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ABSTRACT

FROM NUMBERS TO DIGITS:
ON THE CHANGING ROLE OF MATHEMATICS IN ARCHITECTURE

Kog, Betul
M. Arch., Department of Architecture
Supervisor: Assoc. Prof. Dr. Zeynep Mennan

June 2008, 156 pages

This study is a critical reconsideration of architecturefiliation with
mathematics and geometry both as practical instrunmehtreeoretical reference.
The thesis claims that mathematics and its methoaalbgtructure provided
architects with an ultimate foundation and a strongreefee outside architecture
itself ever since the initial formations of archit@e discourse. However, the
definitive assumptions and epistemological consequenceki®fgrounding in
mathematical clarity, methodological certainty anstrmmental precision gain a
new insight with the introduction of digital technolegi Since digital
technologies offer a new formation for this affilaat either with their claim of a
better geometric representation or mathematical oltability of physical reality
(space), the specific focus on these newly emergingntdagies will be
developed within a theoretical frame presenting the sogmt points of

mathematics in architecture.

Keywords: mathematics, geometry, science, number theory, aotaral theory,
digital architecture.
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SAYILARDAN BASAMAKLARA:
MATEMAT NM MAR DEDE EN ROLU UZER NE

Kog, Betul
Yuksek Lisans., Mimarl k Bolimu
Tez Yoneticisi: Dog. Dr. Zeynep Mennan

Haziran 2008, 156 sayfa

Bu cal ma mimarl n, matematik ve geometri ile pratik bir ara¢ ve teorik bir
referans olarak kurdw ili ki Gzerine eletirel bir incelemedir. Matematik ve
matematiin  metodolojik yapsnn mimarlk soyleminin ilk olum
donemlerinden itibaren nihai bir temel ve gigclu bir referardu ol iddia
edilmektedir. Fakat, bu nihai temel ve bu temelin epistejkoc kar mlar n n
dayana olarak kabul edillen matematiksel ac¢ klk, metodolokksinlik, ve
aracsal duyarllk, say sal(digital) teknolojilerin mamhk pratii icerisine
girmesiyle yeni bir boyut kazanmir. Bu teknolojilerin kullan mn n fiziksel
gercekliin ya da uzamn geometrik temsili ve matematiksel konteldair
Onermi oldu u yeni oluumlar, mimarl n matematik disiplini ile olan ilkisi

icerisindeki donuim noktalar n n kuramsal ¢ercevesi 6zelinde tdaicakt r.

Anahtar Kelimeler: matematik, geometri, bilim, say teorisi, mimarl k teari
say sal mimarl k.
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CHAPTER 1

INTRODUCTION

Starting from the late twentieth century, the intrasod digital technologies to the
contemporary field of architectural practice broughthfortany discussions either
related with their use as drafting tools or as form-gener media. The present
interest with the digital medium resulted in various goest and developed
equally various approaches in architecture concerning thécatiph and value of
these technological tools in the design process. Altholglsignificance of the
practical precision and numeric control of the deggocess that these digital
media provide are accepted without any dispute, the themlretiderpinnings of
this affiliation still occupy a crucial part of contenmpoy architectural criticism.

Whereas that kind of a broad criticism requires takmg consideration different
fields, this study limits its investigation to the chamgg theoretical claims of
architecture’s practical use of mathematicds practical advantages of this
affiliation are mainly formulated around the gains thatthematics and
mathematical relations provide throughout the architekcpuogess the aim of this
study is to critically reconsider the asserted achievesnefitarchitecture’s
utilization of this mathematical precision in practib®th as a controlling

Y In its broad sense, digital technologies are acceptéuchade also the widening utilization of
information technologies. Under the concept of virtyabr virtual reality, and within the
discussions of the blurring status of presence, a good ofastydies mainly focus on the social,
political, ethical, cultural, economical and aesthetosequences of the change in digital era,
through the extended use of communication networks and infiormstorage technologies. See;
Paul Virilio, the Aesthetic of Disappearanc8peed and Politiceor The Lost Dimensignor
William Mitchel, City of Bits: Space, Place, and the InfobabnNeil Leach,The Anaesthetics of
Architecture etc., However, since the aim of the study is notfdous on the changing
comprehension of architecture and architectural prooeser the influence or domination of
network systems, some aspects of the digital periodxaheded yet their impact is not neglected.



mechanism and as a guiding agent. And more significant tinananifest the
outreaches of this exploitation, the study intenddewelop a critical framework
in order to discuss the theoretical consequences offftiiatian.? Asserting that
the relationship which the so-called digital era hastabéshed with mathematics
IS not a new nor a recent one, architecture’s previogagements with number
and geometry are re-examined regarding the consequences affitl@son. In
that respect, the goal of the study is not just tmeRre the present condition, that
is architecture’s use of mathematical relations ensureatidodigital technologies
within a closed system that the ongoing researches probigeto develop a
critical framework through the reflections of previousnroitments. As regards,
the first chapter will firstly investigate on the inltimrmation of mathematical
concepts and continue with a brief survey of significiurning points in
mathematics with respect to their reflections irhdecture.

Prior to the 19 century developments in mathematics and the rise ®f th
positivistic attitude, the use of number and geometritiogla in building practice
were accepted to be the reflections of a higher matieaharder and unity that
the nature possessedlumbers’ uncertain relation with the existing thingsswa
not overcome till Plato’s theory edeaswith which the philosophical explanation
of physical reality gains an explicit form and statuss regards, the two antique
philosophical traditions, i.e. the Platonic and the Atedian are outlined within

the framework of the first chapter with respect teitldistinctive approach to

2 In the course of this theoretical layout the thasiapts the epistemological framework developed
by Zeynep Mennan in her Phd. Thesis. Zeynep Menwan.Interpretive Framework for
Understanding Architectural Theory’s self Representatidhd. Thesis, Middle East Technical
University, Department of Architecture, Ankara: 1997.nkan states that the discipline of
architecture is in need of grounding in its search fortg@ctive ground. In this sense mathematics
is taken as a grounding platform for architecture.

% Ernst CassirerThe Philosophy of Symbolic Forms, Volume 1: Languafeginia: Yale
University Press, 1965, p. 73.

* Ibid., p. 73.



mathematics and mathematics’ relation to physicaltyedlhe significance of the
Platonic tradition for the acceptance of mathematioakepts as abstract entities
is examined with respect to Plato’s general theorileds. The privileged status

of abstract mathematical concepts over deceitful @atiens of sense experience

in Platonic thought is given with respect to its courteguments developed by
the Aristotelian tradition. Plato’s sharp distinctiof “the world of deas” and
“the world of things® and his acceptance of mathematical relations as the
unchanging, absolute truths of the physical woiddcompared with Aristotle’s
“theory of matter” that denies any kind of reasoning whicdngcends the

boundaries of the given world.

The Euclidean construction of space is taken for graagethe unification of
these two counter traditions, as in Euclid'$hirteen Books,” geometry is
established as a closed and complete system, the coaceptslations of which
are accepted to correlate well with physical spadeuclid’s mathematical
implications were mainly the outcome of a methodisahplification and
abstraction of observed phenomén@ihe translation of observed qualities of

space into systematic relation of geometric quantisegccepted to become the

® Luc Brisson. “Plato’s Natural Philosophy and Metaptygi in A Companion to Ancient
Philosophy, (edited by: Marry Louise Gill and Pierre Pellegrin) OxfoBlackwell Publishing,
2006, p. 218.

® Morris Kline. Mathematical Thought From Ancient to Modern Timdgw York: Oxford
University Press, 1972, p.44.

" R. J. HankinsonCause and Explanation in Ancient Greek Thou@htford: Oxford University
Press, 2001, p. 126.

8 Hans ReichenbactThe Philosophy of Space and Tjnieans: Maria Reichenbach and John
Freund, New York: Dover Publications, 1958, p. 1.

° Morris Kline. Mathematics in Western Cultyidew York: Oxford University Press, 1959, p. 43.



major contribution of the Greek period not only to math&cs but also to the
fields that function in space such as architectlire.

Although architecture’s use of mathematical entities equhtions is accepted to
date back to Babylonian or Egyptian settings by some mathams!® in this
study the historical outline of architecture’s relatiothwnathematics is surveyed
starting with the Greeks since a theoretical backgroundfiveagjiven by thent?
Though the practical significance of geometric propagicn Greek architecture
lies in the possibility of offering a “mathematical day” and a “methodological
system” that is useful in practical investmetitén its symbolic utilization, the
“theory of proportion” is seen to provide for “ultimabarmony” and “absolute

beauty.™*

Therefore the rules of mathematics turn out toheerajor source of
architectural production and the application of thesesrate taken for granted as
either confirmation or appraisal of an order that igolpel the boundaries/domain

of pure (practical) knowledge provided by mathemdifics.

The genuine appraisal of mathematics as a practicaumetit in architecture

came about with the Renaissance architectural produttiongh the application

9 Hans Reichenbacfthe Philosophy of Space and Tjrpe1l.
1 Morris Kline. Mathematical Thought from Ancient to Modern Tipmgs 3-25.

12 viitruvius’s theory of proportion in hisTen Books on Architecturd$ taken for granted as the
initial attempt in theorization of architecture’satbn with mathematics. Richard Padovan. “The
Harmony of the World Made Manifest in Form and Number,Rishard PadovarProportion:
Science, Philosophy, Architectutegndon and New York: Spon Press, 2003. pp: 1-17.

13 p. H. ScholfieldThe Theory of Proportion in Architectur€ambridge: Cambridge University
Press, 1958, p. 17.

4 Vitruvius. The Ten Books on ArchitectufBrans: Morris Hicky Morgan, lllustrations: Herbert
Langford Warren, New York: Dover Publications, 1960, p. 175.

!5 Frangoise ChoayThe Rule and the Model: On the theory of Architecture and Urbarfisin,
Denise Bratton. Cambridge and Mass: The MIT Press, J9%7,20.



of perspectival methodology as a mode of representationever, as noted by
Alberto Perez Gomez, though the general explanation aligdlyphenomena was
geometrical in Renaissance thought, the method of vislaton was not more
than an “absolute image” provided by the technique of petisee® The unity in
all perceptual, physical and phenomenal change is accepbedan expression of
the divine intelligence that rules the cosmos through thenaatical structur¥.
The structure of macrocosm and microcosm is claiméx t@ducible to numbers
and ideal geometric structures, and their working principlesregarded to be
describable in mathematical terfisThe clarity that mathematical description
provides in the explanation of physical phenomena is ateepted to correlate
well with the needs of the mind in search of cleardudeas and conceptSThe
precision of mathematical inferences and their transpgreamthe human mind
confirmed the superiority of logical methodology (i.e. ddemund and the
authority of reasoning over what was considered as deceitfeiences of
observation/perceptiof.

The acceptance of perception as a source of knowledgaotlidome to terms
until 17" century developments in natural philosophyfhe science of matter
became the essential study field of the period stati@agthe whole physical order

16 Alberto Perez GomezArchitecture and the Crisis of Modern Scien€ambridge, MA: The
MIT Press, 1983, p. 89.

" Morris Kline. Mathematical Thought From Ancient to Modern TimesL72.

8 Morris Kline. Mathematics: A Cultural ApproaghLondon: Addison-Wesley Publishing
Company, 1962. p. 15.

19 Bertrand RussellHistory of Western Philosophy,ondon and New York: Routledge, 2007,
p.43.

20 Martin Jay.Downcast Eyes: The Denigration of Vision in Twentieth-Centumdfrérhought
California: University of California Press, 1994, p. 81.

2 bid., p. 84.



could be reducible tonatterandmotionand were completely explicable in terms
of these two concepfé.Correspondingly, matter was accepted to be the sole
reality of physical phenomena governed by mathematica. lawthat regard, the
idea of nature became an independent entity, the vergffadtich is supposed to
be graspable only through experieAtélnder the influence of the 17th century’s
rising scientific methodology, the new source of asthiire was claimed to be
nature that is written in mathematical terfhg.his new method of investigation
manifested by the mathematical and scientific workshefdeventeenth century,
not only favored the role of “reason” in revealing tiveler of the universe but
also cleansed the metaphysical and theological presuppssibf the classical
period® Though architecture’s involvement with this new methodoloigyndt
last more than two decades,™®entury developments in mathematics and the
intrusion of new mathematical concepts that are inddgr@nfrom the physical
necessities initiated a new practice for the use ahemaatics in the field of
architecture.

Nineteenth century advances in theories of other plesgeometries, namely the
non-Euclidean, devastated the ground that mathematics tadisgd®ed with the
world of things and with the physical space to which thibsegs belong® The
consequence of these developments was a break off insyhabolic/

22 Morris Kline. Mathematics: A cultural Approacip. 445.

% Morris Kline. Mathematics in Western Cultune, 246.

% Hanno Walter Kruft. “The Foundation of the French Acagleof Architecture and the
subsequent challenge to it” and “Relativist Architecturasthetics, The Enlightenment and
Revolutionary ArchitectureA History of Architectural Theory From Vitruvius to Preséftans.
Ronald Taylor, Elsie Callander and Antony Wood. New Yorkndeton Architectural Press,
1994, pp: 128-165.

% Morris Kline. Mathematics in Western Cultune. 243.

% Hans Reichenbacfihe Philosophy of Space and Tjmet.



transcendental meaning of mathematics as the essemtlepbiysical reality and
the governing principle of all phenomeffaAccordingly it is claimed by the
nineteenth century mathematicians/philosophers that maties is not the
correlate of the ultimate truth of lived space, anetension it is not the answer
to the essential questions of meaning bethg®® Thereafter, it is maintained that
there is no one truth on physical reality, but mudtiphswers to the one question
on physical phenomena, the validity of which is assutoetde a conventional
agreement?® Though it is hard to state that the modern period todlaflvantage
of mathematical developments of the nineteenth ceffithe envisaged attention

can be said to have come about with the intrusiongitbditechnologies.

Digital technologies’ (or in specific terms CAD (ComeutAided Design) tools)
incursion of the architectural process gave way to detibestudies regarding
architecture’s relation with technological instrumeiiise mathematical certainty,
clarity and exactness that have come up with thresidn of digital technologies
are not only regarded as the most essential achieveraéntse architectural
process on the way to a more transparent, quantitgreetice, but also
acknowledged as the raising/changing paradigms of this inveliEm

Correspondingly, architecture’s relation with math&osa and mathematical
relations take a new route highly distinct from its pgagagements.

2" bid., p. 6.
28 |bid., p. 6.

# Elie Zahar.Poincaré’s Philosophy: From Conventionalism to PhenomenolBbicago: Open
Court Publishing Company, 2001, p.70.

30 P, H. ScholfieldThe Theory of Proportion in Architecturep: 75-96.

31 Branko Kolarevic. (Ed.) “Digital Morphogenesi&tchitecture in the Digital Age: Design and
Manufacturing London and New York: Spon Press, 2003, pp: 13-28.



As regards, the extended possibilities of visualizatib@,surmounted limitations
of construction and representation achieved throughatligithnologies are seen
to require a new understanding of design practice disfnoch any previous
assessmenrit. Therefore architecture’s utilization of digital toddsclaimed to be a
revolutionary stage for the architectural process, starfiom the architect’s
conceptualization of the initial idea to the productiothefarchitectural edific&

Accordingly, the influence of the developments in iInfation and
communication technology or the effects of the advamtesomputer science,
enforcing diverse experimental studies, become the nmadienging implements
of most disciplines as well as architecture. Easy ag@mr documentation,
categorization and manipulation of data put diversepliseis on the same realm
while making any specific information of each availablealic* As regards, the
resolution of specialized information that belonggliferent disciplines opened
the way for architecture to an interdisciplinary appho&c

This interdisciplinary context erasing any boundary linetlod architectural
discipline itself formed a new exchange platform in wheoncepts, metaphors,
or images from a wide range of fields such as mathesyatltysics, molecular
biology, topology, fractals, chaos theory, DNA sequendimegame the main
references® Disparate formal, programmatic and structural elemesn from

32 bid., p.13.
% |bid., pp: 13-54.

3 Alicia Imperiale.New Flatness: Surface Tension in Digital ArchitectuBeylin: Birkhauser,
2000, p.38, 79.

% Ibid., p.38.
3% Zeynep MennanAn Interpretive Framework for Understanding Architectural Theorgl s

Representation Phd. Thesis, Middle East Technical University, Depantmaf Architecture,
Ankara: 1997. Also; Antoine Picon. “Architecture, Sa@enTechnology, and the Virtual Realm,”



these fields or disciplines are started to be re-intedravithin what Alicia
Imperiale names the “neutral space of digital techne®%i through techniques
provided by digital technologie$® As regards, the numeric control lies behind
the creation, the development or realization of amhitectural product in the
digital process is seen to force not only the formalaboilary of an architectural
heritage but also any acknowledged principle or norm inaheeaption of design
process’

Accordingly, in the course of this so called revolugiopnprocess, the authority of
compositional principles is devaluated on behalf ofdkiended possibilities of
“morpho-ecologies”, “habitat-site  systems”, “geneticlgasithms” and
“evolutionary structures®® which can be generally termed as self organizing
material systems. The mathematical models that lieindethe creation of
complex biological morphologies are started to be appto the architectural
process to achieve unpredictable and emergent réSuls.morphogenetic
approach to architectural design that entails “unfoldilmgpimological complexity

Architecture and the Sciences: Exchanging MetaphArgpine Picon and Alessandre Ponte
(eds.), Princeton: Princeton Architectural Press, 200293.

37 Alicia Imperiale.New Flatness: Surface Tension in Digital Architectyse,38,79. Imperiale
defines these techniques specifically as “visual layeriog™morphing” tactics, strategies or
methodologies.

3 Jeffrey Kipnis. “Towards a New Architecture,” in Gipga Di Cristina (ed.Architecture and
SciencelLondon: Willey-Academy, 2001, p. 19.

39 Zeynep Mennan. “Des Formes Non Standard: Un ‘GestaitciS,” Architectures Non
Standard Ed. Fréderic Migayrou and Zeynep Mennan. Paris: EditionSentre Pompidou, 2003.
pp. 34-41.

*0 Helen Castle (ed.). Techniques and Technologies in MorpletigeDesign,Architectural
Design, Vol. 74 No. 3, 2004.

*1 Michael Weinstock. “Self-Organization and the StructuByinamics of Plants,” inAD:
Techniques and Technologies in Morphogenetic Deslglen Castle (ed.) Vol: 76, No: 2, p. 27.



and performative capacity from material constituefiti§ assumed to take the
place of traditional architectural methodologies thaiessitate a direct causality
between the initial idea and the final foffmAccordingly, the architectural form,

rather than being the “projected idea of the architétis, started to be considered
to emerge through interaction of self organizing compon&itee the formation

of an architectural edifice in these digitally driveelf-organizing processes is
seen to be a direct outcome of the internal inteyast the process of architectural

production has become to be conceived as a controlledimeper

In that regard, Brian Massumi notes, developments gitadli technologies

providing explorative and experimental investigations acejgted to cause a shift
in the conception of the architect's role in architegtuproduction, while

displacing its classical definitiod8. Accordingly, developments in digital
technologies, being more than a practical utility, tethrto threaten the once
celebrated role of human reasoning which was assumesl tttelsole connection
between the architectural object and the architect'si@e® In that regard, the
architect’s intentionality in architectural productiorpist into question on behalf
of the extended possibilities of a digitally driven forrpabcess. Therefore, the
well-regarded independency of form from the personalitythef architect is

supposed to lead to a “neutral business of architecture’ethahates out of the

2. Achim Menges. “Polymorphism,” ifAD: Techniques and Technologies in Morphogenetic
Design,Helen Castle (ed.) Vol: 76, No: 2, p. 79.

3 Achim Menges. “Instrumental Geometry,” iD: Techniques and Technologies in
Morphogenetic Desigrm. 43.

*1bid., p. 27.

*5 Brian Massumi. “Sensing the Virtual, Building the énsible,” in Giuseppa Di Cristina (ed.)
Architecture and Sciengéondon: Willey-Academy, 2001, p. 198.

“8 Fredric Jameson. “Aronoff and Ideology,” in Petereiiman Blurred Zones: Investigations of
the Interstitia] New York: The Monacelli Press, 2003, p. 62.

10



underlying data derived from an external sotfcdDestabilizing the pure
authority of the author/architect on the object, thedpotion of architectural form
is then claimed to be determined by data derived frommadteources or field®.

The utilization of external source information througmathematical layout in
contemporary architecture is claimed to find its visuabmatin generative
diagrams of formal productiofl. However, unlike any previous visualization
technique utilized in architecture, diagrams are mostly degbas lined networks
of relationships that are completely “vaguefanmal expression®° Diagrams in
that regard, are accepted as visualization devices tlegirate different functions
and information through interaction and relation of feramder the control and
guidance of mathematical relatiottsAccordingly, the contemporary exploration
of mathematical layout in diagrammatic architectureseen to offer a new
possibility for architects to manipulate, modify and sfanm any idea without
sticking to determinate conceptions, ideations or ideaizst of traditional

methodologies of either representation or formal/tygizal production?

Concerning the outlined historical background, this study investgah the
shifting role of mathematics in architectural productionthiat regard, nineteenth

*’ Ben van Berkel and Caroline Bosechniques: Network Spimmsterdam: UN Studio and
Goose Press, 1999, p. 165.

“8 Bernard Cache. “Topological Architecture and the AmbiguBign,” in Giuseppa Di Cristina
(ed.)Architecture and Scienceondon: Willey-Academy, 2001, p. 128-129.

%9 Ben van Berkel and Caroline Bd&chnique: Network Spip. 19.
*0 LLars SpuybroekiNox: Machining ArchitectureNew York: Thames and Hudson, 2004, p. 2.

*1 peter Eisenman. “Diagrams of Interiority,” in PetéséBman.Diagram Diaries, New York:
Universe Publishing, 1999, p. 52.

2 peter Eisenman. “Diagram an Original Scene of WritimgPeter EisenmarDiagram Diaries,
New York: Universe Publishing, 1999, p. 27.
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century developments in mathematics and the emergenceomEuclidean

geometries are considered as a turning point for archieeetih respect to the
rising disciplinary conventions/agreements on the ingtntal comprehension of
mathematics. The study then critically reconsideystemporary architecture’s
recent relationship with these nineteenth century dewsops in mathematics
asserting that the present use of mathematical redaéiod numeric control mark
an instumentalization procedure as they started to iheeoced as just tools for a
transparent, productive and generative formal process.

In that regard, although the study historically surveyses significant turning
points, it does not aim at making a new contributioaltaration on the accepted
comprehensions of neither the history of mathematicghairof architecture. In
that respect, the thesis does not have any historiografahim. In belief of the
importance of the history of ideas, this study is aenapt to survey the changes
in the comprehension of mathematics and their profouiedtah the architectural
profession.

Therefore, the selection of the periods and the chaficentral figures are due to
the focus of investigation in terms of the relative bagis given to change and
continuity in theories of mathematics. In that reg#nd,survey made through this
study is largely an interpretative history of mathensagipprehended in the field
of architecture with a specific focus on contemporaryettgpments in digital
technologies. It is therefore a review of how mathgadecame significant in
the conceptual and practical achievements of architedtar@hitectural critics.
Accordingly, what is primarily intended within the scagehis thesis is to make
an archeology of some noteworthy moments when a luat@hange prevails
either by pioneers or by shifts in systems of thought.

12



CHAPTER 2

FROM THE TRANSCENDENTAL TO THE INSTRUMENTAL USE OF
NUMBER

The creation of the architectural object has always ksethe center of the
discussions related with architectural thetnis noted by Mark Gelernter, these
guestions, in general, locate themselves in a line withdpposing stances on
both ends: (1) the architectural object as a refleaioereative imagination and
(2) the architectural object as a reaction to a spetifction or a particular

condition®* This dual conception of the genesis of the architectahgéct,

Gelernter asserts, can be read as an indication @fbrwader approaches in
architectural theory that are “creating (art) and kngwiscience).>® Whereas

theories of creation reclaim the superiority of thgenuity of the architect and
his/her creation, theories of knowledge are seen to riakeemphasis on the

determinant role of external source information.

Though the foundation of most historical theories on thneation of the

architectural object can be identified with disparadéaacts that focus on either art
or science, their reflection in practice brings fohybrid approaches or the
interaction of both. As regards, although the questioailgn stress on the

problems of creating, it can be asserted that the underlyitention is

3 Alberto Perez GomezArchitecture and the Crisis of Modern Scien€ambridge, MA: The
MIT Press, 1983, p.7.

> Mark GelernterSources of Architectural Form: A Critical History of Westerrsiga Theory,
Manchester and New York: Manchester University Prigg5, p. 3.

% |bid., p. 28.

*% |bid., p. 29-34.
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concentrated on developing a reasonable theory of astthité production which

will serve as a guiding principle for the architecturalcpicee and in specific, the
creation of form. In that respect, most studies @ dkeneral framework of
architectural theory have always been in close relatibh theories that belong to
the field of art on the one side and science on the .dtidthough contemporary
approaches to architectural theory from an artistic@entific point of view

mainly depend on the author’s position, till nineteentimtary the difference
between science and art has not been quite a validauést

For the historical representatives of architecturabmype such as Vitruvius,
Alberti, Perrault or Blondel, even if the question islated with
architectural/formal creation, the approach to the subyatter has always been

>’ The debate about architecture’s location on the kteden arts and science is the one the roots
of which could be traceable since the antique perio@elins that for a discipline like architecture,
the problem starts with the question of whether thiarity, unity, and aesthetics” of an
architectural object is due to the pleasing of the eys the mind. A somehow parallel debate can
also be traced between Aristotelian and Platonic toaditi their treatment of nature. While Plato
in belief of a mathematically governed universe acckpbte seize of eye as deceitful, and
privileged the mind’s grasp of an underlying mathematicdéig Aristotle, highly critical about
this comprehention, argued on the reduction of naturalgsphena to an abstract systems, whose
qualitative principles are totally disregarded in the qtetivie structure of such abstract fields (as
mathematics and geometry). Actually, although this ealittion belongs to a more complicated
and elaborate systems of thought, such a basic implicatiems to be crucial: whether it is the
eyes of the body or the eye of the mind which isttlaén determinant of the deductions on nature?
Whether it is theory or observation that holds theregénoint on the conclusions? This never
ending discussion on the achievement of knowledge in philosbpkyalso correlates both in
architectural theory and in architectural practicajolv will be discussed throughout this study
focusing on how these contesting approaches affediedtheory of architecture and its
consequential reflections in practice. In that respeetboks; Asher Benjamiithe Rudiments of
Architecture: Being a Treatise on Practical Geometry, Grecian ayrddh Mouldings, the Origin

of Building, and the Five orders of Architectutdew York: Da Capo Press, 1972 (first edition
published in Boston in 1814); John Ruskifhe seven lamps of architecture 1819-1900,
London: J.M. Dent & sons, Itd.,1969, are some of the exantpl consider architecture as art.
James S. Ackermabistance Points: Essays in Theory and Renaissance Art and Arahéteotd
Erwin PanofskyPerspective as Symbolic Forare the other authors who believe that architecture
though affected from artistic investments, has an autonsrstatus.

8 James S. Ackerman. “Ars Sine Scientia Nihil Est”: leottheory of Architecture at the

Cathedral of Milan”.Distance Points: Essays in Theory and Renaissance Art and Atcinite
Cambridge, MA: The MIT press, 1991, p.211-263.
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terminated within scientific framég. In that respect theory’s inevitable self-
location in between two fields/poles of knowledge, tibairt and science, can be
explained with architecture’s never ending questionings ordheepts of form,
beauty, (in general being) and their relationship with tiong goodness (in
general doing$? In order to exceed the polarity between the realm afgseand
the act of doing, and to provide for a meaningful modelrofiaation, theory is

accepted to be a necessity.

The reason for architectural theories’ search fohsurational, unifying ground is
mainly related with the ascribed meaning to architectprattice® In other

words, it can be asserted that the need for an ovemngrexplanation of practice
was a consequence of the belief that the act of pragtehich belongs to the
physical or phenomenal realm is open to become a panbpéctive choice and
preference. A theoretical ground therefore was seebet@ necessity for the
practicing architect in order to set the principles ofHeisivork, and direct his
process without any individual explanation related topieicular work alon&®

Since, historically it was believed that the meaninghitecture is beyond the
act of building and constructing, or that it is more thaesponse to the functional
needs, theory was seen to be the mediator or thiérfg agent between realized

architectures and the idea of the architéct.

* peter Galison. “Buildings and the Subject of ScienaeThie Architecture of SciencBd. Peter
Galison and Emily Thompson. Cambridge and Massachusk#sMIT Press, 1999, pp: 1-25.

0 David Smith CaponArchitectural Theory Volume Two: Le Corbusier's Legasew York:
John Wiley & Sons, 1999, p. 4.

1 Hanno Walter KruftA History of Architectural Theory from Vitruvius to Present]6.

62 Zeynep MennanAn Interpretive Framework for Understanding Architectural Theorgh s
Representation Phd. Thesis, Middle East Technical University, Depantmaf Architecture,
Ankara: 1997.

% Hanno Walter KruftA History of Architectural Theory from Vitruvius to Present16.

® Ibid., pp: 14-16.
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The reason for that kind of an inquiry on the foundatwoharchitectural practice
and architectural ideation essentially takes its roots fihe belief that the visible
realm of architecture, has to be a result of or astldhas to be directed by the
invisible, normative rules or principles, which willatrscend the subjective,
historically situated, temporal aspects of architecturattime® This kind of a
will in architectural theory’s formation of itself h@wer, is mainly a consequence
of the desire for an objective, a-historical, normagiveund that will provide a
reasonable explanation of architect’s intenfib@ince the architectural practice
by its nature does not provide architects with more thanergérations,
architectural theories’ demand for normative, universajective principles has
always been shaped through its affiliation with disogs other than itseff. As
the basic necessity is formed around a rational, uralyecbjective ground,
mathematics and geometry are seen to have been tbteesgential references
both for architectural theories and for architecturattica.

® Diana Agrest. “Introduction: Practice vs. Project,” $tan Allen. Practice: Architecture,
Technique and Representatid&mondon: Routledge, 2000, p. xiv.

6 Zeynep MennanAn Interpretive Framework for Understanding Architectural Theorgh s
Representation Phd. Thesis, Middle East Technical University, Depantmaf Architecture,
Ankara: 1997.

" Ibid., p, 40.
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2.1) Abstract Deductive Reasoning and the Birth of the Matheatical
Spirit

2.1.1) From a Practical Tool to a System of Thought

As stated by Morris Kline, mathematics’ initial forneat was a result of man’s
general quest for certainty, and his awareness thatietyaf objects share some
common properties that are detachable from these olgedtapplicable to the
others®® Cassirer notes that the first attempts on definingctemon properties
of objects were characterized primarily around existihmgs, and that the
general formations had mainly focused on the real sntess® Some physical
substances such as earth, air, fire and water, bectisar qualitative properties
were accepted to be the underlying essences of all phygieabmen&’ Since,
the focus is mainly on visible properties of objects,addong time the emergence
of abstract mathematical concepts were postp&ned.

Although some practical geometric equations were in useiafigen calculation
of some causes of the natural phenomena, and in applicef some geometric
regulations to the building site, the necessity of atrabt system that inherently
involve predictive results were never ended either in nlaphidosophy or in
architecture. Because architects and astronomers wereingdeatith
appearances/images or ideas that are not realized atigteri with objects that
are too far to make one to one measurement, matheraaticgeometry for them

% Morris Kline. Mathematics: A Cultural Approacip. 29

% Ernst CassirerThe Philosophy of Symbolic Forms, Volume 1: LanguAfeginia: Yale
University Press, 1965, p. 73.

0 bid., p. 73.

" bid., p. 73.
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were the only methods that enabled to make exact apphsafind precise
predictions about their subject mattéThe exactitude that comes up with its
methodology made mathematics the only true means tsfdram architects’ and
scientists’ ideas and objectives to material realifhiereupon, mathematics, since
ancient times, has been utilized for the creatioarohitectural object and for its
application to the construction site or used to pretietworking mechanism of
the cosmos. Mathematical and geometric rules were inskdilding practice to
measure the areas, to calculate the volumes, and ¢onule¢ the boundaries
which serve for quantification and hence easy manageofetime architectural

process?

It was with the employment and the emphasis of th@eats to the power of
human reason that the nature of mathematics took a mewe on its
development? As claimed by Morris Kline, as a result of the emjham the
power of human reason in Greek thought, so many investigastarted to took
place on the nature of physical objects which would notbggond than
derivations of common experiences, unless mathematicaihodology is
introduced as a mode of reasoniig.he focus on the methodology of reasoning
then resulted in a new apprehension of nature which iextansion of human
mind.”® The basic motive that lies behind the rationalizagoocess of natural
phenomena is the belief that the nature is createdghrmathematical principles

and ordered within mathematical relations that the tottsaof mathematics had

2 Robin Evans. “Architectural Projection” iArchitecture and Its Imageylontreal: Canadian
Centre for Architecture, 1989, p.19.

3 Morris Kline. Mathematics: A Cultural Approacipp: 11-14.
" bid., p.16
5 bid., p.16

® Morris Kline. Mathematical Thought From Ancient to Modern Timsiew York: Oxford
University Press, 1972, p. 172.
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believed’” Therefore, mathematics is considered to be a medis¢tween
mathematically ordered physical reality and its percepbatization/-
apprehension by md#.

2.1.2) Reasoning and the Strength of Mathematical Construction

The emergence of mathematical reasoning in Greek thoughtrésult of the
realization that common experience is too complexafmurate descriptioff.In
that regard, mathematics was accepted to provide for tipempabstraction. Since
mathematics enables to accomplish a purely intellecatatly of nature,
investigation on natural order is not restricted with tlhaits of sense
experiencé® Under the ancient Greek mathematical approach to physiatity
lies the belief/affirmation that “nature was ratidpadnd indeed mathematically
designed, and that man’s reason chiefly through the amdattiematics, would
fathom that design® Such reasoning about general, abstract concepts was
accepted to provide for not only hundreds of physical sitwaticone proof, but
also had the capacity of producing the kind of predictivevkadge which
experience might never sugg&siThe production of further knowledge about the
subject, its distinction from the sense experience hvhg& believed to be
susceptible to external forces, and its formation arowsdract concepts are

bid., p. 172.
8 bid., pp: 172-173.

9 E. T. Bell. The Development of Mathematid¢éew York: McGraw Hill Book Company, 1945,
p.8.

8 Morris Kline. Mathematics: A Cultural Approacip.16
& |bid., p. 16

8 bid., p. 15
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assumed to be some of the properties that figure the rpofvenathematical
reasoning. E. T. Bell states on the power of mathealatasoning as follows;

This abstracting of common experience is one of thecjpal sources
of the utility of mathematics and the secret of @®estific power...By
abstracting and simplifying the evidence of senses, matientaings
the worlds of senses and daily life into focus withouyopic

comprehension, and makes possible a rational descripfioouo
experiences which accords remarkably well with obsem&tio

The second aspect that makes mathematical reasoning fplowsr its
methodology: deduction. Deductive reasoning starts witlaicestatements called
premisesand any achieved results are made within the frameedirst set of the
premises, or at least inescapable from thémhe advantage of yielding an
indubitable conclusion is taken for granted as the mainvenati preference for
one that uses mathematical reasofih/esley Salmon defines the explanatory
power of the deductive method that the mathematics depemdsnder four
headings: He asserts that “they have a universal {@ywithin their unlimited
scope (2) and they do not contain designation of particldgcts (3). Since they
contain only purely qualitative predicates, any refereagearticulars is excluded
(4.

2.1.3) An Acquired Universality
The properties of deductive reasoning that form the basthadology of

mathematics, like many other members of other dis@glihas been the specific

interest of architects. In order to undertake a purelgll@dtual study of their

8 E. T. Bell. The Development of Mathematigs 9.
8 Morris Kline. Mathematics: A Cultural Approacip. 39.
8 Ibid., p. 39.

8 Wesley SalmonScientific Explanation(Philip Kitcher and Wesley Salmon eds.) Minneapolis:
University of Minnesota Press, 1989, p.13-15.
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subject, they accepted mathematics and in specific “geglaern instrument not
to represent things to themselves, but to reason upom’t The consequence of
this intellectual apprehension and in particular matheadatigethodology is

claimed to have an “acquired universality.”

In that respect it seems important for the aim of gtigdy to explore on the
foremost initiators of this ideal in the Platonic and Hagiorean traditions.
Therefore the following chapter will focus on the assdmathematical layout of
the cosmic order, and the role and value of abstrad¢tamattical ideas over sense
experience. As regards, the subsequent subchapter is § sdriAatonic and
Pythagorean traditions on one side and the opposing Alistotradition on the

other side.

87 William Ewald. A Source Book in the Foundations of Mathematics: From Kant to Hilbert,
Oxford: Clarendon Press, 1999, p.1010
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2.2) Mathematics and the Cosmic Order

2.2.1) Mathematics as the Order and the Essence of Naturah@omena

Beyond the Greeks’ acceptance of the mathematicaleptéi@and relations as
practical tools, lies their belief in the mathemdtimaler of nature. Mathematics
for Greeks was “part and parcel of the investigation aine and a key for the
comprehension of the universe, as mathematical princgrkeshe essence of its
design.®® Bertrand Russell states that the major Greek conipibuto the very
concept of mathematics was the conscious recognitionthef fact that
mathematical entities and relations are abstrac@musideas entertained by the
mind that are sharply distinguished from physical objeats from their
observation by sense experiefitdn that respect mathematics being an ideal
construct of the mind was seen to comprehend with &igyref nature’

Therefore, mathematical relations and geometric egplams became the key
sources of astronomy and cosmology which were the stady fields of natural
philosophy. It was believed by the Greeks that everythingftinats the cosmos
was “the offspring of flux and movement.” The cosmos divided into two
regions, i.e. microcosm (terrestrial sphere) andrawsm (celestial sphere) was

seen to be in a perpetual state of change and niStibimugh the first attempts

8 Morris Kline. Mathematical Thought From Ancient to Modern Tinpesl45.

8 Bertrand RusselHistory of Western Philosophy, 43.

% Ernan McMullin. “Conceptions of Science in the SdimRevolution” in David C. Lindberg.
And Robert S. Westman (ed&eappraisal of the Scientific Revolutid@ambridge: Cambridge
University Press, p. 29.

1 R. J. HankinsonCause and Explanation in Ancient Greek Thou@ixford: Oxford University
Press, 2001, p. 7.

92 Bertrand RusselHistory of Western Philosophy, 151.
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on the explanation of change in natural phenomena wat rtmoughprima
materials, i.e. earth, water, fire and &lrin Greek thought, the search for an
immaterial, abstract guiding entity or principle was metee end® Studies on
mathematics and geometry henceforth became the nhmalleisges of Greek

thought for the explanation of the working principleshe cosmos.

Figure 1.1: Depiction of the superlunaryworld consisted of severales and sphereSource:
Alexander RoobThe Hermetic Museum: Alchemy & Mysticigf@in: Taschen, 2006, pp. 49-51.
Originally in; A. CellariusHarmonia Macrocosmicémsterdam, 1660.

In that regard, trying to explain the celestial andetgrial motion with perfect
spherical geometries, the Greeks were accepted to setwdy for the
mathematical explanation of the cosmos. The obsenaitidata of motion and
change for Greeks was an ephemeral property which cHmilreplaced with
unchanging mathematical rules. Because mathematicbédaswer of explaining
various changes in one proof, it was accepted to be foite tnigher wisdoms to

understand the functioning of the universe. The possilafitgpplying the same

9 R.J HankinsonCause and Explanation in Ancient Greek Though8.

 Morris Kline. Mathematics: A Cultural Approacip. 15.
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abstract rules and equations to hundreds of different @tysiciations became
mathematics’ major contribution to speculative knowletige.

The recognition that mathematics deals with abstraxtioray with some
confidence be attributed to the Pythagoredmsithough it is hard to claim that
Pythagorean theory could achieve the required distimctietween the
existing/material things and the mathematical conceptdaBgras’'s search on
the ultimate origin of physical reality in numbers wasgnificant contribution to
the emergence of mathematical concépts.

The reason in Pythagoras’s insistence on the mathehagmonstrability of
natural phenomena was the belief that the diversityphenomena exhibits
identical mathematical properties from a qualitativenpoi view® Therefore it
was accepted that the mathematical properties are $senees of all
phenomend® Numbers and numeric relations were seen to bersteafid utmost

principles of naturé® For the Pythagoreans, all objects were made up of “points

or units of existence” from which the geometrical figures roduced'®* Since

% Morris Kline. Mathematical Thought From Ancient to Modern TingesL71.

% Walter Burkert. Lore and Science in Ancient Pythagoreanisfnans. Edwin L. Minar.
Cambridge and Massachusetts: Harvard University Pr@gg, p. 36.

" Charles H. KahnPythagoras and the Pythagorea@ambridge: Hackett Publishing Company,
2001, p. 28.

% Bertrand RusselHistory of Western Philosophp, 43.

% Antony Gottlieb. The Dream of Reason: A History of Philosophy from the Greekbeto
RenaissanceNew York: W. W. Norton & Company, 2002, p. 30.

1% Charles H. KahrPythagoras and the Pythagoregn,26.
191 Eduard Zeller.Outlines of the History of Greek PhilosopHyevised by: Wilhelm Nestle,
Trans: L.R. Palmer. New York: Dover Publications, 1983/2. The Pythagoreans regarded these

units of existence as the beginning of all things from witheh Dyad (the two or the other) is
produced and then from it the numbers, from numbersdimesp from points the lines, from lines
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they conceived of the numbers both as points and as mi@meparticles of
matter, for the Pythagoreans “numbers were the matigiform of the universe”

and “the cause of every phenomend#.”

Figure 1.2: Engravings that depict Pythagorean studies on the mailcamahd geometric
harmony of the universe and the first attempts on thetwaonstruct mathematical concepts as
independent, abstract entitieSource: Robert Lawlor. Sacred Geometry: Philosophy and
Practice London: Thames & Hudson, 2002, p. 7.

The exact departure of the mathematical concepts fioysigal things however
came about with Plato’s theory hfeas(Eido9.'% In the form of a clear image,

the surfaces, and from the surfaces the solids. Athtwn in that regard was believed to be
mathematical in origin.

192 \Walter BurkertLore and Science in Ancient Pythagoreanipm3.
193 plato. “Parmenides” iPlato: Complete Workslohn M. Cooper and D. S. Hutchinson (Eds.).

Trans. Mary Louise Gill and Paul Ryan. Cambridge: HadRetilishing Company, 1997, 130, -
a,b,c,d.e.
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the “ldea” for Plato is the a priori existence of cepis in the mind™
Mathematics and geometry being the most abstract systénthought, had

therefore a privileged status in the Platonic theorge&s'®

However for the Platonic theory, the mathematidalas were parts of a more
general problem: The harmony of the universe. In belieh aghathematically
structured universe, Plato defined harmony as the mutual ietatipn of “one
and many,” or “unity and plurality” not only ithe realm of Ideabut also inthe
objects of experienc8® As the concept of “Being” is identified with One in
connotation with the terms identity, unity and consyanbe notion of “beings”
that belong to the realm of experience was defined desigation from the One
and associated with contrast, change and multipfi&ity.

In that respect as it is observed by Walter Burkert,cthecept of One not only
implies singularity but also includes the Ideal, the Goithe Supreme, and the
cause and explanation of every change and divef§ifjhe concept of oneness in
Platonic thought, ideal, immaterial and abstract, wagtbend of a mathematical

structure that rules the cosmos through numbers and geofoetns*°

1% 1bid., 130,-a,b,c,d,e.

195 Bertrand RusselHistory of Western Philosophy, 143.

198 Walter BurkertLore and Science in Ancient Pythagoreanipi85.

97 pid., p. 21.

198 |pid., p. 22. Plato’s reduction of the multiplicity ofetiworld to the four elements, the elements
to regular solids, and these to triangular surfaces, estnelsemplify the search for a unified whole

which can be explained under the concept of One (p.17).

199 Plato. “Timaeus” inPlato: Complete WorksJohn M. Cooper and D. S. Hutchinson (Eds.).
Trans. Donald J. ZeyCambridge: Hackett Publishing Company, 1997, 53,-b.
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Figure 1.3: Platonic solids. In his dialogimaeusPlato defines geometric shapes as the essence
and common ground of all existing things. Triangle being thegrgirgeometric entity is claimed

to be the basic shape from which first the other gedesettuich as cube, isosceles or tetrahedron is
constructed and later the cosmos is crealEference: Plato. “Timaeus” inPlato: Complete
Works.John M. Cooper and D. S. Hutchinson (Eds.). Transaldoh Zeyl, Cambridge: Hackett
Publishing Company, 1997, 53,-b+.

However, unlike the Pythagorean theory of numbers, fatoPhumbers and
geometrical concepts have nothing to do with the natexistence of the things
that they represent’ They have a reality of their own, independent of the
experiencé!! In that regard, for the Platonists, there is a shdigtinction

between “the world of Ideas” and “the world of thing5Because the material

110 plato. “Republic VI” inPlato: Complete Workslohn M. Cooper and D. S. Hutchinson (Eds.).
Trans. G.M.A. Grube, rev. C.D.C. Reeve. Cambridgeketdublishing Company, 1997, 510,-d.

11 Morris Kline. Mathematical Thought from Ancient to Modepr¥3.

Y2 | uc Brisson. “Plato’s Natural Philosophy and Metaphsgiégn A Companion to Ancient
Philosophy, (edited by: Marry Louise Gill and Pierre Pellegrin) OxfoBlackwell Publishing,
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world is subject to change and the relations perceived by gense organs are
deceitful, mathematics and mathematical relation$ whieir ideal unchanging
character should be the absolute truth of the physiceld as grasped by the

mind 13

Figure 1.4: The geometric world orderSource: Alexander Roob.The Hermetic Museum:
Alchemy & MysticismKdln: Taschen, 2006, p. 55. Originally in: Franciscus AguilsyOptica
1611.

For Plato, the physical world is an imperfect real@abf the ideal world and as a
consequence it is subject to de¢HyTherefore for the Platonic thought, sense

2006, p. 218. The theory of ideas in Platonic thought bringh f double conception of the
world: on the one hand “the world of intelligible formimmutable and universal realities that are
the object of true knowledge and discourse” and on the btret “the world of sensible realities,
which participate in the forms, of which they are mengies.”

113 Morris Kline. Mathematical Thought from Ancient to Modern Tinped4.
114 plato. “Republic VII” inPlato: Complete Workslohn M. Cooper and D. S. Hutchinson (Eds.).

Trans. G.M.A. Grube, rev. C.D.C. Reeve. Cambridge: Ha¢keblishing Company, 1997, 517-
518.
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experience and in specific observation cannot be the prwggrto study the
physical world"*® The reliable accurate knowledge can only be obtained laysne
of pure, ideal, intelligible forms which find its desaion in mathematics and
mathematical relations® Observation, he believed, can only provinginions
about the physical world, whereas a pertbeory/knowledg®f physical reality
has to be a consequence of reasofihddathematics and the methodology of
reasoning with respect to their permanent, universayrate and incorruptible
character are the only acceptable ways in achieving thiyre& the physical
world and the principles of its functionidd? Plato appreciated mathematics not

as an abstraction from nature but rather as a substitiati nature®

Aristotle while deriving many ideas from his teacher Plata a quite different
conception of the real world and the relation of mad#igcs to physical reality.
He criticized Plato’s “otherworldliness” and *“his redocti of science to
mathematics**° As regards, unlike from the Platonic conception of thesiglay
reality, Aristotelian physics is based on sense-peragptamd is therefore
decidedly non-mathematici “Plato's world of eternal and unchanging Forms,

imperfectly represented in matter by a divine Artisamgs charged by Aristotle

1% bid., 517-518.
118 plato. “Republic VI” inPlato: Complete Work€10-511.

117 Bertrand RusselHistory of Western Philosophipndon and New York: Routledge, 2007, p.
123.

118 Morris Kline. Mathematical Thought From Ancient to Modern Timiew York: Oxford
University Press, 1972, p.44.

119 |pid., p.151.
120 |pid., pp:151-152.

121 David Bostock.Space, Time, Matter and Form: Essays on Aristotle’s Physidord:
Clarendon Press, 2006, p. 23.
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and replaced with theory of mattethat has inertly the will for self control and
the search to realize its own natlfeThe Aristotelian theory of matter which is
goal-oriented in terms of self-realization rejecte@ theed for an external
imposition, guiding or ruling system or structure, eithgeometric or

mathematicat?® Therefore for Aristotle, the reality of the physisadrld which

consists of “prime matter” cannot be totally treatechimitthe abstract realm of
mathematics and numeric relations. For Aristotlemashematical concepts and
relations are abstractions from the real world, thaye no independent reality
apart from the visible and tangible thing$Since qualitative differences cannot
be reducible to different mathematical entities, fars#dtle mathematics alone
can never provide an adequate definition of substs#iddathematics is accepted
to provide only a description of the changes in physicahptmena?® It can give

a description of the formal causes but it can never tfig accurate explanation of

the initial causes of physical changes and moventéhts.

Asserting that the timeless realm of figures and nusmaer devoid of quality and
motion, Aristotle refused to substitute mathematitesti@actions for the dynamic,
qualitatively determined facts of common experiehéeProposing to remain
within the limits of common-sense reasoninghich derives its concepts from

observation, Aristotle devaluated any kind of reasoningt tinanscends the

122 R J. HankinsorCause and Explanation in Ancient Greek Thought,25.
123 |pid., p. 126.
124 Morris Kline. Mathematical Thought from Ancient to Modern Time$53.
125 pid., p.153.
126 pid., p.153.
127 pid., p.153.

128 David BostockSpace, Time, Matter and Form: Essays on Aristotle’s Physic£2-28.
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boundaries of the given world. Aristotelian traditiontirat regard, denied “the
very possibility of a mathematical physics, on the gdoahthe unconformity of
mathematical concepts to the data of sense-expergmteof the inability of
mathematics to explain quality and to deduce moventéhebr the Aristotelian
thought, the identity of the experienced world and theldvof geometry is an
unacceptable suppositidif. “To isolate an object from its physical environment
and to treat it with abstract mathematical concepts. wisréhless trial on the way
to knowledge.**! Therefore, for Aristotelians in dealing with concrete sitgl
problems, it is necessary to take into account the wayddr and to consider the
realm of being (the “natural place”) to which a given Ydeklongs by its

nature*®?

Accordingly, for Aristotle it is not mathematics thatlidates physical reality, but
rather it is the necessities of the physical environntkat dictate the choice
between the various geometrical and mathematical mbtdts.other words, the
authority of a mathematical construct or explanatisn a matter of its
compatibility with observed reality. Number and geongalrproperties are also
for him the properties of real objects. Distinct frame Platonic thought in which
mathematical concepts have independent existence, Alistomonception of

129 Alexandre Koyré. Metaphysics and Measuremeraris: Gordon and Breach Science
Publishers, 1992, p. 6.

130 pid., p. 6.
131 bid., p. 6.
132 |pid., p. 6.
133 Stanley I. Jaki. “Introduction” in, Pierre Duheffo Save the Phenomena: An Essay on the Idea

of Physical Theory From Plato to Galiledrans. Edmund Donald and Chaninah Maschler.
Chicago and London: The University of Chicago Press, 196&.p.
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mathematics depends on the fact that any mathematiiyd isra property of the
physical body which it is derived frof*

A further major achievement of Aristotle is the foundafghe science of logit>
His application of logic to the science of physicaleabs remained unchanged till
nineteenth century. Though Aristotle derived his science logfic from
mathematics, further development of logics in his adn®nts came to be
applicable to all reasoning. He declared that logicaloreag was independent of
and prior to mathematics®

2.2.2) The Value of Abstract Ideas and Sense Experience

The achievements of the Greek world under two traditighe Platonic and the
Aristotelian can be summarized as such: Mathematwatepts are started to be
treated as abstractions. The abstractness and independénmathematical
concepts made them the ultimate sources of knowledgeth®none hand,
perfection, ideality and accuracy of mathematical cptitand relations support
the elevated role of mathematics in speculative thoumhtthe other hand, the
timeless, immutable, universal character of mathematade it the only source
for the explanation of physical reality. The searmhd mathematical design was
identified with the search for truth. The predictivalue of its methodology
started to be applicable to all reasoning and the logiciensfic explanation was

exactly set.

134 Morris Kline. Mathematical Thought from Ancient to Modern Times$1.
135 bid., pp: 52-53.

138 bid., pp: 52-53.
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All these achievements of the antique period reached fihal form in Euclid’s
work: in his ‘“Thirteen Books'geometry was established as a closed and complete
system whose concepts and relations are accepted telaterwell with the
physical spac&®’ Euclid’s mathematical implications were mainly théamme of
a methodical simplification and abstraction of obsdrphenomen&? This
abstraction of common experience, Bell states, isadribe principal sources of
the utility of mathematics and the secret of its tifie power?*® Through this
abstracting and simplifying of the evidence of senses, tbharee about a
possibility for a rational description of the experiendbat well accords with
logical derivationg®° In that respect, the work of Euclid can be considesethe
first attempt to linkabstract logicandsensual experiencé

The great practical significance of this constructionsiad in the fact
that it endowed geometry with a certainty never preWwoaitsained by any
other science. The small number of axioms forming th@dation of the
system were so self evident that their truth was ede without
reservation. The entire construction of geometry gasied through by a
skillful combination of the axioms alone, without any adai of further
assumptions.As he had reduced his geometric construction to a system of
axioms; it became the prototype of a demonstrable scféhce.

Though the main frame of Euclid’'s work consists of paldtes, its
completeness is a consequence of his deductive method@edyuclid started
his construction with axioms and derived subsequent infesefilom these basic

137 Hans Reichenbacfthe Philosophy of Space and Tjrpel.
138 Morris Kline. Mathematics in Western Cultyre. 43.

139E. T. Bell. The Development of Mathematigs 9.

140 pid., p. 9.

141 Bernard CachéPlea for Euclid” In
http://architettura.superava.it/extended/19990501/index _erphintast accessed in 05.11.2006

142 Hans Reichenbacfhe Philosophy of Space and Tjrpel. (The order of words is changed in
the sentences written italic.)
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axioms, the initial step to a deductive science of spea® set in its clearest
form.**® The apparent practical significance of this constructBall affirms,
consisted in the fact that it endowed geometry witlerdaaty never previously
attained by any other scient®®.Since the entire construction of geometry was
carried through by a skillful combination of axioms alore, geometric
explanation of space was set without any addition othéur assumption&?
Within this new system of geometric construction, theception of space gained
a new certainty and accuracy. The translation of ebsgequalities of space into
systematic relation of geometric quantities considerdidgame the major
contribution of the Greek period not only to mathemdtigsalso to the fields that
exist and function in space. In that respect, resensatbithe Greek period turn
out to be the most efficient and operative elementdanhistory of science and
mathematics, which have also had significant reflestiararchitecture.

143 |pid., p.1.
144 bid., p.1.

145 bid., p.1.
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2.3) Mathematical Grounds of Architecture until the 18" Century

2.3.1) Greek Architecture: Theory of Proportion as the Basi@esthetic
Element

The relation between mathematics and architecturedes dlong lasting subject
in architectural tradition?® However, the belief in mathematically ruled design is
accepted to have found its initial realization and ot in architecture in the
built examples of Greek temples and in the first wnittocument of architectural
history: Ten Books of Architecturey Vitruvius. Though in his treatise Vitruvius
stated so many times about the relation between arthiteand mathematics, its
detailed manifestation is brought about in his theory opertion. Through his
definition of architectural theory, Vitruvius necessithtéhe significance of
proportion and mathematical relations for the precisiod dexterity of the
work*” He conceived of the theory of proportion as a prereguisit a detailed
proportioning of each architectural element and for theacexand graceful

arrangement according to the principles of symmetry.

146 Richard Padovan. “The Harmony of the World Made ManifesEorm and Number,” in
Richard PadovarProportion: Science, Philosophy, Architectutegndon and New York: Spon
Press, 2003. pp: 1-17.

147 vitruvius. The Ten Book®n Architecture,Trans. Morris Hicky Morgan, New York: Dover
Publications, 1960, p. 5.

148 These prerequisites form the three fundamental contemted by Vitruvius asordinatio,
eurythmia and symmetriddanno Walter Kruft explains these concepts as suetinatio is the
detailed proportioning of each separate part of a building, the working out of the general
proportions with regard t@ymmetria eurythmiaimplies an appearance that is graceful and
agreeable in the way in which its individual elemearts arranged; arsymmetriais the harmony

of arising out of the assembled parts of a building, aadthrespondence of the separate parts to
the form of the building as a whole in a fixed proportibe. than adds that these three concepts
are different aspects of the same aesthetic phenomtiratris; ordination might be described as
the principle,symmetriaas the result, anelurythmiaas the effect. Hanno Walter Kruf&. History

of Architectural Theory from Vitruvius to Presefizans. Ronald Taylor, Elsie Callander and
Antony Wood. New York: Princeton Architectural Pres394, p. 26.
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However, while for Vitruvius, proportion is a necessity acquire beauty in
design, it is not a visual concefit:“It is purely a numerical relationship, not the
effect arising from its applicatiort® In that respect, as observed by Mark
Gelernter, what lies behind Greek architecture’s utiliratef mathematical
relations and proportions is the belief that therersshould be a distinction
between “contingent matter” and the more “stable fowhind it.*** Since the
properties of matter can only be seized through senperierce which is
imperfect and deceitful, the underlying essence behind fonchgaamal creation
is believed to be in the unchanging universal rules tdraathat is thoroughly
mathematical in character. As regards, for the Gredessearch for universal
rules and orders was a matter of obtaining “the knowledgé@nefless form
behind sensory experiencE?

Accordingly, as stated by Hanno Walter Kruft, proportibas a tripartite
manifestation in the Vitruvian treatise: (1) the relatiopsof the parts to each
other, (2) the reference of all the measurements totmanon module and (3) the
analogy with the proportions of the human bdtylt can be asserted that this
tripartite manifestation of proportion brings to tlee two dominant approaches
on the interpretation of Greek architecture’s relatiath mathematics: (1) the
technical utilization of numeric and geometric relatioas an aesthetic
requirement and (2) the symbolic utilization of mathecsathat interprets this

relation as an embodiment of divine order in the bodrotitectural object.

149 Hanno Walter KruftA History of Architectural Theory from Vitruvius to Present?7.
%0 pid., p. 27.

151 Mark GelernterSources of Architectural Form: A Critical History of West®esign Theory.
Manchester and New York: Manchester University Prigs5, p. 54.

52 |pid., p. 54.

153 Hanno Walter KruftA History of Architectural Theory from Vitruvius to Presgnt?7.
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From a technical point of view P. H. Scholfield’s bo@kx the Theory of
Proportion in Architecturegives a detailed account of this relation, stating tiat t
application of proportions in Greek architectural producti@s a matter of visual
gratification®* For Scholfield, the remarkable power of proportionétiens is
related with the eye’s detection of the same sizegoarshapes and favoring of
them?®® Therefore for Scholfield, the aesthetic aspect ofleging proportional
relations associates with the use of modular objecthe objects produced in
comparative sizes to each oth&r.As regards the theory of proportion, he
declares, has enabled the Greeks to apply different piaparelements without
fixing the architecture to absolute measuremé&ftsTherefore, for him the
significance of geometric proportions in Greek architexties in the possibility
of offering a “mathematical layout” and a “methodol@jisystem” that is useful

in practical investments?

134 p_H. Scholfield The Theory of Proportion in Architectur€ambridge: Cambridge University
Press, 1958, p. 3.

%5 |bid., p. 5.
%% |bid., p. 4.
57 bid., p. 17.

%8 pid., p. 17.
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Figure 1.5: Planimetric layout of a Greek temple formed through dd&ydrean serigbource:
Umberto Eco.History of Beauty,Trans. Alastair McEven, New York: Rizzoli International
Publications, 2004.

As regards, geometric relations defined under the theopragortion in Greek
architecture were necessities for a faultless and atpractice. In that respect,
for the Greek period, it can be asserted that the peadctitilization of
geometry/geometric relations and proportions in architelcpucaluction has two
major consequences: (1) the use of mathematical nedatmform an operational
layout provided exactness and accuracy in the architectwed$s and (2) since
the rules were set in prior, the architectural proaas®et out to be a derivation of
forms from initially set rules and the architectural guction came out to be a

successive confirmation of these rules that ends upwsitfal/perceptual beauty.

For the interpretations that focus on the symbolmeesof Greek architecture’s
relation with mathematics and mathematical relatiomgler the theory of
proportion, the underlying purpose was undeniably an aestt@icern. However
the term aesthetic did not have the same connotatatis the technical
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explanations of this relation. Rather than to estialslismeric relations that please
the eye, in its symbolic utilization, the “theory of pastion” is seen to provide
for “ultimate harmony” and “absolute beauty® As clearly stated in the

Vitruvian treatise;

One is the beauty which is close to hand, anotherwath is high
above us; nor is the same valid for enclosure as &opgen air, so that
you need great ingenuity to take the right decision. &yes, moreover,
do not give a correct idea of things, but will deceive itiad in its
judgments....Since things which might seem false are trueg Wigleye
on the contrary, will accept things which are quiteedéht from reality,
| put it beyond doubt that something must be added or takey awa
according to the requirements and nature of their situatand for this
theoretic knowledge is not enough, but acute ingenuityalso
required...First therefore the measure of the symmetmest be
established, from which surely the modifications may b#uded; then
the unit of the outer length is fixed on the site of timeire building;
once that size is fixed, there will follow the workingt of proportions
in such a way that observers will not have any doubtutabts
eurythmy®°

Distrust in sense experience/perception and the searchnfeersal rules and
orders in Greek architecture as observed by Dalibor Yebkak its origin in the
Pythagorean-Platonic traditidft As the natural world is not comprehensible in
its totality by means of perception, the task of architectannot or should not be
a matter of establishing numeric relations for the iesadf.*®? Natural or physical
reality is accepted to be beyond the limits of peroegfi* What can be perceived

159 vitruvius. The Ten Books on Architectye 175.

180 Joseph RykwertThe Dancing ColumnCambridge and Mass: The MIT Press, 1996, p.227.
Originally in Vitruvius, Ten Books on Architecturpart: xi.

161 Dalibor Vesely. “The Architectonics of Embodimerit’ George Dodds and Robert Tavernor
(Ed.)Body and BuildingCambridge and Mass: The MIT Press, 2002, pp: 36-37.

162 Joseph RykwerfThe Dancing Columrp. 227.

163 General assumptions/doctrine of Platonic traditioscuised in detail in the previous
subchapter.
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by the eye could only be a limited part of its redfThe essence of physical
reality which can only be explainable in mathematicsetioee is believed to be
the only source for architecture in its search for k&s& universal principle's®

The symbolic analogy formed between the rules of eathat is mathematical in
character and the architectural object is represent&raek architecture in the
theory of proportion suggesting that “behind the underlying ptmpo(and other

summary notions such as universal beauty, order, and hgyrtizere is always
present a deeper level of articulation, coextensivih wie articulation of the

world as a whole®®

In the primary tradition,analogia is a symbolic structure that has
nothing directly to do with numbers. It depends on resandces,
similarities, and eventually a balanced tension of smse and
difference when related to various phenomena. Thus tlgen oof
proportion is not in mathematics, understood in the cdrvead sense,
but in language, even when it is expressed numericalgtillitdepends
for its meaning on language...The representation of propom®n
number derives from the original form of analogy, andevgpecifically
the tension between “the one and many” (identity arferéihce), which
is the essence of metapH8t.

With respect to the symbolic analogy formed betweendteation of cosmos
from the One and the use of module as the basic elemfigmbportion, Vesely
states that the use of proportions or numeric reiation Greek architecture is

164 General assumptions/doctrine of Platonic traditioscuised in detail in the previous
subchapter.

185 Mark GelernterSources of Architectural Form: A Critical History of West®esign Theory,
p. 62.

186 Dalibor Vesely. “The Architectonics of Embodimerit’ George Dodds and Robert Tavernor
(Ed.)Body and Buildingp.37.

%7 Ibid., p.37.
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assumed to reveal the image of divine ofd&As the essence of this divine order
is hidden in numbers, nature’s true manifestation could oelyrdvealed in

mathematics and mathematical relations.

The analogy constructed between divine harmony and archiéorder in that
regard was based on detached similarities and relat@ngén the two realn§’
Yet, the structured/proposed analogy between archite@nde cosmos is a
vertical one, “the appraisal of a higher order appearedrahitecture as an
embodiment that represents a continuum of mediatewden the human and
divine, terrestrial and celestial, sensible and imiblle levels of reality.*®
However the apprehension of such kind of a similaritgtreh is accepted to need
a mediator to reveal or to make itself visibie The human body or the body of
the architectural object then turned out to be a medmmembodiment, in
proportions of which it is believed that the harmony agdutty of the cosmos
lie.!”? Becoming the conveyor of a higher order, the humady hglaced on a
perfect circle and square gained a transcendental statuedk architecture for
the production of form and symbolic meaning.

188 Richard PadovarProportion: Science, Philosophy, Architectukendon and New York: Spon
Press, 2003.p.15

189 Dalibor Vesely. “The Architectonics of Embodimerit’ George Dodds and Robert Tavernor
(Ed.)Body and Buildingp. 37.

170 |pid., p.32.
171 jJoseph RykwerfThe Dancing Columm. 69.

12 pid., p. 69.
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Figure 1.6: (1) Homo ad quadratunVitruvian man in a square, Vitruvius lll, 1. P.XLI. (Blomo
ad circulum Vitruvian man in a circle and in a square within thiele, P.L. (3) Reconstruction of
the prostyle templeSource: Architectural Theory. Kéln: Taschen, pp: 30-31.

The unlimited, measureless, ephemeral character of nataseaccepted to be
comprehensible by the limited, intelligible and certaiations of mathematic<?
Microcosm and macrocosm was assumed to possessntieeussty, which finds
its reflection in mathematics/numbéré. As regards, it can be asserted that
numbers and mathematical relations had an undeniabldicagee for Greek
architecture on behalf of the facts that: (1) they #re reason of goodness,
beauty and truth, (2) they are the cause of all diserlsarmony and change and
(3) dependent to anything they are the ultimate foundaticeverfything'”> The
validity of first or final causes of architectural partions is out of questioning as
the mathematical harmony of nature is an independentyrdafi its own)!’®
Therefore the independent/unconditioned rules belongirgttanscendent order
turn out to be the source of architectural productiontaedapplication of these

rules are taken for granted as either confirmationppraasal of the order that is

173 Morris Kline. Mathematics: A Cultural Approacip.15.
174 bid., p.15.

75 For an elaborate discussion of the subject see presitchapter.
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beyond the boundaries/domain of pure (practical) knowledgeidew by
mathematics’’

The genuine appraisal of mathematics as a practicaumetit in architecture
however came about with the Renaissance architedttoegh the application of
perspectival methodology as a mode of representatiothé®aother hand, like the
search for a rational theory of space in perspecteptesentation, the initial
guestionings on the foundation of architectural disciplieeessitated again a
grounding of the profession’s principles in mathematics amathematical
relations. However neither in the search for a ratidheory of space nor in the
first explorations of architectural profession as amomomous discipline,
architecture’s exact departure from mathematics’ syrobalilization was
achieved. In that regard, mathematics and geometry begngttost media and
instruments of architectural production continued to be rtf@n sources of
architecture with reference to their symbolic relatisith order, truth and
meaning. The following sub-chapter will focus on the rolenathematics and
geometry in the Renaissance architectural production edpect to the changes

and continuations in its conceptions and practicakatibns.

2.3.2) Renaissance: the Objective Existence of Mind and the
Mathematization of Space

According to Ackerman, the premises of Renaissandatecture can be asserted

to have emerged from the questionings of the status andidbion of architecture

Y7 Frangoise ChoayThe Rule and the Model: On the theory of Architecture and Urbariisim.
Denise Bratton. Cambridge and Mass: The MIT Press, J9%7,20.
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as a discipline/professioi® Under the influence of the newly founded academies,
a systematic approach to architectural thinking and produttazh started to
develop in 1% century.'” The new learning taught in faculties of liberal arts
under the four subjects of the quadrivium —arithmetic, geomastyonomy and
music, caused many transformations in the understandimgest study field$®°

For these study fields knowledge attained by reasoning &dedsto be conceived
as the only means to understand the working principlesegbttysical world®

Besides the acceptance of the authority of reasoningeasnly means in studies
of the physical world, the application of logics to thjects of the quadrivium
gave rise to the most essential change in the methgidslof these disciplines
resulting in a new systemic approach on the investigatidnarious fields?
The organizing principles of the methods of logical asialyand their
methodological clarity elevated the role of the mincichieving the most proper
knowledge about the physical world. Any field, whose subjsctithin the
boundaries of the visible world, has assumed to depend erkribwledge
provided only by the mind. These developments, initiallyfenrhethods then on
the boundaries of the subjects of the quadrivium, re-shdpe system, role and
status of most disciplines. By far, the quadrivium sthttefunction as the source
of both theoretical and practical knowledge for the amigj of disciplines

178 James S. Ackerman. “Architectural Practice in théaitaRenaissanceJournal of the Society
of Architectural HistoriansNo: 13, October, 1954: 3-11, p. 3.

9 |pid., p. 3.

180 Edward Grant.The Foundation of Modern Science: Their Religious, Institutional, and
Intellectual ContextsCambridge: Cambridge University Press, 1996, p. 43.

181 Edward GrantScience and Religion, 400 B.C. to A.D. 1550: From Aristati€apernicus.
London: Greenwood Press, 2004, p. 181.

182 |pid., p. 151.
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including architecturé®® Consequently, architecture under the influence of the
transformations and developments in different systemshoughts, entered a
renewal procedure on the basis of its sources, foundatod processes. As
regards, Choay states that it was for the first tmitb the Renaissance thought
that the boundaries of architectural practice and theawe vget devoting an

autonomous discursive domain to the organization of hpaltes®*

However, for most disciplines as architecture, the reaurce of this renewal was
in the antique texts translated from Arabic cultdféds regards, the knowledge
attained with the translation of Euclid's, AristotleRlato’s texts formed the
ultimate basis of the transformation in the philosoghand scientific tradition.
This new appearance of the writings of significant figuseshe antique period
therefore had an essential contribution on the changiragigems of the period.
Departing from scholastic thought, this new approach putasip on reason and

the knowledge attained by reasoning.

183 Edward Grant.The Foundation of Modern Science: Their Religious, Institutional, and
Intellectual Contextsp. 44.

184 Francoise Choaylhe Rule and the Model: On the Theory of Architecture and listygp. 6.

185 Edward Grant.The Foundation of Modern Science: Their Religious, Institutional, and
Intellectual Contextspp: 22-23
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Figure 1.7: William Blake. Europe (God creating the mute sphere) aNéwton (Newton
experimenting nature with the tool that God created uséyeSource: Alexander RoobThe
Hermetic Museum: Alchemy & Mysticiskiln: Taschen, 2006, p. 510-511.

All these developments went in hand with a raisingrese in the texts of
Aristotle. His approach to nature and its mechanism hadougty influenced the
investigations of Renaissance philosophy, science andaagt’8® Nature turning
into an object of scientific explanation was freed frats transcendental
connotation®” Since any authority was seen increasingly to be nuisigaand
unreliable, alternative philosophical systems had startedetahreatened to
overwhelm the pursuit of knowledd®. As stated by John Henry, “one profound

186 Allen G. DebusMan and Nature in the Renaissan@smbridge: Cambridge University Press,
1981, p. 3.

187 Though for some texts, God was still the initial cao$eall physical phenomena; the
explanation of nature was believed to be done with logfiés.mainly a result of the belief that
any logical explanation will not contradict with the égisce of God —since God is also a logical
creator. This kind of a consideration can explicithsben in works of both Descartes and Leibniz.

188 John HenryThe Scientific Revolution and the Origins of Modern Scigxees York: Palgrave,
2002, p. 12.
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change which emerged out of this was a greater emphasisdiggmvering truth

for oneself as a result of one’s own experiences Hate"'%°

-

{

Figure 1.8: An engraving by De I'Orme that illustrate “the architeqgtath from the medieval
cave to the palm of the new ag8durce: Architectural TheoryKdln: Taschen, P. 128.

Architecture under the influence of the raising interestiistotelian thought
gained a new definition which is explicitly revealed irbéytian texts. As
observed by Vasari, under the influence of the germrajuncture of the era -
which is apparently Aristotelian in its focus on perceptizadulties and the
knowledge attained by them, Alberti directed his attention the intrinsic

189 |bid., p. 12.
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structure of the physical reality as appeared to theoéytee observef®® This

inner structure of which the external appearances all deentblbe an order of
mathematical kind for Alberti who believed in the utmosaracter of geometrical
universe*®* Consequentially, as stated by Vasari, Alberti, deemeidets nature
as a whole, that is, as figures and objects in their rrelsion on the basis of a
mathematical scienc&? For Alberti it is nothing other than geometry whicHdso

everything under the unification of one system. Takirggabpect of visibility as
the common ground for coalescence, perspective as adnefirepresentation

provided the architects with the universal langudge.

19 Baldwin Brown. Introductory Essay. In, Giorgio Vasatasari on Techniquéfrans. Louisa S.
Maclehose. New York: Dover Publications, 1960, p. 13.

191 | eon Battista AlbertiOn Painting, Trans. John R. Spencer. New Haven and London: Yale
University Press, 1966, p. 72.

192 Baldwin Brown. Introductory Essay. In, Giorgio Vasafasari on Technique. 13.

193 |pid., p. 13.
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Figure 1.9: Man experimenting the geometric world order through obseryaSource: Leon
Battista Alberti.The Ten books on Architectueds. Joseph Rykwert, London: 1955, New York:
1986, appendix.

Whereas the translation of Aristotelian texts promptieel raising interest on
nature and the application of logical analysis methadglifferent fields of
knowledge, the translation of Platonic and Neo-Plattaits had given way to a
revival of the mathematical interpretation of the phgsiworld. However,
translation of the most antique texts came about wlikir mystical

implications'®* According to Debus, this was most probably or specificall

194 Allen G. DebusMan and Nature in the Renaissanpe]l 1.
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because of the hermetic tradition that re-emergediégshe interpretation of the
antique texts -above which stands the writings of Pf&toAlthough, the new
interest in mathematics on the one hand, “furthereel development of
mathematical approach to nature and the internal develapaf geometry and
algebra, on the other hand, the same interest resnltrtultist investigations of
all kinds related to number mysticist?® The special importance given to
mathematics was a result of the significance ascriteedquantification in
Renaissance thought, however the occult influence ofdter ideas had a much
deeper impact than a quantified theory for most disciplinesluding
architecturé®” This was mainly a result of the belief in the unityldarmony of
nature as revealing the unity and harmony of God: Under ritheeince of
Christian thought not only the nature/cosmos was acceptée the prevailing
agents of divine order but also man was believed to bhatarmediary medium
for the appraisal of His supreme dignity. This was well accorded with the
Protagorean aphorism that “man is the measure of allghiiy

195 |pid., p. 11.
1% |pid., p. 11.
7 bid., p. 11.
1% pid., p. 12.

199 Antony Gottlieb. The Dream of Reason: A History of Philosophy from the Greekseto th
Renaissanceg. 120.
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Figure 1.10:Roberto FludUtrisco Cosmi Man at the center of the creation of microcosm and
macrocosm.Source: Alexander Roob.The Hermetic Museum: Alchemy & MysticisKgin:
Taschen, 2006, p. 437.
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Renaissance architecture in that regard represent&sbéution of the Greek’s
mathematical interpretation of nature in Christiandfethat “Man is the image
of God.?® As it is accepted that God created man as a reflectidts own
image, the proportion of his body is assumed to be afesaaiion of divine
harmony?®* The agreement on the belief that man is the ultimefiection of
God, Rykwert declares, is mainly a result of the “gfeaon the understanding of
the degrees and chains of beidf It is essentially a declaration of the fact that
there is no proportional relation possible betweenefiand infinite, between the
world and God® Therefore the only way of attaining the knowledge of God i
through analogic relations, which denote a similarityewen likeliness between
man and his Creatéf? Such an analogy between body and divine order, which is
echoed in parallel between body and architectural ordeykwert states, is
deeply ingrained in all examples of recorded architecturakitig?>> Body, as
regards is assumed to be the utmost model of divine andemagnificent design,
as body’s absolute beauty is idealized in architectuemnasdication of harmony,
unity and perfectio”®

200 39seph RykwerfThe Dancing Column: On Order in Architectupe,83.
201 pid., p. 83.
202 pid., p.83.
203 pid., p.83.
204 bid., p.83.
203 pid., p. 29.

208 pid., p. 29.
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Figure 1.11: Leonardo da Vinci. Vitruvian human figure from ti@anone de Proporzioni
Source: Mark Gelernter Sources of Architectural Form: A Critical History of Westé&asign
Theory,Manchester and New York: Manchester University RrE385, p. 64.

Since human body became the supreme conveyor of tleo@gerfection and
utmost portrayal of the harmony of the universe, in Reaare architecture, the
Vitruvian figure inscribed in a square and a circle becamgnabal of the
mathematical sympathy between microcosm and macrotdshne idea of the
human body as microcosm was also transferred talibgilpractice in which a
temple or even a building was accepted to be a micntico®velatior?’® The
symbolic implication of Vitruvius’s demonstration dfet human figure that well

297 Rudolf Wittkower. Architectural Principles in the Age of Humanishondon: Alec Tiranti,
1962 (first published in Warburg Institute in 1952), p.16.

298 joseph RykwerfThe Dancing Columm. 77.
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fits to the perfect geometries of the circle and tnease, therefore turned out to
be an undeniable source for the Renaissance architgatadaiction.

The revival of this Antique visual illustration in Renaissamrchitectural theory
however, came about with its occultist connotatiornse ideal proportions and
perfect geometric relations embedded in the Vitruvian hungamef are accepted
to be the common measure of everything in the wifld:he idealized human
figure in that respect became the most essential esgeg®n of the mathematical
and geometric order of the nature in the appearance ohwhad reveals his
divinity and perfection. As man is assumed to be tmebs| of perfection, the

next step is the deduction of geometries, namely ofpdréect circle and the
perfect square without which it is impossible to achievehamgf'® In support of

the belief that nature enjoys the round form above qth¥iskower states, the
superiority given to the circle is one of the mostdewnt examples of a eulogic

approach to some basic shapes and their usage in mast baddings™

Consequently, the use of some privileged shapes in chus@nde seen to be the
reflection of God and its perfectidi? Taking its roots from the neo-Platonic and
Pythagorean philosophy, the circular plan and its ceaterregarded as the
symbols of God!® The ultimate source of the planimetric arrangement of
church and its further extrusion in the vertical dirattieas the Vitruvian human

figure with its geometrical layout and proportional relas?** Taking into

209 Rudolf Wittkower Architectural Principles in the Age of Humanigmi5.
29%pid., p.15.

2 pid., p.3.

22 bid., p.12.

23 bid., p.13.

24 1bid., p.7.
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account the ultimate harmony and unity of the human fjgAiberti defines
beauty as “a rational integration of the proportionalbthe parts of a building in
such a way that every part has its absolutely fixed am shape and nothing
could be added or taken away without destroying the harmbthyeowvhole.**
For Alberti, not less important than the perfect ageanent of architectural
elements, the exact depiction of the achieved unity hsal alsignificant role.

This motivation therefore resulted in the first iaf perspectival representation.

The translation of the texts of Euclid, like the otheoks on optics, caused a turn
in attention on the visual process and mechanism ofig&&iThe influence of
optical treatises that re-appeared in early Renaissalsoetriggered the rise of
Aristotelian thought that sees sense experience asultimmate source of

17

knowledge?!’ Vision in that respect as the most important serkelirect

knowledge was accepted as the utmost medium of the “corsemsible 28

Under the influence of these stimuli, the exact demmatish of an architectural
product for architects came to be the most essentgetfa® The most significant

component of this will however, was the perfect depictiof what is

213 bid., p.7.

1% David Lindberg. “Alhazen’s Theory of Vision and Its Rption in the West,Studies in the
History of Medieval Opticd,ondon: Variorum Reprints, 1983, pp: 330-333.

27 David Lindberg and Nicholas Steneck. “The Sense of Wisiad the Origins of Modern
Science” in; David LindbergStudies in the History of Medieval Optidspndon: Variorum
Reprints, 1983. Originally published in; Science, Medicind Society in Renaissance. Essay to
Honor Walter Pagel, ed. Allen Debus, Vol.l. New YorkieBce History Publications, 1972, p. 33.
218 bid,. p. 35.

29 James S. Ackermamistance Points: Essays in Theory and Renaissance Art and Atahitec
Cambridge, MA: The MIT press, 1991, p. 62.
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seen/imagined in its total idealit§’ Hence, what forms the most basic endeavor
of this relation was the desire to translate the stibge@ct of seeing into an

objective method of depiction.

Figure 1.12:Les Perspecteurdfom Abraham Bosse'Maniére universelle de Mr. Desargues
(1648). Depictions that illustrate the belief in the powerpefspective as a universal method to
configure and construct the worl&ource: Alberto Pérez-Gomez and Louise Pelletier.
Architectural Representation and the Perspective Hi@gnbridge, MA: The MIT Press, 1997,

p. 70.

Grounding all his theory of “good architecture” on the obsgon of the natural
order, Alberti founded the initial attempts to exteekhe theory of architecture
from practical concerns. This unconditioned trust on #ignificance of
observational knowledge made him focus on developing arctolge universal
technique both to reveal his investments on visual, pHysicker and to share
them??* Alberti, in regards, set the initial steps for an objectmethod of

220 pid., p. 62.

22! Erwin PanofskyPerspective as Symbolic Foridew York: Zone Books, 1991, p. 65.
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representation in his description of the perspectival toact®on. Depending on
the mechanism of seeing, he repeatedly referred tomyerhid” of vision, a

section of which forms the picture plaffé.

HORIZON LiE Dy
A

Figure 1.13:Alberti’s perspective constructiogource: Morris Kline. Mathematics in Western
Culture. New York: Oxford University Press, 1959, p. 137.

Figure 1.14:Albrecht Direr, Perspective setupource: Morris Kline. Mathematics in Western
Culture. New York: Oxford University Press, 1959, pp: 134-136.

222 judith Veronica FieldThe Invention of Infinity: Mathematics and Art in the Renaissance
Oxford: Oxford University Press, 1997, p. 26.
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Consequently, the intrusion of perspectival representadievalued any other
method of non-systematic depiction, since the methgeedpective was started
to be seen as the only legitimate construction as uadersfrom its later
designation ascontruzione legittima™®** As Ervin Panofsky claims, it moreover
became a novel step in conceiving space agiaritum continuuir?®* Space with
the advent of perspectival construction he notes, beeafoentinuous quantity”
and as a result “a homogeneous entity consisting oé thhgsical dimensions,
existing by nature before all bodies and beyond all Ispdielifferently receiving
everything.?* Perspective, in that respect for him is not only a evattical
expression of space; but also, more central than dahisgsgent for ordering the
visual phenomenoff® It is a transformation of realityo(sig into an appearance
(phainomenoj and therefore “a reduction of divine to mere subjecttenaof

human consciousnes&?*

Though not utilized in the early periods of the Renaissaaitet the fifteenth
century, the idea of geometriineamentj (perspectival or orthographic
projection) became the most effective implement rehigectural productiof?®
Assumed to have the capability to transform the archiral idea into an
objective informatiorf?® projective drawings gained a new status of authority.

223 bid., p.30.
224 Erwin PanofskyPerspective as Symbolic Form.44.
223 |bid., p.66.
228 |bid., p.71.
27 bid., p. 72.

228 Alberto Pérez-Gémez and Louise Pelletigrchitectural Representation and the Perspective
Hinge,Cambridge, MA: The MIT Press, 1997, p. 9.

22° Robin Evans. “Architectural Projection,” iArchitecture and Its Image: Four Centuries of

Architectural Representation, Works from the Collection of tea@ian Centre for Architecture
Montreal: Canadian Centre for Architecture, 1989, p. 19.
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However, as the geometrization of the pictorial depdls not yet systematized in
its totality, it did not immediately influence neithigre experience of the world,
nor the process of architectural creatithAs observed by Perez Gomez and
Louise Pelletier, this is mainly because of the faet “it was impossible for the
Renaissance architect to conceive that the trutheoivorld could be reducible to
its visual representation, a two dimensional diaphanottggeof the pyramid of
vision.”®! As regards the perspectival representation was remainebet
conceived merely a depiction of the ontological cantinbetween the physical
realm and the absolute supra-lunar realm of the dfifnie that respect, as Perez
Gomez and Louise Pelletier further add, “from the éiftn century to the late
seventeenth century, the disclosure of mathematigtist in discourse was still
mostly a contemplative “practice” preoccupied with rdinga a space of

ontological continuity.®3

Mathematics’ detachment from its ontological roots heawecame about with
Descartes’ formulation of mathematical thought. Befigvion the fact that
mathematics transcends its subject matter, he st @onception of mathematics
that is truly a human construct and the most powenfittiment of knowledg&?’
His acknowledgement of mathematics as a superior mo#t@afledge in that
regard, initiated the first steps of the formulation &f thioughts on space around

230 Alberto Pérez-Gomez and Louise Pelletier. “ArchiteturRepresentation Beyond

Perspectivism.PerspectaVol. 27, 1992, p. 24.
21 pid., p. 24.

232 Alberto Pérez-Gémez and Louise Pelletirchitectural Representation and the Perspective
Hinge,p. 23.

23 bid., p. 33.

234 Stephen GaukrogerDescartes’ System of natural Philosoph@ambridge: Cambridge
University Press, 2002, p. 8.
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universal principles that are thoroughly mathematitaHowever his conception
of mathematics as a new method of operative scierica sew departure point
from the obscurities of algebra and Greek geometry.Jéscartes, either Greek
geometry (for being tightly bound to the imagination)atgebra (for being too
abstract to exercise with) cannot have a universalgim?® By far, his
expression of space through three dimensions and histaafiof spatial objects
through the points of this coordinate system provided him desired
guantification and ease. By means of this new methba;hws later termed as
the Cartesian coordinate systergeometric concepts could easily be translated
into algebraic formula&’’ This innovative methodology therefore, provided a
new conception of space that is exact, quantitativebnticuous and
homogeneou$® Because of its accuracy in metric relations and du¢héo
determinant character of the spatial relations, Cartespace became the sole
model for architects to operate in. However for a ldinge architects, though
practically operating within this rational system, did ocohceptually/theoretically
establish a departure from mathematics’ symbolic, metaphor even
transcendental implicatiod’ The exact departure of architectural production
from its transcendental roots was going to be accongalisdter with nineteenth

century developments.

23 bid., p. 100.

%3¢ Morris Kline. Mathematical Thought From Ancient to Modern Tinges308.

%7 bid., p. 322.

238 Erwin PanofskyPerspective as Symbolic Form70.

239 For further information about the subject see; Ervand®sky.Perspective as Symbolic Form,
New York: Zone Books, 1991; Martin Jajpowncast Eyes: The Denigration of Vision in
Twentieth-Century French Thougl@alifornia: University of California Press, 1994; Marfay.
“Scopic Regimes of Modernity” iivision and VisualityEd: Hal Foster, Seattle: Bay Press, 1988,

pp: 3-27; Jonathon Crary. “Modernizing Vision,”¥ision and VisualityEd: Hal Foster, Seattle:
Bay Press, 1988, pp: 29-44.
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In that regard, the following pages will focus on theiahiattempts in the
construction of modern science and its unavoidabletsfiearchitectural theory.

In this brief survey on 17 century developments, the main focus will essentially
be on architecture’s raising questions of its foundatiodssaurces.

2.3.3) 17 Century Architecture: The Rise of Empiricism and Obsevation

Although Renaissance architecture had turned its way et sources of
knowledge such as nature, reason and mathematics, @dsiagufficient in
exploring them through a specific, unified method/theorpaditive truti?*® If
the general explanation of physical phenomena was efecal in Renaissance
thought, the method of its revelation was not moren tha “absolute image”
provided by the technique of perspectitln its positioning of man at the center
of all external reality, the method of perspectival espntation was the essential
model of the general philosophy and science of the pé&tidd. that respect, as
noted by Martin Jay, while providing the externalizationpbiysical reality by
means of locating it at a distance from the subjeet Rnaissance “perspectival
philosophy” established man as the only true reality ofkmdwledge?*® Indeed,
specifically with the philosophy of Descartes, Jayrofgithe reality of physical

240 Morris Kline. Mathematics in Western Culturp, 126. Kline states that though renaissance art
and architecture widely utilized mathematics and geoméiry, underlying aim was just to
represent nature realistically. He further adds thatithmst endeavor of the renaissance artist and
architect was to reproduce the harmonious image of nasuseen by the eye.

241 Alberto Perez GomeArchitecture and the Crisis of Modern Scieng9.

242 Martin Jay.Downcast Eyes: The Denigration of Vision in Twentieth-Centuenéh Thought
California: University of California Press, 1994, pp: 54-82.

243 bid., p.55.
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domain (es extensp became a mere extension of man and his mnmeg (

cogitang.?**

However, the Galilean revolution prescribed a radicahgformation on this
privileged position of man which has reached its peak peithh Cartesian
philosophy?*®> Rejecting the geocentric system of cosmological oatet the
undeniable centrality of Earth in it, this new scienetels/ Galileo accepted the
universe as a whole comprised of common elements andrgavéry the same
universal laws$*® Henceforth, Earth became the subject of the neanseiwhose
notion is to expose the underlying principles and orders hykipal reality.
Alexandre Koyré figures out this revolutionary attitude tap tcomplementary
features: (1) the destruction of the hierarchical cosmcddgionception of the
universe and consequently the disappearance of all thademins based on
this concept from the framework of science and (2) ta¢ghematization of the
universe in its all concreteness and contintiifyKoyré further adds that;

The disappearance —or distraction- of the cosmos mbahghe world of
science, the real world, is no more seen, or conceiasda finite and
hierarchically ordered, therefore qualitatively and onticlady

differentiated, whole, but as an open, indefinite, arehenfinite universe,
united not by its immanent structure but only the identify its

fundamental contents and laws; a universe in which, mtradistinction to
the traditional conception with its separation and opjosibf the two
worlds of becoming and being, that is, of the heavens andatth, all its
components appear as placed on the same ontologie#l deuniverse in
which thephysica coeletisandphysica terrestrigre identified and unified,

244 Martin Jay. “Scopic Regimes of Modernity” Wision and VisualityEd: Hal Foster, Seattle:
Bay Press, 1988, pp: 9-20.

245 | ouis Dupré.The Enlightenment and the Intellectual Foundations of Modern CulNme;
Haven and London: Yale University Press, 2004, p.43.

248 Richard S. WestfallThe Construction of Modern Science: Mechanism and Mechanics.
Cambridge: Cambridge University Press, 1977, p.15-16.

247 Alexandre KoyréNewtonian Studies.ondon: Chapman & Hall. 1965, p. 6.
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in which astronomy and physics become interdependent andd unite
because of their common subjection to geontétry.

Figure 1.15: Kepler's model of the universe composed of PlatonicdSolBource: Robert
Lawlor. Sacred Geometry: Philosophy and Practicendon: Thames & Hudson, 2002, p. 106

Rejecting chiefly the Aristotelian or namely the preli@an conception of natural
philosophy, this new science contented on the very posgibilimathematical
physics which firstly assumes a conformity of mathecahttoncepts to the data
of sense experience and second an ability of the matiesrtmexplain quality*®
As regards, still under the influence of Platonic vidve, foremost philosophers of
modern science unguestionably accepted the privileged rakatbiematics in the

explanation of physical phenomena. Accordingly matht@s became the chief

%8 bid., p. 7.

249 pid., p.5.
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source of investigations on nature, the order of whicldconly be achieved by

experiment$>°

This new method of investigation manifested by the matheahand scientific
works of the seventeenth century, not only favored rible of “reason” in
revealing the order of the universe but also cleansed #t@apimnysical and
theological presuppositions of the classical pefiddReason applicable to all
properties of the physical world, was seen to be tteedBeach and every one of
matter in motiorf>? Correspondingly, matter was accepted to be thersality of
the physical phenomena which were governed by mathemnlaticea The science
of matter in that respect became the essential steldlydf the period stating that
the whole physical order could be reducible matter and motion and were

completely explicable in terms of these two concépts.

In that regard, the idea of nature became an independsty, ¢he very fact of
which could be grasped by the mind through experiéHcelhis recent
engagement of the “mental” and the “experiential” didt only become a
challenge for the scientists such as Bacon and Newbon also for the
philosophers of time i.e. Locke, Hume and Kant.

Philosophers of the era tried to reveal the interdepémédation between mind
and objects. They inferred general principles from expeeierand did not
presuppose an ultimate metaphysical foundation for therdeihial of the initial

250 |hid., p.vii.

%1 Morris Kline. Mathematics in Western Cultune, 243.
2 bid., 243.

%3 Morris Kline. Mathematics: A Cultural Approacip. 445.

%4 Morris Kline. Mathematics in Western Cultune, 246.
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metaphysical foundation, the general explanation of ipAlygphenomena was
started to be given in causal lifik. Reversing the relation previously ascribed by
the classical period between mathematics and scigre@hilosophers of the era
preferred quantitative axioms and mathematical deductiorhéoexplanation of

the “final causes®>®

Newton was the first philosopher of the era who made ite cignificant
distinction between the final causes of a phenomenoth the particular
mathematical laws derived from quantitative observefid Discarding the
autonomous formal character of scientific discoursegs$tablished geometry and
mathematics as practical subjects for the explanatiche mechanical structure
of the universé>® The modern science of Newton in that respect couldaiokts
have replaced the philosophy of the classical era. Tifts Bulte claims, resulted
in a growing independence of mathematical physics from pthiesophical
foundations of its principles whether they are “empitior “rational”.?*® What
became exceptionally important in the course of egjtite century philosophy,
he claims, is the “deductive power of principles rathiggin their empirical
contents, their axiomatic status rather than thaitustas “laws of nature”, their
formal truth rather than their material truti® The great success of Newtonian
science therefore is accepted to lie in its rejectbmhe speculative deductive

255 Bertrand RusselHistory of Western Philosophy, 604.

%8| ouis DupréThe Enlightenment and the Intellectual Foundations of Modern Cufiugg).
%7 Ipid., p. 20.

%8 |pid., p.25.

%9 Helmut Pulte. Order of Nature and Orders of Sciehie Wolfgang LefévreBetween Leibniz,
Newton and Kant: PhilosophBoston: Kluwer Academic Publishers, 2002, p.75.

20 pid., p.75.
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metaphysical system of seventeenth century as welhdts refusal of the

hypothetical assertions of realft$*

Figure 1.16: Newton Cenotaph by Boull&ource: Anthony Vidler. Ledoux: Architecture and
Social Reform at the End of Ancien Régi@ambridge and Massachusetts: The MIT Press, 1990,
p. 275.

The reflection of these developments in the natuiiahse of the period was the
decline of metaphysical discussions and the rise of tHaatiee organization of
physical reality with reference to appropriate matherahtitechnique$®
Accordingly, the startling unification of the mathematiand the empirical in
natural philosophy gave rise to a paradigmatic shift in emstogy. The
systematization of the knowledge through observed data delvte privileged
role of speculation over observation and mere thewey practice.

%1 Andrew Janiak. “Introduction,” in Isaac NewtdPhilosophical WritingsEd. Andrew Janiak,
Cambridge: Cambridge University Press, 2004, p. Xxv.

%52 Helmut Pulte. Order of Nature and Orders of Sciefdie Wolfgang Lefévre Between Leibniz,
Newton and Kant: Philosophg, 75.
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Figure 1.17: The primitive hut by Laugier as the source of architettpranciples, Source:
Alberto Perez GomeArchitecture and the Crisis of Modern ScienCambridge, MA: The MIT

Press, 1983, p. 63.

These profound changes in the seventeenth century philosmohgcience had
also affected the architecture of the period. Explicidyealed in the general
theory of Francois Laugier, nature became the chiefreece of architectural
production. With his concept of “primitive hut” Hanno Walterft asserts that
Laugier’s theory made the first call for an architeetuith fixed rules that is in
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close relation with naturé?® Considerably, taking into account the basic elements
of primitive hut, that is, column, entablature, and pedimd.augier set his
concept as the origin of all possible forms in arahitee?®* Nature in process, in
that regard, happened to be the chief model for the acthités the science and
philosophy of the era are in search for the basic piexipf a geometrized
nature, the architecture of the seventeenth century tinelénfluence of these two
disciplines was in trial of uncovering its essentidkes of formal generatioft’
Architects, engineers and philosophers of the Enlighteheeplicitly identified
the principles of architecture with those of natural gdophy, prescribing a
correspondence between the methods and sources difgciemestigation and
architectural practice in belief of a parallelism oa #thievement of truthi® As
observed by Perez Gomez, the increasing rationalizatiatent in architectural
intentions during the second half of the seventeenttugemwas only the most
conspicuous sign of architecture’s adoption of the metrards principles of

natural philosoph$®’

%3Hanno Walter KruftA History of Architectural Theory From Vitruvius to Presgnt]42.
%4 1bid., p. 152.

2% |bid., pp: 142-165.

%8 |bid., pp: 142-165.

27 Alberto Perez GomezArchitecture and the Crisis of Modern Sciengd’6.
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Figure 1.18:(right) Engravings from Fréart de Chambray, (left) Eavings from Claude Perrault.
Nature as the source of the Corinthian or&ewurce:Chirostof Thones (edArchitectural Theory:
From Renaissance to the Presétdln: Taschen, 2003, pp: 246,253.

The works of Guarino Guarini points out the foremost ng¥as of the

architectural practice that embraces the assessmeitheohew geometrical
universe: Guarini frankly appropriated the geometrizatiothefuniverse set forth
by the Galilean revolution and embraced the modermefoilithe possibilities of
mathematical reason and experimental knowléfgele preferred mathematical
reason and empirical observation to ancient auth@fityn that respect he
assigned supremacy to geometry for its power of unitingrétieal and practical

270
€

knowledge~'” Depending his geometrical explanation on the intimmatation of

%8 |pid., p.89.

%9 Janine Debanne. “Surface and Appereance in Guarino Gsafisi Sindone Chapel,” in
Alberto Perez Gomez and Stephen Parcell (Etdra, Volume Three: Intervals in the Philosophy
of Architecture Montreal & Kingston: McGill-Queen’s University Pre4§99, P.65.

279 pid., P.50.
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figures, Guarini rejected the notion of geometry as anradisinathematical
discipline?’* Specifically observed in the works of Guarini, was a Baeo
obsession to synthesize the specificity of perceivedgnena with a geometrical
theory?’? Explicitly revealed in Guarini's work ofirchitecturra Civile, the
architecture of the period was highly concerned with geommey the formal

practice which takes its form in materializing geometnystone?’”® As noted by
Perez Gomez,

Guarini's Baroque geometry was not merely a formal seiph was
an instrument of rhetoric as well as logic. In copoglence with
traditional, Aristotelian perception, geometrical figuresuamed the
character of symbolic essences, always derived fronsuses
intuitions. The geometrization ofes extensawas the point of
departure of modern science and enlightened philosophyteésnl
an increasing exploitation and desecration of nature.nButine
seventeenth century, however, the geometrical strictir the
cosmos guaranteed the achievement of absolute valuesjséstapbl
an immediate relation betweess cogitansres extensand God-"*

271 Alberto Perez GomezArchitecture and the Crisis of Modern Scieng®0.
272 Martin Jay. “Scopic Regimes of Modernity” in Hal Fostgds.)Vision and Visualityp. 16.

273 Janine Debanne. “Surface and Appereance in Guarino Gsafii Sindone Chapel”, in

Alberto Perez Gomez and Stephen Parcell (Edgra, Volume Three: Intervals in the Philosophy
of Architecture p. 50.

274 Alberto Perez GomezArchitecture and the Crisis of Modern Sciere 96.
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Figure 1.19: Guarini's Baroque geometrource: Chirostof Thones (edArchitectural Theory:
From Renaissance to the Presétdln: Taschen, 2003, pp: 131,135.

Geometry in that respect replaced the authority of tlieats as the source of
ultimate justifications in architectufé> The reason for such a fascination with
geometrical explanation to unite the reasonable and intedlectual to the
sensuous, the experiential and the empirical, as shatdéerez Gomez, was a
general tendency of architecture under the influencéitdspphy and sciencg®
Baroque architecture as regards became the utmost mdte ahification in its
fascination with pleating surface qualities and “thdilagresence of a space

filled with light and shadow, with angels and mythologfigures.”’’

However, this contrasted vividly with the empty and honmegelis spaces of the
neoclassical period suggested by Boullée and Ledoux. Ametdaby Kaufmann

273 |bid., pp: 96-97.
278 |bid., p.90.

27 bid., p.97.
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in his elaborated worlrchitecture at the Age of Reasdhe architecture of the
two men reflects the most exemplary forms of mod&wolution, that is, the
rationalization of form through function. Kaufmann aerizes this
revolutionary approach in architecture as the “aim atfferdnt effect on the
spectator; the departure from the time-honored, wellbbsi@d patterns; the
frantic efforts for the reorganization of the architeal whole and the consequent

introduction of new forms?®

Lo g s mstiar

Figure 1.20: (right) Depiction of the cosmos by Boullé, (left) Observatas the source of
knowledge (BoulléSource: Anthony Vidler.Ledoux: Architecture and Social Reform at the End
of Ancien RégimeCambridge and Massachusetts: The MIT Press, 1990, p. 275.

Towards the end of the eighteenth century, which hach se®e increasing
rationalization of theory, architects frequently questi the mythical framework
underlying traditional form&’° The use of simplified formal elements, a frequent
disregard of the classical orders, and the employmetiteofolumes in the form
of simple geometrical bodies became the distinguishiegtures of the
architecture of the French revolutiéil. The tendency toward formal simplicity,

278 Emil Kaufmann.Architecture in the Age of Reason: Baroque and Post-Baroque in England,
Italy, and Francg1955), New York, 1968, p.142.

219 |pid., p.16

280 Alberto Perez GomezArchitecture and the Crisis of Modern Sciened,30.
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evident in French architecture during the second half of idieteenth century
was a result of the increasing domination of re&bRrom that standpoint, the
architecture of Boullée and Ledoux for Perez-Gomez, cacobsidered as the
final embodiment of the neoclassical reconciliatiwtaste and reasdf? The
search for pure and fundamental forms was unquestionalatedeto natural
philosophy’s search for truths of universal validiy.

e 6 a5

Figure 1.21: A free mason.Source: Alexander Roob.The Hermetic Museum: Alchemy &
Mysticism.KdIn: Taschen, 2006, p. 62.

21 pid., p.130.
282 pid., p.130.

283 bid., p. 131.
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Consequently, the methodically gained and accumulatedrieahpknowledge
which successfully undermined the speculative theorieghef Aristotelian
tradition started to make emphasis on geometry for tingication of
mathematical reason and experimental knowledge. Inrdgdrd, mathematics
and geometry gained a new significance in modern sciandephilosophy as
means of representing physical phenomena or as instrsin@ndeductive
explanation and prediction. All these developments imleno science went in
hand with the new tendency in architecture towards thegatic explanation of

space and its geometrical configuration.
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2.4) A Turning Point in Mathematics

2.4.1) The 17 Century Mathematics: From Sensual to Intellectual Faculiés

The mathematization of science and the quantificatan observational
knowledge initiated a new understanding of physical spaceeiwenteenth
century. The remarkable change that investigations hambged in seventeenth
century resulted in a new conception of science ttggrsliin methodology from
earlier postulate®’ Trust on the knowledge gained through induction on the basis
of observation replaced the general belief of Greek medieval thought that
assumed the existence of basic truths in the human ffitghlike the earlier
investments that appraise mathematical rules and modelthea only exact
explanation of the physical world, the" entury studies in science started to
make specific emphasis on observational derivafithés regards, knowledge
gained through observational analysis became the majoces of philosophical
thought in which the role of mathematics is now monstrumental than

essentiaf®’

By the late seventeenth century, mathematics hadedtao undergo radical

changes through which the relation of mathematicatepts with physical space

was put into questioff® Till the sixteenth century, mathematical conceptsewer
accepted as immediate idealizations of or abstractivos experiencé®®

284 John HenryThe Scientific Revolution and the Origins of Modern Scignde,
285 Morris Kline. Mathematics: A Cultural Approacip. 306.

288 John HenryThe Scientific Revolution and the Origins of Modern Scign&4.
287 Morris Kline. Mathematical Thought From Ancient to Modern Tines393.
288 John HenryThe Scientific Revolution and the Origins of Modern Scign&®.

289 Morris Kline. Mathematical Thought From Ancient to Modern Tines393.
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However with the appearance of negative, irration@bonplex numbers and with
the investments on extensive algebra, mathematics l@snbedominated by
concepts derived from the recesses of human minds rhidnerderivations from
the physical world® Mathematicians, as regards, started to contribute ptsice
rather than abstracting ideas from the physical wdHdiccordingly, “for the
genesis of its ideas mathematics gradually turned froms#resory to the
intellectual faculties?*?> As a consequence, mathematics’ for a long time aedept
foundations have been subjected to an epistemologiwdysis/questioning®
Consequentially, the definitive relation of some mathiral constructs
(specifically of the Euclidean system) with physical cgpastarted not to be
regarded as superior to othéts.

In that regard, mathematics’ formulation of itselfoand idealizations of
observation or abstractions from experience was deealuan behalf of the new
potentials that come with logical possibilitf€s.Mathematics from now on has
been detached from its physical context and started tmm&dered as a logical
construct, the validity of which is not a matter ofrespondence with physical

reality, but an issue of (inner) logical consistefity. Consequentially,

290 pid., p. 393.
291 pid., p.393.
292 pid., p.393.

293 Bertrand RussellAn Essay on the Foundations of Geomelitgyw York: Dover Publications,
1956, p. ii.

2% hid., p. ii.

29 Roberto Torretti.Philosophy of Geometry from Riemann to Poincaéston: D. Reidel
Publishers, 1978, p.61.

29 bid., p.61.
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mathematics detached itself from intuition and turnedtoute absolute rigd?’
This new understanding on the nature of mathematicstedsul new “possible

geometries” termed as “non-Euclidean”.

2.4.2) 19 Century Developments in Mathematics: a Crisis on the
Foundations of Mathematics

The new relation between the physical and the matheahaticche nineteenth
century triggered the initial questionings on the epistegical reliability of the

Euclidian demonstration of physical reaff§f. Specifically focusing on the
Euclidean fifth postulate, i.e. “the axiom of parallelmathematical studies in
nineteenth century tried to prove the possibility of othesnugtries™®® Hans

Reichenbach notes that,

In particular, the demonstrability of the axiom of thergflals was
investigated. This axiom states that through a given poaretlsone
and only ongoarallel to a given straight line (which does not lygoagh
the given point), i.e., one straight line which lieghe same plane with
the first one and does not intersecf?t.

Gauss was the first mathematician to doubt explicihout the Axiom of
parallels, and to have conceived the possibility of aBaclidean geometri’*
followed by the “hyperbolic geometry” of Nikolai Ivanovidiobachevski and

Johann Bolyai, and the “elliptic geometry” of the Germarathematician

297E . T. Bell. The Development of Mathematips 282.

298 Hans Reichenbacfihe Philosophy of Space and Tjrmpel.

29% Roberto TorrettiPhilosophy of Geometry from Riemann to Poincprdo.
309 Hans Reichenbacfihe Philosophy of Space and Tirpe3.

301 william Ewald. A Source Book in the Foundations of Mathematics: From Kant to Hilbert,
Oxford: Clarendon Press, 1999, p.297.
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Bernhard Riemanif? While, on the one hand in the “hyperbolic geometry” of
Lobachevski and Bolyali, it is possible to draw infinit@hany parallel lines, on
the other hand, in the “elliptic geometry” of Riemartnisinot possible to draw
any parallel line. The assumptions of different non-Eeeln approaches, though
being mainly counter-intuitive arguments, are acceptebetdogically possible
within the framework of mathemati¢®®

The questionings of the “axiom of parallels” further netesed a critical
reconsideration of the consistency of the Euclideamalytico-deductive
formulation of physical spac®® The Euclidean conception of space accused of
being beyond the experiential realm was replaced witlhdurtheories of space
(Analytic, Differential, Projective, Algebraic, Desptive or Non-euclidean,
Multi-dimensional geometries and topolod9}.Accordingly, new interpretations
of the Euclidean parallel axiom brought about differemtceptions of space that
do not operate on constant zero curvature but ratheridanetith inconstant
negative or positive curvaturé¥. As regards, the possibility of inconstant
curvatures nullified the assumption that it is possiblenbve an object from one
point to another without any change in quantity and quélitithis kind of a
possibility is a result of the Euclidean conception cdcgpthat is homogeneous

and consists of unchanging, certain, absolute elementsredations’®® Non-

392 Roberto TorrettiPhilosophy of Geometry from Riemann to Poincpré3.
303 |bid., p.61.

304 Hans Reichenbacfihe Philosophy of Space and Tjmeb.

303 bid., p.5.

306 Morris Kline. Mathematical Thought From Ancient to Modern Tines873.
307 Bertrand RussellAn Essay on the Foundations of Geomgirgs.

308 |bid., p.33.
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Euclidean geometries’ logical proof of changeable cteisty in that regard
resulted in a heterogeneous conception of space in whidhrtbe properties of
an object are not stable during movent&nt.

In consequence, different manifestations of spatialityedahrough distinct
formulations of geometry triggered critical questionings tha “truth of the
factual significance” of Euclidean postulafé®. Accordingly, the spatial
formulation was started to be seen as a consequentae athosen mode of
expression®'! Rejecting the absoluteness of Euclidean formulatiois, kind of
an assumption initiated a relativistic comprehension ofiapeonfiguration®*?
Though the possibility of such a relativistic approach taiapeonfiguration was
first noticed by Hermann von Helmholtz, it was mainlpbelrated by Henri
Poincaré®® For Poincaré “experience singles out no specific nmatieal
geometry: no geometry is true to the exclusion ob#ilers since all geometrical

axioms areonventionsdisguised definitions of a set of primitive predicatés.

As regards, the legitimacy of a geometry is acceptdoeta result of its proof
consistency®™ In that respect, though appearing artificial when contparigh

the natural geometry of Euclid, the mathematical legitly of other geometries
was accepted to be beyond questiSms observed by Hans Reichenbach, what

309 pid., p.33.

319 Roberto TorrettiPhilosophy of Geometry from Riemann to Poincpr&69.

31 bid., p.169.

312 bid., p.169.

313 |bid., p.169.

314 Elie ZaharPoincaré’s Philosophy: from Conventionalism to Phenomenofod@g,
315 Hans Reichenbacfihe Philosophy of Space and Tjmeb.

3% bid., p.5.

79



was intended by nineteenth century mathematicians wstsetss the fact that the
essence of a geometrical proof is contained in the lofgts derivations, not in its
correspondence to the physicHl.Leading to a distinction between the physical
and the mathematical, Reichenbach asserts that;

...the discovery of non-euclidean geometry has a fundahent
significance: it divides the problem of space into twagdhe problem
of mathematical space is recognized as different flioenproblem of
physical space...Up to that time physics had assumed tbensof
geometry as the self-evident basis of its descriptiaratfre®*®
As regards, the discovery of non-Euclidean geometrieg gse to a duality
betweenphysical and possible mathematical spaces: “Mathematics reveals the
possible spaces; physics decides which among them comdssgo physical
space.?'® Consequentially, in contrast to all earlier conceptita assumed a
correspondence between the physical and the mathamaadity, in nineteenth
century, the reality of the physical and the matherahis started to be conceived
as independent from each oth&2"Mathematics, rather than being the ultimate

truth of the physical, turned out to be an instrumenttfoinvestigation.

In consequence, it can be asserted that developmentsnéteenth century
mathematics and the possibility of different geomethese significance for
epistemological arguments and in specific for discussamshe foundation of
mathematics. As regards, the achievements of non-Eanligeometries are not
an invalidation of the Euclidean conception and systentatizaf space, but
rather, the logical possibility of other geometriebdth a reconsideration of the

317 bid., p.4.
38 |bid., p. 6.
31 bid., p. 6.

320 pid., p. 6.
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epistemological absolutism of Euclid and the identigalitf physical and
mathematical concepts.

Though all these developments in mathematics wereutilided in nineteenth
century architecture, they became the major of souraechitectural practice and
theory in the digital period. As regards, the nexapthr will critically focus on

the changing conception of architectural production in diggtal period with

respect to the shifting relation of mathematics to arctute.
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CHAPTER 3

TOWARDS AN INSTRUMENTAL USE OF MATHEMATICS

3.1) Interdisciplinarity

3.1.1) A new Platform of Exchange and Cross-fertilization for Achitecture

Architecture’s recent engagement with digital techn@sdirought forth various
guestionings either related with their use as represen#tiools or as form
generative medi&' Being more than a practical utility, the precision and
accurateness that come up with the incursion of thebmadgies, are accepted
to result in drastic changes in the conception of ttehictural proces&?
Moreover, the extended possibilities of visualizatiom shrmounted limitations
of construction and the overwhelmed restrictions of esgntation achieved
through digital technologies are seen to require not omigva understanding of
design practice but also a new conception of architdctiveary —distinct from
any previous assessméfit.The reason for such a requirement is claimed to be
mainly a result of the new proposed technique, methodadoglylogic of such
digital technologies that come with the numeric coinof the architectural

process.

321 Branko Kolarevic. (Ed.) “Digital Morphogenesistchitecture in the Digital Age: Design and
Manufacturing London and New York: Spon Press, 2003, p. 13.

322 |id.

323 |bid.
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The numeric control that lies behind the creation, dgreknt or realization of
any architectural product in the digital process is sedarte not only the formal
vocabulary of an architectural heritage but also any aelatdged principle or
norm in the conception of design proc&8sAs regards in the course of digital
production, the historically loaded principles of architee?” that are accused of
being static, deterministic and normatffeare put into erasure for the sake of
new possibilities that come with architecture’s intdéicm with other

disciplines®’

Architecture in that regard entered a new self-definiporcedure
in which the re-definition or transformation of manglatectural concepts are not
only done with respect to the disciplinary frames, buheama include non-

disciplinary references.

This new definition of architectural production termed &sding”*?® by Greg
Lynn appraised any form of relation or engagement with reiffefields, while
promoting “a more fluid logic of connectivity*® The efficacious consequence of
conceiving architecture as a practice of folding Lynn staesulted in “a new

324 Greg Lynn.Animate FormNew York: Princeton Architectural Press, 1999.

325 peter Eisenman. “The Diagram and the Becoming Unmetivatthe Sign,Diagram Diaries.
New York: Universe Publishing, 1999, p. 211.

326 Greg Lynn.Animate Formp. 9.
327 bid., p. 9.

328 The term “folding” is mainly used with reference to @ete’s work: The Fold: Leibniz and
the Barogue”in which Deleuze proposes a new comprehension athéloey of knowledge with a
metaphoric reference to Baroque architecture. Spdbjfizpposing to Cartesian epistemology and
its abstraction/reduction of reality to an absoluteagm produced by mind, he develops a
pluralistic approach in achieving knowledge with a pargicueference to the works of Leibniz.
Gilles DeleuzeThe Fold: Leibniz and the BaroquE,ans. Tom Conley, Minneapolis and London:
University of Minnesota Press, 1993.

32% Michael Speaks. “Folding Toward a New Architecture” infrized CacheEarth Moves: The
Furnishing of TerritoriesTrans: Anne Boyman. Cambridge, Massachusetts: TheRv3s, 1995,
p. Xlll. Originally in; Greg Lynn (ed.Folding in Architecture London: Architectural Design,
1993.
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ability to integrate unrelated elements within a new iooous mixture.®*°
Therefore under the influence of the new “logic ofdity” or with the inspiration
of the methodology of “folding”, the practicing architec&the digital period
started to benefit from extra-disciplinary concepts, agmeents and

developments.

In the course of this “folding” process, abstract diagrdrom different fields
through “formal transformation”, “wrapping” or “morphing rategies”, are
juxtaposed or merged with particular geometric patterngrder to obtain the
final architectural forn?*! Accordingly, the architectural form is started to be
conceived as an outcome of “generatileormatiofi strategy>>? rather than an
intentional formation process.

Borrowing from Deleuze, DeFormation refers to thesadtive formal
links with contingent influences as affiliations, and emdering
affiliations is the foremost mechanism of by which DeFation
attempts to point. Affiliations are distinct fromatitional site relations
in that they are nopre-determined relationshipthat are built into the
design, buteffectsthat flow from the intrinsic formal, topological or
spatial character of the desigFt

Consequentially, this undeniable change in the processluteutural production
resulted in a shift in the conception of formal creatithe architectural form

3% pid., p. XIII.

331 Jeffrey Kipnis. “Towards a New Architecture,” in Gipga Di Cristina (ed.jrchitecture and
Science London: Willey-Academy, 2001, p. 23. With reference tmé&kd@hom’s and Lacan’s
theory of catastrophe, Kipnis outlines “fold” as “a n@n event, a geometric description of the
unexpected, diagram of the virtual. He further states that though the original definitidrthe
term rejects any representational implication for toegete different fields of organization;
architecture’s utilization of the concept are mostbnel through representational methods that
include visual juxtaposition or merging of some graphicrisypé architecture (i.e. visual layering
of conceptual and site analysis or functional schenresyidferent out-disciplinary sources.

332 Brian Massumi. “Sensing the Virtual, Building the Insibfe,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencéondon: Willey-Academy, 2001, p. 198.

333 bid., p. 198. (Italics are mine.)
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rather than being the unique result of architect’s ideatimagination or
intention, is started to be conceived as a reactiomsponsive solution to the
externaleffects And by means of these extermdfectsthe appreciated blending
or cross-fertilization of different discipline sourcés claimed to have been

achieved, in most cases either visually (formally)amraeptually***

Figure 2.1: New sources of formal creatiorSource: Ben van Berkel and Caroline Bos.
Technique: Network Spitsmsterdam: UN Studio and Goose Press, 1999.

However within this cross-fertilization program withfdifent disciplines, though
the aim is set to develop a new conception of architecthat well fits to the
requirements of information era through the possiklited data exchanges,

underestimation or rejection of any prior systematic wizggion of code§®

334 Greg Lynn. “Architectural Curvilinearity: The foldedh& Pliant and The Supple,” in Giuseppa
Di Cristina (ed.)Architecture and Sciencé.ondon: Willey-Academy, 2001, p. 27. Eisenman’s
recent works can be asserted as the examples of vigmalingy in which visual sources from
evolutionary biology in specific René Thom'’s Catastepheory and architecture are integrated
via a visual layering methodology. And the re-readiofgshilosophical, mathematical or scientific
concept within architectural discourse exemplify the meetio smoothing methodology of
concepts, in the course of which out-disciplinary coreémbse their identity for the benefit of
productivity and novelty.

335 Diane Agrest. “Design versus Non Design"Gppositions Reader: Selected Readings from A
Journal for Ideas and Criticism in Architecture 1973-19&4. K. Michael Hays, New York:
Princeton Architectural Press, 1998, p. 335. Diane Aglashs that the articulation or exchange
between architecture and other systems and discipliegsires a thorough analysis of the
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opened the way for circumstantial relations and oocasioperations. In that
regard, the strict definition of borrowed concepts axposed to a constant
transformation that vary in response to changing naedsaesthetic preferences
or even individual interpretations. Ultimately, this naisciplinary condition
erasing any boundary line of the architectural discipliself, formed a new
exchange platform in which concepts, metaphors or imagesd wide range of
fields such as mathematics, physics, molecular biolaapglogy, fractals, chaos
theory, DNA sequencing became the main referefi€e®isparate formal,
programmatic and structural elements taken from theddésfior disciplines are
started to be re-integrated within the “neutral spacgigifal technologies®’ by
means of “visual layering” or “morphing techniques, tacticsatsgies or
methodologies®®? Henceforth, architects started to benefit from new
combinatorial modef§® in order to achieve diversity, productivity and novelty in
final form, rather than to endeavor within strict discipty definitions. As
regards, models exported from different disciplines aeldd through visual or
conceptual translation/transformation turn out to be tmost productive
references of formal/architectural production.

differences and similarities through the clarificatidntlee codes according to their relation to
design and referenced/utilized sources.

33¢ Antoine Picon. “Architecture, Science, Technologys ahe Virtual Realm,Architecture and
The Sciences: Exchanging Metaphofgtoine Picon and Alessandre Ponte (eds.), Princeton:
Princeton Architectural Press, 2003, p. 292.

337 plicia Imperiale.New Flatness: Surface Tension in Digital ArchitectuBerlin: Birkhauser,
2000, p.38, 79.

338 Jeffrey Kipnis. “Towards a New Architecture,” in Gipga Di Cristina (ed.jrchitecture and
Sciencep.19.

33% Ben van Berkel and Caroline Bdsnagination: Liquid Politic Amsterdam: UN Studio and
Goose Press, 1999, p. 21.
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However within this fruitful condition, as observed byichkhel Hays,
architecture’s derivation of its material from “vividtlistant disciplines” became
almost random, -turning out to be aad"hocconstellation” that built its very
reality on the heterogeneity of interpretations andraannections?°

The necessary and correct interpretation of differdistourses was
radicalized in the fruitful but problematic concept demextuality. And
henceforth architecture theory would draw its matedriam the most
wildly distant disciplines and its intertextual refecea would become
almost random —an ad hoc constellation that necegsanhmented on
other texts inside and outside architecture, that depended on a
heterogeneous body of texts that would be glossedcatrected and
rewritten. Attempts were made to match a certain ngadf this text

with a reading that building and architecture theoegame radically
occasionaf*!

Accordingly, Hays further notes that within this inetiual condition so many
concepts taken from different disciplines or philosophidsough an
interdisciplinary import is started to be transformatb ipractical strategies for
producing architectur&? Following the theory of “assemblag’® introduced by
Gilles Deleuze and Felix Guattari in their bodk Thousand Plateausthe
practitioners of the contemporary architecture startetha@e emphasis on the
collection of heterogeneous components from differezdlms/fields while

rejecting any homogenizing totality that the disciplinei@hitecture proposed?

340 K. Michael Hays. “Architecture Theory, Media, and Qaestion of AudienceAssemblage,
No. 27, Tulane Papers: The Politics of Contemporary Agchital Discourse, August, 1995, p.
43. Hays notes that different from previous engagemeititsdiverse disciplines or study fields,
contemporary architecture’s recent affiliation witktra-disciplinary concepts or theories does not
require any prior structural similarity or transcodingchemism. He further states, that the
appreciated subjective selection of any term and imagsn agperational ground is the specific
departure of recent practice.

31 bid., p. 43.
342 bid., p. 43.
33 bid., p. 42.

344 Gilles Deleuze and Felix Guattafi. Thousand Plateaus: Capitalism and Schizophrehians:
Brian Massumi. Minneapolis: University of Minnesota Preig93, pp: 327-328. The theory of
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Figure 2.2:The evolution of formSource: Peter ZellnerHybrid Space : New Forms in Digital
Architecture New York: Rizzoli, 1999, pp: 114,115.

Therefore, “a smooth ideology” as termed by H#ystook the place of
dialectically opposed strategies which could be categdreither as conflict and
contradicton or unity and  reconstruction/composififh. Smooth

translation/transformation of diverse fields to pieattistrategies in architectural
production under the numeric control and guidance oftaligechnologies as
claimed by Lynn is assumed to enable architects an imkenstegration of

differences within continuous yet heterogeneous syst&mihis new method of

assemblage can be explained with respect to Deleuze’sganegal conception or understanding
of events. As stated by John Rachman, for Deleuze, “ewents happen out of a tabula-rasa, but
come out of complications, out of the fold; and time ocesii “complicated” rather than a linear
or circular space: it lies at the intersection of npldtilines that can never be disentangled in a
single transparent plane given to a fixed external eye.” (R#jochman. “Out of the Fold,” in
Giuseppa Di Cristina (edArchitecture and Sciengd.ondon: Willey-Academy, 2001, p. 36.)
Therefore the determinant role of any fixed subject (tbbitct in the case of architecture), any
static, linear theorization or authority of conceptsanging specifications of principles, norms and
values such as utility, firmness, beauty, unity, harmeinyin architecture) are claimed to be mere
reductionism. Thus for, instead of assuming architectar@ @aomogeneous totality in which
(predefined) concepts can be applicable to any desigo faotiuce the same effect, it is claimed
that contemporary architects started to search ftarbgeneous, occasional determining factors
that result in particular solutions.

345 K. Michael Hays. “Architecture Theory, Media, and eestion of AudienceAssemblagep.
43; and Jeffrey Kipnis. “Towards a New Architecture,” iu€gppa Di Cristina (edArchitecture
and Sciencep. 18. This shift in ideology is mostly identified ithe shift in philosophy from
Derridean to Deleuzian discourse.

346 Greg Lynn. “Architectural Curvilinearity: The foldedh& Pliant and The Supple,” in Giuseppa
Di Cristina (ed.)Architecture and Science. 26.

37 bid., p. 26.

88



translation/transformation in that regard, while maimte the integrity of
disparate elements, is claimed to preserve diffesermoel diversities through
“fluid tactics of mixing and blending®*® Thereafter, disciplinary concepts and
methods of architecture accused of being “rigid”, “stat@id “closed” are
replaced with more “flexible strategie¥® The production of the architectural
object as a result became to be dependent on exteroasf effects, concepts and
methodologies. As regards, architectural practice detaitbedany hierarchical
organization of process is acknowledged to invalidate thecakestructures of
formal production. Prior development and formation e$ign ideas or guiding
mechanism of theories are devaluated on behalf of tdetgrminant, arbitrary
and productive results of horizontal relatidns.Henceforth the concepts of
“form,” “function,” “order,” “composition,” “proportion” “beauty” or even
“design” and “theory” —being hierarchical structures, areipat dissolve within
unconscious, arbitrary, non-totalizing, smooth systems“emhergence” and
“becoming”>®* In that respect, the next sub-chapter will focus tm éffects of
these changes with reference to the shifts that thegyoge in the conception of

architectural intention and production.

348 |bid., p. 26.
34 bid., p. 26.

39 Branko Kolarevic. (Ed.) “Digital Morphogenesistchitecture in the Digital Age: Design and
Manufacturing p. 13.

1 bid., p. 13.

89



3.2) Privileged Role of Abstract Information over Material Realty

3.2.1) Uniformity between Architect’s Ideation/Intention ard Numerically

Controlled Architectural Production

Within the interdisciplinary context and through the chiaggconception and
definition of architectural production, discussions on rihie of the architect’s
intention in the architectural process gain a new ac@a. It can be asserted
that these discussions mainly terminate around theinghiftonception of
architectural production that departs from a priori defingi that see aesthetic
gualities or functional requirements as the basicreefses/grounds of the
architect’s intention. As regards, unlike any historicaloant that proposes a
vertical relation between particular architectural gipfe/norm/ground and the
object, the contemporary architectural production promoted digital
technologies is accepted to offer a novel conceptidheodesign process.

Disregarding any hierarchical design approach, the produdtithe @rchitectural

edifice in numerically controlled architectural produntis supposed to “enforce
the potentials of mediation and expand the limits of im&gpn”, going beyond

the possibilities of small technologi&$. Accordingly, developments in digital
technologies, being more than a practical utility, tethrto threaten the once
celebrated role of human reasoning which was assumesl tttelsole connection
between the architectural object and the architect’sia@ealn that regard, the
architect’s intentionality in architectural productiorpist into question on behalf
of the extended possibilities of digitally driven fornmabcess. Brian Massumi
notes that,

%2 Ben van Berkel and Caroline BoBechniques: Network Spimsterdam: UN Studio and
Goose Press, 1999, p. 167.

90



One thing swept away is the popular image of the architect a
autonomous creative agent drawing forms from an absspate of
Platonic pre-existence to which he or she has inspicegss, and
artfully dropping them into the concrete of everydayence, which is
thereby elevated. The architect’s activity becomesgatter less
heroic...The architect becomes a prospector of formativeireoty, a
tracker in an elusive field of generative deformafith

T, o e

:

Figure 2.3: Nox, soft office.
Source :http://mww.noxarch.com/flash content/flash content.htadt accessed in 05.12.07.

As noted by Brian Massumi, developments in digital tetdgies providing
explorative and experimental investigations is acceptedause a shift in the
conception of the architect’s role in architectural productwhile displacing its

353 Brian Massumi. “Sensing the Virtual, Building the Insigle,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencéondon: Willey-Academy, 2001, p. 198.
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classical notiond®* Jameson states that the classical traditions ofonibet
eloguence and even of handicraft was inclined to caiebthe human
achievement and to welcome continuities between tlestioh of the artist and
the work itself which was seen as the mark of thehiwct’s elevated
intentionality>>® Yet for the romantic period he declares, the architéstention
was assumed to be a sign of interiority which waseerface between nature and
the final product®® The result was the appraised status of the architebefog a
mediator or even a “genius” in the translation of theamscious formation of the

nature to a conscious achievement in his production aticne®’

Jameson continues to note however that architectureétreengagement with
digital technologies is accepted to require a new concepmifoarchitectural
intentionality as the products of the contemporary pebecame the mark of the
resolved causality between the architect’s objectoreshe object® It is even
seen as a breakdown from human reasoning and insteagrateeence for the
self organizing structures of natur@s the ultimate ground/reference of
architectural productioft’ In that respect, the well-regarded independency of
form from the personality of the architect, from thesic conventions or
functional requirements is supposed to lead to a “nebtrsiness of architecture
that emanates out of the underlying data” derived fromxa@rnal sourcé®® The

%4 bid., p.198.

355 Fredric Jameson. “Aronoff and Ideology,” in PetesdfimanBlurred Zones: Investigations of
the Interstitia] New York: The Monacelli Press, 2003, p. 62.

%% bid., p. 62.
%7 bid., p. 62.
%8 bid., p.62.

39 Michael Hensel. “Finding Exotic Form: An evolutionfrm Finding as a Design Method,” in
Emergence: Morphogenetic Design Strategies. (ed. Hgdstie) Architectural Designp.27.

360 Ben van Berkel and Caroline Bd&chniques: Network Spip. 165.
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appreciation of form as the ultimate result of exaéhata as stated by Ben van
Berkel and Caroline Bos is claimed to be a definitive dhaftn the economic
strategies of formal creation to multiplied and diifeed possibilities of digital
production®* Van Berkel and Bos state that;

If any form is possible and all are equally functiomalan economic
sense, the pragmatic, standardized language of Modernsrogtaits
imperative. A simple self evident reasoning no longer fjastiany
specific form... New models of organization are developedrder to
proportion and structure digital information. Paramegees formulated,
once again expressing architectural values in rationaltimad and
objective terms...As the evolution of the chosen paramagetraced
over time, the project emerges as if of its own agcorhe techniques
are used as a direct and transparent medium to unch&eneutral
values forming the basis of the projét4.

31 bid., p. 165.

2 pid., p. 165.
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Figure 2.4: Parisbrain (Paris, France) by Nox, an experimental apprta form generatign
Source: Marie Ange Brayer, Frederic Migayru, Nanjo Fumio (edgghiLab's Earth Buildings:
Radical Experiments in the Architecture of the Laselwv York: Thames and Hudson, 2003.

In digital production, the data derived from a particulamediate reality of
present is therefore not only accepted as the only saidirfieal form, but also
seen as the basic requirement of a transparent, akjemid rational process®
The reality in this process standing on its own is supptseoe the neutral
ground of architecture whose transformation into arctutat language/form/
object is assumed to provide an “a-signifying”, “unbiased” amket” systeni®*
Accordingly, the image of the architectural objectle&amed to be an expression
of the (information/data) content rather than a sifra disciplinary language,

%3 R. E. Somol. “Dummy Text, or the Diagrammatic BasisContemporary Architecture” in
Peter EisenmarDiagram Diaries,New York: Universe Publishing, 1999, pp: 15-21.

4 |bid., pp: 15-21.

94



norm or principle®®> The very validity of the architectural product as regasds
started to be conceived as resulting from the direchfirooed relationship
between the final architectural form and the utilized digther than established
relations to architectural principles, orders or norar grounds (i.e. the
ruling/guiding structures of the architecture which areohistlly defined or
accepted as the ultimate grounds of architectural production)

3.2.2) Surmounting the Limits of Human Reason and Intention

The creation of form in contemporary architectural proidads assumed to be no
longer a property of the architect’s intentiSh. Therefore, the conscious
achievements of the architect accused of being “determinadt“deficient” are
replaced with a new methodology of “tactical bridging different fields that
stand in relation to each other as mutual outsid¥s.Accordingly, the
achievements of the new digitally driven formal productare appraised as new
design solutions for the tactic management of timeadawmaterial processes,
scales and milieus rather than a provision of singulad &nite design

solutions?®®

Destabilizing the pure authority of the author/architectle object,
the generation of the materialized form is acceptettetadetermined by data

derived from external sources or fief8. Since the compatibility/convenience of

3% bid., pp: 15-21.

3¢ Brian Massumi. “Interface and Active Space” published Ha Proceedings of the Sixth
International Symposium on Electronic Art, (Montreal, 1995)56.

%7 bid., p. 6.

358 Michael Hensel. “Finding Exotic Form: An evolutionferm Finding as a Design Method,” in
Techniques and Technologies in Morphogenetic DesignHgédn Castle)Architectural Design,
Vol. 74 No. 3, 2004, p. 33.

3% Bernard Cache. “Topological Architecture and The Ambigu&igs,” in Giuseppa Di Cristina
(ed.)Architecture and Scienceondon: Willey-Academy, 2001, p. 128-129.
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the out-disciplinary models is bound to neither thermffitions of the architect
nor the verifications of the disciplinary conventioesther visual or conceptual
similarities, analogies or fabrications with out-disicigry sources take the once
confirmed role of the architect in decision making firsteps of architectural

production®’®

Figure 2.5: Nox_center pompidou II.
Source :http://mww.noxarch.com/flash content/flash content.htadt accessed in 05.12.07.

As regards, this new type of formal production notwithstandimghe reason or
intent of the architect, is taken for granted as tshmped by the integration of
“dynamic forces”, “velocities”, and “direction§”’* Termed as “emergence,” this
new formation/conception of architectural production suased to bring about
new stances that are not grounded on human reasomeotion®’? Instead of

developing a unique idea from its initial state to constadtnis new conception
of architectural production is accepted to operate throughew design

370 pid., p. 128-129.

371 Ben van Berkel and Caroline Bo&ffects: Radiant Synthefidmsterdam: UN Studio and
Goose Press, 1999, p. 25.

372 bid., p. 25.
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methodology of finding a form. Therefore, a contempoeqpreciation of “form
finding” that deploys and instrumentalizébe self-organization of material
systemsunder the influence of extrinsic foré&$ replaced the traditional
understanding of “form making.” In that respect, the evohary form generation
software that incorporate through an “environment spe@ficom factor” as well
as “genome mutation”, (which are supposed to be the sowifcesntingent
influence,) became the most essential tools of actite in formal creatiot*
As a result, “morpho-ecologies”, “habitat-site syss&nigenetic algorithms” and
“evolutionary structures” (which can be generally termedself organizing
material systems) rather than the compositional jples, turn out to be the basic
references of architects in contemporary architecpraaduction®’®

Greg Lynn notes that within this new conception of aedhitral production, the
creation of form is started to be conceived as a psogksvolution rather than a
gathering of different shapes and volumes accordingbsmlate, unchanging
rules®’® In that regard, architecture’s engagement with differeadels of self-
organizing systems is supposed to present new challengé® fadtancement of
formal productior’’” Grounding on the Deleuzian concept of “vicissitudes” which
can be defined as the “incorporation of unpredictabletsvi&anough intensities”,
Lynn states that it is difficult to localize or idég the occurrences, as any logic
of vicissitude he claims is dependent on both “the iation of local intensities”

373 Michael Hensel. “Finding Exotic Form: An evolution ofrRoFinding as a Design Method,”
Weinstock, Michael. “Morphogenesis and the Mathemati€sEmergence,” in Emergence:
Morphogenetic Design Strategies. (ed. Helen Ca#tehitectural Designpp: 10-33.

34 bid., p.31.

37> Helen Castle (ed.). Techniques and Technologies in MorpletigeDesign,Architectural
Design, Vol. 74 No. 3, 2004.

378 Greg Lynn.Animate Formp. 9.

37 bid., p. 9.
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and “the exegetic pressure exerted on those elements xpgrna
contingencies®® He further adds that “neither the intrications nor fbeces
which put them into relation are predictable from witlainy single system;
connections by vicissitude develapchitecturalidentity through the exploitation
of local adjacencies and their affiliation with exial forces.®® The
organizational models transformed into practical strategn architecture,
henceforth, shifted the long ongoing emphasis in foeredtion from the object

or the architect to the particular external forces teir relations®°

The need for complex models of organization so as to rstahel the inner
dynamics of architectural production is shaped around tiva thet reality is too
complex to be grasped by the architect afhelherefore, the development of
new models of reality that operates through numericrobmaind the resultant
capacity for calculating material procedures is supposeaffén a shift in the
conception of the architect’s role from the mastea bferarchical, categorical and
vertical activity to an organizer of an information gathg proces&®
Accordingly, it is claimed that “the architect is ranger the unique author, the

sole master of the form® but rather he is accepted as an operator among many.

Within this new model of architectural production as asdete R. E. Somol,

what is transformed, organized, or channeled by the arthi#ewt limited to

378 Greg Lynn. “Architectural Curvilinearity: The foldedh& Pliant and The Supple,” in Giuseppa
Di Cristina (ed.)Architecture and Science. 27.

37 bid., p. 27. (Italics are mine.)

380 Ben van Berkel and Caroline Bd&chniques: Network Spip, 160-161.
3! Hans HaackeVIVRDV at VPROBarcelona: Actar, 1999, p. 10.

32 pid., p. 10.

383 bid., p. 10.
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vertical structures but more significantly horizoraall nonspecific “forces” -i.e.
economic, political, cultural, local and global effectre also included in the
formation of the architectural edifi¢&! This transformational method therefore
authorizing the translation of external forces to méér disciplinary practical
tools is claimed to serve to dislocate any static exoptation of the high-art
object®®® Since the contemporary architectural tendency is @sséot concern
with revealing the syntactic relations of architectuaalguage, present studies in
formal production became the mark of the move from “theqmual aesthetic
qualities of the object toward an attempt to mark theeptual relationships that

underlie and make possible any (and every) particular foamahgement. *°

3.2.3) Mathematical Relations as the Necessary Provision of a Dajly
Uniformed Process

As the formation of an architectural edifice in a thily driven process is seen to

be a direct outcome of the active external forags/dthe process of architectural
production has become to be conceived esmdrolled experimentTherefore it is
accepted that the choice of ingredients —that is tlee$pranalogical structures, or
organizational models from different sources, haveta wole for the outcome.

As regards, it is claimed that the final product, rathantbeing a passive result of

a closed individual process taking form under self- orgagigystems is declared

to involve greater openness with reference to the eadupt than any other
technique®” The appraised openness of architecture as asserted by Ben va

34 R. E. Somol. “Dummy Text, or the Diagrammatic BasisContemporary Architecture” in
Peter Eisenmariagram Diaries,p. 24.

33 bid., p. 16.
388 bid., p. 15.

387 Ben van Berkel and Caroline Bd&chniques: Network Spip. 166.
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Berkel and Caroline Bos is a genuine result of the nguwadly driven modeling
methodology which makes possible architects to inject engnge in the
organization of patterns that take place during the prpessgling a complete
acknowledgement of complexif§® Consequentially rather than a static, linear
model of architectural process that does not permit changgnamic model of
production is supposed to be applf&d.

Figure 2.6: The Exotic Collection by Davis Campos, The design afalsmuseum. Source:
Yu-Tung Liu (ed).Demonstrating Digital ArchitectureBoston: Birkhauser, 2005, pp: 153-155.

It is assumed that the digitally driven process offechitacture a new design

logic by means of which complex reality is broken damto simple, quantifiable

388 |bid., p. 166.

389 bid., p. 166.

100



data which can be readily re-elaborated into buildatdéter?®® Consequentially,

the architectural process is declared not to be rootedvaturitary modern

abstraction”, but in numerically controlled “binary abstion of reality.3%*

Therefore digitally driven possibilities are supposed fferoa move “from

ambiguity to undecidability or from binary oppositions to micultiplicities.”

Rather than a search for a unity in architectural productica unified theory that
insists/grounds on priory meaning and signification, this peseess is accepted
to appraise an endless chain of conjunctidh#n this numerically controlled and

guided process of architectural production, all technicalgtiomal or aesthetic

terms are disregarded in the definition of the archirettedifice®** The objects

created, “informe” as termed by Peter Eisenman, aréedtéo be seen as “just
things” which are the concretized forms of informatigh.

Perhaps, then, we have here a rather extraordinaditioconin which a

mutant form of reification continues its work of flating out

disciplinary techniques, de-differentiating across previougistinct

practices, erasing the specific traces of production awdobenizing

particular experiences into one generic experimental #lad yet at the
same time does not eradicate the architectural impulserddher is
paradoxically pressed into service of altogether new owes adequate
(just maybe) for our presefitt

399 Hans HaackeViVRDV at VPROp. 18.
391 bid., p. 18.

392 R. E. Somol. “Dummy Text, or the Diagrammatic BasisContemporary Architecture” in
Peter Eisenmariagram Diaries,p. 18-19.

393 bid., p. 18-19.
394 bid., p. 18-19.
39 bid., p. 18-19.
39 K. Michael Hays. “Prolegomenon for a Study Linking tAdvanced Architecture of the

Present to That of the 1970s through Ideologies of Medig&stherience of Cities in Transition,
and the Ongoing Effects of ReificatioRerspecta\ol. 32, Resurfacing Modernism, 2001, p. 106.
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Figure 2.7: The architectural form taking shape through informatiomagamentSource: Ben
van Berkel and Caroline Bo$echnique: Network Spiimsterdam: UN Studio and Goose Press,
1999.

As regards, Lynn claims that the architectural form tac®ed from the context
of “autonomous purity” to become an answer to “contdxspacificity.”°” The
whole process of architecture is then summarized asvkation of new methods
and techniques to cope with this reality. Accordingly, thedting of information
became to have a direct connection with architectuvainf Therefore, the
architectural form, instead of depending on the subjectivitgt given author, is
regarded to rest on the handling of information abouttye8fi In that regard,
Jaime Salazar claims that “a part of the “unexpressddpect of architecture has
come down on the side of its statistical treatméfitih view of these changes,
the next chapter will focus on the shifts in the architeal process that come up

with the use of self- organizing models and generativesyst

397 Greg Lynn.Animate Formp.11.
398 Jaime Salazar. (EAMVRDV at VPROQp. 3.

399 bid., p. 3.
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3.3) The Architectural Production as Intellectual Activity

3.3.1) Self Organizing Systems: Extending the Limits of Faomal or
Functional Approaches in the Design Process

Accusing traditional methods of architecture for being iwakt hierarchical and
linear, as asserted by Greg Lynn the promotion of tempecahiques is started
to be made through discussions that emphasize the inadegquamweniency or
even incompetence of such conventional techniques andemtioms'®® The
comparison of two periods (i.e. traditional and digitalymdecated through
technological developments, henceforth turns out @othe unique source of
reference for displaying the extended possibilities gftally driven processes.
As claimed by Ali Rahim,

Architects who use analytical methods typically workniréop down:
they formulate an overall design concept and themeette design at
successively more detailed levels. Designers who use tampor
techniques begin, instead, with the individual parts ofstesn, linking
these elements together to form larger components untnaplete
assemblage emerges...The emphasis shifts, however, fyomg tto
analyze or represent that which is already known -steeonceived
design concept- to discovering relationships and techniquesirihaiet
unknown and that may emerge through feedf33ck.

In that regard, it can be asserted that the genenatlgeof digital techniques is
accepted to be a consequence of the architects’ siraallaninterpretation and
manipulation of a computational structure in which pobtséds of extended
visualization technologies actively shape the desigrtaisking proces®® The

400 Greg Lynn.Animate Form.

01 Ali Rahim. Catalytic Formations: Architecture and Digital Desighondon and New York:
Taylor & Francis, 2006, p.25.

“02 Branko Kolarevic. (Ed.) “Digital Morphogenesistchitecture in the Digital Age: Design and
Manufacturing London and New York: Spon Press, 2003, p. 27.
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architectural form, rather than being the “projectedhidé the architect”, starts
then to be conceived as results of the reactionctmeext of external “forces” or
actions’®® These forces or actions are supposed to create “fieldls
indetermination” from which unexpected and genuinely new gormight
emerge’® Therefore, Branko Kolarevic argues that un-predictabtatians are
generated from a variety of forces and actions tha external to the

architecturé®®

These forces and actions gathered from the architépagram,

site or the out-disciplinary external refererf€swith the aid of computer
programs and put into interaction in the course of ehemaatical and numeric
layout are seen to be the new challenges on the wayl&aterminate and self-

governing generative architectural processes.

Stan Allen asserts that in consequence of conceasicigitectural production as a
self-governing generative program that operates through thecddected in the
course of a particular project, the architectural objecovered/stripped from the
preferences and subjective interpretations of the acthitens out to an objective
response to the necessities and facts of the pr&¢ess.that regard, the
architectural object rather than being the “projectiond dsignifier’ of the
architect’s ideation, imagination andngenuity, through mathematical and
geometric relations is started to be conceived as antmgefeld that permits

%3 bid., p. 27.

0% bid., p. 27.

%% bid., p. 27.

%% These forces, actions and external references teféhe informational data of program
requirements, site necessities and the visual or contaptwaes imported from disciplines other
than architecture itself. For an elaborate discussitineofubject see previous sub-chapters.

97 Stan Allen. “Terminal Velocities: The Computer in thesign Studio” InJohn Beckmann.

(Ed.) The Virtual Dimension: Architecture, Representation, and Crash Cultyesv York:
Princeton Architectural Press, 1998, p.248.
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modification, manipulation and reconfiguration during the hiectural
proces$® Allen states that the operativeness of the architectlnject is due to
the fact that it;

...I1s a collection of commands as opposed to the redudt series of
projections. Instead of a finite number of representatamstructing an
object (either in mind or in world) there is already aifeot (itself made
up of a nearly infinite number of discrete elementgpable of
generating an infinite number of representations of fitséls a
consequence of this, the effect of working on the compuger
cumulative. Nothing is lost. Elements and details eoatinuously
added, stored and filled in perfect transparency. Instegaozkeding
from the general to the specific; the designer movem fdetail to
ensemble and back again, potentially inverting traditionesigh

hierarchie$®

Henceforth, in opposition to the conventional modesdesign in which every step
from sketching to detailed drawing is made to preservel#ngy and unity of the
of the architect’s initial idea or the concept, conterappdigital technologies are
seen to allow architects to alter anytime both the tfadéime and the qualitative
aspects of the architectural process or of the architdonbject’*° Since digital
technologies are accepted to produce changes in kingystoh number, they are
assumed to render the architectural process irrevefsibin other words, the
assertion on the generativeness of such technologiesad® not due to the
possibilities that create variation in quantity, butsitattributed mainly to the
creative possibilities of these technologies that causery step a novel result
and turn the architectural process to an open ended evoldsoregards, it is

claimed that in every evolutionary point of the digpaocess there appears the

“%8 |bid., p.248. (italics are mine)
0% bid., p.248.
19 Ali Rahim. Catalytic Formations: Architecture and Digital Desigm25.

“1bid., p.25.
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possibility of a unique creation that cannot be estimptedliously. As declared
by Ali Rahim, “at no point in the process is the finabult known: on the
contrary, the hope is that the techniques used intetligewill generate
unanticipated, catalytic effects:?

Therefore, the architectural object or the final formather than being a
manifestation of the architect’s unique intention and tideais accepted to
become the direct result of a “computational”, “indeteant”, “emergent”,
“evolutionary” proceduré™® Peter Saunders asserts that the concentration of
architecture is seen to move away from the objectéptbcess, from the final
form or result to the system and from the practitiogchitect to the
developmental system of organizatfThrough this changing concentration of
concerns in the architectural process, the productionrof i® accepted to take a
new route that departs from the authority of the aechitand disciplinary

conventions.

Anthony Vidler argues that the new possibilities brougboua with digital
technologies are accepted as the new abilities oftaottral production that
exceed the limits of the traditional “functionalisireus “formalist” debat&™ As

regards different techniques of digitalization are sesnth® signals of the

12 bid., p.25.

“3 In the course of contemporary architecture the antindregween computational and

indeterminant process is assessed with respect to tlegagiea biological models that include

random factors in generation of the indeterminant waridbwever, as in the translation of this

biological convention to an architectural model, thedmmness factor is also determined by
computational technologies, it can be asserted that scasdions on this antinomy still require a
critical insight.

14 peter T. Saunders. “Nonlinearity: What It Is and Whwatters,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencéondon: Willey-Academy, 2001, p.115.

15 Anthony Vidler. “Technologies of Space/Spaces of TechngloBye Journal of the Society of
Architectural HistoriansVol. 58, No. 3, Architectural History 1999/2000. (Sep., 1999438.
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“emergence of a sensibility toward technology that lnoes a new “formalism”

concerned with the spatial implication of plotting, ppang, and morphing and a
new “functionalism” that exploits the apparently liless potential of animation
and graphing programs to accept the input of various intandhlexternal forces

as at once form and its technological implicatiot§.”

Henceforth, the potentials of digital technologiesendecome to be seen as the
marks of a change in the methodology of architecturacgss and formal
production. Although the architectural process directed gyadlitechnologies is
accepted to include “function” and “image/form”, in oppasiti to the
conventional methodologies, it is assumed that in thésv process the
architectural form/container is not conceived as a ss&g result of formal and
functional interventiort’’ As declared by Ali Rahim rather than composing a
form by adding together blocks of program, nonlinear techniquesqgteal by
digital technologies are seen to “strive to genemtehole that exceeds its
individual components, yielding unexpected forms, materiategj modes of
inhabiting space®® Accordingly, unpredictable results of contemporary
technigues and the numeric control that lies behind theergance of
unforeseeable results became the main challenge forteatshiworking with
digital technologies.

Designers can see forms as a result of reactioasctmtext of forces or
actions...There is, however, nothing automatic or detestienin the
definition of actions and reactions; they implicitlyeate fields of
indetermination from which unexpected and genuinely nemdanight
emerge -—unpredictable variations are generated from thé bui
multiplicities...It is precisely this ability of “findinga form” through

1% bid., p. 483.

17 peter Eisenman. “Process of Interstitial,"Blurred Zones: Investigations of the Interstitial
New York: The Monacelli Press, 2003, p. 97.

“18 Ali Rahim. Catalytic Formations: Architecture and Digital Desigm26.
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dynamic, highly non-linear, indeterministic processes thate the
digital media a critical generative capacity in dasigven though the
technological context of design became thoroughly reatzed, its
arresting capacity remains internaliZed.

Accordingly, Branko Kolarevic asserts that digitatignerated forms signal a
radical departure from centuries old traditions and nowhsarchitectural
design*®

In a radical departure from centuries old traditions amadms of
architectural design, digitally generated forms aredssigned or drawn
as the conventional understanding of these terms woutel ihabut they
are calculated by the chosen generative computationdochelnstead
of modeling an external form, designers articulate sarmal generative
logic, which then produces, in an automatic fashion, a ramige
possibilities from which the designers could choose anogpiate
formal proposition for further developméefit.

The highly appreciated geometric interaction of objectsemsn to be the basic
tenet of the computer generated formal production, thelsdar an emergent
form and the indeterminate generativeness of the actiitd proces§?
Consequentially the production of form subjected to a paapetvision through
an exhaustive sequence of operations, i.e. transformaeaonmposition, grafting,
scaling, rotation, superposition, shifting, folditfg.Henceforth, this nonlinear
interaction of objects and forces is assumed to adanpdral dimension to the

“1° Branko Kolarevic. “Designing and Manufacturing Architectuire the Digital Age”
http://www.upenn.edu/gsfa p.119-128st accessed in 10.07.06.

420 Branko Kolarevic. (Ed.) “Digital Morphogenesistchitecture in the Digital Age: Design and
Manufacturing p. 13.

2! bid., p. 13.

22 Greg Lynn. “Geometry in Time” in Cynthia Davidson (Ednyhow,Cambridge and Mass:
The MIT Press, 1998, p. 171.

2 R. E. Somol. “Dummy Text, or the Diagrammatic BasisContemporary Architecture” in
Peter Eisenmariagram Diaries,p. 15.

108



architectural process instead of producing a determinant, uraqu (which is a
consequence of a static, linear procE8shs in the case of traditional
methodologies. Greg Lynn notes that, as a result edetmonlinear processes
architectural form became “not only a manifestationitefinternal, parameter
driven relational logic, bualso a respons#o dynamic, often variable influences
from its environmental and socio-economic context; &chural form instead of
being conceived as a stationary, inert construcstasted to be regarded as
highly plastic, mutable entity that evolves dynamicé#fisough its transformative
interactions with external, gradient forcé&>”

In that respect the use of dynamic, nonlinear systemshvane seen to be capable
of producing self-organizing systems and structures is supposegenerate
spontaneous orders and solutions as a result of thetemtchal proces®®
Essentially, what makes nonlinear systems more prefefabtbe contemporary
architects is accepted to be the autonomy of the ou@uitrary to the linear
systems which are directly shaped by the acting faandsgive the same result if
the input forces are same in any case, non-linear systegnassumed to include
random factors which cause the results to be dissitmtaugh the given factors
are samé?’ Peter Saunders notes that the basic “charactdgstiere of nonlinear
systems is that they often have generic propertieqproperties which occur time
and time again in different systems and in different extst*?® Unlike linear

424 Greg Lynn. “Geometry in Time” in Cynthia Davidson (EAjyhow,p. 172.

“25 Branko Kolarevic. (Ed.) “Digital Morphogenesistchitecture in the Digital Age: Design and
Manufacturing p. 19. (italics are mine)

426 peter T. Saunders. “Nonlinearity: What It Is and Whatters,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencp.113.

27 bid., p.114.

28 |bid., p.114.
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systems that are shaped by the forces that act on timetmear systems are seen

as more autonomous processes which have generic prefertie

Figure 2.8: Off the road 5speed by Nogource: Ali Rahim (ed.) Contemporary Processes in
Architecture Architectural Designyol: 70, No. 3, June, 2000.

Regarding these new challenges which are seen to be e tesults of
architects’ utilization of nonlinear systems and modesnfdiverse disciplines,
Mark Burry expands both the definition and representatiarchitecture beyond
tectonics?*® Therefore, he claims that under the secure controhathematical

thinking, architecture’s narrow definition of “the art asdience of building”

2 bid., p.114.
30 Mark Burry. “Notes on the Non Standard: Numerical anchiectural Production Tomorrow”

In Frédric Migayrou and Zeynep Mennan (Edéuchitectures Non Standardaris: Editions du
Centre Pompidou, 2003, p. 56.
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turned out to be an insufficient designation when acopteary architects’
utilization of new, diverse mathematical and biolobioadels and methodologies
are consideredf!

3.3.2) Generative Systems: From Determinate Structures to dieterminate
Systems

Unlike the traditional attempts that were in searchrafhanging essences of the
visible world, the new mode of architectural productiorhim $o called digital era
iS seen to appreciate visual change over the stable gropndsiples and
foundations of architectufé? Indeed, as manifested by Mark Burry, the change is
accepted as the only reality of contemporary architeghwoaluction aided by the
numeric control of digital technologié¥’ As a consequence of this shift, the idea
of “becoming” is assessed as the main source of visraality that is emergent,
unpredictable and dynamic. Therefore, the privileged rola ohified theory of
“being” is put into erasure on behalf of the unstable bodyctive modes of
“becoming.”?®* On the other hand, this yet raising interest on thecept of
“becoming” is seen to point out a shift for most ghidnes including architecture
to a new mode of thought which rejects the possibility anique ground that

“3Ybid., p. 56.

32 Mark Burry. (1996) The Generation and Degeneration of Foging Caad: Uncertain
Certainty, Approaches to Computer Aided Architectural Compositibechnical University of

Bialystok, Bialystok, Poland, p. 84. Burry further adds thata world of such rapid change,
perhaps the only effective gesture towards formal coleerén the paradoxical denial of any
constants: the pluralistic response.”

33 bid., p. 84.

34 For an elaborate discussion of the subject see presiayser.
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results in a unified theory and signals a new mode wfaptm that promotes
multiplicities and interconnectior{§>

As regards, mainly taking the Deleuzian concept of thectiméc phylum” as the
ground, the production of architectural form is started todeéned by self
organizing processes that put into interaction these ptaities and
interconnection§*® John Rachmann notes that for Deleuze, events never happen
out of atabula-rasa but come out of an interaction or intersection afitiple
lines**” Therefore, for the Deleuzian discourse the productiamy form is seen

to be never “disentangled in a single transparent piaren to a fixed external
eye.*® As a result of this distrust in a single performer/dofmerator/
observer/creator in architectural production, there gesl new emphasis on
generative self-organizational systems of biology tléernally embed the

productive capacity in themselves.

The process of self-organization is defined as the iatemganization of a system
that “adapts to the environment to promote a specific fomctithout being
guided or managed from outsidé* Essentially, in biology, it is outlined as the
study of growth and development of organisms and also thetigeontrol of the

35 Mark Burry. (1996) The Generation and Degeneration of Faming CAAD: Uncertain
Certainty,Approaches to Computer Aided Architectural Composition

3¢ Water Garden. “Reiser+Umemoto with David Ruy and dgfiipnis,” in Giuseppa Di Cristina
(ed.)Architecture and Scienceondon: Willey-Academy, 2001, p. 45.

37 John Rajchman. “Out of the Fold,” in Giuseppa Di Crisfied.) Architecture and Scienge
London: Willey-Academy, 2001, p. 36.

38 |bid., p. 36.
3% Michael Hensel. “Computing Self-Organization: Enviromtadly sensitive Growth

Modelling,” in AD: Techniques and Technologies in Morphogenetic Degitgten Castle (ed.)
Vol: 76, No: 2, p. 12.
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cell growth and morphogenesis through redundancy and difigientfactors:*°

In other words, it is the study of the behavior andrettion of cells or elements
that produce more complex structures and formal differgon.*** The critical
characteristic of these biological self organizatiensgefined as: “small, simple
components assembled together in three-dimensionalrmatte form larger
organizations that, in turn, self-assemble into mam@mex structures that have
emergent properties and behavitt”

Self-organizing systems typically display emergent priageer which
arise when a number of simple entities or agents catgdan an
environment, forming more complex behaviors as a dolecEmergent
properties arise when a complex system reaches a cahthireshold of
diversity, organization and connectivit}?

In studies of these systems, the organization of disctethedements either in
organic or inorganic structures are analyzed so as talréwe critical points in
which the elements co-operate to form a higher levetyefif This higher level
entity identified with each emergent point in the prodssseen to result in an
unexpected form which is brought forth through the inteyaadf input elements.
The same mathematical model that forms the deep/umigriyructure of every
transformation in the production of form is seen to e basic principle and
guide of self-organizing systems. As declared by Water Gdtdemotion of the
“‘machinic phylum” (i.e. the term generally used for self organizing

4% pid., p. 12.
“!bid., p. 12.

42 Michael Weinstock. “Self-Organization and the Strudtubgnamics of Plants,” inAD:
Techniques and Technologies in Morphogenetic Deslglen Castle (ed.) Vol: 76, No: 2, p. 27.

443 Michael Hensel. “(Synthetic) Life Architecturesamification and Potentials of a Literal
Biological Paradigm for Architectural Design,” iA\D: Techniques and Technologies in
Morphogenetic DesigrHelen Castle (ed.) Vol: 76, No: 2, p. 19.

44 Water Garden. “Reiser+Umemoto with David Ruy and dgfiipnis,” in Giuseppa Di Cristina
(ed.)Architecture and Scienceondon: Willey-Academy, 2001, p. 45.
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processes/systemfflus blurs the distinction between organic and non-organic
life. This material geometry constitutes the “primitivethrough which a

hierarchical series of global and local transformatisrexpressed:*

In that regard, the “machinic phylum” turning out to “absi@act DNA” or
“vertebrate” becomes the coding function of each amdygparticular result in the
production of fornf*® As in nature’s production of forms this abstract coding
system (which is mathematical or geometric in charpcterves to produce
divergence, also in architecture the production/use whidas code is accepted to

give rise to unexpected, diverse and more essentiallygemt results.

Figure 2.9: The emergence of forngource: Peter ZellnerHybrid Space : New Forms in Digital
Architecture New York: Rizzoli, 1999, pp: 138-142.

The concept of “emergence” is outlined as the “explanatibrhow natural

systems have evolved and maintained themselves and af sabdels and

4% bid., p. 45. (italics are mine)

44® Manuel De Landa. “Deleuze and the Use of Genetic Algworitin Architecture”
http://boo.mi2.hr/~ognjen/tekst/delanda2001.html. p.5
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processes for the creation of artificial systems #natdesigned to produce forms
and complex behavior and perhaps even real intelligefit&lentified with the
properties of a system that cannot be deduced from its, gars utilized in
architecture “as a technique of evolution” and morphogefi&sisThis
evolutionary technique in architecture’s formal production hat tregard is
defined as the development of a “population of formsimfnwhich the fittest has
evolved?*®

What is important is that the design tools are ableafmure both the
underlying design rules from which a range of potentialtgmis can be
explored, and facilitate how this “solution space” t&nrefined into a
suitable candidate for constructioi.

Figure 2.10: Embriologic Houses by Greg LynrSource: Ali Rahim (ed.) Contemporary
Processes in Architectur&rchitectural Designyol: 70, No. 3, June, 2000.

47 Michael Hensel. “Introduction: Towards Self-Organizasiorand Multiple-Performance
Capacity in Architecture,” in Techniques and Technologielorphogenetic Design.” (ed. Helen
Castle) Architectural DesignVol. 74 No. 3, 2004, p. 6

*48 |bid., p.6

4% Michael Weinstock. “Morphogenesis and the Mathematidsmérgence,” in Techniques and
Technologies in Morphogenetic Design. (ed. Helen Cagiehitectural DesignVol. 74 No. 3,
2004, p. 12.

450 Achim Menges. “Instrumental Geometry,” iAD: Techniques and Technologies in
Morphogenetic Desigrilelen Castle (ed.) Vol: 76, No: 2, p. 47.
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Rather than to build the first idea and operate throwghbyi means of the
codification of the “intellectual process of self-organg systems” via
externalization, generalization and abstract®dra new mode of production is
claimed to have been achieved in architecture. This alteenatorphogenetic
approach to architectural design that entails “unfoldilmgpimological complexity
and performative capacity from material constituehitss assumed to deprive the
authority of traditional architectural methodologies tthecessitate a direct
causality between the initial idea and the resultamhf In that respect, as claimed
by Branko Kolarevic, it is accepted that these “contempomlpproaches to
architectural design have abandoned the determinism oftidred design
practices and have embraced the directed, precise indedey of new digital
processes of conceptioft® The possibility to formulate generative systems of
formal production, the ability to control its behavioreotime and further the
selection of forms that emerge from these operatiang, out to be the main
challenge for architects. External information, wileetleconomic, cultural or
social, is put into use in biological, chemical or neatltical systems of
organizations to generate architectural form. Thoughrtfegrnation taken as the
source for the production of architectural form can hawreesgeneric properties,
since it is subjected to the processes of “de-formatmmd “trans-formation”
which are driven by the very same relations, the inewtalivergence in the
products is claimed to be reach&4.

1 bid., p. 44.

52 Achim Menges. “Polymorphism,” ifAD: Techniques and Technologies in Morphogenetic
Design,Helen Castle (ed.) Vol: 76, No: 2, p. 79.

%53 Branko Kolarevic. (Ed.) “Digital Morphogenesig\tchitecture in the Digital Age: Design and
Manufacturing p. 26.

*541bid., p. 26.
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These developments in the digital process are seepeio up new territories for
conceptual, formal and tectonic explorations of thehigectural process,
articulating an architectural morphology that focuses tbe emergent and
adaptive properties of forffi> Therefore, Branko Kolarevic asserts “the emphasis
shifts from the “making of form” to the “finding of formihich various digitally-
based generative techniques seem to bring about intenyidnathe realm of
form, and through whichthe stable is replaced by the variable, singularity by
multiplicity.”**® As a consequence, Kolarevic claims that “the predictable
relationship between design and representation are abandoné&dsoin of
computationally generated complexitiéd”The question of form is then reduced
to a mere matter of experient& The experiential realm of the digital
architectural process is seen as an extended possibil#ghieving diversity in
the final form or differentiation in the formal voadary.

5% bid., p. 13.
3¢ bid., p. 13, (italics are mine).
*7bid., p. 13.

58 Michael Hensel. “Finding Exotic Form: An evolution ofrRoFinding as a Design Method,”
and Michael Weinstock. “Morphogenesis and the Mathemati€snergence,” in Techniques and
Technologies in Morphogenetic Design. (ed. Helen Cagilehitectural DesignVol. 74 No. 3,
2004. Although Hensel confirms the yet raising interesarohitects to experiential possibilities,
he defines possibilities of digital experience not as magtycbut as an extension of the definitive
boundaries of architectural discipline.
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Figure 2.11: A New Playhouse for the Royal Theatre in Copenhagen bymAdlienges, Lip
Khoon Chiong and Morten Rask Gregers8ource: Yu-Tung Liu (ed).Demonstrating Digital
Architecture Boston: Birkhauser, 2005, pp: 153-155.

Under the influence of the twentieth century mathernaatiand biologist René
Thom, for the examination of nonlinear systems, theatmre or better the
development and the emergence of form became the cdoters for
contemporary architecfs? The end of mechanistic biology and the discovery of
evolutionary structures in nature’s creation of fomised the oppositions to the

view that;

5% peter T. Saunders. “Nonlinearity: What It Is and WHwlatters,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencp. 114.
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...the whole is the sum of its parts that cause and teffex simply
related, and can be neatly isolated. The discoverydetidequest for the
material basis of the units of heredity —the geneat déine supposed to
determine the characters of organisms and their offsptimg, firmly
establishing the predominance of the genetic deterministigara@he
subsequent flowering of molecular biology gave rise tqtiesent era of
recombinant DNA research and commercial genetic engmger
biotechnology"®°

As regards, Weinstock notes that “morphogenesis, has leecmrh more central
to evolutionary theory than in Darwin’s thesf§ The sequential phase of the
process is considered to be a virtual DRfAvhich is later to be synthesized with
virtual genes. The new mode of “architectural operati@nined by Manuel de
Landa as “populational thinking” is seen to provide architeceunew mode of
reasoning that presents a synthesis of Darwinian anddélfian theories®
Termed as “evolutionary biology”, this new approachmiaterial systems and
organizations focuses on “‘redundancy” as a deep stratgggmented at many
levels, in multiple and complex hierarchical materiatrangements and
differentiation to achieve robust and stable structuneslike traditional
conceptions that sought to minimize materials and toesehsimplicity of
structural organization, and the standardization of coewisnand membef§?
The emphasis on the “redundancy factor” in morphogeesislifferentiation, in
turn resulted in a shifting interest from determinista ih-deterministic or

“stochastic” processes. As regards, developing procetbsdsinclude small

60 Mae-Wan Ho. “The New Age of Organism,” in GiuseppaDistina (ed.)Architecture and
SciencelLondon: Willey-Academy, 2001, p. 117.

61 Michael Weinstock. “Morphogenesis and the MathematidSmérgence,” in Techniques and
Technologies in Morphogenetic Design. (ed. Helen Cagttejitectural Designp. 12.

62 Manuel De Landa. “Deleuze and the Use of Genetic Ahgarin Architecture,” p. 2.
%3 bid., p.2.

464 Michael Weinstock. “Self-Organization and the Strudtubgnamics of Plants,” inAD:
Techniques and Technologies in Morphogenetic Deslglen Castle (ed.) Vol: 76, No: 2, p. 27.

119



random mutations over many iterations became a signifitavolutionary”
strategy for architectural producti8f. Therefore, the “stochastic processes” i.e.
the processes which will never repeat an identical ¢@tiseen to take the place
of deterministic processes that always produce the sampt from a given
starting conditiorf®® In that regard “evolutionary simulation” is accepted to
replace “the design methodology” since architects acewaged to use software
developed to this end to breed new forms rather thapeoifically design it®’
Therefore, “rather than being “given form” on some as=ul rational basis” as
asserted by Mark Burry, buildings are “allowed to “takerfoas a frank response

to place and use and u€®

Therefore, Burry claims, entirely new sorts of olgeahd complex results can be
achieved although the acting forces called “genetic patiears simple and few

in number*®°

As regards it is accepted that the use of a proper “gegbtyill
ensure the anticipated variations in the “phenotyp&@sGenetic patterns are
accepted to form the essence of an evolutionary actinitd process which brings

forth the self generation of form&' These genetic patterns, mostly geometric and

%% bid., p. 27.
¢ |bid., p. 27.
6" Manuel De Landa. “Deleuze and the Use of Genetic Ahgarin Architecture,” p. 1.

%8 Mark Burry. (1996) The Generation and Degeneration of Foging Caad: Uncertain
Certainty,Approaches to Computer Aided Architectural Compositor80.

%% peter T. Saunders. “Nonlinearity: What It Is and Whwlatters,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencp.112.

470 Achim Menges. “Instrumental Geometry,” iAD: Techniques and Technologies in
Morphogenetic Designp. 44.

1 |bid.
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mathematical in character, are seen to have botlted $d global role in the
integrated dynamic of pattern and form in self-organizecphmgenesis’?

According to John Frazer, through genetic algorithms;higectural concepts are

expressed as a set of generative rules and their evoanedevelopment can be

digitally encoded *"®

The key concept behind the evolutionary approach to artinigets that

of the genetic algorithm, “a class of highly parallel etohary,
adaptive search procedures” as defined by Frazer. Their key
characteristic is a “stringlike” structures equivalemthe chromosomes

of nature “to which the rules of reproduction, gene @wss and
mutation are applied. Various parameters are encodedarioing like
structure” and their values changed, often randomly, dutimg
generative process. A number of similar forms “pseudornga” are
generated, which are then selected from the generated popsilbased

on a predefined “fitness” criterich?

The use of the genetic algorithm in architecture is thean 4@ propose an
artificial simulation of nature in its highly appreciatedoguctivity and
complexity?”> Achim Menges states that the use of genetic algoritmihe
architectural process composes of four phases thatwstarthe encoding of the
self-organizational characteristics of the materatsl the material systems in

order to retain these characteristics across all ysgem® instances to produce

472 Michael Weinstock. “Morphogenesis and the Mathematidsmérgence,” in Techniques and
Technologies in Morphogenetic Design.(ed. Helen Cagttehitectural Designp. 17.

473 Branko Kolarevic. (Ed.) “Digital Morphogenesisfchitecture in the Digital Age: Design and
Manufacturing p. 23. Originally in, John FrazerEvolutionary Architecture, London:
Architectural Association, 1995.

4% bid., p. 24.
47> Achim Menges and Michael Hensel. “Material and Digilesgin Synthesis: Integrating
Material Self-organization, Digital Morphogenesis, dédative Parametric Modeling and

Computer Aided Manufacturing,” iIAD: Techniques and Technologies in Morphogenetic Design.
Helen Castle (ed.) Vol: 76, No: 2, p. 89.
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parametric variables of the digital modé&l.Secondly, these geometric relations
that characterize the setup and constitute the digibaleinare informed by the
computer-aided manufacturing (CAM) constraints of theenigt components in
order to directly manufacture the digitally defined eyst’’ In the third phase of
the genetic process, the digital model which is geooadlyicharacterized by the
material behavior and the materialization procestasssto populate geometric
host environments (i.e. surfaces or branch-like geomstructures) in order to
form larger assembli€€® Further in the process, various generations of the
system is stated to evolve in response to the incre&smbof articulation of the
input geometry*’® In the last phase of the genetic process the datbelaigs to
physical reality is also encoded as geometric parametdss put into use as the
specific determinants of a particular proj&t.The direction of the sun, the
intensity of the wind or voice etc., which are geomatly parametrized and thus
guantified, are put into interaction with the initial itid model to develop the
environment responsive architectural obftfThese new challenges in geometric
decoding and genetic encoding of the material systemsa@repted to offer a
novel relationship with the physical reality causingesolution in the belief of a
unified theory of geometrically created and ordered univekseregards, the
architectural object is started to be conceived essponseo the interaction of
geometric multiplicities of physical systems and comptheather than as a
reflection of a higher mathematical/geometric order that the wgAtoiverse

embeds.

“7® |bid., p. 89.
"7 bid., p. 89.
"8 |bid., p. 89.
7 bid., p. 89.
“80 |pid., p. 89.

81 |bid., p. 89.
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Accordingly, Achim Menges asserts that through thist shifconception, the
difference between the natural and the manufacturedisagpeare&®? since the
geometric properties and relations are supposed to bentheleterminants for
both processes. To decode the “intellectual founddtiohboth processes and to
encode them in geometric tefffishas started to be seen as the only essential
requirement for productive and emergent results in both psese

The arrival of parametric digital modeling changes tdlgi
representations of architectural design from explicitnggtoic notation
to instrumental geometric relationships. Architects agenimgng to shift

away from primarily designing the specific shape of admgj to setting
up geometric relationships and principles described througmpéia

equations that can derive particular design instancesraspanse to
specific variables, expressions, conditional statenmmdsscriptd®*

As observed by van Berkel and Bos, at the hearth of ¢bistemporary
architectural production undergoes an instrumentalization gsotteat reduces
global imagination into contemporary organizationaudures and the new
public mediated space into contemporary architectural sff&cthe elevation of
created formal effects over meanings, structures and ohithe architectural
image, work through the destabilization of traditionatrm® and principles on
which architecture grounded itself over centuffésDiagram or diagrammatic

practice within this destabilization process is seen tod A@rucial scrutiny/focus

82 Michael Weinstock. “Self-Organization and Material Gomsions,” in AD: Techniques and
Technologies in Morphogenetic Design41l.

483 Achim Menges. “Instrumental Geometry,” iAD: Techniques and Technologies in
Morphogenetic Desigm. 43.

84 bid., p. 43.

“85 Ben van Berkel and Caroline Bdsnagination: Liquid Politic Amsterdam: UN Studio and
Goose Press, 1999, p. 16-17.

“86 Ben van Berkel and Caroline Bdsffects: Radiant Synthefip. 24.
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on the way to unfold the ascribed meaning to architecturajanaad production.
Its non-representational, non-expressive, a —signifyingrgéwe character thus is
accepted to challenge architects to perform without efgrence to historically
loaded principles and norms of architecture. As regardsyakiesub-chapter will
focus on the role of the new diagrammatic technique ihitecture both as a
representational tool and as a generative technique.
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3.4) The Architectural Process as Information Management

3.4.1) Diagrams: Extending the Limits of Vision and Visual Rpresentation

The utilization of mathematical layout and relatiomsontemporary architecture
finds its visualization in generative diagrams of formpabduction. However,
unlike any previous visualization technique utilized in architectdiggrams are
mostly regarded as lined networks of relationships thatampletely vague in
formal expressiofi®” With reference to their non-expressive nature, they are
considered as “informational nodes” and “codes” of tleldvthat do not impose
themselves on matter direcf§? Diagrams in that regard, are accepted as
visualization devices that integrate different functi@msl information through
interaction and relation of fornf&? However the use of diagrams as a mediator
between information, function and form is regardedamically depart from its

historical utilizationg'®°

The departure can be asserted that has a twofold
extension that finds its reflection in two historicabaes of abstraction: (1) the
departure from the conventional modes of representat@dmitpies and (2) the

departure from the typological practice.

Accusing traditional modes of representation techniques eihgb passive

recording mediums, these new visualization tools aagneld to have an active

“87 Lars SpuybroekiNox: Machining ArchitectureéNew York: Thames and Hudson, 2004, p. 2.
“88 |bid., p. 2.

“89 peter Eisenman. “Diagrams of Interiority,” in PefésenmanDiagram Diaries,New York:
Universe Publishing, 1999, p. 52.

490 peter Eisenman. “Diagrams of Anteriority,” in PeféssenmanDiagram Diaries.New York:
Universe Publishing, 1999, pp: 37-43. The contemporary use agfrains in architectural
production is mostly compared with typological practicette functional schemas of modern
period.
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and generative role during the architectural prot¥sés regards, unlike the
traditional techniques of representation that offer atradi®n of the initial idea
and a precise guide for construction, these new vistializtools, without having
any particular indication to the final form, are suppb8®operate during every
phase of architectural process. In that respect, instielaeing a medium or a tool
for projecting the already developed idea of the archidiagrams are accepted
as performative devices that carry condensed informidfiaf site, program,
function or the data of an external source. Through \isealization and
mathematical decoding of existing information thatugmosed to be the basics of
an active methodology, the inputs that gave architedasufmal shape are claimed
to take a new form in diagrammatic practice that is prakly transformable,

modifiable and readily applicable to the end result.

91| ars SpuybroekiNox: Machining Architecturep. 2.

492 Ben van Berkel and Caroline Bd&chnique: Network Spip. 19.
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Figure 2.12: Generative diagrams$ource: Peter ZellnerHybrid Space: New Forms in Digital
Architecture New York: Rizzoli, 1999, pp: 72-80.

Therefore diagrams are accepted to become the makk shift from all kinds of
preliminary representation techniques like drawing, sketchind @odeling
towards “generative diagramming’® Since in a diagrammatic process, the

representation and the “signification” of an architedtureage are continuously

493 peter Eisenman. “Diagram an Original Scene of WritimgPeter EisenmarDiagram Diaries,
p. 27.
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postponed?® diagrams are mostly regarded as a resistance to gembay of
vision and visual representation. The denial of the tramitiomodes of
representation techniques because of their strict boundnvatarial phenomena
and their undeniable connection with the visual experiemeg became the main
challenge for contemporary architecture that declaragraims as “non-visual
drawing techniques’®® Lars Spuybroek notes that diagrams being “non-visual
drawing techniques” (that do not base on optical abstrectaf later to be
realized forms but mainly depend on informational vigadibn techniques),
place themselves at the interior of a process instéaleoexterior of a sensed
form.*%

Unlike classical theories based on imitation, diagramsxatomap or
represent already existing objects or systems but patei new
organizations and specify yet to be realized relatiossfipe diagram is
not simply a reduction from an existing order. Its alosiva is
instrumental, not an end in itself. Content is not embeadeembodied
but outlined and multiplied. Simplified and highly graphicagtams
support multiple interpretations. Diagrams are not sckentgpes,
formal paradigms, or other regulating devices, but simpfage-holders,
instructions for action, or contingent descriptions ofgiole formal

configurations'®’

494 | ars SpuybroekiNox: Machining Architecturep. 3.
9 bid., p.1.
9 bid., p.1.

497 Stan Allen. “Diagrams Matter Any MagazingNo. 23, 1998, p. 16.
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Figure 2.13: Generative diagrammingSource: Peter Zellner,Hybrid Space: New Forms in
Digital Architecture New York: Rizzoli, 1999, pp: 148,149.

Accordingly, Stan Allen asserts that the final imagehe architectural object is
asserted to have continuously postponed as the fornmgously changes and re-
forms itself with respect to the external forces aneir effects!®® Instead of

producing the architectural form in consideration witHirtal expression as in the
case of traditional methods, the focus in diagramngttigtegies is claimed to
move to the process and its generative and productivebpibies/potentials. In

that regard, architecture’s departure from its own imagketlis image’s loaded
meaning is put forward as the most essential achievenfight contemporary
architectural production based on diagrammatic pratticeTherefore in

diagrammatic practice, the architectural object being aseguence of an
indeterminant, accidental but generative process is ditoe displace the

98 |bid., p. 16.

9% peter Eisenman. “Diagrams of Anteriority,” in PetéséBman Diagram Diaries,pp: 37-43.
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symbolic value/meaning of its own image as the representaf a higher order,

function, culture, language or social cod®.The act of describing the
architectural object out of any symbolic meaning or signgymechanisms is
termed by Tafuri asdrchitecture dans le boudoirthe ultimate intent of which

he states, is “reclaiming the dimension of the objedt iss character as unicum
by removing it from its economic and functional contgxtg marking it as an

exceptional —and thus surreal- event by placing it betweemiigeses within the
flux of “things” generated by the system of productict

Figure 2.14:0blique World Trade Center, (New York) by Ndifferent experimental sources in
formal creationSource: http://www.noxarch.com/flash content/flash content.htadt accessed
in 05.12.07.

%% bid., pp: 37-43.

01 Manfredo Tafuri. “L’architecture Dans le Boudoir,” the Sphere and the Laybritfirans:
Pellegrino d’Acierno and Robert Connolly, Cambridge aras#1 The MIT Press, 1987, p. 282.
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As regards, in diagrammatic practice it is claimed trate accepted dictums of
architectural production that define the final form asdaidodiment of a higher
order, as the exact solution of a particular functioasthe most appropriate tool
of communication give way to the disparate statem#atschange through each
individual experiment® The production of the architectural object turning out to
an individual enterprise hence became a closed systémnnadil experimentation
the only reference of which is nothing other than it¥&[fhe utmost definition of
the architectural object in such a production is made bynkiaa as the “self
referential sign” that composes itself only of geomeatelations (of architectural

elements without any reference to the function, strecdr beautyj®*

3.4.2) Diagrams: Merging Content and Expression

As observed by Lynn, the emphasis on the interactivepaniwrmative role of
diagrams is mostly made with reference to the Deleuztancept of the “abstract
machine.?® The abstract machine that consists of both contentxpréssion in
Deleuzian framework, is used with reference to a diagramrprocedure that is
“self determinant” and “generativé®® Deleuze defines abstract machines as such,

A true abstract machine has no way of making a distimatiphin itself
between a plane of expression and a plane of cobésaiuse it draws a
single plane of consistency which in turn formalizesiteats and
expression according to strata and reterritorializatibhe abstract

*02 peter Eisenmarbiagram Diaries.New York: Universe Publishing, 1999.

°03 peter Eisenman. “Aspects of Modernism: Maison Dom-im the Self Referential Sign,” in
Oppositions Reader: Selected Readings from A Journal for Ideas andigtritin Architecture
1973-1984Ed. K. Michael Hays, New York: Princeton ArchiteciuPaess, 1998, p. 191.

04 |bid., p. 191. Eisenman uses the terms function, steiciod beauty with reference to the
Vitruvian counterparts: utilitas, firmitas, venustas.

*%% Greg Lynn. “Geometry in Time,” in Cynthia Davidson (E&nyhow,p. 169.

% Gilles Deleuze and Felix Guattafi. Thousand Plateaus: Capitalism and Schizophrehians:
Brian Massumi. Minneapolis: University of Minnesota Pré€93, p. 141.
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machine in itself destratified, deterritorialized; itshao form of its own

and makes no distinction within itself between contedtexpression’’
An abstract machine therefore retaining “the deterritagdlcontent and the most
deterritorialized expression” turns out to be a diagfzamh is neither substance nor
form, neither content nor expression; but mere funciiuh matter®®

An abstract machine in itself is not physical or corpor@a}, more than

semiotic; it is diagrammatic. It operates riogtter, not by substance; by
function not by form... The abstract machine is pure MdEtenction —a

diagram independent of the forms and substances, expresand

contents it will distribut&®®

Therefore, through the deterritorialization and furtheterritorialization of any
constant signification, abstract machines are claineedontinuously treat the
determinant relationship between signifier and signifiedtaacefore the content
and the expressiotl’ Henceforth, unlike any causal action in which the cdnten
determines the expression or the expression refleetgdhtent, in the abstract
machines, the expression is liberated from the conténAs regards the
independency of expression, Deleuze states that takinduheadvantage of
breaking its relationship with schemas of representatiofgrmation and
communication forms a new category of productivity (tHdterentiates itself
from the previous modes of production that assume a dingatvention/cause
between the expressions and the content on the witig foroduction of meaning

and sign value}*? This new category of production termed by Deleuze as

7 bid., p. 141.
% bid., p. 141.
% pid., p. 141.
*1%pid., p. 89.
1 bid., p. 89.

*12 bid., p. 89.
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“assemblage” therefore is claimed to erase the ciadd miracles (of any
language) of the transformation of matter into meaniogtent into expression
and the social process into a signifying systéh&ince the method of assemblage
disregards any determining vertical structure or relatipnér the constants and
universals that are produced by these structures and retapienst is claimed to
operate through a dynamic model rather than a linearanérh®*

Defined diagrammatically in this way, an abstract maclsneeither an

infrastructure that is determining in the last instarmeantranscendental
Idea that is determining in the supreme instance. Rathgrays a

piloting role. The diagrammatic or abstract machine adm¢dunction to

represent, even something real that is yet to comaeva type of

reality>*®

In Deleuzian thought this new type of reality which is digantly distinct from
any previous reality conception, offers a new model ofight that departs from
any sign or signifying procedure.

Strictly speaking, therefore, there are no regimes ighsson the
diagrammatic level, or on the plane of consisterimgcause form of
expression is no longer really distinct from forncoftent. The diagram
knows only traits and cutting edges that are still elesneftcontent
insofar as they are material and of expression insafarthey are
functional®*®

As regards, the generative, transformational, diagraiomand machinic
characteristics of the abstract machinestarted to serve as an indiscernible
essential of the contemporary diagrammatic architelcpuoeess. In that respect,
the concept of “abstract machine” and “diagram” thatem@essly referred in the

13 bid., p. 90.

*141bid., p. 91. (This model of operation is called by Dekeas the “rhizome model”.)
13 bid., p. 142.

1% bid., p. 142.

17 bid., pp: 145-146.
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contemporary architectural discussions became to betasexemplify the shift
from a representational mode of architectural productmran instrumental
one®® Lynn states that “the diagrammatic abstract machine nét
representational, it does not represent an existing objesituation, but it is
instrumental in the production of new oné5"This instrumentality of the
diagrams on the other hand is accepted to function alsbdgoroduction of new
instrumental meanings that steer architecture away ftgpological fixation”>%°
In that regard, the instrumental use of diagrams in fopraduction is accepted
as a departure from historically loaded concepts and ptoos of

architecture??

In that respect, diagrams seen as measureless, mafex@l generative
visualization tools and information gathering mediums stegted to be utilized
not to represent a given reality but to generate ness%hlt is claimed that in
the body of diagrams, complexities of reality are geer not to represent that
reality but to document it for further us€.In that regard, though being a mode of
visualization, due to its departure from representatierptéssional means,
diagrams are regarded as operative mediums rather thamebting tools**
Therefore the unavoidable direct relationship betweemthaes of representation
and the final product in traditional practice is claintechave been exposed to a

*18 Greg Lynn. “Geometry in Time” in Cynthia Davidson (EAjyhow,p. 169.

*1° Ben van Berkel and Caroline Bd&chnique: Network Spip. 21.

20 pid., p. 19.

2 Greg Lynn. “Geometry in Time” in Cynthia Davidson (EAjyhow,p. 169.

22 peter Eisenman. “Diagrams of Interiority,” in PésenmanDiagram Diaries,pp: 47-59.
2 |bid., pp: 47-59.

24 bid., pp: 47-59.
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constant transformation in the body of diagrafisDiagrams henceforth are
claimed to be not representations or expressions ofsfand formal relations but
rather manifested as visualizations of a more com@&tionship that functions

through a network of interactions.

Figure 2.15: (Un) Plug Buildingby Francois Roche and Stéphanie Lav8oxrce: Marie-Ange
Brayer, Frédéric Migayrou and Fumio Nanjo (ed#ijchilab’'s Urban Experiments: Radical
Architecture, Art and the City,ondon: Thames and Hudson, 2005, pp: 270-271.

2 Stan Allen. “Diagrams Matter Any MagazingNo. 23, 1998, p. 16.
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Ben Van Berkel and Caroline Bos also stress the useliagframs as an
instrumental method that goes beyond a mere represaaiatdesign
technique>?® Enabling not only recording and documentation of the proceaitre
also easy manipulation, modification and transfornmatib the process they are
claimed to be active, generative and dynamic tools rdtian passive or static
instruments?’ Van Berkel and Bos state that:

A representational technique implies that we convergeeality from a
conceptual position and in that way fix the relationdiepnveen idea and
form, between content and structure. When form and obraee
superimposed in this way, a type emerges. This is the proligman
architecture that is based on a representational cqritepnnot escape
existing typologies?®
Therefore, this new method of production is seen to maddical break from the
two key concepts of the so-called conventional architectype and program.
Lynn states that the type has a more profound relationgitip architecture’s
association with the notions of permanence and stab#itywith the negation of
time and its consequenc®8 The negation of the active role of time is claimed by
Lynn has a direct relation with architecture’s hope ittgalized, unchanging,
absolute rules and principles that are beyond and above atfeetive
consequences of timé® He asserts that time in previous historical contexts i
regarded as an independent, homogeneous envelop that covpher@mena
without actively impinging on anythiif® Therefore he states timeless

idealizations of form, function or expression are pteg to form a vertical

26 Ben Van Berkel and Caroline Bos. “Diagrams, Interadistruments in Operation,” p. 21.
27 bid., p. 21.

28 |bid., p. 21.

2% Ali Rahim. Catalytic Formations: Architecture and Digital Desigm 22.

3%| ynn, Greg Animate Form.

%31 |bid.
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structure that guide the practice through differentiatiorepetition>? Such kind
of a repetition termed by Somol as the repetitiobemgis assumed to rely on
“an ideal of the origin or model, an economy of idgniand can be thought of as
typologically driven (the vertical repetition of timekeprecedents}y* In contrast
to the repeated acts of typological creation of fdira,repetition in diagrammatic
practice, Somol claims, occurs “in motion divergent eserand exists as a
continual process of differentiating® Thus Somol claims that while the
typological creation points to a static moment lding the diagrammatic
performance is seen to advance through modesaiming>® This new mode of
production in that regard is accepted to offer a detachmment the highly
appreciated universals of the architectural disciplinelease from the authority
of vertical structures, and a liberation from the leditvocabulary of types, when
compared to typologic creatiori As observed by Michael Hays,

As for the discourse of type, we can see a developnmentof the
vertical imitation or repetition of presumably timelegsecedents
emerges a different kind of repetition, that of a ptaw, metonymic
series of parts that exist in a continual process fdrdntiation...From
the present perspective, what seems to have occurred de-
differentiation at the level of typological technique vasll, such that
now a single, generic, emulsion supersedes the alremdgdi field of
object types?’

%32 |pid.

33 R. E. Somol. “Dummy Text, or the Diagrammatic BasisContemporary Architecture,” In
Peter Eisenmariagram Diaries,p. 9.

>4 1bid., p. 9.

>3 |bid., p. 9.

%3¢ Greg Lynn.Animate Form.

37 K. Michael Hays. “Prolegomenon for a Study Linking tAdvanced Architecture of the

Present to That of the 1970s Through Ideologies of Media,xperience of Cities in Transition,
and the Ongoing Effects of ReificatioRerspecta,p. 106.
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Unlike conventional architectural thinking that relies on tygg, a way of

classifying buildings by their functions that dates backhteighteenth century,
diagrammatic practice is seen as a reactionary attitoseards any direct
interpretation and expression of function in fofthYet in diagrammatic practice
the indispensable proponents of typological productiondreav an undeviating,
direct relationship between the essential functiod #me idealized form are
discredited on behalf of the liberated possibilitiesaoihon-expressive, non-
representational, a-signifying process.

In that respect, diagrams are seen as new instrunfetprovide architects with
a new mode of autonon§® Unlike the typological derivations that see the
relationship between form and function as a universaibate, diagrams are
accepted to offer an interaction rather than a digedting relatiort** In that
regard, the cause and effect relationship between fodnfuaiction is put aside on
behalf of the generative capacity of the diagrathsSince in diagrammatic
practice neither the formal product is an outcome oftfanal relationships, nor
the functional program is a validation of the formatesl, it is seen to offer new
possibilities to architectural production. Diagrams in gvestep of the
architectural practice, without directly representing thenfor the function, are
seen to enable architects to utilize essential rektend transform them into
easily modifiable interaction®As regards, the contemporary exploration of time

in diagrammatic architecture is claimed to offer a passibility for architects to

%38 Ali Rahim. Catalytic Formations: Architecture and Digital Desigm 78.
>3 pbid., p. 78.

%0 R. E. Somol. “Dummy Text, or the Diagrammatic BasfisContemporary Architecture,” In
Peter Eisenmariagram Diaries,p. 10.

*!bid., p. 10.

%42 bid., p. 10.
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manipulate, modify and transform any idea without stigkon determinate

conceptions, ideations or idealizations.
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CHAPTER 4

CONCLUSION

Through the discussions that this study has made onextth’s involvement
with mathematical concepts and relations, it can beerted that either the
practical or the theoretical achievements of thisiaffdn have occupied quite a
significant part in architectural production throughout higtém that regard, the
thesis asserts that the demonstrative strength ofemaiiical methodology, the
self-evidence of its principles, the explanatory powérite premises, the
predictive value of its mode of reasoning and its objectiggonal, universal,
absolute character have provided architecture with theaikisource in its search
for a foundational grountf* Though, on the one hand, the perfectness, ideality
and accuracy of mathematical concepts and relations supygoelevated role of
mathematics in architectural practice, on the other litanomeless, immutable,
universal character has made mathematics the most proftasds for
architectural theory.

Starting with the Greek tradition mathematical essitivere accepted as ideal
constructs of the mind that well comprehend with theitseaf nature>** Till the
nineteenth century developments in mathematics, ditleeexplanation (Platonic
or Aristotelian) or the systematization (Euclidean Albertian) of physical
reality/space in mathematical or geometric terms aes $0 have ontological or

43 Zeynep MennanAn Interpretive Framework for Understanding Architectural Theosgtf
Representation Phd. Thesis, Middle East Technical University, Depantmaf Architecture,
Ankara: 1997.

>4 Bertrand RussellHistory of Western Philosophy.ondon and New York: Routledge, 2007,
p.43.
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transcendental bound® As regards, the utilization of the ideal mathematical
concepts either in architecture or in science has §eemas a symbol of a perfect
order that Nature possessés.

Although, for the initial affiliations of architecture thi mathematics, the search
for an objective ground that was endowed with mathematéssidentified with
the search for truth, through the developments in nindteentury, the absolute,
universal character of mathematics was put into conscjoastioning’*’ These
guestionings on the foundational grounds of mathematics naahe matical
reasoning have resulted in a paradigmatic shift revetBasgalue of mathematics
from explanation of all physical reality, to an instemhthe very supremacy of
which was started to be conceived as a conventiongbrmmise rather than an
absolute truth?® Accordingly this paradigmatic shift in nineteenth ceptur
mathematics has given rise to the emergence of nevibfmgsometries termed
as “non-euclidian”. The possibility of other geometiiegonsequence devaluated
the elevated role of Euclidean and Cartesian geometoi@sging about new
geometric possibilities for the explanation and analysis space. These
developments in nineteenth century mathematics have fedledtion first in the
shifting interest of contemporary architecture from Ewdid to non-euclidean
space, and recently with the turn towards applied mathesnain the
instrumentalization of mathematical relations farhatectural production.

4> Alberto Pérez-Gémez and Louise Pelletiérchitectural Representation and the Perspective
Hinge,Cambridge, MA: The MIT Press, 1997, p.23.

>4 Morris Kline. Mathematics: A Cultural ApproachLondon: Addison-Wesley Publishing
Company, 1962. p.15.

*47 John HenryThe Scientific Revolution and the Origins of Modern ScieXew York: Palgrave,
2002, p.30.

>4 Elie Zahar.Poincaré’s Philosophy: From Conventionalism to Phenomenol@bigago: Open
Court Publishing Company, 2001, p.70.
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Though for the previous historical relations, the ontaalgpr epistemological
concerns had supported the transcendental status of matisefan architectural
practice and theory, for contemporary architectural praaludhis relationship
took a more instrumental shape that makes emphasi® drattslation of physical
reality (through numeric control of digital techngies) into a practical
strategy>*® As regards, unlike from the prior apprehensions of mathesntitat
were in search for the explanation of physical rgallte contemporary interest in
architectural production turned out to find the appropriatensiéest to document
then to translate physical reality into a proper toat th manageable in computer

language and applicable to an architectural one.

With reference to the Deleuzian discourse, it is piEz that the phenomena
manifest themselves through multiplicities and theitsettirough complexities>°
As regards, in this new conception of architectural produgties claimed that a
single author’s intervention could not be the apprégrianethodology in
determining and deriving the essentials of these multieficand complexitie®*
Since the multiplicity or complexity of reality isceepted to be unexplainable
through one unifying theory, the strategy of contemporaagtfme is asserted to
be one of recording/documenting the particularitiagher than searching for the
underlying principles of generalitié® The particularities that belong to a

49 K. Michael Hays. “Architecture Theory, Media, and Qaestion of AudienceAssemblage,
No. 27, Tulane Papers: The Politics of Contemporary Agchital Discourse, August, 1995, p.
43.

%0 Thijs assertion is most made with reference to Delsurerk “A Thousand Plateaus Gilles
Deleuze and Felix Guattarh Thousand Plateaus: Capitalism and Schizophrefirans: Brian
Massumi. Minneapolis: University of Minnesota Press, 19934 p.

*51 Brian Massumi. “Sensing the Virtual, Building the Insible,” in Giuseppa Di Cristina (ed.)
Architecture and Sciencéondon: Willey-Academy, 2001, p. 198.

52 Zeynep MennanAn Interpretive Framework for Understanding Architectural Theosgtf

Representation Phd Thesis, Middle East Technical University, DepartmefnfArchitecture,
Ankara: 1997.
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specific context, site, program or an external sothae are put into function in

non-linear, self-referential, and self-generative eyt of organizations in order
to create complex relationship of effects/forces Whace then expected to result
in novel, unpredictable and emergent prodeits.

Disregarding any difference between “natural” and “maniehahe noteworthy
productivity and generativity of natural order that inherenplgssesses a
mathematical organization and geometric structure, i3 Hoeepted as the main
reference of architectural production. The geometrictstigaand formal variety
of natural forms are accepted as confirmations of thergéme potential of a
mathematical order that lies behind material organizamahtherefore started to
be seen not only as the utmost source of formalioreaut also as the departure
point from historically loaded principles and norms ofhétecture. Mathematics
in its present relation with architecture is claimedsésve neither as a guiding
principle nor as a symbolic grounding platfotthHowever in claim of setting the
principles of architectural process with a great tramspay, mathematical
relations are utilized as an automation agent of actital production while
mathematical methodology is put into practical use tadyee novel results.
Whereas the productivity of mathematical methodologgisated with emergent,
inventive and divergent end results of formal productianprecision, certainty
and abstractness are identified with efficiency and ogntand gained a-

signifying characteristics in the new conception of ttehigectural process.

53 Michael Weinstock. “Self-Organization and the StrudtuBgnamics of Plants,” inAD:
Techniques and Technologies in Morphogenetic Deslglen Castle (ed.) Vol: 76, No: 2, p. 27.

54 Zeynep MennanAn Interpretive Framework for Understanding Architectural Theosgtf

Representation Phd Thesis, Middle East Technical University, DepartmefinfArchitecture,
Ankara: 1997.
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A materialistic approach that explains the particutemition/taking shape of an
architectural object as the deliberate interaction toinsic generative forces takes
the place of theories that see the final edificeh@snecessary consequence of
functional requirements or the essential interpratatf creative imaginatiotr>

As regards, within the appraised process of reificatiaatkhitectural edifice is
started to be regarded as an object the utmost valitlishiwh is confirmed by
the data concretized in its very body.

With respect to the discussions made throughout this stheythesis tried to

reveal the continuity in architecture’s affiliationttvimathematics, mathematical
concepts and relations. In order to discuss elabonatedy mathematical relations
and numeric control that come with the use of digieahnologies provide the
contemporary architectural production with, a historicatkgeound has been
briefly surveyed with reference to some central figured to some essential
turning points in the history of mathematics and s@erfithe specific focus on
some essential figures or periods either in mathematicsscience is due to their
significance for the architectural theory and practice.

Concerning the historical background that this study outlinddstbeen asserted
that the role of mathematics in architectural producti@d shifted from a
transcendental position to an ideal one. Although nindteeo¢ntury

developments in mathematics and the emergence of ndideaut geometries
resulted in the instrumentalization of mathematicaloepts and relations in the
comprehension/exploration of the physical reality, s hbeen claimed that
contemporary architecture’s utilization of these develp® marks an

*°R. E Somol. “Dummy Text, or the Diagrammatic Bagi€ontemporary Architecture” in Peter
EisenmanDiagram Diaries,New York: Universe Publishing, 1999, p. 18-19.

¢ |bid., p. 18-19.
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instrumentalization process as the recent use of matieal relations and
numeric control is started to be conceived as just témisproductive and

generative results.

The numeric control and the easy management of tetectural process or the
productivity of digital technologies have made mathemaitd numeric relations
essential actors of architectural process in deriviegegsential requirements of
reality and in translating it to an architectural productthat respect the thesis
stated that contemporary architectures present a newitiefiin architecture’s
relation with mathematics in the determination of ptgkinecessities, in the
translation of these necessities to architecturdicedand in the controlling of the
process.
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