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AJITBICO3

CoOHFBI yaKbITTa aKIapaTTHIK XKyHenepre KOHbUIATHIH TaJlallTapAbIH apTy-
bIHAH TYBIH/IaFaH acaH bl HHTEIUIEKTKE KbI3bIFYIIBUIBIKTHIH 6Cyl Oaiikaabl.
Anam3aT VHTEpHETTiH JaMybIMEH CaJIBICTBIPYFa OONATHIH jKaHA aKMapaTThIK
PEBOJIIONHAFA YHEMI KBUIKHUBL.

XKacannpl WHTENEKT — WHPOpPMaTHKa OarbIThl, OHBIH  MaKCaThl
KONJaHyIIbIFa-0arnapiaMamsl  eMec ajamMFa TaOWFW TIIAIH — IIeKTEYyIi
XKUBIHTBIFBIHIA DOEM-MeH KapbIM-KaThIHAC acall OTBIPBIN, ASCTYPIl Typae
WHTEIUIEKTYal bl MIHISTTEpHi KOIOFa JKOHE IIelTyre MYMKIHAIK OepeTiH
anmnaparThiK-OaraapiiaMalblK Kypaiaapabl 93ipiey OOl TadbLia bl

JKacaHIbI MHTEJIEKT TAPUXBI KaHA FHIIIBIMU OarbIT peTiHnae XX FachIpAbIH
opracsiHa O6actanansl. OCkl yaKbITKa JeHiH OHBIH Iaiiia O0TyBIHBIH KOIITEreH
QJIFBIIIAPTTAPbl KaJbIITACTh: (uiaocodTapAblH apacklHa ajaM TaOWFaThl
MeH oJieMJi TaHy Mpoleci Typaibl nayiap OypbIHHAH XYpZi, Hefpodusno-
JIOTTap MEH TMCHXOJIOTTap aJaM MHBbl MEH OHJIayJbIH »XYMBICHIHA KaTbICTHI
OipkaTap TeopHsIapIbl d3ipieii, JKOHOMUCTED MEH MaTeMaTHKTEp OHTaMIIbI
ecenrTep XoHe QGopMalbabl TYPAE oJIeM Typalbl OuTiM Oepy MocerelepiH
KOMJIBI; aKbIPbIH/IAa €CEeNTEYIEPAiH MaTeMAaTHKAIBIK TEOPHSICHIHBIH — aJITrOpHUT-
MZIEp TEOPHUSCHIHBIH ipreTachl maijga OOJNIBI KOHE aJFallKbl KOMIIBIOTEpIep
KYPBUILIBI.

Ochl KypaJIJIblH MaKcaThl JKacaHAbl MHTEJJIEKTTE KOJJAHBUIATBIH HETi3ri
OarpITTap MEH dicTepi OasHIay, COHIAN-aK OJapiabl ajaM KbI3METiHIH TYpJIi
cajaiapplHIa MaiganaHy MYMKIHZIITIH aHbIKTay OONBIN TaObUIambl. Bynm oky
KYpaibl anTel OediMHEH Typanbl. bBipiHII Ke3eHIe KacaHIbl WHTEIIEKTKE
KbICKaIlla Kipicrie KeNTipiJieni, OHbIH FBUIBIMH OarbIT PETiHJIE JaMy TapHXbl
KapacTHIPBUIABI, JKACaHIBl WHTEIJICKTTIH HETI3rl cajajapel KepceTiieni,
»KacaHIbl HWHTEJUIEKT CaJlachlHJAFbl 3EpTTEYJIEpHiH TapuXbl MEH HeTi3ri
OaFrbITTapbl KApacThIPBLIAIBIL.

Exinmi Gemim Ilposor Tinminme OarmapiamMalnay HeTi3[epiHe apHalFaH,
MyHza [IponorTslH fekIapaTHBTI TiJl peTiHAe cunarTaiysl, [Ipomnor TimiHzeri
OarmapmaManapIelH KYPBUIBIMBI MEH HETI3Tl AJIEMEHTTEPiHIH CHIATTAIYEI,
MpequKaT YFeIMbI Oepineni, [Iponorusinarsl pekypcusi MeH Kecy (akTinep MeH
epexenep KapacThIPBIIIBL



YuwiHin Tapayna bBIKTHMAJIBIK MaibIMaayiap KapacThIPBUIIbI, aHBIK eMec
JIOTUKA TEOPHSACHIHBIH Herizzepi Oepineni, baiteco »xemimepi, Mot Xomn
NapajiokC CUIMaTTaJFaH.

Teprinmi Tapayma HEUPOHIBIK JKeIi YFBIMBI OepiireH, HEWpPOHIBIK
KeIepi Kypy NPUHIMII CHIIATTAaNFaH, HEHPOHMABIK JKeJijepli naiaanaHy
epeKIIeNiKTepl KapacTBIpbUIFaH, TaHY €CeNTEepiHJAe HEHPOHIBIK JKelijaep
CHUTIIATTaJFaH, COHNIAH-aK HEHPOHABIK >Keminepai jxobajay, OKBITY J>KOHE
oeitimey.

Becinmi Ttapayma capanTaMaibIK OKYHeNepHi o3ipiey[iH TEOpHSIIBIK
JKOHE TPAKTUKAIBIK Macelesiepi KapacThIpbLIaibl, aJrOPUTMIIK MOJIENbAEP,
OLTIM/TI YCBIHYIBIH JIOTUKAIBIK MOJCIbBICPi, YITUICPMEH OacKapbUIATHIH OHIM
MOZIeJIbAEPI MEH MOAYJBJACP CHMATTAIFaH. AJNTHIHIIBI Tapay CEMaHTHUKAJbBIK
XKeJIijiepre apHajFaH.

Kapangsr TunTepi ceMaHTHKANBIK KENiJiep, MOIIMETTep KOPBIH KYpY,
cumarTajiraH (QakTiiep MeH epexelep CeMaHTHKAJbIK JKeNliJiep, KYpacThpy
Mocenenepl CEeMaHTHUKAIBIK JKelijep, TYCIHIK OepiireH CeMaHTHUKAIBIK TOp
KapaJiJibl KaFuJaTTapbl MEH aFbIMIAFbl KaFAalibl CEeMaHTHKAIBIK TOP.

OKy KypaJIbIH/Ia KeIITEreH MbIcaJlIap MEH JKaTThIFyIap KaMThlIFaH. Mare-
pHaAbl OKyFa BIHFAIIIBI OOy YLIIH INIOCCApUil YCHIHBUIFAH.

Apropnap KocraHaii MeMJIEKETTIK NeJarorukaiblK YHHBEPCHTETIHIH ara
OKBITYIIBICH AliTkeHOBa ASH AnTaeBara OKYJIBIKTBIH MOTIHIH Ka3akK TilTiHe
ayJapy Ke3iHJie KOPCeTKeH KOMEKTEepl YIIiH alFbIc OLIaipe.
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Kipicne

Urnacu benna e3iHiH «AKBUT-OM, MallliHAJIAP XOHE MaTEMAaTHKa» JIETCH
JKYMBICBIHAA Obutali nmem skasmel: «OKacammbl muTeimiekt (OKM) Oipre-Gipre
0i3miH emipiMisre eHIi. AgaM CHSKTBI KPEaTHUBTLIIK, CE31M JKOHE IMOIVUIBIK
WHTEJUIEKT JACHTediHe We MallnHanap maiina OonraH KyHI epTe Me, Keul e
kerei. byt kyHi 013 jkaJIFbI3 eMec eKeHIH TYCIHEMI3Y.

Bi3miH 3aMaHBIMBI3IBIH €H KOPHEKTI OenrinepiHiH Oipi — agaM KbI3METiHIH
OapIbIK cayanapblHa eHreH Kommblotepiep. Kommbroteprnepiy emMip cypyiHiH
0apiblK Ke3CHIHJAE OJap/AblH OHIMAUITIHIH TYpakThl ©Cyi TIOTI YsUIbI
KYpPBUIFBUIApABIH  3UATKEPIiK (YHKUMSUIAPBIH JKY3€re achlpyFa MYMKIHAIK
Oepui. ¥snbl TeraeOHHBIH Kamepachl KOPIHICTI TaHbIN, (OKYC MEH 3KCIO3H-
OUSHBI COHWKECIHIe peTTelTiHiHe 0i3 OypbIHHAH Y¥peHIn Kanaslk. KemrereHn
KOJIK  OKYpri3ymijiepi  KemTeliCTepJeH  ayinaKk OoiyFa  KOMEKTCCETiH
HaBHUTALMSUIBIK JKYHECi3 Kalia lIiHae Ko3Fallyipl enectere ainMaiabl. Erep 20-
25 kb OypbiH MHTEpHET akmapaTThIK KEHICTIKTI jkayiam aja OacraraHna,
KaXeTTl pecypcrapra Ko skeTkizy yuriH ci3 URL mekeH-xaliblH jkoHE TiNTi
HHTEPHET-pecypcTapra («capbl OeTTep») XKapusUIaHFaH HYCKAYJIBIKTAPIbl O
TyBIHBI3 Kepek OoJica, eHi i31ey Kyiecinne ¢ppa3zaHbl Tepy KETKUTIKTI O TeK
THICTI pecypcrapra ciiremelnep Ti3iMiH FaHa eMec, COHbIMEH Karap KeiOip
Karnaiiapaa KOJJAHYIIBIHBI KBI3BIKTHIPATBIH CypakTapra xayam Oepemi.
OCBbIHBIH OapIIbIFBI 3USATKEPIIIK XKYHeIepAiH MbICaIaphl.

Kasipri yakpITTa »XacaHIbl HHTEIUIEKT OOWBIHIIA 3epTTEyJeple aiaThl
Heri3ri 0areIT OemiHreH [1]:

1. Bimimai yceiny. Ocbl OarbiT 1eHOepinae KU skyiieciHiH rxaasiHaa
OimiM Gepy skoHe (opManm3amMsIMEH OaimaHBICTHI MiHAETTep memineni. Ox
yiriH OimiMAl YCHIHYIBIH apHailbl yirinepi MeH OuTiMAl cumartTay Titepi
o3ipymeHeni, OumiMHIH TYpii Typnepi eHrizinemi. bimim Gepy moaceneci XU
JKyHeci YIIiH Heri3ri npo0diiemManapabiH 0ipi 00k Ta0bUIAABI, OUTKEHI MyH I
JKYHEHIH J>KYMBIC iCTEyl OHBIH KaJblH/Ia CaKTaJIaThIH MNpOOJIEMAIBIK caja
Typaisl OijiMre cyleHei.

2. bimimai wManumynsuusiiay. Tamncelpmadbsl miemy  KesiHge  Oumimuai
Konganyra OonateiHmail, XU sxyiieciH ydpeTy *oHE OJapMeH KYMBIC icTey
kepek. Ocel OarbIT MICHOEpiHAC OUTIMII TOJNBIK €MeC CHIaTTaMaiap HeTi3iHzae
TOJIBIKTBIPY TACLIAEP1 a3ipiieHe i, Koyija 6ap OLTIMHIH HETi3iH/e HIbIHANBI )KOHE
IIBIHABIKKA YKCac KOPBITHIHIBI JKacay omicTepi jkacajambl, OiimMre cyieHeTiH
JKOHE aJlaMM MaWbIMIAyJapblH epeKIIeNIKTepiH WMHUTALMSIANTBIH ITaibIM-
Jaynap MoJeNbAepl YChIHbUIAABL. bimimai MaHumynsuusuiay OutiM OepymeH
THIFBI3 OAMITAHBICTHI XKOHE OYJI €Ki OaFBITTHI TEK MAPTTHI TYpHe Oesryre 00a k.

3. Kapem-kateiHac. By OarbITTarbl MiHAETTEp LICHOEpiHE MBIHATIAp
Kipeni: TaOufu Tijjeri OaimaHbICTBI MOTIHAEPIl TYCIHY JXOHE CHUHTE3ICY
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Moceseci, ceiieyni TyciHy JkoHe cuHTe3ney, aaam MeH KU kyiteci
apachIHAaFbl KOMMYHHUKAIIUS MOJICNBACPIHIH TEOPHUsCHL. 3epTTey Herizinae Oy
0arbITTa JIMHTBUCTHKAJIBIK MPOLECTEPAl, CYpaK-Kayar >KYHelepiH, AUANIOTThIK
xkyrenepai xoHe JKU Oacka ma sKylenepiH Kypy OIicTepi KaJblITacasisl,
oJapIbiH Makcatsl agaMHbH JKI xyiteciMeH KapbIM-KaTBIHACHI YIIiH KOJTAHIIbI
JKaFaaiIap/ sl KaMTaMachl3 €Ty OOJIBIN TaObLIAIbI.

4. KaoOpuimay. byn OarpiT Oimim 0a3acklHIAa Kepy KepiHICTEpi Typajbl
aKmapaTrThl YCBIHY OJICTEpiH d3ipieyli, Kepy KepiHiCTepiHeH OJapblH
MOTIHJIIK CHIIATTaMaChIHA KOIIy d/IiCTepiH JKOHE Kepi OTy dICTEpiH YKacaybl,
KU >xyiienepinzaeri iniki KepiHicTep HETi31HJe Kopy KOpiHICTEepiH TyAbIpY YIIiH
Kypajiiap >kacaybl KAMTUBL.

5. Oxprty. KU xyiienepiniH OypeIH Ke3AECIEreH MIHACTTEPIi MICIIyTe
KaOUTeTTIIriH JaMBITY YIIIH NpoOJeMaibIK JKarmaiiiel cumarray OOMbBIHIIA
HeMmece OHbI 0aKpuIay OOMBIHINA ecenTep MAPTTAPbIH KaIBINTACTBIPY 9IICTepi,
JKeke ecenTepi (MpIcangapapl) Oenrisii IIeNTyAeH >Kalmmbl MIHACTTI MICIIyTe
KOIIy oIlicTepi, 0ACTATKBI €CENTiH ASKOMITO3HUIUSICHIHBIH HEFYPIIbIM YCaK JKOHE
KU >xyiternepi yiuiH Oenriii oaicTepin xacay a3ipyeHeni. by 0arbrrra XKW omi
Jie a3 KacalFaH.

6. Mines-kyikpl. XKW xyiienepi kelOip KopliaraH opTalia opeKeT eTyi
THiC OOJFaHABIKTaH, OJapFa KoplmaraH oprameH, o3re ae KU xyitenepimMeH
JKoHE amamaapMeH Oapabap e3apa iC-KHMBUT jkacayFa MYMKIHIIK OepeTiH
KeHOip MiHe3-KYJIBIK paciMaepiH a3ipiey kaxer. byn Oareir XKU-ne ere Hamap
O3ipIICHTEH.

Ic oxysimme KM MYMKIHAIKTEpiHIH CIEKTpi IIEKCi3: FapbIITHIK
3epTTeyiep, 9CKepu ic, PoOOTOTEXHHKA, OHEPKACill, aybUl IIapyallbLIbIFbI,
KOJIiK, MEeUIMHA, O1J71iM oHe T.0.

Mpicanbl, Kas3ipri 3aMaHFbl JKacaHIbl WHTEUIEKT JKYHenepi opTypii
aKmapaT *KOHE KYPBUIFbLIAp JaTYMKTEPiHIH €I9yip KOl CaHBIHBIH apKachIHIA
POOOTOTEXHUKAIBIK KYPBUIFBLIAPIBI THIMI OacKapyFa KaOijieTTi.

PobGorrap — Oy agaM eHOeTiH aBTOMAaTTaHABIPYFa apHaJFaH 3JIEKTPO-
TEXHHUKAJIBIK KYPBUIFBLIAP.

KU  omictepi 9KcTpeMalZbl JKargaiiapia KYMbIC ICTEHTIH poOoT
TEeXHHUKAIBIK KCIICHJep YLIIH aJrOpUTMICP MEH almaparThlK NICMIiMACpAi
Kacayra MyMKIHOIK Oepeni. by  kemienaepiiH —adpbIKiIa —epeKIleniri
HEHPOH/IBIK KeJijep MEH aHBIK JIOTHKA HETi31HAE ToyeIci3 3UATKEPIiK OacKapy
Kyiteci, IKCTpeMan bl Karaaira OaiIaHbICThl TOMOTPApHSIBIK KOHE anmnapar-
TBIK OelimMzienny MYMKIHZIIri 0Oap pOOOTOTEXHHUKAINBIK >KYHeHI OacKapyblH
3UATKEPIIK XKyHeciH Kypy O0omansl. JKU omicTepiH KoamaHyAbIH NPAaKTHKAIBIK
HOTHXKECIHIH MBICAlbl TYPMBICTBIK JKOHE OHEPKOCINTIK MaKcaTTarbl Yil-
JKaimapna OKyMBIC icTeyre apHaiFaH, OeiHeOaKpUIayJaH paaHallysIIbIK
Oakpulayra JeHiHTiI Kipy KyHelepiHiH KeH CIeKTpi Oap JkoHe OChl Yil-
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JKaWIap/blH Kayinci3giriH KaMTaMachl3 eTyre apHaiFaH poOOTThl Kypy OOJbII
TabpuTaAbl. POOOTTHI MHTEIUIEKTYaIbl OacKapy *Kyieci aBTOMATThl TypAe YH-
Kaligapapl Jkocrapiayra OeifiMaeneni, KOpralaTblH YH-)KaJblH KocHap-
JaHYBIH €CKepe OTBIPBI, POOOTTHIH KO3FAJbICHIH aBTOMATTHI OacKapyabl
KaMTaMachl3 €Telli, OHJIAifH MOHHUTOPHHITI KaMTaMachl3 €T¢ OTBIPHII,
JIepeKTep/i 3UATKEPIIK OHICY/Al Kyprizeli jkoHe Oackapy IIENIiMiH, COHBIH
IIiHIE TOTeHINe JKaFmaiapia TeNeKOMMYHHUKAIMSUIBIK OJKyile OOWBIHIIA
xa0apiamaapabl oepy i aepoec KaObLIIan bl

JKU canacbiHIarbl COHFBI KETICTIKTEPIl Keneci KOMMEPUHSUIBIK jk00a-
JapMeH YChIHyFa Oomazpt [2]:

— NASA-na o3ipnenren Remote Agent Garmapiiamachl yKep MaHBIHIAFbI
opOHTa/IaH aNbIC KAIIBIKTHIKTAFBI FAPBILI alllapaTTapbIHbIH KYMBICHIH KSIICH/II
Oackapy YIIiH, OHBIH IIIiHAE OJapiAbIH Maiaa OoNyblHA Kapad akayiapabl
JMArHOCTHKAJIAY JKOHE JKOI0 YIIiH NalaanaHbUIa b

— [uarnoctuka. MeauuuHaNbIK AUATHOCTUKAIBIK Oaraapiiamaiap Meu-
LIMHAHBIH OipHEIIe canachlH/a TOKIpUOel qopirep AeHreline KeTTi.

- XKaompikray sxocmapmay. 1991 sxeutet AKII apmwmsceirma Ilapcer
LIbIFaHaFbIHIaFBl Aarnapeic ke3inae Dart (Dynamic Analysis and Re-planning)
Kyieci epicterinai. by skylieHiH o3ipneyminepi Oy1 O6ip KonmaHy »KacaHIbI
MHTEIUIEKTKe oNapAbIH 30 >KbUIIBIK MHBECTUIHMSIAPBIH aKTaIbl AET MJIIMIE/I].

XU canachlHiarbl COHFBI OHXBUIIBIKTAFbI 3aMaHayH KETICTIKTEep KeJeci
a3ipieMenepMeH YChIHBUIIBL:

1. IBM komnanusiceiabl, Deep Blue Oarmapnamachl maxmar MaTyblHAA
oneM 4eMInroHbI KacmapoBTHI JKEHIN aliFaH alFamkel OarmapiamMa OOJIbI.

2. Alvinn KOMITBIOTEpIIIK Kepy J>KyHeci KO3FaJIbIC >KOJaFblH yCTaHa
OTBIPBIN, KOJIK XKypriyre yiperinmi. 2850 muip Ooitbl xyite 98% yaxpIT
IIIiHAE aBTOMOOMIIB/II OacKapy Il KAMTaMachI3 €TTi.

3. KpItaliga >kacaHIbl HWHTEIUIGKT TaHBIMal Kyprisymi Oomael. On
JKAHAIBIKTApAbl AaFBUIIIBIH TITIHAE OKUABI koHe «CHHBXya» aKmapaTThIK
arceHTTITiHIH KbI3MeTkepi WkaH Wkao — HAKTBI ajaM pETiHAC KOpiHEe.
CUMYIAIMSHBI  TONBIFBIMEH KOMIBIOTEPJC KYPACTBIPABL:  JTUKTOPIAPIIBIH
MOTIHICPiH, MUMHKAHBI JKOHE HAKTHI ajaMIaplbH CPiHICPIHIH KO3FaIbICHIH
Oipiktipai. barmapnamara HakTel ajgam Oap Oeiinenepai sxykrenmi, an KU
MAaIlIMHAJIBIK OKBITY KOMETIMEH OHBI OJIaH opi d(upae oiHATY YIIiH 63 OeTiHie
KMMBUIIAp/bl, SHIIME MOHEpPiH kKoHe 0acKa ja MaJIiMEeTTep i TanJaibl.

4. Contycrik Kaponuna VYHuBepcuTeTi KaHBIHIArbl (papMaieBTHKa
MekTeOiHe FanpMaap eki HerpoxeninepaeH XU kypasl. MonekynanapabiH
KYpPBUIBIMBI MEH KaCHUETTEPI Typajibl AEPEKTEPIi, COHai-aK KaKeTTi acepi Oip
xykreini. ExiHmn HeHpoHIbIK kel OipiHImiciHeH yHpeHeai: Oys nepekTepi
WUTepell JKOHe MYMKIH menriMuepmai tamaiasl.. Kasip XKW 1,7 mumumonHaH
actaM MOJIeKyJIaMeH JKYMbIC icTedai. bys jxaHa nopi-mopmextepni o3ipiey
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NPOLIECIH aWTapibIKTall JKeJIeNJIeTyre KOMeKTecei, al TaOBICThl HOTHKEIep,
MEICAJTBI, )KaHA aHTHOMOTHKTED JKacay YIIiH Heri3 0oJa amaibl.

5. Hlewreic Aswsimarel Microsoft Application and Services Group
capaIbUIapsl SMOIMSIHEI «CE3IHIM» JKoHEe agaMIapMeH «Amamima» ceiinece
alaTBhIH JKacaHIbl Oarmapiama skacangsl. Xiaoice artel XKW 17 xacap KbI3
CHUSIKTBI CypakTapFra jkayan Oepeni. Erep on TakpIpbINThl OijiMece, 0N 9Kemyi
MyMKiH. Erep OHBI oTipikke IIaKpIpca, OJap allylaHagsl HEMece YSTajbl.
Xiaoice capKaCTHKAJbIK, MIIPiK JKOHE INBIIAMCBI3 OOJMYyBI MYMKIH — Oy
KacuerTep Oisre Oenrimi. Xiaoice KYTHEreH alaMMEH KapbIM-KAThIHAC JKacayFa
ete ykcac eremi. Mynnait )KU qukoBuHKara IeHiH )KOHE KBITAWIBIKTApD OHBIMEH
KOHIJI KOTeprici KelreH Kes3Jie HeMece CKy4YyHO Ke3ze ceineceni. bipak OHBI
JKacaymmbl Xiaoice jKakcapTy OoWbIHINA >kKyMbIC icteimi. Kim Oimeni, MymKiH
Xiaoice Skynetrig axeci Oomaibl.

6. Mockey MeMIIEKEeTTIK YHHBEPCUTETiHIH Fajbimuap ToObl HautAl OU
TEXHOJIOTHWSIIBIK cTapTanbiMeH Oipre photoageclock >kacaHmbl WHTEIIEKTiH
JKacazpl, O aJlaMHBIH K63 aJJIbIHa XPOHOJIOTHSUIBIK JKAChIH aHBIKTal anajpl.
Ke3 aitHanaceiniarbl Apeai eMip CalIThIHBIH Hemece Oacka Ja (akTopiapiblH
ocepiHe a3 acep ereii )KoHE KAachIMEH TaOWFW JKOJIMEH e3repelli, COHABIKTaH
raybiMaap komanaacel TCheat yiriH ochl aiiMaKThl TaHAa(bl. HEHPOHIBIK HKei
ko3 aiHanaceiHgarsl 8§ 500 QoTocyperTi 3epTTeni *KOHE KAchl €Ki IKbUIFa
JICHIHT1 TONMIKIICH aHBIKTAYABI YHPEH/I.

Erep XX racbslp KOMMYHUKaLUs KYPAJIJapbIHbIH JAMYBIMEH KOHE €CENTey
TEXHOJIOTUSAJIAPbIH TaHbIMall €TyMeH epekuieneHce, XXI racwlp KacaHzbl
MHTEJUIEKT TIEH pOOOT TEXHUKACHIH JaMBITYIbIH Y3 JKbUIIBIFbIHA aifHaAJIaIbI.
JKacaHapl MHTEIUIEKT €H Y3[IK 3aHrepiepiiH OYKiUI KOMaHIAChIH alIMacThipa
anajael, 9JEMJAIK YEMIMOHAApJa IIaXMaTThl JKCHEMdl, CaHaylbl MHHYTTapia
OeliHeMaTepuaniap by Tepadaiirrapbia TepeH TCheat/bl xyprize/i xaHe TinTi
OJlaH J1a JKeTULAIPUITeH KacaHAbl MHTEIUIEKT jKacayAbl o3 OeTiHIe yHpeHeni.
Po0Oor TexHuKachl MEH aJaM-OpHBIH alMacThIpyFa KeleTiH Ooscak, OaHK
MeKeMellepi Kaccupieplai TepMUHAJIIAPMEH aybICThIpa OTHIPBIN, OasFbiaa
JKarmai KpICKapTalbl, al )KakblH apajia CylepMapKeTTeperi SKCKypCoBOATap,
OapMeHzep, AasmbuIap, )KUHAYIIbUIAP MEH KacCUpiepl aybICThIpY KYTUTye.

Kopoiteiaapaid kene, KW canmackl KapKbIHIBI TaMBII Keje JKaTKaHBIH
aTanm OTKEH JKOH. AJJarbl XbUIJAPhl TECTUTIK PEXUMJAE KYMBIC ICTEHTiH
xobayap icke KOCBUTYBl MYMKIH: YIIKBIIICHI3 TAKCH, CyacThl KaibIKTap HEMece
Oackapeutatein KU sxoiifplliTap HEMece oyeKaiylapaa TeKcepy KYpri3eTiH
BUPTYaJABI IIEKapanbuiap.
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1-tapay. ZKACAH/JbI UHTEJIVIEKTKE KIPICIIE

1.1. Kacanabl HHTEJLUIEKT YFBIMBI

XKacannpr uaremiekt (JKW) — Oyi1 mHGOpMATHKAHBIH XKaHA OaFbITHI, OHBI
3epTTCY MOHI aJJbIH ajia OCNTUIl 3aHaapra OaFbIHBIINITHI aJaMHBIH Ke3 KEITeH
3UATKEPIIK KbI3METi Oonbin TaObuiafbl. by GaFbITThl «HMH(GOPMATUKAHBIH
YJIKEH YJIbD» eIl aTaiibl, ©UTKEHI OJI MICHINereH KoNnTereH MiHAETTep JKacaHIbl
WHTEJUIEKT asChlHOa 3 IemimiH Oipre-Oipre Tabanpl. MHbopmarnka mnoHi
aKnmapartel eHJey OoJjbIn TaObulaThiHBI Oenrimi. OChl OHJCY/ACH aJIbIHFaH
KaparaibIM jKoHE JIoJI aTOPUTMIK SJiCTEp/IiH KOMETIMEH OPBIHIATYbl MYMKIH
eMec KOHE YJIKEH JKUbIH Oap karnaiiinap (minnerrep) KU alimarbiHa sxaTajpl.

KW apmam oitmay mporeci Typamel OinmiMre cyiierenmi. bym perre amam
MUBIHBIH KaJlall )YMBIC icTedTiHI Oenriti emec, anmaiina KU smementrepi O6ap
THIMJII )KYMBIC ICTEUTIH OaFaapiamarnapibl d3ipiey yIiiH OyriHri KyHi Feuibim
O6ap azaM WHTEIUIEKTIHIH epeKHIeTIKTepl Typambl OimiMaepi KETKITIKTI.
Conbimen Karap, JKI1 aaM MUBIHBIH JKYMBICBHIH /1)1 KOILIpYyre THIPhICIalIbI, a
ecenTey TEeXHUKAChl KYpajlapblHBIH KOMETIMEH OHbBIH (YHKIHsIIapbIH
MOJIENIBAEYTE THIPHICAIBI.

O3siHiH TyFaH coriHeH Oacran XKW aknapaTrapMeH jxoHe KHOEpHETHKAMEH,
KOTHHUTHBTI FBUIBIMIAPMEH, JIOTHKa MEH MaTeMaTHKaMEH, JIMHIBHCTHKa MEH
NICUXOJIOTUSAMEH, OHOJIOTHUSIMEH J>KOHE MEAUIMHAMEH e3apa OpeKeTTeCeTiH
MoHapanbIK 0arbIT perinae namumsl (1.1-cyper).

Hupopmamuxa oncone xubeprnemuxa. KenTereH caparbiiap XacaHIbl
WHTEJUIeKTKe WH(pOpMaTHKa MeH KuOepHeTwkanan kenai. CoHpali-ak,
KOMIBIOTEPIIIK FBUIBIMIAFBI IOCTYPJII OMICTEPMEH IICHIUIMEHTIH KeITereH
KOMOMHATOPJIBIK MAcellesiep KacaHAbl WHTeJUleKTKe kemTi. COHBIMEH Katap,
XKW-neH anplHFaH HOTIXKeJep OarmapiaMalblK jKacaKTaMaHbl kacay Ke3iHae
anbiHazp! )koHe Computer Science (nHpOpMaTHKa) Oeirine alfHaa bl

Koenumuemi  eviivimoap. KOorHUTUBTI FhUIBIMAAD — Oy OUTIM Typausl
FeUTBIM. JKacaHJbl WHTEIUICKT OUTIMMEH Ae aifHambeicaipl. bipak KOTHHTHBTI
FBUIBIMJAp TEK KaHa aKNapaTThIK JKOHE HEHPOOHMOJIOTHSUIBIK TOCULAEpi FaHa
€MecC, COHBIMEH KaTap OLTIM/II KOJIaHYIbIH 9JICYMETTIK )KOHE MCUXOIHMHIBHCTIK
aCTIEKTLIEPiH KapacThIPaIbl.

Jlozuka ocone mamemamuxa. Jlornka OiniM OepyaiH Oapiblk Oenrini
dbopmanmm3muepinia, coHmaii-ak Lisp »xoHe Prolg cusaxter OGarmapmamanay
TUIAEpiHIH HeriziHge sxaTelp. JKacaHIbl WHTEJUICKTIH €CENTepiH LIeuly YLIiH
JIICKPETTI MaTeMaTrka, OUbIH/IAP TEOPHSCHI, Olepalysiap TEOPHUsCHI dicTepi
KOJIJaHbIIa(bl. ©3 Ke3eriHje, >KacaHAbl MHTEIUIEKT TeopeMaylapisl IRJeliey
YIIiH, MaTreMaTWKaHBbIH opTYpJi callajlapblHAaFbl €CenTepli ey YILIiH
KOJIIaHBLIA Bl TEOMETPHS, HHTETPAJI/Ibl ECENTeYIIep.
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Icuxonozus swcone nunesucmurxa. Conrbl yakpiTra KM MaMaHIapbl OHBI
MOJICTIB/IEY MAaKCaThIHIA adaMIapblH MIiHE3-KYJIKBIHBIH TICHXOJOTHSIIBIK
ACIEKTiJIepiHEe KbI3bIFYIIBUIBIK TAHBITTHI.

[lcuxomorus KyHAB! Oaranay MOZENIH KYpyFa, CyOBEKTHBTI IIeIIiMIep
KaObUTHayFa KeMeKTecedi. KaphIM-KaThIHAC TICUXOJOTHSICH KBI3BIFYIITBUTBIK
TaHBITAJIbl «aJaM-KOMITBIOTEP), TICUXOJIMHTBUCTHKA. KOMIBIOTEPIIIK JIMHTBHUC-
THKa — Oy Oip KaFbIHAH TaOWFW XOHE JKacaHMAbI TUIIEpIl eHJIEYIiH MaTeMa-
TUKAJIBIK OJICTepiHE JKOHE CKIHIN JKarblHAH TIUIAIH (DEHOMEHOJIOTHUSACHIHA
gerizaenred JKV-tig Oedriri.

Hugopsamura yecare KUbepHemura

KOMGHHATOPITRI MACETEnep IGMTAMACLES ETYAL KyPY
TEXHNTOTHACHI

TTeHXoT0r A RaHe TUT Gimimi TANLMILIE FLUTLMAp

CyOLERTHBTI TIENTin Bisim
FADLUL AV AATE] KYTLALL
TIKIPVISPAIH. MO IbACPE
I/ | I,r‘ I . MH Y MBICKT
* Binm Gepy dopmamismiepi

* JTHCKperTiK MATEMATHKA « TeopeMaHbI ANIEICY, M THIHEA
aicTepi, l‘lﬁ:].i'![ TEOPHACKL, P TCOMETPHS CCCTTEpiH
OLEDALBUTIPAL] TeOPHAIEPEL

~—_ BHOTOTHA IHe

TENTY, HHTETPATILIE eCETey

Jozuka yneane mamemaniika

1.1-cypem. AU-0iy backa nandepmen baiinanvicol

Bronorus xoHe MeaUIMHA MUBIH, KOpPY KYHECiHIH, eCTy )KYHeCiHIH XKoHe
Oacka Ja TaOWFM JATYUKTEP/AIH >KYMBICBIH JKaKChl OKBIN, TYCIHYre J>oHE
OJIApIBIH JKYMBICBIH MOJEJBACY CallachIHIA XaHa CEepHiH Oepyre MyMKIHAIK
Oepei.

ByriHri KyHi, )xacaH/bl HHTEJUIEKTTIH OipbIHFail aHBIKTaMAachl KOK, TaOUFU
WHTEIUICKTTIH J¢ OipbIHFall aHBIKTaMAaChl JKOK.

Ocbl FBUIBIMH CaJIaJIaFbl KONTETeH KO3KapacTaplblH ilIiHAe Kasip ymeyi
6aceM [3].

1. ’)KU canmacelHmarsl 3epTTeyjiep ipreii 3eprreysiep OoJbl TaObuIaisl,
OHBIH IIEHOepiH/Ie ACTYPIl TYplle MHTEIUICKTyalibl OOJIBIN CaHAaJFaH J>KOHE
OypbIH (hopManM3anys MEH aBTOMATTAaHABIPYFa KEIMEHTIH ecenTep i MenTyIiH
MOJICTIBICPl MEH 9/IicTepi 93ipIICHEe .
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2. JKU-6yn DEM-ze ecentepii miemyiH jkaHa ujaesuiapbIMeH, Oariapia-
Malay/blH NPUHIUNTI 0acKa TEXHONOTHACHIH a3ipreyMeH, DEM apXutekTy-
pacblHa KeIIyMeH, KJIaCCUKAIbIK apXUTEKTypaHbl KaObUIJaMaiThIH, OJ1 ajiFalll-
kbl OEM-re neiiin epiaeymMen OaitmaHbICTHI HH(G)OPMATHKAHBIH jkKaHA OaFbITHL

3. KU canacelHIarbl KYMBICTApIBIH HOTIDKECIHIE ecenTepii HIeneTiH
KOITereH KoJiaHOanbl Kylenep naiina Oosazapl, onap YuIiH OYpbIH KYPbUIFaH
JKyilenep kapaMchI3.

Bipinmi Tocinmi OeliHeney YIIiH KalbKyJIATOPMEH MBICAN KeNTipyre
6onazpl. Facelp O6ackiHaa Ken MOHII CaHAapMeH apu(pMETHUKANBIK ecenTeylep
a3 JapblHABl TYJIFaNapAblH eHOeri MeH aKpuiga MyHIad apu(MEeTHKAIIBIK
opekeTTepli jkacay Kalijeri TaOWFaTTHIH Oipereil Chliibl OOJBIT CaHAJBII,
FBUIBIMH  3epTTeyJepAiH oOwekrici Oombmm Tabbuigel. Kazipri yakeiTTa
KaJIbKYJISITOPABIH ©HEPTA0BICH OyJI KaOUIeTTI TINTi YIIIHIII CBIHBIN OKYIIBICHI
ko kerimai erti. XKU-ne Oipaeii: on OypbelH KaJlbINTACIANTBIH MiHAETTEPII
IIeTIe OTHIPHII, aTAMHBIH 3UATKEPIIIK MYMKIHAIKTePiH KYIIEHTe 1.

Exiami rtocinmi  kepHekiney yumnH OeciHmi  OyerH  OEM  kypy
TaJIMBIHBICBIMEH TAPUXThI KapacTeipyra Oonajibl. XKanonus 80-mii KbUigapabH
opraceiHaa OeciHmi OysiHAEI OEM  Kypy OoiiblHIIa epiiin XKOOaHBIH
Oacranranbl Typaibl xapusiiaasl. XKoba Herizinge [TPOJIOT TiniH anmaparThik
icke acelpy HOCSCHl KOWBUIFaH. JlereHMeH, >ko0a coTci3 asgKranabl, Oipax
Garnapnamanay timi periage [TPOJIOI TiniHiH namMysl MeH TapaixyblHa KYIITI
acep erti. CorcizmikTiH cebedi Oip Tijn (KETKLTIKTI aMOedan OOJIChIH) OapibIK
TancelpMaliap VINiH JKaJIFBI3 IMENIMII KaMTaMachl3 ere amansl. Toxipube
KOpCeTKEHCH, OapiblK ecenTepli Mmemy YIIiH OaraapiaMaiayiblH omMoOeOan
napajurMaiapbl Oijian Tamnmajpl XKOHE OJ maiijga Oonysl ekiTanail. bys opOip
MIHJIET - MYKHAT 3€PTTEY/Ii ’KOHE apHalbl TOCUI/I Tajal eTeTiH MOHIIK CalaHbIH
Oemiri. DEM xaHa apXWTEKTypachlH KYPY OpeKeTTepi Mapauleibldi >KOHE
TapaThUIFaH €CENTEYICPMEH, HEHPOKOMIBIOTEPIICPMEH, BIKTUMAN JKOHE AHBIK,
eMec IpoueccopiapMeH OainaHbICTHL.

Capanrama >KyWenepiH Kypy CcalachlHAarbl kymbictapabl JKU-teri
YUIHII, HEFYpJbIM IparMaTHUKANBIK OarblTKa >KaTKpI3yFa Oonaapl. Caparn-
TaMaJbIK XyHenep — OyJ1 apHaiibl OUTIM/II KOJIJJAHY bl TAJAI €TEeTiH 3USTKEPIIIiK
KBI3METTIH Tap cajiajapblHIa aJaM-MaMaHJbl aJMacThIPAThIH OaFJapiaMalibIK
kerrenaep. Meaununa canaceiagarsl CXX-ni kypy (MYCIN Typi) Oinimai eH
alpIC ayJaHAapra TapaTryFa MYMKIHAIK Oepexmi. Ochinaiia, TeIeKOMMY-
HUKAIUSUTBIK  KOJDKETIMIUTIKIICH Ke3 KEJTeH ayBUIIBIK Jopirep Tap Mocele
OolfbIHIIA MaMaHMEH KapbIM-KAaTBIHACTHI aybICTBIPATHIH JKYHEOeH KeHec aja
aJaJibL.

KCPO-za XU naiina Gonran coTTeH OacTar ©3 jKaKTaylIbUIapbIH TallThI.
Amnaiina, Oyt Toprin 6ipaeH pecmu MoibIHAaNMAanb!. KU «okanFaH FEUTBIMY» Tl
CaHaJaThlH KHOCPHETHKAaHBIH KOCAJIKBI CAJlaChl PETIHAE CHIHFA aJIbIH/IBL.
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Bip coTke neitiH Tepic penji KOHE «OKacaH/Ibl MHTEIUICKT)» 3MaTHPIIEy
atayblH oiHanpl. CoHbIMeH, FhUIBIM akageMuschiHBIH —[Ipe3sunuymbinaa
«Ta0UFU JKETICIICUTIHACPY» KacaHIbl MHTCIUICKTIICH alHAJIbICAIbl JCTCH 9311
Al TBUIIBI.

Amnatina, Oyriari kyni )KXU-0yn Peceline pecMu TaHBUIFaH FBUTBIME OaFbIT,
«Oackapymbl OKydenep MeH MamuHaiap» oSkoHe <«OKU  skaHaIBIKTapbh»
KypHajIapsl LIBFapbUIabl, FHUIBIMA KOH(EpeHLMsIAp MEH CEeMHHapiap
otkizineni. 200-re xyblk Mmymeci Oap Peceil kaybMoacTeirbl 0ap, OHBIH
NPE3UNICHTI JOKTOp TEeXH.FBUIBIM HoKTophl J[.A.IlocmenoB, am KypMmerTi
[pesunenr PFA akagemuri I'.C.Ilocmenos. Peceit ®enepanmscer Ilpesu-
neHtiHiH uwH(opmaruka >xone BT OoiibiHiia Keneci xanbiHZarsl Peceii
JKaCaH[[bl MHTEIUICKT HHCTUTYTHI O6ap. PFA meHOepinae «kacaHIbl HHTEIDICKT)
Maceneci Ooifpama Freueimu keHec Oap. Ockl KenecriH KartsicybiMeH KU,
ayJapMmajap TakbIpblObl ~ OOWBIHIIA KONTEreH KiTanrap LIBIFapbULABL.
J.A.IloctienoB, JlutBuHIeBa xone Kamapammua — OiuniM Oepy XoHE OHICY
canmaceiiga, O.B.IlormoB skoHe XOpOIIEBCKMHIIH — TabWFM Tl MeEH
caparnTaMaibIK JKyHenepai eHJey canachblHaa, ABEpKUH MEH MENNXOB — aHBIK
eMec JIOTHKa J>KOHEe aHBIK eMec J>KHMBIHAap canacbiHna, CredaHiok — Oimim
anymbutap kydecinne, KysHeuoB, ®uHH xoHe BaruH — joruka xoHe OLTIM
Oepy canachklH/Ia KaKChl TAHBIMAL.

1.2. FpLIbIM peTiHae KacaHIbl HHTEJLIEKT
JAMYBIHBIH TAPUXHU 0AFBITTAPBI

Kypmeni ecentepai mienry jkoHE €XeNri NOYIpACH ayalarbl BUTAJIBIH
oiiylay KaOiNeTiH MOAeibJey VIIIH agaM CaHaChIHBIH KacaH/bl YKCACTHIFbIH
KYpY HIESCHL

Exenri Erunerre AMyH KyOalbIHBIH «Tipi» MEXaHHUKaIbIK MYCiHI
xacansl. [omepae, Minanana [edectyc kKynaiibl ailaMOUATHI TIPUILTIK Henepi-
aBTOMATTAp >KacaJbl.

Onebuerte Oyn uzes Oipuerie per kerepinmai: [amaren I[TurmanuonHan
Kapno Ilamacer Bypatunora peiiin. Amaiifa >kacaHIbl WHTEIUICKTIHIH HETi3iH
KaJlayIibl OpPTaFachIpibIK HCHaH (GUI0CO(bl, MATEMATUK JKoHE aKblH P.Jlymmii
(1235-6. 1315 x.) oI caHANATHL.

XVIII . Jleit6nun (1646-1716) xone P.Jlexapt (1596-1650) ochl uaesiHbI
0ip-OipiHe KapamacTaH, OapJbIK FhUIBIMIAPABI KIKTEYIiH oMOeOan Tiiepin
YCbIHA OTBIPBIN JaMBITTBL. bynm wuaesiap »kacaHIbl HMHTEUICKT jKacay
caJlaChIHJIaFbl TEOPUSUIBIK d3ipiieMenepAiH Heri3iHe anbHs (1.2-cyper).

Feumeimu  OarpIT  peTiHAE JKacaHIBl HMHTEIUIEKTTIH nmamyel OEM
KYpbUIFaHHAH KeWiH FaHa MyYMKiH 0oabl. by XX ¥. 40-xbuiaapbl 00J1IbI.
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1.2-cypem. Folnvimu 6agvim peminde AU oamywvinoazel keseyoep

Consiven Oipre, H.Bumep (1894-1964) e3iHiH aHa >KYMBICHIH —
KnOepHeTHKa OOWBIHIIIA ipresli >KYMBICHIH JKacalbl.

XKacannpr wuntemuiext (artificial intelligence) tepmuni 1956 xbuibl
Crandopn yuusepcuretiame (AKII) oceiHmail araymMeH OTKEH ceMHHap/a
ycoiHbuiFaH. CeMHMHAp ecenTeyill eMec, JIOTMKANBIK ecenTepii a3ipieyre
apHaJbl. JKacaHabl HHTEIUIEKT TyeJIci3 FRUIBIM Cajlachl PETiHAE TaHBLUIFAaHHAH
KCHiH KOl y3aMail €Ki Herisri OarbITKa OeliHil: HeWpOOCpHETHKA KOHE «Kapa
KOWIKTIH» KuOepHeTHkachl. JKoHe Tek Kazipri  yakbITTa OChl OelikTepi
Kaitagan Oiptyrac OipikTipymiH OeTamsicTaphl Oaiikana GacTampl.

KCPO-na 1954 xbutet MMVY-ne npodeccop A.AJlsnyHoBteiH (1911-
1973) OacmbUIBIFEIMEH "aBTOMATTap JKOHE Oiiay" CeMHHaphl ©3 >KYMBICHIH
Gacranel. by cemunapra eH ipi ¢u3HosIOrTap, JUHTBUCTEP, IICHXOJIOTTAp,
MaTeMaTUKTEep KaTblcThl. byn ke3ne Peceiine xacaHapl MHTEIUIEKT AYHHUEre
kenai gen ecenteneni. [llerenme me "kKapa >KOIIKTIH" HEHPOKHOEPHETHKA KOHE
KHOepHeTHKa OaFbITTapbl aHBIKTAJIJIBI.

1956-1963 xpurgapsl ajaM OMIaybIHBIH MOJIEIBAEPI MEH aITOPUTMJIEPiH
KapKBIH/IBI 13]1eY JK9HE aJFallIkel OariapiaaManap sl a3ipiey xyprizinai. Kasipri
FBUIBIMIAPIBIH CIIKAHCBICBI — (MIoco(us, ICHXOJOIHs, JHUHTBHCTHKA —
MyHail anropuTMmai YcbiHa amMaiinel. CoHzma KuOepHETHKa 3 MOJIENbIepiH
KYPYZIbl YCHIHBL. Op TYPIIi TICUIAEP yKacaj bl )KSHE ChIHAIIBI.

KU canmacelHAarsl anFamikel 3epTTEyfiep IIaxMmarTa OiHayFa apHalFaH
OarmapiaMaHbl KYpyMeH OailIaHBICTBI, OWTKEHI MIaxmaT OHHaTy KabiieTi
JKOFapbl MHTEIUICKTIHIH KepceTKimi Oombim  TaObuiansl. 1954 Kbkl
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aMepHUKaHIbIK FaibiM HpIOAJ1 OchlHIal OargapiamMaHbl KypyJbl OMJIAJbIL.
llennon ycwiHAB, an TelOpHHT OCHIHAAW OarmapiamMaHbl Kypy oIiciH
HakTelIaabl. AMepukauaplk [loy men CaiiMoH AMcTepJaMHBIH TOJJIAHATHIK
TICUXOJIOTTAP TOOBIMEH TOCTACTHIKTA € ['pOOTTHIH >KETEKUILUTITiMEH OCHIHAAN
Oarnapiamanbl kacaabl. CoHbIMEH Kartap, Lisp7 TinmiHiH OactaymbIcel OosFaH
aKnmaparThl CHMBOJABIK TYpAe eHjaeyre apHairaH apHaiiel IPL1 (1956) Timi
Kacalbl.

Anaiina, >kacaHapl HMHTEIUIEKTTIH OipiHmn Oaraapiamachkl MiKipiepai
ecenTeyAeri  TeopeMaiapabl  Janenieyre  apHanraH — JIOTHMK-TeopeThk
6arnapnamacs! 6omabl (9 Tamez 1956). llaxmar oifHayra apHaiFaH Oarmapiama
1957 xbunet (NSS — Newell, Shaw, Simon) kypeiael. OHBIH KYpBUIBIMBI MEH
Jloruk-TeopeTnk OarmapiaMachIHBIH KYPBUIBIMBI €cenTepii oMoOedar Imemry
6arnapnamaceid (GPS-General Problem Solving) xypyra Heriz Oonmpl. byn
OarmapnaMa JKarqasTTapAblH apachlHIAFbl  aldbIPMAIIBUIBIKTApABl  Taydan
OTBIPBINI JKOHE MAaKCaTTapAbl KypacTblpa OTBIpbII, "XaHOW MyHapacs!"
TYpiHIeri OacKaThIPFBIITAP/ABI KAKChl IIemeni Hemece Oeinrici3 HMHTErpa-
nmapael  ecenreiini. EPAM  Oarnmapnamacsl  (Elementary Perceiving and
Memorizing Program) — KaObuigay »oHE ecCTe cakray YIIiH KapanaibiM
Oarmapnama, deiirenbaym oinan TankaH. 1957 Xbutbl TpaHCHOPMAIHSIIBIK
rpaMMaTiKa OOWBIHIIA KOMIBIOTEPIK JIMHTBUCTUKAHBIH HETi3iH KaJaymibl-
nap e 0ipi XOMCKHNIIH MaKaIachl maiaa OOkl

50-11i KBUIIAPABIH COHBIHAA JTAOMPHUHTTIK 137y Mojem Tyabl. bym Tocin
JKal-KyW KEHICTIrH KepceTeTiH KeiOip OaraHmap peTiHAe TalchIpMaHb
Oinmipeni >xoHe Oyn OaraHnma Kipic AEpEeKTEpiHEH HOTWIKEIEyre OHTAMIIBI
JKOJIBI i37ey JKyprizineni. byn momenbai o3ipiey OOWBIHIIA YIIKEH >KYMBIC
aTKapbULIBI, OlpaKk NPaKTUKAIBIK MiHAETTEpHl LICHNIyA€ YJIKEH Hies Maiaa
OoIFaH XOK.

60-1161 >KBITAAPIBIH 0aChl — 3BPUCTHKAJIBIK OaFmapiaManay aayipi. OBpHc-
THKa — TEOPWSUIBIK HETI3/IeNTeH eMmec, Oipak i3/1ey KEeHICTITiHAeT1 apaibIKTap
CaHbBIH KBICKapTyFa MYMKIHAIK OepeTiH epexe. DBPUCTHKAIBIK OarmapiaManay-
Oenrini, amapH ajga OepiireH >BPUCTHKAHBIH HETi3iHAC OpEKeT CTPATETHsICHIH
azipiey.

60-xpUTHapel TAaOWFM TUINE CYPAHBICTICH JKYMBIC ICTCWTIH alFamkbl
6arnapnamanap Kypsutyaa. BECBOJI Garmapnamace! (Green xone T.6., 1961)
OTKeH 0eiicO0JI MaTYTapbIHBIH HOTHIKENEepl Typalibl cypayiapra xayan Oep/i,
STUDENT (Bobrow,1964) Garaapiamachl aFbUIIIBIH TUTIHAE TY>KBIPHIMIAIFaH
anreOpabIK ecenTep/Ii menry KOJ KeTiM OOJIIbL.

MammHanslK aynapMa callaChIHIAFbl )KYMbICTApFa YIKSH YMIT apThUIABL,
OJIapabIH 0achkl OTaHABIK JMHTBUCT BenbckasHbIH eciMiMeH OallaHBICTBIPA/IBL.
Anaiifa, 3epTTeyluiiepre aBTOMAaTThl aylapMa OKLIayJaHFaH IpoOiieMa eMec
JKOHE TYCIHY CHSIKTBI KOKETTI Ke3eHHIH OONYbIH TaOBICTHI XKY3€re achlpy YIIiH
TaJIal €TEeTiHIH TYCIHY YIIIH KOIl KbUI KQKET OOJIJIbL.
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60-1BI XKBUIAAPEI OTAHIBIK FAJbIMIAP aJFaH €H MaHBI3Abl HOTHXKENEPIiH
iminae OeifHenepni TaHy Ke3iHIE aJaM MHBIHBIH KbI3METIH MOJENbICHTIH M.
Bbonrapareix "Kopa" anropuTMiH atan eTKeH )KeH.

1963-1970 xbpuImapbl ecenTepii IIElyre MaTeMaTHKAIBIK JIOTHKa
ozicTepiH Kocyra Kipicti. 1965 . maiina OoyiFaH pecMH JIOTHKara J>KaHa
ke3kapac maipa Oomabl  (x.PoOuHcoH). bBacramkpel —akcromanapibiH
XKUBIHTBIFBl OOJIFaH JKarJaliia Teopemanapibl aBTOMATThl TYpIE AQNENAeyTe
MYMKIHAIK OepreH Kapapnap ouiciHiH HeriziHme 1973 butbl Ilpomor Timi

KYpBLIaJIbl.
1954-1964 xx. KCPO-ma sxexe Oarjapnamanap KypbUIbII, JIOTHKAJIBIK
ecenrepai memy 3eprrenai. Jlemunrpanra (JIOMU - B.A.CtekioBa ar.

JlenuHrpaq MaTeMaTHKaJbIK HMHCTHTYTHIHBIH OeJiMileci) Teopemasap/bl
ABTOMATTHI TYpAC noneineiTin Oarmapinama (AmueB JIOMU) kypeiiamsl. O
PoOuncoH KapapeiHbIH opiciHe ykcac C.HO.MacnmoBTelH OacTamkbl Kepi
KOPBITHIHBICHIHA HETI3/eITeH.

1965-1980 k. »aHAa FBUIBIM-axXyauablk Oackapy namunsl (baTeic
TEPMHUHOJIOTUAChIHA OiiM Oepyre coiikec kenemi). OChbl FRUIBIMA MEKTCHTIH
HeriziH Kamaymbsl — mnpogeccop Jl.A.IlocnenoB, onblH OiniMm  Oepy -
JKaFaaiIap sl YChIHYIBIH apHaiibl MOJICIb/IEP]l OH/ICNTEH.

et ennepne KW canaceiHaarsl 3epTTeyiiep kaHa OybIHABI Oarmapia-
Mallay TUIIepiH 93ipiieyMeH jkoHe OapblHIIA JKEeTUINipiireH Oaraapiamainay
xywenepin (Lisp, Prolg, Plannar, QA4, Macsyma, Reduce, Refal, ATNL, TMS)
KYpyMeH cyieMelnaeHe .

AJpIHFaH HOTHXKeNep poOOTOTEXHMKaAa, poOOTTapabl 0ackapyaa, HAaKThI
YII eJIIeMIi KEHICTIKTE OpeKeT eTETiH KO3FaJMaNTBHIH HeMece MOOWIIBII
poboTrapasl KoinaHa Oacraiinbl. by perre xacaHnsl KaObuinay opraHiapblH
KYpy Ipo0eMacsl TybIHAAN/IBL.

1968 xputra meiiiH 3epTTeyIIijiep HEeri3iHeH jKeKejlereH "MHUKPOKEHICTIK-
TepMeH" KYMBIC iCTei, 0ap OWBIHAAP, €BKIUIOB T€OMETPHSICHI, HHTETPAJIIBIK
ecenrey, "KyOuWkTep onemi", KapamalbIM >XKoHE KbICKa (pazanapibl IIarblH
CO3IIK KOpBl Oap eHAey CHSKTHl KOCBIMINAIAPIBIH EPEKIIE XXOHE MICKTEYJ
canaylapblHa JKapam/bl xKykiernep skacaasl. bapibsik ochl xyienepzae 6ipaei Tacin
KOJITaHBULABI - IYPHIC MOH HETi31HAe Oamamanap/ sl KaKETTi ipiKTey/i a3aiTyra,
OaranayblH CaHIbIK (DYHKIUSUIAPBIH KOHE OPTYPIIi IBPUCTUKAHBI KOJJIAHYFa
HETi3/IeNrTeH KOMOWHATOpWKAaHBI OHainary. 70-mmi KeUImapaslH OachIHIA
JKacaHIbI MHTEIUICKT OOMBIHIIA 3epTTeylepAe camaibl cekipic 6ommpl. By exi
cebereH TyciHaipieni.

— Dbipinmigen. bapneik 3eprreymiiiep OypelH KypbUIFaH OapibIK
OarmapraMarnapra ColiKec calajgarbl €H MaHBI3IbI — TEPEH OUTIiM KEeTiCTIeUTIiHIH
Oiprimgenn  Tycimmi. Capammbsl MeH KapamalblM — agaM — apachIHIAFbl
alBIPMAIIBLTBIK, CAPAIIIIBIHBIH OCHI callafia TaXipuoeci 6ap, SFHA KbUIIap 00
JKUHAKTaJIFaH OiniMi 6ap.
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— Exinmigen. Hakter mocenme TybIHmaimpl: erep Oy OumiMai Tikemen
Kypymsl ocel Oimimre ne Oonmaca, Oy Oinmimai Oarnmapiamara Kanaii Gepyre
Oonanpl. Xayan aHblk: OarnapiaMaHblH €31 OJapAbl CapamilblJaH albIHFaH
JIepeKTep/ieH Oemyre THiC.

TanceipManap/pl NIy JKOHE TaOWUFU TUIMI TYCiHY OOMBIHIIA 3epTTEYJICp
0ip oprak macene — 0iiim 6epy. 1970 xkblFa Kapaii ochl HaesIapFa HEri3IeNreH
KenTereH Oarmapmamanap KypsULasl. OmapaeiH  Oipiamiici  DENDRAL
Oarmapimamacel. OJ  Macc-CIIEKTPOMETPJCH TYCETIH aKmapaT HeTi3iHae
XHMUSIIBIK KOCBUIBICTAPABIH KYPBUIBIMIBIK (GopMyiaiapblH KypyFa apHaiFaH.

Barmapnama HoGens nmaypeatst J1.JIenepOeprriy KatbicybiMeH CTeHpopaTa
sxacanael. On 63 XKYMBIC icTey OapbIChIHIA TKipuOe >KMHaKTabl. Caparibl
OFaH JKEKEJIeTeH epexenep TYpiHAE YCHIHBUIFAH MBIHJIAFaH KapanaibiM
(akrinepai camupl. KapacThIpbUIbIIT OTBIpFaH KYie alFalliKbl caparntamalibik
KydenepiH Oipi OONbIN TaObUIAABI KOHE OHBIH >KYMBICBIHBIH HOTHXKENepi
TaHKanapibelK. Kazipri yakpITTa Xyle TYTHIHYIIBUIapFa CIEKTPOMETPMEH Oipre
JKETKI31Iei.

1971 xbuisl Teppu BuHorpan TekiienepMeH )KYMbIC jKacalThiH POOOTTHI
monenbneiiTin  SHRDLU skylieciH »xacampl. PoOOTIEH aFBUIIBIH TUTIHJE
ceitneyre Oomazpl. JKyiie ¢pasamapaslH CHHTAKCUCIMEH FaHAa €MeC, COHBIMEH
KaTap OHBIH "KyOuKTep amemi" Typayibl CEMaHTHKAIbIK OHE MpParMaTHKaJIBIK
OLTIMIEpiHIH apKACHIHIA OJIap IbIH MaFbIHACKIH AYPHIC TYCIHEII.

80-KpUTHApABIH OpTAachlHaH OacTam, IIeTeNae JKacaHIbl HHTEJUICKT
KOMMepnuanu3anus oSkypeni. JKeim  caibIHFBI  KypAeni KapKel —ecyne,
OHEPKACINTIK capanrama >XyHenepi KypbUIyZa, ©3iH-631 OKBITYy JXyleciHe
KBI3BIFYIIBUIBIK apTHII KEJIe/i.

Bizgin emimizge 1980-1990 xpiimapsl OutiM Oepy caiachlHma OENCeHII
3epTTeysep Kyprisiiim, OutiM Oepy Tinaepi, capantamansik, xyienep (300-neH
acram) o3ipneHyne. Mockey MemuiekeTTik yHuBepcurerinne PEDAJL Timi
kyppuiagsl. 1988 kpuibr JKMK — >kacaHjapl WHTEINIEKT KaybIMJIACTHIFBI
Kypbuiabl. OsbiH Mymenepi — 300-meH actam 3eprreymi. KaybIMaacThik
[pesunenti — JI.A.Ilocnienos. Ex ipi opransikrap — Mackeyne, [lerepOyprre,
[epecnasn-3anecckre, HoBocuOupckre.

1.3. ZKacanasl cajiaarsl 3epTreyiaep TApHXbl HHTELIEKT KIHE
0CBI caJIaJIaFbl Heri3ri yFeIiMaap

Kacangpr untemnekr (XKU) tapuxsel 0i31iH Aoyipre neiiH Oacrayiaibl.
ApHCTOTENb aNFalIKbUIApAbIH Oipl OONBIN «IYpbIC OWIay» 3aHIBUIBIKTAPBIH
HeMece aHBIKTAIMAWTHIH Oilay mpolecTepiH aHbIKTanbl. OpTa FachIpiapia
MEXaHHMKaJIBIK €CENTey KYPBUIFBUIAPBIH Kacay opeKeTTepl 3aMaHaacTapblHa
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KaTThl ocep erti. 1642 xbuibl bie3 [lackanb canran eH TaHbIMal aBTOMOOHIIb.
[Nackanp «apuMeTHKATIBIK MallHMHA Ke3-KEITeH KaHyapIblH dpPEKETiHeH repi
oiiIayFa jkaKbpIH OOJIAThIH ocep Oepeti» Jer Kaz/bl.

KU-Ti npakTHKanblK iCKe  achlpy  MYMKIHAIKTEPI  3JIEKTPOH/BIK
KOMITBIOTEpIIep Maiifa OonranHaH Oepi maiiaa 6onabl. Ockl yakeiTTa «Matuna
oiiylaHa ana Ma?» TaKbIpbIObIHAA (UIOCOPUAIBIK MiKipTanac Oacrtanabl. by
TaJIKbUIAYAbIH HOTHXKecl S0-kbuinapbl Anan TIODUHT YCBIHFaH ChIHAK OOJIIBI
XX racelp [4]. Tect MblHanmapaaH Typajabl: eki Teneraiinm ©Oap (Oacka
TEPMUHAJBIK KYPBUIFbUIAP OK, Ka3ip ICQ ycwiHap eni). Tenetunrepain Oipi
aBTOMOOMJIbIE, EKIHIIIICI anmnaparka KOChUIaIbl, OHBIH apThIH/A aJlaM OTBIPaIbI.
BipHemie MaMaH Ke3-KeJTeH TeJeTHIT OOMBIHINA Ke3eK-Ke3eK TUaJor JKYpri3ei.
Erep kemnTeren capamiubuiap 0ec MUHYT ilIiHAE KOJIKTI SHrIMEIeCyUIiepain
OipiHeH Taba anMaca, TIOpHHT CHIHaFbl COTTI OTTI JieN caHaiajbl. TIOPUHT
CBIHAFBI JKACAHIbl WHTEJUICKTTIH NaMyblH/a, OHBIH INIHJE CHIHAKTHIH ©31H
CBIHFa aJIyJ]a MaHBI3AbI POJI aATKAp/BL.

MyHna aBHaMsIMEH YKCACTBHIK >kacayFa Oonanbl. TIOpDHHT CHIHAFBIHBIH
JIOTHKAChl OOMBIHIIIA JKAKChI YIIAKTap bl KYCTapAaH aKbIpaTyFa 00JIManThIH Al
eTiN KapacThIpFaH KOH, TINTI KycTap Ja oyapisl e3/epi anajbl. ABHAIUSIHbBIH
JaMybl —Iu3aiiHepiep KYCTapAbl KOLIpyAl TOKTAaThbIl, a’pOJHMHAMHUKA,
MaTepHalTaHy JKOHE KYII TEOpHUsIChIH OacTaFraHHaH Oactaiibl. PoOOTOTEXHHMKA
ajlaM aHAaTOMUSICBHIH KOILIpyJi TOKTaTKAHHAH KEHiH WHAYCTpUsFa alHaJbl.
Con CHSKTBI, JKacaHIbl MHTEIUIEKT CYOBEKTINIepl ajamaap CHUSIKTHI OiIaiThIH
xoHe opeker ereTiH JKU kyitenepiH Kypy/Jpl TOKTaTKaHHAH KeHiH eMip cypy
KYKBIFBIHA M€ OO0JIIbI, OipaK oyiap jKaKChl HOTHXKEre KOJ MKETKi3eTiH YTHIMJIbI
OpEKeT eTEeTiH OHE OWIAaNThIH JXylenep Kypa OacTazpbl.

YKacangp! naresmext (JKW) canaceinaarsl 3epTTeyiep/IiH naina 00mysl exi
OarpITTa KYPJi: JIOTUKAJBIK >KOHE HEWpOOCpHETHKAIBIK. Epre 3eprreyiep
50-60 xwumapsr kyprizingi (H.Bunep, Tropunar, Makkamiok, Po3eHOnarr,
Caiimon, Makkaptu, Creiimpk, Comioans, ['eneprep, H.AmocoB): anramxsi
kepinic KW xyitenepin kypy yurin LISP OGarmapnamanay Tinmi jkacanusbl,
60-XbUTIapAbIH COHBIHIA HMHTETpalisuIaHFaH (aKpUIIbl) pOOOTTapAbIH KOHE
QJIFalIKBl capanTaMaibIK JKyHenep naiaa 0ol

80-xbuTIapAbIH OachlHIaFsl HeWpoOepHeTHKanarbl kaHa Oym (Xomdumg
Mojieni) maiima 6ommsr [S].

Jlorukanek OarmapnamanaynasiH madiga Oomysr sxkoHe ITPOJIOT Timi.
5-0ybIH KommbloTepiik Oarmapinama. Crparerusuiblk AKII-TBIH KOMIBIOTEPITIK
6acramacsl. KCPO men Peceiineri KU 3eprreyi.

Oiinay mporeciH MOENbJCY CalachlHAArbl 3epTTEyNepiH OachlHaH
6actan (40-XbpUTIapABIH COHBI) €Ki YaKbITKa ICHIH AEpIiK Toyenci3 OarbITTap
naiia 6obI:

—  JIOTHKAJIBIK,

— HeHpoOepHEeTHKAJIBIK.

23



Bonamakra 80-xbuinapapiH OacbiHna «capantaManslk xyienep» (TXK)
YFBIMJIAPBIHBIH Taiiga 0oybIMEeH Oyl OaFbiT «OLTiMIe HEri3/IeNreH Kyhenep»
(Knowledge Based Systems) kypymeH aifHanbicaTblH WH()OPMATHKaHbIH
FBUIBIMU-TEXHOJIOTHSIIBIK OaFbIThl — «O11iM Oepy WHXKeHepi» Oonbl. Oy OarbIT
OJIETTE (OKacaHJIbl WHTEIUIEKT» TEPMHUHIMEH OaiilaHbicThl. HWH(pOpMaTHka
0arbIThl — «OLTIM Oepy MHKEHEPI», OHbI KYpyMEH aliHaJIbICa/IbL.

ExiHmni OarbiT, HEHpOOEpHETHKAJIBIK, MUIBIH HeHpOHAapbiHA (DYHKIHO-
HaJIIBI TYpIE YKcac KONTereH AJIEMEHTTEPIEH TYPaThlH ©31H-631 YHBIMAACThI-
paTbiH JXyHenepiH KYpbUIBICBIHA Heri3nenreH. byn TenneHumss Makkayiok-
[Mutrtc ¢dopmanbael HEHPOHIBIK TYKBIPBIMIAMagaH >XKoHe Po3eHONaTThIH
OpTYpPJi TEPUENTPOHABIK MOJENbAEPIMEH 3epTTEyiHEH — OPHEKTI TaHYJIbl
y#ipeHeTiH xyiienen Oactanapl. JIorukanblk OarbITTa CalbICTBHIPMAJIBI TYPAETi
JKETICTIKTEP MEH MHUKPODJIEKTPOHUKANAFbl TOMEH TEXHOJOTHSJIBIK JEHIeHre
OalTaHBICTEl HEHPOOEPHETHKAJIBIK OAFBIT JKaHAa COTTI TEOPHUSUIBIK MOAEIBICP
naiiga OonraH ke3fe (Mbicanbl, «Xompwig MOJIEN») JXoHEe YJibTpa ipi
MHTErpajibl cxeManap naijga Oosnran kesne 60-xpuiapiblH asrbl MeH 80-
JKBUIIAPIbIH OachlHA ICHIH YMBITBIN KETTI.

JlorukasbIk OarbITTHI CaHa JIeHTeliH/e HeMece aybi3lia HeMece JIOTHKAJIbIK
(MakcaTTbl) oiiay JNeHreWiHae OWayIsl MOZEJbIEY pETIHIE KapacThIpyFa
60oxanel [6]. OHBIH apTHIKIIBUTBIKTAPHL:

— JKYHEHi CaJIBICTBIPMAIIBI TYPJIE OHAW TYCIHY MYMKIHJIT1;

— JKYHeHi OFaH HeTi3/iey MPOLECiH KOPCeTy KEHUIIr

— maiilanaHybuIblK nHTEpdeic Taburu TiIIe HeMece Ke3 KereH

— pecMu Ti;

— JKYHeIik MiHe3-KYIBIKTHIH Oipereitnirine 6ipaeit

— Karjaitnap.

JlorukanbIK TOCUTAIH KEMITUTIKTEpI:

— OWIBIHFBIP KeHinkepaepAiH (KeCKiHAepiH) OPBIHIATYBIHBIH KUBIHIBIFBI
MeH Taburu 60ImMaysl;

— Oenrici3aik jkarnaipiHga Oapabap MiHE3-KYJIBIKTHI KY3€re achIpy/AblH
KUABIHABIFEI (HEMece TinTi MYMKIH emecrtiri) (OumiMHIH OonMaysbl, IIyJIbI
MAJTIMETTEp, TYPBIC EMEC MakKcaTTap JkaHe T.0.);

— mpoOieManapapl IIemy MPOUECIH NapajuleNibJACyAiH KHBIHABIFBl MCH
THIMCI3IITI.

HeiipobepHeTukanslk OarbITTHl (Hemece HelponH(popMmarnka) OeiHeni
oiilay MeH Oijay/ibl caHa JeHreiiHge MoJeNbjey pEeTiHlIe KapacThIpyFa
Oomamel (TYWCITI, WIBFApMAIIBUIBIK KHSUIBIH MOJENbAeY, TyciHy). OHbBIH
apTHIKIIBUIBIFBl  — KEMINUTIKTEpAiH OoJMaybl, KHCHIHIBI OarbITKa ToH,
KEMILUTIKTEP OHBIH apTHIKIIBUILIKTAPBIHBIH O0onMaybl. COHBIMEH KaTap, Herpo-
KHOepHETUKAIBIK OarbITTa KapamaiblM KapamaiblM OeifiMaeny amroputmaepi
MeEH jKacaHJbl HEHPOHIBIK JKENIHIH KYPBUIBIMJIBIK EpEeKIICTIKTepiH Oenriyei
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OTBIPBIN, MYMKIH OONaThiH (MYMKIH WILTFO3MSUIBIK), ©3ITTHEH KYPHENi YXKoHEe
LICHIJICTIH MIHJET YIIIH XETKUIIKTI Typ/e opeKeT eTyre TeHUIENreH XYHeHi
aiyra Oonanel. JKoHe OHBIH KYPHENiiri HEWPOHIBIK Kelli MOAEIIHIH CaHJbIK
(akroprapeiHaH FaHa. Tarel Oip apTHIKIIBUIBIFEI JKaFdaia ammaparThIK iCKe
aceIpy HEHpOH OOJIBINT TaOBLIABI, OHBIH OMIPIICHIIT], SIFHN KaOlIeTi cakrayra
KOJIAIJIBl THIMAUTITI ey iCTeH WIBIFYbl Ke3iHJe el djeMeHTTepiH. by
HEHPOHMBIK JKEIiNepaiH KacHeTi apTHIKIIBUIBIK €CeOiHEeH KON KETKi3iiemi.
BarnapnaManblk = kacakTamMaHbl ICK€ achlpy JKarJaWblHIa HEWPOHIBIK
KEJTIepIiH KYPhUIBIMIBIK apThIK OOJYBI OJapFa TOJBIK €MeC HeMece IIYJIbI
aKnapar JKarJaibIHIa CITTI XKYMBIC icTeyre MyMKiHIK Oepeni [7].

«biniM» YFBIMBI MEH <«JIEpEeKTep» HEMece «akKnapar» YFbIMIIAPbIHbIH
apachlHAarbl aiblpMambUIBIK Hene? JKakplHOa FajnpIMaap MaTepHs MEH
SHEPTUSIMEH Karap, aklaparT e3iHiH peTTUNriH (TeTeporeHaimiri) Hemece
KYPBUIBIMBIH CUIIATTANTHIH MaTePHAIIBIK TYHUECHIH OOBEKTUBTI Oap axkbpamac
Oeuiri 6oxBII TaOBUTAABI AETCH KOPBITHIHABIFA Kenmi. Tipi TipIIiIik uenepiHig
SHTPONUSIHEI (OIPTEKTUTIKTI) ApTTHIPFBICH KEJETiH aJleMAe ©3 KYPBUIBIMBIH
(peTTinirid) cakTay MyMKIHJIITT OJIAp/bIH KOPIIaFaH JIEMHIH KYPbUIBIMBIH TaHy
JKOHE TaHy HOTIDKECIH (SFHU, 9JIeM Typajbl Oi7iM) eMip cypy MakcarTapsl yIIiH
naiinanany Kabinerrepine OaiIaHbICTHI.

ConpiMeH, OuTiM AereHiMi3 — TIpmIiK Heci (CyOBEKT) CBIPTKBI oJieM
KaObUIJaraH aKmapar, ajl «akmaparraH, OUTIMHEH»  aibIpMalIbUIBIFbI
cyObeKkTUBTI. Byl cyObeKTiHIH eMipiiKk ToXIpUOECiHIH cumarramaiapbiHa,
OHBIH CBHIPTKBI OpPTaMeH KapbIM-KAaTHIHAC TapUXbIHA, SFHH OKY HeMece ©31HIIK
OUTiM aiy MpoIECiHIH epeKuIeNiKTepiHe OalnaHbICThl. AOCTpaKIUSHBIH Oyl
JeHreine OiniM epekie OobIn TaObLIa (bl XKOHE aaMIap apachlHAAFbl OiTiM
alIMacy OKOFaITYyChI3 MYMKIH €Mec, ©HTKeHI aKmapaT  KOATalFaH
(TeTeporeHAiiK) KOHE TapaTKBIIITaH KaOBUIIAFBIIIKA >KOFANTYCBHI3 Oepiryi
MYMKiH (Kezeprijiepre 6aillaHbICThl OypMaIaHy MYMKIHAITIH €CKEpPMECTEH).

binim noHnep apaceinaa OixiM OepyaiH Ke3-KeJIreH Tilli apKbUIbl Oepinesni,
ONAPIBIH €H THITIK OKUIi TaOuru Tin Oombim TaObuTansl. TaOwru TN KYpy
JKOHE KOJIIaHy apKbUIbl ajam, Oip yKarblHaH, OHBI OPTYPII OMIpIiK TaxipuOeci
0ap agaMaapAblH Kemiiijirine Oipiaeit Oepy YuIiH OUTIMII KalbIITaCTBIPYFa
XoHe Oipi3neHnipyre THIPBICTHI, SKiHIII XaFbIHAaH, OJ JKeKe OiLMIMHIH OapIbIK
OalNbIFBIH Oepyre MyMKIHIIIK Oepi.

Bipiami TenaeHIms OUTIMHIH SpTYpIIi cajlayiapblHa (MaTeMarnka, pu3nka,
MEIMIIMHA XOHE T.0.) opTypiti (opMalbIbsl apHaWbl JUAJCKTUICPHIH Taiaa
0O0JTybIHA OKEIII].

Exinmici, kepkeMm ofcOMETTIH maiima OONyBIHA OKEN[i, ON TiT apKbUIBI
aJaMHBIH MUBIHJA acCOIManusiapApl (ToxipuOenepmi) TyAbIpyFa JereH
YMTBUIBICKA HETI3AENTeH, SSFHA. OKy/JaH aJblHFaH OUTIMIe oHE ©3iHiH OiTiMiHe
CYlieHe OTBIPBIN, OHBI OiJlaHyFa >KoHEe ajaHiaryra MaxOyp erexmi. JKamnmsl,
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OHEep/iH OapiblK Typsiepi OyFaH OarbITTalFaH — acCOLHUALMSIIAP/bI KOJaHa
OTHIpHIN OiTiM Oepy.

Erep 0i3 aOcTpakIUsiHBIH OCBIHAH XKOFapbl JeHrelineH (Pprnocousuibik)
KapamaibIM eMipre KeIeTiH OoJicak, OHAa OJeTTe >KAacaHIbl HMHTEIICKT
OOWBIHIIIA ONEOMETTE JKACAIBIHATHBIH OUTIM MEH MOJIIMETTEpi ONapabIH
(dbopMananran TypiHae caimbicThipyFa Oomansl [8]. CoHnma 013 MamiMeTTepeH
KeJieci OLTiM aifibIpMaIIbIIBIKTAPBIH TY)KBIPBIMIAH alaMbI3:

— OLIiM HEFYPJIBIM KYPBUIBIMIAJIFaH;

— OlIiMIe aTOMIIBIK €MEC DIIEMEHTTEP 6T€ MaHBI3JIbI

— OliM (ManiMeTTeperiiei) KaHe OJIap/IblH apachIHIaFbl OaiilaHbIC;

— OlIiM JepeKTep/eH repi e3iH-e31 TYCIHIIpeal, SFHU. OlTiMAe oNap/bl

naiiganaHy Typajbl aknapar 6ap;

— OLIIM MacCUBTI MAIIMETTEpre KaparaHia OelnceH I, SFHU OLTIM anajpl;

— oJapnpl maiinanany »KyHeHiH YbUIIBIPBIK IIANTy SpEeKeTTepi.

Jepextep MeH OimiM apachlHIA €MIKAHAAH OTKip MIeKapa jKOK eKeHIH ecTe
YCTaFraH XOH, OMTKEeHI COHFBI JKUBIPMA JKBUI INIIHAEC AEPEKKOPIBI Oackapy
JKYHWeciH jkacaymbuiap KeOiHece onapmsl Oimimre aitHanmmeipyma. Meican
perinme MomiMmerTep 0a3achlH KoOajlay VINIH CEMaHTHKANIBIK JKeIuIepi
kKongany (OutiMm Oepy ¢opmanu3mi), OOBEKTIre OaFbITTAIFaH MOIMETTEP
0a3acelHBIH TMaiia OoNyBl, caKTamaTelH mnpouenypanap (Oynm Oemnrim Oip
Iopexene MomiMmerrepni OenmceHnmi eremi) jkoHe T.60. CoOHBIMEH, >XOFapbina
aTarFaH OUTIM MEH MOJIMeTTep apachlHIAFbl aliBIPMAIIBUTBIKTAP WH(OPMATHKA
JaMYBIMEH TeTiCTeIei.

Wmxenepiik OimiMae ceMHOTHKA — Oenri Kyhenepi Typayibl FhUIBIMHAH
QJIBIHFAH Kellecl HeTi3ri yrbiMaap OemiHei:

— KEHEWTiNTeH OiTiM — YCTipT HeMece HaKThI O1TiM;

— MHTEHCHBTI OU1iM — TepeH HeMece epekci3 Oiim (yariui Oury),

— CHHTaKCHUC — Oenrijep XyHeciHIH KYpBUIBIMBI (MJIIMETTEp HeMmece

6inim),
— ceMaHTHKa — Oenri y#eciHiH MarblHachl (OiniM), SFHM OHBIH OiTIM
OepyniH 6acka mapagurMackIHIAFE Oanama KepiHici (imki);

— mparmartuka — Oenriiep >xylheciMeH OaiaHBICTBI MakcaTrTap (MBICAJIBI,
TaOWFU TUIZIET] COMIEMHIH MaKcaThl HEMECe TaraWbIHIAITYBl (KOMaH/A,
CYpaK, TYCIHIIpy oHE T.0.).

1.4. ZKacaHabl HHTELIEKT aliMaFbIHIAFbI 3ePTTEYIePaAiH
Heri3ri 0arpITTaphI

Kazipri yakpirra KM — Oyi1 Te3 maMbll Kelle jKaTKaH KOHE eTe Tapam-
JIANIFaH FBUIBIMU cajachl. TeK KaHa KOMIIBIOTEpIIK JIMHTBUCTHKA OOMBIHIIA
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anemzie xbul caiiblH 40-TaH actaM KoH(epeHIHs oTKi3iieni. OpOip eyponabik
enne, connaii-ak AKII-ta, Kananana, Kanouusga, Peceiine, Ourycrik-11Ibirpic
Asusna XXM OoifbiHIna YITTHIK KOH(EPEHUIUIAP TYPAKThl TYPAE OTKI3iIemi.
Peceiine Oyn ic-mapa eki xbuiia 6ip per Peceiinin KW kaybIMIacTHIFBIHBIH
(PKXXWN) xonpmayeiMen otkizineni. byman Oacka, exi xbuina Oip per KU
(IJCAI) OoiibiHIa xanblKapanblk OipikkeH KoH¢epeHuus oTtkizinemi. Ochl
camaza 3 MbIHHaH acraMm Mep3iMai 0achUIbIMIAp FBUIBIMU  HOTHIKENEp
HIBIFAPATIbL.

Kasipri yakpitra KM — KapKbIHIBI JaMbIll KeJe JKaTKaH >KOHE JKOFaphl
TapMaKTaJIFaH FhUIBIMU caja. KOMObIOTEPIiK IMHIBUCTUKAHBIH O©31HIE dJIeM/Ie
JKBUT calbiH 40-TaH acTaM KOH(GEPEHIUUTAp OTKI3UIe/I.

Xacanapl MHTEIUIEKTTIH OapiblK canajapblHlIa TOJNBIK KOHE KaTaH
KJTaCCU(UKAIMS JKOK, >KacaHJbl WHTEJUICKT MICHIETIH MIHISTTePHAl KIKTEeyTe
TBIPBICY 1.3-cypeTTe KenTipiirex.
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1.3-cypem. JKacanovl unmennexmmin minoemmepi

J.A.TTocienos 6oiiprama JXXM-na XKW canachiHIAFsl 3epTTEYIiH €Ki 6achiM
Tocii Oap: HEHPOOUOHIIBIK JKOHE aKIAPATTHIK.
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ANFalIKbUIapAbIH JKaKTacTapsl aJaMHBIH MUBIHIA OTETiH INpoLecTepai
JKacaHIbl TypAe KeOeWTy MakcaTblH ajfa Kosubel. bynm OarblT MenunuHa,
Ouosiorust xoHe KHOEpHETHKa KHBUIBIChIHAA oOpHanackaH. CoHbIMEH Oipre
aJlaMHBIH MHBI 3€pTTENINl, OHBIH JKYMBICBIHBIH JKOJIAphl AIIBUIBII, OWOJIO-
THSUIBIK KYPBUIBIMIAp MEH oJiapJa OOJIBIN jKaTKaH NpOLEeCcTepli KaWTalayra
apHaJIFaH TEXHUKAJbBIK Kypaaaap skacanaibl.

ExiHmi ToCUNOiH »KaKTaylIbUIaphl WHTEIUIEKTYalIbl aKIapaTTHIK >Kyiie-
Jepai  3eprreyre CyHeHeni; mporpaManapiabl HISNIyAiH WHTEIJICKTYallibl
OarnapiaManapsl; OlliMre Heri3fesreH xyienep.

O3iH 03i 6aKblIayFa apHAJIFaH CypaKTap

JKacanasl HHTEIUIEKT neredimis He?

JKacaHipl MHTEIJIEKT KaHIal FhUIBIMHA OarbITTAPMEH ©3apa OpPEeKeT-

Tecemi?

3. JKacaHapl MHTEIUIEKT TOHIH FBUIBIMHU IIOH PETIHIAE TYCIHYIIH TOCLI-
JIEpiH CUTIATTaHbI3.

4. Peceiineri Ka3ipri >karaanibl CUIIATTaHbI3.

N —

5. JKacaHApl HWHTEINEKT NaMYBIHBIH "KOMITBIOTEPIIK" KE3€HIH CHIIaT-
TaHBI3.

6. XX r. 70-mIbl K. )KacaH (bl HHTEJUICKTIHIH JaMybIH CHIIATTAHbI3.

7. XX . 80-mri x0K. )KacaHAbl HHTEJUIEKTIHIH 1aMybIH CHIIATTaHbI3.

8. KacaH/apl MHTENIEKTTIH HET13T1 eCeNTepiH CUMATTAHBI3.

9. YKacaHmpl MHTEJUIEKT canachlHia KaHaai oemimzaep 6ap?

10. AnmaMHBIH OWIAybIH MOJENbJACY MYMKIHAIKTEPiHIH JoJemiepin
KEJITIpiHI3.

11. 3uaTkepriik KypanmapAelH KOFaMfa ocepi MoceleciHe KeIly HEMEH
Herizmenmi?

12. JKacaHapl MHTEIUIEKT >YHECiHIH Kayilci3aik MpoOieMacsl HEMEH
JKOHE KaJlail mentisryi MyMKiH?
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2 rapay. IIPOJIOT TIVITHAE BATIAPJIAMAJIAY
HEI'I3JEPI

2.1. IIposor xexknapaTuBTI TiJI peTiHae

[ponor tinminig mamyerH 1970 xemer Amarn Kymvepoe men @wwmmm
Pyccens Gactamsr [9]. Onap OepiireH MOTIH HETi31H/IE JTOTHKAIBIK KOPBHITHIHIIBI
kacall amaTblH TN okacarbickl  kenmi. [Iponor arayel  «LOGic-Te
OarnapiaManay» KeICKapysl 0oJbIn Tadbutansl. by tin Mapcensae 1972 bpust
JaMbIFaH. HpOHOF — aJIrOpUTMIe eMeC, NMpEAUKATTBIK JIOTHKara Heri3lleJ'IFeH
Oarnapnamanay Tinmi. Erep anropurmaik (mpouenypaisik) Tingeri 6armaapiama
Oenrimi Oip peTreH OpbIHAATATHIH HYCKayiap Tiz0eri 6osca, onna [Iponorrarst
OargapiamMa TEK TaICBIPMaHBIH CHUIATTaMachlH KaMTuabl, an [Iporor
MallMHACKl OCHI CHIIATTaMaHbl OACHIBUIBIKKA ajla OTBIPBIN, INEINiM i3eii.
Mpicaibl, aT KaJJaMbIMEH IIaXMaT TaKTaChIH >ka0yIbIH JIOTUKAIBIK MIiHJETI Oap.
Kes kenreH anropuTMmIik Tinge OyJ1 MOCeJNeHi HIelly oTe KypAeii ajJropuTMii
Kypyabl Tamam etedi. [Ipojorra »KBUIKBI JKYPETiH epexenepli CUlaTTay
KETKUTIKTI, cofaH keitin [Ipornor menrimai e3i 6acamsl.

MyHnait KapamalbIMIBUIBIKTBEIH 0acThl JKaFbkl — OarmapiaMaliapIblH
pecypcTapabl TYTBIHYBI. MEBICaNIbl, MaXMaT TakKTachklHa Oip-OipiH YpPMaWTHIH
Ceri3 MaTHIalbIMHBIH TaFbl Olp TAaHBIMAJ TAICHIPMACBIHJIA IIEIIIMHIH TOJBIK
aramelHAa 648 mbHEI 6ap. MyHaal araiuTaH IIemniM Tady MYMKIH eMec y3aK
YaKbBITTHI Tanar eTeTiHi aHbIK. [Ipoyorra Garmapnamarnay Keneci Ke3eHAepIeH
TYpazpl:

* 00BEKTiIEp MEH OJapAblH apachlHAAFbl KaThlHACTap Typasbl Kenoip

¢axrinepni xabapiay,

* 00BEKTiIEp MEH ONAPIBIH apachHIAFBl KaThIHACTAp Typaibl Keibip
epekernepii aHbIKTay;

* HbICAaHIAp MEH OJapIblH apachlHAAFbl KaTbIHACTap Typajbl CYpaKTapbl
TYXKBIPBIMJIAY.

2.2. IIpepukar Tyciniri

[Iponor OarmapmamMachIHBIH HETI3Ti JEMEHTI — TIpeiukaTr. MaTemaTtnka-
JBIK TYPFBIIAH aliFaHfia TpeJuKaT — eKUTIK MOHII (IIbIH HEMece JKallFaH)
KadTaparblH (yHKOus Oonbin TaObutanbl. Ilposorra mpeankaT HbIcaHAAp
apachlHIaFbl KaThIHACTHI OuIAipeni, Oy Ja IIBIHABIKKA alHAITYyBl MYMKIiH.
[Iponorra mpeaukar yreiMbIH [TyraueBansiH — KHPKOPOBTHIH oHrii OYpBIHFEI
orbackl MpIcaibiHIa KapacThipailblk [10]. BipiHminen, 0i3 arta-aHa MeH
OamaHbIH KapbIM-KaThIHACBIH jka3zambI3. [Iposor cunrakcucinme «bopuc —

29



AnnaHblH ata-aHackl» OpHeri keneciuei: parent(boris, alla). Myuna parent —
MPeIUKATTBIH athl, anx boris, alla — nmomennmep. Boris nen alla nonempepi
TYPAaKThI, COHABIKTAaH OJap Killli opinTepMeH ka3bliaasl. [Iponorra 6ac apirmnex
altHpIManbUIap Oactanansl. HykTe mpennkaTTeIH COHBIH, COHAAN-aK CoOiIeMHIH
TabuFu TUTAE asKTaryblH Ourmipeni. OTOachUIBIK MYLIETEpAiH aTa-aHaJbIK
KaTBIHACTAPbIH J1a XKa3aMbl3:

parent(bedros, filipp).

parent(kristina, denis).

parent(edmuntas, kristina).

parent(viadimir, denis).

parent(alla, kristina).

Enpmi 613 «oxy0bait» TyciHiriH Oepemis (spouse):

spouse(filipp, alla).

spouse(viladimir, kristina).

ATBIHFaH TPEIUKATTap KUBIHTBHIFB JKYIIBI3AAP OTOACH Typaibl OiLTiM
0azacelH Kypaiinel. Pemsmusiblk nepextep OaszaceiHna Oipael ManimerTep
Kasail YChIHBUIATBIHBIH CAJIBICTBIPBIHBI3.

Ata-anajap Kecreci

Parent Child

Boris Alla

Bedros Filipp

Alla Kristina

Edmuntas Kristina

Kristina Deni
Kyoaiinap kecreci

S1 52

Alla Filipp

Kristina Viadimir

Kepin OoThIpFraHbIHbI3/IAH, IepeKTepi YChIHY JEHreiliHe YKCACThIK Oap.
Bipak ockimMen Oitemi. bipak nepekTepai IIbIFapy JEHTEHiHAC YJIKEH
aiiplpMalnbUIbIK  Oap. bimimal any yimiH pensiusUIblK  JiepekTep Oa3zachl,
Mbicasbl, SQL-/1e mepexTepai TaHaay YIIH cypay Kypybl kepek. Meicaisl, 6i3
KpucrunanbslH ara-aHacbl KiM ekeHIH OiunriMiz kememi jaenik. bi3 keneci
(hopmagarsl CypaHBICTHI )Ka3ybIMbI3 KEPEK:

SELECT Parent FROM Arta-ananap WHERE Child = "Kristina”

[Mposorta OimimMui anmyra cypaHbIc OChl OUTIM YCBIHBUIFAH Ke3Jerifen
cunatraiajsl. Erep 6i3 keneci npeaukartsl [Iposiorka aybICThIpcak, (MakcaTThIK
MpenuKar):

parent(alla, kristina).
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Byn MakcaTThl Oblnait okyra 6osans: Asta KpuctuHaHblH aTa-aHackl Ma?
OcBbI MaKcaTTHI Oi71iM KOPBIHBIH Ma3MYHBIMEH CaJIBICTHIPa OTHIPEIN, [Iporor 6y
TY)KBIPBIMHBIH aKHUKAT CKCHIH aHbBIKTal, OHbl xabapnaiiabl. JKorapeigarer SQL
cypaysl (KpucturansiH aTa-anacsl kim?) [IponorTa kenecimei:

parent(X, kristina).

Mynaa X — KepekTi MoHJep TaralbIHIaNybl Kepek aitHbiManbl. [Iporor-
Tarbl aHBIMAJBI 3aT €CiM HEMece CYpakK CO3iHIH aHAJOTHI OOJBIN TaOBLIAIIBL.
Korapwinars! OiiM 6a3aceiHan [Iposor exi xayar HibIFapaabl:

X=alla
X = edmuntas

CypaxThl KeJecijiei TY)KbIppIMaail anaMbi3: KprcTHHaHBIH aTa-aHackl Oap

Mma?
parent(_, kristina).

Byn xa3ba: x ara-aHacel Y Taly, oy e3 ke3serinme KpucrtuHaHbIH aTa-
aHacel. AnFel ceszgeri yTip "JKoHe" Hemece KOHBIOHKIMSIFAa ykcac. MyHnmai
cypaHbIcKa xayan peTiame [Ipoor keneci xayan Oepei:

X=alla
Y = edmuntas

Kexneci cypanbicTbl Oepyre Oonajpl:

parent(alla, ).

Enpi anoHMMIi alHBIMANBl CKIiHINI JOJEN pETiHAC KOJIaHBUFaH. by
CYpaHBICTBI Kenecified okyra Oonajabl: AnnaHblH Oananapel 6ap ma? Ilpornor
Jkayar O6epemi: Yes.

[Mpeaukar ImIBIH HeMece JKAIFaHIbl KaWTapaTblH eKUTK  (QyHKIus
oonranapikran ([Iponorra MamiMaemMe akMKAT HEMece XKallFaH 00JIybl MYMKIH),
[Iposiortarsl GargapiaMaHblH HOTHYKECI — MAKCATTBIH IIbIH HEMECe JKalFaH
eKeHIH aHbIKTay. ANHBIMajbuIapFa MOHAEP Oepy, HOTHIKENep IIBIFapy JKOHE
T.0. — OYJT s)kaHaMa acepiiep.

Convimen, Ilponocmazer 6azoaparama npeouKammapoan mypaobl.
Ilponoz 6azoapnamacer men 6inim 6azacol — cunonumoep. Maxcam
npeduxammap mypinde oOe mydxcovipvimoanzan. Ilponozma 6azoapnamanst
icke Kocy — Oy makcammul uwieuly.

2.3. IIpo/10r THIH MHTEPNPETATOPHI Kajaii ;KyMbIc icTeiai?

IIponorra memriMm Ta0y TpoIeci — MAaKCATTBIK IPESAUKATTHI  OUTIM
0a3achlHBIH TpeAuKaTTapbiMeH canbicThipy [10]. byn npouecc yrugurayus
(Gipiry) mem aranazpl.

AnneiaFbl OeniMHEH anbIHFaH MakcatieH [Iponor xyiiecin yceHaibIK (013
KpucrunanslH HeMepeci KiM eKeHiH O1IriMi3 Kenei):
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parent(X, kristina), parent(Y, X).

[Tposnor onan parent(X, kristina) anramkbl MaKkCaTblH epeKIIeneiiai ((KoHe
OHBI OiiM 0a3ackIMEH CaNBICTBIPYIBI OacTaiiabl (OipiKTIpyAl *Ky3ere achipy
yurin). bixim 6a3acel ToMeHe KalTalaHaIbL:

parent(boris, alla).

parent(bedros, filipp).

parent(edmuntas, kristina).

parent(alla, kristina).

parent(kristina, denis).

BipiHuIieH, anFalKkel IpeJUKaT MeH KOCATKBl MAKCAT CANBICTBIPUIA/IBL:

parent(boris, alla) xoue parent(X, kristina)

boris 6ipiami apryMmeHTi X afHBIMAIBICBIMEH CaIBICTHIPBLIABL.

[Iposor alHBIMaNBIIApABIH free (epkiH) xoHe bound (OaitnaHraH)
KYHJIepiH aXXbIpaTaThlHBIH ecKepy KaxeT. Ecep exi aitnvimanst da jcanzanzan
oonca, onoa oipikmipy Ke3inde onap canvicmuipvinaosl. Ezep onapoviy 6ipi
mecin 60sca, OHOQ MAAUbIHOAY OPbIH A1a0bl. AUHBIMATIBL MOHOEP2e Kallma
mazaivinoayza con  Gepinmeiidi. byn Tlponortel  Oacka TiLAEpleH
alTapIibIKTal epeKneNeH ipent.

Ocsinaitia, a5 e 00c 0oyaThiH X alHBIMANBICBIHA boris MOHI Oepijei.
OcsinaH Keifin exinmi ganennep, alla xone kristina Oipiktipineni. OUTKeHi Oy
TYpakThuiap >koHe alla kristina TeH emec OONFAaHABIKTAH, MPEIUKATTHIK
parent(boris,alla) xone parent(X, kristina) KocaqKpl MaKcaTTap COTCI3iKIIEH
asikranassr (fail).

bimim  0Oa3zaceiHma  parent  NpeOUKaThIHBIH ~ OipHElIe  JaHajapsbl
OONFaHABIKTAH, MYHIAH TIpenukar OipmaoHOi emec JIem araiafgsl (non-
derministic). Erep mpemukat 0ipey 6osca, oHIa o 6ipmaroi (deterministic) memn
atananel. CoTci3/ikTeH KeiliH OipMoH/I emec mpenukar OOJFaH JKaraaiaa Kepi
KaWTapy OpbIHIaNaabl — MPEJUKATTHIH Keleci JaHachiHa aybicy. byn perre,
erep OpbIH anFaH 0oJica, alHbBIMAJBUIAPFA MOH TaFaWblHAAY Ja AaJbIHBII
tactanajpl. CojiaH KeliH NMpeIuKaTThIK OIPIKTIPY JKYy3ere achIpbLIabl.

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

Bipiktipyain HoTIKEeCi Oipaeit GomaTeIHBI aHBIK, coTci3mik (fail). Kemeci
parent(edmuntas,kristina) TpeIUKaThIHA OpaliFaH KeE3iHIAE CypeT Oackaria
Oomazpr: X-re edmuntas MoHI TarailbIHANA/bI, a1 €KIHIII JIQJIeNepre coilkec
KeJy JIe CaTTi Oonanpl, eiTKeHi kristina = kristina.

Ocbutaiiina, anFaimikbl KOCAIKbl Oargapiama  askramaziel. I[Iposor
MPEIUKATTHIH Kail TaHACHI )KYMBIC ICTETEHIH eciHe TYCIpil, Kelieci MpeauKaTKa
opaJty KepCeTKillliH OpHATa/Ibl:

parent(boris, alla).

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

> parent(alla, kristina).

parent(kristina, denis).

OCBITaH KeHiH on parent(Y, X) eKiHIN KOCANKBl XKUBIHBIHA OTEHi, MYHIA
X = edmuntas, sirau [IpoJor e3 anasiHa Keneci MaKCaTTapabl KOSIITB:
parent(Y, edmuntas).

DIMYHTACTBIH ara-aHachklH i3aeyae Ilpomor kaWramaH Oyl MpeIUKaTTHI
Oinim GaszaceiHaH, parent(boris, alla) Gipiktipyre OacTaiiapl.

Bys skonbl GapnblK IpeauKaTTapAbl 13/Iey HOTHMIXKECI3 asKTaJaThbIHBIH
Kepyre 00Jabl, SFHH MaKcaT

parent(Y, edmuntas)
OH mIemiM OepreH JKOK.

Byn xarmaiima [Iporyor ammplHFBI MakcaTka Kapadl >KBUDKUABI (apTKBI
KepiHicTep Ti3iMi OOMBIHINA XBUDKUABI) XKoHE parent(X, kristina) yuiiH Ganama
memiM Tabyra TeIpbicanbl. byn skarmaiima X KadTtamaH Ooc aifHBIMAIIbIFa
aitHanazsl, ai [Iposor opaxy HyKTeciHe opanajibl:

parent(boris, alla).

parent(bedros, filipp).

parent(edmuntas, kristina).

> parent(alla, kristina).

parent(kristina, denis).

SFHU Heri3rl parent(alla, kristina)nipenukarel parent(X, kristina) npenvka-
THIMEH ayBICTHIPHLIA]IBI.

Enni X-xe alla MoHI MEHIIIIKTENE1, Opay KOPCETKIII HEeri3ri MpeIuKaTKa
parent(kristina, denis) opHaTBUIIBL, KaliTanaH parent(Y, X) KocalKbl MaKcaTbIHA
Kellry opeIHIaNas!, MyHaa X = alla. AnFel ce3 KalTamaH OipiHIIN TpeAUKaTTaH
Oacran parent(Y, alla) Oinim Oa3aceiMeH Oipiktipe Oacraiinpl. bipinmi
MpeIuKaTTa TYPaKTBl TYPaKTBl boris xkoHEe Y alHBIMANBICH OipiKTipinemi.
Y=boris TaraWipIHOaNmaAbl, CONMAH KCWiH CKIHII JOJCNICp CaabICTHIPHLIAIBL.
Alla = alla GonraHnpIKTaH, COHKeCTIK cOTTi askranabl. Ocbulaiiina, IIEInM
tabbuinbl: Kpuctmna — bBopuctin Hemepeci. Oke-memeci KpuctnHansr
i3aeyAeri corci3mik Tek OiiM 0a3achIHBIH TOJBIK OOIMaybIMEH OaiylaHBICTHI
EKEHIH eCKepiHi3.

Convimen, Prolog ayoapmawivicor asmomammoul mypoe uiewiim i30eiioi.
I30ey scyiteci caomcizdikmen Keilin Kepi Kaiumapyosl KOJ10aHa OmMuIpuln icKe
acvipvinaost. Kaiima opany keneci mazvinanwvl 0indipedi: Ilponoema
O0azoapnamanul dHcyzeze acelpy (MaxKcammol uwieuiy) — maxcammol 0Oiim
oazacvimen Gipikmipy [7].
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2.4. IIpoJsiorrarel axkTijiep MeH epeskesiep

XKorapbina cumartanraH "aTa-aHa-Hemepeci' THITIHIH KaTbIHACHIH O€ri-
JMeUTiH cypay onmaH opi OipHeme per Tamanm eTiryi MymkiH. OcbFaH
OaifTaHBICTHl OHBI 0Oacka cypay caiyjapla OJaH opi MaiiiaimaHy VIIiH ecTe
cakTaraH xeH. [IpomorTeiy OiniM 0a3ackiHAa (akTijiepAi FaHa emec, HIApPTThI
KaTbIHACcTapIbl JJa cakTayFra Ooianel. "Ata-aHa-Hemepeci” THIIIHIH KaTBIHACHI
MBIHATal TYpAC Ka3bLTybl MYMKIH:

grandparent(X,Y) if parent(X,Z), parent(Z,Y).

MYHEI Kelleciiel OKBII MIBIFBIHBI3: X - Y-HiH YpHaFrsl, erep X-Z-TiH, al

Z-Y-niH ara-aHackl.

Grandparent(X,Y) npeaukaTtsl epexe TakbIpbIOBI Jlen aTananusl, an if —
epexe JCHECIHIH OH JKaFbIHIAFbl OPHEK.

Eckepmy: epexceoezi "if" OymacviHblH CUHOHUMI «:-» CUMBONOAPDL
0onvin maodvLAObL.

Ocpnaifima, nmepekTep 0a3achIHAAFBl  CHUSAKTHI, [IponorTery — Oiim
OazaceiHmarel (akTimep TypiHAe Oi3 OacTamkpl OUTIMACPAI CaKTalMBI3, ai
OJlapllaH albIHFaH TYBIHIBUIAPABI (aKTinep CHAKTHI JKONIAHATHIH epexenep
TYpiHIIE JKa3aMbI3.

®akT — 0ya1 Oenriii Hopce.

Epe:xxe — 0Oyan 06ap d¢axrinepain Herizinge xaHa ¢akrinepai
TYABIPYABIH TICiJII.

TyBICTBIK KapbIM-KaThIHAC YIIIH 013 KOChIMIIA (haKTUIEpAl CHII3y KaKeT-
TIriHEH KYTBUIA OTBIPBIN, KOITET€H epekeNepii Oenriiell amampl3, MBICAIIEI,
arajapbl, HeMepe XoHe T.0. Kimre Trecini?):

sibling(X,Y) :- parent(Z,X), parent(Z,Y), X<>Y.

CanpicTepy mpemukaTsl X<>Y "MeHiIH OKeMHIH YIbI, Oipak MEHiH aram
emec" TYpIHIETi KOJUIM3WSHBI IIENIy YIIiH KaXkeT. Afail TYpiHiH KaTbIHACHIH
AHBIKTAUTBIH epexe KeJeciaen:

uncle(X,Y) :- parent(Z,Y), sibling(X,Z).

Makcarts! menty kesinge IIponor cesre emec, epexxere tan 0osFaH Ke3fe,
IIBIMEH epeXEHIH TaKbIPBHIOBIH OipiKTipendl, SFHU. OaliylaHbICTHl AiHBIMAbI-
JIapAbl CaNbICTBIPA/IbI JKoHe 00C alfHbIMAaJIbUIApFa MOHAED TaralbIHAalAbl. Erep
apryMeHTTep coTTi OipikTipince, IIpomor TakpIpbINTarbl AQNENICPAIH MOHIH
epeXEHIH HEeTI3rl NpeIuKaThlHA ayBICTHIPAABI >KOHE OYJI NMpeAuKaTThl Oimim
0azaceIMeH OipiKTipyAi OacTalTEIH OaFBIHBIHKEI peTiHae opHaTtaabl. OcCHl Kimmi
OaryapiaMaHbl COTTI IICHIKeH karnaiiaa [Iponor epexeHiH Keleci KaraaibiHa
kemexi. Erep Oyt mapTThl 0ipi3aeHaipy NMpeauKaTThIK HITHKETe 9Kelce, OHJa
[Iponor epexeHiH alAbIHFBI JKaFIaliblHA KeIleAl. ByJl alJbIHFBI KalTapy

34



eKIYINTBUIBIK OOJIFaH jkarnaiina rana Oosiasibl. MyHBI MBICAJIMEH KOPCETEHiK.
bi3 e3imisre KpucTuHaHbIH ypriarsl KiM eKeHIH OLTyIi Makcat eTil KOHIBIK:
grandparent(Who, kristina).

OchIHIall MakcaTka KOJI JKETKi3reH I[Ipoyior oHBI epexeMeH OipikTipe
OacTaiiabl:
grandparent(X,Y) :- parent(X, Z), parent(Z,Y).

MaxcaTTsl mpenukaTTarbl Who aliHBIMAnIBICHI — €pKiH aifHBIMAIlbl JKOHE
OHBI epeke TaKbIPbIOBIHAAFEI X alHBIMAJBIMEH OIpIKTIpy OpKallaH CoTTi
Oonazpl. Alita keTy kepek, [Iposorra 0apiblK aiHBIMATIBUIAD KEPrUTIKTI, SIFHH.
epexe iminge raHa oap.

bi3 X opubeiHa Who naiinanana anmap eni, xoHe Oyt Oipaeit OipizaeHmipyre
OonaThlH TYpI aliHbIManbLIap Oomnap exmi. YKahaHAbIK allHBIMATBUIAPIBI KYPY
KaxeT OOJFaH JKardaiiia, assert MNpPeAUKAThl IKACAWTHIH JHHAMHKAIIBIK
(dakrinepai maimanaHamel JKOHE retract mpemukaTel  Hemece  retractall
xKoubutansl.  Epeke  TakbIphIOBIHIAFBI  affHBIMANbUIAp  OpAalbIM  E€pKiH
OonraHIbIKTaH, y = kristina Oepineni. Epexe TakbIpblObIH Oipi3feHAIpY COTTI
eTkeHAikTeH, [Iponor epexe jaeHeciHe TepeHAeil koHEe oJjap OailaHbICThI
Oosica, alfHBIMATBLIAPIBI AYBICTBIPA OTHIPHIN, JEHE OIpIiHINI MPEAWKAT epexe
aCThIHA KOSIbI:

parent (X, Z).

X koHe Z alHBIMANBUIAP EpKiH OOJBIN TaOBLIANBI, COHABIKTAH OLTIM
OazaceiHaH OipiHnN parent IpeauKaThIMEH OChl MakcarThl Oipi3feHAIpY
TaOBICTEI OOJIAIEI:

X = boris, Z = alla

Ocsiman keifin Iposnor epexe OoibIHIIA €KIHINI MPEANKATKA aybIcaasl, X
)oHe Y MOHIH KOSIBI:
parent(alla, kristina).

Ochbl Killli HBICAHHBIH Kapapbl IIBIHABIKTBI Oeperdi, an Oipi3aeHaipy
GapsIceiHa OepinreH aybicnianbsl MoHepAl [Iposor KaliTapaabt
Who = X = boris.

Ocpuraiima, pe3ononus GapbiChIHAa Heri3ri Makcartapabl [Iposor Gimim
0a3achIHAaFbI epexeiepIi 0acIIbUIBIKKA alla OTHIPHII, ©31HE 63 OeTiHIIIe MaKcaT
KOSIJIBL.

backa mbican KapacThIpailbIk:

Grandparent (Who, denis).

Ocpbl Kinn apanbIKThl OipikTipyre ThIpbICHIN, [Iposior aitHbIMaibLIAPIBI
(alla, denis) OipiHmi  parent TpenWKAaTHIHA CANBICTBHIPAIBI, COTCI3MIKKE
YIIBIpaiibl, KeJleCi HHCTAHIHSIFA aybIca bl JKOHE T.0.

35



binim Gazaceinna parent(alla, denis) daxrici %KoK OONFaHIBIKTaH, OCHI Killli
OarnmapinaMaHbly mrenriMi  corci3 Oomansl. COHIBIKTAH epexeHiH OipiHmi
npeaukatelH X = boris, Z = alla MoHuepimMeH OIpiKTIpy IypbIC eMec.
Conovikman Ilponoz epescenepoin anovinzel H#caz0aiublna Kapaii HeoblaiHcuobl
Jcane parent(X, Z) Kiwi makcammapwvina 06acka wiewiim madya molpuicaosl.

By xxarnmatina aiftHBIMansIapasl Oepy TokTratemansl (X = boris, Z = alla).
X 'koHe Z aliHpIMaIIbIIAPHI KaiiTagan 0oc Oonajpl. AWTa KeTy KepeK, MyH/1a TeK
0ip TaHOanbl MpeAWKaTKa amapy MyMKiH. Erep mpenukatrap Ti30eriHae epexe
iminge Oip MoHAI xe, Oip MOHAI eMec MpeauKarrap 0oica, OHIA COTCI3IIKTEH
KEHiH eH jKakblH Oip MOHII NpeAMKaTKa XKbUDKY KepeK. OChl NMpeauKaTThl
Oipinmm Oipismenmipy kesinge Ilpomor parent xemeci nmaHacelHa Kepi
KOPCETKIIITI OPHATTHI:

parent(boris, alla).

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

Aptka aiinanran ke3ze [Ipornor Oy daxTini Oipi3neHaipyre Kipicezi skoHe
Kepl HyCKara YIIIHII UHCTAHIMSHbBI OPHATA/IbI:
parent(boris, alla).

parent(bedros, filipp).

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

ExiHmi TpenuKkaTThIK parent KOCAIKbl ToObIMeH parent (X, Z)
OipikTiprenHeH keiin, [Iposnor aiiHpIManbUIapFa MOHJIEp TaFralbIHaWIbI:
X = bedros, Z = filipp
JKOHE CKIHII TPEAUKATTHIK parent(Z,Y) aybIcabl :
parent(bedros,denis).
YKOHE eKIHIII MPEeJUKATTHIK aTa-aHara aysicaasl (Z, Y):
parent(bedros,denis).

Byn kimi GarmapnamaHblH HIENIiMi Jie coTCi3 OoJaThiHBI aHBIK. [Iposor
KalTaJaH epexeHIH al/IbIHFbI MPEeIMKAThIHA KOHE 0acThl aTa-aHaHbBIH YINIHIII
WHCTAaHIMACHIHA oTenl. TepTinmi ¢axTiHi OipiKTipy FaHa coTTi Oomamp!:

parent(alla, kristina),
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HOTHXKECIH/Ie 013 aJlamMbI3
Who = X = alla.

Binim ©OasaceiHma epexenep OosraH jkarmaiiiaa I[IposorTeiH HHTEpIpe-
TATOPBI OCHUIAH JKYMBIC iCTEeH .

Convimven, ghakm — oyn mypaxmeoiea Hezizoenzen 0inim (632epmeiimin
oinim). Epesrcenep — oyn ¢hakminepoen anvinzan oinim.

Daxminep men epedcenep HeUbIHMbIZIHOA AIZOPUNLM HCOK,

Epescenep men paxminep oip-oipine mayencis.

Homuowceni wivizapyza aphanzan epesicenep mipKecimi maxcammul
uieuty Kesinoe naiioa 6onaowl. Epescenep maxovipulovinoazel aiinpimanviiap
ocol epedicenin iwinde ana 601aowl.

Epesice iwinde apmika aiinanzan Kezoe, 01 epedxceoezi a10bIH2bl
myciniKci3 npeoukamea omeoi.

2.5. Prolog Tinminperi pexypcus

Erep 6i3 X Y-tiH ara-0abachl OONBIN TaOBUTATHIHABIFEIH Cypacak, OHJa
JIOMEKTI MaKcaTTap bl OPHATY KEPEeK:
parent(X,Y).

grandparent(X,Y).
grandgrandparent(X,Y).
grandgrandgrandparent(X,Y).
AKOHE T.0.
grandgrandparent(X,Y) :- parent(X,Z), grandparent(Z,Y).
grandgrandgrandparent(X)Y) :- parent(X,Z), grandgrandparent(Z,Y).

OnbiH opHbIHA [Iposor ockl epexeHi Kemeciei xazyra MyMKIHIIIK Oepe/i:
predecessor(X,Y) :- parent(X,Y).

predecessor(X,Y) :- parent(X,Z), predecessor(Z,Y).

Mynnga predecessor IpeAUMKATHIHBIH — PEKypCHBTI  HIAKBIpYBl  Oap.
[Iposorrarsl Pexypcust eTe bIKIIaM >koHE THIMIIL Oarmapiamarnapiabl KypyFa
MYMKIHIK OepeTiH KyaTThl KYpajl OOJIbII TaObLIa kL.

dakTopuan  e€cenTey = MBICAIBIHAA  PEKYPCHUSHBI  MaiijanaHyzbl
KapacThIpanbIK.

n! =n-(n-1) :(n-2) -... -1

®daxTopuanael pekypcuBTi aHpikray: 0! = 1; n! n-(n-1)! ®axTopuammst

ecenTeyai xysere acblparbit [Iposor Gargapiamack! Keneciiei 60omabl:
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£(0,1).
f (N, F): - N1=N-1, f (N1, F1), F=F1-N.
barnapiama, MoHICiHZIE, pEKYpCHBTI MaTeMaTHUKaNbIK CUNIATTAYJaH apThIK
eMec, JKOFapelga KenTipinreH QaxTopuanl (QyHKOUACHL. barmapiamaHb
Tpaccanay pexxuminze icke Kocsm, F(3, X) makcatsin Kosimb3. [Iposor makcat
MpeauKaTeiH OumiM  Oa3ackiMeH cajbicThipa Oacraiinel (CALL mnpenukar

MaKBIPYBIH Oinmmipesi, return — TpexdKaT >KYMBICHIH askray, FAIL -
carciznikti, REDO-kepi kaiitapy):
CALL f(3,X) makcartsl f(0,1)
Fail coTci3, cebebi 3 £0
REDO f(3,X) keneci f nanaceina anapaspi()
N=3, neHere epexxe Kipeai. N=3 taralibiHIay
N1=2 N1 =2 Tabambi3
f(2,X) [Tposor 63 MakcaThlH KOSbI
CALL £ (2, X) f (0,1) -re coiikec keneTiH
FAIL COTCI3, cebebi 2 #0
REDO f(2, X), kedeci f () naHacbiHa opasnajibl
N=2, TaFbl J1a epexe MeHeciHe Kipemi3. N=2
TaralbIHAY
N1=1 N1=1 tabamsr3. byn 6acka N1
f(1,X) [Ipoutor e3ine anramksl Makcat Kosisl (1, X)
CALL (1, X) f(0,1) -re coiikec KeneTiH
FAIL carciziri, cebedi 1 #0
REDO f(1,X) kezeci f () manacbiHa opasnasl
N=1 KalTa/iaH epexXeHiH JeHeCiHe SHEeMI3.
N = 1 TaralipIHIaHEI3
N1=0 N1=0 TabamsbI3.
£(0,X) Anramker Makcat Kosisl f (0, X)
CALL f(0,X) on f(0,1) canbicTeIpBLIAABI
RETURN X =1 coTTi asKTanabl, TOMEHI1 PeKypcus JACHIeHiHeH KalTapy
F=1 1-re xebeiity (1-neH (akTopIbIK)
RETURN X=1 PEKYPCHUSHBIH KeJeci JCHIeHiHCH KalTapy
F=2 kebeiTy 2-neH 1-re aeiin
(2-nen (hakTOPIIBIK)
RETURN X=2 PEeKYpCHUSIHBIH KeJleci JIeHreliHeH Kaiitapy
F=6 3-ke 2 kebeitry (3-TeH daxTopHan))
RETURN X=6 OarmapiaMaaH Kautapy

dakropuanapl ecenrtey OargapiaMachl )KYMBICBIHBIH JIOTHKAChl PEKYPCHSI-
JIaH IIBIFYIbI AHBIKTAUTHIH MPEIUKATTHIH MOTIHJE OpHAJaCybIHA OaillaHBICTHI
Bipizgenaipy Oarmapiama MOTIHIHAE MPEAUKATTAPABIH JKYPY TOpTiOiMeH
opbiHIanagsl koHe erep mpeaukar f(0,1) coHBIHDa KoibUICa, peKypCHsmaH
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HIBIFY MYMKiH Oosnmaca. Oceunaiiiia, [IponorTsiH Jeknapanusacbl OHbI Haiiga-
JlaHy BIHFAWIBUIBIFBI VINIH abcomioTTi emec. [Ipenukarrap Ke3 KenreH
TOPTIMIIEH OpHAJIACYbI MYMKiH OaFapiiaMaHbIH HYCKaChl:

f (N, F): - n>0, N1=N-1,f(N1, F1), F=F1-N.

f(0,1).

Conoaii-ax, o0yn pexkypcuemi npeouxamma peKypcusmi WiaKvlpyoan
Kellin Oenedezi epedcenep apekemi oap exenin aman ememiz. bByn Kanowik
PeKypcusnbly, Oy3ulaysl 0en amanaowl (tail recursion).

Ky#ipbIKTHI (KaNIbIK) peKYPCHSHBIH OY3BUTYBI, COHBIMEH KaTap KYHpPBIKTHI
eMec PeKypcHsl JIeTl aTajia]ibl, peKypCHBTI KOHBIpayAblH OYKiJI OpTachlH ecTe
cakTaynbl Taynan ereli (KOHE HOTHXKE FaHa eMec), COHIBIKTaH OJ YJIKCH
JKaJBIHBIH [IBIFBIHBIH OKeJen. Anaina, KYHPBIKTEl eMeC PeKypCHsUIapAbl KO0
omictepi 6ap [10].

Temenzne KaniplK eMec PEeKypPCUSHBIH (DaKTOpHAJbIH €CeNTey MBICAJIbI

KEINTipiIreH.
f(N1,N, F1, F): - % erep N1! =F1, onna N! =F
N2=N1+1,
F2=F1*N2, % (N1+1)! =F2
f(N2, N, F2, F). % erep N2! =F2, ouma N! =F
f(N,n, F, F). % PexypcusiaaH MbIFyY MapThI

3 ecenrey makcatsl! MpiHanai kepineni: £(0,3,1,F).

[ponorrarsl Pekypcust OipHele peT KaiiTanaHaThIH 9pEKeTTePl OpbIHIAY
YIIiH opKamiaH nainaraneumMaiael. " Kynnenael" oTOackHEH 6iiM 0a3ackiH
ecKe Tycipemis, OHZla epJi-3albINThUIAp KApbIM-KATHIHACTAPBIH, aTall aiTKaH/Ia
spouse(filipp, alla) cunarraiiTelH mnpenukar Oap. ATa-aHa KaTbhIHACHIHA
KaparaHga epii-3ailbIIThUIap CUMMETPHsUIBI  Ooibin  Tabputaapl. Duiumnm
AJtanblH okyOaiibl, Aita OuiunnTiH kapbl. Byl peTTe ajmblH ana adJel-
JepIiH Karmaiel Oekitinren. backama aiitkanpma, erep OiumiM 0a3acHIHAAFBI
dakt xenecinedt xaszpuica: spouse (filipp,alla). anm Makcar NpeIUKATHL: Spouse
(alla,filipp) notmxe tepic Gonansl. [Ipomoranel kepcery yiniH, OyJ MpeauKat
JIoNeTiepre KaThICTHl CHMMETPHSUTBI OOJBIT TaOBUIAmbI, 013 epeskeHi KoNaaHa
anambl3:

spouse(X,Y) :- spouse(Y,X).

Mpican perinae Oenrisli KOJIH3USIHBI KapacThIpaiibIK. Aybliia eki oToacsl
TYPIBI: aHAChl KBI3BI JkKOHE oKeci ynbIMeH. Omapra artrapibl Oepemi3. AHachl
MeH KbI3bl Maria MeH Dasha, am okeci men yibl Oleg, meH Sergei GOJICHIH.
Ecimnepain Oipinmn opintepi Oisre KiM eKeHIH aWTanel, olTmece 0i3
maractelpaMbi3. binim 6asackiHna Oy daxTinep Keneci Typ/e KepceTinei:

parent(oleg, sergei).

parent(maria, dasha).
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Tarneipabie e3repyine Oaitnmanbictel Oleg Dashara, anm Maria Sergeire
yinenni:
spouse(oleg,dasha).

spouse(sergei, maria).

Y1riH cuMMeTpHs KyOaiIIbIK KaTbIHACTAP KOCaMBbI3 epexe:
spouse(X, Y) :- spouse(Y, X).

Aybuia MiHE3-KYJIBIK KapanaibiM, COHJBIKTAH OKECiHIH oWeni aHa, ai
aHaChl 9Ke JeT atanaasl. byl yiniH epexenep kenecigeit 6onansr:
parent(X,Y) :- spouse(X,Z ), parent(Z,Y).

Cepreii HeMepeciH Ta0yFa ThIpbIcaMbI3. MaKcaT KOSIMBI3
grandparent(sergei, Who).

[posor epexeni Tabanwl grandparent(X,Y) :- parent(X,Z), parent(Z,Y)
JKOHE OCHI epeXXeHiH JeHeCIHAeT1 OipiHIII MPEeIUKATTHIH iIIKi OarbIH
Oesrienmi:

parent(sergei, Z).

Cepreiinig 6amanapsl oK, COHABIKTaH Ipoor parent(X,Y) :- spouse(X,
Z), parent(Z,Y) cinTeme xacaujIpl )KOHE MaKcaT KOSIbI

spouse(sergei, Z).
[ponor Z = maria HoTwxecin 6epeni. Parent epexxernepi eKiHIII MPeIuKaT
parent(maria,Y).

Y = dasha monin kaiitapansl. SIruu, Sergei Marianviy xylieyi peTinie
JamansiH okeci. Enai [Iponor grandfather epexeciHaeri eKiHII MpeTuKaTKa
eTesi:

parent(dasha,Y).

Dasha-na 6ananapsi %ok, connsikrat [Iponor parent(X,Y) :- spouse(X,Z ),
parent(Z,Y) epexeciHe XyTiHemi »xoHe amapiMeH Jlammara jxyOaif TaOyra
TBIPBICA]IBL:

spouse(dasha, Z).

Hotmxe: Z = oleg. Ocpl epexxeHiH exinmi npeankats! parent (oleg, Y) y =
sergei Oepemi. SrHu, sergei Hemepeci! bBi3 »xacaraH OuriM 0a3achl OCHI
KOJUTU3HSHBI TYPBIC KOPCETE .

2.6. ITposorra kecy

YKorapeina aWTbUTFaHIApABIH OOpiHEH, AKWKAT KOPBITHIHIBI JKacayra
6omaner: [Iponor-aymapmamisl MakcaTTBIH IICHIIMIH OPBIHIAN OTBIPHII, 9pKa-
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IIAH IICIIIM aFallbIHBIH aifHaJlachblHAA TOJBIKTal JKYpemi. AFAIlTBIH TOMEH
TYCY1 epeKeHiH Herisri OeiriHiH TepeHaeyine coiikec Kemnesi, KalThI Opajibl,
Kelecli TapMakka Kelleli — COTCI3/IKTeH KeWiH kepi alHamy. Benrinmi OGip
MBICalila Kecy YFBIMBIH KapacThIpeiHB3 [10]. Enre makeipaiipik. CoHBIMEH
Oipre, omap omerTe Oenriymi Oip y#mi Kamail adjgam, TaOyra OOJATHIHIBIFEI
TypaJibl TOJIBIK HYCKaynap Oepeni. Mpicaibl, 013 ajFaH HycKayap Keyeciiei:

1. Bacuno aypuibiHa KipiHi3 (MyYMKiH, BaHWHO 1a *&a3puiMaraH).

2. Onra OYPBUIBIHBI3.

3. Kyapikka 6apbIHbI3.

4. KpI3bUI KipHIiIITEH KaJIaFaH Y - OH JKaFbIHAA KYIABIKTaH OipiHIIIi.

I[TpoJior mpeauKaTTaphl CasKaNIbI 1316y epexeciH Ka3bIHbI3:

dachal(X) :-

enter_village(X),
_a_house.
find_a_house :- turn_right,
meet_mine,
see_a_red_brick_house.
enter_village(vasino).
enter village(vanino).

I3neyni 6acraiiMen3 (2.1-cyper).

v

2 3 4

2. 1-cypem. IIponoe KublHObICHIHBIY Cypemmepi
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bi3 aysuira kipin, oHra Oypambi3 (1 kepcerki). AybUIIbIH COHbIHA JIEHiH
OTIN, KYABIK TamnaiMbI3. EHIC OpbIHIAiMBI3, SFHU LIOCCEre OpajiaMbl3 JKOHE
KeJieci OHFa OYPBUIBICKA JeHiH (2 KepceTKi) OapaMbI3, KYIbIKKA ICHIH KETeMi3
JKOHE OFaH KAaKbIH JKepAeri aK KIPHIIITeH djKacaluFaH YH CKEHIH KepeMmis.
KermieHiH coHBIHA NEHiH JKypeMi3 KoHE KYIBIKTap XOK CKeHiH kepemi3 (3
kepcetki). Tac jkoiFa JKBUDKBIN, Kejieci OypbUIbICKAa JeiiiH xypemis( 4
KOPCETKi), OapIbIK KOIIEACH OTill, )KBUDKBIN KeTeMi3, ce0edi MyHIa KyAbIKTap
#oK (5 xepcerki). Ockiman 0i3 aybUIIBIH aTayblH JIYPBIC OKBIIBIK JKOHE
casDKaipl KeJleci aybuia i3/iey Kepek JIereH KOPBITHIH/BI JKacaliMbl3. Vanino
aybUTBIH/A aJlIbIMEH OOpiH KailTanaiMeI3.

Kecy araiuThlH KeciHAIJIEpIHIH CaHBIH a3alTyra MyMKiHAiK Oepeni. Erep
caspKalpIH meci 0i3re opbOip aypuima Oip FaHa KYIOBIK 0ap €KEHAIri Typabl
MaHBI3/IB KOCEIMINIA aKmapar Oepce (an erep Oarmap peTiHZIC IMOINTa HeMece
MuuIMs Oepijice, OHAa oNap aybuia TeK Oip naHajga Ooybl MYMKIiH Jer
e3xepi Oomkalt amamprz), 0i3 3 koHe 4 KepceTKiiepMeH OenriieHreH
opeKeTTepli OpbIHAaMaiMbI3, ajl OipJIeH COJI ayblIFa TYCIIEHTIHIH TyCiHEMI3.

Kecy - nen 6enczici oap scone epexyceze enzizinemin npeouxam. Ilponoz
OHbl 6mKeHHen Keilin Kecy naitoa 6onadvl. Kecy ocwl epestceni oipizoenoipy
oapvicblnOa OpHAMBLIZAH OMKAmM KOPCeMKIUWmepin MHcosaobl, AHU OCbl
epexceHin anoblH2bl NPeOUKAMMAapvl 6ip MAbIHANbL emeoi.

Erep 0i3 xorremxni i3mey OarmapmamachlHOa aybeiiia Oip KyIblK Oap
eKeHIH KOpCeTKiMi3 Kesce, 013 TalkaH KYAbIKTaH KeiiH Kecyl KO Kepek:

dacha2(X) :-
enter village(X),
find_house.
find_a_house :- turn_right,
meet_mine, !,
see_a_red _brick_house.
enter village(vasino).
enter_village(vanino).

[Iposor kecyre (oTceueHue) xxeTKeH e, find house GapibIK MpeaUKaThl Oip
MarbIHANBI OONajpl, JeMeK, see_a red brick house npeaukaThl a KEHiHTi
find _house carciznikneH askranansl. Erep enfer village npenukarsl Oipneit
Oosmaca (OarmapiaMajia KepceTinrenaei), onaa 0i3 0acka aypuiia casKai bl
TabyFa MYMKiHAIrimMi3 ©Oap, eHTkeHi find house epexecinne kecy dacha
NpEeTUKATHIHBIH KACHETTEPIH JKOHE OHJIA OPHATBUIFAH KyJlaMa KOpCETKIITepiH
KO3FaMaMJbl.
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Erep  enter village npenukarel Oip MarbpiHaNBl Oonica, Oi3re yiire
opanybIMbI3 Kepek. bi3 caspkaiiiel Tannaasik. Erep KYIBIKTBIH JKaHBIHIAFBl Yi
KbI3bUI KIPHIIITEH LIBIKCA, OHJIA KECIHJIHIH OOJyBI 13lley HOTHIXKECIHAE dcep
erneiini. Ocpuraiiima, 6i3 mIemIiM HE JKaJFbI3, HE MYJIEM XXOK eKeHi Oenriii
6osiran ke3ze [Iposortarsl OaraapiamMara OpKaiiaHaa Kocy Kepek.

Eckepry. Erep caskaiins! i3ney Oarmapiamachl Keleciaei 6omica:
dacha3(X) :-

enter village(X),
turn_right,
meet_mine, !/,
see_a_red_brick_house.

enter_village(vasino).

enter_village(vanino).

KOPCETIIreH JKepJie CalblHFaH Kecy dacha epexeciHnueri OapibIK allJbIHFbI
mpenukaTTap Oip MarblHANBI, COHBIH imiHAe enter village Gomanmer. backama
aiiTkanza, Oisre Keieci aybuija caspkaiabl i3/1eyre ThIMbIM CaJIbIHA/IbL.

2.7. IlpoJsiorrarsl Tizimaep

bi3 OypbIH )KYMBIC icTeTeH OapIbIK aliHbIMANIbLIAP cKanspiaap Oomabl. Exmi
[IposorTa gepexrep arperartapblH KapacTbIpaiibik. OnapabiH 0ipi — TiziM. Tizim
-0ip THUNTI 3JEMEHTTEPIiH perTesireH Tizoeri. Ti3iM 3JIeMEHTTEpl IIapIiibl
JKaKIIamapra OeJiHe/l XKoHe YTipiIepMeH OoiHemi:

[1,2,3,46,7 8 — integer
[mon,tue, wed, thu, fri, sat, sun] — symbol
["Hsanog", "l[lempog"] — string
[1.5,2.22,0.001, 0] — real

[]- 60oc Ti3imM

Tizimaep keneciaen xapusiIaHabl:

domains
sym = symbol* % CcuUMB0I0bIK MoHOEp Mi3iMi
intlist = integer* % Oymin mizim
realist = real* % Hakmvl canoap mizimi
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Ti3iMHIH YCTiHE pYKcaT eTUIETIH >Kalfbl3 omepanus — Oyia 0acThiH
KYApBIFBIHAH ~aXbBIpaTy >KkoHE Oy ONepauusHbl TEeK MpPEeIUKaTTapIbIH
apryMeHTTepiHe Korora Oonaapl. Ti3iMaepMeH >KYMBIC icTey YIIiH KeiOip
Maiganel MpeIuKaTTapasl JKa3aMb3. ATarl alTKaHAa, Kajail aHBIKTay OOJIBII
TabbUIanel Ma, KeHOIp aybpIcnaibl dJIEMEHT Ti3iMHIH? bachkl MeH KyHpBIFbIHA
TiziMal OenmiekteHi3. I3xey MoHI Ti3iMHIH OachblHOa HeMece KyHpBIKTa:

member (H, [H| ] ).

member (X, [H | T] ) :- member (X, T).

JKorapbia ska3pUIraH aMajIMeH TeK Oip 2JIeMEHTTI FaHa eMec, O/1aH Jia Kol
i3aeyre Oonaabl (MbICAJIBI, Ti3iMACT] TI30€KTI MOHIED JKYOBI)

memb2(HI, H2, [HI, H2| ] ).
memb2(HI, H2, [H | T] ) :- memb2(HI, H2, T)

Tizimzeri MoHII KOCY YIIIH (€H ajIbIMeH OHai) Keleci epeKeHi )acayra
oomaner: incl (H, T, [H| T]).

Ti3iMHEH MOH/II alblll TacTay KUBIH:
excl (H, [H|T], T). % OacTaH IIIbIFapaMbI3

excl (X, [HT], [H| TT] ) :-excl (X, T, TT). % KyWpBIFbIHAH IbIFapaMbI3

TemeHnne TizimMuep OoWbIHINA OacKa J1a MpeJuKaTTap MBICAIaphl oap:
1. Bip Ti3iM aneMeHTTepiH SKpaHFa MbIFapy OaraapiaMacsl:
print_list([]). % pexypcusaH IbIFapy
print_list ([H | T]): - write (H,""), % Ti3im Oacbl MeH 00c OpbIH
print_list (T). % KYHPBIKTBI LIBIFAPyY

Erep maxcar Koiibliaca

Print list (["men", "ecimue", "kepemet","cot"]).

OHJIA HOTWKE KeJleciei 00aabl:

MEH KepeMeT CoT ecimjie

2. Cou Oarapinama, Oipax Ti3iMJi Kepi TOPTIMIIEH IIbIFapFaH:

print_inverse([]). % peKypcHsIaH IbIFY

print_inverse ([ H| T]) :- print_inverse (T), % KYHPBIKTHI IIBIFAPY

write(H, “ “). % Oac TiziMIi >koHE 60C OPBIHABI
LIBIFapy

Makcatsbr:
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nn nn nn

write_inverse (["men", "ecimae", "kepemet","cot"]).
Hotmxeci:
ecimoe cam Kepemem MeHiH

3. Ti3iM 371€eMeHTTEepiHIH COMAChIH €CEeNTENTIH Oarnapiaama:
sum([], 0). % peKypCHsIaH MIBIFY,

sum([H|T],S) :-sum(T,S1), % S1 — KyHPBIKTAaFbI JIEMECHTTEP
COMACHI Ti3IM

S =81+ H. % S-Tek 6acklH KoCy Kajabl
comacsl (], 0). % peKxypcHsIaH HIbIFY,

comacsl ([H| T ], S) :- comacsr (T,S1), % S1 — Ky#pbIKTaFs! 3JIeMEHTTED
COMAcHI Ti3IM

S =S1+ H. % S-Tek 6achIH KOCY Kajiaabl
Makcatbl:
sum([1,2,3,4,5,6], S), write (“Coma =",S).

Hormxeci: Comace=21

4. Ti3iM deMEHTTEepIHIH CaHbIH €CEeNTeHTIH OaFaapiama:
count({], 0). % pexypcHsaH IIbIFY,
count(f H| T], S ) :- count(T,S1), % S1 — anemMeHTTED
ecenTeriii
Ti3IMHIH COHBIHIA
S=S51+1. % S — -0ipiik coMachIHa KOCY KasaJibl
CAMHUILY
Makcatsr:

count([1,2,3,4,5,6], S), write (“Koauuecmso =",S).

Horwxeci: Canevt = 6

2.8. MIcas: KacKbIp, eLIKi :KdHe KbIPLIKKa0aT Typajbl
JIOTHKAJIBIK eceNTi menry

Kackpip, emki jkoHe KbIpbIKKaOaT Typajbl OeNrili JIOTMKANbIK ecenTi
KapacTeipaiibik. DepMmep KackbIp, €Ki JKOHE KbhIPHIKKA0AaT e3eHiHiH Oacka
JKaracklHa Tyl Thic. KaHBIKTBIH KYK KeTeprimriri 0ip per 60pTka Oip Hopce
anyra oonazpl: [wolf, goat, cabbage]. KapusHbIH KaThICYBIMEH CIIKIM eIIKIM/I
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xemeiai. Erep onm keTinm Kaiica, KAacKbIp CIIKIHI OKeimi, an emki —
KBIPBIKKAOATTHI.

by moceneni mremnry ymriH eki Ti3iM yHbIMaacTbpambiz. bip TiziM con

JKaFaJayIblH Ma3MYHBIH, CKIHIIICI OH >KaraJayJelH Ma3MYHBIH KOpCeTell.
Bacrankeima Oopi com skaramaynma. Con xaramayablH Tizimi: [wolf, goat,
cabbage], oH karamaynelH Ti3iMi Ooc: []. TamcelpMaHbl cHUDATTAWTHIH
MPeUKATTAPbI AHBIKTAIMBI3.

%

stuff(wolf % oicykmiy bepinyi

stuff(goat).

stuff(cabbage).

/ * yaHXamblH Maiaa 6oy maprrapsl */

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

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

/ * KalbIKTBIH KO3FAJIBICHIH CHIIATTANTBIH MPEANKATTAP:

Coun xaranayaaH OH Xaranayra */

go right([ ], ). % asiKTay mIapThl (COI JKarajay Ti3iMi 60c)

go _right(L,R): -

stuff(X), KYKTI TaHJIaHbI3,

member(X, L), % cou xaranaynaa 6ap

excl(X, L, LL), % cou xaranay Ti3iMiHEH
not(conflict(LL)), % cout xarajaya >KaHKal )KOK
incl(X,R,RR), % OH >karanay Ti3iMiHe KocaMbI3 Oepera
write(LL,"--",X,”-->"R), % xabapusl mbirapambi3 go_left(LL,RR).
KOJT apTKa

/ * Comra KO3FalpIC €Ki HycKanma Oomysl MyMKiH. Erep oH kak »xarama

JKamkan Oommaca, ouna dpepmep oip */
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write(L,"<------- ”R), % xabappl MIbIFapaMbl3
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/ * Erep OH jkaK >karajia ®aHxaJ TyblHaca, Oipey/ii Kepi aiblll KETy Kepek.
Byn OGarmapmamara kaTeicThl skanrbi3 Kenec. Kamran Ilpomor memimai e3
Oerinue i3aenai */

go_left(L,R) :-

stuff(X), % >KYKT1 TaHJIaHbI3,

member(X, R), % OH »arayayzaa oap

excl(X, R, RR), % OH *arayay Ti3iMiHCH
IIBIFAPaMBI3

not(conflict(RR)), % OH Xaranayjaa KaHKal
JKOK

incl(X,L,LL), % cou xaranay Ti3iMiHe
KOCaMbI3
write(L,"<--" X, ”--",RR), % xabap/IpI IIBIFApaMBbI3

go_right(LL,RR). % KOJ apTKa

Makcart maxsIpy KeJneciziel 60irysl Tuic:

go_right([wolf, goat, cabbage], [ ]).

Erep Oyn GarmapiaMaHbl icKe KOCCAaK, aJFalllKbl PEHCIIeH CTApUK SHIKIHIH
OH KaraynaybiHa anapajsl. ExiHii peiic — kackpip. KacKbIpabl €MIKiMEH OH KaK
Karana KaJIbIpy MYMKIH €Mec, COHIBIKTaH OJl OIpiHII TYCKEH JXYKTI aJblIIl
KeTeZi, a oI KacKbIp 0omasel. JKoHe 1e 01 KaCYBIP/IBI IIEKCi3 allbIIl KYPEeIi.

Byn OarmapmaMaHbIH JKeTicneyi gepMepiH TeK KiMIl FaHa OKEITCHiH
Oinmeyi. OHBIH KaJbplH HBIFAWTY YIIH go left u go right npeaukaTTapbiHa
COHFBI TachIMAJIIaHFAH JKYKTIH aTayblH KocaMbl3. barnapiaMaHbIH COHFBI
HYCKaChl KeJleciie:

/ * KackpIp, €IKi )oHe KbIPhIKKA0AT Typasbl MiHIET */

domains % 6enim PDC-IIposor ymrin xkaxet. byn SWI-IIposnore kaxer

emec

stuff = wolf; goat; cabbage,; nil wen % ci3/iH ACpEKTEp TYPIiH KaCaHBI3
(Nil-60¢)
list = stuff* % nepextep Typi TiziMm

predicates % 6enim PDC-IIponor ymin kaxer. byn SWI-TIposore kaxer
emec

member(stuff,list)
incl(stuff,list,list)
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excl(stuff, list, list)
conflict(list)
go_right(list, list, stuff)
go_left(list, list, stuff)
clauses
stuff(wolf).
stuff(goat).
stuff(cabbage).
member (H, [H| ] ).
member (X, [H | T] ) :- member (X, T).
incl (H, T, [H | T]).
excl (H, [H|T], T).
excl (X, [HT], [H| TT] ) :- excl (X, T, TT).
conflict(X): - member(wolf, X), member(goat, X).
conflict(X); - member(goat, X), member(cabbage, X).
go_right( L, R Last) .-
stuff(X), % ocyxmi manoanwl3,

X <> Last, % Oipak TeKk KaHa eMec
member(X, L), % cou xxaranayna oap
excl(X, L, LL), % cout )karasay Ti3iMiHEH IbIFapambI3
not(conflict(LL)), % cou xxaranay/a JKaHxKal )KOK
incl(X,R,RR), % OH Xarayay Ti3iMiHe KOCaMbI3
write(LL,"--".X,”-->"R), % xabap/II NIBIFApaMBbI3
go_left(LL,RR,X). % O apTKa

/ * Erep oH xaranay/a xamkan 0onmaca, oipeyi keremai * /
go_left(L, R, Last) :- not(conflict(R)),
write(L,"<------- ".R), % xabap/Ipl IBIFapaMbI3
go_right(L, R, nil). % OH MaKKa YKBUDKY/TBI IITAKBIPA]TBI

% HOJ — EIITEHE KOK
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/ * Erep OH jkaK jkarajia ®aHxaJj TyblHJaca, Oipey/ii Kepi ajblll KeTy Kepek,
Oipax Tek Oipey/i FaHa aiblll KeIreH ajam emec™/

go_left(L,R,Last) :- % xabap/ipl LIbIFapamMbI3
stuff(Xx), % oicykmi manoanwl3
X <> Last, % Oipak TeK KaHa eMec
member(X, R), % oH xaranayna oap
excl(X, R, RR), % OH jkarayay Ti3IMIHEH IIbIFapaMbi3
not(conflict(RR)), % OH Xaranayzaa aHxKal KoK
incl(X, L, LL), COJI JKarajiay Ti3iMiHE KOCaMbI3
write(L,"<--"X,”--",RR), % xabap/IpI IBIFapaMbI3
go_right(LL, RR, X). % >xo1 apTKa oTiI, 0i3 X-Ti TycipreHimizmi

eciMi3e caKkTaiMBbI3

goal

go_right(([wolf, goat, cabbage], [ ], nil).
/ * Bazoapramansiy convl * /

O3iH 03i 6aKblIayFa apHAJIFaH CypaKTap

Prolg TisiH JaMBITY KiM >koHE KalaH GacTainisl?

Prolog 6armapnamanay Tim nereHimis He?

Myspait 6imimM? binim Typriepi kaHai?

binimaepain xKiKTenyiH KeaTipiHi3.

IIposnorrars! 6armapiaMaHbIH HETI3T1 2IeMeHTi He?

[Mpeaukat yFeIMBIH TYCIHAIPiHI3, MbICAJIap KENTIPiHi3.

by noruka reutbiM petinae? JlorukanbiH OOBEKTITIK aHBIKTAMAChIH

OepiHiz?

8. ¥FbIM, TYCIHIK KOJIeMi oHE TYCIHIK KeJIEMIHE TONBIKTBIPY JACTeHIMI3
He?

9. TyciHikTepaiH Typiepi Kanaan?

10. TyciHikTepai TYCIHYAIH HETI3r1 TOCIIIEPiHIH MOHIH CUITATTaHBI3.

11. ¥¥emmusr 6emynig Makcatsl Kangaid? Jlorukansik Oery epexxenepi
KaHjai?

12. Kypnaeni mikipyiep/iiH MbICanapbiH KEATIPiHi3.

13. bap ymo3zaximtouenue?

14. JlorukaHbIH HETi3I1 3aHIAPBIH aTaHbI3.

15. JlorukambIK KOPBITHIHABI AeTeHiMi3 He? MpIcanr KenTip.

ARGl
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3-rapay. BIKTUMAJI OMJIAP

3.1. AHBIK eMec JIOTHKA TeOPUSCHIHBIH HeTi3aepi

AHBIK eMec Joruka (arsumm. fuzzy logic) — KIacCHKalBIK JIOTHKAa MEH
JKUBIH TEOPHSICHIH JKAIIMBUIAWTBIH MaTeMaTUKaHbIH Oeiimi, on 1965 Kbuibl
JloTdu 3ame anFaml peT eHri3UINeH aHbIK €MeC JKUBbIH YFhIMBIHA HETi3JeNTeH,
3JIEMEHTTIH KUBIHFA THICTUIITT (yHKIUICH Oap 00BeKT peTiHae, Tek 0 Hemece
1 rana emec, [0,1] apanbirbiHIa Ke3 KeJNreH MoHAEpHi KaObuigalTeiH [11,12].
Ocbl YFBIMHBIH HETI3IHJE aHBIK €MeC IJKHBIHIApFa OPTYpJi JIOTHKAJIBIK
orepanysiap eHri3iiesli JKoHe MOHI peTiHAE aHBIK €MEC JKUBIHIAP OpEKeT
€TEeTIH JINHI'BUCTUKAJIBIK aiHBIMAJIbI YFBIM TY)KbIPbIMIAJIaIpbL.

AHBIK eMec JIOTHMKAaHBIH TI9HI - KapamaibM MarblHAIaFbl MalbIMIayIapra
yKcac aWKbIHIBIK, [MAWKaJyHIBUIBIK JKaFlaiblHAa HalbIMIaysapiasl 3epTTey
JKOHE OJIapIIbl ecenTey XKyienaepinae Konaany.

Kasipri yakpITTa, KEM JIereH/ie, aHbIK eMeC JIOTHKA CaJaChIHAAFbl FHUIBIMA
3epTTeyJIep/iH eKi Heriri OarbITTaphl Oap:

— KeH MaFbIHaJIaFbl aHBIK eMeC JIOTHKA (KYBIKTAIl eCerTey TCOPHCHI);

— Tap MarblHa/IaFbl aHBIK €MeC JIOTHKA (CUMBOJIIBIK TAK JIOTHKA).

Cumeo10blK, AHbIK emec J102UKA

CHUMBONIBIK aHBIK €MeC JIOTHKa t-HOPMAHBIH YFbIMBIHA HeETi3eNei.
Kelibip t-HOpMaHbI TaH#aFraHHaH KeliH (OHBI OipHeIe TypJIi ToCIMEH eHri3yre
Oonazpl) MPOMO3UIMOHANABI  AWHBIMANBUIAPDMEH HETI3r  Olepanusiapsl
aHBIKTAy MYMKIH/Iri maiina 60maapl: KOHbIOHKIMS, TU3BIOHKIHS, IMILTHKALHS,
TepicTey *KoHe OacKaap.

Knaccukanblk jTormkanarsl QUCTpuOYyTHBTLIIK t-HOpMa petinae T-I'enens
HOpMAcChl TaHJAalIFaH1a FaHa opblHaanansl [12].

ConbIMEeH Katap, Oenrini Oip cebenrepre OaiaHBICTBI HUMILTUKAIIMS
petiame residium Jem aTamaTHIH OIEPAIMSHBI KW TaHTAWIBl (OJ KaJIIBI
aliTKaH/a, t-HOpMaHbI TaHJayFa OailIaHbICTBI).

XKorapeiga artanFaH HETI3M  ONepalysUIapbl aHBIKTAy KIACCHKAJIBIK
OyneBo3 TaHOAJIBI JIOTUKaMEH (IQJipeK alTKaHIa, CO3JepAl ecenTeyMeH) Kol
OpTaK JIOTMKAHBIH OAa3UCTIK aHBIK €MeC JIOTHKAChIH (hOpManbabl aHBIKTAYFa
oKeIeIi.

Yur Heriri 0a3ucTik aHBIK emec Joruka Oap: joruka Jlykacesuu, ['exerpb
JIOTHKAChl JKOHE BIKTUMad Jormka (areii. product logic). Bip KbI3BIFHL,
JKOFapblJla aTajfaH YII JIOTHKAHbBIH Ke3-KeJIreH eKeyiH OIpiKTipy KIacCHUKAIIBbIK
Oynaik TaHOABI IOTHKAFa OKENE/i.

Bepinzen kecmeoezi y30iKciz nozuka ynkyuanapvin cunmesoey

AHBIK emMec JIoruKa (YHKIUSICHI 9pKalllaH e3 JIaJeNAepiHiH OipiHiH MoHIH
KaOBUITalBl HeMece OHBI Tepicteini. Ochimaiima, aHBIK €Mec JIOTHKa
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(GYHKUMSICBIH TaHJIAy KecTeciHe KOIoFa OoJia/ibl, OHJAa apryMEeHTTep MEH
TEpICTey/Al peTKe KenTipy[iH OapiblK HyCKalapbl KOPCETUITeH >XoHE apOip
HYCKa YIIiH (opMyJiara OpblH KepceTUIreH (QyHKUMSHBIH MoHI. MbIcalibl, €Ki
apryMeHT (YHKIHMSCHIHBIH KECTE JKOJIbI KEJIeCl Typre ue 00ybl MYMKIH:

Dx <x, <x2 < 1X, 2)x2;2;1 3)y(x)=zi]il¢i(x)-9,

Anaiina epkiH TaHzay KecTeci opJaibiM aHBIK €MeC JIOTUKa (YHKIUSICHIH
kepcerneiai. JKymbicta [12] aTThl KpUTEepHH TYXKbIpbIMAyFa MYMKIHJIIK
OeperiH opHaTy Oombim TaObansl (YHKOUACH,, OEpIAreH KeCcTeHl TaHJIay
(YHKUIMSCHI aHBIK €MeC JIOTMKA YOHE YCHIHBULABI KapamaiblM alropuTMi
CHHTE3lley HeTi3leNreH, eHri3UIreH TYKbIpbIMAaMaiapbl KOHCTHUTYEHT MHUHU-
MYM >KoHE MakCUMyM. DyHKIMSACH aHBIK eMec JIOTHKA O1Iipesi AN3bIOHKIHIO
KOHCTUTYEHT MUHHMYM, OHJa KOHCTUTYeHTa MaKCHMyM — OyJ erep
alfHBIMAaJIBUIAP/IbIH aFbIMIAFbl OOJIBICHIHBIH YJIKEH HE T€H MOHI (YHKIHUSIIApBI
OCBI cajanarbl (OH »aFblHJa MaHBI3BI Oap (YHKIUUTApABI TEHCI3TIK Koca
anfaHja, MoHI, (QyHKUUsIapsl). MbIcalibl, KOPCETUITeH JKOJJaH KecTelep

KOHCTHTYEHTa MUHUMYM TYpi 6ap X, X2X1.

Kyvikman ecenmey meopuscut

KeH MarbiHaZa aHbIK eMeC JIOTMKAHbIH HETi3rl TYCIHIN — CHUIaTTaMalibIK
(GYHKIMSHBIH KaJIMbUIAHFAH YFBIMBIHBIH KOMETIMECH aHBIKTAIATHIH aHBIK eMec
can. ComaH KeiiH OIpIKTIpy, KHBUIBICY JKOHE IKHBIHIAPIBI TOJBIKTHIPY
YFBIMIAPHI SHTI31eAl (CHIaTTaMaNnblK (yHKIHS apKBUTBL, 9P TYPIl TOCUIIEPMEH
KOIFa 0oJajibl), aHBIK €MeC KaTblHAC YFBIMIAPBI, COHJal-aK MaHbI3/IbI
YFBIMIApABIH 0ipi — IMHTBUCTUKAIBIK alHBIMAJIbl YFBIM/IAPBI.

XKanmer  aiiTkaHga, aHBIKTAMANApAbIH ©H a3 O KHBIHTBIFBI  KEeHOip
KOChIMIIIAJIapAia aHBIK eMeC JIOTMKaHbl MailalaHyFa MYMKIHIIK Oepeni,
KOIIIIK YIIIH IIbIFapy epexeciH (KoHe MMILTUKAIMS OMepaTophl) KepCeTy
KaXeT.

AHbBIK eMmec J102UKa JHcaHe HelupoHObIK Jiceninep

Mymenik QyHKIUSIapbl CHIATTAIFAHIBIKTaH, KapamaidblM MaTeMaTHKa-
JBIK ONepanusiap apKbUibl t-HOpManap MeH K-HopMmanap HEHpOHIBIK kel
TYpPiHZAE aHBIK eMeC JOTHUKAJIBIK OWIayasl enectere anaabl. by dyHkus ymin
KepeK-)KapakTapZbl HEWPOHIAPIbl AKTHBTCHIIPY (QYHKLHUSICHL, CHUTHAJIAPAbI
OaiimaHbICc peTiHAe Oepy, ajl JIOTMKAIBIK t-HOpMayap KoHE K-MaTeMaTHKAIIbIK
THUICTI OnepanusuiapAbl OPbIHIAWTBIH HEUPOHIAPBIH apHaibl TypJepl peTiHe
HOpManapabl TYCiHAIpy KaxkeT. Neuro-fuzzy network (arpnimt.). Meicaisl,
ANFIS (Adaptive Neuro fuzzy Inference System) — Oeliimaenren HeWpo-
OYJIIBIp aHBIKTAMAITKIK XKyite [13].

OHbI anmnmpoKcHMaTOpIapAbIH oMOeban TypiHie cunarrayra Oonazpl:

(@)= $(x)-0
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CoHbIMEH Kartap, ocbl (hopMmysa apKbUIbl HEHPOHIBIK JKENIJIEPAiH Keiloip
TYpJIepiH, MbIcasbl paauanasl Herizgik kenitepai (RBF), kem xabaTthr
nepuentporaapas (MLP), coHnaii-aK TOJIKbIHAAP MEH CIUIMTTEPJi cUIaTTayFa
6omazsr [13].

Hugopmamuxaoazel anslx emec n102uKa

AHBIK eMec JIOTMKa — paJuKaIbl WJAesulap, UHTYMTUBTI Ooipkamjap,
COHBIMEH KaTap THICTI cajaja >XWHAKTAIFAaH MaMaHAApABIH ToXipuOeciH
KOMBUIFAH MaKcaTKa »JKeTy VIIIH KOJJaHyFa OoJIaTBIH 00C epexenep
KUBIHTBIFBI. AHBIK €MeC JIOTMKa KaTaH CTaHJapTTaplblH OoIMaybIMEH
cunarranansl. Kebinece o capantaMaiblK xKyiienepae, HEeHpOHABIK XKeJiepe
JKOHE JKacaHIbl MHTC/UICKT OKydenepiHae Konmaubsiianbl. [IIBIHABIKTHIH
IOCTYpii MOHAEPIHIH OpHBIHA aHBIK €MeC JIOTHKAaJa IOBIHABIKTEIH KEH
JUATIa30HbI KOJITAHBUTAIBI, OJIAPIBIH apachlHAa INBIHIBIK, OTIPiK, MYMKIiH,
Kelie ecimMe KoK (Mo, Here JKoHe OK, oJIi IIeHIneai, alTnansl...). Kofibsliran
CypakKa HaKTHI JKayall koK (1o Hemece xok; "0" Hemece "1") Hemece OapIibIK
MYMKIH JKarnaiinap anaplH ana Oenrici3 skarjaainapaa aHbIK eMec JIOTHKA Kai
FaHa TanteipMac. Mbicalibl, aHBIK eMec Jiorhkana «X — OyJl YJIKeH caHy
¢dopmynacsl  TYCiHIKCI3 MarblHAaMEH TYCIHIipineni, KeHbOip TyciHiKkci3
JKUBIHTBIKIICH CUMaTTana sl "YKacaH bl HHTCIICKT KOHE HEHPOHIBIK JKeIiiep -
OyJ1 amaMHBIH MiHE3-KYJIKBIH KOMIIBIOTEPE MOACTBACY. ATl anaMaap KopIiaraH
OpTaHBl Kapa-aK TYCIIEH FaHa CHPEK KOPETiHIIKTEH, aHBIK €MeC JIOTMKaHBI
naianany KaKeTTLIir TybIHIaibI".

Kypneni mikipaepaiH IYPHICTHIFBIH €CEIITEY epexeNepi Keneci:

T (AAB)=min (T (A), T (B))
T (AVB)=max(T(A), T (B))
T(A)=1-T (A)

3.2. BaiiecoB :xeJinepi

Bapnpik  cTymeHTTEpre KakpIH KapamahblM —MBICall  KapacThIPaibIK.
Emtuxan (Pass) tanceipy yumnin oran (Study) naiblHIany HeMmece Inmapraika
(Cheat) naiinanany kepek. Ocbuiaiima, 3 Oynbaik aliHbIManbl 0ap. EmMTuxan
TaTChIpy MYMKIHZITIH OiNTiMi3 Kemei.

KapanaitbiM (aTOMJBIK) OKHFalapJblH BIKTUMAIIBIFB Oenriii  Oosiran
JKaFgainapna, TOJIbIK OipJieCKeH 0oy HETi3iHJe BIKTHMAJJIBIK MIBIFapy 9MiCiH
KoJIjanyra 0oJaibl, OHBIH MeJiepi 2x2x2 KecTeMeH cunartanais [12].

Study —Study
Cheat —Cheat  Cheat —Cheat
Pass 0,15 0,4 0,04 0,06
-Pass 0,01 0,04 0,05 0,25
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Bapnblk BIKTUMAIIBIKTAp cOMAachl Oipre TeH. OpOip Topaa KapamaibiM
OKHUFaHbIH 60.]'[y BIKTUMAJIAbIFbI. B¥J'I BIKTUMAJIAbIK HOTUXKEC 60_]'[])]1'[ Ta6blﬂa}lbl,
SIFHU  OapiblK  QakTopiapasl eckepeni. OcbUiaiila, EMTHXAHIBI TaOBICTHI
TAmnChIpy BIKTUMAAbIFbl 0,4 eMTHxaHra JaWbIHIBIK BIKTUMAJIBIFBIH JKOHE
CTYICHTTIH IIaprajKaHbl MaigananOaysl BIKTHMAJIbIFBIH €CKEPeIi.

Kypaeni okuranapablH bBIKTHMAJBIFBI KECTEACT] THICTI )KOJAApIbl HEMece
OaraHmapabl KOCY apKbUIBI OHall ecenTeieni. EMTuUXaHFa TaWbIHIBIK
BIKTUMAJIIBIFBI KECTEHIH COJI KaK KaPTHICHIHAFbI KIETKAIAP KUBIHTHIFbIHA TCH
JKOHE OKUFajapra coiikec Kenemi (OKBIIBI, IIMAprajika MaiaaaanOagsl jKOHe
TaTCHIP/bI; OKbIIBI, MaiiaTan0a bl JKOHE TAICHIP/AbI, OKbIIbI, Maiifananoasbl
JKOHE TAlChIPMAJIbl; OKBIIbL, MaiganaHOaibl >KOHE TalChIPMajbl; OKbBIIbI,
naiiaganOaabl )KOHE TaIChIPMAaIb):

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

[naprankanel NaigagaHy BIKTUMAIIBIFB  OIPIHIN JKOHE  VINIHIII
OaraHJap/IbIH COMAChIHA TEH!

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

EMTuxaH Tamncelpy BIKTUMAIBIFBl OIPIHIII JKOJJIBIH KIETKaJapbIHbIH
KUBIHTBIFbIHA TeH (OKbIFAH, MalijjalaHFaH KOHE TAlCBIPFaH; OKbBIFaH,
naiiiananbaraH JKOHE TAICHIPFaH; OKbIMaraH, MaialaHFaH JKOHE TAlChIPFaH;
OKBIMaFaH, MaiiaTanOaraH KOHE TallChIPFaH):

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

Tonplk oOprak yiecTipy Heri3iHAe BIKTUMAJIBIKTBI IIBIFapy oici
MPAKTUKAIBIK KYPAJIJaH Tepi BIKTHMAIBIKTEl KaJIBIITACTBIPY KaFHIaThIHBIH
JKaKCHl KopiHici OOoNbIT TaOBUIIANBI, OWTKEHI KapamaidbiM OKWUFaIapIbIH
BIKTUMAJIIBIFBI Op/IaiibiM Oenrini emec. by okuramapAblH TEH BIKTUMAIIBIFbI
TypaJibl )Kopama’iiap ui skacaupl.

OjerTe, KeWOip alHBIMAIbLIAPIBIH AKWUKATTHUIBIFBIH OarajiayFa OOJajbl.
Boncen

P (Study) = 0, 6 (40% >xarnmaiiza eMTUXaHFa JaBIHAATYJaH TOpPi MAHBI3 I
ictep Oomajpr),

P (Cheat) = 0, 25 (Tept mmaprainka naigananyra 6ip MYMKIHIIK).

Bys1 BIKTHMaIBIKTap ampyOPIIEI HeMece ce3ci3 Aen aTtanaabl. Onap Oacka
MOJIMETTEP/IiH JKOKTHIFBIHA TIKIPAiH aKUKATTHIFBIHA CEHIMIUIIK IOpEeKeCiH
oimmipeni.

bip kaparanja, eMTuXaH Tancelpy bIkTUManasirsl 0,6 + 0,25 = 0,85 Ten. Ic
ky3inae Oopi kubiH. Study »xoHe Cheat okuramapbl Oipre O0Jybl MYMKiH.
Marepuangsl yipeHyre OoJiafibl JKOHE CaKTaHIBIPY VIIIH IINaprajiKkaHbl
Kosnganyra Oomnaapl. Ci3 coHpaii-ak 0opiH yiipeHyre Oosassl, Oipak Tanchlpyra
Oonmaiiner (podeccop kenemdi). JIaWbIHIBIK TEH MIMApralKkachl3 TaIlChIpyFa
6oazp! (TEK OaKBITTHI).
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I3gey BIKTHMaNIBIFBIH Taly YIUIIH HIAPTTHI BIKTUMAJJBIKTapFa ue 0oy
KaxeT, Mmbicanbl, P(Pass|Study) — TONBIK MalBIHIBIK >KaFTalbIHIA EMTUXaH
TarNChIPy BIKTHMAIBIFBI.

JKanme! sxarnaiia OKUFaHbIH BIKTHMAIILIFEL 4 TEH

JKajmel, A OKUFAaCHIHBIH BIKTHUMAIIIBIFEl TEH

P(A) =3 P(A|Bi) P (Bi) 3.1
myHza P(Bi) - okuraHbIH anpuopiblK BIKTUMAIIbFsr, P (A | Bi) - Bi okuracsl
IIBIH OOJIFAaH JKarjmaiiia, A OKHFACBIHBIH HIAPTTHI BIKTUMANABIFBL. [IlapTThI
BIKTUMAJIJIBUTBIK TOYEIAl OKHUFanmapibl OainaHbicThipaabl. Erep 013 TepTiHIn
allHBIMaNbl — KYH aya paiiblH eHrizcek (Sunny), onma P (A | Sunny) tunri
IIAPTTHl BIKTUMAJIBIKTAP KOKO Kepek. HakTel jkarmadiapaa 013 MIHAETTIH
OJIMIIEMIIT1 OCBIFaH OAMIAHBICTHI THIM YJIKEH OOJaAbl IeM Tar 001a amaMbl3. by
MOCeJIeHI IIenly VINiH OalecoB JKemijepl KOJNaHBUIAAbI, OJjlap alHBIMaJIbI
TOYENIUTIKTI OpPHATYFa >KOHE TOJIBIK OPTaK Tapaslyllbl €cenTeyi >KeHUIAeTyre
MYMKiHAIK Oeperni. TemeHne KapanraH MbIcan YIIiH OafiecoBcKas kemici Oap:
P(Bi), Bi, P(A|Bi)

Cheat

\/

Pass

Study

Bizgin momenbne Study sxone Cheat aifHBIMambLIAp TOYeENCi3 OOJIBIIT
TaOBLIAIEIL.

[naprankanel —naijagaHy eMTHXaHFa JaWbIHIBIKTHIH  OOJMaybIHA
OaiinanpIicThIOACKA MOJIENb 00ITybl MyMKiH. OJ1 KeliHipeK Kapanazpl.

Study ﬂsé_ugixl Cheat g(zss_tudy)
\ / Study Cheat  P(Pass)
Pass 1 1 1,0
1 0 0,889
0 1 0,4
0 0 02

YKeninig opOip mIBIHEI Ke3/IEHCOK alfHBIMaNbBIFa coiikec kenemi. IIsHIapHI
OarpITTaNFaH  KaObIpFajgapMeH
OarpITTasica, OHIA B Oac HIBIHBI Jem atanmaabl. X; op mbiHbl P(Xj|Parents(X;)
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Erep kepcerki

A-nan  B-ra



MIAPTThl BIKTUMAJJIBIFBIHBIH TapalybIMEH CHIIATTANaJbl, OJ OHBIH AaTa-aHa
IIBIHBIHBIH [TBIHBIHA OCEPIH CaH XKaFbIHAH Oaramaisl. Bi3miH MpIcanga Kemeci
MIAPTTHl BIKTUMAJJIBIKTAp OENrili JIen caHaliMBbI3: IINaprajikanap/bl TaibHIay
JKOHE CaKTaHABIPY KE3iHAE eMTHUXaH TaIChIPy BIKTHMAJABIFHI OipIliKKe TEH;
[mrmaprajkanapasl  JalblHAAay OKoHe Tmailijanmanbay kesinme — 0,889;
HIaprajkaHbl eMTUXaHFa JalbIHChI3 Malaanany mapTeiMer — 0,4; an eMTHXaH
JMAfBIHAAY KOHE IMAapTraKackl3 TAICHIPy BIKTUMAIABIFEl — 0,2 (kaif OAKBITTHI).
baiiecoB keminepiH maiijanaHy Ke3iHAErl HETI3ri YTHIC-OYJ1  IIBIHFA
0ailiTaHbICTBI OAPIIBIK MIBIHAAP eMeC, TEeK aTa-aHa (KAKbIH) IIbIHIAPhI HEeTi3iHae
FaHa Ke3 KEJINCH YKaFJai IbIH bIKTUMAaJIIBIFEL:

P(X, | Xi-l, Xi_z, . Xl) = P(Xl | Parents (X,)) (32)

Bizgia mpicanga 6i3 GaiilaHBICTBI OKHFAlApIBIH TYIKI HOTHXKECI OOy
MYMKiH Study IIBIHBIHA He: CTYNICHT J9PICTepre KaThICHI, KOHCIICKTiCI O0JIIBI,
OHBIH KOMIBIOTEPre Kipy MYMKIHZITT OOJ/bI, ON YaKbIT ajjibl, XOHE T.0. OCHI
OKWFaNapIbIH HOTIKeCi peTiHme 013 emTuxaHra NaWbIHABIK (akrtici Oap.
[Inmapraikanel TainanaHy OKUFAChl, COHAaW-aK, IIMMaprajikaHbl JKaChIPBIH
naijanany yIiiH KHIM CHSIKTbl YaKbITTBIH, TEXHUKAJIBIK KypaJJIap/blH OOJYbI
BIKTUMAJIIBIFEI Oap OipKaTap OKUFaAp/IbIH CAIaphl OOIBIN Ta0bUIaabl. TONBIK
opTak Oeiyai ecenrtey YUIH OapiblK MIAPTTHl BIKTUMAJIBIKTAP/bI Oy KaxeT,
MBICAJIbI, JOPICTEpre KEJIreH JKariaiijia paguoTapaTKbIITHIH 00Jy BIKTUMAT-
IBIFBIH. Bi3 eMTHXaH TamnchIpy BIKTUMAIIBIFBIH ecentey yinH P(OKy) xkoHe
P(Cheat) pIKTUMANABIFBIH OLTY KETKIUTIKTI.

Xorapeima xentipinren epexe Ti30ekTi epeske gern aramaabl. Ocel
Epexxeni Oaclibuiblkka ajia OTBHIPBIN, OKWUFajJap BIKTUMAIABIFBIH €CENTey
JKeTKiTiKTi. Byn Mpicamma 613 eMTHXaH TallChIPy BIKTUMAJABIFBIH €CenTel
aJambI3:

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) =
=1,0*0,6 * 0,25+ 0,889 * 0,6 *0,75+ 0,4 * 0,4 *0,25+0,2 *04 * 0,75 =
0,65

bi3niH KaTTbl JKEHUIIETUITEH MbIcaa ecenrtey KypAenunirinae Oy
yThICTap OaiiKaiMaiapl, oWTKEHI OaliecoB JKeTiciHiH Ti30eri y3bH emec. ExiHmmi
¢dakTop — Study >xone Cheat aliHBIManbUIAPBIHBIH Toyesci3niri. ToxkipuOeni
CTYAGHTTEp KelOip MYMKIHIIKTEpIiH Jypbic eMecCTiriH Oaiikail anamusl:
eMTUXaHFa JAilbIHIBIK Ke3iHAe MImaprajlka TEeK KaHa yCTam ally >KoHe
eMTUXaHHAH MIBIFapy KaymiH Kocaiabl. JlorukaHbl Kenmecigen esrepremis. Erep
eMTUXaHFa JTalblHIanMaca, CTYISHT INNaprajka KOJNJIaHyFa THIPBICAMBI3 JIETl
ecenreiiMiz. baliecoB jkenici TOMEH/IE KOPCETIITeH IEH o3repei.
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[Inmaprankadel Haianany MapTThl BIKTUMAIIBIFEl EMTHXaHFa TaibIHIBIK
JKargadbIlHa HeJre TEH JKOHE MalbIHABIK OoiaMaraH skarmaiiga 0,75.
BIKTHMAJIIBIFbI

P(Pass | Study, Cheat) = 0.

Ecenrey P(Cheat) sxone P(—Cheat):
P(Cheat) = P(Cheat | ~Study) * P(—Study) = 0,75 *(1-0,6) = 0,3
P(—Cheat) = 1- P(Cheat) = 0,7

P(Study)
0.6 Study
P(Cheat)
,| Cheat 1 00
Study
/ Study  Cheat P(Pass)
\ 1 1 1,0
1 0 0,889
Pass 0 1 or
0 0 0,2

Enxi Ti3OekTi epexeHl maijanaHa OTBHIPbIN, 013 €MTHXaHIbl TAOBICTHI
TaTChIPy MYMKIHAITIH eCenTell anamMmb3:

3.3. Kepuekinikrep: MoHTH X0J/1J1 IapagoKChI

Baiiec epeskeciHiH KOJIAaHBUIYBIH KepceTy YLIiH 0i3 omebuerteri Monty
Hall mapamoxcel nen aramaTelH Kenleci moceseHi kapacteipambid [15]. Cisre
TeJenuaap OWBIHBIHA KATHICYFa PYKCAT €TiHi3, OHBIH OAapBICHIHIA YII €CIKTiH
Oipeyin TaHnay kepek. Omap/siH OipiHIH apTHIHAA KOIK TYp, KaJIFaH eKeyiHiH
apreiga emkinep typ. Ci3 1-mni ecikke HYCKaJbIHBI3 AeTiK. YH ueci Tarbl Oip
ecikti amazpl, o Ne3 ecik OOJICHIH, OHBIH apTHIHAA €IIKi TaOBUIBIM, Ci3/i KeIl
OonMail TypheIN, OMBIHBI3ABI ©3repTyre koHe Ne2 ecikTi amryra MIaKbIPabl.
Cypak: basHmamaiibl MeH €KiHII eCIKTIH MIKIpiH ThIHIAY/bIH MarblHAchl Oap
Ma? Bip kaparaHma, KeJiKTiH KaJfaH eCiKTepIiH OipeyiHiH apTeiHma OoIrysl
BIKTUMAJIBIFBI

P (C1) = P (C2) = 1/2, coHABbIKTaH HICHIIMHIH MaFbIHACBIH ©3repPTICHII.
JlereHMeH, MYKHST OPEKET €T€ OTBHIPhIN, Vil Heciniy Ne3 ecikTi aliKaHbIHAH
naiinanel aknapart anambi3. KemiktiH Nel, Ne2 jxone Ne3 ecikTiH apThiHIa
TYpFaHbIHA APUOPHIIH BIKTUMAIIBIFBI OOJICHIH

P(C1)=P (C2)=P (C3)=1/3.
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Ceiinecymrinig Ne2 xoHe Ne3 ecikTi alIaTBIHIBIFBI Typalibl BIKTHMAaJ-
IBUTBIKTEI Taba amambi3 (o1 Nel ecikti ama ammaimel, edTkeHi 0i3 OYHBI
JKoraphina aiTKaHObI3). Erep kemik Nel eCikTiH CBIPThIHIA 00Jica, OHJA OHBIH 2
oHE 3 HOMIipJepiHiH albUIaTBIHABIFEI TYPabl MAPTTH BIKTHMAIIBIK:

PO=2|C1H=05PD=3|C1)=0,5

SIFHM, XKYPri3ylli KaJlfaH eCiKTep/iH KaWCBICHIH alllKaHbl MaHBI3/IbI eMec.
Erep xemik Ne2 ecikTiH crIpThIHIA 00sca, oOHOa OHBIH Ne2 xoHe 3 HeMipIepiHiH
AIIBLTYBI BIKTUMAJIIBIFBL:

PMD=2|C2)=0;P(D=3|C2)=1

Kemik ekiHIIi eCiKTiH apThIHIA TYPFAHIBIKTAH, KOIIOACIITBI OYJT €CiKTI arma
anMaiinel, Oipak 1 MymkiH Oosica, yunHIn ecikti amajabl. KepiciHme, erep
KOJIK YIIHII eciKTiH apThiHAa 601ca, OHOA THICTI BIKTUMAIIIBIKTAD:

PMD=2|C3)=1;P(D=3|C3)=0

CoHbIMeH, 0i3/e KeJIIKTIH Kall Keple OpHallaCcKaHbIHA OalIaHBICTHI
KeIIOACIIIBIHBIH KAl eCiKTi amaTeHABIFE 0ap. Kepi mapTThl BIKTUMAaIBUTBIKTHI
Taly ymriH Baiiec epexecid KoimaHaMbI3.

D = 3 exenairi 6enriyn OonradabIKTaH, OHIA

P(Ci|D=3)=P(D=3|Ci)*P(Ci)/P(D=3)
Ocbsl popmynara C1 sxoHe C2 anMactbipa OTHIpHIIL, 0i3:
P(C1|D=3)=PD=3|C)*P(C1)/P(D=3)=%*1/3/1/2=1/3.
P(C2|D=3)=P(D=3|C2)*P(C2)/P(D=3)=1*1/3/1/2==2/3.

Ocbuiaiiina, MalIMHAHBIH €KiHIII €CIKTIH apThIHIa 00y BIKTUMAJIBIFBI €Ki
ece korapbl! «KalaMHBIH YIIBIH/A2» JKACAIFAH TYIXKBIPHIMFA JIOTHKAJIBIK
naipIMIay apKbLIbl KOJ JKETKi3yre OOMamel: erep Kejik 0i3 TaHmaraH OipiHII
€CIKTIH apThiHAa 0Oo0Jlica, OHAA KemOAacCIibl KalfaH eCIKTep/iH KaiChIChIH
Tagmayra MoH Oepmeiimi. Erep keuik ekiHIN eciKTiH apTeiHIa OoJica, OHIa
kembacbiHBIH N3 ecikTeH Oacka amaibl jKOK. TaHmayzel e3repTe OTBIPHII,
Halmap Xarmaiima 0i3ge Oipaeld MYyMKIHZIK Kalaabl, all €H KaKChl JKargaiina
KOJIIK aJlaMbI3.

3.4. Bakbuiay Heri3iHae OKbITY

AnneiHFBl O6JiMie KapacThIPBUIFaH MbICAJIap aKbUIFa KOHBIMBI CYpak
TYFbI3ybl MYMKiH: INBIHAWBI ©MipIe OChl KepeMeT Kypalmapisl Kaaii
naiinanany kepek? bapiiblK 0Chl BIKTUMaIBUIBIKTAPAbl KakiaH aimyra Oonansi?
Marematukrep OYJI CYpakThl ©Te KapamailbiM Typle aiiHajibin ereiai. bapibik
nmaifeIMIay ceszepnaeH Oacranmanbl: A OKHFACHIHBIH BIKTUMAJIBIFBI X-K€ TEH
0O0JICBIH, OCBUIAMIlIa MaTEMAaTHKTEp Ka)KeT OOJIFaHBIHINA >kacaiimbl. ExiHImi
JKaFbIHAH, WHXKCHEp MYMKiH HOpCEHi kacay Kepek. Erep ci3 efeHre JmaxThIpy
HEMece KapTajapAblH ManyOachlH cally CHAKTBI HACAIABl  MBICAIIAP/IbI
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KoJijaHOacaHpl3, OHJIa Ci3 TeK OaKpUIayFa HETI3JeNTeH bIKTUMAIABUIBIKTHI Ta0a
aJiachI3.

Ne Study Cheat Pass
1 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

Ochl yarizeH 613 eMTUXaH/bl TalChIpy BIKTUMANIBIFBIH €CeNTel aJaMbl3,
P(Pass) = 6 / 10 = 0,6 eTKeHIEpiH XaJIbl caHbIHA COTTI OTKEHJEP
CaHbIHBIH KaTbiHachiHA TeH. Con cusikThl, 613 P (Study) = 5/10 = 0,5 memnuiepin
xkoHe P(Cheat) = 3/10 = 0.3 maparblH KOJJIaHA OTHIPHIN, BIKTUMAJIBIFBIH
anmambI3. Con cusiktel P (Pass|Study) = 3/5 = 0.6 mapTThl BIKTUMAJIBIKTAPIBI
ajlaMbl3 (EMTHXaHABl TAaIlCBIPFAaHIApPABIH CSMTHXaHFa JaibIHAAIFaHAAPIBIH
KaJmbl caHbIHa KaTbiHachl) skoHe P (Pass|Cheat) = 1 / 3. Tapamyasl aram
TYpiHIe KepceTy biHFaiinsl (3.1-cyper):

0J1

udy?

St
By
.

PO

es

—
ku ) Pass? \;:/ fass
/ I\I ;'f \
Yes ; / I'.II.\'n Ves ! J,.’/ '.II.\'
P | = h
{ _) { (4)
O N/ ' A 9,5

3.1-cypem. baxvinay asausl

MyHa, OypbIH KapacTBIPBUIFaH 13]Iey MOceleNepiHaeriied, eH TOMCEHTI
TEPeHJIIKTErl aFallThl KaJbINTACThIpFaH >keH. OCBbIFaH OalIaHBICTBI, €H
QIIBIMEH, €H OacThICBIH TapTy KakeT. AKMapaTTHIK 137Iey aTpuOyTTapsl.

ATpHOYTTBI TaHIAYyABIH Oip KONAWIbI KPUTEPHi — jKayamnTarbl aKMapaTThIH
MOJIIIIEDI.
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Axnaparteiy  Meuiepi  IllenHon ¢opmynaceiMen ecenrteneni. Erep
BIKTUMAJ JKayanTtapiaslH p(V;),bIKTHMAIIBIFBL 0oJica, OHAa | HAKTHI JKayanThiH
AKIMapaTThIK Ma3MYHBI OMTIICH ©JIIIICHEI].

I(p(v1), p(v2), ..., p(Va) = -2 p(vi) logz p(vi) (3.4)

EMTHixaHFa TaibIHABIK TYPaJbl )KayalTarsl aklapar KeJeMiH ecenTeiimMis:

I(p(Study), p(—Study)) =- 5/10 * log, 5/10 - 5/10 * log, 5/10 = 1 6ur

YXKayarn maparbIHAaFbI aKIapaT MEOJILIEPI:

I(p(Cheat), p(—Cheat)) = - 3/10 * log, 3/10 -7/10 * log, 7/10 = 1,533 Gur

Ocepnaiima, 9uT Taparel Typasiel sKayarm Oip JKapbIM ece Kell aKmapar
Ocpemi, OHBI i37Icy aramiblHA EpTEPEK KOK KepeK. Tarel Oip Mocene - OKy
JKUBIHTBIFBIH/IAFbI aKIApaTThIH KEeTKUTKTUIrN. JKoFapplaa KenTipiireH Mbicat
eTe epecken Oara Oepemi. HaKTBI BIKTUMANABIKTAp aNTapIBIKTall e3remie
00ysl MyMKiH. TaFbl Oip SKCTpeMal - OyJT YIKESH HOIYJISAIUSIFa COHKEC KeJIeTiH
ipiKTeMeHiH YJKeH Meiiuepi. Erep 0i3 6apiblK CTYyJIEHTTEp YIIIH SKCKYPCHSHBI
YHBIMIACTBIpaThIH 00JICaK, 613 OApIBIK CypaKTapFa TOJBIK JKayal alaMbl3 )KOHE
OynaH ObLTail MOJIENTBICD KaKET OONMMalapl. YJITiHI KOJJaHYIBIH THIMILIITI a3
FaHa yJri 0oibIHIIA OYKIJ XalbIK TYpaibl KOPBITBIH/IBI XKacayFa 0O0JaThIH Ke3/Ie
KoJI JKeTkizimeni.  Melcansl, erep ci3 crynentTepaiH 10%-bI eMTHUXaHIBI
aNasKThIK TapakTapIbl KOJJaHAa OTBIPBII OTKI3ETiHIH OUICEeHI3, eMTHXaH
(opMaThIH e3repTe anachl3, MBICANIBI, Ke3-KENreH JIepeKKe3aep i naiaaaanyra
pYKcaT Oepe anachi3, 6ipak cypakTap/ibl KHbIHAATA alachl3.

Yari SKeTKUTIKTUIINH enmeyaiH Oip omici — op jkaHa HTepalUsHbIH
BIKTUMAJIZBUIBIK ~ ©3TEPICTEpiH  CAJNBICTHIPY apKbUIBI — OacTamkel  3epTTey
KecTeciHe jepekrepi OipTiHaen Kocy. Horwxkenepliy e3repyi pyKcar eTiireH
KaTeJIIKTeH a3 OOJFaH Ke3/Ie, XKATTHIFyAbl asgKTaJIFaH JIeT caHayFa 00Ja Ib.

O3iH 63i 0aKbL1ayFa apHAJIFaH CypaKTap

Tak noruka aereximis ue?

Byt Tak J0ruKkaHbIH MOHi.

CHUMBOJIJLIK TaK JIOTHKA HETe HEri3aenemi?

Y1 Herisri 6a3ucTiK Tak JIOTMKAHbBI aTaHbI3.
JlorukaHblH HET13ri 3aHIAPbIH aTaHbI3.

JlorukasbIK KOPBITBIH/IBI IeTeHiMI3 He? MpIcai KenTip.
JIMHTBUCTHKANBIK aifHBIMAITBIFa TYCIHIK OepiHi3.

Tax >kKMbIHFa aHBIKTaMa OepiHi3.

Kepek-xapakTblH (QYHKIMSIApbIHA apHAJIFaH KUCHIK (hopManapbiH
aTaHbI3.

10. ANFIS nerenimis ne?

11. He mikip? Msican kenTip.

O RNk WD =
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12.

13.

14.
15.

[MikipaiH KaHAad KypbUIBIMIBIK 3JEMEHTTEpiH Oieci3? AHBIKTaMa
OepiHi3 XKoHE MbICAJ KENTIPiHi3.

Kepek-xapakTblH (QyHKIMSIapblHA apHalFaH KUCHIK (opmaiapbiH
aTaHpI3.

Baiiecon sxemninepi KaHIal Macenenep i ey YIIiH KoJIIaHbla b?
MonTr X0 mapajiokc AereHimis He?



4-tapay. HEHPOH/BIK 'KEJILJIEP
4.1. HelipoHaBIK KeJIi Typajsl TYCiHIK

Hefiponnpik >kemiyiep OWONOTHSIIBIK —ar3ajapiarbl KYHKE JKYWECiHIH
MPUMUTHBTI MOJIENIH KaJlblHAa KenTipyre HerizgenreH. Tipi TaburarTta
HEHPOH — OYJI NEKTPIIIK KO3ABIPFBIII JKACYIIIA, OJ1 CHHANTHKAJIBIK OaiaHbICcTap
ApKBUIBl DIEKTPIIK JKOHE XHMHSUIBIK CHTHAIJApAbl IaiiianaHa OTBIPHIIL,
aKnapartThl OHAEH, cakTaiibl )xoHe Oepeni. HelpoHHBIH Kyp/esni KypbUTbIMBI
XKoHEe Tap MaMaHAaHybl Oap. CHHamcCTapIabl MaiijaaHblll CHTHAIAApAs! Oepy
ywiH Oip-OipiMeH OaiinaHbichin, HEHpOHAAp OHOJNOTHSUIBIK HEHPOHMABIK
XKeniepai Kypansl. AlaMHBIH MHBIHAA OpTa €CellieH 65 Muumapa HeHpoH
xkoHe 100 Tpmumon cunarc Oap. IeiH MoHiHAE, Oy OapibIK TIPIILTIK
UeNEPiHIH OKY XKOHE MU OCJICCHIUTITIHIH HETI3r1 MEXaHU3Mi, SSFHA — OJIap IbIH
aKpUT-Iapacatel. MoceneH, I[IaBIOBTBIH KIAcCHKAJbIK AKCIICPUMEHTIHIE,
opAailbiM WTTI TaMaKTaHJIpIpap ajJblHIA, KOHBIPAy COFBULABI, HT Te3
KOHBIpaybl TaMaKIeH OaiIaHbICThIPYAbl YHpeHai. DU3N0IOTUSIIBIK TYPFbIIaH
aIFaHia, OHBIH MUBIHAAFBI AKCHEPUMEHTTIH HOTIDKECI €CTy YIIiH jKayan
OepeTiH MU KBIPTHICHIHBIH OOJIIKTepi MEH cijiekel Oe3nepin OacKapyra KayarTsl
aliMakTap  apachlHOa  CHHAINCTBIK  OalilaHbICTApABl  OpHATY  OOJABL
Hortmxkecinae, KoHpIpay YHIMEH KaOBIFBI KO3FaH Ke37e, UT Ty3Aai OacTaipl.

COHBIMEH, UT CBHIPTKbl OJIEMHEH KEJIETiH CHUTHanjapra (MaliMeTTepre)
peakius JKacarl, «IypbIC» KOPBITBIHABI jkacayra YHpeHmi. Bbyn »xacanmbl
WHTEJUICKT CajlaChIHJaFbl 3€PTTEYJEpHAiH HeTi3iH KYpPaHThIH OHOJOTHSIIBIK
JKYHKE KYHEeIepiHiH KaTeIiKTepiH OKBIN OLTy JKoHE Ty3eTy KaOimeri. OnmapasiH
QIFAIIKGl MIHIETI MHIBIH TOMEHI1 JCHTCHi KYPBUIBIMBIH >KacaHABl TYpIe
KeOelTyre ThIppICY OONABL. «XKacaHIbl MW» KOMIIBIOTEpiH JKacaHbI3.
Hotmxkecinae «kacaHIpl HEHPOH» YFBIMBI YCBIHBUIABI — OipHemie Kipic
(axTinepin Oip HOTWXere alHAIIBIPATHIH JKOHE OJlapFa dcep €Ty CaJMarblH
Oeperin MaTteMaTukaiblK (yHkims [17]. OpOip kacaHapl HEHPOH Kipic
CUTHAJIApbIHBIH CaJIMaKThl MOJIIIEPiH KaObULAail ajajibl KQHE erep >KaJIIb
Kipic Oenriyi Oip IIEKTI NEHIeWIEeH achlll KETCe, KUK CHTHaJAbl OAaH opi
KiOepe anajpl.

Kacanap! HelipoHmap >xeninepne OipiKTipireH — KelOip HeHpoHIapAbIH
HIBIFYbIH ~ OacKalapblHBIH  KipicTepiMeH  OaitmanbicThipansl.  JKacaHnsl
HeHpoHAap OaillaHBICKAH JXKOHE ©3apa OPEKEeTTECeTiH jKacaHAbl HEHPOHIBIK
KeJll kacaipl — OaFmapiaMaiblK HeMece armaparThlK Kypajjapia >Ky3ere
achIpbUIATHIH HAKThl MaTeMaTHKAIBIK Mojesnb. KapamaiiblM TiiMeH aliTkaHna,
HEHPOHABIK XKeli — Oy epekTepAl KaObIIIaiThIH KoHE XKayar OepeTiH Kapa
KOWIKTIH OarnmapiaMachl. KenrereH KapamailbiM SJIEMEHTTEpACH TYpaThIH
HEHPOH/IBIK JKeJi 6Te KYp/eli Maceleep/Ii menyre KaouierTTi.
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bip HelpoHHBIH (HIEPLENTPOHHBIH) MAaTEeMAaTHKAIBIK MOZAENIH ajfall peT
1943 >KbUTBI aMepUKaHABIK HEHPO(PH3MOJIOrTap MEH MaTeMaTHUKTep YOppeH
MaxkKaiiok, Yonrep IIuTTc YChIHFaH XKoHE OJiap yKacaHIbl HEHPOHIBIK JKei
aHBIKTAMachlH yChIHFaH. OU3MKaNBIK TYPFHIOaH alFaHga, KOMIBIOTEpi
KoJaHaTeiH Mojenbai 1957 xeuiel @pank Posenbnar xacaran. HelipoHmbIK
xeninep JKU-ni mpakTUKANBIK iCKe achIpyIbIH €H KOHE HIesUIapbIHbIH Oipi Jern
aliTa ajgambl3.

Kazipri yakpITTa HEHpOHIBIK MKENIepAl y3ere achblpyAblH KONTEreH
Mozenbaepi 6ap. «Knaccukanbiky O6ip KabaTThl HEMPOH/BIK XKeliiep 0ap, onap
KaparnaibIM Macesesep/i ey YIIiH KOJIaHbpuIaabl. bip KabaTTel HEHPOHIBIK
JKeJIl OJIETTEri capariibl MOJIENbep/ie KOJIAaHbUIATBIH O/ICTTEr] MOJMHOM/IBIK,
CAIMAKTHIK (YHKIMICHIMEH MaTeMaTHKaNbIK Typae Oipaeit. Kenmonmeri
alfHBIMABUTAP/IBIH CaHbI JKENITIK KipicTep/iH CaHbIHA TEH, aj alHbIMaNblUIapFa
JeiiHTi K03 GUIHMEHTTEep CUHATICTAP/IBIH CaJIMaKThIK K03 duireHTrepine TeH.

MatemaTukaiblK MOJenbaep 0ap, oHma Oip HEHPOHMBIK JKETiHIH IIBIFYHI
eKIHIIICiHIH eHyiHe OaFbITTalIa/Ibl, aJl KOCBUIBICTApABIH KacKaATaphl KYpPbUIaIbl,
Kenm KabaTThl HeHpoHAbIK kemiiep naen artanmansl (MNN, kem KabarThl
HEHPOHABIK JKeJli) )KOHE OHBIH €H KYIITI HYCKaJapbIHBIH Oipi - KOHBYJIbCHSUIBI
HEUPOH/IBIK JKeJiep.

MNN KOMOBIOTEpJCpiHIH YIKEH ecenTey MYyMKiHmiKTepi Oap, Oipak
COHBIMEH Oipre YIKEH ecenTtey pecypcrapblH KaxeT eremi. AT ixyiienepin
OWITTBl MH(PAKYpPBUIBIMFA OpPHAJACTBIPYABI €CKEPEe OTHIPBIN, KOI KadaTThl
HEHPOHMBIK JKENijep KoIl KOJNaHYIIbIIap YIIiH KON JKEeTIMIi OONIbl >KoHE
kazipri 3amanrbl JKW memimaepiniy Herizine aiiHanapl. 2016 xbutbl AMepHKa
Kypama IlltarrapplHaH KelIreH CaHABIK Oijay, TAaHBIMIBIK ecenTey
KoMmaHusICH 160 MuuHapn caHABIK HEHPOHHAH TYPATHIH HEHPOHBIK KEIiHi
KypAbl JkoHe OKblIbl. byn Google-re (11,2 wmwumapn HEWpoH) KoHe
Jlusepmopaarsr AKII ynTTeIK 3epTxanHaceiHa (15 Mmmmapa HEWpoH) Koi
JKeTiMal HEHPOHBIK Keniepre KaparaHja JJIeKania KYIITI.

HeiiponapIk xemiHiH Tarbl Oip KBI3BIKTHI TYpi — OYJI JKemiik KabarTaH
HIBIFBIC KipicTepaiH OipiHe KaWTapbulFaH Ke3ae Kepi OaiiylaHbic HEWPOHJBI
xemici (RNN, kalitanaHatbiH HeHpOHIBIK xeni). MyHaai miatdopmanap «kam
a¢dexTiHe» He XoHe oJjap Kipic (haKTOpJIapbIHBIH ©3repy IUHAMHKACHIH
Oakputait amanpl. Kapamaitbim Mbican — Oy kymimzaey. AjaMm  e3iHIH
SMOIVSIIAPBIH aHBIK KepceTnecTeH OYpBIH, OHBIH Ko3/epi MeH OeTiHiH OYJIIIbIK
eTTepiHiH OalKaJMalTBIH KO3FaJBICTAphIMEH KyJie Oacraiinel. RNN cisre
MYHJIail KO3FaJBICThI €pTe Ke3eHIep/Ie aHbIKTayFa MYMKIHJIK Oepesi, Oy Tipi
3aTTHIH MiHE3-KYIKBIH YaKbITBUIBI aJlJ(bIH-ajIa OOJDKay YINiH Haigaisl, cypeTTep
cepusicbiH TCheat Hemece TaOUFU TiNIJIE TYPAKTHI COMIIEY arbIHBIH KYPY.
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4.2. HeiipoHabIK :keJiinepai Kypy NpyHIMIII

KommbroTepai  KojiiaHa  OTBHIPBIIT  KE3-KEJITeH MACeleHl  HICHIyaAiH
CTaHIAPTTHI Ofici — OYJI TamcChIpMa 3epTTENil, aJrOPUTM KYPACTBIPBUIBII, OJ
mporpamma TilmiHAC OarmapiiamMa TYpiHAe OpbIHAanaabl. JKeHAeyneH KehiH
OaryapiamMa )KyYMBIC iCTeyre JaibIH.

Bisre OackerOonm OWHANTHIH POOOTTHI, SFHHU JONTHI CeOETKE JAKTHIPYFa
kayarnm OeperiH Oemimumi kacay OKYKTeNlCiH. bipiHmgen, op Typni
MO3ULMSUIAPJAH  JONTHIH YIIybl YUIH audepeHIuanpK TeHAeyIepai
KYpacThIpy, ayaFa TO3IMAUTIKTI Ty3eTY, KO3IBIPFHIIIKA KATHICTH CCHCOPIIAP/IBIH
napajuiakcel xxoHe T.0. OcbliaH KeliH ci3 0arnapiaManay sl 6acrayra Oonabl.
Conpiven Oipre, Ilakmnm O’Hum xorapel OimiM Typansl alTiaranga, €H
OonMaraH/Ia, KapamaiblM MaTeMaTHKaHBl OUTE/l Jer CmIKiM alTyFa KeIMEuI.
Anam mubl Oyn MaceneHl TyOerein Oackaina nienietiHi aHelK. byn ozic He
ekeHiH 0api Oineni — OipHenie peT KaiTanay.

AnneHFEL OerniMze 0i3 HOTIDKECI KaHAai Ja Oip OKuFalapbIH TYBIHIAY
BIKTUMAJJIBIFBI OOJIBIIT TaOBUIATBIH OKBITYJIbl KapacThIpABIK. A OipHelie per
KalTanayiap Heri3iHae KaHaai na Oip Oarmapiamaiay )oK OOJaTHIH €CemTeyill
KYPBUIBIM KYPY MYMKiH Oe, ecenTepii uienryre Oxpita amap eai. MyHnpai
KYPBUIBIM ~ HelipoHObIK iceni JHem artananel. Vpes TaOWFaTTaH —aibIHFaH.
HetiponabIk kel HEHpOHAAPABIH KUBIHTBHIFEI — €CENTey 3JIeMEHTTEepi (Keiime
MepCenTpoOHIap JAeN aranajbl), OJaplblH OpKalCHICH OipHelle Kipic-CHHArC
JKoHe Oip mIbIFy-akcoH 6ap [17].

X

4.1-cypem. Kanzvi3z netipon

bip HeliponHslH uHTEIIEKTiCi ToMeH (4.1-cyper). On N KHUBIHBIHIAFBI
TOyenci3 aWHpIMANIbLIAP YIIIH KapamailblIM perpeccHsUIbIK MOJEINbAl  icKe
acweIpanbl men Ooypkayra Oomambl. Erep 0i3 kenTereH HEHpOHAAPABI KEIUTIK
KYpbUIbIMFa OIpIKTIpeTiH OoJicak, OHIA OpBIHAANATHIH (QYHKIHS ©34iriHeH
Kypzemi 0oiysl MYMKiH. 4.2-CypeTTe KOpCETINTeH XKelli HAaKThl KabaTTapra ue,
SFHU KipyleH (IIbIFyIaH) TeH HeHpOHAap/bIH KaTapiapsl. backa KypbuisiMaap,
COHBIH iIiH/Ie Kepi OaiiiaHbIChl Oap (KalTalaHaThiH) KYPhUTYbl MYMKIH.
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4.2-cypem. Hetiponowix sceni

MyHpaii KeJiHi icke acelpy opOip HEHpOHABI jKEKe MHUKpPOIPOlEeccopaa
OPBIHIAFaH Ke3/ie HeMece OaraapliaMalblK jKacakTama Oodybl MYMKIH HeMece
erep HEHpOHIAp SJEKTPOHMBIK KecTelep CHSKTHl apHaiibl Oariapramanapra
eHce. JKexe HEHpPOHHBIH KYPBUIBIMBI €pKiH OOJIybl MYMKiH, Oipak keOiHece
TOMEHIeriep Konnansmansl (4.3-cyper):

o W |

>

L
o ] \fﬁm

/_J'
i Wy |

4.3-cypem. Hetiponnviy Kypwiivimol

X; Kipic curHangaps! (aifHBIManbuIap) eJmeHeli (CHHANTHKAJIBIK CalMak
Jen aranatbiH W; koadduimentrepine kedelTiieni), Cogan KeliH KOChUIa/IbI
JKOHE aJIbIHFaH OJIIICHTeH coMa

S= W1X1+W2X2+. . .+WNXN (41)

f (S) QyHKUMACH apKbUIBI ©3TrepTilyl MYMKiH, OHBI aKTUBTEHAIPY
GyHKOMACHL Aen artaiiapl. Y IOBIFBIC CHTHANBl calMakka (Macmradrayra)
GaimanbIicTl 60mysl MyMKiH. Curmountsl ¢pyaknust Y = 1/ (1 + exp (-AS)),
COH/Iali-aK THIEPOONAIbIK TaHTEHC, JIOrapuMIiK (YHKIUS, CBHI3BIKTHIK JKOHE
Oackamapbl akTUBAIMs (QYHKIHUACH pETiHAE >KUi KONJaHbUIamel. MyHnait
(dyHKUMsUIapFa KOMbUIATBIH 0acThl Tajarn — MOHOTOHBUIBIK.
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4.4-cypem. Jlocucmukanvix cueMouomslix, pyHKyus

Ennmi  Oip HeHWpoHHBIH ecenTey MYMKIHAIKTEPIH  KapacThIpanbIK.
CHHaTCTapABIH CaHKI YIIKEe TeH OOJICHIH, all CHHAIICTHIK caaMarsl Wi, W), W;
1.0-re TeH, an akTHUBTEHAIPY (YHKUUACH rpaduK TYPiHAE KOPCETIIreH Keleci
tdhopmama 6omansr (0y1 X oci 6oiipiMeH 0,5-Ke OHFa JKBUDKBIFaH JIOTUCTHKAIBIK
CUrMouATHIK hyHKIus: (4.5-cyper):

4.5-cypem. Jlocukanvix GyHKYUAIapOsl icke aculpy Yuwin akmusmenoipy
@ynxyusaceinbly mypi

Kipic curnanmaper 0 Hemece 1 MoHnepiH KaObuinachlH. by skarnaiina,
erep Kipic CHIHaJJIapblHBIH KeM jereHzie Oipeyi 1 Oosca, sSFHH axbIpaTy
¢yHKIMACH Oosica, mBIFBIC mamamMeHn 1 Oomagsl. Erep W;, W, W;
CHHANTUKANBIK canmarbl 0,2-r¢ TeH 0oJica, COJ HEHPOH KOHBIOHKTYpa
(GYHKIMACHIH OPBIHAANIBL.

4.3. HelipoHABIK KeJIiHi OKBITY
Mura ToyeNmUTIK aHAJOTHSICHI HEHPOHHBIH KYPBUTBIMBI MEH HEWpOHIAp
JKENCIHE KATBICTBI OonMainel. HeWpoHIBIK SKENmIepai OKBITY HICSACHI Jia

TaOWFaTTaH ajblHFaH. AJaMHBIH MHbBI ©3/ITHEH YHPEHyre KaOuIeTTi eKeHIri
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Oenrimi jkoHe KeOiHece OpBIHJANATBIH OPEKeTTepAiH HEri3iH KypalThiH
MPOIECTEPAIH CHITATBIH OITMEH, COTTUTIKKE KETemi. Meicanbl, I0OOTHI
OackerOon 1meHOepiHe KOCy YIIIH OackeTOoiibl poOOT IIeHOepre jKoHe
OarpITKa JEHIHT1 KAMIBIKTBIKTHI OJIIIETI, Tapa0oIalblK TPACKTOPUSHBI SCEIITell,
JONTHIH Maccachl MEH ayaHbIH TYPaKTBUIBIFBIH €CKEpEe OTBHIPBIN JAKTHIPYHI
kepek. Ep agam MyHBI TEK >KaTTBIFy apKbUIbl jkacail amajpl. bipHemie per
JMAKTBIpyJIAp Kacall, HOTIKENEpiH Oaifikail OTBIPBIN, ON 63 OpEeKEeTTEpiH
OipTiHAeN >KETUIMIPIN, TEXHUKAChIH keTimmipeni. COHBIMEH Karap OHBIH
MHUBIHIa KYIO TEXHHKAachlHa Jkayalnl OepeTiH HEHpOHHApIbIH  THICTI
KYPBUIBIMAAPHI Kajbintacaabl. OChUIaIa, )KaTTHIFYIBIH aXKbIpamMac aTprOyThI
- KaliTallaHy >KoHE HOTWXKEHI Jiepey Oaranay MyMKiHgiri. HelpoHIbIK xeinep
YIIiH OYJ1 MPOLIECTi KeJleci anropuTMMEH YChIHYFa 60masr (4.6-cyper) [18]:

DopmupoBaHue

CTPYKTYpBI
—> cetu

l

Oo0yueHne

l

TectupoBanne

}

Hcnonws3oBanue

4.6-cypem. Hetiponovwix sicenini Kypy scane nanuoaiany npoyeci

HefipoHabIK >keMiHIH KYPBUTBIMBIH TaHAAy KEKe MIHICT OOJBIN TaObLIaIbI
JKOHE Op HEHPOHHBIH KEJIIIK TOMOJOTHACHIH XOHE aKTHBTEHAIPY (yHKIUS-
NapelH TaHmayAaH Typajael. bacrankeima HEWpOHIApIBIH —Iapamerpiepi
©3/IiriHEH OPHATHUIA/IbI.

OKBITY apHaiibl KaTTHIFy MOJIMETTEPIH JKEeNiHIH KipiCiHe, SIFHU IIBIFBICHI
Oenrimi OomaTelH Kipic JAepekTepiHiH OepityiHeH Typansl. Hotmxecinme
QIBIHFAaH MOJIIMETTEp IIBIFApbUIA/Ibl, HOTHIKENEp KYTUIreHAEpPMEH CajbICThI-
PpBUIAJIBI JKOHE KaTellik MoHi ecenteneni [18,19].

Ocblman KeiiH, KaTenmik (QYHKIVMSICHIH a3alTy YIIH HEWPOHMBIK >Keli
napameTpiiepi Ty3erieni. Erep kaHaraTTaHapiblK JOJIIKKE KOJ JKETKi3liMece,
Ci3 JKENiHIH KYPBUIBIMBIH ©3TepPTill, JKATTBIFyJap Typalbl MOJIiMETTEp
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JKUBIHTBIFbIH/IA KaWTalayblHbI3 Kepek. JKenmiHi OKbIFAHHAH KeWiH TecTiiey
KYpPri3iieni, sFHU apHAWbBl ChIHAK JEpPEeKTepiHAe IONIiKTI Oakpuiay. by
OapIIbIK JIepeKTepAl eKi imKi Torka 0eny Kepek JereHi oinaipeni: OipiHmriieH,
JKEINITIIK JKaTTRIFYyJIap, all eKiHmiaeH — Tectiney. by Genim ke3neiicok Hemece
TYpaKkThl OOJyBl MYMKiH, MBICAJBI, OacTamKbl JEpPEeKTEp MacCHBiHIH opOip
eKiHII >Ka30achlH TecTijieyre KojinaHyra Oonansl. JKaTThIFyoaH TecTUleydiH
epeKIIeNiri, TecTiiey MOepeKTepi TeK HAKTBUIBIKTBHI TEKCepemi, >KOHE Oyl
JIEpEKTep JKENiHIH TMapaMeTpiIepiH TaHJay YUIH KOJIAaHBUIMAHTHIHIBIKTAH,
oNap OKBITY CalachlHBIH ojieMi Oona amaael. Tecrineyml agam IKaTThIFY-
JapblHAa YKCac eTill eMTHXaHFa TeHeyre Oonaabl. MbIcan peTiHme MOTiHII
OINITUKAJIBIK TaHYy TallCbIpMAaChIH KapaCTbIPbIHBI3. TaubIIaTEIH CUMBOJIFA COHKEC
KEJICTiH TaHJaJFaH KeCKiHHIH HYKTEJepiHIH MaTpUIaJapblH Kipic CUTHAIIAPHI
petinze ke Kipicine OepiHi3 (4.7-cyper). TaHbUIATHIH OENTiHIH HYKTENEpiHIH
Marpuuacel xeni kipicine oepincin. IlIbiFy ke3iHae TaHbLIFaH Oenrire coikec
KeJNeTiH CUTHaIap KajaslnTacaasl. JKemiik KaTTeIFyap KeHinmkepiaepai kazyra
apHaJFaH OpPTYpPJi HYCKaJdapiIblH JKCNICiH OipHEIIe peT «YChIHYMCH» KOHE
JIAbIH «OKayanTapMeH» TYPajbl.

~.
~— ™ Heitpomasug sei —* ranba Ko
- —p

—
g

—
-

.

4.7-cypem. Tanbanapovl mary ecebindezi HEUPOHOBIK el

Eckepemis, OyJI jKeici-TeHIIKTI eCTe caKkTay OapiiblK BIKTHMA HYCKaaaphl

JIaFAbUTBI KECKiHe 9p TaH0a, all KaJlbITacThIPaIbl, IIBIFBIC CUTHAIIBI
Yj = f(Xl, Xz,. . Xn)

perinae (QYHKOUACHIH JXKBUIFBl Kipic alHbpIManbiiap. MOTiHII TaHYABIH Oy
Tocui Oackanapra KaparaHJia KbUIJaM/IbIKTa aifTapiIbIKTail apTHIKIIBUIBIKKA Ue
eKeHIH ecKepy KepeK. AJaM Ja cojaif: MOTIHII OKY VIIiH, O KapinTiH aThIH
CypaMaiIiel xoHE OapibIK MYMKIH CTHUIBICPI JKaIblHAA i3MeMeiini. Mumarst
acconmanusiap oipaeH naiiga 6onazabl. XKeniHi OKBITY MIHIETI YJIKEH eJeMre
ne. CoHBIMEH, 9pKaichIchl 3 cuHarnc OonatbiH 10 HEHPOHHAH TYpaTHIH XKEJiHi
OKBITYy YIIiH KeMm jereHae 40 mapaMmeTpliH MOHICpiH TaHmay kepek (Wi-
CHHANTHKAJIBIK calMakThiH 30 MoHI jkoHE A; akTHBTEHIIpY (QyHKIMsACHIHBIH 10
napamerpi). Erep opOip mapamerp 1/100 mremiMimMeH TaHpmanca, OHAA OKY
MOIIIMETTEPiHIH JKUBIHTBIFBIHIA KeJiepAiH skammbel canel 10040 OGonanmbl.
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OpuHe, TINTI CYNEPKOMIIBIOTEpJep J€ MYHJIall TaIlChIpMaHbl OpPBIHJAM
aIMalTBIHBI aHBIK. byn mnpobmema kepi Tapamy (back propagation)
QITOPUTMIHIH KOMETIMEH KaHaraTTaHApJIBIK TYpHAC IMICIIUICAl, OJ KeJecimeH.
Bacrankpina sxemniHiH OapibIK mapaMeTpiiepi o34iriHeH OpHATHUTATB.

1. Oky wmomimertepi emi apkeimel xiGepimeni xome E = sum(E )
KaTeNKTepAiH xkainbl GyHKuuscel ecenteneni, myuna E; =Y, - y;, Yi, — WIbIFbIC
MOJIIIIEPiHiH €CeNTIK MoHI, Y; - KYTIJIETIH IaMa.

2. Op mapaMeTpre KaTbICThl KaTelliK (DYHKIMSCHIHBIH TYBIHABUIAPHIHBIH
MOHI ecenTeNe/i KoHe ONapIIbIH HeTi3iH[e HEHPOHABIK JKeli mapaMeTpiepine
TY3eTyJepAiH ecedi ecenrenesi.

3. XKeninix mapamertpiiepi Ty3eTyJepAiH MeIIepiMeH peTTeleli, colaH
KeiiH 2 jxoHe 3-Kamampmap OacelHaH Oactam KaTte (DYHKITMSCHI aJIbIH-aia
OeNrijeHreH IeHreire JKeTKeHIIe KaiTanaHa bl

KapamnaiibiM KapamaibIMIBUIBIFBIHA KapamacTaH, OyJl alrOpuTM Kerl
VaKBITTHI KAKET €Tel KOHE OHBI )KEJENIETY — Ke3eK KYTTiIPMEUTIH MaceTe.

Erep xaTThify HOTHIKECIHIE KaHAFATTaHAPIBIK HOTIDKE Ooyimaca, OHJa
JKEIHIH KYPBUIBIMBIH ©3repTy KakeT. MyYHBI KOJIMEH jkacayFa 0ona/ibl HeMece
KYpbUIBIM/IBI QJIIbIH ajla aHBIKTaJFaH >KUbIHHAH TaHAayra Oonaibl (KYpbl-
JIpIMZIAp KiTamxaHackl). MyHmal menrimaepal KOJJaWThIH OaraapiiaMalibik
eHimMmep Oap. bipak eH coTTi Tocim KemiHIH KYpBUIBIMBI aBTOMATTHI TYpIE
KYpBUIaTBHIHBIH MOWBIHAAY Kepek. Meican peringe BioComp Systems Inc
YKIMETTIK eMeC YWBIMIApBIHBIH HEHPOHIBIK KEJICIH Kenrtipyre OoJajibl
(www. biocompsystems.com).

Bys1 Tocim TeHeTHKajbIK alrOpUTMAEPIl OChI TalChlpMara KOJJaHyJaH
Typansl. JKemiHi OKBITy OapbICHIHIA «KYIIT» HEHPOHAAp >XOHE OJap.IbIH
apachIHIIaFbl OaiyaHpIC (TapaMEeTPIICPIiH ©3repyiHe Ce3IMTall) JKOHE «AIICI3»
Heliponaap (mapamMeTpiiepi TYNKUIIKTI HOTHXKere aWTapiibIKTail ocep eTIecTeH
©3repyl MYMKiH) aHBIKTAIAIbI.

Ochl JepekTepai KOJIaHa OTBIPHIN, Ci3 HEHPOHIAPABIH MOMYJSIUSICHIH
Oackapa amachl3. OJICi3 HEHPOHZAp MEH CHHAIICTAp OJINI KeTyl Kepek, ail
KYPBUIBIMHBIH JIaMybl YIIiH, COHJAi-aK JKaJllbIFa OPTaK <OKOWBUIBIIT KETYIiH»
QJIJIBIH aJTy YUIIH XeJl «MyTalusFay YIIbIpaljbl: 01 Ke3leicoK HeMece Oacka
KOJIMCH KOCBUIAJbI, MBICAJIbI, «KYILIT» HEHPOHIAP/BI, KaHAa HEHPOHIAp MCH
CUHAITHKAIBIK OaiiaHpicTapAbl HbIFaUTy yiriH kockuiaasl [20]. Ocebuiaiimia,
KOIITEreH YPIaKTap apKbUIbl OJNAPIBIH CaHbl OHJaFaH MBIHFA JKETyl MYMKIiH,
KeJi OHTANIIBI KYPhUIBIMFa He 00JIa bl

Ocbiran OailaHbICTBI CYpaK TYBIHIAYbl MYMKIH: €rep KOCBHLIBICTAPIIbIH
TOJIBIK JKUBIHTBIFBIMEH MAaKCHMAIIJIbI OJIILIEM/Il JKeIiHI OKBITY 9[eii a3 yaKbITThI
Ka)KeT eTce, Here JKeNiIiK KYpbUIbIMIbl OHTAWITaHIBIpyFa MYHJAAH YaKbITThI
s)xymcarice3? bynan 6acka, OypbIH OKBITBUIFaH HEUPOHIBIK JKETIHIH OHIMILIIT
alTapbIKTal YJIKEeH NI alThUIbL.
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MyHbiH eki cebebi Oap. BipiHirici, keOiHece OKBITBUIFAH XKelll KeliHHEeH
Oacka miIatpopmana, aTam aifiTKaHga, AamNmaparTelK JCHreiine ixysere
aceIpblIael. EXiHIN ceben — oHTalnaHAbIpy KeOiHece TYNKUIIKTI HOTHKere
ocep eTHEeWTiH apThIK MIaMajapAbl aibll TacTayFa OalIaHBICTEI CHTI3Y
affHBIMaNBUIAPBIHBIH  CAHBIHBIH a3aroblHA okeleni. byn ¢dakT HeHpoHIbIK
JKeJTIepre camnaibl )kaHa KacueT Oepelli: i3 KaH[ai JepeKTep MaHbI3/bl KOHE
KafChICBI MaHBI3Ibl SKeHIIr Typalibl aJlaHJaMaiChl3 — )KATTBIFY Ke31HIe apThIK
Meiep >xoWbuTanbl. CTaTHCTHKaAa yKcac (YHKIHS KaJaMIbIK CBHI3BIKTBIK
perpeccusi, IHUCHEPCUSHBI Taljay »>KoHE (DAKTOPIBIK Tajnay apKbUIbI
OPBIHIATAIbI.

Macenen, 0i3 jgomnap OaraMblH Ooipkay YIIIH HEHPOHABIK OKENiHi
KOJaHyFa ThIpbIicaMbl3. bactamkbl MomiMmerTep periHae 0i3 OipHemre >KbUT
OoiibIHA OCBI KYPCTBIH MIHE3-KYJIKbIH OpHATa ajaMbl3 (alTHmakIibl, ©TKCH
YaKbITTa ONapJblH MiHE3-KYJIKbIHA HETi3[eNreH KYHABUIBIKTapAbl OOJKayIbIH
OYJ1 ofmici «TeXHUKAIBIK Talfay» AETl aTajabl), SKOHOMUKAJIBIK HHINKATOpIap
meHn wuHzaekcrep (Dow Jones, NASDAQ, tyreiHy Oaramapbl), coHpai-ak
MeTeobaKplIay AepeKTepiHe JeiiH Ke3 KeJreH 0acka Jla MoHJEepAl KOs ajJaMbl3.
Erep ocel MomimerTep/iH OapibIFRIHAH JKAKCHl OOJKaMIIBI HEWPOHIBIK Kemi
alNblHCA, OHBl KOJIJAaHy ©Te MIaplartaThlH Oojajbl JKOHE Kelae KbMOaTka
tyceni. CoHBIMEH KaTap, MaHBI3IBI MapaMeTpiiepi aHBIKTay KYHABI HOTIKE
Oompim TabbuTanEL. Erep mommap OarambrHa aya TeMIepaTypachl ocep €Tce, OCHI
(eHOMeHHIH TaOuraThlH 3epTreyre Oonanpl. MeH MyHIail OaliaHbBICTHI aya
TEeMIepaTypacsl MEH NOJuTap OaFaMBIHBIH TPadUKTEPiH CaIBICTHIPA OTHIPHIIL,
Tabyra Oomamel. Aunaiiia, TiKeNeH CaNbICTBIPy, HETI3IHEH, CBI3BIKTHIK
TOYENIUIIKTI aHBIKTAyFa MYMKIHJIK Oepeili, COHBIMEH Karap MYHJa )KYMbICKa
a/1aM UHTEIUICKT] KOChLIAIbI.

4.4. HeiipoHabIK xkesijiepAi KoJIIaHy epeKeiKTepi

NGO cuskTbl OarmgapiiaManap makeTTePiMEH YChIHBUIATBIH TOTIOJIOTHS MCH
HEHpOXKENICIHIH napamMeTpiepiH TaHAayJbl TOJNBIK aBTOMATTAHIbIPY HEHPOH
KEJICIHIH KOMETIMEeH MOJelbey IPOLEeCiH MyijeM OackapMmayra OOJaThIH
eNeciH jkacail amajnpl. AJaiifia, HEHPOHIBIK JKENiJep/i, COHbIMEH Karap
CTaTHCTUKAJNBIK TalAay oHICTepiH KONJaHy — OYI KypainblH >KYMBIC
NPUHOMNTEPIH  TYCIHYII  KaXeT  eTeTiH  IIbFapMallbUIBIK  POILEcC.
Heitpoxenini aypbic KYpacThIpMay/blH JKOHE OKBITYABIH CaJiapbl HETi3iHEH
KaJbuIay HeMece KaiTa OKbITy Ooibin Tabbutaast [20].

JKannwinay nereHiMi3 >KenmiHIH IIaMaiaH ThIC JKEHIUIAEYl Ner aTajiajbl,
OHJIA IIAFBIH TOYCIAUTIKTEp maina OomMmaiinel. Meicanbl, aya-pailbiH OOJDKayFa
apHaJIFaH JKEJIiHI KOPBITBIHIBLIAY OHBIH Oenrimi Oip MaycblMza opraria
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TeMIlepaTypaHbl ajlyFa okenemi. byn mpobieManarsl sKanmbulayAblH TOTEHIIE
JIOpeKeci — opTamia JKbULABIK TeMIepaTrypa. OpHHE, MyHnail OoJKaMHBIH
naiacel amManibl.

Kaiima okpimy nereHiMmi3 Tarbel Oip TOTEHIIE Xargail, Oyl HEHPOHIIBIK
JKeJll KaXeTCi3 KypJelli KYpbUIbIMFA Me JKOHE HOTHIKENIEpiH OKy NpOLECiHIe
MYKHAT perTeiai. HorikeciHne, TpeHUHIKe KATBICHAWTBIH MOIIIMETTED
OOHBIHINIA, JKEIi €H Halap HOTIKeNepAi kepcerenmi. Katima oKbimyosiy
benzici — OYJI JKATTHIFY KE3CHIHJAET] )KOHE TECTiNIey CaThICBIHAAFBI KATEIIKTEep
apachlH/AFbl alTapJbIKTal aWbpMallbUIbIK. JKENUIiK TOMOJNOTHSIHBI TeHe-
THKAJIBIK TYPJICHIIPYMEH YINTACTBIpA OTHIPBIN, THIM Y3aK OKYIBIH TaFbl Oip
Kayilli — TecTUley HOTHKeNepiHiH To3ybl. Erep Oip oKy mpolenypaceinaa
TECTIIey MONIMETTepi OKYy MpOIECiHe KATBHICTIAWTHIH 0oJica, OHAA JKEINIJIK
MOJU(DUKANUAMEH TECT MOJIIMETTEpl COTCI3 TOMOJOTHSIIAPILI KaObuIIamMay
YILIH naiianaHbuIapl )XOHE COJ apPKbUTBI COHFBI XKEJIre acep eTe/i.

HefipoHnpIk  skeminmepmie — eneyii O KeTICIEeYIIITi-dKCTPanosaIusaFa
KaOinercizniri. backama alTkaHna, Kipic aliHBIMaJIBI MOHJEpiHIH Oenrini Oip
JMAaa30HbIHAA OKBITBUIFAaH HEHPOHIBIK KEMi OChl ayKbIMHAH TBIC XXepae
Oomkait anMaiinel. Ic xy3iHme, Oy, ofeTTe, MIBIFBIC alHBIMANBI 4.8-cyperTe
KOpCETUIreH e, 3epTrey alMarblHaH THIC JKEeplIe ©3repMEeHTIHIIriMeH
kepireni. Erep xem -0.5 <X <0.5 nuama3oHBIHAA OKBITHUICA, OHAA OCHI
JUalla30HHaH THIC INBIFY (QYHKOMACBIHBIH Tpaduri oIeTTe KeJJeHEeH
OpHaacaspl.

LOf _Dakr

bomxam
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4.8-cypem. OKy canacvinan molc HetUpOHObIK JHCENIHIK apeKemi

HeiipoHabIK ke Ke3 KeNreH, TIlTI €H KypAeni, Kipic aifHbIMaibuiapblH
LIBIFapyFa KaMKOPJIBIK KacalTHIHIBIFBIHA KapaMacTaH, NepeKTepAl aJlAbIH-aja
OHJICYy MarblHAChI3 OonMaiapl. MacenleH, KOp HapbIFbIHIA OOJDKaMIlasFaH
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Karjaiia, Garamay/bplH a0COJIOTTIK MOHJEPIHEH CaJbICThIpMalibl MOHJIEpTe,
siFHA Oip OaxpLIayaH eKiHIIICiHEe ecy OpBIHABI O0JTybl MyMKiH. By skarnaiina
HEWpOH/IBIK JKelli YUIH KaHAal JeHreiyiepAeri aybITKy/napibl KaTThIFylap
YIIH KOJIJaHy MaHBI3IBI eMec, erep 013 Tek 0ara YCHIHBICTAPHIHBIH OaFBITHIH
ourrimi3 kenmce (okorapsl Hemece TeMeH) [19]. AOGcomrorti marsiHama 1000
Hemece 5000 MoHzepiHIH alHalachIHIAFbl Oara OenrineynepiHiH aybITKYbI
OofipraIa OKBITEUIFAH kel 3000-Fa sxakbiH Jkepae Ooinkay YIINIH MYyIJIeM
MaiaachI3.

4.5. Tany ecenTepinaeri HeHPOHABIK KeJiijiep

Ynei, coinoin — Oenrinmi Oip kputepuil OOWBIHIIA OOBEKTUICPIIH Oenrimi
0ip TOOBIH OIpIKTIpEeTiH KIACCH(PUKALUS HKYHECIHIErT TONTACThIPY. OIEMII
OeiiHenmi KaObLIay — Tipli MUABIH KacHeTTepiHiH Oipi, oi KaObLIIaHATHIH
AKIMapaTThIH IMIEKCI3 aFbIMBIH TYCIHYT€ JKOHE CBIPTKBI 9JieM Typajibl op Typii
ManmiMeTTepre Oarmap ycrayra MyYMKIiHIIK Oepeni. ChIpTKBI anmemi KaObLinai
OTBIPBIN, 013 opHaiibIM akKmapaTThl KIKTEHMI3, SFHM OJapAbl yKcac, Oipak
Oipmeit  emec  KyObulbiCTap TomTapbiHAa Oenemi3.  Mbicanbl, — eneyi
alibIpMaIIbUIbIKKa KapamacTaH, Oip TOHKa op TYpJi jka30anapMeH j>Ka3bUIFaH
"A" opinTepi HemMece Ke3 KEeJNreH OKTaBa/la JKoHE Ke3 KeJreH acrariTa aJbIHFaH
Oip HoTara colikec KeneTiH OapibIK ABIOBICTAap Karaxbl.  KaObuigay ToOBI
Typaibl YFBIMIBI KYypy YLIIH OHBIH OKUIICPiHIH a3laraH CaHbIMCH TaHBICY
KETKUTIKTI. Munslq Oyl KacueTi cypeT CHSKTBl YFBIMIBI KaJlbIITACTBIPYFa
MYMKIH/IK Oepei.

Beitnenep 6ip KUBIHHAH KENT'eH KYOBUTBICTAP/IBIH COHFBI CAHBIMCH TAHBICY
OHBIH OKIUIJCPIHIH Ke3 KeJITCH KOIl CaHblH TaHyFa MYMKIHIIK Oepeni. belinenep
opTypii Gakpulay MaTepHalbIHIA OKWTBHIH 9p TYpIi agaMiap keOiHece Oipaei
xoHE Oip-OipiHe Toyeinci3 Oip 0O0BEKTiAepAl KIKTEiAl JereH MarblHajga ToH
OOBEKTHBTI KacuerTtepre ue. beitHenmepmiH oM OCHl OOBEKTHBTLIIT OYKiT
anemzeri aamyapra Oip-OipiH TyCiHyre MyMKIiHJIIK Oepeti.

JKannel GeiiHenepi TaHy npo0ieMachl eKi OOJIKTEH TYpaJibl: OKBITY JKOHE
TaHy. OKBITY KCKEJIETCH 0OBEKTLICPl KOPCETY apKbUIbI, OJIApJIbIH KaHIAl n1a
Oip OeiiHere KaTBICTBUIBIFBI KOPCETINIE OTBHIPBHIN XKYy3ere acelpburanpl. OKBITY
HOTIDKECIHAE TaHy »XyHeci Oip OeliHeHiH OapiblK oOBexTinepiHe Oipaeit
peakuusUIapMeH JkoHe 0acka peaklMsIapMeH — epeKIIeNieHeTiH OeitHerepain
Oapiblk 00BEKTiNIepiHe Oipel peakuMsuIapMeH OpEeKeT eTy KaOuleTiH aiysl
tiic. OKBITYy TpoIeci HBICAHNAPABIH COHFBI CAHBIH KOPCETY apKbUIbl FaHa
askranysl kepek. OKBITY 00BEKTiCi peTiHae cypertep (4.9-cyper) Hemece Oacka
Jla KepHeKi Oelinenep (opinrep, cannap) 60Iysl MyMKiH.
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4.9-cypem. Oxbimy obvexminepiniy yazici

Oky OapbIChIH/Ia OOBEKTLUIEP/IIH 031 )KOHE OJIap/AblH OeHHere KaThICThUIBIFbI
raHa kepcerijeni. OKpITymaH OypblH OKBITBUIFAH JKYWEHIH OpEKeTiH
CHUIaTTaUTBIH JkKaHa OOBEKTIJIepAl TaHy Mpoleci KaxkeT. bys npouexypanapast
aBTOMATTaHJBIPY — 00pa3Aap/bl TaHyAbl OKBITY MPOOJIEMAChIH Kypaiabl. Axam
e31 Iemice HeMece OWIAIl Tarca, COAaH KeHiH MallmHaMeH JKIKTey epeKeciH
€HTi3ce, TaHy Moceleci IImiHapa IIeNIiie[i, OHTKeHI aaaM MOCeNIeHIH
(>KaTTBHIFYIbIH) HETI3r1 KOHE HEeri3ri OeiriH 63 MOWHBIHA anajpbl.

OObekrinepaiy 0OacTanmKbl CHITATTAMACHIH TaHAAy OcitHenmepai TaHy
MpoOJIEMachIHBIH OPTAJBIK MIHACTTEPiHiH Oipi OoJyibim TaObuTaIBI. Bactamkbl
cUMaTTaMaHbl (aTpuOyTTap KEHICTIriH) COTTI TaHAaraH Ke3jie, TaHy Maceseci
TPUBHANIb OOJBIN IIBIFYBl MYMKiH, al KepiciHIle, AYpbIC TaHIaJIMaraH
Oacrankpl cHIIaTTaMa aknapaTThl OJaH dpi OHACYIiH KHUBbIHFAa TYCyiHe Hemece
MYJIIe TIeTTiMHIH 00JIMaybIHa OKeIyi MyMKiH.

4.6. HeiiponasIK :xeJisiepai sxodasay,
OKBITY k9He Oeifimaey

Oxbimy - OYJI IPOIIECC, HOTMKECIHIE KYHe OIpTIHACT CBIPTKBI dCEpICPIiH
Oenriii Oip KMBIHTHIFBIHA KKETTI peakIsuIapMeH jkayar Oepy kKabineTiHe ue
Oomanmpl, am 6Oeuimdeny HETEHIMI3 — OYJI CBIPTKBI KargaliapiblH Y3diKCi3
e3repyl JkarjaibiHIa OacKapyZblH Tajlal €TUIETIH camachlHa KOJ JKETKi3y
MaKcaThIHIa JKYHEHIH IapaMerpiepi MeH KYpbUIBIMBIH TY3€Ty. 2-CyperTe
KepceTiireH 0apiblK CypeTTep OKy TanchlpMachlH —cumartaigsl.  Ockhl
MIH/CTTEpIIH OpKaChICBIHIA JAypbhIC MICUIUITeH ecenTepiiH OipHemle
MbICAJIIApbl KeNTipiareH (KarThirynap Tizoeri). Erep cyperrepaiH cumaTbhiHa

72



Jla, OJNapIblH KeCKiHJepiHe jae Toyesui OonMalThiH, Oipak onapibiH OeniHy
KaOLIeTTLIITIH FaHA aHBIKTAUTHIH Oenriai Oip omOebam KacueTTi OalKaii acak,
OHJla YWpEHyIIH oJeTTeri MiHICTIMEH Karap op OOBEKTIHIH JKaTTBIFY
KyieciHeH Oenrini Oip KeCKiHre >KaTaTBIHABIFBI TYpalibl aKMapaTThl KOJIaHa
OTBIPBIT, Tarbl Oip JKIKTEY MACENIECiH — MYFaliMCi3 OKy MIHIETIH TYFBI3YHI
MYMKIiH.

MyHpgaii TypAeri TancelpMaHBI CHIIATTaMalbIK JCHTeine Kemeci Typne
TYXKBIPBIMIIAYFa O0Nabl: JKyliene 0ip Me3riiae Hemece AOUEKTI TypAe olapAblH
KECKIH/Iepre THECUTrl Typajbl KaHAald na Oip HYCKaylapchl3 OOBEKTiIep
ycbiHbuIaapl. JKyieHiH Kipic KYpbUIFBICHI KONTEreH OOBeKTUIepAl OelHenen i
JKOHE OFaH alblH ajla cajblHFaH OeliHenepai Oerny KacueTiH maiinanaHa
OTHIPHIIN, OCHI OOBEKTUIEPIIH HepOec XKIKTemyiH Xyprizemi. MyHmail e3iHesi
OKBITY TIPOLIECIHEH KeiliH KYyie TeK TaHbIC OOBEeKTUIepAl (OKBITY >KyHemtiri
O6ap oObBeKTiiep/i) FaHa eMeC, COHbIMEH Karap OypblH KOWbUIMaraH
oObeKkTizepai TaHy KabineriH amysl Tmic. JKyHeHi e3IiriHeH OKbII YHpeHy
IIPOIIEC] JIeTl — HOTHXKECIHIe OyIT JKyHe MyFalliMJli ecKkepTiecTeH Oiplei KecKin
HBICAHIAPBIHBIH KEeCKiHIepiHEe OipIei peakIisHbI XKoHE op TYPIi KeCKiHIepIiH
KECKIHIepIHE OpTYPJIi peakiusIapibl JaMbITy MYMKIHJITIH aJaThblH MPOIECCTI
aiitaner [21].

Byn sxarmaiima myranmiMHIH peii OapibIk oOpasmapra Oipael OoyaThIH
JKOHE KOITereH HbICAaHAAp.bl CypeTTepre 0eily KaOUIeTiH aHBIKTAHTHIH KeHOip
00BEKTUBTI MEHIIIKTEP JKYHECiH maKkbIpyna fana 0omaapl. MyHmalh oObEeKTHBTI
cunmar — Oy KeCKIHIEpIiH BIKIIAMIBUIBIFBL. TaHJAIFaH KEHICTIKTeri
HYKTEJep/IiH CaJbICThIPMAbl MO3UIMACH! Ka3ipAiH ©3iHAe HYKTelep KUBIHBIH
Kajaid Oexyre OOJATBIHABIFBI Typalibl aKMaparThl KaMTHIbL. byn akmapar
KecKiHai Oeiry >KyHleciH e3[iriHeH YHpeHyre »XeTKUTKTI OomaThlH KEeCKiHHIH
OemiHy KacHeTIH aHBIKTAUIbL.

CypeTTi MaliMHara eHridy YIIiH OHbI MalldHA TUTIHE ay/lapy Kepek, sFHu
KOJATay KepeK, MallMHAMEH >JKYMbIC icTeil anaTthlH TaHOanap/blH Keioip
KOMOMHAIMSCHI TYPiHAE YChIHY Kepek. KasblK (urypanapzpl Koaray apTypii
XKOJIMEH 3Ky3ere acelpsutafpl.  Cypertepai "taburu" KonaTayFa YMTBUIFaH
’kakcel. bi3 cyperrepai keibip epicTe TIriHEH jKoHE KOJACHEH TY3yJIepMeH
Oipaelt anemenTTepre — kBajpaTka Oenemis. KeckiH Tycin KeTKEH 3JeMeHTTep
TOJIBIFBIMEH ~ KapaHFBUIaHAIbl, KauraHmapsl ak Ooxbim  Kajmajel. Kapa
aJIEMEHTTepAl Oipilik, aK 3JCMEHTTEpIi Hea aen Oenriieyre kemicedik. bi3
OpICTiH OapibIK SJIEMEHTTepiHEe MOHEKTI HOMIpJEYAl €Hri3eMi3, MbICalbl, dp
JKOJIZIA COJIJaH OHFA JKOHE )KOFaphIIaH TOMEH Kapail chI3bIKTap OoiibiMeH. Onan
KeWiH ochlHIall epicte cajbiHFaH opOip ¢urypa epicre 3JIeMEHTTEp
OOJIFaHIBIKTaH, KONTereH caHaapAaH (HeJAepeH) TypaThlH KOANEeH Oip MoHI
KepceTiei.
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4.10-cypem. [Ipoexyusnay sicane cypemmi KoOmay mvlcanioapbl

Mynpaii koaray (4.10-cyper) "raburn" nen caHanajibl, OWTKeHI OCHHEHi
asieMeHTTepre 0eiry 0i3/iH Kepy anmapaThHBIH )KYMBICHIHBIH HETi31H/Ie KaThIp.
Topnbl KabaTTeIH ce3iMTall AIEMEHTTEpl O3iHIH JKYHKE TaJIIBIKTapbl apKbUIbI
MHUFa CUTHAJIapAbl Oepeli, OoJapAblH KapKbIHABUIBIFBI OCBI DJIEMEHTTIH
JKapbIKTaHybIHA OaimaHeicTel  Oomazpl. OchDmaifma, KO3MiH ONTHKAIBIK
XKyHeciMeH Topra jo0ajlaHFaH CypeT TasKIIalapMeH jKOHE KOJIOOYKallapMeH
JKEKellereH ydackelnepre OeliHell jKoHe dJIeMEeHTTep OOoWbIHIIA Keitbip komxra
MuFra Oepisiesti. OpiCTiH XKeKeJleTeH IEMEHTTEPl PeenTopIap JIel aTajlajibl, al
OPICTIH 631 — perenTopIapabIH epici.

Penenropnapaein  epicinge  OeifHenmeyre 0OmaThIH — OapibIK  JKa3bIK
(burypanap/bIH KUBIHTBIFBI KOII. BYJI )KUBIHTBIKTHIH opOip HaKThI GUrypa ochl
JKUBIHHBIH HbICaHbl 0ap. Onap/blH Ke3 KeJIreH OChIHIai oObekTinepi Oenrimi
0ip xonka colikec kemeni. CoHpmali-ak, Ke3 KeJIreH KOAKa PerenTopiapiblH
epicinge Oenrinmi Oip cyper colikec keneai. Konarap MeH cyperTepaiH
apacelHIAFrel Oip-OipiHe coliKec Kelny CYpeTTi OpKamlaH OHBIH KOIBIMEH
LIbIFapyFa OONATHIHIBIFBIH €CKepPEe OTBIPBIN, KOATAPMEH FaHa JKYMBIC iCTEyre
MYMKIHJIK Oepei.

JKHIXK  coiibimovinviesr — tany ymin JKHXX xipictepinne TanHy ymiH
OepinreH cypertep caHbl. bipHele Kipic cypeTrTepiH 0y YIiH, MbICaJIbl, €Ki
CBIHBINITa Oip FaHAa IIBIFBIC JKETKUTKTI. COHBIMEH KaTap, op JOTHKAIBIK
neHrer — «1» sxoHe «0» sxexe chIHbINTHI Oingipeni [20]. Exi mbiFbic Ke3iHze ci3
4 CBIHBINTHI XoHE T.0. KoaTal anack3. JKiKTeyaiH CeHIMIUIrIH apTThIPy YILIIH
Op CBHIHBINTHI MIBIFBIC KabaThIHIa Oip HEHPOHMEH HeMece OJIaH Ja YKAaKChIPaK
OipHeIle OKIIayJjay apKbUIbl apTHIKTBIKTBI CHTI3ICH JKOH, OJIAP/IbIH OPKAWCHICHI
KCCKIHHIH ©3i1HIH CEHIMAUTIK TOPEKECIMEH KIIACKA KATATHIHIBIFBIH AHBIKTAyFa
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yHpeTiareH, Mpicajbl: XOFapbl, opTa xoHe TeMeH. Mynpaait JKHXK Oip-Oipine
KIpeTiH KecKiHAepAi aHbIK emec (OYJIBIHFBIp HEMece KHBUIBICATHIH)
JKUBIHTBIKTApFa KIKTeyre MyMKIHJIIK Oepe/i.

XKacannpr meriporasik skemiHi (KHYK) OKBITYyIBIH KaHa KIIachIHA Kejeci
Ke3eHIep Kipei:

1. MoceneHiH TYXbIpbIMAAMachl JKacajbll, MOHIK aiMakThl cHUIar-
TANTBIH HETI3T1 ITapaMeTpIiep KUBIHTHIFBI OOTiHe .

2. Ocbl KiacThl IICNIy YIOIH €H KOJaWabl HEHPOHIBIK JKENiHIH
napajurMachl TaHAada bl (Kipic JepeKTepiHiH TYPiH, HIEKTI (GYHKIUSIHBI, Kei
KYPBUIBIMBIH JKOHE OKBITY AIITOPUTMCPIH KAMTUTBIH MOJIENb). OeTTe, Ka3ipri
HEHpOMaKeTTep, HEHpPOIUIATTap JKOHE HEHPOKOMIIbIOTEpIIep Oip emec, OipHeme
HETi3r1 mapagurMaiapabl )Ky3ere acklpyra MyMKIHAIK Oeperti.

3. Benrimi meify MoHAEpIMEH KaybIMAACKaH KipiC JEpeKTep KUBIHTBHIFBI
TYpiHAE€ YHWBIMAACTBIPBUIFAH OKBITY MBICANJAPBIHBIH ~KEH KUBIHTBIFBI
nmaiteraganaael. OKy VIDNH Kipic MOHZIEpI TONBIK eMec JKOHE ilIiHapa Kapama-
KalIIbl O0TyBl MYMKIiH.

4. Kezek OoibiHma kipic nepexrepi JKHXK kepcerineni, an anbiHfan
HIBIFBIC MOHI 3TaJIOHMEH CalbICThIpbLIaabl. COJaH KeWiH KeTiHiH HAKTHI )KOHE
KaJlaFaH UIBIFYBIHBIH apachlHJarbl KaTeliep[i as3aiiTy YUIH HeHpOHapaibIK
KOCBUIBICTAP/IBIH caiMakK KO3 PUIMEHTTePIH KallTa Kypy *Kyprisiiesi.

5. Oky Kipic MoHJEpiHIH OapIiblK KHUBIHTBIFBIHIAFEl KaTeNiKk pykcar
eTireH jaeHreire xerkeHre aerin Hemece JKHIXK Typakrtel kyiire kenreHiie
Kaitamananel. HeWpoHIBIK KYHEHI OKBITYIOBIH  KapacTBIPBUIFAH  QIici
«KaTeJKTepi Kepi KahTapy» (error backpropagation) menm aTamansl sKoHE
HEBpPOMAaTeMaTHKaHbBIH KJIACCUKAIIBIK aJITOPUTMIEPIHIH KaTapbIHA JKaTalbl.

Pacramran xone maitpiamanrad JXHJK-HI HaKTBI €HTI3UITEH IepeKTepne
KoJjlaHyFa Oosianbl, Oyl TalJanaHylmIbIHBl JYpbIC MLICIIM KaObuIgayFa
UTepMeJIeTl KaHa KONMaMIbl, COHBIMEH KaTap OHBIH CEHIMAUIIK JOpPEeKeciH 1e
Oaramaifipl.

4.7. AKyCTHKAJBIK CUTHAJIAPAbI TAHY YUIiH
HeHPOHBIK KeJTiHi Kypy

Kacanmpl HEWPOHABIK IKEIUIEPAIH SpTYpii KOH(HUTypaunusIapbIHbIH
apachlHIa, OKBITY TPHUHIMII OOMBIHIIA >KIKTENyi, KaTaH TUIMEH aWlTCak,
MYFalliIMMEH OKyFa COHMKec KelMeyl HeMmece MYFalliMCi3 OKYbl MYMKIH emec
amampaap O6ap. MyHpaii skeninep/e CHHAICTap/bIH CalIMaFrbl JKeJll KYMBIC icTer
OacraraHfa JIeiiH Oip peT ecenTeleii *oHe OapibIK eCenTey KaTThIFyIapbl OChI
ecenrreyre keneni. bip >kaFplHaH, alpHOpH aKMapaThlH YCHIHYABI MYFalliMHIH
KOMET1 PeTiHAe KapacThIpyFa 00Na Ibl, CKiHIII XaFbIHAH — OHBIH KipyiHEe HaKTHI
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JIEpEKTep KeJill TYCKEHIIE ©31HIH MiHEe3-KYJIKbIH ©3repTe ajJMai/ibl, COHJbIKTaH
«aneMMeH» (MyFalmiMMeH) Kepi OailmaHeic OYBIHBI Typanbl aWTyra Typa
kenMeiini. MyHnait norukacel 6ap sxenigepaeH Xonduin xKewici kKoHe o/ieTTe
ACCOIMATHBTI XAATH YUBIMAACTHIPY YIIIH KOJNJAHBUIATEIH XAMMHHT SKEJici
Oenrimi.

Xondung kemicinigy Onok-cxemacel 4.11-cyperte kepcerinred. On
HeHpoHAapAbH Oip KaOaThIHAH TYPAaIbl, OJAapABIH CaHBl Oip yaKbITTa KENiHIH
Kipic ’KoHE IIBIFBIC CaHbl. Op HEHpOH OapiblK Oacka HEHpOHIApFa CHHAIC
apKbUIbI KOCHUIAJIbI, COHBIMEH KaTap CUTHall KipeTiH Oip Kipic cuHArchl 0ap.
HIbIFbIC cUTHATIIAPBI, 9ACTTE, AKCOHAAp 1A Maiaa 0oasl.
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- R ‘
X, n o Y,
Bxon Nt IIbiry

4.11-cypem. Xonghuno sceniciniy KypoiiblMOblK CXeMACHL

By sxerni kKaybIMIACKaH KaJbl PETIHIC LICHICTIH Macelle, SAeTTe, KeJeci
TYpAe KajbllTacambl. YJTi JCN caHajJaThlH EKUTIK CUTHAJIAPIBIH KeHOip
JKUBIHTBIFBI Oenrini (OeitHenep, ApIObIC UdpIapbl, KaHaai 1a 0ip oObeKTiIepA
HeMece MPOLECTeP/IiH CUITATTaMallapblH CUIIATTAWTBIH e3re e aepektep). XKemi
OHBIH KipiciHe OepiireH epkiH OeliHell emMec CHTHaJjiaH THICTI yiriHi (erep
MyHzait 6oica) Oene (immiHapa akmapaT OoifprHIIA"ecke Tycipy') Hemece Kipic
JIepekTepi  yarutepmin — Oipne-OipiHe — cokec — KeIMEHTIHIITT — Typajibl
«KOPBITBIHABI Oepe» amybl Tuic. JKanmel xarnaiga Kes-KeNreH CUTHaIabl X
BEeKTOpbIMEH cumarrayra Oomamer: X = {xi: i=0..n-1}, n — Oyn xeminmeri
HEHPOHAAP/IBIH CaHbI XKOHE KipiC )KOHE IIBIFBIC BEKTOPJIAPBIHBIH OJIIIeMi. Op X;
anemeHTi +1 Hemece -1 Gomamer. K yniricin cHIMaTTaiTEIH BEKTOPIBI Xy apKBUIBL,
aJ OHBIH KOMIIOHCHTTEpI THIiCiHIIE-Xjy, k=0..m-1 Oenrineimi3, m — yiriiep

76



canbl. JKenmi yChIHFaH JiepeKTep Heri3iHiue KaHmail na Oip yoiriHi TanraHjaa
(memece "ecke TycipreH/e"), OHBIH IIBIFBICTAPBIHIA QT CONai OONaabl, SFHU Y
= Xk, MyH/a y- KeJiHIH LIBIFBIC MOHAEPiHIH BeKTopwl: y = { yi: i=0,...n-1}.
OMTnece, MWEBIFBIC BEKTOPEI Oip 1e Oip ynriMeH coifkec KeaMen .

JKeni oran GepisireH MasiMeTTEpre HETi3/IeNreH Ke3-KelTreH YITiHI TaHblca
(HeMece «ecTe caKTaWabl»), OHBIH IIBIFBICBIHIA OHBI Kypaiabl, sran Y = Xk,
MYHJAFbl Y - XKCNiHIH IIBIFBIC MOHAEPiHIH BekTopel: Y = {yi: i = 0,. ..n-1}.
OHTIece, IMIBIFY BEKTOPHI Ke3-KEJreH YIIrire colkec KeIMen .

Erep, MbIcanbl, curHanaap keiibip OeliHenepai Oinaipce, oHAa rpa@uKabIK
TYpZ€ JKENiHIH IIBIFYbIHAH JEPEeKTepAl KepceTe OTHIPHIN, YITUIK (TaObIcKa
JKETKEH JKaraija) OipiHe HeMece XKeJiHIH "epKiH UMIIPOBU3aIUsIChIHA" (COTCI3
OoJFaH JKaFmaiiaa) TONBIK COMKEC KEeNIeTiH CypeTTi Kepyre Oomasl.

TopanTsl MHUIMANNAY CATHICHIHA CHHAIICTAP/ABIH CAJIMAaKTHIK KO3 H-
UeHTTepl ObLtaiiina Oenrineneni [S]:

m-1
k k . .
DRSNS
k=0

wij =

4.1
0, i=j

MyHzaa 1 JKoHEe j — COWKeCiHIe MPECHHANTHKAJIBIK JXOHE MOCTCHHAI-
THKaJIbIK HEHPOHJAp/bIH KOPCETKIIITEP]; Xik, Xjk — K-I1Ii YJIri BEKTOPBIHBIH, i-111i
YKOHE j-1II1 DIIEMEHTTEPI.

JKeniniH XKYMBIC iCTEY aNTOPUTMI KeJeciielt (p — uTeparus HoMipi):

1. Benrici3 curHanm xemni KipiciHe keTkizutemi. Ic ky3iHAEe OHBI €HTi3y
AKCOH MOHJEPIH TiKeJIeH OpHATY apKbUIbI XKY3eTre aChIphLIaIbl:

vi(0) = xi, i = 0...n-1 (4.2)

COHJIBIKTAH, AaHBIK CHHXPOHJBI KipiC CHHAIICTApBIHBIH JKEIUTIK JHarpaM-
MachlHZa OCJNTiJiey TeK IIAPTTHI OOJBIN TAObUIAABI. Y;-HIH OH YKaFbIHAFbl
JKaKIIaIaFbl HOJI KEIUTIK IUKIIIE HOJIIK UTSPAIlUIHBI OUTIipe/i.

2. Heliponpapabpiy jkaHa yKaFaaibl ecenTenei

n—1
s;(p+1) =2 w;»:(p),j=0..n-1 (4.3)
i=0
JKOHC aKCOHHBIH XaHa MQHZ[epi

y;(p+D=f[s,(p+D)] (4.4)

MyHnarsl [ — 4.12-cyperTe KepceTUIreH cekipy TYpiHzeri akTuBanus QpyHK-
LUSICHL
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o — F

a) 6)

4.12-cypem. Bencendipy ¢ynxyusnapol

3. Courpl uTepanusi Ke3iHJEC HIBIFBIC aKCOHBI MOHJEPIHIH ©3TepreHiH
TekcepiHi3. Erep wmo Oonca, 2-kajamra aybicy, oiiTnece (erep HOTHKENEp
TypakranraH Ooiica) — coHbl. by karmaiiga MBIFBIC BEKTOPHI - OYJI Kipic
JIepEKTEPIMEH JKaKChl YHIJIECETIH YIITi.

JKorapeina aifTeurraniail, Keiae kel TaHyIbl JKYprize alMaibpl jKoHE
BIFy KE3iHAE KOK OeiHeHi Oepeni. bys skenmi MyMKIHIIKTEpiHIH IIEKTEyIi
npobsieMachiHa OalIaHbICTBI.  XOM(PWIA OKENici YINIH €CTe CaKTalFaH
cyperTtepaiH canbl mamamed 0,15 ¢ n MoHiHeH acnaysl kepek. COHBIMEH KaTap,
Erep A xone b eki OeiiHeci eTe ykcac OoJica, oiap JKemijie KUBLUIBICATHIH
accolMalUsIap/Abl AKbIPYbl MYMKIH, SSFHH A BEKTOPBIHBIH JKENiCiHEe KipyiHe
YCBIHY OHBIH UIBIFYbIHIA B BEKTOPBIHBIH Maiifa OONybIHA KOHE KepiCiHIIe
oKeleIi.

Onberre, Oip KabarTarbl HEHPOHIAPIBIH CHHAINCTAPBIHBIH OapiIbIK
CaIMaKThIK K03 dunmentrepin W MaTpuriaceiHa JIeHiH TeMeHIeTyre 00apl,
oHJla 9p0Oip 31eMeHT Wij jth HelpoHbIHBIH ith cHHANTHKANBIK OaiaHbICHIHBIH
MOHIH aHBIKTAHIbI. Ocplnaiima, ¥YaTTeIK AccamOiesga OOJbII JKaTKaH
MPOIECTI MaTpHIIa TYPiHJIE jka3yFa Ooa b

Y =F (XW) 4.5)
MyHIarel X JkoHe Y — KIpIiC JKOHE IIBIFBIC CHTHAJJIAPBIHBIH BEKTOPIAPHI,
coiikecinme F(V) — V BeKTOpPBIHBIH KOMITOHCHTTEPIHE JJIEMEHTAPJIbI TYpIC
KOJIJAHBUIATHIH aKTHBAIUS (DYHKIIUSCHI.

TeopusiibIK TYpFBIZIAH anFaHia, d9p KabaTTarbl KabaTTap/blH CaHbl MCH
HeWpOHIap/IbIH CaHbl epKiH 00yl MYMKIH, Oipak ic xy3inae on HX onmerre
JKY3€re achIpblIaThiH KOMIBIOTEPIIH HEMece apHailbl MHKPOCXEMaHbIH
pecypctapeiMer mekteneni. HXK HerypsbiM kypaeni 0Ooiica, COFaH CoHMKecC
TarcepManap COFypIIbIM YJIKEH 00abl.
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A=

PP

e

10.

12.

O3iH 63i 0aKblIayFa apHAJIFaH CypaKTap

HeiipoHapIK >xeni TyCiHIriH OepiHi3.

Kerm xabatTer HEHPOHABIK JKeJiep aereHimMi3z He?

HeiliponapIk xeninepai Kypy NpUHINII KaHIan?

HeiipoHabIK >KenliHI anmapaTThlK iCKe achlpy Kaiald jXy3ere achl-
jusnehiNy

He#ipoH KYPBUIBIMBIH CHITATTaHBI3.

JKeke HEHPOHHBIH ecenTey MYMKIHIIKTepl KaH ai?

HefiponnapIk sxeminepi nainanany epeKmenikrepi KaHaai?
TanOanapapl TaHy MiHJETIH/IE HEWPOHIIBIK KEJIiHI KeNTipiHi3.
YKacanmpl HeHPOHABIK KEIiHI OKBITY IPOIIECiH CUIIATTaHBI3.

Kannaii caTeiiap sl KaMTHIBI OKY IPOIIECi )KacaHIbl HEMPOH JKEIIici.
Xornuig xKeniciHiH KYPhUIBIMIIBIK CYJI0aChIH KEITIpiHi3.

Xondui jxenici memeTiH MiHAeT Kalail TYKBIPBIMIaTa bl
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5-rapay. CAPAIITAMAJIBIK )KYHEJIEP

5.1. CapanTaMagbIK *Kyiiejep YFbIMbI

Capanramansik xyite (CXK) — Oy kocibu KpI3METiHIE capamiibl agaMibl
alMacTelpa anaTelH Oarmapiama. KypbUIBIMIBIK capanrtay >xydeci Oimim
0aszacplHaH, LIBIFApY MAaNIMHACBIHAH KOHE MaiinanaHymsl uHTepdeliciHeH
TYpajbL.

Binim 6a3acer [Iposortarsl MarbIiHara ue, SFHU (aKTiJICp MCH epeKeNepacH
typansl. llleirapy mammnace! (inference engine) 6inim 6azaceina (knowledge
base) xyrineai »oHe NaiganaHyIIsl HHTEPENCiH maiijanana OTBIPHIIN, KaXKeT
OonraH >Karzjaiga cypakrap KOs OTBIBII, MaiiJaJaHyIIbIHBIH CypayblH jKayarl
periage esrepremi. MyHmall KypeUTBIM capalnTaMa KYHEciH, OFaH jKaHa OuTiM
KOCY apKbUIbl JIaMbITYyFa MYMKIHJIK Oepeni >koHe Oyl perre OariapiiaMaHbl
KaiiTa a3y Tajam eriimenai. boc capanrama skyieci (OuriM 0a3achl KOK)
Kabwvik (expert system shell) menm atamaner ’xoHE KONTETeH MOH calajaphl YIIIiH
naiijanaHbuTy bl MYMKIH.

Capanray xyieciH Kypy GopManm3anusgaH TYpanbl, SFHH Caparliibl
OimimMiH capamTay oKyieciHiH KaObIFBl YINIH Tajam €TUIeTIH HbICaHFa
aitHanpipy. backama aiftkanaa, OuriM Gepymri OOJBINT TaOBUIATHIH Caparibl-
agaM Tajam erijemi JkoHe Oy Oumimmi OuriM  0Oa3acblHa €HrI3y  YIIiH
TYKBIpbIMIayFa Ka0ineTTi. by gpakt MiHAeTTI menty Kypaisl peTiHjie caparnra-
MaJbIK KYHEeHI TaHAay YIIH aHBIKTAayIllbl 0ok TaObuiaabl. Caparniibi-agam
OimimM GaszachIHBIH (hOpMATHIH Kanail Tajam eTeTiH TypAe 3 OuliMiH yHeMi
JKeTKi3e anMaiapl. MyHmaid sjkarmaiiapia capamiibl MeH OimiM  6a3achl
apacelHIAFrel "aymapMmambl’ OONBIN TaOBUTATHIH OUTIM JKOHIHIETI WHXCHEP
(knowledge engineer) icke KOCBUIAbI.

CIXK >xyMBICBIH KapamnaiibiM MbICallZia KapacThlpaibiK. bi3aiH Oixim 0a3zacel
KaHyapiapIpl OKIKTeyre apHaJChH. bi3 jkaHyapIsl KepHiK JKOHE OHBI
aHBIKTaFBIMBI3 Keleni. bimiM 0a3zacel Tek eki jkaHyap, 3e0pa *oHe Jeomapn
6osceiH. By skaHyapiapzael cumartray epekernepi (HakTel OiliM Oa3achbIHBIH
CHUHTAKCHCIHJIC €MeC, OPBIC TUTIHE epPKiH ayJapraH/a) Kejeciaeh KepiHei:

"EI'EP :xanyap cyTKOpeKTijlep KjJacbhlHa :kaTaTblH Oojica ’KOHE
JKaHyap KbIPTKBIIITAPALIH TypiHe kaTaThiH 0oJica )KOHE xanyapabiy
Kapa aakrapsl 6o;ca, OHJIA xanyap — kadsinan (neonapo)".

"EI'EP :xanyap cYTKOpeKTijep KjJacbhiHa :kaTaTblH 0ojica ’KOHE
sKaHyap IIONTiH TypiHe xkaTaThiH 60Jica ZKOHE xkanyapabIH Kapa jKoHe aK
KOJ/IeHeH JKoJ1aKTapbl 0ap 0osica, OH/IA :xanyap — 3eopa’.

CX runotesanapasl onapablH OiniM 0azacklHia OpHAIACYBl TIPTiOIMEH
TeKkcepydi Oacraiiapl, Oyl kaFmaiiga jeomapAaTaH Oactar. ByJ THIOTe3aHBIH
IIGIHAMBUIBIFBIH ~ aHBIKTay YIIIH capanTama JKyleci ajibIMeH JKaHyap
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CYTKOpEKTUIep KIIaChlHA JKaTaThIHBIH aHbIKTay Kepek. On  yiiiH OiniM
6a3aceIHa epexe Tady Kepek:

"EI'EP yprambiHbIH cyT Oe3gepi 6Gosca, OHJIA :xanyap
CYTKOpPEeKTiJIep KJIacbIHA KaTaabl'.

Enni ManablH CYTKOpeKTUIepre >KaTaThIHBIH aHBIKTAy VINIH CYT Oe3nepi
O0ap Ma aHbIKTay Kepek. Erep OumiM 0a3zacelHia THICTI epexe Ooimaca,
maigama”ymbl OCHl Cypakka e3i kayam Oepyi Ttwic. by xarmaiina capamray
JKyHeci cypak Korobl kepek: "JKaHyapiaapabIH YpramibICBIHBIH CYT Oe3mepi
BAP MA?»

Erep maiimanmanymsl oH >kayan Oepce, oHma '>KaHyap CYTKOpPEKTiIep
KJachlHA JKaTanbl" (akTici OCNTUICHreH AeN caHajgaabl (KapamalbIMIbUIBIK
YIIiH 6i3 epKeKTi Ke3IeCTipreH e )Karaanapl KapacTelpMaitmMbi3). OChIIaH Keiin
JIeONapATHl aHBIKTAY €peKeci KaHyap.IbIH KBIPTKBIII €KeHiH aHbIKTAY bl TaJIaIl
ereni. byn ¢akriHi Tek jkeyre 0Oona OTBHIPBIN, AYPHIC aHBIKTayFa OOJaMbI,
COHIIBIKTaH aJaMIepIIiIiK YFeIMaapaaH OimiM Oa3aceiHa '"erep KaHyapIbIH
THIpHArbl OoJica HEMece >KaHyapJAblH KbUIBIKTaphl OoJica, OHJA >KaHyapIblH
KBIPTKBILITAP/IBIH TYpPiHE kKAaTa/bl"IeTeH epeKe SHI131ITeH.

Byn dakrini ceHimMmi TypHe >KemiHreH Ke3ne Oiryre OONaapl, COHIBIKTaH
amamu cebernrTepre OaiaHBICTBI epexe OuTiM OaszachiHa enriziired: «ECEP
JKaHyapAblH ThIpHakTapsl 0osica, HEMECE :kanyapasin TicTepi 6oJica,
OHJIA sxanyap *KbIPTKBIIITAPABIH TYPJIepiHe JKaTaabD).

[Maiinananymel eImIKaHaad TICTepAl HeMece THIPHAKTapAbl KepMei,
KepiciHIe TYAKTapabl Oaiikansl. JleMek, KaObUTaH THITOTe3ackl KaObuInaHOai bl
xoHe CXK keneci 3e0pa rumnorezacslH Tekcepyre Kipiceni. « CyTKOpeKTiaepainy
¢axTici OypeiHHaH Oenrim, eHAl JaHyapJblH IIeN TYKbIMIAcC TypJepre
JKATAaTHIH]IBIFBIH aHBIKTAy Kepek. Tuicti epexe kenecinei: «EI'EP :kanyapabig
myiizaepi 6onca HEMECE :kanyapablH TysakTapbl 6ojca, OHJIA Oy
JKaHyap II6NTeCiH TypJepiHe KaTaabI».

CX annueiMeH cypak Kosipl: «KanyapnsiH myitizi BAP MA?»

MMadinananymsr Tepic skayam Oepeni, *oHE OCHI epeXeleri karnmaitnap
HEMECE «kpi3MeriHe OaiylaHbICTBI  OOJIFAHIBIKTAH, KeEJCCIIeH Ccypak
TysiHAal s «Kanyapmapasig Tysarbel 6ap gereH PAC TTA?».

[Madinananymsr oy sxayamn Oepeni, nemek, "JKaHyap mern TYKbIMIApbIHBIH
TYpiHe >xaTansl" Qakrici OenriieHreH Jaen caHanajbl. "3eOpa" THUIOTE3aChIH
TEKCepy YIIIH COHFBI IIApTTHl Tekcepy Kaiansl: "KaHyapablH Kapa jKoHE aK
kejneHeH jxomakrapel BAP MA?". Erep sxomakrap Ooisica, oHma "3eOpa”
THIIOTE3achl pacTajajbl, ajl capanTaMa >KYWeCiHIH anjbplHa KOHbUIFaH MiHIET
OpBIHAANB! Aet caHanangsl. 5.1-cyper LPA kommanusicer a3ipneren VISIRULE
OpTachiHAa ICKE acChIPBUIFAH KapamalbIM capamnTay >XYHWeciHiH y3iHmici Oap
(http://lpa.co.uk).
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no W—— is the animal a mammal? ’-D—O yes x‘,

yes J— is the animal a predator? J—-b no J
v

does it have black spots? j—o no r— does it have stripes? _J

5.1-cypem. Epesicenepoi ycolHy mulcabl

CXK xobanaynelH Herisri TanaObl maiiianaHymiblFa jkayan Oepe ajaThlH
CypakTap KOWBLIybl Kepek. backamia aiTkaHja, capantaMmaiblK —Kyie
naiilanaHybHBIH OUTIMIH capaniubiHbIH OuTiMiHe TypiieHaipeni. YKorapsina
KeNTIPUITeH MBbIcalia jKaHyapiapAbl UICHTH(UKALMIIAY COTCI3 Macede CyT
Oe3aepi Typasibl Macesie 0okl TabbLIambl (Scipece, 013 Ke3IeHCOK Ke3IeCKeH
neomapa Typansl oHriMe Oosca). OHBIH OpHBIHA KeNeCl epeXeHi KONTaHy
kepek: "EIEP xanyapabin :xkyHaHpi 6osca, OHJIA :xanyap cyTkopekrijiep
KJIAChIHA KaTaAbI".

Capanrama xyleciHiH 0acka MaHBI3IBI KACHETI — allbIHFAH KOPBITHIHIBI
AKWKATTBIFBIHBIH €H JKaKChl JoJieii OoJIbI TaOBUIATBIH KaHmail na Oip
TYKBIPHIMHBIH KaJail ajJblHFaHBIH TYCiHAIpY Kabineti Oombim Tabemanbsl. Erep
A Konan-JlofnnelH oHTiMENepiH €cKe ajicak, OHjma O0i3mi Joktop Bartcon
cHAKTHl Ke3-KenreH lllepnox XOJIMCTBIH TY)KBIPBIMBI HapagoKCalJibl >KOHE
OJIacTBIPBUTFaH OOJIBI KOpiHe i, Oipak Oy TY>KBIPHIMHBIH KaJal )KacaJlFaHbIH
TYCIH/IpPreHHEeH KeiiiH, 013 OyJI TypaJibl 03iHi3 oiljlaFraH KOKITbI3.

C)X OiniMHIH opTypii canajapblHia, COHBIH IIIIHAE MEAWIMHAIA
(IMarHOCTHKa JKOHE eMJey), TeOJOTHsUIbIK Oapnayna (KeH OpbIHIapbIHBIH
HEPCIEKTUBANIAPBIH  AHBIKTAY), XUMHUsAA (OPTaHMKAIBIK KOCBUIBICTApABIH
KacueTTepiH Ooiwkay) KonnaHbutanpl. COHFBI yaKbITTa capanTaMaliblK JKyHenep
Tayap TaHJayJa caThlll ajylibulapra KeMeK kepcery yuiiH MHrepHeT-caynana
Oencenai Konmanbuianbl. EH TadbiMan Yandex-teri I'VPY capanramanbik
xy#eci (http://market.yandex.ru/guru-categories.xml) eH keH Tayapmap Tiz0eci
OoiibIHIIIA OLTIKTI CATYIIBI-KOHCYJIbTAHTTHI ayBICTBIPAThIH 3aH/IbI TYJIFA.
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5.2. CapanramainsIk kyiiejaepae 0inim Oepy Moaeabaepi
5.2.1. lepexkTep MeH 6iniM TyciHiri

OEM-zmep aiHanbIcaThblH akKmapar HpOLEAYpPalbIK J>KOHE IEeKJIapaTHBTI
Oonbin Gexineni. Ilpomenypaiblk akmapar ecenTepii IIbIFapy MpoleciHae
OpBIHJANIATEIH OaFaapiiaManapia, ACKIapaTUBTI akmapaT OChbl Oarmapliamanap
JKYMBIC iCTEeHTIH MajTiMeTTep e Ooas [23].

Ipoyedypanwix 6inim (I1B) ecenTepal UIbIFapyaa KOJNJAHBUIATHIH iC-
opekeTTep Ti30eriH cumaTTaiifbl (MbICAJbl, KOMIIBIOTEPIK OaFmapiamaiap,
ANTOPUTMJIEP/IiH CHUITATTaMachl, KeHOip OHIMIe KypacThIpy HYCKayJaphl).

[porneaypanbIk OLTiMII AMTOPUTMIIK OUTIMII YCBIHY MOJAETIHIH KOMETiMeH
cumnarTayra 0oJajbl.

Hexnapamusmi 6inim (/[5) - Oyn npoueaypaiblk emec OuTiMHIH 09pi, aTan
ailiTKaH[a: SHIMKIONCANSIAFEl Makananap, (Qusnka, XuUMHUs, 0acka FBUIBIM-
JlapAarbl 3aHIapAbl TYKBIPBIMJIAY JKoHE T.0.

CX oky kesinge JocTypili Typle — OUIIM JereHiMi3 He JKOHE OJIapIibIH
QIeTTeri NepeKTepACH allbIpMalIbUIBIFEl HEIE ISTeH CYPaK TYbIHIANIbL.

Jlepexmep — 00BEKTINEPMAl, TPOIECTEP MEH KYOBUIBICTApIbI, COHJIAM-aK
OJIap/IbIH KACUETTEePIH CUIIATTANTHIH JKEKe QaKTijep.

BijiM 3MIUPHKATBIK KOJIMEH alblHFaH JAepekTepre HerizaenreH. Omap
aJlaMHBIH TMPAKTHKAJIBIK KbI3METIHIH HOTIDKECIHIE aJbIHFAaH TKIpHOECiH
JKUHAKTayFa OarbITTaFaH Oy OpeKEeTIHIH HOTIKECI OO TaObLTa b

binim - Oy1 MaMaHzapra OChl calla/iaFbl MiHIETTEP/ll KOIOFa JKOHE IIEIIyTe
MYMKIH/IK O€peTiH MPaKTUKAIBIK iC-OpEKeT MeH KACiOn TaKIpuOe HOTHKECIHIe
AJIBIHFAH MOH/IK cajlaIaFbl 3aHIbUIBIKTAp (IPUHLUNTED, OailaHbICTap, 3aHaap).

Hepexrepni cakray ywin JIb (onapra yJiKeH KejeM jKOHE akKapaTTbIH
CaNBICTRIPMAJBl TYPAC a3/4aFaH MEHIIIKTI KYHBI TOH), all OUTiMIi caKTay YIIiH —
OimiM Kopwl (IIAaFbIH KeJyieM, Oipak TeK KbhIMOAT aKmapaTThIK MacCHUBTED)
KOJIIAHBLIA bL. hitim Oazacel — Ke3 KeNreH 3UsTKePIiK KYHEeHIH Heri3i.

Binmimzi xeneci kareropusiapra xKikreyre 6onajpl.

bemmix (YCTiHI) — MOHIIK canajarbl )KEKeJIereH OKuranap MeH (akrinep
apachbIH/IaFbl KOPIHETIH ©3apa iC-KUMBLI TypaJibl O1TiM.

Tepeyoi — mOHOIK calaja OTEeTiH NPOLECTePIiH KYPbUIBIMBI MEH
TabnFaTBIH KOPCETETIH aOCTpakiysuiap, aHaJloOTHsIap, cxemanap. byn Oimim
KYOBIIBICTApIbI TYCIHIIpEAl )KoHe 00BEKTIIEPAIH MiHE3-KYJIKbIH OOJDKay YIIiH
naiganaHbUTybl MYMKIH.

Mpeicansbl.

Bertik: KOHBIpay OaThIpMAacChIH 0acy, KOHbIpAY IIanyFa 0oJaibl.

Tepenaik: KOHBIPAYIBIH KOHE CHIMIAP.IBIH NPUHLUIITIK SIEKTP CXEMAaCHL.
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Kazipri CX HerizineH OerTik OimiMMeH >XyMbIc icreiimi. Byn kasipri
yakpITTa OUTIMHIH TepeH KYPBUIBIMBIH aHBIKTAyFa JKOHE OJIADMEH >KYMBIC
icTeyre MyMKiHJIiK OepeTiH om0Oe0ar ajticTeMelep KOKThIFbIHA OaiIaHbICTHI.

Binmim epekmienikrepi.

1. lwxi unmepnpemayusinanysl. OpOip aKMapaTThIH OipTYTac aTaybl 00IyHI
kepek, oHbl CJK Taba anajpl, COHBIMEH Karap arajfaH aray CypaHbICTapra
Kayan Oepemi. XKaara cakTanaTelH MOTIMETTEp aTaylaplaH albIpBUIFaH Ke3le
oJIapJIbl )KYHEMEH COMKEeCTeHIIpYy MYMKIHIITI OomMazbl. barmapiamaHsl sxa3raH
OarapiaMaliblHBIH ~HYCKAybIMEH JKAQITaH IIBIFAPBIN, JEPEKTEpPAl  TEK
OarmapiaMa FaHa IIBIFapa ajajbl. MammHa Ce3iHiH OChI HeMece 0acKa eKiTiK
KOJIBIHBIH apThIHJIA JKaChIPbIHFAH HOpCe JKyiere Oenrici3 0obL.

Erep, wspicansl, DOEM kagpiHa 1-KecTee KepceTUIreH MeKeMe
KBI3METKEpJICPl Typaibl MOJIIMETTEP/I ka3y KaxeT Ooica, onma DEM kaneiHa
IIIKI MHTEpHpPEeTalusIChl3 OChl KECTEHIH J>KOJJapblHa COHKec KeNeTiH TepT
MAaIIMHATBIK CO3[IH KUBIHTBHIFBI €HTi3lureni. byn xarmaiima ochl MaIIWHAIBIK
ce3/iepAe CeKUIiK pa3psaTapAblH KaHJai TONTapbIMEH MaMaHJap Typajibl
MOJIIMETTEp KOJTAJIFaHbl Typalbl akmapar xyhene xok. Omap tek 5.1 kecTeHi
KOJIJaHATBIH MTPOTrpaMMHUCTKe FaHa Oenrini. XKyiie " IlerpoB Typasr He Oirexmi?"
Hemece "MaMaHIap apachlHJa CaHTEXHUK Oap mMa?" CHSKTBI CypaKTapFa xayarl
Oepe amMmaiinbl.

Kecre 5.1
Teri TyraH xbliIbl | MaMaHABIFbI Enoex orixi,
JKbLIIIAP CAHBI
[TomoB 1965 Crecapp 5
Cunopos 1946 Tokapp 20
HBanoB 1925 Toxkaps 30
[TetpoB 1937 CaHTeXHHUK 25

OEM xansiHa OlmiMre KOIIKeH Ke3le axnapammulk Oipaikmepliy Keubip
NPOMOKYpbLIbIMOapbl Typallbl aKapaT eHriziiesi. by Meicanma ot teri, TyraH
KBUIBI, MaMaHJIBIFbl JKOHE €HOCK OTUIl Typasibl akmaparT Kai KaTeropusia
CaKTaJaThIHBIH KOPCETETiH apHaiibl MammHa ce3i. byn karmaiima xyiernik
»a/Ta OONaThIH TeTi, TyFaH bUIbI, MAMaH/IBIFbI )KOHE €HOCK OTUI KOpCeTLIreH
apHaiibl Ce3IiKTep KepceTinyl Kepek. bapiblk ocbl ampubymmap Kecte
JKOJJapblHA COMKeC KeJeTiH MAIlMHAJBIK CO3/ep YIIIH aTayiap pejliH aTrkapa
ananpl. Onap OolibIHIIA KQXKETTI akmaparThl i3neyre Oonansl. KecteHiH opOip
YKOJIBI TIPOTOKYPBUTBIMHBIH JaHackl Oonanel. Kasipri yakeirta IBBXK mepexrep
0a3zachlHa CaKTaJaThblH OAapNbIK aKMapaTThIK OIpIiKTepIiH 1IIKi TYCIHAIPUTYiH
ICKe achIpyibl KAMTaMachI3 €Te/Ii.
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2. KypolibimOvliblK. AKNApaTThIK OJOKTap MKEMJl KYPbUIBIMFa Ue OOJybI
kepek. Onmap YIIiH «MaTpeliKa MPUHIHUI» OPBIHIATYBl KepeK, SFHH KehOip
aKnaparrap/plH ~OacKajapblHa eKIHIIICIHE pPEeKypCHUBTI EHJIpiayl Kepek.
AKMapatThIK OipIikTeH OHBIH KeHOip Kypamaac aKmaparThIK OipiikTepiH Oemimn
kepcetyre Oomnansl. backamra aiTkanna, "6exik — OyTin", "reri — Typi" Hemece
"3JIEMEHT — KJ1acc" THIITI )KEKeJIereH aKIapaTThIK O1pJIiKTep/IiH apackiHaa epKiH
Oenriniey MyMKIiHAITI OOIYBI THIC.

3.batinanvicmolavlK. AKIApaTThIK OIpJIIKTEp apachIHIAFbl aKIapaTThIK
0a3zana opTypJIi TypJeri OailnaHbICTapIbl OPHATY MYMKIH/IT Ke3xenyi Tuic. ER
anapIMeH, Oyn  OaiinmaHeicTap — aKmaparThIK — OIpiikKTep — apachbIHIarbl
KaThlHacTappl cunarrail anajipl. KaTelHacTap/blH CEMaHTUKAChI JIEKJIapaTHBTI
HEMece MPOLEAYPATBIK CUTIATTa OOTYBI MYMKIiH.

Meicaibl, €Ki HeMece OJlaH Ja KeIl aKImaparThIK Oipiiktep "Oip yaksiTTa"
KaThIHACKIMEH, €Ki akmapaTThlK Oipmik — '"ceben — canjapbl” KaThIHACHIMEH
HeMece "KaTtap 0omy" KaThIHACKIMEH OaillaHBICTHI O0yBI MyMKiH. KenTipinrexn
KaTbIHACTap JAEKJIapaTuBTI OutiMai cumartraiiapl. Erep eki akmapaTThiK Oipimik
apacbigzia "apryMeHT — QyHKIUs" KaTbIHACKI OenriieHce, oHaa on oenriii Oip
($yHKIMSIIApIB! €CeNTeYMEH OaiIaHbICThl MPOLEAYPAIbIK OUTIM/II CHITATTai b,
Bynan opi KypbUIBIMIBIK KaTbIHacTapAbl, (YHKIHMOHAJABIK KaTBIHACTApPIbI,
Kay3aJJpl KaTBIHACTAPIbl JKOHE CEMAaHTHUKAIBIK KaThbIHACTap/Abl a)KbIPATATHIH
Oomambiz. bBipiHmiici keMeriMeH —akmaparThIK —OIpIIKTEpAiH HepapXHsChl
Oepineni, ekiHmici Oip akmaparThlk OipiikTepai Oackanapbl apKbUIbl Ta0yra
(ecemrreyre) MyMKIHIIK OEpeTiH MPOLEIYPaNbIK aKmapaTThl KOTepedi, YITiHITIC
ceben — cajumapiblK OaiyaHbicTapAbl Oepeli, TOPTIHILICI OapyblK KajFaH
KaTbIHACTapFa COUKec KemeIl.

AKmapaTTelK OipiikTep apacklHAa e3re je OalaHBICTap OpPHATHLIYHI
MYMKIH, MbICaJIbl, JKaIblJaH aKNapaTThlK OIpJiKTepAl TaHIay TOpTiOiH
AHBIKTaHTBIH HEMEce €Ki aKmapaTThIK Oipiikrep Oip cumarramana Oip-OipiMeH
yinecrieiTiHIH KOpCceTeTiH.

BinimMHIH aTanFaH ym epeknieriri 0iiMm OepyIiH >Kalrbl MOJENIH eHTi3yre
MYMKIHIK Oepe/ii, OHbI aKIapaTThIK OipJikTepi Oap MepapXHsIIBbIK XKelli OOJbII
TaOBUIATBIH CeMAHMUKANbIK Jiceni Nen arayra Oonaabl. bByn Oipmiktep xeke
eciMaepMeH jka0abIKTasFaH. CeMaHTHKAIBIK JKEJHIH JIoFalapbl aKmapaTThIK
OipiikTep apachlHAaFbl OpTypi OaiiiaHeicTapra coiikec Keneai. byn perre
HepapXUsUIblK ~ OaiilaHpicTap  KYPBUIBIMAAYABIH  KATBIHACTAPBIMEH,  all
HepapxusiIbIK eMec OaiiyiaHpicTap - e3re TypZeri KaTbIHACTapMEH aHBbIKTAJIaIbI.

4. Cemanmuxanvix mempuxa. KenrereH aknmaparThlK OJOKTapia KeitOip
KarJaiiapa aknapatThlK OJOKTapIblH CHUTYaLMsUIBIK KaKbIHABIFBIH, SFHH
aKnaparTelK OJIOKTap apachblHJarbl acCOLUMATUBTI OaiJaHBICTBIH CHUIAThIH
CHTIIATTAWTBIH KATBIHACTHI aHBIKTAy Maiimanel. OHBI aKmaparThIK OipiikTepre
KaTBICTBl OaiiJIaHBICTBIPY Jen aTayra Oojagsl. MyHpmali Keskapac KeiOip
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aKnapaTThIK JKaFlaiiiarbl KeWOip >Karmaiinapibpl alblll TacTayFa MYMKIHJIK
Oepeni (MbIcaibl, «cCaThill aly», «KUBUIBICTAFBl KO3FAJIBICTBI 0Oackapy»).
AKIapaTThIK arperarTapMeH >KYMBIC )Kacay Ke3iHJe COWKEeCTiK Kod(pHIMEHTI
OyprrHHaH Oap OimiMal TabyFa MyMKIHAIK Oepeti.

5. Bencenoinik. DEM maiina O0nFaH COTTEH >KOHE OHJA KOJIAHBUIATHIH
aKnaparTelK OIpJiKTepAi JepeKkTep MeH KOMaHjaanapra OeJITeHHeH KeWiH
JepeKTep MaCcCUBTI, all KoMaHaanap OejceHai OONaThIH XKaFgail maiaa OOIbL.
OEM-ne eteriH OapnblK yAepicTep KoMaHJajlapMeH OacramaiaHajbl,al
JepeKTep KakeT OONFaH XKaraiia FaHa ocbl KOMaHaJapMeH IaiianaHblIazbl.
AX ymmia Oy skarmail Konaiimel emec. Anam cusKTel, AXK-ne xanmaii ma Gip
opeKeTTeplli e3eKTeHIipyre xyieae 6ap OimiM biknan ereni. Ocbutaiima, AX-
ne Oarmaprmamaiiapbl OpBIHAAY aKIapaTTHIK 0a3aHBIH aFbIMIAFbl JKak-KyHiHe
Oactama Oomysl Tic. DakTinepIiH HEMece OKUFAIAP/BIH CHIIATTaMallapbIHBIH
HeTi3iHe naiaa 0oy, OaitmaHpICTapasl OpHATY XXYHEHiH OeJNCeHIUTK Ke3iHe
aifHaITybl MYMKIiH.

AKmapaTTeIK OipiikTepAiH aTainraH Oec epekmeniri Jepektep OimiMre
ailHaNaThlH HICKTEpP/l aHBIKTAWAbI, aln aepekrep Oazacwl Oinim b6azacvina (BB)
alHamabl.

BinimaepMeH >KYMBICTBI KaMTaMachl3 €TETIH KYPaJlapblH JKHBIHTHIFbI
oinim bazacwin 6ackapy xcyiecin (BFBK) Kypanpl.

Kazipri yaxpITTa imKi WHTEpHpeTanusiaHy, KYpbUIBIMIAy, OaiilaHbIC-
TBUIBIK TOJIBIK KOJeMJIe ICKe achIpbUIATBIH, CEMAHTUKANBIK IIapa eHTi3UIreH
JKQHE O11iM OeJICEHIIIIIr KaMTaMachl3 eTUIETIH O11iM 0a3achl KOK.

€3 KeNreH INOHJIK cajla ©3 TYCIHIKTEepi MEH OJlap/blH apachIHIarbl
0aliTaHBICTAP/IbIH JKUBIHTBHIFBIMEH, €CENTep/l INEIIyIiH epeKile oliCTepiMeH
cunarranaasl. [[oHai Omy jKoHE OHIAFbl MAceJelepil LISy >KOJIapbl eTe
opTYpIIi.

JexmapamisuiblK  JKOHE TPOIEAypaNbIK  OifliM  apachIHOAFbI  albIpMa-
msuibikTsl "HEHI BUTY" sxore "KAJIAT BIJTY" apachlHaars! aibipMaIIbUIbIK
perinae kepceryre Oomanbl. [Iponemypanblk OLTIM 3HATKEPIiK KBI3METTIH
OaryapiaMara cajiblHFaH IpoOjeManbl OpTaHbl Oiny, sSFHM KaHaad na Oip
MOHJEpJI Kanail KOJNJaHyFa OOJAThIHBIH OUTy aNIFbIIIAPTKA HETI3JeNTeH.
Hexnapatusti 6iniM G6enrini 6ip mornepai 6imy ("HEHI BIJIY") ocel mornepai
OHJeY VINIH KOJJIAHBUIATHIH INpOLeoypalapMeH TepeH OaiaaHbICTaphl KOK
JIETCH AaIFBIIIapTKa Herizfgenred. JlekmapaTuBTi OuTiMal KojdmaHy KesiHzae
aKBUT-OM Ke3-KeJITeH TypJeri (akTuiepai eHACUTIH ombOebam mporemypanap
JKUBIHTBIFbIHA OHE Oenrii Oip OUTIM callaChlH CUMATTAWTBIH KONTETeH HAKTHI
¢axTinepre HeriznenreH Aen caHadagsl. llponemypaiblk OLTIMMEH cablc-
TBIpFaHIa JCKJIApaTHBTI OUTIMHIH 0AaCThl apTHIKIIBUIBIFEI — JIEKIAPaTUBTI OLTIM
Oenrimi Oip OumiM OemiKTEpiH mMaiianaHy TOCUIIH KOpCETYIiH KaKeTi JKOK.
Kapanaiierm mMomimaemenepi OipHeme KoJIMeH KOoJIaHyFa 00JIajpl, )KoHe Oy
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omicTepal anjpiH-ana OekiTy bIHFaiichi3 Oonanel. By cumar nexiapaTHBTI
OLTIMHIH HMKEMJIIIINT MEH SKOHOMMKAJBLIK THIMJIUIIMIH KaMTaMachkl3 €Tenl,
OWTKEHI JIdJ1 coJl (haKTiiepAi op TPl KoJJjaHyFa MyMKIHJIIK Oepei.

JexnapatuBTi 6imimae OuTIM Toyelnci3 HeMece oNci3 Toyenni dakTiaepain
JKUBIHTBIFB PETIHIE KapacThIPbLIaasl, Oy MaJiMIeMenepai xail Kocy Hemece
aNbIll TacTay apKbUIbl OUTIM MEH OKBITYIbl ©3repTyre MyMKIHIIK Oepeni.
IIpouenypansik OimiM yIIiH MoaudUKamus MOceleci onieKaiina Kypmeni,
OUTKEeHI OYJI TY)XBIPBIMJAMAHBIH Kajall KOJIaHBUIFAaHBIH KapacThIpy KaxeT.
Amnaiina, nponenypanap TYpPiHAE YChIHYFa BIHFAMJIBI )KOHE Ta3a JIEKJIApaTUBTI
TYp/€ YCHIHY ©Te KHWBIH HbICaHIapAblH Oap exeniiri Oenrimi. JlekmapaTtusTi
’KOHE TPOIECCYalIblK OUTIMHIH apTHIKIIBUIBIKTAPBIH MaiilalaHyFa YMTBUIBIC
apanac YCBIHYAbl KOJNAAHATHIH (HOpMaTH3MHIH JaMybIHa OKEJi: AeKIapaTHUBTI
Koca OepiireH mpoueaypaiapMeH (MbICAJIbl, KaJpJbIK OKUIIIKTEp HeMmece
TipKenreH pacimaepi Oap okelninep) HeMece JAeKJIapaTHBTI yuiriiepi Oap
MOIYJbIACp TypiHaeri mpomenypanap. OHBIH €H JaMblFaH TypiHae Oy
npo0ieMa 0OBEeKTIre OarbITTaIFaH TOCIIMEH JKY3€Te achIpbLIaIbl.

bimimai kepcerynmiH TepT Herisri Mojeni 0ap: OHIIPICTIK MOJeb,
CeMaHTHUKAIIBIK JKeJli, PpeiiMIiK )KOHE JIOTHKAIBIK MOJIEb.

BiniMai YChIHYIBIH 0HOIpicmix MOOeni — MHTEIUIEKTYaJl bl XKyHenepaeri exH
KEH TapaiFraH 3aTTapabiH O0ipi. Moaens eHIipicTiK Kyhenepre HeTi3nenreH.

Cemanmuxanvix dceni — oy OiniMal 6eliHeneyiH KkepHeKi aaici. MyHnai
MOJIEIIB/IIH Heri3l Ke3-KelreH OiTiMIl o0beKTiiep (YFhIMIAP) KUBIHTHIFbI )KOHE
oNapIblH apachlHAAFbl KaThIHACTAp (KaTBIHACTAp) TYPIHIE YCBIHY HICSACH
OoubIn TaObLIA B

@petimdik MoOenb A€ SKaCaHIBl WHTEIIICKT >KyHenepiHae KeHiHeH
KOJIMaHblIa sl (MbIcasbl, capanTaManslk kyienepae (CXK)). Kaop — Oyn
KYOBUIBICTBIH, OKUFaHbIH, YKaF/Iai/IbIH, IPOLIECTIH HeMece 0ObEKTIHIH MOHIH €H
a3 CHIIaTTay.

BinimMai YCBIHYABIH J02uKanbly MoOenbOepiniy Herizi (opMasblbl Kyiie
(Teopust) YFHIMBI OOJIBITT TAOBIIA B,

(I)OpMaH]))IbI TEOpUsJIapAbIH MbICAJIapbl Hpe}]l/IKaTI/IBTi CCCIITCYJIEP JKOHE
Ke3-KeJIreH HaKThl OHMIpic JKyieci Oonbim  TaObuagel.  JIOTHKANBIK
MoOJIeTIbACPIE, 9JCTTe, OACTANKbl IBONIOLMSIBIK eCenTep KOJNAaHBUIAAbI, OJap
OipkaTap 9BPUCTHKAJBIK CTpaTerMsIMEH TONBIKTHIpbUIaAbl. by omicrep
JeTyKTHUBTI TUNTIK XYHenep, sFHA. onap yi-KaimapasiH Oenrisi Oip xyieciHeH
HOTWKE Ty YIIIiH YJTiHI KOJIaHaIbI.

[penukatuBTi KyilenepaiH opi Kapaidl JamMybl HHIYKTUBTI THITETI
Kyiterep OoJNbIm TaObUIaBI, ONapia epexesep OKYIbIH KONTEIeH MBICATbIH
OHJICyTe HEeTI3/IeNreH Kyie KypblIabl.

BimiMai kepceTymiH JOTHKANBIK MOAETBACpiHAE OiMIMHIH KEKellereH
OemikTepi apachlHIAFbl KATBIHACTAD KOJNJAAHBUIFAaH (OPMaTbIbl KYHEHIH
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CHHTAKCHCTIK epeKeliepiMeH KamTaMachl3 eTUITeH eTe Haliap Kypajjaap.ibl
KOJIJIaHy apKbLTBl KOPIHE/I.

Kapacteipputran  OUTiMHIH ~ op Mojeni  OUTIMMEH IKYMbIC —icTeyre
OarpITTanFad Oarmapiamanay TUTiH KypyFa Heri3 Ooma amansl. MyHgait tingep -
Oyt kanpneIK kepinictepre Herizaenred FRL (Frame Representation Language)
JKOHE OHJIPICTIK YChIHY MopeniHe HerizzenreH [Iposor Timi. Anaitna, Oimim
OepymiH opTYpJli MOIENbACPIHIH apTHIKIIBUIBIKTAPEI MEH KEMIILUTIKTepi Oap.
Conppikran, 80-KbUIIApAbIH COHBIHAA OipJIeCKeH OLTIM/I YChIHY TIIIEPiH KYPY
ypaici  Oaiikanmel. KebOinece QpeiiMIik koHE OHIIPICTIK  MOJIENbICD
OipikTipineni.

5.2.2. AaroputMaik Mojaeabaep

AnmpiH ama KapamaibeiM eMIpIiK >KaFmalapl KapacTBIPAMBIK: €rep OHBIH
HIenriMiMeH TaHBIC eMeC aJamJIbl MOCeJIeHI HICHIyre TapTy KakeT Oojca, He
icTey Kepek:

1. Tamceipmanbl mrenry TocumiH (9icCiH, TOpTiOiH) TaHTAWIBI )KOHE OHBI
0apIIbIK erKei-TerKei 3epTTer .

2. Tampmamran oficTi OpBIHOAYIIBIFA ON VIOIH TYCIHIKTI  Typae
xabapianpl.

3. OpbIHOAYUIBI €CENTi 9IICKE CIliKeC KaTaH TYpJe MIeme .

OcCBl TIPOIECTIH MOHIH TEpeHIETe OTBIPBIN, opOip Ke3eHAl MYKHAT
KapacThIpabIK.

Byn mporiectid OipiHIN Ke3eH! 9eTTe KUBIHIBIK TYABIPMAi/Ibl, OUTKEHI
KOTTereH Ke3J/IeCeTiH ecenTep YIIiH HIeNIM 9JIici MpakTHKalaH Oenrit Hemece
aKpUIFa KOHBIMJIBI MarblHAMEH Oepijiei Hemece ofecOueTTe cumarTTanrad. JKui
0acTel KHWBIHABIK — Keibip Tamamrapra €H Kell jkayam OeperiH OipHemie
OIICTEep/ICH, MBICANBI: €H a3 €HOCK CBHIABIMIBUIBIFBI, €H YKOFaphl THIMILTITI
JKoHe T.0.

Exinmi ke3eH omaekaiina kypaeni. Erep mocerneni memymia oamici (9mici)
epKiH cumaTTaiFaH OoJyica, OHIAa OHBI OPBIHAAYIIBI JYPHIC TYCIHETIHAIriHE
keninaik >kok. COHABIKTaH 9ICTIH CHIIATTaMachl OEJrili epexenepre coiikec
OpBIHAATYHI KEpeK, aTal alTKaH/a:

— MakcaT ymiH 6acTanksl OOJIBIN TaOBUIATHIH MIaMasIaps! 06y

— TarnchbpMaHbl OpBIHJAAY NPOLECIH OpBIHAAYyIIbIFa OeNrili JkoHe Ke3

KeJTeH TYCIHAIpYCi3 OphIHAayFa O0NaTEIH Ke3eHaepre 0oy;
— Ke3eHZEep/li OpbIHIAY TIPTiOiH KepceTy;
TaTChIPMaHBbI LICITy IPOLECiHIH asgKTany OeNriciH KOpCeTy;
OapJIpIK Xaraimap/a, OYJI MOCENIeHI STy HOTIKEC! OOIIBIT TaObLIAIHL.
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Ocbl epekenepre ColiKeC OpBIHOANFaH ONICTI CUNATTIAY ecenmi uwieuty
aneopummi nen atanansl. MyHmail cumarTaMmaHbl jkacay o/eTTe OHall emec,
OipaK OHBI OACIIBLIBIKKA aja OTHIPHIN, OHJA KOPCETLIreH OapiblK Ke3eHIepi
KQKETTI TOPTINIIEH MEXaHUKAIBIK OPBIHAAW OTBIPHIN, OPBIHIAYIIBI MIHACTTI
OpJaibIM AYPHIC I ajla/ibl.

AnroputMm — Oy OGenrini Oip epexenep OOWBIHIIA Ka3bUIFaH, 0ACTAIKbI
JepeKTepaiH OapiblK MOHAepiHAe (KeiOip KemnTereH MoHAEPACH) OHBI TYCiHY
MEH MEXaHHUKAaJIBIK OPBIHIAYbIH Oip MaFbIHACKIH KAMTaMachI3 €TETiH, COHBIMEH
Oipre aJrOpPUTMHIH KOPCETIIreH OpEeKEeTTepiHIH JOWeKTUIriHe —Coiikec
KaJlaMIap/IbIH COHFBI CAHBIHA KOWBUTFaH MIHCTTI MICTTyTe KO XKETKI3UIe .

ANTOPUTMHIH MBICAJIBI TaFaM HiCipy perenti 001ybl MYMKiH.

Kapanaiferm anroputmai KapacThIpalbIK — il KaifHATy alTOpUTMI:

1. bacTanke! maManapabl JalbiHAAY — IIaH, Cy, IIOMHEK, CTaKaH, KAChIK.

2. [llaifHeKke cy Kyro.

3. Cynsl KaifHaTy oHE OTTaH aiy.

4. [lloliHekke 11aif camy.

5. Cynpbl KaiiHaTyFa JieifiH anapy (0ipak KaiiHaTnay), OTTaH aiy.

6. ait gaitsin. [Ipouecc ToOKTaThIIAABL.

5.2.3. Binim OepyaiH JOruKaabIK Moje/baepi

JlormKanbIK TOCUTAIH HEri3ri HAesChl KOJMAAHOAIBI MIiHACTTEPHAl IIery
xoHe DEM-HIH maiinanaHymibIMeH e3apa iC-KUMBUIBIH YHBIMIACTBIPY YLIIH
KaXeTTl OapiblK OuTiM JKyHeciH (akTijiep >XHBIHTBIFBI PETIHAC KapacThIpy
OOJIBIN TaObLIAbL.

dakrinep keiibip norukanarel Gopmysia periHAe YChIHBbUIAABI (OipiHII
HEMece JKOFaphl PeTTi, KOl MOH/II, MOJANIBIbI, TaK HeMece Oacka). bimiM xylieci
oceIHIall (popMynamapaplH KUBIHTEIFBIMEH Kopinemni. DEM - ne yCHIHBUFaH
Ke3ne on OumiM OaszackiH Kypanel. Dopmynanap OeminOeini jxoHe OiiM
0a3zachiH Moau(HUKAIHSIIAY Ke31H/Ie TEK KOCHUIAIBI )KOHE KOWBLIAIHI.

JlorukaneIk oxicrep OiyliM Oa3achIHIa aHBIK YCBIHBUIFAH kaHa (akTtiaepi
[IBIFAPY/IBIH JIAMBbIFAH alllapaThlH KaMTaMachl3 eTefi. biniM MaHumyssius-
CBIHBIH HETI3ri Oenrici — mibIFapy ornepanuschl. by capanray sxyienepi MeH
MIHJCTTEp/Ii IIEIIeTIH Ke3/I¢ JIOTUKAIBIK JMICTepAl KapKBIHIBI MaiaanaHyIsl
aHBIKTal bl Ke3 kenreH 3usTKepIliK JKyHesep YIIiH MaHBI3Ibl OChI alapaTThl
Oacka KojjaHy — OUTiM 0a3achIHBIH JIOTMKANBIK TYTACTBIFbIH, SFHH OHBIH
KapaMa-KalIlel eMecCTiriH oHe Oenrimi Oip amgslH ama  OenTileHTeH
epexxenepre (TYTacTHIKTHI IEKTEYTe) CONKECTIrH OaKpuIay MYMKIHITI.

Binim OepymiH JIOTHKANBIK SMICTepi HAKTHI aHBIKTAJIFaH CEMAaHTHKara We
(hakTinepi ska3y YIIiH KapamaibiM jKOHE alKbIH HOTAIIUSHBI KAMTaMacChI3 €TeIi
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(eH OonmMaranaa, OIpIHII TOPTINTIH ASCTYPIIl JIOTUKACHIHA HET13/IENITeH dicTep
yiiiH). OpOip ¢axT OonamaxkTa Kajnai maiaaaaHeIaTbIHBIHA KapaMacTaH OiTiM
0a3achiHaa TEK Oip peT YChIHBLIAAbL. JIOTHKAIBIK omicTep/i KOJJaHa OTBIPHII
o3ipiieHTeH OinmiM 6a3ackl, 9feTTe, TYCiHY YIIiH oTe Kapanaiem [23].

BimiMai yceiHY#a MoHAIK aiiMak TEH TarchlpMa aKCHOMAa JKUBIHTBIFBI
periHie cumaTTadFaH  Ke3[le 1-PeTTi  MpPeJUKATTapAblH  KIACCUKAIIBIK
ecenTeylepiHe HeTi3AereH (OpPMalbIbl JIOTUKAIBIK MOICTBIC) SPEeKIIIEICHE]T.

Jlorukasnelk MOAEIbIEPAIH HETi3iH (opMalibAbl TEOPHUSHBIH TOPT YFHIMBI
KATBIP:

S=<B,F, A,R> (5.1)
MyH/1a B — S TEOpUSICHIHBIH HETi3r' CHMBOJIIAPBIHBIH (a1(aBUT) )KUHAFBI;
F — reopusHblH QopMmynanapsl Jen arajatblH S TEOPHACHIHBIH

OpPHEKTEpiHIH  JKUBIHBI  (OpHEKTEp JAem S  TEOpWSCHIHBIH  0a3ajbIk
CHUMBOJIJIAPBIHBIH COHFBI KE3EKTUTIT1 TYCiHIIe1);

A — S TeopuWsACHIHBIH aKCHOMalapbl A€l aTajaThlH (opMmynanap, SFHH
KOIITEreH arpropIIbl MIBIHAKBI (hopMyianap;

R — KOpBITBIHABI epexenepi Jen arajaThlH (QopMylianap apachiHaa
{rirs...,r,} KATBIHACTAP/BIH COHFBI JKUBIHBL.

Onerte B — popmynanapbiHaH CHHTAKCHCTIK TYPFBIJIAH AYPhIC OPHEKTEPIi
KypyFa MYMKiHAIK OepeTiH THiMIi npoueaypa (KemTereH CHHTAKCHUCTIK
epexernep) oap.

Opbip 1j YIIiH j-AiH OH caHBI 6ap, MbIcANBl j GopMyTanapslHAH TYPATHIH
opOip *xwubIH yuIiH xoHe f dopmyna yurin f dopmynacel 6ap rj-re KaTbICTHI j
(dbopMynanapbiHbIH AepeKTepl THIM/I LICHIiIeal Me ACTeH CYpakK TYbIHAalIbl.
Erep r1; xarbiHacel Ooica, onma f 1 epexeciHe coiikec OeplireH j
(hopmynanapbIHbIH TiKeJeH cangapsl el aTalajibl.

errapy epekenepi OCHl TEOPHSIHBIH MICHOEpiHAC IIBIHAWBI eIl
caHaJaThIH GOpMyJalapbIH KONTIrH KeHeUTyre MyMKIiHJIIK Oepei.

Erep ¢opmynanbly ke3-kenreH QopmyinaHel S-me 0ap-)KOFbIH Oiiyre
MYMKIHIIK OepeTiH OipelHFail Tmimai mpouemypa Ooica, GopMangsl TEOpHs
HISHIIMEUTIH aen atanansl. Erep dopmyna xxok 6onca, S hopmysisipisl xyiie
Jier atanajpl, erep A gopmMynacel Oonmaca, onaa A xoHe [JA TybIHIBUIAPHI S-
JIC aNbIHAIBI.

Binimai ychiHY YIIIH KOJNJaHBUIATBIH €H KOIl TapaliFaH pPecMH XKyie - Oy
OipiHmI peTTi mpeAMKaTHBTI ecentey. boipkanael ecenrey amdaBuTi Kemeci
TaHOaJap KUBIHTHIFbIHAH TYPAJIbL:

— TBIHBIC TAHOAIIAPBI «{»,«(M, <), <)M, €0, €, «}»;

— TIPOTO3UIUSIIBIK Oaitmammap { —|, O, A,V
KBaHTOp-TaHOamapsl { Vv, 3};
alfHBIMANBLTAp TaHOANMapkI X, k= 1,2,...;
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— n-Xeprimikti (QyHKmHoHAmmel opimtep: f., k=1, n>0 (f. TypakThI
opimnTep Jien aTajasl);
— n-KepriiKTi IpemuKarTap opinrepi (CHMBOJIORB): P, , k=1, n>1.

BonamakTa X,-TiH OpHbIHA KAPAMaibIMABLIBIK YIIiH, U, V, X, V, Z,...; fi — a,
b, ¢, d,...; opubina f,'(n#0) —f, g, h,...; xone opusina — p; — P, O, R, S, T, V,
W...xonnaHaThlH 00JIaMbI3

AndaBUTTIH CHUMBOJIAPBIHAH Op TYpJli OpHEKTepHi caiyra OOoJajbl.
Tepmunaep, KapamaiieiM Qopmynanap (aroMmaap) >KOHE IYpbIC CAJBIHFaH
dbopmynanap (Hemece kail Gopmynanap) aKbIpaThUIaIbl. ANHBIMAIBI HEMECE
TYPAaKThI 9p opinTiH op Oenrici — Tepm. Erep ¢,,...,t, (n=>1) — Tepm Gonca, oHIa
£ (t,.,1,) Tepm GOBIN TAOBLTABL.

Erep p{ — npeaukarTsl opim, ai f,...,t, — TepMIEp, OHIA Pf(f1>~~~:fn) -
KapanaiibiM opmyia (atom).

Amom — KapamaiibiM 0eJIiHOCHUTIH SJIEMEHTI.

Atom — nypsic KypsurraH (opmyna. Erep A xone B — nypwic KypbuiraH
(dopmyna Gosca, onaa 14, AvB, ANB, ASB Oap ayphIC KypbUIFaH GopMyianap.
Erep A — nypwic Kypsurran (opmyna, X — A-marsl aifHBIMaibl OoJica, OHIA
(v x)4 xoHe (3x)A4 — nypbic KypbuiraH ¢popmynanap. binaipy 6osbIn TadbuIa bl
JYphIC calbIHFAaH ()OpMyINachl, e€rep O AIBIHIBI CaKTail OTBIPHIN >KOFapblaa
KEeJTIPUIreH epexenepi.

@dopMmynaHblH Ma3MyHBIH Oepy YILIIH OJI KapacThIPBUIBIII OTBIPFaH
TaKBIPHI CAJIACHIHA KATBICTHI TYKBIPBIMIaMa PETiHJIe TYCIHAIpiIeai.

WuTepnperauunst aen 6oc emec D KublHBIHAH XoHE opOip mpemukar pj
ANIBIHIAFEl OPIITi CaIBICTRIPMANBI KaHMal na Oip COWKECTIKTEH TYpaThIH Ke3
KEJITeH XYieHi Tycinemi, f;' op QyHKIHOHANIBI opITiHe — Keibipn— D" — D
JKEPTilMiKTi (DyHKIMACHIH XkoHe [, OpHiHiH op opmiHe — D dIeMeHTiHiH Keitbip
aJeMeHTTepiHe. bepinreH uWHTeprperauuss Ke3iHAe alHBIMAIBLIAPABI  OCHI
WHTEpHpeTaussHblH D aliMarbiHaH OapiblK  MoHAepai "xyripymn" nen
OWJaWapl, alm Ke3 KeNreH sJeMeHTapislK (opmyrnana "akukar" (A) Hemece
"xanraH" (K) MoHI xa3buIaabI.

Mon  p;(tnt,) JJeMeHTap QOpMyIachklHa KeJleCci epelKere Coukec
TaraibIHIANA bl erep MPEeIUKATTHIK OpINTiH mapTTapsl D-1aH oChl TYCIHIKIICH
aHBIKTAJIFAaH KATBIHACTBI KAaHAFATTAHABIPATHIH JJIEMEHTTEpPre CoiKec Kelice,
OHJa 2yeMeHTap (OpMyJIaHBIH MOHI Jypbic Ooyaapl, SHTIIECE Ol JKaiFaH
Oonaasl.

OneMeHTTIK eMec (OpMyJIaHBIH MOHI OHBIH Kypayllsl (popMyianapbIHbIH
MOHJICpIHE CYWEHE OTBIPBIN, PEKYPCHUBTI TypAe ecemTeienmi. TammanraH
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UHTEpIIpeTalusra OaiiaHbICThl (OpMyJIaNapblH MOHI IIBIH HEMECe JKaJFaH
0O0JIyBI MYMKiH €KCHI aHBIK,.

[Mpeaukarrapapl ecentey IeHOEpiHAE MENIUIETIH HEri3ri MiHAET — Keloip
UHTEpIpeTaus aiMarbiHaa OepiireH (OpMyJaHbIH IBIHAWBUIBIFBIH HEMece
KaiFaH OOJNybIH aHbBIKTay. bysl perTe epekiie pesl JKallbl MaFbIHAJBI
¢dopmynanapra, SFHM Ke3 KeJITeH HHTepIpeTanusi Ke3iHAe IIbIHAWBI
(dopmynanapra KoHE OpBIHIAAIMAWUTHIH (opMyNanapra, SFHH Ke3 KeJIreH
HHTEpIpeTanus Ke3iHae jxanraH (opmynanapra Oepineni. Kemeci nemykius
TeopeMachl AyprIC: B,....B, koHe A dhopMynanapsl 6epinreH OOJICHIH.

A ¢opmynacel — Bj,...,B, KHCBIHABI HOTHXeci, erep Bia..AB,oA
(dopmynacse! aypsic Oosnca, siFHU |=(BjA... AB,) DA.

Ecinizge OonceiH, A (opMyacel JOTHKAIBIK Typuae Bj,...,B, ¢popmyna-
ChIHAH KeJelll, COHJIa FaHa Ke3 KeJIreH MHTepHpeTanus J KaHaraTTaHIbIPaThiH
BA...AB,, KaHaraTTaHIbIPaJIbl, COH/IAN-aK AHbI KAHAFaTTaH IbIPA]IbI,

By,....B, Qopmynanapel oicibepyrep nen artanaubl, al A — JIOTHKAIIBIK
Ti30EKTiH TY)KBIPBIMBI XoHE B),...,B, |=A4 nen Oenrineneni.

Teopemanbl nonenaeyain MiHueri Bj,...,B, GopMmynanap XUBIHTHIFbIHAH
oenrini 6ip A ¢GopMyIachHBIH JOTHKAIBIK CalIapbIH HAKThUIAY, BA...AB,DA
(hOopMyJIaCBIHBIH TYPBICTHIFBIH HeMece (hOPMYJIachIHBIH MYMKIH €MECTIriH
JINenaeyre Tey ... BiA... AB,A|A.

Bipinnn perTi mpeauKaTTapabl ecenTey YIIiH Ke3-KeJITreH GopMynaiap/IsiH
JKapaM/IbUIBIFbIH aHBIKTANTBIH JKAITBI 9/IiC YKOK eKeHIr1 OenTiii, sFHu OipiHIm
peTTi TNpeAMKATTBHIK ecem MIelIaMenai. Anaiaa, erep IpeauKaTTapibl
ecenTeyre apHajiraH KehOip ¢opMmyna skapamuel Oojica, OHAA OHBIH
IYPBICTBIFBIH TEKCEpy TpoIrenypacsl Oap, SFHM TPEAWKATHBTI €CENTey/Ii
JKapThUIAH MICIIIIMEHTIH e aTayFa 0onasr [24].

Keiibip daxrini npeaumkarrapasl ecenrtey (opMysacsl TYpPiHIE Ka3y
MBICAJTBIH KENTipeMi3:

BEPY (MUXAWJI, BITAIUMUPTE, KITAIITHI)

(3x) (OJIEMEHT (x, OKUF'A - BEPY) A UCTOYHUK (x, MUXAWNIT) A

AJIPECAT (x, BTAJIUMUP) A OBBEKT (x, KITAII).

MyHna cunaTTaaFaH eki Tocim kasbamap Oip dakt: " MUXAWUJI
BIAAVUMUPTE KITAIITHI BEP/IL .

Herisri apTHIKIIBUIBIFE Maladady MpeAuKaTTap ecemnTey YArici periHae
YChIHBUIFAaH OimiM  — Oy OGomybl  Oipkenki  ¢opManpasl  Ipoueaypa
JIoIeNieMeNep TeopeManap. Anaiiia, sKorapbl Jopexeci Oipi3autikTi Ouiaipesai
JKOHE HeTI3rl Kemmiumri Oysl Tocinai — KYpAeNIiri mainanaHy nomenaey
KE3iHJE€ OBPHCTHK EpeKIICTiriH KOpCEeTEeTIH HAaKThl MpOoOJeMaJbIK OpTa.
Kepcerinren kemmimk ocipece MaHBI3IABI Kypy Ke3iHIE capanTaMaliblK
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KyHenep, ecentey KyaTbl, HETi3iHEH, aHBIKTAIaAbl OUIIM, MiHE3JIeMeNiK
epeKuIeNirin npobnemanslk opTa.Pecmu xylienepaiH 06acka KeMIIiTiKTepiHe
oJIapAblH MOHOTOHABUIBIFBI, KOJJAaHBLJIATBIH SHCMCHTTeplli KYpbUIBIMAAY
KYpalgapeIHEIH OOMMaybl JKOHE Kapama-KaWIIbUIBIKTApIbIH JKON OepimMeyi
KaTasl.

Tycaykecep Mojeni peTiHe naiananran keszue GopMaibIbl KYHenepIiH
KEMIIUTIKTEpIH JKOIOFa JIETeH YMTBHUIBIC CEeMHOTHKANBIK JKYHWeJIepAiH maiina
OomybiHa okenai.  CeMHOTHKAJbIK >KyWeHi (opMmaibIbl TypAe Ceri30eH
Oepineni:

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

MyHa anFamkbsl TOPT KOMIIOHEHT (hopMaibibl JKYHEHI aHBIKTayIarbl
CHSIKTBI, )1 KaJFaH KOMIIOHEHTTEP — 3USTKEPIIiK XKyieHiH OiniM 06a3achiHaa OChl
poOJIeMaNbIK OpTafarbl CyOBEKTUIEpIiH KYPBUIBIMBI MEH KBI3METI Typauibl
KMHAKTAJIFaH TOKIPUOEHIH OCEepiHEeH alFallKbl TOPT KOMIIOHEHTTI ©3repTy
epexenepi.

Jlorukanelk smicTepiH Herisri xericnmeymimiri — Oyn OimiM KopbIHIA
daxTinepal yHbIMIACTBIPYJbIH HAKThl MPUHIMITEPIHIH KOKTHIFBL. MyHaan
KaFuaanapasl OKIIayllamMai jKoHE JOUWEKTI TypHae KoJmaHOail, YIKeH MOIeib
Tanjgayra >KoHEe OHIEyre KHbIH OOJIaTBIH Toyelsci3 (akTiiepAiH KepiHOeHTiH
KOHTJIOMepaThIHa aifHaa bl

5.3. YarinepmeHn 6ackapbLIaThIH OHIM
MoJ1e/ibAepi MeH MoayJIbepi

Hoctypni  Oarnapnamanayla KOMaHAalnap KaTaH ONTUIEHTeH peTIeH
OpHATBLIAbl. OJICNKI OOMbIHINA, i-1lIi KOMaH/a OpbIHIaIFaHHaH Keitin (i+1) i-
i KOMaHAa TapMaKTaly KOMaHZachl OoiMaca, i-Ili KOMaHIa OpBIHIANaJbl.
Hoctypni  Oarmaprmamanayfarbl TapMakTayIblH OapiblK OpPBIHIApPHl  aHBIK
Kepcerineni. MyHnaii Oarjapnamarnay Tocimi eHAEY Ti30eri eHeNeTiH
JepeKTepre a3 Toyenai OONFaH JKarnalIa BIHFAIJIBI, SFHU TapMaK HOpMaJaH
eMec, epeKIellik OoJFaH Ke3ze.

Opbip mojaens OackaparbiH Moaynb (MBM) nmepekrepnin Oip Hemece
OipHemIie KYPBUIBIMBIH 3€pPTTEy JKOHE MOAN(HUKAIMAIAY TCTIKTEPIHEH TYpPajbl.
YBM nuama3oHsl KapanaibiM eHIMIIK €peKeJICH YTl OOMBIHINIA TYBIHAAWTHIH
epKiH KYPIENTiK AopekeciHe NeliH KeH IIeKTepAe aybITKybl MYMKiH. OpOip
YBM ke3ekTi Kajamza >KYMBICBIH TalJaipl >KYMbIC jkaj, Oapiam OOyl
KYPBUTBIMIAP, OJIap CalbICTHIPBUIABI, OHBIH YiTici. YBM HeriziHme KypbeUFaH
KYHETep yiaeinepmern 0acKapbliamvii uibleapy Jicyienepi ACT ataiaubl. by
KyHenepzeri 6ackapy GyHKIUsUIAPbIH HHTEPIPETATOP JKY3€re achipabl.
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binim 6epy TyprbicbiHaH YBM KoJIIaHATBIH TOCLI Kelleci epeKIIeTiKTep i
cumarrayra OoaibL:

— binim Ga3ackiHIa caKTaaThIH TYPAKTHI OLTIMII YKOHE KYMBIC KaJIbIH/A
CaKTaJaTBIH yaKpITIIA OiTiMai Gery;

— CX moaynbaepiH KypbUIBIMIBIK IepOECTIri, )KYHEHIH 03repyiHe KoHe
xeriyiHe biknan erefi, oyn CXK yuriH eTe MaHbI3IbI, OJApAbIH OUTIMIH YHEMI
e3repreni. COHBIMEH KaTap, MOAYJIBICPAIH TOYENICI3NIri opTypii aBTOpiap
JKas3FaH OaraapiaManap/IblH HHTETPAIHSCHIH KEeHITACTe I,

— Oackapy cyibacelH TpoOJeManblK cajla Typamsl OiliM  alaThIH
MOIyIBICpACH Oeiy, Oy OacKapymblH TYpii cyi0anapbslH KOJJIaHyFa
MYMKIHIK Oepei.

YrrinepMeH OacKapbUIATBIH >KYHeNep OpTYPINi OpBIHAANYBI 0ap KoHE
MOJyJIbJIepre CaJIbIHATBIH IIeKTeylepre coiikec xikreneni (5.2-cyper). Erep
MYHZAil Kyilenep KeNiHIH >XOFapFbl JKarblHIAa OPHAIACKAH MOIYJbICPICH
TYpaTbIH 00JICa, OHJa OJIap diceninepoe Hezizoenzen Jicylienep e aTanaibl.

YurinepMeHn OackapbpUIaThlH IKYHENepAiH KOMIIUIrT Kejeci IMeKTeyai
KaHaFaTTaHABIPAIBL: OpOip MOIYIBICTI )KYMBIC JKaIBIHBIH OapIIbIK 3epTTeyiepi
OipIKTIpLIreH XoHE JIepeKTepAl TYpIeHaipy OOHbIHIIA OapibIK ic-KHMbUIIApFa
anapiH  anmaael. Ochutaiiiia, MoAynb eki Oejikke OeliHenmi: JepeKTepai
3epPTTCUTIH aNJblH-aNla IHapTTap JKOHE JIEPEKTepHAi TYPJCHIIPETIH OpeKeT.
MyHnait OesiHyi Oap MOIYIBACD epedcerep IeN aTanaisl, ajl MyHIAH
epexenep/i KOJNTAHATBIH JKYHeNep epeowcenepee HezizoenzeH ocylienep eIl
aTaNapl.

Epesxere HerizlenreH xyihenep epexenepiiH TypJiepi OOMbIHIA OHIMIIK
JKOHE TpaHC(HOPMAIMSIIBIK OOJBIT OeriHemi. OHIM XKyHenepi CalbICTEIPy KOHE
kocnapnay (O6ackapy) — HMHTEpIperaropla TIpKeNreH JKYHeHIH aiKbiH
GyHKUMIApEl  epekeNeplieH  KypburraH. TpaHchopMaunusuiblK — OKyHenep
OHIMHEH alBIPMAIIBUIBIFEl KaFHIATapabl CANBICTBIPY XoHe Oackapy OoHBIHIIA
aliKplH (QYHKIMsUIapel OonMaybl MYMKiH. TpaHc(hOpManusuIbIK IKyHelnepain
MbICaNapbl (HOpPMasbIbl KOHE (OpPMaNbIbl I'paMMaTHKa IKyHenepi OONbIN
TaObUTa Bl OHIM KyHenepi JAepekTepMeH (epeXelepiiH alfblH  aja
KBI3METTepiMEH)  OacKapbUIaTBIH  JKOHE  MaKCcaTTapMeH  (epexelepliH
opekeTTepiMeH) OacKapblIaThIH OHIM Kyienepine OeiniHyi MyMKiH. [Jocmypii
mypoe OHiM dicylienepi NEN TEK JEePEeKTEPMEH KiOepiIeTIH KOPBITHIH/IBIHBI
TaigamaHaThIH KYHeIep FaHa TYCIHEeI.

OJleTTe ajlJblH-ajla MapTTap (QHTEUEAEHT) XYMBIC >KaIbIHBIH JepeKTepi
Typajbl TYKBIPBIMIAPIBIH JIOTHKAJIBIK KOMOMHALMACH TypiHIe Oepineni, ain
opekeT (KOHCEPBEHT) aJbIHBIH MOoAM(UKaIsIChl OOWBIHIIA KeHOip onepanus
Oonbin  TabbUTAZBl.  OPEKETTIH  KYpACIUIri  KapamaiblM  TarailblHIaQy
omepanmsChIHAH ~ OacTam  KYpHeNTiK  Jopexkeci (YHKOHMACHIHA  [IeHiH
aliTapJIbIKTal IEKTEP/e aybITKHIBL.
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barpapaamanap

yariiepMen 0acKapbLIaThIH 0acka 1a dDaFraapaaMaibIK
JKyiieaep oHiMaep

OHIMIE
Herizae/areH
myienep

'l{\‘l.'.'li.]i'pl'(‘
Heri3aejrexn

KyHenep

Omuaipicrik TpaHcHOpMALHAIBIK
Wylenep Wyiesep

MAKCATIEeH
0acKapbLIATBIH
wyieaep

jepexTepui
DacKkapaTbin
wyiieaep

(opmanbabl
rpaMMaTHKA
ayieaepi

(hopmanbabi
aKyiesep

5.2-cypem. Yyneinepmen backapviiamoln Jcytienepoiy sHcikmenyi

OHiM >KylenepiHAe MakcarTapMeH OacKapbLIaThIH allfbIH-ajia IIapTTap
MEH JpeKeTTep — OYI JepeKTep Typaslbl TYXKbIpbIMIAp. MyHIa KOPBITHIHABI
JONIeNACHYl THIC TYXKBIpIMAApAaH Kepi OaFbpITTa JKY3€re achIpbUIajbl.
YuriiepaiH qeKiapaTHBTI XKoHE MPOLEAYpPANIbIK TypAe Oepiilyli MyMKiH eKeHiH
aTam eTy Kaxer [24].

CoHbIMEH, MOJTYJIbJIEp MEH OHIMJII epexenep yAriaepiMeH OacKapblIaThiH
OliM Gepy Keeci KacueTTepre ue:

— OUTiMAIl YIHBIMIACTHIPY IBIH MOJTYJIBILTIT;

— Tayerci3 OiniM pparMeHTTepiH OUIIIPETIH epeKeNnep iy TOYeNCi3Iiri;

— OUTiM MOIM(UKAIMSICHIHBIH JKEHUTIITT MEH TaOUFAaTTBUIBIFHI;

— Oy ap TypJli Oackapy cTpaTerusiapblH KOIJaHyFa MyMKIHIIIK Oepe/i.;

— ecenTepai  aBTOMATThl  TYpJAe  UICNIy  MakcaThlHAa  Oackapy
MeXaHU3MJIEpiHiH OipKaTap KOCBIMIIATAPHIH KYpy MYMKIHZITI.

JKanmel Typae enimv nen MplHaai Typaeri OpHeK TyCiHlIeai:

(i); O; P; A=B; N. (5.3)

MyHza 1 - Oyl eHIM KenTereH OHIMEp/eH OONIHETIH OHIMHIH aTaybl
ATay peTiHae OChbl OHIMHIH MOHIH K@pCETETiH KeHOip jgekcema (MbIcaibl, "KiTar
cathlin any" Hemece "KYJIBINTBIH KOJbl'") HeMece )KYHEHIH JKa/lbIH/a CaKTaJaThlH
OJIAP.IBIH YKUBIHBIHAAFBI OHIMHIH PETTIK HOMIipi O0IYBI MYMKIH.

Q 2JeMEHTI eHIMHIH KOJIJAaHBUTY asChIH CHIIATTaiael. MyHnmad camanap
aJlaMHBIH TaHBIMIBIK KYPBUIBIMJApbIHAA OHail Oeiineni. bizmin OumiMimiz
"cepenepre Kapail siapIpaliasl”. bip "cepene" TaMakThI Kanail JabIHAAY KEpek,
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eKIHIIICIHIe — JKYMbICKAa Kajal JKeTy Kepek oHe T.0. Typanbl OiniM
caktanaasl. CoHBIMEH Karap, Oy Mojenbsaepi OutiM Oepy YIIiH maiaaganran
ke3ze ne, AXK Oinim O6a3ackiH/a cananapra Jie 0eiry OpbIHIbI.

OHIMHIH HETi3Ti 3J€MEHTI OHBIH SIIPOCHI OO TaOBIIanbl: A=B. OHIM
SIIPOCBIHBIH MHTEPIPETAIMACH OPTYPJi OOyl MYMKIH OHE COJl JKOHE OH
JKaFbIH/Ia CeKBEHIIMS OCNTICIHIH = TypFraHbIHA OaiIaHBICTBI. OHIM SIIPOCHIHBIH
OlIeTTEri OKYBI Kelecijed: erep A, oHma B, sIpOHBIH HEFYPIBIM Kypaemi
KOHCTPYKIMsUIAphl OH OeJirijge OajgaManbl TaHAayFa XoJ Oepeil, MBICAIbI,
erep A, ouga Bl, oiitmece B2. CexBeHIMS ofeTTerl JTOTUKAINBIK MaFbIHAIA
HIbIHANBl A-JIaH KHCBIHZBI KOJ JKypy Oenrici periHae TYCIHAIpiIyl MYMKiH
(erep mBpIHAWEI 6pHEK OoiMaca, OHIA CIITEHE alTyFa OOJIMaWmsl). OHIM
SITPOCBHIHBIH 0acKa J1a MHTEpIpeTaIHsIIapbl MYMKiH, MBICAJIBI A OpEKeT xKacayra
KaXXETTI KeHOIp IapTTap/bl CUMIATTalIbl.

P osmemeHTI eHIM SAIOPOCHIHBIH KOJAHBUTY MIapTel Oap. Opnerre P
JIOTUKAJIBIK OpHEK (omerTe, mpeaukar). P "akukat" MoHiIH KaObUIIAraH Kes3le,
OHIMHIH siipochkl Oencenaipineni. Erep P xxanran Ooiica, oHIa @HIMHIH SAPOCHI
naiianansuTysl MyMKiH emec. Mpbicaisl, erep eHiM «AKIIAHBIH BOJIVHI;
EI'EP X 3ATTBI CATBIIT AJIFBIHBI3 KEJICE, KACCAFA OHbBIH K¥YHbIH
TOJIE XKOHE CATYUIbIFA YEKTI BEP» eHiM e3eriHiH KOJIaHbLIYbI [IAPTHI
JKaJIFaH, SFHU aKIia 0K, COHJIBIKTaH OHIMHIH ©3€riH MaiagaHny MyMKiH eMec.

N oanemMeHTI eHIMHIH KeiiHrl MapTThiH cunarraiiapl. Onap eHIMHIH
SITPOCHI CATBUIFAH JKaFAalia FaHa ©3eKTCHIIpUIeai. OHIMHIH KeHiHTI mapTTapsl
B cHri3UIreHHEH KeiiH OPBIHAAIYBI KEPEK OPEKETTeP MEH MpOoIleaypaiapibl
cunaTTaiasl. MpIcalel, AyKeHAe KeWOip 3aTTapasl CaThIN allFaHHAH KCHIH OCHI
JIyKeHIe Oap Tayapiap Ti3iMIEMECiHAE KaKET, MYHAaWd TYpHAETi 3aTTapibliH
CaHbIH OIpJiKKe a3aiiTy KaxkeT. N ©OHIM ©3eriH caTKaHHaH KeiiH OipaeH
OPBIHAATYBI MYMKIH eMec.

Erep Oenrini Oip ©HIM XHUBIHTBIFbI XYHEHIH >KaJIbIHIA CaKTauca, OHJa
omap eHIM XyHeciH Kypaimpl. OHiIMIep >XyHeciHIe eHIMAI OacKapyIbIH
apHadbl TPOIEAypajapbl AHBIKTATYBl KEpEK, OJapIblH KOMETiMeH eHiMep
JKAHAPTHUIAbl JKOHE J>KaHAPTHUIFAH CAaHHAH OHIMJI OpBIHIAY VIIIH TaHaay
Ooabl.

bipkarap AX »xeninik jxoHe eHAIpICTIK OLTIM MOJENbAEPIHIH TipKeciMiH
naiiganananel. MyHOail Monmenbaepae NeKIapaTHBTI OLTIM MOJENBIIH KeNiTiK
KOMITOHCHTIH/IC  CHIATTANaJbl, all  MpOIeAypaiblK OiTiM  eHJipicTe
cumarTajagsl.  byn okarmaiia onap OHAIPICTIK JKYHEHIH CEeMaHTHKAaJIbIK
JKeJT/IeT] dKYMBICHI TYpaJbl alTabl.

Kanmpnapmen kartap, enimMaep AXK-marbl OUTIMAI YCBIHYIBIH €H TaHBIMAI
Kypauibl Ooubin TaObinaael. OHiMzep, Oip JKaFbIHAH, JOTMKAIBIK MOJCIbASPIe
JKAKbIH, Oy oylapfa THIMII IIbIFapy MpOIEAYpaIapblH  YHBIMIACTHIpYFa
MYMKIHAIK Oepei, ajl eKiHIIi KaFbIHAH, KJIaCCUKAIIBIK JOTHKAIBIK MOJICIIbEpre
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KaparaHaa Oinmimai aiikeiH kepceteni. Onapia JOTHKaIbIK KalbKYJSIHsIIapFa
KaTaH [IeKTeylep JKOK, OyJl eHAipic 3JIEeMEeHTTEepiHiH TyCiHAipMeepiH
e3repTyre MYMKIHJIK Oepei.

Byn Tocinmin OacTel KeMIITiri — A9CTYpiai Oarmapiamanay omicTepiMeH
CAJIBICTBIPFaHJa OHBIH THIMIUIIN TeMeH. ©Op TypJili aBTopiap eHIipic
KyHenepin Oackamia xikrerai. KelGipeynepi onapisl JeKIapaTHBTI OKUIIIKTI,
Oackamapel MPOIEAypalblK HeEMece [eKIapaTHBTI NpOIeIypanblK Oaiima-
HBICTBIPAAbL. AMBIPMANIBUIBIKTAD «OHIIPICTIK €peke» YFBIMBI KaHIIATBIKTHI
KeH TYCIHAIpUIETIHAIrIMEH TyciHaipiieni. EH KapanalibiM eHAIpICTIK epexee
(stFHM, OEKITINTEH mpolexypanap KoK epeke) NpoleaypaHblH JJIeMeHTi Oap,
OliTKEeHI epexe KaHaai Jia Oip opeKeTTep/1i OpbIHAaY YIIIH MaijalaHbUIab! el
OoJDKaHAIbI.

[MpouenypaiblKk YCHIHBICTBI JCKIAPATUBTIICH EpEKIICICHTIH Hapce,
OWTKEHI JIeKIapaTUBTI OLTIMZIE OHBI MaijanaHy Typaibl aknapar OoJIMailibl.
HeryprmeiM KypJem eHIIPICTIK epexeNepae «IporeaypaIblk» IopexKeci omaH
Ja ckorapel.  JlereHMeH, OHJIPICTIK epexelepAe J>XoHE TINTi YiriiepMeH
OackapbUIaTbIH MOJYJBJEpAE Jie JCSKIapaTHUBTUIIK 3JeMeHTi 0ap, eHTKeHi
epexxerep MeH MOy IbIep/i KOJIJJaHy TOCiIi oap/ia KepceTiIMereH.

Ocbutaiiia, OHJIPICTIK epexenep JeKIapaTUBTI KOHE IPOLETYPaIbIK
OKUIMIKTEpIiH, COHIAN-aK Kaapiap MEH HWEepapXWsUIBIK JKeIiep TypiHaeri
OKUIIIKTEP IiH KACHCTTEPiH OipiKTipeIi.

OHnpuipicTik MoJenb KeOiHece OHEPKACINTIK capantamalblK Kyiienepiae
(CX) xonmamsmanel. On e3iHIH KOPHEKITITiMEH, >KOFapbl MOAYIBILTIriMEH,
TOJIBIKTBIPYJIAp MEH 63repTyJIepIiH KapanalbIMIbLUIBIFBIMEH JKOHE KapamaibiM
BIKIIAJI €Ty MEXaHH3MIMEH TaMbITyIIbIIaPIbl TAPTa bl

5.4. CapanTtaMaJbIK KYiieMeH KyMbIC

Capantama OKyHeciMEH IKYMBIC ICTey MaceleciHe TOKTalalblK. EH
NIBIMEH, OCBI TIPOIIECKE KATHICATHIH TYJIFajap IeHOepiH (penmepmni) Oenritey
MaHb3bl. CapanTaMalblK JKYHeMEH >KYMBIC iCTey Mpolleci Jem OHbBIH ic-
OpeKeTIH jkacay YIIIH KaKeTTi, COHJal-aK OHJa CaKTaJaThlH capanTaMaliblK
OimimM any yurH Tikened e3apa ic-kuMbUl TyciHineni. Ocwutaiima, CYK-men
03apa iC-KIMBLI:

— CXK MiHzeTTepiH emeTiH ToHIIK cala arbl Caparibl;

— OimiMm xxeHiHzaeri umxerep - CK o3ipiey xKeHiHIeTi MaMaH;

— Oarjapnamainbl-aclianThlK  Kypaigapabl a3ipiiey JKeHIHJEri MaMmaH

(AX);
— COHFBI MaiiiaaHymbI-IICIIiM ATy YIIIH XYHeHI nmaijanaHaThlH axam
HeMece TYJIFanap ToOblI.
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Caparibl 0i1iMIi aHBIKTaiAbl (TIOHAIK CaJlaHbl CUIATTAWTBHIH JIEPEKTep
MeH epexenep), CXK-ne mbirappurra OiTIMHIH TOJIBIKTBIFBI MEH JAYPBICTHIFBIH
KaMTaMachl3 eTe/i.

Binim sxeninmeri mmxenep capammbra CXK KyMBICBI YIIIH KaXeTTi
OimimMIi aHBIKTayFa XOHE KYpBUIBIMIAyFa KOMEKTECEdi, OCHl IIoH cajlachblHa
HEFYpJBIM KOJainel acmanThlkK Kypannasl (AK) Tanmayasl Kys3ere achlpajabl
xkoHe ocbkl AK-ma Oimim Oepy TocimiH aWKBIHAAWIBI, Capariibl CeHri3eTiH
epekenepie MalmaNlaHbUIATBIH  CTAHAAPTTBI  (QyHKUIUsIapasl  (OCHl  TOH
cayiacblHa ToH) Oedirm, OaraapiaManaiiisl.

CoHbIMEH KaTap, HHXeHep — OiiM OOWBIHIIA HH)KEHEPAiH O0nMaybl (SFHA
OHBI IPOTPaMMHUCTIICH aybICThIpY) HeMece COK Kypy Ipolieci coTCi3/IiKKe oKer
COKTBIPAJIbl HEMeCe OHBI e/I9Yip yY3apTabl.

IIporpammuct CXK Gapisik Herisri kommoHeHTTepi 6ap AK ozipmerimi, AK-
JIbIH O NTalijaJaHbUIAThIH OpTaMeH TYHIHIECYiH XKY3ere achpaibl.

CX exi pexumae >KyMbIC icTeHmi: OUTIM amy >KoHEe MIHAETTEepAl LIeury
(xeHec Oepy Hemece CK maiimanany).

binim any Topribinme CXK-MeH KapbIM-KaThIHACTBI —capariibl  OiTiM
JKOHIHACTT HH)XEHEp apKbUIbl JKy3ere acbipansl. Capamiibl 3aTTHIK CaJIaHbI
JIEpeKTep MEH epexenep O KUBIHTBIFBI TypiHAE cunarraiinel. Jlepekrep
caparrama caiacelHaa 0ap oOBEKTiIepAl, OJTapAbIH CHIaTTaMalaphl MEH MOHIH
aHbIKTaiinbpl. Epeske KapacThIpbUIBIN OTHIPFaH MOH CAJAChIHA TOH JEPEKTEpAi
MaHHMITYJSIIMSIIAY TOCULAEPIH aHbIKTaiabl. Capanisl OiTiM aly KOMIIOHEHTIH
nmafimanana oteipein, C)K-He MOHAIK calafaH TarchklpManapabl ©3 OeTiHime
(capammbichi3) HIenryre MyMKIiHAIK OepeTiH OiiM KYyHeciH TonThipansl. binim
any TOpTIOiHJE TYCIHIKTEME KOMIIOHEHTI MaHbI3[Abl penl aTtkapanabl. OHbIH
apKachIHJa capamnibl Tectiney ke3eHiHge CXK carci3 xymebic ictey cebenrtepin
OKIIayJIaipl, Oy capariubifa ecki OuTiMaepai MakcaTThl TYpAE e3repTyre
HeMece J>KaHa OuTIMZII eHri3yre MYMKIHZIK Oepeni. ©OjeTTe TYCiHIKTEME
KOMIIOHEHTI MBIHaHBl Xabapiaiipl: epeke MNaiifaJaHylIbIHBIH aKNapaThlH
Kanail KoliaHaJpl, JepeKTep HeMece epexeliep Here maiganaHbUIIbsl Hemece
naiaanaHbUIIbL KaHall KOPBITBIHIBLIAD MEH T.0. yKacallibl.

barnmapiamanbl  o3ipieyniH JASCTYpJl TocUliHAe OUTiM  amy  pexuMi
OarapiaMalsl JKy3ere achlpaThlH aJrOPUTMICY, OaFiapiamaiay jKoHe KyWre
KeNTipy Ke3eHjaepiHe coiikec keneni. Ocbulaiima, IocTypii — TOCUIICH
alBIPMAITBUIBIFEL, OaFmapiaManapabl  o3ipieyni Oarmapiamaliaymisl  eMec,
Oarnapnamanay el 6inmeliTiH Maman (C)K KoniaHa OTHIPHIN) XKY3ere achIpasibl.

Koncynpranus pexuminge CXK-MeH OailaHbIc HOTIHXKEre XoHe (HeMece)
HIeNIiM ary SAiciHEe KBI3BIFYIIBUIBIK OUITIPETIH COHFBI MaifaiaHyIIbl JKY3ere
aceipputazpl. CXK  MakcaTbiHa OaiiIaHBICTBI  KOJJAHYIIBI OCBI  TaKbIPHII
OofipiHIIIa MamMaH Ooyia amMaybl MYMKiH, Oy xarmaiina om CXK-ke keHec amy
YIIiH XYTiHEZl, ©31He Kajail »ayan aly KepeKTiriH OuIMeli HemMece MaMaH
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Oouia anmaiifipl, OYJ1 JKaFaai1a o HOTHXKEHI any mpoliecid te3aery yuin CXK-re
KyriHeni  Hemece — okocmapimel  kymblcThl  C)K-fa  TarallbIHIAHBI3.
"TMaiinananymel" TEpMUHI KON MOHJAI OOJIBIIT TaObUIAIBI, OWTKEHI COHFBI
naiigananymeinan 0acka COK-HBI capammrsl, OiT1iM JKeHIHAET1 HHXXEHEp JKOHE
mporpaMMucT Kongana anansl. Connsikrad, CXK KiM yIIiH jkacaJFaHblH aTarl
OTKIM KeJe/Ii, "COHFbI Maiiiananynibl" TepMHUHIH NaiiianaHabl.

Kenec Oepy pexumiHme malgalaHyIIBIHBIH MIHACTI Typallbl IepeKTep
KeJIeCi opeKeTTep/Ii OPhIHAAUTHIH JUAJIOTTHIK KOMITOHEHTIIEH OHJIEIe]:

1) xarsicymsmapasie ([laiinananymsiasiy sxoHe CXK) pemnin Geneni skoHe
oNapAbIH OipieckeH MIiHIETTepAl WIenly MpoleciHAe e3apa iC-KHUMBUIBIH
YHBIMIACTBIPAIBL;

2) maiifanaHymIsl YIOIiH YHPEHIIKTI Tinge OepiireH TarcelpMa Typajbl
JIepeKTep i )KYHeHiH iIIKi TUTiIHE TypJieHaipeni;

3) imki Tinge OepiireH >xyWe xaOapiamaiapblH MNaiJaaHyIIbl YIIiH
yiipermikTi Tinae (omerre Oy mekreyni KT nemece rpaduka Timi).

Onyeynen keitin nepextep bH-He Tyceni. BH kipic nepekrepi, moHmik cana
Typalibl JKajlmbl JepekTep koHe bbb epexenepi Herizinae Imemrymri
(MHTEpIpeTaTOp) ECENTIH MIENIIMiH KaJIBITaCTHIPAIbI.

CX-HiH macTyp:i OaraapiamaiapblHaH aibIPMAIIbUIBIFbL, TAIICHIPMANIaP/Ibl
mienry peKuMiHae OJ OeNTiIeHTeH omepanusiap Ti30eriH OphIHAAN KaHa
KOlMai, OHBI aijbIH-ajda KanemnTacteipaabl. Erep CXK-HiH kayaObl maiima-
JIAHYIIBIFa TYCIHIKCI3 0oJjica, OJ >KayanTblH Kajail ajblHFaHbIH TYCIHAIPYI
Tajam eTyi MYMKIiH. JocTypii OarmapiamanapblHaH — adBIpPMAIIbUTBIFBI
MIHJETTep/l 1Ienry TOpTIOiHAE omnepauusuIapAblH YHFapbuFaH Oipi3ainirin
OpBIHIAIIBI FaHA eMecC, COHNal-aK OHBI AIBIH ana KajgsmTacTeipansl. Erep CXK
’kayaObl TalpajaHymiblFa TYCIHIKTI OonMaca, OHzJa OJ okayanm Kajai
AJBIHFaHBIH TYCIHIIPY/Il Talam eTe anajbl.

O3iH 03i 0aKbL1ayFa apHAJIFaH CypaKTap

CapanTaMansIK XYyie TYCIHITiH OepiHi3

Capanray xyHenepiHig Herisri Oenrinepi Kannai?

OC TapanyblHa BIKIIANI €TETIH cebenTep i KkepceTiHi3?

9C makcarsl KaHmai?

Kes kenren CXK xannaii kpurepuiiiep O6oifbIHIIa cunarTayra 0onaabi?
I3gey KeHICTITH OHE WICHIJIETIH eCenTiH OelCeHl areHTTepiHiH
CaHBIH Kanail aHpkTayra Oomanbl? Bynm CX cumatramackiHa Kamiaid
acep ereni?

AN
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10.
11.
12.
13.
14.

15.

Keneci acrnekrizepai KoJiJaHa OTBIPBIN IIEIIIETIH €CenTep KJIACCHI
6oitprHma CXX cumaTtTaHb3: KEHEHTY, TONBIK aHBIKTAy, TYPICHIIPY
ecernrepi.

CX ¥fbUIBIM MEH TEXHHMKAHBIH KaHIail camajxapblHIa KeHiHEH
Tapanran? Meicangap KenTipiHis.

Menmununana CXK  kemeriMeH IICHIUIETIH ecenrTep IIeHOEpiH
CHUITaTTaHbI3?

CIXK a3ipiiey Kypaeiiiiri HeMEH aHBIKTaJIa b1 ?

CapanTaMansIK XYHeHi 93ipiey/IiH KaHaai ke3eHaepid oinecis?

CX «kanmali Herisri KOMIIOHEHTTepieH Typazapl?  Omapapg
OPKAMCHICHIHBIH MaKCaThIH KOPCETiHI3.

CX xympiceiHma OimiM 0a3ackl MEH JKYMBIC JKaIbIHBIH POiH
TYCIHIIPiHi3.

"KeHnec Oepy" pexxHMIHIET] capanTaMa )KYHEeCiHiH )KYMBIC aITOPUTMIH
TYCIHIIpiHi3.

CapanraMabIK )KYHEMEH KYMBIC ICTEY/Ii CHITATTaHbI3.



6-rapay. CEMAHTHUKAUJIBIK KEJIIJIEP

6.1. AubikTtama. Tapuxu aHbIKTamMa

CemaHTHKAIBIK JKelli - OyJ1 oFanapMeH OaiyaHbICKaH TYHiHIEp TYpiHAE,
rpad¥KTi KOJNJaHa OTHIPBIN OLTIMII KepceTyre apHaiFaH KypbUibiM. TyHiHzaep
TYKBIpBIMIAManapra Ccolkec Kesleai, aj Jofajap OJNapIblH apachbIHAAFb
KaTeIHacTapra coiikec keneni. KapamaiibiM jxarmaliza ceMaHTHKAIBIK JKENiHIH
3JIEMEHTI KeJIeCl TYpAeri YIITIK OOJIBI TaObLIaIbI:

npeaukar

CyOBEKT > 00BEKT

Bip TyXbIppIMIaMa JKeNiHIH KYPBUIBIMBIH aHBIKTAHTHIH OipHEIe YINTiKTe
Oosybl MyMmKiH. CeMaHTHKaJbIK KaTblHACTApIblH OacThl KacHETI — apibvlk
(apHOCTB), IFHU apryMEHTTep caHbl. JKOFapeiga eKilik KaphIM-KaTBIHAC YIITICi,
SFHA 2 apibIFbIMEH KapbIM-KaThlHac KenripiareH. Erep sxemiHiH Oapibik
KaTplHAcTapbl Oip TTi OoJca, oHAa kemi Oipmexmi Hen araiajbl. biprexTi
JKEINiHIH YITiCi-OMONOTHSUTBIK TYPIEPIiH JKIKTeNMyi. OpTYpii jKeJije KaTbHAC
TYpJIEpiHiH caHbl OipeyieH apThIK.

bimimai Ounaipy YIIIH CEMaHTHKAIBIK JKEeJIUIepal KOJMAaHYIbIH HEeri3ri
MaKcaThl — TIIJCH TOYEJNCI3IKTI KaMTaMachl3 €Ty, COHBIMECH Karap TaOuFu
TUIgEpre TOH TYCIHIKCI3AIK TMEH TYCIHIKCI3miKTI koto. Tabusu min — Tipi
OpraHm3M pETiHIe, ceWsecyre KaThICYyIIbUIAPABIH TYCIHYiH KaMTaMachl3 €Ty
YIIiH ©3iHIH HeTi3ri MakKcaTbhlH JKaKcapTy JKOJNbIHIAa JaMuIbl. Anaiina,
JKEPrUTIKTI  TUIMIUIEpAiH  TaOWFM  KaJKaylblFbiHA  OaillaHbICTRI  OYII
OHTaWNaHABIpy KeOiHece KyphUIBICTApABl OaphIHIIA S>KEHUIAETyre JIeHiH
Oapazpl, HOTHXKECIHIAC Oip COMIeMHIH MaFbIHACHIH TE€K KOHTCKCTIK OpTalaH
aHBIKTayFa OOIaIbI.

XpecToMaTHsUIBIK MBICAJ TIlITi €KiMarbIHAJIBI eMec, "YIII MarbIHAJbl" JeTeH
Tipkec «On OHBI TYJIEpMEH Janaia Kapchl alAb» JEreH Ce3 TIpKeciH
oinmipeni. ['ynaep kaiima TyciHIKCI3: KbI3Aa, YIJa HeMece ajaHia. AFBUIIIBIH
TLTIH KOoca ajFaHsa, OapibIK Tingep apTypiai. Macenen, "Tell me, what has four
wheels and flies" mereH cypak 0i311 KaHIall yury anmapartsl TOPT AOHIEICKTIH
Oap ckeHiH ecke Tycipemi. CeMaHTHKAIBIK JKEIi MaTeMaTHKAIBIK JIOJ
HBICAHJAFHI OLTIMIII KAMTYBI THIC.

Tapuxu anvikmama

Maremarnka oneMjeri  KyOBUIBICTAp/ABIH  KOIMMIIUITIH  JIOTHKAJIBIK
TYKBIPBIMZIAp TYPIHAE CypeTTeyre MyMKiHAIK Oeperni. CeMaHTHKaIBIK JKeIiIep
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MaTreMaTuKalblK (GopMynanapapl OeiiHelney opeKkeTi periHae maiaa OoJbL.
Kazipri cemaHTukanbelk xeniiepniH ara-6abamapsia 1909 xeutel Yapnes
Canzepc ITupc ychIHFaH DJK3UCTEHIMANIbl TpaQuK pETIHIEC KapacThIpyFa
Oomaner. Omap apHaifpl TuarpaMma TYPiHAE JOTHKAIBIK MOIIMETTEp.i YCHIHY
YIIiH OpraHWKajbIK XUMHsAAAa KOJmaHbuiabl. [lupc Oyn amicti «OonamaxThiH
KUCBHIHBD» JIETl aTajbl.

1913 sxome 1922 >xok. xemijepAi 3epTTeyAeri MaHBI3ABI OacTaMa HeMic
ncuxonorel OtTo 3enmbUTiH KyMbIchl Oonasl. Omapaa on rpadTap MeH
MarblHAJIBIK KaThIHACTAPIBl YFBIMIAP MEH AacCOLMALMSUIApABIH KYPBUIBIMBIH
YHBIMAACTBIPYAa, COHNAN-aK KACHETTEPII Myparepiik €Ty d9AiCTepiH 3epTTeyae
KOJIAaHABI. 3eNbUTIH FHUIBIMH 3€PTTEYJIEpi IIaXMaT TaKTUKACBIH 3EpTTeyre
YiIkeH ocep eTTi, Oynm o3 keseringe CaiimoH MeH Hpioemn CHSKTHI
TeopeTuKTepre ocep erti. 3eprreyminep Jx.Aumepcon (1973), I.Hopman
(1975) >xone Oackamapbl Oy eHOEKTep.l aJaMHBIH JKaJblH OHE 3UATKEPIIiK
KacHeTTepiH MOJENbeY YIIiH MmaiaanaHIb.

Tin Oinmimine keneriH Ooscak, TeHuep rpaduKaibIK CHITaTTaManap/bl
KacayFa KaTBICKaH aJFallIKpl FajJbIM Oomabl. ON TOyeNAiIiK rpaMMaTHKAacChI
yiiH rpadukanblk OenriHi Konmanabl. Tenep Eypomanarpl JIMHTBUCTHKAHBIH
JaMyblHa aWTapibIKTaii oacep eTTi. KOMIIBIOTepIiK CeMaHTHUKANIBIK JKeIiIepi
Puuapn Pudenc erxeii-terxeitni 1956 sKpUTbl MaITMHANBIK ayAgapMa OoMbIHIIIA
KeMOpumx TiliH OKBITY OPTaJIbIFI )KOOACKIHBIH AsCHIHAA XKacaabl. MalliHaHbI
aynapy mnpoueci 2 Oeiikke OejiHesi: OacTamkbl MOTIHAI TPE3CHTAIUSHBIH
apanblK TYpiHE ayAapy, COJaH KeiiH Oyl apamblKk (opma KakeTTi Tinre
aymapeuiazpl. MyHnmaii apanblk ¢opMma 197 MarFbIHAIBIK OJKETiIep OOJabl.
AnFamkel OCBIHAAH kyieHi Masterman sxacaran, Mmeicansl, XAJIBIK, BIJIIM,
KACAY, BOJY cuskret 100 npumutuBTi yFeiMaap Oonnmel.  Ochl
TY)KbIpbIMAaMaiap/Jbl KOJJaHa OTBIPBII, OJI cCUllaTTaMajlap/bl THUIICPTHUIITCH
Kimi Typre aysIicThpy MexaHu3mi Oap 15000 Oipimik Ce3miKTi cHIaTTajbl.
Kelibip marmHanelk aygapma xyienepi 56 Typii KaTbIHACTAPIIbIH JKUBIHTHIFbI
Oonran llekkaTo KOPpENSNUSIBIK — OJKCIJEpiHEe  HETI3NEeN[i, OJapAbIH
Keibipeynepi Kelcrep, Kimi Typjep, Myuienep, OIpilikTep XKoHE TyTac
KaTbIHAacTap Oousibll TaObuIagsl. O TYXKBIppIMAaMallap MEH KaTblHacTapiaH
TYPAaThIH KEIJIepAl MOTIHIIK Tanaay skoHe Oip MoH/I mienty OarapiaMachiHbIH
ic-KMMBLIIapbIH ~ Oackapy yIIiH naijananasl. byn  3eprreynep Pobepr
Cummonc (1966), Yunkc (1972) xone Oacka FambIMAAPMEH HKaJFACThI-
peuIas! [28].

JKacaHIbpl MHTEJUIEKT JKYWENEpiHIe CEeMaHTHKAJbIK >KEeNiaep opTypui
CypaKTapra jxayam Oepy, OKy, ecTe CakTay >KoHEe OHlay IpOIEeCTepiH 3epTTey
YIIiH KosiaHbiiansl. 70-KblIapbly asFbIHIA JKeliiep KeH Tapajia Oactajpl.
80-mm1i KBIIIApHl JKENiNiep, KakTay KYPBUIBIMIAphl MEH CBI3YABIH jka30arma
HBICaHJapbl apachIHAAFbI IIeKapaiap OipTiHIeN )KOMBUIABL. DKCIPECCHUBTI Kyat
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EHJII JKeJNiIep/i HeMece Ka3y/IblH jkaz0aiia TyplepiH TaHJIayIblH MaigachiHa
eIy A9eNl 0ojla amMaiibel, eMTKeHi Oip jka30a HBICAHBIH MMalIaIaHBIIT
KasbUIFaH MJesulap eKiHIIiciHe OHail aybica anaapl. JKoHe KepiciHie,
OKBUIBIMJIBUIBIK, THIMJIIIK, apTCHI3ABIK JKOHE TEOPHUSUIBIK TaJFaMIIa3/IbIK
CHSIKTBI MaHBI3bl (haKTopsIap MaHBI3blI POJl aTkapa OacTa/bl, COHBIMEH Karap
KOMITBIOTEPIe Hr13y, PeAaKIusIIay KoHe Oachll HIbIFapy OHAH.

Jpto Mak/lepMOTTTiH CEeMaHTHKAJBIK >KEJIIEPAi KOJJaHy apKbUIbl OiiM
Oepy mnpoOneManapbiH TycinyiHe 30 oxbur Oolibl aWThuFaH «XKacaHnbl
WHTEIIICKT TaOMFU aKbIMAaKTBIKTHI )KEHEI» aTTHI 3CCeCi ocep eTTi.

MoTiHIIK aKmapaTThl Taljay »oHE i3/ey TpoOjeManapblHIa CeMaH-
THKAJIBIK JKEJIUTIK anmapaTTap/sl KOJIIaHylaFbl OTAHABIK JaMy/IbIH €H JaMbIFaH
typi «['apant Ilapk MaTepner» xommnanmscsiHbIH RCO (Russian Context
Optimizer) OpeHIIMEH OaFaapiIaMabIK OHIMICD YKUBIHTBIFBI OOJIBINT TAObLTAIBI.

Conpiaa CeMaHTHKAJIBIK 6PMEK TYXKBIPhIMIAMACHIH aTall OTKEH JKOH, OHBI
6.7 xoHe 6.8 GexiMepae TOIBIFBIPaK KapacTblpambi3. CemManHmukanvlk opmex —
Oyn JlyHuexy3ulik TOpIbIH OJaH opi JaMmybl, OHBIH pecypcTapbiHa
OPHAJACTBIPBUIFAH KY)KaTTapJa OChl KY)KaTTapJarbl aKMapaTThlH MarbIHACHIH
aJlyra MYMKIHJIK OepeTiH CeMaHTHKaIbIK Ty3eTy O0ap. MyHIail ceMaHTHKaJIbIK
kykatrap HerizineH RDF ¢opmareinna xacamager (Resource Description
Framework) — XML TiniHiH KEHEHTiIMi, TaKBIPBIITHIK-IPEIAKATTHIK-YIITIKTI
YCBIHY apKbUIbI TOJBIKTHIPBUIFaH.

6.2. CeMaHTHKAJBIK KeJinepain TypJiepi

Bapnbik KaThlHACTap €KUTIK OOJATHIH CEMAHTHKAJIBIK JKCJIl PEIAIIUSIBIK
rpad el Kypanasl (6.1-cyper).

- o b i a kind of
s akindof o akindol TN

¥ 4 N /}

6.1-cypem. Pensayusnvix epag mvicans

«Larry Smith» sxoHe «Man» JnereH yFeiMaap rpadukte Oipaei
SJUTUTICTEPMEH OEINTiIeHTeHIHe KapaMacTaH, ONApIbIH CEMAHTHUKAJBIK Carachl

op TYpIIi.
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«Larry Smith» — Oyn ep amampap ToObIHBIH yirici, an «Man» — Oy
KeNTereH ep agamzaap. O3 keserinnge «Many» xone « Womany — OyJ1 HEFypIibIM
KyaTThl afiaMaap >KUbIHTBIFEI («Person»). COHBIMEH, PEISIMSIBIK MOIlIMETTED
0a3aceiHaa Oosranai, 6ip-0ipiHe, OipeyiHe )KoHE KOIKe KaThbIHACKI Oap.

Erep aputms ekimen e3reme Oojica, OHIA TpapUKAIBIK TypHe
CEeMaHTHKAJBIK OKeNiHi OeliHelney KublHFa cofanbl. bipak, nmepekrep
Oa3achIHAAFBIIAN, Ci3 OOpiH KaJIbIKa KENTIpil, eKUTIK KaThIHACTAapFa KenTipe
anachl3. MpICasbl, «KO3FAITKBIID) CUSKTHI OIpTYTac KaThIHACTBI «MOTOp» ->
KY#H» -> «KYMBICY» Jel KbICKapTyFa Ooyiabl. 3 THUITETi apibIKIeH OailaHbIC
«¥mak IlerepOyprren Mackeyre ymaap» YII YFBIMMEH JKYMBIC icTeimi:
TaKbIpHIObI — yIlak, an o0bekriepi — Mockey meH IlerepOypr. Ilpeankar —
YIIyAbl OpbIHIAY («yIry»). «¥IIy» KOCHIMINA YFBIMBIH €HTi3€ OTBIPHIN, Oy
KaTBIHACTHI CEMaHTHKAJBIK JKETiHIH KeJleci Y3IHAICIMEH YChIHAEI (6.2-CypeT):

OpBIHJAN B Gacran
yIIaK s Yy —— Terepdypr

inge
Mocksa

6.2-cypem. TyorcoipblMOamansiy 2pagh aHbIKMamacbiHa

Kenreren jxarnmaitnapaa, KapbIM-KaThlHAC TYXKBIPBIMJIAMAcChl PETIHIE, OJI
KaThICAThIH Xail 00bEKT Hemece CyObeKT emec, Oipak 0acka KaThlHAC HeMece
CEeMaHTHKAJIBIK JKeJTiHIH TyTac Oeuiri. Mpicanbl, Oana acraHja yIakThsl Kepit,
oy ymak [letepOyprren Mockeyre YIIbII )KaTbIp JeTl OHIai/Ibl.

MyHgail Keniepi npono3suyusnvlK Jceiilep IEN aTalipl, al MyHAan
JKCITHIH TpadbIH MYHCLIPLIMOAMANLIK epag Nien ataiasl (6.3-cyper).

Bana e ‘
ofLTafisl

6.3-cypem. Konyenmyanow epag
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YchIHBIC JKenmiepiHaeri ysuibl OaillaHbICTap epKiH TYpAE YJIKEH OOyl
MYMKiH. MpIcanbl, OanaHblH aTa-aHackl erep on ymak Caskr-IlerepOyprren
Moackeyre ynibin 0apa jxkaThIp €Tl oijiaca, oJ1 KaTeJIECKeH JeTl CeHyl MYMKIH,
aJI OJIapJIbIH aTackl MEH 9XKEeCi ©3 Ke3eTiHAe aTa-aHaChl HEMEPEHiH JeIyKTHUBTI
KaOieTTepiH xoHe T.0. Garanamaii/ipl Ien CeHyl MyMKiH.

Oxuranapipl YChIHY YIIIH OpTachiHaa erticTiri 6ap rpad Hemece Pactbe
rpadbl KoJTaiael. MBICANTBI: UT TOIITANIBIHEI TICTEHII (6.4-CypeT).

Hr +— Areur |le— TicTey —»| npicay ——» nowTa
KBI3METKEP]

6.4-cypem. Pacmve epaghvl

Heri3 y¥bIM emec, apekeT HeMece OKuFa, Oyl JKaraiina Tictey kaTelp. 3at
HeMece TICTEHTIH areHT — WT, all 3aT — IMOIITa KbI3MeTKepi. ETiCTIKTiH
OpTacelHAa OpHaJacKaH rpad cisre rpadTel canmai-ak skacayra MYMKIHIIK
Ocpemi. bi3 ockl okuFa Typaibl OiuTiM 0a3achlH Kaii FaHA KCHEHTE alaMbI3
(6.5-cyper):

._,C_Y_r] ri » » '}K\';mhuu.u%

Heneny

:-4-.—-@_)-'—

6.5-cypem. «llowmauibly ceMaumukanblk Jceaici

[MommTanibHbl UT TICTETCHIIKTEH, MOIITA KbI3METKEPI UT UECIHIH
ayJIachIHIa YPBI-COKKaH.
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6.3. CeMaHTHKAJBIK KeJijepaeri KaTblHACTAp TypJiepi

CeMaHTHKANBIK JKENJIep/Ieri KaTbIHACTAPJAbIH €H KOIl TapaJfaH Typl —
AJIEMEHTTEPIIH, )KABIHTBIKTAPIBIH JKoHEe 00BEKTUIepaiH OOmiKTepi apachIHAaFsl
KATBIHACTHI CHITATTAWTHIH UePAPXUSIIBIK THIT. OJNapFa MbIHAJIAP JKATa/Ibl:

1) ISA kaaccnpukanusicblHBIH OailyIaHBICHl  (aFBUILIBIH - TUTIHEH
aymapranna “is a” Oombmm TaOpuTampl). Kemmiimik (CHIHBIN) OHBIH YITLUIEpiH
xikTerai (mpicanbl, «CokpaTr — 691 amam»). By kaTeiHacThl Kelae “member
of” ngenm Tte araiinpl. Opbic TiMiHAE OHBI «0ap» (KEKelle) HeMece «MOHI»
(vemrmmie) nmem atayra 6omansl. Kepi Oaitmansic “example of” Hemece «MbIcamy
0OJIBIIT TaOLLTAIBI.

2) AKO xubIHbI MeH illIKi JKHBIHBI apacbIHIaFrbl KaThiHac («a kind
of»), MbIcanbl, «MarucTpiep — O CTYICHTTEp >KUBIHTBIFBI». [SA KaTbl-
HaChIHAaH albIPMANIBUIBIFBI — JKIKTEY JIEreHiMi3 — «0ip-OipiMeH» OaiinaHbICHI,
[Momramsr It Arent Kycars O6bext Heci O6wvexT Meci O0vexT ¥py AreHT
Teprey OpbiH Aymna Manepa, an imKi JKMBIH — «KemNTiH KkeOiHe». Opsic
TUTIHIE — «ILIKI )XUBIHY.

3) DByriHHiH koHe 0OJIKTIH KAThIHACBL. MEpPOHUMUSIHBIH apaKaThl-
Hackl — OYyTiHHIH Oejikke KatbiHackl («(“has part”™). Meponum — Oacka
OOBEKTIHIH KypaMblHA KipeTiH OOBEKT. XOJIOHMMHUSHBIH OailllaHBICHI — OYJI
OeumikTiH OyTiHre KateiHachl (“is a part”). Konnenenin xoionumi. JleHe — Oy
KOJIZIBIH MEPOHUMI.

KaTbiHacTapAblH HWepapXUsUIblK TYpJIEpiH KOJJaHa OTBIPBIN, KaHJAAi
OOBEKTIEp KIACTap EKCHIH >KOHE KIIACTBIH JaHanaphl OOJBIN TaObLIATBHIH-
IBIFBIH HAKTBl axpIpaTy KaxeT. COHBIMEH Karap, Oapiblk MoHIep OOMbIHIIA
Oipmell TYXKbIpBIMJaMaHBIH KJacC HeMece JaHachl OONybl MIiHIETTI emec.
CoHbIMEH, «alam» opAailbIM «CTYACHTTEp TOOBD» HeMece «CHOEK YIKBIMBD)
CUSKTHI OiniM ©a3zanmapbIHIa CHIHBII Oonampl, Oipak Oy OmoJOrHsAmarsl OiimM
0a3achIHAAFBl CYTKOPEKTLIEp KIIACHIHBIH MBICAIIBI 00J1a aajbl.

CeMaHTHKaNBIK TpadUKTiH MBIHAAPE 00BEKTUICpAl FaHa eMeC, COHBIMCH
Karap KacHeTTepi HeMece KaCHeTTEPIiH MOHIH e KepceTe ananasl. [ 'padukre
KacHeTTep/li KOpCeTy OHBIH KOPIHYIH apTThIpajibl, Oipak eTe OiTenreH OOyl
MYMKIiH.

Wepapxusnblk KaTbHACTApIaH 0acka, keOiHece CEMaHTHKAIIBIK JKeNiiepe
KaTbIHACTapIbIH KeJleci Typiepi KOMAaHBUIAAb! (€KiHIMI JKaKIIana MIEHIAPIBIH
TYpJIEpi KOPCETIIreH):

1) byHKUMOHANBIK KaThIHACTAD (<OKACAUIBI», «Cep eTei, ...) (HbicaH —
HBICaH);

2) caHIbIK («Kem», «a3», «TeHy», ...) (HbICAaH — HbICAH HEMeCe HBICAH —
MYIIIK);
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3) KeHICTIK («albICy, <«KaKbIH», <OKaK», <« KOFapbl», «acThIHIAY,
<OKOFapblay, ...) (HBICAaH — HBICaH);

4) yakpiTiia («epTepek», «KeWiHipek», «Oip yakpITTa», ...) (HbICaH —
HBICaH);

5) aTpuOyTTHIK («MEHIIIKKE He 00iy», «MaHBI3ABI OOIYBl MYMKIHY, ...)
(HpIcaH — OYJ1 MEHIIIIK HeMece MYJIIK — KYHBUIBIK);

6) JOorWKambIK («WKOHE», «HEMece», «eMec») (HpIcCaH — HBICAaH HeMece
MYJIK — MYJIIK);

7) TMHTBUCTUKAJIBIK.

KatsiHac TyprepiHiH caHbl eTe yJIKeH 00irybl MyMKiH. Byn perre Herisri
Mocesie OinmiM 0Oa3achiHa cypay cajiydarbl OChl KaThlHacTapibl COWKECTEHAIPY
MYMKiHAiri Oomeim TaObpIanel. OcblFaH OaiNaHBICTHL, MIBIHAAPABIH CAHBIH
KOOEHTy apKbUIbl KaThIHACTapAbIH TYpJepiH (KoHE INBIHAAPBIH) a3alTyra
Ooaasl.

MpIcanbl, «CEMaHTHUKAIBIK JKE» — «apHAJIFaH» — «IEepPeKTep aka-
paTThIK» KaTHIHACHIHBIH OpHBIHA Ci3 «CEMaHTHKAJBIK JKelm» — «bapy —
«MaKCaTTBl»; «MaKCaTThl» — «0ap» — «YCBIHY»; «YCBIHY» — «HEre» —

«mepekTep» KosmaHa anaceid. Optanbikra erictiri 6ap >keminep (Pactbe
Kemiepi) 6.1-kecTee KOPCETUINEH TOMEHICTI KOCBLIBICTAPMEH SKYMBIC
icTEN .

Kecre 6.1. Pactbe rpadTapsiHIarsl KaTbIHACTap Typiepi

. Keningerinren
ATBI Typi AHBIKTay aThI
1 2 3 4
ACC accusative acep ety 00beKTICI PATient
p ety
(ASS assumptive Ke3Kapac PERspectiv
(ATT) attributive Kacuerrepl CHARacteristic
CHUITaTTaMachl
(BEN) benefactive | "o 7 AIYIIBI POTIHAC BENeficiary
6oaThIH MOH
(CLASS) classitive CBIHBIII JJaHACHI CLASsitiv
CAIIBICTBIPY aPKbUIBI
(COMP) comparative OipiKTipiIreH COMParison
JJIEMEHTTEP
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Kecrening 6.1 xanracel

(DAT) dative AIybt RECeiver
OprarusTi,
(ERG) ergative MPOLECCOPIIBIK HEMECE AGEnt
OPEKETTIK arcHT
(FIN) final Homie nemece GOAL
KYTIJIETIH MaKcat
(INST) instrumental faH A atbUEa" MEAns
KapaxkaT
(LOC'S) spatial KEHICTIKTEr1 epexe SPAce
locative (ycranbim)
(LOCT) temporal epexe (MO3UIHA) TIME
locative YaKbIT
(MAL) malefactive | , >0 PAAIT INCKKCH Tapart MALeficiary
iC-OpeKeTi HOTHXKECIHe
(PART) partitive OyTin Gemiri PARTiItiv
. HOTHKECi,acepi, EFFect (;xoHe
(RES) resultative canapb! CAUse)

6.4. OHTOJI0THS KOHE KAaTBIHACTAP/ABIH MyparepJiik epexenepi

Binmimzi yceiHy — ©Te KYp/eni oHe MIbIFapMaIlblIbIK nponecc. by xepae
HET13T1 Macelte O11iM 0a3achliH KYPy opaaibiM AepIaik "HeyaeH" 0acTanasr; Oy
perTe amam OanayblK MIAKTaH OacTall aifHANaThIH OacTayblll JeHreimeri oitimM
#OK. OCBIHAAl TYPMBICTBHIK OiiM 0azanapblH Kypy 25 KbIIIAaH acTaM yakbIT
6oiiel Cycorp KOMITaHUSACBIMEH JKYpri3iieni. (Www.cyc.com) anaiiia, OHBIH
Heri3iH Kamaymsl Jlarmac JlenartsiH (Douglas Lenat) moitpiamaysr OoibIHIIA,
MaIlIMHA 9711 e OHBIH aTa-aHachl 63 OajajgapblHAH YIKEH eKEHIH KoHEe agaMiap
KaWThic OONFaH Ke3/e Tra3eTTep jka3dyJaH 0ac TapTaThIHBIH aHBIK TYpJe
xabapnaysl KakeT. HakThl IOHIIK canagarbl OLTIMII OapiBIK JaHAIapFa OpTak
JKOHE op ajaMmFa keke Oemyre Oomansl. Erep oOBeKTiEp KiIachlHA apHAIFaH
bimimni ¢gopmCheat 6ip per opbiHAanca, comaH KeifiH OHbI Oacka aBTopIap
JKEKe TaHaNap/bl CUIATTay Ke3iHAe maiianana ainajpl.

Ocbuiaiiia, Ke3-KelreH MoHIK cajagarsl OuTiMIi GpopMangay oObeKTinep
apachIHIAFBl HETi3Ti KaTBIHACTAPABI XKoHE OOBEKTLICPHiH JKAIIBl KaCHETTEepiH
CHUIIATTaWTBIH >KaJIbl JIeHreineri Oumimre Herimemyi tumic. MyHpalt Oimim
onmonoeust ien araiajsl. Mpicasbl, "ajgam" KIIaChIH CHIIATTAY YIIiH OHTOJIOTHS
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"kon", "Oacwl" koHe "kacuerrtepi Oap", "TyraH kyHi Oap" koHe T.0.
oObekTiepimMeH "has part" KaTbIHACKIH KaMTybl MYMKiH [28].

MyHpaii OiiMi TOMEHT1 JIeHTeiieri 00beKTiepre KoJaany Myparepiiik
epeXeNIepiHiH KOMETiMEeH JKY3ere achIpbIIaIbl:

Erep X AKO Y xone Y AKO Z onga X AKO Z — erep X Y KUBIHBI
GoJica, al coi, ©3 Ke3eriHae, oJaH Ja Kol Z >KMBIHBI 00jIca, OHIa X KJIachl Z
SKUBIHBI OOJIBITT TaOBLIAIEI.

Erep X ISA Y xone Y AKO Z 6oinca, onga X ISA Z —erep X Y
KJIACBIHBIH JIaHAChI 00Jica, JKoHe OYJ1 3 Ke3eriHze Z >KUbIHBIHBIH 0euiri Ooica,
X - 7 KIIaCHIHBIH JaHACKI.

Erep X has part Y xone Y has part Z onga X has part Z — erep X
KypambiHaa Y Oolica, am ol €3 Ke3eTriHae z Kypammac Oediri Goica, oHma X
KypambIaa Z 0oJaibl.

Erep X ISA Y xone Y has part Z 6osca, onga X has part Z —erep X Y
KIIACBIHBIH JJaHACHI 00JIca, aJl 01 e3 Ke3erinze z Kypamaac Oeiiri 6oinca, oamga X
JIAHACHIHBIH 63 KypaMbIHaa Z 00JaIbl.

Erep X AKO Y xonHe Y has_part Z 6osca, onna X has part Z —erep X Y
IIMKi KUBIHBL 0OJIica, ajl OJ 3 Ke3eriHme z Kypampaac Oemiri Gonca, oHma X
KJIachl Z 63 KypaMbIHa 00Jabl.

Erep X ISA Y one Y has a Z ouga X has_a Z — erep X Y KJIachIHbIH
JlaHackl 0oJIca, aj oJ1 ©3 Ke3eTiHae Z KacheTiHe ve 0oJica, OHAa X JaHACBIHBIH Z
KacueTi 0oJa bl

Erep X AKO Y xone Y has a Z onna X has a Z-erep X Y iIIKi KUBIHBI
6oJica, a1 o1 ©3 Ke3eringe Z Kacueri 0ojca, oaaa X Kiackl Z KacHeTi 00J1abl.

Myparepiik epexenepin KojjaHy opOip JaHaHBIH OapiblK KacHETTEPiH
CHUIIATTayFa OapiiblK Ka)KeTTi KACHETTep CUMATTAIFaH KIacKa )KATaThIHBIH FaHa
KepceTyre MyMKIHJIK Oepei.

OlleH MIBIFAPMAachlH CEMAaHTHUKAIBIK JKeJire ayaapy MbICAIbIH KapacThl-
paifibIK >KOHE TEK HeTi3ri MarbIHaHBl KepceTell. O3repic ymiiH 06i3 aFbUIIIBIH
TUTIHJET] HYCKaHBI aJlaMbI3 (KIMHEH KiM Ka3FaHbIH TyCiHOeMI3).

"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 off to 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, I sang. I 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-cyperTeri Kecrene IIbIFapMaHbIH KOPKEMJIK JXaFbl KepiHOeimi, Tek
npoLeccTeplli, OKUFajJaplbl >KOHE OJNapiblH apachbIHAAFbl ceOem-caianapiiblk
GaiinmansicTapael OcitHenelini. COHBIMEH, oH alTy IpoIeci XXYpill >KaTKaHbIH
kepemi3 («Sing»). OH aWTyJbplH areHTi (epraTvBTi) — LWKaJAa, ajl yakbIT
OoiiplHIIA TO3UNUS — ka3. JKazga mukanga skasyAblH HOTHIKEC KbICTa a3blK-
TyaikTiH 6ommays! (“No food”) xene amrteik ((“Hunger”) (yaksiT — “Winter”).
AIITBIKTBIH HBICAHBI (“‘accusative”) — 1uKaa.

OkiHilke opaii, Tpadukre ’xa3 OEH KBICTBHIH IUana3oHbl Oip-OipiHe
Kapama-Kapchl OpHAIACKaH, COHBIKTAH jKa3/1aH KeHiH KbICThIH OacTany (hakrici
KOpiHOeH/Ii.

Summer No food

Winter

The Ant

6.6-cypem. «The Cicada and the Ant » enenine apnanzan Pacmoe epagho

AmTeikKa OaiulaHBICTBI, WHENIK KyMblpara Tamak («Food») amy
MmakcaTeiMeH («Finy) kenmai (“Go”). Kymbipcka uHemikTiH Ouin («Dance») oran
KeJTeHIHe JKOHE jKa3/la 9H CaliFaHbIHA GallIaHBICTBl YCHIHA/EBL.
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6.5. CeMaHTHKAJIBIK KeJinepai Kypy MaceJiesepi

6.1-0enmiMiHZC KOpPCETUITeHACH, CEMaHTHKAJBIK KNI OuTiMAl MaTema-
TUKAJBIK TYPFBIIaH HAaKTHI TYpHe cakTaybl Kepek. OchlFaH OaillIaHbICTHI, OHBIH
KYPBUIBICHl JIOJIIK TEH MOHIIK afiMakThl JKOHE OFaH KATBICTBI OapiibIK
YFBIMJApAbI XKAKCHl TYCIHYAI Taxamn ereni. bimimai ycbiHy npobiaemanapsl Jpro
Maxk/IepMOTTBIH >KOFapbla aTainFaH >KyYMbBICBIHAA cumartanrad [10]. Bip
KaparaHga, 6.3-0ejiMae KeNTIpUITeH MbIcaigapra yKcac TpadUKTepai caity
OHail )oHEe TaOWFU TYpJe JKy3ere achIpbUIybl MYMKiH. Aunaiina, Oys1 opJaibim

6ipneit emec. Keneci KypbIIbICTBI KApacThIPAHBIK:

Backama aiitkanma, 85600 xyiiperel O0ap Ty-154 ymakrtap caHaTbiHA
KaTajipl, al yiiakrap yiryra KaouieTTi. ChbIHBIITBIH JKEKE OKiIl ChIHBIITHIH
CHIMaTTaMaJIapblH nemiaeHeTiHaikred, 85600 kyiipeirsiven Ty-154 yma amast
A€ KOPBITBIHABI )KaC&FIMbIS.

Backama aitkanma, 85600 xyiipeirer O6ap Ty-154 ymakrap caHaTbiHA
JKaTaIpl, all YIIakTap yiryra KaOinerTi. CHIHBINTHIH KEKE OKUTi CHIHBIITHIH
epeKIeTiKTepiH neMaeHeTiHaikTeH, 85600 kyipbirsl Oap Ty-154 yiia anaast
a, O MCHIIIKKE We Oomamel koHE 013 Typric OONaMBI3 el KOPBITHIHIBI
KacalMbI3.

MeHIIIri 6ap
TY-1546/u85600 v, yamy

Backa mocene yreiMzmapra artaynap OepyMmeH OaiinmaHbICTHL JKorapbiga
KeNTIpUIreH  MpIcajila  YOIaKMeH  HakThl  ymaK OopT  HeMipiMeH
ColfkeCcTeHIpUIIi. OWTIece, YIIAKTBIH NN KaHMal JaHa CKEHIH TYCiHIKCi3
Oouap eni.

Bipeyi imKi 6emim
85600 — TY154 —_— yIaK

«¥WbIN KeTy» KacHeTiH aHbIKTay YVIIIH JaHaHbl JIdJ aHbIKTay oTe
MaHpBI3Zbl €MEC, OHBI aKayJBIKTapAbl JKOI0 Typalbl aWTy MYMKiH eMec.
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XKorapsiaa kepcerinren 85600 uneHTHUKAIMACH Aa TONBIK eMec. bipinmriieH,
Oyl caHgap KOMOMHAIMACH! Ke3-KEJITeH HOpCeHi, MbICajibl, Tene()OH HOMIpiH
KepceTe ananel. EXiHINIICH, YIIAK a3aMaTThIK aBUAIMsIFa OCKCPH aBHAIlMsIaH
Kipe amagpl, OHa COMKECTEHAIPY MYJIe 0acKa, xoHe 013 YITaKTHIH 6TKEH eMipi
TypaJibl, MBICAJIbl, AJABIHFBI JKOHJIEY TYpajbl €IITeHE Taba aaMaliMbI3, JKOHE
Oy MyJIJIeM KOJIaiChI3.

TyciHikTepai COHKECTEHIIPY Moceleci HAaKThI eMiple Ie OpBIH alajbl,
Oipak MyHaa 0i3 "ycrapa OkkamaHbl' KOJJaHAMBI3: KaXCTTLTIKTECH THIC
MoHJIep/l kebeiiTy emec. Erep 0i3 miarblH KOMIAHHSIA COilieccek, aTaynap
JKeTKUTiKTi. CTyI€HTTIK TOITa 9p TETTi aHbIKTayra Oomnansl. byn perre Oip aTka
We, all aTTapbl — OKECiHIH arTapbiHa Ja ue Oonansl. Erep oObekTinepAiH Ko
CaHBIH KAMTUTHIH CEMaHTUKAJIBIK eIl Kypbuica, 6ip aTay op TYpil Y¥eIMAapAbI
KOpPCETKEHIe CHHOHMMMSI TIpo0IieMackl YHCI3 Oomapl.

Erep exenri yakpITTa )Xeke ajamabl aHbIKTay yiniH «Hazapertik Mca» nen
alTy XKETKUTIKTI 0oJica, Ka3ip MacmopTThl paciMaeyae KOMTaHBUIATHIH «ATHI —
JKOHI» — «TyFaH KYHI» — «TyFaH JKepi» YIUTITi Je KaWTajJaHaThlH ColKec-
TeHiprimTepAiH OonmaybiHa Keniaik Oepmeiini. COHbIMEH Karap, MyHJai
Kypaeni KinT (ManiMerTep 0asachl TYpFBICBIHAH) KOpPiHY MEH KaObLInayIblH
BIHFAMJIBLIBIFBIHA  BIKIAN — erneiiai. OcblFaH — OaiyaHBICTBI  TOXKIpHOEAe
KaObUTHaHFaH JKEPTUTIKTI CEeMaHTHKANBIK JKENUIep YIIiH TeCT KiTammachIHBIH
HOMIpJiepi, TIepCOHaJl HeMipiepi, CaJblK TOJCYUIHIH COWKEeCTeHIIpY
HoMipi(CTCH) sxoHe T.0. maiimananpi1ysl MyMKiH. Tarbl Oip mpobiema — op
TYP3l YFeIMAApAB! OiaipeTid Oip ce3 KONIaHBUIATEH moJuceMusi. CHHOHUMUS
MEH MOJMCEMHUS YIIKEH XKeJep/i Kypy npodjeMachiH, aTar aiiTKaHnaa, ap Typai
aBTOpPJIApAbIH (hparMeHTTEpiH OipiKTIpy i KUBIHIATA TYCYl MYMKIiH.

[IeIHHBIH aTaybl jkail FaHa CUMBOJ/IBIK aTay, OHbIH MarblHAChl IPaHUKTIH
KopiHyiH apTThipansl. OHBIH KaCHETTEpPiHIH >KOFapFbl JKaFbl TOJBIFBIMEH
AHBIKTAJFaH, MBICATBI, aJaM VIIH — Teri, aThl, OKECiHIH aThl, TyFaH KYHIi
*KoHe T.0.

6.6. CeMmaHTUKAJBIK KeJineri ¢paxTijiep MeH epeskesiep

Cybvexm-npeduxkam-Hvlcai TYPIHAE JKa3bUIFaH JKOFAapblIa KapacTbl-
pBUTFaH KaThIHACTap TYPAKTHI OiiM 00BN TaObUTazp!, SsFHU. (hakTinep. Opbip
00BeKT Typajbl Oapiblk Oenrimi Qakrinepni €Hridy Herisci3 y3aK YakKbITThI
KaXeT eTyl MyMKiH. MbIcas peTiHie 0TOaChUIbIK KaThIHACTAP/bI OEPY OPBIH/BI.
Kes-kenren eki TybIC YIIIH OJapIblH apachlHIAFbl KapbIM-KATHIHACTHIH aTaybl
Oap: arachl, KHMCHI, KallblH eHeci koHe T.0. Ocpuraiima, n = 10 amaMHaH
TYpaTBIH 0TOACH! YIIiH KaTbiHacTap caHel n * (n-1) = 90 6omaxsl. by xarmaiina
KapbIM-KaThIHACTHIH Oip Oeuxiri Oacramkpl (>kyOaii skoHe aTa-aHa-Oajna) OOJbIN
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TaObuIabl, an Oacka KarblHAcTap OacrayblmTaH Oacranaabl. Erep Oactarkel
KaThIHACTAp HETi3iHIe KaiiTalama KaThIHACTApJbIH Kajall aHBIKTaJaThIHIIBIFbI
Typalibl aKnapart epexesep TYpiHIe Xa3puica, oHAa OiniM OOBEKTICiHE op
00BEeKT yIIiH TeK Oactamkpl (akTigepAi FaHa eHrizyre Oomamgsl. OTOACHUTBIK
KaTeIHAcTap YIIiH Oy OTOACHIHBIH 9p MymIeci — OipeyzdiH Oamachl >KoHE ara-
aHackl, COH/Iali-ak OipeyiH xkyOaibl xKoHe 0acKa elTeHe eMec JIen OOKANThIH
OoJcak, Oy kem JiereHze 3 ece a3alThUTYABI Oiaipei.

Epexenepni ycwiHy TiniHiH craHaaptrapbeiHblH 0ipi SWRL — Semantical
Web Rule Language (http://www.w3.org/Submission/SWRL/). Byn tin XML
KeHeHTiMi Oouyblll  TaOBLTAABl JKOHE OHBIH YCTIHAErT KYpBUIBICTap TEK
MalllMHaHbl TYCIHIIpY YIIiH apHanraH. Epexe peagakropnapsl, onerre, «human
readable» epexkenepiiH HYCKAChIH OJIapbl KYPY YKOHE KYHiHE KenTipy YIIiH
[ponor epexenepine ykcac ¢opmarra YChiHAIBIL. TeMeHIe agaMHBIH OKYBI
YIIIH «araif» KaTbIHACBIH aHBIKTayFa apHAIFaH epeKEHIH Y3IHJICI JKOHE OCHI
epexxeHiy 6actanksl Kouel SWRL-ne Oepinren:

hasParent(?x1,?x2) A hasBrother(?x2,?x3) = hasUncle(?x1,7x3) ...

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

<swrl:body>

<swrl: AtomList>

<rdf:first>

<rdf:Description>

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

<swrl:argument1>

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

</swrl:argument1>

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

</rdf:Description>

</rdf:first>

<rdfirest>

<swrl:AtomList>

<rdf:first>

<rdf:Description>

<rdf:type rdfiresource="&swrl;IndividualProperty Atom"/>

<swrl:argument2>

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

<rdf:Description rdf:about="#x1"/>
</swrl:argument1>

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

</rdf:first>
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<rdf:rest rdf:resource="&rdfnil"/>

</swrl:AtomList>

</swrl:head>

</swrl:Imp>

CeMaHTHKANBIK XeJli 00BEeKTisiepl YIIiH epexeepAi OpHaTy apKbpUIbl 0i3
alllbIK HeMece )KaObIK aieM IpobieMachiHa Tar 0oJybIMbI3 MyMKiH (Open or
Closed World Assumption). AmBIK o71eM Typaibsl OOJDKaM CIIKIMHIH aJeM
TypaJibl TOJBIK aKIapaThl XKOK JAeTeH Il OLIIipel, COHABIKTaH TYXKBIPhIMIAP TEK
Oenrin Hopcere CyilieHe OTBIPBIN jKacalaybl Kepek. JKaObIK oneM jKopamalibl
OapIBIK aKmapaT OaKbpUTAYIIbIFa OeNrimi ren Oomkalaspl. MbIican peTiHae «ereit
aHay» TYPIHJETri TYBICTBIK KaThIHACTHI aliTyFa 0osaisl. Keneci MmamiMeTtep Oinim
Oas3aceIHIa OOJICHIH:

Anopeti — Ecopoviy ama-anacei.
FOnus — Anopeiioiy aiieni.

KabOrpik omemHIH OomkambiHA cofikec, FOmms — Eropapry ereit mremieci,
OUTKEHI JIepeKKOpZa OHBIH aHAChl EKEHIIri Typajbl aKmapar JOK. AIIBIK
onemae IOnmsnbl EropapiH ereil memeci nen caHayra OOnaabl, erep OHBIH
anacel FOnus emec, 6acka olien ekeHairi oenriii 0Oonca.

Epexenepni xonmany OimiM 0a3achlHAa TOJNBIK €MEC akmapar OoJiFaH
JKargaiina erte maimansl. Meicanbl, anabIHFBI MBICANIa AHIPEHIIH TYIFa
SKCHJIr alThurFaH neimik, Oipak FOmust nmereH TyiiFa Typajibl aKmapaT JKOK.
Conpa GapiiblK epesxenep yKcac

Eeep X aoam 6onca, onoa X-me meei 6ap

IOnusra konmanyra 6onmaiinel. Erep ciz epeske jxacacaHbl3

Ezeep X aoam scane X scybativt 6onca, onoa Y - Y adam

conya FOnmusiHBIH 72 ep eKeHi aHBIKTalybl MYMKiH. Epexenepii KonnaHyIbIH
KaFbIMJIBI dcepiHeH Oacka, Oip kemmruiiri ne Oap: OuriM 0a3achlHBIH KeJeMi
OCKEH CalbIH KOCMOCTHIK TIPOTIOPIUSUIapFa JeiiH ©eceTiH KOMOWHATOPIIBIK
Kypaeninik. Meicaibl, erep Ou1iM KOpBI ©Te a3 0oJica, SpKalchIChl Yl (haKTiHIH
100 ¢akrici men 10 epexeci Ooinca, epexenepai (axTiepre KONIaHYFa
TBHIPBICYBIH kaimel cael 10 * 100 * 100 * 100 = 107-re >xeTyi MyMKiH,
oliTkeHl opOip epexe OapiblKk MyMKiH (akTiep AOHEeKTI Typiae KOMbUIaIbL.
CeMaHTHKAIIBIK KeNiJe i3[eyliH MYHAal «KapamailbiM» JKy3ere achIpbuUIybl
MYMKiH eMec ekeHi aHbIK. Ke3-kenreH i3jey TanchlpMachIHAAFbIIald, MyH/a
KOMOWHATOPJIBIK ~ KYPHAENUTIKTI TOMEHIETYy MOCEJeCiH IIemy  Kaxer.
Epexenepni enneyai xenenaeryaid Meicansl perinae Rete (Putu) anroputmin
Koyganyra Oonansl [24], OHBIH HETi3rl MarbIHACHI aFalll cally, OHBIH JpOip
TYHiHI epexxenep mapTTapbIHbIH OeJIiriHe ColKec Kesiei KOHe OChI MapTTapIbl
KaHaraTTaHIBIPaThIH (akTiiep Ti3iMiH cakTaiiapl. Epexenepni KoinmaHy
OapeICHIHIA YHEMI kaHa (akTiyep maina OONaTHIHABIKTAH, OJIap XKelli apKBUIBI
KO3FajlaJpl KOHE INbIHAApHarbl (Qakrinep Ti3iMi kaHapTeUIagsl. Rete
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QITOPUTMIHIH KHUBIHIIBUIBIFBl — OYJI JKaJTBIH YJIKEH KeJieMi, OWTKEeHi 1M COoll
¢axrinep rpad merrepinae TiziMaepae KalTalaHaThIH 00Jabl.

Banamaiel menriM xonaapeiHbIH Oipi peTiHae opOip KyKaT YIIiH OapibIK
MYMKIH epexenep/i 0ip per icke KOCyFa jKoHe HOTHKeIepi (akriiep TypiHie
cakrayra Oomnael. TybICTHIK OaitaHbIcTap Oa3achl yIIiH OYJI KyKaTKa aJlIbIMEH
TeKk OacTamkbl OaiinaHeicTap (ara-aHanap-Oanamap MeH epili-3aibINThLIap)
eHTI3UreHiH Oinmipeni, comaH KeiHiH oNapablH IIIiHEH OapibIK >KaHama
KaThlHacTap (HeMepe KapblHaacTap oHe T.0.) ecenTelsiesi, ojap TeH KYKbIKTa
OimimM 0a3acelH TOJNBIKTBIPaAbl. OchlmaH KeiiiH OapiblkK (axTinep Oipael Te3
aneiHaAbl. MyHpnaii tacin npeunenentrep (Case based reasoning) Herisinmeri
KOPBITBIHABI TYpi OOJbIN TaOBUIAABl JKOHE OHBI aJaM HHTCIICKTIHACTI
JaFIpUIapIBIH aHAJOTH Jen caHayra Oomamel. Ll MoHiHme, 0i3 opmaiibiM
yKcac 9peKeT eremi3, MbIcalbl, aybi3lla ceiney. Erep 0i3 ap ce3 TipkeciH
KYpFaH/ia TUI epeKeIepiH KOJIIaHCaK, COIIIeY XKbULIaM/IbIFbl CaraTbliHa OipHele
ceiieM/IeH acmaysl Kepek. by ocipece, opbic MOTIHIH mIET TUTIHE ayJapraHia
Oaiikanmansl. Erep Tinmik nuszaiftH Oi3re Tanbic Oosca (OypeiH OipHemie per
KOJIZIAHBIIFaH), OHJIAa aynapMa XbUIJaM KapKbIHMEH jxypeni. bi3 Oipinmi per
YCBIHBIC JKacalblK, OHJA ayJapMa IIpOLEeCi OHJaraH MOHE XXY3JEereH peT
Oastynaiiipl.

Humennexmyanovl ceManmuxaslK ycei acenmi

CemaHTHKaIIBIK JKeJdl Kypy OHail miapya emec. bipak 0i3 OHbIMEH
alfHaNBICKAHHAH KeHiH cypak TyBIHAAWHObl, OipaK CEMaHTHKAIBIK >KEIiIeH
Oinmimai kKanai any xepek? bys yuiiH naiiianaHylIbIHBIH CYpaHbIChI OOWBIHIIIA
KakeTTi OLTiMII i31en, HOTIoKe OepeTiH apHalbl OarqapiaMa d3ipiieHyi Kepek.

Kasipri yaxsitra RDF ¢opmaTbiHIarsl ceMaHTHKAIBIK JKeliep TypiHjae
OimiM HerizaepiHe apHailFaH OipHeme cypaHbIC Tingepi Oap, artam alTKaHga
DQL, R-DEVICE, RDFQ, RDQ, RDQL, SeRQL. EH cranmapTTamfaH Til
SPARQL 6omnbin Tadsutansl, on World Wide Web (W3C) [29] nepekTepre ko
xKeTKizy sxkeHinzeri Data Access Working Group (DAWG) cranmaprraymsl
OTTI.

Op Ttypni Oarmapnamanslk riatdopmanapra apHairan SPARQL TininiH
OipHemie HycKaiapsl Oap. ABTOp OJapiAbIH OipHENIEYiH CBHIHAIl KOpIi >KoHE
SPARQL Tingix npouecreri cypayiap Tek ¢akrtigepai (YIITIKTED TaKbIPbIObI-
MIpeauKaT-00BeKT), Oipak epeskenepi TyciHOenTiHi 6enrini 0onapr. Ocputaiima,
OHTOJIOTHSIHBI KYPY OOMBIHIIIA OapIIBIK dKYMBIC MaFbIHACKI3 OOJIBII Kalabl.

ByJ1 KeMIIUTIKTI KO0 YIIIH aBTOP CEMAHTUKAIBIK KY>KATTap bl YChIHYIbIH
KEHUTICTUITEH TUTIH JKOHE OUTIMHIH BHU3yalW3aIlMACHIH JKOHE KapamaibiM
CYpaHbICTap/bl OPBIHAAY bl KOJNANTHIH Oaraapnama xacaabl. Ockl oHHIH Oip
Oediri peTiHAEe CEeMaHTHUKAJIBIK JKENMUIepAl KypyFa JKOHE 3epTTeyre apHalFraH
SEMANTIC 6arnapiaMacsl, OChIHAAH aKbpUIIBl areHTTIH KacHEeTTepi Typasibl
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TYCIHIKTEpAlI KaMTuAbl. Atan aidTKaHja, Oarjapiama Myparepiik epexesepi
OiTiM KOpBIHAA JKa3blUIFaH OapiiblK (hakTiiepre KoJjjaHalbl, COHBIMEH Karap
KOJIZIaHYIIbIFA 63 epeKeNIepiH )KacayFa MyYMKIH/IIK Oepeti.

6.7. Konrexcri 6ackapy

CeMaHTHUKaIIBIK JKENiHIH OapiblK HBICAHIAPBIH OipereiyieHnipy Kaxer-
Tidiri Qakrinepai Kocy NpoueaypachlH KypJeaeH ipin KaHa Koimali, COHbIMEH
Karap OimiM amy eTe KubIH OojareiHbIHA anbin Keneni. Ci3 Oynm MacemneHi
TYCiIHYJIl KapamailblM MbICAJIMEH JKeHUIIeTe anachi3. KepiuiMizneH jxacaHibl
HWHTEIDICKT Typajbl Jopic jka30ajaphelH cypan amyabl Oip KyH cypan KepeHik, ol
03 Ke3eTiHjae o3iHiH KypObIChIHAaH Kaphi3 anmraH. CoHga IUANOT IIaMaMeH
ObuIaliia 0oJaubl:

"Peceit deneparmsaceiabiH azamMatel CunopoB Brmagumup MBanoBud, 1985
*bUTbl CapaToB KanmacwiHaa TyfaH, Cankr-IlerepOypr x .20.05.2003 51 XXM
oepinren Ne 60 04 123456 nmacmoptsl 0ap, MaraH, Peceit ®DenepauschiHbIH
azamatel [letpoB MBan BukropoBuuke Oep, 22.04.1986 xpuiel IlckoB
KaJachlH/la TyFaH, macnoptsel Oap, Ne 6606 654321, 24 carar 00 munyTTa"
YKacaHIbI MHTEIUICKT' IOHI OOWBIHIIA JOPIC KOHCIEKTICIH €CeNnTey TeXHHKACHI
kadenpacblHBIH JOUEHTI, T.F.K., beccMmepTHblii Wropr AjekcaHapoBUY
OKHJBL..".

Kynnenikti >xarmaiima xonm xeTimmi emec ¢pasa, Oipak NONHIUSHBIH
eceOiHJIe oTe )KaKChI. ON0ETTe, CEMaHTUKAIBIK XKeJliHI KypFaH Ke3zie ci3 0apibIK
HbICAHIAP/bl OIpKeNKi AaHBIKTAIl, AaHBIKTAll anacki3, Oipak OyJ >KYMBICTBI
alTapibIKTail KUBIHAATAIel. bipak OuTiMre KOJ JKeTKi3y YIIiH HaKTBI eMipje
OoJIaTBIH JTMANIOT CHSKTHI KapamaidbiM JUalior JKYpri3yre MyMKIHIIK Oepy
kepek. Mynnaii QyHKUMAHBI OiTiMre KOJN IKETKI3yJli KaMTaMachl3 eTeTiH
3UATKEPIIK areHTKe KYKTeyre Oomapl.

Konrtekcrik 0a3a eki KOMIIOHEHTTEH TYpPYbl KEpEeK: TYPaKThl JKOHE
yakpITIa. TypakThl KOHTEKCT — OYJI JHAJOT MpOIECiHAe ©3repMEeUTIH OliM.
Mpicaibl, 0i3 OHBIH Kali yakbITTa eKeHiH OiIrimi3 keneai. byn cypakka emikiMre
KUBIHIBIK TYFBI30aiIbl, TaKBIPHITHIH OPHAJIACKAH Kepi Typajbl aKMapaTchi3
xayan Oepy MyMkiH eMec. COHJBIKTaH, MOTIHMOH/IIK MaJiMeTTep 0Oa3achiHIa
TaKBIPHII Kail Jkep/ie, COHBIMEH KaTap OChl YaKBITTBIH O€NJeyi Typajbl aKmapaT
6ouybl Kepek. backaia aiiTkaHzia, MOTIHMOH JEPEKKOPFa JKYKTEIyl Kepek.

VakpITIma KOHTEKCT — OWI JHajor MpoLEeCiHAe KYpPBbUIFaH HeMece
KOUBUTFaH (YMBITBUIFaH) (akTijiep, COHPIMEH KaTap IHAJIOTThl KeHUIAETY YIIiH
KYpBUIFaH YyakpITIIa OipiecTikrep. YaxpiTmia ¢axTijiep, MbIcalibl, OypbIH
KOWBUIFAaH CypaKTapFa jKayanrTap, SFHH CHIPTTaH OKEIIHIeH XoHE OuliM
0azacelHAa cakTayAbl KaXeT eTneiTiH OimiM. MyHpnail Qakrinepniy Mblcaibl
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JIMarHO3 KOKOFa THIPBICATHIH JOPIreplliH CypaKTapblHa IAlUCHTTIH KayarnTapbl
Oosrysl MyMKiH. MyHmail >kaaThIH OOJIMaybl JHAJOTTHI CKIEPOTHKA TYypajibl
KOINTereH o3UIre aWHaIAbIpasbl. YakbITIIa KaybIMJACTBIKTAp OOBEKTiJepre
Hemece (akTinepre KpICKamla araysiapAbl OChl AWANOrTa FaHa KOJIaHYFa
MYMKIHZIK Oepeni. VYakpITmia KaybIMJIACTHIKTap KYHICNIKTI emipae [e,
KyKaTTap/a Jja KeHiHeH KOJIJaHbLIabl.

Meicansl, mapTrrapablH  MoTiHAepige omerte "OOO POT'A  xoHe
KOIIBITA, nupextop A.A. @yHT TyJIFachIH/Ia, XKapFbl HETi31H/IE SPEKET eTeTiH,
Oynaan opi Catblll anmymibl IS aTaaaThlH aifHAIBIM HalijanaHbuiaisL..." .

Ocpuraiima, KOHTEKCTIK 0a3a KOJJaHyIIbIFa KapanaibIM TOCIIMEH JAHaor
KypyFa MYMKIHIIK OepeTiH CEeMaHTHKAJBIK J>KEJiHIH KapamaibiM MOJAEIH
(MozmeniH) KypyFa MyMKIHAIK Oepei.

6.8. CeMaHTHKAJBIK KeJIi )KIHE CEMAHTUKAJIBIK NAyTHHA

6.2-0eiMe KOPCETUITEH/IeH, CEMaHTHKAIIBIK XKelll Y3aK TapuXbl 0ap, JoHe
OCBHI YaKBITKa JISHiH OYJT TYCIHIK eMIKaHIai eKiYINTHUTBIK TYIBIPFaH JKOK.

Anarina, bykinonemuik naytina eHeprankpsibsl (WWW) Tum Bepaepc Jlu
2001 >xputel "Semantic Web" TYKBIppIMIaMachiH JKapHsIaFaHHAH KEHiH, OpBIC
TUTIHAET] 9/1ebueTTe OV eKi YFRIMIap apanaca 6acTaabl

Tycinicneyminikrepai kot ymin "Semantic Web" yreiMbiH "Ceman-
tukanslk IlaytuHa" perinme Hemece ocel MoriHme "llaytuHa" menm aymapy
yebiHbUIagbl. Tum Beprepc JIu WIesICBIHBIH MOHI HHTEPHET peCypCTapbiH
KOMIIBIOTEPJIIK OHJICY YIIIH KOJI KETIM/II )KOHE Ka3ipri yaKbITTa KOJJaHbLIAThIH
KYKaTTapAblH MOTIHIIK TaJNayblHBIH OpHBIHA JYHHEXKY3UIK IayTHHA
pecypcTapblHblH KacHeTTepi MEeH Ma3MyHBIH Oip MarbIHaJbl CHIIaTTalThIH
apHaiBl MeTaIepeKTepMEH KaMTaMachl3 €Ty OOJbIN Ta0bIIaAbl. ATan aTKaH/a,
WurepHeTTiH OapiblKk pecypcTapbiH opOip KYXKATTBIH aBTOPBIH OpHATYFa
MYMKIHJIK OepeTiH TerTepMeH KaOIbIKTay Ke3Jelin oThp. AiiTa KeTy Kepek,
6yt memiMm WWW  TyXKbIpbIMIaMacslH OpBIHAAY YIHIiH, MHTepHer OiiiM
KOpPBbIHAH aKNapaTThIK «KOKBIC YHIHAICIHE» allHAFaHHAH KeWiH, pecypcTapiblH
pYKcar eTinMereH Oenrici3airine 0aiTaHbICTEl KaOBUTIaH B,

Anaiia, CeMaHTHKAaJbIK TOPIBIH OChl KacueTi Oi3[[i COHFbI Ke3eKTe
KBI3BIKTBIPA/bl. Bi3[iH KbI3BIFYIIBUIBIFBIMBI3/IBIH OPTACHIH/Ia-CEMAHTUKAIIBIK,
[MayTuna KacuerTepi naiianaHyIibIFa oJI aJIFBICHI KEJIETIH aKIapaTThl )KETKi3y.

WWW-nen cemantukanblk [layTHHAHBIH HETi3ri aWbIpMAIlIbUIBIFBl —
WWW pecypcrapsl apachlHiarbl OaillaHbIC KYXKaTTap/blH OpPHATIACYBIH, A
[NaytnHa Oaitnanbichl — Ma3MyHIbI OciiHeneiimi. Pac, WWW-na, conpaii-ak,
OpMEKIIi cinremMenepae ne pecypcrap azapecrepi Oap, Oipak WWW-na
ciiremenepci3; oap/blH MarbIHACHIH Halaanysl Tycinyi Taic. IHTepHeTTe
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cimremenep MamMHama ©HaEyre OONaThIH HakKThl KepcerinreH. Ocwiraiimia,
CEMaHTHKAJIBIK Be0 MHTEPHETTI KOJJIAHYIIBI KYXKATTaH KYXKATKa CliTeMenepi
Oackana, Ka3ipri BeO-cepGHUHITIH OpHBbIHA aKmapar i3aeyai oumipeni [25].

6.9. Cemantukaibik IlayTuna:
NPUHIUTTEPI MEH aFBIMIAFBI KAFIANHBI

Cemantukanelk [layTnHa HeTi3iHIE COJ TPUIUIET TAKBIPHIOBI -TIPEIOHKAT-
HBICAH KATBHIPp. AMWBIPMAIIBUIBIK TPHIUIET JJICMEHTTEPiHIH OpKaiCBHICHIH
kepcery. Topna TakbIpbIObl, HBICAH XOHE IPEAUKAT pecypcTapiblH amoOedar
naentudukaropnapel Hemece URL (Uniform Resource Identifier) kepcerinren.
Mpican petinge 6.7-cyperTe KepceTireH Oarannap 60J1ybl MyMKiH.

—

@IM’W w3.010/2000/ 1 Oiswaplpinvcontact#Person

22 rdf-syntax-nsfypa

— —

= ———
hitpciiwww. wikimedia orgf cundars#imbo >
"!___‘__ p—
—~——
httpAhwww w3 c 1 0fswap/pimicont act®uliMName
Vs ~—
hitp:/wvww.w3.0rgf 200071 Qiswap/pimfcontact®#m: X --,_ﬁ_‘_““
Jimmy Donal "Jimbg® Wales
/’ L ]
—

—

o
< mailto jwales@wikia.com >
Z 3 i

6.7-cypem. Bukuneoust He2i3iH canyuibl U3UM KAPMACbIHbIY 2paghvl

WuTepnerteri OimiMail yeeIHYABIH eH TaHbIMan Tt — 6y1 RDF. Temenne
Cepretinin Hukuta atThl Oanackl O6ap, an HukuranwlH ara-anacel CepreliMeH
KapbIM-KaThIHACHIH CHUMAaTTalThiH RDF Ky>KaThIHBIH Y31H/ICI KEATIpiIreH.

<Person rdf:ID="Nikita">

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

</Person>

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

<Person rdf:ID="Sergei">

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

</Person>
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byn mimiM agam okyra apHainMaraH. CeMaHTHKAIbIK KYKaTTapIblH
penakropnapsl, Mbicansl, protégé (http:/protege.stanford.edu/), nmepekrepai
9KpaHAbIK popMana (pperimaepe) eHrizyre xoHe OHACYyre MyMKIHJIIK Oepe/i.

Serged [Iﬂﬂcd’m rrmal nanms |
IHDIVIDUAL [DITOR for Sergel (instance of Person) |

Property Vil

TE

6.8-cypem

Kasipri yakeirra RDF / OWL KyKatTapbiH KeKe SHTy3uactap Kacailibl.
WurepHerTeri KyKarrap caHbl a3, oJaplbl apHailbl i3[ey cepBepi, MbICAIbI
SWOOGLE xemerimen tabyra Oonansl. XKobaubl a3ipiey kemnreren ceOer-
Tepre OalIaHBICTBI TOKTATBUIBII OTHIP. Byl HeTi3iHEH ceMaHTHKAIBIK pecypc-
TapApl KYPYIbIH T€3 j)KOHE TiKeJIeH MaiIachIHbIH )KOKTBIFBI, OLTIM/II KaJbITac-
TBIPYJbIH KYPACIUIIrT JKkoHE OUTIMAI IWIBIFApaThIH oMOeban areHTTepliy
Oonmaybl. MHTeNNeKTyanpl areHTTepIiH CaThUIBIMBI CTYACHTTIK d3ipieMe-
nepMmeH, Mbicasibl, CayTreMnToH cblpa Hyckayibeirbel (http://www.twine.com/
item/1 1by40gxk-p1/southampton-pub-guide-in-rdf) >xoHe KaHmail MIapanTHI
YCBIHATBIH IIApAl areHTIMEH MIEKTEJE 1. 9p bIIBICTI KOJJaHFaH TYPHIC.
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KOPBITBIH/IBI

JKacanap! MHTEIUIEKT — OYJI agaMHBIH JOCTYpPJIi Ky3ipeTi OoJbIl caHala-
TBIH [IBIFAPMAIIBUIBIK ~ (QYHKIMSUIIAPABI  OPBIHIAAY YIIH HWHTEICKTYAI b
KYHenepain MeHmIiri, Oyl Kypanmap jkyHeci, TINTi eTe Tap oHE Kypaenmi
TANChIPMAHBI MICIHIETIH MATEMATHKAIIBIK AITOPHUTMICPAIH JKUBIHTBIFBIH afiTyFa
6onazpl. [Tunorcei3 kenik A HykTeciHeH B HykTeciHe neiiin xype anazpl, Oipak
6 caHbIH 7-Te KOOCUTY Typajbl Cypakka xayar Oepe anMaiiabl. bi3 Oy cypakka
Jkayar OepeTiH 0acka Kypasiabl OpHAJacThIpa ajlaMbi3, Oipak oyap Oip-OipiMeH
OaiinanpicThl OosMaiinel. COHIBIKTAH Ci3 Oapbll, OaThblpMara IIAXTaHbl Ka3blll
anaThlH POOOTTHI JKacall anachl3, YIIKBIITHIH OPHbIHA YIIAKTA YIIATHIH POOOT
xacall anacel3. bipak Oy exi Typni poOot Oomnasl, XKoHE onapbl OacKapaThIH
OpTaK poOOT JKOK - aJ1aM OHBI dIeKaiia ThiMai ereni. Kolburan MakcaTTapab
KOIO KEepeK, He iCTey KEepeKTIiriH TYCiHy KepeK Kypesli MiHIETTepAe *KacaHbl
MHTEJUIEKT aJjaMFa IIeKCi3 xKoranaasl. s, 0ankiM, poOOT MUHANIAP/IBI canepieH
repi JKaKChl Kas3blll IIBIFap, MYMKIH, erep OJI Ka3a aiMmaca, OKiHOehMiH.
¥Yiiakrapza oJjiap YIIbI KTyl MyMKiH, JI9JipeK alTaThiH O0JICaK.

Kacanner uaTemrekr (artificial intelligence) — koMIbIOTEpITIK KYHEIepaAiH
aZaM aKbpUI-OMBIHBIH JKeKe (YHKIMSIaphlH KaObuinay KaOineri, MbIcaibl,
aNJBIHFBI TOKIpHOE MEH CHIPTKBI acepiepai yTiMbl TCheat HeriziHe anbIHFaH
OHTAWJIBI MICTTIMIEP/Ii TAHIAY KOHE KaObUay.

by anpIKTaMana Ou1iM TEPMUHI TEK MUFa Ce3iM MyIlesiepi apKbUIbl €HETiH
aKmapaTThl FaHa Oinmipmeiiai. byn OutiM Typi eTe MaHbI3IbI, OipaK 3USTKEPIIIK
OeNcCeHaUTiK YIIiH JKeTKuTiKei3. Bi3miH Kopmiaran opra oOBeKTiiepi cesiMre
acep eTinm KaHa KoiMaii, CoHbIMeH Oipre 0ip-OipiMeH Oenrini 6ip KaTeiHACTApAA
OosaTelH KacueTke ue. KopimaraH opraja HHTEIUIEKTyalabl OeJICeHIUTIKTI
JKy3ere acelpy YHIiH (Hemece TinTi Oap Oosica na) OumiM >KyHeciHIe OCHI
oeMHIH Mogeni 0omy Kepek ekeHi TyciHikri. Kopmiaran opTaHBIH OCBHI
aKnaparTelK MOJEJTIHJE HaKTbl OOBEKTiIep, ONapAblH KacHEeTTepi JKoHE
oJIap/IbIH apachIHAAFbl KAThIHACTAP TeK OelHeIeHOe Il XKoHe ecTe CaKTallajibl,
COHBIMEH KaTap, OChbl aHBIKTaMaJa alThUIFaHIal, aKbUI-OMIBI MAKCATTHI TYPIC
e3repryre Oonajpl.

Ocpuiaiima, JKacanabl MHTENIEKT — OyJ KOMOBIOTEPIIK KYWEHIH ©3]iri-
HEH OKy Ke3iHJe Oenriji 0ip KypaeailiK KIaChIHBIH MICeJIeNIepiH EITyTe KoHe
OCBI Macesenep i 0i13MiH eMipiMi3IiH OapiblK cajaJapblHIa IICIIyTe apHaIFaH
OarnmapiaManap (eH aJlZIbIMeH 3BPHUCTUKAIIBIK) KYPY MYMKIH/IT1.

Ic xy3iame XKW MyMKiHOIKTEpiHIiH ayKbIMBI IIEKCI3: FapBIIITHIK
3epTTeyJiep, OCKePH FhUIBIM, pOOOTOTEXHHKA, OHEPKACII, aybUl IapyallbLIbIFbL,
KOJIiK, MeUITNHA, O1JT1iM KoHE T.0.

«nopnsik KazakcTan» MemilekeTTiK Oaraapiiamachl asiChIHIA YIJITTBIK
9KOHOMHMKAHBIH OapiibIK canajapblHla OHAIPIC MPOLECTEPiH UPPIaHABIpYFa
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JKoHE poOOTTaHbIpyFa Ken KeHin OeniHeni. bys OarnapiaMaHbl icke ackipyaa
KU onicrepi MeH KypajmapblH jKacay MaHBI3Ibl pell aTkapansl. Toxipubene
KU konjaHy oCcbl OKYJIBIKTBIH €KIHII TOMBIH/A TATKbIIAHAIbI.

—_

Sl AN

e

11.
12.
13.
14.

15.

O3iH 63i 6aKblIayFa apHAJIFaH CypaKTap

CeMaHTHKABIK JKeJiiepre aHbIKTaMa OepiHi3.

Byt ceMaHTHKATBIK JKENiHIH JIEMEHTI.

He ymin naiinananpiia sl CeMaHTHKAIBIK JKelli KyHeaepinae
’KacaHIbl HHTEJUIEKT?

Tangay koHE MOTIHIIIK aKIMAPATTHI 13/Iey eCENTEePiHAe CEMAHTUKAIIBIK,
JKEITIep anmaparhlH KOJIaHy cajlachIHIaFbl €H 03bIK 3epTTeMe
JiereHiMi3 He?

CeMaHTHKAIBIK >KeTIep IiH THIITEPiH aTaHbI3.

PensuusutbiK rpadTHIH MBICAJIBIH KENTIPIHI3.

Kanpaii sxenisziep mpono3uiUsuIbIK XKeJiep JAen artanaibl?
Oxuranap/ipl KepceTy YIIiH KaHaai OaraHmap Koiailisl?
"TTormrramsl" ceMaHTUKAIBIK YKEJIICIH CAJIBIHBI3.

Ocimik rpadrapbiHAarsl OaiilaHbIC TYPJIEPIH aTaHbI3.
CeMaHTHKAIIBIK XKeJUIepIi KYpy MacelesIepiH KopCceTiHi3.
CeMaHTHUKAIIBIK XelTijieri (akTiiep MeH epexenepii TYCIHIIpiHi3.
PDF ¢opmaTeiHIaFEI CEMaHTHKAIBIK JKEIIEp TYpiHAeT] OimimM
Oa3zayiapbliHa CYpaHbIC TUIICPiH aTaHbI3.

CeMaHTHUKAJIBIK el KOHTEKCT 0a3achl KaHAail eKi KOMIIOHEHTTEH
Typazast?

CeMaHTHKaIIBIK Iy THHA TYCIHITiH OepiHi3.
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IJIOCCAPUM

A

AOAYKIUS — epexe MEH HOTIDKCACH alFbIIApTTap LIbIFapaThlH CHHTE-
THKAJIBIK TYXKBIPHIM HBICAHBI.

AfcTparupoBaHne — SMIUPUKAIBIK OOBEKTIHIH 0acka KacHEeTTepiHEeH
HeMece KAThIHACTAphIHAH ajlaHAaTy apKbUIbl KeOip KacheTTepli Hemece
KapbIM-KaThIHACTBI OWAaH Oemin any (TyciHy).

Aramn — Oip IIBIHBI TAMBIP, KAJIFaH IIBIHAAPHI TEK Olp FaHa oKeci Oap jxoHe
OapJIbIK IIBIHAAPHI TAMBIP MIBIHBIHBIH YPIAKTAPbl OOJBIT TaObUIA/IBL.

AFaluThIH GMIKTIri — TaMBIpJaH KanbIpakKa JeHiHTI eH y3aK >KOJl.

AFalITBIH T:Ki — Oy OapIBIK JKaNBIPAKTAPIBIH JKABIHTHIFBL.

Amduodoaoc (rpex amphibolos — exiik, KOcapJIbIIBIK) — JIOTHKAJIBIK KATe,
OHBIH HETI31H/Ie TUIIK OpHEKTEP/IiH eKiYIIThUIBIFBI )KAThIP.

AKBLIIBI KOJIAYHI 0ap Kyiie nereHiMis — o3 OcTiHIIE IIenTiM
KaObuIayFa KabuieTTi Kyiie.

ATtomM — Oyn npeaukat ¢opMackl Hemece KeOip TeHIIK, SFHU ©pHEK
(s =t), MYHZaFHI S )KOHE t TEpMUH/EP

b

BeiipecMu TanceIpMajap — Keleci cumarramaiapAbiH Oipi  Hemece
OipHemieyi Gap MiHIETTED:

1) omap cangbIk TYpae Oepiryl MYMKiH eMec, SIFHU carlalibl TypJie Hemece
TaK JKUBIHAAP TEOPUSCHIHBIH TEPMUHIEPiHAE Oepineni;

2) Makcartap HaKThl Oenriii 0ip MakcaTThl (YHKIUSHBIH TEPMUHIEPIHIC
KOpCEeTilyl MYMKiH eMec;

3) TanceipMasiap/pl ANTOPUTM/IIK HIEITY KOK;

4) amropuTMaik Imemim Oap, OipaKk OHBI pecypcTapiblH IIEKTETyiHEeH
(yakpIT, *xaJbl) aiinaganyra 00JIManIbl.

BiniM — OHBIH MIHAETTEPIH HICNIyre MYMKIHIIK OSpeTiH MOH/IK CallaHbIH
AHBIKTAJIFaH 3aH/BUIBIKTAPHI (IPUHIMIITED, OalIaHbICTap, 3aHAaP).

Binim kopbin 6ackapy kyiieci (BKB7K) — 6iiiMMeH )KyMBICTBI
KaMTaMachl3 €TeTiH Kypasiap >KUBIHTBIFBIL.

Binim :xeningeri Mn:keHep (KOTHHUTOJIOT, WHXXCHEP-WHTEPIIPETATOP) —
capanmbl MeH OuriM 0a3achl apachlHAarbl apajblk Oydep peniHae eHep
kepcereTid JKU xeHiHAeri MaMaH.

Binimpaep 6a3acel (bB) — Oyt akmapatTel YCRIHY TiUTIHAE (9[I€TTE TaOUFUFa
JKaKbIH) KOMITBIOTEPIIIK OpTaJa *Ka3bLIaThIH JOMEHIIK OUTIM >KUBIHTBIFBI, InS
AAPOCHL.
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A
Jenyxuust nerenimis — Oesrisi Oip ictepre »ajbl epekesiepi KoalaHyFa
HeFi3ﬂeJ’[FeH, HOTHKC HIbIFAaThIH aHAJIUTHUKAJIBIK IIPOIIECC.
JexaapaTuBTiK 0LTiM — KYpBUIBIMAAIFAH AEPEKTEP KUBIHTHIFBI TYPIHICTI
¢axrinep.
Jepexrep — 1) Oenrini xarjaiinap; 2) «UIBIHIBIK» MarFbIHACKI Oemrimi
KaTbIHACTAp HeMece KacHeTTep.

E
Epexe (IIpoaor Tininae) — Oy KOPBITHIHBI HeMece 0acKa TY>KbIPBIMIAp
HeMmece (hakTijep IbH 6oJica, Oerii 00TaThIH KOPBITHIHIBI.

XK
Kannbl makcarrarbl KU kyiiesepi — Oy Tek OeNTijieHreH MpoLery-
pamapapl OpBIHAAN KaHa KOWMai, MeTa-i3[iey mpoueaypaiapbl HeTi3iHae KaHa
HaKThl MoceiesepiAi WIeNlyre apHaJFaH MpoUeAypaiapibl KYpaThiH >KOHE
naijaJaHaThIH XyHenep.

Karmaiijap — HbICaHAAp apachIHAAFbl ©3apa OPEKETTECY/iH OapibIK
TypJepi.
Kannpuiay — Kes-KenreH 06acka YFBIMOAPABI CANBICTBIPY apKBUTBI

TYKBIPBIMITAMaHbl aKbIMCH TaH/IAY .
Kacanap! nuaressiekt (M) — Oyn nHpopmaTrkaHbiH Oip OAFBITHI, OHBIH
MaKcaThl KOJNJaHYIIbIFa-OaFraapiaManibl ©3iHiH MIHACTTEpiH KOIOFa >KOHE
IIeIIyre MYMKIHAIK OepeTiH, MASCTYpili Typle HHTEIUIEKTyasasl OOkl
caHaJaThlH, Tabwru TUIAIH mekreyni lmki s>kubiHbiHAa DEM-MEH KapbiM-
KaTbIHAC ’Kacall OTHIPHII, alllTapaTTHIK-0aFIapiIaMallblK KypaIIap/Isl 93ipiiey.
7Keke KOHCTAHTTaAp MeH jKeke aWHBIMAJbLIAP (JIorvka OOMBIHIIA)
TYpakThl JKOHE ayBICMIANBIFa YKCAac, MaTeMAaTHUKAJbIK aHAIHU3E OJApbIH
alBIPMAITBUTBIFBI HAKTHI CAHIIAP EMEC, KEKe amamaap OOJIBIT TaObLTA B

n

Wuaykuus — anfbluapTrap MEH HOTHIKEre CYHeHE OTBIPBIN, epexeHi
LIBIFAPATBIH CHHTETHKAJIBIK MaibIMIaytap.

HNurennekr — 1) TtoxipuOeHi yilpeHy KoHe OpTYpii IKarmaiinmapra
Ocifimmenry OapbICBIHIA OUTIMII aly, ecTe cakKray >KOHE MaKCaTThl TypIe
©3repTy apKbpUIbl MUJBIH MpoOiiemManapabl (MHTEIUIEKTYANbIK) IIele ajy
KaOineTi;

2) nepbec, thimai (AyphIic, pecypcTapiblH MYMKIHAITIHIIE a3 IMIBIFBIH-
JapbIMEH) camaibl (Aypbic, KapamaidbiM, pecypcTapAblH MYMKIHAITIHIIE a3
IIBIFRIHAANYBIH Tajalm eTeTiH) ImemimMaepai (OHBIH ImmiHAE >XKaHa, OYPBIH
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Oenrici3) op Typii Kypaeni "MinaerTepai”, OHbIH ilIiHae %aHa, OypbIH Oenrici3
(eH mypBICBIHAA — K€3 KeJT'eH MYMKIH OoJaThiH "MiHaeTTepai") Tady Kalineri.

HNuTennexkTyannanran skyiie — Oyl memiM KaOBULZAWTBIH ONEpaTop-
tyrranapasiH KateicybiMeH(IIIKK) — MmingerTepni memry Ke3iHAe 3UATKEPIiK
KOJIJayMEH aKmnaparThik-ecentey xyhenepi (AEX).

HuTennexkryanabl skyiie nereHiMiz — omnepaTtopislH (memiMm KaObLi-
maymbsl — IKK) KaTbICYBIHCEI3 Mocemlenepli MIeHry[e 3UATKEPIiK Koljay
KOPCETETIH aKmaparThiK-ecenTey xyieci (AEX).

NurtenekTyaiapl aHBIKTAMAJIBIK — Oy aKknapatThIK JKyHesep, OHBIH
SIIPOCHI TIOHIIK OLTIMHIH T€HEepaTophl OOJBIN TaOBUTAABI KOHE MaKCaThl Tap
TaKBIPBII asCHIH/IA aHBIKTAMAIIBIK MAJIIMETTEP/II KYpy OOJIBIN TaObLIa bl

HNHTesniekTyaJabpl areHT — WHTEIUICKTyalngsl KaOimertepi Oap xylie
(amam, OGarnmapiama).

MuTeHcuBTI — HAaKTBI KacHeTTepAl KepceTe OTHIPBIN, a0CTpaKIHUsSHBIH
HEFYPIIBIM KOFapHI JCHT el Typassl TYCIHIK.

K

Kanp neremimiz — oObBeKkTinepaiH, KyOBUIBICTapAbIH, >KardaiiapabH,
NPOLIECTEP/IiH JKOHE T.0. CTEPEOTHUNTIK CHIHBINTAPBI Typaibl OLTIMII YCBHIHY
YILiH KQXET eH a3 aKnapaTThIK KYPhUIBIM.

KapanaiisiMm TyXKbIpbIMaaMa — Oyl YFBIMHBIH aTayblHaH, OHBIH
KEHEIO1HEH JKOHEe MHTEHCHUBTLIIKTEH TYPAThIH YIITIK.

Kuramray — Oy i3geyni 6ackapy omici.

«Kymrri JKM» — apamMHbBIH MiHE3-KYIKBIH (poOOTTapipl) KeUlipeTiH
MallHaIap/bl JKacay.

Kemenai TyxkpipsiMaama — Oenrini Oip epexenepii KoJiJaHy apKbUIBI
OYpbIH aHBIKTAJIFaH TYXKbIPbIMIaMa.

Kypama Tizimaep nereHimiz — smemeHTTEepAiH OipHeme TYpiH Koima-
HATBIH Ti3iMIEP.

JI

Jloruka — 1) nypbic oitnayaslH HBICAHIAPBI MEH dJIiCTepi TYpasbl FHUIBIM;
2) yFBIMIApAbIH, MIKIpJEpHAiH, aKbUI-OWABIH JKoHE O0acka Ja abcTpakTimi
00BEKTLIepIiH apackIHAaFsl aMOebarn (Kajrbl MoHJII) ©3apa OalIaHbIC TypasIbl
FBUIBIM.

JlorukajasiKk 0alJIaHBICTHIPY (MpeIuMKATTApabI ecentTey) — GopMmyia-
JapAbl KYpy YIIiH KbI3MET €TETiH JIOTHKAJIBIK ONepaliys.

Jlorukaiaslk OarnapiaamManay — Oyl JKOFaphl JEHreizeri Tl peTiHie
XopH ¢pa3 TypiHmeri OipiHIII PETTI NPEAMKAT JIOTUKACHI KOJIAHBUIATHIH
nHpOpPMaTHKaFa apHaIFaH ToClnepAin Oipi.
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Jloromaxusi — mikipranac OapbIChIHJAa KAThICYIIbUIAp OacTamKbl YFbIM-
JapIpl HaKThUIAMaraHIBIKTaH, OPTaK Ke3Kapacka Kelie alMaWThiH Ce3zep
TypaJbl Jay.

M

Moasimaeme — 1o51eICci3 TypaKThl IPEAUKAT HEMECe HONIK eMec IpeAnKaT
(dhopMmacsr.

Minger — MBIHaIapbl JKy3ere acelpy KaXeT OoyFaH Ke3ue mpobiema-
JBIK JKaFdalIapiblH ChIHBIOBI: 1) akmapar jkuHay; 2) JKargaiasl Oaranay;
3) wemimaep Kabbuinay; 4) ic-opeKeTTepai XKy3ere acepy.

Metaznanus — 6i1iM Typaiisl: XKeke 0ObeKT Typalibl OLIIMHIH KeJieMi MEH
IBIFY TEri Typanbl, HAKTHl aKMapaTTBIH CEHIMIUII Typajbsl HeMece >KEeKe
(axTinepiH CaTBICTHIPMAIIBI MaHBI3ABUTBIFBI TypaJIbl O1TiM.

H
HeiipoxkomnbioTep — OyJ1 TaOUFH HEHPOHIBIK JKENiHIH KeHOip hopMab/Ibl
MOJICIIIH iCKEe achIpaThiH OaFIapiaMallibIK-TeX HUKAIIBIK XKYiie.
Heiiponono0ThI :kejti — Oip-OipiMeH >kKoHE CBHIPTKBI opTameH Oeunrini Oip
TYPZE KOCBUIFaH HEHPOIOA00ThI SJIEMEHTTEP/IIH KUBIHTHIFBI.

1

Majinananymsl — Xyiie apHaJIFaH TYJIFa.

HepuenTpon — Oy YITiHI TaHyFa apHAIFaH KYPBUIFHL.

Mpeankar — 1) Oyr Tumicti TepMuHAEpMEH Oipre MpPEIMKATTHIK aray;
2) (Ilpomor TimiHIE) MEHIIIKTIH aTaybl HeMece OOBEKTUIED apachIHIAFbI
KaTbIHACTap AQJeNIep JOUEKTLIIri.

IIpeauKaTTBIK TYPAKThI JAereHiMi3 — MpeauKaTThl CUMATTAUTHIH KaThI-
Hac Oenrici. [IpeIMKATHBTI KOHCTAHT IIBIHIBIKTHIH MOHIH ©3TePTIICHI.

IpeankatuBTi opma aereHiMi3 — THICTI TEpMHUHIOEPMEH YHIeceTiH
NPEeIUKATTHIK TYPAKTHL.

IpenukaTuBTI YFbIM JereHimiz — Oenriii Oip SMIUPHUKAIBIK O0BEKTiHIH
MEHIIITi peTiHJe KapacThIPbUIATHIH TYCIHIK.

Ipeankanus KaTbIHACHI — KeHOIp SMIUPHKAIBIK OOBEKTIHIH JKEKE JKOHE
NpeaUKaT ajAbIHIaFsl KOHIENTUIEpiH TyTac aOcTpakTisi oObekTire Oaiinma-
HBICTBIPATHIH KaTbIHAC.

Mpouenypanasik 0iniMm — dakrinepai exaey mpoueaypaiapsl TYpiHIETI
ANTOPUTMIIED.

P
Pexypcusi 6a3uci — Oy Oacrankpl JKaraiibl HeMece TOKTaTy Ke3iHJeri
JKaF/1ai1bl aHBIKTAUTBIH YCHIHBIC.
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PexypcuBTi mpoueaypa — Oyl peKypcHsSHBI TOKTaTaTbIH IIApT OpPBIH-
JlaNiFaHFa JIeiiH 031H NIaKbIpaThIH POy pa.

Pekypcusi ke3eHi — epexe, OHBIH KYpaMbIHIa MIHICTTI Typjae cyOrorait
peTtinae 6enrini mpeauKaT MaKepysl 00IaIb.

Pecmu kyiie — Oyi Ta3a aOCTpakTiimi omiCTEepHiH >KUBIHTHIFBI, OHJA Ta3a
CHUHTAKCUCTIK MHTEPIPETALUIIaFbl op TYpJi TaHOalapMeH JKYMBIC icTey
epexesiepl CeMaHTUKAIIBIK Ma3MYH/IbI €CKepyci3 OepiireH.

C

CaapIcThIpy — OOBEKTINIEPAIH YKCACTHIKTAPhl MEH aibIPMAIIbIIBIKTAPBIH
oenriney.

Capanumbl — jXOFapbl OUTIKTI MaMaH, KapacThIPBUIBII OTBHIPFaH TAKBIPHII
OolipiHIma ToXipuOe anmmacyra kemicti. [laiimamanymbelr uHTEepdeiici — InS
JKYMBICBIHBIH OapiiblK Ke3eHaepinze InS maiinanaHymbuiappIMEeH JHATOTTHI
JKY3ere achIpaThlH OaraapiaManap KHUbIHTHIFBL.

Capanrama xyiieci (0inimre Heriznearen :kyile — BHYK) — mHaxTsl
OargapiaMajblK —OarbITTaFbl MaMaHAApPABIH OuTIMIH  (opManbabl  TypIe
JKMHAKTANTHIH OaFiapiaMaiblK KelIeH.

CapantamajnbIk skyiiesep (C/K) (Hemece OiTiMHIH MHKWHUPMHIL) —
JKacaHIbl HHTEJUICKT OarbITBI, OHBIH MiHAETI OiTiM MEH MIBIFapy
HpoLenypalapblH KOJJAHATHIH JKOHE aJaM capallllblUlapbl YLIH KHBIH
Moceeep il MIeHeTiH OarmapiamManapabl (KYpbUIFBUIAPABI) 3€PTTCY JKOHE
a3ipIiey OOJBI TaOBLIAEL.

CapanTtaMalbIK KYilieHiH CHHTe3 TeXHOJOTHsIChl — Oy MaMaHIapIbIH
OUTIMiHE HETri3JIeNITeH, Hallap KypbUIBIMJAAIFAH IOHMAIK cananapia Oeiipecmu
€cernTep/i HICHIETIH Kykenep KYpy TEXHOJIOTHSICHI.

CeMaHTHKAJIBIK KeJli — OYJT IIBIHIAAPBI YFBIMIAP, ajl JoFaiap OJap/blH
apachIHAaFbl KaTbIHACTAP OOJIBIN TAOBUIATHIH OaFbITTANIFaH rpad.

CuHTe3 — OyJ1 9pTYpJTi HBICAHAAPABIH TyTac 0ip 00BEKTIre aifHAIYBI.

Cypay (Ilponorra) — Oys opbIHAayFa apHanraH Oariapiiamara OepilieTiH
MakcaTTap.

T

TaxkbIpbINl aiiMaFbl — MOCEJICHIH IIemiMiMeH OalIaHBICTHI IIBIHIBIKTHIH
Geoiri.

TepeH 6iiM — TaKbIPBINITHIH KYPBUIBIMBIH JKOHE JKeKe YFBIMIApABIH 63apa
OailJTaHBICBIH KOPCETECTIH a0CTpaKIUsIIap, CypeTTep, aHAIOTHsIap.

Tikesaeld caTbim ajdy — Oyl KOMIBIOTEpNIK XXYie akmapar Ke3i MeH
aKmapar Ke3i apachlHAa Jenaan 00BN TAOBUTATEIH TOCIIL.

TiziMHiH 6ackbl — Ti3IMHIH OipiHIII 3JIEMEHTI.
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Tycinikremenin imki skyiieci — maiimamanymbFa cypakrapra >Kayarl
alyra MYMKIHAIK OeperiH Oarmapnmama: Oys Hemece Oacka YCBIHBIC Kajal
KaOBLIIaHIbI )KOHE JKYHe Here OChIHAal IIeniiM KaObuiaaap?

TyxpIppIMIaMaIap SMIUPUKATBIK OOBEKTIIEPIiH KapamailbiM KoHE
KypHaeni Kacuerrepi (aTpuOyTTapbl) peTiHIE aiaM TYCiHyiHE KON IKETiMIi
JIEPEKCi3 HICAHAAP IIH MOH1 OOJIBIN TaObLIA/IbI.

Tizim — Oy Gacka HBICAHAAPABIH AKBIPFBI CAHBIH KAMTHUTHIH MOIMETTEp
HBICAHBI.

Tizimuin KypbuibIMbI (Lisp) — Oyt Ti3iM, OHBIH 3JIeMEHTTEPI aTOMIap Ja,
Ti3IMHIH 0acKa KYPBUIBIMAAPHI 13, KapamaibiM Ti3iMIep Ae 0oia ama sl

Tepmun — OyJ1 op aybIcnanbl xoHe 9pOip QyHKIMOHANIBI HBICAH/A.

TiziMHiH KyiipbIFbl — OapIIbIK KeHiHT1 3JeMEHTTepal KOCKaHJa Ti3iMHIH
Oeutiri.

()]

DYyHKIMOHAIBI TYPaKTbl — Oy TepMUHICPAIH COMKeC CaHbIMEH
yitneckenae, (QyHKIMOHANIBIK (pOpMaHbl KYpalThiH, CEMaHTHKAJIbIK JOMEHI
JKEKe TYPaKThLIaP XKUBIHTHIFBI 00OJAThIH KHCBIHIBI Tipeaukat. Henmik ¢pyHKuuo-
HaJIAbl TYPAKTHI — )KCKC TYPAKThI

@DyHKkIUOHANIBI GopMa AereHiMi3 — THICTI TEpMUHAEPMEH YHIIECETiH
(bYHKIMOHAI B TYPAKTHI.

DOYHKIHOHAIBI TYTACTBIK — K2KETTI HOTHXKCHI, HOTHXKEHI aly YaKbIThI
MEH TOCUINEepiH, HOTIWKeHIH >keTkurikrimiriH TCheat KypamnmapelH TaHOAy
MYMKIHJIT.

C)
DBPHCTHKA — MAMaH/IAP/IbIH TOKIPHOECIHEH abIHFaH OUTiM.
IJKCTeHUMAIAbl — HWEPApPXUSHBIH TOMEHT1 IEHTeHiHIH TYXKBIphIMAaMa-
JIApBIH HEMECE aHBIKTAJIFaHFa KATHICTHI (DAKTUIEPIi Ti3iMACY apKBUIBI aHBIKTAY.
JKBOKyanuss — Oip ce3i OpTYpili MarblHaga KOJJaHyFa HeTi3JeNreH
JIOTHKAJIBIK KaTe
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ARTIFICIAL INTELLIGENCE:
MODERN THEORY AND
PRACTICE




Al
AAIL
ANN
ANFIS
CS
CWA
DAWG
DBMS
DK

ES
FNN
EPAMP
FRL
P

IS
LJAIC
HM
KB
KBMS
KS
LBMI
MNN
NSS
PDC
PK
SDM
SQL
SWI
SWRL
RAAI
RCO
RDF
XML
USA
WM
WWW
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Decoding of abbreviations

Artificial intelligence

Association of artificial intelligence
Artificial neural network

Adaptive neuro fuzzy inference system
computer science

Closed world assumption

Data access working group

Data base management system
Declarative knowledge

Expert system

feedback neural network
Elementary Perceiving and Memorizing Program
Frame representation language
Internal interpretability

Information system

International Joint Al Conference
Hopfield model

knowledge bases

knowledge base management system
Knowledge sources

Leningrad Branch of the Mathematical Institute
multi-layer neural networks

Newell, Shaw, Simon.
Park-Distance-Control

Procedural knowledge
Sample-driven module

Structured query language

Switch in

Semantic web rule language
Russian Association for Al

Russian context optimizer

Resource description framework
eXtensible Markup Language
United states of America

working memory

World wide web



Published to the 75-th anniversary
of professor Baimukhamedov M.F.

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 AI 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, modern 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 of an 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% of the 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 of the 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. If she 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 HautAI 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
the same time, the Al is not trying to copy exactly the work of the human brain,
but is trying 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 cvbernetics

Combinatorial tasks Softwa recreation technology

Psychology and Cognitives

linguistics knowledge chirices
Model sofvalueesti matesof s
subjectivedecision making, l l I l

The work of the brain

+  Enowledge representation

formalisms,

+  Methods of discrete «  Proofof theorems, M
mathematics, game theory, +  solving problems of medicine
theory of operations gwmdrynnrgm] caliilie:

Logic and maths

Fig. 1.1 — Interaction of AI 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 born
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 of a 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, AI 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 of the 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 Iliad, 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 XVIII 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: neurocybernetics 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
neurocybernetics 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 born. 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 of the 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].
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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 (AI) begins long before our era.
Aristotle 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 (AI) 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 of the first
developed LISP programming language for building AI 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

144



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 — neurocybernetic — 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
neurocybernetic 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 of a relatively easy understanding of the system;

— case 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.

Neurocybernetic 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 neurocybernetic 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.c. 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 of the 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 AI conferences. In
Russia, this event is held every two years under the auspices of the Russian
Association for AI (RAAI). In addition, the International Joint AI Conference
(IJAIC) is held every two years. More than 3 thousand periodicals publish
scientific results in this field. There is no complete and strict classification of all
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 AI: neurobionic and

information.
Tasks
[ I ]
[ general } { formal J expert
0 s N P By
. Games
Perception - - i
P (chess, g0) Engineering
OO A 4 .
ST AR - ~ |~ ~
Natural Language| | Mathematics| |— Scientific
Erocessing Analysis
| - . \ J
(T e e N
Common sense| | geometry || || financial
reasoning analysis
= e -
[ A P
Robot ] program | | | | medical
control checking diagnostics
—— e @@ J

Fig. 1.2 — The tasks of AI

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, alla). Here
parent is the name of the predicate, and boris and alla are the arguments. The
arguments boris and alla 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).

parent(kristina, denis).

parent(edmuntas, kristina).

parent(viadimir, denis).

parent(alla, kristina).

Now we give the concept of "spouse":

spouse (filipp, alla).

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

S1
Alla

Kristina

Parents table

Spouse table

Child
Alla
Filipp
Kristina
Kristina

Deni

S2
Filipp
Viadimir

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 (alla, 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 =alla
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 =alla
Y = edmuntas

You can issue the following request:

parent (alla, ).

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

First, the first predicate and subgoal are compared:

parent (boris, alla) 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. If one of them is free, 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, alla and kristina, are unified. Since these are
constants, and alla is not equal to kristina, the unification of the predicate
parent (boris, alla) 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. 1f there 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, filipp) 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, alla).

parent(bedros, filipp).

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

after which it will go to the second subgoal of parent (Y, X), where X =
edmuntas, i.e. The prologue sets itself the 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, alla). 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, X again becomes a free variable, and Prolog returns to the rollback point:

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

that is, to the predicate parent (alla, kristina), matching it with the subgoal of
parent (X, kristina).

Now X is assigned the value alla, the rollback pointer is set to the predicate
parent (kristina, denis), and again the next subgoal of parent (Y, X) is executed,
where X = alla. The prologue again begins to unify the subgoal of parent (Y,
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alla) 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 alla = alla,
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 after failure. 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) if parent (X, Z), parent (Z, Y).

Read this as follows: X is the progenitor of Y, if X is the parent of Z and Z is
the parent of Y. The predicate grandparent (X, Y) is called the heading of the
rule, and the expression to the right of if'is the body of the rule.

Note: The synonym for the "if" link in the ruleis "': -".

Thus, as in databases, in the Prolog knowledge base in the form of facts we
store primary knowledge, and the derivatives of them are written 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 of generating new facts 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, Y), 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, Z).

When during the resolution of a 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. If the 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 of the 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 if they are related:

parent (X, Z).

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 = alla

After that, the Prolog proceeds to the second predicate in the rule,

substituting the values of X and Y-
parent (alla, 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 = alla

The prolog proceeds to the second predicate of the rule, substituting the

values of the variables in parent (Z, Y):
parent (alla, denis).

Trying to unify this subgoal, Prolog maps the variables (alla, denis) to the
first instance of the parent predicate, fails, rolls back to the next instance, and so
on. Since the fact of parent (alla, 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 = alla is incorrect. Therefore,
the Prolog performs a rollback to the previous condition of the 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 = alla). 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, alla).
> parent(bedros, filipp).

parent(edmuntas, 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, alla).

parent (bedros, filipp).

> parent (edmuntas, kristina).

parent (alla, 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 (alla, kristina),
whereby we get
Who = X = alla.

This is how the Prolog interpreter works if there are rules in the knowledge
base.

Thus, Fact is knowledge based on constants (immutable knowledge). Rules
are knowledge that is derived from facts.

The set of facts and rules does not contain an algorithm.

Rules and facts exist independently of each other.

The combination of rules for the conclusion of the result occurs during
the resolution of the 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 X is the ancestor of Y, 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, Y).
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.

nl=n-m-1) -m-2)-.-1

Recursive definition of factorial: 0! = I; n! = n - (n-1)! A prolog program

that implements factorial calculation will look like this:
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0,1).
f(NF) :- NI=N-1, fiN1,F1), F=FIN.

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 —
rollback):

CALL 13X the target maps to f'(0,1)
FAIL failure because 3 # 0
REDO 163X Rolls back to the next instance of ()

N =3, We enter the body of the rule. Assign N =3

NI =2 Find NI =2

2 X The prologue sets a subgoal for itself
CALL 2, X which maps to f'(0,1)
FAIL failure because 2 # 0
REDO 12 X), Rolls back to the next instance of f()

N=2, Again we enter the body of the rule.

Assign N =2

NI =1 Find NI = [. This is another N/

(X The prologue sets a subgoal for itself f'(1, X)
CALL f, X which maps to £(0,1)
FAIL failure because 1 # 0
REDO f(, X Rolls back to the next instance of /()

N=1 Again we enter the body of the rule.

Assign N =]

NI =0 Find NI = 0.

100, X) The prologue sets a subgoal for itself (0, X)
CALL (00, X) which maps to f'(0,1)
RETURN X=1 Successful. Return from lower recursion level

F=1 Multiplication 1 by 1 (factorial from 1)
RETURN X=1 Return from the next recursion level

F=2 Multiplication 2 by 1 (factorial from 2)
RETURN X=2 Return from the next recursion level

F=6 Multiplication 3 by 2 (factorial of 3)
RETURN X=6 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 of the predicates in the program
text, and if the predicate /'(0,7) 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, NI =N-1,f(NI, Fl), F=FI - N.

10.1).

We also note that in this recursive predicate there are actions in the body
of the 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, Fl, F): - % ifNI! =FI, then N/ = F
N2=NI+1,

F2=FI *N2, % (NI +1)!=F2

f(N2, N, F2, F), % if N2! = F2, then N/ = F
Jf(N,N, F, F). % Condition for exiting recursion

The goal to calculate 3! is as follows. f(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, alla).
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, alla). and the target predicate is:
spouse (alla, 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, 7).
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 himself! 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 find a specific house. For example, the
instruction we received is as follows:
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1. Enter the village of Vasino (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 village (X),

_a_house.
find_a_house: - turn_right,

meet_mine

see_a_red brick _house.
enter_village (vasino).
enter_village (vanino).

We begin the search (Fig. 2.1).

-

2 3 4
Fig. 2.1 — Illustration of clipping 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 roll 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 if the 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 of this 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 village(X),
find_house.
find_a_house :- turn_right,
meet_mine, !/,
see_a_red_brick_house.
enter village(vasino).
enter_village(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 predicate find 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. If the house search program looks like this:

dacha3(X) :-

enter village(X),
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turn_right,
meet_mine, !,
see_a_red_brick _house.
enter_village(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:

[1,2 34,67 8 — integer

[mon, tue, wed, thu, fri, sat, sun] — symbol

["Ivanov "," Petrov "] — string

[1.5,2.22,0.001, 0] — real

[]—- empty list

Lists are declared as follows:
domains

sym = symbol * % list of symbol values
intlist = integer * % integer list
realist = real * % list of real 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| _] ).
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)
memb2(HI, 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 | T)).

To exclude a value from the list is somewhat more difficult:

excl (H, [H| T], T). % exclude from the head

excl (X, [H, T], [H| 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 ([H | T]): - write (H, "), % list head and space output
print_list (T). % tail output

If you set a goal

printlist ([“I,” “remember,” “wonderful,” “moment”]).
then the result will be as follows:
I remember wonderful moment
2. The same program, but listing in the reverse order:
print_inverse ([]). % exit from recursion
print_inverse ([H | T]): - print_inverse (1), % tail output
write (H, ““). % output of list head and space
Goal:
write_inverse ([“I,” “remember,” “wonderful,” “moment’]).
Result:

moment wonderful remember I
3. A program that calculates the sum of the elements of a list:
sum ([], 0). % exit from recursion,
sum ([H| T], S): - sum (T, S1), % S1 - the sum of the elements in
the tail the list
S =81+ 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 ([H| T], S): - count (T, SI), % S1 - element counter
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at the tail of the list

§=81+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 of the 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 man, nobody eats anyone. If he goes away, the wolf will eat the goat, and

the

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 ([], ). % 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 of the 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
go_left (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 * /
go_left (L, R): - not (conflict (R)),



write (L, "<------- ", R),
go_right (L, R).

% display a message
% call the predicate move right

/ * If a conflict arises on the right bank, someone needs to be taken back.

This is the only clue we tell the pro
solution on its own * /
go left (L, R): -
stuff (X),
member (X, R),
excl (X, R, RR),
not (conflict (RR)),
incl (X, L, LL),
write (L, "<-", X, ”-”, RR),
go_right (LL, RR).

gram. The rest of the Prolog will look for a

% select the cargo,
% which is on the right bank
% exclude from the list of right bank
% on the right bank there is no conflict
% include in the list of the left bank
% display a message
% row back

The goal challenge should be as follows:
go_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 of the 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 (ni/ — 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)
go_left (list, list, stuff)
clauses

stuff(wolf).
stuff(goat).
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stuff(cabbage).
member (H, [H| _] ).

member (X, [H | T] ) :- member (X, T).

incl (H, T, [H| T]).

excl (H, [H|T], T).

excl (X, [HT], [H| TT] ) :- excl (X, T, TT).
conflict(X): - member(wolf, X), member(goat, X).
conflict(X); - member(goat, X), member(cabbage, X).
go_right( L, R Last) :-

stuff (X), % select the cargo,

X <> 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 of the 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

go_left (LL, RR, X). % row back

/ * 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

/ * If there 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 <> 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

168



incl (X, L, LL), % include in the list of the 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 of the 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 of the 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.

i S U i e
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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 1 [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 Gdodel'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 of the 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 logic functions 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 of a table of a function of
two arguments may have the following form:
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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, x> xi.

Theory of approximate 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-
norms by ordinary mathematical operations, fuzzy logical reasoning can be
imagined in the form 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 of such
neuro-fuzzy networks. For example, ANFIS (Adaptive Neuro fuzzy Inference
System) is an adaptive neuro-fuzzy inference system [13].

It can be described in the universal form of approximators as:

y(x)=" $(x)6,

in addition, some types of neural networks, such as radial basis networks
(RBF), 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, I don’t remember (Yes, Why, No, I haven’t
decided yet, I 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 A B) =min(T(A), T(B))

T(A V B) = max(T(A), T(B))
T(-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 —Study
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 of these 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 of the 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 of event A is:

P(A) =2 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 of the total
joint distribution. Below is a Bayesian network, considered as the example:

Study Cheat

\/

Pass

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.

Study P(Study) Cheat P(Study)
0,6 0,25
Pass Study  Cheat P(Pass)
1 1 1,0
1 0 0,889
0 1 0,4
0 0 0,2

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 (X1 ‘ Xi-l, Xj_z, ceey Xl) =P (Xl | Parents (Xl)) (32)

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
of the 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 | “Study, ~Cheat) * P(—~Study) * P(—Cheat) =
=1,0*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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Study  P(Cheat)
P(Study)
0,6 1 00
n n I8
Study »| Cheat
\/
1 1 1,0
Pass 1 0 0,889
0 1 0,7
0 0 02

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+02*04*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]:

P(A|B)=P(B|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*04*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. Illustration: 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 of one
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 (C1) = 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 (C1)=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(MD=2|C1)=05P[D=3|C1)=0.5

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:

PMD=2|C2)=0;P(D=3|C2)=1

Since the car is behind the second door, the leader cannot open this door, but
with a probability of 1 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(Ci|D=3)=P(D=3|Ci)*P(Ci)/P(D=3)

Substituting C1 and C2 into this formula, we obtain:

P(C1|D=3)=PD=3|CH*P(Cl)/P(D=3)=%*1/3/1/2=1/3.

P(C2|D=3)=P(D=3|C2)*P(C2)/P(D=3)=1*1/3/1/2=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. If the 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. If 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
1 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 of the 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 of a tree (Fig. 3.1):

Cheat? Cheat?

Yes Ne
s Yes
o P ¥ N
Pass? Q Pass? @ Pass? Pass
Yes No Yes Yo Yes No Yes No

ONOMONOMONONONO

Fig. 3.1 — Observation tree

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 V1), p (V2), o0 P (V) =-2 p (Vi) log2 p (vi) (34

We calculate the amount of information in the answer about the preparation
for the exam:

I (p (Study), p (—Study)) =- 5/10 * log2 5/10 - 5/10 * log2 5/10 = 1 bit

Amount of information in the cheat sheet answer:

I (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, if you
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 of a linguistic variable.
Give a definition of a fuzzy set.
List the shape of the curves to define membership functions.
. What does ANFIS (Adaptive Neuro fuzzy Inference System) mean?
. What is judgment? Give an example.
. 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?
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—_— =
N - O

180



CHAPTER 4. NEURAL NETWORKS

4.1 The concept of a 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 of all 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 of an 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 learn 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 modern AI 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 of the 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].

X
X] Y

n

Fig. 4.1 — Single neuron

The intelligence of a single neuron (Fig. 4.1) is low. We can assume that it
implements a simple regression model for N 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).

T(ZOT)C)%/\_..

pd

Fig. 4.2 — Neural network
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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 of an individual neuron can be
arbitrary, but the following is most often used (Fig. 4.3):

X Wi

Xs "E | d
—_

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=W;X;+ WX, + ...+ WXy 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/ (1 + exp (-AS)), 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.

1.0¢ e

-10 -5 5 10
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 W, W,, 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):
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Fig. 4.5 — Type of activation function for implementing Boolean functions

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. If the synaptic weights W, W,, 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 of the 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 of creating 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 of training. 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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Note that the network does not try to remember all possible options for the
drawing of each character, but only forms an output signal

Y= f(X;, Xa, ... Xo) 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 of the 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 Ai 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 100*. 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 (Eiz) 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 of time 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 of a 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 of air 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
of the 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. If the network is trained in the range of -0.5 <X <0.5, then
outside this range the graph of the output function usually lies horizontally.

10f _ Fact

Forecast

-U5F

-10F

Fig. 4.8 — Neural network behavior outside the field of study
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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 of the 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 of learning 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 of a
solution at all.

4.6. Design, training and adaptation of neural networks

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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Figure 4.10 — Examples of projection and coding of images

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 of all planar figures that can be depicted on the field of receptors is a
certain set. Each concrete figure from this totality is an object of this 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 of an 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, modern
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 of the 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 usually 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].
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Fig. 4.11 — Block diagram of the 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: 1=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, k = 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” of the network (in case of failure).
At the network initialization stage, synapse weights are set as follows [5]:

@.1)

Here i and j are the indices, respectively, of the presynaptic and postsynaptic
neurons; Xi, Xjx — the i-th and j-th elements of the vector of the k-th pattern.
The network functioning algorithm is as follows (7 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:

yi(0) =x;,1=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 of yi means
zero iteration in the network cycle.

2. The new state of neurons is calculated,

5,(p+ 1= 3w, (p)

ji=0..n-1 (4.3)
and new axon values

y,(p+D=f[s;(p+D] (4.4)
where f'is the activation function in the form of a jump, shown in Figure 4.12
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Fig. 4.12 — Activation functions
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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 of the 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.

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 of a neural network implemented?

Describe the structure of the neuron.

What are the computing capabilities of a 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?

SO R LD =
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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 animal
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.

ne _r——v is the animal a mammal?}»—* yes J

!
b yes J— is the animal @ predator? J—- no J

1 I
v v

does it have black spots? _j—t does it have stripes? J

Bitse o -

Fig. 5.1 — Example of rules submission
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In 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://Ipa.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 confirmation 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://market.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 of the call and wiring.

Modern 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
Ivanov 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 are 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 of a
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 of a 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 FRL (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 of the 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 of the end of the 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 of an 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 r;, there exists a positive integer j such that for each set consisting
of j formulas and for each formula f, the question of whether the data of j
formulas with respect to 7; with formula f'is effectively solved. If the relation 7
is performed, then f is called a direct consequence of the given j formulas
according to the rule 7;.

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 S. A formal system S is called consistent if there is no formula 4 such that 4
and 4 are deducible in S.

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 {—|,v, A, D}

— quantifier signs { v, 3 };

— symbols of variables xy, k=1,2, ...;

— n-local functional letters: f,", k>1, n>0 ( f;’ called constant letters);

— n-local predicate letters (characters): p;, k>1, n2>1.

In the future, for simplicity, instead of x, we will use u, v, X, y, z, ...; instead
of f{ —a,b,c,d,..;instead of [} (n#0)—f, g, h, ...; and instead of p; — P, Q,
R,S,T,V,W ...

From the symbols of the 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, (n>1) — are terms, then f (t,,nt,) is a term. If p] is a
predicate letter, and #;, ..., t, are terms, then p; (tl,...,tn) is an elementary
formula (atom).

Atom is the simplest indivisible element.

Atom is a correctly constructed formula. If 4 and B are correctly constructed
formulas, then Z4 AvB, AnB, A> B are correctly constructed formulas. If 4 is
a correctly constructed formula and x is a variable in 4, then the constructions
(vx)4 and (3 x)4 are correctly constructed formulas. An expression is a well-
constructed formula if it 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 p; some n-place relation in D;
to each functional letter f," — some n — local function representing D" — D,

and to each constant letter f,’— 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 p; (tyseest,) 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 of a 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 By, ..., B, and formula 4 be given. Formula 4 is a logical consequence
of B, .., B, if and only if the formula B;A..AB,24 is valid, i.e.
[=(BiA...AB,)>A4. Recall that a formula 4 logically follows from the formulas
By, ..., B, if and only if every interpretation of J that satisfies B;A ... A B, also
satisfies 4. Formulas By, ..., B, are called premises, and 4 is the conclusion of
the logical sequence and are denoted by By, ..., B, | = 4.

The task of proving the theorem is the clarification of the logical
consequence of a certain formula 4 from a given set of formulas B, ..., B,
which is equivalent to proving the validity of the formula B;A ... AB,24 or the
impracticability of the formula B;A... 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 of a predicate calculus formula:

GIVE (MICHAEL, VLADIMIR, BOOK);

(3x) (ELEMENT (x, EVENT-GIVE) A SOURCE (x, MICHAEL) A

ADDRESS (x, VLADIMIR) A 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 determined
by knowledge characterizing the specifics of the problem environment. Other
disadvantages of formal 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:

S=<B,F, A R, Q(B), Q(F), O(4), 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-#4 command is executed, the (i + 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.

ﬁ Programs H

Systems controlledby samples| | Other software products

Ruleb
ased systems

Production Transformation systems
systems

Formal
grammar systems.

Network
baseds ystems

Systems Systems

controlledbydata| |controlledbygoal Formal systems

Fig. 5.2 — Classification of sample 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 are formal and formal grammar systems.

211



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 of the following form:

(i); O; P; A=B; N. (5.3)

Here i is the name of the 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 casily
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: 4=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' 4,
THEN B, more complex core designs allow an alternative choice on the right
side, for example /F A, THEN B,, ELSE B,.
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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 4 (if A is not a true expression, then nothing
can be said about B). Other interpretations of the core of the product are
possible, for example, 4 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. N 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 element 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-
III tool system intended for ES design and a modification of the HEARSAY-II
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-
IIT 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
of a lower level.

So, in HEARSAY-III, working memory is represented in the form of a
network, and knowledge 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-II 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 are 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 of all, 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 of tools (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 IS 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 the 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
component 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 of the 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 of an 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

How to determine the search space and the number of active agents of
the problem being solved? How does this affect the characteristics
of ES?

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 of tasks solved with the help of ES in medicine?
What determines the complexity of the development of ES?

What stages of the development of an 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
of ES.

. Explain the algorithm of the expert system in the "consultation" mode.
15.

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:

predicate
> An
object

Subject

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 of the 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 dictionary of 15,000 units, which also had a
mechanism for transferring characteristics from a hypertype to a subtype. Some
machine translation systems were 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 of the 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 of the 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).

a_kind_of

Fig. 6.1 — Example Of Relational Graph

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 of the 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):

from

performs

Petersburgto

Theplane

Fig. 6.2 — To the definition of a 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).

C P

i e performs ——_  from N ;
CDA O e
\ in ;

Fig. 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 turn, 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).

R [RE~ Ogt>—{ o

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):

Dog Bite Femciousl_v

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 a”). 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);

LRI

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
(ACO) 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
(COMP) | comparative Ttems combmed by COMParison
comparison
(DAT) dative Recipient RECeiver
(ERG) ergative Ergative, agent of process or AGEnt
action
(FIN) final ResultorE GOAL
expectedgoa
(INST) instrumental Toolsused. MEAns
(LOCS) 1§Ezgii: Positioninspace SPAce
(LOCT) ]izrcr;}:ﬁjsl Positionintime TIME
(MAL) malefactive Sldelnjurz((:lgiz result of MALeficiary
(PART) partitive Part of the whole PARTitive
. result, effect, consequence. EFFect
(RES) Resultative (or CAUse)
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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:

If X 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.

If X ISAY and Y AKO Z then X ISA Z - if X is an instance of class Y, and
that, in turn, is part of the 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 of part 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.

If X ISAY 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 ISAY 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.

If Xis 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 off to cry She then asked this mendicant.

To neighbor Ant, and specify: "To all comers, night and day,
Asking for a loan of grist, I sang. I 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."

No food

Offer Go

M
¥

The Ant |
J

Fig. 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:

one of ~<the ability
TVY-154 /n85600 airplane

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
of the class inherits the characteristics of the class, we conclude that the Tu-154

with tail number 85600 can also fly.

has the ability

TY-154 6/n
85600

228



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.

ssco0 one of TV 154 subset @

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(?x1,?x2) A hasBrother(?x2,?x3) = hasUncle(?x1,7x3) ...
<swrl:Imp rdf:ID="Bros">

<swrl:body>

<swrl:AtomList>

<rdf:first>

<rdf:Description>

<rdf:type rdf:resource="&swrl;ClassAtom"/>
<swrl:argument1>

<rdf:Description rdf:about="#x3"/>
</swrl:argument1>

<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;Individual Property Atom"/>
<swrl:argument2>

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

<rdf:Description rdf:about="#x1"/>
</swrl:argument1>

<swrl:propertyPredicate rdf:resource="#hasBrother"/>
</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 kinship relationship of the
“stepmother” type. Let the following facts be in the knowledge base:

Andrey is a parent of Yegor.

Julia is the wife of Andrey.

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:

If X is a person, then X has a surname that cannot be applied to Julia. If you
create a rule If X is person and X spouse 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 of the 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 = 10’, 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. If we
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 of times.

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 secveral
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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 born 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
of this 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
of the 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.
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Fig. 6.7 — Wikipedia founder business card graph

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 Protégé ontology editor (http://protege.
stanford.edu/), provide the ability to enter and edit facts in screen forms
(frames), as shown below.

¥ ¢ o

] I »

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://www.twine.com/item/1 1by40gxk-p1/southampton-pub-guide-in-rdf) and
a wine agent advising which wine better to use with each of the dishes.
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CONCLUSION

Artificial intelligence is the property of intelligent systems to perform
creative functions that are traditionally considered the prerogative of a 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 AI methods and tools. The use
of Al in practice is discussed in the second volume of this tutorial.

237



238

S o

7.

Questions for self-control

Give the concept of an 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
of ES?

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 of the development of an 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
of ES.

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 IIS 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.

Artificial intelligence (AI) 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 of terms, 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 of the 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 of their 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).

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 Horn 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 of the 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 of the 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 of the 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 of the root vertex.

U
Unification — coincidence of a 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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