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Therearemanyrealsystemswhichcanbemodelledbydynamicalequations.Withtheincreasingre-
quirementforhighlevelsofsystemperformance,itisimperativetodealwithmorecomplexsystems
asdynamicalsystemsused tomodel realityhavebecomemoreandmorecomplex.Thecomplexity
mainlyliesinnonlinearity,uncertainty,timedelay,systemsingularity,stronginterconnection,stochastic
process,andsoforth.Theadvancementofbothscientifictechnologyandcontroltheoryhasprovided
thepossibilitytoinvestigatecomplexdynamicalsystems.Studyoncomplexsystemsbecomesincreas-
inglyimportant,whichhasprovidedrenewedimpetusfordevelopmentofnoveltechniquesandskills
forcomplexcontrolsystems.

Complexsystemsarepervasiveinmanyareaofscienceandwefindthemeverydayandeverywhere.
Examples includefinancialmarkets,highwaytransportationnetworks, telecommunicationnetworks,
worldandcountryeconomies,socialnetworks,immunologicalsystems,livingorganisms,computational
systemsandelectricalandmechanicalstructures.Complexsystemsareoftencomposedoflargenumber
ofinterconnectedandinteractingentitiesexhibitingmuchricherglobalscaledynamicsthantheycould
beinferredfromthepropertiesandbehaviourofindividualentities.Complexsystemsarestudiedin
manyareasofnaturalsciences,socialsciences,engineeringandmathematicalsciences.

Thisbookaddressesthenonlinearandcomplexsystemmodelsconsideringthedynamicalanalysis,
control,andapplications.Itinvolvesmodeling,non-idealsystemsandapplications,synchronization,
andcontrolfornonlinearsystems,suchasmechanical,electrical,electromechanical,mechatronic,and
verycomplexsystems.Thisbookisintendedtobeamajorreferencebookforscientistsandengineers
interestedinapplyingnewcomputationalandmathematicaltoolsforsolvingthecomplicatedproblems
ofmathematicalmodeling,simulationandcontrol.

Thisbookismainlyfocusedontherecentachievementsandapplicationsinthefieldofcontroland
analysisforcomplexsystemswithaspecialemphasisonhowtosolvevariouscontroldesignand/or
observerdesignproblems fornonlinear systems, interconnectedsystems,andsingular systems.The
consideredsystemisexpectedtoinvolveatleasttwoofthefeaturessuchasnonlinearity,disturbances/
uncertainty,fault,timedelay,interconnectionsbetweensubsystems,systemsingularity,stochasticpro-
cess,andcomparisonbetweensimulationandexperiments.

Themainadvantageofthisbookthatitismulti-disciplinaryanditwillattractalotofresearchers
workinginControl,Automation,systemdynamics,simulations,modelingandrelatedfields.Witha
broadcoverageofthecontentsessentialfortheanalysisanddesignofvariouscontrolproblemsincontrol
engineeringpractice,thisbookcanalsobeusedasahandydesktopreferenceduringcontrolapplications.

ThisspecialissueistoimprovethedisseminationofadvancedresearchintheareaofDynamical
SystemsandControlTheorythatcanfulfilltheanytime-anywhereaccessdream.Originalresearchpapers
aresolicitedinanyaspectofinnovativeDynamicalSystemsandControlTheory.
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ORGANIZATION OF THE BOOK

Thiswell-structuredbookconsistsof19fullchapters.Theyareorganizedintotwosections.

Section 1:AdvancesinControlandChaoticSystems
Section 2:ApplicationsofDynamicalSystems

BookFeatures

• ThebookpresentsthedisseminationofadvancedresearchintheareaofDynamicalSystemsand
ControlTheory

• Thebookchaptersarelucidlyillustratedwithnumericalexamplesandsimulations.
• Thebookchaptersdiscussdetailsofengineeringapplicationsandfutureresearchareas.
• Thebookchaptersgiveagoodliteraturesurveywithalonglistofreferences.

Thechaptersdealwiththerecentresearchproblemsintheareasofsystemdynamics,automation,control
engineering,intelligentcontrol,chaoticsystemsandapplications.

SUMMARY OF THE BOOK CHAPTERS

Section1containsChapters1-13focusingonthearea“ControlandChaoticSystems.”
Chapter1describesamethodfordesigningdecentralizedsimulationandcontrolarchitecturefor

multiplerobotsystemsbasedonthediscreteeventnetmodels.ExtendedPetrinetsareadoptedasan
effectivetooltodescribe,designandcontrolcooperativebehaviorofmultiplerobotsbasedonasynchro-
nous,concurrentprocesses.Byhierarchicaldecompositionofthenetmodeloftheoverallsystem,global
andlocalPetrinetmodelsareassignedtotheupperlevelandthelowerlevelcontrollers,respectively.
Forthelowerlevelcontrol,individualnetmodelsofrobotsareexecutedonseparatelocalcontrollers.
The unified net representation for cooperative control is also proposed. Overall control software is
implementedandexecutedonageneralhierarchicalanddistributedcontrolarchitecturecorresponding
tothehardwarestructureofmultiplerobotsystems.

InChapter2,acompensationforsystemswithsaturationandbacklashinseriestotheactuatoris
studiedinordertoobtaintheproposedcontrolstrategy.ThemultivariableProportionalIntegral(PI)
H∞loopshapingdesignformechanicalsystemswithbacklashisimplementedinthischapterdueto
frequencydomaincharacteristics.Thisapproachisdonebyimplementingthecoprimefactorizationof
alinearizedmodelfollowingtheloopshapingdesignprocedure.ThePIH∞controlstrategyshownin
thischapterconsistsinimplementingtwoweightingfunctionsasapre-compensatorandpostcompen-
satorconsideringthelinearizedmodelofthenonlineardynamicsofmechanicalsystemsaccordingto
theirfrequencydomainproperties.Oneofthemainissuesovercameinthisstudy,isthatthebacklash
nonlinearityismodeledimplementingadescribingfunction,somethingthatitnotonlyallowstoease
thedesignoftheproposedcontrolstrategybutalsotofindthelimitcyclesfrequenciesandperiods.The
describingfunctionapproachconsistsintheimplementationofFourierseriestoobtainalinearmodel
ofthebacklashandothernonlinearitiesandtoobtainafeasibleloopshapingcontrollerdesign.Alsoin
thischapter,afrequencyanalysisisexplainedforthiskindofmechanicalsystemsusingtheNyquistand
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thepositivitycriterioninordertoanalyzethestabilitypropertiesofthiskindofsystems,whichcanbe
consideredasanimportantcontributionofthisstudy.Itisimportanttoremarkthattheparametertuning
ofthePIgainsisdonebyparticleswarmoptimization(PSO)whereanobjectivefunctionisminimized
inorderthatthesystemvariablesreachtheequilibriumpointfasterandaccurately.Finally,thestabili-
zationofacart-pendulumsystemimplementingtheproposedcontrolstrategyisshowncorroborating
theeffectivenessofthisapproach.

InChapter3,themanagementofahybridrenewableenergysystemisoptimizedbyintelligentap-
proachbasedonparticleswarmoptimizationcomprisingashadedphotovoltaicgeneratorandawind
generator.Themainobjectiveofthisworkfocusesontheoptimizationofthemanagementofmulti-source
generatorsbyintelligenttechniques.Followingabibliographicstudyonthevarioushybridtechnologies,
thestudyhasfocusedonthedevelopmentoforderingstrategiestomeetspecificrequirementsduringthe
operationofphotovoltaicandwindgenerators.Inthiscontext,attentionwasfocusedontheconversion
ofwindenergywithparticularinteresttothecontroloftheturbinepitchangle.Infact,thiscontrolis
apracticaltechniqueforregulatingthepowergeneratedabovethenominalwindspeed.Sincethecon-
ventionalmethodsusuallyusesaPIregulatortocontrolthewindturbinepitchangle,themathematical
modelofthesystemshouldbewellknown.Asmeta-heuristicmethodscanhavepotentialwhenthe
systemisnon-linear,inthisworkanewPSO-basedregulationtechniqueisdevelopedwhosedetailedand
specificknowledgeaboutthesystemisnotrequired.Subsequently,thephenomenonofpartialshading
forphotovoltaicgeneratorswasaddressed.Thisphenomenonisresponsiblefortheappearanceofseveral
peaksinthecharacteristicsofthesemi-shadedGPV.Inordertocircumventthelimitationsofconven-
tionaltechniques,anadvancedtechniquebasedPSOhasbeenproposedandtodifferentiatebetween
theglobalmaximumandthelocalmaximum.Thecomparativestudybetweenthedifferentmethods
developedstressedtherobustnessandperformanceofMPPTcommandsbasedonmeta-heuristics.The
studiedwind/PVsystemwasthenintegratedintoaconversionchaincoupledtotheelectricalnetwork
andcontrolledbypowerconverters.Theresultsobtainedallowedtovalidatethesimulationoftheenergy
behaviorofthestudiedsystemandtochecktheperformanceofthePSOcontrolproposedinparticular
forthesmoothingofthegeneratedpower.

InChapter4,thedesignofalowordercontrollerfordecoupledMIMOsystemsisproposed.The
mainobjectiveofthiscontrolleristoguaranteesomeclosedlooptimeresponseperformancessuchas
thesettlingtimeandtheovershoot.Thecontrollerparametersareobtainedbyresolvinganon-convex
optimizationproblem.Inordertoobtainanoptimalsolution,theuseofaglobaloptimizationmethodis
suggested.Inthiswork,theproposedsolutionistheGGPmethod.Theprincipleofthismethodconsistson
transforminganon-convexoptimizationproblemtoaconvexonebysomemathematicaltransformations.
SoastoaccomplishthefixedgoalitisimperativetodecouplethecoupledMIMOsystems.Toapprove
thecontrollers’designmethod,thesynthesisoffixedlowordercontrollerfordecoupledTITOsystems
ispresentedfirstly.Then,thisdesignmethodisgeneralizedinthecaseofMIMOsystems.Simulation
resultsandacomparisonstudybetweenthepresentedapproachandaPIcontrolleraregiveninorder
toshowtheefficiencyoftheproposedcontroller.Itisremarkablethattheobtainedsolutionmeetsthe
desiredclosedlooptimespecificationsforeachsystemoutput.Itisalsonotedthatbyconsideringthe
proposedapproachtheusercanfixthedesiredclosedloopperformancesforeachoutputindependently.

Chapter5investigatesthemulti-switchingcombinationsynchronizationofthreenon-identicalchaotic
systemsviaactivecontroltechnique.Inrecentyears,someadvanceshavebeenmadewiththeideaof
multi-switchingcombinationsynchronization.Thedifferentstatesofthemastersystemsaresynchronized
withthedesiredstateoftheslavesysteminmulti-switchingcombinationsynchronizationscheme.The
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relevanceofsuchkindsofsynchronizationstudiestoinformationsecurityisevidentinthewiderange
ofpossiblesynchronizationdirectionsthatexistduetomulti-switchingsynchronization.Theideaof
multi-switchingcombinationsynchronizationisimplementedonthreenon-identicalrecentlyconstructed
novelchaoticsystems.Briefanalysisofthenovelchaoticsystemsisalsodiscussed.Numericalsimula-
tionsjustifythevalidityofthetheoreticalresultsdiscussed.

Chapter6discussestheapplicationofevolutionarytechniquesinLoadFrequencyControl(LFC)in
powersystems.Itgivesintroductiontoevolutionarytechniques.Thenitpresentstheproblemformula-
tionforloadfrequencycontrolwithEvolutionaryParticleSwarmOptimization(MAACPSO).Itgives
theapplicationofParticleSwarmOptimization(PSO)inloadfrequencycontrol,alsoitillustratesthe
useofanAdaptiveWeightParticleSwarmOptimization(AWPSO),AdaptiveAcceleratedCoefficients
basedPSO,(AACPSO)AdaptiveAcceleratedCoefficientsbasedPSO(AACPSO).Furthermore,and
itintroducesanewmodificationforAACPSOtechnique(MAACPSO).Thenewtechniquewillbeex-
plainedinsidethechapter,itisabbreviatedtoModifiedAdaptiveAcceleratedCoefficientsbasedPSO
(MAACPSO).Awell-donecomparisonwillbegiveninthischapterfortheseabove-mentionedtechniques.
Areasonablediscussionontheobtainedresultswillbedisplayed.Theobtainedresultsarepromising.

InChapter7,anInductionMotor(IM)controlledwithaDirectTorqueControl(DTC)isusedtocon-
trolthephotovoltaicpanelposition.TheconventionalDTCischosenthankstoitscapabilitytodevelop
themaximumoftorquewhenthemotorisstandstill.However,theDTCproducesatorquewithhigh
ripplesanditissufferfromthefluxdemagnetizationphenomenon,especiallyatlowspeed.Toovercome
theseproblems,twoDTCapproachesareproposedinthischapter,whichare:(i)theDTCbasedonthe
fuzzylogicand(ii)theDTCbasedonSpaceVectorModulation(SVM)andproportionalIntegral(PI)
controllers(DTC-SVM-PI).ThesuggestedapproachesareimplementedonaFieldProgrammableGate
Array(FPGA)Virtex5circuitinordertoreducethesamplingperiodofthesystemandthedelayinthe
controlloop.ThesimulationandhardwareimplementationresultsdemonstratethattheDTC-SVM-PI
offersbesttheresultsintermsofripples.

Chapter8discussessomemoderntechniquestogetthebestpossibletuningcontrollerparameters
foranautomaticvoltageregulator(AVR)systemofasynchronousgenerator.Itwasnecessarytouse
PIDcontrollertoincreasethestabilitymarginandtoimproveperformanceofthesystem.Somemodern
techniquesweredefined.ThesetechniquesasParticleSwarmOptimization(PSO),alsoitexplainsthe
useoftheAdaptiveWeightParticleSwarmOptimization(AWPSO),AdaptiveAccelerationCoefficients
basedPSO,(AACPSO),AdaptiveAccelerationCoefficientsbasedPSO(AACPSO).Also,itpresents
anewadjustmentforAACPSOtechnique,ModifiedAdaptiveAccelerationCoefficientsbasedPSO
(MAAPSO)isthenewtechniquewhichwillbeconversedinthischapter,Adiscussionoftheresults
oftheallmethodsusedwillbegiveninthischapter.Simulationforcomparisonbetweentheproposed
methodswillbedisplayed.Theobtainedresultsarepromising.

Chapter9presentsanewmethodforLossofExcitation(LOE)faultsdetectioninHydro-generators
usingAdaptiveNeuroFuzzyInferenceSystem(ANFIS).Theinvestigationsweredoneunderacomplete
LossofExcitationconditions,andapartialLossofExcitationconditionsindifferentgeneratorloading
conditions.Inthisresearchwork,fourdifferenttechniquesarediscussedaccordingtothetypeofinputs
totheproposedANFISunit,thegeneratorterminalimpedancemeasurements(RandX)andthegenera-
torterminalvoltageandphasecurrent(VtrmsandIa),thepositivesequencecomponentsofthegenerator
terminalvoltagemagnitude,phasecurrentmagnitudeandangle(|V+ve|,|I+ve|and∟I+ve)inadditionto
thestatorcurrent3rdharmonicscomponents(magnitudesandangles).Theproposedtechniques’results
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arecomparedwitheachotherandarecomparedwiththeconventionaldistancerelayresponseinaddi-
tiontoothertechniques.Thepromisingobtainedresultsshowthattheproposedtechniqueisefficient.

InChapter10,anewtechniquehasbeenproposedforreducingtheharmoniccontentofathree-phase
PWMrectifierconnectedtothenetworkswithaunitpowerfactorandalsoprovidedecoupledcontrolof
theactiveandreactiveinstantaneouspower.Thistechniquecalleddirectpowercontrol(DPC)isbasedon
artificialneuralnetwork(ANN)controller,withoutlinevoltagesensors.Thecontroltechniqueisbased
onwell-knowndirecttorquecontrol(DTC)ideasfortheinductionmotor,whichisappliedtoeliminate
theharmonicofthelinecurrentandcompensateforthereactivepower.Themainideaofthiscontrol
isbasedonactiveandreactivepowercontrolloops.TheDCvoltagecapacitorisregulatedbytheANN
controllertokeepitconstantandalsoprovidesastableactivepowerexchange.Totestthefeasibilityand
functionalityandrobustnessoftheArtificialNeuralNetworkController(ANN),varioussimulations
scenarioshavebeenperformed.Thesimulationresultsareverysatisfactoryinthetermsofstabilityand
totalharmonicdistortion(THD)ofthelinecurrentandtheunitpowerfactor.

InChapter11,thedynamicsofaparticulartopologyofColpittsoscillatorwithfractionalorderdynam-
icsispresented.Thefirstpartisdevotedtothedynamicsofthemodelusingstandardnonlinearanalysis
techniquesincludingtimeseries,bifurcationdiagrams,phasespacetrajectoriesplots,andLyapunov
exponents.APSPICEsimulationofthenonlineardynamicsoftheoscillatorarepresentedinorderto
confirmtheabilityoftheproposedColpittsmodeltoaccuratelydescribe/predictboththeregularand
chaoticbehaviorsoftheoscillatorwiththefractionalorderdynamics.Oneofthemajorresultsofthis
innovativeworkisthenumericalfindingofaparameterregioninwhichthefractionalorderColpitts
oscillator’scircuitexperiencesmultipleattractors’behavior(i.e.,coexistenceoftwodifferentperiodic
andchaoticattractors).ThisphenomenonwasnotreportedpreviouslyintheColpittscircuit(despitethe
hugeamountofrelatedresearchworks)andthusrepresentsanenrichingcontributiontotheunderstand-
ingofthedynamicsofChua’soscillator.Thesecondpartofthischapterdealswiththesynchronization
offractionalordersystem.Basedonfractional-orderLyapunovstabilitytheory,thischapterprovides
anovelmethodtoachievegeneralizedandphasesynchronizationoftwoandnetworkfractional-order
chaoticColpittsoscillator’srespectively.Finally,simulationsaregiventoverifytheeffectivenessofthe
proposedcontrolapproach.

InChapter12,adynamicalmodelthatdescribestheinteractionbetweentheHIVvirusandthehu-
manimmunesystemispresented.Thismodelisusedtoinvestigatetheeffectofantiretroviraltherapy,
consistingofRTIandPIdrugs,alongwiththeresultofundesiredtreatmentinterruption.Furthermore,
theeffectofbothdrugscanbecombinedintoasingleparameterthatfurthersimplifiesthemodelinto
asingleinputsystem.Thevalueofthedruginputscanbeadjustedsothatthesystemhasthedesired
equilibrium.Drugadministrationcanalsobeadjustedbyafeedbackcontrollawwhichalthoughlinear-
izesthesystem,mayhaveissuesinitsimplementation.Furthermore,thesystemislinearizedaroundthe
equilibrium,leadingtoasystemoflineardifferentialequationsoffirstorderthatcanbeintegratedinto
coursesofcontrolsystemsengineering,linearandnonlinearsystemsinhighereducation.

Chapter13workannouncesanewfour-dimensionalhyperchaoticsystemhavingtwopositiveLy-
apunovexponents,azeroLyapunovexponentandanegativeLyapunovexponent.Sincethesumofthe
Lyapunovexponentsofthenewhyperchaoticsystemisshowntobenegative,itisadissipativesystem.
Thephaseportraitsofthenewhyperchaoticsystemaredisplayedwithbothtwo-dimensionalandthree-
dimensionalphaseportraits.Next,thequalitativepropertiesofthenewhyperchaoticsystemaredealtwith
indetail.Itisshownthatthenewhyperchaoticsystemhasthreeunstableequilibriumpoints.Explicitly,
itisshownthattheequilibriumattheoriginisasaddle-point,whiletheothertwoequilibriumpoints

xxii



Preface

aresaddle-focusequilibriumpoints.Thus,itisshownthatallthreeequilibriumpointsofthenewhyper-
chaoticsystemareunstable.Dynamicalpropertiessuchassymmetryandinvariancearealsodiscussed
forthenewhyperchaoticsystem.Furthermore,LyapunovexponentsandKaplan-Yorkedimensionare
derivedforthenewhyperchaoticsystem.Next,newresultsarederivedfortheglobalstabilizationfor
thenewhyperchaoticsystemwithunknownparametersusingadaptivecontrol.Also,newresultsare
derivedforthecompletehyperchaossynchronizationofapairofidenticalnewhyperchaoticsystemswith
unknownparameters,calledasmasterandslavesystems,usingadaptivecontrol.Allthenewcontrol
andsynchronizationresultsforthenewhyperchaoticsystemareestablishedusingLyapunovstability
theory.NumericalsimulationswithMATLABhavebeenshowntovalidateanddemonstrateallthenew
resultsderivedinthispaper.Finally,acircuitdesignofthenewhyperchaoticsystemisimplementedin
MultiSimtovalidatethetheoreticalmodel.

Section2containsChapters14-19focusingonthearea“ApplicationsofDynamicalSystems.”
Chapter14investigatestheeffectofvehicledynamicscontrolsystems(VDCS)onboththecolli-

sionofthevehiclebodyandthekinematicbehaviourofthevehicle’soccupantincaseofoffsetfrontal
vehicle-to-vehiclecollision.Thestudyalsoinvestigatesthefull-frontalvehicle-to-barriercrashscenario.
Aunique6-Degree-of-Freedom(6-DOF)vehicledynamics/crashmathematicalmodelandasimplified
lumpedmassoccupantmodelaredeveloped.Thefirstmodelisusedtodefinethevehiclebodycrash
parametersanditintegratesavehicledynamicsmodelwithavehiclefront-endstructuremodel.The
secondmodelaimstopredicttheeffectofVDCSonthekinematicsoftheoccupant.Itisshownfrom
thenumericalsimulationsthatthevehicledynamics/crashresponseandoccupantbehaviourcanbecap-
turedandanalysedquicklyandaccurately.Furthermore,itisshownthattheVDCScanaffectthecrash
characteristicspositivelyandtheoccupantbehaviourisimprovedinthefullandoffsetcrashscenarios.

Chapter15presentsastudyonthetransportationmodechoicebehaviourofindividualswithdifferent
socio-economicstatus.Apreviouslydevelopedsystemdynamicsmodelhasbeenadoptedbydifferen-
tiatingthepopulationmassintoupper,middleandlowerclasses.Thesimulationexperimentswiththe
modelrevealedthatgenerallytheupper-classindividualswouldbemoreinclinedinusingprivatecar
(PC)insteadofpublictransportation(PT)whentheirtendencyiscomparedtomiddleandlower-class
individuals.ItwasalsoobservedthatlowerclassindividualswouldbemorewillingtousePTinstead
ofPCwhentheirtendencyiscomparedtomiddleandupper-classindividuals.Assuch,itwouldbe
difficulttoencouragetheupper-classindividualstousePTinsteadofPC,anditwouldbesuccessively
easiertodosointhecaseofmiddleandlower-classindividuals.However,theresultsalsoindicatedthat
undercertaindifferentcircumstances,theupper-classindividualswouldalsoprefertogoforPT,and
thelower-classonescouldprefertoownandusePCinsteadofPT.

Chapter16describesasystemdynamicsmodeldevelopedforforecasting,prioritization,anddistri-
butionofcriticalsuppliesduringreliefoperationsincaseofahurricaneevent,whileintegratingGIS
information.Developmentofalternates’routesselectionthroughvehicleroutingproceduresandthe
resultsincorporationintothissystemdynamicsmodelallowstomakedecisionsabouttheoperation
incaseofamajorcatastropheandanypreparationforfutureevents.Themodeldevelopedisalsoable
to(1)establishpeople’sdecisionandtransportationcharacteristicsthatdetermineevacuationtime;(2)
simulatethebehaviorofkeyvariablesduetotherelationbetweenhazardlevelandpeople’sdecision
toevacuate;(3)estimateforeachnaturalhazardlevelthetimefrequencytoorderandtheordersizeof
eachreliefsupplytobeneededinsheltersandpointsofdistribution;and(4)revealwhichroutescause
moredelaysduringreliefsuppliesdistribution.
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Chapter17investigatestheinvestmentinITbyanIndianbasedlogisticscompanyonthelogistics
performance.TechnologieslikeRFID,EDI,GPS/GISandERParechosenforimprovingprocesseslike
trackingandtracing,planningandforecasting,transportationautomation,coordinationwithsuppliers
andcustomersanddecisionoptimization.Simulationsarecarriedoutusingsystemdynamicsmodelling.
Themodelisvalidatedandsensitivityanalysisisperformed.Scenariosaregeneratedunderoptimistic
andpessimisticconditions.

Chapter18examinesthenatureofvulnerabilityofsmallholders’foodsecuritycausedbyabovecondi-
tionsinthecontextofsystemdynamicsmodelling.Theresultsshowthatsmallholdersco-existwhereby
thenon-resilienthouseholdsofferlabortotheresilienthouseholdsforsurvivalduringturbulentseasons
irrespectiveof themagnitudeofexternalshocksandstressors. Inaddition,non-resilienthouseholds
cannotbeliberatedbyexternalhandoutsbutratherthroughbuildingtheircapacityforself-reliance.Us-
ingsimulationevidence,thisstudysupportstheclaimthatinthenextdecade,onlyresilienthouseholds
willenduretheextremesituationshighlightedabove.Futureresearchthatemploysimilarsystems-based
methodsareencouragedtoexplorehowlong-termfoodsecurityamongsmallholderscanbesustained.

InChapter19,thedesignanddevelopmentofacomputationalmodelofthecardiovascularsystem
ispresentedforpatientswhohaveundergonetheFontanoperation.Themodelhasbeenbuiltfroma
physiologicalbasis,consideringsomeofthemechanismsassociatedtothecardiovascularsystemof
patientswithuniventricularheartdisease.Thus,themodelallowsthepredictionofsomehemodynamic
variablesconsideringdifferentphysiopathologicalconditions.Theoriginalconditionsofthemodelare
changedintheFontanprocedureandthesenewdynamicsforcethehemodynamicbehavioursofthe
differentconsideredvariables.ThemodelhasbeenprovedconsideringtheclassicFontanprocedure
andthetechniquesfromthelateraltunnelandtheextracardiacconduit.Theresultscompiledknowledge
ofseveralcardiovascularsurgeonswithmanyyearsofexperienceinsuchinterventions,andhavebeen
validatedbyusingotherauthors’data.Inthissense,theparticipationofamultidisciplinaryteamhas
beenconsideredasakeyfactorforthedevelopmentofthiswork.

AUDIENCE

Thebookisprimarilymeantforresearchersfromacademiaandindustry,whoareworkingintheresearch
areas–ComputerScience,InformationTechnology,Engineering,Automation,ChaosandControlEn-
gineering.Thebookcanalsobeusedatthegraduateoradvancedundergraduatelevelasatext-bookor
majorreferenceforcoursessuchasmathematicalmodeling,computationalscience,numericalsimulation,
nonlineardynamicalsystemsandchaos,controlsystems,appliedartificialintelligence,andmanyothers.
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