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AHHOTaNUA

Mopens pannbix RDF mnpeanasnauena st
ONHCAaHUS PECYpPCOB NPOU3BOJILHOIO BHIA B
OTKPBITOW HMH(DOPMAIIMOHHOW cpefie W UX
naeHtudukanu B Hel. [Ipu pemeHun 3amadq
HaJl  MHOXXECTBCHHBIMH  HEOIHOPOIHBIMHU
WHQOPMAIMOHHBIMA pPECypcaMd BO3HHKAET
HE00X0TUMOCTh HCTIOJIB30BaTh JaHHEIE,
MpelCTaBJICHHbIE B JaHHON Mojenu. B crtatbe
PaCcCMOTpPEHBI  MOAXOJBl K  OTOOPaKCHUIO
mojenu gaHHeIXx RDF u comyrctByromux eit
s3pik0B RDF-Schema u  SPARQL B
obvekTHyl0  Moxenb  s3pika CHUHTES,
HCIIOJIb3YEMOI'0 B KauecTBEe YHH(DHUIUpYIOIIEH
WHQOPMAIMOHHOW MOIETN TpPH HHTETPALUN
MHO>KECTBEHHBIX HEOTHOPOIHBIX
HH(POPMAITHOHHBIX pecypcoB B
WHQOPMALMOHHBIE CHCTEMBI, CO3/1aBacMble Ha
OCHOBE TEXHOJIOTHH MIPEIMETHBIX
MOCPETHUKOB. [pennoxen TOJTXOI,
YUHUTHIBAIONTU T BBHISIBJICHHE CEMaHTHKHU
nanHbix RDF u cxembl naHHBIX B ciiy4ae e€
MIPUCYTCTBUSL.

Paboma evinonnena npu nodoepoicke PODOU
(epaumer  11-07-00402-a, 13-07-00579-a) u
Ipesuouyma PAH (npoepamma 1611, npoexm
4.2).

1 BBenenue

HccnenoBanus, MOCBAIMIEHHBIE PEIICHUIO HAYYHBIX
3amad  HAJ  MHOXXECTBEHHBIMH  HEOIHOPOTHBIMHU
HHPOPMAITMOHHBIMHA pecypcamu, BKITIOYAOT
pa3paboTKy  TPEAMETHBIX  TOCPEIHHKOB [14].
[TpeaMeTHBIN TOCPEIHUK ONpEENAeTCs: KAHOHMYECKOH
YHUQHUUIUPYIOWIEH MOJeNIbI0 JIaHHBIX, HE00XOJUMOM
JUIl  ONHOPOJHOTO MpeAcTaBieHUs HWHpopManuu u
MaHUIYJIMPOBAHUS €10; CHEeUU(PHUKALUSIMHA OHTOJIOTHH,
ONKUCHIBAIOLIEH NPEAMETHYIO O00JacTh IIOCPEIICTBOM
MOHATUM, U KOHLENTYalbHOM CXEMBbI, ONpPEIEISIOIEH

Tpyast 15-ii Bcepoccuiickoii Hay4yHO#l KoH(pepeHIIH
«JJIeKTPOHHbIE OHOJIMOTEKH: MePCHeKTHBHBbIE METOABI H
TEXHOJIOTHH, JIeKTPOHHbIe KoJulekuum» — RCDL-2013,
Spocaasasb, Poccust, 14-17 okrsiopst 2013 r.

CTPYKTYpPY W TOBeJIeHHE WH()OPMAIMOHHBIX OOBEKTOB
npeJMETHOW 0o0JIacTH B TepMHHAX KaHOHHYECKOM
MOJIeNId;  HaOboOpoM  HMHGOPMAIMOHHBIX  PECYPCOB,
MHTETPUPOBAHHBIX B IIPEIMETHYIO 00J1aCTh.

Jns uaTerpanuu UHOOPMALKMOHHBIX PECYpCOB B
crnenu(UKAIUI0 [PEIMETHON O0O0JIACTH TOCPEIHHUKA
MOJeIn JaHHBbIX, B KOTOPBIX peACTaBIICHBI
uHTepeich nH(OPMaIMOHHBIX pecypcos,
OTOOpaXarOTC B YHHPHUIUPYIOIIYI0 KAHOHHYECKYIO
MOJIETIb TOCPETHHUKA, a MOCie OTOOpaKEHHs MOJelei
JaHHBIX CXEMblI JAaHHBIX PECYPCOB B KaHOHHUYECKOH
MOJIETIH OTOOPaKArOTCS B CreU(DUKAIMU MPEIMETHOM
obmactu. OToOpaxeHHE CXEM MPEICTaBIICTCS B BHIC
B3MUISIOB HAJl KOHIENTYaJbHOW CXEMOW MpeaMEeTHOM
00J1aCTH MOCPEIHUKA.

Kanonundeckass Mojeidb MOCPEAHHUKA IPEACTABISACT
co0OM sIIpO, B KAYECTBE KOTOPOTO HCIIOIB3YCTCS
pacumpsieMasi MOJIelTb TAHHBIX, OINpe/esieMas I3bIKOM
CUHTE3 [8], u Habop pacimmpeHHii B TEpMUHAX sapa,
COOTBETCTBYIOIITMX  MOJEISIM  HHTETPHUPYEMBIX B
MOCpPeTHUK MH()OPMAIMOHHBIX pecypcoB. Pa3paboTka
KaHOHMYCCKOH MOJIENH  TOCPEIHUKA COCTOMT B
yHH(UKAaUU ~ MOJAeNeH, TpPH  KOTOPOH  MOJICITU
WH(POPMAIMOHHBIX PECYPCOB OTOOpaKaIOTCS B SIPO
KaHOHMYECKOH Mojenu, ¥  (QOPMHPYIOT  HOBEIE
pacmpeHusi, 1100 OTOOpaXKaroTcs B CYMIECTBYIOIINE
[71.

HeomHOpoaHOCTE  WH(POPMALMOHHBIX  PECYPCOB,
KOTOpBIE MOTYT OBITh WHTETPHUPOBAHBI B IPEIMETHEHIC
MTOCPENHUKH, IOHUMAETCs MIpoko. OHa BKIIFOYAET Kak
HEOTHOPOIHOCTh Ha YPOBHE CXEM, TaK M IPaKTHICCKH
MPOM3BOJIEHBIE MOJENH MaHHBIX. [loMmMO MeTomOB
0TOOpakeHH B KAHOHUYIECKYIO MOJIENb TPaJIUIIHOHHBIX
MojieNnel JTaHHBIX, TAKNX KaK OOBEKTHAS U PEIIIHOHHAS
MOJICJIM, B TOCJIETHEEe BpeMs OBUIM PACCMOTPEHBI
HNPUHIUNE OTOOPaKEHHS B KAHOHHYECKYI0 MOJENb
Pa3INIHbIX MECPCHECKTUBHBIX MOﬂeHeﬁ JaHHBIX,
BKJIIOYasl CEPBHCHI, OHTOJNOTHUYecKHe Momend [18],
MOJIEJIM MHOTOMEPHBIX MacCHBOB MaHHBIX [16], Mogenu
6a3 gamueix NoSQL [15]. PaccmarpuBaroTcs Takke
rpadossie mozenu [17].

Emé opHol mIMPOKO HCMOIB3YyeMOW MOMACIBIO
NaHHBIX  sBissercs  moxens  RDF  [rdf].  Omna
WCTIONB3YETCS IS ONHCAHHS PECYPCOB IMPOU3BOIBLHOTO
BHJa B OTKPHITOH MH(GOPMAIMOHHOW cpesie, a TaKkXkKe B
Ka4yecTBe 6a30Boii MOJIeNU B MPOEKTaxX



Cemantnyeckoro Beba. B ocHoBe Mopenu nexar
TPUIUIETHl «CYOBEKT-IIPEIUKAT-00BEKT», MOCPEICTBOM
KOTOPBIX OTMCHIBAIOTCS PECYPCHI.

RDF sBnsieTcss pa3HOBHIHOCTBIO TpadoBOil MoIeH
JIAaHHBIX, B KOTOPOH CYOBEKTBHI W OOBEKTHI SIBISIIOTCS
y3/amu, a IIpeIUKaThI - HanpaBJICHHBIMHI
UMEHOBaHHbBIMU  pEOpamu. OJHAKO OTHOCHUTEIHHO
rpadoB mozxens RDF npusHOCHT cBoto cniennduky. Bo-
NepBBIX, HOcpeAcTBOM Hucnosb3oBanud URI  ona
ompenenseT rIo0aTbHYI0 WICHTU(DHUKAIIMIO PECypCOB B
OTKPBITOM HMH(OPMALMOHHOM NPOCTpaHCTBE. Bo-
BTOPBIX, MOZIEb SIBJISICTCSl pacmmpseMoi. 3a pédpamu
RDF-rpadhoB  MOXeT  CKpBIBaThCSA  OMpeneNEHHAs
CEMaHTHKa B 3aBUCUMOCTH OT UCIIOJIb3YEMBIX CIIOBAPEH.
B uactHocTn, RDF-Mozmenp ucnonb3yercss B KauecTBe
Oazuca pacmupsiomux e€ Mojelieil, B KOTOPBIX
IIpeoNpeaeNieHsl MpeaUKaThl, HECYyIIHe KOHKPETHYIO
CEMaHTHKY 3JIEMEHTOB Mojenei. B-TpeTbux, B Moaenu
RDF npenycMoTpeHbl IpaBMila BbIBOJA HESIBHBIX
CBs3el, KOTOpBIE TaKXKE ONPEHEISIOT UX CEMAHTUKY
JJIEMEHTOB MoJend. B 3aBuCHMOCTH OT cioBapew,
OTIPECTISIONINX CEMAaHTHUKY ONHMCaHWH, HabOp NpaBMII
BBIBOJA TaKXKe€ MOXET paciuuparscs. Bee ot
OCOOCHHOCTH  OTpPaXalOTCsl ~ HAa  TOAXOAaX K
O0TOOpa)XKEHHIO JaHHOH MOJENM B KAaHOHHYECKYIO
MOJIeNIb TIPEIMETHBIX IMOCPEIHUKOB. TakuMm o0Opaszom,
Mozenp JaHHblx RDF  3aciayxuBaer  oTHEenbHOrO
paccMOTpeHuUs.

C wmopgensto RDF Hepa3pbIBHO CBsI3aHBI MOJIENb
RDF-Schema [2], npenmocraBmsiromiass — cpeacTBa
ompeneneHuss cxem JaHHbIX g RDF-omucanuii, a
Takke s3blK 3anpocoB SPARQL [3], ocHoBaHHBIN Ha
WCTIONIb30BAHUN TPHUIUIETOB B 3ampocax. dakTmuecku
OHM BMECTE OTPEACIAIOT OOOTAMEHHYI0 MOETH
JTAaHHBIX, BKJIIOYAIONIYIO S3BIKU ONpPEAeNICHHs TaHHBIX U
MaHUITYJINPOBaHUS JaHHBIMH, JJIS ONMUCAHUN B MOAEITH
RDF. ITomumo storo, moaens RDF sBmseTcst 6azucom
JUTS IPYTUX MoJienedt aHHbIX. B yacTHOCTH, si351k OWL
[1] co ompenenéHHBIMU CEMAHTUKOW U HAOOPOM MPABHIT
BBIBO/Ia, B OJTHOM U3 CBOMX CHHTAKCHCOB OCHOBBIBACTCS
Ha RDF, u nanusie, npeacraBineHHsle B Mogenu OWL,
obperatot Bun RDF-pecypcos.

Jannsle RDF moryt ObiTh pacnpesneneHsl B Bebe u
MIPECTABIITECA B OTKPBITOM Cpejie B BUJE JTOKYMEHTOB,
CT€HEPHUPOBAaHHBIX B COOTBETCTBUM C OJHHUM U3
CHUHTAKCHUCOB, npeacTaBisieMbix 1 mogenu RDF. [{ns
IIONCKAa  JAHHBIX  CHOyXaT  CIeUUaIN3UPOBaHHbIC
IIONCKOBBIE MEXaHU3MBl, oOOpaleHue K KOTOPBIM
BO3MOXHO ¢ momotipio si3bika SPARQL [3]. C apyroii
CTOPOHBI, JUIsl XpaHeHuss W ManumnyiupoBanus RDF-
ONHCAaHWSAMH pa3padoTaH psI CHEIHATH3HUPOBAHHBIX
XpaHWIMIL. BOJBIIMHCTBO K3 HUX HCHOJIb30BAIH
PEIIUOHHBIE OTHOIICHUS ISl MPEICTaBIeHUs rpadon
n tpumieroB B Hux. Cerogus RDF-xpanummma
HCTIONB3YIOT KOJIOHOYHYIO OPTaHU3aIMI0 XPaHEHHS
TPUILUIETOB W T'OPU3OHTAIbHOE Maciutabuposanue [6].
I[Tomumo 53TOrOo, MHOXECTBO TIPOCKTOB B Bebe
npenoctaisiioT API-mHTepdeiic Kk cBOMM HaHHBIM B
Buzae RDF B cooTBeTcTBUM ¢ onpenenéHHON cxemoil u
Touek goctyna SPARQL.

Takum 00pa3oM, HHPOPMAIMOHHBIMU PECYpPCaMU C
manabiMu  RDF, wHTErpupyeMbIMH B TIpEJIMETHBIC
TTOCPEHNKH, MOTYT CTaHOBUTHCS IOMCKOBBIE
MexaHm3Mbl ¢ Toukamm noctyna SPARQL obmero
HazHaueHusi, RDF-xpammnuma win BeO-mpoekTs ¢
API, npencrasnsromuM gaHabie B Buae RDF.

[pasuna BeiBoAa [2] Hax RDF-omucanusiMu MOryT
mpopadaTeiBaTh B Pa3HOE BpEeMs B 3aBHCHMOCTH OT
CUCTEMBI M CcooOpaxeHH 3¢P¢PeKTUBHOCTH. OOBIYHO
OHM TPUMEHAIOTCS TpH OOHOBICHHWH MJAaHHBIX JUIA
obecriedeHnss 3(PPEKTHBHOCTH 3alPOCOB, OJHAKO OHH
MOTYT BBI3BIBATHCS M TIPH BBHITIOJIHEHUH 3aIIPOCOB, SCITH
obecriedeHre CKOPOCTH OOHOBIICHHS NAHHBIX Ba)KHEE
CKOpPOCTH BBbINIOJNIHEHUS 3arpocoB. Hekoropreie RDEF-
XpaHWINIIA MOTYT HE  MOIJCPKUBATh  BBIBOJ,
OTKJIIIOYaTh  €ro, oOecrneunBaTb BBIBOJ  TOJBKO
noJMHoXecTBa npasuil. CocTaB MPaBUIl MOKET OBITh U
pacimupeH, HampuMmep, 3a C4Y€T  HCIHOJIb30BAHUSA
MpPOM3BOAHBIX Momene, Takux kak OWL [1]. Ilpwu
WHTETPAIUH WH(POPMAITMOHHBIX pecypcos,
MPEeIOCTABILIIONNX MaHHbIe B Moxenn RDF w mpm
O0TOOpaKeHUH MOJEITH STH OCOOCHHOCTH TOJKHBI OBITH
YUYTCHEI.

JlanpHelIee W3JI0XKEHHWE TIOCBSIIEHO OMHCAHUIO
oTtoOpakaeMoll M 1LieneBoil Mozxenen (pasaern 2), OmbITy
orobpaxennss RDF B nmpyrux uccrienoBanusix (pasmen
3), BeIOOpPY moaxoaa st otoOpaxenus moaenu RDF B
cnemudukanuun B yHUGUIUPYOTIeH MO/ICIIH,
UCTIONIb3yeMON B Cpe/ie MPEAMETHBIX TOCPEIHUKOB, U
otobpaxennto s361k0B RDF, RDF Schema u SPARQL
B si36ik CUHTES (paznen 4).

2 Cpsi3aHHbIe PadoThI

OrtoOpakeHHE ¥ TPAHCIAIUS JaHHBIX MEXKIY
Mozensto RDF u gpyrumMu MonensMM JaHHBIX He
penaKOCTh.  BONBIIMHCTBO  JMAHHBIX  XpPaHUTCSI H
obpabareIBaeTcsl B MOJENAX, OTIMYHBIX oT RDF, a
TpaHcisanuss wX B RDF HeoOxoamma st oOMeHaA
UHPOPMALIUCH MEXKIY MPOCSKTAMU, MEKAY Pa3TAIHBIMU
MPEJICTABJICHUSAMU JaHHBIX, JJIS MyONUKAUU JaHHBIX B
CeMaHTHYeCKOM BeOe B Takumx mpoekrax kak Linked
Open Data [12] u Tak pamee. B OCHOBHOM,
pa3pabaTbIBacMbIe OTOOPAXKCHUS HMEIOT CIICAYIOIINE
HaTIpaBJICHUS.

BonpmuHCTBO MHCTpyMEHTOB aisi paboTtsl ¢ RDF
UCIIOJNIb3YIOT MCKIIFOUUTENIBHO TPUILIETHI B MHTEpdetice
JUIA BCEX MPEIUKaTOB, BKJIIOYAs ONpeAeIEHHbIE B CAMUX
moaensix RDF u RDF Schema. Ilpu stom camu
MHCTPYMEHTBI MOTYT OBITh TpeIHAa3HAYeHBl IS
HCIIONIB30BAaHUS B APYTHX MOJEIIX TAHHBIX, HAIPUMEp,
c 00BEKTHO-OpPUEHTHPOBAHHBIMU SA3BIKAMHU
nporpammupoBanus. OtoOpaxxkenne RDF B mpyrue
MOJIETIM B HUX NPOMU3BOAUTCS 0€3 yX0Jla OT TPUIUIETHOH
¢dopmsl [4], a ocHOBHBIE TPeoOpa3oBaHUs U3 MOJIEIIEH,
UCTIONB3yeMbIX B HHCTpyMeHTe, B RDF mpuxoanrcs
COBEpLIATh HA YPOBHE MPUKJIAHBIX MPOIPAMM.

B PCIAONOHHBIX XpaHWIrax TPUILICTOB
HHTCPECHO PACCMOTPETh MOAXOJAblI K HX XPAaHCHHUIO.
HepBHﬁ M3 HUX 3aKJIIOYacTCA B XpaHCHUM TPUILJIICTOB B
CANHCTBEHHOM OTHOLICHUHM C TpEMs OCHOBHBIMU



aTpudyTamu, COOTBETCTBYIOIIUMH CyOBEKTY,
npeaukary u o0bekty. [IoMumMo 3TOT0 B HEM K€ MOTYT
XpaHUTBCS  HUAEHTH(HUKATOpE TpadoB ™  Opyrue

HEO0OXOMUMBbIE dJeMeHTBl. UTOOBI HE XpaHWUThL BCE
JTAaHHBIC B OHOM OOJIBIIOM OTHOIIEHHH, €TO Pa30HBaOT
0  HEKOTOpOMY  INpPHHLUITY,  HAmpuMmep, IO
NPUHAUISKHOCTH CYOBEKTOB ONpPENEIEHHBIM KilaccaM
[11]. Ho mns storo many RDF-gaHHBIM JOIKHA OBITH
ompeneneHa HekoTopas cxema. Jlpyroit cmocob
pa3bueHHs] OTHOIICHWsSI — MO mpeaukarty [Virt], mpu
KOTOPOM B OTHOLIEHHH XPaHATCS CyObEKTHl U OOBEKTHI,
CBSI3aHHBIE MTOCPEACTBOM OJJHOTO M TOTO K€ IIperKara.
[Mpeanaraembie Npe/ICTaBICHUS MPOJIOJDKAIOT
HOCTYIaTh [13], MOTHBHPYEMBIC HOMCKOM
a¢dexTuBHOTO XpaHeHus u goctyna k RDF-rpagam.

OTOOpa)KeHUsI, YUUTHIBAIOIINE CEMAHTUKY JaHHBIX,
00BIYHO pa3pabaThiBacTCs I OOpaTHOW 3amauu:
TPaHCISIIMU JAaHHBIX M3 PEISIMOHHON WM OOBEKTHOI
momenn B RDF [10]. B oartom ciydae obpaTHas
TPAaHCIALMSA ~ JODKHA  BOCCTAHOBUTH  HMCXOZIHBIC
cnenuduKanum.

PaboTsl, cBs3aHHBIE ¢ 0TOOpakeHueM si3bika RDF ¢
y496TOM CEMaHTHKH IaHHBIX B BBICOKOYPOBHEBBIE
MOJIETU TaHHBIX, pa3pabateiBatoTcs it padboTsl ¢ RDF-
JaHHBIMH W3 S3BIKOB MporpammupoBanus [9] wim
SI3BIKOB JCKJIAPATUBHBIX 3a1pOCOB [5].

3 Moaean nanabix RDF u CUHTE3

Mognens manueix  RDF  Brimowaer B cebs
cnenuduKaun TPUILIETOB «CyOBEKT-TIPEeTUKAT-
00BEKT», W3 KOTOPBIX CTPOUTCS HANpPaBIICHHBIN

NoMeueHHBIH Tpad ¢ cyObekTaMu U 00bEKTaMHU B y3J1ax
n mpenukaTamu B ayrax. CeMaHTHKa NPEIUKAaTOB H
pecypcoB  Ompemensercs  IMPOCTPAHCTBAMH  HMEH,
cooTBeTcTBylomMMH  cioBapsm. C  pecypcamm,
GUrypupyromumMn B CyObeKTax M OOBEKTaX, CBS3aHBI
rnobansubie uaeHTuukaropsl URI [uri]. JomyckaroTcs
Oe3bIMSHHbBIC Y3/Ibl, HE HMEIOINE HWACHTU(DHUKALNH.
Taroke NPerycMOTPEHO UCIOJIb30BaHHE B KayecTBeE
O6’beKTOB B TpUILJIECTAX NMPUMUTUBHBIX THUIIOB JaHHBIX,
ompenenéuupix B XML-Schema [xmls], a Ttakke
koHrteliHeps (bag, seq, alt) u xomutekuuu (list). Mopenb
RDF OIPEAECIIACT HECKOJIBKO CHHTaKCUCOB
cepuanmzanuu onvcannil. Onpenensercs rpadguieckuit
CHHTaKCHC, JIBa MOJX0/a K NMPEICTaBICHUIO TPHUILICTOB,
XML-cunTaKCHC.

RDF Schema [2] mnpuBHOCHT —crerduKamum
MHOECTB PECYpPCOB ISl OMPEICIICHHSI CXEM IaHHBIX
RDF. Onpenenensl Kiacchl pecypcoB, MPUHAJIEKHOCTh
K KOTOPBIM ONpeAersIeTCs IpeAUKaToM type, U CBOUCTBA
C yKa3aHHEM KJIACCOB OOJIACTH OIpPEICIICHHUS M 00IacTH
3HAYCHHIA. Baenennl OTHOIIICHHS
00001IeHns/ClIeNaIn3aid I KJIacCoB M IS
cBoiicTB. OnpesieI€H CIUCOK MPOCTHIX MPABUII BEIBOJA
[2], Takux kak TpPaH3UTHUBHOCTh U pPe(IEKCHBHOCTH
OTHOIIEHWH 0000IIeHUsT/CIeNaIN3alMi, OTHECEHHE
pPeCypcoB K KJIacCy B COOTBETCTBHH C OOJIACTHIO
ONpeNieNICHNs] WJIM 3HAYeHUs CBOWCTBA, IpaBWIIA
oBeriecTBIeHUs U Apyrue. OHU TOJDKHBI BBITOJIHATHCS
HaJ crienu()UKAIMSIME IS BBISBICHUS HOBBIX CBSI3EH.

Sseik 3anpocoB SPARQL [3] Bximrouaer B cebs
CpeACTBAa 3aJaHMs 3alpoCcOB B BHAE KOHBIOHKINH
TPUILIETOB, B KOTOPBIX HEKOTOPBIE AJIEMEHTHl MOTYT
ObITH IepeMEeHHbIMU. [lOMHMO TPHIUIETHOH 3amucH
MIPEOCTaBIIAIOTCS BO3MOKHOCTH 3aJaHus
0o0beaANHEeHNH, (QUIBTPOB C TOMOIIBIO BBIPAKEHUH,
OTMETKH HEOOs3aTEeNbHBIX JJIEMEHTOB, COPTHPOBKH,
UCKIIIOYEHHSI AyOJIMKaTOB, MPEJUKATHBHBIX 3alIpOCOB U
apyrue. B 3aromoBke  3ampoca  yKa3bIBarOTCS
WCITIONB3YyEMbIE  TPOCTPAHCTBA HMEH. Pe3ynbTarsl
BO3BpAI[AIOTCSI B  BHIE CIHCKa KOpPTeXeH B
COOTBETCTBUHU C YKa3aHHOM CTpyKTypo# B Buie XML,
JSON wunu B Buie TPUILIETOB.

LeneBoit Mozmenb0 Il OTOOPaXKSHUS 3TUX S3BIKOB,
cBsa3aHHbIX ¢ mMoaelbio RDF, anserca s3eik CMUHTES3
[8], BeimOnHstOmUIT ponb simpa s (HOPMHUPOBAHUS
KaHOHHYECKOH MOJETH TMOCPEIHUKOB. ITO  S3BIK
cnennuKanuy THPOPMAIMOHHBIX PECypCcOB, KOTOPHIi
BKJIFOYAET B KAa4YE€CTBE CHUHTAKCHYECKOW OCHOBBI SI3BIK
(dhpeiiMoB, MOCTPOCHHYIO HAJl HUM O0BEKTHYIO MOJCIb U
CPEICTBA BRIPAKEHHS IOTHYSCKUX (HOPMYIL.

OpeiMbl UIMEIOT UACHTH(PHUKATOP U HaOOp CIOTOB,
KXKIBI W3 KOTOPBIX MOXET WMETh HA0Op 3HAYCHUH
cinoTa. SI3BIK (peliMOB TO3BONSACT CHEIH(PHUINPOBATH
MeTapeiiMbl, METacIOTHl M METa3HAYCHUS, KOTOPHIC
caMH OMpEICIIOTCS Kak (peliMpl. CpecTBaMy sI3bIKA
¢dpeiimoB BBIPAKAIOTCS MIPOU3BOJILHBIC BUJIBI
nHPOpPMAIIMH, B TOM YHCIIE, CIab0CTPYKTypHUPOBAaHHBIE.

OObekTHast MOJeNIb paccMaTpuBaeT (perMbl Kak
THUIN3UPOBaHHbIE 3HadeHus. PpeliM MOXKET OTpaxaTb
COCTOSIHHE OOBEKTa ONpEeNeNIEHHOTO THUIA, B 3TOM

ciydae, €ro CTPYKTypa JOJDKHa COOTBETCTBOBATh
criemupUKald  HEKOTOPOTro  abCTPakTHOrO  THIIA
JaHHbIX. [loMMMO aOCTpPaKkTHBIX THIIOB JaHHBIX,

OTIPEETAIONINX CTPYKTYpY M IIOBEICHHE OOBEKTOB,
BBOJSITCA TAaKXKE KIACCHI KAK MHOXKECTBA OJHOTHITHBIX
00bekTOB. DpeliM MOXKET CTAaHOBUTHCS 3K3EMIUIIPOM
KJIacca, €CIM COOTBETCTBYET THUILy JK3EMILIIPOB ITOTO
knacca. OcoObIM BHIOM Kilacca SIBIISIETCS METaKJacc
accouuanuii, NpeACTaBISIOMMKA co00i  MHOXecTBa
accouuanui, Mexay OObEeKTaMH B COOTBETCTBHUH CO
crieuduKasIMu aTpUOyTOB THIIOB.

S3bik popmyn B s3pik CMHTE3 ucnonb3yercst ais
MpeIUKaTUBHBIX cneunpuKanuii, 3a/1a101HX
OTpaHUYEHUS LIEJOCTHOCTH B TUIAX, JUIS ONpPEACIICHUs
OpaBWl B JIOTMYECKHMX IIPOrpaMmax M I 3aJaHus
3ampocoB  HaJX  chneuuMUKanusIMH  337ad MM
MH(OPMALMOHHBIX PECYPCOB.

IIpuBenéunpiMu cpeactBamu sizbika CUHTE3 Mbl
BhIpa)KaeM creruduKanuy, 0ToOpaKEHHBIC U3 MOICIH
RDF.

4 Tloaxon k orodpaxenuto moaeau RDF ¢
COXpaHEeHHeM CeMAHTHKHU JaHHbIX

TpuBHaNEHEIM  OTOOpaKEHHEM MOJENN JaHHBIX
RDF B KaHOHWUYECKYIO MOJENTh MOTJIO OBl CTaTh
oToOpakeHHe OTHONICHUH, XpaHAMIMX TPUIUIETH, B
a0CTPaKTHBIA THII C aTpUOyTaMu, COOTBETCTBYIOIUMHU
cyObekTaMm, mpenukataMm W 00bekTaM. OIHAKO TaKOM
MOAXOJ HE TMpUemMlIieM B Cpele MpeIMETHBIX



MocpenHuKoB. Jlns HHX BaXKHa CEMaHTHYECKas
UHTErpanus UHGOPMAIUOHHBIX PECYPCOB, IIPU KOTOPOit
BCce OOHAapy)XMBaeMble CBS3M JIAHHBIX C CEMaHTHKOM
MpeIMETHOW  00JacTH  JOJDKHBI  OTOOpakaThcs B
MOHSTHS TMPEAMETHOW 00JacTH TMOCpenHHKA H B
COOTBETCTBYIOIINE CTPYKTYPBI KOHIICNTYAIbHOH CXEMBI
nocpeanuka. [103TOMy  BBISBJICHHYIO  CEMaHTHKY
npeAIMETHOW  00JacTH  ClieyeT MPUMEHHTh IS
COo31aHus COOTBCTCTByIOmHX THUIIOB B CHCLII/I(I)I/IKaIJ,l/ISIX
WH(OPMALMOHHBIX  PECypCOB, HHTETPUPYEMBIX B
MOCPETHUK.

4.1 Oroopaxenue moaeau RDF Bo ¢peiimoByro
Mojeb

OtoOpaxats nmaHHBle B 0azoBoit momenu RDF B
KaHOHMYECKYI0 MOJIelb HEOOXOJUMO Ha ypOBHE
¢dpeiimos si3pika CUHTES. @peiimel, kak u rpadst RDF,
NPU3BAHBl  OMNMCHIBATE  PECYpPChl  IPOU3BOIBHOI
npupoasl. M mpu orobGpaxenun RDF Tpumnets c
0o01muM cyObEKTOM KaK ONHUCHIBAIOLIME OJMH U TOT JKe
pecypc MOJDKHBI aCCOLMUPOBATHCA C OMNpPeNeNEHHBIM
¢peiimom. Jlanee B mpumepax RDF-cneumdukarmii
ucronb3yeM cuHtakcuc Turtle:

prefix vCard:
<http://www.w3.0rg/2001/vcard-rdf/3.0#> .
prefix rdf:
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
prefix : <#>.
<http://somewhere/MattJones/>
vCard:FN "Matt Jones" ;
vCard:N [ vCard:Family "Jones";
vCard:Given "Matthew" ] .

[IpoctpanctBa mMéH, ompexnensemble B RDF xkak
clIoBapH, OTOOpa)karoTcsi B MHpPHI  (peiiMoB. Mup
¢peiimoB B s3sike  CMHTE3  mpexcraBusiercst ¢
nomouiplo QpeiimMa ¢ ykazaHHEM NPUHAIICKHOCTH €ro
MeTtakiaccy world, onpeznensionieMy ceMaHTHKY 3TOTO
¢peiima kaxk Mupa. BHyTpm wMwupa pacnosararoTcs
cnenn(UKaIuy BXOIAIMINX B HETO (GpeiiMoB.

{ vCard;
in: world;

3HaueHWe CJI0TA MOXKET BKIIOYaTh BIIOKCHHBIH
¢bpeiiM B COOTBETCTBHM C BO3MOXKHOCTBIO 33/1aBaTh B
RDF nycTbie y3mbl.

C onpeeIEHHBIM cyOBeKTOM TPUIIETOB
CBSsI3BIBAaeTCS (peliM € COOTBETCTBYIOIIUM HMEHEM.
Habop TpumureToB ¢ o6uiM cyOBeKTOM 0TOOpakaeTcs B
Habop cmoToB onmHoro  (peiima. IIpenmkarawm,
CBSI3aHHBIM C 9THM CYOBEKTOM, COOTBETCTBYIOT CIJIOTHI
¢petima. OOBEKTaM — 3HAYEHHUS CIOTOB. Ecimm THII

3HaYeHUs HE OmpeleNéH, OH HA3HAYaeTCsl KaK THII
Frame, tak kak ¢peidimMbl (GOPMHUPYIOT TPOM3BOJIBHEIE

3HayeHus. Habop  TPUILICTOB,  Pa3IMYAOIIMXCS
oObeKTaMu, oOToOpaxkaeTcss B  cioT  (peiima ¢
HCCKOJBbKHUMU 3HAYCHUSIMU.

{ MattJones;

in: frame;

FN: Matt Jones;

N: { in: frame; Family: Jones;},

{ in: frame; Given: Matthew;};

B rpade wMeroTcss HEMMCHOBaHHBIC  Y3IIBI,
SABJIAOITUECA 00BEKTAaMH npeaukKara N, KOTOpbIC
BBIpa)KaroTCs BCTPOECHHBIMU (bpetimamu 0e3
HACHTUPHUKATOPA.

Takum oOpaszoM, ganHble B 6a3oBoit momenn RDF
MOTYT MpEACTaBIAThCS Kak ©Oa3a ¢peiimoB. B RDF
CIIOBapH PACIIUPSIOT MOJETh ¥ MOTYT IPHUBHOCHUTH
OTpeneNéHHYI0 CeMaHTUKy 3ieMeHTaM RDF-monemn.
[osromy onpemencane cxem Hax RDF-rpadamu,
ucnonusieMoe B Moaenu RDF Schema, necér B cebe
CEMaHTHKY ONpENEIeHHUs CTPYKTYpbl W BIMSIET Ha
oroopaxkerrne RDF Schema B si3s1ixk CUHTE3S.

4.2 Orodopaxenue moaean RDF-Schema B
00bEKTHYI0O MOJIETD

Onucanus B Mmogenn RDF Schema oro6pasxatorcs B
00bekTHYIO Mozenb si3bika CUHTES.

Cnoxsaoctn otobpaxkenus RDF B o00BexTHYIO
Mozenb (KaK M peJIHOHHYIO) CBA3aHBI, B OCHOBHOM, C
KOH(IIMKTOM TapagurM OTKPBITOro Mupa B cirydae RDF
M 3aKpHITOr0 MUpa B ciiydae oObekTHOUW Momenu [9].
Bo-nepssix, OIHCBIBAEMBIE pecypchl MOTYT
MIPUHAAJIEKATD HECKOJIbKUM RDF-knaccam
OJTHOBPEMEHHO. bBOJIBIIMHCTBO OOBEKTHBIX MOJEINeH
HCKIIOYaeT  TaKylo BO3MOKHOCTb, onpenenss
MIPUHAUIS)KHOCTh O0BEKTa CTPOTO OJHOMY THITy. Bo-
BTOPBIX, cBOlcTBa B RDF SIBIIAIOTCS
CaMOCTOATENBHBIMU ~ CYIIHOCTAMH, KOTOpPBIE MOTYT
HCTIONB30BaThCA B PasHBIX Kilaccax M pecypcax. HMx
CBSI3b C KJIACCAMH OIPEICISIETCS TOJBKO YKa3aHHWEM
KJIaCCOB JOMEHA M OOJIaCTH 3HAYEHHWN CBOMCTB. TeMm
BpEMEHEM, aTpUOyTHl THIIOB B OOBEKTHOH MOIENH
OOBIYHO KECTKO CBs3aHBl C THIIAMH, a TaKxKe
HaCJIEAYIOTCSI OT CYNEPTHUIIOB. B-TpeTbux, CTpyKTypa
JK3EMILLIPOB B RDF HE OIPaHUYUBAETCS
crenupUKaIUsIMH KJIACCOB. B OOJIBIIIMHCTBE
OOBEKTHBIX MOJENeH OOBEKT KECTKO COOTBETCTBYET
CTPYKType, ONHCAaHHOW B THUIIE, KOTOPOMY OH
npuHaanexut. Cpenctea szpika CMHTE3 nosBossitor
n30exaTh yKa3aHHBIX Mpo0ieM, Onaronaps pa3aeacHHUIo
B S3BIKE Ha KJAcChl Kak MHOXXECTBA M aOCTpaKTHbIC
THIBl JAHHBIX KaK HMHTCHCHOHAJbHBIC OIUCAaHMA, a
Takke  BO3MOXHOCTH  WUCIIOJIb30BaThb  THIIOBBIC
BBIPaKCHUS [T UX KOMOWHAIIUH.



Omnpenenennss RDF  Schema ompenensitor cxemy
RDF-maHHBIX ~ MOCPENCTBOM  3aJaHHs  PECYpPCOB,
KJIACCOB, CBOMCTB M MX OIPaHUYCHHH.

prefix rdf:
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
prefix rdfs:
<http://www.w3.0rg/2000/01/rdf-schema#>
prefix vcard:
<http://www.w3.0rg/2001/vcard-rdf/3.0#>
vCard:Individual rdf:type rdf:Class .
vCard:FN rdf:type rdf:Property;
rdfs:domain vCard:Individual .
vCard:NPROPERTIES rdf:type rdfs:Class .
vCard:N rdf:type rdf:Property;
rdfs:domain vCard:Individual;
rdfs:range vCard:NPROPERTIES .
vCard:Family rdf:type rdf:Class;
rdfs:subClassOf vCard: NPROPERTIES .
vCard:Given rdf:type rdf:Class;
rdfs:subClassOf vCard: NPROPERTIES .

Pecypc RDF Schema otoGpaxkaercs Bo Qpeiim
sispika CMHTES3. Kiacc RDF Schema oTtoOpaxaetcst B
kiace s3p1ka CUHTE3 ¢ TunoM sk3eMIuispos.

{ individual,
in: class;
instance_section:
{
FN: {set_of: Frame};
N: {set_of: nproperties};
h
+
{ nproperties;
in: class;
instance_section: Frame
h
{ family;
in: class;
superclass: nproperties
instance_section: Frame
h
{ given;
in: class;
superclass: nproperties
instance_section: Frame

¥

CeoiictBa RDF Schema otoOpaxatorcs B oOIIeM
cllydae B METaKJIacC acCOLUAIUii, TEM CaMbIM CO3JaBast
COOTBETCTBYIOIIYIO CAMOCTOSTEIEHYIO CYITHOCTb.

{m
in: association, metaclass;
instance_section:
{ association_type: {0, inf},{0, inf};
domain: individual;
range: nproperties;
}
}

B srom cmyuae arpuOyT THIA ompenensercs c
yKa3aHHEM MeTaKJjacca acCOIMalM:

N: {set_of: NPROPERTIES};
metaslot
in: n;
end

CpoiictBa domain ® range COOTBETCTBYIOT
ONIPEZICTICHUIO JOMEHAa U [Walna3oHa 3HAYCHU B
MeTakjacce accoumauuid. Ecnum nomeH ompenensercs
KaKk EOWHCTBEHHBIM Kiacc, BMECTO MeTakKiacca
ACCOIMANUi BO3MOXHO OMPEAEIATh OOBIYHBINA aTpHOyT
B THIIE.

CpoiictBa subclass u subproperty COOTBETCTBYIOT
OTHOLICHHIO nojKJacca MEXIY KJIaccaMt
KaHOHHYECKOH MO MW METaKIacCaMH acCOLMaluii
COOTBETCTBEHHO.

Koncrpykunmu Bag, Seq, List orobpaxatorcs B
KOJUICKIINK KaHOHHYECKOW MOJICIIH.

B cimyyae npucyTCcTBHs B pecypce CBOMCTBa type mo
otHomeHnto k kimaccy RDF  Schema pecypc
oroOpaxkaeTcsi B OJK3eMIULIp Kiacca, W (peiim,
MPEICTABISIOMUN €ro, paccMaTpUBaeTCsl Kak OOBEKT
THIIa 3K3eMIUBIPOB JaHHOTO KJlacca.

{ MattJones;

in: individual;

FN: Matt Jones;

N: { Jones; in: family;}, { Matthew; in: given;};
}

B s3pike RDF Schema omnpenensiercst Habop npaBui
BBIBOJIA, KOTOPBIH JIOJDKCH HCIIOJB30BATHCSA  HAJ
cnenupukanusmu. HekoTopele W3 3TUX  HpPaBUI
MPEJICTABUMBI B BHJIC MPABUJI U WHBAPUAHTOB HAa SI3BIKE
(hopMyn KaHOHMYECKOW MOJENH, a HEKOTOpBIE —
npenmnonaraorcs s3pikom CUHTE3 um He TpebyroT
JoTIoTHATENbHOW — crienudukanuu. OIHAKO pa3HbIC
peanuzann RDF orpannumBaroTcsi HCHOIB30BaHUEM
MIOJIMHO>KECTBA MpaBuJil, yKazaHHbIX B cTanpapre RDF.
B 3aBucuMocTH OT Habopa pealn30BaHHBIX IPABHI
BHIBOZIA B HMH(OPMAIMOHHOM pECypce, OHHU JOJDKHBI



0oT0o0OpaXkaThCsl MM HE 0TOOPaXaThCs B CHELU(PHUKALIUIO
Ha s3pike CHHTE3. Takke He0oOXOOUMOCTb HUX
cHenu(pUKAUA 3aBUCHT OT YPOBHS HMX NPUMEHEHHS:
OHM MOTYT NPHUMEHATHCS NPH OOHOBIECHHH JAHHBIX B
nHpOpManmoHHOM pecypcee, dero mocpenauk CUHTE3
HE MPEZIoaraeT AeiaTh; MO0 X MPUMECHEHHE 3aIIUTO
B oOpaboTdumke 3ampocoB  pecypca, TOrga B
crenu(puKaIm JOCTaTOYHO MHBApPHAHTOB,
MPOBEPAIOMINX HEJIOCTHOCTL JaHHBIX.

4.3 OTobpaxenue 3anpocos B 51361k SPARQL

B wmomemm RDF Her coOCTBEHHOro  sI3BIKa
MaHUIYIUPOBAHUS IAaHHBIMH. /[l  3ampocoB  Haj
6a3amu RDF-10KyMEHTOB OOBIYHO HCIIONB3YETCS SI3BIK
SPARQL. 3anpocs! Ha si3pike SPARQL npeacraBisioT
c000i KOHBIOHKIIMH TPHUILUIETOB, HA MECTE€ CYOBEKTOB,
NpPEANKAaTOB U OOBEKTOB B KOTOPBIX MOTYT OBITH
onpejenHHble 3HAUCHHs WM TepeMeHHble. [Ipumep
3ampoca:

prefix vcard: <http://www.w3.0rg/2001/vcard-rdf/3.0#>
SELECT ?x ?fname ?gname

{

?x vecard:N ?vc.
?vc veard:Family ?fname .
?vc veard:Given ?gname .

}

Jlna A3pIka MaHUITYJIHPOBAHUS JAHHBIMH CTPOUTCS
obpaTtHoe otoOpaxenue: u3 s3pika CUHTE3 B 3ampoc
Ha seike SPARQL - a1 BO3MOXKHOCTH
MEPeNUChIBAaHUA ~ 3alpoCOB K  HWH(MOPMAIMOHHBIM
pecypcaM. B cOOTBETCTBHM € BO3MOXHOCTSIMH SI3BIKa
3anpocoB SPARQL, B HHX BO3MOXHO OTOOpayKeHHE
¢dopmyn si3p1ka CUHTE3 B KOHBIOHKTHBHOM (opMme Hax
npeAnKaTaMu  KilaccoB W ycioBusMu.  Jlia
(hopMHpOBaHUs NPUBEAEHHOTO BBIIIE 3aIpOCa Ha S3bIKE
SPARQL B mocpeaHuke JOMKEH ObITh 3aJ[aH 3armpoc Ha
SI3BIKE POPMYIT:

q([x, fname, gname]) :-
individual(x),
ex y (family(y) & is_in(y, X.N) & fname=y),
ex z (given(z) & is_in(z, x.N) & gname=z)

B ciygae otoOpaxenus RDF Bo  ¢peliMbl
KaHOHWYECKOW  MOMEeTM B  KadeCcTBE  3alpocoB
TPUMEHSIOTCS  (HOPMYJTBI KAHOHMYIECKON MOMCITH Haj
6azoit ppeitmon [8]. B Hux GUrypupyroT orneparya Haj
(bpeiiMaMu U He UCTIONB3YETCS THITU3ALIHSL.

Takum 006pazom, BOZMOKHO 0TOOpakeHHe JaHHEBIX B
monmenmu RDF B 6a3y ¢peiimoB s3eika CUHTE3. Tlpu
HAIMYAA crenupukanuu cxeMbl maHHeIXx RDF oHa
oTobpakaeTcs B OOBCKTHYIO  CIEIH(HUKALHIO.
@opMynbl OTpaHMYEHHOTO BHIA B 3alpocax W
nporpamMmax MocpeaHuKa npeodpa3yloTcs B 3alpOChl Ha
SPARQL.

4.4 Y4ét npou3BOAHBIX Mo/IeJIel JaHHBIX U
JIOTMYeCKOro BHIBOJA

BocTpeboBaHHOCTB MOJIENHU JAHHBIX RDF
BO3pacTajla IOCJENI0BAaTEIbHO B TEUEHUE psAga JIeT.
YcroiiuuBEIM HHTEpECOM K ceOe oHa 00s3aHa TeM, 4TO
craga 0a30BOM MOJENBIO IS CEMAHTHYECKOro BeOa.
Tem BpemeneM, xpanmmuima RDF nonroe Bpems Oblinu
cnabo MacmraOupyeMbl [0 pPa3BUTHS TMPHHIIUAIIOB
BEPTHKAIBHOTO XpaHEHHs, YTO Ha WHTEHCHUBHOCTH
HCIOJB30BaHUI MOJCIU CKa3bIBaJIOCh HETaTHBHO.
Opnako mpousBojaHass  Mojenb  JaHHeIx  OWL,
Omaromapst CBOCH BBIPA3UTECIFHOCTH H BO3MOXHOCTH
aBTOMATHYECKOI'0 BBIBOJIAa B 3aJade BKIIOUECHHS
KJIacCOB, CTalla HCIIOJIb30BAaThCA I OIHCAHHMSA CXEM
0a3 JaHHBIX U 3HAHUH.

Om3emMmysipel  kigaccoB B momenu  OWL
npeacraBuMbl B Monenu RDF. ITlostomy B ciyuae,
korna RDF-nannble orpaHudeHbl CXEMOM, ONHMCAaHHOM
Ha s3bika OWL, »3TO cCyllecTBEHHO BJIMSET Ha
ceMaHTHUecKoe oToOpakeHne Takux RDF-maHHBIX B
JIpyrue MoJeinu, B yacTHOCTH, B si3bik CUHTES.

Otob6paxenue mozeneit nanaeix OWL u OWL 2 B
Monenb, ompenensemyro s3pikom CHUHTE3, 6puio
noapo6HO paccMoTpeHo panee [18].

Jlornueckuii BBIBOJ, MpeJIonaraeMblii B MOJIETH
OWL, yuuThiBaeTcs Npu OOHOBIEHUH NaHHBIX. B aTOM
clydae, TIpaBWja BBIBOJA Jajee HE  JIOJDKHBI
YUHUTBHIBATHCS B OTOOPayKEHUH MOJIEIIEH.

5 3akiaouenue

Hccnenosansl Moxpenn panablx RDF u  RDF
Schema, omnpenenéHsl MpUHIHIEI 0TOOpakeHUsT RDF-
crierupuKanui BO (peiiMoByIO MOJIEITh
YHADHIIUPYIOMEH MOAETH MPEIMETHBIX IOCPEIHUKOB,
OTPENICIICHBI MPHUHIUIBI OTOOPAKECHUS CHECIUpUKAIIIA
RDF Schema B 00BEKTHYI0 KaHOHMYECKYIO MOJEINb,
ONHKCAaHbl BO3MOXKHOCTH 3allpOCOB B KaHOHUYECKOU
MOJIENIH, OTOOpakaeMbIX B sI3bIK 3ampocoB SPARQL,
WCII0Nb3YEMBbIH s RDF-cnenudukaruit u
NPOM3BOJHBIX OT HHUX Mopeneil. PesynbraTsl paboThl
MOTYT OBITH WCIIONB30BaHBl IS CEMAaHTHIECKOTO
orobpaxkenns RDF-ommcannii B mpenMeTHy0 0051acTh
nocpeaHukoB U gocryna k RDF-gaHHbIM B HUX.
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Mapping of RDF Data Model into the
Canonical Model of Subject Mediators

Nikolay A. Skvortsov

The RDF data model is used to identify and describe
resources of any kind in open information environment.
and their identification. It is necessary to use data
presented in this model in solving problems over
multiple heterogeneous information resources. The
paper considers approaches to mapping of the RDF data
model and its attendant languages RDF Schema and
SPARQL to object model of the SYNTHESIS language.
The SYNTHESIS language is used as a unifying
information model for integration of multiple
heterogeneous information resources in information
systems created using subject mediators technology. An
approach is proposed that takes into account detection
of RDF data semantics and schema if it presents.



