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Abstract

This paper introduces a computational tool (SLiDe) to support one of the primary designing
activities at the conceptual stage; that isexploring various design compositions of architectural
shapes. Integrating SLiDe with conventional CAD systems helps in providing a medium for
designers to explore the design space and to enhance the perceptual interaction with design
elements.

1 Introduction

Dedgning is taken to be a complex process that indudes activities and tasks. During the
process of dedgning, desgn solutions are generated by dynamic and Stuated designing
activities  Although desgners have dways managed with pencl, pgper and imagination,
computers could hep them in conceptud designing. Through shgpes dedgners express
idess, present dements of desgn and abdract concepts. Hence, the role of congtructing
dhapes in desgning is dgnificat and the formation and discovery of reaionships among
pats of a desgn compogtion are fundamentd tasks in desgning. The &bility to provide
ussful  computational  designing support a the conceptud dages is important  to
accommodate the Stuated and fluid nature of early schematic designing and to dlow new
desgn solutionsto emerge.

This paper introduces a computationd tool (SLiDe) that could be used to support one of the
primary desgning activities a the conceptud dages, that is exploring vaious design
compogtions of architecturd shepes. The ams of usng S.iDe integrated with conventiond
CAD sydems ae to provide a medium for desgners to explore the design space and to
enhance the perceptud interaction with desgn dements SLiDe can hdp in providing
desgners with useful and gpplicable desgn knowledge during the generation of desgn
concepts and maintains the integrity of these concepts during different sages of designing.
The usfulness of such knowledge is based on its gpplicability to a Stuation rather then
determined apriori.

| this paper, it is not meant to fully automate the design process but rather to help designers
in designing. SLiDe can hdp in offering desgners with means to explore different design
dterndives from which they may sdect a new desgn move to develop it further. SLiDe



can provide the capability to recognise shape semantics (eg. reflective symmetry, cydic
rotetion, dominance, etc.), in desgn compostions thet have been developed and bring these
shape samantics to desgners atention. Designers may sdlect one of the recognised shape
semanttics based on ther interes to re-explore the desgn space This could hdp in
enhancing the perceptuad interaction with desgn dements in developing architecturd
compostionswhile desgning.

2 Therole of architectural shape in designing

Shgpe compodtion is an important desgn activity in architectura desgning, as in many
other desgn disciplines. Dedgners use shapes to express idess and represent dements of
design, abstract concepts and condruct Stugtions. Shapes have sgnificant role in desgning.
The formaion and discovery of rddionships among pats of a design compodtion ae
fundamenta tasksin designing (Mitchell and McCullough, 1995; Kolarevic, 1997).

2.1 Shape semantics

Shape samantics have many characteridics one of which is they encgpsulate design
knowledge that can be ascribed to desgn artefacts and are among desgn knowledge that
tend to be fundamentd to aesthetic desgn. Shape semantics are the interpretation of visud
paterns or visud forms of groups of shapes in the drawing (Jun, 1997). An architecturd
dhgoe semattic is a collection of high-levd information defining a st of characterigtics
with a samantic meaning bassd on a paticular view of a shagpe. Vaious types of shape
semantics can be explaned in a variety of ways by grouping dructures usng the laws of
figure perception (Arnhem, 1977; Meiss, 1991). Grouping dructures is supported by such
factors as repetition, gmilarity, proximity and orientation. Gedtdt theory deds with the
grouping phenomenon in a comprenensve way. The centrd concept of the theory is the
concept of Geddt-form or configuration of any segregated whole or unit (Kohler, 1970).
Examples of shgpe semantics representing congruence among parts of desgn compositions
areshown in Figure 1.

2.2 Multiple representations of architectural shapes

Dedgners interpret and percave thar dedgns differently and discover vaious shape
semantics related to ther interes from ther desgn compogtions. Multiple representations
provide the opportunity for a wide range of interpretations where each interpretetion reveds
catan shgpe samantics Hence, multiple representations may alow for implict shgpe
semantics in one representation to become explicit in ancther representation. There is a vast
range of possble architectura shape semantics, which could be emerged. Shape semantics
are recognised in terms of gmilarity of gpatid relationships as well as physicd properties.
A group of shape semantics recognised in each representation forms an obsarvation. A set
of observations can be congructed from a st of multiple representations.

There is a vadt range of possble architecturd shgpe semantics which could be emerged. For
indance, different representations as shown in Fgure 2 dlow for some shape semantics to
be readily recognised such as reflective symmetry, cydic rotations, dominance, multiple
reflective  symmetry, smple rotation and centrdity as shown in Fgures 2(@) to 2(f)
respectively. Each representation hdps in the recognition of certan shgpe semantics



wheress it could not be readily recognised at other representations. For instance, dominance
canot be easly recognised in the representaions shown in Fgure 2 except in the
representation shown in Figure 2(c) wherein it can be readily recognised

Figure 1. (a) reflective symmetry around an axis, Erdman Hal Dormitory, Bryn Mawr by
Louisl. Kahn; (b) reflective symmetry around multiple axes Nationd Assembly Hall in
Daccaby Louis|. Kahn; (¢) and (d) dosed cydlic rotation, Price Tower, Bartlesville by

Frank Lloyd Wright; (e) scding, Holy Trinity Ukrainian Church by Radodav Zuk; (f)
trandationd repetition, Rchards Medica Research Building, Philadephiaby Louisl.
Khan; and (g) scding, Woalfsburg Cultura Centre by Alvar Adto.

2.3 Situated learning of architectural shape semantics

Stuated learning of architecturd shgpe semantics is manly concerned with locating shepe
semantics in redion to thar dtuations within which they were recognised in the design
environment. This Stuatedness of any of the shape semantics is not determined a priori but
condructed based upon what is there in the desgn environment. What make one Stuation
different from or Imilar to othes ae the rdationships they express in which rdevant
diginctions could be mede among dgtuaions within the desgn ewironment. The
condructed st of obsarvations can be viewed as an internad deSgn environment a leamning
syslem might condruct to learn the Stuatedness of knowledge within that environment. The
regularities of raionships among shape semantics across the obsarvations are the triggers
to learn the Stuatedness of these semantics. The importance of these regulaities lies in the
deve opment of coherent digtinctions among Stuations.
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Figure 2. Recognition of different shape semantics from mulltiple representations of the
same desgn compogtion.

3 SLiDe: A Computational Situated Learning System in Designing

A computationd sysgem for gdtuaed leaning in desgning (SLiDe) is implemented and
exemplified within the domain of architecturd shgpe semantics (Reffat and Gero, 2000). Its
underlying concepts could be used in other domans. SLiDe conggs of three primary
modules Generator, Recogniser and Incrementa Stuator. The Generaior is used by the
desgner to develop a st of multiple representations of a desgn compostion. This set of
representations forms the initid design environment of SLiDe. The Recogniser detects the
desgn environment and produces a set of obsarvations, eech of which conggs of a group
of shgpe semantics recognised in each representation. The Incrementd  Situator condds of
two sub-modules Stuator and Redructuring Stuator. The Stuator module locaes the
recognised shgpe samattics in rdaion to ther Stuaions by condructing the regulaities of
relaionships among shgpe semanttics across the obsarvaions and dudeing them in
gtuationdl categories organised in a hierachd  dructure. Such rdationships change over
time due the nature and fluidity of desgning in which changes in the desgn environment.
The Redructuring Stuaior updaes previoudy learned Studiond categories and
restructures the hierarchy accordingly.

4 Exploring various alternatives in the design space

The use of multiple representations (provided by the Generator module in SLiDe), can be
ussful for desgners to conceptudisng, exploring and percaving ther desgns differently.
This heps in exploring the shapes in a design compogtion and dlows designers to have a
vaiety of representations of what has been desgned, which may lead them to different
discoveries to those they may othewise have pursued. It dso heps to focus a desgne’s
atention to potentidly hidden visud features in such desgns. This is achieved through the
ue of the Generator module in SLiDe as shown in Pat | in Fgure 3. The Generator



condructs the desgn space by devedoping an infinite maxima lines representation of the
initid desgn compogdtion. The dedgne sdects a dhape of interes from among the
intersections of these infinite maximd lines The Generaor searches the design space for
shapes congruent with the sdected shgpe. The congruent shgpes are highlighted as shaded
aress and the generator module develops a representation of these. Designers may continue
exploring the desgn space for other dterndive shgpe compostions by sdecting other
dhapes from among the intersections of the infinite maxima lines representation.
Consequently, the Generator module develops a corresponding representation. For ingtance,
an initid representation of the desgn compodtion shown in Fgure 4(8) is drawvn by the
desgner (usr) as shown in Fgure 4(b). The infinte maximd lines of the initid
representetion is generated udng the Generator module in SLiDe as shown in Fgure 4(c).
Examples of some of the representations developed using the Generator module are shown
in Fgures 5(@) to (f) showing the representations Ny to Ng from the initid representation of
the design compodtion shown in Fgure 4(b).

5 Conclusion

This paper outlined one of the features that SLiDe can provide to conventiond CAD
sysdems that hep both interectivity and desgning support in the prdiminary dages of
dedgning. SLiDe can hdp in exploring the desgn goace for vaious shgpe compogtions
The purpose of this computationa sysem is not to replace the desgner, but to assst
through a form of collaboration with the desgner in desgning and producing a solution
This provides the potentid to change the naure of currently passve conventiond CAD
systems to be more active and responsve CAAD support system at the very early stages of
desgning.
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Figure 3. Part I: A framework of exploring various dternative of shape compositions and
Part I1: A framework of maintaining the integrity of ashgpe samantic of interest.
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Figure4. () Anexample of adesign compostion; (b) aninitid representation of the
design compagtion; and (¢) an infinite maximd lines of the initid representation produced
using the Generator module.
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Figure5. Vaious dternatives of shgpe compaositions produced while exploring the design
space of theinitid desgn compogtion usng the Generator module, from (a) to (f) show the
developed representations N to Ngfrom the origind shapein Figure 2(a).



