his three yers9 study nd work is n extrordinry experiene for my journey to prne tht strted (ve yers goF s ppreite tht s hve met so mny outstnding people nd interesting things tht eutiful stories nd memories n e reolleted in the rest of my lifeF pirstlyD s wnt to thnk my supervisor wrF fernrd egrswihi nd wrF wohmed redi ueeF hey hve given me lot of guidneF s ws touhed nd in)uened y the pssion nd diligene of rediF he wisdom nd experiene of fernrd hve lso inspired me lotF hnks to fernrdD s got hne to e the ndidte for the thesis nd (nlly ws eptedF end thnks to oth of themD s mnged to e founded s n intern to visit Éole polytehnique de wontrél for three monthsF wy speil thnks to wihel qeqxyx nd eml yeF huring my sty in wontrélD they showed muh kindness nd gve me useful sienti( guidneF s would like to thnk ll my der ollegues for their generous help nd reF sn prtiulrD thnk ghym urevpeys nd vind ivwrehfs for their review nd orretion on my inglish writingY thnk hierry vyqi for those inspiring disussionF st is my honor nd plesure to work with themF hnks to my fmily nd friendsF heir regrds nd enourgement hve lwys een the soure of my strength nd perseverneF Abstract ith the rising onern of sustinility nd environmentl performneD eoEleled prodE uts nd servies re eoming more nd more populrF sn ddition to the (nnil ostsD the long nd omplex proess of eoEleling sometimes demotivtes mnufturers nd serE vie providers to e erti(tedF sn this reserh workD we hve proposed deision support proess nd implemented deision support pltform iming t further improvement nd elertion of the eoEleling proess in order to demortize roder pplition nd erti(tion of eoElelsF he deision support pltform is sed on omprehensive knowlE edge se omposed of vrious domin ontologies tht re onstruted ording to o0il eoElel riteri doumenttionF rditionl knowledge se in reltionl dt model is low interoperleD lk of inferene support nd di0ult to e reusedF sn our reserhD the knowledge se omposed of interonneted ontologies modules overs vrious produts nd serviesD nd llows resoning nd semnti queryingF e dominEentri modulriztion sheme out i ioElel lundry detergent produt riteri is introdued s n ppliE tion seF his modulriztion sheme seprtes the entity knowledge nd rule knowledge so tht the ontology modules n e reused esily in other dominsF e explore resoning methodology sed on inferene with v @emnti e ule vngugeA rules whih llows deision mking with explntionF hrough stndrd hp @esoure hesription prmeworkA nd yv @e yntology vngugeA ontology query interfeD the ssets of the deision support pltform will stimulte domin knowledge shring nd n e pplied into other pplitionF sn order to foster the reuse of ontology modulesD we lso proposed userEentri pproh for federte ontextul ontologies @mpping nd integrtionAF his pproh will rete n ontology federtion y ontextul on(gurtion tht void the yvXimports disdvntgesF snsted of putting mpping or new semntis in ontology modulesD our pproh will onserve the extr ontextul informtion seprtely without impting originl ontologies or without importing ll ontologies9 oneptsF fy introduing this ontextuliztionD it eomes esier to support more expressive semntis in term of ontology integrtion itselfD then it will lso filitte pplition gents to ess nd reuse ontologiesF o relize this pprohD we elorte new plugEin for the rotégé ontology editorF Key wordsX wodulr ontologiesD heision support systemD ioElelsD emnti eD iologil erti(tionF Résumé v9usine du futur et les performnes environnementles sont de nos jours u ÷ur des préoE uptionsF ves produits et servies éoElellisés sont de plus en plus populiresF in plus des oûts (nniers engendrésD les proessus d9éoElellistion sont longs et omplexesD e qui démotive prfois les frints et les fournisseurs de servies à demnder des erti(tionsF hns e ontexteD e trvil de reherheD propose une démrhe et une plteforme d9ide à l déision visnt à méliorer et à élérer e proessus (n de démortiser l9ès à l erti(tion éologiqueF ves ses de onnissnes trditionnelles étnt générlement peu interopérlesD di0iles à être réutilisées et ne supportnt ps les inférenesD l plteEforme proposée repose sur une se de onnissnes omposée de diverses ontologies de domine onstruites selon l doumenttion o0ielle européenne sur les éolelsF gette se est omposée de modules d9ontologies interonnetées ouvrnt divers produits et serviesF ille permet d9utomtiser le risonnement sur es onnissnes et de les interroger en tennt ompte de l sémntiqueF n shém de modulristion orienté suivnt le domine et l téE gorie du produitD et portnt sur les ritères d9éolels européens des produits détergents est utilisé omme s d9pplitionF e(n de permettre une réutilistion isée des modules d9ontologie pour di'érents groupes de produitsD e shém de modulristion fit l disE tintion entre l onnissne de se du domine et les onnissnes vriles onernnt les ritères de lélistion de hque groupeF v méthode de risonnement utilisée exploite les ménismes d9inférene sur des règles vD et fournit des résultts rgumentés pour l9ide à l déisionF v modélistion doptée pour l représenttion des onnissnes n9est ps uniquement dédiée à l plteforme proposéeF ille permet églement une exploittion des onnissnes vi des outils du e sémntiqueF e(n de fvoriser l réutilistion des modules d9ontologieD une pprohe de ontextulistion pour l fédértion d9ontologies été proposéeF ille permet de pllier les inonvénients de 4yvX imports4F gontrirement ux pprohes existntesD où il est néessire de réliser soit un mppingD soit d9jouter des relE tions sémntiques modi(nt les modules d9ontologies de seD notre pprohe n9'ete ps et ne néessite ps l9importtion de tous les onepts de es ontologiesF our filiter l mise en ÷uvre de ette pproheD nous proposons un nouveu plugEin pour l9éditeur d9ontologie rotégé F
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Long Résumé

Remarque: gei est un résumé suint et vulgrisé en frnçis du mnusrit rédigé en nglisF xous vons essyé de fournir iiD pour les leteurs frnophonesD une idée générle sur le ontexteD les prolémtiquesD les verrous sienti(ques trités dns ette thèse et les ontriutions e'etuées lors de e trvilF u l di0ulté de l9exerie de résumer e long trvil de reherheD ertins détilsD rguments et référenes iliogrphiques ne sont ps présents dns e résumé mis ils ont été ien présentés dns l prtie rédigée en nglis de e mnusritF in vous souhitnt une onne letureF Contexte Général he nos joursD les hllenges environnementux pour une éonomie et une soiété durles préoupent de plus en plus les utorités puliquesD les yxq et les itoyensF v9ojetif prinE ipl onsiste à tteindre un ertin équilire entre l durilité éologiqueD le développement de l9éonomie et l qulité de vieF hns e ontexte où plusieurs e'orts visent à protéger l9environnement et l9équilire éologiqueD l politique gouvernementle est l9une des fores dominntesF yutre toutes sortes de règlementtions oligtoiresD ertins moyens volontires sont églement en ours d9élortion et imptent fvorlement les orienttions réglemenE tires sur le mrhéF v9éoElélistion fisnt prtie de ette tégorie de moyensF in e'etD l9éoElélistion devient de plus en plus populire dns le monde industrielF hes entines d9éolels de di'érents tlogues de produits et de servies sont fontionE nels dns le monde entierF h9une mnière générleD les lels éologiques sont une sorte de erti(tions ssignées à des produits qui utilisent une pprohe tennt ompte de tous les impts environnementux générés @mtières premièresD énergieD onservtion de l iodiverE sitéD pollution de l9euD de l9irD du solD des déhetsD du ruitD etFA et de toutes les phses du yle de vie du produit @de l9extrtion des mtières premièresD pssnt pr l fritionD l distriution et l réutilistion et jusqu9à l (n de l vie du produitA selon les exigenes dé(nies dns les spéi(tions environnementlesF ve lel éologique identi(e glolement l préférene environnementle d9un produit ou d9un servie dns une tégorie de produit G servie spéi(queF ve proessus d9éoElélistion grntit l qulité d9utilistion du proE duit et limite l9impt sur l9environnementF ges proessus sont de plus en plus ommuns et déisifs dns notre onsommtion quotidienne et dns d9utres tivités ommerilesF ge proessus de erti(tion éologique est vntgeux pour les di'érentes prties prenntes sous di'érents nglesF yutre l séuritéD l snté et l qulitéD un ertin nomre de onE sommteurs lmds s9ttendent de plus en plus à e que le produit ou le servie onsommé respete l9environnementF v9éolel est un on médi pour ommuniquer et trnsmettre es informtions et es inditions à es onsommteursF in e qui onerne le ontenu de l9éoElélistionD des grphiques et des textes spéi(ques sont générlement imprimés sur les produits (n de mettre en évidene les ompétenes environnementles insi que d9utres qulitésF ves onsommteurs peuvent don identi(er es produits qui orrespondent le mieux à leur onne volonté pr rpport à l9environnementF ves étiquettes éologiques in)uenent le hoix des onsommteurs et stimulent l onsommtion verte F fien sûrD il existe tout de même des souis en e qui onerne le modèle et le ontenu des lels éologiques qui deviennent trop rihes et spéi(ques u domine de fçon que les onsommteurs se trouvent souvent sumergés pr es informtions d9éolelsF he plusD en rison du nomre roissnt et de l9us de toutes sortes d9éolelD l qulité et l rédiilité de ertines étiquettes @lelsA ontinuent de diminuerF gependntD les étiquettes éologiques restent toujours de ons outils pour guider le pouvoir d9ht et pour initer à une onsommtion responsE leF v9éolel toujours été un sujet intéressnt de l9éonomieD de l soiétéD du droitD de l9éthiqueD etF our les produteurs et les fournisseurs de serviesD l9éoElélistion peut être une méthE ode pour ugmenter l ompétitivité de leurs produits ou serviesF sl été prouvé que l vleur joutée représentée pr ertins éolels est ttrynte pour ertins onsommE teursF h9utnt plus que ertins groupes d9étiquettes éologiques ne sont ps seulement liés à l performne environnementle mis ussi à l séuritéF h9utres performnes d9utilité sont églement inlus omme pr exemple dns le s des éolels iuropéenF hns une telle situtionD les produits éoElélisés peuvent pousser les utilisteurs à roire qu9ils sont meilleurs que les produits non lélisésF hu point de vue du produteur et de l9entrepriseD l9éoElélistion @l erti(tion éologiqueA peut être une méthode rentle pour méliorer l visiilité du produit sur le mrhéF in d9utres termesD l9éolel est en quelque sorte un utre type de puliité et de mise en vleur du produitF sl est à noter qu9une di'érene importnte entre l9éoElélistion et d9utres réglementE tions ou normesD est que l9éoElélistion est priniplement une démrhe volontireF ur l se de l réglementtion stndrd ou de l normeD l9éoElélistion o're plus d9espe de onurrene et de )exiilité mrketingF hns une ertine mesureD il stimule l prodution verte et essie de diriger l9ensemle de l9industrie vers une diretion plus e0e et plus propreF gependntD toutes les entreprises ne onnissent ps les éolelsF sls ne onnissent ps non plus le proessus de son otentionF pe à tnt d9éolels utilisés dns le monde entierD les entrepreneurs se sentent prfois perdusF in outreD l pluprt des lels éologiques ne sont ps grtuitsD des dépenses onsidérles doivent être pyées pour ndidter à l9otention d9un éolel et générlement e proessus de lélistion est longF gei pourrit entrîner des di0ultés (nnières pour les wi @petites et moyennes entreprisesA qui doivent fire ppel prfois à des onsultnts extérieurs soit pour un udit préEndidture ou enore pour le montge entier du dossier de ndidtureF our les utorités puliquesD l9éolels peut être un outil pour promouvoir l9éonomie verte et l durilité d9un point de vue glolF sl est file de voir que si l prt de mrhé des produits éoEétiquetés ugmenteD l9impt environnementl ser réduit de mnière orE respondnteF fien qu9il soit importnt de noter queD mlgré l prospérité des produits éoElélisésD des prolèmes et des dé(s existentF sl existe enore euoup d9méliortion P pour l9éoEétiquetgeF yutre ses vntgesD l9éoElélistion est un proessus lorieuxD en prtiulier s tâhe d9évlution qui omplexe et longueF gette tâheD inluse générleE mentD onernnt les tégories des produits industrilisésD l9nlyse des rtéristiques physiques et l omposition himique en plus de l9évlution des impts environnemenE tux et d9utres impts pour les utorités puliquesD l9éolels peut être un outil pour promouvoir l9éonomie verte et l durilité d9un point de vue glolF sl est file de voir que si l prt de mrhé des produits éoEétiquetés ugmenteD l9impt environnementl ser réduit de mnière orrespondnteF fien qu9il soit importnt de noter queD mlgré l prospérité des produits éoElélisésD des prolèmes et des dé(s existentF sl existe enore euoup d9méliortion pour l9éoEétiquetgeF yutre ses vntgesD l9éoElélistion est un proessus lorieuxD en prtiulier s tâhe d9évlution qui omplexe et longueF gette tâheD inluse générlementD onernnt les tégories des produits industrilisésD l9nlyse des rtéristiques physiques et l omposition himique en plus de l9évlution des impts environnementux et d9utres imptsF in plus de l omplexité industrielle de onevoir des produits respetnt les ritères environnementux qui freine les industriels à s9orienter vers e type de produitD s9joute les ontrintes de temps et de oûtF xous pensons qu9un proessus d9éoElélistion (leD plus rpide et moins omplexe pourrit être l lé pour donner une meilleure imge des éolels dns le ut de démorE tiser l9ès à e genre de lélistion (n de mieux protéger l9environnement et mintenir un développement plus durleF ves industriels uront moins de frdeu (nnier et el ttirerit nturellement dvntge d9entreprises à étiqueter leurs produitsF ve proessus d9éoElélistion repose essentiellement sur l9expertise humine e qui exE plique le oût engendréF éduire don l9e'ort humin dns e proessus ur un impt positif sur l rédution des oûtsF rditionnellementD l9évlution du pro(l du produit à léliser est menée pr de multiples nlysesD des réunions et d9édition de rpports entre experts de domines omplémentiresF eu importe l fçon dont les informtions sont stokéesD nous pensons qu9il doit y voir une prtie du proessus qui peut être informE tisé et utomtiséF he plusD les onnissnes des experts doivent être ussi pitliser et réutiliserF hns le dre d9une telle pprohe informtiséeD il serit néessire de gérer et triter et rendre interopérle les onnissnes et les données omplexes impliquées dns e proessusF h9utre prtD du oté des industrielsD eux derniers ne disposent ps ussi d9outils inforE mtiques disponiles et grtuits permettnt véri(er si leurs produits respetent les onditions d9ttriution d9éolels ou nonD 9est pour ç ils font ppel à l9expertise externe qui oute ussi de l9rgentF in s d9éhe de leurs demndes d9éoElélistionD les industriels n9ont ps d9explitions détillées ou de suggestions de sustitution pour l9méliortion de leurs produitsF xous pensons qu9une solution informtisée pour le proessus d9éoElélistion devrit églement tenir ompte de es prolèmesF einsiD l9ojetif métier de e trvil de reherhe onsiste à proposer une pprohe inE formtisée pour ider à méliorer le proessus d9étiquetge éologique et à résoudre ertins prolèmes onnexes que e soit pour l9expert évluteur ou pour les industrielsF xous esE Q syerons dns e trvil de proposer une pprohe générique qui pourrit être utile et inspiE rnt pour d9utres tenttives visnt à méliorer l9étiquetge éologique ou tout utre système de erti(tionF Objectifs Scientiques eprès une étude préliminireD les prinipux ojetifs métiers de e trvil de reherhe sont résumés omme suit X informtiser le proessus d9éoElélistion pour réduire l9implition de l9expertise humine (n de l9élérer et en réduire ses oûtsF r onséquentD fournir un outil uxiliire pour les experts du domine insi que les industriels pour les ider à évluer le produit ou le servieF in générlD le proessus étudié dns e trvil et spéilement un proessus d9évlution multiritère et qui tient ompte des di'érentes phses du yle de vie des produits G serviesF ne grnde quntité de données et d9informtions hétérogènes pourrit être impliquée et mnipuléeF endnt l9éhnge et le tritement des donnéesD des prolèmes d9interopérilité peuvent existerF xous vons églement remrqué que le proessus d9étiquetge éologique est essentiellement un prolème de déisionF wultiples spets du pro(l de ertins produits doivent être exminés et l déision doit être prise en fontion d9une nlyse exhustiveF sl est représenttif en e qui onerne les di0ultés uxquelles l9ide à l déision peut triterF hns e trvil nous dopterons don une pprohe d9ide à l déision à trvers lquelle on rrive à tteindre les ojetifs susmentionnésF einsiD le premier ojetif sienti(que de e trvil est de développer un système d9ide à l déision @hA pour l9éoElélistionF ve ménisme de fontionnement générl de ette pprohe d9ide à l déision est le suivnt X tout d9ordD un modèle de pro(l de produit eptle @ éolélisle A ou qolden stndrd doit être dé(ni Y insuiteD le pro(l du produit ndidt à l lélistion est ompré u stndrdF i le produit ndidt stisfit l9exigene de l normeD une déision positive devrit être priseD sinon nous urons une déision de rejet de l demnde d9éoE lélistionF hns e s de rejet de lélistionD l9explition ou l9rgumenttion sont très importntes pour l9expertD l9industriel et toute utre prtie prennteF our mettre en ÷uvre e système d9ide à l déisionD nous urons esoins des onE nissnes de domine d9éoElélistion générlement puliées dns des douments o0iels ontennt les ritères @le journl o0iel dns le s des éolels européensA insi que d9utres onnissnes potentielles omme pr exemple des onnissnes onernnt les proessus de yle de vieD les proédés de fritionD etF sl serit ien que le formt de présenttion de es onnissnes permettr une ertine pité de tritement pour l omprison ou de risonnement pour filiter l génértion d9explitionsF our utnt que nous le shionsD l9ontologie semle être le meilleur ndidt pour R représenter l onnissne et pour fire des risonnements dessusF elon l littértureD une ontologie est une spéi(tion formelle et expliite d9une oneptulistion prtgéeF À notre onnissneD l9ontologie est un on système de représenttion des onnissnes ve une sémntique uni(ée et interopérleF gontrirement ux ses de onnissnes trdiE tionnellesD l9ontologie ide à déomposer l omplexité de l gestion d9un grnd nomre de règles et de ontrintes en les orgnisnt dns des hiérrhies et des txonomies ien struE turéesF v9utilistion d9ontologie permet une réutilistion e0e de l9informtion insi que l9inférene sémntique et le risonnementF he e fitD dns e trvil de reherheD le système d9ide à l déision @ehA à développer exploiter une représenttion ontologique de onnissnes du domineF g9estEàEdire que le système exploiter une se de onnissnes onstruite à se d9ontologiesF in e'etD voir une se de onnissnes sée sur l9ontologie ouvrnt les ritères d9éoElélistion et d9utres onnissnes onernnt le domine industriel est une ondition prélle à l mise en ÷uvre du ehF r onséquentD l onstrution de l se de onnissnes en ontologies est églement un ojetif sienti(que importnt de ette reherheF v onstrution de es ontologies néessite extrtion des onnissnes à prtir de doE uments omplexes sur l9éolels @texte o0ielD rtile de loiD des (guresD des tleuxD des formulesD etFAF xous devons trouver don une méthode ppropriée pour réliser l9extrtion et l représenttion de es onnissnesF in plusD on s9ttend à e que l se de onE nissnes de l9ontologie rélisée puisse être réutilisée pr d9utres pplitions ou enore di'érents types de tégories de produitsF v modulrité de l9ontologie ou de l9ontologie modulire est une onne solution pour elF hns ette reherheD un utre ojetif sienE ti(que importnt serit de trouver une méthode ou un shém pour mieux gérer et intégrer les ontologies modulires pour une meilleure réutilistionF Problématiques et verrous scientiques hns les setions préédentesD nous vons entué l prolémtique métier insi que les ojetifs métiers et sienti(ques de e trvil de thèseF our réliser es ojetifs sienti(quesD nous devons fire fe à des prolémtiques et verrous sienti(ques que nous résumons à trvers les questions suivntes X IF gomment otenir une représenttion ppropriée des onnissnes sur l9éolel ve l9ontologie c

F gomment extrire les onnissnes à prtir de formts omplexe @(guresD tleuxD rtiles de loisD etFA et former une oneptulistion ien struturée c F gomment déomposer les onnissnes en di'érentes ontologies modulires c F gomment trduire les ritères d9éoElélistion en règles d9inférene c PF gomment gérer l dynmique @l9évolutionA des ritères d9éoElélistion c S F gomment gérer l mise à jour des règles d9inférene c F gomment triter gérer l mise à jour des modules d9ontologies c QF gomment dé(nir et formliser un proessus informtisé d9ide à l déision pour l9éoE lélistion c
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invironmentl nd sustinility re eoming more nd more importnt issues in tody9s eonomy nd soietyF eople re lwys looking forwrd to ertin lne etween nture sustinilityD eonomy development nd life qulityF emong ll the e'orts trying to protet environment nd eologil lneD government poliy is one of the dominnt foresF fesides ll kinds of mndtory regultion nd lwsF ome voluntry mens is lso undergoing nd they lso provide good guidne nd regultory funtions in the mrketF ioEleling elongs to suh soft mensF odyD eoEleling is eoming more nd more populr in the world wideF rundreds of eoElels of di'erent tlogs overing vrious produts nd servies re in opertion round the worldF qenerlly spekingD eoElels re erti(tion ssigned to produts using n pproh tht tkes into ount ll the generted environmentl impts @rw mterilsD energyD onservtion of iodiversityD pollution of wterD irD soilD wsteD noiseD etFA s well s ll phses of the produt life yle @ from extrtion of rw mterils to end of produt lifeD through mnufturingD distriution nd reuseA ording to the requirements de(ned in the environmentl spei(tionsF ioElel identi(es overllD proven environmentl preferene of produt or servie within spei( produtGservie tegoryF ioEleling proesses gurntee the qulity of the produt nd limits the impt on the environmentF hese proesses re more nd more ommon nd deisive in our dily onsumption nd other usiness tivitiesF ispeilly in developed eonomiesD most of whih hve entered the postE industril er nd the popultion ene(ts higher level of inome nd life qulityF ioElels nd eoEleling re dvntgeous for di'erent prtiipnts from vrious perE spetivesF fesides sfetyD helth nd goodEqulityD quite numer of individul onsumers expet produt or servie to e environmentEfriendlyF ioElel is good medi to ommuniE te nd trnsmit suh informtion nd indition to these onsumersF sn terms of leling ontentD rih grphis nd text re usully printed on the produts in order to highlight the II environmentl ompetenes nd other goodnessF gonsumers n purhse those produts tht est suit their willingness with regrds to environmentl performneF ioElels do in)uene the hoie of onsumers nd stimulte the green onsumptionF hileD there re lso worries liming tht the pttern nd ontent of eoElels re eoming too rih nd dominEspei( so tht onsumers often (nd themselves overwhelmed y these eoEleling informtionF elsoD due to the rising numer nd use of ll kinds of eoElelsD the qulity nd rediility of ertin lels keep deresingF roweverD eoElels re lwys good tools to guide the purhse nd onsumption power nd eoEleling hs lwys een n interesting topi relted to eonomisD soietyD lwD ethisD etF por produer nd servie providersD eoEleling n e method to inrese their produt or servie9s ompetitivenessF st hs een proven tht the ddedEvlue represented y ertin eoElels re ttrtive for some onsumersF woreoverD ertin groups of eoElels re not only relted to environmentl performneD sfety s well s other utility performne re lso inludedD eFgF i ioElelF sn suh situtionD eoEleled produts my hve onsumers elieve tht they re of etter qulity in generl sense ompred to the other nonEleled produtsF prom the point of view of produer nd enterpriseD eoEleling my e ostEe'etive method to improve the produt9s visiility in the mrketF sn other words eoEleling is somehow nother kind of dvertisingF en importnt di'erene etween eoE leling nd other regultion or stndrd is tht eoEleling is mostly voluntryF fsed on the si regultion or stndrdD eoEleling provides more ompetition spe nd mrketing )exiilityF o some extentD it stimultes the green prodution nd tries to led the whole industry to more e0ient nd lener diretionF odyD howeverD not ll the enterprises re wre of eoElelsF xeither re they fmilir with the pplition proessF ped with so mny eoElels eing operted round the worldF intrepreneurs sometimes feel t lossF elsoD most of eoElels re not freeD onsiderle spending hs to e pid for the pplition nd leling proessF his ould ring (nnil di0ulty for wi @mll nd wediumEsized interprisesAF por government deprtments or uthoritiesD eoEleling n e tool to promote greener eonomis nd sustinility from glol point of viewF st9s esy to see tht if the mrket shre of eoEleled produt gets higherD the environment impt will e redued orreE spondinglyF hileD it must e noted thtD in spite of the prosperity of eoEleled produtsD prolems nd hllenges existF here is still muh spe of improvement for eoElelingF feE sides its ene(ts nd dvntgesD eoEleling is lorious workF ioElelingD espeilly its evlution tskD is omplex nd timeEonsuming proessF sullyD the physil hrterE istis nd hemil omposition hve to e nlyzedF he emission nd other environmentl impts hve to e evlutedF huring these nlysis nd evlutionD omplex domin knowlE edge nd lrge mount of heterogeneous dt re needed s riteri or refereneF homin experts9 opinions hve to e tken into ount nd oordintedF por those omplex produt or serviesD tul experiment or inspetion on site is needed tooF sn our reserhD we (nd tht fster nd etter eoEleling proess ould the key to hieve etter eoElels nd then promote nd demortize eoEleled produts in order to etter protet the environment nd keep eology sustinleF feuse if we n redue IP the evlution time nd ost for eoEleling pplitionD produers nd enterprises would hve less (nnil urden nd tht would nturlly ttrt more enterprises to hve their produts leledF sf we n elerte the leling proessD enterprises ould e more retive nd )exile with their strtegy fing mrket hngeF rtiulrlyD in order to improve the eoEleling proess in terms of evlution time nd ostD (rstlyD we might s well strt y reduing humn e'orts in the proessF rditionllyD the evlution of produt pro(le is onduted y domin experts9 meeting nd disussionF xo mtter how the informtion is storedD we elieve tht there must e some prt of the proess tht n e omputerized nd digitizedF xextD in omputerized pprohD we hve to mnge nd updte the involved omplex knowledge nd dtF sf possileD we try to improve the interoperility etween di'erent eoElelsF prom the point of view of eoElel pplintsD they still don9t hve the possiility to hek their produt efore pplyingF sn se of pplition filureD pplints don9t hve explntion or sustitution suggestion for their produt designF e think tht etter eoEleling proess should lso tke these issues into ountF husD in our reserh sopeD the initil motivtion of our reserh is try to propose omputerized pproh to help to improve eoEleling proess nd ddress some relted prolemtisF e hope our work ould e helpful nd inspiring to other ttempts trying to improve eoEleling or like erti(tion systems y ny mensF 0.2 Objectives efter preliminry studyD the min ojetives of our reserh re summrized s followingX filitte nd improve eoEleling y elerting the proess nd reduing its ostY omE puterize eoEleling proessY provide uxiliry tool for domin experts s well s pplints to help them with the produt or servie9s evlutionF sn generl senseD eoEleling proess espeilly the evlution tsk needs to tke into ount di'erent riteri nd onsider di'erent phses of produtsGservies9 life yleF vrge mount of heterogeneous dt nd informtion ould e involved nd mnipultedF huring dt exhnge nd proessingD prolems in terms of interoperility my existF e hve lso notied tht the eoEleling proess is essentilly deisionEmking prolemF wultiple spets of ertin produt pro(le hve to e exmined nd deision hs to e mde sed on omprehensive nlysisF st is representtive with regrds to the di0ulties tht deision support n del withF sn our reserh sopeD we pln to tke deision support pproh s the ndidte solutionF oD the premier ojetive of our work is to develop deision support system @hA for eoEleling to prtly reple domin experts9 lor in order to improve eoEleling in terms of leling speed nd qulityF he si ide or mehnism ehind this deision support pproh is tully quite simpleF pirstD n eptle produt pro(le model or golden stndrd should e setF hen pplition produt pro(le is ompred to the stndrdF sf the pplition produt stisfy the requirement of the stndrdD positive deision should e mdeD otherwise we will hve IQ negtive onesF sf the pplition produt fils the evlutionD explntion or rgumenttion will e very importnt to the deision mkerD pplint nd other stkeholdersF o implement this deision support systemD eoEleling domin knowledge reorded in o0il riteri douments nd other potentil knowledge soures is needed in order to ompose suh stndrdF st hd etter to e ple of ertin omprison or resoning ility to filitte explntion genertionF es fr s we knowD ontology seems the good ndidte to represent knowledge nd support resoningF en ontology is formlD expliit spei(tion of shred oneptuliztion SF o our knowledgeD ontology is good knowledge representtion sheme with uni(ed nd interEoperle semntisF gonfronting knowledge systemD ontology helps to rek down the omplexity of mnging lrge numer of guidelines nd rules y orgnizing them in wellEstrutured hierrhies nd txonomiesF yntology enles e0ient reuse of informtion s well s semnti inferene nd resoningF o in our reserh workD we will hve the deision support system operte n ontology representtion of knowledgeD iFeF n ontology knowledge seF sn other wordsD n ontology sed knowledge se overing eoE leling riteri nd other domin knowledge is prerequisite for the h9s implementtionF he onstrution of the ontology knowledge se is lso n importnt ojetive of this reserhF sn order to hieve the premier ojetive of improving eoElelingD onrete deision mking proess is neededD iFeF method or proess desriing how pplition produt pro(le is ompred to eoElel9s stndrd should e relizedF sn this proess the knowledge needed for deision mking is extrted s ontology from omplex eoEleling riteri doumentE tion of textD (guresD tles nd formulsD etF e hve to (nd proper method to relize the extrtion nd representtion of these knowledgeF woreoverD it is expeted tht the ontology knowledge se n e reused y other pplitionsF wodulrity of ontology or modulr ontology is good solution for thisF sn this reserhD nother importnt ojetive is to (nd method or sheme to etter mnge modulr ontology in fvor of etter reEusilityF 0.3 Scientic issues sn the previous setions of motivtion nd ojetivesD we hve introdued tht the prtil signi(ne of our work is to develop h for eoEleling proess in order to improve eoEleling in terms of leling time nd ostF o relize this reserh ojetivesD we hve to del with some sienti( issues or di0ulties s summrized in the following questionsX

• row to hieve pproprite eoEleling knowledge representtion with ontologyc E row to extrt knowledge from vrious informtion formt nd form wellE strutured oneptuliztionc E row to uild yv ontologies in modulrized wyc E row to uild rulesc • row to hndle the evolution of eoEleling riteric IR 0.4. METHODOLOGY E row to ddD remove or hnge rulesc E row to del with the ddD remove or hnge of ontology modulesc

• row to de(ne nd formulte omputerized deision support proess for ioElelingc E row to implement the ore evlution funtion y mens of ontology nd resonE ingc E row to generte pproprite explntion or rgumenttion for the deisionc E row to generlize the deision support proess dedited to ertin produt nd pply it to ny otherc

• row to etter reuse nd integrte ontology modulesc E ht re the drwks of yv reuse nd imports mehnismc row to overome these drwks nd improve reEusility in terms of yv ontologyF E row to integrte ontology modules insted of using owlXimportsc E ht re the other solutions for modulr ontologyc ht re the dvntge nd disdvntge of these methodsc E row to hieve more )exile nd prtly reuse nd integrtion of modulr ontologyc 0.4 Methodology pigure I rie)y illustrtes the mind mp of the reserh methodology we hve tken in our reserhF fsillyD our reserh is dedited in three importnt spets of ontology engiE neeringX ontology developmentD ontology pplitionD nd ontology reuse whih re unfolded in sequene in our workF his methodology tully orreltes with sequentil ontology enE gineering methodologyF sn the (rst phse of our workD the min issue is out ontology deE velopmentF e survey of eoEleling nd i ioEleling ws ondutedF e hose lundry detergent produt group s the illustrtion se of our reserh dominF efter further survey for existent knowledge repository nd reusle ontology modulesD no pproprite result ws foundF hen we deided to develop the riteri ontology ording to the riteri doumentF et lstD rief evlution nd resoning test ws rried out to verify the ontologyF fsed on the outEome of the (rst phseD riteri ontology sed deision support proess ws proE posed nd its prototype system ws developedF he min topi of the seond phse is out how to exploit ontology in deision support pplitionF sn the third phse of our reserhD we foused lrgely on ontology reuseF ine we hd lredy developed the riteri ontology of lundry detergent produt groupD we onsidered reusing the existent modules into other produt groups9 riteri ontologyF e Contextual Integration for Modular Ontology (CIMOn) method ws proposedF e tried to overome the drwks of existent yv ontology syntx y introduing independent ontext nd llowing prtly importingF IS pigure IX wind mp of our reserh methodologyF 0.5 Contribution he ore ontriution of our work is deision support proess sed on modulr ontology knowledge seF wore preiselyD insted of totlly depending on humn e'orts in the eoE leling proessD we propose deision support system s uxiliry tool to help experts mke wiser deision in terms of the erti(tion of eoElelsF he deision support system will e powerful tool for the experts from i ioEleling uthoriztionD on the other hndD it n lso e simultion tool for those eoElel pplintsF fy generlizing the steps nd tsksD the deision support proess n lso e pplied to other produt groupF o relize the funtioning of this deision support systemF e knowledge se omposed of modulr ontology hs een onstrutedF wost of the domin knowledge out eoEleling would e trnslted nd stored in yv ontologiesF o etter mnge nd reuse the modulr ontology knowledge seD (rstD we hve introdued seprtion pttern etween entity module nd rule module y using owlXimportsF his pttern tully mkes distintion etween the desriptive 8 ojetive knowledge etween sujetive knowledgeF st is proven to e in fvor of ontology reEusility nd extensiilityF fy using this seprtion pttern or shemeD we n uild wellEstrutured modulrized ontologiesF e lso demonstrted how to do resoning nd inferene in the riteri ontology y using rermit resonerF ine there is still lk of ontologyEsed deision support pplition for eoElelingD our work n provide some referene nd experiene for similr tsksF e hve lso pulished this ontology IT on qitruD other reserhers n ess it nd tke modules they need for reuseF e hve proposed gontextul sntegrtion for wodulr yntology @gswynA method to integrte nd reuse di'erent ontology modulesF gswyn is method to integrte ontology modules y introduing n intermediting omponent lled ontextF fy using ontextD extr informtion tht is needed only when ontologies integrtion hppens n e indepenE dently storedF husD originl ontology modules keep intt nd n e reused for di'erent purposes in di'erent ontexts t the sme timeF gswyn is omptile with owlXimportsD while (lter is introdued to hieve prtly importing whih mens ontent of ontology n e prtly integrted in ontext nd this feture mkes ontology reuse more )exileF elthough there re quite severl modulr ontology nd distriuted ontology shemes or soE lutionsD most of them sty in theoretil elortionD few prtil spets re disussed nd even fewer tools re villeF sn our workD esides gswyn methodD tool s rotégé plugEin is developedF e onsider pulishing this tool fter further improvement nd more testingF o some extentD this is nother importnt ontriution of this workF 0.6 Thesis outline sn ghpter ID we will hve n overview of eoEleling industry nd its urrent sttusF he sope of eoEleling is de(nedF wo min kinds of eoEleling9s onerns re disussedF feuse of the lrge quntity of eoElelsD omprehensive nd full inspetion for eh of them is impossileF sn prtiulrD i ioElel is hosen to e representtive se in our reserhF et the end of this hpterD min prolemtis nd hllenges of tody9s eoEleling re identi(edF he (rst two setions of ghpter P re out the stte of rt of deision support in terms of eoEleling nd ontologyF rere we n (nd tht even though deision support tehnology is lredy quite widely usedD limited numer of works nd reserh out deision support systems pplied in eoEleling n e foundF wost of the reserh on eoEleling is out proess improvementD green produtionD nd soil imptF roweverD generl deision support system sed on ontology hs drwn onsiderle ttentionF sn our reserhD we try to (ll the gp so tht ontology sed deision support system n e used in eoEleling nd other similr leling or erti(tion shemesF sn the third prt of ghpter PD we present reserh overview out ontology nd ontology engineeringF rious spets out ontologyD its underlying logis nd relted tehnologies re presentedF sn our reserhD we re more out modulr ontology or ontology modulriztionF xote tht in the eginning of eh susequent hpterD there is lso stte of rt setionF hey will work s supplement nd rell of ghpter PF ghpter Q gives detiled desription out the ontology sed knowledge se tht we developed for the deision support systemF e wterEfll like ontology engineering methodE ology ws ppliedF e demonstrte how the knowledge out eoEleling riteri ws extrted nd how the riteri ontology ws uiltF rere we pplied modulr pproh to IU divide ontology into smll piees so tht they n e reused more esilyF e lso demonstrte how to mke use of resoner to dedue new knowledgeY how to judge whether produt is eoEleling riteri omptile or notF et lstD n evlution nd nlysis of the knowledge se ws ondutedF e lso disussed the ddedEvlue nd expettion of suh kind of knowledge se in n extended ontextF ghpter R is tully n extend nd inEdepth dig of ghpter QF sn this hpterD we proE pose the gswyn method trying to improve the e0ieny nd )exiility of ontology reuse nd modulriztionF e will see tht new onstrut lled ontext is introdued s n interE mediting environment to integrte ontology modulesF en investigtion of urrent modulr nd distriuted ontology methodologies is lso presentedF e will disuss the fetures nd de(ienies of these methodsF hen we will explin in detils how gswyn worksY wht kinds of dvntges it hveY how to pply this sheme to ontology development nd other engineering spetsF sn ghpter SD we propose the deision support proess sed on the ontology knowledge se desried in ghpter QF gonretelyD i ioElel lundry detergent produt riteri is hosen s our se of studyF e detiled desription of the deision support proess nd the rhiteture of the system is presentedF e hve lso shown how the riterion in the lundry detergent riteri doument ws trnslted into v@emnti e ule vngugeA rules nd how to mke use of resoner nd these rules to get the resoning result s well s the rgumentsF he ontent of ghpter QD RD nd S tully re)et the min ontriution of our workF sn our reserhD we hve exploited how to uild modulrized ontology out of riteri doumentF e entityErule seprtion pttern ws proposedY gswyn method ws proposed to ddress the reEusility relted issuesY henD omplete deision support proess is proposed to tkle the prolemtis nd hllenge tht we hve disussed in the (rst hpterF ghpter T is out the prototype development nd progrm implementtion of our reE serh workF here re two min implementtions in our workF he (rst one is plugEin used for the gswyn9s ontext editingF he seond one is prototype implementtion of the deision support proessD iFeF deision support system prototype for i ioEleled lundry detergent produtF e will explin how we hve relized them from design to oding s well s some engineering experieneF sn the lst hpterD we will do rief review of this workD tlk out its limits nd unsolved prolemsF sn the very ending prtD we will identify severl key tsks tht ould e interesting for other reserhers in the futureF IV Chapter 1

Context & problematics of eco-labeling 1.1 Introduction sn more nd more industrilized worldD eology hrmony is eoming n importnt spet in prodution nd diry life of modern soietyF xot only tody9s onsumers expet the produts to e of good qulity nd usilityD ut lso they wnt them to e sfe nd environmentE friendlyF ine the (rst eoElel flue engel ws wrded in qermny in IWUVD mny eoE lels overing vrious environmentl spets hve een developed nd put into servieF o etter mnge nd reognize ioElels eing operted in di'erent mrkets nd ountriesD qlol ioEleling xetwork @qixA 1 ws estlished in IWWR s worldwide nonEpro(t interest group whose gol is to foster oEopertionD informtion exhnge nd hrmoniztion mong memersF hriven y the impel of governments nd soiety orgniztionsD the numer of produts nd servies erti(ted y eoElels is lso inresing rpidlyF egrdless of the tlog or lssi(tionsD eh eoEleling regime hs two types of fundmentl onernsX eology hrmony of the nture nd eonomy enhnement of soietyF sn this hpterD we will try to give n s omprehensive ontext review of eoEleling s possile from vrious spetsF rolemtis of eoEleling will e identi(ed nd disussedF pirstD n o0il de(nition of eoElel is introduedF epplition domins with regrds to di'erent leling types re spei(edF henD this hpter gives the urrent pplition sttus of vrious eoElels nd eoEleling proesses in servieF ypillyD i ioElel is hosen to e representtive se in our reserhF et lstD perspetive of eoEleling in the future nd hllenges is disussedF 1 https://www.globalecolabelling.net/ IW 1.2. WHAT IS ECO-LABELING?

1.2 What is eco-labeling? eording to qlol ioEleling xetwork @qixAD eoElelling is voluntry method of environmentl performne erti(tion nd leling prtied round the worldF en eoElel is lel whih identi(es overllD proven environmentl preferene of produt or servie within spei( produtGservie tegoryF here re di'erent lssi(tions of lelsF sn ontrst to green symolsD or lim sttements developed y mnufturers nd servie providersD the most redile lels re sed on life yle onsidertionsY they re wrded y n imprtil thirdEprty in reltion to ertin produts or servies tht re independently determined to meet trnsprent environmentl ledership riteri TF he snterntionl yrgniztion for tndrdiztion @syA hs identi(ed three rod types of voluntry lelsD with eoEleling (tting under the ype s designtionF he min sope of our reserh is lso on i s eoEleling s i s hs the most lels in prtieF he following enumertions re de(nition of oluntry invironmentl erformne veling from syF st is esy to see the di'erene etween those three typesF

• i sX voluntryD multipleEriteri sedD third prty progrm tht wrds liE ense tht uthorizes the use of environmentl lels on produts inditing overll environmentl preferility of produt within prtiulr produt tegory sed on life yle onsidertionsF

• i ssX snformtive environmentl selfEdelrtion limsF

• i sssX oluntry progrms tht provide qunti(ed environmentl dt of prodE utD under preEset tegories of prmeters set y quli(ed third prty nd sed on life yle ssessmentD nd veri(ed y tht or nother quli(ed third prty UF ioEleling hs numers of ene(ts from vrious points of viewF pirstlyD eoEleling is good wy to inform onsumers of the environmentl impts of produtsF sn the prtie of some existent eoElelsD esides the environmentl performneD the (tness of use nd humn helth spets re lso inludedF ell these informtion will help onsumer mke deision in view of di'erent willingnessF ioEleling is generlly heper thn regultory ontrolsF fy empowering ustomers nd mnufturers to mke environmentlly supportive deisionsD the need for regultion is kept to minimumF his is ene(il to oth governE ment nd industry VF ioEleling will lso stimulte mrket development nd enourge ontinuous improvement on produt nd servieF xow let9s hek some min onerns of eoElels to etter understnd the essene of eoEleling nd its ojetiveX Human health and safety fefore we onsider the environmentl nd eologil issuesD we should (rst mke sure tht produt or servie is sfe enough when it is out to e delivered to the mrket nd (nlly to onsumerF he de(nition of sfety ould inlude vrious PH spets nd ould hve sutle distintions in di'erent situtionF por the (nl onsumerD produt with eoElel usully gurntees tht it neither ontins nor di'uses sustne tht ould hzrd humn helthF yrD some produt my indeed ontin hzrdous ingredient ut the onentrtion is under ertin dosge thred so tht it shll e sfe for n instruted usgeF Pollution and environmental performance fesides outstnding usge performne nd good intention liming tht the produt will not hzrd humn helthD eoEleled produt nd servie usully gurntees erti(ted environmentl performne during the usge nd fterwrdsF e n often see suh eoElels on vrious kinds of lundry deterE gentsD pintsD osmetisD etF iology environmentD s humn exploittion nd reformtion spreds rpidly over the plnetD is eoming vulnerle nd unertinF o void eology unE lne nd its negtive onsequenes whih ould threten humn survivlD n eoEleled erti(ted produt usully lims tht its ingredients nd pkging re reylle more or lessF sn some other sesD the wste of the produts is limed to e ioEdegrdle nd nonEtoxiF Energy consumption ome other eoElels re more out deresing the energy onsumption nd green house emissionF uh eoEleled produts usully lim tht they onsume less energy in its produtionD delivery nd usge stges thn othersF e n (nd suh eoElels on mny eletroni deviesD espeilly household pplinesF Sustainability and eciency wny tody9s eoElels will onsider the whole lifeE yle of one produt or servieF his onsidertion is resonle euse modern soiety pys ttention not only to produt itselfD ut lso the extrtion of mterilD prodution proessD till the (nl delivery nd usgeF his extended onsidertion requires not only the sfety for the (nl onsumers ut lso ll the individuls who re possily involved into the produt9s lifeEyleF eentlyD iuropen gommission proposed n mitious irulr eonomy strtegy W in whih this lifeEyle onern n e vividly demonstrtedF he irulr eonomy onept is response to the spirtion for sustinle growth in the ontext of the growing pressure of prodution nd onsumption on the world9s resoures nd environmentF More competent product or service ome eoElels not only on(ne the enviE ronmentl imptD ut lso gurntee the produt9s e'etiveness in useF hose produts erti(ted y suh lels usully hve the equivlent or etter performne ompred with the other produts of the sme kindF prom the point of view of produerD here the lels somehow work like dvertisingF hough the pplition for suh eoElels re never for freeD quite numers enterprises show gret interest in hving their produts or servie eoEleled to e more ompetentF PI 1.2. WHAT IS ECO-LABELING?

Market stimulation prom glol point of viewD eoEleling ould guide the mrket to develop to more sustinle nd e0ient diretionF es i ioEleling hs limedD it trgets the top IH or PH perent produts in the mrket nd the i ommission will regulrly updte the riteri threshold to keep suh perentgeD whih mens eoElels n e used to enourge innovtion nd improvement in respet of usiness nd environmentl performneF et presentD ording to Ecolabelindex 2 D there re over RSH eoElels in IWU ountriesD nd PS industry setorsF sn the report of qlol iolelling xetwork @qixA in PHIR IHD erti(ted produts worldwide exeeds PSHDHHHF eording to the sttistis of PHIH qlol iolel wonitor report II whih ws (nished y orld esoures snstitute nd fig oom snD most eoElels re run y nonEpro(t @SV7A nd forEpro(t @IV7A orgniztionsF V7 were government runF he mjority @TR7A were thirdEprty erti(tion systemsF sn pigure IFID we n tell tht eoEleling is more prosperous in developed mrketsF pigure IFIX xumerD type nd lotion of orgniztions ompleting the glol eoElel surveyF he IVth iuropen porum on ioinnovtion IPD held in frelon PHEPI wy PHISD ws dedited to the role of environmentl lellingD mngement nd informtion shemes in oosting innovtion nd ompetitiveness to help deliver irulr eonomy in iuropeF he following outomes of the gonferene support the role of syIRHPR ype s eolels nd the preepts of qix IQX

• rtiipnts t the onferene greed tht n environmentl lel must e redile @veri(ed y third prtyAD nd ler @esy to understndAF

• grediility would e further enhned if the lels were used y puli uthorities in puli prourement nd if they overed rnge of signi(nt environmentl imptsF

• here ws ll for reduing frgmenttion in environmentl informtion nd mngeE ment shemesF he high numer of lels nd erti(tion shemes genertes onfusion on the mrket

• here ws unnimous ll in fvor of tougher rules to tkle misleding green dE vertising nd to develop minimum requirements tht ll lels would hve to dhere toF

• here ws widespred support for poliymkers to prioritise highEimpt produts for lellingF

• fPf lels re s importnt s fPg lels lso euse it n e di0ult to re)et ll issues in single lel on n end produtF

• etilers ply pivotl role @they n oth monitor produers nd help onsumers understnd lelsAF

• sn some sesD puli ommitments to sustinility y orgniztions ould e n lterE ntive to individul produt lellingD ut the sme rules for rediility would pplyF wny elieve oth produt lelling nd orgniztionl ommitments re neessryF

• gonsumers re inresingly pying more ttention to lelsF iolels re fing mny other ompeting fores @use of ss for mrketingD peer pressuresD etFA tht n e turned to dvntges if ppropritely used @iFeF resulting in dedited ommunition mpignsAF sn the foregoingD we hve introdued wht is eoElel nd onEgoing sttus of generl eoElelingF e hve referred to di'erent surveys nd reportsF e si understnding of eoEleling ontext is otinedF PQ 1.3. EU ECO-LABEL AND LABELING PROCESS 1.3 EU Eco-label and labeling process efter rief review of generi eoElelD we fous on the i eoElel whih reltes to most of our reserh workF ine our reserh is not limited to survey reserhD we must e more spei( to ertin eoElel in order to propose onrete solutionsF his setion will introdue the kground nd detils out i ioElel nd the routine leling proessF i ioElel is suessful exmple mong ll the eoElelsF greted in IWWPD the i ioElel is the only o0il iuropen eologil lel uthorized for use in every memer ountry of the iuropen nion IRF he i ioElel overs wide rnge of produt groupsD full tlog of these produt groups goes s followingX • Holiday accommodation: ourist ommodtion serviesF he gommission of the iuropen gommunities lunhes the riteri revision proedure either itself or t the request of the iuropen nion ioEveling ford @iifAD whih omprises the erti(tion odies @gompetent fodiesA in vrious iuropen ountries nd the dvisory forum @representing the stkeholdersD iFeF wisD rtisns nd their professionl orgniztionsD trde unionsD trdersD retilersD importersD environmentl protetion groupsD PR nd onsumer orgniztionsAF sn eh memer ountryD the gompetent fody is in hrge of the onrete routine suh s onsultingD ssessmentD delivery nd monitoring of eh eoE lelF i ioElels re tools used to highlight produt9s level of eologil qulityF hey gurntee produt9s user qulityD nd lso tht it hs redued environmentl imptF roduts re wrded eoElels ording to multiEriteri pproh @onsumption of rw mterils nd energyD genertion of wsteD relese into ir nd wterA tht ftors in the produt9s entire life yle @from the extrtion of rw mterilsD through use nd up to endEofElifeAF ntil PHIID there re over IQHH enterprises tht hve een issued i ioElel liensesF fy eptemer of PHIRD there re lredy over RQDHHH produts or servies eing leled ISF prne is lwys n importnt ontriutor to i ioElelingF fy wrh of PHITD RVT enterprises in prne hve otined i ioElel lienses in vrious produt groups nd tht mkes prne the (rst ple s for the enterprises9 possession of i ioElel liensesF roweverD ompred to the enormous iurope mrketD the wrded eoElels re still too fewF e onsider tht quli(ed enterprises should e enourged to otin eoElels to eome more ompetitiveF prom glol point of viewD inresing the numer of wrded produts nd enterprises should ontriute to the redution of environmentl imptsF es illustrted in pigure IFPD the removl of ertin produt group @eFgF sXsndoor pints nd vrnishesD gX opsD shmpoosD nd hir onditionersD nd yX yutdoor pints nd vrnishesFA whih hppened in PHIT indites tht the hnge or ltertion of i ioElel riteri is ontinuousF st lso implies tht the hnge of knowledge nd rulesF wny other produt groups keep inresing in the reent R yersF PS 1.3. EU ECO-LABEL AND LABELING PROCESS pigure IFPX otl i ioElel produts 8 servies per produtGservie group hroughout the produt tegoriesD the multiEriteri or guideline referred y i ioE lel is usully striter thn the domin regultionF por exmpleD the onentrtion limit of ertin toxi hemils s ingredients in eoEleled detergent is lower y mgnitude thn tht is required in relevnt stndrd regultionF sn other wordsD one implitive e'et vi setting up eoEleling is to keep only smll prt of top rnked produts nd servies le to e wrdedF uh di'erenes etween i ioElel nd stndrds onsolidte its e'et s stimultion to the mrket nd somehow driving fore to the produerF he gommission mndtes the iif to develop nd regulrly review eoElel riteriF PT he gommission issues ll for tenders resulting in the seletion of n dvisory odyD nd work group is formedF he dvisory ody onduts fesiility study nd then proposes (tnessEforEuse riteri nd environmentl riteriF gonsulttion ontinues throughout the drfting of the spei(tionsD longside the fesiility study nd the development of riteri onurrent with regulr feedk to the iifF yn ompleting the work for given produt tegoryD the egultory gommittee summons representtives from every wemer tte nd votes on whether to pprove the guideline ITF he guideline developed y the dvisory odyD together with the possile mendment or nnex will e the selines for our knowledge seF sn other wordsD we will onstrut the ontologies with the oneptsD reltionships nd rules extrted from these guidelines so s to mke these experiene nd knowledge exploitle y the mhineF 1.4 Challenges and better eco-labeling outlook es we hve seen previouslyD eoEleling hs een in prtie for dedes nd there re mny eoElels of di'erent types nd mny orgniztions who deliver these ioElelsF hileD ording to some mrket surveys nd sttistisD ertin eoElels re not under proper mngement nd opertionF rolems nd hllenges existF por instnesD wht if the wrded eoElel is misleding or hetingF erms suh s reylleD iodegrdleD nd ozone friendly must e used urtelyF hen lims re used ritrrily in dvertising nd lelingD ustomers will eome onfusedD disourgedD nd doutful IUF sn the eyes of di'erent stkeholdersD the ssessment methods nd riteri of produt ould e quite di'erentF ht tehniques re the most pproprite nd orret for ertin produt nd servie s the tehnology nd even the produt itself evolves fstc row to de(ne proper di'erentition etween stndrd nd eoEleling ssessment riteric ell suh issues require serious onsidertion to hieve etter solutions in respet to vrious soil spetsF rere in this setion of this hpterD we will identify nd disuss these issuesF Social propagation and interactive media qenerlly spekingD the erti(tion of eoE lels re delivered to enterprisesF e thirdEprty orgniztion or government deprtment my tke hrge of the wrding nd monitoringF hileD for the onsumersD they re often lk of detiled informtion out eoElels nd relevnt leling proedures nd riteriF sn dditionD onsumers re sometimes ignornt of eoElels or they re totlly onfused y so mny kinds of eoElelsF por exmple in prneD ording to survey onduted y the prenh invironment nd inergy wngement egeny @ehiwiA in PHIPD only SP perent of the popultion n give reltive preise de(nition of sustinle developmentD nd only round QH perent know the existene of i ioElels IVF elsoD we should see tht people from di'erent ges hve wide gp of wreness of eoElelsF por exmpleD ording to ehiwiD the young people hve etter understnding out eoElels thn the old onesF eople with higher level edution show muh more interest on eoElel nd environmentl issues thn those less edutedF hereforeD there exists muh room to improve nd hieve wider propgtion out eologyD sustinle development nd eoElels in PU the popultionF yn the other hndD ording to the report en overview of eoElels nd sustinility erti(tions in the glol mrketple IWD the eoElelers re sked wht would help you to improve the overll e'etiveness of your eoElels progrmc uli or onsumer wreness wins SH perentge s e'etiveness improvement ftors form the leler9s perspetivesD whih mens well popultion of eoElels re lso the request of eoElel issuersF elmost every eoElel in the world hs its own wesite on whih onsumers nd enE terprises would (nd desription nd puliityF fut the prolem is the onsumers re often frightened y the overwhelming mount of informtion tht few of them will tke time to red nd understnd detils out ll kinds of guidelines nd riteriF hus when they see n eoEleled produt in the supermrketD they my still feel lost euse the informtion is not e0iently propgtedD or in other wordsD the informtion is not orgnized nd presented in proper wy tht the puli ould understnd the mening of the lel nd its dvnE tgesF PH highlights the importne of not only the ontentD ut lso the essiility of the informtion gthered in eoEleling erti(tion progrmsF ltimtelyD the gol is not to inrese the volume of informtionD ut to help onsumers mke more informed deisionsF PI shows tht the e'etiveness of n eoElel depends oth on how the informtion is presented nd on the ility of the onsumer to sor nd t upon itF here is lso (nding in II shows tht over hlf of the eoElels surveyedD inluding some prominent eoElelsD were unrehleD di0ult to rehD or unoopertive when sked out ore metrisF sn nd of itself this indites the need for improvement in trnspreny nd ountility ross the voluntry stndrds setorF he other side of the mrketD the enterprisesD how mny of them show willingness to e erti(tedc por prtiulr enterpriseD whih produt fmily would hve possiility to e erti(tedc por the orgniztions or government deprtments who ply the role of eoE lelersD sed on wht riteri should they set up new eoElel tegoryc o nswer these questionsD the enterprise hd etter to thoroughly understnd the mrket nd the onsumerF fut how do they get ess to suh dtc he trditionl propgtion method will mke use of puli mediD whileD they usully put too muh e'orts on push whih mens they propgte the informtion like throwing stone to the seD regrdless of the ehoes nd ripplesF ht if we provide pltform or system for oth onsumers nd enterprises s well s those leling orgniztions on whih eh prtiipnt ould shre their experieneD edit their knowledge nd post their query for ertin informtionF ell these dt nd informtion should e tredD stored nd nlyzed so tht relted stkeholders n essF i the supplement of suh n intertive propgtion pltformD we elieve tht we n hieve etter popultion of eoEleling so s to the sustinle development nd eology hrmonyF Green consumption por the onsious onsumersD environmentl performne should e neessry ut not su0ient ondition for purhseF PP notes tht onsumers purhse funtionl produts for funtionl resonsF his mens tht lundry detergent tht is IHH7 iodegrdle nd mnuftured with minusule ron footprint will never outE ompete ny other produt if it is not n e'etive detergentF e produt tht nnot deliver PV 1.4. CHALLENGES AND BETTER ECO-LABELING OUTLOOK onsumers9 needs will fil in the mrketpleD no mtter how eoEfriendly it isF row to enourge green onsumption nd populte eoEleled produts mong onsumersc e very ommon question sked y most onsumers is if the eoEleled produts hve higher prie or notF enother interesting result shown in the report of ehiwi is when the unemployment rte is high so tht the purhse power is more feeleD onsious onsumers don9t intend to onsider muh out environmentEfriendly thingsF his seem to help explin why eoElels re more populr in developed mrketsD eFgF xorth emeri nd iuropeF hen the question is if eoEleled produts9 prie is reltive higher thn nonEleled onesD wht would hppen when people re onfronted with negtive eonomy situtionc row to hold the mrket shre of leled produts even in fe of eonomi risisc o hold the ground of green onsumptionD we should extend the sle of eoEleled produts nd serviesF his lso requires higher requirement of eoEleling e0ienyF i pltform tht owns lrge numer of users espeilly the onsumersD the lelers nd enterprises ould get timely feedk nd more importntly they n prepre for innovtion nd neessry improvement to hieve etter trdeEo' etween eonomy nd environmentF Internal organization, evaluation and evolution row to spred est prtie to other ountries or mrketsc row to ssess the overll performne of eoEleling from vrious spetsD whih mens n evlution of the eoEleling evlution itselfc he numer of eoElels in the mrket keeps inresing nd the eoEleling itself is eoming usinessF he rpid inrese in prolifertion of eoElels in the mrket is ompnied y high level of redundny mong eoElelsF wentyEeight perent of reE sponding eoElels reognized other lels s eing equivlentD while QQ7 of responding lels were reognized y other lels s equivlentF edundny exists mens tht there ould e ompetition etween equivlent eoElelsF row to stnd on the high ground is potentil issue in the future IWF elso in IWD some interesting numers nd sttistis n e foundF here is fir mount of vrition in the length of time it tkes for mnufturer to eome erti(edF emong singleEstndrd eoElelsD the most ommon response mong lels for time required to erti(tion ws three to six monthsD with QU7 of respondents flling into this tegory @see pigure IFQAF roweverD IP7 of lels o'er erti(tion in less thn two weeksD with some providing nextEdy erti(tionF et the other end of the spetrumD some lels require one to two yers for erti(tionF elthough the verge time to erti(tion ross singleEstndrd lels is RFQQ monthsD the stndrd devition is RFQU monthsD inditing tht there is still signi(nt lk of uniformity in the mrketF sf we pply deision support tool s n id for the leling proessD we elieve the response time will e drmtilly shortenedF his will e espeilly helpful when we pply eoEleling or shift est prtie in fst developing mrket iFeF ghin nd sndiF PW pigure IFQX everge time to eoEleling erti(tion yne riterion identi(ed for suessful lel is the extent to whih the orgniztion n demonstrte positive onEtheEground impts resulting from its leling progrmF st ws expeted tht the mjority of lels would hve onduted studies to ssess the ene(ts of their leling progrmsF snstedD the survey dt nlysis indites tht only RR7 of singleEstndrd lels hve onduted n impt studyF piftyE(ve perent of responding lels indited tht they hd not onduted suh studyY PP7 indited tht they hd plns to do soF yneEthird of lelers surveyed hd mde no ttempt to monitor or evlute the environmentl nd soil ene(ts of eoElels progrms nd hve no intention of doing so IWF rere we n see tht there is still muh room to improve eoEleling in terms of rpidity nd qulityF Collaboration and alignment elthough we hve seen mny eoElels nd erti(tion sed on di'erent stndrdsF elmost no ollortion or interoperility exists mong themF ivery leling system seems to e independent from eh otherF eording to IID less thn QH7 of eoElels reognize or re reognized y other leling orgniztionsD inditing n opportunity for inresed ollortion mongst eoElels to redue onfusion mongst users of the eoElelsF ith nerly ll eoEleling orgniztions requiring some form of metris reportingD there is further opportunity to ollorte nd rete more ligned stndrdsF rere is nother sttement mde y siev PQX tndrds orgniztions re usully smll to medium in size nd sed on not for pro(t usiness model whih often ples onstrints on time nd resouresF eligning themselves nd ollorting with other similr orgnizE tions nd stndrds to void unneessry duplition of workD to shre rther thn ompeteD nd to inrese hrmoniztion of work n result in improved e0ieny for the sustinility stndrds ommunity s wholeF QH 1.5. CONCLUSION Cost of certication he rel ost of erti(tion is not so muh in the erti(tion proess itself s it is the preprtion for the erti(tionD in prepring the dt nd inforE mtion required for the uditF hus pity uilding to ssist produersD espeilly wisD in eing etter prepred to mke dt redily ville for the udits n gretly redue the time tken for udit whih is diretly proportionl to the ost of erti(tionF stted y siev PQ ginF eording to our surveyD i ioElel is lredy ostEe'etive nd even more eonomi for wi @pigure IFRAD while people will never refuse heper prieF pigure IFRX i ioElel fee in prne 1.5 Conclusion sn this hpterD we hve introdued the ontext nd domin of our reserh from prtil point of viewX eoElelD representtive i ioElel nd their ontextF e hve identi(ed the min prolemtis nd hllenge of eoElelsF hey n more or less re)et the trends of eoElel development in the futureF eording to our surveyD in generlD eoElels re getting more populrF sn order to let more nd more people hoose eoEleled produts nd then hieve n eologil friendly eonomyD more e0ient propgtion is neededF st is lso found tht ollortion nd lignment of eoElels will e vluleF sn prtiulrD redution of erti(tion ost nd elertion of eoEleling proess n stimulte the popultion nd demortiztion of eoElelsF o our knowledgeD this ould e the key to ll the other hllengesF sn the next hpterD we will present survey on how to redue erti(tion ost nd elerte eoEleling proess vi deision support pprohF row to uild deision support system y mens of ontology nd reltive tehnologiesF wore importntlyD sienti( issues relted to ontology nd ontology engineering will e identi(ed QI nd reveledF QP Chapter 2 State of the Art 2.1 Introduction sn this hpterD we will introdue the prolemtis nd ontext of our reserh from sienti( point of viewF ome kground nd sis will e presented hereF sn the eginning of eh next hpterD further more spei( disussion nd our omments will e presented s omplementF e will strt from deision support system for eoEleling nd deision support with ontologyF hen urrent sttus of ontologyD nd modulr ontology will e introduedF et the end of this stte of rt surveyD the min sienti( prolemtis nd issues will e identi(edF 2.2 Decision support for eco-labeling elthough lot of e'orts hs een done in the (eld of deision supportD to our knowledgeD few onentrte on eoElelingF sn PRD uthors present nd disuss the implementtion of produt life yle ssessment for eoEleling using hi @hisrete ivent imultionAF gwh @gore wnufturing imE ultion htA PS is used to filitte the de(nition of mnufturing informtion relted to prodution opertions in order to ddress interoperility issues etween simultion nd other mnufturing pplitionsF fut this work is dedited to type sss eoElels exluE sivelyF e deision support tool lled ih is ville online 1 F ih is tool tht intends to help ompnies or orgniztions hoose the most pproprite eoElelD mong the hundreds ville interntionllyD either for spei( produts or for the usiness s whole entityF 1 http://1-dot-bright-eon-851.appspot.com/ QQ 2.2. DECISION SUPPORT FOR ECO-LABELING st is very interesting toolD euse s we hve seen in the previous hpterD there re too mny eoElels ville in the worldF nfortuntelyD this tool does not fous on produt9s evlution nd erti(tionD instedD it9s iming t eoElels themselvesF elsoD the user of ih is limited to ompnies or orgniztionsF sn the work of PTD tool to verify the ompline of produt with given norms nd stndrds is desriedF st is shown how the knowledge ontined in eoEleling stndrds nd norms in textul form n e trnslted into onstrintsF xsewGyw @yjetErole wodelingA n e used for formlizing the produt dt nd the veri(tion of the eoElel ompline turns into g @gonstrint tisftion rolemAF sn their lter work in PUD the uthors present how gvesi @gomining vogil essertionsD snheritneD eltions nd intitiesA lnguge is used to solve the gF he tool presented in their work n e regrded s some kind of deision support toolF hileD the underlying mehnism is not relted to ontologyF sn PVD the pper presents the development of erti(tion nd inspetion ontology to support smrt dislosure of produt informtionF he primry fous nd ontriution of this reserh is in systemtilly desriing the ontologil modeling proess of erti(tion nd inspetion shemes to support smrt dislosure of produt informtion tht is vlued y onsumer s she mkes purhsing deisionD whih is very like to the purpose of eoElelingF elthough they did not develop omplete deision support proess or systemD resoner hs een pplied upon the ontology nd omplex hv query n e used to ess the knowledge seF end tht tully mkes it possile to further develop deision support funtion sed on the knowledge seF PW desries n environmentl knowledge mngement tool ple of providing plnE ners nd prodution mngers the knowledge relted to the potentil environmentl impt of the mnufturing hoies in distriuted mnufturing senrioF elthough it is not diretly relted to eoElelingD they oth shre similr environmentl performne ssessE ment ojetiveF he uthors point out tht the length of ssessment for omplex produt nd ssoited proess hins ould e very long nd there is lk of environmentl impt ssessment funtion for ville vw nd i systemF yntology sed knowledgeEse is developed to store knowledge generted from or through intertion with the vge @vife gyle essessmentA simultion toolsF yntologies re enrihed with semnti rules for produt nd proess lssi(tion nd mpping to the environmentl oneptsD to infer simultion models for the vge toolsF sn generlD very few systemi pprohes or solutions hve een desried nd reserhed ording to our serhF e onlude tht there is still ig gp etween deision support nd eoElelingD nd our reserh is dedited to try to (ll suh gpF QR 2.3. DECISION SUPPORT WITH ONTOLOGY 2.3 Decision support with ontology etullyD deision support with ontology n e seen s suEdomin of ontology pplition whih is very prtil (eld rrying lots of engineering hrteristisF st is quite similr to expert systemD while some di'erene existsF elthough rule sed tehnology ontriuted to the initil suess of expert systemsD people notied the di0ulty in the mintenne of rule se nd tht in shring nd reusing the knowledge in the knowledge se so tht ll the knowledge ses hd to e uilt from srthF unowledge engineering hs strted to evolve from rule se tehnology to knowledge modeling sine then to overome these di0ulties QHF he emnti e shres mny gols with heision upport ystems @hAD eFgFD eing le to preisely interpret informtionD in order to deliver relevntD relile nd urte informtion to user when nd where it is neededF h hve in ddition more spei( golsD s the informtion needed is trgeted to mking prtiulr deisionF emnti e tehnologies hve een used in h during the pst dede to solve numer of di'erent tsksD suh s informtion integrtion nd shringD we servie nnottion nd disoveryD nd knowledge representtion nd resoning QIF eording to our experieneD n dvntge of deision support with ontology is the reEusility nd interoperility of knowledgeF ht is lso signi(nt dvntge of ontology itselfF sf n ontology is very useEdependent or tsk dependentD it will e very hrd to e reusedF hileD s we will see in the following prt of this hpterD modulr nd distriuted ontology s well s relted engineering methodologies hve een inventedF hen ontology knowledge se is no more limited to spei( pplition tsksD reuse nd omposition of knowledge eome esierF eording to our serh nd surveyD ontology nd semnti tehnologies hve een used in rod rnge of dominsF elthough it is not expliitly delredD mny of these prtie nd pplitions hve implemented or they n e used s deision support in vrious formsF sn QPD yvGv 2 modelling prdigm representing ihp wh @prenh ronym for user dt uni(ed modelA is developedF his ontology model is mde of set of oherent user ditionries tht re used to generte usiness tlogues for eh nuler power plnt projet nd eh usiness tivityF hese ditionries re onstrined nd designed followE ing metEmodel whih is omposed of physil or strt ojets @omponentsD reltions nd onnetion pointsAD ttriutes @hrteristisD grphil representtionsD nd onneE tion typesAD nd rulesF he uthors tried to use v rules to express omplex usiness rules nd pplied the exeution of v rules in n industril use se in the nuler inE dustryF ine v provides ssoition rulesD nd llows to ssoite instnes to new lsses nd to rete properties etween instnesD rule sed deision support ws relized impliitlyF sn this reserhD literture review of v s rule lnguge is mdeD some limittion of v re disussedF hileD there is little disussion nd demonstrtion out the explntion nd rgumenttion for the rulesF sn QQD yntology hriven oftwre ingineering @yhiA is desriedF eording to the uthorsD developed softwre omponents re nnotted with semnti informtion from onE tologyF epproprite softwre omponents re disovered sed on semnti desription of themF yntology n e sis for veri(tion @eFgF onsisteny hekingA of system reE quirements orGnd designF sn omprison to the trditionl wy of softwre developmentD this pproh prtilly utomtes development proessesD filittes reuse of omponents through metdtEsed disoveryD nd rises the level of strtion of smrt pplition developmentF ell these im t mking development esier nd fsterD lso t enling deE velopment y nonEprogrmmersF e hve notied tht the softwre omponent serh nd system requirement veri(tion n e tully seen s some deision mking proessF QR presents heision upport yntology @hyA whih is developed to filitte deision mking within ollortive designF he hy inludes deisionErelted informtion suh s the design issueD lterntivesD evlutionD riteri nd preferenesF st lso inludes deision rtionle nd ssumptionsD s well s ny onstrints reted y the deision nd the deision outomeF sn this reserh the hy is strutured to support the doumenttion of informtion independent of the deision methodF he hy n e extended through supplementry ontology to pture informtion spei( to prtiulr deision methodF hy is more like model to store the deision nd its vrious spetsD whileD how to mke the deision nd how to mke use of these deision relted informtion is not elorted in detilsF QS reports the development of deision support ontology developed in we ontology lnguge yvEhv @hesription vogiAF he ontology is omined within preopertive risk ssessment softwre system with hv resoner in order to provide numer of linil deision support funtionlitiesD inluding risk ssessmentD reommended tests nd reomE mended linil preution protoolsF sn the systemD deision support is usully provided in P step proessF he (rst step typilly lultes risk sores or derives risk grdes using numeril formulsF et this stgeD the system does not use the deision support ontology ut merely omputes vlues using n open soure tvEsed rule engine @tfossAF yne the risk grdes nd tegories hve een derived from the (rst risk lultion stepD the system then performs deision support using the openEsoure tvEsed ivvi resoner to reson on the deision support ontology given ptient yv medil history pro(leF eording to the uthorsD numeri risk sore lultion is urrently esily done y the system using n open soure tvEsed rule engineD tfoss ulesD other tsks inluding tegoriztionD lsE si(tion nd logil inferene were eyond the pity of the system prior to introdution of semnti tehnologyF elsoD there re mny resons why using n ontology for the deision support prt of the system is ppelingF hey inludeX @iA the deision support ontology is oneptully ppeling formlism whih liniins n esily relte toD @iiA it helps to rek down the omplexity of mnging lrge numer of guidelines nd rules y orgnizing them in wellEstrutured hierrhies nd txonomies @iiiA it enles e0ient reuse of informtionD etF st n e found from this reserh thtD resoning nd semnti inferene is ritil to the implementtion of deision support funtionlityF here is very interesting survey work in QIF he uthors found thtD when studying the ontriution of emnti e tehnologies to the h (eldD it is noted tht two highEimpt res hve een ontologies and semantics nd Semantic Web dataD with prtiulr emphsis on the formerF wny h pplitions use ontologies nd rules s mens for mking the h intelligent in some dt nlytis senseF hile mny emnti e pplitions use QT rther lightEweight solutions nd ontologiesD h on the other hnd hve often een used in more losed senrios thn the e nd hve mny times utilized quite omplex ontologil resoning nd rule sesD more similr to ixpert ystems of es thn tody9s emnti e pplitionsF he survey hs lso indited tht most h tody seem not to hve n open world view ut seem rther sttiD where the soures re determined t design time nd dt is not usully linked or rowsleD eFgFD through some kind of drillEdown with inresed levels of detil in dtD or through ssoitive reltionsF elsoD explntions of derived informtionD nd drillEdown in terms of exploring the underlying dt or its souresD seems unommonF st implies tht further explntion for the deision mking nd open ess for the deision relted dt is lkingF ystem must e le to explin how something ws derived nd wht the user should potentilly do out the situtionF st is lso indited thtD one of the most importnt si needs of hD whih uts ross ll pplition domins of the intervieweesD is the need for esier nd more )exile informtion integrtion methodsF ht interoperility nd reEusility re lso very importntF 2.4 Ontology and Modular ontology ine the new enturyD yntology nd emnti e hve eome hot topis in oth demi nd industryF e elieve tht emnti e ould e promising pproh to relize more smrt pplition or even stronger rti(il intelligeneF yntologyD with its origin in emnti e nd hrteristisD is onsidered to e n idel sheme of knowledge representtionF sn this setionD reent progress of ontologyD ontology engineering nd some other reltive topis re presentedF 2.4.1 Semantic Web he emnti eD ording to im fernersEveeD is we of dtD in some wy like glol dtseF he emnti e will ring struture to the meningful ontent of e pgesD reting n environment where softwre gents roming from pge to pge n redily rry out sophistited tsks for users QTF sn ddition to the lssi e of douments Qg is helping to uild tehnology stk to support e of dtD the sort of dt we (nd in dtsesF he ultimte gol of the e of dt is to enle omputers to do more useful work nd to develop systems tht n support trusted intertions over the networkF he term emnti e refers to Qg9s vision of the e of linked dtF emnti e tehnologies enle people to rete dt stores on the eD uild voulriesD nd write rules for hndling dtF vinked dt re empowered y tehnologies suh s hpD evD yvD nd uy QUF es stted on the we site of Qg 3 X vinked ht lies t the hert of wht emnti e is ll outX lrge sle integrtion ofD nd resoning onD dt on the eF o mke the e of ht relityD it is importnt to hve the huge mount of dt on the e ville in stndrd formtD rehle nd mngele y emnti e toolsF purthermoreD not only does the emnti e need ess to dtD ut reltionships mong dt should e mde villeD tooD to rete e of ht @s opposed to sheer olletion of dtsetsAF his olletion of interrelted dtsets on the e n lso e referred to s vinked htF sn ftD similr pttern of vinked ht is lredy out there for humn gent sine snternet ws retedF es for most of tody9s we pplitionsD we pges usully ontins lrge mount of hyperElinksF ryperElinks or vs work s nonymous reltions to mke piees of informtion or dt reltedF hileD the mening upon suh reltionships hve to e prsed nd omprehended y humnF o etter understnd emnti e nd vinked htD we tke n exmpleX hen we request n item in ikipediD the serh engine will quire preisely the we pges we wntF @erh engine tehnology is indeed gret innovtionD nd it shll t s some foundtion of emnti eFA he humn user red the ontent nd get the ides on the pgesF sullyD the user enounter some items tht he doesn9t knowD whih mens the informtion on this pge is not enough to omplish our golF ery oftenD he9ll will lik the hyperElinks on urrent pgeD jump to nother reltive pge nd my s well repet this tion multiple times until he feels tht ll those informtion he hs rowsed is su0ient to memorize or to understnd the item he serhed t (rstF he desription ove is typil we sur(ng ehvior tht hppens every dyF hileD the point of introduing emnti e isD wht if it9s not humn tht is rowsing the wec row we drive mhine insted of humn rin to quire informtion on wec yne of the dvntge of emnti or vinked ht is expndility tht the knowledge sle nd dt volume is lmost unlimited s dt hs rih reltionships with other reposE itories nd the whole emnti e n e regrded s potentil dt soureF his lso mens tht n utonomous informtion proess nd exploittion is possileF hile exploitE ing the emnti eD n gent n esily get reh to other strutured informtion tht my interest him vi ertin form of reltionsF he di'erene etween hyperElinks in plin text ontent on we pge nd reltions referred in emnti e is tht the reltionship in emnti e n rry prede(ned struture nd semnti mening redle y mhineF e hyperElink n only onvey the ft tht two onepts re reltedD ut howc on nd fther re reltedD ut wht extly the reltionship isc sn emnti eD every piee of informtionD every onept nd reltionship n e de(ned nd semnti pro(le is essile to oth humn nd mhine re givenF QV pigure PFIX im fernersEvee9s emnti e tkD or emnti e vyer gke st hs een widely epted tht the rhiteture of the emnti e will e sed on hierrhy of lngugesD eh of whih exploits oth the fetures nd extends the pilities of the lyers elowF his hs een illustrted in im fernersEvee9s fmous emnti e tk in pigure PFIF st shows how tehnologies tht re stndrdized for emnti e re orgnized to mke the emnti e possileF st lso shows how emnti e is n extension @not replementA of lssil hypertext weF he stk is still evolving s the lyers re onretized QVF o it will not e strnge to see slight hnges nd ltertion in nother stk illustrtionF he tehnologies from the ottom of the stk up to yv re urrently eing stndrdized nd eing used to uild emnti e pplitionsF st is still not ler how the top of the stk is going to e implementedF ell lyers of the stk need to e implemented to hieve full visions of the emnti eF es result of the work of the Qg e yntology orking qroupD the yntology lyer hs now een instntited with the e yntology vnguge yvF ine thenD ttention hs turned to the rules lyerD nd muh e'ort hs een devoted to the design of suitle rules lngugesF sn this emnti e tk rhitetureD we n see tht ontology only hold prt of the tehnologiesD tools nd lnguges tht support the emnti eF yur reserh work in this thesis minly fouses on ontology nd its pplitionF fefore we dive into the domin of ontologyD we think it is neessry to understnd where our reserh is positioned in roder emnti e kgroundF sn the following prt of this setionD we will hve rief ut not omplete review of ontology relted theoriesD tehnologies nd toolsF QW 2.4.2 Ontology rditionl dtse sed on reltionship model hs een invented nd pplied in usiness for dedesF qenerlly spekingD reltionl dtse is quite suessful in terms of modeling nd querying e0ienyF roweverD s dt keeps inresing in n explosive wyD reltionl dtse9s drwks eome pprentF st is found tht reltionl dtse is not )exile nd espeilly lumsy in dt exhnge nd inferene spetsF ith the rpid developE ment of emnti e nd vinked htD the interoperilityD reusility nd modulrity of knowledge re eoming more nd more importntF husD industry is lling for new representtion sheme or repository solution for dt nd knowledgeF sn ftD the term of ontology is not newly reted wordF e hve sme term for philosophil study of the nture of eingD eomingD existene ndGor relityD s well s the si tegories of eing nd their reltions4 F he tul de(nition of ontology in term of knowledge representtion in omputer siene ws even given efore the thrive of emnti eF sn gomputer ieneD we refer to n ontology s speil kind of informtion ojet or omputtionl rtift QWF fk erly in IWWVD tuder et lF S hd the de(nition stting thtX en ontology is formlD expliit spei(tion of shred oneptuliztionF por the notion of oneptuliztion ording to qenesereth nd xilsson RHD who limX e ody of formlly represented knowledge is sed on oneptuliztionX the ojetsD oneptsD nd other entities tht re ssumed to exist in some re of interest nd the reltionships tht hold mong themF e oneptuliztion is n strtD simpli(ed view of the world tht we wish to represent for some purposeF eording to the uthorD ontology is knowledge se tht orgnize humn oneptuliztion in strutured wyF sn QWD uthors give generi de(nition of ontologyX Let C be a conceptualization, and L a logical language with vocabulary V and ontological commitment K. An ontology OK for C with vocabulary V and ontological commitment K is a logical theory consisting of a set of formulas of L, designed so that the set of its models approximates as well as possible the set of intended models of L according to K.

yntology9s syntti hrteristis enle it to uild knowledge se in more nturl wy whih is essile to oth humn users nd mhinesF hring ommon understndE ing of the struture of informtion mong people or softwre gents is one of the more ommon gols in developing ontologies RIF rrdEoding ssumptions out the world in progrmmingElnguge ode mkes these ssumptions not only hrd to (nd nd understnd ut lso hrd to hngeD in prtiulr for someone without progrmming expertiseF yften n ontology of the domin is not gol in itselfF heveloping n ontology is kin to de(ning set of dt nd their struture for other progrms to use RPF he emnti e envisions world wide distriuted rhiteture where dt nd omE puttionl resoures will esily interEoperte sed on semnti mrking up of we resoures using ontologiesF yntologies re formliztion of the semntis of pplition domins @eFgFD tourismD iologyD mediineA through the de(nition of lsses nd reltions modeling the domin ojets nd properties tht re onsidered s meningful for the pplition RQF eording to our understndingD ontology is like modeling lnguge stndrd whih speiE (es the metEinformtion nd hrteristis of di'erent knowledge representtionF qenerlly spekingD n importnt ojetive of ontology is to mke ertin oneptuliztion identi(E le nd essile y mhinesF e n use n nlogy sying tht n enylopedi is shred oneptuliztion out domin omprehensile to humn nd n ontology shll e shred oneptuliztion reognizle to pplition progrmsF sn humn soietyD the sme knowledge n e (led in multiple lngugesF hen n ontology is developedD it n e lso edited in di'erent lnguges or syntxesF sn RRD lssi(tion @pigure PFPA sed on the sope of the ojets desried y onE tology ws presentedF por instneD the sope of lol ontology is nrrower thn the sope of domin ontologyY domin ontologies hve more spei( onepts thn ore referene ontologiesD whih ontins the fundmentl onept of dominF poundtionl ontologies n e viewed s met ontologies tht desrie the top level onepts or primitives used to de(ne other ontologiesF pinllyD generl ontologies re not dedited to spei( domin thus its onepts n e s generl s those of ore referene ontologiesF pigure PFPX yntology lssi(tion sed on domin sope sn the lst dedesD so mny ontologies nd knowledge repositories hve een developed nd studiedF imultneouslyD muh prolems re enountered when knowledge engineers s well s generl users wnt to understnd nd employ the ontologies into their own softwre developmentF yne reson of suh di0ulties is the semnti onfusion mong dominsF enE other resonD ording to the uthorD is tht there is still lk of omprehensive nd widely epted stndrd system for ontology onstrutionD eFgF ontology lnguges re developed sed on logis hving di'erent expressivenessD whih somehow lok the omptiility for dt exhnge nd resoningF yne of the thorniest prolems is how we uild ontology nd utilize it to furthest mintin well reusilityF hue to the initil nture of eing shredD ertin formtion of knowledge shll e meningless if it ould not e exploited nd reusedF uh vision leds to lot of disussion out ontology itself nd the methodologies y whih we n uild orret nd e0ient ontologiesF e will disuss suh issues in ontology engineering setionF RI 2.4.3 Resource Description Framework (RDF) es we n see from emnti e stkD t the ottom lyer of the stk ly omponents of sD xsgyhiD nd wvF hese elements re fundmentl uilding loks supporting tody9s we rhiteture s wellF o the emnti e is not n independent rtiftD instedD it shll e n extension of the we todyF hp @esoure hesription prmeworkA is hinge omponent for further development of other omponents lying in higher level of the stkF he esoure hesription prmework @hpA is fmily of orldwide e gonsortium @QgA spei(tions originlly designed s metdt dt modelF st hs ome to e used s generl method for oneptul desription or modeling of informtion whih is implemented in we resouresD using vriety of syntx nottions nd dt seriliztion formtsF hp is stndrd model for dt interhnge on the eF hp hs fetures tht filitte dt merging even if the underlying shems di'erF st spei(lly supports the evolution of shems over time without requiring ll the dt onsumers to e hngedF hp extends the linking struture of the e y using ss to nme the reltionship etween things s well s the two ends of the link @this is usully referred to s tripleAF sing this simple modelD it llows strutured nd semiEstrutured dt to e mixedD exposedD nd shred ross di'erent pplitionsF his linking struture forms diretedD leled grphD where the edges represent the nmed link etween two resouresD represented y the grph nodesF his grph view is the esiest possile mentl model for hp nd is often used in esyEtoEunderstnd visul explntionsF he Qg pulished spei(tion of hp9s dt model nd n wv seriliztion s reommendtion in IWWW RSF fy the time this thesis is writtenD ltest version of hp is IFI @hp hem IFIA RTD nd it hs evolved to e rih extension of si hp voulryF eording to Qg orking qroup xote RUD the items elow illustrtes di'erent uses of hpD imed t di'erent ommunities of prtie @the lst item is very importnt in our workAX

• edding mhineEredle informtion to e pges usingD for exmpleD the populr schema.org 5 voulryD enling them to e displyed in n enhned formt on serh engines or to e proessed utomtilly y thirdEprty pplitionsF

• inrihing dtset y linking it to thirdEprty dtsetsF por exmpleD dtset out pintings ould e enrihed y linking them to the orresponding rtists in ikidtD therefore giving ess to wide rnge of informtion out them nd relted resouresF

• snterlinking es feedsD mking sure tht lients n esily disover how to ess more informtionF

• sing the dtsets urrently pulished s vinked htD for exmple uilding ggregE tions of dt round spei( topisF

• fuilding distriuted soil networks y interlinking hp desriptions of people ross multiple e sitesF 5 http://schema.org/docs/schemas.html RP

• roviding stndrdsEomplint wy for exhnging dt etween dtsesF

• snterlinking vrious dtsets within n orgniztionD enling rossEdtset queries to e performed using evF @ev rotool nd hp uery vnguge is n hp query lngugeD le to retrieve nd mnipulte dt stored in esoure hesription prmework @hpA formtFA 2.4.4 Ontology Web Language (OWL)

sn emnti e tkD ontologies nd rules ly ove hp omponentF o ertin extentD it9s hp sustnes tht onstitute the onrete ody of the semnti weF fsed on the hp9s grphElike struture nd with the help of evD we n ess dt in quite )exile mnnerF hileD to ttin more powerful funtions s desried in emnti eD ontology only in hp is not enoughD instedD proper oneptuliztion of hp sustnes is neessryF yntologies re formlized voulries of termsD often overing spei( domin nd shred y ommunity of usersF hey speify the de(nitions of terms y desriing their reltionship with other terms in the ontologyF yv P is n extension nd revision of the yv e yntology vnguge developed y the Qg e yntology orking qroup nd pulished in PHHRF yv @yntology e vngugeA is prt of the Qg9s emnti e tehnology stkD whih inludes hp nd evF pigure PFQ gives n overview of the yv P lngugeD showing its min uilding loks nd how they relte to eh otherF he ellipse in the enter represents the strt notion of n ontologyD whih n e thought of either s n strt struture or s n hp grphF et the topD there re vrious onrete syntxes tht n e used to serilize nd exhnge ontologiesF et the ottomD there re the two semnti spei(tions tht de(ne the mening of yv P ontologiesF eny yv P ontology n lso e viewed s n hp grphF he hpEfsed emntis n e pplied to ny yv P yntologyD without restritionsD s ny yv P yntology n e mpped to hpF yv P follows openEworld ssumption whih mens if some ft is not present in dtseD it is usully onsidered flse @the soElled losedEworld ssumptionA wheres in the se of n yv P doument it my simply e missing @ut possily trueA RVF RQ 2.4. ONTOLOGY AND MODULAR ONTOLOGY pigure PFQX he truture of yv P eording to the Qg work group deliming in yv P e yntology vnguge hoE ument yverview @eond iditionA RWX Syntax layer: sn prtieD onrete syntx is needed in order to store yv P ontologies nd to exhnge them mong tools nd pplitionsF he primry exhnge syntx for yv P is hpGwvY this is indeed the only syntx tht must e supported y ll yv PF hile hpGwv provides for interoperility mong yv P toolsD other onrete syntxes my lso e usedF hese inlude lterntive hp seriliztionsD suh s urtleY n wv seriliztionY nd more redle syntxD lled the wnhester yntxD whih is used in severl ontology editing toolsF pinllyD the funtionlEstyle syntx n lso e used for seriliztionD lthough its min purpose is speifying the struture of the struture of the lngugeF RR Semantics layer: hiret emntis nd the hpEfsed emntis provide two lterE ntive wys of ssigning mening to yv P ontologiesD with orrespondene theorem providing link etween the twoF hese two semntis re used y resoners nd other toolsD eFgFD to nswer lss onsistenyD susumption nd instne retrievl queriesF he hiret emntis ssigns mening diretly to ontology struturesD resulting in semntis omptile with the model theoreti semntis of the SROIQ desription logi" frgment of (rst order logi with useful omputtionl propertiesF he dvntge of this lose onnetion is tht the extensive desription logi literture nd implementtion experiene n e diretly exploited y yv P toolsF roweverD some onditions must e pled on ontology strutures in order to ensure tht they n e trnslted into SROIQ knowledge seY for exmpleD trnsitive properties nnot e used in numer restritionsF yntologies tht stisfy these syntti onditions re lled yv P hv ontologiesF yv P hv is used informlly to refer to yv P hv ontologies interpreted using the hiret emntisF he hpEfsed emntis ssigns mening diretly to hp grphs nd so indiretly to ontology strutures vi the mpping to hp grphsF he hpEfsed emntis is fully omptile with the hp emntisD nd extends the semnti onditions de(ned for hpF he hpEfsed emntis n e pplied to ny yv P yntologyD without restritionsD s ny yv P yntology n e mpped to hpF yv P pull is used informlly to reE fer to hp grphs onsidered s yv P ontologies nd interpreted using the hpEfsed emntisF ith the support of muh toolsD hp nd yv P re eoming more nd more populr in demi nd industry pplitionF sn our reserhD yv P is hosen to represent ontology in generlF roweverD the stndrdiztion of yv lso leves @t lestA two ruil issues for eEsed ontologies unstisftorily resolvedD nmely how to represent nd reson with multiple distintD ut linked ontologiesD nd how to enle e'etive knowledge reuse nd RS shring on the emnti e SHF e will disuss more out this issue in the following setionsF 2.4.5 Description Logics sn previous setionD rief ut not omplete introdution out ontology nd reltive tehE nologies re presentedF his setion will introdue the underlying logis ehind ontology lngugeF hesription vogis me out of the e'orts trying to improve knowledge representtion in IWVH9sF et tht timeD pprohes to knowledge representtion re divided roughly into logiEsed nd nonElogi sedF ine (rstEorder logi provides very powerful nd generl mhineryD logiEsed pprohes were more generlEpurpose from the very strtF sn logiEsed pprohD the representtion lnguge is usully vrint of (rstEorder predite lulusD nd resoning mounts to verifying logil onsequene SIF hesription vogis @hvAD or hesription vogis fmilyD ording to its expressivenessD re deidle frgments of (rst order logi @pyvA SPF e hv knowledge se is nlogously typilly omprised y two omponents " fox nd n efoxF he fox ontins intensionl knowledge in the form of terminology @hene the term foxD ut txonomy ould e used s wellA nd is uilt through delrtions tht desrie generl properties of oneptsF feuse of the nture of the susumption reltionships mong the onepts tht onstitute the terminologyD foxes re usully thought of s hving lttieElike strutureY this mthemtil struture is entiled y the susumption reltionship " it hs nothing to do with ny implementtionF he efox ontins extensionl knowledge " lso lled ssertionl knowledge @hene the term efoxA " knowledge tht is spei( to the individuls of the domin of disourseF sntensionl knowledge is usully thought not to hnge " to e timelessD in wy " nd extensionl knowledge is usully thought to e ontingentD or dependent on single set of irumstnesD nd therefore sujet to osionl or even onstnt hnge SIF RT pigure PFRX erhiteture of knowledge representtion system sed on hesription vogis IF wost implemented hv systems provide for rule lngugeD whih n e seen s very simpleD ut e'etiveD pplition progrmming mehnismF e hv system not only stores terminologies nd ssertionsD ut lso o'ers servies tht reson out themF ypil resoning tsks for terminology re to determine whether desription is stis(le @iFeFD nonEontrditoryAD or whether one desription is more generl thn nother oneD tht isD whether the (rst susumes the seondF smportnt prolems for n efox re to (nd out whether its set of ssertions is onsistentD tht isD whether it hs modelD nd whether the ssertions in the efox entil tht prtiulr individul is n instne of given onept desriptionIF pigure PFSX yntx nd semntis of onept desriptions in hv gonept desriptions uilt from the onstrutors re shown in pigure PFSD where CD D RU stnd for onept desriptionsD r for role nmeD nd n for nonnegtive integerF sn the desription logi ALC @ettriutive gonept vnguge with gomplementsAD onept desripE tions re formed using the onstrutors negtionD onjuntionD disjuntionD vlue restritionD nd existentil restritionF he desription logi ALCQ dditionlly provides us with @quliE (edA tElest nd tEmost numer restritions SQF pigure PFT is fox exmple of onepts nd reltions out fmily memersF sullyD fox is out strt oneptsD fox hs nothing to do with individuls or instnesF yn the other hndD fts nd reltions etween individuls n e found in efoxF pigure PFTX e terminology @foxA with onepts out fmily reltionships IF 2.4.6 Ontology Reasoning por very smll ontology ontining only severl xioms nd individulsD it is quite esy to ssure the logi orretness y resonle mindF hileD in prtieD ig ontologies equipped with thousnds of onepts nd individuls etween whih sophistited reltionships eing wved re impossile to e veri(ed orretly y humn mindF o del with this prolemD logi resoner ws invented to mke sure knowledge se is uilt in logi orret mnner nd internl onepts s well s individuls re onsistent with eh otherF es for the work of resonerD heking stis(ility of onepts is key infereneF es we n seeD numer of other importnt inferenes for onepts n e redued to the @unAstis(ilityF por instneD in order to hek whether domin model is orretD or to optimize queries tht re formulted s oneptsD we my wnt to know whether some onept is more generl thn nother oneX this is the susumption prolem IF e onept C is susumed y onept D if in every model of T the set denoted y C is suset of the set denoted y DF elgorithms tht hek susumption re lso employed to orgnize the onepts of fox in txonomy ording to their generlityF purther interesting reltionships etween onepts re equivlene nd disjointnessF hese properties re formlly de(ned s followsF vet T e foxF RV pigure PFUX pour min inferene tsks of hv resoning IF rditionllyD the si resoning mehnism provided y hv systems heked the suE sumption of oneptsF hisD in ftD is su0ient to implement lso the other inferenesD s n e seen y the following redutionsF por onepts CD D we hve @iA C is unstis

(le ⇔ C is susumed y ⊥Y @iiA C nd D re equivlent ⇔ C is susumed y D nd D is susumed y CY @iiiA C nd D re disjoint ⇔ C is susumed y ⊥ IF
ell desription lnguges implemented in tul hv systems provide the intersetion opertor nd lmost ll of them ontin n unstis(le oneptF husD most hv systems tht n hek susumption n perform ll four inferenes de(ned oveF sfD in ddition to intersetionD system llows one lso to form the negtion of deE sriptionD one n redue susumptionD equivleneD nd disjointness of onepts to the stis(ility prolemF es in the se of onsistenyD resoning tsks for efoxes with respet to yli foxes n e redued to resoning on expnded efoxes IF leu lgorithms re e'etive resoning lgorithms tht re eing used in vrious hv resonersF leu lgorithms fous on stis(ility prolemsY other resoning prolemsD like suEsumptionD or entilment @the min inferene prolem in yvA n e solved y reduing them to stis(ility prolemsF leu lgorithms for expressive hvs re nonEdeterministi in the sense tht there might exist ompletion rules tht yield more thn one possile outomeF e tleu lgorithm will return stis(le i' there exists t lest one wy to pply the nonE deterministi rules suh tht lshEfree grph is otinedD to whih no rules re pplileF ermintion is gurnteed through lokingX hlting the expnsion proess when yle is deteted SQF hen the lgorithm detets tht pth in the grph will e expnded forever without enountering ontrditionD then the pplition of the generting rules is lokedD so tht no new nodes will e dded to tht pthF snvestigting this trdeEo' etween the expressivity of hvs nd the omplexity of their inferene prolems hs een one of the most importnt issues in hv reserh SQF RW 2.4.7 Ontology Engineering he disipline tht investigtes the priniplesD methods nd tools for inititingD developing nd mintining ontologies is yntology ingineering SRF es ontology is getting igger nd more omplexD we ertinly need forml nd systemti engineering methodology to guide nd mnge the ontology developmentF es ontologies re quite sujetive rtiftsD knowledgeD experiene or even personl emotion nd preferene my in)uene wht nd how ontology is uiltF o ensure the qulity of ontology developmentD quite severl ontology engineering methodologies re proposedF ome good prtie nd wisdom from softwre engineering re re)eted in these methodologiesF roweverD ording to RPD there is no one orret wy or methodology for developing ontologiesF here re lwys vile lterntivesF he est solution lmost lwys depends on the pplition tht you hve in mind nd the extensions tht you ntiipteF sn the sme guide RPD proess of intertive design 8 e imple unowledgeEingineering wethodology is presentedX • tep U grete instnes irly in SSD n evolving prototype s the ontology life yle is proposedF he life of n ontology moves throughX spei(tionD oneptuliztionD formliztionD integrtionD implementtionD nd mintenneF he evolving prototype life yle llows the ontologist to go k from ny stte to other if some de(nition is missed or wrongF oD this life yle permits the inlusionD removl or modi(tion of de(nitions nytime of the ontology life yleF he reuse of existing ontologies is highly reommendedF sn STD more omplete nd systemti ontology engineering methodology lled hsvsE qix is proposedF here re di'erent kinds of prtiipnts in the hsvsqix proessX @IA domin expertsD tht know out the domin tht is trgeted @PA ontology engineersD tht know how to uild ontologies @QA knowledge engineersD tht know how to uild knowledge or informtion systems sed on ontologiesD nd @RA usersD tht use the ontology resulting from the proess in their systems for their own usesF he prtiipnts diretly involved in uilding the ontologyD my or my not use the ontologyF roweverD most ontology users will typilly not uild or modify the given ontologyF SH he proess omprises (ve min tivities @pigure PFVAX @IA uildD @PA lol dpttionD @QA nlysisD @RA revisionD @SA lol updteF he proess strts y hving domin expertsD usersD knowledge engineers nd ontology engineers uilding n initil ontologyF he tem involved in uilding the initil ontology should e reltively smllD in order to more esily (nd smll nd onsensul (rst version of the shred ontologyF et this pointD it is not required to rrive t n initil ontology tht overs the omplete dominF pigure PFVX hsvsqix proess stges @IESAD tions @IEIUA nd strutures sn hsvsqix there re two kinds of ontologiesX he shred ontology nd lol ontologiesF he shred ontology is ville to ll users nd nnot e hnged diretly exept y the ordF sers re free to hngeD in their lol environmentsD opy of the shred ontologyF he ontology resulting from the hnges of user is the user lol ontologyF sn ontrst to other pprohes tht provide methodologil guidne for ontology enE gineeringD the xeyn SU wethodology does not presrie rigid workE)owD ut insted it suggests vriety of pthwys for developing ontologiesF xeyn methodology inludes the following omponentsX

• tep I hetermine
• he xeyn qlossryD whih identi(es nd de(nes the proesses nd tivities potentilly involved in the ontology network onstrutionF here re IH proesses re de(nedD eFgF SI ontology ligningD ontology design pttern reuseD nonEontologil resoure reuseD etY RV tivities re identi(edD eFgF ontology nnottionD ontology ssessmentD ontology omprisonD ontology modulriztionD etF

• e set of nine senrios for uilding ontologies nd ontology networks @prom spei(E tion to implementtionY eusing nd reEengineering nonEontologil resouresY eusing ontologil resouresY eusing nd reEengineering ontologil resouresY eusing nd merging ontologil resouresY eusingD mergingD nd reEengineering ontologil reE souresY eusing ontology design ptternsY estruturing ontologil resouresY volE izing ontologil resouresFA ih senrio is deomposed in di'erent proesses nd tivities tken from those inluded in the xeyn qlossryF

• wo ontology network life yle models @terEfll model nd stertiveEsnrementl modelA tht speify how to orgnize the proesses nd tivities of the xeyn qlossry into phsesF

• e set of presriptive methodologil guidelines for proesses nd tivitiesF SV desries gp etween the ontology engineering tools nd the trditionl softwre engineering in emnti e developmentF he primry ojetive of their work is to ridge this gp etween two di'erentD ut omplementry engineering disiplines with systemE ti pprohF his pproh leverges wodelEhriven erhiteture @wheA nd yntology he(nition wetmodel @yhwAD whih enle model trnsformtionF his pproh llows semlessly supporting existing models in wv nd other lnguges in emnti eEsed softwre developmentF sn dditionD it llows exploiting the vilility nd fetures of wv tools for retion of voulries nd ontologiesF he si ide of whe is tht the system funtionlity is de(ned s pltform independent modelD using n pproprite spei(tion lnguge nd then trnslte to one or more pltformEspei( models for the tul implemenE ttionF eording to our understndingD ontology won9t e uilt diretlyD instedD existent wv model or other model re used s input to trnsform them into ontologyF his method is quite ppeling in terms of interoperilityF e rumnEgentered yntology ingineering wethodology @rgywiA for the development nd evlution of living ontologies in the ontext of ommunities of knowledge workersF rgywi provides ler distintion etween the phses of the ontology life yleD gols tht should e hieved in eh phse nd tsk tht n e performed so s to hieve these golsF hese re summrized in pigure PFWF es it is shownD these tsks re performed itertivelyD until onsensus hs een rehed etween knowledge workersF sks re performed y workers either individully or onverstionllyF sn the (rst seD we onsider tht tsks re performed in the personl spe of workers @mrked with the letter AF sn the ltter seD tsks re performed in n informtion spe tht group of knowledge workers shreD iFeF in shred spe @mrked in le I with the letter AF e worker n initite ny ontology engineering tsk in his personl or shred speD or tke prt to tsk tht hs een initited y other memers of the ommunityF SP pigure PFWX he rgywi methodology phses to ontology engineeringF sn summryD ontology engineering hs roused the interest of reserhers nd drwn the ttention of the industryF roweverD ompred to softwre engineeringD ontology engineering is still in its infnyD in prtiulrlyD there is still lk of dvned tool support for vrious ontology engineering tivitiesF 2.4.8 Modular Ontology ht is modulr ontology or ontology modulrityc ht is n ontology modulec eording to SWX an ontology module is a reusable component of a larger or more complex ontology, which is self-contained but bears a denite association to other ontology modules, including the original ontology. sn THD the uthor gives nother de(nitionX A module is a subset of an ontology that captures all the knowledge the ontology contains about a given set of terms.

wore spei(llyD we onsider n ontology y s set of xioms @sulssD equivleneD instntitionD etFA nd the signture ig@yA of n ontology y s the set of entity nmes ourring in the xioms of yD iFeF its voulry TIF hen ontology module hs de(nition like thisX Let L be a description logic, Q1 ⊆ Q be two ontologies expressed in L and let S be a signature. We say that Q1 is an S-module in Q w.r.t. L, if for every ontology P and every SQ 2.4. ONTOLOGY AND MODULAR ONTOLOGY axiom α expressed in L with Sig(P ∪ α) ∩ Sig(Q) ⊆ S, we have P ∪ Q |= α i P ∪ Q1 |= α. TP here is urrently n importnt growth in interest onerning modulriztion tehniques for ontologiesD s more ontology designers nd users eome wre of the di0ulty of reusingD exploiting nd mintining igD monolithi ontologiesF he onsidered notion of modulrity omes from softwre engineeringD utD unfortuntelyD it is not yet s well understood nd used in the ontext of ontology design s it is for softwre development TQF sn generlD there re two ontexts identi(ed with the ide of ontology modulriztionF yne is ontology integrtion or interreltionD whih mens multiple ontology modules re put together to omE pose new ontologyF he other one is out module extrtion nd module prtitionF yur reserh in ghpter Q will introdue some experiene whih hs something to do with module prtitionF wodulrity is lso n interesting pproh tht dels with ontology reusilityD whih reminds us of similr senrios in softwre engineeringF wodulriztion mterilizes the longEestlished omplexity mngement tehnique known s divide nd onquerF st is routinely used in vrious res of omputer sieneD suh s lgorithmsD softwre engineerE ingD nd progrmming lngugesF sn softwre engineeringD for exmpleD module is one of the terms used to denote softwre omponent tht is designed to perform given tsk nd is intended to intert with other modules within lrger softwre rhitetureF sn proE grmming lngugesD module sometimes denotes n enpsultion of some dtF isiness of understnding nd potentil for reusing re mong the min limed ene(ts of these pE prohesF eording to TQ ginD he ompositionl pproh to modulr ontologies relies on pproprite de(nitions of interfes etween di'erent modules to e onnetedF sn n idel seD these interfes re de(ned t design time when modules re reted in modulr fshionF sn relityD we re fed with sitution where no interfes re de(ned nd relevnt onnetions etween ontologies hve to e disovered nd represented t omposition timeF here re two min lines of reserh ddressing this prolemF he (rst line is onerned with the development of methods for identifying semnti reltions etween elements in di'erent ontologiesF he seond line of reserh is onerned with formlisms for enoding nd usE ing semnti reltions @mppingsA etween ontologiesF hese formlisms re often sed on nonEstndrd extensions of the logis used to enode the ontologiesF yur work introdued in ghpter R hs tully followed the seond lineF TQ hs lso spei(ed the gols of ontology modulriztionX lility for querying dt nd resoning on ontologiesY lility for evolution nd mintenneY gomplexity mnE gementY nderstndilityY gontextEwreness nd ersonliztionY euseF en rithmeti metphor is lso given like thisX module a @smllerA ontology C interEmodules linksF sn our reserhD we will tke these gols into onsidertion nd try to relize themF everl modulriztion tehnologies were developed to omine ontologiesD while there re still few methods to divide modulriztion in or retrieve modules from igger ontolE ogyF e survey of modulr ontology tehnology ws investigted in TRD riteri suh s networkingD dynmisD distriution nd resoning were used to inspet eh formlism or tehnologyF he omprison result suggests tht no existing pproh ould stisftorily meet the requirement of networked ontology pplitionsF SR en originl mehnism of yv dedited to ddress ontology reuse nd modulrity is owlXimports syntxF gritis out this syntx n e found in TS where the uthors stted tht yv xioms nd entities re lwys glol nd n 'et ny entity in either importing or imported modulesF sn PD the uthors ritiize tht the semntis of yv is de(ned in suh wy tht ll ontologiesD imported nd importingD shre the single glol interprettionF es onsequeneD imported nd importing ontologies nnot desrie di'erently the very sme portion of the worldD using di'erent perspetives nd levels of grnulrityD without rising logil ontrditionF Owl:imports onerns with its ility to import ontologies only s wholeD while it is often the se in prtie tht only ertin prt of imported ontology is of interest to the importing ontologyF rtil import is not supportedF iEgonnetions were originlly introdued s wy to inrese the expressivity of eh of the omponent logisD while preserving the deidility of the resoning serviesF husD iEgonnetions were oneived for providing trdeEo' etween the expressivity gined nd the omputtionl roustness of the omintionF en iEgonnetion is set of onneted ontologiesF en iEgonneted ontology not only ontins informtion out lssesD properties nd their instnesD ut lso out new kind of propertiesD lled link propertiesD whih estlish onnetion etween the ontologiesF en iEgonneted ontology n e roughly desried s n yvEhv ontologyD extended with the ility to de(ne link properties nd onstrut new lsses in terms of restritions on themF prom the modeling perspetiveD eh of the omponent ontologies in n iEgonnetion is modeling di'erent pplition dominD while the iEgonnetion itself models the union of ll these dominsF por exmpleD n iEgonnetion ould e used to model ll the relevnt informtion referred to ertin universityD nd eh of its omponent ontologies ould modelD respetivelyD the domin of people involved in the universityD the domin of shools nd deprtmentsD the domin of oursesD et TTF enother interesting method is hhv @histriuted hesription vogisA frmeworkD gEyv nd the distriuted resoner heqy@histriuted esoning erhiteture for qlxy of yntologiesAF his method onsiders onstrution of modulr ontologies from purely termiE nologil SHIQ ontologiesF uh restrition is explined y the urrent limittions of the hhv distriuted resoning tehnique implemented in heqyF rtillyD heqy works with ontologies represented in yv nd semnti mppings enoded in gEyvF xew syntx lled Bridge rules re introdued to represent vrious reltionships etween entities tht ome from di'erent ontologiesF e ontextul ontology is therefore the pirX yv ontologyD set of gEyv mppingsD where eh gEyv mpping is set of ridge rules with the sme trget ontologyF he gEyv mppings re mterilized in wv representtionF hue to the restritions of the distriuted resoning lgorithm to SHIQ ontologiesD heqy proE hiits the use of nominlErelted onstruts in yvD suh s owl:oneOf nd owl:hasValue PF eording to hhvD modulr ontology is formlly enoded into distriuted EoxD omprising set of Eoxes @one for eh ontologil moduleAD whih re pirwise interreE lted y ridge rules @interEmodule onnetives llowing to ess nd import knowledge ontined in modulesAF he semntis of hhv (ts into requirements of semnti lolity nd diretionlityD the prtil reuse riterion is met due to the use of ridge rules llowing SS 2.4. ONTOLOGY AND MODULAR ONTOLOGY to seletively ess the knowledge in the modulesD loose oupling nd resoning slility is met y the use of the distriuted resoning pproh of hhvF sn pigure PFIHD T i nd T j re distriuted EoxesD B ij is set of ridge rules mpping onepts from T i to T j F sn ordne with the de(nition of interprettion in hesription vogiD eh interprettion I i @I j A onsists of nonEemptyD possily in(nite domin ∆ I i D nd vlution funtion hhv nd iEgonnetions re motivted yD nd hene re responsive toD di'erent ppliE tion senriosF heir expressivity nd resoning power is omplementry in severl wysF roweverD oth of them re lso limited in severl wysF hue to the strong lol domin disjointness ssumption dopted in those pprohesD the distriuted resoning proesses with suh pprohes my enounter semnti di0ultiesF hey lso fil to provide soluE tions for some ritil distriuted resoning tsksD suh s trnsitive onept susumption ross multiple modulesF st is stted in TU thtD to preserve ontextulityD existing modulr ontology lnguges o'er only limited wys to onnet ontology modules ndD heneD limited ility to reuse knowledge ross modulesF por instneD hhv does not llow onept onE strution using foreign roles or oneptsF iEgonnetionsD on the other hndD does not llow onept susumptions ross ontology modules or the use of foreign rolesF pinllyD emnti smportingD in its urrent formD only llows eh omponent module to e in ALCF xone of the existing pprohes supports knowledge reuse in setting where eh ontology module uses representtion lnguge tht is s expressive s yvEhvD iFeFD SHOIN (D)F Ehv @kgeEfsed hesription vogisA TVD y relxing the lol domin disjointness ssumptionD llows disovery of distriuted model for set of ontology modules tht is identil to tht otinle y omining the ontology modules into entrlized ontologyD property we refer to s extness of distriuted resoning reltive to its entrlized ounE terprtF Ehv uses importing reltions to onnet lol modelsF sn ontrst to yvD whih fores the model of n imported ontology e ompletely emedded in glol modelD the Ehv importing reltion is prtil in tht only ommonly shred terms re interpreted in the overlpping prt of lol modelsF husD Ehv model is virtul model onstruted from prtilly overlpping lol models y merging shred individulsD s shown in pigure PFIP RF SU pigure PFIPX Ehv emntis @A prtilly overlpping lol models @A virtul glol model RF TV lso investigtes sound nd omplete tleuEsed resoning lgorithm for Ehv lnguge ALCP CcD whih extends ALC with yli onept importing etween pkgesF he lgorithm llows the resoning proess to e distriuted sed on lol resoning serE vies o'ered y eh moduleF vol tleux ssoited with the ontology modules while physilly seprteD my oneptully overlp y ommuniting with eh other vi set of messgesF yur preliminry investigtion shows tht the proposed lgorithm n solve mny known resoning di0ulties in existing pprohesF gomplexity study shows the lgorithm for the pkgeEsed ALC lnguge hs the sme time omplexity s tht of nonil ALC resoning lgorithm TWF hile these methods nd formlisms more or less set up logis syntx rride tht ould limit lrge sle resoning nd modi(tion etween heterogeneous nd distriuted modulr ontologiesD eFgF the underlying logis formlism of iEgonnetion is yvEhv @iFeF SHOIN AY whileD logis formlism for hhv is SHIQY when it omes to kgeEfsed heE sriptionD it turns into SHOIQF eording to di'erent survey reserhD there re quite numer of other modulr ontology pprohes or distriuted ontology lnguges villeF sn UH nd TRD survey nd omprison etween di'erent modulr ontology formlisms re presentedF ynthesizing the result from the othD we hve sttus overview for severl popE ulr formlisms s illustrted in le PFPF inpsultion mens modules re utonomously reted nd mintined in the domin of questionF he ontology dynmis of networked onE tologies re)ets the importne of monitoring nd propgting the ontology hnging eventsD espeilly when some ontology modules re hnged nd updtedF voose goupling indites tht existene of overlps etween the modules is unertinD the ontologies should e omE ptile while eing omposedF sn other wordsD formlism for modulr ontologies should e le to hndle modules tht re not disjoint with eh otherF elfEgontinment mens forE mlism for modulr ontologies should support lolized semntis tht inlude the glol informtion out module dependeniesF SV le PFPX en omprison of severl populr modulr ontology formlisms @ stnds for fox nd e for efoxA prom prtil perspetiveD these methods hve not een pplied in suh onsiderle sope tht we n hve suessful pplition ses for good studyF es stted in RD onsensus on n yvEomptile syntx for modulr ontology lnguge tht n express oth interEmodule onept susumptions nd interEmodule role reltions is still lkingF st would e interesting to investigte whether yv n e reEmodeled with new modulr semntisD or it hs to e extended with new set of onstrutors to reple owl : importsF wture tools for uilding modulr ontologies re neededF UI hs lso showed the need to enrih ontology with the pility to ope withX diretionlity of informtionD we need to keep trk of the soure nd the trget ontology of spei( piee of informtionY lol dominsD we need to give up the hypothesis tht ll ontologies re interpreted in single glol dominY ontext mppingsD we need to e le to stte tht two elements @oneptsD rolesD individulsA of two ontologiesD though eing @extensionllyA di'erentD re ontextully reltedD for instne euse they oth refer to the sme ojet in the worldF sn UPD uthors introdued some other topis eFgF voose gouplingX sn generlD we nnot ssume tht two ontology modules hve nything in ommonF his refers to the oneptuliztion s well s the spei( logil lnguge used for the interprettion of ojetsD oneptsD or reltionsY elfEgontinmentX sn order to filitte the reuse of individul modules we hve to mke sure tht modules re selfEontinedF sn prtiulrD the result of ertin resoning tsks suh s susumption or query nswering within single module should e possile without hving to ess other modulesF e try to inlude suh issues tht hve een disussed ove in our reserhF
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Conclusion

sn this hpterD we hve minly introdued the prolemtis nd ontext of our reserh from sienti( point of viewF e strt from deision support system for eoEleling nd (nd tht there is no muh deision support pplition or prtie iming t eoElelingF wost of the erti(tion nd evlution work onerning eoEleling is omplished mnullyF SW roweverD in more generl ontextD deision support sed on ontology knowledge se hs drwn some ttention nd some ses n e tredF oD our work (lls this gp etween deision support nd eoElelingF sn our reserhD we will ontinue to explore how to mke use of ontology relted tehnologies to expliitly uild etter deision support systemsD furthermoreD exploit semnti inferene to generte explntion for deision mkingF sn the third setion of this hpterD urrent sttus of ontologyD ontology engineeringD nd modulr ontology is introduedF e hve lerned tht ontology is ritil omponent of emnti e whih is n ppeling vision of more powerful snternet in the futureF hp nd yv re key tehnologies tht implement linked dt nd ontologyF hesription vogis is the logis sis for yvF es ontology is eoming lrger nd distriutedD modulr ontology is eoming more nd more importnt s for ontology engineeringF sn order to implement deision support system sed on ontology knowledge seD the (rst step is the development of ontologyF sn the next hpterD we will introdue our pproh to develop modulrized ontologyD nd how to pply the entityErule seprtion pttern to relize etter modulrity nd reEusilityF TH Chapter 3

A knowledge base based on modular ontology 3.1 Introduction xowdysD most of the knowledge nd riteri out eoEleled produts is pulished in o0il journlsD we pgesD nd ll kinds of doumenttionF sullyD these knowledge is presented in suh omplex regultion nd spei(tion doument tht it is di0ult to e understood even y humnsF sntegrting these riteri in softwre systems in order to popE ulrize eoElels nd elerte eoEleling proess requires tht these knowledge must e exploitle y mhinesF roweverD until nowD there is still lk of omputle formt of themF fesidesD trditionl knowledge se in reltionl dt model is not interEoperleD lks of inferene support nd is di0ult to e reusedF sn order to etter understnd these rules nd riteriD stkeholders need ommon nd mhine essile presenttion of knowlE edgeF o ddress suh prolemsD in our reserhD we propose n ontologil knowledge se omposed of modulrized ontologiesF his knowledge se sheme hs een illustrted nd pplied to the retion of i ioElel9s lundry detergent produts9 riterion ontologyD nd lundry detergent produt hs een hosen s our study seF 3.2 State of art ery ltelyD with the rise of gloudD fig ht nd vinked ht 1 D the dt support for deision mking is eoming enormous in quntity nd more intelligent funtion for dt nlysis is requiredF wore powerful distriuted lultion nd more frequent dt trnsE mission require ost ontrol s for the ommunition etween softwre gentsF elsoD tody9s enterprise nd orgniztion seek for oopertion on higher levelD requiring tht informtion 1 http://www.w3.org/standards/semanticweb/data TI exhnge nd ommunition should not only sty on dt levelD ut lso on pplition nd usiness levelsD in other wordD semnti interoperility of informtion shringF rditionl pplition rhiteture trets dt like some goods irulting in the sE semly line or some onsumle resouresF he proessing logi is weved in the omputer progrmF o solve interoperility prolemD ontology is suggested to extrt knowledge out of progrm logis nd mke spei( knowledge stnd loneF sn suh wyD knowledge nd logi with semntis ould e exhnged nd shredF herived from philosophy thoughD in omputer sieneD we refer to n ontology s speil kind of informtion ojet or omputtionl rtift UQF tuder et lF UR gve de(nition stting thtX en ontology is formlD expliit spei(tion of shred oneptuliztionF odyD so mny ontologies nd knowledge repositories hve een developed nd dpted into pplitionsD espeilly in iomedil domins USF uessful exmples nd pltforms re fioortl 2 D nirot 3 D viy 4 D etF rditionl dtse sed on reltionship model is eoming lumsyD espeilly in dt exhnge nd inferene spetsF yntology tehnologies hve ttrted muh ttentionF eoE ple re seeking for new nd hyrid tehnologies to onstrut more powerful softwre toolsF UT desries projet lled iiu @iene invironment for iologil unowledgeA tht developed olletion of ontologies for desriing eologil orgnismsD systemsD nd oservE tionsF he two mjor uses of ontologies re essing nd nlyzing eologilly importnt informtionF sn industry dominD some pioneer nd suessful pplitions lso me upF por exmple in utomotive industryD new site serh nd rowse engine sed on ontolE ogy nd semnti nnottion is proposed in UUF rditionl we resoures re semntilly nnotted with hp using voulries in gr yptions yntology 5 D olkswgen ehiles ynE tology 6 nd qood eltions 7 F sn QPD yvGv 8 modelling prdigm representing ihp wh@prenh ronym for user dt uni(ed modelA is developedF his ontology model is mde of set of oherent user ditionries tht re used to generte usiness tlogues for eh nuler power plnt projet nd eh usiness tivityF sn UV produt modeling ontology lled yxy is proposed nd prtied in food industryF his proposl tries to meet the need for n integrted produt model to e shred y ll the orgniztions prtiipting in glol supply hins or ll res within ompnyF st hs lso een proved tht doument serh s well s pssge serhD knowledge se serh using ev 9 on hp 10 triple stores re e'etive for uestionEenswering@eA system UWF hespite quite mount of ontologies of di'erent domins hve een developedD lots of 2 http://bioportal.bioontology.org/ 3 http://www.uniprot.org/ 4 http://leo.informea.org/ 5 http://www.volkswagen.co.uk/vocabularies/coo/ns 6 http://www.volkswagen.co.uk/vocabularies/vvo/ns 7 http://www.heppnetz.de/projects/goodrelations/ 8 https://www.w3.org/Submission/SWRL/ 9 https://www.w3.org/TR/rdf-sparql-query/ 10 https://www.w3.org/RDF/ TP prolems re enountered when knowledge engineers s well s generl users wnt to underE stnd nd reuse the ontologies into their own developmentF yne reson of suh di0ulties is the semnti onfusion nd heterogeneity etween dominsF es for pplition of ontolE ogyD there is de(nite need to gther knowledge from multiple remote ontologil souresF st is known thtD when knowledge is distriutedD the ide to ollet ll knowledge into single repository @iFeF the integrtion pprohA is very di0ult to e implementedD euse semnti heterogeneity lls for humn proessing VHF enother very importnt reson is the low reusle design of these ontologiesF qood ontology design pttern hs drwn the ttention of mny reserhersF sn VI nd VPD method to desrie ontology design pttern is presentedF e emnti e portl lled yntologyhesigntternsForg 11 is lso villeF roweverD most of the sumitted ptterns re tloged in gontent yhs whih mens tht the ptterns themselves my ontin ertin semntis nd domin knowledgeD whih my still set ostles to reuseF husD higher level engineering priniple nd philosophy is neededF en interesting pproh tht dels with ontology reusility is modulrityF qenerlly spekingD there re two importnt spets of ontology modulriztionX independently develE oping modules tht n e integrted oherently nd uniformly @ontology ompositionA or extrting suh modules from n integrted ontology for supporting prtiulr use se @onE tology deompositionA USF wost of our reserh fous on the (rst spet nd we emphsize more on reuseD inferene nd hnge mngement of ontology knowledge seF o hieve ontology modulrity in distriuted senrioD di'erent methods nd shemes re proposedF por exmpleD iEgonnetion is proposed s set of onneted ontologiesF en iEgonneted ontology ontins not only informtion out lssesD properties nd their individulsD ut lso new kind of propertiesD lled vink ropertiesD whih estlish the onnetion etween the ontologies VQF enother interesting pproh is histriuted heE sription vogis @hhvA frmework P nd the distriuted resoner heqy @histriuted esoning erhiteture for qlxy of yntologiesA VR s forml nd prtil tools for omposing modulr ontologiesF elsoD we hve kgeEfsed hesription vogis s nother formlism tht supports ontextul reuse of knowledge from multiple ontology modules TVF hileD these methods nd formlisms hve more or less logis omptiility prolems when we try to use them togetherF prom prtil perspetiveD these methods hve not een pplied in suh onsiderle sle nd this lk of prtil nd mture engineering experiene is lso prolemF es for yv ontologyD the urrent yv imports syntx lredy provides the ility of modulrizE tion to ertin extentF sn this hpterD we pply method using imports syntx to uild yv ontology knowledge se with v rules in whih smller ontology omponents n e mintined nd reused more esilyF e expet to explore nd (nd out some useful design priniples or engineering experiene with regrds to the originl yv ontology shemeF vike softwre engineeringD engineering methodologies re lso required in ontology develE opmentF etD in the uthors9 eyesD ontology engineering is not s mture s softwre engiE neering euse of its shorter history nd reltive limited sle of prtieF sn spite of thtD 11 http://ontologydesignpatterns.org/wiki/Main_Page TQ quite severl ontology development methods hve een proposedD eFgF yiD wiryxE yvyqD hsvsqixD xeyn wethodology VSVTSRSUF wost of these methods follow wter fll ptternF gommon hrteristis tht n e generlized from these methE ods re itertion nd re(nementF sn our ontology developmentD we don9t rely on unique methodology exlusivelyD instedD we hve dpted nd ustomized those useful steps from ll these methodologies to hve development method tht est suit the tskF he key steps in our development method reX requirement nlysisD pture of motivting senrios nd ompeteny questionsD terminology olletionD modelingD test resoning nd rgumenttionD evlution nd nlysisF he rest prt of this hpter will desrie these steps nd present the modulrized ontologies in detilsF 3.3 Requirement analysis, motivating scenarios and competency questions pirstlyD let9s hve rief overview of the urrent eoEleling proess for lundry detergent produtsF es i ioElel hs een undergoing for more thn twenty yers in iuropen nionD wellEde(ned oordintion etween the i gommission nd other memer ountries9 ompetent odies hs een estlishedF yn the o0il we site of i ioElel 12 D detiled doumenttion is provided to enterprises to filitte the pplition proessF yn the sme siteD there is lso detiled produt group tlog nd orresponding riteri for eh produt or servie groupF sullyD when new produt or servie is out to e dded into the produt group tE logD stkeholders nd domin experts will e ssemledF efter reful survey nd disussionD tehnil report will e drftedF eording to this tehnil reportD fesile riteri will e mde nd then put into prtie under the uthoriztion of i ommissionF prom time to timeD neessry revise or mendment to the riteri my e ppliedF es resultD the informtion implied in eh produt or servie riteri eomes omplex knowledge sysE tem whih involves multiple domins9 expertiseD stndrds nd est prtieF ke lundry detergent for exmpleD riteri is set for eh of the following spetsX efter reding nd nlyzing the riteri doument for lundry detergent produtD we hve identi(ed two importnt motivting senrios or si requirements onerning our ontology knowledge seF he (rst one is sving ndidte produt9s detiled desriptionF por exmpleD some pplint wnts his produt to e eoEleledD desription of the produt should e providedF rodut9s ritil physil nd hemil hrteristisD prmetersD textul informtion or other spei(tion should e instntited in the ontology nd n e queried fterwrdsF sn other wordsD the ontology should not only e knowledge seF wore tehnilly spekingD oth fox nd efox should e preserved in the ontologiesF he other importnt motivting senrio is judging whether some ndidte produt is quli(ed to e leled or notF his senrio requires inferene support for the ontologyF fsed on these two senriosD some ompeteny questions hve een de(nedF e expet the ontology to e developed n nswer questions likeX gIX sf this produt is quli(ed to e eoEleledc 13 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011D0264 TS 3.4. TERMINOLOGY COLLECTION gPX ht is the quntittive vlue of this produt9s ertin physil or hemil hrE teristisc @gritil dilution volumeD iodegrdilityD weightGutility rtioD etFA gQX hoes this produt ontin exluded or limited sustnes nd mixturesc gRX sn whih ountries is this produt eing soldc gSX ht is the referene dosge per wsh for this produtc gTX ht is the orresponding i isk hrse for some qr rzrd ttementc gUX ht physil or hemil hrteristis does some ingredient hvec ht re their vluesc FFFFFF yne thing tht drws our ttention is thtD mong those W riterionD some re not suitle to e modeled in ontologiesF por exmpleD the spei(tion of onsumer informtion hs lmost no quntittive prmeter9s requirementD instedD whether the informtion showing on the pkge is good or not is mostly sujet to the judgment of humn expertsF es for the wshing performneD test report is neededD whih must e rried out y erti(ted lortory nd then reviewed y humn experts tooF sn our reserhD we hd expeted our knowledge se to over ll the riterionD ut we found tht some omplex riterion re di0ult to e trnslted nd implemented in ontologyF feuse oth the syntx nd semnti omplexity of this riterion hs exeed wht yv ontology hsF por exmple the riterion of pointsD it is required to lulte the points tht ndidte produt umultesF ith regrd to yv P nd v whih re monotoni in terms of logisD it is hrd to modify n lredy uilt model or to do lultion y itselfF sf we trnslte suh kind of riterion into yv ontology forefullyD we my enounter very strnge nd ulky ontology struture nd tht my use extr omplexity for the knowledge engineer nd the resonerF husD for the ske of etter inferene performne of the deision support proessD we deide to tke trdeEo' strtegy tht riterion ID PD QD RD S re hosen to e trnslted into ontologyF he rest of the riteri will e implemented y externl trditionl progrm logiD ut the veri(tion result of these riterion will e stored in the ontology knowledge se s wellF 3.4 Terminology collection et (rstD we tried to utilize some yntology verning tehniquesF efter some survey workD extPyntoVU ws hosen to e the tool tht extrts ontology from the riteri doumentF nexpetedlyD the result of extPynto 14 ws not stisftoryF efter prsing the riteri doument in textD only out dozen of lsses were identi(edD two ojet properties were 14 The version we used is here https://storage.googleapis.com/google-code-archivedownloads/v2/code.google.com/text2onto/text2onto-071109.zip identi(edF por the other ontology lerning toolsD either no downlod links re providedD or the tool is not runnleF ine utomti extrtion of ontology did not work very wellF e deided to do it mnullyF he (rst ritil tsk efore modeling is to identify the terminology of the ontologyF rere fottomEp pproh ws doptedF eording to VVD fottomEp pprohes strt from the most spei( onepts nd uild struture y generliztionY the ontology is uilt y determining (rst the low txonomi level onepts nd y generlizing themF his pproh is prone to provide tilored nd spei( ontologies with (ne detil grin oneptsF e elieve tht one terminology is quiredD lss de(nition nd lss hierrhy will e esily retrieved from the terminologyF henD the de(nition of ojet property nd dt property will orrespondingly eome esierF sn this stepD we hve utilized rd sorting nd lddering tehniques tht re desried in VWF seful terms were identi(ed nd reorded when we roughly rowsed the doumentF sn this (rst stepD oth nouns nd vers were reordedF wultiple itertions were rried out to mke sure we don9t miss importnt termsF henD we tried to group these terms into di'erent tlogsF por exmpleD preservtiveD frgrneD stilizerD oloring gentD sustneD nd solvent desrie things in the sme (eldD so they should e tloged into sme groupF xext stepD we put these grouped terms into lddersF sn other wordsD terms were orgnized y isE reltionship in hierrhy struture nd this struture eme the prototype modeling of our ontologyF sn the previous exmpleD sustne hs more generi meningD then it ws lddered in higher level thn the others in the hierrhyY the other terms ssoited it through isE reltion in the lower levelF et lstD review to ll the seleted terms were onduted mking sure the modeling is ompleteF 3.5 A modularized modeling ine we lredy hve prototype modeling of the ontology omposed of the seleted termiE nologyF rere in this stepD we should trnslte the modeling into spei( ontology syntxF 15 he xioms of lssD propertiesD nd individuls should e insertedF ut it more vividlyD the output of terminology olletion is more like uilding skeleton of the ontologyY the modelE ing in this step is more lose to enrih the ontology with )esh nd loodF es we hve stted in the eginning of this pperD very importnt issue of our reserh is reuseF sn pursuit of etter reEusilityD we propose modulrized methodology to seprte the entity model @stti oneptuliztionA nd rule model @dynmi oneptuliztionAF sn other wordsD we should identify in whih prt the knowledge out lundry detergent is reltively onstntD nd in whih prt frequent hnges my tke pleF es result of thisD in pigure QFID we hve two kinds of modulesX one is the entity module with solid order lineD whih represents reltive stti oneptuliztionY the other is the rule module with dotted order lineD whih represents more dynmi riterion rules tht rely on entity moduleF sn our designD still in pigure QFID the min module nmed laundry_detergent ontins generi oneptsD roles nd individuls of the dominF por the other more generi entitiesD module laundry_detergent rehes to them vi dependeniesF sn yv P shemeD we n implement this dependeny y using import syntxD whih mens n ontology will use ll those onepts nd reltionships from the imported ontologyF por our lundry detergent produt groupD we hve entity module iso_standardsD whih ontins ll the sy stndrds referenesY ghs_hazard_statementD in whih stores ll the hzrd sttements nd odes of qr @qlolly rrmonized ystem of glssi(tion nd veling of ghemilsAY regula-tion_european_commissionD where stores ll the iuropen gommission regultion refereneY european_risk_phrasesD where ll relevnt iuropen risk phrses of hemils re listedY com-mission_decisionD whih refers to ll relevnt iuropen gommission deision doumentsY didlistD whih is dtse for detergent ingredientsF es we hve put them into independent modulesD they re esier to e imported nd reused y other domin ontologiesF lese note thtD lthough the min module laundry_detergent imports these suEmodulesD it does not men tht laundry_detergent need ll the ontent in themF wye only prt or even very smll prt of ontent is useful for upper level modulesF pigure QFIX yntology modulriztion shem for i ioElel lundry detergent produt group TV 3.5. A MODULARIZED MODELING Module Laundry_detergent his module is the skeleton of the lundry detergent doE min ontologyF elmost ll the importnt domin onepts nd reltionship re de(ned in this ontology moduleF pigure QFPD lss digrm in wv illustrtes the min lsses de(ned in this moduleF yn the right side of the digrmD we n (nd hierrhy of the ndidte lundry detergent produt nd there re (ve kinds of lundry detergents tht re onerned in this riteriX olor sfe detergentD hevy duty detergentD low duty detergentD fri softE enerD nd stin removerF revy duty detergent nd low duty detergent pper more often thn the othersF he ore ndidte lundry detergent lss is ssoited with severl other prmeter lsses vi ojet propertiesF es illustrted in pigure QFPD eh instne of ndiE dte lundry detergent must hs t lest one kind of hemil s ingredientF st is required to speify the mnufturer of the produtD the ountries where it will e soldD nd the produt typeF ih ndidte lundry detergent should e lso ssoited with one nd only one prmeter instne for the ritil dilution volumeD referene dosgeD weight utility rtioD eroilly nonEiodegrdilityD nd neroilly nonEiodegrdilityF hese prmeter lsses use vrious kinds of funtionl unit eFgF gGkg wsh mens grms per kilo wshF sf ndidte lundry detergent doesn9t omply to the riteriD it will e tloged into the rejeted detergent lssF pigure QFPX truture of wodule Laundry_detergent presented in wv TW 3.5. A MODULARIZED MODELING Module Didlist his module is the oneptuliztion of the detergent ingredient dtseF sn i ioElel lundry detergent produt riteriD this dtse is reorded in exel (leD whih is not very onvenient to e used in pplitions or other softwre systemF his module is interesting euse it will e reused in other produt group riteriF e hve developed n exel snner to red this exel (leD then generted this module s yv (lesF pigure QFQ is the representtion of this module in wv lss digrmF sn this moduleD ll the deE tergent ingredients re suElssi(ed into groupsX mphoteri surftntD nioni surftntD tioni surftntD nonEioni surftntD preservtiveD nd other ingredientsF rious funE tionl units re identi(ed y snning the whole exel (leF pull nme lel nd nnottion re tthed to eh of them ordinglyF ih ingredient hs one nd only one neroi degrdtion hrteristi eFgF x mens neroilly not iodegrdleY ih ingredient hs one nd only one kind of eroi degrdtion hrteristi eFgF s mens eroilly inherently iodegrdleD ut not redily iodegrdleF pigure QFQX truture of wodule Didlist presented in wv Module European_risk_phrases his module overs ll the iuropen isk hrses spei(tionF ine iuropen isk hrses is n externl stndrdiztion referene tht ppers in riterion RD it9s etter to keep these spei(tion to e n independent moduleF pigure QFR illustrtes ll its lsses nd individulsF prom the piture we n see thtD most of this module is the risk phrse individulsF ih risk phrse individul hs two dt property ssertionsD eFgF individul RW hasRiskCode RWY hasPhraseStatement my use ner y inhltionF his module is reusle in other i ioElel produt groupF UH pigure QFRX truture of wodule European_risk_phrases illustrted in yntoqrf rotégé plugEin Module Ghs_hazard_statement imilr to previous module European_risk_phrasesD qr @qlolly rrmonized ystem of glssi(tion nd velling of ghemilsA is lso n externl referene in riterion RF e mpping etween qr sttement nd iuropen isk hrses is presented in this riterionF e module following lmost the sme pttern s module European_risk_phrases is modulrizedF wost of this module is hzrd sttement individulsF ih hzrd sttement individul hs two dt property ssertionsD eFgF indiE vidul rPTI hasHazardCode rPTIY hasHazardStatement sn ontt with wter releses )mmle gsesF his module n e reused in the other i ioElel produt groupsD like llEpurpose lenersD osmetis produtsF Module Iso_standards, Regulation_european_commission, and Commission_decision hese modules store the externl doumenttion refereneF hey reord relevnt i doE umentsD stndrdD ommission deision or regultions tht re referred in this detergent lundry riteriF hese dependeny nd referene ontriute to etter understnding of the riteri in igger pitureF pigure QFS presents the struture of these three modulesF ih of these individuls is equipped with vs tht link to externl resouresF hese three modules n e lso reused nd supplemented y other domins nd other i ioElel produt groupsF UI 3.5. A MODULARIZED MODELING pigure QFSX truture of module Iso_standardsD Regulation_european_commission nd Com-mission_decision illustrted in yntoqrf rotégé plugEin everl dvntges exist in this modulrized designF es more oherent onepts nd reltionships re gthered together to form modulesD it9ll e esier to mnge knowledge nd dt in lrge sleF gomplex oneptuliztion n e hieved y integrting mulE tiple smll modulesF elsoD it9s esier to on(gure nd reple modules rther thn to do slight hnges diretly in lrge strutureF ke the sme exmple in pigure QFIF e hve generl oneptuliztion of lundry detergent produt whih is stored in domin module laundry_detergentF his mjor ontology module n e repled y other modE ules desriing other produt groups while still mking use of suEmodules like didlistD ghs_hazard_statement nd european_risk_phrasesD etF his tully hppens in t lest two other produt groups rinseEo' osmeti produts nd llEpurpose leners nd sniE try leners whih use the sme detergent ingredient dtse @pigure QFTAF eEusility is hieved y extrting the ommon knowledge module nd hve it shred etween domins ontologiesF UP pigure QFTX fsi reuse pttern whih hppens etween lundry detergentsD rinseEo' osmeti produts nd llEpurpose leners nd snitry leners wodulriztion implies seprtion of oneptuliztionF sn our seD we n see tht it will e prtil to extrt rules from ontology modulesF sn other wordsD it9s etter to keep sujetive onstrints nd world desription seprtedF sn WHD it is indited tht knowledge se is triple K = T, R, A formed y foxD n fox nd n efoxF fox represents the rules eFgF vF he ide here is to physilly seprte fox from the other two elementsF e ll this the seprtion of rules nd entitiesF sn the detergent ontology shown in pigure QFID ontologies represented in ellipse with solid order re oneptE enteredD whih mens the min funtion of these ontology is to desrie the onrete worldF hese ontologies ontins onepts nd reltionships tht re ment to desrie or reord the fts out rel worldF yn the other hndD s for produt group9s guideline or riteriD quite muh of these informtion is involved with humn ojetivesF hey re the rules nd willingness tht humn eings impose to the worldF sn our reserhD we implement suh seprtion etween rules nd entities in order to hve etter reusilityF por detergent produtsD the onentrtion of di'erent hemil ingredients hs to omply with ertin limit nd stndrdF e n hrdly sy tht suh golEoriented spei(tion is plin desription of the worldF woreoverD suh rules my hnge time fter timeF his tully hppensD euse the produt guideline keeps eing updted s i gommission keeps generting new mendments or reviseF sn our pprohD we hve eh riteri item e n independent module @not ompletely independent tullyD s these rule modules my lso hve dependenies to other externl or internl ontology modulesAF por exmpleD eh of the S riterion of the lundry detergent produt group is mde into n independent yv (leF sn the yv (leD (rstlyD the fundmentl entity modules re imported @sn pigure QFID module hierrhy whose root is laundry_detergent is imported y ll the (ve riterionAD then v rule xioms re insertedF es eh riterion is distriuted in its orresponding module loneD we n esily reple them with new rules nd mnge them in on(gurle wy UQ 3.5. A MODULARIZED MODELING without impting the othersF et lst ut not the lestD for the riteri ontology s wholeD single entry module is introdued to inlude ll the riterionD eFgF the laundry_detergetn_criteria module on the right side of pigure QFIF por pplitionsD one the ontology entry is providedD the whole ontology omposed of ll the entity nd rule modules will e retrievedF ith this on(gurle designD expnsion nd ltertion to the ontology will e esierF por exmpleD when new riterion is out to e pproved y the ommissionD in pigure QFUD we n updte the produt riteri to new version y dding new rule module nd new entry lled Laundry_detergent_criteria_2.0 without losing tre of the previous oneF he newly dded rule module ould e out nother new riterion or just n updte version of existent riterionF he removl of ertin module is similrD ll we need is to introdue nother entry moduleF por exmpleD if the new entry module imports riterion PD QD RD SD nd thus riterion I will e removed from this version of riteri ontologyF pigure QFUX yntology expnsion y dding new rule module of riterion for detergent produt group UR 3.6. EVALUATION AND ANALYSIS

IF

Evaluation and analysis

he lundry detergent ontology is the (rst riteri ontology tht we hve developed for i ioElelingF enother two importnt riteri ontologies out rinseEo' osmeti produt nd llEpurpose lener re under developmentF ell these ontologies will e inluded in knowledge se frmeworkF edjustment nd improvement in fvor of glol performne re eing tken into ountF ivlution of single ontology nd the whole knowledge se is lso undergoingF he dvntge of the design of modulriztion nd seprtion hs een oserved y reserhers s module DidlistD module European_risk_phrasesD etF n e diretly reused y newly developed ontologiesF es we hve presented in requirement nlysis setionD very importnt motivtion of this ontology development is to judge whether ndidte produt is quli(ed to e leledF eording to lssi(tion of ontology evlution pprohes in WID our evlution pE proh is more lose to those sed on using the ontology in n pplition nd evluting the resultsF e hve seen thtD this lundry detergent riteri ontology is suessfully pE plied in deision support system in WPF ynthetillyD tking into ount the riteri nd spets introdued in WQ nd WRD we hve evlution result s followingX Syntax he riteri ontology is desried in stndrd yv syntxF Semantics ine v rules re de(ned in the ontology nd inferene support is si requirement of our ontologyD multiple resoners eFgF ptCCD rermitD nd ellet hve een pplied to hek nd verify the semnti onsistenyF oD the ontology is lwys logil onsistentF Vocabulary elmost ll the lssesD properties nd individuls in the ontology hve meningful identi(er whih follows gmel se nming ptternF por those entities tht hve revition nmes nd vgue mening nmes eFgF CDV nd H400D rdfs:label xiom is dded s omplementF Structure he struture of our ontology is reltive simpleD the depth of oth lss hierrE hy nd property hierrhy is no more thn twoF he most outEdegree for n individul tht rehes to other individuls vi properties is IRF king ll the modules into ountD TV lssesD RT ojet propertiesD PI dt properties nd RTH individuls re de(ned nd stored in our ontologyF he numer of totl xioms is SUVTF hv expressivity is ALCHQ(D)F yur ontologies n e esily understood nd mnipulted y other knowledge engineersF Documentation ih module of the ontology hs textul nnottionF por those terms tht ome from spei( domin glossriesD textul nnottion nd externl links re proE US 3.6. EVALUATION AND ANALYSIS videdF por every v ruleD nnottion s well s the orresponding nhor position in the doument is inditedF es regrds to more spei( vlidtionD the ompeteny questions tht re de(ned in requirement nlysis setion hve een trnslted into ev queriesF hey work (ne with our ontology nd orret result n e queriedF rere re two exmples s listed elow nd the pre(xes we used re delred t the eginningF 

Experience and lessons learned

fy developing this modulrized ontology knowledge seD we hve quired some interestE ing experiene nd lessons out ontology design nd pplitionF es fr s we n seeD people hve een trying to uild more nd more omplex knowledge representtionF sf we tke doumentsD whih re written in whtever lngugeD s model or representtion of knowledgeF o some extentD developing ontology is like trnsltion proess tht trnsltes model of humn lnguge to forml knowledge representtion whih n e essile y mhinesF es the expressiveness of humn lnguge is very highD omputle modeling nd trnslting sheme tht hs ompetent expressiveness is neededF he expressiveness nd modeling omplexity of ontology lnguge hs een inresingF e n see this from the evolution of yv to yv PF st is lso oserved thtD in the erly dys of ontology reserhD simple knowledge ontent eFgF medil terminology often used to e the ojet of studyF odyD omplex douments eFgF spei(tionsD legl termsD exeutive orders re expeted to e mde into ontologyF sn order to hndle more omplex knowledge representtion or modE eling in humn lngugeD more omprehensive onsidertion should e tken into ountF he entityErule seprtion pttern s well s modulriztion re suh kinds of onsidertion nd explortion tht try to hndle suh more nd more sophistited modeling tsksF es we hve disussed in the eginning of etion RD desriptive entityErelted knowledge re relE tively onstnt whih mens they don9t hnge very muhF hileD the sujetive ruleErelted knowledge prt ould e ltered frequentlyF e put them in seprtion in order to etter mnge nd ontrol the hngeF he philosophy generlized from this entityErule seprtion nd modulriztion pttern n e pplied into other modeling or pplition dominF hen UU 3.8. ADDED-VALUE AND EXPECTATION OF THE KNOWLEDGE BASE deling with riteri like knowledge representtionD we n pply this entityErule seprtion pttern to model desriptive entityErelted knowledge nd sujetive ruleErelted knowledge into di'erent modelsD whih will filitte reuse nd mintenneF pigure QFIH is more detiled mind mp spei(tion for the pplition of this entityErule seprtion ptternF he point of our lerned lesson is tht efore diving into the onrete modelingD neessry higher level strtion nd oneptuliztion should tke preedeneF sn our seD the trget doumenttion is the eoEleling riteriF eording to the hrE teristis of the doument nd the domin knowledgeD modulriztion sheme sed on the entityErule seprtion pttern is proposedF henD in eh moduleD the onrete modeling nd potentil reuse proeedF roweverD in relityD the oundry of eh tsk ould e not very lerF por exmpleD reusility is very importnt ftor when we deide to set up DidlistD Ghs_hazard_statement nd European_risk_phrasesF sn even more generlized ses nd other dominsD other modulriztion shemes re lso possileF st depends lrgely on the ojetive nd pplition senrio of the modelingF roweverD in our reserhD we hve seen thtD insted of diret nd premture modelingD extr work efore tht is in fvor of good ontology qulity nd reEusilityF pigure QFIHX fefore ontology development nd reuseD high level strtion eFgF entityErule seprtion nd module division is often neededF 3.8 Added-value and expectation of the knowledge base EU Eco-labeling authority ine ll the knowledge is retrieved from the riteri doE umentsD this knowledge se will e good referene for the gents from i ioEleling uthorityD no mtter humn expert or omputerF he developed ontology will e n imporE tnt mhine exploitle knowledge se to the deision support system for the i ioE leling proessF st will e esier to hek the reltionship etween di'erent oneptsD hek the de(nition of onept nd query them in vrious riteriF por exmpleD the knowledge module hshvist @hetergent sngredient htse vistA in our knowledge se reords hemE il hrteristis of hundreds detergent ingredientsF st n e reused in other domins9 knowledge engineering or pplition developmentF snsted of the originl exel formtD the yv formt ensures good interoperility with other emnti e ssetsF UV Producers and the business por the produer or mnufturerD our knowledge seD espeilly the ontologies n e lso good referene to hek their produt9s vlidity to the eoEleeling riteriD nd integrte it into their own environment mngement systemF st n e lso n e0ient wy of produt pro(le exhnge nd ommunition with other prtnersF ke tourist mping site in i ioElel for exmpleD ording to the urrent tourist ommodtion riteriD ll the lening nd lundry detergent produts used in the site re required to e eoEleled s wellF sn this situtionD the proprietor of the tourist ommodtion site nd the downEstrem lening produts produer n use our knowledge se s onsensus for produt pro(le9s quisition nd exhngeF sn dditionD the rules go long with the ontology nd the presene of the resoners llow utonomous preEhek for produers who wnt their produts to e leledF yne the knowledge se of ontologies is pulished vi some puli portlD efore the onerned produers strt the pplying proess for i ioElelD they n use the ontology together with resoning servie to do preEdignosis nd preEhek on their ndidte produtsF e elieve tht this kind of preEhek servie will populrize eoEleling mong produersF Common users and consumers es for the ommon onsumersD diret query nd serh for this ontology knowledge se my e hrdF hileD friendly interfe my e the solution for the puli to hve ess to eoEleled produts9 pro(leF sn the tul runE ning environment of the lundry detergent knowledge se for exmpleD lot of eoEleled produts9 detiled spei(tion will e svedF ixposing produt9s detils to onsumers will help the puli to understnd eoEleling proessD why ertin produts re eoEleled nd howF rious nlysis n e pplied to these semnti dt nd new experiene will e lernedF ogether with these dt nd nlysis resultD suh knowledge se sed on ontolE ogy whih n e essed y the puli will help to improve nd onsolidte the rediility of eoElelingF fesides these spets elorted oveD pigure QFII illustrtes n eoEsystem vision tht involves roder eoEleling industry domin nd provides riher pplitions nd servies to onsumers nd enterprisesF yur knowledge se n e the foundtion of this eoEleling system or e used in other similr pplitions nd systemsF UW pigure QFIIX e eoEsystem vision sed on lrgeEsle ontology knowledge se nd semnti dt sn the enter of the systemD we hve n etive unowledge fse onstruted y domin ontologiesD ommon sense nd rw environmentl dtF hese dt n e quired vi vrious repositories nd they don9t hve to e lolly storedF woving outwrd to next lyerD we hve the poliies nd rulesD whih ontins most of the onstrints nd regultions for onrete setors nd issuesF hese regultions or even lws will use the knowledge nd dt from downstirs lyerF por oth oliies 8 ules nd etive unowledge fse lyersD we should provide dynmi mehnism tht llows modi(tion )exiility nd menity in fvor of nnex items or deletionF fsed upon oliies 8 ulesD we hve the lyer ixperiene ontining more dvned informtion derived from multiple motivtionF por exmpleD the est prtie my inlude ommonly epted nd optimized ehviors for ertin setors of usiness from vrious spets whih should not e limited within environmentl performneF eording to the historil dt nd sesD we n lso reh sttistis of di'erent riteriF sn the sme lyerD we n rhive the filure ses s negtive exmplesF pinlly t the top lyerD whih is lso the most interesting oneD is the ervie 8 epplitionF sn this lyerD we should esily use some experiene or dvned dt diretly from downstirs lyerD or we might s well dig dt nd knowledge from further down lyersF por eoElelerD VH vrious mngement tools re provided to monitor the leled produtsF fsed on di'erent prioritiesD we n expose dt to lelers for nlysis nd umulte new knowledge nd intelligeneF por enterpriseD we provide the pplition simultor servie to simulte nd ssess the drft pplition efore the enterprise initite the rel pplition so s to inrese the suess possiilityF por onsumerD we ould provide epps running on smrt phones nd other personl serviesF hen they do shopping in the mrketD they n sn the r ode on the produt to get detiled informtion nd ustomized deision support servieF 3.9 Conclusion sn this hpterD n yv ontology knowledge se for lundry detergent is estlishedF e hve desried our sequentil pproh to uild the ontology from srth to evlutionF e seprtion etween entity nd rules nd the modulriztion of eh riterion re proposed to relize etter modulrity in struture nd funtionF he modulrized knowledge se lso exposes prt of its modules s referene ontologies tht ould e rowsed or reused y other systems in order to hieve dt interoperility nd knowledge shringF his is the (rst ontriution of our reserhF fsed on lredy developed relisti ontologyD we n esily proeed to further reserh on ontology reuse nd integrtionF elsoD the deision support system must e uilt on the sis of existent ontologiesF sn the next hpterD we will tlk out more on modulr ontology topis nd present n even more )exile ontology reuse nd integrtion sheme lled gswyn @gontextul sntegrtion for wodulr yntologyAF Chapter 4

Contextual ontology: a congurable approach to organize modular ontology 4.1 Introduction sn the lst hpterD we hve presented domin relted ontology uilding sheme tht ptures ertin eoEleling relted knowledgeF roweverD in dynmi nd interEonneted semnti we environmentD single ontology or selfErelint knowledge se is not enoughF ke the lundry detergent produt tht hs een previously introdued for exmpleD people would like to estlish new produt groups in the knowledge se in order to support more di'erent produts9 eoEleling servieF sn this seD insted of developing totlly new ontologiesD it is etter tht we n reuse nd reorgnize existent ontology omponentsF o ddress suh kind of prolemD ontology reuseD ontology mppingD nd ontology integrtion tehnologies re involvedF sn this hpterD ontextul ontology mpping nd integrtion method in order to relize etter ontology reuse nd reorgniztion will e introduedF 4.2 State of art es we hve seen in the stte of rt hpterD severl modulr ontology shemes re in fvor of ontology reuseF hileD more or lessD some drwks n still e identi(ed from themF R listed some prolems due to the limittions of yv nd the urrentD lrgely undisiplined pproh to ontology engineeringX vk of support for lolized semntisY vk of support for prtil reuseF vk of (neEgrined orgniztionY vk of forml support for ollortive ontology uildingF vet9s (rst hek yv importsD whih is n originl mehnism of yv nd dedited to ddress ontology reuse nd modulrityF es spei(ed in the o0il doumenttionD when VQ n ontology intends to reuse nother ontology in the lol irumstneD n wv tlog spei(tion (le is the ore of the import rediretion mehnismF he ontology editor rotégé uses on(gurtion (le lled catalog-v001.xmlD to desrie how imports re rediretedF his (le is like mpping from ontology nme @nme ss nd version ssA to lol s lotionF gritis out yv improts re found in TS where the uthors stted tht yv xioms nd entities re lwys glol nd n 'et ny entity in either importing or imported modulesF sn PD the uthors ritiize tht the semntis of yv is de(ned in suh wy tht ll ontologiesD imported nd importingD shre the single glol interprettionF es onsequeneD imported nd importing ontologies nnot desrie di'erently the very sme portion of the worldD using di'erent perspetives nd levels of grnulrityD without rising logil ontrditionF Owl:imports onerns with its ility to import ontologies only s wholeD while it is often the se in prtie tht only ertin prt of imported ontology is of interest to the importing ontologyF purthermoreD the yv imports mehnism is low level nd unstruturedF por exmpleD yv hs no uiltEin notion of n snterfe nlogous to the softwre notion of n epplition rogrmming snterfe @esAF sn WSD the uthors tlked out mjor drwk of urrent import design in terms of )exiilityF his drwk is tht the importing ontology is oliged to import ll the ontent of imported ontology modules whih mens unneessry xioms ould hinder the e0ieny of reuseF sn the sme pperD they try to improve import mehnism y introduing new syntx smportwodule tht prtly import n ontology y mens of extrting ontology module on the sis of n interfe signtureF ih time n externl module is importedD module extrtion or module lultion is neessry to get prt of the imported ontologyF his seems good ide to overome the previously mentioned drwkD ut there is no ny implementtion for this new import syntx yetF @volityEsed module extrtion hs een implemented in yv esD ut we ould not (nd similr funtions in rotégé or similr ontology editor toolFA hen ontology integrtion tke plesD some mpping nd linking etween entities re unvoidleF sn WTD the uthors propose ompositionEsed pproh for indiretly mthE ing life siene ontologies vi one or severl intermedite ontologiesF he si mehnism of this pproh is efore doing mpping etween two ontologiesD eh of these two ontoloE gies should e mpped to third ontology lled intermedite ontologyF here ould e more thn one intermedite ontologies etween ertin pir of ontologiesF he mppings to intermedite ontologies n e reusedF sntermedite ontologies should hve signi(nt overlp with the ontologies to e mthedF hen some intermedite ontology eomes ig nd predominnt in the dominD it is lled hu ontologyF feuse suh n ontology n hve mny mppings to other ontologies nd ny new ontology n then e ligned with ny other y (rstly mpping itself to hu ontologyF st seems tht this pproh n only del with equivalence mpping etween entitiesD nd intermedite ontology is prerequisiteF elsoD diret inry mpping is not reommendedF fsed on the modulrity nd reuse philosophyD some reserhers proposed slle pE prohes to del with the ontology hnge nd integrtionF irly in WUD the uthors introE dued n pproh tht uses rtiultions of ontologies to interEoperte mong ontologiesF sn this pperD the individul ontologies will e referred s soure ontologiesF ertiultion rules indite whih termsD individully or in onjuntionD re relted in the soure ontologiesF en VR rtiultion ontology ontins these terms nd the reltionships etween themF he entities or terms oming from di'erent soure ontologies re not put together diretlyD instedD they re integrted y n rtiultion or linkge etween themF he soure ontologies re indeE pendently mintined nd the rtiultion is the only thing tht is physilly stored when integrtion tkes pleF he rtiultion ontology ommonly uses onepts nd strutures inherited from individul souresF es suh they n e seen s new knowledge soure for upper lyersF he uthors stted tht this pproh ensures miniml oupling etween the soure ontologiesD so tht the soures n e developed nd mintined independentlyF hileD this pproh ws erlier thn the estlishment of yv stndrd nd it epts onE tologies sed on shv spei(tions nd wvEsed doumentsD s well s simple djeny list representtionsF here is no support for yv ontology spei(tion whih is lredy very populr todyF sn the work of UI nd WVD distintion etween ontologies nd ontexts re (rstly desriedF eording to the uthorsD ontologies re shred models of some domin tht enode view whih is ommon to set of di'erent prtiesY gontexts re lol @where lol is intended here to imply not shredA models tht enode prty9s view of dominF hen n ontology is ontextulized or it is lled ontextul ontologyD its ontents re kept lol @not shred with other ontologiesA nd re put in reltion with the ontents of other ontologies vi expliit mppingsF e n see thtD from ertin point of viewD ontext is tully some irumstne in whih severl ontologies re linked together on purpose in order to relize ertin ojetives or funtionsF e typil senrio of this linkge or integrtion is ontology reuseF he uthors lso indited the need to enrih ontologies with the pility to ope withX IF he diretionlity of informtion )owX we need to keep trk of the soure nd the trget ontology of spei( piee of informtionY PF vol dominsX we need to give up the hypothesis tht ll ontologies re interpreted in single glol dominY QF gontext mppingsX we need to e le to stte tht two elements @oneptsD rolesD individulsA of two ontologiesD though eing @extensionllyA di'erentD re ontextully reltedD for instne euse they oth refer to the sme ojet in the worldF sn order to enrih the pilities oveD gEyv ws proposedF xew syntx lled Bridge rules re introdued to represent vrious reltionships etween entities tht ome from di'erent ontologiesF @etully gEyv is inspired y hhvD nd fridge rules re lso de(ned in the hhvFA e ontextul ontology is therefore the pirX yv ontologyD set of gEyv mppingsD where eh gEyv mpping is set of ridge rules with the sme trget ontologyF he gEyv mppings re mterilized in wv representtionF sn our opinE ionD signi(nt ontriution of this work is the distintion etween ontology nd ontextF hileD the proposed Bridge rules hs very limited semntiF ynly (ve kinds of Bridge rules @equivlentD disjointD omptileD more spei( nd less spei(A hve een de(nedF sn RD VS the uthors ritiize tht hhv hs signi(nt limittions with regrds to linking of modE ules with rolesF @ine gEyv is inspired y hhvD this is lso the limittion of gEyvFA por exmpleD roles de(ned in other ontology modules @iFeF foreign rolesA nnot e used to onstrut new oneptsD or to onstrut new roles from foreign rolesF es we hve disussed in the previous hptersD iEgonnetion SH is very interesting pproh for ontology reuse nd multiple linked ontology representtionF sn their pperD the uthors ritiize owl:imports syntx thtX he only wy tht the owl:imports onstrut provides for using onepts from di'erent ontology is to ring into the originl ontology ll the xioms of the imported oneF hereforeD the only di'erene etween opying nd psting the imported ontology into the importing one nd using n owl:imports sttement is the ft tht with imports oth ontologies sty in di'erent (lesF his ertinly provides some syntti modulrityD ut not logil modulrityD whih would e indeed more desirleF he use of owl:imports results in ompletely )t ontologyD iFeFD none of the imported xioms or fts retin their ontextF hile it is possile to trk down the origintor@sA of some ssertions y inspeting the imported ontologyD yv resoning does not tke suh ontext into ountF o ddress these prolems nd overome the shortge of owl:importsD new syntx lled link property is introdued to yv spei(tionF e link property is inry reltion etween instnes of lssesD whih elong to di'erent iEgonneted ontologiesF he soure of link property is the ontology in whih it hs een delredY the trget of the link is the ontology spei(ed in the owl:foreignOntology tg in the delrtionF roweverD this link property is usully de(ned in the soure ontologyD whih mens extr informtion is injeted into the originl ontology nd these originl ontologies re ontmintedF fy using iEgonnetion nd link propertyD we n surely dpt group of ontologies in new ontextD ut wht if we wnt to step kwrdsD tke the onnetion prt nd use the sme ontologies somewhere elsec elsoD mny restritions re spei(ed in iEgonnetion pprohF por exmple link property nnot e tgged s trnsitive or symmetriF he ontologies to e onneted should e smll nd disjointF husD lss nnot e delred in n ontology s sulss of lss delred in foreign ontology in the omintionF e property @ojetD dttype or link propertyA n not e delred s suEreltion of foreign property @it n still e delred s suEproperty of lol oneAY n individul n not e delred s n instne of foreign lssD nd pir of individuls nnot instntite foreign propertyF imilr restritions nd more disussion n e found in USF iEgonnetions lso onstrin the use of ssF sn yvEhvD s n not e usedD for exmpleD oth s lss nd dttypeD or s n ojet property nd dttype propertyF sn n iEgonneted ontologyD set of dditionl restritions must e imposedD nmely n s nnot e used lolly in two di'erent omponent ontologiesF sn WWD there is n pplition se of iEgonnetionF leu lgorithms hve een implemented for the iEgonnetion lnguges tht omine yvEhv ontologies y either disllowing inverses or numer restritions on the link properties in the yv resoner elletF wore disussion out inferene nd resoning implementtion on iEgonnetion n e found in IHHF st is worth emphsizing tht iEgonnetions re not suitle tehnique for omining ontologies deling with highly overlpping dominsD whih prevents its use in some importnt unowledge ingineering pplitionsD suh s ontology re(nement SHF o del with the diversity of ontology lngugesD ontology modulrity nd reltionsD hyv @he histriuted yntologyD wodelling nd pei(tion vngugeA ws proposed in IHIF he gol of this lnguge is to equip heterogeneous ontologies with preise semntis nd proof theoryF hyv enjoys the following distintive feturesX modulr nd distriuted ontologies re speilly supportedY ontologies n not only e lignedD ut lso omined long lignmentsY logil links etween ontologies re supportedD etF en ontology lled vov @logis nd lngugesA IHP whih formlly desries hyv9s voulry for logisD ontology lnguges @nd their seriliztionsA s well s logi trnsltions ws developedF his work seems trying to uild formlism or met model for ll ontology lnguges nd mppingsD ut very few prtil spets re inditedF ery similrlyD in IHQD n elignment es ws designed nd implemented to ddress ontology lignment representtion nd mnipultion in stndrd wysF he elignment es is oth n es for representing lignments nd for developingD integrting nd omposing mthersF st omes with tv implementtionF he ihyev lnguge @ixpressive nd helrtive yntology elignment vngugeA extends the elignment formt in order to pture more preisely orrespondenes etween heterogeneous ontologil entities IHRF prom these reserh workD we n see thtD formlizing nd stndrdiztion of heterogeneous ontology nd ontology lignment or mpping re undergoingF roweverD these e'orts provide suggestions only for ontology nd ontology mpping themselvesF here is lk of more prgmti nd funtionl promote on the pplition of ontologyD eFgF ontology reuse nd ontology engineering methodologyF sn more prtil point of viewD it is very interesting to see tht IHS proposed n pproh tht dels with ontology lignment nd trnsformtion sed on evF pirstD n lignment lnguge ws developed for expressing omplex reltions etween ligned entitiesF he lignment formt is n extensile formt in wvGhpF hen ev query lnguge is used to trnsform hp dt ording to the lignmentF roweverD urrent ev spei(tion isn9t yet powerful enough for supporting the trnsformtion tsk with omplex mppingsF o implement omplete lignment frmeworkD the uthors proposed two thingsX (rstD n implementtion of ev dt trnsformtion engine integrting ev nd evCC ndD seondD grounding of n strtD nd expressive lignment lnguge to this new evCCF his pproh ould e very prtilD euse ev is n e0ient hp query lnguge whih is lredy populr nd well supported y minstrem progrmming lngugeF ev extensions for proessing lignments will filitte hp dt integrtionF hileD n ostle tht my hinder this pproh is the potentil lk of fox mpping supportF feuse ev is mostly out hp grph mpping rried out in efoxF he only suElnguge of ev tht provides fox support is evEhv IHTF sn IHUD n extension of the hv formlismD shhv @sntegrted histriuted hesription vogisA ws proposedF his is nother hesriptionEvogisEsed lnguge tht extends stnE drd hv with distriuted pilitiesF st seems tht this reserh is inspired y hhv nd EhvF he min dvntges of this pprohD delred y the uthorsD re seprtion of lol semntis @whih is stndrd hvAD nd glol semntisY it llows omposition of onE tology mppingsF feuse of the seprtion of semntisD n shhv knowledge se ontins two omponentsX fmily of lol hv ontologies nd fmily of ontology lignmentsF he VU distriuted system9s or the knowledge se9s semntis depends on lol semntisD ut does not interfere with itF sn our opinionD this independene or semntis seprtion keeps lol semntis inttD nd tht is vitl to modulrity nd reusilityF e n lso see tht shhv owns riher mpping semntis s T possile types of orrespondenes etween ontologies re de(ned in shhvD while only R ridge rules re de(ned in hhvF es for the infereneD orrespondenes nd xioms from severl ontologies re used to dedue new xioms or orE respondenesF he only shortoming of this reserh work my e the lk of exmples nd pplition sesF elthough the uthors hve stted tht this pproh still needs theoE retil investigtionD it lredy inspired our work lotF e hve presented tle @le PFPA ompring severl ville modulr ontology methods t the end of ghpter P tte of the ertF wore disussion out modulr ontology n e found in the wodulr yntology suEsetion in ghpter PF
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sn this prtD we will present our gontextul sntegrtion for wodulr yntology method nd disuss the prolems tht we hve desried in previous setionsF eording to UID n ontology is ontextulizedD or tht it is ontextul ontologyD when its ontents re kept lol @nd therefore not shred with other ontologiesA nd re put in reltion with the ontents of other ontologies vi expliit mppingsF gontexts enode not shred interprettion shemes of individuls or groups of individulsF gontexts re esier to de(ne nd to mintinF hey n e onstruted with no onsensus with the other prtiesD or only with the limited onsensus whih mkes it possile to hieve the desired level of ommunition nd only with the relevnt prtiesF yn the wek sideD sine ontexts re lol to prtiesD ommunition n e hieved only y onstruting expliit mppings mong the elements of the ontexts of the involved prtiesY nd extending the ommunition to new topis ndGor new prties requires the expliit de(nition of new mppingsF vet us think out the senrio in pigure RFIF smgine tht we hve two ontology modules s represented y the rounded retnglesF sn M odule1D we hve two lsses A nd B whih re relted y property xF sn the other module we hve lss CF M odule1 nd M odule2 ome from di'erent domins respetivelyF uppose tht we run into sitution where oth modules re neededF etullyD this sitution might e very often euse in tody9s weD where onsiderle numers of ontologies re developedF yntology reuse nd integrtion is eoming onvention in knowledge representtion nd knowledge engineeringF grossEdomin ontology omposition is not rre thingF sn suh situtionD possilyD new reltionship is needed to filitte the ompositionD for exmple the reltion @propertyA r1 tht ssoites glss A nd glss C whih re from di'erent modulesF @fy the syntx of desription logisD we hve nming pttern for entities tht onept orresponds to lssD role orresponds to property nd instne orresponds to individulF hileD it seems tht even in hv ontextD very frequentlyD individul is still usedFA rere we do not speify the domin or rnge of this property x for tht it does not relly mtterF elsoD we ignore the whole interprettion iFeF efox for nowF snstedD we will demonstrte how ontext works in terms VV of foxF es we hve introdued in the stte of rt hpter nd setionsD there re lredy some soE lutions for this ontology integrtion or omposition issueF yvD the lnguge itself provides n importing mehnism tht supports si ontology module integrtion nd ompositionF o del with the sitution in pigure RFID if we pply originl import syntx of yvD we should let one module e imported y the otherF hen the new reltion r1 shll e de(ned in either the importing module or imported moduleF wo risks n e found hereF pirstD the importing module eomes dependent on the other one not only in this integrtion senrioF ine import syntx is injeted in the ontology moduleD heneD ny other ontology module tht wishes to reuse or import the importing moduleD it hs to onsequently import ll the ontologies tht the module hs lredy importedF eondD the plement of new reltion r1 will inevitly 'et the semntis of originl ontology modulesF sn other wordsD the new semntis of new reltionship r1 might ontminte originl ontologiesF e prtil ut not eonomi solution for this sitution is the duplition of ontologiesF ke the sme exmE ple of pigure RFI in the sme ontology omposition or integrtion senrioD we would hve M odule1 import M odule2D pply new reltion r1 in M odule1D s illustrted in pigure RFPF et the sme timeD opy of M odule1 is reserved for other omposition or reuseF sn our prtie of ontology development nd reserhD this duplition pproh tully worksD whileD it my result in redundny prolemF yne originl ontology is modi(edD ll the duplition of this originl ontology hs to e updtedF xowD we hve seen the prolems of ontology importing mehnismD nd tht is why we think out seprting originl ontologies from ontology integrtion ontextF pigure RFIX sn se of ontology reuse or integrtionD ross module reltion is ommonF pigure RFPX e strightforwrd solution is to let one module swllow the otherD nd introdue new reltion in eitherF eFgF owl:importsF VW st is neessry to point out thtD mny ontology omposition or distriuted ontology shemes try to stress the ompleteness nd logi onsisteny of the integrtionF roweverD they seem to hve overlooked prolems we hve introdued oveF o our knowledgeD for exmpleD iEgonnetion nd Ehv speify nonEneutrl mpping syntx tht is tthed to originl ontology modulesF yne of the ontriution of our work is trying to stress the importne of intt originl ontology modules nd the seprtion etween ontology nd ontology integrtion ontextF o void the risk nd prolems introdued oveD we propose gswyn method @gontextul sntegrtion for wodulr yntology methodAF es illustrted in pigure RFQD when two ontology modules re out to e integrtedD neutrl Context will e usedF snsted of putting extr reltion eFgF r1 into either originl ontology moduleD we will let this ontext module store suh informtion nd on(gure the integrtionF sn order to hve vlid trgeting sujet nd ojet for dded reltionD equivlent position tkers must e de(ned in the ontext moduleF por exmple in pigure RFQD position tkers of ClassA nd ClassC re de(ned s ClassA nd ClassC F xotie tht position tker is not oliged to ontin full de(nition of the trget entity tht it representsF etullyD it9s more like pointer tht identify the rel entity in originl ontology moduleF e might s well ll this pointer s iquivlene gorresponding @igAF sn relity nd tul implementtionD entity9s ss is used to lel the position tkerF es we hve de(ned the sustitution of entities in the ontext moduleD extr integrting reltions will e de(ned etween these position tkersF gompred to pigure RFPD the sheme we hve presented in pigure RFQ hs implemented the seprtion of ontextul informtion nd the originl ontologiesF he new reltion r1 is in neither ontology modulesF husD these integrted ontology modules will not e ontminted nd n e diretly reused y othersF pigure RFQX yriginl ontology modules re kept intt y introduing independent ontextF sn more generl ontology integrtion or omposition senrio like pigure RFRD it is not hrd to see tht one ontology module is reused multiple timesF por instne ClassC whih is de(ned in M odule2D this time it is referred in oth Context1 nd Context2F sn di'erent ontextD the use of the sme entity ould e totlly di'erentD eFgF ClassC ould e the domin of property r1 in Context1D on the other hndD ClassC eomes trgeting rnge of property r3 in Context2F his polymorphism llows )exile ontextul on(gurtionF e ig dvntge of this sheme is tht it llows using the sme group of ontology modules to onstrut vrious ontology integrtion or omposition without ontology duplition nd redundnyF rerequisites should e notied thtD in our reserhD n overlppingEoriented strtegy is utilizedF eording to TQD in disjointednessEoriented strtegyD one my simply rete s mny opies of onept s needed to llote one opy to eh ndidte moduleD nd then forget out the duplitionD iFeF onsider eh opy s seprte piee of knowledgeD independent from the other opies of the sme oneptF sn n overlppingEoriented strtegyD onepts my e diretly lloted to multiple modules @without eing duplitedA nd the system keeps wreness of this multipliityF sing this wreness the system n let users nvigte from one module to notherD iFeF from one instne of onept in one module to nother instne of the sme onept in nother moduleF elsoD the newly formed ontextul integrtion should e gurnteed to e n onservtive extension WW IHV IHW IIH US TQ of integrted modulesD even though ontology modules re not forefully disjoint nd ritrry reltion ould e introduedF sn prtiulrD the min intuition ehind onservtive extension is to ensure lol ompleteness of the modules suh tht the knowledge ontined in eh individul module will not e ltered even fter their integrtionF ht isD integrtE ing modules should not indue new reltionships etween existing onepts in ny existing moduleF wore formllyD for two ontologies

O ⊆ O nd signture ΣD O is dedutive ΣEonservtive extension of O D if for every xiom α with Σ(α) ⊆ Σ we hve O α if nd only if O
α USF sn other wordsD roustness under replement WS TQ should e kept when the ontext is eing editedF WI pigure RFRX fy using ontextD multiple reuse t the sme time without duplition is possileF glss g for exmpleD is reused two times in oth gontext I nd PF eording to the o0il doumenttion of yv P 12 D e yv es hs lredy impleE mented the importing mehnism nd catalog.xml (le will e generted y ontology editor rotégéF sn our designD import mehnism should not e disrdedF snstedD gswyn will e omptile with this existent import mehnismF his omptiility of import mens tht if some ontology module is inluded in the ontextD then ll the suEontologies tht this module imports will e inluded in the ontext s wellF sn other wordsD we regrd n import losure s the si struture to e integrted in the ontextF 4.4 Layered knowledge base architecture sn the lst setionD we hve introdued gswyn method tht relizes ontology integrtion nd ompositionF xow we will hve review of this sheme from higher level nd demonstrte how to pply this sheme to ontology engineering prtieF pigure RFS is n extension of pigure RFRF es we n see tht three lyers re identi(ed in the omplete rhiteture of gswynF sn the ottom ontology lyerD we hve repository of ontologiesF ell kinds of ontologies oming from di'erent domins will e mintinedF eove ontology lyer lies the ontext lyerF tust like wht we hve introdued in the lst setionD di'erent ontexts will e on(gured here to mterilize di'erent ontology integrtion or ompositionF por eh on(gured ontextD it is lso like irtul yntology tht ssemle severl modulesF he very top lyer is pplition lyer where onrete funtions nd usiness re implementedF he ontext lyer is like middle wre tht unites pplition nd ontologyF epplitions fous on their usiness funtionlityD they will not e deeply involved into ontology mngement nd mintenneF gontext lyer nd ontology lyer together onstitute the ontology knowledge seF pigure RFSX gswyn lyered rhiteture to support knowledge se nd pplitionF etullyD similr design of this ontextul ontology n e found in mny other frmeE worksF e will tke two exmples to etter present the ide of this designF he (rst exmple is the view in modern dtse mngement systemF nlike ordinry tles in reltionl dtseD view does not form prt of the physil shemX s result setD it is virtul tle omputed or ollted dynmilly from dt in the dtse when ess to tht view is requestedF 3 sn our designD the on(gured ontext is somehow like the view of tles in dtseF enother exmple is wven frmework whih is uild utomtion tool used priE mrily for tv projetsF wven dynmilly downlods tv lirries nd wven plugEins from one or more repositories suh s the wven P gentrl epositoryD nd stores them in lol heF 4 sullyD eh projet tht uses wven needs yw@rojet yjet wodelA (le to on(gure their dependenies to lirries nd plugEinsF his yw is it of like our ontext on(gurtion for tht eh pplition will reh to the ontologies tht it needs vi this ontextF he ontology modules tht n pplition needs is just like the dependenies to tv lirries tht tv projet hsF sn prtieD pplitions in the upper lyer needs on(gurtion ontext to ess those ontology modules in the ottom lyerF yviouslyD potentil dvntge of this rhiteture is tht severl ontexts n e ssigned to the sme pplitionF sf n pplition needs to updte its ontology knowledge seD it needs to reon(gure its ontext or hnge to nother new ontextF yrD the pplition n hoose to return to previous ontext of ontologiesF sn order to mnge the onnetion etween pplition nd ontext on(gurtionD servie progrm hs to e implemented in the ontext lyerF sn this servie progrmD set of es will hve to e implemented to support mnipultion nd ontrol from the upper pplition lyerF 4.5 An XML implementation of CIMOn pigure RFT is the wv implementtion exmple of ontext on(gurtionF he reson why we hoose wv s the on(gurtion formt is tht wv hs een widely used nd well developedF e lot of es in vrious progrming lnguges support wvF elsoD wv n e esily trnsmitted vi the weF he root element of this on(gurtion (le is contextF uey elements for context re contextN ameD contextM embersD contextRootD contextF ilterD nd binaryM appingBundleF he ppering sequene of elements won9t hnge the mening of the ontextF hese elements re listed nd explined s the followingX pigure RFTX wv implementtion exmple of ontext on(gurtionF IF contextName he unique sh for urrent ontology ontextF he vlue of this element is string nme ustomized y userF elsoD n ss ttriute is lloted so tht the ontext n e indexed on emnti eF husD oth the string nme nd the ss mke up the unique sh of urrent ontextF PF contextMembers his element will speify ll the memer ontologies tht re out 

R(O A → O B ) is not lwys equl to R(O B → O A )
F sn more generi sesD the sequene tht is used s the prmeter of resoning funtion @A is not only liner sequeneD it might e tree or even direted grphF sn ghpter IH of IIQD the struture tht represents dependeny etween modules is lled dependeny grphF e gree nd hve dopted the two mjor rules for the dependeny grph thtX pirstD there should not e ny yle in the dependeny grph of the resulting modulriztionY eondD sf module reuses nother oneD it should not diretly or indiretly reuse module on whih the reused one is dependentF hese two mjor rules will mke sure tht there is no yle neither trnsitive dependenies in the dependeny grphD thus sfe nd omplete resoning grow will e ensuredF smgine tht we hve dozens or even more ontology modules to e integrtedD one or severl pivotl modules re seleted s the seline of the new ontology omposition rtiftD s the omposition grows through binaryMappingBundle sD dependeny grph of tree or more omplex direted grph will pperF e will mintin this dependeny grph when ontext is uiltF rere the element of contextRoot works s the eginning of suh growing pth of tree or forestF yne or multiple ss ttriutes will e indited in this elementF hey re very importnt for the resoning of the ontologies integrted in ontextF pigure RFU shows typil topology exmple of the integrted ontology modules @ywA in ontextF ivery time ontext is formedD suh topology tht indites resoning dependenies etween ontologies must e spei(ed y userF his topology will e very importnt for n inrementl resoningD euse y ontrolling the grow of the tree tht strts from root moduleD suEtree or suEgrph of the ontext will e pturedF esoning nd vlidtion n e pplied to these suEdivision of the ontext in order to lote ny unexpeted logi inonsisteny or errorF WS pigure RFUX opology exmple of the integrted ontology modules in ontextF RF contextFilter his element is the hekElist for ll the needed entities in memer onE tologies for the ontextD iFeF signture for eh integrted moduleF wenwhileD it will (lter out the unneessry onesF por nowD the tomi (ltering grnulrity is entity levelD iFeF lssD ojet propertyD dt propertyD nd individulF exiom level (ltering whih is of (ner grnulrity thn entity hs not een onsidered nd implementedD we will tlk out this in the disussion nd future work hpterF ih ontext memer ontolE ogy will e mpped to contextMemberFilter elementF sn eh contextMemberFilter elementD R onrete (lters re indited orresponding to the R types of si entities tht n ontology hsF por eh entityFilter element@classFilterD objectPropertyFilterD dataPropertyFilterD nd individualFilter AD Q modes re de(nedX selectAllD ll the entiE ties shll e reservedY deselectAllD none of the entities will e reservedY partD entities re prtly reservedF sf the mode for n entity (lter is partD then detiled lterItem will e o'ered to further indite whih entities should e reserved nd whih ones should e disrdedF por eh lterItemD ss ttriute is provided to identify the entity in its ontologyF st is stted in IIR tht it is espeilly importnt to ensure tht module extrted from n yv ontology for reuse or mintenne purposes preserves the results of resoning tsksF sn other wordsD if we re out to reuse onept nmed A nd retrieve frgment T of the originl ontology T D we wnt to mke sure tht AD s well s ll its suEoneptsD superEonepts nd instnes re inluded in T F sn our reserhD n user9s entity grnulrity seletion is providedF vogil ompleteness is sri(ed for more )exiility nd usilityF SF binaryMappingBundle his element is used to represent unh of interEreltion tht tkes ple etween two ontologiesF st is esy to see tht multiple reltions will tke ple etween ny two ontology modules in ontextF e n ll this set of reltions etween ny two ontologies binaryMappingBundleF sn order to indite the resonE ing diretionlityD soure ontology ss ttriute nd trget ontology ss ttriute re equippedF pigure RFV shows the omposition of inrywppingfundlesF sn the wv on(gurtion (leD eh reltion tht is undled is ontined in n element lled bina-ryMappingF xotie tht mpping my not e proper nme for tht not only equivE WT 4.5. AN XML IMPLEMENTATION OF CIMON lent mpping reltion n e de(nedF rious reltion expressions n e found in bina-ryMappingBundleF es we knowD despite the ft tht yv hs eome populr stnE drd for representing ontologyD there is still no greement or populr stndrd for de(nE ing ontology mppings etween ontologiesF fsi yv P modeling expression elements suh s uglssyfD glssessertionD iquivlentglssesD hisjointglssesD yE jetropertyessertionD xegtiveyjetropertyessertionD uyjetropertyyfD yjetropertyhominD yjetropertyngeD hi'erentsndividulsD mesndiE vidulD htropertyessertionD xegtivehtropertyessertionD htropertyE hominD htropertynge 5 hve een implemented in yvGwv syntx in bi-naryMappingBundleF emong these expression elementsD n even more rod semnti expndility is provided to yjetropertyessertion for tht not only the ojet properties delred in the integrted ontologies n e used in this reltion expressionD ut lso thirdEprty ontologies9 ojet properties n e usedD eFgF yfy eltions yntology 6 F pigure RFVX e inrywppingfundle is olletion of ll the reltions tht tke ple etween two modules in ontextF e detiled spei(tion of ontext on(gurtion hs een presented oveF ith gswyn nd its wv implementtionD we n relize the lyered knowledge se rhiteture whih hs etter )exiility nd reEusility s desried oveF wore detils out the onrete implementtion nd tool support will e disussed in the prototype nd implementtion hpterF 4.6 Case study and evaluation xow we will use n exmple to show how to pply gswyn sheme to reuse nd integrte ontology in ontextF sn the previous hpterD we hve presented modulrized ontology knowledge se regrding lundry detergent produt of i ioElelF st is very ommon senrio tht produt pro(le is required to e modeled in the ontologyF oD let9s suppose thtD in some eoEleling proess or evlution tskD knowledge engineers or the domin experts wnt to use the knowledge in ontology to onstrut produt pro(le representtionF hetiled prmeters of the produt exmple is list in le RFIF le RFIX hetiled prmeters of hevyEduty lundry detergent produt pro(le exmpleX property parameter value produt type liquid reommended dosge @referene dosgeA PHFH mlGkg wsh sles ountry prne weight utility rtio @A PFH gGkg wsh ritil dilution volume @ghA QHHHHFH lGkg wsh eroilly nonEiodegrdility @xfyA HFS gGkg wsh neroilly nonEiodegrdility @nxfyA HFS gGkg wsh known ingredientX gIHEIQ liner lkyl enzene sulphteY gVEIP elkyl ether sulphteY hosphonteY odium vuroyl wethyl ssethionteY fenzisothizolY wethylisothizolinoneF sn this produt pro(le uilding senrio or modeling senrioD we should e wre of thtD (rstD we need the knowledge nd informtion from ontologyY seondD we possily need only prt of the knowledge of ertin ontologiesF sn the previous hpterD we hve proE vided ertin )exiility to ontology knowledge se y introduing modulriztion nd n entityErule seprtionF hileD sometimesD higher level of )exiility is requiredD eFgF in the produt pro(le modeling senrio tht we hve just presentedF sn this senrio or onE textD Module Iso_standardsD Module Regulation_european_commission nd Module Com-mission_decision n e exludedD euse they re relevnt s regrds to the whole doE min ut irrelevnt for this spei( senrioF wore overD sine there re only six ingredients tht re expliitly listedD only smll prt of Module Ghs_hazard_statementD Module Eu-ropean_risk_phrases nd Module Didlist re neededF pigure RFW illustrtes how we identify WV nd form ontext for this lundry detergent produt pro(le modeling senrioF he (rst stepD relevnt ontology modules re identi(ed nd hosenF his step requires tht knowledge engineers hve si understnding of the module9s ontentF eond stepD the dependenE ies etween modules should e removedD eFgF owlXimports nd suEontent or suEmodule should e identi(edF sn our exmpleD the whole Module Laundry_detergent is neededD thus it is kept entirelyF he other three modules re tilored so tht only the useful prts re keptF @he str symol mens tht the module should e prtly used nd suEmodule is identi(edF sn this senrioD rule modules re ignoredFA et lstD the third stepD ontext involving the neessry ontent is formedF gomplementry reltions n e dded nd edited in the ontextF sn our seD lsses with the sme nme puntionlnit re de(ned in oth Module Laundry_detergent nd Module DidlistF exiom Laundry_detergent:FunctionalUnit owl:equivalentClass Didlist:FunctionalUnit nd other mpping xioms re inserted in the ontext on(gurtionF pigure RFWX e ontext is identi(ed from modulrized ontology knowledge seF WW yne of the signi(nt ene(ts of this ontextul integrtion or prtly reuse method is tht the size of the integrtion outome is smller thn the one tht uses owlXimportsF e etter resoning performne is lso otined with regrds to the ontextul integrtionF le RFP is omprison etween trditionl owlXimports method etween gswyn methodF le RFPX hetiled prmeters of hevyEduty lundry detergent produt pro(le exmpleX integration by owl:imports contextual integration by CIMOn sn glol point of viewD we hve lso onduted omprison etween our gswyn soluE tion nd other ville modulr ontology methodsF ith regrds to some riteriD gswyn is proven to hve etter performneD while for some other riteriD it does not hve ovious dvntgesF le RFQ is the result of our survey nd omprisonF prom the omprisonD we n see tht gswyn method hs very good ontology dynmis feture thnks to the lyered rhiteture nd ontext on(gurtionF elEtime ontology reuse nd integrtion re possiE leF enother importnt dvntge of gswyn methodD s its nme inditesD is the wreness of ontextF por eh reuse ontext or integrtion senrioD independent ontext on(gurtion is providedF ith the help of ontextD the oupling etween modules is gretly wekened s ll dependenies re sved in the ontext rther thn originl modulesF st is lso euse of these fetures tht gswyn method hs good slility nd reEusilityF hileD the min wekness of gswyn ould e the very limited heterogeneity nd seurity supportF por nowD gswyn only support prt of yv nd hp expressionsD the other ontology lnguges or syntxes re not supported yetF hether gswyn gurntees onservtive extension is still under investigtionF here is lso lk of privy nd seurity onsidertionF e pln to tke into ount these issues in our future workF yverllD gswyn method is )exile yv ontology reuse nd integrtion solutionF le RFQX en omprison of severl populr modulr ontology formlisms @ stnds for fox nd e for efoxA sn the lst setion of this hpterD we will disuss how to pply the gswyn method in relisti ontology engineering prtieF e will tke severl ontology engineering methodologies for exmpleD identify the key tsks for ontology integrtion or ompositionD then try to dopt ontextul informtion into themF odyD even though ontology engineering is reltive younger thn softwre engineeringD quite mny ontology engineering methodologies or methods hve een proposed nd studiesF he interesting thing is tht most of them n e tred k to lssil softwre engineering methodsF he engineering proesses identi(ed in wiryxyvyq SS reX spei(tionD knowledge quisitionD oneptuliztionD integrtionD implementtionD evlutionF st seems like to the lssi wterEfll development model whih is mostly sequentil development modelF sf the ontology is not developed from srthD some ontology modules should e reusedF unowledge engineers should e wre of the ontology reuse from the very eginning of the developmentD iFeF spei(tion stepF husD n ontology reuse ontext or ontology integrtion ontext should e identi(ed in the spei(tion stepF sn this stepD esides the trditionl ompeteny questions in terms of ontology spei(tionD engineers should sk themselves nd nswer the question likeD wht kind of knowledge ould s possily refer toc ss there possiilities tht s n reuse some knowledge or ontologyc here n s get ess to these knowledge or ontologiesc rve these knowledge or ontologies een modulrized or notc hih modules do s needc xextD in the knowledge quisition nd oneptuliztion proessesD we n proeed s usulF henD in the integrtion nd implementtion stepsD we shll pply gswyn method nd generte the wv implementtion for the ontextF wore spei(llyD t the end of oneptuliztionD ontology modules should e identi(edF sn dditionD we should e wre of whih de(nitions or xioms should e put into ontext nd whih ones should e put into modulesF sn the integrtion stepD the ontext nd the ontology modules will e omposed into the ontology rtiftF sn the (nl evlution prtD n evlution of the ontext in terms of modeling uryD resoning e0ienyD etF is lso neededF eording to the reserh desried in hpter P of RRD wiryxyvyq is reltive omplete methodF snsted of liner proessD most of methodologies hve re(nement proess where eh tivity n e repeted severl timesF sn ddition to the tivities tht we hve seen in wiryxyvyqD importnt tivities inlude mintenne nd doumenttionF hileD these two tivities re esy to pply ontextul extensionF es stted in IIQD modulriztion nd distriution eome importnt trends in terms of ontology engineering in emnti e environmentF hree pprohes n e involved in relizing the modulriztion of n ontologyX ontology prtitioningD ontology module extrE tion nd ontology module ompositionF o our knowledgeD our gswyn method should e tloged under ontology module ompositionF roweverD efore putting ontology modules into ertin ontextD these modules should e redy t (rstF husD tehniques nd tivities out ontology prtitioning or ontology module extrtion should e prior to the pplition of ontextF IHI 4.8. CONCLUSION

Conclusion

sn this hpterD t (rstD we hd review of existent theories out distriuted ontology nd modulr ontologyF rious spets out reEusilityD resoning nd modulriztion re disussed nd their prolems re identi(edF henD we hve introdued nother importnt ontriution of our workD gswyn @gontextul sntegrtion for wodulr yntology methodAD to integrte nd reuse di'erent ontology modulesF fy using ontextD extr informtion needed only when ontologies re to e integrted together n e stored independentlyF husD originl ontology modules sty intt nd n e reused for di'erent purposes in di'erent ontexts t the sme timeF gswyn is omptile with owlXimportsD nd (lter is introdued to hieve prtly importing whih mens ontent of ontology n e prtly integrted in ontext nd this feture mkes ontology reuse more )exileF gompred to the entityErule seprtion pttern tht we hve introdued in the previous hpterD gswyn hs etter usility nd )exiilityF por nowD we hve een stying fous on ontologyD ontology development nd reuseF prom the next hpterD we will explore the pplition nd more prtil spets of ontologyF sn the very next hpterD the deision support proess nd the orresponding prototype deision support system will e presentedF IHP Chapter 5

A decision support process based on ontology knowledge base 5.1 Introduction por n eoElel pplintD usully mnufturer or servie providerD it is esy to provide the required informtion in whtever formtsF roweverD the di0ulties enountered in the evluting proess re representtive in deisionEmking proessF o e0iently ssess produt or servieD we need to mnipulte di'erent types of voluminous dtY tke into ount di'erent riteri nd ondut multiEriteri nlysisY onsider di'erent phses of produt or servie life yleF sullyD group of humn experts oming from vrious domins will work together nd the evluting proess will tke long timeD nd errors nd on)its my existF sn dditionD the evlution result is tully good resoure tht ould hve een mde etter use ofF eording to the survey mde in IISD mong singleEstndrd eoElelsD the most omE mon lels for time required to erti(tion ws three to six monthsD with QU7 of respondents flling into this tegoryF he verge time to erti(tion ross singleEstndrd lels is RFQQ monthsD the stndrd devition is RFQU monthsD whih indites tht the time to get erti(ted is quite longD espeilly for some wis @mll nd wediumEsized enterprisesA nd there is still signi(nt lk of uniformity in the mrketF ome digitlized mngement softwre tools re urrently usedD howeverD the evlution proess of eoEleling erti(E tion is still minly omplished y the mnul inspetion or heking of domin expertsF sf some deision support tool is used in the hevyEduty nd knowledgeEintensive evlution proessD we elieve tht the response time will e drstilly shortened nd the erti(tion ost will e reduedF his is one of the gps we try to (ll in this reserhF e elieve tht fster erti(tion with qulity nd rediility mens more opportunities for enterprises nd more e0ient mrketF his will lso e helpful when eoEleling is introdued to fst developing nd muh igger mrket eFgF ghin nd sndiF IHQ 5.1. INTRODUCTION sn the previous two hptersD we hve presented how to uild modulrized ontology seF hileD the knowledge se itself is not enough for solving prolemsF e hve to (nd some method to mke use of the informtion stored in the knowledge seF rere in this hpterD in order to etter solve prolems mentioned oveD we propose deision support proess in the sope of eoElel erti(tion iFeF eoEleling proessF he deision support proess will tke trget produt9s pro(le s inputD ompre it with riteri whih re stored in the knowledge se omposed of ontologiesD then generte resoning result nd rgumenttion or explntion tht tells whether the trget produt n e eoEleled or notF e signi(nt improvement of our pproh ompred to trditionl deision support systems s mentioned nd disussed in IIT nd IIU lies in the wy the knowledge nd dt is storedF he knowledge rossEovered in suh deision support proess will e represented in modulrized ontologies nd stored in knowledge seF enother dvntge of our pproh is the rgumenttion or explntion tht ompnies the leling deisionF sn the light of the rgumenttionD deision mkers n hve lerer understnding on how the deision result is mde nd whyF es is illustrted on the left side of pigure SFID the ojetive of our reserh is to ssist nd elerte the evlution proess of eoEleling to help domin experts mke wiser deisions on ehlf of the dministrtion nd mngement of eoElelingF he proposed knowledge se of this system will ontriute the reuse of eoElel produts knowledge nd improve its interoperility with other systemsD suh s iw @invironment wngement ystemsAD vw @rodut vifeyle wngementA systemsD nd i @interprise esoure lnningA systemsF imultneouslyD from the point of view of produer s n eoElel pplintD suh deision support tool n serve s simultion tool tht will ssist the design nd vlidtion phses of new produt9s developmentD s shown on the right side of pigure SFIF pigure SFIX yjetive nd funtion of the deision support system from oth eoEleling dministrtion nd produer9s point of viewF i ioElel is our study seD sine it is still lrge nd omplex leling system overing dozens of produt nd servie groups nd in order to filitte the development of our deision support systemD we will fous only on one produt groupF husD we hoose suh lundry detergent produt group whih is of middle size in the produt hierrhyF enother IHR reson is tht the eoEleling for lundry detergent hs een rried out for yers nd we lredy hve suessful pplition ses to e studied nd leled detergent produts on shelf to e vlidtedF st should e noted thtD the underlying deision support proess implemented in the system is not limited to spei( produt or tegoriesF fy generlizing the steps nd tsksD repling the ontologies in the knowledge seD the deision support proess n e lso pplied to other produt groupF

State of art

elthough some environmentl performne ssessment methods nd tools hve een develE opedD eFgF vge @vife gyle essessmentAD ie @invironmentl isk essessmentA nd vgg @vife gyle gostA mentioned in IIVD ihs IWWU IIWD ywxssy IPHD sweg PHHPC IPID etFD most of these methods nd tools fous rely on tehnil nlysisF here is lk of pproprite softwre implementtion support espeilly in terms of deision support funE tionlityF sn the work of PTD tool to verify the ompline of produt with given norms nd stndrds in terms of the reylility of industril produts is desriedF st is shown how the knowledge ontined in eoEleling stndrds nd norms in textul form n e trnslted into onstrintsF xsewGyw @yjetErole wodelingA n e used for formlizing the produt dt nd the veri(tion of the eoElel ompline turns into g @gonE strint tisftion rolemAF sn their lter work in PUD the uthors present how gvesi @gomining vogil essertionsD snheritneD eltions nd intitiesA lnguge is used to solve the gF pormlizing the dt nd knowledge ontined in textul mterils into rules is gretD ut their work serves only to the design phse of the produtF he formlism they hose nd the g trnsltion re too spei( to e reused nd hrd to interoperte with other systemsF sn PWD development of environmentl knowledge mngement tool ple of providing plnners nd prodution mngers the knowledge relted to the potentil enviE ronmentl impt of the mnufturing hoies in distriuted utomotive mnufturing senrio is presentedF e weEsed softwre solution is developed for ustomized user query interfeD nd ontology sed knowledgeEse is implemented nd vlidtedF roweverD the explntion funtion or rgumenttion of the result of forementioned systems re wek or sentF yntology nd emnti e tehnologies hve een used in h @heision upport ystemA during the pst dede to solve numer of di'erent tsksD suh s informtion integrtion nd shringD we servie nnottion nd disoveryD nd knowledge representtion nd resoning QIF roweverD ording to our surveyD there is still no softwre tools tht implement eoEleling deision support y mens of interEonneted ontologiesD v rules9 resoning nd explntionF yur work explores new possiility of ontology pplition nd its engineering prtiilityF esoning sed on v rulesD espeillyD is the ore mehnism of our deision support proessF e expet tht our reserh n e of some help nd inspirtion to the pplition of emnti e tehnologies nd the ssets of our reserhD espeilly the ontology knowledge seD ould e exploited y other eoElels nd reused in other similr pplition or systemsF IHS 5.3. AN OVERVIEW OF THE DECISION SUPPORT PROCESS 5.3 An overview of the decision support process pigure SFP presents simpli(ed outline of the eoEleling deision support proess from two di'erent points of view in terms of the eoEleling dministrtion9s domin experts @senrio IA nd the produer 8 servie provider @senrio PAF here re three roles s prtiipnts involved in the deision mking proessX the pplint s mnufturer or servie provider who initites the eoElel pplitionY the domin experts who tke the results of the system nd mke the (nl deision on whether the produt or servie is quli(ed to e eoEleled or notY nd the memer ountry9s uthorized gompetent fody who is responsile for providing guideline nd dvie to the pplint while the pplint prepres the required produt or servie9s informtionF pigure SFPX ioEleling deision support proess from two di'erent points of viewX @IA domin expertsY @PA produer 8 servie providerF IHT 5.4 Architecture and mechanism of the decision support process pigure SFQ illustrtes detiled mehnism of the eoEleling deision support proessF wenE whileD it n lso e regrded s the rhiteture or struture of the deision support system sed on this deision support proessF sn stndrd evlution or simultion proessD deE tiled desription of produt or servie is provided s the key input of the systemF he system retrieves onerned informtion from the produt desription nd uilds mhine redle strutured doumentF henD the strutured doument will e trnsferred into rodut ro(le yntology @efoxA in ordne with emplte yntology @oxA retrieved from the ontology knowledge seF efterwrdsD the system will selet relted domin ontologies from the knowledge seF owrds these ontologiesD modulriztion nd re(nement formtion will proeed in order to gther the very neessry knowledge prts @usully the oligtory riteri rulesA to uild merged griteri yntologyF sn the next stepD the inferene tkes ple on the omintion of rodut ro(le yntology nd griteri yntologyD verifying if the rodut ro(le yntology tht ontins desription of the produt omply with the orreE sponding riteriF et lstD n rgumenttion genertion omponent will prse nd trnslte the on)its etween rodut ro(le yntology nd griteri yntology so s to generte the (nl report for humn experts reviewF ell the doument proessingD resoning or generting proess will e supported y omprehensive knowledge se omposed of ontologyF he rest prt of this setion is devoted to desrie how we mke use of the knowledge se to filitte produtGservie evlution with trele rgumenttionF pigure SFQX puntioning of the deision support pltform for eoEleling Sub-process #1: Product prole construction his is the very (rst step of the deE ision support proess nd the detiled produt or servie9s pro(le is required @pigure SFRAF sn this stepD system will extrt useful informtion from produt pro(le doumenttion nd IHU store them into strutured formtF he inputs re the douments provided y the pplint nd the output is strutured doument in wvF sf neessryD xv module tht trnsltes douments to n wv formt n e pplied hereF fut the detiled method of trnsltion is not the sope of this workF por nowD eletroni forms re used to pture produt9s pro(leF he informtion provided y pplint ontins not only numeri prmeters nd dt ut lso produt pkging rtworkD dministrtive or legisltion delrtionD lortory nlysis reportF ome re esy to e proessed y mhine suh s ll kinds of formsD while some other need humn reding nd omprehension s wht we hve disussed in the previous susetion pigure SFRX uEproess 5IX rodut pro(le onstrutionF Sub-process #2: Product Prole Ontology Construction his step @pigure SFSA is very ritil to the next steps nd suEproessesF es the knowledge se is omposed of ontologies of di'erent produt groupsD we need to hoose nd trnsfer or trnslte the input strutured produt pro(le into orresponding ontology ssertionsF sn this trnslting proessD emplte yntology is requiredF emplte yntologies re prede(ned in the ontology reposE itory whih is lso prt of the knowledge seF e emplte yntology is like stereotype or met model of produt pro(le de(ned in ontology lngugeF st spei(es the struture nd formt of the produt9s ompositionD physil 8 hemil hrteristisD nd other required informtionF sully emplte yntology is foxD in whih few instne or individul existD it minly spei(es the oneptuliztion of produt or servieF he system will send query on the sis of di'erent produt group to the ontology repositoryD orrespondinglyD the right templte will e retrieved from the repositoryF pormtted y emplte yntologyD the produt 8 servie9s informtion will e orgnized nd trnsferred into n efox lled IHV 5.4. ARCHITECTURE AND MECHANISM OF THE DECISION SUPPORT PROCESS rodut ro(le yntologyF pigure SFSX uEproess 5PX rodut ro(le yntology @efoxA gonstrutionF Sub-process #3, #4, and #5: Criteria Ontology generation he ojetive nd output of suEproess 5QD 5RD nd 5S @pigure SFTA is to generte the griteri yntologyF fsed on the semntis of input produt 8 servie pro(le in rodut ro(le yntologyD onE tology or ontology modules will e seleted nd olleted from the knowledge se nd the ontology repositoryF e ll this integrtion of modules s griteri yntologyD knowledge omponent whih holds produt riteriF lese note the di'erene etween rodut roE (le yntology nd griteri yntologyF he former one is mostly desriptive ssertion nd instntition tht reords the produt or servie9s pro(leD while griteri yntology is supE posed to ontin the ssessment riteri nd guidelinesF st is in ompline with the o0il eoEleling riteri doumentsF sn tehnil point of viewD ll the v rules should e de(ned in the griteri yntologyF IHW 5.4. ARCHITECTURE AND MECHANISM OF THE DECISION SUPPORT PROCESS pigure SFTX hrough suEproess 5Q to 5S griteri yntology is onstrutedF sn suEproess 5RD modulriztion my e pplied in the ontologyF @snsted of generi de(nition of ontology modulriztion or modulr ontologyD modulriztion here mens module prtition nd module extrtionFA feuse tht for single produt or servieD only prt of the ontology repository should e usedF woreoverD sometimes even the seleted items ould e too omplex nd too ig regrding to their struture nd volumeF sf we omine these omponents together diretlyD unneessry knowledge nd informtion will exist in the griteri yntology nd tht will introdue negtive in)uene to the resoning performneF husD n ontology pruning is neededF he idel sitution is the system n utonomously seletD pruneD nd merge useful ontology modulesF sn suEproess 5SD merge nd ontology integrtion is proeeded to (nlize nd generte the griteri yntologyF Sub-process #6 and #7: Inference & Arguments generation king the input rodut ro(le yntology nd the griteri yntologyD inferene suEproess tkes hrge to indite whih prt in the rodut ro(le yntology doesn9t omply with the rules de(ned in the griteri yntologyF henD rguments genertion omponent will generte resons nd explntions on why these inonsisteny nd nonompline existF sf neessryD suggestion from the knowledge se trying to solve this nonompline will e proposedF sn ddition to the plin inferene result in ontology lngugeD the rguments genertion omponent will prse nd trnslte the resons nd explntions into reding friendly output report for IIH humn experts9 reviewF ill here the tsk of the deision support system is (nished nd the following proedure will e the experts judge the results nd feedk to the pplintF pigure SFUX i the omprison nd inferene pplied etween the rodut ro(le yntology nd griteri yntologyD leling suggestion nd rgumenttion re otinedF o (nish this setionD note tht ll the suEproesses will e supported y the knowledge seF he knowledge se preserve omprehensive types of dt nd knowledgeF e ritil prt of the knowledge se is the ontology repository @see pigureSFQAD where ll the emplte yntologiesD rodut ro(le yntologiesD griteri yntologies re keptF he other prt is to store ll the historil dtD pplitionD resoning resultD nd rgumenttion generted during every deision support proessF he knowledge se is onneted to other dt soure lolly or remotelyF o hieve etter interoperility performneD the ontology repository is equipped with puli semnti dt soure essing interfeD whih llows the ontology nd dt stored lolly to e essed y other pplitionsF sn the opposite diretionD the knowledge se is designed to e le to rowse other knowledge se or ontology repository eFgF ghifs 1 D ghiwfv 2 D fioortl 3 nd ughem 4 to quire extr informtionF ith suh n open informtion shring mehnismD we gurntee tht prt of the knowledge se shll e shredF his will e the ornerstone of interoperility when the deision support system is out to ooperte with other systems or is to e integrted into other systemsD suh s vw @rodution vifeyle wngementA system or iw @invironment wngement ystemAF 5.5 Case study of EU Eco-labeling on laundry detergent es we9ve seen in the stte of rt setionD the i ioElel produt tlog overs more thn thirty produt groups whih is relly ig riteri systemF por our primry implementtionD we strt from single produt group to test nd vlidte our deision support proessF sn our reserhD lundry detergent produt group is hosen to e our study seF feuse the riteri volume of lundry detergent is neither too ig nor too smllF sn the mrketD quite numer of lundry detergent produts re lredy eoEleled nd suh populrity n provide enough suessful eoEleling pplition ses to e further studiedF e neessry prt of the implementtion of the deision support system infrstruture is the knowledge seF por our lundry detergent seD modulrized domin ontology is onE strutedF e hve introdued this modulrized ontology sheme in hpter QF his sheme seprtes entities nd rulesF he entities re the onepts nd initil instnes referred in the lundry detergent eoEleling riteriF hey re used to desrie the oneptulizE tion of the lundry detergent world in the sope of eoElelingF hileD the rules re the riterion tht re)et people9s intention nd onstrints imposed to the worldF his modulr design hs dvntge in terms of reuse nd hnge of the ontologyF ine the desriptive prt of the ontology does not hnge very muh ut the riterion or the rules re ltered from time to timeD one the entities nd rules re seprtely mngedD we n identify one riterion module rpidly nd do the updtes without disturing the other modulesF e onsiderle dvntge of using yv ontology is tht the underlying hv @hesription vogiA formlism llows resoningF sn this setionD we fous on how to pply resoner to do the resoning nd how to generte the rgumenttionF e9ll see how suEproess T nd U re implemented in the prototype of our deision support systemF sn rotégé editorD severl thirdEprty resoners exist s plugEinsF sn ftD tody9s resoners n lso stnd long s ess or even independent toolsF ine rotégé is n open soure projetD for lmost ll its resoner plugEinsD we n (nd orresponding ess tht n e integrted into progrmming lnguge like tv or gCCF etullyD the integrtion of resoners will e vitl prt of the implementtion of our deision support system for eoEleling whih is desried in the previous setionF he originlly resoners rried long y rotégé @the version we used is rotégé SFHFH et PRAX pgCC is sound nd omplete resoner for SHOIQ @the sme desription logi underlying yvEhvA IPPY ellet is lso sound nd omplete resoner whih would e very interesting for our reserh IHHY rermit IPQ works est with our ontology knowledge se s for the v rulesD so ll the resoning tsks involved in this work is ompleted y rermit @he version we use is IFQFVFRIQAF efter heking ll the riterion in the lundry detergent produtD we trnslted them into v rulesF ke the weightGutility rtio prt of pkging requirements riterion for exmpleF his prt of the riterionD whih is quite simpleD is to ontrol the weightGutility rtio @A of the produt in order to use less pking mterils to ontin more produtsF sn i ioElel riteri doumentD the detils of this riterion is shown in le SFIF IIP he si ide for lmost ll the riteri rules is y introduing onepts lled ejetedE hetergent nd gndidtevundryhetergent in the ontologyF et the strt of the deision support proessD we input produt pro(le s instne of the gndidtevundryhetergentD nd t this momentD we still don9t know if this produt respets the riteri or notF yne the resoning proess is strtedD these v rules re pplied upon the rodut ro(le yntologyF es long s the pro(le of some detergent produt does not omply with the riteE ri rulesD this produt should e lssi(ed s n instne of ejetedhetergentF sn other wordsD this lss is treted s the ojetive of the resoning tskF efter the resoningD if produt instne is lssi(ed under the type of ejetedhetergentD we ssert tht this produt doesn9t omply with i ioElel riteri stndrd nd the eoElel should not e pprovedF es we interpret these rulesD we note tht the onepts @lssesA nd reltion @propertiesA pper in the rules re lredy de(ned in the griteri yntologyF hey lso pper in the rodut ro(le yntology nd the emplte yntologyF etullyD the lss nd reltion hierrE hy of rodut ro(le yntology nd griteri yntology must e onsistent to llow the rules in griteri yntology to e ppliedF CandidateLaundryDetergent is lss tht generlizes ll the detergent produt efore the deision mking proessF hasDetergentProductType is n ojet property speifying the produt typeD its domin is CandidateLaundryDetergentD the rnge is lss DetergentProductTypeF nder the type of DetergentProductTypeD S di'erE ent produt type instnes @powder, liquid, gel, tablet, capsule A re de(ned in oth rodut ro(le yntology nd griteri yntology to represent di'erent produt formtF hasWeigh-tUtilityRatio is n ojet property speifying produt9s weightGutility rtio prmeterD its domin is CandidateLaundryDetergentD its rnge is WeightUtilityRatioF hasValue is generl dt property speifying quntittive prmeter of ertin lssF sn v rulesD we put question mrk efore nme to indite tht is vrileF ell the resoning result nd new inferene of this rodut ro(le yntology will e stored in the knowledge se s referene ses for further reuse or reviewF husD the knowledge se for the deision support system will eventully e omposed minly y two prtsX n ontology repository tht stores ll kinds of i ioEleling produts9 ontologies in modulrized wyY nd historil ses repository tht reserves ll their resoning results nd rgumentsF he rest prt of this setionD simple produt pro(le exmple will e given to show how explntion nd rgumenttion re generted t the end of resoningF sn our prototype systemD the resoning is implemented y yv es 5 nd the resoner is rermit 6 F sn this exmpleD we ssume tht it is lowEduty lundry detergent whih is produed y roter 8 qmle nd mrketed in prneF etullyD one produt ould e mrketed ross severl iuropen ountries t the sme timeF le SFP shows the produt9s prmeters in detilsF le SFPX hetiled prmeters of produt pro(le exmpleX low-duty laundry detergent example No.0 property parameter value criteria value produt type liquid sles ountry prne reommended dosge @referene dosgeA ISFH mlGkg wsh IUFH mlGkg wsh weight utility rtio @A IFR gGkg wsh IFS gGkg wsh ritil dilution volume @ghA PQHHHFH lGkg wsh PHHHHFH lGkg wsh eroilly nonEiodegrdility @xfyA HFPS gGkg wsh HFQH gGkg wsh neroilly nonEiodegrdility @nxfyA HFPV gGkg wsh HFQH gGkg wsh known ingredient eeti idY gVEIVEemphoettesY ihe eording to the riteriD the only two known ingredients do not hve ny hzrd odeD neither re they in the list of exluded or limited sustnesD whih mens they re good to e dded into lundry detergent produtsF roweverD this produt ontins one kind of the foridden sustne EDTAD lso the gh vlue exeeds the riteri vlueD so it should e onsidered s ejetedhetergentF pigure SFV is the result from our deision support system prototype progrmF prom the result showing in the onsoleD multiple explntions re presentedF he text in lue reords ll the T explntions the resoner genertesF he pigure SFVX esoning result of the lowEduty lundry detergent exmpleF eout the implementtion of the deision support system prototype nd other tehnil detilsD we will disuss more in the next hpterF 5.6 Conclusion sn order to demortize eoEleled produts nd servies to hieve more sustinle eonomisD etter eoEleling proess is neededF sn this hpterD we proposed deision support proess trying to improve nd elerte the evlution for eoEleling to help IIT vrious stkeholders to mke wiser deisions s well s to shre knowledge nd experieneF e lowEduty lundry detergent produt study se ws presented to vlidte tht the deision support proess genertes explntion nd rgumenttion in ordne to the i ioElel riteriF he underlying deision support proess implemented in the system is not limited to spei( produt or tegoriesF fy generlizing the steps nd tsksD repling the ontologies in the knowledge seD the deision support proess nd the system n e pplied to ny other produt groupF sn the next hpterD we will present more tehnil detils out the implementtion of the deision support systemF IIU Chapter 6

Prototype and implementation 6.1 Introduction sn previous hptersD modulr ontology knowledge seD the deision support proess nd gswyn method re represented respetivelyF his hpter is more out the implementtion of our theory nd propositionF wore prtil nd engineering spets will e disussedF sn the (rst setionD we will demonstrte how to relize the gswyn method with the support of plugEin developed in rotégé whih is populr ontology editorF he seond setion is out stndlone deision support system prototype sed on the knowledge se nd deision support proess tht we hve desried in hpter QD R nd SF foth of the two implementtion re developed y tv nd other open soure essF i implementtion nd result nlysisD we im to vlidte our theoryF 6.2 Context editor plug-in for Protege 6.2.1 A survey about ontology editor and plug-ins p to nowD to our knowledgeD there re lredy quite severl ontology editors or development tools villeF elthough they re still not s powerful nd mture s shi for softwre deE velopmentD they provide vrious engineering support for knowledge quisition nd ontology developmentF he most populr ontology editor is rotégé 1 whih ws initilly developed y tnford niversityF es n open soure projetD tody9s rotégé is more like pltform other thn stndElone toolF ixtensions nd plugEins re enourged to e developed nd integrted freelyF xeyn toolkit 2 is lso powerful ontology editor whih is quite similr to rotégéF uite mny plugEins re lso ville in the toolkitF e omplete engineering methodology whih overs vrious spets out ontology lifeEyle ws lso proposed long with the tool IIQF roweverD it seems tht xeyn toolkit is eoming less populr thn rotégé in reent dysF xeyn toolkit long with mny its plugEins hve no updte sine round PHII @hen this thesis is eing writtenD the lst updte nd relese of xeyn toolkit is IP heemer PHIIAF oprid omposer 3 is visul modeling environment from indusE try experts for reting nd mnging domin models nd ontologies in the emnti e stndrds hpD hp nd yvF st is ommeril produt developed y opudrntD snF eording to the spei(tion of this toolD it supports not only ontology mnipultionD ut lso more powerful linked dt nd ev query supportF snterestinglyD it provides s well support of interoperility with wvD wv hem nd dtsesF here is list of ville ontology editors tht n e found on Qg wiki 4 F enother longer list is out ontology relted toolsF 5 eording to our survey nd reserhD most of these tools re reE serh projets or prototypesF ery few hve een ommerilized like oprid omposerF he most populr pltform or tool is rotégéF uite mount of these editors or tools re not mintined ny moreF hileD it is still hppy to see so muh e'orts hve een done in ontology engineeringF e elieve tht those promising ones will grow nd etter editorsD tools even shis re expetedF es we hve introdued in the (rst prgrphD the most populr two ontology tools or pltforms re rotégé nd xeynF es fr s we n seeD rotégé seems more tive thn xeyn in reent dysF here is rotégé lugin virry on the wesite of rotégé wiki 6 D nd there re IIR plugEins registered when this thesis is eing writtenF eundnt funtions n e found in these plugEinsD while none of them provide the sme or similr ontextul integrtion or omposition s wht we hve in gswynF yur reserh work nd development im to ontriute to the rotégé plugEin ommunity s well s the domin of ontology engineeringF fsed on the survey presented oveD we hve onduted requirement nlysis nd requirement spei(tion is genertedF st is deided tht visul rotégé plugEin should e developedF his plugEin or this tool should e n extension to the originl rotégé releseF st should not e n extension to some lredy developed rtiftF he most si funtion it should provide is the editing of ontext on(gurtion (leF st should llow user selet the ontologies he or she needsD speify the root of the ontext dependeny grphD nd pply binaryMappingBundle etween ny pir of ontologiesF es for eh binaryMappingBundleD the tool should support (ne grnulrity mnipultion eFgF dding nd deleting reltion etween entitiesF fy using this toolD users n sve or open ontext on(gurtion wv (les from lol systemF es we hve stted in ghpter RD gswyn method integrtes multiple ontologies y using extr informtion stored in the ontextF et lstD the ontextul integrtion of omposition is lso like virtul ontology whih is mde up with originl ontologies s well s the ontextF yur tool will provide some dvned funtions suh s genertion nd mteriliztion of the ontextul integrtionF woreoverD efore the genertion of virtul ontology integrtionD si resoning hek will e provided tooF en importnt reson why rotégé hs een hosen s our trget pltform is euse rotégé is lredy very powerful ontology editing toolF st support severl ontology syntxes nd formtsF e ig dvntge of the usility of our tool depends on the ft tht the user n rowse the integrted ontologies simultneously when he is editing the ontextF etullyD the wreness of detils in terms of integrted ontologies will ontriute gretly to ontext of good qulityF his tool will support reltions in yvGwv syntxF hese reltions re si yv P modeling expression elements suh s uglssyfD glssessertionD iquivlentglssesD hisjointglssesD yjetropertyessertionD xegtiveyjetropertyessertionD uyE jetropertyyfD yjetropertyhominD yjetropertyngeD hi'erentsndividulsD mesndividulD htropertyessertionD xegtivehtropertyessertionD htropE ertyhominD htropertyngeF fesides these originl yv semntisD some third prty reltions re lso supportedF hese reltions re seleted form yfy eltions yntology 7 D nmely ligned withD depends onD di'ers inD hs funtionD ontinsD derives fromD develops fromD hs hostD visitsD input ofD output ofD interts withD loted inD hs prtF hese reltions re simple reltions without domin or rnge spei(tionF he only semntis tht they hve depend on the linguisti mening of their lelF yur tool will dopt n extensile design tht llows other more third prty reltions to e inludedF his ontext editor tool will e developed in tv nd e mde in plugEin running on rotégé SFH nd plus for indows pltformF e tr distriution will e relizedF his tool will e visulized s t in the window of rotégéF eny funtion of the newly developed plugEin should not 'et the originl funtions of rotégéF 6.2.2 Plug-in design ine we hve deided to implement the tool s rotégé plugEinD si understnding of rotégé mehnism is very neessryF portuntelyD rotégé is n open soure projetD useful spei(tion nd instrution n e found on the o0il wesite rotégé wiki 8 s well s qitru 9 F ispeilly the ltter oneD we hve heked out the soure ode of n exmple plugEin long with the whole soure ode of rotégéF hey re extremely helpful nd gretly oost our developmentF fefore strting odingD soure ode inspetion is doneF 10 hileD this inspetion is not 7 http://obofoundry.org/ontology/ro.html 8 https://protegewiki.stanford.edu/wiki/PluginAnatomy 9 https://github.com/protegeproject/protege-plugin-examples 10 We want to show our great respect and appreciate to all the developers and everyone that contributed to Protégé's development and maintenance, especially Mr.Matthew Horridge who did a lot of original development and left inspiring comments in the source code. He also answered and xed some bug reports in the IPI omplete s tody9s rotégé is lredy quite ig nd omplexD we ould not 'ord ode reding tht overs the whole projet in our limited reserh sheduleF sn spite of thtD some ritil lsses nd funtions re inspetedD espeilly those prts out plugEinF xowD we will present the si mehnism of rotégé y explining si qs of lss tF hough similr explntion or tutoril my e found in open soure ommunity or other forumsD we would like to introdue this in our ontextF e hope this introdution would e useful to other reserhers nd developersF es illustrted in pigure TFID whih is si qs of rotégé fter n ontology is loded nd lss t is hosenF vike most of tody9s desktop pplitionD menu r with ommend items is providedD eFgF pileD iditD iewD etF felow the menu rD there is n ontology hooser whih is omo ox menuF his omo ox ontology hooser is very importnt for rotégéF st llows rotégé to open severl ontologies t the sme time nd swith etween themF he exmple ontology opened in the (gure is ro.owl @y 11 is olletion of reltions intended primrily for stndrdiztion ross ontologies in the yfy poundry 12 nd wider yfy lirryF st inorportes ygore upperElevel reltions suh s prt of s well s iologyE spei( reltionship types suh s develops fromFA eginD elow the ontology hooser ly vrious tsF sn the hosen t of glssesD Q divisions re displyed nd tully S suE ts existF @eording to the spei(tion of rotégé9s soure odeD these suEts re lso lled viewsFA yn the left sideD glss hierrhy view nd glss hierrhy view @inferredA re overlppedY the right upper sideD ennottion view nd sge view re overlppedY t lstD on the right ottom sideD hesription view is lotedF hen lss item is liked in the glss hierrhy view on the left sideD relevnt ontent will e displyed in the views on the right sideF wost of the other upper level ts follow the sme ptternF community.

11 http://obofoundry.org/ontology/ro.html 12 http://obofoundry.org/ IPP 6.2. CONTEXT EDITOR PLUG-IN FOR PROTEGE pigure TFIX rotégé lss t st is very interesting to see thtD this qs is lso implemented in modulrity prinE ipleF sf we hek the soure ode of the rotégéD plugin.xml (le n e found unE der $PROTEGE_SOURCE_ROOT$/protege-editor-owl/src/main/resources/F his (le is out the on(gurtion of oth the visile omponents @tsD viewsD menusD entity renderE ersD etFA nd invisile omponents @tionsD etFA of rotégé qsF pigure TFP is frgment of this on(gurtion (leF his on(gurtion frgment indites si prmeters for the glsses F e lern from this on(gurtion tht the lss tht implements this t is org.protege.editor.owl.ui.OWLWorkspaceViewsTabD while the visile omponents mking up this t is on(gured in (le viewcong-classestab.xmlF pigure TFQ is the ontent of viewcongclassestab.xmlF st is in this view on(gurtion (le tht the lyout of t is spei(edF e n see from this view on(gurtion (le tht the S view omponents @glss hierrhy with id OWLAssertedClassHierarchyD glss hierrhy @inferredA with id InferredOWLClassHier-archyD ennottions with id OWLClassAnnotationsD sge with id OWLClassUsageView nd hesription with id OWLClassDescription A tht show in pigure TFI re reordedF fk to plugin.xmlD ll the orresponding lsses tht re relted to the view omponents of glsses t @pigure TFIA will e retrievedD eFgF the lss tht implements yvessertedglssrierrE hy is org.protege.editor.owl.ui.view.cls.ToldOWLClassHierarchyViewComponentF ith the help of ilipseD ll lsses tht implement these omponents will e retrieved nd lss pigure TFRX win lsses illustrting the rhiteture of rotégé @king glsses t s exmpleAF IPT 6.2. CONTEXT EDITOR PLUG-IN FOR PROTEGE pigure TFSX yur gontext t is n plugEin extension of the existent rhitetureF IPU 6.2.3 Implementation sn order to implement this plugEin toolD tv 13 nd ilipse shi 14 re usedF wven 15 is used to mnge nd uild the projetF e hve pplied yv es 16 to implement most of the ontology relted funtionsF hird prty es txq 17 is used to implement the dependeny grph of integrted ontology modulesF ine this is not tehnil reportD we will not introdue too muh trivil engineering detilsF e overll introdution out the progrm nd some key implementtion will e the min ontent of this setionF pigure TFT is more detiled version of the gontext t extension in pigure TFSF hue to the spe limitD full lss digrm nd sequene digrm explntion is not inluded hereF sn pigure TFTD only min lsses out the implementtion nd their ttriutes re listedF sn the previous setionD we hve introdued tht lss ContextEditorView is the min editing reF ome visul omponentsD eFgF top level menuD menu items s well s ontiners re de(ned insideF ih ContextEditorView instne is tully omposed of n instntition of ContextHeaderComponent nd set of BinaryMappingBundleComponentF ih ContextE-ditorView is lso tthed to n instne of ContextF rere we ssert tht only one ontext on(gurtion (le n e opened nd mnipulted in one ContextEditorView nd only one Context instne will e initilizedF por eh instne of BinaryMappingBundleComponentD multiple instnes of BinaryMappingComponent will e ontinedD whih mens multiple mppings or reltions n hppen etween ny two ontology modules tht re onneted y BinaryMappingBundleF LocalOWLModule lss is used to store nd mnge the ontology integrtionF ContextMemberFilterD whih is lso prt of ContextD is responsile to mintin heklist or (lter for those seleted entities in gontextF ContextVirtualVonsole is responsile to print messge in the qsF ContextChecker will hek nd mke sure tht the ontextul ontology integrtion is logi onsistent t lstF es we hve disussed in ghpter RD our gswyn method supports vrious yv modE eling expressionsF hird prty reltions re lso llowedF sn the fvor of slility nd extensiilityD omintion of trtegy ttern 18 nd imple ptory ttern 19 is pplied so tht new yv modeling expressions n e dded esilyF pigure TFU demonstrtes how this omintion worksF por eh yv modeling expressionD three si funtions re neededX iA prse the wv formt expression into ontology xioms whih is implemented y parseImpl @e hve introdued in ghpter R tht the ontext on(g (le is in wv formtD where ross module reltion expressions nd xioms re stored insideFAY iiA render the expression in the qs whih is implemented in renderMappingImpl Y iiiA uild yv expression when user (nishes editing nd sves the ontext on(gurtion (leD whih is implemented in buil-dRealBinaryMappingImplF yn the right side of pigure TFUD these three funtions hve een MappingOWLAdapter will initilize di'erent suElss of MappingOWLImpl to relize difE ferent funtionsF xote thtD for some third prty reltion expressionD extr semntis my e neededF hey n ess these informtion from lsses eFgF SemanticCacheOBORO whih is in the left ottom of the (gureF sf new extension of yv expression or ny other third prty reltions re to e ddedD wht we need to do is just dding new implementing lss inheriting MappingOWLImplD nd modifying the ftory funtion in MappingOWLAdapterF pigure TFUX e omintion of trtegy ttern nd imple ptory ttern is used to modE ulrize the implementtion of eh rossEontology reltionF xowD let9s tke good look t the vivid qs of the plugEinF pigure TFV is preliminry implementtion of our plugEin tool integrted in rotégéF fy using this plugEinD we n edit the ontext of integrted ontologies s introdued in ghpter RF his plugEin is t with nme Context tabD user n (nd this under ommend item indow → s → gontext tF yf ourseD in order to let rotégé (nd the plugEinD jr uild must e redy under rotégé9s IQH 6.2. CONTEXT EDITOR PLUG-IN FOR PROTEGE plugEins folderF he gontext t is divided into three prtsF he very left view is SourceOntologyViewD the one next to it on the right is TargetOntologyViewD nd the min editing re on the rightmost is the ContextEditorViewF e hve formulted in ghpter R thtD pir of soure ontology module nd trget ontology module should e spei(ed for eh BinaryMappingBundleD so two ontology view omponents re set on the left of the qsF yn the top side of eh ontology view omponentD omo ox is set to llow user to swith etween opened ontologies in rotégéF felow this omo ox seletorD four ts re set to rowse di'erent kinds of entities in the seleted ontologyF rere we don9t need to reuild full set of ontology rowsing funtions s rotégé is lredy ple of si ontology rowse nd mnipultionF he ontology view in gontext t works minly s n entity seletorF sf user wnts to hek entity detils nd relted xiomsD he or she n s well hnge to rotégé9s originl tsF ih entity t is equipped with SelectAll nd DeselectAll utton to filitte user9s seleting opertionF sn the front of eh entity item in the hierrhy treeD hekEox is provided llowing user to selet or deselet single entityF yn the right side of pigure TFVD (rstlyD menu r is providedF ser n reteD openD sve nd lose ontext on(gurtion (leF wpping menu nd its su items llow user to ddD deleteD nd vlidte binaryMappingBundles for eh ontextF gontextul sntegrtion nd its suEitems will generte rod nd nrrow ontology gontextul sntegrtionF e gontextul sntegrtion of ontology is tully n ontology integrtion sed on gswynF sn ghpter RD we hve limed tht gontextul sntegrtion is more like virtul ontologyD here user n hoose to mterilize the gontextul sntegrtion into onrete ontology (lesF ih gontextul sntegrtion will e n ontology in yv formtF frod gontextul sntegrtion mens ll the entities nd xioms of the ontext memers should e integrtedD even though those nonEseleted onesF xrrow gontextul sntegrtion mens only the seleted entities nd their xioms n e integrtedF frod federtion provides more inferene possiilitiesD more new xioms or knowledge my e inferredF xrrow federtion tries to keep the integrtion result len nd s smll s possileF ContextEditorView is minly divided into three prts @pigure TFVAD the upper prt is ContextHeaderComponentD the middle prt is TabbedPane of BinaryMappingBundleComponent nd the Console in the very lower prtF ivery time when ontext is editedD ontext ssD ontext nmeD ontext memers s well s the root of the ontext must e spei(edF hen the Add utton eside the ontext memers list is likedD dilog with list of ll the opened ontologies in rotégé will show upD then user n hoose the ontologies he needs s new ontext memers @pigure TFWAF yrD user n diretly lik nd hoose the ontology modules tht he does not wntD then lik the emove utton to remove the seleted item from urrent ontextF IQI pigure TFVX en overview of the gontext t plugEin for rotégéF IQP pigure TFWX hen the edd utton on ContextHeaderComponent is likedD user n hoose the ontologies he needs from the listF ser n dd new binaryMappingBundle y liking the ommnd item wpping → xew mpping undle on the ContextHeaderComponent @pigure TFIHAF ih time new bi-naryMappingBundle is ddedD t will e dded on the BinaryMappingBundleComponentF gommend item wpping → helete urrent mpping undle n remove urrently editing undle t nd delete it from the ontextF por eh binaryMappingBundleD user de(ned nme n e ppliedF elsoD the diretionlity of the undle must e spei(edF gomoEox of ontext memers re provided to let user hoose the soure ontology nd the trget ontologyF hen the Reverse utton is likedD the diretionlity will e reversedF pigure TFIHX Mapping ommnd nd its suEitemsF ithin eh BinaryMappingBundleComponentD list of BinaryMappingComponent is rendered ording to di'erent yv expression nd reltions @pigure TFIIAF hen the New Mapping utton on eh BinaryMappingBundleComponent t is likedD new reltion item will e dded in the ScrollPanel elowF hen the Remove utton t the end of reltion item is likedD this item will e orrespondingly deletedF hen the Edit utton is likedD the item9s kground olor will e hnged nd it will enter the editing modeF ser n selet nd drg entities @lssD ojet propertyD dt propertyD nd individulA from hierrhy tree on the left side to sujet position or ojet position to edit urrent reltion itemF gomoEox of reltions is lso provided to swith etween the supported yv expressions or reltionsF por the entities either rendering in SourceOntologyView or TargetOntologyViewD hekEox is provided llowing user to deide whether to keep this entity in the ontext tht is eing IQQ edited or notF sn the se of pigure TFIID we n see tht severl individuls hve een hosenF pigure TFIIX ser n diretly drg nd drop the entity he needs to eh BinaryMapping item tht is eing editedF hen ll the editing for ontext is doneD user n sve the ontext y liking pile → ve @pigure TFIPAF fefore sving the ontextD gontextul sntegrtion hek is suggested s it is very importnt to keep the ontext editing result iFeF gontextul sntegrtion onsisE tentF hen the gontextul sntegrtion hek is lunhed @pigure TFIQAD rermit resoner will tke ount ll the seleted entitiesD put them togetherD nd do the resoningF he hek result will e output in the onsole t the very ottom of the qsF pigure TFIPX File ommnd nd its suEitemsF pigure TFIQX Contextual Integration ommnd nd its suEitemsF IQR hen this mnusript is eing writtenD we used wetris 20 plugEin for ilipse to do si ode nlysis on our soure odeF he qulity of the ode is eptleF pigure TFIR is the snpshot of the report generted y wetrisF wost metris of our ode onform the riteri of the plugEin exept for wge gylomti gomplexity nd xested flok hepthF e will keep working on this development nd improve the progrm9s funtionlity nd qulityF e uild of this plugEin n e found on qitruX httpsXGGgithuFomGxuddddGgswynF e will pulish the soureD tutoril nd other doumenttion s soon s possileF pigure TFIRX e ode nlysis report generted y wetris plugEin in ilipseF 6.3 Decision support system prototype for EU Eco-labeled laundry detergent product sn this setionD we will present the implementtion of the deision support proess proposed in the previous hpterD iFeF the deision support system prototypeF 6.3.1 About EU Eco-labeling toolkit pirst of llD let9s hve look t how the urrent leling proess for lundry detergent produt worksF i ioElel hs een undergoing for more thn twenty yers s the only o0il eoElel in the whole iuropen nionD wellEde(ned oordintion etween the i gommission nd other memer ountries9 ompetent odies hs estlishedF yn the o0il site of i ioElel 21 D detiled doumenttion is provided to enterprises to filitte the pplition proessF yn the sme siteD there is lso very detiled produt group tlog nd the orresponding riteri for eh produt or servie groupF fefore we introdue the deision support system prototypeF gurrent i ioEleling toolkit will e presentedF o strt n pplitionD it is suggested y i ioElel tht n onEline pplition mngement tool lled igeedmin 22 should e usedF hrough igeedmin portl @index pge in pigure TFIS AD detiled desription of the pplint enterprise nd the trget produt or servie will e requiredF roweverD the informtion gthered here is no more thn some si registry informtionF his onEline tool will filitte the o0e work for pplition mngementD ut not the pivotl produt evlution prtF es for the evlutionD detiled prmetersD desription s well s test reports out the produt or servie re neededD whileD we don9t see this prt in this igeedmin toolF pigure TFISX i iolel online pplition toolD igeedminF frief registry informtion is requiredF yn the other hndD s quoted from the instrutionX yne you hve sumitted the online pplitionD you will need to sumit the required pper (le to your gompetent fodyF ithin two months of your initil pplition sumissionD your gompetent fody will ssess your produt ginst the riteri set for itF 23 rere the ssessment proess is n importnt spet of wht our reserh is outF es indited y the user mnul nd hekElist of eh produt or servie groupD n pplition pk omposed of vrious (les nd forms is required y the ompetent odyF ometimesD extr exel (les or other lulting sheets re required tooF sn the endD to hndle nd vlidte ll the informtion reorded in suh series of (les nd formsD it will e tiring work for humn experts from ompetent odyF pigure TFIT is one of the required form in the pplition pk of lundry detergent produtF epplint hs to (ll similr forms nd send them to the ompetent odyF hese trditionl forms nd exel lulting sheets re di0ult to e mnged tullyF e hve introdued little it out the evlution of some riteri in ghpter QF ome mthemtil formul must e used to lulte some prmeters eFgF gritil hilution olumeF rere in pigure TFIUD n exel sheet is provided in pplition pk for pplint to generte suh prmetersF epplint must downlodD omplete the exel (le nd then send it to the gompetent fody long with other douments togetherF sn our opinionD this informtion olletion is ine0ient nd unsfeF elthough some tools hve een used to help humn expertsD it is not hF es dt is stored nd mnged in nonEolletive wyD dt query nd nlysis re very di0ult to e rried outF sn our reserhD we will try to digitize suh informtion olletion methodD store the informtion in ontology knowledge se nd more importntlyD utomtize the evlution proess in our deision support systemF pigure TFITX epplition form exmpleX produt formultion nd ingredients delrtionF IQV pigure TFIUX o generte detergent produt9s prmeters in the pplition formD extr lulting exel sheet is providedF 6.3.2 System design tv wing es nd yv es re used to uild this deision support system prototypeF e introdue in pigure TFIV the lss digrm inluding the min lsses of the systemF e will use this digrm to explin our si system designF he si design spirit of our system is quite simple tullyF st follows most of the proesses tht we hve introdued in ghpter SF sn the lss digrmD we hve Q lss hierrE hies whose root lss re ApplicationOntologyBuilderD ApplicationD nd ApplicationOntology F glss Application is used to rry produt or servie9s detiled informtionF ApplicationOntology is n ontology formt of ApplicationF e hve explined in ghpter S tht we need to retrieve nd trnsform produt pro(le into ontologyF ApplicationOntologyBuilder is responE IQW sile to ommend nd relize suh trnsformtion y using ApplicationD nd then the result of this trnsformtion is ApplicationOntology F yne we get the result in ApplicationOntology D we n proeed to the following resoning proessF ules from riteri ontology will e pplied in the instne of ApplicationOntology nd resoner will e strtedF e n see tht the struture of these three lss hierrhies is quite similrF he suElsses of ProductApplication should e the di'erent produt groups de(ned in the i ioElel tlogF hileD we hve for now only implemented lundry detergent produt group s single study seF e divide di'erent kinds of requested produt9s informtion into di'erent ActionF enother lyer of strtion lled ActionHub is dded s memer ttriute of onrete ProductApplication @vundryhetergentrodutepplition in our seAF 6.3.3 Implementation he min interfe of this prototype deision support system is illustrted in pigure TFIWF his prototype softwre serves to the domin experts nd deision mkers who work for the eoElelingF fsed on this prototypeD we n lso develop some pplition ssistne tools for the pplintF fefore the pplint sumits their produt or servie pro(leD he n use suh kind of tool to do some preprtory test nd veri(tionF sn this prototype systemD we hve eh pplition stored in (le of ertin formt @tndrd wv hs een relizedAF he user lods the pplition (le nd then tree struture will show up on the left side to llow the user to nvigte etween prts of the pplitionF hen n item in the tree nvigtor is likedD the min pnel on the right will hnge to orresponding pge for user editing or reviewF IRH pigure TFIVX heision support system min lss digrm IRI pigure TFIWX e tv prototype system for the eoEleling deision support pltformF hen the user thinks tht the editing is yuD he or she n use ommend eppliE tion → ghek to hek the ompleteness of the pro(leF hen ommend epplition → trt i ioEleling proess will strt the evlutionF fefore the eoEleling deision support proess is strtedD the system will retrieve the produt9s pro(le @glss Application A from the pplition (leD omine it with the orresponding produt emplte yntology to uild rodut ro(le yntology @glss ApplicationOntology AF henD resoning sed on the riteri rules will proeed nd the result will e shown in the onsole pnel t the ottom of the qsF sn pigure TFPHD resoning result of lundry detergent produt se study is presentedF he text in lue reord ll the explntions we n get from system with the help of resonerF he (rst line of eh explntion lok is the onlusion of urE rent resoning resultF sn the se of pigure TFPHD we n lern thtD the produt with sh lowdutylundrydetergentexmpleH is rejetedD iFeF it should not e eoEleledF sn the rest prt of the explntionD the violtion of ertin rules n e foundF ixperts n mke deision sed on these resoning result nd explntionsF xormllyD if negtive resoning result ppersD rejetive deision should e mdeD then humn experts n inspet the produt9s pro(le nd feedk to the pplint with proper rgumenttionsF @sn our prototype systemD the defult produt emplte yntology is the lundry detergentF fsed on the gswyn method tht we introdued in ghpter RD the lyered rhiteture should e IRP implemented etween deision support system nd the ontology knowledge se in order to llow the pplition to hve more ontology ess optionsF roweverD we ould not (nish this due to the time nd resoure limitF e will disuss this more in the lst ghpterFA pigure TFPHX row to interpret the resoning result nd mke deisionF he prototype system lso provides query portl whih llows users or other ppliE tions to lunh stndrd ev query to ess the ontology knowledge seF prom the perspetive of dt shring nd reuseD our system is more like pltform rther thn deision support dediting systemF his funtion is implemented with the ten es 24 D we re trying to pulish this query portl on the weF pigure TFPI is the interfe for this query portl nd the query result will e displyed in the onsole pnelF pigure TFPIX e ev query portl of the prototype systemF 6.4 Conclusion sn this lst hpterD we hve demonstrted plugEin tool for the gontextul sntegrtion for wodulr yntology @gswynA method whih ws introdued in ghpter RF e hve lso presented more implementtion relted spets out the eoEleling deision support systemF he ontriution of this hpter is tht we presented the onrete mteriliztion of our theory nd method whih were elorted previouslyF yur theory nd method hve een vlidtedF e hope tht our prtie nd experiene ould e inspiring nd useful to other reserhers when they seek to implement similr tsks or systemsF efter this hpterD we will hve summry of the whole thesisY the limittion nd future work of our reserh will e disussed s wellF IRR Chapter 7 Conclusion, discussion, limitation and future work 7.1 Summary and conclusion o demortize eoEleled produts nd servies in order to hieve more green nd sustinle eonomisD etter eoEleling proess is neededF sn this workD we9ve introdued wht is eoEleling nd i ioElelD their min onernD ojetive nd hllenges @ghpter IAF he min ojetive of our reserh is to improve eoElel nd eoEleling proess in order to populrize eoEleled produts nd servies so s to hieve more ompetent nd eologil eonomyF o relize suh ojetiveD the si solution is deision support proess sed on n ontology knowledge se @ghpter SAF sn order to do thisD vrious domin ontologies nd modules of ontology or rules hve een stored in this knowledge se @ghpter QAF elsoD we hve proposed gontextul sntegrtion for wodulr yntology @gswynA method to mnge nd integrte these ontology modules @ghpter RAF et lstD we hve developed nd vlidted the proposed deision support system prototype nd ontext editor plugEin @ghpter TAF et lest three min ontriutions n e identi(ed in our workX @iA modulriztion design nd development of the ontology knowledge seF his work gives our nswer to the questions tht we hve sked in the introdution hpterD iFeF how to hieve pproprite eoEleling knowledge representtion with ontology nd how to hndle the evolution of eoEleling riteriY @iiA proposition nd prototype implementtion of the deision support proessD whih nswers how to de(ne nd formlize omputerized deision support proess for ioElelingY @iiiA gswyn nd its plugEin implementtion in rotégé editorF his ontriution hs nswered the question how to etter reuse nd integrte ontology modulesD etF IRS 7.2 Discussion elthough we9ve uilt n ontology knowledge se for i ioEleling lundry detergent produtD we should not exlusively urden ll the work on the knowledge seF he riteri doument we hve used s knowledge se referene is pulished in Commission decision of 28 April 2011 on establishing the ecological criteria for the award of the EU Ecolabel for laundry detergent 2011/264/EUF 1 his ommission deision doument is omposed of regultion rtilesD nnex where eh item of the riteri is explinedD s well s ppendixF he regultion rtiles re not very interesting s it gives only dministrtive delrtion nd refereneF wost of the knowledge out lundry detergent is elorted in the nnex nd ppendixF emong these riterionD not ll of them re suitle nd esy to e trnslted into ontologiesF rt of this is due to the limit of expressiveness of yv lnguge nd v rulesF enother reson is euse sometimes wellEinformed nd experiened humn lor seems more ompetent for estheti nd usility ssessmentF por exmpleD the riterion xyFV of this lundry detergent riteri tlks out the onsumer informtion suh s the dosge instrutionsD informtion on the pkgingD nd dditionl lims on the pkgingF snsted of ssigning these work to humn expertsD we n imgine how hrd nd ostly it would e to implement nd trin n es system to do thtF por the ske of etter performne of the deision support proessD we propose to tke trdeEo' strtegy tht prt of the riteri inspetion will still e implemented y trditionl progrm logiF husD our deision support system will good tool to ssist nd elerte the eoEleling proessF rumn experts n e lierted from hevy doument reding nd ssessment work nd spre more time on the work tht relly need sophistited experiene nd inspetion t seneF e think tht modulr ontology or ontology modulriztion is promising pproh to relize lrge sle pplition of ontologyF enlogous experiene is lerned in mny other engineering dominsD iFeF the more spei( nd unitry funtion one rtift hsD more often it ould e reusedF he srewD no mtter who the mnufture isD s long s it follows ertin stndrd in formt nd mterilF it n e repled nywhereF sf we inspet the mirosopi world of ntureD we n (nd the sme ptternF por instneD wter moleules on erth re of the sme omposition nd the sme hemil nd physil hrteristisD no mtter the ones you drink t lunh tody or those irulting in the rook ehind your houseF hey re the sme nd n e reused everywhereF e live in world of modulriztionF sn tody9s softwre engineeringD espeilly in open soure ommunityD lrge mount of redyE mde progrming lirries nd middle wres re villeF sn the ommunity of knowledge engineeringD people re trying to do the sme thingD more nd more institutes nd reserhers hve pulished their ontologies on weF fy the help of yvD hp nd other semnti we stndrdD fster knowledge shring nd serh is eoming esierD nd more powerful nd intelligent pplitions re reedingF st hs een introdued in ghpter Q tht we tried to uild ontology y using ontology lening tehnologiesF roweverD urrent ontology lerning tools re not good enough to genE 1 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011D0264 IRT erte stisftory resultF vimited numer of terms or onepts n e identi(edF sdenti(ed properties re even fewerF elsoD it seems very di0ult to distinguish ojet property from dt propertyD s well s identify proper domin nd rnge onept y mens of urrent ontology lerning tehnologiesD not to mention even more omplex xiomsF sn ftD the sme ontology lerning tehnologies n e lso pplied to the produt pro(le onstrution proE ess tht we desried in ghpter SF st will e indeed n ppeling vision tht we let the omputers sn produt pro(le doumentD then the ontent of the doument would e underE stood wellD t lst the key prmeters ould e extrted nd produt pro(le is onstrutedF eording to our experieneD uilding ontology is not n esy jo t llF iven reding the doument ould e quite nnoying tooF sn tht senseD to our knowledgeD xturl vnguge roessing nd relted tehnologies will e quite useful in this ontextF odyD powerful e systems hve een implementedD eFgF sfw9s tsonF row to utilize ville xv relted tehnologies to improve ontology lerning or ontology extrtion will e very interesting nd useful reserh topiF sn the end of our reserhD n ontology knowledge se nd deision support system ws proposedF smgine thtD s the leling pplitions umulteD historil pplition dt set whih ontins lrge mount of produt pro(les would eome villeF row to dig more vlue from the knowledge se nd dtc o our knowledgeD some sttistis or mhine lerning tehnologies n e very helpfulF row to trnsform ontology nd semnti dt into shemes tht re pplile for mhine lerning tehnologiesc row to pply urrent mhine lerning model nd lgorithms to ontologyc sssues like this will lso e worthy of reserhF elsoD in order to evolve from snternet to the emnti eD enormous dt nd textul ontent hs to e semntilly leledF prom our perspetivesD the omintion of ontologyD xvD nd mhine lerning relted tehnologies ould provide promising solutions for emnti eF elsoD privy nd seurity re very importnt issuesF row to mke use of ontology nd semnti dt while ensuring pproprite privy poliies nd seurity of on(dentil industril dtc gn trditionl informtion seurity tehnologies e dpted in ontology nd semnti we relted senriosc hen ontologies re reused y othersD some kind of ess ontrol mehnism or protool my e neessryF yur work is out eoEleling erti(tionD other kinds of erti(tion like domins my hve similr prolems s oursF oD our ontology sed deision support system ould e pplied to tsks like on(gurtion hekD simultion nd test s well s other erti(tion proessF 7.3 Limits and future work por the time eingD the development of the h system nd the re(nement of the ontologies re undergoingF sn the next phse of workD we will fous on more prtil reserh nd developmentF pirstD we pln to improve the rgumenttion genertionF e more userEfriendly IRU 7.3. LIMITS AND FUTURE WORK explntion nd rgumenttion report should e generted nd wnhester yntx should e ultimtely trnslted into humn lngugeF henD more produt ses should e olleted nd nlyzedF efter sttistil nlysis nd lerningD we expet our deision support system n give improvement dvie to those produts tht fil the eoEleling ssessmentF yur urrent reserh invests muh e'orts on dominEentri ontology knowledge se nd ontology modulriztionD howeverD there is still lot of work to do in order to (nlly hieve onvenient semnti interoperility with other externl ontology repositories nd other dt souresF eEusility is lso very importnt issueF por exmpleD in our knowledge se for lundry detergentD n ontology module lled hetergent sngredient htse list @hshlistA ws developedF his module onsists of hundreds populr ingredient hemils for detergents nd other similr produtsF sn ftD we9ve found severl other i ioEleling produt groups tht use the sme piee of ingredient dtse nd tht mens the sme hshlist ould e reused in the ontology knowledge se development of these produts9 riteriF sn our next phse of reserhD we9d like to enrih our knowledge se y developing new produt groups of osmetis produtD llEpurpose lener nd etF henD sed on the lol reuse ross dominsD externl reuse nd mpping re expetedF yur knowledge se n e linked to other knowledge se nd tht is tully more relevnt to ontology mpping or ontology lignment whih will e n importnt topi in our future reserh workF yne the link nd mpping etween ontology onepts re estlishedD further prolems like distriuted resoning ross domins re lso worth of reserhF oD in the next phse of our reserhD we re going to emphsize on these prolemtisF sn our reserhD only one produt group ws testedD it would e interesting to pply our methodologies to other siling produtsF enother min limit of our reserh is the lk of more vlidtionF e hve only implemented some prototypesD whih re not yet veri(ed y other reserhers nd ommon usersF ropositionl solutions hve to e veri(ed nd vlidted y prtieF sn the futureD we pln to improve the development of the plugEin nd the h prototypeF he proposed gswyn method only llows for user9s ustomized entity seletionF ine some module extrtion lgorithms nd tehnologies re lredy villeD we n provide suh funtions s extr optionsF es we n see in our gswyn methodD the lignment or reltion editing is still mnulD whih is quite lor intensive proessF ine quite mount of utomti or semiEutomti ontology lignment pprohes hve een proposed nd implemented in the litertureD we pln to inlude these tehnologies in our plugEin in order to filitte nd elerte the rossEmodule reltion editingF eording to the o0il desription of i ioEleling 2 D even fter the erti(tionD regulr followEup will proeedF sn order to gurntee onsumers or users of your erE ti(ed produts or servies tht you ontinue to onform with the requirements of the xp invironment9 or i ioElel mrking shemesD epxy gerti(tion will ollet smples in your stores or ftory workshops for produt testingY it will lso ondut regulr ftory workshop uditsF yur work for now hs not tken this followEup into onsidertionF sn the future workD history of the produt9s pro(le s well s its smples tht would e olleted fterwrds should e mintinedF enlysis sed on series of pro(les onerning the sme produt in di'erent historil periods ould e useful for deision mkersF his is n issue tht is worthy of study in our future workF por nowD the gswyn method tries to follow the onservtive extension priniple tht newly formed integrtion will not lter the lredy integrted moduleF roweverD we ould not give logi formlism nd proof sed on hesription vogiF e will put more fous on suh issues in our future workF yn the other hndD situtions tht violte this onservtive extension priniple my hppenF o explin theseD we will (rst hek sitution with onserE vtive extensionF por exmpleD onept A nd B re from ontology module XD n externl reltion r ssoite these two onepts vi xiom α in the ontextF e ssert tht this kind of integrtion is onservtive in terms of the signture@A, BAD euse the ontext only provide new semntis @xiom αA to the originl module nd the originl semntis of A nd B in module X is not hnged t llF iven if some reltion ssoite two onepts from di'erent moduleD we n prove tht the ontext is still onservtive extensionF hileD let9s hek suh sitution thtD still in ontext integrting module XD n xiom like this is introdued in the ontextD βX A subClassOf BF xow the integrtion sed on this ontext is no more onservtive extension ny moreF feuse for the sme signture@A, BAD xiom β does not hold in the originl module XD whih mens the new integrtion y mens of the ontext is hs hnged the module XD then suh extension is not onservtive ny moreF roweverD this nononservtive sitution my indeed hppen when we wnt to dd or lter the integrted moduleF @he proposition QS in IIH indites tht iEgonnetions re not onservtiveFA sn nononservtive situtionD potentil risks with respet to logi on)it nd deidility prolems existF st is lredy known tht determining whether n ontology sfely extends @is onservtive extension ofA nother ontology is not deidle for expressive hesription vogis suh s yvEhv IPSF sn our future work of reserhD we will (rst try to (nd deidle nd e0ient mehnism for gswyn to generte onservtive extension integrtion or pproximtionD then explore nd extend gswyn method to nononservtive extension integrtionF es for the resoningD wht we hve pplied in gswyn method is still n integrl pprohF esoning lgorithm is pplied nd run on singulr lultion unitF his pproh ould e ottle nek when the ontologies re distriuted or the integrted ontology is very igF histriuted or prlleled resoning solution must e helpful to ddress suh prolemsF e onsider doing reserh on distriuted resoning nd inrementl resoning to improve resoning performne in terms of the ontextul ontology integrtionF elthough gswyn hs een suessfully pplied in lol ontology reuse nd integrtion senrioD it does not support distriuted ontology reuse or integrtion vi the weF vk of heterogeneous dt nd syntx support is nother limit s gswyn hs een only veri(ed nd pplied on yv ontologyF sn hpter RD we hve desried lyered ontology knowledge se rhiteture sed on gswyn methodF roweverD fesile nd hndy es or softwre tool kit whih mkes the rhiteture opertionl is still lkingF he deision support proess is rther oneptuliztion nd formliztion of usiness workE)owF e hve not pplied ontextul integrtion in the development of our deision support system prototypeD instedD trditionl owlXimports ws still used to orgnize ontology modules in the prototypeF e think it is IRW 7.3. LIMITS AND FUTURE WORK worthy to explore how to generlize the rhiteture nd gswyn method so tht they n e pplied in generl ontology pplitionsF e will ddress ll these limits nd issues in our future workF ISH Bibliography 

  VH RFI sn se of ontology reuse or integrtionD ross module reltion is ommonF F F VW RFP e strightforwrd solution is to let one module swllow the otherD nd inE trodue new reltion in eitherF eFgF owl:importsF F F F F F F F F F F F F F F F F VW RFQ yriginl ontology modules re kept intt y introduing independent ontextF WH RFR fy using ontextD multiple reuse t the sme time without duplition is possileF glss g for exmpleD is reused two times in oth gontext I nd PF F WP RFS gswyn lyered rhiteture to support knowledge se nd pplitionF F F F WQ RFT wv implementtion exmple of ontext on(gurtionF F F F F F F F F F F F WR RFU opology exmple of the integrted ontology modules in ontextF F F F F F WT T RFV e inrywppingfundle is olletion of ll the reltions tht tke ple etween two modules in ontextF F F F F F F F F F F F F F F F F F F F F F F F F WU RFW e ontext is identi(ed from modulrized ontology knowledge seF F F F F F F WW SFI yjetive nd funtion of the deision support system from oth eoEleling dministrtion nd produer9s point of viewF F F F F F F F F F F F F F F F F F F IHR SFP ioEleling deision support proess from two di'erent points of viewX @IA domin expertsY @PA produer 8 servie providerF F F F F F F F F F F F F F F F IHT SFQ puntioning of the deision support pltform for eoEleling F F F F F F F F F IHU SFR uEproess 5IX rodut pro(le onstrutionF F F F F F F F F F F F F F F F F F IHV SFS uEproess 5PX rodut ro(le yntology @efoxA gonstrutionF F F F F F F F IHW SFT hrough suEproess 5Q to 5S griteri yntology is onstrutedF F F F F F F IIH SFU i the omprison nd inferene pplied etween the rodut ro(le yntolE ogy nd griteri yntologyD leling suggestion nd rgumenttion re otinedFIII SFV esoning result of the lowEduty lundry detergent exmpleF F

  TFS yur gontext t is n plugEin extension of the existent rhitetureF F F F F IPU TFT win lsses tht uild up the gontext t plugEin extensionF F F F F F F F F IPW TFU e omintion of trtegy ttern nd imple ptory ttern is used to modulrize the implementtion of eh rossEontology reltionF F F F F F F F F IQH TFV en overview of the gontext t plugEin for rotégéF F F F F F F F F F F F F F F IQP TFW hen the edd utton on ContextHeaderComponent is likedD user n hoose the ontologies he needs from the listF F

  the domin nd sope of the ontology • tep P gonsider reusing existing ontologies • tep Q inumerte importnt terms in the ontology • tep R he(ne the lsses nd the lss hierrhy @topEdownD ottomEupD omintionA • tep S he(ne the properties of lsses"slots • tep T he(ne the fets of the slots

  he syntx nd semntis of ridge rules re vitl to hhv9s modeling nd resoningF pigure PFIHX isulized semntis of hhv PF sn hhvD omintion of ontoE nd intoEridge rules llows for propgting susumption xioms ross ontologiesF rtillyD this mens tht if n ontology T 1 ontins n xiom InBook PublicationD nd n ontology T 2 just de(nes two onepts ScienticPaper nd BookArticleD then ridge rules I X Publication -→ P X ScienticPaper nd I X In-Book -→ P X BookArticle entil in T 2 the xiom tht BookArticle is ScienticPaperF pigure PFII illustrtes this simple susumption propgtion grphillyF sn lnguges tht support disjuntionD the simplest propgtion rule n e generlized to the propgtion of susumption etween onept nd disjuntion of other onepts QF ST pigure PFIIX imple propgtion of susumption xiom from T i to T j QF

  PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> PREFIX owl: <http://www.w3.org/2002/07/owl#> PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> PREFIX ld: <http://www.enit.fr/xuda/ontologies/laundry_detergent#> gIX sf this produt is quli(ed to e eoEleledc pigure QFVX uery nswer for gID the result shows the sh of produtF gPX ht is the vlue of this produt9s ertin physil or hemil hrteristisc @gritE il dilution volumeD iodegrdilityD weightGutility rtioD etFA UT 3.7. EXPERIENCE AND LESSONS LEARNED pigure QFWX uery nswer for gPF

  WH 4.3. CONTEXTUAL INTEGRATION FOR MODULAR ONTOLOGY METHOD xowD we give forml de(nition of the gontext nd gontextul sntegrtionF Context: qiven set of ontology O = {O i } i∈I D eh O i is expressed in vnguge vY S i is the seleted suset of the signture of eh module O i D iFeF S i ⊆ ig@O i AD S = {S i } i∈I is the olletion of ll the seleted signture of eh modulesY vet r e n ritrry reltion expressed in vD r ij ssoites two entities from Sig(O i ) to Sig(O j )D R = {r ij } i =j∈I is the olletion of suh reltions tht hppen etween ontology pirs O i , O j i =j∈I F henD for ontology set O nd the seleted signture olletion SD we hve Context S O = RF Contextual Integration: fsed on the de(nition of gontextD let M i = O S i i e the module extrted from O i y signture S i D M S O = {M i } i∈I D then the union of M S O nd Context S O is lled the gontextul sntegrtion of ontology set O sed on signture olletion SF iFeF CI S O = {M S O , Context S O }F

  to e integrtedF he ss of the ontology is inditedF sf the ontology is lolly storedD lol pth ttriute is indited tooF WR QF contextRoot e hve oserved nd lerned thtD one severl ontologies re inteE grtedD the diretionlity of mpping or interEreltion will 'et inferene resultF e very simple senrio is like thisD ontology O A is relted to ontology O B vi unh of reltionsD then the resoning or inferene result of tking into ount xioms of O A t (rstD then tking into ount O B 9s xioms ould e di'erent from the opposite wyF sn other wordsD from prtil point viewD suppose tht resoner is lunhed in ontology O A D then we hve n inferred ontology R(O A ) @iFeF the resoning result of O A D here we ssume tht the resoning lultion is like funtion nd we use R() to represent the resoningAF R(O A ) my ontins new inferred xioms from eF hen we hve ll the xioms from O B pplied in R(O A )D for the seond timeD the resoner is lunhedD then we will get resoning result of the set of R(O A ) ∩ O B F e ll the result of this seond time resoning R(O A → O B )F he point here is thtD ording to di'erE ent reserh III IIP UI SH WV tht hve een done for nowD it9s oserved tht

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  is omposed of regultion rtilesD nnex where eh item of the riteri is explinedD nd ppendixF he regultion rtiles re not very interesting s it gives only dministrtive delrtion nd refereneF wost of the knowledge out lundry detergent is elorted in the nnex nd ppendixF griterion Dosage requirements speiE (es the referene produt dosge reommended for eh wshF uli(ed detergent produt should not exeed ertin vlueF Toxicity to aquatic organisms spei(es the mximum gh vlue for quli(ed produtF imilrlyD in the next riterion Biodegradability of organics D it indites tht the ontent of orgni sustnes in the produt tht re eroilly nonE iodegrdle @not redily iodegrdleA @xfyA ndGor neroilly nonEiodegrdle @nxfyA shll not exeed ertin limitsF griterion Excluded or limited substances and mixtures prohiits some sensitive or hzrdous sustnes s ingredientsF Packaging requirements point out eptle threshold weightGutility rtio @A of the produtF Washing performance is more out the produt9s performne testF he pplint shll provide test report inditing tht the produt ful(lls the minimum requirements spei(ed in the testF griterion Points provides n inditor mtrix of pointsF ih option hs I or P pointsF e minimum of Q points shll e hieved for quli(ed produtF griterion Consumer information is totlly sujetive s it exmines if the dosge instrutionD wshing reomE mendtionD or preEtretment informtion re properly printed on produt9s pkgeF he lst riterion Information appearing on the EU Eco-label is out the optionl text showing on the i ioElelF

	UF ointsF	
	VF gonsumer informtionF	
	WF snformtion ppering on the i ioElelF	
	his riteri hs een pulished in Commission decision of 28 April 2011 on establishing
	the ecological criteria for the award of the EU Eco-label for laundry detergent 2011/264/EUF	13
	his ommission deision	
	hosge requirementsF	
	PF oxiity to quti orgnismsX gritil hilution olume @ghAF	
	QF fiodegrdility of orgnisF	
	RF ixluded or limited sustnes nd mixturesF	
	SF kging requirementsF	
	TF shing performne @(tness for useAF	
	TR	

12 http://ec.europa.eu/environment/ecolabel/how-to-apply-for-eu-ecolabel.html

  5.5. CASE STUDY OF EU ECO-LABELING ON LAUNDRY DETERGENT le SFIX griterion of pkging requirementsF he weightGutility @A of the produt shll not exeed the following vluesF

	Product type	WUR
	owders	IFP gGkg wsh
	ythers @eFgF liquidsD gelsD tletsD psulesA IFS gGkg wsh
	fsed on our riteri ontologyD this riterion n e trnslted to v rules like thisX
	IF CandidateLaundryDetergent(?a), hasDetergentP roductT ype(?a, powder),
	hasW eightU tilityRatio(?a, ?wur), hasV alue(?wur, ?wurvalue), xsd : double[> "1.2 ˆˆxsd :
	double](?wurvalue) → RejectedDetergent(?a)	
	PF CandidateLaundryDetergent(?a), hasDetergentP roductT ype(?a, liquid),
	hasW eightU tilityRatio(?a, ?wur), hasV alue(?wur, ?wurvalue), xsd : double[> "1.2 ˆˆxsd :
	double](?wurvalue) → RejectedDetergent(?a)	
	QF CandidateLaundryDetergent(?a), hasDetergentP roductT ype(?a, gel),
	hasW eightU tilityRatio(?a, ?wur), hasV alue(?wur, ?wurvalue), xsd : double[> "1.2 ˆˆxsd :
	double](?wurvalue) → RejectedDetergent(?a)	
	RF CandidateLaundryDetergent(?a), hasDetergentP roductT ype(?a, tablet),
	hasW eightU tilityRatio(?a, ?wur), hasV alue(?wur, ?wurvalue), xsd : double[> "1.2 ˆˆxsd :
	double](?wurvalue) → RejectedDetergent(?a)	
	SF CandidateLaundryDetergent(?a), hasDetergentP roductT ype(?a, capsule),
	hasW eightU tilityRatio(?a, ?wur), hasV alue(?wur, ?wurvalue), xsd : double[> "1.2 ˆˆxsd :
	double](?wurvalue) → RejectedDetergent(?a)	

  lss tht is nmed with n yv modeling expressionF hese lsses hve ommon super lss MappingOWLImplF glss MappingOWLAdapter is the only interE fe tht the other prt of the progrm is wre ofF hen it is neessryD plugEin progrm will initilize n instne of MappingOWLAdapter nd pss String prmeter to itF hen

	6.2. CONTEXT EDITOR PLUG-IN FOR PROTEGE
	implemented in every
	TFTX win lsses tht uild up the gontext t plugEin extensionF
	pigure
	13 JavaSE-1.8 (jre1.8.0_121) 14 Eclipse Java EE IDE for Web Developers. Version: Mars.2 Release (4.5.2) Build id: 20160218-0600 15 Apache Maven. Version: 3.3.3 16 Version:4.2.8 17 Java Universal Network/Graph Framework. Version: 2.0.1 18 https://en.wikipedia.org/wiki/Strategy_pattern 19 https://en.wikipedia.org/wiki/Factory_method_pattern
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rermit resoner9s explntion is originlly written in wnhester yntx 7 D whih my not e esy to e understood y ommon userF e9ve tried to reple some of these wnhester yntx into plin inglishF por exmpleD we repled term type in wnhester yntx with short phrse is a type of in order to inrese the explntion9s redilityF es we n see in pigure SFVD the (rst explntion indites tht this produt9s prmeters violte the ruleX hasCriticalDilutionV olume(?detergent, ?cdv), double[> "20000.0 ˆˆdouble](?cdvvalue), hasV alue(?cdv, ?cdvvalue), LowDutyDetergent(?detergent) → RejectedDetergent(?detergent) his rule spei(es the gritil hilution olume of low duty lundry detergent produtF e n interpret this rule like thisD if vrile detergent is LowDutyDetergentD detergent hs gritil hilution olume prmeter cdvD vrile cdv 9s vlue is cdv_value whih is more thn PHHHHFHD then vrile detergent n e lssi(ed to e RejectedDetergentF sn other wordsD this produt will not e erti(ted to e eoEleledF ixept the (rst explntion in pigure SFVD the other explntions onern the ruleX hasIngredient(?detergent, ?ingredient), EDT A(?ingredient), CandidateLaundryDetergent(?detergent) → RejectedDetergent(?detergent) his rule spei(es one of the foridden ingredients tht should not e dded into the eoEleled detergent produtF sn humn lngugeD this rule presries thtX if detergent hs ingredient s vrile ingredientD nd ingredient is kind of EDTAD then this detergent is rejetedF hierrhy n e onstrutedF pigure TFPX rotégé glsses t plugin on(g frgment pigure TFQX viewon(gElssestFxml pigure TFR is the top level lss digrm of the min lsses tht implement glsses tF ettriutes nd funtions re not inluded euse of the spe limitF ynly lss nmes re illustrtedF he (ve view omponents implementing lsses re listed in the very ottom of this lss digrmF yn the top of this (gureD we n see tht ll the visile omponents lsses re generlized from JComponent lss whih is prt of tv wingF es the funtions of rotégé inreseD more nd more onrete strtion re generted until the omponent implementing lsses re rehedF o our knowledgeD ViewComponent is very importnt lss euse mny si funtions of ny view omponent re de(ned in itF Workspace IPR 6.2. CONTEXT EDITOR PLUG-IN FOR PROTEGE lss is lso very importnt euse it ontins ll importnt informtion out rotégéD nd unique instne will e initilized every time rotégé is lunhedF WorkspaceTab is the si strtion of t omponentF lese note thtD the lsses shown in this (gure seem to e only smll prt of rotégéF his (gure only show the rnh of glsses tF here re out dozen of ts villeF e n not show them ll in single lss digrmF rere we only tke glsses t for n exmple to explin the pttern nd struture of rotégé9s lss hierrhyF es we hve limed in the requirement spei(tion setionD our tool shll e n extenE sion of rotégé editorD ny hnge will do hrm to the slility of rotégéF hereforeD n extension design is hosen nd pigure TFS is the sheme of the design for our plugEinF glss ContextSkeletonView is generted from AbstractOWLViewComponentF his inherit llows us to ustomize our own view omponentF ContextSkeletonView is the min frme of our plugEin qs nd three key suEomponents re ContextEditorViewD SourceOntologyViewD nd TargetOntologyViewF ell tht in ghpter RD the reltions tke ple etween ny ontology modules will e wrpped into BinaryMappingBundleF o here our design is tht SourceOntologyView will e used to rowse the ontology module tht its undle strts fromF he other oneD TargetOntologyViewD is responsile to rowse the module where this undle endsF ContextEditorView will e the editing re for every reltion or mppingF ell these three views hve referene to the ontiner iFeF ContextSkeletonViewF he ContextSkeleton-VieContextSkeletonVieww ontiner will e initilized in ContextTab vi new on(gurtion dded in plugin.xmlF OntologyView is generliztion of tnelD in other wordsD Ontolo-gyView extends tnel whih is prt of tv wingF his extensive design gurntees tht no hnge will e pplied in the originl rotégé ode whih follows the openGlosed priniple IPRF sn the next setionD we will present how to implement this design in detils nd demonstrte the resultF