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Abstract

This paper proposes a computational model of
design that attempts to capture within a social
context two important aspects of style: ‘content’
and ‘manner’. We present a characterisation of
style for the artefact based on a framework that
consists of information theoretic measures. We
discuss the benefits the study of social networks
offers a computational analysis of both aspects
of style. It is our aim to bring style as ‘content’
and style as ‘manner’ together using this ap-
proach.

1. Introduction

Research in various domains share problems of for-
malizing style. In this paper we describe a schema for the
computational analysis of design style. We utilize both
form and social determinants as two fundamental dimen-
sions in design. An appropriate conception of design has
been presented as a purposeful, constrained, decision-
making, exploration and learning activity [Gero, 1996].
The designer operates within a context, which changes as
they explore emerging relationships between designs,
their style and the context itself. Style is influential in
changing the design context as it enables the designer to
extend design knowledge by grouping or classifying ex-
isting design artefacts according to some distinguishable
properties. The context or the situation is influential in
transformation processes that may occur incrementally
through acts of imitation or radically through acts of in-
novation. In this way style acts as an ordering principle
in design that allows individual artefacts and processes to
be structured, providing order within an otherwise appar-
ently chaotic domain.

Generally, style considers both the ‘manner’ in which
something is done and the ‘content’ of what is being ac-
complished [Simon, 1975]. Our analysis of style does not
isolate ‘manner’ from ‘content’. Instead we approach
style primarily from the viewpoint of design ‘content’ in
order to explore possible processes of action of the indi-

vidual and interaction with the situation, which may be
inferred from the artefact. Since style is a concept based
on general agreements of the commonalities, in a design
society, it is necessary to consider social relations, that
is, the agreements of the individual, school, society or
culture. Such an approach to style may in turn reflect
potential relations within the design process that trans-
form design requirements into design properties. A com-
putational analysis of style should therefore bring both
representation of artefacts and the processes of interac-
tion together.

The problem we are considering in this paper concerns
the social dimension of design artefacts and processes
construed in terms their stylistic transformations. The
domain of this study is the two-dimensional drawing and
related activity. The subject of this study is the social
aspect of design style and the effects of style knowledge
on its transformation. In unifying style as artefact and as
process we consider the social context that extends from
the agent into the situation. This approach considers the
interactions between the agent, the product, and the
socio-cultural context. However, a definition of design
style emerging as a social construct negotiated among a
number of social agents is a nascent approach. Such a
method seeks to understand the influences of social phe-
nomenon in terms of the individual actions and interac-
tions.

1.1 Style and the Social Context

Style operates socially in a number of ways. First, the
style of an artefact embodies notions of identity that are
socially recognized and thus become instances in the
symbolic exchange of meaning [Goodman, 1976]. Sec-
ond, style becomes an influence for individual and col-
lective action [Shapiro, 1961]. Third, styles influence
their own transmission and transformation [Knight,
1994]. Style is inclusive of such social relations relative
to the individual artefact that address the situation in
which designers and design communities function.

One difference between the design artefact and the de-
sign process is the level of subjectivity in their social
construction. The artefact undergoes an evaluation at



many levels, including the individual, the design field
and the socio-cultural domain. This makes visible the
interaction between the artefact, its environment and the
unintended or emergent social reactions. The artefact’s
style after the design is realised, takes its own course of
existence. This feedback makes the design product a
valuable analytical vehicle in terms of representing its
style. Further, the design artefact as a materialization of
the activity is an important factor that influences design
knowledge. The style of the design artefact influences the
processes of the design agents and their resulting strat-
egies.

This paper explores a computational framework for
modelling style that considers both subjective represen-
tational constructions as well as objective situational
factors. We explore some of what this combined per-
spective could contribute to a digital characterization of
style. This paper is organised in three main parts. The
first of these develops the basis for design categorisation
and style recognition. We begin by defining a simple
model of style applied to architectural design and review
current approaches to categorizing design artefacts. In the
next part we present the representational framework for
style recognition based on information theoretic measures
of qualitative features. The final part discusses the struc-
ture for the design process in terms of informed decision
making in a social context. We explore the processes of
interaction in social networks as well as the transforma-
tions of style in a design society. The paper closes with a
discussion of some insights social networks might have
to offer a model of style.

2. A Model of Style

Historical and critical descriptions of architectural design
often seek to identify the design style and are concerned
with two principal aspects. Firstly, a building may be
represented visually from either a two or three dimen-
sional perspective. Secondly, the artefact can be con-
strued in terms of its materiality. Materiality encom-
passes two systems, the morphology and the situation. In
the first part of this model we address aspects of design
morphology and in the second part the design situation.
The term morphology refers to the materials as well as to
the pattern (or structure) in which the material is “mod-
elled”. Whilst recognizing alternative approaches to de-
scribing architectural artefacts in relation to style, for the
purposes of this paper we limit our scope to geometrical
and topological patterns and structures. Our approach can
be represented by building structure and skin, including
walls, partitions and screens. From this point of view
morphology can be described in terms such as shape,
form, solids, voids, mass and space, or more specifically
as the spatial layout. In this study we only deal with two-
dimensional representations and more specifically only
the walls, partitions or screens and their intersections.
However this does not suggest that our methodology is
restricted from considering three-dimensional objects
such as a complete 3D spatial model. Our approach as-

sumes the representation of the physical artefact. For
example a residential building may be represented as a
two-dimensional building plan.

The method of formal recognition of style developed
here is analogous to a kind of natural language in which
conventions are organized into coherent constructs. This
idea comes from Arnheim’s notion of the drawing as a
kind of dialectic [Arnheim, 1993]. Arnheim considers the
ability to conceive, plan and present ideas about artefacts
to be at the core of design. Thus design knowledge must
be transformed from the designer’s imagination into
some kind of image. A two-dimensional (2D) representa-
tion of an architectural plan is an informational artefact.
By recognizing an informational artefact’s style we aim
to clarify the underlying commonalities of structure and
conventions manifest within the 2D plan drawing and
supply the criteria necessary to determine whether a
drawing is an instance of a particular style.

2.1 Key Issues

In order to address how a digital model of style in archi-
tectural design will operate we must first ask the follow-
ing:

* What design properties or features adequately
characterise style in terms of order and structure,
as well as what classes of features can be identi-
fied to organise relationships with design re-
quirements?

*  What kind of measure will adequately compare
design features and span concepts of complexity
and similarity while allowing convergence in the
society towards design categorisation and style
recognition?

*  What kind of computational model will demon-
strate transformations of and within a style in a
social design environment whilst addressing the
role of local/ global utility and innovation?

2.2 Previous Approaches to Style

Within design, style is commonly used to describe con-
sistencies among works that are the product of an indi-
vidual, school, culture, period, or region. Studies on con-
sistencies or patterns of objects and spatial features are a
common approach to investigate and model design phe-
nomena. Recent studies have worked within grammars
and evolutionary design systems. Grammars and evolu-
tionary systems are able to learn aspects of design by
identifying shape grammars that define a product’s style
and use them to generate designs by combining patterns
[Knight, 1994; Cha, 1998]. In this way rule-based sys-
tems have been used to reproduce design styles and com-
bine rules defining different styles in order to generate a
new design style.

Knowledge of procedural features has produced prin-
ciples in many fields of design, including architecture
where proportion and symmetry have been used to ex-
press consistent features. Implementations of a process



view of style have been demonstrated by researchers
[Ding & Gero, 1998; Cha, 1998] in studies on the know-
ledge of symmetry and proportion in buildings. Previous
representations of procedural style approach processes at
the level of the individual and are rules defined for the
agent. This approach to process contains only explicit
representations of individual processes that are generali-
zations inferred from the product.

A recent approach to establish a foundation for archi-
tectural design categorisation is based on information
theoretic measures proposed by Gero and Kazakov
[2001; 2002]. In developing a model of similarity and
complexity measures for 2D drawings they were able to
measure the information content of representations de-
scribing the design. The model compares both the simi-
larity and the complexity of one drawing with other
drawings. This information theoretic model is important
for the development of a computational analysis of style.
However much depends on the choice of features from
which a measure of complexity and similarity can be de-
rived. Features have extensively been used in geometric
design assessment and categorisation, including archi-
tectural design [Meeran and Pratt, 1993; Brown et al.,
1995; Tombre, 1995; Gero and Park, 2000].

In extending a feature-based approach to the analysis
of style we focus on representing and comparing geomet-
rical and topological features. Shapiro [1961], in his re-
view of theories on style, considers that ‘the constant
form, and sometimes the constant elements, qualities and
expression’ are crucial to the characterisation of style.
This description of style refers to two basic criteria that
are significant to our approach: form elements and form
relationships. Whatever is expressed within an architec-
tural plan, whatever practical function it might serve and
however it is constructed, the choice of form in design is
constrained by what is geometrically and topologically
possible [Steadman, 1983].

3. Digital Style Characterisation

This section outlines two general requirements for a
digital characterisation that presents procedures for style
recognition and categorisation.

3.1 Representation of 2D Drawings

In 2D design drawings there exists an interrelation be-
tween the whole and its parts, as well as the hierarchic
scale of importance by which some structural features are
more dominant than others. Order makes it possible to
focus on what belongs together and what is segregated.
However, arrangements outside the shape do not always
reflect a shape’s inner structure. Geometrical elements
used to describe a shape transform due to the different
relationships that are created by a shape’s connections
with other shapes. In other words, the shape structure
remains constant yet the corresponding elements that
previously defined the shape are transformed by the ad-
dition of another shape. Figure 1 illustrates some possible

combinations for different types of connectivity for
Shape A.
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Figure 1. (a) Adjacent, (b) adjacent offset, (c) and (d) indenta-
tion or protrusion, and (e) surrounded

Shape A in Figure 1 maintains the same structural de-
scription of four adjacent right-angles. However when
shape A is combined with one or more other shapes it
produces: (a) a new description at the intersection and (b)
additional intersections.

Representing and evaluating shapes in isolation does
not carry sufficient information. It is not adequate to rep-
resent a shape only in terms of its internal structure it
needs to be represented in relation to the organization,
which it is a part of. The shape structure may be explicit
and yet misleading, because its structure does not corres-
pond to the arrangements embedded in its contours.

3.2 Framework for Digital Characterisa-
tion of Style

Recognition Procedure

A feature-based shape and space recognition procedure
uses four discrete sequential processes. These processes
are: graph generator/abstractor, shape/space encoder,
feature detector, and feature classifier, and continues in
three cycles until the original graph and its two ab-
stracted graphs have been labelled, as shown in Figure 2.

)
Shape/ Space
Encoder

Graph
‘ Generator/
Abstractor

Three Cycles

Precedure for Graph Abstraction

Feature
Detector
A —

Feature
Classifier
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Figure 2. Feature-based shape and space analysis procedure

Data for each process are qualitative shape and space
representations based on an extension of Q-codes [Gero
and Park, 1997]. The qualitative encoding schema we
have developed converts shapes and their relationships
into a qualitative representation. These Q-codes encap-
sulate shape and space characteristics in terms of the na-
ture of line intersection for rectilinear shapes and the ad-
jacency of regions for rectilinear polyline shapes.

The shape and space encoder takes a drawing and
transforms it into a syntactic representation using the
encoding scheme. The feature detector takes this syntac-
tic representation and searches for shape and spatial fea-



tures that are identified in the form of structures in the
representation. These structures include both primary and
secondary semantics and include indentation, protrusion,
iteration, alternation, and symmetry. The feature classi-
fier takes the shape and spatial features and organizes
them into sets. The second cycle uses the dual of the
drawing and locates one other vertex within the external
region or background of the drawing. This graph is la-
belled, encoded and sequenced [Kaufmann, 1984]. The
sequenced spatial graph can now be labelled with the
graph’s vertices and arcs from the feature symbols de-
rived from the plan graph to create a new semantic net
graph. Information concerning the topology can then be
obtained.

When more abstract features are identified on the basis
of current available features, then a new representation
on the basis of these new features is produced. The result
is a series of semantic graphs that are qualitative re-
representations of the original design drawing that de-
scribe both the drawing’s geometry and topology. The
resulting three symbol strings and their structure are ca-
nonical representations of the original design drawing.

Categorisation Procedure

Entropy measures have been applied to art and aesthetics
[Attneave, 1959; Moles, 1966; Berlyne, 1971] and are
utilised in our approach to computational analysis of ar-
chitectural style. Entropy measures provide access to a
rich source of data for the construction of a digital char-
acterisation of style where variety, diversity, and differ-
entiation are the target of generalisations.

The use of a feature-based representation makes it pos-
sible to estimate the structural information content of the
three graphs, and consequently the information in the 2D
drawing itself. Unlike the measures of selective informa-
tion, entropy takes into account that the drawings fea-
tures or feature classes occur with unequal frequencies.
Our hypothesis is that the distributions of features paral-
lel the intuitive notions of style in terms of its similarity
and complexity by representing all possible diversity.

3.3 Feature-based Qualitative Representa-
tion

Drawings as Graphs

Shape and spatial features as classes are derivable from
the intersection of line segments for bounded rectilinear
polyline shapes [Gero and Jupp, 2003]. Taking the stan-
dard graph theoretic representation of shape contours we
add intersection semantics to its vertices and arcs. This
provides a description for shape features that are repre-
sented in terms of contour and position. The qualitative
symbols or Q-codes define labels for various kinds of
intersection of arcs for rectilinear shapes and their sur-
rounding spaces. This method is applied to plan graphs.'

A plan graph is a diagrammatic graph version of the plan
itself.

The positions of vertices in relation to the plan graph
are described in terms of the order in which they appear
in the graph. There are three kinds of intersection groups:
ordinary groups, adjacent groups and enclosed groups,
which respectively specify three kinds of topological
structures by organizing vertices, shape contours and the
overall graph in semantically different ways.

3.4 Semantic graphs

Semantic graphs are used to represent design knowledge
in 2D drawings. By taking the graph theoretic represen-
tation and its intersection semantics we can produce a
semantic network as the qualitative representation of the
2D plan drawing. From this representation we can then
reason about the structures in the semantic network and
their features.

The topology of 2D shapes can be represented as the
vertex graph® of the plan graph and all spaces on the
boundary are connected to an external vertex. For each
arc in the new semantic graph we assign one of the five
Q-code labels “L”, “ 7, “T”, “L”, or “+”. Each Q-code
describes a different kind of orthogonal intersection that
is produced by the connection of either two, three of four
arcs in a plan graph. Each code corresponds to the labels
given to the plan graph’s vertices. Figure 3(ii) shows
seven vertices, 1, S, t, u, v, w and x (s is an external ver-
tex), 20 arcs and 15 regions. Each arc is labelled by the
Q-codes of the two vertices of the arc they cross in the
plan graph as shown in Figure 3(i). We use this semantic
graph to represent the sequence of Q-code encodings of a
2D design drawing, and to extract qualitative features by
parsing this representation.

(ii)
Figure 3. (i) Original drawing (Farnsworth House), and (ii)
semantic graph representation.

2 A vertex graph is a graph where spaces or 2D planes are repr  e-
sented by vertices and adjacent spaces connected by arcs.



The example chosen in Figure 3 is a 2D plan drawing of
the Farnsworth House, designed and completed by Mies
van der Rohe from 1946 to 1951. The Farnsworth house

consists of two rectangular slabs floating above the
ground shown in Figure 4.

Figure 4. Farnsworth House.

The continuous interior space of the house is delineated
by an asymmetrically placed core volume, containing the
kitchen, bathroom and fireplace and is a prominent icon
of Modern Architecture in America.

Q-code Graph Analysis

The process of discovering visual patterns from drawings
is called shape semantics and plays an important role in
organising and providing order. Patterns that reflect basic
shape features in terms of repetition and convexity, have
been selected as they distinguish feature characteristics in
syntactic patterns. There are five shape semantics identi-
fied: indentation, protrusion, iteration, alternation and
symmetry. Iteration refers to a repetition of patterns with
no interval; alternation refers to a repetition of patterns
with regular or irregular intervals; and symmetry refers to
a reflective arrangement of patterns (not necessarily ex-
pressed as visual symmetry).

We differentiate two classes of shape semantics. The
first is a pattern of intersection relationships, which are
represented explicitly and includes three of the five se-
mantics: indentation, protrusion and iteration. The second
is a pattern derived from the combination of shape con-
tours that exists only implicitly in the relationships of a
shape’s connectivity derivable from the vertex graph and
includes all five semantics.

3.5 Vertex Graphs

The semantic graph is sequenced and labelled. Given the
semantics of vertices it is now possible to re-represent
the semantic graph in Figure 3(ii) as a vertex graph
where vertices are the type of arcs in the semantic graph.
In order to analyse the vertex graph model, semantic at-
tributes are defined in order to interpret it [Gero and
Jupp, 2002]. Table 1 shows the seven possible types of
intersection for its arcs.

Table 1. Semantic Labels for Vertex Graphs

a b c d e f g
(T.T) (T.T) (T.T)

(LL) (LL) (LT) A A (L, L) A
A A A (T.T) (T.T) A (T.T)

(LL) (LT) (T.T) A A [GEAD] A
(T.T) (LT) .7

In our example, the seven different types of vertex are as
shown in the graphs in Figure 5. The graph shown in dark
lines in Figure 5(i) can be redrawn as shown in Figure
5(ii).

(ii)

Figure 5. Re-representing the semantic graph as a vertex graph.

In the encoding of 2D design drawings the interrelation
between the whole and its parts, as well as the hierarchic
scale of importance by which some structural features are
more dominant than others can be found. In other words,
wall intersections that are equal at one level of abstrac-
tion may assume a different level of importance at an-
other level of abstraction.

This syntactic representation scheme enables the use of
information theoretic measures on the Q-code string and
graph structures. This offers us an investigation of as-
pects such as the average distance between two
shape/space features, that is, the average minimum dis-
tance to be made from one arbitrary shape feature to an-
other. As an alternative to working in feature space, we
can represent this process from the feature space onto the
space of the distributions in the feature space.

4 Applying Information Theoretic Meas-
ures to Semantic Graphs

The objective is to present a model that differentiates
between 2D drawings and explicates the hierarchy of
elements that comprise the artefact. In this way it is pos-
sible to create a formal computational measure of the
artefact for what follows.




An information theoretic approach to the estimation of
similarity and complexity is applicable to representations
of qualitative graph-based forms with discrete alphabet
labels. Once a drawing is encoded in this canonical form
it is possible to measure symbols strings and the graph
structures that represent them. The drawing’s complexity
can be defined by the amount of information within the
Q-code string and graph structure. The similarity between
the architectural plan drawings can be defined as the de-
gree of similarity between statistical models. This section
draws on the work of Gero and Kazakov [2001] on their
applications of information theoretic measures.

4.1 Similarity Measures for Drawings

Shannon entropy is based on a simple statistical model of
data, which assumes that they are generated by an er-
godic Markov source, symbol after symbol in the sim-
plest case and feature after feature in the more general
case. The features can be either the Q-code strings or
structural regularity in the graph data. For example if we
have two different groups of design drawings (two differ-
ent corpuses of work) that are encoded, their comparison
can be carried out by constructing a Markov model for
each group and computing cross entropy for each as:

En= -X ij PT( qi,9qj )lOgPrObM( qi,4qj )n

where Pr( g, q;) is the empirical probability of the symbol g; follow-
ing gj in the other string.

4.2 Complexity Measures for Drawings

Entropy is an ensemble-based measure that is calculated
for an ensemble of similar (generated by the same
source) sequences. The complexities of the symbol
strings are calculated from the vertices’ components
taken by the connections. Conditional probabilities are
estimated from a sample of Q-codes text. Those that
have higher entropy values, are treated as more complex
than the ones with the lower values of entropy.

Structural diversity measures operate by constructing a
finite probability schema by partitioning the N elements
of graph structure into k equivalent classes of Ny equi-
valent elements according to a specified equivalence re-
lation E. Here, p;, = N; / N is the probability of a random
chosen element belonging to the class i having elements
N;, and N = £ N; The structural information content is
then defined as:

K
I(E) = - E‘i pi loga(pi)

Equivalence relations for calculating the structural in-
formation content are based on vertex graph equiva-
lences. In the simplest case the vertex labels of the plan
graph determine this equivalence and then semantic
graphs can be employed. The combined structural infor-
mation measure based on a number of different equiva-
lence relations can then be used [Gero and Kazakov,
2002].

]combined:'z Wj](Ej)’EWj =1
J J
where w;, are non-negative weights.

The development and implementation of similarity and
complexity measures of 2D architectural drawings is
used to formalise the measurement of the style of a de-
signer. Further, the measures can be used to examine the
change in complexity of drawings of designs of designer
over time. They can also be used to compare the works of
different design agents based on their complexities. What
has been developed in the work of Gero and Kazakov can
also be viewed as a descriptor that allows authentication
of designed shapes generated by a particular designer,
architect, school of architects, and ultimately style of
architecture (Gero and Kazakov, 2001). This method is
based on building a statistical model of a “typical” en-
coded design object and on using this model to construct
an information theoretic functional with the desired de-
scriptive properties. The tools, which are based on this
method, can be used not only for the analysis of existing
designs but also for generative purposes as a evaluator in
conjunction with a generative system, which provides
this system with a feedback and directs it into the sub-
space of design space where the designs similar to the
targeted one are located.

The remainder of the paper describes social networks
as the basis of an understanding of style relative to geo-
metrical and topological relationships and social deter-
minants for designing.

5 Exploring a Social Perspective of Style

Designers work with their situation, that is, their experi-
ences, knowledge and conception, in order to determine
the variables that contribute to the design. Particular
variables are chosen a priori and are produced in re-
sponse to the various situations that are encountered by
the designer [Gero, 1998]. The design process used by a
designer is unknown unless specifically revealed by the
designer. Procedural features cannot be directly derived
from the physical or informational artefact and these de-
sign processes are not static. Existing process models,
which infer processes from the artefact based on reinter-
pretation do not allow emergent representations to be
learnt and evolved in relation to the design situation. In
the final part of this paper we ask: what can we do to
improve our understanding of design processes in order
to unify this aspect of style with the design artefact?

Social networks present an opportunity to explore this
kind of problem, and have been studied elsewhere in
understanding the patterning of individuals interaction.
Social networks offer an understanding of systems made
up of interdependent parts and their analysis is based on
an intuitive notion that these patterns of interaction are
important features. We believe that individual’s design
processes depend on how that individual is connected to
the design community.



5.1 Insights from Social Networks

A central focus of social networks that supports our ap-
proach to style is the dynamics of distributed networks;
that is, networks in which there is no centralized con-
troller. This reflects how we may model style since
within design practice changes in the design artefact and
subsequent stylistic transformations occur via the inter-
action of many designers — even working on different
elements of the design. Further, once a style has been
recognized this tends to cause innovations to occur in-
crementally. In cases where significant changes in style
occur, such as the transformation between modernist and
postmodernist architecture’ it makes clear that many im-
portant transformations involve innovative design, radi-
cally new requirements and unfamiliar design spaces.

In such a system, emergence plays an important role.
Emergence refers to deriving global functions, behav-
iours, or structures from the local interaction among parts
[Crutchfield and Mitchell, 1994]. The mechanics under-
lying the incremental changes in design and potential
transformations of style therefore rely upon the interac-
tions between designer, designs and context. A situated
approach provides the basis for investigating the affects
of design activity and interactivity on the transmission of
styles among designers, incremental changes in the de-
sign artefact, as well as complete stylistic transforma-
tions.

5.2 Agent-based Social Networks

Designing in architecture occurs as the result of multiple
designers (representing a group of individuals, teams or
school), each potentially capable of proposing values for
design features and requirements and evaluating these
choices from their own particular perspective (e.g. de-
sires, knowledge etc.). According to these evaluations
design artefacts can then be ordered and arranged to es-
tablish a larger network of relationships between succes-
sive designs, revealing features that capture the structural
and organisational relations of style.

Simulating a design society is based on a network
composed of interacting design agents. The most obvious
way to use agents is to assign one agent to each design
participant involved. Predefined design requirements and
qualitative features described in part one can be utilised
in the synthesis of 2D spatial layouts. It is straightfor-
ward to map this model onto a network. We can map de-
signers onto nodes, where each agent tries to maximize
the utility of the design whilst operating within its style
subspace. All the possibilities of feature-based represen-
tation and its associated values for requirement-based
specification produce the design space.

A design agent perceives 2D design drawings using
sensors and interprets it based on its geometrical and

’ Modernism emphasized functional planning and applied scien-
tific methods to design as opposed to the postmodernism archi-
tecture that evolved, which contradicted it, combining new ideas
with traditional forms in unexpected ways.

topological features. In this way agents are able to per-
ceive the drawing as an ordered collection of qualitative
features.

Figure 6 illustrates a simple model of design as a
social network: where in the background figure the links
between agents are illustrated as dotted lines; and in the
foreground figure the small black circles represent either
individual or classes of design features, the small white
circles the design requirements, the links between them
represent the inter-dependencies and the large ovals rep-
resent the style-subspaces (a subset of design artefacts)
associated with each design agent.
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Figure 6. A simple model of the design space and style sub-
spaces.

5.3 Style Transmission and Transforma-
tion
Stylistic transformations are time based. Recognition of
style is not instantaneous after the design has been pro-
duced. Interdependencies between design requirements
and design properties necessitate a phase of convergence
(general agreement) satisfying dependencies acceptable
to the design society. Emergence plays an important role
in the transformation of style and consequently their
transmission.

There are two means by which a society of design
agents can transform style: by innovation and by imita-
tion. Shape and spatial features on a 2D grid can be cre-
ated via the different interactions of design agents oper-
ating in a context that defines style subspaces within the
design space. An individual agent may succeed in putting
a new style into practice, or an agent may increase its
efficiency by successfully copying another individual’s
style. In this way styles spread incrementally among in-
dividuals through innovative and imitative activities. The
transformation of style is then determined by the dy-
namic interaction of innovations and imitations.

Modelling Product and Procedural Style

Saunders and Gero [2001] presented an extensive inves-
tigation into the role that search for novelty plays in the
evolution of artworks. By studying the emergence of
social structures during the creative development they



investigated the effects that the search for novelty has
upon the process of generation. Our approach incorpo-
rates Saunders and Gero’s insights into a systems view of
design and modelling of design groups, from which in
their experiments resulted in the emergence of design
cliques.

Our approach to a model of socially situated design
style consists of multiple agents within a single field
conducting searches for 2D plans. For each 2D plan gen-
erated the agent must assess the style of the drawing by
sensing its features. The sensed drawing’s style may then
be recognised using the information theoretic measure as
a standard evaluator for the design society. In this way,
individual agents are able to categorize each drawing
sensed based on information theory.

Individual preferences determine each agent’s interest
of the drawing’s style based on values and previous
learning experiences. The agent uses the interest calcu-
lated for each drawing’s style to determine what actions
to take in terms of selecting other 2D plans. Agents then
communicate particularly interesting morphologies to
others within their style sub-space and with other sub-
spaces. After sensing a 2D plan and recognising its style
agents can then be requested to produce a new design.

In the social network, features selected from each class
correspond to a style and occupy the sample space. In
this way, every geometrical element and its topological
counterparts possess one of a number of alternative fea-
tures. For any particular drawing, the set from which
each feature is chosen is defined and comprises the vo-
cabulary within the style subspace. This does not imply
that one feature cannot be part of two styles but that the
measure of the features frequency of distribution within
the subspace delimits this vocabulary.

The agent’s categorisation of the design drawing biases
its design process. Each agent operates using a set of
rule-based processes which update with the perception of
2D plan. A design agent’s processes both in terms of ac-
tivity and knowledge carry with them notions of their
‘applicability conditions’ [Gero and Reffat, 2001], de-
rived from the design situation. In this way, regularities
within an agent’s plan drawing form the basis to situate
its knowledge and activity. Procedural features may be
inferred in the context of design requirements. Know-
ledge of style may therefore be abstracted and learned
from existing 2D plans. An inference can be made on a
possible process (or rules) that could be used to produce
the result. The subsequent design experiences of individ-
ual agents enable categorization of prior design experi-
ence, composing knowledge of the style and to an extent
structuring design activity.

Variety and Influence

Saunders and Gero [2001] investigated the behaviour of
groups of agents with incompatible interest levels defined
as the hedonic function. The collection of agents was
placed in the same social setting. The results appear to be
the formation of cliques: groups of agents that communi-
cate frequently amongst themselves but rarely acknowl-

edge the creativity of agents outside the clique. As a con-
sequence of the lack of communication between the
groups the “style” of artworks produced by the two
cliques also remained distinct. The formation of cliques
in the experiment by Saunders and Gero are comparable
to the style subspaces we have described. We believe that
these style subspaces perform a specific function in
transmitting information to other agents. A design agent
produces a variation, which may or may not be selected
by the agent, and the agent in turn will pass the selected
variation to the subspace. Should a design agent break a
dependency within the style subspace and be influenced
by a link outside then a transformation has occurred. De-
pending on the style recognition schema this transforma-
tion will either be maintained by other links within the
style subspace or form a unique style subspace. Stylistic
transformations may therefore have a variety of patterns
of socialization by which a given feature or set of fea-
tures are transmitted that affect their implementation in
addition the design requirements.

Variety may be greater in some style subspaces than in
others due to differences in the available individual fea-
tures, classes of features and their distribution. Conse-
quently every shape and space feature in a design draw-
ing can be allocated a value and measured on a scale in
terms of its similarity and complexity. Our hypothesis is
that there is interdependence between the selection of
features for different class sets and that certain features
will be more likely than others to be identified within
particular styles. In this regime encouraging influence
relationships and local search strategies become a pri-
mary tool [Epstein and Axtell, 1996].

A key factor determining social network dynamics is
the nature of the influences between agents. A process of
defining and evaluating different styles can reveal inter-
node influences incrementally. It is easier to define the
influences directly based on knowledge of design deci-
sion dependencies. Agents may know for example that
spaces have to be non-overlapping physical geometries,
that topologies must have compatible functional connec-
tions, and so on. Therefore care must be taken in defining
these influences for the system.

The Role of Utility and Innovation

It is reasonable to model the utility of a style as the local
utility achieved by each design agent in the subspace.
Global behaviour emerges as a result of concurrent local
actions. Each design agent in a network tries to select the
value that optimises its own utility while maximizing its
consistency with the influences from other agents.

The global utility from the network state is a function
of local utilities and the degree to which all the influen-
ces are satisfied in each style subspace. The dynamics of
such networks emerge as follows: since all nodes update
their local state based on their current context, the choi-
ces they make may no longer be the best ones in the new
context of node states, leading to the need for further
changes [Bar-Yam, 1997].



The design requirements and values for transforming
style are relatively unfamiliar, and it is unclear where to
start to achieve a given set of design requirements. There
may be multiple very different good solutions, and there
may be good solutions may that are radically different
than any that have been tried. Further, there may be ten-
dencies to reduce innovation due to the incremental
modification of existing designs in well-known (success-
ful) styles rather than exploring radically different de-
signs outside the solution space.

Common to some agent-based social networks, agents
demonstrate greater loyalty to producing designs within a
particular subspace with certain global optima. Design
agents must be willing to explore alternatives that, at
least initially, may appear much worse from their indi-
vidual perspective than alternatives currently being im-
plemented. In applying these concepts to a model of
style, a design agent operating within a style subspace
may have a tendency not to innovate or borrow from
other agents belonging to different subspaces. Therefore
an application of this model needs to produce incentives
for globally helpful behaviour. Previously this has been
achieved using interestingness and curiosity. Concepts
related to innovative actions such as functions of inter-
estingness and curiosity have been identified as integral
to modelling such systems [Martindale, 1990; Saunders
and Gero, 2001]. These studies have identified that the
more novel a stimulus presents the more complex it will
appear to be. This does not suggest complexity implies
innovation nor does it evaluate whether innovation has
occurred however high levels of complexity may increase
the potential to innovate within a social network.

6 Discussion

Style as an ordering principle allows both individual pro-
ducts and processes to be structured and in a broad sense
characterize phenomena within the social sciences
[Knight, 1994]. Social networks allow such effects to
be explored. This wide-ranging approach to style is com-
parable to style concepts espoused by Thomas Kuhn
called ‘paradigms’ [1967]. Kuhn defines ‘paradigms’ as
consisting of a prototypical set of model problems and
solutions to them, and are essentially styles of scientific
research. Conceived in this manner, style is a general
approach of attacking problems, consisting of a set of
theories, methods, beliefs or goals and solutions [Martin-
dale, 1990].

The possibility of identifying an appropriate feature
space then re-representing drawings in this space pro-
vides the opportunity to add another layer of reasoning to
analysing style. The co-occurrence of feature classes in
design drawings relies on the network structure whose
properties can be analysed in depth using the approach
we have outlined.

We believe that this perspective has the potential to
provide insight into several aspects of architectural style
including: its geometrical and topological dimensions;
providing a language organization that may reflect chan-

ges within features, class sets and their distribution; and
exploring a situated approach to the synthesis of style in
relation to design processes.

Considering both form and social determinants of style
allows us to analyse 2D architectural plans, the processes
that generate them and their relationships with the design
context. This perspective offers the potential to reveal
possible relations within design processes that transforms
design requirements into design properties. Experimen-
tation with this approach to style will further our under-
standing of the role of style in design as an influential
phenomenon in changing context, designs and the style
itself.
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