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Since1996 we have beenconductingresearchon evolutionary designusing
Lego1 bricks. Our simulationsaredesignedwith buildability in mind: combining
asimpleevolutionaryalgorithmwith apartialsimulationof Legobricksstaticswe
evolve designsthatcomeoutof thecomputerreadyto build [1-4].

Today’scommercialCAD systemsmayaddamechanicalsimulatorto theusual
3D manipulationtools2. But thenew field of EvolutionaryDesign(ED) [5] hasthe
potentialto adda third leg to computer-aideddesign:A creative role. Not only de-
signscanbedrawn (asin CAD), or drawn andsimulated(asin CAD+simulation),
but alsodesignedby thecomputerfollowing guidelinesgivenby theoperator. Thus
we envision futureEvolutionaryCAD systems,“EvoCADs”.

An EvoCAD systemhasthehumandesignerin themainrole: thedesignerhas
anideaor conceptfor a requiredobject.Someof therequirementscanbeaddedto
the3D canvas,creatingevolutionarytargetsthananED engineusesfor evolving
a possibledesign.Theoutputof this evolutionaryenginecanbemodified,tested
andre-evolvedasmany timesasdesired(figure1).

Methods

To demonstrateour conceptionof EvoCAD, we have built amini-CAD systemto
design2D Legostructures.ThisLegoEvoCAD allowstheuserto manipulateLego
structures,andtesttheirgravitationalresistanceusingthesamestructuralsimulator
we have beenusingin thepastto do ED with Lego bricks. It alsointerfacesto an
evolutionaryalgorithmthatcombinesuser-definedgoalswith simulationto evolve
candidatesolutionsfor thedesignproblems.Theresultsof evolutionaresentback
�
Appearedin: Artificial Intelligencein Design00 PosterAbstracts. Key Centreof DesignCom-

putingandCognition,Universityof Sydney. Pages21-24.
1Lego is a trademarkof TheLegoGroup
2PTC’s Pro/Engineersoftware,whoseCAD tool cangenerateoutputfor themechanicalsimula-

tor, Pro/Mechanica,is anexample.
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Figure 1: A conceptualEvoCAD systemhastwo “creative minds”, the human
designerandthe ED software. The humandesigneris in control, andcalls upon
the remainingelementsas tools. A problemdescriptionlanguage(PDL) allows
CAD, evolutionary andsimulationcomponentsto communicatewith eachother
(bold arrows).

to theCAD front-endto allow for further re-designuntil a satisfactorysolutionis
obtained.

Simulation and Representation

The simulationalgorithm[6] is baseduponthe conceptof maximumtorqueca-
pacity at brick-brick joints. A Lego structurewith loadsbecomesa torqueflow
network whereeachedgehasa maximumcapacity. A network flow algorithm
acceptsa structureonly if thereis a valid global flow without any overstressed
joints. To allow for recombinationandcrossover, Lego structuresarerepresented
asLisp-like functions[2] that have oneor more“root” bricks with zeroor more
descendantsattachedat diversepoints.Mutationscanmodify a brick’s sizeor po-
sition, whereasrecombinationsallow for interchangeof entiresubpartsbetween
two parents.
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Evolutionary Algorithm

To begin an evolutionary run, a startingstructureis first received, consistingof
oneor morebricks,and“reverse-compiled”into a geneticrepresentationthatwill
seedthe population. Mutation andcrossover operatorsareappliediteratively to
grow andevolve a populationof structures[2]. Thesimulatoris run on eachnew
structureto testfor stability andloadsupport,neededto calculatea fitnessvalue.
Evolution stopswhenall objectivesaresatisfiedor whena timeoutoccurs.

Brick Problem Description Language

We designeda “brick problemdescriptionlanguage”(BDL), asan interfacebe-
tweenthe evolutionaryalgorithm,simulator, and the CAD front-end. Whenthe
userclicks the“evolve” button,a BDL descriptionis sentover the internetto our
evolution server which evolvesa solutionfor theproblem. The resultof theevo-
lution is sentbackto the CAD usingthe samelanguage.The simulatorreceives
BDL-encodedstructuresfor testing,both from theCAD (whenthehumanwants
to testa structure)andfrom theevolutionaryengine,which testsevery mutatedor
recombinedstructure.

Target Points and Target Loads

The goalsfor the ED enginearedeductedfrom user-definedRestrictions, Target
PointsandTarget Loads. A structurewill befully satisfactoryif it touchesall the
targetpointsandtarget loadpoints,whereasavoiding all therestrictedpoints,and
supportsall thespecifiedloadsateachtarget loadpoint.

Fitness Function

Insteadof writing codein somecomputerlanguagefor a fitnessfunction,herewe
needto computeagenericfitnessvaluefor any BDL structure.Althoughoptimized
fitnessfunctionswill requirefurther study, the fitnessof a structureS hasbeen
definedas:

∑
t � targets

1
1 � d � S� t � � ∑

l � loads

1
1 � d � S� l � � ∑

l � loads
d � S� l �	� 0

supp� S� l �

(whered computesthe distancebetweena point andthe nearestbrick in the
structure,andsuppusesthesimulatorto computethefractionof acertainloadthat
thestructuresupports)
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Figure2: Sampleworking sessionwith the EvoCAD program: (a) The userhas
definedtwogroundsandseveralevolutionaryhints: restrictions(x), target(dot)and
load(arrow). An initial brick waslaiddown. (b) Evolutiondesignedastructurethat
fulfills all requirements.(c) Theusermadecosmeticcorrections(d) Thestructure
hasbeenbuilt with Legobricks.

Results

OursimplisticLegoEvoCAD system(figure2) demonstrateshow thisnew kind of
applicationcould employ ED techniquesto let thecomputerno only be a canvas
andasimulationtool,but alsoto createits own designsfollowing theusers’specifi-
cations.Oursystemallowshumanandcomputerto createadesigncollaboratively,
greatlyreducingthehumaneffort neededto createandoptimizeadesign.
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