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Jaemcs onucanue cucmemor Ontolingua, docmyn k komopotl ceo6odern 6 World Wide
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KSL) Cmsngpopockoeo ynusepcumema. Cucmema npeOHa3sHaweHa Ol XPAHEHUs U 68e0eHus]
OubnIUOMeEKU POPMATLHBIX  HEeNnpoYeOyPHbIX ONUCAHUL PpazmeHmog mooenell U NOHAMULl
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Gopmanuzayuu noavzoeamenem e20 NOHAMUU U 3a0a4 HA OCHO8E (YOPMATbHBIX ONUCAHUL,

XPAHAWUXCA 6 cCUcCmeme.
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BBenenue

Konen nBaanaToro Beka - 3TO BpeMsl MOBCEMECTHOT'O HCIOJIb30BaHUS 0a3 JaHHBIX,
OpraHu3aluy J0CTyna K JaHHBIM B cpene Internet m coszmanus Oonbmimx OuOIMOTEK
AJIEKTPOHHBIX KoJuIeKUuid. [Ipu 3TOM oco3HaeTcs 3HaueHHE WH(POPMAIMOHHBIX CUCTEM IS
(dopManpHOrO ONMUCAHUS M XPaHEHUs OOJBIIOrO 4YMcia (pParMeHTOB (MOAYJEH) 3HaHMA,
KOTOpPBIE MOTYT TMPEACTaBIATh COOOW MOHSITHS HEKOTOpPOH  00JacTH 3HAHWM, CUCTEMBI
Mojenel, cxembl 0a3 JaHHBIX, TAPAMETPUUYECKUE 3alpPOChl, THIBI OOBEKTOB M KOMIIOHEHTHI
CHUCTEM.

Ecnmu mporpecc B mocTpoeHUH WHGOPMAMOHHBIX CHCTeM cBs3biBascs B 70-80-bie
rojipl ¢ 6a3aMu JTaHHBIX, C PEISUOHHBIM IMOAXO0JIOM K 0a3aM JaHHBIX, TOCTPOCHHEM CHCTEM
yIpaBiieHHUs 0a3aMH JaHHBIX U CTaHIapTH3alHel oOpalieHus K 6a3aM JaHHBIX, TO IPOTPECC B
NOCTPOCHUH WH(POPMALIMOHHBIX CHCTEM B HAcTosIee BpemMs B OOJBIION CTENeHH
CBSI3BIBACTCS C PEUICHWEM aHAJIOTWYHBIX 3a7]ad B OTHOIIEHUHM 0a3 (parMeHTOB MoJeneid,
KOMIIOHEHTOB U ITOHSATHM.

UToOBI COMOCTaBUTH 3TU ABE MPOOIEMBI, HAIOMHUM, YTO OCHOBHOW HJeeil BBEACHHUS
0a3 aHHBIX SBJISIETCS COBMECTHOE, MHOTOIIEJIEBOE, MHOTOPA30BOE MCIIOIBb30BAHUE OJHUX U
TEeX JK€ JaHHBIX OpU peIIeHWH OOJBIIOr0 YWCIAa Pa3HBIX 3aJad M CO3JaHue
CHELUATU3UPOBAHHBIX CHUCTEM, BBIMOJHSIOMMX (YHKIMU YyIpaBieHUs 0a3aMu JaHHBIX U
OpraHu3alluy JIOCTyNa K JaHHBIM MHOTHUX TOJb30BaTeneil. Mes opranuzanuu 0a3 MoHATHN
TaK)KE€ CBsI3aHA C NIPUHIMIIAMH COBMECTHOI'O, MHOTOPAa30BOI'0 UCIOJb30BaHUs HO HE TOJIBKO
JTAaHHBIX, HO ¥ HEMOJHBIX OMHCAaHUN (parMeHTOB MUpa. Mcrnonbs3ys mpeacTaBieHHbIE B Oa3e
NOHATUH (opManbHble omHMcaHUs (parMeHTOB MHpa, B TOM UHUCIE, U MHUpa HIEH,
MOJIb30BATEIb MOMKET COCTaBUTh (popMarbHOE ONKMCAHWE MHUpa 3aJadd, KOMOWMHHUPYH,

COCTaBJISAL M YTOUHASA (PparMEHTHl MOJeNel, XpaHsamuxcs B 6asze, a 3areM (opMaaInu3oBaTh



BONpoc K 3ToMy Mmupy. llpencraBieHHoe (opManbHOE ONMUCAHHE 33Ja4d MOXET OBITh
COXpaHEHO B 0a3e MOHATHUH /Uil AajJbHEHUIIEero UCIONIb30BaHUS IPYTUMH MOJIb30BATESIMU, a
MOXET OBbITh IepeIaHO CHCTeMaM, KOTOphIe 10 (hopMaibHOMY OMHMCAHUIO 3a/1a4d, UCIOIb3YS
CBOU [IOTIOJIHUTENIbHBIE 3HAHHWS, B TOM YHCIE MPOLEAYpHbIE, MOTYT HAaXOJIUTh PELICHUS
MIOCTABJICHHOMW 3aJ]auyl M MepeaTh OTBET MOJIb30BATEIIO.

Takol nmoaxoxa K B3aMMOJEHUCTBHUIO C CUCTEMaMHU IOHATUU IIPEIIarajcs BO MHOI'MX
paboTax (B TOM 4YucCie U B paboTe OJHOTO U3 aBTOPOB ITOM cTaThu [1] ) U, B KaKoi-TO Mepe,
peanm3oBaH B cuctemMax Mathematica, Mathcad u np., a Takke B cucTreMax KOMIIOHEHTHOTO
nporpammupoBanus Tumna Delphi. OgHako 6a3a MOHATHII B TAKUX CHCTEMaxX OPraHM30BaHA,
KaK MpaBUjIO, B BUJe Habopa HECBA3aHHBIX (aiioB (aHajor B 6a3ax NaHHBIX - (haioBbIC
CHCTEMBl JAaHHBIX, a He 0a3bl JAaHHBIX) M MMEET BCE HEAOCTATKH, OIpPE/EICHHBIC TaKOU
OpraHu3aluen.

B nocnennue ronst B cpene World Wide Web miist paboTsl ¢ hopManbHO OMUCAHHBIMU
3HaHUSAMH Bce Oouble ucnoib3yercs cuctema Ontolingua [2], paspabortannas B Knowledge
System Laboratory (KSL) B pamkax otaenenus Wudopmaruku CraHdOpaCKOro
yauBepcuteTa [3]. CTpyKTypHON €IMHULIEH 3HAHUS B ITOW CHUCTEME SIBISIETCSI OHTOJIOTHSL.
Ontonorus - 310 HaboOp ompeaeneHU (pparMeHTa ACKJIAPaTUBHBIX 3HAHUM Ha (HOpMaAILHOM
A3bIKE, KOTOpPBIE OpPUEHTHPOBAHBI HA COBMECTHOE MHOTOKPATHOE HCIIOJIb30BAHUE
Pa3NIMYHBIMK TIOJIH30BATENISIMA B CBOUX HPUIOKEHUSAX. B OHTONOrMH BBOJSTCS TEPMHHBI,
TUIIBI U COOTHOIIEHUS (aKCHOMBI), omuchIBarouue ¢parMeHT 3HaHusA. SI3pik Ontolingua
UCTOJb3YeT NPUHIUIBI 00bEKTHO-OPUEHTUPOBAHHOTO TOAXO0/a M SBIAETCS paclIMpeHHEeM
KOMITBIOTEPHO OpUEHTHUPOBaHHOTO si3bika Knowledge Interchange Format (KIF) ans o6mena
3HAHUSMH U B3aUMOJICHCTBHS MEX]y IIPOTPaMMaMH.

KSL Ontolingua Server mnpemocTaBisieT cpeay IS COBMECTHOTO MPOCMOTPA,

CO3/IaHUsl, PEIaKTUPOBAHUs, MOAU(UKALIMU U HCIIOJIb30BaHUS OHTOJOTHH B cpene Internet.



Cepsep B HacTosIIee BpeMs noaaepkuBaeT 0onee 150 akTUBHBIX MOJIB30BATEICH U COAEPKHUT
MHOXECTBO OHONIMOTEK IO pAa3IUYHBIM OOJIACTSIM 3HAHUM, BKJIOYas 3JIEMEHTapHYIO
TEeOMETPUIO0 M TEOpeTHUYeCcKylo MexaHHuKy. Ilocie Toro, xak B ¢eBpane 1995 roma Obuio
00BsIBIIEHO O paboTe cepBepa, OH CTaJ] MCIOJIb30BATHCS OOJBLINM YUCIOM pabo4MX TPy CO
BCEr0 MHUpa JJIsl CO3/IaHUSI OHTOJIOTMU M JOCTyHa K HUM. FIMeeTcssi MHOXECTBO NMPOEKTOB,
OpPUEHTHPOBAHHBIX Ha HCIIOJIb30BaHUe cucteMbl Ontolingua.

B Hactosimee Bpemst B KSL Benmercs mMpoeKT MO CO3JaHUIO IIHPOKOMACIITAOHBIX
OuOJINOTEK MIMPOKO BBIPA3UTEIBHBIX MHOTOKPAaTHO HCHONb3yeMbIx 3HaHuil (Large Scale
Repository of Highly Expressive Reusable Knowledge). Pa3pabareiBacTcs TeXHOIOTHSA,
MOJIEP’KUBAIONIAsi COBMECTHOE co3/laHue U 3((HEeKTUBHOE MCIOIB30BAHUE PACIPECTICHHBIX
MIMPOKOMACIITAOHBIX OMOIMOTEK MHOTOKPAaTHO HCIOJB3YeMBIX OHTONOrud. Cucrema
NOJICP)KUBAaET PaboTy rpymn pa3pabOTYMKOB, TECTUPOBAHWE M BBIABICHHE OIIMOOK B
OHTOJIOTUSIX, OOBEIUHEHNE OHTOJIOTHI, aBTOMATUYECKOE MOJIyYCHHE U3 TaHHBIX BO3MOXKHOU
mojenu. Pa3BuBaloTCS TakkKe CpEACTBA TMOUCKA, BBIIEICHUS, KOMIIO3ULIMU OHTOJIOTUH WU
B3aMMHOTO TIEpEBOJA C S3bIKOB NPEICTABICHUS 3HAHMM CHUCTEM, OPUEHTHPOBAHHBIX Ha
3HaHwus1, 1 Ontolingua.

Hutepec k cucreme Ontolingua oOBSICHsAETCS HECKONbKUMHU NpuunHamu. Cucrema
Ontolingua 3KcrTyaTUpyeTcs yKe HECKOJIBKO JIET M Y4YeT ONbITa €e paboThl, MPUHIIUIIOB €¢
OpraHu3allii MOTYT OBITh MOJIE3HBIMH KaK MPH MPOCKTUPOBAHUH IJIEKTPOHHBIX OMOIMOTEK B
cpene Internet, Tak U MpHu ompeAeNCHUM MEPCIEKTUB Pa3pabOTKU CHCTEM OCHOBAHHBIX Ha
3Hanusx. C japyroit croponsl, cucrema Ontolingua pa3spabaTbiBaniack Kak CHCTEMa,
B3aMMOJICHCTBYIOIAs C APYrMMH cHCTEMaMu B Internet, U HEKOTOpBIE pEIIEHUS STOU
pa3paboTKK TMpeiaraloTcs B BHJAE CTaHAApTa. YYeT 3TOro CTaHAapTa MPeiCTaBIICTCS

Ba)XHBIM IIPH Pa3padOTKe HOBBIX CHCTEM.



1. O01mMe NPUHIMUIIBI OPraHU3AIUN PA0OT M B3aMMO/IeliCTBHUS ¢ CHUCTEMAMH

KSL

Jla6oparopuss Cucrem 3Hanmii KSL mpenocrasisier noctyn aisi paboThl ¢ CBOMMHU
uccienoarenbckumu cucreMamu uepe3 World Wide Web. 31o onHa u3 BaKHEUIINX dacTeil
oOIiel cTparerny pacipoCTPaHEHUs! Pe3yIbTaTOB UCCIEAOBAaHUNA. DTH CHCTEMBI HE TOJBKO
JIEMOHCTpAIIMOHHBIE, HO U pealbHO paboTatomue. [1oayunTh K HUM JOCTYI MOXKET JIH000i
MOJI30BAaTENb C IOMOIIBIO CTAHJAPTHOTO Opay3epa.

JIaGopatopust Cuctem 3HaHUN TIPEJOCTABIISET HECKOIBKO CETEBBIX CIIYKO, K KOTOPHIM
MOYKHO TOJYYUTH JOCTYII C IOMOUIbIO ceTeBoro Opaysepa. HekoTopeie U3 3TUX CIyKO0 —
crarndyeckue AokyMmeHTsl B Bune HTML crpanui, koTopblie 0ObluHO BeTpevaroTcs B Web.
Jpyrue — 53TO BUpTyalbHble JWHAMHUYECKHE JOKYMEHTBI, KOTOpbIE (OPMHUPYIOTCS B
3aBHCHUMOCTH OT noTpedHocteil. Kpome Toro, uMeroTcs pa3inyHble HHTEPAKTUBHBIE CITY>KOBI,
HarpumMmep, MOoAAEPKUBAIOIINE HHTEPAKTUBHOE PelaKTUPOBAaHUE Oa3bl 3HAHHIM.

s HCIOJIb30BAHUS BO3MOXHOCTEH  CETeBBIX CHYXKO BBl  JIOJKHBI
3apEruCTPUPOBATHCS B CHUCTEME. 3apETUCTPUPOBATHCS MOXKET JH0OOH YenoBeK, HO TeM, KTO
HEHM3BECTEH B Ja0OpaTOpHUU, HEKOTOPHIE CIYKOBI MOTYT OBITh HEIOCTYIHBI MO OYEBUIHBIM
npuyrHaM Oe3omacHocTH. Ilocine Toro, Kak Bbl MOAKIIOYHINCH, BBl CMOXKETE HadyaTh CEaHC
WIA TIOJICOAMHUTHCS K JI000MY JOCTYITHOMY JJISi Bac CYIIECTBYIOLIEMY ceaHcy. B a3ror
MOMEHT BBI ITOJIyYUTE CITUCOK JJOCTYIHBIX CITYXO.

CereBble cimyx0b1 KSL, cipoekTHpoBaHbl Ha OCHOBE MOIYJIBHOTO HPUHIUIA, TPU
9TOM PA3JIMYHBIE ACHEKTHl MCCIIEJOBAHMM WHKAICYJIMPOBAHBI B paMKax HMHIWBHIYaJIbHBIX
CIIy’0, KOTOphIE MOTYT B3aUMOJICHCTBOBAaThb, HO OHM TOCTPOCHBI TaK, YTO MOJb30BATEIb,
MOYET HCIOJb30BaTh UX IO OTAEIHHOCTH. HekoTopble ciay:xObl HE NperHa3HAYEHBI IS

HCIIOJIb30BAHM JIIOAbMHU, HO OHU MIPCAO0CTABJICHBI U1 TOTO, YTOOBI PE3UACHTHBIC MTPOTrPpaMMBbI



MOTJIM CBSI3BIBATHCSI M B3aUMOJICHCTBOBATH ¢ apyrumu ciyxxoamu KSL. Hanpumep, noctyn k
oubmmoreke Owntonormii u Oubnamorexke ¢parmentoB wmozaeneit CML (Compositional
Modeling Language) MoxeT OBITh OCYIIECTBICH C TIOMOIIBIO COOTBETCTBYIOIIMX
UHTEPPEICOB PEIaKTUPOBAHUSA, a TAaK XK€ M NMPOTPAMMHBIM CIIOCOOOM, C HCIIOJIb30BaHHUEM
npotokona Network GFP.

Tak kak ciayxObl NpEACTaBIAIOT COOOH TEKyIlee COCTOSHHE NPOEKTa, TO OHHU
pa3nuyaoTCs M0 YPOBHIO HAAEKHOCTH M (YHKUMOHAIBHOCTH. B memom, Te ciryObl, 1
KOTOPBIX IpEJICTaBICHbl TOJIBKO alb(a Bepcuu, OyayT BUIHBI s monbs3oBareneil KSL, HoO
OHM HE MOTYT OBITh HMCHONB30BaHbl. Korma 3tu ciayxObl cTaHyT 0ojiee HaAeKHBIMU, O HUX
OyneT 0OBsABICHO, U OHU OYIYT CHIENaHbl MyOJINYHO TOCTYITHBIMH.

OCHOBHO# LIETBIO ABISETCA HE TOJBKO MPEIOCTABUTH BO3MOXKHOCTB ITOJIb30BATEIISIM
CeTH 03HAKOMUTKCS CO CPEICTBAMH pa3pabOTKH, HO U MPEAOCTABUTh PEaIbHbIE BO3MOKHOCTH
pabotel. Hampumep, OubImMoTeka U peJakTop OHTOJIOTHIA JaeT BO3MOKHOCTh pa3paboTunKaM
110 BCEMY MUPY COBMECTHO pa3padaTbIBaTh OHTOJIOTHH.

OcHoBHBIE CITY>KOBI, pa0OTaOIINE B HACTOSIIIEE BPEMSI, BKIIOYAIOT B CEOSI:

Ontolingua Server. IlpenocraBisier cpeay A COBMECTHOTO IIPOCMOTpa, CO3[aHuS,
pelaKkTUpOBaHMs, MOAUDUIIMPOBAHMS M MCIIOJIb30BaHUS oHToNoruil. CepBep B Hacrosiiee
BpeMs mnoanepxuBaeT Ooiee 150 akTHUBHBIX MOJIB30BaTeNIeH, HEKOTOPBIE MPEIOCTABISIOT
OTHCAHMSI CBOMX IPOEKTOB.

Open Data Base Connectivity. ODBK— 510 wunTepdeiic mpukinagHod HporpamMMmbl U
crpaBoyHas HWHQOpMaLUs, KOTOpas TO3BOJISIET CBA3BIBAaTh CHUCTEMY IIpE/ICTaBIICHUS,
anmapatHylo Twiarhopmy W 3HaHHS He3aBucuMo OT si3bika. ODBK Obina paspaborana
coBmecTHO KSL u neHTpoM uckyccrBeHHoro nnremiekra uHcturyra SRI. Cpeacrsa ODBC
MO3BOJISIOT ad0idaM NpeEoKeHU HamucaTh MPEICTABICHHS, HE3aBUCHUMBIE OT CHCTEMBI U

COBMCCTHO UX HCIIOJIb30BATh B PA3JIMYHBIX CUCTCMAX.



Jpyrue ciayx0bl. B cucreme mmeercs Bce BO3pacTaliollee YHCIO JOMOJTHUTENbHBIX CIYXO,
TaKHUX KaK:
* Penakrop ¢pparmentoB moneneit CML.

NHcTpyMeHT, KOTOpBIN MMO3BOJIAET CO3JaBaTh MOJIEIM YCTpOHCTB Ha s3bike CML
(Compositional Modeling Language). 9ToT pemakTop B3auUMOACHCTBYET C pacHpeeIeHHON
OubMoTeKON MoJIeNel, KOTopasi MO3BOJIUT CO3/1aBaTh MOJIENIM COBMECTHO € pa3padoTUMKaMU
BCET0 MHUpA, UCIIONb3YS OHU U T€ XK€ ONpPEIeICHNUs AT IPH pa3paboTKe MoJeIei.

e HMHCTpyMEHT [UIs PELIECHUs YPABHEHUM.

CpencTBo, KOTOpPOE NO3BOJIET PELIaTh CHCTEMbI YPAaBHEHUI.

* CpencTBO OLICHUBAHUS.

ITo3BoJIIET OLICHUBATH PA3JIMYHbIE BHIPAKEHUS.

e CpencTBo KOHTPOJIA 3a CTPYKTypaMH JIaHHBIX.

* Penaktop OHTONOTHI.

* MexcereBoii uatepdeiic Webster.

CayXMT 17151 COBMECTHOTO MCIIOJIb30BaHMs penakropa OHTOJIOTHIA U pelakTopa (pparMeHTOB
mozenert CML, s KOTOpOoro BaXKHO TOYHOE HCIOJIb30BAaHHWE TEPMHUHOB. CBSA3BIBAET
OIpeIeNIEHNUs, KOTOPbIE BO3BPAILIEHBI CJIOBAPEM, U MTOAIEP)KUBAET IIOKUCK IO TE3aYpYCYy.

e ba3a JaHHBIX.

CepBep b/l. Mcnone3yercss B OCHOBHOM CETEBBIMH CIY:KOaMM JJIsi YIpPaBJICHUS HapoOJIsiMHU,
rpynnaMy, MPEAIOYTEHUSIMH II0JIb30BaTeNe, HO B NPHUHLIMIE MOXKET XpaHUTh U
OCYLIECTBJIATH ITOUCK 110 IIPOU3BOJIBHBIM 3anucsaM b/I.

* Cuyx0a TOKyMEHTaIUH.



Hcnonb3yeTcs ceTeBbIMH CiIy:kOamu  ansi  Belgauu  ¢aitmoB  HTML. Ona nonHumaer
INPEANIOYTEHUsT II0JI30BATEIE M HMEET Makpo s3bIK, KOTOpPBIA JaeT BO3MOXHOCTb
orpannuuBatk ¢popmar fokymeHToB HTML 1 n3o6paxxenuii B COOTBETCTBUU C HUMH.

e VIHCTpPYMEHT AJIs CO37JaHUs N300paskeHUH.

[To3Bosier ciyx6am reneprupoBaTh H300paxenus U BcrpanBath ux B HTML.

* Cerenoii nporokon GFP.

[To3Bonsier ucnons3oBath cereByto Bepcuto GFP (Generic Frame Protocol) mnst moctyna k

npyrum ciayx6a KSL, takum kak 6ubnuoreka OHTONIOTHHA, OnbIMoTEeKa (hparMeHTOB MOENei

CML.



2. TexHosorusi paéoThl ¢ CHUCTEMOH M BO3MOKHOCTH MOJIb30BATEJIS

Pazbepem Heckonmbko noapobHee cuctemy Ontolingua.

K cpencrBam, mpenocraBnsiembiMm Ontolingua, ymoOHO TPOW3BOIUTH JOCTYI 4Yepes
cepsep KSL Interactive Ontology Server [2].

Cuctema Ontolingua peanuzoBana Ha si3pike Common Lisp u mpenHa3zHaueHa st
noAJepKku (popmanbHOTO crienupuIMpoBaHUs 3a1a4d MOJIB30BATENsI HA OCHOBE OMOIMOTEKU
dbopManbHBIX OMUCaHU (PparMeHTOB 3amad, MOAENEH W TMOHATHH, a TaKXKe IS BEICHUS
camoit Oubmmorekn ¢QparmenToB. OHa BKIIOYaeT B ce0s MPOrpaMMy CHHTAKCHYECKOTO
aHanmu3a, YTHIUTY Ui MPOBEPKH NPAaBUIBHOCTH IEPEKPECTHBIX CCHUIOK, MHCTPYMEHTOB-
NEPEeBOMYMKOB C S3bIKA CHCTEMBl Ha SI3bIKM JPYTUX paclpOCTPAHEHHBIX CHUCTEM
IpeCTaBICHUs U reHepaTop oTueToB B popme HTML.

B ocHoBe s3blka (opmanbHBIX omucaHuid B cucremMe Ontolingua JEXHUT SA3BIK
Knowledge Interchange Format (KIF) [4], paspaboranusiii B KSL u mpemioxeHHbIH B
KauecTBE CTaHAAapTa MEXMaIIMHHOTO oOmeHa 3Hanusmu. S3bpik KIF mpemcraBnser coboit
S3bIK MCYUCICHHSI TPEJUKATOB BTOPOTO TMOpSAAKA Ui TPEACTABICHUS HEMPOLEAYPHBIX
3HAHUH, TOTIOJTHEHHBIN CPEACTBAMU MPEACTABICHUS MPOLEIYPHBIX 3HAHUHI B BHJIE€ YCIOBHBIX
MIPABHIJI TIEPETIHCHIBAHUS BBIPAKCHHIA.

Ha puc. 1 mpencraBineHa cxema TEXHOJOTHMHM pPabOThHI MOJB30BATENs C CHCTEMOMU

Ontolingua.

[Tonb30BaTens CUCTEMBI MOXKET OBITH YAAJIICHHBIM W B3aMMOJCHCTBOBATH C CUCTEMOU
yepe3 Internet. Ilenp monp3oBaTens: Qopmanu3oBaTh 3aaady (WM MOJENb) W3 CBOCH
MPHUKJIATHON 00JMACTH JUTsl TTOCIEAYIONIX BBIUYMCICHUN Ha CICIHATU3UPOBAHHBIX CEpBEPAX

MaTeMaTHYeCKON 00paboTKH.



Ontolingua IMoab30BaTesb

bubanoreka oHTOIOTHI dopmanuzaiys 3a1a9u
NI0JIb30BaTEIIS
Omnronorus 1
TeOpus Internet I Teopus 3amaqn:
KJ1acChl ¢ . NIEPEMCHHBIC
OTHOULIEHUS KJIACCBI
GyHkmHr OTHOLICHHUS
aAKCHOMBI )
YHKIHH
000000000000000000000 aKCHOMBI
DparmMeHTEMOACHEH ypaBHEHHS
IHoustus... Bormpoc 3amaun

Jlornyeckwuii BBIBOJT
Pemenue ypaBuenuii, Mathematica
HiMuTaiimoHHOE MOACTHPOBAHUE

Criennanu3upoBaHHbIE CEPBEPHI
MaTreMaTu4eckoi o0padboTKu

Puc.1. Cxema TexHoJiorusi padoTsl N0Jb30BaTeJis1 ¢ cucremoii Ontolingua
B 6u6mmoreke Ontolingua, xpansarcs (opmanbHble omucaHus (PparMeHTOB 3aad
HOJIb30BATENs, KaXKJ0€ U3 KOTOPBIX ¢ MAaTEeMaTHYECKOM TOYKH 3pEHMs MpPEACTaBiIsAeT cOOOH

Ha0Op WMEH TEepPEeMEHHBIX, HA0Op HMMEH MpeAuKaToB W (YHKIMA W HAOOp aKCMOM WU
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YpaBHEHUH, TO €CTh TO, YTO B MaTEMAaTUUYECKOH JIOTHKE Ha3blBaeTcsl Teopuei. Kak mpasuio,
3THU TEOPHH HE MOJIHBI. B HUX ONMKCHIBAETCS I TO, YTO U3BECTHO O JAHHOM (pparmeHTe.

[Tonp3oBarens (opManbHOE OMHMCAaHUE CBOGH 3agaud CTPOUT M3  (PParMeHTOB,
xpaHsmuxcs B oudnmoreke Ontolingua, Kak U3 KUPIUYUKOB, COCTHIKOBBIBAS UX Pa3IUMYHBIM
o0pa3oM ¥ mpHIaBas HEKOTOpbIC 3HAYEHHUS HEKOTOPBIM IEpeMeHHBIM. B pesynbrare
cTpoutcss (opMargbHOE ONKMCAHUE 3aJaud I0JIb30BATENsA, KOTOPOE C TOUYKH 3pPEHUSA
MaTeMaTHYECKOM JIOTUKU TaKXe IMPEACTaBIACTCS B BUJIE TEOPUH, TO €CTh B BUAE Habopa
NEPEMEHHBIX 3a7lauyd, HWMEH MpPEJUKaToB, MMEH (YHKUIMH M Habopa akCHOM M ypaBHEHHH
3aza4yu. Bonpoc 3amaun MOXKET COCTOSITh B ONPEEICHUN 3HAUEHUH HEKOTOPBIX EPEMEHHBIX
Wi 00JacTH UCTMHHOCTU HEKOTOPOH (OpPMYIbI MM B MPOBEPKE MCTUHHOCTH HEKOTOPOU
(bopMyIIbl B TOCTPOSHHOM TEOPUH IS 3a/1aUH.

Jlanee ¢opmaibHOE OINMCAaHME 33Ja4M IOJB30BATENsl MOXKET OBITh IepelaHo B
dopmare s3pika KIF Ha gpyrue cepBepsl mo Internet, rae s MOTy4eHHs] OTBETOB Ha
BOIMPOCH! (popManbHOE OMUCAHHWE MOXKET OBITh MEpPEBEICHO HAa BHYTPEHHHE SI3BIKM IPYTHUX
cucteM U 00paboTaHbl CIENUATBHBIMH IPOTPAMMaMH, HallpUMeED:

* JIOTMYECKOIO BBIBOJA, NMPOTrPaMMHBIMU CPEICTBAMU aBTOMATHYECKOTO J10Ka3aTEIbCTBA
TEOPEM;

* pelIeHus ypaBHEHH, IpOrpaMMHBIMU CpeACTBaMU cucTeMbl Mathematica;

* UMUTALMOHHOTO MOJEJIUPOBAHMS U T.J.

[Tonp3oBaremnto cuctemsl Ontolingua nMpeoCcTaBISIIOTCS CIEAYIOMINE BO3SMOXKHOCTH:

* mpocmotp B cpeae WWW pazneno  O6ubnumorekun Ontolingua (B 3aBHCHMOCTH  OT
IIPUOPUTETA NI0JIb30BATENS ), IPEICTaBICHHOM B Bue runeprekctoB HTML-10kymMeHTOB;
* mouck B Oubnmoreke Ontolingua Teopuii u onpeaeneHu;

* (OpMHUPOBAHKE U PEIAKTUPOBAHKIE COOCTBEHHOI OHTOJIOTUHU MOJIE30BATEI;
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* CHHTaKCH4YeCKas MpOBEepKa MPaBWIBHOCTU cHelM(pUKaLNN, CENaHHBIX M0JIb30BaTeNleM, U
CCBUIOK Ha JPyrue OHTOJIOTHH;

* IOATOTOBKA FMIIEPTEKCTOBOM JOKYMEHTALMH 110 OHTOJIorusAM B Bujae HTML nokymeHTOB;

* ecIM MOJb30BaTeIbh UMEET B CBOEM pacmnopsbkeHnu cuctemy Common Lisp, To emy Moryt
ObITH nepenansl o Internet TeKCTh mporpaMm Ha Lisp 11t TokanbHON paboThl ¢ CHCTEMOMN
Ontolingua.

Ha puc. 2 npencraBnen BHemHui BuUJ uHTepdeiica cuctemsl Ontolingua u ¢parment
CTPYKTYphl OWMOIMOTEKH OHTOJOTHH. YK€ Mo 3TOMY (pparMeHTy MOXKHO BHJETh, YTO B
OubsmoTeKe MpeCTaBICHBI MOHATHS 10 adredpe, reoMeTpu, puznke u XuMuu. OHTOJIOTHH C
cokpameHabiMu HazBaHussMu Cml (Compositional Modeling Language) u Dme (Device
Model Environment) mnpencTaBisiioT MOHATUS M CPEACTBA JUISI MOJEIUPOBAHUS CIOMKHBIX

TEXHUYECKUX YCTPOMCTB.
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CWERNSa 7?4 v=i

RFeload comment  Dict Cocs Bug Find E' Horne  Prefs Fila Cuit
| File |; | Load Ontology =|| Librany | | Graph -]
| Create |; | Ontalogy j

Library of Ontologies.

3d-Tensor-Quantities 20 September 1995 [Read only] (3 definitions)
Abstract-Algebra 1 September 1997 [Read only] (25 definitions)
Agents 28 January 1999 [Read only] (8 definitions)
Basic-Matrix-Algebra 20 September 1995 [Read only] (26 definitions)
Bibliographic-Data 28 January 1999 [Read only] (79 definitions)
Chemical-Crystals 28 January 1999 [Read only] (121 definitions)
Chemical-Elements 28 January 1999 [Read only] (170 definitions)
Cml 29 October 1998 [Read only] (96 definitions)
Component-Assemblies 30 September 1997 [Read only] (15 definitions)
Components-With-Constraints 30 September 1997 [Read only] (7 definitions)
Device-Ontology 30 September 1997 [Read only] (28 definitions)
Dme-Cml 10 November 1995 [Read only] (6 definitions)
Documents 28 January 1999 [Read only] (31 definitions)
Enterprise-Ontology 28 January 1999 [Read only] (177 definitions)
Frame-Ontology 28 January 1999 [Read only] (66 definitions)
Hp-Product-Ontology 30 September 1997 [Read only] (124 definitions)
Hpkb-Upper-Level-Kernel-Latest 24 November 1998 [Read only] (2166 definitions)
Hpkb-Upper-Level-Latest 24 November 1998 [Read only] (O definitions)
Hpkb-Upper-Level-Relations- 24 November 1998 [Read only] (653 definitions)
Latest

Interface-Definition-Language 2 September 1997 [Read only] (27 definitions)
Interface-Ontology 28 January 1999 [Read only] (28 definitions)
Job-Assignment-Task 28 January 1999 [Read only] (20 definitions)
Kif-Extensions 30 August 1997 [Read only] (12 definitions)
Kif-Lists 28 August 1997 [Read only] (22 definitions)
Kif-Meta 28 January 1999 [Read only] (39 definitions)
Kif-Numbers 28 August 1997 [Read only] (89 definitions)
Kif-Relations 30 September 1997 [Read only] (18 definitions)
Kif-Sets 22 November 1997 [Read only] (31 definitions)
Mace-Domain 1 September 1997 [Read only] (26 definitions)
Mechanical-Components 20 September 1995 [Read only] (8 definitions)
Okbc-Ontology 28 January 1999 [Read only] (46 definitions)
Parametric-Constraints 28 January 1999 [Read only] (24 definitions)
Physical-Quantities 28 January 1999 [Read only] (28 definitions)

Puc.2. ®parMeHT CTPYKTYpPbl OMOJIMOTEKH OHTON0THI cucTeMbl Ontolingua
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3. Onucanue npuMepa NpUMeHEHHU s

B noxymenranuu no cucreme Ontolingua uMeeTcst 1eMOHCTPAIMOHHBIA TipuMep [5],
MOKa3bIBAIOLINH KaK 3Ta TEXHOJOTHs paboTaeT MpU MOJECIMPOBAHUH CIIOKHOTO YCTPOHCTBA
HEKOTOPOH TEPMOJAMHAMHYECKOM CHUCTEMBL. B IpuMepe moOkas3bIBaeTCs, Kak CTPOMUTCS
dopMynUpOBKa MOJETH, OIUCBHIBACTCS TPOLECC HMHUTALMOHHOTO MOJEIMPOBAHUSA U
BBIMJISIAUT JOKYMEHTaus 1o MoaenupoBannio. @parmenr HTML-cTpanuubl ¢ oriiaBieHueM

ONMCAHUS JEMOHCTPALIMOHHOTO MPUMEpPA MIPEICTABIEH Ha pUC. 3.

Guided Tours

* Active documentation of designs using DME
¢ Sharable Compositional Models
* DME Thermodynamics Analysis

Simulation Scenarios (live Q& A)

®* RCS Leak Scenario: Operator response to leak

®* MadeFast Seeker Scenario: Documentation of a design
* Rockwell Detector Scenario

®* Thermal System Scenario: (Experimental)

Model Fragment Libraries

® Thermal Systems Model Fragment Library

RCS Model Fragment Library

Puc. 3. ®parment HTML-cTpanuubl orjiaBJieHust
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Ha puc.4 npencrasineHa cxema MOJEINPYEMOTO YCTPOUCTBA, IPEACTABIISIOIIETO
co0O0# CTaHJapTHYIO TEIJIOBYIO MAIIMHY, JJIs pacueTa KOTOPOi TpeOyroTcs 3HaHUS U3

TCPMOAUHAMUKHU.

Example power cycle
analysis

It 1s a textbook example of the design of a
basic, vapor power plant, consisting of
standard components.

Koren TypOnna
I |
Boiler »
» »
4 4
CRIRIE=
Condens
Hacoc Konnencarop

Puc. 4 CrpykTypHas cxeMa MOJeJIMPYyeMOro yCTpoicTBa
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ITonsaTus u 3HaHUA U3 TCPMOAUHAMHUKHU MMPECACTABJIICHBI B OHTOJIOTHHN

Thermodynamics. @parMeHT 3TOi OHTOJIOTHUHU TPEACTABICH Ha pHC.S.

® Theories included by Thermodynamics:
Dme
Cml
Unary-Scalar-Functions
Physical-Quantities
Frame-Ontology ...
o 122 classes defined:
1-1-Control-Volume-Op-Mode
Internally-Reversible-Adiabatic-Process
Pump-Power-Input-Per-Mass-Approximation
2-1-Open-Feedwater-Heater-System ...
e 10 relations defined:
Component-Cv
Contained-In ...
® 226 functions defined:
1-1-Cv-Involved
2d-Stream-Involved ...

Puc. 5 ®parment onrosornuu Thermodynamics, ucnosnb3yemoii B npumepe
MO/1eJINPOBAHUS

B pesynbrare onucanus ycTpoicTBa, MPEACTaBICHHOTO HA puc.4, C HUCIOIb30BAHHEM
NPE/JICTaBICHHBIX OOIMX MOHATUH U (parMeHTOB Mojenu (OpMHpYeTCsl MOJENb 3ahayH,

cocrosimas u3 193 ypaBHenuii. Ilpumep ypaBHeHuUs mpencTaBiieH Ha puc. 6. YpaBHeHuUs
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HamMcaHbl B TNpPe(QUKCHOM BHIE, B KOTOPOM HMs ONEpalH 3alHChIBaeTCsS BHauaie, a
apryMeHTBI TEepPEUnCIAIOTCS B CKOOKax dYepe3 3alsTylo IMOcie MMEHM omepanuu. Tak Kak
UMEHa TEPEeMEHHBIX  COfep)KaT Ha3BaHUS, HEOOXOIUMBIE [UII HX CMBICIOBOU
UACHTU(UKAIIUH, TO, B MPUHIIUIIE, CMBICT YPaBHEHUH MOXKET OBITh MOHSITEH MPUKIAIHOMY
cnenuanucty. OIHAKO, €ClIM ypaBHEHHE JJOBOJIBHO OOJBIIOE, TO pa3o0parbcs B CKOOOUHOMN

3alrCH JOBOJBHO CJIOXHO.

DME generates 193 equations. Here are some of them:
Extracting a consequence of INTERNALLY-
REVERSIBLE-ADIABATIC-PROCESS-1 resulted in
the equation:
(= (COMPRESSION-ISENTROPIC-EFFICIENCY
STEADY-FLOW-ADIABATIC-COMPRESSION-1)
(/ (- IDEAL-ISENTROPIC-ENTHALPY STEADY-
FLOW-ADIABATIC-COMPRESSION-1)
(SPECIFIC-ENTHALPY 2D-STREAM-9))
(- (SPECIFIC-ENTHALPY 2D-STREAM-10)
(SPECIFIC-ENTHALPY 2D-STREAM-9))))
Extracting a consequence of INTERNALLY-
REVERSIBLE-ADIABATIC-PROCESS-1 resulted in
the equation:
(= ISENTROPIC-EFFICIENCY STEADY-FLOW-
ADIABATIC-COMPRESSION-1)
(/ (- (SPECIFIC-ENTHALPY 2D-STREAM-10)
(SPECIFIC-ENTHALPY 2D-STREAM-9))
(- IDEAL-ISENTROPIC-ENTHALPY STEADY-
FLOW-ADIABATIC-COMPRESSION-1)
(SPECIFIC-ENTHALPY 2D-STREAM-9))))
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Puc. 6 ®parmeHT Moaein, IOCTPOEHHOI ¢ HCMOJIb30BaHueM cpeacTB Ontolingua, s
YCTPOIiCTBA, MPEJACTABJIEHHOI0 HA pHC. 4.

Vike 1Mo 3TOMy MpUMEpPY MOXKHO CYIUTh, YTO K HEIOCTATKaM TEXHOJIOTUH CHUCTEMBI
Ontolingua, ciemyeT OTHECTH TPYIHOCTh BOCIPHATHS W COCTAaBICHUS TEKCTOB Ha S3BIKE
Ontolingua /i crienuamTucToB B 00JaCTAX MPEACTABISEMbIX B CUCTEME 3HaHUI. DTO 3HAUUT,
YTO MpEICTaBICHUE 3HAHUN B CUCTEME BCE XK€ SIBIISIETCS] YEM-TO BPOJI€ IPOrPaMMHUPOBAHUS, U
JUIS 3TOM JEATENbHOCTH TpeOYyIOTCS CHENMATUCTHI-IOCPETHUKHM, 3HAIOMIME KaK S3BIK
Ontolingua, Tak W npoOieMHyI0 00nacTh 3HaHUM. TakuxX CHEIUATUCTOB HEMHOTO M 3TO
3aMeIIeT UCIIOB30BaHUE MPEIOKEHHON TEXHOJIOTHH.

HekoTopbIM BBIXOZOM M3 CIIOKMBLICHCS CHUTyallud MOIJIO Obl OBITH CO3JaHHE
IPOMEXYTOYHOTO €J0si Mexay cuctemoil Ontolingua M monb30BaTENIMU-TIPUKIIATHUKAMH,
B3aUMOJICHCTBYIOIIMMH C CHUCTEMOH C TIOMOIIBIO OTKPBITOTO $3bIKa, HACTPAUBAEMOTO
MOJI30BATESIMA U 000TAIaeMOr0 SI3bIKOBBIMH KOHCTPYKIIMAMHU NPUKIAAHON obnmactu. Tak,

4TOOBI, CO BPEMEHEM, SI3bIK PA0OTHI C CUCTEMOM MPUOIIIKAICA K S3bIKY IPUKIIAIHOM 00acTu.
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4. HanpasJsienus padoT mo npuMeHeHnio cucremsl Ontolingua

Ceituac Benercss paboTa HaJ HECKOJIBKUMH IMPOEKTAMH C HCIOJb30BAHUEM CHUCTEM
MPECTaBICHUS 3HAHUM.

Ontology server — 3T0 CpeACTBO, MOJACPKUBAIOIIECE PACIPECIEHHOE, COBMECTHOE
pelakTUpoBaHKe, IPOCMOTP M CO3/1aHUE OHTOJIOrHi B cucteme Ontolingua.

[Tocne Toro, kak o Havalne padote cepBepa ObUT0 00BsIBICHO B heBpane 1995 rona, on
y’Ke OBUT MCIOJb30BaH OOJIBIIMM YHCIOM pabodux TPYII CO BCETO MHpa Ui CO3JaHHS
OHTOJIOTMM U TOCTYIIA K HUM.

JKenaromue BKIIOUNUTH CBOM MPOEKT MOTYT MpHUCHaTh €ro Kopotkoe onucanue 1 URL.
Camble cepbe3HbIE TIPOCKTHI:
e CommerseNet
* The Enterprise Project
* The InterMed Project
* The Trial Bank
* Accounting Information System
* The Shade Project
* The GenBase Project
* Network-based Information Brokers
» Bayesian Network to Ontolingua/KIF/frame Translator
Bosnee moapoOHO 0 cocTOsIHUM PabOT M MEepCreKTUBaxX pa3BuTHs cucteMbl Ontolingua

MOYKHO y3HAaTh U3 IyOiauKammii [6-9].
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5. BeIBOABI

B Hacrosmiee BpeMsi CUCTEMBI IPEACTABICHUS 3HAHUN HAIIUTU IITMPOKOE MPUMEHEHHE.
Benercst pabora Haj O0JIBIIMM KOJIMYECTBOM MPOEKTOB, UX HCIIOJIB3YIOIINX, B OPTraHU3aALUAX
MHOTHX CTpaH, K TOM 4YHCJ€ W TOCyAapcTBeHHBIX. [loka eme He pa3paboTaHbl OCHOBHBIC
CTaHJAapThl, HEOOXOIUM M SI3bIK, OOBEIUHSIOMMN OTIAeNbHbIE CUCTEMBI. B KauecTBe Takoro
a3blka MOXKeT paccmartpuBaTtbes KIF OGumaromaps cBoeMy IIMPOKOMY MPUMEHEHHIO U
CIIOCOOHOCTSIM MHTETPUPOBATH PA3JIMYHbIE CUCTEMBI MTPEICTABICHHS 3HAHUH.

To, uro 3ToT A3bIK U cuctema Ontolingua B 1enom ObUTM BBIOpaHBI MPH paboTe Hal
TaKUMH MAaCIITa0HBIMH W JOpOrocTOsSIIMMHU mnpoekramu, kak The Enterprise Project,
JIOKa3bIBAET, YTO Y HUX €CTh CEPbE3HBIC MPEUMYILECTBA I PEIICHUS MOAO0HBIX 3a/1a4 110
CPaBHEHHIO C APYTMMHU CUCTEMaMH.

OnHUM M3 BaXHBIX (AKTOPOB IIMPOKOTO HCIIOJIb30BAHUS CHUCTEMbI SBISETCS €€
JIOCTYITHOCTB Yepe3 ceTh Internet.

B nennom u3yuenue cucremsl Ontolingua u mpuMepoB ee IPUI0KESHUN

MO3BOJISIET CAETATh CIIEAYIONINE BHIBOIDI:

* Cucrema Ontolingua mnpeacTaBisieT BaXHOE HAlpaBleHHE B MHPOPMATHUKE MO CO3AAHUIO
AJIEKTPOHHBIX OMOJIMOTEK TOHATHA UM (parMeHTOB MoOJeNeil [uis MHOTrOpa3oBOrO
MHOTOIIEJIEBOTO UCIOJIB30BaHUA B 3a7a4yaX MOJCIUPOBAHHUSL.

* OHronoruvyeckuil ypoBeHb omucaHusi B cucreMe Ontolingua orpaHuyuBaeTcsi IHUIIb
NeKIapaTUBHBIMU  omucaHusMH. OJHAKO  COYETaHHWE  S3bIKA  KOMIIO3UIMOHHOTO
monenupoBanus (CML) ¢ pparmentamu mojeneii, KOTopsle B Ipyrux OMOIHOTEKaX MOTYT
OBITH pealM30BaHbl MPOTPAMMHBIMU CPEJCTBAMHU M COJEPKATh MPOLEAYypHBIE 3HAHHS O

MOJACIN AAaHHOI'O @parMeHTa, MO3BOJIAIOT MOACIHUPOBATH CJIOXKHBIC OGBGKTLI, coucras
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IpOIeIypHBIE U HEMPOIIEAypHbIE 3HAHUS, 00eCIIeUNBas X COTIACOBAHHOCTh U HEKOTOPYIO
HE3aBUCHMOCTb JICKJIAPATUBHOTO U MPOIETyPHOTO YPOBHEH OMMUCAHUS MOJIEICH.

JUis ucrnonb30BaHMS B 3aadyax MOJEIUPOBAaHHS (PPAarMEHTOB MOJENEH W3 JPYTUX
AJIEKTPOHHBIX OMOIMOTEK HEOOXOAMMO, YTOOBI YCIOBHSI MPUMEHEHHS 3TUX (ParMEeHTOB,
ONMHCAaHME MX BXOAHBIX M BBIXOJIHBIX MApaMETPOB, a TaKXe IpaBUia 3alycKa pacueTa
¢dparmenTa ObLTH ONMUCAHBI IEKJIapaTUBHO C UCIOIb30BaHUEM OOIIeH Ui JaHHOW 0bIacTu

3HAHWUN CUCTEMBI IOHIATHIA.
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