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AN INQUIRY ON FLOW METAPHOR
IN THE CONTEXT OF DIGITAL CREATIVITY

SUMMARY

This thesis investigates a metaphor, flow in terms of interpreting concepts, design and
digital creativity. The thresholds of change may be defined more clearly by the
representational property of the flows that problematize the undetermined so that
dynamic imagery and possibilities can be conceptualized by becoming and
transitioning. This study focuses on the qualitative features and conceptual
possibilities of forms by breaking down the threshold barrier between virtual and
reality, as flows represent the occurrences. Conceptualizations enable dialogue of
design, imagination, visualization and perception process with other disciplines. In this
context, this thesis is about the representation of flow in computer environment by the
means of associating conceptual narratives, creativity and objectivity in design and
algorithms.

In this work, firstly, concepts and theories on flow are elaborated. Interpretation of
flows, ways of thinking, explorations, networks, concepts derived from flow such as
complexity, emergence, multiplicity, smooth and striated spaces and discussions on
fuzzy boundaries are defined. The natural processes observed in the context of
changing physical states such as energy, magnetism and the mass movements of flocks
or communities are described by flow behaviours. Energy flows and equilibrium state
are identified by defined or unexpected behaviours of the particles with the
thermodynamics definitions triggering the creativity and physics in the context of
formation and intellectual debates. In the context of design, the variability of form, the
interpretations of design according to visual and relational point of view, the changes
in spatial scales, flow dynamics, shaping of flow as energy, boundary definitions,
permeable boundaries and points of view on the definition of spaces by flow lines are
presented.

In the third chapter, computability of flow concepts is mentioned in the context of
discoveries at the intersection of technology and design. By referring to animated
forms and simulating the complexity, the interpretation of the motion perception on a
single square in the art with the changes of the motion sequences and visual illusions
in algorithmic design are discussed. Theories that computational methods are used to
describe observable flows, interpretations of mathematical explanation of flow and
methods based on the working principles of simulation programs are expressed. An
overview of transformational properties that the algorithmic logic uses in the
representation of natural processes is pointed out and examples of the productivity of
these variables are given. In parallel with the developments in technology,
representations of flow in artworks and evaluations on creative experiences are
presented.

Interpretation of flow concepts as metaphors and definitions together with flow
conditions in the real sense lead to a process in which design possibilities are
dynamically processed. Technology in a continuous regulation and repetition also
produces its own nature and phenomena in its own developmental process. This
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phenomenological structure of the digital leads design to new perspectives which may
be an intertwined way to bring together virtual and actual in a digital reality. The
repertoire of scientific knowledge requires a new repertoire of knowledge production
analysis that reconfigures process, experimentation and observation.

In the fourth chapter, abstract digital flow experiments are presented with flow
concepts to investigate the potential of conceptual and phenomenological properties
of the flow. The flow metaphor of the production processes of algorithms and
simulations produced in the digital environment were investigated in order to base a
behavioural basis on how to visualize a non-mechanical motion in the digital
environment during the design processes. The experiments were carried out to analyze
algorithmic concepts and abstractions with animated series to investigate the potential
of algorithms. Analyzes on motion and transformation depending on time were made
to explore the productivity of concepts diversified by the adaptive nature of
computation.

As a result, the predefined processes of design, interpretation and heuristic attempts
do not happen in a completely fixed or structured world. Within the productivity of
algorithms, the design process may produce unexpected processes and outcomes.
Unlike traditional design, the uncertainty-driven concepts can lead to the creation of
new ways of thinking and evaluations in algorithmic design. Algorithmic logic feeds
on the discoveries and dialogue with other disciplines within the context of
virtualization so that expansion of the realizations towards the unexpected
configurational transformations represented by the computing environment can
improve the creativity of the designers.

XViii



DiﬁTALYARATKHLH(BAGLANHNDA
AKIS METAFORU UZERINE BiR ARASTIRMA

OZET

Bu tez, kavramlari, tasarimi ve dijital yaraticiligt yorumlamak baglaminda bir
metaforu, akisi ele almaktadir. Gergeklerin degisim esikleri, akislarin heniiz
belirlenmemisi temsil edebilme 0Ozelligiyle daha net tanimlanabilir ve bdylece,
dinamik imgelerle imkanlar, olasiliklar, bir durumu terkedip baska bir duruma gegisin
ve bu durumun kosullarinin tanimi kavramsallastirilabilir. Akislarin oluslar1 temsil
edisi ve diinyadaki her seyin her an olus halindeligi baglaminda bu ¢alisma, bir sonug
iiriin iretimine odaklanmaktansa, sanal ile gercek arasindaki esik bariyerini yikmak ile
formlarin nitel ozellikleri ve kavramsal olasiliklar1 {izerine odaklanmaktadir.
Kavramsallastirmalar, tasarimin anlatimi, diislincesi, gorsellestirilmesi ve algilanmasi
stireglerinde diger disiplinlerle diyaloga olanak saglar. Bu kapsamlarda bu tez, akigin
kavramsal anlatimlari, yaraticilik ve nesnel olarak tasarimin iliskilendirilebilmesi ve
algoritmalalarla akisin bilgisayar ortaminda temsili lizerinedir.

Bu ¢alismada ilk olarak, akis iizerine olan kavramlar/yaklagimlar incelenmistir. Akisin
yorumlanmasi, akisi irdeleyen diisiince bigimleri, diisiinsel baglamda iliski aglari,
karmagiklik, belirme, cogulluk gibi akistan tiireyen kavramlar ile akis halindeki mekan
tanimlamalari, yumusak ve ¢izgili mekanlar, bulanik smirlar {izerine sdylemler
tizerinde durulmustur. Bu kavramlarin gorsel temsillerinin, kavramsal formlar ve
matematiksel tanimlamalar iizerinden acgiklanmalarina deginilmistir. Fiziksel
mekanlar ve aglarin olusturdugu mekanlara deginilerek, bilgi akisinin bulaniklastirdigi
mekan algis1 bahsi gecen kavramlar ve gorsel tanimlamalarla ifade edilmistir.
Kavramlara iliskin ikinci boliimde, akisin gozlemlenebilir bir olgu olarak okundugu
dogal siireclere yer verilmis, enerji degisimleri, manyetizim gibi degisken fiziksel
durumlar baglaminda akma davranis1 gozlemlenebilen dogal stirecler ile siiriiler ya da
topluluklarin kitlesel/biitiinsel hareketleri, genis alanlardaki hareketler {izerine
gbozlemler ve degerlendirmeler sunulmustur. Enerji degisimleri ve denge durumu
tizerinde durulmus, akisin matematiksel tanimlamalari, diizensizlik ve karmasiklik
kavramlar1 iizerinden akislar incelenmistir. Sistemleri olusturan pargaciklarin
tanimlanmis ya da beklenmeyen davraniglari, termodinamigin yaraticilig: tetikleyen
acik sistem tanmimlamalari, oluslar ilizerine fizik bilimi baglaminda ve diisiinsel
tartigmalarina yer verilmistir. Kavramlar boliimiinde son olarak, tasarim baglaminda
akis ele alimirken formun degisebilirligi, gorsel ve iligkisel bakis agisina gore
tasarimdaki yorumlanmalari, alansal dlgeklerde degisimler, akis dinamikleri, akisin
enerji olarak bicimlendirilmesi, sinir tanimlamalari, gecirgen sinirlar ve mekanlarin
akis cizgileriyle tanimlanmasi tizerine bakis agilari irdelenmistir. Tasarim akislar1 ve
karmagikliklar1 tarifleme siireclerinde, bilgi modelleri olusturma ve ¢ok katmanl
siiregleri yonetme araglarina artik sahiptir. Mimarinin bitisi temsil eden sinir
tanimlamasinin aksine, fizikte statik bir alan olmayan, iki bolge arasindaki hareket
halinde olan bir alan, bir katman olan ve enerji farkliliklariyla degisken durumlar
sonucu olusturulan mekan tanimlamalar1 tizerinde durulmustur. Gergekte kalinliklar
olmayan soyut birer ¢izgi ve ortamda var olan goriilmez dahi olsa malzemelerin
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varligiyla birebir iliskili bir arakesit 6rnekleri iizerinde durularak gergekte ayirandan
cok, iliskilerin ve farkliliklarin olusturdugu dinamik alan tanimlamalar1 yapilmistir.

Calismanin {igiincii boliimiinde, dijital tasarim siireclerinde, tasarimin O6nceden
tanimlanamayan siireclerinin bilgisayar ve tasarimci arasindaki bir dile bagli olan ve
kurallara dayali olmak zorunda olusu ele alinip detaylandirilmistir. Teknoloji ve
tasarimin  kesisimindeki kesifler baglaminda akis kavraminin hesaplanabilirligi
tartistlmistir. Bu tartisma, akislarin anime edilen formlar, veri degisimleri ve
karmagikligin  simiilasyonu baglamlarinda yapilmistir.  Algoritmik tasarimin
animasyona elverisli yapisi, hareket etme algisinin sanatta tek bir karede denenmesi
lizerine yorumlar, ¢izim dizileri ve gorsel yanilsamayla hareket tanimlamalari
caligmalar1 {izerinden degisme {iizerine yorumlamalar yapilmistir. Karmasikligin
simiilasyonu baslig1 altinda, hesaplamali ydntemlerin gozlemlenebilir akislar
tanimlamak ic¢in TUrettigi davranigsal teoriler, akisin matematiksel agiklanmasi
yorumlamalar1 ve simiilasyon programlarinin calisma prensiplerinin temeli olan
yontemler lizerinde durulmustur. Daha sonra, algoritmalarin temel 6zelliklerine genis
cergeveden bakan bir bakis acisiyla, yaraticilia olanak taniyan yonleri iizerine
yorumlamalar yapilmistir. Algoritmik mantigin dogal siiregleri temsilinde yorumladigi
kuvvetler, raslantisallik ve doniistiirme 6zelliklerine genel bir bakis agis1 sunulmus, bu
degiskenlerin iiretkenlikleri iizerine Ornekler verilmistir. Bu bdliimde son olarak,
oznellik ve nesnellik arasinda akisin kavramsallastiriimas: baglaminda, teknolojideki
gelismelere paralel olarak, sanat eserlerinde akisi yorumlayan calismalar sunulup,
yaratict deneyimler iizerine degerlendirmeler yapilmistir.

Metafor olarak akis kavramlarinin yorumlanmasi ve reel anlamda akis kosullariyla
birlikte tanimlanmasi, tasarim olasiliklarini dinamik olarak islendigi bir siireci
dogurur. Bilimsel nesnelerin siirekli olarak bir araya gelme, diizenlenme ve
tekrarlanma siirecinde teknik olarak iiretip, gerceklestirmesi bakis agist baglaminda
teknoloji de kendi gelisimi siirecinde kendi dogasini ve fenomenlerini tiretir. Dijitalin
bu fenomenolojik yapisi, yeni yorumlamalar ve bakis acgilarini dogurur. Sanal ve
gercek, dijital gergekligi bir araya getirmek i¢in i¢ ige gecmis durumdadir. Bilimsel
bilginin hi¢ bitmeyen yeniden yapilanma ve diizenlenme siireci, deney ve gdzlemi
birlestiren yeni bir bilgi iiretim analizi repertuarim1 gerektirmektedir. Bu durum
bilimsel olaylarin tiimiiniin dogadan alinmak zorunda olunmadigi, teknigin fenomen
trettigi bir doniisiim siirecinin habercisidir. Yani artik teknoloji kendi dogasini
tiretmektedir.

Dordiincii boliimde, akisin kavramsal ve fenomenolojik 6zelliklerinin potansiyellerini
arastirmak icin, akisa ait kavramlar altinda soyut dijital akis denemeleri sunulmustur.
Ilgili kavramlarin basliklar1 altinda, algoritma ve simiilasyonlar ile dijital ortamda
tiretilen iki ve ili¢ boyutlu goriintiilerin iiretim siirecleriyle akig metaforu, tasarim
siirecinde dijital ortaminda mekanik olmayan bir hareket anlayisinin nasil
tiretilebilecegini arastirmasi suretiyle davranigsal bir temele dayandirilmak igin
arasgtirilmistir. Algoritmik soyutlamalar, animasyonlu seriler, siirecin gelisimini tam
olarak koruyabilmek, algoritmalarin potansiyelini aragtirmak, zamana bagli olarak
hareket ve doniisiim kavramlarini analiz etmek i¢in model deneyleri gerceklestirilmis
ve bu hareketlerden tiireyebilecek deneysel arastirmalar {izerinde c¢alisilmistir.
Kavramlarin tiretkenligi ise hesaplamanin uyarlanabilir yapisi ile gesitlendirilmistir.

Sonu¢ olarak, tasarim yapma yorumlama ve sezgisel kalkigsmalar gibi Onceden
tanimlanamayan siiregler icerir ve tamamen sabit veya yapilandirilmis bir diinyada
gerceklesmez. Algoritmalarin iiretkenligi i¢inde tasarim siireci beklenmedik siire¢ ve
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sonuclar iiretebilmektedir. Algoritmik tasarimin sonugtan ziyade siire¢ odakli ve
geleneksel tasarim stireclerinden farkli olarak, kavramlarin belirsizligi ile beslenen
yapis1 yeni diisiinme ve degerlendirme bigimlerinin yaratilmasina yol acabilir. Bir
anlamda, algoritmik mantik tasarim olasiliklarinuin kesiflerini besler. Gergeklestirme
siirecinde sanallagtirma, tasarim anlatisi, diistinme, gorsellestirme ve algi baglaminda
diger disiplinlerle diyaloga olanak verebilir. Gergceklesmeleri hesaplama ortami
tarafindan temsil edilen beklenmedik konfigiiratif doniistimlere dogru genisletmek
tasarimcilarin yorumunu gelistirebilir.

Kesin tanimlama ve kisitlamalar1 sonlanarak, kavramlar1 genisletmek ve sinirlari
reddetmek {izerine diisiinerek, tasarim tanimlamalar {izerine degil, daha once
adlandirilmamis melezlesmeler iizerine olmalidir. ITham veren dijital teknikler yoluyla
tasarim, belirsizlik, degiskenlik, eksiklik gibi biiyiime kosullarin1 manipiile edebilen
yaklasimlarla diisiniilmelidir. Bu baglamda, sahip olunan yeni algilama ve soyutlama
bicimleri, diigiince, hayal giicii ve tasarim fikirlerini zenginlestirme potansiyeline sahip
olacaktir. Mimari tasarimin, soyutlama ve metafor yoluyla temsiller lizerinden yeni
tirtinler tireten dogasi disiiniildiigiinde, bu tezde yapilmaya calisilan soyutlamalar
tasarim diisiincelerinin evrilebilecegi yonii temsil edebilir. Bu ¢ercevede, dogada,
bilimde, sanatta ve diisiinsel baglamda akis kavramlar1 géz 6niinde bulundurularak
iiretilen temsillerin dijital Gireticilerine yeni islevler eklenerek, temsil alaninin idealize
edilmis yaklasimlarinin 6zgiirlestirilmesi amaglanmigstir. Calisma akiglart hem tasarim
objesi hem de yaraticiliga katki saglayan bir kavram olarak yorumlama yolu ile tasarim
diisiincesine katkida bulunmay1 amacglamis, bu hedefle sanal ve gergek arasindaki esik
engelini sorgulamaya calismistir.

xxi






1. INTRODUCTION

As a medium of expression, using computer to explain philosophical theories is a novel
attempt to explore digital phenomena within explanation, observation, or
interpretation. Concepts such as chaos, complexity, emergence, interaction, infinity
are intellectual and practical attempts closely related to today's design world. the
reason behind bringing these concepts to focus may depend on exploration of
previously incomprehensible ideas of the human mind through computers. The

complexity of nature has now begun to be a perfected source.

Digitalization or encoding of design presents a method which reexpresses itself when
the code is translated each time. The translation of an idea to another digital software
or media creates new perceptions and unforeseen opportunities. Variation of
viewpoints brings many resembled concept about in a cognitive manner. When
compared with the period of study with analogue methods; the diversity of viewpoints,
the clearer identifications and analysis have made the understanding of complex
phenomena clearer and thus designers can advance and analyze possible solutions with

more pure perspectives.

Figure 1.1: Nicolas Evans-Cato painting (Leski, 2015, p.90).

In The Storm of Creativity, Kyna Leski (2015) mentions Nicholas Evans-Cato, a
painter. The painter sees an actual explosion after drawing the tree above (Figure 1.1)

which makes him realize that a tree is also an explosion. Surely, explosions happen



within a period that can be observed. However, a tree's explosion is not observable
since it happens very slowly. Another issue is the change in perception over events
which carefully observed. When drawing the tree again, this time the painter
investigates the geometry of the explosion so that he gains a new and different
perspective (Figure 1.2). Similarly, the goal of this thesis is to explore the flow
metaphor as an input to the design processes, similar to looking at the explosion to

draw a tree.

Figure 1.2: Tree and explosion (Leski, 2015, p.90).



2. CONCEPTS AND THEORIES ON FLOW

This chapter presents an overview of the engagement of flow concept in the context of
the interpretation in an intellectual, observable, physical and architectural view. In
each approach, the discourses on flow concept that may be a novel point of view for

digital creativity are discussed.

2.1 Flow as a Metaphor and Related Concepts

Thinking is not innate, but must be engendered in thought.(...)The problem is not to direct or
methodologically apply a thought which preexists in principle and in nature but to bring into
being that which does not yet exist (there is no other work, all the rest is arbitrary, mere
decoration). To think is to create—there is no other creation (Deleuze, 1995, p.185).
The notion of flow has been contemplated in various meanings and discourses over
time along with nature and movements. In the 1970s, theorists started to relate flows
to both physical movements and virtual transformations in time. That revealing
tendency was a new comprehension towards the notion of flow. The chaotic nature
and, in a way, the uncontrollable character of flows shifted the attention to

evolutionary of nature, becoming and process.

Thinkings, texts, paintings, films, buildings are only not the “sites” of knowledge.
These forms of expressions are processes of emerging thoughts, concepts, new
linkages. Through them, unexpected new connections and transformations are
produced. This process can be described as essentially moving, “nomadological” or

“rhizomatic.” (Grosz, 2001)

Conjugate deterritorialized flows. Follow the plants; you start by delimiting a first line
consisting of circles of convergence around successive singularities; then you see whether
inside that line new circles of convergence establish themselves, with new points located
outside the limits and in other directions. Write, form a rhizome, increase your territory by
deterritorialization, extend the line of flight to the point where it becomes an abstract machine

covering the entire plane of consistency (Deleuze & Guattari, 1987, p.11).



Deleuze and Guattari see concepts as rhizomes, biological entities having innate
unique features. Concepts are spatially representable and that representation actualizes
with connections and heterogeneity which are characteristics of the rhizomes. Spatial
representation of concepts ensures to represent complex multiplicities and has the
potential to free a concept from foundationalism via comprehending conceptual
relations in terms of space and shapes. Unlike the properties of rooted, centralized,
hierarchic, linear arborescent connections, rhizomic structures are composed of
heterogenic unifications, multi-centred connections, process, movement, in-
betweenness, transforming itself.

“A multiplicity has neither subject nor object, only determinations, magnitudes, and

dimensions that cannot increase in number without the multiplicity changing in

nature” (Deleuze & Guattari, 1987, p.8).

|,|II
(a) / / (b)

Figure 2.1: (a) A rhizomic plant, (b) the abstraction of the rhizome.

Causatively, rhizome is a significant concept due to being a description of the new
emergent space. In abstract terms, emergence is defined as differentiation, exposing
and extending itself into the world and by intertwining many intensity different
emergencies, complexity consists. Fluid structures are susceptible to external effects
and obstacles, this makes them have more creative potential that could emerge. Thus,
fluid joints that are not specified by linear and static structures. They are identified by
liquid evaluations, (therefore) infinite bifurcations, collective identifications from

numerous points and perspectives with infinite variations (Figure 2.1).

In his Philosophy and Simulation, DeLanda criticizes the philosophy in the ecarly
twentieth century, which identifies emergence as something “intrinsically
unexplainable”. The early emergentists could not conceive the concept of emergence

“more complex than a linear clockwork mechanism”. However, many nonlinear



physical mechanisms exist, and possibility spaces of emergence can be defined by
using the consequences of both mathematical analysis and computer simulations.
Simulations present interplays between virtual existences with their properties,
proclivities, and capacities emerge. In many computers, this emergence can be
repeated and be investigated by different scientists as if it were “a laboratory
phenomenon”. In a like manner of Deleuze, DeLanda describes concepts of the
virtual/actual in scientific means and with the term “complexity” and “non-linear
dynamics”. On this subject, DeLanda exemplifies the energy flow between two water
containers which has different temperatures. The flow of energy continues as long as
the difference in temperature persists. He defines the rate of changes in the intensity
of temperature (similarly “pressure, density, and other intensive properties of
molecular populations.”) as gradients. According to DeLLanda (2010):
In addition to serving as energy sources gradients can serve to generate the moving parts of
larger wholes. For example, if a gradient is intense enough and if it is prevented from
dissipating it can cause a molecular population to self-organize into a circular motion pattern
that will persist as long as the gradient persists. The coordinated movement of billions of
molecules needed to yield such a pattern is a highly unlikely event and yet it occurs
spontaneously in the ocean and the atmosphere every single day. This coherent circulatory
flow, referred to as a convection cell, is produced by the gradient as the means to cancel itself
even as the imposed constraints prevent it from doing so (p.9).
These gradient aggregations can be defined as changing and transforming spaces. In
this context, Deleuze and Guattari's (1987) description of the space can be mentioned:
the “smooth and striated” spaces. The smooth space is an undivided and unmeasured
space. The striated space is divided into sections with vertical and horizontal lines
according to some standards. To describe these two constantly interconnected places
in a simple way, “the fabric and felt” example can be given. The woven fabric is made
up of vertical and horizontal elements and has a top and a bottom, as like inner and
outer surface. On the other hand, the felt has entangled fibres and cannot be separated
from one another by yarns. The felt can be conceptualized as a smooth space. In
principle, It is not homogeneous, has no bottom, top or centre. On the contrary, it is
“an infinite, open, and unlimited in every direction” (pp.475-476).
Smooth space is filled by events or haecceities, far more than by formed and perceived things.

It is a space of effects, more than one of properties. (...) Perception in it is based on symptoms

and evaluations rather than measures and properties.That is why smooth space is occupied by



intensities, wind and noise, forces, and sonorous and tactile qualities, as in the desert, steppe,

or ice (Deleuze & Guattari, 1987, p.479).
A strong example of the intertwining of these two spaces can be specified through the
paintings of William Turner. Turner's paintings cannot be seen in a single form. If it is
neglected the real relationships of the objects seen in the pictures, the image
transformations that are solved and scattered by the light effect can be seen (Figure
2.2). Even if putting aside the strong definition of intertwined “everything”, in reality,
the ocean, sky, desert tend to become a horizon due to the movements. If this
complexity is treated as a smooth space, the movements of “things, or ships” in these
spaces, take place in the striated space.Whether it is smooth or striated, it is a fusion
area of all kinds of space forces so that within the spaces a movement can be initiated
that will cause them to be otherwise. As Bernard Cache says (1995), cities are striated
spaces. However, it is also possible to establish a smooth space that creates its own

dynamism.

Figure 2.2: Snowstorm, Turner (Url-1).

Refrain concept is also a creative operation, a rhythmic regularity, an order that is
brought to chaos. It is a line of flight to outside as like the movements of birds. The
rhythm creates milieus which are “block(s) of spacetime constituted by the periodic
repetition of the component” (Deleuze & Guattari 1987, p.313). At this point, it is
important to remember the representation of concepts as a body, a line of flight, an act
of territorialisation or deterritorialisation and the concept of rhizome represents a flow

where there is no certain boundary (Figure 2.3).



Figure 2.3: (a) Line of flight, (b) milieu.

Multiplicity as a characteristic of rhizomic concepts can also be translated as
manifolds, the topological term. Multiplicities as manifolds lead our thoughts to
creative, potentially critical representations and a virtually unlimited number of things
in geometric terms (Figure 2.4). Rhizomes are connected by the multiplicity of forces
and of movements, with becoming, intensities and forces. “the exterior”, “the surface”,

or “the outside” is what both enables and resists the movement of territorialization and

deterritorialization, in a way, “there is no outside” (Grosz, 2001, p.64).
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Figure 2.4: Multiplicities.

In mathematical terms, manifolds are is a specific type of topological spaces. In
topology, a doughnut and a coffee mug can be classified as “the same,” because each
contains a single surface and a single hole. Describing shapes and considering
unchanging features of shapes when they turn into another shape resemble rhizomatic
thinking. As an example of a nonorientable surface, the Mdobius strip has paths such
that when the vector comes back to the original point, it is oriented in the opposite
direction to the way that it started out. Obviously, there is no inside and outside for the
shape. The Klein bottle also has the same nonorientable surface (Figure 2.5). Unlike
the Mobius strip, the Klein bottle is a closed compact surface and has no boundary

(Glendinning, 2012).



Figure 2.5: (a) The Mdbius strip, (b) the Klein bottle (Glendinning, 2012).

Through utilizing the consequences of a few centuries of mathematical investigations
on the nature of abstract spaces, the idea of a probability space can be made. The best-
known case of which is Euclidean geometry, and non-metric spaces exemplified by an
assortment of different geometries: projective, differential, topological. As DeLanda
(2010) states, “A relatively simple way of distinguishing metric from non-metric
spaces is by the way in which the component parts of a space, individual points, are
identified. The metric solution is to give each point an “address” by locating the space
relative to a set of fixed coordinates and determining the distance that each point has
from those axes.”(p.18) However, this recognizable system is not the main method for
individuating focuses. Deciding the rate at which the bend of a space changes at a
given point can be made and utilizing this quick rate of progress to distinguish it. The
arrangement of organize addresses and turns into a field of rapidities and flow differs
with slowness, the rate or gradualness at each point. An abstract space’s structure can
be portrayed by those properties that stay unaltered when space is changed, moved,
pivoted, collapsed, extended. To understand in what sense two unique instruments can
have a similar structure we require exceedingly invariant auxiliary properties since the

metric subtle elements of their probability spaces will undoubtedly be extraordinary.
A very important example of these invariant properties is the existence and distribution of
special or remarkable points (or sets of such points) called singularities. This is the concept
that we need to make the remarks in the previous paragraph less metaphorical: the possibilities
with the highest probability of occurring are topological singularities acting as attractors

(DeLanda, 2010, p.18).

Similarly, Derrida reestablishes the vital “dependence of absence and presence” as it
identifies with material articulation. Derrida's model of the "space between" is
profoundly valuable due to allowing a formless through its constitutive components.

More critically, diagrams a strategy for looking at the unexpected architecture, the



image, through its constitutive components, for this situation, programming code. As

Tierney (2007) emphasized:
Derrida’s concept of spacing was used to justify the incompleteness of things. Within each
constructed binary, A is the opposite of B; however, A needs B to exist—for example, figure
needs a ground, outside needs inside, absence needs presence. Therefore, A always bears a
trace of B, because they depend on each other for definition. Yet according to Derrida’s concept
of the supplement, A is also unlike itself because it always bears the trace of B. The combining
of unlike things is what creates the space of différance or multiple readings, and as such it
could be said to exhibit transmedia characteristics (p.76).

The variables spatialized field of relations happens as a major aspect of a bigger change

in perspective, by complex systems and incorporating developments. A system's basic

association is portrayed by vitality or data. The variables spatialized field of relations

happens as a major aspect of a bigger change in perspective, by complex systems and

incorporating developments.

In the digital realm, space is defined by where you are in the network and who you
communicate within the network. Physically people can be close, be neighbours, but
they can actually be much closer to somebody that they are connected to through
digital means who lives on a different continent. Manuel Castells describes a space of
flows which geography of network matters much more than the geography of
traditional space (Stalder, 2006). That space has a poly-directionality network.
Connections can be many to one, one to many, one to one or many to many. So that,
there is a tension between space of flows and space of places. Taking Manuel
Castells’s work as a departure point, novel approaches such as smooth space, soft
forms are under consideration of architects. As Juhani Pallasmaa (2014) states:
Unconscious and unfocused creative scanning enables complex entities and processes to be
grasped without consciously understanding any of the elements — much in the way that we
grasp the entities of atmospheres. Even infants grasp the meanings of complex situations
‘syncretically’, without understanding separate details.(...)Architecture, too, calls for a
deepened sense of materiality, gravity, and reality, not an air of entertainment or fantasy.
Besides, architecture requires an integrating and emotively suggestive atmosphere.(...)But I
think the notion of atmospheres is in balance with my understanding of the body image, or the

embodied image, in its comprehensive, sudden grasping of the emotional and existential

essence of a situation (p.26).



2.2 Flow as an Observable Phenomenon

The understanding of natural phenomena is a crucial addition to the debates regarding
flow metaphor. Obviously, there are many phenomena that can be considered as flow.
However, instead of representing all the flow effects in nature, in this section, some
physical forms from phenomena perceived by senses resulting from forces such as
gravity, electricity and magnetism will be discussed. Additionally, they all will be
conceptualized around the notions such as the field theory, self-organization or

emergence.

The creating of a model of a reality and discovering its laws means to abstract its nature
and the flows in the atmosphere or in the ocean are described by the equations of
hydrodynamics. The rendering of the complexity of reality in mathematical algorithms
means to make all these phenomena graspable (Feicher, 2008). Theoretical
considerations are combined with empirical experiences so that both data and
observations enter into parameterization. The atmosphere, for example, has a variety
of temporal scales. Climatic fluctuations or climate changes led by external
mechanisms such as solar radiation, orbital parameter or human interventions

transform clouds into their unique forms (Figure 2.6).

Figure 2.6: Cumulonimbus clouds and cloud formations on Earth (Url-2).

Turbulent motion is the natural state of most fluids. Turbulence, the random and
chaotic state that fluids which hard to analyze, but the general idea is that energy starts
out in these large scales and slowly works its way down to the smaller ones, where
friction can transform that motion into heat. The pattern is like moving around a circle,
like a clock’s hand does, particles move radially from the centre outward through

different length scales from large to small. In order to represent the patterns such as
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pouring milk into coffee or the ash plume from a volcano or a cloud, it is needed to
visualize structures with the length scales (Figure 2.7). Large range of length scales is
one of the characteristics of turbulence which are unpredictable and makes the
calculating (or even simply modelling turbulence) with the great challenges

(Davidson, 2004).

Figure 2.7: Coffee milk turbulence (Url-3), Turbulence on Jupiter (Url-2).

Another atmospheric luminous phenomenon is Aurora, luminous phenomenon of
Earth’s upper atmosphere that occurs primarily in high latitudes of both hemispheres
(Figure 2.8). Free electrons and protons are thrown from the sun's atmosphere are
blown towards the earth by the solar wind. In consequence of the weaker magnetic
field at either pole, the charged particles are largely deflected to the poles by the earth's

magnetic field so that the collisions occur at the poles and the interaction of the

energetic particles with atoms of the upper atmosphere emit light (Url-3).

Figure 2.8: Islande c6té Nord series, Vincent Guth (Url-4).
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Some animals display biological compasses alike a sixth sense that makes them aware
of Earth's magnetic field. A possible explanation for birds is the presence in the sensory
system of an iron-oxide mineral called magnetite (Figure 2.9). Due to highly magnetic
properties, the iron-oxides allow the birds to align with the magnetism of Earth. The
other explanation is from quantum mechanics. some proteins which are sensitive to
blue light create highly reactive atoms or molecules with a single valence electron. the
blue-sensitive proteins remain active longer with the magnetism of Earth and this

creates a colour shift in vision that the migrating birds can detect (Lavender, 2017).

Figure 2.9: Murmur #8 and #20, Richard Barnes (Url-5).

As a field phenomenon, the flocks are defined by local conditions taking into account
the fact that obstructions do not have an effect on the whole. Just like fluid adjustments,
flocks get roughly similar configurations owing to localized behaviour patterns. The
flocking behaviour displays the same structure even if it is large or small, so
cumulatively similar configurations emerge (Allen, 1999). The motion resembles

swirling clouds moving in the wind (Figure 2.10).

Figure 2.10: Sheep muster, Tim Whittaker (Url-6).
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In The Hunchback of Notre Dame, Hugo (1884) makes a comparison between the

coursing crowds through the city and a body of water. He writes:

The palace yard crowded with people looked like a sea, into which five or six streets,
like the mouths of so many rivers, disgorged their living streams. The waves of this

sea, increasingly swelled by new arrivals, broke against the corners of the houses (p.2).

In a similar manner, Elias Canetti considers crowds as forms of nature as like fire,
water, or flows of sand (Figure 2.11). Stan Allen (2000) states Canetti’s approach
“proposes a broader taxonomy” to the notion of flows with the reevaluations, not only
with crowd features but also with extending the notion to “the flowing of rivers, the of
crops and density of forest”. According to Canetti, “The crowd always wants to grow;
within a crowd there is equality; the crowd loves density; the crowd needs a direction”
(p.56). This approach is like a complex space where the sea, winds and colours are
mixed together. Geographies testify to movements. Desert can remain as desert or sea
can remain as sea, but there are changing spaces in the unlimited diversity, in which

there is no clear what is going to happen.

Figure 2.11: Satellite images (Url-2).

13



2.3 Flow as Changes of Energy and Equilibrium

Differential equations describe the motion of the fluids. In principle, the equation
defines the initial movements of each element in the fluid and the form of the
boundaries of the fluid. In many simple conditions, the fluid flow is mainly smooth
and the boundaries of the fluid have a regular pattern, such as a slowly flowing river
with no rocks or obstructions. However, an irregular place which has some obstacles.
The elements of the flowing water get affected by each other and the external
influences, so that the motion of flow changes. It may turn into bubbles, foam and
spray; hence the flow of the fluid becomes unpredictable, random and chaotic. Yet,
even a typical randomness is an order in an overall context which is set by the
boundaries and the motion behaviour of the water (Bohm, 1987). In this connection,
as far as the Brownian movement is concerned, small particles such as pollen grains
move on a random path in water or gas which have smaller particles (Figure 2.12).
That random movement of the particle is the result of being under many external forces
coming from random directions with incidental intensities (Url-8). In systems of many

particles, each particle has the case of possibilities of infinitely complex variations.

Figure 2.12: Brownian movement of a colloidal particle of Jean Perrin (Url-6).

In the reinterpretation of the concepts of space, permanence, time and causation, the
theory of relativity and quantum mechanics have played a crucial role. Nevertheless,
in this entire process of radically transforming our conception of the world, the
significant role is based on thermodynamics, which alternated the view of the world
by the means of improvements like the thermodynamics of open systems. The major

thing about thermodynamics is its second principle which leads a creative approach.



As an energy form, heat that is given to any system is equal to the sum of the heat left
in the system and the remaining heat in the system. In thermodynamic systems in
general, the heat given to the system is transformed into another specific ‘energy’
within the system. Regardless of the form in which the energy is transmitted, the
energy entering the system in a closed system must equal the energy generated

(Fernandez-Galiano, 2000).

2.3.1 Entropy and complexity

Entropy, the second law of thermodynamics, simply means irregularity in a system. It
1s the measure of disorder in terms of the amount of heat and work that is associated
with a system. There are both chemical and physical examples of entropy such as wood
on fire or melting ice. after setting on fire, the wood becomes ash, gases and smoke or
the solid state of ice transforms to more disordered states (Figure 2.13). There is
entropy everywhere where the energy and mass are, and irregularities in the universe
tend to increase continuously. The entropy of an isolated system can never diminish
and always tends to maximize its entropy. As long as the system is not energized from
the outside, it means that the order will become irregular and the irregularities will turn
into chaos (Fernandez-Galiano, 2000). In this regard, a river's chaotic movement is an
interesting example. A whirlpool, even though it is changing, irregular and fluctuating
in a complex way, remains in a certain region of the river. It may be effected of
neighbouring rocks or the riverbed. It may have new variations in space due to the
velocity of the river. In measure, the overall range of variation of the whirlpool

comprise both inward and the outward changes (Bohm, 1987, p.134).

Water
“more entropy”™

Figure 2.13: The entropy increase depending upon the state of matter.
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Particles start to bouncing around with more momentum and velocity if the average
kinetic energy goes up in a system. The entropy of a system is not dictated purely by
the position of the particles. The higher temperature leads the system to have a larger
number of potential velocities as well as more different configurations in three-
dimensional space. This irregularity also depends on the area within the size (Figure
2.14). If we consider an isolated system of interacting particles and left it to itself, each
particle acts in a way that the overall motion tends to be chaotic until the thermal
equilibrium of the system which has no flow of heat or energy within it. Yet, in the
equilibrium state, the system reaches to the maximum entropy. This is like a state that
the transformation of randomness turns into order. From this point of view, “The
question of randomness is an aspect of the general context dependence of order.”
(Bohm, 1987, p.135) As opposed to timeless and orderly mechanism, entropy presents

degradation, disorder, irreversible time and change.

“more possible states™ “fewer possible states™
“more entropy”

Figure 2.14: The entropy increase depending upon the system volume.

The conception of time is also altered by entropy that directs time while marking the
rhythm such as becoming or changing. Thermodynamics is called as “physics of
becoming”, in contrast, “the physics of being, classical and quantum mechanics.”
(Bohm, 1987, p.133). The science of events acts as the arrows of time. Entropy is not
only related to the degradation of energy, the degradation of order in general terms
should be taken into account. Mechanical time of natural processes does not also flow
uniformly. Blooming times of flowers or growth of the branches of a tree are on
different days their positions, variations of temperature or wind. Paraphrasing
Bergson’s approach, time is the creation of forms. To determine the time in processes,

the decrease of entropy marks the creative occurrences, unlike the marks of the
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swinging of the pendulum or the increases of entropy which degrades the form. the

decreases are like slight stops of systems (Ferndndez-Galiano, 2000, pp.54-60).

2.4 Architecture of Flows

In the architectural field, the design is considered as the organization of materials that
control and arranges energy flows. As a whole, it is an energetic organization that
balances and sustains material forms, concurrently and indivisibly. Though matter and
energy are divided for identification, they are indistinguishable connected (Fernandez-
Galiano, 2000). In the modern era, architects use the concept of flow through
circulation and movement in the designs of buildings as well as urban designs. The
new approach to flows has evolved to designing to the flow by the means of shaping
the flow’s itself. Animation softwares allowed to simulate the mutation of the virtual
transformation of the designs in time. Although animations have an experimental and
virtual “nature”, a new understanding occurred towards the notion of flow. In recent
years, architects focused on imagining cooperation of the unmanageable forms of

flows and material stability of architecture.

The conventional definition of the architectural image dismissed any relatedness
amongst time and space; in other words, the architectural image was always static and
settled. In fact, all structures and forms that exist uncover themselves in space in time.
The most recent digital techniques, as in animation which the duration and sequencing
can be controlled, deliver out relativeness of time in the virtual forming of architecture.
Manuel DeLanda (2002) reviews forms as a notion inherently existent with change.
He asserts:

Form is no longer something static imposed on the outside on structure with homogeneous

properties or a behaviour that can be assimilated by the characteristics of solid modelling, but

is rather influenced by the properties of the tools used, under the form of the singularity of the

digital material. Therefore, it brings out the generative processes and their possibilities

connected to the concepts of interactivity, modifiability and evolution among the principals
(p.130).
Architectural image now exhibits differentiation so that it is uncertain and conditional.
It actualizes itself via unpredictable movement of becoming other. This can make a
significant differentiation in architecture or, likewise, in any other creative process

through altering assumptions or ordered structures.The virtuality of digital media
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constructs movement and illusion. Hence visual evaluations cannot be on a fixed or
static description.
Flow” in English coincides with two words in French: “flot” and “flux”. The French “flux”
translates precisely into the English “flow”. The word flot (pronounced quite similarly to the
word flow) carries a slightly different meaning, referring to a stream or a natural movement of
matter, such as a watercourse. An ambiguity arises here from the fact that the words “flow”,
“flux” and “flot” have an intimate, yet asymmetrical relation. Hence, a “flux” is not the same
thing in French and in English (Delalex, 2006, p.34).
The debates of flows in the field of architecture mainly are over whether the shape that
should give “flows”. The initial question is how architects turn the flows into the
design. Surely, some distinctive approaches to flows have been developed in time.
Some architects focused only on soft topographies or sculptural building forms. Some
moved beyond questions of forms and extended the debate and started to question

field-like organizations such as the energies of flow, information and people on-side.

Antoine Picon (2015) sees Deleuze's folding notion as a turning point in the
architectural design field. Folding as a metaphor, in literal means, introduces a
envisage complexity. There is a similar approach in Lynn's manifesto Folding in
Architecture which suggests “smooth transformation involving the intensive
integration of differences within a continuous yet heterogeneous system” (Carpo,
2013, P.30). Lynn focuses on computer visualisations as a design tool that relates the
notion of flows to the techniques. In the designs, three-dimensional and animated
spaces turn into a virtual space of flows itself (Figure 2.15). In order to shape forms,
Lynn works in a virtual animated space of moving forces (Figure 2.16). Forces lead to
form manipulations and the repetition of forms creates an undefinable identity within
a field of gradient influences. The simulation and manipulation of moving forces
creating “fields effects” and the gradients of influence are the major focuses of his
architecture. that architecture is the presentation of the variant forces that act on
fluidity, mutation, evolution which opens the horizon. Gradients of the formations
with splines and curvilinear lines allow the surface deformations which are like
shaping forces. Flexible surfaces having changeable parameters define evolution in

time.
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Figure 2.16: Still from the animation of Embryological House, Greg Lynn (Url-7).
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Considering digital architectural form as a trace of a frozen moment of a flow can be
conceived as a projection.Form in a flow, as an element or a moment, is still a frame
produced by freezing the moving geometry. As in Lynn’s works, animation provides
to capture the transformation of controlled models over time so that diverse variables
recreate different solutions simultaneously. The virtual space reflects a very fluid space
via visualising flows, turbulence and movement and that shows a real transformation

of space (Flanagan & Booth, 2011).

In Stan Allen’s theoretical research on field dynamics, as opposed to hierarchical
compositions. Allen proposes to treat architecture as a network that assists in
organising and distributing the changes in urban space. The flat and fluid organisations
do not have any particular shape or any dominant pieces (Figure 2.17). As like urban
spaces, some parts are dense others are barely distinguishable. The systems of flows,
movements and exchanges are organised and managed in network structures. His
approach is not over of a creation of flows, but rather encouraging them. Physical
exchanges between people or objects are operated by these “arrangements” of view.

Allen interprets the forces as foundations to shape a genuine city. As he (1999) states:

Any formal or spatial matrix capable of unifying diverse elements while respecting
the identity of each. Field configurations are loosely bound aggregates characterized
by porosity and local interconnectivity. Overall shape and extent are highly fluid and
less important than the internal relationships of parts, which determine the behaviour
of the field. Field conditions are bottom-up phenomena, defined not by overarching

geometrical schemas but by intricate local connections (p.92).

Field conditions are fluid organisations which have no particular scale and redefines
the urban contexts in the continuous field of interactive forces. The flexible geometry
of flow-fields relates to the physical (such as crowds) expression of movement and the
transition between the physical spaces and the abstract flows. Diffuse form approach
integrates boundaries, people and objects. It is like a relation network which is poly-
directionality as Manuel Castell suggests. However, it alludes to more mathematical,
dynamic and simulatable changes toward a consideration of systems and networks. It
challenges and expands the edges of architectural practice by rethinking both
architectural object and city through re-envisioning of diagrammatic practices used to

transcode information and can enable a crucial evolution of design disciplines.
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Figure 2.17: Diagrams of field conditions (Allen, 2000).

Amplification strategy of Sean Lally is on the changing the existing properties of
spaces until making the expected condition. By strengthening the energies, producing
an architecture is designed the parameters associated with climates such as “pressure,
temperature, humidity, solar radiation, and precipitation” (Lally, 2014, p.36).
Manipulating these parameters creates novel spaces which cannot be made with
merely the building materials. This approach alternates the architectural aesthetics and
the definitions of shapes or boundary. Shaping energies by calculating and controlling
the energies them needs simulation of fluid dynamics and the gradient boundaries of
energy differences. The shape of architecture is a dialogue between the material
energies which create gradient boundaries and the body’s sensorial envelope which
detect the gradient boundaries. As Lally emphasizes (2014):

Particles and waves of energy produce gradients of intensity, requiring the human body’s

sensory perception to be sensitive enough to detect and respond to the properties of those more

blurred edge conditions. The shape of this architecture is a result of a precise calibration
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between the senses of the human body and the material energies that the body can perceive and
come into contact with (p.38).
Setting up hot pockets in open space and producing thermal zones generates new

artificial landforms of social aggregation (Figure 2.18).

Figure 2.18: Diagram of shaping energies and simulation of Vatnsmyri urban
planning (Lally, 2014, p.128).

Beside the simulations that define spaces with gradients, particles, temporal shapes,
Toyo Ito's designs abstractly have the same approach. A sketch of Ito which composed
of people under cherry blossom trees and other elements such as the petals and fabric
screens shows the fundamental principle behind his architecture (Figure 2.18). All the
elements in the sketch create a space and give an opportunity people choose their exact
place through the wind, the views, the ground situation (dry or wet) or the tree that
they wanted to be under. That space creation is alike the dissipation of the ripples in
the void (Figure 2.19). Same as that dissipations, Ito focuses on an architecture
dissipate infinitely. In Ito's view, architecture should take components of natural
environment such as light, water or wind into account and also seek for transparency
and homogeneity. Even his design diagrams are like evoked imagery from the natural
world. Ito's flow approach is metaphorical. Mainly “cubic envelope buildings” do not
seem to be affected by the flow notion in the shape (Figure 2.20). Though, the designs

make a clear distinction between solid and stable, moving and fluid. These envelopes
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are not facades, they are sectional cuts it is actually meant to continue infinitely in
space. The circulations in the buildings arrange the physical flows of people like flows

of air or water with thermodynamic models after abstract desicions.

Figure 2.19: The sketch of people under cherry blossom trees and dissipation of the
ripples, Toyo Ito (Url-8).

Figure 2.20: Concept diagrams of Sendai Mediatheque, Toyo Ito (Url-9).
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2.4.1 Permeable boundaries

Toyo Ito (1999) approaches the phenomenon of boundary in relation with the metaphor
of “floating”. According to Ito, human inhabits in nature and society through the
experiencing bodies and the perception of 'inside' and 'outside' over the body can be
considered as the floating of water. The body is neither inside nor outside, at the
connection point; it can be expressed as “floating” if we fill the void at this connection
point. Ito describes this approach as blurring architecture. Blurring architecture defines
a kind of soft architecture image that does not yet have a definite shape. The physical
description of this situation can be achieved by a soft limited architect responding to
natural aesthetics (light, water, wind) or by a transparent and homogenous structure

suitable for program changes of a space.

The energy change, the flow of the energy and the concept of entropy have been
approached by various scholars. Beesley (2014) emphasizes that current developments
in technology may allow creating a completely new built environment typology using
thermal, acoustic, chemical and electromagnetic energy. In the context of boundary
concept in architecture, Beesley criticizes the conventional assumption of the
boundary which is reduced into the basic shapes of “circle or sphere” (Figure 2.21).
He argues that the conventional assumption of boundary affects the way people
perceive and comprehend the space. However, the position of an individual
continuously changes the perception of spatial relations as well. Beesley suggests a
form that represents a permeable area surrounding the individual. This form is more
of a twisted form that surrounds the world around the individual as a network (Budak

etal., 2017)

Figure 2.21: Representations of ideal boundary and permeable boundary, Philip
Beesley (Url-10).

24



Based on the same form language, Hylozoic Ground (Figure 2.22) acts as a living
creature which response to the user with air, water and light. The installation consists
of microprocessors and proximity sensors, which are attached to thousands of lightly
structured and digitally manufactured parts, reacting to human beings. This responsive
environment acts as a gigantic lung that exhales externally and is an example of a
permeable boundary representation in the sense that it does not define a sharp
boundary. Beesley (2014) questions how energy changes can be incorporated into the
architecture. The projects on the possibility of using air, gas or liquids as new
architectural material by manipulation work as a “living mechanism” with his own
expression, perceiving the sensors personally and reacting with motion, heat or light.
Current developments in technology may allow creating a completely new built

environment typology using thermal, acoustic, chemical and electromagnetic energy.

Figure 2.22: Hylozoic Ground, Philip Beesley (Url-11).

In Earth Moves: The Furnishing of Territories, Bernard Cache (1995) writes “Our
brain is not the seat of a neuronal cinema that reproduces the world; rather our
perception are inscribed on the surface of things as images amongst them” (p.81). The
view of our surroundings can be considered as a reflection of our interpretation of
them. Therefore, the way of seeing is crucial to the understanding of space,
architecture, territories and everything else. Therefore, Cache concerns about
expanding the limits of our understanding of the space. Images could always be read
as abstract mathematical elements and relatedly all physical elements can be simplified
into pure geometric forms in some extent. For instance, to redefine a landscape, Cache
interprets that all the variations of the landscape can be converted into geometric
shapes. Further to this assumption, he translates a vector that projects onto an abstract

line of the terrain. He draws an inflection in between points (Figure 2.23).
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Figure 2.24: Earth, water and air drawing by Paul Klee (p.24).

Reading our surroundings without identity allows infinite change and creative
possibilities that might push potential developments (Cache, 1995). Accordingly, re-
reading the concept of the boundary between the self and space through different
modes of abstraction is essential to gain a new understanding. Similar to Cache, in
Pedagogical Sketchbook, Paul Klee describes the world, nature, naturalness,
everything on earth, water, air, dimensions of the human body with moving lines
(Figure 2.24) through a free creation of abstracted forms (Klee, 1925). In a similar
approach, John Ruskin's illustration that shows the common forms with the curvature
of mountains, trees, plants, and shells, defines abstract lines which derived from nature
(Figure 2.25). In his view, various curves at very different scales are to demonstrate
infinity. this interpretation towards the dynamic behaviour of natural elements exhibits

his attention to variations and flows.

Figure 2.25: Abstract lines, plate from The Stones of Venice, John Ruskin (Url-12).
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3. CREATIVITY AND SUBJECTIVITY

Computers have languages and in order to learn how to communicate with a computer,
firstly the user need to learn that language. Besides that, design which is art with a
content in a way, has an ambiguous “nature” with many unpredefined processes. The
intersection of technology and design, how they overlap or how they can make a
synthesis are quite experimental processes and that process also might lead the
designer to a great discovery. In this section, digital creative processes and some

computable aspects of the notion of flow will be introduced.

3.1 Digital Creative Process

In my first paragraph, I say “You are alive”, though I was not specific as to who “you” really is. I
imagine that text might someday simply reside on a public-data server. The giant information
organisms we call “webcrawlers” quietly creep over the web, assimilating new information into
their behemoth brains. A brain cell might one day go active and attempt to interpret my text and
get the line that declares “you are alive.” And, thus, I christen thee to be alive, my friend computer
(Maeda, 2004, p.50).
Computers as a medium in the world of design have changed both the final products
and the creative process. Unlike conventional methods, computation lets new
possibilities, unique designs which can be never imagined or be drawn without
computation. Obviously, the challenge is to uncover the properties of computation.
Since, while creating a line, drawing with a mouse or a pen does not make any
difference (Maeda, 2001). Computation of generative images needs a completely
described set of commends to appear in the display. Therefore, instead of focussing on
how to visualize the idea, abstraction of the idea comes into prominence.There are
numerous sorts of code. Some of them represents a series of instructions and mainly
is called as an algorithm that characterizes a particular procedure with enough detail
to enable the directions to be taken after. There are also numerous approaches to
compose an algorithm. The structure of algorithms is like many different ways to
choose to go from one place to another. Each person can reach their destined place

via various directions (Figure 3.1).
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Figure 3.1: The reinterpretation of program flow diagram of Bohnacker.

The design process has undergone major changes with programming and therefore
computational design. Design ideas must be abstracted and translated into the syntax
of the computer's language so that they can be “told” to the computers. The generated
source code is read by the computer and so that the outcome is produced. In this
process, the designer constructs the algorithm of the idea and the source code,
evaluates the resulting product and changes the code and algorithm if deemed
necessary. Thus, the design process itself is emergent when the outcome is not defined
determinately.
Writing code is one gateway for realizing these new forms. Learning to program and to engage
the computer more directly with code opens the possibility of not only creating tools, but also
systems, environments, and entirely new modes of expression. It is here that the computer
ceases to be a tool and instead becomes a medium. We hope the following chapters will provide
evidence for you to draw your own conclusions about the potential of software in the visual
arts (Reas, 2010, p.25).
Every a programming language encourages a certain mode of thinking. Writing a
program with a visual programming language provides an alternative way of thinking
with code. The use of software in the arts can be made for production or conception.
Production can be identified as computerization which the computer is used to produce
a preconceived form; on the other hand, conception is basically a computation.
Conceptualization requires the computer that participates in the development of the
form. As Bernard Cache (1995) defined “CAD systems have certainly increased the
productivity of the idea, but fundamentally they offer no advances over the work done

by hand. Now, we can envisage second-generation systems in which objects are no
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longer designed but calculated” (p.87). Even though software proposes many creative
tools, they keep the designers in the limitations of existing. They even separate in
between by the production of specific types of forms. In order to go beyond the
limitations, “It is necessary to customize existing applications through programming

or to write your own software” (Reas, 2010, p.25).

On the computation and computerization, Fishwick (2006) mentions two main
tendencies in human-computer interaction. Before Human-computer interaction, the
users were assumed to conform to the machine. However, in the first generation, “The
aim was to minimize the cognitive load on the user by optimizing the interface to best
fit the abilities of the general human” (p.358). In the second generation, the aim turned
into “supporting the continuing dialectical development of the human use of computer-

based tools ’(p.358). Human-computer interaction comes into prominence and

computers became a tool in the skilled workers’ hands (Figure 3.2).

Figure 3.2: The reinterpretation of the tendencies classification of Fishwick.

In early times, reducing the amount of time that needed to create a complex, repetitive
composition was often the motivation for the early adoption of software and its
integration into the creative process. Comparing working by hand, now the artist can
create many versions of their work and choose the best in the same amount of time

(Figure 3.3).
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Figure 3.3: Generative design, Matt Pearson (2010, p.114).
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3.2 Computation of the Notion of Flow

This section presents issues in the notion of flow as a way to establish the dialogue
between creativity and computation in the process of conceiving digital
representations. The creative process is discussed in terms of representing conceptual
and perceptual structures of flow metaphor across computational and visual
expressions. In this context, correspondence between conceptual and actual structures
in computing are investigated. It is also presented preliminaries and essentials in the

computation for defining flow metaphor in visualization.

3.2.1 Animated form

“Increase in movement produces more fluid relations, e.g. in water or in air, the ideal

dynamic media” (Klee, 1956, p.255).

An element or a moment in a flow can be considered as a still frame produced by the
freezing movement of geometry. The forms are also commensurable to something that
happens, an occurrence or an event. another way is its production through in a

computing engine to create it direct deformation or parametric variation (Picon, 2010).

Contemporary digital designers generate their projects in complete reality with its
continuous fields and forces that generate motion. In this approach, form does not
appear as determined from outside, like a figure cast in a mould. It is rather be shaped
by forces to constitute the true context of the project. The reason for experimentation
in computational outline is to investigate the structure and properties, the way they and
their formal items can be controlled. As Tierney emphasized (2007):
An operational approach to architecture allows designers to subjectively observe unfolding
over time, such as the growth of a plant, or the different patterns and relations that occur
through inhabitation of a space. Form is then generated dynamically through the interaction of
the designer, as well as the working of the algorithm (p.121).
Animation methods deconstruct the terminology of form-generation, to examine the
metaphors in use as a means to acquire a deeper understanding of the process. Form-
generation, here, is mainly related to time, growth, and movement. In actuality, all

objects change over time; it simply depends on the frame or breadth of measurement

one uses (Figure 3.4). In other words:
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Every object is actually an event. For example, if one were to monitor a chair (a supposedly
static object) in a classroom over the course of a 24-hour day, it would seem to be animated,
that is to say to have a life of its own, constantly moving and migrating as a result of the actions

of its numerous occupants during the day (Tierney, 2007, p.121).
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Figure 3.4: Contact sheets for Twill, Matt Pearson (2010, p.18).

Through a programming language, the computerized image is built, not drawn.
Obviously, the digital image is constantly relative, continually opposing any
essentializing endeavours. This can lead to creative processes if learned by other
mediums. Provided that, at that point, aesthetic discipline is needed to be available to

redefinition by the reception of computerized strategies.

To describe motion in still images, either a series of images of change are drawn, or
moments that affect motion are captured. Symmetry or order is thought to be static,
while asymmetry and confusion are said to express variability and movement
(Gombrich,1982). The lack of geometric clarity may increase the impression of
movement. During looking at a picture, the moments when the eye sends the “difficult

to capture” message to the brain may be seen as images depicting movement. Gerard

Richard's paintings can be a powerful example of this situation (Figure 3.5). The

difficulty of combining the parts of the observer may seem like the difficulty
experiencing when finding out the body and limbs of a person dancing in real life.
Richard obfuscates and enhances the imagery. It gives the impression that his paintings
are moving for a few seconds. Even the repainting of photos of the dead bodies, the
viewer questions whether the place where the body is on the ground or floating in the
air.If the visible world and the perception of the images were not a process in time,

static images would not create perceptions about motion.
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Figure 3.5: Singer and Man shot down, paintings, Gerard Richard (Url-13).

In order to describe dynamic processes or movements, visual series of flow-lines may
be used, therefore any rule, being a dynamical rule, prescribes a flow. A dynamical
equation has a continuum in the visual output if the flow-lines can be transferred onto
each other. If the reference is given from the time period when the computer is not

being used, Paul Klee's sketch series on form represents the movement of nature in an

abstract way (Figure 3.6). From the simple forms to the complex combinations of

pictorial elements, movement remarkably stands in his drawings. The hand-drawn
images are gestural, therefore it is contingent on the artist’s momental movements.
Digitally constructed process-image operates as a set of instructions due to

underwritten in code and can give unexpected results in the run.

Figure 3.6: Dynamised starfish, pencil drawing (Klee, 1956, p.61).
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The moire pattern's transformation also resembles an animated continuum of flow

(Figure 3.7). Even though the moire effect is an analogue method, shifts between layers

gives wavy results. The moire effect is created by overlaying two or more relatively
simple patterns. the alignment overlap and differences between the component fields
cause secondary patters to appear. The emergent organisations of wavy areas, curved
lines and the complex patterning of the moire effect is the interface that occurs between
two relatively simple and repetitive fields of units. If one shifts the component fields,

the pattern shimmer, disappear and different ones appear (Hesel & Menges, 2006).

&

Data can be a medium for digital realism and its variation in the process makes

Figure 3.7: Moire pattern (Url-8).

3.2.2 Data series visualization

visualizations fluid. A time-series visualization shows data collected over a long period
within a single image. It compresses many moments into a single frame. A time-series
image can be a single, static image or it can be an animated image that combines data
through motion. By using time as the ordering principle, changes become clearer
(Reas, 2010). Collected data can describe and represent the things that aren’t visible.
This makes data visualization is interesting because the same exact data can give
different perspectives. For example, in their project Cabspotting, Stamen Design
highlights patterns driven by data which is the New York taxis’ paths in this case
(Figure 3.8). Traffic data on taxis in a city tell us about citizens’ daily routes in a city
through the rhythms of data transition. In the project, through line density by tracking
the devices attached to the taxis the city grid and circulation patterns are drawn. Global
positioning system data points are connected by lines visualising the paths. In
visualizing data, even though inputs are totally given, biases can never be totally

avoided.
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Figure 3.8: Cabspotting, Stamen Design (Url-14).
3.2.3 Simulating the complexity

Simulations consist of three parts such as variables, a system and a state. A variable,
which is a value, represents a component of the simulation. A system is the way of
interact variables interact. The values of the variables are the state of the system. To
simulate anything there need to have an infinite number of variables. Making a
software for simulation means selecting a finite number of variables from an infinite
number of options and all simulations run as a series of time steps. After the simulation
starts, each time at each step the values are recalculated. Simulation is the creation of

the possibility of form and very open-ended.

The use of simulations can be the reproducing the natural world or generating novel
and unexpected forms. If the system that wanted to be understood is too large or too
complex or it is needed too much time, it is quite hard to explore a system. Computers
(or computing) offers a new way to explore and to test. Many natural phenomena now
can be described in equations and procedures, therefore flow simulation has been

explored in depth using computers.

To observe the movement of particles, the water ink diffusion experiment would be an
easy to explore example (Figure 3.9). Particles behave in two ways. The ones in the
high-density ink areas fall to the bottom of the water, however, the ones in the low-

density areas move alike to floating in the water. Due to the surface tension of the
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particles, the water and the ink are fixed to each other. This is an observation that
simply describes the movement of liquids in slow motion as a result of surface stresses

and density differences.

Figure 3.9: Motion of the ink in the water, personal experiment.

At slow flow rates, the straight and parallel streamlines to the direction of flow can be
depicted simply in terms of two-dimensional streamlines. Fluid flows develop chaos
when a certain threshold is exceeded. A velocity field is unpredictable and fluctuates
randomly produce a large change to the motion of fluids. When the mean flow
becomes into an unstable and more complicated laminar motion, a sequence of such
instabilities turn to even more complex and random structures. These presences of
multiple swirling motions, called turbulent flow, can be observed when watching
ocean waves, rivers and streams (Figure 3.10). When there is a gradient of surface
tension at the interface between two phases, flow moves from areas of low surface
tension toward ones of high surface tension. Such as the wind, a strong convective

motion at the surface by a shear stress may be produced (Davidson, 2004).
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Figure 3.10: Two-dimensional turbulence showing a schematic of the flux lines
(Davidson, 2004).
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Mathematically, non-linear and chaotic nature of the flow of fluids has equations
which interpret and analyse. However, these equations are not able to provide a general
solution. Hence, there is no clear definition of every kind of flow. It is hard to consist
the properties of flows such as showing a random variation in space and time, the wide
range of scales, three-dimensional nature or diffusiveness with momentum, mass and
temperature. Simplified turbulence models as done in computational fluid dynamics

are used to model the flow motion.

Mentioned distributions can be defined with two different approaches such as Eulerian
and Lagrangian methods (Figure 3.11). Eulerian frames of reference are used to
objectify complex physical phenomena. The fluid travels between cells of fixed mesh
and this movement is viewed orthographic projection. In certain moments, a series of
still “pictures” can develop, and since every picture refers back to the same coordinate
system, behaviour can be tracked. Rather than being idealized, Lagrangian frames of
reference are premised on unceltainty and variability. The coordinate system moves
and follows the shape of the interface, so that origin not at a point fixed in space, but
at the centre of the subject. The frame is thus always subjective. Lagrangian frames
present simultaneous possibilities instead of as a linear march in which there can only

be one position for each moment of time (Addington, 2007).

Figure 3.11: Diagrams of (a) Eulerian and (b) Lagrangian methods.

By the evolving computational and numerical algorithms for the neighbouring
sequences, it has become possible to simulate millions of particles with a processor. In
recent years, Discrete element method became an effective tool for analyzing the
problems in the engineering field of intermittent and granular materials. Simulation
softwares using this numerical method for modelling the dynamics of solid particles,
calculates the position, velocity, contact forces for each individual particle. firstly,

simulation detects the contact points and calculates interaction forces between the
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particles (Figure 3.12). The resulting forces apply to the centre of particles to move.
At each numerical iteration step, velocity and acceleration are updated. The most
important feature of discrete element method is the modelling of the interactions of a

large number of elements without excessive memory requirements (Luding, 2008).

Figure 3.12: Simulations of turbulent flows (Url-15).

3.3 Subjectivity

Order and chaos, simplicity and complexity, the mechanical and the organic, aren’t necessarily
at opposite ends of a spectrum. They’re symbiotic, intertwined. Any line we might walk
between the two is a knife edge. Our very existence is poised between entropy and order
(Pearson, 2011, p. 27).
Algorithms and their outputs are like order and chaos, they both are codependent and
need each other. Describing a work as generative expresses a process free of control
and this generative process needs algorithms to appear. Algorithms are step by step
instructions for producing or accomplishing things. Like a recipe turning basic
ingredients into a cake, an algorithm is a rules-based system that receives and puts,
performs steps and produces outputs. For instance, rule cycle (or order) of an algorithm
might be: First, create a box; second, copy, rotate, and scale; then repeat the process
all over again. Definitely, parameters are the changeable drivers of an algorithmic the
system. Changing the parameters of a system can vary the design results, sometimes
dramatically different results from one to next. For the previous algorithm, with
changing the parameters such as the number of the times to repeat or position of the
axes of the rotation, the algorithm can begin to produce an enormous amount of

information (Figure 3.13).

37



Figure 3.13: Changes due to using different parameters in an algorithm.

The notion of predictability is associated with the human control. Traditionally,
designer has the full control of their design work. Design decisions are made by the
understanding and interpretation of designer who owns the control every step of design
process. However, creating algorithmic forms may go over the expected virtual
representations of ideas. Algorithms may give outcomes of probability, or complexity,

sometimes purely unimaginable.

As like Schotter, computer graphic from the 1960s produced by a structured operation
by random generators, the simple instructions may lead the drawing to the discovery
of new images (Figure 3.14). Traditionally, accumulative progression during design
processes is the main logic. tin order to compose elements into objects designers work
in a bottom-up approach. In algorithmic design, constructive combinations,
integrations, linkages, bifurcations are can be used as concepts so that the images turn
out at the unpredictable edges of visual creativity. The effects of change can be
visualized in relatively short times, compared to the time the single tool to create a

visual was hand drawing (Figure 3.15).

Figure 3.14: Schotter, Georg Nees (Url-16).
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(b)

Figure 3.15: (a) Uneven surface sketch (Klee, 1956, p.255) (b) Turbulence centred,
Georg Nees, 1965-1968 (Url-16).

3.3.1 Attractors

Attractors are virtual magnets which are imagined and programmed points in space
that either attract or repel other objects. As with magnets, the closer the objects are to
the attractor, the more strongly they are attracted to it (Figure 3.16a). Attractor
functions iteratively, meaning that with each calculation step, the velocity vectors of
all the objects within a defined radius around the attractor are modified so that they
move towards it. Obviously, if negative strength value is used, attractor repels (Figure
3.16b). This occurs as measuring the distance between the object and the attractor, then
defining a function to calculate the attractive force and applying the force to the

object’s velocity vector, the structure starts to be deformed.

(a)

Figure 3.16: (a) The pull and (b) push effects of an attractor.

Attractor function is time-based, each time a program is iterated, the function makes a
minimal effect on the environment. Forms gradually emerge that can not be generated
any other way or only with great difficulty (Bohnacker, 2012). They are also useful
when a large number of objects are to be gathered in one place or kept away from a

space as seen Eno Henze’s Der wirklichkeitsschaum (Figure 3.17).
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Figure 3.17: Der wirklichkeitsschaum, Eno Henze (Url-17).
3.3.2 Randomness and noise

The term, random usually signifies an unpredictable event. A random generator
created with the help of a computer, however, will never be able to create truly random
events or actions because the seemingly random sequence of numbers has been
generated by an algorithm (Figure 3.18a). This is called determinism in computer
science, meaning that the sequence of values is determined by the initial condition.
The random command generates an identical sequence of values when working with
the same random generator. In many programming languages, the initial condition is
set unnoticed in the background, thereby creating the illusion that real random values

are created each time the program started.

(a) '

(b)

Figure 3.18: Representation of y-coordinate under (a) random and (b) noise
function.

Using computer as an idea generator notion of randomness, complexity can be defined,
codified and tested. Random generators simply reproduce or sets a specific sequence
of random values, however, this is not sufficient to mimic natural phenomena such as

clouds, water mountains, hair, smoke, etc (Figure 3.19a). The random generator
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“Perlin noise” is needed to produce these kinds of effects (Figure 3.18a). Perlin noise
generates sequences of values with smooth transitions and the values increase or
decrease in a seemingly natural way (Figure 3.19b). Randomness in algorithms can
produce unpredictable results. But as Terzidis (2006) states:

Unlike chaos, a random rearrangement of elements within a rule-based system produces effects

that, although unpredictable, are intrinsically connected through the rules that govern that

system. In the field of design, similarities may exist on formal, visual, or structural levels

(.21).

(b)

Figure 3.19: Texture from (a) randomness and (b) noise (Bohnacker, 2012).

An algorithm which applies variables chosen randomly so as to provide multiple
solutions and flexibility may create complexity due to the fact that any deviation from
an orderly placement creates randomness. The notion of random process innate to the
ability to involve unpredictable events resembles natural processes. Eno Henze’s
Ambush series is created by Perlin noise function which is superimposed noise of
various frequencies (Figure 3.20). It creates random structures similar to those of a

natural phenomenon such as a water surface with waves of different sizes.

Figure 3.20: Ambushes, Eno Henze (Url-18).

The random or noise values may be used in different ways such as to colour objects,
to set the height position of the points in a grid, or to control the movement of a swarm
of agents. Via changing the height position of the points in a grid, pseudo-realistic

landscapes, water or clouds can be represented (Figure 3.21).
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Figure 3.21: Pseudo landscapes generated by Perlin noise argument.

In order to animate swarm of agents, noise functions are used to assume the positions
of agents. The positions of the agents are uploaded and drawn in each frame iteration.
The three-dimensional noises can be thought of as a large cube of random numbers in
which the individual values differ only slightly from their neighbours. If the agents
move in the area, but the random numbers for their movement are selected from
different layers of the random number cloud, they are no longer bound to the same
paths. The closer the z-coordinates lie to each other, the more they cluster together.
The image becomes even more dynamic when the z-coordinates are changed slightly
and continuously. As an example, Kokkukia uses the emergent capacities of Swarm
Intelligence as an urban design methodology at their proposal for the Melbourne
Docklands. The self-organisation of structures and the interaction of autonomous
agents creates an emergent behaviour by using algorithm as an urban design tool and

generates a complex urban system (Figure 3.22).

Figure 3.22: Swarm urbanism, Kokkugia (Url-19).
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3.3.3 Morphing

Mathematically, generating three-dimensional objects like spheres, cylinders, or other
complex forms is simple tasks. However, a two-dimensional grid of points is not easily
definable. Morphing is a formalistic approach that has both change and stability. The
relations change during transformation. According to Terzidis (2006):
An initial shape A can be transformed to a target shape B by applying any number of in-
between steps. All the points of shape A are mapped onto shape B and vice versa. Furthermore,
once the rules of transition have been established, the transition can be allowed to continue
extrapolating beyond its target (p.50).
In order to transform two-dimensional planes into three-dimensional planes, a
mathematical formula has to be applied to each point (Figure 3.23). Obviously, even
though the same formula is used different value ranges that used in the formula
generates different shapes (Figure 3.24). Generating a number of grids and displaying

them to an arranged mesh and changing the mesh to define new forms is also gives

many flow-like forms (Figure 3.25).

OOV

Figure 3.23: Deforming of a circle.

Figure 3.25: Formulated shape and the deconstructed meshes.
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3.4 Flow Conception in Between Objectivity and Subjectivity

An attempt that to create a perception of nature can extend it to a new series of creative
experiences. For instance, in science, testing some perceptions, experiments and
observations can open up the unfoldment of notion and creativity. In lateral means,
imagination means “the ability to make mental images” which imitate the forms of real
things (Bohm, 1987, p.273). The creative inception of new forms is experienced as
both visual images and sorts of feelings, tactile sensations and kinesthetic sensations.
In a way, when imagination gets an output (a result), it makes that “imaginary”
relatively fixed for a moment. Even though science and art seem to have a rigid
separation between them, recent works show that they come into a middle ground and

create many rich possibilities by involving each other.

At the end of the 19th century, many scientists did recordings to observe movements
of air. Scientific observations, recorded through photography (chronophotography),
would help to understand how a liquid reacts to the passing of an object. Beside other
scientists, Etienne-Jules Marey made many experimental shots of a steady stream of
smoke within a closed device with transparent walls with some different shaped or
angled surfaces on the path of the smoke (Figure 3.26). The experiments were to
explain aerodynamics or propelling in fluids, ventilation, all things related to

movements of air.

Figure 3.26: Smoke, Etienne-Jules Marey (Url-20).

Gyorgy Kepes's works to unify science conceptions are still inspiring. As first pivotal
attempts to integrate the disciplines such as arts and science, in a time when there is

no animation software, the works of Kepes are on simulated effects, better described
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as motion pictures, and photography of lights and objects under various illumination

conditions (Figure 3.27).

Figure 3.27: (a) Abstraction: Surface tension #2, (b) luminous wall, Gyorgy Kepes
(Url-21).
In the1960s, Desmond Paul Henry invented the mechanical analogue computer,
originally operated by two electric servo-motors and air-pressure. Drawings are
produced by combinations of pen-movement and table-movement. The pen is moved
in elliptical paths of various dimensions, and the harmonic table-movements distort
the ellipses at selected points, at the same time shifting the paper in a curved path. The
method of paper-shifting and ellipse distortion is such as to introduce varying degrees
of randomness into the designs, thereby ensuring that no two are exactly alike (Figure

3.28).

Figure 3.28: Drawings produced by the Henry Drawing Machine (Url-22).

In the architectural field, design is considered as the organization of materials that
controls and arranges energy flows. As a whole, it is an energetic organization that
balances and sustains material forms, concurrently and indivisibly. Though matter and
energy are divided for identification, they are indistinguishably connected (Fernandez-

Galiano, 2000). In physics, the boundary is not a static field, is a layer moving between
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the two fields. This layer occurs as a result of energy differences which depends on
various states such as temperature, pressure, density. high-resolution thermal camera
shoots (Figure 3.29) in ORA film, can be considered as an example of how to define a
gradient interconnection between energy differences in terms of an artistic
interpretation (Url-26). The scenes in the film involve a second layer of gradient
colours surrounding the dancers' bodies and the colours form a thermal space informed
by synchronously moving dancers in the same area. Sean Lally points out the gradient
light of a street lamp in a dark street as an example to boundary state of the energy
(Lally, 2007). Lally highlight that people feel safe when they enter an area which is
restricted by the light, even though there is no physical obstacle. An interactive
installation, Transcending Boundaries (Figure 3.30) can be exemplified, which leads
the audience to perceive and question the limit of space by only differentiating the

qualities of light.

Figure 3.29: ORA, Philippe Baylaucq (Url-23).

Figure 3.30: Event-based visualization, teamLab (Url-24).

In a similar manner, in 1993, long before the digital devices used in teamLab's or
Baylaucq's works, Olafur Eliasson made an installation which is a curtain of fine mist,
projected by a spotlight (Figure 3.31). In a darkened space, a rainbow can be seen in
the falling water from certain perspectives. The view of rainbow disappears or shifts

in intensity by the position of the viewer. Eliasson focuses on the “production of
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atmospheres” in his artworks. His stage-setting artworks are to actualize the

atmosphere real-time embodied image via lightings.

Figure 3.31: Beauty, Olafur Eliasson (Url-25).

As another prototype, Philippe Rahm's Gulf Stream (Figure 3.32) creates a thermal
space via the movement of air using the natural phenomenon of convection, in which
rising hot air cools on contact with the upper cool sheet and, falling, is then reheated
on contact with the hot sheet, thus simultaneously, creates a constant thermal flow akin
to an invisible landscape. Rahm states that instead of structuring architecture on a

current of air, he opens up a fluid, airy, atmospheric space and generates a landscape

of heat (Rahm, 2008).

Figure 3.32: Gulf Stream: Simulation and Venice Biennale installation (Url-26).
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4. INTERPRETATIONS OF FLOW ALGORITHMS

Interpreting of concepts and defining the conditions of flow conceptualize the dynamic
render of possibilities. According to Bachelard's general approach to the nature of
science, scientific objects are ‘“technically produced in a continuous process of
assemblage, rectification, and repetition” (Rheinberger, 2010, p.12). All scientific
events do not have to be taken from nature since technology produces its own nature.
Yet, the process is a “recursion” which both the scientific object and the knowledge
are nested. Science itself is now a “phenomenonotechnique”. In other words, technique
produces phenomena. This phenomenological structure of the digital may reproduce
novel perceptions. Now the virtual and the real combine to create the digital reality.
Our scientific knowledge must include a never-ending restructuring and correction
process. This requires a new conceptual repertoire of knowledge production analysis

combining experiment and observation.

4.1 Methodology

In this chapter of the thesis, to explore the potentials of the conceptual and
phenomenological properties of flow, algorithms will be investigated and examined
through the experiments. Under the titles of concepts related to flow, algorithms and
simulations with the production processes of the two and three-dimensional images
generated in the digital environment with selected techniques will be presented. The
flow metaphor was sought to be based on a behavioural basis by investigating how a
non-mechanical motion understanding could be produced in a computer environment
through simulated tools and models in the design process. Algorithmic “abstraction”
will be made in Java-based ‘“Processing” with various explorations providing a
conceptual image. The animated (looped) series have made to precisely choreograph
the development of the process. In order to explore the potential of the algorithms, the
understandings of the relation between the elements and techniques have presented. In
order to generate variations of fluid behaviour, Autodesk CDF is used as a

computational fluid dynamics software. Physical model experiments were carried out
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to analyze the concepts of motion and transformation depending on time, and the

motions of liquids were experimentally tried to be defined.

4.2 Flow Fields

Vector field is a function that has variation and a way of visualizing functions that
have the same number of dimensions in their input as in their output each individual
input point. A variation is a multivariable real number function which converts a point
into a new point. As a whole class of functions, variations have external parameters
needed to get a specific function so that in a different function, a different set of
parameters will be given as results. Simply, if the decision; to have every vector in the
flow field pointing to the right (Figure 4.1a), to point in random directions (Figure
4.1b), points towards the centre (Figure 4.1c), or a 2D Perlin noise (Figure 4.1d):

(a) for (int i = 0; 1 < cols; i++) {
for (int jJ = 0; jJ < rows; j++) {
field[i][j] = new PVector(1,0);}}

(b) for (int 1 = 0; 1 < cols; i++) {
for (int j = 0; j < rows; j++) {
field[i][J] = PVector.2D(Q; }}

(©) PVector v = new PVector(x,y);
v.here();
field[i103] = v;

(d) float xoff = O;
for (int 1 = 0; 1 < cols; i++) {
float yoff = O;
for (int j = 0; j < rows; j++) {

float theta = map(noise(xoff,yoff),0,1,0,TWO_PI1);
(---D3WUri-27)
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Figure 4.1: Vector fields variations.
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If it is imagined droplets of water flows instead of arrows and describe that flow
mathematically, it is needed to look at every given point the particles moving in some

different ways.

ArrayList<PVector> points = new ArraylList<PVector>();
)

void setup() {

)

for (Float x=-3; x<=3; x+=0.07) {

for (float y=-3; y<=3; y+=0.07) {

PVector v = new PVector(x+randomGaussian()*0.003,
y+randomGaussian()*0.003);

points.add(v); }}}
void draw() {

)
float xx = map(p-x, -6.5, 6.5, 0, width);
float yy = map(p.y, -6.5, 6.5, 0, height);

PVector v = new PVector(0, 0);
¢.) }Yri-28)

Assigning a vector to describe the motion of each fluid particle at each different point
gives a vector field (Figure 4.2). Each of the point moves along a vector from the
vector field and trace lines build the resulting image. The field vector changed to a

constant variable such as (0.1,0.1).

PVector v = newPVector(0.1, 0.1);

Figure 4.2: Points as droplets of water abstraction and the movements of points
along vectors.

Flow-lines which create visual pathways generates forms and increase the visual
momentum of the design work. Lines has the ability to create an virtual chaos and
emergence of a new being. Applied with forces, lines change direction or get broken
or split and tend to give dynamic images (Figure 4.3). These linear flows indicate

possibilities as they exhibit metamorphic thresholds. By the range noise function
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(value from 0 to 1) and the point’s position, the variables of scale and strength of the

noise are calculated by the angle properties [sin()/cos()] in polar coordinates.

float n = TWO_PI * noise(p-X,p-y);
PVector v = new PVector(cos(n),sin(n));

Figure 4.3: Perlin noise field generation.

If the scaled to range [-1.1] noise is multiplied by different values such as 10, 100, 400
or 1200 (Figure 4.4, 4.5):

floatn = 10* map(noise(p-x/5,p.y/5),0,1,-1,1);
PVector v = newPVector(cos(n),sin(n));

Figure 4.4: 10 and 100 times scaled noise fields.
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Figure 4.5: 400 and 1200 times scaled noise fields.
If the length of vector is changed by scaling the input coordinates (Figure 4.6):

floatn = 5*map(noise(p-x,p.y),0,1,-1,1);
PVector v = newPVector(n,n);
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Figure 4.6: Noise fields by scaled input coordinates.

A parametric curve function is used to convert noise() and the noise scale is changed

(Figure 4.7):

floatn = 2*map(noise(p-x,p.y),0,1,-1,1);
floatsinn = sin(n);

floatcosn = cos(n);

floatxt = sq(sinn)*sinn;

floatyt = sq(cosn)*cosn;

PVector v = newPVector(xt,yt);
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Figure 4.7: Noise fields by curve function.

Points that moves with vectors out of variable noise functions can give a flowing water

result (Figure 4.8):

PVector vl = vexp(p,1l);

floatnl = map(noise(vli.x,vl.y,time),0,1,-1,1);
floatn2 = map(noise(vl.y,vl.x,-time),0,1,-1,1);
PVector v2 = vexp(newPVector(nl,n2),1);

PVector v = newPVector(v2.x,v2.y);

Figure 4.8: Horizontally moving points field.

All above operations can be used to generate flow fields, flow-lines as contours show

a direction of movement and can be used to follow the fluid exterior lines of a form.
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4.3 Multiplicities

Multiciplity is defined by variations and derives from folding or twisting of elements.
The variations as simple remappings of a plane can be dependent on a function that
defines the behaviour of the variation. Applying a transform to a set of coordinates
involves transformation to the coordinates and a variation function can be applied to
the transformation. This lets to change the coordinate systems of the variations.

Calculation of a simple identity function is drawn as a grid (Figure 4.9a):

void draw() {

it (go) {

for (int i=0; (i<20)&go; i++) {

for (Float x=x1; x<=x2; x+=step) {
drawVariation(x, y);}

y+=step;

void drawVariation(float x, float y) {
float xx = map(x, X1, x2, 20, width-20);
float yy = map(y, yl, y2, 20, height-20);
point(xx, yy):;} (Url-28)

A sinusoidal function drawing can be started with linear folding (Figure 4.9b):

void drawVariation(float x, float y) {

PVector v = new PVector(X,Yy);

float amount = 3.0;

v = sinusoidal(v,amount);

float xx map(v.x+0.003, x1, x2, 20, width-20);
float yy map(v.y+0.003, yl1l, y2, 20, height-20);
point(xx, yy);}

PVector sinusoidal(PVector v, float amount) {
return new PVector(amount * sin(v.x), amount *

sin(v.y)):}

B

(a) (b) | i

Figure 4.9: The grid of floating point values and linear folding.

If a curve function which uses polar coordinates to calculate x and y is applied to

vectors with different angles (Figure 4.10):

PVector curvefunc(PVector v, float amount) {
float r = v.mag() + 1.0e-10;
float theta = atan2(v.x, V.y);
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float x = 8*amount * sin(theta) / r;
float y = amount * cos(theta) * r;
return new PVector(x, vy):}

Figure 4.10: Curve function generated fold.

A curve is generated by a mathematical function and defines the probability of any
given value occurring as a function of the standard and mean deviation. The output of
the sine function is a curve which had the behaviour known as oscillation, a periodic
movement between two points. Different sine values vary the formed curves and create
attractive forms with the oscillation curves. The shape of the oscillations are changed
by different frequencies and this expands the varying range of forms that are generated.

If the case is a Lissajous curve (Figure 4.11):

void calculatelLissajousPoints() {

lissajousPoints = new PVector[pointCount+1];

for (int 1=0; i<=pointCount; i++) {

float angle = map(i, O,pointCount, O,TWO PI);

float x = sin(angle * fregX + radians(phi)) * cos(angle
* modFregX);

float y = sin(angle * freqY) * cos(angle * modFreqY);

X = x * (width/2-30);

y =y * (height/2-30);

lissajousPoints[i] = new PVector(X, Vy);}}

void drawLissajous() {

¢

for (int 11l = 0; 11 < pointCount; i1l1++) {
for (int 12 = 0; 12 < il; i2++) {
PVector pl = lissajousPoints[il];

PVector p2 = lissajousPoints[i2];

d = PVector.dist(pl, p2);

a = pow(l/(d/connectionRadius+1l), 6);
if (d <= connectionRadius) {
stroke(lineColor, a*lineAlpha);

line(pl.x, pl.y, p2.x, p2.y);}}}} (Url-29)
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Figure 4.11: Lissajous figures with all points connected.

To simulate a soft surface such as water a wavy pattern could be used. According to a
precise period of the wave, some simple oscillations could be computed. In order to
move the wave, a variable dedicated to tracking different angle value with its own

angular velocity each frame is needed (Figure 4.12a):

void draw() {

¢

startAngle += 0.015;

float angle = startAngle;

for (int x = 0; X <= width; x += 24) {
float y = map(sin(angle),-1.2,1.2,0,height);
)

angle += angleVel;}}(Url-30)

By changing the values of multiple waves, complex waves can be produced (Figure
4.12b):

for (int j = 0; j < maxwaves; j++) {

float x = theta;

for (int 1 = 0; 1 < yvalues.length; i++) {

if g % 2 ==20) yvalues[i] += sin(X)*amplitude[]}];
else yvalues[i] += cos()*amplitude[j];

x+=dx[i1:}}}
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Figure 4.12: Wave generation.

The grid of points in the two-dimensional plane can be “a bent” to form the closest
areas. In order to draw such grid the most efficient way is to arrange the points in a
regular grid. The x and y values are used to find the value for z-position and the
function generates a wave-like shape when it combined with the sine function (Figure

4.13).

void draw() {

)

translate(width/2, height/2);

float ynoise = ystart;

for (float y = -squaresize; y <= squaresize; y+=3) {
ynoise += 0.02;

float xnoise
for (float x
colorMode(0);
d = map(sin(0.02*dist(width/2+x, width/2+y, width/2,
height/2) - TWO_PI*time), -1, 1, .5, 1);

float ¥ = map(sin(0.02*dist(width/2+x, width/2+y,
width/72, height/2) - TWO_PI*time), -1, 1, 0, 150);
)3}

xstart;
-squaresizeX; X <= squaresizeX; x+=3) {

Figure 4.13: Wavy fields.

58



4.4 Complexity and Order

Computing extreme quantitative complexity in traditional design processes is always
bounded in extent. However, combining an algorithm and a base image may be a
strategy that restrains the algorithm and creates an order within complexity. Images

are represented by a grid of pixels which are the smallest elements (Figure 4.14).

Figure 4.14: Pixelation of an image.

Reproducing images can be done by the data reducing each pixel to its colour value
and changing design parameters such as rotation, width, height and area. Such coding

can be written as:

for (int gridX = gridX < img.width; gridXx++) {
for (int gridy = gridY < img.height; gridY++) {
float tileWidth = width /7 (float)img.width;

float tileHeight = height / (float)img.height;
float posX = tileWidth*gridX;

float posY = tileHeight*gridyY;

color c = img.pixels[gridY*img.width+gridX];

int greyscale =round(red(c)*0.222+green(c)*0.707
+blue(c)*0.071);

float wl = map(greyscale, 0,255, 15,0.1);
stroke(0);

line(posX, posY, posX+5, posY+5);

break; (.)}}

Even though grids are diagonals with only two possible directions, they might make

0;
0;

complex structures. Overlapping creates new forms, connections and intersections.
Individual forms abandon their strict arrangement in the dynamic grid and submit to
random configurations. Sequentially, the pixels of an image are analyzed and
transformed into other graphic elements. Linearly lined up pixels are an array and the
pixel index data is taken from the grid position (gridX, girdY). Calculating the value
of red, green and blue may display and identify different parameters to control the
redrawn image (Figure 4.15). The way of thinking of human mind detects to find
restrictions in complex images, however computer redraws boundaries and generates

flowing alterations.
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Figure 4.15: Blurryzooms, stills of the animation, personal project (Url-31).
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4.5 Emergence

Emergent behaviour describes a system that depends on the relationships with one
another, not only on their individual parts. Complex systems have individually simple
elements, yet the behaviour of the system which emerges complex patterns is difficult
to predict. It has to be controlled and managed by comprehension of all the parts and
their relationships. Algorithmically, in order to get close to representing that
wholeness, agents and a stored a list of particles in an ArrayList is needed for managing
collections of individual elements. For simulation of animal behaviour, flocking as a
flow, agents in that list have to be implemented some rules as like concepts such as
steering a force formula, an implementation area of that force, alignment, avoidance

and moving towards the neighbour (Figure 4.16).

class Flock {

ArraylList<Boid> boids;

Flock() {boids = new ArrayList<Boid>();}
void run() {for (Boid b : boids) {
b.run(boids);}}

)

void flock(ArrayList boids) {
PVector sep = separate(boids);
PVector ali align(boids);
PVector coh = cohesion(boids);
sep.mult(l.5);

ali.mult(1.0);

coh.mult(1.0);
applyForce(sep);
applyForce(ali);
applyForce(coh);} (Url-32)
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Figure 4.16: Simple flock behaviour.
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If separation weight, cohesion weight, alignment weight and reproducing or reduction

based on density and lifespan is changed over time, flows in still images may be more

visible (Figure 4.17).

boolean isReduction() {

return (lifespan < 0.0);}

boolean isReproduction () {

return (age > 5 && density < 3 && density > 1);}
boolean isCrowded(){

return (density > 25);”}
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Figure 4.17: Flock change based on density and lifespan.

Applying drawing agents to vector fields and treating the values from noise as
acceleration results in behaviours similar to fluids such as laminar flow, transition to
turbulence or fully developed turbulence. The agents encapsulated in a class randomly
dispersed throughout the display with the step size is varied slightly. Calculated angle
using the agent’s current position can be influenced by the variables of scale and

strength of the noise (Figure 4.18).

class Agent {
PVector pos;
float angle;
void update() {

pos.x += cos(angle);
pos.y += sin(angle);
float xx = map(pos.x, 0, width, -1, 1);
float yy = map(pos.y, 0, height, -1, 1);

PVector v = new PVector(xx, VYy);

angle += map( noise(v.x, v.y), 0, 1, -1, 1);}}
ArrayList<Agent> agents = new ArrayList<Agent>(); (Url-
28)
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Figure 4.18: Agent-based turbulence generation.

Interactions between virtual entities which are staged by simulations represent the
concept of emergence bluntly. Deciphering the probabilities of emergences can be
made conveniently. Computer fluid dynamics has an appropriate content in the design
optimization due to its ability to simulate flexible fluid flow and thermal changes,
allowing data modification. Fluid dynamics simulations can be acquired both in mesh
and analysis. Today’s engineering sciences use to simulate natural phenomena or

mechanical studies by using the three-dimensional simulation tools.

In various situations using software, observing fluid behaviour and forms in real mania
with the simulation's complex and dynamic curvilinearities of the forms produced to

test a new design language formation can be made.

Diversified data such as the density of the liquid, the initial state (free flow or flow
with pressure), the volume of the liquid or the way it moves, obstacles are changeable
and comparable in simulation software. Computer simulations visualize fluid
behaviours that are difficult to observe in real time. In the same unit of time, with the
following experiments on computational fluid dynamics software which produces a
non-mechanical motion understanding in the computer environment, the design

process was tried by putting the flow metaphor into behavioural bases.

The important point in the flow of liquids is that the air in which the liquids flow is
another fluid having surface tension. Obviously, all the fluids have a contractile force

on the surface. The low surface tension in a path of liquid with the high surface tension
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affects the motion and shape of the fluid. If the fluid has a higher surface tension than
the current space it flows, the force causes an effect that fluid wants to flow from the
area of lower surface tension to the area of higher surface tension. At different

velocities and free or gravity flows, that motion has experimented (Figure. 4.19,4.20).

Figure 4.19: Gravity flows at different velocities.

Figure 4.20: Flows at different velocities.

In order to visualize how fluids behave and interact with each other or their
surrounding environment, the experiments over the space-filling qualities and the
dynamic aspects of the fluids have been made (Figure 4.21). The steady flow of a fluid
become faster in the narrower section and that space difference develops a transition

from laminar to a turbulent flow having a high fluid flow rate (Figure 4.22).

Figure 4.21: Streamlines of particles flowing across a narrow section.
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Figure 4.22: Flow encounters at different velocities.

The motion information of a particle over a time period captures the velocity of the
same particle. Thus, particle advection fields give the information of where the particle

moves in the next frame (Figure 4.23).

Figure 4.23: Particle advection of flows.
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5. CONCLUSION

This study aims to contribute to design thinkings by interpreting flows as both a design
object and a concept contributing to creativity. Conceptualization of flow via focusing
on qualitative features and possibilities may break down the threshold barrier between
virtual and actual. In this context, representations by means of algorithms are used as

abstractions of flows.

Design processes are based upon numerous instinctive knowing such as interpretation,
intuition etc. and do not take place in a wholly fixed or structured world. In algorithmic
design, mathematics involving design process can create a multitude of possibilities,
but the perfection of mathematical description of the process of describing the reality
can bring the designs to the expected and previously observed situations. Within
generativeness of algorithms, design process retains the capacity to surprise. In literal
means, digitalization is to reduce the processes and is more about process, not the
outcome. Unlike the manual world of design, explorations on concepts, processes or
terms are not entirely conceivable or predictable. If design is about virtuality and not
actuality, indefinite and uncertain conception in design processes should lead to the

creation of new thinkings.

The logic of algorithms let the designer explore the potentials of emergences and the
articulation of the ideas. In a way, algorithmic logic feeds the exploring design
possibilities. Traditional design or computerization of design precludes breaking down
the borders between the designer and the computer that keeps the ideas in a “black
box”. In short, the process's itself may be a constraint to the designer’s imagination. In
the actualization process of virtual, differentiation properties of algorithm create
genuine produces each time. In the same manner, the concept of flow related to
creativity and objectively of design can allow dialogue with other disciplines in the
context of design narrative, thinking, visualization and perception. To be or become
other and extending towards unexpected configurative transformations represented by

computational media change the view of interpretation of designers.
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Within this framework, this study explores the related notions of flow in nature,
science, thinkings and art. In chapter 4, under the concepts of flow, algorithmic or
simulated experiments have been made while the productivity of the concepts has been
diversified with the adaptable structure of the computation. The virtual forms explored
in this thesis are to liberate idealized approaches to the field of representation by
adding new functionalities to the codes. Observable forms and field-based renderings
of flows may be applicable to constructible forms by generating a new realm All the
topics being tackled in the query are mentioned to redefine definitive definitions and
terminate constraints. The state of formless condition of flows broaden concepts and
reject boundaries. This way of thinking is not on distinguishing but on the previously
unnamed hybridizations. Design should be considered through approaches that can
manipulate growth conditions of uncertainty, variability and incompleteness. In this
context, novel perceptions and abstractions to be possessed will have the potential to
widen the ideas of thoughts, imagination and design. When considering the “nature”
of design which actualizes itself through representation, abstractions and metaphors in

this thesis may have potentials to enrich emerging design ideas.
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