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Figure9: A photographof aphysicalmodel.
Themodelwasproducedusinga CNC mill
andit is basedonaGenr8surface.By Linus
Saavedra,AA, London,UK, 2003.

Figure 8: A renderedimageof anevolved
Genr8surface.Thearticulationis lesspro-
nouncedherein contrastwith Figure7.

Figure 7: A renderedimageof a surface
evolvedwith Genr8.The�tness criteriahas
beensetto selectfor highly articulatedsur-
faces.

Figure 6: A Genr8surfacegrown in anen-
vironmentwhereit hasbeenpulleddown by
gravity on top of a sphericalboundary. The
grammaris thesameoneasin Figure6 and
it is clear how the environmentin�uences
the�nal outcomeof thegrowth process.

Figure 5: A renderedimageof a designfor a pneumaticstrawberry/champagnebar. This is Genr8's largestdesign
thathasbeenphysicallyactualized.By Achim Menges,AA, London,UK, 2003.

Figure 4: A physicalmodelmadeby Jordi
TrucoattheArchitecturalAssociationin Lon-
don.Thedesignprocessstartedwith Genr8
andthe evolved digital surfacewassubse-
quently exportedso that a physical model
couldbemanufactured.

Figure 3: A HEMLS growth languageex-
pressedin BackusNaur Form (BNF). Any
derivationof this BNF producesa HEMLS
(i.e. a grammar). The terminalsare inter-
pretedto form a surfaceusingturtle graph-
ics.

Figure 2: A time seriescapturing7 growth
stepsof a HEMLS surfacein an environ-
mentwith � verepellors(heredrawnascylin-
ders). The smallestsurface is the axiom.
Thelargestsurfaceis the�nal growth step.
Hadtherepellorsbeenabsent,a �at square
wouldhavebeenformed.

Figure 1: The �eld of EmergentDesignis
the intersectionof EvolutionaryComputa-
tion, Arti�cial Life andDesign.By exploit-
ing ideasfrom ECandALife, we try to �nd
novel approachesto design.

Growing Digital Surfacesin aSimulatedPhysicalEnvironment
Genr8simulatesorganic growth andcreatesdigital surfaces[1]. Its growth processis reactive: it takesplacein a
simulatedphysicalenvironment.Surfacegrowth is generatedby a HEMLS - a Hemberg ExtendedMap L-System.
A HEMLS is a morecomplex versionof thewidely known LindenmayerSystem(L-system)[3]. An L-systemis a
grammar, consistingof a seed(or axiom)anda setof productionrules, plusa rewrite processin which productions
rulesareappliedto theseedandits successive states.

Themostimportantfeatureincorporatedinto aHEMLS is how thephysicsof oursimulatedenvironmentis factored
into therewriting of anedge.With this additionalsetof environmentalfactors,thesurfacegrowth mimicstropism,
theresponseof anorganismto externalstimuli. Genr8allows theuserto specifytheenvironmentusingattractors,
repellors,gravity andboundariesaselements.Figure2 shows how a HEMLS surface's growth stepsin responseto
� ve repellors.

Why is EvolutionaryComputationUsefulin aDesignTool?
� It automaticallygeneratesaHEMLS with correctsyntax;creatingmeaningfulHEMLS by handis ahardtask.

� It adaptively explorestheuniverseof surfacesfollowing preferredsurfacesyet yieldingcreatively differentones.

� It canbeusedto explicitize a surfaceanarchitecthasin mind by allowing its searchprocessto bein�uencedby
thearchitect.

Why UseGrammaticalEvolution?

Blind variationon a directgrammarrepresentationwould have to beeithercontrivedto adhereto syntaxconstraints
or it would resultin offspringgenotypesthathave to besyntacticallyrepairedor culledafterwards.

GrammaticalEvolution(GE) [2] providesameansof mappinga�x edlengthintegersequence(which is its genotype
andthusblindly crossedover or mutated)into a programvia theuseof a programminglanguagespeci�cationgiven
in Backus-NaurForm (BNF).

ExtendingGrammaticalEvolution to HandletheGrowth Language
The BNF for HEMLS containssymbolsthat have not beenusedin previous GE implementations.Moreover, we
wantedto incorporateheuristicsinto thealgorithmin orderto facilitatethesearchfor interestingdesigns.

Restricttheexpansionof theprogramtree

If therearemany non-terminalsin the BNF's productionrules,an expanded(or derived) HEMLS is likely to be
very large. In general,suchoutcomesproduceuninterestingsurfaces.For instance,in theBNF of Figure3, six of
thenineproductionsof thenon-terminal<Modifier> themselvesexpandto <Modifier> . A parametercalled
max depth limits themaximumdepthof theexpandedsyntaxtreeratherthanlimiting themappingof thegenotype.

Multiple andoptionalnodes

In a BNF representationof a language,thesymbolsf ... g and[...] indicatethatwhatever symbols(terminals
or non-terminals)appearsbetweenthem is to be written zero or more times or zero or one times, respectively.
Becauseof theimportanceof geneticinheritance(andthepropogationof geneticcharacteristics)in a GE system,it
is importantthatthisoptionalquantitystayconsistentthroughall decodingsof agenotype(i.e., from onegeneration
to thenext or within multiplecopiesof thegenotypein thepopulation).Theidealway to achieve thisconsistency is
to usethegenotypeitself to determinehow many timesasymbolis writtenwhenit is optional.

Genr8asa tool
Genr8is implementedasa plug-in to the3D modellerMaya,which makesit easyandintuitive to use.Making the
tool aplug-in is alsoextremlyusefulfor thedeveloperasthehostsoftwareprovidesa lot of functionality“for free”.

A ParameterizedFitnessFunctionGovernstheSelection

In Genr8the�tness functionis metaphoricallyasteeringwheelthathelpstheuserguidetheevolutionarysearch.The
�tness functionis automatedto allow alargerportionof thesearchspaceto beexplored.Genr8usesaparameterized
�tness function relatingsix featuresof a digital surface. Theuserchoosesa target value,t i , anda weight,wi , for
eachfeature.In orderto calculate�tness,eachfeatureis assessedandcomparedwith theuserspeci�edtargetvalues.
Thesix featuresarecalledsmoothness, undulation, size, symmetry, softboundariesandsubdivisions. Figure7 and8
show examplesof how the�tness functioncanbeusedto producesurfaceswith differentcharactersitcs.

UsingGenr8asaDesignTool

Genr8hasnow beenusedfor two yearsin a designcoursewithin the EmergentDesign& Technologiesgraduate
programat theArchitecturalAssociation(AA) in London.Figure4, 5 and9 areexamplesof designsthathave been
producedby studentsandstaff with theaidof Genr8.Additional imagesareavailableon theWorld WideWebat
http://www.ai.mit.edu/projects/emergentDesign/genr8 .

Summary
Wehavedescribedhow evolutionarycomputation,andin particular, extensionsof grammaticalevolution,empowera
digital surfaceexplorationtool namedGenr8.Becauseof its responsivegrowth andevolutionaryalgorithm,Genr8's
resultsareattractive,spontaneousandorganicin appearance.

Abstract

Genr8is a surfacedesigntool for architects.It usesa grammar-basedgenerative growth modelthat produces
surfaceswith anorganicquality. GrammaticalEvolution is usedto helpthedesignersearchtheuniverseof possible
surfaces.We describehow we have extendedGrammaticalEvolution, in a generalmanner, in orderto handlethe
grammarusedby Genr8.
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