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0.1 PREFACE

Complex Adaptive Systems (C.A.S.), as theory,
encompasses a vast quantity of other theories from multiple
disciplines of science and mathematics. | set out on the
impossible quest to interpret some of the most complex
mathematical algorithms of genetic adaptation, biological
growth, quantum mechanics, and many other disciplines.
With the end goal of trying to develop an algorithm of my own
for the city, I quickly realized that my surface-level knowledge
of calculus, guantum theories, biological chemistry, and
genetics could not support a sufficient thesis. So, In
accordance with the advice of my professors, | decided
to implement the knowledge and expertise afforded to me
by my architectural education. Although | began with (and
structured my thesis around) research, | sought to conclude
with an emblematic architectural intervention as a sketch
design problem. This decision did have an impact on the
empiricism of developments. This is to say that, my slime
mold research lacked a sense of the ‘hard science’ which
it attempts to promote. 'l speak more on the limitations
of my research in ‘part ii.’ It is sufficient to say that the
empiricism of the topic of this book should not be judged
pbased on my interpretations of it. The scientific validity of
Complex Adaptive Systems as a theoretic foundation for
urban growth, development, and planning shall require
an extensive amount of research beyond the scope of
my Thesis. Yet, | had to work within the constraints of an
accelerated ( * accelerated compared to most two-year
Mater's programs) one-year Master's Thesis. | presume it
would require many students, educators, and professionals
working in collaboration with other to formulate testable
theories, algorithms, and other ‘tools.’

| stand by the contention that my Thesis intends
to produce; specifically, the city is a bottom-up process
that should be view in the context of Complex Adaptive
Systems theory. My arguments here are derived from a
culmination of research, observations, studies using the



scientific method, graphical analysis, and the application of
my architectural education. After my research arrived at a
point in which | could understand the topic well enough,
| began extrapolating C.A.S. into architectural diagrams,
sections, elevations, urban maps, and site analysis. After
all, this is my field of expertise; with five years of design/
interdisciplinary studies at the University of Detroit Mercy
and nearly three years of professional experience in the
architectural industry (as an intern). Therefore, it was my
goal to apply my newly found knowledge of C.A.S. to the
typical architectural methods of analysis. This is to say, that
the content of my sketch problem isn't nearly as exciting of
an endeavor to me as the ability to use C.A.S. as a tool-kit’
for the comprehension and development of truly informed
decisions, in terms of urban planning and architecture as a
profession.

| offer this Thesis book as a primer for the creation
of an empirical, testable theory which applies C.A.S. to the
urban condition. Cities, metropolises, and entire nations
can benefit from a greater understanding of urban growth,
divestment, and emergence. Once truly understood,
C.AS. theory could change the paradigm of modemn
infrastructure, transportation, energy systems (creation
and distribution), weather systems, economics, computer
science, genetics (of all organisms) and much more. With
time (efficiency), money (productivity), and quality of life
(health) at stake, everyone will gain from an advancement
of our understanding, and application, of C.A.S. theory. It
is the essence of my contentions that, like the colonies of
ants and bees in my analogies, the entire human macro-
population stands to benefit.
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0.3 OVERVIEW

This book culminates two semesters (and one
summer) of scholarly research. For fluidity, | have taken the
liberty of organizing my research based on conversations
(e.g. part i, part i, part iii) rather than the chronology of my
discoveries. In many ways, my Thesis development has
been dynamic and non-linear (in likeness of the theory
which it grounds itself upon). | will admit the intimidating
breadth of information of which I've attempted to cover; but,
| have attempted to arrange my analogies and arguments to
combat this issue with shear logic.

First, ‘part I' explains Complex Adaptive Systems
theory from several different perspectives (e.g. analogies,
scientific studies, etc.). A transition is then made from the
theory, as a science, to its relationship with architecture
and the city. Once the city (as a concept) is opened up,
then the interrelationships between each of its systems
can be elaborated. ‘Part i’ begins with this elaboration and
moves through to my design sketch as a response to rapid
global urbanization. Thereafter, ‘part i’ describes the direct
implementation of an analytic tool which incorporates C.A.S.,
the scientific method, and urban design. Lastly, | wrap up
the conversation in a post script intended to speculate on
the future,

In a way, this book should be viewed in the image
of Gilles Deleuze’'s “A Thousand Plateaus.” Similar to the
multiplicity our books intend to describe, the chapters and
their relationship with the others are interconnected in such a
way that you could begin reading on any page. There exists
a common motif intertwined within every chapter, image,
and analogy. It is inherent within the topic that this common
thread exists. Douglas Hofstadter, in his famous work “Godel,
Escher, Bach,” describes the links between symmetry, self-
repetition, mathematical algorithms, and the emergence of
intelligence as an “Eternal Golden Braid” (note: the G.E.B.
— E.G.B. wordplay was fully intentional). With all of this



having been said, | have chosen not organized this book in
a manner that could seem schizophrenic. The methodology
of my writings errs on the side of cohesiveness rather than
attempting to recreate the essence of a multiplicity through
sporadic placements of interrelated conversations.
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1.1 THESIS STATEMENT

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatiny electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23

The postulate of my thesis and of the general theory of
complex adaptive systems is: the emergence of high-
level, complex behavior of a (biotic or abiotic) system can
e abstracted as simple interactions between autonomous
low-level agents. These abstractions can be manifest in
a computational model, such as a computer software
program, and analyzed in an explanative manner (as to
understand that system in a definite and empirical way).
Once this is achieved, a truly informed design can be
fostered through the use of societal trends, information, and
patterns (aesthetic and behavioral).
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1.2 DEFINING CAS.

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatiny electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23

1.2.1 Complex

My introduction to complexity theory began with Gilles
Deleuze in “A Thousand Plateaus.” In this work, Deleuze
describes a multiplicity as “an entity that originates from a
folding or twisting of simple elements. Like a sand dune,
a multiplicity is in constant flux, though it attains some
consistency for a short or long duration. A multiplicity
has porous boundaries and is defined provisionally by its
variations and dimensions.” [2]. For me, multiplicity was able
to answer the problem of chaotic phenomena exhibited by
systems (later | came to the definition of this to be non-
linearity), such as the weather/climate systems. In the case
of classical scientific understanding, Newtonian physics
was only able to describe that which was deterministic, or
linear [8]. To illustrate, imagine a ball. This ball, in order to
move, must have a force which propels it; likewise, in order
for this ball to stop moving, there must be an opposing force
experienced by the moving ball. Based on our knowledge
of energy, force, and gravity, we can say that the ball is
acting in a manner which is determinate. Yet, as mentioned
earlier, weather systems are non-deterministic and cannot
be described by classic Newtonian physics [8]. But how
could this be? Weather is a system, and a seemingly
well understood one. We know the cycles of climate and
weather systems, types of clouds, and causes of change
in the form of precipitation. Yet, we cannot forecast weather
even hours away without a significant margin for error [8].
This is because weather systems are chaotic, non-linear,
and non-deterministic in nature; even the crux of Chaos
Theory, known as the butterfly effect, is based on and was



derived from the idea that a butterfly flapping its wings on
one side of the world can affect a weather system, such as
atyphoon, on the other side of the world [8,9]. That is to say,
that all movements in the high complex and integrated world
of air movement are affective to each and all parts [8,9].

1.2.2 Adaptive

The first descriptions of adaptation came from biology [4].
Viewed within this context, adaptation can be seen as any
process whereby a “structure is progressively modified to
give better performance in its environment” [4]. Essentially,
adaptive processes are optimization processes; but the
difficulty in studying these processes and forming a unified
theory liesin the complexity of the structures which constitutes
that which is adapting [4]. Viewing adaptation in this sense
(oetween all disciplines) entails “a commitment to viewing
adaptation as a fundamental process, appearing in a variety
of guises but still subject to unified study” [4]. John Holland,
developer of a complex adaptive genetic algorithm and a
professor atthe University of Michigan, says, onthe structures
which constitute the adaptation process: “we can see that
adaptation, whatever its context, involves a progressive
modification of some structure or structures...(whereby)

[4]. In other words, the properties of a system (the structures)
are modified by recurring rules (operators). An example of this
is seen in genetics, where the chromosome structures are
modified by the operations of mutation and recombination [4].



1.2.3 System

Systems theory has existed since the first man began
describing the world as he saw it. A system (of some
type) has been used to describe aimost every facet of our
universe, even before The Enlightenment or the industrial
revolution. Humans are cleverly equipped to recognize
patterns; not just in the aesthetic sense, but moreover, in the
systematic sense [5]. Being able to recognize the climate
patterns of seasons has allowed civilization to develop
agriculture; which has been the single most important
factor in the propagation of our exponentially expanding
global population [10]. Systems are everywhere and our
cognition has become keen on recognizing them [5]. The
drawing of connections into networks is a major component
to systems thinking; without it, these descriptions of
properties and behaviors could not be unified. It is once
the understanding of a thing's behavior can be described in
this unified sense which it can be referred to as a system.

1.2.4 Complex Adaptive System Theory

An agent is a single entity within a system
of many interacting agents [1]. The magnitude of
each agent is scale based and provides for a unified
understanding from macro-societal development to
micro-cellular development. Each agent has three simple
properties: each agent is autonomous, its behavior can
be abstracted into simple rule-based actions/reactions
(another way to say this is: if/then programs) and it has
a very small, but quantifiable, difference between itself
and another agent (that is, each agent is unique) [1].
Through these small differences, the interactions and
communications between each agent becomes distinct
and unique. When considering this on a macro-scale,
it can be somewhat overwhelming to think of each of
these interactions as having an influence on design
and form of urban development. But, it is each of
these low-level interactions which afford the high-level
complexities [1]. Just as brains are made up of smaller,
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simpler parts (called neurons) such is the city; made up
of a collection of individual interactions [1]. The synergy
of these interactions creates a situation whereby the sum
of the parts no longer equals the whole [1]. The whole
becomes transcendent of each individual part (just as
the ant colony becomes transcendent of an individual
ant). This transcendence is emergent, in that, nowhere
within the rules that govern the agents is this high-level
behavior programmed [1,5,9]. Rather, without a high-level
program governing its behavior can foster even greater
level of complexity, adaptation, and emergence [1,5,9].
This gives rise to a whole new meaning of intelligence. To
that point, C.A.S. as a science was originated on the idea
of artificial intelligence; an attempt to transform computer
programming into an adaptive system which has the
ability to learn and change its original programming to
fit the evoling environmental needs [1,59]. It was
then found that bottom-up programming (referred to as
cybemetics, at the time) was the most feasible way to
achieve their initial goals; and thus, laid the formwork
for the foundation of the science that is now C.A.S. [5].
From this point forward, intelligence could no longer
be viewed as explicitly coded (as if God had designed
intelligence and prescribed it); but rather, intelligence
could be described as being an emergent phenomena
not found in nature but springing forth from it [1,5,9].

C.A.S. theory, despite beginning as an artificial
intelligence science, has been extrapolated into a multitude
of other scientific disciplines [5]. Economics [9], genetic/
biological algorithms [9], symmetrical/fractal mathematics
[3], and contemporary healthcare [5] all have begun to
incorporate C.A.S. theory into their academic discussion.
C.A.S. theory has an amazing ability to encompass,
and be applied to, such a large portion of the everyday
phenomena we encounter [8].

Patterns emerge from the natural behaviors of
the system and it is the goal of scientific tools, such
as computer software programming, to extrapolate
these patterns into the link between non-linear, chaotic






the crux of current C.A.S. theorist and analysts [1].
Whereby, computers are being used to model the
interactions which take place between agents governed
by simple algorithms [1]. Through this, academics are able
to relate emergent (high-level) behaviors to simple (low-
level) rules [1,56,9]. This science is still very much in its
infancy; but the possibilities this type of modeling has to
offeris enormous. Itis, due to this infancy, that | was unable
to utilize any of the free C.A.S. modeling software | found
during my research. Yet, just knowing that this software had
been created and made of public use proves the amazing
pace at which technology and science propagates.
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1.3 BIOLOGICAL
ANALOGY

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatinv electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23

1.3.1 Decentralization in Nature

It seems unintuitive to consider a flock of birds as
being nonhierarchical. It's true that not all birds flock [8,9].
But, for those which do, just about every bird in a flock
seems to act and react in an orchestrated manner. At
first glance, one would be logically wiling to delegate the
pehavior of the masses to the directive of a single alpha-
bird. Yet, the research is overwhelmingly in favor of no
such orchestra conductor existing in any bird species
[8,9]. It's quite obvious to the scientific community
that the ability to direct the behavior of an entire flock
on command is an anthropomorphization of human
societal-dictatorships  being, improperly, imposed [8,9].

Similartoflockingbirds, isthe commmonmisconception
of ant colonies, bee colonies, termites and wasps. Of no
fault to anyone specifically, these insects (particular more
so with bees and ants) are commonly considered to be
slaves to a Monarchy. Ants and bees are known to have
a single mother which births most, if not all, of the colony
and, traditionally, she’s referred to as the queen [5]. The
confusion for most may derive from this name, at least in the
British Monarchical sense, because queens are generally
considered to be the ruler and single body of governance
over a colony. Yet, if that definition was to be applied properly
to ant colonies then the queen-ant would be removed
from the throne and replaced by ... no one [5]! Similar to
flocks of birds and schools of fish, these insects (classified
as the insect order; Hymenoptera) are decentralized [5].
Considering the complex nature exhibited by these



organisms the next logical corollary between their behaviors
and their societal structures could be high-level intelligence
of each individual organism. Must it be that each individual
possesses the brainpower to be able to blueprint the
entire colony simultaneously with performing their duties
to that colony? This could help to explain how ants, for
example are able to change their behavior based on the
needs of the colony (such as the finding of a new food
source or when there’'s danger) [5]. In actuality, this is
also false; comparatively, birds, fish and hymenoptera
insects have distinctly small nervous systems [5].

But each of these organisms, although
relatively  small-brained, have specialized functions
used for communication [5]. It is this communication
which defines the interconnectedness of these social
systems. Signally through sounds, body language, and
biochemical communication (such as pheromones) are
tangible explanation of the blueprint of a colony [5]. It
is through this blueprint (later to be referred to as, the
rules which govern the agents of a system) which the
hymenoptera colonies derive their functions [5]. Despite
the fact that no single agent comprehends the large-
scale blueprint, a colony of ants, for example, have
been observed performing some amazing feats; such
as, regulating the growth of symbiotically used fungi [5].

1.3.2 Biological Self-Organization

With little academic contest, it could be said that,
organic life began with a simple organism; more specifically,
most would argue, that this organism was only comprised
of one cell [8,9]. The cloudiness of this dialogue, and of the
evolution of life, occurs when trying to understand the advent
of higher functions, such as consciousness, which derive
their existence from a common ancestral cell [5,8,9]. The
establishment of DNA within the ancestral cell provided a
vehicle for propagated growth, adaptation and development
which fostered generational progress; whereby, the
successes of some mutations could be passed onto the



offspring [5,8,9]. After the single celled organism came
multi-cellular organisms [9]. Through this, simple cells were
later able to self-organize to form tissues, veins, and organs
[9]. All of these constructs then combine even further and
form networks of systems which comprise the total system
(i.e. ant colonies, our bodies, etc.) and have organized
intercommunication [9].  Yet, the orchestrator of this
constituted system isn't present within any of these colonies
of cells [8,9]. The relationship between the cell networks, is the
same device which its organization's genesis begot from [8].

DNA and the Ur-organism (or, the conception of the
firstliving thing) is now considered to have been self-organized
during the emergence of its first iteration [9]. In the 1950s
scientists were attempting to describe the earth’s conditions
during the advent of the first forms of life [9]. It was in 1953
that Stanley Miller and Harold Urey that an elaborate and clev-
er demonstration was designed to describe the self-organi-
zation which could take place in a proto-life environment [9].
‘Miller took molecules which were believed to represent
the major components of the early Earth’'s atmosphere
and put them into a closed system. The gases they used
were methane (CH4), ammonia (NH3), hydrogen (H2),
and water (H20). Next, he ran a continuous electric cur-
rent through the system, to simulate lightning storms be-
lieved to be common on the early earth. At the end of one
week, Miller observed that as much as 10-15% of the car-
bon was now in the form of organic compounds. Two per-
cent of the carbon had formed some of the amino acids
which are used to make proteins. Perhaps most importantly,

LOlmm . ) r

[T v/

[9]. It is this clam which begins the story of earthly, biclogi-
cal systems in the context of C.A.S. - but this only begin to
tell the full storythe whole story (of which, could also begin to
describe the cosmological universe as existing as an abiotic
CAS) [56,89]
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1.3.3 Living Architecture

Ants, bees, and coral are commonly known to
organize themselves in the forms of colonies. But this concept
of colony should not be interpreted casually. There seems to
be an intrinsic nature to the (self) organization of such simple
organisms, of which, is part of the “Eternal Golden Braid”
which exists in all Complex Adaptive Systems [3,5]. Through
our understanding and researching of such organisms (in
my case, my research focused on the equally important
slime mold colonies) we can develop the algorithms which
govemn these systems [8]. More importantly, once these
algorithms are developed we can begin to manipulate them
and affect them in an intentional and directed manner [8]. In
doing so, we will have applied an empirical understanding
of Complex Adaptive Systems resulting in an intentional
outcome (with little or no unintended conseguences...
which cannot be said with societies current paradigm) [8].
Based on my current understanding of Complex Adaptive
Systems, a simple/small change in the non-linear C.A.S. will
result in a drastically different outcome (compared to what
the system may have looked like or behaved if the simple/
small change hadn't occurred) [8]. Complexity emerges out
of the simple low-level interactions; thusly, affecting these
low-level rules creates a complex change [8]. Although |
am speaking (currently) in terms of colonies of organisms,
this analogy should be able to be directly applied to urban
planning/theory, neuroscience, and many other disciplines.

The low-level nature of ants, bees, and (hard) coral
afford the colonies an architectural expression of their own.
These simple creatures, without centrally determining a
blueprint, are able to collaboratively construct, harvest,
and defend their architecture [5]. There emerges social
order from the interactions of non-hierarchical beings [5].
The silent secret to ant and bee organization is
sociochemical communication [5]. In the case of ants, a
gradient of pheromones are used for nearly 400 different
‘odor messages'’ [5]. Through their antenna, other ants pick
up the scent of their brothers/sisters and act accordingly
[5]. Like signals in the C.A.S. of the stock market, the
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odors act as non-verbal communication mechanisms; this
transfer of information is vital [5]. Without these signals, self-
organization cannot occur [5]. Whenever an ant nest was
disturbed, no one would come to help if the pheromone
signals weren't sent out to the worker ants above ground. [9]
Yet, if/when the worker ants recognize this signal, they are
able to effective react and adapt to their colony’s needs [9].
Emergent out of this, is afully functional society of ants housed
within a sub-subterranean architectural expression [5].

Slimemold, although not creating physical structures,
do create architectural elements. Specifically, through the
low-level interactions of these individual parts (agents) slime
mold is able to create efficient networks between nodes.
Similar to vehicular and pedestrian transit systems, these
networks afford transportation and locomotion for the
system’sinhabitants andthe nutrients which supply its growth.
Hard coral is a certain type of coral which exudes a
calcium skeleton during its development/growth. This
hard exoskeleton protects the individual coral organisms
which it houses. As the coral colony propagates through
its environment, a direct affectivity takes place to the
morphology of its architecture. Coral colonies, like ants,
are also known to combat other colonies when seeking the
same regions/nodes of sustenance [5]. These complex
behaviors are not inherent within these organisms; they do
not have any sophisticated inteligence mechanisms [5,9].
Rather, they abide by simple rules and interactions, through
which, complex architecture and behaviors emerge [5,8,9].

Bees (despite having brains; unlike coral or
slime mold) have relatively small brains, made up of
neurological networks for their reward systems and fear/
defense systems. “More Than Honey,” a comprehensive
documentary on bees, describes how the complexity of
bee colonies emerge out of interactions/communications
in the context of these simple neurological rules:
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‘“The 50,000 little brains network in a
super-organism; which is much more than
a bustling of a brown mass. It's 50,000
members of a family (the population of a
medium sized town). Each bee, depending
on its age, has a designated role. No
one gives commands; and yet, everyone
obeys. Even the honeycomb is a part of this
sophisticated system: a communication
network, full of information, pasted on in
the dark hive's odor. The bees have 60,000
smell receptors on each of their antennae,
which allows them to smell in stereo. They
also have gustatory hair on their legs.
As they walk across the honeycomb,
they receive a 3-demension odor image
of the colony’'s condition. Where's the
queen? Are enough eggs being laid? Are
sufficient stocks being stored? Without its
colony, the individual bee cannot survive.
It must subordinate its personal freedom
for the good of the colony. In each bee
family, up to 2,000 bees die every day;
and 2,000 new ones are born. Could it
be that the individual bees are like the
organs or cells of a body? Is the super-
organism, as a whole, the actual animal?”
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1.4 URBAN APPLICATION
OF C.A.S.

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatiny electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23

1.4.1 Extrapolating the Biological Analogy to
the City

Over the years, I've heard architects describing the growth
of the city as being “organic.” This concept intrigued be, but
lacked a sense of empiricism; that is, until | discovered the
self-organizing properties of informal slum cities. After some
research, | realized an organic pattern that emerged from
the road systems which intertwined through the informal
slum communities. Again, this was intriguing but lacked any
empirical footing for which the nature of this pattern could
describe. The form of the informal roadways, as compared
to the top-down designed downtown city streets, was
defined by input from each house. This is in stark contrast
from the suburbs and inner-city streets, whereby, an urban
designer predetermined a sufficient roadways system. This
methodology of design is functional (as it's been used for
centuries of urban planning and design) but doesn't truly
speak to the complex nature of transit and interconnectivity
throughout the city. This striation, in the Deleuzian sense, is
arguably a non-natural form of the city due to its top-down
designdictatorship [2]. Whereas, inthe informal communities,
each individual home has its own say on how the roads
define the forms of the built environment; each home, as
it's built, has a direct effect. This is bottom-up design.

It is this motif, of bottom-up self-organization, which | shall
proclaim as being the true nature of the city; one of being
organic, non-deterministic, and non-linear [1]. Whereby, the
city cannot be described as having any centralized nature
[1]. Rather, it is each citizen and each traveler of that city
which, through their myriad of decisions made each day,



is affecting the built urban form in a way which manifests into
the form we are familiar with today [1]. This is in opposition
to an ‘all-powerful’ urban designer as being the wieldier
of design capabilities which can foster intended actions.
Traditionally, an urban planner would designate portions of
the city for specific purposes, such as a park or cultural
centers. But ultimately, these decisions are either misguided
by that designer’s bias or are directly informed by a greater
social force which goes beyond the capacity of a single
designer’s capabilities [1]. In the case of biases, it's fair to
say that we are all subject to them; and the designer is the
biggest culprit of them all. Good design is, arguably, one
which takes into account as many factors as possible; or, to
say this another (more direct way), good design is that which
has as little bias as possible. The greater social force at large,
then, is something which is outside of the designer/urban
planner (rather than coming from within) [1]. It is this social
force, comprised of the biases and truths of each and every
individual, which converge and informs truly ‘good” design
[1]. The wisdom of the crowd, soto speak, takes into account
the averages and the outliers; leaving no one behind so as
to incorporate all perspectives in an egalitarian manner [1].
But where does the Urban Planner live within this
decentralization? It is the contention of my thesis, and of
Complex Adaptive Systems Theory, to describe urban
form as being an intrinsically pattern forming entity. The
nature of the city is one which can be informed and is
informative to the designer. It is this feedback loop, along
with the many other parallels, which link city development
and C.A.S. Through this, we as designers can form
a toolbox for informed design and begin fostering our
design intentions within the paradigm of city evolution.

1.4.2 Contemporary Urban Theories

It is the nature of the city to be emergent.
Mumford, in his work The City in History, directly
and indirectly speaks on the topic of C.A.S. and
the emergence of the city when he says [10]:



“The city came as a definite emergent in
the paleo-lithic community: an emergent
in the definite sense that Lloyd Morgan
and William Morton Wheeler used that
concept. In  emergent evolution, the
introduction of a new factor does not just
add to the existing mass, but produces
an over-all change, a new configuration,
which alters its properties. Potentialities
that could not be recognized in the pre-
emergent stage, like the possibility of
organic life developing from relatively
stable and unorganized ‘dead’ matter, then
for the first time become visible. So with
the leap from village culture. On the new
plane, the old components of the village
were carried along and incorporated in
the new urban unit; but through the action
of anew factors, they were recomposed
in a more complex and unstable pattern
than that of the village — yet in a fashion
that promoted further transformations and
developments. The human composition
of the new unit likewise became more
complex: in addition to the hunter, the
peasant, and the shepherd, other primitive
types entered the city and made their
contribution to its existence: the miner, the
woodman, the fisherman, each bringing
with them the tools and skills and habits
of life formed under other pressures.

1.4.3 Initial Study: The Megopolis and Metropolis

My understanding of modern cities began
with studying the nature of the '-polis.” Derived from
Greek origins, the '-polis’ literally means city but is
often used to describe city-states [10]. This small, but
significant, distinction adds the citizens of the city into
the description of the city itself. Rather than separating



the built urban form from the community (communities)
which inhabit it, the -polis’ is a multiplicity of meanings,
symbols, systems, and vernaculars [10]. In order to
unfold this intertwined multiplicity | decided to research
that which | was already somewhat familiar with (this
decision recurs throughout my Thesis and can most
simply be attributed to time constraints; which isn't
to say that other options were of less merit). Due to
my lack of, in-depth, knowledge/education regarding
non-U.S. cities, | decided to research Manhattan
and Detroit as my basis for theoretical development.

The genesis, development, and current
situation of New York City and Detroit have strong
commonalities; of which (if | had been able to research
further), could be argued as being as being an
archetypal metropolitan growth process. Yet, to best
avoid making too broad of a contention, | digress from
this to speak on behalf of only these two *-polies’ (rather
than making over-arching claims as C.A.S. often does).
Both New York City and Detroit started as forts,
strategically positioned on the local waterways. It is
from this point of conception outward growth was
able to be propagated. The fort, in the context of
colonial America, is a mirror image of the citadels
of ancient civilizations referred to by Lewis Mumford
[cite]. Whereby, the citadel represents the stockade
of agricultural surplus and a symbiotic relationship
to a grand force (typically the gods, God, or a
monarchy). The citadel is the architectural equivalent
of a bee hive or ant nest; the fort, the citadel, the
bee hive, and the ant nest are all; strategically located
pbased on local environment, adapts to changes, and
provide sustenance for the members of its colony.

Fort Amsterdam, on the southern top of present
day Manhattan, is an even better example of organic
growth resulting from the colonial establishment than
Fort Detroit because remnants of that organic growth
still exist within the urban form. In ‘Figure XXX’ | have
overlaid three maps from which the protrusion of these



urban forms recurs. The base map is a post-American
Revolution (prior to the Commissioner’s Plan of 1807),
the white map is the original Fort Amsterdam layout,
and the last overlay is a GPS image of the city in present
day. Even the wall which enclosed the Fort on land
remains as an American icon: the infamous, Wall Street.

Although  Detroit and Manhattan  were
prescribed a top-down organizational design, it is
the postulate of this Thesis that the genesis, internal
growth, and outward growth of these cities were
organic. Despite the top-down urban plan, nearly all
processes/interactions/behaviors which take place
within that context are best described in terms of
Complex Adaptive Systems. Diagrams XXX and
XXX attempts to describe this concept through the
analogy of slime mold growth; whereby, the organism
(i.e. the metropolis) goes through cyclical phases
of growth, stasis, and divestment. The severity of
these phases is dependent upon reactions within
the C.A.S. of its macro-environment. In other words,
not only does the development of the ‘-polis’ depend
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on the citizens (agents) which interact within it, but,
also has a direct relationship to national economic
recessions/surpluses. Like slime mold, my diagrams
spread outward from their nodes of sustenance (their
respective forts) and network toward other nodes (in the
case of Metro-Detroit and New York City, these other
nodes are cities such as the Bronx, NY or Pontiac, Ml)
which they latch onto for other means of sustenance.
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2.1 CASo0S.

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatiny electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23

2.1.1 Biotic and Abiotic Infrastructure

Consider, as a basis for analogy, a road system.
Firstly, roads are inherently systems because they are
networks of transit. Road systems, as physical concrete/
asphalt and as the quasi-physical phenomena of traffic, are
constantly in flux. Additions, extensions, and maintenance
are all examples of physical modifications. In most cases, a
road system consists of a range of phenotypes: widths of
lanes; number of lanes; speed limits; visibility; bends, twists,
and tums — all of which have affectivity on the system'’s
pehavior. It is these behaviors which manifest themselves
as traffic. A road system is abiotic, yet, it still has organic
pbehaviors which emerge through the interactions of its
many agents (i.e. cars, trucks, motorcycles, bicycles, and
pedestrians). Although traffic may seem complex to someone
unfamiliar with modern metropolitan transit, | do not intend to
argue the complexity of city transit systems. Rather, | would
describe traffic as being governed by relatively simple rules
(written and unwritten... i.e. governmental laws and cultural
laws). The authorities who govern the roads are able to
adapt to the foreseeable — sports events, celebrity/politician
convoys, festivals, parades, etc. — and the unforeseeable
— e.g. accidents, weather emergencies, power outages,
etc. Yet, adaptation isnt always a top-down process.

On amore typical basis, it is the ‘flow’ of traffic which
governs road system behaviors. One must acknowledge the
environment of law and regulation for traffic, but this ought
to be viewed as simply the context (and not the behaviors
themselves). The bshaviors of the system are dependent
upon a myriad of (nearly) simultaneous interactions between



autonomous vehicles. These behaviors are intelligently
complex, adaptive to its ever-changing environment, and
display emergent behaviors unintended by the laws/rules
which govern it. During, say, a bottle-necking of traffic on a
highway, a change in behavior emerges for many vehicles
apart of the system on their daily commute. It is this property
which proves traffic/road system's ability to adapt and
self-organize in a decentralized manner. Cars who receive
information about the traffic jam will take detours. Cars stuck
in the traffic jam will sometimes switch lanes or get off at
an exit 1o take city streets rather than highway roads; and
we can't forget about the motorcycle riding in between all
the stopped cars. Traffic’s flow is an ‘invisible force’ of self-
organization within the Complex Adaptive System of transit
systems. These ambiguous terms recur throughout many
different disciplines (e.g. the ‘invisible hand’ in Adam Smith’s
Wealth of Nations) and, although it is not necessarily the goal
of my thesis, lam willing to argue that these terms come from
generations of observations of Complex Adaptive Systems’
behaviors but previously lacked an empirical foundation
(lbeyond simple observation). This conversation can also be
easily extrapolated to bus routes, bicycles, trains, subways,
boats, and airplanes. Even crowds of pedestrians can be
viewed as traffic within a system of transit from which recurring
patterns, algorithms, phenotypes, and behaviors emerge.

Transit, as a systemwhich catalyzed the development
and growth of the city, could not have been possible without
energy. Harvesting energy has been one of mankind's
greatest achievements since the advent of fire/the hearth
(which is essentially controlling heat energy as a tool for the
development of warmth/safety, cooked food, and tools).
This relates, again, to Lewis Mumford's astute observation
that technology was the true propagator of society and the
city. Outward from the birth of fire came agriculture; this
is, arguably, the most important achievement of society.
Agriculture, the harvesting/control of food energy, afforded
soclety (for the first time) a consistent influx of surplus. In
agreementwith Mumford, lwould argue that it was this surplus
which afforded citizens of larger communities the ability to
develop their expertise in other chasms of development.



Blacksmiths, soldiers, bankers, scientist, philosophers,
and monarchies could not have existed in medieval times
without an agricultural surplus to support their endeavors.

WORLD POPULATION B R

electricity 3

(logrithmic scale)
coaland; j

iron age; steam engine: J 1 1 billion

first uses of,

agricultural irrigation; i1 1100 million

;emergence of advent of;
‘anatomically similar the wheel:

N : : 10 million
:homo sapiens .

! 11 1 million

-~

50,000 BC 10,000 BC 5000 BC 2000 BC 0 AD 2000 AD

2.1.2 Complex Adaptive Systems of Systems

Consider, as an analogy, the contemporary power
(grid) system. Electricity is demanded by a device when it's
plugged into an outlet. This has a direct effect on the power
plants supplying the power. Electricity, typically, requires that
it be used (nearly) simultaneously once it's created. In other
words, the power plants must predict the total demand at
each moment and adjust the amount of electricity generated.
If too much electricity is being generated, then it disperses;
if too little electricity is being created, then the entire grid will
short out (aka: brown-outs) or the entire system could shut
down completely (aka: blackouts). In this way mechanical
energy, fossil fuels, and renewable energy should also be
considered Complex Adaptive Systems. Like the switches
for light bulbs, other switches occur in Complex Adaptive
Systems of other disciplines. Genes, for example, are
a classic case of having switches which turn on and off
based on its environment. Similar to the affective increase
in demand on the energy system, the turning on/off of gene
switches has a direct relationship with the overall system’s
reaction. The determining factors which govern when the
switches tumn on/off can, for all intents and purposes, be
considered algorithnmic. It is the nature of these algorithms
which C.A.S. attempts to model and recreate. Once a
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meta-model of a C.A.S. algorithm is derived, the reactive
behaviors of the overall system can be pre-supposed; this
is an empirical tool with which we can make meaningful
top-down decisions on inherently bottom-up systems.

With such a vast amount of systems the city and
the human body, analogously, ought to be considered a
Complex Adaptive System of Systems (CAS0S). In this
way, each macro-system is comprised of other C.A.S.
These collective systems unify into one, but still follow the
same principles as all other Complex Adaptive Systems.
Through the interactions of each C.A.S., the behaviors
and forms of the grander C.A.S.0.S. can be interpreted.
The fractal-like relationship thusly occurs between each
C.A.S.0.S’’s individual systems. To explain this example, |
offer infrastructure as a catalyzing C.A.S. which fosters the
grander system. The infrastructure of a city seems relatively
intuitive and will be extrapolated in the sections following
this one. Yet, the human body has analogous infrastructural
systems as well: the circulatory system. The human
circulatory system comprises less that 4% of total body
mass, vyet is never farther than 4 cells away from another
tendril. To say this in other words, as our anatomy has
evolved over millennia, the algorithms which governs the
growth/development of our circulatory system has solved
an intricate packaging problem. In order to get nutrients
to every cell in the body, the circulatory system must be
directly connected to each cell. The same can be said the
city's circulatory system; which also requires the circulation
of sustenance to all of its parts. In this way, the algorithms
which comprise C.A.S.0.S. can be understood on a
fundamental level and applied to many different disciplines.
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2.2 SITE CHOICE &
ANALYSIS

2.2.1 Site Selection

Fully equipped with my ascertained knowledge, | was
ready to begin the application of my research onto
an architectural design sketch problem. To find a
projects best suited for such an application, | turned
toward an inherently decentralized, non-hierarchical
urban environment: the informal city (or, what is
more commonly referred to as, the slums). To best
understand C.A.S. in the urban context, | wanted to
avoid the intrusion of top-down prescriptions which
exist in almost all industrialized cities. Yet, one by
product of the industrialization of cities is the slum
condition. A classic example of this is Manhattan’s
infamous slum communities in the mid/late 19th
century. Like many developing nations of today’s era,
Manhattan's citizen (by in large) were mostly afforded
some of the worst condition known to man. It's odd to
think that a city, the essential node of sustenance for
society for thousands of years, actually was the cause
of poor living conditions for most of its citizens. These
citizens were, ironically, the labors and “worker-bees”
of the system; yet, they were afforded the worst of
conditions.

As a reactionary intervention, | decided that an urban
design sketch (with the integration of C.A.S. theory)
in the third-world informal cities would be the best
course of action to achieve a Thesis conclusion.
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2.2.1 Third-World Informal Cities

Neza Chalco ltza, Mexico City has a GPD that
nears the top ranking of GDP by city. Thusly, there is
a considerable amount more capital and investment
afforded to these “marginalized zones.” These
informal settlements can be considered some of the
well-funded of its sort; with a gridded infrastructure,
(early stages of) government welfare programs, and
over 50% literacy.

Orangi Town, in Karachi Pakistan is the
desert's equivalent of urban sprawl. Yet, as the
informal town has sprawled outside of its Karachi
sister city, it has established a semi-grid system. |
assume this was done for organizational purposes
and, although this was mostly a bottom-up process,
its organizational algorithm did not have to work within
many environmental constraints. Orangi Town, thusly,
does not require an immediate urban intervention in
the same way some of the other third-world informal
cities.
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2.2.1 Caracas Overview

Caracas is a city of clashing dynamics. The
informal slum fights for political and geographical
control. While the formal city develops ordering
systems and other control  mechanisms  which
are intentionally employed to keep the masses
impoverished thus retaining the aristocratic wealth
and power systems.

The original conception of the city center was
established by elitists after Venezuela’'s succession
from Spain during the Napoleon Wars. The flat elevation
and circulating fresh water rivers made Caracas a
perfect location for its impending modernization and
metropolitan growth. The rigid formal city attempts to
provide control, yet truly only providing constraint.
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Image 2.2K: The goal of this study was to investigate
the nature of the hillside barrios. Whereby there
seemed to exist, based on images of Petare, a pattern
associated with the arrangement of houses. Yet, the
interesting part (and one of the main reason | chose
Caracas) of this pattern was that it was not designed in

the traditional sense.

Rather, the arrangement came from a collective design
by those who constructed it. To say another way,
the pattern was formulated from the bottom-up (as
opposed to the top-down).

My initial reaction was to start with the existing
topography and base my algorithm off these lines.
Quickly | realized the lack of complexity in my mode.
There seemed to be a missing layer or, more likely,
multiple missing layers.

My second addition to my model's pattemn algorithm
required a constrained transformation (see D'arcy
Thompson) to align the topography to match the
pattern of houses. This was my proof of the inhabitants

intentionally manipulating the topography






SKETCH PROBLEM

PAGE 58

Image 2.2L: As the citizens of Barrio de Petare begin
inhabiting the hillsides, they also produce a change
within that system. Terracing, integration with the
existing environment and the incorporation of vertical
and horizontal circulation become a part of the system

and the environment.









Fig. 179, Skull of chimpanaee, Fig. 180. Skull of babaon.
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2.3 BARRIO CABLE CAR

To best culminate my research and analysis, |
incorporated the concepts and ideas from many different
sources, diciplines, and pecedents.

Buscienem etur auteniscil experferibea dis cus
moluptate ped magnissini voluptatur? Pa netus eniscienis
res aliquiam, ut hil ipictat. Digniam volorat exped
ellendaeceat inctassincto veri officab oruptatem que
aditiisim ne conserum inusa dolorep ernatio temguam,
guam remo tem eius autem reped eum verupti tem. Et
et es simus dollacc ulluptae. Ita illa velendiorrum harum
consed eum faccabo rehendi gnisquis re, quiam quis
exerempere elest, nim fugit veniet in comnist peremgu
ibusae latur? llis quatemp oratio eium quaerch icatem.
Nam sandandis voluptur adigent est exernatur, ullupta
quaerit aut unto quo molupit, voluptios sition pa dest
quisit est odianda sita dolupta tionsequatem qui ut pore
eligend itates quunt as aditio blam quaectio experum
hitae. Inctur, si aped eari vel iuntuscia di untur, optas
et a volum hilis alia niam, sequamendae ne vendam
consequam facerumendus enditiis ipsum volo veles
comnissunt imos es doluptium utem et a natis ab
ipsum aut aligenim fugiate sant que et iuntece ruptiur,
ut perit quo cus doluptatur solor senderferati alistibust
fuga. Nam doloritatur, cullaut quam dolum non nis
reriatem quo volorestem ut evel ipsanda nihillu ptatem
quist, audis eumqguam alit volum versperitas sequi aut
parum venia audam voluptati ni berunti nusam, eatisit
acit quiderum hilit labore pratur aut vellest resedit et
eversperibus porem nus digni inis simporum nonessita
dendam, cusdande nullaboreius eiuntendem et fuga.
Nequia veliqui temperem. Xeriorum unt. Hiliquo duciata
essunt officiatur aut aut eati omni aut a alis volorib uscius
arisquis net vidit, tem qui ne ipicaborum aut occusda sit
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Caracas sits very near 10 its oceanic boarder to the north. Yet, much of this direct wind is blocked by the capilal’s shield
of mountains. Due 10 the nature of Caracas’ mountains there exisis a huge opportunity within capluring the prevailing winds.
Wind spiling down from the large mountain tops can be haress and converted into usable energy. But this energy doesnt
have 1o go onto the grid - if generated from the cable car system and stations, this energy could be used 1o directly power
the barrio undereath

The grid s a complex adapiive system which responds to s myriad of users simultaneously. The interesting thing about
electicity is that it must be used amost instantaneously after being created. There have been advancements in using this
energy 1o heat water (which later can be converted to steam to generate electiity) and thus storing the electicity; but, this
curently s @ costly and inefficient technology. Distibution of this power s integral and is a major missing component in
the barrios.

Similar o the wind turbines proposed above, there exists an opportunity o capture the sun's energy and convert it into
electiciy for the barros. Again, due 10 the nature of the cable car system and stations, the columns for the cable car lines
and tensile stucture are perfect for attaching photovotaic. p

a myriad of aulonomous agen's. Providing the barrio with access o this vast collection of human knowledge could be an
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As with any impoverished area, crime and violence is a major issue in the barios. Gangs run rampant in some areas and
control much of the black market thal exists in Caracas. Drugs, prostiution, and other illegal activities have been selforganized
by groups of gangs and have become the sustenance they need to gain poliical and gorilla control. As stated in the diagram
v, e i ine (andor fourh ) can e ity 0o 1 heroer polcs care. Seton wi i alow dockng of ness
cars. If the d for a long-standing police presence is required then the drop off station can be adapted into s station
o e locl miti 1o mlp ool . ecl e, e weleren

Education and lieracy is another major issue that can be addressed by the adaptable cable car system and stations. Cable
cars can be used as classrooms; and, if the demand warranis i, stations can partally adapt into school stations.




There are three season for
choosing tensile structures for
my stations.

The first, is the footprint of
the structure. Compared to a
traditional  building, ~ whose
foundation and structure
require a large amount of soil
displacement and
manipulation;  whereas,  the
columns for tensile structures
are minimal and don't require
much, if any, displacement of
the citizen underneath.
Second, is the concept of the
gridded  striated  metropolis
which  produces  rectilinear
buildings versus the non-linear
informal city in the barrios.
This  non-linear nature still
produces discemable patterns,
just in a completely different
(bottom-up) method from that
of the -polis.

My final reason for choosing
tensile structures is the fact
that it can be 100% designed
and manufactured offsite. The
only construction required on
site would be the erection of
the structure (which can be
accomplished without
traditional mechanical means
is need be).

Also, as stated in earlier,
each station and cable car
ought to have the ability to
adapt to the social needs of
the barrio citizens occupying
the local areas and using the
transit system. Within the
context of complex adaptive
systems, it doesnt make
sense to have a static
building. Rather, there should
be a mechanism built within
the program of the cable car
which allows the needs of the
barrio citizens to be
addressed.



The colimn supporing the cable cars s a perfect
opportunity 1o itegrate. more than just the cable car lines.

By addng a tig, or oven a fouth, cable car line it
ncreases the  capacty for municpal and socal cars o
exists on their own secure fine.

Each cable car will be adapiable based on social need and
economic_avalabilty. The hope would bo 1o, over  time,
evole the cable car system into an advanced mass tansi
and weffare system

\ L

One of the reasons for choosing a cable car systom (as.
opposed o other types of mass wansiy is the small
footprint required by each column. This allows the
amount of displacement for the barro ciizens. occupying
that space.
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3.1 ABSTRACT

Many of the issues which confront architects/urban
planners faced with current trends of rapid urbanization
(typically in industrializing third-world countries) ought to
have a direct, empirical method of implementing meaningful
interventions with as little unintended consequences as
scientifically possible. In an effort to develop an analytical tool,
rooted in Complex Adaptive Systems theory, the inherent
nature of slime mold (Physarum polycephalum) was utilized
as an analogy to the ‘problem of the traveling salesman’
exhibited by cable care stations arranged within Barrio de
Patare. Using a topographic model of the hillside barrios in
Caracas (Venezuela), nodes of oat acted as sustenance for
the propagation of slime mold growth and as an analogy to
the cable car stations; whereby, the changes in elevation
mirror the increased need of economic resources to build at
such steep elevations. Potato agar was used as a growing
medium to activate the dormant sclerotium positioned onto
the topography model. Once active, the slime mold was
able to find the nodes and develop an efficient network
between each oat pile. This networking is ubiquitous to both
social and biological systems; in both cases, there exists
a complex compromise involving cost, transport efficiency,
and fault tolerance. This study does not resolve complex
urban issues of design on a broad scale; although, it does
prove that the use of tools, rooted in Complex Adaptive
Systems theory, can aid in the design/development of urban
matters.
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3.2 EXPERIMENT

“Dolorit, offic tem se offic to dolor as autem cum volupic imilliamus aborae doles
sunt et aut fugia ium commo to quid quatior essinum apitiis et utatiny electatem
voluptate invelestis est ea vendero ium core volorum, samet ute quas ex etus.
Quiasse dionece peratiis voluptium quos et ilicabo”

-Quatior, ven 23
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Image 3.2A

Image 3.2B: | was granted use of the General Biology
Laboratory at the University of Detroit Mercy by Dr.
Gregory Grabowski. With his assistant, and expertise,
we were able to conduct initial experiments with slime

mold, Chemotaxis, and topography.

Image 3.2C: As a sterilizer, we used 95% ethanol
applied to a cotton pad to wipe down our tools,
glassware, and work station.
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Image 3.2D: MacConkey Agar was used as a
growing medium in our first iteration. One part agar was
boiled and mixed with five parts distilled water.

Image 3.2E: After being sufficiently boiled, the agar
was chilled on ice so as to decrease its viscosity. This
aided later when attempting to evenly pouring the agar

onto the topographic model.

Image 3.2F
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Image 3.2G: The glassware and topographic model
was placed in a -79°C freezer for several mintutes.

Image 3.2H

Image 3.2J: With the model and agar sufficetly
chilled, we began to slowly pour the growing medium.
Careful attention was paid to covering the model as

evenly as possible.
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Image 3.2K

Image 3.2L: A second, and identical, glassware was
placed on top of the other glassware to form a sealable
environment. Demarcations of oat (food) and slime

mold locations were assigned.

Image 3.2M: As the lid was lifted, one item was
placed at a time. The lid was then covered. We
assumed this would be the best way to avoiding

airborne contamination.
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Image 3.2N

Image 3.2P: The gap between the beveled edges
of the glassware were sealed using sterile wax paper.

Image 3.2Q
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Image 3.2R: Alas, like many experiments before
it - this one failed within the first few days. It was
suspected (by Dr. G and |) that the agar mixture did
not support slime mold growth. The MacConyeys was

then removed from the model.

Image 3.2S: A potao agar was mixed for the next
iteration.

Image 3.2T
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Image 3.2U

Image 3.2V

Image 3.2W

Image 3.2X
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Image 3.2Y: Using the potato agar, we made (2)
typical pretri dishes. From these, we intended to begin
the growth cycle of the slime mold (during the couple
days it took to prepare the model) and transfer it whilst

in mid-cycle.

Image 3.2Z

Image 3.2AA: The fractal network of the slime molds
‘eating’ phase emerges after a day’s worth of growth.,

Image 3.2AB: The organism finds the (2) nodes of
food, but only after traversing nearly the entire petri
dish.
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Image 3.2AC

Image 3.2AD

Image 3.2AE
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3.3 LIMITATIONS

This book culminates two semesters (and one
summer) of scholarly research. For fluidity, | have taken the
liberty of organizing my research based on conversations
(e.g. part i, part i, part iii) rather than the chronology of my
discoveries. In many ways, my Thesis development has
been dynamic and non-linear (in likeness of the theory
which it grounds itself upon). | will admit the intimidating
breadth of information of which I've attempted to cover; but,
| have attempted to arrange my analogies and arguments to
combat this issue with shear logic.

First, ‘part I' explains Complex Adaptive Systems
theory from several different perspectives (e.g. analogies,
scientific studies, etc.). A transition is then made from the
theory, as a science, to its relationship with architecture
and the city. Once the city (as a concept) is opened up,
then the interrelationships between each of its systems
can be elaborated. ‘Part i’ begins with this elaboration and
moves through to my design sketch as a response to rapid
global urbanization. Thereafter, ‘part i’ describes the direct
implementation of an analytic tool which incorporates C.A.S.,
the scientific method, and urban design. Lastly, | wrap up
the conversation in a post script intended to speculate on
the future,

In a way, this book should be viewed in the image
of Gilles Deleuze’'s “A Thousand Plateaus.” Similar to the
multiplicity our books intend to describe, the chapters and
their relationship with the others are interconnected in such a
way that you could begin reading on any page. There exists
a common motif intertwined within every chapter, image,
and analogy. It is inherent within the topic that this common
thread exists. Douglas Hofstadter, in his famous work “Godel,
Escher, Bach,” describes the links between symmetry, self-
repetition, mathematical algorithms, and the emergence of
intelligence as an “Eternal Golden Braid” (note: the G.E.B.
— E.G.B. wordplay was fully intentional). With all of this
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4.1 CONCLUSIONS

This book culminates two semesters (and one
summer) of scholarly research. For fluidity, | have taken the
liberty of organizing my research based on conversations
(e.g. part i, part i, part iii) rather than the chronology of my
discoveries. In many ways, my Thesis development has
been dynamic and non-linear (in likeness of the theory
which it grounds itself upon). | will admit the intimidating
breadth of information of which I've attempted to cover; but,
| have attempted to arrange my analogies and arguments to
combat this issue with shear logic.

First, ‘part I' explains Complex Adaptive Systems
theory from several different perspectives (e.g. analogies,
scientific studies, etc.). A transition is then made from the
theory, as a science, to its relationship with architecture
and the city. Once the city (as a concept) is opened up,
then the interrelationships between each of its systems
can be elaborated. ‘Part i’ begins with this elaboration and
moves through to my design sketch as a response to rapid
global urbanization. Thereafter, ‘part i’ describes the direct
implementation of an analytic tool which incorporates C.A.S.,
the scientific method, and urban design. Lastly, | wrap up
the conversation in a post script intended to speculate on
the future,

In a way, this book should be viewed in the image
of Gilles Deleuze’'s “A Thousand Plateaus.” Similar to the
multiplicity our books intend to describe, the chapters and
their relationship with the others are interconnected in such a
way that you could begin reading on any page. There exists
a common motif intertwined within every chapter, image,
and analogy. It is inherent within the topic that this common
thread exists. Douglas Hofstadter, in his famous work “Godel,
Escher, Bach,” describes the links between symmetry, self-
repetition, mathematical algorithms, and the emergence of
intelligence as an “Eternal Golden Braid” (note: the G.E.B.
— E.G.B. wordplay was fully intentional). With all of this



having been said, | have chosen not organized this book in
a manner that could seem schizophrenic. The methodology
of my writings errs on the side of cohesiveness rather than
attempting to recreate the essence of a multiplicity through
sporadic placements of interrelated conversations.
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4.2 SPECULATIONS

This book culminates two semesters (and one
summer) of scholarly research. For fluidity, | have taken the
liberty of organizing my research based on conversations
(e.g. part i, part i, part iii) rather than the chronology of my
discoveries. In many ways, my Thesis development has
been dynamic and non-linear (in likeness of the theory
which it grounds itself upon). | will admit the intimidating
breadth of information of which I've attempted to cover; but,
| have attempted to arrange my analogies and arguments to
combat this issue with shear logic.

First, ‘part I' explains Complex Adaptive Systems
theory from several different perspectives (e.g. analogies,
scientific studies, etc.). A transition is then made from the
theory, as a science, to its relationship with architecture
and the city. Once the city (as a concept) is opened up,
then the interrelationships between each of its systems
can be elaborated. ‘Part i’ begins with this elaboration and
moves through to my design sketch as a response to rapid
global urbanization. Thereafter, ‘part i’ describes the direct
implementation of an analytic tool which incorporates C.A.S.,
the scientific method, and urban design. Lastly, | wrap up
the conversation in a post script intended to speculate on
the future,

In a way, this book should be viewed in the image
of Gilles Deleuze’'s “A Thousand Plateaus.” Similar to the
multiplicity our books intend to describe, the chapters and
their relationship with the others are interconnected in such a
way that you could begin reading on any page. There exists
a common motif intertwined within every chapter, image,
and analogy. It is inherent within the topic that this common
thread exists. Douglas Hofstadter, in his famous work “Godel,
Escher, Bach,” describes the links between symmetry, self-
repetition, mathematical algorithms, and the emergence of
intelligence as an “Eternal Golden Braid” (note: the G.E.B.
— E.G.B. wordplay was fully intentional). With all of this






10.

17

BIBLIOGRAPHY

Batty, Michael. Cities and Complexity: Understanding
Cities with Cellular Automata, Agent-based Models, and
Fractals. Cambridge, MA: MIT, 2005. Print.

Deleuze, Gilles, and Félix Guattari A Thousand
Plateaus: Capitalism and Schizophrenia. Minneapolis: U
of Minnesota, 1987. Print.

Hofstadter, Douglas R. Godel, Escher, Bach: An Eternal
Golden Braid. New York: Basic, 1979. Print.

Holland, John H. Adaptation in Natural and Artificial
Systems: An Introductory Analysis with Applications to
Biology, Control, and Artificial Intelligence. Cambridge,
MA: MIT, 1992. Print.

Johnson, Steven. Emergence: The Connected Lives of
Ants, Brains, Cities, and Software. New York: Scribner,
2001, Print.

Kostof, Spiro. The City Assembled: The Elements of
Urban Form through History. Boston: Little, Brown,
1992, Print.

Kostof, Spiro. The City Shaped: Urban Patterns and
Meanings through History. Boston: Little, Brown, 1991,
Print,

Mitchell, Melanie. Complexity: A Guided Tour. Oxford:
Oxford UP, 2009. Print.

Morowitz, Harold J. The Emergence of Everything: How
the World Became Complex. New York: Oxford UP,
2002, Print.

Mumford, Lewis. The City in History: Its Origins, Its
Transformations, and Its Prospects. London: Secker &
Warburg, 1961. Print.

. Thompson, D'Arcy Wentworth, and John Tyler. Bonner,

On Growth and Form. Cambridge: Cambridge UP,
1961, Print.






