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Materialsdesignisnotanewconcept.Peoplearedoingthisconsciouslyorunconsciouslyfromthe
beginningofthecivilization.Asthecivilizationdependsonthematerialshumanbeinglearntouse,as
describedeveninthenamesofthedifferentagesorstagesofcivilization,designingorinventingnew
materialswastheprimeconcernforitsdevelopment.Designofadvancedmaterialsisnowapurposive
effort,anddependsontheknowledgeofthecomposition-microstructure-process-propertycorrelationof
thesystem.Theevolutionofalargenumberofmethodstomodelthiscorrelationinamaterialsystemat
theelectronic,atomicandmicrostructurallevelmadecomputationaldesigningofnewmaterialspossible.
Materialstheorybasedphysicalmodelsarebeingusedfordesigningnewmaterials,thoughthesemodels
areusuallyconstrainedbyseveralboundaryconditionsandassumptions.Thereareseveralmethodslike
densityfunctiontheory,moleculardynamics,phasefieldtheory,finiteelementmethodsamongothers
tomodelanymaterialssystemindifferentlengthscale.Ontheotherhandempiricalmaterialsmodels
trytocapturetheinherentcorrelationsamongthevariablesonthebasisofavailabledatabase.Several
statisticaltechniquesalongwiththeconceptofdataminingarenowcapableofinformaticsbaseddesign,
leadingtothedevelopmentofnovelmaterials,whichareofacademicaswellasindustrialinterest.In
addition,modelingbasedonsoftcomputingtechniquesenabledthedesignmethodologiestocopeup
withphenomenologicalperturbationsarisingduetonon-linearity,imprecision,uncertainty,partialtruth
andapproximationinherentinthesystemknowledgeorintheexperimentaldata.Optimizationtools
alsoplayimportantroleindesigningmaterialswithtailor-madepropertiesordevelopingeasilyadopt-
ableprocessesformanufacturing.Evolutionaryoptimizationalgorithmsarefoundtobemosteffective
tosearchthenewsolutionstothemoderndayneedofbettermaterials.

Allthesetechniquesaredrawinginterestfromtheoreticalaswellaspracticalapplicationpointof
view.Researchersareusingtheseapproachesfordiscoveringnewmaterials,practitionersatindustries
areusingthemtoimprovetheperformanceoftheirproductorreducingthecostofit.Thisbookprovides
acomprehensivestockofthedifferentapproachesofcomputationallydesigningnewmaterialsandtheir
probableapplication,withanemphasisonexploringtheirrelevanceinpractical/industrialconditions.
Theobjectiveofthebookistoprovideacomprehensivecollectionofallpossiblecomputationalap-
proachesfordesigningnewimprovedmaterials.Thebookwillprovideadescriptionofdifferenttools
andtechniques,andtheirapplicationinthefieldofmaterialsdesign,inseparatechapterswrittenby
expertsofthefields.Thefirstchapterprovidesanintroductiontothecomputationaltechniquesbeing
widelyusedfordesigningnewmaterials.Fromthesecondchapteronwardauthorsdealwiththeories
andapplicationsofthedifferentconceptsandapproachesseparately.Abinitiomethodsofmaterials
designareapproachedinchapterstwoandthree.Thefourthchapterdiscussesdifferentmodelingand
simulationtechniquesappliedintheareaofmicrostructure.Thefiniteelementmethodandothermicro-
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mechanicalapproachesintheareaofmodelingaredescribedinchapterfive.Theissueofintegrating
differentconceptsofmaterialsmodelingindifferentlengthscalesisdealtinthesixthchapterwiththe
introductionoftheconceptofintegratedcomputationalmaterialsengineering.Theconceptapplying
statisticalmodelinganddatamininginmaterialsengineeringisanewdomain,beingcalledmaterials
informatics.Computationalintelligencetechniqueslikeneuralnetworkandfuzzylogicarealsobeing
usedfordesigningnewmaterials.Chaptersseventotendealwiththeseconcepts.Theuseofoptimiza-
tiontoolsoccupiesanimportantspaceformaterialsdesign,astheauthorsofchapterelevendescribe.
Chaptertwelvedescribestworecentdevelopmentsindatadrivenmaterialsmodelingusingtechnique
hybridization.Thefinalchapterdealswithamodelingconceptapplicableforthecomplexindustrial
processofsteelmaking.

Theeditorsconveytheirgratitudetoall theauthorsfor theirefforts tomakethisveryimportant
compilationoncomputationalmaterialsdesign.Theeffortmadebythereviewerstoimprovethequality
ofthebookisalsogratefullyacknowledged.Boththeeditorsareextremelythankfultotheircolleagues,
friendsandfamilymemberswhohavecooperatedforthesuccessfulcompletionofthebook.Theeditors
arealsogratefultotheirgraduatestudents.ThebrillianteffortmadebythemembersofIGIGlobalto
shapethiscompilationinsuchanicewayisalsoacknowledged.
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