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Abstract.  Sincethe beginning of human history, the geometricorder and chaos
exists in the architectural and urban structures together. In corntext of future

dissertation, this paper preserts an opinion, that for a good quality of architectural

spacethe balancebetweenorder and chaosis necessary The architectonic space
is createdby designand other self-organisingprocessesaswell. In the long term

it is unforeseeableand unstable. The dewlopmen of the chaostheory creates
a new perspective for better understanding of chaos and complex processesn

architecture. Someaspects of this theory can by applied in design.

Key Words: architectural design,urban planning, theory of chaos
MSC 2000: 51N05

1. Chaos and geometric order

It is relatively easyto distinguish betweengeometricorder and chaosin architectural com-
positions, but the de nition of theseconceptsis ditcult. The following de nitions can be
assumed: The geometricorder is represeted by ideal mathematical forms (in 2D: e.g.line,
circle, quarter, or 3D: e.g. plane, sphere,cube) and ideal relationships (e.g. perpendicularly,
parallelism, symmetry, rhythm/regularit y). Chaosis the opposite of geometric order; it is
represerted by forms and relationships that are complex and dixcult to descrike with the
languageof classicmathematics.

From the point of view of spatial perception, other de nitions can be assumed.In Fig. 1
two graphiccompositionsare presetted, which consistsof about 1600points ead. The average
density of points is constart in the whole areaof both compositions. In the rst composition
the circular area of regular points is visible on the badkground of random points. The other
composition is inverse: the circular area of random points is visible on the badground of
regular points. Basedon this example,we can indirectly de ne chaosas an interferenceof
geometricorder and geometricorder { asan interferenceof chaos.
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Figure 1. Two graphic compositions: a regular areaon a chaotic badkground (left part) and
chaotic areaon a regular badground (right part)

A new aspect in de ning chaosand geometricorder is the mathematical theory of chaos
that hasdeweloped sincethe 60's. According to this theory the order is a special coincidence
of a wider chaotic arrangemem and chaosis a deterministic and not sdolastic phenomenon
[1]. Very complex phenomenon(e.g. atmospheric phenomenon,turbulence, the number of
natural population, exchange °uctuations) can be generatedthrough simple formulas. An
exampleof such a formula is one mathematical sequence:

X0, X1, X2, .1 Xn: WhereXpsy = kx% i L

For k = 1;35 and xo, = 0;4 the generatedsequencehas a periodical recurrence. But for
k = 2; 0 the generatedsequences chaotic [7].

Basedon the preserted considerations,especially in the context of mathematical chaos
theory, we can concludethat the geometricorder and chaosare strongly connectedtogether.
Is this connectionalsovisible in architecture and doesit have an application in design?

2. ldeal and \non-ideal" structures

Since the beginning of human history, geometric order has been applied in architectural
structures. This order emphasisegheir unusualnessand confersthe high importance, mon-
umertality and even the sacral dimension. The natural world is constructed according to
more complexrules. The ideal forms and relationships distinguish architecture against the
badkground of nature. Pla ton 's (427{347 B.C.) philosoply obsened the world di®erenly
from the real world. His model of the world was idealised. Sud philosoply emphasiseswu-
man supremacyover the natural world and ideal forms over more complex forms. This is
typical for many phasesof the history of architecture. But, throughout history, parallel to
the ideal structures, the "non-ideal" structures have arisen. Departure from the ideal order
was often a compromisewith real nancial possibility and di®eren functional requiremers.
The creation of the architectural spaceis not an isolatedevent, but the cortinuousprocessof
technological modernisations,destroying, adapting and property changes.In the scaleof the
city, the accunulation of this processcausesspatial diversity and complexity. This is not a
consequencef consciousdesignplanning, but free transformation. In this casearchitecture
starts to be chaotic.

Geometricorder and chaosexist in architecture together. How do peopleobsene the two
opposite aesthetics? The squareon the front of the basilica of St. Peter's in Rome is one
of the best urban works in baroque (left part of Fig. 2). The architect Gialnorenz Bernini
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Figure 2: Geometric order and chaosin urban structures: the squareon the front of St.
Peter's basilicain Romefrom 1656{1667(left part) and Piazzadel Campo with surroundings
in Siena,ltaly, from 1289{1355(right part)

Figure 3: The urban complexity: panoramaof the mediewal San Gimignano, Italy (left part)
and contemporary New York City, Manhattan (right part)

designedthis squareon a plan of oval. This squareis surroundedby the rhythm of columns.
The composition is basedon an ideal geometry This place becomesvery important. The
city certre of mediewal Sienawith the certral located Piazzadel Campo represeis another
aesthetics(right part of Fig. 2). It took 200yearsto form this place. On an irregular street
plan many types of tenemeris have arisen. The nal structure of the city certre is very
complexand diversechaotic [13]. Similar spatial phenomenonis visible in the characteristic
panoramaof another Italian city from this time { SanGimignano. In the Middle Agesthis city
had its bestperiod. At this time about 75forti ed towers(up to 50 metershigh) werecreated.
Only 15towershave survived up to this date (left part of Fig. 3; [13]). The complexity, typical
for mediewal Italian cities, is not isolatedto spaceand time. The panoramaof New York City
can be a good cortemporary example(right part of Fig. 3).

The analysisof urban examplespresened here,leadto the following conclusions:The geo-
metric order, typical for St. Peter's square,causesn an obsener afeelingof classicbeauty and
harmony. But aswell, the complexand chaotic structures of medie\al Siena,San Gimignano
or contemporary New York createsan individual atmosphereand peculiar beauty. Are these
conclusionsalsocorrectin a scaleof single architectonic structures?

There exist a lot of obvious examplesof architectural structures basedon the geometric
order { e.g.the pyramids in Egypt, Doric temple, and Gothic cathedrals. Aspiration for
the ideal geometry is visible in the theoretic designof Isaac Newton Cenotaph. Etienne-
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Figure 4. The ideal architectural structures: theoretic design by Etienne-Louis Boullee
from 1784 (left part) and the Louvre Pyramid in Paris from 1983(right part).

Louis Boullee designedit at the end of 18" certury (left part of Fig. 4, [2]). A similar
aspiration is visible by the contemporary architect of Chinesedesceh { leoh Ming Pei.
His glass pyramid is the modern ertrance to the Louvre museumin Paris (right part of
Fig. 4, [11]). In the wider corntext, the geometricorder is typical for the architecture of all
modernism{ the main aestheticsand philosophicaltrend in the rst half of the 20" certury
[2]. The modernist Mies van der Rohe formulated an artistic manifest \less is more".
In this manifest he favours the simple geometric forms over the more complex forms. In
1957 another architect Robert Venturi  published an opposite idea \less is boring”. He
prefers complexity in place of monotonousand \b oring" spatial simplicity [4]. This idea
was widely acceptedin architecture and it wasthe basisfor a new trend { post-modernism.
The glori cation of complexity and regularity exists also in architecture of presen time.
Many well-known architects (Zaha Hadid , Daniel Liebeskind , Frank Gehr y and others)
presenly takeinspiration from chaos. Sud inspiration is visible in the UFA CinemaCertre in
Dresdendesignedby Coop Himmelbla u | the group of architects: Wolf Prix and Helmut
Swiczinsky (Fig. 5). Eight cinematheatres are cartileveredin oneblock. A crystal, glass
shellwraps up a wandering public space[3]. This structure is "non-geometric". It makesthe
impressionof random composition of di®eren forms. The nal e®ectmay shack and delight
aswell. Paradaically { the absenceof geometricorder emphasiseshe movie's structure in
the cortext of the city.

Concluding: in the architectural composition the geometric order, as well as chaosare
the basic componerts. The geometricorder ewvokes the feeling of harmory, seriousnessand
monumerntality. Chaosrevivesthe architectural spaceand givesit an individual dimension.
Elimination of chaosfrom the architectural composition causesspatial boredom". Elimina-
tion of geometricorder causeghe illegibilit y of compositions. Therefore,for a good quality of
architectural space the balancebetweenorder and chaosis necessary The presenceof geom-
etry in designsis obvious. But, arethere, in an architect's workshop,the tools for simulating,
analysingand understandingchaos?

3. Design or self-organisation

There exists in nature a lot of phenomenathat are possibleto foreseeand descrile in the
languageof mathematicse.g. eclipseof the sun. But, there are also phenomenathat have a
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Figure 5: Irregular and \non-geometric" structure of the UFA Cinema Certre in Dresden,
Germary, designedby Coop Himmelbla u and nally realizedin 1998

complexcourse,and in the longerterm are not possibleto foreseee.g.atmosphericcirculation
[12]. Are the processeswhich occurin the architectural spaceforeseeable?s the architectural
spacecreated{ by the designprocessor grown { by other external or internal factors (self-
organisation)?

In the urban structure of Barcelonathe subtle combination of designand self-organisation
is visible today. In the 19" certury, after the city's walls were pulled down, a large extension
of the city was realised{ accordingto the plans, made by lldefons Cerd a [14]. The new
part of the city was organisedin grids of identical urban blocks { 110 meter £ 110 meter
with angled corners. Using this method, over 600 blocks have been created up to today.
Originally, the block was deweloped only partly. But, after years,the whole areasof most
blocks werecompletelydeweloped, and repeatedly built. Finally, all the blocks weredeweloped
in their individual way. The analyseof the dewloping processfor a small region of the city
is preserted in Fig. 6. On the left part of the gure is an aerial-view photograph made
in the 90-s, over a hundred years after the initialisation of the urban plan. The geometric
synthesis of the aerial-view shavs an original urban plan: a few blocks typical for Cred a's
plan (middle part of gure). But, the special computeranalysisof the aerial-viewphotograph
shaws another property of the urban structure { their complexity. This analysisis basedon
the algorithm of separatingthe bright and dark regionsof photograph. The generatedpicture
consistsof borderlines. For Barcelona'saerial-view theselines are not reconstructionsof the
original urban plan, but the chaotic \lo cal whirls of the structure" (right part of the gure).
Concluding, the urban structure of this part of the city has simultaneous characteristics of
geometricorder (the original plan) and chaos(\lo cal whirls of the structure").

In the architectonic scale,similar phenomenaare visible. Fig. 7 shows the ele\ations of
a ve-°oor tenemen housein the historical part of Barcelona. The photograph of this house
(left part of the gure) after geometricsynthesis(middle part of the gure) shawsthe original
order of the elewation which is compatible to the architectonic design. But, the computer
analysis of the elewation's photograph (analogical like in the previous example) shaws the
complexity of the composition (right part of the gure). The original order is not visible. The
processof exploitation has changedthe original, simple, monotonouselewation (rhythms of
two typesof windows, as shavn in the middle part of the gure). Modi cations of the same
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Figure 6: The analysisof the urban structure of a region of Barcelona, Spain: the aerial-
view photograph from the 90-s(left part); the geometricsynthesis, which shows the original
urban plan (middle part); the special computer analysis(described in text) of the aerial-view
photograph, which shows the complexity and chaosof the actual urban structure (right part)
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Figure 7: A tenemen housein the historical part of Barcelona, Spain: the elewation's pho-
tograph from the 90-s (left part of gure); the geometric synthesis shaws the original ar-
chitectural design (middle part); the special computer analysis (described in text) of the
photographs, which shows the real complexity and chaos of the actual form of elewations
(right part)
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windows made by occuparts, di®erert forms of installed sun protectors and others causethe

increaseof complexity in the elewation's composition. Finally, ead window hasan individual

form. In presened urban and architectonic examples,the combination of geometric order
and chaosis visible. The geometricorder is a result of cortrolled planning or designprocess.
And chaosis createdby the natural transformations| self-organisation.

Finally, we can formulate two conclusions:Firstly, the in°uence of the self-organisation
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process,meansthat the architectonic spacein the long term is unforeseeable. Secondly
becauseof the cortinuity of this process,the architectonic spaceis unstable { still changing.
How should the architect's workshop be organisedthen?

4. The cellular automata in architecture

In typical architectural designsthe unforeseeablyand instability of architectonic spaceis not
respected. Firstly, the architectural designdescribesspacewith three-dimensionsand doesn't
respect the fourth dimension| time. Secondly tools for the creation of complexand chaotic
compositions don't exist in the workshop of most architects. Theselimitations concernthe
classicdesignand the Computer Aided Design(CAD) aswell. The computer technique for
architects was dynamically developed in the 90-s. This technique increasedthe e®ectiveness
of the architect's work, but fundamertally { hasn't changeddesignmethods. The Parametric
Modelling presened by the author in other papers ([6], [8]) is an example of alternative,
more complexmethods of computer supported architecture design. Among other things, this
method adds someelemerts of chaotic compositionsinto the computer model and design[9].
But the simulation of complex processeswhich occursin the architectonic spaceusing this
method is not realistic. Sud simulation may be possiblewith the computer application of
the theory of cellular automata [15].

The mathematical theory of cellular automata was formulated in the 70-s. The working
rule of the two-dimensionalcellular automaton [7] is shown in Fig. 8. The automaton consists
of cellslocated in a grid. Eacdh cell has a speci ¢ condition { it may be alive or dead. In
the gure, the living cells are preserted in black and the dead cells are presetted in white.
The automaton works in successig steps. In individual steps,somecellsare alive and some
have to die and special rules decideabout this. There are alot of di®eren variations for such
rules. In the casepresetted in the gure, there is the following rule: the cellsareliving, when
in their surroundings(the location place of the selectedcell and its 8-th neighboured cells) a
minimum of 5 cells are alive, otherwisethey are dead becauseof \loneliness". The original
arrangemen of cells (left part of gure) is changedin the rst step of automaton (right part
of gure). Somecells were alive others died and the rest save their condition. For example
the cell E2 died, becausein it's surroundingsonly 3 cells were alive (D3, F1, F3). But the
cell E3 is alive, becausein it's surrounding, six cellswere alive.

This simple play causesinteresting results. There is, in Fig. 9, results of the cellular
automaton consistingof 10,000cells(a grid of 100cells£ 100cells). Originally the cellswere
in a chaotic arrangemen exceptfor 9 empty (dead) squareareas. The following rule was
assumed:cellsare living, whenin their surroundings,a minimum of 3 and not more than 8
cells are alive, otherwisethey are dead. In successig stepsof the automaton, these square
areaschangetheir location and shapes. After 45 stepsthe original order was completely
invisible. The geometricorder was transformed into a more chaotic composition, similar to
the organic structure. In Fig. 10, another automaton is presened | basedon the same
rulesasin Fig. 8. Originally, the cellswere arrangedchaotically. In the steps,the processof
self-organisationis visible. After 4 stepsthe arrangemen of cellsis consequetly stabilised
(middle part of gure).

Betweencellular automata and architectonic spacesomeanalogiesare visible. An e®ect
of automaton work, which is presened in the middle part of Fig. 10, looks similar to the
structure of a big city { e.g.London from 1939(right part of Fig. 10). In a sensethe city is
a variation of a cellular automaton. Individual buildings may be the cellsof sucd automaton.
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Figure 8: The working principle of the cellular automaton: the original set of cells(left part)
and the set of cells after the rst step of automaton's work (right part). This automaton is
determinedby the rule: cellsare living (black), whenin their surroundings,a minimum of 5
cellsare alive, otherwisethey are dead (white)

ORIGINAL SET AFTER 15 STEPS AFTER 30 STEPS AFTER 45 STEPS

Figure 9: The stepsof cellular automaton are determined by the rule: cellsare living when
in their surrounding a minimum of 3 and not more than 8 cells are alive, otherwisethey are
dead. This automaton cortains 10,000cells (grid 100cellsx 100cells). The order of 9 empty
(dead) squaresis successigly devastated during the processof automaton work

ORIGINAL SET AFTER 2 STEPS AFTER 4 STEPS LONDON IN 1939

Figure 10: The stepsof cellular automaton which cortains 10,000cells (grid 100cellsx 100
cells) and is determined by the rule: cells are living, whenin their surrounding a minimum
of 5 cells are alive, otherwisethey are dead (left and middle part); and the urban structure
of London in 1939(right part)
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Figure 11: Cellular automata and their analogiesin architectonic space: a tenemern house
from the 19" certury and future buildings { similar to a cell with living neighbours (left
part); and a tenemen housefrom the 19" certury without architectonic cortext { similary
to a dying cell without living neighbours (right part). Examplesfrom SzczecinPoland

The interaction of individual cellsis a baseof automaton work. In the architecture, the
interaction of buildings is easyto obsene. The existing urban and architectural cortext has
a large impact on the shape of new architectural structures. The single building may be
similar to the form generatedby an automaton. A good examplefor this may be a residertial
building designedby an architect of Israeli desceh { Moshe Safdie for an Expo world-wide
exhibition in Montreal (left part of Fig. 12). The main aim made by the architect was the
creation of privacy for occuparts and conditions like in detached houses. Therefore every
°at has a terrace on the roof, although the building has few °oors. Sud principles may
be translated into a languageof cellular automata: cell (a dwelling module) dies when over
it another cell exists (in that way, the creation of, a terrace on the roof is not possible).
The shape of the building looks like a structure generatedby a three-dimensionalcellular
automaton (right part of Fig. 12).

Concluding: Between cellular automata and the architectonic spacesomeanalogiesare
visible. There exists a potential possibility of using this mathematical theory in design. The
limitations of a classicarchitects workshopconcernghe absenceftoolsfor fourth-dimensional
modelling (including time) and for the creation of complexand chaotic compositions. In the
caseof cellular automata, theselimitations don't exist any more. Successig stepsof automa-
ton may simulate architectonic processesThe structures generatedby cellular automata can
be absolutely complexand chaotic.

5. Conclusions

Geometricorder and chaosare the basiccomponerts of the composition of architectural and
urban structures. Coexistenceof these componerts in architectonic spaceis very natural.
In general, geometric order is a result of designand planning, and chaos{ is created by
self-organisingprocesses.Finally the architectonic spacein the long term is unforeseeable
and unstable. The dewlopmen of the chaostheory createsa new perspective for better
understandingcomplexprocessesn architecture. Someaspects of this theory can be applied
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Figure 12: Cellular automata and their analogiesin architectonic space: "Habitat 67", the
residertial building designedby MosheSafdie onthe Expo world-wide exhibition in Montreal
in 1967 (left part); and the cellular automaton in 3D made using the computer program
Model [10] (right part)

in design, especially with use of the special computer techniques. The mathematical model
of cellular automata may be a potential way for realising this. Examplespresened in this
paper shav analogy betweencellular automata and real architectonic and urban structures.
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