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Cellular Automata, often referred to as CA, are an -1dealization of a
physical system, in which space and time are. discrete, and the physical
quantities take only a finite set of values.. They are simple mathematical
models of computation which exhibit fascinatingly complex.behaviour, and
for this reason they are used to investigate self-organization.

According to the description given by Stephen Wolfram, a cellular
automaton consists of a regular uniform lattice (or “array”), usually
infinite in extend, with a discrete variable at each site. (“cell”). The
state of a cellular automaton is completely specified by the values of
variables at-each-site. ‘A -cellular automaton: evolves: in- discrete: time
steps, with the value of.a variable at one site (t+l) being affected by
the values of variables at sites in its “neighbourhood” on the previous
time step (t).a7. The variables at each: site are updated simultaneously,
based on the values of the variables in their neighbourhood at the
preceding time step, and.according to.a definite set of “local” rules.
Formally we can restate the principles of CA as embodying. four distinct
characteristics: Tirst there are the cells, objects in any dimensional
space but with an adjacency to one another. Second there is the state of
the cell. Each cell can take only one state at any one time from a set of
states: Third there is:-the neighborhood- of a: cell, the neighborhood being
the immediately adjacent: set of cells that are “next” to the cell.
Finally, there are transition rules that drive the changes of the state iIn
a cell, as a function that results from what exists or is happening iIn the
cell’s neighborhood.

It 1s assumed that the transition rules must be uniform, which means they
must. apply to each cell, state and neighborhood at all times; and that
every change in state must be local. Thére are also initial and boundary
conditions, which specify the start and end points of the simulation in
spacé and time.aio

These -dynamical -systems; :which-are fully discrete: in- space- and: time,
operate on a uniform regular lattice and are. characterized by “local”
interactions, are ‘the so-called cellular automata.s23

Eidgendssische Technische Hochschule Zdrich Alexandra Stamou C a a d

Swits Federal Institute of Trrhnulng}- Zurich



a cellular automaton con3|sts of a regular uniform lattlce usually infinite in extend |
with a discrete variable at each site |

The state of a cellular automaton is completely speC|f|ed by the values of
variables at each site - : : :

A cellular automaton evolves in discrete time steps, with the value of a variable
at one site (t+1) being affected by the values of variables at S|tes in |ts
nelghbourheod” on the prev1ous t|me step (t) :
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The concept of a cellular automaton dates back from the late 1940s. The
pioneer is John von Neumann, a Hungarian mathematician, who, at the end of
the 1940s, was involved iIn the design.of the. First digital computers. His
concept of cellular automata constitutes the. First applicable model of
massively parallel computation.A8 Parallel computation is. the simultaneous
execution of the same task on multiple processors in order to obtain
results faster. The idea. iIs based on the fact that a process of solving a
problem usually can be divided into smaller discrete tasks, which may be
carried out simultaneously with some coordination.s1 Von Neumann was
interested in-building -a -machine -which-could- have- the same- complexity as
that. of a human brain. He thought that such a machine should also contain
self-control and self-repair mechanisms. Through this concept he decided
to define the properties.a machine should have in order to be self-
replicating.

With. the help of Stanislaw Marcin Ulam, a mathematician and scientist, .who
studied the growth of crystals .in the . 1940s using a simple lattice
network, von Neumann focused on finding a logical abstraction of the self-
reproduction mechanism, and began working in. a framework of a fully
discrete universe made up of cells. Each cell was characterized by an
internal -state; which-typically-consisted- of:- a- finite number: of
information bits. He then suggested that this system of cells evolves, In
discrete time steps, and. this process is determined by a rule, which 1s
the same for each cell and is a function of the states of. the neighbor
cells. Actually, the state of a cell at a time slice (t+l) is a Ffunction
of the state of a finite number of neighbor cells at the previous time
slicé (t). Moreover the up-dating of the status of .each cell i1s happening
synchronously.

What 1s quite interesting is that the cells of these systems bear iIn
themselves the recipe to. generate new identical cells. Although one would
not -expect - that -a-machine-can-built-an-object: of the  same- complexity: as
itself, with cellular automata one obtains a system, which is able to
generate new systems of the same level of complexity and capabilities.as
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The von Neumann cellular automaton is the fTirst self-replicating CA, which
i1s composed of a two-dimensional square lattice and of several thousand
elementary. cells with the ability to self-reproduce. Each: one of the cells
has up to 29 possible states. The rule that controls the evolution
requires the state of each cell, and its four nearest neighbors located
north, east, south and west. The von Neumann rule has the so-called
property of universal computation, which means that the initial
configuration of the cellular automaton can lead to a solution of any
computer algorithm.ag More specifically, given the description of any
machine, the universal constructor will locate the proper parts, and will
construct the machine. Furthermore it will contain a description copier,
which will -in fact attach a copy of the description of the machine to the
offspring. machine:a13 But this property .is more of a theoretical i1nterest
than of a practical one.: Its conclusion suggests that a cellular automaton
with- a simple rule can actually exhibit a complex and unpredictable
behavior.

After the work of -von Neumann, ‘many other scientists worked on simpler
cellular automata, one of which was C.G.Langton, who studied a cellular
automaton with only eight states, able to self-replicate. This
simplification was made possible by giving up the property of universal
computation, and introducing a spatial distributed sequence of
instructions, which Is executed to create a new structure and then 1is
entirely copied In this new structure:6as
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John Horton Conway

“Life” combined all the notions: of cellular automata into a model that
simulated the key elements of reproduction in-the simplest possible way
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In 1970 the concept of the cellular automata was brought to the attention of
a wide audience through the introduction of a simple ecological model,
called “Game of Life”, by the British mathematician John Horton :Conway.
Martin- Gardner wrote an article 1in the October 1970 issue of Screntific
American, titled: “Mathematical Games: The fantastic combinations of John
Conway’s new solitaire game “life”. “Life” combined all the notions of
cellular. automata. into. a model that simulated the key elements of
reproduction in the simplest possible way. lLts popularity. rests mainly: upon
the Ffact that a generation of hackers. took up Conway’s idea and explored in
countless ways the kinds of complexity that emerge from such simplicity.aio
Conway was -interested in the self-replication logic of machines ‘and he
attempted to simplify von Neumann’s i1deas. His motivation was to find a
simple rule leading to complex behaviours. He imagined an: infinite two-
dimensional square lattice, like a checkerboard, i1n which each cell can be
in one of two possible states: dead (state 0) or alive (state 1). The
updating rule of the Game of Life is as follows: a dead cell surrounded by
exactly. three. living cells comes back to life..  On the other hand, a living
cell surrounded by less than two or more than three neighbours dies, as if
by loneliness or overcrowding respectively. In the case of the Game of Life,
each: cell is affected by the state of its eight neighbours, which are the

cells that are directly horizontally, vertically, or diagonally adjacent. gs,
B7

This "game"™ i1s actually a zero-player game, meaning that its evolution: is
determined by its initial state, needing no -input from human players. One
interacts with the Game of Life by creating an initial configuration and
observing how i1t evolves.B7

It turned out that the game of life automaton has an unexpectedly rich
behaviour. Many different patterns and complex structures. emerge out of
simple initial configurations, - including static patterns (“still lifes”),
repeating patterns, which are patterns that return to their original state,
after a finite number of: generations (“oscillators’™), and- patterns that
translate themselves across the board. (“spaceships™), such as the “gliders”,
which correspond to a particular arrangement of adjacent cells that has the
property to move across space, along straight trajectories. »s,s?
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... ..................... .Conwayimagined an infinite two-cdimensional. o000 L :
: : . square lattice, like a checkerboard, in which : : :
: : _ each cell can be in one of two possible _ : : :
...... .. ................. .. . states: dead (state Q) oralive (state 1). ... ... ..o

“I have often made the hypothesis that uItimater Physics will not reduire a mathematical
- -statement, that in the end the machinery will be revealed, and the laws. will turn out to be - :
simple, like the checker board with aII its apparent complexmes :

NobeanzeuwPhysms 1965

DARCH
Eidgendssische Technische Hochschule Zirich Alexandl’a Stamou C a a d

Swiss Federal Institute of Technology Zurich



block (stable)

atiod 2)

The updating rule of the Game of Life is as follows: a.dead cell surrounded by exactly three
living cells comes back to life. On the -other hand, a living cell surrounded by less than two or
more than three neighbours dies, as if by loneliness or overcrowding respectively. In the case of
the Game .of Life, each cell is:affected by the state.of its eight neighbours, which are.the.cells
that are directly horizontally, vertically, or diagonally adjacent.
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different patterns and complex structures emerge out of simple initial configurations
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Game of Life :> Totalistic Cellular Automata

Game of Life [ >

The Game of Life i1s an example of a special class of the so-called *“totalistic”
cellular automata, in which the value of a site depends only on the sum of the values
of 1ts neighbours at the previous time step, and not on their individual values.

As far as the von Neumann rule, the Game of Life automaton has been shown to have the
important. property. of computational universality. The proof of this is the existence

of cellular automaton structures which emulate components (such as “wires”) of a
standard digital computer.a7
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“Cellular automata are sufficiently simple to allow detailed mathematical -

...... ... analysis, but sufficiently complex to exhibit a wide variety of complicated .
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In the early 19807s, Stephen Wolfram,.a British scientist known for his work
in theoretical particle physics, complexity theory and computer algebra, and
also known ‘as the creator of the computer program Mathematica, investigated
the typical behavior of simple arbitrarily chosen programs, created without
any specific task in mind. One .class of these programs was the cellular
automata. Wolfram studied in detail a family of simple one-dimensional
cellular. automata. rules. (the. now. famous Wolfram rules). He noticed that a
cellular automaton is a discrete dynamical system that exhibits various
complex behaviors, yet in a simple framework. After this observation, It was
made. obvious that, a concept such as complexity could be investigated on
mathematical models allowing an exact: numerical computer calculation, due to
their Boolean nature (no numerical errors and no truncation as in more
traditional models).as

Before moving further into examining some examples . of specific cellular
automaton rules, it is important to refer to the different types of
neighborhoods that define the number of neighboring cells, which may affect
the state. of one. cell. The Ffirst neighborhood is called the Von Neumann
Neighborhood, which i1s symmetrically arranged. The same stands for the
second neighborhood, which i1s called Moore Neighborhood, as well as for the
third, which is actually a Displaced von Neumann neighborhood. The Moore
Neighborhoad is the most usual and the most general. After the asymmetric,
there is another neighborhood, which is a combination of the von Neumann and
the Moore neighborhoods and it is called ”MvN”. Another example is the “H”
neighborhoad, which is a semi symmetric structure. a9

At this point it is important for one. to understand the enormous array.of
possible structures that can be built from simple bits using the cellular
automata. approach.. In. general, with D states and K neighbors in ‘each
neighborhood, there are Dk different configurations of cells that can result,
and when transition rules are considered, there are Dok varieties of CA that
can exist. This means that any .conceivable pattern might be computed using
CA. For example, in the case of the von Neumann neighborhood, which consists
of five cells, there are 25 or (32 different configurations of on-off cell
patterns that affect the transition rule.ao
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3 | Displaced von Neumann

4 | Asymmetric

5  MvN
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An enormous array of possible structures
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One of the rules iInvestigated by Wolfram is cellular automaton rule 254. In his
book “A New Kind OFf Science”, this rule, among others, i1s i1llustrated with a
visual representation of the behavior of a cellular automaton, with each row of
cells corresponding to one step, or generation. At the first step the cell iIn
the center of the row i1s black, and all the other cells are white. At every
sequent step(t+l) there i1s a definite rule that determines the color of a given
cell from the color of that cell and its immediate left and right neighbors on
the step before (t). According to this rule, on each successive step, a
particular cell i1s made black whenever i1t or any of its neighbors were black on
the step before. This leads to-a simple expanded pattern uniformly filled with
black. s

But 1f this rule is slightly modified, then a different pattern will
immediately emerge. For example, rule 250 makes a particular cell black if
either of its neighbors was black on the step before, and makes a cell white if
both of i1ts neighbors were white. Starting from a single cell, this rule leads
to a checkerboard-like pattern. Rule 90 constitutes a slightly modified version
of the previous rule: In this case a cell is made black if either of its
neighbors = but not both- — was black on the step before. The pattern this rule
produces i1s not any more so simple, as the previous ones. And if the cellular
automaton is let to run for more steps, then a rather intricate pattern
emerges.. But a. closer. look will show that although intricate, it actually
consists of many nested triangular pieces, with exactly the same form. Moreover
each of these pieces is essentially a smaller copy of the whole pattern.ae

In all the ‘above three examples the patterns that are produced are more or less
regular: the first one is described as a simple uniform pattern, the second one
as a repetitive, and the third one as an intricate, yet nested pattern. But
there are other cellular automaton rules, which although of the -same
simplicity,  they produce- a far more complex and unpredictable pattern. One
paradigm is rule 30. According to this rule the program has first to examine a
given cell ‘and 1ts 1mmediate right neighbor. If both were white -on the:previous
step, . then the new. color: of the given cell should get the same color with the
previous color of its immediate left neighbor. Otherwise it should get the
opposite color of that. The pattern that is produce by this rule seems in many
respects random. It is of high complexity and shows almost no overall
regularity. re
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Some Wolfram Cellular Automaton
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Some Wolfram Cellular Automaton
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in this case a cell is made
black:if either of its
neighbors — but not both —
was black on the step
before

although intricate, this pattern
actually consists of many
triangular pieces
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Some Wolfram Cellular Automaton
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The new kind of science, which Wolfram develops in his book, analyses exactly
this. phenomenon:. that. even. though. the underlying rules of a system are simple,
and even though the system is started from simple initial conditions, the
behavior that the system shows can nevertheless be of high complexity. And he
argues that ‘this basic phenomenon is ultimately responsible for the most of the
complexity observed in nature.

What i1s of great significance is that in most of the cases of the
implementation of simple rules on cellular automata systems, It becomes:almost
impossible to predict the formation that will be produced.: Indeed some of the
patterns obtained show a remarkable mixture of regularity and irregularity. In
many cases, .as the.system progresses, a variety of definite localized
structures. is. produced.. Some. of these structures remain stationary, while
others move steadily. On their own, each of these structures works in a: fairly
simple way, .yet theéir various interactions can have an overall impact on the
whole system. An example of such a behavior is rule:110. The behavior of the
Game of Life is also similar to that of rule 110.

One is lead to question how it is possible for a simple rule to construct such
complex systems, since the same rule affects each and every cell. But in fact
the cells are not doing all the same thing. On the contrary, they seem to be
doing quite different things. Some of them are part.of the background, while
others are part of. a localized structure. According . to Wolfram’s explanation,
“what. makes. this. possible. 1s that even though individual cells follow the same
rule, different configurations of cells with different sequences .of colors can
together produce all sorts of different kinds of behavior”.
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This analyses exactly this phenomenon: that even though the
underlying rules of a system are simple, and even though the system is started from
simple initial conditions; the behavior.that the system shows can-nevertheless be of

high complexity. This basic phenomenon is ultimately responsible for the most of the
complexity observed in nature.

Stephen Wolfram, A new Kind of Science, 2002
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5 | adaptation (functionality / tracking of external variations)

6 compléxity (mﬁltiple concurrent values or objéctives
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Artifioial Lifef = “Life ? g

Rather than 'studying biological phehomena‘ by taking living:organisms apart to see

how they work, the main focus now is to recreate these phenomena from scratch

...... ... ........ . within.computers, by designing and examining systems, that behave like I|V|ng. o
: orgamsms In other words the f|eId of Art|f|C|aI Life: revolves around the
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More generally, the study of cellular automata iIs associated with the need to
better understand artificial life. AL is a Tield of science that examines real
life and the behavior of living species through computer models. Christopher G.
Langton defines the notion Artificial Life as “Life made by Man rather than by
Nature”. Rather than studying biological phenomena by taking living organisms
apart.to.see. how. they. work,. the. . main. focus. now. is. to. recreate these phenomena
from scratch within computers, by designing and examining systems, that behave
like living organisms. In other words the field of Artificial Life revolves
around the creation of life-like behavior generators. It is though of great
significance the realization that in terms of programming these generators, it
is not possible to fully predict and specify the sequence of transitions that
these machines will undergo. In general, as Langton underlines, “we cannot
derive behaviors from specifications nor can we derive specifications from
behaviors”. This means that In order to examine and determine the behavior of
some machines, there i1s no resource but to run them and see how they behave. A13
The.examination. of.cellular. automata. concludes. to. the. fact: that these
mathematical models are good examples of the kind of computational paradigm
Artificial Life seeks to achieve: bottom-up, parallel, local-determination of
behavior. More specifically, cellular automata, as well as Lindenmayer Systems,
flocking Bords and other similar systems, are considered to be recursively
generated. The main characteristic of such structures is that they consist of
sub-parts, modifiable by the rules of the system. Accordingly, these rules are
usually sensitive to the context or the so-called “neighborhood” -in  which the
sub-parts are embedded. Moreover there i1s no global rule applied to the entire
structure, no global information is distributed in the system.
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For example in a cellular automata’s structure, the transition function is
applied to and obeyed homogeneausly by each sub-part in the lattice, thus
performing .a local behavior in a simple discrete space/time universe.
Subsequently. this. entire._universe. is. updated,. by. applying. this. behavior. to
each: cell over and over again. Throughout this recursive process all
different kKinds of context-sensitive rules can be embedded in the sub-
parts of the universe, resulting to the computation and construction of
new structures, which may again compute and construct. In:the end,
recursive, bottom-up specifications, used in the field of Artificial Life,
lead to much more natural and flexible behavior at the global level, than
the typical top-down specifications, used in the field of Artificial
Intelligence.

In this context the feedback between the local and the global levels is of
great . importance. According. to. Langton,. ‘“the. Iinteractions. among. the low-
level entities give rise to the global level dynamics which, in turn,
affects the lower-levels by setting a local context within which each
entity’s rules are invoked. Thus, local behavior supports. global dynamics,
which shapes local context, which affects local behavior, which supports
global dynamics and so forth”. a13
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“Local behavior supports global dynamics, which shapes local
context, which affects local behawor WhICh supports global
dynamics and so forth”.
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“More and more ... the spacés of evéryday life come loaded up with softwafe, lines
of code that are installing a .new kind of automatically reproduced background and
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The use of cellular automata does not have boarders. Their. implementation can
be met i1n various different fields. Greg Egan, an Australian cyberpunk writer,
in his novel “Permutation City” addresses the question, if there is any
difference between a perfect computer simulation and a “real” person. He argues
that our universe could be but an algorithm running without the need of any
physical substance. An iInteresting idea expressed iIn the novel is that of the
“‘Autoverse”, which. is. an. artificial. life. simulator. ultimately based on a
cellular automaton, complex enough to represent the substance of an artificial
chemistry. The Autoverse is a chemistry set unclearly resembling real
chemistry. In the novel, tiny environments simulated in the autoverse are
filled with small populations of a simple artificial life form. These are
opposed to a universe of huge virtual realities which operate under different
heuristic rules, and therefore are incoherent. B31, B32

While cellular automata were originally developed to describe organic self-
replicating systems, theilr structure and behavior were also useful in
addressing architectural, landscape and urban design problems. The range of
topics.varies. from.vernacular. settlements. and. social iInteraction to material
behavior and air circulation.as For example there is a great variety of research
papers and books that examine the exploration of the simulation of urban growth
using complex systems theory and cellular automata.

Until very recently the architectural design process always depended on the
decision of what the architect would like to have as a final result. In order
to achieve a specific final result the architect would have to specify from the
beginning all design rules and methods;, which should be followed and carried
out until the last project was actually realized.
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Greg Egan and ‘Permutation City”
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The application of cellular automata in the fields of
archltecture and other S|m|Iar d|SC|pI|nes IS S|gnallng
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The application of cellular automata in the fields of architecture and other
similar disciplines is signaling the beginning of a new design era, where the
architect sets a number of rules at the beginning, but is no longer in control
of the final result, on the contrary a new kind of architecture emerges, where
the final result cannot be predicted. While supporting the necessity of the
implementation of cellular automata in the way architecture can be produced,
one can refer to the fact that, although normally the design process starts
from whatever the final result should be, yet to produce this result reliably,
the designer has to restrict himself to systems and rules, whose ‘“behavior” can
already from. the beginning. understand. and. predict. Otherwise. the Ffinal result
cannot be foreseen, as the architect does not have control over the design
process and the application of the design rules.

As Karl Chu points out in his article “Metaphysics of Genetic Architecture and
Computation”, we now for the first time are able to think -of a new kind of
“xenoarchitecture” with its own autonomy and will to being. This new concept of
architecture is adequate to the demands imposed by computation. To realize this
concept, -architecture has-still yet to incorporate the - architecture of
computation into the computation of architecture. <Contrary to Mies van der
Rohe”’s remark that architecture is the art of putting two bricks together, the
emerging conception is that architecture is the art of putting two bits
together, at least bits that are programmed to self-replicate, self-organize
and self-synthesize into evermore new constellations of emergent relations and
aggregations.

This-way of producing structures in space brings us to the definition of an
architecture, where each bit can be seen as a monad, a singular entity, at the
most  irreducible level, and by extension as a unit of a self-replicating
system. -1t is often referred to as-genetic architecture, and i1ts theoretical
origins can be traced to-John von Neumann’s invention of the cellular automaton
and his ““von Neumann architecture” for self-replicating systems, which actually
incorporates the ability of a system to contain a complete description of
itself and use that information to create new copies.
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In this case architecture is the construction of possible worlds generated
by the universe of computational monads. Each monad encapsulates-an internal
principle that is generative, and each generative system transmits and
propagates hereditary information. Each monad is at once a self-replicating
and self-organizing system capable of constituting itself into a well
integrated whole or a possible world. Karl Chu refers to that as:“monadology
of genetic architecture’ A9

An example of an application of cellular automata In architecture is a
competition:-entry of Mike Silver Architects for the San Jose State
University Museum of Art -and Design, in Silicon Valley, California, in 2003.
This -design  team created -a software, with the name Automason Ver- 1.0,
developed around the analogy between the operation of cellular automaton
programs and masonry construction, iIn order to effect meaningful -changes in
the way work i1s produced ‘in the field.- The i1dea of using simple programs to
drive the construction of bricks-and-mortar structures comes from the
observation  that masons work much like cellular automaton programs. By
following procedures based on -laws -of -adjacency -and - rteration; -a-mason
builds by stacking one brick at-a time. The use of cellular automaton
programs can actually facilitate the production of extremely difficult
designs without forcing the mason to do more work. What is more important is
that -in the case of applying simple programs to the design of possible
structures, - there is no need for a reduction to predetermined or - ideal
types. The only way to know how-a given rule will behave Is to set it in
motion.

With -the use of this software, all building details can obtain their
complexity for free: no external agency iIs needed to design them. Such
complexity -1s only dependent on-the -application of fixed rules in-a discrete
system. The:overall form .of a cellular automata masonry structure must
therefore be evaluated in terms of its relationship to specific building
requirements interpreted -and organized by the architect. Moreover the
functional constraints are used-to willfully select self-organizing patterns
that -are particular to the computational properties of a specific

material .A10

Eidgensssische Technische Hochschule Zdrich Alexandra Stamou C a a d

Swiss Federal Institute of Technology Zurich



a new kind of architecture
predicted

ETH

Eidgendssische Technische Hochschule Zdrich
Swiss Federal Institute of Technology Zurich

, where the final result cannot be

Alexandra Stamou




Algorithm House Algorithm Garage

“architecture has still yet to incorporate the = of into
the computation of architecture...”

Karl Chu
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“Contrary to Mies van der Rohe’s remark that architecture is the art of putting two bricks
together, the emerging conception is that architecture is the art of putting two bits together.”

Karl Chu
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...... Mike Silver Architects for the. San Jose| State University Museum of Art and Design, in Silicon . .
_ | | . . . . ‘Valley, ‘California, in 2003
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The design team of Mike Silver Architects used a specific cellular automata
code to produce both complex and simple patterns from straight courses of
stone-and-glass blocks. The functional and design requirements, such as
rooms’ with windows: or galleries requiring large, blank display walls, were
laid out in accordance with the competition brief. As the team explains,
“once these parameters were set in place, a search was made through multiple
iterations. in. order. to. find the most appropriate patterns.. For the museum’s
exterior, internal subdivisions and fire stairs, a five-cell totalistic
cellular automaton: was found to create a partly windowless volume with
intricate openings at the base. (..) Vertical supports for the building’s
interior spaces were determined by the initial conditions of the CA code on
the ground floor. A non-regular grid of columns produced different spans
with beams of varying depths setting up an exchange between light, gravity
and computation. () In the San Jose Museum, the nature and position of each
masonry-unit affects i1ts immediate neighbors and the order: of the whole.
Because the system is extremely sensitive to small changes, every brick
counts. In. a. truly. organic. architecture: created by the application of simple
programs”. This means that the pattern variations that are emerging are
extremely sensitive to small errors. To avoid errors like that the design
team also proposed the use of a typical mobile phone, which could be
programmed to alert masons i1f any mistakes were made in the process of
stacking blocks.aio

IT we now move from the architectural level to the urban design level, then
there is even a larger variety of research on the application of cellular
automaton systems to the study of urban growth and evolution. But what is
the way that the theory of CA can be applied to urban formations and
transformations?

ETH
Eidgensssische Technische Hochschule Zdrich Alexandra Stamou C a a d

Swiss Federal Institute of Technology Zurich



Eidgensssische Technische Hochsehule Zirich Alexandra Stamou C a a d

Swiss Federal Institute of Technology Zurich



In 1961, Jane Jacobs, in her book “The Death and Life of Great American
Cities” wrote that “Cities happen to be problems in.organized complexity,
like the life sciences. They present situations in which half a dozen or
several dozen of quantities are all varying simultaneously and 1n subtly
interconnected ways.. The variables are many but are “interrelated into an
organic hole”. Jacobs through many of her books played an important role to
the. foundation. of a. culture, where planning and design emerge from the
bottom up, where individuals are in touch with the problems of the city and
know best how to tackle them: a planning and design which is highly
decentralized, in tune with the ‘ways cities grow — from the bottom up.Al9
Michael Batty in his book “Cities and Complexity” refers that Jacob drew her
inspiration from Warren Weaver’s (1948) address to the Rockefeller
Foundation, 'i1n which he suggested that systems could be classified as
applicable to three kinds of problem: problems of simplicity, problems of
disorganized complexity and problems of organized complexity. It is the: last
category that Weaver argued should form the cutting edge of science. Jane
Jacobs. was. the. first. to. propose. that these “problems of organized
complexity” ‘should include cities. This notion was later also supported: by
others, such like Christopher Alexander, who argued that only if we see
cities iIn this bottom-up way, will we ever be able to develop a
comprehensive understanding of them.ai
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In his book Michael Batty implements cellular automata theory into simple
city models, In order to simulate such a bottom-up emergence. And he does so
by representing the basic elements of the city in two distinct but related
ways:- through cells, which represent the physical and spatial structure of
the city, and through agents, which represent the human and social units
that make the city work. The category of the cells i1s studied with the help
of cellular automata,. whereas. the category of the agents is studied through
the scope of multi-agent systems. Cells are fixed, Agents are mobile and
move between locations. By studying an urban system-in this way, ““concepts
of criticality, threshold, surprise, novelty and phase transition are
introduced iIn the context of spatial development. These ideas are finally
synthesized ' in urban morphology, which  reflects notions of local ‘action and
global pattern through self-similarity and fractal geometry”. In -an urban
environment-of a city the most elementary forms of dynamics can generate
complexity in the form of chaos. “This highlights the fact that we are
dealing with systems that are far-from-equilibrium, -where the structures
that we usually observe are highly ordered but in the “edge-of-chaos”. To
illustrate this i1dea Batty is describing a series of spatial models, which
he implements as cellular automata. Self-organization, self-similarity and
segregation -all feature In these models.

Emergence in urban systems can now be viewed as the successive operation of
processes defined by cellular automata. It can be specified as a combination
of three effects that determine change — positive feedback, innovation and
interaction: All- these effects operate  locally: the first two are entirely
localized to the individual or cell in- question and the third operates on
adjacent locations. Although nothing here suggests the possibility of the
emergence. of a global pattern, nevertheless eventually, i1f the system is
growing, these locations will interact through the spreading CA effect.A19
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lication of Game of Life in Architecture
don Williams, 2004,Studio|Rocker
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Turning the discussion back again to the field of architecture,
Ayse Erzan remarks that architectural design is one realization of
a “machine” that once set in motion, produces different complex
behaviors identified by the functions that occur in this space of
human activity. Erzan argues that the fact that both periodic and
complex spatio-temporal patterns can be generated by the same
cellular -automaton -gives ‘rise - to- the possibility that the
complexity of architectural design can likewise be parameterized
and the function to be generated coded i1n a universal machine.

Cellular automata

, like dragrams or , which acting on
an initial configuration, they are able to generate periodic or
endlessly evolving sequences of shapes. The abstract machine can be
used to model both finished buildings and the functions that will
be discharged in and by them. Whether or not these sequences are
pleasant, useful etc., is a matter of the architect experimenting

with different parameters and configurations. But they
- Al
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