MiHicTepcTBO OCBITH i HAyKH YKpaiHu
HaujonanbHuii yHiBepcuteT «JIbBiBChKA MOMITEXHIKA)

Mukiu Xpuctuna IropiBna

YK 004.827+004.89

METO/IY TA 3ACOBH IJIEHTU®IKALII TPOBJEMHUX CUTY AL
HA OCHOBI OHTOJIOT'TYHOI'O MMIAXOAY

01.05.03 — maTemaTHyHe Ta NporpaMHe 3abe3neyeHHs 00UNCTIOBATBHIX MAIIHH i
CHCTEM

ABTopedepar
auceprauii Ha 3100y TTA HAyKOBOTO CTYNEHA
KaHUIaTa TEXHIYHHX HAayK



Jlucepralli€ro € pyKormwc.

PoGora Bukonana B HanionansHoMy yHiBepcuTeTi «JIbBiBChKa MOJIITEXHIKA»
MiHicTepcTBa OCBITH 1 HAyKH YKpaiHH.

HaykoBuii kepiBHHK:  JOKTOp TEXHIYHUX HAYK, Ipodecop
Bypos €Bren BikTopoBuy,
HamionaneHuit yHiBepcuTeT «JIbBiBCEKaA MOJITEXHIKAY,
npogecop kadenpu iHPopMaLIHHIX CHCTEM
Ta MEPEeXK.

Odiuiiini ononenTn: JIOKTOp TEXHIYHUX HayK, mpodecop
Buxuiok fIpocias Iroposuy,
[NIBH3 «byKOBHHCBHKHIA YHIBEPCUTETY,
MPOPEKTOP 3 HAYKOBOT pOOOTH Ta MIXKHAPOAHUX
3B’S13KIB;

KaHIW/aT TeXHIYHUX HayK, JTOLEHT
MenabuuyuH AHapiii Bosogumuposuy,
JIpBIBCHKUH HAITIOHAEHUH YHIBEpCUTET

imeHi [Bana ®@panka,

JIOLEHT KadeapH Teopii ONTHMATIBHHX MPOIIECIB.

Baxuct BigOymetbes 4 TpaBHs 2018 p. o 16:00 romuni Ha 3acigaHHI
cneuianizopanoi Buyenoi pamu /[ 35.052.05 y HauioHansHOMY yHiBepCUTETI
«JIpBiBcbka momitexHika» (79013, m. JIbBiB, Byn. C.Banmepu, 12, ayan. 226
TOJIOBHOTO KOPITYCY).

3 juceprami€l0 MOXXHa O3HAHOMHTHCH Yy HAYKOBO-TEXHIWHiH OibmioTeri
HamionansHoro yHiBepcurery «JIbBiBcbka momitexHika» (79013, w. JIbBiB,
By1. IIpodecopcrka, 1).

AsTtopedepar posicinanuii 4 ksitHs 2018 p.

VY4enuil cexperap

crierianizoBaHoi BUEHOT pajiu,
JIOKTOP TEXHIYHUX HayK, Ipodecop d/p/’ P.A. byns



1
3ATAJIBHA XAPAKTEPUCTHUKA POBOTH

Jucepranito NPUCBSYEHO JOCITIPKEHHIO Ta pO3po0li HOBHX MOJEIEH,
METONIB Ta 3aco0iB ifeHTU]IKaLil NpoOIeMHUX CHUTyaliii Ha 0a3i OHTOJOTIH i3
BUKODHCTaHHSIM MEXaHi3MiB JIOTIYHOTO BHUBEJCHHS, SIKI 3aCTOCOBaHO B
IHTEJIEKTYyaNbHUX CUCTeMaX IiTPUMKHU MPUHHATTS pillleHb JUIS 3a7a4 TeCTYBaHHS
MPOTPAMHOTO 3a0e3MCUCHHS.

AKTyaJbHiCTh TeMH. B cydacHHX ymoBax, IO XapaKTEepHU3YIOThCS Jeali
OIMBIIMMHU PO3BUTKOM Ta BIIPOBA/DKEHHAM IHTENEKTyaJbHUX CHCTEM BHHHKIIA
HEOOXiOHICTh y po3po0Ili TAKUX IHTEIEKTYaIbHUX CHCTEM MiATPUMKH MPHAHATTS
pillIeHs, M0 € TOBHICTIO aBTOHOMHHMH Ta BUKOPHCTOBYIOTH ITOTIEPENHIN TOCBI 3
ineHTUdiKanii mpobmeMHUX curyamii. HeoOximHOI yMOBOIO TOOYIOBH TaKHUX
cucreM € (GopMyBaHHS Ta MIATPUMKA B HHX CUTYyaliliHOI oOi3HaHOCTI (situation
awareness). Ha cporoani, TepMmiH «cuTyaniiiHa o6i3HaHicTb» (CO) mupoko
BUKOPHCTOBYETBCSI 1 O3HAYAE 3aTHICTH OTPUMYBATH 1H(OPMALIIO PO MOTOYHUI
CTaH cepeloBHIIa (CHCTEMH) Ta Ha OCHOBI HAasBHUX 3HaHb ()OPMYBATH BHCHOBKHU
npo HeoOXimHi Jii 3 METOI YHUKHCHHS MOMUJIOK. T0OTO, 3aBHaHHSA CHCTEMH i3
CUTYAIlIfHOIO OOI3HAHICTIO TMOJIArae y 3a0e3MeYeHHI MOBHICTIO aBTOHOMHOTO
NPUHHATTSA PIIICHHS iHTEIEKTYaJIbHOIO CHCTEMOIO Y TMHAMIYHOMY CEpEOBHILI.

BusHaueHHS 3MICTY MOHSATTS CUTYAIiITHOT 0013HAHOCTI € JOCHUTH CKIIQJTHUM
3aBIAHHSIM, OCKUIBKM pI3HI aBTOPH TPaKTyBald WOTO TMO-pisHOMY. I[loHATTS
CUTYaliifHOi1 00i3HaHOCTI Iependadae He MPOCTO CIpUHMaHHA iHpopMaii (cTaHy
CEepelOBHINA, CHCTEMH TOIIO), a INIMOOKE PO3YMIHHS IMOTOYHOTO CTaHy CHCTEMH
BIJIIIOBITHO 110 i ITiJIeH, [T TOro Mo0 MaTH 3MOTy 00paTH MOTPIOHY [itO.

Hocmimkennss B o0macTi  cUTyaliiiHOT 00i3HAHOCTI MOBIIWI  dac
(dbokycyBauCs Ha JIIOAMHO-MAIIMHHUX 3aCTOCYBaHHSAX. HasBHI TeHIEHINT
PO3BUTKY IHTEJEKTyalbHUX CHCTEM BH3HA4alOTh NOTpeOM 3MiHM (oKyCy
JOCHIJDKEHHS. B JIIOJMHO-MAIIMHHUX CHCTEM JI0 TIOBHICTIO aBTOHOMHHX
IHTEJIEKTyalbHIUX CHUCTEM, IIO 3/IaTHI OpIEHTYyBaTHUCS Ta MpPUHAMATH pPILICHHS Y
peanbHUX curyalisx. [IpakTHUHO BCl JOCIIPKEHHS, IO MPOBOAMIINCS JOTETep,
Oynmm 30cepekeHi Ha pO3poOIl CHTyamidHOI O0OI3HAaHOCTI B CHCTEMax i3
JIFOIMHOO-OTIEPaTOPOM 1 MIATPUMKH MPUAHATTS HUM pimesb. Lli mocmimxeHHS
0azyBaiiich Ha MOJIENSIX Ta BPaxOBYBAJIM OCOOJMBOCTI KOTHITMBHUX MpOLECIB
monuHA.  JIOCHiIPKEHHST 4YMCTO  KOMIT'IOTEpPHOI  CcUTyauliiiHOi  00i3HaHOCTI
noTPeOyIOTh 1HITUX MOJIENICH Ta METO/IB IICHTU(IKAIIT CHTYaITiH.

Jnst mopaHHS TpeAMETHOI o0MacTi Ta BUPIMIEHHS 3aqad y cUCTeMax i3
CUTYyalifHOIO O00i3HAHICTIO MOTPIOHO HE TINBKM BHKOPHCTOBYBATH Pi3HI MOJEINi
cuTyamii Ta mMeronu ix imeHTH(ikamii, ajge i MOeAHYBaTH iX y MeXax €IMHOL
cucreMu. [lomMpeHUM € TOJAHHS 3HaHb MPO MPEAMETHY 00JacTh Yy BHIJISLII
OHTOJIOT1], III0 Ja€ 3MOTYy BUKOPHUCTOBYBATH Pi3HI METOAM JJISI BHPIMICHHS Pi3HUX
3a/1a4 y MeXax €IMHO{ CHCTEMHU 13 CHTYaliifHOI0 00i3HAHICTIO.

AKTyaJIbHICTh BHpILIIEHHS] HAYKOBO-TEXHIYHOT 3a71a4i po3poOKH METOMIB Ta
3aco0iB ineHTH(IKaNil NMPOOIEMHHUX CUTyalill IIOJISITAE y CTPIMKOMY PO3BUTKY
ABTOHOMHHUX IHTEJEKTyaJbHUX CHUCTEM Ta PO3LIMPEHHI MOTped y CUTyauidHii



2

0013HaHOCTI IS TaKKMX rajry3el sik poOOTOTexHika, Oi3HEC-aHaNlITHKa, po3po0Ka Ta
TECTyBaHHs IPOrpaMHOro 3a0e3ledeHHs Ta iH., 1o nependadae HEOOXiAHICTH
pO3poOKHM Mojened Ta METOJIB CHUTyallilHOi 0O0i3HaHOCTI AUl MiATPUMKH
ABTOHOMHOTO IPUHHSATTS PillleHb y TAKUX CUCTEMAX.

3HauYHUI BHECOK Yy JOCHTIDKEHHS B HANpsIMKY DPO3BUTKY Mozeied Ta
MeTOAIB ifeHTU(diKamil cutyamii B cuctemax i3 CO mpoBomwiucs y poborax
Mieczyslaw Kokar, Mica Endsley, Alan Steinberg, Richard Neil Baumgartner,
Jousselme Anne Laure, Benjamin Koo.

3B’s130Kk po0OTH 3 HAYKOBHMH NMPOrpaMaMH, INIAHAMH, TEMaMHU.

Tema nucepramii BixmoBimae HaykoBoMy HampsiMy —«JlocmimkeHHs,
po3poOka Ta BIPOBAPKEHHS IHTENCKTYAIbHHX pO3MOIUIEHUX iH(pOpMAIiitHIX
TEXHOJIOTIH Ta CUCTEM Ha OCHOBI pecypciB 0a3 JaHMX, CXOBUII JJAHUX, MPOCTOPIB
JAHUX Ta 3HaHb 3 METOI0 MPUCKOPEHHS IHpoleciB (OPMyBaHHS Cy4yacHOTO
iHpopMaliiHOrO CcycmijbcTBa» Kadenpu iHGOPMAIIHHUX CHCTEM Ta MEpEex
HarrionansHoro yHiBepcuteTy «JIbBiBchka moJiTexHika». JucepTailis BUKOHaHA B
MeXax HayKOBO-HOCHimHOi poborm «Po3poOka MeTomiB mMoOyZoBM Ta
MOJICTIFOBAHHS IHTEJIEKTyalbHUX CHUCTEM MIATPUMKU TPHUHHATTS pIMIEHb 3
CUTYaIIifHOIO 0013HaHICTION (HOMep aepkaBHOI peectparii U0110U001102).

Mera i 3amaui mocaimkeHHsi. MeToro AHCEPTAIifHOTO MOCTIIKCHHS €
po3MIMpEeHHA (YHKIIOHATBHUX MOXKIMBOCTEH MNPOTPAMHHX CHCTEM IMiITPHUMKH
NPUAHATTA pillleHb NDIIXOM pO3poOKM MeTOXiB Ta 3aco0iB imeHTHiKarmil
MpOOJEMHUX CUTYAIliif HA OCHOBI OHTOJIOTIYHOTO MiAXOMY.

Y mporeci ucepTamiifHOTO AOCTIPKEHHSI BUKOHAHO TaKi 3aBJIaHHSA :

* aHani3, kinacudikais, oOIpyHTYBaHHs MepeBar Ta HENOJIKIB BiJIOMHX
MeTONiB ineHTU]iKalii NPOOJEMHUX CHUTyalild y CHCTeMax i3 CHTyalliiHO0
00i3HaHICTIO;

* mo0OyZi0Ba MOJIeNli BUSIBJICHHS, OIMCY BHKOPUCTAHHS Ta OMpAIfOBaHHS
NpoOJIEMHUX CUTYallill SIK pI3HOBU/LYy 3HAHb IHTEJIEKTYaJIbHOI MPOrpaMHOl CUCTEMH
MIATPUMKH TPUAHATTS PillieHb;

* po3poOJCHHS METOHIB ieHTU}IKAIl MPOOIEeMHHAX CHTyamid Juis
(opMyBaHHS 3HaHb MPO Taki CUTYallil B IHTEIEKTyaIbHUX IPOrPaAMHHUX CHCTEMax
MiATPUMKY MPURHATTS PillICHB;

* pO3pOOJICHHS CTPYKTYPHO-(QYHKIIIOHAIBEHOI MOJIENI MMPOTPAMHOT CHCTEMHU
ineHTH(iKaLi] TPOOIEMHNX CUTYaIliif HA OCHOBI OHTOJIOTIYHOTO IMiAXOAY;

* po3po0JIeHHS TPOTpaMHHUX 3ac00iB JJIsl JOCHIHKEHHS Ta MOJICITIOBAHHS
MpoOJEeMHUX CUTYyallil Ha MPHUKIAIl CHCTEM IIATPUMKH MPHAHATTA PilIeHb I
TECTyBaHHs MPOTPAMHOT0 3a0€3MeUeHHSI.

06’ exm 0ocnioxcenHs — MPOIECH MiATPUMKH IPUHHATTS PillICHb.

IIpeomem OocnioxcenHss — METOIU 1 3acO0M ineHTHIKAIl MPOOIeMHIX
CUTYaIli} iIHTeNeKTyaTbHUMH CHCTEMaMH MiATPUMKH PHHHATTS PillleHb.

Metoan mociaimkeHb. J[OCHiIKeHHs, 10 BUKOHAHI ITiJ] 4ac POOOTH HaJ
JICEPTALIEI0, IPYHTYIOThCS HA IMiJXOJi Ta METOJaX CUCTEMHOro aHamily. [lim gac
BUpIIICHHS 3ajJa4l aHamizy Ta kiacudikanii cMCTeM 3 CHTyaliiiHOIO 00i3HaHICTIO
OyB BUKOpUCTaHHH MeTofonoriunui dpeiimBopk JDL. [nst po3pobienns Moaenen
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(hopMabHOTO TIOIAHHS Ta ONPALIOBAHHS 3HaHb PO CUTYallii 32CTOCOBAHO METOJIU
OHTOJIOTIYHOTO MOJICTFOBaHHS, TEOpil MHOXHMH, MaTeMaTHYHHH amapar anreOpu
CHCTEM, JECKPUNTUBHY JIOTIKY Ta METOJM IHTEepIpeToBaHHX cucteM. s
noOysoBH Mozeied Ta MeToZiB ineHTH(dikalii MpoOJeMHUX CUTyalid B yMOBax
HEBHM3HAUEHOCTI BUKOPHCTAHO METOJW T'PaHYJSIPHOTO KOMIT IOTHHTY, HEYiTKy Ta
PO3MUTY JIOTiKH, TEOPil0 HEYITKMX MHOXHH. Y TIpOleci CTBOPEHHSI MPOrpaMHOi
cUCTeMH imeHTH(iKamii CHUTyaIliii BHKOPHCTAaHO METOIM MOZETIOBaHHA Ha 0asi
UML, a takoxx MmoB OWL, SWRL, SQWRL.

HaykoBa HOBH3HAa ojep:KaHHUX pe3yJbTaTiB MOJATaE y pPO3B’s3aHHI
HAayKOBO-TEXHIYHOTO 3aBHaHHA imeHTH(ikamii npoOreMHMX cHTyamidi B
IHTENIEeKTyalbHUX CHUCTeMaxX Ha 0a3l OHTONOTiIH 3 BHUKOPUCTAHHIM MeEXaHi3MiB
JIOTIYHOrO BUBEJCHHS. B aucepTaniiiHOMy IOCHIIPKEHHI OTPUMAaHO TaKi HOBI
HAYKOBI Pe3yJIbTaTH:

®  BIOCKOHAJICHO MOJeab cuHTe3y Aanux (JDL) miast iHTeNeKTyaabHHUX
CHCTeM MIATPUMKHM NPUHHATTS pilleHb LUIIXOM JAeTaji3auii mpouecy
ineHTHGiKalil cUTyalil, 10 Aalo 3MOry 3acTOCyBaTH pi3HI (QopMu
MipKyBaHb (reasoning) Juis iieHTHdiKalii NPOOIEMHUX CUTYALliH;

e  Breplue po3poOICHO MOJENb ITOJaHHs 3HAHb PO MpobJieMHi cuTyauii Ha
OCHOBI  OHTOJIOTIYHOTO TMIAXONy, SKa Ja€ 3MOTy peali3yBaTH
IIeHTU}IKAIIIO Ta OLIHIOBAHHS SIK JUII CTATHYHMX, TaK 1 U1 AMHAMITHUX
TUTIB CHUTYaIlili;

e Brepme po3poONieHO MeTox ineHTH(iIKalii HEWITKHX CHTYyalid, MKW
BiJIPI3HAETHCS BiJ BIIOMHX BHKOPHUCTAHHSIM amapary HEYiTKUX MHOXKHUH,
mo 3a0e3MeYnsio MOXKJIMBOCTI YCYHEHHS TaKMX CUTyalid Ha pi3HHX
eTanax CHHTE3y MOJIEII TaHHX;

e Brepumie po3podieHo Meroj ineHTHdikamii SIK CTaTUYHUX, Tak 1
JUHAMIYHHUX CHTYyalil, SIKUA I'PYHTYETbCS HA BHUKOPUCTAHHI KIIFOUOBHX
O3HaK, IO JaJ0 3MOTY CIPOCTUTH NpoLec ineHTUdIKaLil IUIIXOM
3MEHILIEHHS KUIbKOCTI MPOMIXXHHUX Olepariii.

IIpakTHyHe 3HAYEeHHSI OJeP:KAHUX Pe3yJbTATIiB II0JSrae y po3poOieHH]
HOBUX METOJIiB JJIsl BUSABIICHHS Ta OIPAIFOBAHHS MPOOJIEMHUX CUTYAIlii Ha OCHOBI
MeToAooriyHoro  (peiiMmBopky JDL  po3pobneHOoro i3 3aCTOCYBaHHSIM
OHTOJIOTIYHOTO  mmiaxoxy. Po3pobneni MarematwdHi MoOJeni Ta  METOAU
ineHTHOiKail MPOOJIEMHHMX CHUTyallii € OCHOBOIO Uil TIPOSKTYBaHHS 1
pPO3pOOJCHHsT IHTEJIEKTyaJlbHUX MPOrPAMHUX CHUCTEM IIATPUMKHA HPHUHSITTS
pilieHs Ui TECTYBaHHS MpPOTPAMHOTO 3a0e3medeHHsA. Y aucepTamiifHiil poOoTi
pO3po0JIeHO TPOrpaMHUN KOMIUIEKC aHali3y Ta MOJENIOBaHHS MPOOJIEMHUX
CUTyali Ha TPUKIAAi CHCTEM MiATPUMKH MPUHHATTS DPIMICHb A TECTyBaHHS
MPOrPaMHOTO 3a0e3MedYeHHsl, 0 Ja€ 3MOTY MiABUIIUTH €(PEKTHBHICTH MPOIECY
TECTYBAaHHSI T4 3MEHITUTH KiIBKICTh TTOMHUIIOK.

PesynbraT poOOTH BUKOPHCTaHI y HayKOBO-JIOCHIJHIH poOOTI Kadenpu
iHpopManiiHUX cucreM Ta Mepexx HarioHanmbHOro yHiBepcuteTy «JIbBiBChKa
noiitexHika» «Po3poOka mMeToniB MOOYZOBH Ta MOAEITIOBAHHS IHTENEKTYaIbHUX
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CHCTEM MIATPUMKM INPUHHATTS pilIeHb 3 CUTyalildHOIO O00i3HAHICTIO», HOMED
neprkaBHoi peecrpanii U0110U001102, a takox y HaBYaIbHOMY IIpolieci kadenpu
iHpopManiiHUX cucteM Ta Mepexx HarioHanmbHOro yHiBepcuteTy «JIbBiBChKa
MOJNITEXHIKa» Ta HaBYAJILHOMY TIpolieci Kadenpu iHpOpMaTHKU Ta iHPOPMAIIHHIX
cucreM J[poroGHIBKOro IepKaBHOTO IIENArorivyHOro YHiBepcUTeTy iMeHi IBana
®panka.

HayxkoBi Ta mpakTW4HI pe3ylbTaTH AWCEPTAIiifHOI POOOTH BHKOPHCTAHO
T30B «Enkan» 3 METOIO MiABHIICHHS SAKOCTI (PYHKIIOHYBAHHS CHCTEMH ONTOBOI
TOPTiBIi i3 BUKOPHCTAaHHSIM CHTYyalliifHOi oOi3HaHOCTi. Po3pobieHo MexaHizm
imeHTUdIKail cUTyalliil Ta NPUYMHHO-HACIIAKOBHX 3B’S3KIB MK MOIISAMH Ha
MiATIPHEMCTBI, IO A€ 3MOTY iNeHTH(IKyBaTH MPOOJIEMHY CHUTYAIlifo, a TaKOX
CIPOTHO3YBaTH MaiOyTHI Hii M0J0 YIOCKOHAJICHHS pOOOTH MiAIPHEMCTBA.

Pesynpratn auceprauniiinoi poGotu OyiaM BIpOBa/KEHI B IPAKTUYHY
nisutbHicTh BAT 3aBony «BECTA» npu po3po0iii cuCTeMH MiATPUMKN NPUHHATTS
pillIeHHs i3 BUKOPUCTaHHSM CHUTyaliliHOI 00i3HaHOCTI JUIs MeOJIeBOi TOPTiBiIi Ta
TOPTIBIJIi KOBaHUMH BUPOOAMH.

Ocobucrnii BHecOK 3700yBada. Yci HaykoBI pe3ysbTaTH, NOAaHI Yy
JcepTalii, oepskaHi 3100yBayeM 0coOHUCTO. Y HAyKOBHUX IpAIiX, OIyOJIiKOBAaHUX
y CIIIBaBTOPCTBI, 3700yBauy HajekaTh: [1] — MOPIBHAHHSA OHTOJOTIH CHUTYaIliifHOT
0013HAaHOCTi, BU3HAUYCHHS HANPSAMKIB PO3BUTKY iCHYIOUHX CHCTEM i3 BpaXyBaHHIM
3a7a4 N00yI0BH aBTOHOMHUX 1HTEJIEKTYalbHUX CUCTEM; [2] — ZOCiIKEeHO MEeTOU
OTIPAIfOBAHHS PI3HMX TUIB HEBU3HAUCHOCTEH Ta BH3HAYEHO CIIOCOOM iX MOAaHHSA
Ta ompautoBaHHs, [3] — po3poONCHHS YHOCKOHANEHOI MOJENI CHHTE3y IaHHX
(JDL); [4] — 3ampomoHOBaHO BHKOPHCTAHHS TPAHYISPHOTO KOMIT FOTHHTY JUIs
CIIPOIICHHS MEHE/KMEHTY 3HaHb y CHCTeMax i3 CUTYyalli#iHO o6i3HaHicTo; [5] —
3alpONOHOBAHO METOJl IO 0a3yeThCsl HAa BHKOPUCTAaHHI amapaTy HETOYHHUX
MHOXHH; [6] — mpoaHani3oBaHO MOJENI MOMAHHS 3HAHB MPO CHUTYAIlil y CHCTEMax
i3 cuTyariitHo 06i3HaHICTIO; [7] — MOCHiKEHO TONOBHI THIH HEBU3HAYESHOCTEH
Juist ocHoBHEX eramiB JDL monmeni; [8] — 3ampomnoHoBaHo anreGpaiuHy MOENb
MOJIaHHsI 3HAHb y CHCTEMax i3 CUTyaliliHO 006i3HaHicTO; [9] — 3ampomoHoBaHO
OHTOJIOTIYHE MTOJaHHS 3HaHb IIPO CUTYaIlil.

Amnpo6anis pe3yabrartiB aucepranii. OCHOBHI TOJ0XKEHHS THCEpTaLlifHOT
poboTH OynH MpenCcTaBleHI Ha TaKUMX MDKHAPOAHUX HAYKOBHX KOH(EpPEHINSX Ta
ceminapax: 5th International youth science forum "Litteris et Artibus" (Lviv,
November 26-28, 2015); XIII Mixnapoana koHdepenuis «CydacHi mpobremu
pamioeNeKTpOHIKH, TeleKOMYHIKalliil, komm roTepHoi imkeHepii»y TCSET’2016
(JIeBiB-CaBcwko, 23-26 mortoro, 2016); Xl-th Intern. Scientific and Techn. Conf.
“Computer Science and Information Technologies” CSIT'2016 (Lviv, 6-10
September, 2016); XIII MixuapoaHa HaykoBa KoH(epeHiis «lHTeneKkTyansHi
CHUCTEMH TPHUHHATTSA pilleHp Ta MpobjaeMH OOYHCIIOBAIBFHOTO IHTEICKTY»
ISDMCTI°2017 (3anizuuii mopt, 22 — 26 tpasus 2017); V BeeykpaiHcbka HAyKOBO-
npakTHYHa KoHQepeHis «[ymaHiTapHi, NPUPOAHMYI Ta TOYHI HAYKH SK
(yHmaMeHT cycmiabHOrO po3BUTKY» (XapkiB, 19 — 20 Bepecns, 2017); XVII
MixHaponHa  HayKoBO-TexHi4Ha  KoHpepeHuis  «lltyynuii  iHTenmekr i
iHTenekryansHi cucremu» AlIIS2017 (Kuis, 17 — 19 xoBtHs, 2017); HayKoBHX



5

ceminapax Kadenpu «lHdopmariiiHi cucremn Ta Mepexi» HauionansHoro
yHiBepcuTeTy «JIbBIBCbKA MOJITEXHIKAY.

Iy6aikanii. 3a pe3ynbraTramu AUCEpTALIHHUX JOCIHIKEHb OIy0OIiKOBaHO
10 HaykoBHX mpalb, 3 HUX: 2 CTarTi y HayKoBHX ()aXOBHX BUJAHHAX YKpaiHu,
lcrarrs y HaykoBoMy (axoBoMy BHIaHHI YKpaiHH, II0 BKIIOYEHE M0
HayKOMETPHYHOI 0a3u AaHUX Scopus; 2 CTaTTi B HAYKOBUX MEPIOJTUYHUX BUIAAHHIX
IHIIAX JepXaB, II0 BKIIOYEHI B HAYKOMETpHYHI 0a3u; 5 Te3 JOmOBiged Ha
HAYKOBO-TEXHIYHUX KOH(PEPEHIISIX Mi>KHAPOTHOTO Ta AEPKaBHOTO PiBHSL.

Crpykrypa pob6oru. Jlucepramis CKJIamaeTbcsi 3 BCTYIy, YOTHPHOX
pPO3ILTIB, IO MICTATh OCHOBHI pe3yiabTaTH pOOOTH, CIHCKY BHKOPHUCTAHOI
miteparypu 3 116 nalimeHyBaHb, 23 pHCYHKIB Ta gomatkiB. I[loBHmIA o0csr
nucepranii ckinaznae 150 cropiHok, 3 HUX 115 cTOpiHOK OCHOBHOTO TEKCTY.

OCHOBHMUM 3MICT POBOTH

VY Beryti 00TpyHTOBaHO aKTyaldbHICTh TEMH JOCIIKCHHS, CPOPMYIEOBAHO
METy Ta OCHOBHI 3aBJaHHS JIOCHI/DKCHb, IIOKAa3aHO 3B'SI30K 13 HAyKOBHMH
IporpamMaMy, TeMaMH, CHOPMYITbOBAHO HAYKOBY HOBH3HY OTPUMAHUX PE3yJIbTaTiB
Ta IX IPaKTUYHY [[iHHICTb.

Y mepmioMmy po3aisii pO3IISIHYTO MOHATTS CHTYaliiHOI 00i3HAHOCTI,
MOJIETi TPEICTAaBICHHS Ta OMNPAIIOBaHHS 3HaHb y CHCTEMax i3 CHUTyaliifHOIO
obi3HaHicTio. [IpoBeneHo aHami3 iCHYIHOYMX METOMAIB TOJAaHHA 3HaHb 13
BukopuctanHsiM CO, 1m0 Jajno 3MOry Kpaiie 3pOo3yMITH CTPYKTYpY pi3HHX
(hpeiiMBOpKIB 1 MEPCHEKTHBY iX 3aCTOCYBaHHS MNPU PO3POOJICHHI aHAIOTIYHUX
cucteM. AHami3 ICHYIOUMX METOJIB pO3pOOKH TMOKazye, [0 Maiike BCl
JIOCJIIJDKEHHS], 110 MPOBOAMIIUCS JOTerep, Oyinu 30Cepe/KeHHI Ha JIIOJUHO-
MAIIMHHIA B3aeMOii. ABTOHOMHE TIPHHHSTTS PillIEHHS OTPeOy€e PO3pOOKH HOBHX
METO/IiB ONPaNIOBAHHS 3HAHb Ta ITO€IHAHHS JIEKIIBKOX METO/IIB Yy MEXaX CUCTEMH.
TakuMm 4WHOM, BIICYTHIM € CHiTbHHH, 00’ €qHYOUHHA (PpEHMBOpK, 110 Ja€ 3MOTY
MOEAHYBATH JEKUTbKAa METOMIB imeHTH(iKamii CHTyamidi Ta BUKOPHCTOBYBATH
3HAHHS Ta JOTIYHWI BUBIM y MeXaxX €IMHOI CHCTEMH, IO 1 BU3HAYWIO METY Ta
KOHIETITYaJIbHI 3aca/ii TUCEPTALIHHOTO JIOCHIPKEHHSI.

Y apyromy po3aiii posrisHyTO MOJENl HOAaHHA 3HAaHb y CHCTEMax i3
CUTYyallifHOI0 OO0I3HAHICTIO, TPOAHAJI30BAaHO iX TIepeBard Ta HEOONIKHM Ta
po3po0ieHo0 HOBI Mozemi, AKi JAlOTh 3MOTYy CYMICHOTO BHKOPHCTAaHHS Pi3HHX
MiAXOIB 0 BUSABJICHHS MPOOJIEMHUX CHTYaIlill y CHCTEMaX MiATPUMKH MPURHATTS
pimIeHs.

Jis  momanpmIOro  YAOCKOHAJEHHSA 1 TPOEKTYBaHHA I1HTEIEKTyaJlbHUX
cucreM i3 BukopuctanasiM CO y poOoti Oysio BHKOpUCTaHO (opMalibHy MOJENb
MOJaHHs 3HAaHb Ha OCHOBI alNredpu CUCTEM.

OrnpaifoBaHHs Ta MpPEJICTaBICHHS JaHUX y BUIISAL anreOpaidHoi CTpyKTypH
IMIMPOKO BHUKOPHCTOBYETHCS y Taiy3i iHpopmauiiinnx texHosoriii. Ha cporomui
JUIA TIOJAaHHS TPEeIMETHOI 00NacTi Ta BHUpINICHHSA 3amad y cucremax i3 CO
BUKOPHCTOBYIOThCS Pi3HI MeToau. IcHyroui Metoan ¢opmanizauii curyanii 1aoTh
3Mory BimoOpaxkatu Jumre neBHi mimzamadi CO. Ilpore, mpormec NTpUAHATTS
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pimieHHst Ta imeHTndikauii cuTyanii y peaqbHOMY CBITI BHMarae IO€IHAHHS
JIEKIJIBKOX METO/IIB.

Takum unHOM, y poOOTI pO3pOOICHO TAKUH IIIICHUH MiJXiJ, IO A€ 3MOTY
BUKOPHUCTOBYBATH y CHCTeMi pi3HI METOAM MOJICNIOBAHHS CHTYamiiHHOL
obizHaHOCTi. e 6ymo mocATHYTO IUIIXOM po3po0ieHHs popManbHOi anredpaianoi
MOJIeT Ta MOOY0BH EPEXOIB 10 1HIINX MOAEJIEH Ta METOIB.

3anpornoHoBaHUH anreOpaivHmid miaxin Ha 0a3i anreOpu crcTeM BiATIOBigae
3aranpHil Momeni JDL, Mae MOCTaTHIO THYYKICTh i Ja€ 3MOTY BHKOPHCTOBYBAaTH
JUIL MOJICNIIOBaHHS Ta BUPILIEHHsS 33ja4 IHIOI MaTreMaTHYHI METOIU HUIIXOM
MoOYJOBH B3a€MHO-OAHO3HAYHUX BiZJOOpaKEHB.

Y poboti po3pobicHO BimOOpakeHHS MK anreOpaidHOI0 MOJEIUTIO,
JIECKPHIITHBHOIO JIOTIKOIO Ta IHTEpIpeToBaHMMHU cucteMamu. lle mae 3mory
BUKOPUCTATH METOAM JIOTIYHOTO BHBEICHHS, PO3POOJCHI UId IECKPUITHBHOT
JIOTIKK Ta B Teopil IHTEPIPETOBAHUX CHUCTEM, AJIS JOCITIKCHHS CHCTeM Ha 0asi
OHTOJIOTI .

JleckpunTBHAa JIOTiKa BHUKOPUCTOBYEThCS JUIi TOOYIOBH JIOTIYHOTO
BHCHOBKY B CHCTE€Max i3 BHKOPHUCTAHHSM OHTOJOTIYHOTO MiJAXOXy IO IOJAaHHS
3HaHb. B 11 OCHOBI JIS)KUTH JIOTIKA MPESIAUKATIB TEPIIOTO MOPSIKY.

BukopucTaHHS JOTIYHOTO MIpKYBaHHS € BaXKJIMBOIO YaCTHHOIO OyIb-sKOT
cucteMu 0a3u 3HaHb, OCKUTBKH JIa€ 3MOTY MiITPUMYBATH JIOTIYHY CTiHKICTh MOJEINTI
IpeaAMEeTHOI 007acTi Ta KOPEKTHICTh AaHUX. Hes3Baxaouwm Ha MOMYyJISAPHICTH
JIECKPHIITHBHOI JIOTiKH, ICHY€e psiJi HelouikiB ii BukopuctanHs. Hanpukiaa, BoHa
HE Jla€ 3MOTH 3ICHUTH 1HIII THITH MipKyBaHb, HAIPHKJIAJ IIPUYAHHO-HACIIIKOBI,
HMOBIpHICHI MIpKyBaHHS, [0 BUKOPHCTOBYIOTBCS Y CHCTEMaXx, 110 0a3yroThbCsA Ha
3HAHHSX.

Iponenypa BimoOpakeHHst anreOpaigHoi Momemi (AM) y HecCKpHNTHBHY
noriky (DL) micTuTh Taki Kpokw:

1. BusHauenus axciom Csl cCs*, nos'ssanux i3 xoHuenrtamu Tl c T, Ta
BigHomeHHssMH RIll < Rl, mo BUKOpUCTOBYe anreOpaiuHa mozenb. Sk
pesynbrar, crBopena ourosioris: (T, Rll, Csl) < On.

2. Bigo6paxkenns Onl enementiB y DL 00'€KTH, KOHIIETITH, POJIi T aKCIOMHU:
v\ B IepluIy 4epry BifoOpa)arThcs 00’€KTH; MHOKMHA IMEH 00 €KTIB

BHU3HAYAETHCSI HA OCHOBI 00’€kTiB y AM wMojenmi, IO Halekarbh
konmenrtam y T1:

N, = Al = UL, Al 1)
tTa Val; € Al;: Type(Al;) = El;iElje 4acTMHOIO KOHIENTY
T, Tl €TL;

v\ HACTYNHMMH BimoOpaXkarOThCs KOHIIENTH, MHOXHMHA KOHLENTIB N,
BiamoBinae MHOXuHI Tl; KoxHOMY 00’ekty al; craBuThCA Yy
BiJINIOBIJTHICTh aKCiOMa-TBEPXKCHHS, 1[0 CTOCYETHCS MOTO KOHIICTITY
Tl;; MHOXWHA IIMX aKCiOM € MHOXXHHOIO ABOX akcioM y 06a3i 3HaHb;
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v’ s koxHoro arpubyra At; € Tl; CTBOpIOEThCS  BinmoBigHe
BigHOMIEHHS (poib) Tla;
Rla = UYL, rla;; )
v xoxHe BimHowennst rll; € Rll po30uBaoTs Ha GiHAPHI BiJHONIECHHS;
MHOXKMHA BiJTHOILIEHb OTPUMAaHMX Y pe3ynbTari i € Rlr; cTtBOpeHO
MHOXHHY pOJIeH y NECKPUITHBHIN JIOTIII:
Nr = Rla U RIr; ?3)
v\ Ha J0IaTOK, aKCIOMM BiZOOPaXKaroTh BiJHOILEHHS YCIAAKYBaHHS, a
TaKoX iHMIN akciomu i3 AM Mopemni, sSIKi MOXYTh OyTH TOHaHI K
noriudi Bupasu y DL monmeri.
3. Bukonaru nponenypu MipKyBaHHsS BUKOpHCTOBYIouHM DL mMozens.

4. OnoButu AM Mopenb BUKOPHUCTOBYIOUH BiTOOpaXCHHSA 1 pe3yibTaTH
MipKyBaHHS.

Po3mmpene BimoOpakeHHS MoJeliell BHKOHYETHCS TIIBKH OIHMH pa3 Ha
MOYaTKOBOMY eTari rnpu nmoOyaosi mozeini. Hanauni, B mporeci poGoTH CHCTEMHU i3
CUTYalii{HOI0 OO0I3HAHICTIO TIIBKH BiZIOOPaXKalOTh OHOBJICHI KOMIIOHEHTH MiX
MOJCIISIMH.

Minxing iaTepnperoBannx cucreM (IC) MmMPOKO 3aCTOCOBYETHCS IS
NOJAHHS YacoBOi IAWHAMIKM Ta PO3YMYBaHHA y MYJIbTHATCHTHHX CHCTEMax i3
CUTYyaIliifHOIO 00i3HAHICTIO. AHAI3 CHTYallii Yy TAKUX CHCTeMax BiIOyBaeThCs Ha
OCHOBI MEPEBIPKU YacOBO-3AJICKHUX TBEPDKECHb 13 0a3u 3HaHb. Lle mae 3mory He
TUIBKM BpaxoBYBaTH [JHMHAMIKy 3MIH CTaHy IIpeIMeTHOi ooOiacti, ane W
MOJICTIFOBATH TPOLECH TNPHUHUHATTS pilleHb areHTaMH B HEYITKHX YMOBaXx,
BUKOPHUCTOBYIOYH YHCIIOBI MipH HMOBIPHOCTI, MOKJIMBOCTI, HEUITKOCTI.

Hexaii @ — MHOXHWHA JIOTIYHUX TBep/KeHb Ha G, mo onucye Qaktu Ta
3anexHOoCTI y cuctemi. Tofi iHTepriperoBana cuctema | — 1ie mapa:

(S, 1), )
ne Sy, — Ie CUcTeMa Ha MHOXWHI Ti1o0aneHuX craHiB G, a m — me inTepnpeTamist @
Ha G. [lns xoxHoro pe® Tta ge G iHTepmperallis BU3HAYa€ ICTHHHICTH abo
XUOHICTD TBEPKEHHS:

w(g)(p) € {true, false}. (5)

Jnst hopMyBaHHST 4aCOBO-3aJIe)KHHUX JIOTIYHUX BUCHOBKIB BUKOPHUCTOBYIOTH
4yacoBi omneparopu O (3aBxau), ¢ (3 yacom, koiuch), O (y HACTYNHHH MOMEHT),
U (okn).

B AM roriuHi TBepKeHHS Hayexars OyieBoMmy nomeny Cs. Mix @ Tta
OyneBMMH BHpazamH aAoMeHy (S iCHye B3a€MHO-OJIHO3HAuyHE BifOOpa)KEeHHs, IO
YMOJKIJIMBIIIOE 3aCTOCYBaHHS METOMAIB JIOCHI/DKEHHS Ta po3ymyBauHs [C s
CHCTEM IOIaHKX aareOpaidtHOI0 MOJIEIUIIO Y BUTJISII OHTOJIOTII.

TakuM 4MHOM, BUKOPHCTaHHS ajreOpaidyHoi Mozeni Ui TOAaHHS 3HaHb Y
CHCTEMI 13 CHUTyaliiHO 00I3HAHICTIO JJa€ 3MOTY OJHO3HAYHO BiIOOPA3UTH MOJICIb
CHCTEMH IOAaHy y BUIIIAAI IHTEPIPETOBAHO! CUCTEMH Ta 3aCTOCYBAaTH Il amapar
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IUTST MOJIETIIOBAHHSI THMHAMIKHM CTaHiB CUCTEeMH. Y TaOi. 1 HaBeAeHO MOPIBHSIIBHY
XapaKTEPUCTHKY BUKOPUCTAHUX MIAXOIIB IS TOOYIOBH MOJICIICH CUTYAITiil.

Ta6mn. 1. [TopiBHsUIbHA XapaKTEPUCTHKA ITIAXO/IB 0 MOJaHHS CUTYawii

[lepeBaru Henoniku
Anrebpaiyna - IO€HAHHA AEKIJIBKOX METO/IIB - OlyIpIIIa CKIIAIHICTD
MOJeIb MIpKYBaHb Ta JIOTIK y MeXaX €IHHOT peadizarii;
CHCTEMH; - CKJIaIHICTb BUSBIICHHS
- O€THAHHS JIeKJIapaTHBHUX Ta MOMMJIOK Ta IIPOTHUPIT;
MPOIIETYPHUX CIIOCOOIB TIOAaHHS - BIIXWJICHHS BiJl CTAHJIaPTHUX
3HaHb MoB onucy oHTosorii (OWL)
JleckpunTHBHA | - BUKOPHUCTOBYETHCS ISl HOOYJOBH - He Ja€ 3MOTH 3/1iHCHUTH IHIII
JoTiKa OHTOJIOT{ Ta TOOYIOBH JIOTTYHOTO THUIN MipKyBaHb, TaKi K
BHCHOBKY B CHCTEMaXx i3 HMPUYUHHO-HACTIIKOBI,
BHUKOPUCTaHHSIM OHTOJIOT1YHOTO BUKOPUCTaHHS HEMOHOTOH-
MiAXOAY 10 NOAAHHS 3HAHb, HHX JIOTIK;
- BUKOPHUCTOBYE JIOTIiKY ITPEIUKATIB; - IPOTPaMH JIOT1YHOTO BHBE-
- HasABHICTh 3ac00iB MO/ICTIOBAHHS Ta JICHHS HE MOXXYTb 3MiHIOBaTH
sorigyHoro BuBeaeHHs (Protégé). OHTOJIOTIIO Ta (haKTH
[HTepmperoBaHi | - BAKOPUCTOBYETHCSA AL TOJAHHS - OlIbIIIa CKJIAAHICTD TOAAHHS
CHCTEMH CHUTYaLil SIK IIPoIecy; JAaHWX Ta MipKyBaHHS;
- oncye poOOTy OaraToareHTHUX - HEMa€ IHCTPYMEHTAIbHUX
CHCTEM; HpOorpaMHHX 3aco0iB, SIKi
- JIa€ 3MOT'Y ONTUCYBATH ANHAMIYHI HIATPUMYIOTH MOJICITIOBaHHS
CHCTEMH. Ta JIOTIYHEe BUBEICHHS,

OiJIbIIIe BUKOPHCTAHHS
pecypciB UIs peaizarii;
- [Ii€ B IUCKPETHOMY Haci i
BECh Yac MIHSETHCS CTaH
CHCTEMH

Y TpersomMy po3giii po3poOIeHO MeTOomW iAeHTH]IKAIii MpoOIeMHIX
CUTyallil y cucTeMax MiITPUMKH NPHUUHATTS pillleHb. 3alpolOHOBAaHO METOIU
OTIpaIfOBaHHS 3HAHb NPO CHUTyamlii, MO 0a3ylOTbCS HAa BHUKOPHCTaHHI amapary
HETOYHHMX MHOXXMH Ta MiJXOJy I'PaHyJSIPHOTO KOMIT IOTHHTY. BOHM naroTh 3Mory
CIOPOCTUTH oOfepallii BH3HAYCHHS CHUTyalliii Ta I1X ompamoBaHHs. [ligxim, oo
0a3yeThCst HA OHTOJIOTIYHOMY IOJIAHHI 3HaHb MPO CUTYallii, BAKOPUCTOBYETHCS LIS
JIOCSITHEHHSI CUTYal[iiiHOT 0013HAHOCTI Y CKJIaJHUX IHTEJIEKTYyaJbHUX CHCTEMaX, /e
00’€KTH MOXYTh 3HAXOJUTHUCH y KIJTBKOX CHTYAIliIX OJHOYACHO ab0 CHTyamis €
HETOYHO BHMPAXKEHOK. [paHyJSIpHUI KOMIT'FOTUHT BHKOPHUCTOBYETBCS IS
CIPOLIEHHS BHPIIICHHS 3a/a4 MEHE/PKMEHTY 3HaHb mpo curyauii. Komu o3naku
CUTyalil HEeTOYHO 3ajaHi, A7 (OPMAIBFHOIO BH3HAYECHHS CHUTYallil BUKOPHCTO-
BYETHCS arapaT HETOUHMX MHOXHH.

Inentudikanis curyanii BinOyBaeTscst Ha npyromy piBHiI Moxeni JDL mis
CHCTEM 3 cHTyaliiiHoro oOi3HaHicTio (puc.l). Ha HympoBOMY piBHI mgaHi
3YUTYIOTHCS 3 CEHCOPIB Ta IHTEPIPETYIOThCS 3a TX 3MicTOM. 3HaYEeHHS, OTPUMaHi 3
nmoaiOHMX ceHcopiB TrpymytoThes. Ha mepmiomy piBHI Mozeni orpuMmaHi Ha
MoTiepeTHHOMY PiBHI JIaHI acOIIIOIOThCS 3 MEBHUMHU 00’ €kTaMu y 6a3i (akTiB Ta iX
arpuOyramu. Ha apyromy piBHI, aHaTi3ylouW HasBHI 3HadeHHs y 0a3i ¢akTiB
ineHTHdiKyIOTh cuTyarii. TakuM YWHOM, BXiIHAMH NaHUMHU IUIS ideHTHQIKamii
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cUTyalil BHCTYNAlOTh HasBHI (akTW y 0a3i 3HaHb Ta 3HA4YCHHsS iX aTpHOYTIB.
3aga4l oTpUMaHHs Ta OmNpaloBaHHsA iH(opMauii Bix ceHCOpiB Ta ineHTH]iIKawil
00’exTiB Ta X BIACTHMBOCTEH 3a 3HAUCHHSMH 3YMTaHMUX AAaHUX Y Wi poOoTi He
PO3IIISIAIOTHCSL.

KopektHa Ta edektuBHa ineHTHdiKamis CHUTyalliil BUMarae BHUpPILICHHS
IUTOT HHU3KY 3a/1a4 Ta TOJOJAaHHSA Pi3HOMAaHITHUX TPYAHOIIIB Ta oOMexeHb. Ha
MPaKTHUI IIiJ] CUTYAIli€0 PO3yMiIOTh Ha0ip B3a€MOMOB’sI3aHUX (PAKTIB, HapaMEeTPH
SKUX YTBOPIOIOTH IIEBHUH MATTEPH, KU MOKHA 1IeHTH(IKyBaTH.

3 immoro OOKy, BHSBICHHS CHTyallii Ma€ CEHC TUTBKH TOJi, KOJIH B
pe3ymbTaTi IHIIOETECS BUKOHAHHS MEBHUX i, SKi MPU3BOIATH 10 Oa)KaHUX 3MiH
y cepenoBHIIi, a60 y 3MiHi ()aKTiB Ta MOMIOBHEHHI 3HaHb y 0a3i 3HAHb.

OpHa 3 MPUYMH CKJIQJHOCTI ieHTHdiKanii cuTyauiil mojsrae y Tomy, o B
PI3HMX TNPaKTHYHUX 33/1a4aX CHTYaIlil0 pO3yMiloTh mo-pizHoMy. Hampukmnan, ii
MOXKHa TOJaBaTH sIK cTaH 00’ekTy abo rpymu o0’ekTiB. IneHTHdikyBaTH Taky
CUTyallil0 — Il¢ BUSIBHTH O3HaueHWW cTaH. [HKonu moTpibHO ineHTH(diKyBaTH
CUTYAIIFO JJIs TPYNU HAOMMKEHUX a00 MOMIOHMX CTaHIB. Y NESKUX MPaKTHYHHUX
3aCTOCYBaHHSX BUBYAIOTh HE CTUIBKH OKPEMi BH3HAYEHI CTaHH, alie TIePEeX0oan Mix
CTaHaMH, HaIPUKIIAJ MiXK TPAHHYHUM Ta LITHOBUM CTAHOM.

3 iHImoro OOKY, IHKOJH CHUTYAIlil0 PO3TIIAA0Th Y AWHAMIII, SIK TPOIIEC, IO
po3ropTaeThcs y yaci. BusBuUTH Taky cuTyaIilo — me igeHTH(iKyBaTH HOTOYHHN
CTaH Ta IIONEpPelHi CTaHW O0’€KTy 31 CTaHAMH BH3HAYECHOTO IIAOJIOHY IpoLeCy.
PizHi dopmMu momaHHS Ta pO3yMIHHS CHUTYaIlili BUMararoTb PO3pPOOJICHHS Pi3HHX
METOIB ieHTHDIKAIIII.

Pisenb0 i Pieetb 1 PiBeHb2 PiseHb3
Curan’ DyHKUia OLiHKY Ouixka cyTHOCTI Ouixra cuTyauil Ouixka Binuey
—_—
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3 iHIIOTO OOKY, IOCSTHEHHS CUTYAIlIHOT 0013HAHOCTI YaCcTO HEOOXITHO s
cHCTeM, IIO0 NPHUHMAIOTh DIlIEHHs Yy peaJbHOMY Macmrtadi vacy. Ilpum mpomy
KPUTUYHHUM CTa€ 4ac MPUUHATTS DIlIEeHHs Ta o0cAr 3alisHUX iH(opMaLiiiHuX Ta
00YHCITIOBAILHUX PECYPCIB.

BukopucTaHHS ~ OHTOJIOTIYHOTO  MOJICNIIOBaHHS Uil IOJAaHHSA  Ta
ineHTH(IKAII] CHUTyalllii CTBOPIOE JOJATKOBI MOMJIMBOCTI Ta OOMEXEHHS Ha
BUpImeHHA 3amadi imeHTudikamii. IlepeBaroro € 3maTHICTH 3acTOCYBaHHSI
JIOTIYHOTO BHBEICHHS Ta BHKOPHUCTAHHSA AaKCIOM Yy TIporeci MipKyBaHB IIPO
curyamii. lle BinkpuBae mepcrnekTHBY po3poOKH METOMIB iAeHTU(IKAIIT CHTYyaIlii,
mo 0a3ylThCS Ha JIOTIYHOMY BHBEICHHI Ha OCHOBI iH(opMamii mpo MOTOYHHI
CTaH IpeAMEeTHOi 001acTi Ta 3HaHB MPO IO 00JIACTE.

BuxinHa iHpopMaris, o OTpHUMaHa Bil CEHCOPIB, € HETOYHOIO, 1 METOIU
ineHTHOIKAI] TaKOXX YacTO € HETOYHHMH (HIPUONM3HUMH), L0 BHILUIMBAE 3
HeoOXiTHOCTI MiHIMi3alii Yacy NpUIHATTA pilieHHs. BpaxyBaHHS HETOYHOCTEH,
MOMHJIOK Ta HEMOBHUX 3HaHb IPO MPEAMETHY 00JIaCTh € BOKIMBOIO BUMOTOIO JJIS
METOIB ieHTUDIKALIIT.

Dopmanvra nocmanoeka 3adaui ioenmugpixauyii cumyauyii

LlenTpanbHUM KOMIOHEHTOM ©a3M 3HaHb € OHroJorist On, sKa €
(opManbHUM TOJAHHSIM II€BHOI KOHIENITYalbHOI MOJETl NpeaMeTHOI oOiacTi.
OHTOJIOTIS MOAAETHCS TAKOIO TPIiHKOIO:

On = (T,RI,Cs), (6)
ne T — MHOXXUHA cyTHOCTEH, Rl — MHOKMHA BiTHOIICHB, €S — MHOYKHHA 0OMEKEHb
abo axciom.

3HaHHA Opo cuTyauii mogaHi y Qopmi CUTyaliifHUX MoJenel TaKox
30epiraroThcss y 0a3i 3HaHb, a CYTHICTh «CUTYallis» € YaCTHHOK OHTOJIOTII.
dopMasbHO, MOJIENIb CUTYAIIil IOAAETHCS KOPTEXKEM, SIKMH MICTUTH cyTHOCTI Ty Ta
BigHOmIeHHS Rl; peneBaHTHI Jans cHryamii, ymMoBH abo iHdopmarito mist
ineHTUdikanii curyamii Id;, Ta MHOXHHY Hmili Acg, sKi Tpeba BHUKOHATH, SKIIO
cuTyarlist OyJe BHSBICHA:

Tinas = (Ts, Rls, Ids, Acg). (1)

YmoBu igeHTHdiKaLil cuTyalii BUKOPUCTOBYIOTh 3Ha4€HHs (DaKTiB, THIIH
SKUX TOJaH] y MOJIeNTi CUTyallii.

Bupimenns 3anadi ineHTudikamii curyarii 380AUTECS 0 PO3II3HABAHHS Y
6a3i (akTiB yMOB Ta 3alEXKHOCTEH, CIenu(piKOBaHMX y CHUTYalilHIA Mozei.
VY npoMy BiIHONIIECHHI 114 3a]ja4a € 1MoJIi0HOI0 J10 331a4i po3Ii3HaBaHHS 00pas3iB.

baza daxriB BF e MHOXuHOIO Okpemux ¢aktiB: BF = {bf} 3 onromnorii On:

BF = {bf;|Vi(bf; € T V bf; € RD)}. (8)

MHoxWHa MoOJeNel CUTyalliif, B SKid KOXEH €JIeMEHT HaJC)KUTh THITY
curyauii Ty 3 onToNOTii ON:

MdSi = {mdsij|\7’j(mdsij € Ts)}. 9)

s BupimeHHs 3aga4i izeHTHdikanii cutyanii modyaoBaHo Taky (QyHKIit0
Fid BinoOpaxxeHHs craHy Oa3u (akKTiB y MHOXHHY MOJENEH cuTyanid, Mo
MiHIMi3y€ HETOUYHICTh PO3Mi3HABAHHS

Fid: BF —» MdSi. (10)
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OyHKIII0 BTpaT MOOYJOBAHO IIUISXOM MOPIBHSHHS pE3ydbTaTy BHKOHAHHS
¢ynkuii  ineHTHdikanii 3 pe3yNbTaTOM JAEAKOi ifeanbHO TOYHOI  (DyHKIT
inentudikanii Fzr nan toro x 0a3oro ¢aktie BF. Takum ynHOM, (YHKIIiS BTpAT,
10 BU3HAYA€E HETOYHICTb iIeHTU(IKAIlIT, Mae BUTIISII
Flos = min A(Fzr(BF), Fid(BF)). (11)
OyHKIiI0 BigoOpakeHHS NOOymoBaHO fK (YHKIiO BiacTadi (momiOHOCTI)
MOTOYHOTO CTaHy J10 MOAENI
D(BF, mdsi;). (12)
[Ipu poMy imeHTH]IKYBATH CHUTYAIlil0 — I€ 3HAUTH MOAENb MASiy,y, AT AKOT
BiZICTaHb MK ITOTOYHUM cTaHOM BF € MiHIMaabHOIO:
mdsip,; = Min; (D (BF, mdsij)). (13)
Memoou idenmugpikayii cumyauiit Ona pizHux munie cumyayii
Cumyayis sk cman npobremnoi obracmi. OyHKIS ineHTUGIKAIIT IS
JAHOTO CTaHy 0a3u (akTiB MpHUilMae ICTHMHHE 3HAYCHHS, N O,4; — 1€ YMOBa
HAsIBHOCTI CHUTYAITIT:
Fid(BF, 8,,4;) = True. (14)
Icaye mpobmema CKIaJZHOCTI YMOBH, sIKa MOXKE CKJIamaTHcs 3 0OaraTtbox
CKJIaJOBHX YMOB, SIKi TOTPEOYIOTh BEIUKHX 3aTPaT OOUYMCIIOBAIEHUX PECYPCIB IS
nepeBipku. s BUpIiMIeHHS mi€i mpoOIeMu BUKOPHCTAHO MeTox KirouiB. Kirou —
IIe YaCTKOBAa yMOBa BHKOHAHHS SIKOi, XO4a HE TapaHTye HAasABHOCTI CHTYyaIlii, aJe:
a) 3aBKJM BHUKOHYETHhCS SIKIIO CUTYyalis Mae Micue Ta 0) BUMarae MiHIMYM
pecypciB Ha epeBipKy.
MareMaTHyHE BU3HAYCHHS KITFOYa SIK HEOOX1THOT yMOBH:
5% = trye, (15)

mdi
SKIIO Oppgi = true.
I'pyna xmo4iB — 1€ MHOXHHA yMOB-KJIIOYIB S(é‘key.) SKi TIepeBIpPSIOTH
mdi/?
napajeinbHO Ta sIKi MarOTh BHKOHYBAaTHCS JUisi ineHTU]ikoBaHOT cutyauii. [ns
3MEHIICHHS CKIaIHOCTI imeHTudikamii curyamii MEeTO MOJaHO SK MOCHiIOBHICTh

MePEBiPOK TPYII KITFOUIB:
S1(8REY, Sy (Sneh), oe) Su(Sme). (16)

mdi mdi mdi

loenmudpixayis cumyayii ax npoyecy. Jnsa imenTudikamii curyarii sk
MpoIleCy BUKOPUCTAHO MOJAETH IHTEPIPETOBAHMX CHCTEM, TOOTO CTaHU 0a3m
(hakTiB y pi3HI MOMEHTH Yacy Ta nepexoau Mik HUMHU. CTaHH CUCTEMH TIPH IIbOMY
PO3IIISIHYTO Y BU3HAa4YeHI MOMeHTH 4acy sik napu (BF,t;). Curyauii y po3ymiHHi
crany 0a3u (hakTiB TAKOXX PO3YMIIOTh 3 IPUB’SI3KOIO JI0 Yacy ix BusiBieHHs: (Si;, ;).

Jns inentudikanii curyanii SK mpoluecy BH3HAYEHO MOZEIb HMpOLeECy SK
MHOXXHHY BIIOPSIIKOBaHUX Y Yaci map cuTyamii:

BuzHaueHO TPaeKTOPilo 3MIHM CUTYalil SIK ITOCTIJOBHICTh CUTYaMiH:
SiT = (Sil,tl), (Siz,tl+1),...(5ik, tk), (18)
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Je koxkHa cutyartis (Si;, t;) € MdProc ta curyauii iieHTU(IKOBaHI y MOCITiI0BHI
MOMeHTH 4acy. DyHKIis iqeHTUdIKaLii:

Fid(BF,MdProc) = 3SiT,,:V(Si;, t;) € SiT,,, AMdProc: (Si;, t;) € MdProc =

= true. (19)

Merton inenTudikanii mependayae MONIYK TPAEKTOPIH I Pi3HUX MoIenel
TIPOIIECIB.

Ioenmudgbikayia cumyayiti y eunaoxy Heuimkocmetl. Y HIESIKAX BUIAIKAX
HAsSBHICTH CUTYyaIlii BUSHAYAETHCS HEUiTKO. [ ToTOYHOTO cTany 6a3u daktis BFi
(yHKIiL igeHTHdIKAIil CUTyaIlil MOIENIOETECS AK (YHKINS HMPHUHAIEKHOCTI 10
HeyiTkoi MHOXMHM. Taka ¢yHKIisS Moke OyTH 3agaHa TpbOMa YMOBaMH, SIKI
MOUISIOTh YCi (PaKTH MEBHOTO TUMY Ti HA TPH MiAMHOXHHHU. J[ns oxmiel 3 HUX
CHUTYyallisl TOYHO BUKOHYETHCS, JUISl 1HINOI TOYHO HE BUKOHYETHCS, a TPETA rpyma
(axTiB — 1J1s1 AIKMX BUKOHAHHS CUTYAlii € MOXITUBHM

Fld(BF 6mdl' 6md1’ 6771!11) (20)
Taka ¢yHKIIS BUKOpHCTaHa I MOOYIOBH IUIaHY TECTYBAaHHS, B SKOMY
yMoBa 8. ,; BU3HAUae TecTKeifcH, sAKi MycsTh OYTH 06OB’A3KOBO MEpPETECTOBAHI,

82 4i — TECTKeHcH, SIKi MepeTecTOBYBATH HEJIONLIBHO, Ta é‘::fdi — 5Kl OaxaHo, ane
HE 000B’SI3KOBO TIEPETECTOBYBATH.

VY neskux BUNAIKaX HEMOXKJIMBO TOYHO 3aJaTH O3HAKH CUTYaIlil, abo kK i
NEeBHUX 00’€KTIB, JJIsl SIKMX 33JlaHa CUTYyallis, ICHYIOTh BHKJIIOYeHHS. Toxmi s
(hopMaNbHOTO BHM3HAYEHHS CHUTYallii TOUIJBHO 3aCTOCYBAaTH amapar HETOYHHUX
MHOYHH Ta alPOKCUMYBATH MOMYJIAIII0 00’ €KTIB CUTYaIlii JBOMA MHOKHHAMH.

Hexaif cutyaris S' Bu3HaueHa s MeBHOro Kjiacy oHrtonorii TX 3
BUKOpHMCTaHHAM OysieBoi curnatypu Cs'. Ilpum 1pomy geski 00’€kTH, sKi
MiAMAgaoTh TiA 1€ BU3HAYEHHS TOYHO HE BIiTHOCSATHCS IO CHTyalii, ado X
EKCIIepTH MalOTh CYMHIBH MIOJIO IX BiTHECEHHS JI0 i€l cuTyarii. Y IboMy BHITAIKy
BEpXHS AaNpOKCHMAIlisl TOMyJHLii cHTyamii Oyae BH3HAYECHA SK IIiAMHOKHHA
00’exTiB Knacy TX st kux BukoHyethes CS'.

Po(SH) = {t*|tk € Tk, Cs'(¢¥) = True}. (21)

Jis  BHU3HA4YeHHSA HW)KHBOI ampoKcHMallii HeoOXiZHO BHOKPEMHTH
MiIMHOXKUHY 00’€KTiB, SIKi HE MOBHICTIO BIIMOBINAIOTH CHTYyamii. Taka rpaHHYHA
nigMHOXMHA Pog(SY) BU3HAYAETBCS EKCIEPTAMH UUISIXOM  IIepepaxyBaHHS
00’€KTiB, MO BXOAATH B Hei. ToJi HIDKHSA ampoKcHMAIlis MOMyJIIIii curyarii S i
BH3HauYeHa (GOPMYIIOIO:

Po(SY) = Po(SY) — PoB(SH). (22)

Y 4YacTKOBOMY BHWIIAJKY, KOJH OO’€KTH, II0 HE BIAMOBINAIOTH CHUTYAIIl,
MOXyTh OyTH BM3HAYeHi 4epe3 3HaueHHs aTpuOyTiB kiaacy ymoBoro CsB(S"), komm
CHUTYyallis BU3HAUCHA Ha PiBHI IEBHOTO 3arajbHOTO KJIacy 00’ €KTiB, aje He JUIsl BCiX
HOTO MmiIKJIAciB, TpaHUYHA TiAMHOXXUHA BU3HAYAETHCS SK:

PoB(SY) = {ty| tx € Ty, CsE(ty) = True}, (23)
a HIDKHS alpOKCHMAallisl BU3HAYa€eThes 3a hopmyioro (21).

Jis  crpoleHHs MEHEIKMEHTY 3HaHb [P0 CHTyallii BHKOPHCTaHO

mapajurMyu TPAHYJISIPHOTO KOMIT FOTHHTY, TOOTO 3aJlaHHS CHUTYaliid JJIsl BEIHKHX
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rpym 00’eKTiB. Y BHUNAJAKY OHTOJIOTII, JIe KJlacH YTBOPIOIOTh i€papxiro i arpudyrn
KJIaciB YCIaJKOBYIOTbCS MiJKJIacaMM, 3acTOCYBaHHS MiIXOAy TIpaHyJsIpHOTO
KOMIT FOTUHTY Tiepenbavae 3alaHHsl CUTYalil, SKIIO 116 MOXKJIMBO, JUIS KJIAciB, IO
HaJIEKaTh BHIIAM DiBHAM iepapxii. Busnauenns curyamii S; MicTHTB aTpuOyT
SDefinition — Atgz.r, y AxoMy 30epiraetbcs Oynesa curnarypa CS;, sxuid
npuiiMae iICTHHHE 3HA4eHHA M 00 €KTIB JAaHOTO KIACy, SKi 3HAXOIOAThCA Yy
Bu3HaveHil curyauii. To6to, 06’ekr t;; € T; 3HAXOAMTBCS y CcHTyauil Sr, SKILO
CsSTi(tij) = True.

Y HalmpocTiloMy BHITQAKY, KOJH CHUTYaIlisi BH3HAUYEHAa CTaHOM 00 €KTy
BH3Ha4eHOro Knacy T;, curnatypa CS; MiCTUTh TilbKM aTpUOYTH LIbOTO KJIacy:

CS; = BooleanExpression(ay, ay, ..., ay), (24)
ne Vi:a; € At; € T;, BooleanExpression(a,,a,,...,a,)— ue OyneBuii Bupas 3
aprymentamu(a,, d,, ..., ay,).

VY derBeproMy po3misi A MPaKTHYHOTO 3aCTOCYBAaHHS PO3POOJICHUX
Monerneli Ta MeTOHiB imeHTH(IKalii NpPOoONeMHHX CHUTyaliii oOpaHO Tamy3b
TECTyBaHHS MNporpaMHOro 3abesnedeHHs. OIHIEIO 3 HaWBaXIMBIMIKX MpoOIeM
raimy3i NMporpaMHOro 3a0e3NEeUeHHS] € BHUCOKMH PIiBEHb CKJIAQJHOCTI IPOTpaMHHUX
CHCTEM Ta BHCOKOI BapTOCTi aaMiHICTpyBaHHs, po3poOJeHHS Ta Momudikarii,
3HAYHUNA piBeHP HOe(eKTiB y Takux cucreMax. [l BHABICHHA Je(EKTiB
TPaANLIHHO 3aCTOCOBYIOTh TECTYBaHHS NMPOAYKTY 3 BUKOPHCTAHHSIM BH3HAYEHOTO
HAOOpYy CIICHapiiB BUKOPHUCTaHHSA. BapTicTh TeCTyBaHHS CHOTOJHI CTAHOBUTH
3HAa4YHy YaCTHHY B 3arajbHid BapTOCTI BUPOOHMLTBA MNpPOAYKTYy. TecTyBaHHs
NPOrpaMHOro 3a0e3NeyYeHHs] Ta HOro SIKICTh € Ba)XJIMBOIO YaCTHHOK PO3POOKH
IporpaMHOro 3abe3nedeHHs. HexTyBaHHS LUMH TpoLlecaMH 3HAYHO 301IbIIye
HMOBIpHICTh PO3POOKU HESKICHOTO MPOrpaMHOro 3a0e3neyeHHs, ke Hece y coOi
NOTEHWiiHI MatepianbHi 30uTKH. TecTyBaHHs 0a3yeTbcsi Ha BHMOrax [0
MPOTPaMHOTO 3a0e3MeUYeHHs: caMe 3 BUMOT OJICP)KYIOTHCSI TECTOBI JlaH1 Ta TECTOBI
MPUKJIA/IHN, IO € Pe3yIbTaTOM aHATI3y PeJMeTHOI 00JacTi.

Y poboti po3pobieHo MeTtoam imeHTH(iKamii MPOOIEMHUX CHUTyallidl y
IpoLeci OHTOJOTIYHOTO MOJETIOBAaHHS 3HaHb 3 METOI0 IIiIBUINEHHS SKOCTI
MPOIIeCy TECTYBAaHHS MUIIXOM iIeHTH]IKAIl] Ta BYaCHOTO pearyBaHHS Ha CUTYaIlii,
[0 BHHUKAIOTH y Iporeci TecTyBaHHA. OHTOJOTIUHE MPEACTaBICHHS 3HaHb MPO
NpeIMETHY 00JIaCTh A€ 3MOT'Y TOKPAIIMTH BU3HAYEHHS BHMOT JIO MPOrPaMHOro
3a0e3meueHHs, MABHIMUTH X SKiCTh i, TAKUM YHHOM, 320€3MEUUTH 3POCTaHHSI
SIKOCTI IIPOrPaMHOro 3a0e3MeYeHHsL.

TecTyBaHHS CKJIQIHOTO MPOJYKTY MICTHUTh 0arato MpoIeciB Ta OMeparlii,
MapanelbHUX Ta YacTO HEBIOPSIKOBaHWX. KepiBHHKY BiJAiTy KOHTPONIO SKOCTI
BaXKO BIJICTINKOBYBaTH Ta OauyWTH BCi JOeTanmi Ta ix moB’s3aHHA. Cucrema
BUSIBJICHHSI CUTYallill Ipallo€e K KOHCYJITAHT, SIKMH OauuTh 3arajibHy KapTHHY Ta
BpaxoBY€ JOCBiJl NONEPEaHIX TecTyBaHb. BOHa TakoX BHKOPHUCTOBYETBHCS TOI-
MEHEe/DKepaMu ISl BUSBIICHHS KaTacTpo(iuHUX CcHUTyaniii Ha mpoekti. Tomy
cucreMa ineHTH]IKalil yKae TUIOBI CUTYAMl Ta 3aJI€KHOCTI Ta HOBIIOMIISIE TTPO
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HHUX. ApXITEKTypa CHCTEMH ileHTH(]IKalii CHTyallid y Tamy3i TecTyBaHHS
MpOrpaMHOro 3a0e3NeyueHHs HaBeleHa Ha puc. 2.

LleHTpaNbHUM KOMIIOHEHTOM apXiTeKTypH CHUCTEMH € IHCTPYMEHTaJbHUI
3aci0 il OHTOJIOTiYHOTO MojemoBaHHs — Protégé. Lleit mporpamumii 3aci0
HiATPUMYETBCSI MOBOIO IpOTrpaMyBaHHs Java Ta BHKOPHCTOBYE iHTepdeiic
npuknaaHoro nporpamysanHns (API — Application Programming Interface), sxuit
Ja€ 3MOTY pO3pOOHMKAaM BOYZOBYBAaTH KOMIIOHEHTH, LIO JOIOBHIOIOTH Ta
3MIHIOIOTh (PYHKIIOHAJIbHI MOMIHBOCTI peAakTopa. TakoXK 3a KOPHCTYBAIlbKUI
iHTepdeiic Ta HOro JOAATKOBI MOXKIIMBOCTI BignoBigae kommoHeHTa Protégé GUI.
IIporpamunii 3aci6 Protege micTuTh OHTONOTII, 0 OyIH CTBOpEeHi, a Takoxx OWL
¢aiimn (OWL — Web Ontology Language — moBa omucy Web-onTomoriit). st
po3mupeHHs  (QYHKIIOHATBHUX  MOXKIUBOCTeH  pemaktopa Protege  Oyio
BUKOPHCTAaHO JBa IUIAariHM, 3a JIOMIOMOTOI0 SIKMX MOJKHA 3M1MCHIOBATH JIOTiYHE
MipkyBaHHs 3 BukopuctaHHsM SWRI, Gasyrounce Ha OWL, a takox Oyayrouu
NpaBHia BUKOPUCTOBYBATH JICCKPUIITHBHY JIOTIKY.

BA noriuxux npasun

¢ L __ =
Pellet reasoner Mnariiw i 5

I: using SWRL
L] '

Protege-OWL
Reasoner Plugin

i

Arperaujia Ta

3uMTyBaHHA AaHUX
Spo:chyyal] ‘ IHTepdeiic
L KopucTysaua
Protégé
rpynyBaHHa Protégé GUI
cuTyauin

]
— 4 T e — —
L = e | [~

laenmudbikayn I OnTonoris B/l peaynbTartie NOrYHOrO BUBEAGHHS

cuTyauin or

®aiin OWL

Ta

noridHe BUBEAGHHS

Puc.2. Apxirekrypa cucreMu

Cucrema micTuTh 0a3y (akTiB, y sAKil 30epiratoTecs:

* JaHi IIPO CHUTYaIlilo, SIKy MOTpiOHO imeHTU(IKyBaTH;

+ wracudikamiifHi JaHi; OCKITBKH, $AK 3a3HAYaloCh, y pEaITbHOMY
MacmrTabi Yacy iCHYIOTH pi3HI THIM CHUTYyallid, cucTeMa Ticisl imeHTudikamii
MMOTOYHOI CUTYaIlii MOBMHHA BiJIHECTH 11 10 MEBHOTO KIIAaCy CUTYaIlild;

* [aHi imeHTU}IKAI] cuTyalii; 6a3a JaHUX MOBHHHA 30epiraTd CUTYAIll,
AKi BiI0yBaJIMCh 3 METOIO OBTOPHOTO X BUKOPUCTAHHS Ta YHUKHEHHS TOMUJIOK y
MaiOyTHEOMY.

Takox y cucteMi HasiBHI 0a3u 1aHUX:
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e JoriuHux npasui (ToOTo, e 0a3a JaHWX, II0 MICTUThH JIOTIYHI ITpaBHiIa
JUTSI MOZICITIOBAHHS CUTYalliil);

*  pe3ynbTaTiB JIOTIYHOTO BUBECHHS (151 Oa3a naHMX 30epirae pe3ysbTaTH
3IiCHEHHS JIOTTYHUX MIPKYBaHb HaJl CUTYaLisIMH).

[puknagu curyaniii Ha TecTyBaHHI, $KI BIANOBIZAIOTH PO3POOIICHUM
METOJIaM BUSIBIICHHS TPOOJIEMHHX CUTYaILliil:

Curyaliisi: He IPOTECTOBaHI BIMOTH 3aMOBHHKa a00 X BiCYTHI TeCTKeWcu
JUIsl IEBHUX BUMOT 3aMOBHHKa. J[aHo:

* Habip TecTKeiciB (TecTkeiic Moke OyTH acoUifOBaHO 3 BHMOTOIO
3aMOBHHKa, 800 1ederToM);

*Ha0ip BUMOT 3aMOBHHKA.

Tabmur 2. [opiBHAHHS QyHKIIOHATEHIX MOXKIHBOCTEH (hpeHMBOPKIB
i3 BUKOPHCTaHHSAM CUTYaIIifHOT 00i3HaHOCTI

ABTOp

Mepexi)

npasuia)
Nagi (I'pad)

OyHKIiT

Jaroucheh (Yacosa
JoTiKa)
Brannon (Heiiponni
OCHOBI IIPEIEIEHTIB)
Tarapata (I'pad)
Feng (AcouiaruBHi
Jousselme (Onrouorii)

Mykich (Onrosorii ta

anredpa cucrem)

+| Baumgarner (Ourosorii)

+| Nwiabu (MipkyBanHs Ha
+| Waltenegus (Onrouorii)

+
+
+

[ToBTOpHE
BUKOPHUCTaHHS
3HaHb

+
+

BpaxyBanus +
icTopii

Jloriune + + +
BHMBEICHHS

Buxopucranus + +
TIpaBHJI

Yacogo- +
MIPOCTOPOBI

MipkyBaHHs Ha + +
OCHOBI
nojioHocCTeit

3naTHiCTh T
HaBYATHCS

IlinTprmka +
pi3HUX GopMm
MipKYBaHb

CnpormieHHs + +
porecy
inenTudikamii

HeuiTkicTh Ta + + + + +
HEIOBHOTA JAHHUX

BpaxyBanus + + +
KOHTEKCTY
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IIpomenrypa: mepeBipuTH, YU yCi BUMOTH MalOTh acOI[iHOBaHiI TECTKEHCH.
[lepeBipuTH, 4n Bci 1 TECTKEHCH IIHCHO YCIHIIIHO TpoTecTOBaHi. BusBieHHs
cUTyamii MPOBOAWTHCS Ha crTaziii (iHATBPHOTO TECTYBaHHSI, a TaKoX, MI00
MOBIZIOMHUTH MPO MOKPHUTTSI BUMOT TECTKEHCaMH.

Jis: moBimoMuUTH KepiBHUKA MPoeKTy Ta QA MeHemKepa.

I11. ITepeBipuTH, Y¥ yci BUMOTH MalOTh acolliioBaHi TecT-Keicn
Requirement(?rq)"IsTestedByTestCase(?rq,?t)°sqwrl:makeSet(?srq,?t) sqwrl:

:iSEmpty(?srq)->RegNotTested(?rq);

[12. Hapiciaty moBiZOMIIEHHS, 10 BUMOTA HE TECTYETHCS

Requirement(?rg)" RegNotTested(?rg) AlIncludedInProject(?rg,?prj)”*

ProjectHasManager(?prj,?pm)-> SendMessage(?pm, xsd:ReqNotTested).

Jlis BU3HAYCHHSA TMepeBar Ta HEMOJIKIB pPO3pOOJCHOr0 Mmiaxomy 3
icHytounMH (ppeiiMBOpKaMu MOOYJOBH IHTEICKTYalbHAX CHCTEM 13 CHTYaIliifHOIO
00I3HAHICTIO, 3/1IHCHEHO 1X MOPIBHAHHS. Pe3ynbrat aHamizy BigoOpakeHo y Tadim. 2.

TakuMm 9MHOM, IPOBENICHHUH ITOPIBHIIBHAN aHAII3 IMOKa3ye, M0 PO3poOIIeHI
MOJIeJIi Ta METOAM iMeHTU(IKAIT MOPIBHIHO 3 ICHYIOUUMH IiATPUMYIOTh OLIbIIIE
(hyHKIIIH Ta € THYYKUMH 1 JaIOTh 3MOTY TIOE€AHYBATH Pi3HI METOIU B MeXKax €JHHOT
CHCTEMHU.

OCHOBHI PE3YJIBTATH TA BUCHOBKH

Y nawucepramiiiHii  poOOTI PO3B’sA3aHO aKTyajbHE HAYKOBO-TCXHIYHE
3aBJaHHs ieHThdiKanii MpoOIeMHHUX CUTyalild B iHTEJIEKTyalbHHX CHCTEMax Ha
0a3i OHTOIIOTIH 3 BUKOPUCTAHHIM MEXaHi3MIB JIOTIYHOTO BHBEICHHS.

VY nmporueci mpoBeeHHsT HAYKOBOTO JOCTIIKEHHS OTPHMaHO TaKi OCHOBHI
HAYKOBI Pe3yJIbTaTH:

1. TlpoaHnanizoBaHO TEPMIHOJIOTII Ta ICHYIOUI METOJAM IUITYYHOTO IHTEIEKTY
moxo imeHTHdiKamii MPOOIEMHHUX CUTYaIlill B iIHTEIEKTYaIbHIX CHCTEMaxX
MIATPUMKH ~ TPUHAHATTS  pillleHb, 3jilicHeHO ix  knacudikaiito,
0OIPYHTOBAHO MEPEBATH Ta HEIOIKH.

2. VYpockoHaneHo Mojenb cuHTe3y aaHux (JDL) nmsixom  peranmizarii
mporecy imeHTHgIKamii CHTyamii 3 BHKOPHCTAHHSIM pi3HEX (opm
MipKyBaHb Ha 0a3l MOJENi OHTOJOTIYHOrO IOJAHHS 3HaHb, IIO JAJIO
3MOTY PO3MIUPUTH (DYHKIIOHAIBEHI MOXIUBOCTI CHCTEMH MiATPHUMKH
TNPUAHATTS PilICHb.

3. Po3pobiieHo opmanbHy MO ITOJaHHS 3HaHb IPO CUTYalii Ha OCHOBI
migxomay anreOpu cucTeM, sKa Ha BiAMIHY BiJl ICHYIOUHMX A€ 3MOTY
peanizyBaTH MOJIEIIOBaHHS, iAEHTH(IKAIi0 Ta MIpKyBaTH NPO CHUTYaIil
JUTS pi3HUX (OPM MOJaHHS CUTYyalil Ta MATPUMYE pi3Hi BN MipKyBaHb.

4. 3pilicHeHO BimoOpakeHHS po3pobieHoi (opManbHOI MOAEnl y Mogxeni
JECKPUNITHBHOI JIOTIKM Ta IHTEPIPETOBAHMX CHUCTEM, IO JajJ0 3MOTY
3aCTOCOBYBaTH Ii MOJENI B MeEXaX €JIWHOI CHCTEMH MiATPUMKH
MPUAHATTA PillICHb.

5. Po3poOieno Meromu imeHTHdiKamii SK CTATUYHUX, TaK 1 JMHAMIYHUX
cuTyanii Ha 6a3i GopManbHOI MOJEINI MOJAHHS 3HAHb 3 BUKOPUCTAHHSIM
KJIFOYOBUX O3HAK, II0 Jajlo 3MOT'Y CHPOCTHTH ITPOLEC 1IeHTUdIKaLii.
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[IpoananizoBaHo mKepena MOMWIOK HA PI3HMX €Tarax MOJEN CHHTE3y
JIaHUX, 3aIIPONIOHOBAHO Ta KJIacu(piKOBAaHO METOIM TX YCYHEHHS, IO a0
3MOTy pO3pOOHMTH METOAM iAeHTHGIKaumii HEYITKUX CHUTyamid 3
BUKOPDHCTaHHSIM TiJXOJy TpaHYJISIPHOTO KOMII'IOTHHTY, HEYITKOI Ta
PO3MHUTOT JIOTIK.

Po3pobinieHo cTpyKTypHO-(QYHKIIOHAIBHY MOJENb HNPOTPAaMHOI CHCTEMH
TIATPUMKHA TPUHHATTS pilleHs Uil peanizamii imeHTHiKamii cuTyamii
ray3i TeCTyBaHHS Ha OCHOBI OHTOJIOTIYHOTO MiAXOY.

Po3pobneno mporpamMHi 3aco0m Iy aHANi3y Ta  MOICIIOBaHHS
mpoOJeMHUX CHUTyalliii Ha MpPHUKIaAi CHUCTEM WIATPUMKH TPHAHATTA
pilIeHs rarysi TecTyBaHHS.

CIIUCOK MYBJIKAIIA 3A TEMOIO JTMUCEPTAIIII

Bypor €. B. Meronu momaHHsA Ta OIpaIOBaHHSA 3HaHb Yy CHCTEMax 3i
curyamiifHor0 o6i3HaHicTio / €. B. bypos, X. I. Mukiu // BicHuk
HamionansHoro yHiBepcutery «JIpBiBchbka moriTexHikay. [Hopmariiiai
cuctemu ta Mepexi. — 2015. — Ne 832. — C. 205-216.

Bypor €. B. [ocmimkeHHS TpWYNH BHHUKHEHHS HEBH3HAYCHOCTEH Yy
cUCTeMaX 13 CHTYyallidHOI OO0I3HAHICTIO Ta aHali3 METOMIB iX
ompamroBants» / €. B. bypos, X. . Muxkiu // CxigHo-€BporneichKuii
JKYpHaJI TIepeJJOBUX TeXHoJorii. — XapkiB : Texnonoriunui 1entp2016. —
Nel (79). — C. 19-27. — Pexxum gocrymy:
http://journals.uran.ua/eejet/article/view/60828/56926.

Burov Y. Algebraic framework for knowledge processing in systems with
situational awareness / Burov Y., Mykich Kh. // Advances in Intelligent
Systems and Computing. — Vol.512. — ISSN 2194-5357. - DOI
10.1007/978-3-319-45991-2_18. — Springer International Publishing AG,
2017. — P. 217-227. — Access mode:
http://www.springer.com/us/book/9783319459905).

Burov Y. The approach of granular computing and rough sets for
identifying situations / Yevhen Burov, Khrystyna Mykich //
ECONTECHMOD. An international quarterly journal on economics in
technology, new technologies and modelling processes. — 2017. — Vol. 6,
No 2. — P. 45-50.

Bypos €. B. Po3pobneHHsI METOIiB CIPOIIEHHSI MEHEPKMEHTY 3HaHb MPO
curyamii y cucteMax i3 curyauiiiHoo oOi3HanicTio / €. B. Bypos,
X. I. Muxkiu // UItyunwuii inTenext. — 2017. — Ne 2. — C. 86-92.

Burov Y. Knowledge-based situational awareness systems / Yevhen
Burov, Khrystyna Mykich // 5th International Youth Science Forum
"Litteris et Artibus" : proceedings, Nov. 26-28, 2015, Lviv, Ukraine /
Lviv Polytechnic Nat. Univ. — Lviv : Lviv Polytechnic Publ. House,
2015. — P. 38-41.

Burov Y. Uncertainty in situational awareness systems / Yevhen Burov,
Khrystyna Mykich // Modern Problems of Radio Engineering,



http://journals.uran.ua/eejet/article/view/60828/56926
http://www.springer.com/us/book/9783319459905

18

Telecommunications and Computer Science (TCSET'2016) : proc. of the
XII Intern. conf., Febr., 23-26, 2016, Lviv-Slavske, Ukraine / Min. of
Education and Science of Ukrainiane, Lviv Polytechn. Nat. Univ. — Lviv :
Lviv Polytechnic Publ. House, 2016. — P. 729-732.

8. Burov Y. Algebraic model for knowledge representation in situational
awareness systems / Yevhen Burov, Khrystyna Mykich // Computer
Science and Information Technologies CSIT'2016 : proc. of the Xl-th
Intern. Scientific and Techn. Conf., 6-10 Sept. 2016, Lviv, Ukraine / Min.
of Education and Science of Ukraine, Lviv Polytechn. Nat. Univ. — Lviv :
Lviv Polytechnic Publ. House, 2016. — P. 165-167.

9. Bypos €. B. Onromnoriune momaHHS 3HaHB MPO CHTYalii y CHCTEMax i3
curyariitHoro o6izHaHicTio / €. B. Bypos, X. I. Mukiu // [HTenIeKTyanpHi
CHCTEMHU NPUIHATTA PIlIEHb Ta MPOOJEMU OOYUCIIOBAJIBHOTO IHTEIEKTY
ISDMCI’2017 : marepiamu XIII MixnaponHoi HaykoBoi KoHpepeHii ,
22-26 tpaBus 2017, 3anizHuii nopt, Ykpaina / XepcoH : BugaBHULTBO
[T Bumemupcerkuii B. C., 2017. — C. 187-188.

10. Muxkiu X. I. CuryarniiiHa MOJenb K CIIOCIO MPeACTaBICHHs 3HAHb PO
mpeIMeTHy O0JIaCTh y CHCTEeMax i3 CHTYaIliifHOI0 O0O0i3HaHiCTIO /
X. 1. Muxkia // Marepiamn V'  BceykpalHCBKOI  HayKOBO-TIPAKTUIHOT
KoHpepeHmii «['ymaHiTapHi, IPUPOTHIYI Ta TOYHI HAYKU K (QyHIAMEHT
CYCTILTFHOTO PO3BHUTKY», 19 — 20 Bepecus 2017, Xapkis, Ykpaina / Haykoe
nmapTHepcTBO «lleHTp HaykoBuX TexHomorii». — Xapkis : HIT «IJHT»,
2017. - C. 83-89.

AHOTAIII

Mukiu X. I. MeToaun ta 3aco0u inentudikauii npodjeMHuX cuTyauniii Ha
OCHOBI OHTOJIOTiYHOrO migxoay. — Ha mpaBax pykonucy.

Jucepraris Ha 3700YTTS HAYKOBOTO CTYICHS KaHAWAATa TEXHIYHUX HayK 3a
cnemianbicTio  01.05.03 — MaremaruuHe Ta mporpamHe 3a0e3neueHHs
0o04YHMCITIOBAJIbHUX MallMH 1 cucteM. — HarioHanbHuit yHiBepcureT «JIbBiBChbKa
mostiTexHikay, JIbeis, 2018.

Jucepraiito NPUCBSYEHO JOCITI/PKEHHIO Ta pO3po0li HOBHX MOJEINEH,
METONiB Ta 3aco0iB ineHTH(]iKaLil mpoOneMHUX cHUTyalid Ha 0a3l OHTONOTIH 3
BUKOPHUCTAHHSAM MEXaHi3MiB JIOTIYHOTO BHBEJACHHA, SKi 3aCTOCOBAaHO B
IHTEJIEKTYaIbHUX CHCTeMaXx IiTPUMKHU IIPUHHATTS pillleHb JJIS 33/1a4 TeCTyBaHHS
MPOTPaMHOTO 3a0e3MeYeHHSI.

Y poOoTi MPOBEACHO AHANITUYHUN OTJIN ICHYIOUMX METOIIB ITOJAHHS
3HaHb y CHCTeMax I3 cHuTyauiiiHoro oOi3HaHicTio. CdopmoBaHO MeTy
JUCEePTALIHHOTO JOCHI/DKEHHSI, IO MOJSATrae B PO3MIMPEHHI ()YHKIIIOHAIBHIX
MOXIIMBOCTEHl TMPOTpaMHHUX CHCTEM MIATPUMKH NPUHHATTA pIMIEHb IUIIXOM
po3poOKK MeTomiB Ta 3acobiB imeHTHdiKalii MpoOJIeMHUX CUTyalliii Ha OCHOBI
OHTOJIOTIYHOTO Tiaxoay. BimmoBimHo a0 chopmMoBaHOT METH, 3aIpPONOHOBAHO
MaTeMaTUYHUK amapat ajireOpu CHCTeM, METOAM JAECKPUITHUBHOI JIOTIKM Ta
IHTEPIPETOBAHUX CHCTEM. J[JIsl MpOeKTyBaHHS METOAIB iAeHTHDiKaIi1 MpoOIeMHUX
CUTyalliifi B yMOBaX HEBH3HAYEHOCTI BUKOPHUCTAaHO METOOM TPAHYISIPHOTO
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KOMIT'FOTUHTY, HEYITKy Ta PpO3MHUTY JIOTiKM, TEOpil0 HEYITKHX MHOXHH.
Po3pobsieH0  OHTONOTIIO Tamy3l TeCTyBaHHS MNPOTPaMHOrO  3a0e3NeyeHHS.
Po3po6nieno mporpamMHuil KOMIUIEKC JUIsi aHalli3y Ta MOJISJIIOBaHHS MPOOIEMHHX
CHUTYyallill Ha IPUKJIAAl CHCTEM MiTPUMKHU MPUNHHATTS pillieHb Taily3l TeCTyBaHHS,
SKWH BioOpakae pe3yabTaTH TEOPETUYHHX JOCIIIKCHb.

Kniouosi  cnosa:  curyaniiiHa  00i3HaHICTb, TNPOOJIEMHAa  CHTYyaIlis,
imeHTUdIKaIisA cUTyamii, (GopManrbHa MOIENb, OHTOJIOTIS, CHUCTEMa IiATPUMKH
TNPUAHATTA PillICHb.

Mbikuy K. M. Meroasl M cpeacTBa MIAEHTH(PMKALMM NPOOJEeMHBIX
CUTYalMii HA OCHOBE OHTOJIOTHYECKOro moaxoaa. — Ha mpaBax pykomucu.

Juccepramuss Ha COWCKaHWE YYCHON CTENEHHM KaHAWIATa TEXHHYECKHIX
Hayk 1o crenuansHocTn 01.05.03 — Maremariuyeckoe ¥ IpOrpaMMHOE
obecrevyeHne BRIYUCIUTENbHBIX MAIIMH U CUCTeM. — HalloHanbHBINH YHUBEPCUTET
«JIpBHBCBKA TOTUTIXHUKAY, JIbBOB, 2018.

Jluccepraius MOCBsIICHA HCCICIOBAHUIO U pa3pabOTKe HOBBIX MOJICICH,
METOJIOB U CPEICTB UACHTU(PHUKAIIMY TPOOJEMHBIX CUTYyalluii Ha 0a3e OHTOJIOTHI ¢
WCIIONIb30BaHUEM MEXaHU3MOB JIOTUYECKOTO BBIBOJIA, KOTOpPHIE IMPUMEHEHBI B
WHTEJUICKTYaJbHBIX CHCTEMaX WOINEPXKKHA TPUHATHS pEmICHHH I 3a1ad
TECTHPOBaHUS IMIPOTPAMMHOTO 00ECIICUCHUS.

B pabote mpoBeneH aHATUTHYECKHHA 0030p CYIIECTBYIOIINX METOIOB
MPEICTaBICHAS 3HAHUI B CHCTEMaxX C CHUTYAallMOHHOH OCBEIOMIIEHHOCTHIO.
ChopmupoBaHHass 1edb AHCCEPTAIIMOHHOTO WCCICIOBAHMS 3aKJIIOYACTCS B
pacmiupeHnr  (DYHKIHOHAJIBHBIX  BO3MOXKHOCTEH  MPOTPAMMHBIX  CHCTEM
MOAJEPKKA TPHUHATHS PEIIEHUH TyTeM pa3paboTKM METOJO0B U CPENCTB
UICHTU(PHUKAIIMK TPOOIEMHBIX CHUTYAI[Mil HA OCHOBE OHTOJOIMYECKOTrO MOIXOJa.
CornacHO YCTaHOBIEHHOW MM MPEAJIOKEH MaTEeMAaTHYECKUW ammapaTr anareOpbl
CHUCTEM, METOJIbI JCCKPUNTHUBHON JIOTUKA M HHTEPIPETHUPYEMBIX cuctem. s
MPOCKTUPOBAHUSI METOIOB MICHTU(HUKAIMK MTPOOJEMHBIX CHTyalluidi B YCIOBHUSX
HEOIPEJCICHHOCTH, HCIOJNB30BaHBl METOABl TPAaHYISIPHOTO KOMITBIOTHHTA,
HEUCTKYI0 W pPa3sMBITYI0 JIOTHKH, TEOPHH HEYETKHMX MHOXeECTB. Pa3paboraHa
OHTOJIOTHS 00JacTH TECTHPOBAHUS IPOTpaMMHOTO obecneueHus. Paspaboran
MPOTPAMMHBIA KOMIDICKC JUIS aHaJIH3a W MOACITHUPOBAHUS IPOOIEMHBIX CHUTYAIHHA
Ha TPUMEpPE CHUCTEM TOAJICPKKH MPHHATHS PEHICHUH 00JacTH TECTHPOBAHUS,
KOTOPBI OTpaxkaeT pe3ysibTaThl TEOPETUUECKUX UCCIIETOBAHUM.

Kniouegvle  cnoga:  cUTyallOHHAasi  OCBEJOMJIEHHOCTh, IPOOJIEeMHAS
CUTyalus, WICHTU(UKAIMS CUTyaluid, (hopMaabHasi MOJIENIb, OHTOJIOTHS, CUCTEMa
MOIIEP)KKA IPUHSTHS PEIICHUH.

Mykich Kh.l. Methods and means for identifying problematic
situations on the basis of an ontological approach. — On the rights of
manuscript.

The thesis for the degree of candidate of technical sciences, specialty
01.05.03 — Mathematical and software supply of computing machines and
systems. — Lviv Polytechnic National University, Lviv, 2018.
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The dissertation is devoted to the research and development of new models,
methods and means for identifying problem situation based on ontology using
inferential mechanism, that are used in intellectual decision support systems for
software testing.

An analytical review of existing knowledge representation methods in
systems with situational awareness was conducted in this paper. The purpose of the
dissertation research is stated, which is expanding the functionality of software
decision support systems by developing methods and means for identifying
problem situations on the basis of an ontological approach.

In the first section, the concept of situation awareness, the models of
representation and knowledge processing in systems with situational awareness are
considered. The analysis of existing knowledge representation methods using
situation awareness was carried out, which made it possible to better understand
the structure of various frameworks and the perspective of their application in the
development of similar systems.

In the second section, a formal model of presentation of knowledge was
used. The proposed algebraic approach based on the algebra of systems
corresponds to the general JDL model, has sufficient flexibility and allows using
other mathematical methods for modeling and solving problems by constructing
mutually unambiguous mappings.

In accordance with the established goal, the mathematical apparatus of
algebra of systems, and mappings to methods of descriptive logic and interpreted
systems are implemented.

In the third section, methods for identifying problem situations in decision
support systems in the field of software testing are developed. The methods of
situational knowledge processing based on the use of the rough sets theory and the
approach of granular computing are described. They make it possible to simplify
situations definition and processing. An ontological presentation of situational
knowledge is used to achieve situation awareness in complex intellectual systems,
where objects can be in multiple situations simultaneously or the situation is not
fully defined. The method based on multi-level cues definition allowing to simplify
the process of situation identification was developed.

In the fourth section is presented the software complex for analysis and
modeling of problematic situations occurring in software testing, implementing the
results of theoretical research. In the process of creating a system for identifying
situations, UML-based modelling methods, as well as OWL, SWRL, and SQWRL
languages and their implementations in Protégé modeling tool are used.

Key words: situational awareness, problematic situation, situation
identification, formal model, ontology, decision support system.
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