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Awunoramusi. B crarbe mpezcraBiieHa OHTOJIOTHS ITPOIECCOB, OJU3KUX B3aMMOJEHCTBYIONUM IO~
CJIeJIOBATENIbHBIM TIporieccaM Xoapa. OHa sBJIsSIeTCsl 9acThl0 MHTEJUIEKTYAJIHHON CUCTEMBI MOJIEPIKKI
BepudUKAIIE CBOMCTB MOBEIEHUs TaAKUX IPOIeccoB. Harme oHTOIOrnYecKoe MpeJIcTaBIeHIe TPOIECCOB
OPHEHTUPOBAHO KaK Ha IpUMeHeHre (POPMaJjIbHBIX METOIOB BEpU(MUKAINK, TaK U Ha U3BJI€YEHNEe HHMOD-
MAIUU U3 TeXHUYECKOH JOKyMeHTAnuu (¢ MOMOIIBIO Halllell panee paspabOTaHHOl CUCTEMbI U3BJICIeHUs
uadOpMAIMU U3 TEKCTOB Ha €CTECTBEHHOM #3bIKe). Mbl OIMCHIBAEM KJIACCHI U JOMEHBI OHTOJIOIHMH, KO-
TOPBIE OIMPEIEJISIOT B3AMMOIEHCTBYIONINE TPOIECChI. JTH MPOIECCH XapPAKTEPU3YIOTCS MHOXKECTBAMUI
JIOKAJIBHBIX U PA3IEJISIEMbIX [IEPEMEHHBIX, CIIICKOM JIEHCTBUI HAJL STUMU MEPEMEHHBIMU, KOTOPbIE M3Me-
HSIIOT UX 3HAYEHUsI, CIIMCKOM KAHAJIOB B3aMMOJEHCTBUS TPOIECCOB (KOTOPBIE, B CBOK OUEPEb, XapaK-
TEPU3YIOTCsI TUIIOM YTEHUsI COOOIIEHUN, eMKOCTBIO, CIIOCOOAME 3AIMCH M CIUTHIBAHUSI, 8 TAK¥Ke HAJIeXK-
HOCTBIO), CIMCKOM KOMMYHUKAIMOHHBIX JEHCTBUH jijig oTHpasku coobmenuii. [lomumo dbopmaabHOro
MAaTEMaTUIECKOTrO OIPE/IEEHUs KJIACCOB M JIOMEHOB OHTOJIOTUHU, [IPUBEIEHBI IPUMEDDI OIACAHUI HEKO-
TOPBIX OHTOJIOIMYECKUX KJIACCOB, & TAKYKE THIIOBBIX CBOMCTB M aKCHOM JIjIst HUX B pejakTope Protégé na
sizbike OWL ¢ ucnosib3oBarueM rpasui BbiBoja Ha s3bike SWRL. JIjist OHTOJIOMrAYECKOro IIpe ICTaB/IeHUsI
B3anMO/IEHICTBYOIINX IIPOIIECCOB OIpeIesiseTcsi uX (popMaJibHasl OITEPAIMOHHAsS] CEMAHTUKA, KOTOPasi 3a-
JIAeTCsI C UCIOJIb30BAHUEM [TOMEYEHHO! CUCTEMBI ITEPEXOIOB. B MHTEPJIMBUHIOBOM MOJIEIN OHA, CBOIUTCS
K JIOKQJIBHOI OIEPAIMOHHON CeMaHTUKe OT/IEJIbHBIX IK3EMILISIPOB MPOoIeccoB. 1lpeacraBiena crenuasim-
3alldsi OHTOJIOTUU JIjIsi HEKOTOPBIX TUIIOB IIPOIECCOB M3 MPEJMETHOM 00JIACTH CUCTEM aBTOMATHIECKOTO
YIPaBJIEHUS, MOJIETUPYIONIX THIIOBbIE (DYHKITNOHAJILHBIE JIEMEHTHI CHCTEMbBI AaBTOMATHIECKOTO yIIPaB-
JeHNsl (JIATINKE, CPABHUBAIOINIHME YCTPOHCTBA M PEryIUpYOIIIe yCTPOHCTBA), a TAKKe UX KOMOMHAIIUH.
TousiTust crieruaIn3nPOBAHHON OHTOJIOIUU UJLTFOCTPUPYIOTCS Ha, IIPUMEPE YIIPABJISIONIENH YaCTH CUCTe-
MBI PO3JIUBa Oy THLIOK.
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BBenenue

Hama jgonrocpodnas meib — KOMILICKCHBIH MOAXOJ K 00ECIICYeHUIO KadecTBa CHUCTEM
B3aUMOJIEHICTBYIONIUX OC/IEI0BATEILHBIX TIPOIECCOB (Jaj1ee CUCTEM TIPOIECCOB) ¢ MOMO-
b0 (OPMAaJIbHBIX METOJIOB, KOTOPBIN BKJ/IIOYAET M3BJIeUeHUE (DOpMasbHBIX MOJeseil u
CBOMCTB CHUCTEM U3 TEKCTOB TEXHUYECKOW JJOKYMEHTAINH, & TaK:Ke UX BepUMUKAIUIO.
Hamr mo1xo/1 opueHTHpoBat Ha UCIOJIb30BaAHUE IPOBEPKU MOJIe/Iell (BIIOCIEICTBUY U JIe-
JYKTUBHBIX METOJOB) B KadecTBe cpeicTs (opmasbhoii Bepudukanuu. Hemocrarkom
CYIIECTBYIOIMUX CHCTEM HOIJECPKKU paspaboTKu U BepudUKAIUE TpeOOBAHUI sBJIsSICT-
cd TO, YTO OHU TPEJJIAraloT TOJIBKO PYYHYIO (DOPMYJIUPOBKY TpeOOBAHUIT M OlMCAHU
cucreM mporieccos |1,15,19,20].

PazpabarbiBaeMoe HaMu MHTE/LUIEKTYaJbHOE CPEJICTBO MOJJIEPXKKUA (POPMaIbHON Be-
puduKaIMU CUCTEM IIPOIECCOB Oy/IeT aBTOMATH3MPOBAHHBIM 0OPA30M M3BJIEKATH U I10-
poXKIaTh Kak popMasibHOe OIICaHe CUCTEMbBI, TaK 1 TpeboBaHus K Heil. B 3Toil craThe
MBI TIpeJjIaraeM OHTOJIOTHIO CHCTEM IIPOIECCOB. /IpyruM KII0YeBBIM KOMIIOHEHTOM CH-
CTEMBI SBJIFETCS OHTOJIOTUs MabJI0HOB TpeboBanuii, npeioxkentas B [5]. Comepxanue
9TUX OHTOJIOTHH, T. €. MHOXKECTBa, SK3EMILIAPOB UX KJIACCOB, ABJISIETCS OHTOJIOTTIECKU-
MU OIUCAHUAMU, COOTBETCTBEHHO, HEKOTOPOW CUCTEMBbI TIPOIECCOB U TpeboBaHUiT K HEIl.
OTHU ONMNCAHNS N3BJIEKAIOTCS U3 KOPITYCa TEXHUIECKO JIOKYMEHTAIINN ¢ TIOMOIIBIO HATIITIX
MEeTOJIOB U3BJIedeHns HHMOPMAIMI U3 TEKCTOB HA eCTeCTBeHHOM s3bike [2—4|. Habop omu-
cannii TpebOBaHMIT TaKyKe MOYKET OBITh PACIIMPEH ONMUCAHUSIMU TUIUIHBIX TPEOOBAHMIA
K KOPPEKTHOCTH CUCTEMbI, aBTOMATUYECKH TTOPOKIAEMbIX U3 €€ OHTOJIOIMYECKOrO OITH-
CAHMWS.

OHTO/IOrNYeCKNe OIMUCAHNS CUCTEMbI U TPeDOBAHMIA ABJISIIOTCSA OCHOBOM It ee (hop-
MaJIbHOU Bepudukarmu. ITobbl BepuduupoBaTh CUCTEMY IIPOIECCOB, HEOOXOIUMO CHa~
YaJjia BIOpaTh MOJIXOIANINN BepuUKATODP, OCHOBAHHBIN Ha IPOBEPKE MOJIETIEH, ¢ yIeTOM
dopMasIbHOM CeMAaHTUKH OHTOJIOTMYECKOTO IPeJICTaB/IeHns TpeOOBaHMil K OHTOJIOIUU.
Ecnu on cymiecTByer, OHTOJIOTHYECKOE OIUCAHNE CUCTEMbI TPAHC/IUPYETCs B A3BIK CIIEe-
b UKaIUu MOJIE/IH, & OIUCaHie TPeOOBAHUT — B A3BIK CHEIUDUKAIMN CBOUCTB (0OBITHO
9TO S3BIK TEMIIOPAJBHOI JIOTHKH ), KOTOPBIE SIBJISTFOTCS BXOJHBIMU SI3bIKAMHU 9TOTO BEPH-
duraropa. Ecim mogaxomsgmniero Bepudukaropa He CYIIECTBYeT, PasyMHO pa3padoTaThb
CIIeNUaJIbHBIN BepuduKaTop IMadI0HOB TpebOBaHUil Ha OCHOBE (DOPMAaJILHOI ceMaHTUKN
COOTBETCTBYIOIIEH OHTOJIOIMHU, KOTOPBIH UCIOJIB3YeT CIEIUATU3NPOBAHHBIE YITPOIIEHHbIE
aJIropuTMbl Bepudukannn. Ecjim ceMaHTHKa OHTOJIOIMYECKUX IIPEICTaBICHUN MOJIEIN
cUCTeMbI 1 TPeOOBAHUI K Hell, a TaKKe BXOIHBIE sI3bIKI CPEJICTBA BepUMPUKAIIUNA CTPOIO
ompeeeHbl 1 0becredeHa KOPPEKTHOCTD TPAHCIAIMI STUX [IPEICTaBIeHII BO BXOIHbBIE
JlaHHbIE BepU(UKATOPA, KOPPEKTHOCTD ITPOBEPKHU TPEOOBAHUI rapaHTUPYETCH.

Pabora ¢ TpeboBanusiMu mpeoaraeT He TOJIHBKO (DOPMATBHYIO CEMaHTHKY I1adJ10-
HOB TpeOOBAHUI, HO U MPEJCTABICHIE ITUX MAOJOHOB KaK HA €CTECTBEHHOM S3BIKE, TaK
u B rpadudeckoit popme. DTH MpPeJICTABICHIS BayKHbI, TOCKOJIbKY U3-3a HEOIHO3HATHO-
CTH €CTECTBEHHOI'O A3blKa M3BJICHCHHBIC U ITIOPO2KJICHHDbIE Tpe6OBaHI/IH MOTI'YyT HE COOTBET-
CTBOBaTb OXKUJIAHUSIM HH>KeHepa TpeOOBaHUI U MOXKET IOTpebOBaThC UX PydHast KOp-
pexkTupoBka. OHTOIOTUN CUCTEM TIPOIECCOB U Mab/I0HOB TpeboBaHuil ¢ ux hopMaIbHOM
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CEeMAHTHKO SIBJIAIOTCS OCHOBOM JIJIsl pPA3BUTUS CUCTEMbI TOJJICPKKN (POPMAJILHON BEepH-
dukanuu. Hamr 1o1xo/1 mo3BoJigeT MoJIe/IMPOBATh U BEPUMUIIMPOBATEH ITUPOKUI CIIEKTD
CHCTEM: OT MPOTPAMMHBIX PACIIPEJIEIEHHBIX CHCTEM 10 Om3Hec-1porieccoB. OCHOBHBIM
OI'PaHUYEHHUEM II0JIXO/a ABJAETCA CJIOXKHOCTH M, BpeMEHaMU, HEBO3MOXKHOCTb 1MO4H020
u3BJIeveHns NHAMOPMAIMT U3 TEXHUYIECKON JOKYMEHTAINH, U U3BJIEY€HHbIE MOJIETN CHU-
creM U TpebOBaHUT MOTYT MOTPEOOBATH PYIHON KOPPEKITUH.

Harmra onTosIorMsI crcTeM IpolieccoB 3ajaer HaboOp mpoieccoB. V3BecTHbIE MOIXO-
JIbI K OHTOJIOTMYIECKOMY OIMHUCAHUIO IIPOIECCOB OOBITHO PEIIAIOT 38181 MOJICTUPOBAHNS.
Ownrosorun PSL [16], Cyc [18], SBPM [6,7] u GFO [9] dokycupyiorcs na 3ajadax B
00JIaCTH ILJIAHUPOBAHUS I[IPOU3BO/ICTBA, IJIAHUPOBAHUS IIPOIECCOB, YyIIPaBJIeHUs DPabo-
YUM TPOIECCOM, PEMHKUHUPUHTA OU3HEC-TIPOIECCOB, CUMYJISIINN, PEATU3AINNA TPOIEC-
COB, MOJICJINPOBAHUS IMIPOIECCOB W YIIPABJIEHUS MTPOEKTaMU. BasKHBIM TPEUMYIIEeCTBOM
9TUX TIOJIXOJIOB SIBJIIETCA TO, YTO OHHM YUUTHIBAIOT KOHIICHIIUU IIPEJIMETHBIX 0bJiacTeit
[IPU OMHMCAHUU TTPOU3BOJICTBEHHBIX, MHKEHEPHBIX 1 ON3HEC-TIPOIECCOB. YKa3aHue KOH-
KPETHOI'O BPEMEHHM U MeCTa COObITUN ¥ JIeHCTBUIl, CBA3AHHBIX C STUMHU IIPOIECCAMU, B
HEKOTOPBIX U3 9TUX IOJIXOJIOB MO3BOJISIET OMUCATH OHTOJIOTUU ILIAHUPOBAHUS, IIPE/ICTAB-
JISTIOITEe abCTPAKTHBIE W UCIOJIHSIEMbIe IIJIAHBI OPTaHU3AIMH [TPOIECCOB, UTO SBJISIETCS
ere OiHUM JOCTOMHCTBOM. OJIHAKO 9TH MPEUMYIIECTBA JICJAI0T OY€Hb CJIOKHOU BEpH-
bukaIuio JIOruKM MOBEJIEHUs MPOIECCOB, JIEXKAIIUX B OCHOBE 3THX OHTOJIOTHHA. TecHast
B3aMMOCBSI3b IPEIMETHO-OPUEHTUPOBAHHBIX MOHITHI C JIOTUKOM MOBEJIEHUS MPOIECCOB
HPUBOIUT K YCJIOYKHEHUIO U3BJICUCHUs [TOC/IC/IHEN JIjIs UCIIOJIb30BAHNS B CUCTEMAaX BEPU-
dukamym, oCHOBAaHHBIX Ha IIPOBEPKe Mojeseil. Bosee Toro, n3pjedennast JOruka moBeie-
HUST TIO-TIPEKHEMY JIOJI?KHA TPAHCINPOBATHCA Ha FA3bIK CUCTEMbI BEPU(MPUKAIIINT, OCHOBAH-
HBI1, KaK [IPABUJIO, HA CUCTEMAX IIEPEXO0/I0B, KOTOPbIE PAOOTAIOT C OHATUSIMU COCTOSHIS
u nepexojia. B gacTHOCTH, JJIT OHTOJIOTHIl IJIAHUPOBAHUS KOHKPETHOE BPEMs U MECTO
cOOBITHI U JIeHCTBUI HY?KHO YMETh BhIPayKaTh B TePMHUHAX cocTosgHmit. Kpome Toro, stu
OHTOJIOTMH He UMEIOT (DOPMAaJIbHON CeMAHTUKU JIJIs JIOTUKU [TOBEJCHUST ITPOIECCOB, ITO
ere 0oJiee yCIOXKHSET 3a/ady.

B sToit ctathe B pazzese 1. MbI ompejiesisieM OHTOJIOTUYIECKUE KJIACCHI U JJOMEHDI, KO-
TOpPbIE XapaKTepU3yIoT B3aMMOIEHCTBYIOIIIE IPOIECChl CUCTEMBI B TiesioM. B passese 2.
MBI JlaeM (DOPMAJILHYIO CEMAHTUKY 3THX KJIACCOB, BKJIIOYAIONIYIO UX IIPEJICTABICHUE Ha
si3pike OWL (Web Ontology Language [13|) u oneparpontyto ceMaHTHKY JeficTBuIil po-
1eccoB cucteMbl. CHHTAKCHUC SI3BIKOB IIPEJICTABJICHUS] OHTOJIOTHUl, B YACTHOCTH S3bIKA
OWL, aBisiercs jeK/IapaTUBHBIM, HO CTPOIO OIpE/Ie/IeHHas OlePAllMOHHAsT CEMaHTUKa
HaIleil OHTOJIOTUU TO3BOJISET JIEFKO TPAHCIUPOBATDH IIPEJICTABJIEHNE MOJEJN IIPOIIECCOB
BO BXOJIHBIE A3BIKM Cpe/icTB Bepudukaimn, B dactaoct, SPIN [11]. B pasnene 3. usa-
raeTcs METO/OJIOrUsST UCIIOIH30BaHNs HAIlell OHTOJIOTUN CUCTEM IIPOIECCOB ODOIIETO BHU-
Jla TS CHeruKaIlii HEKOTOPBIX KOMIIOHEHTOB CHCTEM aBTOMATHUYECKOTO YIIPaBJIEHUS
(CAY). B pasuene 4. — 3ak/oueHne U IJIaHbI PA3BUTHs U UCHOJIB30BAHMS OHTOJIOTUH
[IPOTIECCOB.

1. OwmnToJsioruga

Mg canraeM onmoaozueti CTPYKTYPY, BKIIOYAIOINLYIO CJIeIyomne 37eMeHThl: (1) Koned-
HOe HeITyCTOe MHOXKECTBO K.AaCC06, (2) KOHEUYHOe HEeIyCTOe MHOXKECTBO ampubymos dat-
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HOLT U ampubymos ommnowerut n (3) KOHEYHOE HEIyCTOe MHOYKECTBO JOMEHO8 ampuby-
mos dannovir. Kaxk eIl Kyrace orpeie/isieTcss MHOXKECTBOM aTpuOyTOB. ATpUOYTHI JJAHHBIX
IIPpUHUMaIOT 3HaYCHUA U3 JOMEHOB, a SHaAYCHUAMUA anI/I6yTOB OTHOIIICHUA ABJIAIOTCA K-
BEMILIAPDI KJIACCOB. FK3EMNAAD KAGCCA OTIPEIEIACTCS HADOPOM 3HAYEHU aTpUOYTOB JIJTs
9TOrO0 KJtacca. MHPopmayuonnviti Konmenm OHTOJIOTUH IPEJICTABIAET COOON MHOKECTBO
9K3EMILISIPOB €€ KJIACCOB. 3a/lajda IOIOJTHEHUS OHTOJIOIMH 3aKJII0OYAeTCd B M3BJICUCHIN
I/IHCbOpMaHI/IOHHOFO KOHTEHTa 9TOI OHTOJIOI'MU M3 BXOJHDbBIX JaHHDBIX. B HalleM CJIy4dae
BXOAHBIMHU JaHHBIMU JJId ITOIIOJTHECHHA OHTOJIOIMU CHUCTEM IIPOIECCOB ABJIACTCA TeXHUYIC-
cKas JOKYMeHTarus. UToObl MOMOJHATD TY OHTOJIOIHIO, MbI UCIIOJIH3YEM HAIH METOJIbI
U3BJIEYEHNs] CeMaHTUIeCKO nH(OPMAIINY U3 TEKCTOB Ha €CTeCTBEHHOM sA3bIKe [3]. Same-
THM, YTO HEKOTOPbIE 3HAYEHUsI ATPUOYTOB U3BJIEUEHHBIX SK3EMILISIPOB OHTOJIOIUU MOTY'T
6I)ITI) HE OoIIpeaeJIECHDbI. CI/ICTeMa IIPOIECCOB OIIMCbIBACTCA B Halleil OHTOJIOTUU C IIOMOIIIBIO
Habopa IK3EMILIAPOB.

Mur paccMaTpuBaeM CHUCTEMY IIOCJI€JOBAaTE/IbHbIX B3aI/IMO,ILeI7'ICTByIOHJ‘I/IX IIPOIIECCOB B
gayxe CSP [10]. IIpomeccst (omucbiBaeMmble KiraccoM Process) XapaKTepPHU3yIOTCS MHOKeE-
CTBAMHE JIOKAJIBHBIX ¥ PA3/E/ISEMBIX ICPEMEHHBIX, CIICKOM JICHCTBUI Hajl STHMHU Hepe-
MEHHBIMHU, KOTOPBIe H3MEHSIIOT MX 3HAYEHHs!, CLIICKOM KaHAJIOB B3aNMO/ICHCTBISA IPOIEC-
COB, a TaKzKe CIIICKOM KOMMYHHUKAIIMOHHBIX JeficTBUil i oTipaBKu coobmienuii. [Tepe-
MeHHBIe T1porieccoB (Kiaace Variable) npuHIMArOT 3HAUEHNS OCHOBHBIX TUIIOB (OysieBCKue,
KOHEYHbIE ITOAMHO2KECTBa IEJIbIX YHCEJI UJIN CTPOK JIJId IMePeIUCINMbIX TI/IHOB). I/ICXO,ZL—
HbI€ YCJIOBUA IJId 3HaYEeHU IIEpeMEHHbBIX OIIPpEAC/IAI0TCA NX CpaBHECHHEM C KOHCTaHTa-
mu. eficrBust nporeccos (Kiaace Action) BKIHOYAIOT 6a30Bble OLEPAIUN HaJl OCHOBHBIMU
THIIAMH. YCJIOBHE BBIIOJHUMOCTH KaXKJIOrO JefiCTBUSI 3aBHCHT OT OXPAHHBIX YCJIOBHUIL
(ksacc Condition) Jyist 3HAYEHUI [IEPEMEHHBIX U COJEPIKIMOIO OTIPABJICHHBIX COODIIe-
uuii. IIporeccsl MoryT ornpasiisTh coobiieHust Yepes KaHaibl (kaacc Channel) npu Bbl-
IOJIHEHUH OXPaHHbIX yesosuii (Kiaace Condition). Kanasbl XapakTepus3yOTCsl TUIIOM dTe-
HUs COODIIEHNUMN, eMKOCTBIO, CIIOCODAME 3alliCH U CIUTHIBAHUS, & TaKXkKe HaJIC?KHOCTBIO.
Ha pucynke 1 kiaccsl mpejcraBiens! OesbiMu oBajgaMu. OTHONIEHNS MKy K/IaCCaMu
IIOKa3aHbl CTPEJIKAMI C UMEHAMU B CEPbIX OBaJaX. JTH CTPEJIKUA 0OO3HAYMEHbI CILIONI-
HBIMM JIMHUSIMU, €CJIN OTHOIIEHHE SIBJIAETCA ‘OAUH KO MHOIUM’, W IIYHKTUPHBIME, €CJIN
OTHOIIIEHUE ABJIAEeTCA B3aMMHOOIHO3HAYHBIM. ATpI/I6yTbI JaHHBIX KJlacCCa, IIOMEIICHHbIC
B HITPUX-TTYHKTUPDHBIE ITPAMOYTI'OJIbHUKHA, CBA3aHbI C UX KJIaCCaMU HITPUX-ITYHKTUPDHBIMA
CTPEJIKAMUL.

B creayromux pasjenax Mbl JI€TaJbHO OIMIIEM KJIACCHI U JIOMEHBI HAllleil OHTOJIO-
run, onpeneauM ux (OPMaIbHYIO CeMaHTHUKY. TakzKe Mbl IPHBEIEM IPUMEpbI OIICa-
HUIT HEKOTOPBIX OHTOJIOTMYECKUX KJIACCOB, UX CBOMCTB M aKCHOM, 3aJIaHHBIX B PEJAKTO-
pe Protégé [14]| cpencrBamu si3bika OWL ¢ ncrosb30BanneM MpaBul BBIBOJIA HA SI3BIKE
SWRL (Semantic Web Rule Language) [12]. 91u cBoiicTBa 11 aKCHOMBI 3a/Ia10T KaK TIpa-
BIJIA, COIJIACOBAHHOCTHU 3HAYEHWIT aTpuOyTOB Pa3HBIX KJIACCOB, TaK M OPAHMYCHHUSA Ha
3HAYEHUSA, KOJUYIECTBO U THUII aTpUOyTOB OTIEJBLHOrO Kjacca. Mbl IpUBEIeM HECKOJIb-
KO THIOBBIX CBOICTB M aKCHOM JJI HEKOTOPBLIX KjaccoB. C MOMOIIBIO HAOOpa IpaBUII
SWRL MbI 3a7aeM yc10Busi, KOTOpbIe obeciiednBaioT B Protégé BBIBO/ HOBBIX 3HAHU 1
IIPOBEPKY KOPPEKTHOCTH U COBMECTHOCTH OHTOJIOTMYECKOrO OIMCAHUA HAOOPa IIPOLECCOB
C TIOMOITIbIO MAIIUHBI JIOTUIECKOro BbiBojia Hermit [8].
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Fig. 1. The Concurrent Process Ontology

2. (I)OpMaJIbHaH CEMaHTHNKa OHTOJIOI'N

MpbI paccmaTpuBaeM MapaieIbHYI0 CHCTeMY, KOTOpas SBJISI€TCsT MHOYKECTBOM MOCTIE/10-
BaTeJIbHBIX IIPOIECCOB, B3aMMO/IEHCTBYIOIINX Yepe3 pas3/ie/isieMble TepeMeHHbIe U KaHAJIbI
OrpaHMYIEHHON eMKOCTH. 3HAYEHUST PA3/IEIIEMbIX U JIOKAJbHBIX IEPEMEHHBIX, CBI3aHHBIX
C IIPOIIECCOM, OIPEJIEISAIOT €r0 JIOKAIBHOE COCTOsTHIEe. B 3aBUCHMOCTH OT IIpeIMeTHON 00~
JIACTH 3aJIAI0TCs. 0COOEHHOCTH B3aMMOJIEHCTBUS [TPOIIECCOB (CHHXPOHHBIEC, AaCHHXPOHHBIE)
u xapakrepuctukn kanajios (FIFO, LIFO, namexubie, orpanndenssie, u T.11.). Cocros-
HUS KaHaJia 3a/[al0TCsi MHOYKECTBOM COODITIEHU, XpPAaHUMbBIM B HEM.

Omnrosioruyeckoe orucanue g CUCTEMbI TTPOIECCOB S — 3TO HADOP IKBEMILISIPOB OH-
TOJIOTUU, KOTOPBIE TPEJICTABJISIIOT MIPOTECCHI, KAHAJBI U JIPYTUE JIEMEHTBI CUCTEMBI S.
Mg ompejiesisieM oreparmonnyo ceMaHTuky iist Og, UCIOIb3ys CTAHIAPTHYIO MOJIE/Ib
HOMEeYEHHBIX cucreM nepexonos Mg = (D, D%, Ts, Actg), rie Dg — KOHEIHOE HEIyCTOe
MHOKECTBO cocToguuii, DY — Helycroe MHOXKECTBO HAYAJILHBIX cocTosnmii, T — OT-
HOIIIEHWE TIEPEXOJIOB MEXKIY COCTOSTHUAMM, Actg — KOHETHOE MHOXKECTBO METOK IIEPEXO0-
JIOB, OIMCBIBAIOIINX JIeiicTBUsI cucTeMbl. CeMaHTHKa MOJIC/TH OHTOJIOTTIEeCKOTO OIIMCAHUS
Og — 910 YacTuIHas PYHKINSI, KOTOPasi 0TOOparkaeT 3HAYeHNT AaTPUOYTOB FK3EMILISTPOB
B 9JIEMEHTBI MOMeUYeHHOli cucreMbl niepexoios Sem : Og — El(Msg).

Onumiem mMuoxkectBo El(Mg). Ilycrs napasuienbhast cucrema S CONEPKUT KOHETHOE
MHO)KeCTBO Pg TporieccoB n KonedHoe MHOXKecTBO (s OrpaHHYEHHBIX KaHasoB. IlycThb
Domains = {Integer, Bool, String} — KOHeYHasi BEpPCHUs CTAHJIAPTHBIX OCHOBHBIX TH-
OB JIJIsl 3HAYEHWI [IepeMEeHHBIX CO CTaHJIAPTHBIM TpHBeJeHreM Turos. s mporecca
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P € Pg mbl onpeieiuM CJIeIyIonine MHOXKECTBa: JIOKaJIbHbIe IepeMeHHble L p, pa3iaes-
emble nepemenuble Up, Bce mepemennble Vp = Lp U Up, neiicrBus Ap, xkanauasr Cp,
KOMMYHUKAIMOHHBIe JefictBus Sp. Obsactb onpesnesienus mepeMmentoit v € Vp ecTb
Val(Tp(v)) C Values s HekoToporo 6aszooro tuna Tp(v) € Domains. Ilyers Lg —
MHO>KECTBO BCEX JIOKAJIbHBIX II€pEMEHHBIX IIpoIieccoB u3 Py, Ug — MHOXKeCTBO Beex pas3ie-
JISIeMBIX [IepeMeHHbBIX Iporieccos u3 Pg, u dyHkius osHaunsanus V : LgUUg — 2V3lues
IIpEeJICTaB/IAET 3HAYEHUA IepeMeHHbIX. JIoKa/ibHoe cocrognme mporecca P — 310 Kop-
Texk 3HadeHnii ero nepementsix: stp = (V(v1), ...V (vy,)). Hycrs stp(v) = V(v) ana
v € Vp — 3T0 3HaYeHne IepeMeHHOoil v B cocToguun stp. HavdaabHble COCTOAHUS IIPO-
necca st% = (VO(vy),...VO(vy,, ) onpejesioress Haua bHBLIMA 3HAYEHUSIME €r0 [epeMeH-
noix VY@ Lg U Ug — 2%31%es JlokasibpHoe cocTosgHne KaHaja ¢ — 3TO yIOPSAIOUeHHbII
KOPTEXK COODIIEHNil, XpaHUMbIX B HeM: St. = (my,...,my,. ). llycrs st.(k) = my as
k € [1.n.] — comepxkumoe k-ro coobineHns: KaHalga ¢ B cocrosauu st.. Hadanbroe co-
CTOSTHUE BCEX KaHAJOB — IIyCTON KopTexK. MHoxkecTBO cocroguuit Dg cucrembr Mg —
9TO JIEKapPTOBO IIPOU3BeJeHNe 3HAYEHNN JIOKAJILHBIX U Pa3/IessseMbIX IIePEeMeHHbBIX IIPO-
IIECCOB U COCTOSIHUI KaHastoB. MHOXKECTBO HaYaIbHBIX cocTognuit DY — 3T0 nekapToBo
[IPOU3BE/ICHIE HAYAIbHBIX COCTOSTHUI IIePEMEHHBIX IIPOIECCOB M COCTOAHII KaHAIOB. MBI
cUYnTaeM, UTO OlepalOHHas CEMAHTUKA CUCTEMbI — 3TO CEMAHTHUKA Ue€pPeIOBaHUs, T. €. ee
COCTOSIHIE MOYKET M3MEHSIThCS TOJIHLKO OJIHIM IIporieccoM cucrembl. CriegoBaTesbHO, MHO-
JKeCTBO JieficTBrit cucteMbl ecth Actg = UpesAp U Sp. B cuity depegoBanust oTHOIIEHTE
repexo0B 1 3a/1aeTCst JIOKAJIBHON OITePaIMOHHON CEMaHTUKON OTIeIbHBIX 9K3EMILISIPOB
mporeccoB P € Sp, KoTopasi olpeIe/sseTcs raJjee.

OrmurreM Kitacenl Hateit oatosoruu. Jlasee s Beex KiaccoB arpubyT Name € String
3a/aeT UMs dK3eMILIApa Kjacca. MMena arpubyToB cO MHOXKECTBEHHBIMU 3HAYCHUSIMU
3aKaHIMBAECTCA CUMBOJIOM *.

Kuacc Process onucbhIiBaeT MPOIECCHI CUCTEMBI TIPU TIOMOIIHU CJIETYIONUX aTpPUOyTOB:
- Type: {sensor, valve, ...} € String cofepKuT crennuduKaTOp MIPoIecca.

- Local*: Variable nepeancisier mepeMeHHbIe, BUANMbIE TOJIBKO B AeHCTBUAX IIPOIIECCOB.
- Shared*: V ariable nepeunciiger nepeMeHHbIe, BUIUMbBIE ITPOIECCAM, UX Pa3ICISIONTNM.
- Actions*: Action nepeduciser JeiCTBUsS IIPOIECca HaJ ero MepeMeHHbIMU.

- Channels*: Channel nepednciiger KaHAJIbI, COEIUHSIIONINE IIPOIECCHI.

- ComActions*: ComAction niepeauc/isier JeficTBUsI, OTIPABJIAIONIAE COOOIICHMUS.

B sTom kmacce He obsi3aTebHO 3a/1aHne 3HaTeHU Beex aTpudyToB. OHako, eciau Local
un Shared we 3aanbl, 3Hadenne Actions Takxke He 3a7aH0. Eciau snagenune C'hannels ne
zaJiaHo, 3Hadenne ComActions Takxke He 3amaHo. Eciau 3agano snadenne C'hannels, To
JIOJIZKHBI ObITH ompesesienbl Actions wmm ComActions. Eciau s nporecca He 3aJaHbl
suadenust Hu Actions, am ComActions, au Channels, T0 9TOT TACCUBHBII IPOIECC CUIU-
Taerca obsexmom. Takne oObEKTHI YA00OHO BBIIEIATH JIJIsI SCHOCTU OITMCAHUSI CHCTEMbI 1
MTPOBEPKHU €TI0 OHTOJIOTMYIECKON COrIaCOBAHHOCTH, HO B Ipolecce hopMaIbHOM Bepudu-
Kallil CBOMCTBA IMOBEJIeHNs 00bEKTOB He (DOPMYIUPYIOTCS U He IMPOBEPAIOTCH.

Ha pucynke 2 mpejcraBiieHa mepapxusi KJIacCOB OHTOJIOTUU MPOIECCOB U (pparMeHT
onmcaHus Kjacca Process, onucanHbIil ¢ TOMOIIBIO pefgakTopa Protégé. Cresa, Bo BKIaI-
ke “Class hierarchy” orobpaxkaeTcs: nepapxus 3aJIaHHBIX B OHTOJIOTUH KJIAacCOB. Bkiajika
“Usage: Process” 11 BBIOpaHHOTO B MepapxXuu KJacca OIUCHIBAET CIIMCOK €ro CBOHCTB
1 CBSI3€l ¢ APYruMu KjlaCCaMHu W 9K3EMILIAdpaMn OHTOJIOINHU, 3aJaBaeMbIX anI/I6yTaMI/I.
Taxk, narnpumep, i Kjiacca Process ykazaH (pparMeHT CIUCKA, COJIEPZKAIIMI UMsi TIPO-
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necca nameProcess, CBsI3W C IepeMeHHbIMU U JeiicTBusMu (localVar, actions,
comActions), a Takyke orHomrenus ¢ kiaccamu Channel, ComAction, Variable, koro-
pble 3a1anbl B Process coorBercTByommMu arpudytamu fromChannel, fromComActions,
owner. Bo Bkiajike “Description: Process” yka3bIBaloTCs JOMOJTHATEIbHBIE XapaKTePU-
cTuKHN Kjtacca. g sxzeMIiapoB kiacca Process ¢ MOMOIIBIO 3aJaHusl OTPaHUIEHT Ha
aTpUOYTHI OTHOIIEHHS OIPEJIE/IAIOTCS TPeOOBaHUSA Ha KOJMIECTBO MOHATUN, CBSI3aHHBIX
C 3TUM KJIaCCOM: 3aJlaHue TOYHO OJIHOI'O UMeHM nameProcess u Tuma typeProcess npo-
mecca. Kpome toro, ¢ momompio ciaeaytonux SWRL-ipaBmnr MoxKHO 3a1aTh TpebOBaHMEe
OLIPEJICJICHHOCTH JICHCTBUI a Wi KOMMYHUKAIIMOHHBIX JICHCTBUI ca IIpolecca p B cirydae
OIIpeJIeJIEHHOCTH KaHaJia ch 3Toro mpoiiecca:

Process(7p) “Channel (?ch) “channels(?p, 7ch)~differentFrom(?ch,NullChan)"
Action(?7a)~actions(?p,?a) “sameAs(?a,NullAct) ->
ComAction(?ca) ~comActions(?p,?ca) “differentFrom(7ca,NullComAct)

Process(7p) “Channel (?ch) “channels(?p,?ch) ~differentFrom(?ch,NullChan) "~
ComAction(?ca) ~comActions(?p,?ca) “sameAs(7ca,NullComAct) ->
Action(?7a)~actions(?p,7a) differentFrom(7a,NullAct)

Active Ontology x | Entities x| Individuals by class x DL Query x SWRLTab x

Individuals Process — http://www.semanticweb.org/IIS/ontologies/OntologyCS#Process
Annotation properties | Datatypes Class Annotations | Class Usage
Data properties
Classes Object properties
Show: (v this (v disjoints v| named sub/superclasses

Found 54 uses of Process
Asserted T

v Action
A\ 4 owl:Thing Action EquivalentTo who some Process
Values
Variable Vv B actions
Channel B actions Domain Process
IniCondition
Condition v Channel
Action -
Constant Channel EquivalentTo fromChannel exactly 1 Process

ComAction Channel EquivalentTo toChannel some Process

Expression Vv mmchannels
»> UtilityClass = channels Domain Process
v ComAction

ComAction EquivalentTo toComAction some Process
ComAction EquivalentTo frommComAction some Process

Vv mmcomActions
I comActions Domain Process

v mmfromChannel
= fromChannel Range Process

v == fromComAction
m fromComAction Range Process

Vv mmlocalvar
B |ocalvar Domain Process

¥V mmnameProcess
B nameProcess Domain Process

Lquivalent To
typeProcess exactly 1 TypeOfProcess
nameProcess exactly 1 xsd:string

Puc. 2. ®parmenT onucanusi OHTOJIOIUU TTPOIIECCOB
Fig. 2. The Fragment of Description of the Concurrent Process Ontology
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s poriecca P dbopmasibHast OlleparmonHasl CEMaHTHKA €r0 OHTOJIOITYECKOTrO OITH-
canug Sem(P) oupenensiercss GopMaIbHON CEMAHTUKON OHTOJIOMHMIECKOTO OIIMCAHUS €r0
aTrpubyTOB: JIOKAJbHBIX TepeMeHHbIX Sem(P.Local), pasneisieMblx —II€peMEHHbBIX
Sem(P.Shared),  neitcruit  Sem(P.Actions),  KOMMYHHKAI[MOHHBIX  JICHCTBUIL
Sem(P.ComActions), a takxke kananoB Sem(P.Channels). Ilponiecc P moxer GbITH
OJTHO3HAYHO mpejicTaByieH B Mg mocpeJcTBOM 31ux ceMaHTuK. Jlis mpormecca P ompe-
JACJIAM CJICAYIOMNAE MHOZKECTBA! Lp = {l}leLocala Up = {u}uEShareda AP = {a}aeActions7
Cp = {c}ecchanneis, Sp = {S}scComActions- Jlajiee Mbl IOOYEPEHO OIpeesisieM CeMaHTH-
Ky 9TUX aTpuOyTOB.

Kimacc Variable onucwiBaer repeMeHHbIE IPOIECCOB C MOMOIIBIO aTPUOYTOB:

- Type: Domains onucbhiBaeT THUII II€PEMEHHOM.

- Initial*: IniCondition onucbiBaeT orpaHUYeHUsT HA HAYAJIHHOE 3HAYEHUE IEPEMEHHOTA.

- Owner*: Process cchliaeTcs Ha MIPOTECCHI, MEOIIe JTOCTYII K TIePEMEeHHOiA.

SHavueHnsi Bcex aTpudOYyTOB 3TOTO Kjacca, Kpome Initial®, MOJKHBI ObITh 3a/IaHbI.
Huxke npusesien pparment OW L-onucanus orHomenns localVar B popmate Turtle.

B nannom npumepe it arpudyTta otnorrenuss localVar cBoiicTBo obpaTnoit byHKINO-

HajibHOCTU InverseFunctionalProperty rapantTupyer, 4To TOJIbKO JjId OJHOI'O IIPOIEC-

ca Process nepemennasi Variable siBasiercs JIOKQJIbHOI:

:localVar rdf: type
owl: ObjectProperty,
owl: InverseFunctionalProperty;
rdfs: domain: Process;
rdfs: range: Variable.

CemanTuka nepeMentoii v npormecca P 3amaercs takum obpasom: Sem(v.Name) €
String, Sem(v.T'ype) € Domains, Sem(v.Owner) C Sp. Ecau Sem(v.OQwner) = {P},
10 v € Lp. CeMaHTHKA HAYAJIBHOIO YCJIOBHS ONPEJIE/IsieT MHOYKECTBO HAUAJIbHBIX 3HAYe-
auit mepemennoit VO(v):

— ecim v.Initial = ), To VO(v) = {false} nns v.Type = Bool, VO(v) = {0} ansa
v.Type €Integer, VO(v) = {" "} nnsa v.Type € String;

— ecam v.Initial # 0, To VO (v) = Ninico.mnitiarSem(ini).

Kunacc IniCondition 3amaer HadaIbHbIE 3HAUYEHHUS IIEPEMEHHBIX C IOMOIIBIO CJIeLyTO-
X aTpubyTOB:

- IniConstant: {Constant, Values} onpejiesisieT KOHCTAHTY JJisl CDABHEHHUSI.

- Operation: Compare= {<,>,=, <, > #} onpejeisger cpaBHUBAOIINE JIEHCTBIS.
Suauenus arpudyToB C'onst u Operation JO/KHBI OBITH 3a/aHbI.

CeMaHTHKa HAYAJLHOTO YCJIOBUs (N MEPEMEHHOH ¥ — 3TO IOJMHOKECTBO MHOKe-
crBa ee 3Hadenuit: Sem(ini.Name) € String, u Sem(ini) = {val € Val(v.Type) |
val o Sem(Const) s o € {<,>,=,<,>,#}}, rne Sem(Const) = Sem(cs) mis cs €
Constant, nmm Sem(Const) = c¢s aua cs € Values.

Kuanacc Constant onucbiBaeT KOHCTAHTBI U COAEPXKUT CJICAYIONINE ATPUOYTHI:
- Domain: Domains onmMcChbIBA€T TUII KOHCTAHTHI.

- Value: Values omnuchiBaeT 3HAUEHUE KOHCTAHTHI.

SHaveHnsT BceX aTpUOYTOB JIOJI2KHBI OBITH OIIPEJIEIEHBI.
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CeMaHTHKA KOHCTAHTBI ¢S — €€ 3HAYeHUEe U3 MHOYKECTBA BOZMOKHBIX 3HAUEHUIT cucTe-
mbl: Sem(cs.Name) € String, Sem(cs.Domain) € Domains, Sem(cs.Value) €Values,
u Sem(cs) = cs.Value.

Kiacc Channel onucbiBaeT KOMMYHUKAIIMOHHBIE KAHAJIBI ¢ TIOMOIIBIO aTpUOYTOB:
- From: Process 3amaer oTpaBuTesisi COOOIEHMIA.
- To*: Process 3ajaet noydareseii coobiennit u3 KanaJja. Ecin rnmosydareseit HeCKOIb-
KO, TO KaHaJl — IINPOKOBEIaTe/IbHbIN.
- Type: Order = {FIFO, LIFO, IndAc, Free} ompesesiser nops/I0K YTEHUS U3 KaHAJA,
rie IndAc o3HAYaeT JOCTYI O MHJAEKCY U Free o3Ha4aeT CAydaillHBbIR MOCTYII.
- Capacity: Integer 3ajiaeT eMKOCTb (BMECTUTEILHOCTD) KaHAJIA.
- Reliable: Bool xapakTepu3yeT BHEIIHIOIO HAAEXKHOCTb KaHaJa B TOM CMBICJIE, YTO CO-
OOIIeHNsT He TEPSIFOTCsI 110 BHEITHUM ITPUIMHAM.
- Write€WriteMode = {NSent, 01d, New, Some} OmUCBHIBAET PEXKUM 3AINCH IIPHU II0JI-
HOM KaHaJe:

— NSent: coolireHne He 3aUChIBACTCA B KaHAJ, TO €CTh TEPIeTCs;

— New: cOODIIEHIE ITUITIETCS BMECTO Y/IaIsieMOT0 COODINEHNs ¢ HauOOIbIITIM UHJIEKCOM;

— 01d: coobrienne 3aIliChIBACTCA BMECTO YAAJIIEMOr0O COOOIIEHUs ¢ UHIEKCOM 1;

— Some: cOOOIIEHNE 3aIUCHIBAETCS BMECTO HEKOTOPOI'O YIAJISIEMOI0 COODIIEHUSI.
- Readc€ReadMode = {Del, Keep, Tail, Head, Some} 3ajaeT pexKUM YTEHUI:

— Del: cooOrenne yjaasgeTcd U3 KaHajia MocIe TPOITEeHU;

— Keep: cool1ienne He ynasgeTcsd U3 KaHasa MocJie TPOUTeHN;

— Tail: wHIEKC COODOINEHHS ITOCIe YTeHNs CTAHOBUTCS HAMOOIBIINM B KaHaJIe;

— Head: uHIEKC COOOINEHHS IIOCIe YTEHUS CTAHOBUTCS PABHBIM 1;

— Some: MHJIEKC COODINEHUsI TIOCIE UTEHUs] CTAHOBUTCS TTPOU3BOILHBIM.
Buadenns atpudyToB From u To mo/KHBI ObITH OnpejeseHbl. Mbl 3a/1aeM cJie Iy orme
3HavYeHNsd aTpuOyTOB 1o yMordanuio: Type = FIFQ, Capacity = 1, Write = NSent, Read
= Del, Reliable = true. Eciau y kanaja nporecc P ectb B arpubyre From wunu To*,
TO 9TOT KaHaJ JIOJIKeH ObITh B arpudyTe C'hannels* sToro nporecca.

CemanTHKa KaHasa ¢ Iporecca P onpeessiercs CeayomumM o6pa3oM:
Sem(c.Name) € String, Sem(c.From) = P, u Sem(s.To) C Sp. CemanTnka JOKab-
HBIX COCTOSIHUII KaHa/la U UX N3MEHEHHil OlIpe/lesieHa HUKE B OIMCAHUAX KJIACCOB JIeii-
CTBUI 1 KOMMYHUKAIIMOHHBIX JICUCTBUNA.

Kiacc Action onmcbiBaer AeiicTBHE, BBIIOJIHSIEMOE IIPOIIECCOM.

- Who: Process yka3biBaeT Ha IIPOIECC, KOTOPBI BBIOJHAET JeficTBHIE.

- What: Variable cchlnaercs Ha mepeMeHHYIO, 3HAUE€HNE KOTOPOW MOYKET U3MEHUTHCHA B
pesyJibTaTe JIeifiCTBHS.

- ToDo: FExpression onuchIBaeT BbIpaKeHNe, 3HAUYEHNE KOTOPOI'O IIPUCBAMBAETCS TIepe-
mennoit uz What.

- When: Condition onucbiBaeT OyIeBCKy0 (hopMysTy, KOTOpas 3a/JaeT YCJIOBHUE BBITOJI-
HEHUs JIEWCTBUS B JIOKAJTBHOM COCTOSTHUU.

Suauenns arpudytoB Who, What u T'oDo nonxubl 66T 3a1aub1. Eciu When ne 3a1aH,
9TO O3HAYAET, 9TO JeHCTBUE MOXKET OBbITh BBIIIOJHEHO B JIFOOOM JIOKAJBHOM COCTOSIHUN
nporiecca. 3Haderus: arpuodyToB ToDo u When MOryT HMCIOIb30BaTh TOJBKO IIEPEMeH-
HBIE IIPOIIECCa M COOOIEHUs M3 €r0 KaHAJIOB.
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Cunenytomee SWRL-tipaBusio 3a1aer TpeboBanme Toro, 4YTo ecin arpudyT what meii-
CTBUS a IPOIEcca P BKJIIOYAET IIEPEMEHHYIO V, TO ee aTpudyT owner BKJIOYAET p:

Action(7a) ~ Variable(?v) ~ Process(?p) ~ what(?7a, ?7v) ~ who(7a, ?p) ->
owner (?v, 7p)

Ompejiesinm ceMaHTHKY JieiicTBust a tporecca P. Ouesunno, Sem(a.Name) €String,
Sem(a.Who) = P, u Sem(a.What) € Vp. Ilycts a.What = v — nepemennasi, KoTopast
JoKHA OBITH m3MeneHa jeiictBueM a, n C, C Cp — KaHAJIBI IIPOIECCa, COOOIIEHM
M3 KOTOPBIX YUTAIOTCA JeficTBreM. OTHOIICHHE Tepexo/ia MeKJLy JIOKATbHBIME COCTOs-
HUSIME KakK rporecca P, Tak M ero KaHaJOB OLpeJIesisieTcs caeyommm obpasom. Eciu
JIOKaJIbHBIE COCTOSHUS IIpolecca stp U st. Kaxaoro Kanajua ¢ € C, TaKOBbI, 4TO YCJIOBHE
a.W hen ynosnersopeno (Sem(a.When) = true), u Boipaxenue jeiicrust a.T'oDo nmeer
suavenne (Sem(a.ToDo) # null), To mocsie BBIOJIHEHNUs JeHCTBUST @, HOBbIE JIOKAJTbHbIE
cocrosinusi St’» Mpolecca M ero KaHaJoB TakoBbl, 4To sth(v) = Sem(a.ToDo) A Vz €
Vp\{v} : stp(x) = stp(x) A\Vy € Cp\C, : st;, = st,, m HOBOE COCTOAHUE St;, KAXKIOTO Ka-
Hasia ¢ 13 C; COOTBETCTBYET CEMAHTUKE Ollepallii YTeHUs JIJIs KAHAJIOB (CM. CJIe Ly IOnuii
paszen). 3amernm, 9To B mporecce Beraucierus Sem(a.When) u Sem(a.T'oDo), cocto-
siHUST KaHaJIoB He MeHsoTcs. Ecin Sem(a.ToDo) = null wmun Sem(a. W hen) # true, Bce
COCTOSIHUSI OCTAIOTCST HEM3MEeHHbIMU: St = stp, u Ve € C, : st. = st..

Kiacc Expression onucbiBaeT BhIpasKeHUs, 3HAYEHUsT KOTOPBIX IIPUCBAUBAIOTCS II€pe-

MEHHBIM TIPOIECCca B Pe3yJsbTare JAefiCTBUIL, U COACPKUT CJIEIYIOIe aTPUOYTHI.

- Arpubyter Opl, Op2: { Expression, Variable, Constant, Channel,Values} 3amaor je-

BBbIA U IIPABBIA ONEepPaHbl BHIPAZKCHUA.

- Operation: Operations= {+, —*, %, >, <, <, >, #, 7, A, V, =} onpejessier craHjiapT-

HBIE I[IeJIOYUC/IEHHBIE U OYyJIeBCKUE OIepallui Hall OllepaHIaMu.

Buadenuss Opl u Op2 MOMKHBI UCIOJIB30BATH MIEPEMEHHBbIE U COOOIIEHUS KaHasa, J10-

cTymHbIe TIporieccy. 3Hadenns arpuOyToB Opl u Operation JO/IKHBI OBITH OIPEIETICHBI.

Ecmu Op2 ne onpejenen, To 3unadenne Operation J0/KHO ObITH YHAPHON Olepariyeii.
Crenytromuit Habop SWRL-nipaBus orpannausaer 3uadenus onepanaos Opl u Op2,

BXOJIAIINX B BbIpakeHne aTpuOyTa toDo JeiCTBHUA a Iporecca p, IMEPEMEHHBIMUA V 1

COOOIIeHNAME KaHaja ch, JOCTYIHBIME JIJIsl IIPOIecca

who(?a, 7p) ~ Action(?7a) ~ Process(7p) ~ toDo(?7a, 7el) -
Expression(7el) ~ Expression(7e2) ~ subExp(7el, 7e2)
oplExpression(7e2, ?v) ~ Variable(?v) -> owner(?7v, ?p)

who(?a, 7p) ~ Action(7a) ~ Process(7p) ~ toDo(?7a, 7el) -
Expression(7el) ~ Expression(7e2) ~ subExp(7el, 7e2)
oplExpression(7e2, ?ch) ~ Channel(?ch) -> channels(?ch, 7p)

3nech SubExp(7el, 7e2) sABJseTCS TPAH3UTUBHBIM OTHOIIEHUEM “OBITH IO/IBBIPAYKEH-
em” Ha kJacce Expression.

[Iycty nyist meiictBust a mporiecca P B cocTosHUE Stp BbIDayKeHUe JIEHCTBUS UMeEEeT
B a.ToDo = e. CeMaHTHKO#l 9TOr0 BBIDAXKEHUS SBJISIETCS 3HAaUYeHHE 0A30BOTO THUIIA
win null: Sem(e) € Values U null.

— Jlnst 6unapubix omeparwii o € {4, —* %, >, <, <, > # A, V, =}
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Sem(e) = Sem(e.Opl) o Sem(e.Op2);
— Jlns ynapubix onepanuii o € {—, —}: Sem(e) = oSem(e.Opl);
— Sem(e) = null ipu Sem(e.Opl) = null, wan Sem(e.Op2) = null.
[Iycts Op € Opl, Op2. Sem(e.Op) onpejiensieTcs CaeyIONIM 00pa3oM:
—e.0p = €' € {Expression, Constant,Values}: Sem(e.Op) = Sem(e');
—e.0Op =w € Variable, w € Vp: Sem(e.Op) = stp(w);
—e.0p = c € Channel, ¢ € Cy: Sem(e.Op) = Val, rie
— st, =0, o Val = null, u st,, = st.;
— Ecmu ¢. Type = FIFOQ, to Val = st.(1), u ecu c.Read paBHO
—Del, 1o st!, = (ma, ..., my,);
— Keep, TO st., = st,;
— Tail, To st, = (mag, ..., My, M1);
— Head, T0 st = st.;
— Free, 1o st, = (Mg, ...,m1, ..., myp,).
Ananoruanbiv 06pa3soM OIPEIEIAeTCa CeMAHTUKA JJI APYTUX THIIOB YTCHUS.

Kimacc Condition onucbiBaeT oxXpaHHOE YCJIOBHE JJIs JEHCTBHUIT M KOMMYHUKAIMOH-
HBIX JieficTBmii mporteccoB. Ero onmcanne u ceMaHTHKA IMOYTH TaKKe Ke, KakK JJIsl KJ1acca
Ezxpression, 3a uckmodennem toro, uro Condition uCIoab3yeT TOJLKO OyJIEeBCKUE Ole-
paniunu U 3HaYCeHUAd.

Kiaacc ComAction onucbiBaeT KOMMYHUKAIIMOHHDBIE JIEHCTBIASA OTIPABKU COOOIEHUI 1
COJIEPYKUT CJIEIYIONIHE aTPUOYTHI:

- From: Process 3a1aeT mpoIecc, KOTOPBIA OTIIpaB/IsieT COOOIeHNe.

- To: Channel 3amaer KaHaj, KOTOPBIN JOCTAB/ISIET COOOIIEHNUS TOJIYYATETIO.

Message: Expression onuchbIBaeT OTIPaABJICHHOE COOOIIEHNE.

W hen: Conditions onucbiBaeT OXpaHHOE YCJIOBHE JIJIsI OTIIPABKU COOOIIEHNSI.
SamMeTnM, ITO Hallla MOJIE/Ib B3aUMOIEHCTBIS IIPOIECCOB Pean3yeT Moy deHne coooIe-
HUI 110 HeOOXOIMMOCTH, T. €. IYTeHUe M3 KaHaJIa BBITOJIHIETCS, TOJIHKO KOT A MPOIEeCC BbI-
YHCIIIeT OXPaHHOEe YCJIOBUE WM BhIpaykKeHue JeficTBusA. 3HadeHust arpudyrtos Message,
From u To nomkubl ObITE olipeaesienbl. Ecim When He 3a71aH, 9T0 03HAYAET, YTO KOMMY-

HUKaIlTOHHOE ,HeﬁCTBI/Ie MOZKET BBIIIOJTHATHCA B JHO6OM JIOKaJIbHOM COCTOAHHU IIPOIECCA.
Suadenns arpudytoB Message u W hen MOTryT HCIIOTB30BATH TOJIBKO IIEPEMEHHBIE TTPO-
1ecca u COODIEHNs 3 er0 KAHAJIOB.

CemaHTHKa JeficTBUsT S Tporiecca P, OTIPaBJISIONIErO COOOIEHNEe B COCTOSIHUN St p,
omnpejiessiercs caeayommM obpasom: Sem(s.Name) € String, Sem(s.From) = P,
u Sem(s.To) € Cp. Illycrs s.To = ¢ — KaHaJ mporecca Jjis OTHPABKI COOOIIECHHS,
st. = (ma, ..., my,,) — ero sokanabHoe cocrosuue, u Cs C Cp — KaHAJBI IPOIECCca, U3 KO-
TOpBIX coobmenne quraercs. llyers Sem(s.Message) = Mes, u Sem(s.When) = Cnd.
JlokasbHas oleparmoHHasi CEMaHTHKA OTTIPABKU COOOIIEHUIT OIPE/Ie/ISeTCs CIIE Ty IOTIIM
obpazoM. JIoka/ibHBIE COCTOSTHUSI TIpoliecca P 1 HeMCIoIb3yeMble KaHaJ bl He MEHSIIOTCH:
st = stp,u Vel € Cp\ (CsU{c}) : st = sty. Ecam nokanbuble cocTosians P u Kanasios
cs € (s makoBbl, uto Mes = null, wim Cnd # true, to Ve € Cp : st = st.. Ecan
yeaosre s.When soinonseno (Cnd = true) u 3HadeHue COOOIEHNsT MOXKHO BBIYHC/IATH
(Mes # null), To OC/IE BBITOTHEHNS KOMMYHUKAIIMOHHOTO JEHCTBUS § HOBOE COCTOSTHUE
KaHaJoB st.. st ¢s € (g COOTBETCTBYET CEMAaHTHKE ONEPAIUU YTEHNUsI, OIPEeIeTeHHOMN
Boiiie. HoBoe JiokaiibHOe cocTosiHue st, KaHasia ¢ 3aBUCHT OT eMKOCTH KaHaJa ¢.Capacity
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1 MEeTOJa 3alliCh B KaHas c.Write cjeayomuM oopa3oMm:
— Ecim n, < c.Capacity, 1o st. = (mq, ..., my,,, Mes).
— Korna kanaJj moJsioH, eciu c.Write paBHO
— NSent, To Ve € Cp : st!, = st,;
— 014, 1o st!, = (Mes,ma,...,my,);
— New, T0 st = (M, ..., My 1, Mes);
— Some, TO St = (My,...,mi—1, Mes, miy1,....,my.), 0 € [1.ng].
Ecan usBectra JiokabHas ceMaHTUKa, JeHCTBUI 1 KOMMYHHUKAITHOHHBIX JeHCTBUI KarK-
JIOTO TIPOIECCa, TO MOXKET OBITH OJHO3HAYHO ONEP/eIeHO OTHOIIeHHE repexojia 1.

3. OnTosiorndeckoe MojeanpoBaHne (PyHKINOHAJIbHBIX
3JIEMEHTOB CUCTEMbI aBTOMATUYECKOIO yIIPaBJI€HUS

B srom pazsene Mbl MojeupyeM B HaIlleil OHTOJIOTUU HEKOTOPbIE TUIIOBBIE (DYHKITHO-
HasbHble 1eMeHThl CAY  (mardumkm, cpaBHUBAOIME YCTPOWCTBA W DPETYIHPYIOIIIE
YCTPOHCTBA) U IPEJICTABIsIEM WILIFOCTPATHBHBIN IIPIMEDP OHTOJIOTHIECKOTO MOJIEINPOBa-
uust CAY. Cocrostaue o0beKTa yripaB/ieHus, KoTopbiM yipasisger CAY, xapakTepu3yercs
[IEPEMEHHBIMU COCTOSTHUST — KOJIMIECTBEHHBIMU XapPaKTEPUCTUKAMU, MEHSAIOMIMUCST BO
BPEMEHU.

JlaTauK OoTciieKuBaeT U3MEHEHHE HEKOTOPOH TepeMEeHHON COCTOsIHUSI U TOCHLIAET
uuadopmanuio 06 srom apyrum jtementam CAY. JlaTtank mojenpyercst B OHTOJIOTHH
IIPOIECCOM CO CJIEIYIONIME cBoficTBaMu. ATpubyT Type 9TOro mporecca nMeeT 3HaUeHIe
sensor. ArpubyT Shared* conep:KuT nmepeMeHHyI0 MY, MOJIEJNPYIOILYIO TEPEMEHHYIO CO-
CTOsIHUsI, OTCJIE)KUBaeMyIo JaTaukoMm (monitored variable). Arpubyt ComActions*® co-
JIEPYKUT JIEHCTBUS 10 Iepejade 3HAYEHUs IIePEMEHHON mu 110 KaHaJaM, COIEePIKAIIIMCs
B arpudyre Channels®.

CpaBHUBAaOIIlee yCTPONCTBO CPABHUBAET 3HATEHUE CBOEIO BXOHOTO IMapaMerpa ¢
HEKOTOPBIM 3TaJOHHBIM 3HadeHneM. CpaBHUBAIOIIEE YCTPONCTBO MPEICTABISACTC B OH-
TOJIOTHH TIPOIECCOM CO CJIeIYIOMUME cBoiicTBamMu. ATpuOyT Type 9TOro mporecca nMeeT
sHadenne comparator. Arpubyr Channels® comep:KUT KaHAJbI MEpeadn pe3yabTara
CpaBHEHMs 3HAYEHUsI BXOJHOTO IapaMeTpa C ITAJOHHBIM 3HAUYCHUEM, a TAKXKe KAHAJIBI,
10 KOTOPBIM IIPOIECC OJIyIaeT 3HAUeHN BXOIHOro napamerpa. Arpudyr ComActions®
COJIEPZKUT JIEHCTBUSI 110 BEIYUCIEHUIO Pe3Y/IbTaTa CPABHEHUST U €r0 TIePeIadn 110 KAHAIAM.

Hdatuuk ¢ dpyHkiueit cpaBHeHUs, KOMOMHUDYIOMNH (PYHKIIUU JTaTINKA U CPaB-
HUBAIOIIEr0 yCTPONCTBA, MOJIEJIUPYETCS B OHTOJIOTUHU IIPOIECCOM, CBOMCTBA KOTOPOT'O siB-
JISIIOTCsI KOMOMHAIIMEH CBOMCTB MIPOIECCOB, MPEICTABIAIONINX JATINKN U CPABHUBAIOIIIE
ycrpoiicrBa. ATpubyr Type 9TOro mporiecca mMeeT 3HadeHne sensor-comparator. [lo-
CKOJIbKY TaKOH JIaTINK caM OTCJIXKMBAET 3HAYCHHE ePEeMEHHON COCTOSHUS, HeT Heo0-
XOJUMOCTH B CITEIUAJIBHBIX KaHAJIAX MMEPEIAtN STOTO 3HATEHUS.

Perynupyioiee ycTpoiicTBO 0/ IeP2KUBACT HEKOTOPYIO 33/ IaHHYIO0 XapaKTePUCTHU-
Ky oObekTa ymnpasienns. OHO HEIOCPEICTBEHHO BJIMSIET Ha COCTOsIHME OObeKTa yIpaB-
JIGHUSI, U3MEHsIS ero IepeMeHHbIe B COOTBETCTBUU CO 3HAUECHUSIMEU BXOIHBIX ITapaMeTPOB
peryupyoiiero ycrpoiicrsa. Moje/impoBanue peryanpyomero yeTpoiicTBa B OHTOJIOT I
3aBHCHUT OT KOJMIECTBA PEKUMOB ero paboTe! (Hampumep, “BrJ.” 1 “Bbk1.”). OHTOIOTH-
YeCKOe MpeJICTaBIeHNe PEryIUPYIONIEro YCTPOHCTBa ¢ KOJTUIECTBOM PEKUMOB PAbOTHI 1
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3a/1a€TCsI IPOTIECCOM CO CJIeIYIOMMMU cBoficTBaMu. ATpubyT Type 9TOro mporecca nMeeT
3navenue regulator. Atpubyr Local* comepKuT nepeMeHHyI0 mode, KOTopas MOJIesIH-
pyeT peXUMbI PabOThl U MPUHUMAET 3HAYEHUs MMEPEINCTUMOTO TUIIA, COCTOAIIETO U3 N
sneMeHTOB. ATpubyT Shared”® coiepKuT riepeMeHHbIe, MOJIETUPY 0TI TIepeMeHHbIe 00b-
eKTa yIIpaBJIeHHUsl, Ha KOTOPbIe BIUsIET peryanpyioiiee ycrpoiictBo. Arpubyr Channels*
COJIEPKUT KaHAJIBI, 10 KOTOPBIM IIPOIECC OJIyIaeT 3HAYeHHUsT BXOIHBIX IapaMeTpPOB pe-
CYJUPYIONIEro ycrpoiictBa. ATpudbyr Actions® copep:KuT JeficTBUS, KOTOPbIE U3MEHSIOT
pasjengemble iepeMeHnble. Boipazkenus, 3aiaBaeMble arpudyToMm TolDo 3Tux jieiicTBuii
U BBIYHC/IAIONINE HOBBIC 3HAYCHUS YKA3aHHBIX MEPEMEHHBIX, 3aBUCIAT OT 3HAYCHUSA JIO-
KaJIbHOI ITlepeMeHHO mode n COOOIIeHU, CojlepzKalllinX 3HaUeHNs BXOIHBIX [TapaMeTpPOB
PEeryJIMpyIoIIero ycrpoicrna.

Yro6b! IpoM/LIIOCTPUPOBaTh, Kak CAY Momeupyercst B Halleil OHTOJIOTUN, MBI IIPeJI-
CTABUM MOJICUCTEMY CHCTEMbI PO3JMBa OyTHUIOK U3 [17|, olmcaHHYI0 HA €CTECTBEHHOM
si3bIKe. MBI paccMOTPUM CJIEIYIONLYIO YIPOIIEHHYIO MOJICUCTEMY: JATIYUKU HU3KOTO U
BBICOKOTO YPOBHS YKUJIKOCTHU 33JIaf0TCA Tmporieccamu P u P,, a BIyCKHO# W BBIITYCKHOIA
KJarmaubl — nporeccamu P; u P,. Mbl cauraem, aro Bce Kanaybl nmeoT tun FIFO, em-
KOCTb 1 1 COODIIEHUS YIAIAIOTCS TOCIe TTPOITEHNUS.

JlaTauk HU3KOro ypOBHsI Mojesiupyercst npoiieccom P,=(Type: sensor-comparator,
Shared*: {mv}, Channels*: {li,lb}, ComActions*: {lo,lc}). Ilepemennas mv 3amaer
nH(MOPMAIMIO O TEKYyIIeM ypoBHe Kujkoctu. OHa TPUHUMAET IeJIOUUCTCHHBIE 3HATE-
nusg ot min.Value no max.Value, rje KOHCTAHTBI Min U MAX ONPEJEIAIOT YPOBHH,
Korjia OaK IMOYTH IYCT U KOorja oH repenoJinen. Kanambt 4 u [b coeuusor natauk P ¢
kjananamu P; u Py, coorBeTcTBeHHO. KOMMYHUKAIIMOHHOE JieficTBIE [0 TIOCBHLIAET CO00-
menve “toOpen” BiyckHOMY Kjamnany P;, korja 6ax mourn mycr: lo = (From: Py, To: li,
Message : “toOpen”, When: mv < min). KommyHukanuornoe jgefictsue ¢ onpesessier-
CsI CUMMETPUIHBIM 00pPa30M.

Brycknoit kianan Mogenupyercs mporeccom Pi=(Type: regulator, Local*: {mode},
Shared*: {ev}, Actions*: {inc,io,ic}, Channels*: {li,ui}). llepemennas mode nmeer
nepeuncuMbiii Tun {“open”; “closed”}. JleiicrBue inc yBeaumduBaeT ypoBeHb YKUIKOCTU
ua 1: inc = (Who: P;, What: mv, ToDo: ev + 1, When: mode = “open”). leiicrBue io
OTKpBIBaET BIycKHOI Kianan: 10 = (Who: P;, What: mode, ToDo: “open”, When: li =
“toOpen”). JleiicTBre 110 3aKPBITHIO KJIAIlAHA iC OIPEJIEIAETCS CUMMETPUIHBIM 0OPa30M.
[Ipomneccur P, u P, onpeesigrorcss aHAJOTTIHBIM 00Pa30M.

4. 3akKJo4dYeHunue

B nanHOiT cTaThe MBI IIPEICTaBIAEM OHTOJIOTHIO CUCTEM IIPOIECCOB, KOTOPAA SBJIAETCS
OJIHIM U3 0a30BBIX KOMIIOHEHTOB MHTEJIJIEKTYAJIbHON CUCTEMBI MOJJIEPKKN BepudUKa-
nuu. Hamm meTossl u3siedenns nHGOPMAIUA U3 TEKCTOB TEXHUYECKON JIOKYMEHTaIuN
MO3BOJISIIOT MOMOJHATH 3TY OHTOJIOTHIO 9K3EMILISIPAME IIPOTECCOB, MHMOPMAINd O KO-
TOPBIX OOHApPYXKEHa B 9TUX TEKCTaX. 3aTeM MOJYJb TPAHCISIUU JOJIZKEH TPAHCIIPO-
BaTh OHTOJIOIMYECKOE IIPEJICTABJIEHNE CUCTEMBI BO BXOJHON A3bIK HEKOTOPOTO Bepudu-
karopa. YTobbl 0becrednTh KOPPEKTHOCTDh TPAHC/ISIIUU U ITOC/Ie/AyIonieil Bepudukamum,
B 9TOI cTaTbhbe MBI onpejiesieM (pOopMaIbHYI0 CEMaHTHKY HAIeil OHTOJIOTUH, CBA3BIBA
dopMaJIbHBIMU TTPABUJIAMU TIOMEYEHHYIO CUCTEMY TEPEXOI0B CO MHOXKECTBOM IK3EMILIs-
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POB IIpoIieccoB 3 oHTOI0THH. PopMasibHas CEeMaHTHKa OHTOJIOTUTYECKOIO ITPEJICTaBICHUS
IIPOIIECCOB, OPUEHTUPOBaHHAA Ha (POPMAaJIbHBIE METObI BEPUMDUKAIMN, OTITHYAET HAII
IIOJIXOJT OT COBPEMEHHBIX IIOJIXOJIOB K ONPEAEJICHUAM OHTOJIOTUI MPOIECCOB.

B pasnbreiiieM Mbl IJIAHEPYEM pa3paboOTaTh CUCTEMbI OHTOJIOIMYECKUX IMTAaOI0HOB
MIPOTIECCOB JIJIsl PA3JIMYHBIX ITPEIMETHBIX O0JIacTeil: CUCTEeM aBTOMATHYECKOIO YIIpaBJie-
HUsl, OM3HEC-TIPOIEeCCOB U T. JI. B pamMkax mocrpoenus Hareil HHTe/IeKTyaIbHOM cucTe-
MBI TOJJIEPKKN BepUMUKAIIUNA MbI TaKxKe pa3padoTaeM MeTOJ U3BJI€UYEHUA TUIIMTHBIX
TpebOBaHUIl K CHCTEME M3 OHTOJIOIMYIECKOTO MPEJICTABICHUS IIPOIECCOB [T TOIOTHEHUS
OHTOJIOTUN TPEOOBAHUIA.
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Abstract. This paper presents the ontology of the concurrent processes close to Hoare commu-
nicating sequential processes. It is the part of the intellectual system for supporting verification of
behavioural properties of these processes. Our ontological representation of the processes is oriented
both to the application of formal verification methods and to the extraction of information from technical
documentation (by our previously developed system of information extraction from a natural language
text). We describe the ontology classes and domains that define communicating concurrent processes.
These processes are characterized by sets of local and shared variables, a list of actions on these vari-
ables which change their values, a list of channels for the process communication (which, in turn, are
characterized by the type of reading messages, capacity, ways of writing and reading, and reliability),
and also a list of communication actions for sending messages. In addition to the formal mathematical
definition of classes and domains of the ontology, examples of descriptions of some ontological classes as
well as typical properties and axioms for them are specified in the editor Protégé in the OWL language
with the use of the inference rules in the SWRL language. The formal operational semantics of commu-
nicating processes is determined on their ontological representation and is given as a labelled transition
system. It is reduced to the local operational semantics of separate process instances in the interleaving
model. We specialize several types of processes from the subject domain of automatic control systems
that model the typical functional elements of the automatic control system (sensors, comparators and
regulators) as well as their combinations. The concepts of the specialized ontology are illustrated by
the example of a control part for a bottle-filling system.
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