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INTRODUCTION

Theevolutionofnatureandbiologicalsystemsishelpingtocreatenewrealitywithgreatpotentialto
resolvemanyresearchanddevelopmentchallenges.Hence,thereisaneedtostudyandexaminenature,
itsmodels,elements,processes,systems,structures,mechanisms,etc.totakeinspirationfrom,oremulate,
nature’sbestbiologicalideasandproductsinordertosolvemodernscienceandengineeringproblems.

ArtificialLifeisfeaturedasanemerging,interdisciplinaryandunifyingfieldofresearchtostudy
phenomenaorabilitiesoflivingsystemsinnatureincludinghumanandanalyzeresearchfindingsto
integrateeffectivelyscientific informationfor thepurpose todevelop life likeartificialsystemsand
machinesthatexhibittheautonomousbehavioralandcharacteristicsofnaturallivingsystems.These
systemsarenormallybasedoncomputersimulationsandhardwaredesignsofstate-of-the-arttechnologies
thatspanbrainandcognitivesciences,theoriginoflifeandlivingsystems,self-assemblyanddevelop-
mentofevolutionaryandecologicaldynamics,animalandmachinebehaviorsincludingrobots,social
organization,andculturalevolutiontoimproveandcomprehendreal-worldproblems.

ORGANIZATION OF THE BOOK

Thishandbookincludes19chaptersthatcontributewiththestate-of-artandup-to-dateknowledgeon
researchadvancementinthefieldofArtificialLiferesearchanddevelopment.Thechaptersprovide
theoreticalknowledge,practices,algorithms,technologicalevolutionandnewfindings.Furthermore,
thehandbookhelpstoprepareengineersandscientistswhoarelookingtodevelopinnovative,challeng-
ing,intelligent,bioinspiredsystemsandvalueaddedideasforautonomousandsmartinterdisciplinary
software,hardwareandsystemstomeettoday’sandfuturemostpressingchallenges.

Chapter 1: An Electric Wheelchair Controlled by 
Head Movements and Facial Expressions

Abio-signalbasedhumanmachineinterfaceisproposedforhands-freecontrolofawheelchair.An
EmotivEPOCsensor isused todetect facialexpressionsandheadmovementsofusers.Ninefacial
expressionsandup-downheadmovementscanbechosentoformfivecommands:move-forwardand
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backward,turn-leftandright,andstop.Fourunimodalmodes,threebi-modalmodesandthreefuzzy
bi-modalmodesarecreatedtocontrolawheelchair.Fuzzymodesusetheusers’strengthinmaking
theheadmovementandfacialexpressiontoadjustthewheelchairspeedviaafuzzylogicsystem.The
developedsystemwastestedandevaluated.

Chapter 2: Innovative Features and Applications 
Provided by a Large-Area Sensor Floor

Thischapterdescribesnewfunctions,featuresandapplicationsofthedevelopedcapacitivesensorsystem
SensFloor®.ThechapterfocusesonapplicationsforhealthcareandAmbientAssistedLiving(AAL).
Inaddition,thechapterpresentsapplicationsinotherdomainsaswell,suchasmedicalassessments,
retail,securityandmultimedia.

Chapter 3: Reassessing Underlying Spatial Relations in Pedestrian 
Navigation – A Comparison Between Sketch Maps and Verbal Descriptions

Thechapterassessesunderlyingspatialrelationsforpedestrianwayfindingbyexaminingandexperi-
mentingnavigationaldirectionsgiveninbothformsofsketchmapsandverbaldescriptions.Theauthors
werespecificallyinterestedinthelandmarksandspatialrelationshipssuchasroutetopology,linearorder
relationandrelativeorientationextractedfromthenavigationaldirections.Anewontologicalapproach
tosketchandverbalinterpretationswasadoptedforspatialanalysis.

Chapter 4: What Is It Like to Be a Cyborg?

ThischapterdescribesthepersonalexperienceoftheauthorexperimentingaCyborg(partbiology/part
technology)byhavingtechnologyimplantedinhisbody,whichhelivedwithoveraperiodoftime.A
lookisalsotakenattheauthor’sexperimentsintocreatingCyborgsbygrowingbiologicalbrainswhich
aresubsequentlygivenarobotbody.Ineachcasethenatureoftheexperimentisbrieflydescribedalong
withtheresultsobtainedandthisisfollowedbyanindicationoftheexperience, includingpersonal
feelingsandemotionsfeltinandaroundthetimeoftheexperimentsandsubsequentlyasaresultofthe
experiments.

Chapter 5: Artificial-Intelligence-Based Service-Oriented 
Architectures (SOAs) for Crisis Management

Thischapterdealswiththecomplexityofcrisis-relatedsituationsthatrequirestheuseofadvancedtech-
nologicalinfrastructures.Inordertodevelopsuchinfrastructures,specificarchitecturesneedtobeapplied
suchastheService-OrientedArchitectures(SOAs).ThepurposeofthischapteristoindicatehowSOAs
canbeusedinmodernCrisisManagementsystems,suchastheATHENAsystem.Italsounderlinesthe
needforadetailedstudyofspecificbiologicalsystems,suchasthehumanbrain’shippocampuswhich
followsthecurrent,intenseattemptsofimprovementofthecurrentArtificialIntelligence-basedsystems
andthedevelopmentofanewareainArtificialIntelligence.
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Chapter 6: A Tour of Lattice-Based Skyline Algorithms

ThereexistmanySkylinealgorithmswhichcanbeclassifiedintogeneric,index-based,andlattice-based
algorithms.Theworkinthischaptertakesatourthroughlattice-basedSkylinealgorithmssummarizing
itsbasicconceptsandproperties,presentshigh-performanceparallelapproaches.Inaddition,itintroduces
howtoovercomethelow-cardinalityrestrictionoflatticestructures.Experimentalresultsonsynthetic
andrealdatasetsshowthatlattice-basedalgorithmsoutperformstate-of-the-artSkylinetechniques.

Chapter 7: Swarm Optimization Application to 
Molding Sand System in Foundries

Inthischapteroptimizationofresin-bondedmoldingsandsystemisdiscussed.Sixdifferentcasestudies
areconsideredbyassigningdifferentcombinationofweightfractionsformultipleobjectivefunctions
andcorrespondingdesirability(Do)valuesaredeterminedforDFA,GA,PSOandMOPSO-CD.The
highestdesirabilityvalueisconsideredastheoptimumsolution.

Chapter 8: Application of Computational Intelligence 
in Network Intrusion Detection – A Review

NetworkIntrusiondetection(NID)suffersfromseveralproblems,suchasfalsepositives,operational
issuesinhighdimensionaldata,andthedifficultyofdetectingunknownthreats.Mostoftheproblems
withintrusiondetectionarecausedbyimproperimplementationofthenetworkintrusiondetectionsystem
(NIDS).ThescopeofthischapterencompassestheconceptofNIDandpresentsthecoremethodsthat
usecomputationalintelligenceandcoverSupportvectormachine,HiddenNaïveBayes,ParticleSwarm
Optimization,GeneticAlgorithmandFuzzylogictechniques.Thefindingsofthisstudyhighlightcurrent
researchchallengesandprogresswithfocusonthepromisingnewresearchdirections.

Chapter 9: Performance Comparison of PSO and Hybrid PSO-
GA in Hiding Fuzzy Sensitive Association Rules

Itispossibletoinfersensitiveinformationfromthepublishednonsensitivedatausingassociationrule
mining.Anassociationruleischaracterizedassensitiveifitsconfidenceisabovedisclosurethreshold.
Thischapterproposesasystemwithaimtohideasetofsensitiveassociationrulesbyperturbingthe
quantitativedatathatcontainssensitiveknowledgeusingPSOandHybridPSO-GAwithminimumside
effectslikelostrules,ghostrules.TheperformanceofPSOandHybridPSO-GAapproachineffectively
hidingFuzzyassociationruleisalsocompared.

Chapter 10: Modeling Fish Population Dynamics 
for Sustainability and Resilience

Conservationofanylivingcreatureisveryvitaltomaintainthebalanceofecosystem.Fishisoneofthe
mostregularlyconsumedlivingcreatures,andhenceitsconservationisessentialforsustainablefish
populationtohelpmaintainabalancedecosystem.Developingamodelonfishpopulationdynamicsis
neededtoachievethisobjective.Thischapterpresentsasystemdynamicsmodelthatprovidesthescientific
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toolsfordeterminingfishpopulation,itsgrowth,andharvesting.Themodel’ssensitivitytochangesin
keyparametersandinitialvaluesresultingfromthechangesinbasicscenariosandboundaryconditions
weretestedunderdifferentreal-worldchangingconditionstomaintainasustainablefishpopulation.

Chapter 11: Search for an Optimal Solution to Vague 
Traffic Problems Using the PSK Method

Thischaptertriestocategorizethetransportationproblem(TP)underfourdifferentenvironmentsand
formulatestheproblemandutilizesthecrispnumbers,triangularfuzzynumbers(TFNs)andtrapezoidal
fuzzynumbers(TrFNs)tosolvetheTP.Anewmethod,namely,PSK(P.SenthilKumar)methodforfind-
ingafuzzyoptimalsolutiontofuzzytransportationproblem(FTP)isproposedIthischapter.Practical
usefulnessofthePSKmethodoverotherexistingmethodsisdemonstratedanddiscussed.

Chapter 12: Design Patterns for Social Intelligent 
Agent Architectures Implementation

Multi-AgentSystems(MAS)architecturesarepopularforbuildingopen,distributed,andevolvingsoft-
warerequiredbytoday’sbusinessITapplicationssuchaseBusinesssystems,webservicesorenterprise
knowledgebases.SincethefundamentalconceptsofMASaresocialandintentionalratherthanobject,
functional,orimplementation-oriented,thedesignofMASarchitecturescanbeeasedbyusingsocial
patterns.Thischapterpresentssocialpatternsandfocusesonaframeworkaimedtogaininsightinto
thesepatterns.

Chapter 13: Agent-Based Software Engineering, 
Paradigm Shift, or Research Program Evolution

Informationsystemsaredeeplylinkedtohumanactivities.Unfortunately,developmentmethodologies
havebeentraditionallyinspiredbyprogrammingconceptsandnotbyorganizationalandhumanones.
Thisleadstoontologicalandsemanticgapsbetweenthesystemsandtheirenvironments.Thischapter
presentstheadoptionofagentorientationandMulti-AgentSystems(MAS)toreducethesegapsbyof-
feringmodelingtoolsbasedonorganizationalconcepts(actors,agents,goals,objectives,responsibilities,
socialdependencies,etc.)asfundamentalstoconceivesystemsthroughallthedevelopmentprocess.

Chapter 14: Application of Fuzzy Sets and Shadowed 
Sets in Predicting Time Series Data

Inallexistingworksonfuzzytimeseriesmodel,clusterwithhighestmembershipisusedtoformfuzzy
logicalrelationships.However,thepositionoftheelementwithintheclusterisnotconsidered.This
chapterincorporatestheideaoffuzzydiscretizationandshadowedsettheoryindefiningintervalsand
usesthepositionalinformationofelementswithinaclusterinselectionofrulesfordecisionmaking.
Theobjectiveistoshowtheeffectoftheelements,lyingoutsidethecoreareaonforecast.
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Chapter 15: Fuzzy-DSS Human Health Risk 
Assessment Under Uncertain Environment

Itisnoticedthatoftenmodelparameters,data,informationarefouledwithuncertaintyduetolackof
precision,deficiencyindata,diminutivesamplesizes,etc.Insuchenvironments,fuzzysettheoryor
Dempster-Shafertheory(DST)canbeexploredtorepresentthistypeofuncertainty.Thischapterpres-
entstwoalgorithmstocombineDempster-Shaferstructure(DSS)withgeneralized/normalfuzzyfocal
elements,generalized/normalfuzzynumberswithinthesameframework.Finally,humanhealthrisk
assessmentiscarriedoutunderthesesetting.

Chapter 16: Enhanced Complex Event Processing 
Framework for Geriatric Remote Healthcare

GeriatricRemoteHealthMonitoringSystem(GRHMS)usesWBAN(WirelessBodyAreaNetwork)
whichprovidesflexibilityandmobilityforthepatients.GRHMSusesComplexEventProcessing(CEP)
todetecttheabnormalityinpatient’shealthcondition,formulatecontextsbasedonspatiotemporalrela-
tionsbetweenvitalparameters,learnrulesdynamicallyandgeneratealertsinrealtime.Though,CEPis
powerfulindetectingabnormalevents,itscapabilityislimitedduetouncertainincomingevents,static
rulebaseandscalabilityproblem.Hence,thischapteraddressesthesechallengesandproposesanen-
hancedCEP(eCEP)whichencompassesaugmentedCEP(a-CEP),astatisticaleventrefinementmodel
tominimizetheerrorduetouncertainty,DynamicCEP(DCEP)toaddanddeleterulesdynamically
intotherulebaseandScalableCEP(SCEP)toaddressscalabilityproblem.Experimentalresultsshow
thattheproposedframeworkhasbetteraccuracyindecisionmaking.

Chapter 17: CASPL – A Coevolution Analysis 
Platform for Software Product Lines

Itisimportanttorecognizethatthechangeimpactanalysisandtheevolutionunderstandinginsoftware
productlinesrequiregreaterfocusthaninsinglesoftware.ThischapterpresentsCASPLplatformfor
co-evolutionanalysisinsoftwareproductlines.Theplatformusesevolutionarytreesthataremainlyused
inbiologytoanalyzetheco-evolutionbetweenapplications.Themajorgoalistoenhancethechange
understandingandtocomparethehistoryofchangesintheapplicationsofthefamily,attheaimofcor-
rectingdivergencesbetweenthem.

Chapter 18: Hybrid Term-Similarity-Based Clustering 
Approach and Its Applications

Thischapterpresentsamethodthatfirstadoptsontologylearningtogenerateontologiesviathehidden
semanticpatternsexistingwithincomplexterms.Then,itproposesservicerecommendationandselec-
tionapproachesbasedontheproposedclusteringapproach.Experimentalresultsshowthatdeveloped
term-similarityapproachoutperformscomparableexistingclusteringapproaches.Further,empirical
studyoftheprototypingrecommendationandselectionapproacheshaveprovedtheeffectivenessof
proposednoveltwoapproaches.
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Chapter 19: Deep Model Framework for Ontology-Based Document Clustering

Althoughthereisenormousamountofinformationavailableonline,mostofthedocumentsareuncat-
egorized.Itistimeconsumingtaskfortheuserstobrowsethroughalargenumberofdocumentsand
searchfor informationaboutspecific topics.Theabilityofautomaticclusteringfromuncategorized
documentsisimportantandhasgreatpotentialtoimprovetheefficiencyofinformationseekingbehav-
iors.Toaddressthisissuethischapterproposesadeepontologybasedapproachtodocumentclustering.
Theobtainedresultsareusedtoimplementannotationrulesandtheinformationextractioncapabilities
ofannotatedframeworkarecomparedwithandwithoutusingontology.
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