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apHanibin 6acnafaH LWbiragpl

AJIFbICO3

COHfbl yakbITTa aKnapaTtTblK Xylienepre KonblnaTbiH TaianTapablH, apTy-
bIHaH TybIHAAaFaH XacaH/bl VHTENNEKTKE KbI3bIFYLUbIIbIKTbIH 6cyi 6alikanagpbl.
Apam3aT VIHTepHeTTIH faMybIMeH Ca/lbICTbipyFa 60MaTblH >KaHa aknapaTTbik
PEBOJIIOLMAFA YHEMI XKbIDKNbI.

XacaHgbl  WHTeNNekT — uWHGopMaTvka 6afbiThbl, OHbIH  MakcaTbl
KoNjaHyllblFa-6arfapnaMalllbl - eMec  afjamFa Tabusu  TiNgiH - WekTeyni
XVbIHTbIFbIHAA SEM-MeH KapbIM-KaTblHAC >kacail OTbIpbIN, A3CTYPAi Typae
WHTeNNeKTyanabl MIHOETTEPAl KOKFa >KoHe Llelyre MYMKIHAIK 6epeTiH
annapatTblK-6aFapnamanblk Kypangapabl a3ipaey 60/bin Tabblnagbl.

YKacaHfbl UHTENNEKT TapyXbl XXaHa FbibIMU GaFbIT peTiHae XX FacbipiblH
opTacblHfa 6acTanagbl. Ocbl yakbiTKa feliH OHbLY, naiiga 60nybIHbIH KenTereH
aNiFbIapTTapbl  Ka/lbiNTacTbl:  hunocoTapiblH, apacbiHia ajam Tabufartbl
MeH anemgi TaHy npoueci Typasbl gaynap 6ypblHHaH XXypai, Helipogmauno-
NnorTap MeH MCUXONOrTap afaMm Mwbl MeH OinayfdblH, >KYMbICbIHA KaTbICTbl
6ipkaTap Teopwvsiapabl 93ipfiedi, SKOHOMUCTEP MeH MaTemMaTUKTep OHTalifbl
ecenTep >kaHe hopmManbibl TypAe 3nem Typaibl 6iniM 6epy MacenenepiH
KOWifbl; akblpblHAA ecenTeynepaiH, MareMaTuKablK TEOPUSAChIHbIH, — anropuT-
MAep TeOopUACbIHbIH ipretachl nmaiga 60n4bl >koHe afiFallkbl KOMMbIOTepep
KypbUIAbI.

Ocbl KypanablH MakcaTbl >XacaHibl WHTENNEKTTe KO/AaHbLIaTbiH HErisri
baFblTTap MeH agicTepai 6asHAay, COHAan-ak onapAbl agam KbI3METIHIH Typai
canafiapblHAa naiiganaHy MyMKIHAITIH aHblKTay 60/bin Tabbinagbl. Byn oky
Kypanbl antbl GefliMHeH Typafbl. BipiHWI Ke3eH4e acaHibl WHTENNEKTKE
KbICKalla Kipicne KenTipifiegi, OHbIH FbiNbiMWA GaFbiT PeTiHAEe Aamy TapuXbl
KapacTblpbliafbl, >XacaHAbl WHTENNeKTTiH Herisri cananapbl KopceTinesi,
XacaHfbl WHTENNEKT canacblHAaFbl 3epTTeynepaid Tapuxbl MeH  Herisri
GaFbITTapbl KapacTbipbliagpl.

EkiHwi 6enim [Mponor TiniHAe OGaffapnamanay HerisfepiHe apHanfFaH,
MyHZa MponorTblH AeKNapaTuBTI Tin peTiHge cunatTaysl, Mponor TiniHAeri
6affapnamanapbly, KypblibIMbl MeH Herisri afeMeHTTepiHiH cunatTanysbl,
npesukaTt yrbiMbl 6epinesi, MNponornsgarsl pekypcus MeH kecy akTinep MeH
epexkenep KapacTblpbligbl.



YWiHwWwi Tapayda bIKTUMangblk naibiMgaynap Kapactbipbligbl, aHblK emec
NOrVKa TeopuWsCbIHBbIY, Herisaepi 6epineni, Baitecos »eninepi, MoHTM Xonn
napajokc cunartTasiFaH.

TepTiHWI Tapayga HeMpoHAblK >keni YFbiMbl  OepinreH, HepoHAbIK
Xeninepai Kypy NpuHUMMI cunatTa/iFaH, HeWpOHABIK JXeninepai naiganaHy
epeKLUENIKTEPI  KapacTbIpbl/iFaH, TaHy €CenTepiHAe HeNMpOoHAbIK Keninep
cunaTTa/iFaH, COHfJai-aK HeMpOHAbIK JKeninepai xobanay, OKbITY KaHe
Geliimaey.

BeciHwi Tapayga capantaManiblK OKyienepgi a3ipneyadiH TeopusiblK
XBHE MpaKTUKanblK Macefnenepi KapacTblpbliadbl, airopuTMAiK MOAenbaep,
6iniMai yCbIHYAbIH OTUKaNbIK MOAE/bAEPI, YNrinepMeH GackapbliaTbiH 6HIM
MoZenbaepi MeH Mogy/bfep CHNaTTanfFaH. ATbiHLWbLI Tapay CeMaHTUKablK
Xesinepre apHaIFaH.

Kapangbl TunTepi CemMaHTWKanbIK >Keninep, ManiMeTTep KOPblH Kypy,
cunarTanFaH (akTinep MeH epexenep CeMaHTMKASbIK XKeninep, KypacTbipy
Macenenepi CeMaHTUKaNbIK dXeninep, TYCIHIK 6epinreH cemMaHTUKa/blK TOp
Kapangbl KaFugaTTapbl MeH aFbIMAarbl XKaFaaibl CEMaHTUKa/bIK TOp.

OKy Kypa/iblHAa KOMTereH Mbicasiiap MeH XaTtTblFynap kamTbiiFaH. Mare-
puangbl OKyfa biHFalibl 60y YLLIH F10CCAPUIA YCbIHbLIFaH.

AsTtopnap KocTaHali MeMIEKETTIK MefarormkanblK YHUBEPCUTETIHIH, aFa
OKbITyLLbICbI ANTKeHOBa AAH AnTaeBafa OKY/IbIKTbIH MaTiHIH Kasak TiniHe
ayjapy KesiHe KepCeTKeH KeMeKTepi YLiH anfbic 6ingipesi.

AnT6eHoBa AsiH AsinkieBHara
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Kipicre

WrHacu Benpa e3iHiH, «AKbIf-0i, MalMHanap »eHe MaTemaTuka» [ereH
KYMbICbIHAA 6blnail gen >kasgbl: «XXKacaHgbl WHTennekt (PKW) 6Gipte-6ipTe
6i3giH emipimisre eHai. AJaM CUAKTbI KPeaTUBTIfMIK, Ce3iM KoHe 3MOLMASbIK
WHTENNEKT feHreliiHe ve MallvMHanap nainga 6onfFaH KyHi epTe Me, Kew ne
KeTegi. byn KyHi 6i3 Xa/1Fbl3 eMeC eKeHIH TYCIHEMI3».

Bi3fiH 3aMaHbIMbI3fbIH €H KOPHEKTI 6enrinepiHin, 6ipi — afam KbI3METiHiH
6apsbIK cananapbiHa eHreH KoMmnbroTepsep. KoMmnbroTepnepaid aMip cypyiHiH
6ap/blK  KeseHiHAe onapAblH,  OHIMAINIrIHIH, - TypakTbl ecyi TinTi  yAnbl
KYPbUTFbINAPAbIH,  3UATKEPAIK  (YHKUMANApbIH >Ky3ere acblpyFa MYMKIHAIK
6epai. ¥sAnbl TeneOHHbIA Kamepacbl KOpIHICTi TaHbIM, (DOKYC MeH 3KCMo3w-
LMsHbI CalikeCiHLe peTTelTiHiHe 6i3 GypbliHHaH YyiipeHin kanablk. KenTereH
Kenik  >Kyprisywinepi  KentenictepieH aynak 60/yfFa  KeMeKTeceTiH
HaBMrauMANbIK XXYeci3 Kana iWiHae Ko3fFanyapl enecteTe anvaiigbl. Erep 20-
25 XbIn O6YypbiH VIHTepHeT akmapaTTbiK KeHIiCTIKTi >kaynan ana 6actaraHpa,
KaKETTI pecypcTapFa KON >XeTKidy ywiH ci3 URL MeKeH-XaiblH >kaHe TinTi
MHTepHeT-pecypcTapFa («capbl 6eTTep») XapusinaHFaH HyCKayNblKTapabl 6inin
aNnyblHpbI3 Kepek 60/ca, eHfi i3aey XyieciHae pasaHbl Tepy XETKIMIKTI 01 Tek
TWICTI pecypcTapfFa cintemenep Ti3iMiH faHa eMec, COHbIMEH KaTap Keibip
XaFfainapaa Kon4aHyLlbiHbl  KbI3bIKTbIPaTbIH  CypakTapfa >kayan 6epegi.
OcblHbIH, 6ap/blFbl 3VATKEPAIK XYAenepaiH Mbicaigapsl.

Kasipri yakblTTa >acaHfbl WHTeNNeKT OoMblHWA 3epTTeysepae antbl
Herisri 6afbIT 60niHreH [1]:

1. Binimgi ycbiHy. Ocbl 6GaFbIT weHbepiHae XX KyiieciHiH, XagblHAa
6inim Gepy xsHe (hopmanun3aumamMeH GaiinaHbICTbl MiHAETTep wWewwinegi. On
YWIiH GiniMAi YCbIHYAbIH apHaiibl yAarinepi MeH 6inimgi cunatTay Tingepi
asipneHeni, GiniMHIH Typni Typnepi eHrisinegi. binim 6epy maceneci XU
XKYeci yIWiH Herisri npobnemanapablH 6ipi 60nbIN Tabbliagbl, 6ATKEHI MyHAai
XKYMEHIH, XXYMbIC iCTeYyi OHbIH >KafblHAa CakTanaTblH NpobnemManblk cana
Typasbl Ginivre cyiieHei.

2. binimgi maHunynaumanay. TancebipMmaHbl Lewy KesiHge 6Ginimgi
KongaHyfa 6onatbiHAai, XKW >xyieciH yiApeTy >sHe On1apMeH >XYMbIC icTey
Kepek. Ocbl 6afbIT LWeH6epiHae 6iniMAi TOMbIK eMec cunaTTamanap HerisiHge
TOMbIKTLIPY Tacingepi a3ipneHedi, Konaa 6ap GifiMHIH HerisiHAe WhbIHalbl XaHe
LIbIHABIKKA YKCAC KOPbITbIHALI acay aficTepi >kacanagbl, 6ifiMre cyiieHeTiH
XoHe afamu nMalibiMaaynapfblH, epekllenikTepiH UMUTauusNaiTbiH - NaibiM-
faynap Mogenbfepi ycbiHblnagbl. binimai maHunynaumanay 6inim 6epymeH
TbIFbI3 GaliNaHbICThI XaHe Oy eKi 6aFbITTbl TEK LWApTTbl TypAe 6enyre 6onagpl.

3. Kapbiv-katbiHac. byn GafbiTTaFbl MiHAETTEp LUeHGepiHe MblHaAp
Kipegi: TabuFu Tingeri GainaHbICTbl MSTIHAEPAI TYCIHY )X8He CUHTe3gey
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Maceneci, ceiineyfi TyCiHy >kaHe cuHTe3dey, ajam MeH XKW kyiiec
apacblHAaFbl KOMMYHUKaUWA MOAeNbAepiHiH Teopuschbl. 3epTrey HerisiHge 6yn
6aFbITTa JIMHIBUCTUKANBIK NPOLLECTEPAI, Cypak-xayan >XyinenepiH, 4Manortblik
Xyienepai xsHe XXM 6acka ga KyienepiH Kypy agicTepi Kaibintacagbl,
onapAblH, MakcaThbl afamHblH, XKW xylieciveH KapbiM-KaTblHaChl YLUiH Konainbl
argainapabl kKaMTamachIi3 eTy 60/bin Tabblnagbl.

4. Kabbingay. byn 6GafbiT 6iniM 6a3acbiHAa Kepy KepiHicTepi Typasbl
aknapatTbl YCbIHY 3AiCTepiH a3ipfeyadi, Kepy KepiHicTepiHeH onaphbiH,
MSTIHAIK cunaTramacblHa KeLly sAicTepiH >KoHe Kepi eTy afiCTepiH >xacayjbl,
XKW xyiienepiHperi iLLKi KOpPIHICTep HerisiHae Kepy KepiHiCTepiH TyAblpy YLUiH
Kypangap acayfpbl KaMTuapl.

5. OkbITy. X >yiienepiHiH, OypblH Ke3gecrereH MiHAETTep4i LeLuyre
KabineTTiNIriH AambITy YWiH npobneMasnblk >kaFfaigbl cunatTay O0MbIHLIA
Hemece OHbl 6akplnay 6OMbIHLLIA ecenTep LIAPTTapblH Ka/bINTacTbipy 8AiCTepi,
Xeke ecentepai (Mbicangapipl) 6enrini wWewlyfeH annbl MiHAETTI LWweLyre
KeLly agicTepi, 6acTankpl ecenTiH AeKOMMO3ULMUACBIHbIH, HEFYP/bIM YCaK XaHe
XKW xyirenepi ywiH 6enrini sapicTepiH xacay a3ipneHegi. byn 6arbitta XX ani
[ie a3 xacanfaH.

6. MiHes-kynkpl. XX xyiienepi Keinbip kopllaraH opTafga SpeKeT eTyi
Tnic 6onFaHAbIKTaH, OnapFa KopliaFaH opTameH, e3re ge XX xyienepimeH
XoHe afamfapmeH 6Gapabap e3apa iC-KUMbIN >kacayfa MYMKiHAiK 6epeTiH
Kelibip MiHe3-Ky/blK paciMaepiH a3ipney kakeT. byn 6afbiT XXW-ge eTe Hawap
33ipNeHreHx.

Ic  xy3iHge JKW  MyMKIHAIKTEPIHIH CNEKTpi  LUeKCi3:  FapbIUThIK
3epTTeynep, ackepy ic, pobBOTOTEXHMKA, 6HepKacin, aybin Luapyallbliblfbl,
Kenik, MeguumHa, 6ifim >xaHe T.6.

Mblicanbl, Kasipri 3aMaHfbl >KaCaHAbl WHTEINEKT IKyienepi apTyphi
aknapar aHe KypblIFbliap AaTUMKTEPiHiH efayip Ken caHblHbIH apKacbiHaa
poboTOTEXHUKANBIK KYPbIIFbLIapAbl TUiMAT 6ackapyFa KabineTTi.

PoboTTap — 6yn ajam eHOGeriH aBTOMaTTaHAbIpyFa apHalfFaH 3/eKTpo-
TEXHUKa/IbIK KYPbIIFbIIap.

XKW apicTepi  akcTpemangbl >kaFfainapga KyMbIC  iCTEATIH po6oT
TEXHUKA/bIK KelleHAep YLUIH anroputmiep MeH annapaTTblk LelliMaepai
XacayFa MYMKiHGIK Gepegi. Byn  KewleHAepaiH aipbiKia —epekLeniri
HEMPOHABIK XXeninep MeH aHbIK IOTMKa HerisiHge Tayesci3 3usTKepik backapy
XyWieci, aKcTpemanipl XafaaitFa 6aiinaHbiCTbl TONOrPaduAbIK XaHe annapar-
TblK Geiiimgeny MyMKiHAIN 6ap PoOBOTOTEXHMKaNbIK >KylieHi 6ackapygblH
3VATKEPAIK XYIeCiH Kypy 6onaabl. XKW agicTepiH KongaHyAblH NpakTUKaibik
HOTWKECIHIH MbICafbl TYPMbICTbIK >K8HE 6OHEpKaCIiNTiK MakcaTTaFbl ViA-
Xalinapfa >kymbic icTeyre apHanfaH, 6eiHe6akblnayfaH —paguauussblk
bakblnayFa [feWiHri  Kipy >KyienepiHiH KeH crekTpi 6ap >XaHe OcCbl Yid-
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XalinapfAblH, Kayincisgirii kamramacbl3 eTyre apHaifaH poboTTbl Kypy 60/bin
Tabblnagbl. PO6GOTTbI MHTENNEKTyanabl 6ackapy >yieci aBToMaTTbl Typae Yit-
Xalinapfbl >kocnapnayfa GeiiMmaenefi, KOpFaiaTblH Vid-XKaligblH kocnap-
NaHyblH eckepe OTbIpbIn, POBOTTbIH KO3fa/lbiCbiH aBTOMAaTThl  6ackapygpl
KamTamacbl3 eTefi, OHMaliH MOHWTOPWHIM  KamTaMacbi3 eTe  OTbIpbiM,
[lepeKTepai 3VATKePNiK eHAeyai >Kyprisefi XoHe 6ackapy LUeWiMiH, COHbIH
iiniHge TeTeHWe )>kardainapfa TeNeKOMMYHUKaUMAbIK Kyiie 6olibiHWA
xabapnamanapgbl 6epyai gepbec kabbinganiabl.

XW canacblHAaFbl COHFbl >KETICTIKTepAi Keneci KOMMepUUsnbIK >o6a-
napMmeH ycblHyFa 6onagbl [2]:

- NASA-fa asipneHreH Remote Agent 6aFfapnamacbl Xep MaHplHAafbl
opbuTagaH anbiC KaLbIKTbIKTaFbl Fapbilll arnnapaTTapbiHbIH XXYMbICbIH KeLleHAi
6ackapy YLWiH, OHbIH iWiHAe OnapfblH nNaiga 6onybliHa Kapaii akaynapgbl
AuarHoCTVKanay XaHe XOH0 YLUiH naiganaHbinagbl.

- [narHoctuka. MeguumHanblK AMarHOCTMKabIK Gardapnavanap Megu-
LMHaHbIH 6ipHeLUe canacbiHaa ToXipnbeni gapirep AeHreliHe XeTTi.

- JKabgbiktay xocnapnay. 1991 binbl AKLL apmwusceiHga [Mapcb
LUblFaHaFbIHAAFbI faFdapbic KesiHge Dart (Dynamic Analysis and Re-planning)
Xyiieci epicTeTingi. Byn >kyieHiH asipneywinepi 6yn 6ip KongaHy >kacaHmbl
MHTeNNeKTKe onapabiH 30 XXbINAbIK MHBECTULMANAPBIH aKTadbl Aen ManiMaesi.

XKW canacblHAaFbl COHFbl OHXbINAbIKTAFbl 3aMaHayyn XETICTIKTep Keneci
a3ipieMenepMeH YCbIHbINAbI:

1. IBM KomnaHuscbiHbiH, Deep Blue 6Garpapnamachl LiaxmaT MatybliHAa
3NemM YeMMUoHbl KacnapoBThl XEeHiN anfaH anFawkbl 6aFgapnama 6onapl.

2. Alvinn KOMNbIOTEPAIK KOPY JKYMeCi KO3Fa/bIC >KOMafblH yCTaHa
OTbIPbIN, KemiK >Xypriyre yipeTingi. 2850 munb 6oibl xyiie 98% yakbIT
iWwiHge aBToMO6UNbAI 6ackapyabl kKamTamachI3 eTTi.

3. KbiTaiiga >kacaHfbl WHTENNEKT TaHbIMan >Kyprisywi 6ongsl.. On
XaHabIKTapAbl afFblIWbIH - TifiHAe OoKuabl >kaHe «CHHbXya» aKnapaTTblk,
areHTTIiriHiH, KbI3MeTkepi YWkaH Yxao — HakTbl ajam peTiHZe KepiHeai.
CyMynauusHbl - TONbIFbIMEH  KOMMbIOTEPAE  KYPacTbipdbl:  AUKTOpPNapAblH,
MaTIHAEpPiH, MUMWKaHbl >X3HE HaKTbl afamfapfblH epiHAepiHiH, KO3FaibiCblH
6ipikTipgi. bargapnamara HakTbl ajam 6ap OGeilHenepgi >Xykteigi, an XU
MalLVHa/IbIK OKbITY KOMeriMeH OHbl 0fjaH api aupae OMHATy YLUiH 63 GeTiHLe
KUMbINAAPAbI, 8HriMe MaHepiH XxaHe 6acka fa ManivMeTTepai Tanganiabl.

4. ContycTik KaponvHa YHVBEpCUTETI KaHblHAAFbl apmaLeBTUKa
MeKTebiHAe FanbiMaap eki HeipoxkeninepgeH XN kypabl. Monekynanapgbiy
KYpbINbIMbl MEH KacueTTepi Typanbl fepekTepai, CoHAa-ak KaxeTTi acepgi 6ip
XKyKTeigi. EKiHWI HeMpoHAbIK >xeni GipiHWiCciHeH yiipeHedi: 6yn aepekTepai
nrepesi >xeHe MYMKIH Wewimgepai TaHgaingbl.. Kasip XKW 1,7 MunamMoHHaH
acTaM MOJEKy/laMeH >XyMbIC icTeiigi. Byn >xaHa [Oopi-gopMeKTepai a3ipney
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MPOLECiH aiTap/biKTai >keaengetyre KemekTecedi, an TabbICTbl HaTWdKenep,
MbICa/bl, XaHa aHTMOMOTUKTEp Xacay YLUiH Heri3 60/1a anagpl.

5. Leirbic  Asusgarbl  Microsoft  Application and  Services Group
capanubliapbl 3MOUMSHbI «Ce3iHIM» >XaHe ajamfapMeH «Afamiia» ceiinece
anaTblH acaHfibl 6affapnama >xacagbl. Xiaoice atTel XKW 17 xacap Kpi3
CUAKTbI CcypakTapfa ayan Gepesi. Erep on TakblpbinTbl 6ifiMece, 0N 3kenyi
MYMKiH. Erep OHbl 6TipiKKe Liakblpca, 0nap allynaHafbl Hemece ysanafpl.
Xiaoice capkacTuKasnblK, LWIPIK >XaHe LWblAaMcbi3 601ybl MYMKIH - 6y
KacueTTep 6i3re 6enrini. Xiaoice KyTnereH afjaMMeH KapbIM-KaTblHAC Xacayfa
eTe yKcac etegi. MyHzal XKW AUKOBUHKaFa fefliH >xaHe KbITalifbIKTap OHbIMEH
KOHiN KeTeprici KenreH Kkesfge Hemece CKy4yHO Kesde ceiinecepi. bipak OHbl
Xacaywbl Xiaoice »akcapTy 60libIHLWa XyMbic icTeigi. Kim 6inefi, MyMKiH
Xiaoice SkynefriH axeci 6onagpb!.

6. Mackey MeMNeKeTTiK YHUBEPCUTETIHIH fanbimgap Tobbl HautAl OU
TEXHONOIWANbIK CcTapTanbiMeH OGipre photoageclock >xacaHabl WHTENNEKTIH
Xacafbl, 0N afamMHbIH KO3 anfblHAa XPOHONOTUA/BIK XACbIH aHbIKTal anagbl.
Ke3 aliHanacblHfarbl Apeasl emip canTbiHbIH HemMece 6acka ga hakTopfiapiblH,
acepiHe a3 acep eTefji X8He XacbIMeH Tabufy XONMeH e3repefi, COHAbIKTaH
FanbiMgap KoMaHgacbl -rCheat ywiH ocbl aiiMakTbl TaHgagbl. HeinpoHabIK Xxeni
Ke3 aiHanacbiHgaFbl 8 500 oTOCypeTTi 3epTTefi >KeHe >Kachl €Ki >KbliFa
LeiHri AaNAiKNeH aHbIKTayabl YiApeHai.

Erep XX facblp KOMMYHMKaUMSA KypangapbiHbIH JaMYbIMEH YX3HE ecenTey
TEXHOMOrMANaPbIH TaHbIMan eTyMeH epekileneHce, XXI| facblp >kacaHipl
VHTENNEKT MeH POBO0T TEXHMKACbIH AaMbITYAbIH XY3 XXblAblFblHA ailHanagbl.
XacaHabl VMHTENNEKT eH y3AiK 3aHrepnepdid, OyKin KomaHgacblH asMacTbipa
anagbl, aNeMAiK YemnuoHZapfa LiaxMaTTbl >KEHedi, caHay/lbl MuHyTTapfa
beiiHemaTepvangapablH TepabainTTapblH TepeH TCheaumbl Xyprisegi >aHe TinTi
OfaH Ja XeTiNAIpiNreH acaHAbl UHTENNEKT acayfbl 63 GeTiHwe yipeHedi.
Po60T TexHuKacbl MeH afam-OpHbIH afMacTbipyfa KeneTiH 60ncak, 6aHK
MeKeMenepi  Kaccupnepfi TepMuHangapMmeH  aybICTbipa OTbIpbin, 6asfbiga
Xannav KbicKapTafbl, a XakblH apafa cyrnepmapKkeTTepaeri 3KCKYpCOBOATap,
6apmeHzep, fasLlbinap, XMUHayLLblap MeH Kaccupnepai aybiCTbipy KyTinyze.

KopbITbiHAbINaA Kene, XKW canacbl KapkblHAbl LaMbIn Kefe >KaTKaHbiH
atan eTKeH >eH. AnfafFbl XXblgapbl TECTITIK PEXMMAE XYMbIC ICTENTIH
)o06anap icke KOCblMybl MYMKIH: YLIKBILICBI3 TaKCK, CyacTbl KailbiKTap Hemece
6ackapblnaTblH XKW KOWfbILLTAp Hemece 3yexxainapga TeKCepy >KypriseTiH
BUPTYa/1dbl LeKapaLlbliap.
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1-tapay. XACAHObl MHTEJIJIEKTKE KIPICIE
1.1. >KacaHAbl NHTENNEKT YrbIMbl

Xacangpl nHTennekt (KW) - 6yn MHOpMAaTUKaHbIH XaHa 6afbITbl, OHbI
3epTTey MaHi anfblH ana 6enrini 3aHfapra GaFbiHLIWTLI afaMHbIH, Ke3 KeJireH
3UATKEPNIK KbI3METI 6o/bin  Tabbinagel. Byn 6afbiTThl «MH(OPMaTUKaHbIH
VAKEH VAbl» Aen aTaingbl, 6ATKEeHI 0N LUeLInereH KenTereH MiHAETTep XacaHabl
WHTENNeKT ascbiHAa 63 LewimiH 6ipTe-6ipTe Tabadbl. WH(opmaTuKa MaHi
aknapaTTbl eHAey 60nbin TabbinatbiHbl Genrini. OcCbl 6HAEYAeH ablHfaH
KapanaiibiM >aHe [an anropuUTMAIK 84ICTePAIH KOMEeriMeH OpbIHAATYbI MYMKiH
EMEC XKaHe Y/IKEH XWbIH 6ap >xaFaainnap (MmiHaeTTep) XX aiimarbiHa XaTtagpl.

XW agam oiinay npoueci Typanbl 6ifniMre cylieHegi. byn peTTe agam
MWbIHbIH Kanaii XKyMbIC iCTeTIiHI Genrini emec, anaiga XXW anemeHTTepi 6ap
TUIMAI XKYMbIC ICTENTIH GaFfapnamanapabl 93ipaey YWiH OyriHri KyHi FbinbiM
6ap agam WHTeNNeKTiHIH epeKwenikTepi Typanbl 6iniMaepi KeTKIiKTi.
CoHbIMeH KkaTap, XXM afam MUbIHbIH XXYMbICbIH 91 Kelipyre TbipbiCnaigbl, an
ecenTey TeXHWMKACbl KypaiAapbiHblH KOMeriMeH OHblH,  (PYHKUMANAPbIH
Mofenbeyre Toipblcafbl.

O3iHiH TyFaH caTiHeH 6actan XX aknapaTTapmeH >aHe KnMbepHeTUKaMeH,
KOTHUTUBTI fblbIMAAPMEH, NIOTMKA MeH MaTemMaTMKaMeH, IMHIBUCTMKA MeH
MCUXOMOTUAMEH, OMONOTMAMEH XBHE MeuLMHAMEH ©3apa peKeTTeceTiH
naHapasiblK 6afbIT peTiHae Aamuabl (1.1-cyper).

MHhopMaTuka >KeHe kubepHeTwka. KenTereH capaniubinap >acaHgbl
WHTENNEKTKE  MH(opMaTMKa MeH KubepHeTwkagaH kengi. CoHpali-ak,
KOMMbLIOTEPNIK Fbi/IbIMAAFbl  A3CTYPAI  94ICTEPMEH  LUELLIIMEATIH  KenTereH
KOM6VHATOP/bIK Macenenep >acaHabl WHTennekTke kewTi. COHbIMEH KaTap,
XXWN-neH anbiHFaH HaTwkenep OaFfapnamablk dkacakTamaHbl Xacay KesiHge
anbiHagbl XxeHe Computer Science (MH(opMaTUKa) 6eniriHe aliHanagpl.

KorHuTweTi BbinbiMaap. KOrHWTMBTI fFbinbiMgap - 6yn 6inim Typabl
FbINbIM. XKacaHabl WHTENNeKT GiniMMeH Ae aiiHanbicafbl. bipak KOFHUTUBTI
FbIMbIMAAP TEK KaHa akmapaTTblk daHe Hepobuonoruanblk Tacingepai faHa
eMec, COHbIMEH KaTap 6inimai KonaaHyblH 8N1eyMETTIiK XKoHE NCUXONMHIBUCTIK
acrnekTifiepiH KapacTbipajpbl.

Jlorvka >k3He MaTemaTuka. Jloruka 6inim GepygiH 6apnbik Genrini
thopMann3MAepiHiH, CcoHfaii-ak Lisp »aHe Prolg cuskTbl 6afFgapnamanay
TiffepiHiH HerisiHae >katblp. XacaHAbl WHTENNeKTiH ecenTepiH Lewly VLUiH
OMCKPeTTI MaTeMaTuka, OliblHA4ap TeOpWAChl, ornepauusiap TeOpUAChl agicTepi
KongaHblnadbl. ©3 KeseriHge, >kacaHfbl WHTENEKT Teopemanapdbl ganengey
YWiH, MaTeMaTUKaHblH 8pTYpPNi cananapbliHarbl ecenTepAi Liewy VLiH
KONAaHblagbl: reOMeTpus, UHTerpanabl ecenteynep.
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Mcuxonorms >KaHe MMHrBUCTMKA. COHFbl yakbiTTa XX MaMaHaapbl OHbI
MofenbAey MakcaTbiHAa afamaapablH  MIHE3-KY/IKbIHbIH  MCUX0MOrMsbIK
acrnekTinepiHe KbI3bIFYLIbIIbIK TAHbITTI.

Mcuxonorus KyHAbl GaFanay MOAENiH Kypyfa, CyObEeKTUBTI LUewimaep
KabblngayFa KemekTecefi. KapbiM-KaTblHAC MCMXONOTUACH!  KbI3bIFYLUbIbIK
TaHbITafbl «afam-KOMMbHTEP», MCUXOMUHIBUCTAKA. KOMMLIOTEPAIK SIMHIBUC-
TUKa - Oyn 6ip >aFblHaH TabUFK >XaHe KacaHabl TiNgepai eHAeyhiH MateMa-
TUKa/bIK SAICTEPIHE >kdHe eKiHWI XafblHaH TingiH (PeHOMeHONormschIHa
HerisgenreH XXW-TiH 6eniri.

VHhopmaTyKa >KaHe KnbepHeTHKa

KOMGMHATOP/IbIK Macenenep KablTamachI3 eTysi Kypy
rexHO/OrMsiChbI
McmxonoruskaHe Tin Gininri TAHBIMABIK iblNbIMaap
Cy6beKTUBTI LUeLwiM Binim

Kabblnaayasbl KyH/bl
nikipnepgiH Mogenbaepi

« bBinim 6epy popmanusagepi BuonorusxeHe
o [IHCKperTik MaTemaTiika TeopemaHbl janeney, meapipnia
8AIcTepl,  OMbIH  TEOPUACHI, reomeTpus ecentepim

onepaHusinapaiH Teopusnapbl WeLLly, UMTerpangblK ecentey

Jlorvka ><oHe maTemaTunka

/. 1-cypeT. XKW-giy 6acka neHaepMeH bainnaHbichl

Bronorus xasHe MeauUMHa MUIBIH, Kepy XXYIECiHIH, eCTy XYECIHIH XaHe
backa fJa TabwFu [aTUMKTEPAIH >KYMbICbIH >KaKCbl OKblIM, TYCIHYre J>oHe
onapablH XXYMbICbIH MOAENMbAEY CanacbiHAa XaHa cepriH 6epyre MyMKIiHAIK
Gepepi.

BYriHri KyHi, )xacaHabl UHTENIEKTTiH GipbIHFail aHbIKTaMachkl XOK, TabuFu
WHTENNEKTTIH Ae GipblHFali aHbIKTamMachl »OK.

Ocbl fbifbIMK canafiaFbl KeNTereH Kes3kapacTapAblH illiHAe Kasip yieyi
6acbim [3].

1. XKW canacbiHgafbl 3epTTeynep ipreni 3eptTeynep 6onbin Tabbinagbl,
OHbIH LUeHbepiHAe A3CTYpAi TYpAe WHTENNeKTyanabl 00/bIN CaHaFaH YXaHe
6ypbIH hopmann3aumsa MeH aBTOMaTTaHAbIpYFa KeNIMETIH ecenTepai LWeLlyain
MoZenblepi MeH aficTepi asipneHesi.
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2. XW-6yn SEM-ge ecenTepgi LelyfiH XaHa naesnapbiMeH, 6afnapna-
MasiaydblH, MPUHUMNTI 6acka TeXHONOIMACLIH 83ipneyMeH, SEM apxuTekTy-
pacbiHa KeLlyMeH, KNacCUKasblK apXMTeKTypamn KabblngamaiTbiH, O afFall-
Kbl SEM-re geiiiH epneymMeH 6aiinaHbICTbl MHDOPMATUKaHbIH XaHa 6afbITbl.

3. XKW canacblHfafFbl XYMbICTApAblH HOTWKECIHAE ecenTepfi LUeLleTiH
KenTereH KongaHb6anbl Xyienep naiiga 6onagpl, onap ywiH OypbiH Kypbl/iFaH
Xylienep xapamcbi3.

BipiHwi Tacingi 6GeliHeney YLWiH KalbKynsaTOPMEH MbiCa/l  KenTipyre
6onagpl. Facblp 6acbiHAa Ken MaHAI caHZapMeH apuMeTMKasblK ecenteynep
a3 [apblHAbl TynFanapiplH eH6eri MeH akbiiga MyHJal apuimMeTuKabik
apeKeTTepAi Kacay KabineTi TaburaTTblH Gipereil cbliibl GOMbIN CaHanbIM,
FbIbIMU  3epTTeynepaiH  00bekTici  60/bIn  Tabbingbl.  Kasipri - yakbITTa
KanbKynaTopblH, eHepTabbichbl 6y KaBiNeTTi TiNTi YLWiHLWI CbIHbIN OKYLUbICHI
Kon >xeTimgi etTi. XKW-ge Gipgeii: on 6ypblH KanbiNTacnaiTbiH MiHAETTEPAI
LeLle OTbIPbIM, 3aMHbIH 3MATKEPAIK MYMKIHAIKTEPIH KyLueiTeai.

EkiHWi Tacingi  KepHekiney ywWwiH 6eciHWi 6ybiH 3EM  Kypy
Ta/NbIHbICLIMEH TAPUXTbl KapacTbipyFa 60nagpl. XKanoHws 80-Lui >XblfgapablH,
.opTacbiHga 6GeciHWi 6ybiHAbI JEM Kypy 6oilibiHWA epuwin ob6aHbIH
6acTasiFaHbl Typanbl xapuanafpl. XKoba HeriziHge MPOJIOI TiniH annapaTTbiK
iCKe acblpy wngedcbl KombliFaH. [JereHMeH, >koba caTci3 askTangbl, 6Gipak
6arpapnamanay Tini petiHge MPOJIOI TiniHiH gaMybl MeH TapaiyblHa KyLUTi
acep eTTi. CaTci3gikTiH cebebi 6ip Tin (keTKiNikTi ambedan 60nCbIH) Gapsblk
TancblpManap YLWiH >Kanfbl3 Wewimai kamMmTamacblis eTe anafbl. Texipube
KepceTKeHAel, Gap/blk ecenTephi Wewy ywiH 6aFgapnamanaygbiH, ambeban
napagurvanapbl oinan Tannafgbl XKeHe 0N nainga 6onybl ekiTanain. byn apbip
MIHAET - MYKUWAT 3epTTeYi XXaHe apHaiibl Tacingi Tanan eTeTiH N3HAIK CanaHbIH
Geniri. OEM xaHa apxXWUTEKTypacblH Kypy 3peKeTTepi napannefbii XaHe
TapaTbiFaH ecenTeynepMeH, HeipOKOMMbIOTEPSIEPMEH, bIKTUMa/ >XaHe aHbIK
e.Mec npoleccopniapMeH 6alinaHbICTbI.

Capantama >kyienepiH Kypy canacblHAafbl >KymbicTapapl XKW-Teri
VLWiHLWI, HEeFypnibiM MparmMaTvkanblk 6GaFbliTKa aTkbidyFa 6Gonagpl. Capan-
TaManbIK Xyiienep — 6yn apHaiibl 6inimai KongaHyabl Tanan eTeTiH 3UATKEPiK
KbI3METTIH, Tap canajapbliHia afam-MaMaHbl anMacTblpaTbiH 6Gaffapnamanbik
KeweHaep. MeguumHa canacbiHgarbl CX-gi kypy (MYCIN Typi) 6inimai eH
anbic aydaHgapra TapaTyFa MyMKiHAIK 6epegi. Ocbinaila, TenekoMmy-
HUKaUMANbIK KOMKETIMAINIKNEH Ke3 KenreH ayblUiAblK fapirep Tap Macene
GolblHILIA MamaHMeH KapblM-KaTblHACTbl aybICTbIPaTbiH XyWiedeH KeHec ana
anafpl.

KCPO-ga XXW naiiga 6onFaH caTTeH 6acTan o3 >kakTayLUblfapblH TanTbl.
Anaiiga, 6yn TepTin 6ipaeH pecmy MoibiHAaNMagbl. XX «kanFaH FbiibiM» gen
caHanatblH Kn6epHeTUKaHbIH KOCaNKbl Canlachbl PETIHAE CbIHFA aNblHAbI.
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Bip coTke feiiiH Tepic pengi >oHe «kacaHAbl WHTENNEKT» 3naTUMpneyLi
atayblH OiiHagbl. CoOHbIMeH, FbIIbIM  akageMuscbiHbIH, - [MpesnanymbiHaa
«TabWFN HKETICMENTIHAEP» >KacaHAbl WHTENIEKTNEH aliHanbicagbl AereH asin
anTbIngpl.

Anaiiga, 6yriHri kyHi XIWN-6yn Pecelige pecmy TaHbInFaH FbibIMUA GaFbIT,
«bacKapylbl Ky/ienep MeH MaluHamap» >kaHe «KW  xaHalbIKTapbl»
XypHangapbl LWblFapbliagsl, FbUbIMA - KOH(EPEHUMSIap MeH CeMuHapniap
eTKisinegi. 200-re >xyblk Mylwleci 6ap Pecell kaybIMAacTbifbl 6ap, OHbIH
MPesuaeHTi [JOKTOP TexH.FbiibiM JokTopbl [.A.lNocrenos, an KypMeTTi
Mpe3sngeHT PFA akagemwuri [.C.Mocnenos. Peceii depepaumscel MNpesu-
[eHTIHIH unHopMaTKa >k3He BT 6oibiHwa KeHeci >kaHblHAaFbl Peceit
KacaHbl UHTENNEKT UHCTUTYThI 6ap. PFA LweH6epiHAe «kacaHabl MHTEIEKT»
maceneci 6olibiHWA FbinbiMu keHec 6ap. Ocbl KeHecTiH KaTbicybiMeH XU,
ayfapManap Takbipblbbl  6OlbIHWIA ~ KenTereH KiTanTap  LUbiFapbligbl.
[.A.Mocnenos, JInTBrHUeBa aHe KaHApalumHa — 6iniM 6epy >XaHe eHAey
canacbiHga, 9.B.MMomoB keHe XOPOLEBCKWA4IH — TabwFn Tin  MeH
capanTama/iblK Xylienepai eHgey canacbiHia, ABEPKUH MeH MennXoB — aHblK
eMeC /I0rMKa X3He aHblK eMec >XublHAap canacbiHaa, CrtedaHok - 6inim
anywbinap xyieciHge, KysHeuoB, ®uUHH >k3He BarvH - noruka sHe 6inim
6epy canacblHAa XaKCbl TaHbIMal.

1.2. FbinbIM peTiHAe XKacaH4bl UHTENNEKT
JaMybIHbIH, TapuXn 6afbITTapbl

Kypzeni ecentepfi Llewly >X3He exenri fayipfeH ayafarbl BUTaN[blH,
oinay kabineTiH MoaenbAey YLWIH afamM CaHaCblHbIH XKacaHbl YKCaCTblfblH
KYPY MOeAchl.

Exenri Ervnette AMyH KyfaiibiHblH «Tipi» MeXaHWKaiblK MYCiHi
xacangbl. Fomepge, Nnnagaaa Medectyc Kypalibl afamonaThl TIPLWIAiK venepi-
aBToOMaTTap Xacafpl.

Ofebuette 6yn mges 6ipHewe peT ketepingi: Manaten [urmasMoHHaH
Kapno Manacbl BypatuHofa AeiiH. Anaiiga ><acaHAbl WHTEMNEKTIHIH HErisiH
KanayLlbl OpTaFacbIp/iblK UCMaH (MA0COMbI, MaTEMATUK XX3He akblH P.Jlynnwii
(1235-6. 1315 ».) 60/1bIN caHaNagbl.

XVIII f. NeinbHuy (1646-1716) >xaHe P.[OekapT (1596-1650) ocbl naesiHbl
6ip-6ipiHe KkapamacTaH, 6ap/blk FbibIMAAPAbI KIKTEYAiH ambeban TingepiH
YCbIHA OTbIPbIN  AaMbITTbl.  Byn  wugeanap XacaHfbl WHTENNEKT >Kacay
canacblHaFbl TEOPUSA/bIK 33ipnemMenepin, HerisiHe anbiHgsl (1.2-cyper).

[binbiMM - GafbIT — peTiHAe >KacaHfbl WHTENNeKTTiH gamybl 3EM
KypblFaHHaH KeWiH FaHa MyMKiH 6ongpl. Byn XX f. 40-xbingapsl 60ngpl.
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TecT TblopuHra. KHWMM  BUPTYasibHble MUpbI,

Logic Theorist n KOMMbIOTEPHOE 3pEeHne PobOoTOTEXHMKA
I General ob6paboTka EA A Knapk«Kocmuyeckas
. Problem Solver. oancces 2001»
LISP, wauikn
JopTmyTcxas
KOHhepeHums
na6oparopus
1940 1950 1960 1970 1930 - 1990 __ 2000
Mpo6nembl ¢ huHaHCcMpoBaHem
HOHB”P‘H”VE SBM KnGepHeTUkm EURISKO HeueTkas norvika, Prolog,
HelpoHHbIe ceTn TPUKTPaK

1.2-cypeT. FoinbiMu 6arbiT peTinge XKW gamybiHaars! Keseugep

CoHbiveH 6ipre, H.BuHep (1894-1964) 63iHiH >aHa >XYMbICbIH -
KnbepHeTMKa 6ObIHLLIA ipreni XXYMbIChIH Xacagbl.

XKacaHgpl uHTennekt (artificial intelligence) TepmuHi 1956  Xblibl
CraHtopg yHuBepcuteTiHge (AKLL) ocbiHfgali ataymeH eTKeH CeMuHapfa
YCbIHbINFaH. CeMumHap ecenTeyill emec, fIOTMKa/blK ecenTepAi asipreyre
apHangpl. XKacaHbl WHTENNEKT Tayenci3 FbifibiM Calachbl PeTiHAe TaHblIFaHHaH
KeliH Kemn y3amaii eki Herisri GaFbirka 6eniHgi: HeMpobepHeTUKa >kaHe «Kapa
XKALWIKTIH» KnbepHeTUKacbl. YKoHe Tek Kasipri  yakbITTa ocbl Genikrepi
KavTagaH GipTyTac GipikTipyaiH 6eTanbicTapbl Gaiikana 6acTagpl.

KCPO-ga 1954 >binbl MMY-fe npodgeccop A.AJ1anyHoBTbIH (1911-
1973) GaclublfbIFbIMEH "aBTOMATTap >kaHe oiinay" CeMUHapbl 63 XXYMbICbIH
6actagpl. byn cemuHapra eH ipi usuonortap, SIMHIBUCTep, Mncuxonortap,
maTeMaTuKTep KaTbiCThl. Bbyn ke3ge Pecelige acaHAbl WHTENNeKT LyHuere
Kengi gen ecentenegi. LLleTenge fe "Kapa X8LWIKTiH" HEAPOKNOEPHETMKA YKaHe
KnbepHeTVKa 6aFbITTapbl aHbIKTa/abl.

1956-1963 >blgapbl afam OiinayblHbIH, MOAENbAEPI MeH anropuTMAEpIH
KapKbIHAbI i34ey >aHe anfallkbl 6araapnamanapbl a3ipney xyprisingi. Kasipri
FbINbIMAAPAbIH  eWKaicbicbl — (UN0CO(NS, MNCUXONOTUS, JIMHFBUCTAKA -
MyHZali anroputMAi ycbiHa anmaigbl. CoHpa KubepHeTka 63 MOfe/bAepiH
KyPYZbl YCbIHABL. Op TypAi Tacingep xacanipl XXaHe CbiHa/abl.

XKW canacblHfafFbl asFallkbl 3epTTeynep LlaxmarTa OiHayfa apHasFaH
6argapnamaHbl  KypyMeH 6ainaHbICTbl, OMTKeHi LuaxmaT OiHaTy KabineTi
XKOFapbl  WHTENNEKTIHIH, ~ KepceTKiwi 6onbin  Tabblnagbl. 1954 bkl
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amepuKaHiblK faibiM  Hbl031n ocbiHAan GaFgapnamaHbl  Kypyabl Oiinagbl.
LLleHHOH ycbiHAbl, an  TblOpUHr OCblHAal 6GaFfapnamaHbl  Kypy aficCiH
HakTbinadbl. AvepukaHablk LLloy meH CaiiMOH AMCTepAaMHbIH, FOMIaHATbIK
ncyuxonorTap TobbIMeH AOCTaCTbIKTa fe [POOTThIH XeTeKLWiniriMeH ocbiHAal
6arjapnamaHbl kacafbl. CoHbIMeH Katap, Lisp7 TiniHiH 6actaylibicbl 60/FaH
aknapaTTbl CUMBOMAbIK TYpAe 6HAeyre apHanfaH apHaiibl IPL1 (1956) Tini
Xacangpl.

Anaiiga, >kacaHgbl WHTENNeKTTiH O6ipiHWwi 6aFaapnamackl Nikipnepgi
ecenTeyderi  Teopemanapfpl  [fonengeyre  apHanfaH  JIOTMK-TEOpeTUK
6araapnamacbl 601abl (9 Tambi3 1956). LLlaxmart oliHayfa apHanFaH Gafgapiama
1957 >binbl (NSS - Newell, Shaw, Simon) Kypbingbl. OHbIH KypblUIbIMbl MeH
Norvk-TeopeTk 6GaFfapnamMacbiHblH, KypbifbiMbl ecenTepgi amb6eban Lielly
6arpapnamacbiH (GPS-General Problem Solving) kypyfa Heri3 6ongsl. Byn
baFgapnava >kaFfjaaTTapAblH  apacbiHAaFbl  aiblpMallblibiKTapabl  Tangai
OTbIPbIN  >KoHEe MakcaTTapfbl KypacTbipa OTbIpbin, "XaHoW MyHapacbl"
TypiHAeri 6GacKaTbIpFbILUTAPAbl XKakCbl Liewefi Hemece 6enrici3 WHTerpan-
fapgbl  ecenteiigi. EPAM  6afpapnamacbl  (Elementary Perceiving and
Memorizing Program) — Kabbingay >aHe ecTe cakTay YLWIiH Kkapanaibim
6argapnama, ®eiireHbaym oinan TankaH. 1957 >blibl TpaHCoOpMaLMAbiK
rpaMmaTvka OOMbIHLIA KOMMbIOTEPAIK SIMHIBUCTMKAHbIH, HEri3iH KanayLubl-
napgblH 6ipi XoMCKuUiAgiH Makanackl nainga 6ongbl.

50-wi XbIngapablH, COHbIHAA NaBUPUHTTIK i34ey Modeni Tyfbl. Byn Tacin
Xali-KyiA  KEHICTIriH KepCeTeTiH Keibip OaFaHAap peTiHAe TarcbipMaHbl
6ingipeni >xaHe 6yn GaFaHZa KipiC [EPEKTEPIHEH HATWDKEeNeyre OHTanb
Xongbl i3gey Kyprisinegi. bByn mogenbai a3ipniey 6GOMbIHLIA YIKEH XXYMbIC
aTkapbingpl, Oipak MpakTUKanblK MIHAETTepAi LWellyae YAKeH uaes naiiga
60/1FaH XOK.

60-LUbl XbIngapabiH 6ackl — 3BPUCTUKANLIK GaFaapiamanay gayipi. 3spuc-
TUKa - TEOPUANbIK HerifenreH emec, Gipak i3fey KeHicTiriHgeri apanbikrap
CaHbIH KbICKapTyFa MYMKIHAIK 6epeTiH epexxe. IBPUCTUKAbIK baFapnamanay-
6enrini, anfpliH ana 6epinreH 3BPUCTUKaHbIH HEridiHAe apekeT CTpaTerusicbiH
asipney.

60-xbingapbl TabuFM  TiNAE CYPaHbICMEH >KYMbIC ICTEATIH a/iFawKbl
6arfapnamanap Kypbinyaa. BEVMCBEOJ 6argapnamacs! (Green xoHe T.6., 1961)
6TKeH 6elic60/1 MaTuTapbiHbIH, HaTVDKENepi Typasbl cypaynapFa ayan 6epgi,
STUDENT (Bobrow, 1964) 6afgapnamachl aFblilWbIH TiNiHAE TYKbIpbIMAa/IFaH
anredpanblK ecenTepgi ey Ko >eTimai 6onapl.

MalvHa/bIK ayfapMa caiacbiHafrbl YXyMbICTapFa Y/IKEH YMIT apTblifbl,
onapgblH, 6acbl OTaHAblK IMHIBUCT BenbckasHblH eciMiMeH GalinaHbICTbIpadpl.
Anaiiga, 3epTTeyLlisepre aBTOMaTTbl ayfapMma OKLlay/naHFaH npobnema emec
YKOHE TYCIHY CUAKTbI KaXKETri Ke3eHHiH 60/yblH TabbICTbl XY3ere acbipy YLUiH
Tanan eTeTiHiH TYCIHY YLWiH Ken XbI/1 KaXeT 60n4pl.
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60-LUbl XXblNgapbl OTaHAbIK FanbiMAap aiFaH eH MaHbI3fbl HaTVKENepAiH,
iWiHge 6eiHenepai TaHy KesiHAE afaM MUbIHbIH KbI3METIH MOAENbAEATIH M.
BoHrapaThiH "Kopa™ anropuTMiH atan eTKeH XeH.

1963-1970 Kbligapbl  ecenTephi  Wewlyre MaTeMaTUMKablK 10rMka
aficTepiH KocyFa KipicTi. 1965 ». naiiga 60/FaH pecMu /orvKara >XaHa
Keskapac nainga 6ongbl  ([k.PobuHCcOH). BacTankbl — akcuomanapgbiH
XMbIHTbIFbI GO/FaH dkaFfaifa Teopemanapibl aBTOMaTTbl TypAe [Asnenjeyre
MYMKIHZIK 6epreH Kapapnap 8piCiHiH HerisiHge 1973 >kbinbl ponor Tini
Kypbliagpl.

1954-1964 xok. KCPO-fia »eke 6arfapnamanap Kypblibir, AOrMKaibIk
ecenTepdi wewy 3epttengi. JleHuHrpagra (JIOMWA - B.A.CteknoBa art.
NeHunHrpag MmatemaTuKanblK  UHCTUTYTbIHbIH,  GeniMLueci) Teopemanapgbl
aBTOMaTTbl Typae JonengeintiH 6afgapnama (Anves JIOMW) kypbinagel. On
Po6uHCOH KapapblHbIH, agiciHe ykcac C.HO.MacnoBTblH 6acTarnkbl Kepi
KOPbITbIHABICbIHA Heri3aenreH.

1965-1980 »0K. aHa FbinbIM-axyangblk 6ackapy pamuibl  (batbic
TepMUHoOnorusicblHaa 6inim Gepyre caiikec Kenegi). OcCbl FbIbIMA MEKTEMTIH,
HerisiH - Kanaywsl - npodeccop [.A.Mocneno, OHbIH  6inim  G6epy —
XaFganapapl YCbIHYfbIH, apHalibl MOLeNbAePi BHAENTEH.

LLlet engepoe XKW canacbliHparbl 3epTTeynep >kaHa OyblHAbl GaFpapna-
manay TingepiH a3ipsieyMeH >xaHe GapblHLIA XXETingipinreH 6Gafgapnamanay
xyienepiH (Lisp, Prolg, Plannar, QA4, Macsyma, Reduce, Refal, ATNL, TMS)
KYPYMEH cyiieMengeHesi.

AnblHFaH HaTVXeNep poboTOTEXHMKaAA, poboTTapfbl 6ackapyaa, HakTbl
yw enuwemfii KeHICTIKTe 9peKkeT eTeTiH KO3raIMaiTblH HeMece Mobu/bai
pob6oTTapapl KongaHa 6actaiifgbl. Byn peTTe »acaHibl kabblngay opraHgapbiH
Kypy npobnemacs! TyblHAAAbI.

1968 >binFa feidiH 3epTTeyLifep Heri3iHeH >XeKenereH “"MWKPOKEHICTIK-
TepMeH" XXYMbIC iCTefi, 0nap OiMbIHAAP, eBKIMAOB FeOMETPUACHI, MHTErpanibik
ecentey, "Kyb6ukTep anemi", kapanaibiM >k8HE KbiCka (hpasasiapdbl LUaFbIH
Ce3fiK KOpbl 6ap 6eHAey CUAKTbl KOCbIMLUAMapAbIH epeklle >oHe LLUeKTeyli
canaapblHa XKapamgbl Xyienep xacagbl. bapsblk ocbl Xyiienepge 6ipgeli Tacin
KOMAaHbIgbl - AyPbIC MaH HerisiHae 6anamanapgbl KaKeTTi ipikTeyai asaiTyra,
GaranayfplH CaHAbIK (YHKUMSAMAPbIH XoHe apTyp/i 3BPUCTUKAHbI KOMAaHyFa
HerisgenreH KOMOMHATOpMKaHbl OHainaty. 70-wi >KbligapablH,  6acbiHaa
acaHfbl MHTENNEKT BGoibIHIWA 3epTTey/epae canasibl cekipic 6ongbl. byn eki
cebenmneH TyciHgipinesgi.

- bipiHwigeH. bapnblk 3epTTeywinep 6ypblH  KypbiFaH  6Gapsblk
6araapnamanapra Calikec canafafbl €H MaHbI3Abl — TepeH 6iniM >KeTiCneTiHiH
6ipTiHgen TyciHgi. Capanwbl MeH KapanmaibiM  afjaM  apacblHAaFbl
alibipMaLLbIfbIK capanLublHbIH OCbl canafa Taxipubeci 6ap, ArHn Xbingap 60ibl
XUHaKTanFaH 6inimi 6ap.
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- EkiHwigeH. HakTbl mMacene TybiHAalgbl: erep 6yn 6inimgi Tikenei
KypyLbl ocbl GiniMre ue 6onmaca, 6yn 6iniMai Gargapnamara kanaih 6epyre
6onagbl. Xayan aHblk: GaFfapnamadblH, €31 OnapfAbl capaniubliaH anblHFaH
[lepekTepaeH benyre Tuic.

Tancelpmanapdbl LeLly >XaHe Tabufu Tingi TyCiHy 6oOWibiHLIA 3epTTeynep
6ip opTak Macene - 6inim 6epy. 1970 XbinFa Kapaii OCbl ngesnapra HerisgaenreH
KentereH 6Garfapnamanap Kypbingel. OnapgbiH,  6ipiHwici DENDRAL
6arpapnamacbl.  On Macc-CneKTPOMETpAeH TYCeTiH aknapar  HerisiHze
XUMUSANBIK KOCbINbICTaPAbIH, KYPbUIbIMABIK (hopMynanapbiH KypyFa apHasiFaH.

Bargapnama Hobenb naypeatbl [./legep6eprtiH, KaTbicybiMeH CTeHopaTa
Xacangpl. On 83 XXyMbIC icTey 6GapbicbiHAa Taxipube xmHakTagbl. Capaniubl
OfFaH )KEKenereH epexxenep TypiHAE VCbiHbUFaH -MblHAaFaH —Kapanaibim
thakTinepai cangpl. KapacTbipbi/ibin OTbIPFAH JKyie a/Fallkbl capantamasblk
Xyvienepaiy 6ipi 60nbin Tabblnagpl X8HE OHbIH, XYMbICbIHbIH, HATWXENepi
TaHkanapnblk. Kasipri yakbiTTa Xylie TyTbIHyLUblIapFa CNEeKTPOMeTpren bipre
XKeTKizinesi.

1971 Xbinbl Teppu BuHorpag TekwenepMeH XYMbIC XXacaliTbiH Po6OTThI
mogenbaenTiH SHRDLU kyiieciH >kacafgbl. P060TMEH afbiiWbIH - TifliHAE
ceiineyre 6onagpl. XKyile thpasanapfblH CMHTAKCUCIMEH faHa eMeC, COHbIMEH
Katap OHbIH "KYOUKTEp anemi” Typasibl CEMaHTUKaSbIK X8HC MparMaTukablk
6inimaepiHiH apkacblHAa onapAblH MaFbIHAChIH AypbIC TYCIHE.

80-XblnjapablH, opTacbiHaH 6acTtan, inmeTesge XacaHgbl WHTENNeKT
KOMMepUnanmsaums  Kypedi. Kbin  caliblHFbl  KYpAeni  Kapxbl — ecyge,
BHEPKaCIMTIK capanTaMa >Kyienepi Kypbliyga, 63iH-83i OKbITY >KyiieciHe
KbI3bIFYLUBIbIK apThIN Kenefi.

bisgiH enimizge 1980-1990 >kbingapbl Ginim Gepy canacbliHaa GenceHpi
3epTTeYNEp XYPri3inin, 6inim Gepy Tingepi, capantamanbik >xyrienep (300-geH
actam) asipneHyfe. Mackey MeM/EKeTTIK yHuBepcuteTiHae PE®DAJT Tini
Kypbiiagbl. 1988 kbinbl XKWK - XacaHbl WHTENNEKT KaybIMAACTbIfFbI
Kypbingsl. OHbIH Mywenepi - 300-geH actam 3epTTeywli. KaybIMAacTbIK,
Mpe3npgeHTi - A.A.Mocnenos. EH ipi opTanbikTap - Mackeypge, MNeTepbyprre,
Mepecnasn-3anecckTe, HoBOCMOMPCKTE.

1.3. YKacaHgbl canafiafbl 3epTTeynep Tapuxbl NHTENEKT XKaHe
OCbl canafarbl Herisri yFbiMaap

YacaHgbl wHTennekt (OKWN) Tapwxbl 6i3fiH, gayipre AeiliH 6actanagpl.
ApucTtoTenb aFallksliapabl, 6ipi 60MbIM «gypbIC Oinay» 3aHAblIbIKTapbIH
HeMece aHbIKTa/IMaiiTbiH Oliflay MpouecTepiH aHblKTagbl. OpTa facblpnapia
MeXaHWKasbIK eCenTey KypblIFblIapblH )Kacay 9peKeTTepi 3amaHfacTapbiHa
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KaTTbl 3cep eTTi. 1642 xbinbl bnes MNackanb canfaH eH TaHbIMan aBTOMOGW/Ib.
Mackanb «apupMeTKaNbIK MallMHa Ke3-KefreH >kaHyapablH, SpeKeTiHeH repi
olinayFa »akblH 60naTblH acep bepedi» Aen Xasgbl.

XKW-Ti  npaktukanblk iCke  acblpy  MYMKIHAIKTEPI  3M1EKTPOHAbIK
KOMMbHOTEp/ep Nainga 6onFaHHaH Gepi naiga 6ongpl. Ockbl yakbITTa «MalumHa
OiinaHa ana Ma?» TakplpblbbiHAa DUAocCoOPMANbIK nikipTanac 6actangbl. byn
TankplnaygblH, HaTWKeci 50-kbingapbl AnaH THOPUWHE YCbIHFaH CbiHaK 604bl
XX facblp [4]. TecT wMblHanapfaH Typafbl: eki Tenetain 6ap (6acka
TepMUHANABIK KypbInFbinap ok, kasip ICQ ycbiHap efi). Tenetuntepgid 6ipi
aBTOMOGW/Ibre, eKiHLUICI annapaTka KoCblnabl, OHbIH apTbiHAA afaM OTbipajbl.
BipHele MamaH Ke3-KenreH TefieTun GoibIHLIA Ke3eK-Ke3eK Auanor Xyprisegi.
Erep kenTereH capanwwbinap 6ec MMHYT ilWiHAE KeniKTi aHriMmenecyLlinepaiy
6ipiHeH Taba anmaca, THOPWHI CblHaFbl COTTI OTTI fAen caHanafpl. THPUHT
CblHafbl >KacaHAbl WHTENNeKTTiH AaMyblHAA, OHbIH ilWiHAEe CbIHAKTbIH 63iH
CbIHFa anyfa MaHpl34bl pen aTkapgbl.

MyHZa aBmauusMeH YKCACTblK >KacayFa 60magbl. THOPUHI CblHaFbIHbIH
NOrUKachl BOMbIHLLA XaKCbl YLLIaKTapabl KycTapAaH axblpaTyFa 601maiTbiHaal
eTin KapacTblpFaH XeH, TiNTi KycTap Aa onapipl e3fepi anafbl. ABMALUSAHbIH,
Jamybl  OmM3aiiHepnep  KycTapAbl  Kewipygi  TOKTaTbil,  aspofmMHaMuKa,
MaTepuanTaHy >KeHe Kyll TeopusicblH GacTaraHHaH 6acTangbl. Po60TOTEXHMKA
afjaM aHaTOMUACbIH KeLipyai TOKTaTKaHHaH KelliH WHAYyCTpusiFa aiHaigbl.
Con CusAKTbI, >XacaH4bl WHTENNEKT CybGbeKTinepi afjamgap CUsKTbl OMMalTbiH
XaHe apekeT eTeTiH XKW >xylienepiH Kypyfbl TOKTaTKaHHaH KeiliiH emip cypy
KYKbIFblHa Me 60nbl, 6ipak 0nap >akCbl HITUXKEre KON >KETKI3eTiH yTbiMpl
3PEKET ETETIH XKoHe OMNaNTbIH Xyienep Kypa 6acTafbl.

Xacangbl uHTennekT (XKI) canacbiHgarbl 3epTTeynepAiH nainga 6onysl exi
GaFblTTa XXYp4i: NOrUKablK >X3He HelpobepHeTuKanblk. EpTe 3epTTeynep
50-60 bingapbl xyprisingi (H.BuHep, TiopuHr, Makkannok, Po3eH6naTT,
CaiimoH, Makkaptu, Cneligpk, Camtoanb, enepHep, H.AMOCOB): anfallkbl
KopiHic XKW >xyilenepiH kypy ywiH LISP 6armapnamanay Tini >kacangpl;
60-XbIngapaplH, COHbIHAA WHTerpaumsanadraH (akbingpl) poboTTapiblH dKoHe
aFaLlikbl capanTamManblk Xcyienep naiga 6ongpi.

80-bingapablH 6acbiHAarFbl HelpobepHeTMKadaFbl XaHa 6ym (Xondwung
mogeni) nainga 6onabl [5].

JNorvkanblk GaffapnamanaygelH naWga 6onybl x3He [MPOOI Tini.
5-6ybIH KoMnNbtOTEPNiK 6araapnama. Ctpatervsnbik AKLL-TbIH KOMMLIOTEPNIK
6actamacbl. KCPO meH Peceiigeri XX 3epTTeyi.

Olinay npoueciH Mofenbaey CanacblHAarbl 3epTTeynepdid  6acbiHaH
6actan (40-bingapablH COHbl) €Ki yaKbITKa AeiliH Aepnik Tayenci3 GafbiTTap
nainga 6ongp!:

- NOTUKasbIK,

- HellpobepHeTUKasbIK.
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Bonawakra 80-XbingapablH, 6acbiHAa «capantamasnblk xyienep» (TXK)
YFbIMAApbIHbIH, Maiiga 60/ybIMeH 6y GaFbIT «6iniMre HerisgenreH >xylienep»
(Knowledge Based Systems) KypymeH aliHa/ibiCaTbiH MWH(OPMaTUKaHbIH
FbINbIMU-TEXHONOTUANBIK GaFbIThl — «BifliM 6epy MHXeHepi» 6onabl. 6yn 6aFbIT
dfeTTe «kKacaHfbl WHTENNEKT» TepMUHIMEH 6alinaHbICTbl.  UMH(OPMAaTMKA
6aFbITbl — «6iNiM 6epy MHXEHEPI», OHbl KYPYMEH aliHasbicafbl.

EKiHWI GafblT, HeipobepHETUKabIK, MUAbIH HelpoHAapbiHa (YyHKUMO-
Hangbl TYPAe YKCAac KenTereH anemMeHTTepAeH TypaTblH ©3iH-63i YibIMAACTbl-
paTblH >KyienepaiH KypblibiCbiHA HerisgenreH. byn TeHgeHums Makkannok-
MutTc  opManbabl HEMPOHABIK TYKbIpbIMAaMadaH >kaHe Po3eHOnaTTbiH
BpTYP/i  MEepLEenTPOHAbIK MofenbaepiMeH 3epTTeyiHeH — OpHeKTi TaHygbl
y/peHeTiH >XyiefeH 6acTangpl. JIorvkanblk 6aFbiTTa CanbICTbipMasibl TypAEri
XKETICTIKTEP MEH MMWKPO3NEKTPOHMKAAAFbl TOMEH TEXHOMOrUAMbIK AeHreire
6alinaHbICTbl HepobepHETUKA/bIK BaFbIT XKaHa CaTTI TeOpUA/bIK MoZenbaep
nainga OomnFaH Ke3ge (Mbicanbl, «XONMWAL MOAENI») >kaHe ynbTpa ipi
MHTErpanabl cxemanap naiga 6onfFaH kesge 60-xbiigapfblH, asFbl MeH 80-
XblngapablH 6acbiHa AeidiH YMbITbIM KETTI.

Noruvkanbik 6afFbITTbl CaHa AeHreliiHae HemMece aybi3lla HeMece IOrMKasblk
(MakcaTTbl) Oinay [feHreiiiHae oinayfbl MoOAenbAey PpeTiHAe KapacTblpyFa
6onafpl [6]. OHbIH apTbIKLLbIIbIKTaPbI:

- XKYieHi CanbICTbIpManbl TYPAE OHaA TYCIHY MYMKIHZIr;

- )KyWeHi OFaH Herisgey MpOLEeCiH KOPCETY XXeHingiri

- naiganaHyLubliblK nHTepdeiic TabuFn Tinge Hemece Ke3 KenreH

- pecmu Tif;

- Kyenik MiHe3-Ky/bIKTbIH bipereiniriHe 6ipaei

- XaFfainap.

Jlorvkanelk TaCinAiH, KeMLUinikrepi:

- OYNbIHFLIP KeRinkepnepaiH, (KeCKiHAEePAIH) OpbIHAAYbIHbIH, KMbIHAbIFbI
MeH Taburu 6onmaybl;

- benrici3gik >xargaibliHaa 6apabap MiHE3-KY/bIKTbl XKY3ere acblpyfblH
KMbIHAbIFbI  (HEMece TIiNTi MyMKiH emecTiri) (6iniMHiH, 60nMaybl, Lynbl
ManiMeTTep, AypbIC eMEeC MakKcaTTap XaHe T.6.);

- npobnemanapfpl Llely MPOUeCiH napannenbieyiiH, KUblHAbIFbI MeH
Thimciagiri.

HeipobepHeTukanbik 6aFbITThl (HEMece HelpouHdopmaTuka) 6eiHeni
ofinay MeH oinaygbl CaHa AeHreiiHge Mopenbaey PpeTiHAe KapacTblpyfa
6onagpl (Tyliciri, LbliFapMallbIIbIK KUAMbIH - MOZenbaey, TYCiHy). OHbIH
apThIKWbIbIFBI  —  KEMLUINiKTepAiH, 60/Maybl, KWUCbIHAbI OafbITKa ToH,
KEMLLUINIKTeP OHbIH, apTbIKLWbIbIKTapbiHbIH, 60/Maybl. COHbIMEH KaTap, Heipo-
KnbepHeTMKa/blK GaFbiTTa KapanaiibiM KapanailbiM Geliimaeny anroputmaepi
MEH >KacaHbl HeMpPOHABIK XXEiHIH, KypblbIMAbIK epeKLIenikTepiH 6enrinei

24



OTbIPbIN, MYMKIH 60MaTbiH (MYMKIH WAMO3MANGIK), ©34iriHEH Kypaeni >kaHe
LIELWINeTIH MIHAET YLUIH >KETKIMKTI TYPAe SpPeKeT eTyre TeHLIeNreH XXyMeHi
anyfa 6onagpl. YXeHe OHbIH KypAeniniri HelMpOHAbIK >Xeni MOAENiHIH, CaHAbIK
(hakTOpnapblHaH faHa. Tafbl 6ip apTbIKLWbIMbIFLI XaFfakga annapaTTblk icke
acblpy HeipoH 60/bIN Tabbliagbl, OHbIH BMIPLLEHAIrI, SFHU KabineTi cakTayfa
KoMainbl TUIMGINITT Wwewy iCTeH LWbIFYbl KE3iHAE JKeni 3/eMeHTTepiH. byn
HEMpPOHABIK >KeNinepaiH KacueTi apTbIKWbIIbIK eCcebiHEH KOM JKETKI3inegi.
Baffapnamasiblk  >KacakTamaHbl  ICKE  acblpy >kaffalibiHaa  HelipOHAbIK
XeninepaiH, KypblnbiMaplkK apTblk 607ybl 0napFa TOMbIK eMeC HeMece LUyJibl
aknapar afjalibiHAa CaTTi XXYMbIC icTeyre MyMKiHAiK 6epegai [7].

«BiNiM» yFbIMbl MeH «JepeKkTep» HEMECe «aKmnapar» YFbIMAaPbIHbIH
apacblHAaFbl aiblpMawWblIblK Hede? MKakplHAa fanbiMaap Marepus  MeH
3HeprusiMeH Kartap, aknapat e3iHiH peTTifiriH (reteporeHginiri) Hemece
KYPbUIbIMbIH CUMATTalTbIH MaTepuanablk AyHVEHIH 00beKTUBTI 6ap aXbipamac
6eniri 6onbin Tabblnagbl AereH KopbITbiHAbIFA Kengi. Tipi TipLWinik venepiHiy
SHTPONUSAHBLI (BIPTEKTINIKTI) apTTbIPFbICHI KENMeTiH aeMAe 63 KYpblbIMbIH
(peTTiniriH) cakray MyMKIHAIri 0fapablH KopLuaFaH afeMHiH KYpblbIMbIH TaHy
X8HE TaHy HATWXKeCiH (AFHU, anem Typanbl 6inimM) eMip cypy makcatTapbl YLiH
nanganaHy kabinetTepiHe 6aiinaHbICTbI.

CoHbIMeH, 6iniM fereHiMia - Tipwinik ueci (Cy6beKT) CbIPTKbl a1em
KabblngaFaH akmapaT, an  «akfapatTaH, OGifiMHeH»  alibipMallbI/bIFbl
CyObeKkTMBTI. Byn CyObekTiHIH, eMipik TaXipubeciHiH cunaTTamanapbiHa,
OHbIH, CbIPTKbl OpTaMeH KapbIM-KaTblHAC TapuXblHa, SFHU OKY Hemece e3iHfiK
6iniMm any NpOLECIHIH epeKLlenikTepiHe 6GainaHbICTbl. ABGCTPaKUMSAHbIH 6yn
LeHreiiHge 6inim epekie 60/bIN Tabbllagbl XeHe afamaap apacbiHaarbl Ginim
anMacy  OKOFaNnTyCbl3  MYMKIH  eMeC, OMTKeHi  akmapaT  KOATa/FaH
(reTeporeHginik) >xaHe TapaTKblWTaH KabblNAaFbllKa >KOFaITYChI3 6Gepinyi
MYMKiH (Kegeprinepre 6aiinaHbicTbl 6ypmanaHy MYMKIHAIFIH eCKEPMECTEH).

Binim naHaep apacbiHga 6inim GepygiH Kes-KenreH Tifi apKoinbl 6epinegi,
onappblH, eH, TUATIK eKini Tabufn Tin Gonbin Tabbinagbl. Tabuen Tingi Kypy
YX9He KOMfaHy apKbinbl agam, 6ip daFblHaH, OHbl apTYPAI 8MipiK Taxipubeci
6ap afampapiblH, KenuwiniriHe 6Gipgeii 6epy ywiH 6inimgi KanbinTacTbipyFa
XoHe 6ipi3feHaipyre TbIpbICTbl, EKiHLWI XXaFblHaH, 0N Xeke GiNiMHIH, 6ap/biK
6ainnbIFbIH Gepyre MyMKIHAIK 6epai.

BipiHWi TeHaeHUms GiniMHIH 8pTYp/i cananapbiHaa (MaTemaTtuka, husmka,
MeauuMHa >kaHe T.0.) apTypni (hopmasbfbl apHaiibl AUaNeKTiNepAiH, nainga
60/ybIHa aKeNAi.

EKiHWici, kepkem aaebWeTTIH nNaiga 60MyblHa 8Kengi, on Tif apKbiibl
aflamMHbIH MMbIHAA accounaumsanapabl  (Texipnbenepgi) TyAblpyFa [LereH
YMTBIIbICKA HEri3fenreH, aFHW. OKyfaH afblHFaH 6inimre XaHe 03iHiH 6iniMiHe
CyiieHe OTbIpbIM, OHbl ONaHyfa XaHe anaHgaTyFa MoxOyp etegi. XKanmbl,
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eHepAaiH 6apnblk Typnepi 6yfaH GafblTTa/iFaH — accouuaumsnapibl KosgaHa
OTbIpbIN 6iniM Gepy.

Erep 6i3 abCTpaKUMAHbIH, OCbIHAAN YXOFapbl AeHreiiHeH (prnoconsnbik)
Kapanaiibim emipre KelleTiH 6o0ncak, OHAa 8feTTe >KacaHAbl WHTENNeKT
6oliblHIWa 9febneTTe KacaiblHaTbiH  6iniM  MeH ManiMeTTepai  onapabiH
(hopmanaHfaH TypiHZe canbicTbipyFa 6onagpl [8]. CoHpa 6i3 ManimMeTTepaeH
Keneci 6iniM aibipMalLbLIbIKTapbiH TYXKbIPbIMAal anambl3:

- BifliM HeFYP/IbIM KypPblbIMAAFaH;

- 6inimae aToMabIK eEMeC 3/1eMeHTTEP 6Te MaHbI3Abl

- 6inim (ManimeTTepAerifen) XeHe onapapblH apacbiHgaFsl 6ainaHbIC;

- 6iniM [epekTepieH repi e3iH-63i TyciHAipegi, SFHW. 6inimge onapgpl

naviganaHy Typasbl aknapar 6ap;

- 6inim naccusTi manimeTTepre KaparaHfa 6enceHfi, aFHu 6inim anagsl;

- onapfbl naiganaHy >XylieHiH yblnAbIPbIK Lally speKeTTepi.

[JepekTep MeH 6iniM apacbiHfa ellkaHgali eTKip Lekapa XOK eKeHiH ecTe
yCTaFaH >X8H, OWTKEHI COHFbl >KMbIpMa Kbl ilWiHAE AEPEKKOpAbl backapy
XKYMeCiH >kacaywwbliap KebiHece onapabl 6Ginimre aiHangbipyga. Mbican
peTiHAe ManiMeTTep 6asacblH >Kobanay VLWIH CeMaHTUKa/bIK Keninepai
KongaHy' (6inim 6epy opmanmsmi), 06bekTire 6GafFbirTanFaH MaliMETTep
6asacbiHblH Naiiga 60nybl, cakTanaTblH npouegypanap (6yn 6Genrini 6ip
[apexene MmoaniMetTepsi 6enceHfi etefi) >xaHe T.6. COHbIMeEH, >XOfapblia
aTtasFaH 6iniMm MeH MafiMeTTep apacblHAafbl aibipMallblIbiKTap MHopMaTUKa
[amybIMeH Terictenesi.

VirxeHepnik 6inimge cemmoTuka — 6enri Xxyiienepi Typaibl fblbIMHaH
a/lblHFaH Keneci Herisri yfbimaap 6eniHes:

- KEeHEWTiNreH 6iNimM — yCTIPT HEMECE HaKTbl 6ifliM;

- VHTEHCUBTI Binim - TepeH, Hemece gepekci3 6inim (yaridi 6iny),

- CUHTaKcuc - OGenrinep >KYMeCiHiH KypbiibiMbl (MaMiMETTEp HeMece

6inim),

- CeMaHTMKa — Oenri >XyWeciHiH MaFblHacbl (6iniM), SIFHW OHbIH, 6ifliM

6epyaiH 6acka napagurmacbiHAaFbl 6anama kepiHici (iLkKi);

- nparmatuka - 6enrinep >xyiecimeH GalinaHbICTbl MakcatTap (Mbicasbl,

TabuFn TiNgeri CeinemMHiH MakcaTbl HemMece TaFalibiHAanybl (KOMaHAa,
CypakK, TYCIHAIpY >kaHe T.6.).

1.4. YKacaHfbl MHTENNEKT aliMaFblHAAFbl 3epTTeyNepaiH
Heri3ri GafbITrapbl

Kasipri yakbitta XXM - 6yNn Te3 fambln Kefle XaTKaH >aHe eTe Tapam-
[anfaH fbiibIMM canacbl. TeK KaHa KOMMbIOTEPIK AMHIBUCTUKA 6OWbIHLLIA
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anemge Xbln caiibiH 40-TaH actaM KoHepeHUms eTkisinesi. Opbip eyponanbik
enge, coHpaii-ak AKLLI-Ta, KaHagaga, XXanoHusga, Peceiige, OHTYCTiK-LUbIFbIC
Asmaga X 6oiibiHWA YNTTbIK KOH(EpeHUmanap TypakTbl Typae eTKisinegi.
Peceiige 6yn ic-wapa eki Xoiiga 6ip pet PeceigiH XXW KaybIMgacTbIFbIHbIH
(PK)XXW) konpayblMeH eTkisineni. bygaH 6acka, eki Xbinga 6ip petr XU
(JCAl) 6oiibiHWA Xasblkapanblk OipikkeH KoHdepeHums eTkisinegi. Ocbl
canaga 3 MblHHaH actam Mep3imMai  6acbinbiM4ap fbibIMUA - HITUKENEP
LblFapagp!.

Kasipri yakpitra XX - KapkblHAbl JaMbIll Kene XaTkaH XeHe >KOoFapsbl
TapMaKTa/iFaH FblbIMK cafia. KOMMbIOTepNiK MHIBUCTUKAHbIH, 63iHAe anemae
XbIN calibiH 40-TaH actaM KOH(epeHumsnap eTkisinegi.

XKacaHabl WHTeNnekTTiH 6GapnblK cananapbiHAa TOMblK XX8HE KaTaH
KnaccumkaLma oK, XacaHibl WHTENNeKT LWeLeTiH MiHAeTTepai XikTeyre
ThipbICy 1.3-CypeTTe KenTipinreH.

1.3-cypeT. XacaHObl MHTENNeKT TiL MiHAe T Tepi

[.A.MNocnenos 6olibiHWwa XXW-ga XXW canacbiHgafFbl 3epTTeYAiH, eKi 6ackiv
Tacini 6ap: HelpoBUOHABIK XXaHe akMmapaTrbiK.
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AsFalKbinapably dKakTactapbl afamHblH, MUblHAA 6TeTiH npouecTepsi
XacaHapl Typhe KkebeiiTy makcaTblH anfa Koagpl. Byn 6GaFbiT meauuyuHa,
6uonorns >xkaHe KMOEPHETUKa KublbiCbiHAA OpHanackaH. CoHbiMeH 6ipre
aflaMHblH, MWbl 3ePTTENiN, OHbIH XYMbICbIHbIH, XO0M4apbl alblfbin, 6uono-
rUANbIK KypblibiMAap MeH onapfa 60nbin XaTkaH MpouecTepAi KaiTanayfa
apHanfFaH TEXHUKaNbIK Kypaniap xacanagbl.

EKiHWI TacingiH >kakTaylbliapbl WHTENNEKTYyaAbl aKnapaTTblK Kyiie-
Nepai  3epTTeyre cylieHeadi; nporpaManapdbl LUeWyAiH —WHTeeKTyanapl
6argapnamanapsbl; 6iliMre HerisgenreH xyienep.

©3iH e3i 6aKblnayFa apHasiFaH cypakTap

1. XKacaHgbl HTENNEKT AereHimi3 He?

2. )KacaHgbl VHTENNEeKT KaHfgai fbifbiM/ GafFblITTapMEH ©3apa 9peKeT-
Teceni?

3. JKacaHfbl MHTENNMeKT MaHIiH FbIIbIMU MaH peTiHAe TYCiHyAiH Tacin-

[lepiH cunaTTaHbI3.

Peceiigeri Kasipri »afgaingbl cunatTaHpl3.

XKacaHapl WHTENNeKT AaMyblHbIH, "KOMMbIOTEPiK" Ke3eHiH cunar-

TaHbI3.

XX £. 70-Lbl ¥OK. XacaH/bl UHTENNEKTIHIH AaMybIH CUNaTTaHbI3.

XX £. 80-LUi XK. XacaHAbl UHTEeNNEKTIHIH AaMyblH CUMATTaHbI3.

XKacaHbl MHTENEKTTIH Herisri ecenTepiH CUMATTaHbI3.

YKacaHfbl MHTEINEKT canacbiHAa KaHaal 6enimaep 6ap?

10. AJamHblH,  OiinayblH  MOZenbAey MYMKIHAIKTEPIHIH,  AdnengepiH
KenTipiHis3.

11. 3uATkepnik KypangapablH KOofamfa acepi MacefieciHe Kelly HemeH
Herisgengi?

12, XKacaHabl WHTENNEKT XXYMeCiHiH Kayincisgik npobnemackl He.MeH
XKaHe Kanaid Lwewinyi MyMKiH?

S

© oo

28



2 Tapay. NMPONOIr TINIHAOE BEAFAOAPJTIAMANAY
HEI34EPI

2.1. MNponorgeknapatusTi Tin peTiHae

Mponor TiniHiH gamybliH 1970 biibl AnaH Kynmepoe meH dununn
Pyccenb 6actagbl [9]. Onap 6epinreH MaTiH HerisiHAe NOrMKanblK KOPbITbIHABI
XKacall amatblH  Tin  Kacafbicbl  kengi. MMponor artaybl «LOGic-Te
6argapnamanay» Kbickapybl 60/bin Tabbinagbl. byn Tin Mapcenbge 1972 Xbisbl
famblFaH. ponor - anroputmre emec, NPeaykaTTbik JIOTUKaFa HerisgenreH
6argapnavanay Tini. Erep anroputmaik (mpoueaypanbik) Tingeri 6araapnama
6enrini 6ip peTneH opbIiHAQIATLIH HYCKaynap Tisberi 6onca, oHga MponorTafbl
barjapnaMa TeK TancblpMaHblH —cunatTamacblH — Kamtugbl, an  [ponor
MalLMHAaCcbl OCbl cuMaTTamMaHbl 6GaclubliblKKa aa OTbIpbIM, LUEiHIM i34eiai.
MblIcanbl, aT KafaMbIMeH LIaXMaT TakTacblH Xaby/blH NOrvkanbik MiHAeTI 6ap.
Ke3 kenreH anroputMmgik Tinge Gyn MaceneHi Lewly eTe KypAeni anroputMai
Kypydbl Tanan etedi. [ponorta XbUKbl >KYPETIH epexenepdi cunarray

* XKETKINIKTI, cofaH KeiiiH Mponor wewimMai e3i 6acagpl.

MyHgaii  kapanalibiMAbIbIKTbIH, 6acTbl xafbl — GaFfapnaManapblH
pecypcTapfbl TYTbIHybl. MbICasnbl, LiaxmaT TakracbiHa 6ip-6ipiH ypMaiTbIH
CEri3 MaTWaibIMHbIH Tafbl 6ip TaHbIMan TamncbipMacbiHAa LUELIMHIH TOMbIK,
aralbiHaa 648 WbiHbl 6ap. MyHAai aFawiTaH wewiM Taby MyMKIH eMec y3ak,
YaKbITTbl Tanan eTeTiHi aHblK. [ponorta 6arfapnamanay Keneci KeseHzepreH
Typaabl:

+ 00beKTiNep MeH OnapAblH, apacbiHAafbl KaTblHAcTap Typaibl Keinbip

thakTinepai xabapnay,

+ 00bekTiNep MeH OnapAblH, apacbliHAaFbl KaTblHACTap Typaibl Keibip

epexkenepi aHblKTay;

* HblCaHZap MeH OnapfblH apacbiHAaFbl KaTblHacTap Typasibl CypakTapabl

T\>KbIPbIMAAY.

2.2. MpepuykaT TYCiHiri

Mponor 6affapnamacbiHbIH, Herisri afemMeHTi - npegukar. MartemaTuka-
NblK TYpFbliaH anfaHga npefukat — eKinik MaHAi (WblH HeMece >KasFaH)
KaliTapaTblH (byHKUMA 60nbin Tabblnagbl. [Mponorta npegukat HbicaHaap
apacblHfafbl KaTblHacTbl Gingipegi, 6yn Aa LWbIHAbIKKA aiHamybl MYMKIH.
Mponorta npeamkat yfbiMbiH [yraveBaHblH, — KMpKOPOBTbIH, 8iArini 6ypbIHFbI
oTbacbl MblCanblHAa KapacTblpaiiblk [10]. BipiHwigeH, 6i3 ara-aHa MeH
6anaHblH KapbiM-KaTblHaCblH >asambl3. [lponor cuHTakcuciHge «bopuc -
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AunaHblH, aTa-aHacbl» epHeri kenecigeii: parent(boris, alia). MyHga parent -
npegukatTelH atbl, an boris, alia — gsnengep. Boris neH alia fanengepi
TYpaKThl, COHAbIKTaH 0f1ap Killi apinTepmeH >asblnagdbl. Mponorta 6ac apinneH
aliHbIManblnap 6actanafpl. HykTe NpeaukarTbiH COHbIH, COHAAV-aK CoMneMHiH,
Taburn Tinge asktanybliH 6ingipegi. OT6acbiblK MyLUENepAiH aTta-aHablk,
KaTbIHACTapbIH Ja >Ka3aMbl3:

parentfbedros, filipp).

parent(kristina, denis).

parent(edmuntas, kristina).

parent(vladimir, denis).

parenlfalla, kristina).

EHgi 6i3 «ybali» TyCiHIriH 6epemi3 (spouse):

spousefftlipp, alia).

spouse(vladimir, kristina).

AnblHFaH NpeaMKaTTap >XMbIHTBIFbI XY/4bl3gap oT6ackl Typanbl 6inim
6asacblH Kypaigbl. Penaumsanblk gepekTtep 6asacbiHga 6Oipgeli ManiveTTep
Kaslaii YCbIHbINATbIHbIH Ca/lbICTbIPbIHBI3.

ATa-aHanap Kecteci

Parent Child

Boris Alla

Bedros Filipp

Alla Kristina

Edmuntas Kristina

Kristina Deni
>Ky6aiinap Kecteci

Sl S2

Alla Filipp

Kristina Vladimir

Kepin oTbipFaHbiHbI3Aal, LepeKTepai YCbIHY AeHreiiHae ykcacTblk 6ap.
Bipak ocbiMeH O6iTegi. bipak [gepekTepai WbiFapy [AeHreiiHge yikeH
alblpmalbinblk  6ap.  biniMai any yWwiH pensuusnblK  gepekTep 6asachl,
Mbicanbl, SQL-fe AepekTepdi TaHAay YLWiH cypay Kypybl Kepek. Mbicanbl, 6i3
KpucTuHaHblH, aTa-aHacbl KiM eKeHiH 6inrimis  kenefi pgenik. bBi3  Keneci
(hopmafaFbl CYPaHbICTbI Xa3ybIMbI3 KEPEK:

SELECT Parent FROM Arta-aHanap WHERE Child = "Kristina"

Mponorta 6iniMai anyfa CypaHbIC OCbl 6ifiM YCbIHbINFaH Ke3gerifel
cunatTanagbl. Erep 6i3 keneci npegmkatTbl [ponorka aybicTbipcak (MakcaTTbiK
npeaukar):

parentfalla, kristina).
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Byn makcatThl Gbiiaii OkyFa 6onagbl: Anna KpncTyHaHbIH aTa-aHacbl Ma?
Ocbl MakcatTbl 6iniM KOpPbIHbIH Ma3MyHbIMEH CasbICTbIpa OTbIpbIM, Mposor 6yn
TYKbIPbIMHBIH, aKMKAT eKeHiH aHbIKTan, OHbl xabapnaigpl. YXofapbigaFsl SQL
cypaybl (KpucTuHaHbIH aTa-aHackl KiM?) [ponorta kenecigeii:

parent(X, kristina).

MyHga X — KepekTi MaHAep TafaiibiH4anybl Kepek aliHbiMasbl. [lponor-
Tafbl aliHbIMa/Ibl 3aT €CiM Hemece cypak Ce3iHiH aHalorbl 60Mbin Tabblnagbl.
YKorfapbigafbl 6iniM 6a3acbiHaH Mponor eki xayan LublFapagbl:

X = alia
X = edmuntas

CypakTbl Kenecifell Ty>KblpbIMZai anambl3: KpuCTUHaHbIH aTa-aHacbl 6ap

ma?
parent(_j kristina).

Byn »as3ba: x aTa-aHacbl Y Taby, on e3 KeseriHge KpucCTWHaHbIH aTa-
aHacbl. Anfbl cesfieri yTip ")KaHe" Hemece KOHBIOHKUMSFA ykcac. MyHgaal
CypaHbICKa Xayan peTiHge [Mponor keneci >xayan 6epegi:

X= alia
Y = edmuntas

Keneci cypaHbICTbl 6epyre 6onagpl:

parent(alla, ).

EHAi aHOHWMMA| aiiHbIMa/lbl eKiHWI fAanen peTiHAge KongaHbiiFaH. byn
CypaHbICTbl Kenecigeil okyFa 6onagpl: AnnaHblH 6ananapbl 6ap ma? lMponor
»kayan 6epegi: Yes.

MpegmkaT LWbIH HEMECE >KanFaHAbl KalTapaTblH  eKifliKk  PYHKUWS
6onrFaHabikTaH (Mponorta MasiMaeMe akmkaT HeMece KasiFaH 601ybl MyMKiH),
Mponortafbl GaFfapnamaHblH, HATUXKECI — MaKCaTTblH LUbIH HEMECe >KasFaH
eKeHiH aHbikTay. AliHbIMa/blnapFa MaHAep Oepy, HITWXKeNep LUbIFapy >KoHe
T.6. - 6yn >KaHama aceprep.

CoHbiMeH, [ponorTarbl 6argapnama npegukaTTapgaH Typagbl.
Mponor 6argapnamacbl MeH 6iniM  6a3acbl — CUHOHMMAep. MakcaT
npegykaTTap TypiH4e fe Ty>KbipbiMganraH. MponorTa 6argapnaMadsi
iCKe Kocy — 6yn MakcaT Thl Leiny.

2.3. MponorTbiH NHTEPNPETATOPbI Kasal XXyMbIC iCTenai?

Mponorta wewim Taby npoueci - MakcaTTblK MpeaukaTTel  6inim
6asacbiHbIH, npeaukaTTapbiMeH canbicTolpy [10]. Byn npouecc yHudmkaums
(6ipiry) gen atanagpl.

AnabIHFbl 66M1IMHEH anblHFaH MakcaTneH ponor XyineciH yCbiHabIK (613
KpucTuHaHbIH, Hemepeci KiM eKeHiH 6inrimis kenegi):
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parent(X, kristina), parent(Y, X).

Mponor ogaH parent(X, kristina) anfawkpl MakcaTbiH epekLlenensi (>kaHe
OHbl 6inim 6asacbiMeH canbICTblpyfbl 6acTaigbl (GipiKTipy4i >Ky3ere acbipy
ywliH). binim 6a3acbl TeMeHae kaiiTanaHagpl:

parentfboris, alia).

parentfbedros, filipp).

parent(edmuntas, kristina).

parentfalla, kristina).

parentfkristina, denis).

BipiHwWigeH, anFawkbl NpeAnKaT NneH Kocaskbl MakcaT CasbICTbipbliajbl:

parent(boris, alia) »aHe parent(X, kristina)

boris 6ipiHWIi aprymeHTi X aliHbIMa/IbICbIMEH CasbICTbIPLIabI.

Mponor aitHbiManbinapgpiy, free (epkiH) >xeHe bound (6aiinaHfaH)
KyWinepiH axblpaTaTblHbiH eckepy kKaxeT. Erep eki aliHbiManbl fa >KanraHraH
6onca, oHga GIpiKTIpy KesiH4e onap canbiCThipblnagbl. Erep onapabliH 6ipi
TeriH 60nca, oHfa TaraiibiHaay OopblH anafbl. AfHbIMaNbl M3HAEpre kKaiTa
TaraiibiHgayra >kon  Gepinveiigi. byn  [Mponortel  6Gacka  TinaepAaeH
aTap/nbIKTaii epekLleneHgipeai.

Ocblinaiiwa, ani ge 6oc 6onatbiH X aiiHbiMasbiCbiHa boris MaHi 6epinegi.
OcblgaH KeiliH ekiHWi ganengep, alia >aHe kristina 6ipikTipinegi. ©nTkeHi 6yn
TypakTbinap >keHe alia kristina TeH ewmec 6onfaHAbIKTaH, NPeAUKATTbIK
parent(boris.alla) »sHe parent(X, kristina) Kocaskbl MakcaTTap CaTCi3fikneH
asktanagb! (fail).

binim  6asacbiHga parent  npeguKaTbiHbiH - GipHele  JaHanapsl
6onFaHAbIKTaH, MyHAail npegukar 6ip.MsHAi emec fen atanmagsl  (mon-
derministic). Erep npegukat 6ipey 6onca, oHga on 6ipmaHgi (deterministic) gen
atanagbl. CaTci3gikTeH KeidiH GipMaHAI eMec MpeaukaT 6onFaH XXaFgaiiga Kepi
KaiiTapy opblHAanagbl — NpeavKaTTbiH, Keneci gaHacbiHa aybicy. Byn pete,
erep OpblH anfaH 60nca, aliHbl.Ma/binapFa MaH TaravbiHgay [fa asblHbIM
TacTanagpl. CogaH KeliiH NpeAMKaTTbIK OipiKTIpY Xy3ere acbipbliagpl.

parent(bedros, filipp) n parent(X, kristina)

BipikTipygiH HaTwkeci 6ipaeit 6onaTbiHbl aHblK, caTcidgik (fail). Keneci
parent(edmuntas,kristina) npegukaTbiHa oOpasiFaH kKesiHAe cypeT 6ackawa
6onagbl: X-re edmuntas MaHi TaraibiHAaaabl, an eKiHWi ganengepre caikec
Keny fie caTTi 6onagpl, eiTKeHi kristina = kristina.

Ocblnaiilwa, anfawkpl Kocankpl 6GaFgapnama  asktanagpl.  [posor
MPeANKATTbIH, Kaii AaHackl XXYMbIC ICTETrEHIH eciHe Tycipin, Keneci npeamkarka
opasly KepceTKillliH opHaTaibl:

parent(boris, alia).

parent(bedros, filipp).
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parentfedmuntas, kristina).

> parentfalla, kristina).

parentfkristina, denis).
ocblgaH Keitin on parent(Y, X) eKiHWi KOCalKbl >XMbIHbIHA ©Tefi, MyHAa
X = edmuntas, aFH1 [Mponor e3 angbiHa Keneci MakcaTTapabl Kosfbl:

parent(Y, edmuntas).

SOMYHTACTbIH aTa-aHacblH i3geyfe [Mponor kaiiTagaH 6yn npegukatTbl
6inim 6asacbiHaH, parentfboris, alia) 6ipikTipyre 6acTaingp!.

Byn xonbl 6apnblk npegukatTapAbl i34ey HOTWXKECI3 asKTanaTblHbIH
Kepyre 6onafbl, AFHU Makcat

parentfY, edmuntas)
OH, LLeLWwiM GepreH XoK.

Byn afpaiiga lMponor angbiHFbl MakcaTka Kapail Xblmkuabl (apTkbl
KepiHicTep Ti3iMi 6ObIHLLIA XbIMKMALI) XaHe parent(X, kristina) ywiH 6anama
wewim Tabyfa Tbipbicagbl. byn >xaFpaiga X kaiTagaH 60C aliHbIMasibiFa
aiiHanagpl, an MNponor opany HyKTeciHe opanagpl:

parentfboris, alia).

parentfbedros, filipp).

parentfedmuntas, kristina).

> parentfalla, kristina).

parentfkristina, denis).

AFHU  Heri3ri parentfalla, «kri.b7ina)npegukaTol parentfX, kristina) npeguka-
TbIMEH aybICTbIPbINagbI.

EHai X-ke alia MaHi MeHLiKTeNeAi, opany KepceTKilli Herisri npegukarka
parentfkristina, denis) opHaTbingpl, KaiiTagaH parentfY, X) Kocasnksl MakcaTbiHa
Kewly opblHAanagel, MyHga X = alia. Anfbl ce3 KaiiTafgaH GipiHLI NpeanKaTTaH
bactan parentfY, alia) 6inim 6a3acbiMeH OipikTipe 6acTaiigbl. bBipiHLwi
npegukatTa TypakTbl TypakTbl boris >keHe Y aiHbIMasbiChl GipiKTipineai.
Y=boris TarallblHganagbl, COAaH KeliH ekKiHWi Aanengep cabICTbipbliagbl.
Alla = alia 6onFaHAbIKTaH, CaiiKeCTiK CaTTi asfkTandbl. Ocblfaiia, LWeLim
Tabbingpl: KpuctmHa - BOpuUCTiH Hemepeci. Oke-Llewweci  KpucTuHaHbI
i3geyferi coTci3fik TeK 6ifiM 6asacbiHbiH, TOMbIK 60MaybIMeH 6aiinaHbICTbI
EKeHiH eCKepiHi3.

CoHbImeH, Prolog aygapMalubiCbl aBTOMaT Thl TYpAe inewim i3geisi.
I3gey >Kyiieci CITCI3LIKTeH KeliiH Kepi LainTapygbl KpagaHa oTbIpbin icke
acbipbinagbl. KainTw opany Keneci marbiHaHbl 6ingipegi: [NponorTa
6argapnamaHbl >Ky3ere acblpy (MakcaTTbl Lleiny) - MakcaTTbl 6inim
6asacbimeH GipikTipy [7].
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2.4. MponorTafbl (hakTiNep MeH epexenep

Xorfapblga cvnattasnFaH “aTa-aHa-Hemepeci” TWNiHIH KaTblHACbIH Gesnri-
NeiTiH cypay ofaH 8pi OipHewe peT Taman eTinyi MyMKiH. OcbiFaH
6aiinaHbICTbl OHbI Gacka cypay cajynapga OfaH api MaiganaHy YLiH ecTe
cakTaraH >eH. ponorTbiH 6ifiM 6a3acbiHAa (hakTinephi faHa emec, LUapTThbl
KaTblHacTapabl fa cakrayfa 60nagbl. "ATa-aHa-Hemepeci' TWMiHIH KaTblHAChI
MblHafali TypAe »asblaybl MyMKIH:

grandparentfX, Y) ifparent(X.Z), parent(Z, Y).

MyHbI Kenecifeli OKbin WbIFbIHI3: X - Y-HiH ypraFbl, erep X-Z-TiH, an

Z-Y-[iH aTa-aHachbl.

GrandparentfX,Y) npegukartbl epexxe TakblpblObl Aen artanagbl, an if -
epexxe [leHeCiHiH OH, KaFbIHAAFbl BPHEK.

EckepTy: epeskegeri ""if 6GymMacblHbIH CMHOHUMI «:-» CUMMBONAAPSI
60/1bIN Tabblnaabl.

Ocbinaiia, [fepektep  6asacbliHfarbl  CUsIKTbI,  [MponorteiH,  6Ginim
6asacbiHfaFbl (hakTinep TypiHae 6i3 GacTankbl 6inimgephi CakTalimbI3, an
onapfaH ablHFaH TybIHAbLIAPAbI PAKTINEp CUAKTbI XON4AHATbIH epexernep
TYPiHAE >Ka3aMmbl3.

dakT - 6yn 6enrini Hapce.

Epexxe - 6yn 6Gap (akTinepgiy, HerisiHge aHa dakTinepgi
TYAbIPYAbIH TaCifi.

TybICTbIK KapbIM-KaTbIHAC YLLIiH 6i3 KOCbIMLIA (aKTINEPAi EHri3y KaXeT-
TIFiHEH KyTbifa OTbIPbIN, KBMNTereH epexenepgi Genrineii anambi3, Mbicasbl,
araiapbl, HeMepe XaHe T.6. Kimre THecini?):

siblingfX,Y) parentfZ,X), parentfZ, Y). X<>Y.

CanbicTbipy npeaukatbl XOY "MeHiH aKeMHiH ynbl, 6ipaK MeHiH aram
emec" TypiHAEri KOMM3UsHbI ey YLWiH KaeT. Afaid TypiHiH KaTblIHACbIH
aHbIKTalTbIH epeXe Kenecigeii:

uncle(X,Y)parentfz, Y), siblingfX,z).

MakcatTbl Lewly Ke3iHge [Mponor cesre emec, epexere Tan 60/FaH Kesge,
aAbIMEH epeXEeHiH TakbIpblObIH BIPIKTIPeAl, AFHU. GaiifaHbICTbl aiHbIMabl-
NapAbl canbICTbIpabl XaHe 60C aliHbIMasIbiNapFa MaHAep TaFalibiHaanabl. Erep
aprymeHTTep caTTi GipikTipince, Mponor TakeipbinTarbl A3M€NAEPAiH MaHIH
epeXXeHiH Herisri npefukKaTbiHa aybICTbIpafbl XoHe Oyn npeaukatTbl 6inim
6asacbIMeH GipiKTipyAi 6acTaiTbiH GaFbIHbIHKbI PeTiHAe opHaTagbl. Ocbl Killi
6argapnamaHbl CaTTi LUELLKEeH XxaFaainga Mponor epexxeHiH Keneci »xaffaibiHa
Kewweni. Erep 6yn wapTTbl 6ipi3aeHAipy NpeauKaTTbIK HATUXKere aKence, OHAa
Mponor epexeHiH anfiblHFbl >kaffalibiHa Kowedi. Bbyn anfgblHFbl KaidTapy
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eKiyLWTbINIbIK 00/FaH XaFdaiiga faHa 60nmagbl. MyHbl MbICa/IMEH KepCeTelik.
Bi3 e3imizre KpncTuHaHbIH ypnafbl KiM eKeHiH 6inyai makcaT eTin Kongplk;
grandparent(Who, kristina).

OcblHAai MakcaTka KOn JKeTKi3reH [ponor OHbl epexxemcH 6ipikTipe
6acTaiigbl:
grandparentfX, Y) parent(X, Z), parent(Z, Y).

MakcaTTbl npegukatTaFbl Who aiiHbIManbiCbl — epKiH aiHbIMasbl XaHe
OHbl €epeXe TaKbIpblObIHAaFbl X aliHbIMasbIMEH OIpIKTIpY opKaliaH CaTTi
6onagpl. AliTa KeTy Kepek, Mponorta 6apnblK aliHbIManbLIap XKeprifikTi, aFHN.
epexxe iwiHge faHa 6ap.

Bi3 X opHbiHa Who naiganaHa anap egi, »eHe 6yn 6ipgeii 6ipisgeHgipyre
6onaTtbiH Typni aiHbIManbiiap 6onap epi. XahaHgblk aiiHbIManbiIapabl Kypy
KaKeT OonFaH >KafFdaiiga, assert npeauKaTbl dKacaTblH  AUHAMUKa/bIK
thakTinepai naiganaHagbl OkaHe retract npegumkatbl  Hemece  retractall
Xolibinagbl. Epexe  TakbIpblOblHAaFbl — aliHbIMablnap  opfaiibiM  epKiH
6onFaHabIKTaH, y = kristina 6epinegi. Epexxe TakbIpblbblH Gipi3feHAipy CaTTi
eTKeHAIKTeH. [lponor epexe AeHeciHe TepeHaeinai >xaHe oniap 6GaiinaHbICTbI
6onca, aliHbIMasbinapabl aybICTbipa OTbIPbIM, AeHe OIpiHWI NpeguKaTr epexe
acTblHa KOsAfbl:

parent (X, Z2).

X aHe Z ailHbIManblnap epkiH 60nbin Tabblnafgbl, COHAbIKTaH 6inim
6azacbiHaH GipiHWI parent npeAuKaTbIMEH OCbl MakcaTTbl 6ipi3geHaipy
TabbICTbl 60MabI:

X = boris, Z= alia

OcblgaH KeliiH Mponor epexke 6oMbIHLIA eKiHWI NpeanKaTka aybicadbl, X
XoHe Y MaHIH Kosabl:
parentfalla, kristina).

Ocbl KilWi HblCaHHbIH Kapapbl LWbIHALIKTEI Gepedi, an 6ipisgeHaipy
6apbicbiHAa GepinreH aybicnanbl MaHAepai Mponor KainTapagbl
Who = X = boris.

Ocblnaiila, pesontoums GapbiCbiHAA HEri3ri MakcatTapgpl ponor 6inim
6asacblHfaFbl epexxeniepdi 6aclubINbIKKa ana oTbIpbIM, 83iHe 63 G6eTiHWe MakcaT
KOsl

backa mbican KapacTblpaiibik;

Grandparent (Who, denis).

Ocbl Kiwi apanblkTbl GipikTipyre Thipbicbin, [ponor aiHbIMaibliapabl
(alia, denis) 6ipiHWwi  parent npegMKaTbiHa Ca/bICTbIPaAbl, CATCI3AiKKe
yLblpalifbl, Keneci MHCTaHUuusAFa aybicajbl XaHe T.6.
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Binim 6asackiHaa parent(alla, denis) thakTici XOK 60nFaHAbIKTaH, OCbl Killi
6arfapnamaHblH, Wewimi  caTci3 60nafbl. COHAbIKTAH epexKeHiH, O6ipiHLi
npegukatblH X = boris, Z = alia maHgepimeH 6ipiKTipy OypbIC eMmec.
CoHgpbikTaH Mponor epe>kenepaid anfblHrbl XKarjaiiblHa kapain >KblnKuibl
3KkaHe parent(X, Z) KiwiMakcaTTapblHa 6acka LweLiM Tabyra Tbipbicagbl.

Byn xafpaiiga aliHbiManbinapgsl 6epy TokTatbiagbl (X = boris, Z = alia).
X XaHe Z aliHbIManbliapbl KaitagaH 60c 6onaabl. AliTa KeTy Kepek, MyHAa Tek
6ip TaHbanbl Npeavkatka anapy MyMmKiH. Erep npegukattap TisberiHge epexe
iliHae 6ip maHAi ae, 6ip MaHAI eMec npefmkatTap 60/ca, OHAA CATCI3AIKTEH
KeiH eH >kakblH 6ip MoHAI MpeaMKaTKa XXbLmKy kepek. OCbl NpeauKaTTbl
6ipiHWi  6ipisgeHaipy kesiHge [ponor parent Keneci fJaHacbiHa — Kepi
KOPCETKILLTI OPHATTHI:

parent(boris, alia).

> parent(bedros, filipp).
parent(edmuntas, kristina).
parent(alla, kristina).
parent(kristina, denis).

ApTKa aitHaniFaH Kesge Mponor 6yn takTiHi 6ipisgeHaipyre Kipicegi »oaHe
Kepi HyCKaFa YLUiHLII MHCTaHUWAHbI OpHaTazbl:
parentfboris, alia).

parentfbedros, filipp).

> parent(edmuntas, kristina).
parent(alla, kristina).
parentfkristina, denis).

EkiHWI npegukatTblk parent Kocankbl ToObiMeH parent (X, Z)
6ipiKTipreHHeH KeiiiH, Mponor aHbIManbliapFa MaHAEP TaFaibiHAaRabI:
X= bedros, Z =filipp
YKaHe eKiHLWWIi npeauKaTTbIK parent{Z, ¥) aybicajbl
parent(bedros, denis).
YK9He eKiHLWi NpeauKaTTbiK aTa-aHara aybicagpl (Z, Y):
parentlbedros, denis).

Byn kiwi 6GafpapnamaHbiH, Lewimi ge caTci3 6onatbiHbl aHblK. [ponor
KaliTaflaH epeXeHiH angblHFbl MPeAnKaTbiHa XaHe 6acTbl aTa-aHaHbIH YLLiHLLI
MHCTaHUMACbIHA eTegi. TepTiHwi (akTiHi BipikTipy FaHa caTTi 6onagpl:

parentfalla, kristina),
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HaTMXeciHAe 6i3 anambl3
Who = X= alia.
Binim 6GasacbiHga epexenep 6onfaH >xargaiga MponorTelH MHTepnpe-

TaTopbl OCbIARA XYMbIC iCTeg.

CoHbimMeH, hakT - 6yn TypakThbira HerizgenreH 6inim (earepmeiTiH
6inim). Epe>kenep - 6yn hakTinepaeH anbiHraH 6inim.

dakTinep MeH epe>kenep >XMbIHTbITbIHAA aNTOPUTM HKOH.

Epe>kenep MeH thakTinep 6ip-6ipiHe Tayencis.

HnTw>KeHi wWheirapyra apHanraH epe>kenep TipKeciMmi MakcaTThl
Wewly KesiHge nainga 6onafbl. Epe>kenep TakplpblOblHAArbI aliHbIMasbLiap
0Cbl epe>KeHiH, iliHae raHa 6onajbl.

Epe>ke iwWwiHge apTka aiiHairaH Kesge, 0N epe>kederi angbiHrbl
TYCIHIKCi3 npeAnMkaTHa 0Teji.

2.5. Prolog TiniHAeri pekypcus

Erep 6i3 X Y-TiH ata-6a6acbl 60nbiN TabblIaTbIHABIFLIH Cypacak. OHAa
[ofeKTi MaKcaTTapfbl OpHaTYy Kepek:
parent(X, Y).

grandparentfX, ).
grandgrandparent(X, Y).
grandgrandgrandparentfX Y).
XaHe T.6.
grandgrandparentfX, Y) parent(X.Z), grandparentfZ, Y).
grandgrandgrandparentfX,Y) parent(X,Z), grandgrandparentfZ, Y).

OHbIH OpHbIHa Mponor ocbl epeXxeHi Keneciaen xasyFa MyMKIHAIK 6epegi:
predecessorfX, Y) parentfX, Y).

predecessorfX,Y) parentfX,Z), predecessorfzZ, YJ.

MyHza predecessor npeguKaTbiHbIH — PEKYPCUBTI  LUaKblpybl — 6ap.
Mponortafbl Pekypcus eTe bIKWaM >xaHe TWiMAi GaFgapnamanapdbl Kypyfa
MYMKIHAIK 6epeTiH KyaTTbl Kypas 60/bIn Tabbliagbl.

dakTopuan  ecentey  MbiCa/blHAA  PEKYpPCMsiHbI  MaiiganaHygbl
KapacTblpaiibIK.

n'=n (n-1) (n-2) m.. |

dakropuangbl pekypcusTi aHbiktay: 0 = 1 n! n (n-1)! ®akropuangbl

ecenTeygi Xy3ere acblpaTbiH Mponor 6araapnamacs! Kenecigeid 6onagbl:
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f(O,l).
(N, F): - N1=N-1, (N1, FI), F=F1 N.

Baraapnama, MaHICiHAe, PEeKYPCUBTI MaTeMaTuKanblK cunatTaydaH apTblK
emMec, OKofapblja KenTipinreH caktopman (yHKUMACLl.  baFgapnamaHsbi
Tpaccanay pexuMiHge icke kocbin. F(3, X) makcaTblH KosMbI3. [ponor makcar
npegvkatbiH  6iniM  6asacbiMeH canbicTbipa 6actaigbl (CALL npegukar

LaKbIpybIH  6ingipeai, return - npeauMkaT >KYMbICbIH askray, FAIL —
caTci3gikTi, REDO-Kepi KaiiTapy):
CALL (3, X) makcarts! T(0,1)
Fail CaTCI3, cebebi 3 #0
REDO f(3,X) Keneci fpaHacbiHa anapagbl()
N=3, [eHere epexe Kipegi. N=3 TaraiibiHaay
N1=2 N1=2 TabambI3
f(2, X) Mponor 83 makcaTbliH KoAAb!
CALL f(2, X) f(0,1) -re caiikec keneTiH
FAIL CaTCi3, cebebi 2#0
REDO f(2, X), keneci () LaHacbiHa opanagpl
N= 2, Tafbl ja epexke feHeciHe Kipemis. N=2
TaFaiblHaay
N1=1 N1=1 tabambI3. byn 6acka N1
f(1,X) Mponor e3iHe anFawkpl Makcat koagsl f(1, X)
CALLT(1.X) f(0,1) -re caiikec KeneTiH
FAIL coTciagiri, ce6ebi | 0
REDO f(1,X) Keneci f() faHacblHa opanagpl
N=| KaliTaflaH epeXeHiH AeHeCiHe eHeMI3.
N = | TafalibIHAaHbI3
N1=0 N1=0 TabambI3.
f(0, X) Anfawksl Makcat Kosgel (0, X)
CALL f(0,X) on f(0,1) canbicTbIpbIIaLb
RETURN X =1 caTTi asKTangbl, TOMEHII peKypcusi AeHreiiHeH Kaiitapy
F=1 1-re kebeiiTy (1-aeH haKTop/bIK)
RETURN X=1 peKypCUsiHbIH Keneci AeHreiiHeH kaiitapy
F=2 KebenTy 2-geH 1-re feidiH
(2-peH hakTopnbIK)
RETURN X=2 PEKYPCUSHBIH, KENeci JeHreliiHeEH KaliTapy
F=6 3-ke 2 kebeliTy (3-TeH hakTopman))
RETURN X=6 bargapnamagaH kaitapy

dakTopuanibl ecentey 6GarAapnamachl >XXYMbICbIHbIH IOTUKAChl peKkypcus-
[aH LWbIFyAbl aHbIKTAWTbIH NPeAMKaTTbIH MaTiHAEe OpHanacyblHa GalifaHbICTbl.
bipisgeHaipy OGargapnama MaTIHIHAE nNpeAvKaTTapdblH Xypy TopTibimeH
opbiHaanaapl xaHe ercp npegukar f(0,1) coHblHAa Kolibinca, pekypcusgaH
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WbIFy MYMKiH 6onmaca. Ocbinaiiwa, MponorTbiH, AeKnapaumsacsl OHbl Naiga-
NaHy bIHFaANbIbIFLL  YIWIH abconoTTi emec. [IpeaukatTap Ke3 KefreH
TOpTiNMeH opHanacybl MyMKiH 6affapiaMaHblH, HYCKaChbl:

f(N, F): - n>0, NI=N-1,f(NI, FI), F=F1 N.

f(0,1).

CoHgaii-aKf 6yn pekypcuBTi npegvkaTTa pPeKypcvBTi LUaKblpydaH
KeiiH fgeHeferi epe>kenep apekeTi 6ap ekeHiH aTan oTemis. Byn Kangplk
peKypcusiHbIH 6y3binybl gen aTanagel (tail recursion).

KyMpbIKTbI (Kangblk) pekypcusiHbiH, Oy3biiybl, COHbIMEH KaTap KypbIKTbl
e.Mec pekypcus den atanadbl, PEKYPCUBTI KOHbIpaydblH OYKif OpTacbliH ecTe
cakTayibl Tanan etefli (K8He HaTWXKe faHa €MeC), COHAbIKTAH Of Y/IKeH
XafblHbIH, LWbIFbIHBIH 9Keneadi. Anaiifa, KyWpbIKTbl eMec pekypcusnapabl o
apicTepi 6ap [10].

TemeHZe Kanfblk eMeC peKypcusiHbIH (hakTopuanblH ecentey MbiCalbl
KenTipinreH.

f(NL, N, FI, F): - % erep N1! = FI, oHga NI = F

N2=N1+1,

F2=F1*N2, % (N1+1)! = F2

f(N2, N, F2, F). % erep N2! =F2,o0HpaNe = F
f(N,n, F, F). % PekypcuafaH LUbIFY LWapThbl

3 ecenTey makcathbl! MblHagain kepiHegi: f(0,3,1,F).

MponorTasbl Pekypcms GipHeLle peT KaiTanaHaTblH 8peKeTTepdi OpblHAAY
VWiH apKallaH mainganaHbinMaigbl. "MXKyngbi3gbl" 0T6acbIHbIH 6ifiM 6a3acblH
ecKe TYCipeMi3, OHAa epni-3aiibinTbiiap KapbIM-KaTbIHACTaPbIH, atan ainTkaHaa
spouselfilipp, alia) cunatTaiiTblH npegukatT 6ap. ArTa-aHa KaTblHacblHa
KaparaHga epni-3aiibiNnTblnap CUMMETPUSAbI  60nbIM  Tabbliagel.  duaunn
AnnaHblH >xy6aiibl, Anna PuaunnTiv xapbl. byn peTTe angblH ana fganen-
LepaiH KaFfalibl 6ekiTinreH. backawa aiiTkaHga, erep 6iniM 6asacbliHAAFbI
thakT Kenecigei xasbinca: spouse (filipp.alla). an makcaT npegukatbl: spouse
(allajilipp) HaTwxe Tepic 6onafpl. MponoraHbl KopceTy YLUiH, 6yn npegukar
fenengepre KaTbICTbl CUMMETPUAbI 60MbIN Tabblnagpl, 6i3 epexeHi KosgaHa
anambli3:

spouse(X, Y )spouse(Y.X).

Mblican peTiHge 6enrini KonnmsusHbl KapacTblpaiblK. Ayblnga eki 0T6achkl
TYPAbl: aHacbl Kbi3bl XaHe aKeci ynbiMeH. Onapfa attapdbl 6epemis. AHacbl
MeH Kbi3bl Maria MeH Dasha, an akeci MeH ynbl Oleg, neH Sergei 60/CbIH.
EcimgepaiH O6ipiHWi apinTepi 6i3re KiM eKeHiH aliTagbl, aiTnece 6i3
LaTacTbipambl3. binim 6a3acbiHaa 6yn hakTinep Keneci Typae KepceTinesi:

parenl(oleg, sergei).

parentlmaria, dasha).
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TaFablpAblH, e3repyiHe GaiinaHbicTbl Oleg Dashara, an Maria Sergeire
yinengi:
spousefoleg, dasha).
spousefsergei, maria).

YWiH CUMMeTpUS XKy6aiinblk KaTblHacTap KOCaMbl3 Epexe:
spousefX, Y) spouse(Y, X).

Aybinga MiHe3-Ky/blK kapanaibiM, COHAbIKTaH SKECIHIH alieni aHa, an
aHachbl ake fen atanagpl. byn ywiH epexxenep Kenecigein 6onagpi:
parentfX,Y) spouse(X,Z), parent(Z.Y).

Ceprein HemepeciH TabyFa TbipbiCambl3. MakcaT KOsMbI3
grandparentfsergei, Who).

Mponor epexxeHi Tabaabl grandparent(X, Y) parentfX.Z), parentfZ, Y)
YKBHe OCbl epPEXeHIH AeHeciHAeri GipiHWI NPeanKaTTbIH iLWKi 6aFbIH
6enrineiiai:

parent(sergei, Z).
CepreiigiH 6ananapbl )oK, COHAbIKTaH Mponorparent(X, Y)  spousefX,
Z). parentfZ, Y) cinTeme >acaiigpl xeHe MaKcaT Kosiabl
spousefsergei, Z).
Mponor Z= maria HaTWeciH Gepeai. Parent epexxenepi ekiHWi npegukar
parentfmaria, Y).

Y = dasha maHiH KaiiTapagbl. SFHK, Sergei MariaHblH, Kylieyi peTiHae
JawaHblH akeci. EHai Mponor grandfather epexxeciHaeri ekiHWi npegnkatka
eTefi:

parentfdasha, Y).

Dasha-ga 6ananapsbl ok, coHablkTaH Mponor parent(X,Y)  spousefX.Z),
parentfZ,Y) epexeciHe >KyriHedi >keHe angbiMeH [awara >xybain Tabyfa
ThipbiCafbl:

spousefdasha, 7).

HaTmxke: Z = oleg. Ocbl epexkeHiH ekiHWi npeavkatbl parent (oleg, Y)y =
sergei Oepepi. SAfHW, sergei Hemepeci! bi3 >kacaraH 6iniM 6a3acbl OCbl
KONNM3UsHbI AYPbIC KepceTesi.

2.6. NMponorTa Kecy

YKofapblga aiiTbinFaHgapablH 6opiHeH, akuMKaT KOPbITbIHABI Kacayfa
Gonagpl: Mponor-ayaapmallibl MakCaTTbiH LIEWiMiH OpbIHAAK OTbIPbIM, apKa-
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WaH LWewWiM aFallblHblH, aliHanacblHAa TOMbIKTal Kypegi. AfallTbiH TOMeH
TYCYi EpPeXeHiH, Heri3ri 6eniriHiH TepeHaeyiHe CaliKec Kenegi, KaiTbin opanbim,
Keneci Tapmakka Kelledi — CaTCI3AiKTeH KeiliH Kepi aiiHany. benrini 6ip
Mbicanfa Kecy YFbIMbIH KapacTbipbiHbi3 [10]. Enre wakbipaiiblk. COHbIMEH
6ipre, onap ageTTe 6enrini 6ip yiAgi kanain aingan, TabyFa 6GonaTbIHABIFLI
Typa/ibl TONbIK HyCKkaynap 6epedi. Mbicanbl, 6i3 anFaH Hyckaynap Kenecigeii:

1. BacuHo aybl/ibiHa KipiHi3 (MyMKiH, BaHWHO fa xasblivaraH).

2. OHfa bypblNbIHbI3.

3. Kyablkka 6apbiHbI3.

4. Kbi3b/n KipniwTeH KanaraH yil - OH XafblHAa KyAbIKTaH GipiHLUi.
Mponor npeguKaTTapbl caskaigpl i34ey epPeXXeciH XasbIHbI3:
dachal(X)

enter_village(X),
_a_house.
find_a_houseturn_right,
meet_mine,
see_a_red_brick house.
enter_yillage(vasino).
enter_yillage(vanino).

I3geyni 6actainmbi3 (2.1-cyper).

2 3 4
2.1-cypem. Mponor KubIHABICBIHBIH CYpeT Tepi
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Bi3 aybinFa Kipin, oHFa 6ypambi3 (1 KepceTki). AybingblH COHbIHA AeiiH
eTin, KyAblK Tannambl3. EHiC OpbiHAAAMBI3. SFHW LLOCCEre Opasiambl3 XaHe
Keneci OHFa bypblibiCKa AeiiH (2 kepceTKi) bapambi3, KyAbIKKa AeliH XeTemis
XBHe OfaH >KakblH >Kepgeri ak KipmiluTeH acanfaH YA €eKeHiH Kepemis.
KeLUueHiH COHbIHA AEMiH JXYpe.Mi3 >kaHe KyAbIKTap >KOK EeKeHiH kepemi3 (3
KepceTki). Tac >KOfFa XXbIDKbIN, Keneci Oypbinbicka AeiiH xypemiz( 4
KOpCeTKi), 6apnblk KeluefeH eTiM, XbUDKbIN KeTeMis, cebebi MyHAa KyablKTap
XoK (5 kepceTki). OcblgaH 6i3 aybingblH, atayblH AYPbIC OKbIAbIK >KaHe
casxalifibl Keneci aybinga i3ney Kepek JereH KOopbITbiHAbI Xacaimbi3. Vanino
ayblfblHAa angbiMeH 6apiH KaiTanaimbis.

Kecy afaliTblH KeCiHAiNepiHiH caHblH asaiTyFa MyMKIHAIK Gepegi. Erep
casbkalifiblH veci 6i3re apbip aybinga 6ip faHa KyAblk 6ap eKeHAiri Typanbl
MaHbI34bl KOCbIMLLA aknapat 6epce (an erep Garfgap peTiHAe nowita Hemece
mMuauuua Gepince, oHga onap aybliga Tek 6ip AaHaga 60nybl MYMKIH fen
e3depi 6omkaii anambiz), 6i3 3 KeHe 4 kepceTKinepmeH GenrineHreH
BpeKeTTEpPAI OpbIHAAMaMbI3, an Gip4eH CON aybliFa TYCNEATIHIH TYCIHEMI3.

Kecy - nen 6enrici 6ap >KaHe epe>kere eHrisineTiH npegukaT. Mponor
OHbl OTKEHHEH KeliiH Kecy naiiga 6onagbl. Kecy ocbl epe>keHi GipisgeHaipy
fapbiCbiHAa OpHaTbINTAH OTKAT KOPCETKIMITEPiH >KO0Adbl, SArHU OCbl
epe>KeHil, anfblHrbl NpearkaTTapbiH 6ip MarbiHabl eTefi.

Erep 6i3 koTremkai i3gey 6argapnaMacbiHga aybinga 6ip KyAblk 6ap
EKEHIH KepCeTKiMi3 Kence, 6i3 TankaH KyablKTaH KeiiH KeCyfi KOK Kepek:

dacha2(X)
enter_yillage(X),
find_house.
jind_a_houseturn_right,
meet_mine, !,
see_a_red_brick_house.
enter_village(vasino).
enter_yillage(vanino).

Mponor kecyre (oTceyeHue) >kenkTLe, find_house 6apnbik npegmkatbl 6ip
MarblHa/Ibl 60n1agbl, gemek, see_a_red_brick _house npegvkatbl fa KemiHri
find_house caTcisgikneH asktanagbl. Erep enter_yillage npegukatbl 6ipgeii
6onvaca (baFfapnamaza KepcetinreHgeid), oHga 6i3 6acka aybinga caskaigpl
TabyFa MyMKiHZirimia 6ap, eiTkeHi find_house epexeciHge kecy dacha
MPeAnKaTbiHbIH KaCMETTEPIH XKoHe OHAA OpHaTbIraH Ky/lamMa KepCeTKiluTepiH
KOo3Famaifpl.
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Erep  enter_yillage npegvkatbl 6ip MafblHaibl 6onca, 6Gisre yiire
opa/lybIMbI3 Kepek. Bi3 casvkalifbl TannagblK. Erep KyAbIKTbIH XXaHbIHAAFbI Vil
KbI3blfl KipMilUTeH LbIKCa, OHAA KeCiHAiHIH, 60nybl i34ey HaTWXKeciHOe 3acep
etneigi. Ocbinaiwa, 6i3 LWeWwiM He XaFbl3, He MYIAEM XKOK ekeHi Genrifi
6onfFaH kesfe Mponortafbl GaFfapnamara sapkallaHa KoCy Kepek.

EckepTy. Erep casbxaiigpl i3gey 6afgapnamachl Kenecigeli 6onca:
dacha3(X)
enter_yillage(X),
turn_right,
meet_mine, !,
see_a_red_brick_house.
enter_yillage(vasino).

enter_village(vanino).

KepceTisireH >xepAe canblHFaH Kecy dacha epexeciHferi 6apnblK angblHFbl
npegvkatTap 6ip MafFbiHaibl, COHbIH iwiHge enter_village 6onagbl. backawa
anTkaHgaa, 6isre Keneci aybinga caskaiifbl i34eyre ThiiibiM CaslbHagbI.

2.7. TponorTafsbl TisiMaep

Bi3 BypbIH XYMbIC icTereH 6apsblK aliHbIManbliap ckanapnap 6ongpl. EHgi
MponorTta AepeKkTep arperaTTapbiH KapacTbipaiiblk. OnapgbiH, 6ipi — TisiM. Tisim
-6ip TUNTI 3nemeHTTepAiH peTTenreH Tisberi. Ti3iM 3/eMeHTTepi LapLbl
XakLanapra 6eniHesi >xeHe yTipnepmeH 6eniHeai:

[12 3467 8] integer
[mon.tue, wed, thu.fri, sat, sun]— symbol
["VBaHoB", "MeTpoB"] — string
[1.5, 2.22, 0.001, O]- real
- 60c TI3IM
Tisimaep Kenecigei >xapusnaHagpl:
domains
sym = symbol* % cuMBONAbIK MaHAep Ti3iMmi
intlist = integer*® % 6YTIiH Ti3im
realist = real* % HakTbl caHZap Ti3imi
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Ti3iMHIH YyCTiHe pyKcaT eTifeTiH >XaifFbl3 onepauus - 6yn 6acTbiy
KyVpblfblHAH ~ @KbIpaTy >KeHe Oyn  onepauusHbl  TeK NpeavKaTTapAbl,
aprymMeHTTepiHe Kotofa 6onadbl. Ti3iMAEPMEH >KYMbIC iCTey VLIIH Kelibip
naigansl NpeguKaTTapipl XKasambid. ATan aiTkaHAa, kanaid aHbiktay 60nbin
Tabblnagbl Ma, Keibip aybicnanbl 3MeMEHT Ti3iMHIH? Bacbl MeH KyipblFbiHa
Tisimgi GenwekTeHi3. 13gey MoHI Ti3iMHIH 6acbiHAa Hemece KyWipbiKTa:

member (H, [H\ _T1).

member (X, [H\T]) member (X, T).

YKorapblfa »asblnFaH aMa/IMeH Tek Bip a/1IeMeHTTI FaHa eMec, ofjaH fa Ken
i3geyre 6onasbl (Mbicasbl, Ti3iMaeri Ti30eKTi MaHAep >y6bl)

memb2(HI, H2, [HI, H2| 7).
memb2(HI, H2, [H\T]) memb2(HI, H2, T)

Tisimgeri MaHgi KOCy YLiH (eH angbIMEH OHai) Keneci epeXxeHi »acayra
6onagbl: incl (H, T, [H\ T]).

Ti3iMHEH MaHAi afbin TacTay KublH:
excl (H, [H\ T], T). % 6acTaH LUblFapamMbi3
excl (X, [H.T], [H\N TT])  excl (X, T, TT). % Ky/pbIfblHaH LUblFapambI3
TemeHge Tisimgep 60ibIHWa 6acka Aa npegmnKaTTap Mbicangapbl 6ap:

1. Bip Ti3iM 31eMeHTTEPIH SKpaHfa LblFapy baraapnamachl:

print_list([]). % pexkypcusfaH LWbiFapy
print_list ([H | T]): - write (H,"™"), % Ti3im 6acbl MeH 60C OpbIH
printjist (T). % KyWpbIKTbI LWbIFapy

Erep makcaT Koiibinca
Print list (["meH", "ecimge”, "kepemet","caT"]).
OHAa HaTWXe Kenecifein 6onaapl:
MEH KepemeT CaT ecimfie

2. Con barfapnama, 6ipak Ti3imai Kepi TOpTINMeH LUbIFapFaH:

print_inverse([1). % pekypcusagaH LWbIFy

printjnverse ([ H\T]) print-inverse (T), % KyWPbIKTbI LWbIFapy

write(H, " "). % 6ac Ti3imgi >xaHe 60C OpbIHAbI
LWbIFapy

Makcarbl:
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write_inverse (["meH", "ecimge”, "kepemeT","caT"]).
HaTwnxeci:
ecimfe CIT KepeMeT MeHIH

3. Ti3iM anleMeHTTEpPIHIH COMaCbIH ecenTeiTiH H6arfapiamMa:
sum([], 0). % PeKypCUAfaH LLbIFY,

sumtfH\T], S) sum(T,SI), % S| - KyipbIKTaFbl 3NEMEHTTEP
COoMachb! Ti3iMm

S=Si + H. % S-Tek 6acblH KOcy kanafbl
comacsl ([], 0). % pekypcusfaH LbIFyY,

comacbl ([H1T], S D» comachl (T,S1), % S| - KyiApbIKTaFbl 3NEMEHTTEp
comacsbl Ti3iM

S =Sl + H. % S-Tek 6acblH Kocy Kanafbl
Makcartbl:
sum([1,2,3,4,5,6], S), write (“Coma=",S).
HaTnxkeci: Comacbli=21

4. Ti3iMm aneMeHTTepIHIH CaHbIH ecenTeiTiH 6aFfapiaMa:
count([], 0). % peKkypcuafaH LWbIFY,
count(f H\T]. S) count(T,SI\ % S! - anemeHTTep ecenTeriLi
Ti3IMHIH, COHbIHAA
S=$1+ 1. % S - -6ipnik comacblHa KOCy Kanafbl

MakcaTbl:
count([1,2,3,4,5,6], S), write ("KonnuecTso = ",S).

HaTtmxeci: CaHbl = 6

2.8. Mbican: KackblIp, eLLKi XaHe KblpblKKkabaTt Typasibl
NOTVKasIbIK ecCnTi LWeLly

KackbIp, €Ki >eHe KplpblkKabaT Typasbl 6erini Norvkanblk ecenTi
KapacTblpaiiblk. depmep Kackblp, €LUKi >KoHe KbIpblKKabaT 63eHiHiH, 6acka
aFacblHa eTyi Tuic. KalibIKTbIH XYK KeTepriwTiri 6ip peT 6opTka 6ip Hapce
anyfa 6onagbl: [wolf, goat, cabbage], KapnsiHbiH, KaTbICybIMEH €LUKIM eLuKiMai
emeiigi. Erep on KeTin Kanca, KacKblp eLIKiHI OKehdi, an ewki -
KbIpbIKKabaTThl.
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Byn MmaceneHi wwewy yuwiH eki Ti3iM yibIMAacTbipambl3. Bip Ti3im con
XafanayfblH MasMyHbIH, eKiHLWiCi OH >KafanayfiblH Ma3MyHblH KepceTesi.
bactankbiga 6Gapi con afanayga. Con kafanaydblH Tisimi:  [wolf, goat,
cabbage], OH >KkafanaygblH Tisimi 6oc: []. TancblpmaHbl CUNATTaiTbIH
npeavKaTTapabl aHbIKTaiMbI3.

stufffwolf % >KYKTIH 6epinyi

stuff(goat).

stuff(cabbage).

/ * XaH>xanfablH nanga 6ony waptTtapbl */

conflict(X): - member(wolf, X), member(goat, X).

conflict(X); - member(goat, X), member(cabbage, X).

/ * KallbIKTbIH KO3Fa/IbICbIH CUNATTaTbIH NpeauKaTTap:

Con xaranayfiaH OH Xaranayfa */

go_right([ ], ). % asKTay LuapTbl (COM Xaranay Tisimi 60c)
go_right( L, R): -

stuff(X), XYKTI TaHAaHbI3,

member(X, L), % con xaranayga 6ap

excl(X, L, LL), % con xaranay Ti3iMmiHeH
not(conflict(LL)), % con xaranaya xaHxan >oK
incl(X,R,RR), % OH xafanay Ti3imiHe Kocambl3 H6epera
write(LL,"--",X,R), % xabappb! Wbirapambi3 go_left(LL,RR).

% KON apTka

/ * Confa Ko3ranbiC eki Hyckaga 60nybl MyMKiH. Erep OH >kaK araja
XaHxan 6onmaca, oHfa tepmep 6ip */

go_left(L,R)not(conflict(R)),
write(L,"<------ ”R), % xabapAb! Lblrapa.mbi3
go_right(L, R % OHFa Kapail KO3FasbIC

MPeanKaTbiH LWakbIpaspl

| * Erep OH Xak arafia XaHxan TyblHaca, 6ipeyi Kepi anbin KeTy Kepek.
Byn 6Gafmapna.Mara KaTbICTbl >xanFbli3 KeHec. KanfaH [Mponor wewimgi e3
6eTiHwWe i3genai */
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go_left(L,R)

stufffX). % >YKTi TaHAaHbI3,

member(X, R), % OH,Xaranayga 6ap

excl(X, R, RR), % OH, Xafanay Ti3iMiHeH
LbIFapamMbl3

not(conflict(RR)), % OH >karanayaa >aHxan
XKOK

incl(X,L,LL), % con Xaranay Ti3iMiHe
KOcambl3
wr/7e(Z, % xabapfpl LblFapambi3

go_right('LL, RR). % Xon apTka

MakcaT wakplpy kenecigeii 60nybl Tuic:
go_right([wolf, goat, cabbage], []).

Erep 6yn 6GaFfapnaMaHbl iCKe KOCCaK, a/iFallKbl PeicneH CTapuK ELKIHIH
OH aFanayblHa anapagbl. EKiHLWI peiic - KacKblp. Kackbipapl eLKiMeH OH KaK
Karafa Kanaplpy MYMKiH eMec, COHAbIKTaH 0N GipiHLWi TYCKeH XYKTi anbin
KeTegi, an on Kackblp 6onafbl. XKaHe Aie 01 KacybIpibl LLIEKCI3 aibin XYpPeai.

byn GarpapnamaHblH, XeTicneyi (epmepAiH TeK KiMAi faHa oKenreHiH
6inmeyi. OHbIH XafblH HbiFaiiTy ywiH go_left n go_right npegvkatTapbiHa
COHfbl TacbiManfaHfaH J>KyKTiH atayblH KOCaMmbl3. bafFfapnamaHbiH, COHfbI
HyCKacbl Kenecigei:

/ * Kackplp, eLKi XaHe KbIpblKKabaT Typasbl MiHAeT */

domains % 6enim PDC-Iponor ywiH kaxeT. byn SWI-IMponore kaxet

evec

stuff= wolf; goat; cabbage; nil Hen % ci3giH AepeKTep TypiH XacaHbl3
(Nil-60c)

list = stuff* % pepekTep Typi Ti3im

predicates % 6enim PDC-Iponor ywiH kaxeT. byn SWI-IMponore Kaxet
emec

member (stuff,list)
inclfstufflist, list)
exclistufflist, list)

conflict(list)
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go_right(list, list, stuff)
go_left(list, list, stuff)
clauses
stuff(wolf).
stufffgoat).
stuff(cabbage).
member (H, [H\ _1).
member (X, [H\T] >» member (X, T).
incKH, T, [H\ T]).
excl(H. [H\ T], T).
excl (X, [H.T], [H\TT]) excl (X. T, TT).
conflict(X): - member(wolf X), member(goat, X).
conflict(X); - memberfgoat, X), member(cabbage, X).
go_right(L, R.Last)

stuff(X), % >KyKTi TaHzaHbI3.

X O Last, % Gipak TeK KaHa emec
memberfX, L), % con xaranayga 6ap
excl(X, L, LL), % con xaranay Ti3iMiHEH LUbIrapambI3
not(conflict(LL)), % con xaranayga >aH»an KoK
incl(X,R,RR). % OH,xaranay TisiMiHe KoCaMbl3
write)LL, "-".X, ”-=> " R), % xabapfp! Liblrapambi3
go_left(LL,RR,X). % 0N apTKa

/ * Erep oH xaranaypa >kaHxan 6onmaca, 6ipeyi ketegi * /
go_left(L, R, Last) not(conflict(R)),
write(L,"<------ "R), % xabapfpl Liblrapambi3
go_right(L, R, nil). % OH, »KaKKa >XbI/DKyAbl LLaKbIpagpl
% Hen — eLUTEeHE XXOK

| * Erep OH »aK >arafia >xaH>an TyblHAaca, 6ipeyfi Kepi anbin KeTy Kepek,
6ipak Tek Gipeyai FaHa a/bin KeNreH agam emec™/
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go_left(L,R.Last) % XabapAb! LblFapambi3

StufffX). % >KYKTIi TaHaaHbI3
X O Last, % 6ipak TeK KaHa emec
member(X, R), % OH xaranayja 6ap
exclfX, R. RR), % OH, xaranay Ti3iMiHeH LUblFapambl3
not(conflict(RR)), % OH Xaranayfa XaHxa oK
inctfX, L, LL), CON Xaranay TiziMiHe Kocambl3
mwrite(L, "<—"X, ",RR), % xabap/b! LiblFapambl3
go_right(LL, RR, X). % >Xon apTka eTin, 6i3 X-Ti TycipreHimisgi

ecimisfe cakTaiimbI3

goer/
go_right(([wolf, goat, cabbage], [1, nil).

/ * barpapnamaHblH COHpl * /

No R~ WM

10.
11,

12.
13.
14,
15.

©3iH 831 6aKblnayfa apHa/iFaH cypakrap

Prolg TiniH fambITy KiM X8He KawaH 6actanipl?

Prolog 6arpapnamanay Tini AereHimis He?

MyHgaii 6inim? binim Typnepi KaHgaii?

BiniMaepaiH XiKTenyiH KenTipiHis.

MponorTafbl GaffapnamaHblH, Herisri afemMmeHTi He?

MpeamkaT yFbIMbIH TYCIHAIPIHI3, Mbicangap KenTipiHis.

Byn noruka foinbiM peTiHae? JlornkaHblH, O6beKTiNIK aHbIKTamMachlH
6epiHis?

¥-FbIM, TYCIHIK K&NeMi XaHe TYCiHiK KeneMiHe TOMbIKTbIPY AereHimi3
He?

TyciHiKTepaiH Typnepi kaH4ain?

TyCiHiKTepAi TYCiHYAiH Heri3ri TacinaepiHiH MaHIH cUMaTTaHbI3.
¥FbiMabl 6enyaiH MakcaTbl KaHgai? Jlorvkanbik 6eny epexenepi
KaHaain?

Kypgeni nikipnepiH, MbicanjapbiH KeNTipiHi3.

bap ymo3aknoueHne?

JlornkaHbIH Herisri 3aHAapbIH aTaHbl3.

Jlorvikanbik KOpbITbIHABI AereHiMi3 He? Mbican KenTip.
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Bapay. bIKTUMAJT ONJ1AP
3.1. AHbIK eMeC /TOrnKa TeOpPUSACLIHbIH Heri3gepi

AHbIK emec normka (arbinw. fuzzy logic) — knaccukasblk 1ormka meH
XMbIH TEOPMACBIH >KaIMblNaiTblH MaTemMaTuKaHblH, 6enimi, on 1965 Xbinbl
NoTdm 3age anfawl peT eHrisinreH aHblK eMec XWbIH YFbIMbIHA HEri3fenreH,
3NIEMEHTTIH, XXWbIHFa TUICTIiNIr yHKUMACLl 6ap 06beKT peTiHAe, Tek 0 Hemece
| faHa emec, [0,1] apanbifblHAA Ke3 Ke/reH MaHAepai kKabbingainteiH [11,12].
Ocbl YFbIMHbIH, Heri3iHAe aHblK eMeCc >KUblHAApFa apTYp/i JIOTUKa/bIK
onepauuanap eHrisinedi XsHe MoHi peTiHAe aHblK eMec XWUbIHAAP dpeKeT
€TeTiH IMHIBUCTUKA/bIK aiiHbIMa/Ibl YFbIM TY)XKbIPbIMAANagb!..

AHbIK eMeC NOrMKaHbIH MaHI - KapanaiibiM MaFblHafafbl NalibiMaaynapFa
yKcac alikblHAbIK, LualikanylwbiblK >KaFfalibiHaa naibimgaynapibl 3epTrey
XKBHe oflapabl ecenTey XylienepiHae KongaHy.

Kasipri yakpITTa, Kem fereHfe, aHblK eMec /I0rMka canacbliHAarbl FbllbIMU
3epTTeynepaiH exi Herisri 6afbITTapbl 6ap:

- KeH MafblHaflaFbl aHbIK eMeC /IOrMKa (KyblKTarn ecentey TeOpUACHI);

- Tap MafblHafaFbl aHblK EMEC NI0rMKa (CUMBO/AbIK TaK /I0rMKa).

CuMBO/ABIL, @HbIK EMeC lorMka

CuMBONAbIK aHblK eMec Noruka t-HOPMaHblH YFbIMbIHA Herizgenegi.
Keii6ip t-HOpMaHbl TaHAaFaHHaH KeiiH (OHbl GipHeLle TypAi TACI/IMEH eHri3yre
60nagpl) MPOMO3VLMOHANALI  aliHbIMa/IbINAPMEH  HETi3ri  onepaumsnapapl
aHblKTay MYMKIHAIr naiifa 6onagbl: KOHbIOHKLWS, AN3bIOHKLMS, UMIMKALNS,
TepicTey XaHe backanap.

Knaccukanblk fornkagarbl AUCTpUBYTUBTINIK t-HOpMma peTiHae T-Ieaenb
HOpMachl TaHAa/IFaHaa faHa opblHaanagpl [12].

CoHbiMeH KaTap, 6enrini 6ip cebenTepre 6aiinaHbICTbl MMMAMKALMA
peTiHge residium fgen aTtanaTblH OnepauusHbl Xui TaHgairgbl (0N >Kanmbl
aTKaHAa, t-HopmaHbl TaHaayFa 6ainaHbICTbI).

JKorapblga atanfaH Herisri - onepaumsnapibl  aHbIKTay —KNaCcCUKasbIk
6yneBo3 TaHbanbl fOrMKameH (Aanipek aliTkaHga, Ce3fephi ecenTeyMmeH) Ker
OpTaK N0rMKaHblH, 6a3uCTIK aHblK eMec 0rMKacbliH (hopmabfbl aHblKTayfa
akenepi.

YW Herisri 6a3uCTiK aHbIK emMec fioruka 6ap: noruvka Jlykacesuy, 'egens
NorvKacbl aHe bIKTUMaN noruka (afbii. product logic). Bip KbI3biFbl,
KOFapblfa aTasiFaH YL JIOrMKaHbIH Ke3-KeNreH ekeyiH GipiKTipy KnaccuKasblk,
Oynaik TaHbasbl Norukara akenefi.

BepinreH kecTegeri y3aikci3 norvka yHKUUANapbiH cuHTe3aey

AHBIK eMeC JIornKa (yHKUMACH! apKallaH 3 fanengepiHid, 6ipiHiH MaHiH
Kabblngaigbl Hemece OHbl TepicTeigi. Ocblnaiilia, aHblK eMec N0ruka
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(YHKUMACBIH TaBfay KecTeciHe KotoFa 60nadbl, OHAa aprymeHTTep MeH
TepicTeyai peTke KenTipyfiH 6apnblk Hyckanapbl KepceTisireH >aHe apbip
HyCKa YLWiH opMynafa OpblH KepCeTiNreH MYHKUMAHbIH MaHi. Mbicasbl, ekKi
apryMeHT (hyHKLMACBIHbIH, KECTe XXO/bl Keneci Typre ue 601ybl MyMKIH:

DX <xX2 <x2 <xi :X2  2)x2X2Xi 3)X*) - M(X)-

Anaiifia epkiH TaHAay KecTecCi apfailbiM aHblK eMec N0rnKa (yHKLWAChIH
KepceTneigi. >XymbicTa [12] aTTbl KpuTepuii Ty KbipbiMAayFa MYMKIHAIK
6epeTiH opHaTy 60nbin Tabbliagbl (PYHKUMSCHI, OEPISITEH KEeCTeHi TaHgay
(hYHKUMACHI aHbIK eMec NOrMKa >oHe YCbIHbILbl KapanaibiM anropuTMi
CUHTE3[ey Heri3fienreH, eHrisisireH TyXblpbiMAaManapbl KOHCTUTYEHT MUHU-
MYM X8He MakCUMyM. PYHKLMACH! aHblK EMEC Norvka 6ingipesi LU3bIOHKLMIO
KOHCTUTYEHT MWHUMYM, OHA KOHCTUTYeHTa Makcumym - 6yn erep
aliHbIManblnapablH, aFbiMAarbl 06/bICbIHLIH, Y/IKEH He TeH MaHi yHKUMsnapbl
ocbl canafarbl (OH >KafblHAa MaHbI3bl 6ap (yHKUMANapAbl TeHCI3dik Koca
anFaHaa, MaHi, (yHKumanapbl). Mbicanbl, KepCeTiNreH XofjaH Kectenep

KOHCTUTYEHTa MUHUMYM TYpi 6ap X2x3Xi.

XKybiKTan ecenTey TeOpUACHI

KeH MafblHa[la aHblK emMeC NOrMKaHblH Heri3ri TYCiHiri — cunarTamaiblk
(OYHKLUMSAHBIH >XanmbliaHFaH YFbIMbIHbIH KOMeriMeH aHbIKTanaTbiH aHblK eMec
caH. CofaH KeiliH GIpIKTIPY, KWUbIMbICY D>K8HE D>KMbIHAAPAbl TOMbIKTLIPY
VFbIMAApb! eHrisinedi (cunartamanblk GyHKLUMA apKblibl; ap TYpAi TacingepmeH
KotoFa 6onadbl), aHblK €eMeC KaTblHAaC VFbiMAapbl, COHAal-aK MaHbI3gbl
VFbIMAApAbIH 6ipi - NMHIBUCTUKASbIK aHbIMA/IbI YFbIMAAPbI.

Xannbl  aiiTkaHga, adbikTamanapiblH, €H a3  JKMbIHTbIrbl  Keiibip
KOCbIMLIANapAa aHblk emec JorvMkaHbl MaiganaHyFa MyMKIHAIK 6epegi,
KONLWIMiK YLWIH LbIFapy epexkeciH (KeHe WMMMAMKALMA Onepartopbl) KOPCeTy
KaKeT.

Aiiihik eMec Tor1Ka >KsiHe HelpOHAbIK >Keninep

Mywwenik (yHKUuAnapbl cunatTanfaHablKTaH, KapanaibiM MaTemMaTuka-
NblK Onepaumanap apkbuibl t-HopManap MeH K-Hopmanap HelpoHAbIK xeni
TYPiHAe aHblK eMeC JIOTUKanbIK oinayabl enectete anagbl. Byn (yHKUMA yLLiH
Kepek-)apakTapibl He/ipoHAapfbl aKTWUBTEHAIPY (YHKLUMACHI, CUrHangapabl
6ainaHbiC peTiHge Gepy, an NOrMKaibik t-HOPMaap >kaHe K-MaTeMaTUKasblK
TWICTI onepaumsanapabl OpbIHAANTbIH HelpOHAapAbIH, apHaiibl Typnepi peTiHae
HopMmanapAbl TyciHgipy kaxkeT. Neuro-fuzzy network (afbiiw.). Msbicanbl,
ANFIS (Adaptive Neuro fuzzy Inference System) - 6eilimgenreH Helipo-
6y/AbIP aHbIKTamManbIK Xxyiie [13].

OHbl annpokcumatopnapabiH ambeban TypiHae cunatTayfa 6onagpl:
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CoHbIMeH KaTap, ocbl (hopMy/ia apKpl/ibl HEMPOHAbIK XXeninepaiH, Keiibip
TYpNepiH, Mbicabl paguangbl  Herisgik >xeninepai (RBF), ken kabaTTtbl
nepuenTtpoHaapabl (MLP), coHpali-ak TONKbIHAAP MeH CIAUTTepAi cunarTayfa
6onasbl [13].

VHdhopmaTuKagars! aHbikK, emec norvka

AHbIK emMec f0TvKa - pagukaidbl Waesnap, WHTYWTMBTI 6omkamaap,
COHbIMEH KaTap TWICTI canafia >XWMHakTajiFaH MamaHAapiblH TaxipubeciH
KOWbINFaH MakcaTka »J>KeTy VILIH KonjaHyFa 6onaTblH  60C  epexenep
XMbIHTbIFbl. AHBIK €Mec florMka KaTaH CTaHfapTTapfbiH  60/MaybiMeH
cunatTanagbl. KebiHece on capantamanbiK XXyienepae, HepoHAbIK >xeninepae
X8He KacaHAbl WHTENNeKT >kyienepiHge KongaHbinagbl. LUbIHABIKTbIH,
OOCTYpNi  MSHAEPIHIH OpHbIHA aHblK €MeC JfIOTMKafa LWbIHABbIKTbIH, KeH
[ManasoHbl  KONAaHbINafbl, 0napfblH, apacbiHAa LWbIHAbIK, OTIpiK, MYMKIH,
Kelifie ecimie XOoK (19, Here XaHe XKOK, afli LWeLlneai, ainTnaingpl...). KoibinFaH
CypaKKa HakTbl >xayan »OoK (1a Hemece Xok; "0" Hemece "1") Hemece 6apsiblK
MYMKIH >XaFfaiinap angbliH ana 6enricis »affaiinapfa aHblk emMec f0rnka xan
faHa TanTbipMac. Mblicasibl, aHbIK emec florukaga «X - Oyn YAKeH caH»
thopMynacbl  TYCIHIKCI3 ~ MaFblHaMeH TyCIHAIpineai, Keinbip  TyCiHIKCI3
XMbIHTBIKMEH cunaTTanagbl. "XKacaHabl MHTENNEKT XaHe HepOHAbIK Xeninep -
6yn afaMHbIH, MiHE3-Ky/KbIH KOMMbIOTEPAe MOodenbaey. An agamaap KopLuafaH
OpTaHbl Kapa-aK TyCMeH faHa CUpPeK KOpeTiHAIKTeH, aHblK eMec 0rMKaHbl
nainganaHy KaxeTTiniri TybiHAahgbl".

Kypaeni nikipnepaiH, AypbICTbIFbIH €CENTey epexkenepi Keneci:

T(ANB) =Tin (T (A),T(B))
T(AVB)=max( T(A), T (B))
T(A) = 1-T(A)

3.2. baiiecoB xeninepi

Bapnblk  CTyfgeHTTepre >KakblH KapanaiiblM MbiCall  KapacTbIpaibK,
EmTuxaH (Pass) Tancbipy ywiH ofaH (Study) palibiHgany Hemece Lunapraika
(Cheat) naiiganaHy kepek. Ocblnaiiwa, 3 6ynbgik aiiHbiManbl 6ap. EmTuxaH
Tancblpy MyMKIHZIriH 6inriMi3 kenegi.

KapanaiibiMm (aTOMAbIK) OKWFanapgblH, bIKTUMagbIFbl  G6enrini - 6onFaH
XaFfainapga, TonblK 6ipneckeH 6e/y HerisiHAe bIKTUMaNAbIK LWbiFapy aAicCiH
KongaHyfa 6onagpl, OHbIH Me/Lepi 2x2x2 KecTemeH cunatTanagsl [12].

Study -'Study
Cheat -mCheat  Cheat -'Cheat
Pass 0,15 0,4 0,04 0,06
-Pass 0,01 0,04 0,05 0,25

52



BapnblK bIKTUMangplkTap comacbl 6ipre TeH. ©pbip Topia Kapanaibim
OKUfaHbIH 601y bIKTUMaNLbIFbl. By bIKTUMangblK HaTKe 601bIN Tabblnagpl,
AFHN  Gapnblk  (hakTopnapgbl eckepegi. Ocblnaiilua, emTuxaHgbl TabbICTbl
Tancoblpy bIKTUMandblFbl 0,4 e.MTUXaHfa AaiblHAbIK bIKTUMANABIFbIH KaHEe
CTYAEHTTIH, LWiNaprasikaHbl NanganaH6aybl bIKTUMaNAbIFbIH eCKepes.

Kypgeni okuranapiblH, bIKTUMa/abIFbl KecTeferi TUICTi Xonaapabl Hemece
GafaHfapabl  KOCY apkplibl  OHall  ecenTenefi. EmTuxanFa  falibiHApIK
bIKTUMa/AbIFbl KECTEHIH COM XaK XapTbICbIHAAFbI KNeTKanap XMUbIHTbIFbIHA TeH,
XaHe okuFanapfa colikec Kenegdi (OKbidbl, LUMapranka nainganaH6afbl >xoHe
TancbipAbl; OKblAbl, MavifanaHb6agbl >xaHe Tancbipipl; OKblAbl, NaiganaH6agbl
XBHe TancbipMagbl; OKbiabl, nNaifanaHb6afbl >X8He TarcblpMagbl; OKbiAbl,
nanganaH6agbl XaHe TancbipMagpl):

P (Study) = 0,15 + 0,4 + 0,01+ 0,04 = 0,6

LLnaprasikaHbl naiganaHy bIKTUMa/IAbIFbl  GIpiHWI  OkaHE  YLUiHLWI
6aFaHfapablH COMAChbIHA TeH;

P(Cheat) = 0,15 + 0,01 + 0,04 + 0,05 = 0,25

EMTVXaH Tancelpy bIKTUMaNAbIFbl OipiHLLI XONAblH, KNeTKanapblHbIH,
XWbIHTbIFbIHA TeH (OKblFaH, MalifanaHfaH »>keHe TamncbipFaH; OKblIFaH,
naviganaHbafaH >xaHe TarcblpfFaH; OKblMaFaH, NaifanaHfFaH XKeHe TarncblpfaH;
OKbl.MafaH, naiiganaHbaraH »KsHe TarncbipFaH);

P (Pass) = 0,15 + 0,4 + 0,04 + 0,06 = 0,65

Tonblk opTaK VYNecTipy HerisiHae bIKTUMaNAbIKTbl  LUbIFAPY  Bfici
NpakTUKablK KypangaH repi bIKTUMaAbIKTbl KalbiNTacTblpy KaFWAaTbiHbIH,
XKaKCbl KepiHici 6onbin  Tabbinagbl, 6WTKEHI KapanaibiM OKWFanapAblH
bIKTUMaAbIFbl apAaiibiM 6enrini emec. byn okuranapgblH TeH bIKTUMaNIbIfbl
Typa/ibl XXOpamasifap Xwi >acaigbl.

OfeTTe, Keiibip aiHbIMa/IblNapablH, aKUKATThIIbITbIH GafFanayfa 60nagbl.
boncbiH

P (Study) = 0, 6 (40% aFgainga eMTVxaHFa falibiHAyaH Tepi MaHpI3abl
icTep 60naspl),

P (Cheat) = 0, 25 (TepT wnapranka naiganaHyfa 6ip MyMKIHIIK).

Byn bIKTUMangpiKTap anpuopsbl HeMece Ce3cCi3 gen atanagbl. Onap 6acka
MaNIMETTEPAIH KOKTbIFbIHA NIKIPAIH aKMKATTbIFbIHA CEHIMAINIK [3pexeciH
6ingipesi.

bip KaparaHga, emTuxaH Tancbipy bikTuMangbifsl 0,6 + 0,25 = 0,85 TeH, Ic
Xy3iHge 68pi KubiH. Study >xaHe Cheat okuranapbl 6ipre 601ybl MYMKiH.
MaTepuangpl yiipeHyre 60Madbl >koHe CaKTaHAbIpy YLIH LUnapraskaHbl
KongaHyfa 6onagpl. Ci3 coHpaii-aK 6spiH ylipeHyre 6onagbl, 6ipak Tancbipyfa
6onmaiigbl (Mpodieccop Kenegi). JaibiHAbIK MeH LUNaprasikacbi3 TancbipyFa
6onagbl (Tek 6akpITTbI).
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I3gey bIKTUMangpiFblH Taby YLIH WapTThl bIKTUMangplkTapFa ne 6ony
KaKeT, Mbicanbl, P(Pass|Study) - TonblK galiblHAbIK XaFfaibiHaa eMTuXaH
Tancbipy bIKTUMa/abIfbl.

YKannbl xaffaiifa oOKyFaHbIH bIKTUMaAblfbl a TeH,

XKannbl, A OKWUFacbIHbIH, bIKTUMaNAbIFbl TeH,

P(A) = E P(ABI) P (Bi) (3.1)
MyHAa P(Bi) - OKUFaHbIH anpuropsblk bIKTUManabiFbl; P (A | Bi) - Bi okufachbl
WbiH 6onFaH XafFdaiiga, A OKUFAaCblHbIH, LLAPTTbl bIKTUMaNgbIFbl. LLIapTThI
bIKTUMa/bITbIK Tayenai OKuFanapdbl GalinaHbiCTbipagbl. Erep 6i3 TepTiHLWi
aliHbIMa/ibl — KyH aya paiblH eHriscek (Sunny), oHga P (A | Sunny) TunTi
WapTTbl bIKTUMaNAbIKTap KOK Kepek. HakTbl xaFgainapga 6i3 MIHAETTIH
e/1LIeMAiri ocbiFaH 6aiinaHbICTbl ThiM Y/IKEH 60nafbl fen Tav 6ona anambi3. byn
MaCefieHi LWewy VLWiH 6aiiecoB >xeninepi KongaHblnadbl, onap aliHbIMasibl
TOYenAiNiKTi OpHaTyFa >aHe TOMbIK OpTaK Tapanyfpbl ecenteyii >eHingeTtyre
MYMKiHAIK 6epegi. TeMmeHfe KapanfaH mbican YLiH 6GailecoBckas xenici 6ap:
P(Bi), Bi, P(A|Bi)

bisgiH mogenbge Study >xaHe Cheat aiiHbIManblnap Tayenci3 60/bin
Tabblnagbl.

LnaprankaHbl — naiiganaHy eMTuXxaHFa [aiblHAbIKTbIH,  60MMayblHa
6ainaHbICTbI6acka Mogenb 60ybl MyMKIH. On KeiiHipeK Kapanagp!.

XKeniHiH apbip WbIHbI Ke34eWCOK aiHbIMasbiFa Caiikec kenegi. LUIbiHAapbl
baFbiTTa/iFaH  KabblpFanapMeH Kocblnagbl. Erep kepceTki A-gaH  B-fa
GarbITTanca, OHAA B 6ac LWbIHbl Aen atanagbl. X, ap WheiHbl P(X,|Parents(Xi)
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WapTThl bIKTUMANABIFbIHLIH, TapalybIMeH cunatTanaisl, Of OHbIH ara-aHa
LUbIHbIHbIH, WbIHbIHA 3CEPiH CaH >KafblHaH GaFanaingpl. bi3giH Mbicanga Keneci
WapTTbl bIKTUMa/IAbIKTap Genrifi Aen caHaimbI3: LWnaprankanapgpl faibiHaay
)KoHe CaKTaHAbIpy KesiHAe eMTuxaH Tamncblpy bIKTUMaNAblFbl Gip/ikke TeH;
lwnapraskanapgbl  faiblHhay OkeHe nainganaHbay — kesiHge - 0,889;
LunapraskaHbl eMTUXaHfa gaiibIHCbI3 NaliganaHy wapTbiMeH — 0,4; an emMTUxaH
[aliblHAay YKeHe Lunaprasikacbl3 Tancbipy bIKTUMangbiFbl — 0,2 (kali 6aKbITTbl).
BailecoB >keninepiH MaiganaHy KesiHgeri  Herisri  yTbiC-O6yn  LWbIHfa
6aiinaHbICTbl Gap/blK LWbIHAAP EMEC, TEK aTa-aHa (XKaKblH) LUbIHAAPbI HEri3iHge
FaHa Ke3 Ke/reH XaraangblH bIKTUMa/gbIfFbl:

POX, I X,y X2, ..., X1) = P(X, | Parents (X,)) 3.2)

BisgiH Mbicanga 6i3 GaiinaHbICTbl OKWFanapAblH TYMKi HaTWXeci 6onybl
MYMKiH Study LUbIHbIHA He: CTYAEHT AapicTepre KarbICbir, KOHCMEKTiCI 60n4bl,
OHbIH, KO.MMblOTEPre Kipy MYMKIHAIT 60/4bl, O yakbIT angpl, aHe T.6. Ocbl
OKWFanapfblH, HATWXKeCi peTiHge 6i3 emTuxaHFa faliblHAbIK (hakTici 6ap.
LLInaprasikaHbl naiifanaHy OKWFacbl, COHAai-aK, LUNaprasikaHbl >KacblpbIH
nanfanaHy yWiH KWiM CUSKTbI YaKbITTbIH, TEXHVKANbIK KypangapabiH 60yl

* bIKTUMaNAblFbl 6ap 6ipkatap okuranapblH cangapbl 60/bIN Tabbinagsl. TOMbIK
opTak Genyai ecentey YLiH 6apnblK LWAPTTbl bIKTUMaIAbIKTapAbl 6ily KaXeT,
MbiCanbl, 4OpIiCTepre KenreH >kaFfaiifa pagvoTapaTkblWThiH 601y bIKTUMAN-
ObIFbIH. Bi3 eMTuxaH Tancblpy bIKTUManAblFbiH ecentey yiwiH P(OKy) aHe
P(Cheat) bIKTUManabIFbIH Biny XETKINIKTI.

XKorapblfa kenTipinreH epexe Ti30ekTi epexe pfen artanafpl. Ocbl
EpexkeHi GaClWblfblkka ana OTbIpbIM, OKUFaiap bIKTUMaNAbIFbIH - €CenTey
XKETKINIKTI. Byn Mbicanga 6i3 emMTUxaH Tancbipy bIKTUMaAAbIFbIH ecenTeli
afiambi3:

P(Pass) = P(Pass | Study, Cheat) * P(Study) * P(Cheat) +

+ P(Pass | Study, -'Cheat) *P(Study) * P(-'Cheat) +

+ P(Pass | -’Study, Cheat) * P(-'Study) * P(Cheat) +

+P(Pass | -’Study, -'Cheat) * P(~Study) * P(-"Cheat) =
=10*06 *025+088 *06 *0,75+04 *04*025+02*04 *0,75 =
0,65

Bi3giH KaTTbl >KeHiNAeTinreH Mbicanga ecentey Kypgeniniringe 6yn
yTbicTap Gavikanmaligbl, 6iTKeHi 6aliecoB XeniCiHiH Ti36eri y3blH emec. EKiHLi
thaktop - Study >xeHe Cheat aliHbiManblnapbIHbIH Tayesncisgiri. Taxipubeni
CTYZEHTTep Keilbip MYMKIHAIKTEPAIH [AypbiC €eMeCTiriH  Galikaii  anagbl:
eMTVXaHfFa AaliblHAblK Ke3iHAe Lumapranka TeK KaHa ycTan any >keHe
eMTVXaHHaH LWblFapy KayniH kocafpbl. JIormkaHbl Kenecigei esreptemis. Erep
eMTuXaHFa [faliblHaanmaca, CTYAeHT Lunapraika KongaHyfFa Tbipbicambl3 fen
ecenTelimi3. BailecoB X enici TEMeHe KepceTinreHaeli e3repesi.
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LLInaprasikaHbl NaiifanaHy LapTTbl bIKTUMaNbIFbl eMTUXaHFa AaliibIHAbIK
KaFfaiblHaa Henre TeH JKeHe [JailblHAblK OonmaraH kafgaiiga 0,75.
bIKTVMa/14bIFbl

P(Pass | Study, Cheat) = 0.

Ecentey P(Cheat) >xaHe P(-Cheat):
P(Cheat) = P(Cheat | -Study) * P(-Study) = 0,75 *(1-0,6) = 0,3
P(-Cheat) = 1- P(Cheat) = 0,7

Study
P(Cheat)

00

Study  Cheat P(Pass)

O O —

EHgi Ti36ekTi epexeHi naiiganaHa oTbipbin, 6i3 eMTuXxaHgbl TabbIpThl
Tancblpy MyMKIHAITIH ecenTein anambi3:

3.3. KopHekiniktep: MoHTK Xon/ napagoKchbl

Baiiec epexxeciHiH, KongaHblNyblH KOpPCETY YLWiH 6i3 agebwetTeri Monty
Hall napafokcbl fen artanatbiH Keneci MaceneHi kapactbipambl3 [15]. Cisre
Teneanaap OiblHbIHA KaTbICyFa PYKCaT €TiHi3, OHbIH 6GapbiCbiHAA YL ECiKTiH
6ipeyiH TaHgay kepek. OnapgblH GipiHiH apTbiHAa KesiK Typ, KaFaH eKeyiHiH
apTbiHaa ewkinep Typ. Ci3 1-wi ecikke HyCKafblHbI3 Jenik. Yi uveci Tafbl 6ip
ecikTi awagbl, on Ne3 ecik 60NCbIH, OHbIH apTbiHAA eLKi Tabblnbin, Ci3gi Kew
60nMail TypbIn, OMbIHBI3AbLI 63repTyre »aHe No2 ecCiKTi awlyfa Liakblpagpl.
Cypak: basHgamallbl MeH eKiHLWi eCiKTiH NiKipiH TbiH4AYAbIH MaFblHacbl 6ap
mMa? Bip KapafaHfa, KenikTiH kanfaH eciktepfiH 6ipeyiHiH apTbiHAa 6Gonysl
bIKTUMa/AbIFbl

P (C1) = P (C2) = 1/2, cOHAbIKTAH LUELWiMHIH MaFblHAaCblH e3repTreiai.
[JereHMeH, MyKUAT SpeKeT eTe OTbIpbiN, Yl MeciHiH Ne3 ecCikTi alKaHblHaH
nainganbl aknapat anambi3. KenikTiH Nel, No2 >kaHe Ne3 ecCiKTiH apTbiHAA
TypFaHbIHa anpyopugiH bIKTUMangblFbl 60CkIH

P(C1) = P(C2) = P(C3)= 1/3.
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Celinecywwiniy No2 >koHe Ne3 ecCiKTi awaTblHAbIFbI Typanbl bIKTUMa-
ObIbIKTEI Taba anambi3 (on Nel ecikTi awa anmaigpl, eiTkeHi 6i3 GyHbI
)KOFapblga aiTKaHobI3). Erep kenik Nel ecCikTiH CbIpTbiHAA 60/1Ca, OHAA OHbIH 2
)KoHe 3 HeMip/epiHiH albiNaTbIHAbIFbI Typasibl WapPTThl bIKTUMaNAbIK:

P(D=2|C1)=05,P(D=3|Cl)=05

AFHN, KYPri3yLWi KaiFaH eCiKTepAiH KalCbICbiH alKaHbl MaHpbI3Abl eMec.
Erep kenik No2 ecCikTiH cbIpTbiHAa 60/Ca, OHAA OHbIH No2 XaHe 3 HeMipfepiHiH,
albiNybl bIKTUMANAbIFbI:

P(D=21C2)=0;P(D=31C2)=1!

Kenik eKiHLWi eCiKTiH apTbliHAA TYpFaHAbIKTaH, Kewbaclubl 6yn ecikTi alla
anmaingpl, 6ipak | MymKiH 60nca, yWiHWi ecikTi awagpl. KepiciHwe, erep
KeniK YLWiHLWLi eciKTiH apTbiHAa 601ca, OHAA TUICTI bIKTUMANAbIKTAp:

P(D=2|C3)=I;P(D=3|C3)=0

CoHblveH, 6i3ae KenikTiH Kaii >Kepfe OpHaiackaHblHa 6ainaHbICTbl
KeL6acLbIHbIH, Kail eCiKTi alaTbIHAbIFbI 6ap. Kepi WwapTTbl bIKTUMaNgbbIKThI
Taby yLWiH baiiec epexxeciH KongaHambI3.

D = 3 eKeHfiri 6enrini 6onFaHabIKraH, oHaa

P(Ci|D=3)=P(D=3|Ci)*P(Ci)/P(D=3)

Ocsbl hopmynara C1 eHe C2 anmacTbipa OTbIpbIn, 6i3:

P(C1 |ID=3)=P(D=3|CDH*P(C)/P(D =3)="2* 1/3/ 1/2= 1/3.
P(C2ID=3)=P(D=31C2)*P (C2)/P (D =3)=1*1/3/ 1/2= =2/3.

Ocblnaiiia, MalyHaHbIH, eKiHLWI eCIKTiH apTbiHAA 601y bIKTUMANAbIFbI EKi
ece Kofapbl! «KanamHbIH YLbIHA@» >Kaca/FaH TYKbIPbIMFA J/IOTMKasbiK
naibiMgay apkbiibl KON KeTKi3yre 6onafpl: erep Kesik 6i3 TaHgaFaH OGipiHLi
€CIKTIH apTbiHAa 6onca, OHfAa Kelwbaclbl KaFaH €cCiKTepAiH KaWCbICbIH
TaHgayFa MaH 6Gepmeiigi. Erep Kenik eKiHWI €cCiKTiH apTbiHAa 60nca, OHAa
KelubacwblHbIH Ne3 ecikTeH 6acka amasibl XOK. TaHfayfnbl e3repTe OTbIpbIN,
Hawap >kaffaiiga 6isge 6ipaeilt MyMKIHAIK Kanagbl, an eH >KakCbl >KaFjainga
KeniK anambi3.

3.4. bakplnay HerisiHae OKbITY

AnfblHFbl Genime KapacTblpbliFaH Mbicangap akbliFa KOHbIMAbI Cypak
TYFbI3ybl MYMKiH: LUblHa/ibl ©MipAe OCbl KepeMeT Kypangapabl Kanai
naiiganaHy kepek? BapnblK OCbl bIKTU.ManAbIbIKTapAbl KaiigaH anyfa 6onagpl?
MatemaTnKTep Oyn cypakTbl 6Te KapanaiibiM Typae aiHanbin eTegi. bapnbik
naibiMgay ce3fepaeH 6acTanafbl: A OKUFaCbIHbIH bIKTUMaNApbiFbl X-Ke TeH
60/CbIH, OCblNailla MaTemMaTUKTEP KaKeT 6ofFaHblHLIA Kacaigpl. EKiHLWi
aFblHaH, MHXeHep MYMKIH HapCeHi »acay Kepek. Erep ci3 efeHre nakrbipy
HeMece KapTanapablH nNany6acbiH cany CUsKTbl uaeandbl Mblicangapapl
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KongaH6acaHbI3, OHfA Ci3 TeK GakbliayFa HerisaenreH bIKTUMaAbIbIKTbl Taba
anachbl3.

Ne Study Cheat Pass
| Yes No Yes
2 No Yes Yes
3 Yes No Yes
4 Yes No No
5 No Yes No
6 No No No
7 Yes No Yes
8 No Yes No
9 Yes No Yes

10 No No Yes

Ocbl yarigeH 6i3 eMTUXaHAbl TanCbIpy bIKTUMaAbIFbIH €CENTEN anambis,
on P(Pass) = 6 / 10 = 0,6 eTkeHAepAiH >anbl CaHblHA CaTTi OTKeHAep
CaHbIHbIH, KaTbIHacbIHa TeH. Con cuakThl, 6i3 P (Study) = 5/10 = 0,5 menwiepiH
XoHe P(Cheat) = 3/10 = 0.3 napafblH KO/faHa OTbIPbIMN, bIKTUMa/IAbIFbIH
anambi3. Con cuskTbl P (PassjStudy) = 3/5 = 0.6 WapTTbl bIKTUMa/IAbIKTaPAb!
anambl3 (eMTMXaHAbl TancblpfaHAapAblH, emMTuXxaHfa JaiblHAanFaHaapabiH,
Xannbl caHblHa KaTblHachkl) >xaHe P (PassjCheat) =1/3. Tapanyapsl afawl
TYPiHAE KOPCETY biHFainbl (3.1-Cyper):

MyHfa, 6ypblH KapacTbipblfiFaH i34ey MacenenepiHgerigeid, eH TeMeHri
TepeHAiKTeri afalThl KanbINTacTbipfaH 6H. OcblifaH 6ainaHbICTbl, €eH,
angplvMeH, eH 6acTbiCbiH TapTy KaxeT. AknapaTtTblK i3gey aTpubyTTapbi.
ATpnbyTTbl TaHgayfblH 6ip Konavnbl KpUTEpWiAl - >kayanTaFbl aknapatTbiH,
MefLepi.
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AknapaTTblH Menwepi LleHHOH opmynaceiveH ecenTenegi. Erep
bIKTUMaN >XayanTapgblH p(Y;),bIKTMangbirbl 601ca, OHAa | HakTbl XXayanTbiH,
aKmnapaTTbiK MasMyHbl GUTMEH B/ILLEHES].

I((P(V]), p(v2),... . p(v) = p(v.) logZ p(v.) (3.4)

EmTuxaHFa gaiiblHAbIK Typabl XayanTaFbl aknapart KesieMiH ecenTeinmis:

I(p(Study), p(-'Study)) = - 5/10 * log? 5/10 - 5/10 * log2 5/10 = | 6uT

YKayan napafbiHAaFbl aKnapar MesLLIepi:

I(p(Cheat), p(-Cheat)) = - 3/10 * log2 3/10 -7/10 * log2 7/10 = 1,533 6uT

Ocblnaiiwa, 4T napatbl Typanbl >Kayan 6ip >kapbiM ece kem aknapar
6epeni, OHbl i34ey aFallblHa epTepek KO Kepek. Tafbl 6ip Macene - OKy
XUbIHTBIFbIHAAFb! aKMapaTTbIH XeTKINIKTiAiri. Xofapbiga KenTipifireH moican
eTe epecken 6Gafa 6epedi. HakTbl bIKTUMangblKTap aiiTap/blKTaidi e3reLle
601ybl MyMKiH. Tafbl 6ip 3KCTpeMan - 6y YIKeH NONysUMsFa Calikec KeneTiH
ipiKTEMEHIH, YNIKeH menwepi. Erep 6i3 6apnblk CTyAeHTTEp YLUiH 3KCKYPCUSHBI
yiibIMAacTbipaTbiH 60/1caK, 6i3 6ap/blk CypakTapFa TOMbIK XXayan afamMbl3 XKeHe
6yaaH Oblnain mofenbaep KaeT 601Maiabl. YAriHi KongaHygblH TMiMAINIri a3
FaHa ynri 6oibIHLA OYKiT XasblK Typasibl KOPbITBIHABI XacayFa 60M1aTblH Ke3ge

-KON KeTkisinefi. Mebicanbl, erep ci3 cTygeHTTepgiH, 10%-bl eMTUXaHbI
anasfKTblK napakTapibl KonfjaHa oOTbIpbin  ©TKI3eTiHIH  6inceHis, emTuxaH
thopmaTbiH 03repTe anachl3, MbiCaslbl, Ke3-KeNreH [epeKkKe3depai nanganaHyra
pykcart b6epe anacbli3, 6ipak cypakTapAbl KUblHAATa anachbls.

YnAri OKeTKINIKTIAIriH - enweygiy 6ip agici - 8p >KaHa UTepayusiHbIH
bIKTUMaAbIIbIK ~ ©3repiCTepiH  CanbICTbIpy  apKblibl  GacTankbl  3epTTey
KecTeciHe aepekTtepai 6ipTiHaen kocy. HaTwdkenepAiH esrepyi pykcar eTinreH
KaTenikTeH a3 bo/FaH Ke3fe, XaTTbIFyfbl asKTa/iFaH Aen caHayfa 6onagpl.

©3iH 03i Gakblnayfa apHanfaH cypakrap

Tak noruka gereHimis He?

By Tak NorvkaHbIH, MaHi.

CurMBONAbIK TaK NIOrnKa Here Herisgenegi?

YL Herisri 6a3nCTiK TaK N0rMKaHbl aTaHpl3.
JlorvikaHbIH, Herisri 3aHaapbIH aTaHpI3.

Jlorvkanblk KOpbITbIHABI AereHimis He? Mbican KenTip.
JINHIrBUCTUKANbIK aliHbIMa/IbIFa TYCiHIK GepiHi3.

TaK >XublHra aHbIKTama 6epiHs.

Kepek-xapakTblH (PYHKUMANapbiHA apHanfaH KUCbIK hopmanapbiH
aTaHbl3.

10. ANFIS pereHimi3s He?

WM. He nikip? Mbican kenrip.

©oNOAhWN
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12.

13.

14,
15.

MikipaiH KaH4alk KypbinbIMAbIK 371eMeHTTepiH 6ineci3? AHbIKTama
6epiHi3 YXoaHe Mbican KenTipiHi3.

Kepek-xapakTblH (yHKUMsSiNapblHa apHaiFaH KUCbIK  hopmanapbiH
aTaHpI3.

BaliecoB >xeninepi kaHga Macenenepai LWewy YLiH KongaHblnagsl?
MoHTK Xonn napagokc aereHimis He?



gapay. HEWPOHAbIK >XENINEP
4.1. HelipoHAbIK »eni Typasibl TYCiHIK

HelpoHablK dxenifiep OGUMONOrvsNbIK aF3anapfaFbl  XKYWKe KYWAECIHIH
NPUMUTUBTI  MOLENiH KannblHA KenTipyre HerisgenreH. Tipi TaburarTa
HelpOoH — 6yN 3NeKTPAIK KO34bIPFbILL XacyLla, 01 CMHAaNTUKanblK 6aiinaHbicTap
apKpllbl  3NMEKTPMIK X8HE XMMUANbIK CUrHaNgapabl naijanaHa oTbipbir,
aknapatrbl eHAeii, cakraiifbl >xeHe 6epefi. HelipoHHbIH, Kypaeni KypbiibiMbl
XoHe Tap MamaHfaHybl 6ap. CuHancTapgbl NaiganaHbin cUrHangapabl 6epy
yWwiH 06ip-6ipimeH 6GaiinaHbICbIM, HEMpPoHAap OMONOrMANbIK  HEMPOHABIK
Xeninepai Kypagbl. AfaMHbIH MWbiHAR OpTa ecenneH 65 Munnnapg HelipoH
xoHe 100 TpunnuoH cuHanc 6ap. LUbiH MeHiHAE, 6Gyn Gapnblk TipLIinik
MEeNepiHiH OKY >aHe MU GenceHAINIriHIH, Heri3ri MexaHusMmi, SFHW — onapgbiH
akpln-napacatbl. MaceneH, [1aBnoBTbIH,  KNacCUKaNblK  3KCMEPUMEHTIHAE,
apfavibiM UTTI TaMakTaHAblpap andblHAa, KOHblpay —COFblAAbl, UT Te3
KOHbIpay bl TaMakneH 6aiinaHbICTbIpyAbl yiipeHai. ®U3MoNoranbIK TypFbligaH
.anfFaHfa, OHblH MWbIHAAFbl 3KCMEPUMEHTTIH HITWKeCi ecTy YLiH >kayan
6epeTiH MM KbIPThICbIHLIH 66MIKTEPI MeH Cinekell 6e3gepiH 6ackapyFa xayanTbl
aliMakTap  apacblHga  CuHancTblk — GaiinaHbicTapgbl  OpHaTy — 60/7bl.
HaTuxeciHge, KoHblpay YHIMEH KabblFbl KO3FaH Kesfe, UT Ty3fali 6actagpl.

COHbIMEH, WT CbIpPTKbl 8fIEMHEH KeNneTiH curHangapra (ManimetTepre)
peakums >Kacan, «[ypbiC» KOPbITbIHAbI Xacayfa yipeHgi. Byn >xacaHgbl
VHTENNEKT canacbiHAaFbl 3epTTeYNepaiH HerisiH - KypaiTbliH  6MONOrmsbiK
XYIKe XXylenepiHiH KaTenikTepiH okbin 6iny xaHe Ty3eTy kabineti. OnapAabiH,
aNiFalKbl MIHAETI MUAbIH TOMEHTi [eHreini KypbiibiMbiH XXacaHabl Typae
KebeliTyre ThbipbiCy 6014bl.  «XKacaHbl Mu»  KOMMbIOTEPIH  >KacaHbl3.
HaTukeciHAe «kKacaHfbl HEMpOH» YFbIMbI YCbIHbINAbI — GipHewe Kipic
thakTinepiH 6ip HaTwkere aliHan4bIPaTblH XKOHe OflapFa 3Cep €Ty CaaMaFblH
bepeTiH mMaTemaTvKanblk (yHkums [17]. Opbip >KacaHAbl HEWpPOH Kipic
CUTHaNZapbIHbIH, CanMakTbl MejLepiH Kabbinfali anafbl >XeHe erep >kannbl
Kipic 6enrini 6ip LUeKTI feHreigeH acbin KeTce, eKinik curHaagbl ofaH api
Xibepe anafpl.

XacaHgbl HeiipoHpap >keninepae GIPiKTIpinreH — keirbip HeMpoHAapAbIH
WbIFYbIH  GacKanapblHbIH  KipicTepiMeH  GaiiiaHbicTbipadbl.  XKacaHgpl
HeiipoHaap 6aiinaHbiCKaH >BHe ©3apa 9PeKeTTECeTiH >XacaHAbl HEeWpOHAbIK
Xeni >kacaligbl — 6GaFfapnamasiblk Hemece annapaTTblK Kypaigapaa >Kysere
acbipblnaTbiH HaKTbl MaTeMaTuKablk Mogenb. KaparialibiM TiniMeH aiTKaHza,
HeMpOoHAbIK Xeni — 6yn fepeKTephi KabbingaiTbiH KeHe >kayan 6GepeTiH Kapa
XOLWIKTIH, 6aFgapnamacbl. KenTereH KapanaibiM 31eMeHTTepAeH TypaTbiH
HEMPOHABIK Xeni eTe Kypaeni Macenenepai Wwewlyre KabinetTi.
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Bip HeMpoHHbIH, (NepLEeNTPOHHbIH) MaTeMaTuKasblK MOAENIH ajiFall pet
1943 KbInbl aMepuKaHAblK Heiipou3MonorTap MeH MaTeMaTUKTep YOppeH
MakKannok, Yontep lMUTTC yCbIHFaH XX8He 0fap >kacaHabl HEMpPOHAbIK Xeni
aHbIKTaMacblH  YCbIHFaH. ®PU3MKanblK TypFblfaH  aiiFaHaa, KOMMbHOTEpAi
KongaHaTblH Mogenbai 1957 binbl ®paHK PoseH6nat >kacaFaH. HelpoHgbIK
Xeninep XXW-ai npakTukasbIK icke acbipyablH eH KeHe uiesnapbiHbiH, 6ipi gen
aiiTa anambis.

Kasipri yakbiTTa HeipoHAblK >Keninepgi >ysere acblpyfblH KenTereH
mogenbaepi 6ap. «Knaccmkanblik» 6ip kabaTTbl HEMPOHABIK XXeninep 6ap, onap
Kapanaibim Macenenepgi Lwewly yiiH KongaHbinagel. bip kabaTTbl HelipOHAbIK
Xeni afeTTeri capanbl MOAenbAepAe KOMAaHbIaTbiH 94eTTeri NMoMHOMAbIK,
Ca/IMaKTblK  (DYHKUMSCbIMEH MaTeMaTuKanblK Typae 6ipgeil. KenmsHaeri
alHbIMa/IbINAPAbIH, CaHbl XXeNiNiK KipiCTepAiH CaHbIHA TeH, an aiHbIMa/bliapFa
LEAIHT KO3PMULMEHTTEP CUHANCTapPAbIH CAIMaKTbIK KO3((ULMEHTTEPIHE TEH,

MatemaTnkanblk Mogenbaep 6ap, oHAa 6ip HeipOHAbIK XKENiHiH LWbIFybI
eKiHLUICiHiH eHyiHe 6afblTTanafbl, an KOCbINbICTapAblH KaCKaaTapbl Kypbliagbl,
Ken kabaTTbl HeMpoHAblK >keninep gen atanagbl (MNN, ken Kab6aTTbl
HEMPOHABIK Xeni) XKoHe OHbIH eH KYLITIi HyCKa/iapbiHbIH 6ipi - KOHBYAbCUSAbI
HEeMpOHABIK Xeninep.

MNN KoMnbloTepriepiHiH YNKeH ecentey MyMKiHAiKTepi 6ap, 6ipak
COHbIMEH Oipre y/IKeH ecenTey pecypcTapblH KakeT eTedi. AT >kyienepiH
OyNTTbl MHAPaKYpbIbIMFA OpPHANACTbIPYAbl eckepe OTbIPbIM, Ken kabaTTbl
HEMPOHABIK KENiiep KON KOMAZaHyLbiap YWiH KON OKeTimgi 6ongsl aHe
Kasipri 3amaHfbl XKW wewimgepiHiH, HerisiHe aiHangbl. 2016 biibl AMepuka
Kypama LlTaTTapblHaH KenreH caHAblk —Oinay, TaHbIMAbIK —ecenTey
KomnaHusicbl 160 Munnmnapg caHablk HelipOHHaH TypaTblH HEMPOHABIK XeniHi
KyPAbl KeHe Okbigbl. byn Google-re (11,2 mMunnvaph HeMpoH) kaHe
Nueepmopgarsl AKLL ynTTbiK 3epTxaHacbiHa (15 munnvapg HewipoH) Kon
XeTimai HEMPOHABIK  >keninepre KapafaHga  angekaiga KYLLIT.

HelpoHabIK KeniHiH TaFbl 6ip KbI3bIKTbl Typi — Oyn >Xeninik kabarTaH
WbIFbIC KipicTepaiH 6ipiHe KaliTapbinfFaH Ke3ge Kepi 6GainaHbic HepoHAbl
xenici (R.NN, KaiiTanaHaTbIH HEPOHABIK Xeni). MyHAain nnatopmanap «xag
adekTiHe» Me >kaHe o0flap Kipic (haKkTopiapbiHbIH ©3repy [AMHaMUKACbIH
bakpinaii  anagbl. Kapanaiibim Mbican - 6yn  Kynivgey. Afam  63iHiH
3aMOLMANapbIH aHbIK KepceTrnecTeH BypbiH, OHbIH Ke3aepi MeH GeTiHiH, OynLwbIK
eTTepiHiH, GalikanvaiTbiH KO3Fa/lbiCTapbiMeH Kyne 6acTaiigsl. RNN cisre
MYHZaii KO3Fa/lbICTbl epTe KeseHAephe aHblKTayFa MYMKIHAIK 6epegi, 6yn Tipi
3aTTblH, MiHE3-KYKbIH YaKbITbllbl &/14blH-a1a 60/mKay YLiH naiifasibl, CypeTTep
cepuscbiH TCheat Hemece TabuFu Tinge TYPaKThl ColNey aFbiHbIH KYpY.
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4.2. HepoHapbIK xeninepai Kypy npuHumni

KomnbloTepai  KongaHa OTbIpbiN  Ke3-KenreH  MaceneHi  LewlypiH
CTaHAapTTbl agici — 6yn Tancelpma 3epTTenin, anroputM KypacTblpblibif, 0N
nporpaMma TiniHge OaFgapnama TypiHAe oOpblHAanagbl. YXeHaeyaeH KeiiH
6afgapnama XXyMbIC icTeyre faibiH.

Bisre 6ackeT6on OMHalTbIH POOOTTLI, AFHM AOMTHI CEGETKE NaKTbipyFa
Kayan 6epeTiH 6enimfi  kacay OKyKTenciH.  bipiHwigeH, 8p  Typni
nosuumsanapiaH  [OMTbiH  YWybl  YWiH - AuddepeHumnaniblk  TeHaeynepai
KypacTbIpy. ayaFa Te3iMAiTIKTI Ty3eTy, KO3AbIPFbILLKA KATbICTbl CEHCOPapAbIH
napasinakcbl >oHe T.6. OcblgaH KeiliH ci3 6aFgapnamanaygbl 6actayfa 6onagbl.
CoHbiveH Gipre, Lakmn O’Hun >xofapbl 6iniM Typanbl aiiTnaraHga, €H
6onvaraHga, KapanmaiibiM MaTemaTuKaHbl Gifefi Aen ewkiv aiTyFa Kenmengi.
ApfaMm Mubl 6yn MaceneHi Ty6ereiini 6ackalia LUELWETiHI aHblK. Byn agic He
eKeHiH 6api 6inefi — 6ipHeLLe peT KaiiTanay.

AngblHFbl Genimae 6i3 HaTvKeci KaHgaid ga 6ip OkuFanapfblH TyblHAQY
bIKTUMaNAbIFbl 60/bIN TabblnaTblH OKbITYAbl KapacTbipablk. An GipHelle peT
KaliTanaynap HerisiHfe kaHfav ga 6ip 6argapnamanay »ok 60naTbiH ecenTeyill
KYPbIBIM KypY MYMKIH 6e, ecenTepai Llelwyre OkbiTa anap egi. MyHgaai
KYpbUIbIM  HEMpOHAbIK, >Keni fen atanagpl. Wges TaburatTaH —aibiHFaH.
HelipoHapIK >Xeni HeMpOHAAPAbIH, XUbIHTbIFLI — ecenTey anemeHTTepi (keige
MepcenTpoHAap fen aTanafdbl), OnaphblH apKaicbiCbl GipHeLle Kipic-CUHamC
)KoHe 6ip WbIFy-akcoH 6ap [17].

4.typeT. XKcuirbi3 HelpoH

Bip HeMpoHHbIH, MHTennekTici TomeH (4.1-cypeT). On N >KMbIHbIHAAFbI
Toye/ci3 aliHbiMabifap YLWiH KapanaiibiM pPerpeccusifibik MOAenbAi  icke
acblpagbl gen 6omkayFa 6onagbl. Erep 6i3 kenTereH HelipoHAApAbl Xeninik
KypblnbiMFa GipiKTipeTiH 6oncak, OHAa OpblHAANaTbiH (DYHKUUA e3firiHeH
Kypaeni 6onybl MyMKiH. 4.2-CypeTTe KOPCETI/ITeH Xefi HakThl KabaTTapra ue,
AFHW KipyAeH (LWbIFyaaH) TeH HelpoHaapablH katapnapbl. backa Kypbiibimaap,
COHbIH iWiHAe Kepi 6aiinaHbiCbl 6ap (KaiTanaHaTbIH) KypblTybl MyMKIH.
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4.2ypeT. HelpoHabIK >Keni

MyHgain eniHi icke acbipy apbip HelpoHAbl XKEKe MUKpoMpoLeccopaa
OpblHAaFaH Ke3fe Hemece Garfapnamasiblk xacakrama 60/ybl MyMKiH Hemece
erep HevipoHZap 3MeKTPOHAbIK KecTenep CUsAKTbl apHalibl OaFfapnamaiapra
eHce. YKeKe HeMpOHHbIH, KypblIbIMbl EPKIH 601ybl MYMKIH, 6ipak KebiHece
TeMeHAerinep KongaHinagsl (4.3-cyper);

ReT. He#ipoHHbIH KypblbIMbI

X, Kipic curHangapbl (aliHbiManbiiap) enweHedi (CMHaNTUKa/bIK caMak
fen atanatbiH W, Ko3(mumeHTTepiHe keb6enTineqi), cogaH KeiiH Kocblnagbl

>XoHe aJiblHFaH eJiLueHreH comMma
S = WIXI+HW,X;+...+WNXN (4.1)

f (S) dyHKUMACHI apKbifbl  ©3repTifyi MYMKIH, OHbl aKTUBTEHLIpY
(yHKUMACHI gen ataifpl. Y LUbIFbIC CUMTHaNbl Ca/iMakka (Maclutabrayfa)
6aiinaHbICTbl 601ybl MyMKIH. Curmonatbl dyHkuns Y = L / (1 + exp (-XS)),
COHfai-aK runep6onablk TaHTeHC, NOrapuMAIK (YHKUMS, CbI3bIKTbIK X3He
6ackanapbl aKTUBaUMs (YHKUMACHI peTiHAe >Kui  Kongadbinagbl. MyHpal
(hyHKLMsANapFa KoiblnatblH 6acTbl Tanan — MOHOTOHAbIbIK.
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dypem.  JlorucTuKanbIK, CUTMOUATbIK (PYHKLMSA

EHgi  6ip  HeVpoHHbIH  ecenTey  MyMKIHAIKTepiH  KapacTblpaiblk.
CuHancTapfblH CaHbl YLLKe TeH 60/CbIH, an cuHancTblk canmarsl Wh W2, W3
1.0-re TeH, an akTMBTEHAIPY (PYHKLMACHI rpauk TypiHAe KepCeTinreH Keneci
thopmaga 6onagpl (6yn X oci 60ibiMeH 0,5-Ke OHFa XXblMKbIFaH TOTUCTUKANbIK
CUrMOUATBIK hyHKUMSA: (4.5-cypeT):

dypeT.  Jlorukanblk, (hyHKUMANApAbI iCKe acbipy YWiH ak TUBTEHZIpY
(DYHKLMACBIHBIL, TYPi

Kipic curHangapel 0 Hemece ! MaHAEPIH KabbingacblH. byn >kaFgaiga,
erep Kipic curHangapblHbiH Kem fereHfe 6ipeyi | 6onca, AFHU axXblpaTy
(hyHKUMACbl 60nca, LWbIFbIC WamameH | 6onagbl. Erep W, W2, W3
CMHaNTMKanbIK canvafbl 0,2-re TeH 060n1ca, CON  HEMpOH KOHBIOHKTYpa
(hYHKLMACHIH OpbIHAARAbI.

4.3. HelipoHAbIK XeniHi OKbITY
Mwufa Tayenginik aHaiormMacbl HEMPOHHbIH, KYPbUTbIMbI MEH HeipoHaap
XeniciHe KaTtbICTbl 6onMaiigbl. HelpoHabIK >Keninepai OKbITY uaescsl ga

TabuFaTTaH a/lblHFaH. AfaMHbIH MWbl 634IriHEH YiApeHyre KabineTri ekeHgiri
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6enrini >xaHe KebiHece OpblHAANATbIH  SPEKETTEPAIH, HEri3iH  KypaiTbIH
MpouecTepaiH, cunatbliH  OiNMeR. CaTTINIKKe KeTefi. Mbicasibl, [OMThbI
6ackeT60n LeHOepiHe KOCy YLWiH 6ackeTO0MWbl po6OT LUeH6epre >xaHe
6aFblTKa JeliHri KalbIKTbIKTbI ©/Llen, napabonanblk TpaeKTopusHbI ecenTen,
[JONTbIH Maccacbl MeH ayaHblH TypaKTblbIfbIH ECKEepe OTbIPbIN JIaKTbIpybl
Kepek. Ep agam MyHbl TeK XaTTbify apKblibl >xacail anagbl. bipHelle pet
NaKTbipynap »>kacar, HaTWKeNnepiH 06ailkail OTbIpbIN, 0N 63 8pEeKeTTEepiH
6ipTiHaen >KeTingipin, TexHUKacblH >keTingipefi. COHbIMEH KaTap OHbIH
MMbIHAA Kyl TeXHMKacblHa >kayan 0OepeTiH  HeiipoHAapdblH  TWiCTi
KypblibIMAapbl KanbinTacagbl. Ocblnaiila, XaTTbiFyAblH aXblpamMac aTpuoyTbl
- KaliTanaHy >xaHe HATWKeHI gepey GaFanay MyMKiHAiIr. HelpoHabIK Xeninep
YLWiH 6yn NpouecTi Keneci anropuTMMeH ycbiHyFa 6onaabl (4.6-cypet) [18]:

dypeT. HeiipoHgbLL, >KeniHi Kypy »<aHe naiiganaHy npoueci

HellpoHABIK >XeniHiH KypblibIMbIH TaHAay YKeke MiHAET 60/bin Tabbliagpl
YKoHe 9P HEMPOHHBIH, XXENiNIK TOMOMOrMSCHIH XaHe aKTUBTEHAIPY (yHKLus-
napblH TaHfayfaH Typagbl. bacTankbiga HeiipoHZapablH,  napameTprepi
©3[iriHeH opHaTblnagbl.

OKbITY apHaiibl XaTTbiFy MaNIMETTEPIH XKENiHiH, KipiCiHe, SFHW LUbIFbICHI
6enrini  6onaTblH  Kipic [AepekTepiHiH, 6epinyiHeH Typaapl. HaTmxeciHae
aNblHFaH ManiMeTTep LUbIFapbliagbl, HaTUXenep KyTINTeH4EpPMeH CanbICTbl-
pblnafpl XaHe KaTenik MaHi ecentenesi [18,19].

OcblgaH KeWdiH, KaTenik (PYHKUMACBIH a3aidiTy VYLWIiH HEeApOHAbIK ke
napameTpnepi Ty3eTinesi. Erep kaHaraTTaHapsblK Aan4iKKe KO XeTKi3inmece,
Ci3  XeniHiH KypblbIMbIH  ©3repTin, >KaTTbifynap Typaibl MafiMeTTep
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XMbIHTBIFbIHAA KaliTanayblHbl3 Kepek. XXeniHi OKplfaHHaH KeiiH TecTiney
XKYprisinegi, sFHW apHalibl CblHaK [epekTepiHge AdN4ikTi 6Gakplinay.  byn
6apnblK JepeKTepai eki iWKi Tonka 6eny Kepek gereHgi 6ingipedi: 6ipiHWigeH,
XKeNifiK XaTTbIFynap, an eKiHwigeH - TecTiney. byn 6enim Ke3geicok Hemece
TypakTbl 60Mybl MYMKiH, MbiCanbl, 6GacTankbl AepekTep MacCuBiHiH apbip
eKiHLWI >ka3bacblH TecTineyre KonfaHyfa 6onafbl. XKaTTbifyaaH TecTineyain
epeKLUeniri, TecTiney [fepekTepi TeK HaKTbIbIKTbl TEKCEpeai, >aHe 6yn
[lepeKTep JKeNiHiH, napameTprepiH TaHAay YLWiH KOMAaHbIIMaiTbIHAbIKTaH,
ONnap OKbITY camnacblHblH esfwemi 6ona anafbl. TecTineyfi afam XaTTblfy-
NnapblHa yKcac eTin emTuxaHfa TeHeyre 6onafpl. Mbican peTiHAe MaTiHAi
ONTUKANbIK TaHy TancbIpMacblH KapacTbipbiHpI3. TaHblIaTbiH CUMBOJIFA Calikec
KeneTiH TaHfJanfFaH KeCKiHHIH HYKTefnepiHiH MaTpuuanapbliH Kipic curHangapbl
peTiHAe >eni KipiciHe 6epiHi3 (4.7-cypeT). TaHblnaTblH GeNriHiH, HYKTENepiHiK
maTpuuacbl Xeni KipiciHe 6epinciH. LUbIFy kesiHAe TaHbliFaH Genrire caiikec
KeneTiH curHangap kaibintacagbl. XKeninik aTTbiFynap Keldinkepnepgi xasyfa
apHasiFaH apTypni HyckanapfblH >KeniciH 6ipHelle peT «YCbIHYMEH» >KoHe
JaliblH «KayanTapMeH» Typafbl.

Heliponnmk xc.Ti

4.%ypeT.  TaHbanapabl TaHy ecebiHAeri HePOHABIK, YKei

Eckepemis, 6yn xenici-TeHAIKTI ecTe cakTay 6ap/blK bIKTUMan HyCKanapsbl

DaFfplNibl KECKIHAE ap TaHba, an Ka/lbINTacTbipadpl, WhIFbIC CUTHAbI
Y1 = f(X1,X2,...Xn)

peTiHAe (YHKUMACBIH JKbIMFbl Kipic aliHbiManbiiap. MaTiHAI TaHygblH Oyn
Tocini Gackanapra KaparaHga XblngamablKTa antapnbikTai apTbiKWbIIbIKKA 1e
eKeHiH eckepy Kepek. AfaM fAa conaii: MaTiHAI OKy YLiH, 0N KapinTiH aTblH
cypamaingpl xoeHe 6apnblk MYMKIH CTWIbACPAI XadblHAa i3gemeiisi. Mugafbl
accoumauusnap 6ipaeH naiiga 6onagel. XXeniHi OKbITY MIHAETI YKEH eflemre
ne. COHbIMEH, apKaiicbiCbl 3 cMHanc 60naTbiH 10 HelipOHHaA TypaTbiH XXeniHi
OKbITY YLWiH KeM pereHfe 40 napameTpfiH MaHaepiH TaHpay kepek (Wi-
CUHANTUKa/bIK caniMakrbiH, 30 MaHI XoeHe K, akTUBTEHLAIPY (PYHKUMACLIHBbIH, 10
napavertpi). Erep apb6ip napametp 1/100 wewimiMeH TaHganca, OHAA OKy
MaNIIMETTEPIHIH XXMbIHTbIFbIHAA XeninepAaiH, Xannbl caHbl 10040 6Gonagbl.
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3puHe, TINTI cynepkoMMblOTEpnep A€ MyHAadl TancblipMaHbl  OpblHAAw
anMaiiTbiHbl  aHblK. bByn npobnema kepi Tapany (back propagation)
rOpUTMIHIH KeMeriMeH KaHaFaTTaHap/blK TypAe LUewinegi, on Kenecigein.
bacTankplia >keniHiH 6apnblk napameTpnepi e34iriHeH opHaTbIIagbl.

1. Oky wmanimeTTepi >xeni apkbinbl Xibepinegi xoHe E = sum(E;?2 )
KaTenikTepAiH xannsl yHKUMACH! ecenTtenesi, MyHaa E, = Y, - y,, Yi, — WbIFbIC
MesILLIEPiHIH, eCcenTiK MaHi, Yy, - KYTiNeTiH wama.

2. Op napamveTpre KaTbICTbl KaTenik (hYHKUMUACHIHbIH, TYbIHAbLIAPbIHbIH
MBHi ecenTenefi >aHe OnapfblH Heri3iHAe HeMpOHABIK Xeni napameTpiepiHe
Ty3eTynepaiH ecebi ecentenesi.

3. XKeniHiH riapameTtpnepi Ty3eTynepgiH MesLlepiMeH peTTenesi, cofaH
KeliiH 2 xaHe 3-kagampaap OacbliHaH 6Gactan KkaTe (yHKUMACHI angblH-ana
GenrineHreH feHrelire XKeTKeHLe KaliTanaHafpl.

Kapanaiibim KapanaibIMAblfbIFbiHA  KapamacTaH, 6yn anroputm  Ken
YaKbITTbl KOKET eTefi YKoHe OHbl XXeAeNaeTy — Ke3eK KyTTIPMENTIH Macene.

Erep >kaTrbify HaTWXKeCiHAe KaHaraTTaHap/blK HaTwke 6GonmMaca, OHAa
XeNiHiH KypblibIMbIH ©3repTy KaxkeT. MyHbl KO/IMEH jkacayfa 60nagbl Hemece
KyYPbIbIMAbI @ndblH ana aHblKTafFaH >XUblHHAH TaHgayFa 6onafbl (Kypbl-
NbiMfap KiTanxaHacbl). MyHfai Lewimaepai KongaiTebiH GaFgapnaManbik
eHimzep. 6ap. bipak eH CaTTi Tacif XeniHiH, KypblibiMbl aBTOMATTbl Typae
KypblnaTblHbIH - MOWbIHAay Kepek. Meican peTiHge BioCoinp Systems Inc
VKIMETTIK eMeCc YibIMAapbIHbIH HEMPOHABIK KeniciH KenTipyre 6o0nagpl
(www. biocompsystems.com).

Byn Tacin reHeTvKasblk anropuTMAepAi Ocbl TarcbipMara KonjaHyfgaH
Typaabl. JKeniHi OKbITY 6apbICbiHAA «KYLUTi» HelipoHaap >aHe onapAblH
apacblHfafFbl GalinaHbiC (MapameTpriepaiH, e3repyiHe CesiMTai) XXaHe «afiCi3»
HeipoHgap (napameTpnepi TYMKINIKTI HATWKere aiTap/blKTaii acep eTrnecTeH
e3repyi MyMKiH) aHbIKTanagpl.

Ocbl fepekTepdi KonfjaHa OTbIpbIn, Ci3 HepoHAapfblH NOMyNALMACHIH
backapa anacbi3. ONCi3 HelpoHAap MeH CuHancTap enin KeTyi Kepek, an
KYPbUIbIMHBIH, JaMybl YLUIH, COHAali-aK >Xa/nblfa OpTaK «KOMbIbIN KETYLiH»
anablH ay YLWiH Xeni «MyTauusFa» ylblpaingsl: 0N Ke3fehicok Hemece 6acka
YKO/IMEH KOCbINafbl, MbICa/bl, «KYLUTi» HepOHAap/bl, YKaHa HelipoHaap MeH
CYHaNTVKanbIK OalinaHbiCTapfAbl HbIFaTy YLWIiH Kocbinagbl [20]. Ocbinaiiwia,
KenTereH ypnakrap apkbulbl ONnapfpblH CaHbl OHAaFaH MbIHFa XKETYi MYMKIiH,
XXeni OHTalNbl KypblnbIMFa ne 6onagpl.

OcblfaH 6aiinaHbICTbl Cypak TyblHAAYbl MYMKiH: erep KOCblIbICTapAbiH
TOJbIK XMbIHTbIFBIMEH MaKCW.Mangbl enLlemai XeniHi OKpITy 8feili a3 yakbITTbl
KaKET eTce, Here >enifik KypblibIMAbl OHTaiNaHAbIpyFa MyHAai yakbITTbl
XyMmcalicbi3? ByaaH 6acka, OypblH OKbITbI/IFaH HEMPOHALIK XKENiHIH eHIMAInIri
anTap/bIKTain YIKeH gen aiTblIAbI.
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biocompsystems.com

MyHbIH eki ce6ebi 6ap. BipiHwwici, kebiHece OKbITbIIFaH Xeni KeliHHeH
backa nnatopmaga, aran alTkaH4a, annapaTTblK AeHreige kysere
acbipbliagpbl. EKiHWI ceben — OHTalinaHgblpy KebiHece TYNKIMiKTI HaTWDKere
acep eTneiTiH apTblK LWamanapgbl anbin TactayFa 6aiinaHbICTbl EHri3y
aliHbIManblnapblHbIH, CaHbIHbIH a3atoblHa okenefdi. byn (hakT HelipoHAbIK
Xeninepre canasnbl >XaHa KacueT 6Gepegi: Ci3 KaHAain fepekTep MaHpI3abl XKaHe
KalCbICbl MaHbI34bl eKEHAIr Typasbl anaHamaicbl3 - XaTTbiFy KesiHae apTblk
Merlep olblnagbl. CTaTucTMKaga yKcac (YHKUMA Kajamablk Cbi3blKTbIK
perpeccus, AMCNEPCUsHbI Tasfay »>keHe (hakTOpAblK Tasgay — apKbisbl
OpbiHAaNaab!.

MaceneH, 6i3 ponnap 6afamblH 60/Kay YLWiH HEAPOHAbIK KENiHi
KO/gaHyFa Thbipbicambl3. bactankbl ManiMeTTep peTiHAe 6i3 6GipHewe >Kbin
6olblHA OCbl KypCTblH MiHe3-Ky/IKbIH OpHaTa anambl3 (aiTnakibl, 6TKEeH
yaKbITTa 0NapiblH, MiHE3-Ky/KblHA HEri3fenireH KyHabliblKTapabl 60/mkayabiH
Oyn afici «TexHUKaNbIK Tangay» fen atanafbl), SKOHOMUKaIbIK UHAVKaTOp/ap
meH wuHgekctep (Dow Jones, NASDAQ, TyTbiHy Oafanapbl), COHfali-aK
mMeTeobaKblnay fepeKTepiHe AeiiH Ke3 KefireH 6acka Aa M3HAEpAl KOs anambis.
'Erep ocbl ManiMeTTephiH 6ap/biFblHaH >Xakcbl 60mKa.Mabl HEMPOHABIK >Keni
aNnblHCA, OHbl KOMJaHy eTe luapliaTaTblH 60Mafbl XeHe Keifge KbiMbaTka
Tyceni. COHbIMEH KaTap, MaHbl3fbl MapameTpniepdi aHblKTay KyHAbl HaTWdKe
6onbin Tabbinagbl. Erep gonnap 6aramblHa aya TeMrepatypachl 3cep eTce, OCbl
(heHOMeHHIH, TaburaTbiH 3epTTeyre 6onagbl. MeH MyHAall GaiinaHbICTbl aya
TemnepaTypacbl MeH fonnap 6GaramblHbIH TPAUKTEPIH CaslbICTbIpa OTbIPbIM,
Tabyra 6Gonagbl. Anaiiga, TIKeNein CanbICTbIpy, HETI3iHEH, CbI3bIKTbIK
TayenginikTi aHbIKTayFa MYMKIHAIK 6epefi, COHbIMEH KaTap MyHJa >XYMbICKa
afam WHTEeNNeKTi Kocblnagbl.

4.4, HelipoHAbIK XXeninepai KongaHy epekLuenikrepi

NGO cusakTbl 6affapnamanap NakeTTepiMeH YCbIHbINATbIH TOMOMAOTUSA MeH
HepoXXeniciHiH, napaMeTpnepiH TaHgaydbl TOMbIK aBTOMAaTTaHAbIPy HelpoH
XeniciHiH, KemeriMeH Mogfefbey nNpoUeciH Myngem 6ackapmayfa 6GonatbiH
efleciH acail anagpl. Anaiifa, HENpPOHABIK >Keninepgi, COHbIMEH KaTap
CTAaTUCTUKaNbIK Tangay aficTepiH KonjaHy - Oy KypandblH OKyMbIC
MPUHUMNTEPIH  TYCIHYAI  K&OKET  eTeTiH  LUblFapMallblibiK - NpoLecc.
HelipoxeniHi gypbIC KypacTblpMayfblH X8He OKbITYAblH Cangapbl HerisiHeH
Xanblnay HeMece KaiiTa OKpITy 607bIn Tabbiiage! [20].

>Kannbinay fereHimis >xeniHiH LWamafaH ThIC >XeHingeyi fen artanafpl,
OHfa LWaFblH Tayenginikrep nanga 6onmaiigbl. Mbicanbl, aya-paibiH 60/mKayFa
apHasiFaH  XefiHi - KOpbITbIHAbIMAY OHbIH  Genrifi 6ip maycbiMga opTalla
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TemnepaTypaHbl anyfa akenedi. byn npobnemagasbl >kannbliayablH TOTEHLUe
[opexeci - opTalla >XbiAAblk Temnepatypa. 3puHe, MyHAaid 60mKaMHbIH,
naingacbl Wamanbl.

KaiiTa oKbITy AereHimi3 Tafbl 6ip TOTeHLle >kaFfai, 6yn HepoHAbIK
Xeni KaKeTCi3 KypAeni KypblnbIMFa We >XaHe HaTudKenepiH OKy npoueciHie
MYKWAT peTTeligi. HeTwkeciHge, TPEHUHIKe KaTbICMaWTbIH  ManiMeTTep
60oiibIHWA, >Xeni eH Hawap HaTwkenepai Kepcetefi. KaiiTa OKbITyAblH
6enrici — Byn XaTTbIFy Ke3eHiHEri >xaHe TeCTifley caTbICbiHAAFbl KaTenikrep
apacblHAaFbl aiiTap/biKTail aiblpMallbiiblk.  XKenifnik TONoMorusiHbl - reHe-
TUKanblK TYPAEHAIPYMEH YLUTACTbIpa OTbIPbIN, ThbIM Y3aK OKyAblH Tafbl 6ip
Kayini — TecTiney HaTwkenepiHiH To3ybl. Erep 6ip oKy npoueaypacbiHia
TeCTifiey MafliMeTTepi OKy MpOLEeCiHe KaTbiCMaiTbiH 60/ca, OHAAa >Keninik
MOAM(MKaLUAMEH TeCcT Ma/liMeTTepi CaTCi3 Tononorusnapabl Kabblngamay
YLWiH nainganaHblnagbl XaHe CONM apKpblibl COHFbI XKenire acep eTedi.

HelpoHablk  >keninepgid,  eneyni  KeTicneywiniri-akcTpanonsupsra
Kabinetcisgiri. backawa aWiTKaHAa, Kipic aiHbIMasibl MaHZAEpiHIH Genrini 6ip
[ManasoHbiHAa OKbITbIFaH HEMpPOHAbIK >Keni 0Cbl ayKbIMHaH ThIC >Xepae
6omkain anmaingpl. Ic xy3iHge, 6yn, afeTTe, LWbIFbIC aliHbIManbl 4.8-cypeTTe
KepCeTiNreHAe, 3epTTey aiMaFblHaH ThIC JKepae ©3repMenTiHgirimeH
KepiHepi. Erep eni -0.5 <X <0.5 pguanasoHblHAA OKbITbICA, OHAA OCbl
[vanasoHHaH ThiC WbIFY  (YHKUMACBIHbIH, - rpaduri - ageTTe  KenjeHeH
opHanacafp!.

4.8-cypeT. OKy CanacbiHaH ThIC HEiPOHABIK, YKENiHIH apeKeTi

HelipoHabIK Xeni ke3 KenreH, TiNTi eH, Kypgeni, Kipic aliHbIMa/iblnapbiH
LWbIFapyFa KaMKOP/IbIK >KacalTbIHAbIFbIHA KapamacTaH, AepeKTepsi angblH-ana
eBey MafbiHacbl3 6Gonmaigbl. MaceneH, KOp HapblfblHAa OomxampaanfaH
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Xafgainga, 6arampgayfbiH abCOMOTTIK MBHAEPIHEH CanbICTbipMasbl MaHAEpre,
AFHW Bip 6GakblnayfaH ekiHLWiciHe ecy OopbiHAbI 60nybl MyMKiH. byn xafaaiga
HeMPOHAbIK >Xeni YLWiH KaHAaid AeHreinepgeri aybITKynapibl >KaTTbiFynap
YWIiH KONgaHy MaHbl3gbl eMec, erep 6i3 Tek 6afa YCbIHbICTAPbIHbIH, 6aFbIThIH
6inrimis Kence (Kofapbl Hemece TOMeH) [19]. A6contoTTi MmafbiHaga 1000
Hemece 5000 MaHAepiHiH aliHanacbiHAarbl OaFa OenrineynepiHid, aybiTKybl
6olibiHIWa OKbITbiNFaH xeni 3000-Fa dkakblH Xepae 6omkay ywiH Myngem
nangachbi3.

4.5. TaHy ecenTepiHAEri HEMPOHABIK Xeninep

Y.uri, CbIHbIN — Genrini 6ip KpuTepuin GOMbIHWA 0ObEKTINEpAiH Genrini
6ip TOObIH OIpPIKTIPETIH KnaccuuKauma >KyieciHaeri TonTacTeipy. OnemMgi
6eiHeni kabbingay - Tipi MuAblH KacueTTepiHiH 6ipi, 01 KabblngaHaTbIH
aknapartTblH, LUEKCI3 aFbIMblH TYCiHYre »oaHe CbIpTKbl 8/ieM Typasibl ap Typhi
manimeTTepre Gafgap ycrayfa MyMKiHAiK 6epegi. CbIpTKbl anemai kabblngai
oTbipbin, 6i3 apgaiibiM aknapaTTbl >KIKTEAMI3, SFHM Onapdpl yKcac, 6ipak
6ipgei  emec  KybObinbiCTap ToMTapblHa Genemis.  Mbicanbl,  eneyni
alibipMaLLbifblkka KapamacTaH, 6ip Tonka ap Typni xasbanapMeH XasbliFaH
"A" apinTepi Hemece Ke3 Ke/IreH OKTaBafa XoHe Ke3 Ke/reH acnanta a/lblHFaH
6ip HoTara ColikeC KeneTiH 6apfblk AblbbicTap kaTagbl.  Kabbingay To6bl
Typaibl YFbIMAbl KYPY YLWiH OHbIH ©OKifJepiHiH a3jafaH CaHbIMeH TaHbICy
XKETKINIKTI. MugblH 6yn KacueTi CypeT CWsiKTbl YFbIMAbl Ka/biNTacTbIpyFa
MY.MKiHZIK 6epegi.

BeitHenep 6ip XMblHHaH KeNreH Ky6binbICTapAblH COHFbI CaHbIMEH TaHbICY
OHbIH, BKi/IAePiHIH Ke3 KeNreH ken caHblH TaHyFa MyMKiHZIK 6epeai. BeiHenep
apTypni Gakplnay maTepuanblHAa OKUTbIH 9p Typ/i agamaap kebiHece Gipgeli
XoHe 6ip-6ipiHe Tayencis 6ip 06bLEKTINepAi XXiKTeiai fereH MaFblHafa TeoH
00BLEKTMBTI KacueTTepre uwe. BeiiHenepgiH gen oCbl OOBEKTWBTIAIM ByKiN
anemperi agampgapra 6ip-6ipiH TyciHyre MyMKiHAIK 6epesi.

Xannbl 6eiiHenepai TaHy npob6siemachl eKi 66MiKTeH Typafbl: OKbITY XaHe
TaHy. OKbITY XeKenereH 06beKTinepai KepceTy apkbiibl, OnapfblH, KaHaaih ga
6ip 6eiliHere KaTbICTbIMbIFbI KOPCETI/IE OTbIPbIN XXy3ere acbipbliagbl. OKbITY
HaTWKeCIHAE TaHy >Xyieci 6ip GeiHeHiH 6apnblK 06BLEKTiNepiHe O6ipaeit
peakuusnapMeH xaHe 6acka peakuusnapmeH - epeklueneHeTiH 6eiHenepgin,
6apnblK 0ObeKTiNepiHe Oipael peakuUsnapMeH SpeKeT eTy KabineTiH anysbl
Tuic. OKbITY NpoLeci HbICaHAAPAbIH COHFbl CaHblH KBPCETY apKblibl faHa
asKTanybl Kepek. OKpITY 06beKTiCi peTiHae cypeTTep (4.9-cypeT) HeMece 6acka
[a KepHeki beliHenep (apinTep, caHAap) 601ybl MyMKIH.
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4.9-cypeT. OKbITY 00bEKTINEPIHIH YATiCi

Oky 6apbICbiHfa 00LEKTINEPAIH 631 XXaHe onapablH 6eiiHere KaTbICTbIIbIFbI
faHa kepceTinefdi. OkbITygaH OypblH  OKbITbIIFAH  XKYIEHIH  9peKeTiH
cunaTTaliTbiH xaHa 06beKTinepai TaHy npoueci kaxeT. Byn npouegypanapgsl
aBTOMaTTaHAbIpy — 06pasgapabl TaHyAbl OKbITY Npobe.MacbiH Kypaiigpl. Agam
03i LUeLIce HeMece oiinan Tamnca, CoAaH KeWiH MallMHaMeH >KiKTey epeXeciH
eHrisce, TaHy Maceneci iWiHapa Lewineai, ONTKeHI afaM  MaCeseHiH
(KaTTbIFyAbIH) Heri3ri aHe Heriri 6eniriH e3 MoHbIHA anagbl.

OO6bekTinepaiH, 6Oactankbl cunmaTTamacbiH TaHgay OeliHenepai  TaHy
Npo6aeMacbiHbIH, OPTa/IblK MiHAETTEPIHIH 6ipi 601bin Tabbliagbl. bacTankbl
cunaTTamaHbl (aTpubyTTap KeHICTiriH) CaTTi TaHJaFaH Ke3de, TaHy Maceneci
TpuBuangbl 6ONbIN LWbIFYbl MYMKiH, a1 KepiCiHle, AypbiC TaHJaiMaraH
facTarnkbl cunatTama aknapaTTbl ofaH api eHAeYAiH KMbIHFA TyCyiHe Hemece
My/fide WelliMHiH 60nMayblHa aKenyi MyMKiH.

4.6. HelipoHAbIK XXeninepgi xxobanay,
OKbITY >XaHe 6eliimaey

OKbITy - 6yn npouecc, HaTVDKECIHAE Xyiie BIPTIHAEN CbIPTKbI acepnepain
6enrini 6ip >XXUbIHTbIFbIHA KKETTI peakumsanapmeH Xayan 6epy KabineTiHe ue
6onagbl, an Geliimaeny AereHiMisa — 6yn CbIpTKbl XKaFfainapablH, Y34iKCi3
e3repyi >kaffaiblHAa 6ackapyfblH Tananm €TiNeTiH canacbiHa KO/ JKEeTKi3y
MakcaTblHAa >KyieHiH napameTpnepi MeH KypbiibiMbIH Ty3eTy.  2-CypeTTe
KepceTinreH 6ap/iblk CypeTTep OKy TancbipMacbiH cunarTtaigsl. Ocbl
MIHAETTEPAIH  SpKaiCbICbiHAA AYpbIC  LUeWinreH ecentepaiH  GipHeLue
Mblcangapbl KentipinreH (kaTTbiFynap Tizberi). Erep cypeTtrepfiH cunatbiHa
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[a, onapablH KeckKiHAepiHe e Tayengi 6onMaiiTbiH, 6Gipak onapgblH 6eniHy
KabineTTiNIriH FaHa aHbIKTalNTbIH Genrini 6ip ambeban KacueTTi Gaiikaii ancak,
OHfa VYWpeHyAiH ofeTTeri MiHAETIMEH KaTap op OObBEKTIHIH >KaTTbiFy
XyieciHeH 6enrini 6ip KecKiHre >kaTaTblHAbIFbI Typasbl aknapaTtTbl Ko/jaHa
OTbIPbIN, TaFbl 6ip XiKTEY MacefneciH — MyFaniMci3 OKy MIHAETIH TYFbl3ybl
MYMKIH.

MyHgaid Typgeri TancbipmaHbl cunaTTamasiblk [eHreige Keneci Typae
TYXKbIpbiMAayFa 6onagpl: Xyliege 6ip mesringe Hemece LaieKTi Typae onapablH
KecKiHAepre TWecifiri Typaibl KaHgail ga 6ip Hyckaynapcbi3a 00bLeKTinep
yCbiHbITagbl. XKyieHiH Kipic KypbIiFbICbl KenmTereH o0bekTinepai GeiHeneinpi
)KeHe OfaH angblH ana calblHFaH OeiHenepai 6eny KacweTiH MaiganaHa
OTbIPbIM, OCbl OOBLEKTINEPAIH Aepbec XIiKTenyiH Xyprisegi. MyHpain e3iHesi
OKbITY MPOLECIHEH KeWiH )Kyile TEK TaHbIC 00beKTinepai (OKbITY >Kyieniniri
6ap O0ObeKTinepai) faHa €emec, COHbIMEH KaTap OypblH  KOWblIMaraH
00beKTiNepai TaHy KabineTiH anybl Tmic. JKyiieHi e34iriHeH OKbiM YiAPeHy
npoueci Aen — HaTvkeciHae 6y Xyiie MyFanimai eckepTnecTeH 6ipaein KeckiH
HbICaHAapPbIHbIH, KECKIHAEPIHE Oipfeli peakuusiHbl XaHe ap Typ/i KeCKiHAEPAiH
KecKiHAepiHe apTypni peakuuanapibl AambITy MYMKIHAIMH anatbiH MPOLECCTi
aiiTagpl [21].

Byn >xafpaiiga MyfanimMHIH peni 6apnblk obpasgapFa Gipaeint 60nmaTbiH
)KBHEe KenTereH HbicaHAapAbl CypeTTepre 6eny KabineTiH aHbIKTaliTbIH Keibip
00BLEKTVBTI MEHLLIKTEP XKYIECIH LWakKbipyda faHa 6onagbl. MyHAali 0O0beKTUBTI
cunat -  OyNn  KeckiHAepAiH  biKWamAblibiFbl.  TaBfanfaH  KeHiCTiKTeri
HYKTenepAiH, cabiCTbipManbl NO3ULMACHI Ka3ipaiH 63iHAe HYKTenep XMblHbIH
kanail 6enyre 6GonaTbiHAbIFbI Typanbl aknapaTTbl kamTuipl. byn aknapat
KeCKiHAI 6eny >KyieciH e3AiriHeH yipeHyre >XeTKiNiKTi 60naTblH KECKiHHIH
6eniHy KacueTiH aHbIKTalAbl.

CypeTTi MalUMHaFa eHri3y YLiH OHbl MallvHa TiniHe ayfapy Kepek, sFHU
KOLTay Kepek, MaliMHa.MeH >XYMbIC iCTel anaTblH TaHb6anapgblH Keibip
KOMOMHaLMACkl TypiHAe YCbIHY Kepek. XKasblk (urypanapibl KoAtay spTyphi
XONMEH >Ky3ere acbipbinagbl.  CypeTTepgi "TabuFn" KogTayFa yMTbIIFaH
Xakcbl. bi3 cypeTTepai Keibip epicTe TIiriHEH >KoHe KenfeHeH Ty3y/iepMmeH
6ipaein anemeHTTepre - KBagpaTka 6enemis. KeckiH Tycin KETKeH 37eMeHTTep
TONMbIFbIMEH  KapaHfFbllaHafbl, KanFaHaapbl ak 6Gonbin  kanagbl. Kapa
aneMeHTTepAl Oipnik, aK anemeHTTephi Hen gen 6enrineyre Keniceiik. bBi3
epICTiH, 6apnblK 3MeMeHTTEpIHE [aeKTi HEMIpneydi €eHri3emis, MbiCasbl, ap
XKO/Ja COMAAH OHFA XKoHe XOFapblfaH TeMeH Kapail Cbi3blKTap 6oiibiMeH. OfaH
KeiliH ocblHAai epicTe canblHFaH opbip durypa epicte 3/7eMeHTTep
6onFaHAbIKTaH, KenTereH caHgapiaH (HengepaeH) TypaTblH KoAreH 6ip MaHAi
KepceTinepi.
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QY 4 OIS

4.t6%eT.  [Mpoekuuanay »aHe CypeTTi KoL Tay Mblcanfapsl

MyHgain kogray (4.10-cypeT) "Tabufn" gen caHanagpl, 6MTKeHi GeiHeHi
anemeHTTepre 6eny 6i3AiH Kepy annapaTbiHbIH, XXYMbICbIHbIH, HETi3iHAE XaTbIp.
Topnbl KabaTThIH Ce3iMTan 3MEMEHTTEPI B3iHIH, XYIKe Ta/lbIKTapbl apKbiibl
MUFa curHangapgbl 6epefi, onapdblH,  KapKbIHAbUIbIFbI  OCbl  3M1EMEHTTIH,
XapblKTaHyblHa  6GaiinaHbicTbl  60nagbl.  Ocblnaiila, KesgiH OMTUKasblK
XyieciMeH Topra »kobanaHfFaH CypeT TasKlla/lapMeH >KeHe KOonbo4KasiapMmeH
YKEKENIEreH yuackenepre 6eniHefi aHe 3neMeHTTep GoibiHLWA Keibip KoATa
mura 6epinegi. ©picTiH >XeKenereH aneMeHTTepi peLenTopnap fen atanagbl, an
epicTiH e3i — peLienTopnapabIH, epici.

PeuenTopnapfblH, epiciHae OeiiHeneyre 6onaTbiH - 6GaprblK  XKasblk
(hurypanapiplH XXUbIHTbIFbI K8M. Byn XWbIHTLIKTbIH 8p6ip HakTbl (urypa ocbl
XVbIHHbIH, HbicaHbl 6ap. OnapfblH Ke3 KenreH ocbiHAai 06bekTinepi 6Genrini
6ip kogka ceikec kenepi. CoHpaii-ak, Ke3 KenreH Kofka peLenTopnapfbid
epiciHge Genrini 6ip cypeT cailkec Kenegi. Kogtap MeH cypeTTepain
apacbiHfafbl Oip-0ipiHe ColikeC Kely CypeTTi opKallaH OHbIH KOAbIMEH
LWblFapyfa OOMaTbIHAbIFbIH €CKepe OTbIpbiN, KOATapPMEH faHa XXYMbIC icTeyre
MYMKiHZIK 6epegi.

XXHXX cobifibiMabinbirbl — TaHy YwiH XXHXX KipicTepiHge TaHy YLUiH
6epinreH cypeTTep caHbl. bipHelle Kipic cypeTTepiH 6eny YLWiH, Mbicabl, eKi
CbiHbINTA 6ip faHa LWbIFbIC XETKiNMiKTi. COHbIMEH KaTap, 8p JIOTUKabIK
feHrei — «1» aHe «0» >xeke CbiHbINTbI Gingipesi [20]. Eki WhIFbIC Ke3iHAe Ci3
4 CbIHLINTbI XXaHe T.6. KOATa anacbi3. XKiKTeyaiH CeHiMAiNiriH apTTbipy YLUiH
3P CbIHBIMTbI LWbIFLIC KabaTbiHAa 6ip HelMpPOHMEH HeMece OfaH [a >KaKCblpak
GipHeLLe OKLiaynay apKblibl apTbIKTbIKTbI EHFI3reH YK6H, 0napablH, apKaicbIChl
KECKiHHIH, ©3iHiH CEHIMAINIK AopeXeciMeH KNacka XaTaTblHAbIFbIH aHbIKTayFa
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VVAPETINreH, MbiCasibl: XKOFapbl, OpTa XoHe ToMeH. MyHgai YXXHXX 6ip-6ipiHe
KipeTiH  KecKiHAepAi aHblK emec  (BY/IbIHFbIP  HEMece  KWblblCaTbIH)
XXMbIHTbIKTapFa XIiKTeyre MyMKiHAiK 6epegi.

YKacaHgpl HevipoHablk eniHi (XKHXK) OKbITyAblH >aHa KnacbliHa Kesieci
KeseHzep Kipegi:

1. MaceneHiH TyXblpbiMAaMachl >kacasbin, M8HAIK aimMakTbl cunat-
TalTbIH HETI3ri MapaMeTpiep XUbIHTbIFbI GeniHei.

2. Ocbl KMacTbl LWewy VYWiH eH Konanbl HEeRpOHABIK >KeniHiH
napagurmacbl TaHfanagsl (Kipic gepekTepiHiH TyPiH. LWeKTi (yHKUWUAHBI, >Keni
KYPbUbIMBIH YX8HE OKbITY a/irOpUTMAEPIH KaMTUTBIH MOZAeNb). DAeTTe, Kasipri
He/iponakeTTep, HelponnaTTap >KeHe HelpokomnbroTepnep 6ip emec, GipHelue
Heri3ri napagurManapibl Xy3ere acblpyfa My.MKiHJiK 6epesi.

3. benrini wWbIFy MaHAepiMEH KaybIMAACKAH KipiC [AepeKTep >XUbIHTbIFbI
TYpiHAe VAbIMAACTBIPbIIFAH  OKbITY — MbIC/14apbiHblH  KEH  KMbIHTbITbI
falibiHganagbl. OKy yWiH Kipic MaHAepi TOMbIK eMec 8He ilWiHapa Kapama-
KalLbl 60/Tybl MYMKIH.

4. Kesek 6oiibiHWa Kipic aepektepi XXHXX KepceTinegi, an anbiHFaH
LUBIFbIC MBHI 3T/IOHMEH CanbICTbipblnaabl. CofaH KeiliH XeniHiH HaKTbl YXaHe
KanafaH LUbIFYbIHbIH, apacbiHAafbl KaTenepai asalTy YLWiH HelipoHapasiblK
KOCbI/IbICTapAblH, Ca/iMaK KO3PMUUMEHTTEPIH KaliTa Kypy XXYprisineai.

5. OKy Kipic MaHepiHiH 6ap/blK XUbIHTbIFbIHAAFLI KATeNiK pyKcat
eTiNreH feHreire >eTkeHre feiiiH Hemece YXHXX TypakTbl Kyiire kenreHiie
KailiTanaHagbl. HeWpoHablK OKyieHi  OKbITYAbIH — KapacTbipbliFaH  agici
«KaTenikTepai Kepi Kaitapy» (error backpropagation) gen aTtanafbl >kaHe
HEBPOMaTEMATUKaHbIH, KNaCcCUKa/bIK anropuTMAepiHiH KaTapblHa XaTafbl.

PactanfaH >xaHe daiibiHgaFaH MXXHXK-Hi HakTbl eHrisifireH AepekTeppe
KongaHyFa 6onagbl, Oyn naiifanaHylbiHbl AypbIC LewiM Kabblngayfa
NTepMenen KaHa KoiMaiidbl, COHbIMEH KaTap OHbIH CEHIMAINIK A9PEeXeciH ge
Garanangpl.

4.7. AKYCTUKaNbIK CUTHa/IAAPAb! TaHy YLUiH
HepPOHAbIK >XeNiHi Kypy

XacaHgpl HeWpOHAbIK >KeninepaiH  apTyp/i  KOH(UrypauusnapbiHbIH
apacblHfa, OKbITY MpWHUMNI 6OoWbIHWA JKIKTenyi, KaTaH, Ti/IMEH aiiTcak,
MyFaniMMeH OKyFa ColiKeC Ke/Meyi Hemece MyFaniMCi3 OKybl MYMKiH emec
afampap 6ap. MyHpzai xeninepae cvHancTapAblH, Ca/IMaFbl XeNi XyMbiC iCTeld
bacTaFaHFa fieiiiH 6ip peT ecenTenefi >kaHe 6ap/biK eCeNTey XaTTbIFyapbl OCbl
ecenteyre Kenefi. bip >kaFblHaH, anpuvopu aknapartbliH YCbIHYAbl MyFaliMHIH
KeMeri peTiHAe KapacTbipyfa 60Majbl, eKiHLi XaFblHAH — OHbIH KipyiHe HaKTbl
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[epeKTep Kenin TYCKeHLUE 63iHiH MiHe3-Ky/IKbIH 83repTe anmaiipl, COHAbIKTaH
«3neMmeH» (MyfaniMmeH) Kepi 6aiinaHbic OybiHbl Typanbl aiTyFa Typa
Kenmeligi. MyHgain normkacel 6ap >keninepaeH Xongung >enici )aHe afgeTTe
accoumaTuBTI XaaTbl YAbIMAACTbIPY YLIH KOMAaHbIIATbIH X3MMUHT Kefici
Genrini.

Xongwng keniciHiH,  6nok-cxemacbl  4.11-cypeTTe KepceTinreH. On
HeipoHAapAabIH 6ip kabaTbiHaH Typafbl, OMapAblH CaHbl Oip yaKbITTa XXesiHiH
KipiC X8He LUbIFbIC CaHbl. Jp HeWpoH 6apnblk 6acka HelpoH4apFa CWHAMC
apKblbl KOCblafbl, COHbIMEH KaTap CUrHan KipeTiH 6ip Kipic cuHancbl 6ap.
LUbIFbIC cUrHangapsl, sgeTTe, akcoHAapaa naiga bonagbl.

Kepi 6aiinaHbic

X» -v
Xr> -2
X |>»> -y
X,,Wememee — -y,
Bxog LWeiry

4.1typeT. Xondmng >KeniciHiy KypbiibIMAbIK, CXeMach!

Byn >xeni KaybIMAACKaH >kafbl peTiHAe LUeLleTiH Macene, afieTTe, Keneci
TypAe KanbinTacagpl. YAri fAen caHanaTblH eKiNiKk CUrHangapabiH, Kenoip
XUbIHTbIFbI 6enrini (6eiHenep, AbIobIC Ludpnapsl, kaHaan aa 6ip o6bekTinepai
Hemece MPOLECTEPAIH cunaTTamanapbiH CMNaTTaiTbIH e3re Ae AepekTep). XKeni
OHbIH, KipiciHe 6epinreH epkiH GeliHeNi emec curHangaH TWICTi yariHi (erep
MyHfaii 6onca) 6ene (iwiHapa aknapaT 6oibIHLIA " ecke Tycipy') Hemece Kipic
fepekTepi  yArinepgiH  6ipge-6ipiHe  CaiikeCc  KenMEWTIHAIr  Typanbl
«KOPbITbIHALI Gepe» anybl Tuic. XXannbl xaFfaifa Kes-kenreH curHangsl X
BEKTOpPbIMEH cunatTayFa 6Gonagbl: X = {xi: i=0..n-1}, n — 6yn >xenigeri
HeMpoHAapAbIH CaHbl XKeHe KipiC XoHe LUbIFbIC BEKTOPNaPbIHbIH, e/llemi. Bp X,
anemeHTi +1 He.mece -1 6onagbl. K yAriciH cunatTaiTbiH BeKTOPAb! XK apKbi/bl,
an OHbIH KOMMOHeHTTepi TuiciHwe-xik, k=0...m-l Genrineiimis, m - yarinep
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caHbl. XXeni yCblHFaH JepeKTep HerisiHge KaHgail fa 6ip yAriHi TaHFaHga
(Hemece "ecke TycipreHze"), OHbIH, LWbIFbICTapbIHAA A3 conail 6onagpl, AFHN Y
= XK, MyHa Y- >XeNiHiH LWbIFbIC MaHAepiHiH BekTopbl: Yy = { yi: i=0,...n-1}.
DiiTnece, WbIFbIC BEKTOPbI 6ip e 6ip yAriMeH ceiikec KenmMeiai.

Xeni ofaH 6epinreH ManiMeTTepre Heri3genreH Kes-KeireH yriHi TaHbica
(Hemece «eCTe cakTaifgbl»), OHbIH, LUbIFbICbIHAA OHbI Kypaiapl, sFHN Y = XK,
MYHZaFbl Y - XeniHiH WbIfblc MaHAEPiHiH BekTopbl: Y = {yi: i = 0,. ..n-1}.
OiiTnece, LUbIFY BEKTOPbI KE3-KeNreH yArire calikec Kenmewgi.

Erep, Mbicanbl, curHangap Keinbip 6eiHenepai 6ingipce, oHAa rpauKaibik
TYPA€e KeNiHiH LWbIFybIHAH AEPEKTepAl KOopceTe OTbIpbIM, YArifiK (Tabbicka
XKETKEH aFaainga) bipiHe HeMece >KeiHiH "epKiH MMNPOBM3aUUACLIHA" (CaTCI3
60nFaH >xaraainga) ToNblK Calikec KeneTiH CypeTTi Kepyre 6onagpl.

TopanTbl WHWUMaNZay CaTbiCbiHAA CUMHAMCTapAblH Ca/IMaKTblK KO-
UMeHTTepi Obinaiwa éenrinexesi [5]:

kX -, i%j
(4.1)
0, i=j
MyHaa i 8He j — COIKecCiHLUe MNpecUHaNTUKaNbIK >XK8He nocTCcuHan-
TUKasblK HelpoHAapAbIH, kepceTkiwTepi; Xk, xjk — k-wwi yAri BEKTOPbIHbIH, i-LUi
XoHe j-Li anemMeHTTepi.
XKeniHiH XymbIC icTey anropuTMi Kenecigein (p - utepauus Hemipi):
1. Benrici3 curHan eni KipiciHe eTkisinefi. Ic >y3iHAe OHbl eHrisy
aKCOH M3HAEPiH Tikenei opHaTy apKbl/bl XY3ere acbipbliagbl:
yi(0) = xi, i =0..M1-1 4.2)
COHbIKTaH, aHblK CUHXPOHAbI KipiC CWMHANCTapbIHbIH, >KEeNifik guarpam-
macblHga Genriney TeK wapTThbl 60nbIN Tabbinagbl. Y-HiH OH >KaFbIHAAFbI
YKaKLLIaaFbl HeM Xeninik uuknae Hengik utepaumsaHel 6ingipesi.
2. HellpoHaapabIH >xaHa Xafjalibl ecentenegi

Sj(P+1) :1% (p).j=0...n-l 4.3)
aHe aKCOHHbIH XaHa MaHzepi

yi(p+1) = Flsj(p+h)] @4)

MyHparbl T — 4.12-cypeTTe KepCeTifireH cekipy TypiHAeri aktmsauns (yHK-
LMACHI.
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a) 6)

4.t9peT  BenceHiipy QyHKLMANAPDI

3. COHfFbl MTepauus KesiHAe LWbIFbIC aKCOHbl MaHAEPiHIH e3repreHiH
TekcepiHis. Erep ne 6onca, 2-kafjamfa aybiCy, oiTMece (erep HaTVDKenep
TypakTaHfaH 6onca) - COoHbl. Byn kafFgalifa LWbIFbIC BEKTOPbI - Oyn Kipic
[epeKTePIMEH XKaKCbl YIANECETIH YAri.

YKofapblga anTbinraHgail, Keige >Keni TaHyfbl XKYPrise anmaigbl >KeHe
WbIFY Ke3iHAe >XOK OeiHeHi Gepefi. Byn >xeni MyMKIHAIKTEPIHIH LIeKTeyni
npobnemacbiHa 6ainaHbiCTbl.  XONguag OKenici  yWiH ecTe cakTasFaH
CypeTTepaiH caHbl WwamameH 0,15 ¢ n MaHiHeH acnaybl kepek. COHbIMEH KaTtap,
Erep A >aHe b eki GeiiHeci eTe ykcac 6onca, onap Xenige KyblibiCaTbiH
accoupmaumsanapabl Wakblpybl MyMKiH, STHU A BEKTOPbIHbIH, XefliciHe KipyiHe
YCbIHY OHbIH, LWbIFybIHAA b BEKTOPbIHbIH, Maiga 60aybiHA XoHe KepiciHLle
akenepi.

Onbette, 6ip KabaTTaFbl HEApOHAAPAbIH CUHANCTapbiHbIH,  Gap/bIK
canIMakrblk, KoathguumeHTTepiH W MaTpuuacbiHa AeiliH TemeHgeTyre 6onagbl,
OHfa apbip anemeHT wij jth HelpoHbIHbIL ith cMHaNTUKanbIK 6alinaHbICbIHbIH
MaHIH aHbiKTalgbl.  Ocbinaiiwa, YATTblk Accambnesga 60/bin KaTkaH
MpoLeCTi MaTpuua TypiHAe Xa3syra 6onafpl:

Y = F (XW) (4.5)
MyHAaFbl X dxaHe Y — KIpIC JX8He LUbIFbIC CUTHAN4AapbIHbIH BEKTOpNapbl,
colikeciHwe F(V) - V BeKTOpbIHbIH KOMMOHEHTTEPIHE 3/1EMEHTap/bl TypAe
KO/AaHbINATBIH aKTMBaLmsA PYHKLMACHI.

TeopuaAnblk TypFblfaH anfaHga, ap KabarTaFbl KabaTTapfblH CaHbl MeH
HeMpoHAapabIH CaHbl epKiH 601ybl MyMKIiH, Gipak ic »y3iHge on HXK ageTTe
Xy3ere acbipbinatblH KOMMbIOTEPAIH, Hemece apHaiibl MUKPOCXEMaHbIH,
pecypcTapbivMeH LekTenegi. HXX HefypnbiM Kypgeni 6onca, CofFaH calikec
Tancbipmanap CoFypnbiM YNKeH 6onagpl.
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HWN

© N oo

10.

. Xongung xeniciHiy, KypblbIMAbIK CYN6acbiH KeNTipiHi3.
12,

O3iH e3i GaKblnayfa apHaiFaH cypakTap

HelApoHAbIK Xeni TYCIHITiH 6epiHj3.

Ken kabatTbl HEMPOHABIK Xeninep AereHimi3 He?

HelipoHAbIK >xeninepai Kypy NpuHUMMi KaHaain?

HelpoHAbIK >keniHi annapaTTblK iCKe acblpy Kanail >kysere acbl-
pbinagel?

HeipoH KypbiibIMbIH CUNATTaHbI3.

YKeke HelipoHHbIH ecenTey MYMKIHAIKTepPI kaHaain?

HeiipoHAbIK >xeninepai nanganaHy epekwwenikrepi kaHaaw?
TaHb6anapAbl TaHy MiHAETIHAE HEMPOHABIK XeNiHi KeNTIpiHi3.
XKacaHapb! HelPOHAbIK XeNiHI OKbITY NPOHECIH CUNaTTaHbI3.

KaHgaii catblnapisl KamTugbl 0Ky MPOLECi XacaHabl HEPOH XXenici.

Xongung enici WeLWeTiH MIHAET Kanail Ty KbipbIMAanagpl.
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Papay. CAPAIMNTAMAJbIK XXYWENEP
5.1. CapanTtamasibIK Xyienep yfbiMbl

CapanTamasiblk xyie (CXK) - 6yn kacibn KbI3MeTiHAe capaniubl afamgbl
anMacTblpa anaTblH 6argapnama. KypbiibiMAbIK capanTtay OKyieci  6ifim
6asacblHaH, LUblFapy MallMHACbiHAH >K8He naijanaHylibl WHTepdeliciHeH
Typagbl.

Binim 6asacbl MponortaFbl MaFblHaFa ve, AFHU akTinep MeH epexxenepaeH
Typagbl. LUbiFapy mawmHackl (inference engine) 6inim 6asaceiHa (knowledge
base) yriHegi >xaHe naiifanaHylibl MHTEPgECIH NaliganaHa OTbIpbIn, KakeT
6onFaH afFfanga cypaktap KOs OTbIpbIn, MalifanaHyLbiHbIH CypayblH xayan
peTiHae e3repTedi. MyHAad KypbiibiM capanTaMa >XYWeCiH, OfFaH aHa 6iflim
KOCY apKpblibl AambITyFa MYMKIHAIK 6epefi aHe 6Gyn petTe GargapnamaHbl
KaiiTa a3y Tanan eTinmeigi. boc capantama >kyiteci (6inim 6a3acbl KOK)
Kabblk (expert system shell) gen atanafpbl >xaHe KeMnTereH naH cananapbl yLiH
naiganaHblybl MyMKiH.

CapanTay XyiieciH Kypy opmanmsaumsgaH Typagbl, SFHW caparnibl
6iniMiH  capanTay D KyMeCiHiH Kabbifbl YIWIIH Tanan €TiNeTiH HblCaHfFa
aiHangbipy. backawa ainTkaHga, 6iniM Gepywi 60nbIN TabblnaTbiH CapanLubl-
afjam Tanan etinefi >keHe 6yn  6iniMgi  6iniM  6asacblHa  eHrisy  yLiH
TYXKbIpbIMAayFa KabineTTi. byn akt MiHAETTI WeLly Kypasbl peTiHie capanTa-
MasblK XYieHi TaHday YLWiH aHbiKTaylbl 60/bin Tabbinagsl. Capaniibl-agam
6iniMm 6asacbiHbIH (hopMaTblH Kanail Tanan eTeTiH Typae 63 OifliMiH yHe.Mi
KeTKize anmaigbl. MyHpa >kargainapga capanwsl MeH 6inim - 6asacl
apacblHfaFbl “ayfapmallbl 60/bIN TabbliaTbliH  6iliM  XeHIHAEr  UHXXeHep
(knowledge engineer) icke Kocblnagbl.

C)XK »yMbICbIH KapanaiibiM MbiCa/iga KapacTblpaiiblk. bi3giH 6inim 6a3ackl
XaHyapnapfbl OKiKTeyre apHancbiH. bBi3 XaHyapbl KepAiK >XaHe OHbl
aHblKTaFbIMbI3 Kenefi. binim 6a3acbl TeK eki >kaHyap, 3ebpa >sHe feonapj
6oncbiH. Byn xaHyapnapipl cunattay epexenepi (HakTbl 6iniM 6a3acblHbIH,
CUHTaKCUCIHAE eMEC, OpbIC TifliHE EPKiH aydapFaHia) Kenecifgei kepiHesi:

"EFEP »aHyap CYTKOpeKTifep KnacblHa >aTaTblH 6onca YXOHE
YKaHyap XbIPTKbILUTapAbIL TypiHe >aTaTblH 6onca YXOHE »aHyapabiH
Kapa gakTtapbl 6onca, OHA >kaHyap - kabbinaH (neonapg)".

"EFEP >kaHyap CYTKOPEKTI/Nep K/acblHa >kaTtaTblH 6onca YXOHE
YKaHyap LUeMNTiH TypiHe XaTaTblH 6onca YXOHE »aHyapblH Kapa >aHe ak
KO/IAEeHeH XKonakTapbl 6ap 6onca, OHOA >kaHyap - 3e6pa”.

CXX runoTe3anapgel onapgablH, 6inim 6asacbiHa OpHalacybl TopTibimMeH
Tekcepyai 6acTaiigbl, 6yn >afgaiga neonaparaH 6actan. Byn runotesaHbiH,
WbIHAMbIIbIFBIH ~ aHbIKTAY YLIiH capanTama >Kyieci aiabIMeH >kaHyap
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CYTKOPEKTiflep KnacblHa >KaTaTbiHblH aHblkTay Kepek. On  ywiH 6inim
6azacblHa epexxe Taby Kepek:

"EFEP ypfavibliHbIH  cyT 6e3gepi 6onca, OHAA  >kaHyap
CYTKOpPEKTINep KnacbliHa Xartagpl".

EHAi MangblH CYTKOPeKTinepre >kataTbiHbiH aHblKTay YLWIiH CyT 6e3fepi
6ap ma aHblkTay Kepek. Erep 6inim 6asacbliHga TuWicTi epexxe 6onmaca,
naiganaHylwbl OCbl Cypakka e3i >xayan 6epyi Tuic. byn >xaFfaiiga capantay
XKYieci cypak Kowobl Kepek: ">XaHyapnapAblH ypFallbICbiHbIH, CYT 6e3gepi
BAP MA?»

Erep naiiganaHywbl OH >kayan 6epce, OHAA '“>kaHyap CYTKOPeKTinep

KnacblHa >KaTagpbl" (hakTici GenrinéHreH gen caHanagpbl (KapananbiMablibik
YLWiH 6i3 epKeKTi Ke3AecTipreHae »afjaiabl KapacTbipmaimbi3). OcblfaH KeiliH
NeornapAThl aHbIKTaY epexeci >kaHyapblH XbIPTKbILW eKeHiH aHbIKTay bl Tanarn
eteqi. Byn dakTiHi Tek >xeyre 60na OTbIpbIM, “GypbIC aHblKTayFa 60n1agpl,
COHAbIKTAH ajamMrepLuifnik yfbiMaapiaH 6iniM 6a3acbiHa “erep >xaHyapfplH
TbIpHaFbl 60/ica Hemece XaHyapblH KblibiKTapbl 60/1ca, OHAA >KaHyaphblH
XbIPTKbILWTAPAbIH TyPiHe XaTagbl ereH epexke eHrisinrex.
" Byn ¢hakTiHi ceHiMmAi Typae eniHreH Kesfge 6Ginyre 6onafbl, COHAbIKTAH
afjamu cebenTepre 6ainaHbICThl epexxe 6Ginim 6GasacblHa eHrisinreH: «EFEP
YXaHyapApblH, TbipHakTapbl 6onca, HEMECE >aHyapgpblH TicTepi 601ca,
OHJA >aHyap >XbIPTKbILUTapbIH Typ/epiHe XaTabl».

MariganaHylibl  ewkaHga TiCTepAi Hemece ThipHakTapibl Kepmegi,
KepiCiHLe TysKTapabl 6aikagbl. Jemek, kabblnaH runotesackl KabblngaH6angsl
»oHe C)XK Keneci 3e6pa runotesackiH Tekcepyre Kipicegi. «CyTKOpPeKTinepaiHy»
thakTici 6ypbliHHaH Genrini, eHAi >aHyapfblH LWen TykbIMAac Typnepre
XaTaTblHAbIFbIH aHblKTay Kepek. TuicTi epexe kenecigeir: «EMEP »xaHyapabIH
my#isgepi 6onca HEMECE »>kaHyapabiH TysiKTapbl 6onca, OHOA 6yn
»KaHyap LUeNTeCiH Typ/iepiHe XaTafbl».

C)XX angpIMeH cypak kosgpl: «XXaHyapgblH, Myiiisi BAP MA?»

MaiiganaHylwbl Tepic >kayan Oepefi, XK3He OCbl epeXxederi >KafFgannap
HEMECE «Kpi3meTiHe 6ainaHbicTbl  6OMFaHAbIKTAH,  Kenecigeid  cypak
TyblHAaVAbI: «XXaHyapnapabiH, Tysfbl 6ap gereH PAC MA?».

MaiiganaHyLwbl OH >kayan 6epegi, gemek, "XXaHyap wen TyKbIMAapbIHbIH
TypiHe >xaTagpl" akTici 6GenrineHreH gen caHanafgbl. “3ebpa” runoTesacbiH
TEKCepY YLIIH COHFbl LIAPTTLI TeKcepy Kanafbl: ">KaHyapAblH, Kapa >kaHe ak
KengeHeH >konakrapbl BAP MA?". Erep »onaktap 6onca, oHja "“3e6pa”
rMnoTesacbl pactanafbl, an capantama XXYWecCiHiH anfiblHa KoiblnFaH MiHZeT
opbliHAanab! fen caHanagpl. 5.1-cypet LPA KomnaHuscel asipnereH VISIRULE
opTacblHAa ICKe acblpblifaH KapanaibiM capanTay >KyWeciHiH y3iHgici 6ap
(http://lpa.co.uk).
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5.1-cypeT. Epexkenepfi yCbiHy MbICabl

C)X >xobanaygpblH Herisri Tanabbl naiganaHylibiFa ayan 6epe anatbiH
CypakTap KOibinybl Kepek. backawa aliTkaHfa, capantamasblk OKyiie
nanganaHyLlWwbiHbIH, 6iNiMiH capanwblHbIH, Gini.MiHe TypneHgipedi. YXofapbiga
KeNnTipireH Mbicanga XaHyapnapfbl WAeHTU(MKauuanay caTci3 macene cyT
6e3gepi Typaibl Macene 6onbin Tabbliagsl (acipece, 6i3 Ke3[ecoK Ke3meckeH
neonapg, Typanbl 8Hrime 6onca). OHbIH, OpHbIHA Keneci epeXeHi KongaHy
Kepek: "EIEP >xaHyapabIH XXyHAHPI 60nca, OHOA >xaHyap CYTKOpeKTinep
KnacblHa Xkaragpl!".

CapanTtama >XyieciHiH 6acka MaHpI3fbl KacueTi — afiblHFaH KOPbITbIHAbI
aKUKATTbIFbIHBIH, €H J>KakCbl faneni 60nbin TabblnaTblH KaHgal fa  6ip
TVKbIPbIMHbIH, Ka/1ali anblHFaHbIH TYCIHAIPY KabineTi 60nbin Tabblnagbl. Erep
A.KoHaH-[olinablH, aHrimMenepiH ecke ajcak, OHAa 6i3gi gokTop BatcoH
CUAKTbI Ke3-kenreH Lllepnok XonAMCTbIH TyOKbIpbIMbl  NapagoKcanibl kaHe
oinacTbIpbliFaH 6oMbIn KepiHesi, 6ipak Oy TYKbIPbIMHbIH, Ka/all XacanfaHblH
TYCIHAIPreHHeH KeiliH, 6i3 6yN Typa/ibl 83iHi3 OiflaFaH XOKMbI3.

CX 6iniMHIH, 8pTypni cananapbiHA4a, COHbIH iWiHAe MeauuuHA[a
(omarHocTuKa >kaHe emgey), reonorvanblk Gapnayga (KeH OpbIHAAPbIHbIH,
nepcnekTMBaiapbiH  aHblKTay), Xxumusga (OpraHukablK KOCbUIbICTapPAbIH
KacveTTepiH 60/mKay) KongaHbinagbl. COHFbl yakbITTa capantamasibiK Xyienep
Tayap TaHAayza caTbin anyllbliapFa KemeK KepceTy yuiH VIHTepHeT-cayfana
6enceHni kongaHbinagbl. EH TaHbiMan Yandex-teri 'YPY capantamaibiK
xyrieci (http://market.yandex.ru/guru-categories.xml) eH keH Tayapnap Ti36eci
6oMbIHLA BINIKTI CaTYLUbI-KOHCY/IbTAHTTbI aYbICTbIPATbIH 3aHAbl TY/IFA.
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5.2. CapantamasiblK Xylienepge 6inim 6epy mogenbaepi
5.2.1. [lepekTep MeH 6inimM TyCiHiri

JEM-gep aiiHanbicaTbiH aknapaT MpouedypanblK XaHe [AeknapaTuBTi
6onbin  GeniHegi. [lMpouefypanblk aknapatr ecenTepii LWbiFapy ripoueciHae
OpblHAanaTbiH Gaffapnamanapia, AeknapaTuBTi akmapar ocbl 6Gaffapnamanap
XKYMbIC iCTENTIH ManimeTTepae 6onagbl [23].

Mpoueaypanbik, 6inim (MB) ecenTepdi LWbiFfapya KongaHbINaTtbiH ic-
dpekeTTep TIi3beriH cunartTaigbl (Mbica/ibl. KOMMLIOTEPNIK 6Garaapnamanap,
anropuTMAEPAIH cunaTTaMachl, Keinbip eHiMre KypacTbipy Hyckaynapbl).

Mpoueaypanbik 6iniMai anropuTMAiIK 6iniMai YCbIHY MOLENiHiH, KemeriMeH
cunarTayra 6onagpl.

[JeknapaTusTi 6inim (4B) - 6yn npoueaypanbik emec 6iniMHiH, 63api, atan
aliTKaHfa: sHUMKIoNeaMadarbl Makananap, (usnka, xumus, 6acka FblibIM-
fapfarbl 3aHgapapl TYXbIpbIMAay XaHe T.6.

CX oKy kesiHfe pacTypni Typfe - 6iniM fereHiMi3 He oHe onapfblH
afeTTeri fepekTepAeH aibipMaLlbinbIFbl Hefle AereH Cypak TYbIHAAAbI.

[epekTep — 06bekTinephi, NpouecTep MeH KyOblibiCTapabl, COHAali-aK
OnapdblH KacueTTepiH CUMaTTainTbiH XeKe akTinep.

Bifim aMNUpUKanbiK >XONMeH anblHFaH [epekTepre HerisgenreH. Onap
aflaMHbIH, NPaKTUKaNblK KbI3BMETIHIH HITVDKECIHAE a/lblHFaH TaXipubeciH
XVHaKTayFa GafblTTanfaH oifiay apeKeTiHIH HaTwKeci 60/bIN Tabblnagbl.

Binim - 6yn MamaHfapFa ocbl canafjaFbl MiHAETTepAi KOHOFa XaHe LueLlyre
MYMKIHAiIK 6epeTiH NpakTUKanblK iC-9pekeT MeH Kacion Taxipube HaTUXeciHae
aNbIHFaH NaHAIK canafafbl 3aHAblIbIKTap (MprHUMATEp, 6aiinaHbiCTap, 3aHaap).

[Jepektepai cakray ywiH B (onapfa ynkeH KOMeM >KeHe akmapaTtTblH,
canbICTbIpMa/bl TYpAe a3faFraH MeHLUIKTI KyHbl TaH), an GiniMai cakray ywWwiH -
6inim Kopbl (WafblH Konem, Gipak TeK KbiMOAT aknapaTTblK MaccuBTep)
KongaHblnagpl. binim 6asackl — Ke3 KenreH 3UATKEPiK XYMeHIH Herisi.

Binimai Keneci Kateropusnapra xikreyre 6onagpl.

BeTTiK (YCTiHri) - NaHAIK canajarbl XXeKenereH okuranap MeH qakTinep
apacblHAarbl KepiHeTiH e3apa iC-KUMbIN Typasibl 6inim.

Tepeuni — naHAIK canafa eTeTiH npouecTepdiH, KypblUibl.Mbl  MeH
TabuFaTblH KBPCETETIH abcTpakumanap, aHaloruanap, cxemanap. byn 6inim
KyOblnbICTapabl TyCiHAIpesi XeHe 00beKTINepAiH MiHE3-KY/IKbIH 60/mKay YLUiH
naviganaHblnybl MyMKiH.

Meicasbl.

BeTTiK: KOHbIpay 6aTbipMachiH 6acy, KOHplpay Luanyfa 601agbl.

TepeHaiK: KOHpIpayblH XaHe CbiMAapAbIH NPUHLMMTIK 3/IEKTP CXEMACHI.
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Kasipri CXX HerisiHeH 6eTTiK 6iniMMeH >XymbiC icTeigi. byn Kkasipri
yakbITTa G6ifliMHIH TepeH KypblbIMbIH aHbIKTayFa >oHe OflapMeH >KyMbIC
icTeyre MyMKiHAiIK 6epeTiH ambeban agicTeMesniep XOKTbIFbIHA 6alilaHbICTbI.

Binim epekwwenikrepi.

1. lwki vHTepnpeTauuanaHybl. Sp6ip aknapaTTbiH 6ipTyTac ataybl 60/ybl
Kepek, OHbl C)X Taba anagpbl, COHbIMEH KaTap aTa/iFaH aray CypaHbicTapFa
Xayan 6epegi. XafTa cakTanaTblH MafiMeTTep aTay/napAaH albipbliFaH Kesae
onapfpl XXyMemMeH CalikeCTeHAipy MYMKIHZIr 60nvaabl. baFgapiamaHbl xasfFaH
6aFgapnamallbiHbiH, - HYCKaybIMEH >KafTaH  LblFapbin, AepekTepdi  Tek
baffapnama faHa LbIFapa anafbl. MalimHa ce3iHiH ocbl Hemece 6acka ekifnik
KOAbIHbIH apTbIHAA XacbIpbIHFaH HapCce Xyiiere 6enricis 6onapl.

Erep, wmbicanbl, OEM agplHa  1-kecTefe KOPCETIIMEH  MeKeme
KbI3MeTKep/epi Typanbl ManiMeTTepai a3y KaxeT 60nca, oHga SEM XaablHa
iLUKi MHTEpPMpeTaumsaChI3 OCbl KECTEHIH >KO/fjapblHa CAWKeC KeneTiH TepT
MalUMHabIK CO3AIH >KUbIHTbIFbI eHri3ineai. byn xaFfaiga ocbl MaluVMHa/IbIK
cesfepie ekinik paspsaTapAblH KaHgali TOMTapbIMEH MamaHgap Typaibl
MaNiIMETTEP KoATa/iFaHbl Typasibl aknapar Xyliege oK. Onap Tek 5.1 KecTeHi
KOM4aHaTblH NPOrpaMmmMmncTKe FaHa 6enrini. Xyiie " MeTpoB Typasnbl He 6inegi?"
Hemece “MamMaHap apacbliHAa CaHTEXHWK 6ap ma?" CUsSKTbl CypakTapFa xayan
6epe anmangpl.

Kecte 5.1
Teri TyfaH Xbl/ibl  MaMaHAbI»bl Erbex ori,
Xblngap caHbl
Moros 1965 Cnecapb 5
Cupopos 1946 Tokapb 20
VBaHOB 1925 Tokapb 30
Metpos 1937 CaHTexHuK 25

JEM >xagblHa 6iniMre KewKeH Kesfe aknapaTThiK OipnikTephiH Keibip
NPOTOKYPbIIbIMAAPLI Typasibl aKnapar eHrisinegi. byn Mbicanga on Teri, TyfFaH
Xbi/bl, MaMaHAbIFbl JkaHe eHOEK eTini Typanbl aknapaT Kail Kateropusga
CakranaTblHbIH KOpCeTeTIH apHalibl MalumHa cesi. byn >kaFgainga xylienik
XaaTa 60naTbiH Teri, TyFaH Xbl/bl, MaMaH/bIFbI XaHe eHOeK eTini KepceTinreH
apHaiibl ce3fikTep KepceTinyi Kepek. bapnblk ocbl aTpubyTTap KecTe
KongapblHa Colikec KeneTiH MallMHablK Ce34ep YLWiH ataynap peniH aTtkapa
anagbl. Onap GOWbIHLIA KKETTI aknapaTTbl izgeyre 6onagsl. KecTeHiH apbip
XO0Abl MPOTOKYPbIbIMHBIH, faHackl 6onagbl. Kasipri yakbitta BBXX gepekrep
6asacblHAa cakTanatbiH 6ap/iblk aknapaTTblK OipnikTepaiH, ki TyCiHAipinyiH
iCKe acblpybl KamTamachI3 eTefi.
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2. KypbinbiMabinblK,. AKNapatTblk 6/10KTap MKeMai KypblibiMFa ue 60nybl
Kepek. Onap YLWiH «MaTpellKa NpUHLMNI» OpblHAANYbl Kepek, fFHU Keibip
aknapatTapfplH, 6ackanapblHa eKiHWICiHE pPeKypcuBTI  eHAipinyi  Kepek.
AKnapaTTbiK OipMiKTeH OHbIH Keinbip Kypamaac aknapaTTbik 6ipnikTepiH 6enin
KepceTyre 6onagpl. backawa aiiTkaHga, "6enik — 6yTiH", "Teri - Typi" Hemece
"afleMeHT — Kacc" TUMTI XXeKenereH aknapartTblk GipnikTepAiH apacbiHAa epKiH
6enriney MyMKiHZIri 601ybl THiC.

3.baiinaHbICTbINbIK.  AKNapaTTblK OipnikTep apacbiHAafFbl aknapaTTbik
6asafa apTypni Typgeri 6aiinaHbiCTapabl OpHATY MYMKIHAITT Ke3aenyi Tuic. EH
angbiMeH, Oyn  GalinaHbiCTap  aknapaTTblk  OipaikTep  apacblHAafbl
KaTblHacTapAbl cunatTal anagpbl. KaTbiHacTapablH CEMaHTUKAChl AeKnapaTuBTi
Hemece Mpoueaypasiblk cunatTa 601ybl MyMKIH.

Meicanbl, eki HemMece ofaH Aa Kemn aknapaTTblk Gipniktep "6ip yakbiTTa"
KaTblHACbIMEH, eKi aknapaTTblk 6ipnik - "ceben - cangapbl” KaTblHACbIMEH
Hemece "Katap 60/1y" KaTblHacbiMeH 6aiinaHbICTbl 60n1ybl MyMKiH. KenTipinrex
KaTblHacTap AeknapatueTi 6inimgi cvnaTTarigbl. Erep eki aknapaTTbik 6ipik
apacblHAa "aprymeHT — pyHKUMS" KaTblHackbl GenrineHce, oHfa on 6enrini 6ip
hyHKUMANapabl ecenTeymeH GalinaHbICTbl NpoLeaypanbik 6iniMai cunattaingpi.
BygaH opi KypblibIMABIK KaTblHACTapAbl, (YHKLUMOHaNAbIK KaTblHACTapabl,
Kay3angpl KaTblHACTapfpl >KoHe CeMaHTMKa/bIK KaTblHACTapAbl aXblpaTaTblH
6onambl3.  BipiHWICi KemeriMeH akmapaTTblK Oip/iKTepAiH, MCpPapXuschl
6epinepi, ekiHwici 6ip aknapaTTblk GipnikTepAi 6ackanapbl apkblibl Tabyfra
(ecenTeyre) MyMKiHAIK 6epeTiH npoLeaypanblk aknapaTTbl KeTepeai, YLLiHLWiCI
ceben - cangapnblk GainaHbicTapabl 6epepi, TepPTIHWICI 6GapnblK KaiFaH
KaTblHacTapfa Caikec kenegi.

AxnapatTblk 6ipnikTep apacbiHga e3re fAe 6alinaHbiCTap OpHaTblNybI
MYMKiH, MbICa/lbl, afbldaH aknapaTTblk 6ipnikrepdi TaHfay TopTibiH
aHbIKTalTLIH Hemece eKi aknapaTTblK 6ipnikTep 6ip cunatTamaga 6ip-6ipimeH
YANeCnenTiHIH KBpPCETETIH.

BiniMHiH aTanfaH yw epekwweniri 6inim 6epypiH Xannsl MOAENIH eHrizyre
MYMKIHAIK 6epefi, OHbl aknapaTThlK 6ipnikTepi 6ap vepapxmsnbik Xxeni 60/bIn
TabblNaTblH CeMaHTUKa/bIK >Keni fen atayFa 6onagbl. byn Gipniktep >keke
ecimgepmeH ababikTanfaH. CemaHTUKabIK XeiHiH foFanapbl aknapaTTblk
6ipnikTep apacbiHhaFbl OpTypni GainaHbicTapFa Caiikec Kenegi. byn petTe
nepapxuanblk  GainaHbICTap  KypblbIMAAYAbIH — KaTblHACTapbiMeH, — an
nepapxmsanblk emec HaiinaHbicTap - e3re TypLeri KaTblHaCTapMeH aHblKTanagbl.

4. CemaHTVKaNblK MeTpuKa. KenTereH aknapartTblk 610KTapga Keibip
XaFfainapaa aknapatTblk OM0KTapAblH CUTYAUMANbIK JKAKbIHABIFbIH, SAFHU
aKnapaTTblK 6/0KTap apacblHAaFbl accouuatuBTi 6ainaHbICTbIH, CUMMATbIH
CUNaTTaliTblH KATbIHACTbl aHblkTay naifanbl. OHbl aknapatTbiK GipnikTepre
KaTbICTbl OaiinaHbICTbIpy [fen aTayFa 6onagbl. MyHgali Keskapac Keibip
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aKnapatTblK >KafFfaiifarbl Keinbip >kaFgainapAbl aibil TacTayFa MYMKIHAIK
bepegi  (Mbicanbl, «caTbil any», «KUbIIbICTaFbl KO3Fa/IbICTbl Gackapy»).
AKMapaTTblK arperattapMeH XXYMbIC Xacay Ke3iHAe ColKeCTiK Ko3(puumeHTa
6ypblHHaH 6ap 6iniMai TabyFa MyMKiHAIK 6epesi.

5. benceHpinik. 3EM naiiga 60nFaH CATTEH >KoHE OHAA KO4aHbINATbIH
aknapatTblK OipnikTepAi AEpeKkTep MeH KomaHganapfFa 6enreHHeH  KeiiH
[lepeKTep maccvBTi, an KomaHganap 6enceHai 6onaTbiH XaFaain naiga 6ongpi.
OEM-fe eTeTiH 06apnblk YyaAepicTep KomaHfanapmeH 6acTamanaHagbl,an
[iepekTep KaxeT 60/FaH xaffalifia faHa oCbl KOMaH4anapMeH naiganaHblnagpi.
AXK ywiH 6yn xaFfaii konainbl emec. Agam cusakTel, AXK-ge kaHgai ga 6ip
BpeKeTTepAl e3eKTeHaipyre xyiege 6ap 6inimM biknan etei. Ocblnaiwa, AX-
fe 6Gafpapnamanapfbl OpbiHAay aknapaTTblk 0asaHblH aFbIMAafbl Xaii-KyiiiHe
6actama 60nybl THic. PakTinepdiH HeMece OKUFanapAblH cunarTaManapbliHbIH
HerisiHge nainga 6ony, GainaHbiCTapAbl OpHATY XXYWMEHIH GenceHfinik KesiHe
aliHaybl MyMKiH.

AknapatTblK OipnikTepAiH, atanfaH 6ec epekLleniri gepekrep 6inimre
aliHanaTbiH LeKTepai aHblKTainabl, an gepektep 6asacbl 6inim 6asacbiHa (Bb)
aiiHanagpl.

BinimgepMeH >KyMbICTbl KamTamacbl3 eTeTiH KypangapablH, XKUbIHTbIFb
6inim 6asacbiH 6ackapy >kyiteciH (BBBXK) Kypagb.

Kasipri yakbiTTa iWKi WHTeprpeTauusniady, KypbiibiMaay, 6aiinaHbic-
TbIbIK TOMbIK KONnemfae iCKe acblpbliaTbiH, CEMaHTUKa/bIK Liapa eHrisinreH
XXaHe 6iniM GenceHAainiri kamTamachI3 eTifeTiH 6iniM 6a3achl XOK.

€3 KeNreH naHAIK cana 3 TYCIHIKTepi MeH onapAplH, apacbliHAaFbI
6aiinaHbICTapAblH, KMbIHTBIFBIMEH, ecenTepai LewyaiH epekwe agicTepimeH
cunatTanagpl. MaHAi 6iny >KeHe OHAaFbl MacenenepAi LUely >Xonjapbl eTe
apTYpNi.

Jeknapaumssibik xaHe Mpoueaypanbik 6ifiM  apacbiHAaFbl  aiblpMma-
WhIbIKTEL "HEHI BINY" xaHe "KANA BIJTY" apacbiHafbl aiibipMalLblibIK
peTiHge KepceTyre 6onagpl. MpoueaypanbiK 6iniM  3UATKEP/IK KbI3METTIH,
bargapnavara canbiHFaH Npo6neManbl OpTaHbl 6iny, SFHWM KaHgain ga 6ip
MBHAEpAl Kanali KongaHyfFa 6o0naTbiHbIH 6ifly  anfblliapTKa Heri3genreH.
[JeknapatusTi 6inim 6enrini 6ip maHgepai 6iny ("HEH1 B11Y") ocbl MaHAepai
OHAEY YLWIiH KONgaHbiNaTbiH npouefypanapMeH TepeH, 6GaiinaHbicTapbl »OK
[lereH anfblllapTka HerisgenreH.  [eknapatueTi 6iniMgi KongaHy KesiHze
aKbl-0i Ke3-KenreH Typgeri (hakTinepai eHAenTiH smbeban npouedypanap
XXUBIHTBIFbIHA XXoHe Genrini 6ip 6iniM canacblH CMNATTAWTLIH KBNrereH HakTbl
(hakTinepre HerizgenreH fen caHanagbl. Mpouedypanbik 6GiniMMeH cabic-
ThIpFaHaa feKnapaTueTi GiniMHIH 6aCTbl apTbIKWbIIbIFLI — AeKNapaTuBTi 6ilivM
6enrini 6ip 6iniM GenikTepiH MaikganaHy TaCiNiH KOPCETYAIH KaKETi KoK,
Kapanaiibim manimaemenepai 6ipHeLue K0nMeH KondaHyFa 60nafpl, XeHe Oyn
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apicTepfi anfblH-ana 6ekiTy bIHFaicbi3 6onagbl. Byn cunat AeknapatusTi
GiNiMHIH, MKemainiri MeH 3KOHOMUKanblK TWUIMAINITIH KamTaMacbl3 eTepi,
OTKEHI Aan con (hakTinepai ap Typ/i KongaHyFa MyMKiHAiK 6epegi.

[JeknapatueTi 6inimae 6iniMm Tayencia Hemece a/ci3 Tayengi (akTinepain,
XMBbIHTbIFbI PeTiHAE KapacTbipblnadbl, Oyn ManiMmaemenepai xaii Kocy Hemece
anbin Tacray apkplibl 6iniM MeH OKbITYAbl e3repTyre MyMKiHAIK 6epefi.
Mpoueaypanblk 6GiniM  yWiH MogMdurKaumsa Maceneci angekainga Kypgeni,
BITKeHI 6yn Ty KblpbiMAaMaHblH Kanali KonjaHblFaHblH KapacTblpy KaKeT.
Anaiiga, npouegypanap TypiHAe YCbIHYFa bIHFalbl XXaHe Tas3a [eKnapaTuBTi
TYPLE YCbIHY ©Te KWblH HblcaHAapAblH 6ap ekeHairi Genrini. [deknapatusTi
X8He mnpoueccyaniplk 6iniMHIH apTbiKLWbIIbIKTapbiH NaiganaHyfa YMTbUIbIC
apanac YCblHyfbl KonfaHaTblH OPManIM3MHIH, AaMyblHa SKenfi: AeKknapaTusTi
Koca 6epinreH npouegypanapmeH (Mbicanbl, Kafp/blK 6KiNngikrep Hemece
TipKenreH pacimgepi 6ap >keninep) Hemece [eknapatusTi ynrinepi 6ap
mMogynbaep TypiHgeri npouegypanap. OHbIH eH JaMmbifaH TypiHae 0Oyn
npobnema o6bLekTire 6aFbITTaIFAH TACIIMEH XKy3ere acbipbliapl.

binimai KepceTyaiH TepT Herisri mMofeni 6ap: eHAIPICTIK MOLenb,
*CEMaHTUKaSIbIK XXeni, PperimaiK XaHe NornKaabik MOAEesb.

Binimai yCbIHYAbIH 6HAIPICTIK MOAENI — MHTENNEKTYanabl Xyienepaeri ex
KeH Tapa/iFaH 3aTTapAblH, 6ipi. Mogenb eHAIPICTIK Xyiienepre Heri3genrex.

CemaHTUKabIK >Keni — 6yn 6inimgi 6eiHeneyaiH KepHeki agici. MyHgan
MoZenbAiH Herisi Ke3-kefreH 6iniMai o6bekTinep (YFbiMAap) >XUbIHTbIFbI YKaHe
onapfplH apacbiHiafbl KaTblHacTap (KaTblHacTap) TypiHAE YCbIHY WAeAchl
60/bIN Tabblnagpl.

®peliMiik Mofenb [Ae KacaHfbl WHTENNEKT OKyWenepiHae KeHiHeH
KongaHbinagel (Mbicanbl, capanTamanbik kyienepge (CX)). Kagp - 6yn
KyObINbICTbIH, OKUFaHbIH, YXaFfaiifblH, NPOLECTIH HeMece 06BbEKTIHIH MaHIH eH
a3 cunarray.

Binimai yCbIHYAbIH NOTVKa/blK MOAENbAEPIHIH HEri3i (opmanbibl dxylie
(Teopust) yFbIMbI 60/bIN TabblNagb!.

$opmanbabl TeopuanapaplH Mbicanfapbl NPeavkaTuBTI ecenTeyniep XKaHe
Ke3-Ke/reH  HaKTbl  BHAIpIC  >Xyileci  6onbin  Tabblnagbl.  JIOTMKabIK,
MoJenbfepae, afeTTe, 6acTarnkbl 3BOMIOLUAMBIK ecenTep KongaHbinaabl, onap
6ipkaTap 9BpPUCTUKa/blK CTpaTermsameH TOMbIKTbIpbliagpl. bByn  agictep
LefyKTVBTI TUMTIK XXyiAenep, sFHW. onap yid-xkaiinapgblH 6enrini 6ip »cyieciHeH
HaTWXKe any YLWiH YAriHi KongaHagb!.

MpeavkatvBTi >kyienephiH opi  kapaid famybl WHAYKTWBTI  TWUNTeri
Xyvienep 6onbin Tabblnadbl, ONnapfa epexKenep OKYAblH, KeMTereH MblCasiblH
eHAeyre HerisgenreH xyie Kypbinagbl.

Binimai kepceTyfiH norvkanblk MopenbfepiHae 6iniMHIH KekenereH
6enikTepi apacbiHfaFbl KaTblHAacTap KonfaHbliFaH (QopMasibAbl IKYHEHIH
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CUHTaAKCUCTIK epeXxenepiMeH KamTamacbl3 eTisireH eTe Hawap Kypanjapabl
KONJaHy apKbl/ibl KepiHesi.

KapactbipbiiFaH  6iniMHIH,  8p  mogeni  6iniMMeH XyMbIC  icTeyre
6arbiTTanFaH GaFfapnamanay TiNiH KypyFa Heri3 6ona anagbl. MyHgaii Tingep -
6yn Kagpnblk KepiHicTepre HerizgenreH FRL (Frame Representation Language)
XKeHe eHJIpICTIK yCbiHY MmogeniHe HerizgenreH [Mponor Tini. Anaiga, 6inim
6epyniH apTypni MofenbAepiHiH apTbIKWbUIbIKTAPbl MEH KeMLUinikTepi 6ap.
CoHpbIKTaH, 80-XblngapablH, COHbIHAA GipeckeH 6inimMai YCbIHY TiNaepiH Kypy
ypaici  Gaikangbl. KebiHece (hpeiiMAiK >KeHe GHAIPICTIK  MoLenbaep
GipikTipinegi.

5.2.2. Anroputmgik mogensaep

AnfbiH ana KapanaiibiM eMipfiK afFfalifbl KapacTblpaiblK: erep OHbIH
WelliMiMeH TaHbIC eMec afamfbl MacesleHi Luewlyre TapTy KaxeT 6osnca, He
icTey Kepek:

1. TancbipmaHbl LWewwy TociniH (84iciH, TopTi6iH) TaH4akabl >KeHe OHbl
6ap/blK ENKER-TENKENNI 3epTTengi.

2. TaBpanfaH aficTi OpblHAAyLWbIFa 0N  YLWIH TYCIHIKTI  Typae
xabapnaigbl.

3. OpblHayLLbl eCenTi 8AiCKe CaMKEC KaTaH Typae LueLlesi.

Ocbl NpoLECTiH, MaHIH TepeHaeTe OTbIpbIN, 3p6Ip Ke3eHAI MyKUAT
KapacTblpaiiblk.

Byn npouecTiH GipiHWI Ke3eHi 8feTTe KUbIHABIK TyAblpMaiifibl, 8ATKEHI
KenTereH Ke3feceTiH ecenTtep YLUiH LewiM aici npakTukagaH 6enrini Hemece
aKbl/ifa KOHbIMbl MafFblHaMeH Gepinefi Hemece saebueTTe cunatTTaiFaH. XKui
6acTbl KuMbIHAbIK - Keibip TajanTapFa eH Kem >kayan OepeTiH 6ipHele
SMICTEPAEH, MbICasbl: €H a3 eHOEK ChblIbIMAbIMbIFbI, €H >KOFapbl TUIMAINIri
XaHe T.6.

EKiHWI Ke3eH angekaiiga Kypgeni. Erep maceneHi wewygiy agici (sagici)
epKiH cunatTanfaH 60sca, OHZA OHbl OpbIHAAYLIbI AYPbIC TYCIHETIHAiriHe
Keningik >xok. COHAbIKTaH 9AICTiH cunaTTamacbl Genrifi epexenepre Caiikec
OpbIHAaTYbl Kepek, aTan aiTkaHaa:

- MakcaT yLWiH 6acTarnkbl 60/bIM TabblNaTbiH LWamanapabl 6eny;
TancbipMaHbl OpbIHAAY MNPOLECIH OpblHAAyLIbiFa Genrini >keHe Ke3
KenreH TyciHAipyci3 opblHayFa 601aTbiH Ke3eHaepre 6eny;

KeseHzepai opbiHAay TapTibiH KepceTy;
TarcblpMaHsb! LUeLly NPOLECiHIH asKTany 6enriciH KepceTy;
6ap/bIK Xxaf fainapaa, 6yn MacesneHi Wwewy HaTwkeci 60/bIN Tabbliagpl.
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Ocbl epexenepre CaiiKec OpblHAaTFaH |A4ICTI cunaTTay ecenmii ey
anropuTmMm fgen atanagbl. MyHpaii cunatTamaHbl dkacay afeTTe OHali eMec,
6ipaK OHbl GacLUbI/IbIKKA ana OTbIPbIN, OHAA KOPCETIreH GaprblK Ke3eHAepai
KEOKETTI TOpTIiMMeH MeXaHWKasblK OpbiHAAA OTbIpbIM, OpbIHAAYLIbI MIiHAETTI
apfalibiM AypbIC LUeLLe anagbl.

Anroputm - 6yn Genrini 6ip epexkenep 6OMbIHLIA >KasblnFaH, 6acTankpl
fepekTepaiH 6apnblk MaHAepiHae (Keinbip KenTereH MaHAEPLEH) OHbl TYCiHY
MeH MeXaHWKablK OpblHAaYAbIH 6ip MafFblHaCbiH KaMTaMachl3 eTeTiH, COHbIMEeH
6ipre  anNrOpUTMHIH KepCeTINITeH 9pEKEeTTEePiHiH  AdMeKTiNiriHe caiikec
KafaMAapAablH COHFbl CaHbIHa KOVbINFAH MIHAETTI LUELIYTe KON XKEeTKi3inesi.

ANTOpUTMHIH MblCa/Ibl TaFaM nicipy pewenTi 60/1ybl MyMKIiH.

KapanaiibiM anroputmii KapacTbipaiiblk — Laii KaiiHaTy anropuTMi:

1. BacTankbl Wamanapabl gaiblHhay - Wwai, cy, LWaiiHeK, CTakaH, KacbIK.

2. LLlaiiHeKke cy Kyto.

3. Cygbl KaiiHaTy »KeHe OTTaH asy.

4. LLlaiiHeKke LWaii cany.

5. Cyfpl KaliHaTyFa feiliH anapy (6ipak kaiiHaTtnay), oTTaH ajy.

6. LLlali gaitbiH. Mpouecc ToKTaTbinagbl.

5.2.3. Binim 6epyfiH NOrMKasbiK Mogenbaepi

Norvkanelk TaCingiH, Herisri uaeacbl KongaH6aibl MIHAETTEpAl Luelty
x8He JEM-HIH nalifjanaHyllbiMeH ©3apa iC-KUMblbIH YIAbIMAACTLIPY YLUiH
KaKeTTi 6apnblk 6iniM OKyiAeciH (haKTinep >KUbIHTbIFbI PEriHge KapacTbipy
60bIN Tabblnagpl.

dakTinep Keibip norukagarbl opmyna peTiHAe YCbiHbLIags! (BipiHLI
Hemece KOFapbl peTTi, ken MaHAl, Mofasbipl, Tak Hemece 6acka). binim xyiieci
OCblHfaV opmynanapiblH, >XXUbIHTbIFbIMEH KepiHedi. EM - ge ycblHbINFaH
Kesge on 6inim 6asacblH Kypagpl. dopmynanap 60niH6eiAal dxaHe Binim
6asacblH MoAM(MKaLmanay KesiHAe TeK KOCblMafbl XKaHe XOMblnagpl.

Jlorvkanblk agictep 6iniMm 6a3acbiHAa aHbIK YCbIHbUIFAH XXaHa akTinepgi
LWbIFapyblH faMblfaH annapatbiH KamTamacbl3 etedi. binim maHunynsums-
CbIHbIH Heri3ri Genrici — wWbiFapy onepauuscbl. Byn capanTay XXyiiencpi meH
MIHAETTepAI LIeLeTiH Ke3ge NOrvMKaiblK a4iCTepAi KapKblHAbI NalifanaHyfbl
aHblKTanapl. Ke3 KenreH 3vATKEPiK Xyiienep ywiH MaHbi34bl OCbl annaparTbl
6acka KongaHy - 06iniM 6a3acblHbIH IOMUKabIK TYTACTbIFbIH, $FHU OHbIH,
Kapa.Ma-Kailllbl  €MECTIFiH )XaHe Genrini  6ip angpiH ana GenrifeHrex
epexxenepre (TYTaCTbIKTbI LLUEKTEYTE) CANKECTIriH 6aKblnay MyMKIHAITI.

Binim GepyfiH norvkanblK saicTepi HakThbl aHblKTalFaH CeMaHTUKara e
thakTinepai a3y yWiH KapanaibiM >aHe alikblH HOTauMsHbl KamTaMachi3 eTei
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(eH 6onmaraHfa, GipiHWI TOPTINTIH ASCTYPNI NOrMKacbiHa HEri3aenreH agictep
yLWiH). Bp6ip thakT 6oMawakTa Kalail naiifanaHblnaTbiHbIHA KapamacTaH 6ifim
6aszacbiHa TeK 6ip peT yCbiHbIIaAbl. JIoruKanbIk aficTepfi KongaHa OTbIpbIn
a3ipneHreH 6inim 6asackl, 94€TTe, TYCiHY YLWiH eTe Kapanaibim [23].

Binimai ycbiHyga MaHAIK aliMak MeH TancblpMa akcMoMa >KMbIHTbIFbI
peTiHge cunaTTaFaH  Ke3ge  I-peTTi  mpeavkatTapgblH  KNacCUKablk
ecenTeynepiHe HerisgenreH opmasibabl NOrMKanbiK MOLENbAEP epeKLUIeneHes.

Jlorvkanblk MofenbaepaiH, HerisiH (opmaibibl TEOPUSHLIH, TEPT YFbIMbI
xarblIp:

S=<B,F.A R> (5.1)
MyHAa B — S TeopuACHIHbIH Heri3ri CUMBO/AAPbIHbIH (aN1(haBUT) KUHAFbI;
F - TeopusHbiH dopmynanapbl Aen atanatblH S TEOPUSCHIHbIH

BPHEKTEPIHIH  >XMblHbl  (BpHEKTep Ael S TeOPUACbIHbIH  Gasa/blk,
CUMBONAAPbIHbIH, COHFbI KE3eKTiNiri TyciHinesni);

A - S TeopuACbIHbIH akcvomanapbl [en atanatbliH (hopmynanap, ffFHu
KenTereH anpyop/ibl inbiHalibl opMynanap;

R - KOpbITbIHAbI epexernepi fen aranaTbiH (opMynanap apacbliHaa
{ri,r,,...,r,,} KaTblHacTapAblH COHFbl XXWbIHbI.

©paeTTe B - thopmynanapblHaH CUHTAKCUCTIK TyPFblfaH LypbiC 8pPHEKTEPAi
Kypyfa MYMKiHAIK 6epeTiH Tuimai npouesypa (KenTereH CUHTaKCUCTIK
epexxenep) bap.

Opbip Tj yLWiH j-AiH OH caHbl 6ap, Mbicabl j (opMynanapbiHaH TypaTbiH
apbip »XMbIH ywWwiH xaHe T opmyna ywiH f dopmynacbl 6ap r;-re KaTbICTbl |
(hopmynanapbIHbiH, AepeKTepi TMIMAI Lewineii Me fereH cypak TyblHAAAAbI.
Erep 1, KaTbiHacel 6onca, oHga T 1, epexeciHe colikec 6epinreH |
(hopmynanapbIHbIH Tikenei cangapsl fen atanagbl.

LbiFapy epexenepi 0oCbl TeOpUsHbIH  LUeHGepiHAe  LblHalibl — aen
CaHanaTblH hopMynanapfblH, KeNTiriH KeHeiTyre MyMKiHAIK 6epegi.

Erep opmynaHblH Kes-kenreH opMynaHbl S-fe 6ap-XOofblH 6inyre
MYMKIHAIK 6epeTiH GipbiHFaii Trimgi npouegypa 6onca, (opmangbl Teopus
LeWinMenTiH gen atanagpl. Erep copmyna »ok 6osnca, S opmynsapbl xyiie
[en atanagpl, erep A dopmynacel 601maca, oHAa A X3He A TyblHAbIapbl S-
[ anbiHagpl.

Binimgi yCbIHY YLWIiH KOMAaHbIIATbIH €H KON TapasFaH pecMu Xyiie - 6yn
GipiHWI peTTi npegunkatmBTi ecenTey. Bomkangbl ecentey andasBuTi Keneci
TaH6a1ap XMbIHTbIFbIHAH Typafbl:

— TbIHbIC TaHOaNaPbl «{»,«(»,«,»,&)»,«.» «;», «}»;

- npono3vumanblk 6aiinamgap {1, >, a, v};

- KBaHTOp-TaHb6anapsl { V, 3 };

- aiiHbIManbinap TaHbanapb! >, k= 1,2,...;
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— W-XKEePrinikmi  (hyHKumoHangel apintep: /M, k=>\, n>0 (J1“TypaKTbl
apinTep fen atanafpl);
- W-XKeprinikTi npegukatTap apintepi (cumsonos): pf k>\, n>\.

BonawakTa X -TiH OpHbIHa KapanaibIMAbIbIK YIWLiH, U, V, X, Y, Z,...; T - a,

b, ¢, d,...; opHbiHa fi' (n"O) - f, g, h,...; X3He opHbIHa - p't - P, Q, R, S, T, V,
..KOngaHatbiH 60n1ambI3

AnaBnTTiH, CUMBONZapbIHAH 8p TYypAi epHekTepai canyfa 6onafpl.

TepmuHaep, kapanaiibiM Qopmynanap (atomgap) >kaHe AypbIC Ca/blHFaH

thopmynanap (Hemece aii hopmynanap) axblpaTbinagpl. ARHbIManbl Hemece

TypaKTbl 8p apinTiH ap benrici — Tepm. Erep (n>1) - Tepm 6onca, oHAA
Tepm 60/bIN Tabblnagpl.
Erep p* - npegukatTbl apin, an - Tepmfaep, oHga P*"0i>-J1) -

KapanaiibiM hopmyna (atom).

ATOM - KapanaiibiM 6eniHGENATIH 3NEMEHTI.

ATOM - flypbiC KypblnFaH opmyna. Erep A x3He B - aypbic KypbliFaH
'thopmyna 6onca, oHga IA, AvB. AnB, A”B 6ap aypbIC KypbliFaH hopmMynanap.
Erep A — pypbiC KypbinFaH qopmyna, x — A-gafbl aliHbiMasibl 601ca, OHAa
(VX)A >x3aHe (3x)J1 - gypbIC KypbliFaH opmynanap. bingipy 6obin Tabbinagbl
JypbiC ca/biHFaH (POpMynachl, erep 0N alblHAbl CakTaid OTbIpbiM XXOrapbiga
KeNnTipifireH epexkenepi.

PopmynaHblH MasMyHblH 6Gepy YLWiH 0N KapacTbIpbl/ibiN  OTbIpFaH
TaKbIpbIN canacbiHa KaTbICTbl TYXKbIpbIMAaMa peTiHe TyciHAipinesi.

WHTepnpeTaums gen 6oc emec D XuMbIHbIHAH XaHe 3pbip npeamkar p't
anAblHAaFbl 3PINTI cabICTbipMa/bl KaHAalh Aa 6ip CAMKCCTIKTEH TypaTbiH Ke3
KenreH XyieHi TyciHegi, J1 ap (yHKUMOHaNAb! apniHe — Keibip n -£>""-> D
XKEPTiNIKTI (hyHKUMACLIH X3He Tt apniHiH 3p apniHe — D aneMeHTIHIH Kelibip
anemeHTTepiHe. bepinreH uHTepnpeTauus KesiHAe aiHbIManbliapabl OCbl
nHTepnpetaunsHol{ D aiiMaFbiHaH 6Gapnblk  M3HZepai  “Xyripywi” gen
oinaiifbl, an Ke3 KenreH anemeHTapiblk (opmynaga “akukat' (A) Hemece
"wanraH" (OK) MaHi xa3sblnagbl.

MaH Pj<D,, _anemeHTap QopmynacbiHa Keneci epexxere Calikec
TaFalblH4aNafbl: erep NpPeAMKaTTblK apinTiH, WapTTapbl D-gaH ocbl TYCiHIKNEH
aHbIKTaNFaH KaTblHaCTbl KaHaFaTTaHAbIPATbIH 3/1eMEHTTepre CI3MKeC Kerce,
OHAa a3nemeHTap (OpMynaHblH MaHI Aypbic 6onafbl, 3iTMece 0N >KaiFaH
6onagpb!.

DNeMeHTTIK eMec (hopMynaHblH MaHI OHbIH, KypayLibl (hopMynanapbliHbIH
Ma3HAepiHe cylieHe OTbIpbiN, PeKYpCUBTI Typde ecenTenedi. TaHganfaH
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MHTeprpeTauusfa 6GaiinaHbiCTbl (opMynanapfblH MaHi LUbIH HEMEeCe XXafaH
60/1ybl MYMKIH €KeHi aHblK,.

MpeankaTTapabl ecenTey LUEHOEPiHAE LUELINETIH Herisri MiHAeT — Kelibip
WHTepnpeTauus alimafbiHaa 6GepinreH (POpMynaHblH LUbIHAMbUIbIFbIH HeMece
XanfaH O6ONyblH aHbiKTay. Byn peTTe epeklle pen Xainbl MaFblHa/bl
(hopmynanapfa, SfFHA Ke3 KenreH WHTeprpeTaums  KesiH4e  LublHalibl
(hopmynanapfa >keHe OpblHAAIMalTbIH QopMyfnanapra, SFHU Ke3 KenreH
WHTeprpeTauua KesiHfe >xanFaH (opmynanapra 6epinegi. Keneci pegykums
Teopemachl gypeic: 5/,...,Z?,, xaHe A topmynanapbl 6epinreH 60/CbIH.

A ¢opmynacel - Bh..B,, KucbiHAbl HaTWXeci, erep BiA...aB,r>A
thopmynachl aypbic 6onca, sFHU \=(Bia...aB,,)z>A

EciHisge 60ncbiH, A ¢opmynacel norvkanblk Typge Bi,...,B,, dopmyna-
CblHaH Kenefi, COHAA faHa Ke3 KelnreH WHTeprpeTaums J KaHaraTTaHAblpaTbiH
Bia...aB,, KaHaraTTaHAbIPaAbl, COHAal-ak/IHbI KaHaFaTTaHAbIpagbl,

Bi,...,B,, thopmynanapbl >Kibepynep fen atanafbl, an A - JOTUKa/bIK
Ti36eKTiH TYXKbIpbIMbI XaHe B,,...,B,, |=/1 gen GenrineHepi.

TeopemaHbl fanengeyaid MiHgeti Bi,...,B,, dopmMmynanap >XUbIHTbIFbIHAH
6enrini 6ip A opmynacbiHbIH, OTMKa/IbIK CaifapbiH HakTblnay, Bia...aB,,z>A
(hopMynacbiHbIH OYPbICTbIFBIH  HeMece (DOPMY/acbiHbIH MYMKIH eMecCTiriH
[anenpeyre TeH,.. Bia...aB,,a\A.

BipiHwi peTTi npefukaTTapdbl ecenTey YLIiH Ke3-KenreH (opmynanapabiy
XKapamblbIFbIH aHBIKTAATBIH XKannbl 84iC YXKOK eKeHAIr 6enrini, SFHN GipiHLi
peTTi npeaukaTtTblk ecen lewinveigi. Anaiiga, erep npeauKaTTapabl
ecenTeyre apHanfaH Kelibip Qopmyna >kapamgbl 601ca, OHAA OHbIH,
OVPbICTbIFbIH  TEKCEPY Mpoueaypacbl 6ap, SFHW NpeauKaTuBTI  ecenTeyai
XKapTblai WeLinMenTiH gen atayra 6onagsl [24].

Keiibip (akTiHi npegukaTTapgsl ecentey dopmynacbl TypiHAe Kasy
MbICa/IbIH KeNTipemis:

BEPY (MUXAWN, BNIAOVMWPTE, KITAMTbI)

(3x) (ANEMEHT (x, OKUFA - BEPY) n UCTOYHUK (x, MUXAWN) n

ALOPECAT (x, BTIAOVMWP) n OBBEKT (x, KITAT).

MyHAa cunatTanFaH eki Tecini asbanap 6ip akt: " MUXAWI
BAAANMWPIE KITANTbI BEPAI".
Heri3ri apTbiKWbIbIFLI MaganaHy npegukarTap ecentey YArici peTiHge

VCbIHbINFAH  6iniM - 6yn  6onybl  Gipkenki  (opmanbibl  npoleaypa
[enengemenep Teopemaiap. Anaiiga, >Xofapbl Aspexxeci 6ipisginikTi 6ingipei
XKoHe Herisri Kemwiniri 6yn Tacingi - Kypgeniniri naiganaHy ganengey

KesiHfe 9BPUCTUK epekLIeniriH KepceTeTiH HakTbl MpobnemMasiblK OpTa.
KepceTifireH KeMwWinik acipece MaHbI3gbl Kypy KesiHge capantamasibik
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Xyvienep, ecentey KyaTbl, Heri3iHeH, aHblKTanagbl 6iniM, MiHe3gemenik
epeKLeniriH npobnemanbik opTa.Pecmn >xyiienepgiH 6acka KemulinikTepiHe
onapAblH, MOHOTOHABIIbIFbI,  KOMAAHbIMATBIH - 3IEMEHTTEPAI  KypblbiMaay
KypaigapbiHblH 601Maybl X8HE Kapama-KalLbiIbIKTapablH Xon 6epinmMeyi
Xatagpl.

Tycaykecep mMogeni peTiHAe naiganaHFaH Kesge hopMabibl XKylienepai
KEMLUIMIKTEPIH JKOKOFa JereH YMTbIIbIC CEMUOTUKANbIK XKyienepaiH naiga
6onybiHa akengi.  CeMMOTMKa/IbIK >KYyieHi (opmanbibl Typae CerisbeH
Gepinesi:

S=<B,F, A R Q(B),Q(F)Q((A)QR)> (5.2)

MyHaa aFalikbl TOPT KOMMOHEHT (hopManbbl JKYWEHI aHbIKTay4arbl
CUSKTBI, & Ka/ifaH KOMMOHEHTTEP — 3UATKEPAIK XXYiieHiH 6inim 6asacbiHaa ocbl
npobnemMasblk opTafaFbl CYObeKTINEpAiH KypblUibiMbl MEH KbI3METI Typasibl
XUHAKTaIFaH ToXKipUbeHiH, acepiHeH anfalllkbl TOPT KOMIMOHEHTTI e3repTy
epexenepi.

Norvkanblk apicTepAiH Herisri »keticneywiniri — 6yn 6iniMm  KopblHAA
(hakTinepai yYWbIMAACTbIPYAbIH, HaKTbl MPUHLUMNTEPIHIH XKOKTbIFbL. MyHaal
. KaFuganapfbl OKLayfamail XsHe [AoieKTi TyphAe KonjaHO6ai, yikeH Mofenb
TangayFa >XaHe eHfeyre KubiH 60naTbliH Tayenci3 (hakTinephiH KepiHOelTiH
KOHI/IOMepaTbiHa aiHanagbl.

5.3. YnrinepmeH 6ackapbliaTbiH 6HIM
MoZeNbaepi MeH Moaynbaepi

Oactypni  6affapnamanayfa KomaHfanap KartaH OenrineHreH petneH
OpHaTblaabl. DAenki 60ibIHWA, i-lWi KOMaHAa OpblHAa/IFaHHaH KeliiH (i+1) i-
Wi KomaHia TapmakTasly KomaHfgacbl 6onmaca, i-Wi KoMaHja opblHAanafbl.
[Jactypni  6arfapnamanayfafbl TapmakTtayfblH 6apnblK OpblHAAPbl  aHblK
KepceTinegi. MyHpai 6Garfapnamanay Tacini  eHgey Tisberi eHAeneTiH
JepekTepre a3 Tayenai OonfaH XafFfaifa biHFalnbl, AFHW Tapmak HopmagaH
emec, epekLIenik 6o/FaH Kesfe.

Opbip mogens 6HackapatblH moayns (MBM) pfepektepaiH 6ip Hemece
GipHeLle KypblbIMbIH 3epTTeY >XaHe MoAupuKauuanay TeTiKTepiHeH Typaabl.
YBEM pgnanasoHbl kapanaiibiM eHIMAIK epeXkefeH Yri 60MbIHWA TybIHLAWTBIH
epKIH KypAeninik fgapexeciHe AeiiH KeH LeKTepAe aybiTKybl MYMKiH. 9p6ip
YEM Ke3ekTi Kajamfa >XyMbICblH Ta/idaidbl XyMbIC >af, 6apnan 6onybl
KYpbUbl.MAap, 0fiap Ca/bICTbIpbiagbl, OHbIH, yarici. YBM HerisiHae KypbiiFaH
Xyiienep yarinepmeH 6ackapbinaThbiH iMbirapy >Kyienepi gen atanagbl. byn
Xyhienepgeri 6ackapy QyHKUMANapblH MHTEPNPETaTop XKy3ere acbipagb!.
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binim Gepy TypfbicbiHaH YBM KongaHaTtbiH TaCin Keneci epekilenikrepai
cunaTTayfa bonagpl:

- binim 6a3acbiHia cakTanatbiH TypaKTbl BilIMAI XoHE XXYMbIC XafblHAa
caKTanatblH yakbITLLa 6inimai 6eny;

- CX moaynbhepaiH KypblibIMAbIK AepOeCTiri, »yieHiH e3repyiHe aHe
XeTinyiHe biknan etefi, 6yn CXK ywiH eTe MaHpI3gbl, 0n1apAblH OiliMiH YHEMI
e3repTeni. CoHbIMEH KaTap, MOAYNbAEpAiH Tayencisgiri apTypni asTopnap
XasfaH 6aFaapnamanapiblH, MHTErpaumnschbiH XXeHingeTeai;

- backapy cynbacblH npobnemanblk cana Typaibl  6iniM - anartbiH
MoaynbaepaeH 6eny, 6yn  6ackapydblH  Typni  cynbanapbliH - KONngaHyfa
MYMKiHLIK Gepegi.

YnrinepmeH 6ackapblnaTbiH Kyiienep apTypii OpblHZanybl 6ap aHe
MOJy/nbAepre canblHaTblH LUeKTeynepre coiikec xiktenegi (5.2-cypet). Erep
MyHZali dKyienep >keniHiH >KOFapfbl >KafblHAA OpHAaNackaH MoLynbAepaeH
TypaTblH 60ca, OHAa 0nap >Keninepae HerisfenreH >Kyiienep gen atanagpl.

YnrinepmeH 6ackapbliaTbiH OKyienepAiH, Kenuwiniri  Keneci  WwekTeygi
KaHaFaTTaHApbIpadbl: apbip MOAYNbAEri YKYMbIC XafblHbIH 6ap/bIK 3epTTeynepi
GipiKTipiareH >keHe AepekTephi TypneHaipy 6GoblHLWa 6apblK ic-KUMbligapFa
angbliH  anagbl. Ocblnailwa, MOAynb eki 6Genikke 6eniHedi: AepekTepAi
3epTTENATIH angplH-ana LWapTTap >K8He [JEpeKkTepdi TYPMEeHZIPeTiH apekeT.
MyHpgali GeniHyi 6ap MoAynbfep epe>kenep Aen atanadbl, al  MyHAan
epexkenepai KongaHaTblH >Kyienep epedkenepre HerisgenreH >kyienep fen
atanagpl.

Epexxere HerisgenreH Xyienep epexenepgid Typnepi 60ibiHWA 6HIMAIK
XKaHe TpaHcopmauusanblk 60bin 6eniHedi. OHIM Xylienepi CanbICTbIPy XaHe
Xocnapnay (6ackapy) - WHTeprnpeTatopga TipKenreH >KyleHiH aiKplH
(yHKUMANapbl — epexxenepieH  KypbliFaH.  TpaHcdopmaumanblk  Kyienep
BHIMHEH alblpMalLbibIFbl KaFnaanapibl CalbICTbIPY XaHe 6ackapy 60liblHLUA
aiikblH - (hyHKUMsapbl 60Maybl MyMKiH. TpaHchopMauuanblk Kyinenepain
Mbicaidapbl (hopManbibl XeHe (hopMasnbibl rpaMmaTuka Xylienepi 60mbin
Tabbltagbl. OHIM  OKyilenepi  [LepeKTepMeH  (epexxenepiiH  angbiH - ana
KbI3MeTTepiMeH)  GackapblnaTblH  >X8He  MakcaTTapMeH  (epexkeneppgiH
apeKeTTepiMeH) 6ackapblnaTbiH BHIM XyiienepiHe 6eniHyi MyMKiH. JacTypni
TYpAe 6HIM >Kyiienepi gen TeK [epeKTepMeH >KibepineTiH KOpbITbIHABIHbI
naiaanaHatbiH Xyiienep FaHa TyCiHesi.

OfeTTe andblH-aia wapTTap (aHTeLedeHT) >XYMbIC >KafblHbIH, LepeKTepi
Typa/ibl TYXKbIpbIMAAPAbIH, NIOrMKa/blK KOMOUHAUMACL TypiHae 6epinegi, an
apeKeT (KOHCEePBEHT) afdblHbIH MOAM(MKaLmackl 6olibiHWA Kelibip onepauys
6onbin  Tabbinagbl. OpPeKeTTIH  KypAeniniri  kapanaibiM  TaFaiblHAay
onepaumsicblHaH ~ 6actan  Kypaeninik  gspexeci  QyHKUMACbIHA — AeliH
afTap/bIKTail WeKTepae aybITKuabl.
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Barpapnamansap

5.2-cypeT. YynrinepmeH 6ackapbinaThbIH XKyHenepaiH XKikTenyi

OHiM XylienepiHge MakcaTTapMmeH 6ackapblnaTbiH anfblH-ana LwapTTap
MeH oapekeTTep - 6y1 AepekTep Typanbl TYKbipbiMaap. MyHAa KOpbITbIHAbI
fJanengeHyi  Tmic TyKblpbIMAapAaH Kepi 6aFbiTTa >Ky3ere acblpbliafpl.
Yrinepai, AeKnapaTusTi XaHe npovefypanblk Typge 6epinyi MyMKiH eKeHiH
arari ety Kaxer [24].

CoHbIMeH, MoAynbep MeH eHIMAI epexenep ynrinepiMeH 6ackapbinatbiH
6inim 6epy Keneci Kacuetrepre ue:
6inimai ynbIMaacTbIpyablH MOLYNbAINIT;

Tayesnci3 6inim (hparMeHTTepiH GingipeTiH epexenepaiH Tayencisgiri;
6iniM MOANDNKAILIACBIHBIH XXEHINAITT MEH TaBUFATTLIIbIFLI;
6yn ap Typni 6ackapy cTpaTervsnapbiH KonjaHyra MyMKiHAIK 6epegi.;

- ecenTepai  aBTOMaTTbl  TypAe  Wewy  MakcaTbiHga  6ackapy
MexaHU3MAepiHiH 6ipkaTap KOCbIMLUANAPbIH KYPY MYMKIHAIrI.

XKannbl TypAe eHiM gen MblHafai TYpAeri 8pHeK TyCiHineai:

(i); Q; P; A=>B; N. (5.3)

MyHfa i - 6yn eHiM KenTereH eHiMAepAeH OeiHETIH 6HIMHIH aTaybl.
ATay peTiHAe 0Cbl BHIMHIH MaHIH KepCeTeTiH Kelibip nekcema (Mbicasbl, "KiTan
catbin any" Hemece "Ky/bINTbIH KOAbI'") HEMeCe XKYIEHIH, XaAblHAa cakTanaTbiH
ONapAblH, XUbIHbIHAAFbI @HIMHIH, PETTiK HEMipi 601ybl MYMKIH.

Q anemMeHTI GHIMHIH KONaHblly aacblH cunatTaigbl. MyHpali cananap
aflaMHbIH TaHbIMAbIK KypblibiMapblHAa OHaii 6oniHedi. bisgiH 6Ginimimis
""cepenepre Kapaii bigblpaingpsl”. bip "cepeae” TamakTbl kanail faiibiHhay Kepek,
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eKIHWICIHAE — )KYMbICKA Kaall »KETy Kepek >keHe T.6. Typanbl 6inim
cakTanagbl. CoHbIMEH KaTap, Oyn mogenbAepai 6inim 6epy ywiH nalifanaHfaH
Ke3ge e, AXK 6inim 6asacbiHga cananapra e 6esy opbiHabI.

OHIMHIH Herisri afemMeHTi OHbIH A4pockl 60MbIN Tabbinagel: A=>B. BOHim
SAPOCbIHBIH, MHTEpPNpPeTaUMsAChl apTypai 60/1ybl MYMKIH )K8HE COM >KeHe OH
XaFblHAA CEKBEHLMS GEMTICiHIH => TypFaHbiHa 6aiinaHbICTbl. OHIM S4POCbIHLIH
afeTTeri OKybl Kenecifeii: erep A, oHga B, ApoOHbIH HeFypibIM  Kypgeni
KOHCTPYKUMANapbl OH GeniriHge 6anamanbl TaHJayfa >on 6epefi, Mbicasbl,
erep A, oHga B1, sittnece B2. CekBeHUMS 9feTTeri NOrMKanblK MarblHaga
WhlHalibl A-faH KUCbIHAbI KON XXypy Oenrici peTiHAe TyCiHAIPIAYi MyMKiH
(erep wblHalibl epHEK 6o0nMaca, OHAa elWTeHe aliTyFa 60/Maingbl). OHIM
AAPOCbIHbIH 6acka fa MHTepnpeTaumsanapbl MyMKiH, MbiCa/ibl A 8peKeT acayFra
KaKETTi Kelibip WwapTTapAbl cunatTaigbl.

P anemeHTi eHIM fAAPOCbIHbIH KONAaHbUly LWapTbl Gap. Sgette P
NOrVKaNbIK BpHeK (sfeTTe, npeamkar). P "akukaT" MaHiH KabblngaraH Kesfe,
BHIMHIH Agpocbl 6enceHaipinesi. Erep P xanFaH 60sca, OHAA BHIMHIH S4pOChl
nanganaHblybl MyMKiH emec. Meicanbl, erep eHim «AKLUAHbIH BONYHhI;
EFEP X 3ATTbl CATbIMN ANFbIHbI3 KEJICE, KACCAFA OHbIH K¥HbIH
TONE XXOHE CATYLbIFA YEKTI BEP» eHi.M 63€riHiH KO/MAaHbIYbI WapTbl
XasfaH, AFHU aKLla XOK, COHAbIKTaH eHIMHIH 83eriH nanganaHy MyMKiH emec.

N 371eMeHTI BHIMHIH KeiiHri WapTTblH cunatTaigsl. Onap 6HIMHIH
AAPOCHI CaTbl/IFaH XafFfalifa FaHa e3eKTeHAIpineai. ©OHIMHIH KeiiHri WwapTTapbl
B eHrisinreHHeH KeiiiH OpbIH4aybl KEPEK SpPEKETTEp MeH Npoueaypanapib
cvnatTaigbl. Mbicanbl, AyKeHAe Keinbip 3aTTapipbl caTbin a/iFaHHaH KeliH ocbl
OykeHae 6Gap Tayapnap TisiMaemeciHAe KaKeT, MyHAali Typgeri 3aTTapgblH
CaHblH Oipnikke asaiTy KaxeT. N eHiM ©3eriH caTkaHHaH KeliiH 6ipgeH
OpbIHAATYbl MYMKIH eMeC.

Erep 6enrini 6ip 6HIM >XMbIHTBIFbI KYIEHIH >XafblHAa cakTa/ica, OHAa
onap 6HIM JKYWeciH Kypaifgbl. OHimgep XyWeciHge eHimai 6ackapygbiH
apHaiibl npouegypanapbl aHbIKTalybl KepeK, OnapfblH, KeMeriMeH eHiMaep
XaHapTblnadbl XoHe >XaHapTbiifaH CaHHaH 6HIMAI OpbiHAay YLWiH TaHgay
6onafpl.

BipkaTap AXK >enifik >sHe eHAIpicTiK 6iniM MoaenbaepiHiH TipKeciMiH
naiganaHagel. MyHfali mofenbaepae AeKnapaTueTi GiniM MOLENbAIH Xeninik
KOMMOHEHTIHAe  cunaTTanadbl, an  npouedypanblk  6iniMm  eHAipicTe
cunatTanagpl.  byn >kaFgaiga onap OHAIPICTIK OKyWeHIH CeMaHTUKaIbIK
XKENIAEri XXYMbICbl Typasibl aiTagpl.

KagpnapmeH katap, eHimgep AXK-fafbl 6inimAi YCbIHYAbIH €H TaHbIMas
Kypasibl 60/1bIN Tabbliadbl. OHIMACP. 6ip XKaFblHaH, NOMMKanblK Mogensaepre
XakblH, 6Oyn onapfa TMiMAi LWbIFapy npouedypanapbiH  YiibIMAACThIpyFa
MYMKIHAIK 6epeji, an eKiHLi >aFblHaH, KNacCUKasbIK N0rMKanblik Moenbaepre
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KapafaHga 6inimgi aiikblH KepceTegi. Onapfa Norvkanblk KaabKynsumsiapFa
KaTaH LUeKTeynep KOk, Oyn  eHZipiC 3MeMeHTTEepiHIH TyCiHAipmenepiH
e3repTyre MyMKiHZiK 6epegi.

Byn TacingiH 6actbl KeMmwiniri — gascTypni 6argapnamanay sfictepimeH
CaNbICTbIpFaHAa OHbIH, TWiMAiNIri TemeH.  ©p Typni asTopnap eHgipic
XyienepiH 6ackawa xikteigi. Keibipeynepi onapgbl AeKnapaTuBTi eKiNgiKTi,
backanapbl Mpoueaypaiblk Hemece [AeKnmapaTveTi  mpouedypaiblk  6Gaiina-
HbICTbIPaAbl.  AlbIpMaLLbINbIKTAp «BHAIPICTIK epeXxe» YFbIMbl KaHLIA/bIKThI
KeH, TYCiHAipineTiHAirimeH TyciHgipinedi. EH kapanaiibiM eHAIpICTIK epexese
(sFHK, GekiTinreH npouegypanap XOK epexe) npoueaypaHbiH 3neMeHTi 6ap,
BINTKEHI epeXxxe KaHaain aa 6ip apekeTTepAi opbiHAay YLWiH MakaanaHbinagsl gen
60mKaHagbl.

MpoueaypasiblK  YCbIHBICTbI  AEKNaPaTUBTIAEH epeKLIeneiTiH - Hapce,
BITKeHI [eknapaTuBTi Ginimge OHbl NaiifjanaHy Typasbl aknapaTr 6onmaingpl.
HerypnbIM Kypgeni eHAIpIiCTIK epexkenepae «npoueaypasbik» A3pexxeci ofaH
[a >Kofapbl.  [lereHMeH, 6HUIPICTIK epexenepfe >aHe TIiNTi yArinepMeH
6ackapblnaTblH MOAyNbAepae [fe AEKNapaTUBTINIK 37eMeHTi 6ap, OWTKeHI
, EpexKenep MeH MoAynbAepai KonfaHy Tacini onapaa KepceTisiMereH.

Ocblnaiia, eHAIPICTIK epexkenep AeKnapaTUBTI XXaHe npoueaypaibiK
BKINAIKTepPAiH, COHAa-aK Kagpniap MeH WepapXusiblk >keninep TypiHAeri
OKINAIKTePAiH, KacueTTepiH GipikTipeai.

OHgipicTik mofenb KebiHece 6HepKaCiNTiK capanTaMasblk XyWenepae
(CXK) kongaHbinagbl. On ©3iHIH KePHEKINIriMeH, >ofapbl MOAYNbAINIriIMEH,
TONMbIKTbIPYNap MeH ©3repTynepaiH KapanaibIMAbIbIFbIMEH XoHe Kapanaibim
bIKMan eTy MexaHW3MiMeH JaMbITyLUbIIapAbl TapTagbl.

5.4. CapanTtamasblK XXYNEeMEH XXYMbIC

CapanTama >KyheciMeH >KyMbIC iCTey MacefieciHe ToKTanailblk. EH
angblMeH, OCbl MPOLECKE KaTbICaTblH Ty/Fanap LweHbepiH (pengdepai) 6enriney
MaHbI3gbl. CapanTamaiblk XyWeMeH >XYMbIC iCTey npoueci Aen OHbIH, ic-
BPEKETIH >kacay YLUIH KakKeTTi, COHfal-aK OHAa cakTaiaTbiH capanTamasiblk
6inim any ywiH Tikeneii e3apa ic-KMMbIN TyciHineai. Ocblinaiiwa, CXX-meH
e3apa ic-K/Mbl:

- CXK MiHAeTTepiH LeLleTiH NaHAIK canafjafbl capanLubl;

- 6inim >xeHiHAeri nHXeHep - CX a3ipney XeHiHaeri MamaH;

- OaffapnaMallbl-acnanTblK  Kypangapabl 83ipney >keHiHAeri mamaH

(AX);
- COHFbl MaiganaHyLubl-LUeWimM any yiiH XylieHi naiiganaHaTtblH ajam
Hemece TynFanap To6bl.
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Capanwsbl 6inimgi aHbikTaigsl (MBHAIK CanaHbl CUNATTalTbIH [EpPeKTep
MeH epexenep), CX-ae WbiFapbliFaH GiMiMHIH TOMbIKTbIFbI MEH AYPbICTHIFbIH
KamTamacbI3 eTef.

Binim >xeHiHgeri wuHxeHep capanwblifa CXX OKYMbICbl YLIIH KKETTI
6iniMai aHbIKTayFa >kKaHe KypblibIMAayFa KemeKTecefi, OCbl MaH canacblHa
HeFypNbIM KOMaibl acnanTblk Kypanabl (AK) TaHgaydbl Xysere acblpagbl
XoHe ocbl AK-ga 6inim 6epy TaciniH aliKbiHAAA4b!, capanilbl EeHri3eTiH
epexkenepie naliganaHblnaTblH  CTaHZAPTTbl  (PyHKUMsAnapAbl  (OCbl  MaH
ca/lacblHa TaH) 6enin, 6araapnamanaigpl.

COHbIMEH KaTap, MHXeHep — 6iniM 6OMbIHLIA MHXEHePAIH 60nMaybl (FFHM
OHbl MPOrpaMMMCTIEH aybICTbIpy) Hemece CXK Kypy NpoLeci CaTCi3fikKe aKen
COKTbIpabl HEMECE OHbl efjayip y3apTaipl.

Mporpammuct CXK 6apnblK Herisri kKomnoHeHTTepi 6ap AK asipneiigi, AK-
OblH 0N NaiiganaHblnaTblH OpTameH TYAIHAECYiH Xy3ere acbipapl.

CX eki pexumpge Xymbic icTeiigi: 6inim any >eHe MiHAeTTepAi LieLly
(keHec 6epy Hemece CXK naiiganaHy).

Binim any TopTibiHae CXK-MeH KapbIM-KaTblHACTbl capaniubl 6ifiM
XOHIHAEr MHXeHep apkblibl HKy3ere acbipagbl. Capanibl 3aTTbIK CaiaHbl
[epeKTep MeH epexKenep  >KWMbIHTbIFbI TypiHAe cunatTaingbl. [JepekTtep
capanTama canacbiHga 6ap 00beKTiNepai, 0napAblH cunaTTamanapbl MeH MaHiH
aHblKTaligbl. Epexke KapacTblpblnbin OTbIPFaH M3H canacbiHa ToH AepeKTepai
MaHunynsumsnay ToCiNAepiH aHblkTaliabl. Capaniwbl 6ifiM any KOMMOHEHTIH
naiiganaHa oTbIipbin, C)XK-He MaHAIK canafaH Tancbipmanapdbl 63 6eTiHLe
(capanubICbi3) LWewyre MyMKIHAIK GepeTiH 6iniM XylieciH TonTbipagbl. binim
aly TopTiGiHAe TYCIHIKTEME KOMMOHEHTI MaHbI3Abl pen atkapagbl. OHbIH
apkacblHAa capaniibl TecTifiey KeseHiHge CXK caTCi3 XyMbIC icTey cebenTepiH
OKLWaynaingpl, 6yn capaniwbiFa ecki Oinimaepai MakcaTTbl Typhe esrepTyre
HemMece >aHa 6inimgi eHrisyre MyMKIHAIK 6epegi. ©peTTe TyCiHiKTeMe
KOMMOHEHTI MblHaHbl Xabapnaifbl: epeXxe naiganaHyLUblHbIH, aKnapaTbIH
Kanaii KongaHafbl; LEepeKTep Hemece epexkenep Here naiifanaHblifbl Hemece
naviganaHblnabl; KaHAak KOpbITbIHAbIAP MeH T.6. Xacangpl.

BargapnamaHbl  a3ipneyfid  gacTypni  TaciniHge 6iniM - any  pexuMi
Gafjapnamallbl XXy3ere acblpaTblH anropuTMAey, baffapnamanay >keHe Kyiire
KenTipy KeseHaepiHe caiikec Kenepi. Ocbinaiiwa, [gacTypni  TacingeH
alibipmalubibliFbl,  GaFfapnamanapfpl  33ipneyai  6afgapnamanayllbl - emec,
6argapnamanayabl 6inmeiTiH MamaH (CXK KongaHa oTbIpbIn) Xy3ere acbipagpl.

KoHcynbTaums pexxmminge CXK-meH 6aiinaHbIC HaTUKere >xaHe (Hemece)
WwewwiM any aAiCiHe KbI3bIFYLUbUIbIK OiNAIPETIH COHFbI MaiganaHyLubl Xy3ere
acblpbinagpl. CXX MakcaTbiHa 6aiinaHbICTbl  KONAaHyLbl OCbl  TaKblpbir
6oiiblHWA MamaH 6ofia anMaybl MYMKiH, 6yn xafgaiiga on CXK-ke KeHec any
YLWiH >KyriHeai, e3iHe Kanaid )kayan any KepekTiriH 6inmeligi Hemece mamaH
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60na anmaiifpl, Oyn xargaliga o HaTVKEHI ay MPOLECiH Te3geTy ywiH CXK-re
XYriHegi  Hemece  ocnap/ibl — >KymbicTbl  C)XK-fFa  TafallblHAAHbI3.
"MaiiganaHywsl” TepMUHI Ken MaHAlI 6onbin Tabblnafgbl, 6WTKEHI COHfFbI
nanganaHywsigaH 6acka CX-Hbl capaniibl, 6ifiM >XEHIHAEr WHXEHEP >KoHe
nporpaMmucT KongaHa anagbl. CoHfblkTaH, CX KiM yLUiH XacanfaHblH aTan
eTKIM Kenegi, "COHFbl NaganaHyLbl" TEPMUHIH MaiganaHagbl.

KeHec 6epy pexumiHfe naiganaHyLblHbIH MIHAETI Typanbl [epekTep
Keneci apekeTTepai OpbIHAANTbIH ANANOrTbIK KOMMOHEHTNEH eHaenesi:

1) kaTbicywwbinapabiH (MaiganaHyLwbiHbIH XaHe CXK) peniH 6enefi >aHe
onappblH, GipneckeH MiHAETTepAl LWewly npoueciHae ©3apa  iC-KUMblIbIH
yiibiMaacTbipagpl;

2) naiganaHylwbl YWiH YAPeHWIKTi Tinge 6epinreH Tancbipma Typasbl
LepeKTepAl XYAEHIH iLKi TifiHe TypneHaipeai;

3) iwki Tinge 6GepinreH >xyiie xabapnamanapbiH NaifanaHylbl YLUiH
YAPEeHLIKTI Tinge (sgetTe 6yn wekTeyni XXT Hemece rpagmka Tini).

©HzeyaeH keliiH gepektep BH-He Tyceai. BH Kipic aepekTepi, NaHAIK cana
Typanibl Xanbl [epekTep >xaHe BB epexenepi  HerisiHge ey
(MHTepnpeTaTop) ecenTiH WeLliMiH KafbinTacTbipasbl.

C)XK-HiH gacTypni 6aFfapnamanapblHaH aiblpMaLlbl/bIFbl, TancbipManiapabl
Wewy pexumMiHge on 6enrifeHreH onepaumsniap Ti3beriH OpbiHAaM KaHa
KOMaii, OHbl anfbiH-ana KanbinTacTbipagbl. Erep CXK-HiH >xayabbl naiga-
NaHyLbIFa TYCIHIKCI3 60/Ca, 0N ayanTblH Kanail afblHFaHbIH TYCIHAIPYA
Tanan eTyi MyMKiH. [acTypni  6aFgapnamanapblHaH — aibipMallbl/bIFbl
MiHAETTepal LWewy TapTibiHAe onepaumsanapablH yitFapbiiFaH 6ipi3ginirii
OpbIHAaAabI FaHa eMec, COHAali-aK OHbI afblH ana KanbinTacTbipagbl. Erep CX
Xayabbl naijanaHylibiFa TYCIiHIKTI  60/Maca, OHAa 0N kayanm  Kanai
a/blHFaHbIH TYCIHAIPYAI Tanan eTe anafbl.

©3iH 83i 6aKblnayFa apHa/iFaH cypakTap

CapanTamarnblk Xyiie TYCIHITiH 6epiHi3

CapanTay >XyiienepiHiH Herisri 6enrinepi kaHgain?

3C TapanyblHa biKnan eTeTiH cebenTepii KepceTiHiz?

3C MakcaTbl kaHAan?

Kes kenreH CX kaHfali KpuTepwiinep 6oiibiHWa cunatTayfa 60naabl?
[30ey KeHICTIriH aHe LuewWwineTiH ecenTiH 6enceHfi areHTTepiHiH
CaHblH Kanail aHblkTayfa 6onagbl? Byn CXX cmnatTtamacbiHa Kanawi
acep eTepni?

S Oh WD
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10.
11.
12.
13.
14.

15.

Keneci acnekTinepgi KongaHa OTbIpbIN LUELWiNeTiH ecenTep Knaccol
6olbiHWwa CX cunaTTaHbI3: KeHelTy, TOMbIK aHbIKTay, TypfeHgipy
ecenTepi.

CXX fblbIM MeH TexHUKaHblH KaHJall cananapblHAa KeHiHeH
TapasiraH? Mbicangap KenTipiHis.

MeauumHaga CXX  KemeriMeH LIellifeTiH ecenTep LeHGepiH
cunarTaHbi3?

CXK asipney Kypgaeniniri HemeH aHbIKTanasbl?

CapanTamanbIK XyWieHi a3ipneyaiH kaHaa KeseHaepiH 6inecia?

C)X KaHfall  Herisri  KOMMOHEHTTepAeH Typaabl?  OnaphbiH
BPKANCHICBIHbIH, MaKCaTbIH KOPCETIH3.

CX XyMbIcbiHAa 6iniM 6a3acbl MeH >XYMbIC XablHbIH pPeniH
TYCIHAIPIHI3.

"KeHec bepy" pexxMMiHAEri capanTama XYREeCiHiH XXyMbIC anrOpUTMIH
TYCIHAIPIHI3.

CapanTtamanbIK >XXYNeMeH XXYMbIC iCTeyAi cunaTTaHbl3.



tapay. CEMAHTUKAJDbIK XXEIJIEP
6.1. AHbiKTama. Tapuxy aHblKTama

CemaHTUKa/bIK Xeni - byn foFanapMeH 6GainaHbiCKaH TyiiHAEp TYpPiHAE,
rpaduKTi KongaHa OTbIpbIn GiniMAi KepceTyre apHaifaH KypbiibiM. TyiiHAep
TYXXblpblMJamanapfa Calikec Kenefi, an pfofanap OnapfblH  apacblHAafbI
KaTblHacTapFa calikec Kenegi. Kapanaiibllu >kaFfaiifia CeMaHTUKabIK dXEeiHiH
3NeMeHTI Kefeci Typaeri ywwTik 60/bin Tabbliagbl:

npeaukar

' cyobekT L >[ 06beKT

]

Bip TyXbIpbiMaama eniHiH KypblibIMbIH aHbIKTaTbIH GipHeLle YLITiKTe
6onybl MyMKiH. CeMaHTMKanblK KaTblHacTapAblH 6acTbl KacueTi - apiblk,
(apHoCTb), SFHKU apryMeHTTep caHbl. XKoFapblia eKiflik KapbIM-KaTblHaC YIrici,
AFHU 2 apnblfbIMEH KapbIM-KaTblHAC KeNTipinreH. Erep >xeniHiH 6apnbik
KaTblHacTapbl 6ip TunTi 601ca, OHAa Xeni GipTekTi gen aTtanafpl. bipTekTi
XeniHiH, yNrici-6monoruanbik TypnepaiH Xikrenyi. 9pTypni xenife katbiHaC
TYpAepiHiH caHbl GipeyseH apTbIK.

Binimai 6ingipy VYWiH CceMaHTUKanblK >XCNinepai KongaHyablH Herisri
.Makcatbl — TifiieH Tayenci3fdikTi KamTamacbl3 eTy, COHbIMEH KaTap Tabufu
Tingepre ToH TYCIHIKCI3fiK MeH TYCIHIKCI3giKTI >ow. Taburn Tin — Tipi
OpraHv3M peTiHge, Ceifiecyre KaTbICyLblNapAblH TYCiHYiH KamTaMacbl3 eTy
YWiH ©3iHiH Herisri MakcaTblH )KakcapTy »>KO/blHAa Jamugbl. Anaiifa,
XKEPrinikTI  TinwinepgiH  TabuFyM  Xankay/nblfblHa — 6aiinaHbICTbl  6yn
OHTaNaHabIpy KebiHece KypblnbiCTapAbl OapblHLIA KEHingeTyre AeiiH
6apagbl, HaTWKeCiHAe 6ip COMMEMHIH MaFblHacblH TEK KOHTEKCTIK opTafgaH
aHblKTayFa bonagpl.

XpecTomaTtusasblk Mbican TiNTi eKiMafFbliHa/Ibl eMec, YL MafFblHa/bl" fereH
Tipkec «On OHbl TyngepMeH fanaja Kapcbl anfdbl» [ereH ce3 TipKeciH
6ingipeqi. M'yngep Kanga TYCIHIKCI3: Kbi3ga, yi4a Hemece aaHa. AFbUILWbIH
TiNiH Koca anfaHga. 6apnblk Tingep apTypni. MaceneH, "Tell me, what has four
wheels and flies" gereH cypak 6i3gi kaHgai yLy annapatbl TEPT A6HTENeKTiH
6ap ekeHiH ecke Tycipedi. CeMaHTUKaNbIK >Kefli  MaTemMaTuKasblK [Aan
HbICaHAaFbI B6ifiMAI KaMTYbl TUIC.

Tapuxu anbikTama

MaTtemaTika  anempgeri  KyOblibiCTapablH,  KeNWifiriH - fI0rMKabIk,
TYXbIpbIMAAP TYPIHAE cypeTTeyre MyMKiHAIK 6epefi. CemaHTUKaNbIK Xeninep
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maTeMaTuKablK (hopMmynanapfbl GeiiHeney apekeTi peTiHge nainga 6ongbl.
Kasipri cemaHTUKanblK >KeninepaiH ara-6abanapbiH 1909 binbl  Yapnb3
CaHpiepc Tvpc yCbIHFaH 3K3UCTeHUMangbl rpauk peTiHde KapacTbipyFra
6onagpl. Onap apHaiibl guarpamma TypiHAe NOrMKasiblK ManiMeTTepai YCbiHY
YLiH OpraHukanblk XuMusga KongaHbingbl. Mupc 6yn spicTi «6onallakTbin,
KWCbIHbI» fien aTagbl.

1913 »aHe 1922 oK. Xeninepai 3epTTeyderi MaHbl3fbl 6acTtama Hemic
neuxonorsl OTTO  3enbuTiH >KyMbiCbl 60nabl. Onapfa on rpatap MeH
MaFblH/IbIK KaTblHACTapAbl YFbIMAAP MeH accouuvauusanapibly, KypblUibIMbIH
yiibIMAACTbIPYAa, COHAAN-aK KacueTTepai Myparepiik ety aficTepiH 3epTTeyae
KonfaHAbl. 3enbUTiH FbibIMYA 3epTTeynepi waxmaT TaKTUKAacblH 3epTTeyre
VNKeH acep eTTi, O6yn e3 keseriHge CalimMmoH MeH Hbloenn cusKTbl
TeopeTuKTepre acep eTTi. 3eptTeywinep X.AHgepcoH (1973), O.HopmaH
(1975) xa3He Gackanapbl 6yn eHOeKTepAi afaMHbIH XafblH X3He 3UATKepAiK
KacueTTepiH Mofe/bAey YLiH naiganaHabl.

Tin 6inimiHe keneTiH 6oncak, TeHWep rpaukanblk cunaTTamanapibl
Xacayfa KaTbICkaH afFallkbl fanbiM 6ongbl. On Tayenfinik rpamMmarukacl
YWiH rpagukanslk 6enriHi kongaHabl. TeHep Eyponafafbl MMHIBUCTUKAHBIH,
JaMyblHa aiTapnblkTaii acep eTTi. KOMNblOTepniK CeMaHTUKasbIK XXeninepai
Puuapg PuyeHc enxeii-tenkeiini 1956 blibl MalLMHaNbIK ayaapma 6oibIHLLA
KembpuaK TiniH OKbITY OpTasbifbl X06aCbIHbIH asacbiHAA Xacadbl. MallnHaHbl
ayfapy npoueci 2 6Genikke 6eniHeai: 6acTankbl MATiHAI Mpe3eHTaLMsAHbIH
apanblK TypiHe ayfapy, COfaH KeiliH Oyn apanblk (opMa KaKeTTi Tifre
ayfapbinagel. MyHfail apanblk (opMa [sn MafblHa/IblK dkeninep 60n4bl.
Anfalukbl ocblHAal XylieHi Masterman acafaH, Mbicaibl, XAJIbIK, BITIM,
XACAY, BOMY cuakrel 100 npumuTuBTI  yFbiMgap 60nabl.  Ocbl
TYKbIpbIMAAMasapfbl KofijaHa OTbIpbin, O cunartaManapgbl rMnepTunTeH
KilWi Typre aybICTbipy MexaHu3Mmi 6ap 15000 6ipnik Ce3gikTi cunatTagsl.
Kelibip malunHanblk ayaapMa xxyienepi 56 Typni KaTblHacTapAblH XWbIHTbIFbI
6onFaH  LlekKaTto  KOppensHuanblK - OkenifnepiHe  Herisgengi, onapipiH,
Kelbipeynepi KelicTep, Kiwi Typnep, Myllenep, OipaikTep >X3He TyTac
KaTbliHacTap 6onbin Tabbinagbl. On TyXKbipbiMAamanap MeH KaTblHacTapfaH
TypaTbIH Xeninepai MaTiHAIK Tangay >xaHe 6ip MaHAi Wewy 6aFfapaamachiHbIH
iC-KAMbINZapbiH - Gackapy YWiH naiganaHgsl. byn 3eptteynep PobepT
CummoHe (1966), Ywunkc (1972) >xa3He 6acka fasbIMAapMeH >KasiFacTbl-
pbingsl [28].

YKacaHabl WHTENNeKT )KylienepiHae CeMaHTUKanbIK Xenifep 3apTypAi
cypakTapFa >xayan Oepy, OKy, eCTe CakTay >X3He oiinay MpoLecTepiH 3epTTey
yWwiH Kongaubiiagsl. 70-XKbliAapablH, asfFbiHa dKeninep KeH Tapaia 6actafbl.
80-Wwi Xblngapbl >Keninep, Xaxkray KypbUibiM4apbl MeH CbI3yAblH >ka3balua
HbiCaHAapbl apacbiHAafbl Lekapanap 6ipTiHAEN XXOMblnabl. DKCNPECCUBTI KyaT
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eHAi >Keninepgi Hemece >kasyfblH >kasballa TypniepiH TaHAayAblH nNaligacbiHa
Wewywi gsnen 6ona anmaingpl, eiTKeHi 6ip »a3ba HbiCaHbIH MainganaHbImn
XKasbl/IFaH nAesnap eKiHWiciHe OHail aybica anagpbl. JK8He KepiCiHLue,
OKbI/IbIMAbINbIK, TUIMAINIK, apTCbI3AbIK >KoHe TeOpUANblK TaFamMnasgblk
CUAKTbI MaHbI3fbl (hakTopnap MaHbl3Abl pen atkapa 6acTafbl, COHbIMEH KaTap
KOMMNbIOTEPre eHrisy, pefakuysanay >KeHe 6acbin LWbiFapy OHail.

Jpto Mak[lepMOTTTiH CeMaHTUKa/bIK XeNinepai KongaHy apkbiibl 6inim
6epy npobnemanapbiH TyciHyiHe 30 Kbl 60Mbl  aiTbiFaH «XKacaHgpl
VHTENNEKT TabuFn aKbIMaKTbIKTbl XEHEAi» aTTbl 3CCECi acep eTTi.

MaTiHAIK aknapaTTel Tangay >xaHe i3fey npobnemanapbiHia CemaH-
TUKa/bIK XeNiNiK annapartapibl KongaHyaaFbl OTaHAblK AaMyblH €H, aMblFaH
Typi «[lapaHT Mapk WHTepHeT» komnaHusAcbiHbIH RCO (Russian Context
Optimizer) 6peHgiveH GaFgapnamanblk 6HIMAEP XWbIHTbIFbI 60MbIN Tabblnagpl.

CoHplHAa CeMaHTUKasbIK 8PMEK T\OKbIPbIMAAMAChIH aTan 8TKEH X6H, OHbI
6.7 XoHe 6.8 Genimaepae TOMbIFbIPAK KapacTbipambld. CeMaHTUKaibIK ep./eK —
6yn [yHuexysinik TopfblH, OfaH 3pi  Jamybl, OHblH pecypcTapbiHia
OpHanacTbIpbl/iFaH KyXXaTTapfa OCbl KyXKaTTapAafbl aknaparTblH, MaFblHAChIH
anyfa MyMKiHZIK 6epeTiH ceMaHTUKa/bIK Ty3eTy 6ap. MyHAalli ceMaHTUKabIK

" KyxaTTap HerisiHeH RDF ¢opmatbiHaa >kacanagbl (Resource Description
Framework) — XML TifliHIH KeHeWTIMI, TaKblpbINTbIK-MPeANKaTTbIK-YLUTIKTI
YCbIHY apKbl/ibl TOMBIKTbIPbI/IFAH.

6.2. CeMaHTUMKasbIK XXeninepaiH Typnepi

Bapnblk KaTblHacTap eKifik 60naTblH CeMaHTUKabIK XXeni Pensauusibik
rpadTbl Kypaiigbl (6.1-cyper).

«Larry Smith» >3He «Man» gereH yfbimgap rpagwkre 6ipaeii
3NNNNCTEPMEH GeNrifeHreHiHe KapamacTaH, OnapfblH CEMaHTUKabIK canachbl

ap Typni.
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«Larry Smith» - 6yn ep agamgap TO6bIHbIH, yArici, an «Man» — 6yn
KenTereH ep afjampap. ©3 keseriHge «Man» XaHe «Woman» — 6y HeFyp/ibIM
KyaTTbl aflaMap >XXWbIHTbIFbI («Person»). COHbIMEH, PeNsuusIbIK MaiMeTTep
6asacbiHfa 6onFaHgai, 6ip-6ipiHe, GipeyiHe XKeHe Kenke KaTblHachl 6ap.

Erep aputma ekigeH esrelwle 6o0nca, OHAa rpapukaiblk Typae
CEMaHTUKa/blK KeniHi  GeiiHeney KublHFA CofFagbl.  bipak, gepektep
6asacblHfaFblgai, Ci3 6apiH Ka/lbinka KenTipin, eKiflik KaTblHacTapFa KenTipe
anacbi3. Mbica/ibl, «KO3FANTKbILL» CUAKTbI BIpTYTac KaTblHACTbl «MOTOpP» ->
«KYW» -> «©KyMbIC» A€en KbiCKapTyFa 6onagpl. 3 TUNATeri ap/blKneH 6aiinaHbic
«Ywak [MetepbyprreH Mackeyre ywagbl» YW YFbIMMEH XXYMbIC iCTeipi:
TakbIpblObl - yllak, an o06bekTinepi - Mackey meH MeTepbypr. Mpegukar -
yWyAbl OpbiHAAY («yLy»). «¥Ly» KOCbIMLIA YFbIMbIH €HFi3e OTbipbin, 6yn
KaTbIHACTbl CEMaHTUKa/IbIK XeNiHiH Keneci y3iHgiciMeH ycbiHaabl (6.2-cypeT):

6.2-cypeT. Ty>KblpbiMAamaiblK, rpad aHblkniamacsiHa

KenTereH xaffaiinapia, KapbiM-KaTblHaC TY)KblpbIMAaMachl peTiHAe, on
KaTbICaTbIH >Xali 06beKT HeMece CyObeKT emec, Gipak 6acka KaTblHaC Hemece
CeMaHTUKa/bIK XKeNiHiH TyTac 6eniri. Mbicanbl, 6ana acnaHga ywakTbl Kepir,
6yn ywak MetepbyprreH Mackeyre yLUbIN XaTblp Aen oinaigbl.

MyHzain xeninepgi NponosvUMsAnbIK >Keninep Aen ataiidbl, an MyHAal
YKeniHiH rpadbiH TYy>KbIpbIMAamanblk rpad gen ataingpl (6.3-cyper).
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¥CbIHbIC XKeninepiHAeri yanbl GalinaHbicTap epKiH Typhe YAKeH 60nybl
MYMKiH. Mbicasbl, 6anaHblH, aTa-aHacbl erep on yiak CaHkT-IMeTepbypreH
Mackeyre ylubin 6apa xaTblp Aen oiinaca, 0N KaTeneckeH fen CeHyi MYMKIH,
an onapfblH, atacbl MeH 9XecCi 83 Ke3eriHAe aTa-aHaCbl HEMepeHIH LefyKTUBTI
KabineTTepiH aHe T.6. barasamaingbl Aen CeHyi MyMKIH.

Okwuranapfbl YCbIHY YLUIH opTacbiHAa eTicTiri 6ap rpad Hemece Pactbe
rpabl Konainsl. Mbicanbl: UT NOLITALbIHBI TicTelgi (6.4-cyper).

6.4-cypeT. PacTbe rpagsl

Heri3 yFbIM eMec, apeKkeT HeMece OKuFa, by XaFdaiaa TicTey xaTblp. 3aT
Hemece TICTEATIH areHT - WT, an 3aT - MowTa Kbi3MeTKepi. ETICTIKTIH
opTacbiH4a OpHanackaH rpad cisre rpadTbl canmaii-aK acayfa MYMKIHZIK
6epedi. bi3 ocbl okuFa Typanbl 6iniM 6GasacbliH >Kall faHa KeHelTe anambli3
(6.5-cyper):

6.5-cypeT. «MouiTallbl» CeMaHTUKanbIK >Kenici

MowTalbIHbl UT TICTEreHAIKTEH, MOLUTA KbISMETKEPI UT UECiHIH
ay/acblHAa ypbIn-COKKaH.
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6.3. CemMaHTUKaIbIK XXeninepaeri karbliHacTap Typepi

CemaHTUKa/bIK Keninepaeri KaTblHacTap/blH €H Ken TapairaH Typi -
3NEeMEHTTEPAIH, XUbIHTLIKTApAbIH XaHe 00beKTINepAiH 6enikTepi apacbiHAaFbI
KaTbIHACTbl CUNATTAWTLIH MepapXusnblk TUM. OnapFa MbiHaiap Xataibl:

1) ISA knaccuvKauusicbiHbiH - GalinaHbiCbl  (afblIWbIH - TiNiHEH
ayfapraHga “is a” 6onbin Tabbinagbl). Kenwinik (CbIHbIN) OHbIH, YArinepiH
XikTeigi (Mbicanbl, «CokpaT — 691 agam»). Byn KaTbiHacTbl Kelige “member
of' pen Te araiigbl. OpbiC TiNiHAE OHblI «bap» (KEKELUE) HEeMece «MaHi»
(kenwe) gen atayfa 6onagpl. Kepi 6aiinaHbic “example of' Hemece «Mbicai»
60/1bIN Tabblnagpl.

2) AKO »WUbIHbl MeH iLLUKi XHbIHbl apacbliHAafFbl KaTbiHAC («a kind
0f»), MbiCa/ibl, «MarucTpnep - 6yNn CTYAEHTTepP >KMbIHTbIFbI». ISA KaTbl-
HacbiHaH aiiblp.MaLLblIbIFbl — XIKTEY AereHimi3 — «bip-6ipiMeH» 6alinaHbichbl,
MowTawbl T AreHT Kycatb O6bekT Meci O6bekT Meci O6beKT ¥py AreHT
Teprey OpbiH Ayna MaHepa, an ilWKi >XUbIH — «KOMTIH Ke6iHe». OpbIC
TiNiHAE — iLLUKi XWbIH.

3) ByTiHHIH X8He 66niKTiH KarbliHacbl. MepOHUMUSHBIH, apakaTbl-
Hacbl - OYTIHHIH Genikke KaTbiHachl («(“has part”»). MepoHum - 6acka
06BbEKTIHIH, KypaMblHa KipeTiH 06beKT. XONOHUMWSAHBIH, GaiinaHbiCbl — 6yn
6enikTiH OyTiHre KatbiHachl (“is a part”). KongeHeHiH XonoHumi. [eHe — 6yn
KO/ AbIH MEPOHVIMI.

KaTblHacTapfblH, Mepapxuanblk TYpnepiH KongaHa OTbIpbif, KaHAai
06bEKTINIEp KMNacTap eKeHiH YoHe KacTblH JaHanapbl 60MbIN TabblnaTbiH-
ObIFbIH HAaKTbl aXbIpaTy KakeT. COHbIMeH kaTap, 6apnblk naHgep OoibiHLIA
6ipgeil TyKbipbiMAaMaHblH, KnacCc Hemece AaHacbl 60/ybl MIHAETTI  emec.
COHbIMEH, «afilav» 8pAailbiM «CTY[EHTTep TOObI» HEMECE «EHOEK VD KbIMbI»
cusAKTbI Ginim 6GasanapbiHAa CbiHbIN 60nadbl, 6ipak 6yn 6uonorusgarbl 6inim
6a3acblHAaFbl CYTKOPEKTINEP KNacbIHbIH Mbicasibl 60/1a anagpl.

CeMaHTUKa/bIK rpauKTiH, WhIHAapbl 00bEKTINEPAi FaHa eMec, COHbIMEH
KaTap KacueTTephi Hemece KacUeTTepAiH MaHiH e KepceTe anagbl. [padukTe
KacueTTepAi KOPCEeTYy OHbIH KepiHyiH apTTbipagbl, 6ipak eTe 6iTenreH 60yl
MYMKIH.

Vepapxumanblk KaTbiHacTapfaH 6acka, kebiHece ceMaHTUKaNbIK Xefinepae
KaTblHaCTapAblH Keneci Typnepi KongaHbinaabl (EKiHLWI »aklwata LWbIHAapAbIH
TYpAepi KepceTinreH);

1) dyHKUMOHANABIK KaTblHACTap («kacaifpl», «acep eTefi», ...) (HbicaH -
HbICaH);

2) CaHAblK («Kem», «a3», «TeH», ..) (HblCAH — HbiCaH Hemece HbiCaH -
MYIK);
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3) KeHICTIK («anble», <«KaKblH», <«KaK», <«KOFapbl», «acTblHAa»,
«OKOFapblaa»,...) (HbiCaH — HbICaH);

4) yakbITwa («epTepek», «KeiliHipek», «6ip yakbITTa», ..) (HbicaH -
HbICaH);

5) aTpmbyTTblK («MeHLUIKKE ne 60My», «MaHbI3fgbl 60/ybl MYMKIH», ...)
(HbICaH — 6Y/T MEHLUIK HEMECE MY/IK — KYHAbIMbIK);

6) norukanblk («xaHe», «HeMece», «eMec») (HblCaH - HbiCaH Hemece
MYiK = MYNIK);

7) NUHTBUCTUKANBIK,.

KaTbiHac Typ/fiepiHiH, caHbl ©Te Yy/keH 60/ybl MYMKiH. Byn peTTe Herisri
macene 6inim 6asacbiHa Cypay Canyfafbl OCbl KaTblHacTapAbl ColiKecTeHAipy
MYMKIHZIri  60nbIM Tabbliagbl. OcbiFaH 6aiinaHbICThbl, LbIHAAPAbIH, CaHbIH
KebelTy apKblibl KaTblHACTapAblH, TypfepiH (KoHe LUbIHAAPbIH) a3aiTyfa
6onagpl.

MbIcanbl, «CEMaHTUKa/bIK >Keni» - «apHaiFaH» - «AepekTep_akna-
paTTblK» KATbIHACbIHbIH OpPHbIHA Ci3 «CEMaHTUKanblK >Xeni» - «bap» —
«MaKCaTTbl»; «MakcaTTbl» — «bap» - «yCbIHY»; «YCblHY» -  «Here» -
«[EpeKTep» KonfaHa anacblis. OpTanblkTa eTicTiri 6ap >xeninep (PacTbe
Xeninepi) 6.1-kecTefle KOPCETINreH TeMeHAeri  KOCblIbICTapMEH  XXYMbIC
icTengi.

Kecte 6.1. PacTbe rpadtapblHAafbl KaTblHacTap Typnepi

JXeHingeTinreH

ATbl Typi AHbIKTay aThl
1 2 3 4
(ACC) accusative acep ety 0ObeKTICI PATient
(ASS assumptive Ke3Kkapac PERspectiv
ATT attributive KACMeTTep! CHARacteristic
(ATT)
cunarTamachl
(BEN) benefactive namngoil;ﬁzl S:SIH'qe BENeficiary
(CLASS) classitive CbIHbIM JaHachbl CLASsitiv
CcanbICTbIPy apKbl/ibl
(COMP) comparative GipikTipinren COMParison

ANIEMEHTTEP
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KecTeHiH 6.1 »anfacbl

(DAT) dative ayLbl RECeiver
dprartueTi,

(ERG) ergative MPOLLECCOPHbIX Hemece AGENt
BPEKETTIK areHT
. HaTnxe Hemece

(FIN) final KYTINeTiH MaKcar GOAL
. nanganaHblnFaH

(INST) instrumental Kapaxar MEAnNs

spatial KeHICTIKTeri epexe

(LOC ) locative (ycTaHbIM) SPAce
temporal epexxe (no3uuus)

(LocT) locative yaKbIT TIME

3apfan LWeKKeH Tapar

(MAL) malefactive . - : MALeficiary
iC-apeKeTi HaTWXKeciHae
(PART) partitive OYTiH 6eniri PARTiItiv
. HaTWKECKaCepi, EFFect (aHe
(RES) resultative cannaps! CAUSse)

6.4. OHTONOINA Xo8He KaTbIHACTapPAbIH Myparepsik epexxenepi

binimai ycbiHy — eTe Kypeni >aHe LWbiFapMallbinblK npouecc. byn xepae
Herisri macene 6inim 6aszacbiH Kypy apfavibiM Aepnik "HengeH" 6actanafbl; 6yn
petre agam Ganasblk LWaKTaH 6acTan aiiHanaTbliH O6acTaybilw AeHreigeri 6inim
X0K. OcblHAaR TypMbICTbIK 6GiniM 6a3anapblH Kypy 25 XbifgaH actam yakblT
6oiibl Cycorp KOMMaHWSICbIMEH >Kyprisinegi. (www.cyc.com) anainfa, OHbIH
HerisiH kanaywbl Jarnac fleHatTbiH (Douglas Lenat) molibiHgaybl 60ibIHLIA,
MaLLMHa ani e OHbIH aTa-aHacbl 63 6ananapblHaH Y/IKEH eKeHiH JxaHe afampaap
KaliTbic 6onFaH Kesge raseTTep >kasyfaH 6ac TapTaTbiHbIH aHblK TYpae
xabapnaybl KakeT. HakTbl MaHAik canagarbl 6inimgi 6apnblk gaHanapra opTak
X8He 3p ajamra >xeke 6enyre 6onagbl. Erep o6bekTinep KnacblHa apHanfaH
Binimgi topmCheal 6ip peT opbiHganca, cojaH KeiliH OHbl 6acka aBTopnap
XKEKe faHanapdbl cunartay KesiHge naiganaHa anagbl.

Ocbinaiia, kes-KkenreH MaHAiK canafarbl 6inimgi opmangay 06beKTinep
apacblHAarbl HErisri KaTblHaCTapAbl XoHe OObEKTINEPLiH, Xanbl KacueTTepiH
CUNaTTalTbIH >Kannbl feHreigeri Ginimre Herisgenyi Tvic. MyHgai 6inim
OHTO/OrTiA Aen atanagbl. Mbicanbl, "afaM™ KnacblH cunatray yLiH OHTOM0rus
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"Kon", "Gacbl" >KeHe "KacueTTepi 6ap"”, "TyFaH KyHi 6ap" >k3He T.0.
06bekTiNepimMeH "has part" KaTbIHaCblH KamTybl MyMKIiH [28].

MyHpgaii 6inimgi TemeHri AeHreigeri o0ObekTinepre KongaHy myparepik
epexxeniepiHiH KeMeriMeH >ky3ere acbipbliagbl:

Erep X AKO Y xaHe Y AKO Z oHga X AKO Z - erep X Y XWblHbI
6onca, an con, 83 KeseriHde, ofaH Aa Ken z XublHbl 601ca, OHAa X Knackl Z
XWbIHbI 60/bIN TabblNagb!.

Erep X ISA Y xaHe Y AKO Z 6onca, oHga X ISA Z - erep X Y
KNacblHbIH, faHackl 60Aca, XaHe 6y 63 KeseriHie Z XWblHbIHbIH 6eniri 6onca,
X - Z KnacblHbIH AaHacsbl.

Erep X has_part Y xaHe Y has_part Z oHga X has_part Z - erep X
KypamblHAa Y 60sca, an on e3 KeseriHfe z Kypampgac 6eniri 6onca, oHga X
KypamblHaa Z 6onagbl.

Erep X ISA Y >aHe Y has_part Z 6onca, oHga X has_part Z — erep X Y
KNacblHbIH AaHackl 60ca, an 01 83 KeseriHge z Kypamgac 6eniri 6onca, oHga X
[aHacbIHbIH 03 KypaMblHAa Z 6onagbl.

Erep X AKO Y xaHe Y has_part Z 6onca, oHga X has_part Z — erep X Y
iLWKI XXMbIHbI 60nCa, an on 63 KeseriHAe z Kypamgac 6eniri 6onca, oHga X
Knacbl Z 03 KypambIHAa 60nagpl.

Erep X ISA'Y XaHe Y has a Z oHpa X has_a Z - erep X Y KNacblHbIH
JaHacbl 60/ca, an o1 03 KeseriHae Z KacueTiHe ne 6o/ca, OHAA X JaHacbiHbIH Z
KacueTi 6onagpl.

Erep X AKO Y xa3He Y has_a Z oHfia X has_a Z-erep X Y ilWKi XVblIHbl
60nca, an on 03 KeseriHge Z kacueti 6onca, oHfga X Knacbl Z KacveTi 6onafb!.

Myparepsnik epexenepiH KongaHy apbip faHaHblH 6ap/blK KacueTTepiH
cvnarTayfa 6ap/iblk KOKETTi KacueTTep CUMaTTa/iFaH Knacka dKaTaTbiHbIH FaHa
KepceTyre MyMKiHZiIK 6epefi.

©neH LWblFapMacbiH CEMaHTUKa/IbIK JKenire ayaapy MbiCasibiH KapacTbl-
paviblK YK3He TeK Herisri mafblHaHbl KepceTefi. ©3repic YLiH 6i3 aFbliLLbIH
TiNiHAEri HyCKaHbl anambl3 (KIMHEH KiM )Ka3FaHbIH TYCIHOeNMmi3).

"The Cicada and the Ant"
Jean de La Fontaine (1988)

Cicada, having sung her song She said, "I'll pay you everything

All summer long, Before fall, my word as animal,

Found herself without a crumb Interest and principal.

" When winter winds did come. Well, no hasty lender is the Ant;

Not a scrap was there to find It's her finest virtue by a lot.

Of fly or earthworm, any kind, "And what did you do when it was
hot?" Hungry she ran offto cry She then asked this mendicant.

To neighbor Ant, and specify: "To all comers, night and day,
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Asking for a loan of grist, | sang. | hope you don't mind.
" A seed or two so she'd subsist ~ "You sang? Why, my joy is unconfined.
Just until the coming spring. Now dance the winter away."

6.6-CypeTTeri KecTefe LWblfapMaHblH KBPKEMAIK >KaFbl KepiHOengi, Tek
npoueccTepsi, OKWFanapAbl >kaHe OnapfblH apacbiHAaFbl ceben-cangapibik
GaiinaHbicTapgbl GeliHeneligi. COHbIMEH, 8H aiTy NPOLECi Xypin XaTKaHblH
KepeMmi3 («Sing»). ©H alTyfblH areHTi (epraTmBTi) - UMKaga, an yakpblT
6oiblHWa nosvums - xa3. JKasga umkaga asydblH HSTUXKECI KblCTa asblk-
TynikTiH 6onmaybl (“No food”) »aHe awTbIk ((“Hunger”) (yakpbIT - “Winter”).
ALTLIKTbIH, HbICaHbI (“accusative”) - uukaga.

OKiHilWKe opail, rpadukTe a3 6eH KbICTbIH AuanasoHbl  6ip-6ipiHe
Kapama-Kapcbl OpHa/laCKaH, COH/AbIKTaH Xa3faH KeiliH KbICTbIH 6acTany (akTici

KopiHGelgi.

Summer LOCT No food
RES
Dance Hunger
Wimer

Food

6.6-cypem. «The Cicada and Ihe Am » eneHiHe apHanraH PacTbe rpadbi

AwTbikka 6ainaHbICTbl, WHENiK KymblpaFa Tamak («Food») any
MakcaTbiMeH («Fin») kengi (“Go”). KyMbIpcka MHenikTiH 6uiH («Dance») ofaH
KenreHiHe XK8He Xa3/a aH CanfaHblHa 6aiinaHbICTbl YCbIHAAbI.
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6.5. CemaHTUKanNbIK Xenincpai Kypy macenenepi

6.1-6enimMiHAE KepCeTINreHAen, CeMaHTUKanblK Xeni 6inimgi  maTtema-
TUKaNbIK TYPFbI4aH HakTbl TypAe cakTaybl kepek. OcbiFaH 6aiinaHbICTbl, OHbIH
KypbUIbICbl  A9NAIK MeH MNaHAIK ai.MakTbl >X8HE OFaH KaTbIiCTbl 6aprblk
yFbIMAapAbl XXakcbl TYCiHygi Tanan eTeai. binimgi ycbiHy npobnemanapbl pto
Mak/[ep.MOTTbIH >KOfapblga aTanfaH >XyMbicbiHAa cunattanfFaH [10]. bBip
KaparaHga, 6.3-6enimfe KenTipinreH Mblicanfapra yKcac rpaukrepgi cany
OHaii aHe TabuFy TypAe XXy3ere acblpbliybl MyMKiH. Anaiiga, 6yn sppaiibim
6ipaein emec. Keneci KypbiibICTbl KapacTblpaiblk;

Backawa ainTkaHga, 85600 KyipbiFbl 6ap Ty-154 ywakrap caHaTbiHa
Xataflbl, an ylwakrap yulyfa KabinetTi. CbIHbINTbIH YXeKe 6Kifli CbIHbIMTbIH
cunaTTaManapblH MemaeHeTiHAiKTeH, 85600 KyipbiFbiMeH Ty-154 ywa anagpl
[ien KOpbITbIHAbI XXacaiMbl3.

Backawa aiTkaHga, 85600 KyipbiFbl 6ap Ty-154 ywakTap caHaTbiHa
Xatafbl, an ywakrap yuyra KabinetTi. CbIHbINTbIH XeKe OKifi CbIHbINTbIH,
epeKLUenikTepiH nemaeHeTiHAiIKTeH, 85600 KyipbiFbl 6ap Ty-154 ywa anagbl
[a, On MeHLWikke ve 6onagbl eHe 6i3 gypbiC 6onambl3 fen KOPbITbIHAbI
Xacalmbi3.

Backa Macene yfbiMgapFa ataynap 6epymcH 6GaiinaHbicTbl. YXofapblga
KeNTipinreH  Mbicanga  ylWakneH  HakTtbl  ywakK  60pT  HemipiveH
ColikecTeHAIpiNgi. OiTnece, YWaKTbiH 48/ KaH4al faHa eKeHiH TYCIHIKCi3
6onap egi.

«YIbIN KEeTy» KAaCWeTiH aHblkTay YLIH [aHaHbl [a7 aHblKTay eTe
MaHbI3[bl EMEC, OHbl aKay/blKTapfbl O Typanbl aiiTy MyMKiH eMec.
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XKorapsblga kepceTifireH 85600 naeHTUDMKALMACH fa TOMbIK eMec. BipiHLwigeH,
6yn caHgap KOMOWMHaLUWSICbl Ke3-KeNreH HapCeHi, Mbicasibl, TeNeOH HeMIpiH
KopceTe anafpl. EKiHWIiAeH, yllaK a3aMaTTblK aBuaLusFa SCKEpU aBuaumsiaH
Kipe anagpl, OHAAa CalikeCTeHAipy Mynge 6acka, XoeHe 6i3 yLLaKTbIH 6TKEH eMmipi
Typa/ibl, MbICa/bl, andblHFbl XXOHAEY Typaibl elwTeHe Taba anmaiimbl3, XaHe
6yn Mynge.M Konamncois.

TyCiHiKTEpAI ColiKeCTEHAIpY Maceneci HakTbl emipfe [e OpbliH anafpl,
6ipak MyHga 6i3 "yctapa OkkamaHbl" KOMfaHaMbl3: KaKETTINIKTEH TbIC
MaHZepai KebeliTy emec. Erep 6i3 LwaFblH KOMMaHWsiga Ceineccek, ataynap
XeTKiNikTi. CTyfeHTTIK TONTa ap TerTi aHblkTayfa 6onadbl. byn petTe 6ip aTka
ve, an aTTapbl — SKECIHIH aTTapbliHa fJa ue 6onagbl. Erep o6beKTinepain ken
CaHbIH KAMTUTbIH CEMaHTUKasbIK XenNi Kypbinca, 6ip atay ap Typni yFbiMaapabl
KepceTKeHAe CMHOHMMMSA MpobieMachl YHCi3 6onagbl.

Erep exxenri yakbITTa XXeke agamfpl aHblKTay YLiH «HazapeTTik Wca» gen
aiiTy XXeTKiNiKTi 601ca, Kasip NacnopTTbl paciMaeyAe KOAgaHbINaTblH «ATbl -
XBHi» — «TyFaH KyHi» — «TyFaH Xepi» YLWTIr fJe KalTanaHaTbiH Calikec-
TeHAipriwTepdiH, 6onvaybiHa keningik 6epmeiigi. COHbIMEH KaTap, MyHAav
Kypgeni Kint (manimetTep 6asacbl TYPFbICbIHAH) KepiHy MeH KabblingaymblH
bIHFal/bINbIFbIHA ~ bIKMan  eTneigi. OcbifaH  GaiinaHbICTbl - TaXipubege
KabblfgaHFaH >KEPrifiKTi CEeMaHTMKasbIK XeNifep YLWiH TeCT KiTanwacbIHbiH
HeMipfiepi, MepcoHan Hemip/iepi, CalblK TeneyLiHiH  ColKeCcTeHAipy
Hemipi(CTCH) >xaHe T.6. maiganaHbinybl MyMKiH. Tafbl 6ip npobnema - ap
TYpAi yFbIMaapae! 6ingipetiH 6ip ce3 kKongaHbinaTbliH NoanceMms. CUHOHUMUS
MeH NOonceMus YNIKeH Xeninepai Kypy npobnemacbiH, atan aiTkaHaa, ap Typhi
aBTopnapAblH PparmMeHTTepiH BipiKTipyAi KMbiHAATA TYCYi MYMKIH.

LLIbIHHbIH aTaybl Xali faHa CMMBOJIAbIK aTay, OHbIH, MaFblHAChl FPagKTIH
KepiHyiH apTTbipadbl. OHblH KACMeTTepiHiH, >KOFApFbl >Kafbl TOJ/bIFbIMEH
aHblKTa/IFaH, Mbicasibl, afam YLWiH - Teri, aTbl, 9KeCiHiH, aTbl, TyfaH KyHi
XaHe T.6.

6.6. CeMaHTUKa/IbIK Xenigeri pakTinep MeH epexenep

CybbekT-npegukaT-Hbicau TypiHAe )KasbliFaH >KOFapblga KapacTbl-
pbINFaH KaTblHACTap TypakTbl 6ifiM 6onbIN Tabblnadbl, SFHU. (akTinep. Opbip
06beKT Typasbl Gapnblk 6enrini akTinepai eHrizy Herisci3 y3ak yakbITTbl
KaXKeT eTyi MyMKiH. Mbican peTiHAe 0T6achliblK KaTblHACTapAbl 6epy OpbIHAbI.
Kes-kenreH eki TybiC YLIiH ONnapiblH apacbliHAaFbl KapbIM-KaTbIHACTbIH, aTaybl
6ap: afacbl, >XMeHi, KailbiH eHeci >keHe T.6. Ocbinaiiwa, n = 10 agamHaH
TypaTblH 0T6AChI YLWiH KaTbiHAacTap caHbl N * (n-1) = 90 6onaabl. byn xargainga
KapbIM-KaTbIHaCTbIH, 6ip Geniri 6acTanksl (>kybaii >keHe aTa-aHa-6ana) 607bIn
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Tabblnagpl, an 6acka KaTbliHacTap 6actaybiuTaH 6acTanagbl. Erep 6acTtankel
KaTblHacTap HerisiHAe KaiiTana.ma KaTblHACTapAblH Kaial aHblKTanaTblHAbIFbI
Typanbl aknapaT epexxenep TYpiHAE >Kasbiica, OHAa 6iniM 06beKTICIHE 3p
00BLEKT YLWIH TeK GacTankbl (pakTinepai faHa eHrisyre 6onagbl. OT6aChIbIK
KaTblHacTap YLWiH 6yn oT6acbiHbIH ap MyLUeci — GipeygiH 6anacbl »KeHe aTa-
aHachbl, CoHfain-aK 6ipeyaiH xybaiibl XaHe 6acka eLuTeHe eMec Jen 60/mKaiTbiH
6oncak, 6yn kem fereHze 3 ece azaiTblyfbl Oingipesi.

Epexxenepi yCbIHy TiniHiH cTaH4apTTapbiHbIH, 6ipi SWRL - Semantical
Web Rule Language (http://www.w3.0rg/Submission/SWRL/). Byn T1in XML
KEHenTiMi  60/bin  Tabblnagbl >k8HE OHbIH, YCTIHAEr  KypbUibiCTap TeK
MallMHaHbl TYCIHAIPY YWiH apHanfaH. Epexe pefaktopnapbl, agetTe, «human
readable» epexxenepgiH HyCKacbiH onapfbl Kypy >X8He KyWhiHe KenTipy YLUiH
Mponor epexenepiHe ykcac opMarTa ycbiHagbl. TeMeHAe afamMHblH OKYybl
YWIiH «aFail» KaTblHaCblH aHblKTayfa apHa/iFaH epeXXeHiH Y3iHAiCi XeHe Oocbl
epexxeHiH 6actankbl Kofbl SWRL-ae 6epinreH:

hasParent(?xl, ?x2)n hasBrother(?x2, ?x3)=> hasUncle(?xI, ?x3) ...

<swrl:Imp rdf:ID="Bros">

<swrl:body>

<swrl:AtomList>

<rdf:first>

<rdf:Description>

<rdf:type rdf:resource="&swrl;ClassAtom"/>

<swrl:argumentl>

<rdf:Description rdf:about="#x3"/>

</swrlargument 1>

<swrl:classPredicate rdf:resource="#Person"/>

</rdf:Description>

</rdf:first>

<rdf:rest>

<swrl:AtomList>

<rdf:first>

<rdf:Description>

<rdf:type rdf:resource="&swrl;IndividualPropertyAtom"/>

<swrl :argument2>

<rdf:Description rdf:about="#x3"/>

<rdf:Description rdf:about="#x17>
</swrl:argumentl>

<swrl:propertyPredicate rdf:resource="#hasBrother"/>
</rdf:Description>

</rdf:first>
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<rdf:rest rdf:resource="&rdf;nir7>

</swrl:AtomList>

</swrl:head>

</swrl:Imp>

CemaHTMKasbIK Xeni 00bEKTINepI YLWiH epexxenepai opHaTy apkbiibl 6i3
albIK HeMece >kabblK anem npobnemacbiHa Tan 601ybiMbl3 MyMKiH (Open or
Closed World Assumption). ALublK 31em Typasbl 60/mkaM ELUKIMHIH, 3n1em
Typasibl TOMbIK annapaTbl )oK AereHdi 6ingipefi, COHAbIKTaH TYKbIpPbIMAAP TeK
Genrini Hapcere cyiieHe OTbIpbIN >kacanybl Kepek. XXabblk a/1eM >xopamasbl
6ap/blk aknapart 6akbinaylubiFa 6enrini gen 6omkaingsl. Mbican peTiHae «erel
aHa» TypiHAeri TybICTbIK KaTbIHACTbI aiiTyFa 6onagbl. Keneci ManimeTTep 6inim
6asacblHaa 6O/ChIH:

AHgpeil — EropablH aTa-aHachl.
KOnusa — AHgpeiigiH, aiieni.

XKabblk aneMHiH 60/mKkaMbiHa calikec, HKOnms - EropablH ereil welueci,
BTKeHI [epeKKopLa OHbIH aHacbl eKeHAiri Typaibl aknapar oK. ALUbIK
anemge HOnuaHbl EropgplH ereid Lweleci gen caHayfa 6onagbl, erep OHbIH
aHacbl KOnusa emec, 6acka aitlen ekeHgiri 6enrini 6onca.

Epexenepai kongaHy 6iniMm 6asacbiH4a TOMbIK emec aknapaT 6o0sFaH
XaFpaiiga eTe naiifanbl. Mbicasibl, aAblHFbl Mbicanga AHApeigiH Tyifa
eKeHAIri aiTbinFaH fenik, Gipak KOnma gereH Ty/iFa Typaibl aknapart oK.
CoHga 6apnblK epexxkenep ykcac

Erep X agam 6onca, oHaa X-Te Teri 6ap

FOnusara KongaHyfa 6onmaiigsl. Erep ci3 epexe xxacacaHpi3

Erep X aga.m >kaHe X >ky6aiibl 60nca, oHga Y - Y agam

coHfa HOnusHbIH 4a ep eKeHi aHblKTanybl MYMKiH. Epexenepai KongaHyabiH,
XaFbIMAbl 3cepiHeH 6acka, 6ip kemwiniri ge 6ap: 6inim 6a3acbiHbIH, KeneMi
BCKEH CallblH KOCMOCTbIK nNponopuusiapFa AeiiH eceTiH KOMOGUHATOPAbIK
KypAeninik. Mbicasibl, erep 6inim kopbl eTe a3 60sca, spKaicbIChbl YL (DaKTiHiH,
100 dpakTici mMeH 10 epexeci 6o0nca, epexenepai (pakTinepre KongaHyfa
ThIPbICYAbIH, annbl caHbl 10 * 100 * 100 * 100 = 107-re »eTyi MYMKiH,
eTKeHI 3pb6ip epexe 6Gapiblk MyMKIH (hakTinep fgolekTi TypAe KoWblnagbl.
CemaHTUKa/IbIK XKenife i3geyfiH MyHAali «kapanaibiM» >Ky3ere acbipbliybi
MYMKIH €MeC eKeHi aHblK. Kes-KenreH i3gey TancblpmacbiHAarbigan, MyHga
KOMOMHATOPNbIK  KYPAENiNiKTI  TeMeHZETY  MACefieCiH  Llelly  KaXer.
Epexxenepi eHfeyai >kefengeTtysiH Mbicans! peTiHge Rete (Putin) anroputmiH
KonpaHyfa 6onafbl [24], OHbIH, HErisri MafblHacbl afall cany, OHbIH 3pbip
TYWiHI epexenep WapTTapbiHbIH 6eniriHe caiikec Kenegi XeHe oCbl LuapTTapAbl
KaHaFaTTaHApblpaTbiH  (bakTinep Ti3iMiH cakTaingpl. Epexenepgi  KongaHy
6apbICblHAa YHEMI >XaHa (hakTinep naiiga 6onaTbIHAbIKTaH, 01ap XXeni apKblibl
KosFanaflbl >K3He LWblHAapAaFbl  (hakTinep Tisimi  >kaHapTblnagbl.  Rete
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NrOPUTMIHIH, KMbIHLWbI/bIFbI — Oy XaATbIH YIKEH KeneMi, eiTKeHi Aan con
thakTinep rpag WweTTepiHAe Ti3iMaepae KaTanaHaTbliH 60nmagpl.

Banamanb! LweLliMm XongapbiHbIH 6ipi peTiHge apbip KyxaT YwiH 6apnblk
MYMKIH epexenepai 6ip peT iCke KOCyFa XoHe HaTwKenepai (hakTinep TypiHge
cakTayfa 6onagpl. TybICTbIK GalinaHbiCTap 6asachl YLUiH Oy Ky)XaTKa a/iabIMeH
Tek OacTankpl 6ainaHbicTap (aTa-aHanap-6ananap MeH epni-3aiibinTbinap)
eHrisinreHiH Gingipeai, cofaH KeliiH onapaplH iWiHEH 6apnblk >kaHama
KaTblHacTap (Hemepe kapbiHAacTap XoHe T.6.) ecenTenesi, onap TeH KyKblKTa
6iniM 6asacbiH TonbIKTbIpadbl. OcbligaH KeliiH 6apnblk dakTinep 6Gipgeli Tes
anbiHagbl. MyHpgaii Tacin npeuegeHTTep (Case based reasoning) HerisiHgeri
KOpbITbIHABI Typi  60/bIN  Tabblnadbl >8He OHbl afaM  WHTeNeKTiHAeri
[aFablnapablH, aHanorbl gen caHayfa 6onagbl. LUbiH MaHiHge, 6i3 apgaiibim
yKcac opeKeT €eTeMmi3, MbiCa/bl, aybl3lia ceiney. Erep 6i3 ap ce3 TipKeCiH
KypFaHza Tifn epexxenepiH KongaHcak, ceiiney xblngamablfbl caFaTbiHa GipHeLle
ceineMpeH acraybl Kepek. byn acipece, OpbIiC MaTiHIH LUET TifliHe ayjapFaHja
baiikanagbl. Erep Tingik AvsaiiH 6i3re TaHbic 6onca (6ypblH GipHewe peT
KONfaHbINFaH), OHAa ayjapma >Kblngam KapkblHMeH >xypefi. bi3 GipiHwi peT
VCbIHbIC )Kacaiiblk, OHAa ayjapMa npoLeci OHJaFaH >oHe XXy3dereH per
6asynaiigbl.

VHTennekTyanabl cCeMaHTUKabIK XKeni areHTi

CemaHTMKabIK Xefli Kypy OHall wapya emec. bipak 6i3 OHbIMeH
allHanbICKaHHAH KeiiH cypak TyblHAaigbl, 6ipak CemMaHTUKanblK >KenigeH
6inimai kanaii any kepek? byn ywiH MmaiganaHyLwwbiHbIH CypaHbICbl 60MbIHLLA
KaDKeTTi 6inimai i3gen, HaTuke GepeTiH apHaiibl 6aFgapnama a3ipieHyi Kepek.

Kasipri yakblTTa RDF ¢hopmaTbiHAaFbl CEMaHTUKaNbIK Xeninep TypiHae
6iniM HerisgepiHe apHaiFaH GipHele cypaHbic Tifgepi 6ap, atan aiTkaHga
DQL, R-DEVICE, RDFQ, RDQ. RDQL, SeRQL. EH cTaHgapTTanfaH Tin
SPARQL 60nbin Tabbiiagel, on World Wide Web (W3C) [29] nepekTepre kon
XeTki3y eHiHgeri Data Access Working Group (DAWG) cTaHgapTTayabl
oTTI.

Op Typni 6aFpapnaManblk nnatopmanapra apHanfaH SPARQL TiniHiH
GipHelle Hyckanapbl 6ap. ABTOp onapfblH GipHelleyiH CblHaM Kephi >aHe
SPARQL Tingik npouecTteri cypaynap Tek (hakTinepgai (ywTikTep TakbipblObl-
npeauKaT-06beKT), bipak epexxenepai TyCiHGelTiHI 6enrini 6ongpl. Ocblnaiwa,
OHTO/IOTMSAHbI KypY 60MbIHLLIA Gap/iblK XYMbIC MaFbIHACbI3 60/bIN Kanagbl.

Byn KeMLUINiKTI YO0 YLiH aBTOP CEMaHTUKa/IbIK Ky>KaTTapAbl YCbIHY/AbIH,
XKEHINAETINreH TiNiH XaHe OGiNiMHIH BU3yaM3auMsaCbiH HKaHe KapanaibiM
CypaHbICTapabl OpblHAAYAbl KOMAaiThiH OaFfapnama xxacadbl. Ocbl NaHHIH 6ip
6eniri peTiHAe CEMaHTUKA/IbIK XXeNMiNepAi KypyFa >XaHe 3epTTeyre apHa/ifaH
SEMANTIC 6affgapnamachl, OCbIHA@ akbligbl areHTTiH KacueTTepi Typasbl
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TYCIHIKTEpAI kamTugbl. ATan ainTkaHga, GaFfgapnama Myparepfik epexenepiH
6iniM KOopbIHAA XasbliFaH 6apnblK (hakTinepre KongaHafbl, COHbIMEH KaTap
KOMJaHyLUbIFa 63 ePEXesiepiH xacayFa MyMKIHAIK 6epeai.

6.7. KoHTeKcTi 6ackapy

CeMaHTUKanbIK >XeniHiH 6apnblK HblCaH4apbIH GipereineHaipy KaxeT-
Tiniri hakTinepai Kocy npoueAypackiH KyYpAeneHAipin KaHa KoimMaid, COHbIMEH
KaTap 6inim any eTe KublH 60naTbiHbiHA anbin Kenedi. Ciz 6yn MmaceneHi
TYCiHyAi KapanmaiibiM MbICa/IMEH >KeHingeTe anacbi3. KepLuimisgeH >acaHfpl
WHTENNEKT Typasibl Aapic Xxa3banapbiH cypan anyfpsl 6ip KyH cypan Kepeitik, on
83 Ke3eriHae 63iHiH, Kyp6biCbiHAH Kapbl3 anfaH. CoHpa Auanor LamameH
Oblnaliia 6onapl:

"Peceii depepauuscbiHbiH, asamaTtsl CugopoB Brnagumup MBaHoBuy, 1985
Xbinbl CapaToB KanacbliHAa TyfFaH, CaHkT-MeTepbypr K .20.05.2003 51 XXM
6epinreH Ne 60 04 123456 nacnopTbl 6Gap, MaraH, Peceli ®egepaunsicbiHbIH
azamatbl [leTpoB VBaH BwkTOpoBMUKe 6Gep. 22.04.1986 binbl [lckoB
KanacbiHAa TyFaH, nacnoptbl 6ap, Ne 6606 654321, 24 carat 00 MuHyTTa"
KacaHAbl MHTENNeKT" naHi GOMbIHLWA A3PIC KOHCMEKTICIH ecenTey TeXHMKachl
KadegpacblHbiH,  JOLEHTI, T.F.K., beccmepTHbli Wropb AuieKcaHApOBUY
okmapbl...".

KyHAenikTi >kaFdainga Kon >keTimgi emec (ppasa, 6ipaK NOMMLMSHBIH
ecebiHe oTe XaKcbl. DN6eTTe, CEMaHTUKASbIK XeNiHi KypFaH Ke3fe ci3 6apnbikK
HbiCaHAapAbl OipKenKi aHbIKTan, aHblKTali anacbi3, 6ipak Oy >KYMbICTbI
anTapnbiKTail KublHAatagbl. bipak 6ifliMre Kon >XeTKi3y YLWiH HakTbl emipge
6onaTblH AManor CusKTbl KapanmaibiM AWasior JKyprisyre MyMKiHAIK 6epy
Kepek. MyHgail (yHKUMSHBI GiniMre KoM OKETKi3yAl KaMTamacbl3 €eTeTiH
3UATKEPIK areHTKe XyKreyre 6onagpl.

KOHTeKCTiK 6a3a eKi KOMIMOHEHTTeH Typybl Kepek: TypaKTbl >oHe
yakbiTwa. TypakTbl KOHTEKCT — Oy/ AManor NpOUeCiHAe ©3repMenTiH 6inim.
Meicasnbl, 6i3 OHbIH Kaii yakbITTa eKeHiH 6inrimis kenegi. byn cypakka elukivre
KMbIHAbIK TyFbl30alifpbl, TakblpbliNTblH OpPHA/ACKaH epi Typasbl aknaparcbi3
Xayan 6epy My.MKiH emec. COHfblKTaH, MSTIHMBHZIK ManiMeTTep 6asacbiHia
TaKbIpbIN Kall )epfe, COHbIMEH KaTap OCbl YakbITTbiH 6engeyi Typanbl aknapat
6onybl kepek. backalua aiiTkaHaa, MSTIHMBH AepeKKOpFa XYKTeNyi Kepek.

YakbITla KOHTEKCT - Oyl Avanor npoueciHge KypbiiFaH Hemece
XOWbIFaH (YMbITbINFaH) (hakTinep, COHbIMEH KaTap AUanorThbl XKEHINLETY YLWiH
KypblfFaH yakpiTwa 6ipnectikrep. YakpiTwa (hakTinep, Mbicasbl, 6ypbIH
KOWbINFaH CypakTapFa >xayantap, SfFHW CbIpTTaH oKefiHreH >sHe 6inim
6asacbiH4a CaKTayfbl KeKET eTMeiTiH 6iniM. MyHgai (hakTinepgiH Mbicabl
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[MarHo3 KotofFa ThIpbICaTbIH AapirepAiH cypakTapbiHa NauyeHTTiH XayanTapsbl
60nybl MyMKiH. MyHAain xafgTblH 60nMaybl AUanorTbl CKIEpoTMKa Typasbl
KenTereH a3isre aiHangblpafbl. YakbiTlla KayblMAacTblKTap OO6beKTinepre
HeMece (akTinepre Kpickalla artayfnapfbl OCbl Auanorta faHa KonjaHyfa
MYMKIHAIK 6epefi. YakbITia KayblMAACTbIKTap KYHAENIKTI  emipge e,
Ky)XXaTTapa fia KeHiHeH KonaaHblnagpbl.

Mebicanbl, WwapTTapablH  MaTiHAepiHae apeTTe "OOO POIA  KsHe
KOTMbITA, gupektop A.A. ®YHT TyIFacbiHAA, XapFbl Heri3iHAe apeKeT eTeTiH,
6ygaH api Catbin aywbl Aen atanaTblH aiiHanbIM NainganaHbinagbl...".

Ocblnaiia, KOHTEKCTIK 6a3a KongaHyLlbiFa KapanaibiM TaCiMeH auanor
Kypyfa MYMKIHAIK OepeTiH Ce.MaHTUKa/IbIK >KEeMiHIH kapanmaibiM MOZAeniH
(MogeniH) KypyFa MyMKIHZIK 6epegi.

6.8. CeMaH rmkanblK esi XoHe CeMaHTUKasbIK NayTHHA

6.2-6enimae KepceTiireHaen, ceMaHTUKabIK Xeni y3aK Tapuxbl 6ap, XaHe
0Cbl YaKbITKa AeliH Oy/1 TYCIHIK eLuKaHAai eKiyLTbIbIK TyAbIpFaH XOK,

Anaiiga, bykinanemgik naytnHa eHepTankbiwbl (WWW) Tum BepHepe Jn
2001 xbinbl "Semantic Web" Ty)XbipbIMAaMacbIH >XapusinaraHHaH KeiliH, opbIC
TiniHgeri apgebvetTe 6y eki yFbiMaap apaiaca 6actagpl

TyciHicneywiniktepai ot ywiH "Semantic Web" yfbimbiH "CemaH-
TUKanblK lMayTuHa" peTiHAe Hemece ocbl MaTiHAe "TlayTwHa" aen aynapy
yCbiHbITagbl. Tum bBepHepe JIM WAEACHIHBIH, M3HI WHTEPHET pecypcTapbiH
KOMMBIOTEPNIK eHAeY YLUiH KON XEeTiMAi dxaHe Kasipri yakplTTa KoffaHbl1aTbiH
KyKaTTapfplH MOTIHAIK  TanfayblHblH OpHbIHA  AYHWEXY3ifliK  nayTuHa
pecypcTapblHbiH, KacueTTepi MeH MasMyHblH 6ip MafFblHalbl CUMATTaNTbIH
apHaiibl MeTafiepeKTepMeH KamTamachI3 eTy 60bin Tabblnagpl. ATan aiTkaHaa,
VHTepHeTTiH, 6apnblk pecypcTapblH 8pbip KyXKaTTblH aBTOPbIH OpHaTyfa
MYMKIHAIK GepeTiH TertTepMeH >kabaplKray Kesgenin oTblp. AiTa KeTy Kepek,
oyn wewivm WWW TyXbIpbiIMAaMacbiH OpblHAay YLWiH, WHTepHeT 6inim
KOpbIHaH aKMapaTTblK «KOKbIC YAIHAICIHE» aiiHanFaHHaH KeidiH, pecypcTapablH
pyKcart eTinimereH Genricisgiride 6ainaHbICTbl KabbligaHAbl.

Anaiiga, CeMaHTMKanblK TOPAbIH OCbl KacueTi 6i3gi COHFbl KesekTe
KbI3bIKTbIpagbl. bBi3fiH  KbI3bIFYLUBIIbIFbIMBI3AbIH  OPTACbIHAA-CEMAHTUKASbIK
MayTuHa kacueTTepi NalifanaHyLUblfa 0N afFbICbl KENETIH aKnapaTThl XeTKI3y.

WWW-geH cemaHTuKanblK [layTUHaHbIH, Herisri - aiibipMallblibirbl -
WWW pecypcTapbl apacbliHAafbl 6aiinaHbiC Ky>kaTTapfblH OpHanacyblH, an
MayTHa GalinaHbicbl — Ma3MyHAbl 6eiHeneigi. Pac, WWW-ga, coHpaii-ak,
epMeKLi cinTemeneppe fe pecypcrap agpectepi 6ap, 6ipak WWW-ga
cinTemenepcis; onapablH MafblHaCbIH NaiiganaHyLbl TyCiHyi Tuic. VIHTepHeTTe
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cinTemenep MawmHaga eHaeyre 6onaTbiH HakTbl KepceTinreH. Ocblnaiia,
CeMaHTUKanblK BeG MHTEPHETTI KOMAaHyiMbl Ky)KaTTaH KyXaTka cintemenepai
6ackaHaa, Kasipri Be6-cepUHITIH OpHbIHA aknapar isgeyai 6ingipesi [25].

6.9. CemaHTUKaNbIK MNayTnHa:
NPUHUMNTEPI MCH afFbIMAaFbl XXafaalibl

CemaHTuKanblK lMayTuHa HerisiHge con TPUNAET TakbipblObl -Npeaukar-
HbiCaH >KaTblp. AWbIpMALbIIbIK TPUMNET 31eMEHTTEPIHIH  SpKaliCbIChbIH
KopceTy. Topga Takplpblbbl, HbiCaH X8He MpeavKaT pecypcTapdblH, ambeban
naeHtTugukatopnapbl Hemece URL (Uniform Resource Identifier) kepceTinreH.
Meican peTiHze 6.7-CypeTTe KepceTinreH 6araHaap 60/1ybl MyMKiH.

r.ap«w”.w3.0[9f200aiO(r.vap/OnVton:acs etson”}

\%
\

\

6.7-cypeT. Bukuneaus HerisiH canyLlibl BUSUT KapTacbiHbIH rpagbl

WHTepHeTTeri 6inimai yCbIHYAbIH, eL, TaHbIMan Tini - 6yn RDF. TemeHae
Cepreigiy Huknta atTbl 6anackl 6ap, an HukuTaHbIH aTa-aHackl CepreiimeH
KapbIM-KaTbIHaCbiH cunaTTaliTbiH RDF Ky)KaTbIHbIH Y3iHAICI KeNnTipinreH.

<Person rdf:1D="Nikita">

<HasParent rdf:resource="#Sergei"/>

</Person>

<owl:Class rdf:ID="Person"/>

<Person rdf:1D="Sergei">

<HasChild rdf:resource="#Nikita"/>

</Person>
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Byn niwim agam okyfa apHaiMaraH. CeMaHTVKanblK Ky>KaTTapAblH
pefakTopnapbl, Mbicasibl, protege (http://protege.stanford.edu/), nepektepgi
aKpaHablK hopmaga (hpeiMaepae) eHrisyre XaHe eHaeyre MyMKiHAIK 6epesi.

Kasipri yakbiTta RDF / OWL KyXaTTapblH >KEKe 3HTy3nacTap >Kacaigbl.
VHTepHeTTeri Kyxarrap caHbl a3, Onapdbl apHaiibl i34ey cepsepi, Mbicasbl
SWOOGLE «kemerimeH Tabyfa 6Gonagbl. XKobaHbl a3ipsiey kentereH ceben-
Tepre 6aiinaHbICTbl TOKTATbIMbIN OTbIP. Byn HerisiHeH ceMaHTUKanblK pecypc-
TapAbl KYPYAblH T€3 XXaHe TiKe/neil nainfacbiHbIH XXOKTbIFbI, 6iiMAI KasbinTac-
TbIpyAblH, KypZeniniri aHe 6iniMai LWbirapatblH  am6eban areHTTepAiH
6onmaybl. WHTennekTyanibl areHTTepAiH CaTbllbiMbl CTYAEHTTIK a3ipneme-
NepmeH, Mbicasibl, CayTreMnToH cbipa HyckaynbiFbl (http://www.twine.com/
item/1 Iby40gxk-pl/southampton-pub-guide-in-rdf) ><eHe KaHgalli LapanTbl
YCbIHATbIH LLapan areHTiMeH LUeKTesei. ap blAbICTbl KOMAaHFaH LypbiC.
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KOPbITbIHABI

XacaHgbl uHTennekT - 6yn afaMHbIH 4CTYPAi Ky3ipeTi 6onbin caHana-
TbiH  LUbIfapMalbl/IblK  YHKUMANAPAbl  OpblHAAY YLiH  WMHTENNeKTyanabl
XyinenepaiH MeHwiri, 6yn Kypangap >Kyiieci, TiNTi eTe Tap XXaHe Kypaeni
TancbipMaHbl LUELIETIH MaTeMaTUKa/bIK aIrOPUTMAEPAIH, XUbIHTbIFbIH aiTyFa
6onagbl. MnnoTcei3 Kenik A HyKTeCiHeH B HyKTeciHe feliiH XXype anagbl, 6ipak
6 caHbIH 7-re kebeliTy Typabl cypakka xayan bepe anmaiigbl. bi3 6yn cypakka
ayan 6epeTiH 6acka Kypangbl OpHanacTbipa anambi3, 6ipak onap 6ip-6ipimeH
6aiinaHbICTbl 6onMaiigel. COHAbIKTaH ci3 Gapbin, 6aTbipMaFa LUaxTaHbl Kasblir
anatblH POBOTTbI Xacail anachl3, YLIKbILTbIH, OPHbIHA YLLIaKTa YLaTbliH po60T
Xacaii anacbi3. bipak 6yn eki Typni poboT 6051agpl, XaHe onapasl 6ackapartbiH
OpTaK poboT XOK - afjaM OHbl angekaiiga Tnimgi etegi. KoibinFaH makcaTTapgbl
KO Kepek, He iCTey KepeKTiriH TyCiHy Kepek Kypheni MiHAeTTepe >acaH[bl
WHTENNEKT aflamMfa LLIEKCI3 XoFanaapl. M, 6ankim, poboT MuHanapgbl canepieH
repi »KakCcbl Kasbil LUbIFap, MYMKiH, €rep 01 Kasa aamaca, O6KiHOeiMiH.
YwakTapga onap YLbIn KeTyi MyMKIiH, JanipeK ainTaTbiH 60ncak.

Xacangbl nHTennekT (artificial intelligence) — KomMnblOTEPAIK XYiienepaiH
aflaMm aKblN-OMbIHbIH, Jkeke (yHKUMsIapblH Kabbingay KabifeTi, Mbicabl,
anablHFbI ToXipM6e MeH CbIpTKbl acepnepai yToiMabl TCheat HerisiHze anblHFaH
OHTalnbI WewiMaepai TaHgay XeHe Kabdbligay.

Byn aHbiKkTaMaga GifliM TEPMUHI TEK MUFa CE3iM MyLUENepi apKblibl eHETIH
aknapatTbl faHa 6ingipmeigi. byn 6inim Typi eTe MaHbI3abl, 6ipak 3MATKepiK
6enceHiniK yWiH XeTKiNikci3. Bi3giH KoplwaFaH opTa OObLEKTiNepi cesiMre
3cep eTin KaHa Koiimali, CoHbl.MeH Gipre 6ip-6ipimeH 6enrini 6ip KaTbiHacTapia
6onaTblH KacueTke ue. KopllaraH opTafa WHTeNNeKTyanapl 6enceHainikTi
Xy3ere acblpy YuWiH (Hemece TinTi 6ap 6onca fa) 6inim XylieciHge Ochl
aNemHiH, mogeni 601y Kepek ekeHi TYCIiHIKTI. KoplwaraH opTaHblH OCbl
aknapatTblK MOAENIHAE HakTbl O06bLeKTisep, OnapablH KACUETTEPi JkaHe
onapAblH apacbiHAaFbl KaTbliHacrap Tek GeliHeneH6eii xaHe ecTe cakTanagbl,
COHbIMEH KaTap, OCbl aHblKTamaza alTbliFaH4al, akpln-oiapl MakcaTTbl Typae
e3repTyre 6onagpl.

Ocblinaiiwa, MXacaHfbl WHTENNEKT — 6yN KOMMLIOTEPNIK XYIAEHIH 834iri-
HEH OKy KesiHge 6enrini 6ip Kypaenifik KnacbiHbIH M3CeNenepiH LWeLlyre eHe
ocbl Macenenepgi 6i3aiH emipimisgiH 6apsblk cananapbiHAa Lewyre apHaiFaH
6arnapnamanap (eH angsiMeH 3BPUCTUKASIBIK) KYPY MYMKIHAIT.

Ic xysiHge XKW MyMKIHAIKTEPIHIH, ayKbIiMbl  LUEKCi3: fapbIWUThIK
3epTTeynep, SCKePU FblfibIM, POOOTOTEXHUKA, BHEPKACIMN, aybl/ LWapyaLlblbIfbl,
Kenik, MeguumHa, 6iniM >aHe T.6.

«Lingpnblk KasakcTaH» MemrekeTTiK OaffapiaMacbl afcblHAa YATTbIK
9KOHOMUKaHbIH, 6ap/blK cananapbiHha eHZipic npouecTepiH uudpnaHabipyra
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XoHe poboTTaHAbIpyFa Ken KeHin GeniHefi. byn 6arfapnamaHbl icke acbipysa
XKW apicTepi MeH KypangapbiH >acay MaHbI3fbl pen atkapagbl. Taxipubeae
XKW KongaHy ocbl OKY/bIKTbIH, €KiHLLI TOMbIHAR TafIKblnaHapl.

o

©3iH e3i baKblnayfa apHa/iFaH cypakrap

CeMaHTUKasbIK XXeninepre aHbIKTama 6epiHi3.

By ceMaHTUKa/bIK YKeNiHIH, 31EMEHTI.

He ywiH naviganaHbinagbl CEMaHTUKaNbIK Xeni XyienepiHge
XacaHbl UHTENNEKT?

Tangay »XsHe MaTIHAIK aknapaTThl i34ey ecenTepiHie CeMaHTUKabIK
Xeninep annapatbiH KofaHy canacblHAaFbl eH 03blK 3epTTemMe
[ereHimi3 He?

CeMaHTUKasbIK XXeninepaiH TUNTepiH ataHbI3.

Penaunsanblk rpagTbiH MbICaNblH KENTIiPiHi3.

KaHgaii xeninep nponosuuusibIK >xeninep gen atanagpl?
OkwFanapfbl KepceTy YLiH KaHgai 6araHaap Konaisnbl?
"MowTawbl ceMaHTUKanNbIK XeNiCiH cablHbI3.

OcCIMAIK rpadhTapbiHiaFbl 6ainaHbIC TYpepiH aTaHbl3.
CeMaHTUKa/bIK YXeninepai Kypy MacenenepiH KepceTiHi3.
CemaHTUKa/bIK Xeniferi (hakTinep MeH epexxenepai TyYCIHAIPIHi3.
PDF hopmaTbIHAaFbI CEMAHTMKABIK XXeninep TypiHaeri 6inim
6aszanapblHa CypaHbIC TingepiH aTaHbI3.

CeMaHTVKanbIK Xeni KOHTEKCT 6a3achl KaHAal eki KOMMOHEHTTEH
Typaabl?

CeMaHTVKa/IbIK NayTWUHa TYCIHIriH GepiHis.
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FTOCCAPUI

A

ABLYKUMA - epeXxke MeH HATWKeJeH anfbillapTTap LUblFapaTbiH CUHTe-
TUKa/IbIK TYXKbIPbIM HbICAHbI.

AGCTparMpoBaHne - 3MMUPUKaTbIK OOGBLEKTIHIH, 6acka KacueTTepiHeH
HeMeCe KaTblHAaCTapblHaH anaH4aTy apkbiibl Keibip KacueTTepai Hemece
KapbIM-KaTbIHAaCTbl OifaH 6enin any (TyciHy).

AfaLl — 6ip WbIHbI TaMbIp, KanFaH LWbIHAAPbl TeK 6ip FaHa aKeci 6ap »aHe
6apnblK LbIHAAPLI TaMbIP LUbIHBIHbIH, YpriakTapbl 60/bin Tabblnagbl.

AFaLTbIH, GUIKTITI - TaMbIpfaH XXanblpakka AeiHri eH y3aK o7l

AFaLITBIH, TaXi - 6y 6ap/blK XanblpaKTapAblH, XUbIHTbIFbI.

Awmdmbonoc (rpek amphibolos - ekinik, Kocap/bliblK) — NOTUKabIK KaTe,
OHbIH, Heri3iHAe TiNAiK epHeKTepPAiH eKiyLUTbIIbIFbI XaTbIp.

AKbINAbl Kongaybl 6ap Xyiie gereHiMi3 - 63 6eTiHLe LeLim
Kabblngayfa KabineTTi xyiie.

AToM - Oyn npegukat opmackl Hemece Keinbip TeHAIK, SFHU 6pHeK
(s =t), MyHIaFbI S XaHe t TepMUHAEP

B

Beilpecmn TancbipManap - Kefeci cunatTamanapiblid 6ipi  Hemece
GipHelueyi 6ap MiHaeTTep:

1) onap caHfpblK Typae 6epinyi MyMKiH emec, siFHU canasbl TypAe Hemece
TaK XXMbIHAAP TEOPUACHIHBIH TEPMUHAEPIHAE Gepineai;

2) makcaTrap HakTbl 6enrifii 6ip mMakcaTTbl PYHKUMUAHbIH TCPMUHAEPIHAE
KepceTiflyi MyMKiH eMec;

3) Tancelpmanapibl aropuTMAIK ey XOK;

4) anropuTMaikK wWwewim 6ap, 6ipaK OHbl pecypcTapiblH LUEKTEeNyiHeH
(yakpIT, Xagbl) Naiiganadyfa 60nMaiigbl.

BiniM - OHbIH MIHAETTEPIH Wewyre MyMKIHAIK GepeTiH NaHAIK canaHbIH
aHblKTaNfaH 3aHAblbIKTapbl (MpUHUMNTEp, 6aiinaHbicTap, 3aHaap).

Binim KopbiH 6ackapy xyiieci (BKBXX) - 6iniMMeH XXyMbICTbl
KamTaMachl3 eTeTiH Kypangap XMWbIHTbIFbI.

Binim eHiHgeri VIHxeHep (KOTHWUTOMOr. WHXEHep-UHTepnpeTarop) -
capanwbl MeH 6iniMm 6asacbl apacbliHAarbl apasblk Oydep peniHge eHep
KepceTeTiH XKW eHiHAeri MamaH.

binimgep 6a3ackl (BB) - 6yn aknapartTbl YCbIHY TifliHAE (8aeTTe TaburuFa
XKaKblH) KOMMbHOTEPNIK OpTaja »asbliaTbliH JOMEHZIK 6iniM XMbIHTbIFbI, InS
A4POChI.
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A
Jenykuna aereHimis - 6enrini 6ip ictepre Xanmnbl epexkenepfi KongaHyra
Heri3genreH, HaTWKe LUbIFATbIH aHa/IMTUKaIbIK MPOLECC.
JeknapaTuBTik 6iniM — KypblfbIMAFaH JepekTep XUbIHTbIFbI TYPiHAEri
thakTinep.
Jepektep - 1) 6enrini xafgainap; 2) «WbIHAbIK» MaFbiHacbl Genrisi
KaTblHacTap HeMece KacueTTep.

E
Epexe (Mponor TiniHae) - 6yn KOpbITbIHAbI HEMECe 6acKa Ty KbIpbiMAap
Hemece (hakTinep WbIH 6onca, 6enrini 60MaTbiH KOPbITLIHABI.

X

>Kannbl mMakcaTtTaFbl XKW >xyiienepi — 6y Tek GenrineHreH npoueny-
panapdbl OpblHAAN KaHa KOoiMaii, meTa-i3gey mpouefypanapbl HerisiHae XaHa
HaKTbl Macefiefiepfi Luewyre apHanfaH npouefypanapabl KypaTblH OkaHe
nanganaHaTtbIH Xyiienep.

>KaFpalinap - HbicaHAap apacbiHAafFbl ©3apa apeKeTTecydiH 6apbik
TYpAepi.

>Kannbinay - Kes-kenreH 6acka yFbiMAapabl CabICTbIpy  apKblibl
T\)KbIPbIMAaMaHbl aKblIMEH TaHAay.

>KacaHgpb! nHtennekt (M) - 6y nHpopmaTuKaHbiH, 6ip 6afbiTbl, OHbIH
MakcaTbl KonfaHyllblFa-6aFfapnamallbl - ©3iHIH  MIHAETTepiH KOKOFa KaHe
Wwewyre MyMKIHGIK OepeTiH, [oCTypni TypAe WHTeNnnekTyangbl 60/bin
caHanatblH, Tabufu TingiH, wekTeyni IWki >XubiHbiHAa 3EM-MeH KapbiM-
KaTbIHaC Xacail 0TbIpbIM, annapaTTbik-6afjapnamanbik Kypangapabl asipiey.

>Keke KOHCTaHTTap MeH >keke aliHbIManbliap (norvka 60ibiHLLIA)
TYPaKTbl >KoHe aybICnanblfa yKcac, MaTemMaTuKalblK aHanusfe onapablH
aliblpMaLLbINbIFbl HAKTbI CAHAAP eMec, Xeke agamaap 60nbin Tabblnagpl.

n

VHoyKuna - anfblllapTTap MeH HaTKere CyMeHe OTbIpbiM, epexeHi
LbIFapaTblH CUHTETUKAbIK NaiibiMaaynap.

MHTennekt - 1) ToxipubeHi ViipeHy >kaHe apTypni >xaffalinapfa
6enimgeny 6apbicbiHga 6inimai any, ecTe cakTay >X8He MakcaTrbl Typae
e3repTy apkblibl MUAblH, npobnemanapdbl (MHTENNEKTYanablK) Luele any
Kabineri;

2) pepbec, TmiMai (gypbic, pecypcTapAblH MYMKIHAIMIHLLE a3 LIbIFbIH-
JapbIMeH) cananbl (AypbIiC, KapamaiibiM, pecypcTapablH MYMKIHAIrIHWe a3
WbIFbIHAANYbIH Tanan eTeTiH) wewimaepai (OHbIH, iWwiHAe >KaHa, OypbIH
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6enricis) ap Typni Kypgeni "MiHLETTEpAI", OHbIH, iLWiHAe XaHa, 6ypbiH 6enricis
(eH AypbICbIHAA - Ke3 KenreH MyMKiH 60naTbiH "MiHAeTTepai") Taby kabineTi.

MHTennekTyangaHfaH Xyie - Oyn LWeWiM KabblngainTbiH onepaTtop-
TynFanapablH KatbicybiMeH(LLUKK)  MiHZeTTepAi Llewly KesiHAe 3uSTKepniK
KOMJayMeH aknapatTbik-ecenTey yienepi (AEX).

WHTennekTyanabl >xylie AereHimis - onepatopabliH (wewiMm kabbin-
faywsl - LUKK) KaTbiCybIHCbI3 Macenenepgi Luewwyfe 3uATKepik Kongay
KepceTeTiH aKnapaTTbik-ecenTey xyieci (AEX).

VHTennekTyangpl aHblKTamanblk — 6y aknapaTTblk >Xyienep, OHbIH
AAPOCHI MBHAIK GiNiMHIH reHepaTopbl 60/bIN Tabbliagbl X3HE MakcaTbl Tap
TaKbIpbIN asCblHAA aHbIKTaMasnbIK MaNiMETTepAI Kypy 601bin Tabblnagpl.

MHTennekTyanabl areHT - WHTeNnekTyangbl Kabinettepi 6ap ylie
(anam, 6arpapnamva).

VHTEHCHBTI - HaKTbl KacueTTepfi KepceTe OTbIpbin, abCTpaKUMSHbIH
HEFYP/IbIM XKOFapbl AeHreli Typasbl TYCIHIK.

K

Kagp pfereHimia - 006bekTinepaiH, KyObinbICTapablH, >KaffalinapgbiH,
MPOLECTePAiH XaHe T.6. CTEpPeoTWNTIK CbIHbINTapbl Typanbl GifiMAI YCbIHY
YLUIH KQXKET eH a3 aknaparTbIK KypbUibiM.

KapanabiM TyXbIpbiMAama - Oyn  YFbIMHbIH aTayblHaH, OHbIH
KeHetoiHeH X3He MHTEHCUBTINIKTEH TypaTbIH YLITIK.

Kufawitay - 6yn isgeyai 6ackapy agici.

«KywTti XXW» - agamHblH MiHe3-Ky/KbiH (po60TTapabl) KeLipeTiH
MaLLMHanapabl Xxacay.

KeweHai TyxbipbiMaa.Ma - 6enrini 6ip epexxenepfi KongaHy apkbiibl
OyYpbIH aHbIKTaNIFaH TyKbIpbIMAAMA.

Kypama Ti3iMaep fereHimis - anemeHTTepdiH OipHewwe TypiH Konpa-
HaTbIH Ti3imaep.

n

Norvka - 1) gypbic oiinayablH HbiCaHAAPbl MeH sAicTepi Typasbl FblbIM;
2) yFbiMAapAblH, MNiKipnepaiH, akbin-oiablH >K3He 6Gacka fa abCeTpakTini
06beKTINepAiH apacbiHAarbl ambeban (Kannbl MaHAI) e3apa 6aiinaHbic Typaibl
FbI/bIM.

Jlorvkanblk GainaHbICTbIpy (MpeauKaTTapAbl ecentey) - hopmyna-
napapl Kypy YLUiH KbI3MET eTeTiH NIOrVKasblK onepaums.

Jlorvkanblik Garfapnamanay - 6y >KoFapbl AeHreiigeri Tin periHge
XOopH (ppa3 TypiHZeri OGipiHWI peTTi Mpegukat N0rvKacel KONAaHbIaTbIH
VHE(Op.MaTUKaFa apHanFaH Tacingepain 6ipi.
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Jloromaxmus - nikiptanac 6apbIiCbiHAa KaTbiCylubliap 6acTankbl YFbIM-
[apAbl HakTblnamafFaHAbIKTaH, OpTaK KesKapacka Kene aiMaiTbiH Ce3dep

Typasbl fay.

M

Manimgeme - asnencis TypakTbl NpeukaT HeMece HeNfiK emec npeamkar
(hopmacsl.

MiHZeT — MblHa1apAbl Xy3ere acblpy KeokeT 60nFaH kesfe npobnema-
NbIK dKaFfainapgblH CbiHbIGbl: 1) akmapar >kuHay; 2) >kaFfaingbl Oaranay;
3) wewwimaep Kabbingay; 4) ic-apeKeTTepAi Xy3ere acbipy.

MeTa3HaHus - 6iniM Typanbl: XKeke 06beKT Typasbl GiNiMHIH Kenemi MeH
LWbIFY Teri Typasbl, HakTbl aKMapaTTblH, CeHiMAiNiri Typanbl Hemece >eke
(haKTinepaiH canbiCTbipMasibl MaHbI3AbUIbIFbI Typasibl 6iflim.

H
HeipokomnbtoTep - 6y TabuFn HeMPOHAbLIK XXeNiHIH Kelbip hopmanbabl
MOZEeNiH icKe acblpaTblH 6aF japnamanblK-TEXHUKabIK XYe.
Heliponogo6Tel »eni — 6ip-6ipiMeH >aHe CbIpTKbl opTameH Genrifi 6ip
TYP4E KOCbITFaH Heliponofo6Thl 3NeMEHTTEPAiH XMUbIHTbIFbI.

n

ManganaHyLbl - Xyiie apHanFaH Ty/fa.

MepuenTpoH - 6yn yNriHi TaHyFa apHaIFaH KYpbIFbl.

Mpeankat - 1) 6yn TuicTi TepMWHAEPMeH 6ipre MNpeauKaTTbik aTay;
2) (Mponor TiNiHAE) MEHLIKTIH aTaybl Hemece OObeKTinep apacbliHAarbl
KaTblHacTap gonengep AoneKTiniri.

MpeankaTTblK TypakKTbl AereHiMi3 - NpeguMkaTTbl CMMATTaiTbiH KaTbl-
Hac Genrici. MpeanKaTUBTI KOHCTaHT LWbIHABLIKTBIH MaHIH e3repTreigi.

MpeankaTneTi hopma fereHiMis — TWICTi TEPMUHAEPMEH VIANeceTiH
NpeauKaTThIK TYPaKTbl.

MNpeanKaTuBTI yFbIM AereHiMi3 - Genrini 6ip aMNUpUKanblK 06BLEKTIHIH
MeHLUIri peTiHae KapacTbIpblNaThiH TYCIHIK.

MpegmKauma KaTbliHaCbl — Keinbip aMnmpuKanblK 0OLEKTIHIH, YKEKe JXaHe
MpeauKaT angblHAarbl KOHUENTINepiH TyTac abcTpakTini o6bekTire 6Gaiina-
HbICTbIPATbIH KaTbIHaC.

Mpoueaypanbik 6iniMm - akTinepai exaey npouefypanapbl TypiHAEri
anropuTMaep.

P
Pekypcusi 6a3nci - 6yn GacTankpl >aFfaingbl Hemece TOKTaTy KesiHgeri
XKaF[aikabl aHbIKTaNTbIH YCbIHbIC.
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PekypcuBTi npouesypa - 6yn pekypcusiHbl TOKTaTaTbiH LIAPT OpbIH-
Ja/FaHFa feliiH e3iH LwakbIpaTbiH NpoLeaypa.

Pekypcusi keseli — epexxe, OHbIH, KypaMblHAa MIHAETTI Typae cy6roran
peTiHAe 6enrini nNpeaukar Wakpblpybl 60nagbl.

Pecmn >kyiie - 6yn Tasa abecTpakTifni of4iCTepPAIH XMbIHTbIFbI, OHAA Tasa
CUHTaKCUCTIK WHTepnpeTaumnsfarbl ap Typni TaHOanapMeH XXYMbIC icTey
epexkenepi cemMaHTUKasblK Ma3MyH/bl eCKepyci3 bepinreH.

C

CanbICTbipy - 06beKTINepAiH YKCACTbIKTapbl MeH ailbipMallbliblKTapbiH
Genriney.

Caparnibl — Xofapbl 6iniKTi MaMaH, KapacTbIpbl/ibIn OTbIPFAH TaKbIpbIn
6olibiHIWa Taxipube anmacyfa KenicTi. [lMaiganaHywbl uHTepgeinci - InS
XYMbICbIHbIH, 6apnblk KeseHAepiHae InS naiganaHylubliapbiMeH AWanorTbl
Xy3ere acblpaTblH 6aFgapnamanap XWbIHTbIFbI.

CapanTtama >kyiieci (6inimre HerizgenreH yiie - BHXX) - HakTbl
baFfapna.Manblk  OafFbiTTaFbl  MaMaHZapfblH,  OiniMiH - dopmanbibl  Typae
XXMHaKTalTbIH 6aFaapnamasiblK KeLUeH.

Capantamanblk xyiienep (CX) (Hemece OGiNIMHIL WHXWUHUPUHT!) -
KacaHfbl  WHTENNEKT  0GaFbiThl, OHbIH  MiHAeTi  6iniM  MeH  LiblFapy
npouedypanapbiH  KOMAaHaTbiH JX8He afam capaniubliapbl  YLWIH  KviblH
Macenenepgi LeweTiH 6GafgapnaManapibl (KypbInFbinapabl) 3epTTey dkoHe
asipney 60nbin Tabblnagpl.

CapanTamanblk >XyeHiH CUHTe3 TeXHOMOrusAcChbl — 6yn MamaHAapAabiH
6iniMiHe Heri3genreH, Hawap KypbiibIMAanFaH MaHAIK cananapga Geipecmu
ecenTepai LeLeTiH Xylienep Kypy TEXHOMOMMACHI.

CemaHTUKaNbIK Xeni — 6yn WbIHAapbl YFbIMAAP, an fofanap onaphblH
apacblHAaFbl KaTbiHacTap 60/bin TabblnaTbiH 6afFbITTaNFaH rpad.

CuviHTe3 — By apTYpPAi HbiCaHAAPAbIH TyTac 6ip 06beKTIre aiHanybl.

Cypay (IMponorta) — 6yn opbiHAayFa apHanFaH Garffapnamara GepineTiH
makcartTap.

T

TakbIpbIN aimMaFbl — MICEMEHIH, WeLiMiMeH 6ainaHbICTbl WbIHABIKTBLL
6oniri.

TepeH 6iniM — TakbIPbIMTbIH, KYPbIIbIMbIH XX3HE YKEKE YFbIMAapabIH 63apa
6aiinaHbICbIH KBepCETETIH abCTpakuusanap, CypeTTep, aHanormsanap.

Tikeneii catbin any — Oyn KOMMbIOTEP/IK JKyie aknapaT Ko3i MeH
aknapart ke3i apacblHfa fenaan 60nbin TabblnaTblH TACIN.

Ti3iMHiH 6acbl - Ti3iMHIH, GipiHLWI 371EMEHTI.
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TyciHiKTeMeHIH iWKi Xyiieci - naifanaHylubiFa cypakTapfa ayan
anyfa MYMKIHGIK OepeTiH OaFfapnama: Oyn Hemece 6acka YCbIHbIC Kanaii
KaOblNgaH4bl XXaHe XKyiie Here ocbiHAal LWeLwiM Kabblngaabl?

TyXblpbiMZamanap 3MNVpuKanblK OOBLEKTINEPAIH KapanaibiM >KaHe
Kypgeni kacvettepi (aTpubyTTapbl) peTiHAe afam TyCiHyiHe KON XeTimpi
[lepeKci3 HbicaHAapAbIH MaHi 60/bIN Tabblnagbl.

TiziM — 6yN 6acka HbICaHAApLblH, aKblpFbl CaHbIH KAMTUTbIH MafiMeTTep
HbICaHbI.

Ti3iMHIH KypblbIMbl (Lisp) — 6y Ti3iM, OHbIH, 3/IEMeHTTEPI aToMaap Aa,
Ti3iMHIH 6acka KypblibiIMAapbl 4a, kapanaibiM TisiMaep ge 6ona anagp!

TepmuyH - 6y ap aybicnanbl XaHe ap6ip (hyHKUMOHaNAbl HbiCaHAa.

Ti3iMHIL KyWApbIFbl — GapnblK KeWiHri 371eMeHTTepai KOcKaHAa Ti3iMHIH
Geniri.

P

dyHKUMOHanabl TypakTbl - 6yn TepMUHAEPAiH ColKec CaHbIMeH
yiineckeHge, (YHKUMOHaNAblK (OpMaHbl KypaWTblH, CEMaHTUKa/bIK LOMEHi
JKEKe TYPaKTbliap XMbIHTbIFbl 60M1aTbIH KACbIHALI Npeaukat. Hengik gpyHKumo-
Hangbl TYPaKTbl — XXEKe TYpaKTbl

dyHKUnoHangpl hopma AereHiMis — TWICTI TEPMUHAEPMEH YIANECETIH
(hYHKUMOHaNIpb! TYPaKThbl.

DYHKUMOHaNAbl TYTaCTbIK — KKETTI HSTWDKEHI, HOTVDKEHI any yakbITbl
MeH ToCifiAepiH, HATWKeHiH XeTKinikTinirin TCheat KypangapbliH TaHzay
MYMKIHZIT.

3
3BpUCTUKA - MaMaHAAPAbIH TaXipUOeCIHEH anblHFaH GifliM.
OKCTeHUManabl - MepapxusHblH, TOMEHTi AeHreliiHiH, TyXblpbl.Maama-
NapblH HeMeCe aHbIKTa/IFaHFa KarbICTbl akTinepgi TisiMaey apKpbl/ibl aHbIKTaY.
OKBOKyauusa - 6ip ce3fi apTypni MaFblHafa KonfjaHyfa HerisfenreH
NOrUKanbIK Kate
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Decoding of abbreviations

Al - Acrtificial intelligence

AAl — Association of artificial intelligence
ANN - Artificial neural network

ANF1S - Adaptive neuro fuzzy inference system
CS - computer science

CWA - Closed world assumption

DAWG - Data access working group

DBMS - Data base management system

DK - Declarative knowledge

ES - Expert system

FNN - feedback neural network

EPAMP - Elementary Perceiving and Memorizing Program
FRL - Frame representation language

IP - Internal interpretability

IS - Information system

IJAIC  — International Joint Al Conference
HM - Hopfield model

KB - knowledge bases

KBMS - knowledge base management system
KS - Knowledge sources

LBMI - Leningrad Branch of the Mathematical Institute
MNN - multi-layer neural networks

NSS - Newell, Shaw, Simon.

PDC - Park-Distance-Control

PK - Procedural knowledge

SDM - Sample-driven module

SQL - Structured query language

SWI — Switch in

SWRL - Semantic web rule language

RAAI - Russian Association for Al

RCO - Russian context optimizer

RDF - Resource description framework
XML - extensible Markup Language

USA - United states of America

WM - working memory

WWW - World wide web
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FOREWORD

Recently, there has been an increase in interest in artificial intelligence,
caused by increased requirements for information systems. Humanity is
steadily moving towards a new information revolution, comparable in scale to
the development of the Internet.

Artificial intelligence is an area of computer science, the purpose of which
is to develop hardware and software tools that allow a non-programmer user
to set and solve his traditionally considered intellectual tasks, communicating
with computers in a limited subset of the natural language.

The history of artificial intelligence as a new scientific direction begins
in the middle of the 20th century. By this time, many prerequisites for its
inception had already been formed: among philosophers there was a long
debate about the nature of man and the process of understanding the world,
neurophysiologists and psychologists developed a number of theories regarding
the work of the human brain and thinking, economists and mathematicians
asked questions of optimal calculations and representations of knowledge about
the world in formalized form; finally, the foundation of the mathematical theory
of computation - the theory of algorithms - was born and the first computers
were created.

The purpose of this manual is to outline the main directions and methods
used in artificial intelligence, as well as to determine the possibility of their
use in various fields of human activity. This tutorial has six chapters. The first
provides a brief introduction to artificial intelligence, examines the history of
its development as a scientific direction, highlights the main areas of artificial
intelligence, examines the history of research and the main directions of
research in the field of artificial intelligence.

The second chapter is devoted to the basics of programming in the Prolog
language, the description of Prolog as a declarative language, the description
of the structure and main elements of programs in the Prolog language, the
concept of a predicate is given, the facts and rules, recursion and clipping in
the Prolog are considered. The third chapter considers probabilistic reasoning,
gives the basics of the theory of fuzzy logic, describes Bayesian networks,
the Monty Hall paradox. The fourth chapter gives the concept of a neural
network, describes the principle of constructing neural networks, considers the
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features of using neural networks, describes neural networks in recognition
problems, as well as design, training and adaptation of neural networks.
The fifth chapter discusses the theoretical and practical issues of developing
expert systems, describes algorithmic models, logical models for representing
knowledge, production models and modules driven by samples. The sixth
chapter is devoted to semantic networks. The types of semantic networks, the
types of relationships in semantic networks are considered, the facts and rules
in the semantic network are described, the problems of constructing semantic
networks are given, the concept of the semantic web is given, the principles and
the current state of the semantic web are considered.

The manual contains a large number of illustrations and tables. A glossary
is provided for the convenience of studying the material.
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INTRODUCTION

Ignacy Belda, in his work “Mind, Machines and Mathematics” wrote:
“Artificial intelligence has gradually entered our lives. Sooner or later, the day
will come when there will be machines with the same level of creativity,
sensations and emotional intelligence as a person. On the day that this happens,
we will realize that we are not alone.”

One of the most prominent features of our time is computers that have
penetrated all spheres of human activity. The steady increase in their
performance observed over the entire period of the existence of computers has
made it possible to endow the intellectual functions of even mobile devices. We
are already used to the fact that the mobile phone’s camera recognizes the scene
and adjusts focus and exposure accordingly. Many drivers can not imagine
moving around the city without a navigation system that helps to avoid traffic
jams. If 20-25 years ago, when the Internet was just beginning to conquer the
information space, in order to access the necessary resources it was necessary to
know the URL and even guides to Internet resources (“yellow pages”) were
issued, now it’s enough to type a phrase in the search system, it will give out
not only a list of links to relevant resources, but — in some cases - will
immediately give an answer to a question of interest to a user. These are all
examples of intelligent systems in action.

Currently, research in artificial intelligence has identified six main areas [1]:

1. Submission of knowledge. Within the framework of this direction,
problems associated with the formalization and presentation of knowledge in
the memory of the Al system are solved. For this, special knowledge
representation models and knowledge description languages are developed,
various types of knowledge are introduced. The problem of knowledge
representation is one of the main problems for the Al system, since the
functioning of such a system is based on knowledge about the problem area that
is stored in its memory.

2. Knowledge manipulating. To use knowledge in solving the problem, you
should teach the Al system to operate with it. In the framework of this
direction, methods are developed for replenishing knowledge based on their
incomplete descriptions, methods for reliable and plausible inference based on
existing knowledge are created, and models of reasoning based on knowledge
and imitating the features of human reasoning are proposed. The manipulation
of knowledge is very closely connected with the representation of knowledge,
and these two areas can be divided only conditionally.

3. Communication. The range of tasks in this area includes: the problem of
understanding and synthesis of coherent texts in a natural language,
understanding and synthesis of speech, the theory of communication models
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between a person and the Al system. Based on research in this direction,
methods are being developed for constructing linguistic processes, question-
answer systems, dialogue systems and other Al systems, the purpose of which
is to provide comfortable conditions for human interaction with the Al system.

4. Perception. This direction includes the development of methods for
presenting information about visual images in the knowledge base, the creation
of methods for transition from visual scenes to their textual description and
methods of reverse transition, the creation of tools for generating visual scenes
based on internal representations in Al systems.

5. Training. To develop the ability of Al systems to solve problems that they
have not encountered before, methods are being developed to formulate the
conditions of tasks to describe a problem situation or to observe it, methods of
transition from a known solution of particular problems (examples) to solving a
general problem, creating methods for decomposing the original tasks for
smaller and already known for Al systems. In this direction, Al has done very
little.

6. Behavior. Since Al systems must operate in some environment, it is
necessary to develop some behavioral procedures that would allow them to
interact adequately with the environment, other Al systems, and people. This
direction in Al is very poorly developed.

In practice, the range of capabilities of Al is almost endless: space research,
military science, robotics, industry, agriculture, transport, medicine, education,
etc.

For example, modem artificial intelligence systems are able to effectively
control robotic devices, thanks to a significantly larger number of diverse
information sensors and devices.

Robots are electrical devices designed to automate human labor.

Al methods allow you to create algorithms and hardware solutions for
robotic systems operating in extreme conditions. A distinctive feature of these
complexes will be an independent intelligent control system based on neural
networks and fuzzy logic, the creation of an intelligent control system for a
robotic system with the possibility of topographic and hardware adaptation
depending on the extreme situation. An example of the practical result of the
application of Al methods is the creation of a guard robot for working in
domestic and industrial premises with a wide range of input systems from video
surveillance to radiation monitoring and designed to ensure the safety of these
rooms. The intelligent control system of the robot automatically adapts to the
layout of the premises, provides automatic control of the movement of the robot
taking into account the layout of the protected room, conducts intelligent data
processing providing online monitoring and independently makes a control
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decision, including sending messages via the telecommunication system in
extreme situations.

Recent advances in Al can be represented by the following commercial
projects [2]:

*+ The Remote Agent program developed at NASA is used to
comprehensively control the operation of spacecraft far beyond the limits of
near-Earth orbit, including Diagnostics and troubleshooting as they arise.

+ Diagnostics. Medical diagnostic programs have managed to reach the
level ofan experienced doctor in several areas of medicine.

« Supply Planning. During the crisis in the Persian Gulf in 1991. The
DART (Dynamic Analysis and Re-planning) system was deployed in the US
Army, which provided automated delivery planning and scheduling of
transportation, covering simultaneously up to 50,000 cars, people and cargo.
The developers of this system said that this application alone paid off for their
30-year investment in artificial intelligence.

Modern advances in Al over the past decade have been represented by the
following developments:

1. IBM's Deep Blue program was the first program to defeat the world
champion in Kasparov’s chess match.

2. Alvinn’s computer vision system has been trained to drive in a lane. For
2,850 miles, the system has been driving 98% ofthe time.

3. In China, artificial intelligence has become a popular host. He reads the
news in English, and looks and sounds like a real person - Zhang Zhao, an
employee of “Cinhua” News Agency. The whole simulation was generated on
a computer: the texts ofthe announcers, facial expressions and the movement of
the lips of real people were combined. A video with a real person is loaded into
the program, and the Al, using machine learning, independently analyzes
gestures, the manner of conversation and other details in order to further
reproduce it on the air.

4. At the University of North Carolina School of Pharmacy, scientists
created Al from two neural networks. One downloads data on the structure and
properties of molecules, as well as the desired effect. The second neural
network learns from the first: assimilates this data and selects possible
solutions. Al now works with over 1.7 million molecules. This will help to
significantly speed up the process of developing new drugs, and successful
results can become the basis for creating, for example, new antibiotics.

5. Experts from the Microsoft Application and Services Group in East Asia
have created an artificial program that can “experience” emotions and talk to
people “humanly”. An Al named Xiaoice answers questions like a 17 year old
girl. 1fshe does not know the topic, she can lie. If she is caught lying, they will
get angry or embarrassed. Xiaoice can be sarcastic, suspicious and impatient -
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these qualities are well known to us all. The unpredictability of Xiaoice makes
communicating with her very similar to communicating with a person. So far,
such an Al is a something new, and the Chinese communicate with it when they
want to have fun or when it is boring. But its creator is working on improving
Xiaoice. Who knows, maybe Xiaoice will become Skynet's grandmother.

6. A group of scientists from Moscow State University, together with the
technology startup HautAl OU, created the PhotoAgeClock artificial
intelligence, which can determine a person’s chronological age in the eyes,
analysis of this particular zone. The neural network studied 8,500 photographs
of the area around the eyes and learned to determine age with an accuracy of
two years.

If the XX century was distinguished by the development of communication
tools and the popularization of computing technologies, then the XXI century,
apparently, will be the century of development of artificial intelligence and
robotics. Artificial intelligence is already able to replace a whole team of the
best lawyers, wins chess at world champions, performs an in-depth analysis of
terabytes of video materials in minutes and even learned to create even more
advanced artificial intelligence almost independently. As for robotics and
human substitution, banking institutions have long been massively reducing
cashiers, replacing them with terminals, and in the near future it is also
expected to replace guides, bartenders, waiters, cleaners and cashiers in
supermarkets.

In conclusion, it should be noted that the field of Al is increasingly gaining
momentum. It is possible that in the coming years they will launch projects that
are currently working in test mode: unmanned taxis, submarines or fighters
controlled by Al, or virtual border guards who conduct searches at airports.
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CHAPTER 1. INTRODUCTION TO ARTIFICIAL
INTELLIGENCE

1.1. The concept of artificial intelligence

Artificial intelligence (Al) is a new area of computer science, the subject of
study of which is any intellectual human activity that obeys pre-known laws.
Figuratively, this direction is called the “eldest son of computer science,” since
many of the tasks that it has not solved are gradually being solved within the
framework of artificial intelligence. It is known that the subject of computer
science is information processing. The field of Al includes such cases (tasks)
from this processing that cannot be performed using simple and accurate
algorithmic methods, and of which there are a great many.

Al relies on knowledge of the process of human thinking. At the same time,
it is not known exactly how the human brain works, however, for the
development of effectively working programs with Al elements, the knowledge
about the features of human intelligence that science has today is enough. At
mthe same time, the Al is not trying to copy exactly the work of the human brain,
but is try ing to simulate its functions using computer technology.

From the very moment of its birth, Al has been developing as an
interdisciplinary direction, interacting with computer science and cybernetics,
cognitive sciences, logic and mathematics, linguistics and psychology, biology
and medicine (Fig. 1).

Informatics and cybernetics

Softwa recreation technology

Cognitive?
linguistics
Model sofvalueesti matesof deuces
subjectivedecision making. M M
Knowledge representation
formalisms. R R
Methods of discrete Proofoftheorems, 'BIOIOgy rind
mathematics, game theoty, solving problems of medicine
thcoiy of operations .
geometry, integral calculus.

Logic and maths

hig. 1.1 - Interaction ofA! with other disciplines
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Computer science and cybernetics. Many experts came to Al from computer
science and cybernetics. Also, many combinatorial problems that cannot be
solved by traditional methods in computer science migrated to the field of Al.
In addition, the results obtained in Al are borrowed when creating software and
become part of Computer Science.

Cognitive science. Cognitive sciences are knowledge sciences. Al also deals
with knowledge. But cognitive sciences use not only information and
neurobiological approaches, but also consider the social and psycholinguistic
aspects of the use of knowledge.

Logic and mathematics. Logic is the basis of all known formalisms of
knowledge representation, as well as programming languages such as Lisp and
Prolog. To solve Al problems, methods of discrete mathematics, game theory,
and theory of operations are used. In turn, Al can be used to prove theorems,
solve problems in various fields of mathematics: geometry, integral calculus.

Psychology and Linguistics. Recently, Al experts have become interested in
the psychological aspects of human behavior in order to model it. Psychology
helps to build models of value assessments, making subjective decisions. The
psychology of communication is of interest "Human-computer”, psycholin-
guistics. Computer linguistics is a part of Al, which is based on mathematical
methods of processing natural and artificial languages, on the one hand, and on
the phenomenology of language on the other.

Biology and medicine. Biology and medicine allow you to better study and
understand the work of the brain, vision systems, hearing and other natural
sensors and give a new impetus to the modeling of their work.

There is no single definition of Al, just as there is no single definition of
natural intelligence. Among many points of view on this scientific field, three
dominate now [3]:

1. Research in the field of Al is fundamental research, within the framework
of which models and methods for solving problems that are traditionally
considered intellectual and previously unsupported by formalization and
automation are developed.

2. Al is a new field of computer science associated with new ideas for
solving computer problems, with the development of a fundamentally different
programming technology, with the transition to a computer architecture that
rejects the classical architecture, which dates back to the first computers.

3. As a result of work in the field of Al, many application systems are bom
that solve problems for which previously created systems were not suitable.

To illustrate the first approach, we can give an example with a calculator. At
the beginning of the century, arithmetic calculations with multi-valued numbers
were the destiny of a few gifted individuals, and the ability to perform such
arithmetic operations in the mind was rightfully considered a unique gift of
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nature and was the object of scientific research. Nowadays, the invention of the
calculator has made this ability available even to a third grader. The same is in
Al: it enhances the intellectual capabilities ofa person, taking on the solution of
previously unformalized tasks.

To illustrate the second approach, we can consider the story with an attempt
to create a fifth-generation computer. In the mid-80s, Japan announced the
launch of an ambitious fifth-generation computer project. The project was
based on the idea of hardware implementation of the PROLOG language.
However, the project ended in failure, although it had a strong influence on the
development and distribution of the language PROLOG as a programming
language. The reason for the failure was the hasty conclusion that one language
(let it be quite universal) can provide a unique solution for all problems. The
practice has shown that while a universal programming paradigm for solving all
problems has not been invented and is unlikely to appear. This is due to the fact
that each task is a part of the subject area, requiring careful study and a specific
approach. Attempts to create new computer architectures continue and are
associated with parallel and distributed computing, neurocomputers,
probabilistic and fuzzy processors.

The works in the field of creating expert systems (ES) can be attributed to
the third, most pragmatic direction in AL Expert systems are software systems
that replace a human specialist in narrow areas of intellectual activity that
require the use of special knowledge. The creation of ES in the field of
medicine (such as MYCIN) allows you to spread knowledge to the most remote
areas. Thus, in combination with telecommunication access, any rural doctor
can get advice from such a system, replacing him communication with a narrow
request specialist.

In the USSR, Al found its supporters almost from the moment of its
appearance. However, this discipline did not immediately receive official
recognition. Al has been criticized as a sub-branch of cybernetics, considered
"pseudoscience.” Until some point in time, the shocking name of “artificial
intelligence” also played a negative role. So, in the Presidium of the Academy
of Sciences, there was a joke that “those who lack natural” are engaged in
“artificial intelligence”. However, today Al is an officially recognized scientific
direction in Russia, the magazines "Control Systems and Machines” and "Al
News" are published, scientific conferences and seminars are held.

There is a Russian Al Association with about 200 members, the president of
which is Doctor of Technical Sciences D.A. Pospelov, and the Honorary
President is Academician G.S. Pospelov. There is the Russian Institute of
Artificial Intelligence under the Council of the President of the Russian
Federation on computer science and computer engineering. Within the RAS
there is a Scientific Council on the problem of “Artificial Intelligence”. With
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the participation of this Council, many books on the subject of Al, translations
were published. The works of D.A. Pospelov, Litvintseva and Kandrashina are
well known - in the field of knowledge representation and processing, E.V.
Popov and Khoroshevsky - in the field of natural language processing and
expert systems, Averkin and Melikhov - in the field of fuzzy logic and fuzzy
sets, Stefanyuk - in the field of learning systems, Kuznetsov, Finn and Vagin -
in the field of logic and knowledge representation.

1.2. The history ofthe development of artificial
intelligence as a scientific direction

The idea of creating an artificial likeness of the human mind to solve
complex problems and simulate mental ability has been in the air since ancient
times.

In ancient Egypt, a “living” mechanical statue of the god Amun was created.
In Homer, in the lliad, the god Hephaestus forged humanoid creatures-
automatons. In literature, this idea was played out many times: from Galatea
Pygmalion to Pinocchio Papa Carlo. However, the founder of artificial
intelligence is considered the medieval Spanish philosopher, mathematician and
poet R. Lullius (c. 1235-c. 1315), who in the XIV century tried to create a
machine for solving various problems on the basis of a universal classification
of concepts.

In the XVI1L century'. G. Leibniz (1646-1716) and R. Descartes (1596-1650)
independently developed this idea by proposing universal classification
languages for all sciences. These ideas formed the basis of theoretical
developments in the field of creating artificial intelligence (Fig. 2).

The development of artificial intelligence as a scientific direction became
possible only after the creation of computers. This happened in the 40s. XX
century At the same time, N. Wiener (1894-1964) created his fundamental work
on a new science - cybernetics.

The term artificial intelligence was proposed in 1956 at a seminar with the
same name at Stanford University (USA). The seminar was devoted to the
development of logical rather than computational problems. Soon after the
recognition of artificial intelligence as an independent branch of science, there
was a division into two main areas: neurocybemetics and cybernetics of “black
box”. And only in the present time, tendencies toward the unification of these
parts again into a single whole became noticeable.

In the USSR in 1954, at the Moscow State University, under the guidance of
Professor A.A.Lyapunov (1911-1973), the seminar "Automata and Thinking"
began its work. This seminar was attended by major physiologists, linguists.
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psychologists, and mathematicians. It is believed that it was at this time that
artificial intelligence was born in Russia. As abroad, the directions of
neurocybemetics and cybernetics of the “black box" stood out.

In 1956-1963 Intensive searches were conducted for models and algorithms
of human thinking and the development of the first programs. It turned out that
not one of the existing sciences - philosophy, psychology, linguistics - can
offer such an algorithm. Then cybernetics suggested creating its own models.
Various approaches have been created and tested.

The first research in Al related to the creation of a program for playing
chess, since it was believed that the ability to play chess is an indicator of high
intelligence. In 1954, the American scientist Newell decided to create such a
program. Shannon suggested, and Turing clarified the method of creating such
a program. The Americans Shaw and Simon, in collaboration with a group of
Dutch psychologists from Amsterdam, led by de Groot, created such a program.
Along the way, a special language IPL1 (1956) was created, intended for
manipulating information in symbolic form, which was the predecessor of the
Lisp language (MacCarthy, 1960).

However, the first program of artificial intelligence was the Logic-Theorist
program, designed to prove theorems in the propositional calculus (August 9,
1956). The program for playing chess was created in 1957 (NSS - Newell,
Shaw, Simon). Its structure and the structure of the Logic-Theorist program
formed the basis for creating the GPS-General Problem Solving program. This
program, analyzing the differences between situations and constructing goals,
solves puzzles such as the Tower of Hanoi or calculates indefinite integrals.
The EPAM program (Elementary Perceiving and Memorizing Program) is an
elementary program for perception and memorization, conceived by
Feigenbaum. In 1957, an article appeared by Chomsky, one of the founders of
computer linguistics, on transformational grammars.

At the end of the 50-s a labyrinth search model was bom. This approach
presents the task as a certain graph reflecting the state space, and in this graph a
search is made for the optimal path from the input to the resultant. A lot of
work was done to develop this model, but the idea was not widely adopted in
solving practical problems.

The beginning of the 60-s is the era of heuristic programming. Heuristics -
a rule that is theoretically unreasonable, but allows you to reduce the number of
searches in the search space. Heuristic programming - development of an action
strategy based on well-known, predefined heuristics.

In the 60s, the first programs were created that work with queries in a
natural language. The BASEBALL program (Green et al., 1961) answered
queries about the results of past baseball matches; the STUDENT program
(Bobrow, 1964) was available to solve algebraic problems formulated in
English.
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Great hopes were pinned on work in the field of machine translation, the
beginning of which is associated with the name of the national linguist
Belskaya. However, it took researchers many years to understand that automatic
translation is not an isolated problem and requires the successful
implementation of such a necessary stage as understanding.

Among the most significant results obtained by domestic scientists in the
60s, it should be noted the algorithm of M. Bongard - “Kora”, modeling the
activity ofthe human brain in pattern recognition.

In 1963-1970 methods of mathematical logic began to be connected to the
solution of problems. A new approach to formal logic, based on reducing
reasoning to contradiction, appeared in 1965. (J. Robinson). On the basis of the
method of resolutions, which made it possible to automatically prove theorems
in the presence of a set of initial axioms, the language Prolog was created in
1973.

In the USSR in 1954-1964 separate programs are created and the search for
solutions to logical problems is investigated. In Leningrad (LBMI - Leningrad
Branch of the Mathematical Institute named after V.A. Steklov) a program is
being created that automatically proves the theorems (Aliyev, LBMI). It is
based on the original reverse conclusion of S.Yu. Maslov, similar to the method
of resolutions of Robinson.

In the years 1965-1980 a new science is developing - situational
management (corresponds to the representation of knowledge in Western
terminology). The founder of this scientific school is professor D.A. Pospelov
developed special models for representing situations — representations of
knowledge.

Abroad, research in the field of Al is accompanied by the development of a
new generation of programming languages and the creation of increasingly
sophisticated programming systems (Lisp, Prolog, Plannar, QA4, Macsyma,
Refal, ATNL, TMS).

The results obtained begin to be used in robotics, when controlling robots,
fixed or mobile, operating in real three-dimensional space. This raises the
problem of creating artificial organs of perception.

Until 1968, researchers worked mainly with individual "microspaces"”, they
created systems suitable for such specific and limited application fields as
games, Euclidean geometry, integral calculus, the "world of cubes", processing
simple and short phrases with a small vocabulary . Almost all of these systems
used the same approach - the simplification of combinatorics, based on
reducing the necessary enumeration of alternatives based on common sense,
using numerical estimation functions and various heuristics. In the early 70s
there was a quantum leap in research on artificial intelligence. There are two
reasons for this [3].

142



m  Firstly. All researchers gradually realized that all previously created
programs lack the most important - in-depth knowledge in the relevant field.
The difference between an expert and an ordinary person is that the expert has
experience in this field, i.e. accumulated knowledge over the years.

m  Secondly. A specific problem arises: how to transfer this knowledge to
a program if its immediate creator does not possess this knowledge. The answer
is clear: the program itself should isolate them from the data received from the
expert.

Research to solve problems and understand the natural language has one
common problem - the representation of knowledge. By 1970 it was

created many programs based on these ideas. The first one is the DENDRAL
program. It is designed to generate structural formulas of chemical compounds
based on information from a mass spectrometer. The program was developed at
Stanford with the participation of Nobel laureate D. Lederberg. This program
gained experience in the process of its own functioning. An expert in it laid
many thousands of elementary facts presented in the form of separate rules. The
system in question was one of the first expert systems and the results of its
work are amazing. The system is currently being delivered to consumers along
'with a spectrometer.

In 1971, Terry Vinograd developed the SHRDLU system, which models a
robot manipulating cubes. You can speak in English with the robot. The system
is interested not only in the syntax of phrases, but also correctly understands
their meaning thanks to semantic and pragmatic knowledge about its “world of
cubes”.

Since the mid-80s, the commercialization of artificial intelligence has been
taking place abroad. Annual investments have been grown, industrial expert
systems are being created. Interest in self-learning systems has been grown.

In our country, in 1980-1990 active research is being carried out in the field
of knowledge representation, languages of knowledge representation, expert
systems (over 300) are being developed. At the Moscow State University, the
language REFAL is created. In 1988, the AAI - Association of Artificial
Intelligence was created. Its members are more than 300 researchers.
Association President - D.A. Pospelov. The largest centers are in Moscow, St.
Petersburg, Novosibirsk.

1.3. History of Artificial intelligence research
and basic concepts in this field

The history of artificial intelligence (Al) begins long before our era.
Avistotle was the first to try to determine the laws of “right thinking” or the
processes of irrefutable reasoning. Attempts to create mechanical calculating
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devices in the Middle Ages greatly impressed contemporaries. The most
famous machine, built in 1642 by Blaise Pascal. Pascal wrote that "an
arithmetic machine produces an effect that seems closer to thinking than any
animal action". The possibilities of the practical implementation of Al have
appeared since the creation of electronic computers. At this time, a
philosophical discussion began on the topic “Can a machine think?” The result
of this discussion was a test proposed by Alan Turing in the 50s. XX century
[4]. The test is as follows: There are two teletypes (at that time there were no
other terminal devices). One of the teletypes is connected to the machine, the
other to the apparatus, behind which the person is sitting. Several experts
alternately engage in dialogue on each of the teletypes. If most experts cannot
recognize the machine in one of the interlocutors within five minutes, the
Turing test is considered to have passed successfully. The Turing test played a
role in the development of artificial intelligence, including criticism of the test
itself. Here you can draw an analogy with aviation. Good aircraft, according to
the logic of the Turing test, should be considered those that are
indistinguishable from birds to such an extent that even birds take them for their
own.

The development of aviation began when the designers stopped copying the
birds, and started aerodynamics, materials science and the theory of strength.
Robotics became an industry after it stopped copying human anatomy.
Similarly, the subjects of artificial intelligence gained the right to life after they
stopped trying to build Al systems that think and act like people, and began to
build systems that act and think rationally, i.e. achieving the best result.

The origin of research in the field of artificial intelligence (Al) took place in
the following two directions: logical and neurocybernetic. Early research
carried out in the 50-60s (N. Wiener, Turing, McCallock, Rosenblatt, Simon,

McCarthy, Slage, Samuel, Gelerner, N. Amosov): the appearance ofthe first
developed LISP programming language for building Al systems; the
appearance in the late 60s of integrated (intelligent) robots and first expert
systems.

New boom in neurocybernetics is in the early 80s years (Hopfield model)
[5]. The advent of logical programming and PROLOG language. 5th generation
computer program. Strategic US computer initiative. Al research in the USSR
and Russia.

From the very start of process modeling research thinking (late 40s) stood
out two until recently almost independent directions:

- logical,
- neurocybernetic.

The first was based on the identification and application of intelligent
systems of various logical and empirical techniques (heuristics) that a person
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uses to solve any problems. Later with the advent of the concepts of “expert
systems” (ES) in the beginning of 80s this direction resulted in a scientific and
technological direction of computer science is “knowledge engineering”, which
is engaged in the creation of so called "Knowledge Based Systems".

With this direction is usually associated the term artificial intelligence.

The second direction - neurocybemetic - was based on the construction of
self-organizing systems consisting of many elements functionally similar to
brain neurons. This direction began with the concept of the formal neuron
McCallock-Pitts and Rosenblatt studies with various perceptron models -
system learning pattern recognition. Due to relative successes in the logical
direction of Al and low technological level in microelectronics, the
neurocybemetic trend was almost forgotten from the late 60s to the early 80s,
when new successful theoretical models (for example, “Hopfield model”) and
super-large integrated circuits appeared.

The logical direction can be considered as modeling thinking at the level of
consciousness or verbal or logical (focused) thinking [6]. Its advantages are:

the possibility ofa relatively easy understanding of the system;

ease of displaying the process of reasoning of the system on its user
interface in natural language or any formal language;

attainability of the uniqueness of the system behavior in identical
situations.

The disadvantages of the logical approach are:

the difficulty and unnaturalness of the implementation of fuzzy
characters (images);

the difficulty (or even impossibility) of implementing an adequate
behavior in the face of uncertainty (lack of knowledge, noisy data,
inaccurate goals, etc.);

the difficulty and inefficiency of parallelizing the decision process of
tasks.

Neurocybemetic direction (or neuroinformatics) can be considered as
modeling imaginative thinking and thinking on subconscious level (modeling of
intuition, creative imagination, insight). Its advantages are the absence of flaws,
inherent in the logical direction, and the disadvantages are the lack of it merits.
In addition, in the neurocybemetic direction attracts the possibility (perhaps
illusory), setting the basic very simple adaptation algorithms and structural
features of artificial neural network, get a system that adjusts to behavior as you
like complex and adequate to the task at hand. Moreover, its complexity
depends only from quantitative factors of the neural network model. One more
the advantage in the case of hardware implementation of a neural network is its
survivability, i.e. ability to maintain acceptable solution efficiency tasks in case
of failure of network elements. This is a property of neural networks.
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Achieved through redundancy. In case of software implementation structural
redundancy of neural networks allows them to work successfully in conditions
of incomplete or noisy information [7].

What is the difference between the concept of "knowledge" from the
concept of "data” or “information"? Recently, scientists have come to the
conclusion that along with matter and energy information is objectively existing

an integral .part of the material world that characterizes it orderliness
(heterogeneity) or structure. Ability of the living creatures maintain their
structure (orderliness) in a world where, probably, the desire to increase entropy
(homogeneity) prevails, due to their ability to recognize the structure of the
world and use recognition result (i.e. knowledge of the world) for purposes
survival.

Thus, knowledge is perceived by a living being (subject) information from
the outside world and, unlike “information knowledge is subjective. It depends
on the characteristics of life experience. Subject, his history of relations with
the external environment, i.e. from features of the process of learning or self-
learning. At this level abstractions knowledge is unique and the exchange of
knowledge between individuals is not can occur without loss unlike data in
which encoded information (heterogeneity), and which can be transmitted from
the transmitter lossless receiver (not considering distortion due to interference).

Knowledge is transmitted between subjects through any language
representations of knowledge, the most typical representative of which is a
natural language. By creating and using natural language, on the one hand,
human strove to formalize and unify knowledge in order to transmit it in the
same way to the huge number of people with different life experiences, and on
the other hand, tried to enable the transfer of all the wealth of personal
knowledge.

The first trend led to the emergence of various formalized special dialects of
the language in various fields of knowledge (mathematics, physics, medicine,
etc.).

The second led to the emergence of imaginative literature, at the heart of
which lies the desire by means of language to cause associations (experiences)
in the human brain, i.e. make him think and worry about the basis of knowledge
gleaned from read, and their own knowledge.

By and large, all varieties of art are aimed at this - transfer knowledge
through associations.

If we go from such a high level of abstraction (philosophical) to more down
to earth, you can compare knowledge and data in their formalized form, which
is usually done in the literature on artificial intelligence [8]. Then we can
formulate the following differences of knowledge from data:

- knowledge is more structured;
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- non-atomic elements of knowledge are not the most important in

knowledge (as in the data), as the relationship between them;

- knowledge is more self-interpretive than data, i.e. in knowledge contains

information on how to use them;

- knowledge is active in contrast to passive data, i.e. knowledge can

generate actions of a system using them.

It should be noted that there is no sharp boundary between data and
knowledge, because in the last twenty years, database management system
developers increasingly makes them look like knowledge. An example is
application of semantic networks (formalism for the representation of
knowledge) for database design, the emergence of object-oriented databases,
data stored procedures (this makes the data active to some extent), etc. Thus,
the differences of knowledge from the data listed above, with the development
of computer science tools are smoothed out.

In knowledge engineering, the following basic concepts about knowledge
are distinguished, borrowed from semiotics - the science of sign systems:

- extension knowledge — superficial or specific knowledge,

+ - intensional knowledge - deep or abstract knowledge (knowledge of
patterns),

- syntax - the structure ofthe sign system (data or knowledge),

semantics - the meaning of the sign system (knowledge), i.e. equivalent
its representation in another paradigm of knowledge representation
(internal)

pragmatics - goals associated with the sign system (for example, goals
or purpose of a sentence in a natural language - team, question,
explanation, etc.).

1.4. The main directions of research in the field
of artificial intelligence

Currently, Al is a rapidly developing and highly branched scientific field. In
computer linguistics alone, more than 40 conferences are held annually in the
world. Almost every European country, as well as the United States, Canada,
Japan, Russia, Southeast Asia, regularly holds national Al conferences. In
Russia, this event is held every two years under the auspices of the Russian
Association for Al (RAAI). In addition, the International Joint Al Conference
(JAIC) is held every' two years. More than 3 thousand periodicals publish
scientific results in this field. There is no complete and strict classification ofall
directions of Al; an attempt to classify the tasks that Al solves is presented in
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Fig. 1.2. According to the classification of D.A. Pospelov in Al, there are two
dominant approaches to research in the field of Al: neurobionic and
information.
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Supporters of the first approach set themselves the goal to artificially
reproduce the processes that take place in the human brain. This direction is at
the intersection of medicine, biology and cybernetics. At the same time, the
human brain is studied, ways of its work are revealed, technical means are
created for repeating biological structures and processes occurring in them.

Supporters of the second approach rely on studies of Intelligent Information
Systems; intellectual problem solving programs; knowledge-based systems.
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10.
11

12.

Questions for self-control

What is artificial intelligence?

What scientific areas does artificial intelligence interact with?

Describe the approaches to understanding the subject of artificial
intelligence as a scientific discipline.

Describe the current state of Al in Russia. $

Describe the "pre-computer” stage of development of artificial intel-
ligence.

Describe the development of artificial intelligence in the 70s. XX
century

Describe the development of artificial intelligence in the 80s. XX
century

Describe the main tasks of artificial intelligence.

What sections highlight in the field of artificial intelligence?

Give evidence of the possibility of modeling human thinking.

What is the reason for the transition to the problem of the influence of
intellectual tools on society?

What is the reason and how can the problem of security of artificial
intelligence systems be solved?
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CHAPTER 2. PROLOG PROGRAMMING BASICS
2.1. Prolog as a declarative language

The development of the Prolog language began in 1970 by Alan Kulmeroe
and Philippe Roussel [9]. They wanted to create a language that could draw
logical conclusions based on a given text. The name Prolog is short for
"Programming in logic". This language was developed in Marseille in 1972.
Prolog is a programming language that is based not on an algorithm, but on
predicate logic.

If a program in an algorithmic (procedural) language is a sequence of
instructions that are executed in a given order, then the program in Prolog
contains only a description of the task, and the Prolog machine searches for a
solution, guided by this description. For example, there is the logical task of
covering a chessboard with a knight's move. In any algorithmic language, the
solution of this problem requires the construction of a rather complex
algorithm.

At the Prolog, it is enough to describe the rules by which the horse walks,
after which the Prolog will independently find the solution. The flip side of
such simplicity is the resource consumption of programs. For example, in
another popular task of placing eight queens on a chessboard that do not beat
each other, the complete decision tree has 648 vertices. Obviously, finding a
solution in such a tree will take an unacceptably long time. Programming in
Prolog consists of the following steps:

+ announcements of some facts about objects and relations between
them;

+ definition of some rules about objects and relations between them;

+ wording questions about objects and the relationship between them.

2.2. Concept of predicate

The main element of the Prolog program is the predicate. From a
mathematical point of view, a predicate is a function that returns a binary value
(true or false). In Prolog, the predicate denotes the relationship between objects,
which can also be true. Consider the notion of a predicate in Prolog by the
example of the celebrity family of Pugacheva - Kirkorov, although now the
former [10]. First, we write the parent-child relationship. In the Prolog syntax,
the expression “Boris is Alla’s parent” is as follows: parent (boris, alia). Here
parent is the name of the predicate, and boris and alia are the arguments. The
arguments boris and alia are constants, so they are written in lowercase letters.
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With a capital letter in the Prolog, variables begin. The dot means the end of the
predicate, as well as the end of the sentence in natural language. We will also
record parental relationships for other family members:

parent(bedros, filipp).

parentfkristina, denis).

parent(edmuntas, kristina).

parentfvliadimir, denis).

parent(alla, kristina).

Now we give the concept of "spouse™:

spouse (filipp, alia).

spouse (vladimir, kristina).

The resulting set of predicates forms a knowledge base about the star family.
Compare with how the same data will be presented in a relational database.

Parent
Boris
Bedros
Alla
Edmuntas

Kristina

Sl
Alla

Kristina

Parents table

Spouse table

Child
Alla
Filipp
Kristina

Kristina

Deni

S2
Filipp

Vladimir

As you can see, there is a similarity at the level of data representation. But
this is where it ends. But at the level of data extraction there is a big difference.
In order to extract knowledge, a relational database needs to create a query to
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select data, for example, in SQL. Suppose we want to know who Christina's
parents are. We must write a query of the following form:
SELECT Parent FROM Parents WHERE Child = "Kristina"

In the Prologue, the request for knowledge extraction is described by the
same predicates as this knowledge is presented. If we substitute the following
predicate to the Prolog (target predicate):

parent (alia, kristina).

This target can be read as follows: is Alla the parent of Christina? By
comparing this goal with the contents of the knowledge base, Prolog will
establish that this statement is true and report it. The above SQL query (Who is
Christina's parent?) In the Prolog is as follows:

parent (X, kristina).

Here X is a variable to which the desired values should be assigned. A
variable in Prolog is an analog of a pronoun or a question word. From the above
knowledge base, Prolog will extract two answers:

X = alia
X = edmuntas

We can formulate the question as follows: Does Christina have parents?

parent (_, kristina).

The Prologue will give the answer: Yes.

A variable starting with an underscore is called an anonymous variable and
can take on any value (similar to someone). For more complex queries in
databases, you need to create views or create subqueries in SQL. In Prolog,
everything is much simpler. Let's find whose granddaughter is Christina. The
request will look like this:

parent (X, kristina), parent (Y, X).

This entry means: Find Y, the parent of X, who, in turn, is the parent of
Christina. The comma in the prologue is identical to the AND union or
conjunction. In response to such a request, Prolog will give the following
answer:

X = alia
Y = edmuntas
You can issue the following request:
parent (alia, )e

Now an anonymous variable is used as the second argument. This request
can be read as follows: Does Alla have children? The prologue will give the
answer: Yes.

Since a predicate is a binary function that can return true or false (a
statement that can also be true or false), the result of the program on Prolog is
the determination of whether the target is true or false. Assigning values to
variables, outputting results, etc. - these are just side effects.
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Thus, the program on the Prolog consists of predicates. The Prolog
program and knowledge base are synonyms. The goal is also formulated in
the form of predicates. Running a program on Prolog is a resolution of
purpose.

2.3. How does the Prolog interpreter work?

The process of finding a solution in the Prolog is to compare the target
predicate with the knowledge base predicates [10]. This process is called
unification.

Let the Prolog system be presented with the goal from the previous
subsection (we want to find whose granddaughter is Christina):

parent (X, kristina), parent (Y, X).

The prologue extracts from it the first subgoal of parent (X, kristina) and
begins to compare it with the knowledge base (to carry out unification). The
knowledge base is repeated below:

parent(boris, alia).
parentfbedros, ftlipp).
parent(edmuntas, kristina).
parent(alla, kristina).
parent(kristina, denis).

First, the first predicate and subgoal are compared:

parent (boris, alia) and parent (X kristina)

The first argument boris maps to the variable X.

It should be borne in mind that the Prolog distinguishes between the states of
the variables free and bound. If both variables are connected, then during
unification they are compared. Ifone ofthem isfree, then assignment occurs.
Reassignment of values to variables is not allowed. This significantly
distinguishes Prolog from other languages.

Thus, the variable X, which is still free, is assigned the value boris. After
that, the second arguments, alia and kristina, are unified. Since these are
constants, and alia is not equal to kristina, the unification of the predicate
parent (boris, alia) and the subgoal of parent (X. kristina) ends in failure.

Since there are several instances of the parent predicate in the knowledge
base, such a predicate is called non-derministic. Ifthere is one predicate, then it
is called deterministic. In the case of an ambiguous predicate, after a failure, a
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rollback is performed - transition to the next instance of the predicate. At the
same time, the assignment of a value to variables is also canceled, if any. Then
the predicate unification is performed.

parent (bedros, fdipp) and parent (X, kristina)

Obviously, the result of unification will be the same,failure. When you roll
back to the next predicate parent (edmuntas, kristina), the picture will be
different: X will be assigned the value edmuntas, and matching the second
arguments will also be successful, since kristina = kristina. Thus, the first
subgoal will be completed. The prolog remembers which instance of the
predicate worked and sets the rollback pointer to the next predicate:

parent(boris, alia).

parent(bedros, fdipp).

parent(edmuntas, kristina).
> parent(alla, kristina).
parentfkristina, denis).

after which it will go to the second subgoal of parent (Y, X), where X =
edmuntas, i.e. The prologue sets itselfthe following subgoal:

parent (Y, edmuntas).

In search of Edmuntas' parent. Prolog again begins to unify this predicate
from the beginning of the knowledge base, starting with parent (boris, alia). It
is easy to see that this time the search of all predicates will fail, i.e. subgoal
parent (Y, edmuntas) did not give a positive decision. In this case, the Prolog
rolls back to the previous subgoal (moves backward through the list of
subgoals) and tries to find an alternative solution for parent (X, kristina). In this
case, A'again becomes a free variable, and Prolog returns to the rollback point:

parent(boris, alia).
parentfbedros, fdipp).
parent(edmuntas, kristina).
> parent(alla, kristina).
parent(kristina, denis).

that is, to the predicate parent (alia, kristina), matching it with the subgoal of
parent (X, kristina).

Now X is assigned the value alia, the rollback pointer is set to the predicate
parent (kristina, denis), and again the next subgoal of parent (Y. X) is executed,
where X = alia. The prologue again begins to unify the subgoal of parent (Y,
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alia) with the knowledge base, starting with the first predicate. In the first
predicate, the constant boris and the free variable Y are unified. Assignment
Y = boris occurs, then the second arguments are compared. Since alia = alia,
matching succeeds. Thus, a solution was found: Kristina is Boris’s
granddaughter. Note that the failure that befell us in the search for paternal
grandfather Christina is connected only with the incompleteness of the
knowledge base.

So, the Prolog interpreter automatically searches for a solution. The
search engine is implemented using rollback afterfailure. Rollback occurs to
the next instance of an ambiguous predicate. The implementation of the
program on the Prolog (goal resolution) is to unify the goal with the
knowledge base [7].

2.4. Facts and Rules in Prolog

The above described request establishing a grandparent-grandson
relationship may be required more than once in the future. In this regard, it is
advisable to remember it for future use in other queries. In the Prolog
knowledge base you can store not only facts, but also rules, i.e. conditional
relationship. A grandparent-grandson relationship can be written as follows:

grandparent (X, Y) ifparent (X, Z). parent (Z, Y).

Read this as follows: X is the progenitor of Y, if X is the parent of Zand Z is
the parent of Y. The predicate grandparent (X, K) is called the heading of the
rule, and the expression to the right of //is the body of the rule.

Note: The synonymfor the "if* link in the rule is

Thus, as in databases, in the Prolog knowledge base in the form of facts we
store primary knowledge, and the derivatives of them are w'ritten in the form of
rules, which we refer to in the same way as facts.

Fact is what is known.

A rule is a way ofgenerating newfacts based on existing ones.

For family relationships, we can establish many rules, eliminating the need
to introduce additional facts, for example, who is a brother, nephew, etc. The
rule determining the relation of brother (sister):

sibling (X, Y): - parent (Z, X), parent (Z. Yf X<>Y.

Comparison predicate X <> Y is needed to resolve collisions like "my
father’s son, but I’'m not a brother.” The rule defining an uncle type relationship
is as follows:

uncle (X. Y): - parent (Z. Y), sibling (X, 2).

When during the resolution ofa goal the Prolog encounters not a fact, but a

rule, then at first it unifies the heading of the rule, i.e. compares related
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variables and assigns values to free variables. Ifthe arguments are successfully
unified, the Prolog substitutes the values of the arguments from the header into
the first predicate in the body of the rule and sets this predicate as a subgoal,
which it starts to unify with the knowledge base. In case of successful
resolution of this subgoal, the Prolog proceeds to the next condition of the rule.
If unification of this condition predicate results in failure, then Prolog rolls back
to the previous condition ofthe rule.

This rollback occurs only if this previous predicate is ambiguous. Let us
illustrate this with an example. We set ourselves the goal of finding out who is
the progenitor of Christina:

grandparent (Who. kristina).
Having received such a goal, Prolog begins to unify it with the rule:
grandparent (X, Y): - parent (X, Z), parent (Z. Y).

The variable Who in the target predicate is a free variable and its unification
with the X variable in the rule header will always be successful. It should be
noted that in Prolog all variables are local, i.e. exists only inside the rule. We
could use X instead of Who, and these would be different variables that would
be unified in exactly the same way. If you need to create global variables, use
dynamic facts that are created by the assert predicate and destroyed by the
retract or retractall predicate.

Then the constant kristina is unified with the variable Y. Since the variables
in the rule header are always free first, the assignment is made: Y = kristina.
Since the unification of the rule heading was successful, the Prolog delves into
the body of the rule and sets the first predicate of the rule body as a sub-goal,
substituting the variables ifthey are related:

parent (X, 2).

The variables X and Z are free, so the unification of this subgoal with the

first predicate parent from the knowledge base will be successful:
X = boris. Z = alia

After that, the Prolog proceeds to the second predicate in the rule,

substituting the values of A'and Y:
parent (alia, kristina).

The resolution of this subgoal gives the truth, and the values of the variables

assigned during unification are returned by the Prolog
Who = X~ boris.

Thus, during the resolution of the main goal, the Prolog independently sets
its own goals, guided by the rules in the knowledge base.

Consider another example:

grandparent (Who, denis).

Similar to the previous example, Prolog unifies the grandparent (X, Y) rule

header and assigns the value Y = denis. Going deeper into the body of the rule,
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the Prolog forms the subgoal of parent (X, Z). This subgoal returns, as in the
previous example,
X = boris, Z - alia

The prolog proceeds to the second predicate of the rule, substituting the

values of the variables in parent (Z, T):
parent (alia, denis).

Trying to unify this subgoal, Prolog maps the variables (alia, denis) to the
first instance of the parent predicate, fails, rolls back to the next instance, and so
on. Since the fact of parent (alia, denis) is not in the knowledge base, the
resolution of this subgoal is unsuccessful. Therefore, the unification of the first
predicate of the rule with the values X= boris. Z = alia is incorrect. Therefore,
the Prolog performs a rollback to the previous condition ofthe rule and tries
to find another solution for the subgoal parent (X, Z). In this case, the
assignment of variables is canceled (X = boris, Z = alia). Variables X and Z
become free again. Note that rollback here is possible only on an ambiguous
predicate. If in the chain of predicates inside the rule there are both
unambiguous and ambiguous predicates, then rollback after failure is performed
. to the nearest ambiguous predicate. At the first unification of this predicate,
Prolog set a rollback pointer to the following instance of parent:

parent (boris, alia).
> parentfbedros, ftlipp).

parentfedmuntas, kristina).
parent(alla, kristina).

parent(kristina, denis).

When rolling back, the Prolog proceeds to unify this fact and sets the
rollback pointer to the third instance:

parent (boris, alia).

parent (bedros, ftlipp).

> parent (edmuntas, kristina).

parent (alia, kristina).

parent (kristina, denis).

After unifying the second predicate parent with the subgoal parent (X, Z).
the Prolog will assign values to the variables:
X - bedros, Z =filipp
and again goes to the second predicate parent (Z, Y):
parent (bedros. denis).
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Obviously, the resolution of this subgoal also fails. The prolog again rolls
back to the previous predicate of the rule and to the third instance of the fact
parent. Only the unification of the fourth fact will be successful:

parent (alia, kristina),
whereby we get
Who = X= alia.

This is how the Prolog interpreter works if there are rules in the knowledge
base.

Thus, Fflcf is knowledge based on constants (immutable knowledge). Rules
are knowledge that is derivedfromfacts.

The set offacts and rules does not contain an algorithm.

Rules andfacts exist independently ofeach other.

The combination of rules for the conclusion of the result occurs during
the resolution ofthe goal. Variables in the rule header exist only within this
rule.

When rolling back inside a rule, it goes to the previous ambiguous
predicate in the rule.

2.5. Recursions in Prolog

If we are interested in whether A' is the ancestor of  then we should set
goals in sequence:

parent (X, Y).

grandparent (X, Y).
grandgrandparent (X, Y).
grandgrandgrandparent (X, Y).
and so on, where:
grandgrandparent (X, Y): - parent (X, Z), grandparent (Z, Y).
grandgrandgrandparent (X, Y): -parent (X, Z), grandgrandparent (Z, ).

Instead, the Prolog allows you to write this rule as follows:

predecessor (X, Y): -parent (X, Y).
predecessor (X, Y): - parent (X, Z). predecessor (Z, Y).

This is where the recursive call of the predicate predecessor takes place.
Recursion in Prolog is a powerful tool for building very compact and efficient
programs.

Consider using recursion as an example of calculating factorial.

nt=n (n-1)1(n-2) m... 1 |

Recursive definition of factorial: 0. = I; nl = n+ (n-1)! A prolog program

that implements factorial calculation will look like this:
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rollback):
CALL

FAIL
REDO

CALL
FAIL
REDO

CALL
FAIL
REDO

CALL
RETURN

RETURN
RETURN

RETURN

f(N,F)NI=N-1f(NI,FI), F=F1N.

Please, note that the program, in essence, consists of nothing more than a
recursive mathematical description of the factorial function given above. Run
the program in trace mode and set the target / (3, X). The prologue begins to
match the target predicate with the knowledge base (CALL means calling the
predicate, RETURN - shutting down the predicate, FAIL - failure, REDO -

(3, X)

(3, X)
N= 3,

N1 =2
f(2, X)
f(2, X)

f(2, X),
N=2,

NI =1
f(1. X)
£(1.X)
f(1. X)
N= 1

N1=0

the target maps to/(0, /)

failure because 3/0

Rolls back to the next instance of ()

We enter the body ofthe rule. Assign N =3
Find NJ = 2

The prologue sets a subgoal for itself
which maps tof(0,1)

failure because 2+0

Rolls back to the next instance of /()

Again we enter the body of the rule.

Assign N= 2

Find N1 = 1. This is another N1

The prologue sets a subgoal for itself///, X)
which maps to/(0,1)

failure because | /0

Rolls back to the next instance of /()

Again we enter the body of the rule.

Assign N =1

Find N1 = 0.

The prologue sets a subgoal for itself//#, X)
which maps to/(0,1)

Successful. Return from lower recursion level

Multiplication | by ! (factorial from 1)
Return from the next recursion level
Multiplication 2 by ! (factorial from 2)
Return from the next recursion level
Multiplication 3 by 2 (factorial of3)
Return from program

You may notice that the logic of the factorial calculation program depends
on the location in the text of the predicate that determines the way out of
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recursion. Unification is performed in the order ofthe predicates in the program
text, and if the predicate/(0,1) is put at the end, exit from the recursion will be
impossible. Thus, the declarative nature of the Prolog is not absolute for the
convenience of its use. A variant of the program in which predicates can be
arranged in any order is presented below:

f(N, F): - N> 0, N1 = N-L. f(NI, FI), F= FI IN.

f(0.2).

We also note that in this recursive predicate there are actions in the body
ofthe rule after the recursive call. This is called tail recursion.

The violation of tail recursion, also called non-tail recursion, requires
remembering the entire environment of the recursive call (and not just the
result), therefore, it leads to large memory costs. There are techniques for
eliminating non-tail recursions [10].

The following is an example of calculating factorial without non-tailing
recursion.

f(NI, N, FI, F): - % ifNI! = FI, thenN! = F
N2=N1+ /.

F2 = FI * N2, % (N1 + 1)! = F2

(N2, N. F2, F). % ifN2! = F2, then NI = F

f(N, N. F, F). % Conditionfor exiting recursion

The goal to calculate 3! is as follows: /(0,3,1, F).

Recursion in the Prolog is not always used to perform multiple repetitive
actions. Let us recall the knowledge base of the “star” family, in which there is
a predicate describing marital relations, in particular, spouse (filipp, alia).
Marital relations, unlike parental relations, are symmetrical. Philip is husband
of Alla, just as Alla is the wife of Philip. Moreover, in the predicate, the
position of the arguments is fixed. In other words, if the fact in the knowledge
base is written as follows: spouse (filipp, alia), and the target predicate is:
spouse (alia, filipp). then the result will be negative. In order to show Prolog
that this predicate is symmetric with respect to arguments, we can apply the
rule:

spouse(X, Y)spouse(Y.X).

As an example, consider a known collision. Two families lived in the
village: a mother with a daughter and a father with a son. Let’s give them
names. Let the mother and daughter be called Maria and Dasha, and father and
son Oleg and Sergey, respectively. The first letters of the names will tell us who
is who, otherwise we will get confused. In the knowledge base, these facts will
be reflected in the following form:

parent (oleg. sergei).
parent (maria, dasha).
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Due to the vicissitudes of fate, Oleg married Dasha, and Maria married
Sergei:
spouse (oleg. dasha).
spouse (sergei, maria).
To symmetry marital relations, we introduce the rule:
spouse (X, Y): - spouse (Y, X).

The manners in the village are simple, therefore, the father’s wife should be
called mom, and mother’s husband - father. The rules for this will be as
follows:

parent (X, Y): - spouse (X, Z), parent (Z, Y).

Let's try to find a grandson, Sergei. We set a goal

grandparent (sergei, Who).

The prolog finds the grandparent (X Y) rule: - parent (X, Z), parent (Z, Y)
and sets a subgoal from the first predicate in the body of this rule:

parent (sergei, Z).
Sergei has no children, so Prolog refers to the rule parent (X, Y): - spouse
(X, Z), parent (Z, Y) and sets a goal
spouse (sergei, Z).
The prologue gives the result Z= maria. Second parent rule predicate
parent (maria, Y).

The value Y = dasha is returned. That is, Sergei as the husband of Mary is
considered the father of Dasha. Now the Prolog proceeds to the second
predicate in the grandfather rule:

parent (dasha, Y).

Dasha also has no children, so Prolog refers to the rule parent (X, Y): -

spouse (X, Z), parent (Z, Y) and first tries to find a wife for Dasha:
spouse (dasha, Z).

Result: Z = oleg. The second predicate of this rule parent (oleg, Y) will give
Y= sergei. That is, Sergei has a grandson to himselfl The knowledge base we
created faithfully reflects this collision.

2.6. Clipping in Prolog

From all of the above, we can make a fair conclusion that the Prolog
interpreter, fulfilling the goal resolution, always makes a complete walk around
the decision tree. The descent down the tree corresponds to a deepening in the
body of the rule, returning up and moving to the next branch - rollback after
failure. Consider the concept of clipping on a specific example [10].

Let us invited to the village. At the same time, they usually give detailed
instructions on how to drive and fmd a specific house. For example, the
instruction we received is as follows:
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1. Enter the village ofVVasino (and maybe Vanino, it is written illegibly).
2. Turn right.
3. Get to the well.
4. The desired house of red brick - the first from the well on the right side.
We write the rule for finding a house (“dacha”) with the Prolog predicates:
dachal (X): -

enter_yillage (X),

_a_house.
ftnd_a_house: - turn_right,

meet_mine

see_a_red_brick house.
enter_yillage (vasino).
enter_village (vanino).

We begin the search (Fig. 2.1).

Fig. 2.1 — Illlustration ofclipping in Prolog

We drive into the village and turn right (arrow 1). We drive to the end of the
village and do not find a well. We carry out the rollback, that is, we return to
the highway and go to the next turn to the right (arrow 2), we reach the well and
see that the nearest house is made of white brick. We go to the end of the street
and see that there are no more wells (arrow 3). We roll back onto the highway
and go to the next turn (arrow 4), drive through the entire street and roil back,
since there are no wells here (arrow 5). From this we conclude that the name of
the village we read incorrectly, and the house should be in the next village. In
the village of Vanino, then we repeat all over again.
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Clipping reduces the number of run branches of the decision tree. If the
owner of the house (“dacha”) gives us important additional information that
there is only one well in each village (and ifthe post office or the police are set
as a guide, we can guess for ourselves that they can be in the village in only one
instance), we won’t perform the actions indicated by arrows 3 and 4, and we
immediately understand that we’ve got into the wrong village.

Clipping is a predicate that is indicated by an exclamation mark and is
inserted into the rule. Clipping occurs after the Prolog passes through it.
Clipping destroys the rollback indicators established during the unification of
this rule, i.e., makes the previous predicates ofthis rule unambiguous.

If we want to indicate in the house search program that the well is the only
one in the village, we must cut off after the well found:

dacha2(X)
enter_yillage(X),
find_house.
find_a_houseturn_right,
meetjnine, |,
see_a_red_brick_house.
enter_village(vasino).
enter_yillage(vanino).

As soon as the Prolog reaches clipping, the entire predicate find_house
becomes unambiguous, therefore, further failure in the predicate
see_a_red_brick_house will result in the predicatefind_house also failing. If at
the same time the predicate enter_village is ambiguous (as shown in the
program), then we have a chance to find a house in another village, since
clipping in the rule find_house does not affect the properties of the predicate
dacha and the rollback pointers set in it.

If the predicate enter_village is unique, then we will have to return home.
We did not find a house. If the house near the well is still made of red brick,
then the presence of clipping will not affect the search result. Thus, clipping
should always be included in the program on Prolog whenever we know for
sure that the solution is either unique or does not exist.

Note. Ifthe house search program looks like this:

dacha3(X)

enter_yillage(X),
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turn_right,

meet_mine, !,

see_a_red_brick house.
enter_yillage(vasino).
enter_village(vanino).

then clipping inserted at the specified location will result in all previous
predicates in the rule dacha becoming unambiguous, including enter_village. In
other words, we will be prohibited from looking for a house in the next village.

2.7. Prolog Lists

All the variables that we worked with earlier were scalars. Now consider the
data aggregates in the Prolog. One of them is a list. A list is an ordered
sequence of elements of the same type. List items are enclosed in square
brackets and separated by commas:

[123 46 7 8] integer

[mon.tue, wed, thu.fri, sat, sun] - symbol

["lvanov "/'Petrov ""]- string

[1.5, 2.22, 0.001, OJ- real

empty list
Lists are declared as follows:
domains

sym = symbol * % list ofsymbol values
intlist - integer * % integer list
realist = real * % list ofreal numbers

The only operation allowed on the list is clipping the head from the
tail, and this operation can only be "placed" in the predicate arguments. Let's
write some useful predicates for working with lists. In particular, how to
determine whether a variable is a list item? We will break the list into the head
and tail. The desired value is either in the head of the list or in the tail:

member (H, [H\ _1).
member (X, [H\T]) member (X, T).
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Using the above technique, you can search not only for one element, but also
for more (for example, a pair of consecutive values in the list)
TeTh2(H1. H2, [HI, H2\_]).
memb2(HI, H2, [H\T]) memb2(HI, H2, T)

To include a value in the list (it’s easiest to think of), you can make the
following rule: incl (H, T, [H\ 7]).

To exclude a value from the list is somewhat more difficult:

excl (H, [HI T], T). % exclude from the head

excl (X, [H, T], [HI TT]): - excl (X, T, TT). % exclude from the tail
The following are other examples of list predicates:

1. The program for displaying list items one at a time:

print_list ([]). % output from recursion
print_list ([HI T]): - write (H. % list head and space output
o primjist (T). % tail output

Ifyou set a goal
printlist ([*1,” "remember.
then the result will be as follows:
| remember wonderful moment
2. The same program, but listing in the reverse order.

wonderful,” "moment"]).

print-inverse ([]). % exit from recursion
print_inverse (JH| T]): - print_inverse (T), % tail output

write (H, “"). % output of list head and space
Goal:

write inverse ([“l,” “remember,” “wonderful,” “moment™]).
Result:
moment wonderful remember |
3. A program that calculates the sum ofthe elements of a list:
sum ([], 0). % exit from recursion,
sum ([HI T], S): - sum (T, SI), % Sl - the sum of the elements in
the tail the list
S=Si + H%S - it remains to add only the head to the sum
Goal:
sum ([1,2,3,4,5,6], S), write (“Sum =", S).
Result:  Sum - 21
4. A program that counts the number of list items:
count ([], 0) . % exit from recursion,
count ([HI T], S): - count (T, SI), % Sl - element counter
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at the tail of the list

S=S/ + 1. % S - it remains to add one to the sum
Goal:
count ([1,2,3,4,5,6], S), write ("Number =", S).
Result: Number = 6

2.8. Example: Solving the logical problem
of a wolf, goat and cabbage

Consider the well-known logical problem of the wolf, goat and cabbage

[10]. The farmer must transport the wolf, goat and cabbage to the other side of

the

river. The carrying capacity ofthe boat is such that at one time you can take

something on board: either a wolf, or a goat, or cabbage. In the presence of an

old
the

man, nobody eats anyone. If he goes away, the wolf will eat the goat, and
goat will eat cabbage.
To solve this problem, we organize two lists. One list will reflect the

contents of the left bank, the second - the right. Initially, all are on the left bank.
The list of the left bank: [wolf, goat, cabbage], the list of the right bank is
empty: []. Define predicates describing the problem.

stuff (wolf). % transfer of cargo

the
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stuff(goat).

stuff(cabbage).

/ * conflict conditions * /

conflict (X): - member (wolf, X), member (goat. X).
conflict (X); - member (goat, X), member (cabbage, X).
| * Predicates describing boat movements:

From the left bank to the right * |

go_right ([], J. % termination condition (left bank list is empty)
go_right (L, R): -

stuff(X), % select the cargo,
member (X. L), % which is on the left bank
excl (X, L, LL), % exclude from the list ofthe left bank
not (conflict (LL)), % on the left bank there is no conflict
incl (X, R, RR), % include in the list of right bank
write (LL, "-".X. R), % display a message
gojeft (LL. RR). % row back

/ * Movement to the left is possible in two versions. If no conflict arises on
right bank, then the farmer travels alone * |
gojeft (L, R): - not (conflict (R)),



write (L, "<------ ", R), % display a message

go_right (L, R). % call the predicate move right

/ * Ifa conflict arises on the right bank, someone needs to be taken back.
This is the only clue we tell the program. The rest of the Prolog will look for a
solution on its own * /

go_left (L, R): -

stuff(X), % select the cargo,
member (X, R). % which is on the right bank
excl (X. R. RR), % exclude from the list of right bank
not (conflict (RR)), % on the right bank there is no conflict
incl (X, L, LL). % include in the list ofthe left bank
write (L, "<-".X. RR). % display a message
go_right (LL, RR). % row back

The goal challenge should be as follows:
g°_right ([wolf, goat, cabbage], []).

If you run this program, you will quickly find that on the first trip the old
man will take a goat to the right bank. The second trip - the wolf. You can’t
leave a wolf with a goat on the right bank, so he will take the first cargo that
comes in back, which will be the wolf. And so it will carry him endlessly.

The disadvantage of this program is that the farmer does not remember who
he just brought. To strengthen his memory, add the name of the last transported
cargo to the predicates go_left and go_right. The final version ofthe program is
as follows (the changes are shown in bold):

/ * The task of the wolf, goat and cabbage * /

domains % section is required for the PDC Prolog. Is not needed in
SWI-Prolog

stuff- wolf; goat; cabbage; nil % create your data type (nil - empty)

list = stuff* % data type list

predicates % section is required for the PDC Prolog.

Is not needed in SWI-Prolog
member (stuff, list)
incl (stuff, list, list)
excl (stuff list, list)
conflict (list)
go_right (list, list, stuff)
gojeft (list, list, stuff)
clauses

stufffwolf).
stufffgoat).
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stuff(cabbage).

member (H, [H| _]).

member (X, [H\ T]) :- member (X, T).

incl (H, T, [HI TJ).

excl (H, [H\ T], T).

excl (X, [H,T], [HI TT]D»excl (X, T, TT).
conflict(X): - memberfwolf X), member(goat, X).
conflict(X); - memberfgoat, X), memberfcabbage, X).
go_right(L, R.Last)

% select the cargo,

X O Last, % but not the one that was just transported
member (X, L), % which is on the left bank
excl (X, L, LL). % exclude from the list ofthe left bank
not (conflict (LL)), % there is no conflict on the left bank
incl (X. R, RR). % include in the list of right bank
write (LL, "-"X, R), % display a message
gojeft (LL, RR, X). % row back

I * If there is no conflict on the right bank, then one goes * /
go_left (L, R. Last): - not (conflict (R)),
write (L, "<------ ", R), % display a message

go_right (L, R, nil). call the predicate move right
% nil means they didn’t carry anything

/ * Ifthere is a conflict on the right bank, you need to take someone back,
but not the one you just brought * /

go_left (L, R, Last): -

stuff(X), % select the cargo,

X O Last, % is not the one that was just transported
member (X, R), % which is on the right bank
excl (X, R, RR), % exclude from the list of right bank
not (conflict (RR)), % on the right bank no conflict
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incl (X. L, LL), % include in the list ofthe left bank

write (L, X, RR). % display a message
go_right (LL. RR. X). % row back and remember that we drove X
goal

go_right (([wolf, goat, cabbage], [], nil).
| * End of program * /

Questions for self-control

By whom and when did the development ofthe Prolog language begin?

What does the programming language Prolog mean?

What is knowledge? What types of knowledge distinguish?

Give a classification of knowledge.

What is the main element ofthe Prolog program?

Explain the concept of a predicate, give examples.

What is logic as a science? Give an object definition of logic?

What is a concept, scope of a concept and addition to the scope of a

concept?

What distinguish types of concepts?

10. Describe the essence of the basic techniques for understanding
concepts.

11. What is the purpose of dividing the concept? What are the rules of
logical division?

12.  Give examples of complex judgments.

13. What is the conclusion?

14. List the basic laws of logic.

15. What is a logical conclusion? Give an example.

PN WDN

©
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CHAPTER 3. PROBABILISTIC REASONING
3.1. Fundamentals of the theory of fuzzy logic

Fuzzy logic is a branch of mathematics that is a generalization of classical
logic and set theory, based on the concept of a fuzzy set, first introduced by
Lotfie Zadeh in 1965 as an object with a function of membership of an element
in a set, taking any values in the interval [0, 1], and not just 0 or ! [12]. Based
on this concept, various logical operations on fuzzy sets are introduced and the
concept of a linguistic variable is formulated, the values of which are fuzzy
sets.

The subject of fuzzy logic is the study of reasoning under conditions of
fuzziness, similar to reasoning in the usual sense, and their application in
computer systems.

Currently, there are at least two main areas of scientific research in the field
of fuzzy logic:

+ fuzzy logic in the broad sense (theory of approximate calculations);

« fuzzy logic in the narrow sense (symbolic fuzzy logic).

Symbolic Fuzzy Logic

Symbolic fuzzy logic is based on the concept of t-norm. After choosing a
certain t-norm (and it can be introduced in several different ways), it becomes
possible to determine the basic operations on propositional variables:
conjunction, disjunction, implication, negation, and others.

It is easy to prove the theorem that the distributivity present in classical logic
is satisfied only when Godel's t-norm is chosen as the t-norm [12].

In addition, for certain reasons, as an implication, the most commonly
chosen operation is called residium (it, generally speaking, also depends on the
choice ofthe t-norm).

The definition of the basic operations listed above leads to a formal
definition of basic fuzzy logic, which has much in common with classical
Boolean-valued logic (more precisely, with the calculus of propositions).

There are three main basic fuzzy logics: Lukasevich’s logic, Godel’s logic
and product logic. Interestingly, the union of any two of the three logics listed
above leads to the classical Boolean valued logic.

Synthesis of continuous logicfunctions given in a table

Zade’s fuzzy logic function always takes the value of one of its arguments or
its negation. Thus, the function of fuzzy logic can be set by a selection table,
which lists all the options for ordering arguments and negatives, and for each
option function value is indicated. For example, a row ofa table of a function of
two arguments may have the following form:
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1) x, <X2< X2 <X1:X2  2)X2X2X1 Y)y(x) = 6,

However, an arbitrary selection table does not always specify a fuzzy logic
function. In [12], a criterion was formulated that made it possible to establish
whether the function specified by the selection table is a function of fuzzy logic
and a simple synthesis algorithm was proposed based on the introduced
concepts of the constituents of the minimum and maximum. The function of
fuzzy logic is a disjunction of the constituent of the minimum, where the
constituent of the maximum is the conjunction of the variables of the current
region greater than or equal to the value of the function in this area (to the right
of the value of the function in the inequality, including the value of the
function). For example, for the specified row of the table, the constituent

minimum has the formx, X2Xi.

Theory ofapproximate computing

The basic concept of fuzzy logic in the broad sense is a fuzzy set defined
using the generalized concept of a characteristic function. Then the concepts of
union, intersection, and complementation of sets are introduced (through the
characteristic function; it can be defined in various ways), the concept of a
fuzzy relationship, and also one of the most important concepts - the concept of
a linguistic variable.

Generally speaking, even such a minimal set of definitions allows the use of
fuzzy logic in some applications, but for the majority it is also necessary to
specify an inference rule (and an implication operator).

Fuzzy logic and neural networks

Since fuzzy sets are described by membership functions, and t-norms and k-
nonns by ordinary mathematical operations, fuzzy logical reasoning can be
imagined in the fonn of a neural network. For this, membership functions must
be interpreted as functions of activation of neurons, signal transmission as
connections, and logical t-norms and k-norms, as special types of neurons that
perform mathematical corresponding operations. There is a wide variety ofsuch
neuro-fuzzy networks. For example, ANF1S (Adaptive Neuro fuzzy Inference
System) is an adaptive neuro-fuzzy inference system [13].

It can be described in the universal form of approximators as:

el
in addition, some types of neural networks, such as radial basis networks
(R.BF), multilayer perceptrons (MLP), and also wavelets and splines can also be
described by this formula.
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Fuzzy logic in computer science

Fuzzy logic is a set of fuzzy rules in which radical ideas, intuitive guesses,
and also the experience of specialists accumulated in the corresponding field
can be used to achieve the set goal. Fuzzy logic is characterized by a lack of
strict standards. Most often it is used in expert systems, neural networks and
artificial intelligence systems. Instead of the traditional values of True and
False, fuzzy logic uses a wider range of meanings, among which are Truth,
False, Maybe, Sometimes, | don’t remember (Yes, Why, No, | haven’t
decided yet, | won’t say ...). Fuzzy logic is simply irreplaceable in those cases
when there is no clear answer to the question (yes or no; “0” or ““1”) or all
possible situations are unknown in advance. For example, in fuzzy logic, a
statement of the form “X is a large number” is interpreted as having an
inaccurate meaning, characterized by some fuzzy set. “Artificial intelligence
and neural networks are an attempt to simulate human behavior on a computer.
And since people rarely see the world around them in black and white, the need
arises to use fuzzy logic.”

The rules for calculating the reliability of complex statements T are as
follows:

T(A AB) =min(T(A), T(B))

T(AV B) = max(T(A), T(B))
TC-A)=1-T(A)

3.2. Bayesian Networks

Consider a simple example close to all students. To pass (Pass) the exam,
you need to prepare for it (Study) or use the cheat sheet (Cheat). Thus, there are
3 Boolean variables. We would like to know the probability of passing the
exam.

In those cases where the probabilities of elementary (atomic) events
are known, one can use the probabilistic inference method based on the
complete joint distribution, which is described by a 2x2x2 table [14].

Study “mStudy
Cheat “’Cheat Cheat -"Cheat
Pass 0,15 0,4 0,04 0,06
-'Pass 0,01 0,04 0,05 0,25

The sum of all the probabilities is equal to one. In each cell, the probability
of an elementary' event. This probability is the result, i.e. takes into account all
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the factors. So, the probability of successful passing the exam 0.4 takes into
account the probability of preparing for the exam and the likelihood that the
student did not use the cheat sheet.

The probabilities of complex events are easily calculated by summing the
corresponding rows or columns of the table. The probability of preparing for
the exam is equal to the sum of the cells in the left half of the table and
corresponds to the events (taught, did not use the cheat sheet and passed;
taught, used and passed; taught, used and did not pass; studied, did not use and
did not pass):

P(Study) = 0,15 + 0,4 + 0,01+ 0,04 = 0,6

The probability of using a cheat sheet is equal to the sum of the first and
third columns:
P(Cheat) = 0,15 + 0,01 + 0,04 + 0,05 = 0,25

The probability of passing the exam is equal to the sum of the cells of the
first row (taught, used and passed; taught, not used and passed; did not learn,
used and passed; did not learn, did not use and passed):

P(Pass) = 0,15 + 0,4 + 0,04 + 0,06 = 0,65

The method of probabilistic inference based on complete joint distribution is
rather a good illustration of the principle of probability formation than a
practical tool, since the probabilities of elementary events are not always
known. Often make assumptions about the equal probability ofthese events.

You can usually evaluate the probabilities of the truth of individual
variables. Let P (Study) = 0.6 (in 40% of cases there will be more important
matters than preparing for the exam), and

P (Cheat) = 0.25 (one out of four chance to use a cheat sheet).

These probabilities are called a priori or unconditional. They represent a
degree of confidence in the truth ofthe statement in the absence of other data.

At first glance, the probability of passing the exam is 0.6 + 0.25 = 0.85. In
fact, everything is more complicated. Study and Cheat events may overlap, i.e.
occur together. You can learn the material and use a cheat sheet for insurance.
You can also learn everything, but not pass (the professor found fault). You can
pass without preparation and cheat sheets (just lucky).

To find the desired probability, you must have conditional probabilities, for
example, P (Pass | Study) - the probability of passing the exam, provided that
you are fully prepared.

In general, the probability ofevent A is:

P(A) = £ P(A|B,) P(B,) (3.1)

where P (B,) is the a priori probability' of the B, event, P (A | B,) is the
conditional probability of event A provided that the Bi event is true.
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Conditional probability links dependent events. If we introduce the fourth
variable — sunny weather (Sunny), then we must specify conditional
probabilities of type P (A | Sunny). In real situations, we may be faced with the
fact that the dimension of the problem will be prohibitively large because of
this.

To solve this problem, Bayesian networks are used, which make it possible
to establish the dependence of variables and simplify the calculation ofthe total
joint distribution. Below is a Bayesian network, considered as the example:

Note that in our model, the variables Study and Cheat are
independent. Another model is possible when using the cheat sheet is due to the
lack of preparation for the exam. It will be considered later.

Each vertex of the network corresponds to a random variable. The vertices
are connected by directed ribs. If the arrow is directed from A to B, then A is
called the parent vertex of B. Each vertex X, is characterized by a conditional
probability distribution P (X, | Parents (X,)), which quantifies the influence of
its parent vertices on the vertex. In our example, we consider the following
conditional probabilities known: the probability of passing the exam, on
condition to the preparation and using cheat sheets, is equal to one; when
preparing and not using the cheat sheet - 0.889; on condition to using the cheat
sheet without preparing for the exam - 0.4; and the probability of passing the
exam without preparation and a cheat sheet is 0.2 (just lucky).The main gain
when using Bayesian networks is that the probability of any state is only based
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on the parent (nearest) vertices, and not all the vertices on which this vertex
depends:
P (X, I Xi-1, X,.2,2<,) =P (X, | Parents (X,)) (3.2)

In our example, we have the vertex Study, which in fact can be the end
result of related events: the student attended lectures, had a compendium, he
had access to a computer, he had time, etc. As a result of these events, we have
the fact of preparing for the exam. The event of using the cheat sheet is also the
result of a number of events, the probabilities of which must be disposed of: the
availability of time, technical equipment, appropriate clothing for the secret use
ofthe cheat sheet. To calculate the total joint distribution, you need to know all
the conditional probabilities, for example, the probability of having a radio
transmitter if you attend lectures. To calculate the probability of passing the
exam, we only need to know the probabilities P (Study) and P (Cheat).

The rule above is called a chain rule. Following this rule, it is simple
enough to calculate the probabilities of events, progressively moving in the
direction of the arrows. In this example, we can calculate the probability of
passing the exam:

P(Pass) = P(Pass | Study, Cheat) * P(Study) * P(Cheat) +

- P(Pass | Study, -'Cheat) *P(Study) * P(-Cheat) +
+ P(Pass | -Study, Cheat) * P(-Study) * P(Cheat) +
+P(Pass | -mStudy, -'Cheat) * P(-Study) * P(-Cheat) =
=10*0,6 *0,25+0,889 *0,6 *0,75+ 0,4 *0,4 * 0,25 +
+0,2*0,4*0,75 = 0,65

In our highly simplified example, this gain in computational complexity is
not noticeable, since the Bayesian network chain is not so long. The second
factor is the independence of the variables Study and Cheat. Experienced
students may notice some implausible probabilities: when preparing for the
exam, the cheat sheet only adds the risk of being caught and kicked out of the
exam. Change the logic as follows. We assume that the student will try to use
the cheat sheet only if she does not prepare for the exam. Bayesian network will
change as shown below.

The conditional probability of using the cheat sheet is zero in the case of
preparation for the exam and 0.75 in the absence of preparation.
Probability
P (Pass | Study, Cheat) = 0.
Calculate P (Cheat) and P (-'Cheat):
P (Cheat) = P (Cheat | -Study) * P (-Study) = 0.75 * (1-0.6) = 0.3
P (-Cheat) = 1- P (Cheat) = 0.7
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Now, using the chain rule, we can calculate the probability of passing the
exam:

P (Pass) = P (Pass | Study, -Cheat) * P (Study) *

P (-Cheat) + P (Pass | -Study, Cheat) * P (-Study) *

P (Cheat) + P (Pass | -Study, -Cheat)

* P (-Study) * P (-Cheat) =

0.889 *0.6 *0.7+0.7*0.4 *03+0.2*0.4*0.7=0.513

Bayesian networks allow solving inverse problems. For example, it is
known that a student passed the exam successfully. It is required to find the
probability that he was prepared for the exam. To do this, use the Bayesian rule
13]:
il P(A|B) = P(BI|A)*P(A)/P(B) (3.3)

In our case, the probability of passing the exam, which was successfully
passed, P (Pass) = 0.513; the probability of passing the exam in preparation for
it P (Pass | Study, -Cheat) = 0.889; the probability of preparing and not using
the cheat sheet P (Study, -Cheat) = 0.6 * 0.7 = 0.42, therefore,

P(Study, -Cheat | Pass) = P(Pass | Study. -Cheat) * P(Study, -Cheat) /
P(Pass) = 0,889* 0,6 * 0,7 /0,513 = 0,727.

We now find the probability that the exam was passed using the cheat sheet:

P (-Study, Cheat | Pass) = P (Pass | -Study, Cheat) * P (-Study, Cheat) | P
(Pass) = =0.7 * 0.4 * 0.3 */ 0.513 = 0.164

And finally, the likelihood that the reason for passing the exam was pure
luck:

P (-Study. -Cheat | Pass) = P (Pass | -Study, -Cheat) * P (-Study, -Cheat)
/P (Pass) = 0.2 * 0.4 *0.7/0.513 = 0.109
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Thus, Bayesian networks provide the decomposition of complex problems
and at the same time eliminate the need to specify many conditional
probabilities.

3.3. Hlustration: The Monty Hall Paradox

To illustrate the use of the Bayesian rule, we consider the following
problem, which is called the Monty Hall paradox in the literature [15]. Let you
participate in a television game, during which you need to make a choice ofone
of three doors. Behind one of them is a car, behind the other two are goats.
Suppose you pointed to door number 1. The host opens another door, let it be
door number 3, behind which a goat is discovered, and invites you, before it's
too late, to change your mind and open door number 2. Question: Does it make
sense to listen to the opinion of the presenter and open door number two? At
first glance, the probabilities that the car is located behind one of the remaining
doors are P (Cl) = P (C2) = 1/2, and it makes no sense to change the decision.
*However, with a careful approach, we can extract useful information from the
fact that the host opened the door number 3. Let the a priori probabilities that
the car is outside door No. 1, No. 2 and No. 3 P (CI) =P (C2) = P (C3) = 1/3.

We will find the probabilities that the presenter will open door No. 2 and
No. 3 (he cannot open door No. 1, since we have already pointed it out). If the
car is located outside door number 1, then the conditional probabilities that it
will open doors number 2 and number 3:

P(D=2ICl)=05P(D=31Cl)=05

That is, the presenter does not care which of the remaining doors to open. If
the car is located outside door number 2, then the likelihood that it will open the
doors number 2 and number 3:

P(D=21C2)=0;P(D=31C2)=

Since the car is behind the second door, the leader cannot open this door, but
with a probability of ! it will open the third door. And vice versa, if the car is
behind the third door, then the corresponding probabilities:

P(D=2|C3)=1;P(D=3|C3)=0

So, we have the probabilities of which door the host will open, depending on
where the car is. To find the inverse conditional probability, we use the
Bayesian rule. Since it is known that D = 3, then

P(CilD=3)=P(D=3ICi)*P(Ci)/P(D=3)

Substituting Cl and C2 into this formula, we obtain:

P(C1|D=3)=P(D=31CI) * P(C1)/P(D =3)=/r * 1/3/ 1/2= 1/3,

P(C2ID=3)=P(D=31C2)*P(C2)/P(D=3)=1*13/1/2=2/3.
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Thus, the likelihood that the car is behind the second door is twice as high!
The conclusion can be supported by logical reasoning: If the car is behind the
first door that we have already chosen, then the TV host does not care which of
the remaining doors to choose. Ifthe car is behind the second door, then the TV
host has no choice but the door number 3. Having changed the choice, in the
worst case we remain with the same chances, and in the best we get a car.

3.4. Observational based learning

The examples discussed in the previous section may raise a reasonable
question: how to use these wonderful tools in real life? Where to get all these
probabilities? Mathematicians bypass this question quite simply. All reasoning
begins with the words: let the probability of event A be equal to X. Thus,
mathematicians do what they can, as they need. The engineer, on the other
hand, has to do what is needed in the way possible. 1f you do not take ideal
examples, such as throwing dice or dealing a deck of cards, then you can only
find probabilities based on observations. In our exam example, only exit poll
can be the source of information, i.e. an anonymous exit survey. The results of
this survey may look as follows:

Ne i/o Study Cheat Pass
! Yes No Yes
2 No Yes Yes
3 Yes No Yes
4 Yes No No
5 No Yes No
6 No No No
7 Yes No Yes
8 No Yes No
9 Yes No Yes
10 No No Yes

From this sample, we can calculate the probability of passing the exam,
which is equal to the ratio of the number of successfully passed to the total
number of those who passed P (Pass) = 6/10 = 0.6. Similarly, we get the
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probability of preparing P (Study) = 5/10 = 0.5 and using the cheat sheet P
(Cheat) = 3/10 = 0.3. In the same way, we can get conditional probabilities P
(Pass | Study) = 3/5 = 0.6 (the ratio ofthe number of those who passed the exam
for those preparing for it to the total number of those preparing for the exam)
and P (Pass | Cheat) = 1 / 3. It is convenient to display the distribution in the
form ofatree (Fig. 3.1):

Here, as in the search problems considered earlier, it is desirable to form a
tree of minimal depth. In this regard, it is necessary first to involve the most
important, i.e. The most informative search attributes. One suitable criterion for
selecting an attribute is the amount of information contained in the response.

The amount of information is calculated by the Shannon formula. If the
possible answers vi have probabilities p (vi), then the information content of the
actual answer I, measured in bits, is

L (P (vi), p (v2),.... p (vn) = -£ p (v,) log2 p (v,) (3.4)

We calculate the amount of information in the answer about the preparation
for the exam:

| (p (Study), p (-'Study)) = - 5/10 * log2 5/10 - 5/10 * log2 5/10 = | bit

Amount of information in the cheat sheet answer:

! (p (Cheat), p (-'Cheat)) = - 3/10 * log2 3/10 -7/10 * log2 7/10 = 1.533 bits

Thus, the answer about the cheat sheet is one and a half times more
informative, and you should put it earlier in the search tree.
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Another problem is the sufficiency of information in the training set. The
above example gives a very rough estimate. Actual probabilities may vary
significantly. The other extreme is the large sample size commensurate with the
general population [16]. If we arrange an exit poll for all students without
exception, we will get an exhaustive answer to all the questions and we will no
longer need models. The usefulness of using models is achieved when, on a
small sample, we can conclude about the entire population. For example, ifyou
learn that 10% of students pass the exam using cheat sheets, you can change the
format of the exam, for example, allow you to use any sources, but complicate
the questions.

One way to measure sample sufficiency is to gradually add data to the
original survey table by comparing the probability changes in each new
iteration. As soon as the change in the results becomes less than the permissible
error, the training can be considered completed.

Questions for self-control

What does fuzzy logic mean?

What is the subject of fuzzy logic.

What is the basis of symbolic fuzzy logic.

What are the three main basic fuzzy logics.

List the basic laws of logic.

What is a logical conclusion? Give an example.

Give the concept ofa linguistic variable.

Give a definition ofa fuzzy set.

List the shape ofthe curves to define membership functions.

10. What does ANFIS (Adaptive Neuro fuzzy Inference System) mean?

11. What is judgment? Give an example.

12. What structural elements of judgment do you know? Give a definition
and give an example.

13. List the shapes of the curves to define membership functions.

14. To solve what problems are Bayesian networks used?

15. What does the Monty Hall paradox mean?

©ONDOTHWN
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CHAPTER 4. NEURAL NETWORKS
4.1 The concept ofa neural network.

Neural networks are based on an attempt to recreate a primitive model of
nervous systems in biological organisms. In living things, a neuron is an
electrically excitable cell that processes, stores, and transmits information
through electrical and chemical signals through synaptic connections. The
neuron has a complex structure and narrow specialization. Connecting with
each other to transmit signals using synapses, neurons create biological neural
networks. In the human brain, there are an average of about 65 billion neurons
and 100 trillion synapses. In fact, this is the basic mechanism of learning and
brain activity ofall living beings, i.e. - their intelligence.

For example, in Pavlov’s classic experiment, every time just before feeding
the dog, the bell rang, and the dog quickly learned the connection between the
bell and food. From a physiological point of view, the result ofan experiment in
dog’s brain was the establishment of synaptic connections between the parts of
the cerebral cortex that are responsible for hearing and the areas that are
responsible for controlling the salivary glands. As a result, by the excitement of
bell’s sound, the dog began to salivate. So the dog learned to react to signals
(data) coming from the outside world and make a “correct” conclusion.

It is the ability of biological nervous, systems to leant and correct their
mistakes that formed the basis of research in the field of artificial intelligence.
Their initial task was to try to artificially reproduce the low-level structure of
the brain — i.e. create a computer “artificial brain." As a result, the concept of an
“artificial neuron” was proposed - a mathematical function that transforms
several input facts into one output, assigning influence weights to them [17].

Each artificial neuron can take a weighted sum of input signals and, if the
total input exceeds a certain threshold level, transmit the binary signal further.

Artificial neurons are connected in networks — connecting the outputs of
some neurons with the inputs of others. Artificial neurons connected and
interacting with each other create an artificial neural network — a specific
mathematical model that can be implemented on software or hardware. In
simple terms, a neural network is just a black box program that receives data
and gives answers. Being built from a very large number of simple elements, a
neural network is capable of solving extremely complex problems.

The mathematical model of a single neuron (perceptron) was first proposed
in 1943 by American neurophysiologists and mathematicians Warren
McCallock, Walter Pitts, and they also proposed the definition of an artificial
neural network. Physically, a model using a computer was modeled in 1957 by
Frank Rosenblatt. We can say that neural networks are one of the oldest ideas
for the practical implementation of Al.
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Currently, there are many models for implementing neural networks. There
are “classic” single-layer neural networks, they are used to solve simple
problems. A single-layer neural network is mathematically identical to the usual
polynomial, weight function, traditionally used in expert models. The number
of variables in the polynomial is equal to the number of network inputs, and the
coefficients before the variables are equal to the weighting coefficients of the
synapses.

There are mathematical models in which the output of one neural network is
directed to the input of another, and cascades of connections are created, the so-
called multi-layer neural networks (MNN) and one of its most powerful options
is convolutional neural networks (CNN).

MNN have great computing capabilities, but also require huge computing
resources. Given the placement of IT systems in the cloud infrastructure,
multilayer neural networks have become available to a larger number of users
and now they have become the foundation of modem Al solutions. In 2016,
Digital Reasoning from the United States, a cognitive computing company,
created and trained a neural network of 160 billion digital neurons. This is
significantly more powerful than the neural networks available to Google
(11.2 billion neurons) and the US National Laboratory in Livermore (15 billion
neurons).

Another interesting type of neural network is recurrent neural network
(RNN), when the output from the network layer is fed back to one ofthe inputs.
Such platforms have a “memory effect" and they are able to track the dynamics
of changes in input factors. A simple example is a smile. A person begins to
smile with barely noticeable movements of the facial muscles of his eyes and
face, before he clearly shows his emotions. RNN allows you to detect such
movement in the early phases, which is useful for predicting the behavior of a
living object in time by analyzing a series of images or constructing a consistent
flow of speech in a natural language.

4.2. The principle of neural networks construction

The standard way to solve any problem using a computer is that the task is
investigated, an algorithm is compiled, which is implemented in a programming
language in the form of a program. After debugging, the program is ready for
operation.

Let us be entrusted with creating a robot playing basketball, namely, that
part of it that is responsible for throwing the ball into the basket. The first thing
you need to start with is to compose differential equations for the flight of the
ball from different positions, make adjustments for air resistance, parallax of
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sensors with respect to the actuator, etc. After that, you can start programming.
At the same time, hardly anyone would suggest that Shaquille O’Neill knows at
least elementary mathematics, not to mention higher education. The human
brain, obviously, solves this problem in a fundamentally different way.
Everyone knows what this method is - repeated repetition.

In the previous section, we examined training, the result of which is the
probability of the occurrence of certain events. Is it possible to create such a
computational structure that without any programming, based on repeated
repetitions, could learn to solve problems. Such a structure is called a neural
network. The idea is borrowed from nature. A neural network is a collection of
neurons - computational elements (sometimes called perceptrons), each of
which has several synapse inputs and one axon output [17].

The intelligence of a single neuron (Fig. 4.1) is low. We can assume that it
implements a simple regression model forN independent variables in the set. If
we combine a lot of neurons into network structures, then the implemented
function can be arbitrarily complex. The network shown in Figure 4.2 has
distinct layers, i.e. rows of neurons equidistant from the entrance (exit). Other
structures can also be created, including those with feedback (recurrent).
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The implementation of such a network can be hardware when each neuron is
run on a separate microprocessor, or software if the neurons are emulated in
special programs like spreadsheets. The structure ofan individual neuron can be
arbitrary, but the following is most often used (Fig. 4.3):

Fig. 4.3 - Neuron structure

The input signals (variables) Xi are weighted (multiplied by Wi coefficients
called synaptic weights), then summed, and the resulting weighted sum

S = WjX, + W2X2 + ... + WNXN (4.1)

undergoes a change in the function f (S), called the activation function. The
output signal Y may also be subject to weighting (scaling). The sigmoid
function Y = [ /(1 + exp (-XS)), as well as the hyperbolic tangent, logarithmic
function, linear and others are most often used as the activation function. The
main requirement for such functions is monotony.

Fig. 4.4 - Logistic Sigmoid Function

Let us now consider the computational capabilities of a single neuron. Let
the number of synapses be three, and the synaptic weights Wj, W2, W3 equal
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1.0, and the activation function has the following form, represented by a graph
(this is a logistic sigmoid function shifted along the X axis to the right by 0.5

(Fig. 4.5):

(s from -O 5to 1.5)

Fig. 4.5 - Type ofactivationfunctionfor implementing Booleanfunctions

Let the input signals take the values 0 or 1. In this case, the output will be
approximately 1 if at least one of the input signals is 1, then we have a
disjunction function. Ifthe synaptic weights Wb W2, W3 are set to 0.2, then the
same neuron will implement the conjunction function.

4.3. Neural network training

The brain analogy does not end with the structure of a neuron and a network
of neurons. The idea of training neural networks was also borrowed from
nature. It is known that the human brain is capable of self-learning, and often
succeeds, not knowing the nature of the processes that underlie the actions
performed. For example, in order to get a ball into a basketball hoop, a robot
basketball player must measure the distance to the hoop and direction, calculate
a parabolic trajectory, and make a throw taking into account the mass ofthe ball
and air resistance. A man can do without this only through training.

Repeatedly making throws and observing the results, he adjusts his actions,
gradually improving his technique. At the same time, the corresponding
structures of neurons responsible for the casting technique are formed in his
brain. Thus, an indispensable attribute of training is repeated repetition and the
ability to immediately evaluate the result. For neural networks, this process can
be represented by the following algorithm (Fig. 4.6) [18].

The choice of the structure of the neural network is a separate task and
consists in choosing the network topology and activation functions of each
neuron. Initially, the parameters of neurons are set arbitrarily.
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Fig. 4.6- The process ofcreating and using a neural network

The training consists in the fact that special training data is supplied to the
network input, that is, such input data for which the output is known. The
resulting data is generated at the output, the results are compared with the
expected ones, and the error value is calculated [ 18,19].

After that, in a certain sequence, the parameters of the neural network are
corrected in order to minimize the error function. If satisfactory accuracy
cannot be achieved, you should change the network structure and repeat the
training on a set of training data. After the network is trained, testing is
performed, that is, accuracy control on special test data. This means that all data
should be divided into two subsets: on the first, network training is performed,
and on the second, testing. This partition can be random or regular, for
example, every second record of the original data array can be used for testing.

Testing from training differs in that the test data only checks the accuracy,
and since this data is not used to select network parameters, they can serve as a
criterion for the quality oftraining. By analogy with human training, testing can
be likened to an exam. As an example, consider the task of optical text
recognition. Let the matrix of points of the selected image fragment
corresponding to the recognizable symbol be fed to the network input as input
signals (Fig. 4.7). Let the matrix of points of a recognizable sign be fed to the
network input. At the output, signals corresponding to the recognized sign are
formed. Network training consists in repeatedly “presenting” the network of
different options for writing characters along with ready-made “answers”.
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Neural network codeof symbol

Fig. 4.7— Neural network in the problem ofcharacter recognition

Note that the network does not try to remember all possible options for the
drawing of each character, but only forms an output signal

Yj = £(X,, X2,... Xn) (4.2)

as a function of input variables. Note that this approach to text recognition has a
significant advantage over others in speed. So is man: to read the text, he does
not ask for the name ofthe font, and does not search in memory for all possible
character styles. Associations in the brain are established instantly. The task of
training the network has a huge dimension. So, for training a network consisting
of only 10 neurons, each of which has 3 synapses, it is necessary to select
values of at least 40 parameters (30 values of Wi - synaptic weights, and 10
parameters of Xi activation functions). If each parameter is selected with a
resolution of 1/100, then the total number of network runs on the set of training
data will be 10040. Obviously, even supercomputers cannot do such a task.

This problem is satisfactorily solved using the back propagation algorithm,
which is as follows. Initially, all network parameters are set arbitrarily.

1. Training data is run through the network and the total error function
E = sum (E,:) is calculated, where E, = Y, - y,, Y, is the calculated value of the
output quantity, y, is the expected value.

2. The value of the derivatives of the error function for each parameter is
calculated, and on their basis - the calculation of corrections to the parameters
of the neural network.

3. The network parameters are adjusted by the amount of corrections, after
which steps 2 and 3 are repeated from the beginning until the error function
drops to a predetermined level.

Despite its simplicity, this algorithm is very time-consuming, and its
acceleration is an urgent task.

If as a result of training a satisfactory result was not obtained, then it is
necessary to change the network structure. This can be done manually, or the
structure can be selected from a predefined set (library' of structures). Software
products that support such solutions exist. But the most successful approach
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should be recognized in which the network structure is automatically generated.
An example is the NGO neural network of BioComp Systems Inc.

This approach consists in applying genetic algorithms to this task [26-28].
The fact is that in the process of training the network, “strong” neurons and
connections between them (sensitive to changes in parameters) and “weak”
(parameters of which can be changed arbitrarily without significantly affecting
the final result) are detected. Using this data, you can control the population of
neurons. Weak neurons and synapses must die. and for the development of the
structure, as well as to prevent universal “extinction”, the network undergoes a
"mutation™: it is added randomly or in another way, for example, to strengthen
the “strong" neurons, new neurons and synaptic connections are added [20].

Thus, through many generations, the number of which can reach tens of
thousands, the network will have an optimal structure.

In this regard, the question may arise: why spend such an amount oftime on
optimizing the network structure if training a network of maximum dimension
with a full set of connections takes a deliberately less time? In addition, it was
previously said that the performance ofa trained neural network is quite large.

There are two reasons for this. The first is that often the trained network is
subsequently implemented on another platform, in particular, on the hardware
level. The second reason - optimization often leads to a significant reduction in
the number of input variables due to the exclusion of redundant ones that do not
affect the final result. This fact gives neural networks a qualitatively new
property: you don't have to worry about which input data is important and
which is not - during the training process, the excess will be discarded. In
statistics, a similar function is performed by stepwise linear regression, analysis
of variance and factor analysis.

For example, we are trying to use a neural network to predict the dollar rate.
As initial data, we can substitute the behavior of this course for several years
(by the way, this method of predicting values based on only their behavior in
the past is called "technical analysis™), economic indicators and indices (Dow-
Jones, NASDAQ, consumer prices), as well as any other, up to meteorological
observations. If a neural network that gives good forecasts is obtained on all
these data, then using it will be quite tiring, and sometimes expensive.
Moreover, the identification of significant parameters in itself is a valuable
result. If it turns out that the air temperature affects the dollar, you can explore
the nature of this phenomenon. They may object to me that such a connection
can be detected by comparing graphs ofair temperature and the dollar exchange
rate.

However, direct comparison allows you to detect mainly linear dependence,
moreover, human intelligence is included in the work here.
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4.4, Features of the use of neural networks

The full automation of the choice of the topology and parameters of the
neural network, provided by software packages such as NGOs, can create the
illusion that you can completely not control the modeling process using a neural
network. However, the use of neural networks, as well as statistical methods of
analysis, is a creative process that requires an understanding of the principles of
operation of this tool. The consequences of improper construction and training
ofthe neural network are mainly generalization or retraining [20].

A generalization is called excessive simplification of the network, in which
it does not reproduce small dependencies. For example, summarizing a network
for weather forecasting will cause it to give an average temperature for a given
season. The extreme degree of generalization in this problem is the average
annual temperature. Naturally, there will be little benefit from such a forecast.

Retraining is another extreme, in which the neural network has an
unnecessarily complex structure and adjusts the results too carefully to the
desired ones in the learning process. As a result, on data not participating in the
training, the network shows the worst results. A sign of retraining is a
significant difference between the errors at the training stage and at the testing
stage. Another danger of learning too long in combination with a genetic
modification of the network topology is the depreciation of test results. If, in a
single training procedure, the test data obviously does not participate in the
learning process, then with network modifications, the test data is used to reject
unsuccessful topologies and, thus, affect the final network.

A significant drawback of neural networks is the inability to extrapolate. In
other words, a neural network trained in a certain range of values of input
variables is not able to predict outside this range. In practice, this is usually
expressed in that the output variable does not change outside the field of study,
as shown in Fig. 4.8. Ifthe network is trained in the range of-0.5 <X <0.5, then
outside this range the graph ofthe output function usually lies horizontally.

Fig. 4.8- Neural network behavior outside thefield ofstudy
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Despite the fact that the neural network takes care of any, even the most
complex, conversion of input variables to output, data preprocessing is usually
not without meaning. So, in the case of forecasting in the stock market, it is
probably advisable to switch from absolute quotes to relative values, i.e.
increments from one observation to another. In this case, it doesn’t matter for
the neural network which fluctuations around which levels to use for training, if
we are only interested in the direction of the quotes, up or down 19]. In absolute
terms, a network trained on quotation fluctuations around the values of 1000 or
5000 is absolutely useless for predicting the 3000 in the vicinity.

4.5. Neural networks in recognition tasks

An image, a class is a classification grouping in a classification system that
unites a certain group of objects according to some criterion. The figurative
perception of the world is one of the properties of the living brain, which makes
it possible to understand the endless stream of perceived information and
maintain orientation in disparate data about the external world. Perceiving the
outside world, we always classify information, that is, divide them into groups
of similar, but not identical, phenomena. For example, despite the significant
difference, the same group includes all the letters “A” written in different
handwritings, or all sounds corresponding to the same note taken in any octave
and on any instrument. To make up the concept of a group of perceptions, it is
enough to familiarize yourself with a small number of its representatives. This
property ofthe brain allows us to formulate such a concept as an image [21].

Images have a characteristic property, which is manifested in the fact that
familiarization with a finite number of phenomena from the same set makes it
possible to recognize an arbitrarily large number of its representatives. Images
have characteristic objective properties in the sense that different people
studying on different observation material, for the most part, classify the same
objects equally and independently. It is this objectivity of images that allows
people around the world to understand each other.

In general, the problem of pattern recognition consists of two parts: training
and recognition. Training is carried out by showing individual objects with an
indication of their belonging to a particular image. As a result of training, the
recognition system should acquire the ability to respond with the same reactions
to all objects of one image and with other reactions to all objects of
distinguishable images. It is very important that the learning process should be
completed only by showing a finite number of objects. As objects of training
can be either pictures (Figure 4.9), or other visual images (letters,
numbers) [21].
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Fig. 4.9 — Example oflearning objects

It is important that in the learning process only the objects themselves and
their belonging to the image are indicated. Learning is followed by the process
of recognizing new objects, which characterizes the actions of an already
trained system. Automation of these procedures is the problem of training in
pattern recognition. In the case when a person himself decides or invents, and
then imposes a classification rule on the machine, the recognition problem is
partially solved, since the person takes over the main and primary part of the
problem (training).

The choice of the initial description of objects is one of the central tasks of
the problem of pattern recognition. With a successful choice of the initial
description (space of attributes), the recognition problem may turn out to be
trivial, and, conversely, an incorrectly selected initial description can lead either
to a very difficult further processing of the information or to the absence ofa
solution at all.

4.6. Design, training and adaptation of neural netw orks

Training is a process, as a result of which the system gradually acquires the
ability to respond with the necessary responses to certain sets of external
influences, and adaptation is the adjustment of the parameters and structure of
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the system in order to achieve the required control quality under continuous
changes in external conditions. All the pictures presented in Figure 2
characterize the learning task. In each of these tasks several examples are given
(training sequence) of correctly solved problems. If it were possible to notice a
certain universal property that does not depend either on the nature of the forms
or on their images, but determines only their ability to separability, then along
with the usual task of learning recognition using information about the
belonging of each object from the training sequence to a particular image, one
could pose another classification problem - the so-called task of learning
without a teacher. This kind of task at a descriptive level can be formulated as
follows: objects are presented simultaneously or sequentially to the system
without any indication of their belonging to the images.

The input device of the system maps many objects to many images and,
using some property of separability of images embedded in it in advance,
makes an independent classification of these objects. After such a process of
self-learning, the system should acquire the ability to recognize not only already
familiar objects (objects from the training sequence), but also those that have
not been presented before. The process of self-learning of a system is such a
process as a result of which this system without prompting a teacher acquires
the ability to generate the same reactions to images of objects of the same
image and different reactions to images of different figures [21]. The role of the
teacher in this case is only in prompting the system of some objective property,
the same for all images and determining the ability to divide many objects into
images.

Such an objective property is the compactness of images. The relative
position of the points in the selected space already contains information on how
to divide the set of points. This information determines the property of image
separability, which turns out to be sufficient for self-learning of pattern
recognition system.

In order to enter an image into a machine, you need to translate it into
machine language, i.e. encode, represent in the form of some combination of
characters that the machine can operate. Coding of flat figures can be done in a
variety of ways. Better to strive for the most “natural” coding of images. We
will draw the figures on a certain field, divided by vertical and horizontal lines
into identical elements - squares. Elements on which the image has fallen will
be completely blackened, the rest will be left white. Let us agree to designate
black elements as one, white elements as zero. We introduce the sequential
numbering of all elements of the field, for example, in each row from left to
right and along the lines from top to bottom. Then each figure drawn on such a
field will be unambiguously displayed by a code consisting of as many digits
(ones and zeros) as there are elements in the field.
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.D| 001000101001010100011111110001
M 100011101111011101011010110001
H 100011000111111100011000110001
C 011101000110000100001000101110
T 111110010000100001000010000100
a 101000011011010000011011010101
U 101000101110011101011110111010

110010001000101001001000000101

Figure 4.10- Examples ofprojection and coding ofimages

Such coding (Figure 4.10) is considered “natural” because dividing the
, image into elements underlies the operation of our visual apparatus. Sensitive
elements of the retina transmit signals through their nerve fibers to the brain,
the intensity of which depends on the illumination of this element.
Thus, the image, designed by the optical system of the eye on the retina, is
divided by rods and cones into separate sections, and transmitted to the brain by
elements in some code. Individual elements of the field are called receptors, and
the field itself is called the receptor field.

The set ofall planar figures that can be depicted on the field of receptors is a
certain set. Each concrete figure from this totality is an object ofthis set. Any of
these objects corresponds to a specific code. Similarly, any code corresponds to
a specific image on the field of receptors. A one-to-one correspondence
between codes and images will allow you to operate only with codes, bearing in
mind that an image can always be reproduced by its code.

The capacity ofan artificial neural network (ANN) is the number of images
presented to the inputs of an ANN for recognition. To separate multiple input
images, for example, in two classes, just one output is enough. Moreover, each
logical level - ““1” and “0” - will denote a separate class [20]. At two outputs
you can already encode 4 classes and so on. To increase the reliability of the
classification, it is desirable to introduce redundancy by isolating each class
with one neuron in the output layer or, even better, several, each of which is
trained to determine whether the image belongs to the class with its degree of
reliability, for example: high, medium and low. Such ANN allow one to
classify input images combined into fuzzy (blurry or intersecting) sets. This
property brings similar ANN to real-life conditions.
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The process of training ANNs in a new class of tasks includes the following
stages:

1. The statement of the problem is formulated and a set of key parameters
characterizing the subject area is highlighted.

2. A neural network paradigm is selected (a model that includes the form of
input data, a threshold function, network structure, and learning algorithms) that
is most suitable for solving this class of problems. As a rule, modem
neuropackages, neuroboards and neurocomputers allow us to implement not
only one, but several basic paradigms.

3. A possibly wider set of training examples is being prepared, organized as
sets of input data associated with known output values. Input values for training
may be incomplete and partially contradictory.

4. The input data are presented in turn by the ANN, and the resulting output
value is compared with the standard. Then, the weighting coefficients of
interneuronal connections are adjusted to minimize the error between the real
and the desired output ofthe network.

5. The training is repeated until the total error in the entire set of input
values reaches an acceptable level, or the ANN comes to a stationary state. The
considered method for training a neural network is called “error
backpropagation” and is among the classical algorithms of neuromathematics.

A customized and trained ANN can be used on real input data, not
only prompting the user with the correct solution, but also evaluating the degree
of its reliability.

4.7. Development of a neural network for
the recognition of acoustic signals

Among the various configurations of artificial neural networks, there are
those whose classification according to the principle of learning, strictly
speaking, does not suit learning with a teacher, or learning without a teacher. In
such networks, synapse weights are calculated only once before the network
starts functioning based on information about the data being processed, and all
network training comes down to this calculation. On the one hand, the
presentation of a priori information can be regarded as a teacher’s help, but on
the other hand, the network actually just remembers the samples before real
data arrives at its input, and cannot change its behavior, so talk about the
feedback link with the “world” (teacher) is not necessary. Of the networks with
similar operation logic, the most famous are the Hopfield network and the
Hamming network, which are wusually used to organize associative
memory [22].
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The block diagram of the Hopfield network is shown in Figure 4.11. It
consists of a single layer of neurons, the number of which is simultaneously the
number of inputs and outputs of the network. Each neuron is connected by
synapses to all other neurons, and also has one input synapse through which the
signal is input. Output signals, as usual, are formed on axons [5].

feedback

output luput

Fig. 4.11 — Block diagram ofthe Hopfield network

The problem solved by this network as associative memory, as a rule, is
formulated as follows. A certain set of binary signals is known (images, sound
digitizations, other data describing certain objects or process characteristics),
which are considered exemplary. The network should be able to select (“recall”
from partial information) the corresponding sample (if any) from an arbitrary
non-ideal signal fed to its input or “give a conclusion” that the input data do not
correspond to any of the samples. In the general case, any signal can be
described by the vector X = {xi: i =0 ... n-1}, n is the number of neurons in the
network and the dimension of the input and output vectors. Each xi element is
either +1 or -1.

We denote the vector describing the k-th sample by Xk, and its components,
respectively, are xik, Kk = 0 ... m-1, m is the number of samples. When the
network recognizes (or "remembers") any pattern based on the data presented to
it, its outputs will contain it, that is, Y = Xk, where Y is the vector of the
network output values: Y = {yi: i = 0 ,. ..n-1}. Otherwise, the output vector does
not match any exemplary.

If, for example, the signals are some images, then, having graphically
displayed the data from the network output, it will be possible to see a picture
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that completely coincides with one of the model ones (in case of success) or
“free improvisation” ofthe network (in case of failure).
At the network initialization stage, synapse weights are set as follows [5]:

(4.2)
0, i=j

Here i and j are the indices, respectively, of the presynaptic and postsynaptic
neurons; xlk, xjk - the i-tli and j-th elements of the vector of the k-th pattern.
The network functioning algorithm is as follows (« is the iteration number):
1. An unknown signal is supplied to the network inputs. In fact, its input is
arried out by directly setting the axon values:

¥,(0) = x,, i =0...n-1 (4.2)

therefore, the designation on the network diagram of the input synapses in
explicit form is purely conditional. A zero in the bracket to the right ofyi means
zero iteration in the network cycle.

2. The new state of neurons is calculated,

>»-i

/=0
j=0...n-1 4.3)
and new axon values
yi(p+ D=F[sj(p+1)] (4.4)

where fis the activation function in the form ofajump, shown in Figure 4.12

a) 6)

Fig. 4.12 - Activationfunctions
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3. Check if the output axon values have changed during the last iteration. If
yes, go to step 2, otherwise (if the outputs have stabilized) - end. In this
case, the output vector is a sample that is best combined with the input
data.

As mentioned above, sometimes the network cannot perform recognition
and produces a non-existent image at the output. This is due to the problem of
network limitations. For a Hopfield network, the number of memorized images
m should not exceed a value approximately equal to 0.15 ¢ n. In addition, if the
two images A and B are very similar, they will probably cause cross-association
in the network, that is, presenting vector A at the network inputs will cause
vector B to appear on its outputs and vice versa.

Obviously, all the weighting coefficients of the synapses of one layer of
neurons can be reduced to a matrix W, in which each element wij defines the
value of the i-th synaptic connection ofthe j-th neuron. Thus, the process taking
place in the NN (neural network) can be written in matrix form:

Y = F(XW) (4.5)
where X and Y are the input and output signal vectors, respectively, F (V) is the
activation function applied elementwise to the components of the vector V.

I Theoretically, the number of layers and the number of neurons in each layer
can be arbitrary, but in fact it is limited by the resources of a computer or a
specialized microcircuit, on which NN is usually implemented. The more
complex the NN, the larger the tasks that are subject to it.

Questions for self-control

Give the concept of a neural network.

What does multilayer neural networks mean?

What is the principle of construction of neural networks.

How is the hardware implementation ofa neural network implemented?

Describe the structure of the neuron.

What are the computing capabilities ofa single neuron.

What are the features of using neural networks.

Create a neural network in the task of character recognition.

Describe the learning process of an artificial neural network.

0. What stages does the learning process of an artificial neural network
include?

11. Give the examples of projection and coding of images

12. Development of a neural network for the recognition of acoustic signals.

13. Give a block diagram of the Hopfield network.

14. How is the task formulated by the Hopfield network formulated.

15. By what the number of layers and the number of neurons in each layer of

NN can be limited?
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CHAPTER 5. EXPERT SYSTEMS
5.1. The concept of expert system (ES).

An expert system is a program that is able to replace a human expert in his
professional activities. Structurally, the expert system consists of a knowledge
base, an output engine, and a user interface [23].

The knowledge base has the same meaning as in the Prolog, i.e. consists of
facts and rules. The inference engine accesses the knowledge base and converts
the user's request into a response, asking him questions if necessary, using the
user interface. This structure allows you to develop expert systems, adding new
knowledge to it, and you do not need to rewrite the program. An empty expert
system (without a knowledge base) is called an expert system shell and can be
used for many subject areas.

The creation of an expert system consists in formalization, i.e. transforming
expert knowledge into the form that is required for the shell of the expert
system. In other words, an expert person is required who is a carrier of
knowledge and is able to formulate this knowledge for inclusion in the
knowledge base. This fact is decisive for choosing an expert system as a tool
for solving the problem. A human expert is far from always able to present his
knowledge in the form required by the format of the knowledge base. In such
cases, the knowledge engineer, who is the "translator” between the expert and
the knowledge base, comes into play.

Consider the operation of ES on a simple example. Let our knowledge base
be used to classify animals. Suppose we saw an animal and want to identify it.
Let the knowledge base contain only two animals, a zebra and a leopard. The
rules for describing these animals (not in the syntax of a specific knowledge
base, but in a free translation into Russian) are as follows:

"IF the animal belongs to the class of mammals AND the anima)
belongs to the species of predators AND the animal has black spots, THEN
the animal is a leopard.”

"IF an animal belongs to the class of mammals AND the animal belongs
to the species of herbivores AND the animal has black and white transverse
stripes, THEN the animal is a zebra."

ES begins to test hypotheses in the order they are located in the knowledge
base, in this case, starting with a leopard. To establish the truth of this
hypothesis, the expert system must first establish whether the animal belongs to
the class of mammals. To do this, she must find the rule in the knowledge base:

"IF a female animal has mammary glands, THEN the animal belongs to
the class of mammals."
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Now, to establish the animal's mammals, it remains to be seen whether it
has mammary glands. If there is no corresponding rule in the knowledge base,
then the user himself must give an answer to this question. In this case, the
expert system should ask the question: “IS IT TRUE THAT the female
animal has mammary glands?”

If the user answers in the affirmative, then the fact “the animal belongs to
the class of mammals” is considered established (for simplicity we will not
consider the situation when we met a male). After this, the rule for determining
the leopard requires to establish whether the animal is a predator. It is possible
to establish this fact reliably only when being eaten, therefore, for humane
reasons, the rule is placed in the knowledge base: “IF the animal has claws
OR the animal has fangs, THEN the animal belongs to the species of
predators”.

The user did not see any fangs or claws, but, on the contrary, noticed
hooves. Consequently, the leopard hypothesis is rejected, and ES proceeds to
test the next zebra hypothesis. The fact "mammal” has already been established,
and now we need to establish whether the animal belongs to the species of
herbivores. The corresponding rule is as follows: “IF the animal has horns
OR the animal has hooves, THEN the animal belongs to the species of
herbivores.”

ES will first ask the question: “IS IT TRUE THAT the animal has horns?”

The user answers negatively, and since the conditions in this rule are related
by the OR operation, the following question is asked: “IS IT TRUE that the
animal has hooves?”

The user answers in the affirmative, therefore, the fact "the animal belongs
to the species of herbivores" is considered established.

istart J
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hi order to test the zebra hypothesis, it remains to verify the last condition:
“IS IT TRUE that the animal has black and white transverse stripes?” If there
are stripes, then the zebra hypothesis is confirmed, and the task assigned to the
expert system is considered completed. Figure 5.1 contains a fragment of a
simple expert system implemented in the VISIRULE environment developed
by LPA (http://lpa.co.uk).

The main requirement for the design of ES is that the user should be asked
such questions that he is able to answer. In other words, an expert system
converts user knowledge into expert knowledge. In the above example of
animal identification, the issue of mammary glands is an obviously unfortunate
question (especially if we are talking about a leopard that we accidentally met).
Instead, you should use the rule: "IF the animal has hair, THEN the animal
belongs to the class of mammals."

Another important property of the expert system is the ability to explain how
one or another conclusion was obtained, which is the best confinnation of the
truth of the conclusion. If we recall the stories of A. Conan-Doyle, then, like
Dr. Watson, at first any conclusion of Sherlock Holmes seems paradoxical and
invented, but after explaining how this conclusion was made, we are surprised
that we did not thought about it.

ES are used in various fields of knowledge, including medicine (diagnostics
and treatment), exploration (determining the prospects of deposits), chemistry
(predicting the properties of organic compounds). Recently, expert systems
have been actively used in Internet commerce to help customers choose
products. The most famous is the GURU expert system on Yandex
(http://inarket.yandex.ru/guru-categories.xml), which replaces a qualified sales
assistant with the widest list of goods.

5.2. Models of knowledge representation in ES
5.2.1 The concept of data and knowledge

The information that computers deal with is divided into procedural and
declarative. Procedural information is embodied in programs that are executed
in the process of solving problems, declarative information is in the data with
which these programs work [23].

Procedural knowledge (PK) describes the sequence of actions that can be
used in solving problems (for example, computer programs, descriptions of
algorithms, assembly instructions for a certain product).

Procedural knowledge can be described using an algorithmic knowledge
representation model.
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Declarative knowledge (DK) is all knowledge that is not procedural,
namely: articles in encyclopedias, wording of laws in physics, chemistry, other
sciences, etc.

When studying ES, the question traditionally arises - what is knowledge and
how do they differ from ordinary data.

Data are individual facts that characterize objects, processes and phenomena
of the subject area, as well as their properties.

Knowledge is based on empirical data. They are the result of a person's
mental activity aimed at summarizing his or her experience obtained as a result
of practical activity.

Knowledge is the laws of the subject area (principles, relationships, laws)
obtained as a result of practical activities and professional experience, allowing
specialists to set and solve problems in this area.

For storing data, databases are used (they are characterized by a large
volume and relatively small unit cost of information), for storing knowledge - a
knowledge base (a small amount, but extremely expensive information arrays).
The knowledge base is the basis of any intellectual system.

Knowledge can be classified into the following categories.

Superficial - knowledge of the visible interactions between individual
events and facts in the subject area.

Deep - abstractions, analogies, schemes, reflecting the structure and nature
of the processes taking place in the subject area. This knowledge explains the
phenomena and can be used to predict the behavior of objects.

For example.

Superficial: press the call button, a bell rings.

Deep: circuit diagram ofthe call and wiring.

Modem ES work mainly with superficial knowledge. This is due to the fact
that at the moment there are no universal methods to identify' the underlying
structures of knowledge and work with them.

Features of knowledge.

1. Internal interpretability. Each information unit must have a unique name
by which the IS finds it, and also respond to requests in which this name is
mentioned. When the data stored in the memory were devoid of names, there
was no possibility of their identification by the system. Only a program could
extract the data, retrieving it from memory at the direction of the programmer
who wrote the program. What was hidden behind this or that binary code of a
machine word was unknown to the system.

If, for example, it was necessary to record information about the employees
of the institution in the memory of a computer, presented in Table 1, then
without an internal interpretation, a set of four machine words corresponding to
the lines of this table would be entered into the memory of a computer.
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Moreover, the system does not have information about which groups of binary
bits in these machine words encoded information about specialists. They are
known only to the programmer who uses the data in table 5.1 to solve the
problems that arise. The system is not able to answer questions like “What do
you know about Petrov?” or “Are there any plumbers among the specialists?”.

Table 5.1
Surname  Year of birth Specialty Experience,
number of years
Popov 1965 Locksmith 5
Sidorov 1946 Turner 20
lvanov 1925 Turner 30
Petrov 1937 Plumber 25

During the transition to knowledge, information about some protostructure
of information units is entered into the computer memory. In this example, it is
a special machine word, which indicates in which categories the information
about surnames, years of birth, specialties and length of service is stored. In this
case, special dictionaries must be specified that list the surnames, years of birth,
specialty, and length of service that are available in the system memory. All
these attributes can play the role of names for those machine words that
correspond to the rows of the table. On them you can search for the necessary
information. Each row of the table will be an instance of the protostructure.

Currently, DBMSs provide the implementation of the internal
interpretability of all information units stored in the database.

2. Structuring. Information units must have a flexible structure. For them,
the “matryoshka principle” should be fulfilled, that is, the recursive
embeddability of some information units into others. Each information unit can
be included in any other, and from each information unit it is possible to
distinguish some of its information units. In other words, there should be the
possibility of an arbitrary establishment between separate information units of
relationships such as “part-whole”, “gender-type” or “element-class”.

3. Connectivity. In the information base between information units the
possibility of establishing relations of various types should be provided. First of
all. these relationships can characterize the relationship between information
units. Relations semantics can be declarative or procedural in nature. For
example, two or more information units can be connected by the relation
“simultaneously”, two information units by the relation “cause - effect” or the
relation “be near”. The above relations characterize declarative knowledge. If
the relation “argument - function" is established between two information
units, then it characterizes the procedural knowledge associated with the
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calculation of certain functions. Next, we distinguish between structuring
relationships, functional relationships, causal relationships, and semantic
relationships. With the help of the former, hierarchies of information units are
defined, the latter carry procedural information that allows one to find
(calculate) information units through others, the third ones specify causal
relationships, the fourth ones correspond to all other relations.

Other links can be established between information units, for example,
determining the order of choosing information units from memory or indicating
that two information units are incompatible with each other in the same
description.

The above three features of knowledge allow us to introduce a general
model for the representation of knowledge, which can be called a semantic
network, which is a hierarchical network at the vertices of which there are
information units. These units are provided with individual names. The arcs of
the semantic network correspond to various relationships between information
units.

Moreover, hierarchical relations are determined by structuring relations, and
non-hierarchical relations are determined by relations of other types.

4. The semantic metric. On a set of information units, in some cases it is
useful to specify a relation characterizing the situational proximity of
information units, i.e., the strength of the associative connection between
information units. It could be called the relevance relation for information units.
Such an attitude makes it possible to single out some typical situations in the
information base (for example, “purchase”, “traffic control at the intersection”).
The relevance ratio when working with information units allows you to find
knowledge close to already found.

5. Activity. Since the advent of the computer and the separation of the
information units used in it into data and commands, a situation has developed
in which the data is passive and the teams are active. All processes in a
computer are initiated by commands, and data is used by these commands only
if necessary. For IS, this situation is not acceptable. Like a person, in the IS the
actualization of certain actions is facilitated by the knowledge available in the
system. Thus, the execution of programs in the IS should be initiated by the
current state of the information base. The appearance in the database of facts or
descriptions of events, the establishment of relationships can become a source
of system activity.

The five features of information units listed above determine the line
beyond which data turns into knowledge, and databases grow into knowledge
bases (KB).

The combination of tools for working with knowledge forms a knowledge
base management system (KBMS).
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Currently, there are no knowledge bases in which internal interpretability,
structuring, connectivity are fully implemented, a semantic measure is
introduced, and knowledge activity is ensured.

Any subject area is characterized by its own set of concepts and relations
between them, specific methods for solving problems. Knowledge of the
subject area and how to solve problems in it is very diverse.

The difference between declarative and procedural knowledge can be
expressed as the difference between “KNOW WHAT” and “KNOW HOW”.
Procedural knowledge is based on the premise that intellectual activity is
knowledge of the problem environment embedded in programs, i.e. knowledge
of how to use certain entities. Declarative knowledge is based on the premise
that knowledge of certain entities (“KNOW WHAT”) does not have deep
connections with the procedures used to process these entities. When using
declarative knowledge, it is believed that intelligence is based on a universal set
of procedures that process facts of any type, and on many specific facts that
describe a particular area of knowledge. The main advantage of declarative
knowledge compared to procedural knowledge is that declarative knowledge
does not need to indicate the way in which specific fragments of knowledge are
used. Simple statements can be. used in several ways, and it will be
inconvenient to fix these methods in advance. This property provides flexibility
and cost-effectiveness of declarative knowledge, as it allows different uses of
the same facts.

In declarative knowledge, knowledge is considered as a set of independent
or weakly dependent facts, which allows the modification of knowledge and
training by simply adding or removing statements. For procedural knowledge,
the problem of modification is much more complicated, since it is necessary to
consider how this statement is used. However, it is known that there are a
significant number of entities that are convenient to represent in the form of
procedures and very difficult in a purely declarative representation. The desire
to use the advantages of declarative and procedural knowledge led to the
development of formalisms that use a mixed representation: declarative with
attached procedures (for example, a frame representation or networks with
attached procedures) or procedural in the form of modules with declarative
samples. In its most advanced form, this problem is implemented in an object-
oriented approach.

There arc four main models for representing knowledge: a production
model, a semantic network, frames, and a logical model.

The production model of knowledge representation is one of the most
common in intelligent systems. The model is based on production systems.

The semantic network is a more visual way of representing knowledge. The
basis of such a model is the idea of representing any knowledge in the form ofa
set of objects (concepts) and the relationships between them.
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The frame model is also widely used in artificial intelligence systems (for
example, in expert systems (ES)). A frame is the smallest possible description
of the essence ofa phenomenon, event, situation, process or object.

The basis of logical models of knowledge representation is the concept of a
formal system (theory).

Examples of formal theories are predicate calculus and any particular
production system. In logical models, as a rule, first-order predicate calculus is
used, supplemented by a number of heuristic strategies. These methods are
deductive type systems, i.e. they use a model for obtaining output from a given
system of premises using a fixed system of inference rules.

Further development of predicate systems are inductive type systems in
which the inference rules are generated by the system based on processing a
finite number of training examples.

In logical models of knowledge representation, the relations existing
between separate units of knowledge are expressed using the rather poor means
provided by the syntactic rules of the formal system used.

Each of the considered models of knowledge representation can serve as the
basis for creating a programming language oriented to work with knowledge.
Such languages are the ERL (Frame Representation Language), which is based
on frame representations, and the Prolog language, which is based on the
production representation model. However, different models of knowledge
representation have their advantages and disadvantages. Therefore, in the late
80's, there has been a tendency to create combined knowledge representation
languages. Most often, frame and production models are combined.

5.2.2. Algorithmic Models

Consider a preliminary simple life situation: what should be done if you
need to involve a person in solving the problem who is not familiar with its
solution.

1. Choose a method (method, order) for solving the problem and study it in
detail.

2. Inform the performer of the selected method in an absolutely
understandable form for him.

3. The contractor solves the problem strictly in accordance with the method.

Going deeper into the essence of this process, let us take a closer look at
each ofthe stages.

The first stage of this process usually does not cause difficulties, since for
most of the problems encountered the solution method is either known from
practice, or suggested by common sense, or described in the literature. Often
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the main difficulty is to select from several methods one that would best meet
some requirements, for example: minimum labor input, maximum efficiency,
etc.

The second stage is much more complicated. If the method (method) for
solving the problem is described arbitrarily, then there is no guarantee that it
will be correctly understood by the executor. Therefore, the description of the
method should be performed in accordance with certain rules, namely:

- highlight the quantities that are the source for the task;

- divide the process of solving the problem into stages that are known to

the performer and can be performed without any explanation;

- indicate the order of the stages;

- indicate the sign ofthe end ofthe process of solving the problem;

- indicate in all cases what is the result of solving the problem.

The description of the method performed in accordance with these rules is
called an algorithm for solving the problem. Writing such a description is
usually not easy, but following it, mechanically performing all the steps
indicated in it in the required order, the performer can always correctly solve
the problem.

An algorithm is a method for solving a problem, written according to certain
rules, providing uniqueness of its understanding and mechanical execution for
all values of the source data (from a certain set of values), and in accordance
with the sequence of the indicated actions of the algorithm for a finite number
of steps, the problem is solved.

An example ofan algorithm is a culinary recipe for preparing a dish.

Consider the simplest algorithm - the tea brewing algorithm:

1. Prepare the initial values - tea, water, teapot, glass, spoon.

2. Pour water into the kettle.

3. Bring water to a boil and remove from heat.

4. Pour tea into the kettle.

5. Bring water to a boil (but not boil), remove from heat.

6. Tea is ready. Process terminate.

5.2.3. Logical models of knowledge representation

The main idea of the logical approach is to consider the entire system of
knowledge necessary for solving applied problems and organizing the
interaction of computers with the user as a set of facts (statements).

Facts are presented as formulas in some logic (first or higher orders, multi-
valued, modal, fuzzy, or some other). The knowledge system is displayed by a
combination of such formulas. Being represented in a computer, it forms a
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knowledge base. The formulas are indivisible and when modifying the
knowledge base can only be added and deleted.

Logical methods provide a developed apparatus for deriving new facts from
those that are explicitly presented in the knowledge base. The primary primitive
of knowledge manipulation is the inference operation. This determines the
intensive use of logical methods in creating expert systems and problem
solvers. Another application of this apparatus, important for any intelligent
systems, is the ability to control the logical integrity of the knowledge base, i.e.,
its consistency and compliance with certain predefined rules (integrity
restrictions).

Logical methods for representing knowledge provide a simple and clear
notation for recording facts that has well-defined semantics (at least for
methods based on traditional first-order logic). Each fact is presented in the
knowledge base only once, regardless of how it will be used in the future. The
knowledge base developed using logical methods is usually quite simple to
understand [23].

In the representation of knowledge, formal logical models are distinguished,
based on the classical calculus of predicates of the first order, when the subject
area and the task are described as a set of axioms.

The basis of logical models is the concept of a formal theory, given by the
four:

S=<B,F. A R> (5.1)
where

B - is a countable set of basic symbols (alphabet) of the theory S;

F -a subset of expressions of the theory S, called the formulas of the theory
(expressions are understood as finite sequences of basic symbols of the
theory S);

A - is the distinguished set of formulas called axioms of the theory S, i.e.
many a priori true formulas;

R - is a finite set of relations {r/, r:, r,; between formulas, called
inference rules.

Usually there is an effective procedure (many syntax rules) that allows you
to build syntactically correct expressions from B - formulas.

For each r7, there exists a positive integer j such that for each set consisting
of j formulas and for each formula / the question of whether the data ofj
formulas with respect to r, with formula/is effectively solved. Ifthe relation r,
is performed, then /"is called a direct consequence of the given / formulas
according to the rule

Inference rules allow you to expand many formulas that are considered true
in the framework of this theory.

A formal theory is called decidable if there is a single effective procedure
that allows one to find out for any given formula whether its conclusion exists
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in 5. A formal system 5 is called consistent ifthere is no formula A such that A
and 14 are deducible in 5.

The most common formal system used to represent knowledge is first-order
predicate calculus. The predicate calculus alphabet consists of the following
character set:

- punctuation marks «{», « (», «,», «)», «.», «;», «}»;

- propositional connectives (l,v, n, =)};

- quantifiersigns { v, 3 };

- symbols of variables xk k = 1,2,

- n-local functional letters: f**, k>\, n>0 (ft called constant letters);

- n-local predicate letters (characters): pl, £51, n>].

In the future, for simplicity, instead of xk we will use u, v, x, y, z,instead
of ft -a b,c,d, instead of ft"'(n*0) - f, g, h,and instead of Pl - P, Q,
R,ST,V,W..

From the symbols ofthe alphabet, you can build various expressions. Terms,
elementary formulas (atoms) and correctly constructed formulas (or just
formulas) are distinguished. Every symbol of a variable or constant letter is a
term. If t, t, (n>1) - are terms, then /t*"(h,is aterm. If pl is a

predicate letter, and tt...... t, are terms, then p"(tt,...t,) is an elementary
formula (atom).

Atom is the simplest indivisible element.

Atom is a correctly constructed formula. 1fJ and B are correctly constructed
formulas, then ™, AvB, ANB, Azo B are correctly constructed formulas. IfJ is
a correctly constructed formula and x is a variable in A, then the constructions
(vX)A and (3 X)A are correctly constructed formulas. An expression is a well-
constructed formula ifit is obtained in compliance with the above rules.

In order to give the formula content, it is interpreted as a statement regarding
the subject area under consideration. By interpretation we mean any system
consisting of a nonempty set D, called the domain of interpretation, and some
correspondence relating to each predicate letter pl some n-place relation in £>;
to each functional letter ft — some n - local function representing D" -> D,
and to each constant letter ft - some element from D.

For a given interpretation, the variables are thought to be "running through”
all the values from the domain D of this interpretation, and the value “true” (T)
or “false” (F) is assigned to any elementary formula. The value is assigned to
the elementary formula pl(f according to the following rule: if the terms
of the predicate letter correspond to elements from D satisfying the relation
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defined by this interpretation, then the value of the elementary formula will be
true, otherwise it will be false. The value of a non-elementary formula is
calculated recursively, based on the values of its constituent formulas.
Obviously, the values of the formulas can be true or false depending on the
chosen interpretation.

The main task to be solved within the framework of predicate calculus is to
find out the truth or falsity ofa given formula in a certain area of interpretation.
Moreover, a special role is given to universally valid formulas, i.e. formulas
true in any interpretation, and impracticable formulas, i.e. formulas false in any
interpretation. The following fundamental deduction theorem holds: let
formulas B,. ..., B,, and formula A be given. Formula J is a logical consequence
of B, ... B, if and only if the formula Bia...aB,">A is valid, i.e.
\=(Bia...aBJ™A. Recall that a formula A logically follows from the formulas
Bi.....B,, ifand only ifevery interpretation of J that satisfies B/A ... a B,, also
satisfies A. Formulas ... B,, are called premises, and A is the conclusion of
the logical sequence and are denoted by Bt.....B,,\ = A.

The task of proving the theorem is the clarification of the logical
- consequence of a certain formula A from a given set of formulas Bh ... B,
which is equivalent to proving the validity of the formula B,a ... aB,,zjA or the
impracticability ofthe formula Bia...aB,,a[A.

It is known that for calculating first-order predicates there is no general
method for establishing the validity of any formulas, i.e. first-order predicate
calculus is unsolvable. However, if some formula for calculating predicates is
valid, then there is a procedure for checking its validity, i.e. predicate calculus
can be called semisolvable.

Here is an example of some fact in the form ofa predicate calculus formula:

GIVE (MICHAEL. VLADIMIR, BOOK);

(3 x) (ELEMENT (x, EVENT-GIVE) n SOURCE (x, MICHAEL) n

ADDRESS (x, VLADIMIR) n OBJECT (x, BOOK).

Two ways of recording one fact are described here: "Michael gave the book
to Vladimir."

The main advantage of using predicate calculus as a model for representing
knowledge is the presence of a uniform formal procedure for proving theorems.
However, a high degree of uniformity entails the main disadvantage of this
approach - the difficulty of using heuristic proofs that reflect the specifics of a
particular problem environment. This drawback is especially important when
building expert systems, the computing power of which is mainly detenuined
by knowledge characterizing the specifics of the problem environment. Other
disadvantages of fonnal systems include their monotony, lack of tools for
structuring the elements used and the inadmissibility of contradictions.
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The desire to eliminate the shortcomings of formal systems when used as
presentation models led to the emergence of semiotic systems. The semiotic
system is formally defined by the eight:

5= <B. F, A, R, Q(B), Q(F), Q(A). O(R)>. (5.2)

Here, the first four components are the same as in the definition of a formal
system, and the remaining components are the rules for changing the first four
components under the influence of the experience accumulated in the
knowledge base of the intellectual system about the structure and functioning of
entities in this problematic environment.

The main drawback of logical methods is the lack of clear principles for
organizing facts in the knowledge base. Without isolating and consistently
applying such principles, a large model becomes a poorly visible conglomerate
of independent facts that are difficult to analyze and process.

5.3. Production models and modules, driven by samples

In traditional programming, commands are set in a fixed sequence. By
default, after the i-th command is executed, the (/ + 1)-th command is executed
if the i-th command is not a branch command. All branch points in traditional
programming are explicitly specified. Such a programming method is
convenient in cases where the processing sequence is little dependent on the
data being processed, i.e. then when branching is an exception, not the norm.
Otherwise, the program is best viewed as a collection of independent modules
driven by samples. At each step of the work, such a program analyzes the
current situation and determines from the analysis of the samples which module
is suitable for processing this situation.

Each sample-driven module (SDM) consists of research and modification
mechanisms for one or more data structures. The range of SDM can vary
widely from a simple production rule to a procedure of an arbitrary' degree of
complexity caused by a sample. Each SDM at the next step of work analyzes
the data of the working memory, checking for the presence of structures that are
compared with its sample. Systems built on the basis of SDM are called
sample-driven output systems. The control functions in these systems are
provided by the interpreter.

From the point of view of knowledge representation, an approach using
SDM can be characterized by the following features:

- separation of permanent knowledge stored in the knowledge base and
temporary' knowledge stored in working memory;
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- structural independence of modules, facilitating the modification and
improvement of the system, which is extremely important for ES, constantly
modifying their knowledge. In addition, the independence of the modules
simplifies the integration of programs written by different authors;

- separation of the control scheme from modules that carry knowledge of
the problem area, which allows the use of various control schemes.

The systems controlled by the samples have different designs and are
classified in accordance with the restrictions imposed on the modules (Figure
5.2). If such systems consist of modules localized at the tops of the network,
then they are called network-based systems.

Programs
—1L

Systems controllicdby samples  Other software products

Network Ruleb
baseds ystems asetl systems

Fig. 5.2 - Classification ofsample driven systems

Most sample-driven systems satisfy the following limitation: all studies of
working memory data in each module are integrated and precede all data
modification activities. Thus, the module is divided into two parts: a
precondition that examines the data, and an action that modifies the data.
Modules having this division are called rules, and systems using such rules are
called rule-based systems.

Rule-based systems are divided by type of rule into production and
transformation. Production systems are formed from rules in which comparison
and planning (management) are the explicit functions of the system fixed in the
interpreter. Transformation systems, unlike production ones, may not have
explicit functions for matching and managing rules. Examples of
transformational systems arc formal and formal grammar systems.
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Production systems can be divided into production systems controlled by
data (preconditions of rules) and managed by goals (actions of rules).
Traditionally, production systems are understood to mean only systems using
data-driven output. Usually, a precondition (antecedent) is given in the form of
a logical combination of statements about the working memory data, and the
action (consequent) is some operation of memory modification. The complexity
of the action varies significantly from a simple assignment operation to a
function of an arbitrary degree of complexity.

In goal-driven production systems, preconditions and actions are data
statements. Here the conclusion is carried out in the opposite direction from the
statements that must be proved. It must be emphasized that samples can be
given both declaratively and procedurally.

So, the representation of knowledge in the form of sample-driven modules
and production rules has the following advantages:

- modularity of knowledge organization;

- independence of rules expressing independent fragments of knowledge;

- ease and naturalness of knowledge modification;

- separation of control knowledge from subject knowledge, which allows
the use of various control strategies;

- the ability' to create control mechanisms for a number of applications in
order to automatically solve problems.

In general terms, production means an expression ofthe following form:

(i); Q; P; A=>B; N. (5.3)

Here i is the name ofthe product with which this product stands out from the
whole set of products. The name may be a certain token reflecting the essence
of the given product (for example, “buying a book” or “dialing a lock code™), or
the serial number of the product in their set stored in the system's memory.

Element Q characterizes the scope of the product. Such spheres are easily
distinguished in the cognitive structures of man. Our knowledge is sort of “laid
out on the shelves”. On one “shelf knowledge is stored on how to cook food,
on the other - how to get to work, etc. Dividing knowledge into separate areas
saves time on finding the right knowledge. The same division into spheres in
the IS knowledge base is also advisable when using production models to
represent knowledge.

The main element of the product is its core: A=>B. The interpretation of the
core of the product can be different and depends on what is left and right of the
sequence mark =>. A typical reading of the product core looks like this: IF A,
THEN B, more complex core designs allow an alternative choice on the right
side, for example IFA, THEN B/. ELSE B2
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The sequence can be interpreted in the usual logical sense as a sign of the
logical following of B from true A (if A is not a true expression, then nothing
can be said about S). Other interpretations of the core of the product are
possible, for example, A describes a certain condition necessary for action B to
be performed.

The element P is the condition for the applicability of the core products.
Usually P is a logical expression (usually a predicate). When P takes on the
value “true”, the core of the product is activated. If P is false, then the core of
the product cannot be used. For example, if in the product “THE
AVAILABILITY OF MONEY; IF YOU WANT TO PURCHASE A THING
X, PAY ON THE CASH OFFICE AND GIVE A CHECK TO THE SELLER”.

The condition for applicability of the product core is false, that is, there is no
money, then it is impossible to use the product core.

Element N describes post-conditions of a product. They are updated only if
the core product is implemented. Post-conditions of the product describe the
actions and procedures that must be performed after the implementation of B.
For example, after buying a certain item in a store, it is necessary to reduce the
number of items of this type by one in the inventory of goods available in this
store. A' execution may not occur immediately after the implementation of the
product’s core.

If a certain set of products is stored in the system’s memory, then they form
a system of products. In the product system, special product management
procedures must be defined, with the help of which the products are updated
and the products selected from the list of actualized products are to be executed.

A number of IS use a combination of network and production knowledge
representation models. In such models, declarative knowledge is described in
the network component of the model, and procedural knowledge is described in
production. In this case, they talk about the work of the production system on
the semantic network.

Products along with frames are the most popular means of representing
knowledge in IS. Products, on the one hand, are close to logical models, which
makes it possible to organize effective output procedures on them, and, on the
other hand, reflect knowledge more clearly than classical logical models. They
do not have stringent restrictions characteristic of logical calculi, which makes
it possible to change the interpretation of production elements.

The main disadvantage of this approach is its lower efficiency compared to
traditional programming methods. Different authors classify production systems
differently. Some relate them to declarative representation, others to procedural
or declarative procedural. The discrepancies are explained by how broadly the
concept of “production rule” is interpreted. Even in the simplest production rule
(i.e., a rule that does not contain attached procedures) there is a procedural
element, since it is assumed that the rule will be used to perform some action.
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This is what distinguishes a procedural representation from a declarative
one, since declarative knowledge does not carry any information about how it
will be used. In more complex production rules, the degree of "proceduralism”
is even higher. However, there is an clement of declarativeness in the
production rules and even in the modules controlled by the samples, since the
way of using the rules and modules is not indicated in them. Thus, production
rules combine the properties of both declarative and procedural representations,
as well as representations in the form of frames and hierarchical networks.

The production model is most often used in industrial ES. It attracts
developers with its visibility, high modularity, ease of additions and changes,
and a simple inference mechanism.

Using Sample Driven Modules (SDM)

We will illustrate the use of sample-driven modules using the HEARSAY -
111 tool system intended for ES design and a modification of the HEARSAY-11
speech understanding system.

All the methods for representing knowledge considered earlier used a
special case of SDM. Indeed, each module was represented as a production
rule. The complexity of the rules was very limited, which made it possible to
express them in a form understandable to the expert. If the transformations
performed by the module are very complex, then for their presentation it is
necessary to resort to the procedural form. The desire to preserve the
independence of the modules from each other led to the creation in HEARSAY-
[l of a circuit that ensures the interaction of the modules not directly, but
through the working memory, called the “blackboard”. Modules in HEARSAY -
Il are called Knowledge Sources (KS). Each KS consists of a condition
program that determines the use of KS to the current state of the blackboard,
and an action program that produces the results.

The blackboard is divided into several levels, at each of which data of a
certain type is processed. The following levels are highlighted in the
HEARSAY-II system: sentence, phrase, word, syllable, phoneme, etc. The
search for a solution is considered by the system as an iterative process,
consisting of putting forward hypotheses and verifying their credibility. The
current state of the solution is presented as hypotheses on the blackboard. A
hypothesis is an interpretation of some part of an oral utterance at a certain
level. Hypotheses of various levels are combined into a directed graph
(network), which allows to describe hypotheses of one level through hypotheses
ofa lower level.

So, in HEARSAY-111, working memory is represented in the form of a
network, and know ledge of the problem environment is represented in the form
of modules called according to the model. Using pattern-driven programs is a
step towards procedural representation in an attempt to preserve the
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independence of sources of knowledge. This approach (in contrast to the use of
products and networks) allows us to solve much more complex problems, but
reduces the ability to explain and acquire new knowledge. The use of sample-
driven programs requires the development of a specific solver for each subject
area, planning the decision process and using knowledge.

Use of the rules in the form of products, frames, networks allows you to
create systems that focus on a specific class of tasks, while maintaining the
ability to explain and acquire knowledge. However, the low power of such rules
leads to a sharp decrease in efficiency in solving complex problems. For
example, an experimental attempt to present a part of HEARSAY-11 in the form
of production rules led to a slowdown of about 1000 times. Common to all
approaches considered is the use of patterns when invoking a module or rule.

Mixed representations (objects and rules)

As a rule, in ES, not one, but several representations are used. Executable
statements are presented either in the form of production rules, or in the form of
modules (procedures) called by the model. An object approach or network
models (semantic networks and frames) are used to represent the model of
subject area.

The main advantage of using object-oriented programming in the
development of data processing systems is the support of methods that facilitate
code reuse. However, as many researchers have noted, the effect of
implementing an object-oriented programming technology begins to appear
only after 5-8 years. This is due to the need to accumulate development
experience and form a stable and fairly flexible class hierarchy. Obviously,
such costs arc unacceptable for knowledge engineering tools, where one of the
defining requirements is the need to create a “quick prototype”. Therefore,
object-oriented tools for creating knowledge-based systems should include a
library of standard, but fairly easily modifiable objects.

The implementation of the object-oriented approach in knowledge
engineering systems brings to the fore another feature of it, namely: the
possibility of natural decomposition of a task into a set of subtasks represented
by fairly autonomous agents working with knowledge. Today this is the only
practical opportunity to work in conditions of exponential growth of complexity
(the number of interconnections), characteristic for systems using knowledge.

So, almost all the tools for creating dynamic ES support an object-oriented
approach to system design, combined with the rules.

5.4. Work with an expert system

Let us dwell on the issue of working with an expert system. First ofall. it is
important to identify the circle of persons (roles) who, one way or another, are
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involved in this process. It should be noted that the process of working with an
expert system means both the actions necessary for its creation and direct
interaction to obtain the expert knowledge stored in it. Thus, interaction with
ES is carried out:

- expert in the subject area whose tasks will be solved by the ES;

- knowledge engineer - specialist in the development of ES;

- programmer - a specialist in the development oftools (IS);

- end user - a person or group of people using the system to obtain

solutions.

The expert determines the knowledge (data and rules characterizing the
subject area), ensures the completeness and correctness of the knowledge
displayed in the ES.

The knowledge engineer helps the expert identify and structure the
knowledge necessary for the operation of the ES, selects the tool (IS) that is
most suitable for the given subject area, determines the way of representing
knowledge in this IP, selects and programs (by traditional means) standard
functions (typical for this subject area) to be used in the rules introduced by the
expert.

It should be noted that the absence among the participants of the
development of a knowledge engineer (i.e., his replacement by a programmer)
either leads to failure in the process of creating an ES or significantly
lengthens it.

The programmer develops 1S containing all the main components of the ES,
carries out the pairing of the IS with the environment in which it will be used.

ES works in two modes: the acquisition of knowledge and problem solving
(consultation or use of ES).

In the mode of acquiring knowledge, an expert communicates with ES
through the mediation of a knowledge engineer. The expert describes the
subject area as a set of data and rules. Data defines objects, their characteristics
and values that exist in the field of expertise. The rules determine the methods
of data manipulation characteristic of the subject area under consideration. The
expert, using the knowledge acquisition component, fills the system with
knowledge that allows the ES in the solution mode to independently (without an
expert) solve problems from the subject area. The explanatory component plays
an important role in the mode of acquiring knowledge.

It is because of explanatory component that the expert at the testing stage
localizes the reasons for the unsuccessful operation of the ES, which allows the
expert to purposefully modify old or introduce new knowledge. Typically, the
explanatory component reports the following: how rules use user information;
why data or rules were used or not used; what conclusions were made, etc. All
explanations are usually made in a limited natural language or graphic
language.
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The mode of knowledge acquisition in the traditional approach to program
development corresponds to the stages of algorithmization, programming, and
debugging performed by (he programmer. Thus, unlike the traditional approach,
the development of programs is carried out by an expert (using ES) who does
not own programming, and not a programmer.

In the consultation mode, communication with the ES is carried out by the
end user who is interested in the result and (or) the method of obtaining the
solution.

Depending on the purpose of the ES, the user may not be a specialist in this
subject area, in this case he turns to the ES for advice, not knowing how to get
an answer himself, or be a specialist, in this case he turns to the ES to either
speed up the process of obtaining the result, either assign routine work to ES.
The term “user” is ambiguous, since in addition to the end user, an expert, a
knowledge engineer, and a programmer can use ES. Therefore, when they want
to emphasize that we are talking about who the ES was made for, the term "end
user" is used.

In the consultation mode, data about the user's task is processed by a dialog
scomponent that performs the following actions:

1) distributes the roles of participants (user and ES) and organizes their
interaction in the process of cooperative problem solving;

2) converts user data about the task, presented in the language familiar to the
user, into the internal language ofthe system;

3) converts the system messages presented in the internal language into
messages in the language familiar to the user (usually it is a limited natural
language or graphic language).

After processing, the data enters the working memory (WM). Based on the
input data from the WM , general data on the subject area and the rules from the
KB, the solver (interpreter) generates a solution to the problem.

In contrast to traditional ES programs, in the task solution mode, it not only
performs the prescribed sequence of operations, but also pre-forms it. If the
response of the ES is not clear to the user, then he may require an explanation
of how the answer is received.

Questions for self-control

1. Give the concept ofan expert system

2. What are the main features of expert systems?

3. What are the reasons that contribute to the spread of ES?
4. What is the purpose of ES?

5. By what criteria can any ES be characterized?
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10.
11.
12.

13.

14.
15.

How to determine the search space and the number of active agents of
the problem being solved? How does this affect the characteristics
ofES?

Describe the ES according to the class of tasks being solved, using the
following aspects: problems of expansion, extension, transformation.

In what areas of science and technology have ES been most widely
used? Give examples.

Describe the range oftasks solved with the help of ES in medicine?
What determines the complexity of the development of ES?

What stages of the development ofan expert system do you know?

What are the main components of ES? Indicate the purpose of each of
them.

Explain the role of the knowledge base and working memory in the work
ofES.

Explain the algorithm of the expert system in the "consultation” mode.
Describe the work with the expert system.



CHAPTER 6. SEMANTIC NETWORKS
6.1. Definition, historical background

The semantic network is a structure for representing knowledge using a
graph, in the form of nodes connected by arcs. Nodes correspond to concepts,
and arcs correspond to relations between them. The element of the semantic
network in the simplest case is a triple of the following form:

One and the same concept can be present in several triplets, which
determines the network structure. The main property of semantic relations is
,arity, i.e. number of arguments. The above is an example of a binary relation,
i.e. relations with arity 2. If all relations in the network are of the same type,
then the network is called homogeneous. An example of a homogeneous
network is the classification of species. In a heterogeneous network, the number
of relationship types is more than one.

The main purpose of using semantic networks to represent knowledge is to
ensure independence from the language, as well as to eliminate the inaccuracies
and ambiguities inherent in natural languages. Natural language - as a living
organism, develops and evolves towards the improvement of its main goal - to
ensure understanding of the participants in the conversation. However, due to
the natural laziness of native speakers, this optimization often boils down to the
utmost simplification of constructions, as a result of which the meaning of a
single phrase can be revealed only from the contextual environment.

A textbook example of not even ambiguity, but of “triple meaning” is the
phrase “He met her in a meadow with flowers”. It is completely
incomprehensible where the flowers are: in his, in her, or in a meadow.
Ambiguity affects all languages, including English. So, the question “Tell me,
what has four wheels and flies” makes us remember which aircraft has four
wheels.

The semantic network must contain knowledge in a mathematically accurate
form.

Mathematics allows you to describe most of the phenomena in the world in
the form of logical statements. Semantic networks arose as an attempt to
visualize mathematical formulas. The ancestors of modern semantic networks
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can be considered the existential graphs proposed by Charles Sanders Pierce in
1909. They were used in organic chemistry to represent logical statements in
the form of special diagrams. Pierce called this method the "logic ofthe future.”

An important undertaking in the study of networks was the work of the
German psychologist Otto Zelts 1913 and 1922. In them, he used graphs and
semantic relations to organize structures of concepts and associations, as well as
to study methods of inheriting properties. Zelts's scientific research had a huge
influence on the study of tactics in chess, which in turn influenced theorists like
Simon and Newell. Researchers J. Anderson (1973), D. Norman (1975) and
others used these works to model human memory and intellectual
properties [6].

As for linguistics, Tesniere was the first scientist involved in the
development of graphic descriptions. He used graphical notation for his
dependency grammar. Tesniere significantly influenced the development of
linguistics in Europe. Computer semantic networks were developed in detail by
Richard Richens in 1956 as part of the Cambridge Language Learning Center
project on machine translation. The machine translation process is divided into
2 parts: translation of the source text into an intermediate form of presentation,
and then this intermediate form is translated into the desired language. Such an
intermediate form was precisely semantic networks.

The first such system, which was created by Masterman, included 100
primitive concepts such as, for example, PEOPLE, THING, DO, BE. Using
these concepts, she described a dictionaiy of 15,000 units, which also had a
mechanism for transferring characteristics from a hypertype to a subtype. Some
machine translation systems w'ere based on the Ceccato correlation networks,
which were a set of 56 different relationships, some of which are case
relationships, relationships of subtype, member, unit, and whole. He used
networks of concepts and relationships to guide the actions of a parsing
program and resolving ambiguities. These studies were continued by Robert
Simmons (1966), Wilkes (1972) and other scientists [25].

In artificial intelligence systems, semantic networks are used to answer
various questions, to study the processes of learning, memorization, and
reasoning. In the late 70s, networks became widespread. In the 80s, the
boundaries between networks, frame structures, and linear forms of recording
gradually erased.

Expressive power is no longer a decisive argument in favor of choosing
networks or linear forms of recording, since ideas recorded using one recording
form can easily be transferred to another. And vice versa, such important
factors as readability, efficiency, artlessness and theoretical elegance began to
play a particularly important role, as well as ease of introduction into a
computer, editing and printing.
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The understanding of the problems of knowledge representation using
semantic networks was greatly influenced by Drew McDermott's essay
“Artificial Intelligence Encounters Natural Stupidity,” which has been cited for
30 years.

The most advanced domestic development in the field of application of 70
semantic networks in the problems of analysis and search for textual
information is a set of software products under the brand name RCO (Russian
Context Optimizer) of “Garant Park Internet” company.

Finally, the concept of the Semantic Web should be mentioned, which will
be discussed in more detail in subsections 6.7 and 6.8. The semantic Web is a
further development ofthe World Wide Web, which consists in the fact that the
documents posted on its resources contain semantic markup that allows you to
extract the meaning of the information contained in these documents. Such
semantic documents are created mainly in the RDF format (Resource
Description Framework) - an extension ofthe XML language, supplemented by
means of representing triplets subject-predicate-object.

6.2. Types of Semantic Networks

A semantic network in which all relationships are binary forms a relational
graph (Fig. 6.1).

Despite the fact that the concepts “Larry Smith” and “Man” are denoted by
the same ellipses on the graph, their semantic quality is different.

“Larry Smith” is an instance ofthe class of men, and “Man” is a lot of men.
In turn, “Man” and “Woman” are subsets of a more powerful set of people
(“Person”). Thus, as in relational databases, there are one-to-one, one-to-many,
and many-to-many relationships.
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If arity is different from two, it is already more difficult to depict the
semantic network in the form of a graph. But, as in databases, you can
normalize and bring everything to a binary relationship. For example, a unary
relation like “motor — running" can be reduced to “motor” -> “state” -> “work”.
The relationship with arity of type 3 “A plane flies from Petersburg to
Moscow” operates with three concepts: the subject is a plane, and the objects
are Moscow and Petersburg. Predicate - flight execution (“flies”). Introducing
the additional concept of “flight”, this relation can be represented with the
following fragment of the semantic network (Fig. 6.2):

Fig. 6.2 - To the definition ofa conceptual graph

In many cases, as a concept in relation, it is not a simple object or subject
that is involved, but another relation or a whole fragment of the semantic
network. For example, a boy sees a plane in the sky and thinks that this plane is
flying from Petersburg to Moscow.

Such networks are called propositional networks, and the graph of such
network is called a conceptual graph [6] (Fig. 6.3).

Flg. 6.3 — Conceptual graph
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Nesting relationships in propositional networks can be arbitrarily large. For
example, the boy’s parents may believe that he is mistaken if he thinks the
plane is flying from St. Petersburg to Moscow, and their grandfather and
grandmother, in tum, may believe that the parents underestimate the grandson’s
deductive abilities, etc.

For presenting events, a graph with a verb in the center or the graph Rastier
is more suitable. Example: A dog bites a postman (Fig. 6.4).

Postman

Fig. 6.4- Graph Rastier

The basis is not a concept, but an action or event, in this case biting. The
subject or biting agent is the dog, and the object is the postman. A graph
, centered in a verb allows you to do without nesting graphs. We can simply
expand the knowledge base about this event (Fig. 6.5):

Fig. 6.5 —Semantic Network "Postman™

The consequence of the dog biting the postman fiercely was that the
postman was beaten in the courtyard of the owner of the dog.
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6.3. Types of Relationships in Semantic Networks

The most common type of relationship in semantic networks is the
hierarchical type, which describes the relationship between elements, sets, and
parts of objects. These include:

1) ISA classification relation (from English “is @”). It is said that a multitude
(class) classifies its specimens (for example, “Socrates is a man”). This
relationship is sometimes referred to as “member of”. In Russian, it can be
called "is" (singular) or "essence™" (plural). The inverse relationship is “example
of' or “example”.

2) The relationship between a plurality and a subset of AKO (“a kind of"),
for example, “Masters is a subset of students”. The difference from the ISA
relationship is that classification is a one-to-one relationship, Postman Dog
Agent Bite Object Own Object Agent Owner Object Beat Agent Consequence
Place Yard Manner is fierce for many ", and a subset is" many to many . In
Russian - “subset”

3) The ratio of the whole and the part. The ratio of meronomy is the relation
of the whole to the part (“has part”). Meronym - an object that is part of another
object. The relation of holonym is the relation of the part to the whole (“is a
part”). The hand is a holonym for the body. The body is a meronym for the
hand.

Applying hierarchical types of relations, it is necessary to clearly distinguish
which objects are classes and which are instances of classes. Moreover, it is not
necessary that the same concept be a class or an instance in all subject areas. So,
“man” will always be a class in knowledge bases such as “student group” or
“labor collective”, but it can be an instance of the class of mammals in the
knowledge base in biology.

The vertices of a semantic graph can denote not only objects, but also
properties or property values. Displaying properties on a graph increases its
visibility, but can be very cluttered.

In addition to hierarchical relations, the following types of relations are
often used in semantic networks (the types of vertices are indicated in the
second brackets):

1) functional relationships (“produces”, “influences”,...) (object - object);

2) quantitative (“more”, “less”, “equal”, ...) (object - object or object -
property);

3) spatial (“far from”, “close to”, “for”, “above”, “under”, “above”, ...
(object - object);

4) temporary (“earlier”, “later”, “simultaneously with”, ...) (object - object);
5) attributive (“have a property”, “have a value”,...) (an object is a property or
property is a value);
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6) logical (“and”, “or”, “not”) (object - object or property - property);

7) linguistic.

The number of relationship types can be very large. The main problem with
this is the possibility of identifying these relationships in queries to the
knowledge base. In this regard, it is preferable to reduce the number of types of
relationships (and vertices) by increasing the number of vertices.

Networks with a verb in the center (Rastier networks) operate with the
following types of connections shown in Table 6.1.

Table 6.1. Types of relationships in Rastier graphs

Name Type Definition, Simplified
Name
(ACC) accusative Object of influence PATient
(ASS) Assumptive Point of view PERspective
(ATT) Attributive Property, characteristic CHARacteristic
(BEN) benefactive BeneficiaryEntity BENeficiary
(CLAS) classitive Class instance CLASsitive
. Items combined by .
(COMP)  comparative comparison COMParison
(DAT) dative Recipient RECeiver
(ERG) ergative Ergative, agent of process or AGENt
action
(FIN) final ResultorE GOAL
expectedgoa
(INST) instrumental Toolsused. MEAnNSs
(LOCYS) I?)E:::sle Positioninspace SPAce
(Loc ) Tlf)?aﬁf\fg' Positionintime TIME
(MAL) malefactive Sldelnjur:gt?(s): result of MALeficiary
(PART) partitive Part of the whole PARTItive
. result, effect, consequence. EFFect
(RES) Resultative (or CAlJse)
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6.4. Ontologies and rules of inheritance of relations

Presenting knowledge is a very complex and creative process. The main
problem here is that creating a knowledge base almost always starts “from
scratch”; while there are no so-called entry-level knowledge that a person
acquires, starting in early childhood. The creation of such household knowledge
bases has been underway for more than 25 years by Cycorp. (www.cyc.com),
however, according to its founder, Douglas Lenat, the machine still needs to be
explicitly informed that parents are older than their children and that people
stop writing newspapers when they die . Knowledge of a specific subject area
can be divided into common for all copies and individual for each. Obviously,
if the formalization of knowledge for a class of objects is performed once, then
it can be used by other authors in the description of individual instances.

Thus, the formalization of knowledge of any subject area should be based on
knowledge of a more general level that describes the basic relations between
objects and general properties of objects. Such knowledge is called ontologies.
For example, an ontology for describing the class “man” may contain the
relationship “has part” with objects “hand”, “head” and properties “has a
name”, “has a date of birth”, etc. [6].

The application of such knowledge to lower-level objects is carried out
using inheritance rules:

IfX AKO Y and Y AKO Z then X AKO Z - if X is a subset of Y, and that,
in turn, is part of an even larger set Z, then the class X is a subset of Z.

IfX ISAY and Y AKO Z then X ISA Z - if X is an instance of class Y, and
that, in turn, is part ofthe set Z, then X is an instance of class Z.

If X has_part of Y and Y has_part of Z then X has_ofpart Z - if X has Y
in its composition, and that, in turn, has an integral part of Z, then X has Z in
its composition.

IfX ISA'Y and Y has_part of Z then X has_part of Z - if X is an instance of
class Y, and that, in turn, has an integral part of Z, then the instance of X
includes Z.

If X is AKO Y and Y has_part of Z then X has_part of Z - if X is a subset of
Y, and that, in turn, has an integral part of Z, then the class X has Z in its
composition.

If X ISA Y and Y has_a Z then X has_a Z - if X is an instance of class Y,
and that, in turn, has property Z, then instance X has property Z.

IfX is AKO Y and Y has_a Z then X has_a Z - if X is a subset of Y, and
that, in turn, has property Z, then the class X has property' Z.

Using inheritance rules allows the description of all properties of each
instance to indicate only belonging to a class for which all necessary properties
are already described.
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Consider the example of translating a poetic work into a semantic network
more schematically and only reflects the main meaning. For a change we will
take an English-language option (we will not understand who wrote off from
whom).

"The Cicada and the Ant"
Jean de La Fontaine (1988)

Cicada, having sung her song She said, "I'll pay you everything

All summer long, Before fall, my word as animal,

Found herself without a crumb Interest and principal.

" When winter winds did come. Well, no hasty lender is the Ant;

Not a scrap was there to find It's her finest virtue by a lot.

Of fly or earthworm, any kind. "And what did you do when it was hot?"
Hungry she ran offto cry She then asked this mendicant.

To neighbor Ant, and specify: "To all comers, night and day,
Asking for a loan of grist, | sang. | hope you don't mind.

"A seed or two so she'd subsist "You sang? Why, my joy is unconfmed.
Just until the coming spring. Now dance the winter away."

A7g 6.6- Graph Rastier for the poem "The Cicada and the Ant"
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The graph in Fig.6.6 does not reproduce the artistic side of the work, but
merely reflects the processes, events, and cause-effect relationships between
them. So, we see that there is a singing process (“Sing”)- The agent (ergative)
of singing is cicada, and the position in time is summer. The result of singing
cicada in the summer was the lack of food (“No food”) and starvation
(“Hunger”) in the winter (position in time - “Winter”). The object of fasting
(“accusative”) is the cicada.

Unfortunately, on the graph, summer and winter are at diametrically
opposite points, and the fact of the onset of winter after summer could not be
reflected.

Due to hunger, the dragonfly came (“Go”) to the ant with the goal (“Fin”) to
get food (“Food”). The ant suggested that the dragonfly dance (“Dance”) due to
the fact that she came to him and the fact that she sang in the summer.

6.5. Problems of building semantic networks

As shown in Section 6.1, a semantic network must store knowledge in a
mathematically accurate form. In this regard, its construction requires accuracy
and a good understanding of the subject area and all related concepts. The
problems of knowledge representation were described in the already mentioned
work of Drew McDermott [10].

At first glance, the construction of graphs similar to those given in
subsection 6.3. examples can pass easily and naturally. However, this is far
from always the case. Consider the following construction:

In other words, the Tu-154 with tail number 85600 is an instance of the class
of aircraft, and aircraft have the ability to fly. Since an individual representative
ofthe class inherits the characteristics of the class, we conclude that the Tu-154
with tail number 85600 can also fly.
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Another problem is the naming of concepts. In the above example with an
airplane, it was not in vain that a particular airplane was identified by its tail
number. Otherwise, it would not be clear which instance of the aircraft is
meant.

To identify the “fly” property, the exact identification of an instance is not
critical, which cannot be said when it comes to troubleshooting. The above
identification of 85600 is also not exhaustive. Firstly, this combination of
numbers can refer to anything, for example, a phone number. Secondly, an
airplane can get into civil aviation from military aviation, where the
identification is completely different, and we will not be able to find out
anything about the past life of the aircraft, for example, about previous repairs,
and this is completely unacceptable.

The problem of identifying concepts also occurs in real life, but here we
wisely use the Occam’s razor: Do not multiply entities beyond necessity. If we
communicate in a small company, enough names. In the student group, each
surname can be identified. At the same time namesakes are awarded a name,
and namesake — also patronymic. If a semantic network is created that
encompasses a large number of objects, the problem of synonymy inevitably
arises, when one name indicates different concepts.

And if in antiquity it was enough to say “Jesus is from Nazareth” to identify
a person, now even the triad “Name” - “date of birth” - “place of birth” used in
passport registration does not guarantee the absence of duplicate identifiers. In
addition, such a cumbersome key (in terms of databases) does not contribute to
the visibility and ease of perception. In this regard, for the local semantic
networks, accepted in practice test book numbers, personnel numbers, TIN, etc.
can be used. Another problem is polysemy, when one word is used to denote
various concepts.

Synonymy and polysemy can catastrophically complicate the problem of
building large networks and, in particular, combining fragments written by
different authors.

The name of the vertex is just a symbolic name, its meaningfulness only
increases the visibility of the graph. The top of its properties is fully identified,
for example, for a person — last name, first name, middle name, date of birth,
etc.
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6.6. Facts and Rules in Semantic Network

The relations considered above, written in the form of subject-predicate-
object, are constant knowledge, i.e. facts. Entering all known facts about each
object may require unreasonably long time. As an example, it is appropriate to
give family relationships. For any two relatives, there is a name for the
relationship between them: uncle, nephew, mother-in-law, etc. Thus, for a
family of n = 10 people, the number of relationships will be n * (n-1) = 90. In
this case, part of the relationship is primary (spouse and parent-child), other
relationships stem from primary. If information on how secondary relations are
determined on the basis of primary relations is written in the form of rules, then
for each object only primary facts can be entered into the knowledge base. For
family relations, this means a reduction of no less than n /3 times, if we assume
that each family member is someone's child and parent, as well as someone
else's spouse, and nothing more.

One of the standards for the rule submission language is the SWRL -
Semantic Web Rule Language (http://www.w3.org/Submission/SWRL/). This
language is an extension of XML, and constructions on it are intended solely
for machine interpretation. The rule editors usually provide a variant of the
“human readable” rules in a format similar to the rules on the Prolog for
creating and debugging them. The following is a fragment of the rule for
determining the relationship "uncle™ for human reading and the source code of
this rule in SWRL:

hasParent(?xl, ?x2)n hasBrother(?x2, ?x3)=>hasUncle(?xl, ?x3) ...
<swrl:Imp rdf:ID="Bros">

<swrl:body>

<swrl:AtomL.ist>

<rdf:first>

<rdf:Description>

<rdf:type rdf:resource="&swrl;ClassAtom"/>
<swrl.argument!>

<rdf:Description rdf:about="#x3"/>
</swrlargument 1>

<swrl:classPredicate rdf:resource="#Person"/>
</rdf:Description>

</rdf:first>

<rdf:rest>
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<swrl:AtomList>

<rdf:first>

<rdf:Description>

<rdf:type rdf:resource="&swrl;IndividualPropertyAtom"/>
<swrl:argument2>

<rdf:Description rdf:about="#x3"/>

<rdf:Description rdf:about="#x1"/>
</swrlargument!>

<swrl:propertyPredicate rdf:resource="#hasBrother'7>
</rdf:Description>

</rdf:first>

<rdf:rest rdf:resource="&rdf;nil"/>

</swrl:AtomList>

</swrl:head>

</swrl:Imp>

By setting rules for objects of the semantic network, we may encounter the
problem of an open or closed world (Open or Closed World Assumption). The
assumption of an open world implies that no one has complete information
about the world, therefore, conclusions should be made solely on the basis of
what is known. The closed world assumption assumes that all information is
known to the observer. An example is the Kkinship relationship of the
“stepmother” type. Let the following facts be in the knowledge base:

Andrey is a parent of Yegor.

Julia is the wife ofAndrey.

In accordance with the assumption of a closed world, Julia is Yegor's
stepmother, since there is no information in the database that she is his mother.
In the open world, Julia can be considered Yegor’s stepmother only if it is
known that his mother is not Julia, but another woman.

Application of the rules is extremely useful in cases where the knowledge
base contains incomplete information. Suppose, for example, in the previous
example that Andrei is a person, but there is no information that Julia is a
person. Then all the rules are like:

IfX is a person, then X has a surname that cannot be applied to Julia. 1fyou
create a rule 1fX is person andXspouse Y then Y is person ,it will be possible
to establish the fact that Julia is also a man. In addition to the positive effect of
using the rules, there is also a drawback: combinatorial complexity, which, as
the volume ofthe knowledge base grows, quickly grows to cosmic proportions.
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So, for example, if in a fairly small knowledge base there are 100 facts and
10 rules of three facts each, the total number of attempts to apply the rules to
the facts can reach 10 * 100 * 100 * 100 = 107, since each rule will be
sequentially substituted all possible facts. Obviously, such a *“naive
implementation” of search in the semantic network is not viable. As in any
search task, here it is necessary to solve the problem of reducing combinatorial
complexity.

As an example of accelerating the processing of rules, we can use the Rete
algorithm [24], the main meaning of which is to construct a tree, each node of
which corresponds to a part of the conditions of the rules and stores a list of
facts that satisfy these conditions. Since new facts constantly arise during the
application of the rules, they are driven through the network and fact lists at the
tops are updated. The bottleneck of the Rete algorithm is the large amount of
memory required, since the same facts are repeatedly duplicated in lists at the
vertices of the graph.

As one of the alternative solutions, you can run all the possible rules for
each document once and save the results as facts. For the base of kinship
relations, this will mean that at first only primary relationships (parents-children
and spouses) are entered in the document, then all indirect relationships
(grandchildren, etc.) are calculated from them, which then fill up the knowledge
base on equal terms. After that, all facts will be retrieved equally quickly. This
approach is a type of case based reasoning, and it can be considered an
analogue of skills in human intelligence.

In fact, we almost always act by analogy, for example, in oral speech. Ifwe
applied the rules of the language when constructing each phrase, then the
speech speed would not exceed several sentences per hour. This is especially
noticeable when we translate the Russian text into a foreign language. If the
linguistic construction is familiar to us (reused earlier), then the translation is
proceeding at a fast pace. If we create a proposal for the first time, then the
translation process slows down tens and hundreds oftimes.

Intelligent semantic network agent

Building a semantic network is not an easy task. But after we deal with it
the question arises, but how to extract knowledge from the semantic network?
Obviously, a special program should be developed for this purpose, which,
based on a user’s request, will search for the required knowledge and produce a
result. Currently, there are several languages for querying knowledge bases in
the form of semantic networks in the RDF format, in particular, DQL,
R-DEVICE, RDFQ, RDQ, RDQL, SeRQL. The most standardized language is
SPARQL, which has passed standardization in the Data Access Working Group
(DAWG) of the World Wide Web (W3C) [29]. There are several
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implementations of the SPARQL language for various software platforms. The
author tested some of them, and it turned out that queries in the SPARQL
language only process facts (subject-predicate-object triplets), but do not
understand the rules. Thus, all the work on creating ontologies becomes
meaningless.

To eliminate this drawback, the author has developed a simplified language
for the presentation of semantic documents and a program that supports the
visualization of knowledge and the fulfillment of simple queries. The
SEMANTIC program, offered as part of this discipline as a shell for creating
and researching semantic networks, contains the rudiments of the properties of
such an intelligent agent. In particular, the program applies the inheritance rules
to all facts recorded in the knowledge base, and also allows the user to create
their own rules.

6.7. Context management

¢+ The need to unambiguously identify all the objects of the semantic network
leads not only to the complication of the procedure for adding facts, but also to
the fact that the extraction of knowledge becomes very cumbersome. To
simplify the understanding of this problem is not a simple example. Let us want
for a day to ask our neighbor for a lecture notes on artificial intelligence, which
he, in turn, borrowed from his girlfriend. Then the dialogue will be
approximately as follows:

“A citizen of the Russian Federation, Vladimir Sidorov, who was born in
1985 in Saratov, having a passport No. 60 04 123456, issued on 05/05/2003 to
the 51st OM of St. Petersburg, give me, citizen of the Russian Federation
Petrov Ivan Viktorovich, who was bom in 04/22/1986 in Pskov, having a
passport No. 6606 654321, for 24 hours 00 minutes lecture notes on the
discipline "Artificial Intelligence", which is read by Ph.D., assistant professor
of computer engineering Bessmertny Igor Aleksandrovich,... ".

A phrase inconceivable in everyday situations, but perfectly normal in a
police report. Obviously, when creating a semantic network once you can try
and identify all the objects unambiguously, although this will significantly
complicate the work. But for access to knowledge it is necessary to give the
opportunity to conduct a simplified dialogue, similar to the one that takes place
in real life. Such a function can be assigned to an intelligent agent that provides
access to knowledge.

The context base should consist of two components: permanent and
temporary. A constant context is knowledge that does not change in the process
of dialogue. For example, we want to know what time it is. This question,
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which does not cause any difficulties for anyone, cannot be answered without
information about the location of the subject. Therefore, the context database
should contain information about where the subject is, as well as the time zone
ofthis place. In other words, the context should be loaded into the database.

Temporary context — these are facts that are established or destroyed
(forgotten) in the process of dialogue, as well as temporary associations
established to simplify the dialogue. Temporary facts are, for example, answers
to questions that were asked earlier, i.e. knowledge brought from outside and
not requiring preservation in the knowledge base. An example of such facts can
be the patient's answers to the questions of a doctor who is trying to make a
diagnosis. The absence of such a memory will make the dialogue look like
numerous jokes about sclerotic people. Temporary associations make it possible
to assign short names to objects or facts for use only in this dialog.

Temporary associations are widely used both in everyday life and in
documents. For example, in the texts of contracts, a turnover of the type “LLC
HORNS AND HOOPS represented by Director Funt A.A., acting on the basis
ofthe charter, hereinafter referred to as the BUYER ...” is usually used.

Thus, the context base will allow creating for the user a simplified
representation (model) of the semantic network, which will allow' dialogue in
the usual way.

6.8. Semantic Network and Semantic Web

As shown in Subsection 6.2, the semantic network has a long history, and
until recently, this concept did not cause any ambiguities. However, after the
inventor of the World Wide Web (WWW) Tim Berners Lee in 2001 proclaimed
the concept of “Semantic Web,” in Russian-language literature, these two
concepts began to mix. To eliminate misunderstandings, it is proposed to
translate the concept of “Semantic Web” as “Semantic Web” or, in this text,
simply “Web”.

The essence of the idea of Tim Berners Lee is to provide Internet resources
with special metadata available for computer processing and uniquely
characterizing the properties and content of the World Wide Web resources,
instead of the currently used text analysis of documents. In particular, it is
proposed to provide all Internet resources with tags that enable the author of
each document to be identified. It should be noted that this decision was made
in pursuit of the WWW concept after the Internet turned from a knowledge
repository into an informational “garbage dump” due to the permissible
anonymity of resources.
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However, this property of the semantic web is of last interest to us. Our
focus is on the properties of the Semantic Web to deliver to the user the
information that he wants to receive.The main difference between the Semantic
Web and WWW is that the links between WWW resources reflect the
placement of documents, and the links of the Web reflect content. True, in both
the WWW and the Web, links contain resource addresses, but in WWW the
links are anonymous; their meaning should be understood by the user.

On the Web, links have an explicitly indicated meaning, which is available
for machine processing. Thus, the Semantic Web implies a robotic search for
information instead of the current Web surfing, when the Internet user clicks on
links from document to document [25].

6.9. Semantic Web: principles and current status
The Semantic Web is based on the same triplet subject-predicate-object. The

difference is in the presentation of each of the elements of the triplet. On the
'Web, the subject, object, and predicate are represented by universal resource.

An example is the graph shown in Fig. 6.7.

Ittp/AMwww3 «« /1

Jimrry Donal "Jimbtf wales

Fig. 6.7 - Wikipediafounder business cardgraph

The most popular knowledge representation language on the Web is
RDF. A fragment of the RDF document describing the relationship Sergei has a
child, Nikita, and Nikita has a parent, Sergei, is given below.
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<Person rdf:ID="Nikita">
<HasParent rdf:resource="#Sergei"/>
</Person>

<owl:Class rdf:ID="Person"/>
<Person rdf:ID="Sergei">
<HasChild rdf:resource="#Nikita"/>

</Person>

This format is not intended for human reading. Semantic document editors,
for example, the most common Protege ontology editor (http://protege.
stanford.edu/), provide the ability to enter and edit facts in screen forms
(frames), as shown below.

Currently, the creation of RDF / OWL documents is carried out by
individual enthusiasts. The number of documents on the Internet is small, and
they can be found using a special search server, for example, SWOOGLE.
Project development is being held back for many reasons. This is mainly the
lack of quick and direct benefits from the creation of semantic resources, the
complexity of formalizing knowledge and the lack of universal agents for
extracting knowledge. The sales of intelligent agents on the Internet are limited
to student developments like a beer guide in  Southampton
(http:/imvww.twine.eom/item/I 1by40gxk-pl/southampton-pub-guide-in-rdf) and
a wine agent advising which wine better to use with each ofthe dishes.
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CONCLUSION

Artificial intelligence is the property of intelligent systems to perform
creative functions that are traditionally considered the prerogative ofa person, it
is a system of tools, one might even say a set of mathematical algorithms that
solves a very narrow and complex task. An unmanned vehicle can travel from
point A to point B, but it is not able to answer the question of how much 6 will
be multiplied by 7. We can put another tool that will answer this question, but
they will not be related to friend. Therefore, you can make some kind of robot
that will go and dig a mine on the button, you can make a robot that will fly in
an airplane instead of a pilot. But these will be two different robots, and there is
no common robot that controls them - a person does this much more efficiently.
In complex tasks where you need to set goals, understand what you need to do
or not do, artificial intelligence infinitely loses to a person. Yes, probably, the
robot will dig mines better than the sapper, at least it really will not be so sorry
if it fails to dig. In airplanes, maybe they will fly, things will go that shoot more
accurately.

Artificial intelligence - the ability of computer systems to take on individual
functions of human intelligence, for example, to choose and make optimal
decisions based on knowledge gained from previous experience and a rational
analysis of external influences.

In this definition, the term knowledge means not only the information that
enters the brain through the senses. This type of knowledge is extremely
important, but insufficient for intellectual activity. The fact is that the objects of
our environment have the property not only to affect the senses, but also to be
in certain relationships with each other.

It is clear that in order to carry out intellectual activity in the environment
(or even just exist), it is necessary to have a model of this world in the
knowledge system. In this information model of the environment, real objects,
their properties and the relationships between them are not only displayed and
remembered, but also, as noted in this definition of intelligence, can be
mentally transformed purposefully.

Thus, Artificial Intelligence is the ability of a computer system to create
programs (primarily heuristic) during self-learning to solve problems of a
certain class of complexity and solve these problems in all areas of our lives.

In practice, the range of capabilities of Al is almost endless: space research,
military science, robotics, industry, agriculture, transport, medicine, education,
etc. Within the framework of the state program Digital Kazakhstan, much
attention will be paid to digitalization and robotization of production processes
in all sectors of the national economy. An important role in the implementation
of this program is played by the development of Al methods and tools. The use
of Al in practice is discussed in the second volume of this tutorial.
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7.

Questions for self-control

Give the concept ofan expert system

What are the main features of expert systems?

What are the reasons that contribute to the spread of ES?

What is the purpose of ES?

By what criteria can any ES be characterized?

How to determine the search space and the number of active agents of
the problem being solved? How does this affect the characteristics
ofES?

Describe the ES according to the class of tasks being solved, using the
following aspects: problems of expansion, extension, transformation.

8. In what areas of science and technology have ES been most widely used?

9.

10.
11,
12.

13.

14,
15.

Give examples.

Describe the range of tasks solved with the help of ES in medicine?
What determines the complexity of the development of ES?

What stages ofthe development ofan expert system do you know?

What are the main components of ES? Indicate the purpose of each of
them.

Explain the role ofthe knowledge base and working memory in the work
ofES.

Explain the algorithm of the expert system in the "consultation” mode.
Describe the work with the expert system.



GLOSSARY

A

Abduction - is a form of synthetic inference that deduces the premises from
the rule and result.

Abstraction - is the mental selection (understanding) of a property or
relationship by distracting from other properties or relationships of an empirical
object.

The acquisition of knowledge - the identification of knowledge from
sources and their transformation into the desired form, as well as the transfer to
the 1S knowledge base.

Amphibole (from Greek amphibolos - ambiguity, duality) - a logical error,
based on the ambiguity of language expressions.

Analysis - is the mental division of an empirical or abstract object into its
structural components (parts, properties, relationships).

An atom - is a predicate form or some equality, i.e. expression of type
(s =t), where s and t are terms.

Atrtificial intelligence (Al) is one of the areas of computer science, the
purpose of which is the development of hardware and software tools that allow
a non-programmer to set and solve their tasks, which are traditionally
considered intellectual, communicating with computers in a limited subset of
the natural language.

C
Clipping is a way to control your search.
Comparison - the establishment of similarities or differences between
objects.
A complex concept is a concept formed from previously defined by the
application of certain rules.
Compound lists are lists that use more than one type of item.

D
Deep knowledge — abstractions, images, analogies, which reflect the
understanding of the structure of the subject area and the relationship of
individual concepts.
Deduction is an analytical process based on the application of general rules
to particular cases, with the conclusion of the result.
Declarative knowledge - facts in the form of sets of structured data.

E
An entity is an object of an arbitrary nature belonging to the real or
imaginary (virtual) world.
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An expert is a highly qualified specialist who agreed to share experience in
the subject area under consideration.

Expert systems (ES) (or knowledge engineering) - the direction of
artificial intelligence, the task of which is to research and develop programs
(devices) that use knowledge and output procedures and solve problems that are
difficult for human experts.

Explanation subsystem - a program that allows the user to receive answers
to questions: how was this or that recommendation received and why did the
system make such a decision?

Extensional - definition by listing the concepts of a lower level of the
hierarchy or facts related to the defined.

F

Facts - 1) well-known circumstances; 2) relationships or properties that are
known to have the meaning of "truth.”

A formal system is a set of purely abstract methods, in which the rules for
operating with a variety of characters in a purely syntactic interpretation are
presented without taking into account the semantic content.

A frame is a minimal information structure necessary to represent
knowledge about stereotyped classes of objects, phenomena, situations,
processes, etc.

A functional constant is a logical predicate that, when combined with a
suitable number ofterms, forms a functional form, the semantic region of which
is a set of individual constants.

Functional integrity - the ability to select the desired result, time and
means of obtaining the result, means of analyzing the sufficiency ofthe result.

G
Generalization - the mental selection of a concept by comparing any other
concepts.
Generalization of knowledge is the process of obtaining knowledge that
explains the facts and is able to explain, classify or predict new ones.

H
Heuristics - knowledge from the experience of experts.
Hopfield networks are a subset of feedback networks that are guaranteed to
reach a steady state.

I
Individual constants and individual variables (in logic) are similar to
constants and variables from mathematical analysis, with the only difference
being that the area oftheir change is individuals, not real numbers.
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Induction - synthetic reasoning that derives a rule based on the premises
and the result.

Inference is the derivation of a formula based on many other logical
formulas by applying inference rules.

Inference is a complex abstract object in which, using certain relationships,
one or more propositions are combined into a single whole.

Intelligence - 1) the ability of the brain to solve (intellectual) problems by
acquiring, remembering, and purposefully transforming knowledge in the
process of learning from experience and adapting to various circumstances;

2) the ability to independently, efficiently (true, with the lowest possible cost
of resources) find high-quality (true, simple, requiring the lowest possible cost
of resources) solutions (including new, previously unknown) of various
complex "tasks", including new ones previously unknown (ideally, any possible
"tasks").

An intelligent system is an information and computing system (ICS) with

intellectual support in solving problems without the participation of an operator
(decision maker - decision maker).
1 Intelligent reference books are information systems, the core of which is a
generator of subject knowledge, and the purpose is to generate reference data in
a narrow subject area.

Intelligent agent - a system (person, program) with intellectual abilities.

J
Judgment is a structurally complex object that reflects the objective
connection between the object and its property.

K

Knowledge base (KB) is the core of IP, the body of knowledge of a subject
area recorded on a computer medium in the language of knowledge
representation (usually close to natural).

Knowledge is the identified laws of the subject area (principles,
relationships, laws), allowing to solve its problems.

Knowledge Engineer (Cognitologist, Interpreter) - Al Specialist, acting as
an intermediate buffer between the expert and the knowledge base.

Knowledge Base Management System (KBMS) - a set of tools that
provide work with knowledge.

L
A list is a data object containing a finite number of other objects.
List structure (Lisp) is a list, the elements of which can be both atoms and
other list structures, including ordinary lists.
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Logic - 1) the science of the forms and methods of proper thinking; 2) the
science of universal (universally valid) relationships between concepts,
judgments, conclusions and other abstract objects.

A logical connective (in the predicate calculus) is a logical operation that
serves to formulas.

Logical programming is one of the approaches to computer science, in
which the logic of first-order predicates in the form of Hom phrases is used as a
high-level language.

M
Meta-knowledge is a knowledge about knowledge: about the volume and
origin of knowledge about a particular object, about the reliability of specific
information, or about the relative importance of individual facts.

N
Neurocomputer is a software and hardware system that implements some
formal model of a natural neural network.
A neural-like network is a collection of neural-like elements connected in
a certain way to each other and to the external environment.

P

Parameter Stream (Visual Prolog) - a list of input and output arguments
for this predicate.

Perceptron is a device for pattern recognition.

Predicate - 1) it is a predicate name along with a suitable number of terms;
2) (in Prolog) the name of a property or relationship between objects with
sequence of arguments.

A predicate constant is a relation designation that describes a predicate.
The predicate constant does not change its value of truth.

A predicate form is a predicate constant combined with a suitable number
of terms.

Procedural knowledge - algorithms in the form of fact processing
procedures.

R
A recursion basis is a sentence that defines a certain initial situation or
situation at the time of termination.
The request (in the Prolog) is the goals that are given to the program for
execution.
A recursive procedure is a procedure that calls itself until a condition is
met that stops the recursion.
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The recursion step is a rule, the body of which necessarily contains, as a
subgoal, the call ofthe defined predicate

A rule (in Prolog) is a conclusion that is known to be true if one or more of
the other conclusions or facts are true.

S

A semantic network is a directed graph whose vertices are concepts, and
arcs are the relationships between them.

Situations - all kinds of interactions between objects.

Solver (logical inference machine) - a program that simulates the expert’s
reasoning based on the knowledge available in the knowledge base.

The subject area is the part of reality associated with the solution of a
problem.

A statement is a predicate constant with no arguments, or a zero-place
predicate form.

Superficial knowledge is a combination of empirical associations and
causal relationships between concepts ofthe subject area.

Synthesis is the mental union of various objects into a holistic object.

A system with intelligent support is a system capable of making decisions
independently.

The synthesis technology of an expert system is the technology of creating,
based on the knowledge of experts, systems that solve informal problems in
poorly structured subject areas.

T

Task is a class of problem situations when it is necessary to carry out:
1) collection of information; 2) an assessment of the situation; 3) decision
making; 4) the implementation of actions.

The tail ofthe list is part of the list, including all subsequent elements.

A term is every variable and every functional form.

A tree is a graph with one root vertex, the remaining vertices have only one
father, and all vertices are descendants ofthe root vertex.

U
Unification - coincidence ofa goal with a rule head or fact.
Unformalized tasks are tasks that have one or more of the following
characteristics:

1) they cannot be specified in numerical form, i.e. are given in a qualitative
form or in terms of the theory of fuzzy sets;

2) goals cannot be expressed in terms of a precisely defined objective
function;
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3) there is no algorithmic solution to problems;

4) an algorithmic solution exists, but it cannot be used due to limited
resources (time, memory).

User - the person for whom the system is intended.
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