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Abstract—
We proposea semanticmodel for evolutionary compu-

tation, which supportsthe rapid designof a huge variety
of evolutionary-algorithm-structuresandcanbe represented
in XML. Moreover, a designedevolutionary-computation-
modelcanalsobeusedascompilerinput to generatereadyto
useobject-orientedcodecovering theadequateevolutionary-
computation-functionality aswell as for documentationand
exchangingthe realisedalgorithm. Thebasicconceptof the
modelis foundedin asuchcalledcomponenthierarchy, where
operatorsandbasicalgorithmsarehandledasprogrammable
nodesof a structuraltree and wherethe structuraltree de-
scribesthe computationflow. Within this paperthe descrip-
tion of thesemanticmodelis presentedfollowedby adetailed
example.It will beshown how theproposedapproachenables
a moreabstracthandlingof theevolutionaryalgorithms,and
how it speedsup the algorithmdesign. Also, it will be pre-
sentedhow rapidstructuralchangesof theevolutionaryalgo-
rithm might be performedby simple changingthe operator
hierarchyor by thereplacementof theprogrammablenodes.

1 Intr oduction

In thedevelopmentaswell asin theapplicationof evolution-
aryalgorithms(EA) it is usefulto handlea specificalgorithm
on a more abstractlevel than the level of C/C++ function-
calls.However, many activitiesaredirectedat theimplemen-
tationof C/C++ softwarelibrariescoveringEA functionality
[4] [5] [6] [7] [8]. Moreover, a documentationthathasto be
served is usuallycreatedlater on. Theseseparatedworking
lines areinconvenient,causea lot of mistakesandprohibits
standardization.To overcomethementionedproblemsandto
revival efforts in exchangementandstandardization,we pro-
poseasemanticmodel,whichsupportsthemodeling,descrip-
tion anddocumentationof EA at once. Thesemanticmodel
shouldbesystem-independentandseparatedfrom anevolved
solutionandits data. Also, it shouldbe easyto understand
andto learn.

Looking for a suitableconcept,differentapproacheswere
studied. Among them are, Hypertext Markup Language

(HTML) [1], Virtual Reality Modeling Language(VRML)
[3] and Extensible Markup Language(XML) [2]. The
namedlanguagesare not traditional programmer-languages
thatspecifya computationflow. They aredevelopedto spec-
ify andto characterizeelementsof anenvironment. Derived
form the StandardGeneralizedMarkup Language(SGML)
[2], a standard(ISO 8879)from 1986,theselanguageswere
developedto describea wide variety of structuraldiscrimi-
nateenvironments.The languagesabstractseveral elements
by adaptedconstructsandsupportstheirhierachicalordering.
As an exampleVRML is usedto model geometricobjects
in 3D-worldswhereobjectslike polygonsaredeterminedby
suchcallednodes.Eachnodecoversfurtherparameterslike
coordinatesand edges,which are necessaryto representa
polygon. Finally, a suchcallednode-hierarchydescribesthe
whole3D-world. HTML andXML, beingmorepopular, fol-
low acomparableconceptof element-hierarchy.
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Figure1: Flow diagramof a possibleGA asanexample



Currently, therearea lot of activities to setupaworld wide
standardfor multimediadocuments.XML promisesto ful-
fill upcomingdemandsandresearchersfrom differentfields,
esp. mathematicians,chemists,andmusicians,work on the
extensionof the primary XML. From our point of view the
EC-communityshouldjump on the bandwagonandshould
usechanceslike this for its own evolution.

Theauthorsproposea conceptfor anEvolutionary
Algorithm Modeling Language(EAML). Several elements
shouldbeprovidedto describemethodsandoperatorsof EA’s
on an abstractlevel. Programmablecode-elementsshould
supporttheextentionof theprimaryEAML. Finally, thepro-
posedelement-hierarchyshouldrealizeacompleteEA.

By usingXML-notationdocumentationandexchangement
of an EA could be quite nice. However, thereis the funda-
mentaldemandto processdatawith a designedEA. So,low-
level function calls like C/C++ arestill required. Naturally,
this shouldbe moreor lessinvisible for a user. In VRML a
scene-descriptionis interpretedto play fantasticvirtual real-
ities online. For EA-applicationsa compiler-approachtrans-
latingEAML-descriptionsto readyto useC/C++codeseems
to bemoresuitable.

In thesection2, we will presenttheactualstateof EAML,
thesemanticmodelfor EA’s. To find out whetherthecreated
EAML is suitablefor practicalapplicationsor not,anEAML-
compiler, generatingC++ code,wasimplementedin parallel
andwill be introducedbriefly in section3. Also, someEA-
standard-problemsweretestedandtheresultswill begivenin
section3. Finally, section4 givesanoutlookto furtherdevel-
opments.Theauthorswould like to motivateothercontribu-
tionsfor theextensionof EAML aswell asfor standardization
andexchangementwithin theEC-community.

2 Derivation of the semanticmodel

2.1 Componentsof an evolutionary algorithm

To modelanEA its specificcomponentswill berecalled.Out
of the family of EA’s we choosea simplegeneticalgorithm
(GA) asanexample.Thecomputationalflow-chartof a pos-
sibleGA canbeseenin figure1.

In general,a GA comprisesmainly the following compo-
nents:

- An initializationrule to generatethestartingpopulation.
- An evaluationandfitnessfunction to determinethequal-

ity.
- A stoppingcriterion, which hasto befulfilled.
- A marriagerule to selectparentsfor reproduction.
- Geneticoperators(e.g. crossover, mutation)to recom-

binegenesfor thenext generation.
- A replacementschemeto specifyhow the next genera-

tion is producedfrom offsprings.
- A datastructurerepresentingtheencodingof anevolved

solution.

The GA presentedin figure 1 comprisestwo parallel ge-
neticoperators,wherebyoneline consistsof a crossover op-
eratorfollowedby a mutationandwherebythe other line is
representedonly by a mutationoperator. In this specialcase,
the next generationwill be producedalternatively by oneof
both lines. For GA’s mostof the adaptationsoccurwith the
geneticoperatorswherebytheir kindsandtheir structuralre-
lationsmayvary.

Although, upcomingcomponentsmight not be predicted,
hence,thesemanticmodelthatdescribesEA’shasto consider
thehugevariability of structuraldesignandthegreatnumber
of differentmethodsandoperators.

2.2 Requirements

Fromthepresentedsample(figure1), furtherrequirementsfor
a semanticmodelcanbe deduced.The several components
of anEA, methodsaswell asoperators,couldbe handledas
building blocks. So, it will bepossibleto tickle aroundwith
thatbuilding blocks,beingsimplycalledelements. Finally, a
completeEA could be realizedby a nestedarrangementof
elements. For usersconveniencethe most commonmeth-
ods andoperatorsshouldbe predefined.Specializedmeth-
ods could be integratedas additionalmodules. Procedures
for the structuraldescriptionof an EA andfor the initializa-
tion shouldbe provided. For the descriptionof a hugevari-
ety of EA-structures,therehasto beanopportunityto extent
thesemanticalmodelby user-definedelements.For difficult
operatorsor methods,code,implementedin a higherobject-
orientedprogramminglanguage,shouldbeinserted.

One of the most important requirementsis that an EA-
modelhasto be designedfor a problem-classandnot for a
specificinstanceof a problem.So,instance-specificparame-
tersshouldbeadjustablelateron.

Finally, a suchmodeledEA canbestudied,exchangedand
documentedvery easily. In the following section,we will
have a look ona suitablenotationfulfilling thestatedrequire-
ments.

2.3 Notation and basicconceptsof EAML

The notation and the basic conceptof EAML follow the
XML-standard[2]. In general,the structureof EAML con-
sistsof several elementsand an orderedcollection of such
elementscan be namedan EA-description. Such an EA-
descriptionis storedin an ASCII-file (figure 4) and canbe
createdwith a simpletext-editor. Theseveral elementswere
appliedin thefollowing generalnotation:

VXW+Y[Z\]ZX^[_+Z`^+a>\]Zb _[_[cedgf[h[_+Zjikdgl[^+a>\+Z`men b _X_[c�dgf[hX_+Zoipdgl`qra[Y`h�ZsntvuXw`^[_rZ`^[_xV[yXW+Y[Z\]ZX^[_[^+a\zZ[t
Eachelementis introducedby a suchcalled { StartTag|

andfinishedwith an {~} EndTag| . Enclosedof this bothtags
the element-contentis written. Dependingof the element-
typeanattribute-listcontainingfurtherparameterscanbeset
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Figure2: Componenthierarchyof thesampleGA

up. It hasto be consideredthat attributesare able to carry
default-values,thereforethey haven’t to be specifiedexplic-
itly. Also,eachelementmightcontainfurtherelements,there-
fore it is spokenof nestedelementsor anelement-hierarchy.

Thedefinition-notationfor severalelement-typesandtheir
attributeswastakenover from XML [2] andshouldnot ex-
plainedfurtheron at this point.

Eachmethod,like selectionor fitness-evaluation,coding,
the geneticoperatorsandall othercomponents,requiredfor
the descriptionof an EA, hasto be abstractedby the men-
tionedelements.So,up to now, every standard-operatorand
every standard-methodof an EA might be handledascom-
plete programmablebuilding block. To give an example,a
bit-stringcanbedescribedby thefollowing notation:

VX·�dg_+¸`_�c�dg^[¹»ºrdg¼+Z`m�n¾½sn¿¹[c+wXh[À[m�n+ÁXn>t[V[y`·edg_+¸`_Xc�dg^[¹rt
andshortenedaccordingto theXLM-standard:VX·�dg_+¸`_�c�dg^[¹»ºrdg¼+Z`m�n¾½sn¿¹[c+wXh[À[m�n+ÁXn>y[t

The elementis namedby its meaningandcomprisestwo
attributes. By the size-attribute the length of the bit-string
canbedetermined,by thegroup-attributethenumberof bits,
which areusedin a unit (gene),is stated.As mentionedbe-
fore, theattribute-valuesmight bechangedin a specificEA-
description. Another example that shouldbe provided is a
selection-elementthatcontainsanotherelementdetermining
theselection-method:

V+ºXZ[Y[Zzu¾_�d>w`^+t�VÂ]w`h+Y�Z`_`_rZÃ+Ä+ZXZ[Y[Å[t�V`ÅzºZ[Y[Z[u>_�d>w>^+toÆ
By usingthe presentednotationall componentsof an EA

can be modeledand it is equalwhetherthey are selection-
methods,fitness-functions,genomecodingor geneticopera-
tors.

2.4 The elementhierarchy

A completeEA-descriptionconsistsof diverseelementsar-
rangedin a nestedorder. So, the elementsform a hierar-

chy, which is mentionedaselement-hierarchy. Thiselement-
hierarchyalsorepresentstheaffiliation of anelementwhereby
eachelementof a lower level is containedby an elementof
thehigherlevel. Currently, on thetop-level therearefollow-
ing element-typespermitted:

Algorithm Coversthecompletedescriptionof theEA

Random Definesusersrandomgeneratorglobally

Code Containsuserscode,in C/C++,e.g.
to provide anadaptedfitnessfunction

As suborder-elementsof thealgorithm-element,upto now,
the following elementswere provided. Moreover, eachof
theseelementscoversfurtherelementsby its own.

Selectionmethod Uniform, RouletteWheel,Greedy-
Over, Tournament

Fitnessfunction Rawfitness,ReversalFitness,
RelativeFitness,NormalizedFitness

OperatorElement Unary, Binary, Group,Switch
BinaryOperator OnePoint,Uniform, Cycle
UnaryOperator PointRandom,PointIncrement,

Swap,SwapNeighbor, Inversion
Initialize RandomInitial,ConstantInitzial,

IndexInizial
ReplacementSchemeGenerational,DeleteNLast

Coding(Genome) Gene,BitString,Ç
Int,Long,Float,CharÈ Vector

The numberof algorithm- andcode-elementsat the top-
level is not restricted.Fromanalgorithm-elementhierarchi-
cally downwardsall componentsof a particularEA arespec-
ified. Thedescriptionof anEA-structureis realizedby asub-
tree with the root being an operator-element. The sub-tree
might containany nestedscopes.So, it will be possibleto
designa wide variety of different EA-structures. Also, on
the top-level a code-elementis permitted.TheC/C++-Code
implementedin that element-contenthasto be pluged-inby
an use-element. From that it shouldbe evident that an EA-
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Figure3: Compilerfor the.ecmlFile

descriptioncanbe extendedand that a hugeamountof EA
canbe modeled.However, thereis still somework. So, the
authorsarestill discussinganevent/message-concept,which
would supportthe interactionof several elementslike algo-
rithm-elementsrunningparallel.

For a betterunderstandingwe will designa simpleprob-
lem, for which anEA by usingEAML notationwill bemod-
eled. For eachproblemthat canbe codedby a BitString an
evolved solutionmay be found that is alsorepresentedby a
BitString. To makeit very clear, we assumethat our prob-
lem canbe solved by a BitString with size ü 30. The value
of eachvector-elementis assumedasv ü 1. Also, we want
to usetheGA whoseflow-chartis givenin figure1. By con-
sideringall componentsof this specificGA we canrepresent
themby the moreabstract,graphicalelement-hierarchy(see
figure 2.) Puttingall togetherandconverting the visualized
element-hierarchyinto EAML we will get a descriptionfor
the algorithmas it canbe seenin figure 4. At the top-level
we seethealgorithm-elementaswell asa code-elementthat
determinesthefitnessfunction.

TheEAML-descriptionin figure4 handelsthechosensam-
ple GA at an abstraction-level that compareswith the flow-
chart in figure 1 or with the graphicalelement-hierarchyin
figure 2. After “clear thinking” andfinishing the modeling,
the EA- descriptionusing EAML can be suppliedfor EA-
code-generation.

3 Realisationand Results

3.1 Implementation of an EAML-compiler

Concomitantwith theEAML-concept,a compilerfor EAML
wasdesignedandimplemented.This wasnecessaryto prove
whethertheproposedsemanticmodelis meetingpracticalex-
penses.As anoutcomeof thecompilation,readyto usecode
in a higherobject-orientedprogrammerlanguageshouldbe
provided, which might be includedin an extensive software
project,or which is usedto realizea standaloneapplication
coveringEA functionality. For thefinal realizationof theEA
we usedC++ asobject-orientedprogramminglanguage.The
generatedcodematchestheANSI C++specification.Option-
ally, a standaloneconsole-programor a modulefor further
integrationcanbegenerated.

A closeview on the compilerarchitecturecanbe seenin
figure 3. The element-hierarchydescribingthe EA is stored
in the .eaml-file. This file aswell aspossibleincludesof the
.eaml-filewill besuppliedto thecompiler. Thecompilerpro-
cessesthe provided files into threestages. By parsingthe

element-hierarchyasyntax-treeis generatedatfirst, followed
by a semanticanalysis. This analysisis necessaryfor con-
sistency check. For exampleit hasto be ensuredthat each
.eaml-filecontainsat leastoneAlgorithm-element.If every-
thing is fine, thesyntax-treeis forwardedto thesource-code-
generator. At this point thealgorithm-routines,referencedby
the .eaml-fileandneededto realizetheEA-functionality, are
combinedandadaptedby the givenparameters.Finally, the
source-code-generatorproducesthe C++ Codeandprovides
a .h- anda .cpp-file,which might be compiledwith a main-
programor which might be integratedinto anothersoftware
project.

3.2 Application of EAML

To producean applicableEA modeledby EAML, the re-
quiredcomponentsof the EA (comparefigure 1) hasto be
determinedat first. Particularly, the genomecodinghasto
be ventilatedas well as the operatorshave to be selected.
From this chosenelementsan element-hierarchyasyou can
seein figure2 hasto besetup. In thefollowing, theelement-
hierarchy, whichalsodescribestheinterconnectionof theele-
ments,might becodedin EAML. TheEAML-code-structure
of our sampleis presentedin figure 4. Finally, the coded
element-hierarchyis storedin an.eaml-file,which is thenfor-
wardedto theEAML-compiler. In casetherearenomistakes,
the compilerwill generatethe .h- andthe .cpp-file. Letsas-
sumethatafter testingof our producedEA we would like to
adjustsomeparametersor we would like to exchangea se-
lectionrule or a geneticoperator. For doingso,we only have
to edit the element-hierarchy. Even if we have an idea for
a new genetic-binary-operator, we can extend our element-
hierarchy. By applyingthecode-elementwe implementwhat
we needin a higherobject-orientedprogramminglanguage,
mainly C/C++,anduseit lateron. In this way it will bealso
possibleto extendtheprimaryEAML andto adaptit to user
efforts.

3.3 SampleEA’s modeledwith EAML

Various EA’s were modeled with EAML and the EA-
functionality’swereprovidedby usingtheimplementedcom-
piler. Our aim was to model a well-know problem with
EAML andto checkwhetherthegeneratedEA-functionality
is ableto find anevolvedsolutionthatweexpected.In table1
threesampleapplicationsarepresentedbriefly. Of course,we
alsotestedthe traveling salesmanproblem(TSP).The TSP
wasconfiguredwith 30 “cities” and200individuals.For en-
coding,an integer vectorwasusedholding the city-indexes



EA type Evolutionarystrategy GA Geneticprogramming

Sample XOR problem knapsack symbolicregression

Description Theweightsof aPerceptron
with onehiddenlayerwere
adaptedto solve the
XOR-problem

A knapsackhasto bepackt
with aselectionof things
determinedby weightand
value.Thecarry-weightof the
knapsackis limited. However,
thegoalis to put asmuch
thingsaspossiblein the
knapsackto geta highvalue.

Givenis a numberof pointsP
with P ý x þ f ý x ÿ2ÿ . An envolved
solutionto approximatef ý x ÿ
hasto beproviedby theEA.
Weusedf ý x ÿ ü sinx2 cosx and
got theevolvedsolutionwith an
Error E ü 1 � 4409

� 10

Encoding FloatVector BitString Treewith five levels

Population 100 100 500

Generation 30 8 35

Table1: Samplesof problemsrealizedwith EAML

and the travel-route were determinedby the order of city-
indexeswithin thevector. An evolvedsolutionwasfoundaf-
ter140generationsin average.As it canbeseen,theproposed
semanticmodel and its referenceimplementationraiseEA-
solutionsasthey wereexpected.Being realistically, thereis
a hugeamountof furthertestingrequired.Theauthorswould
like to motivateother researchgroupsto work with EAML
to determinepossiblerestrictionsandto comeover themby
improving thesemanticmodel.

4 Conclusionand futur ework

Whitin this paper a semanticmodel following the XML-
notation (ExchangeableMarkup Language)was presented
that enablesthe modelingof evolutionary algorithms(EA).
In this way it will bepossibleto handleEA’s with their com-
ponentsat the abstraction-level of building blocks. The se-
manticmodelapplicableby EAML (EvolutionaryAlgorithm
ModelingLanguage)enablesthemodelingaswell asthedoc-
umentationof an EA simultanouslyand ensuresthe inter-
changeof EA modeledonce.

The notationof EAML supportsthe definition and inte-
gration of user-definedmethodsand operators,what seems
to be useful for the further developmentand extensionof
EAML. Up to now, well-known EA-problemsweremodeled
with EAML. To validatethedesignedEA-modelsanEAML-
compilerwasalsoimplementedandpresentedwithin thispa-
per. As it wasshown, realizedEA-functionalitieshave ful-
filled theexpectations.However, thereis still somework. For
exampleit seemsto beusefulto provideanoperator-element,
which is only activatedon demand,like by matchinga spe-
cific criterionduringthe iterations.Also, we arelooking for
mechanismsto handlesub-samplesof individualsduringthe
iterations. And, it would be quite nice to provide mecha-
nismsfor parallelizationand intercommunicationof several
algorithm-elements.

Currently, an EA-descriptionhasto be typedwith a sim-

ple text-editor. Theauthorsandmaybealsoupcomingusers
of EAML would like to usean enhancedEAML-editor, or
even a graphicalEAML-builder, which supportsthe design
of angraphicalelement-hierarchylike in figure2. Inversely,
a graphicalelement-hierarchyshouldbegeneratedby a sup-
pliedEA-descriptionusingEAML, whatwouldbeveryuseful
for thedocumentationandvisualizationof amodeledEA. The
proposedEAML-concept, that follows the XML-standard,
also supportsthe integration of further elements,like plain
text, imagesor even(JAVA)-scripts.

Last but not least,the authorswould like to motivatedis-
cussionsandfurthercontributionsfor theextensionof EAML
aswell as for standardizationandexchangementwithin the
EC-community.
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Figure4: A sampleelementhierachywritten in EAML


