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Evolutionary Computation Design

Arne RiekstinS, Riga Technical University

ABSTRACT. The evolutionary computation design and the
experiment with the plug-in Genr(8) of the three-dimensional
modelling software Maya have been evaluated in this article.
During the author’s experiments, the plug-in Genr(§) has been
mastered to find out the possibilities for morphogenesis, “growing”
digital evolutionary algorithms. Also the genetic growth has been
researched, finding a suitable conceptual spatial architectural
configuration between two surfaces. The base for design has been
an in-depth testing of various evolutionary units, until a satisfactory
and suitable result reflects in architectural qualities. This experiment
has proven that the evolutionary computation has a major potential
in creating novel, computer generated forms.
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This article analyzes the designing experience of using the
evolutionary computation method. The author has performed
a series of experiments with a plug-in called Genr(8) for
a three-dimensional modelling software Maya. It is one of
the most advanced plug-ins of software that is completely
based on the evolutionary computation method. Evolutionary
computation is one of the possible strategies in studies of forms
with the help of artificial intelligence. The modern definition of
artificial intelligence (AI) is “the study and design of intelligent
agents” where an intelligent agent is a system that perceives
its environment and takes actions which maximize its chances
of success. In computer science, evolutionary computation is
a subfield of artificial intelligence and is the general term for
several computational techniques which are based to some
degree on the evolution of biological life in the natural world.
Evolutionary computation uses iterative progress, such as
growth or development in a population. This population is then
selected in a guided random search using parallel processing
to achieve the desired end. In biology, evolution is a change
in the inherited traits of a population from one generation to
the next. This process causes organisms to change over time.
Inherited traits are the expression of genes that are passed on to
offspring during reproduction. Mutations in genes can produce
new or altered traits, resulting in the appearance of heritable
differences between organisms. Such new traits also come from
the transfer of genes between populations, as in migration, or
between species, in horizontal gene transfer. Evolution occurs
when these heritable differences become more common or rare
in a population, either randomly through natural selection or
randomly through genetic drift. Evolutionary algorithms (EA)
form a subset of evolutionary computation, which generally
involves techniques implementing mechanisms inspired
by biological evolution such as reproduction, mutation,
recombination, natural selection and survival of the fittest [2,
109]. All of these functions have been implemented in the
software plug-in Genr(8), and they may be used for innovative
architectural design.
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1. SoFTWARE PLUG-IN GENR(S)

Genr(8) developed by Martin Hemberg, Peter Testa
and Una-May O’Reilly at MIT (Massachusetts Institute of
Technology) is an EA based plug-in application. The particular
EA used in Genr(8) is called grammatical evolution (GE) and is
designed to grow complex morphologies in simulated physical
environments [2, /109].

Genr(8) is a Maya plug-in that is built on concepts about pure
genetics, applied to software or to computational systems. At
MIT it was designed by Emergent Design Group of the Genetic
Evolutionary Unit. Mathematical growth was combined with
computation. The program structure combines three-dimensional
map L-systems to abstract physical environment. The three-
dimensional formal configuration can be obtained by means of
using the engine of L-systems together with a genetic engine.

Evolutionary processes enable to obtain a huge variety
of results. Genr(8) has crossover, mutation, off-spring etc.,
amongst other evolutionary features. The L-systems only
function according to the rules that are set up initially, but the
virtual environment advances variety of the evolution. Depending
on environment and parameters, every time the result will be
different. Possible environments for growth are the following:
closed environment (where surfaces will grow inside closed
polygonal containers, dealing with environmental force fields),
in-between environment (surfaces grow through a polygonal
environment rising over it and dealing with environmental force
fields) and open space (only grammars and environmental force
fields will determine the evolution). More parameters are possible
to control, including gravity magnitude and direction, wall
behaviour, random noise, tiling, population size, generations,
fitness in terms of smoothness, weight and undulation.

II. Form FINDING WiTHOUT FUNCTION

Such ways of work that can be achieved by using Genr(8)
lead to form finding without function. Normally, it is difficult
finding or designing a form with geometry and not knowing its
function. In modernism there was a popular statement: “Form
follows function.” This was first announced by architect Louis
H. Sullivan in one of his articles, published in 1896 [1]. It means
that function has to exist autonomously, without the need for
form in context where the form could be. In this case function
should be somewhere around, but in nature it doesn’t exist.
In evolutionary principles of biology this makes no sense at all.
Nature has been producing thousands of very effective forms.
The matter is very expensive, but the shape is for free. Everything
in nature is very effectively created, each leaf of the tree takes
a lot of energy and substance. That is why nature thinks of doing
things properly. Shaping without function is one of the strategies.
It is a real research if we do not know what we are searching for.
Various different tools may be used in the search for
form. The creation of Genr(8) took more than five years.
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Genetic computation is a huge field, because computation is a
system. Genetic computation program platform is not a challenge
to use software to facilitate drawing, but rather to use it as an
artificial intelligence. Such software can do, what can not be done
in a traditional way. It is important to understand that this is only
a tool that can be used to create a new working method [2, //1],
although it is a very advanced tool.

For a designer, the tool itself is a central part of the design
process. Increasingly powerful computers give designers entirely
new possibilities but in order to be useful, a designer has to be able
to use it comfortably. Computation allows for more exploration
than would be possible with just a pen and a paper and it can be
viewed as a new paradigm in architecture. Today there are several
computer aided design (CAD) tools available. The problem
with these tools is that they can be categorized as drawing aids
(nevertheless powerful ones). They are not generative or creative
in any sense and they do not provide any help on that part. The
architect still has to come up with what to draw. The goal for
developers of Genr(8) (Emergent Design Group) was to develop
a tool that stimulates work and cooperates with the designer and
helps to come up with new ideas.

Another novelty that has recently been introduced to the
field of architecture is new materials. This has brought a radical
change to how a building can be constructed. New materials
and new technologies provide new ways for the creation of
form. It is possible to create and combine structural elements
in technically more advanced level. A famous example of this
is the Guggenheim Museum in Bilbao, Spain. To explore these
new and creative concepts, architects need new innovative
computation tools, including the evolutionary computation
method. The artificial life plays a huge role here. Emergence is
a phenomenon that is particularly well suited to study with the
aid of computers. It also harbours many interesting concepts
that so far have not been explored for use within the field of
architecture. Nevertheless, it is a concept that architects can
easily grasp, and it is something that they use in their work.
However, architects lack adequate software tools to exploit and
harness the concept of emergence [3].

III. AN EvoLuTiONARY COMPUTATION EXPERIMENT, MADE WITH
GENR(S)

Working in Genr(8) involves exploration towards
evolutionary computation in several phases of work. Genr(8)
plug-in application has been explored and the research has been
conducted on morphogenesis capability of this tool for obtaining
evolutionary algorithms that were digitally grown. During
these experiments, all the experiments have been registered
systematically, noting details about generative grammar,
parameter manipulation and environmental conditions. The
focus has been set on the understanding of the relation between
grammars and their resulting morphologies, as well as their
geometric properties. Initially the usage of Genr(8) is quite
difficult, because only after mastering and calibrating all the
settings it becomes clear how they affect the results of the work.
The aim of this experiment was to understand evolutionary
computation as generative processes for morphogenesis and
speculate on inherent possible architectural futures.
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Evolutionary

Fig. 1. Genr(8) belongs to the field of Emergent Design — a combination of
Evolutionary Computation, Artificial Life and Design.

Genetic growth has been explored by using Genr(8) to find
a suitable architectonic spatial configuration in a conceptual
project. The concept of design consisted of explicit testing of
different evolutionary entity outcomes, until a satisfactory “fit”
result was found.

The aim of the first step of the experiment was creation of
an environment for the evolutionary grammar. It was chosen
to be a space of closed polygonal configuration. The second
step was setting of the structure of the surface, which was
triangulated with a 90-degree branching. The third step was to
define the number of evolutionary steps, because that gives the
size of the surface. During the experiment it was concluded that
optimal amount of evolutionary steps was six. The fourth step
was the positioning of additional repellors and attractors that
help the creation evolution with adding dynamic movement
direction. Then a series of experiments was performed with 47
different settings. 32 of them were successful and the remaining
15 settings deformed the surface to such an extent that it could
no more be usable for architectonical tasks. All the settings and
values of Genr(8) parameters were catalogued and systematized
(see Table 1). Every obtained form was given its unique identifier
number (HO00-HO047).

In the next, sixth step another experiment was carried out,
generating five simultaneous surfaces (Figure 2). The obtained
results were compared to the conformity of set criteria.
The task was to find two compatible surfaces that by intersecting
would provide a spatial configuration, suitable for a large-span
construction. This criteria were met by the surface form H044
with its five generated variants. Combining them mutually
a suitable configuration was found. The best were the first and
third surfaces (in a total, out of five). As the grown forms were
triangulated, the result was transformed from a typical Genr(S)
robust and sharp form into a soft and fluid form (Figures 3 and
4), using three-dimensional software Rhinoceros and duplicate
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Ho44
stens Int 6

surface string surface
drawEachStep int 1
branchAngle int 90
gravityMagnitude double 0
randomboise double 0.1
tiles int 3

BMFType string defaultBNF
smoothness double 100
undulation double 0.8

Fig. 2. Five different forms HO44 that have been obtained simultaneously. (Author’s rendering)

border function, contouring function and rebuilding curves into
non-uniform curves.

Conversion of the surfaces into fluid form provided a better
understanding of the subject of simulation of spatial structures
with an architectonical quality. Ready formal results may not be
obtained by using this method. For using the surfaces obtained
in experiments for real architectural objects, they must be further
evaluated with structural calculations and it must be established
which part of the surface has structural features and which part
has only decorative features. In architecture, such a designing
method may help in search for new forms or situations when void
is to be filled in between two existing volumes.

CONCLUSIONS
1. Genr(8) is, generally, a very useful tool, but not suitable
for the final design.
2. Using of this tool in a more plethoric way needs a further
research.
3. Genr(8) has a huge potential that has been obtained

by integrating genetic algorithms rooted in nature and
artificial intellect.
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Fig. 3. Two united surface forms of variant H044. Rendering before the conversion
of triangulated form. (Author’s rendering)

Fig. 4. Two united surface forms of variant H044. Rendering after the conversion
with Rhinoceros software. (Author’s rendering)
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TABLE 1
32 ouT OF 47 SUCCESSFUL SURFACE GENERATING GRAMMAR SETTINGS IN GENR(8).

Steps 6, surface; branchAngle 90; tiles 3
|_Resulting shape Gravity RandomNoise RepPoinCons RepPoinExpo Smoothness | Undulation |
H000 0 0 0 0 0 0
HO001 0 0.1 0 0 0.1 0.1
H002 0.1 0.1 0 0 0.1 0.1
H003 02 0.1 0 0 0.1 0.1
HO004 04 0.1 0 0 0.1 0.1
HO005 0.6 0.1 0 0 0.1 0.1
HO006 0.8 0.1 0 0 0.1 0.1
H007 1 0.1 0 0 0.1 0.1
HO11 0 0.2 0 0 0.1 0.1
HO012 0 04 0 0 0.1 0.1
HO013 0 0.6 0 0 0.1 0.1
HO014 0 08 0 0 0.1 0.1
HO015 0 1 0 0 0.1 0.1
HO021 0 0.1 0.1 0 0.1 0.1
H022 0 0 0.1 0 0.1 0.1
H023 0 0.1 0 1 0.1 0.1
H024 0 0.1 0 3 0.1 0.1
H025 0 0.1 0 10 0.1 0.1
HO031 0 0.1 0 0 02 0.1
H032 0 0.1 0 0 04 0.1
HO033 0 0.1 0 0 0.6 0.1
H034 0 0.1 0 0 0.8 0.1
H035 0 0.1 0 0 1 0.1
H036 0 0.1 0 0 10 0.1
H037 0 0.1 0 0 100 0.1
H041 0 0.1 0 0 100 0.2
H042 0 0.1 0 0 100 04
H043 0 0.1 0 0 100 0.6
H044 0 0.1 0 0 100 08
HO045 0 0.1 0 0 100 1
H046 0 0.1 0 0 100 10
L H047 Q 0.1 (0] Q 100 100
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Arne Riekstins. ProjekteSana, izmantojot evolucionaras skaitloSanas metodi

Autors veicis eksperimentus ar trisdimensiju modeleSanas programmattiras Maya programmatiiras papildinajumu Genr(8). Evolucionara skaitloSana ir viena no
iespgjamam stratégijam formu studijas un meklgjumos ar maksliga intelekta palidzibu. Evolucionarie algoritmi veido evolucionaras skaitloSanas apakssekciju, kas taja
parasti ietver tikai tehnikas, kuras ievie§ biologiskas evoliicijas iedvesmotus mehanismus I1idzigi tam, ka tas notiek, pieméram, reprodukcija, mutacijas, rekombinacijas,
dabiskaja selekcija vai specigaka individa izdzivoSana. Visas §is funkcijas iestradatas programmatiiras papildinajuma Genr(8), un tas izmantojamas inovativa arhitektiiras
projektesana.

Genr(8) ir uz evolucionariem algoritmiem balstits programmatiiras papildinajums, kuru ir attistijusi Martins Hembergs, Piters Testa un Una-Meja Oreilija Masacusetsas
Tehnologiskaja institata (MIT). Programmatiras papildinajuma Genr(8) izmantotais EA ir gramatiskas evoliicijas algoritms, kas ir veidots, lai audzetu kompleksas
morfologijas simuléta fiziska vide. Programmas struktiira sava darbiba kombing trisdimensiju karteSanas Lindenmaijera sisteémas (L-systems) ar abstraktu fizisko
vidi. ProjekteSana, kas iesp&jama izmantojot Genr(8), noved pie formu mekléSanas bez noteiktas funkcijas. Autora veiktajos eksperimentos tika apgits Genr(8)
programmattiras papildinajums un veikta izp&te par 3T instrumenta morfogenézes iespejam, “audzgjot” digitalus evolucionaros algoritmus. Visi eksperimenti tika
sistematiski sakartoti kataloga. Galvenais eksperimenta mérkis bija izprast evolucionaro skaitlosanu ka morfogengzes procesu un spriest par iespéjamo parmantojamibu
sagaidamaja radosa procesa starpprodukta vai rezultata, ka ari par iespgjamo iedzimto IpasSibu lietojumu. Lai eksperimenta iegiitas virsmas izmantotu realas arhitekttras
objektos, tas papildus jaizvertg, veicot biivkonstrukciju aprékinus un konstatgjot, kurai virsmas dalai ir strukturalas nestsp&jas pazimes un kurai ir vienigi dekorativas
pasibas. Arhitektira §ada veida projektéSanas metode var palidzet jaunu formu mekl&jumos vai situacijas, kad jaaizpilda telpa starp diviem esoSiem apjomiem.
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Projekt€Sana, izmantojot evolucionaras
skaitlosanas metodi

Arne Riekstins, Rigas Tehniska universitate

ATSLEGAS VARDI: evolucionara skaitloSana, iteracijas progress,
maksligais intelekts.

Saja raksta analizéta projekteSanas pieredze, izmantojot
evolucionaras skaitloSanas metodi. Autors veicis eksperimentus
ar  trisdimensiju  modeléSanas  programmatiras  Maya
programmatiiras papildinajumu Genr(8). Tas ir viens no
pilnveidotakajiem kadas programmatiras papildinajumiem,
kas balstits uz evolucionaras skaitloSanas metodi. Evolucionara
skaitloSana ir viena no iespéjamam stratggijam formu studijas un
mekl€jumos ar maksliga intelekta palidzibu. Maksliga intelekta
(anglu valoda artificial intelligence) definicija ir ,inteligento
agentu studijas un projektesana“. Inteligentais agents ir sisteéma,
kas uztver tas vidi un veic darbibas, kas paaugstina panakumu
guSanas iespgjas. Datorzinatn@s evolucionara skaitloSana ir
maksliga intelekta apak$nozare, un to lieto ka visparigu jedzienu
vairakas skaitloSanas tehnikas, kas balstitas uz noteikta ITmena
biologiskas dzivibas vai evoluciju dabiskaja pasaule. Evolucionara
skaitloSana izmanto iteracijas progresu (anglu valoda iterative
progress), piem&ram, augSanu vai attistiSanos populacija. Talak
§T populacija tiek izve€leta instruétos nejauSos mekl&jumos,
izmantojot paralélo datu apstradi (anglu valoda processing),
lai sasniegtu vélamo iznakumu. Biologija evolucija ir izmainas
iedzimtajas populacijas iezim&s no vienas paaudzes nakamaja.
Sis process liek organismiem mainities laika gaita. Iedzimtas
pazimes ir génu ekspresija, kas nodota atvasei reprodukcijas
laika. Mutacijas génos var radit jaunas vai izmainitas pazimes, kas
paradas ka parmantojamas atSkiribas starp organismiem. Sadas
jaunas pazimes arT rodas no gé€nu parneses starp populacijam,
pieméram, migracija vai starp dazadam Skirném. Kad Sis
parmantojamas atSkiribas klast populacija arvien izplatitakas
vai retakas, notiek evolacija, vai nu nejausi dabiskas selekcijas
karta, vai ar nejausi genétiskas dreifesanas karta. Evolucionarie
algoritmi (anglu valoda Evolutionary Algorythms jeb EA) veido
evolucionaras skaitloSanas apakSsekciju, kas taja parasti ietver
tikai tehnikas, kuras ievie§ biologiskas evolicijas iedvesmotus
mehanismus lidzigi tam, ka tas notiek, pieméram, reprodukcija,
mutacijas, rekombinacijas, dabiskaja selekcija vai spécigaka
individa izdzivosana [2, 109]. Visas §is funkcijas iestradatas
programmatiiras papildinajuma Genr(8), un tas izmantojamas
inovativa arhitektiiras projektésana.

1. PROGRAMMATURAS PAPILDINAJUMS GENR(S8)

Genr(8) ir uz evolucionariem algoritmiem (FA) balstits
programmatiiras papildinajums, kuru ir attistijusi Martins
Hembergs (Martin Hemberg), Piters Testa (Peter Testa)
un Una-Meja Oreilija (Una-May O’Reilly) Masacusetsas
Tehnologiskaja instittta (Massachusetts Institute of Technology;
MIT). Programmatiiras papildinajuma Genr(8) izmantotais

EA ir gramatiskas evolacijas (anglu valoda Grammatical
Evolution jeb GE) algoritms, kas ir veidots, lai audzetu
kompleksas morfologijas simuléta fiziska vide [2, 109].

Genr(8) ir izveidots, balstoties uz Tstas genétikas koncepciju,
kas piem€rota programmatirai vai skaitloSanas sistemam.
To izveidoja ,,Genétiskas evolucijas vienibas“ (anglu valoda
Genetic Evolutionary Unit) apak$sekcija ,,Radosas projekt€Sanas
grupa“ (anglu valoda Emergent Design Group) MIT. Genr(8)
tika apvienota matematiskie augSanas principi ar skaitloSanu.
Programmas struktira sava darbiba kombing trisdimensiju
karteéSanas Lindenmaijera sistémas (L-systems) ar abstraktu fizisko
vidi. L-systems un genétisko kodolu apvienoSana dod iesp&ju iegtit
trisdimensionalu objektu formas. Ja ar tradicionalu projekteSanas
metodi kaut kas tiek veikts 100 reizes p&c kartas, rezultats
vienmér bus tads pats, bet evolucionaraja procesa tiks iegiti
100 dazadi rezultati. Genr(8) papildus zinamam evolucionaram
ipasibam ietver krustoSanos, mutaciju, parmantojamibu utt.
Saja programmatiiras papildinajuma L-systems darbojas tikai
péc tiem noteikumiem, kas uzstaditi sakuma, tacu abstrakta
vide daudzveido evolaciju. Atkariba no vides un uzstadttajiem
parametriem katru reizi rezultats bus atSkirigs. Iesp€jamas
abstraktas vides virtualai audzéSanai ir slégta vide, kombinéta
vide un atverta vide. Slégta vide, pemot vera vides ietekmes
speku laukus, virsmas aug slegtu poligonalu kermenu iekSieng.
Kombingta vide, pemot vera vides ietekmes speku laukus,
virsmas aug cauri vai pari poligonalas konfiguracijas telpam.
Atverta vide evoliciju nosaka tikai uzstaditas gramatikas un
vides ietekmes sp€ku lauki. Papildus tam iesp&jams kontrolét ar
citus parametrus, ieskaitot gravitacijas mérogu un virzienu, sienu
izturéSanos, ,,trokSnus* virsmas (anglu valoda random noise),
parklajumu (anglu valoda tiling), populacijas lielumu, paaudzu
skaitu, svaru un vilpojumu.

II. FORMU MEKLESANA BEZ FUNKCIJAS

Projektésana, kas iespgjama izmantojot Genr(8), noved pie
formu mekléSanas bez noteiktas funkcijas. Nezinot objekta
funkciju, ir griiti meklet vai projektet geometrisku formu.
Modernisma laika sauklis ,forma seko funkcijai“ bija loti
populars, to pirmo reizi izteicis arhitekts Luiss H. Salivens (Louis
H. Sullivan) viena no saviem rakstiem par arhitekttru 1896. gada
[1]. Tas nozimg, ka funkcijai bez nepiecieSamibas péc formala
ietvara japastav paSai par sevi, autonoma veida. Dabiskos
evolucionarajos procesos tam nav reala piepildijuma, tacu daba ir
neierobezota efektivu formu daudzveidiba. Daba materija ir loti
darga, bet forma ir par brivu. Daba visu veido efektivi: katras
koka lapas izaudzeSanai ir japateré daudz energijas un matéerija.
Tamde] dabas veidotas formas ir pamatotas. Projekt€Sana formu
mekl&Sana bez funkcijas ir viena no iespgjamajam stratégijam. Ta
ka§ada gadijumasakotné&jinav zinams rezultats, tad tair istaizpéte.
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Formas var meklét ar dazadiem instrumentiem. Genr(8) radiSanai
bija nepiecieSami vairak neka pieci gadi. Genetiska skaitloSana ir
milzigs petijumu lauks. Genetiskas skaitloSanas programmatiras
platforma nav vienkarSi izaicinajums izmantot programmatiru
zimeSanai, bet drizak izmantot to ka maksligo intelektu. To, ko
sp€j $ada veida programmatiira, cilvékam nav pa speékam. Tomer
ir svarigi apzinaties, ka Genr(8) ir tikai instruments, kuru var
lietot, lai raditu jaunu darba metodi [2, //7]. Tas ir loti pilnveidots
instruments.

Projektetajam pats darba instruments ir centrala dala
no projektéSanas procesa. Arvien jaudigaki datori sniedz
projektétajiem pavisam jaunas iespEjas, taCu, lai tas butu
lietderigas, projektetajam tas jaspgéj komfortabli lietot.
SkaitloSana lauj vairak veikt formu meklgjumus (anglu valoda
exploration), neka tas bitu iesp&jams tikai ar papiru un zimuli
— to var uzskatit par jaunu paradigmu arhitekttra. Musdienas
ir pieejami daudzi datorizétas projektéSanas CAD instrumenti.
Probléma ar Siem instrumentiem ir tada, ka tos var kategorizet ka
raseéSanas paliginstrumentus, tiesa — ka loti specigus. Tie nekada
meérd nav generativi vai radoSi. Ko rasét, arhitektam jaizdoma
paSam. Genr(8) izstradataju Emergent Design Group merkis
bija radit instrumentu, kas sadarbojas ar projektetaju un stimulg
darbu, vienlaikus palidzot projektétajam iegtt jaunas idejas.

Sodien arhitektiiras ideju Tstenofana liela nozime ir jauniem
materialiem. Tie ienesuSi radikalas izmainas €ku buvniecibas
iespejas. Jauni materiali un jaunas tehnologijas dod jaunas formu
IstenoSanas iesp€jas. Konstruktivos elementus Sodien iesp&jams
izmantot un kombin&t daudz augstaka tehniska izpildijuma
Iimeni. Slavens piemérs tam ir Gugenheima muzejs Bilbao,
Spanija. Jaunu, Iidz §im arhitektiras nozaré maz aplikotas
radosas koncepcijas var pétit tikai ar inovativajiem datortehnikas
instrumentiem, tostarp evolucionaras skaitloSanas metodi.
Liela nozime ir arT datortehnikas raditajai maksliga intelekta
izpausmei ,maksligajai dzivibai”. So faktoru mijiedarbes
kopums projektéSana ir emergence jeb rasanas (anglu valoda
emergence). Ta ir paradiba, ko var pétit ar datoru palidzibu.
Emergence ir koncepcija, kuru arhitekti var viegli uztvert, un
kas ir 1Tdziga radoso ideju generéSanai arhitektu ikdienas darba.
Tomér arhitektu riciba ne vienmer ir adekvati programmattras
instrumenti, lai ekspluatétu un izmantotu emergences koncepciju

[3].

III. EVOLUCIONARAS SKAITLOSANAS EKSPERIMENTS AR GENR(S)

Genr(8) izmantoSana vairakas darba fazés ir saistita ar
atklajumiem evolucionaraja skaitloSana. Autora veiktajos
eksperimentos  tika  apglts  Genr(8)  programmatiras
papildinajums un veikta izpgete par T instrumenta morfogenézes
iespgjam, “audzgjot” digitalus evolucionaros algoritmus. Visi
eksperimenti tika sistematiski sakartoti kataloga, pierakstot
detalas par generativo gramatiku, parametru manipulaciju un
virtualas vides apstakliem. Ja uzstadijumus nepieraksta un
saglabatos rezultatus nesistematize, darba ar Genr(8) ir loti grati
izprast dazado konfiguraciju ietekmi virtualaja videé. Petfjuma
uzsvars bija saprast saikni starp generativajam gramatikam un
to rezultéjoSo morfologiju, ka arT to geometriskajam ipasibam.
Genr(8) izmantoSana sakotngji ir samera sarezgita, jo tikai pec
visu uzstadijumu apgiiSanas un to kalibréSanas ir saprotams, ka
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projektéiana

1. att. Genr(8) klasificgjams pie emergences projekteSanas lauka — evolucionaras
skaitloSanas, maksligas dzivibas un projekteSanas apvienojuma.

tie iedarbojas uz darba rezultatu. Galvenais eksperimenta mérkis
bija izprast evolucionaro skaitloSanu ka morfogengzes procesu
un spriest par iespgjamo parmantojamibu sagaidamaja radosa
procesa starpprodukta vai rezultata, ka arT par iesp&jamo iedzimto
(anglu valoda inherent) 1paSibu lietojumu.

Autora veikta eksperimenta gaita, mekl€jot atbilstoSu
konceptualu arhitektoniski telpisko konfiguraciju starp divam
virsmam, tika pétita ,,genétiska audze$ana”. Dizaina koncepcijas
pamata bija detaliz€ta dazado evolucionaro vienibu testéSana,
Iidz tika atrasts apmierinoss rezultats.

Eksperimenta pirmais solis bija izveidot evolucionaras
gramatikas darba vidi. Tika izveleta slégta poligonalas
konfiguracijas vide. Otrais solis bija noteikt plaknes uzbavi. Tika
izveleta trianguléta virsma ar 90° sazaroSanas lenki. TreSais solis
bija noradit evolucijas pakapju daudzumu, jo no ta ir atkarigs,
cik liela izveidosies virsma. Eksperimenta gaita tika secinats,
ka optimals evolicijas pakapju skaits ir seSi. Ceturtais solis
bija papildus ,,atgradeju” un ,,pievilcgju” (anglu val. — repellors
and attractors) izvietoSana, kas virsmas veidoSanas evolicijai
palidz pieSkirt dinamisku kustibas virzienu. Talak tika veikta
eksperimentu virkne ar 47 dazadiem uzstadTjumiem, no kuriem
tikai 32 bija veiksmigi. Pargjie 15 uzstadijumi sakotngjo virsmu
deforméja tiktal, ka to vairs nevar€ja izmantot arhitektoniskiem
uzdevumiem. Visi Genr(8) uzstadijumi un to vértibas tika
pierakstiti, un saglabatie rezultati sistematizg&ti (1. tabula). Katrai
no iegiitajam formam tika pieskirts savs numurs (HO00— H047).

Nakamaja, sestaja soll tika veikts eksperiments, vienlaikus
audzgjot piecas virsmas (2. att€ls). Tika analizEta ieglito
rezultatu atbilstiba piepemtiem krit€rijiem. Piepémums bija
atrast divas savienojamas virsmas, kuram, sava starpa Skeloties,
butu liellaiduma parsegumam atbilstiga telpiska konfiguracija.
Sim kriterijam atbilda virsmas forma H044, kurai tika generéti
pieci varianti. Tos savstarp&ji kombingjot, tika atrasta piemérota
telpiska konfiguracija. Visatbilstosakas izradijas pirma un
tre$a virsma. Ta ka Genr(8) veido triangulétas geometrijas
virsmas, iegitais rezultats bija ar robustam un asam formam.



Scientific Journal of Riga Technical University
Architecture and Urban Planning

2011
Arne Riekstins3. Projekté3ana, izmantojot evolucionaras skaitloSanas metodi Volume 5
1. TABULA
32 NO 47 VEIKSMIGO GENR(8) VIRSMAS GENERESANAS GRAMATIKU UZSTADIJUMI.
Steps 6, surface; branchAngle 90; tiles 3

|_Resulting shape Gravity RandomNoise RepPoinCons RepPoinExpo Smoothness | Undulation |
HO000 0 0 0 0 0 0
HO001 0 0.1 0 0 0.1 0.1
HO002 0.1 0.1 0 0 0.1 0.1
HO003 02 0.1 0 0 0.1 0.1
HO004 04 0.1 0 0 0.1 0.1
HO005 0.6 0.1 0 0 0.1 0.1
HO006 0.8 0.1 0 0 0.1 0.1
HO007 1 0.1 0 0 0.1 0.1
HO11 0 02 0 0 0.1 0.1
HO012 0 04 0 0 0.1 0.1
HO013 0 0.6 0 0 0.1 0.1
H014 0 0.8 0 0 0.1 0.1
HO015 0 1 0 0 0.1 0.1
HO021 0 0.1 0.1 0 0.1 0.1
HO022 0 0 0.1 0 0.1 0.1
H023 0 0.1 0 1 0.1 0.1
H024 0 0.1 0 3 0.1 0.1
HO025 0 0.1 0 10 0.1 0.1
H031 0 0.1 0 0 02 0.1
H032 0 0.1 0 0 04 0.1
HO033 0 0.1 0 0 0.6 0.1
HO034 0 0.1 0 0 0.8 0.1
HO035 0 0.1 0 0 1 0.1
HO036 0 0.1 0 0 10 0.1
HO037 0 0.1 0 0 100 0.1
HO041 0 0.1 0 0 100 0.2
HO042 0 0.1 0 0 100 04
HO043 0 0.1 0 0 100 0.6
HO044 0 0.1 0 0 100 0.8
HO045 0 0.1 0 0 100 1
HO046 0 0.1 0 0 100 10
L_H047 Q 0.1 Q 0 100 100

Lai So virtuali ,,izaudz&to* objektu izvertetu, tas ar trisdimensiju
modeléSanas programmattiras Rhinoceros palidzibu tika
konvertets pludenas formas (3. un 4. att€ls). Izmantotas
komandas bija robeZliniju dubultoSana (anglu valoda duplicate
border), konturu iegiiSana (anglu valoda contouring), Iikliniju
parveidoSana par nevienveidigam liklinijam (anglu val. — rebuild
curve into non-uniform curves).

P&c virsmu parveidoSanas pludenas formas tika iegits labaks
prieksstats par to, ka datora videé simuléti objekti veido telpiskas
struktiiras, kuram ir arhitektoniska kvalitate. Ar izmantoto metodi
nevar iegiit gatavus formveides rezultatus. Lai eksperimenta
ieglitas virsmas izmantotu realas arhitektlras objektos, tas
papildus jaizverte, veicot bavkonstrukciju aprékinus un
konstatejot, kurai virsmas dalai ir strukturalas nestsp€jas pazimes
un kurai ir vienigi dekorativas IpaSibas. Arhitektara Sada veida
projektéSanas metode var palidzet jaunu formu mekl&jumos vai
situacijas, kad jaaizpilda telpa starp diviem esoSiem apjomiem.

SECINAJUMI

1. Genr(8) ir visai lietderigs instruments, bet tas nav piemerots
gatava rezultata iegtiSanai.

2. ST instrumenta pilnvértigakas izmanto$anas nolika ar to
javeic turpmaks un padzilinats petnieciskais darbs.

3. Genr(8) ir liels potencials, kas iegts, integréjot dabas
paradibas saknotus genétiskos algoritmus un maksligo intelektu.
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ATTELI
2. att. Formas HO044 pieci atSkirigi, vienlaikus ieglitie varianti. (Autora
vizualizacija)
3. att. Divu virsmas formu H044 variantu savietojums. Vizualizacija pirms
triangulétas virsmas konvertésanas. (Autora vizualizacija)
4. att. Divu virsmas formu HO044 variantu savietojums. Vizualizacija péc
konverteSanas ar programmatiiru Rhinoceros. (Autora vizualizacija)
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