ExtendingGrammaticaEvolution

to Evolve Digital Surfaceswith Genr8

Figure 1. The eld of EmegentDesignis
the intersectionof Evolutionary Computa-
tion, Arti cial Life andDesign.By exploit-
Ing iIdeasfrom EC andALife, wetry to nd
novel approache®o design.

Figure 2: A time seriescapturing/ growth
stepsof a HEMLS surfacein an environ-
mentwith verepellorgdheredravnascylin-
ders). The smallestsurfaceis the axiom.
Thelargestsurfaceis the nal growth step.
Hadtherepellorsbeenabsenta at square
would have beenformed.

Figure 3: A HEMLS growth language=x-
pressedn BackusNaur Form (BNF). Any
derwvationof this BNF producesa HEMLS
(.e. agrammar). The terminalsareinter-
pretedto form a surfaceusingturtle graph-
ICS.

Figure 4: A physicalmodelmadeby Jordi
TrucoattheArchitecturalAssociationn Lon-
don. Thedesignprocesstartedwith Genr8
andthe evolved digital surfacewas subse-
guently exported so that a physical model
couldbe manufctured.
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Abstract

Genr8is a surfacedesigntool for architects.It usesa grammasbasedgeneratre growth modelthat produces
surfaceswith anorganicquality. GrammaticaEvolutionis usedto helpthedesigneisearchthe universeof possible
surfaces.We describehow we have extendedGrammaticaEvolution, in a generalmanney in orderto handlethe
grammarusedby Genr8.

Growing Digital Surfacesn a SimulatedPhysical Environment

Genr8simulatesorganic growth and createdigital surfaces[1]. Its growth processs reactve: it takesplacein a
simulatedphysical ervironment. Surfacegrowth is generatedy a HEMLS - a Hembeg ExtendedMap L-System.
A HEMLS is a morecomplex versionof thewidely known LindenmayelSystem(L-system)[3]. An L-systemis a
grammayr consistingof a seed(or axiom)anda setof productionrules plusarewrite processn which productions
rulesareappliedto the seedandits successe states.

Themostimportantfeatureincorporatednto a HEMLS is how the physicsof our simulatedervironmentis factored

Into therewriting of anedge.With this additionalsetof environmentalfactors,the surfacegrowth mimicstropism

theresponsef anorganismto externalstimuli. Genr8allows the userto specifythe environmentusingattractors,

repellors,gravity andboundariesaselementsFigure2 shavs how a HEMLS surfaces growth stepsin responséo
verepellors.

Why Is EvolutionaryComputatiorlJsefulin a DesignTool?

It automaticallygeneratea HEMLS with correctsyntax;creatingmeaningfulHEMLS by handis a hardtask.
It adaptvely exploresthe universeof surfacesfollowing preferredsurfacesyetyielding creatvely differentones.

It canbe usedto explicitize a surfacean architecthasin mind by allowing its searchprocesdo bein uenced by
thearchitect.

Why UseGrammaticaEvolution?

Blind variationon adirectgrammarrepresentatiowould have to be eithercontrivedto adhereo syntaxconstraints
or it would resultin offspringgenotypeshathave to be syntacticallyrepairedor culled afterwards.

GrammaticakEvolution (GE) [2] providesa meansof mappinga x edlengthintegersequencéwhichis its genotype
andthusblindly crossedver or mutated)nto a programvia the useof a programmingdanguagespeci cationgiven
In Backus-NauForm (BNF).

ExtendingGrammaticakEvolution to Handlethe Growth Language

The BNF for HEMLS containssymbolsthat have not beenusedin previous GE implementations.Moreover, we
wantedto incorporateheuristicanto thealgorithmin orderto facilitatethe searcHor interestingdesigns.

Restrictthe expansionof the programtree

If thereare mary non-terminalan the BNF's productionrules, an expanded(or derved) HEMLS is likely to be
very large. In general suchoutcomegroduceuninterestingsurfaces.For instancejn the BNF of Figure 3, six of
the nine productionsof the non-terminakModifier>  themselesexpandto <Modifier> . A parametecalled
max_depth limits themaximumdepthof theexpandedsyntaxtreeratherthanlimiting themappingof thegenotype.

Multiple andoptionalnodes

In a BNF representationf alanguagethesymbolsf... gand]...] Indicatethatwhatever symbols(terminals
or non-terminals)appearsetweenthemis to be written zero or more times or zero or one times, respectrely.
Becausef theimportanceof geneticinheritancgandthe propogtion of geneticcharacteristicsin a GE system|t
IS Importantthatthis optionalguantitystayconsistenthroughall decodingf agenotypd(i.e.,from onegeneration
to the next or within multiple copiesof the genotypan the population).Theidealway to achieve this consistenyg is
to usethe genotypatself to determinehow mary timesa symbolis written whenit is optional.

Genr8asatool

Genr8is implementedasa plug-into the 3D modellerMaya, which makesit easyandintuitive to use. Making the
tool aplug-inis alsoextremly usefulfor the developerasthe hostsoftwareprovidesa lot of functionality“for free”.

A ParameterizefithessFunctionGovernsthe Selection

In Genr8the tness functionis metaphoricallyasteeringvheelthathelpstheuserguidetheevolutionarysearch.The
tness functionis automatedo allow alargerportionof thesearcrspacdo beexplored. Genr8usesa parameterized
tness functionrelatingsix featuresof a digital surface. The userchooses tamgetvalue,tj, anda weight, w;, for
eachfeature.ln orderto calculatetness, eachfeaturels assessedndcomparedvith theuserspeci edtargetvalues.
Thesix featuresarecalledsmoothnessindulation size symmetrysoftboundariesandsubdivisionsFigure7 and8
shav examplesof how the tness functioncanbe usedto producesurfaceswith differentcharactersitcs.

Using Genr8asa DesignTool

Genr8hasnow beenusedfor two yearsin a designcoursewithin the EmegentDesign& Technologieggraduate
programat the ArchitecturalAssociation(AA) in London.Figure4, 5 and9 areexamplesof designghathave been
producedoy studentsaandstaf with theaid of Genr8.Additionalimagesareavailableonthe World Wide Web at
Nttp://www.ai.mit.edu/projects/emergentDesign/genr8

Summary

We have describedhow evolutionarycomputationandin particular extensionf grammaticaevolution,empavera
digital surfaceexplorationtool namedGenr8.Becausef its responasie growth andevolutionaryalgorithm,Genr8s
resultsareattractve, spontaneouandorganicin appearance.

Figure 5: A renderedmageof a designfor a pneumaticstravberry/champagnbar Thisis Genr85 largestdesign
thathasbeenphysically actualized By Achim MengesAA, London,UK, 2003.

Figure 6: A Genr8surfacegronvn in anen-
vironmentwhereit hasbeemnpulleddown by
gravity ontop of asphericaboundary The
grammais the sameoneasin Figure6 and
It Is clearhow the ervironmentin uences
the nal outcomeof thegrowth process.

Figure 7: A renderedmageof a surface
evolvedwith Genr8.The tnesscriteriahas
beensetto selectfor highly articulatedsur
faces.

Figure 8: A renderedmageof anevolved
Genr8surface. Thearticulationis lesspro-
nouncecherein contrastwith Figure?.

Figure9: A photograplof aphysicalmodel.
Themodelwasproducedusinga CNC mill
andit isbasednaGenr8surface.By Linus
Saaedra,AA, London,UK, 2003.
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