throughout the world. As well software manufacturers, 
such as Autodesk and Bentley have also become inte-
gral in promoting design progress to date by develop-
ing better design tools with generative and parametric 
capabilities.

In the last five years there has been a slow movement to 
adapt and integrate computational design methods into 
the profession by way of generative design tools. This 
is the safest and most comfortable means of resulting 
change because solely as a design tool or more aptly, 
a modeling method, the generative and parametric 
tools fit a customary design process. As stated, this is 
progress, but has little to do with Computational Design 
Theory as applicable to the design process as a whole. 
What is missing is a fundamental understanding of what 
computational design is and how to utilize it. 

3.1 Computational Design=Evolutionary Design  
      Systems and Generative Processes
Utilization of computer software in the profession has 
entered into a new phase; an era where “design tools 
that aim not only to analyze and evaluate, but to gener-
ate and explore alternative design proposals are now 
under development…an evolutionary paradigm is pre-
sented as a basis for creating such tools”7.

Computational Design is based on an evolutionary para-
digm, which “is shown to be the only successful design 
system on which this new phase of design tool could 
be based”8. 

Conflict arises in understanding this because software 
companies and architectural publications are not nar-
rating utilization of these systems as process…only 
tools and feature sets. As a process, evolutionary de-
sign systems provide generative processing capability 
that is capable of evaluating output, generating options 
and evolving form.
 
In Aspects of Evolutionary Design by Computers, Peter 
Bentley examines the four main types of Evolutionary De-
sign: evolutionary design optimization, evolutionary art, 
evolutionary artificial life forms and creative evolutionary 
design. He attempts to inter-relate the cross-disciplines 
between the convergence of biology and computer sci-
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ence as Evolutionary Computation/Evolutionary Design 
(Figure 2). He states the following in his research: “The 
use of Evolutionary Computation to generate designs 
has taken place in many different guises over the last 
ten or fifteen years. Designers have optimized selected 
parts of their designs using evolution, artists have used 
evolution to generate aesthetically pleasing forms, ar-
chitects have evolved new building plans from scratch, 
and computer scientists have evolved the morphologies 
and control systems of artificial life”9.  

Although Bentley has a larger holistic world view of evo-
lutionary computation and evolutionary design, this ar-
ticle will narrow the focus as applicable to architectural 
design. 

3.2 Systems and Tools of Computational Design
As software companies begin to address the potential of 
computation as applied to architectural design by creat-
ing tools with computational capabilities, and industry 
publications begin to showcase work from early adopt-
ers of computational design methods, architects have 
to move beyond the jargon and marketing narration and 
become better educated to make informed decisions 
regarding applicable use in the design workflow while 
determining the value of this design approach.  

“The goal is not to make computers imitate human
designers; on the contrary, it is to allow computers to
play a complementary role integrated with the design
process and to work with human designers. There is
a need to enhance this process through feedback and

through other methods and techniques. We need to
reduce the gap between the design phases, particularly
between the early phases and the other phases of
building process. Computation has promising potential
in enhancing creative thinking. There is a compelling
need and opportunity to utilize computers in the con-
ceptual composition of architectural design”10.

The research presented in this article will not expand 
on these systems, nor place further emphasis on the 
programming theory or logic of use. It will provide ex-
amples that facilitate a better understanding of the use 
of almost all of these in application by investigating case 
studies of innovative and creative solutions . 

To begin the education process, the first steps will be to 
identify the algorithmic systems that are the foundation 
of computational design. The following programming 
systems provide generative and evolutionary power in 
design: 

•  Parametrics
•  L-Systems
•  Cellular Automata
•  Fractals 
•  Shape Grammar

Note: there are also programming languages that archi-
tects have to be aware of as applicable to each system 
and use in combination with other software tools. (i.e. 
processing, C++, MEL, Visual Basic, etc.). 

Figure 2: Evolutionary Computation and Evolutionary Design have their roots in Computer Science and Evolutionary Biology 
(image adapted from Peter Bentley, Intelligent Systems Group, Department of Computer Science, University College London).
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“In architecture, computer support for design compo-
sition has used many different approaches, including 
shape grammars formalisms [Flemming, 1987], graph-
ics algorithms [Mitchell, 1994; Kolarevic, 1997], evo-
lutionary computations [Jakimowicz et al., 1997], and 
fractals [Frazer, 1995; Bruton, 1997]. But architectural 
design practice is still in need of further research in or-
der to utilize computation in practical ways particularly 
in design composition”11.

The broader ideal is that process utilization of these as it 
applies to evolutionary design and generative processes 
will eventually improve efficiency in the building indus-
try in general and provide design solutions that escaped 
architects before using other tools for design. 

4.0 COMPUTATIONAL DESIGN FUNDAMENTALS 
Computational design encompasses several paradigms 
at present. As design theory applies, it requires a shift 
in thinking architectural process as Westre character-

ized that involves structuring the design workflow to in-
clude algorithms to expedite task as design objectives, 
or to define design logic and/or systems which evolve 
or generate shape or “process artifacts” as termed by 
Loukissas and Sass. 

4.1 Fundamentals of a Computational Design  
      Approach 
What has become commonplace in the architectural 
design process is that the architect/designer utilizes 
computing and not computation to model entities or 
processes that are already conceptualized. This act is 
simply manipulating 3D model elements as building 
components and translates either rectilinear objects or 
NURBS (non-rational B-Splines) as surfaces to create 
advanced geometry. 

In its simplest form, a computational algorithm can 
be utilized as a design assistant. In a more complex 

Figure 3: Example of shape grammar definition controlled by two rules. (from Design Synthesis and Shape Generation http://
www.engineering.leeds.ac.uk/dssg/objectives.htm).
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and systemic approach to evolve, or generate solutions 
based on rules defined by intent, program, zoning, life 
safety, performance, and other pertinent design con-
straints. The process begins by defining a set of rules 
that can be programmed into the computer, or struc-
tured as parametric associations. There are several 
methods used to explore design as a generative phe-
nomenon, or as evolutionary events. All of which can 
pertain to design characteristics such as: abstraction, 

translation, revolution, constraint, randomness, depen-
dency and many others.  No matter what computational 
system or programming technology/language chosen, a 
design process involving this approach implies an un-
derstanding which modifies and/or enhances the fun-
damental creative and analytical process that drives the 
thoughts and actions of architects to develop concep-
tual design intent into a final built environment.  

Figure 4: Example of a genetic algorithm used to recursively optimize a building’s design  
(image courtesy Michael Hansmeyer Computational Architecture).
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4.2 Rule Definition
Rule Based Design (RBD) can generally regard any of 
the algorithmic systems mentioned earlier: Cellular Au-
tomata, L-Systems, Fractals and Shape Grammar, as 
well as, other programming languages to create 3D ge-
ometry as form or texture from pre-defined rules. RBD 
can be utilized to extend iterative design investigation 
and can be structured to provide a continued dialogue 
between the architect/designer to continually provide 
input, and/or update variables or parameters to evolve 
and or generate a variation of outcomes.  

4.3 Shape Evolution
Architectural design involves problem solving and the 
development of form based on how the problem is 
solved and/or resolved. Generally, a resultant building 
is defined by the constraints identified in the early con-
ceptual stages of the design process. A shape gram-
mar can assist design exploration by expediting itera-
tive study of form relationships either as a generative or 
evolving process (Figure 3).  The shape grammar is a 
design language based on a shape, or multiple shapes 
as defined, the parameters and variables that will estab-
lish the linguistics of spatial relationships is structured 
within a singular rule or multiple rules. This establishes 
the shape grammar that will be utilized for spatial form 
generation. Additional programming, generative and/or 
evolutionary is then applied to the computational design 
process to derive and analyze form studies. 

The examlple shown in Figure 4 is a complex computa-
tional solution developed as algorithmic optimization as 
a problem solving design method. Michael Hansmeyer 
developed the design of a commercial apartment build-
ing through a generalized concept of a pure partitioning 
exercise driven by the buildings market value as a ref-
erence point for the algorithm. This is a bottom up de-
sign approach in which the pre-defined unit types were 
defined as components and the construction rules and 
parameters established optimum assembly. The system 
was created to include a secondary algorithm to gener-
ate or evolve the structural system to match.  

Designers have two different starting points when con-
ceiving new structural forms, top-down and bottom-up.  
Top-down is the classical, Cartesian-center technique 
of picking the overall shape first and then filling in the 
parts.  Bottom-up, as the name implies, is the opposite: 
it starts with geometric components as the initial build-
ing blocks.  Through repetition and variation according 
to logical rules, they grow to define larger systems.

Although scripting seems to bias the role of human 
decision making to a more bottoms-up approach, you 
learn to define basic parameters and the computer 
makes the big exploratory moves.

Ultimately, algorithms adapted as computational design 
provide a level of design capability and complexity that 
will transform the practice of design in our profession.  

4.4 Generative Design + Evolutionary Methods
Algorithms are exceptional tools for automating design 
studies involving spatial relationships, layout and allo-
cation. The use can range from programmatic/spatial 
layout investigations (as shown in Figure 4), which ana-
lyze adjacency relationships and determines optimum 
layout scenarios, or begin to further define the plan 
results into the third dimension to explore form gener-
alities. The level of complexity is restricted only by the 
time allotted to defining the parameters and creating 
the algorithm for use. The tool can be structured to fol-
low empirical methods or be more complex to involve 
adaptive behavior/procedures. 

A genetic algorithm grows or breeds results and solu-
tions whereas, an evolutionary design procedure uses 
genetic programming as an algorithmic method that 
evaluates and refines the design process and result. 
Evolutionary algorithms can extend initial design in-
tent by building upon the results of a computation rule 
based design approach. 

Academia and practice are continually defining the the-
oretical fundamentals for use of computation in archi-
tectural design. The foundation of this is based in utiliz-
ing algorithms to generate or evolve design based on a 
set of rules. Generative design and evolutionary design 
are intrinsically the same, where logic and reasoning 
define the design process. What determines the neces-
sity for one above the other is based in a designers rea-
soning or logic for intended use of a computational tool. 

4.5 Optimization & Rationalization
Optimization could become a prescriptive design ap-
proach as identified in the generative/evolutionary ex-
ample in Case Study 4. Other computational and para-
metric methods can be used as design development 
evaluation tools.  Algorithms can be created to inform 
and validate free-form design decisions through pre 
and post rationalization. 
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5.0 COMPUTATIONAL DESIGN CASE STUDIES
In design, algorithms can be used to solve, organize or 
explore problems with increased visual or organizational 
complexity. The bounds of creativity and/or innovation 
are not set by the computer; it is only the processing de-
vice. The architect, as designer and creator of the built 
environment, has to determine appropriate usage and 
how to adapt and integrate these methods and tech-
niques in order to benefit from a process that involves 
algorithmic design.  

Kostas Terzidis refers to this use of algorithms as “oth-
erness” in the second section of the prologue in his 
book Algorithmic Architecture. He states: “an algorithm 
becomes a rationalized version of human thinking. As 
such it may be characterized as being precise, definite 
and logical, but at the same time may also lack certain 
unique qualities of human expression such as vague-
ness, ambiguity or ambivalence. While this may be true 
as far as the linguistic expression is concerned, it is not 
necessarily true for the products of the language.12  

The otherness that Terzidis coined in his book becomes 
the design assistant or design enabler, when computa-
tional design is utilized constructively. As a part of the 
design process, computation can act in accordance 
to constraints and program requirements (defined as 
rules) to expand design options and create and analyze 
myriad iterations. 

The following case studies are examples of how com-
putation applied as a design strategy can enhance the 
design process and can be applied to customary prac-
tice. The studies are not applied research delving into 
a step by step review of the completed investigation or 
project. The reviews will expound specifically on the 
use of computation in the design process and methods 
of utilization. It will not promote generative modeling 
procedures: generative design vs. generative model-
ing, parametric design vs. parametric modeling, com-
ponent based design vs. component based modeling, 
algorithmic design vs. algorithmic modeling. Emphasis 
will be placed on the general subject/category of com-
putational design as the governing realm of the above 
mentioned methods and/or techniques as applied to 
the design process. 

Case Study 1
A SIMPLE PARAMETRIC PLANAR SURFACE STUDY 

workflow / process
The workflow and process is simple—McNeil Rhino is 
used as the base geometry creation tool (Figure 5). A 
3D definition of a wall or vertical planar surface is de-
fined in Rhino through a plug-in (Grasshopper) and an 
associated script is created based on the basic Grass-
hopper definition (the distribution of nine cells on the 
xy plane). The definition is being used to perform pla-
nar surface studies by using a linked Microsoft Excel 
spreadsheet to control geometry definitions in a one-
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Figure 5: Grasshopper Definition in Rhino controlled by an excel spreadsheet. Script and Rhino definition provided by Live Archi-
tecture Network (LAN).



     61    

to-one relationship. Another script component is used 
to filter the values (0-9) from the Excel cells to different 
lists.  This method allows the designer to have direct 
control of the design representation and depending on 
the value of the cell, s/he could place different geom-
etries in any of the nine positions allowing for flexibility 
and varied uses of the base definition and script.  

design utility + computational tool
Once fully functioning and operational, this study then 
becomes a design utility within the digital assets and 
can be reused in the same manner or expanded to have 
generative properties, or linked to Autodesk  Ecotect, in 
a bi-directional manner for solar exposure analysis to 
dictate the orientation of geometry and/or type of ge-
ometry placed in cells based on exposure and shading 
needs.  

5.1 Geometry Control and Form Development
The example above in Figure 5 demonstrates how algo-
rithmic controls can prove to be exceptional tools in the 
design workflow. It also shows how the scripting control 
automates the design process. Iterations are virtually 
instantaneous with no modeling required, unless a new 
object is being created to be introduced into the wall 
system. In the traditional means of utilizing standard 3D 

modeling tools, each iteration would have to be mod-
eled and the only timesaving control is that there may 
be reusable components that can be easily copied per 
iteration. 

The fundamental element that separates the examples 
in Case Study 1 from a more standard or implicit 3D 
modeling approach is that the geometry has an asso-
ciative relationship with all the model components and 
is directed and controlled through explicit means. The 
objects (wall components) are not grouped or arrayed. 
They are by-products of what was structured in the al-
gorithm as it relates to the Excel spreadsheet and the 
defined geometry. The Grasshopper plug-in for Rhino 
expands the utilization of 3D elements and transforms 
the components into smart objects. This methodology 
also requires less upfront and direct programming by 
providing a graphical interface that makes it easier for 
designers to adopt use of the tools.
 
Case Study 2
PARAMETRIC FORM DEVELOPMENT USING RHINO 
+ GRASSHOPPER 

Studio Mode was commissioned by Populous in New 
York City to design a custom parametric model and digi-
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Figure(s) 6a-6d: Studio Mode utilized Grasshopper to establish a flexible path for design development. The gill-like vertical venti-
lation openings, roof slope and curvature are controlled and adjusted in Grasshopper. (images courtesy of Studio Mode).
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Figure 6b

Figure 6c
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Figure 6d

tal environment for the schematic and design develop-
ment phases of a soccer stadium in Monterrey, Mexico. 
Figures 6a-6d show the form as a shape definition in 
Rhino Controlled by the Grasshopper Plug-in. 

workflow / process
The project required the ability to achieve iterative de-
velopment of the stadium’s overall form, skin and asso-
ciated surface geometry, including material break-lines 
and “gilled” apertures. The model was generated using 
associative logic related to main driver geometry based 
in a 1:1 metric and utilized the extension of the chosen 
parametric design platform, Grasshopper, through cus-
tom built and scripted nodes.

design utility + computational tool
Using parametric modeling and algorithmic control of 
model form parameters and components in the early 
stages gives architects a range of variations to work with 
as they fit the concept into real-world constraints. The 
programming of “custom design tools” eliminates hours 
of modeling re-work on large, complex projects. 

As the Rhino Grasshopper plug-in (graphical scripting 
interface shown in Figure 6c) sets the standard for more 
intuitive user interfaces, other applications will follow 
suit making it easier to explore a more familiar, implicit 
approach to using software as a computational design 
tool. There will still be a necessity for a certain level of 
programming knowledge in the process to define design 
rules that will quantify and qualify results. Access to the 
programming code, by way of a scripting interface and 
controlling flexibility within the code, remains a neces-
sity and these applications over time will evolve to pro-
vide a graphical interface that is intuitive to reduce the 
necessity for writing huge amounts of computer code. 

Ultimately, this will better enable the programming pro-
lific architect/designer with the power to write code to 
manipulate and control these algorithms in the design 
process as well as allow the less prolific architect/pro-
grammer to work in an application environment that 
integrates both s/he as architect/designer with the pro-
grammer/algorithm specialist (potentially another archi-
tect), establishing an integrative means for each of them 
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to access the three-dimensional design representation 
to collaborate. All 3D design software applications pro-
vide an open system that is flexible for customization 
and adjustments via programming/scripting. However, 
each requires a higher degree of programming skills to 
leverage parametric power and control and interoper-
ability of geometry between applications is still limiting. 
Consequently, Autodesk Revit Architecture is evolving 
toward a more open system allowing for similar levels of 
customization and geometry control.

5.2 Automating Design Parameters to Propagate  
      Form
R2= x2 + y2, is an example of a parametric defini-
tion for a circle. Parametrics define the parameters of 
a particular design and not its shape. For many years 
other design related industries have utilized parametric 
design features/controls in CAD/CAM/CAE software. It 
would appear that parametrics and computational con-
trols for design purposes are fairly new to architectural 
design heuristics. There is currently an immediacy to 
integrate advanced computational design techniques 
into practice, driven by advances in architectural soft-
ware development, the search for new formal expres-
sion and a variety of other reasons, but as early as 1993 
Grimshaw Architects had actualized a building project 
wherein, the design process was based on parametric 
control and form propagation. The project was the Inter-
national Terminal at Waterloo Station in London. 

The parametric expression of relationships between 
graphical objects is a way of modeling a complex set 
of design relationships that would be very difficult to 
model using conventional CAD techniques13.

Case Study 3
GENERATIVE AND EVOLUTIONARY ALGORITHMS

workflow / process
Figure 7 is an example of a generative design method 
utilizing Stochastic Searching to determine relation-
ships between predefined shapes and rules. The ex-
ample is a generative/evolutionary design study for an 
apartment complex. A stochastic algorithm is utilized to 
define layout and stacking of geometry while optimizing 
the results. Stochastic Search is a method used in com-
putational design, typically in an evolutionary design 
process as an optimization technique. 

The algorithm can be modified to allow conditions of 
placement to be so complex that they can satisfy vari-
ous architectural conditions (e.g., public space, sun 
exposure, zoning envelope, etc.).

design utility + computational tool
Generative and evolutionary algorithms are utilized for 
architectural form finding and spatial design arrange-
ment and can become useful standard algorithmic tools 
in the schematic and conceptual design phases.

Recently, many architectural specific software ap-
plications have far exceeded the CAD conventions of 
the ‘90’s, enabling parametric control of architectural 
building components, and flexibility to control geometry 
through algorithms and other computer languages.  

6.0 PARAMETRICISM 
Could this era possibly be the great new style after mod-
ernism?  Patrick Schmaucher has concluded that there 
is a paradigm shift and based on the BIM revolutions 
foundation of associative elements driven by paramet-
ric constraints and the current movement to legitimize 
computational design into mainstream architectural de-
sign canon; his belief is that computational design is not 
merely a new design approach, and he has generally 
termed these methods and approaches as a new para-
digm “parametricism”. He states: 

“We must pursue the parametric design paradigm all 
the way, penetrating into all corners of the discipline. 
Systematic, adaptive variation and continuous differ-
entiation (rather than mere variety) concern all archi-
tectural design tasks from urbanism to the level of tec-
tonic detail. This implies total fluidity on all scales”14. 

Whether Schumacher is correct in asserting that the in-
novative use of algorithms and parametric design tools 
is evolving and relegating modernism as the new post-
modernism is to be defined by the passage of time and 
definitive use of these tools by architects. It is evident 
that there is a new shift or correctly an update to the 
current paradigm shift. What can be logically deduced 
is that the rate of change is occurring at  blurring speed 
increments in comparison to the digital maturity that 
has been witnessed in practice for the last two decades. 
It took CAD two decades to become the infrastructure 
for architectural design practice. BIM is currently at a 
pace to accomplish a similar feat in half the time. 

Schumacher “does run the risk of being punctuated 
in history as yet another individual uproariously wrong, 
or possibly, he is one of a few exceptional individu-
als that Paolo Antonelli describes in Design and The 
Elastic Mind, wired for change, a visionary capable of 
understanding the new rate of change and capable of 
seeing the necessity for elastic thinking”. Elasticity is 
what Antonelli, MOMA design curator, defines as “the 



by-product of adaptability + acceleration, the ability to 
negotiate change and innovation without letting them 
interfere excessively with one’s rhythms and goals. It 
means being able to embrace progress, understanding 
how to make it our own. One of design’s fundamen-
tal tasks is to help people deal with change. Designers 
stand between revolutions and everyday life”15. 
 
As more architects and designers “embrace progress” 
as suggested by Anotnelli, this period may well come to 
be known as Parametricism in due time. 

7.0 DESIGN PROCESS AUTOMATION IN REVIT
The parametric change engine in Autodesk Revit Archi-
tecture is the foundation of the BIM environment and 
the infrastructure that will provide a means for extend-
ing the base capabilities of the application toward com-
putational design and tools that will automate design 
process. The parametric controls and capability to cre-
ate custom parameters in the application have always 
provided a means of generally customizing the building 
design components in the 3D model for the purpose of 
data transfer and exchange, take-offs and specs. 

At the heart of the Building Information Modeling and 

management control are intuitive design tools and asso-
ciative parametric control of parameters and properties 
which link all model elements together as one database. 
This creates a network of relationships between build-
ing elements, which is either inferred by the software 
and/or set by the user.

The new release of the software, Revit Architecture 
2010, has evolved the software to include several new 
modeling paradigms including intuitive direct manipu-
lation, robust freeform modeling and bidirectional para-
metric control. In addition, some highly specialized pat-
terning and panelization techniques. 

The application has been greatly enhanced as a design 
tool through the addition of the new conceptual design 
environment and patterning features and in many ways 
removes the need for advanced level scripting, espe-
cially for surface pattern concept designs and advance 
form creation. Autodesk has also expanded the API (ap-
plication programming interface) to support additional 
conceptual enhancements in the modeling environ-
ment. These capabilities in parallel with the new “Macro 
Manager” is where the application can be utilized in 
a capacity similar to Rhino’s Grasshopper, Bentley’s 
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Figure 7: Generative/Evolutionary Algorithms used to create a housing complex (Source: Algorithmic Architecture, Kostas Terzi-
dis, 2006).
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Generative Components, Maya and/or  Gehry’s Digital 
Project. 

Until the latest release of the software, scripting con-
trols and or establishing algorithmic design controls has 
been virtually none existent. Autodesk Revit Architec-
ture has developed to provide architects and designers 
with more intuitive visual parametric tools that provide 
associative control of building design elements through 
definition of parameters and parametric constraints and 
in many ways this method is comparable to the visual 
scripting relationship of the data tree in Rhino’s Grass-
hopper. However, it is a bit less intuitive than Grass-
hopper and takes a more constructivist or engineered 
mindset to create the geometry, factor variables as 
instance parameters and assign additional constraints 
and parameters for control.

Although, the changes in Revit are still far behind the 
easier usage that Grasshopper’s graphic interface pro-
vides, these changes have generally leveled the playing 
field to put Revit very close to the capabilities available 
in other applications. However, in Revit, it currently re-

quires a two or three stage programming approach to 
do what these other applications directly structure in 
the feature sets and tools, and currently there are no 
successful models or examples that exist.  

7.1 Rule Based Design Control in Revit
A new modeling environment in Autodesk Revit Archi-
tecture provides tools that now make the application a 
highly capable free-form modeler and comparable in 
many ways to originally more advanced 3D form gen-
erating applications based on NURBS (Figure 8). In 
addition to the new conceptual design environment, 
the application includes updates to performance, in-
teroperability and other enhancements, but the key 
component that begins to allow Revit to move beyond 
parametric design controls and into the realm of com-
putational design and algorithmic control is the inclu-
sion of a macro manager. 

The evolution of Revit becoming a powerful algorithmic 
and computational design tool will be based on the soft-
ware’s inherent capability to create instance parameters 
and custom design parameters as well as being capable 
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Figure 8: A complex surface from a series of spline curves, and curtain panel system divided, panelized applied to the surface 
created (Source http://www.aecbytes.com/review/2009/RevitArch2010.html).



of assigning formulas that can greatly extended capa-
bilities. These features, in tandem with the new Macro 
Manager, updates to the API and a new visual coding 
language based on Visual Basic (VSTA), provide the 
capability of extending the tools closer to software with 
true algorithmic/computational design features sets and 
currently provides the necessary infrastructure to begin 
developing custom Parametric Design Automation tools 
for design and productivity.  

7.2 Process Automation in Revit 2010
With each new version, or at minimum, every major up-
grade/milestone in Revit, Autodesk has built upon its 
maturity as a solid building model management and 
documentation tool. As earlier stated, the latest version, 
has accelerated and is pushing the bounds of the appli-
cation being equally capable as a design environment. 
The primary address in the design centric upgrades has 
regarded advanced geometry creation capabilities, but 
what is apparent is that it is impossible to have an ad-

vanced free-form environment and not provide a means 
for utilizing algorithmic design control.

AUTOMATION IN REVIT THROUGH MACROS 
The Macro Manager and VSTA, RDB database link/ex-
change capability and excel geometry creator are all the 
components that give Revit the capability of providing 
computational design power and provide access to the 
internal workings of the application to develop custom 
applications to aid and assist design process (Figure 9 
and 10). 

Jeff Rayhorn, a CAD/BIM manager and systems ad-
ministrator in Virginia Beach, VA describes macros as, 
programs that are designed to help you save time, by 
automating repetitive tasks. Each macro performs a 
series of pre-defined steps to accomplish a particular 
task. The steps should be repeatable and the actions 
predictable16.  
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Figures 9 and 10: The diagram above and on the next page are an overview of the initial setup of Revit VSTA for Macros development.
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Figure 10

The application of macros can range from geometry 
rationalization for structural framing of complex and ad-
vance forms, to utilizing cellular automata and shape 
grammar for spatial design studies as identified below 
in Figures 11 and 12 (this application as a design tool 
would expedite conceptual design studies and provide 
more options for iterations of plan layout and form as 
well could be rule defined based on typologies or onto-
logical parameters).

7.3 Design Automation In Revit 
The following examples show how a surface pattern can 
be controlled in the Revit 2010 Massing environment 
by rules set to calculate the distance between curtain 

panel by pattern instances and another placed family, 
then writes this number to an instance parameter in 
each panel. 

A key usage of this as a design tool would be to further 
utilize algorithms, create the capability of connecting 
the change parameters embedded in the curtain panel 
family to Ecotect solar study data and provide aperture 
width and geometry orientation to be guided solar in-
clination. 

7.4 The Limits of Revit as a Computational  
      Design Tool
Figure 12 is a study to determine the flexibility of utiliz-



ing VB (Visual Basic scripting) in Revit.  The investiga-
tion was attempted by Marco Mondello and Professor 
Gian Marco Todesco. What was discovered is that with 
all the advances in Revit a simple task like identifying 
a spline and scripting a generative tool to create simple 
mass families along a spline can be much more difficult 
than in an application like Grasshopper.

Even with the complex nature presented at the idea of 
expanding and automating capabilities and functional-
ity, the awareness of potential in the application pro-
vides a clarity and understanding of how Autodesk is 
positioning Revit to provide comprehensive, integrated 
computational design tools and features, which will only 
get better in future versions of the software.

8.0 CONCLUSION
Computational design as the use of an algorithmic sys-
tem to provide an additional tool in the architects design 

tool kit can act as a valuable design assistant, generate 
and/or evolve solutions that can be further explored us-
ing traditional design techniques and even become in-
tegrated into a BIM environment/process. Also, compu-
tation can expedite and enhance many tasks involved in 
the architectural design process, establishing Process 
Automation.

COMPUTATION AS PROCESS AUTOMATION DEFINED
adjective: the act or action of utilizing computational 
tools in the form of algorithmic scripting and associative 
parametrics for the purpose of creating architectural 
design and documentation tools that enhance design 
explorations and increase productivity.

This article has defined computation and implied ap-
plicable usage of algorithms as computational design 
process and tools. Utilization in the design workflow 
can define form in the conceptual/schematic design 
phases of a project through shape grammar and as-
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Figure 11: The examples are directly from tools and utilities provided in the Revit product installation CD, or as a part of the Revit 
Software Developer Kit (SDK).
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sociative parametrics (Figure 13). Also, computational 
techniques can define analytical design process and 
define optimal performance solutions when connected 
through scripting to an environmental analysis applica-
tion such as Ecotect (Figure 14). 

As sustainability continues to drive architectural design 
decisions toward better performance, determining if 
the building form, its components and orientation are 
the optimal result will require additional control and 
manipulation of the defined parameters. Iterative and 
analytical control will be based on a set of rules or a 
computational design technique known as Rule Based 
Design and will be based on techniques requiring a dif-
ferent approach to the development and formation of 
spatial geometry.  It will require upfront decisions and 
an analytical overview of project goals and objectives 
to establish rule definition and custom tools to reside 
in the base software platform or at minimum provide 
the possibility to integrate external applications and/or 
programming.  

Figure 12: The script created references 20 points along the spline to generates massing objects along a curve.The Rule(s) were 
as follows: Given a spline in R2010 the script: 1-attaches N reference points to it; 2-attaches a family to each refPoint (images 
courtesy of  Parametrichedi Techniche Progettazione).

Figure 13: Example of an algorithm created as a conceptual 
massing tool that defines building massing based on pro-
grammatic relationships and associations (images courtesy of 
Quinsan Ciao, Generative Design: Rule-Based Reasoning in 
Design Process).
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Figure 14: Example of a symbiotic relationship between algorithmic massing study and environmental analysis. 
(images courtesy of Live Architecture Network (LAN)).
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The research has identified how computation utilized 
in the design process can automate preliminary design 
and conceptual design investigations. In addition to the 
fundamentals covered in the article here are suggested 
requirements for adapting computational design meth-
ods and techniques:  

1) Developing an information system that empha-
sizes research and understanding of the tech-
nologies involved. 

2) A strategic plan directing the use of algorithms 
to inform form and provide analysis of design in-
tent. 

3) Definition of the specific software tools to be 
utilized and identification of what scripting and 
programming languages/environments best in-
terrelate to the software specified.

4) Development of computational techniques and 
generative design strategies. 

5) Testing and practice in order to develop compe-
tency and habits. 

                
In the book The Algorithm Design Manual, Steven S. 
Skiena defines a foundation that is essential to the suc-
cess of implementing, adapting and/or integrating algo-
rithms into a design process. He states that most profes-
sional programmers that are not well prepared to tackle 
algorithm design problems. Designing correct, efficient 
and implementable algorithms for real-world problems 
requires access to two distinct bodies of knowledge:

•  Techniques – Good algorithm designers understand 
several fundamental algorithm design techniques, 
including data structures, dynamic programming, 
depth-first search, backtracking and heuristics. Per-
haps the single most important design technique is 
modeling, the art of abstracting a messy real-world 
application into a clean problem suitable for algorith-
mic attack.

•  Resources – Good algorithm designers stand on 
the shoulders of giants. Rather than laboring from 
scratch to produce a new algorithm for every task, 
they can figure out what is known about a particular 
problem. Rather than re-implementing popular algo-
rithms from scratch, they seek existing implementa-
tions to serve as a starting point. They are familiar 
with many classic algorithmic problems, which pro-
vide sufficient source material to model most any ap-
plication.

Involving computation into our design approach implies 
a modification and/or enhancements to the fundamen-
tal creative and analytical process that drives our con-
cepts to define actions that develop the design toward 

intent. This will require additional software be made 
available to designers/architects as well as new skill-
sets for development and utilization of computational 
design tools. The key to successful implementation and 
adaption is to develop the appropriate mix of tools, ex-
pertise and knowledge. 

This article is the first step toward investigations and  
studies to define the best usage of computation to au-
tomate and enhance the design process. The working 
title for a follow up article as a part of a series of applied 
research investigation is “Scripted Process: Computa-
tion tools that enhance creativity, workflow and increase 
productivity.”

REFERENCES
[1] Loukissas, Y. and Sass, L., (2004). “RULEBUILD-
ING: A Generative Approach to Modeling Architectural 
Designs Using a 3-D Printer”, Proceedings of ACADIA 
2004. 

[2] Frost, M. and Smith, K., (2008). “Algorithmic Archi-
tecture”, Retrieved on 11/17/2009 from http://architec-
turewithoutarchitects.wordpress.com/2008/10.

[3] Lloyd, S., (2006). Programming the Universe: A 
Quantum Computer Scientist Takes On the Cosmos, 
New York, NY: Random House.

[4] Webster Dictionary, (2009). Retrieved on 11/17/2009 
from http://www.merriam-webster.com/.

[5] Terzidis, K., (2006). Algorithimic Architecture, Burl-
ington, MA: Elsevier.

[6] Westre, A., Unpublished manuscript “A Digital Ro-
caille”.

[7] Janssen, P., Frazer, J. and Ming-Xi, T., (2002). “Evo-
lutionary Design Systems and Generative Processes”, 
Applied Intelligence, Vol. 16, No. 2, pp. 119-128.

[8] Ibid. 

[9] Bentley, P., (1999). Evolutionary Design by Comput-
ers, San Francisco, CA: Morgan Kaufmann Publishers.

[10] Mubarak, K., (2005). “Case Based Reasoning for 
Design Composition in Architecture”, PhD Dissertation, 
Carnegie Mellon University. 

[11] Ibid.



     73    

 Automating Practice

[12] Terzidis, K., (2006). Algorithimic Architecture, 
Burlington, MA: Elsevier.
[13] Szalapaj, P., (2001). CAD Principles for Architec-
tural Design, Wooburn, MA: Butterworth-Heinemann.

[14] Schmaucher, P., (2008). “The Future is Paramet-
ric”, Retrieved on 11/17/20089 from http://www.bdon-
line.co.uk/story.asp?sectioncode=452&storycode=312
2853&c=2&encCode=0000000001829771.

[15] Antonelli, P., (2008). “Design and the Elastic 
Mind”, Retrieved on 11/17/2009 from http://seedmaga-
zine.com/content/print/design_and_the _elastic_mind/.

[16] Rayhorn, J., (2008).  “Revit Structure API & VSTA 
Overview”, Retrieved on 11/17/2009 from http://lw-
coffee.blogspot.com/2008/05/revit-structure-api-vsta-
overview.html.




