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ABSTRACT
This thesis examines theoretical, methodological and organisational
implications of design computation for architectural practice - from an
insider perspective. It also proposes a conceptual model for knowing
within this practice, in an approach that interrelates theory and actionable knowledge.
Dsearch is a research & development network focused on the introduction of design computation at White arkitekter, a large scandinavian architectural firm with over 900 employees. The research studies
Dsearch from an insider perspective, providing a description and
discussion of an organisational entity involved in the paradigmatic
shift towards computationally augmented design thinking - design
computation - in architectural practice. This entails the introduction
of new tools, methods and competencies.
This thesis contributes to the knowledge in architectural design
computation practice, conceptualising documented methodology so
as to establish a deeper theoretical understanding. Reciprocally it
provides the wider field of design theory with insights into the problems and methods that occur in design computation in architectural
practice. It also proposes a conceptual model for how to attain and
share knowledge in an architectural practice augmented by design
computation. This model articulates Realtime and Development as
two approaches to time that are distinguished by design computation.
The model builds on practical experience intertwined with notions
from cognitive science, philosophy of the mind, design methodology,
action research, and management- and learning-theory.
Keywords: Design Computation, Design Methodology, Design
Theory, Design Systems, Architectural Practice, Action Research,
Computational Design, Project Workflow Management
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INTRODUCTION
This thesis is written in the middle of things. While undertaking this
research education, I have seen my oldest daughter’s nervous last day
before school, transitioned from a generalist architect to a researcher and
developer of design computation, rushed between being home with my
youngest daughter at day and teaching digital design methods at night,
returned home from international conferences to do some ﬂoor sweeping
and accounting for the kindergarten co-op, etc.
The research has been conducted through immersed engagement more
than cool observation and contemplation. The experiences and questions discussed in this thesis have come up as reactions and reﬂections
to practice, education and teaching - speciﬁcally against a background of
introducing design computation to these domains. Over the course of my
education, this phenomenon of reacting and reﬂecting on an ongoing situation has become interesting to study in and of itself. I see this as a potential for a practice based knowledge production, in need of methodological
development. Doing this double-take, I have come to realise that my position in the middle of things is a strong determinant for what I can study
- and how. Fortunately there are several academic disciplines addressing
this problem from various perspectives, such as action research, social
learning, materialist ontology, and cognitive science.

Automation
When writing this, robotics company Boston Dynamics has just
released a video showcasing the latest version of Atlas.* This is a
humanoid robot slightly smaller than an adult human. In this video,
Atlas quietly and elegantly executes a back-flip from a low platform.
This can be compared with their first video - nine years ago - in which
BigDog, a quadrupedal robot with a screaming two-stroke engine,
just barely negotiated a downhill slope without falling over. I am not
particularly scared that Atlas now has acquired the acrobatic skills
needed to usurp its human overlords; what is ominous is the speed of
its development.
Manual dexterity, along with intellectual flexibility, has long been the
high ground of one side in the debate on technological unemployment
- the potential threat to human labour from automation. The argument
of this faction is that although much of physical labour has already
* https://www.bostondynamics.com/atlas 2017-11-27
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been replaced by more or less advanced machines, these exclusively
human attributes can never be automated. The workers that are automated away from one industry can use their human talents in another.
On my phone, Atlas has just delivered a striking - if not conclusive
- counter-argument.
Economists Erik Brynjolfsson and Andrew McAfee detail the theory
behind this argument (2014). The increased productivity from automation in one industry, will lower its prices and subsequently increase
demand for other goods and services. According to this theory,
the result will be a net increase in the overall demand for labour.
Brynjolfsson and McAfee also counters that theoretical argument with
a question coming from data. Up until the late 1990s employment
grew alongside productivity. After that, employment has decoupled
from productivity - automation does no longer drive job growth. Their
question is: “Which history should we take guidance from: the two
centuries ending in the late 1990s, or the fifteen years since then?”
(2014, p180). For futurist Martin Ford it is clear that we are facing a
societal shift where “..robots, machine learning algorithms, and other
forms of automation are gradually going to consume much of the base
of the job skills pyramid. And because artificial intelligence applications are poised to increasingly encroach on more skilled occupations,
even the safe area at the top of the pyramid is likely to contract over
time” (Ford 2015, p252).
Topics such as robots, machine learning and artificial intelligence are
addressed also at architectural events, such as the Design Modelling
Symposium in Versailles 2017 under the theme of Humanizing
Digital Reality (De Rycke et al. 2017). ACADIA - one of the major
conference series for computation in architecture - held its 2016 event
in Ann Arbor, Michigan under the heading Posthuman Frontiers Data, Designers & Cognitive Machines. SmartGeometry - another
highly influential symposium series mixing students, practitioners,
and academics - will 2018 be held in Toronto. Its theme of Machine
Minds is introduced like this: “Whether humans are directly collaborating with, or indirectly authoring, such computationally intelligent agents, they have the power to be an active partner or tool in
design creativity. Machine learning can blur the traditional relationship between a designer and their tools, each learning from the other,
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adapting, and changing their behaviours or beliefs”*. There has also
been research into the practical use of techniques such as machinelearning (Davis 2016).
So while technological aspects are finding their way into architectural
discourse and practice, I believe that also the political implications
of the automation of intellectual labour are worth contemplating. In
a world of artificial general intelligence (AGI) - manufactured minds
that can cheaply perform all conceivable tasks with super-human skill,
at super-human speed - there will be no economical incentive to hire
architects, or indeed any kind of human professional. Such a world is
weird and hard to imagine - and experts widely disagree on when, or
even if, we can expect its arrival. The political, social and economical
implications of AGI will be highly dependent on the path humanity
takes towards this breakthrough, and it is wholly outside the scope of
this thesis to address such a historical paradigm shift.
What we can use AGI for, is as a kind of reductio ad absurdum for
the automation of architectural practice. As the job skills pyramid
shrinks from the bottom, the concentration of intellectual flexibility
demanded from architects will increase as more and more routine
tasks are automated. This is the underlying phenomenon that motivates this thesis. While I strongly feel that rote and repetitive tasks
have no inherent value, I believe that there lies a risk in eliminating
them without a corresponding expansion of scope for architecture. If
we regard the architectural discipline as static, the human agency of
architects can only be diminished by automation. This scenario will
play out as a zero-sum game of eliminating all but the brightest individuals. Understanding and augmenting the cognitive capacities of
designers is a core responsibility for design methodology, and in the
light of AGI - an imperative for architectural practice. Engaging in
computation as a designer is my contribution to an expansion of scope
for architecture. Without this the direction is clear - whether or not we
ever reach absurdum.
* https://www.smartgeometry.org/challenge 2017-11-06

3

Design Computation
The discipline of architecture has been exploring the implications of
computers since the popularisation of cybernetic theory in the 1960s.
This new view on man-machine systems influenced architects such
as Christopher Alexander (1964), Nicholas Negroponte (1970), and
Cedric Price.*
In his PhD thesis on the digital design field, Jonas Runberger points to
this moment as the start for the oldest of three intellectual trajectories,
each relating computational thinking with architecture differently
(2012, p12). Along with many other disciplines, architecture has since
been trying to integrate and/or disentangle intra-disciplinary issues
and computational. Daniel Davis for instance, argues in his PhD
thesis that issues in parametric design “resemble problems software
engineers encounter when programming” and that there are lessons
to be learnt from the field of software engineering (Davis 2013, p13).
The disciplinary disentanglement has within methodology revolved
around the notions of computation and computerisation. Computational
design scholars Achim Menges and Sean Ahlquist write in their
anthology Computational Design Thinking that: “the distinction rests
in the approach towards design, rather than in particular skill sets or
knowledge” (2011, p11). Where computation increases the amount
and specificity of information, the mere computerisation of external
processes only contains as much information as is initially supplied.
They find a true expression of the computational approach to design
already in Ivan Sutherland’s pioneering graphical computer system
Sketchpad from 1963. “Sketchpad unfolded a logic to capture interrelated geometries, and how associations cause ripple effects in the
development and manipulation of form. The description of design was
no longer symbolically the representation of the physical elements as
they lie against each other but rather a summation of the forces, pressures and constraints which realise the form” (Menges and Ahlquist
2011, p13).
Runberger observes another trajectory emerging in the 1980s. This is
a view on the building industry from a product development perspective, emphasising rationalisation of information - main reasons being

* https://www.moma.org/collection/works/864 2017-11-27
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productivity and quality assurance. The tangible outcome of this
trajectory is the concept of building information modelling (BIM),
which has entered the mainstream of the construction industry. The
current notion of BIM encapsulates just that symbolic representation
of physical elements that Menges and Ahlquist connotes with the
computerisation approach to design.
In the early nineties, a disciplinary exploration of new digital architectural processes and aesthetics was triggered by the access to affordable personal computers and software. Runberger marks the so called
paperless studio at Columbia University, associated with the pioneering
digital architect Greg Lynn, as one initiating factor of this trajectory.
Software tools were mainly borrowed from the movie industry
resulting in a preoccupation with the animation of form. This early
emphasis on the digital potential for form-generation gradually
shifted towards material effects and fabrication, with a curiosity for
the industrial processes of the auto- and military-complex.
Computation has found its way into general architectural practice via
various paths. An early example is the Foster + Partners Specialist
Modelling Group, set up by Hugh Whitehead to solve geometrical
problems posed by for instance the Swiss Re Headquarters project
commissioned in 1997 and finished 2004.* In a 2013 review, Xavier
De Kestelier - then co-head, says that the group has grown to a team
of more than 20 and “…diversified into two teams, one dealing with
computation, geometry and fabrication, and the other with environmental analysis and simulation” (De Kestelier 2013, p24). Christian
Derix, writing on the integration of computational design at Aedas,
posits that “Computational Design often tends to be either Architecture
or Computation but seldom leads to a feasible synthesis between the
two disciplines. ‘True’ Computational Design must sit in-between the
two fields and therefore demands new standards for design thinking,
its professional workflows and the use of algorithms” (Derix 2009,
p567). These are two examples of how computational specialist teams
relate to their respective general practices, either through increasing
organisational specialisation or by working in-between domains,
inserting specialist knowledge into design processes via customised
tools. In the case of Dsearch that is studied in this thesis, computation
* https://www.fosterandpartners.com/projects/30-st-mary-axe/
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is treated as one architectural skill among others - albeit a specialism.
This is a highly specific kind of computational skill, adapted to the
conditions of commercial practice.
The discussion in this section can serve as a background for the
articulation of the definition of design computation as it is used
within this thesis. In professional and popular discourse, the wider
used terms computational design, parametric design and algorithmic design are often mistakenly interpreted as denoting a specific
kind of aesthetic. The debate around Patrik Schumacher’s concept
of Parametricism has played a part in this, not least because of
Schumacher’s polemic prowess and the prolific high-profile work of
Zaha Hadid Architects, where he is principal. In The Autopoiesis of
Architecture: A New Framework for Architecture (2011). Schumacher
proposes Parametricism as the appropriate architectural style for our
time. Schumacher’s definition of style goes beyond aesthetics to
include methodology, socio-cultural aspects and knowledge production:“…styles provide medium-term programmes that frame whole
clusters and series of works and forge them into a collective effort,
where all innovative advances are mutually relevant to each other”
(2011, p321). Still, it is hard not to see the production of Zaha Hadid
Architects adhering to a highly specific and homogeneous aesthetic.
Putting the word design first is a statement. This makes the wording
read as computation for the sake of design, and on the conditions
of design. From my practice perspective I also charge it with instrumental value, design computation is a dedication to solve real problems in all their messiness. Another point is to align the term with
the computational approach to design from Menges and Ahlquist.
Following their discussion I intend to mean that design computing
augments the cognitive capacity of a designer to create information.
This is distinctly different from computerisation and automation.

Practice
I spend half of my working time in practice. To be specific I develop
design computational workflows and methods at Dsearch - a research
and development network at White arkitekter AB. The notion of practice has a lot of different definitions and connotations. Therefore I will
define my usage of the term within this thesis.
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This is especially important since I need to discuss practice from
multiple view-points. My main frame of reference when referring to
architectural practice, is the common distinction is between academia
and practice. Below, I will describe White as a commercial practice,
this is not intended as a value judgement of the politics, aesthetics or
skills of that firm - I simply refer to the presence of a client. This presence impacts the organisation and methodology of a design enterprise
greatly, compared to an artistic or research-driven practice. The relationship between client and consultant can go beyond conventional
monetary compensation; what really defines this relation travels the
other direction - the consultant ends up in obligation to the client.
In this view, practice can be seen as under constraint - durational,
economical, physical, political, social, etc. Practice deals with reality,
it is strongly connected to the practical and the pragmatic. There are
always trade-offs to consider, never the pure pursuit of a singular
aspect.
When addressing Dsearch in relation to design computation, I need
to employ a wider definition of practice. If architectural practice is
defined by a common contractual model, this community is formed
around a common domain of interest, mutual engagement and a shared
repertoire. This is an example of what management and learning
scholar Etienne Wenger calls Communities of Practice, social formations that “evolve as shared histories of learning” (Wenger 1998, p87).
To keep these two notions separate I will use practice and community
respectively.

Setup
White arkitekter AB is the third largest architecture firm in Europe
with more than 900 employees. The headquarters is located in
Gothenburg, and there are 15 other offices in Sweden, Norway and
England. Founded in 1951 by Sidney White och Per-Axel Ekholm,
it is now fully employee owned with 616 share holders of which the
122 partners hold the majority vote.* White has a history of research
and development reaching back to the 1970s, when a foundation was
established, supporting also actors outside of the company - both from
practice and academia (Nilsson and Lundgren 2016). This history

* http://whitearkitekter.com/about-us/ 2017-11-17
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has also formed strong ties to academia, especially Chalmers. For
instance 3 out of 4 heads of research since 1989 has had dual affiliations - Claes Caldenby, Fredrik Nilsson and current head of White
Research Lab, Anna-Johanna Klasander, are all Chalmers professors
along with Jonas Runberger, Head of Dsearch and Artistic Professor
of Digital Design.
The engagement with academia also includes a small group of industrial PhD candidates, a number of research educated colleagues and
numerous part time lecturers and tutors. White is an environment with
experience in learning and knowledge development - in practice and
academia. This is expressed through an established infrastructure of
networks for specialist competence, exhibitions seminars, and internal
research funding. The strong presence of research competency also
allow White to participate as partners in various research and education projects.
In addition to the knowledge networks, White Research Lab (WRL)
comprises four development networks: Light, Wood, Tectonics and
Dsearch. These are thematically focused, transdisciplinary responses
to societal challenges, building on architectural experience. These
distributed networks employ professionals with different specialisms
for work in relation to ongoing projects, often through bottom-up
initiatives from involved employees. “Light focuses on the architectural qualities of daylight and lighting design, taking into account
health aspects as well as energy and quantitative analyses of light
in architecture. Wood discovers environmental and design aspects of
wooden structures, as well as design strategies. Tectonics is where
building and construction details and architectural key features are
developed to meet new functions and sustainable solutions.”*
Dsearch was initiated in 2010 by PhD Jonas Runberger, with the
objectives of developing and implementing computational design
workflows at White, and strengthening the relation between advanced
design and research. Experience from over 50 project engagements
have established an internal environment for computational development and experimentation. Operations within WRL are based on
an internal co-financing model where certain project issues can be
* http://whitearkitekter.com/wp-content/uploads/2017/11/WhiteArkitekter-Research-Programme-2017-2019.pdf 2017-11-17
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investigated, partially free from the constraints of practice; in this way
the risks of developing project specific methodology are mitigated.
Dsearch could in that sense be described as a symbiont, able to infuse
a project at White with new knowledge and perform new kinds of
work while dependent on project knowledge, goodwill and funding.
This setup relies heavily on trust and a common understanding of
the conditions for each engagement. Project specific problems, findings and developments are then integrated with a continuous method
development, facilitating White as a learning organisation. Project
engagements and methodology also inform a strategic organisational
development of Dsearch itself. Dsearch has also pushed a research
agenda from the beginning; Jonas Runberger was writing his doctoral
thesis during the first years at White and early Dsearch projects are
included in that research (2012). My thesis and the Dsearch collaboration on the included papers continue the research effort.
At the time of writing, the Dsearch core team comprises Jonas
Runberger, me, Vladimir Ondejcik and Malgorzata Zboinska. The
tradition of sharing dual affiliations between White and Chalmers lives
on also here: Jonas Runberger is professor and leads a research group
on digital design, and Malgorzata Zboinska holds a PhD in the area
of digital architectural design methodology. At Chalmers, she leads
the research project The Architectural Convertibles. Surrounding the
core team of Dsearch there is a wider network of colleagues, pursuing
various aspects of design computation, such as advanced geometrical modelling, parametric design, structural and energy engineering,
etc. This network is heavily involved in projects and developments,
both in the form of active participation and in reflective discourse.
Surrounding the network is a large group of colleagues with interest
in design computation. This includes regular attendees to seminars,
tooling courses and other events as well as collaborators at the various
White offices.

Research
The aim of this work is to explore and exploit my dual position as a
doctoral student, also working professionally with research and development at a commercial architectural firm. The conclusions presented
here are based on experience from design computation in practice,
supplemented by a rudimentary model for how this kind of insider
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knowing is attained and enacted. The format for this thesis is therefore in part an action research account where I have worked collaboratively with my stakeholders towards a preferred change in practice.
The other part is a conceptual modelling exercise employing a diverse
literature to critically discuss my experience of this work.
What difference does computation make in architectural practice?
This question drives my curiosity in research and in practice. I try
to keep it present at the back of my mind when engaging in often
quite specific and mundane interactions in my daily practice. I am
not actively pursuing difference, but readying myself to be surprised
when it presents itself. The question overlays my attention towards
hands-on problems, as well as wide-ranging strategic discussions. As
a research question it is too sprawling and and fluid to be satisfactorily
answered by any one person at a given moment. My approach is therefore to be flexible and reflexive - specific questions are asked under
specific circumstances, and answers are directed towards specific
audiences. The initial question can be further articulated in terms of
design computation in architectural practice. Questions that I address
in this thesis are:
• What new architectural tasks can we identify?
• What new architectural knowledge can we identify?
• What new organisations of architectural practice can we identify?

These questions are all aligned with my theoretical objectives for
this doctoral research project:
• Produce knowledge materials relevant for selected audiences.
• Develop my research approach, and articulate it as a model.

The second objective can be used to reformulate the initial question:
How do I ϔind out what difference computation makes in architectural practice?
I also have a set of practice objectives that support the research:
• Gain experience in practice at Dsearch.
• Facilitate collective learning at Chalmers and White.

The collective learning comprises seminars, tutoring, critiques and
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lectures. Included in this thesis is a series of papers collaboratively
written by Dsearch from a practice perspective. Their objectives
and audiences are introduced in the Discourse section below. One
component of this discourse is the establishment of a vocabulary for
the emerging design computation practice. This is instrumental both
for practice and research.
These objectives and questions force a choice regarding the design of
my research project. My immersion in design driven practice affords
me vantage-points of the design process, beyond the scope of a single
artifact. In fact, the step away from being in immediate control of the
design process - towards facilitation - is itself a design activity that I
believe is relevant to study. In my position as research and developer
at Dsearch, facilitation is an activity I, within the constraints of practice, can engage with more experimentally. By adopting a designerly
attitude in practice here, the research approach could be described as
research by design, albeit with the design artifacts being primarily
organisational in nature (Hensel 2013).

Setup
I applied for this research education with a letter stating my research
interests. This was formulated as a response to my time in conventional architectural practice, in the light of my interest in parametric
design and scripting. It presented a scenario for architectural practice driven by the societal trend towards increased digitalisation described
above. It anticipated increased attention towards the augmentation
of the conventional capacities of architects, and towards the effort
to establish intellectual infrastructures for the facilitation of this
augmentation. This polarisation still underlies my understanding of
the difference computation makes in architectural practice, and has
become part of my own career with my move to Dsearch. In this
thesis the polarisation is further articulated through the realtime and
development modes of knowing.
I hold a position as a part time doctoral student in the department
of Architecture and Civil Engineering at Chalmers University of
Technology in Gothenburg. If the environment at White has academic
experience, my supervision team at Chalmers has a good understanding of the conditions for research in and into practice. Examiner
is Fredrik Nilsson, professor of architectural theory, and as already

11

noted - long time head of research and also chief research strategist
at White. Primary supervisor is associate professor Nina Ryd, with a
long experience researching into the relationship between architects
and clients. Secondary supervisor is Jonas Runberger which puts us
in a dual relationship; as head of Dsearch he is my closest superior at
White. While this fact strengthens the connection between research
and practice, it also raises some concerns regarding the autonomy of
my research. This issue is addressed in the Action Research Cycles
section.
I also formally belong to the research environment Architecture
in the Making: Architecture as a Making Discipline and Material
Practice.* This is a Swedish nation-wide architectural research effort,
taking interest in the increased complexity within the design of the
built environment due to ICT in design and production, sustainable
development and re-use of the existing building stock. The architectural discipline as a starting point, with design thinking as means to
create “significant contributions to theories and methods in architectural research as well as practice”**. Four research themes are identified: Material mechanisms, History, Alteration, and the one I am
connected to: Investigative modelling. This theme investigates a
situation where: “ICT technologies and digital tools have fundamentally affected architectural practice during the last decades. They have
changed the organisation and process of design and have reconditioned
the conceptualisation of architectural projects and their materiality”***.
In this thesis I address the issues of organisational and processual
change in architectural practice in the Design Computation Practice
part. In the Knowing Practice part, I engage with theme of Investigative
modelling as a conceptual and theoretical exercise - building a model
for knowing practice based on realtime and development modes of
knowing.

* http://architectureinthemaking.se/about 2017-11-25
** ibid
*** ibid
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Audiences
Hillary Bradbury, editor-in-chief of the academic journal Action
Research urges all scholars to develop facility in communicating
with both local practitioners and cosmopolitan scholars (BradburyHuang 2010). I believe that for my research the audiences need to
be further specified. Dsearch is a community among many at White,
and supporting knowledge exchange and collaboration between these
is core to its mission. There is also a vivid international community
around computation in architecture, with a strong tradition of exchange
between practice and academia. This means that the practice mode of
this research is not necessarily more local than the academic. In some
respects communication within the international community is even
stronger than within the respective firms or institutions.
On one level my research focuses on developing specific theory,
method and organisation in practice; on another it studies how this
knowledge is developed in practice. This means that the same issues
can be addressed with different audiences in mind. In the design
computation community, the same audience may also be interested
in both approaches to the same issue. Even if features of the methodological developments at Dsearch are specific to White, that kind
of documentation is still potentially relevant for similar practices.
Here it is a matter of curating the documentation of practice based
and highly action oriented knowledge, so as to be relevant for the new
audience. If re-contextualised, this kind of work can provoke reactions and reflections in and on practice that are potentially relevant for
a wider community - architectural design computation, architectural
practice or practice in general. An example of this would be Paper 1
that led to further collaboration and development - as described in the
Discourse section.
In my experience, the growing community of design computation
is still in a position where the overarching architectural discipline
requires its explanation and justification - both in terms of academic
disciplinarity and professional credibility. Very often I find that
cultural resistance towards design computation springs from its very
explicitness. As a new methodology it needs to explain and justify
itself, but it also poses a threat towards established and thus mostly
tacit design methodology - that is made explicit by the comparison.
One way to address this issue academically is to apply a theoretical
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framework external to architecture, in order to discuss new and established ideas in a neutral language. In that way we can articulate the
difference computation brings; but more importantly - by making new
and old explicit we can also articulate their interrelations. This the
approach of Paper2.
This thesis is also aimed at an audience specifically interested in knowledge production in practice. A conceptual model
for learning, acting and knowing is presented and discussed.
Formulated as a model and methodology for realtime knowing, and
the development of action oriented knowledge, it is intended to be
used also outside of architectural design computation practice.
This model is articulated in the Knowing Practice part below. It is
presented in the R&D-model section as one of the research results ,
but it is designed for use in practice.
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Thesis Structure
In previous sections I have provided the impetus for this thesis in the
form of automation of intellectual labour, of which I believe we have
yet to see the peak. I have summarise the history of engagement with
computation within the architectural discipline and justified my belief
in its continued relevance. I have detailed my position in research
and practice, the research objectives, questions, choices and approach
resulting from that, as well as the potential audiences for this work.
The two following parts both present one aspect of the research behind
this thesis. Each part starts with a vignette setting the stage.
In the Design Computation Practice part, the Bridge Engagement
provides a 1st-person perspective of a typical social interaction in
design computation practice at White - providing concrete context for
further discussion. The Project Engagements section highlights some
recurring issues when introducing design computation in the projects
at White. It also presents a strategic device developed by Dsearch to
address these issues. The next section provides examples of project,
method and strategic Developments at Dsearch, and deliberates
how these can form a basis for academic research. Insider Research
is articulated as a form of action research - negotiating the implications of being native to the studied environment as a researcher.
The Discourse section provides a vocabulary for design computation
developed through the research presented in the papers of this compilation thesis. Each paper is also presented in terms of context and
impact.
In Knowing Practice, the Realtime Monologue is highly abstract and
composed as a synthesis of the discussion in this part. The Realtime
& Development Modes of Knowing are articulated as an epistemological basis for knowing practice. Conceptual Modelling is discussed
as a research activity. The R&D-model is then gradually developed
using theories on cognition, design and learning. the R&D-model is
presented as diagram and text.
The final part provides a Discussion on the research questions together
with a proposal for furthering practice-based knowledge production,
and a potential direction for further research.
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DESIGN COMPUTATION PRACTICE

Frit Pattern

Tobias comes by my desk with a piece of acrylic in his hand. He wants to
talk about a frit pattern for a glazed bridge, connecting the old part of a
hospital with a new building that the ofﬁce is designing. There is a need
to regulate visibility between the corridor on the bridge, and the hospitable rooms behind the windows of the adjoining facades, as well as the
courtyard below. Other factors are over-heating from solar insulation and
daylight quality. Tobias believes that the answer to this delicate balancing of
parameters is to accommodate a heterogeneous density of fritting within
one distinct motif. It is also important for the energy analysis to monitor the
opacity, the ratio of fritted or otherwise opaque area to the overall glazed
area.
On the plastic, which is modelled after one of the bridge elevations, is
etched a rhombic pattern. Floor and roof slabs are marked with lines along
with the structural truss just behind the glazing. Every other rhombus is
etched opaque using a standard cad hatch. This model triggers a slight
feeling of dissonance in me - but it soon dissipates. Tobias tells me that
rhombic patterning is a recurring theme in the existing 1920s building and
also picked up in various ways throughout the new design. This fact has
led him to consider the diagonals of the bridge truss as rhombi, establishing the large scale of the pattern. Here ensues a technical conversation regarding screen printing on glass, where I share previous experience
about printers and their concerns, and Tobias recounts his dialogue with
the energy specialist on choice of glass and targets for opacity. Tobias can
then conclude that the minimum dot size of the fritting should be rather
large compared to most frit patterns. Each rhombus is to be visible in the
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interior of the corridor to establish the small scale of the pattern. The relation in size between dot rhombi and truss rhombi leads to the decision that
only one intermediate scale level is relevant: rhombus ﬁelds, either empty
or ﬁlled with dot rhombi - just like the etched acrylic of the sketch model.

Sketch model

We agree on that a critical issue is to set the size of the dot rhombi so
that it is large enough to be visible from the corridor, and small enough
to be interpreted as a rhombus ﬁeld surface when seen from the courtyard. This dependence on human perception makes this issue impossible
to test in scale, so Tobias anchors the decision to use Dsearch for support
with developing mock-ups. Our ﬁrst use of design computation is to simply
generate a pattern comprising thousands of small rhombi in order to plot
a full height pane of glass. The pragmatic testing method involves me and
Tobias pinning up various versions of the pattern on a wall, and then slowly
walking towards them in order to determine when we can make out individual dot rhombi. While immersed at this level of scale, we also see a need
for a kind of framing of the rhombus ﬁelds. Made out of continuous lines of
dot rhombi, the thickness of these frames also inform the decision of dot
size and grid spacing. Our pacing up and down the studio, combined with
the giant plots, triggers engagement and spontaneous discussion, so this
precious decision is informed by the collective expertise of our colleagues.
Another starting point is to deﬁne the parametric logic of the pattern, as
applied to the speciﬁc context of the bridge. Tobias sends me a cad ﬁle
to use as an underlay. The deﬁnition of a rhombic grid is a straightforward parametric procedure, however I can’t seem to ﬁt the grid into the
large scale rhombus made out of the truss diagonals. When I investigate its
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dimension I realise that it is skewed. In fact, the whole bridge is skewed due
to the fact that it negotiates differing ﬂoor levels in the new and the existing
building. This fact about the project is of course only new to me, but for the
rest of the design team it is not really a fact - it has not caused any systemic
problems until now. My problem is that the grid looks unpleasant, or even
defective, if skewed to ﬁt the bridge. The other unsatisfying option is to tilt
the grid to ﬁt the angle of the ﬂoor and ceiling of the bridge. This instead
results in problematic meetings at every glazing joint and a failure to cover
the vertical members of the truss.
This setback makes me pick up the acrylic model again. When I know what
to look for, I now see that while the rest of the bridge is skewed, Tobias’s
cad hatch is aligned with the world-XY axes. Having just recently been
involved in a development where this very issue was meticulously avoided,
I readily have the problem deﬁnition in mind. The misalignment of the hatch
pattern causes its edges to look jagged where it meets the borders of each
rhombus ﬁeld. This is why I felt intrigued when I ﬁrst looked at it. I suddenly
get jolted into action as an interesting line of thought appears to me; if
we use the skew as a design concept, how would that play out? I send a
screen dump to Tobias and walk over to his desk on the other side of the
atrium.

Sketch and Detailed modes

Screen dump

Tobias likes the idea and decides that this is all we need to break the
dullness of a too perfect geometric pattern, without losing the restrained
elegance sought for in the design brief for the overall building project. This
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puts an end to a series of parallel investigations: individual scaling of dot
rhombi, random reduction of dots within a ﬁeld, etc. Instead we focus on
trimming the size of dot rhombi and their underlying grid, so that jaggedness occurs from misalignment as desired. The effect is most articulated in
the frames between two empty ﬁelds, so this part of the solution is where
we focus our attention. After a brief stand-up meeting in front of the latest
1:1 plot with the design principal, we get the permission to go ahead with
a new phase of the Dsearch engagement. I get a few days to develop a
design workﬂow for Tobias, in which he can compose the pattern on the
two facades.

Facade workﬂow

This work takes place on the actual elevation drawing. Tobias chooses
which ﬁelds are ﬁlled with rhombi and which are left empty. At this stage
he continuously gets feedback on the intermediary scale, a visualisation of
ﬁeld- and frame-surfaces along with an estimation of opacity to guide his
composition. This feedback informs the composition where Tobias wants
to ensure the privacy of the patients lying down in the hospital beds by
blocking most of their line of sight between each other, but still allow for
sufﬁcient daylight in the bridge.
In the next stage he can execute a detailed process that renders the ﬁnal
print originals in 1:1 precision - ready to send to the contractor. This also
triggers the exact opacity calculation for each facade segment. The reason
for this two-step process is that the detailed facade drawing contains
hundreds of thousands of small rhombi polylines, some of which are cut
by the edges of each glass sheet. This makes for a heavy load on the
computer. Waiting for several seconds is acceptable for the late stage of
producing production documents and veriﬁcation of measurements, but
for the design stage it is vital that the system provides rapid response to
the designer.
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the Bridge

Project Engagements
The vignette above is an account of how a project engagement
between Dsearch and an ongoing project at White can play out - in
this case by me and an architect colleague. While each of the circa
50 engagements so far has had unique circumstances and specific
aims and conditions, some recurring issues highlighted by the above
Bridge Engagement are worth further deliberation.
Tobias is part of a specific design discourse taking place in the project;
he has a native understanding the full interplay between design
considerations and practical issues. What I bring to the situation is
the ability to address a specified set of considerations and issues with
bespoke tools and methods. As an outsider to the project this set has
to be curated for me in some form. Our collaboration is an opportunity to leverage computation from within the design process, where
this curation can be interactive and iterative - rather than a one time
presentation. The skew of the bridge was discovered as a problem and
subsequently informing a solution through a collaborative inquiry of
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the project materials. Such a conceptual development would probably not have occurred if computational methods were applied postfactum, as a parametrisation of a fully formalised design concept.
Free-ϔloating rationales is a concept from philosopher and cognitive scientist Daniel Dennett, describing how evolution blindly
ascribes organisms affordances in relation to their current context. An
organism can find itself fit to survive in a new situation because of a
feature that was developed for another ‘purpose’ in the old situation.
“Natural selection is an automatic reason-finder; it ‘discovers’ and
‘endorses’ and ‘focuses’ reasons over many generations.” (Dennett
2013, p234) This dynamic is also common in design processes suddenly a proposal solves a problem that was hitherto unarticulated.
The skew of the bridge was embedded as a free-floating rationale
in our common material. A conventional architectural presentation
could not express this fact, but when a new medium was introduced
that rationale could be made explicit and productive. Such integration
with also the most abstract levels of the design process, is what I see
as the core aspect of design computation.
In the Bridge Engagement I develop a workflow specifically for
Tobias. I take care to connect a set of capacities in Tobias - to compose
a facade pattern responding to the project conditions, with a set of
capacities in the design system - to produce visualisation and evaluation of the facade, along with detailed instructions for fabrication.
The bespoke nature of this development implies that Tobias and the
design system form a new whole with emergent properties that are
not found in either part. This phenomenon is described in Paper 2
under the name design system assemblage. That name arrived as a
consequence of discussing the implications of expanding the notion
of the design model. In the Dsearch discourse, terminology has not
yet settled for this widened scope. The notion of systems carry undesired connotations of a technical nature, and assemblage is an esoteric
word for our (predominantly Swedish-speaking) target audience.
Important for Dsearch in this widening of scope, is to emphasise the
role of project and development aspects such as design concepts, time
constraints, competencies, infrastructures, etc, when discussing methodology in practice. For this thesis, I use the term workϔlow design
to describe my contribution in the Bridge Engagement. In addition
to the reasoning above, this is to get away from the more narrowly
interpreted terms tool, method, or project.
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DESIGN

At several points in the Bridge Engagement there are hints of a
management level beyond the design process. Commitments are made
between me as a Dsearch representative and the project principal often with Tobias as a spokesperson. The plain fact is that the cost of
my time in this case has to be covered by the client of the project. This
necessitates a cost-benefit estimation of the project engagement with
Dsearch. Development within a project follows an investment dynamic
where time has to be spent on work that is not immediately productive, but potentially more-so in the end. This dynamic introduces new
kinds of risk that are compounded by the introduction of new methodology - especially when involving scripting. In this account, the
risk and commitments of the engagement is managed through a series
of informal agreements over design scope and time-frame. This kind
of trusting relationship is possible by the general culture at White in
combination with the personal relationships involved. For Dsearch,
development within projects is a matter of aligning the interests of the
local project with the global development at White and the conditions
for the actual realtime design collaboration.
V

innovative design
concept development

IV

Bridge
III

design development

II

parametrisation

I

inspiration | information

guidance

repurposing

system development

integrated development innovative methodology

METHODOLOGY

Method/Design Matrix

As a response to the issues discussed above, Dsearch has devised
the service matrix in order to determine the ramifications of the
engagement with the project principal. The matrix is one of the
objects forming the strategic framework described in Paper 1. The
Bridge Engagement is marked in the image above as concept development and repurposing. This means that Dsearch was involved in
formulating the design concept, and that the project development
could proceed without development of new methods. Since Paper 1
Dsearch has also developed a corresponding matrix for determining
responsibility in project management and deliverables. The Bridge
Engagement would here be considered a task, in that the design
process was carried out between Tobias and me. A larger or more
complex issue would perhaps have necessitated my presence in the
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RESPONSIBILITY

internal meetings of the larger project team - a commission level
engagement. I delivered a design system to Tobias, with which he
produced the documents needed for production.
V

project principal

IV

authority | project

III

authority | commission

II

authority | task

I

advisor

support

study

Bridge

design system

project material

document

DELIVERABLES

Responsibility/Delivery

Developments
The service matrix provides an example of how specific project engagements are systematically reflected on, generalised into strategic issues
and developed into materials that can guide further activity. These
materials can be said to embody organisational learning in the sense
provided by Zuber-Skerritt and Perry: “a process of collaborative
action learning and action research in an organisation with the aims of
solving complex problems and achieving change and improved performance at the individual, team and organisational levels” (2002, p172).
This form of strategic development is complemented at Dsearch by
a more general form of methodology. The current primary platform
for this effort is Grasshopper (GH) - a visual programming interface
for creating parametric geometry within the widespread 3d-modelling application Rhinoceros (RH). In this environment, geometry can
be generated and evaluated by scripts that perform design actions. In
Grasshopper terminology, these are called deϔinitions.
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Grasshopper Deﬁnition

Method development at Dsearch entails the documentation and generalisation of project experiences, but also exploration in anticipation of
coming project needs. Knowledge sharing occurs, informally through
personal support for projects and spontaneous workshops and briefings, and formally through organised meeting- and seminar series as
well as written and illustrated method sheets. The variety of formats
and venues allows for rich feedback from project work to network, and
from informal project conversations to strategic and methodological
discourse. Method sheets cover standards regarding project responsibilities, procedures and communication. They also address technical issues such as program installations, guides to certain plug-ins
or modelling techniques etc. This introduction to the Grasshopper
Developer sheet can serve as an illustration:
This document covers standards and recommendations for working with
Grasshopper as a Developer in a project at White. Emphasis is placed on
documentation and communication.
White has two modes of working with Grasshopper:
•

The User is a member of a design team at White using a deﬁnition as
part of a design process. This deﬁnition can be developed at Dsearch
or within the team.
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•

The designer of the deﬁnition is deﬁned as a Developer. This mode
brings a larger responsibility to uphold quality standards for project
development at White.
Please make sure that you are reading an up-to-date version of this document by accessing it from White Help. For an overview of available grasshopper documentation at White, please read Grasshopper Help.

This standard defines the role of the Developer of Grasshopper scripts.
Designing a script for use within a project infers a set of responsibilities beyond the designed artifact. Because this part of the project
involves a competency that is not generally available in the design
team, the developer must maintain communication around scope and
complexity of the script. File versioning and other quality assurance
aspects are also covered here.
Another document is aimed at the User of the script. This is written
more as an introduction to Grasshopper and a guide to how it is used
at White. The user should be able to involve a script in the design
process without any prior experience of Grasshopper, or programming in general. Therefore it starts at the very basic level:
Grasshopper deﬁnitions are created by connecting Components of
different functionality through Wires, very much like a switch board. The
wires convey data - geometries, numbers, lines of text etc, downstream (to
the right) through the network. Data enters each component from the left,
is processed, and exits to the right.

This distinction between user and developer is an example of a highly
practical management issue that can be layered with a wider reflection
on new architectural roles and competencies to describe a difference
that design computation does in architectural practice. The notion
of a user, leveraging a script within the design process, requires the
developer to pay attention to aspects beyond the design process of
the resulting artifact. Corresponding to that process, there is a design
process of the script itself, where considerations of the user is not
geared towards the inhabitant of a building, but instead the architect
using the script in a design workflow. Here cognitive aspects such as
clear connections between cause and effect in the script, and timeliness and clarity of the feedback it provides, are introduced as professional concerns for architects. While these aspects are intuitively
approachable for a designer, there exists a large body of specialist
knowledge that could be imported from for instance the fields of
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1 (5)

Intended readers

This document will guide you through basic
Grasshopper use. It covers how design workﬂow
interfaces are set up at White and how project relations
with in-team developers or Dsearch are managed. The
intention here is to prepare you as a User of an existing
Grasshopper deﬁnition.

/ Grasshopper Users
/ Grasshopper Developers

Covered aspects

White has two modes of working with Grasshopper:
/ The User is a member of a design team at White using a
deﬁnition as part of a design process. This deﬁnition can be
developed at Dsearch or within the team.
/ The designer of the deﬁnition is deﬁned as a Developer.
This mode brings a larger responsibility to uphold quality
standards for project development at White.

/ Grasshopper workﬂow
/ Grasshopper Basic Operation
/ User Interface
/ Project workﬂow

References

Please make sure that you are reading an up-to-date version
of this document by accessing it from White Help.
For an overview of available grasshopper documentation at
White, please read Grasshopper Help.
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Grasshopper Setup | GH/Plugin Installation & Setup
Grasshopper Help | Standards, Vocabulary & GH resources
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This document covers standards and recommendations
for working with Grasshopper as a Developer in a
project at White. Emphasis is placed on documentation
and communication.

Intended readers
/ Grasshopper Developers

White has two modes of working with Grasshopper:
/ The User is a member of a design team at White using a
deﬁnition as part of a design process. This deﬁnition can be
developed at Dsearch or within the team.
/ The designer of the deﬁnition is deﬁned as a Developer.
This mode brings a larger responsibility to uphold quality
standards for project development at White.
Please make sure that you are reading an up-to-date version
of this document by accessing it from White Help.
For an overview of available grasshopper documentation at
White, please read Grasshopper Help.
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human-computer interaction and user experience design. Even in the
most common case, where the developer of a script is also the user,
this discussion brings the notion of workflow as a design task in its
own right to the fore.
For a practice-based research and development team, one opportunity to pursue academic research lies in the critical discussion and
theorising of material primarily developed to support practice. Design
and organisation theorist Donald Schön has developed a theory for
how practitioners learn and leverage knowledge. He has authored
the terms reϔlection-in-action, and reϔlection-on-action (1983).
The Bridge Engagement, the service matrix, and the user/developer
distinction, are all examples of issues emerging from practice, and
subsequently developed into knowledge materials by Dsearch as a
form of reflection-in-action. The next level of reflecting-on-action, for
Dsearch is directly based on these strategic and methodological materials. This hybrid perspective has not only yielded academic output in
the form of the three papers presented in this thesis; the papers show
how research findings in turn have been instrumental to further strategic and methodological development.

Insider Research
The primary objective for Dsearch to engage in projects is to address
project-specific issues where design computation workflows are relevant. The secondary objective is to situate knowledge production
so that project team, design computation specialists, and White as
a whole, can learn from a unique situation. The tertiary objective is
the production of generalised knowledge for the wider architecture
profession and the academic audience. The role here for a practice-oriented researcher, is not only to observe but to proactively arrange this
situation to be fruitful for all parties. This activity is in itself also
potentially fruitful for academic pursuit.
Dsearch has access to an insider view of development processes and
engagements with new tools and methods, often in the form of personal
experience combined with developed knowledge materials such as
documentation, generalised methods and organisational strategies.
The research strategy for Dsearch has been to build on this unique
material and layer it with critical reflection and academic discourse
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that is most often unavailable when working under the constraints
of practice. In Paper 2 Dsearch frames that approach as a designerly form of the insider action research methodology put forward by
organisational research scholars Teresa Brannick and David Coghlan
(2007). In defence of researchers being native to the situation under
study they argue that an insider position is especially conducive for
producing knowledge that is useful within the studied situation itself.
For Dsearch as designers, developers and scholars it is vital to integrate all of these modes of operation in research. This entails an
experiential, experimental and iterative attitude towards knowledge
production. Being native here, does not only refer to the position of
the researcher within an organisation; in order to produce knowledge
that is useful for White, it is also vital for the individual researcher
to experience, and be experienced in, the architectural practice they
are engaging with. Therefore, all members of the Dsearch team
are educated as architects and have prior experience as practising
architects.
The insider perspective also impacts the point of view a researcher can
take. “Traditionally, research has focused on third person: researchers
doing research on third persons and writing a report for other third
persons.” (D. Coghlan and Brannick 2014, p7) This norm is challenged by education and management scholar William R. Torbert.
Together with a long list of collaborators he has developed Action
inquiry as a kind of social science that facilitates timely action.
Comprising a matrix of 81 research modalities, action inquiry distinguishes between “first-, second-, and/or third-person research voice,
studying first-, second-, or third-person practice, in the past, present,
or future, with single-, double-, or triple-loop learning” (Torbert and
Taylor 2008, p241). Torbert describes learning as a set of recursive
loops. Responding to an event with single-loop learning leads you
to adjust future actions in similar events. Double-loop is your transformation of the strategy that led to the event. Triple-loop learning
triggers a qualitative change in your attention to the event, and the
actions and strategy involved.
Dsearch is arguably active in all cells of this matrix, but the published
papers are still authored in a relatively conventional voice. The
voice called ‘we’ in the papers is still the third-person objective ‘I’,
but collated from several researchers. This is an attempt to separate
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Dsearch - the researcher (we), from Dsearch - the studied situation
(they). The documents that comes closest to a genuine second-person
voice are the method sheets described below. Building on feedback
from network and project engagements, Dsearch - the method developer (us) - describes methods for White (us). The Bridge Engagement
above is written in a 1st-person voice, but during realtime it played
out as an inter-subjective dialogue - a 2nd-person practice. Both
participating individuals of course draw personal lessons from this
experience, but a set of materials can also be developed in the engagement that enables for instance 2nd-person method development. In
the case of this thesis, my documentation of the situation allows me
to reconstruct a 1st-person account, that in turn leads to a 3rd-person
discussion in relation to research methodological literature.
Coghlan & Brannick points out that there are political ramifications
of doing research within an organisation - especially your own. The
questioning nature of action research can be regarded as subversive:
“It examines everything. It stresses listening. It emphasizes questioning. It fosters courage. It incites action. It abets reflection and
endorses democratic participation” (D. Coghlan and Brannick 2014,
p151) In the case of Dsearch this list of provocations is valid for development as well as research. The introduction of new methodology can
be perceived as an inherent criticism of current practice, which for
architects can be taken personally. Practice is often intimately bound
to personal experience, competence and preference. For development this means that new methodology must either be enforced on
current practice through standardisation, or emerge as a new practice
with altered capacities. Dsearch is following the latter trajectory. For
research, this means that not all questions can be asked. It is near
impossible to carry out quantitative experiments in a situation set
up in anticipation of the unique. It is also politically undesirable for
Dsearch to investigate relations and transactions of power between
individuals and organisational entities at White, even if this could
have bearing on the dynamics of change surrounding design computation. With a mission-statement to move White in a certain direction,
Dsearch is an actor in these political transactions and cannot credibly
maintain objectivity. Furthermore, charged with the responsibility
to further the interests of White as a commercial practice, Dsearch
does simply not have full academic autonomy. Such organisational
studies could perhaps be carried out at White, also from an insider
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perspective; but such a study would be more credible if carried out
by a colleague without a pre-existing agenda. For the purposes of
my thesis, my position at White is too connected to Dsearch to make
social analysis part of my research objective.

Action Research Cycles
David Coghlan presents the action research cycle, a common methodological model for action research. This is a cyclical, four-step
process that requires deliberate application of “(a) planning; (b) taking
action; (c) evaluating the action (d); leading to further planning, and
so on” (D. Coghlan and Brannick 2014, p6). While he acknowledges
the importance of a cyclical approach where results can inform further
planning, this process is essentially sequential in nature. In my position as an insider within a design-based practice, this sequentiality is
challenged by several factors:
•

Practice is hectic and messy. Project schedules, even when successfully adhered to, are out of my control as a researcher and developer. This
makes it a challenge to align project specific and strategic development, and unfeasible to establish an independent research time-plan.

•

Design is not sequential. If architectural practice is messy, the core
activity of design is itself inherently non-linear. In the words of design
scholar Bryan Lawson: “It is central to modern thinking about design
that problems and solutions are seen as emerging together, rather than
one following logically upon the other” (2006, p124). Each project
starts out in a state where it is more or less unclear what the problem
really is, and the process towards a proposed solution does not follow
any prescribed step sequence. It is therefore hard to predict the quality,
or even quantity of results from a research study, and even harder to
schedule when these results can be expected.

•

I am a doctoral student. The fact that I am developing new skills along
with generating findings, at times makes it unnecessarily limiting to
stick to a plan that was developed by a less informed and competent
version of me. This fact of course applies to every researcher to a
greater or lesser extent.

Coghlan problematises the sequentiality by referring to pioneering
action researcher John Heron’s distinction between apollonian and
dionysian cultures of inquiry. The Apollonian adhere to “a more
rational, linear, systematic, controlling and explicit approach to the
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process of cycling between reflection and action” while “Dionysian
inquiry takes a more imaginal, expressive, spiralling, diffuse,
impromptu and tacit approach to the interplay between making
sense and action” (Heron 1996, p50). Heron defines these cultures
as complementary and as a source of creative tension for a research
project. Framing the concepts as cultures, he implies that the method
of inquiry emerges from the content of the studies. Heron encourages the researcher to stay flexible in approach; too apollonian “and
the inquiry will lose depth, range and richness”; too dionysian “and
the inquiry will lose its focus and cease to be an inquiry” (1996,
p50). For Dsearch the apollonian approach is present in the need to
follow the business planning cycle at White with yearly revisions
to strategic plans and budgets. Here the conditions for the research
efforts are fixated. When it comes to actual research and development, a Dionysian flexible and serendipitous approach is taken,
grabbing the opportunities to take part in interesting projects and
developments when they occur.
My dual position as a practice insider and a doctoral student, could
be separated into a core action research project and a thesis action
research project. Management scholars Ortrun Zuber-Skerritt and
Chad Perry, present this model comprising two interconnected cycles
of planning, action and evaluation - with different aims and outcomes
(Zuber-Skerritt and Perry 2002). Where the core project is geared
towards enacting positive change within the context being researched,
the thesis project is concerned with producing relevant new knowledge about this change. Zuber-Skerritt and Perry builds this model
from the perspective of research education and proposes that the core
project is pursued as a form of field work - possibly revisited, but
scheduled as a excursion from the thesis project.
In addition to the challenges to sequentiality in my case, I also see
a asymmetric relationship between my core project as employee at
Dsearch, and my thesis that needs to be addressed if this model is
going to work. My practice takes the form of project engagements
and method, organisation, and knowledge development. This presence is integrated into the culture and organisation of White, it cannot
be summarised in a report. The core of my action research is in that
way simultaneously richer and more intangible than a project with a
concise and tangible deliverable. For the thesis, this project of course
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must adhere to a standard format. Subject to conventional academic
discipline, this level of my research enforces a certain apollonian
rigour to my research approach along with a peculiar outsider perspective on my own insider position.
Related to the core/thesis distinction is my intricate relation as an individual to the Dsearch team. Not only am I researching myself and my
work in practice; the rest of the team includes fellow researchers with
separate research interests and we also conduct academic research
together as part of Dsearch operations. As a doctoral student it is
vital to maintain autonomy of the thesis project, and at the same time
hard and possibly also undesirable to distance myself from Dsearch
in my insider position. For the duration of my research education
this autonomy has been a matter of aligning the research interests of
Dsearch, me and my main collaborator Jonas Runberger. This negotiation has been relaxed but intricate due to the fact that Runberger
is the director of Dsearch and in the function of artistic professor of
digital design at Chalmers, also my thesis co-supervisor. Our common
starting point for alignment is the mission statement for Dsearch to
introduce design computation at White. From this follows the need
for a deeper understanding of this emerging practice. This has been
addressed by focusing on the description of methodological development and organisational issues relating to new professional roles
and workflows stemming from the introduction of new methods and
technologies.
My main influence as an individual researcher on my core level at
Dsearch has been the construction of a materialist ontology to interpret and inform the development activities. I have also managed to
align the scope of each paper included here, to form a coherent whole.
On my thesis level, Dsearch project engagements, developments, and
research forms a new whole to be studied.

Discourse
This thesis includes three papers collaboratively written by Dsearch,
in order to articulate and reflect on its own emerging design computation practice. The series of papers starts from a strategic perspective, zooms in on project workflow management, and ends with
connecting the very detailed level of tool- and method development
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back to strategic considerations around knowing and learning in practice. The materials presented, includes what Dsearch defines as a strategic framework of management devices in Paper 1, comprising for
instance the design system - an expanded notion of the architectural
model. Paper 2 further articulates design systems and how their qualities are differentiated by various project contexts. Paper 3 scrutinises
the visual design script and how it relates to the overall design and
project development process.
While these papers are authored by members of the core team of
Dsearch, they are based on a discourse involving a wider network of
colleagues, clients, professional peers and academic partners that has
formed around Dsearch, sharing an interest in design computing and
its ramifications. The closer network of colleagues is part of a continuous conversation as part of the practice that grounds it. Emerging
from practical issues, a community of practice is nurtured within
White in order to reflect-in-and-on-action. A crucial component of
this discourse is the collective convergence on a vocabulary for this
emerging practice. On a practical level at White, this standardisation
of communication is instrumental to quality assurance and knowledge management. From an academic perspective, each new term is
an opportunity to clarify and systematise experiences from practice.
Before introducing each included paper and its context, it will be
useful to present this vocabulary in its current state.
In Paper 3 we state that computation is determined by code and define
it as an instructional notation. Bryan Lawson gives instruction drawings as an example of an instructional notation in architecture. These
are “intended as an unambiguous one-way form of communication
from designer or design team to constructor or supplier”(2004, p34).
We also define the algorithm as a descriptive notation and a representation of the computation that the code performs. We argue that
as scripting designers, we may push our engagement with the algorithmic further away from mathematical precision and comprehensiveness to better address the poorly defined problems we often face.
Code is authored, usually as text in a specific programming language.
In visual programming, the author arranges the code as a schema connecting components with wires, as Dsearch phrase it in their introduction to Grasshopper. This is a kind of dataϔlow programming
where the author interacts through the visual interface with a graph,
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an organisational construct associating specified computational
processes with their respective input and output data. This abstraction
lies in-between the visual interface and the various layers of code on
top of the processor, enabling realtime feedback when scripting. This
last feature is vital for designers and other creatives, that rely on fast
iteration between exploration and evaluation in their process. Because
of this, visual scripting is a very common form of programming in
architecture,* but also in music and visual arts.**
The act of programming could also be nuanced in the context of
architectural practice. There is a difference to be made between a
script, written in the context of a specific software environment, and
a program, designed as an autonomous software entity. A script does
not have to include management information, such as how it should
interact with the operating system of the computer. Commonly, a script
is run in order for its own author to perform one specific task, whereas
a program usually is designed to anticipate an arbitrary number of use
cases. For the designer, a script is a tool, albeit sometimes specifically
created for a unique situation. A program could then be considered an
artifact, and as such a design task in its own right. Here, attention lies
on how users, not the developer, will interact with the artifact. These
modes of programming could be used as directions on a gradient. The
design systems described in the papers below, due to their heterogeneous makeup, show up as distributions on this gradient. However, all
of the examples could be described as more of a script than a program.
A design system could involve an arbitrary number of scripts, some
interacting directly with a user, some requiring a developer for safe
execution.
There are examples of architectural practices that develop more
program-like code. In the Grasshopper community this commonly
takes the form of plug-ins. These programs can only be used within
the Rhino environment, so they are not fully autonomous, but they still
have to be able to handle a full range of use cases. Dsearch pursues
a strategy that stays closer to the script end of the gradient. Attention
* for instance Grasshopper for Rhino, Generative Components for
MicroStation, Dynamo for Revit, Flux IO
** for instance pure Data, Max/MSP, Quartz Composer, vvvv
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is focused on developing design concepts and bespoke workflows,
rather than making the code universally stable. This closer engagement with project dynamics explains the need to expand the notions
of model and project into the design system assemblage of Paper
2. It also feed into the visual script as a design medium. Paper 3
proposes a visually enriched form of code comment, the note that can
tie together the algorithmic aspects of the code with project development issues.

Paper1
Harnessing the Informal
Processes around the Computational Design Model
This paper presents a collection of managerial materials formulated
by Dsearch. The purpose of these is to minimise the risk involved in
introducing design computation in an established commercial architectural practice. These materials are described and theorised using
the concept of boundary objects originating with sociologist Susan
Leigh Star. Such materials “inhabit several intersecting social worlds
[…] and satisfy the informational requirements of each of them”
(1989, p393). The boundary object concept is leveraged to discuss
how organisational change and learning can be managed from the
bottom-up.
The paper was presented by Jonas Runberger at the 2015 Design
Modelling Symposium in Copenhagen, a recurrent conference gathering researchers and practitioners from the computational design field
with special interests in modelling, fabrication and simulation. Our
paper, with its management perspective and theoretical framework,
was a bit of an outlier, but the presentation at the symposium gathered
interest - predominantly from practitioners in organisations similar
to Dsearch. One tangible consequence of the paper was a collaboration between Dsearch and structural engineer Julian Lienhard at
HafenCity University of Hamburg. There a group of students applied
and developed some of the materials presented in Paper 1 (Lienhardt
and Runberger 2017). This work in turn informed new development
at Dsearch presented in Paper3.
Jonas Runberger was the main author for this text, describing strategic development work carried out together with me. In the initial
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stages I acted as a discussion partner and text editor. I also detailed
some of the materials presented. At this stage this was a straight-forward description of how we organised Dsearch in relation to White,
and how we designed and deployed materials for this purpose.
My main contribution as co-author occurred in the later stages of the
review process when we were asked to clarify the implications of
deploying these materials in practice. Here I proposed to revisit Susan
Leigh Star’s notion of boundary objects (1989) that Runberger had
earlier discussed in his PhD thesis (2012). We then casted our material as boundary objects and discussed how this view impacted earlier
experience of using them in practice. The paper also employs the
concept of reiϔication to describe how a computationally augmented
design process can solidify into a boundary object and enable cooperation between teams with and without computational expertise.
Attention to this kind of object has remained a priority for Dsearch.
Reification is a concept strongly coupled with management scholar
Etienne Wenger’s theory of communities in practice which is taken
up as a vital component of the R&D model proposed in this thesis
(1998).
This introduction of an extradisciplinary theory to analyse the technical and managerial materials we present, has been influential on
subsequent discourse, research and development at Dsearch. In
Paper 2 this approach is discussed as a method to achieve reflexivity. Management scholar Mats Alvesson formulates this as the use
of “theories which challenges common sense, not only for the direct
application but also for encouraging perspective on one’s own lived
reality and thus facilitating looking upon things in a more all-sided
way” (Alvesson 2003, p186).
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Paper2
Design System Assemblages - Continuous Curation of Design
Computation Knowledge in Architectural Practice
This paper further details one of the boundary objects described in
Paper 1 - the Design System - and exemplifies with two cases from
Dsearch practice. The theoretical frame here is Manuel DeLanda’s
development of Assemblage Theory that emphasises that any given
individual, object or system - assemblage - does not have essential
qualities or a permanent boundary. This fits very well with the authors
view that the current design computation practice at Dsearch cannot
be explained, or successfully managed, within traditional categories
such as projects or specialisms.
I was the main author with strong support and collaboration from Jonas
Runberger, who also wrote the SOfFTA case description. I presented
the paper at the Professional Practices in the Built Environment
conference in Reading 2017. The conference was “conceived as an
event to bring built environment practitioners together with academics
to discuss the development of collaborative research on practice”
(Samuel and Hay 2017, p2). We addressed this topic in terms of the
designerly version of insider action research approach deliberated
above.
The paper is a reworked version of an earlier submission to ACADIA
2016 that was not accepted. That text was based on Dsearch discourse,
continuing the ambition to explain design computational development
through extradisciplinary theory. For that particular event this proved
to be the wrong approach. The reviewers did not see a benefit in establishing new concepts for design computation discourse - wanting
deeper detailing of technical innovation. Shifting the focus of the
paper towards the implications of design computation for knowledge
production in professional practice, marked a corresponding shift for
the overall thesis work. For me, this formative rejection, led to an
interest in the preconditions for conducting genuinely practice-based
and practice-oriented research.
In the ACADIA version of the paper, assemblage theory took centre
stage. This was an ambition to contribute with a theoretical framework for an emerging computational design thinking tradition
(Terzidis 2006, Coates (2010); Woodbury and others 2010, Menges
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and Ahlquist (2011); M. Burry 2011). Lost in the revision was a
more in-depth discussion on DeLanda’s two analytic parameters of
territorialization and coding. Used to discuss various stages of the
development of the SOfFTA and Urban Values cases, they are defined
as follows: “The more homogeneous the internal composition of an
assemblage and the better defined its outer boundaries the more territorialized its identity may be said to be” (2011, p187). “Coding then
determines the potential for change in territorialization” (Magnusson
and Runberger 2017, p196).
Genetically imprinted instincts are coded, whereas a capacity to learn
decodes the assemblage - freeing it to shift its level of territorialization
in response to external conditions. DeLanda provides the example of
object oriented programming languages for computers that decodes
the identity of the software so that it can perform situation-dependent
operations on input data, depending on the input data itself.
When trying to determine the territorialization of a specific design
system assemblage, we often felt that half of the relevant situation
was left out of the description. “Applying this theory to the case material gave rise to the insight that the analysis of an object is also always
an analysis of its immediate situation” (Magnusson and Runberger
2017, p203). We also realised that the act of setting system boundaries
is just as important for a design process, as for an analysis. This is a
more apparent condition when it comes to the second order design
of design workflows, where the design object is one step removed
from any physical artifact, but it applies equally in first order design
processes.
Materialist philosopher and originator of the term object oriented
ontology Levi Bryant addresses this phenomenon in his work on
pleating: “Bodies dwell in a field that constitutes the horizon of their
existence. There is no body that does not dwell in a field that constitutes both the “wherein” that it dwells in and that is that from which
it exists” (Bryant 2016).*

* Cited from Bryant’s translation found at https://larvalsubjects.wordpress.
com/2016/11/01/for-an-ethics-of-the-fold/ 2017-11-21
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Paper3
Morphology & Development - Knowledge management in architectural design computation practice.
In this paper we discuss the design script, referred to as a 2nd order
design model in Paper 1. We argue that it is clarifying to distinguish
between design and development processes on the one hand, and the
computational and morphological processes performed by a script on
the other. The paper then describes a set of tools and conventions
developed by Dsearch in order to makes use of this distinction. Design
develops over time, while morphological code executes in realtime
according to a predefined logic. To draw an analogy from biology:
evolution can be seen as a design process of searching through a
solution space for viable options. This exploration and evaluation is
distinct from shape generation during foetal development - morphogenesis. The deterministic morphological design graph is thus not to
be confused with an open ended design process; the graph is rather
subjected to modification through iterations within the design process.
The notion of a design graph as an object to be designed in and of
itself, in tandem with the artifact that it generates, is an emerging topic
in Dsearch discourse. This paper concludes that the “graph, defining a
computational process, is a genuinely new kind of representation for
architecture” (Magnusson et al. 2017, p689). To extend that line of
thought I would like to argue here that the visual script, for design, is
a new kind of medium for the production and reproduction of graphs.
Designing a morphological process by scripting its graph, results
in an artifact that can be saved, copied, edited, etc and still retain
its capacity to process form. This is different from the reproduction
of finalised process results. Describing a morphological process by
annotating its graph results in a design algorithm, a descriptive layer
distinct from the code. This is a kind of design process documentation
that is more easily reproduced alongside its morhopological code.
Graphs, scripts and algorithms are clear examples of the difference
that computation makes in architectural practice.
Based on ongoing discourse and methodological development within
Dsearch, this paper was mainly written by me with strong support
and collaboration from Jonas Runberger and Malgorzata Zboinska.
Vladimir Ondejcik is credited for his contributions to development
and discourse. The paper was presented by me at eCAADe - a large
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annual conference on education and research in computer aided architectural design. The heading for the 2017 event in Rome was Sharing
of Computable Knowledge. If the organisers really intended the specificity of the wording to go beyond just a general call for computation, sharing, and knowledge (Fioravanti 2017, p6) - our paper in
a sense inverted the sentiment of that theme. The intention behind
the Dsearch development, and our reason to reflect over these tools
and conventions in academic discourse, is to facilitate for designers
to make sense of computation. To challenge the eCAADe theme,
tongue-in-cheek: this entails sharing of knowable computing.
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KNOWING PRACTICE
Realtime is now, but longer. Now hits you unevenly - it washes over a
topography of ridges and runnels. Sensors at strategic positions continuously pick up incoming signals, informing you in different arrivals. Now
thus stretches backwards up causal chains, up every information tether
anchoring you to the world. Your situation is buffered and synchronised,
forming a delayed but coherent realtime experience. This means that realtime lags.
To minimise response time, incoming information is part prefab. You cast
anticipation on your sensorium. What your sensors produce is not perception but the discrepancy between anticipation and perception. Surprise
demands better speculation to dampen the signal. Realtime is your participation in reality, the surprise-fuelled reciprocity between a body and its
situation. Also your own actions are anticipated - mental and physical. Until
they are successfully executed, you remain surprised.
Only now is real - past is re-enactment, realtime is fabrication and future is
speculation. Your situation also contains the inner territories. Cognition is
physical, your experience is carried by matter. Past, realtime and future do
exist, but as models. With the experience of your now being fabricated in
realtime, rather than witnessed, your models are just as real.
In the situation you ﬁnd materials - objects or environments providing you
with realtime affordances. In this sense, realtime draws on development.
Matching the materials capacity to affect with your capacity to be affected,
you alter your physical or mental powers. Knowledge materials enter realtime through your knowing; they leave through your making.
Development has always already happened. Past realtime activities have
developed knowledge materials accessible for coming realtime use; artifacts and arrangements; media, tools and infrastructures. Users are anticipated, development is aimed at speciﬁc practices. Abusers appropriate
materials for unanticipated use. Any artifact has an unlimited set of capacities to affect and be affected by the situation - exceeding the intentions
of its developer. Materials are used, abused, produced and altered, then
aggregated and sedimented. In this sense, development draws on realtime.
Development is a preparation for the future, having been done through
engagement with relevant parties - a continuous communal arrangement
of your situation leading up to now. Development is you, having been
co-developed. Now, you know your way around your model, computer,
desk, colleagues, workshop, library…
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Modes of Knowing
The above vignette is an introduction to realtime and development as
two modes of knowing design computation practice. In choosing the
word knowing over knowledge, I imply that I am pursuing a certain
attitude towards learning and acting on knowledge. The Realtime
Monologue above is written in the 2nd-person, present tense voice. It
is me - the writer, addressing you - the reader. I believe that this point
of view best captures the sensibilities I want to add to the discourse on
practice with these modes of knowing.
Donald Schön is interested in the professional competency of architects and describes knowledge as a description of what is essentially
a feel for things: “One must use words to describe a kind of knowing,
and a change of knowing, which are probably not originally represented in words at all” (Schön 1983, p59). Building on Schön and
a pragmatist tradition starting with John Dewey, cognitive scientist
Henrik Gedenryd frames the design process as a form of inquiry.
Pragmatism prefers the term “knowing” to knowledge. It is a label not for a
thing but a capacity, something that manifests itself in an individual’s actions
and which is not assumed an existence beyond that: knowing is thereby
primarily an activity, and this is reﬂected in “knowing” being principally a
verb; knowing is an entity only in a derived sense, and this is reﬂected
in “knowing” also being a verb used as a noun, and not a noun per se.
“Knowledge” is a noun, pointing out a thing stored in the mind. (Gedenryd
1998, p78-79)

This distinction between knowing in action, and knowledge as
stored knowing, is fundamental to the realtime and development
modes of knowing. It highlights the distinction between realtime
knowing and developed knowledge material. Gedenryd stores that
knowledge as a thing in the mind, but in this thesis part I will argue
that an embodied mind, can also make good use of knowledge stored
externally - in the development mode of its situation.
Complementing the pragmatic epistemology, this thesis is based on a
materialist ontology. This is expressed most explicitly in Paper2 with
its use of Manuel DeLanda’s Assemblage Theory (2016). Another
philosopher that has shaped my sensibilities for the interrelations
between material and immaterial objects is Levi R. Bryant, although
he would phrase it ‘my structural openness towards the mediation
of corporeal and incorporeal machines’ using the terminology of his
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Onto-Cartography (2014). Any comprehensive introduction to his
thinking is out of scope here, but what he stresses is the importance
of a flat ontology where no entities exists above or beyond the others,
controlling or preceding their being in the world. Incorporeal ideas
and intentions are as real as concrete, but any cartographer needs to
attend to how they are mediated by corporeal machines.
Bryant, along with DeLanda, belongs to a school of thought called new
materialism (NM) that has has found it’s way into design computation discourse. Architectural theorist Neil Leach frames their common
focus on design process and material performance as a Gothic logic,
building on French philosopher Gilles Deleuze.
“From an architectural perspective, it is Deleuze’s distinction between
the Romanesque and the Gothic spirit that highlights the key difference
between Postmodernism and NM. Whereas Postmodernism privileged the
Romanesque logic of representation and symbolism, NM focuses on the
Gothic logic of process and material performance” (Leach 2016, p345).

Leach argues that NM challenges not only the linguistic turn in
twentieth-century philosophy, but also the dialectic materialism of
Karl Marx. This is accomplished not by completely overturning the
former project, but by situating semiotics within material reality.
The realtime and development modes of knowing aligns with NM
in its ambition to understand design as a interrelation of ideas and
concrete reality.

Realtime
Realtime can generally be defined as the “actual time during which
a process or event occurs.”* Computer scientists Kang G Shin and
Parameswaran Ramanathan writes how the concept is used in their
domain (1994). They present three major components that characterise
realtime computing: time, reliability, and integration with the environment. “For example, for a drive-by-wire system it is meaningless
to consider on-board computers alone without the automobile itself”
Shin and Ramanathan (1994), p6]. Because of their use in precarious
environments, often ensuring the safety of humans, realtime systems
need to reliably respond to events within specified time frames.
Computer games are realtime systems, a classical example being
* https://en.oxforddictionaries.com/deﬁnition/real_time
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StarCraft.* In that realtime strategy game you are simultaneously
expanding your infrastructure, unlocking technological capacities,
and fighting a skirmish war with your opponents. All actions have a
specific duration and the goal is to strategically outmanoeuvre your
opponents while also make fast tactical decisions in the heat of battle.
In contrast with the solemn contemplation of Chess where you are
in full control over what move to make, and when to finalise that
decision, StarCraft happens to you at a rapid pace - decisions must
be made quickly, without perfect situational knowledge, and they
must be well executed in time and space. Chess is a turn-based game.
During your turn, you can take your time to figure out the one - and
only one - best possible move considering the state of the game at that
turn. There is no penalty for delaying your response. Your opponent
can only wait and prepare hypothetical moves in her head. That wait
is frustrating enough for the chess community to have come up with
the chess clock to limit the amount of time available for the players;
but that does not change the fact that Chess is asynchronous - it is not
played in realtime.
Writing this thesis I find myself inserting comments to the text. These
are notes where my current, rested and focused self, is ordering my later,
tired and dense self, to carry out rote tasks - such as correcting citations
or updating references to chapter names etc. To minimise distraction,
these messages are brief, explained mostly by their context and peculiarly mostly in English. Even if Swedish is my native tongue, I find
switching output language for my thoughts cognitively straining. This
method, analogous to the GH devNote object described in Paper 3, is
an example of how realtime can be intertwined with development. By
temporally outsourcing work, I can focus on the task at hand - no need
to perform auxiliary tasks while I remember them. Computation here
provides an external cognitive infrastructure. The comment leaves the
realtime of my mind and becomes part of the development mode of
the situation. My later self can then acknowledge it as a feature of a
new realtime situation - for that self, it has already happened.

* https://en.wikipedia.org/wiki/StarCraft
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Development
The notion of Development, as a mode of knowing, is specified here
so as not to be conflated with the general definition of the word. My
aim is not alter the concept but enrich its meaning with a new layer
of appreciation. The Realtime Monologue above is a description of
Development as seen from realtime. This view can be contrasted
with the Developments section that presents the activities involved
in design computation development at White. These are sensibly
described from a 3rd-person viewpoint - in a neutral voice used to
collect, summarise and discuss found phenomena. In design methodology, this is a common perspective to describe projects and
processes. The Bridge Engagement instead uses a 1st-person voice in
order to relate a development process as it is experienced. It is not a
timeline seen from the side; it is a narrative sequence of scenes that
I - the writer - inhabit.
Development has a realtime of its own. The Bridge Engagement
shows a first implication of this statement: development work takes
place in realtime. The Realtime Monologue then aims to communicate what follows from that implication: a sense of temporal continuity in that you find your last sentence just where you wrote it on
the screen, and simultaneously a sense of disruption in that it does
not invoke the same feeling as the one that went into writing it. That
disruption would unsurprisingly be even stronger if someone else
wrote the sentence you are reading. But even in this case there would
be some form of continuity between you. Development is the salient
parts of history that protrudes into realtime, the infrastructure of the
realtime situation. It is not a timeline seen from the side, but from the
front view.
In the Bridge Engagement, Tobias hands me a piece of acrylic that
he has developed. With the laser-cutter he has engraved his intentions, entangled with other information resulting from a development
process. In my hand it becomes a knowledge material, layering the
conversation we are having on the design process, augmenting my
capacities to understand Tobias. At the same time it has agency of its
own; after Tobias has returned to his desk, me and the piece of plastic
continue the conversation and comes up with the idea of misaligning
the grid.
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Tobias was the one to hatch the cad drawing that controlled the
etching, but he did not intend anything with the hatch, or even attend
to it. Still - the hatch was part of his development that protruded into
my realtime.

Conceptual Modelling
In contrast with the insider action approach taken in the Design
Computation Practice part of the thesis, here I take a step away from
practice. I will build a conceptual model for knowing in practice,
based on the experiences from my action research and structured by
the realtime and development modes of knowing I have defined. As
an architect, design computation specialist, designer of design workflows, and method developer - constructing conceptual systems is a
professional skill. This kind of modelling is a research activity that
allows me to make the most of my particular skill set.
The Realtime & Development model will end up a mongrel aligning, integrating and mobilising theories from several fields of
knowledge. Most precariously, it interweaves a model from cognitive science with concepts from the social sciences, the humanities
and the making disciplines. The literature is disciplinarily diverse, but
the texts share a sensibility in explaining phenomena through process
rather than essence - as well as a view of learning as a highly situated
and embodied phenomenon.
As an architect I have both formal knowledge and embodied knowing,
as for cognitive science, I am an extradisciplinary scholar. Therefore
I make no claims to fully comprehend this wide and vibrant field and
its many ongoing debates. Here, cognitive scientist Henrik Gedenryd
with his PhD thesis on How designers work can function as a inter-disciplinary bridge between the two knowledge domains (1998). His
theoretical writing about design thinking, resonates strongly with my
practical experience of performing it, validating my intuitions. His
wider perspective on design as a domain-specific instance of interactive cognition provides the link that allows for making comparisons
with the other approaches presented in this part of the thesis.
In the book Surϔing Uncertainty, philosopher and cognitive scientist
Andy Clark challenges the traditional view of perception and action
(2015). Instead of regarding cognition as responding to incoming
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information, he presents a hypothesis stating that the human understanding of the world is primarily driven by prediction. Clark frames
his Predictive Processing (PP) model as a mid-level organisational
sketch, supporting a set of tools and concepts without fully engaging
in how the principles are implemented in the nervous system. As a
kind of conceptual modelling, the R&D model incorporates PP at an
even higher level of abstraction and interweaves it with other theories. This weaving is in equal parts a conventionally academic writing
exercise, and a visual design process. The process iteratively engages
the capacities of both modes of thinking, and is continuously evaluated against my practice-based experience. The objective is to embed
this knowledge in a model that can be used as a basis for action in
practice.
French sociologist Bruno Latour, a major actor in the network of
Actor-network theory (ANT), shares the sensibilities towards situatedness and non-human agency with the theoretical framework of the
R&D-model. He also agrees with the ambition to address the metaphysics behind social interaction, but not with the goal to generalise
knowledge in order to support action. This is first and foremost a call
against the construction of disciplinary terminology.
ANT prefers to use what could be called an infralanguage, which remains
strictly meaningless except for allowing displacement from one frame of
reference to the next. In my experience, this is a better way for the vocabulary of the actors to be heard loud and clear - and I am not especially
worried if it is the social scientists’ jargon that is being downplayed.” (Latour
2005, p30)

Latour is concerned with giving a correct account of social interaction in all its minute detail, and is worried that knowledge embedded
in the studied relationships will be lost in translation. In this conceptual modelling exercise, I aim for a different kind of knowledge.
ANT relates a social dynamic in descriptive high fidelity to an
academic audience, able to perform the displacement from one
studied frame to another. In contrast, the R&D model is intended as
a guide for action.
As an architecture scholar I cannot make any claims that the
R&D-model correctly maps the physiological processes behind
learning, action and decision-making. It should be read as an abstraction. The claim here is rather one of relevance for guiding action;
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justified by my insider experience from design computation in
architectural practice. By interweaving the theories presented in the
sections below, I believe that the R&D-model can draw on a larger
body of knowledge and experience than if I had confined it to the
design disciplines. By leveraging existing disciplinary theory, the
model can potentially facilitate communication within and between
communities such as design computation, and architectural academia
and practice.

Rationality
Henrik Gedenryd finds the history of leaning towards rationality
in design- and planning-theory problematic (1998). He argues that
cognition makes greater use of the external world than accounted for
in the rational tradition. Support for this claim can for instance be
found in the seminal paper The Extended Mind where Andy Clark and
fellow philosopher of the mind David Chalmers (1998) propose that
cognition leans on processes external to brain and body - to the degree
that it can be seen as partially spread out into the world.

Typical rational schema

Gedenryd traces a long tradition of rational problem solving: from the
Greek mathematician Pappus of Alexandria, via French philosopher
René Descartes to the early years of the design methods movement (1998).
A typical rational schema would start out with an effort to understand the problem at hand, before solving it through analysis, and
subsequently executing the solution through synthesis. This is then
followed by an evaluation of the solution in relation to the problem.
The larger design process undergoes separation into distinct phases
and a logical order of these activities is explicitly specified beforehand
during planning. Effort is also spent on maintaining product-process
symmetry so as to make the structure of the design process reflect
the structure of the sub-components of the resulting design product.
Gedenryd exemplifies this linear and sequential rationality with the
waterfall model within software engineering, which he claims hides
all significant cognitive work in the black-box of the analysis phase.
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The waterfall model of software engineering

Gedenryd characterises the rationalist tradition as intra-mental - a
view of cognition as a process contained entirely within the mind.
Intra-mental cognition is therefore strictly separated from action and
perception, as well as all material, social or cultural aspects of the
surrounding world. He posits that “evidence from design is quite
conclusive that purely intramental performance is very poor, but the
evidence is not restricted to design. On the contrary, this is probably
the most well-documented fact in all of cognitive science” (Gedenryd
1998, p203). This is mostly a descriptive problem for design theory,
according to Gedenryd - in practice, designers do not approach their
work as rational problem solving. Problematisation of linearity is
mirrored from also within the design disciplines, for instance by
established design scholar Bryan Lawson:
Design solutions and problems do not map onto each other in predictable
or theoretically describable ways. This means that designers cannot really
break down problems in the way classical natural science researchers
do. Designers have no way of knowing in advance which aspects of the
problem can be integrated into which solution ideas. For this reason the
designer seems to have a special way of thinking which is integrative.
(2004, 52)
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Levi Bryant relates the intra-mental view to the hylomorphic logic,
an account of creation prevalent in philosophical discussions on art
and technology throughout history. “Under this model of fabrication,
the artisan ϔirst has a sort of blueprint of what he wants to produce in
his mind (the form), and then imposes that model on matter giving it
form” (Bryant 2014, p18). In hylomorphic creation, the intra-mental
idea is the true design, and the realised artifact a more or less flawed
copy.
Bryant examines Jean Paul Sartre’s parable of the introduction of
steam engines in industry.* In Bryant’s version, development of this
new technology, forced factories to grow in size due to the number of
maintenance staff required per engine. A bigger engine could power
more production units with the same amount of labour, thus moving
the economical optimum towards bigger operations. Bryant argues
that the hylomorphic view disregards all the unanticipated material
agency of a world, and the negotiation with these that an artisan must
engage in to realise his intentions. “The machine itself ends up contributing to the design in a way not intended by the designer” (2014, p19).
Design theorist and educator Alain Findeli couples the rationalist
tradition with a view on professional practice as the mere application
of science. He finds one positivist culprit in the Bauhaus heritage,
perceiving design as applied art or applied science (2001). Findeli
would rather speak of involved, situated, or embedded science, and
turns to complexity theory to establish a more productive connection
between design and science. He proposes a model for how design
activity can be described as complex systems interaction:
1.

Instead of a problem, we have: state A of a system;

2.

Instead of a solution, we have: state B of the system; and

3.

The designer and the user are part of the system (stakeholders). (2001,
p10)

* Sartre, J.P., 2004. Critique of dialectical reason: Theory of practical
ensembles (Vol. 1). Verso.
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Findeli’s model situates the designer and the researcher within the
inquiry - where subject and object can reciprocally influence each
other. “Donald Schön’s concept of ‘reflection-in-action’ thus is transferred from its mainly methodological to the epistemological realm”
(2001, p10).
Also William Torbert wants to break knowledge production free from
the modern technical-rational tradition. He positions the action inquiry
research methodology as a kind of craft, design or art. “…action
inquiry does not start from this separation of analysis and action, this
separation of mind and body, this linear approach to inquiry. That is
not to say that such off-line reflection is not useful, but simply that
action inquiry is based in a holistic understanding that all supplies
to act and inquire at the same time” [torbert2006action, p241]. The
sentiments expressed in this section all align with John Heron’s notion
of a dionysian culture of inquiry, discussed in the Action Research
Cycles section above, where care is taken to understand what knowledge a given situation affords the researcher (1996).

P

Analysis

Synthesis

Evaluation

Problem > Analysis > Synthesis > Evaluation > Solution

S

Above, I initiate the Realtime & Development model with an adaptation of Gedenryd’s figure of a typical rational schema for problem-solving. Note that the 3rd-person perspective does not allow for
the modes of knowing as I define them. The realtime and development
modes of knowing are premised on a situated agent. Replacing the
objective, generic, 3rd-person view from nowhere and everywhere,
with the subjective, specific and situated first-person - the agent is
situated and can engage with the specific situation around it. The
rationalist belief that problem-solving can be described as a linear
sequence of distinct phases is abandoned; so is the architectural corollary that a design process could be comprehensively prescribed in the
form of a flow-chart - leading from problem to solution. Instead, I
introduce Findeli’s notion of a situated agent, pushing and following
a system through state changes. This is a first step away from the
notion of this diagram as a timeline. The model instead focuses on
the individual Agent - situated in System A - and its actions to bring
about System B.
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A

B

Agent

System A > Agent > System B

Embodied cognition situates the mind of our agent within a body
within the situation that it is trying to know. The capacities of the body
and its affordances within the specific situation determines what the
agent can think and know - it is embodied. Bodies must take timely
and advantageous action. Here, our model breaks with the tradition
of rational problem-solving that presumes cognition to be performed
by an objective mind, disengaged from the world. There, cognition is
framed as passively receiving external reality, and planning the perfect
response in full detail before its subsequent execution. Paradoxically,
our plucking of a free-floating rational mind from space and binding
it to a body, also sets it free. Embodied cognition can also extend out
into the situation and make use of contextual specificity. This shift
in perspective begs our model to reflect the more intricate relationship between the embodied agent, and the system it is pushing and
following. The Body is now diagrammatically intertwined both with
System A and System B.

Body
System A > Body > System B

Design Inquiry
Henrik Gedenryd positions problem-solving and knowledge production in the design process as belonging to a pragmatist tradition of
inquiry - drawing on Donald Schön’s notion of the reϔlective practitioner (1983). A design methodology based on inquiry revolves
around design actions, and how that cognitive craft is integral to
a situated knowing. While a rational approach separates all phases
of problem-solving in strict stepwise sequence and places all actual
work in the analysis phase - all aspects of inquiry are inseparable.
“They are not even distinct parts but only different points of view that
can be taken; potentially even of the same, single action”
(Gedenryd 1998, p96).
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Gedenryd argues that much work during a design process is geared
towards a better understanding of initially vague and unclear
requirements. This is performed by simultaneously challenging
the current understanding of the problem, and trying to solve it.
Schön proposes three design actions for the deliberate manipulation of a situation: exploration, move-testing & hypothesis testing
(Schön 1983). These actions potentially reveal affordances hidden in
the situation, inaccessible to intra-mental contemplation. Exploration
is to perform design moves without any defined hypothesis of the
outcome. The move-testing experiment specifically tests the validity of
one hypothesis, whereas hypothesis testing compares several hypotheses against each other. Gedenryd dissolves a latent conflict between
production and inquiry by making Schön’s hypothesis-testing function implicit. This lets the inquiry move forward as long as the design
action does not explicitly fail. “The purpose of action is no longer just
to give the right result, especially not right away. Instead action is
specified to also serve its inquiring purpose, as doing for the sake of
knowing” (1998, p135).
One ability important for inquiry is to intuit familiarity within an
unfamiliar situation. Schön calls this seeing-as, a knowing-in-action
that finds problems and their solutions from a repertoire - enabling in
turn a doing-as. This form of action does not necessitate conscious
articulation of the situation. Skillful inquiry is thus never fully blind;
while exploration may lack guidance from any consciously articulated hypothesis, the designer responds to familiarity by intuiting an
explorative move. If it is cognitively less demanding to move and see,
than to formulate an explicit hypothesis - then exploration is more efficient than experimentation. When testing ideas in the world is costly
- measured in time, money, cognitive capacity, etc - it makes sense to
consciously formulate one or more hypotheses. Experimentation is
then more efficient than exploration.

Test
Action
System A > < Test/Action > < System B

The R&D-model is adjusted to reflect the dual nature of the design
action as productive, yet part of an inquiry. Therefore the notion of
an agent is articulated into its compound actions. The notion of an
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embodied agent is now represented by the dual heading Action / Test.
The Test heading refers to Schön’s framework of no-, single- and
multi-hypothesis testing. These compound actions can be described
using Findeli’s terminology: a design action is part analysis of state A
of a system, part change towards state B of a system and part hypothesis for how to mobilise that change as an involved actor (2001).

Predictive Processing
Andy Clark articulates the implications of a mind fully extended to
its situation, and argues that the mechanism affording an extended
mind is prediction. By synthesising a wide body of research within
cognitive science and artificial intelligence, into the model of predictive processing (PP), he can state that cognition is fundamentally
action-oriented and predictive (2013). For Clark, action is - contrary to
the rationalist presumption - preceded by prediction, not planning. The
main line of reasoning in PP, is that “[p]erceiving, imagining, understanding, and action are now bundled together, emerging as different
aspects and manifestations of the same underlying prediction-driven,
uncertainty-sensitive machinery (2015, pXIV). Prediction of dangers
and windfalls is a vital survival trait for any living being, and a strong
reward for energy-expensive cognitive processes.
According to Clark, the incoming signal from the sensorium is not
information, but prediction-errors - harvested for the purpose of
improving subsequent predictions. This process is tremendously
layered in order to translate between low-level and highly specific raw
sensory data, and a high-level heavily abstracted conceptual model.
On each layer, top-down prediction is contested by bottom up prediction error arising from the layer below. Clark describes this layered
modeller as a proactive guide for action and decision-making. While
this guide is conditioned by prior knowledge, learning only occurs
in hindsight - through the accommodation of prediction errors. The
figure below shows how perception in PP is layered to form a gradient
of abstraction. This implies that data informs the body on all levels
of abstraction - bodily, sub-consciously and consciously. Prediction is
not exclusively a conscious, intellectual activity.
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The basic predictive processing schema

Internal sensations - proprioception (posture, movement, strength,
etc) and interoception (pain, hunger, etc) - are part of the sensorium.
In PP, this means that they are also predicted and generating prediction
errors. This leads to the peculiar implication that actions are self-fulfilling prophecies. Body movement is not preceded by a pre-planned
sequence of motor commands intended to manoeuvre extremities
into place. Movement is the minimisation of prediction error, guiding
limbs towards where they are predicted to be; it is the prediction of
how it would feel if the extremities were already there.
Clark points to another peculiar implication of a model where the
content of perception is generated, as opposed to received: perception and imagination are generated, using the same mental architecture. The predictive processing model describes how a machine
can take action in realtime and pursue affordances in the world. In
connecting imagination strongly with perception, it is related more to
an external world than to a mental interior. This is how PP explains
dreaming during sleep, but the model is inconclusive when it comes
to conscious, deliberate imagining. Clark suspects that imagination
“may require the use of self-cueing via language” (Clark 2015, p 94)
but leaves this question open for further empirical studies.
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I find the PP-model emotionally intriguing. On an intellectual level, it
feels profoundly counter-intuitive to suggest that most of what I experience is generated within me. The notion that I don’t passively receive
reality, but instead actively produce a user-interface representation
optimised for agency, runs counter to all my intuitions and schooling
about perception and cognition. At the same time I can vividly recall
the feeling of being drawn through the air by my badminton racket,
a racket/body-machine carried towards impact with the shuttle in a
smash. Physically and physiologically, this is obviously not a pertinent account of what really happens during a badminton shot; but
this bodily memory of being guided by the anticipation of hitting the
shuttle - a preconscious tingling in my wrist - helps me counter that
intellectual prejudice.

S

M

Prediction
Error

Situation > < Prediction/Error > < Modeller / Memory

To represent the PP model, the notion of the diagram as a timeline is
now completely abandoned. Instead of representing the current situation with System A, the Situation now represents a timeless state
in-between events. Action is, according to PP the Prediction of action,
and prediction Error the result of a test. What confuses the directions
in the diagram is the lost dimension of time. Instead of testing the
current system state A, error are reported to the Memory so that the
Modeller can revise the next action based on experience. Instead of
casting action towards the future system state B, this model version
casts prediction towards the situation.

Action Inquiry
Action inquiry is based on the skillful analysis of subjective firstperson experience. This is accomplished through triple-loop meditation-in-action, or:
“…consciously acting in a way that simultaneously inquires into
the current awareness-mind-body-situation interaction…” (Torbert
and Taylor 2008, p241). First-person inquiry takes place in several
different states of mind. In this theory they are regarded both as
analytic categories, and as phenomenologically accessible variations
of consciousness.
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These territories of experience can be summarised as (2004; 2008) :
•
•
•
•

Outside World - object properties, quantities, events, results.
Own Behaviour - bodily sensations, feelings, skills, patterns of activity
Thought - distinctions and interrelations, strategies, reflection.
Attention towards the integrated experience of all territories.

These territories are always accessible for an attentive mind, but in
varying degrees of urgency and clarity. For the skillful inquirer they
are all approachable, mutable, compatible and comparable. Torbert
exemplifies them in order of human maturation. The outside world
is mastered first, by learning how to run and play games. Next, your
own performance is scrutinised through playing roles in social games,
exploring status and power. The third territory of experience is often
developed in higher education, through the training in creative or problem-solving capabilities in some cognitive field. Torbert argues that
few of us go on to truly adult learning, seeking to directly engage attention itself, with its capacity for intentional movement among the other
three territories of experience (Torbert 2004). These examples are
mostly social or intellectual, but throughout his body of work, Torbert
also stresses the importance of bodily and sensory feedback in firstperson experience. This articulation of first-person experience expands
the notion of a realtime situation, in that conscious attention can also
be directed inward. The agent itself is of course always within the situation that it tries to understand, and action inquiry shows that also the
mind of the embodied agent can be considered part of that situation.
Torbert uses the term consonance for the sensation that an
experience aligns with your predictions of it; and dissonance for feelings of incongruity (Torbert and Taylor 2008).
He emphasises that these are durational sensations unfolding in the
present, rather than post fact reactions. This definition of dissonance
fits well with the feeling I had when holding Tobias acrylic sheet in
my hand, just as consonance describes my feeling of working out the
misaligned grid as a design concept.
In Predictive processing terminology we can call these feelings variations of prediction error. Dissonance is the more straight-forward
translation, whereas consonance could be seen as prediction perfectly
aligned with the situation. At face value this must mean that consonance is not something an agent should waste energy on. PP tells us
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that only the discrepancy between prediction and perception is fed
forward - consonance would generate no prediction error, thus no
information. Organisational scholar Chris Argyris relates error correction to learning:
Learning occurs when we detect and correct error. Error is any mismatch
between what we intend an action to produce and what actually happens
when we implement that action. It is a mismatch between intentions and
results. Learning also occurs when we produce a match between intentions and results for the ﬁrst time. (Argyris 1993)

I interpret Torbert to posit consonance as a double positive: an actual
and desirable experience, rather than merely the absence of surprise.
One way to model this is to employ PP recursively: consonance
could be seen as a prediction error stemming from the unfulfilled
prediction of prediction errors. Simply put: while working on a
problem, you are anticipating more issues to resolve but a pleasant
surprise arises when you realise you are already unravelling the
problem; in an everyday activity you are anticipating more of the
everyday, but are pleasantly surprised when an action suddenly illuminates a connection to a previous experience.

Anticipation
Surprise
Realtime > < Anticipation/Surprise > < Modeller / Memory

In removing the representation of time, this model version now frames
the situation of the embodied agent in a way that is fully compatible
with my conceptualisation of Realtime. The inclusion of a memory
and a modeller that can learn, hints at a development mode - but PP
does not provide us with a sufficient theory to fully model that. To
stress that prediction is primarily not an intellectual exercise, the term
Anticipation is substituted. Finally the notion of prediction error
is replaced by the more phenomenologically rich Surprise. These
changes in wording are intended to make the model more intuitively
useful - also without a pre-understanding of the predictive processing
model. This leaves us with a model where realtime action is the anticipation of action, guided by surprise, and consonance is the surprise
of unfulfilled anticipation of surprise.
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Anticipation
Surprise

Stance
Organisation

Realtime > < Anticipation/Surprise > < Stance/Organisation

To complete the model we need to further differentiate the modeller/
memory part. Current scientific theory on how knowledge actually is
managed by the brain is beyond the scope of this thesis; but a simple
statement that memories are not immutable atoms of past experience
is not controversial. “Rather than memory being an accurate video
recording of a moment in your life, it is a fragile brain state from a
bygone time that must be resurrected for you to remember” (Eagleman
2015, p22).
The mind needs to perform work - both to accommodate new knowledge, and to recall it again. This is a physical/physiological change in
the Organisation of the agent. The realtime situation and the organisation co-determines a Stance towards the world, directing the agent
in how it casts anticipation, and how it frames a situation. What you
know about a situation determines what you can learn from it, and how
you feel about the situation determines what you know about it. This
“means that perception, attention, and embodied action work together
to drive the agent in self-fuelling cycles of active perception in which
we probe the world according to systemic ‘beliefs’ concerning that
which our own actions are about to reveal” (Clark 2015, p70).

Communities of Practice
For Etienne Wenger, learning is to extend the mind into a social arena
- it is fundamentally experiential and fundamentally social. Through
shared practice, learning takes the form of a negotiation of meaning
between a community and its members. “Learning in this sense is not
a separate activity. It is not something we do when we do nothing else
or stop doing when do something else” (Wenger 1998, p8). Wenger
proposes the Community of Practice (CoP) as an environment conducive to the acquisition of knowledge - regulating access to newcomers
and allowing for a personal experience of engagement; and to the
creation of knowledge - forging strong bonds of communal competence and fostering respect for the particularity of member experience.
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Wenger points to four deeply connected and mutually defining
elements of a community (1998, p5):
•
•
•
•

meaning - learning as experience
practice - learning as doing
community - learning as belonging
identity - learning as becoming

For individual learning, Wenger means it is necessary to be able to
identify with a community, and be allowed to negotiate new meanings
within that social setting. Learning in that sense can be described as
a transformation of individual and communal identities. For this to
happen, the community must be malleable enough to allow members
to engage and influence, yet rigid enough to maintain an identity relatable to all participants. Meaning must be achieved through interaction,
and Wenger argues “that participation and reification are dual modes
of existence in time, dual modes of remembering and forgetting, and
dual sources of continuity and discontinuity” (1998, p91).
Member participation shapes individual and shared experience. This
concept characterises individual learning as a negotiation of identity
- a concurrent anticipation and mutual framing of a realtime situation.
In order to share experience, it is vital not only to participate but to
recognise yourself in the other participants. Wenger addresses the
creation and agency of artifacts through the concept of reiϔication the production of materials that give form to individual experience.
This activity produces anchor points around which negotiation of
meaning within a CoP can be organised.
A CoP learns by mediating between the individual and shared experience of its members and the arrangement of materials and individuals
that constitutes it; a mediation between its situation and its organisation. Participation and reification are formulated as a complementary
duality, not as a dichotomy. Both of these activities must happen and
unavoidably happens through the practice that maintains a CoP.
“Whereas in participation we recognize ourselves in each other, in reiﬁcation we project ourselves onto the world, and not having to recognize
ourselves in those projections, we attribute to our meanings an independent existence. This contrast between mutuality and projection is an
important difference between participation and reiﬁcation”
(Wenger 1998, p58).
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Anticipation
Surprise

Stance
Organisation

Realtime > < Anticipation/Surprise > < Stance/Organisation > <Development

We can use the concept of reification to complete the R&D-model.
Reification is the externalisation of individual experience into a
communal domain - extending bodily organisation into the development situation. Wenger describes this as a projection, mirroring internal
organisation to affect a change of the realtime situation. Adding the
notion of an embodied and extended mind, also allows us to posit that
both memory storage and cognitive capacity can be outsourced to the
development mode. In both cases this material translates individual
embodied knowing into communally accessible knowledge.
Anticipation
Surprise

Stance
Organisation

Anticipation
Surprise

Stance
Organisation

Anticipation
Surprise

Stance
Organisation

Realtime > < CoP > <Development

Wenger defines participation as a collective mode of negotiating
meaning. In the R&D-model this could be reframed as a collective
realtime casting of anticipation, and drawing of surprise. The knowledge materials made accessible by individual reification then structure
the practice of a community. They are used in this realtime casting of
anticipation, and with time incorporated as part of the organisation internal or external to the communal body.

the R&D-model
In this section I will present the Realtime & Development model as
text and diagram - and describe each part and their interrelations. The
objective for the R&D-model is that it will be a relevant and actionable conceptual tool for knowledge production in practice - particularly within architectural design computation. I have therefore formulated the model terminology to be comprehensible on several levels,
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with or without awareness of the supporting literature, and with or
without the additional background of the thesis. This way, the model
can start to make practical sense just through the diagram.

Anticipation
Surprise

Stance
Organisation

Realtime > < Anticipation/Surprise > < Stance/Organisation > <Development

The model diagram comprises a Body (orange) entangled with the
Realtime mode (R), and the Development mode (D) of a Situation
(white). Anticipation is placed with an arrow pointing towards realtime. From realtime, another arrow points at Surprise. In the direction
of that arrow is Organisation - in turn pointing towards development.
From development an arrow points back towards Stance that in turn
points towards anticipation.
An embodied agent continuously frames a situation for itself. It cannot
sense all available environmental information, and it would only be
cognitively over-burdened from being informed by all of reality.
The situation is then sculpted as a terrain of affordances by casting
anticipation towards it. Anticipation is cast from a stance that the
agent takes in response to this sculpted situation. The stance is drawn
from the organisation of the agent and constantly modulated in order
to minimise surprise - the part of perception that was not anticipated.
The stance can also leverage non-human capacities by making use of
materials accessible within the development mode of the situation.
This is how development informs realtime.
Enduring surprise triggers reorganisations in cycles further and further
away from realtime. A learning agent adapts to better anticipate situations. The learning cycle the farthest from real-time is a reorganisation of the development mode of the situation. The agent externalise
parts of its organisation as knowledge materials. This is how realtime
informs development.
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DISCUSSION
To conclude this thesis I will discuss the findings from my experience in practice, and the Realtime & Development model. This will
be formatted by the underlying research question what difference
does computation make in architectural practice? and the series of
sharper questions set in the context of design computation in architectural practice.
What new architectural tasks can we identify?
The task of designing design workflows is, in a general sense, not
new. It is what every project principal does: establish a team with
complementing roles and responsibilities to make sure the design
process proceeds. The difference design computation makes is that it
requires these efforts to be made explicit; novel infrastructures, tools,
competencies and cultures not only bring a need for organisation of
the new - they force an articulation of the old. Computation requires
new techniques on every level of design activity, to avoid pushing
the architectural mindset towards quantification. Accommodating this
change without loss of disciplinary competency and integrity, requires
developing a new disciplinary sensibility for managing qualities in
quantitative systems. To achieve this, the design of design workflows
must build on a kind of systems thinking where all parts - human and
non-human - inform the whole. A counterpart to systems creation is
analysis. The critical delimitation of where the designed artifact ends
and the designing system begins is a new task for architects engaging
in design computation.
What new architectural knowledge can we identify?
An epistemological finding is that architectural practice engages in a
certain kind of knowledge. Pragmatist knowing in action is combined
with the ability to embed knowledge in materials. Architectural
competency also includes a capacity to iteratively use these materials for knowing in action. Design computation sharpens the contrast
of this duality in that it brings a new range of powerful materials to
architectural knowing in action, as well as the need to develop those
materials.
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One example of a new material is the visual design script, where
knowledge about the design artifact is encoded alongside knowledge
of the project conditions. This juxtaposition enables the designer to
bring in relevant aspects at will into the design process. Conversely it
allows for capture of thought, triggered by the design activity, without
disruption of the process. This can come in the form of critical reflection and creative ideas. The visual script can function as an infrastructure that captures Design computation knowledge material has
a greater potential for reuse than traditional architectural media. It
is easier to extract, copy, store, share, search, modify and comment
code than paper. Knowledge material is therefore abundant within the
design computation community. In repositories, projects are scrapped
for useful parts, that are made available outside of the original project
context.
What new organisations of architectural practice can we identify?
The result of applying systems thinking when planning and executing
project engagements and developments at White, is a heterogeneous
assemblage of people, technology, methodology, knowledge and
design project. Design computation allows the assemblage a life after
the project. Since the morphological process is coded into a script, this
design logic can easily be reused, with or without adjustments, in a
new project. As an inverse of the repository, the assemblage can move
between project engagements, and maintain identity while continuously replacing its component people, code, design concepts, etc.
There are also new professional roles within the assemblage.
Architects can develop design workflows for other architects. This
roles entails new capabilities and responsibilities - towards team
members, colleagues, and clients. Also the user of the workflow experiences the difference computation makes. New skills and attitudes
are demanded, new capacities for knowing architectural practice are
won. Computation introduces organisational structures focusing on
development and design computation as a specialism. This forges
new relationships between project architect and specialist, and more
precariously - between project architect and specialist architect. This
new environment needs strategic facilitation - establishing communication and expectations around responsibility and scope, for each
project engagement.
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Further R&D
One of my aims for this licentiate thesis is that it can function as a
platform for further research. In the context of Dsearch and White,
this will happen naturally for me individually and as a member of an
established network. I also intend to use its practice-based approach
as one of the drivers in Dsearch’s continued presence in the exchange
between practice and academia. Involving theory from cognitive
science, as well as from AI and software development, has proved to
be highly illuminating for traditionally very disciplinary issues - such
as architectural representation and design methodology. Describing
myself as extra-disciplinary in relation to cognitive science, I will
pursue the opportunity to revert back to an intra-disciplinary designer
- in transdisciplinary collaborative research with other specialists.
Answering the question what difference does computation make
in architectural practice? is probably a never ending quest that is
futile to shoulder alone. For this purpose, I see a direction for further
practice-based research on this topic in current practice at Dsearch.
William R. Torbert would today describe Dsearch as a social network*
in the sense that it is “motivated by a sense of mission and values
that transcend financial value” (Torbert 2004, ch10). The next step
of organisational development Torbert calls collaborative inquiry.
This entails a shared criticality towards the methods and strategies
employed by the network and a stronger collaborative drive to pursue
the mission. Dsearch are taking such steps, strengthening the network
as a community of practice. Etienne Wenger argues that developing
“a practice require the formation of a community whose members can
engage with one another and thus acknowledge each other as participants” (Wenger 1998, p149). He states that learning, for communities,
is an issue of refining their practice and ensuring new generations of
members and cautions too strict control:
Communities of practice are about content – about learning as a living
experience of negotiating meaning – not about form. In this sense, they
cannot be legislated into existence or deﬁned by decree. They can be
recognized, supported, encouraged, and nurtured, but they are not reiﬁed,
designable units. Practice itself is not amenable to design. (Wenger 1998,
p229)
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Dsearch are moving towards a practice-based collective inquiry
through a gradual and prototype-driven development of an infrastructure for realtime critical reflection. Technical, cultural and
social aspects of how a community of practice can know design
computing is addressed through the activities described in this thesis.
Leveraging this knowledge in further development, will empower its
members without clashing against the constraints of practice. This is
vital, considering my background concerns regarding quantification
and automation.
As for the research question how do I ϔind out what difference computation makes in architectural practice?, my intention is to trial the
Realtime & Development model in the field. I plan to test its validity
in 1st-, 2nd-, and 3rd-person practice at White, in anticipation of
consonance or dissonance. The model would also benefit from further
theoretical articulation. Here, each mode of the model can serve as a
research theme. To provide one example: the Situation mode could be
expanded by integrating the notion of professional vision (Goodwin
1994) that education researcher Gustav Lymer has brought to bear on
architecture. Lymer frames professional vision as a kind of perception
that can be trained and encultured - “seeing as social practice” (Lymer
2009, p145). Architectural professional vision allows the perceiver
to see through architectural representations and mentally inhabit the
virtual spaces behind. Lymer has studied this as a collective practice at critical seminars in architectural education. This theory could
potentially articulate the R&D-model in terms of how the enculturation into a discipline such as architecture impacts how an agent can
expand the frame of its situation by attending to culturally specific
territories of experience.
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Closing Thoughts
In closing, it is time to address the main title of this thesis. It is
equal parts pun and statement. I believe that there exists a potential
within architectural practice-based development to perform academically valid research. Conditions for this must be in place: research
competency and resources, as well as an understanding of what kind
of knowledge is accessible from a designerly insider perspective. It
is also a statement directed at academia. Substituting realtime for
research in the Realtime & Development title is a critical reminder
that the realtime mode of knowing is often missing from academic
research.
I set this thesis against a bleak background of automation. This
phenomenon is hard to critically assess. On the one hand it instinctively raises a will in me to defend professions and their knowledge.
On the other hand automation can potentially free us from the cognitive equivalent of back-breaking labour that no one will miss. What I
do know is that as a researcher and developer of design computation,
I am an active part in this development. My worry can be summed
up in the trope that if a machine can do it, it is trivial - and as soon
as a machine can do it, it becomes trivial. The rise of the robots is
not really about terminators, but about capital. Automation does not
inherently increase the risk of war between species, the lurking danger
that it does present is the devaluation of human labour. Political, societal and economic solutions are beyond me, but I hope to have shown
a path forward for an intellectual engagement with computation that
can empower professional architects and augment their design capacities in realtime and development. I am in no way capable to conduct
a stringent academic discourse on the relative strengths of labour and
capital, but as a professional - I am worried.
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Harnessing the Informal Processes
Around the Computational Design
Model
Jonas Runberger and Frans Magnusson

Abstract

This paper presents a strategic framework that facilitates the introduction of
computational design techniques into architectural practice. The presented
architectural design case, and the strategic framework itself, were
developed within the Dsearch, a computational development team part of
the R&D at White arkitekter AB. An important aspect of the work within
the team is to support the integration of computational processes new to the
practice, and promote organisational learning that enables a continuous
development. The strategic framework therefore is related to certain
concepts within the ﬁelds of Sociology and Knowledge Management, such
as the notion of boundary objects as ﬁrst deﬁned by Susan Leigh Star and
James R. Griesemer, then later developed by Etienne Wenger as an
important factor for collaboration within communities of practice. The
strategic framework—an assembly of a number of boundary objects, helps
elevate the design model to a design system—a project speciﬁc set-up that
facilitates design versioning, quality control of processes, and organisational learning. Examples are provided through a case project—the
development of a 60 m public bench for Forumtorget (Uppsala, Sweden).

Introduction
This paper is written from the vantage-point of
a team of computational designers, Dsearch,
founded with the explicit purpose of introduc-

J. Runberger (&)
White arkitekter AB/KTH, Stockholm, Sweden
e-mail: jonas.runberger@white.se
F. Magnusson
White arkitekter AB/Chalmers, Gothenburg, Sweden

ing digital and computational strategies and
techniques to White arkitekter AB, a large
Scandinavian architectural ﬁrm. The chosen
approach has been to overlay existing projects
with computational development, rather than
forming a strictly back-ofﬁce tooling department. The shift from experimental computational practice, to computational design
implemented in conventional practice, has
highlighted a need for an ofﬁce infrastructure,
mediating between new and old methods
and models. The paper details a strategic

© Springer International Publishing Switzerland 2015
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Fig. 1 Representation from the competition entry of the Forumtorget case project—the square and urban furniture

framework, informed by current computational
design thinking with a theoretical underpinning
from the ﬁelds of Sociology and Knowledge
Management, and presents how it has been
deployed by Dsearch to establish this infrastructure. The framework comprises a collection
of so-called boundary objects, where the Design
System, expanding the scope of a Design
Model, plays a vital role (Fig. 1).

Context
The introduction of computational design into
general architectural practice calls for an explicit
attention to process and methodology, which in
itself can be a provocation to an implicit consensus on methodology—Dsearch has not been
preceded by a corresponding “analogue methods

team”. Together with the approach of active
project participation by Dsearch in both design
and methodological development, within a context having little previous experience of computational design, this may induce an anxious form
of organisational learning—one where the stability of architectural practice is shaken.
The most transformative aspect of this
change, is the notion of second order development—to borrow the term introduced within
cybernetics, i.e. the process of developing a
system that in turn generates, regulates and/or
evaluates design (Heylighen and Joslyn 2001).
Second order development creates models that
are associated with ﬁrst order design processes
and procedures—generated automatically or
through the interactions with a designer. In a very
literal sense design processes are codiﬁed into the
model alongside actual proposals. The models
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produced are at once more powerful, demanding
and fragile than traditional design media; they are
more open to the receiving context and have
embedded agency as long as they are housed
within a speciﬁc technical and managerial
infrastructure.
Second order development also introduces a
new specialized culture within architectural
practice. Where different participants before
could share a drawing, a physical model etc., the
design models today also consists of code that
requires a new kind of knowledge and technical
infrastructure to create, read and use. While
graphical programming environments have to
some extents lowered the learning curve, there
are still distinct boundaries between architects
who understand computational design, and those
who don’t. This is also true for the relation to
recently established workﬂows where BIM software introduces a conﬁguration mode of design.
The change in agency of the model media
introduced through computational design, together with the cultural and technical implications,
often has to be reﬂected in the mode of operations of second order computational design.

A Strategic Framework of Boundary
Objects
Organizational learning—how teams and overall
organizations can learn and adapt beyond individual skills and talents, is of great importance to
the context of this paper. Most management
routines target efﬁciency and quality in regards to
time and delivery, and can thus be related to the
idea of single-loop learning—where goals, values and strategies are taken for granted, as
opposed to double-loop learning that requires
reﬂection and innovation (Argyris 1999, pp. 68–
75). In single-loop learning, each problem is
addressed within an existing framework of
solutions, with smaller deviations or corrections
of errors. Personal experience or already set
procedures endure, and a defensive position is
established against the unfamiliar. Double-loop
learning entails looking at the task at hand with
an open mind, and making theories explicit and

331

clear in order to ﬁnd new solutions. It is a dialogical, or associative approach—employing new
modes of operation to achieve new goals. With
this in mind, situating experimental computational design processes in conventional practice
requires a strategic framework that allows for
double-loop as well as single-loop learning.
Susan Leigh Star and James R. Griesemer’s
work to understand the communication and
cooperation in heterogeneous groups of actors
has good bearing on the task set for Dsearch.
They developed the concept of Boundary Objects
to explain the successful cooperation of these
actors without explicit consensus regarding the
aim of their activities. The basis was the use of
common “objects which both inhabit several
intersecting social worlds… …and satisfy the
informational requirements of each of them”
(Star and Griesemer 1989, p. 393). Flexibility of
interpretation combined with their identity and
capacity to structure work and ﬂow of information throughout various social groups are key to
boundary objects. Star and Griesemer also identify several different types or categories of
boundary objects, such as repositories, ideal
types (maps or diagrams) or standardized forms.
Etienne Wenger adds another important
aspect to this concept; reiﬁcation—to make the
abstract concrete and legible, a process that could
be embodied also in artefacts (Wenger 1998,
p. 58). Similar to the way that architectural representations act as boundary objects that reify
abstract ideas into important steps in a design
process (such as sketching and model-making),
the reiﬁcation of boundary objects in a computational design environment may help both
internal development and communication to
general design teams. This may be even truer for
second order design teams with no formal training, i.e. architects shifting from design to computational design.
The way design steps are formalized and
made explicit within second order design follows
in itself a process of reiﬁcation, and in this way
the computational design model becomes a
boundary object that can support collaboration
between several specialists. This notion of process as boundary object is a distinct difference to
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the conventional practice of end-results (proposals, deliveries) as the boundary objects and
clariﬁes the relation between second and ﬁrst
order of design. In order to facilitate collaboration between ﬁrst and second order design teams,
auxiliary boundary objects such as standards,
logs or repository content, are necessary. In this
way, the design model can be expanded to a
design system—a project speciﬁc assembly of
boundary objects and actors that supports communication and workﬂow.
As part of general process development the
full set of boundary objects are continuously
reﬁned constituents of the strategic framework,
in essence a boundary infrastructure (Star 2010,
p. 602) that employs speciﬁc constellations of
boundary objects to establish ﬂows of information and structure work across various environments within White arkitekter, including the
internal environment of Dsearch (Fig. 2).

J. Runberger and F. Magnusson

Deployed Boundary Objects
The Service Matrix is a two-dimensional diagram
targeting a need to specify and communicate the
conditions for and expected beneﬁts of [group]
participation in a project to potential collaborators—internal and external to White arkitekter
(Fig. 3). Speciﬁcation is carried out as a continuous dialogue with the project principal to
establish an awareness of mutual expectations, as
well as a reduction of uncertainty in terms of
development time and deliveries. In this sense
the matrix ﬁts the description of a boundary
object of the Ideal type:
It is abstracted from all domains, and may be fairly
vague. However, it is adaptable to a local site
precisely because it is fairly vague; it serves as a
means of communicating and cooperating symbolically- a ‘good enough’ road map for all parties.
(Star and Griesemer 1989, p. 410)

Fig. 2 The strategic framework and deployed boundary objects

Fig. 3 The service matrix, with the status of the case Forumtorget marked
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On the matrix design axis, representing the
expected level of design development and
architectural innovation, the Inspiration and
Information level means that the project is discussed in relation to design references and
computational methods. In cases where a design
concept is well developed and explicitly articulated, a post factum second order implementation
is regarded as a parametrisation. When Dsearch
uses a developed model to deliver a design proposal, it is labelled as design development
whereas the concept development level implies
Dsearch taking part in shaping the design concept—introducing computational thinking. Innovative design starts with the core value of
innovation and is benchmarked against the
international design ﬁeld.
On the methodology axis, representing the
level of complexity in computational development, Dsearch can provide guidance to the
design team regarding relevant methods for the
speciﬁc project. Design patterns from the repository can be repurposed to ﬁt the project needs,
but if the necessary modiﬁcations are plentiful,
complicated or involves new methodology this is
considered system development. The next level
applies when general and computational design
methods are intertwined with other specialist
methods (energy, daylight, structure etc.) into an
integrated development. Innovative methodology
is needed to address problems where no preceding methods are identiﬁed.
The Design Model is a ﬁrst and a second order
model, coupled; in our case, this currently means
a Rhino/Grasshopper, or a Revit/Dynamo model,
plus associated data ﬁles. When applied in projects, the design model is expanded to a Design
System, a curated assemblage continuously
formed by the models, but also by the design
problem at hand and the human actors of the
project in addition to methods and tools—
bespoke and conventional. The design system is
explicitly situated on a speciﬁc coordinate in the
service matrix. In this way the matrix mediates
the formation of each design system, aiding the
speciﬁcation of what resources from the strategic
framework and the larger practice will have to be
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included in the design system in terms of
engagement and expected outcome.
The continuous speciﬁcation of the design
system establishes explicit outer borders for the
project—design problem, concept, client intentions, etc.—for both second order development
and ﬁrst order design teams. In that way the
strategic framework regulates collaboration and
supports the ﬂow of information within and
outside of the design system. Star and Griesemer
terms this a Coincident Boundaries Object where
the “…result is that work in different sites and
with different perspectives can be conducted
autonomously while cooperating parties share a
common referent.” (Star and Griesemer 1989,
p. 410).
Re-usable sections of deﬁnitions are routinely
extracted, stored and indexed in one of three
formats—Objects, Apps or Design Patterns—at a
central Repository, along with a documentation
of key speciﬁcations (Fig. 4). The act of editing
and documenting parts for re-use also doubles as
an explicit annotation to the original deﬁnition.
Star and Griesemer mean that the index and
modularity of a Repository allows that people
“…from different worlds can use or borrow from
the ‘pile’ for their own purposes without having
directly to negotiate differences in purpose”. One
intention behind the repository is just that:
hopefully objects developed by Dsearch will ﬁnd
their way to unexpected uses within the larger
practice (Star and Griesemer 1989, p. 410).
Objects (User Objects in Grasshopper nomenclature) wrap a section of the deﬁnition into a
component with the same affordances as standard
components (such as search, legibility and commenting) with the difference that the underlying
section still is available for later revision. This
format is used for generic processes with an
expectedly wide use; different projects or multiple instances within the same deﬁnition. Apps (in
the everyday sense) are complete and freestanding deﬁnitions with a speciﬁc purpose, as close
as Dsearch gets to software development. These
repository formats can be said to act as Standardized Form boundary objects in the sense that
they strongly regulate the ﬂow of information
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Fig. 4 Examples of objects, design patterns and apps

within a design model in a way that is consistent
across all contexts. “The advantages of such
objects are that local uncertainties … are deleted”
(Star and Griesemer 1989, p. 411).
Design Patterns, “above nodes but below
designs” (Woodbury 2010, p. 187), on the other
hand, are more complex, speciﬁc and often need
modiﬁcation when applied to a new deﬁnition
context. They may or may not have a distinct

geometrical output, but are seen as distinguishable parts of a deﬁnition that provides a particular
outcome. Preserving ease of editing is prioritized
before application, thus patterns are stored as
snippets in the standard deﬁnition format.
Other prominent boundary objects of the
framework are the Graphic Standard (Ideal
Type, Fig. 5), stipulating annotation and modularization of the deﬁnitions for legibility and

Fig. 5 The graphic standard for grasshopper, as implemented in Forumtorget
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Fig. 6 The deﬁnition log object (with script) and deﬁnition log

Fig. 7 The deﬁnition documentation and project documentation from Forumtorget

reusability (Davis et al. 2011), and different ways
of regulating the versioning of design systems—
the Deﬁnition Log object documents brief technical development to a spreadsheet archive, a
Deﬁnition Documentation template is used to
communicate changes in functionality between
key stages and for deliveries (Fig. 6) and a Project Documentation to communicate design outcome (Fig. 7). As boundary objects they belong
to the Standardized Forms type—methods for
common communication across dispersed work
groups (Star and Griesemer 1989, p. 410). The
graphic standard and deﬁnition log facilitates
easier collaboration within the computational
design team, while the deﬁnition documentation

documents advanced use and provides relevant
information for a general practitioner to use a
delivered design system. A separate Project
Documentation template is used to present
design outcome to external parties.

Applied Strategies in Project
Development
Based on a competition win for Forumtorget,
Uppsala, in 2011 (Fig. 1), this urban furniture has
been developed through series of computational
design models, physical models and prototypes.
The programmatic and formal concept includes
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the manipulation and variation of seating conﬁgurations—the cross section is continuously
shifting while providing a variety of seating
opportunities on two sides over the 60 m length
of the bench. Different ground levels and the
integration of stairs into the design added further
complexities handled through the design system,
which was also set up for deliveries of production documentation. Due to the development and
construction of an adjacent building, the design
process was extended over time with intermittent
activity. This allowed a development in distinct
phases, dependent on the strategic framework to
make sure that past design evaluations are not
lost, and that changes in the development team
over time does not impede on development.
The design system enabled that ﬁnal decisions
on form could be postponed to a very late stage,
while bespoke technical solutions and general
principles were resolved to the level that procurement could be handled. This follows the

J. Runberger and F. Magnusson

arguments made by Daniel Davis as he challenges the conventional model of high inﬂuence
and low expenditure in early project phases,
claiming that parametric models can “shift the
cost of change in relation to design effort”,
“allowing designers to defer key decisions until
later in the project” (Davis 2013, p. 208). In the
experience of the authors, this is indeed possible,
but in relation to overall project workﬂows it has
required the strategic framework that expands the
design model to a design system, and provides
boundary objects that supports interactions over
time.
The Forumtorget project has undergone four
main development stages (Fig. 8). In the ﬁrst
competition stage, a simple design presented
variation as a concept, developed through a basic
computational model with visual representations
as the main outcome. In the second stage, form
development was conducted in order to set the
boundaries in relation to design identity and site

Fig. 8 Representations of Forumtorget from stages 1, 2, 3 and 4
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speciﬁc conditions such as the two different
levels of ground. The third design stage involved
an iterative study of the form, structure, manufacture and assembly of the bench, through a
continuously reﬁned parametric model, with
input from specialists as well as feedback from
series of physical models and full-scale
prototypes.
During the fourth stage, the technical details
and structure were reﬁned, the overall form
revised, the design system consolidated to avoid
errors in ﬁnal production, and the generation of
documentation for procurement and production
initiated. From stage two to four, care was taken
to keep exploring the overall spatial principles,
yet not ﬁxating any part completely.
A number of early key decisions allowed the
continuous development based on the design
system. A lamella-based form and fabrication
principle that allowed rational fabrication of the
“free-form concept” was selected. The
cross-section was based on a seven segment
polyline with individual control of all corners
and their ﬁllets, setting restrictions of possible
formal variation, yet handling the zone-speciﬁc
conditions and providing a formal continuity
along the length of the bench as well as an
adaptation to differentiated ground conditions.
The use of control diagrams; the computational
transformation of series of 2d curves to the
design model, provided a control interface to
overall form as well as detailing (Fig. 9).
Once the premises for the design system were
in place, the project was developed through the
established versioning approach facilitated
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through the strategic framework. Supported by a
series of design reviews where alternate solutions
could be discussed with different specialists, the
second order development could operate through
iterative loops, allowing technical solutions to be
set while the speciﬁc form was continuously
reﬁned. The use of the deﬁnition log also provides a back-log of the development, where the
following milestones can be identiﬁed:
• Versions 5–8: Setting up basic geometrical
generation from control curves (Fig. 9).
• Versions 23: Generating production documentation for ﬁrst prototype (Fig. 10).
• Version 38: Optimizing deﬁnition performance by introducing python scripts.
• Versions 41–58: Developing second prototype (Fig. 10).
• Version 88: Setting up relation to Revit for
interface to overall project.
• Version 90: Setting up modularization for
production and assembly.
• Version 95: Developing concrete foundations
design model.
• Version 97: Developing joint between glass
and solid materials.
• Version 100: Overall formal design revisions.
• Version 101: Developing primary steel
structure.
• Version 102: Generating procurement documentation (Fig. 11).
The extended development time of the project
made documentation very important—a number
of different Dsearch members have entered and

Fig. 9 Control curves representing plan and elevation as a diagram, and view from the design model

84

338

J. Runberger and F. Magnusson

Fig. 10 First and second physical prototype, and representations from stage 3

Fig. 11 Procurement documentation from stage 4

exited the project, and the deﬁnition log and
deﬁnition documentation allowed an understanding of previous development. The close
collaboration with other specialists and the client
also required a continuous use of a project documentation, in particular the development and
assembly of full scale prototypes. The overall
design process in this way reﬂected an exploration of two related trajectories; the design development based on several specialisms, where
issues such as comfort, identity, materials, structure and production informed the ongoing versioned computational development. In the fourth
stage all these issues converged into a close to
ﬁnal design proposal, where also computational
principles for procurement and production documents were part of the design system.

Concluding Remarks
Computational and second order design provides
architectural practice with new assets, but the
deployment in practice may face unprecedented
challenges. This paper shows how a strategic
framework can be applied in order to establish an
infrastructure that in practice mitigates these
challenges. Together with general design management, it affects design process and outcome,
as well as organizational learning. In relation to
this paper, single- and double-loop learning in
computational design can be regarded in two
opposing ways; one the one hand, computational
design is highly procedural—with the proposed
strategic framework that may seem even more
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regulated—suggesting single-loop learning
within a given framework; on the other hand, it
can be regarded in contrast to existing management models within architectural practice, where
the procedures taken are very familiar—we know
the modes of representation, (we believe) we
know what a client wants, and we understand
how the construction industry operates. Given
that computational design provides new opportunities in conventional practice, but depend on
special skills and a rapid technological
advancement—the purpose is to use the strategic
framework to enable a continuous exchange
between ﬁrst and second order design, providing
double loop learning within both contexts. As the
ﬁeld of computational design continues to
develop, the framework enables additional
aspects to be introduced, such as iterative analysis, material performance and additive
manufacturing.
The strategic framework and its constituent
bounding objects is to be seen as a bottom-up
approach to managing design processes and
ﬂows of information across a heterogeneous
environment within a larger ﬁrm. Grounded in
computational design thinking, it provides an
alternative to current trends of explicit process
modelling and comprehensive BIM standardization. The associated terminology from Sociology
and Knowledge Management has in the development of Dsearch provided useful concepts
bridging between ﬁrst and second order of design
and addressing issues beyond computation and
design—the interactions between designers of
different backgrounds. In essence, it provides a
deeper understanding of elements that previously
made sense in an intuitive way and articulates
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them. The terminology opens up these interactions for a wider discussion—by aligning ourselves with recent research on practice cultures
elsewhere, we are able to distinguish and evaluate potential assets for future practice and
research.
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Abstract
This paper maps design systems, a mode of operations formulated by Dsearch, a design
computation R&D unit at White arkitekter AB. The authors also discuss the organisational learning
resulting from facilitation of architectural design with computational methods and development of
bespoke workflows. Two design system cases are described using assemblage theory, as developed
by Manuel DeLanda. This materialist ontology is found useful, both in terms of research reflexivity
and descriptive clarity. The authors critically assess their position as insider action researchers; rather
than perceiving academic knowledge as necessarily distinct from practical, the paper shows that
knowledge produced in design practice, research and development in practice, and academic
research, differs in degree - not in kind. Design computation management is considered an
emergent mode of architectural practice, beyond the specific aspects of form making - bridging
project, development and research dynamics. The research and design methodologies laid out here
should be read as steps towards an epistemological foundation for prototype driven organisational
learning with respect to design computation in architectural practice.

Key words: architectural practice, design computation, assemblage theory, action research,
prototype
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Introduction

Design computation management is here
considered an emergent mode of architectural
practice, beyond the specific aspects of form
making, performative design or process
optimisation - bridging project, development
and research dynamics. This discussion is
connected to a perceived potential of the
design system assemblages as vehicles for new
forms of organisational learning. One aim for
Dsearch, is the continuous development of
new knowledge - in addition to methods and
procedures. Rather than perceiving academic
knowledge as necessarily distinct from practical,
the authors propose to place practice-based
academic knowledge on a continuum together
with several other types of data, information
and knowledge. The ambition of this paper is to
exemplify how this approach plays out in
practice.

This paper maps the assemblages of
professionals, communities, tools, methods,
design concepts, code, algorithms and systems
emerging in projects and feeding back into
methodology within architectural design
computation practice. Investigating design
systems, a mode of operations formulated by
Dsearch (Runberger and Magnusson, 2015), an
in-house design computation R&D unit at the
large architecture firm White arkitekter AB; the
authors account for the organisational learning
involved in facilitating architectural design with
computational methods and the development
of bespoke workflows for these methods. Two
design systems are described in functional
terms and in chronological sequence, so as to
capture the historically contingent nature of
these entities. SOfFTA is a design driven
development mapping neatly onto one
architectural commission, albeit with changing
conditions over time. Urban Values is
developed as a support system distributed
over many interested parties.

Insider Action Research and Prototypical
Processes
Organisational research scholars Teresa
Brannick and David Coghlan mount a defence
of researchers being native to the situation
under study. They argue that “as researchers
through a process of reflexive awareness, we
are able to articulate tacit knowledge that has
become deeply segmented because of
socialisation in an organisational system and
reframe it as theoretical knowledge and that
because we are close to something or know it
well, that we can research it.” (Brannick and
Coghlan, 2007, p60). The approach behind this
paper aligns well with Brannick and Coghlan’s
definition of insider action research as
epistemologically subjectivist, but within an
objectivist ontology. This implies that any object
of study is independent of the researcher, but
what she can know in a specific situation is
determined by her vantage point and
interaction with the object.

As practitioners within Dsearch, the authors
will critically assess their position as insider
action researchers (Brannick and Coghlan,
2007) as well as what kinds of knowledge can
be produced in design practice (Hensel and
Nilsson, 2016). In this paper, case material is
discussed using assemblage theor y, as
developed by Manuel DeLanda (2006). Rather
than using idealist notions such as categories
and essential qualities, morphogenetic
processes define and explain populations of
individuals. Other materialist thinkers such as
Andy Clark (2008), Bruno Latour (2005) and
Levi Bryant (2014) let us conceive architectural
practice as a social process mobilising nonhuman entities alongside humans (Callon,
1984), allowing the researcher to attribute
humans, artefacts, and environment distributed
agency. The authors find this world view
valuable for describing and managing the messy
reality of daily practice.

An insider position obviously brings several
advantages in terms of access to and preunderstanding of the studied situation, but also
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requires heightened reflexive sensibilities
towards personal and cultural biases of the
researcher and her community. One method
to achieve this reflexivity is formulated by
management scholar Mats Alvesson; he
suggests the use of “theories which challenges
common sense, not only for the direct
application but also for encour aging
perspective on one’s own lived reality and thus
facilitating looking upon things in a more allsided way…” (Alvesson, 2003, p186). For this
research, as well as for design and development
at Dsearch, DeLanda’s assemblage theory is
one such challenge.

they form - design team, r&d team, specialists,
clients, external consultants, etc; but also design
issues, policies and contracts; in addition to
methods and tools – bespoke and
conventional. Of course all aspects above are
present in any project; it is the use of scripting
to embed intellectual work in code, making it
explicit, durable and operational, that gives
meaning to the curation of these system
assemblages as a design task transcending
project engagements. This task requires a
sensitivity towards existing as well as emerging
communities of practice (Wenger, 1999) so
that the embedded intellectual work is not lost
in standardisation. The nexus of this curation
lies at the meta level of tailoring the
assemblage properties for each specific project
- designing design workflows.

The parallel engagement in both design
process and method development requires an
iterative mode of operation, which requires
different modes of development, and enables
different modes of learning. Direct learning by
doing, using already established computational
design methods and applying them in a specific
project can be regarded as single-loop learning,
as defined by Chris Argyris [Argyris (1999),
pp68-71). When operating both directly and at
a method development level, double-loop
learning is important, in the way that design
systems as assemblages also effects the
guidelines and systems directing work within a
practice. This in turn requires a continuous
development and testing of prototypes, where
final objectives are still blurred, and cannot be
specified – reflected in the general prototypical
nature of operation adopted by Dsearch, as
opposed to a specification driven development
process (Schrage, 1999). The research and
design methodologies laid out for this paper
should be read as steps towards an
epistemological foundation for prototype
driven organisational learning with respect to
design computation in architectural practice.

Manuel DeLanda defines assemblages as
“wholes that are irreducible and
decomposable” (2011, p185). This means that
wholes have an agency that cannot be fully
explained by the agency of their parts, and
conversely: each part has agency that is not
fully explained by its relations within the
assemblage. DeLanda states that these relations
of exteriority let assemblages accumulate or
lose parts without automatic loss of identity;
neither at part or whole level. Such contingent
historical processes are how assemblages are
formed and maintained: a population of
components (themselves assemblages at a
lower level of complexity), come together as
an individual in a stable arrangement with
emergent qualities and agencies.
DeLanda gives us two parameters to analyse
the identity of assemblages; territorialization
and coding. “The more homogeneous the
internal composition of an assemblage and the
better defined its outer boundaries the more
territorialized its identity may be said to
be” (2011, p187). A territorialized system can
for instance display sharp boundaries by
requiring specialist knowledge of its users.
Coding then determines the potential for

Design System Assemblages
Design systems comprise physical and
computational models and drawings; the
human actors of the project and the groups

196

90

change in territorialization, highlighting the
power of design computation to decode the
previously very change resistant world of cad
software.

an extended tendering process. The urban
furniture – a 65 meter long bench with a
continuously shifting section, negotiates a
border between different ground levels.
Currently at the start of final production and
assembly, the bench will be constructed from
planar cut sections of quartz composite and
glass. With an important objective to allow for
formal design decisions very late in the process,
producer final design revision is underway
integrating producer specific constraints. This
implies that organisational logic is more
strongly coded than form in the
morphogenetic process. On the level of the
design artefact, this is a highly territorial
assemblage made of relatively similar
components with an intricate but clearly
defined boundary.

the SOfFTA Design System
Developed over a number of generations, this
design system provides the workflow for a
complex and site-specific piece of urban
furniture – part of a winning competition
(titled SOfFTA) for the Forumtorget square in
Uppsala, Sweden. The extended development
time over several years reflect conditions
external to the project, such as the ongoing
construction of an adjacent building. This has
affected the assemblage in several ways, facing
updates of software, new design team
constellations, new client representatives and

SOfFTA
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Workflow

processes in the script. Here, the section curve
is strongly coded, so that it stays geometrically
intact in the interactions with other design
elements.

The current design workflow is based on a
number of two-dimensional polyline sections
and control curves manually manipulated in the
geometric modelling application Rhino ,
processed through a Grasshopper script to
generate fabrication outlines, allowing overall
control of the form as well as detailed control
of all seating configurations. This allows for a
slight deterritorialization of the workflow
where a designer can focus on producing
different ergonomic seating section curves
without having to understand downstream

A digital solid model is generated solely for the
purpose of design evaluation in renders and
3D prints. Overall the workflow reflects team
organisation and design task with boundaries
defined by the Rhino/Grasshopper design
model, but deterritorialized and decoded just
right to invite specialists and host project
members to interact with the design at
specified interfaces.

Seating configurations

Digital and physical models
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History

competition team consisting of architects,
landscape architects and artists.

The 1st generation of the design system
assemblage was set up for fast conceptual
development and representations to be
included in the competition proposal. A directly
manipulated Rhino geometry was transformed
into sectioned lamellas through the associated
Grasshopper script. A highly territorial setup,
the definition was developed by Dsearch, and
used by a Dsearch specialist as part of the

After the competition win, a designer with
advanced modelling skills but limited
computation experience was introduced into
the design team, deterritorializing the 2nd
generation of the assemblage. Early form
experimentation through the use of Rhino with
the T-Splines plugin allowed for easy formal
variation, but this approach was abandoned
due to lack of parallel global and local control.

Competition proposal

Early experimentation
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Once geometrical principles were established,
a new design model was set up, using twodimensional Rhino splines for elevation and
plan control of the eight control points of each
lamella section polyline, generated and
organised in the Grasshopper script. In order
to achieve further control of specific seating
configurations, a number of manually set Rhino
spline control sections were introduced, and
the earlier splines were used to control the
transition between different sections. This
coding of geometries in the morphogenetic
process was traded for a deterritorialization of
the workflow. As the need for parallel design
and computation development intensified, in
particular due to contextual considerations and
the integration of structure, the design

development was from this point reterritorialized within Dsearch.
In generation 3 the assemblage was again
opened up for the integration of a furniture
designer and a furniture producer, enabling
advanced development of production aspects
as well as seating configuration for comfort.
This process was carried out through a series
of five design reviews, each based on
incremental development of the design system.
During these sessions, issues such as form,
materials, lighting, detailing and production
aspects were coded by decisions based on
digital representations, physical models and fullscale mock-ups.

Control splines

Models & prototypes for design reviews
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the Urban Values Design System

In generation 4, client side project leaders for
the overall construction process of the square
joined the assemblage, and automated
procedures for tender and construction
documentation were developed. This stage
ended with the completion of the tendering
process. The currently initiating 5th generation
entails the production. This includes final
adjustments to the design systems due to
feedback from production tests with the actual
machines to be employed, as well as a final
design revision of the overall form.

While supporting a relatively simple task, to
quantify and display information such as floor
areas and ownership in realtime while
sketching building volumes; this system exhibits
complexity in that it presents several parallel
workflows and interfaces. The contingent
nature of its development is highlighted by the
number of commissions and inter nal
development instances at White involved (so
far 12).

Automated documentation

Realtime display
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Workflow

up the system on the other hand, requires the
installation of many individual software
modules per design team member.

The current workflow is based on direct
manipulation modelling of building volumes in
Rhino, together with structured input of
parameters from a spreadsheet. This
information is then processed in a
Grasshopper script which executes a change in
the model visualisation and the data report. As
one example, floor use data determines the
building volumes to be sectioned into
sequence of floors with specific area types. On
screen the floor volumes are colour coded by
use type and the area data is summarised in a
heads-up display. Textual data is sent to Excel
for further aggregation.

History
The system history starts with a colleague
developing a script for early stage urban
studies and shortly thereafter leaving White.
The principal of commission A contacted
Dsearch to assist in the use of the script.
Having seen it in use before, the principal had a
good conceptual understanding of what it
could deliver, but no means to operate it in
terms of documentation, user interface or
personal Grasshopper experience. Considering
the unstructured state of the Grasshopper
script the decision was made to develop a new
script from scratch. The assemblage thus
survived scrapping what at first glance could be
regarded as ‘the object’ by maintaining intent,
user and project context. At this point floors
would only be distributed above ground; this
rather specific feature was present in the
system from day one because of the
demanding topography in which its original
host project was set.

Workflow
Grasshopper is in this case fully controlled by
an external user interface, removing the
necessity to be familiar with GH scripting.
Dividing control between Excel, Rhino and the
user interface creates a somewhat
heterogeneous workflow; but because the
reliance on software that are standard at
White, the design system is still accessible for
any colleague after a short introduction. To set
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Commission B, also set in difficult terrain, had
the need to combine the system with other
workflows in Grasshopper. To simplify the use
of the Grasshopper script it was packaged into
a cluster, essentially a black-box where users
have less understanding of its internal workings.
Clustering could be described as territorializing
the script by giving it sharper boundaries,
making it easier to instantiate in a project
context, but at the same time it is also reinserted into a larger more heterogeneous
project assemblage. Black-boxing is also a form
of coding, making the script more resistant to
change.

levels and basements. This required for the first
time in the system history an option to not
subtract the terrain from the buildings; an
example of the contingent and historically
determined nature of this kind of development.
In contrast with commission C, where the host
project implementation was carried out by a
colleague involved in the system development
and also seated at a desk within visible range
from the lead developer; commission D, set in
another country, involved a more complex
project organisation and implementation
coordinated over the phone. Greater local
complexity at longer distance from the
development team led to risks being assessed
differently. Subsequently, data exchange
between Rhino and Excel was rolled back to
an earlier version using a plug-in, removing the
necessity to register team members at a web
service.

Cluster
Commission C, set on flat land, demanded the
ability to handle complex building programs
and produce spreadsheet reports via a web
service for further downstream aggregation.
The introduction of an external user interface
turned the visual aspects of the Grasshopper
script into back-end eliminating the need for a
cluster and the script was again
deterritorialized. A head-up display was
developed to get instant visualisation of the
model data. This development phase produced
a workflow that with its strongly coded
realtime feedback on geometry could facilitate
a more exploratory, decoded, approach to the
building modelling.

Discussion
In addition to provoke reflexivity in research
approach by challenging common sense,
assemblage theory also explains composite
arrangements and messy situations. This
attained ontological sensitivity could be
brought to bear on design activities at all levels:
where does the boundaries of any given object
really lie? Applying this theory to the case
material gave rise to the insight that the
analysis of an object is also always an analysis of
its immediate situation. Despite being housed

Commission D, set on a slight incline, had
specific modelling intentions regarding ground
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in a materialist ontology, the way to know an
assemblage is to put it into action, something
for which designers are well prepared.

Callon, M. (1984). ‘Some elements of a
sociology of translation: Domestication of the
scallops and the fishermen of st brieuc bay.’
The Sociological Review, 32, pp. 196–233.

Brannick and Coghlan point to the sentiment
of Mats Alvesson that observing participant is a
better term to use than participant observer.
“Participation comes first and only occasionally
is complemented with observation in a
research-focus sense” (Brannick and Coghlan,
2007 p66). This term strongly resonates with
Schön’s reflective practitioner (Schön, 1983);
arguably both roles are approaching the same
stance towards knowledge from the positions
of academia and practice respectively. The
authors hope to have shown that knowledge
produced in design practice, research and
development in practice, and academic
research, differs in degree - not in kind. The key
difference lies in specificity; not all knowledge is
relevant for all audiences. If the responsibility of
an observing participant is to react to a
situation where knowledge of wider use is
produced and ensure that documentation is
carried out in a way that allows for further
curation - a reflective designer could also pro
actively engage in arranging such situations
towards specific knowledge outcomes.
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RULHQWHG NQRZOHGJH WKDW FDQ EH FXUDWHG LQ WKH IRUP RI GHVLJQ QDUUDWLYHV
.H\ZRUGV GHVLJQ FRPSXWDWLRQ DUFKLWHFWXUDO SUDFWLFH NQRZOHGJH PDQDJHPHQW
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WFOUJPOT TVQQPSUJOH LOPXMFEHF NBOBHFNFOU JO BS
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WFSTJPO PG UIJT XPSL JO QBSUJDVMBS UIF %TFBSDI (SBQIJD
4UBOEBSE IBWF CFFO VTFE FYUFSOBM UP 8IJUF EVSJOH
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CMF BQQSPBDI EFQMPZJOH TNBMM BOE JO TPNF DBTFT EJT
QPTBCMF BVYJMJBSZ PCKFDUT UP SFBSSBOHF PS HBUIFS JO
GPSNBUJPO GSPN UIF TDSJQU 5IJT QBQFS TUBUFT UIF DBTF
GPS DPOTJEFSJOH UIF MBZPVU PG B WJTVBM TDSJQU BT B EF
TJHO UBTL JO JUT PXO SJHIU  WJUBM GPS LOPXMFEHF NBO
BHFNFOU &YBNQMFT PG IPX UIJT LJOE PG EFTJHO UIJOL
JOH SFMBUFT UP MFBSOJOH BOE DPNNVOJDBUJPO BSF ESBXO
GSPN UIF QSBDUJDF PG %TFBSDI
4VDI LOPXMFEHF PGUFO SFNBJOT UIF JOUFSOBM DPO
DFSO PG BO PSHBOJTBUJPO CVU UIF QVSQPTF PG UIJT EJT
TFNJOBUJPO UP B XJEFS BVEJFODF JT UP DPOUJOVF BO FT
UBCMJTIFE EFWFMPQNFOU XJUIJO UIF EJTDJQMJOF PG BS
DIJUFDUVSF SFMBUJOH DPNQVUBUJPO UP EFTJHO UIJOLJOH
BOE NBOBHFNFOU %FSJY  )VETPO  + 3VO
CFSHFS  %BWJT  + 3VOCFSHFS BOE .BHOVT
TPO  .BHOVTTPO BOE 3VOCFSHFS  

.&5)0%
5IF SFTFBSDI CFIJOE UIJT QBQFS IBT CFFO DBSSJFE PVU
UISPVHI EFTJHO BOE UISPVHI QSBDUJDF 5IF BVUIPST
BSF UIFNTFMWFT NFNCFST PG %TFBSDI BOE BDUJWF JO UIF
EFWFMPQNFOU XPSL CFJOH EFTDSJCFE BOE EJTDVTTFE
IFSF 5P NBLF UIF WPJDF PG UIF QBQFS DMFBS UIF BSHV
NFOUT BOE FYQFSJFODF PG UIF BVUIPST BT SFTFBSDIFST
BSF DPOTJTUFOUMZ FYQSFTTFE VTJOH UIF QSPOPVO AXF
8IFO EJTDVTTJOH XPSL PS FTUBCMJTIFE DPOWFOUJPOT BU
8IJUF XF SFGFS UP %TFBSDI BOE JUT OFUXPSL
%TFBSDI JT QPTJUJPOFE UP BEESFTT RVFTUJPOT BOE
JEFOUJGZ QPUFOUJBMT JO POHPJOH QSPKFDUT XJUIJO 8IJUF
BOE BEESFTT UIFN UISPVHI EFTJHO PG OFX EFTJHO
XPSLøPXT PS PSHBOJTBUJPOBM DIBOHFT 5IF BVUIPST
CFJOH QBSU PG UIJT OFUXPSL BOE JUT MBSHFS DPOUFYU IBWF
DPMMFDUFE BOE BOBMZTFE GFFECBDL GSPN UIFTF JOUFS
WFOUJPOT UISPVHI EJSFDU FYQFSJFODF BT QSBDUJUJPOFST
DPNQMFNFOUFE CZ JOUFSWJFXT PG JOEJWJEVBM QFFST BOE
GPDVT HSPVQT &YQSFTTJPOT TVDI BT iJO PVS FYQFSJ
FODFw PS iXF öOE UIBUw BSF VTFE UISPVHIPVU UIF UFYU
TVDI TUBUFNFOUT TIPVME CF SFBE BT PSJHJOBUJOH JO TFW
FSBM ZFBST PG QSPUPUZQJOH EFWFMPQNFOU GBDJOH UIF GVMM
DPNQMFYJUZ PG BSDIJUFDUVSBM QSBDUJDF 4DISBHF 
$BQKPO  
8F EFöOF UIJT QSBDUJDF CBTFE BQQSPBDI UP SF
TFBSDI BT B EFTJHOFSMZ GPSN PG JOTJEFS BDUJPO SF

TFBSDI .BHOVTTPO BOE 3VOCFSHFS  #SBOOJDL
BOE $PHIMBO   TFFJOH QSBDUJDF PSJFOUFE BOE BDB
EFNJD LOPXMFEHF BT B DPOUJOVPVT TQFDUSVN  SBUIFS
UIBO EJòFSFOU JO LJOE 5IBU BQQSPBDI BMJHOT XJUI UIF
EFöOJUJPO PG EFTJHO SFTFBSDI BT QMBDJOH iTQFDJöD GP
DVT PO UIF DSFBUJPO PG OFX JOTJHIUT BOE LOPXMFEHF
UISPVHI UIF BDUVBM EFTJHO XPSL PS QSPGFTTJPOBM QSBD
UJDFw )FOTFM BOE /JMTTPO  Q97* PS TDJFODF PG EF
TJHO JO XIJDI EFTJHO TUSBUFHJFT GSPN FWFSZEBZ QSBD
UJDF BSF DBSFGVMMZ TUVEJFE BOE VTFE BT WBMJE TPVSDFT
UP HFOFSBUF OFX LOPXMFEHF BOE VOEFSTUBOEJOH PG
UIBU QSBDUJDF $SPTT   *U JT BMTP QMBDFE XJUIJO
UIF öFME PG SFTFBSDI CZ EFTJHO 5IJT öFME IBT PO UIF
POF IBOE JEFOUJöFE EJHJUBM UFDIOPMPHZ BT B DPNNPO
UIFNF JO NBOZ QSBDUJTFT )FOTFM BOE /JMTTPO 
CVU BMTP QPJOUFE UP UIF JNQPSUBODF PG UIF QSPKFD
UJWF BTQFDUT PG SFTFBSDI JO BSDIJUFDUVSBM QSBDUJDF UIBU
HP CFZPOE JOUFSOBM JOTUSVNFOUBMJTN BEESFTTJOH BE
EJUJPOBM RVFTUJPOT -FBUIFSCBSSPX   5IJT QBSBM
MFMT B DPOUFNQPSBSZ BNCJUJPO UP SFGPSN BSDIJUFDUVSBM
QSBDUJDF BT B QSPKFDU PG LOPXMFEHF QSPEVDUJPO TFQ
BSBUF GSPN PS PWFSBSDIJOH JOEJWJEVBM CVJMEJOH QSPKFDU
OFFET 0OF FYBNQMF IFSF DPVME CF 6/ 4UVEJP XIFSF
DPNQVUBUJPOBM UFDIOJRVFT BSF TFFO BT POF PG TFWFSBM
JNQPSUBOU QMBUGPSNT #FSLFM BOE #PT  

70$"#6-"3:
5ISFF VCJRVJUPVT DPODFQUT BSF BQQSPQSJBUFE BOE
VTFE XJUI TQFDJöD EFöOJUJPOT XJUIJO UIJT QBQFS DPEF
JT EFöOFE BT AJOTUSVDUJPOBM OPUBUJPO EFUFSNJOJOH
DPNQVUBUJPO BMHPSJUIN BT AEFTDSJQUJWF OPUBUJPO SFQ
SFTFOUJOH DPEF BHFODZ BOE OPUF BT APQFSBUJWF OPUB
UJPO GBDJMJUBUJOH QSPKFDU EFWFMPQNFOU BOE VTF 5IFTF
DPODFQUT BSF OPU NVUVBMMZ FYDMVTJWF QSPQFSUJFT PG BO
PCKFDU CVU TIPVME SBUIFS CF TFFO BT EJòFSFOU BTQFDUT
PG B TDSJQU 5IFZ BSF JOUSPEVDFE IFSF BT QBSU PG B UFS
NJOPMPHZ BJNJOH UP FTUBCMJTI BO JOUFHSBUFE VOEFS
TUBOEJOH PG DPNQVUBUJPO XJUIJO EFTJHO QSBDUJDF
5IF OPUJPO UIBU POF TJOHMF PCKFDU DBO FYQSFTT JU
TFMG JO TFWFSBM XBZT DBO CF FYFNQMJöFE JO () CZ EF
TDSJCJOH B DPNQPOFOU  POF OPEF PG UIF EBUBøPX
HSBQI UIF DPEF MBZFS VOEFSQJOOJOH UIF WJTVBM BMHP
SJUINJD MBZFS JO () "T DPEF FBDI DPNQPOFOU EF
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EFTJHOFST XJUI UIF QMBOOJOH BOE EPDVNFOUBUJPO PG
TDSJQU EFWFMPQNFOU 5IF .PSQIPMPHZ 4FU EFBMT XJUI
WBSJPVT XBZT UP DSFBUF BOE DPMMBUF BMHPSJUINJD JOGPS
NBUJPO BJNJOH UP SFQSFTFOU UIF EBUBøPX QSPDFTT
JOH BT B QSPDFTT HFOFSBUJOH BSDIJUFDUVSBM GPSN 5IF
%FWFMPQNFOU 4FU DPOWFSTFMZ TVQQPSUT RVBMJUZ BTTVS
BODF JO QMBOOJOH BOE EPDVNFOUJOH QSPKFDU JTTVFT
CFZPOE GPSN HFOFSBUJPO BT XFMM BT UIF DBQUVSF PG
JEFBT BOE JTTVFT PG SFMFWBODF CFZPOE UIF TQFDJöD
QSPKFDU 5IFTF NPEFT BSF TUSPOHMZ JOUFSUXJOFE XJUI
FBDI PUIFS BOE XJUI UIF VOEFSMZJOH DPEF GPS JOTUBODF
XIFO NPSQIPMPHJDBM BTQFDUT BSF MJOLFE UP EFTJHO EF
DJTJPOT UBLFO BU B QSPKFDU NFFUJOH

UFSNJOFT POF TUBHF PG UIF EBUBøPX POF OPEF JO
B HSBQI UVSOJOH JOQVU EBUB JOUP PVUQVU "T BMHP
SJUIN JU OPUBUFT UIJT QSPDFTT XJUI OBNF JDPO BOE B
NPVTFPWFS UFYU EFTDSJQUJPO 5IFSF JT BMTP NPSF JO
EJSFDU JOGPSNBUJPO BSJTJOH BT B SFTVMU PG UIF QSPDFTT
IJOUT PG EBUB UZQFT BOE TUSVDUVSFT BU JOQVU BOE PVUQVU
QBSBNFUFST 5PHFUIFS XJUI UIF BMHPSJUINJD BTQFDUT
TVDI JOGPSNBUJPO BMMPXT UIF EFTJHOFS UP DPOTUSVDU B
NFOUBM SFQSFTFOUBUJPO PG OPU POMZ UIF DPNQVUBUJPO
QFSGPSNFE BU UIBU TQFDJöD TUBHF CVU JUT TJHOJöDBODF
JO SFMBUJPO UP UIF PWFSBMM EFTJHO QSPKFDU (SBTTIPQQFS
BMTP PòFST DPNQPOFOUT UIBU DBO EJTQMBZ WJTVBM PS UFY
UVBM JOGPSNBUJPO XJUIPVU BòFDUJOH UIF EBUBøPX 5IJT
JT BOBMPHPVT UP DPNNFOUT JO UFYUCBTFE QSPHSBN
NJOH CVU UIF WJTVBM BTQFDUT BMMPX GPS B NPSF JOUSJ
DBUF SFMBUJPOTIJQ CFUXFFO DPEF BMHPSJUIN BOE OPUF
*O 'JHVSF  UIF UFYUVBM BMHPSJUINJD JOGPSNBUJPO QSP
WJEFE CZ UIF () DPNQPOFOU JT GPS JOTUBODF DPNQMF
NFOUFE CZ UIF JODMVTJPO JOUP B DPMPVSDPEFE HSPVQ
BOE UIF QMBDFNFOU OFYU UP B UFYU QBOFM XJUI OPUFT SF
MBUJOH UP QSPKFDU EFWFMPQNFOU BTQFDUT

.031)0-0(:
*O PVS FYQFSJFODF TUSJOHFOU OBNJOH PG QBSBNFUFST GB
DJMJUBUFT NFOUBM SFQSFTFOUBUJPO CZ MJOLJOH BMHPSJUINJD
EFTDSJQUJPO UP UIF DPEF 'PMMPXJOH 8PPECVSZT DSFEP
PG DMFBS OBNFT 8PPECVSZ BOE (àO  %TFBSDI
IBT QVU GPSXBSE UIF DPOWFOUJPO PG -JOFBHFT JO PS
EFS UP SFQSFTFOU QBSBNFUFST BT UIFZ BSF QSPDFTTFE
UISPVHIPVU UIF EBUB øPX 'JHVSF   5IJT JT EPOF
CZ SFMBUJOH UIF OBNF PG AQBSFOU QBSBNFUFST UP UIFJS
EPXOTUSFBN APòTQSJOH *G B NPEVMF PVUQVU QBSBNF
UFS JT DPOTJEFSFE UIF EPXOTUSFBN PòTQSJOH PG BO JO
QVU UIF JOQVU OBNF JT TVóYFE DBQUJPOJOH XIBU EJG
GFSFODF UIF JOUFSNFEJBUF QSPDFTT CSPVHIU UP UIF -JO
FBHF

5IF BVUIPST IBWF BMTP GPVOE JU VTFGVM UP EJTUJOHVJTI
CFUXFFO EFTJHO BOE EFWFMPQNFOU QSPDFTTFT PO UIF
POF IBOE BOE UIF DPNQVUBUJPOBM BOE NPSQIPMPHJDBM
QSPDFTTFT QFSGPSNFE CZ B TDSJQU PO UIF PUIFS 8IJMF
UIF GPSNFS EFWFMPQ TFRVFOUJBMMZ PWFS UJNF UIF MBU
UFS FYFDVUF NPNFOUBSJMZ BDDPSEJOH UP B QSFEFöOFE
MPHJD 5IF EFUFSNJOJTUJD NPSQIPMPHJDBM QSPDFTT JT
UIVT OPU UP CF DPOGVTFE XJUI UIF PQFO FOEFE EFTJHO
QSPDFTT UIF NPSQIPMPHJDBM QSPDFTT JT SBUIFS TVC
KFDUFE UP NPEJöDBUJPO UISPVHI UIF JUFSBUJPOT PG B EF
TJHO QSPDFTT
%TFBSDI IBT EFWFMPQFE TFUT PG UPPMT BOE DPO
WFOUJPOT GPS CPUI NPEFT PG PQFSBUJPO TVQQPSUJOH

5IF -JOFBHF 4FU PCKFDU MJTUT BMM OBNFE QBSBNFUFS
DPNQPOFOUT BOE NPWFT UIF HSBTTIPQQFS XJOEPX UP
UIFJS NPTU VQTUSFBN JOTUBODF 'JHVSF   5IJT QSP
WJEFT B EFTDSJQUJWF PWFSWJFX BT XFMM BT BDDFTT GPS
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EFFQFS JOWFTUJHBUJPO PS NBJOUFOBODF 5IF 3FOBNFS
PCKFDU GBDJMJUBUFT SFPSHBOJTBUJPO PG MJOFBHFT CZ CBUDI
öOEJOH BOE SFQMBDJOH QBSBNFUFS OBNFT -JOFBHFT
QBJOU B SJDI QJDUVSF PG IPX QBSBNFUFST BSF QSPDFTTFE
JO UIF TDSJQU 4PNF QBSBNFUFST IBWF CFFO PCTFSWFE
UP GPSN MPOH MJOFBHFT VTJOH PUIFS MJOFBHFT GPS UIFJS
QSPDFTT XJUIPVU MPTJOH JEFOUJUZ B QIFOPNFOPO DPS
SFMBUFE XJUI TJHOJöDBODF XJUIJO UIF EFTJHO QSPDFTT

%BWJT #VSSZ  #VSSZ BHSFF XJUI 8PPECVSZ PO UIF
JNQPSUBODF PG DMFBS QBSBNFUFS OBNFT BOE BEE UIBU
BMTP NPEVMBSJTBUJPO JT DSJUJDBM GPS iUIF MFHJCJMJUZ PG UIF
TDSJQU BOE UIFSFGPSF UIF FBTF XJUI XIJDI UIF TDSJQU
DBO CF TIBSFE SFVTFE BOE NPEJöFEw  Q  *G
OBNJOH DPODFQUVBMJTFT UIF SFMBUJPO PG QBSBNFUFST UP
UIF PWFSBMM NPSQIPMPHJDBM QSPDFTT JU JT BMTP IFMQGVM

UP WJTVBMMZ BOE DPODFQUVBMMZ EJTUJOHVJTI QBSUT PG UIF
TDSJQU  FTUBCMJTIJOH TVCQSPDFTTFT XJUI FYQMJDJU JOQVU
BOE PVUQVU QBSBNFUFST %TFBSDI QSPQPTFT UP VTF UIF
() GVODUJPOBMJUZ UP HSPVQ DPNQPOFOUT BOE UIFO OFTU
UIFTF HSPVQT XJUIJO MBSHFS HSPVQT  JO %TFBSDI UFS
NJOPMPHZ DPNQPOFOUT XJUIJO .PEVMFT XJUIJO 4FH
NFOUT XJUIJO #MPDLT 'JHVSF  
5IJT FOIBODFT MFHJCJMJUZ BOE DPNQSFIFOTJPO JO
UIBU JU TUSVDUVSFT UIF EFöOJUJPO JOUP MFWFMT PG TDBMF
5IF WJTVBM TDBMF DVFT TIPVME BMTP BJE UIF OBWJHBUJPO PG
BO BCTUSBDUJPO HSBEJFOU SBOHJOH GSPN DPNQSFIFOTJWF
VOEFSTUBOEJOH PG TDSJQU BHFODZ UP JOEFQUI UFDIOJDBM
EFUBJM PG UIF DPEF ;CPJOTLB   5IF TDSJQU JT NPE
VMBSJTFE PO UIF DPEF MFWFM CZ HSPVQJOH DPNQPOFOUT
TP BT UP GPSN B DPIFSFOU QSPDFTT #Z BEEJOH TQFDJöD
JOQVU BOE PVUQVU QBSBNFUFS DPNQPOFOUT UIF JOUFSJPS
PG B NPEVMF DBO CF SFQSPHSBNNFE XJUIPVU MPTJOH JO
QVU BOE PVUQVU DPOOFDUJPOT
"MHPSJUINJD BTQFDUT JODMVEF DPMPVS DPEJOH PG UIF
HSPVQ BOE BOOPUBUJPO UIBU JT MFHJCMF JO WBSJPVT TDBMFT
" DPODJTF IFBEJOH JT XSJUUFO JO B CJH GPOU GPS MBSHF
TDBMF PWFSWJFX $MPTF VQ JOQVU BOE PVUQVU QBSBNF
UFST BSF BSSBOHFE TP UIBU UIFJS MJOBHFT DBO CF CSPXTFE
JO DPOKVODUJPO XJUI B DPNQSFIFOTJWF UFYUVBM EFTDSJQ
UJPO PG UIF NPEVMF FOUFSFE JOUP UIF .PSQIPMPHZ
/PUF 'JHVSF   5IJT BSSBOHFNFOU JT DPNQMFNFOUFE
XJUI TNBMM QBOFMT PG BOOPUBUJPO IJHIMJHIUJOH WJUBM
BOEPS VOJOUVJUJWF QBSUT PG UIF QSPDFTT

5IF .PSQIJDMF B QPSUNBOUFBV PG UIF XPSET NPS
QIPMPHZ BOE DISPOJDMF BVUPNBUJDBMMZ DSFBUFT B UFY
UVBM BOE WJTVBM TVNNBSZ PG UIF TDSJQU BSSBOHFE BD
DPSEJOH UP JUT NPEVMBSJTBUJPO 'JHVSF   "MM .PSQIPM
PHZ /PUFT BOE IFBEJOHT BSF HSPVQFE XJUI JOQVU BOE
PVUQVU -JOFBHF OBNFT UP GPSN B EFTDSJQUJPO PG FBDI
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FYFDVUBCMF QSPHSBNw ,OVUI  Q  (SBTTIPQ
QFS CFJOH B WJTVBM EBUB øPX CBTFE FOWJSPONFOU JT
DPOUJOVPVTMZ UBOHMJOH UIF DPEF XIJMF B TDSJQU JT CF
JOH EFWFMPQFE 8IBU UIF .PSQIJDMF PCKFDU BEET JT
B TDSJQU UIBU XFBWFT WBSJPVT UFYUVBM EFTDSJQUJPOT UP
HFUIFS NFEJBUJOH B WJTVBM MBZPVU JOUP B LJOE PG MJUFSB
UVSF
5IF %TFBSDI (SBQIJD 4UBOEBSE TUJQVMBUFT B DPMPVS
GPS UIF HSPVQ BDDPSEJOH UP GVODUJPOBMJUZ 'JHVSF  
&YBNQMFT JODMVEF SFGFSFODJOH BOE CBLJOH 3IJOP HF
PNFUSZ NBOVBM DPOUSPM PS JOQVU PG QBSBNFUFST FY
FDVUJOH BEWBODFE TDSJQU NPEVMFT FUD 0OF QSJNBSZ
VTF PG UIJT DPMPVSJOH JT UP IJHIMJHIU UIF 6TFS *OUFSGBDF
QBSU PG UIF TDSJQU XIFSF QBSBNFUFS DPOUSPMT BSF MP
DBUFE GPS VTF CZ OPOTQFDJBMJTU DPMMBCPSBUPST 5IJT JT
UIFO EJTUJOHVJTIFE GSPN UIF CBDLFOE %FWFMPQNFOU
TFDUJPO XIFSF UIF BDUVBM DPEF JT GPVOE 'JHVSF  

.PEVMF BOE JUT SFMBUJPO UP 4FHNFOUT BOE #MPDLT "
WJTVBM TFRVFODF JT DSFBUFE GSPN TFMFDUFE -JOFBHF HF
PNFUSZ BOE EBUB BOE EJTQMBZFE WJB UIF )VNBO 6* JO
UFSGBDF

5IJT PCKFDU JT JOTQJSFE CZ UIF MJUFSBUF QSPHSBNNJOH BQ
QSPBDI PG ,OVUI VSHJOH QSPHSBNNFST UP QSJPSJUJTF
UIF IVNBO SFBEFS PWFS UIF DPNQVUFS ,OVUI EFWFM
PQFE B MBOHVBHF BOE B TFU PG QSPHSBNT IF DBMMFE UIF
8&# TZTUFN XIFSF BOZ QSPHSBN TFSWFT BT B TPVSDF
MBOHVBHF GPS UXP QSPDFTTFT w0OF MJOF PG QSPDFTTJOH
JT DBMMFE XFBWJOH UIF XFC JU QSPEVDFT B EPDVNFOU
UIBU EFTDSJCFT UIF QSPHSBN DMFBSMZ BOE UIBU GBDJMJUBUFT
QSPHSBN NBJOUFOBODF 5IF PUIFS MJOF PG QSPDFTTJOH
JT DBMMFE UBOHMJOH UIF XFC JU QSPEVDFT B NBDIJOF

%FWFMPQNFOU
5IF OPUF BTQFDU JT TVQQPSUFE CZ UIF %FWFMPQNFOU
/PUF  B QSFDPOöHVSFE QBOFM DPNQPOFOU GPS OPU
JOH EPXO JTTVFT SFMBUJOH UP TDSJQU BOE QSPKFDU EFWFM
PQNFOU 'JHVSF   5IF EFTJHOFS FOUFST UFYU JO UIF
TZOUBY PG iDBUFHPSZ IFBEJOH  OPUFw $BUFHPSJFT JO
DMVEF MPH UPEP GFBUVSF CVH FUD )FBEJOHT DBO FJ
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UIFS SFGFSFODF QBSUT PG UIF TDSJQU TVDI BT -JOFBHFT PS
NPEVMFT PS UIFZ DBO DPNF GSPN UIF QSPKFDU JO UIF
GPSN PG EFTJHO DPODFQUT FWBMVBUJPO DSJUFSJB PS DPO
USBDUVBM BHSFFNFOUT *O UIJT XBZ QSPKFDU EJTDVTTJPOT
DBO CF DPVQMFE XJUI TQFDJöD BTQFDUT PG UIF NPSQIPM
PHZ $POWFSTFMZ QSPKFDU JTTVFT DBO CF SBJTFE CZ UIF
EFTJHOFS XJUI NJOJNBM EJTSVQUJPO PG UIF QSPHSBN
NJOH XPSLøPX 5BOHFOUJBMMZ SFMBUFE JEFBT BOE DPO
DFSOT JOFWJUBCMZ DSPQ VQ USJHHFSFE CZ UIJOLJOH PO
UIF QSPCMFN BU IBOE 8IJMF JNQPSUBOU BOE JO OFFE
UP CF OPUFE EPXO UIFZ UISFBUFO UP EJTSVQU UIF EF
TJHOFST USBJO PG UIPVHIU 0VS FYQFSJFODF TIPXT UIBU
UIF QPTTJCJMJUZ UP SFDPSE B UIPVHIU JO JUT SFMFWBOU DPO
UFYU NJOJNJTFT UIF UJNF OFFEFE UP EFTDSJCF SFMFWBOU
CBDLHSPVOE JO PSEFS UP SFNFNCFS PS FYQMBJO JU UP B
UFBN NFNCFS  UIVT NJOJNJTJOH UIF EJTSVQUJPO

5IF %FWFMPQNFOU /PUF 4FU DPMMFDUT BMM OPUFT GSPN
POF () TDSJQU BOE TPSUT UIFN CZ DBUFHPSZ BOE IFBE
JOH 5IJT BMMPXT UIF EFTJHOFS UP TFF GPS JOTUBODF B
MJTU PG BMM UBTLT PO UIF UPEP MJTU PS BMM OPUFT SFHBSE
JOH B TQFDJöD CVH 1SPKFDU NBOBHFNFOU TVDI BT UJNF

QMBOOJOH BOE UBTL BMMPDBUJPO JT BMTP IFSF TVQQPSUFE
CZ SJDI DPOUFYUTQFDJöD JOGPSNBUJPO CZ [PPNJOH UIF
() XJOEPX UP B TQFDJöD OPUF BOE SFWJFX JU JO UIF
DPOUFYU PG UIF TDSJQU 0OF XBZ UP UJDL Pò BO JUFN PO
UIF UPEP MJTU EVSJOH B SFWJFX XPVME UIFO CF UP TJNQMZ
EFMFUF UIF OPUF
5IF "VUPMPH PCKFDU DPOUJOVPVTMZ SFDPSET QSPKFDU
EFWFMPQNFOU FWFOUT BMPOH XJUI B UJNF TUBNQ 'JHVSF
  5IJT FOUBJMT DIBOHFT BOE BEEJUJPOT UP UIF -JOFBHF
4FU .PSQIPMPHZ BOE %FWFMPQNFOU /PUFT BT XFMM BT
RVBMJUZ BTTVSBODF EBUB TVDI BT öMFOBNFT BOE QMVHJO
WFSTJPOT 5IF EFTJHOFS DBO FOUFS JOGPSNBUJPO CZ VT
JOH UIF MPH DBUFHPSZ JO B %FWFMPQNFOU /PUF &WFOUT
TVDI BT LFZ EFWFMPQNFOU TUFQT PG UIF EFöOJUJPO GVOD
UJPOBMJUZ BOE UIF JUFSBUJWF FYQPSUT PG EFöOJUJPOT GPS
UIF VTF CZ OPOTQFDJBMJTUT BSF SFDPSEFE JO UIJT XBZ
" QPUFOUJBM EFWFMPQNFOU GPS UIF %FWFMPQFS
/PUFT BOE UIF "VUPMPH JT UP JOUFHSBUF UIFN XJUI PUIFS
QSPKFDU DPNNVOJDBUJPO QMBOOJOH BOE EPDVNFOUB
UJPO UPPMT TVDI BT NBJM BOE NFFUJOH NJOVUFT PS B
UBTL NBOBHFNFOU TZTUFN TVDI BT 5SFMMP 5IF LFZ
DPOTJEFSBUJPO IFSF JT IPX UP FTUBCMJTI B öMUFS GPS DV
SBUJPO PG UIJT EBUB TP UIBU JU GPSNT B SFMFWBOU EF
TDSJQUJPO PG UIF QSPKFDU IJTUPSZ  CFZPOE MPH EBUB
4VDI B $ISPOJDMF XPVME DPNQMFNFOU UIF .PSQIJ
DMF 8F CFMJFWF UIBU TVDI DSPTT SFGFSFODJOH PG DPO
UJOVPVTMZ DPMMFDUFE JOGPSNBUJPO DBO SFTVMU JO OFX
JOTJHIUT SFHBSEJOH QSPKFDU TQFDJöD JTTVFT NFUIPE
PMPHJDBM BOE PSHBOJTBUJPOBM TUSBUFHJFT BOE XJEFS EJT
DJQMJOBSZ RVFTUJPOT 3VOCFSHFS QSPQPTFT UP GPSNBU
UIJT LJOE PG LOPXMFEHF BT EFTJHO OBSSBUJWFT SJDI IJTUP
SJFT PG QSPKFDU EFDJTJPONBLJOH DSPTT SFGFSFODFE XJUI
NPSQIPMPHJDBM NPUJWBUJPOT  Q 
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JOH WJTVBM TDSJQUJOH JO BSDIJUFDUVSBM QSBDUJDF CFZPOE
TPGUXBSF TQFDJöD OPNFODMBUVSF 5IPVHI DPNQVUFS
TDJFODF DBO QSPWJEF UFDIOJDBM EFöOJUJPOT GPS B EJ
SFDUFE BDZDMJD HSBQI CBTFE EBUB øPX QSPHSBNNJOH
MBOHVBHF TVDI BT (SBTTIPQQFS NVDI PG UIBU UFSNJ
OPMPHZ JT PVU PG SFBDI GPS UIF EFTJHO EJTDJQMJOFT 'PS
BSDIJUFDUVSBM QSBDUJDF UFSNT NVTU CF EFöOFE UIBU SF
MBUF WJTVBM QSPHSBNNJOH UP JTTVFT PG EFTJHO EFWFM
PQNFOU QSPKFDU NBOBHFNFOU BOE TUSBUFHJD LOPXM
FEHF NBOBHFNFOU 5IJT QBQFS QSFTFOUT %TFBSDI UFS
NJOPMPHZ UIBU UP B WBSZJOH EFHSFF IBT TUPPE UIF UFTU
PG UJNF .PSF JNQPSUBOUMZ UIF VOEFSMZJOH EJTUJOD
UJPOT BOE DPODFQUVBMJTBUJPOT IBWF BMSFBEZ QSPWFE UP
CF WBMVBCMF JO UIF JOUFSOBM EJTDPVSTF BU 8IJUF

0O B HFOFSBM QSBDUJDF MFWFM XF DBO TUBUF UIBU UIFTF
DPOWFOUJPOT GBDJMJUBUF CSFBLJOH EPXO UIF EJDIPUPNZ
CFUXFFO NBOBHFNFOU BT JO QMBOOJOH UBTL BMMPDB
UJPO BOE EPDVNFOUBUJPO BOE BDUVBM EFTJHO XPSL JO
QSPKFDUT 8F BSHVF UIBU CZ JOUFHSBUJOH NBOBHFNFOU
JOUP UIF EFWFMPQNFOU XPSLøPX DPOEJUJPOT GPS EF
TJHOFS BHFODZ BOE JODSFBTFE FóDJFODZ BSF FTUBC
MJTIFE 5IJT FUIPT JT JO MJOF XJUI DPOUFNQPSBSZ TPGU
XBSF EFWFMPQNFOU DVMUVSF GPS JOTUBODF FYQSFTTFE
CZ UIF BHJMF QSPHSBNNJOH NPWFNFOU i5IF CFTU BS
DIJUFDUVSFT SFRVJSFNFOUT BOE EFTJHOT FNFSHF GSPN
TFMGPSHBOJ[JOH UFBNTw 'PS UIF QSFTFOUFE DPOWFO
UJPOT %TFBSDI NBLFT IFBWZ VTF PG EFWFMPQNFOUT EJT
USJCVUFE UISPVHIPVU UIF (SBTTIPQQFS DPNNVOJUZ 
FTQFDJBMMZ UIF .FUBIPQQFS BOE )VNBO 6* QMVHJOT EF
WFMPQFE CZ )FVNBOO 4ZQ BOE )PMMBOE 8IBU JT PG
GFSFE CBDL UP UIF DPNNVOJUZ JT B MPOH FYQFSJFODF PG
BQQMZJOH BOE DPOUFYUVBMJTJOH UIJT EFWFMPQNFOU JO B
XBZ UIBU QSPWJEFT RVBMJUZ BTTVSBODF BOE LOPXMFEHF
NBOBHFNFOU XJUIJO EFTJHO DPNQVUBUJPO QSBDUJDF
5IF UJNF QSFTTVSFT PG QSBDUJDF SJTL MFBEJOH UP DVM
UVSFT XIFSF SFøFDUJPO JT EFMFHBUFE UP UIF MPXMZ QSJ
PSJUJTFE UBTL PG EPDVNFOUBUJPO  TFQBSBUFE GSPN UIF
UBTLT BOE EFMJWFSJFT BU IBOE 8F XPVME MJLF UP TUSFTT
UIF JNQPSUBODF PG JOUFHSBUJOH UIJT SFøFDUJPO PO QSBD
UJDF XJUI UIF EBJMZ EFTJHO XPSL JO QSPKFDUT 0OMZ UIF
QSBDUJTJOH BSDIJUFDU UIBU IBT BDDFTT UP QSPKFDU TQFDJöD
LOPXMFEHF DBO DPNNVOJDBUF UIJT öSTUIBOE LOPXM
FEHF GSPN B DSJUJDBM QFSTQFDUJWF  UP B XJEFS BVEJ
FODF 5IJT LOPXMFEHF CSPLFSJOH JT WJUBM GPS JOEJWJEVBM
PSHBOJTBUJPOBM MFBSOJOH BT XFMM BT UIF EFWFMPQNFOU
PG UIF BSDIJUFDUVSBM DPNNVOJUZ PG QSBDUJDF 8FOHFS
  8F SFDPHOJTF UIF OFDFTTJUZ UP DBSSZ PVU UIJT
LJOE PG LOPXMFEHF QSPEVDUJPO BT JOUVJUJWFMZ BT QPT
TJCMF TP BT OPU UP EJTSVQU EBJMZ QSBDUJDF 5IF EFTJHO
OBSSBUJWFT TLFUDIFE PVU BCPWF DBO IPQFGVMMZ TUSJLF
B SFBMJTUJD CBMBODF CFUXFFO MFBSOJOH BOE QSPEVDUJPO
 MBZFSJOH RVBMJUZ BTTVSBODF ESJWFO EPDVNFOUBUJPO
XJUI DSJUJDBM SFøFDUJPO
'PS UIF XJEFS BDBEFNJD BVEJFODF UIF SFMFWBODF
PG UIJT SFTFBSDI MJFT JO UIF DPODFQUVBM GSBNJOH PG UIF
DPOUFOU 8F TFF B OFFE GPS B WPDBCVMBSZ DPODFSO

$0/$-64*0/
5IF HSBQI EFöOJOH B DPNQVUBUJPOBM QSPDFTT JT B
HFOVJOFMZ OFX LJOE PG SFQSFTFOUBUJPO GPS BSDIJUFD
UVSF 'PSDJOH UIF EFTJHOFS UP FYQSFTT EFTJHO EF
DJTJPOT FYQMJDJUMZ UIF SFQSFTFOUBUJPO PG GPSN JT OP
MPOHFS DPOTUSBJOFE CZ B öOBM TUBUJD HFPNFUSJD EF
TDSJQUJPO PS UJFE UP B IJTUPSJDBM OBSSBUJWF PG JUT EF
TJHO QSPDFTT 5IJT OPUJPO PG NPSQIPMPHJDBM QSPDFTT
BT EJTUJODU GSPN DISPOPMPHJDBM EFTJHO QSPDFTT BOE
UIF DPSSFTQPOEJOH HSBQI CBTFE SFQSFTFOUBUJPO BSF
SFHBSEFE BT OPWFM BEEJUJPOT UP EFTJHO NFUIPEPMPHZ
XJUI HSFBU QPUFOUJBM GPS GVSUIFS UIFPSZ EFWFMPQNFOU
;CPJOTLB QSPQPTFT UP BOOPUBUF WJTVBM TDSJQUT
XJUI B TVQQMFNFOUBSZ BMHPSJUIN JO PSEFS UP CPPTU
DPNQSFIFOTJPO LOPXMFEHF TIBSJOH BOE DPMMBCPSB
UJPO   5IJT JT EPOF CZ UIF VTF PG TUBOEBSE ()
DPNQPOFOUT QMBDFE JO QBSBMMFM UP UIF TDSJQU 5IF NBJO
BSHVNFOU PG UIJT QBQFS JT UIBU JU JT QPTTJCMF UP FYQBOE
PO UIJT JEFB CZ SFMZJOH FWFO GVSUIFS PO UIF WJTVBM BT
QFDUT PG (SBTTIPQQFS %TFBSDI BMMPXT UIF BMHPSJUIN
UP CF TDBUUFSFE BOE QBSUJBM EVSJOH EFWFMPQNFOU XJUI
JUT DPOTUJUVFOUT DBSFGVMMZ QMBDFE JO UIF DPOUFYU PG UIF
TDSJQU 0OMZ QPTU GBDUVN JT JU UIFO DVSBUFE JOUP B DP
IFSFOU GPSN
5IF VTF PG OPUFT UP SFMBUF JTTVFT SFHBSEJOH QSP
HSBNNJOH EFTJHO QSPKFDU NBOBHFNFOU BOE TUSBUF
HJD EFWFMPQNFOU UP UIF TDSJQU DPOUFYU JT B NJOPS GFB
UVSF XJUI NBKPS JNQMJDBUJPOT 5IJT DSPTT SFGFSFODJOH
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CFUXFFO NPSQIPMPHZ BOE EFWFMPQNFOU DPODFSOT
DSFBUFT PQQPSUVOJUJFT GPS OFX JOTJHIUT $POUJOVPVTMZ
DPMMFDUFE BMPOH XJUI UIF BMHPSJUIN UIJT JOGPSNBUJPO
DBO CF TZOUIFTJTFE BT B EFTJHO OBSSBUJWF  B OFX LJOE
PG QSBDUJDF CBTFE BOE BDUJPO PSJFOUFE BSDIJUFDUVSBM
LOPXMFEHF

3&'&3&/$&4
WBO #FSLFM # BOE #PT $  ,OPXMFEHF .BUUFST 'SBNF
1VCMJTIFST
#SBOOJDL 5 BOE $PHIMBO %  *O %FGFOTF PG #FJOH
i/BUJWFw 5IF $BTF GPS *OTJEFS "DBEFNJD 3FTFBSDI
0SHBOJ[BUJPOBM 3FTFBSDI .FUIPET   QQ 
$BQKPO +  5SJBMBOEFSSPSCBTFE JOOPWBUJPO
$BUBMZTJOH TIBSFE FOHBHFNFOU JO EFTJHO DPODFQUV
BMJTBUJPO 1I% 5IFTJT ")0
$SPTT /  %FTJHOFSMZ XBZT PG LOPXJOH 4QSJOHFS
%BWJT %  .PEFMMFE PO TPGUXBSF FOHJOFFSJOH 'MFYJ
CMF QBSBNFUSJD NPEFMT JO UIF QSBDUJDF PG BSDIJUFDUVSF
1I% 5IFTJT 3.*5 6OJWFSTJUZ
%BWJT % #VSSZ + BOE #VSSZ .  6OEFSTUBOEJOH WJ
TVBM TDSJQUT *NQSPWJOH DPMMBCPSBUJPO UISPVHI NPE
VMBS QSPHSBNNJOH *OUFSOBUJPOBM +PVSOBM PG "SDIJUFD
UVSBM $PNQVUJOH   QQ 
%FSJY $  *OCFUXFFO BSDIJUFDUVSF DPNQVUBUJPO *O
UFSOBUJPOBM KPVSOBM PG BSDIJUFDUVSBM DPNQVUJOH  
QQ 
)BSEJOH +  &WPMWJOH 1BSBNFUSJD .PEFMT VTJOH (F
OFUJD 1SPHSBNNJOH XJUI "SUJöDJBM 4FMFDUJPO 1SP
DFFEJOHT PG UIF UI F$""%F $POGFSFODF  7PMVNF 
6OJWFSTJUZ PG 0VMV 0VMV
)FOTFM .6 BOE /JMTTPO '  5IF $IBOHJOH 4IBQF PG
1SBDUJDF *OUFHSBUJOH 3FTFBSDI BOE %FTJHO JO "SDIJUFD
UVSF 3PVUMFEHF
)VETPO 3  4USBUFHJFT GPS QBSBNFUSJD EFTJHO JO BSDIJ
UFDUVSF BO BQQMJDBUJPO PG QSBDUJDF MFE SFTFBSDI 1I%
5IFTJT 6OJWFSTJUZ PG #BUI
,OVUI %&  -JUFSBUF 1SPHSBNNJOH $BNCSJEHF 6OJ
WFSTJUZ 1SFTT
-FBUIFSCBSSPX %  5IF QSPKFDU PG EFTJHO SFTFBSDI
JO )FOTFM .6 FET  %FTJHO *OOPWBUJPO GPS UIF
#VJMU &OWJSPONFOU 3FTFBSDI CZ %FTJHO BOE UIF 3FOP
WBUJPO PG 1SBDUJDF 3PVUMFEHF
-JFOIBSEU + BOE 3VOCFSHFS +  $PMMBCPSBUJWF .PE
FMT GPS %FTJHO $PNQVUBUJPO BOE 'PSN 'JOEJOH /FX
8PSLøPXT JO 7FSTJPOJOH %FTJHO 1SPDFTTFT %FTJHO
.PEFMMJOH 4ZNQPTJVN  1BSJT Q 1FOEJOH
.BHOVTTPO ' BOE 3VOCFSHFS +  %FTJHO 4ZTUFN "T
TFNCMBHFT UIF DPOUJOVPVT DVSBUJPO PG %FTJHO $PN

QVUBUJPO 1SPDFTTFT JO "SDIJUFDUVSBM 1SBDUJDF 1SP
DFFEJOHT PG 1SPGFTTJPOBM 1SBDUJDFT JO UIF #VJMU &OWJSPO
NFOU 3FBEJOH QQ 
3VOCFSHFS +  "SDIJUFDUVSBM QSPUPUZQFT ** 3FGPSNB
UJPOT TQFDVMBUJPOT BOE TUSBUFHJFT JO UIF EJHJUBM EFTJHO
öFME 1I% 5IFTJT ,5) 3PZBM *OTUJUVUF PG 5FDIOPMPHZ
3VOCFSHFS + BOE .BHOVTTPO '  )BSOFTTJOH UIF *O
GPSNBM 1SPDFTTFT "SPVOE UIF $PNQVUBUJPOBM %FTJHO
.PEFM .PEFMMJOH #FIBWJPVS %FTJHO .PEFMMJOH 4ZN
QPTJVN  $PQFOIBHFO QQ 
4DISBHF .  4FSJPVT 1MBZ )PX UIF 8PSMET #FTU $PN
QBOJFT 4JNVMBUF UP *OOPWBUF )BSWBSE #VTJOFTT 3F
WJFX 1SFTT
8FOHFS &  $PNNVOJUJFT PG QSBDUJDF -FBSOJOH NFBO
JOH BOE JEFOUJUZ $BNCSJEHF VOJWFSTJUZ QSFTT
8PPECVSZ 3 BOE (àO 0  &MFNFOUT PG 1BSBNFUSJD
%FTJHO 3065-&%(& $)"1."/ = )"-;CPJOTLB ."  #PPTUJOH UIF FóDJFODZ PG BSDIJUFD
UVSBM WJTVBM TDSJQUT " WJTVBM TDSJQU TUSVDUVSJOH TUSBU
FHZ CBTFE PO B TFU PG QBSBEJHNT GSPN QSPHSBNNJOH
BOE TPGUXBSF FOHJOFFSJOH .PEFMMJOH #FIBWJPVS %F
TJHO .PEFMMJOH 4ZNQPTJVN  $PQFOIBHFO QQ

<> IUUQXXXHSBTTIPQQFSEDPNHSPVQIVNBOVJ
<> IUUQTUSFMMPDPN
<> IUUQTXXXHSBTTIPQQFSEDPNHSPVQNFUBIPQQFS
<> IUUQXXXBHJMFNBOJGFTUPPSH
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