Teyv. Xpov. Emot. 'Exd. TEE, 11, tevy. 1-2 2004, Tech. Chron. Sci. J. TCG, II, No 1-2 25

Teyvnt EpBpvoyovia kor EEEMEN oTov
APYITEKTOVIKO Xyedtaoud: AvanToén XveTtnudTtoy
CAD ot I'hwoooa GENETICA

A. 1. BIPIPAKHX
Ap Apyrtéktov Mnyavikog E.MLIT.

Hepiinyn

Hopovoidletor 1 eopoiwon KvTTOPIKOV OAARAETIOpAoEQWY KOl
ovarToé1aK®V O100IKOTLOV (EUPPLOYOVIQ) UEGW LIS VEAS YEVIKHG
uebooov emilvong mpofliuatog, n omoia Exel EQPOPUOCTEL GTOV
OPYITEKTOVIKO GYEOIOOUO KOL YOPOKTHPIETOL OTO TO GVVODOGUO
TV EKPPAOTIKOV OVVOTOTHTWV THS TOTIKNG AOYIKHG HE TO TPO-
OO TOV ECEMKTIKOD DIOLOYIoUOD. 2T BOon TS GUYKEKPIUEVHS
TPOGEYYIONG TPOOLAYPAPOVTAL TO. YOPOUKTPIOTIKG UIOG VEOS YEVIOS
epapuoyav CAD, n omoio Qo vrootnpiler T dnuiovpyikin covheti-
K1} Opo.oTnplotnTa.

Eidixotepa, yiverar puo aovioun ovagpopa otig ylwooes GENETICA
ko1 G-CAD, péow twv omoiwv vomoi0dviar aviioTtoLyo. i yevikn [é-
Bodo¢ ka1 1 apITEKTOVIKY EPUNVELD THS, EXIONUAIVOVTAL TO, POLVOUE-
V. QAANAETLOPAOEDY KoL EUPPVOYOVIOS TE EVAL CVYKEKPIUEVO OPYITE-
KTOVIKO TOPAOEIYUQ, KoL OIVETOL 1 TUTIKY TEPLYPOAPT] HIOG YEVIKEVTNS
TG OUYKEKPIUEVHS TIPOCEYYIONS 01N VEQ yevid, epapuoymy CAD.

1. BIOAOT'IKA MTPOTYIIA XTO
AOTI'TXMIKO YITOXTHPIZHX THX
APXITEKTONIKHX XYNOEXHX

Hopd 115 e&eliéelg otov TopéR TOV AOYIGHIKOD OpyLTE-
KTOVIKOV EQAPUOYDY, TO GOVOAO TOL AOYICLIKOD TTOL £XEL
TPOKTIKEG EQApPUOYEG Teplopiletal otV VROSTAPIEN TNG
oxedlaong, TV opydvmaon NG HEAETNG Kol TNV OUTOUOTO-
TOINGN NG TAPAYDYNG AVAPOPDV TAVED GTO OPYLTEKTOVIKO
épyo. H vmootpi&n g dnpiovpyikng cuvOeTIkng dpaotn-
pLOTNTOG PaiveTal va meptopileTol TPog To POV 6To MEdIO
™G aKadM LK G Epevvag. Meyddo LEPOG VTG TG £PELVOG
aQOpd GTOV TOpE TNG EMIAVOTG TPOoPAnaTog 6mov 1o (-
TOVLEVO Eivar 1) €0peoT) emBLUNTOV KoTooTAcE®Y (ADGEDV)
péca o€ évo 6OVOAO TBOVAV KOTOGTACE®V, TO omoio opile-
Tol HECM CLVIVOCTIKNG TTapayovtav. To civoro, dounpuévo
pe Kat@AANA0 Tpomo omd ™ péBodo emiivong, anotelel TNV
«meployn avalinonoy.

[Ipooeyyioelg oTOV OPYLTEKTOVIKO OYESOOUO MG EMIAL-
o1n TPOPANUATOS YPOVOLOYOVVTAL OO TNV TPAOTN TEPIOS0

tov topéa g Teyvntig Nonpooovvng (TN) [1; 2], eved mio
TPOGPATEG TPOCEYYITELS VIOHETOVV TO TPOTLTO TOV «AOYL-
KoV Tpoypappatiopovy [3; 4; 5; 6]. H élhenyn npoktikdv
EPAPUOYDV VTOCTAPIENG TNG OPYLTEKTOVIKNG GLVOETIKNG
dOpaoTNPOTNTOG OPEiAeTOL GTN dVOKOAID TVTIKNG SLOTVT®-
oG €VOG OPYLTEKTOVIKOV TPOPANLOTOG Kol otV advvapio
eEAVTANTIKNG €pevvag o€ Lo «meptoyn ovalitnong» mov
opiletol HEc® GVVOLOOTIKNG: TO HEYEBOG oG TETONG TTEPL-
oyNg amotelel ekBeTIKN £KQPASN TOL TANBOVS TV GLVIVOL-
Louevav mopaydvimv.

Avo clhyypoveg KOTELOOVGEIS EPEVVOC OTO YEVIKOTEPO
topéa TN, ot omoieg Pacilovtar oe Podoyikd mpdtLTAQ,
apéyovy peBOSOVG MOV EMTPEMOVY [0 TPOTOTLTY KO
TOOVAG OTOTELEGUATIKY OVTIUETOTION TOV EKQPPUCTIKOV
K0l VTOAOYIOTIKOV dvokoAdv. TIpokettal yia v eéopoi-
@O TOV KVTTUPIKAV CAANAETIOpAcE®V Kot TNV e&opoimon
g Proroykng e&éMéng. H mpdtn rkatevbuvon peletd
GLOTHLOTA TOV dOHOVVTOL OO LOVADEG, Ol omoieg oAAN-
AeTOPOVV g PAOT GLYKEKPLUEVOLG KAVOVES: O EMOPACELG
mov aokel kaBe povada oto mepiPdriov g e€optdTon
and TV EKAGTOTE KOTAGTOGN NG, EVO 1 KOTAGTOGN 0T
e€optdTol amd TIg EMOPACELS TOL 1 HovAda dExeTal amd
10 TEPPAAAOV TNG. ZYETIKEG EPUPLOYEG OTO GYEOLACUO
[7-10] epmintovv 6TOLG TOUEIS TOV KKVLTTAPIKMOV AVTOWUE-
tovy [11; 12], ToV «TOAMTAOK®V TPOCSHUPIOGTIKOV GLOTI-
patovy [13; 14] ko tov «ovotnudtov tpaktépovy [15;
16; 35; 36]. H debtepn kotevbuovon HEAETH VTOAOYIOTIKA
GLOTHKATA TOV PEATIOTOTOOVY EMBVUNTEG OIOTNTEG TOV
AVTIKEIPEVDY eVOLQEPOVTOG: TANBVGHOL TETOL®V AVTIKEL-
pévov vrofailoviol oe e£EMEN KabBMDG, o€ S1000y1KOVG
VTOAOYIGTIKOVG KOKAOVG, YOUNANG «TPOCGOPLOYAG» GTOL-
xela Tovg avtikabiotavtal ond ototyeio YNAOTEPNG «TPo-
COPHOYNGY, TO OTOI0 TPOKVTTOVV OO «YEVETIKEG TPAEEIS.
O 6pog «mPOGUPLOYT» INADVEL TO PETPO TNG EMBLUNTAG
WO10TNTAG, EVA 0 0pOG «YEVETIKN TPA&n» dnAdveL Tpomo-
moinon M avTietdfeon SOMKAV YOPOKINPIOTIKOV TOV
VIO eEEMEN AVTIKEIWEVOV. ZYETIKEG EQAPHOYEG OTO CYE-
dtoopd [17-24] eumintovv GTO YEVIKOTEPO TOUEN TOV «E-
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EEMKTIKOD VTOAOYIGHOVY KOl TOVG Bactkodg KAAGOLG TOV
TOV «YEVETIKOV alyopiBumvy [25-27] Kot Tov «yeveTikol
npoypappaticpov» [28-31].

O g€ghctikég Péhodot vepTeEPOVY TOV GLUPOMK®V LLE-
000wv TN ®¢ Tpog T1 dSVVUTOTNTO AVTILETOTIONG TNG VITO-
AOYIGTIKNG TOADTAOKOTNTOS, VOTEPOVY OUMG OG TPOG TN dv-
VOTOTNTO AVTILETOTIONG TNG EKPPAGTIKNG TOAVTAOKOTITAG.
H ohvBeon tov duvatotitev tov 300 Tpoceyyicewmv £xet
emyelpnOei o pia yevikn pébodo enilvong mpofinpatoc, n
omoio viomoteitol pécm g yAdwooag GENETICA [32; 33]
Kot €EEOIKEVETOL GTOV OPYITEKTOVIKO GYEOIOOUO HECH TNG
yhoooag G-CAD (GENETICA — Computer Aided Design)
[32, 6.470-479]. Ta tomiKd eKQPACTIKE PHECA, TOV TOPEYEL M
OLYKEKPIUEVT HEBOBOG, EMTPETOVY SLOTVTIOGELG GUVOETIKAV
TpoPfAnpdtev cuuPatés Le To TPOTLTO TNG EEOHOIMOTG TV
KUTTOPIK®V OAANAETIOPACEDY. AVTO EMITPENEL TV OO TO
KGtw mpog To. miveoy (bottom up) d6uUNCN TOL CPYLTEKTO-
VKOO TPOPANHOTOS KOl TN OTOUSOKT OVATTLEN TNG TOAD-
TAOKOTNTOG TNG AVONG HEG® ALOOPUNTNG GUVAPLOAOYNONG
1000y 1IKA GLVOETOTEPOV OVTIKEHEVOV amtd amiovotepa. H
GUYKEKPIUEVT] OLVATOTNTO OVTOTOKPIVETOL OTO, 0KOAoLOa
XOPOKTNPLOTIKE TNG AVOPOTIVIG TPAKTIKNG OTOV OLPYLTEKTO-
VKO GYEOAGHO, Ta 0TOoi0. €ival SDGKOAO VL EVEMUUTM®OOVV
o€ o Tomiky pébodo:

* H ovvBetikn} péBodog Sapop@®mveTol amd T0 GUVOIVOCUO
emuépoug HeBOd®V, oL omoleg APOPOVV OE EOIKA Y0P~
KINPLOTIKE TOV ovTikeévov oyedtacpov. H molvmho-
KOTNTO TOL GLVILOGHOV CLTOV Eival TETOLN TOL KOOIGTA
dvGKOAN— Kot adOVAT—TNV eVioia TUTIKY] SlTOTWOT)
TOV TPOPANUATOG.

* H evonoinon tev enpépoug peboddwmv emTuyyaveTol HECH
OAANAETOPACEDV: Ol OTOPACELS TOL AapfdvovTal KaTd
TNV EQAPUOYN oG EMUEPOVG HeBOdOL emnpedlovy TV
gpappoyn aAiov. ‘Etol n cvvolkn péBodog dev avtamo-
KpiveTal 6T GUUPOTIKY £VVOLO TOV «TTPOYPAULATOS.

* H opytektovikny ocbvOeon Sapope@dvetor «owénTucin
(incrementally), pe S0doyKoVg HETACYNUOTIGUOVG OV
TPOKOTTOVY amd TNV €QUpHOYN EmUEPOLS HeBOdmv. Ot
HeTaoyNUOTIGHOl avTol TpaypoToTolovvTol €T e TTPo-
oOnKeg €iTe e OVOOKEVEG OTIV EKAOTOTE KOTAGTOOT TG
obvBeoNG Kat AEAVOLY GTASIOKE TNV TOATAOKOTITA TNG.

2. OITAQXXEY GENETICA KAI G-CAD

H GENETICA vmoomnpiletor amd £évo €EEAKTIKO
VTOAOYIGTIKO GUGTNHO EVOOUATOUEVO GTO TPOYPOLLUO-
TIoTkd ¢ mepfdiiov. ‘Eva mpofinua Satvadvetot
otv GENETICA g npdypappa, To omoio meptypdeet
pébodo avamruéng kot tn pébodo a&loAdynong mbavov
Moeov. H a&loAdynon umopei va apopd ite otnv enain-
Bgvon piag cvpPoiikng Ekppaong gite ot Pedtiotomoinon
evog KaTAAANAO oplopévov peyéBovc. Me dedopévn
Sl TOTT®OOT TOL TPOPANUATOG, TO VTOAOYIOTIKO GVOTNHO

onuovpyel cevapla mapoymyng dedopévov copfatd pe
1 GUYKEKPIUEVT SOTOTTOOT KOl AOKEL 68 aVTH EEEAMKTIKT
BeltioTomOiNoT [E OKOMO TNV E€VPECT] UMOJEKTNG AVCTG.
H BeAtiotomoinon mpaypotonoleitol e TV TEAEON YEVE-
TIKOV TPAEE®V TAV®O G€ KOTAAANAEG KOOIKOTOMGELS TOV
ocevapiov mapaywyng dedopévov. Mo amodekty Adon
AVTITPOCOTEVETOL OO i dOpT| SEGOUEVMV, 1 OTTOL0 TOLPA-
YeTOL OO £Vl EMAPKAC eEeMYEVO cevaplo. Ioyvpod onpeio
NG GLYKEKPLUEVNG TPOGEYYIoNG €lvan OTL aipel TV avaykn
avantuéng pog eeldkevpévng oto ekdotote TPOPANUa
VTOAOYIOTIKNG HEBOSOV.

H GENETICA mepthappdver v Kotnyoptkny A0y
KoOMOG Kot EKQPACELG avATEPNG TAENG, EMOUEVOG gival K-
QPOACTIKG ETAPKNG Y0l T S10TOTOGCN TPOPANUATOV YEVIKG
LOPONG. ZVVETELN TNG EKPPAUCTIKNG EXAPKELNG givar 1 duva-
om0 VO xpnoomombei wg Baon avantuéng yAwsomv, ot
omoieg €EEIOIKEVOVTUL GE CUYKEKPLUEVOLG TOUEIS EVOLapE-
POVTOG KOl KAVOLV ¥pNom TOV €EEMKTIKOD VTOAOYIGTIKOD
g ovotnuatog [32, 6.470; 33, Downloads: GENETICA-
based Languages.pdf]. H yAdoca G-CAD amoterel po
této10. €EEOIKEVOT GTOV TOUEN TOV OPYLTEKTOVIKOD GYEdL-
acpod. H G-CAD emupémel ) dotdnwon wpofinudtov
oyedloopov e Bdon To akdAovbo XOPUKTNPICTIKA:

a) Tevikn avamopdotoon yvdong pe Bacn v Katnyoptkn

AOYIKN KOl GTOLYELD AOYIKTG OVATEPNG TAENG.

B) Evoopdtwon yvoong og aviikeipeva.
v) Avtikeipeva pe oxéon mepPAAAOVTOG — TEPLEYOUEVOV.
d) AMnAemidpdoels ot omoieg Opoporoyodv Slodikacieg

OVTOGUVOPLOAOYTONG OVTIKELHEV®V.

To yopaknpiotikd (y) kot (3) gumintovv oto TPOTL-
O TOV KLTTOPIK®OV OAAMNAETIOPACE®V KOl EMITPETOVY TN
OTOOWOKY OVATTUEN  OPYLTEKTOVIKOV ouvBécemv HEC®
pag «pntg epPpvoyoviagy (explicit embryogeny: [24],
0.36-37). v evomta 3 eviomifovtal T GUYKEKPLUEVQ
YOPOKTNPLOTIKA 0T PEB0SO S10TOIM®ONG Kot EMIAVOTG EVOG
GLYKEKPLUEVOL TTPOPANLATOG APYLTEKTOVIKOD GYESAGHOD,
10 omoio Ba ypnowomomBel ®G TUPAdELYO Kol 0pOpa
070 oYedlGO VO pikpoy Eevodoyeiov. Xty evotnta 4
VTOJEIKVOETOL [ioL YEVIKT HEBOSOG avATTLENG EQUPUOYDV
CAD péow g GENETICA, pe a&tomoinon tov cuykekpt-
LEVOV YOPUKTNPLOTIK®VY. TNV evotnta 5 cuvoyilovtotl ta
GUUTEPACLOTAL.

3. AIATYIIQXH KAI EIITAYXH ENOX
APXITEKTONIKOY IPOBAHMATOX
XTHN G-CAD

3.1. ATopikég OPROVAEG KOL TPMTOYEVI] UVTIKEINEVO,

To mpwtoyevh avtikeipeva g G-CAD opilovtor and
aTopIKEG QOpHOVAES [32, p.471]. Avtd eivar opBoydvia
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TAPOUAANAOYPOALLD, TO. Oomoio TOToBETOVVTOL GTO KApPTE-
olovo eminedo kot yopaktnpifovral and AMoteg YOpKOV
wiottov. Tétow opboydvia Topiotdvovtal ¢ dounué-
veg AOTEG KOl OVIUIPOCOTEDOVY KATOWELG GTOLYELMODV
TUNUATOV OPYLTEKTOVIKOV avTikelpnévav. 'Eva apyttexto-
VKo ovTIKEipEVO pmopel va avorapactadsi—eniong ot
popen dounpévng Aiotac—awg cuvdvacuds opboyoviov,
0 omoiog Qépel TPOGHETEG YPOUPUKEG 1 AOYIKEG 1OLOTNTEC.
lNo mapdderypa, to aviikeipevo wov napovctdfovial 6To
Yyfuo 1 arotelovvtal amd opBoydvia, To OTole XopaKTN-
pifovtatl and Tig yopwég Wwwtteg PS (Physical Space),
FS (Functional Space), IS (Internal Space), ES (External
Space) kauw WIS (Window Internal Space). H 1d10tnta PS
xapokTNpilel To ydOpo oV KatoropuPavetol omd Eva avTi-
keipevo Kot 1 Wt Ta FS Tov YOpo mov TPENEL va. givat
KEVOG MPOKELEVOV TO OVTIKEIPNEVO Vo umopel va ypnot-
pomonBet (yw tn Sidkpion HETOED TETOWOV YDP®V PA.
eniong [34]). Ot 6t teg IS xor WIS yopaxtnpifovv tov
EQUTTOUEVO GE AVOLYLLO ECOTEPIKO YDPO VOGS KTIpiov Kat
n Wwiotnta ES tov avtictotyo emteptkd ydpo. AAleG ypa-
PUCEG WOL0TNTEG TOV OVTIKELLEV®V Topovcldlovtal emiong
oto Zyfua 1 pe m popen oxediov. Ot Aoyikéc 1010t TEG
TEPLYPAPOVY EMITPEMOUEVEG GYECELS EMKAALYNG HeTAED
TEPLOYDY TOV AVTIKEWEVOV TToV Yapaktnpiloviol amd di-
QQOPETIKEG YMPIKEG 1O1OTNTEG. ZVYKEKPLUEVA TPOPAETETAL
Un emKAALYN NG 1010TNTOG PS €vOG AVTIKEEVOL E TIG
wotteg PS, FS, IS kot ES AAOV avTiKEUEVOD.

FS
FS
FS FS -
WARDROBE
BED

SITTING_GROUP_1
FS
. : .

TOILET

Y .

DOOR BALCONY_DOOR WC_WINDOW STAIRWELL

SITTING_GROUP 2

BASIN SHOWER

2ynuo 1: Zrotyeicdd)on opyitekToviKd avTiKeiueva.
Figure 1: Elementary architectural objects.

Ot mopomdve opicpol Tpocdlopilovy Tov TPOTO LE TOV
07010 TO. TPOTOYEVI] OVTIKEIUEVO OAANAETIOPOVV LE TO TTE-
péALov Tovg, T0 omoio evdeyopévmg anoteleitol and dAla

tétowo. avrtikeipeva. 'Etol, mpodiaypdoetar  tpdn don
g eppproyoviag.3.2. Mn atopikéc @OpHOVAEG Kol cvVOeTA
avtikeipeva

3.2. Mn atopkéc oppovieg Kol oOvOeTa avTikeipeva

To oOvBeta avtikeipeva g G-CAD opifovtat amd un
OTOUIKEG POPLOVAES [32, p.472]. Ot un aTopIKES POPLOL-
Aeg KaTOoKEVALOVTAL [LE AOYIKA GUVIETNPLA, TOCOJEIKTEC,
N eWiKd cLVOETNplE TOv dNAdVOVY gite avadpopn vmwd
ouvOnkn eite PeAtiotonoinon [32, 6.472; 33, Downloads:
G-CAD_Documentation.pdf, 6.9-11]. [MeprapPavoovv
avapopég oe avtikeipeva G-CAD kot mpodiaypapég yio
Vv TonofETNoN TETOIWV OVTIKEWEVOV GE GAAD Ta Oomoia
dwpopedvovy mepaiiov. Ot TPodaypoeEs SlaTLI®-
VOVTOL MG AOYIKEG TPOTAGELS, Ol OTOIES AVOPEPOVTOL OTIG
YDOPIKES KO AOYIKEG IOLOTITEG TOV EMUEPOVS AVTIKEILEVDV.
Ot emAoyég, ot omoieg dev 0pilovTal LOVOST|LOVTA Ao TIG
TPOSLAYPOUPES AVTESG, TPAYLOTOTOLOVVTAL TUYOI0 KOl VTTO-
Barrovtor oe e£EMEN omd TO VITOAOYIGTIKO GUOTNUA TG
GENETICA pe otéyo v emoinbsvon g eoppoviag G-
CAD 7ov avtmpoo@nevel o TpOPANHA KOl EVOEXOUEVMG
mv PBeitioTonoinon KAmoG OplopéVNg HEGH GTO TPO-
YPOLLLO TOGOTIKNAG WO10TNTAG TNG ADOTG.

To avtikeipevo, To omoio mapovsialetar 6To Zynua 2,
avTIpoo®nevEL €vo dtopéptopa Kot opiletal amd tn pn
atopikn @OpuovAa Apartment. To GUYKEKPYEVO OVTIKEL-
pevo amotelel mepPdArov péca oto omoio TomobeTovVTOL
oplopéVa aVTIKEIPEVO omd avTd TOV TaPoLSLalovTal GTO
yfuo 1. To «dapépiopo» amoteheitarl amd Tpia petafan-
TV dlootdoemv ophoydvia, To omoia pEPOLY avTioTOLYO
T1g Yopkég 1010tnTeg MR (Main Room), WC (Water Closet)
kat COR (Corridor), evd ot dwaotdoelg toug (Zynfua 2)
wavonowovv T oxéon 4+ B=C+ D ka gacparilovv
GUYKEKPIUEVO HEYIOTO Kot ghdyloto gpPaddv t@v opbo-
yoviov MR ka1 WC. H @dppovia Apartment opilet v
TomofETNON 6TO CLYKEKPIUEVO TePIPAAlov 600 OVTIKEL-
pévov tomov Door, 300 avtikelévoy tomov Bed, gvog
and to avikeipeva tomov Sitting Group 1 won Sitting
Group 2, ko1 €vOG OVTIKELLEVOL KOOEVOG 0O TOVG TOTOVG
Balcony Door, WC_Window, Wardrobe, Toilet, Basin xoi
Shower. Ol eVOOUOTOUEVEG OTO «OLOUEPIOUAY AOYLKEG
W10t Teg TPoPAémovy emkdioyn g Widtntag MR tov
«dapepiopatogy pe kobepio and tig WG PS o FS
TOV aVTIKEWWEVODV TOOV Bed, Wardrobe, Sitting Group 1
ko Sitting Group 2 xou egmkdloyn g woottog WC
oV «dlopepiopoTocy pe kabepio amd Tig WiotnTeg PS kot
FS tov avtikeypévov tomov Toilet, Basin kar Shower. Ot
Tpodlaypapég TomofETnoNg mepAapPivovy eniong Aoyucég
1010TNTEG TTOV NADVOVY GYECELG YOPIKAOV 1OL0TNTOV: T.Y. 1
TomofETNON TOPTUG EIGOO0V GTO KOALUEPIO LAY TPOdLOYPa-
petal ¢ TomoBétnomn Tov opiov ES-IS evOg avTIKEILEVOL
Door 610 6pro COR-MR 100 «d10EPICUATOCY.



28 Teyv. Xpov. Emot. 'Exd. TEE, II, tedy. 1-2 2004, Tech. Chron. Sci. J. TCG, II, No 1-2

D MR T
I:
C | COR
l
A B

2ynuo 2: TIpwtoyevig pHopei T0v AVTIKEEVOD «OLOUEPITUON.
Figure 2: Primitive form of the object «apartmenty.

To Zyfuo 3 Topovctdlel o8 LOPPN OPYLTEKTOVIKOD GYE-
dtov e€elypévo avtikeipeva THTOL «SlopéEPIGHOY, dNAadn
o6povg G-CAD mov o kafévog mpoékuye amd pio dapo-
pETIKY emaAnOevpévr KAnom g eoppoviag Apartment.
H emainBevon mpaypatomomOnke pécw tov €EeMKTIKOD
vroloylotikov cvotiuatog s GENETICA. To avtikeipe-
va anTi—Onmg kdbe un atopkog 6pog G-CAD—Eyovv
popo1 dopnpévng AMotag. H eppnveia tovg oe apyitextovid
oyédwo mpoypatonoleitan péom evog CAD interface, To omoi-
0 KAVEL P10 TOV YPAUPIKDV IOI0THTOV TOV ETUEPOVS AVTL-
KEWEVOV evd TOomoBeTEL TOTYOVE S10POPETIKOD TTAYOVG GTA
opla HETOED TEPLOYDV TOL KAPTESLOVOD ENUTESOV, Ol OTOTEG
QEPOLVV JLAPOPETIKEG YOPIKEG 1O1OTNTEC.

E o
0 aod

Zynua 3: Eéeliyuéva avtikeiueva TOTOD «O10UEPIOUOY GE HOPPT
OPYITEKTOVIKOD TYEJIOD.

Figure 3: Evolved «apartmenty objects having the form of
architectural designs.

H péow pn otopik®dv QOopuHOVAGDV meptypa®n OAAN-
Aemdpdoemv HETAED OMAOVGTEPOV OVIIKEWEV®OV Yo TNV
avanTuén cuVOETOTEP®V TPOSIAYPAPEL TIG AVAOTEPEG PACELS
g euPpvoyoviag. 'Etot, n avamtuén g odvBeong pmopet
Vo EYEL EMOYWYIKO YOPOKTNPO OO TO KOATMOTEPO TPOG TO.
AVAOTEPQ EMIMESO TOAVTAOKOTITAGS,

3.3. To mpofinpa 60106100 (OG U1 ATOHIKE] GOPIOVIY

To apyitektovikd mpoPAnpa apopd oto oyedacord VO

AVTIKEWEVOL VYNNG ToAvmhokdtntas. Tétowo avtikeipeva
KOTOOKEVALOVTOL OO 1) OTOMKEG (POPHLOVAEG, Ol OMOiEg
aVOQEPOVTOL G€ GOVOETA AVTIKEIEVA TOV KOTACKEVALOVTOL

OO GAAES 1) OTOUIKEG POPLOVAES.

2ynuo 4: Kavoveg mpoodptnong véov «diauepiopatocy (avoikto
YKp1) G€ DITCPYOV (CKOVPO YKPL).

Figure 4: Rules for attaching a new «apartmenty (light gray) to an
existing one (dark gray).

H pn atopkn edppovia Hotel meptypdeet 1o avtikei-
pevo «&gvodoyeion, To omoio mePAapPAvVEL OKT® «dtapepi-
opatoy Kot éva avtikeipevo tomov Stairwell (PA. Zynfua 1).
To «dwapepiopaton cvvdvalovral e Pdon onolovonmote
amd TOVG KAVOVEG, 01 0moiol mapovstaloviatl oto Zynua 4.
To avtwkeipevo tomov Stairwell Tonobeteitan £T01 MOTE TO
nepthappavopevo og avtd opboydvio ES va edpdletat ot
Baon tov og meproyy COR. Ot AOYIKES 1OLOTNTEG TOL AVTL-
KEWWEVOL «EEVOOOYEIO» EMTPEMOVY TNV EMKAALYT HOVO
petald mepoydv COR. H @dpuovio Hotel mpoPiémet,
EMiONG, TNV EANYLGTOTOINGN TOL GLVOAMKOV gUPAdOV TG
Kkdtoyng tov «Egvodoyeiovn. To epPaddv amotehel aplBun-
TIKN 1010t T0, 1) 0TToie PTOPEL VO VTOAOYIOTEL OO Ui KO-
TAAANAN 0TOUIKT] OPHOVAN Y10 KAOE GUVOVAGHO YOPIKOV
wiottov tonofetnpéveov oto Kapteowavd eninedo. v
TePINTO®ON TOL AVTIKEPEVOD «EEVOd0YElo» vToAoYilgTOL
10 guPaddv TG mEPLOYNG Tov opileTar amd TNV EKEPACT
(MR or WC or COR), 6mov 10 cOuPoAro “or” avIumpocm-
TEVEL TO YVMOGTO AOYIKO GLVOETHPLO.

H @dppovro Hotel mpodiaypdeet Ty TeMKN Qdon g
euPpvoyoviog 610 TAOIGIO TNG EMAYMYIKNG OOOIKAGIOG M
omoia meptypaenke otnv mapdypoaeo 3.2. H cvykekpyévn
(@AoT OVTIGTOLElL OTNV OAOKANP®ON NG avamTuéng g
obvbeong. To apyltektovikd TPOPANUO 7OV TEPLYPAPEL
N eoppovia Hotel givar éva obvBeto mpofAnpa 10 omoio
neptlapPavel otoY0VG emoAnBevong Kot PerTiotonoinong.
Ot o100t avtoi cuvdvalovtarl og Tpia aAAnAosEoptdpeva
ovvletikd emineda:

* TOmMOBETNOT OTO «OWUEPIOUO» OVTIKEWWEVOV (ETTA®V,
AVOLYUATOV, €MV DYIEWVAG) GUUBOTMOV LE TOVG KAVOVEG
EMKAAVYNC,

* 0popds dooTdoe®mV dapepicpaTog, cuppatdv pe T ot
AToén TOV AVTIKEEVOV GTO JOUEPIGILE KOl TO KPLTHPLO
oV gAdyioTov gpfado,

o ghpeon TN «OLOUEPICUATOVY KOl OVTIKEYUEVOL TO-
mov Stairwell cuPPaTAG e TOVG KOVOVEG GUVIVOCLOV «O1-
OUEPIGLATMVY», TOVG KOVOVEG ETKAALYTG KOl TO KPLTHPLo
oV gAdyoTov EUPadov.

To mpodypoppo G-CAD avimpocmmedel povo T ot-
aTOTOOT TOV TPOPANLOTOG Kot dev meplapfdvel Kopio
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pébodo emitevéng tov mopandve otoymv. H pébodog mo-
péxetat amd 1o vrohoylotikoé cvotnua g GENETICA «ot
Booiletor oty e&EMEN cevapiov mapaymyng dedopévov
tov mpoypappatog G-CAD pe kpitiplo v enitevén tov
ovykekpévov otdyov. Emiong, to eninedo molvmiordtn-
TOG NG TEMKNG obVOeog dev ekQpAleTal GTO TPOYPOLLLLY

G-CAD: 1o mpoypappo Tpodloypdest povo 1o €i00g TV
aAMniemdpdoev peta&d avtikelpévov (To omoia gvoe-
YOLEVOG  €xouv  oxéoel  MEPIPAMAOVTOG-TEPLEXOUEVOV),

apnvovtog otn dwdikacio g epppvoyoviag v ava-
ToéN TG TOALTAOKOTNTOG OV TOPAYETOL OO OVTEG TIG
OAMAETIOPACELS.

2ynua 5: Aradoyixés paong eCéAdng ovtikeluévon tomov «Eevodoyeion, amod apiotepa Tpog Ta OeCIG KOl OO TAVM TPOS TO, KAT.
Figure 5: Successive phases of evolution of a «hotel» object, from left to right and from top to bottom.
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3.4. Anoteréopata

To Zynuo 5 mapovctdlel o LOPpEN APYLTEKTOVIKOD OYESIOL
avrtikeipevo Tomov «Egvodoyeion, dniadr| 6povg Tov o Kobé-
VoG TPOEKLYE AT L0l SLOPOPETIKT EMAANOELUEVT KA O TNG
@opupovrog Hotel. To avtikeipeva avtd, amd optotepd mpog ta.
de&1d Kot amd TAVM TPOG TO. KAT®, TPOEKLYOV GE SL0O0YIKES
@doelg PeitioTonoinong, ol onoieg akoAovONncay aVTES TG
emaAnBevong. Toco 1 emaAnBevon 660 kot 1 PedTicTomoinon
amotehoOv pépn g evwoioag egehktikng Sodkaciog, Tov
TPOYHOTOTOONKE HEGM TOL VIOAOYIGTIKOU GUGTNHUATOG TG
GENETICA. To televutoio ovTiKEi[EVO, TO 0010 TAPOVGIALE-
Tou peyebopévo, anoteret Ao erayictov epfadov.

Mo avolotikny epypaen tng e&eMktikng dtudtkooiog
napovcidletar oto [33, Downloads: Design Evolution.ppt].
Avoivticotepa otoyygia yio tnv G-CAD kot v epoappoyn
oyxedoopov Eevodoyeiov mapovoidlovtar oto [32, 6.470-
479, 33, Downloads: G-CAD_Documentation.pdf]. H
EPOPLOYN TPAYHATOTOWONKE UE [ prototype version tng
GENETICA, n onoia eivar dabéoiun oto [33, Downloads:
proto.exe] cvvodsvopevn and documentation kot tutorials
[33, Downloads: GENETICA Documentation.pdf].

3.5. OnTikomoinon TG EEEMKTIKIG VTOAOYIOTIKNG
dwadkaciog

To vmoroyiotikd cvotnua g GENETICA emurpémet

Objective : Cptimize Solution
Status  : Mew|Search 1s to Fta

Cyizle 52
Test 0
Best it [ O 35534

NV ontikomoinom g e&ehktikng dodikaciog. H kdtom kot

1 0pLoTEPT TAEVPA TNG CKIUGUEVIC TEPLOYNG, TTOV TOPOVGL-

aletor 610 Zynpa 6, TPLoTAvouy avtictolyd Tov optiovTio

Kot Tov kaBeto a&ova evog dtaypdappotos. O opilovtiog d&o-

VOG OVTUTPOCMTEVEL TO YPOVO GE VIOAOYIGTIKOVG KOKAOVG.

Ytov KGBeTo AEova aVTITPOCHOTEHOVTAL Ol OKOAOVOEG 1510-

mTeg g Katdotaong avalitmong Abong:

o) H e&EMén tov «eddvy, 0mov kabe «EI000» avTImPocTeD-
€l évo, GUVOAO OLOL®V GEVAPIOV TOPAy®YNG OESOUEVOV.
Ta «&idn» moplotdvovial og {OVEG SLAPOPETIKOV TOVOD
SlTETAYIEVEG KATO aDEOVOA GEPA KTPOGUPLOYNS» ATO
10 KATO TPOg T TAV® oto dudypappa. To mhyog kabe
ovng dnhdvel cLYKPITIKA TOo PEYEBOG TOL AVTIOTOLOL
«&idovgy. Néa «eidn» PEATIOTTNG TPpOoGapLOYNS eppavilo-
VTOL GTIV KOPLOT TOV SL0YPALLUOTOC, VG 0T BACT TOL
TPOYLLOTOTTOLEITOL EEAPAVION KEWBDVY.

B) H Béitiotn mpocappoyn avé vroAoyloTikd KOKAO, 1) omoia
TOPICTAVETOL WG LOOPN YPOLLLUN.

v) To T060GTO TV VEDV KEWBOVY» TOV ELGAYOVTOL GTOV TAT-
Bucpd, 6TO GUVOLD TOV VE®V «EWMV» TOL TOPEYOVTOL
og KB VTOAOYIOTIKO KVKAO, TO OTOI0 TOPIOTAVETOL MG

yKpia ypoppu.

4. TPOX MIA NEA I'ENTA E@APMOI'QN
CAD

H =mpocéyyion omv emivon mpofAnquatog m omoia
viomoteiton péow g YAdooag GENETICA, xkabdg wou

2xnue 6: Ortikomoinon g eCeMIKTIKNG VTOLOYIOTIKNG O10.0IKACIOS KOTA THY EQAPUOYI TYEOLATLUOD CEVOJOYEIOD.
Figure 6: Visualization of the evolutionary computational process during the hotel design application.
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N €KEPACT TNG GTOV OPYLTEKTOVIKO oYedlaopd, 1 omoia

viomoteiton péocw g yAwooag G-CAD, Booiletor oty

VROOTNPIEN TNG TUAIKNG EKEPacNS (0TNV TAEOV YEVIKN TNG

popen) amd e&ehktikn néBodo. H mpocéyyion avt kabiotd

duvat Vv eEeMKTIKN avanTuén cVVOETOV OVIOTHTOV HECH
™G OAANAETIOPOOTG ATAOVOTEP®V, TOV OTOIMV Ol GYECELG
dratvmdvovtat og Tomikn popen. [lpoteivetal 0 cGuVOLAGHOG

NG GLUYKEKPUYEVNG TPOGEYYIONG LE VITAPYOVGEG TEXVOLOYIEG

CAD ka1 e0pL®OV GLGTNUATOV, [LE GKOTO TNV AVATTLEN LG

véag yeviag epappoydv CAD, n onoia 6o vroompilet to

OMULOVPYIKO HEPOG TOV UPYLTEKTOVIKOD GYEOIOGHOD. ZVYKE-

Kkpéva mpoteivetar 1 ypnon g yAowocag GENETICA og

dvo topeig avantuéng epapuoydv CAD:

* YeVIKELON TOV YVOOTOV 0O EUTOPIKES EQAPUOYES object
oriented cuoTNUATOV, £TCGL DGTE OWTA VO ATOKTHGOLY dV-
vatdtTEeg emilvong TpoPfAnpatoc,

* ovAmTLEN TPOCUPUOGTIKOV GLUGTNUATOV, TOV OTOI®V Ol
dwdikaoieg avtoopyavmong Ba vroompilovtal amd TO
e€elktikd ovotnpo g GENETICA.

11 cuvéyela SivovTol O TUTIKY LOPPT| Ol TPOSLAYPU-

QEC TOV OAMAETIOPOGHOV OVIOTHTMV TMV TPOTEWVOUEVAOV

EQUPLOYDV.

4.1. T'evikgvon object oriented cvetnudrwv CAD

Ta object oriented cvotipata CAD mepthopfdavovy «o-
vrikeipevay (objects), To omoia opifovtot pe WidtnTeg. Kdbe
«OVTIKEILEVO»  avTUTpoo®TEVEL o amewovion ond €va
oOVOAO A4 JaVUGUATOV 0TATOV 6€ Vo GUVOLO I eKdoydV
(instances) tov «avtikeiévovy. ILy. n Béom, ot duoctdoelg
KOl 0 TOTOG €VOG TaPaBOPoL (CLVIETOYUEVEG TOV SLOVOGLOL-
10¢), anewkovifovial 6to povadikd «mapdbvpo», To omoio
QEpeL TIC ovuykekpléves 1010tnTec. Kdbe cuvdvacog tudv
TOV W10TNTOV OVTITPOCOTEVEL £VO. GTOLYEIO TOV A KOl HECH
m¢g omEOVIoNG Tpocdlopilel povoonuavta o, eKdoyN
(ototygeio tov 7). O cuYKEKPIUEVOG OPIOUOG TOV KOVTIKELE-
VOL» UTOPEL VO YEVIKEVTEL, 0V 0 TPOGIOPICUAC TV EKOOYDV
TOVL 07O TIG WO10TNTEG BepPnBEl G U1 AITIOKPATIKOG Kol GV-
vodevetat amd €va Kpitnplo emhoyng. Tote To yevikevpévo
«ovTIKeipeVoy Tepthappavel dadikocio exilvong mpoPAr-
HOATOG. ZUYKEKPLLEVO TO YEVIKEDUEVO «OVTIKEILEVO» opileTat
¢ Levyog (g, f), 6mov g N anekdvion omd 10 4 610 GOVOAO
© () tov vrocuvorev tov 1 Kot f M Aoy 1 aptOunTIKn
cuvaptnon opiopévn oto 1. Av a—8 5P [aed, Pe p(D)],
T0 GVVOAO P avTurpocmredel TNV Teploy] avol)tnong evog
TPOPAUATOG, TOV OTTOIOV TO KPLTHPLO EMAOYNG ATOSEKTOV
Moewv avtimpoconeveTal amd T cvvaptnon f. Ily. oto
OVTIKEILEVO «OLOUEPICUO» TNG EQOPHOYNG OxedOoUOD Ee-
vodoyeiov, T0 SIGVUCLO @ OVTITPOCHOTEVEL TPOSLOYPOPES
dopatiov Kol ToToBETnoNg AVIIKEEVOV HECH G AT, TO
obvoro P O)eg Tic mBavEig exdoyég dopatiov Kot datdéewmy
TOV OVTIKEWWEVOV HECO GE OVTA, KOl 1] GUVAPTNON f TN AoYi-
K1 GLVAPTION TTOL OpileTaL 0o TIG TPOSLOYPOPES.

H tumikr] S10T0T®m6N TOL YEVIKEDUEVOD «OVTIKEILEVOLY
omv GENETICA emitpénet Tov mpocdiopiopd g entboun-
TG CVUTEPIPOPAG TOV—EVOEYOUEVMG LEGT GE EVOL TTEPIPAA-
AoV OV TEPLAAPPAVEL Kot GAAD KOVTIKEILEVO»—ECED TOV
evoopotopévoy oto mepidriiov GENETICA e&ehiktikod
VTOAOYIOTIKOD GUGTHLOTOG. ZVUYKEKPUUEVO Ol TEPLEYOUEVES
oTN OTOTMOT GTOYOOTIKEG OTOPACES VITOPAAAOVTOL GE
e&EMEN e kprtnplo v emaAnBevon 1 / Kot feATioTonoinon
g f. Epdoov 10 mpoPfinuo emavbel emtuydg, n e&éMén
KOTOANYEL 0TOV TTPocdloplopd evog otoygiov tov P. To
otolyeio avtd anotelel Ador).

4.2. Avarttoén TpocapposTiKav cuetnpudtov CAD

To mPOGAUPLOGTIKA GLGTANOTA TEPLYPAPOVTIOL OO TN
SUVOIKT GYECT LLOG OVIOTNTOG, 1) OTTOi0 EVOEXOUEVMG OTO-
tehel GUOTNLLO ETYEPOVG OVIOTHTAOV, LE TO TEPPAALOV TNG
(B\. evéewtca [14], [35], [36]). ILy. xdvovtag o amin
GLGYETION LE TNV EQOAPLOYN, N OTOlN TAPOVGLAGTNKE GTNV
evOTNTO 3, 1 OVTOTNTA UTOPEL VO OVTIGTOXEL GTO GUVOAO
TOV eMmTA®V ToL dlopepiopatog Kot to mepPdAilov 6To
dwpépiopa. Xto mAaiclo avtig TG SVVOIKNG oxéong To
nepIfdriov oArGlel AOY® EMOPACEDV TOV JEYETOL OO TNV
ovTOTNTO KOl EVOEYOUEVOG amd e&MTEPIKOVG TOPAYOVTEG,
eV Kot 1 ovtoTTa dAAACEL AOY® EMOPACE®Y TOV dEYETAL
a6 1o mepiPdAirov. H cuykekpyévn oyéon pmopei va £xet
EMBLUNTA XOPOKTNPIOTIKA (OTTMG aVTA OV EKPPAlovY TNV
TPOGUPLOYT TNG OVTOTNTOG GTO TEPPAAAOV) KOl ETOUEVOG
10 ovotnuo umopel va mepthapfavet dudikacieg exilvong
TPoPApaTOC. XN cuvE)ELD TapaBEToVE VO YEVIKO TUTIKO
0pPIGUO TETOLOV GLGTILOTOC.

Oeopovue ta cOvolo ypovocelpdv E, S, A ku EXT,
O6mov KABe YpOvooEPd gival Lo SLOVUGHOTIKY GUVAPTI-
o1 TOL ¥POVOL oplcpévn oto dwotnua 7= [0, tmax]. Av
(e, s, a ext) e EXSxAXEXT, 10T | e OVIIPOCHOTEVEL
TNV KoTAoTao Tov TepPailovtog péca 6to onoio opiletat
Hio oYeSOGTIKY OVTOTNTA, 1) § TNV KOTACTOOT] TNG OVTOTN-
TG, M @ TNV EMIOPOOT] TNG OVIOTNTAG OTO TEPBAAAOV KoL 1|
ext eEMTEPIKES EMOPATEL 6TO TEPIBAAAOV. Ot YPOVOCELPEG
ovovdéovtan pe TG oxéoelg (a(f), s'(t)) = b (e(?), s(f)) won
e'(t) = g (a(?t), ext(?)) [t € T] (0 TOVOG dNAGDVEL TPAOTN TAPG-
Y®YO @G TPOG £), OTOL 0L GLVOPTHCELG b Ko g yapaxtnpilovv
avTioTOLYO TN GLUTEPLPOPA TNG OVTOTNTOG KoL TOV TEPLPAA-
Aovtog. Eotm 6t g givat dedopévn, evd M b avikel o éva
obVOAO B mBavdV GUUTEPIPOPDY TNG OVTOTNTUC.

Kéabe otoreio tov  ovvorov D = {(e(0), ext):
(e, ext) € E x EXT} ovimpoo®meDel (o apylkn Kotdoto-
on Tov TEPPAALOVTOC KOl £va GEVAPLO £EMTEPIKAOV EML-
dpdoewv maveo og ovtd, evd Kabe oToyEio TOL GUVOLOL
P={(s(0), b): (s,b) € S*x B} ovimpoo®RTEVEL L0 OPYLIKT
KOTAOTOON KOl (o v GUVAPTNOT GUUTEPLPOPAS TNG
ovtomrag. ['a kabe oroyeio Tov P opiletar omd Tig oYEceLg
peta&d TV XPOVOCEPDOV o amelkovion ond to D péca
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oto E x S. To televtaio nepiiapPdvel ta mbavd cevdipio
YPOVIKNG EEMENGC TOv GLOTANATOG OVTOTNTO-TEPPAALOV.
Mmopei va. opiotel 610 GHVOAO TOV THAVOV ATEKOVIGEDV,
Kot HEG® 0LTOV 6TO P, piat AOYIKN 1 0plBunTiKs cuvaptnon
/M omoia avtimpocmmevet To EXOLUNTA YUPOKTNPIOTIKA TNG
GLUTEPLPOPAS TOV GUGTHLATOG OVIOTNTU-TEPIBAAAOY. ETot
pmopel vo datvnwbel Tomikd évo TPOPANHO gvpEONS TG
OPYIKNG KATAGTAOTG KOl TNG GUUTEPLPOPAS TNG OVIOTNTAG,
e 0ed0LEVO Vo GOVOAD THAVAOVY 0PYIKDV KOTUGTACE®Y TE-
pdALovTog Kot TBoVAY cevapiny £OTEPIKOV ETOPACEDV
o€ 0VTO, MOTE Vo eMTeVyDel o emBupn T GVUTEPLPOPE TOV
GLGTNOTOG OVTOTNTA-TEPBAAAOV.

H mopamdveo dotommon eivor evOEIKTIKN HdG GEPAg
TOAVOV STLIDOCEDMV TPOPANLATOV TOL APOPOHV GE GYEdL-
aopd TPocapLooTIKOV cuotnudtov CAD. XapaktnploTikn
KkG0e dratvmwong eivar  drapén evog cuvorov P mbovav
Mocemv kot piog ocvuvaptong f agoddynong mbavov Adoe-
@v. Epbécov 1o chvoro P opiletal amd Tn cLVOLOGTIKY TOV
TEPLEYOUEVOV GTNV TLTIKY JATOTWOOT TOV TPOPALOTOG
OTOYOOTIKOV OTOQACE®Y, 1 VAOTOINON HI0G eEEMKTIKNG
dwdikooiog emidvong propei va eEaopaliotel omd To vIo-
Aoyiotiko cvotnuo tg GENETICA.

5. XZYMIIEPAXMATA

H efopoimon kuttapikdv oAANAETIOPACE®Y KOl 1)
YPNON TNG TNV EPOAPUOYT AVATTVELOK®OV SLadIKOCIOV (€L
Bpvoyovia) emTpEMEL TNV AMOTEAEGUATIKT VITOSTAPLEN T1G
OMULOVPYIKNAG CVVOETIKNG SPOCTNPLOTNTAG GTOV VITOAOYLOT.
Eniomng avtamokpivetor e Yopaxtnpiotikd g avtioToryng
avOpodmivng dpaoctnplotnTag To. omoio gival dOOKOAO va
ekppacBodv pe Tumikd TPOmO. ATopaitntn Tpovmodeon
EPAPUOYNG TNG CVYKEKPUEVNG TPOCEYYIOTG GE TOADTAOKA,
TPOPAUATE, OTMG AVTO TOV OPYITEKTOVIKOD GYEOLOGLOV,
glvar m ypfoN EMOPKAOV EKQPACTIKAOV KOl VTOAOYIOTIKOV
péocwv. O cLVOLOCUOG TG YEVIKNG TUTIKNG EKQPACNG HE
pebod0vg EEMKTIKOD VTOAOYIGHOD, O 0010 GTNV EQPOPLO-
M mov mapovcidotnke Paciletor ot YAdocoa GENETICA,
TPOGPEPEL L0, KATAAANAN Bdom avATTUENG TETOLOV EQAPLLO-
y®V. Avtd KaBioTd duvari T yevikevon twv object oriented
ocvomudtov CAD, kobhg Kot TNV avantuén TpocaplocTL-
kv cvotnudtov CAD.
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Extended Summary

Artificial Embryogeny and Evolution in Architectural
Design: Development of CAD Systems in the Language
GENETICA

L. I. VIRIRAKIS
Dr Architect Engineer N.T.U.A.

Abstract

This paper presents simulated cellular interactions and
developmental processes in a new general problem-solving method
which combines general formal expression with evolutionary
computation and has been applied to architectural design. The
general method and its architectural interpretation have been
implemented through the languages GENETICA and G-CAD,
respectively. The presentation includes a case study, while a
new generation of creative CAD applications based on evolving
interactive objects is proposed.

1. INTRODUCTION

Architectural design problems are known to be difficult
both to formulate and to solve on the computer. They are
characterized by a high complexity that is hard to deal
with by formal expressive or computational means. Two
branches of investigation, within the framework of Artificial
Intelligence, provide methods potentially effective in
formulating and solving architectural design problems:
simulation of cellular interaction and simulation of natural
evolution.

Simulation of cellular interaction provides a bottom-
up approach to problem formulation, where the human
architect defines rules of interaction among elementary
architectural objects; the application of these rules
triggers successive construction of objects of increasing
complexity, which results in potential solutions. As a
consequence, the required complexity of a potential
solution—which reflects the complexity of the problem
formulation—emerges by an artificial embryogeny. This
is consistent with important features of human design
practice such as ad hoc combination of different knowledge
domains, interactive decisions and incremental formulation
of a design solution.

Simulation of natural evolution provides search methods

effective in solving problems of high computational
complexity. Typically, a population of individuals
representing potential solutions evolves as new high-
fitness individuals, resulting from genetic operations
applied to individuals of the population, replace lower-
fitness individuals during successive computational cycles.
«Genetic operations» are structure-altering operations,
while «fitness» is a desirable quantitative property of the
individuals. «Fitness» is to be maximized.

The design method presented in this paper is based
on a general evolutionary problem-solving method
implemented in the computer language GENETICA. The
latter includes an evolutionary computational system
incorporated in its programming environment. GENETICA
is a highly expressive language as it includes both predicate
logic and higher order modes of expression. Problems
including either confirmation and/or optimization goals
can be formally stated as GENETICA programs. Given
the program, GENETICA’s computational system evolves
data generation scenarios aiming at solving the problem.
The solution is represented as an evolved data structure.
Due to its high expressiveness, GENETICA can be used
as a platform for the development of domain-specific
languages which inherit its computational system. G-CAD
is a version of GENETICA specialized in the domain of
architectural design. A problem formulation in G-CAD is
based on the following tenets:

« general knowledge representation based on both predicate
logic and higher order modes of expression

* knowledge encapsulation in objects

* objects having environment-content relationship

* object-to-object interactions triggering selfassembly
procedures

The last two tenets make possible an artificial
embryogeny, within the framework of simulation of cellular
interactions. This will be illustrated in the following case
study, which concerns an architectural design problem.
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2. FORMULATION AND SOLUTION OF AN
ARCHITECTURAL DESIGN PROBLEM

Primitive G-CAD objects are rectangles positioned on
the Cartesian Plane. Each rectangle represents a part of the
plan of an elementary architectural object. Rectangles have
both spatial and logical attributes, while their dimensions are
either fixed or constrained. Both attributes and dimension
specifications are defined by atomic G-CAD formulas. An
elementary architectural object is an assembly of rectangles,
which may include graphic attributes. For instance,
consider the elementary architectural objects presented
in Figure 1. They are assemblies of rectangles having
the spatial attributes PS (Physical Space), FS (Functional
Space), IS (Internal Space), ES (External Space) and WIS
(Window Internal Space). Logical attributes, encapsulated
in objects’ descriptions, specify that overlapping between
a PS rectangle of any object and any rectangle of any other
object is not allowed. These attributes specify elementary
object-to-object interactions which trigger the first phase
of the embryogeny. Graphic attributes represent objects as
architectural drawings.

G-CAD non atomic formulas specify composite
objects. They are constructed by either logical connectives,
or quantifiers, or special connectives denoting either
conditional recursion or optimization. These formulas
include specifications for positioning objects within
another object, the latter viewed as an environment. Such
specifications represent advanced phases of the embryogeny,
which allow inductive development a of solution’s
complexity. Decisions not deterministically defined by the
specifications are evolved by GENETICA’s computational
system in an attempt to confirm the non-atomic formula—
where confirmation results in the production of the
composite object—and potentially to optimize a specific
quantitative property of the composite object. For instance,
consider the object presented in Figure 2. It consists of three
rectangles having the spatial attributes MR (Main Room),
WC (Water Closet) and COR (Corridor), subjected to the
geometric constraint 4 + B = C + D. This object is described
by the non atomic formula Apartment which also includes
specifications for positioning elementary objects within
the initial object. Specifications, having the form of logical
attributes, state that a Wardrobe instance (Figure 1), two
Bed instances and an instance of either Sitting Group 1 or
Sitting_Group_2 should be placed in the MR region, a Toilet,
a Basin and a Shower instance should be placed in the WC
region, two Door instances should be placed at the COR-MR
and MR-WC boundaries, while a Balcony Door and a WC _
Window instance should be placed on the exterior boundary
of the MR and the WC regions. Different evolved versions of
the composite object, all confirming the formula Apartment,
are presented in Figure 3, having the form of architectural
drawings. This form is achieved through a CAD interface

which uses the graphic attributes of elementary objects.

The solution emerges as a high-complexity object,
specified by a non atomic formula which refers to composite
objects. This is the final phase of the embryogeny, which
concludes the inductive developmental process. Consider the
non atomic formula Hotel which describes a “hotel” object
including eight instances of the “apartment” (the composite
object described by the non atomic formula Apartment) and
also a Stairwell instance (Figure 1). Logical attributes of the
“hotel” object represent the “apartment” combination rules
presented in Figure 4, while they only allow COR-to-COR
overlaps between different “apartments”. The formula Hotel
also requires minimization of the area of the total (MR or
WC or COR) region of the “hotel”. Successive phases of
the “hotel’s” evolution are presented in Figure 5 in the
form of architectural drawings. The hotel design problem,
represented as a G-CAD program, includes only descriptions
of low-complexity objects and simple object-to-object
interaction rules. Nevertheless, it is a complex problem
combining both confirmation and optimization goals in
three interdependent design levels: the elementary objects
level, the apartment level and the hotel level. The G-CAD
program does not include any solution method. The solution
method is problem-independent and is provided exclusively
by GENETICA’s evolutionary computational system.

A visualization of the evolutionary computational process
is presented in Figure 6 as a diagram where the horizontal
axis represents time in computational cycles. The textured
area represents «species’» evolution, where a «species» is
a set of identical data generation scenarios. “Species” are
represented by grayscale zones ordered by increasing fitness
from the bottom to the top of the diagram. The thickness of
each zone represents the size of the respective «species». New
best-fitness “species” appear at the top of the diagram while
extinction takes place at the bottom. The best fitness reached
in each computational cycle is represented by a black line.
The ratio of «species» introduced in the population, in each
computational cycle, to all new «species» generated during
the computational cycle, is represented by a gray line.

Detailed documentation of both GENETICA and G-CAD
is available at www.genetica-informatics.org. An executable
prototype version of GENETICA is also available on the
same website.

3. TOWARDS A NEW GENERATION OF
CAD APPLICATIONS

Simulation of cellular interactions and artificial
embryogeny can effectively support creative design on the
computer. Necessary expressive and computational resources
are provided by the language GENETICA which combines
general formal expression with an evolutionary problem-
solving method. The proposed approach can be adopted
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for the development of a new generation of creative CAD
systems in the domain of architectural design. This can be
achieved by both the generalization of conventional object-
oriented systems and the development of adaptive systems.
In both cases, interactive design entities are subjected to
problem-solving formulations characterized by a search
space P and an either logical or numerical objective function
f defined on P. A formal outline of such formulations is
given here:

a) Generalization of object-oriented CAD systems

A conventional CAD object can be viewed as a mapping
from a set 4 of vectors of user-defined attributes to a set
I of object instances. A generalized CAD object can be
viewed as a pair (g, f), where g is a map from 4 into the
powerset @ (I) of [, and f'is a function defined on [: if
a_8& P (aed, Pe p(I)) then P represents the search
space of a problem whose potential solutions are defined
by the attributes a.

b) Development of adaptive CAD systems

Consider E, S, A and EXT as sets of vector functions of
time, where each function is defined on 7'= [0, tmax].

If (e, s,a,ext) e ExSxAxEXT then the functions
e, s, a and ext respectively represent the state of the
environment of a design entity (the latter potentially
constituting a system of entities), the state of the entity,
the influence of the entity on the environment, and
external influences on the environment. The relations
(a(?), s'() = b (e(n), s(1)) (1) and e'(r) = g (a(?), ext(?))
[t € T] (2) hold, where b and g describe the behavior
of the entity and of the environment respectively.
Consider g to be fixed, while b € B, where B is a set
of potential behaviors of the entity. Each element of
the set D = {(e(0), ext): (e, ext) € E x EXT} represents
both an initial state of the environment and a scenario
of external influences, while each element of the set
P={(s(0), b): (s, b) € S x B} represents both an initial
state and a potential behavior of the entity. Due to the
relations (1) and (2), each element of P maps D into
E x §, where the latter includes potential scenarios of
evolution of the system entity-environment in 7. As a
consequence, desirable features of such scenarios can
be represented by a function f'defined on P.
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