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CONCEPTUAL DESIGN TOOLS 

Establishing a Framework for Specification of Concept Design Tools 

VOLKER MUELLER 
Bentley Systems, Incorporated, US 

volker.mueller@bentley.com 

Abstract. For considerable time research has been conducted into 
architectural design activities and the digital tools that support these 
design activities. Previous research endeavors have focused on specific 
aspects of digital tools and design processes and have yielded 
correspondingly focused insights.  This effort attempts to build a 
framework that allows assembling insights from research across the 
domain of digitally supported facilities design in order to develop a 
cohesive set of design tool specifications.  This design tool 
specification framework in combination with a review of existing 
research will allow identification of areas for future investigation to 
rethink concept tool design. 

1. Introduction 

Design activities in the architecture domain have been the subject of 
research for considerable time, as have been the digital tools that support 
these design activities. Previous research has focused on specific aspects of 
digital tools or design processes and has produced correspondingly focused 
results. This paper is the beginning of a further reaching pursuit to establish 
a comprehensive framework for the development of digital lifecycle tools 
for the architecture, engineering, construction, and operation (AEC/O) 
industry.  

As an initial step, this paper establishes a framework for the space of the 
investigation. In acknowledgement of our cognitive limitations, three axes 
are chosen to define the domain, “disciplines”, “project lifecycle”, and 
“practice models and technology” (Figure 1). The orthogonal arrangement 
of disciplines, or subject matter, against the project time line is a 
conventional and very useful perspective (AIA 2007, p. 22). While in the 
conventional approach it is frequently based on deliverables (CSI 2005, p. 
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1.7) its purpose is to determine phasing of the engagement of project 
partners. In the context of this research it serves as a frame for clarification 
of the breadth and depth of the design exploration. The additional third axis 
of “practice models and technology” is intended to allow determination of 
technology limitations or boundaries of practice models that may prevent 
access to the full extent of the design exploration as spread out by the first 
two axes.   

This paper will follow these three axes to survey advanced thoughts in 
the domain that may affect concept design tools. The collection of subject 
matter which design tools are required to handle is followed by an outline of 
user-oriented requirements, changing the perspective from the tool’s or tool 
set’s capabilities to its affordances. The paper will conclude with an outline 
of future research that will continue this endeavor.  

 

 
 

Figure 1. Sketch of the research domain space. 

2. Motivation 

Prime motivation for this research is the increasing recognition in the 
AEC/O industry that design decisions early in the design process create high 
project value with relatively low amounts of effort (CURT 2004, p. 4; 
Figure 2). In this context “value” is an intentionally broad term because this 
effort/value effect can be observed across a multitude of potential project 
goals, like energy performance, structural efficiency, or program fit. 
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Therefore, it appears desirable to investigate what the decision support for 
designers in these early phases should look like in order to avoid changes 
later in the design process; and what that means for the digital tools that 
designers employ in those early design phases.  
 

 

Figure 2. Effort/Effect curve by Patrick MacLeamy, HOK (CURT 2004, p. 4). 

While there is a vast collection of software applications that addresses 
many of the seemingly innumerable aspects of the domain, there does not 
seem to exist a coherent framework which would permit assembly of a set of 
tools covering the domain in a consistent fashion. Such framework would 
provide to researchers and developers the opportunity to identify 
opportunities to fill gaps or deliver a higher level of design support. It also 
will allow users to chart a work flow that matches the project’s as well as 
the project team’s requirements, goals, and desires. 

3. Methodology 

Starting point is the researcher’s subjective position and motivation based 
on a couple of decades of theory and practice in the AEC/O industry and its 
supporting software vendors. Programs of relevant and salient industry 
conferences and conventions provide an overview of the current discussion 
in the domain (AIA 2008, 2009a; ecobuild Fall 2007; ecobuild Fall 2008; 
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Messe München GmbH 2008; CITA 2008). Attendance at some of these 
events as well as at academic, education, and research oriented conferences 
provide opportunity to survey leading edge thought (Pottmann et al. 2008; 
Luhan et al. 2006; Lilley and Beesley 2007; Kudless et al. 2008; Gero and 
Goel, 2008; Muylle 2008; ETH 2008). Continuing review of industry 
publications and research papers adds further depth in understanding the 
current thinking as well as direction of trajectories of discourse. 

There are some known limitations: (1) for a thorough analysis of the state 
of the art it will be necessary to draw on additional resources. (2) Since this 
paper is the first publication of this work, it is expected to become in turn a 
starting point for additional discussion, research, and development. This 
effort is necessarily incomplete at this point in time, because the expectation 
is that it will grow in richness and perhaps change direction as required to 
fulfill its mission. (3) Collaboration with additional authors may dissipate 
any concerns that arise because of current limitations in the number or 
perspective of contributing authors.  

4. Research Domain 

Although the goal of this research endeavor is a comprehensive framework 
and in acknowledgement of the known limitation to initial incompleteness, 
the description of the current research domain delineates it from the broader 
context. First, a description of the project lifecycle establishes one of the 
three dimensions of the domain. It is followed next by a non-exclusive 
outline of the current discourse across design disciplines. The discussion of 
the third domain dimension, practice models and technology, focuses on the 
most recent and partially still emerging strata of practice and technology 
without necessarily excluding or requiring inclusion of precursor technology 
or practice models. Underlining the high level of connectedness between 
issues in the domain space, some aspects will recur in various locations and 
will be treated in the discussion of the corresponding domain axis on which 
they are organized. 

4.1. PROJECT LIFECYCLE 

The project lifecycle is defined as the time of the entire existence of a 
project from first inception to final disposal (NIBS 2007, p. 133; CSI 2005, 
p. 1.5) in analogy to the biological lifecycle (Wiktionary 2009). The design-
construct-operate-dispose lifecycle is relevant in two ways: (1) as dimension 
of the research domain as discussed in this section; and (2) as one of the 
ticks on the discipline axis of the domain as discussed in section 4.3.  
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There are various parallel definitions of these phases which have been 
changing with adoption of new technology and innovation in practice 
models. Table 1 juxtaposes a selection of these phase definitions, including 
a whole project lifecycle view as defined by OmniClass (2006). The specific 
naming of the phases is not as important as the general idea of a sequence of 
business processes (NIBS 2007, p. 24). This sequence establishes a common 
reference design work flow. The underlying practice model is integrated 
project delivery (IPD) (AIA 2007; see also section 4.3.2). Project 
requirements may effect changes in sequence, activities within a phase, etc. 
In the framework of this research it seems appropriate to describe from the 
perspective of the design team the activities within the selected phases as 
described in the literature cited above. 

4.1.1. Marketing and Sales 

The start of a project often finds its seed in a need perceived by a client with 
a facility suggested as appropriate response by a design consultant’s 
marketing team. The suggestion develops into ideas, which may find early 
visual expressions through context and massing models. The client’s need is 
translated into program options, a site selected, a budget defined. Project 
partners critical to project success are brought into the process. Urban 
design issues are explored. Models are developed for visualization, area and 
cost estimates, and early design feedback based on simple analyses.  

4.1.2. Scope Definition 

Marketing transitions into scope definition. At the end of scope definition 
project goals, program, site, and budget are confirmed. Major project 
partners have been brought on board and have become invested in the 
project in the same way as the client and the core design team. Conceptual 
studies illustrate and evaluate options in early investigations of building 
performance in terms of program, cost, energy consumption, and traffic. 

4.1.3. Design Intent 

During this phase the design is developed to satisfy the project goals based 
on building systems and components with performance attributes. The 
design team pursues and validates various design strategies, explores design 
solution spaces, develops discipline-specific options, and evaluates them in 
isolation and in context based on preference or required by situation. In this 
phase, analysis tools are used for building performance simulation, 
evaluation, and improvement for all major characteristics of all building 
systems. Spatial building systems coordination and development towards 
concrete building systems and components commence in this phase, too. 
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4.1.4. Virtual Construction 

With increasing involvement of contractor and sub-contractors, actual 
systems and component selection gradually replace the design intent model, 
still verifiable by performance simulation. Virtual construction turns the 
focus to building construction simulation and optimization. 

TABLE 1. Traditional and Integrated Project Delivery phase definitions. 

 
 



 CONCEPTUAL DESIGN TOOLS 109 

Long Paper  

4.2. TRAJECTORIES OF DESIGN INVESTIGATION 

4.2.1. Whole Lifecycle Design 

As characterized by Kohler et al. (1997), lifecycle considerations for 
buildings have frequently focused on cost and only in the past few years 
have taken on a broader perspective that includes consideration of 
environmental impact. Extension of these considerations along the entire 
lifecycle from conception to end of life of the facility is fundamental to the 
idea of an evaluation of the ecological “cost” of projects, i.e. their 
sustainability (Ozel and Kohler 2002, p. 190).  

4.2.2. Sustainability 

Sustainability is a discipline driven by general societal concerns more than 
concerns internal to the AEC/O industry. This discipline has considerable 
history dating from even before the seventies and eighties of the last 
century, culminating in landmark United Nations resolutions (UN 1983), 
reports (UN 1987), and recurring international conferences (UN 1992, 1997, 
2009). Awareness and concern has increased public pressure on 
owner/builders of facilities to raise the level of sustainability of their 
projects. Advanced architecture and engineering practices are increasingly 
pursuing sustainability out of their own motivation. 
 Indicators of public pressures, increase in genuine interest, and active 
pursuit are various organizations like the Rocky Mountain Institute (RMI), 
the U.S. Green Building Council (USGBC), the British Research 
Establishment (BRE), or the Institute of Green Professionals (IGP); and 
building rating systems like Leadership in Energy and Environmental 
Design (LEED) or BRE Environmental Assessment Method (BREEAM). 

4.2.3. Urbanism 

Related to the sustainability trajectory an urban design trajectory has gained 
increasing attention as the global drive towards urbanization is growing. An 
increasing number of people on Earth are migrating from rural areas into 
cities, with the prospect of living there or leading marginal existences in fast 
growing settlements of substandard accommodations (PeopleAndPlanetNet 
2008). UN (2007) estimates that by end of 2008 50% of the world 
population lived in urban areas, and by 2050 70% will live in urban areas, 
which means an increase by about 3.1 billion inhabitants of urban areas. 
Considering the overall world population growth predicted for the same 
period this means almost a doubling of the urban population over the next 
forty years. Design practices conceive city districts or design entire cities of 
unprecedented size with strong sustainability or “zero carbon” goals Masdar 
by Foster & Partners, or Heden in Gothenburg by Kjellgren Kaminsky 
(Figures 3a and 3b).  
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Another contributor to this trajectory is the shift from perceiving 
buildings as independent objects to that of buildings as components 
interwoven with the fabric of the supporting or servicing infrastructure and 
thus strongly interconnected to their closer and farther surroundings. For 
example power lines conduct power from generation locations like power 
plants, wind energy farms, or solar energy farms to the equipment that uses 
it in the buildings. Those power lines form an interconnected international 
power grid, with almost fractal-like increasing granularity of networks until 
it feeds the electricity into some machinery or devices in which it performs 
its work (Figure 4). With local generation potentially feeding into these 
networks at what in the past were only points of usage, network diagrams 
grow in complexity, while interdependency increases further.   
 

   

Figure 3a & 3b. Masdar City, Foster and Partners (WAN 2007). Heden in Gothenburg, 

Kjellgren Kaminsky (WAN 2009). 

 

Figure 4.  Trans-European energy networks (EC 2004).  
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Similarly there are other infrastructure networks, for example water 
networks for potable, drainage, and waste water, communication networks, 
natural gas pipe lines, and, of course, traffic networks used for transporting 
people and goods. All these networks are not limited to urban areas; 
however, they clearly are densest in urban areas. They form quite literally a 
global fabric interconnecting most buildings in urban and rural areas. Those 
networks have interfaces to the resources from which they draw their raw 
materials (for example coal mines for power plants), and interfaces to the 
point of usage into which they deliver their products.  

Understanding this connectivity allows designers to expand their 
thinking about solutions for design problems to scales different than the 
specific project scale; ultimately, it becomes a requirement to design 
cognizant of this continuum of scale (Figure 5).  

 

 

Figure 5.  NBIMS Hierarchical Relationship (NIBS 2007, p.53) 

4.2.4. Building Performance 

Sustainability combined with IPD pushes hard on a set of other disciplines 
often subsumed into one: the design decisions that need to be made earlier 
by a more complete team require a solid understanding of the current state 
of the design, reliable prediction of the performance of the design at the 
given state, and insight into potential consequences of decisions, best based 
on a set of design alternatives. This discipline is called building 
performance, which emphasizes that the focus on aesthetic and functional 
performance which has driven three dimensional design modeling and 
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visualization over the past one or two decades is too narrowly framed and 
needs to expand to include as many areas of building performance 
prediction as early in the design process as possible (Kolarevic and Malkawi 
2005). Within this trajectory falls early design feedback, which needs to be 
as comprehensive as possible (Seletsky 2008). Note that the selection of 
criteria for the building performance prediction occurs based on client 
needs, regulatory requirements, and perhaps design team interests (Table 2). 

TABLE 2. Tentative list of performance criteria for a building project. 

 

4.2.5. Other Disciplines 

Well-established disciplines like structural engineering, or heating, 
ventilating, and air conditioning (HVAC) aside, there are other relatively 
recent disciplines that arise from inter-disciplinary cross-pollination born of 
the desire to gain deeper understanding of the domain. A tentative, non-
exclusive list comprises human comfort, materials and material systems 
(Menges 2007), responsive systems, kinetic structures (Sterk 2006), multi-
objective design optimization (Flager et al. 2008), and, in relation to whole 
lifecycle design, design for fabrication and constructability at the beginning 
(Sass 2004), as well as disassembly and reuse at the end of the facility 
lifecycle.  

4.3. PRACTICE MODELS AND TECHNOLOGY 

4.3.1. Design Work Flow and Related Models 

A parallel thread is the design work flow that winds through the phases and 
disciplines, often crossing formal phase or disciplinary boundaries. The 
design work flow is governed by the requirement to find satisficing design 
solutions (Rowe 1987, p.39), or solutions that exceed the client’s 
expectations. Of course, in an attempt to generate the impression of an 
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organized work flow an apparently logical sequence of questions can be 
aligned with the progress of design phases. There is a correspondence 
between the investigations that are pursued on the client’s behalf; the 
simulations required to generate predictions of the designed object’s 
performance; the models that need to be generated to produce the 
simulations; the digital tools that are being used to create and analyze the 
models, or to run the simulations; and the produced insights that flow back 
into improving the design, which eventually becomes the solution (Table 3). 

4.3.2. Integrated Project Delivery 

In the USA a currently evolving model of professional practice is called 
Integrated Project Delivery (IPD) (AIA 2007; AIA 3xPT Strategy Group 
2008). The basic idea of IPD is to form a design and delivery team that 
stretches across the first two axes of the domain, including client, 
designers/architects, engineers and specialty consultants, contractors, sub-
contractors, possibly manufacturers, so that input required to make informed 
decisions can be provided as early as possible, without having to wait for 
commencement of a phase that in the conventional process sequence would 
have brought the contributing party on board. While contractors will provide 
pre-construction services, the second important idea of IPD is that team 
members are fully engaged and responsible from project start to project 
completion. 

4.3.3. Building Information Models 

Without further discussion at this point in time, this paper adopts the 
generally accepted notion that the technology supporting IPD is Building 
Information Modeling (BIM) (AIA 2009b; NIBS 2007, p. 19). While there 
are a variety of definitions of BIM in circulation (BIM-Wiki 2009), the 
biggest differentiator to digital three dimensional geometry models of 
buildings is that BIM captures building industry-specific attributes, 
properties, and behaviors. Another definition describes “BIM as a modeling 
technology and associated set of processes to produce, communicate, and 
analyze building models. Building models are characterized by: 
• Building components that are represented with intelligent digital 

representations (objects) that ‘know’ what they are, and can be 
associated with computable graphic and data attributes and parametric 
rules. 

• Components that include data that describe how they behave, as needed 
for analyses and work processes, e.g., takeoff, specification, and energy 
analysis. 

• Consistent and non-redundant data such that changes to component data 
are represented in all views of the component. 
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• Coordinated data such that all views of a model are represented in a 
coordinated way.” (Eastman et al. 2008, p. 13).  

TABLE 3. Tentative mapping of phases and models  

 
 BIM can also be characterized by its benefits: (1) automatic drawing 
generation from the parametric model; (2) enhanced visualization; (3) clash 
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detection; (4) ease of fabrication; (5) analyses that can be run from data; (6) 
simulation capabilities; and (7) embedded knowledge in the model. 
(Livingston 2008, quoting Eastman). Most BIM definitions leave open how 
BIM technology is implemented. Aspects of implementation in end user 
perception were surveyed by Khemlani (2007). 

4.3.4. Building Performance Prediction 

Depending on the approach, models used for predictive simulation are very 
specific to each area of analysis. Because they are frequently generated by 
specialists in separate consulting firms they tend to be disconnected models. 
In a fully collaborative BIM-based IPD approach models actually can be 
conceived as discipline-specific views into a shared database of design data 
(NIBS 2007, pp. 55-56) that model the building in the abstract sense of term 
(Rowe 1987, p. 163; Bedell and Kohler 1993). In such scenario, information 
is being added to the project dataset throughout the design process, and 
parameters or attributes may be added without necessarily being destined for 
a specific analysis.  

With increasing sophistication of the analyses from ideation (for example 
solar studies based on location, context, and massing; simple area reporting; 
and other analyses based on similar, early available data) through design 
intent (energy performance; lighting; indoor air quality; acoustics; etc) to 
virtual construction (building component recipes; scheduling; four 
dimensional analysis; etc) gaps in the data model will be filled, driven by 
the progression of the design process as well as by the data required by the 
analysis tools that provide the design and construction team with responses 
to the client’s requirements.  

4.3.5. Parametric Models and Parametric Design 

Within the areas of formal design, there is a sufficient number of parametric 
tools that do not generate BIM-models, indicating that parametric design is a 
separate design work flow. Known protagonists of using parametric 
approaches in their design investigations are Greg Lynn (Rappolt 2008) and 
Mark Goulthorpe (dECOi Architects). Parametric tools allow making 
entities and their behaviors dependent on variable input which can be 
attributes, values, geometry, and other types of computable input.  

With conventional work flows and design models, the process is 
iterative: a model is built, analyzed, conclusions drawn, the model updated 
to reflect any changes based on the conclusion, etc. The greater the required 
adjustments to the model, the greater the obstacle posed by additional e in 
labor and time, to the point where insights are not implemented because the 
effort threshold is too high. Introduction of parametric models can lower the 
threshold (Eastman et al. 2008, pp. 25ff.).  
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Parametric models are able to capture a design’s logic, i.e. the rules, 
formulas, relationships, other dependencies or constraints by which the 
design model gets generated from a set of inputs. Changes in inputs then 
update the design model, significantly reducing the cost compared to manual 
updates of the design model which would otherwise be required to reflect 
insights gained by analyzing the previous design state. Ultimately, some or 
all of the updates related to simulation results could be automated so that 
they update the parametric model without intervention by the design team. 
This approach is commonly known as (automated) optimization.  

Javier Monedero (2008) notes “Parametric design is, in a sense, a rather 
restricted term; it implies the use of parameters to define a form when what 
is actually in play is the use of relations. I will use the term in a wide sense 
that covers what can be found in the literature under other headings such as 
relational modelling or variational design or constraint based design or other 
titles that will be quoted to some extent in the following paragraphs.“ In the 
context of this research “parametric design” is used in such extended 
interpretation, including generative design (Akin et al. 2004), and 
emergence (Lyon 2004).  

4.3.6. Science-based Design 

Early in a project decisions are made frequently based on sparse 
information, necessarily complemented by expertise developed through 
prior experience. Prior experience does not necessarily serve well in 
innovative processes. Therefore, science-based approaches can be utilized to 
maximize the level of information related to or about the project and its 
behavior from minimal input to overcome the practical limitation that early 
design investigation necessarily limits itself to what is easily known and 
evaluated: the project’s program is translated into massing, wrapped into a 
skin that indicates a design direction which can be visualized and 
communicated to the client. Consequently, early design tools have focused 
on easy modeling and visualization and the design had to transition into a 
different tool more geared towards production of construction documents, 
nowadays a BIM-tool that is able to generate data that can be analyzed. 

4.3.7. Design Collaboration 

While the IPD practice model is highly formalized, the notion of inter-
disciplinary, boundary-ignoring exploration of design solution encourages 
design collaborations of a different nature. Individuals or small firms form 
ad hoc project teams dynamically based on shared interests (Barlieb 2009). 
Their explorations often include areas outside the traditional architecture 
and engineering disciplines involved in facilities design. Such non-
traditional practice models have an effect on how teams work. Their 
publicized successes do influence main-stream practices (Wikipedia 2009).  
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4.3.8. Other technology 

With the demands that highly attributed models and advanced 
calculations performed on those models put on the hardware, advances in 
storage and processing capacities are of course highly relevant to the 
possibilities for progress. Newer technology extending the capabilities of 
any singular computer for example through networking in conventional 
terms as well as through innovations in the area of peer-to-peer data 
propagation or distributed cloud computing (ICT Results 2008) will 
continue to push back limitations. Other technology areas highly relevant to 
this investigation are interoperability across all dimensions of the research 
domain (Cleveland 2008); advances in interfaces that support access to all 
the capabilities that are necessary to arrive at satisfying design solutions 
(InderScience 2008); and advances in artificial intelligence, from 
knowledge-based expert systems to cognitive agents, capable to acquire 
knowledge and act upon it (Peng and Gero, 2006).  

5. Future Research 

This research is an iterative process with this paper constituting the first 
step. The optimistic expectation is that this paper spurs discussion or 
responses that broaden perspectives while bringing other points into new 
focus. At the same time, points that have only been cursorily mentioned 
need exploration in greater depth.  

The most critical aspect of this research is the translation of the 
observations and requirements into conclusions about future development 
directions for digital tools that support design activities. To move towards 
that goal there are clear next points of research: closing still existing gaps in 
the review of existing work, especially in the area of early design analysis 
and the user perspective, i.e. usability and interface; combining the research 
space with the user perspective into a unified set of criteria; evaluation of 
current design tools against the unified set of concept tool criteria with 
identification and characterization of shortfalls; approaches to remove or 
overcome these shortfalls; approaches to overcome the interoperability 
problem under avoidance of innovation-unfriendly standardization; and 
issues related to seamless scalability from particle scale to regional and 
global scale and beyond.  

References 

Eastman, C., Teicholz, P., Sacks, R., and Liston, K., 2008. BIM Handbook – a guide to 
building information modeling. Hoboken, N.J.: John Wiley & Sons. 



118 VOLKER MUELLER  

Part 2 

Kolarevic, B. and Malkawi, A., eds. 2005. Performative architecture: beyond instrumentality. 
New York, NY: Spon Press. 

Peng, W. and Gero, J. S., 2006. Concept formation in a design optimization tool. In: Van 
Leeuwen, J. P. and Timmermans, H. J. P., eds. Innovations in design & decision support 
systems in architecture and urban planning. Dordrecht, The Netherlands: Springer. pp. 
293-308. 

Rappolt, M., ed. 2008. Greg Lynn form. New York, NY: Rizzoli. 

Rowe, P. G., 1987. Design Thinking. Cambridge, MA, USA: The MIT Press. 

Akin, Ö., Krishnamurti, R., and Lam, K, 2004. Generative CAD systems. Proceedings of 
GCAD’04 international symposium on generative CAD systems. Pittsburgh, PA: Carnegie 
Mellon University School of Architecture. 

Bedell, J. R. and Kohler, N., 1993. A hierarchical model for building applications. In: U. 
Flemming and S. Van Wyk, eds. CAAD Futures ‘93 conference proceedings. Pittsburgh, 
PA: pp. 423-435. 

Gero, J. S., and Ashok K. and Goel, A. K., 2008. Design computing and cognition. 
Proceedings of the third international conference on computing and cognition. N.p.: 
Springer Science + Business Media B.V. 

Kohler, N., Barth, B., Heitz, S., and Hermann, M. 1997. Life cycle models of buildings - a 
new approach. In: CAAD Futures 1997 Conference Proceedings, pp. 519-531. 

Kudless, A., Oxman, N. and Swackhammer, M., eds. 2008. Silicon + skin > biological 
processes and computation. Proceedings of the 28th Annual Conference of the 
Association for Computer Aided Design in Architecture (ACADIA). Minneapolis, MN. 

Lilley, B. and Beesley, P., eds. 2007. Expanding bodies: Art - cities - environment. 
Proceedings of the ACADIA 2008 Conference. Halifax, Nova Scotia, Canada: Riverside 
Architectural Press and Tuns Press. 

Luhan, G, Anzalone, P, Cabrinha, M, and Clarke, C., eds. 2006, Synthetic landscapes, 
Proceedings of the 25th annual conference of the association for computer-aided design 
in architecture, Louisville, KY: University of Kentucky. 

Lyon, E. 2004. Artificial intelligence and emergence in architecture: A multi-agent based 
model for design processes. In: SIGraDi 2004 - Proceedings of the 8th Iberoamerican 
congress of digital graphics. Porte Alegre, Brasil. pp. 404-406. 

Menges, A. 2007. Computational morphogenesis: integral form generation and 
materialization processes. In: Em‘body’ing virtual architecture: the third international 
conference of the Arab Society for Computer Aided Architectural Design. Alexandria, 
Egypt. pp. 725-744.  

Muylle, M., ed. 2008. eCAADe 26 : architecture ‘in computro’: integrating methods and 
techniques. Antwerp, Belgium: eCAADe and Artesis University, College of Antwerp. 

Ozel, F. and Kohler, N., 2002. Data Modeling Issues in Simulating the Dynamic Processes in 
Life Cycle Analysis of Buildings. In: G. Proctor, ed. Thresholds, Proceedings of the 2002 
Annual Conference of the Association for Computer Aided Design in Architecture. 189-
197. 

Sass, L., 2004. Design for self assembly of building components using rapid prototyping. In: 
Architecture in the network society. 22nd eCAADe conference proceedings. Copenhagen, 
Denmark. pp. 95-104.  

Sterk, T., 2006. Shape change in responsive architectural structures: current reasons & 
challenge. In: Luhan, G, Anzalone, P, Cabrinha, M, Clarke, C., eds. Synthetic landscapes, 
Proceedings of the 25th annual conference of the association for computer-aided design 
in architecture. pp. 251-260.  

CSI 2005. The project resource manual: CSI manual of practice. 5th ed. New York, NY: 
McGraw-Hill and The Construction Specifications Institute. 



 CONCEPTUAL DESIGN TOOLS 119 

Long Paper  

CURT 2004. Collaboration, integrated information, and the project lifecycle in building 
design, construction and operation (CURT Whitepaper 1202). Cincinnati, OH.: The 
Construction Users Roundtable. 

Flager, F., Soremekun, G., Welle, B., Haymaker, J., and Bansal, P., 2008. CIFE technical 
report #TR175: Multidisciplinary process integration & design optimization of a 
classroom building. Palo Alto, CA: CIFE, Stanford University. 

NIBS 2007. National Building Information Modeling Standard (NBIMS) Version 1.0 – Part 
1: Overview, Principles, and Methodology. Washington, D.C.: National Institute of 
Building Sciences. 

AIA 2007. Integrated project delivery: a guide. Washington, DC: The American Institute of 
Architects. <http://www.aia.org/ip_default>. [Accessed 4 September, 2008]. 

AIA 2008.  We the people: 2008 Convention guide. [Accessed 28 March, 2008].  

AIA 2009a.  The power of diversity: Practice in a complex world. Convention 2009.  
<http://www.aiaconvention.com/live/61/>.  [Accessed 27 January, 2009]. 

AIA 2009b. Integrated Project Delivery: Technology/Building Information Modeling (BIM). 
<http://www.aia.org/ip_default/>. [Accessed 29 January, 2009] 

AIA 3xPT Strategy Group 2007.  Integrated project delivery: First principles for owners and 
teams. 
<http://www.aia.org/SiteObjects/files/ipd_3xPT%20IPDW%20final20080707.pdf>. 
[Accessed 4 September, 2008]. 

Barlieb, C., 2009. Studio. <http://www.barlieb.com/index.php?option=com_content& 
task=view&id=52&Itemid=66>. [Accessed 30 January, 2009]. 

BIM-Wiki 2009. Definition of BIM. <http://www.bimwiki.com/About_ 
BIM/Definition_of_BIM/>.[Accessed 29 January, 2009]. 

CITA 2008. Practice report: Digital design strategies and the sustainable agenda, 26.11.2008. 
Copenhagen, DK: Det Kongelige Danske Kunstakademi, Kunstakademiets Arkitektskole, 
Center for Information Technology and Architecture (CITA). 
<http://cita.karch.dk/Menu/Projects/Digital+Formations+%28selection%29/Practice+repo
rt%3a+digital+design/Practice+report%3a+digital+design+strategies+and+the+sustainabl
e+agenda>. [Accessed 27 January, 2009]. 

Cleveland JR., A. B., 2008. Interoperability Platform. A Bentley White Paper. 
<ftp://ftp2.bentley.com/dist/collateral/Web/Platform/WP_Interop_Platform.pdf>. 
[Accessed 29 January, 2009]. 

EC 2004. Trans-European energy networks: TEN-E priority projects. 
<http:/ec.europa.eu/ten/energy/studies/doc/2004_brochure/ten_e_priority_projects_2004_
en.pdf>.  [Accessed 2 February, 2009]. 

Ecobuild Fall 2007. <http://www.aececobuild.com/download/Fall2007Program.pdf>. 
[Accessed 27 January, 2009]. 

Ecobuild Fall 2008. <http://www.aececobuild.com/download/FallProgramV10.pdf>. 
[Accessed 27 January, 2009]. 

ETH 2008. Workshop: New Methods in Urban Simulation. Presentations to be posted on web 
site.  Zürich, Switzerland: Eidgenössische Technische Hochschule Zürich. Lehrstuhl für 
Information Architecture (http://www.ia.arch.ethz.ch/). 

ICT Results 2008. Poor-man’s supercomputing goes commercial. <http://cordis.europa. 
eu/ictresults/popup.cfm?section=news&tpl=article&ID=90291>. [Accessed 1 February, 
2009]. 

INDERSCIENCE 2008. Computing squared. <http://www.alphagalileo.org/PrintView. 
aspx?ItemId=4108&CultureCode=en>.  [Accessed 1 February, 2009]. 

Khemlani, L., 2007. Top Criteria for BIM Solutions: AECbytes Survey Results. <http://www. 
aecbytes.com/feature/2007/BIMSurveyReport.html>. [Accessed 29 January, 2009]. 



120 VOLKER MUELLER  

Part 2 

Livingston, H., 2008. Architects Embrace BIM at AIA Convention. In: Cadalyst, CAD 
Management.<http://management.cadalyst.com/cadman/content/printContentPopup.jsp?id
=519955>.  [Accessed 25 August, 2008]. 

Messe München GmbH 2008. BAU 2009. All events in detail. <http://download. 
messemuenchen.de/media_pub/mediacenter/evdb2/exports/bau2009/events_en.pdf>. 
[Accessed 27 January, 2009]. 

Monedero, J., 1997. Parametric design: A review and some experiences. 
<http://info.tuwien.ac.at/ecaade/proc/moneder/moneder.htm>. [Accessed 10 September, 
2008]. 

OmniClass 2006. OmniClass Table 31: Phases. <http://www.omniclass.org/tables/OmniClass 
_31_2006-03-28.pdf>.  [Accessed on 29 January, 2009]. 

Peopleandplanetnet 2008. <http://www.peopleandplanet.net/doc.php?id=1054&section=5>. 
[Accessed 10 September, 2008]. 

Pottmann, H., Kilian, A., and Hofer, M., eds. 2008. Advances in Architectural Geometry. 
<http://www.architecturalgeometry.at/aag08/aag08proceedingspapers_and_poster_abstrac
ts.pdf>. [Accessed on 27 January, 2009]. 

Seletsky, P., 2008. The Digital Design Ecosystem: Toward a Pre-Rational Architecture. 
<http://www.aecbytes.com/viewpoint/2008/issue_37.html>. [Accessed 30 January, 2009]. 

UN 1983. General assembly resolution 38/161. Process of preparation of the Environmental 
Perspective to the Year 2000 and Beyond. <http://www.un-documents.net/a38r161>. 
[Accessed 2 February, 2009]. 

UN 1987. Report of the world commission on environment and development: Our common 
future. <http://daccessdds.un.org/doc/UNDOC/GEN/N87/184/67/IMG/N8718467.pdf>. 
[Accessed 2 February, 2009]. 

UN 1992.  United nations conference on environment and development (UNCED). 
<http://www.un.org/esa/sustdev/documents/agenda21/index.htm>. [Accessed 2 February, 
2009]. 

UN 1997. Kyoto protocol. <http://unfccc.int/kyoto_protocol/items/2830.php>. [Accessed 
Feb. 2nd, 2009]. 

UN 2007. World Urbanization Prospects: The 2007 Revision <http://www.un.org/ 
esa/population/publications/wup2007/2007wup.htm>. . [Accessed 30 January, 2009]. 

UN 2009. United nations climate change conference COP15 Copenhagen. 
<http://en.cop15.dk/>. [Accessed 2 February, 2009]. 

WAN 2007. Foster + Partners to create the world’s first zero carbon, zero waste city in Abu 
Dhabi. <http://www.worldarchitecturenews.com/index.php?fuseaction=wanappln. 
projectview&upload_id=1064>. [Accessed Feb. 2nd, 2009]. 

WAN 2009. Kjellgren Kaminsky propose haven of green in Sweden's most dense city. 
<http://www.worldarchitecturenews.com/index.php?fuseaction=wanappln.projectview&u
pload_id=10948>. [Accessed 2 February, 2009]. 

Wikipedia 2009. Ideo. <http://en.wikipedia.org/wiki/IDEO>. [Accessed on 30 January, 
2009]. 

Wiktionary 2009. Lifecycle. <http://en.wiktionary.org/wiki/lifecycle>. [Accessed 28 January, 
2009]. 

 

View publication stats

https://www.researchgate.net/publication/30873251

