Mia dhlwtikŠ glŤssa eperŤthshc metadedomŚnwn RDF gia PŰlec KoinotŠtwn DiadiktŰou

GrhgŞrhc KarbounarŘkhc

MetaptuqiakŠ ErgasŢa

TmŠma EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

PerŢlhyh

PlhroforiakŘ sustŠmata Şpwc sustŠmata mnŠmhc organismŤn (organizational memory), kŘjetoi sunajroistŚc (vertical aggregators), diamesolabhtŚc plhroforŢac (infomediaries) klp anamŚnetai na paŢxoun prwtarqikŞ rŞlo sthn oikonomŢa tou 21ou aiŤna, epitrŚpontac thn anŘptuxh kai suntŠrhsh sugkekrimŚnwn koinotŠtwn (p.q. epiqeirhsiakŤn, epaggelmatikŤn, emporikŤn) se epiqeirhsiakŘ kleistŘ dŢktua (intranets) Š ston PagkŞsmio IstŞ. TŚtoiec PŰlec KoinotŠtwn DiadiktŰou prosfŚroun se mŚlh diafŞrwn koinotŠtwn (epiqeirhsiakŤn, dia-epiqeirhsiakŤn, hlektronikoŰ emporŢou klp) th dunatŞthta epilogŠc, kathgoriopoŢhshc kai prŞsbashc se diŘforouc plhroforiakoŰc pŞrouc (p.q. diktuakoŰc tŞpouc, Śggrafa, dedomŚna, uphresŢec).

ParolautŘ, stic emporikŚc efarmogŚc pou uposthrŢzoun thn anŘptuxh pulŤn gia koinŞthtec, oi dunatŞthtec eperŤthshc periorŢzontai se anŘkthsh plŠrouc keimŚnou (full-text retrieval) (Š zeŰgh gnwrismŘtwn-timŤn) kai pio prohgmŚnec leitourgŢec eŢnai dunatŚc mŞno me prŞsbash stouc pŞrouc mŚsw ploŠghshc (navigational access). EpŢshc, tŚtoiec efarmogŚc agnooŰn teleŢwc prŞsfata prŞtupa gia thn perigrafŠ pŞrwn ston PagkŞsmio IstŞ (blŚpe drasthriŞthta metadedomŚnwn tou W3C: RDF/RDF Schema). EpŢshc, oi kajierwmŚnec (sqesiakŚc Š ontokentrikŚc) bŘseic dedomŚnwn basŢzontai se montŚla pou den eŢnai arketŘ euŚlikta Ťste na mporoŰn na anaparastŠsoun ta idiaŢtera qarakthristikŘ tou RDF.

OrmŤmenoi apŞ ta parapŘnw zhtŠmata, proteŢnoume Śna nŚo montŚlo dedomŚnwn kai mia dhlwtikŠ glŤssa eperŤthshc gia perigrafŚc kai sqŠmata RDF. H glŤssa mac, h RQL (RDF Query Language) - basŢzetai se Śna tupikŞ montŚlo grŘfwn pou emperikleŢei tic basikŚc Śnnoiec montelopoŢhshc tou RDF, prosfŚrontac kai ena pio ploŰsio sŰsthma tŰpwn, kai epitrŚpei thn ermhneŢa perigrafŤn RDF apŞ Śna Š perissŞtera sqŠmata. H RQL prosarmŞzei th leitourgikŞthta twn glwssŤn eperŤthshc hmidomhmŚnwn eggrŘfwn sta idiaŢtera qarakthristikŘ tou RDF allŘ epŢshc thn epekteŢnei, prokeimŚnou na epitrŚyei thn eperŤthsh sqhmŘtwn RDF. H prwtotupŢa thc RQL eŢnai h dunatŞthta omalŠc metŘbashc metaxŰ erwtŠsewn se sqŠmata kai se perigrafŚc pŞrwn, kajŤc kai h ekmetŘlleush - me diafanŠ trŞpo - twn ierarqiŤn upallhlŢac metaxŰ twn etikettŤn.

EpŞpthc: PŘnoc KwnstantŞpouloc KajhghtŠc EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

A declarative RDF metadata query language for Community Web Portals

Gregory Karvounarakis

Master of Science Thesis

Computer Science Department University of Crete

Abstract

Information systems such as organizational memories, vertical aggregators, infomediaries, etc. are expected to play a central role in the 21st-century economy by enabling the development and maintenance of specific communities of interest (e.g., enterprise, professional, trading) on corporate intranets or the Web. Such Community Web Portals essentially provide the means to select, classify and access, in a semantically meaningful and ubiquitous way various information resources (e.g., sites, documents, data) for diverse target audiences (corporate, inter-enterprise, e-marketplace, etc.).

Yet, in commercial software for deploying Community Portals, querying is still limited to full-text (or attribute-value) retrieval and more advanced informationseeking needs require navigational access. Furthermore, recent Web standards for describing resources (see the W3C Metadata Activity: RDF/ RDF Schema) are completely ignored. Moreover, standard (relational or object) databases are too rigid for capturing the peculiarities of RDF descriptions and schemas.

Motivated by the above issues, we propose a new data model and a query language for RDF descriptions and schemas. Our language, called RQL, relies on a formal graph model, that captures the RDF modeling primitives, also providing a richer type system, and permits the interpretation of RDF descriptions by means of one or more schemas. In this context, RQL adapts the functionality of semistructured query languages to the peculiarities of RDF but also extends this functionality in order to query RDF schemas. The novelty of RQL lies in its ability to smoothly switch between schema and data querying while exploiting - in a transparent way - the taxonomies of labels and multiple classification of resources.

Supervisor: Panos Constantopoulos Professor of Computer Science University of Crete

EuqaristŢec

Sto shmeŢo autŞ ja Šjela na euqaristŠsw ton epŞpth mou, k. PŘno KwnstantŞpoulo pou mou empisteŰjhke thn ergasŢa autŠ.

EpŢshc, ja Šjela na euqaristŠsw ta mŚlh thc eishghtikŠc epitropŠc, k. DhmŠtrh PlexousŘkh kai k. EuŘggelo MarkŘto gia tic epoikodomhtikŚc touc parathrŠseic kai diorjŤseic sthn ergasŢa autŠ.

IdiaŢtera ja Šjela na euqaristŠsw ton epiblŚponta thc ergasŢac mou, k. BasŢlh QristofŢdh, pou mazŢ me ton k. PlexousŘkh Štan oi Řmesoi epŞptec thc ergasŢac autŠc, tŞso gia thn kajodŠghsŠ tou sthn epilogŠ tou jŚmatoc thc ergasŢac Şso kai gia tic gnŤseic tic opoŢec apŚkthsa kontŘ tou ton teleutaŢo qrŞno. OfeŢlw na anagnwrŢsw Şti h sunergasŢa metaxŰ twn triŤn mac Štan kŘti parapŘnw apŞ Řyogh, kai oi amŚtrhtec Ťrec twn suzhtŠseŤn mac pragmatikŘ paragwgikŚc.

EpŢshc ja Šjela na euqaristŠsw thn SofŢa AlexŘkh kai ton Karsten Tolle, oi metaptuqiakŚc ergasŢec twn opoŢwn apotŚloun tmŠmata tou sunolikoŰ sustŠmatoc - sto plaŢsio tou opoŢou dhmiourgŠjhke autŠ h ergasŢa, me touc opoŢouc eŢqame mia Řyogh sunergasŢa. AkŞma, ja Šjela na euqaristŠsw thn EirŠnh FountoulŘkh, gia th suneisforŘ thc se polŰwrec suzhtŠseic sthn prospŘjeia katanŞhshc kai tupikŠc perigrafŠc thc shmasiologŢac tou RDF.

PrŚpei epŢshc na euqaristŠsw tic omŘdec PlhroforiakŤn SusthmŘtwn kai ParŘllhlwn kai KatanemhmŚnwn SusthmŘtwn (PleiŘdec) tou InstitoŰtou PlhroforikŠc - I.T.E. stic opoŢec apasqolŠjhka ta teleutaŢa 4,5 qrŞnia, tŞso giatŢ mou pareŢqan ton aparaŢthto ergasthriakŞ exoplismŞ Şso kai gia tic gnŤseic pou apŚkthsa ergazŞmenoc se autŚc. EpŢshc, ofeŢlw na euqaristŠsw to TmŠma EpistŠmhc UpologistŤn tou PanepisthmŢou KrŠthc, gia tic gnŤseic pou mou Śdwse thn eukairŢa na apoktŠsw ta teleutaŢa 6 qrŞnia.

AkŞmh ja Šjela na euqaristŠsw thn XŚnia MountrouŢdou gia thn boŠjeia kai thn amŚristh sumparŘstasŠ thc, idiaŢtera stic dŰskolec stigmŚc thc suggrafŠc autŠc thc ergasŢac.

To megalŰtero Şmwc euqaristŤ to axŢzoun oi goneŢc mou, gia touc kŞpouc touc kai ta Şsa jusŢasan sth zwŠ touc gia th mŞrfwsh kai thn pneumatikŠ mou kalliŚrgeia. ApŞ thn pleurŘ mou to elŘqisto pou mporŤ na prosfŚrw wc antamoibŠ eŢnai na touc afierŤsw autŠ thn ergasŢa, elpŢzontac Şti katŘfera na fanŤ antŘxioc twn prosdokiŤn touc.

GrhgŞrhc KarbounarŘkhc

PerieqŞmena

PerŢlhyh 1

Abstract 3

EuqaristŢec 5

EuqaristŢec 5

KatŘlogoc SqhmŘtwn 11

KatŘlogoc PinŘkwn 13

1 EisagwgŠ 1 1.1 PŰlec KoinotŠtwn DiadiktŰou 1 1.2 AntikeŢmeno thc ergasŢac 4 1.3 OrgŘnwsh thc ergasŢac 5

2 To prŞtupo RDF 7 2.1 IstorŢa tou RDF 8 2.2 StŞqoi tou RDF 9 2.3 PŞroi RDF 9 2.4 ’Ennoiec kai orologŢa tou RDF 10 2.4.1 KateujunŞmenoi grŘfoi me etikŚttec 11 2.5 To montŚlo dedomŚnwn tou RDF 14 2.5.1 JemeliŤdeic’Ennoiec 14 2.5.1.1 rdfs:Resource 14 2.5.1.2 rdf:Property 15

2.5.1.3 rdf:Statement 17 2.5.2 ’Ennoiec orismoŰ sqhmŘtwn 17 2.5.2.1 rdfs:Class 19 2.5.2.2 rdf:type 20 2.5.2.3 rdfs:subClassOf 21 2.5.2.4 rdfs:subPropertyOf 22 2.5.2.5 rdfs:domain kai rdfs:range 23 2.5.2.6 rdfs:Literal 26 2.5.3 EpiplŚon Śnnoiec 27 2.5.3.1 rdfs:Container 27 2.5.3.2 rdfs:seeAlso kai rdfs:isDefinedBy 31 2.5.3.3 rdfs:label kai rdfs:comment 32 2.6 AnaparŘstash RDF me triŘdec 32 2.7 SuntaktikŞ RDF/XML 33 2.7.1 PerigrafŚc (Descriptions) 34 2.7.2 SullogŚc 38 2.7.3 UpostasiopoŢhsh 39 2.7.4 RDF vs. XML 40

3 H glŤssa eperwtŠsewn RQL 44 3.1 To tupikŞ montŚlo gia to RDF/RDFS 46 3.2 H glŤssa eperwtŠsewn metadedomŚnwn RDF 51 3.2.1 BasikŚc erwtŠseic thc RQL 52 3.2.2 BasikŘ fŢltra 56 3.2.3 EperwtŤntac (meta)dedomŚna RDF me atelŠ gnŤsh tou sqŠmatoc 61 3.2.4 EperwtŤntac sqŠmata RDF wc hmidomhmŚna dedomŚna 63 3.3 TupikŠ ermhneŢa thc RQL 68 3.3.1 GenikeumŚnec ekfrŘseic monopatiŤn 71 3.3.2 SŰnjesh ekfrŘsewn monopatiŤn 71 3.4 TŰpoi twn ekfrŘsewn thc RQL 75 3.4.1 BasikŘ fŢltra - aplŚc ekfrŘseic monopatiŤn 75

3.5 SumperŘsmata 77

4 UlopoŢhsh tou metafrastŠ thc RQL 83 4.1 ApojŠkeush metadedomŚnwn - DomŠ tou sustŠmatoc 83 4.2 DomŠ tou DiermhnŚa ErwtŠsewn 85 4.3 ShmasiologikŠ anaparŘstash erwtŠsewn 87 4.3.1 AplŚc erwtŠseic 87 4.4 ArqitektonikŠ tou diermhnŚa erwtŠsewn 90 4.5 Oi kŞmboi thc shmasiologikŠc anaparŘstashc 92 4.5.1 Ql operation 92 4.5.2 Ql varop 93 4.5.3 Ql scanop 93 4.5.4 Ql nameop 93 4.5.5 Ql otherops 93 4.5.6 Ql baseop0, Ql baseop1, Ql baseop2, Ql baseopn 94 4.5.7 Ql iterop 94 4.5.8 Ql algiterop 94 4.5.9 Ql quantiterop 95 4.6 ApotŢmhsh twn erwtŠsewn thc RQL 95 4.6.1 MetŘfrash erwtŠsewn se SQL3 97 4.7 PeribŘllon ProgrammatismoŰ EfarmogŤn EperŤthshc SDBD 101 4.7.1 SunartŠseic elŚgqou tŰpwn 102 4.7.1.1 isMetaclass, isClass, isProperty 102 4.7.1.2 isBag, isSeq, isAlt 102 4.7.1.3 isSubClassOf, isSubPropertyOf 102 4.7.1.4 getDomainOf, getRangeOf 104 4.7.2 SunartŠseic apotŢmhshc 104 4.7.2.1 scan open, scan close 104 4.7.2.2 scan next 105 4.7.2.3 getSub/SuperClassesOf, getSub/SuperPropertiesOf 105 4.7.2.4 isInstanceOf 105

5 SugkrŢnontac thn RQL me Řllec glŤssec eperŤthshc 107

5.1 GlŤssec eperŤthshc gia RDF 107 5.1.1 ProsŚggish bŘsewn dedomŚnwn 107 5.1.1.1 RDF Query Specification (IBM) 107 5.1.1.2 RDFdb 109 5.1.2 ProsŚggish anaparŘstashc gnŤshc 110 5.1.2.1 SiLRI 111 5.1.2.2 Metalog 114 5.2 GlŤssec eperŤthshc hmidomhmŚnwn dedomŚnwn/eggrŘfwn XML 115 5.3 GlŤssec eperŤthshc plhroforŢac sqŠmatoc 116

6 EpŢlogoc 117 A.0.1 SunartŠseic elŚgqou tŰpwn 119 A.0.1.1 isMetaclass, isClass, isProperty 119 A.0.1.2 isBag, isSeq, isAlt 119

BibliografŢa 124

KatŘlogoc SqhmŘtwn

2.1 DŰo aplŘ paradeŢgmata grŘfwn RDF 12 2.2 GrŘfoc RDF me domhmŚnh timŠ 13 2.3 DomhmŚnh timŠ me anagnwristikŞ 14 2.4 OrismŞc thc idiŞthtac paints 16 2.5 ProeraitikŚc kai pleiŞtimec idiŞthtec 16 2.6 AnaparŘstash miac upostasiopoihmŚnhc prŞtashc 18 2.7 Oi klŘseic kai oi pŞroi tou RDFS wc SŰnola kai StoiqeŢa 19 2.8 Dhlwsh thc klŘshc rdfs:Class ston orismŞ tou RDFS 20 2.9 Dhlwsh thc idiŞthtac rdf:type ston orismŞ tou RDFS 21 2.10 Dhlwsh thc idiŞthtac rdfs:subClassOf ston orismŞ tou RDFS 22 2.11 H klŘsh Artist kai h upoklŘsh thc, Painter 23 2.12 Dhlwsh thc idiŞthtac rdfs:subPropertyOf ston orismŞ tou RDFS 23 2.13 H sqŚsh creates kai h uposqŚsh thc, paints 24 2.14 Dhlwsh twn idiotŠtwn rdfs:domain, rdfs:range ston orismŞ tou RDFS 25 2.15 H klŘsh rdfs:Literal ston orismŞ tou RDFS 26 2.16 H klŘsh rdfs:ContainerMembershipProperty, upoklŘsh thc

rdf:Property, ston orismŞ tou RDFS 28

2.17 QrŠsh tou tŰpou sullogŠc Bag 29 2.18 QrŠsh tou tŰpou sullogŠc Alt, gia poluglwssikŚc timŚc 29 2.19 QrŠsh tou tŰpou sullogŠc Bag 30 2.20 Oi idiŞthtec rdfs:seeAlso, rdfs:isDefinedBy, rdfs:label kai

rdfs:comment ston orismŞ tou RDFS 31

2.21 SuntaktikŠ anaparŘstash enŞc aploŰ grŘfou RDF 36

2.22 ’Ena endeiktikŞ parŘdeigma grŘfou perigrafŤn RDF 37 2.23 SuntaktikŠ anaparŘstash miac sullogŠc tŰpou Bag 38 2.24 SuntaktikŠ anaparŘstash miac sullogŠc tŰpou Alt 39 2.25 QrŠsh tou gnwrŢsmatoc aboutEach, gia katanemhmŚnh anaforŘ sta stoiqeŢa miac sullogŠc 39 2.26 SuntaktikŠ perigrafŠ protŘsewn uyhlŞterhc tŘxhc, me upostasiopoŢhsh 40 2.27 UpostasiopoŢhsh twn protŘsewn pou periŚqontai se Śna stoiqeŢo perigrafŠc 41 2.28 DiaforetikŚc suntaktikŚc anaparastŘseic thc Ţdiac plhroforŢac se XML 42

3.1 ’Ena endeiktikŞ parŘdeigma hmidomhmŚnwn metadedomŚnwn kai sqhmŘtwn RDF 45 3.2 To monopŘti dedomŚnwn pou diatrŚqei h erŤthsh 1 60 3.3 To sŰnolo twn idiotŠtwn pou mporoŰn na efarmostoŰn se Śna antikeŢmeno thc klŘshc Painter 63 3.4 MonadiaŢec leitourgŢec 79 3.5 DuadikŚc leitourgŢec 80 3.6 BasikŘ fŢltra 81

4.1 To sqesiakŞ sqŠma apojŠkeushc metadedomŚnwn kai sqhmŘtwn RDF 84 4.2 H shmasiologikŠ anaparŘstash thc erŤthshc 1 89 4.3 H arqitektonikŠ tou diermhnŚa erwtŠsewn thc RQL 91 4.4 H ierarqŢa leitourgiŤn ston diermhnŚa thc RQL 92 4.5 To plŘno apotŢmhshc thc erŤthshc 2 98 4.6 MetŘfrash erŤthshc RQL se SQL3 100 4.7 MetasqhmatismoŢ sto plŘno apotŢmhshc thc erŤthshc 2 101 4.8 MetŘfrash beltistopoihmŚnhc erŤthshc RQL se SQL3 101

KatŘlogoc PinŘkwn

3.1 To apotŚlesma thc erŤthshc 9 67 3.2 ErmhneŢa twn basikŤn erwtŠsewn thc RQL 78 3.3 To apotŚlesma thc erŤthshc 82

EisagwgŠ

1.1 PŰlec KoinotŠtwn DiadiktŰou

PlhroforiakŘ sustŠmata Şpwc sustŠmata mnŠmhc organismŤn (organizational memory), kŘjetoi sunajroistŚc (vertical aggregators), diamesolabhtŚc plhroforŢac (infomediaries) klp anamŚnetai na paŢxoun prwtarqikŞ rŞlo sthn oikonomŢa tou 21ou aiŤna, epitrŚpontac thn anŘptuxh kai suntŠrhsh sugkekrimŚnwn koinotŠtwn (p.q. epiqeirhsiakŤn, epaggelmatikŤn, emporikŤn) se epiqeirhsiakŘ kleistŘ dŢktua (intranets) Š ston PagkŞsmio IstŞ [FA99]. TŚtoiec pŰlec koinotŠtwn diadiktŰou prosfŚroun se mŚlh diafŞrwn koinotŠtwn (epiqeirhsiakŤn, dia-epiqeirhsiakŤn, hlektronikoŰ emporŢou klp) th dunatŞthta epilogŠc, kathgoriopoŢhshc kai prŞsbashc se diŘforouc plhroforiakoŰc pŞrouc (p.q. diktuakoŰc tŞpouc, Śggrafa, dedomŚna, uphresŢec). MŘlista, oi leitourgŢec autŚc eŢnai shmasiologikŘ ploŰsiec, katanohtŚc, enopoihmŚnec (anafŚrontai dhl. sto sŰnolo twn plhroforiakŤn pŞrwn thc koinŞthtac) kai kajolikŚc (mporoŰn dhl. na ektelestoŰn apŞ pantoŰ). ’Ena basikŞ tmŠma miac tŚtoiac pŰlhc eŢnai o KatŘlogoc GnŤshc, o opoŢoc periŚqei perigrafŚc - dhl. metadedomŚna - sqetikŘ me touc upŘrqontec plhroforiakoŰc pŞrouc. ProkeimŚnou na epitrŚyei thn - prosarmosmŚnh sta endiafŚronta kai tic anŘgkec kŘje qrŠsth (personalized) - prŞsbash, oi KatŘlogoi GnŤshc organwnoun kai sugkentrŤnoun plhroforŢa me diŘforouc trŞpouc, pou eŢnai polŰ pio euŚliktoi se sqŚsh me ta sunhjismŚna (sqesiakŘ Š ontokentrikŘ) sustŠmata diaqeŢrishc bŘsewn dedomŚnwn (SDBD). ParŞlauta, stic emporikŚc efarmogŚc pou uposthrŢzoun thn anŘptuxh pulŤn gia koinŞthtec (p.q. Epicentric^1, Plumtree^2, Autonomy^3) oi dunatŞthtec eperŤthshc pe-

1www.epicentric.com 2www.plumtree.com 3www.autonomy.com

riorŢzontai se anŘkthsh plŠrouc keimŚnou (full-text retrieval) (Š zeŰgh gnwrismŘtwntimŤn) kai pio prohgmŚnec leitourgŢec eŢnai dunatŚc mŞno me prŞsbash stouc pŞrouc mŚsw ploŠghshc (navigational access). EpŢshc, tŚtoiec efarmogŚc agnooŰn teleŢwc prŞsfata prŞtupa gia thn perigrafŠ pŞrwn ston PagkŞsmio IstŞ (blŚpe drasthriŞthta metadedomŚnwn tou W3C^4).

Pio sugkekrimŚna, to PeribŘllon PerigrafŠc PŞrwn (Resource Description Framework - RDF)[LS99], [BG00], pou apoteleŢ prŞtupo tou W3C, Śqei stŞqo na epitrŚyei th dhmiourgŢa kai antallagŠ perigrafŤn pŞrwn metaxŰ koinotŠtwn. MŘlista, lŞgw tou euŚliktou montŚlou tou, polloŢ promhjeutŚc plhroforŢac (p.q. ABCNews, CNN, Time Inc., New Media) allŘ kai pŰlec ston PagkŞsmio IstŞ (p.q. Open Directory^5, CNET^6, XMLNews^7) qrhsimopoioŰn Šdh to RDF[LS99] gia thn perigrafŠ twn pŞrwn touc. PrŘgmati, h plhroforŢa pou perilambŘnei mia koinŞthta mporeŢ na jewrhjeŢ wc mia sullogŠ apŞ pŞrouc me anagnwristikŘ URIs[BLFIM98], oi perigrafŚc twn opoŢwn mporoŰn na montelopoihjoŰn apŞ epŤnumec idiŞthtec - Şpwc sto RDF. ’Etsi, to RDF eŢnai katŘllhlo gia thn dhmiourgŢa metadedomŚnwn diafŞrwn eidŤn (diaqeiristikŤn, katalogopoŢhshc (cataloguing), axiolŞghshc perieqomŚnou (content rating), qŘrtec diktuakŤn tŞpwn, proswpopoihmŚna kanŘlia (push channels) klp) gia eterogeneŢc pŞrouc (apŞ teleŢwc adŞmhtouc Şpwc Śggrafa RDF Š MSWord, arqeŢa video Š Šqou, se hmi-domhmŚna - p.q. Śggrafa HTML Š sullogŚc hlektronikŤn mhnumŘtwn - Š kai domhmŚna, Şpwc Śggrafa XML pou akoloujoŰn kŘpoio gnwstŞ OrismŞ TŰpou EggrŘfou (DTD)). EpŢshc, prokeimŚnou na epitrŚyei thn ermhneŢa twn perigrafŤn pŞrwn, metaxŰ koinotŠtwn eŢte sto plaŢsio mŢac koinŞthtac, to RDF epitrŚpei ton orismŞ sqhmŘtwn[BG00]. Ta sqŠmata RDF Śqoun diŘforec idiaiterŞthtec: (a) den epibŘlloun austhroŰc periorismoŰc tŰpwn stic perigrafŚc (p.q. Śna pŞroc mporeŢ na perigrafeŢ apŞ idiŞthtec pou eŢnai loosely-coupled apŞ tic klŘseic), (b) epitrŚpoun epikaluptŞmenec perigrafŚc gia ton Ţdio pŞro (p.q. Śnac pŞroc mporeŢ na kathgoriopoihjeŢ se diŘforec klŘseic pou pijanŤc exuphretoŰn diaforetikoŰc skopoŰc perigrafŠc kai pijanŤc proŚrqontai apŞ diaforetikŘ sqŠmata RDF - p.q. gia diaqeiristikŘ metadedomŚna kai metadedomŚna perigrafŠc perieqomŚnou), (g) mporoŰn

4www.w3.org/Metadata 5www.dmoz.org 6home.cnet.com 7www.xmlnews.org

1.1. PŰlec KoinotŠtwn DiadiktŰou 3

na epektajoŰn eŰkola (p.q. me th sqŚsh upallhlŢac tŞso stic klŘseic Şso kai stouc tŰpouc idiotŠtwn).

Pio austhrŘ, stic perissŞterec pŰlec koinotŠtwn diadiktŰou, oi perigrafŚc twn pŞrwn, an kai eŢnai eterogeneŢc, mporoŰn na anaparastajoŰn eŰkola kai me fusikŞ trŞpo sto montŚlo kateujunŞmenwn grŘfwn me etikŚttec tou RDF, sto opoŢo oi kŞmboi kai oi akmŚc anaparistoŰn pŞrouc (Š lektikŚc timŚc) kai idiŞthtec, antŢstoiqa. KatŘ sunŚpeia, ta sqŠmata RDF orŢzoun ousiastikŘ lexilŞgia apŞ etikŚttec (gia kŞmbouc kai akmŚc tou grŘfou) pou mporoŰn na qrhsimopoihjoŰn gia thn perigrafŠ kai thn eperŤthsh pŞrwn se diŘforec efarmogŚc. AutŚc oi basikŚc arqŚc tou montŚlou eŢnai aparaŢthtec gia thn upostŠrixh perigrafŤn plhroforiakŤn pŞrwn miac koinŞthtac gia diŘforouc skopoŰc. TautŞqrona, diathroŰn thn autonomŢa pou apaiteŢtai gia leitourgŢec perigrafŠc anexŘrthtwn tmhmŘtwn miac koinŞthtac (upo-koinotŠtwn). AxŢzei na shmeiwjeŢ Şti parŞmoiec anŘgkec Śqoun diapistwjeŢ kai se Řllec diktuakŚc efarmogŚc Şpwc ta sustŠmata uperkeŢmenhc (superimposed) plhroforŢac[DM99], [MD99] kai oi uphresŢec ierarqikŤn katalŞgwn LDAP [JLM^+99], [AYJLS00]. EpŢshc, o suneqŤc auxanŞmenoc arijmŞc pŞrwn koinotŠtwn kai o pollaplasiasmŞc twn uphresiŤn perigrafŠc Śqoun odhgŠsei se terŘstiouc Şgkouc perigrafŤn kai sqhmŘtwn RDF (p.q. h pŰlh Open Directory periŚqei perŢpou 100MB kathgoriŤn/jemŘtwn kai ta anagnwristikŘ twn pŞrwn pou Śqoun kathgoriopoihjeŢ se autŚc ftŘnoun ta 700MB). DustuqŤc Şmwc, h mŞnh leitourgikŞthta pou prosfŚretai apŞ ta upŘrqonta sustŠmata [RDF] pou uposthrŢzoun to RDF eŢnai h - basismŚnh se programmatistikŚc diepafŚc qamhloŰ epipŚdou (low-level APIs) - ierarqikŠ anadŢfush, h opoŢa se tŚtoiec terŘstiec bŘseic perigrafŤn eŢnai dŰskolh, qronobŞra kai pijanŞtata anapotelesmatikŠ diadikasŢa. H logikŠ erŤthsh pou anakŰptei loipŞn eŢnai an - kai se pio bajmŞ - mporoŰme na qrhsimopoiŠsoume teqnologŢa bŘsewn dedomŚnwn gia na prosfŚroume dhlwtikŠ (declarative) prŞsbash kai diaqeŢrish apojŠkeush se perigrafŚc RDF.

DustuqŤc, oi kajierwmŚnec (sqesiakŚc Š ontokentrikŚc) bŘseic dedomŚnwn [AHV95] basŢzontai se montŚla pou den eŢnai arketŘ euŚlikta Ťste na mporoŰn na anaparastŠsoun ta idiaŢtera qarakthristikŘ tou RDF (p.q. oi klŘseic sto RDF den orŢzoun tŰpouc gia ta stigmiŞtupŘ touc enŤ oi idiŞthtec orŢzontai anexŘrthta apŞ tic klŘseic). ExŘllou, ta perissŞtera hmidomhmŚna montŚla - Şpwc to OEM

[CGH^+94], [PGW95], [PGU96] kai to UnQL [BDS95] - den periŚqoun sqŠmata (epitrŚpontac opoiadŠpote etikŚtta se kŞmbouc Š akmŚc, kai mŘlista Şqi kai sta dŰo - Şpwc sto RDF). AkŞma kai ta hmidomhmŚna sustŠmata pou parŚqoun dunatŞthtec anŘjeshc tŰpwn (p.q. anagnwrŢzontac stigmiŞtupa protŰpwn), Şpwc to YAT [CCS00], [CDSS98], den mporoŰn na axiopoiŠsoun tic ierarqŢec klŘsewn kai idiotŠtwn twn sqhmŘtwn RDF. TŚloc, ta sqŠmata RDF Śqoun shmantikŚc diaforŚc tŞso me touc orismoŰc tŰpou eggrŘfou XML (DTDs) [BPS98] Şso kai me thn pio prŞsfath prŞtash gia sqŠmata XML [TBMM00], [MM00]. Gia parŘdeigma, oi sqŚseic epŚktashc (extension) kai eklŚptunshc (refinement) tŰpwn stoiqeŢwn XML qrhsimopoioŰntai kajarŘ gia suntaktikŠ dieukŞlunsh, enŤ Śna stoiqeŢo den mporeŢ na Śqei perissŞterouc apŞ Śna tŰpouc. KatŘ sunŚpeia, oi glŤssec eperŤthshc pou Śqoun protajeŢ gia hmidomhmŚna dedomŚna Š gia dedomŚna XML (Şpwc oi Lorel [AQM^+97], StruQL [FFK^+97], XML-QL [DFF^+99], XQL [Rob99], XML-GL [CCD^+99] kai Quilt [DC00]) den mporoŰn na ermhneŰsoun swstŘ th shmasiologŢa twn etikettŤn se kŞmbouc kai akmŚc grŘfwn RDF. To Ţdio isqŰei kai gia tic glŤssec eperŤthshc plhroforŢac sqŠmatoc gia bŘseic dedomŚnwn, Şpwc oi SchemaSQL [LSS96], XSQL [KKS92], Noodle [MR93], oi opoŢec basŢzontai sto sqesiakŞ Š sto ontokentrikŞ montŚlo.

1.2 AntikeŢmeno thc ergasŢac

OrmŤmenoi apŞ ta parapŘnw zhtŠmata, proteŢnoume Śna nŚo montŚlo dedomŚnwn kai mia dhlwtikŠ glŤssa eperŤthshc gia perigrafŚc kai sqŠmata RDF. H glŤssa mac, h RQL (RDF Query Language) - basŢzetai se Śna tupikŞ montŚlo grŘfwn pou emperikleŢei tic basikŚc Śnnoiec montelopoŢhshc tou RDF kai epitrŚpei thn ermhneŢa perigrafŤn RDF apŞ Śna Š perissŞtera sqŠmata. AxŢzei na shmeiwjeŢ Şti - kajŤc h protupopoŢhsh tou RDF Schema eŢnai akŞmh upo exŚlixh - h douleiŘ mac aposkopeŢ na suneisfŚrei proc autŠ thn kateŰjunsh. H RQL prosarmŞzei th leitourgikŞthta twn glwssŤn eperŤthshc hmidomhmŚnwn eggrŘfwn [ABS99] sta idiaŢtera qarakthristikŘ tou RDF allŘ epŢshc thn epekteŢnei, prokeimŚnou na epitrŚyei thn eperŤthsh sqhmŘtwn RDF. H RQL mporeŢ na jewrhjeŢ wc Śna genikŠc qrŠsewc ergaleŢo, pou mporeŢ na apotelŚsei th bŘsh gia th dhmiourgŢa diafŞrwn efarmogŤn (p.q. perigrafŠ Š anakŘluyh pŞrwn) pou aposkopoŰn sth dhmiourgŢa kai sthn prosarmogŠ

1.3. OrgŘnwsh thc ergasŢac 5

miac pŰlhc koinotŠtwn diadiktŰou, sŰmfwna me tic anŘgkec kai ta endiafŚronta kŘje mŚlouc-qrŠsth. TŚloc, h Űparxh plhroforŢac sqŠmatoc anoŢgei endiafŚrousec prooptikŚc gia thn apodotikŠ apojŠkeush perigrafŤn RDF kai th beltistopoŢhsh thc apotŢmhshc twn erwtŠsewn thc RQL. Pio sugkekrimŚna, h episthmonikŠ suneisforŘ autŠc thc ergasŢac eŢnai h exŠc:

♦ ParousiŘzoume Śna montŚlo grŘfwn to opoŢo gefurŤnei to qŘsma metaxŰ twn prodiagrafŤn RDF Model & Syntax [LS99] kai RDF Schema [BG00]. H prwtotupŢa tou montŚlou mac sunŢstatai sthn anaparŘstash twn idiotŠtwn wc autŞnomec ontŞthtec, kajŤc kai ston orismŞ enŞc mhqanismoŰ stigmiotŰpwn grŘfwn dedomŚnwn, pou epitrŚpei thn pollaplŠ kathgoriopoŢhsh twn pŞrwn. SugkrinŞmeno me thn paroŰsa katŘstash tou protŰpou, to montŚlo mac prosfŚrei Śna pio ploŰsio sŰsthma tŰpwn, pou periŚqei basikoŰc tŰpouc allŘ kai tŰpouc Śnwshc (union types).

♦ ProteŢnoume mia dhlwtikŠ glŤssa eperŤthshc, thn RQL, pou epitrŚpei thn eperŤthsh perigrafŤn allŘ kai sqhmŘtwn RDF. H RQL uiojeteŢ th sunarthsiakŠ prosŚggish thc OQL [CB97] enŤ uposthrŢzei genikeumŚnec ekfrŘseic monopatiŤn, me metablhtŚc stic etikŚttec kŞmbwn (dhl. se klŘseic) kai akmŤn (dhl. tŰpwn idiotŠtwn). H prwtotupŢa thc RQL eŢnai h dunatŞthta omalŠc metŘbashc metaxŰ erwtŠsewn se sqŠmata kai se perigrafŚc pŞrwn, kajŤc kai h ekmetŘlleush - me diafanŠ trŞpo - twn ierarqiŤn upallhlŢac metaxŰ twn etikettŤn. H RQL eŢnai h prŤth glŤssa pou parŚqei autŠ th leitourgikŞthta.

1.3 OrgŘnwsh thc ergasŢac

H ergasŢa autŠ Śqei organwjeŢ wc exŠc:

♦ Sto kefŘlaio 2 ja parousiŘsoume tic basikŚc Śnnoiec tou montŚlou dedomŚnwn twn RDF/RDFS, tonŢzontac ta idiaŢtera qarakthristikŘ tou pou to kajistoŰn katŘllhlo gia thn perŢptwsŠ mac kai odhgoŰn sthn anŘgkh thc dhmiourgŢac miac nŚac glŤssac eperŤthshc.

♦ Sto kefŘlaio 3, ja kŘnoume mia perigrafŠ tou montŚlo pou sqediŘsame gia na anaparastŠsoume to RDF, kai sto opoŢo basŢzetai h glŤssa eperŤthsŠc mac. Sth sunŚqeia, ja analŰsoume th leitourgikŞthta thc glŤssac mac me th qrŠsh endeiktikŤn paradeigmŘtwn. Sto tŚloc tou kefalaŢou, ja perigrŘyoume thn tupikŠ ermhneŢa twn diafŞrwn kathgoriŤn erwtŠsewn thc RQL kajŤc kai to sŰsthma tŰpwn.

♦ Sto kefŘlaio 4 ja exhgŠsoume thn ulopoŢhsh thc glŤssac mac, pŘnw apŞ Śna ontokentrikŞ-sqesiakŞ SŰsthma DiaqeŢrishc BŘsewn DedomŚnwn (objectrelational DBMS) [SBM99a], parousiŘzontac tic diŘforec enŞthtec tou diermhnŚa erwtŠsewn thc RQL. EpŢshc, ja analŰsoume to PeribŘllon ProgrammatismoŰ EfarmogŤn EperŤthshc (Query API) to opoŢo anaptŰqjhke gia th sŰndesh tou diermhnŚa thc glŤssac me to O-S SDBD. TŚloc, ja exhgŠsoume thn apotŢmhsh twn erwtŠsewn thc RQL mŚsa apŞ merikŚc endeiktikŚc metafrŘseic tŚtoiwn erwtŠsewn se antŢstoiqec erwtŠseic SQL3 [SBM99b].

♦ Sto kefŘlaio 5 ja sugkrŢnoume th glŤssa mac me diŘforec sqetikŚc ergasŢec kai ja deŢxoume giatŢ autŚc den eparkoŰsan, odhgŤntac sthn anŘgkh th dhmiourgŢac thc RQL.

♦ TŚloc, sto kefŘlaio 6 ja sunoyŢsoume thn episthmonikŠ suneisforŘ autŠc thc ergasŢac, ja sqoliŘsoume thn apotelesmatikŞthtŘ thc kai ja skiagrafŠsoume kŘpoiec kateujŰnseic gia mellontikŚc epektŘseic.

KefŘlaio 2

To prŞtupo RDF

Sto kefŘlaio autŞ ja dŤsoume mŢa perigrafŠ tou RDF (Resource Description Framework - PeribŘllon PerigrafŠc PŞrwn)[LS99], pou apoteleŢ prŞtupo tou World Wide Web Consortium (W3C). O apŤteroc stŞqoc tou RDF eŢnai na orŢsei Śna mhqanismŞ gia thn perigrafŠ plhroforiakŤn pŞrwn, o opoŢoc eŢnai katŘllhloc gia:

♦ Thn perigrafŠ plhroforiakŤn pŞrwn (dhl. antikeimŚnwn tou fusikoŰ Š ”diktuakoŰ” kŞsmou, p.q. diktuakoŰc kŞmbouc), anexŘrthta apŞ to sugkekrimŚno (se kŘje perŢptwsh) pedŢo efarmogŠc.

♦ Thn anaparŘstash thc gnŤshc se Śna pedŢo efarmogŠc, Şpwc autŠ ekfrŘzetai mŚsw ennoiŤn kai idiotŠtwn. H gnŤsh autŠ ja prŚpei na mporeŢ na axiopoihjeŢ gia mia shmasiologikŘ ploŰsia perigrafŠ plhroforiakŤn pŞrwn.

O purŠnac tou RDF eŢnai Śna montŚlo (kateujunŞmenwn) grŘfwn me etikŚttec, pou mporoŰn na qrhsimopoihjoŰn gia na perigrŘyoun sqŚseic (relationships) metaxŰ pŞrwn Š gnwrŢsmata pŞrwn (me lektikŚc timŚc), Şpwc ja doŰme sth sunŚqeia tou kefalaŢou. Oi etikŚttec autŚc aforoŰn kurŢwc ”epŤnumec” idiŞthtec (named properties) kai klŘseic. To montŚlo tou RDF sunodeŰetai kai apŞ mŢa ”glŤssa” perigrafŠc lexilogŢwn, to RDF Schema[BG00]. H glŤssa autŠ mporeŢ na qrhsimopoihjeŢ gia ton orismŞ sqhmŘtwn perigrafŠc plhroforiakŤn pŞrwn, pou orŢzoun th shmasiologŢa twn perieqomŚnwn twn metadedomŚnwn gia Śna sugkekrimŚno pedŢo efarmogŠc. Ta lexilŞgia autŘ apoteloŰntai (parŞmoia me ta ontokentrikŘ montŚla anaparŘstashc gnŤsewn) apŞ ierarqŢec klŘsewn, pou mporoŰn na epektajoŰn mŚsw thc sqŚshc exeidŢkeushc (isA), kajŤc kai apŞ tŰpouc idiotŠtwn pou tic susqetŢzoun, oi opoŢoi epŢshc mporoŰn na exeidikeŰtoun mŚsw thc antŢstoiqhc sqŚshc exeidŢkeushc idiotŠtwn. MetŘ apŞ mia sŰntomh perigrafŠ thc istorŢac thc dhmiourgŢac tou RDF, h opoŢa akoloujeŢ sthn epŞmenh enŞthta, ja proqwrŠsoume se mia pio ektenŠ anŘlush tou montŚlou tou RDF, kajŤc kai twn dunatotŠtwn pou prosfŚrei gia thn montelopoŢhsh kai antallagŠ metadedomŚnwn, kai katŘ sunŚpeia eperŤthsh kai anŘkthsh twn pŞrwn pou autŘ perigrŘfoun,ston Pagkosmio IstŞ.

2.1 IstorŢa tou RDF

To RDF protŘjhke apŞ to World-Wide-Web Consortium (W3C) san epŚktash thc PlatfŞrmac gia EpilogŠ PerieqomŚnou sto DiadŢktuo (PICS - Platform for Internet Content Selection[Mil96]), h opoŢa protŘjhke, epŢshc apo to W3C, to 1995. To PICS eŢnai Śnac mhqanismŞc perigrafŠc kai antallagŠc plhroforŢac axiolŞghshc selŢdwn ston PagkŞsmio IstŞ, apŞ Śna exuphrethtŠ (web server) se efarmogŚc pelatŤn (web clients) Şpwc oi anadifutŚc (browsers). TŚtoiec plhroforŢec mporoŰsan, p.q. na aforoŰn thn katallhlŞthta tou perieqomŚnou kŘpoiwn selŢdwn gia paidŢa mikrŠc hlikŢac, kai mporoŰsan na qrhsimopoihjoŰn p.q. apŞ goneŢc pou Šjelan na profulŘxoun ta paidŢa touc apŞ plhroforŢec/selŢdec pou jewroŰsan akatŘllhlec gia autŘ.

BasismŚno se autŠ thn arqikŠ idŚa, thc antallagŠc plhroforŢac perigrafŠc pŞrwn, h opoŢa eŢnai katanohtŠ apŞ ton upologistŠ allŘ tautŞqrona kai anagnŤsimh apŞ ton Řnjrwpo, kai me skopŞ na antimetwpŢsei tic eurŰterec anŘgkec thc perigrafŠc pŞrwn, to W3C dhmioŰrghse mŢa nŚa omŘda ergasŢac. ’Etsi, Şpwc sumbaŢnei genikŞtera me Şla ta prŞtupa/sustŘseic pou parŘgontai apŞ to W3C, mŚlh apŞ diŘfora ereunhtikŘ idrŰmata kai etairŢec (mŚlh tou W3C) sunergŘsthkan gia na proteŢnoun Śna koinŤc apodektŞ prŞtupo gia thn perigrafŠ pŞrwn ston PagkŞsmio IstŞ. Oi basikŚc epirroŚc (me bŘsh thn proŚleush twn melŤn thc omŘdac ergasŢac) sth dhmiourgŢa tou RDF proŠljan apŞ thn koinŞthta protupopoŢhshc tou PagkosmŢou’Istou tou W3C (me mŚlh pou eŢqan asqolhjeŢ me to PICS kai ta HTML META-tags[Wei96]), thn koinŞthta twn yhfiakŤn bibliojhkŤn, thn koinŞthta twn (hmi-)domhmŚnwn eggrŘfwn (SGML kai kurŢwc XML). EpŢshc, h sŰnjesh thc omŘdac ergasŢac perilŘmbane mŚlh kai Řllwn prospajeiŤn gia orismŞ protŰpwn gia metadedomŚna, Şpwc to Dublin Core[WMD95], to Warwick Framework[LLJ96] kajŤc kai prŞtupa pou protŘjhkan apŞ etairŢec, Şpwc to MCF[Guh96] thc Netscape kai to XMLData[LJM^+98] thc Microsoft.

2.2. StŞqoi tou RDF 9

2.2 StŞqoi tou RDF

♦ AnexarthsŢa (Independence): PrŚpei na parŚqetai h dunatŞthta se opoiondŠpote na orŢzei idiŞthtec Š klŘseic (kathgorŢec) Š kai na epanaqrhsimopoieŢ Šdh orismŚnec me Śna austhrŘ orismŚno - shmasiologikŘ - trŞpo. EpŢshc, oi efarmogŚc pou ja basŢzontai sto RDF ja prŚpei na mhn ephreŘzontai apŞ thn pijanŠ mellontikŠ exŚlixh twn sqhmŘtwn sugkekrimŚnwn efarmogŤn.

♦ AntallagŠ/DiametaforŘ (Interchange): Ta metadedomŚna RDF ja prŚpei na metafŚrontai/ antallŘsontai eŰkola metaxŰ upologistŤn kai na apojhkeŰontai se aplŘ sustŠmata arqeŢwn eŢte se exeidikeumŚna sustŠmata bŘsewn dedomŚnwn.

2.3 PŞroi RDF

To RDF epitrŚpei thn perigrafŠ plhroforiakŤn pŞrwn pou perigrŘfontai apŞ Śna URI (Uniform Resource Identifiers - OmoiŞmorfa AnagnwristikŘ PŞrwn), Şpwc perigrŘfetai sto [BLFIM98].

TŚtoioi pŞroi mporeŢ na eŢnai:

♦ DiktuakoŢ tŞpoi, Şpwc to http://www.ics.forth.gr

♦ SugkekrimŚna Śggrafa/selŢdec (HTML, XML klp)

♦ SugkekrimŚna tmŠmata/stoiqeŢa tŚtoiwn eggrŘfwn, kajŤc autŘ mporoŰn na perigrafoŰn me URIs, me thn prosjŠkh XPaths[CD99]/Xpointers[DJM00].

♦ FusikŘ antikeŢmena, ta opoŢa den eŢnai kan prospelŘsima apŞ ton pagkŞsmio istŞ, p.q. biblŢa, prŞswpa, pŞleic klp.

AxŢzei na shmeiwjeŢ Şti sto RDF ta URIs qrhsimopoioŰntai me trŞpo lŢgo diaforetikŞ apŞ autŞn pou perigrŘfetai sto [BLFIM98]. Pio sugkekrimŚna, to RDF qrhsimopoieŢ ta legŞmena qualified URIs, dhladŠ URIs pou mporeŢ na periŚqoun kai Śna anagnwristikŞ tmŠmatoc (fragment identifier), to opoŢo diaqwrŢzetai apŞ to upŞloipo URI me to qaraktŠra ’#’. AutŞ Śrqetai se antŢjesh me to [BLFIM98], Şpou to ’#’ orŢzetai Şti epistrŚfei ”mŢa idiŞthta twn dedomŚnwn pou prokŰptei apŞ mŢa enŚrgeia anŘkthshc”. AntŢjeta, sto RDF, kŘje qualified URI jewreŢtai Şti qarakthrŢzei/anafŚretai se Śna autŞnomo pŞro. Sth sunŚqeia autoŰ tou keimŚnou ja qrhsimopoiŠsoume ton Şro ”pŞroc” anaferŞmenoi sthn Śnnoia tou pŞrou, Şpwc autŠ jewreŢtai sto RDF.

2.4 ’Ennoiec kai orologŢa tou RDF

Ta metadedomŚna RDF perigrŘfoun sqŚseic metaxŰ pŞrwn (Şpwc perigrŘfhkan parapŘnw), oi opoŢec paristŘnontai wc epŤnumec idiŞthtec (named properties). Oi idiŞthtec autŚc eŢnai en mŚrei parŞmoiec me ta gnwrŢsmata antikeimŚnwn, Şpwc autŘ orŢzontai sta ontokentrikŘ montŚla. Me bŘsh autŠ th jeŤrhsh, oi perigrafŚc RDF mporoŰn na jewrhjoŰn wc aplŘ zeŰgh gnwrismŘtwn-timŤn. H basikŠ diaforŘ eŢnai Şti, enŤ sta ontokentrikŘ montŚla ta gnwrŢsmata qarakthrŢzontai kai apŞ thn klŘsh sthn opoŢa orŢzontai (kai Śqoun nŞhma mŞno wc tmŠma autŠc), sto RDF ta gnwrŢsmata eŢnai kajolikŘ kai qarakthrŢzontai mŞno apŞ to anagnwristikŞ touc. ’Etsi, apoteloŰn autŞnomec ontŞthtec (mporoŰn na jewrhjoŰn kai autŚc wc pŞroi), kai jewroŰntai sto montŚlo tou RDF ki autŚc wc polŢtec prŤthc kathgorŢac (first-class citizens). Mia tŚtoia idiŞthta mporeŢ na Śqei wc pedŢo orismoŰ thc mŢa Š perissŞterec klŘseic, kai wc timŠ thc mia (monadikŠ) klŘsh Š thn eidikŠc qrŠsewc klŘsh Literal, pou qrhsimopoieŢtai gia na perigrŘyei lektikŚc stajerŚc (literals), Şpwc aplŚc sumboloseirŚc Š timŚc Řllwn basikŤn tŰpwn dedomŚnwn XML[BPS98]. Mia tŚtoia triŘda (dŰo pŞrwn Š enŞc pŞrou kai mŢac timŠc pou sqetŢzontai mŚsw miac epŤnumhc idiŞthtac) onomŘzetai prŞtash (statement) kai apoteleŢ to domikŞ stoiqeŢo tou RDF. MŢa prŞtash anaparistŘ mia idiŞthta enŞc plhroforiakoŰ pŞrou, ousiastikŘ perigrŘfei - en mŚrei - ton pŞro autŞ. ProtŘseic pou perigrŘfoun idiŞthtec tou Ţdiou pŞrou mporoŰn na omadopoihjoŰn, apotelŤntac mŢa perigrafŠ (description) tou pŞrou autoŰ.

To RDF parŚqei treic trŞpouc gia thn perigrafŠ enŞc montŚlou metadedomŚnwn:

♦ OntokentrikŠ prosŚggish: me th qrŠsh kateujunŞmenwn grŘfwn me etikŚttec, pou apoteloŰn thn apeikŞnish tou montŚlou dedomŚnwn tou RDF, me trŞpo anexŘrthto apŞ to qrhsimopoioŰmeno suntaktikŞ.

♦ SqesiakŠ prosŚggish: apeikŞnish mŚsw triŘdwn (eidikŠ perŢptwsh twn pleiŘdwn tou sqesiakoŰ montŚlou), kajemŢa apŞ tic opoŢec antistoiqeŢ me mŢa prŞtash thc perigrafŠc. MŢa tŚtoia triŘda periŚqei to Şnoma thc idiŞthtac, to anagnwristikŞ tou antikeimŚnou pou perigrŘfetai kai thn antŢstoiqh timŠ thc idiŞthtac.

♦ SeiriopoŢhsh: H suntaktikŠ anaparŘstash tou RDF, pou basŢzetai sthn XML, parŚqei trŞpouc seiriopoŢhshc twn metadedomŚnwn se arqeŢa, h morfŠ twn opoŢwn eŢnai katanohtŠ apŞ ton Řnjrwpo allŘ kurŢwc axiopoiŠsimh apŞ upologistŚc/progrŘmmata pou mporoŰn na ta diaqeiristoŰn kai na ta antallŘxoun.

DedomŚnou Şti stŞqoc autŠc thc ergasŢac eŢnai h dhmiourgŢa miac glŤssac eperwtŠsewn sumbatŠc me to montŚlo tou RDF, to suntaktikŞ eŢnai deutereŰousac shmasŢac gia thn anŘlusŠ mac. Gi’ autŞ to lŞgo, sth sunŚqeia tou kefalaŢou ja proqwrŠsoume se mia pio ektenŠ anŘlush twn qarakthristikŤn tou montŚlou tou RDF, pou Śqoun idiaŢterh shmasŢa gia na prosdiorŢsoume tic anŘgkec allŘ kai tic dunatŞthtec thc glŤssac eperŤthshc. Gia tic anŘgkec thc parousŢashc tou montŚlou, ja qrhsimopoiŠsoume thn anaparŘstash me qrŠsh kateujunŞmenwn grŘfwn me etikŚttec, kajŤc eŢnai h pio aplŠ kai ekfrastikŠ gia anjrŤpinh katanŘlwsh kai epideiknŰei plŠrwc ta qarakthristikŘ tou montŚlou dedomŚnwn tou RDF. Sto tŚloc tou kefalaŢou, gia lŞgouc plhrŞthtac, ja epanŚljoume se mia pio analutikŠ perigrafŠ tou suntaktikoŰ tou RDF.

2.4.1 KateujunŞmenoi grŘfoi me etikŚttec AutoŢ oi grŘfoi onomŘzontai kai diagrŘmmata kŞmbwn kai akmŤn (nodes and arcs diagrams). Oi akmŚc anaparistoŰn tic epŤnumec idiŞthtec enŤ oi kŞmboi pou emfanŢzontai me elleiyoeidŚc sqŠma anaparistoŰn pŞrouc. Wc eidikŠ perŢptwsh, oi kŞmboi pou emfanŢzontai wc parallhlŞgramma anaparistoŰn timŚc basikŤn tŰpwn (literals). DedomŚnou Şti to pedŢo orismoŰ miac idiŞthtac eŢnai pŘnta Śnac pŞroc enŤ h timŠ thc eŢnai eŢte Śnac Řlloc pŞroc eŢte mŢa timŠ basikoŰ tŰpou, mŢa akmŠ sto grŘfo xekinŘei pŘnta apŞ Śna elleiyoeidŠ kŞmbo kai katalŠgei se Śna elleiyoeidŠ Š Śna parallhlŞgrammo kŞmbo, Şpwc faŢnetai sto sqŠma 2.1.

’Enac tŚtoioc aplŞc grŘfoc dhlŤnei Şti o kŞmboc http://www.museum.gr/-

artists#picasso Śqei mŢa idiŞthta http://www.culture.gr/schema.rdf#last-
 name, me timŠ "Picasso". Pio sugkekrimŚna, o grŘfoc tou sqŠmatoc 2.1(a) anaparistŘ th frŘsh (se fusikŠ glŤssa):

To epŤnumo (ns1:last name) tou http://www.museum.gr/artists#picasso eŢnai ”Picasso”

Sthn orologŢa tou RDF, autŠ h triŘda (Śnac pŞroc me mŢa idiŞthtŘ tou kai thn timŠ thc) onomŘzetai prŞtash (statement). Ta trŢa autŘ mŚrh thc prŞtashc, anŘloga me th jŚsh touc se autŠ, apoteloŰn to upokeŢmeno, to kathgŞrhma kai to antikeŢmeno thc prŞtashc.

Sthn Ţdia prŞtash qrhsimopoiŠsame to prŞjema ns1 gia thn idiŞthta

last name, sth jŚsh tou plŠrouc URI http://www.culture.gr/schema.rdf-
#last name. AutŠ h suntomografŢa basŢzetai sth dunatŞthta onomatodosŢac thc

XML (XML Namespace Facility [BHL99]), h opoŢa epitrŚpei ton orismŞ projemŘtwn pou upodeiknŰoun to Śggrafo sto opoŢo Śqei oristeŢ to antŢstoiqo stoiqeŢo. Sthn perŢptwsh tou RDF autŞ eŢnai idiaŢtera qrŠsimo, ston kajorismŞ tou sqŠmatoc/- lexilogŢou (RDF Schema) sto opoŢo Śqei oristeŢ h antŢstoiqh idiŞthta.’Ena sqŠma ousiastikŘ orŢzei ”lŚxeic” - kai th shmasŢa touc - oi opoŢec mporoŰn na qrhsimopoihjoŰn sto sqhmatismŞ ”protŘsewn”. ’Opwc akribŤc kai sth fusikŠ glŤssa, h shmasŢa thc prŞtashc exartŘtai apŞ th shmasŢa twn lŚxewn pou periŚqei, Şpwc autŠ kajorŢzetai apŞ to lexilŞgio pou qrhsimopoieŢtai (p.q. to lexilŞgio thc ellhnikŠc glŤssac, to lexilŞgio orologŢac twn episthmŞnwn H/U klp). ’Ena sqŠma loipŞn mporeŢ na jewrhjeŢ wc to antŢstoiqo enŞc lexikoŰ, to opoŢo periŚqei Şlec tic lŚxeic pou mporoŰme na qrhsimopoiŠsoume kajŤc kai th shmasŢa kajemiŘc apŞ autŚc.

EŢnai profanŚc loipŞn Şti gia th qrŠsh tou RDF gia thn anaparŘstash opoiasdŠpote morfŠc gnŤshc (p.q. episthmonikŠc gnŤshc se kŘpoio tomŚa klp) kai thn

SqŠma 2.1 DŰo aplŘ paradeŢgmata grŘfwn RDF qrŠsh kai antallagŠ/diamoirasmŞ thc me shmasiologikŘ safŠ trŞpo, apaiteŢtai h Űparxh koinŤc apodektŤn kai safŤc orismŚnwn sqhmŘtwn. EpŢshc, eŢnai safŚc Şti h Űparxh tŚtoiwn sqhmŘtwn parŚqei auxhmŚnec dunatŞthtec gia akribŠ kai shmasiologikŘ ploŰsia eperŤthsh twn metadedomŚnwn (axiopoiŤntac th diamoirazŞmenh gnŤsh miac ”koinŞthtac”, Şpwc paristŘnetai se Śna Š perissŞtera sqŠmata). Sth sunŚqeia tou kefalaŢou ja gŢnei pio ektenŠc anaforŘ sta basikŘ sustatikŘ stoiqeŢa orismoŰ tŚtoiwn sqhmŘtwn, oi plŠreic prodiagrafŚc twn opoŢwn perigrŘfontai sto [BG00].

’Estw tŤra Şti jŚloume na anaparastŠsoume pio perŢplokec frŘseic, Şpwc p.q. Şti:

To http://www.museum.gr/paintings#guernica zwgrafŢsthke (ns1:painted by) apŞ kŘpoion, pou Śqei Şnoma (ns1:first name) ”Pablo” kai epŤnumo (ns1:last name) ”Picasso”

AutŞ shmaŢnei praktikŘ Şti to antikeŢmeno thc prŤthc frŘshc eŢnai mŢa domhmŚnh ontŞthta, pou Śqei kai Řllec idiŞthtec. TŚtoiec protŘseic mporoŰn na montelopoihjoŰn eisŘgontac Śna anŤnumo pŞro, pou anaparistŘ autŠ thn ontŞthta. O grŘfoc pou prokŰptei faŢnetai sto sqŠma 2.2

SqŠma 2.2 GrŘfoc RDF me domhmŚnh timŠ

Mia tŚtoia domhmŚnh ontŞthta mporeŢ epŢshc na qarakthrŢzetai apŞ Śna anagnwristikŞ, p.q. Śna URI, p.q. http://www.museum.gr/artists#picasso, opŞte ja eŢqame thn anaparŘstash pou faŢnetai sto sqŠma 2.3.

Stic epŞmenec paragrŘfouc ja exhgŠsoume ton trŞpo me ton opoŢo anaparistoŰntai me tic dŰo Řllec morfŚc tŚtoiec aplŚc perigrafŚc RDF. Sto upŞloipo tou keimŚnou ja qrhsimopoiŠsoume autŠ thn anaparŘstash gia pio perŢploka paradeŢgmata grŘfwn metadedomŚnwn kai sqhmŘtwn RDF.

SqŠma 2.3 DomhmŚnh timŠ me anagnwristikŞ

2.5 To montŚlo dedomŚnwn tou RDF

MetŘ apŞ autŠ th genikŠ perigrafŠ thc filosofŢac tou RDF, ja proqwrŠsoume se mia pio ektenŠ anŘlush Şlwn twn ennoiŤn pou proteŢnontai kai apoteloŰn to montŚlo autŞ. Gia to skopŞ autŞ ja qwrŢsoume tic basikŚc Śnnoiec tou RDF se treic kathgorŢec: tic jemeliŤdeic Śnnoiec, tic Śnnoiec orismoŰ sqhmŘtwn (dhl. tic basikŚc Śnnoiec tou RDF Schema, pou mporeŢ na qrhsimopoihjeŢ gia ton orismŞ sqhmŘtwn gia perigrafŚc metadedomŚnwn RDF) kai kŘpoiec epiplŚon Śnnoiec, oi opoŢec den apoteloŰn jemeliŤdeic lŢjouc tou montŚlou allŘ perilambŘnontai se autŞ kai mporeŢ na fanoŰn qrŠsimec se sugkekrimŚna pedŢa efarmogŠc.

2.5.1 JemeliŤdeic’Ennoiec

2.5.1.1 rdfs:Resource

H basikŠ idŚa thc qrŠshc metadedomŚnwn (kai eidikŞtera tou RDF, Şpwc faŢnetai kai apŞ to ŞnomŘ tou) eŢnai h perigrafŠ pŞrwn (resource description). Me dedomŚno Şti - me bŘsh to [LS99] - oi pŞroi qarakthrŢzontai monadikŘ apŞ Śna URI, kai mporoŰme na anajŚsoume Śna URI se otidŠpote, sumperaŢnoume Şti ta pŘnta mporoŰn na jewrhjoŰn wc pŞroi. Sthn perŢptwsh thc perigrafŠc pŞrwn sto plaŢsio tou PagkosmŢou IstoŰ eŢnai profanŚc Şti idiaŢtero endiafŚron parousiŘzoun oi pŞroi pou apoteloŰn tmŠma tou kai mporoŰn na anakthjoŰn apŞ to DiadŢktuo.

PrŚpei na shmeiwjeŢ Şti oi pŞroi apoteloŰn mia ennoiologikŠ apeikŞnish twn ontotŠtwn stic opoŢec anafŚrontai, kai Şqi se kŘpoio sugkekrimŚno stigmiŞtupo twn ontotŠtwn autŤn. ’Etsi, gia parŘdeigma, to URI ”http://www.museum.gr/picasso” anafŚretai se Śna Śggrafo HTML sto DiadŢktuo. H plhroforŢa gia ton suggrafŚa autoŰ tou eggrŘfou exartŘtai apŞ to perieqŞmenŞ tou, enŤ to mŚgejŞc tou eŢnai mia idiŞthta pou exartŘtai apŞ to sugkekrimŚno stigmiŞtupo tou eggrŘfou, kai mporeŢ na prosdioristeŢ th stigmŠ thc anŘkthshc apŞ ton exuphrethtŠ HTTP pou ja klhjeŢ na anaktŠsei to Śggrafo. H ermhneŢa twn pŞrwn eŢnai diaforetikŠ stic dŰo periptŤseic (antikeŢmeno plhroforŢac/fusikŠ morfŠ arqeŢou). KŘti tŚtoio isqŰei genikŘ gia thn ermhneŢa twn pŞrwn, to epŢpedo afaŢreshc thc opoŢac exartŘtai kŘje forŘ apŞ to skopŞ thc sugkekrimŚnhc efarmogŠc, kai pijanŤc allŘzei me to qrŞno.

2.5.1.2 rdf:Property

Oi idiŞthtec eŢnai mia eidikŠ kathgorŢa pŞrwn, Şpwc eŢdame nwrŢtera, oi opoŢec qrhsimopoioŰntai wc kathgorŠmata perigrafŤn RDF.’Ena apŞ ta pio qarakthristikŘ stoiqeŢa tou RDF, se sqŚsh me Řllec glŤssec montelopoŢhshc Şpou apoteloŰn gnwrŢsmata klŘsewn, eŢnai to gegonŞc Şti oi idiŞthtec apoteloŰn polŢtec prŤthc kathgorŢac. AutŞ gŢnetai akŞma pio profanŚc apŞ to gegonŞc Şti h Űparxh mŢac triŘdac, pou apoteleŢ th stoiqeiŤdh ontŞthta plhroforŢac se Śna montŚlo RDF, ofeŢletai ston orismŞ miac idiŞthtac, h opoŢa ousiastikŘ perigrŘfei kai th shmasiologŢa thc prŞtashc. H Śnnoia twn klŘsewn exakoloujeŢ na ufŢstatai, Şmwc oi idiŞthtec mporoŰn na oristoŰn kai na qrhsimopoihjoŰn anexŘrthta apŞ klŘseic.

O qeirismŞc twn idiotŠtwn wc autŞnomwn pŞrwn, me monadikŘ URIs, mac dŢnei epŢshc th dunatŞthta na qrhsimopoiŠsoume to RDF kai gia thn perigrafŠ twn Ţdiwn twn idiotŠtwn, gegonŞc pou sumbŘlei shmantikŘ sthn aplŞthta tou montŚlou kai sto opoŢo sthrŢzetai o ”kalŞc” orismŞc twn ennoiŤn pou ja analujoŰn sth sunŚqeia. DŰo idiŞthtec pou qarakthrŢzoun ton orismŞ enŞc tŰpou idiotŠtwn eŢnai to pedŢo orismoŰ kai to pedŢo timŤn touc. Oi idiŞthtec anaparistŤntai apŞ tic prokajorismŚnec idiŞthtec rdfs:domain, rdfs:range, pou ja analujoŰn peraitŚrw sth sunŚqeia. Gia parŘdeigma, sto sqŠma 2.4 faŢnetai to montŚlo enŞc orismoŰ miac idiŞthtac.

ParŞmoia me Řlla montŚla hmidomhmŚnwn dedomŚnwn (Şpwc ta OEM [PGW95], YAT [CDSS98], UNQL[BDS95]), oi idiŞthtec sto RDF eŢnai proairetikŚc (optional) kai pijanŤc pleiŞtimec (multi-valued). AutŞ shmaŢnei Şti gia kŘpoio pŞro pou anŠkei sto pedŢo orismoŰ miac idiŞthtac, mporeŢ eŢte na mhn oristeŢ kŘpoio stigmiŞtupo autŠc thc idiŞthtac eŢte mporeŢ na oristeŢ perissŞterec apŞ mŢa forŚc. P.q. sto sqŠma

SqŠma 2.4 OrismŞc thc idiŞthtac paints

2.5 h idiŞthta ns1:first name den orŢzetai enŤ h ns1:paints Śqei dŰo timŚc.

SqŠma 2.5 ProeraitikŚc kai pleiŞtimec idiŞthtec

Wc apotŚlesma autŠc thc idiaiterŞthtac tou RDF, se stigmiŞtupa metadedomŚnwn den emfanŢzontai mhdenikŚc timŚc (null values), Şpwc ja sunŚbaine p.q. gia timŚc pou den Śqoun oristeŢ sto sqesiakŞ montŚlo. AutŞ to gegonŞc parŚqei megalŰterh euelixŢa sthn anaparŘstash allŘ kai sthn eperŤthsh.

2.5.1.3 rdf:Statement

MŢa prŞtash eŢnai Śnac pŞroc pou upostasiopoieŢ (reify) mŢa triŘda. ’Enac tŚtoioc pŞroc Śqei toulŘqiston treŢc idiŞthtec, pou orŢzontai apŞ to montŚlo tou RDF: tic rdf:subject, rdf:object, rdf:predicate (upokeŢmeno, antikeŢmeno, kathgŞrhma), me tic antŢstoiqec timŚc apŞ ta mŚrh thc triŘdac, Şpwc orŢsthkan prohgoumŚnwc. EpŢshc, Śnac tŚtoioc pŞroc Śqei thn idiŞthta rdf:type (gia thn opoŢa ja milŠsoume pio analutikŘ sth sunŚqeia), me timŠ rdf:Statement. H upostasiopoŢhsh (reification) twn triŘdwn apoteleŢ jemeliŤdh Śnnoia sto montŚlo tou RDF, kai mporeŢ na qrhsimopoihjeŢ gia ton orismŞ tou Ţdiou tou RDF me perigrafŚc RDF.

H jeŤrhsh twn Ţdiwn twn protŘsewn wc pŞrwn me autŚc tic idiŞthtec mac epitrŚpei na anajŚtoume idiŞthtec kai se protŘseic, eŢte na jŚtoume protŘseic wc timŚc idiotŠtwn.’Etsi, gia parŘdeigma, mporoŰme na ekfrŘsoume ”frŘseic” Şpwc:

O Gregory dŠlwse Şti: ”o Rodin zwgrŘfise th Guernica”

To montŚlo tou RDF pou anaparistŘ autŠ thn frŘsh faŢnetai sto sqŠma 2.6. OusiastikŘ, h dunatŞthta na sqhmatŢzoume protŘseic pou Śqoun wc mŚlh touc Řllec protŘseic apoteleŢ Śna trŞpo gia na ekfrŘzoume protŘseic anŤterhc tŘxhc (higher-order) sto prwtobŘjmio (first-order) montŚlo tou RDF. Mia shmantikŠ diaforŘ autŤn twn upostasiopoihmŚnwn protŘsewn, se sqŚsh me tic ”koinŚc” protŘseic pou periŚqoun mŞno aploŰc pŞrouc - kai Şqi Řllec protŘseic, eŢnai h jeŤrhsŠ touc wc gegonŞta: prŘgmati, enŤ mia aplŠ prŞtash Şpwc:

O Rodin zwgrŘfise th Guernica

ja Śprepe na eklhfjeŢ wc gegonŞc (gnŤsh) - Śstw ki an eŢnai lanjasmŚnh, apŞ thn prŞtash tou prohgoŰmenou paradeŢgmatoc to mŞno gegonŞc pou mporeŢ na exaqjeŢ eŢnai Şti ”o Gregory Śkane th sugkekrimŚnh dŠlwsh”. Gia Śna sŰsthma pou diaqeirŢzetai kai eperwtŘ metadedomŚna RDF, den ja prŚpei se kammŢa perŢptwsh h upostasiopoihmŚnh prŞtash na exaqjeŢ kai na qrhsimopoihjeŢ wc gegonŞc.

2.5.2 ’Ennoiec orismoŰ sqhmŘtwn Oi Śnnoiec pou parousiŘsthkan wc tŤra orŢsthkan sto RDF Schema Specification[BG00], me skopŞ na perigrŘyoun austhrŘ kai me bŘsh Śna sŰsthma tŰpwn, to

SqŠma 2.6 AnaparŘstash miac upostasiopoihmŚnhc prŞtashc

montŚlo tou RDF. To RDF Schema protŘjhke apŞ to W3C gia na epitrŚyei ton orismŞ lexilogŢwn gia metadedomŚna RDF, ta opoŢa ja eŢnai epektŘsima kai ja mporoŰn kai ta Ţdia na perigrafoŰn me th qrŠsh tou RDF (me skopŞ th diatŠrhsh thc megalŰterhc dunatŠc aplŞthtac kai omoiomorfŢac). LŞgw thc qronikŠc apŞstashc pou mesolŘbhse anŘmesa sth monimopoŢhsh twn dŰo prodiagrafŤn kai pijanŤc gia na kalŰyoun tic anŘgkec sugkekrimŚnwn efarmogŤn, Śqoun emfanisteŢ kŘpoiec efarmogŚc pou parablŚpoun teleŢwc thn anaparŘstash kai thn ekmetŘlleush thc plhroforŢac pou upŘrqei se sqŠmata RDF. TŚtoiec efarmogŚc den Śqoun endiafŚron sthn perŢptwsŠ mac kajŤc qeirŢzontai to RDF wc mia aplŠ perŢptwsh hmidomhmŚnou montŚlou dedomŚnwn [ABS99].

O orismŞc twn sqhmŘtwn RDF parŚqei tic aparaŢthtec Śnnoiec gia ton orismŞ susthmŘtwn tŰpwn (lexilogŢwn) gia metadedomŚna. StoiqeŢa autŤn twn lexilogŢwn mporoŰn na exeidikeutoŰn - dhmiourgŤntac nŚouc tŰpouc. EpŢshc, ta sqŠmata mporoŰn na qrhsimopoihjoŰn gia na periorŢsoun to pedŢo orismoŰ Š timŤn diafŞrwn idiotŠtwn kai genikŘ gia na eisŘgoun periorismoŰc sta metadedomŚna, odhgŤntac sthn anŘgkh gia Ślegqo egkurŞthtac tou Ţdiou tou sqŠmatoc, Š twn dedomŚnwn se sqŚsh me to sqŠma to opoŢo ta ermhneŰei. Sto sqŠma 2.7 faŢnontai oi basikŚc klŘseic kai pŞroi tou RDF Schema, pou apoteloŰn tic basikŚc Śnnoiec twn sqhmŘtwn RDF. Stic epŞmenec paragrŘfouc ja analujeŢ h shmasiologŢa autŤn twn ennoiŤn, kajŤc kai oi periorismoŢ egkurŞthtac touc opoŢouc epibŘlloun sta (meta)dedomŚna pou dhmiourgoŰntai bŘsei autŤn.

SqŠma 2.7 Oi klŘseic kai oi pŞroi tou RDFS wc SŰnola kai StoiqeŢa

2.5.2.1 rdfs:Class

’Opwc kai sta perissŞtera sunhjismŚna ontokentrikŘ montŚla, Śtsi kai sto RDFS mia basikŠ Śnnoia eŢnai autŠ thc KlŘshc, Š TŰpou Š KathgorŢac. Mia klŘsh mporeŢ na anaparistŘ otidŠpote, apŞ tŰpouc eggrŘfwn wc afhrhmŚnec Śnnoiec kai Şrouc. H diaforŘ twn klŘsewn sto RDFS kai sta ontokentrikŘ montŚla eŢnai Şti sta teleutaŢa oi klŘseic orŢzoun Śna tŰpo gia thn katŘstash (state) twn - pijanŤn - antikeimŚnwn touc, h opoŢa kajorŢzetai apŞ tic timŚc twn diafŞrwn gnwrismŘtwn thc klŘshc. AntŢjeta, sto RDFS Şpou oi idiŞthtec apoteloŰn autŞnomec ontŞthtec, h kathgoriopoŢhsh enŞc pŞrou se mŢa klŘsh ousiastikŘ anajŚtei ston pŞro Śna tŰpo. ApŞ ton tŰpo autŞ - Şpwc ja doŰme sth sunŚqeia - exartŘtai to an mporeŢ Š Şqi na dojeŢ mia orismŚnh idiŞthta se Śna antikeŢmeno autŠc thc klŘshc. O orismŞc tou rdfs:Class faŢnetai sto sqŠma 2.8.

SqŠma 2.8 Dhlwsh thc klŘshc rdfs:Class ston orismŞ tou RDFS

2.5.2.2 rdf:type

H idiŞthta autŠ qrhsimopoieŢtai gia na deŢxei Şti Śnac pŞroc eŢnai mŚloc mŢac klŘshc. OrŢzetai Şpwc kŘje Řllh epŤnumh idiŞthta se Śna sqŠma RDFS, Şpwc faŢnetai sto sqŠma 2.9.’Otan Śnac pŞroc Śqei wc timŠ thc idiŞthtac rdf:type tou mŢa sugkekrimŚnh klŘsh, o pŞroc autŞc eŢnai Śna stigmiŞtupo thc klŘshc autŠc. Gia ton orismŞ miac sugkekrimŚnhc klŘshc qrhsimopoioŰme wc rdf:type ton tŰpo rdfs:Class. Oi idiŞthtec Śqoun epŢshc Śna orismŚno tŰpo, ton rdf:Property, enŤ oi upostasiopoihmŚnec protŘseic eŢnai tou tŰpou rdf:Statement.’Enac pŞroc mporeŢ epŢshc na oristeŢ wc antikeŢmeno perissŞterwn apŞ mŢa klŘseic, Şqi anagkastikŘ sundedemŚnec me th sqŚsh exeidŢkeushc (pollaplŠ katŘtaxh se klŘseic - multiple classification), den mporeŢ Şmwc na oristeŢ tautŞqrona wc klŘsh kai idiŞthta. Sth sunŚqeia ja doŰme pwc h plhroforŢa tŰpou pou dŢnetai me thn idiŞthta rdf:Property mporeŢ na epektajeŢ /klhronomhjeŢ, me thn orgŘnwsh twn pŞrwn tou sqŠmatoc (klŘsewn Š tŰpwn idiotŠtwn) se ierarqŢec upallhlŢac.

SqŠma 2.9 Dhlwsh thc idiŞthtac rdf:type ston orismŞ tou RDFS

2.5.2.3 rdfs:subClassOf

AutŠ h idiŞthta kajorŢzei mŢa sqŚsh upallhlŢac metaxŰ klŘsewn, h opoŢa orŢzetai me parŞmoio trŞpo me thn rdf:type, Şpwc faŢnetai sto sqŠma 2.10. H sqŚsh autŠ eŢnai metabatikŠ: an h klŘsh B eŢnai upoklŘsh thc A, kai h klŘsh G eŢnai upoklŘsh thc B, tŞte mporoŰme na sumperŘnoume autŞmata Şti h G eŢnai upoklŘsh kai thc A. AutŞ shmaŢnei Şti oi pŞroi pou eŢnai stigmiŞtupa thc klŘshc G ja eŢnai epŢshc stigmiŞtupa twn A kai B, afoŰ h klŘsh G prosdiorŢzei Śna uposŰnolo tŞso thc B Şso kai thc A. EpŢshc, me bŘsh ton orismŞ thc idiŞthtac rdfs:subClassOf, mia klŘsh mporeŢ na eŢnai upoklŘsh perissŞterwn apŞ mŢac klŘshc (multiple inheritance) allŘ Şqi tou eautoŰ thc Š miac klŘshc pou Śqei Šdh oristeŢ wc upoklŘsh thc prŤthc. KatŘ sunŚpeia, me bŘsh thn idiŞthta rdfs:subClassOf, oi klŘseic enŞc sqŠmatoc mporoŰn na organwjoŰn se mia ierarqŢa (qwrŢc kŰklouc),

O periorismŞc autŞc - thc mh Űparxhc kŰklwn sth sqŚsh exeidŢkeushc - den mporeŢ na ekfrasteŢ me kŘpoio trŞpo stic prodiagrafŚc tou RDF Schema, allŘ epibŘlletai wc kanŞnac gia touc dhmiourgoŰc tŚtoiwn sqhmŘtwn. Se kŘpoiec periptŤseic, mporeŢ na jewrhjeŢ perioristikŞc (p.q. de mac epitrŚpei na qrhsimopoiŠsoume th sqŚsh exeidŢkeushc kuklikŘ gia na deŢxoume Şti dŰo klŘseic eŢnai isodŰnamec). ’Omwc, dedomŚnou Şti mporoŰme eleŰjera na orŢsoume xeqwristŚc idiŞthtec gia tŚtoiec eidikŚc periptŤseic, kai dedomŚnou Şti h Űparxh kŰklwn ja prŞsejete megŘlh poluplokŞthta (kai pijanŤc ja apŚkleie se kŘpoiec periptŤseic) leitourgŢec Şpwc anadromikŠ diŘsqish enŞc tŚtoiou grŘfou, upologismoŰ Şlwn twn upoklŘsewn mŢac klŘshc (transitive closure) klp, Śnac tŚtoioc periorismŞc mporeŢ na jewrhjeŢ qrŠsi-

SqŠma 2.10 Dhlwsh thc idiŞthtac rdfs:subClassOf ston orismŞ tou RDFS

moc kai epijumhtŞc.

H perŢptwsh thc pollaplŠc exeidŢkeushc (multiple inheritance) epŢshc parousiŘzei idiaŢtera qarakthristikŘ, se sqŚsh me to ontokentrikŞ montŚlo. DedomŚnou Şti oi idiŞthtec eŢnai kajolikŚc (h embŚleiŘ touc den periorŢzetai dhladŠ sto eswterikŞ miac klŘshc), den upŘrqei perŢptwsh h taxinŞmhsh miac klŘshc wc exeidŢkeushc dŰo Řllwn na prokalŚsei sŰgkroush onomŘtwn (name conflicts), Şpwc ja sunŚbaine gia dŰo klŘseic pou Śqoun Śna gnŤrisma me Ţdio Şnoma, se mia anŘlogh perŢptwsh sto ontokentrikŞ montŚlo. PerissŞterh suzŠthsh gia tic sunŚpeiec thc kajolikŞthtac tou orismoŰ twn idiotŠtwn gŢnetai sthn parŘgrafo 2.5.2.5.

2.5.2.4 rdfs:subPropertyOf

AntŢstoiqa, h idiŞthta rdfs:subPropertyOf (gia ton orismŞ thc bl. sqŠma 2.12) prosdiorŢzei to gegonŞc Şti mia idiŞthta eŢnai upo-idiŞthta miac Řllhc.

’Opwc kai h rdfs:subClassOf eŢnai kai autŠ metabatikŠ, den epitrŚpei to sqhmatismŞ kŰklwn, enŤ mŢa idiŞthta mporeŢ na eŢnai upo-idiŞthta perissŞterwn apŞ mŢac idiotŠtwn. An p.q. (blŚpe sqŠma 2.13) h idiŞthta paints Śqei oristeŢ wc upo-idiŞthta thc pio genikŠc creates, tŞte an se Śna pŞro Śqei oristeŢ h paints, ja prŚpei na jewrŠsoume Şti Śqei oristeŢ kai h creates, me thn Ţdia timŠ. AutŞ praktikŘ shmaŢnei Şti an zhtŠsoume se mŢa erŤthsh tic timŚc Şlwn twn stigmiotŰpwn thc creates, ja prŚpei na pŘroume kai tic timŚc twn stigmiotŰpwn thc paints. EpŢshc, an p.q. mia efarmogŠ de gnwrŢzei th shmasiologŢa thc paints, ja prŚpei toulŘqiston na thn

SqŠma 2.11 H klŘsh Artist kai h upoklŘsh thc, Painter

SqŠma 2.12 Dhlwsh thc idiŞthtac rdfs:subPropertyOf ston orismŞ tou RDFS

qeiristeŢ Şpwc thn creates, me dedomŚno Şti gnwrŢzei th shmasiologŢa thc deŰterhc.

2.5.2.5 rdfs:domain kai rdfs:range

AutŚc oi ”eidikŠc qrŠshc” idiŞthtec qrhsimopoioŰntai efarmŞzontai ston orismŞ tŰpwn idiotŠtwn kai paŢrnoun timŚc tŰpou rdfs:Class. QrhsimopoioŰntai gia ton periorismŞ twn pŞrwn pou mporeŢ na Śqoun autŠ thn idiŞthta (pedŢo orismoŰ) kajŤc kai twn antŢstoiqwn Śgkurwn timŤn gi’ autŠ h idiŞthta (pedŢo timŤn). MŢa idiŞthta mporeŢ na Śqei perissŞterec apŞ mŢa klŘseic sto pedŢo orismoŰ thc, allŘ mŞno mŢa sto pedŢo timŤn thc. KatŘ sunŚpeia, gia na eŢnai Śgkurh mŢa prŞtash (triŘda) ja prŚpei to upokeŢmenŞ thc na anŠkei sto pedŢo orismoŰ tou kathgorŠmatoc (se mŢa

SqŠma 2.13 H sqŚsh creates kai h uposqŚsh thc, paints

apŞ tic klŘseic pou periŚqei, Š se kŘpoia apŞ tic upoklŘseic autŤn), enŤ to antikeŢmeno ja prŚpei na anŠkei sthn klŘsh pou orŢzei to pedŢo timŤn (Š se kŘpoia apŞ tic upoklŘseic thc).

Gia ton orismŞ autŤn twn idiotŠtwn, pou qrhsimopoioŰntai gia na dhlŤsoun periorismoŰc (constraints), orŢzontai sto RDFS dŰo ”eidikŠc qrŠsewc” klŘseic, oi rdfs:ConstraintResource kai rdfs:ConstraintProperty. To sŰnolo pou perigrŘfetai apŞ thn klŘsh rdfs:ConstraintResource qrhsimopoieŢtai gia thn anaparŘstash periorismŤn egkurŞthtac. H upoklŘsh tou me Şnoma

rdfs:ConstraintProperty montelopoieŢ idiŞthtec pou anaparistoŰn tŚtoiouc perio-

rismoŰc. Oi idiŞthtec rdf:domain, rdf:range eŢnai stigmiŞtupa autŠc thc idiŞthtac, Şpwc faŢnetai sto sqŠma 2.14.

PraktikŘ, autŠ h sŰmbash phgŘzei apŞ th basikŠ idŚa tou montŚlou tou RDF, th sqedŢash me bŘsh tic idiŞthtec kai Şqi ta antikeŢmena/klŘseic, kai to gegonŞc Şti o orismŞc touc eŢnai kajolikŞc, gia Śna sqŠma. ’Estw, gia parŘdeigma, Şti Śqoume orŢsei dŰo klŘseic Artist kai Museum, oi opoŢec de sundŚontai metaxŰ touc mŚsw thc sqŚshc exeidŢkeushc, kai jŚloume na orŢsoume kai stic dŰo mŢa idiŞthta name, pou anaparistŘ to ŞnomŘ tou antŢstoiqou antikeimŚnou. An epitrepŞtan na Śqoume mŞno mŢa klŘsh sto pedŢo orismoŰ thc idiŞthtac, oi dŰo autoŢ orismoŢ ja Śrqontan se

SqŠma 2.14 Dhlwsh twn idiotŠtwn rdfs:domain, rdfs:range ston orismŞ tou RDFS

sŰgkroush (an orŢzontan sto Ţdio sqŠma). OusiastikŘ loipŞn, dŢnontac pollaplŚc timŚc sthn idiŞthta rdfs:domain orŢzoume to pedŢo orismoŰ thc idiŞthtac wc thn Śnwsh twn diafŞrwn timŤn/klŘsewn.

Mia logikŠ aporŢa pou phgŘzei apŞ ta parapŘnw eŢnai giatŢ den epitrŚpetai kŘti antŢstoiqo kai gia thn idiŞthta rdfs:range, pou upodeiknŰei to pedŢo timŤn thc idiŞthtac. An kai kŘti tŚtoio ja Štan logikŞ se Śna ontokentrikŞ montŚlo, Şpou o orismŞc kŘje idiŞthtac Śqei embŚleia mŞno mŚsa sthn klŘsh pou orŢzetai, sthn perŢptwsh tou RDF ja eisŠgage asŘfeiec sqetikŘ me th shmasiologŢa twn idiotŠtwn. ’Estw, p.q., sto sqŠma tou prohgoŰmenou paradeŢgmatoc Şti to Şnoma (name) enŞc

Person eŢqe timŠ tŰpou HumanName (mia domhmŚnh ontŞthta pou periŚqei p.q. Şnoma,

epŤnumo, patrŤnumo klp), enŤ gia to Object h antŢstoiqh timŠ Štan lektikŠ. JŚtontac wc pedŢo orismoŰ to Person ∪ Object kai pedŢo timŤn to HumanName ∪ Literal, ja mporoŰsame fusiologikŘ na orŢsoume, p.q. mŢa idiŞthta name se Śna Person me timŠ Literal, prŘgma to opoŢo den eŢnai sumbatŞ me thn shmasiologŢa thn opoŢa arqikŘ epijumoŰsame na ekfrŘsoume me to sqŠma autŞ.

’Ena Řllo ”problhmatikŞ” shmeŢo apoteleŢ h dunatŞthta na paraleŢyoume ton orismŞ tou pedŢou timŤn, ston orismŞ miac idiŞthtac. PrŘgmati, dedomŚnou Şti to rdfs:range apoteleŢ ki autŞ mia koinŠ idiŞthta gia to montŚlo tou RDF, mporeŢ

na eŢnai proairetikŞ, Şpwc kai oi Řllec idiŞthtec. Me bŘsh tic prodiagrafŚc tou RDF Schema, kŘti tŚtoio shmaŢnei Şti h idiŞthta mporeŢ na pŘrei opoiadŠpote timŠ tŰpou rdfs:Resource eŢte rdfs:Literal, prŘgma asŰmbato me ton Ţdio ton orismŞ tou rdfs:range, kajŤc oi dŰo autŚc klŘseic de sundŚontai - profanŤc - me th sqŚsh exeidŢkeushc. AnaforikŘ me ta pedŢa orismoŰ kai timŤn dŰo idiotŠtwn pou sundŚontai me th sqŚsh exeidŢkeushc, gia na eŢnai Śgkurh h sqŚsh ja prŚpei ta pedŢa orismoŰ kai timŤn thc upo-idiŞthtac na eŢnai uposŰnola (Š Ţsa) twn antŢstoiqwn pedŢwn thc uper-idiŞthtac. Gia parŘdeigma, o orismŞc tou sqŠmatoc 2.13 eŢnai Śgkuroc, kajŤc to pedŢo orismoŰ thc upo-idiŞthtac (Painter) eŢnai upoklŘsh tou antŢstoiqou thc uper-idiŞthtac (Artist), kai to Ţdio isqŰei me to sŰnolo timŤn.

2.5.2.6 rdfs:Literal

Par’Şlo pou me bŘsh to [LS99] oi timŚc basikŤn tŰpwn den apoteloŰn pŞrouc, gia lŞgouc omoiomorfŢac tou orismoŰ sqhmŘtwn orŢzetai h klŘsh rdfs:Literal(bl. sqŠma 2.15), gia na perikleŢsei Şlec tic timŚc autŠc thc morfŠc.’Etsi, to pedŢo timŤn mŢac idiŞthtac mporeŢ na eŢnai kai to rdfs:Literal, kŘti pou eŢnai sumbatŞ me ton orismŞ tou rdfs:range pou paŢrnei mŞno timŚc tŰpou rdfs:Class.

SqŠma 2.15 H klŘsh rdfs:Literal ston orismŞ tou RDFS

2.5.3 EpiplŚon Śnnoiec

2.5.3.1 rdfs:Container

H klŘsh rdfs:Container qrhsimopoieŢtai gia thn anaparŘstash sullogŤn apŞ pŞrouc. To RDF orŢzei treic tŰpouc sullogŤn, pou anaparistŤntai apŞ upoklŘseic thc

rdfs:Container:

♦ Bag: ’Ena polusŰnolo apŞ pŞrouc Š lektikŚc timŚc, qwrŢc diŘtaxh. Ta Bags qrhsimopoioŰntai sunŠjwc gia idiŞthtec pou paŢrnoun pollŚc timŚc, kai h seirŘ twn timŤn den Śqei shmasŢa. To Bag den epibŘlei periorismoŰc monadikŞthtac gia ta mŚlh tou (opŞte den mporeŢ na qrhsimopoihjeŢ gia thn anaparŘstash sunŞlwn). PerigrŘfetai apŞ thn klŘsh rdf:Bag.

♦ Sequence: Mia lŢsta apŞ pŞrouc Š lektikŚc timŚc. QrhsimopoieŢtai gia idiŞthtec pou paŢrnoun pollŚc timŚc, Şpou Şmwc h seirŘ touc eŢnai shmantikŠ. MporeŢ, p.q. na qrhsimopoihjeŢ gia na diathrŠsei mia alfabhtikŘ taxinomhmŚnh lŢsta timŤn. EpitrŚpei epŢshc epanalambanŞmenec eggrafŚc. PerigrŘfetai apŞ thn klŘsh rdf:Seq.

♦ Alternative: Mia lŢsta apŞ pŞrouc Š lektikŚc timŚc, pou anaparistŘ enallaktikŚc timŚc gia thn monadikŠ timŠ miac idiŞthtac. Gia parŘdeigma, mia tŚtoia sullogŠ mporeŢ na qrhsimopoihjeŢ gia thn timŠ miac idiŞthtac, pou eŢnai metafrasmŚnh se pollŚc glŤssec. PerigrŘfetai apŞ thn klŘsh rdf:Alt.

’Ena qarakthristikŞ twn triŤn autŤn tŰpwn sullogŤn eŢnai Şti den epibŘlloun kŘpoio periorismŞ tŰpwn sta mŚlh touc. ’Etsi, mia sullogŠ mporeŢ na periŚqei tautŞqrona pŞrouc kai lektikŚc timŚc, kajŤc kai pŞrouc pou Śqoun kathgoriopoihjeŢ se ”asŰmbatec” klŘseic.

H idiŞthta mŚlouc (membership property) pou sundŚei Śna pŞro Š mia lektikŠ timŠ me th sullogŠ pou to periŚqei montelopoieŢtai (me trŞpo omoiŞmorfo me to upŞloipo montŚlo tou RDF) me thn autŞmath dhmiourgŢa idiotŠtwn thc morfŠc rdf: 1,

rdf: 2, rdf: 3 klp. AutŚc oi eidikŚc idiŞthtec eŢnai stigmiŞtupa tou tŰpou idiŞth-

tac rdfs:ContainerMembershipProperty, mŢac upoklŘshc tou rdf:Property (bl. sqŠma 2.15). Oi sullogŚc, Şpwc kai Şloi oi Řlloi pŞroi sto RDF, mporoŰn epŢshc na Śqoun ki Řllec idiŞthtec, allŘ upoqrewtikŘ Śqoun wc rdf:type Śna tŰpo ek twn

rdf:Bag, rdf:Seq, rdf:Alt.

SqŠma 2.16 H klŘsh rdfs:ContainerMembershipProperty, upoklŘsh thc

rdf:Property, ston orismŞ tou RDFS

QrhsimopoiŤntac loipŞn sullogŚc, mporoŰme na ekfrŘsoume se RDF thn parakŘtw prŞtash, me to montŚlo RDF pou faŢnetai sto sqŠma 2.17.

Ta Śrga pou zwgrŘfise o Picasso eŢnai ta Guernica kai Woman

’Omoia, mporoŰme na qrhsimopoiŠsoume th sullogŠ rdf:Alt (sqŠma 2.18), gia na dhlŤsoume Şti:

O tŢtloc autŠc thc ergasŢac, sta agglikŘ kai sta ellhnikŘ eŢnai ”...”

’Opwc faŢnetai sto sqŠma, kai sthn perŢptwsh tou rdf:Alt h arŢjmhsh twn perieqomŚnwn gŢnetai me ta rdf: 1, rdf: 2 klp. H epilogŠ thc katŘllhlhc enallaktikŠc timŠc katŘ perŢptwsh (p.q. thc katŘllhlhc glŤssac) eŢnai kajŠkon thc efarmogŠc, pou prŚpei na gnwrŢzei th ”jŚsh” kŘje enallaktikŠc timŠc. OusiastikŘ, oi sullogŚc autoŰ tou tŰpou qrhsimopoioŰntai gia na montelopoiŠsoun touc aparijmhtoŰc tŰpouc dedomŚnwn (enumerated types), pou sunantŘme se pollŚc glŤssec programmatismoŰ.

SqŠma 2.17 QrŠsh tou tŰpou sullogŠc Bag

SqŠma 2.18 QrŠsh tou tŰpou sullogŠc Alt, gia poluglwssikŚc timŚc

An kai parousiŘsame tic sullogŚc Ťc ”epiplŚon” Śnnoia, upŘrqoun periptŤseic pou h qrŠsh touc eŢnai anagkaŢa.’Ena parŘdeigma eŢnai h parapŘnw ”poluglwssikŠ” sullogŠ, qwrŢc thn prokajorismŚnh seirŘ glwssŤn thc opoŢac mia efarmogŠ de ja mporoŰse na epilŚxei thn katŘllhlh glŤssa kŘta perŢptwsh (p.q. an qrhsimopoioŰsame epanalambanŞmenec idiŞthtec).’Omwc, oŰte ta Bags eŢnai apŞluta isodŰnama me tic epanalambanŞmenec idiŞthtec se kŘpoiec periptŤseic. Gia parŘdeigma, sto sqŠma 2.17 to Bag qrhsimopoieŢtai gia na anaferjeŢ sunolikŘ sta Śrga tou Picasso. DedomŚnou Şti h idiŞthta ns1:paints anafŚretai Śtsi ki alliŤc se kŘje Śrgo qwristŘ, ja mporoŰsame na qrhsimopoiŠsoume kai epanalambanŞmenec idiŞthtec.’Estw Şmwc h parakŘtw prŞtash:

H epitropŠ pou apoteleŢtai apŞ touc Fred, Wilma kai Dino enŚkrine to ICOM/CIDOC gia protupopoŢhsh.

Sthn perŢptwsh autŠ, den gnwrŢzoume sugkekrimŚna poiŘ apŞ ta mŚlh thc epitropŠc enŚkrinan to prŞtupo. ’Etsi, h qrŠsh epanalambanŞmenwn idiotŠtwn (pou ja sŠmaine Şti kajŚna apŞ ta mŚlh thc epitropŠc enŚkrine to ICOM/CIDOC[DC98]) ja apŚdide lanjasmŚna th shmasiologŢa thc parapŘnw prŞtashc. AntŢjeta, me th qrŠsh tou Bag apodŢdoume thn pragmatikŠ shmasŢa thc prŞtashc, Şpwc faŢnetai sto sqŠma 2.19.

SqŠma 2.19 QrŠsh tou tŰpou sullogŠc Bag

To RDF parŚqei epŢshc trŞpouc gia na anajŚsoume idiŞthtec se kajŚna apŞ ta mŚlh miac sullogŠc (kai Şqi mŞno sth sullogŠ kajeautŠn).’Etsi, Śqoume tic legŞmenec katanemhmŚnec anaforŚc, pou dieukolŰnoun se kŘpoiec periptŤseic th diadikasŢa perigrafŠc pŞrwn. Gia parŘdeigma, dhmiourgŤntac metadedomŚna gia thn perigrafŠ Śrgwn tou Picasso, eŢnai eukolŞtero na dhmiourgŠsoume Śna Bag me ta Śrga tou kai me mŢa katanemhmŚnh anaforŘ na dhlŤsoume Şti kajŚna apŞ ta mŚlh thc sullogŠc dhmiourgŠjhke apŞ ton Picasso, antŢ na kŘnoume thn Ţdia dŠlwsh gia kŘje Śrgo qwristŘ. Oi anaforŚc autŚc gŢnontai sto RDF me th qrŠsh tou rdf:aboutEach.

Mia Řllh parŞmoia leitourgikŞthta eŢnai o Śmmesoc orismŞc sullogŤn - me skopŞ th qrŠsh katanemhmŚnwn anaforŤn - mŚsw antiparabolŠc protŰpwn anagnwristikŤn pŞrwn (URIs), me th qrŠsh thc anaforŘc rdf:aboutEachPrefix. H anaforŘ autŠ epitrŚpei thn katanemhmŚnh anaforŘ se ideatŚc sullogŚc, bŘsei tou koinoŰ projŚmatoc tou URI touc. KatŘ sunŚpeia epitrŚpei p.q. dhlŤseic pou anafŚrontai se Şlec tic selŢdec enŞc tmŠmatoc enŞc DiktuakoŰ TŞpou. BŚbaia, mia tŚtoia leitourgŢa apoteleŢ ousiastikŘ, Şpwc ja deŢxoume se epŞmeno kefŘlaio, mia diadikasŢa eperŤthshc se metadedomŚna pou Śqoun proapojhkeuteŢ.’Etsi, den eŢnai dunatŞn na ulopoihjeŢ apŞ mia efarmogŠ pou ”anagnwrŢzeŢ” aplŘ RDF, qwrŢc dunatŞthtec eperŤthshc.

SqŠma 2.20 Oi idiŞthtec rdfs:seeAlso, rdfs:isDefinedBy, rdfs:label kai

rdfs:comment ston orismŞ tou RDFS

2.5.3.2 rdfs:seeAlso kai rdfs:isDefinedBy

’Enac pŞroc mporeŢ na perigrŘfetai se perissŞtera apŞ Śna ”mŚrh” sto DiadŢktuo. H prokajorismŚnh idiŞthta rdfs:seeAlso (bl. sqŠma 2.20) Śqei skopŞ na upodeiknŰei tŚtoiec enallaktikŚc perigrafŚc. H upo-idiŞthtŘ thc rdfs:isDefinedBy eŢnai Śqei pio exeidikeumŚno skopŞ: na upodeiknŰei thn arqŠ (authority - kŘpoio Řllo pŞro Š fusikŞ prŞswpo klp), h opoŢa Şrise autŠ thn prŞtash. AutŞ mporeŢ na eŢnai idiaŢtera qrŠsimo sthn perŢptwsh orismoŰ klŘsewn Š idiotŠtwn (kataskeuŤn sqŠmatoc), Şpou mporeŢ p.q. na qrhsimopoihjeŢ gia na upodeŢxei to sqŠma sto opoŢo periŚqetai o orismŞc. Se merikŚc periptŤseic, Şpwc h qrŠsh miac idiŞthtac me orismŚno prŞjema qŤrou onomŘtwn p.q. ns1:creator, to URI tou antŢstoiqou sqŠmatoc eŢnai profanŚc (ns1). Se Řllec, Şpwc p.q. se mŢa dŠlwsh upoklŘshc, Şpou qrhsimopoioŰme anagkastikŘ olŞklhro to URI thc uperklŘshc sthn prŞtash RDF, autŠ h plhroforŢa den mporeŢ na exaqjeŢ, ektŞc an montelopoihjeŢ apŞ mŢa idiŞthta, Şpwc h

rdfs:isDefinedBy.

2.5.3.3 rdfs:label kai rdfs:comment

Se kŘpoiec periptŤseic eŢnai qrŠsimo na parŚqontai kai analutikŚc (lektikŚc) perigrafŚc gia pŞrouc me trŞpo pou pijanŤc den eŢnai axiopoiŠsimoc apŞ ton upologistŠ allŘ eŢnai katanohtŞc apŞ ton Řnjrwpo. Gia parŘdeigma, Ştan kŘpoioc epijumeŢ na qrhsimopoiŠsei Š na epekteŢnei Śna sqŠma, tŚtoiec perigrafŚc ja ton bohjoŰsan sthn katanŞhsh thc shmasiologŢac tou orismoŰ twn stoiqeŢwn tou upŘrqontoc sqŠmatoc. Pio sugkekrimŚna, h idiŞthta rdfs:label (bl. sqŠma 2.20) qrhsimopoieŢtai gia na anajŚsei Śna - katanohtŞ apŞ anjrŤpouc - Şnoma se Śna pŞro, enŤ h rdfs:comment gia mia pio analutikŠ perigrafŠ tou. Me dedomŚno Şti oi idiŞthtec sto RDF mporoŰn na Śqoun pollaplŚc timŚc, oi idiŞthtec autŚc mporoŰn na apotimhjoŰn kai se diŘforec glŤssec gia na kalŰyoun tic anŘgkec qrhstŤn diaforetikŤn ejnikotŠtwn.

2.6 AnaparŘstash RDF me triŘdec

’Opwc anafŚrjhke sthn arqŠ autoŰ tou kefalaŢou, Śnac Řlloc trŞpoc gia thn anaparŘstash perigrafŤn RDF eŢnai me th qrŠsh triŘdwn. DedomŚnou Şti h anaparŘstash autŠ eŢnai apŞluta anŘlogh me ton grŘfo RDF (mŢa triŘda gia kŘje akmŠ kai ta Řkra thc) de ja epektajoŰme se autŠ thn anaparŘstash, allŘ ja dŤsoume mŞno Śna endeiktikŞ parŘdeigma, pou antistoiqeŢ sto grŘfo tou sqŠmatoc 2.1(b):

KathgŞrhma (idiŞthta) [http://www.culture.gr/schema.rdf#paints] UpokeŢmeno (pŞroc) [http://www.museum.gr/picasso.html] AntikeŢmeno (pŞroc) [http://www.museum.gr/guernica]

enŤ gia to sqŠma 2.1(a) h isodŰnamh triŘda ja Štan:

KathgŞrhma (idiŞthta) [http://www.culture.gr/schema.rdf#last name] UpokeŢmeno (pŞroc) [http://www.museum.gr/picasso.html] AntikeŢmeno (lektikŠ stajerŘ) ”Picasso”

Sta parapŘnw paradeŢgmata jewroŰme Şti Śna URI mŚsa se agkŰlec sumbolŢzei Śna pŞro, enŤ gia p.q. h sumboloseirŘ ”Picasso” dhlŤnei mŢa lektikŠ stajerŘ.

H anaparŘstash autŠ mac epitrŚpei na apodŤsoume mia sqesiakŠ ermhneŢa se hmidomhmŚna dedomŚna kai sqŠmata (kajŤc oi triŘdec eŢnai aplŘ mia upoperŢptwsh twn pleiŘdwn). PerissŞterh anŘlush gia thn sqesiakŠ anaparŘstash hmidomhmŚnwn dedomŚnwn kai sqhmŘtwn mporoŰn na brejoŰn sto [ABS99].

2.7 SuntaktikŞ RDF/XML

AparaŢthth pro˛pŞjesh gia na eŢnai dunatŠ h antallagŠ metadedomŚnwn RDF metaxŰ programmŘtwn/upologistŤn apoteleŢ h Űparxh kai enŞc suntaktikoŰ. Gia to skopŞ autŞ epilŚqjhke gia thn RDF Śna suntaktikŞ XML[BPS98], me dedomŚna ta pleonektŠmata thc XML sqetikŘ me thn domŠ thc kai th dunatŞthta anŘgnwsŠc thc apŞ anjrŤpouc (se antŢjesh me mia pijanŠ kwdikopoihmŚnh duadikŠ anaparŘstash). EpŢshc, h XML apoteleŢ thn idanikŠ platfŞrma gia thn epŢteuxh thc kalŰterhc dunatŠc dialeitourgikŞthtac, metaxŰ anexŘrthta aneptugmŚnwn efarmogŤn ston PagkŞsmio IstŞ.

To suntaktikŞ thc RDF qrhsimopoieŢ to sumbolismŞ twn qŤrwn onomŘtwn ([BHL99]), Şpou ta plŠrh onŞmata prokŰptoun apŞ th sunŚnwsh tou projŚmatoc (URI qŤrou onomŘtwn) me to Şnoma tou antŢstoiqou stoiqeŢou. SugkekrimŚna, gia touc qŤrouc onomŘtwn twn orismŤn twn RDF kai RDF Schema ja qrhsimopoioŰme sth sunŚqeia ta projŚmata rdf: kai rdfs:, Şpou:

rdf = "http://www.w3.org/1999/02/22-rdf-syntax-ns#"
rdfs = "http://www.w3.org/2000/01/rdf-schema#"

EpŢshc, Şpou qrhsimopoioŰntai Řlla projŚmata ja anafŚrontai se Řlla sqŠmata pou Śqoun kataskeuasteŢ gia mia sugkekrimŚnh efarmogŠ.

2.7.1 PerigrafŚc (Descriptions) ’Ena Śggrafo RDF apoteleŢtai apŞ mŢa seirŘ apŞ perigrafŚc. KŘje perigrafŠ anafŚretai sunŠjwc se Śna pŞro, kai periŚqei mia seirŘ apŞ idiŞthtec tou pŞrou autoŰ. Oi timŚc autŤn twn idiotŠtwn mporeŢ na eŢnai eŢte lektikŚc timŚc eŢte Řlloi pŞroi (stouc opoŢouc anaferŞmaste mŚsw tou URI touc) eŢte Řllec perigrafŚc (opŞte anaferŞmaste ston pŞro pou autŚc perigrŘfoun).

Wc Śggrafa XML, ta metadedomŚna RDF periŚqontai se Śna stoiqeŢo me to Şnoma rdf:RDF. AutŞ to stoiqeŢo periŚqei mia seirŘ apŞ perigrafŚc. Oi perigrafŚc, wc stoiqeŢo XML, Śqoun dŰo proairetikŘ gnwrŢsmata:

♦ rdf:about: QrhsimopoieŢtai gia na anaferjeŢ/perigrŘyei Śna pŞro diadiktŰou ston opoŢo anafŚretai mŚsw enŞc sqetikoŰ Š apŞlutou URI. Gia parŘdeigma:

<rdf:Description rdf:about="http://www.museum.gr/artists#picasso"> <ns1:first name>Pablo</ns1:first name> </rdf:Description>

♦ rdf:ID: QrhsimopoieŢtai gia na orŢsei Śna pŞro perigrafŤn. To URI tou dhmiourgoŰmenou pŞrou apoteleŢtai apŞ th sunŚnwsh tou URI tou eggrŘfou sto opoŢo periŚqetai h perigrafŠ me thn timŠ tou rdf:ID, qrhsimopoiŤntac kai ton eidikŞ qaraktŠra/anagnwristikŞ tmŠmatoc eggrŘfou XML ”#”.

<rdf:Description rdf:ID="foobar">

...

</rdf:Description>

♦ Mia perigrafŠ qwrŢc kŘpoio apŞ ta parapŘnw gnwrŢsmata anafŚretai se Śna anŤnumo pŞro. Se tŚtoiec perigrafŚc anatŢjentai (tuqaŢa) dhmiourgoŰmena

(generated) URIs, ta opoŢa qrhsimopoioŰntai gia ”eswterikŚc” anaforŚc se autŘ. DedomŚnou Şti autŘ ta URIs parŘgontai tuqaŢa kai den eŢnai monadikŘ anagnwristikŘ, den uparqei trŞpoc anaforŘc se tŚtoiouc pŞrouc apŞ Řllec perigrafŚc, pŚra apŞ ta qarakthristikŘ pou touc dŢnontai eswterikŘ (inline).

<rdf:Description>

...

</rdf:Description>

MŢa perigrafŠ periŚqei mia seirŘ apŞ stoiqeŢa XML. AutŘ ta stoiqeŢa ermhneŰontai wc idiŞthtec, twn opoŢwn ta URIs prokŰptoun apŞ thn epŚktash twn onomŘtwn twn stoiqeŢwn (me th sunŚnwsh tou projŚmatoc kai tou onŞmatoc pou anafŚrjhke parapŘnw). An Śna stoiqeŢo/idiŞthta eŢnai Řdeio, prŚpei na Śqei orismŚno to gnŤrisma rdf:resource, h timŠ tou opoŢou eŢnai to URI tou pŞrou ston opoŢo anafŚretai h idiŞthta autŠ. AlliŤc, an h idiŞthta Śqei lektikŠ timŠ, to antŢstoiqo stoiqeŢo XML periŚqei aplŞ keŢmeno (pou mporeŢ na akoloujeŢ suntaktikŞ sŠmanshc XML).’Ola autŘ ta qarakthristikŘ epideiknŰontai sto parŘdeigma eggrŘfou RDF tou sqŠmatoc 2.21, pou apoteleŢ th suntaktikŠ anaparŘstash tou grŘfou tou sqŠmatoc 2.22.

Se perŢptwsh amfishmŢac (Şpou den mporoŰme na diakrŢnoume an to perieqŞmeno enŞc stoiqeŢou /idiŞthtac eŢnai pŞroc Š lektikŠ timŠ) mporeŢ na qrhsimopoihjeŢ to gnŤrisma rdf:ParseType me timŠ ”Resource” Š ”Literal” antŢstoiqa. AutŞ eŢnai idiaŢtera qrŠsimo sthn perŢptwsh pou to perieqŞmeno periŚqei shmadoŰrec allŘ jŚloume autŞ na jewrhjeŢ kai na analujeŢ wc lektikŠ timŠ kai Şqi wc perigrafŠ RDF (rdf:Description).

Oi prodiagrafŚc pou perigrŘfontai sto [LS99] proteŢnoun kai dŰo metatropŚc suntŞmeushc sto parakŘtw suntaktikŞ, gia na dieukolŰnoun thn ”qeirwnaktikŠ” suggrafŠ tou (qwrŢc katŘllhla exeidikeumŚna ergaleŢa) allŘ kai ton autŞmato qeirismŞ (merikŤn) eggrŘfwn XML wc metadedomŚna RDF. Oi suntmŠseic autŚc eŢnai oi exŠc:

♦ To rdf:Description se mia perigrafŠ mporeŢ na antikatastajeŢ apŞ Śna URI. Se autŠ thn perŢptwsh to URI ermhneŰetai wc h timŠ thc idiŞthtac rdf:type gia ton perigrafŞmeno pŞro. Gia parŘdeigma, h perigrafŠ:

36 KefŘlaio 2. To prŞtupo RDF

<?xml version = "1.0" encoding = "UTF-8" ?>
<rdf:RDF xmlns:rdf = "http://www.w3.org/1999/02/22-rdf-syntax-ns#"
         xmlns:rdfs = "http://www.w3.org/2000/01/rdf-schema#"
         xmlns:ns1 = "http://www.culture.gr/schema.rdf#">

  <rdf:Description rdf:about =
          "http://www.museum.gr/artists#picasso">
    <ns1:first_name>Pablo</ns1:first_name>
    <ns1:paints rdf:resource =
          "http://www.museum.gr/paintings#guernica" />
    <ns1:paints>
      <rdf:Description rdf:about =
              "http://www.museum.gr/paintings#woman">
        <ns1:has_material>Oil on canvas</ns1:has_material>
      </rdf:Description>
    </ns1:paints>
  </rdf:Description>
</rdf:RDF>

SqŠma 2.21 SuntaktikŠ anaparŘstash enŞc aploŰ grŘfou RDF

2.7. SuntaktikŞ RDF/XML 37

SqŠma 2.22’Ena endeiktikŞ parŘdeigma grŘfou perigrafŤn RDF

<rdf:Description rdf:about =
        "http://www.museum.gr/artists#picasso">
  <rdf:type rdf:resource =
        "http://www.culture.gr/schema.rdf#Painter" />
  <ns1:first_name>Pablo</ns1:first_name>
  <ns1:paints rdf:resource =
        "http://www.museum.gr/paintings#guernica" />
</rdf:Description>

Şpou ns1 = "http://www.culture.gr/schema.rdf#", ja mporoŰse na grafeŢ wc:

<ns1:Painter rdf:about =
      "http://www.museum.gr/artists#picasso">
  <ns1:first_name>Pablo</ns1:first_name>
  <ns1:paints rdf:resource =
        "http://www.museum.gr/paintings#guernica" />
</ns1:Painter>

♦ Oi idiŞthtec me lektikŚc timŚc mporoŰn na grafoŰn wc gnwrŢsmata tou stoiqeŢou rdf:Description antŢ wc perieqŞmenŘ tou. EfarmŞzontac kai autŠ th sŰntmhsh sto parapŘnw parŘdeigma ja paŢrname to parakŘtw Śggrafo RDF:

<ns1:Painter rdf:about = "http://www.museum.gr/artists#picasso"

        ns1:first_name = "Pablo">
  <ns1:paints rdf:resource =
        "http://www.museum.gr/paintings#guernica" />
</ns1:Painter>

To suntaktikŞ autŞ arkeŢ gia thn anaparŘstash twn stoiqeŢwn tou montŚlou pou parousiŘsthke sthn prohgoŰmenh enŞthta. Stic epŞmenec paragrŘfouc ja gŢnei eidikŠ anaforŘ sto suntatikŞ perigrafŠc sullogŤn, gia tic opoŢec proteŢnetai mia eidikŠ suntaktikŠ anaparŘstash, kajŤc kai thc upostasiopoŢhshc.

2.7.2 SullogŚc Sto suntaktikŞ tou RDF, oi sullogŚc (rdf:Bag, rdf:Seq, rdf:Alt) mporoŰn na qrhsimopoihjoŰn se Şpoio shmeŢo mporoŰn na qrhsimopoihjoŰn perigrafŚc (stoiqeŢa

rdf:Description). AutŞ eŢnai logikŞ, kajŤc kai oi perigrafŚc den eŢnai tŢpote Řllo

parŘ sullogŚc apŞ idiŞthtec. Se antŢjesh me tic perigrafŚc, oi sullogŚc den mporoŰn na Śqoun to gnŤrisma rdf:about, allŘ Śqoun eŢte to rdf:ID eŢte eŢnai anŤnumec.

EidikŘ gia thn perigrafŠ twn melŤn miac sullogŠc, den qrhsimopoioŰntai oi seiriakŚc idiŞthtec rdf: 1, rdf: 2 klp - stigmiŞtupa thc idiŞthtac

rdfs:ContainerMembershipProperty - allŘ h ”eidikŠ” idiŞthta rdf:li, h opoŢa

prŚpei na qeirŢzetai katŘllhla apŞ efarmogŚc pou anagnwrŢzoun to suntaktikŞ tou RDF.’Etsi, gia parŘdeigma, h sullogŠ pou faŢnetai sto sqŠma 2.17 ja perigrafŞtan apŞ to Śggrafo RDF tou sqŠmatoc 2.23 enŤ autŠ tou sqŠmatoc 2.18 apŞ to Śggrafo 2.24.

<rdf:Bag rdf:ID = "Picasso’s_Paintings">
  <rdf:li rdf:resource = "http://www.museum.gr/paintings#guernica" />
  <rdf:li rdf:resource = "http://www.museum.gr/paintings#woman" />
</rdf:Bag>

SqŠma 2.23 SuntaktikŠ anaparŘstash miac sullogŠc tŰpou Bag

ExŘllou, gia thn katananemhmŚnh anaforŘ sta mŚlh miac sullogŠc qrhsimopoieŢtai (Şpwc exhgŠjhke sthn parŘgrafo 2.5.3.1) to rdf:aboutEach wc gnŤrisma tou stoiqeŢou pou antiproswpeŰei th sullogŠ.’Etsi, h anaforŘ pou dŞjhke

<rdf:Alt rdf:ID = "Multilingual_Title">
  <rdf:li>Querying Web Metadata ...</rdf:li>
  <rdf:li>EperwtŤntac MetadedomŚna ...</rdf:li>
</rdf:Alt>

SqŠma 2.24 SuntaktikŠ anaparŘstash miac sullogŠc tŰpou Alt

wc parŘdeigma sthn Ţdia parŘgrafo, Şti Şla ta perieqŞmena thc sullogŠc Śrgwn tou Picasso (pou dhmiourgŠsame sto prohgoŰmeno parŘdeigma) Śqoun thn idiŞthta

ns1:created by me timŠ to URI pou anafŚretai ston Picasso, perigrŘfetai apŞ to

Śggrafo tou sqŠmatoc 2.25

<rdf:Description rdf:aboutEach = "#Picasso’s_Paintings">
  <ns1:created\_by rdf:resource = "http://www.museum.gr/artists#picasso" />
</rdf:Description>

SqŠma 2.25 QrŠsh tou gnwrŢsmatoc aboutEach, gia katanemhmŚnh anaforŘ sta stoiqeŢa miac sullogŠc

2.7.3 UpostasiopoŢhsh To suntaktikŞ tou RDF parŚqei Śna epiplŚon trŞpo Śkfrashc protŘsewn pou anafŚrontai se Řllec protŘseic, oi opoŢec den eŢnai anagkastikŘ upostasiopoihmŚnec: prosjŚtontac Śna gnŤrisma rdf:ID sto stoiqeŢo thc idiŞthta thc prŞtashc. ’Etsi, mia Řllh prŞtash mporeŢ na anafŚretai se autŠ qrhsimopoiŤntac thn timŠ autoŰ tou ID. EpŢshc, mporoŰme na anaferjoŰme kai se Şlec tic protŘseic pou periŚqontai se Śna stoiqeŢo rdf:Description, qrhsimopoiŤntac to gnŤrisma rdf:bagID gia na dŤsoume Śna anagnwristikŞ URI sto stoiqeŢo autŞ (kai Şqi ston pŞro ston opoŢo anafŚretai h perigrafŠ, Şpwc ja ginŞtan me to rdf:ID). Sth sunŚqeia mporoŰme, p.q. qrhsimopoiŤntac to rdf:aboutEach me timŠ to antŢstoiqo bagID, na anaferjoŰme se Şlec tic protŘseic pou periŚqontai se autŠ thn sullogŠ/perigrafŠ. Oi dunatŞthtec autŚc faŢnontai sto parŘdeigma eggrŘfou tou sqŠmatoc 2.26 (pou paristŘnetai apŞ to grŘfo tou sqŠmatoc 2.27).

    <rdf:Description rdf:about =
            "http://www.museum.gr/artists#picasso" rdf:bagID = "Stmt1">
      <ns1:paints rdf:resource =
            "http://www.museum.gr/paintings#guernica" />
      <ns1:first_name>Pablo</ns1:first_name>
  </rdf:Description>

<rdf:Description rdf:about = "#Stmt1">
    <ns1:attributedTo>Gregory</ns1:attributedTo>
  </rdf:Description>

SqŠma 2.26 SuntaktikŠ perigrafŠ protŘsewn uyhlŞterhc tŘxhc, me upostasiopoŢ- hsh 2.7.4 RDF vs. XML DedomŚnou Şti to RDF - prokeimŚnou na seiriopoihjeŢ se arqeŢa - qrhsimopoieŢ to suntaktikŞ thc XML, pijanŤc den eŢnai profanŚc - me mia prŤth matiŘ - giatŢ h Ţdia h XML den arkeŢ gia na anaparastŠsei metadedomŚna RDF. H sŰgqush autŠ prokŰptei an doŰme to RDF wc suntaktikŞ kai Şqi wc montŚlo, pou sthn pragmatikŞthta eŢnai, to opoŢo eŢnai entelŤc diaforetikŞ apŞ autŞ thc XML. Gia na gŢnei autŞ pio safŚc, ja epiqeirŠsoume mia sŰntomh anŘlush tou montŚlou thc XML kai sth sunŚqeia ja deŢxoume tic diaforŚc tou me autŞ tou RDF.

H XML proteŢnei Śna montŚlo dŚntrou, me etikŚttec mŞno stouc kŞmbouc (onŞmata stoiqeŢwn-shmadoŰrwn). EpiplŚon, me th qrŠsh XML References ([DMOT00], [DJM00], [CD99]) eŢnai dunatŞ Śna Śggrafo XML na perigrŘyei Śna montŚlo grŘfou.’Opwc analŰetai ektenŚstera sto [ABS99], Śna montŚlo dŚntrou XML mporeŢ na metafrasteŢ se Śna grŘfo sŰmfwno me Śna montŚlo hmidomhmŚnwn dedomŚnwn (kai antŢstrofa), kajŤc ta teleutaŢa eŢnai montŚla grŘfwn me etikŚttec mŞno stic akmŚc (opŞte h antistoŢqhsh kŞmbwn me akmŚc mporeŢ na gŢnei eŰkola). Sthn perŢptwsh twn grŘfwn XML, kŘti antŢstoiqo den eŢnai pŘnta dunatŞ, eidikŘ dedomŚnou Şti h Ţdia plhroforŢa mporeŢ na anaparastajeŢ me polloŰc diaforetikoŰc trŞpouc sthn XML. MŘlista, to gegonŞc Şti enŤ h XML epibŘllei periorismoŰc Şson aforŘ th seirŘ twn stoiqeŢwn, Şpwc ja doŰme parakŘtw, den sumbaŢnei to Ţdio me th seirŘ twn gnw-

SqŠma 2.27 UpostasiopoŢhsh twn protŘsewn pou periŚqontai se Śna stoiqeŢo perigrafŠc

rismŘtwn enŞc stoiqeŢou (enŤ telikŘ kai ta dŰo anaparistoŰntai me ton Ţdio trŞpo se Śna dŚntro XML), periplŚkei akŞma perissŞtero thn katŘstash.

AntŢjeta, to RDF eŢnai Śna montŚlo kateujunŞmenwn grŘfwn, me etikŚttec tŞso stouc kŞmbouc (pŞroi pou Śqoun taxinomhjeŢ se kŘpoia klŘsh) Şso kai stic akmŚc tou (epŤnumec idiŞthtec). ’Etsi, den mporeŢ na anaparastajeŢ oŰte sto montŚlo thc XML (allŘ oŰte kai se kŘpoio apŞ ta montŚla hmidomhmŚnwn dedomŚnwn). EpŢshc, to RDF proteŢnei kai kŘpoia Řlla stoiqeŢa pou den emfanŢzontai oŰte kai se Řlla montŚla grŘfwn, Şpwc eŢnai oi sullogŚc kai oi protŘseic anwtŚrac tŘxhc.

’Ena Řllo shmantikŞ qarakthristikŞ tou montŚlou thc XML eŢnai to gegonŞc Şti jewreŢ shmantikŠ th seirŘ twn stoiqeŢwn se Śna dŚntro/grŘfo, kajŤc epŢshc kai

<Painter rdf:about="http://www.museum.gr/picasso.htm"
         first_name="Pablo" last_name="Picasso">
     <paints rdf:resource="http://www.museum.gr/guernica.gif"/>
</Painter>
<Painting rdf:about="http://www.museum.gr/guernica.gif"/>

(a)

<Painter rdf:about="http://www.museum.gr/picasso.htm">
     <paints>
        <Painting rdf:about="http://www.museum.gr/guernica.gif"/>
     </paints>
     <first_name>Pablo</first_name>
     <last_name>Picasso</last_name>
</Painter>

(b)

SqŠma 2.28 DiaforetikŚc suntaktikŚc anaparastŘseic thc Ţdiac plhroforŢac se XML

ton trŞpo pou eŢnai emfwleumŚna (nested) ta stoiqeŢa autŘ.’Etsi, ta dŰo Śggrafa pou faŢnontai sto sqŠma 2.28 eŢnai diaforetikŘ (epexergazŞmena wc Śggrafa XML). AutŠ h epilogŠ eŢnai logikŠ sthn perŢptwsh thc XML, pou protŘjhke me skopŞ thn perigrafŠ eggrŘfwn.’Omwc, se efarmogŚc dedomŚnwn (p.q. apojŠkeush kai eperŤthsh) h seirŘ Şqi mŞno den eŢnai shmantikŠ, allŘ apoteleŢ kai shmantikŞ parŘgonta upobŘjmishc twn epidŞseŤn touc. Gi’ autŞ kai Şla ta sustŠmata pou qeirŢzontai tŚtoiou eŢdouc dedomŚna den lambŘnoun up’Şyh thn seirŘ kai to fŤliasma. ExŘllou, akŞma kai se eidikŚc leitourgŢec Şpou h seirŘ paŢzei rŞlo (p.q. taxinŞmhsh apotelesmŘtwn miac erŤthshc), h epibolŠ seirŘc sthn apojŠkeush den exasfalŢzei thn anŘkthsh twn apotelesmŘtwn me thn Ţdia seirŘ. KatŘ sunŚpeia, akŞma kai tŚtoiec leitourgŢec beltistopoioŰntai kalŰtera apŞ ta sustŠmata kai den Śqei nŞhma na apoteloŰn mŚroc thc anaparŘstashc.

H XML epŢshc sunodeŰetai apŞ mhqanismoŰc anŘjeshc tŰpwn se kŞmbouc. Kat’ arqŠn, oi DTDs (Document Type Definitions) parŚqoun mhqanismoŰc orismoŰ thc domŠc eggrŘfwn XML (mporoŰn na jewrhjoŰn wc grammatikŚc). DedomŚnou Şti oi DTDs epŢshc orŢzoun ta pedŢa pou mporeŢ (Š prŚpei) na Śqei Śna stoiqeŢo, mporoŰn epŢshc na jewrhjoŰn wc sqŠmata, me periorismŚnh Şmwc ekfrastikŠ isqŰ [ABS99]. Gi’ autŞ protŘjhke epŢshc to XML Schema [TBMM00], [MM00], kajŤc kai to DCD [BFM98] ta opoŢa parŚqoun plŠrh sustŠmata tŰpwn, kai dunatŞthta taxinŞmhshc se klŘseic, gia touc kŞmbouc enŞc dŚntrou (Š grŘfou) XML.’Omwc, kanŚna apŞ autŘ den lambŘnei upŞyh tic idiŞthtec (wc gnwrŢsmata Š sqŚseic metaxŰ twn pŞrwn), kajŤc anafŚrontai se diaforetikŞ montŚlo, me etikŚttec mŞno stic akmŚc EpŢshc, prŚpei na shmeiwjeŢ Şti - Şpwc analŰetai kai sto [KS] - oi sqŚseic epŚktashc (extension) kai eklŚptunshc (refinement) tŰpwn stoiqeŢwn XML qrhsimopoioŰntai kajarŘ gia suntaktikŠ dieukŞlunsh (ta stigmiŞtupa miac klŘshc de jewroŰntai stigmiŞtupa twn uperklŘseŤn thc), kai skopŞc touc eŢnai h qrhsimopoŢhsh uparqŞntwn orismŤn tŰpwn gia dhmiourgŢa nŚwn. TŚloc, sta sqŠmata XML Śna stoiqeŢo den mporeŢ na kathgoriopoihjeŢ se perissŞterec apŞ mŢa klŘseic). ’Etsi, ta montŚla autŘ eŢnai ligŞtero ekfrastikŘ apŞ to RDF/RDFS, se sqŚsh me tic anŘgkec thc anaparŘstashc mac.

KefŘlaio 3

H glŤssa eperwtŠsewn RQL

’Opwc exhgŠsame kai sto prohgoŰmeno kefŘlaio, oi basikŚc Śnnoiec tou RDF Śqoun shmantikŚc diaforŚc apŞ ta sunhjismŚna montŚla ontokentrikŤn bŘsewn dedomŚnwn [AK89]:

♦ Oi klŘseic den orŢzoun tŰpo gia ta antikeŢmenŘ touc, dhl. Śna stigmiŞtupo miac klŘshc eŢnai aplŘ Śna anagnwristikŞ pŞrou, qwrŢc timŠ/katŘstash.

♦ Oi idiŞthtec, pou paŢzoun to rŞlo gnwrismŘtwn Š sqŚsewn, eŢnai anexŘrthtec apŞ touc orismoŰc ton klŘsewn, dhl. diaforetikoŢ pŞroi pou eŢnai stigmiŞtupa thc Ţdiac klŘshc mporeŢ na Śqoun diaforetikŚc idiŞthtec.

♦ Oi idiŞthtec mporoŰn epŢshc na exeidikeutoŰn, me merikoŰc periorismoŰc sqetikŘ me thn Űparxh sqŚsewn upallhlŢac metaxŰ twn pedŢwn orismoŰ kai timŤn touc.

Ta qarakthristikŘ autŘ faŢnontai sto parŘdeigma tou sqŠmatoc 3.1. Sto pŘnw mŚroc tou sqŠmatoc autoŰ blŚpoume Śna katŘlogo gnŤshc pou Śqei dhmiourghjeŢ gia mia pŰlh gia politistikŚc koinŞthtec,’Opwc faŢnetai kai apŞ touc diaforetikoŰc qŤrouc onomŘtwn (ns1, ns3, ns4, dc), diŘfora tmŠmata tou sunolikoŰ autoŰ sqŠmatoc proŚrqontai apŞ diaforetikŘ “fusikŘ” sqŠmata. H epektasimŞthta tou RDF schema mac epitrŚpei - parolautŘ - na sunduŘsoume eŰkola plhroforŢa pou proŚrqetai apŞ diŘfora sqŠmata se Śna sunolikŞ sqŠma. Gia tic anŘgkec thc parousŢashc, sth sunŚqeia ja anaferŞmaste sto oloklhrwmŚno (integrated) sqŠma wc Śna monadikŞ sqŠma, kai ja paraleŢyoume ta projŚmata qŤrou onomŘtwn sta onŞmata klŘsewn kai idiotŠtwn. Sto sqŠma autŞ loipŞn diakrŢnoume mia ierarqŢa apŞ klŘseic pou qrhsimopoioŰntai gia na perigrŘyoun anjrŤpouc (kai pio sugkekrimŚna kallitŚqnec) kai mia Řllh me antikeŢmena-kataskeuŘsmata. Oi dŰo autŚc ierarqŢec sundŚontai kat’arqŠn mŚsw

SqŠma 3.1’Ena endeiktikŞ parŘdeigma hmidomhmŚnwn metadedomŚnwn kai sqhmŘtwn RDF thc idiŞthtac creates, kai se qamhlŞtera epŢpedŘ touc mŚsw twn upoidiotŠtwn thc,

paints kai sculpts. Stic klŘseic thc ierarqŢac antikeimŚnwn orŢzontai epŢshc kŘ-

poiec idiŞthtec me lektikŚc timŚc (p.q. has material) kajŤc kai h sqŚsh has style, pou susqetŢzei antikeŢmena twn klŘsewn Artifact kai Style. TŚloc, sto sqŠma thc efarmogŠc mac orŢzetai kai h klŘsh ExternalPage, sthn opoŢa efarmŞzetai h idiŞthta Title, kai h opoŢa de sundŚetai me kŘpoia Řllh klŘsh tou sqŠmatoc.

To kŘtw mŚroc tou sqŠmatoc periŚqei Śna grŘfo metadedomŚnwn, pou prokŰptei apŞ perigrafŚc pŞrwn me bŘsh to parapŘnw sqŠma. Sto grŘfo autŞ mporoŰme na diakrŢnoume kŘpoiec apŞ tic idiaiterŞthtec tou montŚlou RDF, Şpwc perigrŘfhkan sto prohgoŰmeno kefŘlaio. Gia parŘdeigma, o pŞroc ns2#picasso Śqei dŰo idiŞthtec paints, enŤ o pŞroc ns2#rodin kammŢa. EpŢshc, enŤ oi pŞroi ns2#picasso kai ns2#claudel Śqoun mia idiŞthta first name, wc upoklŘseic thc Person, o pŞroc ns2#rodin den Śqei. AkŞmh, mporoŰme na parathrŠsoume Şti oi pŞroi ns2#rodin kai ns2#guernica eŢnai kathgoriopoihmŚnoi se dŰo klŘseic.

3.1 To tupikŞ montŚlo gia to RDF/RDFS

Se autŠ thn enŞthta ja parousiŘsoume to montŚlo dedomŚnwn pou qeirŢzetai tic idiaiterŞthtec twn protŰpwn RDF [LS99] kai RDF Schema [BG00]. To montŚlo autŞ diaqwrŢzei safŤc touc tŰpouc klŘsewn kai sqŚsewn (idiotŠtwn) parŞmoia me to ODMG [AK89], kai basŢzetai se Śna mhqanismŞ dhmiourgŢac stigmiotŰpwn grŘfwn, empneusmŚno apŞ to GRAM [ASR94], [ASR95]. EpŢshc, epitrŚpei thn jeŤrhsh stigmiotŰpwn RDF wc hmidomhmŚna dedomŚna, pou mporoŰn na ermhneutoŰn merikŤc apŞ Śna Š perissŞtera sqŠmata RDF.

’Estw loipŞn ta parakŘtw mh peperasmŚna kai ana dŰo xŚna metaxŰ touc sŰnola sumbŞlwn:

♦ OnŞmata KlŘsewn, C = {c_1, c_2, . . .};

♦ OnŞmata TŰpwn IdiotŠtwn, P = {p_1, p_2, . . .};

♦ AtomikoŢ tŰpoi, L me atomikŚc timŚc Şpwc string, integer, date klp. KŘje atomikŞc tŰpoc Śqei Śna antŢstoiqo pedŢo orismoŰ, pou sumbolŢzetai me dom(t). Sth sunŚqeia ja qrhsimopoioŰme to dom(L) wc suntomografŢa gia to ⋃ t∈L dom(t) (rdfs:Literal).

♦ AnagnwristikŘ AntikeimŚnwn (object identifiers), O = {o_1, o_2, . . .}.

QwrŢc apŤleia thc genikŞthtac, upojŚtoume Şti ta sŰnola C kai P periŚqoun kai to Şnoma klŘshc Class kai idiŞthtac Property antŢstoiqa. To prŤto anaparistŘ th rŢza thc ierarqŢac klŘsewn (dhl. to rdfs:Class) enŤ to deŰtero th rŢza thc ierarqŢac idiotŠtwn (dhl. to rdf:Property), Şpwc orŢzontai sto montŚlo RDF/RDFS [LS99], [BG00]. EpŢshc, to P periŚqei tic arijmhtikŚc etikŚttec ({ 1,2, . . .}) pou qrhsimopoioŰntai wc onŞmata idiotŠtwn ( rdfs:ContainerMembershipProperties) gia ta mŚlh twn timŤn sullogŤn ( rdfs:Bag, rdfs:Sequence).

OrismŞc 1: DojŚntoc enŞc sunŞlou anagnwristikŤn antikeimŚnwn O ⊆ O, mŢa timŠ sto O orŢzetai anadromikŘ wc exŠc:

♦ kŘje stoiqeŢo tou L eŢnai mia timŠ sto O;

♦ kŘje stoiqeŢo tou O eŢnai mia timŠ sto O;

♦ An v_1, v_2, . . . , v_n eŢnai timŚc sto O, tŞte {1 : v_1, 2 : v_2, . . . , n : v_n} eŢnai mŢa timŠ polusunŞlou (Bag) sto O

♦ An v_1, v_2, . . . , v_n eŢnai timŚc sto O, tŞte [1 : v_1, 2 : v_2, . . . , n : v_n] eŢnai mŢa timŠ lŢstac (Seq) sto O

Se Śna tŚtoio grŘfo sqŠmatoc, oi klŘseic antistoiqoŰn stouc kŞmbouc tou enŤ oi idiŞthtec antistoiqoŰn stic akmŚc tou. KŘje sqŠma RDF periŚqei Śna peperasmŚno arijmŞ apŞ onŞmata klŘsewn C ⊆ C kai idiotŠtwn P ⊆ P. Sth sunŚqeia, oi tŰpoi idiotŠtwn orŢzonai qrhsimopoiŞntac ta onŞmata klŘsewn Š touc atomikoŰc tŰpouc Śtsi Ťste:

∀p ∈ P domain(p) ∈ C kai range(p) ∈ C ∪ L. OrismŞc 2: Mia ierarqŢa klŘsewn kai tŰpwn idiotŠtwn H = (N, ≺), Şpou N = C ∪ P , eŢnai kalŘ domhmŚnh (well-formed) Ştan ≺ eŢnai mia elŘqisth merikŠ diŘtaxh (smallest partial ordering) tŚtoia Ťste: ♦ An c ∈ C tŞte c ≺ Class; ♦ An p ∈ P tŞte p ≺ P roperty; ♦ An p_1, p_2 ∈ P kai p_1 ≺ p_2 tŞte domain(p_1) ≺ domain(p_2) kai range(p_1) ≺ range(p_2). AntŢstoiqo subtyping ???? den mporeŢ na oristeŢ metaxŰ tŰpwn sullogŤn. Ta dedomŚna RDF (ousiastikŘ ta eŢdh twn dedomŚnwn pou mporoŰn na emfanistoŰn stouc kŞmbouc enŞc grŘfou RDF) eŢnai: atomikŚc timŚc (p.q. sumboloseirŚc), anagnwristikŘ antikeimŚnwn (p.q. anagnwristikŘ pŞrwn - URIs) Š timŚc tŰpwn sullogŤn, pou qrhsimopoioŰntai gia ta apotelŚsmata miac erŤthshc, Şpwc polusŰnola (rdf:Bag) kai lŢstec (rdf:Sequence). H Śnnoia twn sunŞlwn den eŢnai tŞso shmantikŠ sto RDF.

Pio sugkekrimŚna, to sŰsthma tŰpwn tou montŚlou mac eŢnai to exŠc:

τ = {τ_L | τ_U | {τ} | [τ] | (1 : τ_1, 2 : τ_2, . . . , n : τ_n)}

Şpou: τ_L = {string | integer | boolean | date | . . .}^1 τ_U = {class_U | property_U | resource_U } {.} eŢnai o tŰpoc Bag [.] eŢnai o tŰpoc Sequence (.) eŢnai o tŰpoc Alternative.

O tŰpoc Alternative qrhsimopoieŢtai gia na anaparastŠsei th shmasiologŢa thc Śnwshc (union) Š metablhtŤn (variant) tŰpwn [Car88], kai eŢnai epŢshc diatetagmŚnoc (dhl. oi arijmoŢ-etikŚttec paŢzoun to rŞlo shmadoŰrwn gia ta mŚlh thc Śnwshc). DedomŚnou Şti oi sullogŚc tŰpou lŢstac (Sequence) kai Śnwshc (Alternative) eŢnai diatetagmŚnec, upŘrqei mŢa prokajorismŚnh diŘtaxh twn etikettŤn, opŞte autŚc mporoŰn na paralhfjoŰn (gia ta polusŰnola (Bag) oi etikŚttec den Śqoun nŞhma). EpŢshc, Şloi oi tŰpoi mac eŢnai amoibaŢa apokleiŞmenoi (p.q. mia timŠ atomikoŰ tŰpou den mporeŢ na eŢnai kai tŰpou polusunŞlou). To sŰnolo Şlwn twn onomŘtwn tŰpwn sumbolŢzetai me T .

AutŞ to sŰsthma tŰpwn mac parŚqei Şla ta aparaŢthta stoiqeŢa gia thn anaparŘstash sullogŤn tŞso me omogenŠ Şso kai me eterogenŠ perieqŞmena. EpŢshc, mac epitrŚpei na ermhneŰoume omoiŞmorfa tic klŘseic kai tic idiŞthtec pou orŢzontai se sqŠmata RDF. Gia parŘdeigma, mia mh diatetagmŚnh pleiŘda [v_1, v_2, . . . , v_n] (Şpou v_i eŢnai kŘpoiou tŰpou τ_i) mporeŢ na oristeŢ wc mŢa eterogenŠc lŢsta^2 me tŰpo [(τ_1, τ_2, . . . , τ_n)]. EpŢshc, oi klŘseic RDF mporoŰn na ermhneutoŰn wc monadiaŢec sqŚseic tŰpou {τ_U }, enŤ oi idiŞthtec san duadikŚc sqŚseic tŰpou {[τ_U , τ_U ]} (sqŚseic) Š {[τ_U , τ_L]} (gnwrŢsmata). TŚloc, oi sullogŚc RDF mporoŰn na qrhsimopoihjoŰn gia na anaparastŠsoun pleiadikŚc (n-ary) sqŚseic.

OrismŞc 3: ’Estw (C, ≺) mia ierarqŢa klŘsewn. Mia sunŘrthsh apŞdoshc melŤn stic klŘseic (population function) me anagnwristikŘ pŞrwn^3 eŢnai mia sunŘrthsh π : C → 2^O, pou anajŚtei se kŘje Şnoma klŘshc Śna peperasmŚno sŰnolo apŞ anagnwristikŘ antikeimŚnwn (URIs) pou anŠkoun sto O, me tŰpo τ_U tŚtoia Ťste:

1All standard SQL3 datatypes (see ie. http://metalogica.com/help/pgsql/user/datatypes.htm) 2MŘlista, dedomŚnou Şti oi pleiŘdec eŢnai diatetagmŚnec, gia kaje dŰo antimetajŚseic i_1, . . . , i_n kai j_1, . . . , j_n tou 1, . . . , n, h pleiŘda [i_1 : v_1, . . . , i_n : v_n] eŢnai diakritŠ apŞ thn [j_1 : v_1, . . . , j_n : v_n].

3JewroŰme mŢa non-disjoint anŘjesh anagnwristikŤn se klŘseic, lŞgw thc dunatŞthtac pollaplŠc kathgoriopoŢhshc enŞc pŞrou se perissŞterec apŞ mŢa klŘseic.

[π(c) = ∪{π(c^′) | c^′ ≺ c}]. To sŰnolo Şlwn twn timŤn sumbolŢzetai me V .

OrismŞc 4: DojeŢsac miac sunŘrthshc π, h sunŘrthsh ermhneŢac (interpretation function) [[.]] orŢzetai wc exŠc:

♦ gia touc atomikoŰc tŰpouc: [[L]] = dom(L),

♦ gia ton tŰpo sullogŤn Bag, [[{τ}]] = {v_1, v_2, . . . v_n} Şpou v_1, v_2, . . . v_n eŢnai timŚc tŰpou τ sto O.

♦ gia ton tŰpo sullogŤn Seq, [[[τ]]] = [v_1, v_2, . . . v_n] Şpou v_1, v_2, . . . v_n eŢnai timŚc tŰpou τ sto O.

♦ gia ton tŰpo sullogŤn Alt, [[(τ_1, τ_2, . . . , τ_n)]] = v_i Şpou v_i, 1 < i < n eŢnai mŢa timŠ tŰpou τ_i sto O.

♦ gia kŘje klŘsh c ∈ C, [[c]] = π(c) ∪ {π(c^′) | c^′ ≺ c} (gia th rŢza thc ierarqŢac twn klŘsewn isqŰei bŚbaia [[Class]] = O),

♦ gia kŘje tŰpo idiŞthtac p ∈ P , [[p]] = {[v_1, v_2] | v_1 ∈ [[domain(p)]], v_2 ∈ [[range(p)]]} ∪ ⋃ p^′≺p[[p ′]].

EidikŘ gia touc tŰpouc sullogŤn axŢzei na shmeiwjeŢ Şti, akŞma ki an jewrŠsoume Śna mh peperasmŚno sŰnolo apŞ etikŚttec gia th deiktodŞthsh twn melŤn touc ({1, 2, . . .}), mporoŰme parolautŘ na anaparastŠsoume kŘje perŢptwsh tŚtoiwn dedomŚnwn RDF me peperasmŚno trŞpo, afoŰ se kŘje stigmiŞtupo thc BŘshc DedomŚnwn mia sullogŠ perilambŘnei Śna peperasmŚno sŰnolo apŞ stoiqeŢa - kai katŘ sunŚpeia emfanŢzetai mŞno Śna peperasmŚno sŰnolo apŞ tŚtoiec etikŚttec.

OrismŞc 5: ’Ena sqŠma RDF eŢnai mŢa pentŘda RS = (V_S , E_S , ψ, λ, H) Şpou:

♦ V_S eŢnai to sŰnolo twn kŞmbwn kai E_S to sŰnolo twn akmŤn,

♦ H eŢnai mia kalŘ domhmŚnh (well-formed) ierarqŢa klŘsewn kai tŰpwn idiotŠtwn (N, ≺), Şpou N eŢnai Śna sŰnolo onomŘtwn (gia ta onŞmata twn klŘsewn kai twn tŰpwn idiotŠtwn): N = C ∪ P ,

♦ λ eŢnai mia sunŘrthsh apŞdoshc etikettŤn (labeling function) λ : V_S ∪ E_S → N ∪ T ,

♦ ψ eŢnai mŢa sunŘrthsh prŞsptwshc (incidence function) ψ : E_S → V_S × V_S .

H sunŘrthsh ψ anaparistŘ ta pedŢa orismoŰ (rdfs:domain) kai timŤn (rdfs:-

range) twn idiotŠtwn tou RDF. MŘlista, oi sunartŠseic ψ kai λ eŢnai kajolikŚc

(total) sta V_S ∪ E_S kai E_S , antŢstoiqa. AutŞ den apokleŢei thn perŢptwsh kŞmbwn sqŠmatoc pou den sundŚontai mŚsw kŘpoiac akmŠc (dhl. den emfanŢzontai sta Řkra kŘpoiac idiŞthtac). EpŢshc, diaforetikoŢ kŞmboi kai akmŚc sto RS prŚpei na Śqoun diaforetikŚc etikŚttec (upojŚtoume dhladŠ Şti oi etikŚttec kŞmbwn kai akmŤn eŢnai monadikŚc).

OrismŞc 6: Mia bŘsh perigrafŤn RDF, sŰmfwnh me Śna sqŠma RS, eŢnai mŢa pentŘda RD = (V_D, E_D, ψ, ν, λ), Şpou

♦ V_D eŢnai Śna sŰnolo apŞ kŞmbouc kai E_D Śna sŰnolo apŞ akmŚc,

♦ ψ eŢnai h sunŘrthsh prŞsptwshc ψ : E_D → V_D × V_D,

♦ ν eŢnai mia sunŘrthsh apŞdoshc timŤn ν : V_D → V , pou anajŚtei lektikŚc timŚc se kŞmbouc atomikŤn tŰpwn (pou den mporoŰn na Śqoun exerqŞmenec akmŚc) kai anagnwristikŘ pŞrwn se sŰnjetouc (complex) kŞmbouc,

♦ λ eŢnai mŢa sunŘrthsh apŞdoshc etikettŤn λ : V_D ∪ E_D → 2^{N∪T} pou ikanopoieŢ thn exŠc sunjŠkh:

▷ gia kŘje kŞmbo v sto V_D, h λ epistrŚfei Śna sŰnolo onomŘtwn n ∈

C ∪ T Şpou h timŠ tou v anŠkei sthn ermhneŢa kajenŞc apŞ ta n: ν(v) ∈ [[n]];

▷ gia kŘje akmŠ ϵ sto E_D pou xekinŘei apŞ ton kŞmbo v kai katalŠgei

ston kŞmbo v^′, h λ epistrŚfei to Şnoma enŞc tŰpou idiŞthtac p ∈ P , gia to opoŢo isqŰoun ta exŠc:

⋆ An p ∈ P \{1, 2, . . .}, oi timŚc twn v kai v^′ anŠkoun antŢstoiqa stic

ermhneŢec twn pedŢou orismoŰ kai timŤn thc p: ν(v) ∈ [[domain(p)]], ν(v^′) ∈ [[range(p)]]; ⋆ An p ∈ {1, 2, . . .}, oi timŚc twn v kai v^′ anŠkoun antŢstoiqa sthn

ermhneŢa enŞc tŰpou (Bag | Seq | Alt) kai twn antŢstoiqwn tŰpwn twn melŤn touc: ν(v) ∈ [[Bag | Seq | Alt(τ)]], ν(v^′) ∈ [[τ]].

OusiastikŘ, h sunŘrthsh λ anaparistŘ thn idiŞthta rdf:type, h opoŢa antistoiqŢzei kŘje kŞmbo enŞc grŘfou metadedomŚnwn RDF se Śna Š perissŞtera onŞmata klŘsewn tou antŢstoiqou sqŠmatoc.

KleŢnontac autŠ thn enŞthta, mporoŰme na sumperŘnoume Şti to montŚlo mac emperikleŢei thn pleioyhfŢa twn ennoiŤn kai twn kataskeuŤn twn RDF/RDFS, ektŞc apŞ:

♦ Tic idiŞthtec pou Śqoun pollaplŚc klŘseic sth dŠlwsh tou pedŢou orismoŰ touc.

Se kŘje perŢptwsh, eŢnai dunatŞn na jewrŠsoume mia tŚtoia idiŞthta wc pollŚc diaforetikŚc, bŘzontac wc prŞjema sto koinŞ ŞnomŘ touc kajemŢa apŞ tic klŘseic pou upodeiknŰoun to pedŢo orismoŰ thc.

♦ Th dunatŞthta gia upostasiopoŢhsh (reification) idiotŠtwn/protŘsewn, dedomŚnou Şti den mporeŢ na ekfrasteŢ se sqŠmata RDF, parŘ mŞno an o grŘfoc jewrhjeŢ wc upergrŘfoc kai upŘrqoun uperakmŚc pou katalŠgoun se sŰnola kŞmbwn.

TŚloc, prŚpei na shmeiwjeŢ Şti kai oi upŞloipoi prokajorismŚnoi tŰpoi idiotŠtwn (rdfs:seeAlso, rdfs:isDefinedBy, rdfs:comment, rdfs:label mporoŰn na anaparastajoŰn eŰkola sto montŚlo mac. (??? AxŢzei na grŘyoume tŢpota parapŘnw gi’ autŚc ?????)

3.2 H glŤssa eperwtŠsewn metadedomŚnwn RDF

Sthn enŞthta autŠ ja parousiŘsoume thn RQL (RDF Query Language), mia glŤssa eperwtŠsewn gia metadedomŚna RDF, h opoŢa epitrŚpei thn omoiŞmorfh eperŤthsh metadedomŚnwn kai sqhmŘtwn RDF, wc hmidomhmŚna dedomŚna. H RQL basŢzetai se mia sunarthsiakŠ prosŚggish, pou epitrŚpei opoiadŠpote sŰnjesh sunartŠsewn (pou den Śqoun parenŚrgeiec) kai telestŤn sŘrwshc (iterators). EpŢshc, parŚqei Śna sugkekrimŚno sŰnolo apŞ prokajorismŚnouc algebrikoŰc telestŚc, pou onomŘzontai fŢltra (filters) kai mporoŰn na qrhsimopoihjoŰn gia to sqhmatismŞ erwtŠsewn.

H RQL basŢzetai sto montŚlo grŘfwn pou parousiŘsthke sthn prohgoŰmenh enŞthta, to opoŢo perilambŘnei diŘforec morfŚc metadedomŚnwn RDF, Şpwc lektikŚc timŚc, anagnwristikŘ pŞrwn kai sqŚseic (monadiaŢec metaxŰ klŘsewn Š duadikŚc gia tic idiŞthtec). ProkeimŚnou na epitrŚyei thn omoiŞmorfh eperŤthsh kŞmbwn kai akmŤn se metadedomŚna Š sqŠmata RDF, h RQL ”krŰbei” th diŘkrish metaxŰ atomikŤn timŤn, anagnwristikŤn pŞrwn kai etikettŤn klŘsewn Š idiotŠtwn. Sth sunŚqeia ja parousiŘsoume autŘ ta qarakthristikŘ thc RQL mŚsw endeiktikŤn erwtŠsewn, pou basŢzontai sto parŘdeigma anaparŘstashc politistikŠc plhroforŢac tou sqŠmatoc 3.1.

3.2.1 BasikŚc erwtŠseic thc RQL Oi basikŚc leitourgŢec/sunartŠseic thc RQL parŚqoun trŞpouc gia thn prŞsbash stoiqeiŤdouc plhroforŢac pou aforŘ metadedomŚna kai sqŠmata RDF. Gia parŘdeigma, h RQL mac dŢnei th dunatŞthta na broŰme Şlec tic klŘseic kai idiŞthtec, antŢstoiqa, pou orŢzontai se Śna sqŠma, mŚsw twn parakŘtw erwtŠsewn:

  Class
Property

Ta onŞmata Class kai Property qarakthrŢzoun tic prokajorismŚnec metasullogŚc pou orŢzontai stouc qŤrouc onomŘtwn rdf, rdfs kai ousiastikŘ perilambŘnoun Şlec tic etikŚttec kŞmbwn kai akmŤn - antŢstoiqa - pou mporoŰn na qrhsimopoihjoŰn se Śna grŘfo hmidomhmŚnwn (meta)dedomŚnwn RDF. Oi parapŘnw erwtŠseic epistrŚfoun ta onŞmata (Š pio sugkekrimŚna ta anagnwristikŘ pŞrwn - URIs) twn klŘsewn kai tŰpwn idiotŠtwn pou faŢnontai sto pŘnw tmŠma tou sqŠmatoc 3.1.

H RQL prosfŚrei epŢshc kŘpoiec basikŚc sunartŠseic pou epitrŚpoun th diŘsqish ierarqiŤn upallhlŢac klŘsewn/ idiotŠtwn. Gia parŘdeigma, h parakŘtw erŤthsh epistrŚfei Şlec tic upoklŘseic thc Person, dhladŠ ta onŞmata klŘsewn Artist,

Painter kai Sculptor.

                          subClassOf(Person)

EpŢshc, h RQL prosfŚrei th sunŘrthsh typeOf, h opoŢa epistrŚfei ton Řmeso tŰpo (Š tŰpouc, dedomŚnhc thc dunatŞthtac gia pollaplŠ kathgoriopoŢhsh se klŘseic) enŞc pŞrou, p.q.:

typeOf(ns2#rodin)

Me bŘsh to politistikŞ mac parŘdeigma tou sqŠmatoc 3.1, h erŤthsh autŠ epistrŚfei ta onŞmata klŘsewn Painter kai Sculptor, kajŤc o pŞroc me anagnwristikŞ ns2#rodin Śqei kathgoriopoihjeŢ wc stigmiŞtupo kai twn dŰo autŤn klŘsewn.

PrŚpei na shmeiwjeŢ Şti kai to Ţdio to anagnwristikŞ Şnoma enŞc pŞrou apoteleŢ mia basikŠ sunŘrthsh thc glŤssac eperwtŠsewn, pou epistrŚfei ton eautŞ tou. GenikŘ, Şpwc kai sthn OQL, h glŤssa eperwtŠsewn mac parŚqei prŞsbash sta stigmiŞtupa miac klŘshc mŚsw tou onŞmatoc thc klŘshc autŠc.’Etsi, h erŤthsh:

Painter

epistrŚfei touc pŞrouc ns2#picasso kai ns2#rodin, afoŰ mŞno autoŢ oi dŰo kŞmboi tou grŘfou metadedomŚnwn RDF Śqoun to Painter wc etikŚtta. PrŚpei na shmeiwjeŢ Şti sthn perŢptwsh thc RQL jewrŠsame pio qrŠsimo to Şnoma miac klŘshc na epistrŚfei kai ta stigmiŞtupa Şlwn twn upoklŘsewn thc.’Etsi, h erŤthsh:

Artist

epistrŚfei touc pŞrouc ns2#picasso, ns2#rodin kai ns2#claudel, kanŚnac apŞ touc opoŢouc den Śqei taxinomhjeŢ Řmesa wc stigmiŞtupo thc klŘshc Artist. H epilogŠ autŠ dikaiologeŢtai apŞ to gegonŞc Şti ta onŞmata twn klŘsewn kai twn idiotŠtwn mporoŰn na jewrhjoŰn wc aploŢ Şroi eperŤthshc. UpŞ to prŢsma autŞ, h RQL parŚqei Śna autŞmato mhqanismŞ epŚktashc thc erŤthshc se pio ligŞtero eureŢc Şrouc, anŘlogo me touc mhqanismoŰc epŚktashc erwtŠsewn pou sunantŘme se plhroforiakŘ sustŠmata anakthshc plhroforŢac pou basŢzontai se jhsauroŰc[Fos97].

BŚbaia, upŘrqoun kŘpoiec periptŤseic erwtŠsewn stic opoŢec jŚloume na pŘroume mŞno ta Řmesa stigmiŞtupa (proper instances), miac klŘshc (dhladŠ mŞno touc pŞrouc pou Śqoun wc etikŚtta to anagnwristikŞ thc klŘshc autŠc). Gia to skopŞ autŞ h RQL prosfŚrei ton eidikŞ telestŠ “^”.’Etsi, sto parŘdeigma tou sqŠmatoc 3.1, h erŤthsh ^Artist epistrŚfei to kenŞ sŰnolo.

Me dedomŚno Şti sto montŚlo dedomŚnwn tou RDF oi idiŞthtec eŢnai polŢtec prŤthc kathgorŢac, h RQL epitrŚpei kai th qrŠsh onomŘtwn idiotŠtwn (etikettŤn akmŤn) wc basikŚc sunartŠseic prŞsbashc sta metadedomŚna. AutŞ eŢnai idiaŢtera qrŠsimo, eidikŘ se periptŤseic Şpou ta sqŠmata RDF pou ermhneŰoun ta metadedomŚna apoteloŰntai:

♦ mŞno apŞ idiŞthtec me pedŢo orismoŰ th genikŠ klŘsh rdf:Resource, Şpwc gia parŘdeigma sto sqŠma tou Dublin Core [WMD95].

♦ apŞ terŘstiec ierarqŢec klŘsewn pou susqetŢzontai mŚsw lŢgwn idiotŠtwn, oi opoŢec orŢzontai metaxŰ klŘsewn pou brŢskontai yhlŘ sthn ierarqŢa upallhlŢac. KŘti tŚtoio eŢnai polŰ sunhjismŚno gia sqŠmata pou prokŰptoun apŞ thn oloklŠrwsh (integration) ontologiŤn kai jhsaurŤn [AF99].

Kata sunŚpeia, oi etikŚttec twn kŞmbwn (dhl. ta onŞmata twn klŘsewn) mporeŢ na mhn upŘrqoun eŢte oi qrŠstec thc glŤssac mporeŢ na mhn tic gnwrŢzoun. Gia tŚtoiec periptŤseic, h RQL epitrŚpei to sqhmatismŞ erwtŠsewn Şpwc gia parŘdeigma:

creates

DedomŚnou Şti mia idiŞthta anaparistŘ mia duadikŠ sqŚsh metaxŰ twn pedŢwn orismoŰ kai timŤn thc, h erŤthsh autŠ epistrŚfei to sŰnolo twn diatetagmŚnwn zeugŤn pŞrwn (Š timŤn) pou anŠkoun sthn ermhneŢa tou creates (ston parakŘtw pŢnaka ta source kai target aplŘ upodeiknŰoun th jŚsh tou antŢstoiqou pŞrou Š timŠc sth duadikŠ sqŚsh).

source target ns2#rodin ns2#crucifixion ns2#picasso ns2#guernica ns2#picasso ns2#womanbird ns2#claudel ns2#eternalidol

’Opwc faŢnetai kai sto parapŘnw apotŚlesma, sthn ermhneŢa tou creates sumperilambŘnoume kai tic upo-idiŞthtec tou, Şpwc akribŤc kai sthn antŢstoiqh ermhneŢa twn klŘsewn. O telestŠc “^” mporeŢ na qrhsimopoihjeŢ kai sthn perŢptwsh twn idiotŠtwn, gia na pŘroume mŞno ta Řmesa stigmiŞtupa touc (dhl. ta zeŰgh pou sundŚontai mŚsw thc sugkekrimŚnhc idiŞthtac). PrŚpei na shmeiwjeŢ Şti h dunatŞthta autŠ, na jewrŠsoume dhladŠ se mia erŤthsh to Şnoma miac akmŠc wc ”shmeŢo eisŞdou” ston grŘfo, apoteleŢ prwtŞtupo qarakthristikŞ thc RQL. MŘlista, Şpwc ja deŢxoume sth sunŚqeia, ta onŞmata idiotŠtwn apoteloŰn to jemŚlio lŢjo gia to sqhmatismŞ twn (genikeumŚnwn Š mh) ekfrŘsewn monopatiŤn thc RQL.

H RQL uposthrŢzei epŢshc prŘxeic metaxŰ sunŞlwn Ţdiou tŰpou, me touc telestŚc Śnwshc (union), tomŠc (intersect) kai diaforŘc (minus)(bl. kai PŢnaka 3.2). Gia parŘdeigma, h erŤthsh:

Painter intersect Sculptor

epistrŚfei to sŰnolo pou periŚqei mŞno to anagnwristikŞ ns2#rodin, afoŰ autŞc eŢnai o mŞnoc pŞroc sto parŘdeigmŘ mac pou Śqei kathgoriopoihjeŢ kai stic dŰo autŚc klŘseic. AnŘlogec prŘxeic mporoŰn na gŢnoun kai metaxŰ twn idiotŠtwn. AxŢzei na shmeiwjeŢ Şti h RQL den epitrŚpei anŘlogec prŘxeic metaxŰ klŘsewn kai idiotŠtwn, kajŤc oi prŤtec anaparistoŰntai mŚsw monadiaŢwn sqŚsewn enŤ oi deŰterec mŚsw duadikŤn.

EktŞc apŞ sullogŚc apŞ stigmiŞtupa klŘsewn Š idiotŠtwn, h RQL qeirŢzetai kai sullogŚc RDF, pou mporeŢ na eŢnai tŰpou rdf:Bag, rdf:Seq Š rdf:Alt (h shmasiologŢa twn opoŢwn exhgŠjhke sto prohgoŰmeno kefŘlaio). Gia parŘdeigma, o Boolean telestŠc “in” mporeŢ na qrhsimopoihjeŢ gia na elŚgxei an Śnac pŞroc eŢnai mŚloc miac tŚtoiac sullogŠc.’Etsi, h erŤthsh:

ns2#picasso in ns2#Bag1

epistrŚfei true, an o pŞroc me anagnwristikŞ ns2#picasso periŚqetai sth sullogŠ me anagnwristikŞ ns2#Bag1. EpŢshc, mporoŰme na rwtŠsoume ton arijmŞ twn melŤn miac sullogŠc, qrhsimopoiŤntac th - mh prwtobŘjmia - sunŘrthsh count. EidikŘ gia th sullogŠ tŰpou rdf:Seq pou anaparistŘ lŢstec, mporoŰme na qrhsimopoiŠsoume ton telestŠ “[ ]” me ton katŘllhlo deŢkth jŚshc (Š pedŢo timŤn tŚtoiwn deiktŤn). Gia parŘdeigma, h parakŘtw erŤthsh epistrŚfei to deŰtero, to trŢto kai to tŚtarto stoiqeŢo thc sullogŠc tŰpou rdf:Seq me anagnwristikŞ ns2#Seq1. An den upŘrqei kanŚna apŞ autŘ ta stoiqeŢa, h erŤthsh epistrŚfei to kenŞ sŰnolo, pou sumbolŢzetai me “{ }”.

ns2#Seq1[2:4]

TŚloc, h RQL uposthrŢzei sunhjismŚna Boolean kathgorŠmata Şpwc =, <, > kai

like (gia taŢriasma protŰpwn). ’Oloi autoŢ oi telestŚc mporoŰn na efarmostoŰn

tŞso metaxŰ lektikŤn timŤn Şso kai metaxŰ anagnwristikŤn pŞrwn. MŘlista, h deŰterh perŢptwsh perilambŘnei kai sugkrŢseic metaxŰ onomŘtwn klŘsewn Š idiotŠtwn, Şpou h sŰgkrish dŰo onomŘtwn anafŚretai sth diŘtaxh twn antŢstoiqwn klŘsewn mŚsw thc sqŚshc upallhlŢac.’Etsi, h sunjŠkh “Painter < Artist” epistrŚfei

true, afoŰ h klŘsh Painter eŢnai upoklŘsh thc Artist. H epilogŠ tou katŘllhlou

elŚgqou se kŘje perŢptwsh (isŞthta lektikŤn timŤn antŢ antikeimŚnwn, lexikografikŠ diŘtaxh antŢ diŘtaxh klŘsewn klp) gŢnetai exetŘzontac ton tŰpo twn orismŘtwn. SugkrŢseic metaxŰ orismŘtwn diaforetikŤn tŰpwn mŚsw twn telestŤn autŤn den eŢnai apodektŚc.

3.2.2 BasikŘ fŢltra ProkeimŚnou na epitrŚyei susthmatikŠ sŘrwsh se sullogŚc apŞ metadedomŚna RDF kai na dŤsei th dunatŞthta gia qrŠsh metablhtŤn se erwtŠseic, h RQL parŚqei to basikŞ fŢltro select-from-where, pou qrhsimopoieŢ tic basikŚc erwtŠseic pou parousiŘsthkan sthn prohgoŰmenh enŞthta. DedomŚnou Şti ta metadedomŚna RDF eŢnai mia perŢptwsh hmidomhmŚnwn dedomŚnwn, ta fŢltra autŘ qrhsimopoioŰn epŢshc ekfrŘseic monopatiŤn (path expressions) gia na diasqŢsoun grŘfouc metadedomŚnwn se aujaŢreto bŘjoc. H tupikŠ ermhneŢa twn fŢltrwn kai twn ekfrŘsewn monopatiŤn thc RQL dŢnetai sthn enŞthta 3.3. Sth sunŚqeia, ja prospajŠsoume na parousiŘsoume th qrŠsh kai th leitourgikŞthta thc RQL mŚsw paradeigmŘtwn pou basŢzontai sto parŘdeigma anaparŘstashc politistikŠc plhroforŢac tou sqŠmatoc 3.1.

’Estw gia parŘdeigma h parakŘtw erŤthsh, pou eŢnai isodŰnamh me th basikŠ erŤthsh creates:

select X, Y
from {X}creates{Y}

Sto tmŠma tou from thc parapŘnw erŤthshc qrhsimopoioŰme mia aplŠ Śkfrash monopatioŰ me to Şnoma thc idiŞthtac creates. H Śkfrash autŠ periorŢzei to pedŢo timŤn twn metablhtŤn kŞmbwn X kai stic antŢstoiqec timŚc apŞ ta diatetagmŚna zeŰgh timŤn pou anŠkoun sthn ermhneŢa tou creates, Şpwc eŢdame sthn prohgoŰmenh enŞthta. Sto sugkekrimŚno parŘdeigma, h metablhtŠ X paŢrnei timŚc apŞ to source thc idiŞthtac creates (bl. parŘdeigma enŞthtac 3.2.1) enŤ h Y apŞ to target.

3.2. H glŤssa eperwtŠsewn metadedomŚnwn RDF 57

To tmŠma tou select perigrŘfei - wc sunŠjwc - mia probolŠ pŘnw stic epijumhtŚc metablhtŚc. Sthn perŢptwsh pou epijumoŰme thn probolŠ tou apotelŚsmatoc pŘnw se Şlec tic metablhtŚc pou qrhsimopoioŰntai sthn erŤthsh, mporoŰme na qrhsimopoiŠsoume to “select *”. ProkeimŚnou na exasfalŢsoume thn kleistŞthta (closure) thc glŤssac, Ťste na mporoŰme na sunjŚsoume tŚtoia fŢltra me opoiodŠpote trŞpo, epilŚxame gia ta apotelŚsmata mia morfŠ pou mporeŢ na anaparastajeŢ se RDF (kai - katŘ sunŚpeia - na eperwthjeŢ me thn RQL).’Etsi, ta apotelŚsmata twn erwtŠsewn eŢnai sullogŚc tŰpou rdf:Bag. ExŘllou, diatetagmŚnec pleiŘdec mporoŰn na anaparastajoŰn apŞ sullogŚc tŰpou rdf:Seq, stic opoŢec Śqoume kai prŞsbash mŚsw deiktŤn jŚshc (Şpwc p.q. se domŚc pinŘkwn se koinŚc glŤssec programmatismoŰ). Gia na gŢnei safŠc autŠ h anaparŘstash, to apotŚlesma thc prohgoŰmenhc erŤthshc, seiriopoihmŚno se RDF/XML eŢnai: 1 <rdf:Bag ID="#result1"> 2 <rdf:li> 3 <rdf:Seq> 4 <rdf:li rdf:resource= "ns2#picasso"/> 5 <rdf:li rdf:resource= "ns2#guernica"/> 6 </rdf:Seq> </rdf:li> 7 <rdf:li> 8 <rdf:Seq> 9 <rdf:li rdf:resource= "ns2#picasso"/> 10 <rdf:li rdf:resource= "ns2#woman"/> 11 </rdf:Seq> </rdf:li> 12 <rdf:li> 13 <rdf:Seq> 14 <rdf:li rdf:resource= "ns2#rodin"/> 15 <rdf:li rdf:resource= "ns2#crucifixion"/> 16 </rdf:Seq> </rdf:li> 17 <rdf:li> 18 <rdf:Seq> 19 <rdf:li rdf:resource= "ns2#claudel"/> 20 <rdf:li rdf:resource= "ns2#eternalidol"/>

21 </rdf:Seq> </rdf:li> 22 </rdf:Bag>

’Opwc anafŚrjhke kai sthn enŞthta 3.1, oi tŰpoi sullogŤn RDF mporoŰn na anaparastŠsoun eterogeneŢc sullogŚc. EpomŚnwc, eŢnai katŘllhlec apotelesmŘtwn erwtŠsewn. Gia paradeigma, to apotŚlesma thc parapŘnw erŤthshc eŢnai tŰpou {[τ_U , τ_U ]}. H idiŞthta thc kleistŞthtac, pou anafŚrjhke prohgoumŚnwc, exasfalŢzetai apŞ tic basikŚc erwtŠseic pou uposthrŢzontai gia sullogŚc kai parousiŘsthkan sto tŚloc thc prohgoŰmenhc enŞthtac.

Gia tic anŘgkec thc parousŢashc, sto upŞloipo tou kefalaŢou den ja qrhsimopoiŠsoume thn anaparŘstash sullogŤn gia ta apotelŚsmata twn erwtŠsewn allŘ mia morfŠ pŢnaka apŞ pleiŘdec apotelesmŘtwn, pou pisteŰoume Şti eŢnai pio eŰkola katanohtŠ apŞ ton anagnŤsth.

’Eqontac parousiŘsei ta basikŘ sustatikŘ kai qarakthristikŘ twn fŢltrwn thc RQL mporoŰme plŚon na doŰme pwc mporoŰme na sunduŘsoume me opoiodŠpote trŞpo tŚtoia fŢltra kai ekfrŘseic monopatiŤn me tic basikŚc erwtŠseic thc prohgoŰmenhc enŞthtac, gia na sqhmatŢsoume ”qrŠsimec” kai polŰplokec erwtŠseic. Gia parŘdeigma:

ErŤthsh 1:Brec touc pŞrouc pou Śqei zwgrafŢsei (paints) kŘpoioc me Şnoma “Pablo”, kai eŢnai ftiagmŚnoi apŞ (using technique) “oil on canvas”.

select W
from {X}first name{Y}, {Z}paints{W}.using technique{Q}
where X = Z and Y = “Pablo” and Q = “oil on canvas”

H erŤthsh autŠ epistrŚfei mia sullogŠ me ta anagnwristikŘ ns2#guernica kai ns2#woman, me bŘsh to parŘdeigma 3.1. H sunjŠkh = (isŞthta metaxŰ antikeimŚnwn) upodhlŤnei mia sŰndesh (join) anŘmesa stic ermhneŢec twn idiotŠtwn first name kai

paints, me bŘsh tic timŚc apŞ tic opoŢec xekinoŰn (source values). H deŰterh Śkfrash

monopatioŰ epŢshc uponoeŢ mia sŰndesh anŘmesa stic ermhneŢec twn idiotŠtwn paints kai using technique, pŘnw stic timŚc target thc prŤthc kai source thc deŰterhc.

AxŢzei na shmeiwjeŢ Şti, Şpwc kai sta hmidomhmŚna montŚla dedomŚnwn, sto parŘdeigmŘ mac upŘrqoun dŰo stigmiŞtupa thc idiŞthta paints gia ton pŞro ns2#picasso, enŤ ston pŞro ns2#rodin den Śqei oristeŢ h idiŞthta first name. ’Etsi, oi ekfrŘseic monopatiŤn thc RQL prŚpei na Śqoun thn Ţdia uparxiakŠ shmasiologŢa (existential semantics) me thn ploŠghsh se grŘfouc se hmidomhmŚna montŚla kai glŤssec eperwtŠseŤn touc. PrŘgmati, se kŘje perŢptwsh, oi ekfrŘseic monopatiŤn thc RQL mporoŰn na graftoŰn qrhsimopoiŤntac uparxiakoŰc^4 posodeŢktec.

select W
from {X}first name{Y}, {Z}paints{W}
where X = Z and Y = “Pablo” and
        exists P {select R
                  from {R}has material{Q}
                  where Q = “oil on canvas”}: P=W

H metablhtŠ P ston uparxiakŞ iterator ??? paŢrnei timŚc apŞ to sŰnolo twn apotelesmŘtwn thc emfwleumŚnhc erŤthshc.

Sthn apotŢmhsh thc erŤthshc 1 agnoŠsame teleŢwc ta onŞmata twn klŘsewn pou qrhsimopoioŰntai wc etikŚttec twn pŞrwn pou emfanŢzontai sta Řkra twn idiotŠtwn pou mac endiafŚroun. OusiastikŘ loipŞn, qeiristŠkame to grŘfo san koinŞ grŘfo hmidomhmŚnwn dedomŚnwn pou - Şpwc analŰsame sthn enŞthta 2.7.4 - Śqei etikŚttec mŞno stic akmŚc. MŘlista, dedomŚnou Şti kŘpoioi pŞroi mporeŢ na Śqoun kathgoriopoihjeŢ se pollŚc klŘseic (p.q. o pŞroc me anagnwristikŞ ns2#guernica wc Painting kai ExternalPage), mporoŰme na eperwtŠsoume Śgkura monopŘtia sto grŘfo metadedomŚnwn pou den emfanŢzontai rhtŘ se kŘpoio sqŠma RDF.

ErŤthsh 2:Brec touc pŞrouc pou Śqei dhmiourgŠsei (creates) kŘpoioc metŘ thn arqŠ tou Śtouc 2000, kajŤc kai ton dhmiourgŞ touc

select X, Y
from {X}creates{Y}.last modified{Z}
where Z ¿= 2000-01-01

ParathroŰme Şti, sto grŘfo sqŠmatoc den upŘrqei kanŚna tŚtoio monopŘti, kajŤc h idiŞthta last modified den orŢzetai se kammŢa apŞ tic klŘseic pou apoteloŰn to pedŢo timŤn thc creates. ’Omwc, sto grŘfo metadedomŚnwn orŢzetai

4H RQL uposthrŢzei epŢshc kajolikoŰc posodeŢktec

Śna tŚtoio monopŘti (Şpwc faŢnetai sto sqŠma 3.2, kajŤc o pŞroc ns2#guernica ston opoŢo katalŠgei mia akmŠ paints - jewrŤntac ton wc stigmiŞtupo thc klŘshc

Painting - Śqei mia idiŞthta last modified, lŞgw thc kathgoriopoŢhsŠc tou sthn

klŘsh ExternalPage).

SqŠma 3.2 To monopŘti dedomŚnwn pou diatrŚqei h erŤthsh 1

ProkeimŚnou na diathrŠsoume mia suntaktikŠ sumbatŞthta me thn OQL [CB97], oi ekfrŘseic monopatiŤn mporoŰn na xekinoŰn kai apŞ antikeŢmena/pŞrouc, Şpwc gia parŘdeigma:

select X
from X Artist
where X.last name = “Rodin”

H erŤthsh autŠ den eŢsagei nŚa shmasiologŢa stic ekfrŘseic monopatiŤn, allŘ eŢnai aplŘ mia suntaktikŠ dieukŞlunsh pou parŚqei h RQL. OusiastikŘ, eŢnai isodŰnamh me thn erŤthsh:

select X
from X Artist, {Y}last name{Z}
where X = Y and Z = “Rodin”

3.2.3 EperwtŤntac (meta)dedomŚna RDF me atelŠ gnŤsh tou sqŠmatoc Se autŠ thn enŞthta ja parousiŘsoume tic genikeumŚnec ekfrŘseic monopatiŤn [CACS94], [CCM96] (generalized path expressions) thc RQL, oi opoŢec mporoŰn na periŚqoun metablhtŚc tŞso stouc kŞmbouc Şso kai stic akmŚc (onŞmata klŘsewn kai idiotŠtwn antŢstoiqa).’Estw, gia parŘdeigma, h erŤthsh:

ErŤthsh 3: BreŢte tic timŚc (pŞrouc Š lektikŚc) Şlwn twn idiotŠtwn pou to ŞnomŘ touc tairiŘzei me to prŞtupo “*name”.

select Y
from $P Property, {X}$P{Y}
where $P like “*name”

ProkeimŚnou na diaqwrŢsoume tic metablhtŚc pou anafŚrontai se sqŠmata apŞ autŚc pou anafŚrontai se dedomŚna, qrhsimopoioŰme gia tic prŤtec wc prŞjema to sŰmbolo $.’Etsi, sto parapŘnw parŘdeigma, h $P eŢnai mia metablhtŠ sqŠmatoc, pou paŢrnei timŚc apŞ to sŰnolo pou orŢzetai apŞ th meta-klŘsh Property kai periŚqei Şlouc touc tŰpouc idiotŠtwn. Sth sunŚqeia, oi metablhtŚc dedomŚnwn X kai Y - pou exartŤntai apŞ thn $P - periorŢzontai sta pedŢa orismoŰ kai timŤn thc idiŞthtac sthn opoŢa Śqei apotimhjeŢ h $P . SunepŤc, to tmŠma tou from thc erŤthshc 3 ousiastikŘ upodhlŤnei ton upologismŞ tou kartesianoŰ ginomŚnou twn onomŘtwn idiotŠtwn pou orŢzontai sto sqŠma RDF, me ta antŢstoiqa stigmiŞtupŘ touc. Me bŘsh autŘ, gia to parŘdeigma tou sqŠmatoc 3.1, h metablhtŠ $P ja pŘrei tic timŚc first name kai

last name kai h metablhtŠ dedomŚnwn Y tic lektikŚc timŚc “Pablo”, “Camille” kai

“Picasso”, “Rodin”, “Claudel”, antŢstoiqa.

EpiplŚon, oi ekfrŘseic monopatiŤn (genikeumŚnec Š mh) mporoŰn na periŚqoun kai metablhtŚc pou paŢrnoun timŚc apŞ etikŚttec kŞmbwn (dhl. onŞmata klŘsewn pou emfanŢzontai sta pedŢa orismoŰ kai timŤn miac idiŞthtac), Şpwc - gia parŘdeigma - sthn parakŘtw erŤthsh:

ErŤthsh 4: Brec touc pŞrouc tŰpou (me etikŚtta) Sculptor pou Śqoun dhmiourgŠsei (creates) kŘti.

select X, Y
from {X:$Z}creates{Y}
where $Z = Sculptor

H metablhtŠ sqŠmatoc $Z periorŢzetai Śmmesa sta mŚlh thc meta-klŘshc

Class. Sthn erŤthsh 4, h $Z ja pŘrei wc timŚc tic klŘseic pou periŚqontai sto

pedŢo orismoŰ thc idiŞthtac creates, dhladŠ thn Ţdia thn klŘsh sthn opoŢa Śqei oristeŢ (dhl. thn Person) kai Şlec tic upoklŘseic thc (dhl. tic klŘseic Artist, Painter kai Sculptor). Sth sunŚqeia, o periorismŞc mŚsw thc sunjŠkhc $Z = Sculptor pou eisŘgetai sto tmŠma tou where thc erŤthshc kai upodhlŤnei isŞthta onomŘtwn klŘsewn, periorŢzei tic apodektŚc timŚc tou $Z sthn timŠ Sculptor. ’Epeita, h Śkfrash “X : $Z”, periorŢzei tic dunatŚc timŚc thc metablhtŠc dedomŚnwn X - pou paŢrnei timŚc apŞ ta stigmiŞtupa thc idiŞthtac creates kai twn upo-idiotŠtwn thc - stouc pŞrouc pou eŢnai stigmiŞtupa (Řmesa, lŞgw thc austhrŠc isŞthtac) thc klŘshc Sculptor. ’Etsi, gia to dedomŚno parŘdeigma, h metablhtŠ X sthn parapŘnw erŤthsh ja pŘrei tic timŚc ns2#rodin kai ns2#claudel. AntŢjeta, an den eŢqame eisŘgei th sunjŠkh $Z = Sculptor, h metablhtŠ $Z ja Śpairne kai tic timŚc Person, Artist kai

Painter (Şlec tic klŘseic sto pedŢo orismoŰ thc idiŞthtac) kai h metablhtŠ dedomŚ-

nwn ja Śpairne Şlec tic timŚc pou emfanŢzontai sto source Şlwn twn stigmiotŰpwn thc creates, sumperilambŘnontac Śtsi kai ton kŞmbo ns2#picasso. AxŢzei epŢshc na shmeiwjeŢ Şti an h klŘsh sthn parapŘnw sunjŠkh den eŢnai upoklŘsh thc klŘshc orismoŰ thc idiŞthtac (dhl. den anŠkei sto pedŢo orismoŰ thc), h parapŘnw erŤthsh ja epistrŚyei to kenŞ sŰnolo gia Şlec tic metablhtŚc, qwrŢc na qreiasteŢ na exetŘsei ta stigmiŞtupa thc idiŞthtac. TelikŘ, to plŠrec apotŚlesma thc parapŘnw erŤthshc eŢnai: X Y ns2#rodin ns2#crucifixion ns2#claudel ns2#eternalidol

ApŞ ton parapŘnw pŢnaka parathroŰme Şti sto apotŚlesma sumperilambŘnetai kai o pŞroc ns2#claudel. PrŘgmati, o pŞroc autŞc eŢnai tŰpou Sculptor kai Śqei mia idiŞthta sculpts. DedomŚnou loipŞn Şti h idiŞthta autŠ sundŚetai me thn creates mŚsw thc sqŚshc upallhlŢac (dhl. eŢnai upoidiŞthtŘ thc) kai Şti - Şpwc anafŚrjhke prohgoumŚnwc - jewroŰme sthn ermhneŢa miac idiŞthtac kai ta stigmiŞtupa twn upoidiotŠtwn touc, o pŞroc autŞc fusiologikŘ sumperilambŘnetai sta apotelŚsmata thc parapŘnw erŤthshc, parŞlo pou den Śqei thn Ţdia thn idiŞthta creates.

ProkeimŚnou na dieukolŰnoume th sŰntaxh tŚtoiou eŢdouc ekfrŘsewn monopatiŤn, h RQL uposthrŢzei epŢshc suntomografŢec Şpwc “{X:Sculptor}creates{Y}”, pou upodhlŤnei akribŤc thn perŢptwsh thc erŤthshc 4 ( {X:$Z}creates{Y} kai $Z

= Sculptor).

Me Řlla lŞgia, h RQL epekteŢnei thn Śnnoia twn ekfrŘsewn monopatiŤn se olŞklhra monopŘtia ierarqŢac klŘsewn (Š idiotŠtwn), Şpwc autŘ sqhmatŢzontai mŚsw thc sqŚshc upallhlŢac. AutŞ eŢnai idiaŢtera qrŠsimo kajŤc oi pŞroi mporeŢ na eŢnai kathgoriopoihmŚnoi se diŘforec klŘseic, kai se Śna pŞro mporeŢ na orŢzontai idiŞthtec pou proŚrqontai apŞ diaforetikŚc ierarqŢec klŘsewn. ParolautŘ, h RQL epitrŚpei th diŘkrish tŚtoiwn idiotŠtwn, epitrŚpontac gia parŘdeigma na xeqwrŢsoume tic idiŞthtec pou Śqei Śnac pŞroc mŞno wc antikeŢmeno thc klŘshc Painter, kai Şqi thc klŘshc Sculptor, Şpwc faŢnetai sto sqŠma 3.3.

SqŠma 3.3 To sŰnolo twn idiotŠtwn pou mporoŰn na efarmostoŰn se Śna antikeŢmeno thc klŘshc Painter

3.2.4 EperwtŤntac sqŠmata RDF wc hmidomhmŚna dedomŚna S’autŠ thn enŞthta ja parousiŘsoume tic dunatŞthtec thc RQL gia eperŤthsh sqhmŘtwn RDF, qwrŢc na mac apasqoloŰn ta stigmiŞtupŘ touc. ’Eqontac autŠ th leitourgikŞthta, h RQL mporeŢ na qrhsimopoihjeŢ san mia glŤssa uyhloŰ epipŚdou gia anadŢfush se sqŠmata. KŘti tŚtoio eŢnai polŰ qrŠsimo se pragmatikŚc efarmogŚc, kajŤc ta sqŠmata RDF:

♦ mporeŢ na eŢnai uperbolikŘ megŘla, kai Śtsi den mporoŰme na ta diaqeiristoŰme sthn kŰria mnŠmh tou sustŠmatoc.[AF99]

♦ perikleŢoun plhroforŢa pou den ekfrŘzetai rhtŘ kai den eŢnai eŰkolo na diakrijeŢ, lŞgw thc Űparxhc ierarqiŤn upallhlŢac.’Estw gia parŘdeigma Şti jŚloume na broŰme Şla ta onŞmata idiotŠtwn pou xekinoŰn apŞ Śna kŞmbo se Śna grŘfo sqŠmatoc RDF:

ErŤthsh 5: Brec Şlec ta onŞmata idiotŠtwn kai ta antŢstoiqa pedŢa timŤn touc, pou mporoŰn na oristoŰn pŘnw se Śna pŞro tŰpou Painter Š kŘpoiac upoklŘshc autoŰ.

select $P, $Y
from {$X}$P{$Y}
where $X <= Painter

KŘpoiec apŞ tic akmŚc tou apotelŚsmatoc perigrŘfontai rhtŘ sto sqŠma (p.q. h paints me pedŢo timŤn thn klŘsh Painting sto parŘdeigma tou sqŠmatoc 3.1). UpŘrqoun Şmwc kai akmŚc pou exŘgontai apŞ to gegonŞc Şti h idiŞthta paints eŢnai upo-idiŞthta thc creates. To plŠrec apotŚlesma thc parapŘnw erŤthshc faŢnetai ston parakŘtw pŢnaka: $P $Y creates Artifact creates Painting paints Painting first name String last name String Se kŘpoiec periptŤseic h parapŘnw autŞmath epŚktash twn erwtŠsewn Ţswc den eŢnai epijumhtŠ. Gia parŘdeigma, dojŚntwn dŰo ierarqiŤn klŘsewn jŚloume na broŰme gia kŘje klŘsh tic idiŞthtec pou Śqoun pedŢo orismoŰ akribŤc thn klŘsh autŠ.

De jŚloume dhladŠ na sumperilŘboume tic idiŞthtec pou klhronomoŰntai apŞ Řllec uperklŘseic Š uperidiŞthtec. H erŤthsh autŠ mporeŢ na grafeŢ wc exŠc:

ErŤthsh 6: Gia kŘje klŘsh miac ierarqŢac me korufŠ C_1, brec Şla ta onŞmata idiotŠtwn kai ta antŢstoiqa pedŢa (klŘseic) timŤn pou Śqoun wc pedŢo orismoŰ thn klŘsh autŠ

select domain($P), $P, range($P)
from $P Property
where domain($P) <= C_1 and range($P) <= C_2

EnallaktikŘ, mporeŢ se mia erŤthsh na anazhtoŰme tic klŘseic stic opoŢec katalŠgei mia Śkfrash monopatiŤn sqŠmatoc, Şpwc sthn erŤthsh:

ErŤthsh 7: Brec tic klŘseic stic opoŢec mporoŰme na ftŘsoume se Śna bŠma apŞ mia klŘsh sto pedŢo timŤn thc idiŞthtac creates.

select $Y, $P, $Z
from creates{$Y}.$P{$Z}

H erŤthsh 7 ”filtrŘrei” ta perieqŞmena thc meta-klŘshc Property, periorŢzontac to pedŢo orismoŰ kŘje apotŢmhshc tou $P sto $Y . Oi telikŚc timŚc gia tic metablhtŚc sqŠmatoc $Y , $P kai $Z eŢnai oi exŠc: $Y $P $Z Object has title String Artifact has title String Artifact has style Style Painting has title String Painting has style Style Painting using technique String Sculpture has title String Sculpture has style Style Sculpture has material String Sto parapŘnw apotŚlesma blŚpoume Şti - Şpwc eŢqame anafŚrei kai sto sqoliasmŞ thc erŤthshc 2 - den upŘrqei monopŘti sto sqŠma pou na perilambŘnei tic idiŞthtec creates kai last modified. ’Omwc tŚtoia monopŘtia mporeŢ na emfanistoŰn se grŘfouc dedomŚnwn, lŞgw thc pollaplŠc taxinŞmhshc se klŘseic. Gi’autŞ h RQL parŚqei thn aparaŢthth leitourgikŞthta Ťste na kalŰyei kai tic dŰo periptŤseic.

H RQL epitrŚpei epŢshc th sŰnjesh fŢltrwn gia to sqhmatismŞ erwtŠsewn. Gia parŘdeigma, sthn parakŘtw erŤthsh, to eswterikŞ fŢltro epilŚgei merikŘ monopŘtia sqŠmatoc, enŤ to exwterikŞ qrhsimopoieŢ ta monopŘtia autŘ se mia Śkfrash monopatioŰ dedomŚnwn:

ErŤthsh 8: DŤse tic teqnikŚc me tic opoŢec Śqoun dhmiourghjeŢ (creates) pŞroi, oi dhmiourgoŢ twn opoŢwn sqetŢzontai me kŘpoia idiŞthta me mia Śkjesh Śrgwn zwgrafikŠc (PaintingsExhibition).

select Z
from $R (select $Q
            from {$Q}$P.$Q{$Y}
            where $X = PaintingsExhibition and $Q < creates),

$R.using technique{Z}

Sthn erŤthsh autŠ to emfwleumŚno fŢltro epistrŚfei to deŰtero tmŠma twn monopatiŤn me mŠkoc dŰo pou xekinoŰn apŞ thn klŘsh PaintingsExhibition. ’Etsi, h metablhtŠ sqŠmatoc $Q apotimŘtai se paints, afoŰ to pedŢo timŤn thc

has paintings of eŢnai mŞno h klŘsh Painter kai lŞgw tou periorismoŰ $Q < cre-

ates. Sth sunŚqeia, sto exwterikŞ fŢltro, zhtoŰntai oi timŚc thc using technique, pou mporeŢ na efarmosteŢ se antikeŢmena thc klŘshc Painting.’Etsi, kai afoŰ upŘrqoun ta antŢstoiqa monopŘtia paints.using technique, paŢrnoume gia to Z tic timŚc “oil on canvas”, “oil on canvas” (dŰo forŚc, gia tic dŰo akmŚc pou xekinoŰn apŞ touc pŞrouc ns2#guernica kai ns2#woman antŢstoiqa.

Wc teleutaŢo parŘdeigma, ja deŢxoume pwc h RQL mporeŢ na qrhsimopoihjeŢ gia na ekfrŘsei th leitourgŢa anŘkthshc rdf:AboutEachPrefix pou perigrŘfetai sto [LS99] kai epistrŚfei tŞso plhroforŢa sqŠmatoc Şso kai metadedomŚnwn (perigrafŞmenouc pŞrouc).

ErŤthsh 9: DŤse mou Şti plhroforŢa upŘrqei sqetikŘ me touc pŞrouc tou diktuakoŰ tŞpou “http://www.museum.gr”.

select X, $Z, $P, Y, $W
from {X:$Z}$P{Y:$W}
where Y like ”http://www.museum.gr*” or X like ”http://www.museum.gr*”

AutŠ h erŤthsh ja apotimhjeŢ wc exŠc: gia kŘje timŠ thc metablhtŠc sqŠmatoc $P (pou paŢrnei wc timŚc Şla ta onŞmata idiotŠtwn), orŢzw dŰo epanalŠyeic me deŢktec $ kai $W pŘnw sthn ierarqŢa upoklŘsewn twn pedŢwn orismoŰ kai timŤn thc antŢstoiqhc idiŞthtac. ’Epeita, oi metablhtŚc dedomŚnwn X kai paŢrnoun wc timŚc touc kŞmbouc sta Řkra kŘje idiŞthtac pou eŢnai Řmesa stigmiŞtupa (proper instances) twn klŘsewn pou upodeiknŰontai apŞ tic metablhtŚc sqŠmatoc $Z, $W . Sto parŘdeigmŘ mac (bl. sqŠma 3.1), to apotŚlesma thc parapŘnw erŤthshc faŢnetai ston pŢnaka 3.1.

X $Z $P Y $W ns2#rodin Painter creates ns2#crucifixion Painting ns2#rodin Sculptor creates ns2#crucifixion Painting ns2#picasso Painter paints ns2#guernica Painting ns2#picasso Painter paints ns2#woman Painting ns2#claudel Sculptor sculpts ns2#eternalidol Sculpture ns2#picasso Painter first name ”Pablo” String ns2#claudel Sculptor first name ”Camille” String ns2#picasso Painter last name ”Picasso” String ns2#rodin Painter last name ”Rodin” String ns2#rodin Sculptor last name ”Rodin” String ns2#claudel Sculptor last name ”Claudel” String ns2#guernica Painting has style ns3#cubism Style ns2#guernica Painting using technique ”oil on canvas” String ns2#woman Painting using technique ”oil on canvas” String ns2#eternal Sculpture has material ”iron” String ns2#guernica ExternalPage Title 2000-06-09 Date PŢnakac 3.1 To apotŚlesma thc erŤthshc 9

3.3 TupikŠ ermhneŢa thc RQL

’Eqontac parousiŘsei th glŤssa eperwtŠsewn RQL mŚsw paradeigmŘtwn sthn prohgoŰmenh enŞthta, ja dŤsoume se autŠ thn enŞthta thn tupikŠ ermhneŢa twn diŘforwn kathgoriŤn erwtŠsewn pou epitrŚpei. Pio sugkekrimŚna, ja dŤsoume mia algebrikŠ ermhneŢa thc RQL, pou basŢzetai se mia sqesiakŠ anaparŘstash twn grŘfwn sqhmŘtwn allŘ kai dedomŚnwn RDF, pou perigrŘfetai sth sunŚqeia.’Etsi, ja mporŚsoume na axiologŠsoume leptomerŤc tic idiŞthtec thc glŤssac (p.q. plhrŞthta, ekfrastikŠ dŰnamh) kajŤc kai na diakrŢnoume periptŤseic stic opoŢec upŘrqei dunatŞthta beltistopoŢhshc sthn apotŢmhsh twn erwtŠsewn. ’Opwc ja deŢxoume sth sunŚqeia, h RQL mporeŢ na ermhneuteŢ me ekfrŘseic prŤthc tŘxhc pŘnw apŞ mŢa peperasmŚnh sqesiakŠ domŠ pollŤn tŰpwn.

PrŘgmati, me exaŢresh tic lektikŚc timŚc kai ta anagnwristikŘ pŞrwn, h ermhneŢa thc RQL basŢzetai se sqŚseic. MŘlista, ta anagnwristikŘ pŞrwn kai ta onŞmata klŘsewn kai idiotŠtwn mporoŰn na jewrhjoŰn wc timŚc (sumboloseirŚc), tic opoŢec sumbolŢzoume me to val. TŞte, Śnac grŘfoc (meta)dedomŚnwn RDFmporeŢ na jewrhjeŢ wc stigmiŞtupo tou parakŘtw sqŠmatoc (me anŤnumec pleiŘdec):

cls(val)
prop(val, val)
cont(val, val, val)

EdŤ, ta cls kai propantistoiqoŰn se sugkekrimŚnec klŘseic kai idiŞthtec kŘpoiou sqŠmatoc kai to cont stouc tŰpouc sullogŤn Bag, Seq kai Alt antŢstoiqa. TŞte, h pleiŘda prop(r1,r2) upodeiknŰei Şti ta r1, r2 eŢnai anagnwristikŘ pŞrwn, oi opoŢoi sundŚontai mŚsw miac akmŠc me etikŚtta prop. EpŢshc, h pleiŘda cont(s1, 1,r1) upodeiknŰei Şti upŘrqei mia sullogŠ me anagnwristikŞ s1, pou to prŤto thc mŚloc eŢnai o pŞroc me anagnwristikŞ r1.

Se antŢjesh me ta montŚla hmidomhmŚnwn dedomŚnwn[ABS99] (pou den perigrŘfontai apŞ sqŠmata)^5, h ermhneŢa thc RQL ekmetalleŰtai sto Śpakro th shmasiologŢa twn etikettŤn klŘsewn Š idiotŠtwn, pou orŢzetai se sqŠmata RDF. EpŢshc, kai

5To Ţdio isqŰei kai grŘfouc tou montŚlou RDF pou den perigrŘfontai apŞ kŘpoio sqŠma kai mporoŰn na ermhneutoŰn mŞno me bŘsh th monadikŠ sqŚsh thc morfŠc(bl. kai anaparŘstash me triŘdec, enŞthta 2.6): statement(val, val, val)

ta sqŠmata RDF mporoŰn na anaparastajoŰn me sqesiakŞ trŞpo, qrhsimopoiŤntac tic sqŚseic Class kai Property (bl. kai enŞthta 3.2) kai tic sqŚseic subclass kai

subproperty, pou periŚqoun thn plhroforŢa thc merikŠc diŘtaxhc (≺) pŘnw sta proh-

goŰmena sŰnola, Şpwc autŠ orŢzetai apŞ tic antŢstoiqec sqŚseic (rdfs:subClassOf kai rdfs:subPropertyOf).

Me bŘsh ta parapŘnw, h ermhneŢa twn basikŤn erwtŠsewn thc RQL se sqŠmata kai metadedomŚna faŢnetai ston pŢnaka 3.2 . Ston pŢnaka autŞ, ta c, c_1, c_2 eŢnai onŞmata klŘsewn, to p eŢnai to Şnoma miac idiŞthtac, ta o, o_1, o_2 anagnwristikŘ pŞrwn, ta col, col_1, col_2 sullogŚc kai to < v_1, v_2, . . . > diatetagmŚnec pleiŘdec.

Sth sunŚqeia ja prospajŠsoume na analŰsoume tic ermhneŢec twn fŢltrwn kai twn ekfrŘsewn monopatiŤn thc RQL, pou faŢnontai ston parapŘnw pŢnaka. Gia eukolŢa, ja diakrŢnoume tic erwtŠseic se diŘforec kathgorŢec, me bŘsh:

♦ Thn anaforŘ touc se metadedomŚna h sqŠmata RDF.

♦ Thn anaforŘ touc se kŞmbouc Š akmŚc (monopŘtia) se Śna grŘfo RDF.

FŢltro SugkekrimŚnhc KlŘshc:

select X
from X c
where X = O

{v_i | v_i ∈ [[c]], v_i = l}

AutŞ to eŢdoc erwtŠsewn thc RQL periorŢzei ta stigmiŞtupa pou perilambŘnontai sthn ermhneŢa thc klŘshc c, se autŘ pou ikanopoioŰn th sunjŠkh pou perigrŘfetai sto tmŠma tou where thc erŤthshc.

FŢltro SugkekrimŚnhc IdiŞthtac (aplŠ Śkfrash monopatioŰ): Sthn kathgorŢa autŠ mporoŰme na diakrŢnoume treŢc periptŤseic:

♦ AplŠ Śkfrash monopatioŰ (meta)dedomŚnwn:

select X, Y
from {X}p{Y }
where Y = O

{< v_1, v_2 >|< v_1, v_2 >∈ [[p]], v_2 = l}

’Ena tŚtoio fŢltro periorŢzei ta zeŰgh timŤn (meta)dedomŚnwn (timŚc source/target) pou apoteloŰn thn ermhneŢa thc idiŞthtac p, jŚtontac sunjŠkec stic timŚc/pŞrouc pou emfanŢzontai sto deŰtero mŚloc thc ermhneŢac

(dhl. stouc kŞmbouc stouc opoŢouc katalŠgei mia tŚtoia akmŠ). KŘti antŢstoiqo mporeŢ na gŢnei bŚbaia kai gia touc kŞmbouc apŞ touc opoŢouc xekinŘ mia tŚtoia akmŠ.

♦ AplŠ Śkfrash monopatioŰ sqŠmatoc:

select $X, $Y
from {$X}p{$Y }
where $Y = c

{< c_1, c_2 >| c_1, c_2 ∈ C, c_1 ≺ domain(p), c_2 ≺ range(p), c_1 = c} H Śkfrash autŠ orŢzei dŰo metablhtŚc pou paŢrnoun timŚc apŞ tic ierarqŢec klŘsewn pou apoteloŰn ta pedŢa orismoŰ kai timŤn thc idiŞthtac p. QwrŢc ton periorismŞ sto tmŠma tou where, to fŢltro autŞ epistrŚfei to kartesianŞ ginŞmeno twn dŰo sunŞlwn-ierarqiŤn. Me thn upŘrqousa sunjŠkh, oi pleiŘdec tou apotelŚsmatoc periorŢzontai se autŚc pou ikanopoioŰn thn antŢstoiqh sunjŠkh.

♦ AplŠ Śkfrash “miktoŰ” monopatioŰ (sqŠmatoc kai dedomŚnwn):

select X, Y, $Z, $W
from {X : $Z}p{Y : $W }
where Y = O and $W = c

{< v_1, v_2 >| ∃p ∈ P, c_1, c_2 ∈ C, c_1 ≺ domain(p), v_1 ∈ [[c_1]], c_2 ≺ range(p), v_2 ∈ [[c_2]], < v_1, v_2 >∈ [[p]]}

AutŠ h Śkfrash apoteleŢ ousiastikŘ sunduasmŞ twn dŰo prohgoŰmenwn. Wc apotŚlesma epistrŚfei ta monopŘtia sqŠmatoc ta opoŢa ja epŚstrefe kai h antŢstoiqh Śkfrash monopatioŰ sqŠmatoc, kajŤc kai ta antŢstoiqa metadedomŚna-stigmiŞtupa twn klŘsewn. Wc epiplŚon periorismŞ, stic pleiŘdec pou epistrŚfontai apŞ mia tŚtoia Śkfrash ta metadedomŚna sta Řkra thc akmŠc “ofeŢloun” na eŢnai Řmesa stigmiŞtupa twn antŢstoiqwn klŘsewn sthn Ţdia pleiŘda. AutŞ bŚbaia eŢnai isodŰnamo me mia aplŠ Śkfrash monopatioŰ (meta)dedomŚnwn, afoŰ Şla ta Śgkura zeŰgh timŤn thc idiŞthtac autŠc ja prŚpei na apoteloŰntai apŞ stigmiŞtupa klŘsewn pou sundŚontai mŚsw thc dedomŚnhc idiŞthtac sto sqŠma.’Omwc, Şpwc ja exhgŠsoume analutikŘ sth sunŚqeia, den isqŰei to Ţdio sthn perŢptwsh thc sŰnjeshc aplŤn ekfrŘsewn monopatiŤn. EpŢshc, h Űparxh metablhtŤn sqŠmatoc kai h “exŘrthsh” twn dedomŚnwn apŞ autŚc mac epitrŚpei na “filtrŘroume” ta (meta)dedomŚna me bŘsh plhroforŢa sqŠmatoc (zhtŤntac, p.q. mŞno tic pleiŘdec stic opoŢec o pŞroc se kŘpoio Řkro thc akmŠc eŢnai Řmeso stigmiŞtupo kŘpoiac klŘshc c, Şpwc sto parapŘnw parŘdeigma).

3.3.1 GenikeumŚnec ekfrŘseic monopatiŤn

Se Şla ta prohgoŰmena paradeŢgmata monopatiŤn qrhsimopoiŠsame to Şnoma miac sugkekrimŚnhc idiŞthtac wc kŰrio sunjetikŞ touc. H RQL, me th qrŠsh twn genikeumŚnwn ekfrŘsewn monopatiŤn, epitrŚpei epŢshc th qrŠsh metablhtŤn, oi opoŢec paŢrnoun onŞmata idiotŠtwn wc timŚc. AkoloujŤntac thn prosŚggish tou Ţdiou tou montŚlou tou RDF, se tŚtoiec periptŤseic dŢnoume proteraiŞthta sthn apotŢmhsh twn metablhtŤn idiotŠtwn. Sth sunŚqeia, gia kŘje timŠ autŤn twn metablhtŤn, oi upŞloipec metablhtŚc (kŞmbwn) tou monopatioŰ apotimoŰntai Şpwc akribŤc analŰjhke katŘ perŢptwsh prohgoumŚnwc, sta monopŘtia pou periŚqoun mia sugkekrimŚnh idiŞthta. ’Etsi, Śna parŘdeigma genikeumŚnhc Śkfrashc monopatioŰ dedomŚnwn eŢnai:

select X, Y
from {X}$P {Y }

{< v_1, v_2 >| ∃p ∈ P, < v_1, v_2 >∈^[[p]]}

3.3.2 SŰnjesh ekfrŘsewn monopatiŤn

’Ena apŞ ta pio isqurŘ qarakthristikŘ thc RQL eŢnai h dunatŞthta sŰnjeshc aplŤn ekfrŘsewn monopatiŤn. SunduŘzontac tic parapŘnw aplŚc ekfrŘseic mŚsw tou telestŠ “.” mporoŰme na sqhmatŢsoume sŰnjetec ekfrŘseic monopatiŤn. EktŞc apŞ thn profanŠ dunatŞthta sunduasmoŰ ekfrŘsewn “Ţdiou tŰpou” (me bŘsh thn prohgoŰmenh kathgoriopoŢhsh), h RQL epitrŚpei kai th sŰnjesh monopatiŤn diaforetikŤn tŰpwn, me tic katŘllhlec sunjŠkec se kŘje perŢptwsh:

♦ SŰnjesh monopatiŤn metadedomŚnwn:

select X, Y, Z
from {X}p{Y }.q{Z}

{< v_1, v_2, v_3 >|< v_1, v_2 >∈ [[p]], < v_2, v_3 >∈ [[q]]} Oi ekfrŘseic autŚc anafŚrontai mŞno sto grŘfo metadedomŚnwn (kai Şqi se monopŘtia sto sqŠma pou ta perigrŘfei). H ermhneŢa tŚtoiwn ekfrŘsewn perilambŘnei thn Śnwsh twn ermhneiŤn twn dŰo ekfrŘsewn, me bŘsh thn isŞthta twn timŤn sta katŘllhla Řkra twn akmŤn pou “sunenŤnontai”. OusiastikŘ h Śkfrash autŠ eŢnai isodŰnamh me thn parakŘtw erŤthsh:

select X, Y, P [2]
from {X}p{Y }
where exists P {select W, Z
                  from {W }q{Z}

}: P [1] = Y

♦ SŰnjesh monopatiŤn sqŠmatoc:

select $X, $Y, $Z
from {$X}p{$Y }.q{$Z}

{< c_1, c_2, c_3 >| c_1, c_2 ∈ C, c_1 ≺ domain(p), c_2 ≺ range(p), c_3 ≺ range(q), c_4 ≺ domain(q), c_2 = c_4} H ermhneŢa autŤn twn ekfrŘsewn sqhmatŢzetai apŞ thn sŰnjesh twn ermhneiŤn twn dŰo aplŤn ekfrŘsewn, me th sunjŠkh Şti h klŘsh sto dexŢ Řkro thc prŤthc Śkfrashc prŚpei na isoŰtai me thn antŢstoiqh sto aristerŞ Řkro thc deŰterhc. H Śkfrash autŠ eŢnai isodŰnamh me thn parakŘtw erŤthsh:

select $X, $Y, P
from {$X}p{$Y }
where exists P {select $W, $Z
                  from {$W }q{$Z}

}: P [1] = $Y

♦ SŰnjesh miktŤn monopatiŤn:

select X, $C_1, Y, $C_2, Z, $C_3
from {X : $C_1}p{Y : $C_2}.q{Z : $C_3}

{< v_1, c_1, v_2, c_2, v_3, c_3 >| c_1, c_2, c_3, c_4 ∈ C, c_1 ≺ domain(p), v_1 ∈^[[c_1]], c_2 ≺ range(p), v_2 ∈^[[c_2]], c_3 ≺ range(q), v_3 ∈^[[c_3]], c_4 ≺ domain(q), v_4 ∈^[[c_4]], < v_1, v_2 >∈ [[p]], < v_4, v_3 >∈ [[q]], c_2 = c_4, v_2 = v_4} Kai se autŠ thn perŢptwsh h ermhneŢa twn ekfrŘsewn prokŰptei apŞ th sŰnjesh twn ermhneiŤn twn dŰo aplŤn monopatiŤn. ’Omwc, h sunjŠkh “ŚnwsŠc” touc prokŰptei tŞso apŞ thn ŚnwsŠ touc wc monopŘtia sqŠmatoc Şso kai apŞ thn antŢstoiqh Śnwsh wc monopŘtia dedomŚnwn. OusiastikŘ h Śkfrash autŠ eŢnai isodŰnamh me thn parakŘtw erŤthsh:

select X, $C_1, Y, $C_2, P [3], P [4]
from {X : $C_1}p{Y : $C_2}
where exists P {select W, $C_4, Z, $C_3
                  from {W : $C_4}q{Z : $C_3}

}: P [1] = Y and P [2] = $C_2

♦ SŰnjesh monopatiŤn diaforetikŤn tŰpwn:

’Opwc anafŚrjhke prohgoumŚnwc, h RQL epitrŚpei epŢshc th sŰnjesh aplŤn monopatiŤn me diaforetikoŰc. Me bŘsh thn parapŘnw kathgoriopoŢhsh mporoŰme na diakrŢnoume treic dunatoŰc sunduasmoŰc:

▷ MiktŞ monopŘti/MonopŘti dedomŚnwn: H sŰndesh gŢnetai me

bŘsh mŞno tic timŚc dedomŚnwn, dhladŠ me thn epiplŚon sunjŠkh v_2 = v_3, Şpwc faŢnetai kai sthn ermhneŢa thc erŤthshc:

select X, $C_1, Y, $C_2, Z, W
from {X : $C_1}p{Y : $C_2}.{Z}q{W }

{< v_1, c_1, v_2, c_2, v_3, v_4 >| c_1, c_2 ∈ C, c_1 ≺ domain(p), v_1 ∈^[[c_1]], c_2 ≺ range(p), v_2 ∈^[[c_2]], < v_1, v_2 >∈ [[p]], < v_3, v_4 >∈ [[q]], v_2 = v_3} ParathroŰme Şti to sŰnjeto monopŘti pou prokŰptei dŢnei sto aristerŞ Řkro tou tŞso timŚc dedomŚnwn (v_1) Şso kai sqŠmatoc (c_1), sumperifŚretai dhladŠ - Şson aforŘ th sŰnjesh me Řlla monopŘtia - wc miktŞ monopŘti apŞ aristerŘ kai wc monopŘti dedomŚnwn apŞ dexiŘ.

▷ MiktŞ monopŘti/MonopŘti sqŠmatoc: H sŰndesh gŢnetai me bŘsh

mŞno tic timŚc sqŠmatoc (onŞmata klŘsewn) gia touc antŢstoiqouc kŞmbouc, dhladŠ me thn epiplŚon sunjŠkh c_2 = c_4, Şpwc faŢnetai kai sthn ermhneŢa thc erŤthshc:

select X, $C_1, Y, $C_2, $C_3, $C_4
from {X : $C_1}p{Y : $C_2}.{$C_3}q{$C_4}

{< v_1, c_1, v_2, c_2, c_3, c_4 >| c_1, c_2 ∈ C, c_1 ≺ domain(p), v_1 ∈^[[c_1]], c_2 ≺ range(p), v_2^∈ [[c_2]], < v_1, v_2 >∈ [[p]], c_3 ≺ domain(q), c_4 ≺ range(q), c_2 = c_3}

▷ MonopŘti dedomŚnwn/MonopŘti sqŠmatoc: Sthn perŢptwsh autŠ

den mporeŢ na qrhsimopoihjeŢ kammŢa apŞ tic sunjŠkec pou qrhsimopoiŠsame sth sunŚnwsh monopatiŤn Ţdiou tŰpou. H katŘllhlh sunjŠkh, an v_2 eŢnai oi timŚc dedomŚnwn gia touc kŞmbouc proorismoŰ tou monopatioŰ dedomŚnwn kai c_4 oi timŚc sqŠmatoc gia touc kŞmbouc proŚleushc tou monopatioŰ dedomŚnwn, eŢnai h v_2 ∈^[[c_4]].

select X, Y, $C_3, $C_4
from {X}p{Y }.{$C_3}q{$C_4}

3.4. TŰpoi twn ekfrŘsewn thc RQL 75

{< v_1, v_2, c_3, c_4 >| c_1, c_2 ∈ C, < v_1, v_2 >∈ [[p]], c_3 ≺ domain(q), c_4 ≺ range(q), v_2 ∈^[[c_3]]}

3.4 TŰpoi twn ekfrŘsewn thc RQL

Sthn enŞthta autŠ ja deŢxoume thn exagwgŠ tŰpwn (type inference) stic ekfrŘseic thc RQL pou parousiŘsame prohgoumŚnwc, me bŘsh to sŰsthma tŰpwn pou parousiŘsame sthn enŞthta 3.1. ’Etsi, oi tŰpoi twn aplŤn ekfrŘsewn - h ermhneŢa twn opoŢwn parousiŘsthke ston pŢnaka 3.2 - faŢnetai stouc pŢnakec 3.4 (gia tic monadiaŢec ekfrŘseic) kai 3.5 (gia tic duadikŚc ekfrŘseic). Gia na ekfrŘsoume touc kanŞnec exagwgŠc tŰpwn qrhsimopoioŰme ton exŠc sumbolismŞ: oi kanŞnec pŘnw apŞ thn orizŞntia grammŠ apoteloŰn tic pro˛pojŚseic (sunjŠkec) pou prŚpei na isqŰoun, Ťste h Śkfrash na eŢnai Śgkurh. Sto kŘtw mŚroc faŢnetai h Śkfrash kai o tŰpoc thc. ’Etsi, gia parŘdeigma, gia th leitourgŢa target(e) h Śkfrash e : property_U shmaŢnei Şti o tŰpoc thc paramŚtrou e eŢnai property_U (h opoŢa eŢnai kai h sunjŠkh egkurŞthtac thc Śkfrashc). An autŠ h sunjŠkh isqŰei, tŞte o tŰpoc thc Śkfrashc eŢnai (resource_U , τ_U ). QrhsimopoioŰme to sumbolismŞ pou eisŘgame sthn parousŢash tou sustŠmatoc tŰpwn, sthn enŞthta 3.1, gia polusŰnola ({.}) kai tŰpouc Śnwshc (.).

IdiaŢtero endiafŚron emfanŢzei h perŢptwsh thc ermhneŢac miac idiŞthtac (kai profanŤc h leitourgŢa target(p) pou epistrŚfei tic timŚc proorismoŰ miac idiŞthtac): dedomŚnou Şti o tŰpoc tou pedŢou timŤn thc mporeŢ na eŢnai eŢte Śna anagnwristikŞ pŞrou eŢte atomikŞc tŰpoc, eisŘgoume thn Śnnoia thc Śnwshc tŰpwn. DedomŚnou Şti tŚtoiec ekfrŘseic emfanŢzontai kurŢwc se ekfrŘseic monopatiŤn, ja parousiŘsoume Śna qarakthristikŞ parŘdeigma sthn epŞmenh enŞthta.

3.4.1 BasikŘ fŢltra - aplŚc ekfrŘseic monopatiŤn Sthn enŞthta autŠ ja parousiŘsoume thn exagwgŠ tŰpwn gia to basikŞ fŢltro thc RQL kai ta fŢltra pou perilambŘnoun aplŚc ekfrŘseic monopatiŤn. Oi ekfrŘseic monopatiŤn mporoŰn na qwristoŰn se treic kathgorŢec: monopŘtia dedomŚnwn, monopŘtia sqŠmatoc kai miktŘ monopŘtia - pou sunduŘzoun eperŤthsh dedomŚnwn kai sqŠmatoc. Oi tŰpoi autŤn twn ekfrŘsewn faŢnontai ston pŢnaka 3.6.

’Opwc blŚpoume ston pŢnaka autŞ, o tŰpoc gia Śna monopŘti dedomŚnwn eŢnai to zeŰgoc twn tŰpwn twn pedŢwn orismoŰ kai timŤn thc idiŞthtac pou periŚqei. IdiaŢtero endiafŚron parousiŘzoun ekfrŘseic pou periŚqoun metablhtŠ sth jŚsh thc idiŞthtac, Şpwc sto parakŘtw parŘdeigma:

select X, $P, Y
from {X}$P {Y }

To apotŚlesma autŠc thc erŤthshc faŢnetai ston pŢnaka 3.3. Ston pŢnaka autŞ, h stŠlh X Śqei tŰpo class_U , enŤ h deŰterh property_U . ’Omwc, h trŢth stŠlh periŚqei kai stoiqeŢa tŰpou resource_U kai kŘpoiwn apŞ touc atomikoŰc tŰpouc (string, date, ...). Gi’ autŞ, to apotŚlesma thc parapŘnw erŤthshc Śqei tŰpo: [resource_U , property_U , (resource_U | τ_B )]. ExŘllou, o tŰpoc gia Śna monopŘti sqŠmatoc eŢnai Śna zeŰgoc pou apoteleŢtai apŞ Śna Şnoma klŘshc (gia to pedŢo orismoŰ thc idiŞthtac) kai Śna Şnoma klŘshc Š Śna apŞ ta onŞmata twn basikŤn tŰpwn, τ_B (pou upodhlŤnei to pedŢo timŤn thc idiŞthtac).

Sthn perŢptwsh twn miktŤn monopatiŤn, orŢzoume metablhtŚc tŞso sto sqŠma Şso kai sta dedomŚna. ’Etsi, o tŰpoc enŞc tŚtoiou monopatioŰ Śqei tŚssera stoiqeŢa: to prŤto kai to trŢto anafŚrontai stic metabhtŚc sqŠmatoc (Şpwc se Śna aplŞ monopŘti sqŠmatoc) enŤ to deŰtero kai to tŚtarto stic metablhtŚc dedomŚnwn.

Gia thn perŢptwsh thc sunŚnwshc monopatiŤn, o Ślegqoc tŰpwn anŘgetai ston Ślegqo tŰpwn twn ekfrŘsewn stic opoŢec metafrŘzetai. PrŘgmati, Şpwc exhgŠsame sthn prohgoŰmenh enŞthta, h erŤthsh:

     select X, Y, Z
from {X}p{Y }.q{Z}

eŢnai isodŰnamh me thn:

select X, Y, Z
from {X}p{Y }
where exists P {select W
                  from {W }q{Z}

}: P = Y

’Etsi, ousiastikŘ o Ślegqoc tŰpwn pou apaiteŢtai gia th sŰnjesh twn dŰo ekfrŘsewn eŢnai o Ślegqoc thc egkurŞthtac thc sŰgkrishc P = Y , pou gŢnetai me bŘsh ton antŢstoiqo kanŞna pou faŢnetai ston pŢnaka 3.5.

3.5 SumperŘsmata

Wc sumpŚrasma, ja exhgŠsoume pwc h RQL parŚqei thn aparaŢthth leitourgikŞthta gia na kalŰyei tic anŘgkec miac pŰlhc koinotŠtwn diadiktŰou. PrŘgmati, h dunatŞthta aplŠc anadŢfushc, qwrŢc diŘsqish ierarqiŤn - Şpwc autŠ pou parŚqetai apŞ tic upŘrqousec pŰlec diadiktŰou, dŢnetai apŞ tic basikŚc erwtŠseic thc RQL. ExŘllou, h perŢptwsh thc prosarmogŠc stic anŘgkec kai protimŠshc kŘje mŚlouc thc koinŞthtac, p.q. me th dhmiourgŢa proswpopoihmŚnwn kanaliŤn, apaiteŢ plhroforŢa pou mporeŢ na sugkentrwjeŢ wc to apotŚlesma miac erŤthshc RQL. PrŘgmati, tŚtoia plhroforŢa upŘrqei me th morfŠ perigrafŤn twn pŞrwn, pijanŤc me bŘsh perissŞtera apŞ Śna sqŠmata, gia diaforetikŘ eŢdh plhroforŢac (diaqeiristikŠ, perieqomŚnou klp). H RQL eŢnai epŢshc idiaŢtera qrŠsimh gia th dialogikŠ ploŠghsh se pŰlec koinotŠtwn diadiktŰou. PrŘgmati, enŤ to mŚgejoc twn ierarqiŤn kathgoriŤn/jemŘtwn kajistŘ tŚtoiec leitourgŢec apagoreutikŚc stic upŘrqousec pŰlec diadiktŰou, h RQL parŚqei th dunatŞthta sqhmatismoŰ pio perŢplokwn kai ploŰsiwn erwtŠsewn, pou thn kajistoŰn efiktŠ. TŚloc, h RQL mporeŢ na qrhsimopoihjeŢ se Śna katanemhmŚno peribŘllon, gia thn antallagŠ plhroforŢac metaxŰ diaforetikŤn exuphrethtŤn upokoinotŠtwn thc Ţdiac koinŞthtac Š diaforetikŤn koinotŠtwn. Wc parŘdeigma parajŚtoume thn erŤthsh 9 - pou parousiŘsthke prohgoumŚnwc - h opoŢa epistrŚfei Şlec tic perigrafŚc pou sqetŢzontai me Śna diktuakŞ tŞpo (oi opoŢec mporeŢ na “anŠkoun” se mia Řllh koinŞthta).

EpŢshc, deŢxame Şti oi erwtŠseic thc RQL ermhneŰontai tupikŘ me omoiŞmorfo trŞpo. PrŘgmati, oi erwtŠseic thc RQL mporoŰn na ermhneutoŰn me th qrŠsh logikŠc prŤthc tŘxhc pŘnw apŞ mia domŠ pou moiŘzei me mia peperasmŚnh, sqesiakŠ domŠ pollŤn tŰpwn. SunepŤc, Şpwc ja exhgŠsoume kai pio analutikŘ sto kefŘlaio 4, h ulopoŢhsh thc apojŠkeushc me bŘsh to montŚlo mac kajŤc kai thc RQL pŘnw apŞ sqesiakŞ sŰsthma bŘsewn dedomŚnwn eŢnai efiktŠ.

Expression Interpretation

Class C ⊆ C
Property P ⊆ P
Domain(p) domain(p)
Range(p) range(p)
subClassOf(c) {c^′ ∈ C | c^′ ≺ c}
subClassOf^(c) {c^′ ∈ C | c^′ ≺ c,  ̸∃c^{′′} ∈ C, c^{′′} ≺ c&c^′ ≺ c^{′′}}
superClassOf(c) {c^′ ∈ C | c ≺ c^′}
superClassOf^(c) {c^′ ∈ C | c ≺ c^′,  ̸∃c^{′′} ∈ C, c ≺ c^{′′}&c^{′′} ≺ c^′}
subPropertyOf(p) {p^′ ∈ P | p^′ ≺ p}
subPropertyOf^(p) {p^′ ∈ P | p^′ ≺ p,  ̸∃p^{′′} ∈ P, p^{′′} ≺ p&p^′ ≺ p^{′′}}
superPropertyOf(p) {p^′ ∈ P | p ≺ p^′}
superPropertyOf^(p) {p^′ ∈ P | p ≺ p^′,  ̸∃p^{′′} ∈ P, p ≺ p^{′′}&p^{′′} ≺ p^′}
o o
typeOf(o) τ(v), where ν(v) = o
c [[c]]
^c [[c]] −

⋃ c^′≺c([[c ′]])

p [[p]]
^p [[p]] −

⋃ p^′≺p([[p ′]])

source(p) {v_1}, < v_1, v_2 >∈ [[p]]
target(p) {v_2}, < v_1, v_2 >∈ [[p]]

col_1 intersect col_2 [[col_1]] ∩ [[col_2]] col_1 union col_2 [[col_1]] ∪ [[col_2]] col_1 minus col_2 [[col_1]] − [[col_2]]

count(col) n, if ∃i_1, . . . , i_n, ∃v_{i1} , . . . , v_{in} ,

∀j, i_1 ≤ j ≤ i_n (j, v_j ) ∈ [[col]] o in col ∃i, 1 ≤ i ≤ count(col), (i, o) ∈ [[col]] seq[n : m] < v_n, . . . , v_m > where ∃j_1, . . . , j_l, 1 ≤ n ≤ m ≤ l, ∃v_1, . . . , v_{(n−1)}, . . . , v_{(m+1)}, . . . , v_l, ∀i, 1 ≤ i ≤ l, (j_i, v_i) ∈ [[seq]] PŢnakac 3.2 ErmhneŢa twn basikŤn erwtŠsewn thc RQL

Domain: e : property_U domain(e) : class_U

Range: e : property_U , τ = (class_U | literal) range(e) : τ

Sub/SuperClassesOf: e : class_U subClassesOf(e) : {class_U }

Sub/SuperPropertiesOf: e : property_U subP ropertiesOf(e) : {property_U }

Property type p : {[resource_U , (resource_U , τ_B )]} Class c : {resource_U } Source: e : property_U source(e) : {resource_U }

Target: e : property_U , τ = (resource_U | τ_B ) target(e) : {τ}

Proper instances of a class: e : class_U (^e) : {resource_U }

Proper instances of a property: e : property_U (^e) : {[resource_U , (resource_U , τ_B )]}

count: e : τ, τ = ({τ} | [τ]) count(e) : int SqŠma 3.4 MonadiaŢec leitourgŢec ith: e : [τ_1, τ_2, . . . , τ_n], i : integer, i ∈ [1..n] (e[i]) : τ_i

comp: e : τ, e^′ : τ^′, τ = τ^′, τ ≠ union(τ), θ =, <, >, ≤, ≥ (e θ e^′) : boolean

in: x : τ, e : {τ} (x in e) : boolean

like: x : τ, e : string, τ = (string | τ_u) (x like e) : boolean

set operations : col_1 : {τ}, col_2 : {τ^′}, τ = τ^′, θ = (intersect | union | minus) (col_1 θ col_2) : {τ} col_1 : [τ], col_2 : [τ^′], τ = τ^′, θ = (intersect | union | minus) (col_1 θ col_2) : [τ]

SqŠma 3.5 DuadikŚc leitourgŢec

BasikŞ fŢltro: e : bag(τ), e^′ : τ^′, p : boolean (select e^′ from x e where p) : bag(τ^′), x : τ

MonopŘti dedomŚnwn: e : property_U , source(e) : {τ_1}, target(e) : {τ_2} (select x, y from {x}e{y}) : {[τ_1, τ_2]}, x : τ_1, y : τ_2

MonopŘti sqŠmatoc: e : property_U , domain(e) : c_{τ1} , range(e) : c_{τ2} (select $c_1, $c_2 from {$c_1}e{$c_2}) : {[c_{τ1} , c_{τ2} ]}, c_1 : c_{τ1} , c_2 : c_{τ2}

MiktŞ monopŘti: e : property_U , domain(e) : c_{τ1} , source(e) : {τ_1}, range(e) : c_{τ2} , target(e) : {τ_2} (select $c_1, x, $c_2, y from {x : $c_1}e{y : $c_2}) : {[c_{τ1} , τ_1, c_{τ2} , τ_2]}, c_1 : c_{τ1} , x : τ_1, c_2 : c_{τ2} , y : τ_2

SqŠma 3.6 BasikŘ fŢltra

X $P Y ns2#rodin creates ns2#crucifixion ns2#rodin creates ns2#crucifixion ns2#picasso paints ns2#guernica ns2#picasso paints ns2#woman ns2#claudel sculpts ns2#eternalidol ns2#picasso first name ”Pablo” ns2#claudel first name ”Camille” ns2#picasso last name ”Picasso” ns2#rodin last name ”Rodin” ns2#rodin last name ”Rodin” ns2#claudel last name ”Claudel” ns2#guernica has style ns3#cubism ns2#guernica using technique ”oil on canvas” ns2#woman using technique ”oil on canvas” ns2#eternal has material ”iron” ns2#guernica Title 2000-06-09 PŢnakac 3.3 To apotŚlesma thc erŤthshc

KefŘlaio 4

UlopoŢhsh tou metafrastŠ thc RQL

4.1 ApojŠkeush metadedomŚnwn - DomŠ tou sustŠmatoc

’Opwc exhgŠsame sto prohgoŰmeno kefŘlaio, h Řlgebra thc RQL apodeiknŰei Şti h glŤssa mac mporeŢ na ulopoihjeŢ pŘnw apŞ mŢa peperasmŚnh sqesiakŠ domŠ pollŤn tŰpwn.’Etsi, epilŚxame kai gia lŞgouc aplŞthtac, na ulopoiŠsoume thn apojŠkeush kai eperŤthsh twn Śna RDF pŘnw apŞ Śna koinŞ sqesiakŞ sŰsthma bŘsewn dedomŚnwn. SugkekrimŚna, qrhsimopoiŠsame to sŰsthma Postgres [SJGP90], [Mom00], pou eŢnai kai to pio diadedomŚno sŰsthma pou dianŚmetai eleŰjera (open-source). H Postgres, Şpwc kai sqedŞn Şla ta sŰgqrona sqesiakŘ sustŠmata, eŢnai Śna sqesiakŞontokentrikŞ [SBM99a] sŰsthma diaqeŢrishc bŘsewn dedomŚnwn, pou epitrŚpei na orŢsoume sqŚseic upallhlŢac metaxŰ pinŘkwn. Sth sunŚqeia, parŚqei trŞpouc anŘkthshc plhroforŢac apŞ tŚtoiec ierarqŢec, gegonŞc aparaŢthto gia periptŤseic Şpwc h epŚktash erwtŠsewn thc RQL. AkoloujŤntac th logikŠ thc sqesiakŠc anaparŘstashc pou parousiŘsame sto prohgoŰmeno kefŘlaio, orŢsame gia thn apojŠkeush to sqesiakŞ sqŠma pou faŢnetai sto sqŠma 4.1.

To sqesiakŞ autŞ sqŠma - se antŢjesh me ta upŞloipa sustŠmata apojŠkeushc metadedomŚnwn RDF pou qrhsimopoioŰn mŢa sqŚsh gia thn apojŠkeush perigrafŤn RDF me th morfŠ triŘdwn (bl. enŞthta 2.6) - exartŘtai apŞ to qrhsimopoioŰmeno sqŠma RDF kai dhmiourgeŢtai katŘ th diŘrkeia thc fŞrtwshc sth bŘsh dedomŚnwn. H fŞrtwsh autŠ gŢnetai apŞ mŢa efarmogŠ pou Śqei ulopoihjeŢ wc epŚktash tou VRP^1 (SuntaktikŞc analutŠc RDF me Ślegqo egkurŞthtac - Validating RDF Parser), pou eŢnai o monadikŞc suntaktikŞc analutŠc gia RDF pou elŚgqei tŞso th suntaktikŠ Şso kai th shmasiologikŠ egkurŞthta twn perigrafŤn, se sqŚsh me to qrhsimo-

1www.ics.forth.gr/proj/isst/RDF

poioŰmeno sqŠma. Pio sugkekrimŚna, to sqŠma autŞ perilambŘnei tic sqŚseic Class,

SqŠma 4.1 To sqesiakŞ sqŠma apojŠkeushc metadedomŚnwn kai sqhmŘtwn RDF

Property, subClass, subProperty pou leitourgoŰn wc katŘlogoc thc bŘshc dedomŚ-

nwn (kajŤc periŚqoun plhroforŢa gia to upŞloipo sqŠma apojŠkeushc). Sth sunŚqeia, kŘje klŘsh paristŘnetai apŞ mŢa monadiaŢa sqŚsh (pou perilambŘnei ta anagnwristikŘ pŞrwn (uri) twn stigmiotŰpwn thc klŘshc autŠc) enŤ kŘje idiŞthta apŞ mŢa duadikŠ (pou periŚqei ta zeŰgh timŤn proŚleushc (source) kai proorismoŰ (target) thc idiŞthtac autŠc). Gia parŘdeigma, sto sqŠma 4.1, o pŢnakac ns1#Painter periŚqei ta Řmesa stigmiŞtupa thc klŘshc Painter, enŤ o pŢnakac ns1#creates ta zeŰgh pŞrwn pou sundŚontai mŚsw thc idiŞthtac creates. MŘlista, oi pŢnakec pou anaparistoŰn klŘseic kai idiŞthtec antŢstoiqa eŢnai organwmŚnoi se ierarqŢec upopinŘkwn, me bŘsh th sqŚsh upallhlŢac metaxŰ touc, pou parŚqoun ta ontokentrikŘ-sqesiakŘ SDBD. PerissŞterec leptomŚreiec gia thn apojŠkeush metadedomŚnwn RDF upŘrqoun sto [Ale00].

Sth sunŚqeia, o diermhnŚac thc RQL mporeŢ na ulopoihjeŢ wc exwterikŠ efarmogŠ thc bŘshc autŠc, qrhsimopoiŤntac ta programmatistikŘ peribŘllonta diepafŠc pou parŚqei, gia thn eperŤthsh metadedomŚnwn RDF. ProkeimŚnou na diaqwristeŢ h ulopoŢhsh tou diermhnŚa thc glŤssac apŞ thn epilogŠ thc sugkekrimŚnhc bŘshc gia thn ulopoŢhsh tou sustŠmatoc, orŢsame Śna PeribŘllon ProgrammatismoŰ EfarmogŤn EperŤthshc (Query API) pou perilambŘnei Şlec tic stoiqeiŤdeic leitourgŢec pou qreiŘzetai o diermhnŚac thc RQL gia na qrhsimopoihjeŢ pŘnw apŞ mia bŘsh metadedomŚnwn. Oi leitourgŢec autŚc kai h ulopoŢhsŠ touc ja perigrafeŢ sth sunŚqeia autoŰ tou kefalaŢou.

4.2. DomŠ tou DiermhnŚa ErwtŠsewn 85

4.2 DomŠ tou DiermhnŚa ErwtŠsewn

O diermhnŚac erwtŠsewn thc RQL akoloujeŢ mia sunarthsiakŠ prosŚggish (functional approach), pou epitrŚpei th sŰnjesh fŢltrwn kai sunartŠsewn gia to sqhmatismŞ polŰplokwn erwtŠsewn. BasŢzetai arketŘ sth sunarthsiakŠ prosŚggish allŘ kai sth sqedŢash tou diermhnŚa erwtŠsewn thc OQL [AK89]. EswterikŘ, qrhsimopoieŢ mia shmasiologikŠ anaparŘstash me ta exŠc qarakthristikŘ:

♦ Mia erŤthsh paristŘnetai apŞ Śna grŘfo. Oi kŞmboi tou grŘfou autoŰ anaparistoŰn leitourgŢec (operations) enŤ oi akmŚc anaparistoŰn sqŚseic exŘrthshc (dependency links). O grŘfoc autŞc qwrŢzetai se zŤnec pou orŢzoun thn ierarqŢa twn exartŠsewn.

♦ Gia tic stajerŚc ekfrŘseic, kajŤc kai gi’autŚc pou emfanŢzontai perissŞterec apŞ mŢa forŘ frontŢzoume na mhn apotimoŰntai perissŞterec forŚc apŞ Şsec qreiŘzetai. AutŞ epitugqŘnetai mŚsw thc paragontopoŢhshc koinŤn ekfrŘsewn (factorization).

♦ KŘje stoiqeŢo thc anaparŘstashc Śqei Śna tŰpo kai mia autŞnomh shmasiologŢa (Şson aforŘ thn plhroforŢa pou to sunodeŰei allŘ kai tic diŘforec leitourgŢec pou mporoŰme na epitelŚsoume se autŞ). Oi iterators paristŘnontai apŞ algebrikoŰc telestŚc pou mporoŰn na anadiataqjoŰn katŘ th fŘsh thc beltistopoŢhshc miac erŤthshc. MetŘ to tŚloc kai autŠc thc fŘshc, kŘje leitourgŢa “gnwrŢzei” th sunŘrthsh pou prŚpei na qrhsimopoihjeŢ gia thn apotŢmhsŠ thc.

O diermhnŚac thc RQL apoteleŢtai apŞ 6 diakritŘ tmŠmata-enŞthtec (modules), ta opoŢa ousiastikŘ eŢnai upeŰjuna gia tic diŘforec antŢstoiqec fŘshc metŘfrashc miac erŤthshc, Şpwc ja deŢxoume sth sunŚqeia tou kefalaŢou:

♦ O suntaktikŞc analutŠc (syntax analyser) paŢrnei wc eŢsodo mia sumboloseirŘ pou anaparistŘ mia erŤthsh kai - afoŰ elŚgxei th suntaktikŠ thc orjŞthta - epistrŚfei to suntaktikŞ dŚntro thc erŤthshc autŠc. Oi logikoŢ telestŚc (and, or, not) se autŞ to dŚntro metatrŚpontai pŘnta se suzeuktikŠ kanonikŠ morfŠ.

♦ O kataskeuastŠc grŘfou (graph constructor), o opoŢoc paŢrnei wc eŢsodo to suntaktikŞ dŚntro pou epistrŚfei o suntaktikŞc analutŠc kai epistrŚfei Śna grŘfo pou antistoiqeŢ sth shmasiologikŠ anaparŘstash pou parousiŘsame parapŘnw. H enŞthta autŠ periŚqei leitourgŢec kataskeuŠc grŘfou, paragontopoŢhshc koinŤn ekfrŘsewn kai upologismoŰ twn susqetŢsewn metaxŰ leitourgiŤn, enŤ qrhsimopoieŢ sunartŠseic twn dŰo epŞmenwn gia ta upŞloipa, dhl. thn anŘjesh tŰpwn kai thn beltistopoŢhsh twn leitourgiŤn tou grŘfou.

♦ H enŞthta anŘjeshc tŰpwn (type inference) parŚqei sunartŠseic pou mporoŰn na exŘgoun ton tŰpo miac leitourgŢac (me bŘsh thc paramŚtrouc Š thc exartŠseic thc) kajŤc kai na elŚgxoun th sumbatŞthta metaxŰ tŰpwn. Me bŘsh ton exagŞmeno tŰpo, anajŚtoun kai thn katŘllhlh sunŘrthsh apotŢmhshc se kŘje leitourgŢa (ektŞc apŞ touc algebrikoŰc telestŚc).

♦ H enŞthta beltistopoŢhshc (optimization) pou anadiatŘsei tic leitourgŢec pou periŚqontai se Śna algebrikŞ telestŠ, me skopŞ th beltistopoŢhsh thc apotŢmhshc thc erŤthshc. AnajŚtei kai autŠ mia sunŘrthsh apotŢmhshc se kŘje leitourgŢa pou beltistopoieŢ.

♦ H enŞthta sunartŠsewn apotŢmhshc (evaluation) apoteleŢtai apŞ mia seirŘ apŞ polŰ sugkekrimŚnec sunartŠseic apotŢmhshc gia kŘje leitourgŢa pou mporeŢ na emfanisteŢ ston grŘfo (h Ţdia leitourgŢa me diaforetikoŰc tŰpouc orismŘtwn Śqei diaforetikŚc sunartŠseic apotŢmhshc).

♦ H enŞthta leitourgiŤn sustŠmatoc bŘshc dedomŚnwn. DedomŚnou Şti kamŢa bŘsh den Śqei sqediasteŢ gia thn apojŠkeush metadedomŚnwn RDF kai Şti o diermhnŚac sqediŘsthke gia na mporeŢ na qrhsimopoihjeŢ pŘnw apŞ diaforetikŘ tŚtoia sustŠmata, orŢsame wc qwristŠ enŞthta Śna sŰnolo apŞ leitourgŢec pou qreiŘzetai na uposthrŢzei h bŘsh Ťste na mporeŢ na qrhsimopoihjeŢ o diermhnŚac thc RQL. AutŞ eŢnai kai to mŞno tmŠma pou prŚpei na epanaprogrammatisteŢ, prokeimŚnou na qrhsimopoihjeŢ o diermhnŚac thc RQL pŘnw apŞ Śna diaforetikŞ sŰsthma diaqeŢrishc bŘsewn dedomŚnwn (Şqi aparaŢthta sqesiakŞ).

Sth sunŚqeia tou kefalaŢou ja parousiŘsoume autŠ th shmasiologikŠ anaparŘstash mŚsa apŞ merikŘ qarakthristikŘ paradeŢgmata. Sth sunŚqeia ja parousiŘsoume thn domŠ tou diermhnŚa, ja analŰsoume th diadikasŢa apotŢmhshc erwtŠsewn kai ja kleŢsoume me thn parousŢash tou peribŘllontoc programmatismoŰ efarmogŤn eperŤthshc (Query API), pou parŚqei tic basikŚc leitourgŢec pou apaitoŰntai apŞ Śna SDBD, Ťste na mporŚsei na qrhsimopoihjeŢ o diermhnŚac thc RQL.

4.3 ShmasiologikŠ anaparŘstash erwtŠsewn

Sthn enŞthta autŠ ja deŢxoume mŚsa apŞ kŘpoia qarakthristikŘ paradeŢgmata th shmasiologikŠ anaparŘstash twn erwtŠsewn thc RQL kai ja parousiŘsoume kŘpoiec basikŚc Śnnoiec, pou eŢnai aparaŢthtec gia thn katanŞhsh twn domŤn kai algorŢjmwn pou qrhsimopoieŢ o diermhnŚac.

4.3.1 AplŚc erwtŠseic ’Estw, p.q., h erŤthsh (me bŘsh to politistikŞ parŘdeigma tou sqŠmatoc 3.1). ErŤthsh 1: Brec touc pŞrouc pou Śqoun dhmiourgŠsei kŘti qrhsimopoiŤntac kŘpoia teqnikŠ, ta dhmiourgŠmatŘ touc kai thn teqnikŠ me thn opoŢa dhmiourgŠjhkan.

select X, Y, Z
from {X}creates{Y}.using technique{Z}
where Z = ”oil on canvas”

H erŤthsh autŠ paristŘnetai apŞ to kateujunŞmeno, akuklikŞ grŘfo tou sqŠmatoc 4.2.

Sto grŘfo tou sqŠmatoc 4.2, oi kŞmboi anaparistoŰn leitourgŢec kai oi akmŚc exartŠseic metaxŰ twn leitourgiŤn autŤn. Mia akmŠ A → B dhlŤnei Şti h leitourgŢa A exartŘtai apŞ th B, Š me Řlla lŞgia Şti h leitourgŢa A prŚpei na apotimhjeŢ metŘ apŞ th B. TŚloc, to Śntono bŚloc deŢqnei thn kentrikŠ (root) leitourgŢa (autŠ pou perilambŘnei Şlec tic upŞloipec kai epistrŚfei to telikŞ apotŚlesma thc erŤthshc.

O grŘfoc thc erŤthshc perilambŘnei trŢa eŢdh kŞmbwn, pou emfanŢzontai me diaforetikŘ sŰmbola:

♦ Oi exŘgwnoi kŞmboi upodhlŤnoun algebrikoŰc telestŚc thc morfŠc Join-Select- Project (oi opoŢoi ousiastikŘ antapokrŢnontai sto basikŞ fŢltro thc RQL). Sto parŘdeigmŘ mac, perilambŘnei treic anaforŚc: dŰo se leitourgŢec sŘrwshc (join), mŢa sthn boolean leitourgŢa pou periŚqei Şla ta kritŠria epilogŠc thc erŤthshc (select) kai treic stic leitourgŢec pou Śqoume epilŚxei na problhjoŰn sto telikŞ apotŚlesma (projection).

♦ Oi trigwnikoŢ kŞmboi anaparistoŰn leitourgŢec sŘrwshc sullogŤn. H monadikŠ akmŠ pou xekinŘei apŞ tŚtoiouc kŞmbouc upodeiknŰei th sullogŠ pou prŚpei na sarwjeŢ. Sthn parapŘnw erŤthsh oi leitourgŢec autŚc Ţswc den eŢnai profaneŢc, lŞgw thc mh Űparxhc metablhtŤn pŘnw stic dŰo autŚc sullogŚc.’Opwc Şmwc exhgŠsame sthn enŞthta 3.3, h ermhneŢa miac aplŠc Śkfrashc monopatioŰ eisŘgei mia metablhtŠ pou paŢrnei timŚc apŞ thn ermhneŢa thc idiŞthtac. Ston grŘfo tou sqŠmatoc 4.2 qrhsimopoioŰme ta onŞmata p1, p2 gia tic antŢstoiqec leitourgŢec sŘrwshc.

♦ Oi parallhlŞgrammoi kŞmboi anafŚrontai se opoiadŠpote apŞ tic upŞloipec leitourgŢec, pou onomŘzontai kai basikŚc leitourgŢec. Oi kŞmboi autoŢ periŚqoun to eŢdoc thc leitourgŢac (Š to Şnoma thc metablhtŠc gia leitourgŢec anŘjeshc onŞmatoc, Şpwc o kŞmboc 8), enŤ oi akmŚc upodeiknŰoun tic paramŚtrouc thc kŘje leitourgŢac.

Ac doŰme tŤra th shmasŢa twn diaforetikŤn zwnŤn stic opoŢec qwrŢzetai o grŘfoc tou sqŠmatoc:

♦ To parallhlŞgrammo sto pŘnw mŚroc tou sqŠmatoc perikleŢei to sŰnolo apŞ tic stajerŚc leitourgŢec. Oi leitourgŢec autŚc apaitoŰn mia kai monadikŠ apotŢmhsh - h opoŢa mŘlista gŢnetai katŘ th fŘsh kataskeuŠc tou grŘfou - kajŤc den exartŤntai apŞ kamŢa leitourgŢa sŘrwshc.

♦ O megŘloc kŰkloc - pou perikleŢei Şlouc touc upŞloipouc - perilambŘnei Şlec tic leitourgŢec pou exartŤntai apŞ tic leitourgŢec sŘrwshc pou periŚqontai ston algebrikŞ telestŠ JSP. Mia erŤthsh mporeŢ na perilambŘnei kai emfwleumŚnouc algebrikoŰc telestŚc, opŞte o grŘfoc gŢnetai pio perŢplokoc, Şpwc ja doŰme sth sunŚqeia.

AxŢzei na shmeiwjeŢ Şti upŘrqoun leitourgŢec (Şpwc oi 1, 2, 3) pou den perikleŢontai ston kŰklo autŞ, enŤ brŢskontai sto Ţdio fŢltro SFW thc erŤthshc. Oi leitourgŢec autŚc onomŘzontai perikleiŞmenec (included) se antŢjesh me autŚc pou perikleŢontai apŞ ton kŰklo, oi opoŢec onomŘzontai emfwleumŚnec (nested).

SqŠma 4.2 H shmasiologikŠ anaparŘstash thc erŤthshc 1

Oi perikleiŞmenec leitourgŢec eŢnai aparaŢthtec gia thn apotŢmhsh enŞc algebrikoŰ telestŠ JSP allŘ mporoŰn na apotimhjoŰn anexŘrthta, se antŢjesh me tic emfwleumŚnec.

♦ Oi dŰo elleŢyeic pou perikleŢontai apŞ ton parapŘnw kŰklo periŚqoun tic leitourgŢec pou exartŤntai mŞno apŞ mŢa leitourgŢa sŘrwshc, thn p1 Š p2 antŢstoiqa.

♦ H teleutaŢa zŤnh (to tmŠma tou exwterikoŰ kŰklou pou den perikleŢetai apŞ kamŢa apŞ tic dŰo elleŢyeic) perilambŘnei tic leitourgŢec pou exartŤntai apŞ perissŞterec apŞ mŢa leitourgŢec sŘrwshc. O diaqwrismŞc twn leitourgiŤn autŤn eŢnai shmantikŞc Ştan o algebrikŞc telestŠc JSP perilambŘnei perissŞterec metablhtŚc sŘrwshc, metaxŰ twn opoŢwn upŘrqoun kai exartŠseic, Š h erŤthsh perilambŘnei emfwleumŚnouc algebrikoŰc telestŚc JSP - opŞte o megŘloc kŰkloc mporeŢ na perikleŢetai apŞ Řllouc kŰklouc Š elleŢyeic. Gia lŞgouc aplŞthtac thc parousŢashc de ja epektajoŰme perissŞtero se autŠ thn perŢptwsh.

4.4 ArqitektonikŠ tou diermhnŚa erwtŠsewn

H arqitektonikŠ tou diermhnŚa faŢnetai sto sqŠma 4.3. Mia eperŤthsh eisŘgetai sto diermhnŚa wc mia sumboloseirŘ. EfŞson Śqei eisaqjeŢ sto diermhnŚa, thn qeirŢzetai h kŰria enŞthta, pou ekteleŢ tic parakŘtw leitourgŢec apŞ tic Řllec enŞthtec:

♦ H eperŤthsh (wc sumboloseirŘ) stŚlnetai ston suntaktikŞ analutŠ (bŚloc roŠc dedomŚnwn (1)) pou dhmiourgeŢ Śna suntaktikŞ dŚndro kai metatrŚpei thn eperŤthsh se suzeuktikŠ kanonikŠ morfŠ. O suntaktikŞc analutŠc qrhsimopoieŢ ta ergaleŢa Lex kai Yacc, gia th lexikografikŠ kai th suntaktikŠ anŘlush. DiaqeirŢzetai to dikŞ tou qŤro mnŠmhc, Śtsi Ťste na egguŘtai oti kŘje tmŠma tou dŚntrou pou Śqei kataskeuasteŢ apeleujerŤnetai an upŘrxei suntaktikŞ lŘjoc (alliŤc eŢnai adŰnato na apeleujerŤnetai Śna en mŚrei kataskeuasmŚno dŚndro me asŰndetouc klŘdouc). An den aniqneujeŢ suntaktikŞ lŘjoc, h enŞthta tou suntaktikoŰ analutŠ epistrŚfei to suntaktikŞ dŚndro se suzeuktikŠ kanonikŠ morfŠ (bŚloc roŠc dedomŚnwn (2)), alliŤc epistrŚfei Śnan kŤdika lŘjouc kai to sŰmbolo sto opoŢo to lŘjoc aniqnŚujhke.

♦ To suntaktikŞ dŚndro dŢnetai wc eŢsodoc sthn enŞthta kataskeuŠc grŘfwn (bŚloc roŠc dedomŚnwn (3)). AutŠ h enŞthta anakalŰptei tic exartŠseic metaxŰ twn leitourgiŤn thc erŤthshc kai paragontopoieŢ tic koinŚc ekfrŘseic. EpŢshc kaleŢ:

▷ sunartŠseic thc enŞthtac elŚgqou tŰpwn gia na anajŚsei tŰpo kai tic ka-

tŘllhlec sunartŠseic apotŢmhshc stouc kŞmbouc tou grŘfou. H enŞthta autŠ basŢzetai se sunartŠseic elŚgqou tŰpwn pou parŚqei to API thc bŘshc, kai epitrŚpoun - metaxŰ Řllwn - elŚgqouc gia to an Śna Şnoma antistoiqeŢ eŢnai Şnoma klŘshc Š Şnoma idiŞthtac. EpŢshc, elŚgqei thn “ka-

4.4. ArqitektonikŠ tou diermhnŚa erwtŠsewn 91

SqŠma 4.3 H arqitektonikŠ tou diermhnŚa erwtŠsewn thc RQL

tallhlŞthta” tou tŰpou twn orismŘtwn (p.q. Śnac telestŠc sŘrwshc mporeŢ na efarmosteŢ mŞno se mia sullogŠ). An oi Ślegqoi autoŢ epitŰqoun apodŢdetai ston kŞmbo o tŰpoc tou kajŤc kai h sunŘrthsh apotŢmhsŠc tou (an den prŞkeitai gia iterator). Se antŢjeth perŢptwsh, epistrŚfetai katŘllhloc kwdikŞc lŘjouc.

An den aniqneujeŢ lŘjoc se tŰpo, o kataskeuastŠc grŘfwn epistrŚfei thn shmasiologikŠ anaparŘstash thc eperŤthshc (bŚloc rŞhc dedomŚnwn (4)), alliŤc apeleujerŤnei to qŤro pou eŢqe katalhfjeŢ ki epistrŚfei kŤdika lŘjouc.

♦ AfoŰ o grŘfoc Śqei kataskeuasteŢ, h kŰria enŞthta apostŚllei th shmasiologikŠ anaparŘstash sthn enŞthta apotŢmhshc (bŚloc roŠc dedomŚnwn (5)) h opoŢa, me th seirŘ thc, kaleŢ th sunŘrthsh apotŢmhshc thc kentrikŠc leitourgŢac. H klŠsh autŠ prokaleŢ thn ektŚlesh miac seirŘc apŞ epikaluptŞmenec sunartŠseic pou teleiŤnei Ştan mia eperŤthsh apotimŘtai Š Ştan upŘrqei lŘjoc katŘ th diŘrkeia thc ektŚleshc. ’Epeita, h enŞthta apotŢmhshc epistrŚfei to apotŚlesma thc eperŤthshc Š ton kŤdika lŘjouc sthn kurŢwc enŞthta (bŚloc roŠc dedomŚnwn (6)).

♦ H kurŢwc enŞthta apeleujerŤnei ton qŤro pou paramŚnei kateillhmŚnoc ki epistrŚfei to apotŚlesma Š Śnan kŤdika lŘjouc.

4.5 Oi kŞmboi thc shmasiologikŠc anaparŘstashc

’Opwc proanafŚrame, oi kŞmboi tou grŘfou miac erŤthshc anaparstoŰn leitourgŢec. Oi diaforetikŚc autŚc leitourgŢec montelopoioŰntai sthn ulopoŢhsh thc RQL apŞ thn ierarqŢa klŘsewn pou faŢnetai sto sqŠma 4.4.

SqŠma 4.4 H ierarqŢa leitourgiŤn ston diermhnŚa thc RQL

Sth sunŚqeia autŠc thc enŞthtac ja deŢxoume pŤc h shmasiologikŠ mac anaparŘstash ulopoieŢtai me th qrŠsh autŤn twn klŘsewn.

4.5.1 Ql operation H klŘsh autŠ - h rŢza thc ierarqŢac - anaparistŘ kŘje kŞmbo tou grŘfou. PeriŚqei plhroforŢec pou eŢnai koinŚc gia Şlec tic leitourgŢec, Şpwc ton tŰpo thc, tic zŤnec exŘrthshc kai touc iterators stouc opoŢouc periŚqetai (oi stajerŚc leitourgŢec den periŚqontai se kamŢa zŤnh exŘrthshc). EpŢshc, diathreŢ thn timŠ thc - Şpwc prokŰptei se kŘje fŘsh thc apotŢmhshc. TŚloc, periŚqei plhroforŢa gia to poiŚc Řllec leitourgŢec exartŤntai apŞ autŠ, dhl. tic legŞmenec antŢstrofec akmŚc (inverse

4.5. Oi kŞmboi thc shmasiologikŠc anaparŘstashc 93

edges), pou eŢnai qrŠsimec gia thn paragontopoŢhsh koinŤn ekfrŘsewn: ’Otan prŞkeitai na dhmiourgŠsoume mia leitourgŢa f(q_1, q_2, . . . , q_n), mporoŰme na elŚgxoume an h leitourgŢa autŠ upŘrqei Šdh me tic Ţdiec paramŚtrouc, elŚgqontac tic antŢstrofec akmŚc twn leitourgiŤn pou Śqoun Šdh dhmiourghjeŢ.

4.5.2 Ql varop H klŘsh autŠ anaparistŘ leitourgŢec se metablhtŚc, Şpwc thn anŘkthsh Š thn enhmŚrwsh thc timŠc touc. ’Eqei dŰo shmantikŚc upoklŘseic, tic Ql scanop kai Ql nameop.

4.5.3 Ql scanop H klŘsh autŠ anaparistŘ leitourgŢec sŘrwshc (pou anaparistoŰntai me trigwnikoŰc kŞmbouc sth shmasiologikŠ anaparŘstash). Oi leitourgŢec autŚc diathroŰn epiplŚon plhroforŢa gia th sullogŠ sŘrwshc kajŤc kai pijanŠ plhroforŢa pou prostŢjetai sth fŘsh beltistopoŢhshc, Şpwc gia parŘdeigma mŢa anaforŘ se kŘpoio sŰsthma deiktodŞthshc (index) pou prŚpei na qrhsimopoihjeŢ gia th sŘrwsh thc sullogŠc.

4.5.4 Ql nameop H klŘsh autŠ anaparistŘ leitourgŢec anŘjeshc onŞmatoc se Řllec leitourgŢec. TŚtoia perŢptwsh eŢnai, p.q., h qrŠsh twn metablhtŤn X kai Y sto aplŞ parŘdeigma thc prohgoŰmenhc enŞthtac, pou aplŘ “onomatŢzoun” tic leitourgŢec lŠyhc twn timŤn sta Řkra thc idiŞthtac creates, pou sarŤnetai apŞ th leitourgŢa sŘrwshc me Şnoma p1. OusiastikŘ anaparistŘ Şlec tic periptŤseic metablhtŤn pou den antistoiqoŰn se leitourgŢec sŘrwshc.

4.5.5 Ql otherops H klŘsh autŠ anaparistŘ Şlec tic Řllec leitourgŢec pou mporeŢ na emfanistoŰn ston grŘfo miac erŤthshc. Oi leitourgŢec autŚc taxinomoŰntai peraitŚrw stic klŘseic pou ja doŰme sth sunŚqeia. UpŘrqoun Şmwc kŘpoia koinŘ stoiqeŢa - pou diathroŰntai sthn klŘsh Ql otherops, Şpwc h zŤnh(-ec) exŘrthshc sthn opoŢa pijanŤc anŠkei

(dhl. h leitourgŢa sŘrwshc apŞ thn opoŢa exartŘtai). H plhroforŢa autŠ qrhsimopoieŢtai gia na sumperŘnoume se kŘje fŘsh thc apotŢmhshc an mia tŚtoia leitourgŢa prŚpei na apotimhjeŢ xanŘ (kŘti pou den eŢnai aparaŢthto an h leitourgŢa sŘrwshc den Śqei allŘxei timŠ).

4.5.6 Ql baseop0, Ql baseop1, Ql baseop2, Ql baseopn AutŚc oi upoklŘseic anaparistoŰn antŢstoiqa leitourgŢec me kamŢa, mŢa, dŰo Š n paramŚtrouc. EidikŘ gia thn prŤth, prŞkeitai gia aplŚc leitourgŢec - Şpwc anagnwristikŘ antikeimŚnwn, sumboloseirŚc Š akŚraiouc arijmoŰc - oi opoŢec apotimoŰntai mŞno mia forŘ sthn arqŠ thc apotŢmhshc thc erŤthshc. Oi upŞloipec diathroŰn plhroforŢa gia tic paramŚtrouc, to Şnoma kai th sunŘrthsh apotŢmhsŠc touc kai apotimoŰntai xanŘ kŘje forŘ pou autŚc allŘzoun timŠ.

4.5.7 Ql iterop H klŘsh autŠ qrhsimopoieŢtai gia thn anaparŘstash iterators. PeriklŚiei plhroforŢa anaforŚc stic leitourgŢec pou periŚqei kajŤc kai ston iterator ston opoŢo (pijanŤc) perikleŢetai. Oi leitourgŢec tic opoŢec periŚqei qwrŢzontai se iterators (emfwleumŚnouc kŰklouc), onomatismŚnec metablhtŚc (tŰpou Ql nameop) kai basikŚc leitourgŢec (emfwleumŚna parallhlŞgramma). H shmasiologŢa tou iterator dŢnetai apŞ th sunŘrthsh apotŢmhsŠc tou.

4.5.8 Ql algiterop H klŘsh autŠ anaparistŘ algebrikoŰc iterators, Şpwc o SFW. PerilambŘnoun epiplŚon plhroforŢa gia tic leitourgŢec sŘrwsŠc touc (trigwnikoŢ kŞmboi), tic leitourgŢec probolŠc kai epilogŠc. Oi teleutaŢec perilambŘnoun ta kritŠria epilogŠc pou ekfrŘzontai rhtŘ sto tmŠma tou where thc erŤthshc, pou prostŢjentai sto tŚloc thc kataskeuŠc tou grŘfou. EpŢshc, perilambŘnoun kai ta kritŠria epilogŠc pou sqetŢzontai me ta monopŘtia kai th sunŚnwsŠ touc (bl. enŞthta 3.3) ta opoŢa prostŢjentai katŘ th diŘrkeia thc kataskeuŠc tou grŘfou thc erŤthshc.

4.5.9 Ql quantiterop H klŘsh autŠ anaparistŘ posodeŢktec (uparxiakoŰc - kajolikoŰc) kai perilambŘnei plhroforŢa gia th leitourgŢa sŘrwshc kai th boolean leitourgŢa pou periŚqoun.

4.6 ApotŢmhsh twn erwtŠsewn thc RQL

Sthn enŞthta autŠ ja exhgŠsoume th diadikasŢa apotŢmhshc miac erŤthshc, me dedomŚnh th shmasiologikŠ thc anaparŘstash, apŞ to diermhnŚa erwtŠsewn thc RQL. H apotŢmhsh autŠ ousiastikŘ xekinŘ apŞ thn apotŢmhsh thc kentrikŠc leitourgŢac tou grŘfou thc erŤthshc. Sth sunŚqeia, h apotŢmhsh kŘje leitourgŢac gŢnetai apŞ thn antŢstoiqh sunŘrthsh apotŢmhshc, pou thc anatŢjetai sth fŘsh tou elŚgqou tŰpwn. Pio sugkekrimŚna:

♦ Ql otherops:’Opwc eŢdame prohgoumŚnwc, h klŘsh autŠ - kai Şlec oi upoklŘseic thc - anaparistoŰn tic leitourgŢec pou den eŢnai metablhtŚc. Oi leitourgŢec autŚc mporeŢ na exartŤntai apŞ mŢa Š perissŞterec metablhtŚc. Se kŘje fŘsh thc apotŢmhshc elŚgqoume - mŚsw katŘllhlwn sunartŠsewn kai me bŘsh tic exartŠseic autŚc - an mia tŚtoia leitourgŢa prŚpei na apotimhjeŢ xanŘ (an dhladŠ kŘpoia apŞ tic metablhtŚc apŞ tic opoŢec exartŘtai Śqei allŘxei timŠ).

♦ Ql scanop: H leitourgŢa autŠ den Śqei - ousiastikŘ - sunŘrthsh apotŢmhshc anŘlogh me tic upŞloipec. H klŠsh twn aparaŢthtwn sunartŠsewn gia th sŘrwsh sullogŤn diaqeirŢzetai apŞ tic sunartŠseic apotŢmhshc twn iterators.

♦ Ql nameop: Oi leitourgŢec autŚc aplŘ epistrŚfoun thn timŠ thc leitourgŢac orismoŰ touc katŘ thn apotŢmhsh.

♦ Ql baseop0: H klŘsh autŠ - Şpwc proanafŚrame - anaparistŘ stajerŚc leitourgŢec, h apotŢmhsh twn opoŢwn gŢnetai mŞno mŢa forŘ, katŘ ton Ślegqo tŰpwn.

♦ UpŞloipec leitourgŢec: KŘje Řllh leitourgŢa sunodeŰetai apŞ mia polŰ sugkekrimŚnh sunŘrthsh apotŢmhshc. ’Otan prŚpei na apotimhjeŢ xanŘ, kaleŢ th sunŘrthsh autŠ stic paramŚtrouc thc, gia na pŘrei to nŚo apotŚlesma.

IdiaŢtero endiafŚron parousiŘzei h apotŢmhsh twn algebrikŤn iterators, kajŤc autoŢ - Şpwc proanafŚrame - “suntonŢzoun” th diadikasŢa apotŢmhshc kalŤntac tic katŘllhlec sunartŠseic twn leitourgiŤn sŘrwshc. SugkekrimŚna ja anaferjoŰme sthn apotŢmhsh enŞc fŢltrou sf/sfw.

’Ena tŚtoio fŢltro periŚqei Śna kritŠrio anŘ metablhtŠ sŘrwshc sun Śna. To epiplŚon autŞ kritŠrio periŚqei tic sunjŠkec pou anafŚrontai se perissŞterec apŞ mŢa metablhtŚc. ApotimŘtai metŘ apŞ kŘje apotŢmhsh opoiasdŠpote metablhtŠc. Sth sunŚqeia ja anaferŞmaste se autŞ wc “kritŠrio 0”. Ta upŞloipa kritŠria antistoiqoŰn se sunjŠkec pou anafŚrontai se mŢa mŞno metablhtŠ.’Etsi, to kritŠrio i apotimŘtai xanŘ metŘ apŞ kŘje nŚa apotŢmhsh thc metablhtŠc i (dhladŠ kŘje forŘ pou lambŘnetai to epŞmeno stoiqeŢo apŞ thn antŢstoiqh leitourgŢa sŘrwshc). Ta kritŠria autŘ paŢrnoun suneqŤc nŚec timŚc mŚqri na ikanopoihjeŢ h sunjŠkh (pushed selections). SunolikŘ, o algŞrijmoc diaqeŢrishc twn leitourgiŤn sŘrwshc - pou basŢzetai se fwliasmŚnec anakuklŤseic gia thn apotŢmhsh twn sundŚsewn (joins) - Śqei wc exŠc:

1. DhmiourgŢa pŢnaka gia apojŠkeush tou apotelŚsmatoc

2. “A’noigma” twn leitourgiŤn sŘrwshc

3.’Oso den upŘrqei lŘjoc sthn apotŢmhsh kŘpoiac leitourgŢac

(a) An to kritŠrio 0 periŚqei kŘpoia sunjŠkh kai h apotŢmhsŠ tou epistrŚfei kwdikŞ lŘjouc: epistrofŠ kwdikoŰ lŘjouc (b) alliŤc

i. ApotŢmhsh twn leitourgiŤn pou periŚqontai sthn probolŠ thc erŤth- shc ii. An upŠrxe lŘjoc: epŚstreye lŘjoc iii. EnhmŚrwsh apotelŚsmatoc me nŚa pleiŘda (c) EpŞmenh leitourgŢa sŘrwshc (ja analujeŢ sth sunŚqeia)

4. “KleŢsimo” twn leitourgiŤn sŘrwshc

5. EpistrofŠ apotelŚsmatoc Š kwdikoŰ lŘjouc

Oi leitourgŢec sŘrwshc organŤnontai se mŢa emfwleumŚnh domŠ, anŘloga me tic exartŠseic touc.’Etsi, an mia metablhtŠ X exartŘtai apŞ thn Y , o brŞqoc (loop) me ton opoŢo paŢrnoun Şla ta stoiqeŢa thc sullogŠc pou anafŚretai h X ja eŢnai emfwleumŚnoc mŚsa ston antŢstoiqo brŞqo thc Y . SunepŤc, gia thn epilogŠ thc epŞmenhc leitourgŢac sŘrwshc akoloujeŢtai o exŠc algŞrijmoc:

1.’Oso h leitourgŢa sŘrwshc Y den Śqei ftŘsei sto tŚloc thc sullogŠc thc

(a)’Oso h leitourgŢa sŘrwshc X den Śqei ftŘsei sto tŚloc thc sullogŠc thc i. pŘre to epŞmeno stoiqeŢo thc sullogŠc pou sarŤnei h X.

(b) PŘre to epŞmeno stoiqeŢo thc sullogŠc pou sarŤnei h Y .

2. epŚstreye kwdikŞ tŚlouc

Gia perissŞterec apŞ dŰo leitourgŢec akoloujeŢtai h Ţdia logikŠ emfwleumŚnwn anakuklŤsewn (gia lŞgouc oikonomŢac qŤrou kai exaitŢac thc poluplokŞthtŘc tou, den parajŚtoume tŚtoio parŘdeigma, Şmwc h diadikasŢa prŚpei na eŢnai profanŠc)

4.6.1 MetŘfrash erwtŠsewn se SQL3 Sthn prohgoŰmenh enŞthta exhgŠsame th logikŠ apotŢmhshc ekfrŘsewn pou perilambŘnoun exartŠseic, sunjŚtontac sunartŠseic apotŢmhshc aplŤn ekfrŘsewn. Oi ekfrŘseic autŚc mporoŰn na apotimhjoŰn apŞ antŢstoiqec erwtŠseic SQL3. MŘlista, se kŘpoiec peripŤseic eŢnai protimŞtero na suntejoŰn tŚtoiec aplŚc erwtŠseic se emfwleumŚnec erwtŠseic SQL3, Ťste na ekmetalleutoŰme kai dunatŞthtec beltistopoŢhshc tou SDBD.

AnexŘrthta me to sugkekrimŚno algŞrijmo apotŢmhshc, mporoŰme se kŘje perŢptwsh na sqediŘsoume to plŘno apotŢmhshc miac erŤthshc RQL, to opoŢo mporeŢ na qrhsimopoihjeŢ eŢte gia anadiŘtaxh erwtŠsewn (query rewriting) eŢte gia thn anagnŤrish aplŤn erwtŠsewn SQL3 kai th metŘfrash thc erŤthshc se SQL3.

Gia parŘdeigma, sto sqŠma 4.5 blŚpoume to plŘno apotŢmhshc thc parakŘtw erŤthshc. ErŤthsh 2

select y
from {x}creates{y:Painting}.has material{z}
where z=“oil on canvas”

SqŠma 4.5 To plŘno apotŢmhshc thc erŤthshc 2

Sto dŚntro tou sqŠmatoc, oi kŞmboi anaparistoŰn basikoŰc telestŚc thc glŤssac enŤ ta fŰlla eŢnai ousiastikŘ oi stoiqeiŤdeic ekfrŘseic apŞ tic opoŢec apoteleŢtai h erŤthsŠ mac. O sumbolismŞc “[]” upodhlŤnei ton orismŞ miac leitourgŢac sŘrwshc pŘnw sthn antŢstoiqh sullogŠ. Gia parŘdeigma, to pio aristerŞ fŰllo upodhlŤnei mia leitourgŢa sŘrwshc (metablhtŚc , ) pŘnw sthn ermhneŢa thc idiŞthtac creates.

’Etsi, sto sqŠma autŞ blŚpoume Şti h sunŚnwsh twn monopatiŤn metafrŘzetai se mŢa sŰndesh (join) metaxŰ twn erwtŠsewn pou anaparistoŰntai apŞ ta antŢstoiqa upodŚntra. H apotŢmhsh tou dexioŰ apŞ autŘ - Śna monopŘti dedomŚnwn - eŢnai tetrimmŚnh. Gia to aristerŞ tmŠma - miktŞ monopŘti - to plŘno periŚqei Řllh mia sŰndesh, metaxŰ thc ermhneŢac thc idiŞthtac creates kai thc plhroforŢac sqŠmatoc pou prokŰptei wc apotŚlesma twn sunartŠsewn pou efarmŞzontai sto pedŢo timŤn thc idiŞthtac. H sunjŠkec thc sŰndeshc autŠc - Şpwc exhgŠsame gia thn ermhneŢa twn miktŤn monopatiŤn sthn enŞthta 3.3 - susqetŢzoun tic metablhtŚc dedomŚnwn me tic antŢstoiqec metablhtŚc sqŠmatoc (Y in^($C)).

Me bŘsh ton algŞrijmo twn emfwleumŚnwn anakuklŤsewn pou analŰjhke prohgoumŚnwc, h apotŢmhsh thc erŤthshc autŠc gŢnetai wc exŠc:

♦ Oi kŞmboi-fŰlla apotimoŰntai apŞ erwtŠseic SQL3. Sto sugkekrimŚno parŘdeigma, oi antŢstoiqec erwtŠseic eŢnai:

▷ creates[x,y]:

select source, target from creates* (To sŰmbolo “*” qrhsimopoieŢtai gia na sumperilŘbei kai ta perieqŞmena twn upopinŘkwn, p.q. paints kai sculpts sto politistikŞ mac parŘdeigma).

▷ subclassOf(range(creates)):

select C from subclassOf(range(creates)) C where C = ’Painting’ H sunartŠseic subclassOf, range Śqoun programmatisteŢ wc prosjŠkh sthn SQL3, gia ton upologismŞ thc metabatikŠc kleistŞthtac thc sqŚshc

subClass kai thc klŘshc orismoŰ miac idiŞthtac.

▷ has material[w,z]:

select source, target from has material[w,z]

♦ Sth sunŚqeia, h sŰnjesh autŤn twn apotelesmŘtwn gŢnetai eswterikŘ sto diermhnŚa thc RQL, me qrŠsh emfwleumŚnwn anakuklŤsewn gia thn apotŢmhsh twn sundŚsewn.’Etsi, gia parŘdeigma, to aristerŞ upŞdentro apotimŘtai wc exŠc:

’Oso h leitourgŢa sŘrwshc [$C] den Śqei ftŘsei sto tŚloc thc sullogŠc thc pŘre to epŞmeno stoiqeŢo thc sullogŠc pou sarŤnei h [$C] An $C2 = P ainting ’Oso h leitourgŢa sŘrwshc [x, y] den Śqei ftŘsei sto tŚloc thc sullogŠc thc pŘre to epŞmeno stoiqeŢo thc sullogŠc pou sarŤnei h [x, y] An y ∈^($C)

PrŞsjese nŚa pleiŘda sto apotŚlesma EpŚstreye kwdikŞ tŚlouc

’Opwc blŚpoume, autŞc o trŞpoc apotŢmhshc perilambŘnei arketŞ Şgko upologismŤn apŞ thn pleurŘ tou diermhnŚa, eidikŘ gia thn apotŢmhsh sundŚsewn. ProkeimŚnou na ekmetalleutoŰme gnwstŚc teqnikŚc beltistopoiŠsewn tŚtoiwn upologismŤn - pou uposthrŢzontai apŞ ta perissŞtera SDBD, ja Štan protimŞtero na sugkentrŤnoume tŚtoiouc upologismoŰc se pio perŢplokec erwtŠseic, h apotŢmhsh twn opoŢwn ja gŢnetai apŞ to SDBD antŢ gia to diermhnŚa thc RQL. ’Etsi, gia parŘdeigma, h erŤthsh tou sqŠmatoc 4.5 ja mporoŰse na grafeŢ wc erŤthsh SQL3 (pou mporeŢ na apotimhjeŢ ex’oloklŠrou apŞ to SDBD) Şpwc faŢnetai sto sqŠma 4.6. Sthn erŤthsh autŠ, to kathgŞrhma instanceOf Śqei ulopoihjeŢ epŢshc wc sunŘrthsh thc SQL3, gia na elŚgxei an Śna anagnwristikŞ pŞrou eŢnai Řmeso stigmiŞtupo mŢac klŘshc (p.q. y ∈^($C)).

select X.target
from subclassOf(range(creates)) C,

creates* X, has material* Y

where C = ’Painting’ and instanceOf(X.target, C)

and X.target = Y.source and Y.target=’oil on canvas’

SqŠma 4.6 MetŘfrash erŤthshc RQL se SQL3

H parapŘnw metŘfrash eŢnai kŘpwc aplo˘kŠ. Gia parŘdeigma, ja mporoŰsame na apofŰgoume thn sŘrwsh tou sunŞlou subclassOf(range(creates)), dedomŚnou Şti h erŤthsh apaiteŢ thn isŞthta me Painting. ’Etsi prokŰptei to plŘno apotŢmhshc pou faŢnetai sto sqŠma 4.7(a). EpŢshc, antŢ gia to kathgŞrhma instanceOf(X.target, Painting), pou gia kŘje elŚgqei an kŘje timŠ proŚleushc tou X eŢnai stigmiŞtupo thc klŘshc autŠc, ja mporoŰsame na kŘnoume mŢa sŰndesh metaxŰ tou sunŞlou twn kŞmbwn proŚleushc tou X kai twn Řmeswn stigmiotŰpwn thc klŘshc Painting, ekmetalleuŞmenoi Śtsi kai pijanŚc domŚc deiktŤn - euretŠria - pou mporeŢ na Śqoun kataskeuasteŢ sth bŘsh. To telikŞ plŘno apotŢmhshc faŢnetai sto sqŠma 4.7(b).

H antŢstoiqh erŤthsh SQL3 pou prokŰptei apŞ autŞ to plŘno faŢnetai sto sqŠma 4.8.

AxŢzei na shmeiwjeŢ Şti me ton trŞpo autŞ ekmetalleuŞmaste gnwstŚc teqnikŚc beltistopoŢhshc, Şpwc anadiŘtaxh sundŚsewn (join reordering), proŤjhsh epilogŤn se qamhlŞtera “epŢpeda” (pushed selections) klp, pou uposthrŢzei to SDBD, qwrŢc mŘlista na qreiŘzontai sqetikoŢ metasqhmatismoŢ sto plŘno apotŢmhshc tou diermh-

SqŠma 4.7 MetasqhmatismoŢ sto plŘno apotŢmhshc thc erŤthshc 2

select X.target
from creates* X, has material* Y, Painting P
where X.target = Y.source and X.target = P.uri and Y.target=’oil on canvas’

SqŠma 4.8 MetŘfrash beltistopoihmŚnhc erŤthshc RQL se SQL3

nŚa thc RQL: h paragŞmenh erŤthsh stŚlnetai sto SDBD pou kataskeuŘzei to dikŞ tou plŘno apotŢmhshc kai efarmŞzei se autŞ tŚtoiec beltistopoiŠseic.

4.7 PeribŘllon ProgrammatismoŰ EfarmogŤn EperŤthshc SDBD

’Opwc anafŚrame kai sthn arqŠ autoŰ tou kefalaŢou, mŢa polŰ shmantikŠ enŞthta tou diermhnŚa erwtŠsewn eŢnai to PeribŘllon ProgrammatismoŰ EfarmogŤn EperŤthshc SustŠmatoc DiaqeŢrishc BŘsewn DedomŚnwn (DBMS query API), to opoŢo qwrŢzetai se sunartŠseic elŚgqou tŰpwn kai sunartŠseic pou eŢnai aparaŢthtec gia thn apotŢmhsh erwtŠsewn. PrŘgmati, to ontokentrikŞ/sqesiakŞ sŰsthma diaqeŢrishc bŘsewn dedomŚnwn pou qrhsimopoiŠjhke gia thn apojŠkeush sqhmŘtwn kai perigrafŤn RDF “agnoeŢ” th shmasiologŢa thc apojŠkeushc (kajŤc mporeŢ na qeiristeŢ thn apojhkeumŚnh plhroforŢa mŞno wc mia sqesiakŠ domŠ). Sth sunŚqeia autŠc thc enŞthtac ja analŰsoume tic dŰo autŚc kathgorŢec sunartŠsewn, tŞso wc proc th qrhsimŞthtŘ touc gia to diermhnŚa erwtŠsewn Şso kai wc proc thn ulopoŢhsŠ touc

- me th qrŠsh erwtŠsewn SQL3 - pŘnw apŞ sŰsthma diaqeŢrishc bŘsewn dedomŚnwn.

4.7.1 SunartŠseic elŚgqou tŰpwn

4.7.1.1 isMetaclass, isClass, isProperty

DedomŚnou Şti oi mŞnec metaklŘseic pou upŘrqoun eŢnai oi Class, Property, h sunŘrthsh autŠ eŢnai tetrimmŚnh. ExŘllou, oi sunartŠseic isClass, isProperty elŚgqoun an to ŞrismŘ touc eŢnai to Şnoma miac klŘshc/idiŞthtac pou Śqei oristeŢ se kŘpoio sqŠma RDF. OusiastikŘ isodunamoŰn me Śna Ślegqo gia thn Űparxh - Š mh - tou onŞmatoc sth sqŚsh Class/Property. Oi sunartŠseic autŚc mac parŚqoun Şlh thn epijumhtŠ leitourgikŞthta gia ton Ślegqo tŰpwn leitourgiŤn sŘrwshc (me metablhtŚc sqŠmatoc gia tic metaklŘseic kai dedomŚnwn gia klŘseic kai idiŞthtec). KatŘ ton Ślegqo tŰpwn, me bŘsh th jŚsh enŞc onŞmatoc se mŢa erŤthsh, epilŚgoume na kalŚsoume thn katŘllhlh apŞ tic parapŘnw sunartŠseic.’Etsi, gia parŘdeigma, sthn erŤthsh:

select X, Y
from {X}creates{Y}

arkeŢ na elŚgxoume an to Şnoma creates antistoiqeŢ se mŢa idiŞthta. An Şqi, tŞte o Ślegqoc tŰpwn epistrŚfei lŘjoc. EidŘllwc, jŚtoume ton tŰpo thc leitourgŢac autŠc se “Property” kai suneqŢzoume ton Ślegqo tŰpwn thc erŤthshc.

4.7.1.2 isBag, isSeq, isAlt

ElŚgqontac thn antŢstoiqh sqŚsh, h sunŘrthsh autŠ apantŘ an to ŞrismŘ thc antistoiqeŢ sto Şnoma thc antŢstoiqhc sullogŠc RDF. EŢnai aparaŢthtec gia ton Ślegqo tŰpwn se leitourgŢec pou epitrŚpontai mŞno se sullogŚc (prŘxeic metaxŰ sullogŤn, telestŠc ‘‘[]’’ se lŢstec klp.) kajŤc kai se leitourgŢec sŘrwshc (kajŤc autŚc mporoŰn na gŢnoun mŞno se sullogŚc, eidikŚc periptŤseic twn opoŢwn eŢnai oi sullogŚc stigmiotŰpwn klŘsewn kai idiotŠtwn).

4.7.1.3 isSubClassOf, isSubPropertyOf

Oi dŰo autŚc sunartŠseic elŚgqoun th diŘtaxh dŰo klŘsewn/idiotŠtwn, wc proc th sqŚsh upallhlŢac. H apotŢmhsŠ touc ousiastikŘ sunŢstatai ston upologismŞ thc peperasmŚnhc kleistŞthtac (transitive closure) thc sqŚshc subclass/subproperty, xekinŤntac apŞ mŢa apŞ tic dŰo klŘseic/idiŞthtec. O upologismŞc stamatŘei an brejeŢ h deŰterh klŘsh/idiŞthta Š afoŰ teleiŤsei o upologismŞc thc peperasmŚnhc kleistŞthtac.

Gia to upologismŞ thc peperasmŚnhc kleistŞthtac qrhsimopoiŠjhke o algŞrijmoc δ − wavefront pou perigrŘfetai sto [QHK91]. QondrikŘ, o algŞrijmoc autŞc akoloujeŢ ta exŠc bŠmata: 1. wave = (query constants); 2. closure = ∅; 3. while(wave ≠ ∅) 4. wave = π_γ {wave(X) ▷◁_{1.1=2.1} A(X, Y )}; 5. wave = wave − closure; 6. closure = wave ∪ closure; DedomŚnou Şti - Şpwc faŢnetai kai apŞ thn parapŘnw perigrafŠ - o upologismŞc thc peperasmŚnhc kleistŞthtac perilambŘnei pollŚc enhmerŤseic pinŘkwn kai prŘxeic metaxŰ autŤn, epilŚxame na ton ulopoiŠsoume wc sunŘrthsh thc SQL3, qrhsimopoiŤntac th diepafŠ qamhloŰ epipŚdou SPI thc Postgres (isodŰnamh me diadikasiakŠ glŤssa SQL - PL/SQL).’Etsi, ta bŠmata tou δ − wavefront ulopoioŰntai apŞ tic erwtŠseic SQL:

1. while (not finished)

(a) insert into tempwave (select id from wave) (b) delete from wave (c) insert into wave

(select subid from tempwave, subclass where tempwave.id = subclass.superid and NOT EXISTS (select id from closure where result.id = subclass.subid))

(d) if (select id from wave where id = classX) return true; (e) insert into closure select id from wave

2. return false;

Oi Ślegqoi autoŢ eŢnai aparaŢthtoi gia ton Ślegqo thc sumbatŞthtac twn tŰpwn twn paramŚtrwn duadikŤn (binary) leitourgiŤn.

4.7.1.4 getDomainOf, getRangeOf

Oi sunartŠseic autŚc dŚqontai wc Şrisma Śna Şnoma idiŞthtac kai epistrŚfoun antŢstoiqa thn klŘsh orismoŰ Š timŤn thc. EŢnai aparŘithtec gia thn anŘjesh tŰpwn se leitourgŢec pou anafŚrontai stic timŚc miac idiŞthtac allŘ kai gia thn apotŢmhsh metablhtŤn sqŠmatoc.

4.7.2 SunartŠseic apotŢmhshc Oi sunartŠseic autŚc parŚqoun thn aparaŢthth leitourgikŞthta gia th sŘrwsh sullogŤn, kajŤc kai kŘpoiec epiplŚon leitourgŢec pou apaitoŰntai gia thn apotŢmhsh.

4.7.2.1 scan open, scan close

QrhsimopoioŰntai gia to Řnoigma/kleŢsimo twn sullogŤn tic opoŢec upodhlŤnei to ŞnomŘ touc. EpeidŠ skopŞc mac eŢnai na paŢrnoume Śna-Śna ta stoiqeŢa twn sullogŤn - prokeimŚnou na apotimŠsoume tic upŞloipec leitourgŢec thc erŤthshc, Şpwc exhgŠjhke se prohgoŰmenh enŞthta - qrhsimopoioŰme ton mhqanismŞ ton deiktŤn (cursors) pou parŚqei h SQL3. ExŘllou, h sullogŠ pou prŚpei na sarwjeŢ prokŰptei apŞ to apotŚlesma miac aplŠc erŤthshc SQL. Gia parŘdeigma, to Řnoigma miac sŘrwshc sta stigmiŞtupa thc klŘshc Painter isodunameŢ me thn erŤthsh:

declare cursor1 cursor for
select * from Painter*

Sto parapŘnw parŘdeigma qrhsimopoiŠsame to Şnoma Painter* antŢ gia Painter. Me ton trŞpo autŞ axiopoioŰme th dunatŞthta pou mac parŚqei h SQL3 na pŘroume ta perieqŞmena mŢac sqŚshc allŘ kai Şlwn twn upo-sqŚseŤn thc. DedomŚnou Şti sthn RQL oi erwtŠseic epekteŢnontai autŞmata me bŘsh th sqŚsh upallhlŢac (se klŘseic kai idiŞthtec), organŤnoume tic sqŚseic pou antistoiqoŰn se stigmiŞtupa klŘsewn/idiotŠtwn se mia tŚtoia ierarqŢa upo-sqŚsewn kai qrhsimopoioŰme autŠ th leitourgikŞthta thc SQL3 gia th sŘrwsŠ touc.

To kleŢsimo enŞc tŚtoiou deŢkth eŢnai tetrimŚnno: close cursor1

4.7.2.2 scan next

H sunŘrthsh autŠ paŢrnei wc Şrisma mŢa leitourgŢa sŘrwshc kai epistrŚfei to epŞmeno stoiqeŢo thc sullogŠc sthn opoŢa autŠ anafŚretai. AnŘloga me ton tŰpo thc leitourgŢac sŘrwshc mporoŰme na diakrŢnoume tic exŠc periptŤseic:

♦ StigmiŞtupa klŘshc: EpistrŚfetai to anagnwristikŞ tou epŞmenou stigmiotŰpou thc klŘshc.

♦ StigmiŞtupa idiotŠtwn: EpistrŚfontai ta anagnwristikŘ twn kŞmbwn pou sundŚei to epŞmeno stigmiŞtupo thc idiŞthtac.

♦ MetaklŘsh Class: EpistrŚfetai to Şnoma thc epŞmenhc klŘshc.

♦ MetaklŘsh Property: EpistrŚfetai to Şnoma thc epŞmenhc idiŞthtac, kajŤc kai oi klŘseic orismoŰ kai timŤn thc.

’Otan ftŘsoume sto tŚloc miac sullogŠc, epistrŚfetai katŘllhloc kwdikŞc Ťste h diadikasŢa apotŢmhshc me tic emfwleumŚnec anakuklŤseic na perŘsei sthn epŞmenh fŘsh.

4.7.2.3 getSub/SuperClassesOf, getSub/SuperPropertiesOf

Oi sunartŠseic autŚc, pou qrhsimopoioŰn ton algŞrijmo upologismoŰ peperasmŚnhc kleistŞthtac pou perigrŘfhke parapŘnw eŢnai aparaŢthtec gia thn apotŢmhsh twn omŤnumwn leitourgiŤn thc glŤssac (oi opoŢec mporoŰn eŢte na qrhsimopoioŰntai rhtŘ se mŢa erŤthsh eŢte na upodhlŤnontai Śmmesa, Şpwc sthn perŢptwsh thc apotŢmhshc miktŤn monopatiŤn - blŚpe enŞthta 3.3).

4.7.2.4 isInstanceOf

H sunŘrthsh autŠ antistoiqeŢ sth sunjŠkh instanceOf, pou elŚgqei an Śnac pŞroc eŢnai Řmeso stigmiŞtupo miac klŘshc.’Opwc kai oi prohgoŰmenec leitourgŢec, mporeŢ na qrhsimopoihjeŢ rhtŘ se mŢa erŤthsh allŘ emfanŢzetai kai sthn perŢptwsh thc apotŢmhshc miktŤn monopatiŤn (blŚpe enŞthta 3.3).

KefŘlaio 5

SugkrŢnontac thn RQL me Řllec glŤssec eperŤthshc

5.1 GlŤssec eperŤthshc gia RDF

MŚqri sŠmera Śqoun protajeŢ kai kŘpoiec Řllec glŤssec eperŤthshc gia metadedomŚna RDF. QondrikŘ, oi glŤssec autŚc mporoŰn na qwristoŰn se dŰo kathgorŢec:

♦ autŚc pou akoloujoŰn mia sqesiakŠ prosŚggish Š ermhneŰoun ta metadedomŚna RDF me bŘsh to montŚlo thc XML.

♦ autŚc pou antimetwpŢzoun to RDF wc glŤssa anaparŘstashc gnŤshc kai qrhsimopoioŰn teqnikŚc anaparŘstashc gnŤshc kai logismoŰ (reasoning) gia thn eperŤthsŠ touc.

Sth sunŚqeia ja parousiŘsoume dŰo protŘseic apŞ kŘje kathgorŢa, tic RDF Query Specification kai RDFdb apŞ thn prŤth kai tic SiLRI kai Metalog apŞ th deŰterh, kai ja upodeŢxoume tic adunamŢec kai ta meionektŠmatŘ touc, ta opoŢa odŠghsan sthn anŘgkh dhmiourgŢac thc RQL.

5.1.1 ProsŚggish bŘsewn dedomŚnwn

5.1.1.1 RDF Query Specification (IBM)

AutŠ h prosŚggish - h opoŢa protŘjhke apŞ thn IBM - basŢzetai sto pakŚto logismikoŰ RDF for XML [R4J], to opoŢo ousiastikŘ eŢnai Śna PeribŘllon ProgrammatismoŰ EfarmogŤn (Application Programming Interface - API) gia metadedomŚna RDF. To peribŘllon autŞ parŚqei ergaleŢa gia th dhmiourgŢa antikeimŚnwn RDF kajŤc kai diŘforec leitourgŢec qeirismoŰ tŚtoiwn antikeimŚnwn. Wc epŚktash tou peribŘllontoc autoŰ dhmiourgŠjhke h glŤssa eperŤthshc pou perigrŘfetai sto [MS98a]. Ta basikŘ qarakthristikŘ autŠc thc glŤssac eŢnai:

♦ H qrŠsh suntaktikoŰ XML, to opoŢo epitrŚpei thn enswmŘtwsh erwtŠsewn se Śggrafa RDF. OusiastikŘ prŞkeitai gia Śna sŰnolo apŞ stoiqeŢa XML pou antistoiqoŰn sta sunhjismŚna tmŠmata miac erŤthshc SQL (select, from, where, group, order, posodeŢktec klp) kai touc anŘlogouc telestŚc (logikoŰc, prŘxeic metaxŰ sunŞlwn klp). Oi antŢstoiqec “parŘmetroi” twn diafŞrwn tmhmŘtwn kai telestŤn ekfrŘzontai mŚsw gnwrismŘtwn twn antŢstoiqwn stoiqeŢwn XML.

♦’Olec oi leitourgŢec thc glŤssac gŢnontai pŘnw se sullogŚc RDF. Gia parŘdeigma, sto tmŠma tou from miac erŤthshc sunantŘme gnwrŢsmata Şpwc

eachResource="BagOfURIs".

♦ H dunatŞthta orismoŰ ekfrŘsewn monopatiŤn, pou epitrŚpoun th diŘsqish enŞc grŘfou RDF, mŚsw epŤnumwn idiotŠtwn. Gia to sqhmatismŞ tŚtoiwn ekfrŘsewn apaiteŢtai o prosdiorismŞc enŞc antikeimŚnou, wc arqikŞ shmeŢo tou monopatioŰ.’Etsi, gia parŘdeigma, mporoŰme na sqhmatŢsoume thn erŤthsh (basismŚnoi sto politistikŞ parŘdeigma tou sqŠmatoc 3.1 kai jewrŤntac Şti upŘrqei mia sullogŠ BagOfPainterURIs, pou periŚqei ta anagnwristikŘ twn pŞrwn ns2#picasso kai ns2#rodin), “brec ta stul Şlwn twn pŞrwn pou Śqoun zwgrafŢsei oi pŞroi pou periŚqontai sto BagOfPainterURIs”.

<rdfq:rdfquery>
  <rdfq:From eachResource="BagOfPainterURIs">
    <rdfq:Select>
      <rdfq:Property path="paints/has_style"/>
    </rdfq:Select>
  </rdfq:From>
</rdfq:rdfquery>

H glŤssa autŠ loipŞn parŚqei thn apaitoŰmenh leitourgikŞthta miac glŤssac eperŤthshc, h opoŢa Şmwc antimetwpŢzei ta metadedomŚna RDF san aplŘ Śggrafa

XML. OusiastikŘ, prŞkeitai gia mia parallagŠ thc glŤssac eperŤthshc eggrŘfwn XML XQL, me thn prosjŠkh thc Śnnoiac twn sullogŤn tou RDF.’Etsi, ermhneŰei ta metadedomŚna RDF qrhsimopoiŤntac to montŚlo antikeimŚnwn eggrŘfou (Document Object Model - DOM) kai Şqi to montŚlo tou RDF. EpŢshc, h glŤssa autŠ den qrhsimopoieŢ kajŞlou thn plhroforŢa gia ta metadedomŚna pou perigrŘfetai se sqŠmata.’Etsi, qŘnei arketŠ apŞ th shmasiologŢa twn perigrafŤn RDF kai bŚbaia den mporeŢ na ekmetalleuteŢ thn plhroforŢa tou sqŠmatoc, tŞso gia to sqhmatismŞ Şso kai gia th beltistopoŢhsh thc apotŢmhshc kŘpoiwn erwtŠsewn. Gi’autŞ kai h prŞtash autŠ den Śqei qrhsimopoihjeŢ idiaŢtera gia thn eperŤthsh metadedomŚnwn RDF se pragmatikŘ sustŠmata.

5.1.1.2 RDFdb

H RDFdb [Guh00] eŢnai Śna sŰsthma apojŠkeushc RDF perigrafŤn, oi perigrafŚc apojhkeŰontai sthn bŘsh dedomŚnwn me thn morfŠ triŘdwn. ’Eqei ulopoihjeŢ sthn glŤssa programmatismoŰ C pŘnw apŞ thn bŘsh dedomŚnwn Berkeley DB. ParŚqei mia diepafŠ qrŠshc pou moiŘzei polŰ me thn SQL kai epitrŚpei thn prosjŠkh, diagrafŠ kai eperŤthsh twn triŘdwn. Ta dedomŚna mporoŰn na apojhkeutoŰn sthn bŘsh eŢte dŢnontac thn dieŰjunsh tou arqeŢou pou periŚqei tic RDF/XML perigrafŚc, eŢte prosjŚtontac triŘdec qrhsimopoiŤntac thn diepafŠ qrŠshc p.q. h entolŠ insert into [database name] (arc source target) apojhkeŰei sthn bŘsh thn triŘda (arc source target). H sŰntaxh pou parŚqetai gia tic eperwtŠseic Śqei thn morfŠ select [variable1, variable2, ... ... ] from

database where [constraint1, onstraint2, ...]. Gia parŘdeigma mia eperŤ-

thsh eŢnai h exŠc: select ?x from db where (odp#title ?x ’National Gallery

of Art’) h opoŢa epistrŚfei touc pŞrouc pou Śqoun thn idiŞthta odp#title me timŠ

National Gallery of Art. EktŞc apŞ thn dunatŞthta fŞrtwshc enŞc arqeŢou parŚqei kai thn dunatŞthta diagrafŠc Şlwn twn triŘdwn pou Śqoun fortwjeŢ sthn bŘsh apŞ kŘpoio arqeŢo. H rdfDB eŢnai Śqei dokimasteŢ gia megŘlouc Şgkouc dedomŚnwn kai eŢnai epektŘsimh (scalable).

5.1.2 ProsŚggish anaparŘstashc gnŤshc H deŰterh autŠ prosŚggish - pou faŢnetai kat’arqŠn na akoloujeŢtai kai apŞ thn omŘda ergasŢac tou RDF sto W3C, kajŤc kŘpoia mŚlh thc omŘdac autŠc summetŚqoun se autŚc tic protŘseic - proŚrqetai kurŢwc apŞ ereunhtŚc apŞ to qŤro twn susthmŘtwn anaparŘstashc gnŤshc. H prosŚggish autŠ faŢnetai pio kontŘ sthn arqikŠ idŚa thc dhmiourgŢac tou RDF, thn perigrafŠ plhroforŢac me trŞpo anagnŤsimo apŞ ton Řnjrwpo allŘ kai tŚtoio Ťste oi upologistŚc na mporoŰn na “katanoŠsoun” th shmasiologŢa thc. KŘtw apŞ autŞ to prŢsma mporoŰme na skiagrafŠsoume merikŚc basikŚc prodiagrafŚc, tic opoŢec prŚpei na plhreŢ mia glŤssa eperŤthshc gia metadedomŚna RDF ([GLMB98], [DBSA98]):

♦ ’Ena sŰsthma apojŠkeushc gia metadedomŚna RDF ja prŚpei na katanoeŢ, anaparistŘ kai ekmetalleŰetai thn ekfrastikŠ dŰnamh twn RDF kai RDF Schema.

♦ H glŤssa eperŤthshc ja prŚpei na “anafŚretai” sto montŚlo dedomŚnwn tou RDF, adiaforŤntac gia to qrhsimopoioŰmeno suntaktikŞ XML pou eŢnai aplŘ Śna apŞ touc enallaktikoŰc trŞpouc anaparŘstashc tou montŚlou.

♦’Oson aforŘ th leitourgikŞthta thc glŤssac, autŠ ja prŚpei na perilambŘnei Śna megŘlo eŰroc leitourgiŤn, apŞ aplŚc erwtŠseic se zeŰgh gnwrismŘtwntimŤn wc diŘsqish monopatiŤn kai perŢplokec erwtŠseic se stul Datalog [Bid91]. EpŢshc, mporoŰme na fantastoŰme arketŚc periptŤseic Şpou eŢnai dunatŠ h exagwgŠ sumperasmŘtwn Š h anakŘluyh plhroforŢac pou perigrŘfetai Śmmesa:

▷ DiŘsqish ierarqiŤn upallhlŢac gia thn anakŘluyh sqŚsewn upallhlŢac

metaxŰ klŘsewn Š idiotŠtwn pou den sundŚontai Řmesa mŚsw thc metabatikŠc (transitive) autŠc idiŞthtac.

▷ SumplŠrwsh antŢstrofwn idiotŠtwn: An, gia parŘdeigma, gnwrŢzoume Şti

o zwgrŘfoc ns2#picasso Śqei zwgrafŢsei (paints) ton pŢnaka zwgrafikŠc ns2#guernica, tŞte mporoŰme na exŘgoume to sumpŚrasma Şti o pŢnakac autŞc zwgrafŢsthke apŞ (painted by) ton ns2#picasso.

▷ AutŞmath epŚktashc erŤthshc (automatic query expansion) - se anti-

stoiqŢa me anŘlogec teqnikŚc pou qrhsimopoioŰntai se sustŠmata anŘkthshc plhroforŢac pou basŢzontai se jhsauroŰc [Fos97]. H Ţdia teqnikŠ mporeŢ na qrhsimopoihjeŢ gia thn ploŠghsh se ierarqŢec upallhlŢac kai thn ekmetŘlleush/anakŘluyh plhroforŢac pou den ekfrŘzetai rhtŘ gia timŚc pou emfanŢzontai sta Řkra idiotŠtwn.

Me bŘsh autŚc tic arqikŚc idŚec kai prodiagrafŚc protŘjhkan dŰo glŤssec eperŤthshc kai exagwgŠc sumperasmŘtwn gia to RDF, h SiLRI [DBSA98] kai h Metalog [MS98b].

5.1.2.1 SiLRI

H prosŚggish autŠ [DBSA98], [BDS98] qrhsimopoieŢ to montŚlo dedomŚnwn thc Frame Logic [KL89] prospajŤntac na epitŰqei touc parapŘnw stŞqouc. Me bŘsh thn prŞtash autŠ ta metadedomŚna RDF apojhkeŰontai se mia bŘsh gnŤshc pou uposthrŢzei to montŚlo thc F-logic, me bŘsh sqŠmata F-logic. OusiastikŘ dhladŠ apaiteŢ th metŘfrash twn sqhmŘtwn RDF pou perigrŘfoun metadedomŚna RDF se antŢstoiqa sqŠmata F-logic, Şpwc to parakŘtw:

♦ DhlŤseic klŘsewn

Person:: Resource.
Artist:: Person.
Object:: Resource.

♦ DhlŤseic gnwrismŘtwn

Person[first_name=>> Literal;
       last_name=>> Literal;
       creates=>> Object].
Object[has_title=>> Literal].

Ston orismŞ twn gnwrismŘtwn, h qrŠsh tou sumbŞlou “=>>” uponoeŢ Şti oi timŚc tou gnwrŢsmatoc eŢnai sŰnola autoŰ tou tŰpou. Sth sunŚqeia, mporoŰme na qrhsimopoiŠsoume th glŤssa eperŤthshc tou montŚlou thc F-logic gia na eperwtŠsoume ta metadedomŚna autŘ, Şpwc:

“Brec Şlouc touc pŞrouc pou Śqoun dhmiourgŠsei creates kŘti”

FORALL X,Y <- X[creates->>Y].

AnŘloga me tic dhlŤseic tou sqŠmatoc, h prosŚggish autŠ epitrŚpei basikŚc leitourgŢec exagwgŠc sumperasmŘtwn apŞ metadedomŚna RDF. Gia parŘdeigma, h Flogic epitrŚpei thn exagwgŠ sumperasmŘtwn pou basŢzontai se sqŚseic upoklŘshc Š eklŚptunshc (refinement), p.q. periorŢzontac tic apantŠseic miac erŤthshc me bŘsh stoiqeŢa tou sqŠmatoc. EpŢshc, mac epitrŚpei na ekfrŘsoume periorismoŰc stic timŚc twn idiotŠtwn kai sunepŤc na kŘnoume elŚgqouc egkurŞthtac Š na sumperŘnoume elleipŠ plhroforŢa gia pŞrouc. Gia parŘdeigma, xŚroume apŞ to parapŘnw sqŠma Şti:

Person:: Resource[creates=>>Object].

’Etsi, me bŘsh th shmasiologŢa thc F-logic, mporoŰme na sumperŘnoume Şti Şloi oi pŞroi pou Śqoun dhmiourgŠsei (creates) kŘti eŢnai stigmiŞtupa thc klŘshc

Person, akŞma ki an autŠ h plhroforŢa den ekfrŘzetai rhtŘ. EpŢshc, sthn F-logic

mporoŰme na ekfrŘsoume kai rhtŘ kŘpoiouc kanŞnec exagwgŠc sumperasmŘtwn, Şpwc:

FORALL X,Y
    X:Object[created_by->>Y] <- Y:Person[creates->>X]

O parapŘnw kanŞnac shmaŢnei Şti an xŚroume Şti Śnac pŞroc U eŢnai tŰpou

Person kai Śqei dhmiourgŠsei Śna pŞro Y, tŞte o U eŢnai tŰpou Object kai Śqei dh-

miourghjeŢ apŞ ton Q. Sth sunŚqeia, h plhroforŢa autŠ mporeŢ na qrhsimopoihjeŢ wc dedomŚno (fact), Şpwc dhladŠ ja ginŞtan an autŠ h plhroforŢa ekfrazŞtan rhtŘ se kŘpoia perigrafŠ pou upŘrqei sth bŘsh. Mia Řllh kathgorŢa kanŞnwn exagwgŠc sumperasmŘtwn eŢnai h autŞmath epŚktash erŤthshc, Şpwc parousiŘzetai kai sto parŘdeigma antistoŢqhshc sqhmŘtwn taxinŞmhshc pou parousiŘzetai sto [BDS98].

EpŢshc, h F-logic epitrŚpei th sŰntaxh anadromikŤn erwtŠsewn (pou mporoŰn na qrhsimopoihjoŰn gia th diŘsqish grŘfwn se opoiodŠpote bŘjoc). TŚloc, h glŤssa autŠ parŚqei kŘpoia leitourgikŞthta gia eperŤthsh sqhmŘtwn. Gia parŘdeigma, mac epitrŚpei na zhtŠsoume Şla ta onŞmata gnwrismŘtwn pou Śqei h klŘsh Person, ta opoŢa gia kŘpoio stigmiŞtupo thc klŘshc Śqoun thn timŠ “Picasso”:

FORALL X, P, T <- X:Person[P=>>T] AND X[P->>"Picasso"]

H parapŘnw erŤthsh ja mac dŤsei wc apotŚlesma thn idiŞthta last name, me pedŢo timŤn Literal.

ParolautŘ, h prosŚggish autŠ Śqei diŘfora problŠmata. Kat’arqŠn, pollŘ apŞ ta stoiqeŢa tou RDF den mporoŰn na ekfrastoŰn sthn F-logic, Şpwc oi sullogŚc RDF Š oi upostasiopoihmŚnec protŘseic. To pio shmantikŞ meionŚkthma Şmwc eŢnai Şti to montŚlo thc F-logic eŢnai diaforetikŞ apŞ autŞ twn RDF kai RDF Schema. PrŘgmati, to montŚlo autŞ eŢnai Śna ontokentrikŞ montŚlo pou den qeirŢzetai tic idiŞthtec wc polŢtec prŤthc kathgorŢac allŘ wc gnwrŢsmata klŘsewn.’Etsi, den mporeŢ na anaparastŠsei p.q. sqŚseic upallhlŢac metaxŰ idiotŠtwn, enŤ den mac epitrŚpei na ekfrŘsoume erwtŠseic stic opoŢec gnwrŢzoume mŞno onŞmata idiotŠtwn (kajŤc akŞma kai oi ekfrŘseic monopatiŤn prŚpei na xekinoŰn apŞ stigmiŞtupa miac gnwstŠc klŘshc). EpŢshc, oi orismoŢ klŘsewn ousiastikŘ dhlŤnoun Śna tŰpo gia ta stigmiŞtupŘ tou, pou perilambŘnei touc orismoŰc twn gnwrismŘtwn. AutŞ den isqŰei sthn perŢptwsh tou RDF, Şpou oi idiothtec orŢzontai anexŘrthta. EpŢshc, oi timŚc twn gnwrismŘtwn Śqoun Śna austhrŘ kajorismŚno tŰpo. ’Etsi, profanŤc, o mŞnoc tropoc na anaparastŠsoume proairetikŚc kai epanalambanŞmenec idiŞthtec eŢnai mŚsw timŤn sunŞlwn, anaparŘstash pou de diathreŢ th shmasiologŢa tou montŚlou tou RDF.

SunepŤc, to montŚlo thc F-logic eŢnai polŰ perioristikŞ gia touc skopoŰc tou RDF, kajŤc den dŢnei thn eleujerŢa gia sŰnjesh plhroforŢac apŞ diŘfora sqŠmata kai ousiastikŘ pro˛pojŚtei thn Űparxh enŞc “kentrikoŰ”, prokajorismŚnou sqŠmatoc to opoŢo akoloujoŰn Şloi oi dhmiourgoŢ perigrafŤn. gia to RDF Schema. PrŘgmati, h glŤssa autŠ protŘjhke wc tmŠma tou sustŠmatoc Ontobroker [FDES98], [BFP98], pou qrhsimopoieŢ thn F-logic wc eswterikŠ anaparŘstash, me skopŞ na epitrŚyei thn apojŠkeush metadedomŚnwn RDF pou anamŚnetai na qrhsimopoihjeŢ polu pio eurŚwc apŞ th glŤssa perigrafŠc metadedomŚnwn pou protŘjhke arqikŘ apŞ to Ontobroker.’Etsi, den Śgine kammŢa prospŘjeia anaparŘstashc tou montŚlou tou RDF me ta eidikŘ qarakthristikŘ tou allŘ qrhsimopoiŠjhke ousiastikŘ wc suntaktikŞ gia thn anaparŘstash metadedomŚnwn gia to Ontobroker.

5.1.2.2 Metalog

H Metalog [MS98b] - pou epŢshc protŘjhke apŞ mŚlh tou W3C - proteŢnei ousiastikŘ Śna sŰnolo apŞ epektŘseic sto montŚlo tou RDF, Ťste na mporeŢ na anaparastŠsei logikŘ progrŘmmata kai kanŞnec exagwgŠc sumperasmŘtwn. EpŢshc, h Metalog perilambŘnei kai mia glŤssa eperŤthshc gia tŚtoiec logikŚc ekfrŘseic, pou qrhsimopoieŢ mŘlista suntaktikŞ fusikŠc glŤssac. H glŤssa autŠ apoteleŢ ousiastikŘ Śna eŢdoc sqŠmatoc gia metadedomŚna RDF, to opoŢo basŢzetai ston kathgorhmatikŞ logismŞ prŤthc tŘxhc, kai sto opoŢo epŢshc mporoŰn na ekfrastoŰn kanŞnec exagwgŠc sumperasmŘtwn.’Ena parŘdeigma tŚtoiou sqŠmatoc (tmŠma tou paradeŢgmatoc 3.1) kai kanŞnwn exagwgŠc sumperasmŘtwn pou mporoŰn na ekfrastoŰn eŢnai to exŠc:

creates(X, Y) => in(X, Person)
creates(X, Y) => in(Y, Object)

creates(X,Y) => created_by(Y, X)

Sth sunŚqeia, mporeŢ na qrhsimopoihjeŢ kŘpoia glŤssa logikoŰ programmatismoŰ gia thn eperŤthsh plhroforŢac me bŘsh tŚtoia sqŠmata. Gia thn ulopoŢhsh thc Metalog proteŢnetai h qrŠsh thn Datalog [Bid91], parŚqontac epŢshc kai Śna suntaktikŞ fusikŠc glŤssac - pou metafrŘzetai se Datalog - gia th dieukŞlunsh tou qrŠsth. Me th glŤssa autŠ mporoŰme epŢshc na ekfrŘsoume erwtŠseic pou qrhsimopoioŰn plhroforŢa pou exŘgetai apŞ kanŞnec, zhtŤntac - p.q. - touc pŞrouc pou Śqoun dhmiourghjeŢ apŞ created by ton ns2#picasso.

H prosŚggish autŠ ousiastikŘ den eŢnai mia glŤssa eperŤthshc gia metadedomŚna RDF allŘ mia prŞtash epŚktasŠc tou gia na antapokrijeŢ stic apaitŠseic susthmŘtwn anaparŘstashc gnŤshc. ’Etsi, den ekmetalleŰetai thn plhroforŢa pou periŚqetai se sqŠmata RDF. EpŢshc, kai autŠ h prŞtash - Şpwc kai h prohgoŰmenh - den “tairiŘzei” idiaŢtera me thn hmidomhmŚnh fŰsh twn metadedomŚnwn RDF, an kai qeirŢzetai tic idiŞthtec wc polŢtec prŤthc kathgorŢac, kajŤc ta domikŘ thc stoiqeŢa eŢnai duadikŚc sqŚseic pou anaparistoŰn idiŞthtec sto RDF.

5.2. GlŤssec eperŤthshc hmidomhmŚnwn dedomŚnwn/eggrŘfwn XML 115

5.2 GlŤssec eperŤthshc hmidomhmŚnwn dedomŚnwn/eggrŘfwn XML

Oi glŤssec eperŤthshc hmidomhmŚnwn dedomŚnwn kai eggrŘfwn XML mporoŰn epŢshc na sugkrijoŰn me thn RQL, kajŤc Śqoun moirŘzontai kŘpoiec idŚec kai arqŚc. PrŘgmati, oi glŤssec eperŤthshc hmidomhmŚnwn Şpwc oi Lorel [AQM^+97], UnQL [BDS95], StruQL [FFK^+97] basŢzontai se montŚla pou den Śqoun austhrŞ sŰsthma tŰpwn (weakly-typed) gia na mporoŰn na anaparastŠsoun idiaŢtera Š asunŠjista qarakthristikŘ (irregularities) twn hmidomhmŚnwn dedomŚnwn. EpŢshc, oi glŤssec autŚc qrhsimopoioŰn genikeumŚnec ekfrŘseic monopatiŤn (me metablhtŚc se kŞmbouc kai akmŚc) oi opoŢec mporoŰn na qrhsimopoihjoŰn gia thn eperŤthsh dedomŚnwn qwrŢc th gnŤsh (Š thn Űparxh) sqŠmatoc.’Omwc, an kai ta metadedomŚna RDF moirŘzontai arketŘ stoiqeŢa me ta hmidomhmŚna dedomŚna, to montŚlo tou RDF eŢnai pio ploŰsio apŞ ta montŚla hmidomhmŚnwn, kajŤc me thn Űparxh sqhmŘtwn perilambŘnei kai etikŚttec gia touc kŞmbouc (se antŢjesh me hmidomhmŚna montŚla Şpwc to OEM [CGH^+94], [PGW95], [PGU96] sto opoŢo basŢzetai h Lorel, pou Śqoun etikŚttec mŞno stic akmŚc), Şpwc analŰoume kai sthn enŞthta 2.7.4. EpŢshc, profanŤc, oi glŤssec autŚc den axiopoioŰn thn shmasiologŢa twn sqhmŘtwn RDF gia na dieukolŰnoun to sqhmatismŞ Š th beltistopoŢhsh thc apotŢmhshc erwtŠsewn kajŤc kai thn ploŠghsh se grŘfouc metadedomŚnwn. PrŘgmati, akŞma kai sthn perŢptwsh twn Dataguides [ABS99], h domŠ twn dedomŚnwn exŘgetai ek twn ustŚrwn, kai de qrhsimopoieŢtai proupŘrqousa plhroforŢa sqŠmatoc, Şpwc autŠ pou upŘrqei sthn perŢptwsh tou RDF. ExŘllou kai to UAT [CCS00], [CDSS98], pou basŢzetai se Śna prwtŞtupo sŰsthma tŰpwn pou thn anaparŘstash kai anŘkthsh plhroforŢac se opoiodŠpote epŢpedo (montŚlou, sqŠmatoc, dedomŚnwn), den mporeŢ na axiopoiŠsei th shmasiologŢa pou periŚqetai se sqŠmata RDF, upŞ morfŠ ierarqiŤn klŘsewn Š idiotŠtwn.

KŘti anŘlogo isqŰei kai gia tic glŤssec eperŤthshc eggrŘfwn XML, Şpwc oi XML-QL [DFF^+99], XQL [Rob99] kai XML-GL [CCD^+99]. PrŘgmati, Şpwc analŰetai kai sthn enŞthta 2.7.4, an kai to RDF qrhsimopoieŢ suntaktikŞ XML, ta dŰo montŚla eŢnai diaforetikŘ.’Etsi oi glŤssec autŚc den eŢnai katŘllhlec gia to RDF. EpŢshc, Şson aforŘ thn eperŤthsh sqhmŘtwn, h XML-GL parŚqei th dunatŞthta anaparŘstashc kai eperŤthshc OrismŤn TŰpwn EggrŘfwn (DTDs). ’Omwc, dedomŚnou Şti ta sqŠmata RDF den mporoŰn na ekfrastoŰn oŰte se DTDs (lŞgw thc

Űparxhc sqŚsewn upallhlŢac metaxŰ klŘsewn Š idiotŠtwn) allŘ oŰte kai se sqŠmata XML [TBMM00], [MM00] (kajŤc oi sqŚseic epŚktashc kai refinement pou orŢzei metaxŰ klŘsewn - allŘ Şqi kai metaxŰ idiotŠtwn - eŢnai ligŞtero ekfrastikŚc apŞ th sqŚsh upallhlŢac tou RDF Schema, Şpwc analŰetai sto [KS]).

5.3 GlŤssec eperŤthshc plhroforŢac sqŠmatoc

TŚloc, h RQL antleŢ idŚec kai apŞ glŤssec eperŤthshc plhroforŢac sqhmŘtwn pou Śqoun protajeŢ gia bŘseic dedomŚnwn, Şpwc h XSQL [KKS92], h SchemaSQL [LSS96] Š h POQL [CACS94], [CCM96], [ACC^+97]. Oi glŤssec autŚc epitrŚpoun erwtŠseic sqetikŘ me th domŠ twn dedomŚnwn (p.q. onŞmata pinŘkwn, gnwrismŘtwn, klŘsewn klp.) se sqesiakŘ Š ontokentrikŘ sustŠmata bŘsewn dedomŚnwn. ’Etsi, den mporoŰn na qrhsimopoihjoŰn gia thn eperŤthsh sqhmŘtwn RDF, kajŤc Şpwc exhgŠsame prohgoumŚnwc, to montŚlo autŞ Śqei qarakthristikŘ pou den mporoŰn na ekfrastoŰn sta montŚla autŘ. OusiastikŘ, oi idŚec autŤn twn proseggŢsewn (mazŢ me autŚc twn glwssŤn eperŤthshc gia to diadŢktuo, Şpwc oi WebSQL [MMM96], WebOQL [AM98], Araneus [MMA99]) apotŚlesan th bŘsh gia th dhmiourgŢa twn susthmŘtwn diaqeŢrishc hmidomhmŚnwn dedomŚnwn pou parousiŘsthkan prohgoumŚnwc. MŘlista, pollŚc apŞ tic idŚec touc Śqoun prosarmosteŢ stic anŘgkec kai tic idiaiterŞthtec tou montŚlou tou RDF, gia thn eperŤthsh sqhmŘtwn me thn RQL.

KefŘlaio 6

EpŢlogoc

Sthn ergasŢa autŠ parousiŘsame mia dhlwtikŠ glŤssa eperŤthshc, thn RQL, pou eŢnai katŘllhlh gia thn eperŤthsh metadedomŚnwn kai sqhmŘtwn RDF gia pŰlec koinotŠtwn diadiktŰou. H glŤssa mac, basŢzetai se Śna montŚlo pou anaparistŘ tic idiaiterŞthtec kai th shmasiologŢa tou montŚlou tou RDF, enŤ prosjŚtei se autŞ kai Śna basikŞ sŰsthma tŰpwn, pou eŢnai aparaŢthto gia ton kalŞ orismŞ tou allŘ kai gia th beltistopoŢhsh thc apojŠkeushc kai thc eperŤthshc. EpŢshc, h RQL eŢnai h prŤth glŤssa eperŤthshc gia RDF pou diathreŢ th shmasiologŢa twn RDF/RDFS (se antŢjesh me Řllec protŘseic pou ousiastikŘ qrhsimopoioŰn thn RDF wc Śna suntaktikŞ gia na ekfrŘsoun perigrafŚc pou upakoŰoun kŘpoio Řllo montŚlo, p.q. Flogic). MŘlista, h RQL prosfŚrei th leitourgikŞthta gia omoiŞmorfh eperŤthsh perigrafŤn pŞrwn kai sqhmŘtwn RDF, me trŞpo fusikŞ kai diafanŠ gia ta mŚlh miac koinŞthtac diadiktŰou.

H RQL sqediŘsthke - Şpwc anafŚrjhke prohgoumŚnwc - gia na ikanopoiŠsei tic anŘgkec pulŤn istŤn koinotŠtwn, Şpwc autŚc orŢsthkan sto plaŢsio tou eurwpa˘koŰ progrŘmmatoc CWeb^1. MŘlista, h ekfrastikŠ dŰnamh kai h leitourgikŞthta pou prosfŚrei h RQL axiologŠjhkan kai prŞkeitai na qrhsimopoihjoŰn se dŰo akŞmh eurwpa˘kŘ progrŘmmata, ta MESMUSES^2 kai Ontoknowledge^3.

ProkeimŚnou na axiologŠsoume thn apodotikŞthta tŞso thc apojŠkeushc Şso kai tou diermhnŚa erwtŠsewn thc RQL, qrhsimopoiŠsame wc bŘsh gia peirŘmata ta dedomŚna thc pŰlhc Open Directory^4, pou diatŢjentai se morfŠ RDF/XML. H pŰlh autŠ perilambŘnei (wc sqŠma RDF) mia terŘstia ierarqŢa apŞ 321,988 kath-

1cweb.inria.fr 2cweb.inria.fr/private/mesmuses 3www.ontoknowledge.org 4www.dmoz.org

gorŢec/jŚmata (Topics), pou apaitoŰn perŢpou 100MB gia apojŠkeush. O arijmŞc twn pŞrwn pou perigrŘfontai anŚrqetai se 2,123,382 diktuakoŰc tŞpouc (to sunolikŞ mŚgejoc twn arqeŢwn perigrafŤn eŢnai perŢpou 700MB).

Me dedomŚno to mŚgejoc autŠc thc bŘshc peiramŘtwn, ja prospajŠsoume na axiologŠsoume thn apodotikŞthta tou sustŠmatŞc mac. EpŢshc, prŞkeitai na exetŘsoume thn apotelesmatikŞthta diŘforwn algebrikŤn metafrŘsewn stic erwtŠseic, Şpwc autŚc pou protŘjhkan sthn enŞthta sqetikŘ me thn apotŢmhsh twn erwtŠsewn apŞ to diermhnŚa thc RQL, allŘ kai na peiramatistoŰme me diŘforec teqnikŚc deiktodŞthshc, tŞso se sullogŚc sqŠmatoc Şso kai dedomŚnwn. IdiaŢtero endiafŚron parousiŘzei h perŢptwsh erwtŠsewn pou perilambŘnoun upologismoŰc metabatikŠc kleistŞthtac (transitive closure) se ierarqŢec klŘsewn Š idiotŠtwn. Sthn perŢptwsh autŠ mporoŰme na qrhsimopoiŠsoume katŘllhlec - pro˛pologismŚnec - domŚc deiktŤn, gia na apofŰgoume tŚtoiouc upologismoŰc katŘ th diŘrkeia thc apotŢmhshc miac erŤthshc. EpŢshc, skopeŰoume na exetŘsoume kai na sugkrŢnoume diŘforec euretikŚc mejŞdouc gia Řllouc algebrikoŰc metasqhmatismoŰc erwtŠsewn (anadiatŘxeic sundŚsewn klp), pijanŤc bŘsei katŘllhlwn statistikŤn stoiqeŢwn pou ja sullŚxoume, tŞso gia erwtŠseic sto sqŠma Şso kai se perigrafŚc pŞrwn.

MŢa Řllh pijanŠ epŚktash thc RQL ja mporoŰse na eŢnai h prosjŠkh telestŤn anadiŘrjrwshc (restructuring) twn apotelesmŘtwn twn erwtŠsewn, Şpwc gia parŘdeigma omadopoŢhsh apotelesmŘtwn bŘsei twn timŤn kŘpoiac metablhtŠc. Gia parŘdeigma, eŢnai pijanŞ se mŢa erŤthsh na zhtŠsoume Şlec tic idiŞthtec pou mporoŰn na efarmostoŰn se diŘforec klŘseic, omadopoihmŚnec me bŘsh thn klŘsh autŠ.

TŚloc, idiaŢtero endiafŚron parousiŘzei to jŚma thc enhmŚrwshc (update) miac bŘshc perigrafŤn pŞrwn. Sthn paroŰsa fŘsh, h RQL den uposthrŢzei enhmerŤseic, kai h fŞrtwsh dedomŚnwn sth bŘsh gŢnetai mazikŘ (bulk loading). IdiaŢtera shmantikŠ, me dedomŚnh thn epektasimŞthta twn sqhmŘtwn RDF ja Štan h upostŠrixh enhmerŤsewn se perŢptwsh tropopoiŠsewn.

A.0.1 SunartŠseic elŚgqou tŰpwn

A.0.1.1 isMetaclass, isClass, isProperty

DedomŚnou Şti oi mŞnec metaklŘseic pou upŘrqoun eŢnai oi Class, Property, h sunŘrthsh autŠ eŢnai tetrimmŚnh. ExŘllou, oi sunartŠseic isClass, isProperty elŚgqoun an to ŞrismŘ touc eŢnai to Şnoma miac klŘshc/idiŞthtac pou Śqei oristeŢ se kŘpoio sqŠma RDF. OusiastikŘ isodunamoŰn me Śna Ślegqo gia thn Űparxh - Š mh - tou onŞmatoc sth sqŚsh Class/Property. Oi sunartŠseic autŚc mac parŚqoun Şlh thn epijumhtŠ leitourgikŞthta gia ton Ślegqo tŰpwn leitourgiŤn sŘrwshc (me metablhtŚc sqŠmatoc gia tic metaklŘseic kai dedomŚnwn gia klŘseic kai idiŞthtec). KatŘ ton Ślegqo tŰpwn, me bŘsh th jŚsh enŞc onŞmatoc se mŢa erŤthsh, epilŚgoume na kalŚsoume thn katŘllhlh apŞ tic parapŘnw sunartŠseic.’Etsi, gia parŘdeigma, sthn erŤthsh:

select X, Y
from {X}creates{Y}

arkeŢ na elŚgxoume an to Şnoma creates antistoiqeŢ se mŢa idiŞthta. An Şqi, tŞte o Ślegqoc tŰpwn epistrŚfei lŘjoc. EidŘllwc, jŚtoume ton tŰpo thc leitourgŢac autŠc se “Property” kai suneqŢzoume ton Ślegqo tŰpwn thc erŤthshc.

A.0.1.2 isBag, isSeq, isAlt

ElŚgqontac thn antŢstoiqh sqŚsh, h sunŘrthsh autŠ apantŘ an to ŞrismŘ thc antistoiqeŢ sto Şnoma thc antŢstoiqhc sullogŠc RDF. EŢnai aparaŢthtec gia ton Ślegqo tŰpwn se leitourgŢec pou epitrŚpontai mŞno se sullogŚc (prŘxeic metaxŰ sullogŤn, telestŠc ‘‘[]’’ se lŢstec klp.) kajŤc kai se leitourgŢec sŘrwshc (kajŤc autŚc mporoŰn na gŢnoun mŞno se sullogŚc, eidikŚc periptŤseic twn opoŢwn eŢnai oi sullogŚc stigmiotŰpwn klŘsewn kai idiotŠtwn).

subclassesof text *subclassesof(int4 x) Description Computes the subclasses of class x. Returns The name of a table containing all subclasses of x (text is an internal Postgres type, containing a char * with the string value and an integer, holding the length of the string) Parameters x: the integer id for the corresponding class (internal class name encoding) Algorithm Computes the transitive closure of the subclass relation on the subclass attribute, starting from the given class. Stores the result in a temporary relation (table) and returns the name of that table. The name of the table depends on the name of the class and so, if the required subclass tree has already been computed in the same transaction, the name of the table is returned without any computation.

superclassesof text *superclassesof(int4 x) Same as subclassesof, computing the superclasses of a given class x.

subpropertiesof text *subpropertiesof(int4 x) Same as subclassesof, computing the subproperies of a given property x (according to the subproperty table) superpropertiesof text *superpropertiesof(int4 x); Same as subpropertiesof, computing the superproperties of a given property x.

issubclassof bool issubclassof(int4 x, int4 y) Description Checks if x is a subclass of Y

Returns true or false (postgres values for the type boolean) Parameters x, y: the integer ids for the corresponding classes (internal class name encoding) Algorithm Starts from the supposed subclass (x) and computes the transitive closure according to the superclass relationship (bottom-up), using the δ − wavefront algorithm. Stops computing if y is found (returning true) or if the whole closure is computed and y is not found (returning false).

issuperclassof bool issuperclassof(int4 x, int4 y) Same as issubclassof, checking if x is a superclassof y. Equivalent with issubclassof(y, x)

issubpropertyof bool issubpropertyof(int4 x, int4 y) Same as issubclassof, for properties x, y (internal property name encoding). Also starts computing from the bottom of the hierarchy (the supposed subclass), looking for the supposed superclass in the transitive closure.

issuperpropertyof bool issuperpropertyof (int4 x, int4 y) Equivalent to issubpropertyof(y, x)

class RqlDatabase: public PgDatabase Fields PgTransaction *trans A handle to the transaction between the interpreter and the database server.

Constructor/destructor RqlDatabase(char *db) Description Connects to the Postgres server, calling the constructor of its superclass (PgDatabase). Creates a new PgTransaction (trans).

Parameters char *db: the options needed for the constructor of PgDatabase. It is actually a string encoding for the list of parameters it accepts. For example: “dbName=odp test, host=athena.ics.forth.gr, port=7777”

RqlDatabase();

Description Aborts the transaction and closes the connection with the Postgres server.

Methods SubClassesOf char *SubClassesOf(int x) Description Computes the subclasses of class x and returns the name of the table containing the result. Actually sends an SQL query, using the aforementioned SPI function subclassesof: select subclassesof(x) Parameters x: the integer id for the corresponding class (internal class name encoding)

Returns The name of a temporary table storing all the names of the subclasses of x (including x)

SubPropertiesOf char *SubPropertiesOf(int x) Description Same as SubClassesOf, for subproperties. Uses the SPI function subpropertiesof: select subpropertiesof(x)

isSubClassOf int isSubClassOf(int x, int y) Description Checks if x is a subclass of y. Actually sends the query: select issubclassof(x, y)

Returns TRUE if the query returns true or FALSE otherwise (internal interpreter defines)

isSubPropertyOf int isSubPropertyOf(int x, int y); Description Same as isSub- ClassOf for properties, using the query: select issubpropertyof(x, y) (see SPI functions above)

isInstanceOf int isInstanceOf(char *uri, int c) Description Checks if the resource, identified by uri, is a proper instance of the class with id c.

isClass int isClass(char *c) Description Checks if the string c is a name of a class Returns The internal integer id of the corresponding class or 0, if c is not a class name

Algorithm Counts the results of the query: select id from class where lname=’c’ isProperty int isProperty(char *p); Description Checks if the string p is a name of a property

Returns The internal integer id of the corresponding property or 0, if p is not a property name

Algorithm Counts the results of the query: select id from property where lname=’p’

isBag int isBag(char *c) Description Checks if the string c is a name of a bag isSeq int isSeq(char *c) Description Checks if the string c is a name of a sequence getDomainOf int getDomainOf(int p) Description Returns the domain class of a property

Returns The internal id of the domain class or 0 if something went wrong Parameters p: the internal id of a property.

getRangeOf int getRangeOf(int) Same as getDomainOf, for the range of a property

DB scan open PgCursor *DB scan open(Ql res res) Description Opens a new scan on a collection.

Returns A PgCursor handle (Postgres class) to the corresponding cursor Parameters Ql res res: A structure, containing a union of a string value (for the case of the collections “Class” and “Property”, and an integer value (the internal integer id of a class or a property)

Algorithm Sends an sql query as: declare mycursor cursor for select * from (t¡id¿ClassProperty)

DB scan next int DB scan next(PgCursor *c, Ql scanop *s) Description Fetches the next tuple of the collection and moves the cursor forward, to proceed with the scan Returns OK if everything was ok, or KO if the scan reached the end of the collection.

Parameters PgCursor *c: the cursor to be used Ql scanop *s: the scan operation of the interpreter, referring to the cursor c.

Algorithm The result tuple fetched is stored (as a list of values) in the result field of this operation. It contains: 1 string value, if the collection is a class 2 string values, if the collection is a property (source, target pairs) 1 integer value, if the collection is the Metaclass “Class” 3 integer values, if the collection is the Metaclass “Property” (a property id and the ids of its domain and range classes)

DB scan close int DB scan close(PgCursor *c); Description Destroys a cursor. Used when a scan operation on a collection is finished (and the cursor is not useful anymore) (Note: the PgCursor destructor has a bug, and we can’t destroy cursors...).

Returns OK if everything was OK, KO otherwise Parameters c: The handle of the cursor to be destroyed createResult int createResult(char *rname, int t) Description Creates a table in the database in order to store the results of a query.

Returns OK if everything was ok, KO otherwise Parameters rname: the name of the table to be created (should be unique for everything to work properly) t: The list of types (kinds) of the variables in the result (unions?)

appendResult int appendResult(char *rname, char *tuple, int num) Description Appends a tuple in the result of a query.

Returns Ok if everything was ok, KO otherwise Parameters rname: the name of the result table tuple: the tuple, encoded as a string (list of values) num: the number of attributes of the table (number of variables in the result)

Algorithm Stores tuples in a temporary buffer (in main memory), for efficiency. When the buffer is full, it flushes its contents in the table with name rname in the database.

destroyResult int destroyResult(char *rname) Drops a table. Used to drop a table - created in order to store the results of a query - is not needed anymore.

Returns Ok if everything was ok, KO otherwise Parameters rname: the name of the table to be destroyed getNameFromId char *getNameFromId(int id, int kind) Description Gets the name of a schema construct, using its internal id.

Returns The name (string) of the corresponding class or property (or literal etc ...)

Parameters: id: the internal id kind: the type of the construct (QL CLASS or QL PROPERTY) ;

BibliografŢa

[ABS99] S. Abiteboul, P. Buneman, and D. Suciu. Data on the Web: From Relations to Semistructured Data and XML. Morgan Kaufmann, 1999.

[ACC^+97] S. Abiteboul, S. Cluet, V. Christophides, T. Milo, G. Moerkotte, and J. Siméon. Querying Documents in Object Databases. International Journal on Digital Libraries, 1(1):5–18, April 1997.

[AF99] B. Amann and I. Fundulaki. Integrating Ontologies and Thesauri to Build RDF Schemas. In ECDL-99: Research and Advanced Technologies for Digital Libraries, Lecture Notes in Computer Science, pages 234–253, Paris, France, September 1999. Springer-Verlag.

[AHV95] Serge Abiteboul, Richard Hull, and Victor Vianu. Foundations of Databases. Addison-Wesley, 1995.

[AK89] S. Abiteboul and P. Kanellakis. Object Identity as a Query Language Primitive. In Proceedings of ACM SIGMOD Conf. on Management of Data, pages 159–173, Portland, OR., June 1989.

[Ale00] S. Alexaki. ApojŠkeush metadedomŚnwn rdf gia koinŞthtec diadiktŰou, me th qrŠsh sqesiakŤn bŘsewn dedomŚnwn. Master’s thesis, TmŠma EpistŠmhc UpologistŤn, Pan. KrŠthc, 2000.

[AM98] G.O. Arocena and A.O. Mendelzon. WebOQL: Restructuring Documents, Databases and Webs. In Proceedings of ICDE ’98, Orlando, Florida, 1998.

[AQM^+97] S. Abiteboul, D. Quass, J. McHugh, J. Widom, and J. Wiener. The

Lorel Query Language for Semistructured Data. International Journal on Digital Libraries, 1(1):68–88, April 1997.

[ASR94] B. Amann, M. Scholl, and A. Rizk. Querying typed hypertexts in multicard/O2. In Proceedings of the ECHT’94 European Conference on Hypermedia Technologies, Papers, pages 198–205, 1994.

[ASR95] B. Amann, M. Scholl, and A. Rizk. Schema-based authoring and querying of large hypertexts. International Journal of Human-Computer Studies, 43(3):281–299, 1995.

[AYJLS00] S. Amer-Yahia, H. Jagadish, L. Lakshmanan, and D. Srivastava. On bounding-schemas for ldap directories. In Carlo Zaniolo, Peter C. Lockemann, Marc H. Scholl, and Torsten Grust, editors, Advances in Database Technology - EDBT 2000, 6th International Conference on Extending Database Technology, Konstanz, Germany, March 27-31, 2000, Proceedings, volume 1777 of Lecture Notes in Computer Science, pages 287–301. Springer, 2000.

[BDS95] P. Buneman, S.B. Davidson, and D. Suciu. Programming Constructs for Unstructured Data. In Proceedings of International Workshop on Database Programming Languages, Gubbio, Italy, 1995.

[BDS98] D. Brickley, S. Decker, and J. Saarela. Classification Schema Mapping: a simple demonstration using RDFIE and SiRPAC, 1998. Available at http://purl.org/net/rdf/papers/classmap.

[BFM98] T. Bray, C. Frankston, and A. Malhotra. Document content description for xml. W3C Note, July 1998. Available at http://www.w3.org/TR/- NOTE-dcd.

[BFP98] V.R. Benjamins, D. Fensel, and A. Gomez Perez. Knowledge management through ontologies. In Proc. of the Second Int. Conf. on Practical Aspects of Knowledge Management (PAKM’98), Basel, Switzerland, October 1998.

[BG00] D. Brickley and R.V. Guha. Resource Description Framework (RDF) Schema Specification. W3C Candidate Recommendation, March 2000. Available at http://www.w3.org/TR/rdf-schema.

[BHL99] T. Bray, D. Hollander, and A. Layman. Namespaces in XML. W3C Recommendation, January 1999. Available at http://www.w3.org/- TR/REC-xml-names.

[Bid91] N. Bidoit. Bases de Données Déductives (Présentation de Datalog). Armand Colin, Paris, 1991.

[BLFIM98] T. Berners-Lee, R. Fielding, U.C. Irvine, and L. Masinter. Uniform Resource Identifiers (URI): Generic Syntax. IETF-RFC2396, August 1998.

[BPS98] T. Bray, J. Paoli, and C.M. Sperberg-McQueen. Extensible markup language (XML) 1.0. W3C Recommendation, February 1998. Available at http://www.w3.org/TR/REC-xml/.

[CACS94] V. Christophides, S. Abiteboul, S. Cluet, and M. Scholl. From Structured Documents to Novel Query Facilities. In Proc. of ACM SIG- MOD Conf. on Management of Data, pages 313–324, Minneapolis, Minnesota, May 1994.

[Car88] L. Cardelli. A semantics of multiple inheritance. Information and Computation, 76(2/3):138–164, 1988.

[CB97] R.G.G. Cattell and D. Barry. The Object Database Standard ODMG 2.0. Morgan Kaufmann, 1997.

[CCD^+99] S. Ceri, S. Comai, E. Damiani, P. Fraternali, S. Paraboschi, and L. Tanca. XML-GL: a Graphical Language for Querying and Restructuring XML Documents. In Proceedings of International World Wide Web Conference, Toronto, Canada, 1999.

[CCM96] V. Christophides, S. Cluet, and G. Moerkotte. Evaluating Queries with Generalized Path Expressions. In Proc. of ACM SIGMOD Conf. on Management of Data, pages 413–422, Montreal, Canada, June 1996.

[CCS00] V. Christophides, S. Cluet, and J. Siméon. On Wrapping Query Languages and Efficient XML Integration. In Proceedings of ACM SIG- MOD Conf. on Management of Data, Dallas, TX., May 2000.

[CD99] J. Clark and S. DeRose. XML Path Language (XPath). W3C Recommendation, November 1999. Available at http://www.w3.org/TR/- xpath.

[CDSS98] S. Cluet, C. Delobel, J. Siméon, and K. Smaga. Your Mediators Need Data Conversion! In Proceedings of ACM SIGMOD Conf. on Management of Data, pages 177–188, Seattle, WA., June 1998.

[CGH^+94] S. Chawathe, H. Garcia-Molina, J. Hammer, K. Ireland, Y. Papakonstantinou, J. Ullman, and J. Widom. The TSIMMIS Project: Integration of heterogeneous information sources. In IPSJ, Tokyo, Japan, October 1994.

[DBSA98] S. Decker, D. Brickley, J. Saarela, and J. Angele. A query and inference service for rdf. In W3C Query Languages Workshop, Cambridge, Mass., 1998.

[DC98] M. Doerr and Nick Crofts. Electronic Communication on Diverse Data - The Role of an Object-Oriented CIDOC Reference Model. In CIDOC’98 Conference, Melbourne, Australia, October 1998.

[DC00] D. Florescu D. Chamberlin, J. Robie. Quilt: An xml query language for heterogeneous data sources. In WebDB’2000, pages 53–62, Dallas, US., May 2000.

[DFF^+99] A. Deutsch, M.F. Fernandez, D. Florescu, A. Levy, and D. Suciu. A Query Language for XML. In Proceedings of the 8th International World Wide Web Conference, Toronto, 1999.

[DJM00] S. DeRose, R. Daniel Jr., and E. Maler. XML Pointer Language (XPointer). W3C Canditate Recommendation, July 2000. Available at http://www.w3.org/TR/xptr.

[DM99] L. Delcambre and D. Maier. Models for superimposed information. In P. P. Chen, D. W. Embley, J. Kouloumdjian, S. W. Liddle, and J. F. Roddick, editors, Advances in Conceptual Modeling: ER ’99 Workshops on Evolution and Change in Data Management, Reverse Engineering in Information Systems, and the World Wide Web and Conceptual Modeling, Paris, France, November 15-18, 1999, Proceedings, volume 1727 of Lecture Notes in Computer Science, pages 264–280. Springer, 1999.

[DMOT00] S. DeRose, E. Maler, D. Orchard, and B. Trafford. XML Linking Language (XLink). W3C Candidate Recommendation, July 2000. Available at http://www.w3.org/TR/xlink.

[FA99] C. Finkelstein and P. Aiken. Building Corporate Portals using XML. McGraw-Hill, 1999.

[FDES98] Dieter Fensel, Stefan Decker, Michael Erdmann, and Rudi Studer. Ontobroker: Or How to Enable Intelligent Access to the WWW. In Proceedings of the 11th Workshop on Knowledge Acquisition, Modeling, and Management, Banff, Canada, April 1998.

[FFK^+97] M.F. Fernandez, D. Florescu, J. Kang, A.Y. Levy, and D. Suciu. System Demonstration - Strudel: A Web-site Management System. In Proceedings of ACM SIGMOD Conf. on Management of Data, Tucson, AZ., May 1997. Exhibition Program.

[Fos97] D.J. Foskett. Theory of clumps. In K. Sparck Jones and P. Willett, editors, Readings in Information Retrieval, pages 111–134. Morgan Kaufmann, 1997.

[GLMB98] R. V. Guha, O. Lassila, E. Miller, and D. Brickley. Enabling inference. In W3C Query Languages Workshop, Cambridge, Mass., 1998.

[Guh96] R.V. Guha. Meta Content Framework, 1996. http://www.guha.com/- mcf/mcf spec.html.

[Guh00] R.V. Guha. RDFdb, 2000. Available at http://web1.guha.com/rdfdb/.

[JLM^+99] H. Jagadish, L. Lakshmanan, T. Milo, D. Srivastava, and D. Vista. Querying network directories. In Alex Delis, Christos Faloutsos, and Shahram Ghandeharizadeh, editors, SIGMOD 1999, Proceedings ACM SIGMOD International Conference on Management of Data, June 1- 3, 1999, Philadephia, Pennsylvania, USA, pages 133–144. ACM Press, 1999.

[KKS92] M. Kifer, W. Kim, and Y. Sagiv. Querying object-oriented databases. In Proceedings of the ACM SIGMOD International Conference on Management of Data, pages 393–402, 1992.

[KL89] M. Kifer and G. Lausen. F-logic: A higher-order language for reasoning about objects, inheritance, and scheme. In Proceedings of ACM SIGMOD Conf. on Management of Data, volume 18, pages 134–146, Portland, Oregon, June 1989.

[KS] G.M. Kuper and J. Siméon. Subsumption for XML Types. To appear in the International Conference on Database Theory (ICDT 2001), January 2001, London, UK.

[LJM^+98] A. Layman, E. Jung, E. Maler, H.S. Thompson, J. Paoli, J. Tigue, N.H. Mikula, and S. De Rose. XML-Data. W3C Note, January 1998. Available at http://www.w3.org/TR/1998/NOTE-XML-data.

[LLJ96] C. Lagoze, C.A. Lynch, and R. Daniel Jr. The Warwick Framework: A Container Architecture for Aggregating Sets of Metadata. Technical Report 1593, Cornell University, June 1996. Available at http://cstr.cs.cornell.edu/Dienst/UI/2.0/Describe/ncstrl.cornell/TR96-1593.

[LS99] O. Lassila and R. Swick. Resource Description Framework (RDF) Model and Syntax Specification. W3C Recommendation, February 1999. Available at http://www.w3.org/TR/REC-rdf-syntax.

[LSS96] L.V.S. Lakshmanan, F. Sadri, and I.N. Subramanian. SchemaSQL - a language for interoperability in relational multi-database systems. In Proceedings of International Conference on Very Large Databases (VLDB), pages 239–250, Bombay, India, September 1996.

[MD99] D. Maier and L. Delcambre. Superimposed information for the internet. In ACM SIGMOD Workshop on The Web and Databases Philadelphia, Pennsylvania, June 3-4, pages 1–9, 1999.

[Mil96] J. Miller. PICS Label Distribution Label Syntax and Communication Protocols, v1.1. W3C Recommendation, October 1996. Available at http://www.w3.org/PICS.

[MM00] M. Maloney and A. Malhotra. XML schema part 2: Datatypes. W3C Working Draft, April 2000. Available at http://www.w3.org/TR/- xmlschema-2/.

[MMA99] G. Mecca, P. Merialdo, and P. Atzeni. Araneus in the Era of XML. Bulletin of IEEE Computer Society Technical Committee on Data Engineering, 1999.

[MMM96] A.O. Mendelzon, G.A. Mihaila, and T. Milo. Querying the World Wide Web. In Proceedings of the Parallel and Distributed Information Systems, Orlando, Florida, 1996.

[Mom00] B. Momjian. PostgreSQL: Introduction and Concepts. Addison-Wesley, 2000.

[MR93] I.S. Mumick and K.A. Ross. Noodle: A Language for Declarative Querying in an Object-Oriented Database. In Proceedings of International Conference on Deductive and Object-Oriented Databases (DOOD), pages 360–378, Phoenix, Arizona, December 1993.

[MS98a] A. Malhotra and N. Sundaresan. Rdf query specification. In W3C Query Languages Workshop, Cambridge, Mass., 1998.

[MS98b] M. Marchiori and J. Saarela. Query + metadata + logic = metalog. In W3C Query Languages Workshop, Cambridge, Mass., 1998.

[PGU96] Y. Papakonstantinou, H. Garcia-Molina, and J. Ullman. MedMaker: A Mediation System Based on Declarative Specifications. In Proceedings of IEEE International Conference on Data Engineering (ICDE), pages 132–141, New Orleans, LA., February 1996.

[PGW95] Y. Papakonstantinou, H. Garcia-Molina, and J. Widom. Object Exchange Across Heterogeneous Information Sources. In Proceedings of IEEE International Conference on Data Engineering (ICDE), pages 251–260, Taipei, Taiwan, March 1995.

[QHK91] G. Qadah, L. Henschen, and J. Kim. Efficient Algorithms for the Instantiated Transitive Closure Queries. IEEE Transactions on Software Engineering, 17(3):296–309, 1991.

[R4J] IBM’s RDF for Java package. http://www.alphaworks.ibm.com/- formula/rdfxml/.

[RDF] Some proposed RDF APIs.

GINF: http://www-db.stanford.edu/~melnik/rdf/api.html, RADIX: http://www.mailbase.ac.uk/lists/rdf-dev/1999-06/0002.html, Netscape Communicator: http://lxr.mozilla.org/seamonkey/source/- rdf/base/idl/, RDF for Java: http://www.alphaworks.ibm.com/formula/rdfxml/.

[Rob99] J. Robie. XQL (XML Query Language), 1999. http://metalab.unc.edu/xql/xql-proposal.html.

[SBM99a] M. Stonebraker, P. Brown, and D. Moore. Object-Relational DBMSs: Tracking the next great wave. Morgan-Kaufmann, San Francisco, 1999.

[SBM99b] M. Stonebraker, P. Brown, and D. Moore. Object-Relational DBMSs: Tracking the next great wave. Morgan-Kaufmann, San Francisco, 1999.

[SJGP90] M. Stonebraker, A. Jhingran, J. Goh, and S. Potamianos. On Rules, Procedures, Caching and Views in Database Systems. Technical Report UCB/ERL M90/36, University of California, Berkeley, 1990.

[TBMM00] H.S. Thompson, D. Beech, M. Maloney, and N. Mendelsohn. XML schema part 1: Structures. W3C Working Draft, April 2000. Available at http://www.w3.org/TR/xmlschema-1/.

[Wei96] S. Weibel. A proposed convention for embedding metadata in html. W3C Technical Report, June 1996. Available at http://www.w3.org/- Search/9605-Indexing-Workshop/ReportOutcomes/S6Group2.

[WMD95] S. Weibel, J. Miller, and R. Daniel. Dublin Core. In OCLC/NCSA metadata workshop report, 1995.