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Preface 
  
This Doctorato thesis is the final product of full time – part time eight 

years of research and practical workshops and studios, comprising the last 

phase of my studies for an PHD degree in biodigital architecture at Universitat 

internacional de Catalonia in Barcelona, Spain.   

The research was carried out in cooperation by Universitat 

internacional de Catalonia (ESARQ) and MAGLAB part of Maksoud 

architecture group (MAG) Damascus-Syria. Where I was employed during 

the research. Two people have supervised the research:  

-Unif.Prof.Dr Alberto, T, Estevez.   

-Architect,  General  Director  of  MAG 

 (MAKSOUD ARCHITECTURE GROUP), Chairman of Arab international 

University, Damascus-Syria.  Muhsen Maksoud.  m-maqsoud@aiu.ac.sy 

estevez@uic.es  

The document is targeted at architects, artist, interior designers, 

civil engineers, Architects of the physical world are of course most welcome 

to read it, but in first place I refer to architects in the genetic branch and 

sustainable architecture.   

This thesis can help them plan their communication with 

environment of nature and life requirements, and assist them in creating 

visualizations of the new direction of architecture which is more related to 

nature and life and TEC, which are a tool for supporting this communication 

process.   

 

 

 

 

 

 

 

 

 



Finding the best way to benefit from techno and nature and create 

interior and exterior living conditions for different types of users and different 

activities. Trying to design a coherent bio design which grows from the site 

and emerge on its nature environment, in order to have the possibilities of 

growing and expansions in the future. This hypothesis is to propose an 

alternative living model for the emergence of this nomadic living style, 

namely, the breaking down of traditional living programs and remixing them 

with daily necessity programs, resulting in a subversive hybrid form on a 

fundamental level in terms of building, logistic and organization.  

By understanding this will help bridge the communication gap 

between the life and architects, and they could learn from this thesis that even 

if art and architecture are, and have always been, exercises of abstraction 

and culture artificially –a dream, a wish, is in many moments presents: the 

aspiration of addressing a potential project that is “natural “beyond artificial. 

Our times have brought further information to these arguments: the 

increasing awareness of the fragility of our environment, alongside our 

capacity for physical transformation, makes us responsible to imagine 

projects that establish positive lines of encounter with nature.   

In my point of view architecture in its origins is a destructive force 

.trees are cut down, mountains are transformed into flat lands, the earth is 

penetrated through the digging of holes for the foundations,…the destruction 

– construction dialectical pair thereby acquires a new value parameter, an

aspiration today: the desire to create a novel and protective nature, at once

comprehensible and beautiful.
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Abstract 

Keywords: 

Biodigital Architecture, Responsive Design, Parametric CAD 
System, Cognitive Design Framework, Participant 
Observation, Augment Design Practice, digital fabrication, Nature 
biomimicing. 

      Complexity and Strategies for parametric design in architecture. An 

application of practice led research. Nowadays a new specialist design role is 

emerging in the construction industry. The primary task related to this role is 

focused on the control, development and sharing of geometric information 

with members of the design team in order to develop a design solution. 

Individuals engaged in this role can be described as a parametric designers. 

Parametric design involves the exploration of multiple solutions to 

architectural design problems using parametric models. In the past these 

models have been defined by computer programs, now commercially 

available parametric software provides a simpler means of creating these 

models. It is anticipated that the emergence of parametric designers will 

spread and a deeper understanding of the role is required. 

This thesis is aimed at establishing an understanding of the tasks related to 

this new specialism and to develop a set of considerations that should be 

made when undertaking these tasks. The position of the parametric designer 

in architectural practice presents new opportunities in the design process this 

thesis also aims to capture these. 

Through research and design, this thesis seeks to answer two questions: 

what is parametric design and how can it benefit the field of architecture? 

Looking at historical and present-day sources, the evolution of computer 

aided design has been drawn out leading to the emergence of parametric 

design. An explanation and analysis of parametric tools, including a series of 

case studies, has been conducted to show how these tools are presently 

being utilized by designers.
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1 Introduction 

1.1. Parametric Design Systems 
(Description background) 

Design begins with the conscious or unconscious attribution of values to 

parameters describing functional requirements of the object and the constraints that limit 

the range of possible design solutions. As the design progresses further parameters are 

introduced describing the dimensions of the object and potentially physical properties to 

be used for its construction. The term parametric design is used in this thesis to mean 

the use of a computer to automatically modify a design as the values of parameters 

change and to make corresponding changes to the computer models during the design 

process.

Over the past twenty-five years, computers have become extremely prevalent 

in the architecture and design fields. Originally used as a way to draft more quickly, 

technology advancements have allowed computers to be an integral design tool to 

architects. The emergence of parametric design tools, allowing designers to quickly 

explore many ideas within a given set of parameters, has gained much popularity in 

recent years. 

These tools have even spawned a theory called parametricism, which has 

been described as the first epochal shift in design since modernism. 

This thesis is an investigation of parametric design and the benefits it offers to 

the field of architecture, including a design proposal using the tools and methods of 

parametrics. 

Parametric modeling software has introduced computational mechanisms 

And interfaces for representing variation into design. Unlike the CAD domain, 

parametric systems have been used in other areas for many years.  

From a rational perspective, design activity can be essentially understood 

As a process intended to solve problems. Or, in John S. Gero’s [1] words, “a goal 

oriented, constrained, decision making exploration, and learning activity.”  

[1] J. S. Gero. Design prototypes: A knowledge representation schema for design. AI Magazine, 

11(4):26–36, 1990.
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1.2   The Questions 
This research tries to observe, understand, support, and augment users’ 

design practice in parametric design systems. The users I focus on comprise 

active designers more specifically, architects and civil engineers. My objective 

is to understand the mid-level parameters of work that recur across designers 

and tasks. The research questions are:  

• Can a designer’s learning and working process in parametric

modeling applications be well modeled by parametric design? 

• Can making such parameters explicit result in improved expert work

practices, in better learning material and support collaborative design in 

parametric design interfaces?  

The first question seeks to examine if parameters is the correct form to 

capture and encapsulate parametric design practice, while the second seeks to 

explore usability issues and implications of parametric design for use in practice. 

To answer these questions, I designed and conducted a series of qualitative 

studies on designers’ using one parametric CAD system Bentley’s Generative 

Components (GC). GC is one of the most advanced parametric modeling tools 

in the current commercial Architecture, Engineering and Construction (AEC) 

market. This system promotes and educates parametric modeling in both 

industry and academia, reaching design firms for commercial projects as well 

as architecture schools for design studios. Through hosting workshops around 

the world, the community of GC users evaluates and improves GC to make it 

supportive for design and engineering. People come to attend these workshops 

to solve real design problems and share experience.   

Thus, GC provides a great platform for me to conduct this parametric 

research.
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  1.2.1  What is Architecture – Systems – 

Parametric design? 

(What objective) 

There is no consensus on what architecture means. The IEEE standard 

1471-2000, Systems and software engineering — Architecture description, the 

latest edition of the original IEEE Std, as a short name for a standard formally 

known as ANSI/IEEE 1471-2000, Recommended Practice for Architecture 

Description of Software-Intensive Systems. defines architecture as the 

fundamental organization of a system embodied in its components, their 

relationships to each other, and to the environment, and the principles guiding its 

design and evolution. However, which “system” do we refer to? System is an 

abstract term that can be used for practically everything and which we call it now 

genetic system. It is therefore necessary to better define what we refer to. The 

traditional use of the word architecture considers buildings as systems. In recent 

years, architecture has emerged as a hot topic in the digital world.   

In research, architecture corresponds to one of the following:   

1 Technologies necessary to support the concepts, and the  

Transitional processes necessary for implementing changes. These 

changes may be in providing services and in using new technologies, in 

response to changing human life needs and nature.  

2 System architecture: defines the system conception of one  

Information system in its environment.   

3 Infrastructure architecture: defines the overall structure of the  

Resources used by all levels above it. This includes not only thtechnical 

infrastructure, but also humans, basic business functionalities and more.  

Genetic architecture is architecture that applies genetics, taking objects  

Into account, genetic design is also defined, just as genetic art in the 

Field of action.  

Genetics may be applied in architecture in a real and natural way. This 

would be real genetic architecture requiring the combined effort of 

architects and geneticists. 
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Genetics may be applied in architecture in a metaphorical and artificial way. This 

would be genetic architecture only by extension or similarity with genetic definition and 

processes. 

Biodigital architecture is applying the genetic researches to architecture, to start 

working on it with deep level possibilities, to develop the first steps taking us into new reality 

already permitted by science and technology; that is a reality where this nature life elements 

or artificial computer elements can be an integral part of the architectonic fact. From 

advanced contemporary architectures point of view, which is contrary dramatically so to 

painteresque environmentalism and the use of the computer as a mere substitute for drawing 

by hand, new ecologic –environmental architectural design and new cybernetic digital 

architectural design appear in the new reality, substantiated by many examples of architects 

and their works.       

2-Alberto T.Estevez”arquitecturas geneticas” genetic architecture, Barcelona, 2003, p5
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1.2.2   What is Parametric Design? 

Parametric design is an approach to product modeling that “associates  

Engineering knowledge with geometry and topology in the product model by 

means of constraints [2]”.   

A parametric system is based on a hierarchy of variable controlled  

Dependencies. Each active variable causes the overall system to change its 

behavior and thereby generate variations without losing the overall coherence and 

integrity of the system. Sussman identifies parametric design systems by two 

fundamental concepts [3]: a parameter that acts as a variable to which other 

variables are related, and these other variables can be obtained by means of 

parametric equations; and, a constraint that specifies a relation that must be 

maintained.Every parametric design system is built upon a constraint solver. 

There are several methods to implement such systems; these methods are used 

to distinguish types of systems.  

When the flow of computation is fixed by the procedural representation  

Of the constraints, the model is unidirectional parametric or called “procedural” [4]. 

Procedural systems are relatively straightforward to implement, but can only 

express a modest range of variations. It is quite difficult to add new types of 

dependencies between the fixed sequences of variable assignments.  

More advanced methods are parametric and variation methods. 

Parametric and different models have been developed to encourage reuse of 

existing models to support innovative design [5].The constraint satisfaction 

algorithm employed distinguishes this two types of system. Theoretically, 

“parametric systems solve constraints by applying sequential assignments to 

model variables, where each assigned value is computed as a function of the 

previously assigned values.   

[2] R. Anderl and R. Mendgen. Parametric design and its impact on solid modeling

applications. In the Third ACM Symposium on Solid Modeling and  

[3] G. Sussman and G. Steele. Constraints - a language for expressing almost-

hierarchical descriptions. Artificial Intelligence, 14(1):1–39, 1980. 
[4] W. J. Mitchell, R. S. Liggett, and T. Kvan. The Art of Computer Graphics Pro- 

gramming: A Structured Introduction for Architects and Designers. Van Nostrand 

Reinhold, New York, 1987.  

[5] H. Sharp, Y. Rogers, and J. Preece. Interaction Design: beyond Human-Computer
Interaction. J. Wiley & Sons, New York,
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Various systems solve constraints by constructing a system of 

equations representing the constraints and solving all constraints of 

the systems simultaneously based on a numerical equation solving 

procedure or equivalent method [7]”. Some literature distinguish 

such parametric modeling systems from the user’s perspective: 

propagation system (compute from known to unknowns with a data 

flow model) and constraint system (solve sets of continuous and 
discrete constraints) [8]. 	

Evaluation methods are also different for parametric and 

various methods. Parametric models are based on explicit 

sequential constraint satisfaction, the evaluation is quick, but they 

cannot deal with general mutually coupled constraints.  	

Various models using implicit constraint satisfaction techniques. 

They can deal with coupled constraints, but they are slower and 
limited in the ability to handle incompletely specified models, and 

have difficulty in detecting inconsistent models. 	

The line between parametric and various models is blurred. 

Currently many systems employ a hybrid of both types. 

Researchers have looked at hybrid techniques to integrate both 
methods.  	

One approach is to extend constraint propagation methods 

by a relaxation technique for handing coupled cyclic constraints. 
This method was pioneered by the Sketchpad system [9] and 

ThingLab laboratory [10].Another method tries to decouple 
constraint equations in subsets that can be processed sequentially. 

7] J. J. Shah and M. Mantyla. Parametric and Feature-based CAD/CAM: Concepts, Techniques, and 

Applications. Wiley, New York, 1995.

8] R. F. Woodbury and A. L. Burrow. Whither design space? Artificial Intelligence for Engineering Design, 

Analysis and Manufacturing, 20(2):63–82, 2006.

9] I. E. Sutherland. Sketchpad, A Man-Machine Graphical Communication System. PhD thesis, 

Massachusetts Institute of Technology, Cambridge, MA, 1963.

10] A. Borning. The programming language aspects of thinglab, a constraint-oriented 
simulation laboratory. ACM Transactions on Programming Languages and Systems, 3(4):353–387, 1981. 
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During the past two decades, significant progress has been made on  

Parametric design systems. In 1995, Shapiro and Vossler [12] complained that, 

“the modern parametric system may not robustly support parametric and various 

modeling because the meaning of a ‘parametric family’ is not well defined”. During 

recent years, several sophisticated parametric modeling applications representing 

variations in design, including Generative- Components, Revit [13], has been 

introduced to the commercial CAD market. 

1.2.3     The question Why to research 

   The Motivation 

At the outset of this doctoral study, my initial research questions were:  

“How do designers’ intentions play out in action?”; “Is it possible for a designer to 

discern intention from the record of his or her design actions?” and, “Can we create 

and improve tools to support or activate their intentions?” Refining and 

generalizing these questions led me to my PhD research and its studies.  

Holding a Bachelor degree in Architecture and a Master degree in 

Interactive Arts, I am specifically interested in the cognitive and human computer 

interaction (HCI) issues of design in terms of supporting designers’ learning, 

collaboration, and ability to solve increasingly complex problems.   

Since 2003, I with my research group had the opportunity to  

Work closely with professional designers using one parametric modeling system 

– Bentley’s Generative Components TM.

We see that most designers using parametric modeling are amateur  

Programmers. Their preferred style of programming is to find, copy, and modify. 

Through observation of their design practice and related conversations, we 

became aware that similar design and coding strategies were used repeatedly. 

People keep on reinventing the wheel and doing the same thing again and again. 

[12]. V. Shapiro and D. L. Vossler. What is a parametric family of solids? In the Third ACM Symposium on 

Solid Modeling and Applications, pages 43–54, Salt Lake City, Utah, United States, 1995. ACM. 

[13]. Revit. Revit architecture. http://usa.autodesk.com/adsk/servlet/index?id=3781831& 

siteID=123112(June 26th.), 2009. 
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My research proposes using parameters to support designers (amateur  

Programmers) in using the complex parametric design tool. Parameters as 

inputs are a generic solution to a well-described problem. Its description 

includes both problem and solution, as well as other contextual information.   

Being a clear expression of a practical idea, it is a great device for  

Discussion and sharing. I use parametric design as constructs to collect, 

organize, and communicate regularities in designer use of parametric design 

tools.   

My strategy is to use parameters to help designers focus away from 

the  Toolbox and onto their design work. Thus, they can record and reuse 

effective design work and build a community of practice around parametric design. 

1.3. Families of Parametric Design Systems 

Parametric models can be applied in different design systems. By  

Varying the inputs, the model can produce different kinds of outcomes. Based on 

the broad sense definition, I see parametric design systems developed in different 

domains: computer graphics (physically based modeling), business management 

(spreadsheet modeling), architecture design, industrial design, electronic 

engineering VLSI system, manufacture engineering, etc.   

A scan of the research literature reveals the vastness of the parametric  

Modeling domain and the fragmentary situation of its literature. In many respects, 

there are few relations and connections built up across domains. Before entering a 

more detailed discussion and analysis, I outline recent publications on parametric 

design systems in related domains.  

• Industrial Design. The parametric modeling theory and systems exist in

Industrial design domain. Chu et al. presents a parametric design system for 3D tire 

model production [14].   

[14]. C.-H. Chu, M.-C. Song, and V. C. Luo. Computer aided parametric design for 3d tire mold 

production. Computers in Industry, 57(1):11–25, 2006. 
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This work has been integrated into a CAD/CAM system for actual  

Model production. The surface model of tire grooves is parameterized 

designed, allowing for rapid creation of other grooves with simple design tables. 

Bezirtzis et al. presents the Interactive evolutionary design (IED) system. It has 

the potential to change development processes from generating individual 

solutions to designing parametric models that are employed to create a vast 

space of possible solutions [15].  

• Civil Engineering. The civil engineering discipline has long used

Parametric modeling software such as Constructive Solid Geometry

(CSG), and SolidWorks]. 

• Electronic Engineering. Parametric modeling has an

irreplaceable  

Position in technologies of constructing and simulating VLSI system circuit models 

[16].   

Parametric models are closed form equations that can be  

Implemented in circuit simulation environments either via interfaces to external 

code or as traditional sub circuits.  

• Manufacturing Engineering. A recent publication presents a

parametric modeling software for the design of turbo machinery blades [17]. It 

provides the ability to interactively construct 3D turbo machinery parametric 

blades of various types. 

1.4.  Media Effects of Parametric Design 
Systems 
Apart from the general features of parametric design systems, I am  

Also interested in investigating their media effects. Considering the limited 

population of current parametric CAD systems, I reviewed the other two 

parametric design families, physically based modeling and spreadsheet modeling, 

using McLuhan’s tetrad of media effects. [17] 

[15] B. G. Bezirtzis, M. Lawis, and C. Christeson. Interactive evolution for industrial design. In the 6th
ACM SIGCHI conference on Creativity and Cognition, pages 183– 192, Washington DC. USA, 2007.
ACM.
16 ]  W.-K. Chen, editor. The VLSI Handbook. CRC Press., Boca Raton, FL, 2000.
17 ]G. N. Koini, S. S. Sarakinos, and I. K. Nikolos. Parametric design of turbomachinery blades. In the
International Conference on Computer as a Tool, pages 539–542, Sava Center, Belgrade, 2005. IEEE
Society. 
[17] M. McLuhan and E. McLuhan. Laws of Media: the New Science. University
of Toronto Press, Toronto, 1988.
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1.5. Physically Based Modeling 
Computing is often applied to the modeling or simulation of physical 

systems. A branch of computer graphics called physically based modeling aims to 

‘incorporate physical properties into computer models in order to allow numerical 

simulation of their behavior [19]”. Common themes in physically based modeling 

include the simulation of rigid or flexible bodies, motion, inter body interactions, and 

constraint based control.   

For example, how a cloth drapes over an object is determined by surface 

friction, fabric weave, and the internal stresses and strains generated by forces in 

or on the objects. In addition, sophisticated rendering techniques can be tied in with 

physically based models, enabling precise simulations of the interaction of light and 

matter.   

These models are founded on mathematical equations and often involve 

numerically intensive computation to simulate their behavior.  

Many constraint based physically based models were developed in the 

1980s, including energy constraint on parameterized face models [20], body models 

and constraint  based models for human skeletons, in which connectivity of bones 

and limits of angular motion on joints were specified. A number of other prominent 

research directions exist in the domain, including cloth simulation, deformable solids 

[21], and stream erosion of terrain models.   

Free form deformable models, first introduced to computer graphics in 

1987 by Demetri Terzopoulos, were particularly relevant in the context of modeling 

non uniform rational B Splines (NURBS) [22]. Since the behavior of a deformable 

model is governed by physical laws and characterized by imposed constraints, this 

new approach provided a means to overcome NURBS’s drawbacks of tedious 

indirect shape manipulation and manual adjustment.   

[19 R. Barzel. Physically-based Modeling for Computer Graphics: a Structured Approach. Academic 
Press., Boston, USA, 1992. 
20 ]  ]  F. I. Parker. Computer generated animation of faces. In J. A. Meads, editor, SIG- GRAPH 1, pages 
451–457, Boston, Mass, USA, 1972. ACM. 
21] J. Platt and A. Barr. Constraint methods for flexible models. In SIGGRAPH 88, pages 279–288,
Atlanta, Georgia, 1988. Elsevier North-Holland, Inc.
22] D. Terzopoulos, J. Platt, A. Barr, and K. Fleischer. Elastically deformable models. Computer Graphics,
21(4):205–214, 1987.
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Concluding works before 1990, Foley et al. [23] stated that physically based 

modeling was able to determine the shape of objects, but simulating the motions 

still had quite a few challenges. Current domains utilizing physical based modeling 

include the following: Human Simulation Derived from the studies of 

parameterized human body models in 1980s, more and more specifically focused 

topics emerged in the past two decades, such as musculoskeletal simulation, 

realism motion animation, facial simulation, and surgical simulation.  

- Musculoskeletal Simulation - Biomechanics researchers developed

mathematical models of many different musculoskeletal structures. 

These models exam muscle forces and explain how the geometric 

relationships among the muscles and bones transform these forces into moments 

about the joints. A software package called Software for Interactive 

Musculoskeletal Modeling (SIMM) was developed in 1995 to enable users to 

develop, alter, and evaluate models of many different musculoskeletal structures 

without programming [25]. In 2003, solid mechanics models were created to fully 

account for the 3D deformation of muscle by viewing it as viscoelastic solid [24].  

The associated contact can be solved by using a Finite Element Method (FEM). 

However, these models are difficult to create and expensive to simulate.   

This new approach designs a computational primitive (Musculoskeletal 

Strand) that fits the inherent properties and constraints of muscles and tendons in 

a natural way. Adopting line based muscle models and the realism of physically 

based deformable solids, this model can simulate the close contact between 

muscles and bones in forearm, as well as complex tendon paths in the fingers. 

[23] L. Bartram. Enhancing Information Visualization with Motion. PhD thesis, School of Computing
Science, Simon Fraser University, 2001.
[24] J. Teran, S. Blemkerm, V. N. T. Hing, and R. Fedkiw. Finite volume methods for the simulation of
skeletal muscle. In 2003 ACM
[25] L.	Delp	and	J.	P.	Loan.	A	graphics-based	software	system	to	develop	and	analyze	models	of
musculoskeletal	structures.	Computers	in	Biology	and	Medicine,	25(1):21–	34,	1995
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An ambitious goal in the area of physically based computer animation is 

the creation of virtual actors that autonomously synthesize realistic human. There 

was a considerable history of progress in animating virtual humans during early 90s.  

Until the end of 1990s, although researchers offered the enormous variety 

of controlled motions that humans may perform, little effort had been directed at 

how the resulting control solutions may be integrated to yield composite controllers 

with significantly broader functionalities. In 2001, Faloutsos and his colleagues 

proposed a simple but effective framework for composing specialist controllers into 

more general and capable control systems for dynamic characters. An important 

technical contribution within their controller composition framework is an explicit 

model of preconditions, which characterize those regions of the dynamic figure’s 

state space within which an individual controller is able to successfully carry out its 

mission [26].  

Physically based methods rely on “intensive computation that scales 

poorly to a large optimization problem [26]”.   

In contrast, data driven approaches take advantage of large motion 

databases by composing segments of example motions. This approach can create 

long sequences that achieve coarse grained goals, but only if appropriate motion 

segments exist in the database.   

Clearly, data driven methods cannot record all possible interactions 

among multiple characters in advance. Liu et al. describe techniques for adapting a 

small collection of motions to create complex new motions with multiple characters 

in 2006 [27].   

For the benefits of users, Chai and Hodgins [28] conducted their research 

in another direction. They present a technique for generating animation from a 

variety of user defined constraints. This system in 2007 demonstrates the 

effectiveness of this approach by generating whole body and facial motion from a 

variety of spatial temporal constraints. 

[26] P. Faloutsos, M. van de Panne, and D. Terzopoulos. Composable controllers for physics-based 
character animation. In SIGGRAPH 2001, pages 251–260, Los Angeles, CA., 2001. ACM SIGGRAPH.
[27] C. K. Liu, A. Hertzmann, and Z. Popovic. Composition of complex optimal multi- character motions. In 

2006 ACM SIGGRAPH/Eurographics Symposium on Computer Animation, pages 215–222, Vienna, Austria, 

2006. Eurographics Association.

[28] Chai and J. K. Hodgins. Constraint-based motion optimization using a statistical dynamic model. ACM 

Transactions on Graphics, 26(3):Article No.8, 2007. 
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- Facial Simulation - Computer facial animation can be categorized into 2D

based approaches and 3D based approaches. While 2D approaches preserve the 

original illumination conditions and color information of human skin, most of them 

suffer from the problem of limited facial expression and being difficult to be used 

when the expression from a different viewpoint is required.   

The main problem of 3D approach in the old time was the low quality of texture 

data and inappropriate illumination.   

Terzopoulos and Waters incorporated a physically based approximation to 

facial tissue and a set of anatomically motivated facial muscle actuators to develop 

a new generation of 3D hierarchical human face in 1990.   

The model was efficient enough to produce facial animation at interactive 

rates on a high end graphics workstation. Then in 1994, Terzopoulos and Qin 

developed Dynamic NURBS (D NURBS), a modeler that can interactively sculpt 

curves and surfaces and design complex shapes to “required specifications”.   

Some recent works explored photo realistic 3D human skin illumination model 

through considering the oily surface, skin bump and the subsurface scattering. A 

specific topic of facial animation termed performance driven animation, started 

from the work of Williams [29].   

In 3D case, this method uses blending or free form techniques to perform the 

shape reconstruction. Physically based simulation is more complex to estimate 

because of the dynamic behavior. Sifankis et al. in 2005 gave a good example 

about how the physical control parameters can be computed from the motion 

capture data.   

Chen and Prakash’s 2006 paper [30] presents a detailed performance 

analysis for a facial expression synthesizer.  

- Real time Haptic Interaction and Surgical Simulation - In order to provide

users with a sense of navigating three dimensional worlds in a compelling manner, 

stereoscopic display technologies and motion tracking devices are now widely 

integrated in a variety of simulators.   

[29] L. Williams. Performance-driven facial animation. In SIGGRAPH 1990, pages 235– 242, Dallas,
TX, USA, 1990. ACM..
[30] C. Chen and E. C. Prakash. Physically based facial expression synthesizer with per- formance
analysis and gpu-aided simulation. In 2006 International Conference on Game Research and
Development, pages 171–176, Perth, Australia, 2006. Murdoch University.
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The next set of challenges in increasing the realism of the user 

experience involves more general haptic interactions with dynamically modifiable 

3D models.   

Physically based Finite Element Models (FEM, also used in 

musculoskeletal simulation) are an essential ingredient for building such systems. 

In 2004, Botsch and Kobbelt introduce an editing system allowing the user to  

“Specify intuitively a region of influence and corresponding boundary 

conditions, and deforms the boundary surface by minimizing an approximate shell 

strain energy [31]”.   

On the other hand, a large number of surgical simulators have been 

presented for a whole host of medical procedures such as endoscopy, suturing, and 

microsurgery.   

One recent work by Lindblad et al. [32] demonstrates a physically based 

framework for real time interaction with 3D solid models discretized by FEM. The 

model formulation allows fast progressive updates, can be used in modeling the 

addition of new elements as well as dynamic changes in model connectivity.  

Garment and Cloth Simulation In 3D garment simulation; there is always 

a contradiction between efficient (e.g. real time animation) and high fidelity (e.g. 

deformations of cloth). In 2003, Chittaro and Corvaglia [33] concluded that the high 

computational complexity of the simulation makes it very difficult to achieve both 

goals: existing systems are tailored to favor one of the two.   

A few seconds of high fidelity garment animation might require hours of 

computation. The results maybe satisfaction for the movie industry, it still presents 

issues (e.g. integration with existing textile design tools) from the aspect of the 

fashion designer.  

Another bottleneck in cloth simulation is collisions. Since all points are on 

the surface, all points may potentially collide with each other in any given time step. 

[31] M. Botsch and L. Kobbelt. An intuitive framework for real-time freeform modeling. ACM
Transactions on Graphics, 23(3):630–634, 2004.
[32] A. Lindblad and G. Turkiyyah. A physically-based framework for real-time haptic cutting and
interaction with 3d continuum models. In the 2007 ACM symposium on Solid and Physical Modeling
SPM ’07, pages 421 – 429, Beijing, China, 2007. ACM.
[33] L. Chittaro and D. Corvaglia. 3d virtual clothing: from garment design to web3d visualization and
simulation. In The Eighth International Conference on 3D Web Technology, pages 73–85, Saint Malo,
France, 2003. ACM.
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Moore and Wilhelms proposed that repulsion forces are useful for contact 

whereas exact impulse based treatment is useful for high velocity impact.  As a 

result, “authors have toyed with using both” [34]. 

For example, Sims’s project switched between instantaneous impulses for 

high velocities and penalty spring forces for low velocities to treat his evolving 

articulated rigid body creatures [35]. Bridson et al.’s 2005 work presents an 

algorithm to process collision, contact, and friction in cloth simulation efficiently 

and robustly.   

They use both techniques of repulsion forces and exact impulse based 

treatment in a fully hybridized and efficient manner [36].   

They also show how their simulation data can be post processed with a 

collision aware subdivision scheme to produce smooth and interference free data 

for rendering.  

Hair Modeling Unlike solids or fluids, which have been studied for over a 

century and well modeled by now classical equations, hair remains a largely 

unsolved problem described by no well accepted model. The form and characters 

of human hair were started to be considered and modeled since 1988.   

The past couple of years has seen a renaissance in hair modeling, rendering 

and animation. Rubin’s 2000 book presents a unified hierarchical formulation of 

theories for three dimensional continua, two dimensional shells, one dimensional 

rods, and zero dimensional points. The discrete approximation of the strand model 

comes strikingly close to the strand as serial multi body chain model, first proposed 

by Hadap and Magnenat Thakmann [37]. Since then the paradigm is successfully 

used for hair simulation in 2005 [38]. Many researchers have accepted this 

approach of modeling strand as serial chain of rigid segments connected by 

spherical joints.  

[34]  M. Moore and J. Wilhelms. Collision detection and response for computer animation. In SIGGRAPH
88, pages 289–298, Atlanta, USA, 1988. ACM.
[35] K. Sims. Evolving virtual creatures. In SIGGRAPH 1994, pages 43–50, Orlando, Florida, 1994.
ACM.
[36]  R. Bridson, R. Feskiw, and J. Anderson. Robust treatment of collisions, contact and friction for cloth
animation. In International Conference on Computer Graphics and Interactive Techniques 2005, pages
1–10, Los Angeles, California, 2005. ACM.
[37]  S. Hadap and N. Magnenat-Thakmann. Modeling dynamic hair as a continuum. Computer Graphics
Forum, 20(3):329–338, 2001.
[38] B. Choe, M. G. Choi, and H.-S. Ko. Simulating complex hair with robust collison handling. In
SIGGRAPH 2005 / Eurographics Symposium on Computer Animation, pages 153–160, Los Angeles,
California, 2005. ACM.
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“Absorbed” Topic: Solid Deformation Solid deformation was one of the 

key topics in physically based modeling during the 1980s. After two decades, this 

topic have been rapidly developed and significantly enriched. However, it also 

somehow disappeared.  

This domain had become the fundamental part of nearly all the other 

Topics. When we talk about the muscles and tendons in musculoskeletal simulation, 

interactions between characters in realism motion animation, cutting skin and 

organs in surgical simulation, fiber in cloth simulation, and hair strand in hair 

animation, these are all deformable solid models. This exists everywhere in the 

domain of physically based modeling.   

Here is one of the few independent works I could found on this topic. 

Melek and Keyser [39] in 2007 present a free form deformation (FFD) based method 

for approximating large scale deformations due to smaller scale physical 

simulations. Earth System Sciences continuing the 1988’s stream erosion terrain 

models [40], physically based modeling also have been widely adopted in the 

domain of earth system sciences.   

Recent works include Jürgen Schmidt’s book which helps to implement 

state of the art soil erosion prediction technologies within soil and water 

conservation planning and assessment through soil erosion physically based 

models [41] and Giertz et al.’s work of using physical liquid model to analyze 

hydrological processes in a tropical headwater catchment [42].  

Synthetic Music Physical modeling has become a big buzzword in the 

music industry these years. Julius O. Smith III from Stanford University organized 

and published the theory around this topic in his new online book [43].   

In the physical modeling synthesis technology, the user does not create 

sound directly. Instead, s/he creates and controls a process that produces the 

sound. The process models the actual instrument. By specifying some parameters, 

the user plays the synthetic instruments to make beautify music. With physical 

modeling technique, the parameters involved are much easy to understand because 

they have a real counterpart in physical instruments. 
[39] Z. Melek and J. Keyser. Driving object deformations from internal physical processes. In ACM
Symposium on Solid and Physical Modeling, pages 51–59, Beijing, China, 2007. ACM.
[40]  A. Kelley, M. Malin, and G. Nielson. Terrain simulation using a model of stream erosion. In SIGGRAPH
88, pages 263–268, Atlanta, Georgia, 1988. Elsevier North- Holland, Inc.
[41] K. Schmidt and I. Wagner. Ordering systems: Coordinative practices and artefacts in architectural
design and planning. Computer Supported Cooperative Work, 13:349– 408, 2004.
[42] S. Giertz, B. Diekkruger, and G. Steup. Physically based modelling of hydrological processes in a
tropical headwater catchment in benin - process representation and multi-criteria validation. Hydrology and
Earth System Sciences, (2):595–651, 2006.
[43] J. O. Smith III. Physical Audio Signal Processing for Virtual Musical Instruments Audio Effects.
Stanford University, Stanford, California, 2007
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Physically Based Nature Sound Other sounds created in the nature can also 

be reproduced through physical modeling. In 2005, Van den Doel [44] develops a 

physically based liquid sound synthesis methodology.  

The fundamental mechanism is the acoustic emission of bubbles. A stochastic 

model for the real time interactive synthesis of complex liquid sounds such as 

produced by streams, pouring water, rivers, rain, and breaking waves is based on 

the synthesis of single bubble sounds.  

1.6.  Research Methodology (How): 
The problem definition is the trigger of my research. Solving this 

problem requires knowledge of what information must be presented from genetic 

research to architecture, and how to present this information. I suggest digital 

visualization as a means to tackle the “how” question.   

My research methodology combines theoretical and empirical work. I 

investigated multiple disciplines, to differing extents. The variation in the depth of 

research was very clear: all disciplines were subject to a – theoretical – literature 

research. Only some subjects of studios works were also tested empirically. 

1.6.1   The Structure 
Catherine Marshall outlines four key questions underlying the research 

process [45]:  

1. What are we trying to do? 2. How are we trying to do it? 3. How well are we

doing? 4. How can we do it differently/better? 

The answers to the first question establish the purpose and goals of the 

project. After introducing the research questions in Chapter 1, Chapter Two 

introduces the social justification of this research with a particular emphasis on 

cognitive design perspectives. Chapters Three and Four provide a conceptual 

justification for the work through review of existing literature on parametric design 

systems. 

[44]	 K.	 van	 den	 Doel.	 Physically	 based	models	 for	 liquid	 sounds.	 ACM	 Transactions	 on	 Applied	 Perception,
2(4):534–546,	2005.	
[45]	 C.	Marshall.	Designing	Qualitative	Research.	Sage	Publications,	Thousand	Oaks,	CA,	4th	edition	edition,
2006.	
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The second key question turns goals into specific plans. I use my 

chapters to answer this question. First, I introduce my research methodology from 

framework to strategies. In my research plan, there are three stages: (1) a pilot 

study to search for first evidence of design like phenomena, (2) a series of 

participant observation studies to gather and elicit evidence for parametric design 

like thinking, and (3) the development of the repository of parametric design.   

The repository’s story has two parallel plots. Chapter Eight describes the 

authoring process and Chapter Nine illustrates the repository system development 

to support parametric communication.  

The third question demands an evaluation of how the research is working 

to achieve its purpose and goals, through reflection and self-awareness, and 

through researching those whom you are trying to impact.  

We wish the parameters discovered from design practice would help in 

following aspects. First, in education, where the instructor may use parameters to 

help learners to grasp the core ideas of parametric design. Secondly, in CAD 

application development, where parameters can serve as formative guidelines for 

developers. Last, but most important to the design process, designers may use 

parameters as inputs to concentrate on their ideas without overt concern about the 

technical details of CAD applications and sophisticated mathematical equations.  

Informed by the research findings, the fourth question requires a 

reevaluation of research purpose and goals. Instead of introducing renewed 

planning and actions, Chapter Eleven presents the known and unknowns of my 

research domain and proposes future directions. 
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As Robin Evans has succinctly put it, “architects do not make buildings, they 

make drawings for buildings “and all architectural representation is fundamentally 

abstract. These disembodied and abstract means are actually the power of 

architecture . 

 
1.6.2     By computational architecture 
Digital designing tools and manufacturing techniques  

For the past 10 years, emerging computational tools and techniques are having a 

strong impact on architectural design. Since this time, architects and students of 

architecture are attempting to embed digital methods into the design process, 

exploring the new possibilities and challenges that occur.  

This book is a collection of architectural projects designed by students in their 

third and fourth educational years, in design studios, under the tutelage of the 

author as visiting assistant professor at the Lebanese American University.  

During the studios, students had adopted a particular design approach: digital 

tools and techniques, such as twisting, lofting, triangulating, drilling, knotting and 

framing, were used systematically to explore spatial, structural and geometrical 

conditions, leading to the emergence of abstract prototypes.  

As a second step, each prototype was perceived as an apparatus, which was 

used to generate architectural solutions, enriched with data deriving from site 

analysis and the various building programs. 
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The use and interpretation of the prototype was not always consistent. It 

relied on the specific conditions of each project, as well as the personal experience 

and interest of each designer, translating it into structural systems, typology, form, 

organization of programs and detailed solutions (Fig 1).  

The projects shown here don ́t claim in any way to be perfectly solved architectural 

proposals.   

Rather more, they show us the possibilities 

occurring by the use of emerging design and 

manufacturing  techniques  as  a 
means  for architectural design.   

They raise questions, inviting the reader into 

a critical dialogue about the existence (or 

not) of architectural qualities as we try 

to move forwards from the over 

excitement of these new tools.  

Fig1 showing the interpretation of the 

prototype, translating it into structural systems, 

typology, form, organization of programs and 

detailed solutions   

1.6.3.    By Designing with digital tools 
For at least twenty years now, emerging computational design and 

manufacturing techniques have entered the world of architecture. Since the early 

days of “visionary” computational architectural projects from Greg Lynn and NOX 

among others, appeared the debate about blob versus box, the notion of form, the 

digital esthetic, and the effects of such architecture on how the city has evolved.  

Technology moves fast, thus early 3D modeling software such as 3D 

Studio Max, Alias Wavefront and others based on animation, are now more and 

more being replaced by Rhino and Grasshopper, making programming and 

parameterization of design models easier than ever. 
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Furthermore, digital manufacturing techniques are becoming 
both widely accessible and affordable. Digitally manufactured 
buildings are no longer expensive, but often more affordable and 

efficient than traditionally planned and produced buildings.  	

At the same time, the critique on such a design approach 

becomes louder: formalism, alienation towards the city and its 
citizens and the loss of materiality are amongst the strongest 

arguments used against the emerging so called 	

“Parametric “architectural examples. However, there is something 

not easy to deny: emerging design and production technologies 
are having a nonreversible impact on the evolution of architectural 
production today and will continue to do so in the future.  

Fig2 “Endless House” by Friedrich 

Kiesler (1959) 

It becomes interesting to observe, that many of these issues 

seemingly addressed by today’s technologies are in fact not new. 
From the late 1950s up until the 
1970s, many visionary planners 

and engineers had a 
methodically and stylistically 

similar architectural approach.   

     Fig3 Esglesia de la Milagrosa a Mexic by 

Felix Candela (1953) 

 It becomes interesting to observe, that many of these 
issues seemingly addressed by today’s technologies are 
in fact not new. From the late 1950s up until the 1970s, 
many visionary planners and engineers had a methodically 
and stylistically similar architectural approach. Kiesler’s 
“endless house” touched upon the issue of the “con-
tinuous surface” as a primary design principle, where 
walls, columns and slabs merge into a single entity, able 
to generate continuous spatial and structural relations. 
Engineers like Frei Otto and Felix Candella managed 
to produce optimized structures in equilibrium of load 
flow and materiality. In the 1970s, the Metabolists and 
Kisho Kurokava introduced the notion of modularity and 
growing mega-structures. Organic forms and aesthet-
ics had been around for a long time. The same applies 
to the design approaches that led to these shapes. It 
seems that computational tools simply bring this kind of 
approach a few steps further.

The fact remains that each time a new construction 
technology is developed, new architectural styles and 
movements will naturally appear. Most of the time these 
“new” styles are aliens in their environment, until they 
slowly change it. Citing an example of the modern against 
the Baroque and the Neoclassicism, Corbusier´s early 
buildings seemed alien when compared against the 19th 
century city. Despite the initial heavy criticism that ensued, 
the modern movement, backed by industrial construction 
technology, dominated architectural production for many 
decades and transformed the city dramatically.

Església de la Milagrosa a Mèxic by 
Félix Candela (1953)
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Kiesler’s “endless house” Fig2 touched upon the issue of the “continuous 

surface” as a primary design principle, where walls, columns and slabs merge into 

a single entity, able to generate continuous spatial and structural relations. 

Engineers like Frei Otto and Felix Candella managed to produce optimized 

structures in equilibrium of load flow and materiality. Fig3  

In the 1970s, the Kisho Kurokava introduced the notion of modularity and 

growing mega structures. Organic forms and aesthetics had been around for a long 

time.   

 

The same applies to the design approaches that led to these shapes. It 

seems that computational tools simply bring this kind of approach a few steps 

further. 

The fact remains that each time a new construction technology is 

developed, new architectural styles and movements will naturally appear.  

Most of the time these “new” styles are aliens in their environment, until 

they slowly change it. Citing an example of the modern against the Baroque and the 

Neoclassicism, Corbusier ́s early buildings seemed alien when compared against 

the 19th century city.  

Despite the initial heavy criticism that ensued, the modern movement, 

backed by industrial construction technology, dominated architectural production for 

many decades and transformed the city dramatically  

 
1.7.    Summary 
In this chapter I outlined and examined fundamental concepts around 

parametric design systems. Several distinct domains were visited to demonstrate 

the broad but scattered existence of all kinds of parametric design systems.  

I selected physically based modeling and spreadsheet modeling as 

subjects of a revolution tracing to enrich the understanding of parametric systems. 

Located in the central domain of computer graphics, physically based modeling 

incorporates physical characteristics into models to simulate the real world and 

achieve realism.   
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Many other domains such as earth sciences and musical industry also have 

a long history of adopting such a method. Originated from ancient account books, 

spreadsheet-modeling reserves its accounting features and turns out to be a 

successful worldwide end-user programming tool. McLuhan’s tetrad was adopted 

to analyze the media effects of these two system types. I introduced two 

coordinates – positive-negative and prospective-retrospective to frame the tetrad 

so that it may be easier to recognize and analyze media effects. 

In comparison to these system domains, parametric CAD systems are young 

and thin in content. However, some concluded effect ideas are transferrable, such 

as that technology enhances the collaboration across different methods and 

branches, a conflict exists between high quality rendering and continuous real-

time updates, and that new parametric tools replace old style repetition based 

work methods. 
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2.1 Understanding Design Process 
Design is important. It underlines many aspects of modern work. From  

Spoons to aircrafts, design affects each human being’s daily life and drives cultures. 

This PhD research proposes to support designers through searching, collecting, 

modeling, and communicating regularities in design practice of parametric design 

tools. Before diving inside specific concepts, I want to first outline the social 

justification for the research.  

This chapter aims to build up the literature foundation of this research to 

understand design process and design activity. Starting from investigations of the 

conceptual meaning of design, I reviewed three groups of cognitive design 

frameworks from the perspectives of context, representation and work analysis. 

Such a review produced a list of important cognitive issues I should observe during 

my empirical studies. 
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Design is cognitively a complicated process. In the latter part of chapter, I 

choose to pay close attention to three aspects of the design activity learning, 

expertise, and collaboration, which I use to observe and evaluate my study.  

I reviewed the current literatures and projects around these concepts. In next 

chapters, I will discuss whether or not my work of parametric design can support 

designer and design in these three directions. 

2.1.1 Complexity Definitions of Design 
Design is complex. Archer wrote that [46]:  

“Design is that area of human experience, skill and knowledge which is concerned 

with man’s ability to mold his environment to suit his material and spiritual needs.” 

In this PhD work, I choose to understand design as a rational, logical, 

and sequential process intended to solve problems. In this conception, the notion 

of “design process” is synonymous with “problem solving process”, which in all but 

its most abstract forms works by consultation and consensus. The process of 

design begins with the identification and analysis of a problem or need, and 

proceeds through a structured sequence in which the problem is examined, ideas 

explored and evaluated until an optimized solution is devised.  

Yet, design has also been conceived in other ways: 

• “A science of understanding people’s needs and their unique

relationship with art, literature, history, music, work, philosophy, community, 

technology and psychology. The act of design is structuring and creating that 

balance.” – Clement Mok (digital visual design)  

• “A Renaissance attitude that combines technology, cognitive

science, human need and beauty to produce something.” – Paola Antonelli 

(Museum of Modern Art)  

• “A fundamental soul of a man made creation that ends up

expressing itself in successive outer layers of the product or service.” – Steve Jobs 

(Apple Inc.)  

• “A conscious effort to impose a meaningful order.” – Victor

Papanek (design philosopher) 

[46] B. Archer. The Need for Design Education. Royal College of Art, 1973.
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• “depends largely on constraints.” – Charles Eames (furniture design)  

• “Everything is design. Everything!” – Paul Rand (graphic design)  

Defining design is challenging. To define the meaning of design, there are 

broad definitions of design and specific ones both have drawbacks. Either they are 

too general to be meaningful or they exclude too much. However, different designers 

do provide various perspectives. Through highlighting and filtering the keywords in 

those quotations, the meaning of design becomes richer than simply the process of 

problem solving and production. It also involves understanding the context; fulfill 

needs and constraints, and balancing the relationships across domains.  

Kim Vicente [47] listed eleven interrelated characteristics to subsume the 

different types of complexity we can find in designing socio-technical systems: large 

problem space (composed of many different elements and forces), social 

(composed of many people who must work together to make the system function 

properly), heterogeneous perspectives (composed of expertise from different 

background and represent the potentially conflicting values of a diverse set of 

disciplines), distributed (located in different places), dynamic (changes over long 

time constants), hazard (potential hazard in systems), coupling (many subsystems 

that are highly interacting), automation, uncertainty, mediated interaction (the goal 

relevant properties cannot be directly observed), and disturbances (dealing with 

unanticipated events.   

Although this list was specified for designing socio technical systems, I 

think it also implies the high degree of complexity found in many other design 

domains. Good design begins with the needs of the user. No design, no matter how 

beautiful and ingenious, will be successful if it does not fulfill the user’s needs. While 

this may sound obvious, many products and services have failed because of a 

failure to understand this. Finding out what the user wants is the first thing a designer 

should do. The designer then builds on the results of that inquiry with a mixture of 

creativity and production insight. Ideas seem strange may worth exploring and the 

“commonsense” solution may not be the right one.   

 

 

 
[47]  K. J. Vicente. Cognitive Work Analysis: toward Safe, Productive, and Healthy Computer-based Work. 
Lawrence Erlbaum Associates, Mahwah, N.J. ; London, 1999. 
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Designers often hit on counter intuitive concepts through sketching, 

prototyping, brainstorming, or user testing. Watching users in real world situations 

can provide insights into their behavior, leading to novel ideas that wouldn’t 

otherwise have been encountered, had the designer simply thought about the 

situation. 

2.1.2 Cognitive Frameworks to 
Understand Design Process 
To understand design, we should first understand humans (no matter from 

the prospective of designers, users, tools, or the outcome). Cognitive science 

provides such an entrance.   

Different cognitive frameworks have been built up to interpret the cognitive 

process of understanding users and generating creative ideas.   

Cognitive science tries to understand the nature of human kind by drawing on 

multiple empirical disciplines, including psychology, philosophy, neuroscience, 

linguistics, anthropology, computer science, sociology, and biology to investigate 

the nature of intelligence. I construct a cognitive framework to understand the 

cognitive aspects of design process from three perspectives:  

Context, representation, and work process analysis. 

2.1.2.1 Study Context 
As Brooks [48], taking context seriously means, “finding oneself in the thick of 

the complexities of particular situations, at particular times and with particular 

individuals.” To maximally benefit designers, HCI literature should provide  

(1) A broad background of comparative understanding over cross-domains,

(2) High level analysis useful for evaluating the impact of major design

decision. 

(3) Information that suggests actual designs rather than simply general design

guidelines or metrics for evaluation. 

[48] Brooks, S .	 (1991). Comparative task analysis: An alternative direction for human-computer
interaction science. In J. Carroll, ed., Designing Interaction: Psychology at the Human Computer
Interface. Cambridge: Cambridge University Press.
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From this literature, I choose three approaches, activity theory, situated 

action models, and distributed cognition, to understand the context aspect of design 

process. Activity Theory proposes that the “activity itself is the context.” Leont’ev 

describes an activity as being composed of subject, object, actions, and operations. 

Actions are conscious processes because they are goal directed (one holds a goal 

in mind), and different actions may be undertaken to meet the same goal. Actions 

are similar to tasks, as defined in the HCI literature.   

The dynamic aspect of activity theory is that the constituents of activity 

are not fixed but can change as conditions change. Thus, we should not consider 

the context as an outer container or shell inside of which people behave. Instead, 

people consciously and deliberately generate contexts (activities) in part through 

their own objects. Situated Action Models emphasize, “The emergent, contingent 

nature of human activity, and the way activity grows directly out of the particularities 

of a given situation [49, 50]”. In this theory, the unit of analysis is the relation between 

the individual and the environment. Situated action emphasizes responsiveness to 

the environment and the improvisatory nature of human activity. Suchman 

emphasized that, “a central tenet of the situated action approach is that the 

structuring of activity is not something that precedes it but can only grow directly out 

of the immediacy of the situation [50]”.   

As a result, instead of studying of more durable, stable phenomena that 

persist across situations, this theory provides a useful corrective to restrictive 

notions that put research into something of a ‘cognitive straitjacket’. In this theory, 

rigid mental representations such as formulaic plans or ‘rational problem solving’ 

cannot account for real human activity.  

Distributed Cognition focuses on the “propagation of knowledge between 

different individuals and artifacts, and the transformations that external structures 

undergo when operated on by individuals and artifacts”. Although the cognitive 

system is akin to an Activity Theorists’ activity, distributed cognition “Moves the unit 

of analysis to the system and find its center of gravity in the functioning of the 

system” [51].   

 
[49]  L. A. Suchman. Plans and Situated Actions: the Problem of Human-Machine Com- munication. 
Cambridge University Press., Cambridge, New York, 1987. 
[50]  L. A. Suchman. Human-Machine Reconfigurations: Plans and Situated Actions. Cam- bridge 
University Press., Cambridge, New York, 2007. 
[51]  B. A. Nardi. Context and Consciousness: Activity Theory and Human-Computer Interaction. The MIT 
Press., Cambridge, Massachusetts, 1996. 
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This theory is concerned with structure-representations inside and 

outside the mind and the transformation, these structures undergo. Compare with 

traditional cognitive science that focuses on individual’s cognition, main interest of 

distributed cognition is cooperating people and artifacts. According to Andy Clark, 

human cognition is characterized by the dynamic feedback loops that span brain, 

body, and world.  

All above three frameworks for analyzing context are valuable in that 

they underscore the need to look at real activity in real situations, and that they 

squarely face the conflux of multifaceted, shifting, intertwined processes that 

comprise human thought and behavior. However, they also differ from each other 

in terms of the structure of activity and the persistence of structure [52]. Situated 

action perspective lets us take careful notice of what people are actually doing in 

the flux of real activity, while distributed cognition leads us to understand useful of 

design by combining the formal and cognitive properties of artifacts with 

observations on how artifacts are used.  

Considering the analysis unit, a distributed cognition analysis begins 

with the positing of a ‘system goal’. System goal is an object, but also is “an 

abstract systemic concept that does not involve individual consciousness [52]”. In 

activity theory and distributed cognition, an object is (partially) determinative of 

activity. But in the situated action model, every activity is by definition uniquely 

constituted by the confluence of “situation” formed by particular factors. One 

activity cannot be distinguished from another by reference to an object (motive).  

In the study of context, there is an important facet, persistent structures 

(such as artifacts, institutions, and culture), playing in shaping activity. Activity 

theory focuses on the historical development of activity and mediating role of 

artifacts. In the literature of distributed cognition, there exists a similar notion.  

Hutchins introduces collaborative manipulation as “the process by which 

we take advantage of artifacts designed by others, sharing ideas across time and 

space [48]”. Nardi states clearly that “persistent structures are a central focus for 

both activity theory and distributed cognition [52]”.   

 
[52]  E. Hutchins. How a cockpit remembers its speeds. Cognitive Science, 19(2):265–288, 1995	
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However, situated action models cannot well accommodate durable 

structures that across different activities and persist over time. In some recent 

articles, the discussion of “routine practices” and “routine competencies” started to 

emerge to account for the observed regularities in the work settings studied. The 

studies continue to report minute particulars for detailed episodic events, and weave 

in descriptions of higher-level behaviors as well.  

The empirical research methods adopted by these three approaches also 

differ. Situated action analysis rely on “logs “recorded through video types or other 

recordings of recordable, observable behavior [53]. Accounts from study 

participants describe in their own words what they think are doing. Activity theory, 

on the other hand, focuses on the value of interview data. HCI community has widely 

accepted that people cannot articulate what they are doing.   

Primarily at the level of operations, it is very difficult to describe how you 

type or how you know. But this generalization does not apply to the higher conscious 

levels of actions and objects [54]. In a skillful interview or teaching process, 

operations are often brought to the subject’s conscious awareness. At least to some 

degree, operations can be talked about and described. I find a major difference 

between activity theory and situated action. In the former, the structuring of activity 

is determined in part by human intentionality before the unfolding in a particular 

situation. In situated action, activity can be known only as it plays out in situ.  

Although all these three frameworks has their own merit, Nardi argues 

that the activity theory seems to be the richest framework for studies of context in 

“its engagement with difficult issues of consciousness, intentionality, and history.” 

Distributed cognition, as a supplement, also helps to understand design ideas 

sharing across time and space. 

 

 

 

 

 

 
[53]  L. A. Suchman and R. H. Trigg. Understanding practice: Video as a medium for reflec- tion and 
design. In J. Greenbaum and M. Kyng, editors, Design at Work: Cooperative Design of Computer 
Systems. Lawrence Erlbaum, Hillsdale, N.J., 1991. 
[54]    B. A. Nardi. A Small Matter of Programming: Perspectives on End User Computing. The MIT Press., 
Cambridge, MA., 1993.. 
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2.1.2.2    Study Representation 
As the primary currency of design activity, representations can be 

categorized as either verbal conceptual and visual, or internal and external [55]. 

Within cognitive science, there has been a move towards analyzing the interaction 

between internal and external representations in design.   

Vera and Simon stress that [56, p.12], “A fundamental problem for 

cognitive modelers is to interleave internal and external states in order to achieve 

naturalistic behavior.” For two decades, Norman [55] has been describing 

cognition in terms of “knowledge in the head” and “knowledge in the world”. In 

1987, Larkin and Simon explored the difference of textual and diagrammatic 

information of computational requirements and affordance [57].   

Comparison of Diagrams and informational equivalent text passages 

are framed in three perspectives: search (accessing information), recognition 

(matching information to knowledge in Long-term memory), and inference 

(creating new knowledge).   

They pointed out that diagrams typically allow dramatically more 

efficient recognition than do equivalent text stimuli. This computational model of 

diagram use is primarily focused on internal representations. Later on, external 

representations started to draw research attentions. Larkin shifted her thinking and 

started to consider the role played by external displays in cognitive problem 

solving. Hutchins [58] discusses how various cultural artifacts that are integral to 

work practices have evolved such that they reduce the cognitive processing 

required by the operator to translate one form of external representation into 

another.  

Emerging from this trend, external representations have received a 

more central functional role in relation to internal cognitive mechanisms. It 

potentially allows researchers to account more adequately for how graphical 

representations affect the design process. Scaife and Rogers proposed a new 

agenda for research on how different kinds of graphical representation are 

cognitively processed. 
[55]  D. A. Norman. The Psychology of Everyday Things. Basic Books, New York, U.S.A, 1988. 
[56]  A.	Vera	and	H.	Simon.	Situated	action:	a	symbolic	interpretation.	Cognitive	Science,	17:7–48,	
1993.	
[57] J. H. Larkin and H. A. Simon. Why a diagram is (sometimes) worth 10,000 words. Cognitive Science, 
11:65–99, 1987. 
[58]  ]		E.	Hutchins.	Cognition	in	the	Wild.	MIT	Press,	Cambridge,	Mass.,	1995.		
[105	 	 	 	48]	 	E.	Hutchins.	How	a	cockpit	remembers	 its	speeds.	Cognitive	Science,	19(2):265–288,	
1995	
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External cognition is a branch of cognitive science that focuses 

predominately on the role played by external representation in human cognition, and 

on the relationship between internal and external representations. Scaife pointed 

out that there are distinctions between languages based external representations, 

such as books, and graphic forms of external representation, such as diagrams and 

maps [55].  

Research has been conducted on interactive multimedia (IMM)  

Technologies, virtual worlds with autonomous agents, and mixed reality 

environments according to some key conceptual design issues such as explicitness 

and visibility (perceptual interferences), cognitive tracing and interactivity (feedback 

providing), ease of production (possibility for reconstruction), combining external 

representations (graphical and textual), and distributed graphical representations 

(collaborative potential).  

Researchers focus on the cognitive process of external representation 

interactions, cognitive benefits of different representations, and the properties of 

internal and external structures. To extend the practicability of external cognition 

research, Scaife and Rogers aim at “a conceptual framework that can lead to a 

better understanding of the basis of design and use new technologies to support 

learning [59]”.   

What they describe as an analysis of “cognitive interactivity” is that, “on 

the way technologies allow new forms of representation not possible with existing 

media, and how these new forms may be exploited for learning. They propose an 

emphasis on identification of the different kinds of cognitive benefits that particular 

representational formats and technologies provide. 

 

2.1.2.3 Study Process Analysis 
Cognitive Work Analysis (CWA) is a formative, constraint-based 

framework for analyzing complex socio technical systems such as the design 

process.   

 

 
[59]  ]	 	 M.	 Scaife	 and	 Y.	 Rogers.	 External	 cognition:	 How	 do	 graphical	 representations	 work?	
International	Journal	Human-Computer	Studies,	45:185–312,	1996.	 	
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This research first adopted the framework for Cognitive Systems Engineering 

[60], and continues to contribute to the development of analyzing framewor.   

CWA is fundamentally different from conventional task based analysis 

methods. Instead of describing what workers should do (normative) or what they 

presently do (descriptive), CWA is formative in that it describes what workers could 

do to achieve work purposes. Unlike normative approaches, CWA recognizes the 

essential adaptive role that humans play in safely controlling the unanticipated in 

complex socio technical systems. Unlike descriptive approaches, CWA aids in 

distinguishing between workers’ essential goal directed actions and work around 

activities required to cope with existing work support systems. This branch of 

literatures focus on describing “worker” behaviors and the detailed “working” 

process. However, since design is also a form of active working, I adopt this 

framework to understand and analyze the design process.  

To systematically explore design possibilities, CWA focuses on identifying the 

constraints that shape designers’ goal directed behavior rather than cataloguing 

specific designer tasks and procedures.   

This approach is inspired by ecological psychology’s tenet that complex 

human behavior in operational settings can be usefully explained by analyzing the 

complexity of their surroundings. These characteristics make CWA useful for 

complex socio technical systems where traditional task based analysis produce 

voluminous and uninterpretable data, or do not systematically address risks 

posted by unanticipated events.  

Rasmussen’s framework for CWA provides a taxonomy of nested constraints 

that guide designer behavior in complex socio technical systems  

[60]. 

 

 

 

 

 
	
[60]	J.	Rasmussen,	A.	M.	Pejtersen,	and	L.	Goodstein.	Cognitive	Systems	Engineering.	Wiley,	New	
York,	1994.	
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Work Domain Physical or intentional constraints determine what can be 

purposefully accomplished within the socio technical system. Designers cannot 

perform operations that violate laws of nature or exceed the capabilities of the 

process and equipment.  

Control Tasks Within the limits of the work domain, execution of generic 

control tasks are constrained by the order of operations, and the system states in 

which they are necessary or effective.  

Strategies the same control task can typically be performed in many ways 

using different cognitive strategies. Experts shift between strategies in response to 

changing demands, for example time, information accessibility, and cognitive 

resources.  

Social Organization and Cooperation Depending on the cognitive 

strategy, control tasks can be assigned.   

An organization’s social structure determines how information and 

decision making capabilities relating to the work environment are distributed.  

Worker/Designer Competencies The above constraints determine the 

physical, perceptual, and cognitive demands placed on humans in the system. 

Designers must be capable of meeting these demands through skill, rule, or 

knowledge based behavior.   

Analysis of worker competencies can guide system design, training 

programs, or development of support tools.  

Applications of CWA can be diverse. The Australian Department of 

Defense, for example, has applied CWA to a wide range of projects including 

specifying, designing, and using training systems; evaluating alternative equipment 

design proposals; and developing team designs [61]. CWA has been used 

extensively by Cognitive Engineering Laboratory (CEL) to design interfaces, 

experiments, and training, to analyze data, and to categorize performance 

measures and knowledge elicitation techniques [62].   

It has proven to be an invaluable research and design tool in these 

instances. 

 
[61]  N.	Naikar.	Beyond	interface	design:	Further	applications	of	cognitive	work	analysis.	International	
Journal	of	Industrial	Ergonomics,	36(5):423–438,	2006	
[62]  K. J. Vicente. Cognitive work analysis: Implications for microworld research on human-machine 

interaction. Proceedings of the 1995 IEEE International Conference on Systems, Man and Cybernetics, 

2(4):3432–3436, 1995. 
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2.1.3  Conclusion of Cognitive Design 
Frameworks 
My review of cognitive design frameworks seeks to anchor sound design 

mechanics. I do so by focusing on design decisions related to key design 

elements: context, representation, and process analysis.  

• Context: Research identifies how system design benefits from the explicit 

study of the context in which users work [63].   

The model user has to be connected with a social group and supporting 

artifacts. But with this realization about the importance of context comes many 

difficult questions.   

For example, what exactly is context? What is the correct unit of analysis if 

the individual is no longer central? What are the relations between artifacts, 

individuals, and the belonging social groups? I compare three approaches to the 

study of context: activity theory, situated action models, and distributed cognition.   

Through consideration and comparison of the key concepts each approach 

promulgates, I study their research methods and search for the usefulness of each 

for the design of technology.   

That analysis suggests that the activity theory is suitable for understanding 

comprehensive context issues around the design process, and distributed 

cognition is useful to investigate the social context it focuses on the transformation 

between individuals and artifacts.  

• Representation: Research on external cognition is initiated by a move of 

analyzing the interaction between internal and external representations in design, 

specially focusing on instructional design. Their framework of key conceptual 

design issues and examples of case studies are useful references as evaluation 

criteria for my research. 

 

 

 

 
[63]  	 R.	 Brooks.	 Comparative	 task	 analysis:	 an	 alternative	 direction	 for	
human-computer	interaction	science.	pages	50–59,	1991.	
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• Process Analysis: Jens Rasmussen distinguished three models that can

be adopted for the specific purpose of grouping work analysis techniques: normative 

models that prescribe how a system should behave, descriptive models that 

describe how a system actually behaves in practice, and formative models that 

specify the requirements that must be satisfied so that a system can behave in a 

new desired way [64].   

Research in CWA outlines the constraints that guide the researcher adopt 

the analysis framework to investigate details of a complex work/design process. As 

can be seen through the sample case study, conducting a full work analysis is 

exhausting. However, I believe a close look at the work domain, task type, and 

strategies used, social organization, and designer competence is a quite sufficient 

analysis on a design process study.  

My interpretation on these three cognitive design frameworks will serve 

as the criteria to evaluate my research outcomes and discuss their cognitive 

aspects. 

2.2    Understand Design Activity 
Design as a process can take many forms depending on the object being 

designed and the individual or individuals participating. Apart from the cognitive 

design frameworks discussed above, there are several conditions that complicate 

design activity: tool learning, expertise building, and collaboration. 

2.2.1   Cognitive Learning Tools 
One of the primary goals of this research is to support professional 

designers to learn how to use design tools. Cognitive learning tools, defined here as 

instruments that support or perform cognitive processes for learners in order to 

support learning, both in the traditional supportive instructional environments and 

modern open searching environments.   

[64] 	J.	Rasmussen.	Merging	paradigms:	Decision	making,	managment,	and	control	control.	In	R.	Flin,
E. Salas,	M.	Strub,	and	L.	Marting,	editors,	Decision	Making	under	Stress:	Emerging	Paradigms	and
Applications,	pages	67–85.	Ashgate,	Aldershot,	England,	1997.



			CHAPTER	2	 [UNDERSTANDING	DESIGN	PROCESS	AND	PARAMETRIC	DESIGN	ACTIVITIES]	
	

43	
	

 

 

There is a Chinese saying that goes, “sharpen your tool before tackling a task”. 

Learning the tool becomes necessary before design work begins.   

In order to achieve the objective of scale production and professionalism, 

gaining experience with the tools is essential.   

There are many forms of learning process, ranging from formal classes to 

informal self-instructional. Different learners are suitable for different learning styles. 

However, necessary support is always needed to help the designer to learn their 

tool in an efficient way. One example could be using multimedia learning.   

Learning is no longer only through textbooks and classrooms. Multimedia has 

the potential to use several perceptual channels, it could take better advantage of 

human capacities for processing information.   

Richard Mayer [65] describes multimedia learning as “based on the idea that 

instructional messages should be designed in light of how the human mind works.” 

Thus, multimedia learning is potentially a more effective and efficient learning form. 

Beyond multimedia learning, learning could be supported through several 

dimensions as following. 

 

2.2.1.1 Support Reflective Learning 
Donald Norman [62] distinguishes between two forms of thinking experiential 

and reflective. Experiential thinking evolves from one’s experiences with the world. 

Reflective thinking, on the other hand, requires deliberation and external support 

such as books, computers or other people. The process is like, encounter a 

situation, think about it, reflect on stored knowledge, make inferences about it, and 

determine implications and reasons for it.  

Reflective thought is a careful, deliberate mode of thinking that helps us make 

sense of what we experience and what we know. Norman [66] contends that 

computers may be able to support reflective thinking, “when they enable users to 

compose new knowledge by adding new representations, modifying old ones and 

comparing the two.”   

 

 
[65]  	R.	E.	Mayer.	Multimedia	Learning.	Cambridge	University	Press,	New	York,	2001.	
[66] D.	A.	Norman.	Things	that	Make	Us	Smart.	Addison-Wesley	Pub.	Co.,	Reading,	Mass,	U.S.A,	
1st	edition	edition,	1993.	
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Rather than simply taking teacher’s word, learners must reflect on their 

own knowledge, and decide what they need to know. In brief, as a cognitive tool, it 

should be a reflective use of technology because using it aims to engage learners 

in reflective thinking, which purportedly leads to knowledge construction. 

2.2.1.2     Notion of Scaffolding Tool 
Recent design research on interactive learning environments has 

incorporated the notion of scaffolding [63]. Traditionally, the term scaffolding was 

used to describe the process by which a teacher or more knowledgeable peer 

assists a learner, altering the learning task so that the learner can solve problems 

or accomplish tasks that would otherwise be out of reach [67].   

Scaffolding entails a delicate negotiation between providing support and 

continuing to engage learners actively in the learning process. Lepper et al. [68] 

describe it as maintaining an “optimum” level of challenge for learners. In his vision, 

scaffolding refers to ways the software tool itself can support learners rather than 

only teachers or peers.   

The tool itself changes the task in some way so that learners can 

accomplish tasks that would otherwise be out of their reach. Moreover, the software 

should provide “additional assistance beyond what a simpler tool would have 

provided to allow learners to accomplish more ambitious tasks [69]”.   

There have been a number of research projects on designing software 

scaffolding tools and have drawn several design principles.   

Key ideas underlying these principles are some common assumptions 

about how to make a more productive knowledge construction experience for 

learners, such as enabling learners to inspect multiple views of the same object and 

providing visual conceptual organizers to give access to functionality. 

 

 

 

 
[67]  	B.	J.	Reiser.	Scaffolding	complex	learning:	The	mechanisms	of	structuring	and	prob-	lematizing	
student	work.	The	Journal	of	the	Learning	Sciences,	13(3):273–304,	2004.	
[68]  		J.	Wood,	S.	Meek,	and	S.	Jacobson.	Quantitations	of	human	shoulder	anatomy	for	prosthetic	
arm	control–i.	surface	modelling.	Journal	of	Biomechanics,	22(3):273–92,	1989.	
[69]    M. Lepper, M. Woolverton, D. Mumme, and J. Gurtner. Motivational techniques of expert human 
tutors: Lessons for the design of computer-based tutors. In S. Lajoie and S. Derry, editors, Computers as 
Cognitive Tools, pages 75–105. Lawrence Erlaum Associates Inc., Hillsdale, N.J., 1993 
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Software scaffolding provides support to help make the learning more 

tractable for learners. For example, KIE (Knowledge Integration Environment) 

provides prompts to encourage or remind students what steps to take [70]. In some 

cases, graphs also help to represent the learning experience and make the 

information easily tractable.   

For instance, graphical organizers help students plan and organize their 

problem solving strategies. Applications of the concept of scaffolding are not been 

limited to learning settings.   

They can be transplanted to other environments requiring tools to advise and 

support knowledge construction and idea creation. My research domain, 

parametric design systems, is such an environment.  

2.2.2   Expertise in Scaling Up to Complexity 
Supporting design cognitively also includes recognizing and supporting 

designers’ expertise in design. 

2.2.2.1    What is Design Expertise? 
Expertise consists of those characteristics, skills and knowledge of a system, 

that distinguish experts from novices and less experienced people.   

Broadly, there are two approaches to the understanding and study of 

expertise [71]. One approach is to understand expertise as an emergent property 

of communities of practice.  

Expertise is jointly constructed by tools for thinking and scripts for action within 

social groups. In the second approach, expertise is a characteristic of individuals. 

It is a consequence of the human capacity for extensive adaptation to physical 

and social environments. Many accounts emphasize that expertise is developed 

through long periods of deliberate practice.   

Not only have larger amount and more complex knowledge, experts are 

believed to be able to store and access information in larger cognitive “chunks” 

than novices can, and to recognize underlying principles, rather than focusing on 

the surface features of problems. 

[70]  E. A. Davis. Scaffolding students’ knowledge integration: Prompts for reflection in kie. International
Journal of Science Education, 22(8):819–837, 2000
[71] P. Jackson. Introduction to Expert Systems. Addison-Wesley, Harlow, England, 3rd ed. edition,
1998.
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An early experimental investigation was done to understand cognitive 

differences between experts and novices [72]. The experiment showed that experts 

represented a given problem differently from novices. Experts represented the 

problem according to its underlying principle, whereas novices represented on the 

problem’s literal features. This finding of deep versus shallow knowledge 

representation has paved the way for many later studies of expertise in particular 

domains.  

Where other studies of design expertise that examine expert versus 

novice performance, expert designer behavior and outstanding designers,   

Cross-focuses specifically on expert performance [73]. He claims that 

expertise in design is distinct from other fields. Although designers change goals 

and constraints as they design, they appear to retain their principal design solution 

for as long as possible, even when detailed development of the scheme reveals 

unexpected difficulties and shortcomings.   

Creative design solutions arise when “there is a conflict to be resolved 

between the designer’s own high level problem goals and the criteria for an 

acceptable solution, as established by the client or other requirements” [73].  

From a variety of software systems, Nardi and Miller [74] identified a 

continuum of three kinds of users: end users, local developers, and professional 

programmers. End users focus more on their own domain, have little or no 

programming education and tend to have less interest in computers. Local 

developers know the local domain and have advanced knowledge of computing. In 

the collaboration, they serve as a resource for end users, training them and 

developing code for them.   

Programmers go through professional training, have much broader and 

deeper knowledge of computing than local developers. Programmers contribute to 

end users and local developers, help them learn new tools and functions. 

 

 

 

 

 
[72]			M.	T.	H.	Chi,	P.	Feltovich,	and	R.	Glaser.	Categorization	and	representation	of	physics	problems	
by	experts	and	novices.	Cognitive	Science,	5:121–152,	1981.	
[73]			N.	Cross.	Expertise	in	design:	an	overview.	Design	Studies,	25(5):427–441,	2004.	
[74]			B.	A.	Nardi	and	J.	R.	Miller.	Twinkling	lights	and	nested	loops:	Distributed	problem	solving	and	
spreadsheet	development.	International	Journal	of	Man-Machine	Studies,	34(2):161–184,	1991.	
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Knowing how to use a design tool (even at guru level) does not necessarily 

make a professional designer. On top of support tool learning, I also hope my 

design outcomes can encourage the communication among end user, local 

developers, and programmers, and support professional designers’ expertise to 

archive their design target more efficiently 

2.2.2.2 Issue of Scaling Up 
This PhD research is concerned with understanding expertise in design, and 

scaling up designer problem solving abilities to greater complexity in practice.  

The challenge of scaling up is in how to expand applicability of the solution 

(or strategy) of a small problem to larger problems without sacrificing the goals of 

logical expression and understanding.   

From a size standpoint in computer programming, scaling up refers to the 

programmer’s ability to apply strategies learned from small programs in larger 

programs.  

It is hard for a designer to program like a computer scientist. Being able to 

scale up solutions conceptually is also a challenge. Computer scientists invest 

years to obtain skills such as procedural decomposition and recombination, 

abstraction and encapsulation, iterative code refinement, and code performance 

verification across expected inputs [75].   

Designers also have the skills of divide and conquer and abstraction. But 

these skills translate poorly to design because expertise is domain dependent.   

Procedural abstraction, structured programming and proper variable 

organization are hard for designers. Even as accomplished amateur 

programmers, designers have limited knowledge of established data structures 

and algorithms, prefer a copy, and modify strategy of work. 

[75] T.	H.	Cormen,	C.	E.	Leiserson,	R.	L.	Rivest,	and	C.	Stein.	Introduction	to	Algorithms.	McGraw-
Hill	Book	Company,	Cambridge,	Mass,	2001.	
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Being able to scale up is an essential expertise we expect the designers 

to build up during the design process. Modern day’s designers make their design 

tasks much more complicated than before. My research outcomes, parametric 

design results and experiments, are capsules of strategies with samples of small 

problems. It is possible to copy and modify the strategies solve more complex 

problems.   

I want to understand parameters’ utility in assisting designers to increase 

the complexity at which they can effectively work. 

2.2.3   Collaborative Design 
Design is an inherently creative collaborative process. Almost all complex 

artifacts (buildings, airplanes, computer and software etc.) are designed through the 

interaction of many participants working on different elements of the design. 

Collaborative design is typically for large, expensive and time-consuming works.   

Design decisions are strongly connected and depends upon each other. 

It is difficult to converge on a single design that satisfies these 

dependencies and is acceptable to all participants. Recent research from the 

cognitive science and complex system negotiation literatures has much to offer for 

understanding of principles of motivation and dynamics of this collaborative design 

process [76].  

Architectural design and urban planning involves highly cooperative 

tasks. Individual phases within a project often change between close cooperative 

situations, for example, during design and review meetings, and individual work 

carried out by the participants or third parties.   

During the design and review meetings, problems are discussed and 

solutions or alternatives are proposed. There is a commonly held view in Computer 

Supported Collaborative Work (CSCW) that design collaboration occurs largely at 

the project outset: “the actual preparation of particular solutions is once more 

performed by the individuals (leaving the final decision to one of the following 

meetings).    

[76] 	M.	Klein,	H.	Sayama,	P.	Faratin,	and	Y.	Bar-Yam.	The	dynamics	of	collaborative	design:	Insights
from	complex	systems	and	negotiation	research.	Concurrent	Engi-	neering,	11(3):201–209,	2003.
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Real collaboration is often limited to the creation of early paper based 

sketches [77]”. Design professionals would argue that this view is far from true. 

Collaboration happens in face to face discussion, phone calls, emails, exchange 

of media and code. Meetings are a mere surface. There is an urgent need to foster 

clarity and communication in out of meeting exchanges. From an architect’s point 

of view, it would be desirable to have additional support to introduce the design 

ideas, explore alternatives, improve the cooperation, and accelerate design and 

review cycles.  

There is another collaborative design culture that designers with different 

levels of expertise and interests can work together to improve their work design 

(CAD) system users to find out how they use the sophisticated customization and 

extension facilities offered by the software. They found that users of varying levels 

of expertise collaborate to customize and improve their CAD environments. Within 

a group of users, there is at least one local expert, called local developer, who 

provides support for other users. According to indepth interviews around the 

collaborative activities. 

.  

Many research projects (e.g. [73]) propose complex and expensive tools or 

systems, such as augmented environments, to support collaborative design 

practice. I want to argue that larger effects are to be found in the asynchronous 

exchange of well-considered design representations. Parametric modeling is 

transforming practice, both within and between firms. However, it is evident that 

this transformative technology imposes new needs for a higher level of support for 

its communities of practice. I conjecture that design parameters are a good device 

around which to structure such support. 

 

 

 

 

 

 
[77]  	W.	Broll,	 I.	 Lindt,	 J.	Ohlenburg,	M.	Wittkamper,	C.	Yuan,	T.	Novotny,	A.	 F.	 g.	 Schiecky,	C.	
Mottramy,	and	A.	Strothmann.	Arthur:	A	collaborative	augmented	environment	for	architectural	
design	and	urban	planning.	Journal	of	Virtual	Reality	and	Broadcasting,	1(1):1–10,	2004.	
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2.3 To understand the Digital soul!  
What is it for digital architecture to have soul? What is it for a computer-

generated structure to have integrity? Superficially, new technology suggests an 

aesthetic freedom never before achievable, a future of finely tuned curves and 

surfaces with a serenity that could have come directly from Picasso's pen.   

Only they could not have come from Picasso's pen, because the curve of 

Picasso's pen would not follow the tightly defined and strictly programmatic line of a 

spline curve. No matter how carefully the control points are chosen, the spline is 

governed by the algorithm behind it, and the traces of that algorithm are left on the 

page.   

It is not, though, that the spline is fundamentally detached from the 

designer. In Heideggerian terms, the computer (or even physical) spline drawing 

tool can be ready at hand. That is, it can be joined in a perfect unison between 

designer and tool, so that the tool itself becomes an extension of the designer.   

Neither is it that one has to understand the spline mathematically in order 

for it to reach the state of ready at hand. The careful study of the form created by 

the spline can allow the accomplished architect to create with the tool just as 

viscerally as Picasso was attuned to his pen.   

There are certainly some who leap unthinkingly into the toolbox of recent 

software, to find a smoke simulator or a physics engine, and in doing so, forget the 

careful consideration of materials and construction. It is not though that these tools 

are necessarily any farther removed from the process of design than the spline or 

the pen, only that the user is naïve. Neither is experimentation forbidden. 

Architecture has always embraced new building techniques: for steel framed 

buildings, concrete, glass, wood constructions.  

One does not have to be an artisan to build with these materials, but one 

does have to embrace their physical properties and design with them, rather than 

around them. It is possible to pick up a spline and try to forge it, to experiment with 

its possibility, before it is fully ready at hand and while it is still present at hand.   
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That is, while the spline is still regarded as an object, rather than part of the 

subject, the designer. This does not destroy the veracity of the design. To give an 

example, one might design with aluminum stilts in a salt-water lake. As a home, 

this building is destined to failure as the supports corrode within the brine, but it 

does not make the design worthless. In its destruction, as the edifice slips into the 

water, the truth may be revealed.  

The superficiality of a computer-generated structure is of a different nature, 

and the superficiality stems from the error of translation. The analogy of Picasso's 

pen is striking because we realize instantaneously that the marks of the pen 

cannot be translated to those of the spline. The spline will never have the subtleties 

of the marks of the pen. It is a common mistake in computer-aided design: to 

sketch with the pen and then to translate to the spline. The language of the spline 

though, should also be given its due. The spline cannot be translated to the hand 

held pen.   

To design in spline is a worthy pursuit. A similar line of argument holds for 

material: to design in wood, as the artisan does, is an equally worthy pursuit and 

directly analogous to design in spine. Initially the argument may seem in conflict 

with architecture; surely, it should be asked, the architect as distinct from the 

artisan represents the material, or the spline, through the sketch? She or he 

designs with wood rather than in wood. [78]    

This very objection, though, points out the distinction that needs to be drawn: 

one can sketch the spline, or think without the spline instantly to hand, provided 

one knows that the sketch represents spline, the nature of it is spline, and the 

design is with spline.   

There is a difference between hand sketch spline and spline building. There 

is no such thing, if the spline is to be used with integrity, as hand sketch building, 

there is only hand sketch spline building. The computer generated structure 

amplifies this distinction. In a computer generated structure, the computer itself 

provides the form of the building, through an algorithm which may respond to or 

optimize for environmental conditions.   

 

[78]  	 Alasdair	 Turner,	 forword.	 Embedde	 Embodied	 Adaptive	 Architecture	 and	 computation	
Editors:	Ava	Fatah	gen.	Schieck	and	Sean	Hanna,	emergent	architecture	press,	2007.	
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It is clear in this case that a sketch of the final form cannot possibly exist 

in advance of the computational step, as the algorithm will modify the envisaged 

form. What is more, to attempt to sketch the final form destroys the integrity of the 

computer generated structure, as it is an attempt to modify the pure form as 

conceived through algorithm to the poor translation of the algorithm understood 

through pen. This block between designer and form portends an epistemological 

crisis for the digital architect, for what does the architect do, if not dictate the final 

form?  

This catalogue, edited by Ava Fatah gen. Schieck and Sean Hanna, 

presents three resolutions to this crisis through work of students on the MSc 

Adaptive Architecture and Computation at UCL: embedded, embodied and 

adaptive.  

The embedded route is the predominant solution in practice, and grapples 

for control of the form directly. Technology, algorithm, computation is embedded in 

the product.   

This may involve technology itself, physically embedded into the product, 

such as a silicon chip or even the more mundane, such as bolts or wooden pegs, 

but it may also mean that computation has been embedded into the product during 

the process of design.   

That is 'computation', the embedding of the computable, as distinct from 

'computing', the use of a computer. Embedding requires the total immersion of the 

technology in the design.   

There is a seamless interface between technology and the product: the 

product is technology and technology is the product. By creating such a product, the 

designer has remained true to the material used, even if the material is now a 

composite of computation and steel rather than steel alone. The way embedding is 

typically achieved is through careful collaboration between an expert digital architect 

and an artist or designer.   
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Martin Kaftan in his work with sculptor Antony Gormley demonstrates this 

relationship, although it can also be seen throughout student projects within this 

catalogue. The artist or designer has in mind a form, a human form, and it is the 

object of the technology, triangular meshing, to achieve that form. There must be 

an iterative dialogue of understanding between digital architect and artist, as it is 

inherent in embedding that the final product cannot be pulled apart, technology 

from form nor form from technology.   

The error of translation is averted not through total avoidance of sketching the 

final form, but by sketching the form again and again until algorithm is form and 

form is algorithm. There must be trust between the collaborators, as the 

representation used for the algorithm will directly affect the outcome. Optimization 

of a triangular mesh according to a governing principle may be on the surface, but 

skilful application, understanding of the consequences of computational decisions 

on the final form, lies at the heart of the artefact. The digital architect, however, 

still acts in the role of engineer or expert. In order to go further, to embody 

architecture, the digital architect must take over the whole design process.  

Embodiment stems from research into the relationship between person and 

the environment, and attempts to replace mind body dualism with a mind body 

unity that cannot exist in absence from its environment. This shares similarity with 

Heidegger's view, indeed Heidegger acts as inspiration for embodiment; to 

Heidegger, the human is a Dasein, a being that cannot be extracted from the 

situation in which it finds itself. Human computer interface designers such as 

Dourish have recognized [79] that this being situation unity is central to interaction 

between user and computer program, in order to create software which fluidly 

moves from present at hand to ready at hand. In this sense, embodiment is a step 

further than embedding; where embedding has a self-consistency of its parts, 

embodiment has self-consistency between its parts, occupant and environment 

(Fig4).   

 

 

 

 

 
[79]  	Dourish, P., Where the Action Is: The Foundations of Embodied Interaction, MIT Press, Cambridge, 
Massachusetts, 2007. 



	

54	
	

 

 

 

As with embedding, it is not necessary for embodiment to be implemented 

via a computer or even computation, but it is a paradigm that suits design with a 

computer or computation, as it allows the architect to move from concentration on 

the form to concentration on the being or essence of the building.  
 

 

 

 

 

 
Fig 4, a self-consistency, image by Martin kaftan 2007  

 

The architect now focuses on what the occupant  building environment 

whole involves, and while it is obvious that the aesthetic plays a role in this 

relationship, it is no longer the fact that the final form is held up as the end of the 

building. Thus, the architect creates an algorithm to address the unity; for example, 

she or he may model the affordances (a term borrowed from the psychologist 

Gibson) that the building should offer its occupant, and allows the computer to create 

form around those affordances.   

An example is Przemek Jaworski's phototropic support structure. 

Jaworski specifies boundary conditions, that his living area should be raised and be 

of a certain volume. He then investigates algorithms which create the link between 

living space and the environment, so the end product is unity of environment and 

living space.   

Once again, it must be stressed that there is a skilful process of 

application of algorithms that suit the construction of this relationship.  

The final aesthetic of the form still relies heavily on the way the architect 

has chosen to represent the problem of raised living space. Rather than the architect 

ceding control to the computer, as might initially be suspected, the architect has 

dictated the arboreal solution to the problem, creating a unitary phenomenon of 

living space and structural support. 
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Embodiment, however, is restricted by the modes in which the situated actor 

can interface the environment directly.   

That is, the structure is built around a fixed set of affordances; for example, 

the ability to sit on part of it, or stand on another. Just as the ability to use an object 

in a certain way must exist, so must the societal will to do it. Thus, the embodied 

object is a product of the society that creates it, and cannot exist in absence of it. 

Foucault makes this point about Godin's Familistère at Guise, pointing out that its 

panoptical properties can suit both usage as utopia as well as usage as prison. 

Foucault suggests that the power of the architect is thus limited.   

In favor of embodiment, these are two usages drawn from an infinity of 

possible usages of a building. Furthermore, there are subtleties to the design of 

the Familistère, which make use as prison unnatural: it is very panoptic qualities 

reinforce the ability to overlook rather than be overlooked. Nevertheless, other 

examples, such as the arcade of the shopping mall and the construction of a 

Victorian prison demonstrate that societal context plays a vital role in the usage of 

building.  

An adaptive structure, by contrast to an embodied structure, has inbuilt 

pliability to the changing social framework. Yet by reacting to society, the structure 

must inherently cause a reaction in society. 

Its presence and interaction modify the collective view of what it is, what it 

does and what it is for. Hence, the adaptive structure is both manipulated by and 

manipulates its relationship to inhabitation and surroundings. Whereas 

embodiment is a unity of person building environment, an adaptive structure 

creates that unity (Fig5). 
 

 

 

 

 

Fig 5 Carolina Briones's project 

illustrates this process. Image 

by:Przemek jaworski 2006 
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She takes as her starting point the lack of communication between 

individuals as they pass through the city, on their way from place to place, self-

contained and avoiding social contact. Her work, a mat with LEDs, lights up 

seemingly random patterns until someone crosses it, at which point the lights follow 

the path of the transgressor, playfully surrounding her or him and moving off. So far 

this system sets up an engagement between individual and environment, but then 

Briones goes further. Should another person cross the mat at the same time, the 

pattern of lights is torn between the two, and crosses between them, tying them 

together (Fig6). A new relationship is formed that 

did not exist earlier.  

(Fig6) Heidegger, M., Being and Time, Blackwell Publishing, Oxford, 1962. 

The success or failure of the project relies on whether or not the two 

people act on this new relationship, or continue to ignore each other. The system 

must learn what works, and what does not, if it is to establish itself in society. 

Once again, the architect finds a new role in the design: to create a 

structure capable not only of embodying the relationships as they exist, but also of 

adapting to the emergent phenomena of new and unanticipated relationships. In 

doing so, an essence that inhabits the world is created, a digital architecture that 

does have a soul (Fig7). 

Fig 7 Foucault, M., “Space, Knowledge and Power” in Hays, K. M. (ed) Architecture Theory Since 

1968, MIT Press, Cambridge, Massachusetts, 1998, pp. 428–439. 
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2.4.   Physical Computing: Designing 
through Prototypes 
The workshop provides architects, designers and artists with an easy and 

inexpensive platform for prototyping with electronics.   

It allows participants to experiment with responsive systems and interactive 

spaces on a large scale by combining reusability with ‘low tech’ sensors and 

interactive actuators that can be produced easily from off the shelf toys and  

‘Hacked’ devices. 

This workshop series uses the ‘Arduino’ platform to teach physical computing 

(Fig8).  The hardware consists of a microcontroller with several inputs to connect 

different kinds of sensors and outputs to various actuators.  

Fig 8 Demystifing electronics, trial and error methodology and assemblage, physical 

computing workshop 2007.  

This setup allows for endless possibilities with the vast range of sensors and 

other parts available.   

It can be used to develop standalone interactive objects or can be connected 

to software on the computer (e.g. Flash, Processing, and Max/MSP).   

Using this technology allows objects to sense information from the world 

around them. In some cases, we only need to know one thing about the physical 

world: is something true or false? Is the window open or closed? 
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Is the room empty or not? In these cases, we can determine what we need 

to know using a digital input, or switch.  

The workshop takes hands on approach. Participants spend many time 

building circuits, soldering, building structures to hold sensors, writing programs. 

Participants develop collaborative group projects.   

The aim is to encourage collaboration between participants with different 

backgrounds in architecture or design. In the first part of the workshop, the main 

concepts are introduced.  

The aim is to prepare the participants to make their first steps in working 

with technology, these concepts include:  

Demystifying electronics  

Electronics is just another medium, although a very powerful one, which 

can be learned and used in hours for sketching purposes.  

Trial and error methodology  

Complicated plans are unnecessary as the experiments are simple and 

safe assemblage as with all developers, we build from parts and later reuse them 

for other things. This is true for toys and devices, for components and later for the 

code.  

Using a series of methodologies based on the work of Adam Somlai 

Fisher and Usman Haque on using cheap Chinese toys, participants are 

encouraged to play with the toys: take the toys apart, analyze them and discover 

how they work.   

This is followed by an introduction to different ways of hacking the toys, 

which allows the students to turn different parts of the toys into building blocks for 

other interactive contraptions.   
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The first part of the workshop is followed 

by an introduction to physical computing 

using Arduino; an open source platform 

based on a simple I/O board and a 

development environment that 

implements an easy programming 

language, built on Processing (Fig 9).   
 

 

 

 

 

Fig 9 light sensetive system, prototype by Anna Laskari. 

Students are introduced to programming a microcontroller, adding sensors 

and actuators and finally designing and creating the interactive experience.  

The workshops are taught by a group of invited practitioners, each with their 

own specific area of expertise in interaction design and interactive architecture, 

including Massimo Banzi (part of the core team that is developing Arduino), Adam 

Somlai-Fischer (architect and interaction designer) and Usman Haque 

(environmental designer). The practical part of the workshop is accompanied by a 

series of presentations of interactive projects by interactive designers and 

students from previous years to share their experience with the workshop 

participants. 

2.4.1   Parametric Modelling and 
Fabrication 
Parametric modelling and digital fabrication technologies offer new ways of 

developing designs, and represent a working method based more on procedure 

than geometric form.   

This workshop series uses Bentley’s Generative Components software to 

teach parametric modelling, with a focus on digital fabrication of the projects. 



	

60	
	

 

 

The workshops have been taught by a group of invited practitioners, each 

with their own specific area of expertise, including Robert Aish, Director of Research 

at Bentley Systems and developer of the software. Attended by students of the 

Bartlett MSc AAC and diploma programs, and also by students of the Architectural 

Association, University of Westminster, Oxford Brookes University and several other 

schools, participants have a background in either computer programming or digital 

fabrication, and the aim of the workshop is to combine the two.   

 

Here that task is aiming also to encourage collaboration between the 

students and to use the exercise as an opportunity to explore how these 

technologies might be used to further such collaboration.   

  

Parametric modelling differs from standard CAD modelling (and manual 

drawing) principally in the way elements are related to one another.   

While a standard CAD model consists of geometric elements (points, 

arcs, surfaces, etc.) placed in a uniform, Cartesian space of either two or three 

dimensions, a parametric model sets up a structure of relationships, or schema, that 

allows dimensions, and even quantities of elements to be deferred to a later point. 

With the addition of scripting and basic programming even non-geometric 

relationships can be incorporated, including structural and environmental 

considerations and abstract logic. This parametric approach entails a very different 

approach to design, more aligned to the idea of the architect as chief builder than 

the designer does as the drawer of form does.   

 

Relations between elements are made prior to their instantiation in space, 

and if one wishes to make modifications to the design, they must be made at the 

procedural level, by altering either the parameters, schema or generating rules. 
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Its great advantage if the structure gives to the designer thought process. 

Because generative methods are procedures they can be closely aligned to the 

procedural aspects of the real design. Both manual and automated fabrication may 

depend on tool paths or tolerances that can be encoded directly in the generating 

script, and so construction logic must be considered with some rigor even early on 

in the process.  
 

Fig 10 Wei-Shan Chia, Fred Guttfield, Dimitris Papadopoulos&Yiannis Kanakakis, Carolina 

Briones. 

 

Iterative optimization may also be applied, in which the behavior of the virtual 

model is simulated or rapid prototyping is used to physically test examples in the 

real environment (Fig10). The workshop teaching aims to ground the generative 

procedure in the reality of the design project by focusing on one of two aspects: 

either on how it is to be built or how it performs. Both of these are time dependent 

processes and cannot be adequately captured by static drawing, and by 

considering them, the designer is forced to engage the design logic on a deeper 

level than geometry alone. 
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2.4.2    Transformative City: Sonic Projections 
Sonic Projections is both a generative structure and an interactive 

installation scripted with processing programming language. A responsive 

environment that not only interacts with people when triggered, but also seeks 

interaction.   

The representation of this reaction comes with the form of attractors that 

travel through the installation as human’s move and change the shape of its shell 

(Fig 11). This installation can be realized by using Smart Dust technology & 

Ubiquitous Computing techniques. In the case of Sonic Projections, Smart Dust 

particles are set on the nodes of the mesh and travel through the installation. 

Fig 11 project by Thessaloniki, 

Greece www.martharch.net. 

Via TinyOS (open source operating system designed for wireless 

embedded sensor networks), they transmit signals to one another and thus create 

a wireless peer-to-peer network. The particles travel based on swarm logic 

programming.   

In that sense, the whole network has self-organization properties and 

creates an intelligent space. When a travelling particle is triggered, it activates a 

reaction among the other swarming particles and together they act as attractors and 

repulses for the mesh connected particles, thus changing its formation. 
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2.4.3   Using Simulations & Artificial 
Life Algorithms to Grow Elements of 
Construction 
In all living forms, shape is more or less directly linked to the influence of force, 

which was acting upon the organism during its growth. Trees and bones 

concentrate their material where they need strength and stiffness, locating the 

tissue in desired places through the process of self-organization. (Fig 12)  

This project investigates several generative techniques linked to emergence 

of form. Normally, we design a building first, and then perform efficiency tests and 

environmental simulations.  

Fig 12 process of self-organization by a Student project 2005-2006 

The concept of presented work is that we embody those simulations in the 

process of form generation, so it responds to environment while it grows, like 

natural organisms do. That helps to produce designs that are more harmonious 

with surroundings and come out as a direct result of a dialogue between nature 

and the building. 
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2.4.3.1 Surfaces: Design Model and 
Parameters 

Architecture is already processed as a continuous formation that 

organizes spatial sequences through surface effects (Benjamin 5). Increasingly, 

software programs are used to develop and organize design projects through the 

deformation of surface under data impact (Lynn “Animate”). Infinitely variable while 

located in a digital realm, the transfer of zero thickness objects into material, 

structure, depth, occupancy becomes an issue.  

In contrast, the technique of fashion production is immediate in form 

definitions, material and structural explorations in the product milieu – on the body.  

Thus it can deliver an organizational paradigm to articulate architecture 

not as primarily engaged with form generations, but with a material or structural 

immediacy. Change conditions, a shift in functional profile can then be formatted as 

material and structural principle already in the design phase.  

In answer to these requirements, the Design Model forms idea and 

concept, independent from site and programmatic demands. It contains ‘packages 

of organizational or compositional principles’ (Un Studio 18) [80]. The Design Model 

regulates (describe, administer, explore) fabric, detail, structural and aesthetic 

components. Its formative power derives from a capacity of perpetual transformation 

in response to process and data, through a multiple iterative conversion and 

exploration in analogue and digital media.  

The Design Model enhances project precision and aesthetics through 

coherence.   

The essence of an idea is maintained even if it evolves through different 

shapes, because framework and settings are constantly edited and adjusted. Once 

established, the Design Model can be employed on various levels, scales, and 

application. 

[80] 	[paper published in: AASA 2007 Conference, Proceedings of the IVth International Conference of the
Association of Architecture Schools of Australasia, ‘Techniques and Technologies: Transfer and
Transformation’, http://epress.lib.uts.edu.au/dspace/handle/2100/459]
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A Design Model can define strategies for body-formatted devices, or interior 

façade prototypes, to organizations of urban structures (Fig 13). 

Figure 13: Design Model and Media Applications (Toshimune Suzuki, Elastic Space Studio, Sydney 

2005-02) 

The works by Chalayan, Miyake and Kawakubo demonstrate concepts and 

principles that connect with a Design Model typology with dynamic, phenomenal, 

responsive, elastic conditions. Though all fashion examples exist in a range or 

phase conditions, they differ in operative modes. Each addresses change options 

in an individual manner, through specific characteristics in structural or material 

prototyping and detailing within their architectural section.   

The specificity of those concepts can be framed by number of selected 

parameters. Strategies for cutting scheme, constructive line, programmatic 

insertions, and operative field (Reinhardt) were applied and developed into a 

series of Design Models in the Elastic Space Studio and Prosthetic Surface Studio 

[Master of Architectural Design, Sydney University, 2005-06, research spatial 

constructs and surface formation for responsive, interactive environments].  

Responding to the concept approach, these parameters interplay in the 

formation of a prosthetic surface.   

The cutting scheme is a strategic mapping device that organizes the sum of 

descriptive lines within an ambiguous surface. Aspects of potential shapes, forms 

and operations are changed, programmed and optimized until the moment of cut, 

when the form becomes definite.   

increasingly emerged that show an alteration, variation or transformation in form and material.
Works by Hussein Chalayan, Rei Kawakubo (Comme des Garcons) and Issey Miyake reflect
change as adaptation to a user. They are a species different from generic functional tailoring;
heralds of a territory in which the permanence of shape, form and program are challenged.
Instead of styles and determined shapes, these fashion experiments reveal fields of elasticity,
intensity and compression (Grosz 127), employ programmatic insertions and digital extensions,
or are operated through mechanical gearing. Thus, substance and formation of these surfaces
are latent, as changes emerge in phases and ranges, shifting from one programmatic and
textural condition into another.

While illustrative and representational comparisons between effects and techniques of body,
dress and architecture have been explicitly framed (Evans, Wilcox, Quinn), Hoodge further
discusses parallel practices between fashion and architecture, from design and organization, to
production techniques and form effects: ‘Both fashion designers and architects begin by taking
an idea, and, working out its practical requirements, translating it into a three-dimensional
structure using flat materials’ (Hoodge 17).

In addition, this paper suggests that fashion and architecture share a number of principles or
concepts embodied in structure and material through which a surface formation can be made fit
for change. Rather than using visual similiarities (produce an object that looks like it), or shared
platforms (use the same software) the paper uses a cross-reference of shared methods in
fashion and architecture for an identification of principles that produce a type of prosthetic
surface (changing in basis, effects and phenomena).

The fashion examples discussed in the following establish different types of surface prosthesis.
Each is based on a three-dimensional concept with inherent methods, materiality and
production techniques. Once abstracted, a combination of these strategies and principles may
deliver Design Models to be applied in the architectural design process. The Design Model is a
generative engine that administers technique and transfer in different media and materials. The
paper explores in which way a fashion reference might be transformed into a Design Model that
produces an immediate, three-dimensional formation with material and structural facets, yet
devoid scale and program. These Design Models might then enable multiple, specified,
heterogeneous, differential conditions, and become strategies for a new spatial semiotic.

2 Surfaces: Design Model and Parameters

Architecture is already processed as a continuous formation that organizes spatial sequences
through surface effects (Benjamin 5). Increasingly, software programs are used to develop and
organize design projects through the deformation of surface under data impact (Lynn “Animate”
10). Infinitely variable while located in a digital realm, the transfer of zero-thickness objects into
material, structure, depth, occupancy becomes an issue.

In contrast, the technique of fashion production is immediate in form definitions, material and
structural explorations in the product milieu – on the body. Thus it can deliver an organizational
paradigm to articulate architecture not as primarily engaged with form generations, but with a
material or structural immediacy. Change conditions, a shift in functional profile can then be
formatted as material and structural principle already in the design phase.

Figure 1: Design Model and Media Applications (Toshimune Suzuki, Elastic Space Studio,
Sydney 2005-02)
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The constructive line is the control mechanism in construction or 

production, it is hem, seam, line of coalescence, where materials are joint. This line 

defines a contour of exterior shape and interiorized sub sections, and becomes a 

major agent of change when repositioned. Both cutting scheme and constructive 

line describe concepts that originate in a fashion context, yet might be applied to 

architectural design.   

The programmatic insertions are alien volumes inserted after fabrication 

or predetermined densifications implemented in an ambiguous or prepared 

structural field. They are ephemeral electronic/digital extensions, programmatic 

pockets or independent occupational zones that produce a recording of the surface 

field. The operative field shows the effect of surface conditioning and formation 

through techniques, changing the operative field, visible as structural or material 

contraction and expansion. Sato describes the ‘rethinking [of] received ideas and 

the modes of production’ as a major path for the derivation of new creative solutions. 

The paper thus focuses on effect, mechanics and technology behind shapes and 

their operations, and the implications on methods of surface organization, 

techniques, structure and material detail applied to architecture. 

2.4.3.2  Fashion Works: Surface 
Transformations 

The ‘Remote Control Dress’ and the complete series of the 2005 fashion 

show by Hussein Chalayan, ‘Dress becomes Body’ by Rei Kawakubo (Comme des 

Garcons) and ‘A Poc’ by Issey Miyake are works chosen to demonstrate 

strategies for Design Models with a dynamic potential, applied to the architectural 

design process (Fig 14).  

Though their effects vary, they depart from similar premises. None of them 

is based on a cutting scheme that resembles generic clothes.   

Fig 14 showing Hussein Chalayan 2005 fashion show 

(Dress become Body) 
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These shapes are oversized, deformed, idealized. Some are independent 

objects, statically self-sufficient, detached from the body contour, thus already 

mediate between dress and architecture. Their surfaces range from ambiguous to 

intense textural fields; they reveal a depth in operation through which they can 

responds to programmatic or sequential shifts.   

This depth is registered into the system as the structural coding of a mesh, 

the mechanical gearing of a shell, the conjunction with diverse textural layers or 

digital networks, or through temporal insertion of sub volumes.  

Although these fashion explorations display strong figures, the form is not yet 

defined. A tendency towards finishing, indeterminacy, and incompleteness is 

shared. These works request the wearer to finalize the product in a post-

production form definition.   

The ultimate forms needs to be cut from the fabric; electronic signals have to 

be given via remote control.   

They produce these effects as individual approaches, clearly legible concepts 

that are materialized, in this manifestation as dresses. 

2.4.3.3 Design Model 1: 
Programmed Mesh 
One Design Model for an intentionally delayed form definition process is a 

coded mesh configuration (Fig 15). ‘A-POC’ (Issey Miyake, 1998) uses such a 

principle of surface formation that displays diverse zones of compression and 

intensity, programmed through digital weaving techniques. 

Figure15: Mesh Configurations. Left: Detail of Issey Miyake, ‘A-POC’ 

(Miyake, Issey and Fujiwara, Dai. A-POC Making. Weil Am Rhein: Vitra 

Design Museum, 2001) Right: Renee Fu, Prosthetic Surface Studio, 

Sydney 2006-02 

They produce these effects as individual approaches, clearly legible concepts that are
materialized, in this manifestation as dresses.

3.1 Design Model 1: Programmed Mesh

Figure 2:  Mesh Configurations.
Left: Detail of Issey Miyake, ‘A-POC’ (Miyake, Issey and Fujiwara, Dai. A-POC Making.
Weil Am Rhein: Vitra Design Museum, 2001)
Right: Renee Fu, Prosthetic Surface Studio, Sydney 2006-02

One Design Model for an intentionally delayed form definition process is a coded mesh
configuration (Fig 2). ‘A-POC’ (Issey Miyake, 1998) uses such a principle of surface formation
that displays diverse zones of compression and intensity, programmed through digital weaving
techniques. Here, shapes, colours, applications a similar range and depth of variation as the
former basic technique applied in the Miyake production explored (‘Pleats Please’)
Miake reverses traditional techniques of fabrication, instead, ‘a thread goes into a machine that,
in turn, generates complete clothing using the latest computer technology, eliminating the usual
need for cutting and sewing the fabric.’ (A-POC making: 68). A-POC is based on the raschel knit
tube, a fabric volume of variable length executed in a one-and zero binary language that
translates ‘sink’ and ‘surface’ machine signals into the movement of an automated weaving
(Fujiwara 71). This technology is a continuation of a mass-production based on Jacquard’s
automatic loom technique combined with the pre-digital code of Hollerith’s punch card indexes
(McCarty and McQuaid 101).
In the mesh fabric, ‘lines of demarcation create a pattern of surface design that in turn becomes
structural seams’ (De la Haye 34). Its respective zones differ in threat properties, luminosity,
ornamentation, layering, densities and expandability. The mesh frames the blueprints of
potential dresses. From a potential form and number of clothing items (dress, shirt or skirt, ect),
one future item is selected and cut free (Kries 66, Quinn 150).

The structural code of the mesh gives an area in which the cut can be applied. It thus uses a
delayed cutting scheme, in which the customer defines the ultimate shape. Quinn classifies
these garments as ‘shapeless designs’ (153), yet these garments receive their shape in
operation. The programmatic code inscribed in the mesh uses an elastic or expansive depth
that results in an interval behavior (Hiramitsu). The interval frequency determines another
potential adaptation; it mediates between production shape and body contour, and contour and
highest pitch of movement, adding a micro-scale change option to the surface texture. The
homogeneous character of this surface fabric abandons a determined constructive line, in favor
of an operative field that reacts to change conditions in total.

This Design Model of a coded mesh configuration is characterized by a three-dimensional
structural code, an interval range between diverse programmatic zones, and a sequential
duration of various occupants. It is a ‘ready-made, ready to be remade’ (Simon). In the design
process, it enables perpetual connections, size and scaling operations. Incorporated in a static
shell, the design model may be used for a differentiation of programmatic zones, as an interior
architecture device. This mesh definition is of course one amongst many. Other options may
shift in purpose towards parametric deformation, or inserts stable fields between nodal points,
etc.



68	

Here, shapes, colors, applications a similar range and depth of variation 

as the former basic technique applied in the Miyake production explored (‘Pleats 

Please’) Miake reverses traditional techniques of fabrication, instead, ‘a thread goes 

into a machine that, in turn, generates complete clothing using the latest computer 

technology, eliminating the usual need for cutting and sewing the fabric.’ (A-POC 

making).   

A-POC is based on the knit tube, a fabric volume of variable length

executed in a one and zero binary language that translates ‘sink’ and 

‘Surface’ machine signals into the movement of an automated weaving. 

This technology is a continuation of a mass production based on 

Jacquard’s automatic loom technique combined with the pre digital code 

of Hollerith’s punch card indexes (McCarty and McQuaid 101) [81].  

In the mesh fabric, ‘lines of demarcation create a pattern of surface design 

that in turn becomes structural seams’ (De la Haye 34) [82]. Its respective zones 

differ in threat properties, luminosity, ornamentation, layering, densities and 

expandability.   

The mesh frames the blueprints of potential dresses. From a potential 

form and number of clothing items (dress, shirt or skirt, ECT), one future item is 

selected and cut free. 

[81 McCarty, Cara and McQuaid, Matilda. Structure and Surface – Contemporary Japanese Textiles. New 
York: Museum of Modern Art, 1998. 
82] Defining dress, Dress as object meaning and identity edited by: Amy de la Haye and Elizabeth Wilson.
Manchester university press 1999.
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The structural code of the mesh gives an area in which the cut can be applied. 

It thus uses a delayed cutting scheme, in which the customer defines the ultimate 

shape. Quinn classifies these garments as ‘shapeless designs’, yet these 

garments receive their shape in operation. The programmatic code inscribed in 

the mesh uses an elastic or expansive depth that results in an interval behavior.   

The interval frequency determines another potential adaptation; it mediates 

between production shape and body contour, and contour and highest pitch of 

movement, adding a micro scale change option to the surface texture. The 

homogeneous character of this surface fabric abandons a determined constructive 

line, in favor of an operative field that reacts to change conditions in total.   

This Design Model of a coded mesh configuration is characterized by a three 

dimensional structural code, an interval range between diverse programmatic 

zones, and a sequential duration of various occupants. It is a ‘readymade, ready 

to be remade’. In the design process, it enables perpetual connections, size and 

scaling operations. Incorporated in a static shell, the design model may be used 

for a differentiation of programmatic zones, as an interior architecture device. This 

mesh definition is of course one amongst many. Other options may shift in purpose 

towards parametric deformation, or inserts stable fields between nodal points, etc. 

2.4.3.4 Design Model 2: Remote 
Controlled Shell 
The ‘Remote Control Dress’ (Husseyin Chalayan, Before Minus Now, 2000) 

suggests the Design Model of a remote controlled shell, supplemented and 

organized through hinges. (Fig 16) Based on industrial technology, modularization 

and standardization, the prefabricated form transports abstract notions of speed, 

dislocation and otherness. Chalayan investigated the basic idea and its techniques 

in a series of dresses with slight variations. 
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Figure16: Remote Controlled Shell and Hinges Left: Detail of Hussein Chalayan, Remote 

Control Dress (Image by author, Exhibition Wolfsburg, 2005) Right: N Patankar, Prosthetic Surface 

Studio 

 

Made in composite materials of glass fiber sheets and resin, the dress is 

cast in a preformed, specially designed mold.   

The composite layers equip the shell with a resistance and depth; their 

surface is a three dimensional material entity, with diverse strata, light transmission 

effects, and modulated zones.  

The cutting scheme is an idealized shape that incorporates diverse 

component parts. It follows the ‘mechanics of form’ with a rigid smooth shell that 

echoes naval or automobile aerodynamics. Once this surface is cut, hinges, gears 

and wheels shift the fragments into formation, rendering its component parts ready 

for maneuver.  

Chalayan uses a heterogeneous system of different materials, in which a 

composite skin responds via mechanical elements to a remote control order.   

This connection to data streams equips the surface formation with per 

formative capacities.   

It opens along engineered constructive lines, to reveal secondary textural 

layers, or discrete zones of the body.   

The remote control system also enables an immediate response to data 

networks (news and communication lines), ephemeral or invisible environments 

(electricity, radiation, temperature zones) and virtual worlds.   

 

 

3.2 Design Model 2: Remote Controlled Shell

Figure 3:  Remote Controlled Shell and Hinges 
Left: Detail of Hussein Chalayan, Remote Control Dress (Image by author, Exhibition
Wolfsburg, 2005)
Right: N Patankar, Prosthetic Surface Studio

The ‘Remote Control Dress’ (Husseyin Chalayan, Before Minus Now, 2000) suggests the
Design Model of a remote controlled shell, supplemented and organized through hinges. (Fig 3)
Based on industrial technology, modularization and standardization, the prefabricated form
transports abstract notions of speed, dislocation and otherness. Chalayan investigated the basic
idea and its techniques in a series of dresses with slight variations.

Made in composite materials of glass fiber sheets and resin, the dress is cast in a preformed,
specially designed mould (Evans 270). The composite layers equip the shell with a resistance
and depth; their surface is a three-dimensional material entity (Bettum 73-74), with diverse
strata, light transmission effects, and modulated zones.

The cutting scheme is an idealized shape that incorporates diverse component parts. It follows
the ‘mechanics of form’ (Wilcox 4) with a rigid smooth shell that echoes naval or automobile
aerodynamics. Once this surface is cut, hinges, gears and wheels shift the fragments into
formation, rendering its component parts ready for maneuver.

Chalayan uses a heterogeneous system of different materials, in which a composite skin
responds via mechanical elements to a remote control order. This connection to data streams
equips the surface formation with performative capacities. It opens along engineered
constructive lines, to reveal secondary textural layers, or discrete zones of the body. The remote
control system also enables an immediate response to data networks (news and communication
lines), ephemeral or invisible environments (electricity, radiation, temperature zones) and virtual
worlds. Though the shell displays a set tectonic frame, it really operates in a territory (Steele
“Radical” 53) through the integration of virtual information or simulation of alternate realities.

‘Remote Control Dress’ proposes not an ideal but a composite system, defined by intricate
stable connections of previously disparate components (Lynn “Body” 139). Skin, mechanics and
data establish an operative field that formulates connections along lines of intensities. It thus
establishes integral roles for specific element conditions -configuring available and absent
states equally.

The Design Model of a remote controlled shell frames techniques of industrial design such as
automobile, aeroplane and boat building, suggesting a production transfer. It is in fact already a
classic of adaptable, flexible, modular or mobile design systems, that produce precise yet
limited change conditions, and predominantly dislocate the object. But altered by informational
data streams, it enters a territory independent or not transferable to material conditions. These
data might even be processed onto the surface instead of merely controlling the mechanics of
the form. Then, the prosthetic surface becomes a screen, a door to an alternate reality, and
another passage in a global world. Yet another application might address a shift in scale in
technique – the fabrication of an aeroplane hangar (Fig 3) generated by the same principles
becomes than a territory in itself, and requires substantially different methods than the mere
production and assembling of a singular plane.
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Though the shell displays a set tectonic frame, it really operates in a territory 

through the integration of virtual information or simulation of alternate realities. 

‘Remote Control Dress’ proposes not an ideal but a composite system, defined by 

intricate stable connections of previously disparate components (Lynn “Body” 139) 

[83]. Skin, mechanics and data establish an operative field that formulates 

connections along lines of intensities. It thus establishes integral roles for specific 

element conditions configuring available and absent states equally.  

The Design Model of a remote controlled shell frames techniques of industrial 

design such as automobile, airplane and boat building, suggesting a production 

transfer. It is in fact already a classic of adaptable, flexible, modular or mobile 

design systems that produce precise yet limited change conditions, and 

predominantly dislocate the object. But altered by informational data streams, it 

enters a territory independent or not transferable to material conditions. These 

data might even be processed onto the surface instead of merely controlling the 

mechanics of the form.   

Then, the prosthetic surface becomes a screen, a door to an alternate reality, 

and another passage in a global world. Yet another application might address a 

shift in scale in technique – the fabrication of an airplane hangar (Fig 3) generated 

by the same principles becomes than a territory in itself, and requires substantially 

different methods than the mere production and assembling of a singular plane.   

2.4.3.5 Design Model 3: Prosthetic 
Insertions 
A crossover between elastic interval and independent forms is the Design 

Model of the prosthetic insertion that made a singular appearance with Come des 

Garcons. ‘Dress Becomes Body’ (Reid Kawakubo, Spring-Summer, 1997), termed 

‘Lumps’ Collection, is a series of synthetic gingham dresses with stretching 

performance. 

[83] Greg Lynn	 in “Body	Matters...published in greg lynn, bodies, folds and Blobs: Collected Essays
(Brussels: Booksby-Architects, 1998),	139
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The key strategy of this Design Model is an abstract distortion of pattern  

(Quinn 144), [84].  or deviation from anatomical form.

Padded insertions run asymmetrically over torso or shoulder, protrude 

These ‘Lumps’ are an addition or expansion of specific areas (material inversion), a 

deformation of the overall body shape and experience (habitual perceptual 

inversion), and an inversion of system inherent logic: ‘on her dress, she wears a 

body’ (Haye 32). [85].   

Kawakubo confronts perceived individual contours with extended perimeters, thus 

initiating a ‘reciprocal transactions between body and space’. 

Figure 17: Insertions and Operative Field Left: Detail of Comme des Garcons, Rei Kawakubo, 

“Lumps.” (Grand, France. Comme des Garcons. London: Thames and Hudson, 1998) Right: H Chen, 

Prosthetic Surface Studio 

Insertions vary from independent programmatic to inherent structural 

solutions, and enter the fabrication process at different phases (Fig 17). While 

clearly distinguishable in a semitransparent elastic fabric as interruptions of a close-

fitting cutting scheme, in a different dress version they remain disguised in a 

checkerboard gingham fabric. The first suggests an unaltered cutting scheme in 

which an elastic fabric moves back into original position when temporal insertions 

are dislodged.    

The constructive line changes in contour due to the stretch capacities of 

the fabric. The operative field results from reversible alterations of the pads in form, 

size, location and duration. The second cutting scheme integrates a calculated 

permanent infill; it produces stable oversized body zones. Once the insertion is 

taken out, the structural deformation frames an absence; it defines a range of

reference for spatial and programmatic alternatives without interfering with the 

exterior shape after construction. 

 
[84]  Quinn, Bradley. Techno Fashion. Oxford New York: Berg, 2002. 
[85]  Defining dress, Dress as object meaning and identity edited by: Amy de la Haye and Elizabeth Wilson. 
Manchester university press 1999.	

3.3 Design Model 3: Prosthetic Insertions
A crossover between elastic interval and independent forms is the Design Model of the
prosthetic insertion that made a singular appearance with Comme des Garcons. ‘Dress
Becomes Body’ (Rei Kawakubo, Spring-Summer, 1997), termed ‘Lumps’ Collection, is a series
of synthetic gingham dresses with stretching performance.

The key strategy of this Design Model is an abstract distortion of pattern (Quinn 144), or
deviation from anatomical form (Haye “Radical” 32). Padded insertions run asymmetrically over
torso or shoulder, protrude from rear or bust (Evans 268). These ‘Lumps’ are an addition or
expansion of specific areas (material inversion), a deformation of the overall body shape and
experience (habitual-perceptual inversion), and an inversion of system inherent logic: ‘on her
dress she wears a body’ (Haye 32). Kawakubo confronts perceived individual contours with
extended perimeters, thus initiating a ‘reciprocal transactions between body and space’ (Sinclair
432).

Figure 4:  Insertions and Operative Field  
Left: Detail of Comme des Garcons, Rei Kawakubo, “Lumps.” (Grand, France. Comme
des Garcons. London: Thames and Hudson, 1998)
Right: H Chen, Prosthetic Surface Studio

Insertions vary from independent programmatic to inherent structural solutions, and enter the
fabrication process at different phases (Fig 4). While clearly distinguishable in a semi-
transparent elastic fabric as interruptions of a close-fitting cutting scheme, in a different dress
version they remain disguised in a checkerboard gingham fabric. The first suggests an
unaltered cutting scheme in which an elastic fabric moves back into original position when
temporal insertions are dislodged. The constructive line changes in contour due to the stretch
capacities of the fabric. The operative field results from reversible alterations of the pads in
form, size, location and duration. The second cutting scheme integrates a calculated permanent
infill; it produces stable oversized body zones. Once the insertion is taken out, the structural
deformation frames an absence; it defines a range of reference for spatial and programmatic
alternatives without interfering with the exterior shape after construction.

This Design Model is characterized by a ‘lumping technique’, in which an ‘operational field of
potential interventions’ is organized through a recombinative logic and thus provides ‘ranges of
different programmatic protocols’ (Kolatan 79). It produces a programmatic topography in a
range of conditions between nodal points set by a constructive reference line. While the exterior
shape is unaltered, an inbuilt structural reservoir may provide unoccupied zones that can record
later insertions. Or the interior structure defined a prosthetic surface formation in which movable
layers of different size; height and atmosphere divide spatial sections along control lines.

4 Conclusion
The structure of change in architectural design can be informed by strategies of surface
formations in the fashion realm. The paper has discussed a transfer from fashion to architecture
that delivers principles and techniques to be exchanged between both realms. Reworked in
operative and behavioral Design Models that deliver structural, material and detailed solutions,
a new spatial semiotic can be framed.

The characteristics of surface formations in each Design Model produces a dynamic
architecture that is singular and specific through rearrangement or appropriation of component
parts or zones, through the impact of a user. This interaction between architecture and occupant
is unique because it is simultaneous, post-productional and unfinished. As Sidlauskas remarks,
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This Design Model is characterized by a ‘lumping technique’, in which an 

‘operational field of potential interventions’ is organized through a re combinative 

logic and thus provides ‘ranges of different programmatic protocols’ (Kolatan 79) 

[86].  . It produces a programmatic topography in a range of conditions between 

nodal points set by a constructive reference line. While the exterior shape is 

unaltered, an inbuilt structural reservoir may provide unoccupied zones that can 

record later insertions. Alternatively, the interior structure defined a prosthetic 

surface formation in which movable layers of different size; height and atmosphere 

divide spatial sections along control lines.

2.5    Conclusion 
The main conclusion is how Important to understand that technology, from 

computer software to digital fabrication, has enabled designers to create that which 

could not be created by hand. We have begun to encounter complex problems that 

actually require the aid of the computer to construct and fully understand. 

Nonetheless, the poetic or conceptual statement may still be missing from what is 

generated. It is the job of the designer to help highlight what makes the given site of 

the project special. This is the role the designer should play: highlighting a certain 

cultural aspect of the site while utilizing the computer to create a beautiful, 

sustainable form. 

As understanding of the software continues to expand, designers will be able to 

more efficiently utilize the software to enhance our concepts. Combining concepts 

with parametric tools will only improve the final product by providing more reasons 

for design decisions. 

The characteristics of surface formations in each Design Model produces a 

dynamic architecture that is singular and specific through rearrangement or 

appropriation of component parts or zones, through the impact of a user. This 

interaction between architecture and occupant is unique because it is simultaneous, 

post-production and unfinished. As Sidlauskas remarks, ‘the wearer demands 

maximum adaptability, acknowledging, indeed affirming the provisional nature of 

human inhabitation, whether concrete or cloth’ (Sidlauskas 261) [87]. 

[86] Kolatan, Sulan and McDonald, Bill. “Lumping”. Contemporary Techniques in Architecture.
Architectural Design, AD. Vol 72. London: Wiley Academy, 2002.

[87] Hodge, Brooke and Mears, Patricia and Sidlauskas, Susan. Skin+Bones: Parallel Practices in
Fashion and Architecture. Los Angeles: Museum of Contemporary Art, and New York, London: Thames
and Hudson, 2007.
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Yet a close surveillance of Miyake’s approach to work ethics suggests that 

a fabrication of the raw material is at the core of techniques and thus of the creative 

design process: ‘I start with making the fabric – we work from the yarn, we find, we 

invent.’ The architect is then not a generator of form manifestations but of material, 

material use and production that are of equal importance. There is no sense to 

shape without the matter it is made of. Each technology delivers its own application. 

In a system of invention and investigation, analogue fabrication machinery and 

computational programming, or techniques of conversion can be misused in order 

to submit new knowledge and applications, to deliver new results. Each explorative 

approach, manipulation, transfer frames an experiment and partial solution in 

material and structural matter. In the same manner, a transfer between principles of 

related fields or shared software programs and their applications might open new 

possibilities.yet new architectural solutions can be found, extended, and processed 

through techniques and transfer.. 





	

76	
	

	
	
	
	
	
	
	
	
	
	
	
	

Preface and Acknowledgments  

Preface Summary  

Abstract   

Content 

1 Introduction 
	

2 Understand Design Process and parametric Design Activities, State of the Art 
 

3 Parametric design Technology/Nature biomimicing-
responsive design. 

3.1. Introduction 
	

3.2. Origins of the Notion of Design  
	

3.3. Parametric design based project 
	

3.4. Biomimetics  
	

3.5. Applications:Physical modelling 
3.6. About simulations 

3.7. Self-Organisation and Material Constructions 

3.8. Nature constructions 

3.9. Skyscripting / Research work between biomimicing and parametric, 

3.10. Self–Repairing Architecture 

3.11. Biothing and Emergent Composition 

3.12. Conclusion 
	

4 Search for Evidence of Responsive Parametric-like Phenomena.  

5 Smart Parametric Thinking. 

6 Digital Fabrication, Aims and Objectives, Instances.  
 
7 Evaluation of parametric design And its patterns (types) in Use. 
 
8 Conclusion. 

 
                                    Bibliography 



			CHAPTER	3	 [PARAMETRIC	DESIGN	TECHNOLOGY/NATURE	BIOMIMICING]	

77	
	

3 Parametric Design – Technology / 
Nature 
Biomimicing Responsive Design. 

3.1. Introduction 

A parametric design is a formal representation of a solution to a design  

Problem within a particular field of expertise. Its description includes both problem, 

solution, and contextual information. In this research, the notion of parametric design 

is used as a vehicle for understanding and representing solutions to design 

problems that occur across different contexts and tasks. I review the state of design 

research below. 



	

III						

3.2  Origins of the Notion of Design  
Early thinking about parameters in design is evidenced within a number 

of prominent historical publications on architecture, including Leon B. Alberti’s “The  

Ten Books on Architecture” in the 15th century [88],  

“The Seven Lamps of Architecture” in 1849 [89]. However, the  

Contemporary notion of design emerges principally from Christopher 

Alexander’s work [90].  

Alexander investigated the process of designing things that display 

physical order, organization, and form in response to function. As he notes, “this 

information is hard to handle, it is widespread, diffuse, unorganized. The problems 

increase in quantity, complexity and difficulty, they also change faster than before ... 

The unfortunate result is that very few designers have tried to understand the 

process of design analytically [90].” By understanding the process of design 

analytically, he claimed that the use of logical structures to represent design 

problems could help designers interpret and solve problems systematically. “No 

complex adaptive system will succeed in adapting in a reasonable amount of time 

unless the adaption can proceed subsystem by subsystem, each subsystem 

relatively independent of the other [90].”  

Alexander defines a parametric pattern as, “a three part rule, which 

express a relation between a certain context, a problem and a solution.” He calls the 

logical structure a pattern language and the subsystems patterns [91]. He compiled 

a comprehensive collection of 253 design patterns that appear in urban, buildings, 

and construction design. [91], and put it into detailed introduction of use in 1979.   

Alexander adapted his research in design to a master plan for the 

University of Oregon. He describes an empirical approach to the implementation of 

design parameters in a community. As evidenced in the book, his team was 

particularly concerned about the process of employing parameters.   

 
[88]   L. B. Alberti. Ten Books on Architecture. (1404-1472) Translated into Italian by Cosimo Bartoli and 
into English James Leoni, edited by Joseph Rykwert. Transatlantic Arts., New York, 1966. 
[89]   J. Ruskin. The Seven Lamps of Architecture. First published in 1849. Electric Book Co., London, 

2001. 

[90]   C. Alexander. Notes on the Synthesis of Form. Harvard University Press, Cambridge, 1964. 

[91]   C. Alexander, S. Ishikawa, M. Silverstein, M. Jacobson, I. Fiksdahl-King, and S. Angel. A Pattern 

Language: Towns, Buildings, Construction. Oxford University Press, New York, 1977. 
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They believed that the process of building and planning in a community  

Will create an environment that meets human needs only if it follows six principles 

of implementation: organic order a process that allows the whole to emerge 

gradually from local acts; participation putting the ‘what’ and ‘how’ of decisions in 

the hand of users; piecemeal growth, parameters, diagnosis and coordination”. 

Examining some 250 parametric patterns from Alexander’s research [92], they 

found that about 200 of the 250 patterns were relevant to the university community. 

About 160 of these 200 dealt with building interiors, rooms, gardens, and building 

constructions.   

However, the team noted that, “37 of the 200 patterns relevant to the  

university are so large in scale that individual projects will not be able to complete 

them, and they will only appear at all if many different individual projects help to 

create them in cooperation [92].” These “large patterns” are difficult to handle and 

apply. If parametric pattern really organize a language, I wonder if it is possible to 

use some language tricks such as dividing phrases into words to deal with these 

big patterns. If not, it is hard to say that these large parameters have any usage.  

Alexander’s original work saw limited success, and did not achieved  

The author has intended goal. However, with the passage of time, design patterns 

have gained an acceptance in other disciplines. Software engineering in particular 

has made extensive use of design parameters [93]. Design parameters have also 

been adopted in workplace design, graphical user interfaces [94], web usability, 

sociotechnical system design, education science, participatory design and 

communication [95]. 

3.3   Parametric design-based Projects 
This section introduces how different fields have adapted parametric design. 

 

 

 
[92]   E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design Patterns: Elements of Reusable Object-
oriented Software. Addison-Wesley, Reading, Mass., 1995. 
[93]   J.	Tidwell.	Designing	Interfaces.	O’Reilly,,	Beijing;	Sebastpol,	1st	edition	edition,	2006.	
[94]   J.	 Bergin,	 J.	 Ecksten,	 M.	 L.	 Manns,	 and	 E.	 Wallingford.	 Patterns	 for	 gaining	 different	
perspectives:	A	part	of	the	pedagogical	patterns	project	pattern	language.	(17),	2001.	
[95]   F. Ronteltap, P. Goodyear, and S. Bartoluzzi. A pattern language as an instrument in designing for 
productive learning conversations. In World Conference on Educational Multimedia, Hypermedia and 
Telecommunications (ED-MEDIA), Lugano, Switzer- land, 2004	
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3.3.1  Object-Oriented Software  
Although design parameters originate in architecture, it is in software 

engineering that they have found clarity of philosophy, concise expression, and wide 

utility [96]. Gamma et al. [97] adopted the notion of design parameters to object 

oriented software design. Each design systematically names, explains, and 

evaluates an important and recurring design in object-oriented systems. Parameters 

aid software engineers in abstracting and clarifying system designs, and increasing 

the reusability of software components. They note modestly that, “design 

parameters only capture a fraction of what an expert might know. It doesn’t have 

any application domain specific parameters, it doesn’t tell you how to build user 

interface, how to write device drivers, or how to use an object oriented database 

[97].” Gamma et al. do not describe the genesis of their parameters as inputs or 

outputs, but cite the Model/View/Controller (MVC) triad of classes used to build user 

interfaces in Smalltalk 80 as a source.   

 

3.3.2 Graphic User Interface  
Being an interaction designer and software developer, Jenifer Tidwell 

examines parameters in the domain of graphical user interface (GUI) design [98]. 

She describes parameters and patterns as providing generic design guidance in a 

format that is consistent and easy to understand, and that conveys knowledge about 

the attributes of GUI design. Tidwell also wants her parameters to inspire designers 

and emphasizes on users’ read needs, “If you’re running short on ideas, or hung up 

on a difficult design quandary, read over these and see if any of them are applicable.  

 

 

 
[96]   R. F. Woodbury. Patterns for parametric design. In Smart Geometry 2009 Alumni Summit, number 
March 31st, San Francisco, Califonia., 2009. 
[97]   E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design Patterns: Elements of Reusable Object-
oriented Software. Addison-Wesley, Reading, Mass., 1995. 
[98]   J. Tidwell. Designing Interfaces. O’Reilly,, Beijing; Sebastpol, 1st edition edition, 2006. 
J. Bergin, J. Ecksten, M. L. Manns, and E. Wallingford. Patterns for gaining different perspectives: A part 
of the pedagogical patterns project pattern language. (17), 2001. 
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And don’t take them as the gospel truth, either – what matters is  

Whether your design works for your users.” Her book enumerates patterns for 

common interface design problems. Each parametric pattern contains practical 

advice that the user can put to use immediately, plus some good examples to 

support the explanation. The user can get recommendations, design alternatives, 

and warnings on when not to use them.   

Each chapter’s introduction describes key design concepts that are  

Often misunderstood, such as affordance, visual hierarchy, navigational distance, 

and the use of color. Although some problems in GUI design are comparably trivial 

and detailed, Tidwell tries to name parameters and patterns in a succinct way with 

no more than three words. This naming style is later adopted by my parametric 

design project. 

 

3.3.3   Interaction Design  
Borchers explains how interface designers can structure and capture 

user interface design knowledge from their projects and learn to understand each 

other’s design principles and solutions through parameters [99].   

 

Key features of his work include a comprehensive design language for  

Interface design in interactive exhibits as well as a thorough introduction to original 

parametric work and its application in software development. Borchers also 

provides design techniques and parametric languages for documenting and 

communicating interaction design using an XML based notation. He compares 

different parametric languages and states that an important goal of any design team 

is to capture the reasons for design decisions and the experience from past projects, 

to create a corporate memory of design knowledge. 

 

 

 

 
[99]   J. Borchers. A pattern approach to interaction design. Books24x7.com, Norwood, Mass, 2001. 
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3.3.4    Other parametric -based 
Approaches 
Parametric Design have also been adopted in other domains, to aid in 

understanding the structure of human problem solving activities.  

Distributed Scaffolding parameters - Tabak applied design parameters to 

understand scaffolding in learning.   

He introduced the notion of distributed scaffolding, an emerging approach 

in the design of supports for rich learning environments intended to help students 

develop disciplinary ways of knowing, doing, and communicating [100]. Tabak 

synthesizes research to date, and articulates parameters of distributed scaffolding 

and the pedagogical considerations that they target. The Synergy project referred to 

the characteristic that different components of distributed scaffolding, such as 

software supports and teacher coaching, address the same learning need and 

interact with each other to produce a robust form of support. Tabak illustrated these 

patterns through classroom examples and summarized the scaffolding functions that 

it can fulfill.  

Martin and Sommerville employ parameters as a means for reusing 

findings from previous field studies, enabling analysis and considering designs in 

new settings [101].   

Instead of conceptualizing design as ‘reusable templates’, their work aims 

to use them as resources to be “drawn upon, selected and used sensitively and 

creatively.” In both the article a supporting website, CI parameters and patterns are 

described at the level of vignette as being composed of three components: 

sociotechnical configuration in a particular setting (what), two or three comparable 

examples and implications for achieving the work.  

Information Visualization - Granlund et al. presented a parametric pattern 

supported approach to user interface design in the context of information 

visualization in 2001 [102]. Using an example from the telecommunications domain, 

they focus on a task/sub- task pattern to illustrate how knowledge about a task and 

an appropriate interaction design solution can be captured and communicated.   

 
[100]   I. Tabak. Synergy: A complement to emerging patterns of distributed scaffolding. the Journal of the 

Learning Sciences, 13(3):305–325, 2004. 

[101]   D. Martin and I. Sommerville. Patterns of cooperative interaction: Linking eth- nomethodology and 
design. ACM Transactions on Computer-Human Interaction, 11(1):59–89, 2004. 
[102]   A. Granlund, D. Lafreniere, and D. Carr. A pattern-supported approach to the user interface design 
process. In HCI International 2001 9th International Conference on Human-Computer Interaction,, pages 
1–5, New Orleans, USA, 2001. 
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There are two main differences between task and subtask pattern  

Description. Subtask forces are generally a subset of task forces or derived from 

them. They are specific to the subtask, and are not divided into components such 

as Task, User, and Context Forces. This research provides one of the few examples 

where there is a consideration of linkages and hierarchy among parameters.  

Pedagogical parameters Pedagogical parameters try to capture expert  

Knowledge of the practice of teaching and learning in a compact form that can be 

easily communicated. Bergin et al. [103] introduces pedagogical parameters that 

deal with the range of instructional techniques in recent project reports. They 

maintain a website of pedagogical parameters organized based on course 

sequence.  

Collaboration learning DiGiano et al. [104] aim to create conceptual tools 

that help people think about technology supported collaborative learning. They find 

parameters useful for guiding technical discussions while providing nontechnical 

templates for generating high quality collaborative learning activities that make the 

most of emerging technologies.   

Wiki parametric Patterns - Focusing on providing practical advice for 

encouraging adoption of wiki projects, Mader give wiki users a toolbox of wiki 

parametric patterns that explain the major stages of wiki adoption and enable 

newcomers to avoid making common mistakes. The structure of wiki patterns not 

only includes basic components such as name, related patterns, ‘what is it’, usage, 

and examples, but also collects users’ comments and editions through an online 

repository. Wiki patterns are mainly categorized into four groups: “people 

parametric patterns”, “people anti parametric patterns”, “adoption patterns”, and 

“Adoption anti patterns”. 

 

 

 

 

 
[103]   G. Fischer. Beyond ”couch potatoes”: from consumers to designers and active con- tributors. 7(12), 
Oct.15 2007 2002  
[104]   C. DiGiano, L. Yarnall, C. Patton, J. Roschelle, D. Tatar, and M. Manley. Collab- oration design 
patterns: Conceptual tools for planning for the wireless classroom. pages 39–47, the IEEE International 
Workshop on Wireless and Mobile Technologies in Education (WMTE02), 2002. IEEE Computer Society. 
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Publications on design patterns, such as E. Gamma, R. Helm, R. Johnson, 

and J. Vlissides [105], reflect the continual evolution of the design pattern concept. 

This PhD research does not emphasize the language aspect of patterns. Although 

most pattern designers aim to build up a complete pattern language and do not 

believe independent patterns can survive without links to others, there is still no real 

completed pattern language. In fact, Week’s work of several informally defined 

workplace patterns and Tidwell’s growing pattern team have won recognition from 

users and other experts. My research will start with several semi dependent but 

useful patterns to support parametric design practice. 

3.3.5   Distinctive Characteristics of 
parametric design 
To introduce my research topic to audience who is new to the concept 
“Parametric design”, sometimes used terms such as heuristics, 

guideline, and strategy to describe and explain.   

They have some close meanings with the parametric concept. For 

example, in Monahan 2000’s spreadsheet modeling book “Manage decision 

making”, he uses the concept of models to describe problems with context and 

discuss the best practice to build, use, and communicate such spreadsheet models. 

The structure of such models is also close to that of the parametric design. However, 

parametric design have a number of characteristics that distinguish them from those 

similar conceptual entities:  

Derived from practice parameters are designed to capture useful and used 

practice knowledge from a specific domain. Although some parametric projects 

claims to search for the “best” solution for certain problems, I contend that 

usefulness and grounding in practice are the most important qualities.   

Good projects may be inspired by literatures or other design guidelines, 

but whether or not a parametric design is useful can only be tested by real users in 

their working contexts. A parameters as inputs are important only if it is useful and 

has been used. 

[105]  E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design Patterns: Elements of Reusable Object-
oriented Software. Addison-Wesley, Reading, Mass., 1995.
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Communicative parameters serve as a means to talk about and share 

experience within a community. Although sometimes the description is not as 

explicit as a heuristic or as detailed a piece of design guideline, a qualified 

parameter has a memorable succinct name, a clear description and sufficient 

examples to help users understand the problem’s context and solution. The explicit 

structure supports the communication among the parametric design users. 

Transferable parameters are structural and interactional abstractions.   

There are phenomena that parameters exhibit similar and sometimes 

identical properties, in different domains. Patterns invented in one domain can often 

be transposed into another. Software engineers have not only adopted the notion 

of design patterns, but have also transferred some pattern ideas from urban design 

to system architecture. In the process of authoring parametric design patterns, I 

have likewise referred to object-oriented software patterns. Since problems are 

understood at a conceptual level, some pattern ideas are transferable across 

different disciplines.  

Hierarchical parameters exhibit properties that differentiate them into 

classes and lead to hierarchies of parameters. For example, Gamma et al. [90] 

describe three classes of parametric patterns in software systems: creational design 

patterns, that aid in making a system independent of how its objects are created, 

composed, and represented; structural patterns, that are concerned with how 

classes and objects are composed to form larger structures; and, behavioral 

patterns that are concerned with algorithms that assign responsibilities between 

objects.  

Stable but impermanent theoretically, parametric patterns and types 

should be very stable because they should serve different problem contexts. For 

well-defined design problems: especially, in software engineering, “a design pattern 

is a general reusable solution to a commonly occurring problem in software design 

[90]”. A design pattern is not a finished design that can be transformed directly into 

code.    
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It is a description or template for how to solve a problem that can be used 

in many different situations. Object oriented parametric design typically show 

relationships and interactions between classes or objects, without specifying the 

final application classes or objects that are involved. Algorithms are not thought of 

as parametric design, since they solve computational problems rather than design 

problems.   

For solving ill-defined problems, especially in design domains, the 

significance and stability of parametric design are not so obvious.  .  

 

3.4.   Biomimetics 
KUKKIA – The Reef “The bird of Paradise” The 
Fashion Application. 

3.4.1  Preface 
The pollination system within the strelitzia Reginae (bird-of-paradise) was 

investigated to understand the plants elastic kinematics. The mechanism of the 

flower is activated by the weight of a Sunbird, which bends the petals, resulting in 

sideways bending of the lamina by a certain degree. (Fig 18) 

The aim of the experiment was to understand the physical principles 

behind the phenomenon and by understanding the structural system of the petal. 

The experiment started with dissection of the petal or cutting away the parts, which 

were not important for the opening mechanism. This experiment sparked an 

interrelated process of physical and digital models, were they informed and validated 

each other. 
Fig 18, The studied Flower, Image courtesy of 

Google images 2011. 

Strelizia Regienae, or the ‘Bird of Paradise’, is a 

flowering plant from in- digenous areas with warm 

climates (South Africa, South America).  

 

 

 

 

 

 

 Biomimetics)*)Strelitzia)Reginae )9Group)4):)Rony)Alghadban,)Shanky)Jain)&)Jens)Pedersen

	�����!��������������������"����������������#�������$���������������������*
digenous)areas)with)warm)climates)(South)Africa,)South)America).)The)
$�����������������������������������������������������������
co*evolutionary)relationship.)

���$����������������������������������������������������������$�����
is)depending)on)local)bird)fauna)land)on)the)perch)to)feed)on)the)nec*
tar,)and)the)weight)applied)makes)the)perch)bend)downward.)This)
localized)bending)triggers)a)sideways)bending)of)the)lamina,)which)will)
reveal)the)pollen)stems,)pollens)will)then)stick)to)the)birds)feet,)and)
������������$ #�������$��������$��������������������������� �����������
$������
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these)are)the)components)that)work)together)to)perform)the)mechanism)
of)open/close.1,2

The Flower

Fig)1

Fig)2
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Through the experiments an understanding of the plants movement was 

attained, which acted as a concept generator for the application; a weight interactive 

bench.  

The flower is a perfect example of how two organisms can go into an 

evolutionary relationship.  

The flowers pollinating mechanism describe this relationship, the flower  

Is depending on local bird fauna land on the perch to feed on the nectar, 

and the weight applied makes the perch bend downward. This localized bending 

triggers a sideways bending of the lamina, which will reveal the pollen stems, 

pollens will then stick to the bird’s feet.  

As the bird fly’s from flower to flower it will pollinate every consecutive  

Flower. The flower consists of: a Stylus, Lamina, Petals and strands, 

these are the components that work together to perform the mechanism of 

open/close. (Fig 19-20)  Analysis –Dissection.  

A part of the leaning process was to attain the real flower and dissect it.   

From this anatomical analysis, it was noticed that the flower is  

Constructed of elastic members that act together as a whole to create 

the kinetic mechanism for pollination.  

The perch is made up of the elongated stylus that connects at the tip of 

the flower with the five strands that are embedded within the lamina and are 

attached to the two blue petals on both ends.  

The strands at the bottom of the flower are joint into three much harder  

And stiffened strands that get closer to each other within the hardened 

lamina, the order of stiffness makes the whole flower rise upwards in an angle to be 

ready to receive the actuator (the bird). 

 

 
Fig 19-20, the mechanism of open/close, 

Image courtesy of Google images 2011. 
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3.4.2  Analysis - Bending 
In order to understand the behavioral pattern of the petals when the 

sunbird sits over it, a physical analysis was made, to measure the relationship 

between openings and vertical displacement of the blue petal. The pictures show 

the displacement and its corresponding changes in the openings.  

Measurements were taken for the displacement at an interval of 5mm until 

the maximum limit was reached at the point when the petal stops could not open 

any further. The graph shows this in (Fig 21).  

Through this developed graph is an understanding of the opening of the 

petals is directly proportional to the amount of force applied over the free end. Thus, 

it would not respond in the same way when a small insect sits over it, as it requires 

a minimum force to open up.   

This means that we can conclude that we can control the openings by the 

applied force. 
 

Fig 21 Biomimetics-

Strelitzia Reginae, 

Analysis bending 

system, Image 

courtesy of Google 

images 2011. 
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3.4.2.1   Analysis 
The diagrams to the left show an anatomical explanation of the flowers  

Mechanism. the elongated stylus on top, two locally stiffened petals in blue color 

that form a perch, Five strands of which the two on both edges are stiffly attached 

to the petals, then the center strand consist of two closely connected strands that 

form as one and perform as a spine.   

The stylus and the five strands are loosely attached at the top end,  

where this connection is the actuation point when the bird lands on the perch with 

the stylus bending down to push along the strands and the attached petals move 

downward to transfer the tension as sideways bending of the petals and the two 

edge strands.  

In the fig 22-23-24, the mechanism of bending and opening is illustrated.    
 

 

fig 21-23-24, is the initial status 

of the flower, where the two blue 

petals are in closed position 

(parallel to the horizontal line 

forming and angle of 0 degrees), 

the five strands are located 

below the petals as shown. 

Biomimetics-Strelitzia Reginae, 

Analysis bending system, Image 

courtesy of Google images 

2011. 

 

 

 

 

 

When the weight of the bird is applied along the Stylus, which transfers the bending 

stress into a sideways bending force in the petals and simultaneously to the 

attached strands, this sideways bending causes the petals to rotate down by a 

maximum angle of 90 degrees to the horizontal line, this will expose the pollens. 
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3.4.2.2   Parametric Model 
This parametric model is based on the understanding of the open/close 

mechanism of the Strelitzia Reginae, which was achieved through a series of studies 

of the actual flower. Fig25-fig26-fig27-fig28-fig29  

This model was done to get a better understanding of the correlated 

relationship of the tension and compression rods.  

In order to get as close as possible to the real flower’s mechanism, and 

gain the highest amount of control of the parametric model, a script was developed.   

This was due to the fact that it is possible to do conditional statements, 

which in this case was used to control the length of the curves or lines, so their 

lengths was within a certain range; because materials expand as they are bend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

This control enabled an interrelated relationship between the  

Weight/force applied the bending and the “open/close”-mechanism.   
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Parametric Model

Fig$29$

Perspective*view)of)the)parametric)model,)were)

weight)is)applied)in)intervals)of)0%,)25%,)50%,)75%)

and)100%.The)pictures)have)been)arranged)in)that)

same)orderI)left)to)right.)

Fig$27$ Fig$28

Fig$25$ Fig$26$
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Therefore, by controlling the weight/force applied, the bending and “open/close” 

mechanism would correspond to that specific input.  

Other things, which could be investigated with the parametric-model  

Could be; the ratio between the cross section area and the relative length of the 

fiber rods and the difference in length between tension and compression cables.  

Because of the time, limitation of this project the group chose to use the parametric 

model as a representation of the flower and to understand the change in curvature 

that is generated by the sunbird as it sits in the flower.   

The two examples of further exploration were tested out through  

Physical models. 

 

        3.4.2.3.   Curvature Analysis 
In order to get an initial understanding of what happens when the sunbird lands on 

the pollen sheath, a Gaussian curvature analysis was incorporated into the 

parametric model.  

The color gradient of the Gaussian should be read as follows:  

Red = positive curvature Blue = negative curvature Green = Zero curvature  

The level of curvature is based on a plane at any given point on the surface, where 

if you have positive the plane will only touch the given surface once, which will be 

its origin. If you have a negative curvature, the plane will cut the surface. When you 

are dealing with zero curvature, the surface will be flat or straight perpendicular to 

the curving part3.As expected the most curvature was at the point where the stem 

turns into the pollen sheath. The two points of positive curvature (red), are read as 

an indicator for the point of maximum expansion within  

the model “fig30”. 
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Fig 30 Front-view of the curvature model, were weight is applied in intervals of 

0%, 25%, 50%, 75% and 100%.The pictures have been arranged in that same 

order; left to right.Top-view of the curvature model, were weight is applied in 

intervals of 0%, 25%, 50%, 75% and 100%. The pictures have been arranged in 

that same order; left to right.  

 

           3.4.2.4. Structural Analysis 
A finite element test was made to create an understand of the flow of  

Forces within the system prototype of the flower petals. The fiber rods were brought 

in as beams with lengths and thicknesses derived from the physical tests of the plant.   

As shown in diagrams, the right end was fixed and vertical force applied  

On the other end. The material properties of fiber rods were assigned to the beams.  

Various readings were taken from the strand model to understand the  

Structural mechanism of the plant when an external force is being applied.   

The tension generated in the shorter beam resulted in the buckling at  

Either ends, showing displacement in both x and y axis, which forces the assembly 

to open up.  

This experiment helped with a further development of a series of physical 

experiments of such a mechanism.  

Initial Conclusion: The initial aim of our experiments was to analyze and 

understand the mechanism, which was a direct result the adaptive and evolutionary 

capabilities of the flower.  

The future exploration of this system will make way for a conceptual  

Application of an elastic kinetic system in architecture, this could potentially mean a 

cost efficient, material solutions.  

With the conducted studies, experiments and anatomical analysis, that  

Were performed on the flower, it was realized that the mechanism of the flower is a 

great example of co-evolutionary relationship between animal and a flower. 
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        3.5.   Application - Physical Models 

A series of physical tests were performed with different materials and connections 

to achieve a system, which behaves similar to the actual plant’s mechanism.  

The material properties of the different material were an important factor in the 

process of choosing which materials to work with.  

The experiment was based on models of piano wires, acrylic tubes and PVC pipes. 

There were conducted membrane tests on some of the models; this was to 

understand how the fibers acted when confined by a constraint.  

The basic concept of the physical models was to abstract the mechanism of the 

Strelitzia, the derived understanding is that the flowers components works as 

tension and bending members.  

This was then simplified and abstracted into three main parts: a central member 

that acts as the tension member that initiates the downward bending.   

Two longer members connected from both ends with the central piece, these two 

members will bend outwards when the tension member receives a downward force.  

Every model were arranged in such a way that they were fixed at extreme ends with 

the central wire being shorter than the other two. (Fig 31)  

 

 

 

 

 

Fig 31;The short one acts as the tension 

member which when loaded would cause 

the longer rods to rotate outwards. 
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3.5.1    Application 
Through the series of conducted physical experiments, an understanding of the ratio 

between the length of the tension and compression cable was achieved. This 

knowledge was applied in the development of a conceptual shading mechanism, 

which was based on the open/close mechanism of the strelitzia reginae flower. 

The initial thoughts on the application of the strelitzia reginaes principle was to have 

a different actuator than weight, but the more actuators discussed, it became evident 

that weight as an actuator was really interesting; which then became the initial idea 

for the application model.  

As stated, the initial idea was to create a shading mechanism, which would be 

activated based on weight.  

This sparked a series of concepts, where the most interesting one was to create a 

self-shading bench, that would only shade itself, when a certain amount of 

people/weight was applied. This is along the same line of the strelitzia principle, for 

it only opens when a certain amount of weight is applied. The initial idea for this 

concept is illustrated in following illustrations: Fig 32. 

Fig 32 

A screenshot of the parametric model+definition, which was used to test out 

different varieties of the shading mechanism, which had different inputs based 

on the knowledge gained from the physical experiments. 
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3.5.2    Fashion Application 

Kukkia  
MAG LAB Kinetic Folding Fashion Research  

Inspired by Japanese origami techniques, I as a MAGLAB director took 

up the art of folding for our new researches of responsive folding fashion collections.   

With delightful details, we occasionally flirt with the spirit of couture.  

To admit I was not even aware that anything could look this good by way 

of folding and kinetic. It was first based of a responsive skin design that the students 

made and created at the responsive skin III workshop of MAGLAB and then adapted 

to fit a human body. (Fig33-34) Kukkia, explores the intuitive act of folding, such as 

origami, used with technologies in art and architecture in finding new forms.  

 

The multiple replications and geometric protrusions prevailed through 

our origami play through Kukkia, emphasize the contemporary of art and 

architecture. 

 

Fig 33 showing the KUKIA responsive skins when open, the 

petals open and the light pattern responding to its movements, 

Responsive skins research by MAGLAB, photo by Aref 

Maksoud, Damascus-Syria 2012.www.maksoud-

architects.com 

 

The ultra-modern look with precision laser cut pieces that update the 

silhouette, as the Origami-style folds give a harder-edged and futuristic vibe to body 

contours. 
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The influence of paper folding in fashion re-emerges in Kukkia as fantasy 

clothing fashioned out of different selected materials with usage of technologies.   

Fig 34 showing the KUKIA responsive skins when closes, the petals close and 

the light pattern responding to its movements, Responsive skins research by 

MAGLAB, photo by Aref Maksoud, Damascus-Syria 2012.www.maksoud-

architects.com 

There are many forms/styles as those in the photos, so you can use any 

combination that you feel suits the look you’re going for.  

Each piece we (me and my LAB) developed can be worn in multiple ways, 

transforming the wearer into entirely different looks.  (Fig33 – Fig34)  

At the ease it takes a model to switch from one look to another, right  

Before our eyes. There’s no need to run into a dressing room and take off apiece 

here and there.    

The clothing can be unhooked, snapped, undraped or flipped into a different look. 

Kukkia is a convertible fashion that elevates styling by going beyond simple draping 

a piece of fabric to create various looks.   

Kukkia is a transforming design, textiles and the social experience around 

wearable technology that Dreams that the possibilities of living technology as a 

future where design, art, architecture and even fashion will be radically changed.   

I consider Kukkia as a form of self-expression and a research that could 

be applied to the possibilities of fashions future.    
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Fig 35 shows the different style of KUKKIA and its movements, 

Photo by Aref Maksoud, Damascus -Syria 

2012.www.maksoud-architects.com 

 

How it works:  

Movement: Kukkia opens and closes, following a movement of real scale 

human body … Ultimately, will provide biofeedback on a user’s meditation state — 

as a user’s meditative state changes, the petals of the flower could be opened up 

or closed, the dress changes from style to another. (Fig 35- Fig 36)  

 

 

 

 

 

 

 

Fg 36 kUKKIA as alive dress which respond to light, 

smoke and different environmental effects, Photo by Aref 

Maksoud, Damascus-Syria 2012.www.maksoud-

architects.com 
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Kukkia as Boditecture lets the wearer have the opportunity to broaden 

their creativity and become their own best stylist!  

The design included one central servomechanism consisted petals of the 

dress”the folded material”. The servos would have 180 degrees of rotation, which 

was just enough to transform the sculptured dress from flower shape (petals upright) 

to spider shape (petals upside down). 

I set the petals “the folded connected material” to have 180 degrees  

Of rotation from up and down like originally planned. This allowed for some 

pretty interesting motions between different styles. (Fig 36)   

 

3.6.   ABOUT SIMULATION   
Tools to explore the project  

In science, the idea of “model” goes beyond the mere geometrical  

Description of a given object: it's the simplified representation of a system 

in a certain way, we can in fact assert it is the system status. The idea of a model 

has a lot to do with the setting up of the structure allowing us to analyze, and then 

understand, a long process along its own development. Simulation is a tool allowing 

the model analysis, a multidimensional (geometrical, metrical, temporal...) 

investigation, gathering forces combining themselves, for the final system creation.  

 

Simulation has justified emerging phenomena, those who have been 

defined subset of a wide cooperative interactions universe, generating various 

synergies, as in nature as well as in human society.*1 We've been adopting 

instruments to better understand these phenomena, leaving behind a mentality 

where emergency could be a inexplicable aspect, we simply had to accept with 

resignation. We can now describe simulation as math in action, allowing to 

understand how dynamic changes alternate in the relationships of cause and effect 

between the different parts of the whole concept. 

 

It's possible to realize it's importance by observing generative art: taking 

for example Marius Waltz's or Toxi's works there's no way to get directly to the 

definitive design just by looking to their programs' code: it's somehow possible to 

notice some of the behaviors in there, but it must be seen in action to be better 

understood, caught in its own entirety.    
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That's what happens in nature too, where complexity is gradually 

reached: if we stop and think for example to DNA as source code and to 

environment as an interaction of forces affecting humans as system.  

As said, a given behavior emerges from a system's parts interaction, so 

this can be resumed in terms of abilities and properties. Abilities should be 

performed and usually considered as actions, as objects displacement thanks to 

the wheel's rolling ability, for example.  

Properties are inner aspects, instead, as the wheel's being round. 

Properties and abilities exist as in a whole system as well as in sole parts: system's 

abilities depend on its own properties, given by the single parts abilities' interaction.  

These two types are the base used to define the system tendencies. Only 

a multitude can define a trend, in other words, a mass of interacting parts leaning 

toward the levelling off of the system in a status or another, according to inner 

abilities and their interactions. Simulating tendencies allows structuring the “space 

of what is possible”, a space where to search for new configurations. That's why 

simulation can be an effective tool for those into projects and a way to see 

differently.  

Computation is a set of conditions to determine an outcome based on 

logical links, algorithms, protocols etc. As Terzidis says, computation is the base for 

the unclear and unknown intermediate processes exploration. For this reason and 

for its emulative nature, we can say computation can extend human intellect. *2 

Computer science development, and the along coming ability to process a larger 

amount of information at a much higher speed, make possible to consider using the 

computer “talents” to develop computational techniques.  

Starting from the early fifties the first projects see the light, such as 

“Whirlwind”, the first computer machine able to give a real time feedback to users' 

inputs (pilots in that case, as it was a flying simulator) or animated simulation, such 

as for example a famous Edward E Zajac shoot, from 1961, showing how a satellite 

could get steady in order to have a side always pointed to planet earth during its 

orbital flying path.  
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Using computers for design concerns right this shifting from experiences 

in managing deterministic experiences (a culture to which modern science is directly 

connected) to nonlinear processes simulation.  

"During that empire, the art of cartography reached such perfect standards 

that a single province map occupied the whole city physically, and the empire map 

could cover the entire province. As time passed by these gigantic maps and charts 

became inappropriate. A group of cartographers' colleagues traced an empire map 

who could perfectly match the empire itself, in terms of size and measurements.   

But the succeeding generations evaluated these works as not properly 

suiting cartography studies; they thought it was simply a useless enormous map, to 

be left, not without impiety, to the inclemency of sun and winters.  

Simulation's accuracy in resembling reality is particularly required by  

Some specific fields, as aeronautical engineering for example, where 

tasks aim to verify surfaces performances in terms of aerodynamics. In the 

architectural research can be used as a "device" to generate subjectivities, linking 

technical performances to formal language one another.   

In order to make a generative tool out of simulation it's necessary to  

Consciously work on the system incompleteness that is lack of 

information. In scientific simulations chosen data are determined to have a model 

resembling at its best its real counterpart. What concerns architecture makes the 

choice and selection of information crucial in order to reproduce "The other", the 

unknown?  

On the one hand a limited number of parameters has as a result a more 

varied products range: increasing the parameters' amount generates a disorder, 

defined by similar variations.    
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When considering a high amount of components in a system, will 

observe an increase of interaction between them, causing newly generated 

behaviors, hardly detectable, and making diversity less remarkable as 

consequence.   

In the parameter itself, the values' range becomes wider as results vary 

from each other. Parameters are therefor in inverse proportion to variety, while in 

parameters values are in direct proportion to a range. If for example we trace a path 

where our "agent" rotates by a random rate between 0° and 100°, the path will be 

affected by remarkable changes, making it highly varied. Parameters and their 

range are elements to be managed and set up during the process.   

Another useful area where to take advantage of investigating the 

unknown is the one depending on misunderstandings between human and 

computer language. Human language is ambiguous, while program codes are 

simply not, this allows detecting an in-between intersection concerning the project.  

Our tendency is to put an eye onto what is already known, and that we 

assume as right. When investigating there is no research for mistakes, they come 

up as a surprise, as natural contradiction of what has been previously thought.   

We are not arguing about what is absolutely right or wrong (we're not 

talking about performances), but, on the contrary, of what is fair or mistaken on the 

base of a mind map we have already set up.  

When is simulation stopping? When given data are enough to 

understand the system. This is probably the only rule allowing the definition of three 

strategies.   

As previously mentioned, our aim could be to perform in a certain way, 

and we could then talk about the optimization of a system, such as morphogenetic 

simulations, guided by real forces involved, algorithms now included in software like 

Solid thinking.  

A second option could consider as a goal to obtain a not necessarily 

optimized point of balance, by simulating, for example, an over flowery fibrous 

system where they are not forces themselves to determine its configuration, but 

interweaves.   
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When a process can be defined relying on generations, a selective tool  

Can therefore be the planner's sensitivity or those in his place, such as in 

Kar Sims Galapagos' installation where the audience was called to take part to a 

simulated organism’s evolution, picking creatures worth surviving just by aesthetic 

criteria. This happens as well as in discrete as in continuous processes, and in a last 

second case it is all about simply stop on purpose the simulating process, which is 

no longer justified.  

Geometry has been a crucial instrument in the project culture 

development, but has also been depending on a representation of the final shape 

visual result, we need in fact a geometrical shape representation to figure out a 

project.   

This attitude could even turn out as a big limitation.  

Talking about instruments, computers are still used mainly to represent  

projects as architecture is based on a project approach, defined by a 

hierarchical relation, giving way to the shape generative process then to his own 

materialization. In other words, we are used to face the morphological abilities of a 

material system only as second instance, after having considered its architectural 

shape: materialization, production and construction are actually separate disciples 

engineered in agreement with a top down model.  

In organisms' morphogenetic, the development and growth process 

generates polymorphic systems, achieving their own complex organization and 

shape by material system inner abilities interactions and by external agents 

(environment).  

Research in architecture is living a lively moment in debating such themes, 

changing its approach to a given project, learning how to develop a shape, matter 

and structure, as a whole single entity capable to define the emerging peculiarities 

embodied in the building : material characterization, geometrical behavior, 

production limitations, all as one, organized in complex interactions. 
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Changing such attitude could affect even the “making of” usual 

configurations, in order to get out of that massive productions standards whirl, we 

got into starting from the industrial revolutions, and enforced by early twentieth 

century movements.  

Thanks to computer science innovation, to 3D molecular computing and 

DNA computing, or even to quantum computing, we can figure out a future not so 

far with modelling software, with a kernel not any more based onto curves or 

surfaces definition, but onto molecular aggregations.  

Since some time Euclideon is busy in the development of an algorithm 

(Unlimited Detail Algorithm) managing a massive amount of Voxels, with minimal 

calculation efforts, with as goal the replacement of polygonal models with models 

made up by the connection between minor 3D entities.  

Up to now, they declare possible replacing polygons with a 64 particles 

per cubic millimeter definition, with surprising feedbacks in terms of results.  

It has been several years now that in physics studies on “Nano sphere” 

have begun, where two are the main strategies studied for the molecular structuring 

control: the first one considers the chance to move particles and atoms thanks to 

electromagnetic fields, the second theory, more fascinating, is about learning how 

to build “clever” particles or atoms, able to independently place themselves 

properly, better said taking advantage of a self-sufficient molecular organization 

concept.  

In nature, there are not representation, but “codes” generating trains of 

consequences, as real time actions. We're now back to “codes”, as pioneers did in 

the sixties, we in fact got to understand how fickle it can be as investigation tool. 

We can write codes in a direct way (Processing, Rhino Script, Python, Coffee, 

Mel...) or in an indirect way (visual programming, Xpresso, Grasshopper,.) to build 

up shapes throughout a geometrical synthesis. Shape is just a code product in 

nature, and it becomes our tool to comprehend, as a product, and not as a matrix.  
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3.6.1   Parametric fashion – fluidity Simulation  
Haute Contour 
Hot Contour, When Haute Couture meets parametric design 

Haute Contour is one of MAGLAB researches work towards new cybernetic 

Biodigital design.  

Haut contour fashion draws upon a new spatial morphology, moving in a 

strongly 3-dimensional domain, built as a liquid fluid sculptures of one famous 

sculptor, or the parametric architecture (or design) of Zaha Hadid, which 

repudiates all traditional geometric figures. (Fig 37) 

Fig 37 the liquid fluid digitally applied on the real model as first concept before contouring the final 

fabrication, Photo by Aref Maksoud, Damascus-Syria 2012.www.maksoud-architects.com 

 

I didn’t think in designing just dress or shawl but I thought also to design a 

unique space, beautiful form. 

This idea is then the generator for the design process.  
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The result is an output that uses the computation process to be the means of 

form finding through a set of parameters inputted through our research. 

Our bodies are always the structure on which garments are draped, but here 

the garment is not just resting on us, the structural aspect achieved by 

distributing the weight of the dress between the shoulders and the breast. 

In this research I attempt to investigate possibilities and potentialities of 

advanced digital design techniques in the realm of fashion design. 

i worked on the relation between body and three dimensional artifacts, between 

complexity and recognition, deepening the potentialities of digital Tools, 3d 

drawing and Morphodynamic techniques. 

Using the parametric modeling and laser cutting to create “fluidity Skin“ dress.  

The project is an exploration and research of the bridge between fashion and 

architecture, though the body fluidity contouring involved in the research seems 

to owe more to geographical techniques and the individuality of human 

topography.  

Firstly, we modeled the body and studied our scripting to pour a fluidity fractal 

over the body with deferent density and parameters according to the places on 

the body which we want to cover, after we used a projector light to trace the real 

model body’s landscape, defining the line and form of different persons and 

positions according to its own distinctive pattern, as projected in different 

topography and positions. (Fig 38) 
Fig 38 showing the cyborg 

model with the real one, both 

dressed liquid fluid and the 

final contoured one, the right 

is the generating points of the 

fluidity dress, Photo by Aref 

Maksoud, Damascus-Syria 

2012.www.maksoud-

architects.com 
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Through this process, the achieved skin allows to take control in creating the 

bespoke contour pattern, through articulation and expression of their desired 

body movements.   

Then, through the use of Parametric modeling, our experimental fluidity script 

was done and we a topography displacement form was read, body contour lines 

created over the selected dress ”fluidity form” and created the new skin then 

laser cut to form the ‘second skin’ or the dress. (Fig 39) 
Fig 39 showing the process of 

achieving the final dress, the 

capacity of the parametric 

design giving different option 

by digital simulation of liquid 

over the model body, Photo by 

Aref Maksoud, Damascus-

Syria 2012.www.maksoud-

architects.com 

 

 

The fluidity skin at each frame was recorded over the body; a second skin was 

generated as a representation of it through contours and translating it from 

organic curvature form to geometrical contoured one. (Fig 40 – Fig 41) 

As body movement is articulated through space and time, the body becomes a 

landscape in which each contour defines the extension of our physicality; the 

second skin became the final dress and ready-to-wear. 

 

 
Fig 40 organic curvature form 

translated to geometrical 

contoured dress, Photo by 

Aref Maksoud, Damascus-

Syria 2012.www.maksoud-

architects.com 
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Fig 41 the final 

curvature form 

translated to 

geometrical 

contoured dress, 

Photo by Aref 

Maksoud, 

Damascus-Syria 

2012.www.maksoud-

architects.com 
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3.7    Self-Organisation and Material Constructions 
 

Fig42 Spongy bone tissue Scanning 

electron micrograph of cancellous 

(spongy) bone tissue. Bone can 

be either cortical (compact solid) or 

cancellous, with cortical usually 

forming the exterior of the bone and 

cancellous tissue forming the 

interior. The 

cellular structure is highly differentiated, formed by an irregular network of 

trabeculae, or rod-shaped fibrous tissue. The open spaces within the tissue 

are filled with bone marrow. 

 

In recent years, new strategies for design and new techniques for making 

materials and large constructions have emerged, based on biological models of the 

processes by which natural material forms are produced. Biological organisms have 

evolved multiple variations of form that should not be thought of as separate from 

their structure and materials. Fig42 

Such a distinction is artificial, in view of the complex hierarchies within  

Natural structures and the emergent properties of assemblies. Form, 

structure and material act upon each other, and this behavior of all three cannot be 

predicted by analysis of any one of them separately.  

The self-organization of biological material systems is a process that 

occurs over time, a dynamic that produces the capacity for changes to the order and 

structure of a system, and for those changes to modify the behavior of that system.1 

The characteristics of self-organization include a 3D spatial structure, redundancy 

and differentiation, hierarchy and modularity.2 Studies of biological systemic 

development suggest that the critical factor is the spontaneous emergence of 

several distinct   generational scales and the interrelations between lower or local 

levels of organization, the molecular and cellular level, and higher or global levels of 

the structure or organism as a whole.   
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The evolution and development of biological self-organization of systems 

proceeds from small, simple components that are assembled together to form larger 

structures that have emergent properties and behavior, which, in turn, self-

assemble into more complex structures.3 The geometry of soap foams is a model 

for the cellular arrangements at all scales in natural physical systems.   

 

3.8.   Natural Constructions 

Natural materials develop under load, and the intricate interior structure 

of biological materials is an evolutionary response. At the level of the individual, 

there is also an adaptive response as, for example, bone tissue gets denser in 

response to repeated loads in athletic activities such as weightlifting. Bone is a 

cellular solid and a porous material that has the appearance of mineralized foam, 

and its interior is a network of very small and intricately connected structures.  

When bone becomes less dense, due to age or prolonged inactivity, it is 

the very small connective material that vanishes, so that the spaces or cells within 

the bone become larger. The loss of strength in the material is disproportionate, 

demonstrating the importance of the microstructure: larger cells make a weaker 

material.  

Cellular materials are common at many scales in the natural world, for 

example in the structure of tiny sea creatures, in wood and in bones. What they 

have in common is an internal structure of ‘cells’, voids or spaces filled with air or 

fluids, each of which has edges and faces of liquid or solid material. The cells are 

polyhedral, and pack all the available arranged space in a 3D pattern. Foam has 

cells that are differentially organized in space, whereas honeycombs are organized 

in parallel rows and tend to have more regular, prism like cells. 
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In all cellular materials, the cells may be either regular or irregular shapes, 

and may vary in distribution. D’Arcy Thompson discussed the mathematical 

expressions for the shapes of growing cells in 1917, arguing that new biological 

structures arise because of the mathematical and physical properties of living 

matter. His chapter on ‘The Forms of Cells’, when read in conjunction with the 

‘Theory of Transformations’, has been extended today to patterning and 

differentiation in plant morphogenesis.  

The problem of mathematical descriptions of foam has a long history, but 

it can be observed that foam will comprise a randomized array of hexagon and 

pentagon structures. Diatoms and radiolara are among the smallest of sea 

creatures, and the intricate structures of their skeletons have fascinated, among 

others, Frei Otto and his biologist collaborator JG Helmke. It has been argued that 

the formation of these tiny intricate structures is a process of mineralized deposits 

on the intersection surfaces of aggregations of bubbles.   

The Construction of Materials In the industrial world, polymer cellular 

foams8 are widely used for insulation and packaging, but the high structural 

efficiency of cellular materials in other, stiffer materials has only recently begun to 

be explored.   

Comparatively few engineers and architects are familiar with the 

engineering design of cellular materials, and this has contributed to the slow 

development of cellular structures in architecture. Industrial and economic 

techniques do exist for producing foams in metals, ceramics and glass.   

Foamed cellular materials take advantage of the unique combination of  

Properties offered by cellular solids, analogous properties to those of 

biological materials, but they do not share their origin.   

They are structured and manufactured in ways that are derived from  

Biological materials, but are made from inorganic matter.   
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The production processes for metal foams and cellular ceramics have 

been developed for the simultaneous optimization of stiffness and permeability, 

strength and low overall weight. This is the logic of biomimetic, abstracting principles 

from the way in which biological processes develop a natural material system, 

applying analogous methods in an industrial context, and using stronger materials 

to manufacture a material that has no natural analogue.    

The ability of some materials to self-organize into a stable arrangement 

under stress has been the founding principle of structural form finding in the physical 

experiments of Gaudy, Eisler and Otto. ‘Organization’ here refers to the reordering 

of the material, or the components of the material system, in order to produce 

structural stability.   

For Instance,  Tabubble (table from bubble) Designed by me:  

M.Digital.Arch.Aref Maksoud (Prof in: Escola Superior De’Arquitectura, 

UiC, SPAIN) MAG LAB.  

Tabubble is one of MAGLAB researches works towards new cybernetic 

biodigital design, understanding software and nature as a strategy and material to 

use in our works and designs.   

I've designed the Tabubble furniture as a natural metaphor. (Fig 43 – Fig  

44)  

Tabubble explores the conceptual idea of nature performances and bio 

mimetic in the urban scene.  

Fig 43 photo shows the performing art of the model with the real scale 

tabubble in an urban imaginary, Photo by:Aref Maksoud , Damascus-Syria 

2011. 
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Fig 44 the Tabubble real scale model, photo 

by Aref Maksoud, , Damascus-Syria 2011 
 

 

 

 

 

 

 

 

In Understanding the relation between Beauty and performance, I did not 

think in designing just table but I thought also to design a space and beautiful form. 

This idea is then the generator for the design process. Focusing on nature's hidden 

structures, Biomimicry in this respect doesn’t imply coping nature's apparent forms, 

but comprehending its structure and methods of production, thus the result 

(Tabubble)was imitating nature(hyder bubble) in its action not in its form. (Fig 45) 

The result is an output that uses the computation process to be the means 

of form finding through a set of parameters inputted as inputs through my research 

on hyder bubble. 
 

Fig 45 showing the process of Tabubble design and fabrication, down showing 

the cnc mockup, Photos by Aref Maksoud 2011. 
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The construction of the table uses fibers with epoxy resin products.   

Will allow the piece to be lightweight and structurally stable due to the 

ability to mold Fiber in any density. The Fiber product exploits the essentials of 

sustainable materials for the future with its recyclable capabilities.  

   

The furniture is measurably flexible by these structures.   

Flexibility and adaptation of this organic nature form generated a 

responsive element depending on responsive Strong material able to hold enough 

weight on it. (Fig 46) 
 

 

 

 

 

 

 

 

 

 

Fig 46 showing the strong structure of the joints in the 

real scale model, photo by Aref Maksoud, Damascus-

Syria 2011.  

 

 

So if you lie down it, and put it in any direction or upside down, then you 

could have the table again but not in the same form (view) exactly since it’s not 

symmetrical at all. Simply it’s a table, chair, decorative element......... it’s a 

Tabubble. (Fig47) 

 

 

 

 

 
Fig 47 showing the multi purpose of the Tabubble, 

lighting element, chair, decoration, etc… Photo By 

Aref Maksoud, Damascus-Syria 2011.  
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As a conclusion of last instance Tabbuble, Biomimetic is essentially 

interdisciplinary, a series of collaborations and exchanges between mathematicians, 

Physicists, engineers, botanists, doctors and zoologists. The rigid boundaries 

between the inherited taxonomy of ‘pure’ disciplines make little sense in this new 

territory. (Fig 48)  

Similarly, the traditional architectural and engineering ways of thinking  

About materials as something independent of form and structure are 

obsolete.  

New research into the molecular assembly of structures and materials in 

what were previously thought to be homogenous natural materials has led to 

‘biomimetic’ manufacturing techniques for producing synthetic materials, and new 

composite materials are being ‘grown’ that have increasingly complex internal 

structures based on biological models.   

 
Fig 48 

Polyurethane foam wound dressing 
Scanning electron micrograph of polyurethane 

foam, showing the porous structure of 

differentiated open and partially closed cells. 

Magnification x 20 

when printed at 10 centimetres wide. 

 

The fabrication of composites relies on controlling structure internal to the 

material itself, at molecular levels. Here, processing is the controlling parameter and 

growth is more than a metaphor.  

‘Grown’ materials are layered, molecule by molecule, to create distinctive 

microstructures in thin films, making new combinations of metal and ceramic that 

are produced by design rather than ‘nature’.   

New composites such as flaw tolerant ceramics and directionally solidified 

metals might seem to be a long way from the materials available to architects, but 

they are already in use in many other fields.   

Other ‘designed’ materials, such as polymers and foamed metals, are 

already being used in many aerospace, maritime and medical applications.  

Polymers also have unique combinations of properties not found in 

‘natural’ materials, being lightweight, very flexible and mechanically strong.  
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In tandem with their electrical and optical properties, this makes them 

highly suited to military applications. In aircraft fuselages and body armor they offer 

high strength for low weight, providing structural stability and flexibility.   

Simple polymers, such as the ubiquitous plastics like DuPont’s Corian, 

are homogenous materials, similar in density and strength in all directions. Complex 

polymers need not be homogenous, and can be produced with surfaces that have 

different properties from the polymer interior.   

Complex polymers are useful for films and surfaces with multiple layers, 

each with distinct and differentiated functions. Manufactured by mimicking and 

adapting the self-organizing behavior and complex functions of natural polymers, 

very strong transparent or translucent films can be produced with a water repellent 

and self-cleaning surface for facade systems. (Fig 49)   

 
Fig 49  
Sponge spicule 

Scanning electron micrograph of the 

endoskeletal component of a sponge 

made of calcium carbonate. When 

assembled, the skeleton forms either amesh 

or honeycomb structure. Magnification x 210 

when printed at 10 

centimetres wide. 

 
 

3.9.    Skyscripting / Research work between 
biomimicing and parametric, in collaboration 
with DDR.Alberto E stevez  
As an example of the above discussed matters, here I explain and 

discuss one of my researches during my training period at UIC/ESARQ under the 

direction of Alberto.T Estevez. (Fig50)  

The research is called Skyscripting and it’s a skyscraper explaining 

through its design the meaning and background of this project is the biodigital 

architecture research that will take us to a biological thinking and to a development 

with digital tools. 
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Fig50 © Alberto T. Estévez - Aref Maksoud, Biodigital Skyscraper, Barcelona 

seafront, 2008-2009.  

 

First is learning from Nature about growing, structure, space and skin / 

surface / texture: “The big book of Nature” that Antoni Gaudí have refer as his 

master. Learning from Nature as the genetically, primitive and original lessons for 

humankind, for architecture, for take advantage for our now fragile world. Here the 

project is looking for a coherent system of growing, of building, of structure, that find 

in sea sponges an example.  

We begin with a morphological and microscopic research of sponges, 

using also a FEI Quanta 200 scanning electron microscope for do observations from 

100 until 3000 times magnifications. (Fig 51) This do us to an understanding of a 

three levels fractal structure, when you can see a random structure at scale 1:1, with 

the same structure at the inside of the surface, and also the same in the molecular 

previous level. Three levels that this project consider also in a fractal way for 

structure, windows structure and glasses.  

 
Fig 51 Details of caribean sea sponge, 100x, 400x, 3000x 

Photos by Alberto Estevez,made with FEI Quanta 200 scanning electron 

microscope 
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Second is working with the possibilities of software, reproducing the 

growing, fractal and random system of sponges; Because software becomes the 

best link for make real the advantages that natural characteristics have; Because 

software allows to introduce parametrical changes directly from design to have the 

exactly adequate elements in the structural necessities; Because software control 

automatically with building robots and CNC machines the directly building of the 

structural and windows elements. (Fig 52) 
 

Fig 52 Details of Caribbean’s sea sponge, 

100x, 400x and 3000x, made by Alberto T. 

Estévez with scanning electron 

microscope. Left, renders of 3D scripting 

file show the results of implications of the 

genetic and structure rules of the sponge 

biomicroscopic research in parametric 

tools. 

 

 

 

 

 

 

The Biodigital Skyscraper is a research about sea sponges and 

experimental bioparametrical studies, for extracting the genetic rules and the 

structural parameters for application with digital tools, that let the architectural 

design “emerge” alone, in the way that can also be produced and fabricated digitally, 

because of the designed digital DNA: “What 

can be drawn can be built”.  ”.  

In the understanding that also a genetic 

research protocol can arrive to obtain its 

biological DNA. (Fig 53)  

 
Fig 53 Caribean sea sponge, like building, 

like structure, like skin… 
Photos and montage by 

Alberto Estevez 
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The definitive way is the fusion of the two possibilities, in the constant 

election in every building part of the most efficient process for its application. (Fig54) 

 
Fig54 Caribean sea sponge, like building, like structure, like skin… 
Photo e by Alberto Estevez 

 

 

 

 

 

 

 

 

The main purpose of the 

model is to use the structural property 

of the surface generated by surface 

generator as a parameter to define the 

thickness of a segment that varies on 

each vertex of the triangle. 

We perceive this model as a 

model to translate the conventional design process to the numeric design process 

within contemporary technology. (Fig 55)  
 

 

 

 

 

 

 

 

 

 

Fig 55 © Alberto T. Estévez - Aref Maksoud, Biodigital Skyscraper, Barcelona 

seafront, 2008-2009. 
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Structural Analyzing: Analyzing the curvature proportion of the scripting 

form and distribute the slabs structures depending on the analyzing. (Fig 56)  

1-structural elements for holding the floors force standing  

2-structural elements for holding gardens and patiosless force standing        

3-structural elements for expansion and landscape elements none force 

standing  

 
Fig 56 Analysing diagram of the structural system 

of the skyscraper, © Alberto T. Estévez - Aref 

Maksoud, Biodigital Skyscraper, Barcelona 

seafront, 2008-2009.  

 

The living space 

and the other programs: 

culture recreation and 

working are distributed 

vertically and horizontally in 

each phase from local scale  

The local scale 

for the site, sponge and the 

neighbors will be the environment to generate the form, in order to have a landmark 

in the sea and a (sea skyline) homogenous-scaled form Hypothesis.  

The project argues that the design of domestic space should take into 

consideration the natural conditions that influence daily activities. Finding the best 

way to benefit from daylight and create interior and exterior living conditions for 

different types of users and different activities  

Trying to design a coherent bio design which grows from the site and 

emerge on its nature environment, in order to have the possibilities of growing and 

expansions in the future  

Morphologies Summary: The research began as an investigation into 

kinds of sponges, a transmaterial grouping of materials that share certain 

impressive per formative qualities based on their cellular geometry. 
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Parametric design process Surface Generator in Maya and fragment 

Design in rhino and Topsolid, developed design in scripting to apply the 

system of the spong from the inside “interior part) to outside “exterior part” (Fig 57)  

A continuous exercise is structured to define an overall process of 

Parametric design in architecture. This process has two main steps: 

Step1: surface generator, creating a surface (which has a certain 

affordance for human activity and can be proliferated and differentiated by the local 

condition of the geometrically – defined elements, and fragmentation of the surface 

by rhino   

Step 2: segments (component) design (top solid - rhino), among three 

geometrical different condition of segments 

Fig 57 interior renders by Aref Maksoud © Alberto T. Estévez - Aref Maksoud, 

Biodigital Skyscraper, Barcelona seafront, 2008-2009.  

3.10   Self–Repairing Architecture  
Towards Environmentally-Responsive Architecture – 
Materials elegance  

All buildings today have something in common: They are made using 

Victorian technologies. This involves blueprints, industrial manufacturing and 

construction using teams of workers. All this effort results in an inert object, which 

means there is a one–way transfer of energy from our environment into our homes 

and cities. This is not sustainable. I believe that the only possible way for us to 

construct genuinely sustainable homes and cities is by placing them in a constant 

conversation with their surroundings. In order to do this, we need to find the right 

language. 



			CHAPTER	3	 [PARAMETRIC	DESIGN	TECHNOLOGY/NATURE	BIOMIMICING]	
	

121	
	

 

 

Metabolic materials are a technology that acts as a chemical interface or 

language through which artificial structures such as, architecture, can connect with 

natural systems. Developing this technology in collaboration with scientists working 

in the field of synthetic biology and origins of life sciences whose model systems of 

investigation are materials that belong to a new group of technologies being 

described as ‘living technology’ (Bedau, 2009) [106]., which possess some of the 

properties of living systems but are not considered ‘alive’.  

The characteristic of metabolic materials is that they possess the living 

property of metabolism, which is a set of chemical interactions that transform one 

group of substances into another with the absorption or production of energy. This 

transfer of energy through chemical exchange directly couples the environment to 

the living technology and embeds it within an ecosystem.   

Metabolic materials work with the energy flow of matter and systems 

using a bottom up approach to the construction of architecture.  

Metabolic materials need water to chemically participate in an ecological 

landscape since they have not, developmentally speaking, reached the origins of 

life transition through which they are able to leave the water and adapt to ‘life’ on 

the land, bringing with them all the necessary support systems for survival on air.   

Currently metabolic materials can be thought of as architectural 

symbioses since they coexist alongside structural materials and offer a medium 

through which a chemical dialogue between the classical architectural framework 

and the environment can take place.   

Metabolic materials may also be thought of as the next generation of 

architectural skins that are more than just decorative cladding but living integuments 

designed to give biological like functionality to building exteriors. With further 

technological development metabolic materials may become autonomous 

structures and not dependent on existing infrastructures for ‘survival’.   

These continually recycling, auto cannibalizing architectures would 

emerge from derelict building sites being shaped by their environmental context and 

responsive to changing urban land use. 

 
[106]   Marck A. Bedau, John McCaskill, Norman H, Steen Rasmussen, Artificial life, winter 2010 Vol.16, 
No.1, Pages 89-97   
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Metabolic materials are able to carry out their dynamic functions without 

the need for DNA, which is the information processing system that biology uses. 

One specific example of agents that are capable of generating functional metabolic 

materials is protocells(fig 58). These are dynamic oil in water droplets that are 

chemically programmable and exhibit some of the properties of living systems. 

(Fig 58) Protocell oil droplets are able 

to move around their environment, 

sense it, modify it and undergo 

complex behaviours, some of which 

are architectural. The architectural 

properties of protocells include the 

shedding of skins, altering the chemistry of an environment through their ‘waste’ 

products, the precipitation of solids, population based interactions, light sensitivity 

and responsiveness to vibration. 

Protocells can be ‘programmed’ chemically to achieve particular 

outcomes. For example, is possible to create a ‘carbonate’ shell from insoluble 

carbonate crystals that are produced by protocells when they come in contact with 

dissolved carbon dioxide.   

Protocells can therefore produce a limestone like substance and  

Artificially extend the development of this material (created by the 

accretion of the skeletons of tiny marine organisms), which can continue to grow, 

self-repair and even respond to changes in the environment.  

 

    A practical example of how the first protocell based metabolic materials 

may inform architectures was developed for a series of collaborations with architect 

Philip Beesley where active protocells were engineered to be accessible for public 

display. Sargasso Sea (CITA collaboration for ‘Architecture and Climate  

Change’ exhibition, Royal Danish Academy, December 2009), Hylozoic 

Grove, (Quebec, February, 2010) and Hylozoic Field (Mexico City, Festival of 

Mexico,  

March-April 2010) featured protocell ‘incubators’ that took the form of 

flasks of modified protocells reaching several centimeters in diameter.  
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A propositional relationship was created between the soft technology and 

the synthetic framework of the cybernetic field suggesting that living materials in the 

incubators would replace the inert scaffolding materials of the main exhibit.  

A more intricate chemical landscape was designed to exist within a 

similar cybernetic framework at the Canadian Pavilion for the Venice Biennale, 

which is exhibited from September to November 2010 in Venice, Italy.   

The proposed chemical systems within this installation performed a 

functional and dynamic relationship to both the cybernetic installation and the 

human visitors. The metabolic materials ‘breathed in’ carbon dioxide that was 

naturally dissolved in the water drawn from Venice’s canals and were able to 

demonstrate a carbon fixation process where the waste gas was recycled it into 

millimeter scale building blocks. In this way metabolic materials turned products of 

human activity into bodily components for the construction of Beesley’s giant 

synthetic ‘life form’.  

Metabolic materials will challenge the assumptions that we have about 

architectural building processes and since they require water for their development, 

they are likely to be useful in areas with repeated flooding or in urban areas that are 

lower than sea level or, as in the case of Venice, have a complex relationship with 

the sea. Protocell technology could stop the city of Venice sinking on its soft 

geological foundations by generating a sustainable, artificial reef under the 

foundations of Venice and spreading the point load of the city. (Fig 59)  

 

 

 

 

(Fig 59) Protocell technology technology could stop the city of Venice from 

sinking on its soft geological foundations by generating a sustainable, artificial 

reef under its foundations. Computer rendering by Christian Kerrigan. 
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The speculative technology underpinning the construction of an artificial 

reef under Venice employs a species of carbon fixing species of protocell technology 

that is engineered to be light sensitive.   

The protocell system would be released into the canals, where it would 

prefer shady areas to sunlight. Protocells would be guided towards the darkened 

areas under the foundations of the city rather than depositing their material in the 

light filled canals, where they would interact with traditional building materials and 

turn the foundations of Venice into stone.   

With monitoring of the technology, the woodpiles would gradually become 

petrified and at the same time, a limestone like reef would grow under Venice 

through the accretion and deposition of minerals.  

The issues involved with the reclamation of Venice are complex and this 

particular protocell based approach addresses just one aspect of a large range of 

factors that threaten the continued survival of the city.   

However, other metabolic materials besides the protocell technology  

May have further potential to address other significant issues in this 

multifactorial situation, such as the very pressing problem of rising damp in the fabric 

of  

Venice’s buildings where functional ‘seaweed wraps’ may be able to 

extract water from waterlogged traditional building materials and attenuate the 

ongoing significant damage caused by this process. Metabolic materials may even 

be able to regenerate problematic areas within urban environments and contribute 

to regeneration by revitalizing poor areas through carbon fixation methods.   

Not only would the buildings thrive on the carbon emissions from  

Pollution but would add value to the buildings by recycling carbon into the 

fabric of the buildings the where metabolic materials would function as synthetic 

‘lungs’ on building exteriors.   

The regenerating buildings would become an integral part of the carbon 

and construction economies since the buildings would be able to perform useful 

functions and ‘grow’ as a result of sinking the waste gases into their substance and 

transforming these formerly toxic and undesirable environments into useful and even 

desirable locations.  
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In the next ten years additional functionality to these urban metabolic 

materials will go beyond carbon capture and storage so that these interfaces 

provide a site through which it is possible to recycle the captured carbon and 

produce fuels and other materials that have been created by further metabolic 

processing of the chemical systems. The recycled fuel could then be collected 

through systems within the ‘breathing organs’ (like air sacs within a lung) and reused 

within the architecture, consequently making more efficient use of oils and 

combusted substrates and providing further basis for a thriving economy.  

Ongoing developments and engineering of metabolic materials even 

suggest that they will have a restorative effect on the environmental chemistry 

where the most effective way to ‘heal’ a stressed ecology may be to construct living 

buildings. In this case, metabolic materials could be thought of as performing the 

role of environmental pharmaceuticals.   

These architectural interventions may not intend to provide housing for 

human inhabitants and merely exist in an environmentally restorative capacity 

where they would be difficult to distinguish from natural materials and accepted as 

an inherent part of our biological landscape.  

Metabolic materials and living buildings will not only be able clean up the 

pollutants that we pump into the environment but will have the capacity to serve as 

a first line of defense against climate change and unpredictable environmental 

events since their sensors, intelligence and efforts are embedded in real 

environmental event not ones that are simulated using traditional computers.   

Moreover, metabolic materials possess a language that is found 

everywhere on planet earth in the physics and chemistry of matter and this new 

approach to constructing architecture could benefit developing countries as much 

as First World nations. In this scenario, our architectures would be able to serve as 

an early warning system for catastrophe in a manner similar to the potential of 

animals to sense impending disaster. In the advent of adversity, living buildings 

would be the first to respond to damage or detect human life within collapsed 

frameworks and in many ways, they may come to be regarded as our architectural  

‘Best friends’. 
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3.11   Biothing and Emergent Composition 
In the last decade, the impact of the digital on form finding in architecture has been 

conspicuous. Could working with computational algorithms as the primary 

generative material, however, have deeper, more far-reaching effects on the 

creative field? Here, Pia Ednie-Brown asserts that a new paradigm in composition 

is being articulated, as exemplified by the Invisibles installation, created by the New 

York based practice biothing. (Fig 60) 

Fig 60 

Alisa Andrasek/biothing, The Invisibles interactive installation, Prague 

Biennale, 2003 

Sample morphological stance from the Invisibles animation. The skin inflection 

emerges through the active relationship of a digital skin and a correspondent 

field of skeletal ‘cells’. 

‘A nonsensuous perception is an over-all perception, or an all- over 

perception, irreducible to its constituent parts.’ 

Brian Massumi [107]. ‘Composition is less a critical thought project than 

an integrally experienced emergence. It is a creative event.’ 

[107] SENSING THE VIRTUAL, BUILDING THE INSENSIBLE، Brian Massumi From Hypersurface
Architecture, edited by Stephen Perrella, Architectural Design (Profile no. 133), vol. 68, no. 5/6, May-June
1998, pp. 16-24
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Alisa Andrasek/biothing, The Invisibles interactive installation, Prague Biennale, 2003
Sample morphological stance from the Invisibles animation. The skin inflection emerges through the active relationship of a digital skin and a correspondent
field of skeletal ‘cells’. 

All-Over, Over-All: biothing
and Emergent Composition
In the last decade, the impact of the digital on form-finding in architecture has been
conspicuous. Could working with computational algorithms as the primary generative
material, however, have deeper, more far-reaching effects on the creative field? Here, 
Pia Ednie-Brown asserts that a new paradigm in composition is being articulated, as
exemplified by the Invisibles installation, created by the New York-based practice biothing.
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Brian Massumi Diagramming is often associated with a dry, skeletal tone: 

the work of data spared of anything extraneous to a set of crucial relations. Bubble 

diagrams, massing studies, organizational charts and their functionalist leanings 

have helped foster such a reputation. Programming involves diagrammatic thinking, 

operating through notating and mapping out the interplays of relations. Both 

diagramming and programming seem rather abstract or, at least, reductively 

systematic in a technical and functional orientation. In this sense, they are often felt 

to be at odds with the more creatively inflected, generative approaches to design – 

as if the more embodied, intuitive designer sensibilities are distinct from abstract 

modes of working.  

The analytical, reductionist tendencies of the sciences and the creative, 

critical practices related to aesthetics are often seen to be adjacent and in conflict. 

(Fig 61)Contrary to these kinds of general, commonly held assumptions, the 

philosophical efforts of radical empiricism3 assert and sketch out how embodied 

feeling is inseparable from abstract relations. 
 

 

 

 

 

 

 

 

 

Fig 61 

A series of morphologies captured from the Invisibles animation. 
 

This suggests that aesthetics and abstract compositional techniques 

could revive and refresh some old relationships. But this does not imply a nostalgic 

return to past compositional principles.  

Working with computational algorithms as primary generative material 

offers a different bent to, for example, the mathematical ratios of the Renaissance 

or the flow diagrams of Modernism.  

 

 

‘A nonsensuous perception is an over-all perception, or an all-
over perception, irreducible to its constituent parts.’ 

Brian Massumi1

‘Composition is less a critical thought project than an
integrally experienced emergence. It is a creative event.’

Brian Massumi2

Diagramming is often associated with a dry, skeletal tone: the
work of de-fleshed data spared of anything extraneous to a set
of crucial relations. Bubble diagrams, massing studies,
organisational charts and their functionalist leanings have
helped foster such a reputation. Programming involves
diagrammatic thinking, operating through notating and
mapping out the interplays of relations. Both diagramming
and programming seem rather abstract or, at least,
reductively systematic in a technical and functional
orientation. In this sense, they are often felt to be at odds with
the more creatively inflected, generative approaches to design
– as if the more embodied, intuitive designer-sensibilities are
distinct from abstract modes of working. The analytical,
reductionist tendencies of the sciences and the creative,
critical practices related to aesthetics are often seen to be
adjacent and in conflict. Contrary to these kinds of general,
commonly held assumptions, the philosophical efforts of
radical empiricism3 assert and sketch out how embodied
feeling is inseparable from abstract relations. 

This suggests that aesthetics and abstract compositional
techniques could revive and refresh some old relationships.
But this does not imply a nostalgic return to past
compositional principles. Working with computational
algorithms as primary generative material offers a different
bent to, for example, the mathematical ratios of the
Renaissance or the flow diagrams of Modernism. I am
suggesting here that a new paradigm in composition is being
articulated through the opportunities offered by digital
technology, exemplified here in the work of biothing. A now
more-or-less familiar word indicative of the nature of this
paradigm is ‘emergence’. 

Given the preoccupation with emergence within the
sciences, it might seem desirable here to offer a scientific
explanation of the term – a good bit of foundational bedding
to grip on to as we heave our way through the complex
vagaries of composition. But as desirable as this might be,
science has no such explanation to offer, and this is precisely
its poignancy. However, there does exist a well-understood
description. John Holland’s influential book on the subject
describes the hallmark of emergence as ‘much coming from
little’.4 And Steven Johnson’s popular book, Emergence,
summarises it as the ‘movement from low-level rules to
higher-level sophistication’.5 These are provisional definitions
to strap around an elusive problem because science is unable
to explain how it could be possible for so much to come from
so little. As Mark Bedau writes: ‘All the evidence today

73

A series of morphologies captured from the Invisibles animation. Sample morphological stance of the skeletal field in the Invisibles animation.
The field is constituted by an interconnected network of simple ‘cells’
programmed through inverse-kinematics-based skeletons in MEL script. 



128	

Given the preoccupation with emergence within the sciences, it might 

Seem desirable here to offer a scientific explanation of the term – a good 

bit of foundational bedding to grip on to as we have our way through the complex 

vagaries of composition. But as desirable as this might be, science has no such 

explanation to offer, and this is precisely its poignancy. However, there does exist a 

well understood description. John Holland’s [108] influential book on the subject 

describes the hallmark of emergence as ‘much coming from little’. And Steven 

Johnson’s popular book, Emergence, summarizes it as the ‘movement from low 

level rules to higher level sophistication’. These are provisional definitions to strap 

around an elusive problem because science is unable to explain how it could be 

possible for so much to come from so little.   

As Mark Bedau writes: ‘All the evidence today suggests that strong  

Emergence is scientifically irrelevant ... Strong emergence starts where 

scientific explanation ends.’6 this is where aesthetics comes in. 

Interest in the issue of emergence and design has recently intensified in  

Architectural discourse.   

This arena of design research tends to focus on emergent form finding, 

where the emergent outcome is the form of a building. Significant precursors of this 

field can be identified in the work of Karl Chu, John Fraser, Marcos Novac and Greg 

Lynn, for example. NOX, the office of Lars Spuybroek, is among the more creatively 

thoughtful of those currently contributing to the discourse.   

And a recent issue of techniques and Technologies in Morphogenetic 

Design, guest edited by the Emergence and Design Group, offered a very useful 

probing into the potential of emergence for design practice.  

[108] John Holland:Emergence: From Chaos To Order (Helix Books) Paperback – April 23, 1999
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Both Spuybroek and this group draw significantly on the work of Frei 

Otto, who exemplifies a focus on embedding structural behavior in guiding 

emergent form finding. Such issues are enormously interesting and, I believe, hold 

great yet unrealized potential.  

This article, however, approaches the subject with a different question in 

mind: What does emergence imply for the aesthetic nature of thinking doing in 

architectural practice? Or, more specifically, how might the practice of architectural 

composition be considered in relation to models of emergence?   

The implication that emergence oriented design research might freshly 

inflect aesthetic forms of architectural knowledge has not been explored to any 

significant degree.   

Emergent phenomena are always aesthetic phenomena.7 this closely 

knit relationship can be seen as the core of the problem that confronts the sciences 

in their speculations on the unanswered conundrums of emergence.   

And yet, when architects pick up the tantalizing threads that scientific 

formulations of emergence throw to the winds of wonder, they tend to avoid 

aesthetically oriented questions as well, largely preferring to rest their enquiries on 

the authorizations of scientific understandings.  

In general, enquiries into the nature of emergence are inseparable from 

computation. Cellular automata, for example, have been a key tool for research.  

These enquiries are also inseparable from the question: ‘What is life?’ 

Life itself is the most mysterious of emergent phenomena. Where emergence has 

been used within architectural discourse, it is almost always closely affiliated with 

digital tools. It is frequently employed for its life mimicking powers, or as forms that 

seem, in some more or less defined way, lifelike. The problem with most biomorphic 

approaches is that form is generated in terms of form, with the morphologies of 

living or organic things as the compositional measuring stick. The self contraction 

implicit to this approach lies in the fact that, as Brian Massumi writes: ‘any potential 

the process may have had of leading to a significantly different product is lost in the 

overlay of what it already is. Emergence, in other words, gets left out of the equation. 
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Practices that generate work with microscale algorithmic procedures to 

generate emergent morphological outcomes at another scale and ontology are not 

especially common. However, the work of biothing is one such rare moment.   

Based in New York, the practice is directed by Croatian born architect 

Alisa Andrasek, who also teaches at Columbia and the Pratt Institute. biothing is a 

research design laboratory whose various projects emerge through the use of 

computational systems that underscore multiple scaled expressions.   

My aim here is to explore some of the intricacies of biothing’s manner  

of working – sketching out or depicting an event of generative composition 

before turning to consider the aesthetic implications therein. In doing so I 

concentrate on one very specific biothing artefact: the animation that was part of the 

larger the Invisibles installation project produced for the 2003 Prague Biennale. In 

order to maintain a deep focus of attention, I do not discuss here the role of the 

animation in the larger framework of the installation.   

The animation is explored as indicative of a mode of composition active  

Throughout all of biothing’s work. Other projects featured here, such as 

bifid and reticular, give a sense of the consistency of the practice as a whole.   

Core aspect of the firm’s approach to generative design practice. This 

project explores how computational patterns can actively link projects, traverse 

scales and function through a network of practitioner’s collectively developing 

material in an open source manner.  

I will start by leaping into the deep with a particular kind of analysis, one  

That I call an ‘affective diagram’, a configuration wherein affective and 

abstract relational explicitly coalesce. This particular affective diagram is drawn 

through words, in a little density of text I wrote in response to watching the Invisibles 

animation:  

Watch biothing’s the Invisibles animation. it washes through you. 

Caressing the senses nonsensically, sensuous waves unfurl and curl, no sensuously 

foaming perception.11 it strokes in plush gushing rushes.  
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This velvety vigor is both qualitative enumeration and relational 

enunciation: in each case both crystal clear and ungraspable. It is effective in that 

it causes a strong impression and affective in that this cause is indiscrete. Effects 

are fielded and we fly affected with the flock. 

Simple trajectories and links are swamped in a more expansive sense 

and sensibility. Stunning. This passage aims to diagram the indelibly intertwined 

relations between abstraction and affect, its impetus to analyze the aesthetic nature 

of the animation. Such issues are difficult to articulate. Any event of heightened 

aesthetic power tends to leave us, momentarily at least, speechless. 

We pause or falter, groan or gasp. We just don’t know what to say. 

As feeling blows in the face of speechless wonder, let’s slip back to the 

beginning and feel our way through the process of coming into being. (Fig 62) 

Fig 62 Diagram of genware network  

The genware project was conceived as a sharing collaborative platform. 

Incorporating both aspects of genetic engineering and software design, 

it allows a designer to work at the scale of information. 

Not unlike a genetic engineer, the designer writes and manipulates 

computer scripts and code sequences in the generation of abstract forms of digital 

intelligence.   

This intelligence is then channeled into any number of potential material 

sites and scales. Like a virus it circulates through a number of disciplinary contexts 

such as architecture, product design and fashion.  

Based in New York, the practice is directed by Croatian-born
architect Alisa Andrasek, who also teaches at Columbia and
the Pratt Institute. biothing is a research-design laboratory
whose various projects emerge through the use of
computational systems that underscore multiple-scaled
expressions. My aim here is to explore some of the intricacies
of biothing’s manner of working – sketching out or depicting
an event of generative composition before turning to consider
the aesthetic implications therein. In doing so I concentrate
on one very specific biothing artefact: the animation that was
part of the larger the Invisibles installation project9 produced
for the 2003 Prague Biennale. In order to maintain a deep
focus of attention, I do not discuss here the role of the
animation in the larger framework of the installation. The
animation is explored as indicative of a mode of composition
active throughout all of biothing’s work. Other projects
featured here, such as bifid and reticulars, give a sense of the
consistency of the practice as a whole. And genware, a broad-
reaching biothing research project, represents a core aspect of
the firm’s approach to generative design practice. This project
explores how computational patterns can actively link
projects, traverse scales and function through a network of
practitioners collectively developing material in an open-
source manner. 

I will start by leaping into the deep with a particular kind
of analysis, one that I call an ‘affective diagram’, a

configuration wherein affective and abstract relationality
explicitly coalesce. This particular affective diagram is drawn
through words, in a little density of text I wrote in response to
watching the Invisibles animation: 

Watch biothing’s the Invisibles animation.10 It washes
through you. Caressing the senses nonsensically, sensuous
waves unfurl and curl, nonsensuously foaming perception.11 It
strokes in plush gushing rushes. This velvety vigour is both
qualitative enumeration and relational enunciation: in each
case both crystal clear and ungraspable. It is effective in that
it causes a strong impression and affective in that this cause
is indiscrete. Effects are fielded and we fly affected with the
flock. Simple trajectories and links are swamped in a more
expansive sense and sensibility. Stunning. 

This passage aims to diagram the indelibly intertwined
relations between abstraction and affect, its impetus to
analyse the aesthetic nature of the animation. Such issues are
difficult to articulate. Any event of heightened aesthetic power
tends to leave us, momentarily at least, speechless. We pause
or falter, groan or gasp. We just don’t know what to say.

(pause)

As feeling blows in the face of speechless wonder, let’s slip
back to the beginning and feel our way through the process of
coming into being. 
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Alisa Andrasek/biothing, genware algorithmic library, 2001–06
The genware project was conceived as a sharing collaborative platform. Incorporating both aspects of genetic engineering and software design, it allows a
designer to work at the scale of information. Not unlike a genetic engineer, the designer writes and manipulates computer scripts and code sequences in the
generation of abstract forms of digital intelligence. This intelligence is then channelled into any number of potential material sites and scales. Like a virus it
circulates through a number of disciplinary contexts such as architecture, product design and fashion. In each case, abstract geometric transformations are
linked to specific material and fabrication constraints as well as scales of production, allowing for a synthesis of design intuition, algorithmic programming and
parametric limits as the very foundation of the design process.

Diagram of ‘genware’ network.
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In each case, abstract geometric transformations are linked to specific 

material and fabrication constraints as well as scales of production, allowing for a 

synthesis of design intuition, algorithmic programming and parametric limits as the 

very foundation of the design process. 

(Fig 63) 
 

Fig 63  

Project by Alisa Andrasek/biothing, 

reticulars (smart) surface accessory, 

2005 

 

The intersection and fabrication pattern was generated algorithmically. 

The algorithm was based on wave interference logic. Parametric differentiation 

imbedded into the script derived multiple offspring conditions. (Fig 64) 
 

Ceiling detail. A field of LED lights 

which were programmed through the 

same logics of interference as the 

intersection patterns. 
Fig 64  

 

 

 

 

 

 

 

 

(Fig 65) Alisa Andrasek/biothing, 

reticulars (smart) surface accessory, 

2005 

 

Bifid v1.5. Alisa Andrasek and her algorithmic fabric ‘creature’ during 

installation at the KSA Gallery, Austion E Knowlton School of Architecture, Ohio 

State University. In often referring to her systems as ‘creatures’, Andrasek evokes 

their inherent dynamically behavioral coherence. This becomes powerfully manifest 

in her material computation techniques that intrinsically involve ‘playing’ with 

physical models, as can be seen in the bifid project. (Fig 65 – Fig 66) 
 

77

The intersection and fabrication pattern was
generated algorithmically. The algorithm was based
on wave interference logic. Parametric
differentiation imbedded into the script derived
multiple offspring conditions.

Ceiling detail. A field of LED lights which were
programmed through the same logics of
interference as the intersection patterns.

bifid v1.5. Alisa Andrasek and her algorithmic fabric
‘creature’ during installation at the KSA Gallery,
Austion E Knowlton School of Architecture, Ohio
State University. In often referring to her systems as
‘creatures’, Andrasek evokes their inherent
dynamically behavioural coherence. This becomes
powerfully manifest in her material computation
techniques that intrinsically involve ‘playing’ with
physical models, as can be seen in the bifid project.
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The intersection and fabrication pattern was
generated algorithmically. The algorithm was based
on wave interference logic. Parametric
differentiation imbedded into the script derived
multiple offspring conditions.

Ceiling detail. A field of LED lights which were
programmed through the same logics of
interference as the intersection patterns.

bifid v1.5. Alisa Andrasek and her algorithmic fabric
‘creature’ during installation at the KSA Gallery,
Austion E Knowlton School of Architecture, Ohio
State University. In often referring to her systems as
‘creatures’, Andrasek evokes their inherent
dynamically behavioural coherence. This becomes
powerfully manifest in her material computation
techniques that intrinsically involve ‘playing’ with
physical models, as can be seen in the bifid project.
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The intersection and fabrication pattern was
generated algorithmically. The algorithm was based
on wave interference logic. Parametric
differentiation imbedded into the script derived
multiple offspring conditions.

Ceiling detail. A field of LED lights which were
programmed through the same logics of
interference as the intersection patterns.

bifid v1.5. Alisa Andrasek and her algorithmic fabric
‘creature’ during installation at the KSA Gallery,
Austion E Knowlton School of Architecture, Ohio
State University. In often referring to her systems as
‘creatures’, Andrasek evokes their inherent
dynamically behavioural coherence. This becomes
powerfully manifest in her material computation
techniques that intrinsically involve ‘playing’ with
physical models, as can be seen in the bifid project.



			CHAPTER	3	 [PARAMETRIC	DESIGN	TECHNOLOGY/NATURE	BIOMIMICING]	
	

133	
	

 

 

 

 

 

 

 

 

 

 

 

(Fig 66) The reticulars project investigates the production of architectural 

systems using algorithmically differentiated geometry.  

 

Such systems are designed to distribute various ‘soft’ infrastructures 

such as lighting, sound or light storage systems. Cellular units can be parametrically 

varied into a range of scales, orientations and densities that can provide variant 

storage capacities, different paths of lighting or sound distribution and different 

transparency levels. Lighting and sound can be programmed to emit distinct and, 

over time, variable behaviors.  

But first, I will sketch out an outline of the dynamic system that constitutes 

the Invisibles morphology. The system is made up of three interrelated layers: a 

skeletal field, a speed distribution field and a skin or surface field. The skeletal field 

starts with a simple geometrical unit sketched out in ‘bones’ connected by rotating 

joints.   

This unit, or ‘cell’, is programmed through inverse kinematics based 

skeletons in MEL script. Each is built with algorithmically defined constraints or limits 

to movement, so that it is programmed to operate within a range of potential 

postures.  

 

 

 

 

 

 

 

 

78

Alisa Andrasek/biothing, reticulars (smart) surface accessory, 2005 
The reticulars project investigates the production of architectural systems using algorithmically differentiated geometry. Such systems are designed to
distribute various ‘soft’ infrastructures such as lighting, sound or light storage systems. Cellular units can be parametrically varied into a range of scales,
orientations and densities that can provide variant storage capacities, different paths of lighting or sound distribution and different transparency levels. Lighting
and sound can be programmed to emit distinct and, over time, variable behaviours.

But first, I will sketch out an outline of the dynamic system
that constitutes the Invisibles morphology. The system is
made up of three interrelated layers: a skeletal field, a speed-
distribution field and a skin or surface field. The skeletal field
starts with a simple geometrical unit sketched out in ‘bones’
connected by rotating joints. This unit, or ‘cell’, is
programmed through inverse-kinematics-based skeletons in
MEL script. Each is built with algorithmically defined
constraints or limits to movement, so that it is programmed
to operate within a range of potential postures. This simple
unit is multiplied into a network of connected units, setting
up a field of internally held tendencies of movement or
behavioural properties, and becoming a tightly packed
‘colony’ of units. 

This resulting colony-field needs to be provoked into
action; it needs stimulus for its microbehaviours to leap into a
collective swarming. And this is where the speed-distribution
field comes in. This layer is a loosely gridded mass of data
nodes that propel the rotations of the skeletal unit joints.
Within the mass of nodes, three ‘sense nodes’ (or data-input
points) are designated to provide the anchor points to which
all other nodes are related. Streams of variational data (related
to sound frequencies in the larger installation) enter through
the sense nodes, the effects rippling out into all of the other
nodes. As the ripples spread, their effects are registered
through skeletal joint rotations, inducing a complex set of
relations in a skeletal swarming. 

Over these two interrelated fields lies the third, skin-

surface layer. Components of the surface-skin are
behaviourally linked to corresponding units in the skeletal
field. The skin leaps into patterned gestures that emerge out
of this field of behavioural interrelations. 

The description above roughly, or broadly, sketches out the
technical, relational make-up of the morphologically dynamic
system that constitutes the animation. But there is something
missing in this account of its construction: the process
through which it all ‘came together’, which enfolds more than
one can simply mention. The enfolded complexity occurs
through one dominant processual entity that tends to get left
out of the accounts of generative systems: the designer.
Behavioural properties or patterned gestures may emerge in
the animation’s different fields, but they do not emerge on
their own. The emergent design process is not as simple as a
purely bottom-up unfolding (as emergence theory would often
have us believe). It is part of a larger event. 

The animation’s field system is emphatically, even if
invisibly, part of a broader ecology through which parameters
that do not enter into the digital data are enfolded. This
involves a complexity of project criteria of many different
kinds, along with the tendencies of the designer, knitted
together by her habits, attentions, memories, affections and
so on – a cluster of potential that can be folded into what we
call ‘personality’, described by Brian Massumi as a ‘pattern of
preferential headings’.12

Personality enters into a dance with the potentials of the
medium of design manipulation, accompanied by a range of
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This simple unit is multiplied into a network of connected units, setting  

Up a field of internally held tendencies of movement or behavioral 

properties, and becoming a tightly packed ‘colony’ of units.  

This resulting colony field needs to be provoked into action; it needs  

Stimulus for its micro behaviors to leap into a collective swarming.  And 

this is where the speed distribution field comes in. This layer is a loosely gridded 

mass of data nodes that propel the rotations of the skeletal unit joints.   

Within the mass of nodes, three ‘sense nodes’ (or data input points) are 

designated to provide the anchor points to which all other nodes are related. Streams 

of variation data (related to sound frequencies in the larger installation) enter through 

the sense nodes, the effects rippling out into all of the other nodes. As the ripples 

spread, their effects are registered through skeletal joint rotations, inducing a 

complex set of relations in a skeletal swarming.  

Over these two interrelated fields lies the third, skin-surface layer.  

Components of the surface skin are behaviorally linked to Corresponding units in 

the skeletal field. The skin leaps into patterned gestures that emerge out of this field 

of behavioral interrelations.  

The description above roughly, or broadly, sketches out the technical, 

relational make-up of the morphologically dynamic system that constitutes the 

animation. But there is something missing in this account of its construction: the 

process through which it all ‘came together’, which enfolds more than one can simply 

mention.   

The enfolded complexity occurs through one dominant procession entity 

that tends to get left out of the accounts of generative systems: the designer. 

Behavioral properties or patterned gestures may emerge in the animation’s different 

fields, but they do not emerge on their own. The emergent design process is not as 

simple as a purely bottom up unfolding (as emergence theory would often have us 

believe). It is part of a larger event. 
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The animation’s field system is emphatically, even if invisibly, part of a 

broader ecology through which parameters that do not enter into the digital data are 

enfolded. This involves a complexity of project criteria of many different kinds, along 

with the tendencies of the designer, knitted together by her habits, attentions, 

memories, affections and so on – a cluster of potential that can be folded into what 

we call ‘personality’, described by Brian Massumi as a ‘pattern of preferential 

headings’.  

Personality enters into a dance with the potentials of the medium of 

design manipulation, accompanied by a range of other pragmatic and intangible 

influences.   

In the event of negotiating an undulating ground of criteria meeting 

potential, the designer becomes part of a depth of complex rationality so that the 

totality of the compositional event becomes one evolving ‘thing’. Within this larger 

thing, the developing digital system described earlier is a material in the making.   

As a collective composite, it develops resistances and potentials that 

interact with other material resistances and potentials in the midst of this complex 

occasion. A series of textured materiality meet one another in a co-determining 

process of being made.  

In the cacophony of this event there is a striving that tempers 

development: to create or compose the morphologically dynamic system that 

constitutes the animation. Creating such a systemic entity involves discerning a 

coherence that we might recognize as a kind of life of its own. The designer leads, 

but not bluntly or brutally.   

Likening the process to the training of a pet, she talks about ‘teaching it, 

guiding it, stirring in certain directions, but at the same time learning The 

compositional process reaches a breakthrough point and enters another phase 

when IT’s ‘life’ first flickers forward and the compositional event bifurcates into a 

clarity of differentiation between her and IT.  
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It is at this moment that it also develops a ‘pattern of preferential 

Headings’, or an abstract ‘personality’, and starts to lead as well as being 

led, to affect as well as being affected. Such a personality or character emerges 

through resonant intersections between the many materiality and potentialities.  

This phase shift is a paradoxical moment: everything comes together at  

The same time that a clarity of differentiation emerges. The compositional 

event thing bifurcates: IT and ‘her’ pop out into a distinction. 

Following this phase shift the designer’s role within the compositional 

Event changes. She is no longer the only source of ‘push’ amidst a 

scattering of material because she now has an IT (a system) to play with.   

She, as designer, can now manipulate or play something that has  

Developed a consistency of its own. It is a system of behavioral tendency, 

albeit one that requires further development. The system is something. It becomes 

a system defined by tendencies of behavior that give it a consistency.   

By consistency I mean the sort of thing we refer to when discussing the 

consistency of a cake mix. Rather than some idea of sameness or uniformity, 

consistency is the texture arising from the way in which something dynamically holds 

together. Its consistency means, by definition, that it is not limitless, but full of limits, 

tendencies and resistances.   

The strength of this consistency means that it develops enough 

Behavioral tendency (or ‘patterns of preferential headings’) to have 

character, becoming something of a creature.   

Alisa Andrasek often refers to such systems as ‘creatures’, evoking Their 

inherent dynamically behavioral coherence.  This is powerfully manifest in her 

material computation techniques that  

Intrinsically involve physical models, as can be seen in the bifid project, a 

ceiling prototype exhibited at the New Museum of Contemporary Art in New York in 

2005. 
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The first physical model for bifid was laser cut at the Spatial Information 

Architecture Laboratory at the Royal Melbourne Institute of Technology (RMIT). 

In this context, I was able to literally play with the model, feeling out the 

behavioural tendencies of Andrasek’s creature. (Fig 67) 

(Fig 67) Cellular partition system. By RMIT ceiling prototype exhibited at the New 

Museum of Contemporary Art in New York in 2005. 

This occurred while the designer was in residence, running her Material 

Potency seminar as part of a design studio, 14 in which she would often evocatively 

orient the design investigations of the RMIT architecture students towards the 

production of a ‘creature’.   

This is quite different to biomorphism as an approach because it is not 

about looking like or formally resembling a living thing.   

Rather, a pattern of relations is built into a physical model so that the 

behaviors of both the manufactured pattern (a colony of variation repeated units 

constructed from strips of material) and properties of the physical material actively 

co-determine the nature of the creature’s swarming morphology, which comes into 

being at a different scale and ontology to the ecology of relations through which it 

emerged.  

The behavioral material pattern system of bifid is another example of the 

mode of composition that tempers the algorithmic one of the Invisibles. In both, the 

cohabitation of a series of behavioral influences, each of which is constituted by 

multitudes of dynamic micro interrelations, intricately and precisely collaborates in 

the emergence of an overall, all over consistency.  

Importantly, such cohabitation produces interference patterns through 

Negotiations between interacting fields, influences and parameters.  No 

component of the design event, including the author, 15 remains Unaffected by the 

cohabitation.  
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other pragmatic and intangible influences. In the event of
negotiating an undulating ground of criteria-meeting-
potential, the designer becomes part of a depth of complex
relationality so that the totality of the compositional event
becomes one evolving ‘thing’. Within this larger thing, the
developing digital system described earlier is a material in the
making. As a collective composite it develops resistances and
potentials that interact with other material resistances and
potentials in the midst of this complex occasion. A series of
textured materialities meet one another in a co-determining
process of being made. 

In the cacophony of this event there is a striving that
tempers development: to create or compose the
morphologically dynamic system that constitutes the
animation. Creating such a systemic entity involves discerning
a coherence that we might recognise as a kind of life-of-its-own.
The designer leads, but not bluntly or brutally. Likening the
process to the training of a pet, she talks about ‘teaching it,
guiding it, stirring in certain directions, but at the same time
learning from IT’.13 The compositional process reaches a
breakthrough point and enters another phase when IT’s ‘life’
first flickers forward and the compositional event bifurcates
into a clarity of differentiation between her and IT. It is at this
moment that it also develops a ‘pattern of preferential
headings’, or an abstract ‘personality’, and starts to lead as well
as being led, to affect as well as being affected. Such a
personality or character emerges through resonant
intersections between the many materialities and potentialities. 

This phase shift is a paradoxical moment: everything comes
together at the same time that a clarity of differentiation
emerges. The compositional event-thing bifurcates: IT and

‘her’ pop out into a distinction. Following this phase shift the
designer’s role within the compositional event changes. She is
no longer the only source of ‘push’ amidst a scattering of
material because she now has an IT (a system) to play with.
She, as designer, can now manipulate or play something that
has developed a consistency of its own. It is a system of
behavioural tendency, albeit one that requires further
development. 

The system is something. It becomes a system defined by
tendencies of behaviour that give it a consistency. By consistency I
mean the sort of thing we refer to when discussing the
consistency of a cake mix. Rather than some idea of sameness
or uniformity, consistency is the texture arising from the way
in which something dynamically holds together. Its consistency
means, by definition, that it is not limitless, but full of limits,
tendencies and resistances. The strength of this consistency
means that it develops enough behavioural tendency (or
‘patterns of preferential headings’) to have character,
becoming something of a creature. Alisa Andrasek often refers
to such systems as ‘creatures’, evoking their inherent
dynamically behavioural coherence. This is powerfully
manifest in her material computation techniques that
intrinsically involve physical models, as can be seen in the
bifid project, a ceiling prototype exhibited at the New
Museum of Contemporary Art in New York in 2005.

The first physical model for bifid was laser-cut at the
Spatial Information Architecture Laboratory at the Royal
Melbourne Institute of Technology (RMIT). In this context I
was able to literally play with the model, feeling out the
behavioural tendencies of Andrasek’s creature. This occurred
while the designer was in residence, running her Material

Cellular partition system.
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The aesthetic power of biothing’s projects is integral to this mutual 

affectivity. Aesthetics is a form of knowledge that studies the experience of relation 

or relatedness.   

Aesthetic experience is the experience of interrelatedness.   

The relations that constitute biothing’s compositional entities cannot be 

singled out: they are never experienced in isolation, not even as some part of a 

whole. As a multitude engaged in an emergent process of composition, they 

generate patterns or textures of multiple, mostly invisible, relations: a consistency.  

So, what we (aesthetically) experience is an all over, over all Consistency. This is 

the aesthetics of emergence. 

 
3.12   Conclusion 
The main conclusion to draw from this biomimetic-process is how  

Important it is to understand the biological principle works and how 

physical and digital models need to be in a correlated relationship.   

The process of this realization is described in the following conclusion.  

A way in of dealing with a biological principle, is for example, to research 

by reading and looking at pictures, or by attaining the biological entity that you are 

working with and breaking it down into its smallest dividable components. In this 

project it was a combination of both, but most was attained from dissecting the 

Strelitzia Reginae flower; This dissecting of the plant allowed us to investigate the 

complicated insides of the Strelitzia Reginae, what made it work and how. 

Alongside the initial research of the flower, small digital experiments were 

conducted. The initial digital experiments gave little to no results. But when a vast 

understanding of the flower was achieved, through research and physical models, 

and the results were feed to the digital model as a series of inputs, the quality of the 

digital model increased.  

When looking at how the physical models became a driving factor within 

the process it was realized that digital models are a direct result of the physical 

testing. The advantage of having the digital model is to be able to test different 

variations of the parameters, faster than you would be able to do with physical 

models. The digital model will then be validated through a series of physical models. 

Therefor the most important conclusion must be the last paragraph; the importance 

of having an interrelated relationship in between physical and digital models. 
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4 Search for Evidence of 
Responsive Parametric-like 
Phenomena 

	
	
	
	

4.1. Introduction 
	

Early stage research typically engages three fundamental steps [109]: •  

Define the problem to be understood, key concepts and related literature (what is 

the problem)   

• conduct a pilot study to demonstrate others’ interests on the 

question  

(Why it is important)  

• conduct a formal study to gather evidence of research question 

(is it a  

Real problem) I have discussed my conceptual understanding of the 

design process,  

Design activity, parametric design systems, and related literature in 

Chapters Two, Three, and Four. Here I describe the next phase of my research: a 

pilot study to evaluate the interest of practitioners in the proposed study.  

 

 

 

 
	
	
	
	

[109]   J. W. Creswell. Qualitative Inquiry and Research Design: Choosing among Five Tra- 
ditions. Sage Publications,, Thousand Oaks, Calif., 1998. 
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4.2. How does Others Recognize Importance of 
Responsive design? 

 

Research literature has provided evidence of the existence of parameters 

in design domains, including architecture and urban design, software engineering , 

interior design, human computer interaction, computer-supported cooperative work 

, interaction design, education science, information visualization, and 

communication . Do phenomena suitably described by parametric design exist?  

Gamma et al. [97] did not conduct formal studies to substantiate the wider 

existence of software types, the observations of expert practitioners provided 

compelling evidence. Object oriented programming emerged in the 1960s as a 

means to improve the modularity and reusability of software. Gamma et al. noted 

that, “one thing expert designers know not to do is solve every problem from first 

principles.   

Rather, they reuse solutions that have worked for them in the past. When 

they find a good solution, they use it again and again. Such experience is part of 

what makes them experts.” Similarly, Jenifer Tidwell recognized UI interaction 

parametric design in her observation of users: “The applications that are easy to use 

are designed to be familiar.   

As long as the parts are recognizable enough, and the relationships 

among the parts are clear, then people can apply their previous knowledge to a novel 

interface and figure it out.” Alexander discovered evidence of the existence of 

parameters in his design notes. Gamma et al. and Tidwell found evidence from their 

observations of existing projects. However, the process of how such evidence should 

be found was not discussed in their publications 
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When a group of people start to adapt a new system, there will be many 

conversations about how that tool can and should be used. In those conversations, 

information flows between the tool design and practice. It is through this discourse 

that users are able to learn. I am confident that this same process of development 

will occur with parametric CAD system GC as well. In my pilot study, I seek 

examples of such conversations that will provide insight into the actual dynamic of 

the adaption process. 

 

4.3   Pilot Study to Investigate Pattern-like 
Phenomena 
In 2007 Smart Geometry workshop, I invited a group of experienced GC 

users to conduct the pilot study.   

The study proceeded from the following working hypotheses:  

1. According to their teaching and working experience with the 

parametric CAD system GC, there exist some pattern like phenomena.  

2. There are needs to transfer successful design practice into a 

form of knowledge that can aid practice and learning. 

 

4.3.1 Research Methods 
For a study seeking evidence of parametric design in a new professional 

domain, I can choose from some simple methods to gather evidence of parametric 

design like phenomena, as well as the audience’s opinions and interests. Some 

popular methods researchers use includes conducting physical or online surveys, 

or face to face interviews.   

The purpose of a survey is to generalize from a sample to a population so 

that inferences can be made about the phenomena in question, or attitude of the 

population [110].  

 

 

 
[110]   E. R. Babbie. Survey Research MetSurvey Research Methodshods. Wadsworth, Bel- mont, CA, 
2nd. edition, 1990. 
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For example, in the survey’s questionnaire, some central questions focus 

on whether the subject has ever found a solution for a certain kind of problem and 

reused it with any frequency. However, such a question cannot be asked directly 

because the subject usually has the intention to satisfy the researcher [111].   

To avoid the internal validity issues, it should instead be mixed with other 

superficial but related questions such as: “have you encountered any problems in 

the process?”, “what kind of problems?”, and “what kind of solution did you use?” 

Because I am able to only survey or interview a small representative subpopulation, 

the study does not provide strong external validity that is the ability to be generalized 

or transferred directly.   

However, the current aim is to establish compelling evidence for the 

existence of parametric design like phenomenon. For such a purpose, this approach 

is acceptable.  

An interview can typically elicit more information than a questionnaire and 

reach a deeper level of details, providing insight into the subjective reactions, 

opinions, and motivations around individual reasoning.   

I have opted to conduct this study through a series of open ended 

conversational style interviews. During the interview, the same questions are 

presented to interviewees. The questions remain open and adaptable to the flow of 

conversation and the interviewee’s interests and dispositions. According to Lisa Ede, 

this approach facilitates faster interviews that can be more easily analyzed and 

compared [112].  

The interview process is as follows: • Get the interviewees involved in the 

interview as soon as possible.  

• Before asking about controversial matters, first ask about some facts,

such as their occupation, type of professional, experience with parametric modeling 

tools, and their role in the current event.     

• Intersperse fact based questions throughout the interview. To avoid

long lists of fact based questions, I ask about current problems encountered during 

the tutoring and possible solutions. 

[111] P. E. Carlson. Updating and broadening the use of single subject designs in reading. Reading
Psychology, 6(3-4):251–265, 1985.
[112] L. Ede. Work in Progress: a Guide to Academic Writing and Revising. St. Martin’s Press, New York, 1998.



			CHAPTER	4	 [SEARCH	FOR	EVIDENCE	OF	RESPONSIVE	PARAMETRIC	LIKE	PHENOMENA]	
	

145	
	

 

 
• Ask questions about the present before questions about the past or  

Future. After discussing possible solutions, inquire whether they have used the 

same strategies to solve other problems before. Ask about their experience in 

learning from others and what kind of strategy references they were looking forward 

to have.  

• Conclude with a question that enables the interviewee to provide any  

Other information they prefer to share and their impressions of the interview 

process. 

 

4.3.2 Role of the Researcher 
As a researcher, I played two roles in the pilot study: interviewer and  

Data analyst. I began by recruiting and interviewing participants with open ended 

questions, and investigating idioms of use from their experience with GC.   

During the interview, I tried not to lead the conversation, and exercised  

Caution when the interviewee appeared to be echoing similar thoughts. Such an 

interview enables the researcher to simply “tell it like it is”. Data analysis occurs in 

a bottom up process. I searched for information that around which stories could be 

woven. However, merely depending on the interview data, it is hard to reveal a 

complete and whole story about how a parametric idea was raised and developed. 

 

4.3.3 Data Collection 
I conducted the interview study at the Smart Geometry 2007 GC winter  

Workshop. The workshop took four days (January 26-29) at the Hudson Hotel in 

New York City. Nineteen experienced GC tutors were invited to teach the workshop. 

During the four days, tutors worked intensively with students (mostly professional 

architects or civil engineers) on individual projects in assigned rooms. During coffee 

breaks I was able to individually interview five tutors based on their availability. We 

usually found a quiet corner in the lobby to avoid possible interruptions. After 

introducing the purpose of the study and asking them to sign the consent form, I 

asked prepared questions and recorded the conversation with a digital voice 

recorder.  
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The length of the conversation depended on the flow of topics and varied 

from 15 to 30 minutes. After a conversation, I reviewed the recording immediately. If 

there was any discussion point remained confused or undefined, I would find the 

interviewee again and reviewed the confused section with him. 

 

4.3.4 Data Analysis 
Researchers need to tailor the data analysis beyond more generic 

approaches to specific types of qualitative research strategies [91] [114]. For this 

pilot interview study, data analysis was aided by a qualitative data analysis 

application ATLAS.ti [113].   

The software helps researchers uncover and systematically analyze 

complex phenomena hidden in text and multimedia data. Phenomenological 

research uses the analysis of significant statements, the generation of meaning 

units, and the development of an ‘essence’ description [96]. The study also pays 

attention to significant statements to weave up stories of idioms of use.  

Without transcribing all conversation recordings, I anchored the useful 

pieces of audio data and coded them to identify significant ideas. For example, 

shown by Figure 6.3, I firstly marked different useful pieces from tutor SS’s interview 

recording into quotes, and assigned those quotes with meaningful codes, such as 

‘anchor the start point’, ‘reference lines’, and ‘clean the script’. After coding all the 

recordings, I have generated more than fifty codes.   

I use the network manager to import related codes and assign links (such 

as ’is associated with’, ’is a part of’, or ’is a cause of’) among them. The semantic 

layout arrange the locations of nodes in the window and shows me the flow and 

structure of ideas. From the right window in Figure 6.1, the cluster of nodes shows 

me the idiom of use “position anchor”.   

 

 

 

 

 
[113]     ATLAS.ti. Atlas.ti - the qda software. 2007(Dec. 18th), 2007. 
[114]  C.	E.	Moustakas.	Phenomenological	Research	Methods.	Sage,	Thousand	Oaks,	Cali-	fonia,	1994.	
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To discuss the pros and cons of computer assisted qualitative data  

Analysis software, John Seidel argues that there are potential worries of using such 

tools [115, p.110-113]: 1. it will distance people from their data. 2. It may lead to 

qualitative data being analyzed quantitatively. 3. It may lead to increasing 

homogeneity in method of data analysis. 4. It might be a monster and hijack the 

analysis.  

I agree with these potential worries. So, I not only pay attention to the  

Selected audio segments, but also listen to their context in the original recordings 

to avoid misunderstanding of data. In presenting the outcomes in this study, I used 

thick description to describe the idioms of use. According to Clifford Geertz [116], in 

order to explain the human behavior clearly to an outsider, the researcher should 

also describe its context such that the behavior becomes meaningful. Thick 

description is a necessary strategy to ensure the trustworthiness criteria 

transferability [117]. 

4.3.5 Validity Verification 
In order to ensure rigor, interview recordings were checked immediately  

After interviews to form a mutual interaction between myself and the interviewee to 

make sure both sides are clear with the conversation. Where needed, I employed 

post observation inquiry or artifact walkthrough to review the conversation with the 

interviewee.   

This inquiry process is a form of member checking intended to ensure  

Credibility of data. For example, tutor JC said “I would usually program with GC” in 

the conversation.   

I was confused whether he wrote scripts in GC or just used GC to run  

His external code. After checking with him, he made it clearly, “no, I do not use GC’s 

interface because I found myself limited by it. I simply program in C# and then attach 

the code to GC.”  

The sample population of this study is very particular (only local 

developers and the software chief developer, without any end user).  

Consequently, there may be questions about trustworthiness transferability.  
[115] J. Seidel. Method and madness in the application of computer technology to qual- itative data
analysis. In N. Fielding and R. M. Lee, editors, Using Computers in Qualitative Research, pages 107–116.
Sage Publications, Newbury Park, 1991.
[116] C.	Geertz.	Thick	description:	Toward	an	interpretive	theory	of	culture.	In	The
Interpretation	of	Cultures,	pages	3–30.	Basic	Books,	New	York,	USA,	1973.
[117] E.	G.	Guba.	Criteria	for	assessing	the	trustworthiness	of	naturalistic	inquiries.	Edu-	cational
Communication	and	Technology	Journal,	29:75–92,	1981
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In light of the context of this study, I argue that it is not necessarily for the 

outcome to be transferrable to other populations. It is a learning process from expert 

users to look for the existence of idioms of use. Searching for commonality in 

participants’ work experience is not the goal of the study at this early stage. 

 
4.4. Responsive parametric-like Phenomena 
- Idioms of Use 
During the interview, RA (chief designer of GC) conveyed the background 

story of the software: GC was developed in the 1980s as ship building software, then 

later to design free form architectural shapes in the 1990s.   

Holding one of the earliest HCI PhD degrees, Raja A integrated his 

knowledge about CAD system, software usability, and information visualization into 

a software prototype of GC in 1996. He stated that after he started to work for  

Bentley, he had the opportunity to “really start from ground up, to build all 

the foundation tools to essentially understand what were important and what we’re 

missing.” He built a number of prototypes, and one of them was called Custom 

Objects. The Custom Objects prototype was publicly presented for the first time in 

2002 at a Bentley systems conference, with its implemented projects from design 

firms like Foster and Partners, KPF and institutions like the University of Waterloo. 

In 2003, the Smart Geometry Group began hosting workshops and put Generative 

Components (renamed from Custom Objects) to the test. The innovative technology 

displayed at this conference earned such praise that it became a part of 

MicroStationTM. Bentley introduced new parametric capabilities aimed at enabling 

and encapsulating design intent.   

I can see the incremental evolution of GC from the past six years. During  

My interview with Raja A, he explained that “my new functions not just came from 

my own mind. Definitely not, no, actually more from my users, they asked me all 

kinds of questions, and new ideas came from them as well. I tried to supply new 

functions to support their needs.” Here, I gathered four stories of users’ idioms of 

use. Some of them have grown to be the current functions/features in the system. 

 

 
 

 

 



			CHAPTER	4	 [SEARCH	FOR	EVIDENCE	OF	RESPONSIVE	PARAMETRIC	LIKE	PHENOMENA]	
	

149	
	

 

 

4.4.1  Separate Control 
Raja A mentioned three principle areas of interests for enhanced 

parametric  

Technologies: parametric components, parametric assemblies, and parametric 

controls.   

Parametric components enable the definition of characteristics,  

constraints, options, and relationships within building components. Parametric 

assemblies enable the definition of the configuration, options, and relationships 

within an assembly of building components. More importantly, parametric controls 

enable the manipulation of parameters based on robust design rules and formulas. 

This contributing technology is essentially focused on the use of rules to create 

parametrically derived geometry.   

The resulting components are generated by processing the defined rules  

To control their creation, characteristics, sizes, and placement. They are generally 

at a higher order of complexity than the parameters within any given traditional 

assembly.  

Parametric controls enables new means of form finding, and have been 

applied to generate and manipulate geometry. An astounding range and complexity 

of form can be quickly explored, refined, and revisited easily within a 3D model.   

This is one of the key qualities GC users first realized. Early in 2003,  

The Tutor found that some users tried to control a piece of model through sliding a 

point along a separate line segment. The point’s position on the segment became a 

controlling parameter.   

Users can imagine such a control parameter as driven by virtually any  

Information resource, for example, as in response to solar, wind or acoustic 

analysis, building program requirements, etc. Then he can use this control 

parameter to design the geometry, build evaluative tools, or integrate with digital 

fabrication. However, when the model gets more complex, the simple control model 

starts to be insufficient. 
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Figure 68: Demo of Using Four Graph Variables to Control a Folding Ball.2004 

GC Workshop. 

noted that a new function of Global Variables was added to GC before the 

2004 workshop. Global Variables work in a hierarchical situation.   

A variable directly applies a number to control all elements or 

constructions that reference to it. In Figure 68 there are four variables (Num, Radius, 

Rotate Angle, and Sweep Angle) to control the number of shutters, size of the circle, 

vertical rotation angle of shutters, and sweep angle of bow shapes in a folding ball. 

Without direct manipulating the model in the right model window, users can slide the 

anchors on the “Analog Value” bars to control the transforming condition of the 

model.   

Later on, Global Variable was renamed as “Graph Variable” in the 

software. As soon as the variable function was provided in 2003, users dropped their 

own sliding tools and adopted the variable function to explore design variations 

quickly and effectively.  

In 2004, RA presented a new function called Law Curve during a Smart 

Geometry workshop. A law curve is a curve (can be defined by control points, 

functions or other means) inside a rectangle frame (called Law Curve Frame in GC).   

Any point along the curve has both X and Y coordinates. Given some X 

values, mapping to the curve, I can get the corresponding Y values. Thus the curve 

defines the relation between value X and Y. The X coordinate is the independent 

variable, and the Y coordinate is the dependent variable (based on its given X and 

the curve). Through such a curve, we can generate a series of (X, Y) value pairs by 

giving a series of X. Then these (X, Y) pairs can be used to control the mode. 
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Figure 69 Demo of Using a Law 

Curve to Control a BSpline 

Surface.GC WOorkshop 2004. 

 

 

 

 

 

 

 

As depicted in Figure 69, a Law Curve controls the distribution of points  

Along the curve on the right side. The points along the left curve are evenly 

distributed.   

When I adjust the shape of Law Curve in the left window, in the right  

Model window the lacing lines between the two point groups move and adjust. The 

Law Curve function can be used to control parts of properties in more complicated 

models.   

The tutor mentioned that whenever the tutor demonstrated this function,  

Workshop participants usually were immediately attracted and tried to integrate it 

into their models.   

However, the Law Curve was very difficult to use (although this function  

Becomes easier in later versions of GC). After playing with it for a while, users 

usually would go back to define their own controllers. As such, we can see that users 

will give up the system predefined controllers when the controlling mechanism is too 

complicated to manage.  

THE tutor noted that “We saw them throw out small controlling  

Components all the time. The controlling components they created and used in one 

model have not been nicely separated from the main parts and can’t be reused 

easily later. Many times, they just keep on reinventing the wheel.” 
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4.4.2 Compiled Features 
A very common situation in architectural modeling entails arraying 

elements across a surface or along a collection of components (e.g. points, curves, 

and polygons) to form a complex structure. In parametric modeling, users can vary 

the inputs of the element to make variations of the element. Duplicating such a 

element and change its shape accordingly can be an effective strategy to build a 

complex structure.   

These elements may vary by their absolute position and their spatial 

relationships with neighborhood repeating elements. Encapsulating such an element 

properly is an important skill in parametric CAD systems. When Custom Objects was 

first presented to users, the only way to duplicate a parametric module was through 

replication.   

This method is quite limited when we meet the following problem like 

architect Shane Burger. In 2004 Smart Geometry workshop, he tried to apply a 

parametric structure onto each triangle on the surface of the dome (Figure 70). 

Instead of applying the structure to all the triangles as a whole, he had to do it 

manually one by one.  

Thus there was a need of a new feature. This feature should work like a  

“Function” in traditional software engineering, but in the 3D graphic format 

with a given input, the feature reflects the corresponding geometry. Users should be 

able to create a separate 3D  

 
Figure 70: Dome Surface 

Made by Shane Burger to 

Apply Parametric 

Modules.2005 
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Reference model, define some key components (such as a polygon or 

Several variables) as the input, and reference this model freely.   

By feeding a series of inputs into this model, the user can replicate (or array) the 

model in one step to create a complex structure with repetitive components.   

Here the notion of compiled feature arises. As Raja A recalled, “it was in 

the 2003 event, the compiled feature idea first came up.” Tutor also confirmed this 

fact. He added that when he presented the first version of compiled feature to the 

group, people in the group didn’t get it. When this function appeared in 2003 Smart 

Geometry workshop, it took a long time for users to understand the steps involved:  

“You have to have a feature working through a single object like a  

Shape. Everything have to work through that shape. Then you provide the shape as 

an argument to your feature. If you provide a collections of shapes, and then the 

feature is put on to each shape.”  

RA explained the purpose of the function in his interview:  

“You define some intermediate objects which you can populate in your context, and 

you can create a feature on the local context which you can subtract. Then, because 

there is a matching between local template in your feature creation and the 

components in your context, you are able to bridge them though complying a 

feature.” 

 

Figure 71: Demo of Applying a Cross-cones Feature onto a Collection of 

Polygons. 

AK came up with a demo tutorial of using the new function in 2005. The 

demonstration (Figure 71) displays how to compile a cross cones feature with a 

single input of a polygon and apply this feature to a collection of polygons in one 

step. It was in the 2006 Cambridge workshop, this strategy became a really normal 

technique for the group to do. Between 2004 and 2006 workshops, the idiom of use 

took two years to become normalized in the GC user group.  
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Typically a GC component has multiple inputs, so customizing each one 

needs a lot of work. This idiom of use enables users to reorganize multiple inputs of 

a model through a smaller number (preferable one) of abstract proxy objects.  

Thus make the modeling work more efficient and easier to control. 

4.4.3 Position Anchor 
In drawing tools such as Adobe Photoshop, rulers and guides are available 

as references to aid the user in positioning and locating objects. In CAD systems 

such as Autodesk AutoCAD, we frequently use offset lines and curves to anchor the 

positions of components. This anchoring strategy has also been transferred into 

parametric modeling environments.  

The students start to build simple abstract frameworks to isolate structure 

and location from geometric details. I think they obtain such skills from previous 

working experience in CAD systems. What we are trying to teach is making the 

anchors smarter. I mean, they can not only serve as construction lines to locate 

elements, but can also link more controls to enrich the parametric model. 

The curved roof demonstration at the 2005 workshop includes a good 

example of a smart position anchor (Figure 72).   

In order to build a BSpline Surface along a curve, assigned a series of 

coordinate systems by parameters along the curve, used these coordinate systems 

as anchors to draw connecting vertical and horizontal line segments, and then took 

the endpoints of these line segments as anchors to apply the surface. 
Figure 72: Demo of 

Using Endpoints of 

Lines to Anchor a 

BSplineSurface.2005 
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These coordinate systems preserve the controls of distribution along the  

Curve and line segments keep the controls of height and width of the surface. For 

the surface, they are abstract frameworks, but more importantly, they are necessary 

steps for constructing the parametric model. As Raja A mentioned during the 

interview,  

“You have to build the simple version first, it allows you to understand  

How the controls work without the distracting detail and slow interaction implied by 

a larger model. In comparable complex models, you can also change it easily.  

Many people understand why to do it, but take some time to learn how to 

do it in a Better way.”  
 

4.4.4 Two Dimensional Collections 
Many designed artifacts have repeating elements. These elements are  

Anchored on a set of point grids. Examples of such a grid can be points along a 

curve, a 2D grid on a surface, or a 3D grid in a volume. Beyond such a point grid, 

GC can also support a grid of line, surface, volume, and even models. Users need 

to know how to effectively manage such grids 

 

During the interview with RA, I talked about the scalability issue of the GC symbolic 

model and stated that if there are more than 30 symbols in the graph, users would 

find it difficult to read and understand the relational structure. RA questioned me 

back:  

“What you are saying is that the overload of symbolic model is actually telling you 

something... telling you that you need to build structure. Maybe you need to compile 

a new feature to take a model and encapsulate it into one or two new components. 

Or, you replicate it, for example, a thousand points on one facade, but logically they 

are only one idea. If you got a hundred nodes into top level graph, then you haven’t 

properly structure your work and you haven’t done proper encapsulation. It is telling 

you that the system is quite happy to deal with the complexity, are you happy to deal 

with such complexity?” 



	

156	
	

 

 

 

 

 

Figure 73: Demo of Using Organized Points to Locate 

Repeating Elements. 

 

 

As RA said, considering that geometric logic underlines the size and  

Location of a group of points, in a lot of cases, we can use one point 

(scripted in 1D, 2D or 3D array) to represent the whole collection. Figure 73 

demonstrates four examples of what one point in GC can look like.  

These kinds of point collections can be used to locate repeating  

Elements. Tutor SS described that, “the issue I encountered more often is 

the lack of knowledge in geometric structures. If students have any experience with 

Catia or SolidWorks, there will be some commonalities they can latch on to. If people 

are very good Rhino users, they can learn the geometric model of GC a little bit more 

easily. There are some principles people are lacking in some ways. The most 

frequent thing I am doing again and again is writing simple two dimension collections. 

They can’t rely on the functionality of GC.  

 

They need to do something a little more customized defined for their own 

projects. I’ve written that properly five or six times in my group now. Dealing with the 

2D collection of points to anchor the location of repeating objects is the major thing 

I am doing here.”  

Another tutor JC also said that the most frequent help he provided to the 

students was, “looping through a point set and selecting stuff from that based on 

some conditions, then do further construction with the selected result.”  
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In Figure 74, a point grid can be used to locate complex repeating elements. In this 

example, the collection of points was organized to capture intended spatial 

relationships, and simplify the process of continued model development. This saves 

time and effort in both modeling and reuse of a model in new context. 

 

 

Figure 74: A Collection of Points with the Same Logic is Represented as One Point. 

 

4.5   Summary 
Through analyzing the interview conversations with the GC chief designer RA and 

five expert tutors, I am able to filter out a list of idioms of use.   

Some of them have been stated again and again by several different interviewees 

and accompanied with solid examples. Some are quite abstract at the conceptual 

level. I list these idioms and compare their strength of being reused according to 

subjects’ statements. In above, I selected four idioms of use and explained their 

stories with examples. In the next part of study, I find other evidence to support 

these four ideas and finally encapsulate them into four parametric design patterns.  

Finally, I also found clear evidence in the data that tutors, as local developers, were 

unsatisfied with limited resources and current methods to teach GC in workshops.  
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JC thought students were lacking programming skills. SS said that 

because a lot of users had never tried other parametric modeling tools, it was 

challenging for them to understand the geometric structures. RH also stated the 

same problem when he had to teach a small group of students (five late comers) to 

catch up with the larger team.  

 

During the four day workshop after the pre training tutorial, most tutors 

found themselves busy solving similar problems for their group members. They tried 

to reuse the code they wrote, but sometimes the models are too specific, the code 

is hard to transfer from one project to another directly.  

From the conversations, nearly all the tutors looked forward to having 

better organized tutorial materials with sufficient examples to learn, refer, and teach. 

This result answers my second hypothesis about these experts’ needs and 

expectations on parametric like support. 
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5 Smart Parametric Thinking 
	

	
	
	

5.1. Introduction 
	

According John Creswell’s three step theory: “what is the problem”, 

“why it is important”, and “is it a real problem”, I construct this thesis in a narrative 

structure. The previous chapters review the meaning of key concepts and their 

related literature scope (what is the problem) and introduce a pilot study to 

demonstrate GC developer and professional tutors’ interests on the research 

question (why it is important). In this chapter, I will introduce a series of 

participant observation studies to search for evidence on parametric thinking as 

the process to understand the real problem (is it a real problem). 
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5.2   Participant Observation to Gather 
Parametric Thinking / Research Methods 
Participant observation is one of the central research methods in cultural  

Anthropology. This method includes information gained from participation and 

observation of the user through explicit recording and analysis of this information 

[118]. Immersion in the setting affords the researcher with the opportunity to hear, 

see, and experience reality as the subjects do.   

Ideally, immersion offers the opportunity to learn directly from one’s own  

Experience. Apart from passive observation, I integrated informal contextual inquiry 

interviews during the participation process.  

Ethnographic interview examines the entire ethnographic research cycle 

From the perspective of interviewing [119].   

It is important for a researcher to arrange good interviewing opportunities  

And present herself during the participant observation. There are basically two 

interview types: informal and formal.   

A formal interview occurs at an appointed time and results from a specific 

Request to hold the interview (my pilot study used such an approach).   

An informal interview occurs whenever you ask someone a question  

During the course of participant observation [119, p.123]. Beyer and Holtzblatt 

describes contextual inquiry is an active interview form of study method. In the 

current research stage, I employed some contextual inquiry interview techniques 

(such as work based interview, post observation inquiry, and artifact walkthrough 

[120]) in the participant observation study.   

The advantage is that the interviewer can communicate directly with the 

Interviewee about her findings.   

However, it is very hard to create a situation that does not disturb the  

Interviewee’s work practice. As such, I limit the contextual inquiry process to a 

smaller, but valuable part of the whole study. 

 
[118  J. Anderson. The Architecture of Cognition. Harvard University Press, Cambridge, MA, 1983.  

[119  J. P. Spradley. The Ethnographic Interview. Holt, Rinehart and Winston, NEw York, 1979. 

120]  M. E. Raven and A. Flanders. Using contextual inquiry to learn about your audiences. ACM SIGDOC 

Asterisk Journal of Computer Documentation, 20(1):1–13, 1996. 
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5.3. Study: ESARQ Biodigital Master Design 
Studio    
Professor Alberto Estevez invited me to teach an architecture 

graduate design studio in the 2009 semester in the Universitat International De 

Catalunya.   

In this course, more than seventeen students were assigned to use 

3ds max scripts as a parametric tool to design a responsive skyscraper for the 

sea beach of Barcelona of Innovation and Technology.   

MAGLAB were invited by DDR.Alberto Estevez the founder and prime 

director of ESARQ / UIC.  

The Studio was held over a period of 4 weeks and was an exploration 

into parametric design illustrating the various uses of the information systems 

and digital tools and was directed towards the understanding of new 

architectural forms and tectonics and provided an understanding of the digital 

tools as a design strategy. (Fig 75)  

 

Fig75 jury board of prof,Estevez studio - Main Tutor:Aref Maksoud, second to the 

right Prof Muhsen Maksoud, third to the left:Prof Enric ruiz gelli. © Alberto T. 

Estévez - Aref Maksoud, Biodigital master programme, Barcelona, 2008-

2009.Phot by Aref Maksoud.  

 

The main focus of the studio was the information that could be 

obtained from living nature as most biological systems and how could learn from 

connections and transitions between systems and sub systems of biological 

entities. Such study could also benefit the understanding self organization as a 

dynamic and adaptive process through which systems can be achieved without 

external control. (Fig76)  
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Fig 76 mood board showing one approach of prof,Estevez studio-skyscraper- 

Main Tutor:Aref Maksoud © Alberto T. Estévez - Aref Maksoud, Biodigital master 

programme, Barcelona, 2008-2009.  

Explaining the form – finding as a design method deploys the self 

organization of material systems under the influence of extrinsic forces to achieve 

optimization towards a required range of performance capacity.  

Students worked on the skyscraper project (Fig77) design after a research 

phase and table critic’s full time done by me throughout the studio time.  

Fig77 mood board showing 

Another approach of 

prof,Estevez studio-

skyscraper- Main 

Tutor:Aref Maksoud © 

Alberto T. Estévez - Aref 

Maksoud, Biodigital master 

programme, Barcelona, 

2008-2009.  
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Although they had more than three months to work on the project later 

through out another workshop by developing the project through out the new 

tools they were learning, only one afternoon each week was available for them 

to focus on learning and to analyze the parametric components with me. In 

addition, they were also busy working on other parts of the center design and 

their regular semester course work. (Fig 78)  

I worked with the students for all of the studio period. During the first 

three afternoons, we walked through a number of examples and introduced the 

functions of the skyscraper. Later on, I started to work with students one by one 

and group by group to discuss their individual projects and worked on different 

problems in their models. (Fig 79) 

Fig 78 mood board showing one 

approach of prof,Estevez studio-

skyscraper- Main Tutor:Aref 

Maksoud © Alberto T. Estévez - 

Aref Maksoud, Biodigital master 

programme, Barcelona, 2008-

2009.  

I usually spent 9 to 11 hours with the students until afternoon. Data 

were collected during these sessions. Before the discussions, I interviewed them 

informally about their progress during the past week and any problems they 

encountered. Then, we usually focused on specific problems and started to 

explore solutions together. 
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At the end of the studio, the students presented the final work of the studio 

to an international jury; the progress made by the students over the period of the 

studio was quit outstanding.  
Fig 79 mood board 

showing diagrams of 

analyzing the problems 

of light, structure and 

skin of one approach of 

prof,Estevez studio-

skyscraper- Main 

Tutor:Aref Maksoud © 

Alberto T. Estévez - Aref 

Maksoud, Biodigital 

master programme, 

Barcelona, 2008-2009.  

 

At the end of the studio, a jury of professors and professionals were  

Invited to evaluate the work of the students.  

Arch.Muhsen Maksoud had a discussion with Dr.Alberto Estevez and 

Arch.Enric Ruiz Gelli, the jury focused on impact of digital technologies on 

professional practice and its associated services. Fig (80)  

The jury then gave advice about using the digital tools and technologies in 

professional practice to generate strategies for design, to generate the geometrical 

systems and patterns and the format.  

These strategies would be of course dependent on the information gained 

From the research into bio concept. 
 Fig 80 jury 

board of prof,Estevez 

studio - Main Tutor:Aref 

Maksoud, second to 

the left Prof Muhsen 

Maksoud, third to the 

left:Prof Enric ruiz gelli. 

© Alberto T. Estévez - Aref Maksoud, Biodigital master programme, Barcelona, 

2008-2009.Phot by Aref Maksoud.  
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5.4   Study:Rhino Workshop , Group 4  Project : 
Solea  
The Idea was to Anylis a simple Falseta of Soleares (Basic form of 

Flamingo) ,as it has a three basic elements ( Melody , Rhythm ,and  Harmony ), 

and experience shaping a pattern geometry using the same system .(Fig 81)  

Fig 81 diagram showing the 

translation system of the music 

to geometry, Rhinobsession 

workshop, Damascus 2010. 

  

The System Analyze 

Notes System  Geometry System  

7 Notes  

(C,D,E,F,G,A,B)  

Tunes Relationship in the same directionà 

Thinner and sharper 

7 Shapes .. 

Organic à 

Geometry  

Rhythm: Arrangement of sounds and silence in 

time in measure 

Beats in measure and the Accent (Fig82) 

Fig 82 Mathematical study showing the Beats in 

measure and the Accent, Rhinobsession 

workshop, 

Damascus 

2010. 

 

 

 

 

Grid and dividing 

system 

Attraction Points or 

Lines  
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Melody: is a series of notes sounding in succession. (Fig 84) 

Whole, Whole , Half , Whole, Whole, Whole, Half  

1- Horizontal 

Relationship   

According to the 

Whole, Whole , Half , 

Whole, Whole, 

Whole, Half  

2- Choosing the 

Shapes in X direction 

(83) 

Harmony: is the study of vertical sonorities in music 

Major : 2.5-1.5 Minor : 1.5-2.5 (Fig85)   

 

 

 

Fig 83 

Vertical and 

horizontal 

Relationship according to the Minor-Major System, 

Rhinobsession workshop, Damascus 2010. 

 

 

1- Vertical 

Relationship 

according to the 

Minor-Major 

relationship.  

2- Choosing the 

Shapes in Y direction 

(Fig78) 

Fig 84 showing the diagram of MILODY AND HARMONY as a series of notes sounding in 

succession, Rhinobsession workshop, Damascus 2010. 
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Fig 85 diagram showing 

the generated organic 

shapes according to the 

music system, 

Rhinobsession workshop, 

Damascus 2010.                   

 

 

 

 

 

Fig 86 showing the transition from the 2d grid to 3d shapes where each 3d model 

is a translation of a music mark, many shapes creates a full rhythm or part of the 

music, Rhinobsession workshop, Damascus 2010. 

According to this System, several geometrical surfaces came in as a 

result. The final result was chosen based on the function. (Fig 86 – Fig87 - Fig 

88) 
 

 

 

 

 

 

Fig 87 renders showing the final results and its applications as architecture, 

interior and landscape, Rhinobsession workshop, Damascus 2010. 
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Fig 88 renders 

showing the results 

and its applications 

as architecture, 

interior and 

landscape, 

Rhinobsession 

workshop, 

Damascus 2010. 

5.4.1   Study 6: Rhino Workshop, Group 5 
  Participants in the digital obsession workshop (Rhino level1) their goal 

was to get an information and data from Natural phenomena or physical phenomena 

or from biological forms and Translate it into lines and designs and then find a 

function to our (me and my students in this workshop) forms an design, so this is a 

summary of how we worked at the workshop.  

The analysis and the concept: A dragonfly is an insect belonging to the 

order, the suborder Epiprocta or, in the strict sense, the infraorder Anisoptera. It is 

characterized by large multifaceted eyes, two pairs of strong transparent wings.  

By the study; the dragonfly wings are the complex result of multiple 

patterning systems interweaving in response to force flows and material properties. 

They consist of both honeycomb patterns which are flexible and exhibit membrane 

behavior and ladder type patterns which are stiff and exhibit beam like behavior.   

These patterns are characterized by their rule based interaction in terms 

of cell density, cell shape, and cell depth, as well as other parameters affecting 

overall wing performance, such as out of plane pleating behavior and material 

distribution.   

This complex mineral skeleton is skinned with translucent cuticle which 

eliminates shear failure in plane. The composite morphology of skeleton and skin is 

what ultimately generates wing performance. The dragonfly wings in nature are 

generated by evolutionary processes involving aerodynamics, lightness, mechanical 

properties, composite performance, the smooth accumulation of organic material, 

and the active flow of dragonfly blood.   

Dragonfly wings are the complex result of multiple patterning systems 

interweaving in response to force flows and material properties.   
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They consist of both honeycomb patterns which are flexible and exhibit 

membrane behavior and ladder-type patterns which are stiff and exhibit 

beam-like behavior. (Fig89)  

 

 
 

 

 

 

Fig89 the complexity of the dragonfly wings as a pattern system, Rhinobsession 

workshop, Damascus 2010., Image courtesy of Google 2010 

 

These patterns are characterized by their rule based interaction in terms 

of cell density, cell shape, and cell depth, as well as other parameters affecting 

overall wing performance, such as out of plane pleating behavior and material 

distribution. This complex mineral skeleton is skinned with translucent cuticle which 

eliminates shear failure in plane. The composite morphology of skeleton and skin 

is what ultimately generates wing performance. The dragonfly wings in nature are 

generated by evolutionary processes involving aerodynamics, lightness, 

mechanical properties, composite performance, the smooth accumulation of 

organic material, and the active flow of dragonfly blood. (Fig90)  

 

 

 

 

 

 
Fig 90 the smooth accumulation of organic material, and the active flow of 

dragonfly blood., Rhinobsession workshop, Damascus 2010., Image courtesy of 

Google 2010 
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An analysis of the evolutionary development of a dragonfly wing shows 

that; the yellow pattern is more stiffener from the others on the dragonfly wing, while 

the red pattern is more bendable, this arrangement is affecting on the overall wing 

performance, in response to force flows. 
 

 

 

 

 

 

Fig91 the whole arrangement of the wing pattern, Rhinobsession workshop, 

Damascus 2010., Image courtesy of Google 2010 

 

Here the student chose this part of the dragonfly wing, which  

Summarizes the state of the whole arrangement of the wing pattern. (Fig91)  
 

 

 

 

 

 

 

 

 

Fig 92 representing the pattern with a system showing the difference in hardness 

through the thickness of the hexagon., Rhinobsession workshop, Damascus 

2010., Image courtesy of Google 2010 

 

Dividing the patterns of the wing into five groups by its stiffening degree, 

and as we see the patterns have a geometrical shapes, so choosing the hexagon to 

make grid, and represented the difference in hardness through the thickness of the 

hexagon. (Fig 92 – Fig93) 
Fig 93 The result of the arrangement showing the 

difference in hardness through the thickness of the 

hexagon., Rhinobsession workshop, Damascus 

2010., Image courtesy of Google 2010 
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The process and experiments: I choose a part of the dragonfly wing 

which summarizes the state of the whole arrangement of the wing patterns.   

I divided the patterns of the wing into five groups by its stiffening 

degree, and as we see the patterns have a geometrical shapes, so I choose the 

hexagon to make my grid, and I represented the difference in hardness through 

the thickness of the hexagon.  

By observation the external lines of the wing, we could use it as a 

generator curves to the surface, and then the grid we will be projected on it.    

An analysis of the evolutionary development of a dragonfly wing shows 

that; the yellow pattern is more stiffener from the others on the dragonfly wing, 

while the red pattern is more bendable, this arrangement is affecting on the 

overall wing performance, in response to force flows. (Fig94)

Fig 94 An analysis of the evolutionary development of a dragonfly wing pattern with 

a system, Rhinobsession workshop, Damascus 2010., Image courtesy of Google 

2010 
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5.4.2   Study 7: Voluptuous bodies and extra-
qualities 
The aim of the workshop was to give an introductory understanding of key 

concepts such as topology, information (in morphogenesis), redundancy and plural 

potency as a mean to undisclosed performativity potential through morphology, from 

biological development to architectural design, within a general framework of an 

ecology of design.  

Efficiency and performance in nature were the result of processes of self 

organization in material systems which rely entirely on information exchange flows 

and the organization of these flows.   

Within such a framework, redundancy and flamboyancy coexist with 

optimization at different scales, triggering emergent potential extra qualities. (Fig95) 
 

 

Fig 95 showing the 

redundancy and flamboyancy coexist with optimization at different results 

and scales, X-Tra workshop, Barcelona May 2010. 
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The use of digital tools is strongly and inevitably involved for their 

unique capacity to embed complexity in the design process via information flow 

management and rule based patterns. Participants investigated specific 

geometric strategies such as those of lightweight and voluptuous bodies: folds, 

frazzles and placations as a mean for efficiency and performance (structural, 

movement, thermal). (Fig96)  

Animation and other techniques were used to tease out differentiations 

and gradients between key configurations (attractors), as well as exploring the 

emergence of complexity and effects out of simple starting elements.  

Fig 96 showing one of the final result during the workshop, honeycomb 

structure with responsive poros to sun direction, X-Tra workshop, Barcelona 

May 2010. 
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Aim of the workshop were (one of these 2 options): a. to design an open 

air stage for a dance festival. B. to design a beach facility, getting advantage from 

the parametric features of Autodesk® 3D Studio MAX®, participants generated and 

represented the project's materials, from form generation and management up to 

renderings and, in best cases, animation. (Fig97-98-99) 
 

Fig 97 showing one 

component study with 

slider bars to control the 

opening and closing of 

its poros, X-Tra 

workshop, Barcelona 

May 2010. 
 

 

 
Fig 98 showing the final transforming system 

with the structure elements, X-Tra workshop, 

Barcelona May 2010. 
 

 

 

 

 

 

 

 

 

 
Fig 99 Aref Maksoud working and doing 

revision for one student during the workshop, 

X-Tra workshop, Barcelona May 2010.Photo 

by Nelson Montans. 
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5.5.  Process of Data Collection 
I collected the subject’s design work as complete as possible.   

These data includes (if there are): photos of physical models, digital 

and hand sketches, screenshots of the progress (to avoid disturbing their work, 

I sometimes used the camera to take photos), successful renderings, script 

segments, and the feature and transaction files at different stages (in Figure 

7.1). Other than these visual materials, during the workshops and the course, 

with the subjects’ permission.   

The conversations were usually 3-10 minutes long. Chatted about the 

progress in their projects, problems they have met and possible solutions 

towards those problems.  

The conversation length depended on the topics emerging during the 

process. These short conversations were recorded by a digital voice recorder.   

These conversations also made me clear on their design intentions 

and meaning of their sketches and models. 

 

5.5.1 Ethical Consideration 
I obtained ethics approval before I launched the study. Participant 

observation naturally invades the life of the subject [121] and sensitive 

information such as their roles and progress in real life projects are often 

revealed.   

I ensured that no personal information was collected. Subjects were 

interviewed separately and no information from the interviews was divulged to 

other subjects. Information was collected and saved in a secure place and 

subjects have full access to their own information. In the publications and 

reports, I only use materials they agreed to share. 

 

 

 

 
[121]  J. P. Spradley. Participant observation. Harcourt Brace Jovanovich College Publishers, Orlando, 

FL, 1980. 
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5.5.2 Data Analysis 
Most existing parametric languages do not describe the details of how 

evidence for the existence of parameters were gathered from practice. As a result, 

the process of eliciting parametric ideas from grounding evidence is also absent in 

the work.  The study employs methods of thematic data analysis. Fig100  
 

 

 

 

 

 

 

 

 

 

 

Figure100 : Primary Materials Collected from the 2007 SmartGeometry 

Workshop. 

 

Thematic analysis is a process for encoding qualitative information. The 

encoding requires an explicit ‘code’. This may be a list of themes; a complex model 

with themes, indicators, and qualifications that are causally related. Boyatzis states 

that [122], “a theme is a pattern (this pattern is not the design pattern talked in this 

paper) found in the information that at the minimum describes and organizes possible 

observations or at the maximum interprets aspects of the phenomenon.” A good 

theme is one that captures the qualitative richness of the phenomenon.   

It should have five elements: a label, a definition of what the theme 

concerns, a description of how to know when the theme occurs, a description of many 

qualification or exclusion to the identification of the theme, and examples.   

Such a “thick description” would be sufficient to maintain the transferability 

criteria of trustworthiness.  
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Boyatzis also introduces three approaches to developing themes 

systematically: theory driven, prior data or prior research driven, and inductive 

[122, p.29].   

I anchored material, carried out a compare and contrast process to 

extract observable differences among samples. This process is called 

“immersion and crystallization” [123] and provides an inquiry audit path to 

maintain dependability in the study.  

However, considering the potential worries of using such a research 

tool [204] and referring to my data analysis experience in the pilot study, I 

decided to be more cautious to name and assign new codes to the data. Instead 

of using very detailed code such as anchor the start point (in the pilot study), I 

assign more general code such as rigid body, two dimensions of points, and 

increment change to the data. I want to use more meaningful codes to help me 

understand the structure of ideas and figure out the idioms of use. 

 

 

 

 

 

 

 

 

 

 

 
[122]  FL, 1980.R. E. Boyatzis. Transforming Qualitative Information: Thematic Analysis and Code 

Development. Sage Publications, Thousand Oaks, CA, 1998. 

[123]  G. Miller and R. Dingwall. Context and Method in Qualitative Research. Sage Publi- cations, London, 

1997. 
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Transcriptions of important interviews, GC feature and transaction files, 

screenshots or photos taken during the modeling process, audio recordings of short 

conversations were imported into ATLAS.ti to create a hermeneutic unit that allowed 

analysis of each subject’s activities as a whole. I adopted the data driven approach 

to develop thematic codes based on sampling and design issues. Figure 101 shows 

two screenshots of coding process in ATLAS.ti. The left image is the transcription of 

one short conversation.   

Figure 101: Screenshots of the Coding Process in ATLAS.ti. 

In this piece of text, will be able to code information about the subject’s 

understanding of the difference between GC and normal CAD systems. The right 

image is a rendered image of the model created in GC. Through images such as 

these, I was able to anchor codes such as organized collection of points, penetrating, 

incremental change of size and shape, place holder and radiating direction.    

By reviewing the codes and source materials repeatedly, I was able to 

locate important themes from the project, reduce the raw information, and generate 

some insights. Themes were identified as having potential relationships to pattern 

related ideas.   

To determine such a code, will focusing on comprehending what the 

problem was, how the subjects solve the problem and why she/he selected such a 

solution.    
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In some cases, the problem was clear but the solutions are uncertain. 

Sometimes the solution has been presented, but the information about the 

reason to select such a solution was no explicit. The process of thematic 

analysis and code development helps us to filter out unnecessary information 

and get important ideas quickly.   

Themes and codes I created from this unit could be transferred and 

reused for analysis of subsequence subjects.    

Triangulation is a method used by researchers to evaluate and 

establish validity in studies. There are five types of triangulation: data 

triangulation, investigator triangulation, theory triangulation, methodological 

triangulation, and environmental triangulation [124]. Considering the nature of 

this study (hard to change theory, methodology or environment), we employed 

data triangulation and investigator triangulation by using different sources of 

data and inviting another researcher, Yingjie Chen, to code the same data.    

The data was analyzed through triangulation at two levels. First, 

because data was collected from different perspectives, such as model scripts, 

interviews and screenshots, and analyzed as a whole, that data has been 

naturally triangulated in itself. For example, in a short conversation I asked one 

subject how she was able to adjust the Z direction of points along a Bspline 

Curve based on another reference.   

Both her script file and verbal explanation corroborated the same 

answer. However, this kind of match does not apply to all the data. In some 

cases a subject’s verbal explanation data do not match with his/her working 

data, which makes these data sections less useful. Second, to triangulate the 

findings, I collected data from another six subjects in the CDRN wood fabrication 

workshop, twelve architecture students in the UBC design studio, and six 

subjects in the ACADIA Halifax workshop. In the data analysis, we triangulated 

by looking for data across workshop groups. 

[124]  L. A. Guion. Triangulation: Establishing the validity of qualitative studies. Technical report, University

of Florida, 2002.
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5.5.3   Validity Verification 
In this study, I used participant observation method and contextual inquiry 

techniques to search for grounding evidence for parametric design thinking. The four 

trustworthiness criteria were carefully considered as follows:  

• Credibility: To conduct participant observation, the researcher must 

stay in the context to facilitate prolonged engagement in order to overcome the 

effects of misinformation and distortion [125]. For example, in this study, I worked 

and interacted with subjects for a long time. The first New York workshop was more 

than four full days. The second one was a ten day workshop, and another observation 

session was a whole semester of design studio course in the architecture department 

of UBC.   

Such a prolonged engagement is one means to establish credibility. After 

each small inquiring conversation, I would ask for re-clarification, conclude the main 

ideas discussed, and ask for the subject’s confirmation.   

Occurring continuously, both during the data collection and analysis stage, 

this is the process of member checking. Member checking could be formal and 

informal. It serves a number of functions, and is crucial for credibility [126].  

• Transferability: Slightly different from generalizability, the burden of 

proof for claimed transferability is on the subjects. To maintain the transferability of 

the study, I have provided, “an extensive and careful description of the time, the 

place, the context, the cultures in which hypotheses were found to be salient” [126].   

This PhD research topic is very specific and observational circumstances 

are also unique, so I prepared thick descriptions for each of the observed projects. 

 

 

 

 

 

 
[125]  Y. S. Lincoln and E. G. Guba. But is it rigorous? trustworthiness and authenticity in naturalistic 
evaluation. In D. Williams, editor, Naturalistic Evaluation, page 416. Jossey-Bass, San Francisco, 1986. 
[126]  . E. G. Guba and Y. S. Lincoln. Fourth Generation Evaluation. Sage Publications, Newbury Park, 
Calif., 1989. 
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• Dependability: Providing a path for inquiry audit is the method to 

maintain dependability. In this study, there are various kinds of data such as 

photos of physical models, digital sketches, and hand sketches, screenshots of 

existing problems, script segments and successful model, and audio recording 

of short conversations. All of this information has been saved in copies and 

preserved confidentially. Such rich information is sufficient for conducting the 

inquiry audit.  

• Conformability: In this PhD research, each subject has his/her own 

project to work on and tries to use the new tool to achieve their goals. There is 

minor effect the researcher could make upon their work. Conversely, data across 

different observation events would be triangulated to analyze, so the 

conformability of study could be kept.  

To ensure rigor, Morse et al.’s verification strategies emphasize that 

samples must be appropriate and data should be collected and analyzed 

concurrently [127].   

I recruited the subjects from limited populations within a limited period 

of time, so it is hard to guarantee optimal quality data. However, because 

different forms of data (photos, images, screenshots, voice recording, and script 

files) were collected for each project, sufficient data was available to account for 

different aspects of the phenomenon of interest, which meets the requirement 

of sampling adequacy.   

My data analysis was an ongoing process during and after the events.   

After each conversation, I went back to my desk to download and 

organize the collected data immediately. I also went through the audio 

recordings rapidly to ensure there was no obvious misunderstanding in the 

conversation.   

 

 

 

 
[127]  J. M. Morse, M. Barrett, M. Mayan, K. Olson, and J. Spiers. Verification strategies for establishing reliability 
and validity in qualitative research. International Journal of Qualitative Methods, 1(2):1–19, 2002. 
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When I met any unclarified ideas (sometimes a certain function or a piece 

of scripts), I wrote them down as notes and checked with the subject during the next 

conversation. Although it was hard to collect and analyze data at exactly the same, I 

made sure to conduct the member checking in the same day and initiated the data 

analysis immediately.    

 

5.6. Responsive Effects 
This theme focuses on making an object respond to the proximity of 

another object. It represents a common design intent in contemporary sustainable 

architecture structures. The essential idea here is to connect an interacted (driving 

component) to a result (outcome component) through a reference (other 

parametrically related components). 

 

5.6.1.  Study 3: Responsive Matrix  
To design a responsive facade in the design studio, Students started by 

creating a responsive matrix as a module for the future facade (in Figure 102). In the 

matrix, there are two sets of objects: trumpet-shape objects and ring-shape objects. 

The rings fill in the gaps between the trumpets. The two groups are partially 

overlapped and conceptually independent. 

 

 

 

 

 

 

 

 

 
Figure 102: Study 3: 

Responsive Matrix. 
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Students used a free 3D point as the reference. According to the 

movement of this reference, there are two kinds of responsiveness: first, when 

the reference point moves closer, the size of trumpets will shrink (upper left 

image); second, the set of rings can rotate smoothly and will always face the 

reference point (bottom left image).  

 
While moving the reference point, the two systems work together and 

form discrete variations. Some results are open and loose, and some are closed 

and snapped solidly.   

For the trumpets, their interaction is the distance between the 

reference point and each trumpet’s center point. For the rings, their orientation 

are controlled by the direction lines linking between the reference point and their 

corner points. DH told me that this project was inspired by a responsive roof 

example I showed to the class.   

In my example, when the reference point moves around, the heights 

of a matrix set of points increase and decrease according to their distance from 

the reference.   

As a result, the roof surface constructed by these points waves with 

the movement of the reference. DH wanted to explore new possibilities, so he 

tried to explore the rotation and size variation.  

Responsive Architecture Workshop  

Algorithmic Modeling   

3dstudio Max Scripting To Generate Design Solutions  

Damascus – Syria, February 10th – 14th 2011  

A workshop where participants were introduced to strategies for the 

integration of digital tools not merely as a means of production but as an impetus 

of design.   
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MAG LAB, Syria – Spain – Italy was pleased to announce the first edition 

of the 3dstudio Max scripting workshops “Responsive Architecture – Algorithmic 

Modeling” which took place in Damascus – Syria on February 10th – 14th 2011.  

These events followed the highly successful previous workshops, Spain 

2008-2009, Italy 2010, Syria 2009-2010-2011 and multiple preceding events. 

 

The Workshop provided a unique opportunity to work with the most 

established expert software in the world on digital parametric design.   

The most successful Workshop attendees had their work shown at the AIU 

2011 Conference and workshops, also had an opportunity to attend next workshops 

held by MAG LAB where top architects, engineers and educators will participate. 

Objective of This event will focus its interest on parametric design, techniques and 

theory along with the study of practical precedents.  

Participants were introduced to strategies for the integration of digital tools 

not merely as a means of production but as an impetus of design.  
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Exploring the exciting world of Digital Design, the workshop will 

introduce participants to Parametric Design strategies, highlighting issues of 

design, use of technology and methodology from concept forms & shapes, 

through to complex engineering analysis. Innovative tools for geometric 

modeling and scripting including minimal surfaces, (Fig103 – Fig104) mesh 

relaxing, tessellation and parametric steel frame modeling also were featured.  
 

Fig 103 shows the responsive skin of 

the studied pavilion, Responsive 

Architecture workshop, Damascus 

2011. 

 

 

 

 

Fig 104 shows the responsive skin of 

the studied pavilion facades, 

Responsive Architecture workshop, 

Damascus 2011. 

 

At the end of the workshop each participant received an official 

certificate of participation from MAG LAB Syria – Spain – Italy (Materials- 

Advanced Architecture – Generative Laboratory).  

Participants used the software 3dsMAX as parametric modeling 

software.   

Scripting tools opened up the possibility to construct highly 

parametrical complex models.   
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To generate this complexity we(me and my students) used live linkages to 

several programs listed below: • Autodesk – AutoCAD • Rhino   

Upon completion of this workshop, the participants understood: 

How and where to enter commands – MAX Script editor – MAX script 

listener Creating objects – modifying – transforming – variable and data types – Array 

Max script controlling structure – rollout floater basic frame work. Mass changing 

properties, wired sliders – wire parameter constraints unwrapping geometry.    

How to generate the responsive design depending on previous learnt info and 

extracted information from the research (Fig105)		

Fig 105 shows the Final responsive pavilion. Responsive Architecture workshop, 

Damascus 2011. 

5.6.2  Study 1: Multiple Responsive System 
The  responsive system in the 2007 Smart Geometry is conceptually 

similar to our students responsive matrix. The system is also organized by a 

collection of responsive   components and a free reference point. Each component 

looks very simple, a BSpline Surface with thickness constructed by the function of 

from Closed Curve (the base is a square shape closed curve and the upper opening 

is a circle like closed curve).  
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However, such a simple structure can be responsive to the moving 

Reference in four ways: the overall height, the opening’s orientation, 

the size of the opening and vertical variation of the opening (in Figure 102).   

The opening’s orientation and size of opening adopt the same 

approach as DH’s matrix. Furthermore, FE stretched the shape of opening to be 

more responsive to the outside reference point. After applying such a component 

to a matrix of squares, he got a multiple responsive system.  

The implementation of this project is an interesting three-step 

exploration. In the first stage, the opening in the start stage was a circle.   

FE first set the distance between the reference point and component 

center as an interaction point. He linked the height of the component and 

opening radius to this interaction. But FE was unsatisfied: “with all the openings 

are all facing up, my model looks less responsive to the moving point”. FE began 

to play 
Figure 106: 

Study 1: Multiple 

Responsive 

System. 

With the opening’s orientation. In a new file, He first determined the 

orientation direction, then assigned a Coordinated System whose XY plane 

always faced the reference point. The closed curve was drawn on the XY plane 

so that the opening orientation problem was solved.   

The verticals change on the opening is another step of innovation 

made based on the model at the second stage. Based on the responsive 

coordinate system, he added another interaction between the height and 

distance, then drew the closed curve as the opening.  .  
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5.7.   Summary 
This chapter introduces four participant observation studies to search for 

evidence of parametric design thinking. Through the data analysis from the 

multimedia raw data collected from these event, we are able to elicit several 

parametric themes: rigid transformation, increment change, responsive effects, 

branching variable, and variations of compiled feature. For each of them, there were 

real practice examples to demonstrate and present the intent and strategy idea. In 

the latter part of study, I use them as raw ideas and start to develop parametric design 

projects from these themes and their related practice.    
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6   Digital Fabrication 

6.1 Introduction 

In contemporary architectural practice, flat sections and plans drawings are 

no longer a primary means of representation and communication with clients. 

Nowadays the widely used media in architecture include visualizations, animations 

and three dimensional models.   

Now available digital fabrication techniques enable direct materialization of 

virtually conceived designs either in small scale models or in building structural 

elements. This transition, executed after the design process is finished, is possible 

with the aid of CAD/CAM software tools, which enable conversion from computer 

aided drafting (CAD) models to computer aided manufacturing (CAM) code provided 

a CNC technique is used.   

Digital models require conversion into particular file types if a 3d printing or 

any other fabrication method is used. Digital fabrication tools are all the more 

essential in architecture due to attainable mitigation of building costs in the case of a 

design’s increased complexity. Free form shaped designs comprising in the design 

stage of countless unique components require some sort of rationalization of 

structure constituents before being materialized into real buildings. 
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Hugh Whitehead from Foster and Partners Special Modelling Group 

distinguishes three main rationalization types, namely: pre-, co- and post- 

rationalization approaches (Whitehead, 2003).  

They differ in generic attitude to designing and take into account the time 

and role of structural optimization in the design process. Pre-rationalization imposes 

a compositional system before the form creation phase begins.   

An example of this design method is the Beijing National Aquatics Centre 

by PTW Architects, China State Construction Engineering Corporation, China 

Construction Design International and Arup. The building structure was based on the 

Weaire–Phelan three dimensional computational foam model, which uses two primary 

cells of equal volume and minimal surface to volume ratio. Although this model was 

used as a base for the Water Cube structure, during the design development the 

structure evolved into more structurally efficient configuration, which in turn resulted 

in a greater amount of different building elements increasing the complexity and cost 

of production.	Fig107 

 

Figure 107: (a) The Weaire-Phelan structure (Drenckhan & Weaire, 2004) and 

(b) (c) Water Cube Beijing (Ingenia, 2007). 

In post rationalization the structural system is being assigned to an already 

completed design, which at times requires compromising the final designed form. The 

Greater London Authority by Foster and Partners is an example of such an approach.   

The initial design of a spherically shaped building had to be altered in order 

to enable physical realization of the building. The egg shaped form was reshaped 

using planar quadrilateral (PQ) strips to meet fabrication criteria (Attar et al., 2009).   

 

 

 

 

 

Digital fabrication inspired design.   UCL 
Influence of fabrication parameters on a design process.  MSc AAC 
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uses two primary cells of equal volume and minimal surface to volume ratio. 

Although this model was used as a base for the Water Cube structure, during 

the design development the structure evolved into more structurally efficient 

configuration, which in turn resulted in a greater amount of different building 

elements increasing the complexity and cost of production.  

 

Figure 1: (a) The Weaire-Phelan structure (Drenckhan & Weaire, 2004) and (b) (c) Water Cube 
Beijing (Ingenia, 2007). 

 

In post-rationalisation the structural system is being assigned to an already 

completed design, which at times requires compromising the final designed 

form. The Greater London Authority by Foster and Partners is an example of 

such an approach. The initial design of a spherically shaped building had to be 

altered in order to enable physical realisation of the building. The egg shaped 

form was reshaped using planar quadrilateral (PQ) strips to meet fabrication 

criteria (Attar et al., 2009). Co-rationalisation, in turn, refers to a process of 

parallel finding of compositional system and form which are affecting one 

another. As in pre- and post-rationalisation ,where applying structural 

parameters is separated from the design process, the co-rational method 

implies  multidisciplinary coordination on every design stage and suggests 

the use of generative procedures, which incorporate fabrication parameters 

among other formal and functional design rules (Fischer, 2007).  
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Co rationalization, in turn, refers to a process of parallel finding of 

compositional system and form which are affecting one another. As in pre- and post-

rationalization, where applying structural parameters is separated from the design 

process, the co-rational method implies multidisciplinary coordination on every 

design stage and suggests the use of generative procedures, which incorporate 

fabrication parameters among other formal and functional design rules (Fischer, 

2007).	Fig108 

Figure 108: Greater London Authority by Foster and Partners (a) (Constructing 

Excellence, 2003) (b) (Oberholzer, 2006). 

 

While the relation between fabrication parameters and designed objects 

has been previously explored, their interdependence was typically limited to 

integrating manufacturing constraints into the development of a form, as is the case 

in the pre- and co-rationalized design approaches described above.   

Considering the use of a particular digital fabrication method, this research 

intends to look into the design-fabrication relation from a different angle and to 

attempt to answer the question of how the manufacturing parameters can be 

integrated in the design process to facilitate the design to production communication. 

The design rationalization parameters are meant to become a driving 

Force of a design within a generative procedure with embedded fabrication logic.  
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Figure 2: Greater London Authority by Foster and Partners (a) (Constructing Excellence, 2003)

(b) (Oberholzer, 2006).

While the relation between fabrication parameters and designed objects has

been previously explored, their interdependence was typically limited to

integrating manufacturing constraints into the development of a form, as is

the case in the pre- and co-rationalised design approaches described above.

Considering the use of a particular digital fabrication method, this research 

intends to look into the design-fabrication relation from a different angle and

to attempt to answer the question of how the manufacturing parameters can 

be integrated in the design process to facilitate the design-to-production 

communication. The design rationalisation parameters are meant to become

a driving force of a design within a generative procedure with embedded 

fabrication logic. A generative design approach can potentially tie together

the two often distinct processes of form exploration and final form 

machining. This thesis argues that the above is achievable through the

application of a simulation-based algorithm procedure derived from the

inherent logic of a fabrication machine's functionality. 

For the purpose of this research, from the currently available digital

fabrication techniques, CNC milling was chosen for setting the framework for

the constraint-based simulation design procedure. Computer Numerically 



196	

A generative design approach can potentially tie together the two often 

distinct processes of form exploration and final form machining. This thesis argues 

that the above is achievable through the application of a simulation based algorithm 

procedure derived from the inherent logic of a fabrication machine's functionality.  

For the purpose of this research, from the currently available digital 

fabrication techniques, CNC milling was chosen for setting the framework for the 

constraint based simulation design procedure.   

Computer Numerically Controlled milling machines are the most accessible 

and widely used in architectural and construction industries since they are capable to 

produce complex highly differentiated building elements in a relatively simple and cost 

effective process.   

Their basic principle is based on a numerically controlled drilling process 

and, depending on the number of axis in a machine, also turning of either the 

machine’s head or/and the milled material. CNC machines are automatically 

controlled by programmed commands of Numerical Control programming language, 

also called G-Code thanks to the functions syntax.   

The NC program, apart from the general-purpose machine’s operation 

control functions, consists of additional commands related to the overall machine’s 

actions the so-called M-codes, which may differ in structure for particular machine 

model and producer.   

Although the majority of NC programs are created by CAM software, they 

can be also developed by the programmers directly. Because the tool path planning 

difficulty increases exponentially with the increased number of supported axis, the 

manual programming is limited to three axis machines, which are the most commonly 

used.    
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They operate in three dimensions using X, Y, Z axis only, enabling 

sculpting landscaped surfaces with depth variation in Z axis, but only the higher 

dimensional machines are capable of cutting more complex geometry.  

The research here described is divided into two separate, but equally 

important phases, both of which are created with the use of and for programming 

language processing 1.0.1. At first, a vast exploration was made on finding a way 

of converting any given geometry from the Application Programming Interface into 

milling machine preparatory code, which would then be exported from the 

programming environment directly to the machine controllers. 

At this stage a custom made library for Processing was developed in 

order to enable immediate transition from digital to physical models using a 2, 5 

or 3 axis milling machines. Fig109 

Certain aspects of path planning and optimization were taken into 

account and were applied by the means of genetic algorithm. 

Subsequently, a generative simulation based design procedure was 

created with the procedural logic incorporated from five axes CNC milling machine 

and, in particular, the one with three transitional axis and two rotary ones attached to 

a tilting rotary table. The principles implemented in the first stage of the research 

were further developed in the second one and thereafter applied to a particular 

design problem 

Figure 109: (a) 3-axis CNC milling machine (b) 5-axis vertical milling machine 

(Mahanoy, 2008). 

Digital fabrication inspired design. UCL
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planning and optimisation were taken into account and were applied by the

means of genetic algorithm. Subsequently, a generative simulation-based 

design procedure was created with the procedural logic incorporated from 

five axes CNC milling machine and, in particular, the one with three

transitional axis and two rotary ones attached to a tilting rotary table. The

principles implemented in the first stage of the research were further

developed in the second one and thereafter applied to a particular design 

problem. 

Figure 3: (a) 3-axis CNC milling machine (b) 5-axis vertical milling machine (Mahanoy, 2008).
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6.2    Digital fabrication inspired design: Influence of

fabrication parameters on a parametric design process. 

The relation between architecture and building technologies has played a 

vital role in the development of both disciplines throughout the history. The link 

between the two is also valid in the present times, as the design and production 

processes are influenced by computational advances.   

Considering the use of a particular digital fabrication method, this research 

intends to look into the design production relation and attempts to answer the question 

of how the manufacturing parameters can be integrated into the design process to 

facilitate the design to production communication.  

It is argued that the above is achievable through the application of a 

simulation based algorithmic procedures derived from the inherent logic of a 

fabrication machine's functionality.   

The above stated was studied through creation of two custom tools 

facilitating the design process – namely a library for the Processing programming 

language and a bespoke design procedure both based on a functionality of the CNC 

milling machines. Finally, the conclusion is made that broader implementation of 

custom design procedures with underlying digital fabrication logic has a potential of 

altering the design process and facilitate the design to factory communication.  

Keywords: digital fabrication, design process, optimization, genetic 

algorithm, CNC milling, 5 axis milling machine, G-code, 3D PRINTER, path planning, 

depth buffer, Processing library, Adaptive fabrication. 

6.3    Design vs. fabrication technologies 

The research presented in this dissertation concentrates on the 

interdependence of computer generated designs and the fabrication processes that 

succeed. They have already been a subject of substantial research both separately 

and in relation to one another.   
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Widely discussed by Klinger (2001) [128]the tendency throughout 

architectural history of inevitable close connectedness between mainstream building 

forms and at that time available construction technologies and materials underlie the 

formulation of these thesis objectives. Architecture’s dependence on many other 

fields of knowledge and industry, especially construction industry and material 

development, results in its parallel and conditional evolution.   

Achievements in building technology are subsequently adopted to  

Architectural solutions withal. Klinger refers in his paper to Le Corbusier’s 

statement that “almost every period of architecture has been linked to research in 

construction” (1931) and describes how building industry achievements influenced 

the creation of architectural forms from the medieval to present times. Similar 

relations occur between stonemason craft and the form of medieval cathedrals as in 

contemporary skin and bones buildings and digital fabrication technologies.   

Although modern manufacturing methods allow construction of nearly 

every form, which can be generated by computer visualization software, there is a 

fundamental drawback of using this approach into designing.   

Visualization software is capable of developing and immediately adjusting 

complex skin forms of buildings, which can be created, with the aid of interactive 

algorithmic or scripting tools often incorporated in the software environment thus 

enhancing the direct communication between the designer and the generated form.   

However, the majority of the above mentioned design tools incorporate 

neither physical properties of materials and environment nor the fabrication 

restrictions while providing easy to use file to factory communication functions. In 

order to fully take advantage of the currently available design and manufacturing 

techniques, the use of comprehensive design environment is suggested as a way of 

overcoming laid down design issues.  .  

 

 

 
[128]  Klinger, L., & Dawson, G. (2001). Prototype formation in autism. Development and Psychopathology, 13, 
111–124. http://dx.doi.org/10.1017/S095457940 1001080 
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Alongside the aforementioned discourse, Klinger also discusses the 

changing role and work spectrum of the designer to whom he refers as to the  

craftsperson in the past and nowadays. As in the industry age, when the 

designer had to combine design skills and building technology, these requirements 

are also nowadays expanding to the areas of computer modelling, visualization skills 

and digital fabrication processes knowledge.   

Nevertheless, the designer is expected to be specialized in more and more 

disciplines, his work is nowadays largely dependent on software developers and 

programmers. It can be concluded that a skilled craftsperson in the digital era should 

also acquire programming knowledge concurrently with the primary design skills in 

order to bind the entire building’s or object’s development process by creating custom 

comprehensive environments for specific design scenario.  

Not only can digital fabrication techniques be used for producing individual 

custom building elements or small scale models but also, as Bonwetsch et al. 

mentions to conduct the whole building process of – in this particular case – a 

parametric brick wall (2006).   

The computer controlled manufacturing technologies originally developed 

for and used in other industries, e.g. in the automotive bile and aviation industries, 

open a window of opportunity to adopt them in modern architectural contexts in wide 

range of applications. The capability of such machines to perform highly complex               

precise assignments is usually still limited to executing repetitive tasks in the fully 

automated production lines. Digitally controlled machines’ customizability could be 

utilized for creating unique mass customized architectural forms. However, this kind 

of coaction requires developing specialized software and hardware for a particular 

design instance, as there is no general purpose CAD/CAM software for industrial all 

purpose robots available. 
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The DFab research laboratory DFab, opened by Gramazio and Kohler in 

ETH, the Swiss Federal Institute of Technology in Zurich, aims to investigate the 

possibilities of informing designs with digital data by building big scale architectural 

prototypes with the use of a six axis industrial robot (2008).   

Within four years they have developed a series of commercial and 

academic experimental design procedures for building unique architectural elements. 

One example of such experimental design approach developed in DFab 

Is the “Programmed Wall” project, which examines digital additive 

fabrication technique in the design context (Bonwetsch et al., 2006).	Fig110 

Figure 110: The programmed wall project by DFab Laboratory (Gramazio & 

Kohler, 2006). 

In this project parametric tools were utilized for generating two by three 

meters sized parametrically controlled wall designs composed of standard brick 

units. On account of using common construction material, the design process was 

intended to concentrate mainly on the construction technique rather than on material 

properties. 

A number of prototypes were constructed by the robot that is capable of 

reaching every point in a 3x3x8 meters space. The design information was used to 

create the so called informed architecture, which is a result of directly linking design 

information with real architectural artefacts. Creating such unique architectural 

elements has become possible via creation of custom software and hardware tools 

for each particular exercise.  .  
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customisability could be utilised for creating unique mass-customised 

architectural forms. However, this kind of co-action requires developing 

specialised software and hardware for a particular design instance, as there

is no general purpose CAD/CAM software for industrial all-purpose robots

available. 

The DFab research laboratory DFab, opened by Gramazio and Kohler

in ETH, the Swiss Federal Institute of Technology in Zurich, aims to

investigate the possibilities of informing designs with digital data by building 

big scale architectural prototypes with the use of a six axis industrial robot 

(2008). Within four years they have developed a series of commercial and 

academic experimental design procedures for building unique architectural

elements.

One example of such experimental design approach developed in DFab is the


Programmed W�����������	, which examines digital additive fabrication

technique in the design context (Bonwetsch et al., 2006). 

Figure 4: The programmed wall project by DFab Laboratory (Gramazio & Kohler, 2006).

In this project parametric tools were utilised for generating two by three

meters sized parametrically controlled wall designs composed of standard 

brick units. On account of using common construction material, the design 

process was intended to concentrate mainly on the construction technique

rather than on material properties. A number of prototypes were constructed
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Firstly a design method in MAYA software scripting environment was 

developed and secondly a post processing script was created for translation of the 

output CAD models into robot specific procedural language. Also, a custom made 

brick gripper robot’s extension was built, which at further stages of the project was 

enhanced with a precise adhesive automated adhesive depositing onto each brick. 

This method was successfully adopted in a commercial architectural 

application for constructing a Winery facade in Fläsch with total surface area of 400 

sq. meters.	Fig111	

Figure 111: Facade Gantenbein Winery, Fläsch, (Switzerland (Gramazio & Kohler, 

2006). 

6.3.1  Digital manufacturing processes 

Except the already mentioned additive digital fabrication principles, two 

other main types exist: subtractive and formative classified in respect of material 

formation rules. The machines used typically for each of the distinct processes 

include: stereo lithography (additive), CNC milling or laser cutting (subtractive) and 

press brake (formative).   

Each of the listed types has its specific implications and limitations.   

As for the subtractive process the problem is the waste material that is 

generated during the production, which is not the case if of the other techniques, is 

employed.   

Furthermore the additive type processes prove to be much more expensive 

and time consuming for building even small scaled objects, when compared with for 

example CNC milling method, which is much more economically efficient for building 

trial objects and prototypes. Stereo lithography should, therefore, be reserved for 

creating mostly final objects.  

. 
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by the robot that is capable of reaching every point in a 3x3x8 meters space.

The design information was used to create the so-called informed 

architecture, which is a result of directly linking design information with real

architectural artefacts. Creating such unique architectural elements has 

become possible via creation of custom software and hardware tools for each

particular exercise. Firstly a design method in MAYA software scripting 

environment was developed and secondly a post-processing script was 

created for translation of the output CAD models into robot specific 

procedural language. Also, a custom-made brick gripper robot�� extension 

was built, which at further stages of the project was enhanced with a precise

adhesive automated adhesive depositing onto each brick. This method was 

successfully adopted in a commercial architectural application for

constructing a �
�����������
�������	 with total surface area of 400 sq

meters. 

Figure 5����
����������	����������������
���������������(Gramazio & Kohler, 2006).

3.2 Digital manufacturing processes

Except the already mentioned additive digital fabrication principles, two other

main types exist: subtractive and formative classified in respect of material

formation rules. The machines used typically for each of the distinct 

processes include: stereolithography (additive), CNC milling or laser cutting 

(subtractive) and press brake (formative). Each of the listed types has its



			CHAPTER	6	 [DIGITAL	FABRICATION	–	AIMS,	OBJECTIVES	AND	INSTANCES]	

203	
	

 

 

Industrial multipurpose robots as contrasted with small digital fabrication 

machines are capable of executing a whole range of tasks, and thus have a great 

potential for multi requirement architectural applications.  

The selfsame robot used for constructing “The programmed wall” project’s 

prototypes was also used in another study design instance conducted in DFab 

Laboratory in ETH Zurich. Fig112 

Figure 112: The perforated wall 1 & 2 by DFab Laboratory (Gramazio & Kohler, 2006). 

 

Here in “The perforated wall”, in turn, the subtractive method was 

implemented for creating full–scale perforated wall components also developed with 

the aid of parametric software (Gramazio & Kohler, 2008). 

Individual holes were defined by X and Y coordinates, radius and two  

angles – one related to the wall’s mass material and another with pivot 

point in the center of each perforation.   

This approach, although limiting the design expressions to manipulation 

of a single element, provided with a wide variety of output forms.   

Yet the designs were purely based on visual qualities and - at this stage of 

the project no higher purpose of wall panels such as shading or visual 

connectedness, was considered. The following research led to load bearing 

properties testing of a fabricated concrete perforated wall.   

Still, this property was not taken into account during the process of 

generating perforation patterns and was only tested thereafter. 
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hardware and software tools, implementation of which informed the

architectural form and led to construction of unique objects unobtainable by

standard design and construction procedures. There is no imperative

requirement for single multi-purpose software development. However a

comprehensive tool could tie together dispersed design-to-fabrication 

elements. This research intends to investigate the possibilities of

implementing of such an approach in design process and study the

consequential enhancement potential.

Figure 6: The perforated wall 1 & 2 by DFab Laboratory (Gramazio & Kohler, 2006).

3.3 Economic factor

The subtractive manufacture method, especially CNC milling, has recently

gained new applications in architecture, which is caused by its low cost and 

time fabrication efficiency properties. Three- or more axis milling machines

for instance can be used for forming concrete moulds of non-standard

building elements (Kolarevic, 2006), as it was conducted in the construction 

�
�����
����	����������	���
���	���������Frank Gehry (2000).

Materialisation of the design necessitated the creation of over 350 individual

facade elements, which were designed in the CATIA software. The non-

standard forms were milled in styrofoam by a numerically controlled machine

and then served as moulds for the reinforced concrete panels.
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The two described projects from DFab Laboratory present an advanced 

approach to architectural design by incorporating bespoke developed hardware and 

software tools, implementation of which informed the architectural form and led to 

construction of unique objects unobtainable by standard design and construction 

procedures.  

There is no imperative requirement for single multipurpose software 

development. However a comprehensive tool could tie together dispersed design to 

fabrication elements. This research intends to investigate the possibilities of 

implementing of such an approach in design process and study the consequential 

enhancement potential.

6.3.2    Economic factor 

The subtractive manufacture method, especially CNC milling, has recently 

gained new applications in architecture, which is caused by its low cost and time 

fabrication efficiency properties.   

Three or more axis milling machines for instance can be used for forming 

concrete molds of nonstandard building elements (Kolarevic, 2006), as it was 

conducted in the construction of Zollhof Towers in Düsseldorf, Germany by Frank 

Gehry (2000). Fig113  

Materialization of the design necessitated the creation of over 350 individual 

facade elements, which were designed in the CATIA software. The non standard 

forms were milled in Styrofoam by a numerically controlled machine and then served 

as molds for the reinforced concrete panels. 

Figure 113: Styrofoam moulds milled by multi-axis milling machine for construction of 

Zollhof Towers (Afify & Elghaffar, 2007). 
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Figure 7: Styrofoam moulds milled by multi-axis milling machine for construction of Zollhof
Towers (Afify & Elghaffar, 2007).

The implementation of digital fabrication technology does not necessarily 

entail costly solutions. For example the ����������������������examines the

possibilities of designing low cost customised houses with the use of digital

fabrication methods (Botha & Sass, 2006). Based on the fabrication criteria 

of two-dimensional plywood joints and with the parameters such as

��
��
	���location, climate characteristic and stylistic variations an 

automated parametric system generates forms, which can then be modified,

not only in ��
��
	���appearances but also in spatial and functional

properties also. 

Figure 8: The implication on Instant House generative procedure (Botha & Sass, 2006).
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The implementation of digital fabrication technology does not necessarily 

Entail costly solutions. For example the “Instant House” project examines the 

possibilities of designing low cost customized houses with the use of digital 

fabrication methods (Botha & Sass, 2006). Based on the fabrication criteria of two 

dimensional plywood joints and with the parameters such as building’s location, 

climate characteristic and stylistic variations an automated parametric system 

generates forms, which can then be modified, not only in building’s appearances but 

also in spatial and functional properties also.	Fig114 

Figure 114: The implication 

on Instant House 

generative procedure 

(Botha & Sass, 2006). 

The projects of Instant House and Zollhof Towers present two ideological 

extremes of the applications of digital fabrication in architecture – by either taking 

advantage of it in order to facilitate customization of low cost buildings or by using it 

for materialization of complex irrational forms – they both require tailored program’s 

development.   

The bespoke programming tools assist in facilitating the essential 

communication between computed aided designs and materialization facilities. 

6.3.3   Hardware – software correspondence 
Typically, the transformation of digital information from visualization 

environment to procedural machine language is accomplished by the CAD/CAM 

converting software, which tends to be highly processor and memory intensive even 

if working on high speed computers. Moreover, the CAD/CAM software turns out to 

produce erratic programmes, therefore the code verification by either simulation 

software or time consuming and unsafe trials becomes crucial.  
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Figure 7: Styrofoam moulds milled by multi-axis milling machine for construction of Zollhof
Towers (Afify & Elghaffar, 2007).

The implementation of digital fabrication technology does not necessarily 

entail costly solutions. For example the ����������������������examines the

possibilities of designing low cost customised houses with the use of digital

fabrication methods (Botha & Sass, 2006). Based on the fabrication criteria 

of two-dimensional plywood joints and with the parameters such as

��
��
	���location, climate characteristic and stylistic variations an 

automated parametric system generates forms, which can then be modified,

not only in ��
��
	���appearances but also in spatial and functional

properties also. 

Figure 8: The implication on Instant House generative procedure (Botha & Sass, 2006).
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Additionally, relaying on CAD models geometry can render to be 

troublesome due to an unavoidable inaccuracy and frequent anomalies occurring in 

complex CAD geometries (McKenney, 1998). Many efforts have been taken to find 

the appropriate algorithm for correcting and thereafter converting CAD geometries into 

the fabrication machine language, and thus overcoming the stated problems.   

The majority of solutions were based on applying parametric surfaces to 

given geometry, which was a correct approach for CAD geometries before the 

development graphics acceleration hardware which enforced the use of non-

parametric geometries. This shift in modelling tendencies becomes a prerequisite for 

more general geometry analysis.   

Depth buffer solution provided with adequate results to this problem, 

because by analyzing every pixels’ position in the display makes it possible to 

analyses and export data based on any given geometry (Carter et al., 2008). This 

feature available in more advanced graphic cards as a two dimensional array can be 

easily accessed from graphics Application programming interface (API).   

Therefore the depth buffer function was selected to be further exploited for 

the development of the programming environment described in following chapter of 

this thesis. 

6.3.4 Aspects of optimization   in design 
and fabrication 

For the fabrication process to be efficient the generated tool trajectory often 

requires subsequent optimization to reduce redundant movements and the thereby 

the cutting time. Shorter production process influences concurrently the overall cost 

of the object and allow fabrication of greater number of elements in the same time.  

The optimization of milling machines’ tool paths presents another complex 

computational task, which is similar in principle to the travelling salesman problem 

(TSP).  
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The objective of this task is to find the shortest path for visiting every city 

on the list only once and returning to the starting point with the given numerical 

distances between every one city and all the other as a given database. TSP belongs 

to the group of the NP-complete (which stands for nondeterministic polynomial time) 

problems in the computational complexity theory, which have two main properties: 

one is that every solution to this problem can be quickly evaluated and the other is 

that if this problem can be solved quickly then so can any other problem.   

TSP is an important combinational optimization problem which has not yet 

been entirely solved, since the solution search time increases exponentially with the 

number of nodes in the system.   

A great deal of publications and researches were dedicated to the TSP 

[129] problem dealing with heuristic algorithms suitability and the comparative

performance of each search technique. A particular study by Dorigo et al [130]. in

which the local search algorithms such as: genetic algorithms, genetic programming,

neural networks, simulated annealing and ant colony search were compared showed

the best performance of the ant colony search (1997). Also a few successful

algorithms were created to specifically solve the TS problem.

The approximation algorithms tend to present close to optimal solutions for 

the TSP in a relatively short time. Among others like an ant colony or neural networks 

the evolutionary algorithms are the most commonly used for the specific example of 

travelling salesman problem, which is the CNC milling machine’s tool path planning 

and optimization. Hasan et al. presented an improved instance genetic algorithm for 

optimal collision free path planning in two dimensional spaces (2007).  

[129] Concorde TSP Solver by David Applegate, Robert E. Bixby, Vašek Chvátal, and William J. Cook
(Montemanni et al., 2007).
[130]		ANTS 2002, ser. LNCS, M. Dorigo et al., Eds., vol. 2463, p. 1,Berlin, Germany: Springer Verlag, 2002
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In his research he presents a highly effective algorithm which renders better 

results than Voronoi diagram based Bhattacharya and Gavrilova algorithm that has 

been already proven to produce highly optimized paths (2007). Above described 

scientific studies show that no specific accurate procedure exists that best suits tool 

trajectory optimization problem. Close to optimal and widely used for this task genetic 

algorithm occurs to be suitable for implementation for the purpose of this thesis. 

Fig115 

Figure 115: Genetic algorithm TSP optimisation (Saiko, 2005). 

6.3.5    Aims and objectives 

Although recently the evolutionary algorithms are being introduced in 

architectural practice as method for structural optimization, the most dominantly EA in 

design are used as an experimental tool for form generation.   

The evolutionary algorithms’ application as optimization technique is 

therefore limited to post rationalization of a building structure and its potential for 

comprehensive implementation in design related disciplines is still to be explored. 

Undoubtedly, genetic algorithmic strategies present the capability for joining together 

all of the aforementioned implementations in relation to architectural processes of 

design, optimization and fabrication into one multi objective design environment. This 

study, however, focuses predominantly on the exploration of the new design 

possibilities that arise from the digital fabrication technologies rather than on the 

manufacturing process optimization or automation itself. 

The aspects of path planning are incorporated in greater extent in the first 

stage of this research, whilst the following design implementation stage concentrates 

largely on link between design and digital manufacturing. 
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Figure 9: Genetic algorithm TSP optimisation (Saiko, 2005).

3.6 Aims and objectives

Although recently the evolutionary algorithms are being introduced in 

architectural practice as method for structural optimisation, the most 

dominantly EA in design are used as an experimental tool for form 

generation. The evolutionary algorithms� application as optimisation 

technique is therefore limited to post-rationalisation of a building structure

and its potential for comprehensive implementation in design-related 

disciplines is still to be explored. Undoubtedly, genetic algorithmic strategies

present the capability for joining together all of the aforementioned 

implementations in relation to architectural processes of design, optimisation 

and fabrication into one multi-objective design environment. This study,

however, focuses predominantly on the exploration of the new design 

possibilities that arise from the digital fabrication technologies rather than on 

the manufacturing process optimisation or automation itself. The aspects of

path planning are incorporated in greater extent in the first stage of this

research, whilst the following design implementation stage concentrates

largely on link between design and digital manufacturing



			CHAPTER	6	 [DIGITAL	FABRICATION	–	AIMS,	OBJECTIVES	AND	INSTANCES]	

209	
	

6.4.1    G-Code export function and
language syntax 

The initial phase of this study constitutes the study of the correlation 

between a virtual model and a fabrication procedure of physical objects from two 

dimensional images to three dimensional object analysis. This research phase has 

led to the development of a bespoke tool for exporting procedural code from 

processing programming environment in order to directly execute the fabrication 

process of the designed objects on a CNC milling machine. At the outset the GCode 

language syntax and principles will be introduced.  

The G-Code is a low level universal procedural language for CNC 

machines, the commands of which constitute the main body of Numerical Control 

programs. The G-Code functions refer immediately to the milling or cutting operations 

of the machine.   

The most commonly used functions include among others: G00 – rapid 

positioning of the tool without milling, G01 – linear interpolation to given point 

coordinates, G02 – circular clockwise interpolation, G10 – setting the coordinate 

origin system, G41 – cutter radius compensation left of path (Appendix 1). The 

remaining functions of NC programs include the M-functions responsible for machine 

comprehensive behavior, T-functions refer to tool handling, S – to spindle speed 

setting, F- to feed rate, X, Y, Z – to absolute coordinates, finally A and B refer to two 

rotary angles for up to 5-axis milling machine handling (a simple GCode program 

example for cutting a letter M is presented in Appendix 2).   

Although, the number of available G-Code commands has grown in 

number to support complex shaped tool paths programmed solely in NC language, 

the library described below employ only few basic functions. This is the result of a 

generalized approach to the problem and the aim of creating an effective algorithm 

for good approximation of the input geometry. 
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6.4.1.1 Two dimensional image analysis 

As the ascendant exercise of G-Code export handling in higher dimensions, 

a flat image processing procedure was created based on color analysis.   

For vector drawing conversion it required specification of exact colors 

corresponding with the engraving and full depth cuts. Concurrently the referring 

depths were specified. Similar conversion procedure is executed by a typical converter 

for a laser cutter.   

For the raster image G-Code export Fig116, the depth of the engraving is 

correlated with each pixel’s color brightness. Flat images are in this way converted 

into spatial relief, which depth is based on pixels’ colors. The brightness values are 

stored in an array along with the corresponding pixels’ positions in the display, thus 

creating a list of path coordinates 

Figure 116: Raster image and its 3d representation created by colour brightness 

analysis. 

The cut depth depends on material dimensions, as the brightness values 

are brought into a range of material thickness value: 

PVector pos = new PVector(j,i, (mat_height- 

(brightness(get(j,i))/255*mat_height))); positions.add(pos); 
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generalised approach to the problem and the aim of creating an effective

algorithm for good approximation of the input geometry. 

4.1.1 Two dimensional image analysis

As the ascendant exercise of G-Code export handling in higher dimensions, a

flat image processing procedure was created based on colour analysis. For

vector drawing conversion it required specification of exact colours

corresponding with the engraving and full depth cuts. Concurrently the

referring depths were specified. Similar conversion procedure is executed by a 

typical converter for a laser cutter. For the raster image G-Code export, the

depth of the engraving is correlated with each pixel�� colour brightness. Flat 

images are in this way converted into spatial relief, which depth is based on 


��������	�	������� brightness values are stored in an array along with the

corresponding pixel�� positions in the display, thus creating a list of path

coordinates.

 

Figure 10: Raster image and its 3d representation created by colour brightness analysis.
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The NC program starting and ending commands depend on the machine’s 

type. Usually the starting functions include the tool selection, spindle speed and feed 

rate settings: 

lines = append(lines,"T1M6" ); - select tool lines = append(lines,"M03 

S2345 F100"); - spindle speed:2345, feed rate: 100 

The array of positions is thereafter converted into a string of G-Code 

functions with vector coordinates as guiding points: 

PVector vec = positions.get(i); lines = append(lines,"G01 X " + vec.x + " 

G01 Y " 

+ vec.y + " Z-" + vec.z);

Once the array of vector positions is created, the G-Code file can we 

written. The exported code proved to successfully convert two dimensional images 

into spatial representations, which was tested in the CNC simulation software.	Fig117 

 
Figure 117: 3d raster image representation –Progress of a CNC milling fabrication 

process. 
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Figure 11: 3d raster image representation �Progress of a CNC milling fabrication process.

4.1.2 Three dimensional geometry

Building on recent research in the CAD/CAM algorithmic procedures and 

computer hardware advances in graphics handling a depth buffer method

appeared to be applicable for the case of three dimensional geometry export. 

The depth buffer is considered as one of the simplest algorithms for visible

surface computing (Joy, 2008). The z-buffer keeps the depth values for each

pixel in the display, every new object that appears in the model space is

checked as to whether the z-values for each pixel in its possible position are

greater or smaller than the ones of the objects already visible in the scene. If

the depth value is greater, then the z-buffer content is adjusted accordingly 

and a new view is displayed. In the algorithm described here the depth values

of each pixel in the display are first translated into real values based on the

perspective view transition matrix. Secondly the z-values are stored in

separate arrays for the actual geometry and for the remaining space. The z-

values included in each layer interval are stored in separate arrays and their

values are sorted so that the machine processes the closest neighbouring 

vertex in the first place. This simple algorithm already produces a fairly 
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6.4.1.2 Three dimensional geometry 

Building on recent research in the CAD/CAM algorithmic procedures and 

computer hardware advances in graphics handling a depth buffer method appeared 

to be applicable for the case of three dimensional geometry export. The depth buffer 

is considered as one of the simplest algorithms for visible surface computing (Joy, 

2008).   

The z-buffer keeps the depth values for each pixel in the display, every 

new object that appears in the model space is checked as to whether the z-values 

for each pixel in its possible position are greater or smaller than the ones of the 

objects already visible in the scene. If the depth value is greater, then the z-buffer 

content is adjusted accordingly and a new view is displayed. In the algorithm 

described here the depth values of each pixel in the display are first translated into 

real values based on the perspective view transition matrix.   

Secondly the z values are stored in separate arrays for the actual 

geometry and for the remaining space. The z values included in each layer interval 

are stored in separate arrays and their values are sorted so that the machine 

processes the closest neighboring vertex in the first place. This simple algorithm 

already produces a fairly optimized path. The more panoptical approach to path 

optimization will be discussed in the following chapter with the implementation of 

genetic algorithm. 
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A simple pseudo code can be given for this particular implementation of z- 

buffer: 

Given 

3d geometry  

Orthographic projection  

An array z-buffer[x,y] 

begin 

for each pixel (x,y) do {  

calculate real values of z-buffer at (x,y)  

calculate maximum value of z-buffer 

if z-buffer[x,y] > max_buff then {  

Object[x,y,z] = Vector (x,y,z_buffer[x,y]) 

} 

} 

Sort Object[x,y,z] and Background[x,y,z] by z Value  

Create Layer_values (z)[x,y,z]  

Calculate distance (me.Layer_values (z)[x,y,z], 

other.Layer_values (z)[x,y,z])  

Create Compare_values [x,y,z,dist]  

Sort by distance Create Tool_path (z)[x,y,z]  

Create String with G-Code functions [“G01 X” + x + “Y” + y] 

End 

6.4.1.3 2,5 vs. 3 axis machine procedures 
The differences between 2, 5 and 3 axis milling machines lead to a distinct 

treatment of tool path planning in both cases. The 2, 5 axis machine is capable of 

processing paths with simultaneous changes in only two from three available axes, 

whereas 3 axis machines are able to coordinate all the three axis at the same time.   
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These characteristics results in different smoothness levels achievable by 

both types of machines. In the first case only the paths programmed in layers can 

be fabricated, the more complex trajectories are applicable to 3 and above milling 

machines only.   

This constraint is partially overcome by dividing the milling process into 

two phases: rough material subtraction and final finishing.  

The initial cut is executed with fixed Z axis, the detailed cut with fixed either 

X or Y axis. However, complex circular and curved movements in three dimensions 

are still inoperable, the manufactured models present adequate level of accuracy.	
Fig118 

Figure 118: 

Two phases of 

2,5-axis milling 

machine: (1) 

roughing, (2) 

finishing

6.4.2    The Library 

The proceeding study on G-Code export function resulted in the 

development of a library – an external set of commands originally not available for 

use in a particular software created for processing 1.0.1.   

The library enables a user to easily export preparatory code for 2, 5 and 

3 axis milling machine in .NC and g00 files. The library definition requires 

specification of few basic parameters – up to two tool diameters, thickness of 

material and output file name. 
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4.1.3 2,5 vs. 3 axis machine procedures

The differences between 2,5- and 3-axis milling machines lead to a distinct

treatment of tool path planning in both cases. The 2,5-axis machine is

capable of processing paths with simultaneous changes in only two from 

three available axes, whereas 3-axis machines are able to coordinate all the

three axis at the same time. This characteristics results in different 

smoothness levels achievable by both types of machines. In the first case

only the paths programmed in layers can be fabricated, the more complex 

trajectories are applicable to 3- and above milling machines only. This 

constraint is partially overcome by dividing the milling process into two 

phases: rough material subtraction and final finishing. The initial cut is

executed with fixed Z axis, the detailed cut with fixed either X or Y axis.

However, complex circular and curved movements in three dimensions are

still inoperable, the manufactured models present adequate level of

accuracy. 

Figure 12: Two phases of 2,5-axis milling machine: (1) roughing, (2) finishing
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6.4.2.1 Levels of approximation 
From the two specified tools the first one usually of a bigger diameter is 

used for the first phase of milling, when the material is extracted from the work piece 

leaving two tool diameters of offset from the actual model surface.   

The second tool is used for the smoothing cycle, which usually requires a Smaller 

diameter for higher quality surface finish.   

If the second tool is not specified, both milling phases are executed with 

the same tool. The selected tool diameters also determine the approximation level of 

exported path, thus affecting the file computing performance and the time of 

fabrication cycle. Fig119 

Figure 119: Fabrication study model #2, (a-b) roughing cycle, (c) finishing cycle 

6.4.2.2   Stock and model dimensions 
The discrepancy between the model size and maximum machine working 

Height is very likely to occur. The library will produce part files for virtual models 

which are exceeding the specified material height in order to fabricate the object in 

separate pieces. Nonetheless, whenever the material dimensions are not specified 

the whole geometry is exported as a single file. 
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Figure 13: Fabrication study model #2, (a-b) roughing cycle, (c) finishing cycle

4.2.2 Stock and model dimensions

The discrepancy between the model size and maximum machine

working height is very likely to occur. The library will produce part files for

virtual models which are exceeding the specified material height in order to

fabricate the object in separate pieces. Nonetheless, whenever the material

dimensions are not specified the whole geometry is exported as a single file.

4.2.3 Machine settings control

Material characteristics are not taken into account automatically in the tool

path generation algorithm, since the spindle speed, maximum allowed cut 

depth and feed rate parameters are closely related to specific material

features and machine capabilities. The specification of these parameters and 

the offset height above material in z axis are left for manual adjustment 

before the file is exported.

gc.change_settings(5, 3000, 150, 3);

-offset above material � 5mm, spindle speed � 3000, feed rate � 150, max.

layer thickness � 3mm.
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6.4.2.3   Machine settings control 

Material characteristics are not taken into account automatically in the tool 

path generation algorithm, since the spindle speed, maximum allowed cut depth and 

feed rate parameters are closely related to specific material features and machine 

capabilities. The specification of these parameters and the offset height above 

material in z axis are left for manual adjustment before the file is exported GC change 

settings (5, 3000, 150, 3); Fig120 

-Offset above material – 5mm, spindle speed – 3000, feed rate – 150, max.

Layer thickness – 3mm. 

Figure 120: Fabrication study model #1, (b) collision between machine's head 

and material . 

6.4.2.4  Application coding requirements 

Both P3D and OpenGL renderers available in Processing are supported 

by the library. Relevant code sections demonstrating depth buffer handling in both 

cases are presented in Appendix 3.   

It is worth mentioning that the depth buffer readings forbid use of color 

transparency and text fields in the scene, as it may cause faulty readings of zbuffer. 

It is also required to use orthographic projection to prevent processing of perspective 

distorted geometry – otherwise the ortho function will be applied automatically by the 

library without the possibility of control over projection shifting, as it occurs in P3D 

renderer for example. 
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Figure 14: Fabrication study model #1, (b) collision between machine's head and material .

4.2.4 Application coding requirements

Both P3D and OpenGL renderers available in Processing are supported by the

library. Relevant code sections demonstrating depth buffer handling in both 

cases are presented in Appendix 3. It is worth mentioning that the depth 

buffer readings forbid use of colour transparency and text fields in the scene,

as it may cause faulty readings of z-buffer. It is also required to use

orthographic projection to prevent processing of perspective distorted 

geometry � otherwise the ortho function will be applied automatically by the

library without the possibility of control over projection shifting, as it occurs

in P3D renderer for example.

4.2.5 Path optimisation (Genetic Algorithm)

The tool path produced by the above described procedure exhibits some level

of optimisation, solely by the implemented vector positions� sorting 

procedure. Nevertheless, it appeared that the overall performance of the

algorithm could be improved by adding the option of proper path 

optimisation. The genetic algorithm was selected on account of the

discussed possibility of utilising single algorithmic procedure for
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6.4.2.5 Path optimisation (Genetic 
Algorithm) 
The tool path produced by the above described procedure exhibits some  

Level of optimization, solely by the implemented vector positions’ sorting procedure. 

Nevertheless, it appeared that the overall performance of the algorithm could be 

improved by adding the option of proper path optimization. Fig121  

The genetic algorithm was selected on account of the discussed 

Possibility of utilizing single algorithmic procedure for accomplishing stated goals of 

form generation and object optimization linked with the fabrication parameters in one 

comprehensive design environment 

Figure 121: (1) layer by layer 

material subtraction and (2) 

smoothing trajectory aligned 

to model surface created by a 

basic sorting algorithm. 

First, a simplified optimization procedure was tested. In this case the 

genotype was governing the starting point of tool path on every layer by turns. 

The selected initial coordinates influence the whole generated path by the sorting 

procedure. This optimization exhibits a good degree of improvement. However, 

some problem arises when the milled surface is very craggy then the layer based 

path planning is unreasonable due to the amount of redundant jumps between 

separate wells. 

The algorithm was searching the entire array of tool path positions and 

was each time searching for the closest vertex. Still the important requirement 

was to cut the higher Z values in the first place. At first sight the output path

exhibited a potential of a shorter path being computed, as the machine was not 

extracting material layer by layer as it was happening in the previous optimization 

procedure but this time was milling in some kind of clusters.  
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accomplishing stated goals of form generation and object optimisation linked 

with the fabrication parameters in one comprehensive design environment. 

Figure 15: (1) layer by layer material subtraction and (2) smoothing trajectory aligned to 
model surface created by a basic sorting algorithm.

First, a simplified optimisation procedure was tested. In this case the

genotype was governing the starting point of tool path on every layer by 

turns. The selected initial coordinates influence the whole generated path by 

the sorting procedure. This optimisation exhibits a good degree of

improvement. However, some problem arises when the milled surface is very

craggy then the layer based path planning is unreasonable due to the amount

of redundant jumps between separate wells.

gc.optimise_path(4000); - 4000 of generations to be optimised

Another optimisation procedure, although potentially more efficient,

did not prove to produce more optimised paths. The algorithm was searching 

the entire array of tool path positions and was each time searching for the
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Yet, the time measurements did not confirm that first impression. A more 

advanced algorithmic approach would therefore be imperative in order to generate 

highly optimized accurate NC programs. 

6.4.3     Implementation and optimization 
results 

A number of study models were built to test the default library parameters, 

the approximation interval and path outcome performance in a real life scenario.   

The interim development stages were tested in simulation software only to 

prevent machine and material damages before the appropriate code was computed. 

The code was tested exclusively on one machine and a further development of the 

library requires testing on various machine types, which presumably will lead to 

necessary altering of the code initial and closing M-code functions.  

The fabricated models served also as case study for the path optimization 

testing. Two NURBS surfaces were milled with different levels of path optimization.   

The first model was created with the basic algorithm only, the second one 

with the addition of path optimization cycle, calculated over 4000 generations on a 

population of 20 individuals. The fitness function improved by a factor of 12, 5%, 

which resulted in only 1, 5% of time gain, for the first milling phase taken solely. 

Counting both cycles together the profit in time is meagre for the genetic algorithm 

implementation with layer by layer path planning.	Fig122 

Figure 122: Fabrication study model #3, optimisation efficiency testing. 
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Figure 16: Fabrication study model #3, optimisation efficiency testing.

Optimisation performance was thereafter tested on different model sizes and 

surface shapes. The performance of initial optimisation algorithm strategy 

presented good fitness value improvement. Maximum achieved enhancement 

ratio equals 28% for machining of a NURBS surface of 30x30x5 cm size,

calculated with 12.7 mm tool diameter for the optimised material disposal

cycle. The genetic algorithm was evaluating a population of 20 individuals

over 3000 generation. The optimisation process was terminated once there

was no more fitness value improvement over 500 generation. Achieved 

fitness improvement equals to 3% of machine working time yield. These

results prove that there is a strong correspondence between the actual

model form and optimisation efficiency.

4.4 Computation performance

The adopted geometry analysis principle has proven to output good-

approximation of any virtual models, which, for the given purpose of digital

fabrication experimentations and models production appears to be sufficient

at this stage of the research. 
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Optimization performance was thereafter tested on different model sizes 

and surface shapes. The performance of initial optimization algorithm strategy 

presented good fitness value improvement. Maximum achieved enhancement ratio 

equals 28% for machining of a NURBS surface of 30x30x5 cm size, calculated with 

12.7 mm tool diameter for the optimized material disposal cycle. The genetic 

algorithm was evaluating a population of 20 individuals over 3000 generation. The 

optimization process was terminated once there was no more fitness value 

improvement over 500 generation. Achieved fitness improvement equals to 3% of 

machine working time yield. These results prove that there is a strong 

correspondence between the actual model form and optimization efficiency.   

6.4.4    Computation performance 
The adopted geometry analysis principle has proven to output good- 

approximation of any virtual models, which, for the given purpose of digital 

fabrication experimentations and models production appears to be sufficient at this 

stage of the research. 
Figure 123: Tool paths 

and model surface in (1) 

roughing cycle and (2) 

smoothing cycle 

The models up to 50x50x50 cm are easily processed in a satisfactory 

time (up to few minutes). The time required for file computation is inevitably 

dependent on the model size and diameters of specified tools, which define the 

vertex step (precisely half of the diameter size). 

Diameter of the first tool used for initial milling stage of material 

subtraction influences concurrently the optimization parameters, as this is the 

algorithmically optimized phase of the process. 

The second cycle proceeds in the so-called slices along Y or X axis and 

follows all the vertices one after the other without any tool jumps. In the smoothing 

phase it is advised to apply smaller diameter tools and slower feed rate for more 

satisfactory results of surface finishing. 
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Figure 17: Tool paths and model surface in (1) roughing cycle and (2) smoothing cycle

The models up to 50x50x50 cm are easily processed in a satisfactory time (up 

to few minutes). The time required for file computation is inevitably 

dependent on the model size and diameters of specified tools, which define

the vertex step (precisely half of the diameter size). Diameter of the first tool

used for initial milling stage of material subtraction influences concurrently 

the optimisation parameters, as this is the algorithmically optimised phase of

the process. The second cycle proceeds in the so-called slices along Y or X 

axis and follows all the vertices one after the other without any tool jumps.

In the smoothing phase it is advised to apply smaller diameter tools and 

slower feed rate for more satisfactory results of surface finishing.
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6.5    Methodology - Multi axial machines 

The quintessential part of this project constitutes the exploration of an 

unconventional design tool with fabrication processes embedded as dominant 

framework for form creation. The design environment was created on the basis of a 

five axis milling machine’s properties and, in particular, on a vertical type machine 

with additional two rotary axis attached to a tilting table. Three primary linear axis: X, 

Y, Z are attached to the movable milling spindle. The two rotational axis: 4th – the 

tilting angle (A) with range between 0 and 90 degrees against X axis and 5th – the 

rotary angle (B) with range between 0 and 360 degrees and direction perpendicular 

to the 4th axis. By manipulating the 5th axis only the machine can be utilized as a 

lathe type tool.	Fig124 

Evolving the three dimensional model handling precept, the algorithm was 

further developed to incorporate two more rotary axes in the geometry analysis 

procedure. At this stage of the research the analysis of any given form became 

unnecessary. 
Figure 124: 5-axis 

vertical CNC 

milling machine 

parameters and 

elements. 

Here the importance was transferred to form exploration mainly, thus 

sustaining the identical principles for dealing with geometry. Herein the depth buffer 

values are no longer stored only as physical model vertexes, of which the negative 

form is to be milled, but the actual readings determine which parts of a virtual black 

of material are available for milling subtraction. 

However, these values are still used for further physical model creation, 

but at the first stage of described procedure, which is the form finding process, these 

readings are used primarily for subtractive digital object generation.   
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Phase 2 	 Methodology

5.1 Multi axial machines

The quintessential part of this project constitutes the exploration of

an unconventional design tool with fabrication processes embedded as 

dominant framework for form creation. The design environment was created

on the basis of a five-axis milling machine��
���������� and, in particular, on a 

vertical type machine with additional two rotary axis attached to a tilting 

table. Three primary linear axis: X, Y, Z are attached to the movable milling 

spindle. The two rotational axis: 4th 	 the tilting angle (A) with range between 

0 and 90 degrees against X axis and 5th 	the rotary angle (B) with range

between 0 and 360 degrees and direction perpendicular to the 4th axis. By 

manipulating the 5th axis only the machine can be utilised as a lathe-type

tool.

Figure 18: 5-axis vertical CNC milling machine parameters and elements

Evolving the three dimensional model handling precept, the algorithm was

further developed to incorporate two more rotary axes in the geometry 

analysis procedure. At this stage of the research the analysis of any given 

form became unnecessary. Here the importance was transferred to form 
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The design environment is set as a virtual fabrication machine driven by 

a genetic algorithm based procedure. The genetic algorithm is responsible for 

controlling the stage of form designing, in which the fabrication optimization 

parameters are taken into account concurrently.  

First of all it is crucial to specify exactly which type of digital fabrication 

method is going to be used for the particular design scenario, once it is settled.   

Thereafter, let us take a potential block of material that fits in the 

determined machine working space. The virtual counterpart of material block 

comprises of a voxel cloud made of small units the size of which corresponds to 

the model approximation step, which then refers back to the specified tool 

diameter.   

Similar dependence was present in the 3d G-Code export algorithm for 

the 3 axis milling machine. By rotating the virtual work piece by machine two rotary 

angles within available ranges of each of them, the model view is analyzed 

accordingly to the displayed current transition.  

The depth buffer values are stored together with angles related to each 

particular projection. The angular configuration of the model is here controlled by 

a genotype, which is composed of two strings of values referring to angle A and B. 

The initial arrangement of angles comprises a set of random figures. 

These values are to be further adjusted in order to fulfil the design’s form 

and manufacturing objectives.   

Appropriate angles’ configuration and gradual voxel deletion accordingly 

to program spatial relations of the form leads through generations of breeding 

virtual objects’ representations to creation of a final model.   

The model is saved as a procedural machine code ready and optimized 

for digital fabrication. 

6.5.1     Design procedure - The object 
The established procedure case study is based on a design of a desk 

lamp, selection of which was motivated by its virtues of relatively small size, thanks 

to which the lamp object would easily fit in a machine working space is one piece. 

The object dimensions were an important design constraint for the initial procedure 

testing stage.   
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Other features of the design taken into account were the object’s light 

weight requirement, the level of equal light diffusion level in every direction, stability 

of the form and potential for the given function utilization. Here the lamp is illuminated 

by small led lights which are placed in the form perforations.   

The lights are purposed to be wired together in the inside of the lamp 

volume. Therefore it is required to achieve a hollow shape, so that the output model 

would not require any additional work after being fabricated. 

6.5.2      Design parameters 

Form finding process is divided into three separate stages. The first One 

constitutes the virtual material initial subtraction.   

This process leads to the overall object’s form determination. Secondly 

the smoothing cycle is executed, to be then followed by the final model perforation 

phase.  

First two stages are of general purpose applicable to other design 

processes. The perforation phase is employed exceptionally for this particular 

design problem, due to the object function and light’s diffusion fitness objective.  

Lamp’s shape is based on a Bezier curve which runs throughout the entire 

height of the initial material block from and to middle points of the work piece side 

planes. Two control points’ positions are encoded in the genotype and are the main 

subject of adjustment in the form finding process.   

Output volume is created as a result of potential designs’ testing 
whether the given curved shape, with specified offset in X and Y direction from 
the central cord, created by the chosen control points’ locations, fits within 
the work piece size. This criterion constitutes the first form’s optimization 
fitness function. Another fitness objective mentioned above is the object’s 
stability. A center of mass is calculated and used as a second form’s 
evaluation criterion.   
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Shapes which center of mass projects outside the base outline are  

Discarded being instable. Because of some machine’s constraints the 

internal well in the object can only be created within a constrained outreach limited 

to the maximum tool length.   

This parameter is also crucial for the fabrication of all the other parts of 

The model.  

 

Only the vertices reachable by tip of the drill and not lying deeper than 

the tool’s length are processed in order to ensure prevention of collisions during 

the fabrication process. In every analyzed view the maximum and minimum z  

Buffer values are calculated: Fig125  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 125: Form generation process using genetic algorithm. #2 
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Figure 20: Form generation process using genetic algorithm. #2 

 

This stage of design results in a creation of form that fulfils the stated initial 

requirements. The generated model is stored as a set of sorted tool path 

vertices and workpiece rotational angles as the material removal fabrication 

cycle is completed. Following ������	�����stage is based on the output form 

from the first phase and its purpose is to treats and smooth out the given 

rough model�� surface. Smoothing cycle is required for the form to become 

even, so that the tool scratches can be minimised. So far in this design 

procedure the 5-axis machine�� advantages were not put in use to the 

maximum, because - although both angles were being adjusted in the same 

time - the X, Y and Z axis played the most important role in model creation 

and fabrication process. Smoothing cycle procedure is programmed with the 

aim of linear axis movement minimisation in favour of the rotational axis 

broader employment. Now only vertices positioned on the X axis can be 
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Object 

[] 

sort_z_val 

= 

view_vertexes[rot_num].toArray(); 

Arrays.sort(sort_z_val); float z_min = ((myPathData) sort_z_val[0]).z_coord; float z_max 

= ((myPathData) sort_z_val[sort_z_val.length-1]).z_coord;  

Only vertexes which Z value is included in tool length range are added to tool path array: 

if((vec.z ) >= (z_max - tool_length)){ path[rot_num].add(vec); }  

The genetic algorithm in parallel to handling main form parameters 
is responsible for adjusting the fabrication performance by adjusting the order 
of milled model’s elements, so that the closest angles and vertices are 
grouped together 

This stage of design results in a creation of form that fulfils the stated initial 

requirements. The generated model is stored as a set of sorted tool path vertices 

and work piece rotational angles as the material removal fabrication cycle is 

completed.   

Following procedure’s stage is based on the output form from the first 

phase and its purpose is to treats and smooth out the given rough model’s surface. 

Smoothing cycle is required for the form to become even, so that the tool scratches 

can be minimized.   

So far in this design procedure the 5-axis machine’s advantages were not 

put in use to the maximum, because although both angles were being adjusted in 

the same time the X, Y and Z axis played the most important role in model creation 

and fabrication process. Smoothing cycle procedure is programmed with the aim of 

linear axis movement minimization in favor of the rotational axis broader 

employment. Now only vertices positioned on the X axis can be milled and by 

implementing gradual change of angle B at fixed interval, which as a result leads to 

lathe type machine’s behavior.  
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The last stage of the design process is the deployment of perforations  

On the object’s surface. The fitness function calculates the number of 

drills in different angles compared to the model’s surface normal vectors. The need 

of such a design element was included in the initial requirement of providing high 

level of light diffusion.   

This parameter is measured by the aggregated value of difference  

Between drilled perforations’ axis and model’s normal vectors measured 

in the drill access point on the surface. Another factor which influences the light 

diffusion is the perforations’ distribution  

It is aimed to achieve maximum even distribution of holes on all sides of 

the model. Random angles’ configuration from the first generation evolves 

gradually into more evenly sequenced angles, which results in both better primary 

model processing and fabrication and in the same time in more uniform distribution 

of perforations. All the perforations are of the same diameter, as only one tool is 

used for fabrication of this design phase, which was purely a design decision. 

 

6.5.3      Potentials and Limitations 
The creation and implementation of this type of a bespoke design tool in 

real life applications requires precise knowledge of preferred fabrication method 

with its detailed specifications in advance.   

Due to the constrained adjustability of the program the design 

possibilities are limited to the ones included in the predefined manufacturing 

method’s scope.   

Similar issues are a subject of pre-rationalized approach to design to 

which this particular implementation belongs. In design pre rationalization if the 

main focal point is the structural system only, the production process of it might still 

need adjustments and fabrication post-rationalization.   

The described procedure overcomes this problem, because only fully 

fabricated objects can be created, on the other hand it restricts the potential design 

possibilities. Expanding Whitehead’s classification of design approaches, another 

subcategory of so-called fabrationalization is introduced based on presented 

approach to design process. 
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6.5.4      The prototype  - Output 

On the current stage of the research the final procedure’s output was 

tested in CNC Simulation software particularly Predator Virtual CNC 2008 software 

was used.   

This decision was caused by limited access to the 5-axis machine. The 

software proved to be crucial for the output file testing. However, it is intended to 

build trial model on the purposed machine at an early date. Broad machining options 

and parameters adjustability available in Predator Virtual CNC software were 

corresponding with the predefined machine’s options, and thus enabled the 

feasibility study model to be tested only virtually at this stage.   

The physical prototypes of the previous research phase fabricated on a 3-

axis milling machine were also beforehand tested in the CNC simulation software.   

It was required to test the default parameters of layer thicknesses, tool 

diameters and generated tool path. Tool – model collisions and surface smoothness 

outcome was also a test parameter.   

It was proved that corresponding output was produced by both physical 

and virtual models. Therefore it is assumed that the research second stage design 

procedure’s end product tested in simulation software will exhibit similar 

correspondence with physically manufactured prototypes.  

Testing designed objects in simulation software and fabricating physical 

models is all the more imperative, as the model comprised of point cloud appears to 

be very heavy in terms of computational demand and memory use, therefore 

employing a standard visualization tool for the presentation of designs is highly 

inefficient in this particular case. 
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6.5.4.1      Form generation 
The form generation procedure however in this case based on a simple 

geometric principle proved to have some underlying defects. The depth buffer 

values are being measured in rigid grid intervals superimposed onto a flat display 

window. Although, the units of equal size to depth buffer’s interval are used for the 

point cloud’s deposition in space, the relative location of both compared values do 

not correlate with each other, because the view becomes distorted in angular 

projection. Even though an orthogonal view is being evaluated the comparison 

between the depth buffer readings and the model voxels coordinates is not 

accurate, which can in result lead to incorrect geometry generation. Two plausible 

alternative solutions could be applied in order to improve the accuracy of geometry 

analysis. Fig126  

The first one requires implementation of an additional fitness function for 

the output geometry evaluation. Nonetheless, as the output form is not predefined 

– which is a primary discriminant of the designed procedure – the geometry

evaluation would require employment of an intelligent learning algorithm to

determine the correct and accidental shapes. Another more applicable possible

solution, which is yet to be tested, is a deployment of increased resolution of depth 

buffer measurements with image sampling procedure, which compared to the point 

cloud units would discharge from the shifting between the two readings issue. 

Figure 126: Tool path trajectory of an output code for 5-axis milling machine. 
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Figure 21: Tool path trajectory of an output code for 5-axis milling machine.

5.3.3 Fabrication efficiency

Generated tool paths tested in simulation software present a good level of

accuracy for the material deposition phase. Subsequent material smoothing 

stage still lucks precision and requires further development in order to

achieve results comparable with already available CAD/CAM conversion 

software. It has been achieved to produce collision-free tool paths, 

nevertheless the path-planning component of the procedure requires further

improvements. Although a similar path planning rule has been implemented 

for both machines�������, the algorithm proves to be less efficient and do not 

meet the demand for the �
�����������fabrication using a 5-axis milling 

machine. While for the 3-axis machine the image in a zigzag manner, the

output path proves to be effective and free from redundant movements, this

is however not true for the 5-��
�����	
�������������������������
�s of the

closest vertex results in complex often scattered paths that do not follow 

axial directions.
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6.5.4.2 Fabrication efficiency 

Generated tool paths tested in simulation software present a good level of 

accuracy for the material deposition phase.   

Subsequent material smoothing stage still lucks precision and requires 

further development in order to achieve results comparable with already available 

CAD/CAM conversion software.   

It has been achieved to produce collision free tool paths, nevertheless the 

path planning component of the procedure requires further improvements.  

Although a similar path planning rule has been implemented for both 

machines’ types, the algorithm proves to be less efficient and do not meet the 

demand for the final models’ fabrication using a 5-axis milling machine.  

While for the 3-axis machine the image in a zigzag manner, the output 

path proves to be effective and free from redundant movements, this is however not 

true for the 5-axis machine’s output code. Calculations of the closest vertex results 

in complex often scattered paths that do not follow axial directions. 

For instance, of using digital technologies in fabrication using laser cutter 

and Lycra material which done by the In2space yearly workshop where I was a 

director and main tutor of the workshop in the summer of 2016 Fig 127,  it was for 

10 intensive days and more than 80 working hours where 13 students from all 

around the world studied and built a 12meter long*5meter width canopy for the UIC 

university backyard, Challenged by the time of the workshop, the site and the 

complexity of geometrical dependencies occurring in tensile structure for the final 

real scale installation, real-life issues like project budget and teamwork and the 

advantage of using advanced parametric design strategies were tackled, the 

workshop explored how a digital and technologies view of design could be 

implemented in a real scale built product. 

The participants learnt how to prepare their designs to be fabricated by using laser 

cutter, 3d printer, CNC and related technologies and how the awareness of the 

fabrication process should affect their design process from the early beginning. 
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The project conceptualized a sweeping tensile structure that flew 

continuously over the site imitating the draping and rhythmic protrusions of the 

Barcelona Mountains near Sarria(The site of the project).   

The result is a suspended cloud-like structure that appears to be floating 

over the site branching in between the UIC Buildings and the courtyards. Fig127 

Fig 127 The final real scale canopy of IN2SPACE Workshop at UIC 2016, Photo 

by Aref Maksoud, Barcelona-Spain 2016.www.maksoud-architects.com 

The continuous tensile surface that bridges all of the main buildings of 

the UIC”THE UNIVERSITY) is subject to a hierarchical structural system that 

creates a series of volumes across the site.   

The canopies membrane is suspended from a multitude of vertical masts 

that allow for the dramatic draping curves of the surface to flow dynamically across 

the site changing form, scale, and sectional characteristics.  

The participants were obsessed with tensile structures—think the roof of 

a tent, where a piece of fabric hangs between two points in tension, versus a cabin, 

where the beams are in compression instead.  

Aside from the courtyard that the membrane covers, there is a series of 

volumes that are covered by the suspended surface that are used as flexible space 

to be used during various events at UIC such as graduation ceremony etc. 
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For such an expansive site, the minimal structural components work to 

create the dynamic sweeping surfaces that are created by various tensile 

connections resulting in an undulating mesh.  As the system works its way across 

the artificial landscape toward the main university building.Fig128 

Fig 128 The final real scale canopy of IN2SPACE Workshop showing the minimal 

surface with tensile connections as artificial landscape at UIC 2016, Photo by 

Aref Maksoud, Barcelona-Spain 2016.www.maksoud-architects.com 

Using grasshopper, Rhino and Kangaroo, and Due to Kangaroo’s precise 

calculations the entire structural and membrane system was constructed off site Fig 

129. The high precision allowed for a simple assembly to innovative and complex

structural systems.

Fig 129 The analyzing panel of the project done by Kangaroo(rhino-

grasshopper), Panel by Aref Maksoud, Barcelona-Spain 2016.www.maksoud-

architects.com 
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And another example for using CADCAM in real scale was the final 

project done by my student at Do your project 2016 workshop where I was a main 

tutor and director of the workshop. The workshop held in Damascus, Syria from 27 

September to 27 October 2016 until 6 October 2016.Fig 130 

The participants started the workshop by raising the site and creating a 

set of experimental prototypes illustrated with technical pictures. Then they began 

to explore the use of different raw materials. After many experimental models, they 

decided to install the project with the final real measure of the processed cardboard 

so that the result looked like wood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 130 The final real scale roof of DO YOUR PROJECT 

Workshop 2016, Photo by Aref Maksoud, Damascus-

Syria 2016.www.maksoud-architects.com 
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Successfully designed and implemented a technical cover and a roof in 

the real scale in Tea Cup Café. Fig 131 

The participants were able to challenge the workshop by addressing the 

site and the complexity of the engineering dependencies that affect the tensile 

structure of the final installation in the real scale, and dealing with real work issues 

such as the project budget and team work and benefiting from the use of advanced 

strategies in barometric design. 

The workshop discussed how to implement digital ideas and techniques 

of using digital design and manufacturing to reach the final product in real size. And 

how the awareness of the manufacturing process must affect its design process from 

the early start of design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 131 The final presentation of the real scale roof of DO YOUR PROJECT 

Workshop 2016 at the café(the client), Photo by Aref Maksoud, Damascus-Syria 

2016.www.maksoud-architects.com 
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The result is a cloud-shaped ceiling that appears to float over the place, 

interspersed like sheets etched in the surface at times and at times to look like 

continuous smooth ripples confirming the dynamic shape and curves of the 

surface. Fig132 

The objective of the workshop was to allow participants to experiment 

with digital design techniques and strategies and understand all stages from design 

to manufacturing and implementation. 

During the workshop, the project was designed in real scale and 

assembled through innovative methods depending on the different programs 

required. 

3DS MAX Scripts, Rhino, Grasshopper and other Autodesk software as 

required for project design and implementation. 

The participants learned the production of ideas, projects and analysis 

of research that will be developed through specific programs and concepts. 

Participants were given the opportunity to apply the new knowledge 

acquired in our design laboratory by working on a real project and at the Tea Cup 

Cafe project site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 132 The final real scale roof of DO YOUR PROJECT Workshop 2016, Photo 

by Aref Maksoud, Damascus-Syria 2016.www.maksoud-architects.com 
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6.6     Discussion -  Relevance to architectural 
profession 

Digital revolution has influenced the architectural profession in various 

ways the introduction of digital fabrication processes enhanced the production of 

custom made building elements so easily created by means of generative 

procedures. Application of computational techniques in the design process implies 

a tendency of adding increased complexity to forms, thus leading to a shift in what 

we perceive as good architecture.   

Nowadays the relation between designs and the way they were fabricated 

– also important throughout history of architecture is even more prominent.  

The construction aspects of design are not only influencing the structural 

properties of buildings or materials used, but also alter the design process as a 

whole.   

Programming skills are becoming more and more in architectural 

profession, as they give the designer a possibility of setting the relationships 

between parameters of the design beforehand, which if digital fabrication methods 

are considered permit these parameters to become an important factor or a design 

core. Such a bottom up approach impose on the designer a responsibility of 

establishing how much the designer himself can intervene in the process, 

parameters of which he can choose manually, which will be predefined or 

customized by an algorithmic procedure.   

Using custom developed program for form finding process also frees the 

designer from the imposed in standard computer software aesthetic tendencies.   

Bottom up programming refers to the underlying relationship between 

building elements, parameters or spatial configurations of a building, so important 

for the forthcoming materialization and attainability.  
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The main focus of this thesis was to investigate the dependences and 

possible influences of the two closely related elements of design process – the 

form creation and fabrication stages – analyzed in the light of digital advances in 

both fields, namely the computer aided design tools and digital manufacturing.   

The assumption that the two still disconnected processes could be linked 

together in a comprehensive design bespoke environment was researched on the 

basis of two complementary studies.   

The first one was designed to create a link between a designer friendly 

parametric language such as Processing and rapid prototyping techniques by 

creating a user oriented application for connecting the two.  

The interdependence of both processes was the main subject of this 

study, therefore an enhancement of a general purpose programming environment 

partially fulfils the main objectives already and enables multiple users to take 

advantage of it.   

The library however supports only 2, 5 – axis machines, therefore the 

attainable incorporation in architectural forms manufacturing is restrained to panel 

type elements or convex molds.   

It can be also successfully utilized for various non-architectural purposes 

and mere form exploration. On the other side the G-Code export function, even 

though being very useful presumably, does not influence the design process at any 

degree.   
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The assumption set out in the beginning of this research was the study of 

how the digital fabrication characteristics can alter and enhance the design process 

from the outset. Now then the library development stage did not provide any valid 

answer to that problem, although its outcome provided an indispensable starting 

point for creating the suitable scenario.  

Diving into the subject it became clear that the mentioned programming 

skills of architects should play the most important role in tying the entire design to 

production process in such a way that the fabrication qualities inform the designed 

form by themselves.   

Design framework was devised from 5-axis CNC milling machine’s 

features. The generative procedure was established with the aim of incorporating a 

wide variety of parameters, such as for example: overall for of the object, its weight, 

light diffusion level and most importantly suitability for the particular fabrication 

method.  

Usually even if a bottom-up approach is taken while designing, the 

predefined form tends to affect the programmable design dependencies, so that the 

output will most likely fit within the designers’ established aesthetics, and therefore 

the emergent forms are less probable to occur. Similar issue was encountered 

during the lamp design process.   

Because the geometric was very basic and formal delimitations quite 

restrictive, the generated form was easily predictable.  

It seems to be more adequate to apply more general formal rules for the 

procedure to demonstrate its full potential.   
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Counter arguing the above stated the predictable form was created in all 

probability not due to procedure’s internal errors, but because it was enforced.   

The constant back and forth parameters’ adjustment was in the first 

place caused by the need of exploration of possible design solutions. Procedures, 

which output did not fit the requisites, were discarded till the one that fulfilled the 

creation of desired shape was found.   

Therefore taken bottom-up approach was at some point stranded. Middle 

stage output forms are the most correct effect of the selected path. This 

argumentation is referring to the first stage of design development only, and can 

be a subject of further discussion. The perforation creation stage does not fall in 

this concern. In both stages the random factor was the one controlled by the 

genotype, but what they differ in is the range of changes that can be executed by 

the algorithm. 

6.6.1      Possible development and form 
generation procedures 
Referring back to the issues with generative procedure principles, here 

some plausible correct approaches are presented.   

Fabrication parameters incorporation suggest that the form finding 

procedure should not be based on geometric relationships of the desired object, 

but the machining embedded principles should play a prominent role.   

The final shape should be created by manipulating the machine’s activity 

by selecting different combinations of angles and positions of the drill bit in relation 

to the material block.   
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This type of form finding would require more complex path planning for 

the output forms fabrication. The virtual sculpted model can be freely created, but 

the physical model’s milling constraints are imperative. Therefore it is not possible 

to simply set the form generation rules a priori, but the implementation of 

evolutionary algorithms for evaluating the correctness of each procedure.   

All that leads consequently to the conclusion that genetic programming 

implementation for stated objectives would most aptly fulfil the stated goals of this 

thesis, as it would evaluate the form generation procedures rather than the output of 

them. 

 

6.7     Conclusion 

Research progress described in this thesis presents a custom solution to 

a problem of linking two still disjoint processes of architectural design and building 

fabrication stage.   

The aim was to create a multirole environment for the designer to 

approach the form generation process from a different than usual perspective. In 

was suggested that the digital fabrication objectives could become a source of 

inspiration and a driving force of the design. In order to explore the feasibility of such 

approach two design facilitating tools were created.   

The first one was library for the Processing programming language that 

enables direct G-Code file export of any three dimensional geometry from the design 

environment to 3-axis milling machine controllers.   

At this stage factors such as path planning and optimization of the output 

code, computational efficiency and 3d geometry analysis were considered and the 

results incorporated in final library, which is available for an open source download. 

A more advanced step towards finding the relevant solution was derived from 

accomplishment of the first step.  
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From the analytical study a more design oriented attitude was adopted 

in the second phase of the research. Created design tool accomplished the primary 

research objective of joining all the design stages in one comprehensive 

application. Stages from form generation through optimization to fabrication output 

file preparation were executed within single bespoke program. The aim was not 

only to join the processes together but redefine their interdependence on the 

design stage.   

 

Owing to implementation of real time simulation of fabrication state at 

any stage which is a counterpart of visual object generation the interdependence 

was enhanced. Only forms that meet manufacturing constraints full are 

manageable, therefore no post rationalization procedures are required for the 

object to be materialized. Broadening the Whitehead’s classification of 

rationalization approaches to design into pre-, co- and post-rationalization a new 

sub-category of fab- rationalization is introduced (2003). Similarity to pre-

rationalization the parameters for physical fabrication are imposed on the design 

from the early stages, however fab-rationalization implies utilization of these 

prerequisites for enhancement of computer program’s creativity in forms’ 

generation and is a crucial factor in design creation. 

 

Both research stages proved to accomplish initial requirements in high 

degree. Main research objective was successfully tested in a custom-made 

application and the link between design and production stages was reestablished. 

Some misfits emerged during the advancement of the research, such as high 

processor load, maladjusted tool paths for the 5-axiss milling machine fabrication 

and a need for generative procedure principles reevaluation as being the most 

important ones. The tool paths generation algorithm, although requiring further 

corrections, produces codes ready for use on CNC machines without need for 

alterations on this stage.  
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It is the efficiency and time consumption of the fabrication process that 

needs to be improved in the future. Also a few improvement methods were described 

for possible implementation on successive stages of the research. As a result of this 

thesis are being evaluated it becomes apparent that the developed solutions for 

stated research question are only a tip of the iceberg and broad further development 

following different paths is required in order to explore potentials of this approach in 

depth. 
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7   Evaluation of parametric design and 
its patterns (types) in Use 

	

	
	

	
7.1 Introduction 
To answer the third question underlying the research process “how well 

are we doing? this PhD study demands a realistic and researched evaluation of 

how parameters are working in relation to stated purpose and goals. The literature 

review in Chapter Two constructs a cognitive framework for examining and 

understanding whether parametric process meet design process requirements and 

whether they support design activity.  

In this chapter, I introduce two studies, conducted at the 2008 Smart 

Geometry and 2008 ACADIA software workshops that evaluated parametric design 

through the proposed framework. Chapter Three adopts McLuhan’s tetrad of media 

effects [131] to evaluate parametric systems in physically based modeling and 

spreadsheet modeling. In the later part, I discuss design based parametric CAD 

systems through the lens of media effects. The evaluation studies were all based 

on current thirteen completed parametric design types. Here, I believe that lessons 

I learned from these studies will be useful to guide future development and existing 

revision of parametric design and digital fabrication. 

 

 
[131]   M. McLuhan and E. McLuhan. Laws of Media: the New Science. University of Toronto 
Press, Toronto, 1988. 

 

 

 

 



	

244	
	

 

 
7.2    How do others evaluate parametric 
design in Architecture? 
It is comparatively difficult to find evaluative studies or summary  

Discussions of parametric designs’ qualities in established parameters 

and digital languages. Typically, authors focus their effort on describing parameters 

and its languages, compiling descriptive content into ‘dictionaries’ without providing 

evaluation. In more recent conference literature, a few authors have started to 

discuss the    

Process of evaluating design.  

In his work on the communication revolution pattern language [132], 

Schuler provides a long discussion of openness, fairness, and effectiveness as 

interrelated aspects of processing and producing parametric patterns. Connelly et 

al. [133] describe the extension and evaluation of prior work on a parametric 

language for safety in user interface development.   

They performed an evaluation of their parametric language using a safety 

critical user interface for a hypothetical radiation therapy machine as a design case 

study [133]. Although the authors characterize the research as a qualitative study (p. 

47), what they describe was instead an experiment run through the process of 

designing the interface for the therapy machine using parameters.   

The study did not involve a subject and no data was collected during the 

process. While the study may provide further understanding of the usage of 

parametric strategies, it does not suffice as a trustable evaluative study. Ronteltap 

et al. [134] describe their process of designing a pattern language to aid in designing 

productive learning conversations. They ran two sets of experiments to gather 

feedback during the development process. Details of these experiments were not 

provided in the paper.  

Two studies encountered aimed at evaluating the effectiveness of  

Parametric based projects. 

 
[132] D. Schuler. Liberating voices! a pattern language for communication revolution. 
2007(http://trout.cpsr.org/program/sphere/patterns/), Apr. 2nd, 2007 2002. 
[133] S. Connelly, J. Burmeister, A. MacDonald, and A. Hussey. Extending and evaluating a pattern 

language for safety-critical user interfaces. In Sixth Australian Workshop on Safety Critical Systems and 

Software, pages 39–49, Brisbane, Australia, 2001. Aus- tralian Computer Society, Inc. 

[134]Ronteltab, Amber, J.C.M Van Trijip, R.J.Renes 2007. Consumer acceptance of technologt-based food 

innovation; lessons of future of nutrigenomics, Appetite49(1):1-17 
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A quantitative evaluation study: Deng et al. [135] adopt a comprehensive 

evaluation framework named DECIDE to conduct a formative evaluation of their 

prototype MUIP (Management of User Interface).   

DECIDE focuses on determining the specific goals of a particular  

Evaluation and then choosing an appropriate evaluation technique [136] 

Using the DECIDE framework, Deng et al. translate the main goals into a set of   

questions.   

Three user based techniques were selected for the evaluation:  

Observation, questionnaire, and interaction logging. They invited five 

computer science staff members who were familiar with MUIP to perform five 

scenarios. Each participant explored the system for ten minutes, then an observer 

recorded data from scenarios using a template.   

The observer also took notes about requests for help and any other 

comments. Once the participants completed all the tasks, they answered a 

questionnaire that included both closed and open- ended questions. The final result 

were not so positive for the interface design, but confirmed that MUIP was helpful 

for managing and manipulating UI literature.  

A qualitative parametric design evaluation study: A CHI short paper [137] 

presents an evaluation of parametric languages as tools for participatory design, 

based on three criteria derived from the work of Christopher Alexander [138], 10, 

and 11]: empowering users, generative design, and life enhancing outcomes.  

 

 

 

 
[135]   J. Deng, E. Kemp, and E. G. Todd. Focussing on a standard pattern form: the development and 
evaluation of muip. In 7th ACM SIGCHI New Zealand Chapter’s 
H. Sharp, Y. Rogers, and J. Preece. Interaction Design:  

[136]  beyond Human-Computer Interaction. J. Wiley & Sons, New York, 2002. 

[137]  ]  A. Dearden, J. Finlay, L. Allgar, and B. McManus. Evaluating pattern languages in participatory 

design. In CHI’ 02 Extended Abstracts on Human Factors in Computing Systems, pages 664–665, 

Minneapolis, Minnesota, USA, 2002. ACM. 

[138]Christopher Alexander, Sara Ishikawa, and Murray Silverstein, A Pattern Language Which 

Generates Multi-Service Centers (Berkeley:Center for environmental Structure, 1968) 
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7.3   Parametric Language-Based 
Representations 
I devoted much effort to writing the explanatory text: components of Intent, 

Use When, Why, and how are all such text. However, i realized it was the Samples 

that actually bridged between specific design ideas and the generality of parametric 

process and helped us adapt in design practice.   

While discussing the samples, I noticed that most people spent much more 

time viewing the animations of samples than reading their text explanations. MH from 

the UN Studio told me that he scanned through the animations in repository to look 

for useful scripts:  

“I want to enjoy the writing part. But honestly, finding what it can do is 

much more important for me than finding how to do it.   

I mean, in that environment, I have to find quick solutions. Basically I 

scanned through all of your animations first, then I may download a couple of them 

to see how you made it work. Only if I failed understand the concept or the strategy, 

I would return to read the text explanation. I think that only happened once or twice.”  

“A picture is worth a thousand words” is an adage from an old proverb. In 

light of the fact that the user group in question is comprised of visual oriented 

designers, it is not surprising that they would scan the graphical representations 

rather than read.   

These efforts had been acknowledged because most of students found 

the scripts clean and easy to follow. Some even copied and pasted part of the sample 

scripts directly into their projects. 
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7.4      Scaffolding 
I tend to understand the notion of scaffolding at two levels: it refers to  

Ways the software tool itself can support learners rather than only teachers or 

peers; and, there is a delicate negotiation between providing support and 

continuing to engage learners in the learning process.  

The first level is very basic and the repository of parametric design can 

generally meet its requirements. GC uses the symbolic model with graph 

visualization for users to navigate his/her own transaction process freely. Apart 

from that, the modeling process is recorded by the linear transaction based 

structure.   

Both of these two features provides a foundational structure for  

Scaffolding. Parameters themselves can be viewed as a scaffolding strategy. By 

providing explicit examples and showing, stepwise, how these relate to more 

abstract ideas, the hope is that parametric can enable people to eventually 

construct such useful abstractions themselves. From the discussion of reflective 

thinking, I can find evidence that using parametric design to learn the GC software 

is possible and practical.  

Currently, it is hard to achieve the second level of scaffolding. Being a  

Information storage, the repository aims to provide a platform to author, share, and 

represent design. There is limited online interactivity provided by the system.  

It is able to record critics’ annotations and add authors’ contributions, but 

it does not provide a space for visitors to anchor their learning process. When the 

visitor’s skills has been enhanced, the repository system will not hide basic 

parameters and add more advanced parameters by itself. Basically, it is an online 

information sharing repository instead of a personalized learning tool. Whether or 

not additional functionality should be developed in the repository will depend on 

how parametric design develop in the future. 
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7.5   Evaluative Discussion: Tetrad of Media 
Effects of Parametric CAD Systems 
Prospective Positive what does it enhance?  

• Design Collaboration: The systems firstly help design team to manage 

product data, share design information, automate workflows, and improve 

collaboration between designers. Secondly, the collaboration inside the design 

group has been extended towards the external professionals. In the previous 

section, I described how parametric CAD systems help collaborators share the 

creation process, communicate with other professionals through on going edits, and 

facilitate interdisciplinary design between designers and scientists.  

• Design Space Exploration: In a real design environment, participants 

want to explore different alternatives and decide on the best choice. Design space 

exploration is an approach that helps designers consider many alternatives at once 

and recall related work previously done in their organization [139]. It also helps 

designers make, test, remember and adapt designs to new situations. Traditional 

CAD systems only show one instance of a design. Until now, paper based sketching 

was the usual exploratory method. In a parametric CAD model, it is straightforward 

to review different variations through adjusting the parameters. A built-in recording 

tool can record key steps and stages for further analysis. For example, Figure 10.14 

shows a project in Smart Geometry workshop. The designer can generate fourteen 

alternatives of stadium bowl design and compare their plans, elections and 

perspective views directly.  

• Design Iteration: Parametric CAD systems not only support comparing 

and optimizing alternatives, but also allow designers to easily subject designs to the 

same conditions that they will experience in the real world [140]. They enhance the 

quality of design while reducing the cost for live prototypes and testing.  

 

 

 

 

 
[139]   H. Sharp, Y. Rogers, and J. Preece. Interaction Design:]  R. F. Woodbury and A. L. Burrow. Whither 
design space? Artificial Intelligence for Engineering Design, Analysis and Manufacturing, 20(2):63–82, 
2006. 
[140]    SolidWorks. Solidworks homepage. http://www.solidworks.com/(June 26th.), 2009. 
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For example, Autodesk Ecotect is an building analysis program that  

Allows designers to apply necessary tools for an energy efficiency calculation [141]. 

Now GC is able to talk to Ecotect via a client server model to do energy perform 

calculations [69]. SolidWorks provides a computational fluid dynamics (CFD) 

analysis application. The designer can simulate liquid and gas flow in real world 

conditions, run “what if” scenarios, and quickly analyze the effects of fluid flow, heat 

transfer, and related forces on immersed or surrounding components. With the help 

of such quick simulations and evaluations, design iterations can be significantly 

accelerated.  

Prospective - Negative what does it flip into when pushed to extremes?  

• GUI tools or Programming: It is far too often the case that people must  

Perform repetitive tasks through the graphic user interface (GUI) that could be 

completed much more quickly and correctly with an algorithm. Designers interact 

with parametric CAD systems at three levels: modeling (using existing functions 

provided by GUI), scripting (writing short scripts in GUI), and programming (writing 

scripts outside GUI). Modeling can only build comparable simple structures. To 

work with complex geometries, designers have to include some scripting in their 

parametric models.   

Some complicated projects might need full programming outside of the 

parametric CAD system interface. To think like a designer and work like a computer 

scientist is big challenges for many designers. End user programming tools 

promise to support people in expressing and using algorithms from within 

computing tools such as spreadsheets, word processing tools, image systems and 

computer aided design systems. However, current, useful end user programming 

systems have been hard to achieve. How to teach, encourage, and support 

designers to write algorithms remains as a problem for parametric CAD system 

developers. 

 

 

 

 
[141]   Ecotect. Ecotect homepage. www.mit.edu/kkdb/newhome/generative/index.html(July 26th.), 
2009. 
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• Uncommunicative Parametric Neighborhoods: Nowadays, architects

emerge to apply parametric design techniques frequently in their creation. 

Parametric design lets architects and engineers pursue designs and achieve results 

that were “virtually unthinkable before” [85]. However, the over emphasis on the 

individual geometric structure can cause the ignorance of visual communication 

between the building itself and its neighborhood context. In some cases, neighboring 

parametrically designed buildings look too independent in the same district. 

Recently, some researchers started to concern this issue and suggested to bring 

neighbor hood parametric planning into studio design courses to draw the attention 

in design fields.  

Retrospective - Negative what does it make obsolete? 

• Unadaptable Library Components: In conventional architectural CAD

software, the systems usually provide drawing tools with symbol libraries and 

“intelligent” tools that offer component level design, for instance, walls, doors and 

windows. The main problem with these modeling tools is that the components are 

predefined by CAD software vendors with limited adaptability a designer cannot add 

a structural element if there are no structural elements in the library to add. 

Nowadays, a lot of building projects are targeted to be sustainable and components 

are expected to be responsive to their environments. Thus, designers have to take 

more control over the properties of components instead of using fixed items.  

• Drafters: Word processing, spreadsheets, and database software

changed the role of “secretary” in the late 20th century. According to Strassman 

[142], “the value added secretary of the future will have to have mastery over the 

electronic medium.   

Secretaries should focus on electronics aided management of recorded 

knowledge as their primary value to the organization [142]. I believe that a similar 

case will emerge in the computer aided design domains. Traditionally, it is the 

drafter’s task to prepare, duplicate, modify, and finish technical drawings and plans. 

[142] P. Strassmann. Knowledge management: Oppotunity for the secretary of the future. Secretary,
47(6):14–17.
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Parametric design systems accelerate the design iteration and in a lot  

Of cases can generate the drawings directly from parametric models. In 

the near future, the drafters will face the reconstruction of their roles in the design 

and production cycle.  

Retrospective - Positive what does it retrieve?  

• Sketch 

Book: It is an architects’ tradition to carry a sketch book around. Today, young 

designers tend to carry a laptop around because computers can store much more 

information. By definition, a sketch is a roughed out design. It is quick, inexpensive, 

plentiful, and disposable, with clear vocabulary and appropriate degree of 

refinement. [143]. It is used to suggest and explore rather than confirm design 

ideas. In contrast, a prototype or more detailed model aids idea evaluation and 

confirmation.  

Parametric CAD systems enable designers to draft sketches in a quick  

And inexpensive way. For example, shown by Figure 7.4, ZD’s first stage 

of horizontally sliding arc panels was actually a sketch model of his second stage 

of sequenced shingles with control arms. As another example, in Figure 7.11, MD 

and SP firstly used a sketch model to understand the system: the roof surface is 

responsive to the four red blocks below.   

Then, they analyzed and developed the responsive roof surface in  

Details. Design is naturally an iterative process. Parametric CAD 

systems support such iterations through record the transaction history and allow 

designer to undo and redo selectively. As a result, they made “digital sketching” 

possible.  

• Building 

Geometry: The origin of geometry lies in the concerns of  

Everyday life. Greek mathematician Eucllid wrote the most influential 

geometry textbook “Elements of Geometry” 2300 years ago. Illustrated by Tones 

Brunes [144], geometry had been broadly and penetrably applied on ancient 

architecture in ancient Egypt, Pythagoras, early Christian Era and the Middle Ages. 

 
[143]   W. Buxton. Sketching User Experiences: Getting the Design Right and the Right Design. Morgan 
Kaufmann, San Francisco, CA, 2007. 
[144]   B. Tons. The Secrets of Ancient Geometry and Its Use. Sacred Science Institute, EMR Labs, 
Cascade, CO, 2006. 
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Gorgeous examples of ancient temples, palaces, and building sites now 

act as the main tourist attractions around the world. Industrialization and modern 

construction technology accelerated the speed of building fabrication and also 

fundamentally changed the design goal. Modernists more commonly ascribed the 

changed apprehension of space not to scientific concepts, but rather to technology.  

Architects’ loyalty and interests in geometry started to fade during the 

Modernism.  

Parametric design systems emphasize on the explicit interpretation of 

geometric structures during the design process. In order to drive the innovative 

software and create more impressive works, architects urgently need to rebuild up 

the solid knowledge of building geometry to catch up with the new trend. 

 

 

7.6    conclusion 
This chapter works in concert with all last Chapters, adopting the cognitive 

frameworks to evaluate and discuss how parametric design were used as tools and 

strategy in real world design practice. There are two rounds of discussion: one 

focuses on the cognitive aspects of the design practice with parametric and digital 

tools, and the other emphasizes whether or not parametric design are supportive in 

three perspectives. These two discussions are closely related and also overlapped 

in some ways. Overall, they show us a thick and honest description of how 

parametric design were used in parametric architecture design workshops. 
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8 Conclusion 

8.1    Review of the thesis 

Parametric tools and methods offer architects new ways to synthesize 

data to aid in their design process and decisions. There are a broad range of 

parametric tools ranging from simple to complex which aid designers. The most 

promising benefit of parametric tools and architecture is the ability to combine the 

architect’s intuition with researched data. By being able to merge these, new forms 

and ideas can be generated that may not have been thought of or considered 

before. Unfortunately, very few architecture firms have been able to explore 

parametric tools due to the learning time associated with the software. 

Firms must be profitable and cannot achieve this by using their time to 

learn all of the newest tools available. 

To fully utilize the tools, parametric thinking and software must be taught 

in school. The software is not easy to learn and thinking parametrically is quite 

different from a traditional architecture education. As the thought process and tools 

are taught more during education, the ability to use parametric tools will become 

more common. 

Very few architecture schools are currently exploring the possibilities of 

parametric design, leading to it being a foreign idea in the educational and 

professional world of architects. 

Parametric tools also need more design data to truly aid architects. Many 

aspects of design such as zoning, spatial requirements, and plant research already 

have a large sets of data that can be quantified and interpreted by the computer. 
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As more data is programmed and architects become more familiar with 

parametric tools, the possibilities of design will only be limited by the imagination. The 

advancement and power of computers have given architects a new tool which should 

be embraced and utilized in design. Parametric modeling will never replace a 

designer’s intuition and experience, but the software will become a tool, much like a 

drafting triangle or scale, that can aid architects in design decisions regarding many 

topics including form, design, environmental design, and visualization.

After scoping the research methodology, the thesis conducted a series of 

studies to search, gather, elicit, author, communicate, and evaluate parameters. 

observing in designers’ practice with parametric CAD systems that patterns are not 

explicit in the practice, but parametric like phenomena and strategies are seen in 

many instances.  

We also see many conversations about such things. To analyze the data, I 

searched for idioms of use that suggest parametric like thinking. Parametric ideas 

emerge as packages of examples and discussions around similar applications in 

different problems. Our efforts at discerning and authoring parametric design aim to 

provide designers a platform that they can scan through and find the most related 

strategies with abundant example scripts to reference, copy and modify. The design of 

both parametric structure and parametric repository is to serve such goals. 
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8.2     Knowns and Unknowns of this 
Research 

We do know that it requires a long time frame to see complete 

parametric design effects. Reflective thinking helps users to access and employ 

stored knowledge, make inferences about new information, and determine 

implications [62]; it is how people actually learn. The short time frame available in 

workshop studies only informs us of early signals of use. We do not know how 

parametric design engage in prolonged design practice. If we want to investigate 

parametric design effects in such a direction, what should the proper methods and 

criteria to inspect and measure that be?  

We do know that during data analysis of current short time frame  

studies, activity theory helped to search for persistent structure across design 

activities, and distributed cognition focused on the common transformation and 

coordination between individuals and artifacts. According to current data, we did 

see outlier cases that some users interpret and adopt parameters with unexpected 

approaches. We do not know whether or not more outlier cases will take place in 

prolonged design studies. If yes, is situated action models a mature and suitable 

cognitive framework to investigate emergent and contingent facts of how designers 

use parameters or parametric design?  

We do know that there is a loop in which parametric design strategies  

cycle from design practice to theory and then from theory to design practice. 

This research focuses on augmenting, contributing, observing, enhancing, 

and evaluating such a loop with the metaphor of design. We do not know if this 

loop can run independently. There is one piece in the loop we have not been 

able to investigate further how designers’ contributions can feed back to the 

parameters, and how a parameters and its samples can be polished and enriched 

by designers’ active involvement and communication. 
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We do know that most designers using parametric modeling are amateur 

programmers. In the studies, they accepted parameters because their preferred style 

of work is to find, copy and modify. That might also be the reason why the samples 

are the most welcomed component in parametric structure.   

We do not know what the next step to enhance the “copy and modify” end 

user programming style should be. Perhaps we should provide a bigger resource of 

useful scripts. Maybe the existing samples should be integrated in the system design 

and make “recommendations” that are not interruptive to designers’ thought flow. Or 

maybe “copy and modify” can form a new programming style supported by 

parametric design systems. 

8.3   The Future Work 
Today, Parametric has a big potential and day by day the architects are 

exploring the possibilities of it. The grand thinking in the future of parametric designing 

is to create a new urban environment. And actually if we have a look of the future 

architecture in many project proposed around the world in next 10 years will find it 

parametric design, the future is parametric, I have no doubt it will be, but technology 

won’t fix all our problems; unfortunately, they’re much deeper and much more human. 

The parametric models employed in this thesis show a small part of the wide range of 

geometric possibilities that can be achieved with the use of parametric models. 

The design process is most commonly subjected to time constraints; 

designers need to make decisions in short periods of time. The use of software 

certainly helps speed up the design process with more efficient representation 

methods, and to help increase the quality of the building by means of search 

processes such as those proposed in this research. However, the creation of 

parametric models is time consuming, and if the changes desired by designers at any 

point during the process are not contained among the variables of the model, the 

model needs to be re-written. This issue is discussed at length by Daniel Davies in his 

PhD dissertation (Davis 2013) [145].. Davis’s work addresses techniques for 

generating more flexible parametric models. The use of such techniques or the 

creation of other is important subject matter for the improvement of search methods in 

architectural design. 

[145]  Davis, Daniel. 2013. “Modelled on Software Engineering: Flexible Parametric Models in the Practice
of Architecture.” PhD dissertation, RMIT University.
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The use of parametric models in search processes is also subject to  

Problems in their coding strategies as shown in sections. There are many other 

issues related to the models and their coding that are not discussed in this PhD 

thesis, such as “epistasis”. The study of efficient coding strategies could possibly 

arrive at general and practical information that can be applied by designers in many 

different models, in order to help them avoid search problems. Coding problems 

are certainly specific to the type of search algorithm being used.  

This PhD research employed only one kind of search algorithm, the 

genetic algorithm. It also employed the same kind of GA and always used the same 

operators for all case studies. A comprehensive comparison of different search 

algorithms, operators and search inputs can also be of great help. The relative 

efficiency of the algorithms can be established in relation to each other when 

applied to architectural search problems. Algorithm efficiency is thus related to 

speed and convergence, how fast does the algorithm find the real Pareto front for 

example. Robustness of the algorithms is also an important issue to study, how the 

algorithms perform under very complex and different problems.   

All of this issued relate to exploration and exploitation, the balance  

Between these two is of outmost importance, and it is determined not only by the 

algorithms themselves, but also by the search inputs we give them (e.g. in genetic 

algorithms, the number of individuals, generations, mutation probability and the 

genetic operators chosen).  

In part of the thesis, interactivity was signaled as an important  

Characteristic of the search process due to the nature of architectural problems. 

The case studies presented interactive features only before and after the design 

process. An interactive parameterization method made for the purposes of 

interaction during the search process was partially developed for this thesis, but it 

did not produce sufficient results for it to be included in this dissertation.  
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Further research on interaction during the design process is certainly an 

important step. This issue relates closely with the time consumption in the creation of 

parametric models and their flexibility. In order for interaction to be present during the 

search process, designers must be able to modify parametric models in a very quick 

way, almost in real time. 

Case studies in this dissertation involve three very different disciplines, 

making use of search processes to involve them directly in early in design. Many 

discipline specific research can also be done in the future. 

Complex shapes were not employed in studies in this thesis. This is so 

because it was not clear, during the development of this research, whether existing 

energy performance calculation software are able to reproduce, in a sufficiently 

accurate way, the physical phenomena involved in the transmission of heat for 

complex shapes. Adequate modeling is certainly possible with computationally 

expensive techniques such as Computational Fluid Dynamics (CFD). Most of these 

methods model only one aspect of the problem, CDFs for example do not model 

radioactive transmission of heat.  

Coupled analysis is a technique that puts together many models in order to 

create a complete simulation of the physical phenomena involved. This kind of 

analysis is surely very time consuming and not ideal for search processes, but it might 

be a good place to start. The opportunities of complex shapes in creating energy 

efficient buildings are an interesting enough subject to warrant such research.

8.4    Final - Acknowledgment 
The success of this PHD research depended also on the cooperation of 

many other people. Universitat internacional de Catalonia is to be mentioned 

especially; Prof.Karl.S.Chu,Prof Dennis Dollens,Prof Affonso Orciuoli,Prof Matias Del 

Campo, hours together, gathering information and analyzing it. Their feedbacks and 
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