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AHHOTauus

CraTbs MOCBSIIEHAa BONPOCAM U HAMIPABICHUAM WHTETPAIIH NCKYCCTBEHHBIX HEHPOHHBIX CeTell ¢ 6azamu
3HaHUM. PaccMOTpeHbl ABa HamnpaBiIeHUs] MHTETPALMU: KOMMYHHUKALMS YEpe3 BXOIbl M BBIXOJbI
HCKYCCTBEHHON HEHpPOHHOI CeTH C IIeNbI0 MCIOJIB30BAHMS MHTETPALWU 0a3 3HAHWI M HCKYCCTBEHHBIX
HEHPOHHBIX CETEH IS PEeLICHUs IPUKIAAHbIX 33/1a4; Yepe3 NPEICTaBIeHUE UCKYCCTBEHHbBIX HEMPOHHBIX
CEeTEH C MOMOILBIO OHTOJIOTUYECKUX CTPYKTYP U UX UHTEPIPETALUI0 CPEACTBAMU IIPEICTaBICHUS 3HAHUI
B 0a3c 3HAHUU C [EJIBI0 CO3JAHUS WHTEUICKTYaJIbHOM Cpelibl M0 pa3paboTke, OOYUYCHUIO U UHTErpPaIUU
WCKYCCTBEHHBIX HEHPOHHBIX CETeH, COBMECTHUMBIX C 0Oa3zamMu 3HaHUW. bas3pl 3HaHMIA, ¢ KOTOPHIMHU
HHTErpUPYIOTCSA UCKYCCTBEHHbIE HEHPOHHBIE CETH, MOCTPOCHBI HA OCHOBE OJHOPOJHBIX CEMAHTHUYECKUX
ceTeld, a 00paboTKa 3HAHUH B HUX OCYILIECTBIISETCS C MTOMOIIBI0 MHOTOAreHTHOTO Toaxona. [Ipennoxena
OHTOJIOTHYECKAasi MOJETh IPEICTaBICHUS WCKYCCTBEHHBIX HEHPOHHBIX CETeH W WX CIeHU(UKAINA B
pamMKax MoOJAeNH YHU(PHUIMPOBAHHOTO CEMAHTHYECKOTO IMPEJCTABICHUS 3HAHWH, OTIMYAIOIIASNCS
BO3MOKHOCTBIO TPEACTABICHUS B 0a3aX 3HAHUI HMCKYCCTBEHHBIX HEWPOHHBIX CETEH, WX NWHAMHUKH H
3HAHMW JPYrHX BHUJIOB, BKJIIOUas Crielu(UKalUd UCKYCCTBEHHBIX HEHPOHHBIX CETel B BHJE TEKCTOB
OJIHOTO S3bIKa TPEJCTABJICHUs 3HAHUK C OOMIeW TEOPEeTHKO-MOJEIBbHON ceMaHTUKOW. I[Ipemmoxena
MHOT'OareHTHasl MOZIEJIb PELIEHNUS 3a/1a4 C UCII0JIb30BAHUEM UCKYCCTBEHHBIX HEMPOHHBIX CETEH U 3HAHUI
ApYyTux BUAO0B, OTJIMYArOMIasaCsa BSaHMOﬂeﬁCTBMeM aréHTOB B COOTBETCTBUU C 3aHaHHOﬁ TEMHOpaﬂbHOﬁ
MO/ICJIBIO Yepe3 OOIIYI0 MaMsITh, XPAHSIIYIO 3HAHHS, UHTETPUPOBAHHBIC B CAMHYIO 0a3y 3HAHHI.

Kntouesvle cnosa: uckyccmeenmvie HelpoHHble cemu, 6a3a 3HAHUL, UHMESPAYUsL, UHMELIeKMYAlbHAs
cpeda pazpabomxu.

LHumuposanue: [onosxo, B.A. VHrerpanust MCKyCCTBEHHBIX HEHPOHHBIX ceTell ¢ 0Oazamu 3HaHMH /
B.A.TonoBko, B.B. T'onenkos, B.II. MBamenko, B.B. Tabepko, [.C. Mpaniok, A.A. KpomieHko,
M.B. KoBanés // Ownromorusi mpoektupoBanms. — 2018. — T.8, Ne3(29). - C.366-386. — DOI:
10.18287/2223-9537-2018-8-3-366-386.

BBepeHue

B 3amauax, pemraeMbIX COBpEMEHHBIMH HMHTeIEKTyanbHbIMU cucteMamu (MC), ucnonb3yror
Pa3JIMYHBIX MOJIEIU MPEACTABIEHU 3HaHUU. VHTerpanus MoJenend Takoro poja B paMKax OJHOU
CHUCTEMBI 3a4aCTY0 CONPSKEHA CO 3HAYUTEIbHBIMH TPYAHOCTSAMH.

K ognomy u3 Hamnbosee akTUBHO pa3BHUBAEMBIX HANpPaBIEHUN B 00JaCTH UCKYCCTBEHHOTO WMH-
TEJJIEKTa OTHOCUTCSI HANPABJIECHUE, CBSI3aHHOE C PEIICHUEM 3a/1a4 Ha OCHOBE METOJ0B MAlIMHHOIO
oOydenus. IlomymsipHOCTh METOMOB pelIeHUs 3aJa4 Ha OCHOBE MAalIMHHOTO OOy4YeHHS B 3HAYU-
TEJIbHOW CTEIEHH BbI3BaHA Pa3BUTHUEM TEOPETUUECKUX MOJAEJEN NCKYCCTBEHHBIX HEMPOHHBIX CETEH
(MHC) u mpou3BOaUTENBHBIX aNlapaTHBIX MIaTGopM I uX peanu3anuu. [locTosHHO yBeInunBa-
€TCSl MHOT000pasne apXuTeKTyp, METOIOB, HAIIPaBIIEeHUH U crioco0oB mpuMeHenus MTHC.
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CraHoBHTCS aKTyanbHOU pa3zpaboTka moaxonoB mo uarerpanuu MHC u 6a3 3nanwmii (b3), uc-
MOJIB3YIOIIUX OHTOJOTUHU. Takue WHTErpUPOBAHHBIE CUCTEMBI CIIOCOOHBI COUETaTh BO3MOXKHOCTH
ceMaHTHUYeCKON mHTepnpeTanuu odpadareiBacMbix NHC maHHBIX, UCTIONB3Ysl MIPEICTABICHHUE TIPH-
KIagHbIX 3a1a4, pemaeMbix MHC, cnenndukanmio e€ BXOJHBIX U BBIXOAHBIX JaHHBIX C MPEACTaB-
nenueM camoit crpykrypsl MHC, onucannem €€ CBOWCTB U COCTOSIHHI, IMO3BOJISIONINM YIIPOCTUTH
MOHUMaHUe e€ paboThI.

1 WcKyccTBeHHble HEMPOHHbIE CeTU U 3HaHUS

[Mosinenne MHC cBs3piBaroT ¢ padoramu Y. Mak-Kamnoka u Y. ITurrca [1], B KOTOPBIX, OJTHA-
KO, IPEIMOYNTACTCS TEPMUH cemb HelipoHog. TepMHUH «HEHPOHHAs CeTh) («HEHpOHHAs CETKay) 3a-
Kpenmics, HaunHasi ¢ padot K. dykycumsr [2].

OcoOeHHbIN UHTEpEeC UMEET MPUMEHEHHUE TITyOOKUX HEHPOHHBIX ceTell Ay popMupoBaHus ad-
CTpaKLUMii. TH ceTH 00Jadat0T MPEUMYILIECTBOM, OTJIIMYAIOUIUM UX OT MOBEPXHOCTHBIX MOJENeH —
BO3MOXKHOCTH (DOPMUPOBAHUS CIIOKHON Mepapxuu mpusHakoB [3]. Brmepssie 3(ppexTuBHBIN anro-
puUTM 00y4YeHHs TIyOOKHX HEHpOHHBIX cereil ObuT mpemnoxkeH k. XuntoHom B 2006 romy [4].
Haunnast ¢ 3Toro MomMeHTa, MOsSBUIOCh MHOTO paboT, MOCBSIIEHHBIX 00YYSHHIO TAKOTO THIA CeTe
(mampumep, [5, 6]). beuu npenIokeHbl U MPUHIIMIHAIBHO WHBIE TTOIXO0BI (CM., HarpuMmep, [7, 8]).

B nannoit pabore paccmatpuBarotcst MHC, mocTpoeHHbIe Ha OCHOBE MOHATHS (POpPMATBLHOTO
HeripoHa [9]. ®opManbHBINH HEHPOH 3a1aéTCs KOMIIO3UITHEH IBYX (DYHKITUI:

*  (yHKIMA CHHANTHYECKOTrO MPeoOpa3oBaHus;
*  (yHKIOHS aKTUBAMY HEHpPOHA.

NHC na ocHOBe (opMabHBIX HEHPOHOB 3a/1aETCs YeTBEPKOM KOMIIOHEHTOB:
®  MHOXECTBO BepIIuH HelpoHHOU ceTH (V);
=  MHOXecTBO pébep HelponHoii cetu (E (E €V x V));
=  MHOXECTBO (hOpMabHBIX HEHPOHOB, UX CBOMCTB M MapaMeTpoB HelipoHHOM ceTh (N);
®  MHOXECTBO COOTBETCTBUI MEXIy 00bETUHECHHEM MHOXECTB BEpIINH 1 pEOep HEHPOHHOU CeTH

1 MHOXECTBOM (hOpMAaJIbHBIX HEHPOHOB, X CBOWCTB M IMApaMeTPOB HEHPOHHOM ceTH S.

(1) S c 2VuBN

NHC MOXHO COOTHOCHTH C MOHSTHEM 3HAaHHUS B COOTBETCTBUHM C Pa3HBIMU MOIXOIaMH K
MoHMMaHu1o 3HaHui. CooTHECEHUE Ha OCHOBE npu3HaKkoB [10]:
= cBsa3HOCTh (MHC umeroT cBsI3HBIN OpUEHTUPOBAHHBIN rpad), HO HE BCETIa CUIILHOCBSI3HBIN);
= cinoxHas cTpykrypa (cymectBytor MHC co cinoxHO#M CTpyKTYypoil, cocTosieil 13 MHOXKECTBA

CI10EB, BEPITMH HEHPOHHOU CETH U 0OpaTHBIX CBsI3EH);
=  HHTepHpeTupyemMocts (rmporpammusbie peanusanuu MHC no3BossiioT UX HHTEPIPETUPOBATD);
=  akTUBHOCTH (mporpammusie peanusanun MHC obmanaroT akTHBHOCTBIO);

"  CeMaHTHYecKas MeTpuKa (CeMaHTHuYecKash MEeTpHKa B OOINeM BUAE U Cilydae AJs (BEpIIMH)

HNHC orcytctByer).

B cootrBerctBum ¢ IDEF-5 [11] 3Hanus BelpaxaroTcsi B BUJI€ OTHOIICHHM, CBOMCTB, BUJIOB U aT-
pubyToB. B coorBercTBUM ¢ 3TM Yy MHC ecTh TOJIbKO YnCIOBBIC aTpHOYTHI U BO3MOXHO, HHOT/IA,
BUJIBI U OTHOIICHHUS, 33/JaHHBIC C TIOMOIIIBIO XapakTepuctudeckux Gpyukuuii (mpeaukaron). OgHaKO,
B 001IIeM clTydae XapakTepucTuieckue GyHKIUU HE ONPEIEIICHbl U HE U3BECTHBI.

C touku 3penus crpykrypHoro noaxoga MHC — maremaruueckasi cTpykTypa (MOJIeb), COOT-
BETCTBYIOIIasi MPUHLIUIIAM KOHHEKIIMOHU3Ma, KOTOpasi COOTBETCTBYET MH(POPMALIMOHHOMY IPOIIEC-
Cy, MPOTEKAIOMIEMY B TEXHUYECKOU (KHOCPHETUYECKOW) CHCTeMe, BhIpaKaeMOMY B BUJE COOTBET-
CTBUS WK QYHKIUH.

C mparmatuko-MaTeMaTHYECKON TOUKH 3peHHs AaHHbIe, oOpabareiBaembie MHC, ecTh aieMeH-
Thl HEKOTOPOT'O MHOYKECTBA, 3a4aCTyI0 HHTEPIPETUPYEMbIC KaK MPU3HAKOBBIN Habop (00pa3, aTpu-
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OyTBI HEKOTOPOH CYIIHOCTH), @ CAaMO MHOKECTBO — KaK MPHU3HAKOBOE (BEKTOPHOE) MPOCTPAHCTRBO.
[Ton mpu3HAKOM MOHUMAETCSI YUCIIOBOW, KOJMUYECTBCHHBINM aTpHOyT 00BEKTA, CYIIHOCTH, KOTOPBIN
MOXKET OBITh BBIPAXKCH, 33JlaH C IOMOIIBI0 COOTBETCTBUS WiH (pyHKIMU. Paznudaror OMHApHBIC,
HOMHUHAJIbHBIC, TIOPSIIKOBBIC ¥ KOJTMUYECTBCHHBIC TTPU3HAKH.

2 Knaccudwmkauusa sapad, pewaembix UHC

3ajayy MOXHO 3a/1aTh OTHOLIEHHUEM MEX]y ONHWCAHUEM HCXOJHOW CUTyallud M ONUCAHUEM
MHOYKECTBa IIeJIeBbIX cuTyauid. KiaccupuuupoBate 3a1aud MOXHO B COOTBETCTBUH C Pa3HBIMU
npu3HakaMu. Mcxoas u3 o0meMeTo10I0THIeCKUX MTPUHIUIIOB, MOXHO BBIJICITUTH MPU3HAKH KJIAC-
COB 3aJ1a4, KOTOpbIe y100HO pemats ¢ nomouisio MHC:
=  TpyaHodoOpMallu3yeMble 3a/layd, pPElIeHHE KOTOPBIX 00JIaJaeéT €CTECTBEHHBIM (BEKTOPHBIM)
[apajuIeIn3MOM WIN NapajuIeIn3MOM JIaHHBIX;
"  3a3j]a4W, pelICHHE KOTOPhIX YCToW4YNBO K Hamuunto HE-(hakTopoB B TaHHBIX M 3HAHUSX.
IlepeuncnuM BO3MOJKHBIE NPU3HAKH KJIACCOB 3a/lad, KOTOPbIE HEBBITOJAHO PELIATh TOJBKO C
nomouisio MHC:
"  CJOXKHOE€ KOHLENTYaJbHOE ONMMCAHME B 33]1a4¢€;
=  Hanuuue HE-axTopoB 1 HeyCTONYMBOCTD pPELLIEHUS K HUM;
*  npeoOiagaHKe CIOKHO OMMCHIBAEMBIX TOCIIE0BATEIBHBIX MPOLIECCOB B PELICHUH 33/1a4H;
"  HEoOXOIUMOCTh HMHTPOCHEKTHUBHOTO aHalM3a W OOBSICHEHUS NOJIYYCHHBIX pPE3yJIbTaTOB B
cnoxubix MTHC.
Hakonuensslil onsIT nokaseiBaet, uro MHC ycnemno npuMeHstoTes ISl pelieHus 3a1a4 ciie-
OYIOIUX BUAOB (cM. Tabnuity 1).

Tabmuua 1 — Kitacendukanus BuaoB 3a1ad, penraemMsix ¢ npumeneanem MHC

KonuentyajbHo-IparMaTuyeckas Kiaccupukanus MaremaTuueckasi KiaccH(puKaus
anmnpoKcuManusi:

YIPaBJIEHUE MPOLECCAMU - ONTUMM3ALHUS

IIPOTHO3UPOBAHUE - KCTPaNoJIsIIHs

reHepanus o0pa3oB

COIOCTaBJICHUE 00pa3oB
BBISIBJICHHE aHOMAJIbHBIX SIBJICHUM

JIOTUYECKHUI BBIBOJT

JIOTHYeCKUH BBLIBOJ:

TpaHCIsiIMs 00pa3oB:

- KJlacTepu3anus oopa3on

- BEKTOPHO€¢ KBAHTOBaHHE

- cKatue o0pa3oB

- IOHHMIKEeHHE PA3MEPHOCTH

- IMHEHHOE pa3/ielicHHe 00pa3oB

- MOBBIIIEHHE PA3MePHOCTH

- ACCOLIMMPOBaHUE 00Pa30B:
- Kjaccudukaiys 00paszos
- pacno3HaBaHHe 00pa3oB

Cpemn KkimaccoB 3a7ad  MOXKHO  BBIACTUTH KJIAcChl  3ajad, YCIOBHO  SIBIISIOIIHAECS
CHEIMAM3UPOBAHHO-TIPUKIIATHBIMUA, W KJIAcChl 3a/lad, YCJIOBHO SIBJISIONIMECS aOCTpakTHO-
dbynnamenTaabHbIME [12].

3 Wurterpaumsa UHC c 6azamum 3HaHUN NpuU pelleHnn NpuKnagHbIX 3agad

NC ¢ B3 nipu penieHnn NpuKIagHbIX 3a7a4 ¢ IOMOIIbI0 HEMPOCETEBBIX AITOPUTMOB MOTYT HC-
M0JIb30BAThCA KaK JJIsl BHYTPEHHUX 3aJ1a4, TAKUX Kak 00ydeHre HEHPOHHOW CEeTH UM ONTUMHU3ALINS
e€ paboThl, TaK W JUIs peHICHHs IeJIeBOM 3a1aun myTéM 00pabOTKM BXOJHBIX U BBIXOJHBIX Tapa-

368 N3(29/2018, v.8, Ontology of Designing



B.A. Tonoexo, B.B. T'oneukos, B.I1. Heawenxo, B.B. Tabepxo, J[.C. Hsaniox, A.A. Kpowenko, M.B. Kosanés

MerpoB MHC. Takue MIC MoryT ucnosnb30BaTh HEHPOCETEBbIE METOBI HAPABHE C APYTUMHU MMEIO-
IIUMHCSI B CUCTEME METOJIaMU AJISl PELICHUS TOJbKO OJHOMW, BBIIEJIEHHON CHCTEMOW M3 MoJ3a1ad,
NP PEIICHUH KaKOK-TH00 MPHUKIAIHON 3a/1auH.

Hanee 0yayT paccmotpensl npumeps! npumenenus uaterpaunu MHC ¢ B3 npu peruenun npu-
KJIa/IHBIX 3a/1a4.

3.1 WHTerpauusa HeMpOHHbIX ceTen ¢ 6a3zamu 3HaHMI B CUCTEME pacnoO3HaBaHUSA
mapkuposku npogykumm B OAO «CaByLUKUH NPOAYKT»

OnHoii w3 mpou3BOACTBEHHbIX 3amad B OAQO «CaByWIKMH TNPOAYKT» SBJISETCA 3aaada
pacnio3HaBaHus MapkupoBku npoaykmuu [13]. Ha 6aze MHC [14, 15] paspabateiBaeTcss MOIYJIb,
KOTOPBI aHATM3UPYET H300paKEHHE C Kamepbl, HaXOAIICHCS Haa KOHBeHepoM (PHCYHOK 1),
KOTOpasi pacro3HaéT HAHECEHHYIO Ha KPBIIIKY MapKHUPOBKY - CTPOKY C JATON W3TOTOBJICHUS H
CPOKOM TOJAHOCTHU (PUCYHOK 2).

T CLLTY Ol gt

Pucynox 2 — ByTblika ¢ HOrypToM ¢ MapKUPOBaHHBIMU
KPBIIIKAMH

[Ipocreitmmii cnoco0 WHTErpallud MaHHOTO MOMAYJIS B CHCTEMY pO3JIMBA TPEIoaraet
NIPUOCTAaHOBKY KOHBeiiepa u yBegomieHue o0 ostom wuHxeHepa KMUIImA (KonTtponsHO
N3meputenpasie [Ipubopel 1 ABTOMATHKA) IMOCPEACTBOM aBaPUHHOW 3BYKOBOW M CBETOBOM
CUTHAJIN3ALIMH, €CIIU MOJyJieM OyAeT oOHapyskeHO n (Hampumep, 5) MoIps] UAYIIHUX OyTBUIOK C
OlMOKON pacro3HaBaHUS MapKUPOBKU. OH JTOJKEH OMpPENeIuTh MPUYUHY HEUCHPAaBHOCTH U €€
yCTpaHuTh. B 3TOM cilydae gaHHBIM MOAYJIb PAcIO3HAET CTPOKY M mepeaaéTr pe3yibrar B b3, B
KOTOPOU JEHCTBHUE OCYIIECTBIISIETCS COMIACHO CIEAYIOIINM MPaBUIaM:
®  eCIM paclio3HaHHas CTPOKAa HE COBNAJAET C 3TAJOHHOM M ATO €AMHUYHBIA CIy4daid, TO HaJ0

MPOCTO ATy OYTHIIKY OTOpaKkoBaTh (IIPH HAJTUYHH MOJTYJISI OTOPAKOBKH);

"  eClIM paclio3HaHHAs CTPOKA IyCTasl, U 3TO MOBTOPSETCS IS 77 MOAPA HIYIUX OYTBIJIOK, TO
HAJI0 OCTaHOBUTH KOHBeHep m yBemomuth wHkeHepa KUIIHA o HeoOXoamMmocTH 3ampaBUTh
IIPUHTEP YEPHWIAMHU, KOTOPbIE 3aKOHYUIINCE;

"  eCJIM pAclO3HaHHAas CTPOKA HE ITyCTasi, HO HE COBIAJAET C ATAJOHHOW, M 3TO MOBTOPSETCS IS
n, TO Hag0 OCTAaHOBHTh KOHBelep W yBenoMmutTh HHKeHepa KUIIMA o HeoOxomumocTu
OUYMCTHUTH MeYaTaIoUINi 010K MpUHTEPa, B KOTOPOM 3a0MIIUCH COILIA.

Takux mpaBuia MoXeT ObITh MHOro. Kpome TOro, HE0OX0JUMO HMETh BO3MOXXHOCTH HUX
MpOCMaTpPUBATh U PEIAKTHUPOBATH (BO3ZMOXKHO, Hake nrxenepom KUITuA).

Tak KaK OCTOSITHHO MEHSIETCS MOTPeOUTEIbCKas YIIaKOBKa (U MapKHUPOBKA), BOSHUKAET BOIPOC:
KTO W Kak OyJeT NpOM3BOAWUTH HACTPOMKY J[aHHOM CHCTEMBbl Ha HOBBIM BHJ MapKHUPOBKH?
[Ipenmonoxum, ceroHs neyaTaroTcs apadckue MUQpbl, a 3aBTpa MapKUPOBATH MPOIYKIHIO HY>KHO
Oyzner pumMckumu IppamMu. YTo HEOOXOAMMO UIS TOTO CAeNaTh - cHOPMHPOBATH OOYUYAIOUIYIO
BBIOOPKY, 00yunTh HOBYI0 MHC, 3amyctuth e€. Takyio paboTy HE MOKET BBIMIOJHUTH HHKEHEP
KUIIuA (HemoctarouHo 3HaHWM B maHHOW oOnactu). Ho ecnm Oyzper cymiecTBOBaTh HEKOTOPBIH

Pucynoxk | — Kongeiiep ¢ 6;10koM kamepsl
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nocpenHuk mexay Humu B Buiae MC, Tto Torma Bce moxker BeirsAeTh Tak: MC momywaer ot
HEHPOHHOW ceTH MHPOPMAIUIO O TOM, YTO HE yAaéTCs PacloO3HATh HAJMKCHU, & OT MOIb30BATEIS
(mmxenep KUIIuA) mHbopmammio o TOM, 4TO BCE B MOPSAKE W MPOCTO 3aMyIICH HOBBIM BHJ
MapKHpPOBKH, TOT/Ia OHA CAMOCTOSITEJIbHO MOKET BBIMOJIHUTH MEPEUUCICHHBIE paHee 3afaud Jist
aJanTaluy MOAYJs pAclO3HaBaHUS K HOBOM YITaKOBKE.

3.2 lMpumeHeHne MHC ansa nogaepxkun 1 aktyanuaaumm 6asbl 3HaHWUN

Ceroaus uccnenoatensimMu B obnactu MHC npennararotcst apXuTeKTypbl, COCTOSIINE U3 CeTel
paznuuHbiX TUNOB. OnuH n3 myted marerpanuu MHC u B3 nexuT B MIOCKOCTH UCHOIB30BAHUS
TaKUX apXUTEKTYP-THOPUIOB, GOPMUPYIOUIUX CHCTEMY OOpaOOTKH MOTOKOB 3HAHHM JJISI peIICHHS
CIOXHBIX 3amad. lIpuMepoM Takoi CTPYKTYphl SBIsieTCsl THOpUIHAs CEThb, MCIOJb3YIOMas
cBéprounble HelipoHHbIe ceTu (CNN — convolutional neural network) u pexyppentnsie LSTM-cetu
(long short-term memory) [16]. Cxema momoOHo#t HeipoceTeBoir Mozenu LRCN (Long-term
Recurrent Convolutional Network), nmpencraBineHa Ha pucyHke 3.

Activity Recognition Image Captioning Video Description
Sequences in the Input Sequences in the Output Sequences in the Input and Output
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Average

HighJump <BOS>

Pucynok 3 — Jlonrocpounas pekyppeHTHasi cBéprounasi cethb [16]

3nech (pakTHUECKH MPEACTaBICHO JBa PA3IMYHBIX BapUaHTA TaKOH apXUTEKTYpPbl, KaXKIbIH U3
KOTOPBIX pelIaeT cBoio 3a1ady. [IepBblif BapraHT mpeanonaraeT yCpeIHeHUEe pe3yIbTaToB padOThI
LSTM-cetu u moJiydeHHE KOMIIAKTHOT'O OTIMCAHMS MPOU3BOAMMOro AehcTBUs. TakoW pe3yJsbraT
MO>KHO paccMaTpuBaTh KaK pacloO3HABaHME IEHCTBH, MPEICTABIEHHOIO I10CJIEN0BATEIbHOCTHIO
n3o0paxkeHuit. Bo BTopoM BapHuaHTe OCYIIECTBISIETCS MmocienoBatenbHoe npumenenne LSTM-cetu
st (OPMUPOBAHUS TEKCTOBOTO OMUCAHUS K M300pakeHuio. B o0oux BapuaHTax 3a7eiiCTBOBAHO
IBa TUmMa HeWpoceTeBoM apxuTekTypsl. IlepBorii Tum — CNN, koTopas oOpabaTbiBaeT MCXOIHOE
nojaBaeMoe Ha BXOJ M300paxeHue u Qopmupyer npusHaku. Btopoit tunm — LSTM-cets,
MPUHMMAIOIIAs HA BXOJ NMPU3HAKW U TEHEepHUpylollas TEKCTOBOE omucaHue. B cooTBeTcTBUU C
knaccuduKkanuen, TpuBeIEHHON B pa3zene 2, Takas 3aJadya OTHOCUTCS K 3aJa4aM paclo3HaBaHUS
o0pa3oB (1-i BapuaHT MOJICIIN) U 3a/1a4aM reHeparuu 00pa3oB (2-if BApHAHT MOJICIH).

HtoroBoe TeKkcTOBOe omucaHue, MoiaydyeHHoe ¢ momoulpto LRCN, wmoxer ObITh
MIPOaHAIM3UPOBAHO, CHOPMYITUPOBAHO B BUJIE MPABUIIA U UHTETPHPOBAHO B CEMAaHTHUECKYIO CETh.
CemaHTHUeCKasi CETh OCYUIECTBIISIET HAKOIUICHHE IOJYYEHHBIX 3HAHUW B BHJAE KOHKPETHBIX
O0OBEKTOB U CBS3EH MEXy HUIMH U CIIOCOOHA B JTAIIbHEHIIIEM BBITIOJIHATD JIOTHYECKHE 3aKITIOUCHHUS.
[Tomumo aHanmmM3a H300paKEHUM, MOXO0XKas AapXUTEKTypa MpUMEHseTcs i (HOopMUPOBAHUS
TEKCTOBBIX ONMCAHUN BUJEONOTOKA.

Jpyroii BapuaHT MCHONB30BaHUS 0a3upyeTcs Ha MPUMEHEHUH B KauecTBe 0a30BOTO MOAX0j1a
Merona word2vec [17]. DTOT METOJ MO3BOJISET OCYIIECTBIATh CEMAHTHUYCCKUAN aHAIIU3 TEKCTa C
BbIIETICHUEM Haunbosiee OMM3KUX MO CMBICTY CIIOB. B 0CHOBE MeTofa JIeKHUT MCIOJIB30BaHUE TPO-
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Input projection  output CTOI MO CBOEU CTPYKTYype MHOT'OCIONHOM HEHMPOHHOM CeTH, KO-
TOpasi OCYLIECTBISET (JOPMHUPOBAHNE KOHTEKCTa HA OCHOBE O/I-
HOTO IIeJIeBOro ciioBa (BapuaHT skip-grams — pucyHnok 4 [17]),
1100 pOopMUpPOBaHKE LIEIEBOTO CJIOBAa HA OCHOBE IEpeaBacMo-
ro koHtekcta (Bapuant CBOW — Continuous Bag of Words).

w(t-1) [Toa KOHTEKCTOM MOHUMAETCS COBOKYITHOCTh CJIOB (CIeBa U
/ CIpaBa), OKpY’Kaiollas IIeJIeBOE€ CJIOBO, B3ATas B Ipejaeax
onpenenéHHoro okHa. B pesynerare obOyuennas WHC ocy-
HIECTBIISIET OTOOpa)KEHUE CJI0BA, 3alIMCAHHOTO B BHUIE yHHUTap-
HOTO KOJa (M, COOTBETCTBEHHO, MPHHAJISIKAIIETO CIOBapIo) B
IIPOCTPAHCTBO MEHBIIEH Pa3MEPHOCTH, KOTOPOE BIIOCIEACTBUU
UCTIONIB3YETCSl Uil OLIEHKH CEMaHTHYECKOW OJM30CTH CIIOB.
[ToyyeHHOE TOTpPYKEHHE MOXKET OBbITH HCIOJB30BAHO IS
w(t+2)  IIPEICKa3aHus CEMaHTHUYECKUX OTHoweHui. Hanpumep, kopoas
01 KOpoJiegbl TO e 4to omey ora 2 (king is to queen as
fatheristo ?).

[IpuBeném mnpumep BuU3yadu3alMy, TMOJYYEHHOH JIst
BbIOOpKU 13 100000 aHTIOSM3BIYHBIX JOKYMEHTOB Bukuneauu u
obmero pasmepa caoBaps 50000 cmoB. B akcmepuMeHTE WMCHOJB30BAIACh  YNPOIIEHHAS
apxuTekTypa skip-grams, Bxiroyaromas 50.000 BXOIHBIX HEHPOHOB, COOTBETCTBYIOIIMX L[EJIEBOMY
cioBy, 300 ckpbIThix U S0000 BBIXOIHBIX HEHPOHOB, COOTBETCTBYIOIINX KOHTEKCTHOMY cJIOBY. [Ipu
oOydeHnn ObUTH CcPOPMHUPOBAHBI TAPBI CJOB (yenegoe €080, KOHMEKCHHOe Cl060), KOTOpBIC
MoJaBaJIMCh HAa HEHPOHHYIO ceThb MHUHHU-OaTyamu 1o 128 map B kaxkmom. [locrme oOyueHus k
pEeAYyLMPOBAHHBIM KoJlaM CJIOB ObUT mpuMeHeH anroputM t-SNE s yMeHbIIeHHsS pa3MEpHOCTH
nanHbIX. [TonydyeHHas qBymMepHas KapTa CEMaHTUYECKOTO CXOJICTBA U300pakeHa Ha PUCYHKE 5.

w(t-2)

w(t+1)

Pucynox 4 — BapuanT skip-gram

available “ordef -
pOSSIbl.e [} wife governmeﬁrwe omgany Fé
® counci ag RINIR&s
home husban& f%a_llgeu reandvyeau court E
popular general fatsonr non-families“unit e © ba%y@s
commont ° housing 'aa(g ©
se _ .
so preside)ﬂng bodx education
_ special eal?e ® royal level . schools
sumlaPr o L L total des?féx life univexs S 0 " tué
differen bers ® s . ate
: ° phallas - %“\‘}grggenumber histogy WSF.k churchyciery UN1OQ stafe
new capita ® .o, h : i .
t : i researc ty countries
e N T T T G
mily @ supportuse spaieiding® village
former SPeRifilies = s 9 tahp world
’two S"v individuals V‘Fgﬂ%‘ ; ¢
thours mas nPS tion fase ¢ cﬁﬁﬁger ,  cdp Sang
o femal etudent® * Gé?m.? ¢ posmon centf" townghi
T way " oy
© children site n—
[¢) pIa?S t e district
, ?les efide time i on © lake
her human fema Py period® a"é!;gO o nver
e natur$l i stimes.
' e free yea{. sto sea
s )
g native - %5 bOZ(ﬁlm squarg ter
own © local ® o - IaH.@ ir
® glder national albuerord road® .
son route®
middle thg&c mternatuonal na T&T o
eastean r(m

Pucynok 5 — Kapra ceMaHTHUECKOT0 CX0/CTBa
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Merton word2vec MOKET MCIOJIB30BaThCs Kak 11t popmupoBanust b3 B onpenenénnoit [IpO
(mampumep, [18]), Tak ¥ U3BIEUCHUS CEMAHTUYECKUX peIsiiuii B obmem [19].

[lo xnmaccudukanuu, NpUBeNEHHON B pasjene 2, 3Ta 3ajada OTHOCUTCS K 3aJadaM CXKaTHs
(TIOHMXKEHHs pa3MEPHOCTH).

3.3 lNpumep ncnonb3oBaHnsa 6a3bl 3HaHWN Ha aTane obyyeHns NHC

Bapuantom unHTErpanuu HelpoHHBIX cerel ¢ b3 sBnsiercs ucnons3oBanue b3 npu oO0yuenun
HHC. TIpu takom noaxone b3 conepxur B cebe onucanue IIpO, B paMkax KOTOPBIX pelIaeTcs
3a/a4a, U C UX IOMOIIBI0O MOXKHO OIpEAeauTh BXOAHbIe M BbIXojHble 3HaueHus MHC. C B3
paboTaer mMammMHa 00pabOTKM 3HAHUM, KOTOpas CMOXET MHTEPIPETHUPOBATH XPaHSIIUeCs MpaBuUia
sanuoayuy (TMPOBEpPKAa Ha COOTBETCTBHE IOrPYKAEMOIO 3HAUEHUS HEKOTOPBIM YCJIOBUSIM),
MIPOBEPKH Ha Henpomusopeuusocms (IPOBEpPKa TOrO, YTO HOBBIE 3HAHUSI HE HAPYILAIOT JIOTHYECKHE
npaBwia, Xxpansmuecs B b3) u koppexkmuposku (3aMeHa OIHUX 3HAHUM IPYTrUMH) 3HAHUH.

Takast uHTEerpanus MOXKeT ObITh CIOJIb30BAHA JIJIS BHIIOJIHEHUS CIIEAYIONINX 3a/1a4.
= Bamupganuss v KOppeKTHpoBKa OOydarolluX, TECTOBBIX M HK3aMEHALIMOHHBIX BBIOOpOK. Bce

9JIEMEHTBl  BBIOOpOK  morpyxatporcs B b3, 4Yro moapa3symeBaeT NpOBEpKYy Ha

HENPOTUBOPEUMBOCTh. B cucreme Takke MOXKET XpaHUTbCS HaOOp MpPaBWJI MO BaJUJAIUU

(TeCTUpPOBAHHUIO) U KOPPEKTHUPOBKE 3HAUEHHUH MPU3HAKOB BXO/IHBIX 3JIEMEHTOB.
= JIpoBepka HENPOTHBOPEUYMBOCTH M KoppekTHocTH Bbixoga MHC Ha sTtame oOy4yeHus wu

OCYILIECTBJIEHME  COOTBETCTBYIOLIEH  KOppeKTupoBkH  oOydeHus. OOyuenne MHC

KOPPEKTUPYETCSI B 3aBUCUMOCTH OT IPOMEXKYTOYHBIX PE3yJbTaTOB, KOTOPHIE C ITOMOILIBIO

oOparieHus: K b3 npoBepsoTcs Ha BaIUIHOCTh U MPOTUBOPEUYUBOCTb. Pe3ynbTaT MOXKET ObITH

CKOPPEKTUPOBaH, s 4yero B b3 JOMKHBI MPUCYTCTBOBAaTH COOTBETCTBYIOLIME MpaBuia. B

3aBUCUMOCTH OT pe3yJjbTara oOpaiieHus kK b3 MoxkeT n3MeHAThCs alropuT™M o0yueHHs 3a CUET

MIPSIMOTO y4€Ta CEMAHTHKHU.
=  Banupanus u KOppeKTUPOBKa pe3yibTraTtoB padoTsl o0yuenHoit MHC. Pesynbrar paborst MHC

MOJKET MPOBEPATHCS HAa BATUAHOCTh U MPOTUBOPEUUBOCTD, a TAKIKE KOPPEKTHPOBATHCS KaK C

MIOMOILBIO TIPABUJI, MCIIOJIB30BABIINXCS BO BpeMs OOyYeHHUS, TaK M C IOMOIIBIO JIPyroro

CHELMATM3UPOBAHHOTIO HAOOpa MpaBuIL.

JUi BBITIOJIHEHUS 3TUX 3a7a4 MOXKET MCIIONIb30BaThes Kak yxke rorosast b3 nexkoropoi MC, Tak
U cnenuanbHo pazpadoTtanHast 11 00yuenus: koukpernoit UHC B3.

PaccmoTpuM npeanaraemMslii METOZ Ha IpUMepe 3aj1auu o kiaccudukanuu. [TocraHoBKa 3a1aun
Kiaccu(hUKAMU: UMEETCsl TPYIIa 00BEKTOB, Y KOTOPBIX BBIACISIOTCS 71 MPU3HAKOB, HEOOXOIUMO
OTHECTH KaX/blil 00BEKT K OJHOMY M3 p 3aj1aHHbIX kjaccoB. MTHC oOy4aercs Ha HEKOTOPOM BBI-
00pKe 00BEKTOB C M3BECTHBIMU MIPU3HAKAMU U B 3aBUCHMOCTH OT TUIIAa 00y4eHHUs (C yUUTEIEM WIN
6€3) ¢ U3BECTHOM MPUHAAICKHOCTBIO K KJIaccy.

[Iporniecc 0Oy4eHHST MOKHO YJIYyUIIUTh, €CIIU OMUCATh KJIACChl OOBEKTOB U UX Mpu3Haku B Bb3.
K npumepy, Ha stane oOyuenus 6e3 yuutens MHC oTHecna 00beKT kK HEKOTOpoMy Kiaccy j. Tak
kak B b3 xpaHutcs onucaHue 3TOro Kjacca, MOXKHO OyJIeT MPOBEPUTH, HE MPOTUBOPEUUT JIU 3HAYe-
HUE NPU3HAKOB 3TOr0 00BEKTA OMUCAHUIO KJIacca, B KOTOPBIH ero oTHecHu. M yxxe 3Hast 3T0, MOKHO
Oyzer nenaTh BBIBOA O HEOOXOIMMOCTH M criocobe kKoppektupoBku BecoB MHC, takum obOpazom
pacimpsis aIropuT™ 00yUYEeHHUS.

Bo3pMéM ycnoBHYIO 3aady onpeneneHus ctuis Tekcra. Mmeercs Tekct m aBTop. M3 Tekcra
U3BJICKAIOTCS TaKHE YCIOBHBIC IPU3HAKH, KaK CPEIHssI AJIMHA MPeUI0KEeHNH, CpeaHss JUIMHa ab3a-
IeB, HAJTMYME MPSIMOI pedH, YacTOTa UCIOIB30BAHMUS TJIAT0JIOB U CYIIECTBUTENBHBIX. Heobxommumo
OTIPENIeNIUTh, KAaKOMY W3 IATH TPAJULMOHHBIX CTHJIEH — pPa3rOBOPHBINM, HayuyHBIH, Oo(UIIHAIBHO-
JIEJIOBOM, MyOIUIIMCTUYECKUH, XyA0KECTBEHHbIN — MPUHAJIEKUT TekcT. Ha pucynke 6 npezacras-
JIEHO cXeMaTudeckoe n3o0paxenue Bxo10B U BeixoqoB MHC, pematomieii 3Ty 3amauy.
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Pucynoxk 6 — Cxematndeckoe n3o0paxeHne BXOI0B 1
BBIXOJIOB MCKYCCTBEHHOI HEMPOHHOM ceTH A
pElIeHHs 3a/1a4U OIpeIeTICHHs CTUIISI TeKCTa

Kaxxapiit anemeHT obydaromieii BBIOOPKU TO-
rpyxaercs B b3. CemaHTHYecKas OKpPECTHOCTh
MOTPYKEHHBIX JJIEMEHTOB DPACIIUPAETCA  yXKe
MMEIOIUMHUCS B cucTeMe 3HaHusAMH. Ha pucyHke
7 mpencrabiieH (parmeHT b3, ommchIBaromIMit
MOTPYKEHHBIA 3JIEMEHT BBIOOPKH TEKCTOB JUIS
onpeneneHuss ux crwisd. Ero cemantnueckas
OKPECTHOCTb PACHIUPSIETCS YK€ UMEIOUIUMUCS B
CUCTEME 3HAaHUAMH 00 aBTOpE TEKCTa U CTHIISX,
KOTOPBIE OH UCTIOJIB3YET B CBOUX TEKCTaX.

Ota uHboOpManrs MOKET ObITh HUCIIOJIH30Ba-
Ha Ui BaJMJAIMU U KOPPEKTUPOBKHU pe3yJibTa-
toB MHC Bo Bpems oOyuenus. K mpumepy, BO
BpeMs o0yuenus MHC onpenenuina cTuib TeKcTa
Kak pa3roBopHbiii. B b3 umeercs npasuiio Banu-
JIAllUH, TIPU KOTOPOM TEKCTY MOXHO ONPEIEIUTh
TOJBKO TaKOW CTHJIb, KOTOPBIM YK€ MCIOJIb30BAI
paHee ero aBTop. Takke B CUCTEME UMEETCS Ipa-
BUJIO KOPPEKTUPOBKHU pe3yJjbTaTa, MPU KOTOPOM
€CJIM OMpEJIeNIEeH CTWIb TEKCTa, KOTOPbIA aBTOP
paHee He UCIOJIb30BaJl, TO MOXHO 3aMEHUTH €ro

Ha CXOXKUH, KOTOPBIA aBTOp UCIoNb30Bai. U3 ¢parmenta b3, mpeacraBieHHOro Ha pUCyHKE 7, CH-
CTEMa CMOXKET MPUMEHNUTh ONMCAHHBIEC MTPaBUJIa BaIUAAIMU U KOPPEKTUPOBKH, U 3aMEHUTh pa3ro-
BOPHBIHN CTWIb Ha HanboJiee OMM3KUI eMy XyI0KeCTBEHHBIN. [Ipnuém B 3aBUCHUMOCTH OT TOTO, OBI-
JY M NPUMEHEHBI MPaBUJIa BAIUJALUMU U KOPPEKTHUPOBKH M OT PE3yJbTAaTOB MPUMEHEHMS 3THX
IIPaBWJI, MOKET MEHATHCS alropuT™ nepecuera Becos B MTHC.
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OnucaHHBIN MOAX0]] IOMOXET YBEIHYUTh CTEIICHb Y4éTa CEMAaHTHKH BO BpeMsl OOy4YeHUs, OT-
OpOCUTH WJIM CKOPPEKTUPOBATH 3aBEJIOMO HEYIAYHbIC 3JIEMEHTHI BBIOOPOK, a TAK)KE MPOBEPUTH Pe-
3ynbpTat padbotet MHC Ha mpaBaomno00HOCTS.

4 WHTennektyanbHas cpefa

WuTennektyanbHas cpeia — 3TO HA0Op MHCTPYMEHTOB, CIIOCOOHBIN OCYIIECTBISTh aBTOMATH-
YECKHUI 10100p mapaMeTpOB UCTIOIb3YyEMON MOJIETTH B 3aBUCUMOCTH OT PEIIaeMOM 3aauu ¢ MUHU-
MaJbHBIM y4acTHEM KOHEYHOTO TMOJb30BaTensd. Takas cuctema cocoOHa MOMOYb JOISM, HE SB-
JSIONIMMIECS CTICIUAINCTAMU B 00JaCTH MAIIMHHOTO OOYYEeHHsS M HEHPOHHBIX CETEH, YCIIeITHO
MIPUMEHSITH MOCIETHUE pa3pabOTKU B CBOEH cepe AesITENbHOCTH.

Ycnexu B pa3pabOTKe BHICOKOYPOBHEBBIX (DPEHMBOPKOB IMOCIICTHUX JIET CBSI3aHBI C BO3MOXKHO-
CTSIMU HCTIOJIB30BAaHUS B KauecTBE ammapatHoil miatdopmbl ans pacuéroB BuaeokapT (GPU), a
TaK)K€ CO CMOCOOHOCTHIO BBHITIOJNHATH IMapajuIeIN3aIii0 BHIYMCICHU Ha pa3HbIe YCTPOMCTBA Kak
OJIHOTO KOMIIBIOTEPA, TaK U LIEJIOr0 KjacTepa KoMIbloTepoB [20].

M3BecTHO OOJBIIOE KOJIMYECTBO PAa3IMYHBIX OMOIMOTEK, MO3BOJISIOMIMX YCIEIIHO BHEIPSTH
pelIeHrus Ha OCHOBE HMHTEJUIEKTYalbHBIX aNrOpuUTMOB. OJHAKO A ATOrO HEOOXOIWMO HMMETh
Ha0Op 3HAHUW W HABBIKOB, MO3BOJISIONIMN MOIU(DHUIIMPOBATH M YIyUIlIaTh CTAaHJAPTHBIC PEIICHHUS.
Brinenum yacto ucnonb3yembie ppeiimMBopku [21].

TensorFlow — oiHa M3 caMbIX MOMYJISIPHBIX HA HACTOSIIIUNA MOMEHT OMOJIMOTeK. bbua pa3pabo-
taHa noapazaencHuem Google (2015). [TozBomnsier 3amyckats Moaenu Ha Heckoiabkux CPU- u GPU-
yCcTpoicTBax (Xopomio macmradbupyercs). JlocTymHa s pa3HbIX iatGopm, TOIepKUBACT pas-
HbI€ A3bIKH porpammupoBanus (C++, R, Python).

Caffe/Caffe2 — onHa u3 nepBbIX OMONMHMOTEK TIyOoKoro oOyduenus. Hanucana ma C++, umeeT
untepdeiic Ha Python. B ocHOBHOM opueHTHpoBaHa Ha 00ydeHHE W UCTIOIb30BAHUE MOJEIEH, TMo-
CTPOCHHBIX Ha CBEPTOYHBIX U MHOTOCIOWHBIX ceTsx. Co3/1aH0 OOJIBIIOE KOJIMYECTBO MPEI0OyICH-
Heix apxutektyp ans Caffe. Facebook B 2017 roay mpemnoxun HoByro Bepcuto Caffe2, koropas
npeaaraet 00JIbITy0 THOKOCTh B IIOCTPOSHUH BBICOKOTIPOU3BOAUTEILHBIX TITyOOKUX MOJICIICH.

Theano — ogHa U3 MEPBBIX OMOINOTEK, PEATH3YIONTUX AITOPUTMBI TITyOOKOT0 00ydeHus. [Tob-
3yeTcsl YCTOMYMBOM MOMYJISIPHOCTBIO Yy CHEIUATUCTOB B 00JacTH riybokoro ooyuenus. Yacro uc-
MOJIb3YETCSl KaK HIDKENekKauii ppeiiMBOpPK 11 MHOTHX BBICOKOYPOBHEBBIX OHOIMOTEK, KOTOPHIE
npenoctaBisioT API-o0eptku (k mpumepy, Keras).

Keras — npenocraBnser ynpomniéHHbelii uHTEepdeiic mis padorel ¢ Theano, Tensotflow wm
CNTK. OdeHp mpocTo B M3YYCHHH M HCIIOJB30BAaHUH. XOPOIIO JOKyMeHTHpoBaH. [lo3Bomser
omucath co3nanue u ooyuenue MHC B Heckonbkux cTpoukax koja. Hamucan Ha Python.

Torch — dperimBopk, 6azupyronuiicss Ha Lua. Bo3amoxkHo ncnonk3oBanne oudmmorek C/C++ u
CUDA. Ouensp npoctast 6u0I10TEKa, MPOLIECC MOCTPOCHUS MOJIeNiel MaKCUMalbHO yIpolieH. EcTb
0osee coBpeMeHHas peannszauus Ha Python, naspiBatomasics PyTorch.

OTtmeTnM Takke Jpyrue (GpelMBOPKH, KOTOpbIE AaKTUBHO HCHONB3YIOTCA. JT0 Microsoft
CNTK, MXNet u 6azupyromuiics Ha HeM Gluon, ONNX, BeimymieHHbid B ceHTsi0pe 2017 roga u
MIPEICTABISAIONINI cOO0M OTKPBITHIN (hopMaT s MPEACTaBICHUS TTTyOOKUX HEUPOHHBIX MOJIETICH.

OCHOBHOHM HEIOCTAaTOK pa3padaThIBaeMbIX (PEHMBOPKOB — 3TO TPpeOOBAHWME K HAIWYHIO 3HA-
HUH O CTPYKTYpax MOJeNel, KOTOPbIE JOKHBI HCTIONB30BAThCS ISl KAXKI0M KOHKPETHOM 3a/1a4uH.

W3BecTHO, 4yTO BHIOOP HEHPOHHOM CETH IS pelIeHMsl 3a1adyd — IPOLIECC BO MHOTOM TBOpYE-
CKUU U B OOJIBIICH CTENEHU IMITUPUIECKHI, TOCKOJIBbKY MPEANONIaraeT MOTyYeHHe pe3yabTaToB Iy-
TéM T0J100pa W OIEHKH Y(PPEKTUBHOCTH PA3IUIHBIX APXUTEKTYp ceTeil. OmHako yxke ceddac
YCHEIIHO Pa3palaThIBAIOTCS MOAXOAbl K aBTOMATHYECKON T'eHepaluy Mojieseil HeHpOHHBIX CeTei
[22], koTOpbIe TOKA3BIBAIOT MPEUMYIIIECTBO TIEPE] PYUHBIM MTOAO00OPOM IMapaMeTpOB.
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5 TMpepmeTtHasa obnactb MHC u ux geHoTaunmoHHas 1 onepaumMoHHas ceMaHTMKa

OCHOBHOM 4acTbhIO CHCTEMBI, pa3zpadaTeiBaeMoil ¢ momoibio TexHonorun OSTIS [13, 23, 24|
SIBJISICTCSL OHTOJIOTUYECKass Mo/eNb (sc-Mozenb b3), mocTpoeHre KOTOpOi OCYIIEeCTBISIETCS Ha OC-
HOBE OHTOJIOTMYECKOTO MOAX0Aa. JJaHHBIN ITOAX0] NOAPa3yMEBAET MOCTPOCHHUE OHTOJIOTHIM KaK CH-
cTeM abCOJIOTHBIX M OTHOCHUTENIbHBIX TOHATHHN, ONMchIBatomux Ty win unyto [IpO. B pamkax tex-
Honorun OSTIS yTounsieTcst mousitue onronoruu kak crnenudukanuu [IpO [25, 26], BeigenseTcs
UX TUIOJIOTHS.

5.1 lNMpeacTaBneHne HEMPOHHLIX ceTen B 6ase 3HaHUN

[Ipennmaraemplii MOAX0 OCHOBaH Ha MCMOJL30BAaHUHM B3, COOTBETCTBYIOMUX MOJAETH yYHH(H-
LMPOBAHHOTO CEMAHTUYECKOTO MPEACTABICHUS 3HaHUI. B pamkax 3TOi MOJEIN UCTIOIB3YIOTCA O/~
HOPOJIHBIE CEMAaHTUYECKHE CETH — CEMAHTHUYECKHE CETH, B OCHOBE KOTOPBIX JIC)KHUT 0a30Bas Teope-
TUKO-MHOYKECTBEHHAs] CEMaHTHYeCKas MHTEpIIpEeTalys, MOCTPOEHHAas Ha OTHOILIEHUU (CUTyaTHB-
HOM) MPUHAICKHOCTH (HEMPUHAIICKHOCTH) SJIEMEHTa MHOXECTBY (€AMHCTBCHHBIM 0a30BBIN THII
OTHOIIEHHUS) [25], CBSI3KM KOTOPOTO 0003HAYAIOTCS SC-AyramMH. SI3bIKH, BXOJISIIME B MOJIEIb YHU-
(UIIUPOBAHHOTO CEMAHTHUYECKOTO MPEICTAaBICHUS 3HAHUMN, HA3bIBAIOTCSI SC-SI3BIKAMU, TEKCTHI KOTO-
PBIX COCTOST U3 SC-AJIEMEHTOB, a POPMHUpPYEMBIE U3 HUX (CUTyaTHBHbIE) MHOKECTBA, CTPYKTYPbI U
OHTOJIOTUYECKUE TIPEJICTABIICHUS, OHTOJOTHYECKHUE MOJENM Ha3bIBAIOTCS COOTBETCTBEHHO SC-
MHO’KECTBAMHU, SC-CTPYKTypaMu U sc-MojesiMu. CeMaHTHKa SI3bIKOB MOJAETH YHU(DUIIUPOBAHHOTO
CEMAHTHYECKOTO TPECTABICHUS 3HAHUN COOTBETCTBYET MOJEIU CHUTYaTHBHBIX (COOBITHITHBIX)
MHOkeCTB. CUTyaTUBHBIE MHOYKECTBA TPEICTABIISIOT CO00# Oosiee TMOKHMI M aJIeKBATHBIA armapaT
JUTSI TIPEICTABIICHUS] 3HAHUHM, YeM KJIACCHUYECKHE MHOKECTBA, MO3BOJISIS yUUThIBaTh HE-(akTops
3HAHUW W aJanTUpoBaThCcs K npeactaBisemon [IpO, coxpaHssi OHTOJIOTMYECKYIO MOJENb U €€ ce-
MaHTUKY. DTO JOCTHTaeTCs HE TOJIbKO 3a CUET yu€Ta BPEMEHHBIX CBOMCTB, UTO MO3BOJIIET UHTEP-
MIPETUPOBATH CUCTEMY CUTYaTUBHBIX MHOKECTB KaK pa3BUTHE CHCTEM L-HEYETKUX MHOXECTB, HO U
3a C4€T TOTrO, YTO B paMKaX MOJENM YHUDUIIMPOBAHHOTO CEMAHTHYECKOTO TPEACTABIICHUS 3HAHHIA
MpoLecC YNOTpeOIeHHs anmapaTa CUTyaTUBHBIX MHOKECTB CIIOCODEH MMETh JIMHAMUYECKHI Xapak-
Tep, MOACPKUBAEMBII THHAMUKOMN anaBUTHBIX METOK.

[ToaTomy mpencraBisieTcs 1eIeco00pa3HbIM yIOTpeOIeHHe CUTyaTUBHBIX MHOXKECTB U MX J0-
crounctB s npencrasieauss UHC cpenctBamu Mopenu yHUPHUIIMPOBAHHOTO CEMAHTUYECKOTO
npenacraBieHus 3HaHui. CeMaHTHKa TEKCTOB SC-SI3bIKOB B paMKax MOJIEIH YHU(DUIIUPOBAHHOTO Ce-
MaHTUYECKOTO MPEJICTABIICHUS 3HAHUM SIBJISIETCS MOJEJIbHOM, OJHAKO BO3MOXHO €€ OINHCaHHUE B
JIEHOTallMOHHOM BHJIE, B 3TOM CJIy4a€ MOKHO F'OBOPUTH O JICHOTAIMOHHOM CEMaHTHUKE SC-A3bIKOB Ha
0a3e CUTyaTUBHBIX MHOXECTB.

Takum o6pazom, npu npeactariennn MHC moxHO
TPaAKTOBaTh KKIYI0 €€ BeplInHy (y3en), He SIBIISIOILY-
FOCSl PELEeNTOpPHOM, Kak 0003HAYeHHE CHUTYaTUBHOTO
MHO’KECTBA (SC-MHOXECTBA) BCEX BEPIINH, U3 KOTOPBIX
CHUTHAJ MPUXOIUT B 3TOT y3en (pucyHok 8). Kaxkmas
pelenTopHasi BEpIIMHA — TO 0OO3HAYCHHE CUTYaTHB-
HOI'0 MHOKECTBA MPU3HAKOB CYIIIHOCTEM, KOTOPBIE OHA

BBIPAXKAaET.
Pucynok 8 — IIpesicTapieHre MHOTOCIOWHOM NHC npencraBisieTcss Kak CUTYaTUBHOE MHOXe-
NHC CTBO SC-3JIEMCHTOB, 0003HAYAIOIIUX BEPIIMHBI, CBS3H,

WX TIapaMeTpsl, GYHKINHU, CBOMCTBA, CBA3KH U COOTBET-
CTBUS MEXy HUMH (PUCYHOK 9).
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Pucynox 9 — I[pencraBnenne MHC kak cuTyaTHBHOE MHOKECTBO SC DJIEMEHTOB

3HaueHusT BECOBBIX KOX(POUIIMEHTOB [JIsi CHHANTUYECKUX CBA3CH M BBIXOAHBIX CHUTHAJIOB
HEHUPOHHBIX 3JIEMEHTOB MPEACTABIAIOTCSA KaK CUTYaTUBHOE 3HaYEHWE HEKOTOPOU BEIMYUHBI, MOJTY-
YeHHOE U3MepeHneM cooTBeTcTByomumx 3nementoB MHC (pucynok 10).

Jns ykazanus (QyHKIHE CHHANITUYECKOTO MTpeoOpa3oBaHus U akTUBAMK (pUCYHOK 11), 3Have-
HUN BECOBBIX KOA(PGUIMEHTOB (pPUCYHOK 10) M BBIXOJHBIX CUTHAJIOB HEHPOHHBIX AJIIEMEHTOB HC-
MIOJIb3YIOTCSI KJIFOUEBBIE DJIEMEHTBI: (OVHKYUA CUHANMUYECKO20 Npeodpa3oeanus’™, GyHkyus akmu-
sayuu™, cunanc®, neupounsiil y3en*, 0003HAYAIOIINE CUTYaTUBHBIC OTHOILICHHS.

Mexny 3TUMU 3HAYEHUSMHU MOTYT OBbITh YCTAHOBJEHBI MaTE€MaTHYECKHUE B3aUMOCBS3H,
BBIP2)KAEMbIE C TOMOIIbI0 MaTEMaTHYECKUX OIepaluii ¥ OTHOIIEHWH, TaKuX KaK CyMMa H
npou3BeieHne (PUCYHOK 12). DT MaTeMaTH4YeCKHE OTHOLICHUSI MOTYT OBITh 3a/IaHbI B O0IIIEM BHUJIC
BBICKA3bIBAHHWEM WJIH MTPOrpaMMoit (pucyHoK 13).
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Pucyrok 10 — IIpesicTaBienne BecoBbIX KO(pQHINEHTOB Pucynox 11 — IlpencraBnenue GyHKINI CHHAIITHYECKOTO
CHHAITHYECKUX cBs3eii MHC npeoOpa3zoBanust n aktuBayy y3inos MHC
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Pucynox 12 — IIpencraBneHue BEIXOHBIX 3HAUCHUI

Pucynox 13 — IlpexcraBienne GpopmMaabHOTo OMUCAHHS

sinementoB MHC 1 X MaTeMaTHYeCKuX OTHONIEHUI 3aBHCHUMOCTH BBIXOIHBIX 3HaYeHMit aiemenTos UHC

[IpencraBnenne MHC co cnoxHOM CTPYKTYpO# MO3BOJISIET MPEACTABIATH UX OT/IEJIbHBIC YaCTH,
TaKue KaK CKpPBIThIE CJIOM B MHOTOCJIOMHBIX HEHPOHHBIX CETSX (PUCYHOK 14), BCTpeuHbIE CBS3U B

HNHC BcTpeunoro pacnpoctpanenus (pucyHok 15), oOparnbie cBsi3u B pekyppenTtHbeix MHC (pucy-
HOK 10) u T.11.

e.uno;oc.‘mfmmv HUCKYCCNEEHHAA HETIPOHHAR CeMb

dyHruua akmusayuu™

o

Pucynox 15 —

o

CKpuImBLIL CA0it*

IIpencraBnenne MHC BcTpeunoro
pacnpocTpaHeHHs

Pucynox 14 — IIpencraBiieHre MHOTOCIIOMHOM
HHC co cKpBITEIM clioeM

Kaxnas MMHC 3amaér coOTBETCTBHE MEXIAy CBOMMH BXOJaMU W BBIXOJaMHU (PHUCYHOK 16,
pucyHok 17), omucanme 53TOro Qakra TMPEACTABISIETCS C TOMOIIBIO KIIIOYEBBIX 3JIEMEHTOB
coomeemcmaue™®, obnacme onpedeiienusi coomsemcmaus ™, 0o1acms onpeoeneHus’, Coomeemcmaue
obnacmu onpedeneruss’, 0O1ACMb 3HAYEHUN COOMBEMCMEU™, 001acmb 3HAYEHUL , COOMBEMCMEUe

obnacmu 3Hauenuti’. JInA YTOYHEHUS 3HAYCHUH BXOJHBIX HEHpOHHBIX »siemenToB WHC
HCIIONTB3YIOTCSI KITFOUEBBIE DJIEMEHTHI OoMeH ', QoMeH ™, omHouieHue .

OHTOJIOTHSI MPOEKTUPOBAHUS, TOM 8, %3(29)/2018 377



Hnmeepayus uckyccmeeHHbIX HeUPOHHBIX cemell ¢ 6a3amu 3HaAHUL

UCKY CCMEEHHAR HETP OHHAR CeNtb
l etoomsemcmsue obaacmu snavenuit'’

- .
coomeemcmeune o loémcmb 3HaueHuit coomeemcmeun ™

©. ”
obracmy 3HaueHUIl
Or— O<—*’—O—L~O

>
JIUHETIHO e NPOCIMP aHCMmEo"

coomeemcmeie obaacmu 0"])6’0&7(”"} 2

o

06.7(1('"1& 0"1)6’(».7?"1[}1 coomeemcmenun -

oGracmy onpedenenus’

'1: I

>0 — O
uugposoe npeocmasarenue’

E - ©
B e

f

])ﬂ 3MepHOoCHD

®—0O

6eTIM UHa

Pucynok 16 - Onrcanue BXOI0B M BEIXOJIOB CETH

[TepeuyncieHHbIC KIIOYEBBIE AIEMEHTHI HapaBHE C APYTHMH UCTIOIB3YIOTCS ISl crieiu(UKaIun
MpU3HAKOB (pPUCYHOK 18), 3HAYEHUS KOTOPBIX SBISIOTCS 3HAYCHUSMH BXOJHBIX M BBIXOJHBIX
HEHPOHHBIX 3J1eMeHTOB (perenTopoB 1 3¢ pexropor) MHC.
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Pucynox 17 — Onncanue BXOZHOTO HEHPOHHOTO
JJIEMEHTA CETH

5.2 CTpykTypa npegmeTHOM obnactu
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Pucynok 18 — Onmcanme OuHapHOTO MpH3HAKA

ITpO — cTpykTypa, KOTOpas 3ajaHa Ha MHOYKECTBE SC-3JIEMEHTOB.

Ha IIpO ompeneneHsl T€ e OTHOIIECHUS, YTO U Ha SC-CTPYKTypaxX, KOTOPbIE MOTYT OBbITh CBsI3a-
Hbl OTHOILICHUSIMU BKJIIOYEHHUs (CUTYaTHBHOTO TMOJAMHOXKECTBA), M30MOP(GHOTO BIIOKECHHS U T.II.
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OTHU OTHOIICHUS SBJISIIOTCS aHAJIIOTOM OTHOIICHWH Mojenu crnernudukanuu 3Hanuil [27]. Cnenyet
OTJINYATh 3TH OTHOILLIEHUS OT CUTYaTUBHBIX OTHOIIEHHI BPEMEHHOTO BKJIIOUYEHUS, TUIIOTETUYECKO-
r0 BKIIFOUCHUS, BPEMEHHOTO M30MOP(HOTO BIIOKCHHUS W THUIIOTETUYCCKOTO M30MOP(HOTO BIIOXKE-
HUS, KOTOpBIE 00ycnaBiIuBaroTcs mpucyTcTBUeM Takux HE-dakTopoB, kak HEMmoIHOTa U Heompee-
JIEHHOCTb.

[IpO A sBasiercst yactHoit [IpO B, ecnu A Bkitovyaetcs B B u e€ (MakCUMaIbHOE) UCCIIETyeMOe
MHOECTBO BKJIIOUAETCS B (MAKCUMAIIbLHOE) HCCIIElyeEMOEe MHOXKECTBO B.

Baxneiimmm stanom pazpadotku b3 mo texnonorun OSTIS sBnsiercs dopmupoBanue uepap-
xun [IpO (Ha ocHoBe monsTust yactHoii [IpO), onpenensromeit crpykrypy b3, n ux cnenmduxanms
[26]. PaccmoTpenue b3 ¢ no3unun cootnomenus ¢ [IpO no3BonsieT paccMaTpuBaTh UCCIEAYEMbIE
00BEKTHI Ha PA3IMYHBIX YPOBHSX JCTATM3AIMH, KOTOPHIE OTPAXKAIOTCS B PA3IUYHBIX THUIIAX OHTO-
JIOTHH, ONMUCHIBAIOIINX ONPEAENICHHOE HAIIPaBJICHNE OMMCAHNS CBOWCTBA 00BEKTA B paMKax OIMHUCHI-
Baemoii [IpO. K TakuM OHTOJIOrMSIM OTHOCATCS: CTpyKTypHas creunudukanus I[IpO, moruueckas
OHTOJIOT U, IOTUYECKasi CUCTEMA MOHATUHN U UX OINPEEIeHUI, TEOPETUKO-MHOKECTBEHHAsI OHTOJIO-
THUSl ¥ IPyTHE.

Paccmotpum kmaccudukanmo MHC, npenctaBieHHy0 B paMKax TEOPETHKO-MHOKECTBEHHOMN
OHTOJIOTUU cooTBEeTCTBYIOMIEH [1pO.
=  KoHE4YHO3Ha4YHbIE HEUPOHHBIE CETH;
=  KOMIUIEKCHO-YHCIIEHHBIE HEPOHHBIE CETH:

*  BenlecTBEeHHO-UYHUCIEHHbBIE HEHPOHHBIE CETH:

* PanMOHAIIbHO-YHUCIICHHBIE HEHPOHHBIE CETH:
= [lenouncieHHbIE HEHPOHHBIE CETH.
=  PanuoHaJbHBIC HEUPOHHBIE CETH;
=  [loBhblaronire pa3MepHOCTh HEHPOHHBIE CETH;
= [loHmxkaroume pa3sMepHOCTbh HEUPOHHBIE CETH;
=  [IpepbIBHBIC HEUPOHHBIE CETH;
=  HenpepblBHbIE HEHPOHHBIE CETH;
=  JlubdepeHuupyembic HEHPOHHBIE CETH;
= Hemuddepenunpyemble HEMPOHHbBIE CETH;
=  ['OMOreHHbIE HEHPOHHBIE CETH;
= ['eTepOreHHbIC HEMPOHHBIE CETH;
=  HeiiponHnsie cetu 6€3 0OpaTHBIX CBS3EH;
=  HelipoHHBIC CeTH C OOPATHBIMH CBSI35IMU;
=  HeiiponHsie ceTu 6€3 CKPBITHIX HEUPOHOB;
=  HelpoHHBIE CETH CO CKPBITBIMU HEMPOHAMU;
=  MHOrocioiHble HEUPOHHBIE CETH;
=  OpaHOCTOMHBIC HEUPOHHBIE CETH;
= JleTepMHUHUPOBAHHBIE HEHPOHHBIE CETH;
=  PenakcanrOHHbIE HEUPOHHBIE CETH.

Kpome ykazannbix knaccoB UHC u coorBercTByromux uMm IIpO MOXHO BBIIEIUTH 3a/Jauu,
KJIacChl HEMPOHHBIX ceTel u cooTBeTcTBYMOMUE [IpO, cBsa3anuble ¢ 00yuennem MHC.

MO03KHO BBIIEIHUTH JIBa OCHOBHBIX KJjlacca:
=  OOyuenue MHC Ha 0CHOBE STAJOHHBIX 3HAYCHHI BBIXOAHBIX deMeHToB MHC;
=  OO6yuenue MHC 6e3 ucmnonbp30BaHus 3TATOHHBIX 3HAYCHHUH BHIXOAHBIX d7emMeHToB MHC.

K nepBoMy ki1accy MOKHO OTHECTH ITOJKIIACCHI:
=  OOyuenue MHC Ha ocHOBe JenbTa-MpaBuia;
=  OO6yuenue MHC Ha oCHOBE IrpaIMEHTHBIX METO/IOB:

*  OO6yuenune MHC metogom oOpaTHOTO pacnpocTpaHeHHs OLIHOKH;
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*  (OOyuenne MHC meTtonom conpsiKEHHBIX TPaIMEHTOB;

*  (OOyuenune MHC meTonom nepeMeHHOM METPUKH.

K gacTHBIM K1accaM BTOPOTO KJIacca OTHOCSTCA:
=  OO0yuenue MHC 6e3 ucmonb30BaHUs STAJTOHHBIX 3HAYCHHI Ha OCHOBE mpasuiia Xeb0a [28];
=  (Oo6yuenne MHC 6e3 ncnosib30BaHus 3TAJTOHHBIX 3HAaYCHUH Ha ocHOBe TipaBmiia WTA [29].

6 AreHTbl UHTENNEKTyanbLHON cpeabl 06pPaboTKN HEMPOHHbIX CeTen

OnepanronHas ceManTuka b3, moCTpOEHHBIX B COOTBETCTBHUE C MOJIEIBbE0 YHU(DHUIIUPOBAHHOTO
CEMaHTHYECKOI0 Mpe/CTaBICHHs 3HAHHM, BhIpaXkaeTcsd B KOMaHJaX SC-MallWH 00pabOTKW 3HAHUN
[30]. Kaxnmast sc-mammHa COOTBETCTBYET (popManbHONH Moaenu 00padoTKu MH(OPMAIINH, S3BIKOM
KOTOPOH SIBIISIETCS HEKOTOPBIN SC-A3BIK. Takke Kakaas Sc-MallnHa 00JaaeT HadalbHOW HH(OP-
MAallMOHHOM KOHCTPYKLMEH U MHOKECTBOM OIIEpALMii, KOTOPbIE OHA PEaIU3yeT, KOTOPhIE MOTYT
OBITh 3aIIPOrPaMMHUPOBAHBI B BUJI€ IPOLIEAYP.

B cooTBeTCTBHE C MHOTOAr€HTHBIM MOIXOIOM Ka)KAasi SC-MalliHa MOXKET ObITh pealn30oBaHa B
BHJIC COBOKYITHOCTH areHTOB (sc-areHToB). OnepanuonHas cemantnka MHC B B3 cBoguTcs k ore-
PAllMOHHOMN CEMaHTUKE PEaTu3yIoOlUX €€ SC-areHTOB, OMEpPallMOHHAs] CEMaHTHKA KOTOPBIX B CBOIO
ouepellb CBOJANUTCS K ONEPallMOHHON CeMaHTHKE MPorpaMm (KOMaH/T) UX Olepaluii.

Bce onepannu sc-areHTOB BBIIOJIHSAIOTCS aCHHXPOHHO. Bce sc-areHThl B3anMOICHCTBYIOT Yepes
o0IIyI0 MaMsITh, NepeaaBasi Apyr APYry AaHHbIE B BUJE KOHCTPYKIMM CEMaHTUYECKOW CeTH (TeK-
CTOB SC-SI3BIKA, COCTOSIIINX U3 SC-2JIEMEHTOB). Y CIIOBHEM 3aIlyCKa oreparnui (MHUIIMUPOBAHUS SC-
areHTa) SBIISETCS HEKOTOpOe coObITHE B 0011eH (TpadoBoii) mamsatu. TakuMHU COOBITUSIMH SIBIISTFOT-
Csl M3MEHEHHUS BPEMEHHOW HENPUHAMJIEKHOCTH HAa BPEMEHHYIO (aKTyalbHYIO) MPUHAJICKHOCTD
3JIEMEHTa CUTYaTUBHOMY MHOKECTBY, KOTOPO€ TPAKTYETCs KaK MHOKECTBO KOMAHJI MHUIIMMPOBA-
HUs sc-areHToB. Kakjas KomaHma mpeacTaBiisieT coOol JaHHBIE, KOTOpbIe OyayT o0paOOTaHbI
areHToM. TakMMH JTaHHBIMU MOTYT OBITH OTIENIbHBIM SC-3JIEMEHT M €ro CEMaHTHYeCKas OKpECT-
HOCTB, JIOCTYTIHAs B OOIIEH MaMATH, UM HEKOTOpasi CTPYKTypa (sc-CTpyKTypa), 0003HaueHHas! Ta-
KHM SC-2JIEMEHTOM (PUCYHOK 19).

[Tocne Toro kak omepanus 3amylleHa U BHINIOJIHEHA, BpEMEHHAs! IPUHA/IJIC)KHOCTh 3aMEHSIETCS
Ha BPEMEHHYIO (aKTyaJIbHYI0) HEMPUHAAIEKHOCTh. OHAKO, MOTYT MOSIBUTHCSI HOBBIE BPEMEHHBIE
(axTyanpHBIC) IPUHAIJICKHOCTH, KOTOPHIE OYyT HHUIIMHPOBATH pabOTy APYTUX SC-aIrCHTOB.

o 1 (—. o) Taxkum obpaszom pabora MHC u mpoueccel 00paboTku
3HaHui B B3 CBOAATCS K HEKOTOPOMY MOPSAJKY U3MEHEHHI
BPEMEHHOM MPHUHAIJICKHOCTH Ha HENPHUHAJICKHOCTh U
HA000POT. ATEHTBI, KOTOpPbIE 00ECIEeUYNBAIOT CEMaHTHYE-
O—A\ (o) ckoe mpotokonupoBanue [31] padorsr UHC dopmupyror

MeTa3HaHUS B BHJIEC CTPYKTYp CIEIHAIBHOrO BHIa, oOecte-
Pucynok 19 — ITepeaua jaHHBIX B YUBAIOIINX BO3MOXHOCTBH ITOMCKA W aHajuM3a TopsjaKa pa-
BHJIC CTPYKTYPBI 6otel MHC, cBopsIIIeMyCsl K B3aUMOJCHCTBUIO SC-ar€HTOB B
obmreit rpadoBO MaMsTH.
Hns peanuzaruu MHC MOXHO BBIIETUTD areHThI CASAYIOMINX KJIacCOB.
=  ATEHTHI IO HHTEPIIPETAIIU U 00paboTKe BX010B U BbixogoB MHC;
=  Arentsl no ooyuyenuto MHC:
=  AreHthl ynpaneHnus ooyuyennem MHC;
*  ATCHTHI CEMAHTHYECKOTO MPOTOKOJIMPOBAHUS MPOIIECCOB OOYUESHUSI.
=  AreHTbl 110 HHTErpanuu paznuuasix MHC:
=  Arenrtsl knoHupoBanus (arearo) MHC;
=  AreHnthl noucka (arearoB) penentopoB MHC;
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=  AreHntbl noucka (areatoB) 3¢ dexropo MHC;

=  Arentsl cuHTe3a (arentoB) MHC:
*  AreHntsl cuHTe3a (arenroB) cinost MHC.

= ATeHTHl CHHTE3a areHTOB MHOXXECTBA HEMPOHOB, CHHANTHUYECKH CBS3aHHOTO C
MHO>KECTBOM HEHMPOHOB;

*  ATEHTHI CHHTE3a areHTOB JyalbHOM CETH 00paTHOTO pacipocTpaHeHus (OHnboK);

*  ATeHTHI yJaJleHus (areHToB) CHHATHYECKUX CBS3EH;

=  Arentsl yaanenus (arentoB) MHC;

* AreHTel  TpaHCISIIUM  OHTOJOrmuyeckoro  mpencrtasienuss WMHC  wHa  s3bIkm
POrpaMMHUPOBAHHS;

*  AreHTHl CEMaHTHUYECKOTO MPOTOKOIMpoBaHus naterpanuu MHC.

3aknroyeHue

Paccmorpennbie HanpaBienus npumenenust uaterpaunii MHC ¢ b3 opuenTupoBanbl Ha y4yéT
CEeMaHTHUKH pEIIaeMbIX 3aJ1ad, YTO, C OAHON CTOPOHBI, MIO3BOJIUT CENATh PEIICHHE 3TUX 3a1ad 00-
Jiee CTPYKTYPUPOBAHHBIM U MPO3PAUYHBIM /IS TIOJIb30BATENS, C IPYTOM CTOPOHBI, TO3BOJIUT BHOCUTh
JIOTIOJTHUTENIbHBIE KOPPEKTUPOBKH B IIPOLIECC 00YUEHUs] HEHPOHHOM ceTu U pelleHus 3afgadu. Pea-
muzauus onucaHHor HWC, a Takke COOTBETCTBYIOIIEW WHTEIUIEKTYyaJIbHOW Cpebl, MO3BOJIUT
YMCHBIIIUTH TOPOT BXOXKICHUS Pa3pabOTIYMKOB B 00JAaCTh pemieHus 3amad ¢ momomisio MHC.
[IpenocraBnsiemble MHTEIUIEKTYaIbHON cpeaoi Bo3MoxkHOcTH HMHTpocnekuun MHC u coxpanenus
cocrosianit MTHC Bo BpeMst 00y4ueHHs TO3BOJISIOT 00ecnednTh Oosiee rryOOKuit aHanmu3 ux paboThl.
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Abstract

This article reviews the questions and directions of integration of artificial neural networks with knowledge bases. Two
main directions of integration are considered: the inputs and outputs of artificial neural network to use integration of
knowledge bases and artificial neural networks for solutions of application problems; by artificial neural network
representation on the basis of ontological structures and its interpretation by means of knowledge processing in the
knowledge base providing an intelligent environment for the development, training and integration of different artificial
neural networks compatible with knowledge bases. The knowledge bases that are integrated with artificial neural
networks are built on the basis of homogeneous semantic networks and multiagent approach to represent and process
knowledge. An ontological model for representing artificial neural networks and their specifications within the
framework of the model of unified semantic representation of knowledge is proposed. It is distinguished by the ability
to represent artificial neural networks, its dynamics and other types of knowledge, including the specifications of
artificial neural networks, as the common language for the representation of knowledge with a common theoretical-
model semantics. A multiagent model for solving problems using artificial neural networks and other types of
knowledge is proposed. It is distinguished by the interaction of agents in accordance with a given temporal model
through a common memory that stores knowledge integrated into a single knowledge base.

Key words: ANN, knowledge base, integration, frameworks.
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