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INTRODUCTION 

.'.-I persoil does11 't reall!- mlrlrr.~talld sonlethii~p until he teaches 
it  to soil~eoi~e else. -4c tual l~  a persoli doesil't reall!- ui~derstand 
s o ~ ~ ~ e t h i ~ l g  uiltil he call teach i t  to a coi~lputer. i.e. e s p r e s ~  . it  ' as 
all algorithnl. The atteil~pt to express it  as ail algorith111 leads to 
a illuch deeper ullderstaildil~g tha11 i f  ri-e t n  to uilc!erstaild thii~gs 
i l l  the traclitiollal it-ay" ( h u  th. 19 76. p. 709). 

This paper explores algorithms as form deteriiiinaiits design usiiig 
the huilt in programming languages of Computer-aided tlesign s!-s- 
terns (CAD). The process involves defiiiiiig tlesigii i d e s  that are 
programmed into the computer. Several coiicepts like recursion. 
random generation and shape grammars are esplored in order to 
produce a wide variety of possibilities. Two iilodels utilizing the 
AutoC-AD'S Autolisp are presented iii this paper. The first esai~liiies 
a paraiiletric Autolisp routine developed for Le Corbusiel; and the 
secoild explores genetic programming using elements froill 
Corhusier-s design style. The esaiiiples iilvolve sets of iastructions. 
~vhicli are the rules input into the computer. The user is then 
proiupted for soine parameters. and the computer executes the so- 
lution. The programs contain variables that illcorporate the rules so 
that the results are not repetitive. The objective is to utilize the 
inherent properties of coillputers to generate a wide range of unes- 
pected design alternatives. As a solid modeler. AutoCAD uses closetl 
volumes as its priinitives and a series of operatioils for inserting, 
deleting. reshaping. and positioiliilg that allo~v for aiaiiipulatiiig forin. 
The programs involve manipulation in the three-dimensional world 
utiliziiig the X. Y. and Z coordinates. Such esplorations permit the 
development of certain routines and traiisformations that are in line 
with design principles. 

tl -4rcliitecture (1503) also suggested xva!-s in ~\-hich sets of poten- 
tial plans aiitl elevations comhiiiatioiis call he generated. 

T~veiitietli ceiitur!- architects used three-dimensional volumes in 
composing clesigil. For example, Le Corbusier used a vocal~ular!- of 
basic volumetric elemelits aiitl assembled them illto coillplex ar- 
chitectural composition. Likewise. Frank Lloyd 'Triglit gained in- 
spiration from his earl!- childhootl froebel blocks. Man!- of' his de- 
signs eilierge from a process of taking simple volumes and intrr- 
secting thein i11 space to create form. More recentl!: Coates. Heal!-. 
Lamb. aiitl Yooil (1997) have employed generative modeling to gen- 
erate limitless instances of' forms hy random growth. addition, and 
decompositioa. The process iiivolves computation of algorithms. al- 
gebra. aiid variable combined with design knoxciledge. The concept 
iiivolves finite sets of relativel!. siiliple rules which result i11 com- 
ples outcoil~es (i.e. complexity froin simplicity). The rules are ex- 
plicit: their values are assigned. manipulated, and selectivel!- ap- 
plied. Geaerall!; design has a number of compoiients in relatioii- 
ship to one another and therefore has two aspects: the number of 
coiiipoiieiits and the relationship betxveea components (i.e. objects 
and rules). The rules distiilguish a rancloil~ pattern of 01)jects from a 
sigiiificaiit design. The rules call he employed in coinposiilg and 
tlecoiiiposing architectural ol~jects as generating or analytical tools. 

The design process disseminated in this paper relies on identifying 
design rules and their relationships and utilizing concepts such as 
l~ottoiu-upltop do~vn approach. shape grammars. and algorithms. 
The author also explores the development of clesigil grailllnars in 
order to utilize the inherelit potential of computer-aided design s!-s- 
terns as design tools through prograili~lling aiid not just as drafting 
tools in design. 

GENERATIVE THEORIES IN DESIGN BOTTOM UP/TOP DOWN APPROACH TO DESIGN 

Since the Roman times. designers have been using generative theo- Mitchell (1990) notes "if we approach architectural composition in 
ries to develop plans and work out the most appropriate plan froin bottom-up fashion, we rely on our kno~rledge of the forinal and func- 
several alternatives. In the 19Ih century "Ecole Polyteciiique" and tional characteristics of given architectural vocahulan ele~lleiits to 
"Ecole des Beaus Art" designed by exploriiig several Tvaj-s iii xl-hich suggest feasible and useful ways of putting thein together i11 com- 
elements of a fixed vocabulan could be asseinbled in different com- position. Conversel>-. if me approacli design in top-do~vii fashion. 
billations to generate architectural fo~~ i i .  Durand's Precis des Lecon's Ire rely on our biio~vledge of foriiial aiid fuilctioiial characteristics 

to suggest appropriate choices and adaptatioi~s of ele~lieilts to pro- 



vide given f~~nctions in given contests. In either case. our Ano~\il- 
edge of how to select, shape. and put tliings together to serve arclii- 
tectural purposes can be expressed in the form of shape rules "(p. 
234 ). 

Fa\-cett and D(.ljto~\-icz (1986) note "a complete design is the entl 
product of a process that begins with a vocahulai?- of ~rell-defined 
components"(p.26). In tlie bottom up approach, the process of de- 
sign involves a selection of compoi~eiits fro111 the vocabula~?-. plac- 
ing the first one and adding others successivel!- assembles the de- 
sign. In contrast. the top do~ in  compositional technique starts with 
an ahstract forin. ~ v l ~ i c h  is elaborated until it is transforined into 
form. Here ~ v e  have a comparative research methodolog!- of the 
black box versus glass box respectivel!; demonstratetl in tlie cre- 
ative process that generates fornl. Both approaches rely on kno~rl- 
edge of a given vocabulan- and sets of relative1:- simple 1111es ~rliich 
result in coiiiples assenlblies (i.e. complesit!- fro111 simplicit!-). 

SHAPE GRAMMARS 

Fraiih L l o ~  d brigllt (19.54) stated in the Natural house that "el er! 
house ~+or th  considerilig as a work of art must have its olrn gram- 
mar" (p. 296-297). He also stressed the importance of consistency 
in grammar and the importance of a design 11aving a language of its 
o~r11. Stin\- (1980) defines "shape graiilnlars as a set of initial con- 
ditions. a lesicon of primitixe objects. and s!ntax of transforina- 
tions on those objects". 

Fawcett and Slhjto~vicz (1986) define "shape grammar as a prin- 
ciple b!- 1vhic11 vocabulary eleiiients can be put together. and inher- 
ent in a granlniar is the set of iiiappings between vocahulan- ele- 
ments such that certain grouping of elemeats can he transformed to 
another group"(p.43-6'7). 

The process has been denionstrated in producing line dralrings that 
reseinble those of Palladio I,!- Stiny and Mitchell (1980) and Frank 
Llo!-d %rights villas by Koiiing and Eizenberg (1981). Shape gram- 
mars have been emplo?-ed b!- Richard Coyne (1988) to describe 
algorithnls for performing arithinetic operations on geometric enti- 
ties called shapes. 

More recentl!-. Coates and Makris (1999) have incorporated shape 
grammars and genetic programming in spatial co~nposition h!- start- 
ing with sets of geometrical structures and their relationships. Their 
approach uses genetic programming with a 1ibrai-y of objects in a 
genetically bred computer program. The concept of design vocabu- 
la]?- is used to enable a sinlplistic definition of the rules which can 
he input as points, lines. volumes. shapes. and primitives in a com- 
puter algorithm for the esploratioll of alternative solutious. 

RESEARCH MODELS 

The follo~iiiig tvo research models illustrate experiments in form 
generation in Autolisp. AutoCAD programming language. The first 
is a parametric Autolisp routine for Le Corbusier and the second 

esplores genetic programming using elements from Le Corbusier's 
design st?-le. 

MODEL I: PARAMETRIC AUTOLISP ROUTINE FOR LE 
CORBUSIER 

I11 Le Corhusier's own summar!- of his 111ain architectural elements. 
he identified in his buildings the following five points of Architec- 
ture: Pilotis. Roof Garden. Free plan. Rihhon R-intlo~t-s. and Free 
Facade. The Pilotis raised the huildiiig off the ground into the air 
ant1 allou-ed for the space undenleath to be used for parking cars. 
road. or gardens. Space lost was replaced on the top h!- a roof 
garden ~ ih i ch  was a space open to the sk!; containing greenery xritl~ 
a vie~v all round. Free planning was possible since tlie frame car- 
ried tlie weight and partitions were orgaiiizetl independentl!- (e.g. 
soine were curved to express their freedom and fuiiction). Ribbon 
Rindo~rs  were located from side to side of the facade horizontally 
lighting the ~vliole interior evenl!- and giving masiniuln vie~r. The 
Free Facade portrayed the esterior walls as non-load bearing, thus 
reemphasizing the inherent poteiltials of a frame. 

Le Corbusier emplo! ed this five polnts in three main combinations: 
firstl!. as a niemhiane itretched oler reinforced conc~ete frame 
uhere walls enclosed the colunins: secondl!. setting the T\  all5 back 
fro111 the main structural frame: ant1 third. as mass penetrated. 

Figure 1 illustrates t l~lpe  111aiii comhii~dtio~ls o f  Lr ColBn3iel.b F ~ I  e p o i n t  o f  
r l ~ r h i t r c t ~ ~ ~ .  
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The buildings were chosen because of their similarities. size. sim- 
plicit!. of language of design and relationship to the five points of 
architecture. n-hich is the startiilg point of the design algorithm. 

Ailother design collfiguratioils used I,!- Corl~usier such as the Inter- 
lock system had elea~eilts locket1 around the service stack (Baker. 
1986). Since the frame of the huilding carried the load. part of the 
floor slab was taken out to create double height rooms or semi-open 
spaces. The facade was also opened at an!- level or removetl en- 
tirely or 1)ecame suilsl~acles ~vitli the ~valls set back from the facade. 
The reillforcetl concrete fraine and slah formed the 11asis of Le 
Corhusiel.'~ main design approach. and ~ritliiil this cage various 
activities of the huilding were accommotlatetl. The stluctural ele- 
ments Trere orgailized to easil>- accommodate circulation elements. 

Program Rules 

The prograin rules were hased on the main elements of Le Corbusier's 
architectural s t ~ l e  and classified under the follo~+-iiig main catego- 
ries: 

1. Orthogo~lal Cage determinatioa 

2. Circulation 

4. Main curved elements of interior 

These categories were further elaborated into niles specifying points. 
vectors. polygo~ls. and other graphic tokens that could he inter- 
preted in Autolisp. 

i I P-& s p ~ s m  r im 
PI. SBCB ruMxm=&ls 

Rule 2. Like Le Corbusier after the detenllination of the 
column grid. a major axis is defined in the X or Y-axis. 
The lvle is to place the major axis in the Y direction if the 
number of columns in X was greater than in 3- and vice 
versa. 

Orthogonal Cage Determination 

The orthogoilal cage represents the structural frame and the lules 
I\ ere based on the follo~ring: 

Rule 1. The structural pit1 svstein nas basetl on the num- - 
her of columns in the transverse and loilgitudinal direction 

, I \ { \  rxccrtdai 11% lo??pxfod&osl se\s tan *tIw $e fhtnled 
of the building. The relatioilship betnee11 the longitudinal LIIIC, i l / * n  rr'i nate d~rtci~crc 

and transverse axis are hased on proportioils identified in 
Le Corbusier's design and interpreted in this project as an 
ABC relationship. This is interpreted in the proglam in an 
X and Y-axis. A represents the distance bet~ieen the col- 
ulnils ill the X axis: B varies het~keen being equal to 4. 
0.5-1 to 0.75A: and C exists  hen there are lllultiple col- 
umn grid spacing in the X axis. 

Figurr 3 iilustrate.3 1ulr5 for axis drteni~inatioll. 



Rule 3. Randoml!- deterilline the number of floors bet~c-eel1 External Wall Placement 
two, three and four. 

The placement of the structure's esterilal ~valls were hased on three 

Rule 4. Place the living room position either on the first or main criteria: firstly. a memhrane aroulld the structural frame: sec- 

secolld floor. olidl!-. set hack from the structural frame: and thirtll!; aroulid the 

structural frame ant1 raisetl on pilotis. 

Circulation 

The vocahulal?- of circulation elements w r e  dogleg. spiral. straight 
flight apsidal staircases. alid ramps as ideiitif'ietl in Le Corhusier's 
I~uildings. 

Fisure 4 illustrates I ocdbuia~? of C~J-culation eienlents. 

Rule 1. Spiral staircases are placecl in buildiligs ~ r i t h  two 
columns in the X and 1.-asis. 

Rule 2. A straight flight of stairs is flanked to the side ~ v h e n  
placed in a three by five grid. 

Rule 3. A ramp is placed in a f i ~  e b! five grid. 

Rule 4. T ~ r o  apsidal stairs are located in a file by three 
co1ui1111 grid. 

Rule 5. Extmlal  dogleg stairs are in a three by five column 
grid. 

The follo~iing rules T\-ere applied: 

Rule 1. If tlie number of floors equals two. the11 the exter- 
rial xiall is a ~liembrane around the stiuctural frame. 

Rule 2. If the nu~ilber of floors equals three or four. then 
the buildillgs coultl be raisetl on pilotis or set 11ac.k from 
the reinforcetl concrete frame or a membrane around stmc- 
tural frame. 

Main Curved Elements of Interior 

~ n t e -  Corbusier utilizetl a variet>- of curvet1 elements in  his huildin, ' 

rior since partitioils were non-load-bearing. Their independence 
was usuall!- reflected in their free organization. aild cull-ed ele- 
ments were concave and collves in  form. 

Rule 1. Curved elements defined builtlilig entrances. 

Rule 2. C u n ~ e d  screens definetl terrace floors. 

Rule 3. Cull-ed elements defillecl circulatioli elements 

Rule 4. Ramps were enclosed b>- cum-ed elements. 

Programming 

-4utoCAD.s huilt in programming language Autolisp I\-as chosen 
]lased 011 AutoCAD's adaptability aud popularit!; Autolisp is  de- 
rived fro111 commoii lisp and c a l ~  be customized to specific needs. 
Lisp presents information in form of lists. Lisp is  known to be the 
most extensire of col~lputer languages: it has about 200 to 300 built- 
in functions. and programmers can also create their oxvll functions. 
I11 lisp. functio~ls are used to espress data and programs. 

In the program. separate functions were written for mail1 eleiilellts 
like the CO~UIIIII grid. circulation elements. terraces. curved screens. 
esterlial xiall placement. etc. The functions were given separate 
arguments hased 011 the rules. and a main function evaluates all 
these separate functions. The use of ralldollllless Tvas incorporated 
so that the program deterlili~ies the evolution of the design and thus 
esplores architecture a s  self-generated. 

The Autolisp routine is loaded from the command prompt in a n  
-4utoCAD tlra~ving file. ~vhich  t l~e i i  prompts the user for a ra~idom 
number function. The user call input a random number llet~reeii 0 
and 32567. then the progranl h\- itself selects a co lum~l  grid system 
hased on the program rules. Upoil determining the column grid 
s>-stem. it deterillines the number of slabs. types of external faces. 
elements of' interior. and then the c u ~ v e d  screen. Figure 5 to Figure 
7 illustrates some of the "Corhu" like prototypes generated 



Fistrrr .i illustrate; @elleratioll h 1 1 1  rand0111 110. 13 

Main part of 16 page Autolisp Routine 

(defun c:ha! ( / ) 

(set\ ar "cmclecho" 0) 

(solsen rnsg 0) 

(command "ucs" " ~ c " )  

(command "la! er" '*make" -'O" "") 

(command "erase" "all" "") 

(setq p l  (list 0 0 0) 

lad 0.1 (getreal "eilter radius of column") 

h 3.0 

seed(getlnt "seed T alue fol rantlom number function")) 

(setq a(getrea1 "ma\ dist het~heeil cols")) 

(setq choice (fix (rand 1 4))) 

(concl ((= 1 cholce)(setq b (1 a 2))) 

((= 2 choice)(setq b ( a 0.75))) 

((= 3 choice)(setq b a))) 

(setq colx (fix (rand 2 6))) 

(setq col! (fi\i~aild 2 6))) 

(setq ch(fis (rand 1 4)) 

Figure 6 illustrates pelirratioli fio111 ra~~rlonl 110. 35. 
ilialieit T copyouter T) 

Figup 7 illustrates ~e11eratio11 fi.onl ralidon~ 110. 119 

(contl ((and (= c o l ~  2)(= ch l))(setq col! 2 makeit nil)) 

((and (= colx 2)(= ch 2))(setq col? 6)) 

((and (= colx 2)(= el1 3))(setq col! 5)) 

((and (= cols 3)(= c11 l))(setq col! 3)) 

((and (= col\ 3)(= ch 2))(setq col! 6)) 

((and (= col\ 4)(= ch l))(setq col! 2)) 

((and (= colx 4)(= el1 2))(setq col! 6)) 

((= colx 5)(setq col! 5 cop!outel nil)) 

((and (= cols 6)(= ch l))(setq col) 2)) 

((and (= cols 6)(= ch 2))(setq coly 4 copyouter nil))) 

(command "la! er" "make" "cols" "" 1 

(setq tp(co1grid p l  (list a h) b coly cols makeit copyouter)) 



(command "layer" "illake" "slabs" "") 

(setq 111 0.2) 

(setq slahiluirl (slab p l  h l  tp )) 

(commantl "la! er" "malie" "estemal" "") 

(setq face (external)) 

(terrace) 

(commantl "la! er" "mahe" '.stepsq' -'") 

(stairsNstuff) 

(openiilgs) 

(command "la1 er" "make" "duct" "") 

(stack) 

(cun esc~eeils) 

(coinir~alltl "zooir~" "e")) 

MODEL 11: GENETIC PROGRAMMING 

This model esplores genetic programming using eleilleilts from Le 
Corhusier-s vocabulary; Genetic programming al lo~rs the parallel 
esploration of design worlds defined by initial asio~ns and produc- 
tion. The aesthetics of the end product depend entirely on the ini- 
tial grammar. A good set of asioms and production may lead to suc- 
cess. ~rllile badl!- chose11 asioins may lead to sillall design worlds. 
Coates P. and hlakris D. 1999 note "a well chosen grammar leading 
to a large number of noii-trivial design ~rorlds increases the likeli- 
liooct of fiildiilg a suitable candidate as the solutioil to a properl!- 
posed problem"(p. 4). 

In geiietic prograrrrming the hasic idea is that architecture results 
from the multiplication of simple relationships. The range of 
moves available ~ rhen  exploring 11y hand are limitecl. Coates and 
Rlakris. 1999 note "the use of a recursive1)- defined generative gram- 
mar using geiietic programming allo~rs for recombination and em- 
hedding of irlorphological iiloves to any level of complexit!- 
requiredW(p. 2). 

Program Rules 

This model starts xrith sollie basic configurations from Le Corl~usier's 
vocabulary: the columns. slabs. and column grid relatioilships al- 
ready identified in the previous algorithm represent the initial con- 
ditions. In the Autolisp program. tlie geometry of the initial condi- 
tions are defined and a set of transforn~ation tlefined in tlie s ,  !; and 
z axis. These transfoririations like the previous model are baseil 011 
an A4BC relationship. where A represents the distance between the 
coluiliils in the S asis and B represents the 1- axis and varies he- 

tjreeii heing equal to A. 0.54 to 0.75A and C esists where there are 
lliultiple spacing in the s asis. In the Autolisp routine the first gen- 
eration of eight objects are generated from this initial conditions, 
and the user has control over future generations b!- selectiiig two 
parents froill this generation to he mutated 

Figulr 8 illtrstratei gel~eration fi.onl GP fi)r Lr Colbrriirr - I-;ando~ll seed 1. 
PI-ohahilitj of nlutatil~p 7. .\o of Gellrratior~b 7. Parrnt of Ron -7 = 1x2. Parent of  
Ron 3&4. 

The ilutolisp routine presents configurations that are similar to Le 
Corbusier's and the nrutations are drivel1 h!- visual judgement. ~rllich 
encourages cooperation bet~veei~ the computational power and hu- 
mail creatil-it)-. The resulting forirls at this stage illustrate that an 
evolutionary- approacll is related to the process of generating coin- 
position. Coates 1999 suggests "that a coilrplete esamination of the 
implication of genetic prograilliliiilg ill architectural design ~vould 
necessarily reflect the inevitabl!- coillplex and dynamic character 
of architecture. and draw seine lines tov-ards methotlologies to ilroclel 
brief and space"(p.3). 

CONCLUSION 

Coates and Rlahris (1999) note "the basic tlesign prohlem coiisist 
of the prediction composition of the solution from primal7- determi- 
nants. Different clesign strategies colrtain different theories to ap- 
proach the compositional problem. The probleill is that though it 
is relativel!. eas!- to deterllline tlie putative structure of the proh- 
lem. the determination of its possible formal structure is extremely 
difficult. Furthermore. the problelll definition (brief. program, 
criteria matrix. huhl~le-diagrammiilg etc.) does not impl!- a solu- 
tion. but rather slioultl form a bas is  for test ing possihle 
coiifiguratioiis"(p. 3) .  

Esploring design algorithms present an opportunit!- to examine a 
wide variet!- of possibilities and unexpected alternatix-es. Explor- 
ing algorithms in for111 generation highlight the impot-tance of rule 
]lased s!-stems as an integral part of the design process and rules 
can he nrodified to s!-sternaticall!- clefine a nelr language of design 



that reflect cllanging circumstances and incorporates new ideas. 
The process offers a n  oppo~-tunit!- to develop a deeper understa~id- 
iilg of the design process through defining siri~ple rules in  for111 of 
grammatical relationships between design. The process contributes 
to the human technology in te~face  debate alitl serves as a starting 
point for utilizi~lg CAD systems in generating design rather than 
utilizi~ig them merely a s  rendering and drafting tools. Perhaps. as  
expertise in visualization skill increases ~r i th in  the profession. the 
development of design algorithms through auto~nated systems be- 
comes a n  area that needs to lle explored 11)- designers. to utilize 
computers to their fullest capabilities in creative thinking and prob- 
lem solving. 

Since the range of solutions a\-ailable ~ r h e n  exploring h!- hand are 
limited by the increasing co~iiplesity oftlle design, the nest step of 
t!;;- research is to i~ltroduce this ~iiethodology in studio and digital 
ni , t  classes. The author does not propose to diminish the designer's 
~;~i).~i~ilit!- in a n y a y :  it slloultl he noted that the end procluct strictly 
relies on the chosea axioms defined h!- the designer. A well-cho- 
sen grammar results in  the likelihood of finding Illore possible de- 
sign solutions. The methodology proposes alternative creative tech- 
niques and offers the designer a n  opportunit!- for exploring a ~vitle 
range of design possibilities. 
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