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r .  I licsre 1 an be no doubt that digital tec hnolog~ hay p~ofoundl~ 
altered what u e  h e  asiumed were the material liriiitation~ to 
our art. & hile digital tools ha\ e allov ed ui  t o  e r f o r t l ( 4 ~  
manipulate architet tural topdogie- far b e ~ o n d  the tori*traints 
01 t l ~ e  Euclidean world. the rnaterial art of actudll! riia]&g 
arc hitee-ture is still rooted in traditional fornls of construction. If 
an~thing. it r i ~ ~  be speculated that the uholesalr ddoption of 
ne\\ technoloq into the  nlainstrearn of architecture. hut a 
rrinforcrment of a xidening of the cull hetveen the idea of 
architecture and its material expression. 

geometric order and proportion. the artiqan mediated hetween 
the world oi idea< (the drawing) and tlie \+orld of pl~rsit-a1 toil 
(the e onstruction site) The ~i t rukian principle* of gt3oriic~tq. 
proportion. adjustrnrnt and tole~anc e. guided the artisan's 
exploitation of material into arrhitectural fornl. The art llitect 
arid craftsman shared an  urderstarlding of the essential 
geornetric order of t h r  world. Proceb,. method, intuition and 
creatkitj nere  indistinguislialde c omponcnts of the true artiitrj 
of interpreting the mmitrstation of loftj idea> b\ t h r  ~nutahle 
transfor~natiori of rnateriali. 

Indeed h~  man^ theoretical at count?. architecture through the 
centuries ha5 experienced a gradual but certain cribis of 
rele~ance.' I t  the heart of the problem is the reduction of 
architecture to an instrument of reprewntation. Ironicall!, it is 
thia intention that lurk at the core of the e\olution of digital 
trt I m o l o ~ .  It is these misrepreqentatixe intention. that ha le  
0111~ aerled to \\iden the gulf h e t ~ e e n  the idea conceiled and 
iti execution into huilt \+orb. 

C.r& sstood a<  the essential bridge hetneen theor! and matter. 
Thiy relationship ~ o u l d  be crucial to nlahing architecture. as 
long the limits to both theor! a d  matter \\ere culturall! 
azqumed. In the t~aditiorial practice of architel-ture, it Mac thr  
ingeriuitj and creati~itj of the artisan that permitted the leap 
het\+een these extremities. Through the <hared principle< of 

4t some point the artisan's re le~ance to huilt \\orb hegan to 
fade.- But the gradual deterioration of the ~ a l u e s  that permitted 
thiq assumption of roles. began to exclude tlie craftsman from - 
this harmonious relationship. Process and method mere exentu- 
all! extricated from the integral \+hole of artisanship and the 
rntiletj of thic endealour \\as reduced to nothing more than 
manufacturir~g arid fabrit ation: Irchitrcts vere increasingly 
forced to prest rille the precise geon~etrit instructions and 
mrthodic material specifi~atioris that once were the in tu i t i~e  
do~rlain of tlie artisan. Thib u a i  parallrled h~ the expectation 
that architrcts ihould be able to accuratelr predict the 
appearance and experience of huildings ht means of perspec- 
ti1 e and descripti~ e geometr!. 

The malting of complex form. such aq ornament. relied on the 
self-propagating transforrnatiori of matter using the self con- 
tained algorithms of geo~netrj ,  proportion. adjustment and 
tolerance. Geometq u a i  a scaleless theorem of perfection. 
\+heleas proportion uas  its agent of ewrution in the l i ~ e d  
~ o r l d .  Proportion ~ a i  the nlechanism h, uhich geometq 
adju-ted itselt to the infinit! of conitrairita either found in the 
natural norld or contr i~ed in the act of building. & ithin any 
wrface. an! space and ant opportunit~ the procedural order of 
self-contained proportionate algorithm- would project them- 
sell es. \+rap themseh es. adhere themseh e? and e\ en c a n e  
themyehec into the malleable \$orld. The artiiari was the 
pri~ileged master ~ i t h  the gift of mediatil~g tliese extremities. 
Through intimate knowledge of his materials and tools. the 
artisan uas  compelled to fill the horror c n c u ~ i  uith the intuithe 



388 RECALIBRATING CENTERS AND MARGINS 

(;ecmetr! dry( r i l d  tlie boundan 1 ondition of the I I U I ~ I ~ I I  l ~ d j  
as ]wing flit '  i&dli7txd protot3f)e ior "11 order\ o~igiuatii~; from 
liun~an ?rrdra~ or. \ itru\ id11 geometr! desc iil~ed a proportionate 
ipatidl relation.liip Iwt\+een the 1iurna11 hodj a11t1 the ~riaterial 
\+orltl: -1 haptic darrc e of liniits arid boundarie,s. Thi-. disrreet 
order at the origin3 01 r\erjqhing made ( o d d  onh i~itentionall~ 
Iw ~ e ~ r a l r d  tl~rough the work of the geometer. or more 
ipec i f i d j .  the artiian." Geometric ordel \+a- intr in~it  all! tied 
to tlir ce i twri  of the artiqan as the\ spatiall! negotiated the 
c~afting of material. The irlediatior~ of nlattcr \\it11 thi. o r d r ~  
had more to do \\it11 the da11c.e of strings. s tep .  nlarlrs. 1 uti and 
jig9 than the purr and rarefied theorem of \\hat we Ila\ e ( ome 
to expec t from a -'ELI( lidearl" mind. Tlw succ esiful appearanc e 
of geonletq vould depend on the practical artistrl of the artisan 
and lli3/ller seemin$! mysterious abilit! to coax and encourage 
the transnlutation of chaotic form into geometric o r d e ~ .  Rather 
than lwing a rule. proportion helped with the difficult negotia- 
tion 1,etrleen idealizetl geo~netr\, and irnperfec t matter. 

The true genius. tlien. of the artisan \$a6 riot reflected in the 
rrration of pertected geometric orrlament. Quite the contrar!. in 
the less-than-ideal situation. geometn and craft %{ere fort ed 
into inno~atixe disc mer!: a h o t  of reaction \+ood uithin an 
o ther~i ,e  hornogerleou. surface x\ould force a novel adaptation 
of geometr!. totallj responsi~ e to and generated b! the 
imperfection. It i. p ie~ise l j  thi i  combination oi incfetermir~ac~ 
and non-repre.rntationa1 skill that led to the d isco~er j  of forrn. 
authentit it1 a rd  un ique~ ics~  in the building arts. 

One could suggest that Craft is an intentionalit! emhedded in a 
resi i t i~e uorld. To make something is a plajful challenge to the 
material. Pla) mediates the resistance of material whether it is 
language or matter. E\ en though one ma! hegin an engagement 
with a subjectire intention. it w i l l  only succeed 3 it pro1 ohes a 
reciprocal re-ponse from an intentionalit! ernbedded in the 
material. Craft depends on the extended actions that this 
relationship entails. '-something begins \\ith me b e h e  I begin"'. 
Instead of predetermining action. Me must discoxer a map of 
engagement. F e rnust "plaj b j  challenging and resiiting".- 
When u e  p l a ~ .  one challenges the miterial. it in turn releals an 
intentional resistance that pro1 olies jet another challenge. and 
un and on arid on. Craft is the state of pla! emhodied brt\\eer~ 
the thallenge and the reiistance."Th state ha* ii ovn  material 
incarnation in the tool. 1 hat profoundl! determinei the nature 
of the craft i. the intern~ediate materialitj me uie *uch as our 
in.tru1nents. our motor sltill or el en our loice.' The realitj is 
that the true generator of form Ma&. in fact. the rnaterial procesi. 
It is this faith i r ~  the material exolution through thc conse- 
quence of craft that v e  seem to haxe lost. 

Scm~ett poiritq out that the heart of our ( ontrrnporar! itlrologj. 
tlie idea ( ~ 1  frerdorn arid rrsi.tarlc.e. h e  their roots in the 
Frent 11 re\ olutiorr. In the >ear- that t o l l o ~  ed this importarit 
e ~ e n t .  t l ~ e  strreti of Park Mere \+idened d i d  cleared of all 
ohqta( les. SUCII as treeq and Imildingp to make u a j  for the 
ph!sit al spa1 r of freedo111." Paris uould Ile tlri\ en b, this 
age~ltla for! ear\ to come. a+ Hauinla1111 \+auld de~nonstratr. l e t  
lil~erti a. defined h\ eliminating rc-ii~drlc e i i  reall! ody d 

per~ersion of its experim( C. L i l ~ e r t ~  i- formed 11! the euperi- 
ent e of struggle. Ilenc e. it drpends 011 irnpurit~. ol)itru( tion 
arid difficult) I -  111 artist would knou this liberation as the 
rno~rient of epiplianl i hen the, finall! begin to con~niand a 
diificult rnediunl. 1 s  design educators \+e patirntl~ apprentice 
our students to reach that point through drawirig and ~naliing. 
Libert! once d i ~  ort r d  iron1 the experienc e of resista11c.e 
bet omes r~otlling but an abstract demand. 

J r t .  \that effect xould the cultural of eliminating resistance 
lm e on our cities! The body has become a passil e organism 
that simply occupies space in the cit!. Our bodies are 
intentionally discorirlected from spaw and in time. Our cultural 
and cii il induatrieh are charged nit11 the dutj of proliding an 
en\ironment free of "encurnhrance. erigagement or elen 
effort."' In o t lm words to emancipate 11s mith the last freedom 
.-freedom from resistance"." 

1rcwrding: to -1cforno. one aspect of the cultural crisis that \+e 
are in is due to the stead, disintegration oi materials. Materials 
ha\ e lost H hat their a-priori s e k e \  itle11ce.'~ \Iuc h like the 
nartisqisrn of the xirtual world. our d\+indling farniliarit~ uith 
the limits and embedded resistance of material. suc.11 as: 
llarnlonic scales and e len  linguistic structure has signaled the 
tr iun~ph of heing for other.I5 Our current trend of .'designedn' 
ol~jects attest to this disintegration. Our objects hare loit their 
edge - literall!. W r are being surrounded b j  the habj- 
s~noothneas of neu consumer items. like the iniac. that are 
more reminiscent of a nursen to! than utilitarian function.16 
htomobiles for instance. are designed to ~ a r r r ~ l !  cocoon our 
bodies as we reach higher arid higher lerels of speed and 
conxenience. It is important that \+e renlain unauare of their 
inlierent resistallre ie: vhat pull erized con( oction of materials 
the! \$ere made vith and \\hat poor iouli made them at a 
barel, sustaindblr wage. 

For Philosopher Barbara Becker. The gradual erosion of 
rnaterialitj is at the core of the post modern condition.'- The 
rieM digital interfaces that ~e are tojing nith  no^ in digital 
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.".pa( e" arr c o r ~ t l i t i ~ ~ ~ a l  on the c ornpletr sul)jupation 01 
rnaterialit\.' 111 other wcmli. t l ~ e  cxentual r r d  oi a digital 
~naterialit! xt on1c1 l)t. t h e  ahieri-t. 01 irrtentiorlalit!. For Brc l i r ~ .  
thii i -  prtv iwl\ the prc111le11i \tit11 xirtualit!. E\c.ri if x t t *  Iterr 
( a I d ~ l t ,  01 rrtlut ing the n~dtrrial  uorld to a rulljrc t i \  r t "11- 

sc iouw~c i .  that discourse xtould Ile grounded \\ithi11 t h c s  

lexic oil oi the j)Iie~~omenal ttorld.'" t ltimdtel~ this xtould 
t ieatr an ex ell xtor.e xtorld than Me hax ct  no^. For it xt e den! 
our rnil~rtltletl iritrntioriall! xte are onlj existing in the ~ o r l c l  
for  our-el\ rs nithout the other: an alrno-t texthooli definition of 
narc issi.111.-(' 

It i- at thic point that x+e ma! he  able to turn to the dile~nrna 
that xte are currrntl! in. The re&tarice of the material and its 
clcle of engagement ir \\hat generates craft." I1 rnaliing is 
drperident on the en~bedded resistan( e of the mate~ial. hoxt 
doe< o w  make \then the material itself is isolated as pure 
suhjertixit!! In thif case it is not enough to nierel! resist for the 
sake of resiitance itself. The danger being that romeho\t xte 
x\ould de\alue the xtorli to something ephemeral rather than 
lasting. 111 Sdorno's words it would f o c u ~  oril\ on a ""bop,  
prornissor\ note on the future'^." 

Tlie representation of digital space is undergoing a fundanierltal 
transition: From the high11 precise facsimile of traditional 
Euclidean geometq. that we currently use in rnost CAD and 
  nod el ling softxtare to the ~ i s u a l  interpretation of derlse data 
arraj.. as is emerging in GIS (Global Informatior1 S?stemi). 
This shift from a \ ectorial norld to a bitmap xvorld is perhaps 
the m0.t challenging to our historical and perhaps riecessan 
asumption that Euclideari geonietry. w c h  as proportion and 
projection. is at the heart of making architecture. Does this shift 
imp13 an ultinlateh fatal divorce from the 1 itruxian tradition of 
architecture through geometq or i+ it re-dire(-tirig tlie interac- 
tion hetneen computers and architecture into lrerhapr a more 
appropriate and c reatix e realm of opportunit!? 

lfter more than ten ears in dex elopment. Rapid Prototj ping 
ha< ex olx ed into an esta1)lished technolog? for the translation of 
digital h n  into phjsical realitj. This techno log^ is nou used in 
indnstr~. industrial design, arid orcasionallj in architectural 
xisualization. To date. the practical use of the dixerse methods 
used in prototjping hale  been limited b! a miall scale and high 
production co-t. Bet ause of these assumed limitations. there 
has heen little research into the potential of larger stale 
applitatioris for the constructiorr and design industries. 

q i t h  the practice of the patient and experienced artisan a- 
alrnoit extinct in all disciplines. a re-exaluation of our 
relationqhip to ernergent tee hnologies found in the hard 
i~ience-. erlgirleering arid ~~iaiiufacturing are in order. The lie, 
to this next opportunitj is in limt the architect necessaril~ 
interfac es the digital realm u it11 the maliing of the xt orli. 

IIouex er. a tethnolo~q that I o d d  effec ti\ rl! trar~ilatr \that ii 
art hitec turall! tlrqigned in the xirtual enxi~orr~nt.rrt intc~ iuh- 
-tailtidl lor~il cwuld haxc profound inq~licationi for 1)oth the 
I~uiltiing industr~ a ~ ~ d  thr  d r ~ i p i  di-t ip1irlt.s. Tlie AilitY to 
p l i~ i i ca l l~  realizr tlie c urrer~t sophi-tic dtioi~ of dr~igricd folrri 
xtould. irr gerieral. e l r ~ a t e  the rta~idardr of 11otli the building 
ir~clustr~ ant1 the t l e i i p  profe*-ions. h1me so. thr  al)ilit7, to fuhe 
traditiorial cvnitruc tion ~nrtl iod- with tomputrrizcd xisuali/a- 
tion  ten^- \till ha\ r a profound i r r p c  t on the etficienc! and 
t ost of the drqign-constructiorl l e l a t i ~ ~ n ~ l i i ~ ) .  

The dexeloprnent of It could be said that the xen craft of the 
artisan i c  this relationship betxteen algoritl~nl/interface/xtorld. 
Proportion and geometric order are idealized mathematical 
t onstructi (interface) jet the preoccupation of this "hterface'^ is 
its application to th r  surface of the real and tangiljle ~torld.  
Ilthougli geometq and proportion are idealized mathematic al 
states. u e  all h o w  that site arid I ontext are nex er such a case. 
Iri fact. this is the purpose of the artisan: the art of reconciling 
the idealized and the real through the interpretation of craft. In 
other ~ o r d s .  the algorithm must meet the real uorld tllrough 
the dialectic of geometq and resistance: 

possil~le atenue for us x~ould be to re-exaluate the \en, 
idea of control and predictahilit~ in the rnaliing of 
architecture and examine the possibilities ot ~trateg? as 
oppoqed to prediction. IK e put ourselx es in the r ompan\ of 
man) pcience fiction M riters xthc) ha\ e already drean~ed 
ahout the possibilities of a robotic architecture: 11ano va le  
rohots that mix concrete. plaster arid pol!~nrrs and 
graduall! build structures oxer an extended period of 
time-' bio-engineered cells that organicallj cultixdte 
building* using the genetic map oi plant life:'I construc- 
tion automata or "x\aldos" each with specitic  algorithmic^ 
tasks to tarr) out a building project.'' In all of these 
literan scenarios. the resulting art hitccture is r omplex. 
rich and dense specificall! betauie of the u~ipredictahilit~ 
of the end result. especiallj \\hen the fame artisan 
technolog is uied b! co~npeting intereits. In tlieqe 
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iniaginativr schemes the builder is h a d !  controlled. jet 
the strateg is rlrarl! one of tolerance. adaptabilit! and 
reconciliatiu~~ 01 the algorithm (the idealized geometr?) 
\+it11 persistentl! .'ad\ ersarial" contexts (our li\ ed n orld). 

The i~nplicatior~s for an alternati~e and experimental practice 
could he far reac.hing. The architect could adopt a role iimilar 
to an orchestra ionductor. coa\ing the enceniblei of algorithms 
to a pre-deterrninrd and classical score or better still. strategi- 
tall\ setting the field for an i ~ n p r o ~  ised M orli v hose out( ornr ii 
re.pon5i\ r to the immediac! of the en1 ironment. interartion of 
thc pla!eri and the inspiration of moment itielt. Arc hitecti 
could become directlj in1 oh ed ~ + i t h  the tools thenlselx e.: 
creating toolq that reipond to specific technical or crn ironmen- 
tal taslis. or el en the creation of whimsical ornan~rntal  detaileri 
that are merel) sent into the fra\ of the  ( or~struction hi\ e. 411 
entire c.ornnlur~it~ of exchange could emerge \+here algorithmic 
tools. rather thdn &tract ideas. heconie the currencj o( idea> 
in the experimental art of b~~ilding.  

Pliili1)ert de 1'Orme limits hi, discourse to the n~achinatioris of 
itereotom\ for maionrj c o n b t r u c t i o r ~ : ~ ~ n d  finall, J.J. Lequeu 
further limiti hi. inquir! of tools to dra~ting iristrurnents 
( ompletel~ b, pa-ii~lg the  issue of t o n ~ t r n t  tion altogether.-- It i s  

perhapq this contemporar! ahsrnt e of an! disc ourse ahout the 
instruments of architecture that i i  telling ahout our relation to 
r m t  hines in architecture. The truth is that architecture has 
aha\: ,  been ahout the art of building: building as a 1.el6 as 
oppoied to the noun. The art of huildirig is a c i ~ i c  act. 
iometinler a drarnatic ipectacle \+hose ortheitration demands 
thr fluid and tolerant principle< of geornetrj. proportion and 
adjustrnent as the foundation for inlpro~ising the treation of a 
huilding project. 

The true iahilit! of theie tet lmologies arid their irnplication~ 
to the design tultule of architecture hale  h e m  explored in 
imeral research initiatiaes and analogoui experiments d e ~ e l -  
oped hj the author. The  potential 01 iuc 11 poysihilities. gileri 
the pace of adxancementa in computer technologies. rolwticb 
and material sciences. ieems to be clear. the realization of thik 
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The ol~jectir e of this project \\a+ to ( onduct a t orriprelier~~ir e 
and exlidustir e varc li oi cuirent arid forthc orning tet hnologies 
used in the ph!iic a1 protot\ping of digitall! niodeled formi arid 
the potential application of these technolopie- to the i( .dl( .  of 

L u i l d i i ~ ~  ( onitruction. 

To thih end. the goal i- tu llar e a ( lear  undc r i t a~ id in~  of cwrrent 
technologies. mrthods and practices associated uith the p h \ ~ i -  
cal protot! ping. 

Rewurces: Tile rer ie\+. e\ aluatiori and tlisiemination of 
existing and arailable teihnologies in digital prototlping 
a\ ailable to the cleyigr~ rommuni t~  and the fatult! and studrnti 
at the tTnirersitr of hlanitoba. 

Research: 1 rerien. search and cornpilatiorl of rurrent 
research initiatir P> that are currentlj being irir estigated in local. 
natioridl and iriterriational indust? and academic institutions. 

F ork: 4 rer ier+ and er aluation of current 13 ork en~ergirrg from 
the trrat i ie  prac tic? of designers and arillitecti ex~~erinientirig 
13ith theae next techniques. 

The approach used in this research mill be of a thorough rer ien 
of all I P I O U K P ~ .  I ~ > S P Q ~ C ~  dnd tr ol-h- that rna! hare a potential 
applic ation to the building industr!. Utl~ough it is highl? 
unlikel! that an! 01 these technologies would har e a direct 
hearing on the huilding trade. the objectire of tliia exercise \\ill 
be to itlentif! potcntcal tarididate technologies and niethodi 
that ma\ be exploited and de~eloped for use at a large scale. 
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