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Abstra ct: A design prob lem cannot be c omprehensively stated ht'C8U SP the design
problem has, a mu ltidisciplinary natu re a nd the design prohlr-m itself evolves a s
solu t ions are attempted by the designer. This J>8fX>r proposes It prototype architectural
design environment , which aaims to integra te variou s u npplicatmn for designmg a
building. Within a n object-orte ntod design environment. II unified data model nnd a
da te management system have been implemented til seam lessly connect nil
application .

'I'hc su ggested un Ified data model organises the s t ructurr- of tho desum ILtW

to keep the design consisten t throu ghout the design nnd construction proce ss . By
means of t he unifi ed da ta model , integra ted CAAD syste ms could reoprcsont a nd
exchange design information at a se man t ic level, i.e. the user 's WilY of think ing, such
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as exchanging components and features of a building rather than graphical primit ives.
In consequence , the unified data model reduces the misunderstandings and
com mu nicat ion problems among the multiple disciplines of archi tectural design .

The suggested data management h:yslem su pports the consistent and st raight
forward mechanisms for controlling the data represe ntation through the inter
con nected modules. It is responsible for creat ing, maintaining, and vie wing a
consistent database of the design description . It also helps to pe rform effect ive data
commu nicat ion among the various design stages to ensu re quality and t ime saving in
the final const ructio n nf the building.

Keywords: P rod uct model, Unified data represen ta tion. Object-oriented design sys te m. Com puter
aided aeehitectural desil."n (CAADI.

1. INTRODUCTION

Even in t he future the quality of the design process will he influenced by both the
designer's abili ties and the design tools he or she has chosen Whereas the crea t ion of
design ideas and t he judgement of design solut ion shou ld be left to the human, the
computer cou ld provide significant su pport by its capability to store , maaintain, and
evaluate highly co mplex and integrated design data.

Traditional CMD environments are not much concerned with providing easy
access t tl design data t rough unified data descr iption and standardised data exchange
formats. In tha t case, misunderstanding and insufficient coopperat ion among different
disciplines can result . An appropriate environment, however, has to ensure effective
data commu nicat ion among the various design stages and design actors , which
requires a way to accommodate the mult iple views of the discipline [8J. Thus, an
integrated design e nvironment enables various building design tools to crea te com plex
project data over the life-cycle of a design artifact and to appraaise its performance,
according to several criteria, using the same basic set of project data. The design team
would now be able to efficiently cooperate and to easly predict the performance of
buildings in orde r to im prove the quality of the design.

The au t hors suggest a n object-oriented design environmen t following the
product modelling approach . The implemented system, lD 'EST I, comprises a unified
data model to provide se mantically meaningfu l description of buildings, a se t of data
control modules to seamlessly con nect building design tools, and a set of computer
based design tools . The paper fur ther deals with product modelling and refers to the
emerging in ternational s tandard for data exchange andd dataa definition - STEP [5].

I m ·EST is an acronym fo r l ntegrs tl"d Design Environment using Ste p methodology.
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2. INTEGRATED DESIGN ENVIHONMENT

2.1. ShortcomingHof C urren t CAn SyKtem

Cu rrent CAD system han ' inherent shortcom ings , whish diminish pussi},I,.
achievements for architectural pracmes. Fust. alm..sl all conve nt ional CAD systems
rely on a pure geometr ic data model . All non-geometric informenon ahou t objects IIf
architectural interest have to he attached to these eeome mc e ntities . Th is res tricts
the a b ility tu dc slTibe serna nt .ically dependent r elat.ionahip. Secon d , rho datu e xch n ng('
rema ins restrtctod. s ince it is based 0 11 II fai rly low seman t ic level of II document-based
exchange of information ssu ch us geometric representauon in DXF ur IGBS , ru ther
than on a high seman t ic level of a model -based exchange. In consequence , the
integration uf differout dL~sih'll tools fur building and co nst ruct ion is st ill very luuned
Thus. the different informa tion about the same buildmg uhj(oct , such as a wall, te.>.g.•
drawing symbols in CAAU sys te ms. cost calculat ions in spreadsheet pruh-rams. tender
documents in word pprocessors. and results of e umpliance checks in sun u la t ion tuells )
can not be exchanged between the different design tools. CAD systems fail to play tb«
integration ru le du e to the <fefid t·neil·s of t heir u nderlying datllhase.

2.2. Hestc Structure of Inegeeted I>cHign Io; nvi r o n me n t

The organisation IIf Integrated Design Environment (IDE I IS inherently co mplex
because of many arbitrary details tha t mu st be precisely right fur the sys te m to he
correct. ID E must be pu rt.ition ed into sma ller . more Jnanllgl'lIhle pieces in order to he
maintainable . Therefore, The modular s t ructu re is an essent ial requirement fur th('
suggested design env ironment . This structu re is based on the deco mposinon criter ion
know"11 as information hiding, which allo.....s system details that 8J'e likely to cha nge
independently to be the secrets of separate modules.

IDE consists of a data management system and a set of computer-based deSign
and assessment tools [11) tSeo F tgure I ); The da ta management system organises tho
st ructu re of the des ign data to keep the design cnnsisent, a nd forms the Irumework in
which various too ls can be buil t . Accordingly. it has to depend 0 11 a unified data lIl(J(Il'1.
The computer based design tools assist designers in creating and evaluating t he design
a rtifact and validates its correctness. T hese tools are treated as task-rotated ed ito rs uf
the unified data model. They receive aall relevant data from the unified data model.
lIlap these data i.nto their own separate data s t ructu re, and send the modified data
back to the model, in orde r to keep consistency amon~ themselves (2). Only very
private d ata, which are unlikely to be used by other modules. nrc permanently s tort'Cl
within individu al databases of the dN;iJ.,"'1 tools . A complete deflninun of an 1lJ~ is
beyo nd the scope of this paper . All furt her inves t iga t ions ere directed towa rd s the datn
management mod u les , as one of the main parts of the proposed e nviro nment.
Moreover, product modelling, as a prerequ isite for the data management core, is take n
into special consideranon.
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Figure I : Integrated Design Environment

2.3. Product Modelling

Product modelling shou ld be conside red a s a process leading to an
information model, which provides an abstract description of fact s, concepts, or
instructions abou t a product or a set products {I B]. This kind of data model, specifying
the categories of information abou t an artifact during its com plete life-cycle, is
com monly known as a Product Model [PM}.

The basic concept used in PM to describe objects of interes t is the en t ity
within a hierarchy of sub/su pe r rela tionships. T he ent ity is specified in terms of its
attr ibutes, relationships and contraints. Thus, PM incorporates some charac te r istics
of the well-known object-oriented techni ques, such as data encapsu lation and
inheritance. Fu rthermore, the PM methodology draws a clear distinction between the
conceptual level and the instantiat ion level. PM specifies the st ructu re of information
in schem ata with no regard to any for mat in wh ich the information is la ter store d , In
order to unveil the inherent structu re of object data, modelling tools (e.g., the
gr aphical schema defini tion langu ges NlAM [21] or EXPRESS-G and the textual data
definit ion language to form uniform expressions about design objects.
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2.:U. STEP

The derecrnm of research in PM is directly influenced by the in turuauonal s tandnrd
STEP. The primary lUlIl of the ISO 10:103 standa rd is the SPI'c ifiw t itl ll of 1I form for
the unamburous reprcsr-ntut. ion a nd exchange ef compu tor- intcrprcteblo ! l rl lducl

infur ma tnm throughout till' life IIf II product. Withm t ilt' ind ustry- wide Ofg'll lllsllt illll

STEP, the AE C Subgroup is plunlllllg' tn define 1\ M' TWS IIf a Jlph t:atl llll protllculs a nd
applicat ion integrated resources for standardized du ta description . wh ich WIll a l.-,,(I
compr ise the domains of architecture and civi l e nmncen ng.

Apart from t hat , a number of other research projects h igh ly rela te to ST EP.
such as GAR.\1 (9]. AEe Building Sys tem Mnd('1 (22), RATAS (3]. a nd t he ougemg
wurks in European projects COM HlNE (2) and COMB I (1).

2.a.2. Product Modcllin~ns It Process

Further in this paper the au thors refe r to product 1ll<)(!t·llmg: mainly as a dl'\'l'lupmg
proce ss includin g: t he three phases uf analysis , d(·si!.'l1 . and m plementation [S<'{'

Fi~re 2 l:

• Anatvsss: the crcenen (If a conceptual model on a h lg-h level of ahstmct loJn
[t his task partly remains to be the responsibility »f arch itects lind
engineers. who are holders uf all relevant know!l'(Ig:l' ).
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Figure 2: IVEl" 0 Diagram of Products Modelling Iln H:l'SS
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• Design : t he completion of as aconceptual model, i.e., the derivation of a
neutral data specificat ion form,

• Implementation: the ge ne rat ion of an implementation form. which
Integrates and controls the des ign data ac ross multiple representation of
design in different design tools .

During- the first phase of analysis within the lO 'EST, the PM was divided in to
two main layers. each consist ing of several sch ema ta 2 (See Figure ::I I:

• the layer of build ing a nd const ruction comprises the schemata building.
proj ect and building-system ,

• the layer of specific building systems comprises the schemata enclosu re
system and spa tial-system.
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Figure :1: Schema level mod el of lO 'EST

All shemata ma ke use of in tegrated resources following the ST EP
methodology . There-fore II su bset of the generic resources for topology. geometry . and
geometric-model [17] has been defined as applicat ion integrated resources. T he
development of the PM has been carried out ussmg EXPRESS·G.

The partial model of space . within t he schema spatial-system . is usedd to
explain the definit ion of a data ent ity for an architectu ral object (See Figure 4 1. T he
following explana t ion is gtven by a pru ned na tural language to express the
relationships within the model:

:l In addit ion th..rf' IS o n ..n an AF.C cor.. mod..l laye r, as t h.. common int ..gration If'v..1 for process
plants. offshorE', ship building and const ruction. as well as a laye r for each speci fic AEC secto r [41
In th is paper, however, these two uppermost layer s are out of scope. IwcIHISf' IO'EST only deals
erchuecr 's view 00 bu ilding and cons t ruction, which agai n is res t r icted to space and enclosure.
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A space is delincd usit lun Ihe hlt'rarchyol spaces, A space bd on;:s /0 exactlv
one /700,. space and con be Ifl/·ll/tled In one-to-many [loor spaces. A space
is bouruiod h" (If leas t one space bounda ry, uh icn IS eit her 0 physl/:al space
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Figure 4: Partin! Entity Model of Space 111 EXI'HESS·('

bound ary or a oirtuat space boudary, A space m ight b econnected by a phySI 
cal space con nectJOn_ Fu rther, a space has zero-Io-many space reorentauon s
and zero-to-many space betuunours, A space ml~ht be odjcnced 10 zero- to
man)' other spaces.

During the seco nds phase t he tina! d p SI /.,'11 of t ho mode-l rs accomplished
Therefore mnre detailed specifica t ions, such as cont ra ints. Iunctiuns. and ru les. are
added to the model. Therefore. the graphical nota t ion has tu Ill' ma pped into a textual
form, BXPR~SS offers t he functionali ty to include these specifications. although there
are still ssome restrictions. In particular, EXPRESS doe s no t su pport t he definition of
t he behavioral aspects of objects. and III this sense It docs nut provide a ll features uf
the objecr-cricntcd parudigru . In our case. the cont ra mts art' described hv wh ere
clauses. con taing the additional spocificauo n for the en ti ty :;pace .1 •

3 T h.. clause wrl s t ipulates. that t he fir st non r space WIthin tht' st't of Iloo r spaces within wh ich a
space is included , shou ld ht' the same Ooor spare as t he Ilooe space to wh ich a space bebmgs Th..

clause wr2 strpuiares , that ('ll ht'r there IS at least one virtual boundary among t he Sf'{ of span>
bou ndaries wh ich hound a space, or Iht' space is connec ted byal I..ast one physu-al spare cnnnectmn
tPhys ica l space connect inns a re proviriPd by opemnga for door-s or WIndows).



I NIII V ~p,,, ,,

SIIU I VIOl : III l,or t II II,; 1 , 11 _ ~p.'l I,; I:
t",I '~I Il N_I " ; II,.. ~ Nll.Ill::
IIll lu' k. l_lll : SI I 11 :'/ 1' 11 1" .. ..._~p, I I,; C :

"'"IlI.k, IJ'y : SI . I ( 1:'/) ' II "P,ll " _"',ud,,ry:
1,;' .. IW" 11,;,,1 hy ; III" I IlINI\I . SI , I I O:'!J l ll "1'.IU·_" " llIn I I' 'II:
,,,II IH' IlI_I" ; 1II' I IlINI\ I , SI ~ I 10:'11 III "P,ll C:
11" "_[1'1' : 111'1 /l INI\ I . S I ~ I' 111;'/ ) (II "P,IU '_f t prI,;N:
II.... : 111'11l INI\ l , SI : I 111;'1) ' 'I "r.IU· hl:ll.,v l" ur:

WIII ,I( I.
WI( I : SI J I ,1111,; III.kd _11I r 11 . :-> 1-.1.1 ,hd , '1IIlN_lll:
WI( _2; (:->1 /1 :I II-(C) II IJ<V lnlll' <.. SIJ F h"ulld", l _hy 1'1VI'I J 1I ' l h:lllpJ

'SI'A I II\ I . SVSTI.M .v m l'll l\ l. :-> 1'1\1'); Ill 'l JNIII\I< V ' , 'II(- --
(1,1HNI ILX (:->1'I .I',w lIl·t t:l,',I _hy >- I J:

I Nil INlIlY:

I ttl ri Il l: l.lll' I III rd phil"" "f II 11 1'1, '111"11 till III II t h,' EX l'It I':SS li,' f lil t i"" III II IIIpp' '1\
1Il1.. lilly "l'l'ht'lItltlll forrm re. I:" C + + d llll" " II. fnllll ' ·." lrll t'tll l"l' II. tl r DBM S). 1\ vnru-ty
"I I':X I'UJo:SS ,, 1"111'..1..... 111: I"tl la I :lal ilu\'. ' IH'I'II t1, ·v"I" IH·t1 t" fllt'lhll t" t.lu- 1-:t'1lt'l"lI t l" ll H I'

1Il ~lllll t lal i" l1 m"d..l lI, whi"h t'HiIll I" , IHlpnl"I" 11 with 1"1·,.1 wu rld . 111111 , Th" pr"l'l ' i'I"lII l-:

1" ,, 111, d, 'vl'l"I,, ·,llIt N IST 1 fil WI'I"I' u .....d cl ur lll J.: lh,' d..v" I"pllll 'llt Jlrucl' lIl1 ..f II I 'EST
" hh"ug:h t h l' J.:'· llPwl l<l1l pn ll" 'lIl1 tlug:ht tn I,,· lit rnig:h t f"rwilnl , 11,,1 1111 ti l' ti ll' EX I'UESS
" VIItJll ill I'rt ' 11<'1'tly I r UIlSIllt,·d 1"0r IlI llt lll l{" ' . 1Ill' l'l'" St rll lil t 1111' I rub- .1,·1i Illti" UII II rl' IIl1 t

"" IIII" ,r l " . 1

TIlt' dn tu 1l1l1l 1l1J.:"Ill' ·lI t IlYllt l ' lII h ns t tl cont rol 1I 11 t1 lIIt "rl'rt' t t ill' l~tl lI"dl"lI Ill'
dntu lIl i'ltu lIl"'1I wit.lun / 111 uPl'lil'il liHIl fi" '1ll " f 1111' ll lllli, ', 1 datil m " d ..1 It II 1I 1l1 1"rlylllg:

.lulu s tructu rr- d" ]" '1 1I 11I «u tln- I' M d " l'illili ll ll 1" '1" fh.. 1· IlVil'l' lIl ll.. nl. T hl' "yli t l' lIl i.'1
1' .. 11 ]" " 1.... '1.1 " li 'l" l"'I' IIII IIg: , lIIuil lt llll lll lg: , 1111.1 v i,'winJ.: II COll i'l illtl' ll t datu lultw Il l' t ill' d" llig:l1

d" 1I1T ipiioli . ( :Oll liISI" llI:y dll·dd ll l ~ lind l'OIII1t. r ll int propl1 J-:ll lio ll nrr- Iu rt.lu-r l.n ....k " I t.h" i'l1'

1II,,,lu l" lI .

'I'll" dut u lIIulIlI J-:l' m"lI t lIyll l" 1II Ill".. h u i'I 11 11 '""'~"flf, ·tI {nll/ll' /llfjrh wh ich 111 ·11'1'1

lhl' tl lII '1 III IH' 111·O(" ' IIM·d lI, r tI" "i ' :1l 111 11 11 , wlurh ('111l h I ' 1'1t.1\('1" r l'a lis I'd liS II IiII'·hll.,,, 'd

I'xd uIIlJ-:! ' Il l' jll"t1v ltl" ,1 11 11 II d tr I'('\ lll','I' ,.1I IIIl l'rflll'" 4 , Thl' '"fl ·j.!ru/,·tI (""/fI, ·u'w-J..
Illl'lhl lll " II ! lI "xIJIIII,1 th,· t1 , ."i":-llll l, lilly I", int Hf II,.· . 1" l' iJ.,,'l1 1'1'0(" ''' " . '' MIll'kbo(/1'I1 Hy,~ " 'm

11111 1 lin /I'/, ·~r(/t. ·tI t1hj" ,·I ." " /" fl t" tI tlfI/(Jh(/ .~, ' W i ll p l"llvid,' "n-... i"llt ml'llIIi'I tn 1Il .... t tilt'
IlIH 'v, ' n " lUlI""IIl" 1I111 III tl ilt" lIlill lll g:l'ml'nt sy ..h ·IIl IS, ·l' FIl:\lr~'»1.

-
,I l hll ll ~: H"n: l'. 11"'1" "t" Iw" R I " Il,lM , l l ,, ~ t t1, ·nlll ll"l1 ~ lnr dutn 1Il1" rcl HllW" Pn rt '.! l t l !lI .I. "\('n l~ ~

l Ilt' Inll'l,'n"'lllnl '''1l nlt·, Il,,<I 11I1'1o\lRI<'1I1I \I ,·.,'luII'I'· ,11111\ ~ lI n " n 1"+'I"H...1 In II" ST I-:I ' l ,hyllk llllil••)
I 'n rl '1:1. I;!1l1.l"O('r II,,·. t l,,, t' , 'III tnt ," lIt·,'" ,," ,III" r l'lI ""



I JGm at et. I Representa tmn and Managpmpnt of DPslgJl Information

CAD Tool COillrola,
CAD Tool

CAD Tool

CA D Tool

CAD Tool

Filtu re 5 : Da ta Management svstem in the Ennvirumnent

241

TI l(' blackboard system S('fVeS as an in ter-resou rce nonfler ~U1d acts as a
co m mu n ica t ion cen t re b etween the variou s ID'EST modules, I 7), 'l'hc hlllckhoard
contain s the problem data a nd a h ierarchy nf hypotheses relevant t il t he problem . At
a nyone t ime during Il s uurle hypothesi s . the f..cus can shift to another a rea of the
board [13].

The In tegrated design database IS the cure pa r t of the data ma nagement
system 5 . T he in tegr a ted deshm dat abase is II prerequisi te for creating an into gruted
desiJ.,'l1 environ ment by wh ich design da til can 1)(· sha red amll n~ the difft ' ren t dt·sil,.'ll
too ls IIf the design e nvironment .

With t he help of these so ftwa re su ppo r t tools , t he desum data me naecmont
system oga nises the dt':>iJ.,'ll descrip tion with in each represe ntation . correlates
equ ivalen t descriptions across the rcprescntauons. and attem pts to ma int.ain those
co rros podc nces as tho design incremontaly evolves .

• 5 In IO' EST, a pro to type database syste m has h.... n developed by the aut hors as exts tmg co mmercial
da tabase svstems a re not anitable to m anage seman tically nch arr-lnteet ur-a l r iesign Ila ta .

•
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3. PROTOTYPE ENVIRONM ENT ID'EST

As a data managemen t system, ID'EST consist of several modules (See Figure 0 ,
i.c .:

• Data modelling module
• Data instantia tion module
• Data calssificat ion module
• Data projection module
• Data displaying module

The in terplay between these rather independent modules is gtvon in the
environment 's architecture {See Figure 6). The environment is now further described
in terms of its parts.

3 .]. Dat a Modelling Module

IV'EST uses a PM developed according" to the methodology of STEP (See
Section 2.3 ). The PM defines the st ructu re of the data instantiation to ols, as well as
the syntax of the exchange forma t. The design tools, which are connected to ID'EST ,
communicate on the basis of STEP physical file , the common exchange of the
environmen t.

The data modelling modu le specific entity types that represent objects within
the model (See Figu r e 7 ). Based on th is specificat ion, the data instant iation module
allows the definition and the exchange of unique entity in stances. In consequence,
every t ime the unified data model is changed, the data instant iation module has to be
recom piled a s well.
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on mod ule is to have an ins tance manipulation e nvi ronment for the seman t ically
st ru ctu red entities defined in the su ggested data model. It is a tedious and lime
co nsu ming task to actually ins tante values of each attribute of a data model., if every
instance shou ld be entered manually. Thus. an in stant iat ion module shou ld provide a
mechanism to inpu t data in a graphic way and to classify data when en ter in g into the
da tabase . A new generation of object-oriented CAD systems wh ich can represent
information at II semant ic level is needed , but unless they are a vailable, conventional
CAD systems can he used a s data in stan tiat ion tools with special convent ions and
slime re strictions as well.

The indirect instantiation uses an exter nal CAll t.nol to instantiate entities . In
this case , it is necessary to have an accessory tool to convert the externa l CAD tool
data format to the ST EP physical file format, in order to impor t data to the project
database. In the ID'EST system, Data Probe'' has been used to create, edit, or view
data oarresponrhng to the information model for which it was created . Data Probe also
used to read, merge a nd wm te ST EP physical files.

:1.2.1. Instant iation Usin g I-;xternal CAD Tools

The creat ion of huilding design ins tances is normally done using co nve nt iona l
CAD systems, especially for the input of geo metry. Beside the geometr ical
representat ion, more sema nt ic information is needed for input into till' instantiation
model. Therefore, the inherent st ructu re of CAD systems, pro vided by layers , macros,
and attached attribu tes , plays a key role in enabling the ext ract ion of appropriate
data . Naming- conve ntions. as su ggested by the AlA in the U.S. [15], wh ich has seve ra l
recommendations to classify graphic data 7 , thus giving the opportu n ity to ma p this
implict information into the object-or iented mode of data representation, are used in
IU'EST.

T he conve rter DXF2STEP, which was developed as a part of the proposed
environment, reads a DXF file and t ranslates it into a STEP physical file , according to
the give n PM . DXF2STEP makes use of a user-defined mapping table allowing other
layer conventions to be eesly adopted lSee FiJCUre Rj. The ma ppin g" table defines the
relation between layer names and entity types as well as between attached CAD
attr ibu tes in the ST EP file. Seman t ic information , however, which can not he crea ted
using CAD, has to be added within the instantiation mo del . In this case, the
instantiation mudd is further re fined within Date Probe , a fte r the STEP file has been
reed .

6 The soft wa re used to create Da ta Probe tools was wnnen in t he C+ + programming language on
top of t he- X Window Sys te m using t h.. l ruerviews USE'r inte r face toolkit (14 ]. A Data Probe can
havE' an enuty lyPf> list which contams rh.. IIsl of e ruity types de rlned in the informat ion model. It
also provides a funclOnahly for mampulating and maintaming the individ ua l instances and t he list
of instances. Entity IIISl.an~ ma.... be erea red and edited i nlE'ra~tivE'ly wit hrn a Da ta P ro be from it s
list of E'ntity tyJM!'S .

7 A layer name t8 r'1.'Ordi ng to AL\ layer guidpl u sing the short for mat. has thp pr-inciple fro m :cyyu·
00. where .t is thE' rn'\l0r group, representtng the dilTprpnl disciplines v.s.. A • architecture, S =
st ructu ral E'ng\llPPrlllg). yy is rhe minor group, dps ignating co nst ruc tion system. zz is an us er
defined minor grou p, a nd 00 re llpcls t hp level.
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Ftgure R: CAU layer s t ructu re and t he mapping table uf UXF2STEI '

The usage of file-based l'xchange between t raditional CAU system and an
object-oriented design e nvi ronment a lso shows a path to preserve the usability nf
ex isting tools for a certa in period lifter till' int roduct ion of a new s oft w are gt' lwrHt ion .

Be sides UXF2STEP , 1l)' l';ST communicates th ro ugh ot he r cnnvcrters. such
as STEP20 BJ , as w(·II. All converters have in co m mon that t hey map the unified data
model. as contained in t he in stantiated da ta modr-l m the STEP physicaal file, to the
specific format , used by ot her modules tSt·p Figu re 9 ).

3.3. Data C lassiri c a t io n Module

The module is designed to acquire object descriptions , bo th tex tuullv lind
graphically, and to he re flective of a u ser's intentions lind descriptions .

:1.3 . 1. Sele cted Inheritanc e (or a Reqcir-ed Uisci p line

This m odule cla ssifi es the project dasaba....c according to the dt's iJ:,'ll discipline
lind elicits necessary informa tion for the required disciplin e frnm the datnhase ( St' l'

Fif."Jllre 101. To e licit appropriate information fro m the projvvt dacab aee, H high ly
soph ist icated control mechani sm is needed . The dHUI classification prOCl'SS check tho
desired ent ity types. filters necessary information Irum the database , a nd sets s pecia l
marks on t he information to identify the nece ssary information t&·(> F igure 11 ).
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Ftgure 9 : Da ta Exchange , us ing converters from and to t he sta ndard ST E P
physical fil l' format.

Fi~"ure 10. Ua tll Classification To" l

:1.3.2. Multiple Discipline Selection

'l'n have a ll lde ul in tegrretcd design env iron ment. 1I designer or engineer
shou ld he able to examine infor mation of relevant disciplines whic h nrc store d in the
project database . In (I)'EST , by using the Data Grouomg Toggle Tool , the user can
view or ed it hu ilding datu of O l\ l' O T m O T(' disciplines at the sa me t ime (See Ftgure 12 ).
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3 .3.3, High Leve l C o m mand Inte r fa ce

Withm the IO'EST system, to view or edit the desired infor mation fr um the
project database, a hig-h level command based in terface is provided . T he lunguago like
com men ds can he used to query en t it ies in the project database , as an entity is
descr ibed as a collec tion of features om' associate ..... it h the ubject. Fu r exa mple, l4J

check all walls which consist of a certain ma terial. a simple command like:

Display: : wa ll : has -material : value = .. on yx ..

B..._ ..__
c_ _

F,N Floor

T, pIC al F100r
T.. _
Rool t__
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u.,
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4 r."1"'C''''
......-
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.;, lD V,...
,,
,

Ardul«:l..al

'~ S.........-.l,,,
",","
",..
' ..' " ~--,, --

,,~

'~
~

'."

ca n recu rsively chock all wa lls in the project database a nd h ighligh t them 0 11 the
mon itor (See Figure I:U. Similar ly. a hill of qu anunos for a bu ilding can he generated
with ID 'EST , provid in g ull necesserv in forma t ion. An assessemcnt tllol might send II

message to calcu late the to ta l cost for wa lls:

Retrieve: : wall: has-bch aviour : name = ., cost ..
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Architecture : on
Structural: on
Toggles set: Architeclure Structural

Figure 12: Se lect Multiple Disci pline

3 .3.4. Layer control

T he layer control facility in the conventional CAAU sys tem. Au to CAD, has
beeen used to manege the different presentatum s of an object. To ext ract a serres nf
flat views from an integra ted 3D graphic da taba se , layers can be used to differentia te
information that is not seen in all views [12] . For example, on a furni ture plan , on ly
the outline of a chair is chown: the details of the chaiar base are su ppressed. In a
elevat ion drawing', detail beyond the plane of the elevation is su ppressed. 110s t CAAD
systems that su ppo rt 3D drawing can also control the display depth set t ings.
effect live ly hidmg information that is behind or in front of the viewing plane.

3.4. Data Projection Module

T he data projection process is execu ted by a usor dialog ha ndler a nd the result of a
black-board proc{'ssnr. By checking entity types and aurtbutes , the data projection
process {second filter-ing proce ss ! is executed with poss ible pa rtia l model projection
a nd possible re-cxocu uon of the datil classificat ion process (fir st filtering process).

For example , to have a flour plan of a building, first it necessary to concetrate
on data of the architectu ral disci pline . With propt'r projections including selected
mheritance, data dcseggregauon . and geometr ic t ransfor mation , pa rt ial informa tion
for the required plan view can he ge nerated . In this case , re-enter in g- of higher level (If
data abstraction is necessary tn have a section vi ew of necessary columns and their
positions t&'e Fi ...rure 14 1.

As a result of the data classification process and data projection
process , an O B.J d.a ta file ca ll he ge nerated. T he OB.' file 8 ia a projected file of the
ST E P physical file, which can store till' sema ntic us well a s syntat.ic mformation since
it is allowed to have st ructu red entities in its file . The display setting ca n 1)(' controlled
by the sevorul levels of contro l module th rough a w('11 designed inter face handler, as
the in terface system allows selection nf desired e ntit ies fro m tilt' instantiated data
model.

3 .6 . Standard Huilding Element As a Reusable Object

To reduce the complexity IIf a desum. it is he lpfu l to use standa rd building clements

II The converte r STF.r20 !U reads a HTF.r phys ical till' and t rnnalates II in to O&J liIf' formal, which
was originally df' \"t'lopt>d as a datn manipulation formal for Hyhrid Intf'~alPd Design
Environnwnt[I UDF.j, 11\ the ID'E ST environment (IO].
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lind a few ru les of composition . Standa rd building clements art' dofi nod as Heusuhle
Objects in the prototype enviro nment. T he Reusahle Obkects is dcn ved fro m
"templa te" object!'. The "templa te" objects a re defined as ohjPct oriented classes to he

used a s "templa tes" in creat ing c..pies of a g"l' U('T1C objec t . Reusable objec ts are s tored
in the seconda ry s torage area. The locat ion of the msert um point of the " "Jecl IS stored
in each in stant iated datu model lind, With apprnprtate projocnons. the objects are
inserted ill t he drawing.

IICD

e list

CD 0

12'55=DIRECTICtHO.O.l ):
1'?'5£o='50. I D (F U t£ W £" I ~

[.--" J
[ descr l P U on)
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( hN ) I
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Instance list

".i'56 ........Ll ... . , IZS7' . ( I ll).
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°2&O=CM IESI i=t U '01HT (35. 7.
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o
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Eath but
ulllc;1 e ll

of tee maf

Fi~"U re 13 : Ullt<l cla ssificat ion . using the h igh Il·\'('1command Inte rfuce

FiJ."Ure 15 shows a sc reen display of severul different rvpres-ontntion of two
Reusable Obj ect s, l:l door a nd II window, as a resu lt of diffe rent project ions. To lIM~

these Reusable Obj ects in the bu ilding. n U M ' r need to spec tfy a tocouonot oalue nlld. if
nece ssary, rotational an pa ramet ric values of t he object . As t he~l' Heusablo Obj ects a re
defined as objects , which follow th e PM definitions (51'1' Section 2,3 ). lind sto red as
separa te project databases . it is pfls~ihl(' t il exnun ne va riou s roptesentut. mu Il l' t h(,s<.·
Reusable Obj ects like the same way to nuuupulate II building proj ect database,

3.6. Data P eo p age t ion Fa cility

To keep the representations of t he design «bjoct cons istent . t he da tu propaga t ion
faci lity has to he developed in a fur ther s tag'p nf II )' E5T . To pfl l(lllg'nt(' chnng'l's ne ross
representations. t ho desurn prupa gnti nn mnd u lp will require til(' de tailed serna nt tc of
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Figure 14 : DlIW Filtering Process in W 'EST

the design representat ions to he interpreted by the system. When the data are
changer. all relevan t data are propagated accordingly.

3.7. Integration Examples

The au thors have proved the in terplay between the different modules or lD 'EST ,
using' t wo exist ing buildings:

• The Barcelona Pooiition by .\t ies van der Rohe has been used mainly to test the
capability of the data modelling module and the data mana gemen t system. The
bu ilding has HI s imple st ructu re with simple geometry which is su itable for the test
pu rpose. Most of building elements are defined in PM. and the building has been
instantiated nnd processed to Data Probe a nd m 'EST .

The gr aphical represe umtion . including additional information such as
matenjel. WIlS created in Au toCAU and st ructu red according to the given
layer naming convent ion . The AutuCAU fi le Will' later converted by
UXF2STEP and included in to the data Instant ia tion module 1&'1.' Figure J61.
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Figure 15 . Sc reen display of seve ra l Hl'sable Objects, a door and a wmdow,
with different represente rion

After more sema ntic informa tion hal; lx-en ontored. relevant data wen ' sou t
to tho data classifica tion module lind the dnt ll projection mod ule .

•

•

• T he Bloomielaw billidlng, 8 med iu m -r ise offi co building located alnn~sllh· the
r iver Clyde in Glasgow . has been used mainly to test tho cepabiln y of the dHta
managem ent system and the user interface system

Figure t 7 . shows the ground floor plan of the building. In the ground floor
plan dra wing, with the help of II display depth control mechanism. seve ra l
different leve ls of se mantic st ructu res have be en included . 'l:he ou t line of the
p lana view is derived from "ou tline" layers , section views of colum n ohJl'cts ure
derived fro m colum n layers in tilt' s t ru ctu ra l layering set, lind sectio n Yews of
windows or doors In the level (If the floor lire der ived from H layer liluury of
"Reusable Object".
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Figure 18. shnws several representat ion windows of the building. The
information of t he building can he accessed and changed from any of the
representation windows. The change of the information a ffects the lion
redudand projed database . Therefore, a ll other representation of the bu ilding
will he propa~a tt'd and u pdated accordingly a s the represen tat ions of the
building is the result of the data classI(icalwn and the data proj ection process
which manipulate the proj ect database.

-" '. 'r l . ... ,. .., 1... ..) ~_ .... ,..1· _hr,~, \. ......·,.1 ._ .. .. , ...,.r r ! . . .'..", . ..
.. " ~

Ftgure 16. lnstuntiat ion Process wit h Converter

•

The screen display of the whole da ta managing syste m with explanations is
given (See Figure 19).

4. CONLUSIONS

An Integrated Design E nvironment decilitates cooperation between the
different disciplines of bu ildi ng design a nd construction . l f offers cont rol and
management to keep t he design description co nsis te nt. Several design and evaluation
tools can now acce ss data from the IDE. thus the behaviour of the design a r tifact will
be more predictable . These data can also be further u sed in later s tages. such as
faci lity mana gement.
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To conclude . the authors llq..rue that the human t1p~ I "'1wr ...hnuld haw' all the
fh-xrbihty posslhlp fur hIS or her work and the full rr-sponstbi hty for the project In any
d(,~IJ..'T1 system. Tho <I(':'II..'1I(' r sho uld rocowo a ll ptl~~lhl !' ,.,upport for till' t:r ut:1iI1 part" li t
the d('~i~ work , such as co lla borauo n a nd C(ln~l:-tl'nC)' The :-u~U::t''''IPd dl'~ll..'ll

«n vi r onmcnt shou ld lend ttl the "idea l eAAU e nvmuuuont II dl· :'II..'1Wr 100~h t want to
use in future. The desum onvrronmont shows rho poss ibihty of it !'t'lI mh·:-s anti
cont inuous worklllJ.: environment for arclutects from the imtiul datil 1llIl<lI ,II I11J.: process
to the fina l d l's ih'll solu t ion hy providinJ.: II uni fied dahl model, in t t'h-rra t t'd th·Mj.,'11 dat a
con t ro l modu les 1I 11 va r iou s deSil..'11 tools.

Ft guee 17: Du-play IIf WlIund flollr pla n of the protllt)-pl:' building a ", a rl' ...u lt of data

projection proce ss
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Fi",ftlrt· 1K: &'vt'm l Hl'!H' t's t'n ln l iull w indows o f Sun\{' Desum Ohjt'ct
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