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CHELNU®IKALIS NPOLECY CEMAHTUYHOI AHOTAIIII
BEB-CEPBICIB

O.B. 3axaposa

CxiagHicTh Oi3Hec-3a7ad, [Jisl BUDIMICHHS SKUX BHKOPHCTOBYIOTHCSI BeO-CEpBICH, HE NO3BOJSIE OOMEKHTH 1X PO3MJIAA (YHKIIOHAIBHOIO
MOJIEIUTIO, @ BUMArae po3risiay i MOBeJiHKOBUX acMeKTiB. A 3a0e3reueHHs] MOXKIIHBOCTEIl aBTOMAaTH30BAaHOTO BUPILIICHHS 33/1a4 BeO-CcepBiciB
koM fotepa. CepBicH, 110 He 30aradeHi CeMaHTHKOIO, He HAJal0Th MOXKIIMBOCTI MipKYBaHHs TIPO Te, 110 poOHTh Lei cepsic. CeMaHTH3aLIsN
MOJISITae y PO3IIMPEHHI OMHCY BeG-CepBiCY WITKMMHM i 3pO3YMUTMMH CEMAHTUYHUMHU QHOTAL[SMH, IO MOBHHHI OXOILUTIOBATH BCI Ba)KIHBI
¢yHKUiOHANBHI Ta He (YHKI[IOHAIBHI ACMEKTH CepBiCy, aje He MepeBaHTaXyBaTW Horo HaamipHoio iHdopmauicio. Tomy, mocuTh
aKTyalIbHUMH € IpobseMu crerudikaliii caMoro mpoecy aHOTYBaHHs, BPaXOBYIOUH BH3HAYCHHS METH CEMaHTH3allii, OCHOBHUX ACIICKTIB,
IO HiUBIraloTh aHOTYBAHHIO, JDKepen iHdopMmalii, Kateropiii ceMaHTHK Ta KPOKIB MpOLECY, SKHH 3abe3medye OTpUMaHHS aHOTOBAHOI
crienikanii cepsicy, 3 MOJANBIINM HEPETBOPEHHM Yy (OpMy, sIka MOXKe 0OpOOIATUCS aBTOMATHYHO, IO i € IPEAMETOM PO3IIIAy JaHol
po6otu. OCHOBHI eTanu NpoIiecy BiAMOBIIAIOTh KATErOpisM CEMAHTHK, 10 BU3HAYAIOTHCS B mpoIieci. JIjist KOKHOTO eTamny creludiKyroThes
BXOIH, BHXOJIHM, [DKepena iHdopmamii Ta kpoku peamizamii. OkpiM 1poro, B po0OTi 0coOiiiBa yBara MPUALTIETHCS BU3HAUCHHIO MiCIIS
JIECKPUNITHBHOI JIOTIKH Yy TIpoIleci ceMaHTH3amil BeO-cepBicy, K GOopMaIbHOTO IHCTPYMEHTY CEMaHTHYHOTO OIIHCY CEpBiCy, 0 3abe3nedye
MO>KJIMBOCT] ITI€pEBIPKH KOPEKTHOCTI OIKCY Ta JIOTIYHOTO BUBEICHHS INPH BHUpIIICHHI 3axad BeO-cepBiciB Tomo. HaBomuthecs npukitan
PO3IIMPEHHST OHTOJIOTIYHUMH CEMaHTHYHNME aHoTauissMu (parmenty BPEL-nporiecy. B raHoMy BHIaiKy ceMaHTH3aLis monsirae y Bubopi
BIJITIOBITHMX OHTOJIOTIM JOMEHIB Ta BCTAHOBJICHHI 3B’S3KiB MiK KOHIICNITAMH OHTOJIOTII, SIKa IPEJICTaBJICHa 3a JOIMOMOIOK amapary
JIECKPUNITHBHUX JIOTiK, Ta METaJaHUMHU, L0 ONHCYIOTh (YHKI[IOHAIBHICTH BeO-cepBicy. SIK 3po3yminza Uil KOMIT'IOTEpa MOJENb
IIPeICTaBIEHHS CepBicy 00paHO aHOTOBaHY cucTeMy nepexinHux ctaHiB (ASTS). Ile oOymoBmoeThes TUM, o 3 STS, 30kpema, NparroTh
OinburicTs cucteM Al ruiaHyBaHHS, MEXaHI3MH SIKMX MOXYTh TaKOK BHKOPHCTOBYBATHCS [UIsi aBTOMATHYHOTO BHPILICHHS 3aj1ad BeG-
CepBICiB.

KirouoBi cioBa: Beb-cepBic, 3amaui BeO-cepBiciB, ceMaHTH3alis BeO-cepBiCy, KaTeropii CeMaHTHK, MNpOLECHAa MOJeINb, iHTepdeiic,
HepeyMoBa, HOCTyMOBa, e(EeKT CepBiCy, CeMaHTHYHA aHOTALLisl, IPOLIEC AHOTYBAHHSI.

CIIOXXHOCTh pelIaeMBbIX C ITOMOINBI0 BeO-CEPBHCOB 3a7ad HE MO3BOJIIET OTPAaHUYHTh MX PAacCMOTpeHHe (DYHKIHMOHAIBHONH MOJENbIo, a
TpeOyeT pacCMOTPEHUsI TAKXKE H IIOBEICHIECKHX acIeKTOB BeO-cepBHCOB. [y obecrieueHnst BO3MOJKHOCTH aBTOMAaTH3HPOBAHHOTO PEIICHUS
3a7a4 BeO-CEPBUCOB, INPEXKJE BCEro, HEOOXOJUMO CEMAHTH3MPOBATh HMX OIMCAHHE, WCIOJB3Ys HMOHATHBIC KOMIIBIOTEPY (OpMasbHBIC
cpencrTBa npezacTaBieHns. He oborameHHbIe CEMAHTUKOH CEPBHCH HE IT03BOJIAIOT CYJHTH O TOM, YTO AelaeT 3TOT cepBuc. CeMaHTH3aIUsL
3aKJII0YaeTCs B pacIIMPEHHUH OIHCAHMs BeO-CepBHCa YeTKUMH U MOHATHBIMU CeMaHTHYECKUMHU aHHOTAIMSIMH, KOTOPBIE TOJDKHBI OXBAaTHIBATh
BCE BaKHBIC (DYHKI[HOHAIbHBIE ¥ HEe (YHKIMOHAJBHbBIE aCIIeKTHI CEPBHCA, HO IPH 3TOM HE Ieperpykarb ero M30bITOYHOH HH(pOpMaIHeH.
OTUM O00BACHACTCA aKTyalbHOCTh MHPOOIEMBbl CHENM(HKAIUM CaMOTO IPOLecca AHHOTUPOBAHHSA, C YYETOM OIpeleleHHs IIenu
CeMaHTH3alluM, OCHOBHBIX aCIEKTOB CEpPBHCA, MOMICTAIONIMX aHHOTUPOBAHHIO, NCTOYHHKOB MH(GOPMAIUH, KATETOPHHA CEMAHTUK M IIAroB
npoiiecca, 00eceyrBaroIero MoJy4eHHe aHHOTUPOBAHHOM crenuduKkanmy cepBuca, ¢ JajbHelIiell KoHBepTanueid — npeodpa3oBaHUeEM B
MAaIlIMHHO-00pabaThiBaeMyto (opMy, 4YTO M SBISIETCS NPEIMETOM pAaCCMOTPEHMs JaHHOM paboTbl. OCHOBHBIE 3Tambl Ipolecca
COOTBETCTBYIOT KAaTErOpHsSM CEMaHTHK, ONpEIE/SIeMbIX NMPH aHHOTHPOBAHMH. J{Isi KaXKIOTo dTama CHEHU(UIUPYIOTCS BXOJbI, BBIXOBI,
HUCTOYHMKM MHGOpPMAIMU M IIarn peanuzanuu. Kpome 3Toro B pabore 0COOEHHOE BHHMAHHME YAEGNSETCS OIPENENeHUI0 MecTa
JIECKPUIITHBHOI JIOTHKH B HPOLIECCE CEMAHTHU3ALMU BeO-cepBHUca, Kak (hOPMAIbHOrO MHCTPYMEHTa CEMAaHTHYECKOTO OIMCAHMS CEpBHCA,
00€eCTeunBaIoNIero BO3MOXHOCTH MPOBEPKH KOPPEKTHOCTU OIHCAHUA M JIOTHYECKOTO BBIBOJA IIPU PEIIECHHs 3aJau BeO-CEepBHCOB U T.IL
[puBoautcs mpumep paciuupenus ¢parmenta BPEL-mporiecca OHTOJIOTHYECKUMH CEMaHTHYECKHMMH aHHOTAIMSAMH. B maHHOM ciydae,
CEeMaHTH3allUsl COCTOMT B BbIOOpE MOIXOASAIINX OHTOJIOTHH [JOMEHOB U YCTAHOBICHHH CBA3eH MEXAy KOHLENTaMHU OHTOJIOTUH,
IPeJCTaBICHHON CpeICTBaMU amlmapara AECKPUNTHBHBIX JOTHK, U METaJaHHBIMH, ONHCBHIBAIOIIMMH (YHKIMOHATbHOCTh BeO-cepBuca. B
KauyecTBe MOHATHOH [/ KOMIIBIOTEpa MOJENM IPEACTaBICHHS CepBUCa BbIOpaHa AHHOTUPOBAHHAS CHCTEMa IMEPEXOAHBIX COCTOSHHMI
(ASTS). D10 00ycnaBnMBaeTcs TeM, 4ToO, B 4acTHOCTH, ¢ STS paboraer GonpmIMHCTBO cucTeM Al IUIaHUPOBAHUS, MEXaHU3MbI KOTOPBIX
MOTYT TOXKE€ HCIOJIb30BaThCS [JIs1 aBTOMATUUECKOTO PEIIeHHs 3a1a4 BeO-CepBHCOB.

KnroueBble cioBa: BeO-cepBUC, 3a7a4n BeO-CEPBHUCOB, CEMAHTH3ALMs BeO-CEpBUCA, KaTErOPUM CEMaHTHK, MOJENb Ipolecca, HHTepdeiic,
HPEayCIOoBUE, HOCTYCIOBUE, Y3Q(EKT cepBUCa, CEMaHTHYECKast aHHOTAL[MS, IPOLIECC AaHHOTUPOBAHMSL.

The complexity of the tasks solved with web services does not allow to limit their consideration to a functional model, but also requires the
consideration of behavioral aspects of web services. To provide the possibility of automated resolving web services tasks, first, it is necessary
to semantify their description using computer-friendly tools for formal definition. Web service that is not enriched with semantics, does not
allow you to understand what it does. Semantization consists in expanding the description of the web service with clear and understandable
semantic annotations that should cover all important functional and non-functional aspects of the service, but do not overload it with
redundant information. This explains the relevance of the problem of the specification of the annotation process itself, taking into account the
definition of the semantization goal, the main aspects of annotating the service, the sources of the information, the semantics categories, and
the process steps providing the annotated specification of the service, with further conversion - transformation into a machine-processed
form. It is the subject of this paper. The main stages of the process correspond to the categories of semantics defined in the annotation.
Inputs, outputs, information sources and implementation steps are specified for each stage. Besides special attention is paid to define the
place of descriptive logic in the process of semantizing the web service. Descriptive logic is considered as a formal tool for the semantic
description of the service, which makes it possible to verify the correctness of the service’s definition and it allows logical inference when
solving Web services tasks, etc. It is given an example of an extension of a fragment of BPEL process with ontological semantic anotations.
In this case, the semantization consists in choosing suitable domain ontologies and establishing links between ontology concepts represented
by the means of the descriptive logic and metadata describing the functionality of the web service. The annotated system of transition states
(ASTS) is the computer- understandable service presentation model. This is due to the fact that, in particular, most of the Al planning
systems work with STS, the mechanisms of which can also be used to automatically solve web service tasks.

Key words: web-service, web-service problems, web-service semantization, semantics categories, process model, interface, pre-condition,
post-condition, effect, semantic annotation, annotating process.
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Beryn

Be0O-ceBicu — 11¢ mporpamMHi KOMIIOHEHTH, IO JOCTYIHI sk BeO-pecypcu. Tomy, po3pobka Beb-cepBiciB 3
METOI0 peaiizalii JiMIIe OJHIEI0 KOHKpeTHOi Oi3Hec-3ajaui, He 3a0e3ledyroud iX MOJAIBIIOr0 IOBTOPHOTO
BUKOPHCTAHHS, € He ¢()EKTUBHOIO Ta KOIITOBHOIO po00TOI0. I YMOXKIIMBICHHS IOBTOPHOTO BUKOPHCTAHHS CEPBICY
iHmMMH cepBicaMu abo mporpamMaMu HEOOXiTHO 3a0e3rednTr aOCTPaKTHHUI OIMUC CepBicy, SIKUH MicTHTHME 0a30BY
TEXHIYHY iH(pOpMaLilo PO HHOTO, a caMe Mpo Te: IO cepBiC poOUTH, K HOro MOXHA BUKJIHMKATH, SIKi NMapaMeTpu
MaloTh OyTH 3abe3neueHi Juisa BeO-cepsica. 11[o6 BOynyBaTu cepBic y Oi3Hec-mpolec oprasizamii, BiH TaKOX Mae
MICTUTH iHpOpMAIIio PO Te, IKOMY IPOTOKOIY HE0OXiTHO CITiIyBaTH IIPH BUKOpHCTaHHI BeO-cepBicy. KopuctyBau
BeO-cepBicy MOXKe MaTH JiesiKi O4iKyBaHHs a00 BMMOTHM LIOJO BJIACTUBOCTEH CepBicy, SKi, HAIPUKIA, MOXYTh
CTOCYBATHUCS MPOOIEM OC3MEKH.

3po3ymino, mo el CIMCOK MOXHA MPOJOBXKUTH, ajlie BiH Ja€ pO3YMIHHS OCHOBHHX aCIEKTiB BUKOPHCTAHHS
cepBicy. O4eBHAHO, IO CTOPOHH, AKi IUTAHYIOTH KOOIIEPYBAaTHCS 3a IOTIOMOTOI0 BeO-cepBicy, MOTpeOyIOTh HOTO
cnenngikamii, sKi J03BOJSATh PO3JAUIATH Ta €KCIUIyaTyBaTH TEXHIUHI Ta He TEXHIUHI ONHCHU cepBicy. Aue, onpasy
CIi 3a3HAYUTH, IO, AKIIO Ii omKcH HE (opMalizoBaHi, HE CTAHIAPTH30BaHI Ta € CYTO TEKCTOBUMH TOKYMEHTaMH,
TO 1X BUKOPHCTAHHS € IyXe CKIaIHO0 3amaueto. Hackoromui po3pobieno psa cranmapris (SOAP, UDDI, WSDL-S
[1], WS-Security [2], WS-Transaction [3], WS-BPEL [4], WS-Policy [5]), mio copouryioTh BUKOPUCTAaHHS BeO-
CepBiciB, aje BOHU HE OXOIUTIOIOTh PI3HOMaHITHUX acCIeKTIB ceMaHTHKH cepBicy. CemaHTnuHi crenudikamii BeO-
CEepBICIB € pe3ysIbTaTOM MPOLECY CEMAaHTUYHOIO aHOTYBAaHHS Ta NMOBHHHI BH3HAYaTH 3arajibHy CTPYKTYpY, fKa iH-
TErpye CeMaHTH4HI OIMCH 0araThoX BiAMOBIJIHUX BIACTHBOCTEH BeO-CepBiCiB.

Taka cemaHTH4Ha CTPYKTypa HEOOXiJTHa AJIsl BHUpILIEHHsS PI3HUX 3aj1a4 BeO-CepBiCiB, HANPHUKIIAJA, BHUSBICHHSI
cepBicy, Ta 0oro KOMITO3MIII 3 IHITMMH CepBicaMH, a TAKOXK HaJa€ MOXKJIMBICTh BU3HAYATH B 3aIIHTI CKJIaTHI BUMOTH 10
cepsicy.

MeTa nmaHOi poOOTH — Iie JOCHIMHKEHHS CaMoro MpoIeCy CTBOPEHHS CeMaHTHUYHOI crerudikalii cepsicy,
BU3HAYCHHS HOro OCHOBHHX AaCIEKTIB MPOIECY: Bif Jpkepen iHdopmalii 10 KOHKPETHHUX KPOKIB IPOIECY, a TaKOK
BHU3HAYCHHS Micus neckpunTuBHEX Jorik (JIJI) B mporeci cemaHTH3amii Sk HaiiBHpasHIIOTo (GopMaIbHOTO 3aco0y
NIPE/ICTAaBICHHS CEMaHTHK.

Iini Ta OCHOBHI acneKTH AaHOTYBaHHS BeO-cepBiciB

1106 BU3HAYNTH OCHOBHI aCIIEKTH aHOTYBaHHS CEPBICiB, HEOOXiTHO JaTH BiIIMOBI/Ii HAa TaKi MUTAHHS:

1)  sxi icHyrOTh JKepena iHpopMaltii, o MicTsITh iH(GopMaIito peneBanTHy s crierudikarii Bed-cepsicy?
2)  ski omumcy MOTPIOHI TS KepyBaHHS BeO-CepBiCOM Ta HOTO MOBTOPHOTO BUKOPUCTAHHS?

3)  sSKUM YHHOM MOBUHHI OYTH MpeCTaBiIeHI MeTaaaHi?

4) sk Moxe OyTH BUKOPHUCTaHHH CEMaHTUYHHI OTHUC CepBicy?

Merta aHOTYBaHHS BeO-CEepBICYy MOJIATAE Y TOMY, I[00 CIIPOCTUTH KePYBaHHS cepBicaMu B BeO MIIIXOM YacTKOBOL
aBTOMATH3aIlii 3a7a4 KepyBaHHsS. [ OJOBHOIO MPOOJIEMOI0 aBTOMATH3allil 3amad BeO-CEpBICIB € Te, M0 OUIBIIICTh
iHpopmarii mpo BeO-cepBicH MpeAcTaBICHO y (GopMarti, 0 € 3pO3YMIUTUM JIMIIE s JIFOJUHHA, TOOTO Yy BHIJISAIIL
TEKCTOBOI JOoKyMeHTamii. TakuMm dYHHOM, HEOOXiIHE CTBOPEHHS TaKWX ONNCIB BeO-CEpBICIB, IO MOXYTh
IHTEpIPETYBaTHCS MAIIMHOIO Ta 3allOBHATH PO3PHB MDK ICHYIOYOIO iH(opMmaliero mpo cepmicH Ta MOTPIOHOIO st
BupimieHHs 3a71a4. CeMaHTHYHI OMKCH HAJAI0Th CEMaHTHUYHI METalaHi, SKi OMUCYIOTh CEMAaHTHKH CIEMEHTa CEpPBICY B
¢dopmari, mO MOXE IHTEPIPETYBAaTHCS MAIIMHOK. TakuM YHHOM, 32 [OIIOMOTOI CEMaHTHYHHX METaJaHuX
CEMaHTUYHUH ONNC BU3HAYAE BJIACTHBOCTI cepBicy. CeMaHTHYHI MeTalaHi 0a3yrOThCsS Ha OHTOJIOTISX Ta 3B’S3YIOTh
BJIACTHUBOCTI BeO-cepBicy 3 BIAMOBITHMMH KOHIENTAMH B OHTONOTIi. [IJi MpeacTaBICHHS OHTOJIOTiH BHKOPHUCTOBY-
IOTBCSI MOBHU TIPEJCTABICHHS OHTOJIOTIH, OIMbIIiCTh SKMX Oa3yroTscs Ha [IJI. besmepeuna nominpHICTE BUKOPUCTAHHS
amapara J[JI oOymoBIeHa TakoX TUM, 1o cucteMu J[JI 3a0e3neuyroTh KOPUCTYBaviB Pi3HUMH MeXaHi3MaMH BUBOJY, SKi
BHBOJISITh HESBHI 3HAHHS 3 TUX, IO SIBHO MPEICTaBJICHI, Ta OiJbIlIe TOTO, HACKOTOHI ICHY€E BXKE€ YMMAJIO peai30BaHUX
MexaHi3MiB MipKyBaHb (pe3oHepi) J1J1, mo roTosi 10 BUKOPUCTAHHS.

Bxigni mxepesia ingopmanii

[Iporiec aHOTYBaHHS CEMaHTUYHOTO BeO-CEepBiCy Yy 3arajlbHOMY BHIIAAKY OTpeOye BXiAHOI iHpopMamii 3 pi3HHX
mxepen. [apopmartis mpo cepsic Moxe OyTH, HaApHUKIAM, 310paHa 3 BUXiTHOTO KOOy cepBicy, 3 API moxymenramii Ta
OIncy, 3 3arajJbHOl TEKCTOBOI JOKyMeHTauil cepBicy abo 3 mokymeHTanii y WS-craHnapri. 3alesxHO Bif CTyHEHsS
CTPYKTYPOBaHOCTI IHX JDKEpeNl, CeMaHTH4YHI aHOTallii MOXYTh 3a0e3nedyBaTUCs B Py4dHy (Ha BXOAI — MPOCTO
TEKCTOBHH JOKYMEHT), HamiB-aBTOMaTH4HO (WS-ommc) abo MOBHICTIO aBTOMAaTHYHO (HANPHKIIAA, BXifHA iHpOpMaIis
0azyeTbcs Ha Java-intepdelici). Anie MOBHICTIO aBTOMaTHYHO MOXKYTh 3a0e3NeuyBaTHCs JIMIIE BXOAU-BHXOAU BeO-
cepBicy, CeMaHTHKa onepatiil Be0-cepBicy Ta HOro noct- i nepeyMoBH MOXYTh OyTH BU3HAUCHI JIMIIE B PYYHY.
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SIx ocHOBHI pkepena iHhopmarii MOXHA BUIITUTH:

- JIOKyMeHTamio BeO-cepBicy. MicTuth 00paHy iH(poOpMaIio 1oao BeO-cepBicy. B OUIbIIOCTI BUNAKIB,
iH(pOpMaIis HaJaeThC MPUPOIHBOI0 MOBOIO Ta HE € (OPMai30BaHOI0. BU3HAUNTH aKTyaJbHI BIACTHBOCTI CepBicy Ha
OCHOBI TaKHX TEKCTIiB IOCUTh CKJIQJIHO a00, HaBiTh, HE MOXKIIMBO JUIsl KOMII IOTEPa;

-  BHUXIOZHHH KoX cepBicy. MicTuUTh BCIO iH(OpMamio Mpo omeparii cepmicy, BKIIOYAlOYH BCi BXOAU Ta
Buxomu. [Hhopmaltis, o BUTATYETbCS 3 BUXIZHOTO KONy, PI3HUTHCS B PI3HUX MOBAax IporpamyBaHHs. Lle MoxyTs OyTn
TUTIN BXiITHUX T4 BUXiIHUX IMapaMeTpiB, iHpopmalis mpo GpyHKIIIOHAIBHICTh BeO-CepBicy, epeIyMOBH BeO-cepBicy Ta
eeKTH BUKOHAHHS OIepallii cepricy;

- APl ommcu. CxitagaroThes 3 OTONIOIMIEHB IHTEP(ENCiB y BUXiAHOMY KOJIi Ta TMOSICHEHb MIPUPOIHHOI0 MOBOIO.
Ha Binminy Bin goxymenraii, APl onncu oxycyroTbes Ha KOHKPETHUX OIepalisix BeO-cepBicy, a He Ha BeO-cepBici B
uitomy. Ha BigMiHy Bin BuxigHoro koay, API omuc moxxe OyTH neTanpHIINM Ta 4acTo OKYCYEThCS Ha PElNEeBaHTHUX
METOJaX;

- KOMEHTapi, 0 BKJIIOYEHI 0 BHXITHOTO KOIY, TAKOXX MOXYTb BHKOPHCTOBYBATHCS SIK Ul BH3HAYCHHS
iHpopMamii mpo omeparlii, Tak i MPo cepBic B LiJIOMY;

- crernudikaiii Ha mporpaMHe 3a0e3nedeHHs. 3a0e3MedyroTh Ti caMi THIHY iHpopmaii, mo # API omucw;

- pi3HI mpaBOBi JoKyMeHTH. Hampukman, mineHsifiHa yroga kopucryBada (EULA). VYxkmamatroTbes
MIPUPOTHBOIO MOBOIO, TOMY IX TaKOXK CKJIaJJHO IHTEpPIPETYBATH;

- (QoHOBI 3HaHHA — I iHpOpMAaIlid, sSKa 3a3BUYall He 3a0e3meuyeThcsl pa3oM 3 BeO-cepBicOM aje rpae
Ba)XXJIMBY POJIb B oro cemanTu3anii. Hampukian, (oHOBI 3HaHHS — 1€ 3HAHHS 3 IPOrpaMyBaHHsl, 10 HEOOX1THI IS po-
3YMIHHS TEXHIYHHX acIeKTiB, 3HAHHS MPO MpeAMETHY 00JacTh Ta BIATOBIIHI 3aKOHH, IO PO3’SICHIOIOTH cHemudidHi
BJIACTUBOCTI JOMEHA.

CeMaHTHUKH ONUCIB

[Ipoanamizyemo, ski THUMH iHpOpMamii CITy>KaTh sIKiii METI aHOTYBaHHA y B3a€MO3B’SI3KY 3 SKHMH THIIAMHU
ceMaHTHK Beb-cepBiciB. Busnaunmo 4 kareropii cemanTuk [7], a came:

- cemManmuKy OaHuX — BKITIOYAI0Th CEMaHTHKU BCiX BXOJIIB Ta BUXO/IiB BeO-cepBicy [8];

- CeMaHmuKu NpomoKony — BKIOYAIOTh CEMAaHTHKH, SIKi CTOCYIOTBCS MPOTOKOJY, IO BH3HAYA€E 3aJICKHOCTI
MiX BeO-cepBicaMH Ta IX omnepatlisMu, HalpyuKIaJ, HOpsI0K BUKOHAHHS;

- ¢yHKyioHANbHI ceManmuKy TIOKPUBAIOTH BC1 CEMAHTHKH, IO TIOB’s13aH1 3 (PYHKIIOHAIBHICTIO BEO-CEpBIcy;

- He (DYHKYIOHANbHI ceManmuKu — BCI CEMAaHTHKH He (PYHKI[IOHAIBHUX BIACTHBOCTEW cepBicy, TOOTO BCiX
BIIACTHUBOCTEH BeO-cepBicy, M0 HE MOB’A3aHi Oe3M0CepeaHBO0 3 HOTO (PYHKIIIOHANBHICTIO (SKiCTh, O€3IeKa TOIIO).

HageneHi kareropii ceMaHTHK BHKOPHCTOBYIOTBCS JUISI CEMaHTHYHOI crienudikarii Bed-ceppicy. Takum 4uHOM,
CEeMaHTHYHA CrienudiKaIlis MiCTUTh BCIO iH(pOpMaIilo, MO MOTPiOHA A BHUABICHHS CEPBICY Ta HOTO OTOJIOIICHHS.
KomOGiHalisi ceMaHTHK JaHWX 3 PO3MILEHHSIM cepBicy Ta cemaHTHkamu middleware NmpoTOKOJNIB € CreniajJbHOO
MiAMHOKHUHOKO crenudikamii ceMaHTHYHOTO CEpBICY, IIO 3BETHCA CEMAHTUYHOIO CIICHU]IiKali€lo 3a3eMIICHHS Ta
BU3HAYAE, K OTPHUMATH JOCTYII 10 CEPBICY.

OcHoBHi THIIK ONUCIB Bed-cepBicy Ta KPOKH Npolecy aHOTYBAHHS

PosrnsiHeMo mponiec aHOTyBaHHsA [7/] (PHUCYHOK), BHUXOASYM 3 TOrO, IO OIUCH CEPBICIB PO3POOISIOTHCS
IHKeHepaMH, SKi BIIPOBAJUKYIOTH cepBic. BoHM 00i3HaHI y BHXiJHOMY KOJi CepBiCy Ta MalOTh JIOCTAaTHI 3HaHHS IS
HAOT0 aHOTYBAHHS.

[epmmit kpok — He cemanmuuni anomayii. BXoam Aisl IbOTO KPOKY OTPUMAIOTHCS 3 PI3HUX iHQOpMamiHHUX
JDKepell, Takux sK, JOKyMeHTalis BeO-cepBiciB Ta APl-ommcu, ommcu iHTepdeiiciB omepartiii BeO-cepBiciB TOIIO.
Buxonamu € WSDL-daiinu Ta iHII THIN HE ceMaHTUYHO aHOToBaHUX API-0muCiB Ta TOKyMEHTIB.

Omnmc omeparii — TpaH3aKii, IK TPaBUIIO, JyXKe CTUCIUI Ta HE MICTHTh Ay)Ke 3HAa4ymIoi TouHoi iHpopmarii. s
YMOJKJIMBJICHHSI TTOBTOPHOTO BUKOPHUCTAHHS Ta BUSBJICHHS BeO-cepBiciB, moTpiOHa iHdopmanis npo iHTepdeiic BeO-
cepaicy. [HTepdeiic — 1e BIacTUBICTh BEO-CEPBICY, 110 MOXKE OYTH AyXe MPOCTO ONMHMCAHA, TaK K MICTUTh BCi METOJIH,
1o 3abe3neuye BeO-cepBic, K KiHIIEBY TOUYKY KOMYHiKaIlii MalnHa-3-MallMHOIO, Ta TOBIIOMJICHHS, SKi IPUHMAaIOTh Ta
MOBEPTalOTh IIi MeToAM. IHTepdeiic merony mMoxe Oyru omucanuil 3a gomomororo WSDL. 3a nonomororo WSDL
PO3POOHMK MOJKE HajgaTh JEeTalbHUH Omuc BeO-cepBiCy IOJO0 TOTro, SIK BUKJIMKAIOTHCS omepalii y BeO-cepBici Ta B
SKOMY (opMaTi TTOBEpPTAEThCS BiAMOBIAL. Lls1 iHpOpMaIisi € TOCTaTHRO AETaTi30BaHO0, MO0 3a0€3MEUUTH MiATPUMKY
JIOCTYTY 110 BeO-CepBiciB, alie He OXOILTIOE iH(GOpMAIIifo PO PYHKIIOHAIBHICTE BeO-cepBicy, HOr0 BUKOHAHHSI Ta iHIII
JIaHi, sIKi HEOOX1THO OTPUMATH 3 1HIITUX JKECPEIL.

He cemanTnyHa aHOTaIisl € HaMiBaBTOMATHYHOIO Ta IMATPUMYETHCS pisHMMHU 3acobamu. Hampuknan, icHye
0araTo MOB IIpOTpaMyBaHHsI, IO MATPUMYIOTh TeHepaiiro WSDL-¢aiinis.
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He cemantuune

CemaHTH4HE
aHOTYBaHHS AHOTYBAHHS
>
- KOMITOHEHTH - WSDL ¢aiinu CEeMaHTHYIHA
cepBicy - anoroBani API cnierdikaris
- API omucu ONHCH-OTOBAHA - cepBicy
-IOKyMEHTAIIist JIOKyMEHTAITis
- 3aKOHU -TOILIO ... baza 3naHb

-TOIIO ...

Q OHroorii foMeHy

Onroutorist BeO-cepBicy
Pucynok. [Iponec anoTyBaHHs

Hdpyruit Xpok — cemanmuuna anomayis. Ha mpoMy KpoIi MpUAMAarOThCs TaKi caMi BXOIH, SIK 1 Ha MEPIIOMY,
aje B KOMOIHAIl 3 peJeBaHTHUMU OHTOJIOTiISIMH, TAKUMH SIK OHTOJIOTII BeO-CepBiCiB Ta Pi3HI OHTOJIOrIT JOMEHIB.
Buxoom mboro KpoKy € CEeMaHTUYHA CIIEIU(IKaLlis CepBICY.

CaM mporec ceMaHTHYHOI aHOTAIli{ TAKOXK CKIANAETHCS 3 JCKITBKOX KPOKIB.

IMepummii kpok — e xkracugixayis Bed-cepBicy. PesynbraToM € npu3HadyeHHs BeO-cepBiCYy KOHKPETHOTO
MPUKJIAIHOTO JOMeHa. Po3poOHUK KiacuQpikye CepBic Ha OCHOBI BJIACHHX 3HAaHb a00 3a JOMOMOIOK 3aco0iB
KIacudikarii.

ITicas BU3HAYCHHS KJIaCy MPHUKJIAJHOTO JOMEHY BeO-CEpBICY PO3POOHHMK Mae 0OpaTH BiAMOBIIHY OHTOJOTIIO
JIOMEHY, a00, SIKIIO Takol He ICHy€, BU3HAYMUTH HOBY (MOXIIMBO IHTErpOBaHy Ha 0a3i iCHYIHOYHX) 3a JIOIIOMOIOIO
CIleIiabHAX 3ac00iB.

[I{oiiHO oHTONOTIIO 00paHO, IHXKEHEp IOBHHEH BCTAaHOBUTH 3B’SI3KM MDK MeETaJlaHUMH, SIKi OIHCYIOTbH
(yHKIIIOHABHICT BEO-CEPBiCY, Ta KOHIeNnTaMu oHToJorii. [le#t mpomec Moxe OyTH MOMiINEHU Ha Pi3Hi MiAMPOIeCH
BiIMOBIIHO 70 BHU3HAYEHWX BWIIE THUIIB CceMaHTHUK. KOXXHUN MiAmpolec aapecoBaHUN OJHOMY THITY CEMaHTHK.
HaBiTh, SKIIO HE iCHY€ HISIKOTO CIEI[IaJIbHOTO MOPSAKY BUKOHAHHS IIUX MIANPOILECIB, € CEHC pO3IoYaTH 3
aHOTYBaHHS METaJaHUX ceMaHTHKamu jJanuX. l[[o0 BU3HAUNTH CEMaHTHUKH JIAHUX omepallii Be0-cepBicy, HEOOXigHO
moOyayBaTH 3B’ SI3KM MK KOHIIEITAMU OHTOJIOTIT Ta BiAOBI JHUMH IapaMeTpaMH BXOAY W BUXOAY, a TAKOXK TUIIAMHU
napameTpiB. Lli 3B’A3KM BU3HAUYAIOTHCS LUIIXOM BHM3HAYECHHS BIJIMOBIJHUX KOHIENTIB OHTOJIOTII IJISi KOXKHOTO
napameTpa Ta KO>KHOi oreparii Be0-cepsicy.

st cnenudikamii KiHIEBHMX TOYOK BeG-cepBiciB Oyno pospobieno WSDL [6], ame iiomy He BHcTadae
MOJKJIMBOCTEH JUIsi BHpaXE€HHS PI3HMX THIIB ceMaHTHK. Hamatm ommcam BeO-cepBiciB (OpMalbHY CEMaHTHKY
JIO3BOJISIIOTH  OHTOJIOTIYHI MOBH TIPEJICTAaBICHHSA 3HAaHb, TAaK SIK BOHM YMOMJIMBIIOIOTH BH3HAYCHHS KOHIEITIB,
KJIay3iB, THITIB Ta 3B’S3KiB JJs cnenudikaiii, BiAMOBIIHO, KOHIENTYyami3amid abo oHTONMOTiH. Ko icCHYIOTh W He
CEMaHTHYHI ONWCH IiHTEepQEHCiB, BOHM TaKOX MOXYThb OYTH TpaHCIBOBaHI B MOBY ONHCY 3HAaHb, IO
BHUKOPUCTOBYETHCS JUIs BU3HAUCHHS ceMaHTHU4HOI cnenngikarii. 3aiexHo BiJl MOBH, III0 BUKOPHCTOBYETHCS JUIS HE
CEMaHTHYHOTO OIHUCY, I TPAHCIAMIsI MOXe OyTH IEeBHOIO Miporo aBToMaTu3oBaHowo. Hampukmax, WSDL-daitnu
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TPAHCIIOIOTHCS HAMIBABTOMATHYHO BHACHINOK iX MAIIMHHO-IHTEepHpeTaiiHiin ¢popmi. g takoi TpaHCHAMil THIIH,
10 BUKOPUCTOBYIOTHCS, Ta €JIEMEHTH iHTep(deiciB orepallii MOBUHHI OyTH BiOOpakKeHi y KOHIICTITH OHTOJIOTII.
Pesynbratom € cemanTHuYHa crienuQikallis 3a3eMJICHHS Ta YaCTUHH MepeIyMoB i eekTiB, o crnenudikyoTh BXigHI
Ta BUXIJHI TapaMeTpH.

HactynHum KpokoMm € cneyughikayis npomoxony ma @ynxyionarvhux cemanmux. CEMaHTHKH IMPOTOKOIY
ONHCYIOTH MIPOTOKOJI, SIKOMY HEOOXiTHO CITiyBaTH AJIs BUpIMIEHHS Oi3HEC 3amadi 3a JOMOMOTo0 cepBicy. IIpoTokon
BH3HAYa€ MOPSIOK OIepalill, BKIIOYAIOUN MOCTIIOBHICTD, TETNi, PO3Taly)KeHHS, 3 €IHAHHA TOWO. Y 3arajbHOMY
BHITAJKy CEMAHTHKH MPOTOKOIY OMHCYIOTh PO0OUi MOTOKK Ta MOTOKH JAaHWX PEJIeBaHTHI BUKOHAHHIO BeO-CEpBiCy.
[IpoTokosn MoOKe BH3HAYATHCSA B PI3HUX HOTAMiAX, IO OUTBII-MEHIN IHTYITHBHO 3pO3yMimi uii po3poOHWKa. Y
MOJANIBIIOMY, CEMAaHTUKH MPOTOKOJNy MOXYTh crHeuudikyBaTHcs 3a JOINOMOTOK NEpeAyMOB Ta IIOCTYMOB.
@OyHKIIOHAIBHI CEMaHTUKU OTMHCYIOTH (DYHKI[IOHANBHICTH onepauiil Be0-cepBicy. BOHM MOXYTh TaKOX BHpaXKaTHCS
3a TOTIOMOTOI0 TIEPEIYMOB, IIOCTYMOB Ta €(EKTiB.

Po3pi3HsOTH BHYTpILIHI NEPEeAyMOBH, SKi IEpeBIpsAIOTHCS (BHYTPIIIHBO) TPHUKIAIHOIO JIOTiKOK abo
3a0e3MeuyloThCsl YMOBaMHM, L0 HAKJIAJaloThCs Ha THIIM MOBOIO IPOTpaMyBaHHs, Ta 30BHINIHI — OUIBII 3araibHi
MIEPEIyMOBH, IO NOBHHHI 33JOBOJBHATHCS Ui KOPEKTHOTO Ta YCIIIIHOTO BHKOHaHHA BeO-CEpBiCYy Ta HE MOXKYTh
OyTH mepeBipeHi B Mexkax peaiizamii cepsicy. Jami, y BHYTpIIIHIX yMOBax pO3pi3HAIOTH SBHI Ta HESABHI YMOBH.
HesiBHI nepeayMoBH — 16 YMOBH, 1110 BUILTMBAIOThH 31 CTaHJApTIB, TUIMIB Ta BU3HA4YeHb. Hanpuknaj, «1aTa NOBUHHA
OyTH MpeACTaBlicHa Y KOHKpEeTHOMY (opMmaTi». SIBHI mepeayMOBH — ¢ YMOBH, 1[0 BU3HAYAIOTHCS JJISI KOHKPETHOT
oneparnii. Hanpuknan, TepMil aii KpeAUTHOI KapTH.

Edektu onmucyroTh BHXiJ Ta BIUIUB BUKOHAHHS BeO-cepBiCy. SIKIIO TepMiH MOCTyMOBa 4acTo (HOKYCYETHCS
JIIIIE HA OMHKCI YMOB, IO CTOCYHOTHhCS 3HAU€Hb, SIKi MOBEPTAIOTH OTmepallii BeO-cepBicy, ePeKT pO3IIIIIaE TaKOK
BIUIMB, SIKWI Ma€ BUKOHAHHA BeO-cepicy. Hanpuknan, edexrom mepekasy rpoimeii € 3MiHa cTaHy paxyHKY.

SIKmo BH3HAYEHI CEMAHTHKH JaHUX, TO YacTHHU IPOTOKONYy Ta (YHKIIOHAJIBHICTE BXKE HESIBHO
cneundikoBani. HesBHa crneuumdikanis NpPOTOKONY BUILUIMBAE 31 crneuudikamii BXiZHMX mnapameTpiB. 3 wiel
crierudikanii MOXHa 3pOOMTH BHCHOBOK, SKYy iHQoOpMaIilo HeoOximHo 3i0patm mo BUKINKY omepamii. HesBHa
crierudikanis QyHKIIOHATBHOCTI € YaCTHHOIO crennikaliii mapameTpiB. [HITUME cToBaMy, BCi YaCTHHH MIPOTOKOITY
Ta (YHKI[IOHAJHHOCTI, 10 MOXYTh OYTH BHBEICHI 3 MOTOKIB JaHUX, MOXYTh OyTH HEsBHO crerudikoBani. [HImi
YaCTUHH CEMaHTUK NOTPEOYIOTh SIBHOI crieludikalii 3a J0MOMOrol BCTAHOBJCHHS 3B’s3KiB. BxoJgoM ans mporo
KpOKYy IIporiecy € iHdopMarlis 3 ycix mKepel, Mo ONMUCyBalIuCh paHime. SIBHI crenugikamii mepe IyMoB Ta epeKTiB €
CKJIaTHUMH Ta IMOBUHHI BU3HAYATHCS PO3POOHUKOM BPYUHY.

OcTraHHIi KpOK CeMaHTH4YHOI aHoTauii — cneyugixayis ne ynxyionarpnux cemanmux Bed-cepsicy. IcHye
OaraTto pi3HMX He (QYHKIIOHAIFHWUX BIIACTUBOCTEH: HANPHKIAL, BapTICTh BeO-cepBicy, Oesmeka (KOMYHIKaIlis,
mupyBaHHS JaHUX), SKICTh CepBiCYy (ITOKa3HUK SKOCTi, Y CBOIO Yepry, MOXE OXOILTIOBaTH Oarato (hakTopiB: dac
BHKJIMKY Omepailii, MOXIMBOCTI CepBiCy, iH(pOpMAIIisi PO BUKOPHCTAHHS pecypciB BeO-cepsicy). 1 o6 mocsrayTn
KOPEKTHOI iHTeprpeTalii He (yHKI[IOHATbHIX BIACTUBOCTEH, HEOOXiIHO 3HANTH BIAMOBIAHI omucH. JIesKi 3 MPOCTUX
He (QYHKI[IOHATFHUX BIACTUBOCTEH TAaKHX, K HAa3Ba CEPBICY, MOXKYTh OYTH aBTOMAaTUYHO BUTATHYTI 3 WSDL ¢aiiny.
binpir ckiagHi He (YHKIIOHANbHI BIACTMBOCTI ONMCYIOTHCS iHXKeHEepoM. J[Jisi bOro MOXYyTh OYTH BHKOPHCTaHi
pi3Hi Jokepena iHQopmalii, Hanpukian, CcTaHgapTd abo 3akoHHM. Tak, 3aKOHOM MOXE perjaMeHTYBaTHCS
MiHIMaTbHUH piBeHb MU (pyBaHHS U TIepeaadi crienupiTHIX JTaHUX.

3araJJbHUMH acIEeKTaMH MPOLECiB HE CEMAHTHYHOI Ta CEMaHTHYHOI aHOTAIil € 3ycwiulsd aHOTyBaHHsS. Omnuc
cepBicy, 10 MICTUTh BCI peNieBaHTHI BJIACTUBOCTI, € CYTTEBMM BaKeJeM BIUIMBY JUIsl IHOro MOBTOPHOIO
BHKOPHUCTAHHS Ta YMOXJIMBIIIOE Kpally MiATPUMKY 3aco0y, aie, B CBOIO Yepry, BHMara€e Bij iHKeHepa Oiibime
3ycunb. Ilpu BuUpimeHH] AaHoi MpoOIEeMH IOBHHEH MOCSTaTHCS KOMIPOMIC MK 3yCWJISIMH MOJETIOBaHHS Ta
MeHeKMEHTY [9], e 3yCHIuTs MOIEMIOBAaHHS OXOTLIIOIOTE TIPOIECH aHOTAIlil Ta JOKYMEHTAIlii, B TOW Yac SIK 3yCHILIS
MEHEDKMEHTY O3HaudaloTh 3yCHJUIA, SKi HEOOXITHO MPHUKIACTH MEHeIKepy g 3a0e3ledeHHs IOBTOPHOTO
BHUKOPHUCTAHHS cepBicy. 3MEHIIEHHS 3yCHJIb Ha aHOTYBAHHS NPHU3BOJUTH JI0 30UIbIIEHHS 3yCHJIb MEHE/DKMEHTY Ta
HaBmakd. Po3yMHUit koMmmpowmic, 3a3BH4aii, JocAraeThCsl NPHU MiHIMaNbHIA KOMOiHaIi, ane A pi3HUX CIeHapiiB €
iHII (akTopH, IO BIUIMBAIOTH HA OMTHMaJbHYy KoMOiHatito. Hampuxiran, mpoBaiizep cepBicy Moke 301IBIIHTH CBOT
3yCHJUIS MOJEJIOBAaHHS, 1100 3MEHIIUTH 3YCHIUII MEHE/DKMEHTY, Ta OTPUMATH IepeBary cepell KOHKypeHTiB. Takum
YHHOM, 0c00a, sKa BIANOBIiJa€ 3a aHOTYBAHHA CEpBiCY IMOBHMHHA 3HAWTH BJIACHUW KOMIIPOMIC 3aJICKHO Bif
1HIUBIIyaTbHOTO KOHTEKCTY.

3arajioM, ceMaHTH3aIlisl CepBiCY OKpPIM aHOTYBaHHI Tiepeadadae moaanblle Kongepmyanms Mojaeli. Pid y Tim,
110 HaBiTH JOOpEe aHOTOBaHA CeMaHTHYHa crienudikanis cepBicy He 3abe3neuye aBTOMAaTH30BAHOTO BUPIMICHHS 3a7a4
BeO-cepBiciB, sfka MOTPeOYIOTh ypaxyBaHHS iX MoBeAiHKH. Tomy, MOTpiOHA Taka MOJENb MPEACTABICHHS, SKa MOXe
OyTH mepeBipeHa JIerKo i aBTOMaTHUYHO. BupakeHHS OBEAIHKOBOI MOJIENi CepBicy B Takii GopMi 1 € CyTTIO eTamy
KOHBePTYBaHHSI MojeJi. 30KkpeMa, OCKUIBKH KOHTPOJIEpH MOJIeJli 3a3BUUail MaroTh CIIPaBy 3 JESIKMM BHJIOM CHCTEM
NePEeXo/diB CTaHiB, € MOLUILHUM MEpPEeBEJCHHS aHOTOBAHOT'O OIUCY IPOLECY B AHOTOBAHY CHCTEMY IEPEXiTHHUX
craiB (ASTS). Lle#i kpok MOke BUKOHYBATHCS aBTOMATHYHO.
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CemMaHTH4YHe AHOTYBAHHS HA NMPHUKJIAAi PO3MIMPEHHS NPOLETYPHOI0 ONKCY CepBicy

[ToBeniHKOBI acHeKTH CepBiCY MOXYTh OyTH NpeACTaBICHI Pi3HMMH MoBamHu. [l neMOHcTpalii nmpukiasy
NIPE/CTaBIICHHS TPOLEypHOro omnucy Beb-cepBicy Oynemo BukopuctoByBatu BPEL. Komnosunis WSDL+BPEL e
«KITACHYHUM», YHUCTO CHHTAKCHYHAM NOJAaHHAM IIporiecy Ta 3abe3nedye TOTY)KHHH IHCTpyMEHTaJIbHHU 3aci0d
BHPIMIEHHS MPOOIEM.

BPEL [ 9] 3abe3neuye omepauiitHuii omuc MOBEAiHKH BeO-CepBiCiB Ha BepXHii yacTuHi iHTepdeiiciB cepBicis,
sKi BU3HaueHi B cnenudikanii WSDL. A6ctpakrauit onuc BPEL Bu3Hayae napTHepiB cepBicy, HOro BHYTPIIIHI 3MiHHI
Ta oreparii, SKi CIpaIbOBYIOTh Bi/l BUKIIMKY CEpBicy AeSKUMU 3 mapTHepiB. Omepamnii BKIIIOYArOTh B ce0e IpU3HAuYSHHS
3MIHHHMX, BHKJIHMK IHIIMX CEpBICIB Ta OTPHMaHHS BiANOBiAEH, MOPOKEHHS NapajelbHUX IOTOKIB BHKOHAaHHS 1
HeJIeTepMiHOBAaHOTO BHOOPY OJHOTO cepell pi3HUX HampsMiB niil. Y 3arampHomy Bunaaky BPEL cnenmdikaris nyxe
JIeTalbHO BH3HAYa€ IUIAX B3a€MOJii, AKMH  HEOOXiZHO TIPOBOAWTH 3 BeO-cepBicoM i TOro, m00 ioro
BHKOPHCTOBYBATH, ajle, I[LOT0 II¢ HE NOCTaTHHO, MO0 JO3BOJMTH aBTOMAaTHYHE BHPIMICHHS 3amad BeO-cepBiciB,
HalpHKIaJ, MpocTo BusiBieHHA cepgiciB. s nporo BPEL cneumndikanii noBuHHI OyTH PO3MIMPEH] «CEeMaHTUYHUMHU
aHOTalisIMA». AHOTYBaHHS IPOIIECHOI MOJENI cepBicy 3ailicHIOeThes BBeaeHH:IM B BPEL criermdikaniro cnemiaabHIX
aTpuOyTiB semann, a X 3HAaYCHHIMH € CEMAaHTHIHI aHOTAIIi].

Sk mpuknan, posriisiHeMO cepBic OpoHIoBaHHs KBUTKIB Ha Jiitak. Moro BPEL cnenudikamis moxe matu
BUTJISIL:

<process name="FlightReservation”>
<partnerLinks>
<partnerLink name="client” partnerLinkType="FtRes PLT” myRole="FtRes Server”
partnerRole="FtRes_Client”/>
</partnerLinks>
<variables>
<variable name="req” messageType=""flightRequest”/>
<I-- "req” contains parts "/req/start”, “/req/des”, and “/req/date” --->
<variable name="pax " messageType="paxInformation”/>
<I-- "pax” contains part "/offer/client” -->
<variable name="offer” messageType=""1lightOffer />
<I-- “offer” part “/offer/fl” -->
</variables>
<sequence name="main"">
<receive operation="request” variable="req” partnerLink="client”
semann="/req/start : POOntology#Location, /req/dest : POOntology# Location, [req/date
POOntologyttDate”|>
<switch name="checkAvailability ">
<case name="isNotAvailable>
<invoke operation="not_avail” partnerLink="client” semann=""/offer/fl : POOntology#Trip,
/offer/fl.status = notAvailable”/>
</case>
<otherwise name="isAvailable >
<assign name="prepareOffer >
<copy><from opaque="yes " semann="/offer/fl : POOntology#Trip, /offer/fl.start = /req/start,
/offer/fl.destination = /req/dest, /offer/fl.date = /req/date”/>
<to variable="offer” part=""fl"/></copy>
</assign>
<invoke operation="offer” inputVariable="offer” partnerLink="client”/>
<pick name="waitAcknowledge ">
<onMessage operation="ack” cariable="pax” partnerLink="client”
semann="/pax/client :  POOntology#Client, /offer/flpax =  /client/pax,
/offer/flight.status = booked ”/>
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<onMessage operation="nack” partnerLink="client” semann="/offer/flight.status =

cancelled”!>
</pick>
</otherwise>
</switch>
</sequence>
</process>

[pencraBnenunit pparMeHT BU3HAYa€ MPUKIAJ CEMAaHTUYHOI crienudikauii Mo>xnuBoro inTepdeicy ais cepsicy
pesepBaitii kKBUTKiB Ha jJitak — cepsic FlightReservation. Ilicnst oTpuMaHHS 3amuTy Ha KBHTOK (omepariisi receive),
cepBic mpoliecy mpuiiMae pillieHHs PO HasBHICTH KBUTKIB (omepariis switch Hassana checkAvailability). 3aysaxumo,
10 peaizamis 1€l mepeBipKy, IKa 3aJeKUTh Bil iHPOpMAaniiHOI CHCTEMH aBiaKOMIIaHil, He Ma€ BiTHOIICHHS 10 OTIHCY
NIPOTOKOJIy B3aeMOZii 1, OoTxe, He 3a3HayeHa B aOctpakTHoMy BPEL. Slkmio kBuTOK He nocTynHuil (case
isNotAvailable), e moBoauThcs 10 Kii€HTa 1 cepBic 3akiHYye BHKOHAHHS. SIKIIO KBUTOK OOCTYmHHil (case
isAvailableTickets), cepsic Bigmpasinsie npomnosuriro (invoke Offer) i, B pasi, sikuo kmient 1 mpuiimae (OnMessage
omepartisi Ack), kButok Oponroetses (flight.status = booked), B inmomy Bumamky (OnMessage omeparmisi NAck),
omnepariist ckacoByerhes (flight.status = cancelled).

HaBenenuit mpukiaz JeMOHCTPYE BCTAHOBJICHHS 3B’SI3KIB MK KOHIIENTaMHu oHToJOri someHy POONtology Ta
BXIJHUMH 1 BUXIIHHMH TOBIIOMIICHHSMH, SKHMH OOMiHIOEThCs mpouec. lle mocsraerbcss yepe3 BHKOPHCTAHHS
CeMaHTHYHUX aHoTamid “/req/start : POOnNtology#Location, /reg/dest : POOntology# Location, /reg/date
POOntology#Date”. OkpiM 1bOTO, BUPAXKAIOThCA "CEMaHTHYHI" BiTHOIICHHS MK 3HAYCHHSMH BXITHHX Ta BHXITHUX
JAHWX, IepeIaHuX i 9ac B3aEMOJIi 3 BeO-cepBicOM, BU3HAYAIOTHCS PE3yIbTaTH B3a€MOJIII 3 BeO-cepBicoM

("/offer/fl : POOntology#Trip, /offer/fL.start = /req/start, /offer/fl.destination = /req/dest, /offer/fl.date = /req/date”).

VY HaBeneHnomy mpukiani POONtology — oHTOMOTIS MPHUKIAAHOTO TOMEHY, 10 MpeACTaBiIeHa 3a JOTIOMOIOI0
JIL Ti y3aransnenuit TBox MoOe MiCTUTH HACTYTIHI TBEpIKEHHS:

Year, Month, Day, Date, Client, Status, Location, Country, FlightID.

Date = has.Year; Date = has.Month; Date = has.Day; Location= isLocatedIn. Country; Trip = hasStartPoint.
Location;Trip £ hasEndPoint. Location; Trip £ hasDeparture.Date; Trip £ hasArrival.Date; Flight=
belonguesTo.AirLineRoute; Flight = hasDeparturDate.Date; Flight = hasDeparturTime.Time; Flight =
from.Location; Flight = to.Location; Flight= hasSeats. NUMBER; Flight= hasStatus.Status; Status = {Available,
NotAvailable, booked}.

Hagenena oHTONOTIS MICTHTH SK 3arajibHi, He3aJekHi Bif momeHy koHmenTu (Day, Month, Year, ...), Tak i
KOHIIETITH, 10 € crenmdivammu i naHoro gomeny (Location, Trip, ...). BPEL crenmdikamiro MoxHa YMOBHO pO3i-
JIUTH HA J(Bl YaCTHHU: [EKJapallisi 3MiHHUX, SIKI BUKOPHUCTOBYIOTHCS Y BXIiJHHX/BUXITHHX [OBIIOMJICHHSX, Ta PEIITa,
10 OIMUCYE MOTIK B3a€MOIII.

BusHaunuMo ocrosHi acnekmu 6UKOpUCMAHHS CEMAHMUYHUX AHOMAaYill B OTIUCI CEpBICY:

° 3a0e3neyYeHHs 3B'I3KIB MIXK IMOHATTSIMH OHTOJIOTII Ta BXIAHUMM 1 BUXIJHUMH IOBIJOMJICHHSIMH, SIKUMH 00-
MiHIO€TbCsl Tporiec. Llto poss Bimirpatots aHotauii «/req/start : POOntology#Location, /req/dest : POOntology#
Location, /req/date : POOntology#Datey NiSmbHOCTI receive Ay omepariii request Ha TO9aTKy OIICY;

. BHPQXCHHS «CEMaHTHYHHMX» BiTHOMICHh MiX 3HAYCHHSIMHU BXIJIHUX 1 BUXITHUX MapaMeTpiB, SKAMHU OOMi-
HIOIOTBCSI BeO-cepBicu mpu B3aeMomii. Lle Bu3HavaeThest B aHoTawii «/offer/fl.start = /req/start, /offer/fl.destination =
[req/dest, /offer/fl.date = /req/date;

. BHU3HAYCHHS pe3yibTaTy B3aeMoii 3 BeO-cepBicoM. B maHomy mpukimani, pefic OpOHIOETBCS JHIIEC 3a
yMoBH #oro goctynHocTi. CepBic BifCHIIa€ MPOIO3MIII0 i KOPUCTYBAad BH3HAYAE 30Ny 3 MPOMO3HLiel0. [ mporo B
JUSUTEHICTB, IO BiMOBIIA€ 32 OTPUMAHHS ITiITBEPXKESHHSI, TOAA€ThCS aHOTAIls «/offer/status = bookedy.

TakuMm 4rHOM, CEeMaHTHYHI aHOTAIlil MOTPiOHI, 00 KOperyBaTH OCOOJIHMBOCTI iHTepdeiicy, i BU3HAYATH IIE Y
BIJHOIIEHHI 13 3araJbHOI0 OHTOJIOTICIO.
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CemanTusanist STS. Micue JJI y BusHauenni ASTS -monesni

MeTor0 CeMaHTHYHOTO aHOTYBaHHS ONHUCY BeO-CEpBICIB € yMOXIIMBICHHS iX IOBTOPHOTO BHKOPUCTaHHS Ta
MOJATBIIOT0 aBTOMATH30BAaHOTO Ta €(EKTUBHOTO BHUPIIIEHHA iX 3agad. ToMy, HAaCTYyIIHHM €TaloM CeMaHTH3alii, 3a
HAsBHOCTI aHOTOBAHOTO OITUCY MOJENi CepBicy, € ii KOHBEPTYBaHHSA, a caMe IePEeTBOPEHHS ii y ¢Gopmy, IO MOxKe
00pobmsaTHCa aBTOMaTHIHO. Takoro ¢opmoro € cuctemu nepexigamx craHiB (STS). 3 STS, 30kpema, mpamolTh
Oimpmricte cucteM Al maHyBaHHS, MEXaHI3MH SKHX MOXKYTh TaKOX BHKOPHCTOBYBAaTHCS OISl aBTOMAaTHYHOTO
BUPIIIEHHS 33/1a4 BeO-CepBiCiB.

BPEL mpormecn, po3mupeHi CeMaHTHIHHMHU aHOTalisMH, KoayioTbes sk ASTS. STS ommcyrores nuHamidHi
CHCTEMH, SIKi MOKYTh OyTH B OIHOMY 3 iX MOJMJIMBHX CTaHIB (IEAKi 3 HHX IO3HAYeHI K BUXITHI CTaHU), 1 MOXYTh
PO3BHUBATHUCS IO HOBUX CTaHIB B PE3YJIbTaTi BUKOHAHHS JACSKUX Mii. Bei il moauIsSroThes Ha BXiHI, BUXiAHI 1 T. BXimHi
Jil — 1e TPUHOM TOBIJOMIICHB, BHXIJHI — MPEACTABISIOTH MOBIMOMJICHHS, NEpelaHi J0 30BHINIHIX CEPBICIB, a T €
CIICTiaJbHOIO [Ii€F0, IO HA3MBAETHCS BHYTPIIIHS i Ta NPEACTABIs€ BHYTPIIIHI 3MiHH, fKi HE BUIHO 30BHIIIHIM
cepBicaM. IHImIMMM cllOBaMH, T mpeicTaBisie TOW ()akT, IIO CTAaH CHUCTEMH MOXE PO3BUBATHUCS, HE BHPOOISIOUH
OyIp-SIKOTO BHXOJy Ta HE CIIOKMBalo4M Oyap-skoro Bxoxy. lle € nHacmigkom Toro, mo B abctpaktHomMy BPEL
BHYTpIIIHI Aii «Hempo3opi». BigHOmEHHs mepexoqy OmHCye, K CTaH MOXKE PO3BHBATHCS Ha OCHOBI BXOJIB, BUXOMIB
a0o BHYTpPIIIHBOT Jil T.

B ASTS 3 KOXHHM CTaHOM MOJKHA aCOIIIFOBaTH HaOIp TBEP/PKEHb KOHIICTTIB Ta TBEPXKEHB poii. Lle koHdirypye
CTaH K CTBEPPKyBaJIbHUI KOMIOHEHT (ABoX) cucremu monanHs 3HaHb Ha ocHOBI JIJI, e cama oHTOJIOTISI Tpa€e poIib
TepMiHosoriuHoro kommonenra (TB0X). ¥ takomy pasi, koxuuit ABox xapakrtepusye OKpeMHil CTaH cucTeMH. Sk
HACIIIZIOK, KOXKHY JIiF0 MOXKHA PO3TIIAAATH SK MMEPEXiJ 31 CTaHy, 10 3HaXOAUThCsl B ABOX, B iHIIMIA CTaH, [0 MICTHUTHCS
B iHmomy ABox. Cmig 3a3Hauutd, 1m0 i aHoroBanux BPEL mpomeciB Taka komBepraiisi y ASTS moxe
BUKOHYBAaTHCS aBTOMaTHYHO.

Bmnraunmo pone JJJI y ASTS —mpencraBnenHi cepsiciB. Ileprm 3a Bce, po3MIITHEMO 3araibHE BH3HAYCHHS
ASTS.

Busnauennss [10]. ASTS, sika BU3HAa4YeHA HA CHUCTEMi MEpeXiHUX CTaHiB X, — € koprexem (X, T, /), ne:
Y= <S ,S% 1,0, R, P, X ) — e cuctema repexifuux cranis; S — kiHresuii Ha6ip cranis; S° & S — HaGip mouaTKOBHX

craniB; | — xinneBuit HaGip BXinHux miit; O — kiHneBuii HaGip Buxiguux gii; R S S x (1U O U {¢}) x S — BigHOmIECHHS
nepexony; P — nabip BucnosmoBans, skuii B ASTS € nopoxuim (P = 0); X : § — 2P — ¢ynkiis cocrepexeHns, ska B
anotoBaHiil STS € Hepn3HaueHow; T — TepMminonoria anotamnii (TBox); A : S — 27 — QyHKuis aHoTyBaHHd, A€ AT —
Ha0ip BCiX TBEPKCHD KOHIICTITIB 1 TBEPHKCHB pOJiei, BU3HAYCHUX Ha T.

Posrmsiremo mpuknan pparmenty ASTS mst mponecy FlightReservation, BPEL — ommc sikoro HaBeneHuit BHUIIIE.
Iep 3a Bee, CITijl 3a3HAYUTH, 1O B IKOCTI TepMiHOJIOTIT aHOTALlii BUKOpUcTOBYeThCst TBox ontonorii POONtology.

PROCESS FlightReservation;

STATE pc : { START, ReceiveRequest, CheckAvailability, isNotAvailable, invokeNot Avail, isAvailable, PrepareOffer,
invokeOffer, pickWaitAcknowledge, requestAck, Ack, END_PICK, END_ACK, END_NACK };

INIT pc = {START};

CONCEPT String; Client; Number; Date; Location; Flight; Trip, Country, FlightID; AirLineRoute; Status;
INPUT request(flightRequestMsg); NAckMsg(); AckMsg();

OUTPUT isNotAvailable(); waitAcknowledge(Status);

TRANS

pc = START -[TAU]-> pc = ReceiveRequest;

pc = ReceiveRequest -[INPUT request(flightRequestMsg)]-> pc = CheckAvailablility

pc = CheckAvailability -[TAU]-> pc = isNotAvailable;

pc = CheckAvailability -[TAU]-> pc = isAvailable;

ANNOTATION FUNCTION

LAMBDA (ReceiveRequest) = LAMBDA(START);

LAMBDA(CheckAvailability) = { /flightRequestMsg/client:Client,
/flightRequestMsg/start:Location,
/flightRequestMsg/des:Location,
[flightRequestMsg/date: Date}
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U LAMBDA(ReceiveRequest);
LAMBDA(PrepareOffer) = { /flightOfferMsg/client:Client,
/flightOfferMsg/start:Location,
/flightOfferMsg/des:Location,
[flightOfferMsg/date:Date};

3anpornoHoBaHe IpeAcTaBieHHS € gparMeHToM TekctoBoro ommcy ASTS, mo Bimnosinae BPEL mpouecy
npukiany. BignosinHo no ¢opmansHoro BuzHaueHHs ASTS, nabip craniB S (po3min STATE) mozmenroe eramm
MPOLIECy Ta EBOJIOMII0 TBEPKEHBb IOHATTS 1 poii. PC € 3MIHHOI, sKa mpobirae Habip craHiB S i, oTKe, (ikcye
MMOTOYHUIA KPOK BUKOHAHHA cepBicy. Habip mouaTkoBux craHiB So mpenctaieHo poszinoMm INIT. KonmenTn, mo
BUKOPUCTOBYIOTECsL B aHoroBaHili STS, mepepaxoBani B po3aini CONCEPT. Bonn moBunHHI OyTH BU3HaueHi B
tepminax TBox-a Jontonorii POONtology. Biamosig#o mo ¢popMansHOi MOeNi, po3pi3HAIOTh TPU Pi3HI BHIM il
Bxigai mii | MomemioroTe Bci BXiIHI 3amMTH IO TIpoliecy Ta iH(OpMamiro, sSKy BOHH NPUHOCATH. Buximmi mii O
MOJICTIIOIOTh BCi Jii, SIKI BiJIpPaBIsAOTh BUXIAHI MOBiZOMJICHHSA. Jlisl T BHUKOPHUCTOBYETHCS IS MOJCIIOBAHHS
BHYTPILIHIX €BOJIOLIH Mpolecy, TaKKX SIK MPU3HAYCHHST W NPUHAHATTA pimieHb. HaOip Bximguux nii | (BuxigHux mid
O) npeacrasneno pozaimom INPUT (OUTPUT). Esomtomist mpouecy moaenoerbes y po3aini TRANS. ®dyukiis
anorarii 4 (po3ain ANNOTATION FUNCTION) mopentoe, Sk TBEPIKCHHS BapilOIOTHCS 3aJie)KHO BiJl CTaHIB.

Hanpukman, LAMBDA(PrepareOffer) = { /[flightOfferMsg/Client:Client,  /flightOfferMsg/start:Location,
[flightOfferMsg/des:Location, /flightOfferMsg/date:Date}; npencrasisie Toit dakr, mo cran PrepareOffer mictuts,
HAINpPHKIA, TBEPKCHHS KOHIIETTY flightOfferMsg/Client:pax, [flightOfferMsg/start:Location,

[flightOfferMsg/des:Location, /flightOfferMsg/date:Date e inauBinamu, siki Hanexats g0 kounentis Client, Location ta
Date, simnmoBimHo. Koxkna kmay3a TRANS i koxxna kimayza LAMBDA BiamoBimae pisHUM eneMeHTaM Y BiJHOIICHHI
nepexoxy A i B GyHKUIi aHOTAaMIi /, BiIIOBITHO.

st Toro, mo0 oTpUMaTH KOHKPETHY CHCTEMY IepexiHoro crany (HaOip koHkpeTHHX ABoxes), kKoHLenTam
TBox Mae OyTH NpU3HAYCHUH KiHIIEBUI HAOIp 1HAMBIIIB UX KOHIICTITIB. MOXJIMBUHN MiJXiJ] — BU3HAYUTH BiAMOBIIHI
TBEpDKCHHS KOHIICNTIB y 3araiibHii gacTiuHi ABoxes. [Hmni, kpamuii MeTo MoJsrae y BUKOPUCTaHHI 3aCO0iB piBHA
3HaHb, TAKUX, K B [11], 1100 YHUKHYTH SIBHOT'O MEPENIKY iHAUBIIIB.

{06 mepeBipUTH, YU € ICTUHHUM TBEP/UKEHHS P B JIaHOMY CTaHi, 3aCTOCOBYETHCS IEpPEBipKa eK3eMILIsipa, 110
no3Havaethest sk (I, A(S)) |= p [10]. YV koHKpeTHOMY BUMAKy NepeBipku kareropusaiiii, ABOXeS He rpaioTh aKTUBHOT
poai [12], Tomy Kareropusailisi Moke OyTH IMEpEBIpeHA HE BPAXOBYIOYH, SIKHM € IOTOYHHH CTaH (TOOTO MOTOYHHUI
ABoOX). Hanmpuxnax, xomu mu noBuHHI mepesiputu (7, A(s)) |= C E D, mam moTpi6HO TiNBKM HEPEBipUTH
(T, 0)y|=CLE D.

Tak sk, MM aKIIEHTYBaJIM yBary Ha BUKOpHcTaHHI amapaty J1JI B mporieci CeMaHTHYHOTO aHOTYBaHHSI CEPBICY, TO
CJIiJl 3a3HAYUTH, 110 ICHYE OKpeMa JOCHTh CKJIajHa npobiema, sika nmorpedye BupilieHHs. e Bubip MoBu 3 cimeiicTBa
JUI, mocuth BHpa3HOi Iyl ONMCY HETPHUBIAIbHUX MNPHUKIAMIIB, sKa O J03BONIMIA (OpPMaNi3yBaTH CKIIAJHHUHA IpOIec
BeO-cepBicy, ane 3 JOIYCTH MOIO OOYMCIIIOBAILHOIO CKJIAIHICTIO BHUPIMICHHA TAaKWX 3ajad, SK KaTeropusallis Ta
nepeBipka eK3eMILIsIpa.

BucHoBxku

Jnst 3a0e3nedeHHst MOXKIIMBOCTI IOBTOPHOTO BUKOPUCTAHHS CEPBiCiB, BOHM MOBHHHI OyTH CEMaHTH30BaHi, TOOTO
30aradeHi CEeMaHTHYHUMH aHOTAIISIMH, SIKi OXOIUTIOIOTH Pi3HI ACIEKTH Ta BJIACTHBOCTI cepBicy. CkianHi Gi3Hec-3a1adi
BHMaraloTh BHUKOPHCTaHHS BeO-CEpBICIB HE JIMIIE SIK ATOMHUX OJMHMIb, IO MAaIOTh TUIBKH BXOJH, BHXOJH,
nepelyMoBH Ta e(eKTH, a 3 ypaxyBaHHAM iX MOBEAIHKOBHX OCOONMBOCTEH. AJle 3BHUaiiHa NpOIECHa MOJIEINb, IO
TpecTaBIeHa 3a JOIMOMOTOI0 OJTHIET 3 MPOIETYPHUX MOB, IOCHTh JIETATHHO OIHCYE CaM MPOIIEC SIK MOCIiJOBHICTD MTiM,
ale He Ja€ MOJKJIMBOCTI aBTOMAaTH30BAHOTO BHKOPHCTaHHS TAaKOTO CEpBiCYy MJs BHpPIMIEHHS IHIIMX 3a7a4 B
nojanpmiomy. s mporo QopmanbHHI OIMMC cepBicy TOBMHEH OyTh 30aradyeHnii CEeMaHTHYHUMH OIIMCAMH,
3pO3yMITMMH KOMIT oTepy. HackoroaHi GUIBIIICTD iCHYIOUMX CEpBICIB HE CEMaHTH30BaHi, a jpKepena iHopmarii, mo
MiCTHTh HeoOXinHy iH(opmariito, He (opMai3oBaHi JOCTaTHHOIO Mipoo. Y 3B’S3Ky 3 UM IOTpeOye NeTaTbHOTO
aHamizy Ta crerudikarii cam npolec aHOTYBaHHS ONKCY BeO-CepBiCy Ta MOJAIBIIOr0 HOro MpUBEIeHHS 10 GopMHu, 110
€ 3pO3yMIJIOI0 Ul KOMIT'IOTepa. 3alpoNOHOBAaHMWN IMOKPOKOBHH ajIrOpUTM CEMaHTH3alii cepBicy 03BOJIsiE OLIbLI
(hopManbHO BU3HAYUTH CaM MPOIEC aHOTYBAaHHS, OMHUCYE WOTO OCHOBHI acmeKTH (3MICT, BXOAM, BUXOAHW KOKHOTO
KpOKY, KaTeropii HeoOXiJHIX CEMaHTHK) Ta BUSABIISIE TOJOBHI MPOOIEMH.

AHOTYBaHHSI TICBHHX KaTeropii CeMaHTHK, B MepIly 4Yepry, CEMaHTHK JaHHX, BHKOHYETHCS IILIIXOM
BCTaHOBJICHHS 3B’S3KiB 3 KOHIIEITAMH BiAMOBiAHUX OHTOJOTIH. JIJI € (hopMaIbHOIO MOBOIO, IO MiATPUMYE KOHIICTIIIIIO
BIIKpHUTOTO CBITY Ta BJIACHI MEXaHI3MH MipKyBaHb. BiNbIICTh 3a1a4, Ui BUPIIICHHS SKUX MOXXYTh 3aCTOCOBYBATHCH
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pe3onepu JIJI, 3BOASATHCS O CTaHAAPTHOI 3a/1adi BUKOHYBAaHOCTI. Bce e poOuTh ii eexTuBHOO I (GOpMaIbHOTO
BH3HAYEHHS OHTOJIOTiH, III0 BUKOPUCTOBYIOTHCS JUIsl CEMaHTHUYHOI crienudikaliii cepsicy, Ta MOJAIBIIOTO BU3HAYCHHS
(G YHKIIOHATFHOT YaCTHHU OITUCY BeO-CEpPBICY Ta CEMAaHTUYHHX CJICMEHTIB Y IPOIICAYPHOMY OIUCI BeO-CEpRicy.
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