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BeegeHue

Llenkto ykazaHHOro cTaHgapTa ABMAETCS YCTAHOBNEHWE NPUHUKNOE KNAacCUUKALUMK BLIYHCIUTENbHBIX
METOAOE W anrOpUTMOE CHCTEM WCKYCCTBEHHOMO MHTENnekTa. BHeapeHue AaHHOro cTaHgapTa HeoBxoqumo
Ans NoBslleHWs 3(EKTUBHOCTY UCNONb30BAHNS CUCTEM MCKYCCTEEHHOrO MHTENMeKTa npu pelleHun npu-
KnagHeIX 3amad,

YetaHosneHue Knaccuhukalid BeIMMCNUTENbHBIX ANropyUTMOB B COOTHOLLEHWW C KaTeropuel cucTem
WCKYCCTBEHHOIO UHTENNeKTa U UX MyHKUMOHANLHOIO HasHaYeHWs NMO3BONUT NPOBOAUTE LeneHanpasneHHLIR
BbIBOP NpU NOCTPOEHUU CUCTEM MCKYCCTBEHHOMO UHTENMeKTa.

MpyWMEHEHWe AaHHOTO cTaHgapTa ofecneynT NnoebileHne aheKTUBHOCTI UCMONb30BAHUSA CUCTEM WC-
KYCCTBEHHOIO MHTENMEKTa ANA PelleHus NPUKNAagHbIX 3a4a4, Kak aBTOHOMHOMO XapakTepa, Tak u BO B3aumMo-
AEWCTBUM C MeNOBEKOM-0NEpaTopoM.

370 NO3BONMWT 3aMHTEPECOBAHHLIM CTOPOHAM BrIBUpaTE HAANeXalwme pelwerna 4na X NPUNOKEHUA 1
CPaBHMBATL KAYECTBO AOCTYNHLIX pelleHMiA.

JloKyMeHT CTPYKTYPUPOBAH crieayiowyum obpazom:

- B pasgene 4 npusegeHo obliee onucaHe BLIMUCIUTENLHLIX NOOXOA0B B CMCTEMAaX WUCKYCCTBEHHOMO
WHTEenneKTa;

- B pasgene 5 NpvMeeaeHo OGHOBHbLIE XapakTEPUCTUKA CUCTEM MCKYCCTBEHHOTO MHTENNEKTE;

- B pasgene 6 npeactasneHa knaccuduKauua TUNOB BbIMMCNUTENbHBLIX NOAXOO0E, BKMHOYAaA NOAXOOb,
OCHOBAHHBLIE HA 3HAHVSX U OaHHbIX;

- B pasgnene 7 ONUcaHsl BoIDPAHHLIE ANropWUTMbI, UCMOMNb3YEMbIE B CUCTEMAX WCKYCCTBEHHOIO MHTEN-
nekTa, BrnioYas Ba3zosbie TEOPUKA M METOAEI, UX OCHOBHLIE XApaKkTEPUCTUKA 1M TUNHYHLIE NPUNOKEHWA.
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NPEOBAPUTENbHLIA HAUMOHANBbHBLIA CTAHOAPT POCCUACKOW ®EQEPALUWMK

CUCTEMbBI MCKYCCTBEHHOIO UHTENNEKTA

KHEGGHEIJHKGHHH anropuTMoB U BbIMMCNAWTENBHBIX METOOO0B

Artificial intelligence systems.
Classification of algorithms and computational methods

Cpok pevcTteus — ¢ 2025—01—01
ao 2028—01—01

1 OGnacTb NpUMeHeHuUn

HacToawwuit cTaHaapT codep:KuT 0D30p W CTPYKTYPUPOBaHWE BLIMMCIIMTENbHLIX NOOX0A0B CMCTEM MWC-
KYCCTBEHHOID WHTENNEKTA, BKIKYaRA:

- OCHOBHEIE BBIYUCNMTENBHLIE XapaKTepPUCTUKN CUCTEM WCKYCCTBEHHOIO WHTENNeKTa;

- OCHOBHbIE anropyMTMbl M NOAX0OkI, MCNONb3yEMbIE B CUCTEMaX MCKYCCTBEHHOMO MHTENNEKTa.

CTaHpapT npegHasHaYyeH Ons NpMMeHeHus B cpepe TeopeTUHECKOH U NpakTMYecKon 4eATEeN5HOCTH No
knaccuhrkaLunm CMCTEM MCKYCCTBEHHOIO MHTENNEeKTa, NpU BbINONHEHUN pa6oT:

- MO OUeHKe COOTBETCTBMA BbIYUCMUTENbHbLIX METOAOR (DYHKUMOHANBHOMY HA3HAYEHUWIO CUCTEM MCKYC-
CTBEHHOTO MHTENNeKTa;

- NO OTHECEHMIO KOHKPETHLIX CUCTEM MCKYCCTBEHHOM MHTENMNEKTA K ONPeaeneHHbIM Knaccam BblMNCIN-
TenbHLIX METOOOB;

- M0 NPUMEHEeHWIO KNnaccuhUKaluK CUCTEM UCKYCCTBEHHOMO MHTENNEeKTa B cthepe cTaHaapTUsaumm.

B HacToAwewm cTaHgapTe yCTaHOBNeHa cxema KnaccuduKaumi OCHOBHBIX TEXHOMOMMKA, anropuTMoB W
BbIYUCITUTENbHBIX METOAOB CHCTEM WCKYCCTBEHHOIO UHTENMeKkTa ANS pelieHns NpUKnagHsix 3agad, nomora-
1olasa onpedenvTe HanpasneHusa X cTaHdapTusaunu. Cxema knaccudukalun npuBegeHa B NpUnoxeHun A.

2 TepMUHBI M OonpeaeneHnsn

B HacToAweM cTaHgapTe npuMeHeHsl TepmuHel no [1] v [2], a Takke cnegylowme TepMUMHEl G COOTBET-
CTBYIOLIMMW ONpeaeneHusMu:
2.1

areHT (agent): duanueckuit/nporpamMmmHblil 0GBLEKT, KOTOPLIW OLeHUBaeT coBCTBEHHOE COCTOAHKME, CO-
CTOSIHWE APYrMX OOBLEKTOB W OKPYKaKLWEN cpefbl AN BLINONHEHWA CBOMX OSWCTBAW, BKIKOYAS NPOrHo3mn-
POBaHWE W NNaHWpPOBaHWe, KOTOPLIE MaKCUMW3UPYIOT YCNEWHOCTE, B TOM YWCIE NP HEGKWEGEHHOM W3ME-
HEHWW OLLEHWMBAEMBbIX COCTOSHWUIA, JOCTMMEHWNA CBOMX LENeM.

[TOCT P 59277—2020, nynxr 3.4]

2.2 reHepatop (generator): HeiipoHHas ceTb, koTopas npou3soavT Buibopku, knaccuduumpyemeie
OWMCKPUMUHATOPOM.

Mpumevanue — MeHeparopbl B OCHOBHOM MNOABMNANTCA B KOHTEKCTE NOPOMAAIOLINX COCTAIATENBHLIX CETEM,

2.3 puckpumuHarTop (discriminator): HempoHHaa ceTk, KoTopan knaccuduunpyeT BolGopKKW, coagaga-
eMbie reHepaTopom.

I pumedaHMe — ﬂHCKpP‘IMHHETprI B OCHOBHOM MOABNAKITCA B KOHTEKCGTE NOPOMXOaHIUWX COCTA3ATENbHbLIX
ceren.

WNapanue ochuumnansHoe
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2.4

MHOroareHTHaa cuctema (multiagency system): CucTtema. cocTodAwas U3 MHOXKECTBA B3aMMoOOeNn-
CTBYIOLLNX WHTEMNMNEeKTyanbHbix areHTos. MHOroareHTHble CUCTEMbI MOMYT pelWTh npoBnemst, KoTopblie
TPYOHBl UMM HEBO3MOXHbI 4118 OTAENBHOIO areHTa Wiy Ois eguHOW (MOHOMMTHOW) CUCTeMBI.

[MOCT P 59277-2020, nyHkT 3.31]

2.5

HeuweTkana noruka (fuzzy logic; fuzzy-set logic): CoBOKYNHOCTE MaTeMaTUYeCKnX TEOPWUH, OCHOBAHHBIX
Ha MPUHUMNAX HEYETKOTO MHOMKECTBa. He4yeTkas Nnorvka ABnAeTcs OOHUM W3 TWNoB OecKOHEeHHO3Ha4HOoN
NOMKN.

[FOCT P M3K 61131-7—2017, nyHkr 3.11]

2.6

oHTOnoruA (ontology): ®opmanusoraHHoe NpegcTaesneHve Habopa HaMMeHOBaHWIA NOHATHIA B paMKax
HEKOTOPOW 0BNAaCcTH, 8 TaKKE OTHOWEHWA MeXay 3TUMW NOHATUAMM.
[ApanTupoeaHo w3 MOCT P 56272-2014, 2.1.21]

2.7 nepcenTtpoH (perceptron): HellpoHHas ceTk, COCTOSILLAA M3 OfHOTO WCKYGCTBEHHOMD HeWpoHa, ¢
ABOWYHBLIM MW HEeNpepbiBHLIM BLIXOOHLIM 3HAa4YeHWeM, KOTopoe onpenenaeTcs nyTeM NpUMeHeHNa MOHOTOH-
HOW thyHKUMK K NUHERHON KOMBUHALWKM BXOOHBIX 3HAYEHWIA ¢ oBydeHuem 1 ucnpaeneHuen ownbok.

2.8 nnatdopma (platform): KomBuHauus onepaunoHHON cUCTEMBI W annapaTHoro ofecneyeHus, co-
CTABNAIWAA ONepauyoHHyI0 Cpeay, B KOTOPOA BLINOMHAETCA Nporpamma.

MpumevyarHune — Cm. [3], cTatea 3.30.

2.9 nopoxpgawillaa cocTA3aTenkbHasa ceTk; GAN (generative adversarial network, GAN): ApxutexTy-
pa HelPOHKOM CETW, COCTORALLAR U3 OAHOM MMK HECKOMNBKWUX FEHEPATODOR W OAHOM0 WK HECKOMBKUX ANCKPM-
MUHATOPORB, KOTOPHIE KOHKYPUPYIOT AN NOBbLILUEHWS NPOM3BOAUTENBHOCT MOAenn,

3 CokpaweHnus

B HacTosilemM cTaHaapTe nNpvMeHeHsl Creayoline CoKpaleHus:

MW (Al) — nckyccTeedHblW nHTennekT (artificial intelligence);

CHN — cunctema UCKYCCTBEHHOIO MHTEMNNEKTA;

ur (CPU) — ueHtpaneHeii Nnpoueccop (central processing unit);

AdaBoost — anropuTm mawmHHOre oBy4eHna c HECKOMNbLKUMK anropuTmamu knaccudurkauuu (adaptive
boosting);

ASIC — cneunanvaMpoBaHHas WHTerpansHan cxema (application-specific integrated circuit);

BERT — npencrasnenua gsyHanpasneHHoro kogepa ons tpaHcdopmepos (bidirectional encoder rep-
resentations from transformers);

BPTT — obpaTHoe pacnpocTpaHeHue Bo BpeMenu (back propagation through time);

CNN — ceepTto4Han HeWpoHHas ceTb (convolutional neural network);

DAG — opueHTHpoBaHHbIM auMknMyeckuid rpadp (directed acyclic graph);

DNN — rnyBokas HeMpoHHaa ceTkb (deep neural network);

ERM — mMuHMMu3aLmua amnupuyeckoro pyucka (empirical risk minimization);

HMM — ckpbiTas mapkoeckas mogenes (Hidden markov model);

FFNN — HelpoHHBIE ceTu npaAMoro pacnpoctpaHenua (feedforward neural network);

FPGA — nporpaMmupyemiie MHTErpancHsie cxemsl (field programmable gate array);

GDM — metopn auvckpeTusalyuu rpaguedTa (gradient descent method);

GPU — rpaduueckunid npoueccop (graphics processing unit);

GPT — reHepaTuBHbIl npenobyveHHblldi TpaHcdopmep (generative pre-training),;

KG — rpacdh aHaHuia (knowledge graph);

KNN — meTtog K-Bnuxaiwmx cocenei (k-nearest neighbour)

LSTM — anuHHan Uuenb 3NeMeHTOB KpaTKoCpouHoW namaTk (long short-term memory)

MFCC — menko4acToTHLIE KencTpankHelie KoadduumedTsl (mel-frequency cepstrum coefficient);

MLM — mackmpoBaHHoe A3kiKoBOe ModenupoeaHue (masked language model);
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NER — pacnosHaeaHue UMEHOBaHHbIX CylWHocTel (named entity recognition);

NLP — obpabotka ectectBeHHoro siabika (natural language processing);

NLU — cucTema, cepByC UnW nporpaMmmMa NoHWMaHWs ecTecTBeHHOro A3kiKka (natural language under-
standing);

NSP — nporHoavpoBaHus cnefyollero BelckassiBaHna (next sentence prediction);

OWL — asbik BeG-oHTonorwii (web ontology language);

RDF — cpega onucanua pecypca (resource description framework);

RNN — pekyppeHTHas HelpoHHas cetb (recurrent neural network);

RTRL — pekyppeHTHOe 06y4eHue B peansHoM BpemMenu (real-time recurrent learning);

SHACL — a3bik ana onucanua RDF rpadha (shapes constraint language);

SPARQL — lMNpoTtokon SPARQL v sasik 3anpocoe RDF (SPARQL protocol and RDF query language);

SQL — cTpyKTYpHMpOBaHHLIRM A3biK 3anpocos (structured query language);

SRM — muHuMUzaLNsa CTPYKTYPHbIX pyuckos (structure risk minimization);

SVM — meTtog onopHelx BekTopoB (support vector machine);

UR| — yHudmumposaHHeln ngeHTudomkarop pecypca (uniform resource identifier);

XML — paclunpeHHbId A3sik paameTky (extensible markup language);

XLNet — mogens aeToperpeccuoHHbIX NEPECTaHOBOK;

W3C — KoHcopunym BecemupHon naytuHe (World Wide Web Consortium).

4 O6wMre nonoxeHus

OocTuxeHua B 0bBnacTv BEIMUMCNUTENLHLIX NOAXOA0B SABNAKTCA BAMHOW ABWKYILEW CUNOW B CTAHOB-
NeHWK UCKYCCTBEHHOMO MHTENNEeKTa, cnocobHOoro BeINOMHATE pasnuyHele 3agaqu. NepBoHavyaneHele MeTob!
WUCKYCCTBEHHOMO MHTENNeKTa 6binv B OCHOBHOM OCHOBAHLI HA NpaBunax W 3HaHuax. B nocnefHee Bpems no-
AIY4YUnv pacnpocTpaHeHue MEeTOLI, OCHOBaHHLIE HA JaHHLIX, TAKWE KaK HEMPOHHBIE CETH.

BuluncnurensHele nogxodsl ¢ MCNONb30BaHWEM UCKYCCTBEHHOMC MHTENNEKTA NpoLoNKanT pa3smBaTbeA
W ABNSIIOTCH BAXHbLIM (DAKTOPOM B CUCTEMAX MCKYCCTBEHHOIMD MHTENMEKTA.

BeiuvcnuTensHLle Nogxodbl Ons CUCTEM MCKYCCTBEHHOID WHTENNEKTa OensTcA Ha KaTeropud no pas-
MUYHBIM NpuaHakam. OAHONR M3 TaKUX KaTeropui ABNSETCH LUENeBoe HasHavyeHWe CUCTEMbLI MCKYCCTBEHHOMO
wHTENnekTa. KateropWaayusa, oCHOBAaHHAA Ha Lenax, afanTupoBadHa Ha OCHOBE WCCNeAoBaHui UCKYCCTBEH-
Horo uHTennekta (cm. [3]). O6oblieHHbIe TUNbI KATEropWiA BKIHOYaKT B cebs:

a) MeTogkl NoWcka. ATW NOAXo4L MOKHO ganee pasaennTe Ha pasnuyHeIe TUMNBl NOWCKa: Kaccu4eckuil,
anropuTMel paclUMpeHHOre Nowcka, CoCTA3aTeneHLIA NOUCK U YAO0BNETBOPEHUE DrpaHUYeHWi:

1) Knaccuyeckuwe anropuTMbl MOWMCKA pellalrT 3afaqdu nyTem MoWcKa B HeKOTOpPOM NpOCTPaHCTBE
COCTOAHWIA W MOryT BbiTh pasfgeneHbl Ha HEOCBE0MIEHHBIN NOUCK U 3BPUCTUYECKUIA NOWCK, B KOTOPLIX NpK-
MEHABTCH SMMNWPUYECKOE NPAaBUNO ANA HANPasneHWs W YCKOPEHUA NOWCKa;

2) pacwvpeHHble anropyuTMbl MOWCKa BKIKOYAIOT TE, KOTOPbLIE BLIMOMHAKT NMOUCK B NOKansHOM nog-
NpocTpaHcTBe, ABMAKTCA HeQeTEPMUHMPOBAHHLIMI, BLINOMHAKT MOMCK C YacTUYHLIM HabnwogeHvem 3a npo-
CTPaHCTBOM MOWCKE, U OHNaMH-BEpCUKM anropuTMOBE NOMCKA;

3) anropuMTMbl COCTA3ATENBHOMNC NOWCKA BbINOMHAKT NOWCK B MPUCYTCTBUMW NPOTUBHWKA W 0BbIYHO
MCMONb3YITCH B Urpax. K HUM OTHOCATCH W3BECTHbLIE anropuTMbl, Takie Kak ancda-berta-obpeska, a Tawke
CTOXaCTMHYecKne W YacTU4HO Habnwgaemele Bapyauwny MNpobnemel yAOBNETBOPEHNS OTRPAHMYEHWIA PeLLIaTCH,
Korga Kaxgasa nepemMeHHas B 3agade UMeeT 3HauYeHWe, YOOBNETBOPAKLLES BCEM OrPaHUYEHNAM

6) norvka, NNaHUpoBaHKe K 3HaHKWA. DTKU NOOXOAbl MOKHO Aanee pasaenuTb Ha TPWU KaTeropuu: noruka,
NNaHWpoBaHWe U NOWUCK B NPOCTPAHCTEE COCTOAHWM, 8 TaKKe NpeacTaBneHue aHaHum:

1) NOruMKM, Takue Kak NPono3vuyuoHansHas forMka v norvka Nepsoro nopagka, WCnone3ykTcs B
KNaccu4eckoM WCKYCCTBEHHOM WMHTENNEeKTe Ans NpefcTaBneHus 3HaHWi. PelleHWe npobnemsl B TAKMX Bbl-
YMCMWTENbHBIX CUCTEMAaX BKMIOMaeT B ceba NorMyYeckuidi BLIBOO € MCNONb3OBAHWEM TakWX anropuTMOB, Kak
paspelleHue;

2) nNaHWpoBaHWe B KaCCUYeCKMX CUCTEMaXx MCKYCCTBEHHOTO WHTENMeKTa BKMHYaeT MoUCK No He-
KOTOPOMY NMPOCTPaHCTBY COCTOAHWW, a TakkKe anropMTMUYEecKue pacluMpeHns ANA peleHns sagad nnasnpo-
BaHWA B peantHoM mMupe. MeTtoabl, NO3BONAKWMWE CAPABUTLCA CO CMOMHOCTLIO NNAHWPOBAHUA B peantHoOM
MUpE, BKNIOYAT OrpaHUYeHns No BpEMEeHW W pecypcam, epapxuyeckoe nnaHupoBaHue, rnpu KOTopomMm npo-
Bnemsl cHavana pelwakTcs Ha abcTpPakTHbIX YPOBHAX, a8 3aTeM NepexoasT K Menkum AeTarnsiM, MHOroareHT-
HBIE CUCTEMBI, KOTOPKIE CNPABMNAKTCA C HEONPEOENeHHOCTAMW U B38aVMOOENCTBYIOT C APYTMMMW areHTamu 8
CUCTEME;



MHCT 953—2024

3) npeacTaBneHUe IHAHWK — 3TO CTPYKTYPa AaHHBIX ANS ONUCAHWA 3HAHWIA G MCNONL30BAHUEM NO-
MKW NPEJWKaTOB, reHepaUWus «ecny — To» 1 NpegcTaBnedHue hperdmMoB 3HaHWA;

B) HEYeTKWe aHaHWA W BeIBod. MNoaxoabl B aToi obnacTv WMeKT Aeno © NOTeHUWankHO OTCYTCTRYHKI-
LIMMK, HeonpeneneHHbIMWU UMK HenonHbIMKM 3HaHUAMK. OBbIYHO OHW WCNONb3ayT NUB0 BEPCATHOCTL, NUBO
HEYETKYIO NOMMKY ANs NpeacTaBNeHns KOHUEeNUWA. BepoATHOCTHLIE BBIMMCIUTENbLHBIE CUCTEMBI PACCYHOAL0T,
ucnone3ya npasuno Baleca, 6GalecoBckUe CETU UNM (B CUTYALUAX, 33BUCALLMX OT BPEMEHU) CKPLITHIE Map-
KOBCKME MoAEenu unu unstpsl Kanmaua.

[nsa NpUHATWA pelleHUA MCNonbLayeTcs Apyran Habop BbIMMCNWMTENbHBLIX NOAXOO0B, B TOM YUCNE OCHO-
BaAHHbLIX Ha TEOPWUMK NOMNE3IHOCTM W CETAX NPUHATUR PELLEHWIA;

r) obyyeHue. BoluMCnUTENBHLIE NOAX0ALI B 3TOW 06nacTu pewatoT npobnemy Toro, Kak 3acTaBuTb KOM-
neioTep obyyatkes aHanorvyHo Yyenogeky. Noaxodbl MoryT BeITe CrpyNNMpOBaHel B 0ByYeHe Ha NpuMepax,
oby4eHWe, OCHOBAHHOE Ha 3HaHWAX, BEPOATHOCTHOE obyyeHue, afiyuyeHne ¢ NoaKpenneHnem, Noaxoas! K rmy-
Bokomy obyderHnio, GAN 1 apyrve noaxoas! K oBy4eHuio:

1) nogxope! k 00y4eHKIO, KOTOPLIE UCMONBL3YIOTCH ANA 00y4eHWA, Mogeny Ha MmaTepuane pasmMeYeH-
HelX AaHHBIX BKI4aeT B ceba Takve meTogpl, kKak AepeBbA peleHni, Nogxoabl NMHeNHOW U NOTMCTUHECKoN
perpeccuu, UCKYCCTBEHHLIE HEMPOHHBIE CETKW, HenapameTpuyeckue nogxoael (Hanpumep, KNN), SVM n Al-
cambnesble MeTofbl 0BydeHun (Hanpumep, 6arruHr, BYcTUHT);

2) nogxoabl K 00y4EeHWID, OCHOBAHHbIE HA 3HAHWAX, BKIHOYAKOT NOruky obyYeHns, OCHOBaHHbIE Ha
00BACHEHUAX U MHOYKTMBHOE NOrMYeckoe NporpaMMWpoBaHne;

3) BepoATHOCTHOE obyyeHue BKNWYaeT B cebAa BelYMCAMTENbHBIE NOAXoabl, TakMe Kak baldecoBckue
MEeToabLl M METOAB! MaKCHMM3aLMKn MaTemMaT4ecKkoro oXnaaHns;

4) oBy4yeHne C NoAKpenneHuem BKNHOYAET B cebA BbIYMCNMTENBHBIE CUCTEMBI, KOTOPLIE NONYyYaKT
00paTHYO CBA3b, NPUHUMAIOT PELEeHUs U NPeanpUHUMAaOT AeNCTBMA B OKPYAalollel cpeae ansa Makcumuaas-
uum obwero BoaHarpamgeHus. MasecTHele anropuTMel BENOYaOT B cebA 0bydYeHe No BpEMEHHOW pa3Huue
W Q-obyyeHue;

5) HeWpoHHbIe Noaxoabl k rnyBokoMy oByYeHWO BKNKYAKT COBPEMEHHbIE BblYMCANTENbHbIE MEeTOo-
Abl CO MHOXECTBOM CKPbITbIX YDOBHEMR, BKOYaA CeTH ¢ rnybokod NpamMon CBA3LI0, perynapusauuio, coBpe-
MeHHble MeTodkl onTuMmKuaauu, CNN 1 meTogel nocnegoBareneHoro aby4eruns, Takme kak cetn LSTM;

6) GAN eknwo4akT B ceba OBe KOHKYPUPYIOWWE CETU, reHepaTop W AMcKpuMKrHaTop. MeHepaTop re-
HepupyeT obpasubl, 8 QUCKPMMWUHATOR KnaccuMUMpYeT Kaablid obpasel KaK HaCTOAWMIA UMK NOAOENbHBIA.
MNocne aToro MHTEpPaKTUBHOINC Npouecca 0byYeHHbIe reHepaTopb! MOryT BeITe MCNOML30BAHLI B TAKWMX NpUNO-
HEeHWUAX, Kak CO3gaHne UCKYCCTEEHHLIX M3obpakeHni,

7) opyrve nogxodbl K oBydeHW0 BKIIKOHAIOT HEKOHTpONWpyemoe oby4eHue, KOTopoe BKMHYAaET B
cebs onpefeneHne ecTecTBEHHONR CTPYKTYpbl HaBopoB AaHHLIX; nony-ynpasnsemoe oby4eHune, KOTOpoe uMe-
eT Oeno C 4acTWYHO NoMeYeHHbLIMW Habopamu daHHbIX; anropUTMbl OHNARH-00YYeHMA, KOTOPBIE NPoOOKa-
T 0By4eHWE No Mepe Nony<YeHus AaHHbIX; CETEBOE W pENAUnoHHOE oByYeHwe, paHKuposaHue n obyvexue
npeanoyteHuam, oBydeHue npeacTasneHunio, obydeHue nepegade u aKkTuBHoe obyuyeHue;

4) yMo3akndyeHus, 3TW noaxodsl BonnowawT B cebe npumMeHeHue CUCTeMEBl MCKYCCTBEHHOTO WHTEen-
nekTa ANsA OLEHKW napaMeTpoB WNKU acnekToR (WnK KnaccugukauuKm HOBBIX Wk HeHabnigaemblx JaHHbIX)
W3Y4YEeHWA, NONY4YEeHNs UNK onpeaeneHus napameTpos. baiecoBckuii BeIBOL — NPOLECC NONYYEHWSA CTaTUCTM-
Yyeckoro BeiBoga ¢ bailecoBckol Toukn 3peHus. MNpubnmkeHHbIe BbIBOOLI, TAKUE KaK BAPMALMOHHBIA BbIBOL,
pewarT npobnemMy BbIBOAA NYTEM HAWNYULWETO MPUBNUKEHWS CTATUCTUYECKUX OaHHBbIX. AnropuTambl MoHTe-
Kapno renepupyoT BeIDOPKM M3 M3BECTHOTD PacnpegeneHs, KOTOpoe TPYAHO HOpMann3oeaTh, a 3aTem BbIBO-
QAT CTAaTUCTMKY W3 CreHepupoBaHHbix BoiBopak. MpUUMHHO-CNecTBEHHbIW BbIBOA BKNOYaeT B cefa ycTaHos-
neHWe NpWHUHHO-CNeACTBEHHbIX CBA3e HabniogaemMeix aHHLIX;

€) yMeHblUeHWe Pa3aMepHOCTH. 3TH BbIYMCNMTENbHLIE NOAXOALI NPeanonaraT yMeHblUeHUe paimep-
HOCTW AaHHbIX NUMBO C NOMOLLBKD aNrOPUTMOBE YMEHBLUEHWA PAa3MEDPHOCTH (M3BNEYEHWS NPU3HAKOR), KOTOPLIE
WOEHTUDULKWPYIOT HOBOE MeHbLUEE YMcno aTpuByToB ANA NPeacTaBneHWA AaHHbIX, NMG0 ¢ NoMolLbL BeiGopa
NPW3HAKOE, N0 KOTOPEIM BIDWpaeTcA NOAMHOXECTBO Hanbonee NogxodsLmnx aTpubyToB (HanpuMep, KOHBep-
Tauusa n3obpaxeHus U3 LUBETHOTO B OTTEHKA ceporo);

*) oblieHue, BOCNpUATHE W gelcTBWe. BolMMCNUTenNbHLIE Nogxodsl B 3TMX oBnacTax ceA3aHwl ¢ obna-
cramu NLP (Bknouan Takve 3afayu, kak A3blKOBOE MOOenupoBaHue, Knaccuukaynsa TEKCTOB, UHopMaL K-
OHHBIA NOWCK, U3BMEYEHWE MHMOPMAaLMK, CUHTAKCUYECKWI aHanus, MallWHHBLIA NepeBod W pacno3HaBaHue
peqn), KoMNeEKTEpHOe 3peHue (BkNKYaa obpaboTky uaobpaxeHnid n pacnosHaesaHve obbLekTor) W pobBoTto-
TEXHWKA.
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31K kaTeropvu U NOAKATErOpUM He SIBNAINTCA BaauMoncknovalowmumMn. Hanpumep, metog rnyGokoro o6-
y4eHus [r)5)] moxeT BeiTb NWbo koHTponupyemeim [r)1)], nubo HekoHTponupyembim [r)7)], oby4eHwe c nogkpe-
nnexnem [r)4)] moxeT BbiTe AOCTUMHYTO © NOMOLLBH rmyBokoro oby<eHns [r)5)] W NopxoaoB ANA MALIWMHHOMO
nepeesoa N pacnoaHaepaHua o6bwekTos [K)], noaxonoe Kk oBydyeHuio [r)].

KoHuenumn 1 TepMUHONOIMA, OTHOCSALLWECH K BLIMMCIMTENbHBIM NOAX0AaM WCKYCCTBEHHOTO UHTENMEK-
Ta, NnpuBegeHs! B [1].

OcHoea AnA cMCTEM WCKYCCTBEHHOTD WHTENNEeKTa, WCNoNk3youyx ManHHoe obydeHre, BKNIOYa0LWmMX
anropuTMbl MallMHHOTO OBYHEHWsA, anropuTMbl ONTUMM3ALUA U METOLbl MaluMHHOMo 0ByYeHMs, NpUBeneHsb
8 [4]. B [5] coBpaHbl ¥ NpOaHanuaMpoBaHbl NPUMEpPb] UCNoNb30BaHWA UCKYCCTBEHHOM WHTENMNEKTA.

5 OCHOBHBbIE XapaKTepUCTUKN CUCTEM UCKYCCTBEHHOIO MHTENNeKTa

5.1 O6LKe NonoXeHUA

He Bce cucTeMbl MCKYCCTEEHHOMD WHTEMMeKTa OCHOBAaHbLI HA MAalWWHHOM OByYeHUM WNKU HEHPOHHBLIX
cerax. HekoTopble YacTo BCTPEeYaloWMec XapakTepUCTUKN CUCTEM WCKYCCTBEHHOIO MHTENNeKTa ONUCaHbl
B 5.2 1 5.3. 3TK xapakTepUCTUKK HOCAT B LIENOM KOHLUEeNTYankHbIiA XapakTep U He NpUBA3aHkl K KOHKPETHON
METOAONOIrMKM WK apxuTekType. B COBOKYNHOCTM 3TV XapakTepMCTUKW OTNWYAaKT CUCTEMBI MCKYCCTBEHHOMO
WHTENMNEeKTa OT CMCTEM, HE CBA3aHHbIX C MCKYCCTBEHHbLIM MHTENNeKToM. HekoTopble XxapakTepucTkM CUCTEM
UCKYCCTBEHHOTO MHTENNEKTa ABNANTCA 0BLIMMMY K LMPOKO NPUMEHUMEI K PA3NUYHLIM BapUaHTaAM MCNONL30-
BaHWA, OpYrMe — Ans HeBONBLLIOro YUCMNa BAPUAHTOB MCMONL30BAHWSA B KOHKPETHOW OTPacnu.

3TOT pasgen CoOgepkuT MepeYeHb XapaKTepMCTMK CMCTEM WCKYCCTBEHHOMO MHTENNEeKTa, KOTOpbLid He
ABMAETCA UCYEPNBLIBAKOWNM, HO COABPXWUT aTpuByTel, NPUCYLLIME MHOMMM CUCTEMAM WCKYCCTEEHHOMO WHTEN-
nekra, XoTA nepeyeHe He OrpaHUyMBaeTcA KOHKPeTHON Da30BOW TEXHONOMMEeN (HanpuMep, GUCTEMaMK MCKYC-
CTBEHHOTO WHTENNEKTa, NOCTROBHHBIMKW C WCTONb30BAHMEM HeWPOHHbLIX CETel), OH HE OXBaTbIBAET BCE TUMbI
OVHAMUYECKHUX CUCTEM WCKYCCTBEHHOMO MHTENNEKTA.

5.2 OcHOBHbIE XapaKTepUCTUKN CUCTEM HMCKYCCTBEHHOIO MHTENNEeKTa

521 ApanTMBHOCTh

HekoTopble CMCTEMbI MCKYCCTBEHHOID WHTENNEKTa afanTyupyioTca K pasnuyHbiM U3MEHEHWAM BO BHY-
TPEeHHEeM COCTOAHWM, peXnmMamM PYHKUNOHWPOBaHWA U K Cpege, B KOTOPOW OHW pasBepThLIBaloTCH. Takas agan-
Tauua 3aBMCUT OT MHOTUX DaKTOPOB, BKNIOYaA JaHHbIE B NPEOMETHOM 0BNacTU CUCTEMDI, apXUTEKTYPY MK
OpYyrue TexHUYecKue pelleHns, NpUHATEIe NPy ee BHegpeHun. CUCTEMBbI MCKYCCTBEHHOTO UHTENNeKTa 4acTto
paboTaloT B cepBepHblXx 06NayYHbIX BLIYMCNUTENBHBIX CPedax C AOCTYNOM K BbICOKOMPOW3BOAUTENBHLIM Bhi-
YWCEHWAM W APYTUM pecypcam. TpeboBaHua No aganTauny BO3pacTaloT C pOCToM Yucna cuctem MHTepHera
Bellen, cnocoBHLIX BLINOMHATE BbIMMCNEHWA 0BL1ero Ha3HAYeHUs Ha rpaduveckux NPoLeccopax M MHOro-
AnepHuIx npoueccopax unu obpabartsiBats M Ha npoueccopax W YCKOPUTENAX ANA KOHKPETHLIX NpUNoXe-
HUWit. AnantueHocTe MW cucTeMel pacnpocTpaHAeTcs Ha pasnuuHble ScneKTel BHeapeHuna MiHTepHeTa sellei,
Takue kak obpaboTka faHHbIX NPaKTUUECKW B peankHOM BpPeMEHU, ONTUMU3aLMa Ans obecneyeHus HU3KOW
3a0ePKKA 1 3HeproaqekT MBHON NPOM3BOANTENLHOCTY.

5.2.2 ®opMmupoBaHMe BeiBOAA

HekoTopble cucTeMbl MCKYCCTBEHHOIO MHTENNEKTa CO3AataT MM rEHEePUPYIOT CTaTUHECKUA MNK AuHaMu-
YecKWid BbIBOJ HAa OCHOBE 3afjaHHbIX BXOAHbIX KpUTepues. 3To OTHOCUTCS K Takum MeTodam, kak obyyeHue 6e3
YYWTENA W reHeparTMBHoe obyyeHue.

5.2.3 KoopoWHaUuWsa areHToB

HexoTopkie cucTeMbl UCKYCCTBEHHOTO WMHTEMnNeKTa KOOPOMHUPYIOT OSHCTBWMA areHToB. AreHTbl Takke
MOryT camu no cebe BbITe CMCTEMAMW MCKYCCTBEHHOIO MHTENINEeKTa, HO B 3TOM HeT HeobxogumocTu. MNosege-
HUEeM areHTa MoXeT YNpaenATe MHOMEeCTB0 OAHOBPeMEeHHLIX orpaHUdyeHuin, BknYan cTaTuueckue unu guHa-
muyeckue cnocobbl. KoopauHauma moxeT npoasnaTthes NMBo SIBHO NocpencTBoM NPAMOro B3aumMoaercTBKs
mexay cucTemamu, Nbo onocpeaosaHHO NYyTeM peakunn Ha M3MEeHEHWs B OKPYXaloLWwen cpefe.

5.2.4 lnHaMW4ECKOE NPUHATUE pPELLEHWIA

HexoToptie cUcTemMbl MCKYCCTBEHHOTO MHTENNEeKTa JeMOHCTPUPYIOT AUHAMUYECKOe NPUHATHE peLleHnid
Ha OCHOBE BHELUHWX UCTOUHMKOB AaHHBLIX. DTW MCTOMHWKW A@HHLIX MOMYT NOCTYNaTh © APYrMxX NporpamMmmHblx
nnathopm, 13 Uan4eckux cped, Gat4nKoB MNKU U3 OpYrMx UCTOUHUKOB.
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5.2.5 BO3MOXKHOCTb OB BLACHEHUA

HekoTopble CMCTEMBl MCKYCCTBEHHOMD WHTENNekTa NPeaocTaBnsaioT MexaHuaM ans obbAcHeHus Toro,
4TO YCKOPWNO NPUHATUE PELLEHWUA UMK pesynbTaTt. ITOT BbIBOA MOXKET NPUHUIMATE MHOXECTBO hOpPM W MOXET
BObITh AIBHLIM MW HEABHLIM B OTHOWEHWW NPOEKTWPOBAHWA CUCTEMLI MCKYCCTBEHHOro wHtennekta. CHUA ¢
obracHeHuem mMoxeT crnocoBecTBoBaTL HAOEMKHOCTH, TOYHOCTH K 3hPeKTMBHOCTU UNK AONONHATE UX. O6b-
ACHMMOCTE TAKKE MOXET cnocoBcTBOBATE CPABHEHUIO W ONTUMU3ALIMW NPOU3BOAUTENBHOCTU Mogenei ma-
LUMHHOTO oBy4eHus 3a cHeT nonyyYyeHus WHopMauun o hakTopax, CHUXAKLIMX NPoM3BoaUTENLHOCTE. O6b-
ACHMMOCTb MOMKET BbiTh BaMHbIM GPEOCTBOM ANS NOACHEHWA Norvkn paboTel ccTembl.

5.2.6 OUCKPUMHUHATUBHOCTE UMW FrEHEPAaTUBHOCTbL

HekoTopble CHCTEMBI UCKYCCTBEHHOMO MHTENNEKTa ABNAKTCA AUCKPUMWHAUMOHHEIMKM, paspaboTaHHbIMU
B MepByl0 o4Yepeab ANg Toro, 4Tobbl paanMyaTe BO3MOMKHBIE BLIXOOHbIE [aHHLIE, HANPUMED NYTEM WUCKNYe-
HWA NpeOwecTBYOWWX BEPOATHOCTERA.

B kauecTBe ansTepHaTUELI HEKOTOPbLIE CUCTEMbI MCKYCCTBEHHOMD MHTENNEKTA ABMNAKTCH rEHePUDYIOLLN-
MW W NpegHasHa4YeHbl B NepBYI0 o4epedk ANA NpeacTaBneHyus COOTBETCTBYIOWMWX acnekToB aHHbIX, HAnpu-
Mep NyTemMm BKNIOYEHNA anpPUoPHEIX BEPOATHOCTEH,

5.2.7 MHTPOCNEKTUBHLI aHan13 (CaMogWarHoCTHKa)

HekoTtopble cUCTEMBI MCKYCCTBEHHOMO WHTENNEeKTa OCYWecTBNsT CAMOKOHTpoNb, 4Tobbl agantupo-
BATLCH K OKPYHaKLWeNn cpege 1K nomyyYuts NpeacTaeneHue o cBoel MYHKUWOHaNLHOCTH, Hanpumep B CUTY-
auuuW ayguta.

3TOT CAMOKOHTPOMNEL MOMeT BbITh a4anTUBHBIM, 33BUCALLMM OT CUTYaLUMUK UMK CTATUYHBIM W MOMKET Npu-
HUMaTb pasnu4Hbele (PopMbl B 3aBUCMMOCTH OT apXMTEKTYPLI CMCTEMbI.

Ona nonaepxky WHTPOCNEKTUBHBIX CUCTEM WCKYCCTBEHHOMO WHTENNekTa dyHKUMA MOHWTOPUHIA npo-
W3BOOUTENEHOCTH coBMpaeT QaHHbIe ¥ CO30a&eT OTYETHl O NOKa3aTensx NpoW3BOAMTENBHOCTH, KacalLwmrecs
BEIYMCAIMTENBHEIX pecypcoe LI, rpadhmnyeckoro npoueccopa MMM KOHKPETHOMO NMPUIKEHWA, UCNONL30BaHus
naMmaTy W OPYTMX CMCTEMHBIX pPecypcoB. 3Ta WHpOpMaUWsa MOXKET BbITh WCNOMNb3oBaHa Ons HacTpolKK cu-
CTEMHBIX PECYPCOB WCKYCCTBEHHOMO WMHTENNEKTa, TaKMX Kak pacnpefeneHve namaT, KOHuUrypauus agpa
1 BanaHCHMpPOBKA Harpysky Ha MHOrOMNPOLLECCOPHOM Mnu rubpraHOM KomMnbioTepe. AnnapartHas cuctema no-
3BOMNAET CUCTEME WCKYCCTBEHHOIO WHTENNEKTa BLINOMHATE pacnapannenveaHve 1 yCKOpeHwe AnsA obyyYeHus
MOAENW MaluHHoro obyyeHa MNu MalWwKWHHOro BEIBOAA.

5.2.8 OBy4eHue

HekoTopele cucTeMbl WCKYCCTBEHHOMO WHTennexkrta obyvyawTcAa Ha Habope LaHHLIX Nepen pasBepThl-
BaHWeM Wnu oby4awTcA OUHaMUYEcKM (NyTem aganTauuW) no Mepe WCNone30BaHua cucTembl. CUCTEMBl C
TaKMMK XapaKTepUCTUKEMKN UMEIOT MHOMECTBO BO3MOXHBIX CUCTEMHbBIX apXUMTEKTYP (Hanpumep, HEMPOHHEIE
CceTy, CKPbITLIE MapKOBCKME MOOEenNu).

5.2.9 WpeHTudpMKauma M aganTayua NaHHbIX

HekoTopele CUCTEMBI UCKYCCTBEHHOM MHTENNekTa uMeT geno ¢ Gonbwmnmn o6bemMamin paaHopOaHbIX
AaHHBIX, KOTODBIE ABMAKTCH CTPYKTYPUMPOBAHHBIMKY WITH HECTPYKTYPWPOBAHHBIMKW, CTATUYECKUMMW WITA NOTOKO-
BbIMW. CHUCTEMbI MCKYCCTBEHHOMO UHTENNEKTa MOTYT M3BNekaTe MHOopMaLMKD W3 pasnuyHbix HabopoB AaH-
HbIX, YTOOLI NOMOYE NKOAM NPUHUMATE NyYlWKWe ¥ Bonee TOYHLIE peLleHns.

5.3 BelMUCcnNUTENEHBLIE XAPakTEPUCTUKKN CUCTEM WCKYCCTBEHHOro MHTENNEeKTa

5.3.1 BeiMMcNMTENBHLIE XapaKTEPUCTUKW, OCHOBaHHbIe Ha AaHHbIX WA 3HAHWAX

OcobBeHHOCTE BLIYUCAMTENLHLIX Nnogxeaoe MW, ocHOBaHHLIX HA AaHHLIX, ABMAETCH TO, YTO BbIYUCIH-
TenbHas mofens obyyaercs Ha O4HOM WKW HECKOMNbKWX MCTOYHWKAX AaHHbLIX OMA nonyyexdus sHadHuin. Coob-
pPaxeHWs!, KACALWMWECH AaHHbIX, UCNONb3YEMBLIX B CUCTEMAX UCKYCCTBEHHOIO WHTENNnekTa, sknwyaT cBop,
XpaHeHne n JocTyn:

- cbop paHHbIX. BapyWaHT MCnonb3oBaHWA W 3afada NpUNOXKEHWA UCKYCCTBEHHOTO MHTennekTa obblyHo
ONPEeOenskT TUN AaHHBIX, KOTOPEIE AOMKHE! DbiTE NONYYeHLl ANA 0By4eHUA. TUNuYHLIe 3adaqn CUCTEMEI MC-
KYCCTBEHHOMO MHTENNekTa oTpaxersl B (1], [4], BrknwoyawT Knaccuhukalmio, KaTeropr3auno (KOHUenTyans.-
HYI0) KnacTepv3auuio, Perpeccuio, NporHoaMpoBanue, ontumndauuio, NLP (TekcT unu peds), BOCnpuAaTUE U
CMCTEMHEIM KOHTPOME MW PYKOBOACTBO NoBedeHvem. B 3aBMCUMOCTV OT NpUNOXKeHnA 1 3agadun paspabot-
YKMKIA CUCTEM MCKYCCTBEHHONO MHTENNEKTa MoryT cobupaTte obydatoline AaHHbIE ¢ NOMOLWLIO MHTENNeKTyanb-
Horo obopynoeaHua (Hanpumep, cmapT-6pacnerta, cMmapT-4acoB, cMapTdoHa), AaTYMKOB MHTEpPHEeTa Bellen
(Hanpumep, gaTyuka rpaBuTauKnmM, TEMNEPaTYpbl, BNAXHOCTW), KaMep, MUKPOMOHOB UMK APYIMX AaTYMKOB;

- XpaHeHWe AaHHelX. CobpaHHble JaHHEIE XpaHATCA B djopmarte W CTPYKType, cooTeeTcTeywmnx KK
npunoxeHuio 1 aagade. Nogxoasl K XpaHeHWIo M orpaHuYeHnA MOTYT OTNMYATLCA BO BpeMs 0By4eHua U oLeH-
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k. Kpome Toro, pacnpefeneHHoe 11 COBMeCTHO MCNonb3yemMoe XpaHunuuie MoxeT ObITh BaMHbIM Ebai(TOpOM
XPpaHeHWsa OaHHbIX]

- OOCTYN K AaHHsiM. B cMcTeMax WCKYCCTBEHHOrO WHTENNEeKTa 4YacTto HeoBxopgum 6blCprIlﬁ A0CTYN K
BonbLUMM 06beMaM AaHHLIX W MX W3BNeYeHue. CHanaHcUpOBaHHLIE METOOb! 3arpy3ki 4acTo MCNonbLayHTCA
OnA pelleHKsa I'lpr)J'IBM, CBA3aHHbIX C Napannenu3MmomM JaHHbIX K neperpyakoﬁ CETH.

B nononHeHue k 3agayam nepcenTpoHa U NpUNoXeHWAaM, OCHOBaHHLIM H3 BOCNPUATUMK, KOFHUTUBHLINA
WHTENNEeKT cTan BaxHbiM acnexktom CUW, B KOTOPBIX KOTHATWUBHBIE BEIMWCIEHWA WHTErpUWPOBaHEl C MPOMBILL-
NEHHLIMK 3HaHuAMK. Vcnonbaya Takme metobl, kak NLP n KG, cuctembl MCKYCCTBEHHOIO MHTENMEKTa MOryT
BLIFBMATL HEABHLIE 3HAHWA W 0aBaTh NpeacTasnedve o6 OTHOWEHWAX, NOMMKE UMK NaTTepHax, KoTop.ie He-
nerko OGHapymHTb HaBnwparenaM-nogam.

Mpumep — Hcnones3ya KG, HakonneHHble daHHble o BusaHec-npoueccax Mo2ym Gbimb npeobpasoeaHsbl
a8 opeaHuaaquong:ﬂ' onkLIim U 3HaHus. S'MO, 8 C8OHD G'J'Epeﬂb, Moxem 6bLiIMb UCNONL308aH0 ONA CHUXEeHUS 3a-
mpam Ha KOMMYHUKaUuo Mexdy pasnuvHbiMuU nodpasdeneHuamu.

5.3.2 BbluncnutenbHbIE XapakTEPUCTMKM HA OCHOBE MH(PpPacTPYKTYPbI

CucTembl MCKYCCTBEHHOIO MHTENNEeKTa MoryT OQHOBPEMEHHO cTankueaTecs ¢ npobnemamu onTumMM3a-
LMW NPOEKTa BEIMUCTUTENEHON NNaTopMel, 3PEKTUBHOCTH BEIMUCIIEHWA B CNOMHBIX TETEPOraHHLIX Cpefax,
BLICOKO MapannenbHeix ¥ MacliTabupyemMbiX BLIMUCNUTENBHLIX CPeAax v BeIMUCIUTENBLHOW NPOUZBOAUTENL-
HOCTK MPWNOKEHWNA MCKYCCTBEHHOTO MHTenNexkTa. OaHMM M3 BOIMOMHLIX pELLEeHWI Takux npobnem senaertcs
MCMNonb3oBaHWe MOLHLIX MHppacTpykTyp Ans obecnevyeHnA BEIYUMCNUTENEHEIX BO3MOKHOCTER,

Takas MHpacTpyKTYpa MOMET BKMOYaTL B ceba gatyvk, cepeep, CeTk, NPOUECCOD, XPaHWNWULE 1 gpy-
rue anemeHThl. [poueccopkl YacTo UCMNONL3YITCA Kak Ana obyyeHus, Tak v ANS apryMeHTauuy B noaxoaax
¥ 0byyenuo. MNpu obpaweHun npy Bonbwunx obbemax obyyaroWmnx AaHHBIX UNK CNOXHLIX CTPykTypax DNN
npoueccsl 0byueHns 06bI4HO TPEBYIOT BHINONHEHUA KPYNHOMACLUTABHbIX BEIMMCNIEHUA B MHOTONPOLECCOPHbIX
cucTEMax unw knactepax sngeokapt nnu ASIC,

Mo cpaBHeHWwO c 0By4eHWEM BbIEOD TPebyeT MEeHbLW WX EBIYMCAUTENBHEIX 38TPaT, HO BCE PABHO MOMET
notpeboBaTh 3Ha4UMTENbHBIX MaTPUHHBLIX CNepauWi, Tak Kak BblBog OenaeTcs ANnA oQHOW KOHKPEeTHOW cuTya-
uuK B MEhopmaLmoHHomM npoctpadctee. OByyeHne 1 NorMyeckuia BeIBOL, TPAAULIMOHHO peann3oBbiBanucs Ha
oBnadYHeix cepeepax, XOTA BApMaHTkl UCNoNb3cBaHWd, Tpebyowwre obpaboTkv B pexnme peansHoro Bpeme-
HW, MOTYT PEaNN30BbLIBaTe BLIBOA Ha NepudepuinHeIX YyCTPOWCTBaX.

B 3aBMCMMOCTM OT TEXHUHECKUX apXWTEKTYP NPOLIECCOPELI HA OCHOBE KPEMHUWSA ONSA UCKYCCTBEHHOMO WH-
TennekTa BKNKYaKT npoueccopkl obuero HasHavyeHua (Hanpumep, CPU, GPU n FPGA), nonykactommanpo-
BaHHbIE Npoueccopel Ha 6aze FPGA, NONHOCTLIO kKacToMUanpoBaHHsie ASIC-npoueccopbl U BLIYUCNWTENbHLIE
npoueccopsl, Mogenupywre paboty Mo3ra Yenoeeka. bnoku o6paboTkm nzobpaxennin, Bnokn obpaboTkm
JdaHHblx rny6okoro 06y4eHus, Bnoky obpaboTiy AaHHBIX HEAPOHHbBIX CeTel M Apyrve Npoueccopbl, cneunduy-
Hbl€ ANs KOHKPEeTHbLIX NPUNoXKeHW, Takke NoaxoaaT ANA pasnyHbelX cueHapues W yHKUMA WCKYCCTBEHHOrO
WHTENMeKTa.

Oatyukn c mukponpoueccopamu ans cbopa, 0bpaboTkun 1 nepeaayy WHhopmaumn MoryT BeITe UCnone-
30BaHbl ANS CO343HWA MOMHOW OCBEAOMMNEHHOCTW O BHELWHel cpeae. KpynHomacwTabHoe pazBepThiBaHWue
OAaTYHMKOB U MX NPUMEHEHWE MOTYT NOAOEPKUBATE COOP AaHHLIX B NPUNOMEHWAX MCKYCCTBEHHOTO UHTENNeKTa.

Kpome Toro, AN NpUnoXeHWin «yMHbIA AOM», eyMHAs MeauumMHas 1 «ymHas 6esonacHocTby» TpebyoTes
cneuwansHeie TpeboBaHua K aaTyuMkam. PaspaboTka WHTENNEKTYANbHLIX AATYMKOB ANA NPUNOKEHWA WCKYC-
CTBEHHOMD WHTENNEKTa OCHOBBIBAETCA HA TAKUX BaXHbIX dpakTopax, Kak BeICOKAA TOYHOCTE, BEICOKaA Hagek-
HOCTb, MMHMATIOPU3aUWA W MHTENPAaLMA, a TAKKe BbICOKaA YyYBCTBUTENLHOCTE,

5.3.3 BolumMcnuTenbHbIe XapakTepUCTUKM, 3aBMCUMbIE OT anroputma

MawwHHoe obyyerune (cMm. [1]) ecTb npouece onTUMK3aL WK NapaMeTpoB MOAEMNU C NOMOLLLIO BbIMUCMN-
TenbHbIX METOA0B TakuM obpasom, YTobbl NoBEdeHNe MOJeny OTPaXano JaHHbIe UMK oMb,

MeTogel MawwnHHoro oByYeHus HaxoAaT 3aKOHOMEPHOCTWM W3 Habnwogaemelx gaHHblx MNv BeIGOpoK W
WCMNONL3YIT 3TW 3aKOHOMEPHOCTH ANSA COCTABNEHWA NPOrHO30B Ha OCHOBE BXOAHLIX AaHHbIX 6e3 ABHOMO Npo-
rpammMupoBaHuA. MeTtogbl MallWHHOMO 0ByYeHWA YacTUYHO paznuyaloTea B 3aBUCUMOCTI OT paznuuKnii B noa-
Xogax K 0BYy4eHUI0 U BbIYUCIUTENLHBIX CTPYKTYP.

MeTog mawwuHHOro obyvyeHus BknwYaeT B cebs TPW OCHOBHbLIX anemeHTa: dyHKUMKM NoTepk, KPUTEPUK
oby4YeHus 1u anropuTM oNTUMK3aUUMK. Paanudaus Mexay Mmetogamy MalluHHoro obyyeHns MOXHO paccmaTpu-
BaTk KaK OYHKLMW 3TUX 3NEeMEHTOB. Hanpumep, MeToALI NUHERHOM Knaccudurkalum, Takne Kak nepcenTpoH,
norucTHyeckan perpeccua W SVM, paznuualoTca © TOYKW 3peHUs Kputepues obyyeHnsa U anropyMTMoB onTu-
Mu3aLum.
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C Touku 3peHus hyHKUMKM NOTepb MeTodbl MalWHHOMO OBYYEeHWs MOXHO KNaccUULMPOBAaTL Kak Mnu-
HelHbIE UMK HenuHedHbie. HaaexHbin meTon TpebyeT HeboNbWOro OXMAaEMOro pucKa Uin oLIMBKK, KOTOPBI
WCNONb3YET (DYHKUKWIO NOTEPE ANA KONWYECTBEHHOW OLEHKW pasHullbl MEXay MporHo3upyeMbIMi JaHHbBIMA 1
peanbHbiMKM AaHHLIMK. OBLWKe DYHKLUWK NOTEPb BKNHOYAKT diyHKUMIO noTepb 0-1, kBaapaTHUYHYK dDyHKUMID
noTepb, PYHKLKUIO NOTEPL NEPEeKPEeCcTHOM BHTPONUK, MYHKUMIO NOTEPL WapHWpa, dyHKUWI0 NoTeps cpeaxei
abconoTHOW owwnbru, dyHKUMo noTepe Xybepa, norapugmuueckyto hyHKUUIO NOTepe U hYHKUUID — KBAH-
TUMkL NOTEPS.

Kpome TOro, Apyrve WypoKWe Karteropuy yHKLWMIA NOTEPL BKNKYAKT pPaHXUMpoOBaHWE, OCHOBaHHOE Ha
pacnpegenerny, kKnaccudkauuo U perpeccu.

Kputepwu ofyyeHua nog HatnogeHwem srnvaroT ERM n SRM. ERM ymeHbluaeT cpegHWe noTepu B
Habope obyuawwmx gadHeix. SRM nozeonser uwabexaTts npobnem c nepeobyyeHnem, BBOAA perynapuaa-
LMI0 NapamerpoB, ocHoeavHelXx HA8 ERM, ana orpaduwyernsa soamoxHocTen mogenu Obyuernve Bes npucmortpa
UMEeT MHOXeCTBO KpuTepues abydyeHusa. Hanprmvep, oLUeHKa MaKCUMankHOro NpaBaonoaobus 4acTo ucnonb-
3yEeTCA NPY OUEHKE NIOTHOGTH, MUHUMU3aUWs OwnboK PEKOHCTPYKUMK — MPU HEKOHTPONMPYEMOM U3Y4eHuM
NPW3HaKos.

3agadva onTUMM3aunKy COCTOMT B TOM, 4TOGLI HAATY ONTUMAaNBLHYI0 MOdens MalwWHHOro oby4eHua. OHa
COCTOMT W3 ONTUMKU3ELWN NApPaMETPOB W FMNepnapaMmeTpuyeckod ontTuMuaauunn. PacnpocTpadeHHble anro-
pPUTMBl DNTUMKU3AUKMW BKMOYAOT B cebs meTod rpagveHTHOro cnycka, MeTod paHHen OCTAHOBKKM, MNakeTHBINA
rPagveHTHBIR CNYCK, CTOXacTUYECKUA TPAANEHTHBIA CNYCK, MUHW-MEKETHBIA rPagueHTHBIA CYCK, METOAI rpa-
AWEHTHOro GNycKa, UCNoNbaywwmne KoadUUWeHT UMNYNbCa, pacnpocTpaHeHWe cpedHeKBaapaTMYHoOro aHa-
HeHWs W ananTyWBHY ONTUMK3aUnD MoMeHTa. B ycnoBuax maccueHon obpaboTkM OaHHbIX W COXHOM OUEHKA
3HaHWA Bonkllas BelYMCNWTENEHAA 3aaaya obelMHO AenuTca Ha Bonee MerkuWe BblMMCNWTENEHbLIE 3adauu.
Takwe pacnpefeneHHbIe BblYMCITUTENBHBIE NNaT¢opMbl OCHOBaHB! HA 0BNaYHBIX BBIMUCNEHWUAX, NOrPaAHMYHBEIX
BEIYMCIIEHMAX 1 TexHonornax dbonelwwx AaHHbX, MNnatdopma rybokoro obyyveHna — 3710 Gasosas BLIYUCTW-
TenbHas nnatdopma ana rnybokoro obyyeHus, kotopasd obblMHO BKNOYAET B ceba apXUTEKTYPY HEAPOHHBIX
ceTel n ctabunbHbIl MHTEpdenc rmybokoro obyyeHua Ana NoAAepPXKKW pacnpefeneHHoro obydyernuna. HekoTto-
pble chpeimMBOpKKN MOryT BbiTh NepeHeceHbl ANA 3anycka Ha HECKONbKUX NnatthopMax, TakMx Kak nnatTopmsl
0BnaqHbIX BbIHMCTEHWI M MODUNEHbLIE YCTPOACTEE,

5.3.4 MHorocTyneH4YaToe WNu cKBo3Hoe oBy4eHue

B oTnuuue oT MHorocTyneH4aroro obydeHus, rae npobnema OenuTed Ha HECKOMbLKO 3TanoB, KOTOpbie
AOMXHbI pellaTbCH War 2a Warom, ckBoadoe obyuyeHWe HanpasneHo Ha peleHue npobnem Takvm obpazom,
4100kl peaynkTathl GbiNK NonyYeHsl HENOCPEACTBEHHO M3 BXOAHBIX AAHHbLIX.

Mpoueccel MaWKWHHOTO 0DY4eHWA YaCTO COCTOAT M3 HECKOMBKWMX HE3aBUCUMBIX Mogynei. Hanpumep, Tu-
nnyHoe npunoxenne NLP eknioqaer B ceba cermeHTaumio, BLIGENEHWE HacTel pequ Teramum, CUHTaKCHHeckuia
aHanna3, ceMaHTUYecKnid aHanus U Opyrne HesasuCcuMble atansl. Kaxoeli war — 310 uHAWBMAayanesHas 3ana-
Ya, pe3ynsTaThl K&#O0ro Wara BNUAKT Ha CNedyroLWni War, NoTeHuWansHo Bnvas Ha Beck npouecc oby4eHnsa.

Mpw ckBoanam obyYeHuu, Hanpumep npu rmyGokom oby4YeHnu, pesynsTar NporHo3MpPoOBaHWA Nony4YaeTcs
OT BXOAHbLIX JAaHHbIX K BEIXOAHLIM. Kak npasuno, ownbku nepenawTea nocpeacteom obpaTHoro pacnpocTpa-
HEHWA Ha KawaoM YPOBHE CEeTw,

[MpencTaeneHWe Kaaoro ypoBHA KOPPEKTWPYETCHA B COOTBETCTBMM C Takumy owwnbkamu 4o Tex nop,
noka ceTb He CTaHEeT KOHBEPreHTHOW UMK He OOCTUIHET Kenaemol NPOM3BOANTENEHOCTH, B Taknx CKBO3HLIX
npoueccax MapkvpoBKa [aHHbIX Nepeq Kaxaon camocToATenbHon yyebHon 3agaqen 6Bonblie He Tpebyerca.
Ecnu B3aTb pacnosHaeaHWe pedn B KadecTse NpMmMepa, To NpY MHOrOCTYNEHYaTOM pacno3HaBaHuy pedn, kak
NnokasaHo Ha pUcyHke 1, pedb Npeobpa3syeTcs B BEKTOPLI PeYeBbIX NpuaHaKos (Hanpumep, dyHkLum MFCC),
3aTeM Fpynnbl BEKTOPOE KNAcCHUMULUMPYIOTCA MO Pas3NUuYHbIM hoHEMaM € NOMOLWEK MaWWHHOro obydeHus,
MCXOOHBIE TEKCTBI PEHM C MaKCHMansHOW BEPOATHOCTEIO OKOHYaTeNbHO BOCCTaHABNWBAKOTCA C MOMOLLLIO tho-
HeMm. B aToM npouecce BeKTOpPb! NMPU3IHAKOB, MNONYYeHHLIE C NOMOLLBI0 BLIYUCIIEHUA NPU3HAKOB, U (DOHEMBI
oBpabaTtbiBaloTCA aKkycTUHeCcKol MoAenkeo. AKyCcTHYeckas MOAENb U A3blkoBas Mogenk 0By4aloTcs 0TAenbHo.

BriuucneHue
npyaHakoe

Texer

PucyHok 1 — PacnoaHasaHwe pedy Ha OCHOBE MHOTOCTYNeHYaTorn obyqeHus
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Ons pacno3HaBaHWs pedl Ha OCHOBe CKBO3HOMO Oﬁy‘lBHl‘Eﬂ, Kak Noka3aHo Ha pUCYHKe 2, Becb npouecc
OT BbIJENEHWA NPU3IHAKOB [0 EbIPaXEHVA (DOHEMBI MOXKET ObiTh HEeNoCpPeACTBEHHO 3aBeplueH C NOMOLW IO
DNN. Mpu HaNWYUK 4OCTATOMHOMO KONMWYECTBE NOMEYEHHELIX 06YYaroLLMX OaHHBIX, BKNHOYAA Napsl roNocoBkIX
AaHHBIX U TEKCTOBLIX daHHbLIX, B Ha4ane npouecca pacno3HaeaHWa CKBO3HOE pacno3HaBaHWe pedn, OCHOBaH-
HOEe Ha Dﬁy"-JBHI.H‘IH, MOXeT JeMOHCTPUPOBAaTE XOPOLUYH NMPOM3BOANTENLHOCTL.

Texct O6yyariljan nocneaoRaTenbHoCTL =( Obyqaowpmin ] o Texct

l AnropuT™ |

PucyHok 2 — PacnoaHaeaHue pedw Ha OCHOBEe CKBO3HOro oby4eHus

6 Tunbl BbIYUCUTENBHLIX METOOOB UCKYCCTBEHHOIO UHTENNeKTa

6.1 OBLwuMe nonoxeHUn

BblyvcnuTensHble Nnogxodbl B MCKYCCTEBEHHOM WHTEMNMNeKTe MOMHO pasfendTb HAa OCHOBAHHbLIe Ha 3Ha-
HUAX M OCHOBAHHbLIE HA NaHHBIX.

BbluvcnurensHele noaxonbl CHIA, ocHoBaHHbIE HA 3HAHWSX, B OCHOBHOM COCTOAT M3 paga MeTonos,
OCHOBaHHbLIX Ha npasunax. Ecnu BaATb B Ka4eCTBE NPUMMEPa 3KCNEPTHYH cucTeMy, TO 0ByYyeHWe, paccyx-
OeHWe U NPUHATHE Pellernid ONs KOHKPeTHOro BapuaHTa WCNoNbL30BaHWA peanuayTca ¢ noMouw b Habopa
KOHUENTYanu3nMpoBaHHLIX 06LEKTOB M NOTMYECKUX NPaBWn «ecnu — To» (norudeckoro esieoga). Ans noa-
OEepxKK BKCNepTHOW cucTeMbl NCNonbayeTca Bonblias Basa 3HaHui, xpaHalwan obLNMPHEIe 3HaHWA 3KCNepTo!
npegmeTHoi obnactu. B kayecTee cTpykTypel Ga3sl 3HAHWI UCNONBIYIOTCA OHTOMOIMKM, CEMaHTUYECKNE CeTMH,
rpadibl 3HaHWIA.

HanpoTus, ebivucnuTensHele noaxogel CUK, ocHOBaHHBIE HA AaHHBIX, MCNONBLAYIOT BoNbLWKe 0DbLEMEI
JaHHBIX B KA4eCTBE OCHOBHLIX pecypcoB, obpabaTsiBaeMelX anropuTMamMy Ona MOAENWPOBAHWS YenoBede-
CKOTO MbILLNEeHUs, obydeHna U NPoUECcCoB NPUHATUS pelueHuin. TUNUYHLIE BEIMWMCNWMTENbHBIE NOAXOAbl, OC-
HOBAHHLIE HA [AaHHbIX, BKNYAKT MalluHHoe obyYeHue, KOTopoe MOXKET BbiTh PasnoMEHO HA NUHENHYIO UMK
NOrMCTUHECKYID PErpeccuio, BEPOATHOCTHYO rpaduueckyds Moaens, AEPEBO PELLeHWi, HEefPOHHBIE CETU U
Opyrve nogxogsl.

Ha pucyHke 3 nokasaHa CTPYKTypa BuIYMCMIMTENbHBLIX NOAXOA0E UCKYCCTREHHOTO MHTeNneKTa.

BoluuenuTensHsie
mMeTonb! WM
|
¥
MeTtonkl, MeTtoael,
yNpaBnaemMbIe ynpasnaemble

SHAHUAMM AaHHLIMK
" ¥ < L 2 ¥ " ¥ ¥ 1 ¥ ¥
SucneptHsle | | MNpeactas- || Morudeckuid m"' HWF:;"“' Obyyerve ¢ | [Mepenava|| Opyrue
\ CHCTEMBI i im-ma 3HAHM \ BbIBOA, 1 oByuerme pﬁga';'um nogKkpennexHue 3HAHWA meTogkl
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PucyHok 3 — BelMucnuTensHeIE NOAX00LI CUCTEM WCKYCCTBEHHOM MHTENNEKTA
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6.2 MeToflbl, OCHOBaHHbIE HA 3IHAHWAX

Mogxodb!, OCHOBAHHBLIE HA 3HAHWAX, UMWTURYIOT YHKLMWA YETOBEYECKOr0 MHTENMMeKTa C NOMOLLH CUM-
BOMNOB M NOTMHMEcKUx npaBun. KOrHUTUBHBIA NpoUecc YenoBeka paccMaTpUBaeTCA Kak Npouece CUMBONuYe-
ckoit onepaunu. Tako# noaxon 0CHOBAH HA ABYX OCHOBHLIX AOMYLIEHWAX:

- MHchopMaLumMsa NpeacTaeneHa B BUAE CUMBOIOB;

- CMMBONEl 0DpabaTeiBAKTCH C MOMOLLIO SBHBIX NPaBWN (TAKUX KaK Norvyeckue onepaumm).

6.3 Metoakl, OCHOBaHHLIE HA OaHHBLIX

Moaxoab!, OCHOBaHHEIE HA LAHHBIX, ONUPAKTCA HA AaHHbLIE B CBOEW BBIMMCNUTENLHOW MOOENKM UCKyC-
CTBEHHOr0 MHTENnNekTa. PasnuuHblie Noaxodbl K MawWHHOMY 0BYy4eHWI0 CBA3AHbI C PA3NUYHLIMK TUMaMK AaH-
HbIX, KaK onucaHo B [4]. 3TW Noaxoab! BKIOYAKT: KOHTPONUpyemoe obydeHune, HEKOHTponupyemoe obyueHue,
nonykoHTponupyemoe, Huke npuBefeHsl TMNWYHEIE NOAX0OL! K 0By4eHUI.

KonTponvpyemoe obyqeHune. MNoaxoab K KOHTPONUMpYyeMomy obDy4eHu co3farT MOAEeny MalWHHO
0By4eHUs ¢ MCNONb30BAHMEM NOMEYEHHbIX 08y4aloLLKUX AaHHbIX. 3aTem Mogeny malluHHoro oBy4YeHns npeg-
CKa3blBaKT KAaTeropuv unu otobpamerHue BXOAHLIX AaHHbiX. Mo Mepe Toro, kak MeTki oby4aloWwmnx AaHHbIX
craHosaTea Boraye u ToUHee, NPOrHO3bl Mofenei MallMHHOro 0ByUYeHNA K aHaNUTUKA, NOMYYEeHHAN HA OCHOBE
3TUX NPOTHO30B, CTAHOBATCH Donee nonesHbiMK K HaJEMHLIMWA. TUNKWHHBLIE aNroPUTMLI MAlMHHOM 0byYeHus
ans KoHTponupyemoro o6y4eHns BKNoYalT perpeccrio U knaccudukauuo. KoHTponvwpyemoe oby4eHue ne-
nonsayerca 8 NLP, noncke nudropmaumu, MHTENNEKTYaNbLHOM aHanvae TeKCTa, pacnoaHasaHnm pyKOnMCcHOro
BBOAA, 0OHapymeHun cnama v apyrnx obnacTax.

OByueHue Bea yyntens. MNogxoaw kK HEKOHTPONMPYEMOMY OBY4EHWI0 CONOCTaBMANT BXOAHBLIE AaHHbIE
C BhIXOAHLIMK, MCNOMNL3YA HEMapKWpoRaHHele abydawume faHHele. HekoHTponupyemoe ofydeHue He Hyx-
[A3eTCA B MAPKMPOBaHHbIX 0DYUaKOLWMX AdHHBIX, YTO MOXET CHU3UTL TpeboBaHWA K XpaHEeHWH JaHHbIX W Bbl-
YMCNEHWAM, MOBLICKMTE CKOPOCTL paboTkl anropwTma v nomoraeT uabemaTe ownbok knaccudrkaumm, BEI3BaH-
HBIX HEMNPaBMINBHO MapKWPOBaHHBLIMKM 00YYaloWMMK OaHHBIMW. TUMHYHBIE HEKOHTPONWPYEMLIE anropUTMBb
MalWHHOro oby4eHuna (oM. [2]) BKNOYAOT OUEHKY NMOTHOCTHM OAHOMO Knacca, yMeHblUeHWe MHOrOMEepHOCTH
ans oToBpaXeHUs M KNacTepuaauunm.

ObyueHune Bez yunTens UCNonbL3YeTcHd B 3KOHOMWYECKOM NPOrHO3UPOBaHKuK, 0BHapYKEHUHW aHOMANWA,
WHTENMeKTyansHoOM aHanw3e AadHolx, obpaboTke waobpaxeHwin, pacno3HasaHun obpas3os W gpyrmx obna-
CTAX.

Oby4yeHWe ¢ YacTW4HbIM HabnogeHreM. MNogxodbl K 06Y4EeHWK C YacTUHHLIM MPMBNEYEHUEM YHUTENS
WCNOMNb3YIOT KaK NOMEYEHHbLIE AaHHbIe, TaK U HEMAapPKUPOBaHHbIe AaHHble. OByyanack Ha HeBonbWoOM Konu-
YecTBE NMOMEYeHHbIX daHHbIX U DONbLWOM KONWYecTBEe HeMapKWPOBAHHLIX AaHHLIX, TAKWe anropuTMbl MOTYT
MaKCUMankHO UCMNoNk30BaTk orpaHuYeHHbIe 00LeMbl NOMeYeHHbIX 0DyHalWWX JaHHbIX.

TUnUyYHBIE aNropuTMEl 0BY4YeHWS C NOAKPENNeHWeM BKMNYAKT camoobyyeHne U COBMecTHOe obyqeHune,

OBy4eHWe c nogkpenneHneM MCnonb3yeT NoAXonb K 0By4eHW0 C NOOKPEnNeHUeM, KOTOpbLIE Npeano-
narakT B3aMMOASHCTEME AleHTa CO CROEH Cpenol ANA AOCTWKEHWA 3apaHee onpeieneHHon uenu. 314 noa-
XOAbl M3YUYAINT CONOCTABNEHWS OKPYXAOWeR cpeabl ¢ NoRegeHUeM, YToBL MAKCUMU3UPOBATL hyHKUWOHANL-
HYIO LIEHHOCTE CUrHana NnodKkpennexHus.

B Tex cny4asix, Korga BHeLWHSA cpega npedocTasnaeT Mano MHpopMauwy, anroputMel oby4yeHus ¢ noa-
KpenneHWem nonaratTes Ha cBor coBCTBEHHBIR onbIT. OByYeHre ¢ NogKpenneHuem yenewHo npuMeHseTcs
ANs NPOMbILLUNEHHOTO KOHTPOMA, WPkl B LWWAXMATLI, YNPaBneHus poboTamu, ABTOMATU3IWPOBAHHOMO BOXABHUA
W B Opyrix obnacrax.

OBy4eHne € NepeHOoCcoM YacTo MCNONb3YETCA LA 0by4eHWs, Korna B 4aHHOW npuvknagHon obnactu
OTCYTCTBYIOT AOCTaTOYHbBIE OaHHbIE ONA HagexHoro obydeHwa mogenei. TpaHcdepTHoe obydYeHue ¢ nepe-
HOCOM — 3TO MCCnegosaTensckas npotnema B MalWMHHOM 0BYYeHWW, KOTOPasa OKYCHMPYETCA Ha XpaHeHuu
3HaHWIA, NONYYEHHbLIX NPKY pelleHu 0OAHON npobnemsl, U NPUMEeHEeHUM UX K APYron, HO CBSAA3aHHOW C Hel Npo-
Brneme. OBy4eHue NoAXoaWT N8 NPUNMHKEHUA C OTPAHWHYEHHBIM YMCNOM NEePEMEHHLIX, TAKWX Kak Knaccudu-
KauwWs TeKCcTa, CEHCOpPHas CeTb ANA 384a4 ONpedeneHs MecTONOMOKEHNA W Knaccugukauma usobpaxkeHnia,
MawwuHHoe obyyeHuMe HaYMHAETCH ¢ HabmoaeHWA MK NONYYeHUs HOBLIX OdaHHbLIX U MOMXET BbiTb MCNONbL30-
BaHO ANs 0By4alWMX AaHHbIX, NbITAACL HAATY 3aKOHOMEPHOCTH, BLIXOAALLWE 33 PaMKU Tex, KoTopble Bbinu
nonyyeHsl ¢ NOMOLLBK OCHOBHOTO AHAMW3A, ANS Peanu3alui TOYHbIX NPOrHO308. AMMOPUTMBl MALLMHHOMO
oBYy4YeHWMA BKNHOYAKT NOTMCTUYECKYHD PErpeccuio, cKpbiThie Mmogenw Mapkosa (HMM), SVM, KNN, Adaboost,
DanecoBckylo CeTb, AEPeBO peweHnin n mHorve gpyrue. Peayneratel Nogxonos K MalMHHOMY 00yYeHuto, kak
npasuno, 06LACHUMEI C TOYKW 3pEHUA NOBEAEHWUA anropMTMOE U MOAENel MallMHHOro obydeHus.
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MawwuHHoe obyyeHune obecneunsaet ocHOBY Ans 06yYeHUA NPU OrpaHUYeHHON SOCTYNHOCTI AAHHBLIX W
moxeT ObiTe MCMONL30BAHO ANA PErPECCMOHHON0 aHanu3a, knaccuuKkauuu NaTTepHoB, OLEHKW NMNOTHOCTK
BEPOATHOCTW M Apyrux 3aaad. CTAaTUCTUKE ABNAETCH BaXHON TEOPETUYECKON DCHOROK MALUMHHOMO 0By4eHus,
WMPOKO UCNONbayeMor B Takux obnactax, kak NLP, pacnoaHasaHue peyn, uaobpameHuin, nouck uHopmaumm
1 B Bronoruyeckon MHopmMaTuie.

HellpoHHble CETH — 3TO CETWU HENPOHHLIX CNOEB, COBAWHEHHEIX BIBELUEHHEIMW CBA3AMMU C perynupye-
MbIMKU Becami. HelpoHHLIe CeTU NPUHUMAIOT BXOAHLIE [aHHbLIe U BbIAAIT BbIXOAHLIE AaHHBIR, 4acTo SABNA-
wolmecs npordoaom. O6yyeHHe HeMpPOHHbLIX CETEN C HECKOMNbLKMMW CKPbITLIMKM CNOAMKW HasbiBaeTcs rmyBoknm
obydennem. [Mybokoe obydyeHWe MOKHO pacCMaTPUBATL KaK NOAXOL K COMETAHWK npeacrasnedns dyHkuuin
u 0byuyenusn. My6okoe obydyeHune yacTo MeHee 06BLACHUMO, Yem 06bluyHoe MaWwKnHHOe obyyeHne. TUNHYHbIE
noaxonel K rmybokomy obyyeHuo eknoyanT: «deep belief netwarks, CNN, orpaHuyeHHyo mawnwHy bonsuma-
Ha n RNN. CNN yacTo ucnone3ylTca And AaHHLIX NPOCTPaHCTBEHHOIO pacnpeaenaHus, B To epems kak RNN
YacTo MCMNOMNb3YITCA A7 AaHHbIX BPEMEHHOMO pacnpefenerns, 0CHOBaHHbIX Ha UCNOMNb30BaHWA UMK NaMATH
v 0OpaTHOW CBA3W C NpeablgyLLUMKN YDOBHAMM,

7 Knaccudgpukauusa v BbI6Op anropuTMoB B CUCTEMaX
MCKYCCTBEHHOIO MHTEnneKra

7.1 O630p

B [5] npencTtaeneH wabnoH, ¢ NnoMoLwbl KoToporo cobupaeTca nogpobHas MHopMaunsa o BapvaHTax
UCTONB30BAHUA WCKYCCTBEHHOrO WHTeNnekTa. LWabnoH conepxuT onucadus hyHKUMA BADUAHTOR MCNONL30-
BaHWA, BKNOYana 3agadv, MeToabl, NNatopmbl, TONCNOTMID, MCNONL3YeMbIe TEPMUHBI W KoHUenuun, MnyGokoe
oby4eHne, mawnHHoe 0DyYeHne 1 HelipOHHEIE CeTH ABMAKTCA OQHWMK M3 Hanbonee YacTo YNOMUHaEMbIX
BbLIMMCNMTENLHBIX NOAXOA0B B NPUMEpPaX MCNONL3I0BaHWMA MCKYCCTBEHHOMO MHTENNekKTa.

B craHgapTe ONMCLIBAETCA COBPEMEHHOE COCTOAHWE BhiBpaHHbIX anropuTMOB U NOAXOL0B, MCNOMNb3Y-
eMbIX B CUCTEME UCKYCCTBEHHOMO MHTENNBKTa, C TOYKW 3pEHUSA TEOPWIA U METOA0E, OCHOBHbIX XapaKTepUCTHK
W TUMAYHEBIX PUMEHEHWA.

7.2 MHxeHepws 3HaHWI U WX NpeacTaBneHun

7.2.1 OBzop

DopMMpOBaHKME 3HAHWIA, WX NpeacTaBneHme n obpaboTka — 370 o4eHb Wupokana obnacTte 8 VI, cea-
33HHaA C BLIPAXKEHWEM 3HaHWKA B hopmax, NoALaKWMXca mawuHHoi oBpaboTke, 1 MCNONB30BAHMEM ME-
WHHHOKW 0OpaboTkn 4NA BeINONHEHWS 3aday, CBA3aHHbIX CO 3HAHWAMM, B HacTHOCTH, PacCyXOeHWA BO BCEX
wx hopmMax.

CylecTeyeT MHOMKeCTBO hMNocodCKUX 1 NPaKTUYECKMX PELIeHUE, CBA3AHHLIX C TEM, KaK NpeacTasnaTb
3HAHWA ANA MalwunHHoK ob6paboTku, koTopas fonkHa GbiTh OAHOBPEMEHHO TOMHOWM W NoMNe3HoW AnA NWbbix
LEnen, KOTOPLIE MMEHT B BMAY NOAM, NOSTOMY NPOEKTUPOBEHWE W UHKWHUPWHT ABNAKTCA BAXKHBIMKW 3NEMEH-
TamMu npouecca. Bece NpoekTel, OCHOBaHHEIE Ha NPEACTABNEHUKM 3HAHWIA 1 PACCYKOEHWAX, NPUBA3EHEI K KAKOWN-
nnBo Mogenu 3HaHWiA, HE3AaBUCMMO OT TOMO, PEaNM30BaHa OHa ABHO WINK HeT.

Bribop Mogenu 2HaHWi SBNAETCH KMNYeBkIM (DAKTOPOM, ONpedensaowmMm, MOryT M DelTk AOCTUITHY TEI
uenu npoekra. 31a obnacTe BCe ele Haxo4AUTCA B cTaaun paspaboTkm, ocobeHHO B TOM, YTO KacaeTca Tex-
HUYBCKUX NocrnencTenin Beibopa.

7.2.2 OnTonoruna

7.2.2.1 Teopuu 1 meToasl

TepMWH «DHTONOTUAY MPOMCXOAMT M3 DMNOCOMUK, rde OH OTHOCUTCA K TOMY, 4TO JO4W CHUTAKT, Kak
cylwecTeyiowee. 3T0 UMeeT OTHOWEHWE K CTPYKTYPaM 3HAHWA, M3BECTHLIM KaK OHTOMOMMK, NOCKONEKY, © du-
nocod)cKoM TOHKM 3pEHWA, OHO OYEepHMBaeT Mofdens Mupa, KoTopas ABNAeTcs yTBepHAeHWeM TOro, YTo cylie-
cTeyeT. OQHAKO «OHTOMOMMA» Kak CTPYKTYPAa 3HaHWK — 3T0o, MO CYTH, MOAENL 3HAHWIA 0 NBOKW NpeaMeTHOMW
obnacTi, 0 KOTOPOW NKOAK XOTAT 0DBABKUTL 3HAHWMA. B KOHTEKCTE MHDOPMALMOHHLIX TEXHOMNOTMIA KOHTONOFMAR
06bIYHO O3HaYaeT ABHYH CTPYKTYPY 3HaHWHA, KOTopas MMeeT (hopManbHYD NOrMYecKylo Mogens W nognep-
HWBaeT paccyxaeHua. Hanbonee pacnpocCTRaHEHHBIM BWAOM OHTOMOMMW KAaK CTPYKTYPEl 3HAHWA ABNAETCA
OHTOMOrKA, peannayemas ¢ NoMoLLBH CTeKa cemaHTudeckux Beb-texHonornin W3C, ocHoeaHHoro Ha RDF u
OWL [2].
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7.2.2.2 OCHOBHbIe XapakTepUCTUKK

ABNAfAckE OCHOBOMONATaWKWM METOAOM KOTHUTMBHOTO MCKYCCTBEHHOTO MHTENNekTa, OHTONOruA oKy-
CHPYETCA Ha KOHUENTYanbHOW KNAacCHUKaLUWK CYLLHOCTEN W B3aVMOCBAZN MEXAY paznuyHbIMA KOHLEeNUWs-
M. OHa obecnednBaeT hopMansHeId A3LIK, 06LWWe onpeaeneHs, NOrMYEcKy B3aUMOCBA3L U CTabUNbHYID
KOHUEeNTyanbHY0 MOAens 3HaHWiA, MCNOMbL3YeMbIX B MCKYCCTBEHHOM MHTennekTe. OHTonorns yHKLMOHNpYeT
Kak cxema OnUCaHWS 3HAHWA, KOTOPaA NO3BONAET CUCTEMAM WCKYCCTBEHHOTO MHTEnnexkrTa npuobpertats, no-
BTOPHO WUCMONL308aTE U 0BMEHUBATLCA aHaHuAMU. Moaens OHTONOMMM COCTOMT U3 KOHKPeTHO onpeaenaHHbIX
KOHLENLKMIA, KOTOPLIE OTHOCATCH K KOMMNO3ULMOHHLIM 3NEMEHTAM, TAKWMM KaK CTPYKTYPAa, CYLIHOCTL, TEPMUH,
atpubyT, hyHKUKMA 1 akcroma. PopmansHele onucarenbHble A3biky, Takve kak XML, RDF n OWL, ucnonsay-
OTCH B paspaboTke OHTONOMI,

OuTonorvs — aTo ceoera poga abcTpakTHas KOTHWTMBHAA MOAents peansHoro mupa. B pamkax oHTo-
norM cneyvansHo NPeUWNMCTPUPORaHE! ONpedeneHus, aTpubyTel M B3aMMOCEA3KM 0DLeKToR. 3T0 No3BONAET
KOMMbBKTEPAM W MHBIM YCTpOCTRaM BecnpenaTcTBEHHO nonydyate W oGpabarteiBate obliuUe 3HAHWUA UNKU 3HA-
HWA NpegMeTHON obnacTu, nexalue B OCHOBE OHTONIOTMYECKOW MOZEnu.

7.2.2.3 TunwyHele 0bnactv npuMeHeHns

CHTONOrMW WKMPOKO WCNONB3YIOTCA B WHXEHEepWW 3HaHwin, Hanpumep B KG, B novcke WHbopmaumnu,
B3aWMOJENCTEMM CUCTEM M AareHTOB, MHTerpauuK, obecnedyeHun UHTeponepabenbHOCT W 3aadyax KOHTpPOns
Ka4ecTea.

7.2.3 MNpadpbl 3HaHURA

7.2.3.1 Teopun n MeTogbl

[padh 3naHuin (KG) MoKHO paccMaTpyBaTh Kak CTPYKTYPY 3HAHWIA, COCTORALLYIO M3 Y3108 1 cBA3ei. Crnoso
«rpad» OTHOCUTCA K MaTeMarnyeckoMy NoHATMIO rpadia. Yanel Ha rpade npeacTaenawT cywHocTk (entities),
a CCBISTKM NPEACTABMAKT OTHOWEHWS Mexay o0bekTamu. 37O CYUTAETCA CTPYKTYPOM 3HaHUWIA, NOTOMY YTO Bbl-
paxeHwe:

entity1 -> oTHoweHuWe R -> entity2

NpUHMMasTCa 3a yTeepxaeHue, yto «entityl HaxoauwTea 8 oTHoweHwAx R ¢ entity2».

lMpumep — Mcnonekays Anne -> motherOf <> David ymeepwdaem, ymo 3HH sensemca Mamepsio fasuda.
3Mma cenAlb AeNAemMca HanpasneHHold, 8 MoM cMbIcne, Ymo IHH — Mamb fasuda, Ho Jasud He Asnaemcs
mMamepbio IHH.

KG npepcraensioT coboi SBHLIA KOHTpACT ¢ TabnuMYHOW CTPYKTYPOM AaHHbix. 310 Gonee rmbkui, pac-
LWMpAEMBIA Nogxod, kOTOPbIM NonaepxkueaeT Gonee NpoaBMHYTLIE hopMbl paccyaeHns. KG He nony4unu
LWIMPOKOrD pacnpocTpaHeHWs, NOCKOMbKY YNpasnaTe MW HECKONBKO CROXHEe, YeM TPaguLUWMOHHbIMKW NOAXO-
Aamu.

7.2.3.2 OCHOBHbIE XAapakTepHUCTUKK

KG npenctaenaeTr cofoi CEMaAHTUYECKYH) CETb, CTPYKTYRY AAHHLIX HA OCHOBE rpacha, COCTOALLYI0 W3
yanoB W pebep. Beck rpac BblpamaeT pasnuyHble CYLHOCTW, KOHUENLWA U CEMaHTUYecKWe OTHOLWeHUA.

Mo cpaBHeHWo ¢ TPagMUMWOHHBEIMW METodaMK NpeqcTaBneHus 3HaHWi (HanpuMep, OHTONOTMAMM MNK
cemaHTU4eckumin cetamun), KG xapaxktepuayeTca:

- NMONHOTOW OXBaTa CYLWHOCTEN W KOHUENUWIA;
- pa3HooBpasmem ceMaHTUHeCKUX OTHOLIEHWIA,

- MPOCTOTOW B MGNOML30BaHNK CTRYKTYP rpadia;

- Ka4yecTBOM NpeacTaeNeHUs 3HaHWA.

KG ctan Haubonee BaxHbIM NoAXoA0M K paspaboTke aHanuil B CUW, NozBONAKLLWM OCHECTUTE TEXHU-
YECKME CUCTEMbI KOTHUTUBHbLIMW CBOWNCTBAMM.

Basoskii BeMMCIUTENEHEIN Npouece KG oDei4HO BKMHYaeT B ceba n3BnedYeHwe 3HaHWin, npejcraene-
HWE 3HAHWA, XpaHeHWe 3HaHWA, MOJENUpoBaHWeE 3HaHWA, 0bbeaNHEHWE 3HAHWA W BBIYMCNEHWE 3HAHWA:

a) waeneyeHne 3HAHUIA: 3HAHUA W3BNEKAKTCA U3 CTPYKTYPWPOBaHHBIX, MONYCTPYKTYPHPOBAHHbLIX W He-
CTPYKTYPUPOREHHLIX A@HHBIX, OCODEHHO M3 TEKCTOBbLIX fJaHHbix. B COOTBETCTBUM C pasnMuHbIMK 0BbekTamu
W3BMNEeYeHMe IHaHWI BKNIOYaeT W3BNeYeHue CYLWHOCTU (Hanpumep, NER), n3enedeHne oTHOLWEHWA Unu CBoW-
CTBa W M3BNe4yeHne cobbiTus;

6) npeanctaeneHWe 3HaHWA: NPEACTABNEHWE 3HAHWIA — 3TO ONA ONMCaHWA 3HaHWKA C UCMONb30BaHMEM
NOrMKn NpeguKaTos, reHepaun «ecni — To» U (hpeiMOBOro NpeacTaBneHus;

B) XpaHeHWe 3HAHWI: 00bEeKThl XpaHeHWs 3HaHW BKNYaloT 6asoBble 3HaHWwa o6 aTpubyTax, 3HaHWUs
00 OTHOWEHWAX, 3HaHWA 0 CODBITMAX, BpeMeHHBIE 3HaHWA W 3HaHWA 0 pecypcax. PacnpocTpaHeHHbIMKU MeTo-
AaMK XpaHeHWa ABNATCA TabnuyHele W rpadmyeckne. B YacTHOCTH, XpaHUNULe 3HaHWA Ha ocHoee rpadios
BKMiouaeT B ceba rpadsl ceoicTe, meToasl RDF u runeprpacha;
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r) MOOENUPOBAHKWE 3HAHWIA: Lenbi MOAEnUpPOBAaHWS 3HAHWIA ABNAETCA MOCTPOSHWE MOAENH NaHHbIX
ana KG, kotopas Heobxoguma ons noctpoeruns Boero KG. CylwecTByloT MeToabl MOOENWPOBAHUA «CBepXy
BHU3» U «CHU3Y BBEPX».

Mpumep — Hucxodawuii nodxod onpedensiem cxeMy OaHHbLIX UNMU OHMOMOEUK, @ 3ameM NocmenexHHo
ymoynsem ee Ons (hopMUpOBaHUs XOPOWo CMPYKMyPUposaHHoU uepapxuveckold knaccughurxayuu. Modxod
«CHU3Y eeepx» 0606Laem U opeaHusyem cylecmeyiowue cywHocmu dna hopMuposarua ocHogomosiazar-
wux KoHUenuyui, a 3amem nocmeneHHo abcmpazupyem ux 9ns hopMuUpoBaHUsa KoHUenuull 6osee ebICOKO20
yposHA.

ObweavHeHwe 3HaHWW CBBIYHO peanusyeTcs C YPOBHA AaHHLIX W KOHUenTyaneHoro ypoeHs. Obkeawn-
HEHWE Ha YPOBHE OaHHBIX (POKYCUPYETCA Ha CBA3BIBAHWW CYLWHOCTER W (POPMHUPOBEHUKN PE3yNETUPYLWMX
CYLLHOCTER, B To BpeMa Kak o6beaMHeHKe Ha YpoBHE KoHUEenUWid hoKkycMpyeTea Ha cormacoBaHuK OHTONOrMMA
W MEXBA3LIKOBOM CRUAHWUW. BelduMcneHwe 3HaHWA HanpaBneHo Ha nony4eHue HesiBHbIX 3HAaHWMA Ha OCHOBE
WHthopmMauum, npegoctasneHHon KG.

Mpumeps!

1 Wcnonb3ogaHue oOHMOMO2UYECKUX UNU OCHOBaHHLIX Ha nNpasunax nodxodoe K paccyxdeHuro ob ab-
CMPaKmMHeIX MOHAMUAX U CyUjHOCMAX.

2 Ucnone3zoeaHue nodxodoe K c8A3bIGaHUK cyulHocmeld 0N NPo2HO3UPOBaHUs HesgHbLIX cesizell Mexdy
cywHocmamu.

3 WcnonkiosaHue nNodxodoé coUUamkHO20 MOOdenupoeaHus Ana 0BHAPYMEeHUS cMpYKMypuposaHHbiX
cywHocmel e KG u npedocmasnenus ceazell uccnedyemMelx 06Lekmos u aHaHull (npasun) e KG.

7.2.3.3 TunuyHele oBnactu NpUMeHeHKHs

KG WwWupoko Ucnonk3yeTcs AnA NOUCKa 3HAHWA, MHTENNEKTYaneHLIX peKoMeHaaLUmMia U aagay naeHtudn-
Kauuu uudpoBeix Mogenein o6LekTor, MHTerpauuy yudpoebix nnatgopm.

7.2.4 CemMaHTW4YeCKaRA ceThb

7.2.4.1 Teopun n MeToabl

CemaHTr4eckas nayTnHa — 310 BCEMWPHAA CeTb 3HaHWW. 370 rpad 3HaHWKW, KOTOPbLIA MCNONB3YET CTEK
TexHonoruii cemanTudeckoro eefa, ocHoBaHHeld Ha RDF. Bee CyWHOCTH W OTHOWEHWA B CEMaHTHYEeCKoM
cetu umetoT URI, noatomy oHM MoryT GbiTe pacnono#edsl B mobBoM mecTe ceTH (OAHAKD 3HaHWA, KOTOpLIe
OpraHu3aLum reHepupyoT ¢ MCNONb30BaHWEM TEXHONOMMIA CeMaHTNYecKon ceTu, He oBa3aTensbHo CTaHOBATCH
oblenocTynHeIMK).

MockonbKy TEXHONOMMIA CEMaHTWYECKOW CETW OCHOBAaHbI Ha rpadiax, 6azoBol egUHUUEIA 3HaHWIA ABNAET-
cA RDF-Tpunnet: cyWHoCTs -> cBA3b -> cylHocTE. URI 1 Tpunnetel 0bbegrHawTeA, obpasya rpadg yanoe URI
u cceinok: RDF, RDF-schema n OWL.

Crek TexHonorun «semantic web» oTHocutes K craHgapty W3C (cm. [2]) v SBNABTCA OTKPLITHLIM CTaH-
gaptom. CTek exnovaeT B ceba SPARQL — sAsbik 3anpocos, aHanorudHbiid SQL n SHACL — s3bIK, OCHOBaH-
HelA Ha NpeacTaBnesnax hopM, UCNonkayeMbIX AnA obecnedyeHna COOTBETCTBMA rpadia 3HaHuiA Kenaembim
orpaHuqeHuamM. Kak u Beb, cemaHTryeckas ceTe JeUeHTpanu3oeaHa, Macwrabupyema, pacluMpsaema v rubka.
B otnuume ot VMIHTepHeTa, OHa NpeaHasHadYeHa ans HenocpeacTeeHHon o6paboTkn MallMHamMu, a He AnA 83a-
WMOOBNCTBMSA C MDABMM.

7.2.4.2 OcHOBHble XapakTepucTUKN

CemaHTH4ecKas ceTb OCHOBaHa Ha (hopmanbHOW CeMaHThKe, UBBECTHON Kak «Norika onucaHvsa», Ko-
Topasa aBNseTcA AedyKTVBHOW dOpMOR norukn. YTBepiOeHus MoryT WMeTb NOorM4eckMe XapakTepucTuKM, a
OTHOLUEHWA MEXOY CYLLHOCTAMK MOryT BbiTh TPAH3UTHBHLIMKM MK pednekCHBHLIMM, YTO NOQAEPKMBAET pac-
cywaenus (Hanpumep, Capa Bellwe JHH, OHH Bbiwe [3swaa, cneqoeatenesHo, Capa ebiwe [senaa). Cywe-
CTBYIOT pasnuyHble CPencTea paccyxaeHus, 4OCTYNHeEIE ANA BeINONHEHWS (OYHKLMIA paccy#aeHus.

Kntoueebimu uaesmu B RDF senAwTca knaccel, nogknaccekl W skzemnnsapel. RDF wmeeT gea Ttuna
CBOWCTB (CcBA2ei): Te, KOTOpPbIe CBA3LIBAIOT KNacchl ¢ APYIMMK KNnaccamu, U Te, KOTOpbLIe CBA3LIBAIOT Knaccb
C nuTepanamm.

Mpumep — «Paodumens» — amo ModKiacc Knacca «4efoeek», aneMeHm — 3mMo nodknacc knacca «4e-
nogek». IHH — 3Mo npumep podumens. M3 amozo MoXHO cdenams 8b180d, YmMo 3HH — Yesnoeek. 3mo gopma
cunosucmuYyecKozo paccymderus, noddepmusaeman HacnedosaHueM KIaccos.

MNpUMepsl CUHTEKCWCOB ANA CeMaHTUYECKOW CETW BKMYaT:

- CUHTaKcuckl HA ocHoBe XML ;

- CUHTAKCWCHI, OCHOBAHHbLIE HA (hopMAanbLHOW NOTMKE, KOTOPLIe HANOMKWHAIKOT Noryeckue chopmynkl;
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- CMHTaKCUChI, YACTUYHO HANUCaHHbIE Ha eCTECTEEHHOM A3blke (MaHYeCTePCKUA CHHTAKCKC) ANS YnyY-
weHwns yoobo4utaeMocTh ANs Yenoeeka;

= CMHTaKCWChl, KOTOPbIE NONHOCTE YWTAEMbI K&K 8CTECTEEHHBIN A3bIK, KOTORbLIE NOMOTaKT 3KCnepTam B
npeaMeTHoN o6nacTy BLINCNHATL NPOBEpPKY 3HAHKWA Bea HeoBXoAKUMOCTY NOHUMATL TEXHUYECKWA CUHTaAKCKUG.

7.2.4.3 TunuyHele oBnacty npUMeHeHus

TunnyHele ofnacty NPUMEHEHWA CEeMaHTUUYECKOW CEeTW BKMIOUAT pa3paboTky ynyuylleHHBIX BO3MON-
HOCTEW MOWCKa W NO3TanHoe MoenUpoBaHue B NPpUNOMEeHWAX 3ApaB0oXpaHeHns.

7.3 Jlorvka v paccyxaeHun

7.3.1 O6uwue nonoxeHns

INorvka v paccy#aeHns GBR3aHBI G MCMOMbL30BAHMEM GYLIEGTBYIOWMX 3HaHMA ANA NonyYeHnA HOBbIX
3HaHmiA u obecneyeHna Toro, 4Tobel 310 BBING CAenaHo NpaewunbHO W HagedHo., PopmansHO 370 OTHOCKTCH
K 0BnacTW 3NUCTEMONOrMK B OMNOCOMCKWNX WCCNEeaoBaHusAX, XOTA HeohuLMANEHO CYLLECTBYET MHOMECTBO
METOAOB, OCHOBAHHLIX Ha 30paBoM cMbicne. 3T0 (DYHOEMEHTaNbHO BaKHO AN MBTeMaTUKU, eCTECTBEHHbIX
Hayk 1 No6oi chepsl KU3HK, rae BaxKHA AOCTOBEPHOCTL. VICKYCCTBEHHbLIA MHTENNEKT OTKPbIBAET NEpCNeKTUBY
MCAONB30BaHWA MaLWH 415 aBTOMATU3aLMN NPOLecca, TeM CaMLIM YNPOLWas NoNy4YeHe 3HaHnn 1 NPoBepKy
Ha aocToBepHOCTb. Micnonb3oBaHWe BO3MOXHOCTEA MaLLKMH ANA NOMMKW ¥ paccy#JeHWA B HAacTOALLEE BPEMS
HaxoauTcA B cTagln pa3paboTkn v TpebyeT Bonbluero BHUMaHuA.

7.3.2 MHQYKTMBHOE paccyxaeHue

MHaykTuBHOE paccyxaeHue CBA3aHo ¢ NnoHsaTuem obobuenws Ha npumepax. OHO WWPOKO MCNonb3yeT-
CA BO MHOTMX cueHapwax. MeTon WHOyKTMBHOMO pacCyIeHwdA Ha4yWHaeTCca C NPUMEPORB, KOTOPbIe ABNAIOTCH
CBOEro pofa HabnwAeHNAMKU, U UCMONbL3YET WX ANA CO30aHuA Teopuu. MNpKW HANWYKUKW AOCTATOYHOTO KONU4e-
CTBa NOATBEDH AW [OKA3aTENbCTB HEKOTOPbLIE TEOPUU CTAHOBATCA OBLLENPUHATHIMK NPABUNAMU.

Mpumepst

1 YueHbie usyyunu MHoOXecmeo hopM Ku3iHu, u 6eino o6HapyweHo, ymo y acex Hux ecmb JHK. Yuyenkie,
eepoAmHo, 0b6obLarom Uz 3Mo20 Meopuro 0 MaM, 4Mo «ece gopMsel ¥uzHu umerom JHK». Xoms oHa mo4Ho
onuckigaem ace (hopMel KU3HU, U3YYeHHbIE Ha Ce200HAWHUG OeHb, MOAdU He 3HaMm, 88PHO JTU Mo OnsA 8cex
hopm KU3HU 80 ace epeMeHa U 8 mobom Mecme. Bcezda ocmaemcs no2u4yHol 03MOXHOCME Mo20, Ymo nodu
odHawdel usyyam Hoeyio thopmy Ku3Hu u obHapywam, ymo y Hee Hem [JHK.

2 Bbisaiom cnydau, koeda UHGYKMUEHbLIE 8bIB0dLI CMaHOBRMCA (hakmoM, HO monbko moada, koada amo
mMoxem 6bime dokazaHo aMAupuYyecku. Hanpumep, ocHoeblgaAack Ha MHO2uX sudax HabnrodeHuld, cyujecmeoaa-
na meopus, ymo 3emnsa kpyanas. floxazamenscmeo 3moao 3aHAN0 HeKOMopoe spemMs, HO 8 KOHUe KOHU 08 3mo
6b1T0 OKOHYaMenLHO dokazaHo IMIUpUYeCKUMU Memodamu u MPUHUMaNoOChL Kak ¢axm.

7.3.3 JenykTvBHBLIVN BbiBOg,

HenykTusHoe paccyxaeHve — 3To popma paccy#OeHna, KoTopaa HavvHaeTca ¢ Habopa nponosvuuin
(YTBEPMOAEHWA), U3BECTHLIX KaK «MOCLINKAR UM «3KCHUOMbI», W UCNOMNB3YET TONLKO Te MeTOfLI PacCy¥AeHUs,
KOTOpblE rapaHTUpYOT, 4TO BCMW NMOCHINKKW UCTWHHBI, TO NBble choenaHHble BbIBOAbl TAKKE UCTWHHBI. Takke
Heobxogwumo, 4Tobbl TEpMWHBI MMEnK YeTKoe 3HaveHne, [Tpono3nUKA — 3T YTBEPKOEHNE, KOTOPOE MOKET
ObiTh OUEHEHO Kak MCTUHHOE MK NoXKHOe,

WcTopuyeckn AeyKTUBHBIE MOAENW MbILNeHWA Bbinu M3BecTHBI Co BpeMmeH ApucToTens. lNpuaHaHHbie
thopmbl AeYKTUBHOMO paccyxieHuwsa npueefedsl 8 7.3.3.1-7.3.3.5.

7.3.3.1 MNponozauUMoHansHas noruka

INorvika BhiCKa3kLIBaHWIA UNK NMPOMNO3WLMOHaNLHanA Norvka, Takke Noryka Hyneeoro nopsgka — aTo pas-
aen cMMBONUYECKOR NOTHKK, M3Y4aloWniA CNOXKHbLIE BLICKA3biBaHuA, 0bpa3oBaHHble W3 NPOCTLIX, U X B3auMo-
OTHOLWEHWA. B 0TNK4MeE OT NOrMKK NPeaMKaToB, NPONo3vMUMOHanbHan Norvka He paccMaTpHUBaET BHYTPREHHIOK
CTPYKTYPY NPOCTHIX BbICKA3bIBAHWIA, OHa MKLbL YYATHIBABT, € MOMOLLLK KaKUX COK30B WU B KaKOM nopsike
MPOCTLIE BLICKA3bIBAHWA COYITEHAOTCA B CIIONHbIE.

O#a wenoneayeT NorMHeckne CBA3KKM (1, WNK, He) AnA oDbeaHeHNA NPeanokeHn B COCTaBHele dhop-
Mbl. ECTb Tabnuubl MCTUHHOCTW, KOTOPbLIE NOMOraloT OLEHUBATE COCTaBHbIE (hOPMbI KAK MCTUHHBIE UMM MOXK-
Hble B 3aBMCUMOCTMH OT TOTO, ABNAKTCA N COCTABHbIE NPEANOKEHNS UCTUHHBLIMKU UMK NOMHLIMW, HaNnpUMep,
ecnu P uctHHo, a Q noxKo, To (P 1 Q) noxHo, Ho (P unu Q) ucTuHHO, a He (P) noxHo 1 He (Q) UCTUHHO.

CywecTeyioT Gonee cnoxHbIe OpMbI NOTMKK, KOTOPLIE TaKKe NCMoNb3YIT A8AYKTHBHEIE MeToakl. OHK
MCMOMbLIYIOT TE e NOrMYecKWe CBA3N (M, UMK, He), YTO W NPONO3UUMOHaNbHaA norvka.

7.3.3.2 Jloruka nepeorc nopsaka

TNorvka nepBoro nNopsfka Takke U3BECTHA Kak NOrMKa NpeaukaToB WNKW NOMMKA KONMUYECTBEHHOW OLeH-
k. Knioyesoe pasnuuvMe Mexay Norvkol Nepeoro NOpAAKa v NOrMKOW BhICKa3sbiBaHWW 3aKnio4aeTcd B TOM,
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YTO NOrMKa NepBoro NOpPAgKa MCNOMb3yeT NepeMeHHbIe U KBAHTOPbI. cnons3yemble KBAHTOPBI — «BCE» U
«cyulecTryeT». B To BpeMs Kak B NPONO3WLWMOHANEHOA NOMMKE AEenalTesd TONBKO Takve yTBEepHAeHWA, Kak
«CoKpaT — NMWMHOCTR®, B NOTKKE NEPBOr0 NOPAAKA MOXHO CKaiaTk: «CYLIeCTBYEeT X Takol, 4To x — Cokpart, a
X — NUYHOCTbL». 3TO NO3BONAET MCNONL30BATL HOBLIE AEAYKTUBHLIE POPMbI paccyaeHWs. CyLLEeCTBYIOT Tak-
e BblclWue hopmbl NOMUKK, KOTOPble A06aBNAIT BIPA3UTENbHOCTM, HO TEPAIOT cnocoBHOCTL paccywaaTh.

7.3.3.3 MoganeHana norvka — ato pasfen hopmMansHON NOrUKKW, KOTOPbLIA 3aHUMAETCA U3YUYeHUeM No-
rMYECcKUX ONepaTopos — MOOankHOCTEen.

B kavecTse cTaHapTHbIX pAcCMaTpPUBAOT MOLalNbHOCTW: BO3MOXHO, Heobxogwmo. B coBpemeHHoRn no-
rMKe MOAanbHBIMW ONEpaTopamMin cYUTanT BONbLLUKMHCTBO ONEPATOPOB, CRYXALWWX ANA YYeTa CTENEHN WCTUH-
HOCTW YTBEPHMOAEMOro.

B pamkax mooansHOW NOFMKK BLIOENAKT NOApa3fgensl, HanpuMep:

- BPEMEHHYID NOTMKY,

- NOKKY 3HaHUIA;

- AWHEMWYECKYH NOTUKY;

- NOTWKY OOKa3yeMOoCTH.

7.3.3.4 [NpocTpaHcTBeHHAA Norvka: ecnn A Haxooutea nepen B, a B — nepep C, To A HaxoauTeA ne-
peq C. «lMepea» NOHWMAETCA Kak NepexoAHoe oTHoWeHWe, MNogpasyMesaeTcs To4ka 3peHuns Habnopartens,
NOCKOMbKY NOHATHE «MPOHT» OTHOCWUTENBHO.

7.3.3.5 BpemeHHan noruka: ecnu A npoucxoanTt nocne B, a B npoucxoauT nocne C, To A npovcxognt
nocne C. 3pecs A, B u C — coBeiTa, 1 npeanonaraercs, YTo «MpouMcxoguT nocne» ABNAeTcs nepexogHoM
3aBMCUMOCTBIO.

7.3.4 NnoTeTM4Yeckne paccyXOeHHA

MMnoTeTUHECKME paccyAeHWA LWMPOKO MCNOMNb3YIOTCS B HAYKE M MaTeMaTiKke, HO MOTYT BblTh NpUMeHe-
Hbl B Miobom acnekte ®KU3aHW. OHW UCNONBLIYETCA B KPUMWHANUCTHKE, IOPpUOWYECKUX Cnopax W NoBCEOHEBHbIX
paccy#aeHusx.

B Ka4ecTee OTNpaBHON TOYKKM OHW NMPUHMMAIDT YTBEPHAEHME, KOTOPOoe NOTeHLWankHO ABNASTCH NCTUH-
HBIM UMW NOKHBIM, HO HUKTO HE 3HAET, KaKMM UMEeHHO, 3TO W3BECTHO Kak «runoTtesa», U B Hayke U maTemMaTuike
oGbIYHO 3TO Hay4Has UNK MaTemaTUyecKkan TEOPUA, KOTOPYIO NKAKW XOTAT NPOBEPUTL.

M3 runoTeskl NOrMyecky BoITEKAKT CNEACTBMA OTHOCUTENLHO PACCMATPUBAEMON CYLLHOCTW UMK sBRe-
HWA. B wpoeane gomxHa cyWecTBOBATE BEO3MOKHOCTE WX 3MNUPKWYECcKo nposepku. B naeane sta cyWHOCTE
(Mnu sBNEHNE) MOKeT OblTb NPOBEPEHA 3MMNUPUYECKW, HO BO MHOTWX CNyYanAx 3TO He Tak, M TOraa roBopsT, 4To
TEeOpHUA «HE NoAdaeTCs NMpPOBEepKe», T. €. HEML3A NPOBECTU HUKaKWX TECTOB, KOTOpLIE nokasanwu Bki, 4To oHa
NoMHa.

Mcnoneayemoin hopmoin paccymaeHna ABNAETCH:

runoTesa: P

npegnoceinka: ecnu P, To Q.

Tenepeb BLIBOL 32BWCUT OT TOTO, OKaxeTcs N Q MCTUHHBIM. ECnu 310 NoxHO, TO P ABNAETCA NOMKHbLIM,
W runoTesa P 6eina thanscuduunposaHa. 310 A8OYKTUEHbLIWA BbIBOL: rapaHTUPYeTcs, YTo P paBHO Henpasga.
Ecnu Q oka3blBaeTca MCTMHHEIM, 3TO He [oKaskiBaeT, 4To P MCTWHHO, 3T0 NpOCTO cornacyercsa ¢ Tem, 4T1o P
WCTHMHHO. 3aTEeM HYXHO BbIABWMHYTE APYIYI0 NPEanochIinKy M Opyroe yecnosue ANnA NMpoBepKu.

Mpumep — Munomesa: ce2o0HA ympom wen doxde. Mpednoceuika: ecau cezodHa ympom wen domds, do-
poxka 6ydem mokpoll. IMnupudeckoe Habnrodenue: enaxHa nu dopoxka? IMNUPUYECKUM Pe3ynbmamom Mo-
sem 6bimb «0ay unu «Hems (3amo Moxem buimb npedemaaneHo 6 eude eemeu depesa petieHut).

Amnupuyveckull pesynemam 1; Hem; 6si80d: cezodHs ympom Gox0a He 660 (ecnu NPeodnoIoNeHUe BePHO
u Habnwdexnue docmoaepHo, 3Mo dedyKmueHo 8EPHO).

Amnupuyeckul pesynsmam 2: da; 3aKimodeHUe; Hem.

To, wimo MpPonuHKa MOKPas, JI02UYecKU Co21acyemcs ¢ MeM, Ymo ce2odHs ympom wen doxds, HO 3mMo
HLUYe20 He dokaseleaem. Bo3aMoXHO, MPonuHKa MOKPas U3-3a Moo, Yimo ee NoAueany us WwnaHdeaa unu no opyzoi
npuyure, Beezda Heobxodumo «npednonoxerue 06 omKpLIMOM Mupe ghakmoes, noka He Bydym nonyveHs! do-
manHumenbsHbLIe ¢Eltmbl'.

B noeBceqHeBHOW XWU3HW NIDOW YacTo NPUHMMAIOT UCTUHHOCTL Q 3a qOoKA3aTenbCTBO MCTUHHOCTK P, uTo
ABMASTCA NOrMYeCcKon oWKBKOA, UIBECTHON KaK «yTBEPWABHWE cnepcreua» 1),

1} [uardocTuueckne paceywaeHnsa: Bpaun YacTo BepyT rpynny CUMNTOMOB, Y4Tofbl YKa3aTk Ha Hanuuwe onpene-
NEHHOTO COCTOAHWA, M CTABAT AMArHO3, YTBEP#OAsn, YTo «chMnToMbl X, Y U Z COOTBETCTBYIOT cOCTOAHMID Cxn. TexHuuecku
370 «noaTeepXASHWE CneJcTewAx: AWarHoCT npeanonaraeT, ecni apyraro B0aMOMHorD oBbLACHEHWA HET, YTO kacaeTcs
cumnTomos. Cm. 7.3.5.
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B maremaruke cxema npuHATAA rMnoTessbl, A0MYLIEHWA € UCTUHHOCTH U NPUBEAEHUA K NOMHOMY BbIBO-
Oy Ha3blBAETCS «40Ka3aTeNbCTEOM OT NPOTUBHOMO» . 3TO NOKA3LIBAET, YTO TMNOTE3a HEBEPHA, NOKa3blBas, uTo
TMNOTE3A W BLIBO[ NOTWHECKW HE COMACYIOTCA OpYr C OPYroM.

7.3.5 BailecoBCKMHW BLIBOL,

BanecoBcKuUit BBIBOS — CTATUCTUYECKHIA BLIBOL, B KOTOPOM CBUAETENbLCTBO W/UNu HabniogeHue Ucnons-
3yoTeaA, YTOBL! OBHOBUTE UMK BHOBL BLIBECTU BEPOATHOCTL TOMO, YTO MMNOTE33 MOXET BbITh BEPHOA.

Anroputm baieca — 3TO CTAaTMCTMUECKMA MeToq, KOTOPLIH MCMNOMNbLIYETCA ANA OnpeaeneHusa BeposT-
HOCTH coBbITHIA HA OCHOBE NpegbLIAYLLWX 3HaHWA 06 aToM COBLITUM. 3TOT METOA OCHOBaH Ha TECPUKW BEPOAT-
HOCTW, KOTOPaA MO3BOMAET HaM OLEHWTE BEPOATHOCTE CNyYahHoro cobkITUA, HA OCHOBE €ro 3HaYUMOCTH W
YHacTOThl €r0 BO3HMKHOBEHWA.

HawvsHbin GaiecoBCcKMiA anropuTM — 310 anropuTM Knaccudnkalnm, OCHoBaHHbIA Ha Teopeme baneca
C JONYLEHWEM O HE3aBUCHMOCTH NPU3HaKoB. Jpyrumu cnoBaMu, anropuTiM Npegnonaraer, 4to Hanuyue Ka-
Koro-nMbo Npu3Haka B KNacce He CBA33HOo C Hanu4dvem kakoro-nubo gpyroro npusHaka.

Balecosckuii meTog — 310 cnocob dopMann3auun cTeneHy pasyMHoW YBEPEHHOCTH B HEKOTOPOM yT-
BEPKOSHWM, U €8 KOPPEKTUPOBKK NO Mepe NOCTYNNeHUa MHgopMaL Uy OTHOCHTENBHO MCCNedyemMoro ABNeHns.

BalecoBckWi BeIBOA — hopMa CTaTMCTUYECKOTo BelBoga. CneayeTr 0OTMEeTUTh, YTO CTATUCTWYECKWIA Bhl-
BOA ABNAeTCcA 0cobbiM NOAXOAOM N0 CPABHEHMIO C MaTeMaTUYeCKMM BEIBOAOM. YucTas matemMaTuka KacaeTcs
TONLKO AEAYKTMBHOID BbIBOAA: ECNW MaTeMaTW4eCKoe JoKa3aTenbCTBO JOCTOBEPHD, TO BLIBOALI BCErAa No-
FMYeCKM BbITEKalT U3 nockinok!).

7.4 MawwHHOe 0Oy4eHue

7.4.1 O6WwwWe NONOXeHWA

Mogxodb! K MallMHHOMY 0DYYeHMIo UMEeT DoNbLIoE 3HAYEHWE OMA NPakTUKKW U Hay4YHbIX pa3paboTok.
ANropuTMBl MaLIKMHHOTO 06YYeHWA ynomuHaTcA B GonblUMHCTBE NPUMEPOB MCNONL30BaHKWA cTaHaapTa [5].

B aTom pasgene npeacTaeneHbl Takue metoabl ofydyeHUs, KaKk AepeBo pellueHud, crnyvalHblid nec, nu-
HeWHan unu nornctTudeckan perpeccks, KNN, HanBHeIn DalecoBckuiA Nogxog ¥ NOgXo4bl, CBA3AHHLIE C HEW-
POHHBIMU CETAMU.

7.4.2 [epeBo pelleHW

7.4.2.1 Teopun n MeToakl

Hepeeba pelleHWid NpeacTaBnaT KOHTPONUMPYEMBIE anNropMTMbl MalMHHOTC oby4YeHusa, KoTopble pe-
KypCcWMBHO pasbuealoT NpoCTPaHCcTBO AaHHLIX HA OCHOBE 3HaqeHwin aTtpwubyTtos. CekumoHMpoBaHWe onuckl-
BaeTcqa kak DAG, rge yans B rpade cesisaHsl ¢ TecTaMmu aTpuByToB, a8 KOHeYHble y3nkl COOTBETCTBYHOT Nbo
3Ha4YeHuo knacca, nwbo 3Ha4yeHuto perpeccun. Ha pucyHke 4 nokasaH npumep Knaccudukauwm Habopa
AaHHbIX pacTeHws. MNpaBuna MOXHC CHUTBIBATE M3 Aepesa pelwedwid. Hanpumep, «Ecnu wwpuHa nenect-
ka <= 0,8, To knacc = setosa» unn «Ecnn wupwHa nenectka > 0,8 u gnuHa nenecTtka <= 4,75, To Knacc =
versicolory.

BHyTpeHHWe y3nbl MOryT UMeTb ABa unv Gonee AovepHUX Y3MoB. Yansl, cBA3aHHbIE C YUCNOBLIMU aTpu-
bytamu, yacto pasgensoTcs Ha ABa JOMEPHUX y3Mna C NOMOLLLK BUHApHOro TecTa, Kak NoKasaHo Ha pUCYH-
ke 4.Y3anbl, CBA3aHHbLIE ¢ KaTeropuancHbIMW aTpubyTami, NMBo UCNonbL3YIOT ABOMYHLIA TecT (T. . aTpubyT pa-
BEH MINK HE paBeH onpeaeneHHoMy 3Ha4YeHvin), Nvbo, 4To bonee pacnpocTpaHeHo, NS KeKOoro BO3MOKHOTO
FHAYEHWA, KOTOPOE NPUHKUMAaET atpubyT, ecTb AOYEPHWUA 3MTEMEHT.

1) CyanTe o TOM, SBNAETCA N1 MATEMATUYECKOE A0KA3ATENLCTEO [OCTOBEPHLIM, — MHTEPECHOS YrpaxHeHe, no-
CHONBKY OHO 33BUCHT OT cnocoBHocTel YenoBeka K MaremMaTU4eCckomMy MbllUNEHKID, HO BOOE-I.I.I,B FOBOQRA, 8CNK OOKazaTenk-
CTEO [OCTOBEPHO, TO BCE MATEMATUKM COOTEETCTBYIOWEN KBANUMMKSLMKM MOTYT COMMACUTLERA, YTO 3TO TaK. B HEKOTOpbIX
Oﬁl'[aCTﬂK. TEKNX Kak Teopua HMCen, HeKoTopble TMNoTedksl CoAepXaT NpoeepReMble NPOorHoidbl 0 NOBBAEHWMHU YWCEN, HO B
BonblWWMHCTBE 0BNAcTel YMCTON MaTEMaTUKK HET HWYErD, YTO MOXHO GbINo Bkl SMMIMPUYECKU NPOREPHTE B KAYECTRE Nepe-
KPECTHOWM NPOBEepKW Noka3aTenbcTea. Cm. 7.3.4.
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LUnpokue nenecTkM
=08 >0,8
Knace =
Selnsa AnuHHbLIe NenecTru
4,75 »4,75
Knace = Knace =
Versicolor Virginica

PucyHok 4 — Mpumep nepesa pelleHuii

7.4.2.2 OcHOBHble xapakTepucTUKN

ANropuTMel MHAYKLUWW QEpeBa pelleHuidl CTpoAT AepeBo peweHuid ans onpegenedHoro Habopa obyya-
HLWKMX AaHHBIX, 3T0 BKNOYaeT B ceba ncnonkaoBaHue cTatncTUYecKoro Tecta anga sslbopa Havnyyiero atpu-
GyTa Ans pazgeneHns AaHHbIX Ha kaxaoMm Wware. TecT pasbueaeT Ha pazaens! AaHHbIE U3 POAUTENbCKOro y3na
Ha ocHose BbibpaHHoro aTpubyTa. HenaembiMKu TECTAMKM ABMAOTCA T, KOTOPbIE YMEHbLLUAT KONWYEecTBo
KIACCOB B JaHHbIX, CBA3a@HHLIX C poauTenbLCkvM y3nom, Ao HaGopos gaHHbIX, cogepialivx B OCHOBHOM TOT
He Knacc (T. 8. MeHee HeynopanoyeHHbLIA Uk Bonee YUCTLIA), CBA3AHHLIM C A0YEpHKUMUK yanamu. Pacnpoctpa-
HEHHBIMW CTATUCTUHECKMMMW TECTaMW ABIMAKTCA NPUPOCT MHAQOPMAUMKA WK MHAEKC [IMWuHW. 3TO NPUBOLWT K
CEMEWCTBY anropuTMOB, CBA3AHHLIX C AEPeBOM Knaccuukalum u AepeBsom perpecciui (cm. [2]).

Beog gepeea pellerHnili NpogonkaeTcs 40 Tex nop, noka He BygyT QOCTUrHYThl HEKOTOPLIE KPUTEPWK 3a-
eeplweHna. ObWwne KpUTEPUK BKNIOHYAIOT OCTAHOBKY, KOrga Bce gaHHbLIe Ha Yane MMeloT O4NMHaKoBoe 3HavyeHune
Knacca WnM KoTda ¢ yanom CBA3aHo MeHblE YKadaHHbIX ToYeK AaHHbiX. MakcumansHoe noctpoeHue aepeea
00 Tex nNop, NoKa Bce AaHHble B yanax He ByayT npuHagnexate OAHOMY KNnaccy, 0BbIYHO NpUBOAMT K Nepeob-
yyeHuo. CnefosartensHo, MHAYKUWA aepesa nubo 3agepluaeTcs 40 TOro, KaK 3TO NpoM3oiaeT (M3BECTHO Kak
paHHAA ocTaHoBKa), Nubo makcumaneHoe aepeso 6yget obpezaHo nocne zasepweHus obyyeHns.

MHaykumAa aepesa pelleHnid npedctaensaeT coboi NpocTol anropyuTmM MalWHHOTO 0BY4YeHUs ¢ KOHTPO-
NneM, CO3al0WNA OepeBbsl, KOTOpble OTHOCUTENEBHO NErKo NOHATE Yenosexy. [TockonbKy MHAYKUWA JepeBa pe-
weHuin He TpebyeT 3HauuTenbHOM npeneapuTensHon 06paboTkn AaHHLIX, OHa 0BLIYHO BeiNonHAETCA BLICTPO.
Anroputm 0DOpabaTtiBaeT YMCINOBLIE W KATErOPWanbHbIe JaHHbIe, 8 Takke NponyweHHble 3HaveHus, OgHako
W3-33 CBOEN OTHOCHTENBHOW NPOCTOTEl OH YaCTO He AdeT TakMX TOYHbIX PesyneTaroB, Kak Apyrie KOHTPonu-
pyembie MeToabl.

7.4.2.3 TunWyHble oBnacT NpUMeHeHWs

MHaykumMa gepeea pelleHnit MoXeT reHepupoBaTh YeTkve APEBOBWAHbIe CTPYKTYPLl ANS pasnuuHbIX
pesynsTaToB NPOrHO3MPOBaHWA HA OCHOBE NpusHakor, OBeIMHO 3T0 00BACHWMO 3KCMepTam B NpegMeTHON ob-
nacTh 1 MOXeT BbiTb MCNOMNL30BAHO ANA TakMX 3afad, Kak KnaccudMKauma 1 NPorHo3upoBaHue.

7.4.3 Metog cny4alHoro neca

7.4.3.1 Teopuu 1 meToasl

CniyvaitHblil nec (cM. [2]) — MeToa MalvHHoro oby4YeHWa ¢ KONNEKTMBHBLIM ynpaeneHwem. OH CocTouT
13 Habopa 13 N JepeBbeB PELeHVIA, KaXO0e U3 KOTOPLIX MOCTPOEHO ANA pelleHns 3agaqu MalluHHoro obyye-
HKUS. BONLWKWHCTBO roNOCOE OepeBLeB NPUHATHA PELUEHWI B aHcambBre Uenonk3yeTca 4Ns NPOrHo3npoBaHKs
UnKU KNaccuuKaLun HOBLIX TOUEK OAHHBIX.

AepeBo peweHwit t; B ancamBne cTpouTca M3 HadanbHOW 3arpysku sbiGopku b; obyuaiouiero Habopa.
O6pa3sey Ha4YaneHoR 3arpy3ku — ato obpa3el, B3ATHIA ¢ 3ameHoR va obydawwero Habopa. B cpeaHem oH
COLEPKUT OKOMNO ABYX TPETEIN TOYEK AaHHbIX U3 BbiGopodHoro Habapa aaHHbIX. JTo 03HaYaeT, 4to n 06pasuos
Ha4yanbHOW 3arpy3Kku HEMHOTO OTNWYAKTCA ApPYr OT Apyra, 4To npuMBoAMT K pasHoobGpaanio JepeBbLeB B
aHcambne, UTo B CBOW O4epefb crnocobeTBYeT HaaewHocTH oByyaemoro aHcambns 8 Lenom.

Cny4aiiHele Neca TaKke BHOCAT pa3Hoobpaswe B aHcambne JepeBLeB, orpaHnyueas Bsibop aTpubyTos,
Noanexaliux TeCTUPOBaHUID NPU NOCTPOEHWW epeea, KOTOPOE JAOMKHO COCTOSATL M3 M CrNy4anHo BeibpaH-
Hbix aTpubyToB M3 Habopa gocTynHbix arpubyTos. OBbIMHO M HAMHOIO MeHblue, Y4em d, oblee konn4ecTso
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atpubyToe. YacTo 3Ha4YeHWe m yCTAaHABNUBAETCA PABHLIM JE Takum 06pazomM, OCHOBHLIMW NapamMeTpamu,
YNPaBNALWKUMK anropuTMOM CMyYanHOro neca, ABNAKTCA N W M, a Taloke TUN NMOCTPOEHHOro AepeBa pe-
LUEHWIA.

7.4.3.2 OCHOBHbIE XapakTEpPHUCTUKK

CnyyanHble neca 0bnagatot ABYMSA NONE3HbIMWU CBOMCTBAMW, MOMHO BbIMUCIUTL TECTOBYH OLWWDKY Ans
aHcambns, He npuBeraa K Habopy OTKMOHEHWA, M MOXHO OLUEHWTEL OTHOCUTENLHYID BaXHOCTL aTpubyToR B Ha-
Bope gaHHeIX ANA 388344 MalWKWHHOrO obydyeHus.

37U ceoiicTea 0fycnosneHsl Mcnonb3osaHuenm oB6pasiios, B3AThIX U3 ynakoeku. BeixoaHoi HaBop o, Ans
i-20 fepesa pelweHv — aTo Habop Todek AaHHbIX U3 oByyauiero Habopa, koTopkle He BbiBpaHkl M3 HaYanb-
HOW 3arpyaku b,. B ceAamn © TEM, YTO 0; HE MCNONb3yeTca AnsA obyYeHus fepesa pelweHni {, oH ncnonbayercs
ANA OLEHKA ero TecTosoi owubky. OwrWbKa TeCTUPOBAHWA BCero aHcamBna MoxeT BhiTk oLeHeHa.

AHanornyHo, nyTem nepecTaHoBKW 3Ha4YeHWH onpegeneHHoro atpubyta «a» 1 BelYMCNeHUn pasHULbl B
owwbke TecTa ANF AEpeBRa 00 U Nocne NepecTaHOBKU MOMHO OUEHWThL BAMHOCTE arpubyra. bonswwe pas-
MWYMA B OLEHOYHOWM OWWBKe TecTa YKasbiBaloT HA TO, UTO atpubyT «a» BaweH ANA peweHus npobnemel.
W HaobopoTt, HeGonbliaa pasHdua B cueHoYHoW ownbke TecTa UMW ee OTCYTCTBME YKa3biBAKOT Ha TO, YTO
aTpubyT «a» HepaxeH. MNyTem ycpeaHeHWs No HeCKONbKWM NepecTaHoBKaM W AepeBbAM anropuTh BelYUCIAET
cpegHee yMeHbWweHWe oWwnbKK, KOTOPOE 3aTEM MCNONL3YETCA ANA paHXWPOBaHWA BaXHOCTH aTpubyToB. MHo-
rAa BMECTO TOMHOCTU UCMONB3YETCH CPeAHEe 3HAYEHNE CHVMEHWA WHABKCa [KUHM.

Kak metog ancambng, cny4awHelil nec obnagaer HanBonslWMmMKU NpeMMyLLecTBaMn Npwu UHTepnpera-
UK (0coBEHHO C MCNONB30BAHWEM OLEHKW NepeMeHHON BAaXHOCTH) M HECMELEHHOIW TecToBol ownbkoil ans
aHcambna. OgHako vHorga oH nnoxo paboTtaeT ¢ Habopamu AaHHbIX C OrPOMHBIM KONWYECTBOM YacTW4YHO
KOpPenWpoBaHHEIX aTpubyToBs.

7.4.3.3 TunuyHele 0BNacTy NpUMeHeHna

MeTtog cnyyaiiHoro neca — 370 HafeXHbld KOHTPONUPYEMBIA anropuTM MalwnHHoro obydeHuns. MHTep-
npeTauny pe3ynsTUPYIOLWLEro MogenpoBaHuA cnocobcTeyeT NnepeMeHHan OLeHKa BaXHOCTH OTAenkHbIX ge-
peBeer B necy. [NepemeHHan BaXHOCTE AePEBLEE M3 CNyYalHOro neca Takke 0ObIYHO MCNOMB3YeTCH B Kavye-
cTBe MeToaa Bslbopa NpUaHakoe ANA NpeasapvTenbHON 06paboTk AaHHBIX.

7.4.4 NluHenHan perpeccusn

7.4.4.1 Teopun n Mmetoasl

JNuHelHaa perpeccus — aTo MEeTOf Perpeccuy, KOTOPbI CTPOMT YHKLWID HE3ABUCHUMbIX NEPEMEHHBIX
Ons nNporHO3MpoBaHUS 3HAYSHWIA HEKOTOPEIX LEeNeBbix NepemMeHHLIX.

JlnHehHaa perpeccus — 3TO Camblid NPOCTOR TUN PErpeccUoHHOro aHanwaa. B nuHeRHON perpeccuu
OXWOABMOE 3HAYEHWE ¥, 3a1aHHO8 HABOPOM HE3aBUCHMbIX NEPBMEHHbLIX X = {X,, Xo, ..., xp}, rAe p — 4nucno
HE3ABUCUMLIX NepeMeHHblx, nokasaHo B hopmyne (1)

y=bgtbyxy thyxy + . 4 bpxp, (1)

roe by, by, by u bp — koaghghuyureHmsr modenu.

Kak Tonsko koadphnuneHTsl bp oUEeHeHk!, MOXHO NPeacKasaTe 3Ha4eHWe y, YIUTEIBaA HOBLIE 3HaYeHUA
HE3aBUCUMOK NepeMeHHON X.

B nuHelHoW perpeccuu Lenb COCTOMT B TOM, YTOGLI HAWTH MWUHEWHYIO MMNepnnocKoCcTb, KOTOpas Hau-
nyyuwuM obpa3om CooTBETCTBYET ToMKam AaHHbix. Hanbonee pacnpocTpaHeHHbIM METOL4oM fowvcka napa-
MEeTPOB ABNsAeTcs 0Dbl4Has perpeccus MeToACcM HaWMeHbLWX KBagpaToB, r4e HawnyyYwyuM COOTBETCTBUEM
ABNAESTCA MMNepnnocKocTk, KOTOpaa MWHWUMW3aWpYeT KBaApaT OpTOroHansHOro paccTOoAHWA MeXady ToYKamu
QaHHBIX 1 THNEPNNOCcKOCTLI0. TakMe NoKa3aaTeny, Kak a3HadeHus RZ- W ocTaTouHan cTaHgapTHas owwubka, ua-
CTO WMCNONbL3YKTCH ANA OLEHKA COOTBETCTEWMA MOAENW, a F-CTaTMCTUKA MCNONb3yeTCR ANA OLUEHKW 3Ha4YMMO-
CTW NWHEWHOW 3aBUCUMMOCTH.

7.4.4.2 OCHOBHblE XapakTEPUCTUKN

Mogenw nuHelHOR perpeccu ONepUpyT HECKONBKMMKM AonyleHWAMW. Bo-nepewix, npegnonaraeTcs,
UYTO B3AUMOCBA3L MEXOY 3aBUCUMBIMW W HE3ABUCUMbLIMU MNEPEMEHHBIMK ABMNAETCH NUHENHON. Bo-BTOPLIX,
ownbku (7. e. pasHuua mexay akTUYecKMMHU W PACHETHLIMKM 3HAYEHUAMW y¥) He3aBUCUMbI. B-TpeTbux, Anc-
nepcus ownboK NOCTOAHHA NO OTHOLWEHWIO K OTBETY. B-yeTBepTeix, NpeanonaraeTcy, 4To ownbKkn NponcxogsT
W3 HOpMankHOro pacnpegeneHuAa. HakoHeu, npegnonaraeTcs, 4TO He3aBUCHMManA NepeMeHHaa X W3MepeHa
bes ownbok. Mogens NUHERHOW perpeccui MoXeT GbiTb NErko pacllMpeHa Ansa coagaHna NonMHOMUANbHBIX 1
APYTUX HENMWHERHbIX PErPecCUOHHLIX Mofenei. YTobbl pacnpocTpaHuTs AeHCTRUE HE MOfENb NOMMHOMWANb-
HOW pPErpeccuy, YNeHsl B MoAenu NUHerNHON perpeccyMi 3aMeHsTCa NoNMHOMWanbHbIMK YNEHaMKU, TaKUMK
kak x2. MoxHOo Takke paclinpyTb NMUHEWHYID PETPECCUI0, YTODLI YYeCTb BIAMMOAEWCTBMA MEXIy HelaBWCM-
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MbIMK MepeMeHHbIMu nyTemM fo6aBneHus YNeHos, KOTOpble SABMAINTCS Pe3ynbTaToOM YMHOMKEHUs He3aBucu-
MbIX NEPEMEHHbBIX.

7.4.4.3 TunWyHele oBnacTh NpUMEHEHWA

NuHeiiHaa perpeccua UCNoONLAyeTca, Koraa cyllecTByeT NMHeHaA 3aBUCMMOCTL MEXAY HE3aBUCHMbIMM
M 3aBUCUMBIMKW NepemMmeHHbIMK, 1 HEOﬁXOAIﬂMD HaAWTK 3Ha4YeHWe 3aBUCUMOKM I'IepE'MEHHOI:'I_ Hanpumep, npu
NpOrHO3MpoBaHUW CTOMMOCTI SOMA C YYETOM LEH Ha Xunbe U 0coBeHHOCTEN MECTHOCTM.

7.4.5 lNoricThyeckan perpeccun

7.4.5.1 Teopun u metoabl

Norvctruyeckas perpeccus — 310 METoA KnaccudmkaLmm, NP KOTOPOM B3aMMOCBA3L MEXY He3aBncK-
MO NepemMeHHoN X 1 3aBUCUMOIA NepeMeHHON Y MOAENWPYETCH B COOTBETCTBUM ¢ chopmynoi (2):

o9 (1 250%) =Fo + 1 Xy # B2 Xt oty X @

rae p(X) = P(Y = 1|X);
Bo. By. By, By — KOSDDULNEHTSL.

Nesan 4acTe hopmynbl NpeacTaenset coboi norapudmMmuyeckoe npeobpasoBaHve KoadpuUMeHToB
Pp(X), n norncTryeckan perpeccua NpeanonaraeT, Y70 OHO MOXeT DbITk BEIP&KEHO B BWAE NUHEWHON yHKLKK,
KoathdmumeHTsl NOrMcTUMECKOW Perpeccuid obeIYHO OUEHWBAKOTCA C MCMOMNb3OBaHWEM METOAa MakcuMmarnb-
Horo npasgonofobun. MakcumansHoe npagaonofobwe HanpaBneHo Ha OLEeHKY NapamMeTpos Takum obpasom,
4106kl NporHosMpyemasn BepoaTHOCTb P(X) kawaon BxiGopkk Beina Kak MoxHo Bnvxe K hakTUYecKoMy 3Haqe-
HWK BEIDOPKK.

7.4.5.2 OCHOBHblE XapaKkTepUCTUKN

NorucTnyeckas perpeccus BLIMUCNAET BEPOATHOCTE TOTO, YTO OAHHOE WCXOAHOE 3Ha4YeHue npuHaane-
HWT K onpedeneHHomy knaccy. OHa ucnonb3yeTcs Anga 2agay knaccudmkauni: oLeHWBaeT anocTepuopHsle
BEPOATHOCTW NPUHAANEeKHOCTH AaHHoro o6LeKTa K TOMY MW MHOMY Knaccey. [ns oueHKW mogenu noructuye-
cKas perpeccus NpuMeHaeT MeToh MakcuMankHoro npaegonogobuns,

7.4.5.3 TunuyHele oBnacTth NpUMeHEeHNA

NorveTuyeckan perpeccus UcnonbayeTtea Ana Hebonblwwx HaBoPOB AaHHEIX, rOe CYLeCcTRYeT NWHeAHan
33BUCUMOCTb MEXOY HE3aBUCUMbIMK U 3aBUCUMbIMW NepemMeHHbIMI. TormcTuyeckan perpeccus Bonblue Bce-
ro NoAXoavT ANS Habopoe AaHHBIX, B KOTOPBIX BCTL TOMEBKO ABa Knacca. [1ns MHOXEeCTBEHHOW Knaccuduka-
UM Bonee NoaXoasT TAKME METOOL! Kak NMUHERHLIM OAMCKPUMMHAHTHLIN aHanma.

7.4.6 Metoq «K-6nuxanwuni coceg»

7.4.6.1 Teopuu 1 MeTOAbI

KNN — 3To MeTon MalunHHOro oby4yeHus, KOTOpbIA UCNONb3YETCR Kak ANA knaccudukau i, Tak u ans
perpeccuu. Ero uHorga HaseIBaoT «NeHUBbLIM: anfopUTMOM, MOCKOMEBKY OH He M3BnexkaeT yHKUUIo U3 oby4a-
WOWMX gaHHsix. A KNN asnaetca HenapaMmeTpuYeckuM METoOoM, NOCKOMLKY OH He npegnonaraeT huKCHpo-
BaHHOW CTPYKTYPEI MOOENM.

KNN genaeTt nporHo3s s HOBOW TOYKM OaHHbIX, Haxoas «Bnuxaiwux cocedeiy 8 oGyyaroWwmnx AaHHLIX.
Bnuxaniuve cocedu onpeAensalnTca ¢ NOMOLLLI NokazaTeneil paccTtoaHus. OBWuWe nokazatTenu BKMYaKT
pacctoaHua: Eeknuaoeo (Euclidean), ManxaTtten (Manhattan) m MaxananoBuc (Mahalanobis). MNpw knaccm-
MKaurn anropuTM Haxogut K-Bnvxalwmnx coceden, 1 METKA Knacca ABNAeTcA Havbonee pacnpocTpaHeH-
HOW MeTKol B aTux Bnumanuux coceanx. [pu perpeccui oUEeHOUHOE 3HAYeHUE YACcTO ABNAETCA CPeqHUM
3HAYeHWEM Ons Gnuxanllnx cocenei.

7.4.6.2 OCHOBHblE XapakTepUCTUKN

Mockoneky KNN sasucuT oT Mep paccTosHWus, 0BbIYHO PEKOMEHOYETCA HOPMATW3oBaTh 3HAYEHUA He-
npepsiBHbIX aTpyubyTos, YTobbl onpefeneHHsble aTpubyTsl HE NPEBLIWANK Pe3ynLTURYIULYID Mepy paccTos-
HusA. MNockoneky KNN fBnseTcs HenapaMeTpuyeckum metogom, oH ocobenHo nogxoauTt Ana HaBopos aaH-
HbIX, B KOTOPBIX OTCYTCTBYIOT YETKME rPaHULbl NPUHATUA PELWEHWA UMW KOTOPBLIE HEMErKo CMOAENUPoBaTE.

QOpnum na HepocTaTkoB KNN sensieTcs 1o, 4To He CyLecTBYET YAoBNeTROpUTEnsHoro cnocaba paGoTs!
C KateropuansHbiMmu atpubyTamu.

7.4.6.3 TunnyHele cbnacTv npuMeHeHns

KNN — npoctas aona NOHUMaHus W peanvaauvy Modenb, W OHa 4acTo AAeT NpUeMNeMble pesynbTaTthl.
CnepoBatentHo, 8T0 XOpoLWWiA Dazosbi METOM, KOTOpLI cToMT nonpobosaTts nepen Gonee NpoaBUHYTHIMM
metogamu. Mockoneky Ang BeiNONHEHMA knaccudukaummn unu perpeccun KNN Tpebyet ncnonssosaTe Beck
Habop AaHHbIX, NPOTHO3WPOBAHKE MOXKET BbiTh CUeHb MEeAneHHbIM Npu BoNbWOM pasMepe AaHHbLIX UMW Bbi-
COKOW Pa3MepHOCTH AaHHbIX.
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7.4.7 HanBHbIn BallecoOBCKMIA nogxoq

7.4.7.1 Teopnu n metogel

HaueHblit Bailecoeckwid knaccudvkaTtop (Naive Bayes classifier) — sepoaTHOCTHBIR KnaccudmkaTop
Ha ocHoBee hopmynel Balieca co cTporum (HaWBHLIM) NPEANONOMEHWEM O HE3ABMCUMOCTY NPU3HAKOE MEXIy
coBoit Npu 3aaHHOM KNacce, YTO CHMbHO YNPOLLEeT 3afady KnaccuuKalm u3-3a oUeHK1 OJHOMEPHLIX Be-
POATHOCTHLIX NNOTHOCTEH BMECTO OOHOA MHOTOMEPHO.

B paHHoM cny4yae, OAHOMEpHas BEPOATHOCTHAA NNOTHOCTE — BTO OLUEHKA BEPOATHOCTY KaMO0ro Npu-
3HAKa 0TAenbLHo NpK YCNoBAKW UX HE3ABUCUMOCTU, 8 MHOTOMEpHAas — OLLEHKa BEPOSTHOGTW KOMBUHaLMK BoEX
NPW3HAKOB, YTO BLITEKAET W3 Chy4as WX 3asMcumocth. MMeHHO no 37O NpuYMHe aaHHbln KnaccudmkaTop
Ha3bIBAETCH HAWBHBIM, NOCKOMNLKY NO3BOMAET CUNLHO YNPOCTUTL BLIYUCTEHWA W NOBLICUTE A(PMEKTUBHOCTL
anropuTma.

HauweHei Bakecoeckuin nogxon obobuiaeTca B HEKDE NpeacTaBnedve unu modens. Havwedas Ganecoe-
CKanA MoAenb ucnansayet GallecoBckyra Teopuio Ans obydyeHuns u BeIBOAA, Kak nokasaHo B chopmyne (3).

Cawma we cdopmyna Baineca eeirnaguTt cneaywwmm oGpasom:

P(A|B) = {P(BIA) P(A){P(B)}, (3)

rne P(A|B) — anoctepyopHas BEpPOATHOCTL CobbITUA A NPKU YCNOBMW BLINONHEHWSA cobbITHA B;
P(BJ|A) — ycnoBHas BepOATHOCTE COGLITHUA B Npu YCNOBWUKW BbINOMHEHWS coObITUA A;

P{A) n P{B) — anpvopHble BepoaTHOCTW cobeiTuii A U B cooTBeTCTREHHO.

7.4.7.2 OCHOBHbIE XapakTEepUCTUKK

YTtoBbl HARTU BEPOATHOCTH ANA AMCKPETHON NEpemMeHHON, 3HAYEeHUA KaXO0ro BO3MOXHOIO Knacca mnu
3HaYeHns aTpubyTa cBoaaTCs B Tabnuuy. Ecnn nepemMeHHan HENpepbiBHa, TO HEOBX0OUMMO OLEHUTL OYHKL IO
pacnpegenesns BEPOATHOCTEN NEPEMEHHON,

7.4.7.3 Tunu4yHble oBnacT NpUMEHEHWS

Ona knaccudukayuy UCnone3ylTcs HaueHele BallecoBcke MOOENKU, NPEUMYLLECTBEHHO NpW Hebonb-
wom obbeme Habopa gaHHbIX. Takoh HaBop AaHHblX MOXET OblTh UCNONb30BaH ANA MHOMOKNACCOBOW KNac-
cudpukaumn. Ero He pekoMeHOyeTcs NPUMEHRATb, BCNKW He BBINONHASTCA nNpeanonoxedre ob yCrnoBHOW Hesa-
BUucumocTu atpubyTos. [ns Hebonbelwwx HABOPOR OaHHBIX, ecnu P(AI|C) paBHo Hynw, BCe NpeacKasaHne He
BbINQMHAETCH.

7.4.8 HelApoHHan ceTb NPAMOTo AeHCTBUA

7.4.8.1 Teopuun 1 meTodk!

HerporHble ceTh FEFNN vmetdT ToNonorMNeckyd CTPYKTYPY, B KOTOPOW Kaxabld HEAPOH NPpUHAANERUT
K onpegeneHHomy cnow. Kaxabiil cnoid HEMpOHOB NOMNyYaeT BXOJHLIE CWIHAmMLI OT HEWDOHOB NpefblayLle-
ro Crosi U BbIXOAHBIE CHIHANLI K HEApOHamM cnegyrowero cnod. Crnon Mexay BXOAHLIM CNOEM M BhIXOOHBLIM
Cnoem ABNAITCA CKPbITEIMWA cnoaMK, CHUrHan pacnpocTpaHAeTcA 0T BXOAHOTO YPOBHA K BbIXOOQHOMY CNoi0 B
OOHOM HanpaeneHyw bea obpaTHoi CBAau, KOTopas MOXET BuITh NpeacTaeneda DAG. Ha pucyHke 5 nokasaH
npumep FFNN

1 — BXOOHOW CNOW; 2 — CKDRITLIA CNOW; 3 — BEIXOQHOW cnol

PucyHok 5 — lMNpumep cTpykrypol FENN
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7.4.8.2 OCHOBHbIE XapakTeEpPUCTUKN

FFNN oBnapgatT BeICOKOW cNocoBHOCTLI K NOATCHKE M MOTYT annpoKcuMupoBaTh oBliMe Henpepbis-
HblEe HEeNWHEeRHBIE hYHKLWK, KOTOpLIE MOryT BTk MCNONb3OBAHKI ANA NpeobpazoBaHna CNOXHBIX NPU3HAKOR
UMK annpokcUManui CNoXHOro YCNoBHOTO pacnpeneneHus.

B mawmnHHoM oby4eHnin BXOAHbIE XapakTepUMCTUKM OKasbiBaloT Gonbluoe BNUSHWE HA KnaccUdUKaTop.
Ecnu B3sTe B KauecTee npumepa KoHTponupyemoe obyueHue, To ahekTUBHbIE KnaccudUuKkaTopel MOryT
3HAYWUTENMLHO NMOBLICUTL NPOW3BOAUTENLHOCTL. CnefoBaTenbHo, ANA AOCTUMEHWA NPUEMNEMLIX pesynsta-
TOB Knaccudmkaln Heobxooumo onpeneneHne npwsHaka, NpyW KOTOPoM BekTop Bbibopku npecbpaayertcs
8 Bonee adhdekTrBHbIN BEKTOp NpuaHakos. Mockonbky MHOrocnoiHbin FFNN MOXKHO paccMmarpyMBaTte Kak He-
TNIMHERHYIO COCTaBHYIO (OYHKUMIO, OH Taloke MoxeT ObiTs NPUMEHEH B Ka4ecTBe MeToga npecbpaszosaHna npu-
3HAKOB, IE ero BbLIXOAHLIE OAHHLIE MOTYT WCMONL30BATECHA B KAYECTBEe BXOOHLIX OAaHHLIX KnaccuwkaTopa
A8 Kknaccudoukaumy, Korga cTpyKTypa CKpPbITLIX CMNOEB U HEWPOHOR ONTUMU3MPOBAHA, MHOTOCNoMHEIe FFNN
MOTYT TOMHO anMpPOKCUMKUPOBATE CMNOXHbIE HenpepbiBHbie hyHkuun. Oanum 13 cnabeix mect FFNN aenaetcs
TO, 4YTO OHW NOgBEPKEHbI NepeobyyeHnio, Tak 4To Mogenb He cnocobHa HagewHo 06obwaTecs Ha HoBblE
OaHHbIE,

7.4.9 PekyppeHTHas HEMpPOHHAA CeThb

7.4.91 Teopun v meToabl

RNN — a1o TMN HERpoHHOR ceTi, obnananuleil BO3MOKHOCTAMKM KDaTKOBDEMEHHOW namsThn. HenpoHbl
MOrYT Nony4Yats WHpOpMaLMID Kak oT Apyrx HeNpoHoB, Tak W oT camux ceba B RNN, obpa3sys, Takum ob-
pa3oMm, CETEBYK CTPYKTYPY c netnei. Ha pucyHke 6 nokazad npumep RNN. Matematuyeckn RNN moxHo
paccMaTpuBaTth Kak AVHaEMUHYECKYIO CUCTEMY, KOTOPAas MCNoNb3yeT MyHKUMIO A8 ONWMCAHNA W3MEHEHWS BCEX
COCTOSIHMIA B 3a0aHHOM MPOCTPaHCTBE co BpemMeHeMm. [MonHocTeo nogkniodeHHas RNN ananorvyHa nioGon
HEMWHENHOW AMHAMWYECKOW CUCTEME.

Beixon
[ hy

hy //—\‘n

BpemeHHas
CKpbITEIA cnow okKa
A
X \_,/
A4
Bxap

PucyHok 6 — lMpumep cTpyktypbl RNN

7.4.9.2 OcHOBHble xapakTepucTUKn

RNN moryT npumMeHaTbes K pasnnyHbiM TUNam 3afad MalnHHOO 0DyYeHus, BKNYaa cnegyloume
3agaqu:

- 3agada npeobpasoBaHnsA NOCNENOBaTENLHOCTH B KATErOPUI0 B OCHOBHOM WCNOMNb3yeTCs ANA Knaccu-
puKkalmn faHHBIX NocneaosaTensHoCTH, fae Mofens MalMHHOIO 0By4YeHUn NpUHUMAET AaHHbIe Nocnefo-
BATENLHOCTM B KAYECTBE BXOAHLIX AAHHbLIX W BbIBOAWT AaHHbIE KaTeropun. Hanpumep, npu knaccudukaym
TEKCTAa BXOOHbLIMW JAHHBIMW ABMAETCA NOCNEA0BATENbHOCTb CMNOB, BbIXOAHLIMU — KaTEropusa TekcTa;

- 3ajaqa CMHXPOHHOTO Npeobpa3osaHWa NOCNefoBaTeNbHOCTM B NOCNE10BaTeNbHOCTE B OCHOBHOM UC-
nonb3yeTca ANA MapKWPOBKU NOCNeAcBaTeNbHOCTEN, rOe BBOA W BLIBOA NPUMEHAKTCA K Kaxkgomy obpasuy,
OMWHa BXOAHOW 1 BLIXOAHOW NOCnejoRaTenLHOCTEN oAWHAaKoBA.

Hanpumep, npu TerMpoBaHun YacTel peyy Kaxgoe CNoBo JOMMKHO BbiTk NOMEHEHO COOTBETCTBYIOWNM
TErom YacTh peyu,

- B ACMHXPOHHBLIX 3afadqax «nocnefoBaTensHoCTL 3a NOCNefoBaTeNbLHOCTLION, TAKKE W3BECTHLIX Kak
MOME/lb «KOAEep — AEKOAep», BXOAHLIE W BbiXO4HBIE NOCNEA0BaTeNIbHOCTH He 00A3aTenbHO QOMKHBI CTROMO
COQTBETCTBOBATE APYr APYry W He oba3aTtensHo NogaepHUMBaTE DAMHAKOBYID AnuHy. Hanpumep, npy MawwH-
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HOM MepeBoe BXOAHbLIMKA AaHHBLIMKW ABAAETCA NOCMEeA0BATENBHOCTE CNOB MCXOOHOMO A3bIKA, BbIXOAHBIMWU —
NnocnenoBaTensHOCTL CNOB LIENEBOID A3biKa,

GDOM yqacTto wecnoneayetca ans waydeHus napametpoe B RNN. OAns eeivvcneHns rpaguexHTa Mcnons-
aywotcs metoabl BPTT u RTRL. ®yHkuua BPTT aakniouaetcs B nepeaade uHdopmauum ob ownbke snepen
Luar 3a Wwarom B cOOTBETCTBMM ¢ 0BpaTHLIM NopAaKoM BpemeHu. MNockonbKy pasmepHocTs Beisoga RNN Hitke
yeMm paamepHocTs Beoaa, BPTT obnanaer xapakrepucTukaMmn MeHbllero obbema BblUMCneHn, Ho Bonewei
MpoCTPaHCTEEHHOM cnoxHocT. Mockoneky mMeTton RTRL He Hy#AaaeTcn B rpadueHTHOR obpaTHOM CBA3KW, OH
NnogxoawT gns 3agad, Tpebylowmx oHnaH-obyveHms. OTHOCUTENEHO ANWHHASA BXOGHAA NOCNeaoBarelnbHoCTh
BbI30BET Npobnemy rpagueHTHOrO B3pbLIBA U MCYE3HOBEHUS, TAIOKE W3BECTHYI Kak npobnema AonrocpoYHoin
3aBMCUMOCTK. [Ana cMardeHua aTol npobnemebl Guinu paspaboTadsl yocoBeplweHcTeoBaHUMA RNN, Takue Kak
cTpoBUpYOLLIME MEXAHHU3MBI.

7.4.9.3 TunuyHele 0BnacTv npUMeHeHuA

RNN wwpoke vcnone3yloTcA B pacrosHaBaHuK peudy, A3blKOBOM MOLENUPOBaHWK W reHepauwn ecte-
CTBEHHOIO A3bIKa.

7.4.10 CeTk ponroi kpaTkocpoyHou namaTy (LSTM)

7.4.10.1 Teopwn v MmeToabl

Cetb LSTM — at1o cneumwansHas RNN, kotopas moxer nonyyats uHdopmalunio o JoNrocpodHon 3a-
BUCMMOCTH. BXOAHKIE 3NEMEHTSLI, 3NEMEHTHI 3266IBAHUA 1 BBIXOAHLIE 3NEMEHTLl UCNONL3YINTEA B ceTk LSTM
Ans ynpaeneHns MHQopMaLoHHbIM NoToKkoM. BxogHele anemeHTel BeIBOPOYHO «3aNoMUHaTCH». SnemMenT
3abeiraHns BeIBOpOYHO 3abbiBaeT BXOAHLIE AAHHBLIE C NpeakiAyLiero yana. BeixoAHoW aneMeHT onpegenser,
Kakue BbiXoOHbIE OdaHHblE ByoyT obpabaTbiBaTLCA Kak Tekyllee COCTOSHME.

7.4.10.2 OcHOBHbIE XapakTepucTUKn

CeTb LSTM MoxeT nay4aTb 3aBUCMMOCTM Ha BonblKMX paccToAHMAx Gnarogaps BHeOpPeHWD MexaHus-
Ma, KOTOpbIA ABNAETCs Haubonee BaXHOW XapakTepucTUKON ANs KOHTPOMNS LMPKYNALWK U NoTepn hyHKLMWA.
CropocTe 0T3bIBa MO cety LSTM Bbicoka, NOCKOMEKY CYLWECTBYET CUNBHAA 3ABUCUMOCTE OT JansHOCTH Oei-
cTBMA M 0DbeM OaHHLIX, KOTOpkeIe MOrYT BeiTe 00paboTaHel, Benuk. CeTe LSTM MoXeT MCNoNeL30BaTECH Kak
CBOED poAa «NPOMEKYTOYHOE COCTORHWER ANS ONUCAHWA NOCNEeNoBaTenbHOCTH, W Pe3ynbTaThl TAIGKe MOryT
BbITb NpUMEHEHLI B KavecTBe YHKUMIA ANg nocnegyowera MenonbaocBaHusa.

Cetu LSTM ycTpaHsoT npobnemy yBenuyeHua rpagMeHTa Mnu MCYe3HOBEeHWA rpagueHTa npocTeiM Cno-
co6om RNN. Cetn LSTM B HacToswee Bpema moryT obpabateieate nNocneqoBaTensHoOCT BenuywrHoin 100
NOpPROKOB, HO NMpobnema ncYe3aloLWerc rpagneHTa BCe eLle MOXeT COXPaHATLCA ANA nocnejoBareneHocTen
senu4vHon 1000 nopAgKkos N SOnbLUE,

Mockoneky kaxpoas adveika cet LSTM umeeT YeTeipe NONHOCTEH NOAKMHKYEHHBIX YPOBHA, 8CnK Bpe-
MeHHOW uHTepean cetu LSTM Benuk 1 cett rmyboka, 370 BbiYMCreHWe MoxeT ObiTe BonbLWWM M OTHUMATL
MHOIo BpEMEHMW.

Cetu LSTM Taicke TeopeTuyeckm cnocobHbl noabupaTte NnpouaBonbHbie yHKLWKM, B KOTOPbIX Npeano-
NOXEHWA M OTPaHUYeHIs, CBA3aHHEIe C npobnemoil, 3HaunTensHoO ocnabneHes.

7.4.10.3 Tunu4yHble oGnacT NpUMEeHeHUs

MpunoxerHus cet LSTM BrknovaloT MalwWHHBIA Nepesoq, A3blk0BOE MOOENUPOBAHKE W Pacno3HaBaHue
peuw.

7.4.11 Ceepro4yHan HeMPOHHaA ceTk

7.4.11.1 Teopuw n meTogbl

CNN — aTto HenpoHHas ceTbk ¢ npamoin ceasslo. CNN — STo MHOTOCNOMHLIE NEPCENTPOHLI, OTPaMXato-
uMe buonordeckuin obpas moiwnenus. CNN BknoyawT B cebs BXOQHOW CNOW U KOMBWHALKWID CNOEE CEEPTKA,
CNOEB aKTUBaUWK, 0DbLEAMHAIWErO cNoA, NOMHOCTEK NOAKMYEHHOro CNos U GNoeB HopManuaauyuu. Mpu-
mep cTpykTypbl CNN B BMae Mogeny MalnHHOro oby4eHs nokasaH Ha pucyHke 7.

7.4.11.2 OCHOBHBIE XapPaKTERPHUCTHUKWN

CNN — ato, no cytwn, otobpaxeHve Beoga-eeiBoga. OHa moxeT may4nTe bonbwoe konnyecTeo oTobpa-
AWM COOTHOLIEHWUA MEX Y BXOAHBIMK AaHHBIMK W BEIXOAHBIMK AaHHBEIMK Bes kakoro-nubo To4Horo marte-
MaTWYECKOro BblpaMKeHWA MeXN Y BXOAHBIMM JaHHBIMK U BbIXOAHLIMK AaHHBIMK. CNN oByyeHa Ha obyyaioLeit
BbIGOpKe, 00 Tex Nop, Noka AaHHbie, ucnonskayemble aAna pabotel, penesanTHsl ofiydatoulein Beibopke, ceTk
WUMEET BOZMOMKHOCTE KOPPEKTHO NPeACcKa3blBaTh (BLIXOOHbLIE AaHHbLIe).
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PwcyHok 7 — MNpumep cTpykTypbl Mogenu MawmnnHoro obydennsa CHN: cets LeNet5

OpHoil na Hanbonee BaxHbIX xapakTepucTuk CNN asnaetca 1o, 4TO oHa MMeeT JopMy NepeBepHyToro
TREYIONBHUKE, YTO OIPAHUUYMBABT YPE3MEpHYIO NOTEPH NPaAMEHTa B HENPOHHLIX ceTax obpatHoro pacnpo-
CTpaHeHus.

[Mpy MCNoONL30BAHWW MaLIMHHOTO 0By4YeHKWA ana obpaboTkn M3obpaxeHWA AOPO CBEPTKM NeEpemellacT-
cA no u3aobpaxeHwo (MNKW onpegeneHHoMy 06bekTy), 4ToBLlI NONy4KUTE HOBLIM Habop dyHKUWA ¢ NOMOLW LD
onepauuin ceeptkn. Cnon CBEPTKM MCNONBL3YETCA ANA W3BNEUYEHWA NoKanbHeiX 06BLEKTOB, rae aapa CBEpTKM
hYHKUMOHUPYIOT KaK cpegcTea uasne4veHnsa obvektos. CNN obnagatoT gByMA BamHbIMM 0CODEHHOCTAMM;

- NoKankHble COeAQUHEHWA, MAe KaXKAkbW HEWPOH B CBEPTOYHOM CMOe NOAKMYEeH TOMbBKO K HEWPOHY B
onpefeneHHoM NoKanbHoM OKHe Ha cnegywem cnoe, obpa3ya nokankHyw ceTh COaAMHEHWNA;

- pacnpefeneHue Beca, npum KoTopom hunsTpbl ANA BCeX HENPOHOB Ha CNoe OAMHAKOBbI.

B atom cnyuae ceTb MoxeT 0ByyaTheA nNapannenbHo, YTO TAKKE ABNAETCA OAHMUM W2 MPEUMYLLECcTB
CNN no cpaBHeHWIo ¢ HeWPOHHBIMK B3aMMOCBA3aHHBIMW CETAMM,

Mockonsky CNN coBMECTHO MCNOMbayoT S4Pp0 CBepTkH, NoTpebHocTb B 0GpaboTke MHOTOMEPHBIX AaH-
HbiX cCHUXkaeTcd. [nA onTMMKU3auuK NPoU3BOAWNTENBHOCTH (HanpUMep, ANA TOMHOTC MPOrHO3WPOBaHWA Knac-
coB usobpaxkeHuid) MoryT noTpeboBaThes 3HaUMTENBHBLIE PyYHbIE YCUNUs NpK BbiBope dyHKLWIA, TPeHUpPOBKe
BECA W HACTPOWKE NapameTpoB.

Yacto TpebytoTea Gonelwve Habopel 0ByYanWmnx 4aHHeIX, YTO B CBOK oYepedb MOXeT noTpebosarts 1c-
nonkL30BaHnA rpatMYeckux NpoLeccopoB, MHOMCALEPHLIX NPOLUECCOPOB MNKU NPOLECCOPOB ANA KOHKPETHBIX
npunoxeduin. CNN Take He Bcerfia nogaanTcs 00bACHEHWID, NOCKONLKY HEACHO, KAKWe AcnekThl BXOOHbIX
OaHHBIX OTPaKaKTCA B BEIXOAHBLIX 0TOBpaXeHnsnX.

7.4.11.3 TunuyHele 0BNAcTU NpUMEHeHnA

CNN WMpoko UCNonkayTcs OANA pacnoaHapaHWa MaoBpameHuil U Knaccudukauun, HanpyuMep B Npu-
NO¥EHWAX ONS pacno3HaBaHWUs L,

7.4.12 Mopoxaarwillan coCcTA3aTeNLHaA ceTh

7.4.12.1 Teopun u MeToAb!

GAN wcnone3ayloT cocTAsaTensHoe oByYyeHue 1 reHepaTBHEIE MOJeEN ANS nonyYeHns Beibopok, coaT-
BETCTBYIOLLUX peanbHbIM pacnpenenexHusam nanHoix. GAN oby4aoT CeTU-reHepaTopsl, KOTOPbIE NPOW3BOAAT
BbIfOpKkK, NpeaHaaHayeHHble 4NA Toro, YToObl Bbi3BaTk HENPABUNLHYIO KNnaccudUKkauuio cO CTOPOHEl CeTK-
JWcKpuMUHaTopa.

GAN Taixe oby4adT CeTH-OUCKPUMWHATOPE!, KOTOPEIE NBITAKTCA ONPENenUTsE, ABNAETCA N BeIGopKa
peanbHbIMK AaHHBIMW UK CO303ETCA CETbI-TeHEPAaTOPOM.

Takum oBpazom, ABE NPOTUEONONOXKHLIE CETU NOCTOAHHO 06yyaTea. KoHBepreHUWs NpoucxoauT, koraa
ceTb-ANCKpMMUHaTOP DonbLie He MOXKET TOYHO KnaccnduuWpoBaTe BeIDOPKW KAk HacToswne unv nogaens-
Hblg, TaK 4TO CeTb-reHepaTop BeliAaeT BuIGOpKW, COOTBETCTRYIOWMWE peansHoMy pacnpefeneHuio AaHHbIX.

7.4.12.2 OCHOBHBIE XAPAKTEPUCTHKK

GAN mMoryT npencrasnaTh CKPbIThIE M3MEPEHWA W JAEMOHCTPUPOBATL CKPLITHLIE B3AMMOCBA3M Mexay
darHbimu. o cpasHeHWD C 3aa4er oNTYMM3aUMK C OAHOR Lenbto, Uenu onTuMU3aumn CeTM-reHepaTopa w
ceTh-guckpumuHatopa B GAN npotusononoxHel. Moatomy npouecc obyyeHna GAN MOXKeT BeiTe CNOKHBIM
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W HecTabunbHbIM, BO3ZMOXHOCTM ABYX CeTell AomiHbl 6uiTe cBanaHcwpoBaHbl. Ecrin ceTh gWCKpUMUHATOpPa
CNWLLIKOM HaZEeXHa Ha HadanbHBIX CTAAWAX COCTA3aTeNbkLHOCTH, TO CETk reHepaTopa 3aTem HEe CMOXKET Yny4-
wuTkcA. B npouecce obyvyeHuna TpebyeTca onTWMU3aUWA runepnapaMeTpoR Takum obpa3som, 4Tobkl Ha Kax-
aoi UTepauuu ceTb AMcKpuMUHaTopa Beina HeMHoro Bonee HaAEeMHON, YEM CETh FeHEpPaTOopA.

7.4.12.3 TunuuHble oBnacTy NpUMEeHeHKA

GAN obeiMHO MCcnoneayoTes B 3agadvax o6paboTkm naobpakeHun, Takux kak npeobpasoBaHne TeKcTa B
w3obpaxeHne, nepesBo u3obpaxeHua B 3obpaxeHue v pucoBaHMe naobpaxeHni,

7.4.13 TpaHcdepHoe obyyeHHe

7.4.13.1 Teopyr U MeToAabI

MeToabl nepega4y 3HaHWIA XpaHAT U aABCTparMpyloT 3HaHKWA, NONy4YeHHsIe M3 0ByYamwWmnx JaHHbIX Ons
AaHHOW 3a0a4n, W NPUMEHSIOT 3TK 3HaHWUA K Apyroli 3anade. 3HaHuA B opMe MoAenu MalMHHOro obydeHus
npu HekoTopblx o6CcToATENLCTEAX MOryT BbiTh 34anTUPOBaHLl K HOBOW 2aAade Wnu npegMeTHol obnactu.
370 ocobeHHO NONe3Ho, korga TRYAHO WM HEBO3MOMXHO MONyYUTE M NOMETUTE 0DyYalWwmre gaHHEIe 4A 3Toi
HOBOW 3a4a4n Wy npegMmeTHon obnacTm

7.4.13.2 OCHOBHbIE XapaKTEPUCTUKK

TpaHcthepHoe 0b6yyeHWe OCHOBAHO Ha BbIABMNEHWW BOZMOXHOCTEN NPUMEHEHUHA CYLLECTBYOLMX 3HAHWA
B HOBOW NpeameTHOR oBnacTu, nepefaqe NOMEYEHHLIX AaHHBLIX AW CTPYKTYP 3HaHWA (Hanpumep, moaenei
MalwrHHoro oby4YeHWs ) ANA UCNONL30BAHMA B 3TON HOBOW NpeamMeTHoR obnacTu K HacTpoilke Unw onTUMK3a-
UK nepepaBaemMelx 3HaHWHA NPUMEHUTENEHO K HOBOKW Lenesoin obnactu unu 3agade.

TpaHchepHoe 0ByYeHWe NpegHazHa4YeHo ans YMeHsIeHWs 3aBMCUMOCTH OT BonbLlumx obEeMOoB MapKu-
POBaHHBIX JAaHHBIX, OTHOCALLMXCA K KOHKPeTHOM NpeamMeTHOR obnactu. OgHako OaHHbIe He Bcerga noaaanTes
aganTauuMi K HoBbIM 0BnacTam, U nepenasaemble 3HAHWA He BCeraa afeKkBaTHO OTpaMalT XapakTepUucTUKMA
AaHHBIX B HOBbIX [OMEHAX.

B 3aBrcvMOCTKW OT TOTO, 4TO NEPEQAaEeTcA, Noagxoab! K TpaHcdepHoMy oBy4eHW0 MOryT OCHOBBIBATLCS
Ha nepeaaqe obObekTOB, Nepefadqe iyHKUWA MMM COBMECTHOM MCMONB3IOBAHWW NapameTpoB. TpaHcdepHoe
oBydyeHue TaiKe MOXKeT BbITh KnaccnMUMPOBAHO Kak MHOYKTUBHOE WNKM TPaHCcOyKTUBHOE. Kak npasvno, npu
WHOYKTUBHOM 0BYYeHHI C NEPEHOCOM MCXOHbLIE M LENEBLIE AOMEHLI CBA3AHLI APYr C APYIOM, 1 ncxoaHasn ob-
NacTb onnpaeTcs Ha Gonbluoe kKonuyecTeo oby4atolwmx BulGopok. Mpw oByJYeHun TpaHcOyKTUBHOMY NepeHocy
MpoLecec nepeaayn NpoucXoauT ¢ UCNomNb3oBaHUEM NaHHLIX U3 Pa3HbLIX JOMEHOB.

7.4.13.3 Tunwn4xble obnactn npuMeHeHns

TUMWYHBIE NPUNOXKEHUs ANA oby4eHWs Nepefadve OaHHbIX BKMIOYAKT pacnosHaBaHve naobpaweHui u
NLP, roe mogenu, oby4YeHHble nepesoay TEKCTa Mexay ABYMA A3blkamu, UCNONb3YIOTCA ANA Nepesoaa TekcTa
Ha TpeTuil A3biKk. AHANOrMYHLIA NOAXOM UCNONLIYETCA NPKU B3aUMOOBACTEBUN OHTOMNOMMA.

7.4.14 [ByHanpaBneHHble NpedcTaBNeHNA KOQUPoOBLWKMKA gnA TpaHcopmepoB

7.4.14.1 Teopuu 1 metoasl

BERT — ato ceoero poga s3bIKOBas MOZEnNb, KOTOpas WCNOoNb3yeT HEMAapKUpOBaHHblie obydalowume
AaHHBle ANA nonyYeHWs obluvMpHOro ceMaHTWHECKOro NpefcTaBNeHWA TekcTa. ITo MpeacTaBneHWe, YCBO-
eHHOE B X0[4e BbLiNONHEeHWs KOHKpeTHoW 3adaqyu NLP, B cBo o4vepedb MOXET BbiTb NOBTOPHO MCNONb30BaHO
ans pewledns Apyrux 3agad NLP, 4acto nocne TOHKOW HACTPOMKW UMW NyTEM NPUMEHEHWUS NOCNEAYHLLINX
anroputmoB. BERT npencrasnaet coboil MHOrOCNOWHLIA ABYyHANPaBNeHHbIR TpaHchopmMaTop-KoaWPOBLLKK.
Ero BxogHblE faHHble BKMIOYAKT B cebs psag KOMDWHUPOBAHHbBIX BEKTOPOB, TaKMX Kak CUMBONbLI, TEKCT M MH-
chopmaLuns o mecTononoxernd. Ero pesynstaTtoMm SIBNAETCH CeMaHTUUYECKUIA BEKTOP.

TunwyHas cTpykTypa ana mogenu BERT nokasaHa Ha pucyHke 8.

7.4.14.2 OcHoBHLIE XapaKTepUcTUKK

BERT npegHa3HayeH ansa AsyHanpaeneHHoi obpaboTku cnoea c ucnonb3oBaHnem wHGopmauunu. B
OTNMYKE OT NPEenBapuTENLHON NOATOTOBKA K ADYTMM A3bIKOBLIM Moaenam, metoasl BERT He npenckasbisaoT
HavDonee BEPOATHOE CMNOBO HA OCHOBE BCEX NMpeabiaywux crnoe. BMecTo aToro oH cny4aiHbiM obpasom ma-
CKMPYET HEKOTOPLIE CMOBA M MCNONbL3YET BCE OTKPLITLIE CINOBA AN cocTasnexus nporHosa. BERT ycTtpaHsieT
orpaH14YeHWe ogHOHanNpaBnNeHHoOCTH, MCNONL3YA npedesapuTensHoe oby4eqHue MLM. Mony4us npegnoxeHue,
MLM cnyyailHeiM o6pasoM cTUpaeT 0fHO UMW HeCKONLKO CROB W NbITAETCA NpeackasaTh CTEPTHIE CMOBA Ha
OCHOBE OCTABLWMXCHA CNoB. 370 genaet Mofens bonee 3aBUCUMON OT KOHTEKCTYanbHON MHOpMAauWMu ans
NPOrHO3UPOBAHKWA U faeT MOAenu cnpedeneHHy BO3MOKHOCTE ucnpasnedus owwbok. BERT Takke ucnone-
ayeT NSP, ytobbl onpefiennTe, cnegyeT N BTOPOE NpeanoXeHWe 3a NepebiM B TEKCTE.
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E,. E; u Ey — BCTpOEHHEIE NpeacTasnernn; Ty, To M Ty — KOHEYHbLIe BbIXOaL;

T — NPOMEKYTOUHLIE NPEACTABNEHWA AAHHOIO TOKEHA

Pucynaok 8 — lMpumep cTpykTypbl mopeny BERT

Beinonuas cosmectHoe ofyderue c sagadamu MLP n NSP, mogens mawmHHoro oBy4eHns BeIBOOWT
BEKTOPHOE MpeACcTaBNeHWE KaX4oro Crnoga, KOTOPOe BCECTOPOHHE W TOMHO ONWckiBAET abulyo MHgropmauuio
BXOAHOMo TEKCTa (OAHO NPeAnOMEeHWEe WNKW nNapa npeanoxeduid). Mocnegylolwwe 3aaa4n TOHKOW HACTPORKM
ofbecne4uuBaloT nydlike HadanbHble 3HAYEeHWs NapameTpoB Modenu MauuHHoro obydedns. OaHako nobele
HECOOTBETCTBMA B Npolueccax npeasapuTencHOA NOArOTOBKM WM reHepauun cHU¥awT addekTUBHOCTE B 3a-
Jaqyax reHepauuu ecTecTBEHHOIO A3bIKA.

Y BERT ecTk 37ans NpeBapuTensHOMA NOAroTORKKM M TOHKOW HacTpoiku. Anroputm obyyaetcs Ha He-
MapKUPOBAHHBLIX AaHHLIX N0 Pa3NMYHbLIM 3afadYaM B XOne npeasaputensHoro oby4deHus. 3atem napamerpbl
anropuTMa TOMHO HACTPaWBAKTCA C MCNONL30BAHMEM NOMEYEHHbIX AaHHbIX M3 KOHKPETHbLIX 3a0ad. TUNHYHbIE
napamMeTpel TOHKOWA HAcTPOWKW BKMIOYAOT pasMep naketa, ckopocTe oby4yeHuA W konwyecTso anoxu. BERT
TpeHupyeT mybokoe AeyHanpaeneHHoe npeacraBneHue nyTeM COBMEeCTHOWM HACTPOWKW [BYHANPaBNeHHbIX
npenbpa3oeartenei Ha Bcex ypoeHax. CnefoeatensHo, TpebyeTcs TOMLKO AONOMHUTENLHEIR YPOBEHE BLIBOAA
[NA TOYHOM HACTPOKKK NpeaBapuTensHO oGyYeHHON Moaenn MallMHHOIO oByYeHUA ANA pasnuuHbIX 3a0a4, 1
4nA pAapa 3agady Het HeoBxoawmocTn paspabaTeiBaTe apxMTEKTYPY, CNeunbnyHyio ans KOHKPeTHOW 3agaqmn.
YpeamepHoe McnonsL30BaHWe MacoK npu 0DyYeHUW MOXET NMOBNWATE HA NMPOW3BOOUTENEHOCTE MOSENW Ma-
LWKHHOTO 0By4eHWA TPYOHONPOTHO3UPYEMEIM 0Bpazom.

7.4.14.3 Tunwuxble 06NacTi NpUMeHeHus

BERT BHec csoit Bknan B pazeutue 3anad NLP, takux kak Kopnyc NUHIBUCTWYECKOW NPUEMNEMOCTH
(ColLA)., Microsoft research paraphrase corpus (MRPC), MHOrokaHpOBbI# BbIBOS Ha ECTECTEEHHOM A3bike
(MultiNLI), BriBOO Ha ecTecTBeHHOM A3bike Bonpocoe (QNLI), napel Bonpocoe quora (QQP), pacnoszHaeaHue
TekcToBoro BeiBoga (RTE), Tect cemaHTUueckoro cxoactea TekcToB (STS-B) u Stanford sentiment treebank
(SST-2).

7.4.15 ABToperpeccMoHHas A3blkoBaa mogenb XLNet

7.4.15.1 Teopnu u meTogsl

XLNet npeacraenseT coboil Mogens A3ablka aBTOPErpecCHOoHHLIX NepecTaHOBOK M ABNAETCA JanbHei-
LWiKM ycoseplueHcTeoBaHnem GPT n BERT.

XLNet HenpepelBHO NpeackasbiBaeT Cneayolwes CnoBO CNEBA HanNpaBso, He B eCTECTBEHHOM nopAake
npeanoXeHnii, a B Nopaake npeackasaHna. PeanusoBaH mMexaHW3M caMOoperynupoBaHua ¢ OBOWHLIM NOTO-
koM. 3TOT «[OBOWHOW NOTOK» NPEACTAENEH B BUAe ABYX Npeobpa3soBaTtenei ANA Kawaoro YpoBHS MoOenu,
NoTOKa 3anpocoB M KOHTEKCTHOIo NOTOKa.

7.4.15.2 OCHOBHBIE XapakTEPUCTUKM

Y1066 pelwuTe Nnpobnemy AByHanpaBreHHOro KOHTEKCTE, MOLENb S3blka NepecTaHOBOoK MCMONb3YeT WH-
chopMaLMo 0 MECTONOMOMKEHWW LIENW NPY COCTaBMNeHWK NPOTHO30B, [OTOK COAePKUMOTe KOAWPYEeT BeCk KOH-
TEHT Ha TEKYLUMA MOMEHT, B TO BPEMA KaK MOTOK 3anpoCoB CCLINAETCH Ha NPedbiOyW Yo MCTOPUIO U TEKYLLEE
nonoxeHuWe, noagnexallee nporHozvpoeanun. XLNet neiTaeTen nonyunTs OBYHANPABMNEHHYH KOHTEKCTHYIO
WHDOPMALINIO, MAKCUMU3UPYS norapuhMuyeckyo BEPOSTHOCTb BCEX BO3MOMNHbIX NMPOrHO30B U hakTa.

XLNet senseTca aBToperpeccMoHHsIM, B oTnvydmne oT BERT. 3710 ceolicTBo obecnedmeaeT Bonbkluyw co-
rMacoBaHHOCTE B TOM, KaK AaHHble oToBpaxaloTca B MOOENK Mexay aTanamMi NpeasapuTensHoro ofyyeHus
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W TOYHOW HacTpoilku. 3TO CBOWCTBO Takke noasonseT wuibemxarts npegnonoxeHus BERT o He3zaBMcUMOCTK
MPW3HAKOB.

Peanwaauyma XLNet yacto TpebyeT GonblUMX BeIYMCIUTENBHEIX 3aTPAaT.

7.4.15.3 TunuyHble 0GNacTu NpUMEHEHKUA

TununyHble obnactu npumerHeHus XLNet Beno4aloT NOHUMaHWE NPOYMTAHHOrO, paHXWpOBaHWe A0KY-
MEHTOB, 3a0a4M KOHTpONs KavecTea, knaccucbukaumio Tekcta u 2agadn oBpaboTkM ecTecTBEHHOMD A3bIKE,
CBA3AHHLIE C NOHMMAaHWEM CMbLICNE Bhickasbieadun (Natural Language Understanding, NLU).

7.5 MeTa3aBpMCcTUKA

7.5.1 O6ure nonoxeHnsi

MeTaaBpucTUKa OTHOGKUTCA K KNAccy anropuTMOB ONTUMM3aLWMK, KOTopEIe obecneynBaloT npuemnemele
pelweHnsa Ana 3adadn ontuMmusaumy. Kak npaBuno, oHWM He onpegenAaloT onTUManeHoe peleHle, HO MoryT
BbICTPO HAWTK pa3yMHoOe pelleHre © UCNONbL30BaHWeM 3BPUCTUKW UMK Npasuna Ana Noucka B NPoCcTpaHcTee
peweHuin. OBbIYHO OHKU He ABNakT CTPOrMX NPeAnooKEHWA 0 pellaemMon 3aa4e, YTO 03HAYAET, YTO UX MOX-
HO MCNONbL30BaTE ANA PelUeHUs LWWPOKOTro Kpyra 3aaad, ocobeHHo Tex, KOTOpble AENAKTCA CTOXAaCTUYECKMMU
unw HegnchdpepeHumpyemeiMn, OaHaKo, NOCKONBKY OHW He AEenaKT CTPOrux NpeancnoxeHuid o npotneme,
OHW 0BbIMHO paboTaloT Xyke, YeM anropuTMbl, paspaboTaHHbie ANS KOHKpeTHbIX 3agad. MeTasepucTvka qa-
CTO OCHOBaHa Ha nonynAuWW, NPOBOAA NOWCK MO MHOMMM TOYKaMm B NPOCTPAHCTBE MOWCKa B TO e BPEems,
3TO 03HAYAET, YTO OHM, KaK NpaBuno, U3GeratT NoKanbHbIX ONTUMYMOB. OHKM Takke YacTo ABNAKTCA CToXa-
cTUYecKkuMIA anroprTmMamin. ODbIMHO MCNoNb3yeMble META3BPUCTUNMECKUE anropUTMbl BKMOYaKT anropuTMel
3BOMOUMOHHEIX BEIYMCNEHWA, TUNWYHbIE ONA reHETUYECKWX anropruTMOB, reHEeTMYeCKOoro NporpaMmMMpoBaHus
WK 3BOMIDLUKWOHHEIX CTPATEMNMHA, MMWTALWMOHHOMO OTXKIa U anropuTMOB POEBOTO WHTENNEKTA.

7.5.2 NeHeTUYECKHE aNTrOPUTMbI

7.5.2.1 Teopuu n meToabl

[eHeTHYeckue anropuTMsl — OOHa W3 CaMblX PaHHUX W HanGonee W3BECTHLIX hopM 3BONIOLMOHHEIX Bhi-
yucrneHuin. OHKM OeicTBYIOT Ha OCHOBE MreHeTUKW W oTBopa Hanbonee npucnocobneHHkLIX reHOMOB.

CywecTBYIOT pasnu4yHblie Teopuu, Nexawue B OCHOBE reHeTMYeckux anroputmos. Hawbonee pacnpo-
CTPAHEHHON ABNAETCH MMNOTE3a CTPOMTENLHOMO 6MNOKa, KOTOPAA NOKA3LIBAET, KAK reHeTUYECKWE ANropUTME!
cOBMPaKT BOEOWHO KOPOTKWE, XOPOLLO NPUCNOCOBNEHHEIE CTPoUTENBHBIe BNoKK pelweHna 4na cosgaHua 6o-
nee Npou3BogWTENbHbIX PEWEHNA,

7.5.2.2 OCHOBHbIE XapaKTEpPUCTUKK

PeweHwne 3apgaun onTUMKU3ALWMK € WCNONb30BAHWEM FrEHETWUYECKOro anropyMTMa npefnonaraeT BO3MOX-
HOCTb NpeAcTaBneHus NoTeHuWaneHblX pelweduit npobnemsl B reHoMe M BO3MOXHOCTL OLEHKWM reHoma ¢ no-
MOLLEH (YHKLMKW NpuenocoBneHHocTy, KOTOpas OLUEeHWBAET reHOM B 3aBMCHMOCTW OT TOMD, HACKOMNBKO X0OpOoLUIQ
OH peluaeT npoBnemy. MfeHOM 0BLIMHO COCTOWUT K3 NPOCTORO cNUcKa GUTOR, ABOMHWKOB MNKW APYTUX CHMMBONOB,
YacTo NpeacTaBnsAWUX napaMeTpsl B 3agadYe onTUMM3auni. FeHoMbl Takke MoryT GbiTe Gonee CNOXHLIMIA
npegcTaBneHnamMy, TaKMMK KaK AepeBbsa, MaTpuubl UMK CTPOKK, KOTOPeIe HEeDBX0aUMO UHTEpNpeTMpoBRaTE C
NMOMOUEK NPOCTOrO KOMMNBHITEPHOIO A3LIKA.

ANropuTM COCTOWT W3 YETbIpEX 3TanoB: UHWUManNW3auwsa, oTbop, reHeTWYecKMe onepaTopsl W 3aBep-
WweHne. ANropuTtm NopomaasT nocnefosarenbHbie NoKONeHWA reHoOMOB, NpU4eM Nochneayrumne NnokoneHus
nyywe pewatT npobnemy.

Ha atane nHnumanuzaunm cozgaeTca NonynAuns reHomoB. Kak npaBuno, MCnone3ywTcA cnyYaiHo cre-
HEPVPOBaHHLIE MEHOMbLI, HO MOXHO 3acenTk nonynaunio cnabeiMu pewennamn, OgHako saiHo, 4Tobbl B No-
NynsUuK CyWecTeoBano pasHoobpasue MCXOAHBIX TeHOMOB.,

lMocne wHULManuaauuu BbiNonHAeTcs Bblbop. 34eck reHoOMbl B MNONYNSUWMK OLEHWBAKOTCHA C Y4YeToM
hYHKLWW NPUIOAHOCTK, W CNyYakHbiM obpaaom oTBMpanTes ANA paseefeHuds, ¢ BEpOATHOGTLI0 aThopa, npo-
NOPLUMOHANBHOW NPUrOAHOCTW. [pyriMKy CNOBAMK, FTéHOMbI C BBICOKOR CTENEHbH COOTBETCTBUS, KOTOPBIE NYyY-
we pewaknT npobnemy, ¢ Gonewei BepoATHOCTE ByayT oTobpadel A4na cenekyyy, PacnpocTpaHeHHsle nog-
XoAkl K BhIBopy BKNHOYaT B cebs BeIDOp Koneca pyneTkn W BeiBop MeTona paHKupoBaHus.

Kak Tonbko napel reHOMOE oToBpaHbl ANA Cenekuun, NPMMEHSIOTCH reHeTudeckue oneparopel. Cyule-
CTBYET Lienbii P/l reHeTUYECKUX ONepaTopos, Haubonee pacrnpocTpaHeHHbIMK U3 KOTOPbIX ABMNAKTCA KPOC-
coBep (MNK pekomBuHauma) 1 MyTaumns.

Kpoccosep ob6beguHsieT 4acTu ABYX POOUTENbLCKUX FEHOMOB ANA NoOnyYeHWs notomkoB. Pacnpoctpa-
HEHHLIMW BApWAHTAMM KPOCCOBEpPA ABMATCHA QAHOTOYEYHEIN KPOCCOBEP WMWK ABYXTOYEYHbIR kpoccoeep. Mo
CyTW, OAHa WV JBE TOYKW paspesa cnyYaiHbiv 0Dpasom ycTaHaBnNMBAKTCS NO BCEW AnvHe reHoma. [odep-
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HWIA FEHOM COAEPXKUT NepBYI0 YacTh OOHOMO POAWTENbLCKOrO reHOMa 40 TOUYKW OTCEYEHUs WU BTOPYI0 YacTb Apy-
roro POAUTENkLCKOro TEHOMA Nocne TOYKM oTcedenus. [nA ARYXTOYe4HOro BapMaHTa, Nepeas v TPeThs 4acTu
reHomMa NpoWCX0odAT OT OQHOTO POAWTENs, a BTOpanA YacTe — OT Apyroro poauTens. Llenk kpoccoBepa cocTonT
B TOM, 4TGGLI NOAENUTLCA HEKOTOPLIMK MOMNE3HLIMU PeLeHUsMIA ANA BLIABNEeHWa Bonee cunbHbIX aeTeil. Bo-
nee cnabble eTy yaansaioTea B NOCNeayLMX NOKONeHWAx nyTem otbopa.

OpyruM OCHOBHbIM reHeTMUYeCKWM OnepaTopoM ABMAETCA MyTauua, Npu KOTOPOH CMMBONLI B reHome
U3MEeHRAKTCA cnyYaiHbiM obpadom. Liens MyTauum cocTouT B ToM, 4ToDEl HaBexaTk npemaeBpeMeHHON KOH-
BEpreHuMK NyTem NoBTOPHOTO BHECEHMS pasHoobpaawusa B nonynauuio. Kpoccosep NpUMEHSeTcs! G BbiCOKOM
BEPOATHOCTLI, 0Bbl4HO okono 0,6-0,9, a myTaums — C 04eHb HU3KOW YacToTor, 0bbi4Ho 0,1 UNKM MeHbLlWeE.
MocneposatensHBIE NOKONEHWA NONYNALMW CO30a10TCA TakuM 0Bpasom Jo Tex nap, noka anropuT™m He 3aBep-
LWKTCA C MCMONB30BAHWEM KPUTEPUWER 33BEpPLUBHWUS, KOTOPLIE MOTYT DbITh TAKMMU e NPOCThIMK, KAK 3anyck
B T@4YEHWE 33apaHee onpefeneHHoro Yucna NoKoNeHna, UNu 4o Tex Nop, NoKa NYYLWWA YneHd nonynauum He
GyaeT yAOBNETROPATE HEKOTOPLIM NPEA0NpPeeneHHbIM KDUTEPUSAM.

7.5.2.3 TunwyHele oBnacTv NpUMeHeH1A

leHeTHMYECKWE anropuTMel NCNOMNB3YIOTCA B GaMblx pasHoobpasHeix npunokeHuax. OHKW yonewHel Tam,
roe 3agaqn He avdpchepeHunpyemsl, rae yHKUMSA NPUrogHOCTM HE MOXeT BeiTe 3anMcaHa MaTemMaTHUYecKd 1
rae NnpobnemMHbIn JOMEH ABNAETCH CTOXACTUUECKUM.
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MpunaoxkexHne A
(cnpaBo4Hoe)

Cxema Knaccutukayum anropMTMoOB M METOAOB CUCTEM WCKYCCTEEHHOTO MHTENNeKTa

Tabnuua A1

Aﬂrﬂplﬂll‘u’.’bl U MeTOObLl

OGnacTs NpUMEHEHWA

A. MHxeHepMA 3HAHMIA U X NpeacTaBneHus

OHTONOMMMK

WHxeHepua aHaHwii, nocTpoeHue rpadhos aHaHWi, Nouck MHGop-
MALMKY, 330341 KOHTPONSA KAYecTea

Mpadphe! aHaHui

Mowck 3HaHWKA, XPaHEHHE 3HAHWH, B3aGMMOOENCTBME C OHTOMO-
THUAMI, Bhlpaﬁo‘]’l(a WHTENNekKTyanbHbLIX DEKOMEH.ELGL{WT'I M 3anaqd
KOHTPONA Ka4YeCTea

CemaHTHqeckas ceTb

Paspaﬁonca YAyHLIEHHBD BOZMOXHOCTEN MOMCKAa M NoaTanHoe
MOOENMPOBaHWE B NPUNOXMEHWMAX 30PaBO0XDaHEHNA

B. Morvka u paccymaeHmn

WMHOyKTUBHOE paccykpoeHue

NoenTurkaymsa sHaHni

OenyKTUBHLI BbIBOL

INorvKa: Npeno3uUVoHHas; NorMKa NepBoro NopaaKka; MogansHas
NOrvKa; NnpocTpaHCTEEHHARA NOrvka; BpeMeHHan noruka

MMnNoTeTMYECKME pacCYKOeHWA

OueHka runoTes u BeiBof,

Balecosckuid BbiBOL

lNpoBepka rUNOTE3, AMArHOCTUYECKUE pPELUEHUS B MBOWLWHE W
TEXHWUKE

B. Ma

WKHHHOE DEY‘IBHHB

Jepeso NpUHATHA pelleHuia

WHaykUMA Aepera pelueHud MOKET reHepupoBaTh METKWE ape-
BOBUOHBIE CTPYKTYPRI ANA PA3NUUHBIX Pe3yNETATOR NPOrHO3MpPOo-
BaHWA Ha OcHoBe MpWaHakoB. OBkIMHO 310 OBLACHUMO 3KCMep-
Tam B NpefMeTHO ofnacTd U MoXeT BbiTe WCNONB3OBAHO ANA
TaKMX 33034, KaKk KnaccMdMKaums ¥ NPorHo3npoBaHue

Cny4aiHslid nec

HapewHblA koHTpoNUpYEeMBIR anropuTi MaluHHOro obydeHus.
KauecTey wHTEpNpeTauMy peaynsTUPYIOWEro MoOenMpoBaHuA
cnocoBoTeyeT nepeMeHHan OLEeHKa BEXKHOCTY M OCMOTP OTAEMNL-
Hblx OepeBbes B necy. [epemeHHan BaWHOCTb M3 CRy4anHOro
neca Tawke oBbIMHO UCNONL3YETCA B KadecTee MeToaa esifopa
NpU3HaKkoBs ANA npegsapuTensHoi obpaboTki faHHbIX

TNuHeiHan perpeccra

Perpeccva ncnonsayeTca, Korga CyLwecTeyeT NMHelHas 3aBucu-
MOCTE MEXOY HE3ABNCHMbIMK WM 3aBUMCHMMbIMKM NEREMEHHbLIMK, W
HeoBXoANMO HaATY 3HAYeHNe 3aBUCUMOR NepeMeHHon. Menone-
3YETCA ONA NPorHo3MpoBaHns

TNorudeckas perpeccus

PEI'pECCHH WCNONe3yeTcA ana HebonbWwMx HaEODOB AdHHbIX, rge
CYLECTRYET NMHENHAS 3aBMCMMOCTE MEXOY HE3aBMCHMMEIMKM W
3dBUCUMEIMKM NMEPEMEHHBIMW, Noructryeckas perpeccunA Bone-
e BCero Nogxo4uT Ons HabopoB AaHHbIX, B KOTOPLIX ECTh TOMb-
KO OBa Knacca

K-Brvxaiwuve cocean

Easosbi METOA, KOTOPLIW CTOMT NPMMEHATE Neped Bonee cosep-
WEHHLIMKW METOAAMI, NOCKONLKY OH TpebyeT, YTobkl Beck Habop
OaHHbIX ANA BbiNOMHEHWA KNacCKgrKauny MM perpeccuu, npu
NPOrHO3UPOBAHWKM OOMKEH DbiTh O4eHb MEANEHHO MEHFAIOLLIMMCS
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ARTOpUTMBL W METOObI

0BnacTs NPUMEHEHMA

Banecosckuin meToq

Ans knaceudmkay MCnansL3ynTes HaneHble Balecorckua MoD-
nenw, ocoBeHHo Korna HaBop faHHbIX He CNWUIKoM Benuk. OH
MOMET BhITE MCNONL30BAH ANA KNaccuhrKaLMK NP MHOXECTBE
knaccos. Ho He peKoMeHOo0BaH, eCn HE BbINONHAETCH Npeano-
noxeHve ob YenoBHOW He3aBMCHMOCTH atpubyToB U ANA aYeHsb
HeBonblwWx HaBopoB AaHHEBIX

HelpoHHas ceTk NpaMoro oencTeua

MuorocnoiHeie FFNN MOryT To4HO annpokCWMUpoBaTe Crok-
Hble HenpepbiBHbie dyHkuMK. Cnabeim mectom FFNN saBnsAet-
CH TO, Y4TO OHW NOABERKEHB! NEpeobyYeHnn, Tak YTO MOLens He
cnocobHa HagexwHo 0boblaThea Ha HOBLIE OaHHbIEe

PexyppeHTHas HEApOCETh

RNN WWpoKo MCNonb3yTCA B PACMO3HABAHNK DEYM, A3LIKOBOM
MOAENUPOBAHKMIA U TRHEPaLUM BCTECTBEHHOID A3LIKG

Cerb AoNron KPaTKOGPOYHOR NaMATK

MpunoxeHus cet LSTM BrnioyanT MallMHHBIR Nepesoa, A3bl-
KOBOE MOAENWPOBAHME W PACNO3HABAHWUE peun

CeeproyHast HERPOHHAR CETh

CNN WMpoKo MCNonb3yoTeA ANA pacno3Hasanna nsobpakeHuia
W knaccudmkaunm, HanpumMep B8 NPWINoXeHnax 4Ny pacno3sHasa-
HWS NAL

TpaHcdepHoe obyyeHue

TrnudHbie npunoxenns Ana obyyeHnA nepenade aHHLIX BKMo-
yawoT pacnoaHaeaHue niobpamenuia u NLP, roe mogenu, obyyeH-
Hble MepeBody TekcTa MexOy ABYMSA A3bKamu, WCNonb3yoTcA
[ANA nepeeoAa TEKCTA HA TPETUIA A3LIK

lNopoxpoamwan cocTasarencHan ceTe

TunWyHble NpUNoxeHus ANa obyYeHWA nepenade AaHHbIX BKMO-
YawT pacnosHasaHue nzobpaxernii v NLP, rne mofenu, obyyex-
Hblg@ nepeBody TeKCTa MedOy OBYMSA A3biKaMW, WCNoNb3YHTCH
ANA Nepesnaa TeKCTa Ha TPETUIM A3bIK

ﬂEyHaﬂpaBHEHHUE npegcraeneqde KoouposaHKWA
Ons TpaHcopMepoB

BERT BHocut ceow BrNag B passuTtue 3agad HIM, Takmx kak
Kopnyc nuHrenctrdeckon npuemnemoctn (ColA)., Microsoft
research paraphrase corpus (MRPC), MHOroxaHpOBLIH BbiBOG
Ha ectecTBeHHoM m3uike (MultiNL), ebieog Ha ecTecTBeHHOM
A3bike Bonpocoe (QNLI), napsl Bonpocoe quora (QQP), pac-
nosHaeaHue Tekcrosoro esieoga (RTE), tect cemadTtwyeckoro
cxogcTea TekcToB (STS-B) n Habop panHbix Stanford sentiment
treebank (SST-2)

ABTOperpeccMoHHan AablkoBan mogens XLNet

TunwyHeie obnactu npumereHus XLNet eknioyanT noHUManue
NPOYNTaHHOID, PaHXMpoBaHWe OOKYMEHTOB, 3adaduv KOHTPONA
KaJecTBa, KnaccuukaLmio Texcra u NLU

I. MeTasepucTHuka

TEHETUYECKWI AanroprTi

MeHeTW4ECKWE Onepartopel, reHeTuyeckuid otbop, reHetndeckue
anroprTmMbl MCMNONb3YHTCA B CaMbIX paaHooﬁpaaHblx NpUnose-
HuAX. OHw achdexTreHbl ANs pewenns HeguddepeHumpyemisIx
3adad4, B KOTOpbIX (hyHKLWA NPUIogHOCTH He MOXET BbiTe 3anu-
caHa maremaTtudeckn, v rae npobnemuan obnacte ABNAETCH CTO-
XacTUM4ecKon
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MCOMBK 22989:2022

ISO/IEC TR 24372:2021

ISO/IEC/IEEE 26513:2017

MCOMBK 23053:2022

ISO/IEC TR 24030:2024

BuGnuorpacus

MudopmaumonHas TexHonormA. VickyccTBeHHbIM wHTennexT. KoHuenuuu v TepMuHO-
norva uckyccTeeHHoro wHtennekta (Information technology — Artificial intelligence —
Artificial intelligence concepls and terminology)

MuhopmaymorHas texHonorms, KVickyccteeHHell nHtennekt (Al). OB3op BeMUCIWTENB-
HbIX METOOOB ANA CUCTEM WCKyccTBEHHOMD mHTennekTa [ISO/IEC TR 24372:2021 Infor-
mation technology — Artificial intelligence (Al) — Overview of computational approac-
hes for Al systems, NEQ)

CucTeMHas W nporpaMmMHasn uHxeHepus, TpebosaHua ANs TECTUPOBAHUA 1 OLIEHKW WH-
thopmalui nonk3osatenem (Systems and software engineering — Requirements for
testers and reviewers of information for users)

CTpykTypbl ANA CUCTEM WCKYCCTBEHHOTO MHTENNeKTa, MCNonbayiollve MallHHoe oby-
ueHue [Framework for Artificial Intelligence (Al) Systems Using Machine Learning {ML)]
WMudopmaymorHele TexHonoruu. WekyccTeeHHbid uHTennekt. Mpumeps npumeHeHus
[Infarmation technology — Artificial Intelligence (Al) — Use cases]
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