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A DYNAMIC INFORMA TION SYSTEM FOR DESIGN APPLIED
TO THE CONSTRUCTION CONTEXT

Anders Ekholm and Sverker Fridqvist, Computer Aided Architectural Design, Lund University

ABSTRACT

In this paperwe discusghe requirementdor an informationsystem for desigand outline a
prototype that testtheseprinciplesin the contextof building design.Informationsystemscan
be characterised as stator dynamicconcerningthe definition of classesn the model schema,
and concerning classification of model objects. An information system for routine dasigs
closedin both respects, whilan information system forinnovativedesign must be opéan
theserespects. Thé&8AS+«CAAD information system,presentedn this paper, is a dynamic
information system for desighuilt on a genericontologicalframework.The system supports
the definition of classesin different levels of universality, the classesmay originate from
different standards or the individual designer, and allows a free combinations of attributes.
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1. INTRODUCTION: BACKGROUND AND PROBLEMATICS

The developmenbf computerbasedinformation systems andnhformation networks meansa
revolution to information handling in theonstructionprocess It enablesa computerintegrated
construction process, where information is generated,used andcommunicatedbetween
different actors in planning, design, productioee andnaintenancef the built environment.
Among the prerequisites of a computer integrated construction process is that:
* information must bestructuredinto computerbasedmodelsin orderto enablecomputer
based analyses of the products and processes that are developed,
* the computer must be able to handle information of other objects than buildings, esgrthe
organisation, the site, the construction process, and the facility management process,
« information must be standardised in order to be consistent throughout the processes,
« information must be computer based already in the initial processes,
* it must be possible to use the computer as a design tool.

The questions othe structureof building productmodelsandthe communicationof building
productdatabetweendifferent actorsand computersystemshave beengiven much attention
within constructioninformation research, see.g. GARM (Gieling 1988), RATAS (Bj6rk
1989), andCOMBINE (Augenbroel995). Theissues ofstandardiseghroductrepresentations
to enable interoperabilitgmongcomputersystemsare on aninternationallevel handledby the
ISO STEPactivity (ISO 1994), andhe IAI, International Alliance for Interoperability (1Al
1997). These activities aparallelto the constructioninformation standardisatiomvork carried
out within ISO throughTC59/SC13/WGZ1SO 1997), andhationalconstructionclassification
agencies. Lately also the principles for structuring computer based user organisation information
have beendiscussed see.g. Eastmanand Siabiris (1995), Ekholm and Fridqvist(1996),
Mabher, Simoff and Mitchell (1997).

In spite of its apparensuccessthe main approacho productmodellinghasbeencriticisedto
leadto staticrepresentationthat are not suitablein a design situation, see.g. Eastmanand
Fereshetiar(1994), EastmanAssaland Jeng (1995)Galle (1995), Junge,Steinmannand
Beetz (1997), andLeeuwenand Wagter (1997). A generic keyword, in the references
mentionedhere, isthat an information system for design must suppafynamic schema



evolution, DSE. One way of formulating the criticisnthat the traditional approacho product
modelling is classcenteredand that it must beabandonedor an object centeredapproach
(GarrettandHakim 1994). The apparensimilarity of an object centeredapproachto product
modelling and the facettedapproachto classificationhas been pointed out by Ekholm and
Fridqgvist (1997).

In this paper we report a research into hovindormation system for design, supporting DSE,
would be conceived and implemented. In sectiove2discusghe characteristicof design and

how mental representations are developed. In section 3 we pitesprihciplesof information
systems and howthese are applied to problems of product modelling, and what the
consequences for a system for design would be. In section 4 the BAS*CAAD $ystesign

is presented. Finally in section 5 some conclusions and ideas for future research are presented.

2. DESIGN AND REPRESENTATIONS

Design

Designis a problemsolving processit is similar to solving botheverydaylife problemsand
scientific ones. A problem is a conceptual representation of an object or its statea odrtaan
understandings wanting,namelythe solutionto the problem. (Bunge 1983:271A problem
solution, also called hypothesis, describes the object or its state in a way that is satisfiagtory,
eventually enablesa test. The test may be theoretical, relating the solution to existing
knowledge, or empirical, involving an experiment or construction and test of an artefact.

Problem solving is a process of exploration, where hypotheses and tests are made alternately. In
the process, the properties of the hypothesidgectare determinedn anincrementaimanner.

The process of exploration in design is characterised by adding and removing attributes from the
conceptual representation of the designed artefact.

A design problem may be characterised as open or ctosexrningthe determiningfactorsof
the designedartefact, e.g. in building design suchfactors are environmentalimpact, user
requirementsand availabletechnology. Taa closedproblem,the determiningfactorsandtheir
combinationsarewell known, while to an openproblem neither the determiningfactors nor
their combinations are known, but must be explored or invented. @pblemsare also called
"wicked” (Rittel 1984).

Design can be categorised as routinenapvative.Routinedesign isa closedproblemsolving
process, it consists of selecting a prototype solution and determiniuagltiesof its attributes.
Innovative design is necessary when no such prototype sotaidoe applied, and new kinds
of things or new uses for known thinigaveto be created Building design is arexampleof
both routine andinnovativedesign,the latter especiallyduring early stages.The approachto
building productmodellingtoday, e.g. in CAD programs, does not suppanhovativedesign
and is best suited for the later stages of the design process.

Information systems are computer based systems that support the information hanodiass,
e.g. during problem solvingAn informationsystem for design must supptmne development
of design solutions. In ordéo put requirementson information systems for designit is
necessary to have a claarderstandindpoth of howmentalrepresentationare built, andhow
information systems can be organised.

Object, concept, property and class

Essentialto the descriptionof mental representationsre the constructs‘object’, ‘concept’,
‘property’ and ‘class’.



In a general philosophical sense odjectis definedas an entityconcreteor abstract, towards
which our attentionis directed (Webster's1995). The process ofdiscriminating between
objects, concrete or abstract, results in the formation of kindghe.gjass ofbuildingsor the
class of ideas (Bunge 1979:165). Frameuropsychologicgboint of view, a kind is a mental
construct, a brain process, or rathergguivalenceclass ofbrain processes (Bunge983:40).
From a philosophicalpoint of view the kind is a concept the basicthinking block (Bunge
1974:13).

The process offorming kinds is centralto problem solving. It consistsn distinguishing
similaritiesanddifferencesof objects, or rather, dheir properties. Thereforghe process of
forming kinds consists in conceptualising properéied attributing theseto the objects(Bunge
1983:165). The concept of a property is calldbute (ibid:165). The concept of kind, atass
can be defined using tlnceptof scope and propertyl.he scope ofa propertyis the set of
things possessing it (Bund®77:140).A classis a set of thingghat constitutethe scope of a
property (ibid:140).

The object-propertydichotomy is purely conceptual.Even though wecan conceptualisea

property, it has no separate existence from the objects thatheawe Itmay be arguedthat the

conceptof propertyis questionableandcould be regardedunnecessaryand that it would be

sufficient to statethat there are different kinds of objects.However, it is epistemologically
useful to conceptually separatethe object from its properties,e.g. during a process of
investigation we attribute properties to objects and try out our hypothesstingwhetherthe

objects have the property or not.

Predicates

Properties of objects are the basis for distinguishing classes, theckfesepncepts are distin-
guished bytheir attributes,representingthe objects’ properties. Clasgonceptsare usually
calledpredicategBunge 1974:15).

A predicateis afunction from individualsin a domainto statement$n arange, orvalue space
(ibid:15). For example, at a given momentiofe eachpiecein a gameof chess haa specific
position on the board. Chessboarpositionis a property of each of the chess piecesThe
predicate’chessboargosition”, P, isa function that relatesevery individual in the domain,
consistingof chessboard, B, and pieces, t6,a statemenin the range, V, of chessboard
positionvalues.The possiblestatementgonstitutethe value space, ofthe predicatefunction,
P:CxB- V. The range of chessboard position statements, V, equals the 64 possible positions.

The association from eonstructto an objectof any kind iscalledreferenc Bunge1974:34).
Similarly the associatiofrom a constructto the propertiesof anobjectis calledrepresentation
(Bunge 1974:89). For example, the predicate "perseférsto persons.Somepredicatenly
refer, e.g. "person”, while other predicatesalso represent.g. the predicate”smiling” both
refers to persons, and represents a property of a person.

A predicate may be composed of other predicates. The darhtie composedredicateis the
intersectionof the domainsof the constituentpredicatesFor examplethe predicate”yellow
song finch” is composed of th@redicatesyellow”, "song” and "finch”. Every memberof the
resulting domain has yellow colour, ability to sing, and finch characteristics.

In orderto separatebetweenthe predicatefunction and the constituentpredicates,we have
found it practicalto usethe term predicatewhen wemeanthe predicatefunction, andthe term
attributewhen werefer to the constituents. Foexample”yellow songfinch” is the predicate
while "yellow”, "song” and "finch” are the attributes in the predicate.



Mental representationsef specificinterestto the developmenbf informationsystemsare class
concepts. A generic class concept, or predicate, P pmdgfinedasa set ofattributesA such
that P={A,.. A}. The attributes constitute the definition of the predicate.

Individual and class concepts

It is usefulto distinguishbetweenindividual concepts, and clasoncepts(Bunge 1974:15).
Individual concepts refer to identified individual objects, &3j.Paul’s cathedral’refersto the
individual St Paul’s cathedral. Class concepts also refer to individual oltjatts,unspecified
individuals in a collection of similar kind, e.g. the class concept”cathedral” refersto all

cathedrals. The class concept is also calledi\aersal concepsgince the propertthat is referred
to by the conceptis universal to the referencedobjects. The individual conceptcan be
understood as a class with only one member, such a class is called a singleton class.

Whethera class, withreferenceto a certain collection of objects, isa singletonclass or a
universal class, depends the conceptuatontext.A conceptuatontextconsists ofa domain

of objects,predicatecharacterisinghe objectsin the domain, andstatementselating objects

and predicates (Bunge 1974:57). For example if we want to identify a certain individual member
of a domain of persons, the individw@nstructmay be eithera predicatee.g. "smiling”, or a
statementg.g. ‘the smiling person’. The predicate”smiling” may be universalconceptin a
context where every person in the domigismiling, and arndividual conceptif thereis only

one smiling person.

3. INFORMATION SYSTEMS FOR DESIGN

Information systems

An information system is a computer based system which makes it possible tmstieve
information of relevance to the information needs of a (Bemanet al 1993:7). It consists of
a conceptuaschema, amformation base and amformation processor (ISO 1985:15Yhe
conceptualschemais a framework of classesthat refer to the domain of discourse.The
information base consists of predicate statements describing the steelass membersihe
information processorenablesthe userto query andupdatethe conceptualschemaand the
information base. A conceptual model ah@mberof the domainof discourse, consists tte
conceptual schema and the information base (Boman et al 1993:60).

Conceptually the datain the informationbase(the instancesn an object-orientedsystem)are
subclasses of classes the conceptualschema, andire singleton classesin the modelling
context. In a traditional implementation the classes of the conceptual safendirectly to the
objects in the domain of discourge specificmodelof anobjectis achievedthroughselecting
an appropriate class in the scheamal determiningthe valuesof the attributesthat describethe
object.

Dynamic and static information systems

In the BAS*CAAD project, we have found that information systearsbe characteriseds dy-
namic or static concerning the possibility for the user to 1) define new class condbptsan-
ceptualschema, and 2klassify model instances.These two characteristicsare mutually
independent, see Figure 1.
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Figure 1: Dynamic and static information systems

definition of conceptual classes

The four kinds in Figure 1 are:

A  Staticsystemsthe user isrestrictedto a predefinedset ofmodellingclasses, andnhodel
objects have to retain their classification once instantiated into the model.

B  Dynamic classification: the uses restrictedto a predefinedset ofmodelling classesput
can reclassify model objects between these classes during modelling.

C Dynamicschemasthe usercancreatenew classes, butannotreclassifymodel objects
during modelling.

D  Fully dynamicsystemsthe user isfree to createnew classes antb reclassify model
objects between all classes, predefined and new, during modelling.

The literature on information systems (see the previous sedisg}ibesystemshat belongto
category A, but the terminology and theory can be used for all kinds of system in Figure 1.

A static or closed classification is often suitable for a routine design process, which presupposes
a high degreeof detailedknowledgeaboutthe domainof discoursehoweverit is notsuitable

for a more search-likeinnovative designprocess.The problemswith the static systems of
categoryA in design hadeenaddressed bgeveralauthors, ageferredto in part 1 of this

paper.

An example of a static design system is the sy$terhandlinginformation aboutmulti-variant
heat-exchangers to ised by salepersonswhich appearsn a paperby Hedinet al (1998).
However, the core of that paper describes a generator of such systems. While both the generator
and the generated system are of category A, the combination is of category C.

An approach to dynamic modelling

Through developing a meta-schema that defarelrelatesclasseghat only indirectly andin a
genericway refer to the domainof discourse,it is possibleto createa dynamic modelling
system.Instancesof thesemeta-classeare used forthe developmentf a model schemathat
describes and directly refer to the members of the domain of discourse.

The domainof implementecclasses isorthogonalto (independenbf) the domain of runtime
data or instances (Figure 2). The user of an information system has @dgdassthe latter; the
former is availableto the systemdeveloperonly. In the static approach,the model schema
resides in the domain of implemented classes, and thus is not open for user manijulgteon.
BAS<CAAD system, we haveadepossible bothldynamicclassificationof designobjectsand
dynamic definition of classes by'sliding down’ the model schemafrom the domain of
implemented classes to entirely reside in the domain of instances.

The traditional static or hardcodedapproachis notin every respectinferior to the dynamic
approach; one of its advantages is that it is easier to ensure consistency in a fixed class structure.
Dynamic systems, such as the BAS*CAAD system, have to implement mechanisms for dynamic
consistency checking. Also, since in the static approach a definitedassés ismplemented,

only operations for managing these classes are needed . In contrast, a dynamic system must
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Figure 2: The modetchemass ‘slided down’ into the domainof instancesArrows symbolise
superclass-subclass relationships; arcs symbolise instantiation

provide operations on a generic level, which much more complextask. The staticapproach
is especiallyfit in situationswherethe modelling contextis very specificand beforehandwell
known, such as creating information systems for routine design.

4. THE BAS<CAAD INFORMATION SYSTEM FOR DESIGN

Basic considerations

The BAS*CAAD information system is based othe requirementthat it must be able to
represent the concrete world with all its characteristics adlgerento the principlesof human
cognition. Thereforeit is structuredso that it is possibleto handleinformation aboutthings
separate from their properties and relations.

The basicclassconceptsof BAS*CAAD are most genericThe reason for this ighat every
design tasknvolvesgenericdesign operationdike generalisingandspecialising,aggregating
and decomposing, anadding and removing attributes (Fridgvist andEkholm 1996). The
problemsconcerningtheseissues must be solved the most genericlevel in order that they
shall be applicable to many different practical situations.

Ontological background

Conceptual structure of the BAS*CAAD-system

The BAS*CAAD information system has implemented a conceptual framework, bzetad on
a generic property theory including tegstems concepl.he basicconceptsof this framework
are ThingClass, Attribute and Relation. ThingClassesefer to concretesystems,Attributes
represent intrinsic properties of concrete systemsRafationsrepresentelationsbetween, or
mutual propertiesof, systems.This sectiondefinesthe basicconceptof system angbroperty
that are implemented as part of the BAS*CAAD conceptual schema.

Property
Objectsare characterisedy their properties;for examplea thing is a concreteobject with
substantial or real properties,while a mental constructis an abstractobject with formal



properties(Bunge 1977).Substantialpropertiescan be divided into factual and phenomenal
(alsocalledexperiential).Factual propertiesexist independentlyf aninterpretingmind, while
phenomenagproperties depend on an interpretatiBhenomenagpropertiescanbe moreor less
objective orsubjectivethat is they can be more respectively less correlated to factual properties.

Whetheror not wecanhavea knowledgeof the concreteworld as it is, independenbf our
interpretationof it, is a classicphilosophicalquestion.The authors’ perspectives that it is
possibleto achievean objective understanding. Furthemt is necessaryfor an information
system for design oértefactsthat are to be experiencedoy man, that it can accountfor
phenomenal properties.

Factual properties are either intrinsic or mutualimtnnsic property is inherent of amdividual
thing e.g. mass, colour, anditility, aswell as spatiotemporaintrinsic propertiese.g. shape,
length, and duration. Suchpropertycanbe representedby a unaryattribute,which involves
only one memberof the domain. A mutual, or relational, property depends ora relation
between things, e.g. connectedto, driving, sitting-on, andpointing-at, as well as
spatiotemporal properties like longer-than, to-the-left-of, during, and b&areitual property
is representedby a multinary attribute.Generallythe distinction betweenintrinsic and mutual
propertiesdepends orthe demarcationbetweenthe system and itenvironment;a mutual
property may be construed as an intrinsic property of a larger system.

In the BASsCAAD system, intrinsic propertiesare representedy the Attribute class, and
mutual properties are represented by the Relation class.

System

To apply theidea of system isto understandan object as a whole composedof interrelated
parts.A concretesystemis a complexthing with bondingrelationsamongits parts (Bunge
1979). Bonding relations, e.g. functions, affect the states of the related things. A
comprehensivalescriptionof a system’spropertiesincludesits composition,environment,
structure, laws and historyThe compositionis the set of the parts of the system;the
environmenis the set of thingghatinteractwith the system,without being part of it; andthe
structureis the set ofinternalandexternalrelations.A system’slaws are relationsamongits
properties;the system’sstateis its propertiesat a given momentof time; and the system’s
historyis comprised of all the former states of the system.

An aggregateis a collectionof things where only non-bondinglationsare consideredNon-
bonding relationsdo not affect the statesof the related things; examplesof non-bonding
relationsare spatial relationslike position or shape.Phenomenapropertiesare mutual non-
bonding relations between a thing and an interpreting mind (Bunge 1977). Abstract systems
composed of mental constructs, but may represent concrete systems.

In the BAS*CAAD system, thingse.g. car, pencil, tree, and buildingrerepresentedyy the
ThingClass class.

Aspectual views

To adopta view, or aspect, o thing is to observea specific set of propertiesOf specific
interest todesignare the functional,and compositionaliews. A functionalview focuses on a
thing’s bonding relations to the environment and on parts that contribiliettong’s function.
A compositionalview of a thing identifies the compositionalparts from whichthe thing is
assembledA spatialview focuses orspatialproperties Examplesof otheraspecton a thing
are colour and texture.



A functional view gives noclearindicationof the compositionalparts ofthe system,sincethe
samecompositionalpart can have many different propertiesand can be part of many different
functional systems Spatialrelationsmay be consideredn both compositionaland functional
views, but they may also be regarded per se, as a separate view on the system.

Implementation of the BAS*CAAD system

Introduction

The BAS*CAAD system has a meta-schema or basic concé@oswork, based oa generic
property theory including the systems conceptThe meta-schemaclassesare presently
implementedas object-orientectlassesn Smalltalk (Figure 3). The BAS*CAAD system has a
set of class conceptshingClassRelation andAttribute

The abstractclassBAS_CAAD_objectimplementsbasic maintenancemethods, andlefines
generalinstancevariablessuch as ‘name’, anthe classificationschema, or librarythat the
instancebelongs to.The ValueSpacabjectimplementsthe conceptvalue space.Membersof
the class ValueSpace are sets of statements or data describing the possibletistatesnabers
of ThingClass.

(ABS) name
BAS_CAAD_object Q STRING I

1

generic generic genericS[0:?]
(INV) specificS[0:?] (INV) specific S[0:?] (INV) specificS[0:?]

(DER) external_structure S[0:?]

Attribut . é) fromRelation J
ribute Relation toRelation o ThingClass o (DER) environment S[0:?] |
l resultThing O (DER) composition S[0:?] |
(INV) internal_structure S[0:?] o
L _ enabling thing "0
value space other_attributes S[0:?]

(INV) defines

Figure 3: The BAS*CAAD implementation

Thing class and Relation

The ThingClass implements the concept of system, but througbrissructionit canalsorefer
to atomic things and aggregate$hingClassis defined as a 6-tuple of sets ofattributes,
T=(Tg Te, Ry, Te, Re, Ay), Where

» Tsis the set of generic or superclass attributes.

» T.is the set of composition attributes.

* R, isthe set of internal relations.

» Tcis the set of environment attributes.

* Rgis the set of external relations.

« Ayis the set of unary attributes which represent intrinsic properties of systems.

Any, but not all, ofthe four setsT, T, Tg, Ay, maybeempty;i.e. anatomic thing has an
empty T.. The four sets correspondio the attributes generic, internal_structure,
external_structure, and other_attributes of the entity ThingClass in Figure 3.



An internal relation is a quadruple of attributes=Rq, T,, Tg, T) such that RO R;; and T, U
To; and T O T, q is the quality or kind of relation, i.e. the mutual property of the related things

An external relation is a quadruple of attributes=Rq, T, T, Tg) such thaR, O R;; T O Tg;
the composition of Jincludes T and. &

The attributesT,, Tg, T of internal relation correspondto fromRelation, toRelation, and
resultThing, respectivehgf the entity Relationin Figure 3. The similar correspondenckolds
for T, Tg, T of external relation.

Additionally, the definitions of Relationabovemay needa mediatingthing attribute T,, to aid
top-down modelling, where the particularities of the model are pushed fofovatldcisionat a
later time. A relationwhich, at a superficiallevel, seemso only involve two things,may at a
closer examinationbe mediatedby a third thing. An exampleis the ‘connected-to’relation
between a tabletop and a table leg. Thilationis often mediatedby a third thing, e.g. a patch
of glue or a screw.

Attribute

The object-orientectlassAttribute implementsthe attributeconcept.The instancesof Attribute
represent intrinsic properties of things in the domain of discourse. The memtier&tifibute
classare unary attributes they involve only onememberof the domain of discourse.These
unary attributeshavea value spacethat consists ofstatementor data describingthe possible
states of the members of ThingClass welhardto the attribute. The conceptof value spaceis
implementedby the object-orientedclass ValueSpace Membersof ValueSpaceare sets of
statements or data describing the possible states of the members of ThingClass.

The statementspr data,in ValueSpacanay bein any form, availableto computersthat can
servethe purpose ofdescribinga property of a thing. Currently, BAS*CAAD implements
textual descriptionsand magnitudesthe latter being pairs of a numerical value and a
measurementinit. For the future, weenvision other kinds of datasuch as2D graphs, 3D
solids, digitised pictures, videos and sound etc.

Universal and singleton classes in BAS*CAAD

Within a specific modelling context,a universalclass haseveralmembersin the universeof
discourse, whereas a singletdass has only onidentified member, separtx.x. To createa
singleton class in the BAS*CAAD system amounts to instantiating a ThingClass, creafieg a
rence to a universal class, and finally addutigbutesthat uniquelyidentify the single member
of the singleton class.

An alternativeformal definition of ThingClassis the union ofthe sets ofattributesmentioned
above: T=To O T-OR O TcO R OA,.

A universal class Jis defined as:
Ty = {Ay.- Ayl where Aj;.. Ay, are the attributes of T

A singleton class J, subclass of J, is defined as:
Ts={Au Asy- Ag s Where A, are the attributes of T and A;;.. A, are specific to &

Let's assumehatwe havea library of useful building componentsge.g. walls, and wanto
include a specific wall from the library into the model. The libraa}l is a universalclass, and
has the following definition:
Twar-u = {Au Ay Aus Aust, Where Ay is ‘generalwall shape’, Ay, is ‘visually
enclosing’, Aj; is ‘audibly enclosing’ and 4y is ‘enclosing to human motion’.



To includethe wall into our modelwe createa singletonclass forthe desiredwall, with the
singletonclassbeing a subclass othe universalwall. The singleton class might have this
definition:
Twails = {Awalt-us Asy Asyt, where Ay, .y IS a referenceto Ty, .y, thereby
attributingall propertiesof a generalwall to the insertedwall. The attribute Ag,, ‘wall-
shape withdefinedsize’, isa specialisatiorof the attributeset of T, .- The attribute
Ag,, ‘position in building’, is an extension of the attribute set\f T, .

The attribute that determineghat a class isa singletonclass depends otine context. Inthe

example above, a reasonable definition would be that no two objects can occupy the same space;
thusthe two attributesA,; and A, would togetherconstitutethe singletonclassin this case.

Another solution is to use individual littera as singleton attributes.

Aspect classes

Universalclassesanrepresentifferent aspectualiews onthe membersf the domain. The
designmodel may consist ofseveraluniversal classesdescribingthe same memberof the
universe of discourse.

Let’s define two aspectual classeg,and T, as:
Tan = {Aa, Ax  Axl, where A, are the attributes of T,.
T = {Ag1, Aga Agsl, Where Ag; are the attributes ofgT

The designed class,Tsubclass of Jand T, isdefined as:
To = {A a1, Aszs Anss Ag1 Agy Ags), Where A, and A, arethe attributesinheritedfrom
T, and .

Aspectualviews can be createdby selectingonly the attributesinherited from super classes
through view functionsTheview onT in aspectA is afunctionV suchthat V(T)=A. In the
example above, the aspect A aralis a view \ such that:
V(T = {A a1, Axs, Ans}, Wherethe set isthe value of the view function of aspectA.
The attributes Ay, Aa,, Ans are the aspect A ofT

Libraries

The BAS*CAAD schemais designedwith the aim that classlibraries in different levels of
universalityshould beprovidedby differentbodies, such as ISO amdtional standardisation
agencies, and even individual organisations describing their resources, activities and results.

A library, in the context of the BAS*CAAD information system, isomputerfile composecdf
instancef ThingClass,Relation and Attribute. Classesin more specific libraries specialise
generalclasses ofiniversallibraries. The examplein Figure 4 shows howhing classes and
relationsare specialisedhroughthreelevels. The exampleis not completesince it is only
intended as an illustration. However, it shows how the classes in the hi¢eathty’ — ‘TV-
watching’'—‘Mike watchingTV’ arespecialisedvith respecto composition.The composition
of a thing class is inherited into its subclasses, but ifigee, onlythatwhich is specificto a
class is shown. Thus, the composition of the activity ‘TV-watchimgperson’ (inheritedfrom
activity) and ‘TV-set’ (specific). Similarlythe compositionof the activity ‘Mike watchingTV’
is ‘Mike’ (specific) and'TV-set’ (inheritedfrom ‘TV-watching’). The specific mechanismgor
how to implementlibraries as computerfiles is anareaof future work in the BASsCAAD
project; currently only one schema is possible, which has to reside in memory.



universal schema composition [ thing class: relates_from | relation: relates_to thing class:

(library defined) | activity uses-space O space

thing class: thing class:
person equipment
universal schema . Q Q
(user defined) composition | thing class: o relates_from | relation: relates_to o| thing class:
watching TV watching TV living room
o) in living room
thing class:
TV-set
" Q Q
specific schema . - - "
(user defined) composition thing class: OM re_latlon: ) relatL_too th!ng. clgslsA
Mike watching TV Mike watching TV Mike's living room
o) in his living room
thing class:
Mike

Figure 4. An EXPRESS diagram of three levels of class libraries

Application of BAS*CAAD to a typical building design problem

Implementation of a schema for spatial layout planning.

The thing classes ithe diagrambelow are activity, space elementwork result, andlesigned
element. They are defined in ISO CD 12006-2 (ISO 1997). The diagram illustrates two main co-
ordination situations in building design, the ficeincernghe relation activity-building, andthe
second concerns the relation building element-work result. Both must be supported dygra tool
building design.

The EXPRESS diagram below shows how spatial layout planning relates activities viaspaces
building elements(Figure 5). It also showshe integration of functional and compositional
aspectsn the design ofbuilding parts, througltombinationof the classeselementand work
result into the class designed element.

relates_from relation: relates_to
J)i uses-space ﬁ_)
thing class: thing class: | composition S[0 : 7]
activity space
(Linternal_structure S[0:7]
relates_to -
relation: relates from Q thing class: thing class:
adjacent_to - Q| element work result
| 1 L |
thing class:
designed
element

Figure 5: EXPRESS diagram for spatial layout planning and integration of aspects in design.

Classification of model objects

In the BAS*CAAD system,model objectsare representedy singleton classes.Since it is
possible forthe userto define and redefinethe classes’attribute sets, the user isallowed to
attribute properties to the model object and to reclassify them as appropriate.



Reclassification of model objects

Reclassificatiorof modelobjectsis performedthroughredefiningattribute sets. Let's assume
two universal classes Bnd T, defined as:

A model object is the sole member of the singleton clgssfiich is defined as:
Ts={ Ay Ay Aol Where Ay is an attribute indicating the model object.

Since the attribute set of s a subset of thatf Tg, we concludethat Ty is a superclasso Tg
or, in other words, that the model object is classifiedas T

By exchanging the attribute,Avith A, in the definition of T, we will get:
Ts={Ay, Ay, Ao}, by which we will have reclassified the model object to T

CONCLUSIONS

We have presenteda set of basic conceptsfor product modelling and design. Usinghese
concepts, we havehowna way to createan information systemthat enablests userto create
multi-aspectualmodels,to utilise predefinedmodelling object classesto define new classes

when needed, and to reclassify model objects; all being necessary requirements on a information
system for design.

Directions for the future

The future of the BAS*CAAD project involves further theoreticalstudies aswell as practical
applicationsandmorework onthe prototypemodellingsystem.We will developfurther the
theoryof design on whiclthe BAS*CAAD system residesNe will alsodefine a schemafor
user activities and userorganisationsn the termsof the conceptsThingClass,Relationand
Attribute. Further, wewill complete the definition of a graphical notation suitable for
representinghe conceptsThingClass, Relation and Attribute. We may also need a formal
language for lexical definition of schemas.

The current implementation of the prototype modelling system needs to be completed and tested.
To enablemanagingcomplexschemas, weeeda graphicalinterfaceto the class database,

using the graphical notation mentionedabove. Additionally, we may needa compiler for
transformingdefinitions expressedn a formal languageinto datastructures. Fotestingthe
modelling system imealisticdesignconditionswe needto implementvalue spaces fo2D and

3D geometrical data.
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