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Abgtract—

We proposea semanticmodel for evolutionary compu-
tation, which supportsthe rapid designof a huge variety
of evolutionary-algorthm-stucturesand can be represented
in XML. Moreover, a designedevolutionary-computatio-
modelcanalsobe usedascompilerinputto generateeadyto
useobject-orientedcodecovering the adequatevolutionary-
computation-functionaty aswell asfor documentatiorand
exchangingthe realisedalgorithm. The basicconceptof the
modelis foundedn asuchcalledcomponenhierarchywhere
operatorsandbasicalgorithmsarehandledasprogrammable
nodesof a structuraltree and wherethe structuraltree de-
scribesthe computationflow. Within this paperthe descrip-
tion of thesemantianodelis presentedollowedby adetailed
example.lt will beshavn how theproposedpproaclkenables
a moreabstracthandlingof the evolutionaryalgorithms,and
how it speedaup the algorithmdesign. Also, it will be pre-
sentechow rapidstructuralchange®f theevolutionaryalgo-
rithm might be performedby simple changingthe operator
hierarchyor by thereplacementf the programmablaodes.

1 Intr oduction

In the developmentaswell asin the applicationof evolution-
ary algorithms(EA) it is usefulto handlea specificalgorithm
on a more abstractlevel thanthe level of C/C++ function-
calls. However, mary activities aredirectedattheimplemen-
tation of C/C++ softwarelibrariescovering EA functionality
[4] [5] [6] [7] [8]. Moreover, adocumentationthathasto be
sened is usually createdlater on. Theseseparatedvorking
lines areincornvenient,causea lot of mistakesand prohibits
standardizationTo overcomethe mentionedoroblemsandto
revival efforts in exchangemenandstandardizatiorwe pro-
poseasemantieanodel,whichsupportghemodeling,descrip-
tion anddocumentatiorof EA at once. The semantianodel
shouldbe system-independeandseparatedrom anevolved
solutionandits data. Also, it shouldbe easyto understand
andto learn.

Looking for a suitableconcept differentapproachesvere
studied. Among them are, Hypeitext Markup Language

(HTML) [1], Virtual Reality Modeling LanguaggVRML)
[3] and Extensible Markup Language(XML) [2]. The
namedlanguagesare not traditional programmetanguages
thatspecifya computatiorflow. They aredevelopedto spec-
ify andto characterizeelementsf anervironment. Derived
form the StandardGeneralizedM arkup L anguaggSGML)
[2], astandardISO 8879)from 1986, theselanguagesvere
developedto describea wide variety of structuraldiscrimi-
nateervironments. The languagesbstractseveral elements
by adaptedcconstructandsupportgheir hierachicabrdering.
As an example VRML is usedto model geometricobjects
in 3D-worldswhereobjectslike polygonsaredeterminecy
suchcallednodes.Eachnodecoversfurther parameterdike
coordinatesand edges,which are necessaryto representa
polygon. Finally, a suchcallednode-hierarchylescribeshe
whole3D-world. HTML andXML, beingmorepopular fol-
low acomparableonceptof element-hierarchy
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Currently therearealot of actiities to setup aworld wide
standardfor multimediadocuments.XML promisesto ful-
fill upcomingdemandsandresearcherfrom differentfields,
esp. mathematicianschemists,and musicianswork on the
extensionof the primary XML. From our point of view the
EC-communityshouldjump on the bandwagorand should
usechancedike thisfor its own evolution.

Theauthorsgproposea concepfor an Evolutionary
Algorithm Modeling Language(EAML). Several elements
shouldbeprovidedto describenethodsandoperatorof EA's
on an abstractlevel. Programmablecode-elementshould
supportthe extentionof the primary EAML. Finally, the pro-
posecdelement-hierarchghouldrealizeacompleteEA.

By usingXML-notation documentatiomndexchangement
of an EA could be quite nice. However, thereis the funda-
mentaldemando procesdatawith a designedEA. So, low-
level function calls like C/C++ arestill required. Naturally,
this shouldbe moreor lessinvisible for auser In VRML a
scene-descriptiois interpretedo play fantasticvirtual real-
ities online. For EA-applicationsa compilerapproachrans-
lating EAML-descriptionsto readyto useC/C++ codeseems
to bemoresuitable.

In the section2, we will presenthe actualstateof EAML,
the semantianodelfor EA's. To find outwhetherthe created
EAML is suitablefor practicalapplicationsor not,anEAML-
compilet generatingC++ code,wasimplementedn parallel
andwill beintroducedbriefly in section3. Also, someEA-
standard-problemseretestedandtheresultswill begivenin
section3. Finally, sectiond givesanoutlookto furtherdevel-
opments.The authorswould like to motivateothercontribu-
tionsfor theextensionof EAML aswell asfor standardization
andexchangementvithin the EC-community

2 Derivation of the semanticmodel

2.1 Componentsof an evolutionary algorithm

To modelanEA its specificcomponentsvill berecalled.Out
of the family of EA's we choosea simple geneticalgorithm
(GA) asanexample. The computationaflow-chartof a pos-
sible GA canbeseenin figurel.

In generala GA comprisegmainly the following compo-
nents:

An initialization rule to generatehe startingpopulation.

An evaluationandfitnessfunctionto determinghequal-

ity.

- A stoppingcriterion, which hasto befulfilled.

A marriagerule to selectparentgor reproduction.

Geneticoperators(e.g. cross@er, mutation)to recom-

bine genedor thenext generation.

- A replacemenschemeo specifyhow the next genera-
tion is producedrom offsprings.

- A datastructurerepresentingheencodingof anevolved

solution.

The GA presentedn figure 1 compriseswo parallel ge-
netic operatorswherebyoneline consistsof a crosseer op-
eratorfollowed by a mutationandwherebythe otherline is
representednly by a mutationoperator In this specialcase,
the next generatiorwill be producedalternatively by one of
bothlines. For GA's mostof the adaptation®ccurwith the
geneticoperatorsvherebytheir kinds andtheir structuralre-
lationsmayvary.

Although, upcomingcomponentsnight not be predicted,
hencethesemantianodelthatdescribe€A's hasto consider
the hugevariability of structuraldesignandthegreatnumber
of differentmethodsandoperators.

2.2 Requirements

Fromthepresentedamplgfigurel), furtherrequirement$or
a semanticmodel canbe deduced. The several components
of anEA, methodsaswell asoperatorscould be handledas
building blocks. So, it will be possibleto tickle aroundwith
thatbuilding blocks,beingsimply calledelementsFinally, a
completeEA could be realizedby a nestedarrangemenbf
elements. For userscorveniencethe most commonmeth-
ods and operatorsshouldbe predefined. Specializedmeth-
ods could be integratedas additionalmodules. Procedures
for the structuraldescriptionof an EA andfor theinitializa-
tion shouldbe provided. For the descriptionof a hugevari-
ety of EA-structurestherehasto be anopportunityto extent
the semanticamodelby userdefinedelements.For difficult
operatorsor methodscode,implementedn a higherobject-
orientedprogrammindanguageshouldbeinserted.

One of the most importantrequirementds that an EA-
modelhasto be designedor a problem-classand not for a
specificinstanceof a problem. So, instance-specifiparame-
tersshouldbe adjustabldateron.

Finally, asuchmodeledEA canbestudied,exchangedand
documentedrery easily In the following section,we will
have alook on a suitablenotationfulfilling the statedrequire-
ments.

2.3 Notation and basicconceptsof EAML

The notation and the basic conceptof EAML follow the
XML-standard[2]. In generalthe structureof EAML con-
sists of several elementsand an orderedcollection of such
elementscan be namedan EA-description. Such an EA-
descriptionis storedin an ASCIlI-file (figure 4) and canbe
createdwith a simpletext-editor. The several elementsvere
appliedin thefollowing generahotation:

<Elementename

Attribute[i]lname="Attribute[i]value"
> content <\Elementname>

Eachelementis introducedby a suchcalled < Startlag>
andfinishedwith an <\ EndTag>. Enclosedf this bothtags
the element-contents written. Dependingof the element-
type anattribute-listcontainingfurther parametergsanbe set
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Figure2: Componenhierarchyof the sampleGA

up. It hasto be consideredhat attributesare ableto carry
default-\alues,thereforethey haven't to be specifiedexplic-
itly. Also, eachelemenmightcontainfurtherelementsthere-
foreit is spokernof nestedelementor anelement-hierarchy

Thedefinition-notatiorfor seseral element-typesndtheir
attributeswastakenover from XML [2] and shouldnot ex-
plainedfurtheron atthis point.

Eachmethod,like selectionor fitness-galuation,coding,
the geneticoperatorsandall othercomponentsrequiredfor
the descriptionof an EA, hasto be abstractedy the men-
tionedelements.So, up to now, every standard-operat@and
every standard-methodf an EA might be handledas com-
plete programmableuilding block. To give an example,a
bit-string canbe describedy the following notation:

<BitString size="0" group="1"><\BitString>
andshortenedhccordingto the XLM-standard:
<BitString size="0" group="1"\>

The elementis namedby its meaningand compriseswo
attributes. By the sizeattribute the length of the bit-string
canbedeterminedby the group-attribute the numberof bits,
which areusedin a unit (gene),is stated.As mentionedbe-
fore, the attribute-valuesmight be changedn a specificEA-
description. Another example that shouldbe provided is a
selectiorelementthat containsanotherelementdetermining
the selection-method:

<selection><RouletteWheel/></selection>.

By usingthe presentechotationall component®f an EA
can be modeledandit is equalwhetherthey are selection-
methodsfitness-functionsgenomecodingor geneticopera-
tors.

2.4 The elementhierarchy

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

chy, which is mentionedaselement-hierarchyThis element-
hierarchyalsorepresenttheaffiliation of anelementvhereby
eachelementof a lower level is containedby an elementof
the higherlevel. Currently on thetop-level therearefollow-
ing element-typepermitted:

Algorithm  Coversthecompletedescriptionof theEA
Random  Definesusersrandomgeneratoglobally
Code Containsuserscode,in C/C++,e.g.

to provide anadapteditnessfunction

As suborderelement®f the algorithm-elementup to now,
the following elementswere provided. Moreover, eachof
theseelementsoversfurtherelementdy its own.

Selectionmethod Uniform, RouletteWheelGreedy-

Over, Tournament
Ranfitness,ReversalFitness,

RelativeFithessNormalizedFitness
Unary, Binary, Group,Switch

OnePointUniform, Cycle

Fitnessfunction

OperatorElement
BinaryOperator

UnaryOperator PointRandomPointincrement,
Swap,SwapNeighbarinversion
Initialize Randomlnitial Constantlnitzial,

IndexInizial
ReplacementSchemeGenerationalDeleteNLast
Coding(Genome) Gene BitString,

{Int,Long,Float,Cha}Vector

The numberof algorithm and codeelementsat the top-
level is not restricted.From an algorithm-elementhierarchi-
cally downwardsall component®f a particularEA arespec-
ified. Thedescriptionof anEA-structureis realizedby asub-
tree with the root being an operatorelement. The sub-tree
might containary nestedscopes. So, it will be possibleto
designa wide variety of different EA-structures. Also, on
the top-level a codeelementis permitted. The C/C++-Code
implementedn that element-contenthasto be pluged-inby
an useelement. Fromthatit shouldbe evident thatan EA-
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descriptioncan be extendedand that a hugeamountof EA
canbe modeled. However, thereis still somework. So, the
authorsarestill discussingan event/message-concepthich
would supportthe interactionof several elementdike algo-
rithm-elementsunningparallel.

For a betterunderstandingve will designa simple prob-
lem, for whichanEA by usingEAML notationwill be mod-
eled. For eachproblemthat canbe codedby a BitString an
evolved solutionmay be found thatis alsorepresentedby a
BitString. To makeit very clear we assumehat our prob-
lem canbe solved by a BitString with size = 30. Thevalue
of eachvectorelementis assumedaisv = 1. Also, we want
to usethe GA whoseflow-chartis givenin figure 1. By con-
sideringall component®f this specificGA we canrepresent
themby the more abstractgraphicalelement-hierarchysee
figure 2.) Puttingall togetherand converting the visualized
element-hierarchynto EAML we will geta descriptionfor
the algorithmasit canbe seenin figure 4. At the top-level
we seethe algorithm-elementaswell asa codeelementthat
determineghefitnessfunction.

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

3 Realisationand Results

3.1

Concomitantvith the EAML-concept,a compilerfor EAML
wasdesignedandimplemented.This wasnecessaryo prove
whethertheproposedsemantianodelis meetingpracticalex-
pensesAs anoutcomeof the compilation,readyto usecode
in a higher object-orientedorogrammerdanguageshould be
provided, which might be includedin anextensive software
project, or which is usedto realizea standalonepplication
covering EA functionality. For thefinal realizationof the EA
we usedC++ asobject-orientecbrogramminganguage The
generate@¢odematcheshe ANSI C++ specification Option-
ally, a standaloneconsole-progranor a modulefor further
integrationcanbegenerated.

A closeview on the compiler architecturecanbe seenin
figure 3. The element-hierarchgescribingthe EA is stored
in the .eaml-file. This file aswell aspossibleincludesof the
.eaml-filewill besuppliedto thecompiletr Thecompilerpro-
cesseghe provided files into three stages. By parsingthe

Implementation of an EAML-compiler

element-hierarchg syntax-treds generatedt first, followed
by a semanticanalysis. This analysisis necessaryor con-
sisteny check. For exampleit hasto be ensuredthat each
.eaml-filecontainsat leastone Algorithm-element.If every-
thing is fine, the syntax-treds forwardedto the source-code-
generatarAt this pointthe algorithm-routinesreferencedy
the .eaml-fileandneededo realizethe EA-functionality, are
combinedandadaptedoy the given parametersFinally, the
source-code-generatproduceghe C++ Codeand provides
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-
quired componentf the EA (comparefigure 1) hasto be
determinedat first. Particularly, the genomecoding hasto
be ventilatedas well asthe operatorshave to be selected.
From this chosenelementsan element-hierarchyasyou can
seein figure2 hasto besetup. In thefollowing, theelement-
hierarchywhich alsodescribesheinterconnectiorof theele-
ments,might be codedin EAML. The EAML-code-structure
of our sampleis presentedn figure 4. Finally, the coded
element-hierarchis storedin an.eaml-file,whichis thenfor-
wardedto theEAML-compiler. In casetherearenomistakes,
the compilerwill generatghe.h- andthe .cpp-file. Letsas-
sumethataftertestingof our producedeA we would like to
adjustsomeparameter®r we would like to exchangea se-
lectionrule or ageneticoperator For doingso,we only have
to edit the element-hierarchy Even if we have an ideafor
a new genetic-binary-operatpive can extend our element-
hierarchy By applyingthe codeelementwveimplementwhat
we needin a higherobject-orientecprogramminganguage,
mainly C/C++,anduseit lateron. In thisway it will bealso
possibleto extendthe primary EAML 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 checkwhetherthe generatedA-functionality
is ableto find anevolvedsolutionthatwe expected.In table1
threesampleapplicationsarepresentedbriefly. Of coursewe
alsotestedthe traveling salesman problem(TSP). The TSP
wasconfiguredwith 30 “cities” and200individuals. For en-
coding, an integer vector was usedholding the city-indexes



EA type Evolutionarystratgy GA Geneticprogramming
Sample XOR problem knapsack symbolicregression
Description| Theweightsof aPerceptron A knapsackhasto be packt Givenis anumberof pointsP
with onehiddenlayerwere with a selectionof things with P(x, f(x)). An ervolved
adaptedo solve the determinedby weightand solutionto approximatef (x)
XOR-problem value.Thecarry-weightof the | hasto be provied by the EA.
knapsacks limited. However, | We usedf (x) = sinx? cosx and
the goalis to putasmuch gottheevolvedsolutionwith an
thingsaspossiblein the ErrorE = 1.4409°10
knapsacko geta highvalue.
Encoding Float\ector BitString Treewith five levels
Population 100 100 500
Generation 30 8 35

Tablel: Samplesf problemgealizedwith EAML

and the travel-route were determinedby the order of city-
indexeswithin thevector An evolvedsolutionwasfound af-
ter140generationfn average Asit canbeseentheproposed
semanticmodel andits referenceimplementationraise EA-
solutionsasthey were expected. Beingrealistically thereis
ahugeamountof furthertestingrequired.Theauthorswould
like to motivate otherresearchgroupsto work with EAML
to determinepossiblerestrictionsandto comeover themby
improving the semantianodel.

4 Conclusionand futur e work

Whitin this papera semanticmodel following the XML-
notation (ExchangeableM arkup L anguage)was presented
that enablesthe modelingof evolutionary algorithms(EA).
In thisway it will be possibleto handleEA's with their com-
ponentsat the abstraction-leel of building blocks. The se-
manticmodelapplicableby EAML (EvolutionaryAlgorithm
M odelingL anguagegnablegshemodelingaswell asthedoc-
umentationof an EA simultanouslyand ensuresthe inter-
changeof EA modeledonce.

The notationof EAML supportsthe definition and inte-
gration of userdefinedmethodsand operatorswhat seems
to be useful for the further developmentand extension of
EAML. Up to now, well-known EA-problemsweremodeled
with EAML. To validatethe designedEA-modelsanEAML-
compilerwasalsoimplementedandpresentedvithin this pa-
per As it wasshown, realizedEA-functionalitieshave ful-
filled theexpectationsHowever, thereis still somework. For
exampleit seemgo beusefulto provide an operatorelement,
which is only activatedon demand Jike by matchinga spe-
cific criterion duringthe iterations. Also, we arelooking for
mechanismso handlesub-samplesf individualsduringthe
iterations. And, it would be quite nice to provide mecha-
nismsfor parallelizationand intercommunicatiorof several
algorithm-elements.

Currently an EA-descriptionhasto be typedwith a sim-

ple text-editor. The authorsand maybealsoupcomingusers
of EAML would like to use an enhancecEAML-editor, or
even a graphicalEAML-builder, which supportsthe design
of angraphicalelement-hierarchiike in figure 2. Inversely
a graphicalelement-hierarchghouldbe generatedy a sup-
plied EA-descriptiorusingEAML, whatwouldbevery useful
for thedocumentatiomandvisualizationof amodeledEA. The
proposedEAML-concept, that follows the XML-standard,
also supportsthe integration of further elementslike plain
text, imagesor even (JAVA)-scripts.

Last but not least,the authorswould like to motivatedis-
cussionandfurthercontributionsfor the extensionof EAML
aswell asfor standardizatiorand exchangementvithin the
EC-community
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<?xml version="1.0"7>

<EAML standalone="true" project="bits'>

<Code name = "fitfunc">
// this is the objective-function
double fit = ECPARAM(CBits,gene,size); // the worst fitness is the number of bits

// Compare whole genome bitwise with desired target.
// Every equal bit-pair causes a decrementation.
// Thus the best fitness is 0 and the worst is the number of bits within genome.

for (int i = 0 ; i < ECPARAM(CBits,gene,size) ; i++ )
if ( GETDATA( i ) == 1) fit -= 1;
return fit;

</Code>
D D
<Algorithm name = "CBits" <!-- the main-algo (we use only one) -->
size = "20" <!-- size of population = number of individuals -->
direction = "minimize" <!-- we want to minimize the objective-function -->
generations = "100" <!-- run max. 100 generations -->
optimum = "0.0" <!-- this is our target what we want to reach -->
elitistRate = "10%" <!-- we use 2 elitists (20 * 0.1 = 2) -->
operatorRate = "90%" <!-- create rest of new population with operators -->
>
<objective><Use ref="fitfunc"/></objective> <!-- reference to objective-function -->
<genome><BitString size="30" group="1"/></genome> <!-- use every bit alone -->
<selection><RouletteWheel/></selection> <!-- fitness-proportional selection -->
<operator><Group><operator> <!-- This is the operator-structur. -->
<!-- We create two parallel operators: -->
<Binary rate = "90%" succRate = "10%" > <!-- a binary (cross-over p=0.9) and -->
<!-- an unary (mutation p=0.1). -->
<method><0nePoint/></method> <!-- After creating offspring with the binary -->
<!-- operator, we additionally mutate the —-->
<succ type = '"unary'>
<PointIncrement <!-- offspring with p = 0.1. -->
min=l|0l|
max:” 1l|
Step=l| 1l|
/>
</succ>
</Binary>

<Unary rate="10%'"><method><PointIncrement min="0" max="1" step="1"/></method></Unary>

</operator></Group></operator> <!-- end of operator-structur -->
<initial><RandomInitial min="0" max="1"/></initial> <!-- initialize the bitstrings randomly -->
</Algorithm>
</EAML>

Figure4: A sampleelementhierachywrittenin EAML



