MH)XXUHUPUHI
MCKYCCTBEHHOIO
UHTeNNeKTa




Cepren /[erres

NHKUHUPUHT
HCKYCCTBEHHOI0 MHTEJLJICEKTA

«ABTOp»
2026



erteB C.

WMuxuanpuHr uckyccrseHHoro nnresiekra / C. lerreB — «ABTOp»,
2026

[IpencraBbre, uto LLM - 3TO 4€pHBIN SKK. Bbl 3HaeTE, UTO BHYTPU YTO-TO ECTh,
HO KaX[Ipli pa3, OTKPbIBasl €r0, HAJIEETECh HAa YyJ0. DTa KHUTA 3aKPOET SIIUK
HaBcerja.He yueOnuk. He nayurnon. HxeHepHbIN myTeBOaUTE b, [{BE KHUTH
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Cepren /Ierren
NHKMHUPHHT HCKYCCTBEHHOI'0 HHTEJLJIEKTAa

CTAPTOBAA KAPTA

9ma cmpanuya - moavko 0asi mex, Kmo enepevie nooxooum k MHU. Ecau evl yowce nuuieme
npomnmul, pazeopauusaeme mooeau, cuumaeme TCO uau enedpsieme RAG - 3akpoiime eé. Oznaene-
HUe - 8aul HABU2AMOP.

Bam mapmipyTt

Kuura 1. Ot TokeHa 10 TpaHchopmepa
Kak yurathb: LlenkoM nocnenoBartesbHO.
3auem: Ito a30yka u pusuka LLM.

Kunra 2. Ot MHCTpyMeHTa K IBOMHUKY

Kak uurats: [lo nuaronanu, ¢ kKapanaamom

3auem: DT0 npojakIieH: areHThl, TectupoBanue, ROI, 6e3onacHocTs. Bama 3anava ceivac -
3alIOMHUTb 20€ UCKAMb, KOTJIa CTOJIKHETECh C PEaIbHOM 3a/1a4ei.

Kak unTaTth, 4TOObI HE YTOHYTh, 8 BIIUTATh

IlepBbiil npoxon
Yuraiite ObicTpo. He BhimuchiBaiite (hopmysibl. Baia 1iens - yBuaeTh kapty MectHocTH. Eciu
YTO-TO HETMOHSTHO - CTaBbTE MapKep U UANTE AaJIbIIIe.

Bropoii npoxoj (skops)

OTtMmeuaiite r1aBbl, K KOTOpbIM BepHETech. Hanpumep: «I'maBa B.3 - nepeunTats, Koraa Oynem
HacTpanBaTh RAG» «I'maBa B.5 - OTKpbITh, KOTIa HY)XHO OylIeT 3allUTUTh OIIUKET Tiepe]] pPyKOBOI-
ctBom» «I'nmaBa E.4 - mpoBepuTh, KOTia areHT HAYHET raJUTIOIMHUPOBATh B IIPOJE»

TpeTnii npoxoj (mo 3anpocy)
Bo3sBparnaiitech TOJIbKO KOTJia BOBHUKAET KOHKpeTHast 00ib. KHura 2 pabortaer Kak cripaBoy-
HUK, 2 He KaK y4eOHUK.

Tpu npaBmia, KOTOpble MOTYT COKOHOMHUTH BaM MeCsIIbl

1. Ilnppsl yeraperT. IIpuHiune! - HeT.

Ilensl Ha TOKEHBI, OEHUMAPKU M BEPCUM MOJENe U3MEHSTCs ObicTpee, YeM Bbl JIOUMTaETe.
Knura gaér komnac, a He CTaTUYHYIO KapTy.

2. IloBTOpHI - HE BOJA, a CIUPAJIb.

Ecnu BcTperute 3HaKOMYIO MJIEI0 B IPYTOM KOHTEKCTE - He mportyckaite. Tak 3akperisorcst

HWHKCHEPHDBIC ITaTTCPHBI.

3. 3aech Het kHonku «Caeaars HN».
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Ectb cucrema koopauHar, B KOTOPOU Bbl CaMy HaMJIETe OTBETHI, KOT/Ia HAUHETE CTPOUTD.
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BAKHOE IIPEAYIIPERIEHUE JIJIA YATATEJIA

Nudopmanys B 3T0i KHUTE HOCUT O3HAKOMMTESIbHBIN U 00pa3oBaTesibHbIi xapaktep. TexHo-
JIOTMM MCKYCCTBEHHOTO MHTEJUIEKTa PAa3BUBAIOTCSI HACTOIBKO OBICTPO, & MX BHYTPEHHSIS CJIOKHOCTh
HACTOJIbKO BEJIMKA, YTO HU OIVH CHELMAJIMCT HE MOXKET FapaHTHPOBAaTh AOCOTIOTHYIO TOYHOCTb BCEX
TEeXHUYECKUX JeTanei, udp U pacyeToB.

O npouecce co3aanusi

[Tpu pabGote HaJ PyKONKCHIO ABTOP MCIIOIBb30BaJI TMOPUAHBIN TOmXoa. Bosbinas si3bIkoBast
mozeib (LLM) npumeHsiiach Kak AMHAMAYECKUI UHCTPYMEHT: [/1s1 TEHEPALIMU YEPHOBBIX BAPMAHTOB
TEXHUYECKUX PELEH3UH, NPeIoKeHUsT (POPMYIMPOBOK, CTPYKTYPUPOBaHHUSA OTBETOB U MPOBEPKU
rUroTe3. ABTOP MOJHOCTBIO KOHTPOJIUPOBAJ HAMpaB/ieHHe padoThl, ONPEesisisl TEeMaTUKy, KpUTUye-
CKH OIIEHMBAJI, OTOMPAJT ¥ PEJAKTUPOBAJT BECh MPEIOKEHHBI KOHTEHT. ITOrOBBIN TEKCT SIBJISIETCS
Pe3y/IbTaTOM MHTEJUIEKTYaJIbHOTO TPYy/Aa aBTOpa.

Ho ecim nounraere (wim nepenuctHeTe Ha KHUTY 2 B pasnen [lpuioxeHue, TO B HEM €CTh
OTIeJIbHAS IJ1aBa, KOTOpasi TIOCBSIIEHA TOMY, KaK TOMPOOOBaTh OTJIMYHUTH TEKCT, CTEHEPUPOBAHHOTO
LLM or yenoBeueckoro. B 3ToM 1iaHe 3Ta KHUTa — UeaJIbHbIN TPEHAXED.

OO0 OTBEeTCTBEHHOCTH

ABTOp He JJaeT HUKAaKUX IapaHTUM, SIBHBIX WM MOAPa3yMeBAEMBbIX, OTHOCUTEBHO MOTHOTHI,
TOYHOCTH, HaJIEXKHOCTHU WJIA aKTYaJIbHOCTH ITPUBEJCHHBIX JAHHBIX. DTO KaCAETCs BCEX TEXHUUECKUX
XapaKTEPUCTUK MOJIEJIEH, pacUeTOB COBOKYIHOU cToMMocTy BiaaeHus (TCO), apXUTeKTypHBIX peKo-
MEH/IAMH 1 JIIOOBIX IPYruX MaTepUajioB KHUTH.

Hcnoab3yiiTe nH( OpManuio Ha CBOI CTpax M PUCK

ABTOp He HeceT OTBETCTBEHHOCTH 32 JIIOOble MpPsIMbIe MJIM KOCBEHHBIE YOBITKH, YIyIIEHHYIO
BBITO/1y, IOTEPIO JaHHBIX, IPOCTOU OOOPYAOBAHUS WM (PUHAHCOBBIE MOTEPH, BO3HUKIIINE B PE3YJib-
TaTe NPUMEHEHUsI COBETOB, (POPMYJI MJIM PELLIEHUi, ONTMCAHHBIX B TEKCTE.

TexHosoruM ycrapepaior, LU(pbl MEHSIOTCA, a Kakaas 3ajada TpeOyeT WHIMBHUIYaJIbHOIO
TeCTUpOBaHUsA. BocnpuHUMaiiTe 3Ty KHUTY KaK MHEHME JKCIIEpTa U OTIPABHYIO TOUKY [UIsl BAlIEro
COOCTBEHHOIO aHAJIN3a, a HE KaK UCTUHY B NOCJEJHEN MHCTAHIIMY WU MTPSIMOE PYKOBOZACTBO K JIeii-
CTBUIO B KOMMEpYECKUX MpoekTax. Ilepes mpuHATHEM Cephe3HBIX MHKEHEPHBIX WM (PMHAHCOBBIX
pELIeHN - epenpoBepsAnTe JaHHbIE U KOHCYJIbTUPYITECH C TPOUIBHBIMU CHIELUATICTAMM.

B xHuUre MOryT OBITH OIEUaTKH, U MECTAMK HEPOBHBIE JIOTUIECKHUE ITEPEX0/Ibl, HO KHUTa COCTaB-
JISIACh SHTY3UACTOM U MPEKJIe BCEro s ceOsl, YTOOBI OHA He TOJIBKO JJaBajla OTBETHI, a IOOYKaaja
3aj1aBaTh BOITPOCH B TAKMX MeCTax U MoOYkKJIaTh UCKaTh OTBETHI. [109TOMY HE cyauTe CTporo.

W na, matematvikul (Hy WIHM TIOYTH) 3/iech Bbl He HaijieTe. HeBO3MOXKHO OOBSTH BCe B OTHOM
KHHTe. A XOTeJIO0Ch, IPaBAa XOTEJIOCh.

OTtaeqbHasi peMapKa 1o BU3yaJbHON 4acTu
Bce cxembl, uarpaMMbl U WUTIOCTPAITUK B 9TOW KHHUTE CTEHEPUPOBAHBI TTPU TTOMOIIIN UCKYC-
CTBEHHOTO MHTeJUIeKTa (Qwen) 1Mo TeKCTOBBIM OIUCAHMSIM.
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OBPATUTE BHUMAHUE

B kHure ucnonb3yercs nocnecnobue «JIuuensus Ha NN», rae npoBoaUTCS CpaBHEHUE TEXHO-
JIOTUI UCKYCCTBEHHOTO MHTEJIEKTA C OPYKHUEM.

ABTOp 3asBJIs€T

JaHHasi (popMyJIHPOBKA SIBJISIETCSA HCKJIKYUTENbHO JuTepaTypHoil Metadopoii . OHa
HE TIPOBOJMT MPSIMBIX aHAJIOTHIA MEX[y MCIONb30BaHueM TexHosnoruil I u orHecTpenbHbIM Opy-
KUEM.

IHo3unus aBTopa

Oo6opoT opyxus TpeOyeT CTPOroro rocyIapCTBEHHOrO KOHTPOJIs. ABTOp MOJIEPKUBAET AeH-
CTBYIOIIIEE 3aKOHOJATEIHCTBO B 3TOU cepe.

Knura He cozmepkutr mponarasjibl HaCUIMS WIM HapylIeHusl 3aKoHojaTeIbcTBa Poccuiickoi
Ddenepanun.
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KHUTI'A 1. Nn:xenepuss LLM: oT TOKeHa 10 ABOMHHUKA

HNPEJINCJIOBUE

JTa KHAra ycTpoeHa HeoObIYHOo. OHa He IMbITaeTCs1 ObITh «UCTUHOW B MOCIIE/IHEN WHCTAH-
[IU1» U HE Pa3KEBbIBAET KaKAbI TEXHUUYECKHUI HIDAHC IO COCTOsIHMS miope. B Hell 1Ba crosl.

[epBbli1 cnon

IJISl «TIpOCTaKa» (TO ecTh ISl JTOOOro HOBOTO YMTATENsI). DTO TOJICTHIE Ma3KH: MeTadopsl,
OOBSICHEHH I «Ha MaJIbLIaX», ICTOPUSI Pa3BUTHSI, SKOHOMHUKA U BBIOOP Mozieny. [TpounTaB KHUTY ofiuH
pas, BbI OWMETE CyTh, HAUHETE 3a/1aBaTh NPABIIIbHBIE BOIPOCH M HE JaauTe ceOst 0OMaHyTh MapKe-
TOJIOTAMH.

Bropoii croit

IUIS «KPUTHKa» (IJIs MBITJIMBOrO MHKEHEPA). JTO HIOAHCHI, KOTOPBIE CO3HATEILHO OCTABJICHBI
«3a KaJpoM» WJIM OIMCaHbl POBHO HACTOJIKO, YTOOBI y Bac 3ayecalich pyku. Bac 3anHTepecoBana
OanaHcupoBKa 3kcriepToB B MoE? Min pasHuna mexay narrepHamu Sparse Attention? OTIMYHO.
3aKpoiiTe KHUTY, OTKPOWTE TMOUCKOBUK M yrimyoutech. KHura ngana Bam Kapry - Kjaja Bbl HaineTe
CaMH.

W em€ onna BaxxHas neranb. Knura pusnyecku pasaeneHa Ha 1Be 4acTH, KaxJasi U3 KOTOPBIX
CaMOIOCTATOYHA.

Kunra 1
910 (pyHAaMeHT: Kak padoraer LLLM, kak e€ BhIOMpaTh, CKOJIIBKO 9TO CTOUT, KaK HE OITHOUTHCS
C apxuTeKTypoi. Ecii Bbl MHKEHEp WM TEXHUUYECKUI JIUJIEP - HAUMHAKNTE 3/1eCh.

Kumnra 2
9TO MPOJAKIIH U paclipeHue: areHTHbIe CUCTEMbI, 5KOHOMUKa Al-TIpoeKToB, KapTa Komrie-
TEHIWI JIJIS IPOJIAKTOB. B Hell Toxke ecTh MHXKEHEepHs - MPOCTO JIpyrasi.

ECJIN Bam nipocto HykeH KOpOoTKU# JMKOe3 mpo McKyccTBEHHBI MHTEJUIEKT B paMKax 3TOM
KHUTHY — NepesucTeiBaidTe cpady Ha Kuury 2, [Ipuioxenue 1.

B kHure ucnonp3yloTcs Kak pycCKMe, TaKk U aHIVIMKCKHE TEepMHUHBI (attention, fine-tuning,
inference) - oHM OOIIENIPUHSATH B MHXKeHEPHOU cpezie. Ecim BB BcTpeuaeTe He3HaKOMYyIo a0OpeBHa-
TYpY, 0OpaTuTeCh K IJI0CCAPUIO B KOHLIE.

M peanbHbIN UuTATENh STOM KHUATH - HE TOT, KTO UILET TOTOBBIE OTBETHI, a TOT, KTO XOUYET IOHSATH,
KyAa CMOTpPETh. DTa KHMUIa - He monbiTka caenats MM npo3padyHbsiM. ITO AHEBHUK HMHXEHEPHOTO
MYTH, HA KOTOPOM YEPHBIN ALIMK NePeCcTaET ObITh YUEPHBIM POBHO HACTOJIBKO, HACKOJIBKO BaM HYKHO.
A we 3nan npo N Huyero, kpome MOIHBIX CJIOB. f 3agaBan Borpocsl. Tynsle. Hausnable. Hemnpa-
BusbHbIE. [ToToM 3amaBai cienyromue. U eme. 5 He caenan AMMK CTEKJISTHHBIM - S CIEJIA €70 CEPbIM.
Tenepp A BUKY €ro rpaHuLbl, 3HAI0, 1€ OH BPET, IIe TOPMO3UT, IJI€ €r0 MOKHO YCKOPHUTb, a KyAa
Jly4lle He coBaTbces. M I1aBHOE - 51 IOHSJI, KAaKKE BOIIPOCH MOXKHO 33/1aTh, & KAKUE - [IEJI0 CJIETYIOIINX
AECATUIETUN. JTa KHUTA - He IIpo oTBeThl. OHa 1po Metos. Bozpmute 4€pHBIN AIMK, KOTOPBIM Bac

9



C. HCFTCB. <<l/lH}I\’I/1HI/1pI/IHl' HCKYCCTBEHHOI'O MHTEJIJICKTa»

Myraer, ¥ yMeHbIIIATe ero 10 TeX Mop, MoKa OH He MepecTaHeT ObITh MPoOIeMOi. A Koraa Jonaere
710 TpaHULIBI - Oy[leM 3aJaBaTh HOBbIE BOIIPOCHI BMECTE.

10
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BBE/IEHUE

DTa KHUTA - HE JI TeX, KTO XOUEeT y3HaTb, YTO HEMPOCETH "y4arcs Ha JaHHbIX . OHa 1 Tex,
KOMY HY)XHO ITOHSITh, KAK UMEHHO OHH YCTPOEHBI, YTOOBI TPUHUMATh MHKEHEPHbBIC PEIICHUsI: BHIOU-
paTth apXUTEKTYpy, OLIEHUBATh CTOMMOCTb UH(pepeHca (BpeMsl BblIauu pe3y/ibTara MoJIb30BaTeNsIM),
YUTaTh CrieUpUKAIIUN MOJIeJIel U He BECTUCh HA MAPKETUHIOBBIE I PBI.

Ecnu BB iepkuTe 9Ty KHUTY B pyKax, CKOpee BCEro, Bbl YK€ 3aMETHIIM CTPAHHYIO MyCTOTY Ha
KHWKHBIX TofiKax. C OHO# cTOpoHbI - Oectcesuiepsl po MU ajis mupoKoit ayquTopuu, riae Herlpo-
CETH «yuaTcsl Ha JIAaHHBIX» U «TIOHUMAIOT KOHTEKCT», HO HH CJIOBa O TOM, KaK 3T0 paboTaeT Ha CaMOM
nene. C 1pyroi - yBecucTble Toma ¢ (popMyJiaMy U AUarpaMmMamu, OHATHBIE TOJIbKO T€M, KTO ykKe
3aIUTII JUCCEPTAIMIO TI0 MAIIIMHHOMY OOYYEHHUIO.

A r1e-To nocepeauHe - Bbl. YenoBeK, KOTOPOMY HYKHO HOHUMAMb, KaK YCTPOEHBI COBPEMEH-
Hble Mogenu VW, yToObl MpUHUMAaTh WHKEHEPHbIE pellieHus. BeiOrpars apXuTeKTypy Mmoj 3a/1a4y.
OuenuBarb crouMOCTh MHGEepeHca. Yntath cienr@uKanum MoJesiel U OTAEATh peasibHble Xapak-
TEPUCTUKHU OT MAPKETUHIOBBIX IIU(p. OOBACHATH KOJUIEram, oyeMy OJjHa MOJIEJb JIydllle Ipyrou, u
HE BBINIAETh MPU 3TOM HU (haHTA3EPOM, HU 3aHYIION.

ITa KHUTA - MOCT 4Yepe3 3Ty MyCTOTY.

3a nocnegHue aBa roga texHonoruu MM npouuim myTs oT 1a00paTOPHBIX IKCIIEPUMEHTOB J10
MPOMBIIIUIEHHOTO cTaHgapta. To, 4To Buepa ObLIO IPOPHIBOM, CETO/IHSI CTAHOBUTCS PYTUHOM. MHKe-
Hepy MPUXOAUTCS HE MPOCTO yCleBaTh 32 U3MEHEHUSIMU, HO M IOHMMAaTh, KAKMe U3 HUX JEWUCTBU-
TEJbHO BAaXHBI, & KaKHUe - JIMIIb IIyM B MH(MOPMALMOHHOM MPOCTPAHCTBE. DTa KHUTA JACT BaM
CHUCTEMY KOOPJMHAT, B KOTOPOI Bbl CMOXkETe OPUEHTUPOBATLCS HE3ABUCUMO OT TOTO, KaKue HOBbIE
apXUTEKTYPbl MOSABATCA 3aBTpa.

Yro BbI HAlIETE BHYTPHU

Mpb1 He OyJeM y4uTh Bac MPOrpaMMHUPOBATh HEMPOCETH C HyJIsl. Mbl He Oy/ieM MorpyKarhbcsl B
MaTeMaTH4YeCKUe JOKa3aTeIbcTBa cxoauMocTu. Ho MbI oipoOGHO pa30epéM TO, UTO peaibHO HYKHO
3HaTh MHXKEHEPY, MPOJAKTY UM TEXHUIECKOMY MeHe[kepy, padoTatoriemy ¢ .

BrI He nipocTo nostyunte HaOop (HaKkToOB - BbI MONMETE JIOTHKY, CTOSIILYIO 32 aPXUTEKTYPHBIMU
peleHusAMY. YBUIUTE, T0YeMy OJIHA ONTUMM3AlUsl padoTaer, a apyras HeT. Hayunrtech 3amaBath
MIPaBUIIBHBIE BOIIPOCH pa3paboTUMKaM 1 BeHJopam. U riaBHOe - CMOKeTe OTAEIUTh peallbHble Orpa-
HUYEHUSI TEXHOJIOTUI OT BPEMEHHBIX TPYIHOCTEH, KOTOpbIe OYIyT pellieHbl B CIICIYIOIIEM PelTi3e.

Brbl y3Haete
- [loueMy «TOKEH» - 9TO HE ITPOCTO CJIOBO, a EAVHULA U3MEPEHUS CKOPOCTU U IEHET
- Kak croBa npeBpatnaorcs B BeKTopsl U nouemy «Koposb - Myxunna + Kenmuna = Kopo-
JIeBa»
- Uem ormuaetcs nosuionHoe koaupoanve RoPE ot ALiBi u koraa uto BeiOupath
- Kak paboraer MexaHn3M BHUMaHUS U TIouyeMy Oe3 Hero HeT coBpeMeHHbIX LLM
- 3aueM B TpaHcopMepe LebIX 32 €10 ¥ YTO IPOUCXOAMT B KaXkJI0M
- ITouemy LSTM npownrpana Tpancopmepam, X0oTs1 ObUTa IPOPHIBOM
- YTO Takoe «CMeCh IKCIEPTOB» U KAK MOAEIM Y4aTCsl SKOHOMUTh PECYPCHI
- CKOJIBKO Ha camom Oene CTOUT 0OydeHre OOJIBIION MofieNH (CHoiIep: Kak KPBUIO CaMoJIETa)
- Kak 13 0OBIYHON A3BIKOBOM MOJIEIH IEJIAI0T BEKINBOro accucreHTa ¢ oMorpio SFT 1 RLHF
- Kakue onruMu3zanmy no3BosiioT 06padaThiBaTh MUJUTMOHHBIE KOHTEKCTHI
- Kak BpIOMpaTh Mojiesb TIoJ] CBOIO 3aa4y, IIIs/Is Ha TaOIMIly XapaKTepPUCTHK
11
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- [Touemy Oynyiiiee - He 3a OJHOW I'MTAHTCKOM MOJIEJTBIO, 4 32 OPKECTPOM CIIEIMATN3U POBAHHBIX
- Kak Moxer BbImIsiAeTh Bail U(POBOM JBOMHUK U KaKKe MPOOIeMBbI HAC JKAYT HA STOM Iy TH.

Baxxnas oropopka

Bocrnipunumaiite KOHKpeTHbIE HU(PPBI (KOJIMYECTBO MApaMETPOB, pa3Mep KOHTEKCTa) KaK CHU-
MoK 3n0xu 2024-2025 rozoB, a apXUTEKTypHbIE pelIeHHs - Kak (PyHIaMeHT, Ha KOTOPOM Bbl CMO-
’KEeTe CTPOUTH MOHMUMAHHE JIIOOBIX HOBBIX MOJIEJIEH.

12
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I'JIABA 1. KAK PABOTAET 'EHEPATUBHAA
A3BIKOBAA MOAEJIb: OT 3AITPOCA K OTBETY

«/Ttoou - smo neliponnvle cemu. Bcé, umo modicem deaame mvl, CNOCOOHBL 0AaANMb U MAUUHBLY
- Dxxedbcdpu XuHTOH, ydeHbIH-UHGOPMATHUK, IEPBOMPOXOILI B 00JIACTH IITyOOKOTro 00yUYeHUs
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

1.1 Token

TokeH - 5To MUHAMAaJIbHAS €InHUIIa TEKCTa, Ha KOTOprfI AJITOPUTM pa361/1BaeT MMpeJIOKECHUC,
YTOOBI C HUM pa60TaTb. 910 M CAINHNIA UBMEPEHUA CTOUMOCTHU U CKOPOCTHU. Hazsanue MOAYCPKU-
Bac€T, YTO 9TO «3aMC€Ha» pPE€aJIbHOMY TEKCTY B L[I/I(ppOBOM MHUpE, CBOCTO poda KETOHYUK, KOTOprfI
0003HavYaeT KYCOYCK CMBICITIA.

TIouemy He «c1080» uau «cuM80a»?

Tepmun «moken» 8b10par NOMOMY, YUMo OH wiupe u abcmpaxmuee, yem «cr0680». Toxkenamu
CIMAHOBSIMCSL He MOAbKO CA08A, HO U 3HAKU NPENUHAHUS, YUGPPbL, npodensl (UH020a) Ul 4acmil C108
(cabeopowt). Hanpumep, 6 npeonoxcenuu «Ilpusem! Kax dena?» moxenamu oyoym: [Ilpusem], [!]
, [Kak], [oena], [?]. BockauuamenvHbvlii 3HAK - MO HE CA0BO, HO MO BAINCHBIIL MOKEH.

Mamemamuueckas a6cmpafcb4uﬂ: ﬂﬂﬂ Heﬁpocemu MOKEH - 3nio, 86 KOHEUHOM umaoee, npocmo
UHOeKc ( l'lI/tC./lO) u3 caoeapsi. Hazeams smo «caroeom» 6b1.10 6bl HEKOPPEKMHO, MAaK KAaK Mooenv one-
pupyem uuciamu, a He MUHZBUCNTUUECKUM NOHANIUEM <C/106A».

I/ITaK, TOKEH - 9TO HE IPOCTO CJIOBO, a aéchaKTHbIﬁ «KeTOHYUK cMbIcia». Ho kKak UMeHHO
TEKCT MMpEBPAIIACTCA B 9T JKETOHYMKH? 3a 9TO OTBEYaeT CJ'ICILYIOH_[I/Iﬁ KOMIIOHCHT - TOKECHU3ATOP.

Toxennzanus (Tokenization)

paseneHre TeKCTa Ha eAMHHIBI 0OpadoTku. Korma BBl oTmpapisiere cooOLIeHHE, MOJENb
HE BUIUT OYKBBI WJIM CJIOBA B YEJIOBEUYECKOM NMOHMMAHMH. TEKCT MPOXOAUT Yepe3 TOKEHH3aTop
(tokenizer) - anropuT™, KOTOPBI pa30MBaeT CTPOKY HAa MUHMMAJIbHbIE €IMHULIbI, HAa3bIBAEMbBIE TOKE-
Hamu (tokens). CymectByer Heckospko anroputmoB: BPE (ucnomssyerca B GPT u RoBERTa),
WordPiece (BERT) u SentencePiece (LLaMA, TS5, XLNet).

BPE, WordPiece u SentencePiece - B uém pa3Huma?

Toxenuzamop - 3mo He «uépHblll AUUK». IMO AN20PUMM, KOMOPYLIL peutaent 0OHY 3a0auy. ecau
cn06a Hem 8 cro8ape, Ha Kakue Kycouku e2o paspezams? Tpu nonyasprvix nooxooa - BPE, WordPiece
u SentencePiece.

BPE (Byte Pair Encoding)

Kak paboraer
Haxogut camylo 9acTyio mapy CKIMBOJIOB B TEKCTE, CKJIEUBAET €€ B HOBBIA TOKeH. [ToBTOpSIET,
TIOKa CJI0Baph He JJOCTHTHET HY/KHOTO pa3Mepa.

IIpumep

B Tekcre yacto BcTpeuaercs a b — ckienBaeM B ab. [Totom ab ¢ — B abe. U Tak panee.

+ [IpocToii, MOHATHBIA, PadOTAET [J1s1 eBPOINENCKUX S3bIKOB.

— Tpebyem npedsapumenvHoil pazousku Ha cao8a (npodensl - omoenvible CNeUUANbHbIE CUM-
sonwl). [1nox 0ns s361K06 €3 npotenos (KUMaicKuil, SNOHCKULL, MaticKuii).

I'ne ncnoans3yercs
GPT, RoBERTa.
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

WordPiece

Kak paboTaert
ToT ke MPUHIIUT CKJISHKH, HO BHIOMPAET HE CaMyI0 YacTyIo Mapy, a Ty, KOTopasi MaKCUMaJIbHO
YBEJIMUMBACT BEPOSTHOCTD (ITPaBIONONO0UE) I3BIKOBOM MOJIEIIH.

Pa3znuna ¢ BPE

BPE svioupaem napy no uacmome. WordPiece - no npupocmy eeposimuocmu mooeau (mo,
Umo ayuue nomozaem npeocKa3vbléanv CAOYIOUULL MOKEH,).

+ Jlaét uyTh GoJee «yMHbIe» ToKeHbl, YeM BPE.

— Toxe TpeOyeT pa3ouBKy Ha coBa. CI0XKHEE B peai3alim.

I'me ncnoab3yercs
BERT.

SentencePiece

Yro 310

He anroputMm, a 6ubJmoTeKa, KOTOpasi ymeeT JIBe Belllu:

- PaboTath ¢ CHIphIM TEKCTOM (Oe3 mpeIBapuTeSIbHOM Pa3OMBKY Ha CJIOBA IO MPOOeIiaMm).
- Ucnonmp3oBath BHYTpH 71100 BPE, mn60 Unigram (TpeTuii aroputm).

I'naBnas pumka

[TpoGen B SentencePiece - 0ObIYHBINA CUMBOJI, KaK M Bce ocTajibHble. [10aTOMy OH He TpeOyeT
«3HaTh», TJIe TPAHUIIBI CJIOB. DTO BAXKHO IS SI3BIKOB 03 MpoOesioB (KUTAWCKUH, STIOHCKWMA, Tai-
CKHI).

+ YHuBepcasieH, paboTaeT ¢ JTOOBIMH SI3bIKAMU.

— Tpebyem omoenvHoz0 wiaza - 0OyueHUs: MOKeHU3AmMopa Ha Kopnyce (Xoms smo 0eaaemcsi
OO0UH pas).

CpaBHureJibHas TadJua

BPE WordPiece SentencePiece
bubdmorexka
Yrto 31O AITopIIM Anropurm I
. . + BPE/Unigram
- . IIpupoct
Kpureprmit . Prp BPE umn
o TacTota mape! BepPOATHOCTI .
CKIIIIKII Unigram
MOIIemIl =
Hy:xma nn

Ha (npoder — Het (padotaer

pasz0IBKa Ha _ Ha _
CIIELICHMBOII) C CBIPBIM TEKCTOM)
CcIoBa
T'ne GPT, LLaMA,
BERT - _
IICTIONb3YeTCA RoBERTa T5, XLNet
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

Yro BaKHO AJIA HHZKEHEPa

Ecau Bbl padoTaeTe ¢ aHIJIMIICKUM U €BPONENCKUMU SI3bIKAMH
BPE wm WordPiece nanyT nmoutu oquHaKOBBIN pe3y/ibTaT. PazHuIila 3aMeTHa TOJIBKO Ha Tpa-
HAX.

EcJyin Bama Mojesib MyJIbTHSI3bIYHASI WM PA00TaeT ¢ KHTACKIM/SITOHCKUM
Bam HykeH SentencePiece. be3 Hero mpoGetsl OyayT Melath, a cjioBa 6e3 poOeioB - pe3aThCs
B CJIy4ailHble KyCOYKHU.

SentencePiece ceroausi - cranaapt aJs open-source LLM (LLaMA, Qwen, DeepSeek).
BPE u WordPiece ceronns ucnons3yior pexe (GPT-2, BERT - yxe He nepenHuiil Kpaii), HO IOHU-
MaThb MX TOJIE3HO IS YTEHUs CTapblX CTaTel U CrielUpUKAIINA.

TokeH MOXET OBbITh:

- IIEJIBIM CJIOBOM («KOT», «9EJIOBEK»);
- YaCThIO CJIOBA («HEHPO», «CETh»);

- OTAEJILHBIM CUMBOJIOM («!», «7»).

Bri6op cTpateruu - MHXeHepHOE pellieHre, Y KOTOPOro HEeT HealbHOro BapuaHTa, TOJIbKO KOM-
IIPOMHCCHI.

eabie ciioBa

WHTYUTHUBHO TIOHATHO, HO CJIOBaph pa3pacTaeTcsi 10 MUJUIMOHOB TOKEHOB (Hea(h(heKTHBHO), a
MoZIeTb He CMOKeT 00padoTaTh CJI0BO, KOTOPOro He Bujena B oOydeHun (mpodmema OOV - out of
vocabulary).

Yacrtu cJjioB (cadbBOp/abI)

3onotas cepeauHa. Cnoaps pukcupoBaHHoro pasmepa (32K-256K), penkue cioBa codupa-
I0TCSI M3 KYCOYKOB, MOJIEJTb MOXET 00padaThIBaTh HOBBIE CJIOBA. MUHYC: MHOTJa HApe3Ka BHITJISAUT
HEJIOTUYHOM («HEWpPO» + «CETHU» BMECTO «HEUPOCETH» ).

OTaeJbLHBIE CHMBOJIBI

CJIOBaph KPOIIEYHBIN (JIECATKU/COTHU TOKEHOB), HeT mpoOiaeMbl OOV, HO NJIMHHBIE TEKCTHI
MPeBpAaIAlOTCS B OUSHb JUTMHHBIC TIOCIEIOBATEeIFHOCTH, UTO 3aMeIseT 00pabOTKy U YCIOKHSET
TOUCK CMBICJIOBBIX CBSI3EM.

BoJBIIMHCTBO COBPEMEHHBIX MOJIE el BHIOUPAIOT KOMIIPOMHUCCHBII BAPUAHT - CAOBOP/IbI
(BPE, SentencePiece, WordPiece).

Kak 310 pa6oTaeT TeXHUYEeCKH

TokeHn3aTOp aHAM3UPYET CTATHCTUKY BCTPEUAEMOCTH CUMBOJIOB U MIX COYETAHUI B 00ydaro-
1meM Koprryce. Yacto BeTpevarommuecs nocieoBaTeIbHOCTA 00BbEANHSIOTCS B OIMH TOKEH. DTO M03-
BOJISIET AAepXkKaTh pa3mep cioBaps (00br9HO 32 000-256 000 ToKeHOB) (PUKCHPOBAHHBIM, HO IIPH STOM
KOAMPOBATh JIIOOOH TEKCT.

Kak TokeH nmojy4aet cBOi HOMep (1 MOYeMy CIEeIICMMBOJIBI - 0COOEHHbIE)
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

MosxeT MoKa3aTbCsi, YTO YMCIa, KOTOPHIMU 0O03HAYAIOTCS TOKEHbI, HA3HAYAIOTCS CITy4YaitHo.
Ho 3T10 He Tak. Y TOkeHu3aTopa ecTb CcTporas JIOTUKa, U OHa MOAYUHAETCS OJHOW LIEJIU: CAeJIaTh
CJIOBapb MaKCHUMAaJIbHO 3(h(PeKTUBHBIM.

AuroputM padoTaet cjaeayrImuM o0pa3om

Tokennzarop HaunHaeT ¢ 6a3oBoro ajacasura. Kaxaomy cumBony - Oykse, nudpe, 3HaKy
MpPENMHAHKUS - IPUCBAUBAETCS HAUYaJIbHBII HOMEp. DTO «pyHAaMeHT» cioBapsi. Hukto He cripainmsat
paspeliieHus1 y 3aIsITON WM TOYKY C 3aISITON - OHM MOJTYYHIM CBOM HOMEpA 0 YMOTYaHHIO, TIOTOMY
YTO O€3 HUX TEKCT PACCHIACTCH.

3aTeM TOKEHH3aTOp «CMOTPUT» Ha 00YyYaIOIIMi KOPITYC (MIJUTMAPIBI TEKCTOB) U UILET CaMble
YaCTOTHBIC Maphbl YK€ CYIIECTBYIOIINX TOKCHOB.

CaMy10 YaCTOTHYIO ITApy OH «CKJICMBAET» B HOBBIN TOKEH ¥ IPUCBANBACT €My CJICAYIONIUIA CBO-
OOMHBIN HOMED.

HpOHCCC MOBTOPACTCA ThICAYU Pa3. C KaXXJIbIM IIaroM CJIOBapb IOINOJHACTCA HOBBIMH TOKC-
HaMH, KOTOpbIe COOpaHbl U3 Oosiee MEJTKUX KyCOYKOB.

[_IBa Ba’KHbIX HIOAHCaA PO CHECUMB 0JIbI

IlepBblii: npodeabl

B GonpImMHCTBE TOKEHU3ATOPOB MPOOEI - 3TO HE ITyCTOTa», a IOJIHOMPABHBIA CUMBOJ, KOTO-
pbIii TIONTy4yaeT cBoi HoMmep. Korma TOKeHM3aTop «CKJIeMBaeT» Mapbl, OH MOXET OOBEIUHUTH MPO-
0eJ1 co CleayIonMM CI0BOM. VIMEHHO 10TOMY B HEKOTOPBIX MOJIENIsX TokeH « Kak» (¢ mpodesiom B
HayaJsle) CYIIEeCTBYeT OTIEIbHO - 3TO HacJeAue TOro, 4To Ha KaKOM-TO Iare mpooes u cioBo «Kak»
BCTPETWJIUCh BMECTE JJOCTATOYHO 4YacTo.

Bropoii: nyHkTyanus

3HaKkM MpenvHaHus (TOYKa, 3amsTasi, BOCKJIMLIATEIBHBIN 3HAK) - 3TO OTAENbHBIE TOKEHBI C
camoro Hauasia. OHU HUKOTA He «CKJIEMBAIOTCSI» CO CJIOBAMHU, €CJIM TOJIBKO MOJESb CIEIHaIbHO He
oOyueHa Ha TeKcTax 0e3 mpoOesIoB mociie 3HakoB (a Takoe ObiBaer). [ToaToMy B mpuMepe Bbillie BOC-
KJIMIIATeIbHBIN 3HAK «!» OCTaJICSl CAMOCTOSITEIbHBIM TOKEHOM HOMep 67, XOTsI MOT Obl TEOPETHUECKH
MIPUKJIEUTHCA K CI0BY «IIpuBer».

Yro B uTore?

udpa 3245 - 310 He CyyalHBI UHIECKC, & UCTOPUSI: TOT TOKEH OBbUI «CKJIEEH» Ha KaKOM-
TO Iare U3 JBYX OoJjiee MEJKMX, KOTOpble BCTPETHIIMCh BMECTE JOCTATOYHO YacTO, YTOOBI 3aCiIy-
KHUTh COOCTBEHHOE MeCTO B cjioBape. A 1udpa 67 (BOCKJIUIIATELHBIN 3HAK ) - 9TO «TIEPBOKUPITAIHK»,
KOTOpBIY ObUT 3aJ10%keH B (PyHIAMEHT em€ 10 Havasla CKJICUBaHMUS.

UrtoObl yBUAETH ITOT MPOLIECC B ISHCTBUY, JaBalTe MPOCIEINM, KaK OJJHA U Ta ke (ppa3a BbIIJIs-
JWT IJIa3aMU YeJIOBEKa U I1a3zaMu Mojienu. PasHula okaxercs pa3uTesbHOM.
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C. HCFTCB. <<l/lH}I\’I/1HI/1pI/IHl' HCKYCCTBEHHOI'O MHTEJIJICKTa»

Paznuya medxcoy mem, umo euoum venoeex u 4mo euoUm mMooes.

Texct: [IIpuser! Kak nena?]
TokeHmn3anus (rjaa3amMH 4eloBeKa):
IIpuset ! Kak nema  ?
[cmoBo] [3HaK] [cmoBO] [croBO] [3HAK]
Toxkennzamms (ri1azamu BPE):

IIpuBet ! Kax nema  ?
[3245] [67] [8902] [14567] [67]

l

UTo BHIUT MOJENb:

Bxox: [3245, 67, 8902, 14567, 67]
(mpocTo 4rcia, HIKaKAX “ciioB’!)

CrnoBapp MojeIH (YCIOBHO):

67 —» “I”

3245 —» “Ilpuser”

8902 —» “Kak” (c mpobemom!)

Ho TokeHu3anus padoTtaeT no-pa3HoMy He TOJIbKO 15 YeJIOBEKA U MAIIIUHbI, HO U JIJIS1 Pa3HbIX
YeJIOBEUECKHX SI3BIKOB. AHIVIMACKHIA, PYCCKUN M KUTAUCKWIA «BECAT» B TOKEHAX COBEPIICHHO TO-
pazHOMy.

TOKeHI/I3aIII/IH PAa3HbIX A3bBIKOB
TOKCHI/BaTOpr OOBIYHO 06yqa10Tc51 Ha CMECH A3BIKOB, HO aHT. JIMACKUI B HEH HJOMUHUDPYECT. 310
CO3HaET NEPEKOC:

AHITTUACKUN
YacToTHblE CJIOBa CTAHOBATCSA OIHUM TOKeHOM. KoadpuimeHT TokeHu3aluu (TOKEHOB Ha
cioBo) - 1.0-1.5.

Pycckuit
W3-3a pa3BuToil MOpOIOruM CJIOBO YaCTO pa30OMBAETCs HAa KOpeHb U OKoHYaHue. Koapduiu-
eHr - 1.5-2.0.

Anonckuin/Kuraiickuii
Nepornudel kogupytorcs nocuMBoiibHO. Koaddunumenr - 2.0-3.0.

IIpakTyeckoe ciaeacrsue

ITpu npounx paBHbIX, paboTa C pyCCKUM TEKCTOM OOXOIUTCS JOPOKE B TOKEHAX, YEM C aHIJIUIA-
CKUM. ITH KO3(P(PULIMEHTHI - HE IIPOCTO aKageMuyeckue nudpsl. 1 nHxeHepa OHU NPsAMO Tepe-
BOJATCA B IEHBIU.

18



C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

BaskHoe yrouHeHme: 3T0 He IOTOMY, YTO aHIJIMCKUMN «JTydILe».

I'maps Ha 3TM LK@PBL, JIETKO cliesiaTh HEBEPHbIH BBIBOJ: MOJI, aHIJIMACKUI - CaMblil «9KOHOM-
HBIIT» SI3bIK, @ PYCCKUI U TeM OoJiee KUTAMCKUH - «PaCTOUUTENIbHBIE». DTO HE TaK.

Pasnuna B koaduieHTax - He JIMHIBUCTUYECKAasl JAHHOCTb, & UCTOPUYECKUH apTeakT.
[Mopasnstonee GOMBIIMHCTBO TOKEHU3aTOPOB 00yYaIMCh HA KOPITycax, Ie JAOMHUHUPOBAJ aHIJIMA-
ckuil. OHU «HAaCTPOEHbI» Ha €ro YaCTOTHOCTH, Ha €r0 TUIIMYHBIE COUYETaHUsl CUMBOJIOB. Pycckui,
KUTANCKWA, apaOCKUA U JIPyTUe S3BIKU MPOCTO «IIOJCETN» B ITOT CJIOBApPh, KOTOPHIN MO HUX HE
ONTUMM3UPOBAH.

TeopeTnyeckn HUUYTO HE MEIIAeT CO3[aTh TOKEHU3aTOp, KOTOPBIH OyIeT SKOHOMHUYHEe s
KHMTACKOTO, YeM JIIs aHTIMicKoro. Ecm B34Th Kopryc, rie 90% TeKCTOB - Ha KUTANCKOM, U O0yYUTh
BPE nnmm SentencePiece Ha HEM, neporudbl HAUHYT «CKJIEMBATHCS» B OCMBICIIEHHbIE YaCTOTHbIE
naphl, a aHMIMICKUE CI0Ba, HA0OOPOT, OyayT OpoOUThCs Ha YacTH. KoadduimeHTs moMeHsoTCs
MeCTaMH.

[TpakTryecku 310 y:xe npoucxoaut. Kuraiickue moaenu (Qwen, DeepSeek) ncnons3yior Toke-
HU3ATOPbI, ONTHUMU3MPOBAHHBIE MMOJ] KUTANCKUN M aHTJIMICKUN OJHOBPEMEHHO, ¢ OalaHCHPOBKOM
cnoBapsi. Pycckosizpranbie mogeu (GigaChat, YandexGPT) Toxe nMeroT cBor 0COOEHHOCTH TOKEHH-
3aIiM, XOTSI YacTo JO0OYyYaloTCsl IOBEPX «aHIIMHACKHUX» ClIoBapei. B crienuann3npoBaHHbIX Mojie-
JISIX pa3HUIA B «BECe» MEKIY S3bIKAMU MOXKET ObITh CBEIEHa K MUHUMYMY WJIM Jake oOpalieHa B
TOJIb3Y JIOKAJIBHOTO SI3BIKA.

BoiBoa 1uis1 nH:KEHEpaA

Ecnu BB cTpouTe cucteMy 1oj pycCKUil I3bIK M UCHOJIb3YeTe «aHITIMUCKYI0» MOJAEb - A, Bbl
Oynerte TUIaTUTH OOJIbIIE 32 TOKeHB. HO 3TO He MpoKJIATHE SA3BIKA, @ BOIPOC BHIOOPA MHCTPYMEHTA.
Cyl11ecTByIOT MOJIEIM M TOKEHU3ATOPBI, IJIe PYCCKUI «BECUT» CTOJIBKO k€, CKOJIbKO aHTIMACKUN (K
npumepy, GigaChat u Saiga (amantupoBanHast LLaMA)), a B HEKOTOPBIX ClTydasix - Jake MEHbIIIE.
[TpocTo ux HyXHO 3HATh U YMETh BLIOUPATH.

JlaBaiite Tenepb MOCMOTPUM, KaK 3HAHKME O TOKEHAX MIOMOTaeT CUUTATh OIKET.

TokeHn3anus u oneyaTKu: KaKk Mo/jieJib BUAUT OMIHMOKHU

MBbI TOJTBKO UTO pa3o0pasiy, Kak TOKEHU3aTop MpeBpaliaeT TeKCT B uncia. Ho yro mpoucxoaur,
€cJIM B TEKCTe ecTh oredarka? s yesoBeKa CIOBO «CJIEAYI0eT» - 3TO OUeBHIHAsI OIIMOKA, MbI €€
aBTOMATMYECKHU MCIIPABJISIEM U TOHUMAeM CMbIC. [l Mozienu BCE nHaue.

[TocmoTpum Ha nipumepe

Crnoo: "crenyroet" (onevarka, JOKHO OBITh "criemyeT")
Tokensr: [cnie] [nywo] [eT] wiu [c] [ne] [ny] [10] [eT] (3aBUCUT OT TOKEHM3aTOpa)
Hupekcor: [1245] [7890] [3456]

st Mmonenu 3To mpocto Tpu uucha: 1245, 7890, 3456. OHa He 3HaeT, 4To 3TO «HEMPABUILHOE
CJIOBO». OHa BUOUT I1OCJIE€J0OBATEIIbHOCTh TOKEHOB, KOTOpre MOFyT 6LITb peIIKI/IMI/I (GCJII/I orieuyaTrka
BCTpEYaeTCsl PeIKO) WK, HA0OOPOT, YaCTO BCTPEUaThCs B KOpPITyce (€CH JIOIU YacTo AeJaioT 3Ty
OIIHOKY).
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

IIBa ciieHapus
Cuenapui 1: Peskas oneyatka

Ecnu cnoBo «creytoer» BCTpedaeTcsi B 00y4alolMX JaHHBIX PEKO, TOKEHbI, Ha KOTOPbIE OHO
PazoObETCs, OyayT UMETh HU3KYIO BEPOSITHOCTh. MOZIe/ b MOKET He MOHATh KOHTEKCT WJIU JIaTh CTPaH-
HbII oTBeT. HO eciti BOKpYT 10CTaTOUHO KOHTEKCTa, OHA MOXKET A0raJaThCs MO COCEAHUM CIIOBAM.

Cuenapmuit 2: Yacras onedarka

Eciu ommbka pacrpocrpaHeHa (HampuMmep, «BOOOIIEM» BMECTO «B OOIIEM»), TOKEHU3ATOP
MOXET JIaKe BBIIEIUTD JIJIs1 He€ OT/ebHbINA TOKeH. Takoe CJI0BO CTAHOBUTCS /ISl MOJEJIU TaKUM ke
«HOPMaJIbHBIM», KaK ¥ TIPaBIJIbHBIN BapuanT. OHa Oyaer o6padaThIBaTh €ro Kak 0OBIYHOE CJIOBO, HE
MOJI03peBast, YTO STO OIMIMOKA.

51, KaK 4esIoBeK, YBUJIEN CIIOBO «CJIEAYIOET» U aBTOMATHUYECKU COMOCTABHJI €r0 C U3BECTHBIM
MHE CJIOBOM «CJIEyeT», IPOMTHOPUPOBAB JIMIITHIOW OYKBY «I0». Y MEHs €CTh MEHTAJIbHAsI MOJEIb
A3bIKa M 3HAHUE, YTO TAKOM OIIMOKY OBITh HE ITOJIKHO.

Mogesb ke BUUT MOCIIeI0BaTeIbHOCTh TOKEHOB. Eciu 3Ta mocienoBarebHOCTh J0CTATOYHO
YacTo BCTpevyasiach B 00y4YeHHH, OHa BOCIIPHMET €€ KaK JOIyCTUMBIN BapuaHT. Eciu pesiko - Moxer
«pactepaTbcsi». Ho y He€ HeT «uyBCTBa MPaBUJIBHOCTH» - TOJIBKO CTATUCTHKA.

HpaKTI/I‘IeCKI/Iﬁ BbBIBOA JId HHZKEHEPA

[Tpu mocTpoeHun cuctem, KOTOpble OOIIAIOTCS C MOb30BATEISAMU, BAKHO YUUTHIBATH:

- TOKeHM3aTOp HE UCIIPaBIISET ONEYaTKH, OH IPOCTO KOAUPYET UX

- Ec Barm mpoAyKT padoTaeT ¢ HerpaMOTHBIMM TEKCTaMU (YaThl, COIICETH), CTOUT TIOyMaTh
0 TIpeoOpaboTKe - HOPMAJIM3AIIUH OTIeYaTOK 10 TOKEHU3AIUN

- Hexotoppble Momenu CrieluaibHO T000ydJaloT Ha TEKCTaX C OMMOKaMH, YTOOBI OHH JTydIIe
MOHUMAJTU peaTbHBIX TIOJIL30BATEIIeH

[Tpumep npenodpadboTKM

Bxon: "cnenyoer 3aMeHUTD"
[Mar 1: HopManu3auus onevyaTok (ONUIMOHAIBHO) — "CIeAyeT 3aMEHUTD"
IHar 2: tokenuzanus — [cae] [ayer] [3a] [me] [HUTH]

Be3 Hopmas3aimy MojiesTh IOMYYUT PEAKYIO MOCIeJOBATEIbHOCTh TOKEHOB U MOKET OTBETUTh
xyxe. C HopManm3alyen - CTaHIapTHYIO TIOCIIeIOBATeIbHOCTh, C KOTOPOW OHA yUWJIach padoTarh.

Pacxo/ TOKEHOB U OIOKeT

ITO KPUTUUYECKHU BAKHO JJIs1

.. .. . 2
- pacuéra croumoctu API (Application Programming Interface)”;
- IUTAaHUPOBAHU I JUTMHbI KOHTEKCTa (OAMH U TOT e TEKCT Ha PYCCKOM 3alMET OOJIbIIIE TOKEHOB);
- BBIOOpa MOJIEJH.

Wrak, MBI mpeBpaTWIM TEKCT B TOCIIEIOBATEILHOCTD UKceN-TokeHOB. Ho camu o cebe 3tu
YHCIIa - MPOCTO WHICKCHI, OHU HUYETO He TOBOPSAT MOJEJIH O CMBICIIE CJIOB. UTOOBI HAJIETUTh UX 3HA-
YeHUeM, HyXKeH CJIETYIONIMI mar - SMOSIHIU.
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1.2 Imoeqanuru

B npeapiaymem paszaene Mbl IPEBPATUIM TEKCT B MOCJIEA0BATEIbHOCTh YKCeN - TOKeHOB. Ho
y 3Toi 1node/pl ecTh 0OpaTHasA CTOpPOHA: caMu Mo cede 3T uucaa [3245, 67, 8902, ...] Hu4ero He

rOBOPAT MOJEJH O cMbIcie cioB. [ kommbiotepa 3245 u 8902 - npocTo pa3Hble MHJIEKCEL, MEXAY
KOTOPBIMH HET HHUKAaKOH cBs13U. Kak xe 0ObSICHUTD MallIHE, YTO «KOT» U «KOIIKa» - 9TO IIOYTU OJHO
1 TO K€, a «KOT» M «acTepou» - HeT? 3/ech Ha CIIeHY BBIXOIAT SMOCJIUHT .

Amo6enaunru (Embeddings) - 310 ciocod 0ObACHUTD UCKYCCTBEHHOMY MHTEJUIEKTY CMBICTI CJIOB
Ha s13bIKe 1UQP.

1. IIpobaema
KoMmnboTep He MOHNMAET CJI0Ba
JI71s1 KOMTIBIOTEPA TEKCT - STO MPOCTO HAOOP HEMMOHATHBIX 3HAYKOB. EIMHCTBEHHBIN S3bIK, KOTO-

Ppblil OH peaIbHO NTOHUMAET, - ITO YUCTIA.
Camoe npocToe, 4To MPHUIILIO B TOJIOBY YYEHBIM - 3TO IIPUCBOUTH KakKIOMY CJIOBY HOMEP:

Kor=1
Cobaka = 2
I'pyma =3
sA6m0ko0 = 4

WU sugur: 1, 2, 3, 4.
B uyém 31ech mpodJiema?

Jnst yenoBeka oyeBuaHO, uTo Kot m Cobaka - 3T0 KMBOTHBIE (TIOX0kH), a S610K0 1 ['pyma
- 3TO (PPYKTHI (TOKE MOXOKH).

Ho niia komnblotepa yncna 1 u 2 - 3170 Takas ke napa, kak v uucia 1 u 4. I[Ipocro uudpsr.

s Hero «Kor» (1) Tak ke mamek ot «Codaku» (2), Kak u oT «['pymm» (3). CMbICT MOTEpsIH.

OueBuIHO, YTO HYXEH CIOcO0 HE MPOCTO MPUCBOUTH CIIOBaM HOMEpA, a PACTIONOXUTh MX B
MPOCTPAHCTBE TaK, YTOOBI OJIM3KHUE MO CMBICTY CJIOBA OKA3JIUCh PSIOM.

2. Penrenue

Ilorpyxaem cJi0Ba B «IPOCTPAHCTBO CMBICJIOB»

SOMOeUIMHTY pertaioT 3Ty npodiemy. OHU MPeBpaIIaloT CIOBO HE B OJHO YMCJIO, a B BEKTOD -
JUIMHHBIN CIIMCOK KOOPJMHAT (KaK Ha KapTe).

[TpencraBbTe cede OrpoOMHOE MHOTOMEPHOE IMPOCTPAHCTBO. YCIIOBHO, HA30BEM OCH STOTO IPO-
CTPaHCTBA MPU3HAKAMMU:

Ocpb X: «CreneHb KUBOTHOCTU» (OT -1 (MpeaMeTHOCTh) 10 +1).
Ocpb Y: «Crenens cbeT0OHOCTH.

Ocb Z: «CteneHp MylucToCTH».

Tenepb MbI MOKEM PAaCCTaBUTL CJIOBA IO KOOpAWHATAM:
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Kot: (JKusorHoe: +0.9, CbemgodHOCTb: -1.0, [Tyrmmcrocts: +0.8)
Cobaka: (ZKuotHoe: +0.9, CrenodHOCTS: -1.0, [Tymmcrocts: +0.5)
I'pyma: (JKuBothoe: -1.0, Crenodnocts: +0.9, [Tymmcrocts: 0.0)
s6noko: (Kusotnoe: -1.0, CbrenobHOCTD: +0.9, ITymmcrocts: 0.0)

Paccrosinus:
Kot <-> Cobaka = 0.3 (6JIM3KO — MOXOXKH)
Kot <-> I'pymia = 2.3 (1anexko — He MoX0xXu)

(Ha camom fnene oceil TaM COTHU MJIM THICSIYH, ¥ CMBICII UX TOPA3ZIo CJIOKHEE, HO CYThb Ta Ke).
3. 3auem 310 HykHO UN?

Koraa y kaxaoro cioBa ecTb KOOpIAMHATHI, KOMITBIOTEP HAYMHAET BUAETh TEOMETPUIO CMbICIIA!
MOHMMaHMe TOX0kecTh: KOMITbIoTep BBIYUCISET PACCTOSIHIE MEKLy TOUKAMH.

Kor u Cobaka Haxomsarcsi psioom B TIPOCTPAHCTBE (IOTOMY YTO KOOPAMHATHI TIOXOXKH: 00a
JKUBOTHEIE).

Kot u I'pyma Haxonsres daaexo.

BriBog
Kommblotep «3HaeT», 4To KOT U cOOaKa - 3TO TMOXOKKE TOHATHS.

Ho 3tum Beé He orpannumnBaercs. Korga cioBa BEICTPOEHBI B IIPOCTPAHCTBE, KOMITBIOTEP MOXKET
HE TOJIbKO OMpeNessiTh UX OJIM30CTh, HO U HAXOOUTh HAIIPABJIEHUS] CMBICJIOBBIX TiepexonoB. Hanpu-
Mep, BEKTOP OT «ILJIOXOTO» K «XOpOIIeMy» OyleT IPUMEPHO OJMHAKOB ISl pa3HbIX KOHTEKCTOB -
Oy/ib TO (PMIIBMBI, TIOTO/IA MJTH HACTPOEHHE. DTO MO3BOJISAET MOJEIN 0000IAaTh A0CTPAKTHBIE TIOHSATHS
Y TIEPEHOCUTH UX U3 OTHOM OOJNACTH B APYTYIO.

Baxno

Imo memaghopa o nonumanus npuHyuna. B peanvHocmu iy amoe00unz08 COMHU UAU MblCIUU
UBMEPEHULL, U YEN0BEK HE MONCEM NPUCBOUMb UM OCMbICAEHHbLE HA3BAHUSL 8D0O0E «<NYWUCTOCMb». Ocu
He UHMEPNPemupyembl, 8ANCHbL NUUUb PACCIMOSIHUS MEHCOY MOUKAMU.

Ho smOenauHru ymMeT He TOJTBKO TPy PoBaTh MoXoxue cyioBa. CaMoe yIUBUTETbHOE CBOM-
CTBO 3TOTO MPOCTPAHCTBA - B HEM MOXHO BBITIONHSATH apudMeTuvecKue Orepalu, ¥ OHU OyIyT
JaBaTh OCMBICJIEHHbBIC PE3YJIbTaThI.

Amnanornu (MaTtemaryka cMbIC/Ia): C BEKTOPaMU MOKHO IMPOU3BOAMTh MaTeMaTUYECKHE OTepa-
uun. Eciiu BeI BO3bMeTe BEKTOP ¢JIoBa «Koposib», BeiuTeTe BeKTOp «MYyKUMHa» U IPUOABUTE BEKTOP
«7KeHmyHa», BB MOMYYHUTE BEKTOP, OMKaAIMN K clioBy «Koporesa».

dopmysia BBIITIAOUT TaK:
Koposs - My:xunna + Kenmuna = Koponesa.

AHanorus (BeKTOpHasi apudmeTuka):
Koposns -> [0.8, 0.7, 0.3]

Mysxkuuna -> [0.7, 0.6, 0.2]
Kenmmna -> [0.2, 0.7, 0.8]

Koponesa <- [0.3, 0.8, 0.9] (pe3ysbTar coxeHust/BbIMUTAHMUS)
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WU yuutcst npoBOOMTH TaKMe aHAIOTHH, IIPOCTO NMOIOMpasi KOOPAUHATHI.
[TonBeném UTOr: UTO %€ MbI IIOJy4aeM, EPEBOIS CI0BA B BEKTOPHI?

Hror

OMOEAIMHIY HYKHBI, YTOOBI MlepeBecTH TeKCT (KoTopbiii MM He moHMMaeT) B KOOPAWHATHI
TOYEK Ha KapTe CMBICJIOB (IIOTOMY YTO C HUMHU MOXHO CUMTATh U HAXOAUTh 3aKOHOMEPHOCTH).

Bnaropapst um, HelipoceTh MOHUMAET, YTO:

«KoT» 1 «KoLKa» - 3TO MOYTH OJHO U TO XKE.

«XOpOIHINI» U «IIOXOW» - TPOTUBOMOJIOKHOCTH (BEKTOPBHI CMOTPST B pa3Hble CTOPOHBI).

JJis1 HHKeHepa

Pazmeprocms 3mbedourzos (nanpumep, 4096) nanpsmyro éausiem Ha cnOCOOHOCHbL MOOenu
PA3AUMAMb MOHKUE OMMEHKU CMbICA08 U HA 00BEM NAMSIMU, 3AHUMAEMOL MOONbIO.

Ntak, sMOeIMHTH eI TIPOOIEMY «CIIETIOThI» MOJEJH K CMBICITY OTJEJIbHBIX CJIOB. Terepb
KOMIIBIOTED 3HAET, UTO «KOT» U «KOIIIKa» - Onn3kue MmoHsaTus. Ho B sA3bIKe BakeH HE TOJBKO CMBICIT
CaMUX CJIOB, HO M MX TOPsAIOK. Ppasbl «KOT YKycHsI co0aKky» U «codaka yKycusia KOTa» COCTOAT U3
OJIHUX U TEX Xe CJIOB, HO O3HAYAIOT MPSIMO MPOTUBOMONOKHOE. Kak cooOmuUTh MOJEH, YTO OPSAI0K
umeeT 3HaueHue? 115 3TOro CyIecTByeT CAeAYIONNiA MEXaHU3M - TIO3UIIMOHHOE KOIMPOBAHHE.
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1.3 Ilo3zunuonnoe kogupoBanue (Positional Encoding)

OMOEJIMHIY HAZIEIIA KaX/I0€ CJIOBO CMBICJIOM, PACIIONIOKUB UX B MPOCTPAHCTBE TaK, YTO
«KOT» U «KOILIKa» OKa3aJuch psagoM. Ho B s3bIke BakeH He TOJIBKO CMBIC]I CAMHUX CJIOB, HO U MX
nopsok. Ppasbl «KOT YKYCHIT CO0aKy» U «coOaKa yKycria KOTa» COCTOSIT U3 OTHUX U TeX XKe CIIOB,
HO O3HAYaloT IpsIMO POTUBONONOXKHOE. ECit Mbl MPOCTO CI0KKUM SMOEAIMHIY, MOJE/b HE YBUIUT
pasHuipl. Kak ke cooOmTh eid, YTo Mops/I0K UMeeT 3HaYeHne?

BekTop TokeHa cam 1o cebe He cogepKUT MH(pOPMALMK O €ro MO3ULMU B MOC/IEI0BaTENb-
HocTH. YTOOBI MOZIENTb MOIJIA pa3iiyaTrh MOPSIOK CJIOB, K SMOEJMHTaM I00aBIISIOT CIIENUaIbHYIO
METKY - NO3MIMOHHOE KonupoBaHue. Ho kak MMeHHO ero peasn3oBath? 3/1€Ch UHKEHEPBI PULIY-
MaJIi HECKOJIBKO CIIOCOOO0B, 1 BHIOOP MEK/1y HUMH BIIUSIET Ha TO, KaK MOJIeJIb Oy/ieT paboTarh C JUTHH-
HBIMU TEKCTAMH.

3a roxsl pa3BUTUSA TPaHC(OPMEPOB JBa METO/IA CTAJIM CaMbIMU MOMYJISAPHBIMU - KaXKAbIHA CO
cBoelt puocoduert u odnacTeio mpuMeHeHus1. [I03HaKoMUMCsI C HUIMU TTOOJTHKE.

RoPE

Rotary Position Embedding / BpaiareibHOe NO3UIIMOHHOE KOAUPOBaHUE (MCIIONb3YIOT B
LLaMA, DeepSeek);

3710 cnocod OOBSCHUTH HEMPOCETU MOPSIOK CJIOB, HE Tepsisi MPU 3TOM CBSI3b MEXAY HUMHU.
[IpencraBbTe, KaxkJ0€ CIOBO - 9TO OYCHHKA, HAHM3aHHAS HA JUIMHHYIO HUTh (3TO OCh MPEAJIOKEHHUST).
Ecnu MbI IpocTo oBecuM TaOJIMIKy ¢ HOMEpOM, OYCHHKA TaK U ocTaHeTcst OycrHKou. [Ipu ucnosb-
30BaHMM Rotary Mbl HAYMHAEM 3aKpyuyMBaTh Kax/1yl0 OYCMHKY MO Mepe YJaJIeHUs! OT Hayala HUTH.
[epBas 6ycrHKa 4yTb-4yTh MOBEPHYTA, BTOPAsl - €llle HEMHOT'0, TPEThS - ellle CHIIbHee... B utore Bce
OyCHHKH 3aKpy4€HbI B CITUPAJIb BOKPYT OCHOBHOW HUTH.

IToueMy 3TO KPYTO Jisl CBSA3U M€Ky CJAOBaMHU?

ITotomy 4TO MOBOPOT - 3TO reoMeTpuyeckoe cBoMCTBO. Korna HellpoceTb cMOTPUT Ha JBe
OyCHHKHM (IBa CJI0Ba), OHA BUIUT HE MPOCTO UX «HOMEpPa», a YroJl MeXAy HUMU. YeM Jasbliie cJIoBa
APYT OT Jpyra, TeM OoJbliIe 3TOT Yroi (MOTOMY YTO OHUM CHJIbHEe 3aKpyueHbl). Monesnb oOyuaercs
pearupoBarh Ha 9TH YIJIbL.

Hanpumep, BHumanue (Attention) Moenu MOXET ObITh HACTPOEHO Tak: «MHe HyKHO HalTu
CJIOBO, KOTOPOE MOBEPHYTO OTHOCUTEBHO TEKYILLErO POBHO HA OIPEEIEHHBIN yroi». 9T0 MaTemMa-
THUYECKH SKBUBAJIIEHTHO (ppa3e «HAiIM CIOBO Yepes /iBa CJI0Ba CleBax».

Kak 310 padoTaer

IIpo6aema
Tpauchopmep (mo3r GPT) BuauT Bce ciioBa cpa3y. Ecim He OTMETUTh MO3HUIIMIO, ISl HETO
(paza «MaJburK ymapui Mssu» 1 «Msd yIapiil MajlburKay OYIyT OIMHAKOBBIMH.

OObIYHBIE METObI
[TpocTo 100aBISIOT YKCIIO K CMBICITY CJIOBa (TIO3UIMI0). DTO paboTaeT, HO HeHpOCeTh CO Bpe-
MEHEM «3a0bIBaeT» YUC/IA U MyTaeTCsl B JUIMHHBIX TEKCTaX.

RoPE (Bpamenne)
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Bwmecto Toro uro0s1 npunuceiBath 1 py, ROPE noBopaunBaeT Bektop cmbicia cioBa. Yem
AaJblle CJI0BO OT HauaJla, TEM CUJIbHEE OHO MOBEPHYTO BOKPYT CBOEH OCH.

IToyemy 3TO reHnaIbHO?

OTHOCHTEJIBLHOCTD

HeiipoceTh BUAUT HE TOIBKO, UTO CJIOBO CTOWT HA 5-M MeCTe, HO U Y201 ROBOPOMA MEX]Y CIIO-
BaMU. DTO MO3BOJISIET €i JIeTKO MOHUMATh 3aBUCUMOCTh MEK/Iy «JICKUMU» CJIOBaMU (Harpumep,
€CJIM B HavaJsie IpeyioxkeHus Obl10 "OH", a B KOHIIE - "MOTOMY 4TO").

3aryxanue

Bpaiienue ycTpoeHo Tak, 4To OUeHb JaJIeKHe CJIOBA «IIEPEKPYUMBAIOTCS» U X BIUSHUE OCTIa-
OeBaeT (Kak B peaJIbHOM JKM3HU - TIEpBbIE CJIOBA yKe C1a00 BIUSIOT HA KOHEI] OrPOMHOW KHUTH).

RoOPE - 310 XUTpHIi CrIOCOO HAKPYTUTHh HA BEKTOP CJIOBA CIMPAJIbKY, KOTOpAs MOKA3bIBAET

€ro MecTo B IMpeIOKEeHUH, YTOObl HelpoceTh oHuMasia He Tobko YTO cka3zaHo, HO ¥ B KaKOM
I[MOPAKE.

dopmyJia pacuera yria nopopora

angle_diff = (pos2 - pos1) / (10000 * (21 / d)), rne

CHMBOJI Yro 03HAYaET
pos HomMmep no3mmn TokeHa (1, 2, 3, ...)
1 Homep naps! koopuHaT B Bektope (0, 1, 2, ...)
d Pa3mepHOCTE BekTopa 3MOe iiHTa (Harpimep, 4096)
10000 Ba3oBasg KOHCTaHTa (BEIOpaHa dMIIHPHYECKH )
ALiBi

Attention with Linear Biases / BHuMaHue ¢ TMHENHBIMUA CMEIEHUAMU.
Eme oguH cnoco6 0O0bsACHUTH HEHPOCETH MOPSIIOK CIOB, HO padoTaeT oH mpome u 3¢ dek-
THBHEeE, 4eM CJI0kHOe BpateHue RoPE.

CyTtb onnoi ppa3oii
ALiBi Haka3bIBaeT JajieKue CJIOBa, BBIYMTAs U3 UX «BHUMaHUsI» IITpad, KOTOPBIA pacTeT mpo-
MOPLIMOHAJIBHO PACCTOSTHUIO.

Kak 310 padoTaer

IIpo6aema
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HeiipoceTs (TpanchopMep) MbITaeTcs MOHSThH CBA3b MEKAy clioBaMu. CBsI3b MEXIY OTM3KUMU
CJIOBaMU (HAripuMep, «s» U «IIOIIe») OOBIYHO CUJIbHEE, YeM MEXY JaIeKUMH.

Mexanuzm

Koria Moniesib cMOTPHT Ha /iBa CJIOBA U PEIaeT, HACKOIBKO OHM cBsizaHbl, ALiBi npocto BbIum-
TaeT YNCJO U3 OLeHKH ITOM CBSI3H.

Ecnu cnoBa crost psaoMm - mrpad MaaeHbKUi (IIOYTU HOJMb).

Ecmu mexy Humu 10 ciioB - mrpad nodorisiie.

Ecmu mesxay aumu 1000 c1oB - mrpag orpoMHbIi, MOJEb TOHUMAET: « OHM CIIUIIKOM AAJIEKO,
3a0y1b».

[Touemy 310 KpyTO?

JINMTMHHDbIE TEKCTHI
ALiBi momoraer mozenu padboTaTh C OYeHb JITTMHHBIMU TEKCTAMH, TIOTOMY UTO OHA «3HAeT»:
HA KaX/IbIi II1ar pacCTOSTHUS CBSA3b YXY/IIAeTCsl.

IIpocroTa
He HyXHO CIIOXHBIX MaTeMaTW4yecKuXx mpeoOpa3zoBanuii (Bpamenuii), kak B RoPE. IIpocro
OepeM M yMeHbIIIaeM BHHUMaHHUE K JaJIbHUM CJIOBAM.

ALIiBIi - 310 Kak nMHENKa, KOTOPOW MOJEh ObET MO PyKam 32 IMOMBITKY 0OpaIaTh CIUIITKOM
MHOTO BHUMaHUsI Ha CJIOBa, KOTOPbIe HaxXoaATcs najeko B Tekcre. [ltpad pacrer poBHO u npeacka-
3yeMO (JIMHEMHO), OTCIo[la U Ha3BaHUe.

RoPE vs ALiBi

ROPE (BpamarenbHoe KOIMpOBaHUE):

CrnoBa 3aKpy4YMBAIOTCS TIO CIIMPAJIH, YTOJI IIOBOPOTA = MO3UITHUS
[Kot]® [cpen]®®° [mbimb]'30°

o L o

(dem Jasblie, TeM OOJIbITIe TTIOBOPOT)

ALIiBi (1uHeiHbIe CMelleHu s ):

Buumanue mrpadyercs 3a paccrosiHue

Bec BHuMaHus = ncxoqHasi_OlIEHKA - pacCTOsIHUE X mTpad
Kot — cwen: Bec 0.9 - 1x0.1 =0.8

Kot — mbimb: Bec 0.3 - 2x0.1 = 0.1

Wrtak, mbl 1o6aBuM K cioBam nH(popMaiuio o0 ux nopsjake. Ternepb Moienb 3HaeT, KTO 3a
KeM ctouT. Ho 3Toro BcE eme HepoCcTaTouHO, YTOObl TIOHUMATh CIIOKHBIE CBS3M MEX/Y CIOBAMM.
[MpenyioxkeHne «KOT YKYCHII COOAKy» - 3TO He ITPOCTO MOCIeI0BATeIbHOCTh CJIOB, 9TO HCTOPHS ITPO TO,
KTO COBEPIINJ ICHCTBHE, a KTO €ro UCTbITal. UTOOBI YIOBUTH 3TH OTHOIICHUS, HYKEH CJICTYIONIHHA,
camblil BaKHBIA KOMIIOHEHT TpaHcgopMepa - MEXaHU3M CAMOBHUMAHHUSI.

27



C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

1.4 Mexaun3m camoBauManus (Self-Attention)

MBI HaJe/MITU CJIOBA CMBICJIOM C TTOMOIIBIO SMOEJIMHTOB, YKa3aJI1 X TIOPS/IOK Yepe3 MO3HIIH-
OHHOE KOJJMPOBaHMe, HO MOJIEJIb IO CHX TOp HE IOHMMAET, KaK CJIOBa CBS3aHbI MeXIy COOOH B ITpeji-
noxeHnd. Ko Ha koro Biusier? Kakoe cJi0Bo yToUHsIeT cMbICH Jipyroro? bes oTBeTOB Ha 3T BOIPOCHI
TEKCT OCTAHEeTCs AJIs1 MOJIEII ITPOCTO HAOOPOM HE3aBHCHMBIX JIEMEHTOB. MexaHn3M CaMOBHUMAHUS
- 9TO MEPBBIH LIar K TOMY, YTOOBI CJI0OBAa HAYAJIU «OOIIATHCSA» APYT C JPYTOM.

Kaxaplil TOkeH «CMOTPUT» Ha BCE OCTaJIbHbIE U BBIUMCIISET, HACKOIBKO OHM Ba)KHbI JJIS1 €10
COOCTBEHHOTO TpezcTaBiaeHus. Ho kKak oMH TOKEH MOXET «CMOTpeTh» Ha Apyroii? Bezip y Hero Het
ma3. B Mupe Helipocerell 3TO BBIVISIAUT Kak MaTeMaTH4yecKas onepalys, 1Jisi KOTOPOH KakIoMy
CJIOBY BBIJAIOTCS] TPU CIELIUAJIbHBIE POJIH:

Q - query (3anpoc) - 4to 5 uiry?
K - key (ko) - yTO 51 MOTY Jathb?
V - value (3HaueHue) - Kakywo MH(POPMALIKIO 51 Hecy?

Q, K, V - 3Byunt 3arafiouHo, mouTH Kak Koju Kk ceiidy. Ho Ha camom pienie 3a 3STumMu OyKBamu
CKpbIBa€TCsI MPOCTAs ¥ AJ7IeTaHTHAsI JIOTHKA, KOTOPYIO JIETKO MOHSTh HA TPUMEpPE OHJIAH-KUHOTeaTpa.

[Tpencrasbte, uto BbI 3anuty Ha Netflix u umiere, 4to mocMOTpeTh BeuepoM. Baril nmouckoBbiii
3arpoc - 310 Q (4ro g xouy?). Bel BBonute «komeauu ¢ Agamom Cananepom». Cucrema CMOTPUT
Ha KapTOukH puiIbMOB - 3T0 K (KJII0um): y KaXJ0M KapTOUKH €CTh KaHp, aKTEPBI, rofl BelTycka. OHa
UIIET KAPTOUKH, KOTOpPbIE JIyUIlle BCErO COOTBETCTBYIOT BallleMy 3ampocy. A Korjaa HyKHble (PUIbMbI
HalJIeHbl, BBl MOyYaeTe JOCTYN K UX COOEPKUMOMY - 3TO V (3Ha4eHHs1), TO eCTb caMU (PUITbMBI,
KOTOpBIE MOKHO CMOTPETb.

Tenepp NpeACTaBbTE, YTO HA CANT 3allUIM OJHOBPEMEHHO MUJUTMOHBI MoJIb30BaTeNnel. Kaxiblii
nosb3oBatesb (Q) UILeT CBOE, cpaBHMBasA CBOY 3alpoc co BceMH Kaproukamu ¢puiibMoB (K). Camble
nozxoasmue GpuiibMsel (V) cucreMa peKoMeH1yeT KaxoMy. IMEHHO 3TO ¥ IPOUCXOAUT B MEXaHU3ME
BHUMaHMS - TOJIbKO BMECTO I10JIb30BaTelield y HaC TOKEHbI, BMECTO KapTOUeK - MX KJIIOYH, a BMECTO
(buIbMOB - uX 3HaYeHus. Y Bce 3TH cpaBHEHUS MPOMCXOAAT OHOBPEMEHHO, 3a OMH BBIYMCIIUTEb-
HBII TTPOXO/.

Pa3nuiia nuiis B TOM, 4TO B KUHOTEATpe MOJIb30BaTe I KOHKYPUPYIOT 32 BHUMAHKUE CHCTEMBI,
a B MEXaHU3Me CaMOBHMMAaHUsI KaKAbli TOKEH OJHOBPEMEHHO SIBJISIETCS] U TIOJIb30BaTesieM (MILET),
Y KapTo4Ko# (omuchiBaeT ceds), u (priibMoM (HECET coliepKaHue).

B mupe Heiipocereil Bcé padoTaeT TOYHO Tak ke, TOJbKO BMECTO MWJIIMOHOB CAWTOB Y HAC
- CJIOBA B MPEIOKEHUH, & BMECTO MOMCKOBUKA - MEXaHW3M BHUMAaHUs1, KOTOPBII BBIMOIHAETCS 32
nomu cekyHapl Ha GPU (nmogpo6HO paccMoTpeHo B riase 5.4).

YtoOsI IpeBpaTUTh Hally MeTadopy B paboTaIOMIMI aIrOPUTM, HYKHO 3aIlicaTh e€ Ha SI3bIKe
MaTeMaTHUKH.

Texnnuyeckuii ypoBeHb
Buumanue ( Attention(Q, K, V) ) - 310 B3BeleHHasi cymma 3HaueHUit V, rJe Beca onpeens-

1oTcs cxonactBoM Q u K.
28



C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

MaremaTnuecku
Attention (Q, K, V)= softmax (Q - KAT)/Nd#) -V
Q - K" (CkansipHoe npounsseenne)

Ms1 Gepem Matpwuiry Beex 3armpocoB (Q) u ymMHO)kaeM Ha MaTpully Beex kiodeid (K), TpaHc-
MOHUPOBAHHYI HaOOK. Ha BBIXOjie TOTydYaeTcss MaTpuIla «COBMECTUMOCTH» WIIU «CBIPBIX BECOB».
Ha nepecedenuu ciioBa *i* u cjioBa *j* CTOMT YKCIIO: HACKOJIBKO 3alpocC CI0Ba *1* MOX0Xk Ha KJIIOY
cioBa *j*,

/ Nd# (MacmTauposanue)

JlenuM pe3ysbTaT Ha KOpEeHb M3 Pa3MEpPHOCTH KIIIOUEH. DTO HYKHO, YTOOBI YMClia He ObUH
CJIVIITIKOM OOJIBIIMMHU Y HEe 3a0WIIN IPAMEeHT NPHU 00yUeHUH.

softmax (Hopmasm3amnus)

[TpeBpariaem nosydyeHHbIE YKUCIa B BEPOSATHOCTH, KOTOPbIE B CyMMe /10T 1. DTo U ecTh UTO-
rOBbIC Beca BHUMaHHMS (Harpumep, CJIOBO «OaHKa» pemuio, 9to Ha 70% HyXKHO CMOTPETh Ha CJIOBO
«OTKpbUIa», Ha 20% Ha «mojoxuIa», a Ha 10% Ha BCE OCTabHOE).

-V (YMHOKeHIEe HA 3HAYEHHS)

VYMHO)aeM 3TH BeposATHOCTH Ha matpuily 3HadueHuid (V). Ilo cytu, Mbl Oepem comepkumoe
CJIOB, YMHOa€M Ha UX BaXKHOCTb U CYMMUPYEM.

Pe3yabTar

JI7151 KaKAOTO CJIOBA MBI TTOJTy9aeM HOBBIN BEKTOP, KOTOPBIN BOOpasl B ce0s1 CMBICI KOHTEKCTa. B
reHepatrBHBIX Mozensax (Decoder-only) BHUMaHUE CUMTAETCS TOJIBKO K MPOILIBIM TOKEHAM, YTOObI
MOJIeTTh HE «TOATISAAbIBANIa» B Oyayiiee. DTO KpUTHUECKU BaKHO /TSI TOHUMAHUSI PA3HUIIBI C SHKO-
JepaMy U Ha3blBaeTCs Kay3aJbHbIM BHUMaHueM (causal attention).

Cyxue uudpbl ¥ MPOLEHTH - 3TO XOPOIIIO, HO JIaBaiTe MOCMOTPUM Ha KUBYIO KapTuny. Kak
peasbHO BBINISAAT 9TU Beca BHUMaHMs B padoTaiomeid Monenn? Bo3sMEM mpocToe npeniokeHue 1
3arJIsiHEM €M B TOJIOBY.
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Kaxk cioBa "cmoTpat' apyr ma apyra.

TIpemnoxenue: “Ona Opocuia el Msa”

I{BeTOBas Jerenaa

Kpachpiit (>0.5) - cunbHas cBsA3b
Kenreiit (0.2-0.5) - cpenHas cBA3b
Cunuii (<0.2) - cnabast cBsA3b

Y10 MBI BUJIUM:

"Ona" u "Opocuna" - cuibHas CBSI3b (MOAJIeKAIIee-T1aron)
"eri" u "OHa" - cuIbHAsA CBA3b (00a 00 OJHOM YEJIOBEKE)

Opocmiia el MAd
OHa 0,1 0,1
Opocuia 0,3 0,3
eit 0,1 0,1
MY 0,1 0,2

"mMs14" 1 "Opocuna” - cHIIbHAs CBS3b (IJIAroy-0ObEeKT)

Marpnna BHHMaHHA (Beca, ¢ KOTOPBLIM ¢JI0BA CMOTPAT JIPYI HA JIpyTra):

Kro cmoTput
"Ona" cMOTPHT B
OCHOBHOM Ha
"6pocuma”
"dpocuna" cMOTPUT
Ha Bcex

"el" cMOTpPHT Ha
"Ona"
(kopedepentus!)
"Msa" CMOTPHT Ha
"dpocuna”

Ntak, Mbl pazobpaitu, Kak coBa OOIIAITCS BHYTPHU OAHOTO cJiosl BHUMaHUs1. Ho B HacTosiieM
TpaHchopMepe TaKUX CIOEB HE OWH, a AeCAITKH - oT 32 o 128 u Gonbie. Kaxawiil ciemyromnmii
CJION MOJTyYaeT Ha BXOJ pe3yJIbTaT padOThI MPEIbIIYIIero U CTPOUT BCE OoJiee CIIOKHbIE aOCTPAKIIUU.
[lepBblil clloi1 BUAUT TOJBKO OT/EJbHBIE CIOBA U UX MPOCTHIE CBSA3U. JleCAThIN CI0M yKe OHUMAET
pOJY B MPEJIOKEHUH - KTO JEUCTBYET, HA KOO HampaBjieHO JercTBue. Tpuanareii ol crocoOeH
YJIOBUTh HACTPOEHUE TEKCTA, UPOHUIO, CKPBITHIE CMBICIIBI.

Ho BHuMaHue - He GL[I/IHCTBCHHHﬁ KOMITIOHEHT B 9TOM KOHBCﬁCpC. MB)KIIy CJIOAMM IIPOUCXOIAAT
" JPYrue BaXXHBIC OllCpalii, KOTOPbIC MIOMOTraloT MOACJIN HE 3a0bIBaTh Mpouujioe 1 rny6>Ke nepepa-
OaTbIBaTh I/IH(I)OpMaLII/IIO. Kak YCTPOCH 3TOT KOHBCﬁCp HEJIMKOM W 3a4€M HYXKXHBI BCC €ro ACTalik -

pa30epeéM B ClieyIOIIeM pasjiere.
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1.5 Tpancchdopmepnbie 00ku (Transformer Blocks)

B mpenpiymiem paszmene Mbl yBUIEH, Kak CJIOBa OOLIAIOTCS IPYT C APYTrOM BHYTPU OJHOTO
MexaHu3Ma BHMMaHMs. Ho B peasibHOM TpaHcopMepe Takol «pa3roBop» MPOMCXOAUT HE OfIMH pas,
a MHOTOKPATHO - M KaX[bli pa3 ¢ pa3HbIX TOUYEK 3peHus1. boJblie Toro, 0qHOro BHUMaHUs HEA0CTA-
TOYHO: YCJIBIIIIAHHOE HYKHO OCMBIC/IUTD, NIepepadoTaTh U nepeaath aanbiie. FIMeHHO Tak ycTpoeH
TpaHcOpMepHBbIii OJI0K - 0a30BBII «CTAaHOK» Ha KOHBeWepe MPOU3BOACTBA cMbIcia. Chlpbe 3aXOAUT
C O/IHOHM CTOPOHBI (ITPOCTO YMC/IA - TOKEHBI), @ Ha BBIXOZE MOJTyYaeTCsl TOTOBOE «IIOHUMaHUE» KOH-
TEKCTa.

Huke npuBeeH nprMep TOro Kak YCTPOEH OJMH TaKOW CTAaHOK/TpaHC(OpMep U 3a4eM HyKHa
KaxJas ero Jeralb.

1. Multi-Head Attention (MHOroroJioBoe BHUMAaHHE)

ITO HECKOJIBKO MapaJUIeJIbHBIX MEXaHU3MOB BHUMaHM A, KaX bl cO cBoMMU Marpunamiu Q, K,
V. Onu yyatcs BbIIENATH Pa3HbIE TUIIBI CBA3EM: FPaMMaTUYECKUE, CEMAHTUUECKUE, CHHTAKCUUECKHE,
aHahOpUYECKHE.

Yt0 310
[To3BosieT Kak/10My TOKEHY OOLIATHCSI CO BCEMH OCTATbHBIMU TOKEHAMHM Cpa3y, HO C pa3HbIX
TOYEK 3peHUs (pa3HbIE «TOJOBBL»).

Texnnuecku
310 TOT caMblil MexaHu3M Q/K/V, KOTOpbIil Mbl pa30upasiy, TOJIbKO 3aIlyLEHHbIA NapauIebHO
HECKOJIBKO pa3 (Hampumep, 32 pasa).

3auem u nouemy

OpnHo#l «ronoBe» BHUMaHMsA Mano. OJIHA ToJ0Ba MOXET MCKaTh CUHTaKCUC (CBA3b MOJIEKa-
IIEr0 1 CKa3yeMoro), BTOpasi - CEMaHTHUKY (IIOXOXKECTb CJIOB «KOTHK» U «coOayKa»), TPEThs - KOpe-
depenimio. Ecim ronoBa ofHa, OHa 3aryTaercs.

Ho nouemy HetocTaTOUHO OHOM «rOJIOBBI»? [Ies10 B TOM, UTO CBA3M MEK/1y CJIOBaMU ObIBAIOT
pasHoil puponpl. OfHY - rpaMMaTHYECKHe, IPyTUe - CMBICIIOBBIE, TPEThH - yKa3aTeslbHble. UTOObI
pazobparbcst BO BCEX, HYKHBI pa3Hble crienmaiicTsl. Hanpumep, ectb 0coOBbli THUIT CBS3€, KOTOPBIi
HasbIBaeTcs Kopedepenuueii. Pazoepém ero nogpooHee.

Kopedgpepenyus - smo sienenue, kozda 08a uau 601ee 8bipadceHuli 8 mekcme (ca06d, cA080CO-
UemaHusl) OMHOCIMCSL K OOHOMY U MOMY Hce 00BeKmy peanbHOCmi (Uenoexy, npeomenty, S6AeHUI0).

9mo gpyrHoamenmanvHoe nousimue Onsi NOHUMAHUsL cesisHocmu mekcma. besz nezo mexcm Ovin
Obl HAOOPOM OECCMBICACHHBIX NOBMOPOB.

IIpocmoii npumep
"Hean kynun mamuny. On ouens pao ei.”
Hean u On - kopegpepenmiivl (06a ykazvlearom HA 0OHO20 U MO20 JHce UeN08eKa).

Mauwuny U eti - kopeghbepermuul (00a YKazvl8arom Ha OOUH U MOM JHce NpeoMent).
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NMeHHO Takue CIIOXKHBIE OTHOLIIECHU A, KaK KOpG(I)@pGHHI/IH, 1 IIOMOT'a€T BbIABIIATH MHOI'OI'OJIO-
Boe BHMMaHue. OfiHa rojioBa MILUET MOAJIEKAIee U CKazyeMoe, Ipyras - YJaBJIUBAeT, YTO «OH» U
«/BaH» - 3TO OIUH YEJIOBEK, TPEThsI - MOHUMAET, YTO «Eil» OTHOCUTCS K «MalllmHe». Bmecte oHu
CO3MIAI0T OOBEMHYIO0 KAPTUHY CBSI3€H B MPEJIOKECHUU.

Pe3yabTar

Ha BbIXOzie MBI MOIyYaeM BEKTOPbI, KOTOPBIE YK€ «IOCMOTPEIU» HAa COCEAEH M BIMTAIN
HEMHOI'O KOHTEKCTa.

WTtak, TokeHbI TOOOIIAIMChH, OOMEHSTMCh MH(pOPMAINeH, KK Iblid BIIUTAT HEMHOTO KOHTEKCTa
ot cocezeil. Kazanock Obl, MOKHO JBuratscs aajeiie. Ho ects npoOiema: npu nepegade nHpopma-
IIUM Yepe3 MHOTO CJIOEB €CTh PUCK MOTEPSATh TO, YTO ObLIO B caMOM Havase. YToObl 3TOro He CIyuu-
JI0Ch, B OJIOKE MPEAyCMOTPEH CIIEIUAIbHBIA MEXaHU3M - OCTATOYHASI CBSI3b.

2. Add & Norm (/lo6aBsienue u Hopmaausanus) - [lepsoIii pa3
Cocrourt u3

Add (OcrarouHas cBsA3b)
MBe1 Gepem Bxox, KOTOpbIi 3attiesn B 0ok [1O Attention, u mpudaBisieM ero K Bbixoay Attention.

Norm (CinoeBass Hopmaan3anus)
MBp1 «miprdechiBaeM» TIOTyUYEeHHYI0 CYMMY, YTOOBI YHCJIA HE BHIXOIMJIM 32 Pa3yMHBbIE TIPE/IeIbL.

3aueM u nouemy

Add (3auem ckJaabLIBaTh?)

[IpencraBbTe, UTO BBl yuuTech pUcoBaTh. Attention - 3TO Ball HOBBIM IITpuUx. Ecim mrpux
HEYJauHblil, BBl MOXETE OTKATUThCS HA3aJ] U HavyaTh 3aHOBO. OcTaTo4yHasi CBA3b - 3TO «JIACTHK» U
«KapaHja» ogHOBpeMeHHO. OHa MO3BOJISAET MOJICM Ha TIIyOOKUX CJIOSIX He 3a0bIBaTh, UTO OBLIO
B Havase. Eciu creqyromuii cioi He MpUBHEC HIUYETO TOJIE3HOTO, OH MOKET IMPOCTO «ITPOITYCTHTh»
MH(MOPMAIIHIO IaJTbITe (CKOMMPOBAThH BXO/). DTO TIOMOraeT 00ydyarh O4eHb ITyOoKkue ceTu (32+ ciios),

4
HWHA4€ Ir'paJUCHTHl 3aTYXHYT.

3aueM 3TO HY:KHO

[Tpodrnema Pemmenie

B raydokIx cetax (32+ ciog) OcTaTouHas CBA3b 1aéT «0OX0HOI Ty Th»:
TpaJIeHTHl 3aTVXak0T - MO/ TpalIleHT MOKeT Teupb HaIPAMYIO Uepes
IepecTaéT VUIThCA CIIOZKeHIe, MIIHYA CIOII

C7101t MOX&eT IICTIOPTITE

- MoeIs MOKeT «00HYIITE» BKIAI CIOA, IPOCTO
HMH(OPMAIIIR, KOTopasd ObIIa .

CKOIIIIPOBAB BXOJ (ecmil Attention(x) = 0)

MoIe3Ha
HeB0o3MOKHO 00VUIITE OUeHb Be3s ocTaTouHEIX cBA3ell TpaHcopMeps! ¢ 100~
TITyOOKIIe CeTIl CTIOSMII TIPOCTO He CXOIATCA
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Norm (3auem HOpMAJIN30BaTh?)
Uro0bl y BCeX HEHPOHOB OBbLIT TPUMEPHO OIMHAKOBBIN pa3dpoc umcer. DTo yCKopsieT oOyueHre
U JIeJIaeT ero CTabuIIbHBIM, YTOOBI OTHM HEWPOHBI HE KPUYAIM TPOMKO, a APyrUe IIenTau.

Metadopa

Br1 pabotaere B komanae u3 10 yenoBek. OArH TOBOPUT IIEMOTOM, APYTOM KPUYUT, TPETHUIA
BOO6HIC MOYHUT. BBl He MoXkeTe UxX YCIbIIATh U MOHATD. HOpMaJII/I3aIII/IH = 9TO KOrza Bbl IIPOCUTE
BCEX I'OBOPUTHL B OOAHOM TOHE, YTOOBI Ka)KHLIﬁ OBLT CJIBINIEH, HO HUKTO HE IEPEKPUKHBAJL.

3a4yeM 3TO HY:KHO

[Tpobdmema Pemenne
3HAYeHIA B HEelIPOHAX MOI'VT CTaTh OUeHb Hopmamisanmus IpHBOIIT IIX K
OOJIBIIIIMII IITTII OYeHb MalleHBKIIMII CTAaHIAPTHOMY pa3dpocy
OOyueHIle CTAHOBUTCS HECTAOITBHEIM - 10Ss HopMamisanns cTadbImisIpyeT
cKauer TpalleHTHl
. y ) Hopmammsammg 1aéT Beced HellpoHaM

OJHII HelIPOHE! «IIepeKPIKIIBAT» JPYTIe . ~

! COIIOCTABIIMBII MAcCIITad

Add - 3710 Kak eciu Obl XyIO)KHUK, CIEIaB HOBBII IITPUX, BCE BpeMs JAepXkall Nepes IazamMmu
UCXOIHBIA HaObpocok. Ecim HOBBHIM IITPUX HE ynasics, OH BCErJa MOXKET BEPHYThCS K OPUTHHAIY.
Norm - 3TO «ITpUYechBaHUE» KPACOK, YTOOBI OHU HE PaCTEKAJIMCh U HE CMEIITUBAIUCH B I'PSI3b.

[Mocre Toro Kak TOkeHbl 0OMEHSIMCh MH(OPMALMEH, ¥ MBI OACTPAXOBAJIMCh OCTATOYHOM CBSI-
3b10, HACTYIIAET BPeMsl AJIsl CAMOI'0 BasKHOTO - OCMBICJIEHUSA. Beab mpocTo yciblaTh coceaent Heo-
CTaTOYHO, HY)KHO TIOHSATH, YTO 3TO 3HAUMUT AJIs TeOs1 caMoro. DTy 3a/1a4uy peraeT CleIyomi KoM-
MIOHEHT - CETh NIPAMOI'0 paclpOCTPAaHEHMS.

3. Feed-Forward Network (FFN) - CeTb npsimoro pacnpoctTpaHeHus

Yr0 3T0
Mauienbkasi IByXClIOMHasi HEHPOCETh, KOTOPasi MPUMEHSIETCS K KaXKJJOMY TOKEHY OTIEJIbHO.

Texnnuecku

CHavasa BeKkTOp paciupsiercs B 4 pasza (Hanpumep, ¢ 4096 1o 16384 HelIpOHOB), TOTOM CKU-
MaeTcsi oopaTHo. BHyTpu - HenmHelHast pyHkiws (Hanpumep, SWiGLU (Swish-Gated Linear Unit)
wm GeLU (Gaussian Error Linear Unit) - pyHKIMM akTUBaIMy, yiydniaoipe o0y4yeHue) - OHU
IIPOCTO pellaloT, KaKue HeMPOHbI 3aKeub, a KaKUe MOTracuTh).

3auem u nouemy

Attention cMenuBaeT UH(pOPMALIMIO MEXAy TOKeHaMu (Kak Obl mo ropusoHtamu). FFN xe
paboTaeT BHYTPH OJHOTO TOKeHa (BepTHKaJIBbHO). [Tociie Toro Kak TOKeH «IoCIylIai» coceael, eMmy
HY’KHO TOT HOBBIH YCJIBIIIIAHHBIN CMBICI IepeBapUTh U 3aNKCcaTh B yI0OHOM BHIE.
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Ananaorusi

Attention - 310 coBenfanue (00OMeH uHgopmarmeit Mmexay corpyaqaukamu). FEN - ato pabounii
Ka6I/IH€T, Kyda COTpyOHUK yXOOUT MOCJIC COBCIIAHUA, UITO6I)I OCMBICJIUTD YCJIBIIIAHHOE U COCTABUTDH
orueT. be3 FFN Mozenb He CMOXKET Je1aTh CIOXKHBIE JIOTUYECKUE BBIBO/IbI, OHA Oy/IET MPOCTO Tepe-
KJIa/IbIBaTh CJIOBA. DTa MeTaopa TOYHO OTpakaeT pasjejieHue Tpyda: Attention - 3TO KOJUIEKTHB-
HOe OOCYyXKJIeHHe, I1ie Bee JIeNsTcs TeM, uTo 3HaloT. FEN - 310 TrJyHBIil KaOMHET, Ky/la COTPYIHUK
YXOZIUT, 4TOOBI 0OAyMaTh YCIBIIIAHHOE ¥ C(hOPMYIMPOBaTh CBOIO HOBYIO no3uumio. bes FFN monensb
ObL1a OBl IPOCTO «TEPECKA3YUKOM»: OHa Obl coOpasa MH(MOpPMAIIMIO OT Cocelel, HO He cMoriia Obl
e€ nepepaboTarh B HOBbIe CMBICITBL. FFN 1aéT TokeHy BO3MOXKHOCTh «00IyMaTh» YCIIBIIIIAHHOE, CIe-
JIaTh BBIBOJIBL, C(DOPMY/IMPOBATH HOBYIO MO3ULIMIO. DTO TOT LIAr, KOTOPbIN IPEBPAILAeT KOJIJIEKTUBHOE
o0Cy’X/IeHHE B JIMYHOE TIOHUMAaHUE.

ITouemy FFN Ha3bIBalOT 4€PHBIM SIUKOM (J1a:Ke MHKeHePbl)

Mai cnipoektupoBainu FFEN: 1Ba TMHEMHBIX CJI0sI, HETMHEMHOCTh MEXK/ly HUMU, paciiupeHue B 4
pasa u cxkaTre 00paTHO. APXUTEKTYpa MOJIHOCTBIO po3pavHa. Ho yncia BHyTpH - Beca - BBLyYHJIHChH
ABTOMATUYECKHU U3 JaHHBIX. VI BOT TyT HaumHaeTcs: mpoodiaema.

MBbI He MOXEM OTKPBHITh OOyUEHHYIO MOJEJ b, TKHYTh MaJIbIIeM B KOHKPETHBI HEWPOH U CKa-
3aTh: «BOT 3TOT OTBEYAET 3a KOTOB, a 3TOT - 3a IV1aroi ,,eCTh ». 3HaHUe He JIOKaan30BaHO. OHO pa3-
Ma3aHo N0 MWIJITMOHaM TapaMeTpOB.

Bonee Toro, Mel He MOkeM OOBSICHUTH Ha YEJIOBEUECKOM SI3bIKE, nouemy KOHKPETHBIA BXOM-
HOW BEKTOP IIPEBPATUIICS] B KOHKPETHBIN BbIXOIHOM. OTBET BCEI/ia O/IMH: «IIOTOMY UTO TaK COLUIUCH
MUJUTHAPIBl YMHOXKEHUN» .

ITO HE «YEPHBIN SAIMK» B CMbICIIE «HE 3HaeM, KaK OH YCTPOEH». APXUTEKTYPY Mbl 3HAEM U/Ie-
QJIBHO. DTO «YEPHBIN SMIMK» B CMBICTIE «HE MOJKEM TEPEBECTH €r0 BHYTPEHHIO paboTy Ha YesioBe-
YecKUe MPaBuja U MOHATHUS».

U sto pynnamenTanpHoe orpannyenue. He O6ar. He ¢puya. ITpocto peanbHOCTb MTyOOKHUX HE-
pocereil.

4. Add & Norm (/lo6aBJjieHue u HopMaJau3anus) - Bropoii pa3

U cHoBa, nocrie Toro kak TokeH «mnogymMain» B FFN, Mbl moacTpaxoBbIiBaeMcsi OCTATOYHOM CBsI-
3b10. BOpyr pasmbliuieHds 3aBeu He Tyrna? Beerma MOXHO BEPHYTBCS K TOMY, UTO OBUIO 70 HUX.
[Mocte 3TOro 60K MOXKET CUMTATHCS 3aBEPIIEHHBIM, M 0OpaOOTaHHBIE BEKTOPHI OTIPABJISAIOTCS Ha
CJIE/IYIOIIHI STaX KOHBelepa.

Yto 3T0
To e camoe, 4TO U B IyHKTE 2, HO Tenepb Mbl ckiaabiBaem Bxoa B FEN ¢ Beixonom u3 FEN.

3auem

Onsatpb crpaxyemes, yroOsl FFN He ucnoptiiia o, yro Hacodupain Attention. Ecim FEN cpa-
00Tasa 1IoXo, Yy HaC eCcTh «IyTh 00X0/1a» Yepe3 OCTAaTOUHYIO CBA3b.

Ms1 pazoOpanu, Kak yctpoeH oauH 010K. Ho B HacTosiiiiem TpaHcdopMmepe Takux OJIOKOB He
OfIVH, a JIeCATKU - oT 32 o 128 u Ooinbie. 3ayem HYXHO Tak MHOrOo? Heyxkenmm omHOroO HemocTa-
TOYHO?

Jleno B TOM, YTO MOHUMaHWE TEKCTa CTPOMTCS MOITAITHO, OT MPOCTOrO K CI0KHOMY. [lepBbie
cJIoM pazbuparotcsi ¢ 6a30BOM MEXaHUKOW SI3bIKA, CAEAYIOIINe BUAAT Oojiee KPYIHbIE CTPYKTYPHI, a
[TyOOKHE CIIOM CIIOCOOHBI YJIaBIMBAaTh TOHKME CMBICIIOBBIE OTTEHKH. [laBaiiTe mpociieqM STOT My Th.
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Kaorcowlii credyrowuti onox cmpoum a60mpa1cuuro5.

Caoit 1: Buoum oyxewvt u croeu. [lonumaem, umo «kom» - 3mo 0OHO CNA08O.

Caoit 2-5: Buoum crosocouemarusi («polotcuii Kom» ).

Caoit 10-20: Buoum poau 8 npeonodsiceruu (kmo oelicmsyem, Ha Kozo Oelicmayem).
Caoit 30+: Buoum cmvica écezo abzaya, moH, HACMPOEHUe, CAONCHBIE N0ZUMECKUE CES3IL.

Imu OaHHvle NOOMBEPIHCOEHBI BUBYANUBAUUAMU AKMUBAUULI Helipocemeli - Hanpumep, 8 paoo-
max OpenAl (2019) no anaauzy GPT-2, 20e uccaedosamenu HazasiOHO NOKA3AAU, KAK PA3Hble CAOU
MOOenu omeeuarom 3a pasHvle YposHU aOCMPAKUULL: 0N OMOEAbHBIX NMOKEH08 00 UeablX npeonodice-
HULE U UX cmbleaa.

Ecau cnoee mano - mooensb «mMeakosama» u Mo’cen NOHUMAmMs Moavko npocmule pasol. Yem
Oonvle cnoes, mem CAONHCHee KOHUENUUU OHA CNOCOOHA bly4uUmb, HO MeM CAONCHee ee 00yuunv
(mym-mo u nomozarom Add & Norm cesnsu).

Kax pabomaem mparcgpopmep Ha yposHe n02uKU RO WA2AM U HA NPUMEPE MONCHO O3HAKO-
mumbcs 6 [Ipunodcenuu 1.

Nrak, mociie mpoxoxaeHus1 yepe3 Bce OJOKU Y HaC eCTh BEKTOPHI, KOTOpbIe BOOpaH B ceOs
Y CMBICJT KaX/I0rO CJIOBa, U €r0 CBSI3U C JAPYTMMHU CJIOBaMH, U KOHTEKCT BCErO MPeIOkKEHHs. DTO -
[1y0OKO€e IMOHUMaHKMe TEKCTa, BRIPaXKeHHOE Ha s13bIke urces. Ho Hara 1iestb - He MpocCTo MOHSATh, a
creHeprpoBaTh 0TBET. Kak 13 3T0ro 60raTtoro BHyTPEHHETO MPE/ICTaBIEHUS POKIAETCS HOBOE CJIOBO?
006 3TOM - B CllenyIoneM paszere.
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1.6 BbIxogHOH €JIOM M TeHepanusi

MsI niponu JOAruid myThb. TeKCT MpeBpaTUiICS B TOKEHBI, TOKEHbI - B SMOEIMHIH, IMOe/I-
AVHTHE 000raTUiIMCh MH(pOpMaIeil O MO3UIMH, 3aTeM MHOTOKPATHO IMPOLUTH Yepe3 OJIOKM BHUMA-
HUS 1 niepepaboTku. Ha BbIxoze mocieiHero 010Ka y Hac eCTh BEKTOPHI, KOTOPBIE cofiepKaT B cede
r1yOOKO€e IOHMMaHue Bcero KoHTekcTa. Ho kak 13 3Toro noHMMaHus poxjaaercst Hopoe cinoBo? Kak
MOZEb AesaeT caeayomui mar? OTBET - B BHIXOJHOM CJIOE.

IMocne nocnenHero 6;10ka BEKTOP KaXkA0r0 TOKEHa peoOpas3yeTcsi B BEPOATHOCTD CIIEAYIOIIETro
TokeHa yepe3 LM Head (language modeling head / rosoBHas ceTb A3bIKOBOrO MOAEIMPOBAHUA) - 3TO
JIMHEWHAs MPOEKMs Ha pa3Mep clioBaps ¢ ocienymei pyHkuuen softmax.

3BY4YHUT CJIOKHO, HO Ha JeJie MOCJAEJHUN 1Iar YCTPOEH JOBOJIBHO MPOCTO. BekTop nocnegHero
TOKEHa (WJIM CHEeLMAIbHOTO TOKEHA-TTOJCKA3KH1 ) TPOXOAUT Yepe3 (PUHAIbHBIN JIMHENHBIH CIIOU, KOTO-
PBIf TTpEeBpaIaeT ero B HabOp CHIPBIX OIIEHOK - 10 OJHOW Ha Kak/I0e CJIOBO B CJIOBape. DTH OLEHKU
Ha3bIBAIOTCS JIOTUTaMU. IMEHHO ¢ HUMU U HAYMHAETCS UTpa.

1. JIorutsl u Softmax (Kak mojiyunTh BepOSITHOCTH)

Jlorutel - 310 «ChIpble» OLUEHKU, KoTOpble MO3r MU BbIgaeT kaxaomy ciaoBy. Hanpumep, Kot
= 100, cobaka = 90, acrepous = 1. D10 MpocTo GBI, OHU MOTYT OBITH MOOBIME (XOTh 1000, XOTh
-5). Camu 1o ceGe OHM HEYIOOHBI 1 BBIOOpA.

Ho norutsi - 310 ipocto uncna. Onu moryt 6biTh 100, 90, 1, -5 - camu 1o cede oHM He TOBOPAT,
HACKOJIBKO BEPOSITHO TO WJIM MHOE CJI0BO. YTOOBI MOMYUYUTh YJOOOBApHMBIE BEPOSTHOCTH, HYXEH
CIIelMaJIbHBIN peoOpa3oBarelib.

Softmax - 310 (pyHKLIMSA, KOTOpas MpeBpalaeT ITU ChIpble OAJUIBl B IPOLIEHTH (BEPOSTHOCTH),
4yTo0BbI UX cymMa paBHsIachk 100%. Pesynbrar: kot = 60%, codaka = 39%, acrepous = 1%.

Urak, y Hac ecTb 4ecTHbIe BEepOsTHOCTHU: KOT 60%, cobaka 39%, acteponn 1%. Kazanoch Obl,
BCer/a BhIOMpai caMoe BEpOATHOE - U 1eJI0 ¢ KOHIIOM. Ho Tako#i mojxon caenaer TeKCT CKYYHbIM U
npejackazyeMbIM. MHorna HaM Hy’kKHa KpeaTMBHOCTb, MHOI/A - CTPOrasi TOYHOCTb. JIJ1s1 3TOro MHxke-
Hepbl MPUAYMaIA HECKOIBKO PETyIUPOBOK.

Ha stane reHepanuu Mojenb He Bcerja BbIOMPaeT TOKEH ¢ MAaKCHMMAJIbHOW BEPOSTHOCTBIO.
Hcnone3ytotcs napameTpsl:

2. Temneparypa (Temperature)

IlepBas 1 camas U3BeCcTHAs PEryJIMpPOBKa - TEMIIEpaTypa. JTO pydyKa, KOTopast KPyTUT «Kpea-
TUBHOCTb» Mogiesu. T -> 0 (XononHo): Mogiesib cTaHOBUTCS KaqHOW U IIOUTH BCEI/Ia BRIOMPAET camoe
BeposiTHOe cioBO (Kor). TekcT nosyyaercss TOUHbIA, HO CKy4YHBIM U MPEACKA3YEMBbII.

T =1 (Hopma): Octansiem npouieHThl Kak ecTb (Kot 60%, Cobaka 39%).

T > 1 (I'opsiuo): Mogens BelpaBHUBaeT 1maHchl. Kot Moxer nonyuuts 35%, Cobaka 34%, u
naxe Acrepous 31%. Mopenb HaUMHAeT «KPEeaTWBHO» BBIOMPATh CTPAHHbIE BApPUAHTBI, HO MOXKET
HayaTb OpeTUTb.

WNuorpaa :xe HaM HyKHO cKa3arh: «Pekue cinoBa He pacCMaTpUBaEM, OCTABJISEM TOJIBKO OCHOB-
HBIX IPETeHJEHTOB». [l11s1 3TOro ecth aBa puibtpa - P u K.
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3. Top-P (AAnpo, nucleus sampling)
ITO (PUIBTP «TIOKA HE HAKOIUTCS».

Kaxk paboraer
Mogenb COpTUPYET CJI0Ba OT CaMbIX BEPOSATHBIX K CAMBIM PEIKMM M CKJIAJBIBAET UX IPOLICHTHI,
MoKa cymMma He focturseT nopora P (manpumep, 0.9 nnm 90%). OctanbHble CJIOBa BHIKUABIBAIOTCSI.

[Tpumep

Be Brmounm 3ot husietp. Mopens 6epet Korta (60%) + Codaky (39%) = 99% (nopor P=0.9
npoiiaeH). Acrepous (1%) BblIeTaeT, MOTOMY YTO OH JIMIIHUNA. BeiGop uzer tonbko mMexay Kotom
u Cobakoil.

4. Top-K (K-iay4mmnx)

Top-P paboTaer 1o MpUHIMITY «HAKOIH JOCTATOYHO». A €CTh JPYroi MOIXo/ - Oosiee KECTKUM:
ocTaBUTh poBHO K sydmmx, v Touka. 910 PUIbTp «ocTaBUTh ToNbKO K mperenaeHToB». Mogjenb
OcCTaBJIsIeT TONBKO K caMbIx BEpOSITHBIX CJIOB, BCE OCTaJIbHBIE OTCEKAET.

IMpumep: K=2. Ocrapnsiem Kota (60%) u Cobaky (39%). Acrepoun (1%) BbuteTaeT. Bridop
TOJIBKO U3 JBYX.

Hror

> JIOTUTHI - OLICHKHU.

> Softmax - mpeBpaliaeT OLeHKHU B [OHSATHbIE AOJIH.

> TemriepaTypa - aeaeT BhIOOp OoJiee MIOCKUM HITU OCTPBIM.

> Top-P - ocraBnsieT cnoBa, moka He HaOepeTcsl Hy’KHasi CyMMa BEPOSITHOCTEH.
> Top-K - ocrasnser crporo K caMbIx BEpOATHBIX CJIOB.

[Mporiecc moBTOpsiETCS aBTOPETPECCHBHO - TOJIBKO YTO CTEHEPUPOBAHHOE CJIOBO JI00ABIISETCS K
BXOJHOM MOCJIEJ0BATEIbHOCTH, U MOJE/b MPEICKa3bIBAeT cieayoiee. Tak nmpoaokaercs, Moka He
OyleT creHeprpoOBaH TOKEH KOHIIA MOC/IEIOBATEIbHOCTH WM HE JIOCTUTHYT JIMMUT JTUHBIL.

Ternepsb Bbl 3HaETE IMIABHBIE phIUary yrnpasieHus reuepampeii. Komounupys remneparypy, Top-
P u Top-K, MOXHO 1oy4yars ¥ CTpOTMe TEXHUUYECKUE TEKCTHI, U TBOPYECKUE PACCKa3bl, U BCE UTO
MesX1y HUMU. VIHKeHepHBI BBIOOP 3aBHCHUT OT 3aauM.

MBb1 3amMKHYMM IUKI. OT OIMHOKOTO TOKEHA Ha BXOJE€ Mbl JOILIM JO TeHepaliy HOBOTO CJI0Ba
Ha BbIxoJie. Tenepb Bbl IOHUMAETe, KaK YCTPOEH «MO3I» COBPEMEHHBIX SI3bIKOBBIX MOJIEJIEH - OT Mep-
BOM JI0 MOCJIE/IHEN OTepaluu.

Ho mup MU He orpannumuBaercsi reHepaTUBHBIMU TpaHchopMmepamu. CyIIecTBYIOT U Apyrue
apXUTEKTYpBbl, Kak/1asi CO CBOMMHU CHJIBHBIMU CTOPOHAMU: CBEPTOUYHBIE CETH ISl KAPTUHOK, PEKYp-
PEHTHBIE /17151 TIoCIIeJoBaTeIbHOCTEN, T Py3UOHHBIE 17151 TeHepaluy n3o0paxkeHuid. U naxe BHyTpH
ceMericTBa TpaHcOopMepoB eCTh BaKHOE pasJiesieHre Ha SHKOACPHI, AeKOIePhl M UX KOMOWHAIIWH.

B cnenyioreit riiaBe Mbl COBEPIIMM SKCKYPC TIO OCHOBHBIM THIIaM apXUTEKTYp, YTOOBI TIOHU-
Marth, KAKOW MHCTPYMEHT JJIs1 KaKOW 3a/1a4i BHIOMPATh.
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1.7 Tanmronuuanmu: Korjga MojieJib YBePpeHHO BPET

M1 pa306pan1/1, KaK MOJEJIb TCHEPUPYET TEKCT: 1Iarl' 3a IaroM, BbIéI/IpaH ceayromee CJIoBO Ha
OCHOBE BCPOHTHOCTCfI. Ho u3 3TOoro mexanu3ma BbITEKaeT (I)YH)_IaMCHTaHbHaH OCO6CHHOCTB, O KOTO-
pOfI HEJIb34 MOJIYaThb.

Yro Takoe raurronuHanusa?

Ianmonuaanusa
9TO KOT/Ia MOJIEJTb TeHepHUPYeT YTBEPKACHHE, KOTOPOE 3BYUHT MTPABIONOA00HO, HO HE COOTBET-
CTBYeT (pakTaM, He Clie/lyeT U3 KOHTEKCTA WM JIaXke MPOTUBOPEUUT 31PAaBOMY CMBICTTY.

Mopgeab MO3KeT

- [lpuyMaTh HECYIIECTBYIOIIYIO IUTATY U3 KHUTU, KOTOPOH BHI €€ CIIPOCHITH.

- Ha3BaTth HEBEpHYIO JJaTy HCTOPHUECKOTO COOBITUS C TTOJTHOW YBEPEHHOCTHIO.

- CocTaBUTh CIIMCOK JIMTEPATYPhI, TI€ aBTOPHI U HA3BAHUSI MEpEMEIIaHbl CTyYalHbIM 0Opa3oM.
- Onucatp pyHKIMOHATBHOCT API, KOTOpOro HUKOrga He CyIIeCTBOBAJIO.

Ioyemy 3T0 npoucxoaut?

He noromy, 4to Mopiesb «BpeT» B 4eJI0BEUECKOM CMBICIIE. Y HeE€ HET HaMepeHUs OOMaHbIBATb.
VY He€ BOOOIIE HET HAMEPEHUI.

[IprurHa - B camoil mpupoe reHepaTUBHOIO TpaHcopMepa:

BepositTHOoCcTHaAst npupoaa

Mogens He XpaHHUT «0a3y (pakToB». OHa XPaHUT CTATUCTHKY - KaKHe MOCJIe0BaTeIbHOCTH
TOKEHOB C KaKO BEPOSITHOCTBIO BCTPEUYAJIUCh B 00yJaloNMX AaHHbIX. Korna oHa rnpejickasbiBaer cJie-
JyIolliee CIIOBO, OHA BBIOMPAET BAPUAHT, KOTOPHIN CTAaTUCTUYECKH TpaBjononodeH. Ho «mpasmorno-
IOOHO» HE PAaBHO «UCTUHHO».

OTtcyrcrBHe pedepeHunn

Mopenb He UMeeT JOCTYIa K «UCTOYHUKY UCTHHBI». OHA HE MOKET «IIOCMOTPETh B SHILIUKJIIO-
TIeJIMI0» BO BpeMsl TeHepaliuu (eciiv ToJIbKo Bbl He oOaBmi RAG - Retrieval-Augmented Generation
— Ilowuck u rerepanusi). OHa paboTaeT TOJBKO C TeM, UTO y He€ eCTh B BecaX U B KOHTEKCTHOM OKHE.
Ecnu HyxHOI MH(pOpMAIMK HET, OHA HE CKAXKET «sI He 3HAI0», a CTEHEPUPYET Haubonee 8eposimuoe
npoooniceHue - KOTOPOE MOKET OKA3aThCsl BBIMBICTIOM.

Komnpeccust 3Hanumii

Oo0yueHnne Mo/1eJiu

9TO CKaThe TPUIMOHOB TOKEHOB B MUJLIMAPIbI MTapameTpoB. Kak B J1000M CXAaTUM, 4acTh
unHpopmaiu Tepsiercs. Moziesb «3aloMUHAET» OOIIHe 3aKOHOMEPHOCTH, HO MOKET 3a0bITh (MJIN
cMelnaTh) peakue aetand. Korma e€ cripallliBaioT O TAKOM PeIkoM (hakTe, OHa «BOCCTAHABIMBACT»

€ro I10 aHAJIOTHH - U YacTo oIunoaercs.

Co6s1a3H yroauthb
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B nporiecce RLHF monenu yuat ObITh TIOJIe3HBIMU. VIHOT/Ia 9TO IPUBOAWT K TOMY, YTO MOJIENb
MPEIIoYnTAeT JaTh KAKOU-mMo OTBET, AaXe eCId He yBepeHa, BMECTO TOrO YTOOBI MPU3HATHCS B
HE3HAHWU.

Kak camxarthb rajJJrionuHaluy 1Mo CTEeIIeHn Haﬂé)KHOCTI/I

Metox DipderTHBHOCTE [ena Korzoa npmverare
RAG Bricokaz (cHIxaeT Cpexnaz Beerza, rae ecTe Dasa
DoalkT - e / TT Y "

Ha 50-70%) (momck + LLM) IHAHHT
CHmEeHNE Cpeanaz (cHIDKAST Huskaz (npocto J14 parToTOrHIecKHX
TeMISPaTyPEI Ha 20-30%) napaneTp) 3azad
Cayoonpoc Cpeqaas (30-40%) Bricoraa 714 cTOMHEIX
T - 1 (30-40%) . ) ..
(self-ask) L ' {IOTI. TOKSHEI) paccy xIeHN
AHcaMOTb . . - ToIpko 114

U Brrcoraza (40-60%) OueHE BRICOKAA
Mogenet KPHTHYHEIX CLIEHAPHEB
HoooyusHHE Brrcoxa (30-50%) Bricokasa Ecan MOJSTE CIHIIEGM
L o) o . \

Ha OTKA3ax AT (fine-tuning) «yBEpEHHAL

Nu:xeHepHBIN B3IJISI/I: 9TO He 0ar, 3T0 0CO0EHHOCTh APXHTEKTYPhI

layuTIoUHALIY - HE OIIMOKA, KOTOPYI0 MOKHO «ITOYMHUTH» B CJIEAYIOIEM OOHOBJICHUU. DTO
(byHIaMeHTaIbHOE CBOMCTBO TEHEPATUBHBIX MOJIENIei, OCHOBAHHBIX Ha MPE/ICKA3aHUU CIIEIYIOIIETO
TOKEHa.

WX MOXHO cHudtcamu, HO HENb35 YCMPAHUmMs NOAHOCHILIO:

VYBeimueHneM KOHTEKCTA
Yem Oosbilie pesieBaHTHON MH(pOPMAITMK BB JaMTE MOJIEIN B IIPOMTE, TeEM MEHBIIe i Tpu-
JETCS «IOMyMbIBATD>.

RAG (Retrieval-Augmented Generation)
[MoncraBsiiTe B KOHTEKCT (haKThl U3 HAIEKHBIX ICTOYHUKOB (06a3 3HAHWM, JOKYMEHTOB) TIepe;]
reHepanyen.

HooOyueHuemM

MOKHO YMEHBIIUTH CKJIOHHOCTD K TaJUTIOIMHAIIMSM, 1000yJasi MOZIENb Ha IAHHBIX, TJIe «sI He
3HAI0» - JOMYCTUMBII U TOOLIPSIEMBIN OTBET.

Temneparypoii u Top-P

CHIKeHMe «KpeaTHBHOCTU» (Temrieparypa — () yMeHbIIIaeT BEpOSITHOCTh BHIOOPA HEOXKUIaH-

HBIX, a4 3BHAYUT, IOTCHUHUAIBHO JIOXKHBIX BAPHUAHTOB.

AHcaMOJIaMu
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CrpocHTh OJIHY U TY K€ MOJIEJIb HECKOJIBKO pa3 C pa3sHbIMU HACTPOMKAMU MJIA HECKOJIBKO pa3-
HBIX MOILeH@IL/'I - U CPaBHUTL OTBECTHI.

Y10 3T0 3HAYUT I Bac

Ecmu BH cTpouTe cucteMy, rie (haKTHYECKHe OIMMOKU HEIOMyCTUMBI (MEAUIIMHA, I0PUCIPY-
JeHILIUs1, PUHAHCHI), BBl He Modicente Tioarathesi Ha onny LLM B unctom Busie. Bam Hy:KHBI JOTIOJTHU-
TeJIbHBIE CJIOU: poBepKa (pakToB, RAG, KOHTPOJIbHBIE MOJIC/IU-KPUTUKH, YeTOBEUYeCKas BAJIMAALIMS.

lasmonmHAaUM - 3TO IJ1aTa 32 YHUBEPCAIBHOCTb M KPeaTUBHOCTh. [IoHMMaHue ux npupozsl

- HCpBbeI mar K Tomy, YTOOBI CTpOUTHb HAACKHBIC CUCTEMbI HA HCHAICKHLIX B CBOEH OCHOBE HHCTPY-
MCHTax.
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1.8 RAG: kak MofieJib He BbIJIyMbIBaeT (PaKThI

B pazpgene 1.7 mMbl BBISICHWIH, YTO FAJUTIOLIMHALIMY - (PYHAaMEHTAIbHOE CBOMCTBO I'eHepaTuB-
HbIX Mozieneil. Ho nx MoxHo cHmkats. Camblit a¢pdpextrBHBIA ctocod - RAG (Retrieval-Augmented
Generation). Onnako RAG He ycTpaHseT raJUIIoUMHALIMU [TOJTHOCTBIO - OH JIMILb 3AMEHSET OJHU UX
WCTOYHUKY Ha JPYTHe: BMECTO BBIAYMbBIBAHUS M3 IAMSITU MOJIE]Ih HAUMHAET OINOAThCS B M3BJICUE-
HUM, PAaHXUPOBAHUY U UTHOPUPOBAHUM HAWAEHHBIX JTOKYMEHTOB.

IIpo6aema
Mogenb 3HaeT TONBKO TO, YTO BblyumJsia BO BpeMsi oOydeHus (manuble 2024-2025). OHa He
3HAEeT Balll JOrOBOP, NEPENUCKY UM CBEKK1E HOBOCTH.

Nnes RAG

Iepen Tem Kak OTBETUTH, MOJEb UAET B Oa3y 3HaHMi (BekTOpHYyW0 BJI), Haxomut Tam pere-
BaHTHBIE IOKYMEHTBI U TIOJICTABJISIET MX B KOHTEKCT. OTBET CTPOUTCS HE Ha MaMsATU MOJEIH, a Ha
(baktax u3 Bammx 1okymeHToB. OIHAKO BaskHO MOHUMaTh: RAG He nepeyurBaeT Mofiesb - OH JIUIIIb
BPEMEHHO JOKJIa/IbIBAET JJOKYMEHThI B OKHO KOHTEKCTa, TIO3TOMY TIOCJIe OTBETa MOJIEIh «3a0bIBacT»
9T JAHHBIE.

RAG (Retrieval-Augmented Generation)
Architecture vs. Standalone LLM

RAG Workflow LLM without RAG

l

X

l

®.
Fact-based Yl B‘u Incorrect/
i Yo | T |unverifiable
@ ] Answer
user Vector Relevant LLM user LLM Hallucinated
Database = Documents (Fact-Checked) (Unconstrained)  Content

Kak umenHo mMopnenb uiet g1oKkyMeHThl? Kaxaplid TOKyMeHT (Wiv ero ¢pparMeHT) rnpeBpaiiia-
€TCsl B BEKTOP - SMOEIMHT. DMOCIMHTY YCTPOCHBI TAK, YTO CEMAHTHUECKH ITOXOKUE TEKCThI OKa3bl-
BaIOTCS PSIIOM B ITPOCTPAHCTBE. 3arpoc MojIb30BaTesl TOXKE MPeBpaIllaeTcsl B BEKTOP, U 0a3a JaHHBIX
HaW/IeT TOKyMEHTHI C CAMbIMU OJIM3KMMU BEKTOpaMH. [[Jisi 3TOro UCMoONb3yIOT CrielUaIbHble SMOe-
AuHr-mopnenu (Harpumep, intfloat/multilingual-eS-large), koTopble 00y4aloTcss MAKCUMAJIBHO TOYHO
OTpaXkaTh CMBICT TEKCTA B BEKTOPE.

CeMaHnTHYeCKHH MOUCK
9TO KaK pa3 TO, 4TO 3[eCh onucaHo. [TOUCK 1Mo CMbICITY, a He IO CJIOBaM («aBTOMOOWJIb» HAMIET
«MallliHa», «TPAHCIIOPTHOE CPEICTBO» U «KEJIE3HbIA KOHb»). B OT/IMYME OT JIEKCHYECKOTO TMOUCKA
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(kak Ctrl+F), on pabotaer uepe3 smOenunru. imenHo 6naronapst emy RAG nonumaer, Kakue JI0Ky-
MEHTBI PeaIbHO PEJICBAHTHBI 3AITPOCY, JIaKe €CJIU CJIOBA He COBMAIAIOT OYKBAJBHO.

Kpurnuecknii Hroanc
pasmep ¢dpparmenta (chunk size) mpu MHIEKCAIIMM CUJIBHO BJIMSIET HA KAYECTBO - CIIUIIKOM
KOPOTKHE YaHKU TEPAIOT KOHTCKCT, CJIMIIKOM JJIMHHBIC PA3MBIBAIOT PEJICBAHTHOCTD.

Kak 3To padoTaer (meradopa)

[IpexacraBbTe, YTO BB CAAETE SK3aMeH 10 OTKpbITOi KHHre. Monens 6e3 RAG - 310 cTyneHT,
KOTOPBIN YUrJI OWJIeTHI TOfl Ha3aa u Beé 3a0bu1. Mognenb ¢ RAG - 3To CTyieHT, KOTOpPBIN OTKPBIBACT
KHUT'Y, HAXOAMUT HY)KHYIO CTpPaHMIly U YMTaeT oTBeT ¢ He€. Ho Jake ¢ OTKpBITOM KHUIOM CTYIEHT
MOXET MPOYMTATh HE TOT maparpad - mo3ToMy KpUTUYECKH BaKHA TMIMEHa JaHHBIX: Mycop B Oase
3HaHMI BEAET K Mycopy B oTBeTe. KauecTBo MHaeKcalMK ¥ YaHKMHIA Ba)KHEE CaMOM MOJIEJIH.

ITouemy RAG He 3ameHsieT namMATh MoO/1eJIH

- RAG tpedyet xoporiiero noucka. Eciu nmouck Hamen He TOT JOKyMEHT - OTBET OyzieT HeBep-
HBIM.

- RAG He nobaBiser «IoHUMaHUsS». MoJesb MOKET MPOYUTATh IMPABWIIBHBINA JIOKYMEHT, HO
WHTEPIPETUPOBATH €0 HEMPABUJIBHO.

- RAG menyiennee (nouck B BJl + renepanus). Ha npakTtuke narenTHocTh RAG-naiiiaiina
YacTO CKJIA/IBIBAETCS U3 TPEX ITAMOB: SMOSAIUHT 3arpoca (AeCATKH MC), TIOUCK TI0 MHAEKCY (eau-
HULIBI-COTHU MC) U reHepauus LLM (cexyHipl).

Korma RAG oo0a3arenaen

- Pabota ¢ BammmMu 1I0KyMeHTamMu (JIBOWHUK, KOPIMOPATUBHBII 4ar-00T)
- AKTyaJIbHbIE JaHHbIE (HOBOCTH, KyPC BaJIIOT)
- Cutyauuuy, rjae raulloliMHalY HEJONMYCTUMBI (IOpUCTIPYAECHUMS, MEJULIMHA)

Ectb n oOpaTHasi cTopoHa

RAG 6ecrnionesen [yist 3a1a4, TpeOyonmx 0000IeH s 3HAaHUI CO BCEro KOpITyca JIOKYMEHTOB
(HarpuMep, «Kakue OCHOBHBIC TPEH/IbI ObUIM BO BCEX HAIIMX JOTOBOPAaXx 3a 5 JIeT?») - 31eCh MOUCK
IO OTACJIbHBIM YaHKaM INPUHLOUIINAJILHO HE pa60TaeT, HYXHBI IPYTrUe€ noAaX0bl.

Hacrostmuii 60eBoit RAG B ITpOMBIIIIJIEHHOCTH BCET/Ia BKJIIOYAaeT 0OpaTHYIO CBA3b: CHCTeMa
JIOTHPYeT, Ha KaKKe TOKYMEHTBI CChLIAIach MOJIEIb, U €CITH MOJIb30BaTe b TIOCTABUII TU3JIAlK - 9TOT
Kelc UAET B JataceT Jyist epepaHKMPOBIIUKA I JO00YUYeHUsT SMOC/IIMHIOB.

C touku 3penus OusHeca, RAG - 310 eamHCTBEHHBIH crioco0 caenats LLM aynutupyemoii: Bl
BCEI/la MOXETe MOCMOTPETh, Ha KAKOHM TIOKYMEHT CChLJIajIach MOJIENb, M IIPOBEPUTH (PaKT, TOrga Kak
npu 1oo0yvennu (fine-tuning) akThl «BIIMBAIOTCSI» B BECA M CTAHOBSITCSI HEITPOBEPSIEMBIMH.

s perynsaropuku (GDPR, HIPAA, nepconanbabie nanHbie) RAG 6e3onacHee 1000ydeHus,
MOTOMY 4TO JOKYMEHTHI He MOKHMJAIOT Ballly 0a3y 3HaHUI - MOJENb TOJIBKO YMTAET UX B paHTaiMe,
a He 3allOMMHAET HaBCer/a.

Cambliil He1001eHEHHBIN (PaKT
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RAG pe3ko cHIKaeT CTOMMOCTb SKCIUTyaTalluK - OOHOBUTH JOKYMEHTHI B BeKTOpHOM B/] crouT
KOTEHKH 1 He TpeOyeT nepeoOyueHrst MOJIENN 3a JAECATKHU THICSY JIOJIApOB, Kak B ciyvae ¢ fine-
tuning.

NuxeHepHBINA BHIBOJ

Uucras LLM 6e3 RAG - 310 3k3amMeH 6e3 KHUT. XOpOIIIO ISl TBOPYECTBA, IJIOXO JIIsA (PaKTOB.
RAG - 310 oTKpHITast KHHUra. MeneHHee, Ho YectHee. Ha npaktuke rubpunnsie cuctembl (RAG +
nooOydeHue Ha pakTax) JAIOT JYUIIUN pe3ysbTaT, HO CTOSIT IOPOXKE.

Yexk-auct: korga RAG pa6oraer (a korja - HeT)

RAG - He nananes. Ectb 3amaun, riue oH o0s3areliet, ecTh - rue OecIolie3eH, a €CTh - IIIe JakKe
Bpe/IcH.

: o RAG
Crenapui o ITouemy
mOMOTAeT? .
«Hallu B JI0TOBOpe MYHKT P . .
’ </ Ha TOoYHEII MOICK IO JOKYMEHTY

PO HEYCTOIKY»

«CpaBHII IBe BepCHII
MOTHTIKI </ Tla Hy’KHBI aKTyasbHbIe TeKCTH
KOH(IIIeHIIIATEHOCTII»

«Hamnm cTHXoTBopeHIle Monens 1t Tak yMeeT, RAG

N X Her ] )
PO BECHY» TOJIBKO 3aMeLTIT
«[ToueMy KIIIeHT VIIE K

P ] X Het Heuero 1ckaTe - Heuero JaBaThb

KOHKVPEeHTV?» (IaHHBIX HeT)
«'T0 CKa3aHO PO CKIIIKI B Ecmn mceMmo He
[IocIeIHeM IIIChMe A OCTOpOKHO IIPOHHIEKCHPOBAHO - RAG He
[IOCTABIIIIIKA 7% HAIET

I'naBHOe orpannuenne

RAG He noGapnseT «roHMMaHus». EC/TM IOMCK HAIIEN He Te IOKYMEHTBI, MOJIE)Ib CTeHepHPYeT
OTBET Ha UX OCHOBE - M 9TO MOXET ObITh Xyke, 4eM rajumoruHaiwms. [Toromy 4ro y monenu Oyger
JIO)KHOE YyBCTBO OIOPHI.

IIpaBuio
RAG - 310 He «ynayumarenb MoOaean». DTO apXUTeKTypa. Eciu y Bac HET KaueCTBEHHOIO

TOWCKa - He OyaeT U KadecTBeHHOro RAG.

Yro nesath, ecan RAG He nmomor (TpH cjieayoNuxX mara)
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Bel Hactpomsin RAG, HO Moens BCE paBHO TaJUIIOLIMHUPYET WM OTBeYaeT HeBnomnal. Yrto
MIPOBEPATH?

IIar 1. /Imarsocruka noucka (caMmoe 4acroe y3K0oe MeCTO)

BriBog RAG
« Hameén 5 pparmeHToB». OTKpoiiTe MX BpyuHylo. PeneBanThsl 1 onu? Eciu HeT - mpobiema
HE B MOJIEJH, a B SMOe/iepax Win YaHKUHTE.

Yauku ((pparMeHTHI TEKCTA) CIAMIIKOM 0OJIbIIIHE — MOJIE/b He ylIepKUBaeT BHUMAHUE,
TepsieT (PaKkThl B IJTMHHOM TEKCTE.

YaHKH CJIUIIKOM MaJieHbKHE — TIOTepsiH KOHTEKCT, (DparMeHT BhIPBaH M3 OOIIEro CMBICIA.

AMmobennep He MOHUMAaeET sSI3bIK/AOMeH — Oepute multilingual-e5-large nnm poobyyaiite
CBOM.

IIar 2. Reranking (AByXnpoxoaHblil IOMCK)

CuHavana HaxoguM 20-50 parMeHTOB OBICTPHIM BEKTOPHBIM MOUCKOM. [ToTom mpormyckaem
UX Yepe3 MOJEIb-KPOCC-3HKOAEP (MEIEHHYI0, HO TOUHYIO), KOTOpasi epepaHKUpPyeT U OCTaBIISIET
3-5 caMbIX pesieBaHTHBIX. DTO cTaHapT it cephe3Hbix RAG-cuctem (Hanpumep, Cohere Rerank,
BGE-reranker).

IIar 3. Ilopor yBepennoctu u fallback

Ecnmu makcumasibHOe CXOJCTBO HaijieHHOro (parmeHTta Huke ropora (Hampumep, 0.7) -
MoJIeJTh JOJDKHA CKa3aTh «HE 3HAI0», a He TIHITaThCsl OTBETUTD. [100aBbTe B IPOMIIT:

«Ecau 6 HatioenHbIx 00KYMeHmax Hem npsimozo omeema Ha 60npoc - ckaxcu: "UHgpopmayus e
Hatioena. Ymounume 3anpoc”. He 0ooymvieaii.»

OTO CHU3WT TaJUTIOLMHALIAY TIEHOW YBeIMYeHUs OTKa30B. Ho B I0puaMYecKuX, MeUIIMHCKUX,
(bMHAHCOBBIX ClIEHAPHUAX OTKAa3 JYYIIE, YEM JIOKb.

dpomonusa RAG: rpadbl 1 ruOpu/IHbINA NOUCK

Knaccuueckuit RAG (BektopHsbiil nonck + LLM) xoporio padoTtaer, Korjaa 3ampoc MOKHO
3aKPBITh OTHUM-ABYMSI (pparMeHTamMu JoKyMeHTa. Ho ecTb 3a1auu, rie BasKHBI HE IPOCTO TIOXOKHUE
KYCKHU TEKCTa, a LIENIOYKH CBSI3EH.

IIpumepsl TakuX 3apoOCOB

«Kakue KOMIIOHEHTBI Halllel CUCTeMBbI 3aBUCSIT OT CepBUCa IIaTexei 7»

«KT0 TectpoBan Momysb, KOTOPBIH yral Buepa Ha mpoje?»

«Kakue KOHTpaKThI CBA3BIBAIOT MOCTABIIMKA X C HAIllEH KOMIIAHUEH Yepe3 APYrux 0piuil?»

BekTopHBIii MOUCK OTBETUT HA HUX IJI0X0. [ToToMy uTO Hy*)HBIe (haKThl Pa3OpPOCAHBI MO pa3-
HBIM JIOKYMEHTaM, a CBSI3b MEk/1y HUMH He BhIpaXkeHa SIBHO B TEKCTe.

IlapoBo3uk 3nannii ( GraphRAG )

Nnpea
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HOCTPOUTH U3 JIOKYMEHTOB rpadp 3HAHUM - CyIIHOCTU (JIIOIM, KOMIIAHUH, JOKYMEHTBI, CEp-
BUCBHI) U CBSI3U MEXIY HUMU («BJIAAEET», «3aBUCUT OT», «OTBEYAET 3a»). 3arpoc MpeBpalaeTcs He
B TIOMCK TOXOKHMX (DparMeHToB, a B 00X0[ rpada no menovkam.

[Tpumep:
3arpoc «Komy nucare, ecnu ynai riaTéxHslil U103 7»

CrapTryeM OT CYIIIHOCTH «IUIATEKHBIN 11LTI03».

N ném 1o cBA3M «UCTIONB3YETCs B» — «MOLYJIb OILIAThD».

OT MOIyJis 1O CBA3M «OTBEYAET 3a» — «TUMJIUA VIBaHOB».

Ot MBaHoBa 10 CBA3M «IIOAIKCAH Ha» — KaHaJl OMOBEILEHUI.

LLM nosy4aeTt He pa3pO3HEHHbIE LIUTATHI, & CBA3HBIN MoArpad - 1 MOXET JaTh TOUHbINA, 000C-
HOBaHHBII OTBET.

GraphRAG f1a€T BbIMIpBIII B TOYHOCTH Ha CJIOKHBIX, MHOT'O3BEHbEBBIX 3ampocax (multi-hop)
1o 50-70% no cpaBHeHmio ¢ knaccuueckuM RAG. Ho TpeOyeT 3HaunTebHO OOJBIIMX YCHIIUI Ha
BHeJpeHue (CTPOUTh rpad, MoAAepKUBaTh €ro aKTyaIbHOCTh, HACTPauBaTh 0OXO).

I'mOpuaHbIil NOUCK U pepaHKuHr (6e3 rpadoB, HO MpoIe)
Ecnmu ctpouts rpad noka He Hy)KHO, HO TOUHOCTU BEKTOPHOTO MOMCKA HE XBAaTaeT - MOKHO
ycrIIUTh Kilaccnieckuil RAG 6e3 nepexona k rpady.

I'nOpuaHbIA NOUCK

koMOuHass BM25 (TOYHBIN MOWCK IO CJIOBaM, KaK B CTapbiX NMOWCKOBUKAX) U BEKTOP-
Horo (moxoxwuit cmbici). BM25 umer «unBovic AC-457», BEKTOPHBIN - «IOKYMEHT MPO 3a/IEPKKY
oIuIaThl». BrIOOp JydIliero u3 AByX WM MX B3BELIEHHAs] CyMMa JaloT 0ojiee CTaOUIIbHBIA pe3ysbTaT.

Petpusep

3TO KOMIIOHEHT, KOTOPBII 3aHUMAETCsl MIOMCKOM (HEBaXHO, BEKTOPHBIM, JIEKCUYECKUM WIIU
ruOprIHBIM). MHOTHE HEJOOIICHUBAIOT €r0 HACTPOMKY, a 3psi: XOPOIIMI peTpuBep cOMBAET BXOAS-
LU IIyM JI0 TOro, Kak 3anpoc nonaaer 8 LLM.

Pepankunr (nepepanknpoBaHue)

CHavaja perpuBep ObicTpo HaxomuT 20-50 KaHIUIATOB (IEMIEBO, HETOYHO), a MaJleHbKAs
MOJIEJb-KPOCC-9HKO/IEP (MEIJIEHHO, JOPOro) NEPEeCOPTUPOBBIBAET U OCTABIISIET TON-3—5 camMbIX peJie-
BaHTHBIX.
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PE3IOME IVIABbDBI 1

TokeH - MUHIMAJIbHAS €IHUIIA TEKCTA IJ1A MOIEIN (MO)KCT OBITh CJIOBOM, 4aCThIO CJIOBa UJIN
CI/IMBOHOM), a TaKK€ €JUHULIA U3MEPECHHUA CTOUMOCTH U CKOPOCTU I/IH(pepeHca.

ToxeHn3anms pazouBaeT TeKCT Ha ToKeHbI ¢ nomolibio BPE min SentencePiece; pa3mep cio-
Bapst 06br9HO 32K-256K TOKEeHOB.

Pa3Hble A3BIKN «BeCAT» MO-Pa3HOMY: aHrMickuu - 1.0-1.5 TokeHa Ha clI0BO, PyCCKHN -
1.5-2.0, xuraiickuii - 2.0-3.0, 4TO HaNPsAMYIO BIIMSIET Ha OIOIKeET.

9M6e1mm1rn IMpeBpalIaloT TOKECHbI (qncna) B BEKTOPbI - KOOPAXUHATBI B MHOT'OMEPHOM IIPO-
CTPaHCTBE CMBICJIOB, I'I€ OJIN3KUE IO CMBICITY CJIOBA HAXOOATCA PAAOM.

Homep TokeHa - He Ciy4allHOCTb, a pe3ysbTal CTaTUCTUYECKON uepapxuu. bazoBble cum-
BOJIbI (OYKBBI, LIU(PPBI, 3HAKU NTPETTUHAHK S, IPOOEJIbI) MOTyYaloT HoMepa NepBbIMUA. YacCTOTHBIE Maphl
«CKJICMBAIOTCSI» B HOBBIE TOKEHBI, M UeM OOJIbIlie HOMEp, TeM IIIyOke TOKEH «yIMaKoBaH» U3 Oonee
Meskux yacreil. [IpoGesnsl v 3HaAKM penvHaHuUs - TOJTHOIIPAaBHbIE YYACTHUKHU 3TOTO MpoLiecca.

Paznuia B «Bece» a3pikoB (aHrmmiickuit 1.0-1.5, pyccknmii 1.5-2.0, kuraiickuit 2.0-3.0) - He
JIMHTBUCTUYECKOE MPEBOCXOJCTBO aHIIMICKOro, a UCTOpUYECcKuil apredakT. TokeHn3aTopsl o0yya-
JIUCh Ha aHIJIOLEHTPUYHBIX Kopitycax. [Tpu oOyueHnn Ha Kopiyce ¢ JOMUHUPOBAHUEM JPYIOro s3bIKa
K03 purmeHTs noMeHswTcs Mecramu. Kuraiickue mogemm (Qwen, DeepSeek) u pycckosi3prunble
(GigaChat, YandexGPT) yxe 1eMOHCTPUPYIOT, UTO JIOKAJIBHBIN SI3bIK MOKHO CZIENIATh CTOJIb e «3KO-
HOMHBIM», KaK aHIJIMACKUI, @ UHOT/Ia M SKOHOMUYHEE.

BekTopnas apudmernka padoraer: Kopons - Myxunna + JKennmna = Kopornea; ato npsi-
MOg CJIEICTBUAE T€OMETPUH CMBICIIOB.

ITo3nuonHoe KoaMpoBaHHe [00aBisseT MH(GOPMALMIO O MOPSAKE CJOB; JBa OCHOBHBIX
metoza: RoPE (Bpamenue Bektopos) u ALiBi (mrpad 3a paccrosinue).

Mexann3m camoBHuManus (Self-Attention) mo3BossieT cjoBaM 0OMEHHMBAThcsl MHGOpPMa-
uuen yepes Tpurietsl Q (3ampoc), K (kimou), V (3HaueHue).

®opmysaa BHEMaHMs: Attention = softmax(Q-K/\/ d)-V, rae Kax bl 11ar IMeeT MHKEHEPHBIN
CMBIC]T (COBMECTUMOCTb, MacIITAOMPOBaHUE, HOPMAJIU3AllKsl, B3BEILICHHAs CYMMa).

Kopedepenmus - sBieHue, Korja pa3Hble CJI0Ba B TEKCTE YKa3bIBAIOT Ha OAUH 00beKT («VBaH
Kynui1 MammHy. OH paf eii»); 6e3 He€ TeKCT ObUT Obl HAOOPOM TTOBTOPOB.

Multi-Head Attention - HecKOJIBKO MapayjieSIbHBIX MEXaHU3MOB BHUMAHUSI, KaX/Ibli UIIET
CBOU THUIIBI CBSI3€W (CMHTAKCHUC, CEMAHTHUKY, KOpE(PEPEHIIMIO).

FFN (ceTh npsiMoro pacnpocTpaHeHus) BHyTpY KaXXa0ro OJI0Ka nepeBapuBaeT nHGpopMa-
IO TIOCTIe «COBelaHus» BHUMaHusT; 6e3 FFN Moznens mpocto nepekJiaapiBaia Obl CIoBa.
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Add & Norm (ocTraTouyHasi CBSI3b + HOpMAaJN3alusi) 1Mo3BoJisieT MHGOPMAIIUU TeUb Yepes
r1yOoKHe ceTr Oe3 3aTyXaHUs - KaK «JIaCTHK» JIJIs1 HeY/IauHbIX ITPHXOB.

Hepapxusi C10€B: TIepBbIC CIION BUIAT OYKBBI U CJIOBA, CPEHUE - CIIOBOCOUETAHUS U POJIH,
r1yOOKHe - CMBICT ab3alia, TOH, HACTPOCHHE.

Tpancdopmepnbie 6J10ku coctoar u3 Multi-Head Attention, Add&Norm, FFN u Broporo
Add&Norm; 32—128 Takux OJOKOB CO3/IAI0T ITyOOKOe TOHUMAHUE TEKCTa.

lanmonmHanmm - pyHaaMeHTaIbHOE CBOMCTBO FreHEePaTUBHBIX Mojesieil. OHY BO3HUKAIOT 13-
3a BEpOSITHOCTHOM MPHUPOJIBI TeHEPAIH, OTCYTCTBUS JOCTYIA K UICTOYHUKY MCTUHBI M KOMIIPECCUU
3HaHUU TpU 0O0y4YeHuH. DTo He Oar, a 0COOEHHOCTb APXUTEKTYpPhbl, KOTOPYI0 MOKHO CHHXaTh, HO
HEeJIb3s1 YCTPaHUTh NMOMHOCTHI0. HkeHepHbiid onxon: RAG, cHrkeHre TeMIieparyphl, J000y4YeHue,
aHcaMOJIH, ¥ BCer/a - KpUTHUECKasi MPoBepKa (paKTOB B OTBETCTBEHHBIX CIICHAPHSIX.

RAG (Retrieval-Augmented Generation) - MeToq O0OpbOBI C TAJUTIONUHAITUSMU: TIEpe] TeHe-
parueii MojiesTb UIIeT peieBaHTHbIE TOKYMEHTHI B BeKTOpHOU B]I 1 nojicTaBiisieT X B KOHTEKCT. ITO
KaK «9K3aMeH 110 OTKPHITON KHUTe» - (DaKThl OEpyTCs U3 JOKYMEHTOB, a He U3 maMsITu Mofenu. O0s-
3aTesieH JUIs 3a/1a4, TJie JIOXKb HeJonmycTuMa (IOpUCIpYISHINS, MEAUIMHA, padoTa ¢ JOKYMEHTaMH).
MuHYCHI: 3aBUCUT OT Ka4eCTBa IMOKCKa, MeJICHHee YUCTON T'eHeparivy.
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Bonpocs! 1J1st caMmonpoBepKu
1. Yto Takoe TOKEH n MOYEMY OH ABJIACTCA HE TOJIBKO HHHFBHCTHHCCKOfl, HO ¥ 5KOHOMHYECKOU
eIuHULEN?

2. OOBCHUTE CBOUMU CJIOBAMH, YEM E)MéeILIII/IHFI/I JIyqure 1mpocCtoro nmprucBO€HUs YMUCIIOBBIX
HMHIEKCOB CJIOBAM.

3. B 4éM npuHLMIIMAIbHAS pa3HULA MEXKAY MO3UIMOHHBIM KonupoBaHueM RoPE u ALiBi?
JI71s1 KaK¥MX 3a/1a4 CTOMT BHIOMPATh KaXK/IbI U3 METOIOB?

4. Onuimre, YTO NPOMCXOAUT HA KAaXIOM M3 YETHIPEX Iaros popmyssl Attention (Q, K, V)
= softmax(Q-K/~Nd)-V.

5. Ilouemy B TpaHchopMepe UCTIONb3yeTCs HE OIHA, & MHOKECTBO «T0JIOB BHUMaHMs» (Multi-
Head Attention)?

6. 3auem HyxHa ocratoyHas cBs3b (Add) n Hopmamzanusa (Norm) BHyTpY TpaHC(OPMEPHOTO
onoka?

7. Uto npou30iaET ¢ KauecTBOM Mojieny, eciu yopats FFN-cion v octaBUTh TOJIBKO Attention?
8. Kakue napamerpsl BIMAIOT HA «KPEATUBHOCTb» TEHEPALIMM TEKCTA U KAK UIMEHHO?

10. Yro Takoe RAG? [Touemy oH nomoraeTr 0OpoThes ¢ rajmonuHauusamMu’? B yém ero orpa-
HUYEHUS U KOrJia OH o0Os13aTenieH?
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TJIABA 2. TUTIBI APXUTEKTYP HEUPOCETEU

«Hepapxuueckoe pacnozHasanue waoaoHo8 - 60m K04 K NOHUMAHUIO MO20, KaK M032, a 6C1e0
3a HUM U Hetipocemu, Cmposim KapmuHy Mupa» - a3 padoT 1o r1yo0oKoMy 00y4YeHHIO

B nepBoii ri1aBe Mbl oipoOHO pa3oOpaiv, Kak YCTPOSHbI TeHEPATUBHBIE SI3BIKOBBIE MOJEIH - TE
camble, YTO JIeKAT B OCHOBE COBPEMEHHBIX 4aT-00ToB. HO MMp MCKYCCTBEHHBIX HEWpoceTei ropaszio
mpe. [Ipesxze yem TpaHcopMepsl cTaau IJIaBHBIM MEHHCTPUMOM, MHKEHEPbl IPUIyMaJld MHOXe-
CTBO APYTHX apXUTEKTYpP, KakkJasi U3 KOTOPBIX OblIa IPOPHIBOM JIJIsI CBOETO BPEMEHH U JI0 CHX TOp
UCIIONB3YeTCs B pa3HbIX 33/1a4ax. bosee Toro, naxe BHYTpU ceMeicTBa TpaHC(POPMEPOB ECTh BaKHOE
pasesieHue Ha SHKOJEPbI, IEKOIEphl U MX KOMOMHAIMU. B 3TOH I71aBe Mbl COBEpIIUM 3KCKYpC I10
OCHOBHBIM THIIAM apXUTEKTYp, YTOOBI MOHMMAaTh, KAKOW MHCTPYMEHT IS KAKOW 33/1a4M BHIOWPATH,
¥ TI0YeMY B UTOre [UIst pabOoTHI ¢ TEKCTOM OO MMEHHO TpaHc(opMep.

Hauném ¢ apXuTeKkTypsbl, KOTOpasi COBEPLINJIA PEBOTIOLMIO B KOMIIBIOTEPHOM 3PEHUH U JI0 CUX
MIOp OCTa€TCsI OCHOBOM ISl pabOTHI ¢ M300paKeHUSAMHM, BUAEO M OObEMHBIMHU JJaHHBbIMU. E€ rnaBHas
uziesl - He paccMaTpuBaTh KAPTUHKY LIEJIMKOM, a CKAaHMPOBATh €€ MaJIEHbKMM OKOILIKOM, BbIIEJSAS
MIPOCThIE IPU3HAKU U cOOMpasi U3 HUX CJIOXKHBIE.
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2.1 CNN Convolutional Neural
Network / CBépTouyHas HellpoceThb

Hcnonesyer onepanuio cBEPTKU (convolution) - CKoJb3s1Lee OKHO ¢ 00y4aeMbIMH (PUIIbTPAMHU.
S dexTrBHA U151 JaHHBIX C IPOCTPAHCTBEHHOW CTPYKTYpPOI: M300pakeHus, BUIe0, 0ObEMHBIE J1aH-
Hble. B TekcTe ucnosnb3yercst peaxo.

IIpencraBbre, uTO BBI paccMarpuBacTe (POTOrpapuio HE LIENMKOM, a 4Yepe3 MaJieHbKoOe
OKOIIIKO, KOTOPOE T0J13a€eT 110 KAPTUHKE. DTO U eCTh CBePTKa (convolution).

JlaBaiiTe pazbepeM Bce 4acTH 3TOrO OIpPEAEIeHUs Ha TPOCTOM IIPUMepe - MOUCKE TPaHMIL] Ha

pororpadumn.
1. Ckoab3samee okHO (Kak 310 aBm:kercs?)

Yro 310
[pencraBpre, uTo M300pakeHue - 1o moje 10x10 kiaerouek. CroJb3siee OKHO - 9TO paMKa
pazmepoM 3x3 KJIeTOUKM (Kak B urpe «Canép», Korga Tbl OTKPbIBACIllb KJIETKY U BUAUIIbL COCENIEH).

Kak paboraer

MBI CTaBMM 3Ty PaMKYy B JIEBBII BEpXHUH Yrojl, CMOTPUM Ha 9 mukcesned BHyTpu. [ToTom ciBu-
raeM pamKy Ha 1 1mar BrpaBo, orsaTh cMOTpUM. [IpoIILIH CTPOUKY - HEPEXOIMM Ha CIIeAyomTyio. Tak
OKHO «IIPOYECHIBAET» BCIO KAPTHHKY.

2. O6yuaemblie puiabTphl (UTO HIET OKHO?)

BHyTpu 3TOr0 OKOIIIKA €CTh CHeIMAIbHAS TAOINYKA C YHCIIAMU - (PUIABTP (WM SIIPO CBEPTKH).
®wtbTp - 31O IeTekTop. B Hauane oOyueHMs1 3T YMCia CIy4YaiiHble, HO TIOTOM OHU «00y4aloTCs»
MCKaTh KOHKPETHBIE BEllIN.

PuabTp HA NOMCK N'OPH30HTAJBHBIX I'PAHHIL
Ecnu BHyTpM OKOIIKa KapTMHKa PE3KO MEHsIeTcs CBepXY (TEeMHO) BHM3 (CBETNO), (PUIIBTP
BbIIaeT OosbIIoe uKcio. Ecim kapTUHKa OHOpOHAsA, (PUIIBTP BbIJAET HOJMb.

PuiabTP HA MOUCK YIVIOB
Pearupyer Ha auaroHasibHbIe JTUHUU.

PuabTP HA MOUCK IBETA
Pearupyer Ha KpacHble MSATHA.

IIpakTHyeckas moJjb3a

MBbl He nporpamMMHpyeM TMpaBUjia «UIM BEPTUKAIBbHYIO JIMHUIO» pyukamu. HeiipoceTb cama
nojIoupaeT yncia B (puibTpax BO BpeMsi OOyUeHHUsl, YTOObI HAXOOUTh TO, YTO HYKHO VIS 3aJauu
(Hanpumep, 7151 PaCMO3HABAHUSI KOTUKOB).

OuIbTPHl YMEIOT HAXOIWTH JIMHUM, TPaHMIIbL, YIIIbl. Ho modyemMy 310 paboTaeT MMEHHO ¢ Kap-
TUHKaMH, a He ¢ TekcToM? [TotoMy uTo y n300paxkeHuii eCTh BaKHOE CBOMCTBO - TPOCTPAHCTBEHHAS

CTPYKTYpa.
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3. IIpocrpancrBennasi crpykrypa (Ilouemy 310 BaxkHo?)

YT10 3T0 3HAYUT
B JIAHHBIX BaXK€H MOPSIOK JIEMEHTOB. Y MUKCEJIS €CTh COCE/IA CBEPXY, CHU3Y, CJIeBa U CIIPaBa.
Ecnmu nmepeMeniaTh MUKCEH Kak MOMAJio0, KAPTUHKA PACCHITUIETCS], ¥ CMBICII TIPOMAeT.

3adem 3TO CBEpPTKe

CBépTKa UCIIONB3YeT 3Ty CTPYKTYpy. OHA CMOTPUT Ha JIOKAJIBHBIE TPYIITIBI TUKCeNen (OTM3KIX
cocefielt), YTOObI MOHATH MPOCTHIE BelH (Kpasi, TEKCTYpPhl), a MOTOM W3 MPOCTHIX Bellleid coOupaer
CJIOKHBIE (IJ1a3, YXO, HOC).

I'naBHas npakTuyeckasi nojb3a (3 Bemin)

1. 9xkoHOMUSA pecypcoB (pa3pe:KeHHOCTD)

OO6bryHas MOMHOCBsI3HAS HerpoceTh Ha KapTHKY 1000x1000 nukceneit ¢ Tpemsi IIBETOBBIMU
KaHaJIlaMH ToTpe0oBajia Obl OKOJIO 3 MIJIJTMOHOB BXOTHBIX HEHPOHOB M, €CJTH CJISTYIONIHIIA CJION TOXe
oyaer pasmepom 1000x1000, okono 3x10'? caseii - 3T0 TPUILIMOHBI TTAPAMETPOB.

2. ITHBapHAHTHOCTH K MOJIOKEHHI0 (HEBAKHO, I/1e 00HEKT)
®dunbTp, KOTOPHINA HayYMJICS UCKATh HOC, HaW/IET ero B JoOoM Mecte ¢otorpadpuu - Criena,
crpasa, BBepxy. EMy Bce paBHO, IOTOMY UYTO OH CKOJIb3UT BE3IE.

3. Uepapxusi npu3HaKoOB

- [lepBble c10M BUAST MPOCTO JIMHUU U TOUKHU.

- CpemHue cJiou BUAAT KOMOWHALIAY JIMHUK (KPYTH, TIPSMOYTOJIBHUKH) - HAIPAMeEp, KOJIECO.
- ['myOGokwue cliou BUAST CIIOKHBIE OOBEKThI (MaIlIMHA, IOM).

IloueMy B TeKCTe HCIOJb3YETCSI PEIKO?

VY TekcTa HeT Takoy CUJIbHOM MPOCTPAHCTBEHHOM CTPYKTYphl. EciM B TeKcTe nepecTaBuTh 1Ba
COCEHUX CJIOBA, CMBICJI MOKET U3MEHUTHCS KaPAUHAIBHO WM OCTAaThCS TEM KeE. A €CJIM Ha KaPTHUHKE
MIepeCcTaBUTD JIBA MUKCENsT MECTAMH, 3TO OyZIeT yKe «Irym». [l TeKcTa Jiydiiie OIXOAUT TPaHc-
¢popmep (BHHMaHHUE), KOTOPBII CMOTPUT Ha CBAA3b CJIOB MONAPHO, HE3ABUCUMO OT PacCTOSIHUSA, a
HE TOJILKO Ha COCE/IE B OKOILIKE.

WTak, cBEPTOUHBIE CETU OTIMYHO MOAXOAAT VISl IAHHBIX C IMPOCTPAHCTBEHHOU CTPYKTYPOW,
1€ BaKHbI JIOKAJIBHBIE CBSI3U U MEpapXusl MpU3HAKOB. HO TEKCT yCTpOeH MHaue: CMbICI 3aBUCUT HE
CTOJIBKO OT COCETHUX MHUKCEJIEH, CKOJIBKO OT NIOPsAJKa CJIOB M UX B3aUMOCBA3€W Ha paccTtossHuu. s
00pabOTKHY NOCIE0BATEILHOCTEN MHKEHEPHI TIPUIYMAITH IPYTOi KJIACC apXUTEKTYP - PEKyppEHTHbIE
HelipoceTy. VIMeHHO OHM IpaBuM Oajl B 3a/1a4ax ¢ TEKCTOM JI0 HOSIBJIEHUS TPaHC(HOPMEPOB.
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2.2 RNN (Recurrent Neural Network /
PekyppeHTHasi HEHPOCETH)

MBbI TOJBKO YTO Pa300paUCh, KAK CBEPTOUHBIE CETU BUAAT MUP Yepe3 MAJIEHbKOE OKOIIKO U
COOMpaloT KapTUHKY M3 MPOCThIX Aertasieil. Ho y Tekcra apyrasi mpupoza - 3To He 3acThiBIIee H300-
paxeHue, a MOTOK, MOC/IeJOBATEIbHOCTD, Iie BaKeH KaKIbIi MpeabyInuii mar. Ytoosl padorars ¢
TAaKMMU JAaHHBIMU, HY’)KHa apXUTEKTYpa C NaMATbI0. 3HAKOMBTECh: pEKYPPEHTHbIE HEWPOCETH - TJIaB-
HbIE 3Be3/1bl 00PaOOTKHM TEKCTOB JI0 9PBI TPAHC(HOPMEPOB.

IIpexacraBbTe, UTO BBl UUTAETE KHUTY, HO Y BaC OYEHb IJIOXas MaMATh - Bbl IOMHUTE TOJIBKO
TIOCTIe/IHYE TIapy MPEeJIOKEHUH, a Ha4aJIo IJIaBbl yKe CTepaock. [IpuMepHo Tak paboTaioT peKyppeHT-
Hble ceTd. JlaBaiite pazoepemMcs, NoYeMy OHM YCTPOEHbl IMEHHO TaK M B YEM MX IJIaBHbIE TPOOIEMBI.

RNN o6pabaTbiBaeT noce10BaTeIbHOCTH IIaT 3a [IaroM, rnepegasas CKpbitoe coctosiHre. OHa
IUIOXO MapalIeIn3yeTcsl ¥ CTpajaeT OT 3aTyXaHus rpagueHTa. [IpakTnyecku BbITeCHEHa TpaHCchop-
MepaMHu.

Bces cyte RNN kpyTuTcs BOKpYr OIHOI NMPOCTOM MIEU: Y CETH €CTh BHYTPEHHSS MaMsATh -
CKPBITOE COCTOSIHHE, KOTOPOEe OOHOBJISIETCS C KaXK/ABIM HOBBIM CJIOBOM. DTO Kak OJOKHOTHK, Kyla
MOIeJIb 3aMMChIBAET CBOM MBICIM MO XOly YTEHHUSI.

1. CkpsbiToe cocTosinne (IlamsTh B roJiose)

Yro 31O
¥V RNN ecTb BHYTpeHH:s IEpEMEHHAs - BEKTOp CKpbIToro cocrosnus (hidden state). 1o kak
OJIOKHOTHK, B KOTOPOM HEMPOCETh 3aIMCHIBAET CBOU MBIC/IH 110 XOIy UYTEHHUS.

Texanueckn
310 pocTo HAOOP YKCell, KOTOPbIe MEHSIIOTCS MOCye KakI0ro MPOYUTAHHOTO CJIOBA.

2. O6pad6orka mar 3a marom (IlocieqoBaTe JbHOCTD)

RNN He cMOTpUT Ha Bech TeKCT cpady. OHa UUTaeT ero CTporo Mo NopsiAKy, CJIOBO 3a CJIOBOM.
Kak 310 BRINIAAUT Ha nprMepe (pasbl

«KoT chest MBIb»:

IIar 1 (KoT):
Cmotput Ha coBo «KoT» + 4ucThlii OI0KHOT (ITycTasi MaMsATh). 3aluchiBaeT B OJIOKHOT: «Buoicy
Koma».

IIar 2 (cvea):
CMOTpUT Ha CJIOBO «Che» + UYUTaeT OJOKHOT (Tam mpo kota). [lonumaer: «Kom umo-mo
Odeaaem». OOHOBNAET OJIOKHOT: «Kom cetiuac ecm».

IIlar 3 (MbIIb):
CMOTpHUT Ha CJIOBO «MBIIIIb» + YUTAET OIOKHOT (TaM PO KOTa, KOTophlil ecT). [lonumaer: «Kom
cven Mblute. Jlo2uuto».
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®opmyaa ognoil ppazon
Hogoe cocrosinne = @ynkims (Tekyiiee cinoBo, Ctapoe cocTosiHUE)
3. IIpo6aema 1: ITnoxas mapamnenm3amnus (MeqIeHHOCTS)

Iloka BHI He IMPOYUTACTE CJIOBO «CBHEJI», BBl HEC MOXETE IIOHATH CJIOBO «MbIlIb>», IOTOMY 4YTO
MaMsATh elie He OOHOBUIIACH.

s mporieccopa 3710 aa: Henmb3st 00padboTaTh Bce C/I0Ba OMHOBPEMEHHO (pacrapaliesIuTh), Kak
B TpaHcpopmepe. [TprxoauTcst sk1aTh OKOHYAHUSI IEPBOTO I1ara, YToObl HaYaTh BTOpoi. Ha IMHHBIX
TEKCTax 3TO OYEHb MEJIJIEHHO.

Bonee Toro, naxe eciv y Bac eCTb Cynepkommblotep ¢ Teicayamu saep, RNN 3acraBut mx
MPOCTaMBaTh - KAKAOE CIeqyIolIee CIOBO TpeOyeT pe3y/IbTaToOB MPEbIIyIIero, U pacrnapaieuTh
3TOT MPOLECC MPUHLMITMAIIBHO HEBO3MOXKHO. ITO (PyHAAMEHTAIbHOE OIpaHUUYEHHE TIOC/IEI0BATEb-
HOW apXUTEKTYPHI.

4. IIpo6aema 2: 3aryxanue rpaaverTa (3a0bIBYMBOCTD)

Oro riaBHas TexHndyeckas 6oimp RNN. IpencraBbre npemioxkenue: «B danexkom 1991 200y,
K020a wen CUNBbHBLIL 00K#COb, A HA UACAX ObLAO0 YiHce NOZOHO, 5 ... 8blULeN U3 OOMA».

YToObl MOHATD, YTO «BBIIIE» OTHOCUTCS K «s», HEHPOCETU HYKHO IOMHUTH MH(OPMAIIHIO U3
CaMOro HayaJia MpeJjIoKeHuU .

B RNN unpopmatiys mpu Kax/a0M iare yMHOKaeTCsi HA BECOBbIE MAaTPHIIbI U POXOIUT Yepe3
HeJIMHelHble (DYHKIMK akTUBaIuK. [1py 0OpaTHOM pacipocTpaHEeHUN OIUOKY TPATUCHTHI, COOTBET-
CTBYIOIIIME JAILHUM IlIaraM, MHOTOKPATHO YMHOXAIOTCSI HA 9TU MATPHIIbI M SKCIIOHEHITUAJIBHO 3aTy-
XaloT (WK B3ppIBAIOTCS). K TOMYy MOMEHTY, Kak Mbl JIOIILJIM J0 KOHIIA, BKJIA/l CJIOBA «s1» B IPAIUEHT
CTAHOBUTCS TMPAKTHYECKU HYJIEBBIM - MOJIEIb HE MOXeT OOYUYHMThCS YUUTHIBAThH AAJIEKUE 3aBUCUMO-
CTH.

Hror

RNN xoporiio moMHuT niocienaue 5-10 cyioB, HO 3a0biBaeT, 4To ObUIO B Havase ad3ama. OHa
CTpajaeT OT KPaTKOBPEMEHHOU MaMSITH.

NuxeHephl MBITAIUCh OOPOTHCS C ITUM, TIIATEJIBHO MOAOMPas HauaIbHbIe 3HAYCHUS BECOB U
UCTIONB3Ys CHelraIbHble TEXHUKU Bpoe oTceueHus rpaaueHToB (gradient clipping). Ho 3to Obun
JIVIIITH KOCTBUTH - TIPOOJIieMa OCTaBaIach B apXUTEKType, U IS ISHCTBUTEILHO JIJTMHHBIX TTOCIIE/I0BA-
tenbHOCcTerr RNN ocTaBainch OECCUIIBHBL.

IIouemy ux BoiTecHusu Tpanccopmepsni?
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ITepe3alIiCEIBaeTC.
Tepserca napopMaa.

[Tpi3HaK RNN (Crapsiil moaxox) Tpanrchopmep (Hopril moaxo)
- [TocteoRaTeIBHO, CIORO 38 OIHOBpeMeHHO CMOTPIT Ha BCe
Kax uriraeT : AOBE -AHOB] CMOTPIT He
CIIOBOM. CIIOBA.
CKpBITO® COCTOAHII® . ~
I'BEERTO \ Kofm oe ITpsAMOIT ZOCTVII K THO0MY CIIOBY
[TaMATE ' p)- I uepe3 MeXaHII3M BHIIMaHIIA

{Attention).

CKopocTh

Mem1eHHO (HelIp34
pacmapasieInTs).

BEICTPO (MOKHO CUHTATh BCE Cpasy

Ha GPU).

JIIHa TekCTa

Kopotras (1o 100-200 cnos,

[TOTOM 3a0BIBAET).

OrpoMHaf (10 1 MIH+ TOKSHOB B
COBPeMeHHEIX MOIeNIIx ).

RNN

3TO MOCJeNOBATEIbHbIN MPOIECCOP, KOTOPBII YUTAET TEKCT IO MOPSAKY U BEIET KOHCIEKT B
OokHoTe. HO GNIOKHOT MaJieHbKHIA, ¥ K KOHITY IJIaBbl OH 3a0bIBAa€T, YTO OBLIO Ha TIEPBOM CTpaHHUIIE.
Tpancdopmepsl penmim 3Ty podieMy, OTKa3aBIIKCh OT MOCNIENOBATEILHOTO YTEHHUS B MOJTb3Y TOJI-
HOTo 0030pa BCEro TeKCTa cpasy.

Ho uHxeHepsl He caBaJIuCh Tak Jjierko. OHKM puAyMali, Kak yaydmuTh naMaT RNN, moda-
BUB CIIeIMAJIbHbIe BEHTHIIA, KOTOPBIE PEIIaloT, YTO 3a0bIBaTh, @ YTO MOMHUTL. Tak nossuivcs LSTM
- Torast KpaTkocpodHasi mamMsitb. O HUX - B CIIEAYIOIIEM pa3ferie.
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2.3 LSTM (Long Short-Term Memory /
JoJarass KpaTkoCpoO4YHasi MaMATh)

MBI TOJIBKO YTO YBHAENH IJIABHYIO MTPOOJIEMY MPOCTHIX PEKYPPEHTHBIX CETel - MX KOPOTKYIO
namsATb. RNN MOMHHT TOJNBKO MOCHEAHNE HECKOJBKO CJIOB, a BCE, YTO ObUIO B Hayaje MpesioKe-
HUs1, 0e3BO3BPATHO TepsieTcsl. Ho MHkeHephl Haltuti cioco0 Hay4YHTh CeTh He 3a0bIBaTh BakHoe. OHU
1n00aBWIIM CTielMajIbHble BEHTHIIM, KOTOPBIE PEIlaloT, YTO BHIOPOCUTH, @ UTO COXPAaHUTh HA AOJTYI0
namATh. Tak pogunace apxurekrypa LSTM.

LSTM - s10 BapuanT RNN ¢ BEeHTU/ISIMU: BXOJHBIM, 3a0bIBaHKs U BBIXOAHBIM. OHa periaer
po6seMy JOJITOCPOYHON NMaMsTH, HO BCE TaK K€ He MapasuIeIUuTCs.

LSTM pacumgpossiBaercs kak Long Short-Term Memory - gonras KpaTkocpouHasi HaMsTb.
B HasBaHMM yXke CKpbITa CyTb: 3TO BCE €LIE€ PEKYPPEHTHasA CEThb C KPAaTKOCPOYHOM NMAMATHIO (Kak
RNN), HO Terepb OHa MOXET XpaHUTh MH(OPMAIIHIO Topas/io AoJblie. [aBaiTe pazoepéMcs, Kak eil
3TO yHacrcs.

UroOsl moHATh, YeM LSTM oruuaercs ot oobrunoit RNN, mpeacraBbTe, uto mpocrass RNN -
3TO YE€JIOBEK, KOTOPBIi MPH YTEHUM KHUTH KAXKAbli pa3 eperuchiBaeT CBOM OJIOKHOT 3aHOBO, CTUPAs
Bc€ crapoe. LSTM ke Ben€T ceOs1 Kak OIBITHBINA YUTATENb: OH HOCUT C COOOM CTOITKY CTUKEPOB-HAIIO-
MHHAJIOK ¥ TIEPHOANYECKH BHIOPACHIBAET T€, UTO YK€ HE HY)KHBI, OCTABIISIS Ba)KHOE.

Kak *e ycTpoen 3101 «ymMHBIH O10kHOT»? B LSTM nosiBisieTcst JOMOMHUTENTbHAS «JIEHTa KOH-
Beiiepa», KOTopasi TSAHETCs Yyepe3 BCIO CETh M HeCET B cebe BaKHYI0 MH(OPMAIIUIO, TIOYTH HE MEHSISICh.
A Tpu crienManbHBIX BEHTUJIA PELIAIOT, YTO C 3TOM JIEHTOU AEJaTh.

1. IIpo6aema, koTopyro pemaetr LSTM

O6brunast RNN cTpagaer oT KpaTkoBpeMeHHO naMsiTiu. OHa TOMHUT MOCJIEAHUE CJIOBA, HO
3a0bIBaeT Hauato npeanoxenus. LSTM BBenu crieliaibHbIN MeXaHU3M - JIeHTY KoHBeiiepa (cell
state) 1 BeHTHJIH (gates), KOTOpbIE PEelIaT, KaKylo HH(MOPMAIMIO TPOHECTH Yepe3 BCIO MOCIe0-
BaTeJIbHOCTh HETPOHYTOM.

2. Kak 310 pa6oraet (Tpu BeHTIIISI)

YV LSTM ectb TpH XUTPBIX (PUIIBTPA, KOTOPBIE PErYIUPYIOT MOTOK MHGpopMarmu. CHOBa Mpu-
Mep ¢ npenioxenuem: «Kor (1) ... (MHOTrO cJI0B) ... (2) HaeJscs u (3) conuT».

10 rnaBHoe HoBoBBeaeHne LSTM. MHdopmanus no Heil Teu€T, MUHYS HEJTMHEWHbIE TPe0o-
pa3oBaHus1, IPOXO/ TOJIBKO Yepe3 JIMHEHHbIE oniepaluy (CJI0KeHNe U yMHOXKEHHe Ha BeHTW1n). biia-
rofapsi 3TOMy I'paJIMEHThI MOTI'YT PAaCPOCTPAHATHCS HA COTHU IAroB Oe3 3aTyXaHus.

BenTuasb 1: 3atwBanue (Forget Gate) - «4TO BBIKUHYTh ?»
Bonpoc:
«Crapas ungopmalus o KoTe BCE enié Hy)KHa WIH yKe rmopa e€ 3a0biTh 7»

Koraa mMbI nonum /1o ciioBa «HaeJicsi», Mojiesib oHuMaeT: «Kot Bc€ elme akTyasieH, HU4ero He
3a0BIBacM».
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A Korjia JOIUIH JIO CJIOBA «CIUT», MOXHO UyTh OCJIa0UTh MH(POPMAITUIO O TOM, YTO OH «€JI»,
OCTaBUB TOJIbKO (DAKT HATMYMS KOTa.

Bentnab 2: Bxoanoit (Input Gate) - «Yto 3anucarb HOBOro?»

Bonpoc:

«Kakas nHopmarivist i3 HOBOTO CJIOBa («HaeJICsI» ) IEUCTBUTEIIFHO BaKHA U €€ CTOUT J0OABUTH
B JICHTY KOHBeuepa?»

Monens permraer: «PakT TOro, 4yTo KOT CHIT, BaxkeH. [J00aBIIsiio ero B JIGHTY MaMsITh».

Benrnab 3: Beixonnoii (Output Gate) - «Yrto nmokaszars mupy?»

Bonpoc:

«OCHOBBIBasICh Ha BCEM JIEHTE NMaMSTH (KOT + CBIT), UTO 51 JOJIKEH BbIIATh KaK pe3yJIbTaT MPsIMO
ceituac?»

Ha BbIXoie Mbl oTy4aeM HOBOE CKPBITOE COCTOSTHUE (KOTOpOEe MOMIET B CJISAYIOIIUM 111ar), HO
cama JIeHTa TaMATH OCTaETCsl HETPOHYTOM I OYAyIIUX I1aroB.

3. Ilouemy LSTM kpyde RNN?

Bnaropaps stum Bentuisam, LSTM moxeT nporaiuth BaxkHyl0 MH(GOPMAIMIO Yepe3 COTHU
11aroB.

TIpumep: B Hauase TekcTa ObUIO cTI0BO «OHa». LSTM aepkut 3T0 B JIeHTe NaMsTH, He Tiepe-
3aruceiBasi. Yepes 50 ciioB BcTpevaercs miaroi «momuia». LSTM cBepsiercs ¢ JIeHTO, BUAUT TaM
«OHa» ¥ NMOHMMAET, YTO HYKHO MCHOJIb30BaTh skeHCKHU por. RNN K 3ToMy MOMEHTY yxke 3a0blia
ObI, O KOM peub.

4. Henocrarku (Ilouemy u €€ BbITeCHHIIN)

LSTM pemmna npo6iemy 3a0biBaHMS, HO YHaclienoBaia maBHyo mpooiemy RNN - mocJie-
JI0BaTEJbHOCTD

Het napaJuiennzanun

Urobst o6padoTath 1000-e cI0BO, HY)KHO AOKIATHCS Pe3yIbTaToB 00padoTku 999 mpenpiny-
mux. Ha coBpemennbix Bugeokaptax (GPU), KOTopsie JII0OST CUMTaTh BCE OAHOBPEMEHHO, 9TO OYEHb
MEJIJIEHHO.

CroxHocTh

Tpu BEHTWIIA IENIAI0T apXUTEKTYPY IPOMO3/IKOM 1 TpeboBaTenbHOM K pecypcam. Kaxplii BeH-
THJIb - 9TO OT/IeJIbHASI HEHPOCETh CO CBOMMHM Becamu, oatomy LSTM TpebyeT 3HaunTENIbHO OOJbIIe
MamsTy ¥ BelYMcaeHui, yem npoctass RNN.

LST™M

310 RNN ¢ «yMHBIM OIOKHOTOM». BMECTO TOro 4T00BI MTPOCTO MEPENUCHIBATH CTPAHUILY, OHA
pelaer, Kakue cTapble 3anicy BblYepKHYTh (forget gate), Kakue HOBblE BHECTHU (input gate) U 4To
ceifyac MPoOYMTATh BCIyX (output gate). JNTMHAYIO TAMSITh 3TO JICUUT, HO CKOPOCTb PadOTHI OCTAETCS
TMOCJIE/IOBATENILHOM, UTO B UTOTe MpUBeEIIo K modeae Tpanchopmepos.

LSTM pemmna npo6iaeMy 3a0bIBaHUsI, HO TIOPOJMJIA HOBYIO - CJIOKHOCTbh U ME/IJTUTETLHOCTb.
WusxeHepaM 3T0 He MOHPABIIIOCh, M OHM HAYAJIM UCKATh CIIOCOOBI YIIPOCTUTh ApXUTEKTYPY, COX PaHHB
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e¢ npeumyniectsa. Tak nosiBuiack cienymomas moaeis - GRU, koTopast yBosia JMITHEro MeHe-
IoKepa.
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2.4 GRU (Gated Recurrent Unit /
PeKkyppeHTHBIi 00K ¢ BEHTHJISIMH)

GRU

ato ynpomeHHas Bepcust LSTM, obbeanHsiomas BXOQHOW BEHTHIb U BEHTHIIb 3a0bIBaHNUS B
OJIH «BEHTWJIb OOHOBJIeHU» (update gate). Y GRU Bcero /1Ba BEHTUJIS1 BMECTO TPEX, U HET OT/IEIb-
HOT'O COCTOSIHUS STYEUKM - TOJIBKO CKPBITOE COCTOSIHHE. DTO NAET NMpuMepHO Ha 25-30% MmeHsblue
napamMeTpoB M 4yTh Oojiee ObICTpble BBIYMCIICHHMsI, HO HA OYEHb JJIMHHBIX MOCIEIOBATEIbHOCTSIX
(cotnu maros) LSTM moxer nokasbiBarts slightly better pesynbrars.

310 LSTM, KOTOpBIA YBOJIWII JIMIITHEro MeHexkepa. 3a c4eT Takoro cokpateHuss GRU pabo-
TaeT ObicTpee 1 TpeOyeT MeHble naMAaTu. Ho, Kak BoauTCs, 32 CKOPOCTh MPUXOIUTCS IUIATUTD - 4y Th-
YyTh KAYECTBOM Ha OYEHb JITMHHBIX MOCJIEN0BATEIBHOCTSX.

[Mpencrasbre, yto LSTM - 310 OTZIEI C TPEMS COTPYAHUKAMHU: OIMH pElIaeT, uTo 3a0bITh (forget
gate), BTOpOM - 4TO 3alMcarh HOBOIO (input gate), TpeTui - 4TO MOKa3aTh Ha BbIXone (output gate).
GRU ocraBiseT TOIbKO IBOUX:

Reset gate - «Cekperapb»: pelaer, Kakylo 4acTh CTapblX 3auceil BooOIe He OpaTh B pacyeT
(MTHOPUPOBATh MPOLIOE).

Update gate - «PykoBoauTesnb»: cpa3dy pelaer ABe 3aa4u - CKOJIBKO HOBOI'O B3fITh U3 TEKY-
LIETO CJIOBA U CKOJIBKO CTApOro COXpaHUTh (coBMelaeT (pyHKUMM input u forget gate).

3auem? MeHbllle COTPYJHUKOB - MEHBbIIIE 3apIuiaTa (mapamerpsl) u ObicTpee padora. GRU uyTh
npoiue, yem LSTM, 1 Ha MHOrMX 3a/1a4yax NOKa3bIBa€T ITOYTH TO ke KauecTBo. Ho ecnu TekcT oueHb
IUIMHHBIA U cBsA3U cioxkHble, LSTM BcéE ke TO4HEE.

IIpakTHyeckoe NpuMeHeHHe

- Mammnnbi nepeson (Google Translate, fAuaekc.IlepeBoguuk).
- PacrioznaBanue peuu (Siri, Asuca).

- 'enepanus Tekcra (aBTOIOIOIHEHUE B TIOUCKE, YaT-00Thl).

- AHaIM3 BPEMEHHBIX PAJIOB (ITPOrHO3 LIEH aKLUM, IIOTO/bI).

- O6paboTka BUIEO (aHAIU3 ACUCTBUN MO KajJpam).

I'naBuoe orymmune or LSTM

LSTM uyTh TOUHEe Ha OYeHb UIMHHBIX MocienoBatenbHocTsX, HO GRU mporre, OvicTpee u
4acTo Ja€T MOYTH TaKOe K€ KauecTBO, MOITOMY €ro 4acTo BHIOMPAIOT, KOTJa BakHa CKOPOCTb.

RNN, LSTM, GRU - Bce oHu MBITATUCh padoTaTh € MOCIEAOBATEILHOCTSMU IIAr 32 IIaroM,
Y BCE YIUPAJIMCh B OITHY U Ty e CTEHY: MX Hellb3s1 ObUIO pacrapayiieuTb. HyKHO ObLJIO IPUHITUITA-
aJIbHO HOBOE pellieHre, KOTOPOe CMOTPeIIo Obl Ha TeKCT cpasy enarkoM. 1 B 2017 rogy oHo nosiBU-
Jock. PeBommonus cimyuniiach - Ha cueHy Boiien Tpancgopmep.
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2.5 Tpanccopmep (Transformer)

Bce apxurekTypsl, kKoTopsle Mbl paccmoTpenu 1o cux nop - CNN, RNN, LSTM, GRU - 6sutn
BEJIMKUMM ISl CBOETO BPEMEHU, HO y KakI0W HaXoAWIHCh (patasbHble HepocTaTku. CNN He noHu-
Mayi Iopsiok cyioB, RNN 3a6eiBasin Havaso npeasoxkennss, LSTM u GRU 6butn cltuiiikoM MejijieH-
HBIMH M3-32 T0CIIeJoBaTeIbHON 00paboTku. HykeH ObLT mpophIB.

N B 2017 rony komanza Google onyOiMKoBaia CTaThlo C F[POMKUM Ha3BaHueM «Attention Is
All You Need». Tak poausncs Tpancdopmep - apxuTeKTypa, KOTopast CTépia Bce MpeIblAyIlue ¢
JOCKH JIIEPOB.

70 OBUT HE ITPOCTO OUEPEJHON IIar B 9BOJIONUK HEHPOCETEH, a HACTOSIIIASI CMEHA TApauT Mbl.
Tpanchopmep oTKazaics OT MOCNEIOBATENbHON 00pabOTKHM, KOTOpask Ka3ajach €CTECTBEHHOM /IS
TEKCTa, ¥ MPEJIOKII CMOTPETh Ha BCE CJI0Ba cpa3y. MexaHn3M CaMOBHUMAaHM ITO3BOJIWII KaXKIOMY
TOKEHY B3aMMOJIEHCTBOBATH C JIIOOBIM JPYTMM HalpsiMylo, HE3aBHCHMO OT PacCTOSTHHUSA, a TapaJie-
JIU3aLMs BBIYMCIIEHUH [Jajla BO3MOKHOCTh 00ydaTh MOAEU C COTHSAMU MUJIJIMAP/IOB MTapaMeTpoB. 3a
CYMTAHHBIE TO/IB TPAHC(OPMEPHI 3aXBAaTUIIN HE TOJBKO 00PadOTKY TEKCTa, HO M KOMITBIOTEpPHOE 3pe-
HIE, TeHepaIrio N300paXeHUI 1 Jaxke aHAIU3 MOJIEKYII.

Yro Takoe Tpanccgopmep?

TexHuueckn

Tpanchopmep - 3TO apxXUTEKTypa HEMPOCETel, OCHOBaHHAS! UCKJIIOYMTEIBHO Ha MEXaHU3Me
camoBHMMaHUA (self-attention). OH MO3BOJISAET MOJEIIM BBIUMCIIATH ONAPHBIE BECA BAKHOCTH MEXKTY
BCEMHU TOKEHAMH MOCJIEA0BATEIbHOCTY 3a OJMH NMPOX0J. biarogaps 3ToMy KaxJblii TOKEH MOXET
HAIpSIMYI0 B3aUMOJICHCTBOBATH C JIIOOBIM JIPYTHM, HE3aBUCUMO OT PACCTOSIHUSI, a BCE BBIYKCIICHUS
Jerko pacnapaienusaiorcsa Ha GPU.

Metacopa

[IpencraBbTe, YTO BBl YMTaeTe KHUTY HE TOCIEIOBATENIbHO, & BUAWTE Cpa3y BCIO CTPAHUILY
LEJTMKOM. BBl MOkeTe MTHOBEHHO YCTAHOBUTD CBSI3b MEJK/Iy CJIOBOM Ha TIEPBOI CTPOKE M CJIOBOM Ha
MOCJIeTHEH, TIOTOMY UTO OHM 00a Tiepe]] I1a3amu. ViMeHHo Tak pabotaet Tpancdopmep.

Tpu KuTa, HA KOTOPBIX CTOUT TPaHcopmep

ITpexae yem pazdupaTh ceMeNCTBa MOJIENIEH, 3aIIOMHUTE TPH IIaBHbIE U, KOTOPbIE ClIeIaIIH
TpaHc(OopMep peBOJIOLIMEN:

1. CAMOBHUMAHME (Self-Attention)
Kaxnplii TokeH “CMOTPUT” Ha BCE OCTAJIbHBIE M PEILAET, KTO [IJI1 HErO BaXKeH. DTO KaK COBe-
[aHUe, Te KaX/IbIA CIyIIaeT KaxIoro.

2. ITAPAJIJIEJIN3M (Parallelism)
Bce TokeHbl 00padaThIBAOTCSI OHOBPEMEHHO, a He TI0 0Yepean. JTO KaK YUTATh BCE KHUTH B
OoubIMoTeKe cpasy, a He 10 OHOM.

3. MHOI'OCJIOMHOCTbD (Multi-layer)
Hecatku cioeB TpaHchopMepa CTPOAT UEPAPXUI0 IOHUMAS:
Croit 1: 6ykssl -> Crioii 5: coa -> Croit 15: ponut -> Cnoit 30: cMbICT
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Tpu ocHoBHBIX cemeiicTBa Transformer
B 3aBucrMocTH OT TOro, Kakyl 4acTb TpaHC(OpMepa Mbl UCIOJb3YyEM - TOJBKO SHKOIEP,

Buzyaamnzanus Tpéx cemencTs

TOJIBKO JACKOICP U 00a Cpasy - noayvaroTrcda MoaeJ C COBEPUICHHO Pa3HbIMU CIIOCOOHOCTSIMU.

TPW CEMEWMCTBA TPAHCOOPMEPOB

IJHKOOEP-OEKOOER
(Encoder-Decoder)

BX0O0 BelixO[
|
L T
JHKO- NEKO-
NEP INEP
{aey- (asTo-
Hanp- per-
neH- ec
HbIiA ) tEnA)
-1
1
NEPEBOA,
CYMMAPK-
3aLMA |
I
TS, BART

(npumeps )

ONEKOOEP-ONLY
(Decoder-only)

BX0[

I
!

NEKOOEP
(asToper-

peCcCcHA)

—

-

TEKCT

(reHEpauMHH
—

GPT,
LLaMA,
GigaChat

DeepSecsk

Mistral, Grok
(npumeper)

JHKOOEP-ONLY
(Encoder-only)

BXOL

I
1

IHKOLOEFR

(roywarp- |
NEHHLIR )

—

-

MOHUMAHKE
(BekTopel)

BERT,
RoBERTa

Mpurmepk

1. Decoder-only (ToIbKO eK0a€ep)

Kak paboraer

HWcnonb3yer kay3anabHoe BHUMaHMe (causal attention) - Kax10€ CJIOBO BUAUT TOJBKO MPEbIILy-

3auem

FCHCpI/IpOBaTL TEKCT, MPEACKa3biBad CJIeAyromiee CJI0BO.

Krto0 ncnosn3yer

Bce coBpemennsie yar-0othl - GPT, GigaChat, DeepSeek, LLaMA, Mistral, Grok.

mue CjI0Ba. ITO KaKk YUTaATh KHUT'Y, 3aKpbIBasi pYKOﬁ elle He MPOYUTAHHBIC CTPAHUILIBIL.
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Metadopa
370 nuUcaresb, KOTOPBIA NMUIIET POMaH MOC/IeOBATENIbHO, IJI1aBY 34 IJIABOH, HE 3arJis/ibiBasi B
Oymyiee.

2. Encoder-only (To1bKO0 3HKOAEP)

Kak paboTaer

Ucnonvsyer nByHanpasienHoe BHuManue (bidirectional attention) - Kakaoe CJIOBO BUIUT U
JIEBBIN, U MPaBbIil KOHTEKCT. Kak yuTaresib, KOTOPhId BUIUT BCIO CTPAHUILY LIETUKOM U MOKET yCTa-
HOBUTb JIIOOBIE CBSI3U.

3auem
«[ToHnMaTE» TEKCT LEIMKOM, HO HE T€HEpUpOBaTh HOBbIE (ppa3bl. AHAIU3, K1acCUpUKaIUs,
W3BJIEYEHUE CMBICIA.

KTo0 ucnoansyer
BERT, RoBERTa.

Metadopa
ITO JIMTEPaTypPHbIA KPUTHK, KOTOPBII aHAJIU3UPYET TOTOBBI pOMaH, BUIUT BCE CBSI3U U MOKET
OTBETUTh Ha BOIIPOCHI, HO CaM IUCATh HE YMEET.

3. Encoder-Decoder (konep-aexoaep)

Kak paboTaert
CocrouT 13 ABYX YacTeil: SHKOZIEP YMTAET BXOAHOM TEKCT (IBYHAIIPABJIEHHO), a AEKOJEp reHe-
pUpYET BBIXOAHOU (aBTOPErPECCMOHHO).

3auem
3agaun, rje HyXKHO NMPeoOpa3oBaTh OIHY MOC/IEIOBATEILHOCTD B IPYTYIO: TIEPEBO, CyMMapH-
3aiusi, nepedpasrpoBaHue.

KTto0 ucnoansyer

TS5 (Text-to-Text Transfer Transformer), BART (Bidirectional and Auto-Regressive
Transformer).

Metadopa

ITO NEepeBOAYUK: CHaYasa TOJHOCTHIO MIOHUMAET UCXOTHBIA TEKCT (SHKOZIEP), TIOTOM IHUIIIEeT
nepeBon (Aekoaep).

IMonyasipHbie MOeJH: TTyOOKOE TIOTpyKeHre

N3 TpE€x cemeicTB BHIPOCIM BCEe COBPEMEHHbIE MOMCIU-3BE3Ab. OHU HAyYUJIHCh TTyOOKO
MOHUMATh TEKCT, IPyre - TeHePUPOBATh, TPETHH - TIEPEBOIMTH C s3bIKa HA s3bIK. [T03HaKOMEMCS C

CaMbIMU U3BECTHBIMU MTPEACTABUTCIIAMMU.

BERT: kopoJib noHNMaHusI
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BERT (Bidirectional Encoder Representations from Transformers) - AByHarpaBieHHbII SHKO-
nep ot Google, kotopsiii Beiea B 2018 romy u OykBaibHO niepeBepHya mup NLP.

Cyrtb
[MpenoOyyaercss Ha OrpOMHBIX 00OBbEMAX TEKCTa C IBYMs CelUaTbHBIMU 3agadamu: MLM u
NSP.

3auem
I'my6Gokoe moHUMaHue TeKCTa.

IIpumeHeHnue

OnpezeneHue TOHAJIBHOCTH, OTBETHI Ha BOTIPOCH! (O€3 reHepalyu), pacro3HaBaHie NUMEHOBAH-
HBIX CYIIIHOCTE!, KJlacCU(UKalus JOKYMEHTOB.

Ho noseiaennss BERT mMonenu Xopomo cripaBiIsulich ¢ KOHKPETHBIMU 3aa4aMu, HO HE yMeJIN
no-HacrosnieMy rnouumarb KoHTekeT. BERT m3MeHws1 310, HayuuBIIMCh YUUTHIBATh KaK JIEBBIN, TaK
Y TIPaBBbI KOHTEKCT KakJIOro CJIOBA. DTO MO3BOJIWIO €My JOCTHUYb YEJIOBEUECKOTO YPOBHS B psle
TECTOB Ha IMOHMMAaHME SI3bIKA U 3aJI0KWIO (DYyHIAMEHT AJIsl BCEX MOCIEAYIOIIMX SHKOIEPHBIX apXU-
TEKTYP.

Busyanuzamus o6yyenusi BERT
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KAK YHATCH BERT

300444 1: MLM (Masked Language Model)

Mpegnoxenwns: [Kot] [en] [cmetany] [wm] [cnan]
1 1

Ha exope: [KoTr] [MASK] [cmeTany] [MASK] [cnan]
1 1

BERT gonwen: —= "en"™ —» "y"

CY¥Tb: Kak ynpaxHenwe "BCTaeb nponyweHHoe cnoeo" B y4ebHuke.

Yrobel yranaTe, HY®HO NOHATL KOHTEKCT cneea WM cnpaea.
31o genaeT BERT geyHanpasnexHeM.

3A0A4A 2: NSP (Next Sentence Prediction)

Npegnoxenue A: "Buepa wén cuneHbil gowxas."
Npegnoxenue B: "MosTomy A ocTanca goma."
Bonpoc: B AenAeTca npogonxenuem A? = A (IsMext)

Mpeanoxedns A: "Buepa wen cwnereid goxas."
Npegnoxenue B: "Conwus — =370 zBezga.”
Bonpoc: B sBnAeTca npogonkenuem A? = HET (Nothext)
r

C¥Th: Mopens YHWMTCH MOHWMaTe CBASHOCTE TEKCT3 Ha YPOEBHE

I'I[‘_'IE,.'J,;"IDI{EHAIH. KPHTHHE‘CKM EaxHO ONA OTBETOEB Ha BOMNPpCOChHl W OAWMancoroe.

CPABHEHWE C GPT:

BERT GPT
BuauT BCE Cpaszy BuaMT Toneko npownce
BoccTaHasnmeaseT MpeackazsieaeT
nponyweHHoe cnegyHles
MoHuMaeT TexcT feHepUpyeT TexCT

BERT : neranu qJisi HHKeHepa

Dpoaonusa: oT BERT k RoBERTa

BERT cran HacTosIeli ceHcalyei, Ho MCClieIoBaTesN ObICTPO MOHSIIN, YTO €r0 MOXKHO YTyd-

AT, YOpauiu JIMIIHee, TOOaBUIM JaHHBIX, JAOJIbIe 00yJYav - TaK POIMIIACH €r0 YIydIlleHHas Bep-

cusd.

Y10 n3MeHNIn

RoBERTa (Robustly optimized BERT approach) - ynyumennas sepcust BERT ot Facebook.
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- Yopamu 3agauy NSP (okazasiach He HyXkHaA)

- bBonpire manabIX (160GB BMecto 16GB)

- ompItie 00yvanu (OOJbIIIe IMaroB)

- IMHaMUYeCcKoe MaCKUPOBAHUE (MACKU MEHSAIOTCA KaKAYIO SIOXY)

Pe3yabTar
RoBERTa cradbunbHo npeBocxonut BERT Bo Beex Tecrax.

T5: Bcé B TeKCT
TS (Text-to-Text Transfer Transformer) - monenb ot Google, koTopas NoIia eme Aajblie.

I'ennasabHas npocrora
[IpeBpaimaer Bce NLP-3a1aun B eivHbIN (hopMaT «TEKCT Ha BXO[ - TEKCT Ha BBIXOI».

Buzyammzanus uaen TS

TS: BCE ECTb TEKCT

3A0A4A BXOO (TexcT) BelX0O (TexcT)
Nepeeoa: "MepeBecTH HE SHTAMACKUA: "The cat is sleeping”
"Kot cnmut"
CyMmMmapuzIauMa: "kpaTko: 280 cnoe TekcTa..." "KpaTkoe cogepxanme”
Knaccmukauma: "ToHaneHOCTE: OTAWYHLIA "positive"
Punem!”
Bonpoc-oTeeT: "eBonpoc: KTo Hanwcan "Mywrnun"

'"Eerenma OHerwna'?"

CY¥Tb: Ogna mogene, oguH QopmaT, nwbold Bxog — TekCT,
nwboit Beixog — TekcT. He wywwo gymaTe o head-ax nog kaxagyw 3aga-y.

ApxuTerTypa: Knaccuueckuwii encoder-decoder Tpancdopmep
Pazmepe: ot 6BM (small) mo 11B (large) napamsTpoe

BART: nydmmmii u3 A1ByX MUPOB

BART (Bidirectional and Auto-Regressive Transformer) - mozenb ot Facebook, koTopast 00b-
equawia gydiiee ot BERT u GPT.

Kak ycTpoen

Sukozep kKak y BERT (nByHanpaBiieHHBIN) - TOHUMAET KOHTEKCT
Hexonep kak y GPT (aBToperpeccuoHHbIi) - TeHepupyeT TeKCT
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IeananpHocTh BART B TOM, 4TO IIyM MOXHO MOOABATh MPAKTHYECKU JIOOOW - MOJENb
BBIHY’K/IEHA YUUTHCS IOHUMATh CTPYKTYPY SI3bIKa HA BCEX YPOBHSIX: OT OTAEJNIBHBIX CJIOB J0 OOIIEro
CMBICTa Tpeaioxenust. 1o aenaetr BART oco6eHHO yCTOWYMBBIM K UCKaXeHUSIM U 3(P(DEKTUBHBIM
B 3a/1a4ax, IJie BXOTHbBIC JIaHHBIE MOTYT OBITh «I'PS3HBIMU» - HAIIPUMeEp, Mpu 00paboTKe MOJIb30Ba-

TEJILCKOI'O KOHTCHTA WJIK PaCliO3HABaHWUHU PEYU C OIIMOKaMHU.

Kak o0yuaercs

BepyT TeKcT, MOPTAT ero pa3HbIMU cocodamMu (MacKUPYIOT, IEPECTABIISIOT CJIOBA, YIAJISIOT),

a MOJIECJIb YUYUTCA BOCCTAHABJIMBATL OPUTUHAJL.

CBoaHas Ta6umia: MoeJim Ha OCHOBe TpaHccopmepa

CPABHEHWE NONYNAPHBIX MOAENEW

Moaenes CemefcTEO LpxuTekTypa CuneHsl2 CTOPOHS TUNUYHEIE 23484M

GPT Decoder-only AsToperpec- MeHepauua, YaT-00Thl,

(OpenAI) CHEHEIR KpeaTUEBHOCTE, reEKEpaUMA TEKCTa,
avanor SCCUCTEHTE

BERT Encoder-only Jeysanpae- MonuMaHue , Knaccuburauwma,

(Google) NEeHHEIA aKanuz, MER, awHanus
MZENSYEHME TOHaBHOCTH

RoBERTa Encoder-only YayHweHHEIR MoHuMaHue To xe, 4To BERT,

(Meta) BERT (ewé ny-we) HO TO4He=e

T5 Encoder- TEKCT-B-TEKCT | YHHMEEPCANEHOCTL, Mepeeon,

(Google) Decoder oawH dopmaT CYyMMapusauua,
ONA BCeX 3afad EONPOC-OTBET

BART Encoder- NEEEP Ty BoccTaHoenerue CyMmapuzauma,

(Meta) Decoder (wym = TexcT)| W2 MckaxeHWR WCNpaBneHme,

nepeeos

BaskHoe 3aMeuaHue po COBPEMEHHOCTb.

Oo6parHas cTopoHa MeJaH: 32 YTO KPUTHKYIOT TpaHcopmepbl

Bbi10 GBI HEYECTHO MpeNCcTaBUTh TpaHchopMep Kak abCOMIOTHOE O1aro ¥ 3aMoTYaTh ero HeJo-
CTaTKU. Y 3TOW apXUTEKTyphl €cTh TpU (pyHIAMEHTaJbHbIe MPOOJIEeMBI, HaJ pelIeHHeM KOTOPBIX
OBIOTCS JTyUlllie WHKeHEpHbIe KOMaHIbl MUpPA.

IIpoodaema 1: KpagpaTruHasi CIO)KHOCTh BHUMAHUS

MexaHi3M caMOBHUMaHUsI TpeOyeT BHIUMCIICHHSI TIOTIAPHBIX CBSI3ei MEXKIY BCEMH TOKEHAMHU.
10 maéT cnoxkHocTh O(n?) MO NMAMATH U BPEMEHH - Kak/Iblii HOBBIi TOKEH yI0POX)aeT 00paboTKy
KBaapaTtu4Ho. It KoHTekcTa B 10 ThICSY TOKEHOB 3TO el TepnumMo, HO npu 100 TeICcsTYax BbIUMC-
JIEHUSI CTAaHOBSITCS TSKEJBIMU, a TIPU MUJIJTMOHE - YacTO MPOCTO HEBO3MOKHBIMU O€3 CIIeIMaIbHBIX
ONTUMM3AINN (0 KOTOPBIX MBI TOBOpWM B TiaBe 4). TpaHchopmepsl TI0X0 MacIITabupyOTCs Ha
CBEPXJIMHHbIE KOHTEKCThI IPUHIMITMAILHO, HA YPOBHE apXUTEKTYPBI.

IIpo6aema 2: «BeiMbIBaHME» TEPBBIX TOKEHOB
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Jlaxe eciam TEXHUYECKH MOJENb MOXKET NPUHATh MWIJIMOH TOKEHOB Ha BXOJ, HA IIPAKTUKE
uH(popMaIMs U3 Hayajda MOC/IEeIOBATEIbHOCTH TepsieTcs B IIymMax BHUMaHMs. [lepBble TOKEHBI
«BBIMBIBAIOTCSI» - MX BJMSHHUE HAa (DUHABHBIN OTBET CTAHOBUTCS MPEHEOPEKMMO MaIbIM. DTO He
Oar, a CJIeACTBUE TOTO, YTO BHUMAHHUE paclpeielisieTcs 1o BCel [UIMHE, U JJIMHHBIE XBOCTHI ITPOCTO
«TIEPEKPUKMBAIOT» HAYaJIO.

IIpo6aema 3: Turantckue TpeOOBaHUS K AMSITH

Haxe ¢ KV Cache tpanchopmepbl TpeOyIOT OrpOMHOTO KOJMYECTBA MamsATH. Beca mopenu
(cOTHU TUradaT), KM IS JUIMHHOTO KOHTEKCTa (eI rMuradaiThl), MPOMEKyTOUHbIC BHIYUCIICHUS
- BCE 3TO JienaeT pa3BEPThIBaHUE OOJIBIIMX MOJEJCH JOPOTrUM U CIOXHBIM. T 3aqay, rae BakHa
padora Ha niepucepun (Ha TenedoHe, B Opay3epe), TpaHCHOPMEPHI YaCTO OKA3bIBAIOTCS CIIUAIIKOM
TSIKETBIMM.

Tpancgopmeps! - cranaapt s LLM, Ho 1714 3agay Ha nepudepun, B peajlbHOM BpEMEHU
1 Ha cinabom xene3e RNN/LSTM/GRU u ux coBpemennsie aHasiorn (Mamba, RWKYV) ocratorcs
JyqimuM BeioopoM. He BBIKMIBIBANTE X M3 MHKEHEPHOT'O apceHasia

AJbTepHATHBBI, KOTOPbIe OPOCAIOT BLI3OB TPaHc(hopMepy

WNuxenepbl He cUAAT CllokKa PyKU. YK€ €CTb apXUTEKTYpbl, KOTOPbIE MbITAIOTCS PELIUTh ITU
npo0JIeMbl ¥ B HEKOTOPBIX 33/1a4aX TMOKA3bIBAIOT PE3y/IbTaThl, COMOCTABUMBIE C TpaHC(OpMEpaMH.

State Space Models (SSM) - nuHeitHast CI0KHOCTD

Mopenu Ha OCHOBE NIPOCTPAHCTBA COCTOSIHMI (HarpuMep, Mamba) npeajiaraior NpUuHLIMUIN-
aJIbHO MHOM TIOJIXO/I: OHM 0O0pabaThIBAIOT TIOCIIEIOBATEIHHOCTH KaK TUHAMUYIECKYI0 CUCTEMY, OOHOB-
JA151 CKPBITOE COCTOsAHME Mo Mepe utenns. ClioxkHocTh - O(n) BMecto O(n?). D10 Mo3BOIAET paboTaTh
C KOHTEKCTaM¥ B MIJIJIMOHBI TOKEHOB Oe3 CIielaIbHbIX oNTUME3anuii. Mamba rmokassiBaeT pe3yJib-
TaTel, ONMM3KKE K TpaHchopMepaM, Ha 3aadax Bpoje MOJCTUPOBAHMS s3bIKa, U TIPU 3TOM Tpedyer
3HAYUTEJILHO MeHbIle namsATH. [1nara 3a cKOpocTh - YyTh Xyke Ka4eCTBO Ha 3a/1avax, Ijie BaXKHBbI
CJIOXKHBIE JTATbHUE 3aBUCHIMOCTH.

RWKY (Receptance Weighted Key Value) - cmech Tpancgopmepa u RNN

RWKYV - 310 tuOpu, kotopsiii Oeper nyuriee ot aByx mupoB. Kak RNN, oH oOpadartsiBaeT
MOCJIeJOBATENILHOCTD JIMHEHHO U He TpeOyeT KBaapaTiuHoi namsaTu. Kak Tpancgopmep, OH UCHoIb-
3yeT MEXaHW3MBbl, TIOXOKKME Ha BHUMaHHe, M MOXeT ObITh 3¢dektuBHO 00yuen Ha GPU. RWKV
MOKa3bIBAET JOCTOWHBIC PE3YJIbTAThl MPU CYIIECTBEHHO MEHBIINX TPeOOBAHUSIX K pecypcam, 4To
JeNaeT ero MpHBJeKaTeIbHBIM IJIs1 Pa3BEPTHIBAHUS HA CTA0OM Kejese.

RetNet (Retentive Network) - emé oaqun ruopu

RetNet or Microsoft coderaer mapauienusm TpaHcdopmepa (IUisi 0OydeHHs) ¢ JIMHEWHOU
CJIOXKHOCTBIO PEKyppeHTHBIX cetell (i1 mHdepeHca). Ha GObIIMX KOHTEKCTaX OH MOXKET ObITh B

IecAaTKU pa3 ObicTpee TpaHcopmepa IpH COMOCTABMMOM KayecTBe.

Baxxuo nmounmMarn
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9TU apXUTEKTYPhI MIOKA YCTYNAIOT TpaHChOpMepaM He TOJIBKO B 3peJIOCTH SKOCUCTEMBI, HO U B
cTabuIbHOCTH OOy4YeHHsI Ha OOJBIIMX MacIiTadax.

Tpancgopmepsl 3a Gojiee YeM CeMb JIET BOJIONUU OOPOCITH OTPOMHBIM KOJTMYECTBOM MHXKE-
HCprIX XI/ITpOCTCfI - ClieuaJbHbIC MHULINAJIN3all1uu, XI/ITp]:ple OHTI/IMI/I3aTOpr, HpOBepeHHbIC CXEMBbI
HOpMaJT3aIMK, TEXHUKU OOpbOBI ¢ HECTAOMIBHOCTHIO rpaarieHToB. Y Mamba, RWKV u RetNet
Takoro Oaraxa moka HeT. [Ipy macmTaOupoBaHUM 10 COTEH MIJUTHAPAOB MapaMeTpPOB OHU MOTYT
BeCTH ceOsl HelpeIcKa3zyeMo: 10SS MOKET «CpBhIBaThCsI» B OECKOHEUHOCTh, TPaJIMCHTHI - B3PhIBAThCA, a
CXOJIMMOCTb - TPeOOBaTh JIECATKOB IKCIIEPUMEHTOB C TUrieprapamMerpamMu. [[is uccieaoBaTelIbcKux
MIPOEKTOB 3TO MPHEMJIEMO, IJIs ITPOJIAKIIIeHA - PUCK, KOTOPBIN HYKHO 3aKJIaIbIBaTh B OIO/IKET.

OILHE].KO Y 9TUX AJIbTCPHATUB €CTh BA’)KHOC OI'paHUYCHHUE: IKOCUCTEMA.

Bokpyr TpaHchopMepoB BBICTPOEHBI THICSYM WHCTPYMEHTOB, OMOMMOTEK, (bpedMBOPKOB M
npenoOydeHHbIX Mofenet. I Mamba i RWKYV moka HeT Takoro ke 0oratcTBa roToBbIX pellie-
HUA, ONTUMHU3UPOBAHHBIX S/IEP, MHCTPYMEHTOB [UIsl TOOOy4eHHs U pa3BEépThiBaHus. Ecm BBl cTpo-
UTe SKCTIEPUMEHTAJIbHBIN ITPOEKT UK padoTaeTe Ha nepudepun - 3To He mpoodiemMa. Eciiu Bam HykeH
CTaOMJIbHBIN MPOJAKINEH C MOAJEPIKKON COOOIIECTBA - TpaHC(OpMepH BCE elié BHe KOHKYPEHIIHH.

Tak ympéT s Tpancgopmep?

Cxopee Bcero, HeT. TpaHcdopmepbl CTanu CTaHAApTOM Ae-(akTo, BOKPYT HUX BBICTPOEHA
TUTAaHTCKAs 9KOCHCTeMa MHCTPYMEHTOB, OMOIMOTEeK 1 00y4YeHHBIX Mozesield. Ho B 3aavax, rjie Kpu-
TUYHBI CBCPXAJIMHHBIC KOHTEKCTHI NJIA pa60Ta Ha HCpI/I(l)epI/II/I, AJIBTCPHATHUBLI YK€ HAYMHAIOT BBITEC-
HATH TpaHchopmepbl. CKopee Beero, Oyayiiee - 3a TMHOPUAHBIMH OIX0IaMH, KOTOPbIE BO3BMYT JIyY-
11ee OT 00eux apxXUTEKTyp.

JI7s1 MH>KeHepa 9TO 03HAYAET, YTO BHIOOP apXUTEKTYPhI 3aBUCHUT OT 3aaUH:

- Ecnu HyeH YHMBEpCAJIbHBIN CONIAT M €CTh OI0KeT - OepuTe TpaHcgopmep.

- Ecnit Hy)HO 00padaThiBaTh MATMOHBI TOKEHOB WJIH pabOTaTh Ha CJIaOOM 3Kejie3e - PUCMOT-
putech kK Mamba nmt RWKV.

- Ecim BBI cTpOUMTE CUCTEMY C HYJISl M TOTOBBI 9KCIIEPUMEHTUPOBATH - CIIEUTE 32 HOBBIME SSM-
ApXUTEKTYPaMH, OHU Pa3BUBAIOTCS CTPEMUTEIIBHO.

Bce 31 Mozien - 1o THBIE TpaHchOPMEPBI, I71e KaK/Iblil HEWPOH yUaCTBYeT B KaKJJOM BbIUKUC-
neHun. OHM cTamu (pyHIAMEHTOM, Ha KOTOpoM cTpoutcst coBpemeHHbll M. Ho uHxxeHepsl 3ame-
THJIM, YTO pa3Hble 33/1a4u TPeOyIOT pa3HbIX 3HAaHUK. UTO eciii He 3aCTaBATh OJHY MOAEb YIUThCS
BCEMY Cpa3y, a coOpaTh KOMaH/1y CIeIMaIucTOB?

Tak nosiBuIach apxXUTEKTypa, KOTOpasi MO3BOJIMIIA MepelarHyTh IOPOr B TPWJLIMOH MapaMeT-
poB - cMech 3kcnepToB (Mixture of Experts, MoE). O Heit Mbl mogpoOHO OrOBOPUM B CllETy-
IOLIEM pasziesie.
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2.6 MoE (Mixture of Experts / Cmech 3KCnIepTOB)

ITo mepe Toro Kak Mojeslu pociu, pocia U LieHa UX oOyueHus U ucrnonbzoBanusa. GPT-3 co
coumu 175 MwiMapgaMy napaMeTpoB YKe CTOWJ AECATKM MWUIMOHOB ao/u1apoB. Ho mup xorten
oonblero. M TyT uH)eHephbl BCIOMHIIM CTAapylo MJEI0: a YTO €C/IM He aKTUBUPOBATh BCE HEWPOHBI
Cpa3y, a BKJII04aTh TOJIBKO T€, KOTOPbIE HYKHBbI 1711 KOHKPETHOM 3a1a4n? Tak ponuiack apxuTeKkTypa
MOoE - Cmechb 3KcnepToB.

Tpancgopmep, B kotopom cinon FFN 3amMeHeHB Ha MHOXECTBO NapaUIE/IbHBIX KCIIEPTOB
(experts). BXoqHOI TOKEH HampapJisieTcsi HE BO BCE SKCIEPTHI, & TOJIbKO B HECKOJILKO, BBIOPAHHBIX
MapIIpyTU3aTopoM (router). DTO NO3BOJSAET HApAIMBaTh OOILEe YUCIIO NMapaMeTpoB (IO TPUJLIHO-
HOB), COXPaHsisl BBIYMCIUTENIbHYI0 CTOMMOCTb aKTUBHBIX [TApaMETPOB Ha YPOBHE HEOOJIBILION MOJIEIH.

MoE - sto TpaHcgopmep, rie BMECTO OJHOTO «TOJICTOTO» CIelUaIrcTa paboTaloT AECATKU
Y3KHMX KCIEPTOB, & YMHBII AUCTIETUEP PeIlaeT, K KoMy 0OpaTUThCS 32 KOHKPETHBIM TOKEHOM.

Unes (merachopa)

Ilpeocmaevme kaunuky, 20e emecmo 00Hozo mepanesma Hansau 100 y3xux cneyuanucmos:
oKyaucm, Kapouonoe, Hesponoe u m.o. Kozoa npuxooum nayuenm (moxkemn), aomunucmpamop (poy-
mep) 6vbicmpo onpedensiem, K KOMY €20 HANPAGUMb - HANPUMEDP, MONbKO K OKYAMUCHY U KAPOUONO02Y.
Ocmanvhble 98 cneyuaaucmos 8 3mo epemst OmobIXaron.

B wmame xaunuxu uucaumcs 100 epaueii (obugue napamempol), HO HA KAHCO020 NAYUEHMA
pabomaiom monvko 080e (axmusHvle napamempst). Kaunuka modcem nozeonums cebe ayumux sKc-
nepmos, Ho NAGMUM 3apnaamy Moavko 3a PaKkmuuecku ompabomanHbwle 4acol.

B s10i1 MeTacope ckpwIT maBHbI cekpeT MoE: oOmumii mtar Bpaueit (mapaMeTpoB) MOXET
ObITH OIPOMHBIM, HO Ha KaXIOro MalpeHTa paboTalT TOJIBKO IBOE. DTO JaéT KayeCcTBO OOJIBIION
MOJEJIH TIPU CKOPOCTH MAJIEHBKOM.

Kak 3T0 ycTpoeHo TeXHIYeCKHI

B o6pryHOM TpaHCchopMepe Kax bl TOKEH TPOXOAMT uepe3 onuH U ToT ke ciioil FFN. B MoE
BMecto ofgHoro FFN craButcst MmHOxecTBO napaienbHeix FEN - 310 1 ectb skcneptsl. [lobaisercs
MapIIPyTU3ATOP - OOBIYHO ITO HEOOJBIIION TUHEWHBIH CJI0H ¢ softmax, KOTOpPbIi /151 KaXkJI0T0 TOKeHa
BBIYUCIISIET paclipeieieHle BEepOATHOCTEN 10 IKCIepTaM U ocTapisieT Toabko K mydnmx (0ObI4HO
K=1 nnu 2). BeIxos TokeHa - B3BeIlIeHHasi CyMMa BbIXOJJOB BbIOPAHHBIX KCIIEPTOB.

3BYYHT KPAaCHBO, HO Ha ITPAKTUKE MHKEHEPHI CTOIKHYJIUCH C HEOXKUIAaHHOH MTPOOIeMOit: MapIil-
PYTH3aTOp MHOIZA «BIIOOJSUICS» B JIBYX-TPEX SKCIEPTOB M OTIIPABIIST BCEX MALMEHTOB TOJIBKO K
HIUM. OcTasibHBIe IPOCTAMBANIHM, TAMSTH OblIA 3aHSTA, a TIOJIB3bI - HOJIb.

KimoueBoi1 TpIok: MapLIpyTH3aTOp AKTUBUPYET He BCeX SKCIIEPTOB, a TobKo K cambIx peJie-
BaHTHBIX (00b1YHO K=1 nm 2). OcraibpHble 9KCNEpThl 4JIs1 3TOr0 TOKEHA MPOCTaUBaIOT, SKOHOMS
MIaMATb U BBIYHACIICHUS.

3aueM 3TO HY:KHO

I'naBnasa neapr MoE

MacmradupoBanue 6e3 B3pbIBHOr0O pocrta 3aTpart. MoXHO c/eaTh MOJIeNb C TPUJLIHO-
HOM TapaMeTpoB (OrpOMHas «KOMUJIKA 3HAHUII» ), HO Ha KaXOM Itare oOpadaTeiBaTh TOKEH JIUIIh

HEeOOJIBIIION YaCThI0 CETH. DTO JAET KauyecTBO OOJIBILION MOJCJIA IIpU CKOPOCTU MaJIEeHbKOM.
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IIpumep

VY Mixtral 8x7B obiiee uyncio napamerpoB - 47 MiIpa, HO Ipyu 0OpaboTKe TOKeHa padoTraer
Tobko 13 mupa (2 skcniepta u3 8). PopmanbHO 3TO OrpoMHasi MOJEITb, (PAKTUYECKH - CPEHSsIs 0
3arparam.

I’ne HCIOJb3YETCSA

LLM-ruranrnl
GPT-4 (mpennonoxurensHo 16 sxcneptoB), Mixtral (8 skcnieproB), DeepSeek-V3 (256 3xc-
MIEPTOB, HO AKTUBHBI TOJIBKO 6), Grok.

MyabTHMOJAJBHOCTD
MOKHO CJIeJIaTh SKCIIEPTOB IOJ] TEKCT, MOfl M300paXeHus, MOJ 3ByK - POyTep CaM HaIpaBUT
JAaHHBIE KyJa HaJIo.

I'naBHas npo06sema u eé pemeHne

IIpoodaema
Poytep MoOXeT «IMOmMoOOUTh» OBYX-TPEX KCHEPTOB M OTIPABIATH TOKEHBI TOJBKO K HHUM.
OcrasibHble He 00YYaIOTCs, IPEBPAIIAIOTCS B «MEPTBHIN TPy3» - MAMSTh 3aHSITA, MOJTb3bl HET.

Pemenune

WHKEHephbl 100aByIA0T mTpad 3a HEPABHOMEPHOCTh B (DYHKIMIO MOTEPh WM JUHAMU-
YecKr OaJIaHCHPYIOT HarpysKy, MOAKPYYHMBAasi MPEANOUYTeHUs poyTepa. B coBpeMeHHBIX MOJEeNsix
(DeepSeek) ato nenaercs 6e3 mrpadoB, yepe3 XUTPYIO AUHAMUKY. BalaHCMpOBKa HAarpy3Ku JOCTH-
raetcsi KoOMOMHaIel BcrioMorareabHo (pyHKIMK noteps (auxiliary load-balancing loss) u suHamu-
YEeCKOro POyTHHIa C TeMIlepaTypoi, KOTopasi alaliTUpyeTcsl B Ipoliecce 0OyueHus [Isl peJoTBpa-
1ieHus koyularca Ha 1-2 skeneprax. [1oHbIi OTKa3 OT peryasipu3aliiy BCTPEYaeTcsl peKo, Tak Kak
BEIIET K KOJUIAICY IKCIIEPTOB.

NuxenepHas gerajnb

9Ta GaJTAaHCHPOBKA Yallle BCErO peasu3yercsl Yepe3 JIOMOMHUTeNbHbIN mTpad (auxiliary loss)
B (pyHKIMU OMMOKU. ECITM KaKoW-TO IKCIIEPT MOMyYaeT CIUIIIKOM MaJIo TOKEHOB, MOJIe/Ih ITpady-
eTcsl. DTO 3aCTaBJIsIET POyTep UCIOIb30BaTh BCEX IKCIIEPTOB pABHOMEPHO, MHAYE YaCTh MapaMeTpOB
MOJIEJI TIPEBPATUTCSI B «MEPTBBIN I'Py3» - OyJeT 3aHUMATh MaMsTh, HO He 00yJaThCI.

MOoE - 310 crioco6 caenats MOIesb «IIUPOKOU, HO He TITyOOKOH» B BBIYUCIUTEIHHOM CMBICIIE.
MHOT0 9KCIepTOB = MHOTO 3HAHWIA, MaJI0 aKTUBHBIX = ObICTpast paboTa. ApXUTEKTypa, KOTOpasi 1o3-
BOJIWJIA MHAYCTPUU TEPEIIarHyTh MOPOT B TPUJUIMOH MapaMeTPOB, He CIOMaB OI0KeT Ha MH(EpeHC.

MBpI paccMOTpelu apXUTEeKTYphI I TeKcTa v uucesl. Ho ecThb emmé oqHa BaxkHast 0071acTh, Tjie
NN nobusics nmoTpsicaionyvix pe3yyibTaToB - FeHepalus n3o0paxeHuid. Tam mpaBat 6ai He TpaHcdop-
Mepbl (XOTSI OHU TOKEe HAUMHAIOT TTPOHMKATh), a Auddy3nonHeie Moaenn. O HUX - B CIeAyIOIIeM
pazzere.
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2.7 Diffusion Models (/Iudppy3nonnnie moaen)

Mpel paccMOTpesd apXUTEKTYphl [IJ11 TEKCTa, YMCENl M IOCIEI0BATENbHOCTEN - OT MPOCTBHIX
RNN po rurantckux MoE-tpanchopmepoB. Ho ectb em€ onHa BaxkHast oonacts, rae M nodusics
MIOTPSICAIONINX Pe3yJIbTaTOB, - TeHeparus n3oopaxenuil. [lonroe Bpems 3nech npaswim 6an GAN-

b1 (Generative Adversarial Networks), HO HeCKOJIBKO JIET Ha3a]l Ipou3oIIuia Tuxas pepomonus. Ha
CcLieHy BbIIUM AU y3nOHHBIE MOJEIH - TE CaMble, YTO JiexkaT B ocHoBe Midjourney, Stable Diffusion
u Kandinsky.

Huddy3uoHHBIE MOAETH 00YUaIOTCS MTOCTENIEHHO T00aBIATh IIIyM K IaHHBIM, a 3aTeM BOCCTa-
HaBJIMBaTh UCXOIHOE pacrpeesieHue, youpas myM. VIcromb3yloTes 1715 TeHepalyy U300pakeHH.

Hasganue «auddysus» npuiuio u3 (pu3MKM, HO HE MyralTech - UJes Ha yAWUBJIEHUE MPOCTa
u KpacuBa. [IpeacTaBbTe, YTO BBl yUUTE MOZENb HE PUCOBATh C HYJIS, & TIOCTENIEHHO YOUpAaTh IIyM C
3aIIyMJIEHHON KapTUHKHY, IIar 32 I1aroM MposiBisis N300pakeHue.

1. JIoruka naen (OTKyaa B3sJ10Ch Ha3BaHMeE)

Tepmun npuiuen u3 pusnku (tepMoarHamuka). Eciu kanHyTh yepHWsIa B CTakaH C BOJIOW,
OHU MOCTENIEHHO «PacTBOPSATCS» U PABHOMEPHO pacIipefesisTcs - 3To npouecc npsimon audgysnn
(mopsimoK — Xaoc).

Huddy3ronnass Moaenb aenaetT oOpaTHoe: 0epéT xaoc (IyM) U OPpraHu3yeT ero B Kap-
THHKY.

Ilo maram 3to BBITJIAJUT TaK

- bepém peastbHy10 (poTorpacduio Kora.

- MemieHHo, 1miar 3a marom, 100aBJisieM K Hell CTyJaiHbIi ITyM (Kak MOMeXU Ha CTapoM TeJie-
BU30DE).

- Uepes MHOTO IIaroB KapTUHKA IPEBPAIACTCS B YMCTOE «CHEKHOE TOJIe» - A0CTPAKTHBIN Iy M.

Mopean o0yuyaercsi OpaTh 3TOT HIYM H NPOXOJAUTH Mpolecc B 00PATHYI0 CTOPOHY:
yOupaTh LIyM IIIar 3a IaroM, BOCCTAHABJIMBAs KOTa.

2. Kak 3T0 ycTpoeHO TeXxHn4eCKH (KOPOTKO)

YV mojesm 1Ba npoiecca
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ITpomecc o mponcxoanr? 3auem?
K kapTIHKe IOCIe10BaTeIbHO
100aBIAeTCA HeOOIBIIOI TayCcCoB IIyM . . )
y - IToArOTOBIITE JaHHBIE:
Forward COTTIACHO (PUKCHPOBAHHOMY PacHIICaHIIKD ] ) L
e o N : IIOKA3aThk MOJIeINIL, KaK
diffusion (noise schedule). Yepes T maros )
_ - g A BBITIAINT «II0pUay
(IIpsmon (0dp1uHO 1000) 300paxeHIe - ]
o I1300pa:KeHIId Ha KaKIoM
Iporecc) [IPeBPAIaeTCs B UICTHII FAyCCOB STame
mryM. MojiesIb HITUETo He JeNaeT - 3T T
IIPOCTO MaTeMaTHYecKasd Olepallis.
Heiipocets (00pruno U-Net7)
o0yuaeTcs MpeIcKa3blBaTh, KaKoll
Reverse IIMEHHO IIYM OBIT 100aBIeH HA 3TOM 2TO U CTh 00VUeHIIe.
Jiffi 1%1’1\111 mare, I VIaIATh €ro, MOCTeIIeHHO Mopens yunrcs
(06 Jh'iIHLHUI BOCCTAHABIIIBAA HICXOIHOE H300pakeHIe IOTaIBIBaThCA, KaKas
L o ~
I olL[:ecc} 113 CIYUYAHOro MyMa. Beck mpotece KapTIHKa OBIIa JI0 TOTO,
P 00paTHOII II(P(PY3III (CIMITIIHT ) Kak e€ HCIOPTILIIL.
3aHIIMAeT IeCATKI I COTHII TaKIX
HTePAaTHBHBIX IaTOB OUICTKIL

AHaJjiorusi ¢ pecraBpanuen

[IpencraBbTe, YTO BaM Aajiyd CHJIBHO MOBPEXAEHHYIO (PpecKy (IOYTH CTEPTYIO B MbLIb). Bl
CMOTpPHUTE Ha HEE 1 TOBOpUTE: «3[1eCh, Cyas 10 (PaKType, IOIKHA ObITh PyKa, a 31eCh - KyCOYeK HeOa».
Huddy3uoHHas MOz JeaeT TO Ke CaMoe, TOIBKO C ITyMOM.

3. IIpakTnyeckas cropona (Kak 3To ncnoab3ymor)

I'enepauus no tekcry (Text-to-Image)
Korzaa Bbl nuiere «KpacHblil APakoH B CTUJIE KUOEPIIaHK», IIPOUCXOAUT ClIeyIolIee:

TekcT — BEKTOP
Ba 3ampoc npeBpariaercs B SMOSAIUHT (KaK B S3BIKOBBIX MOJETISAX ).

VYupasJieHnne nymom

Mogenb HauMHAeT co ciaydaiiHoro myma. Ha kaxaom miare yOOpKM IIymMa OHa CBEPSIETCS C
TEKCTOBBIM BEKTOPOM U cripaiimBaeT: «COOTBETCTBYET JIM TO, UTO 1 ceiiuac BOCCTaHAB/IMBAIO, CIIOBY
"npakoH"?». Ecau HET - KoppeKTupyer.

Urepanun
[TpoxonuTt, Hanpumep, 50 1IAarOB OYMCTKU, U Ha BHIXOAE MOMYYaeTCsl KapTUHKA.

I'ne npumensieTcst

- Stable Diffusion, Kandinsky, Midjourney: pucoBaHue no Tekcry.

- Inpainting (qopucoBKa): 3aKkpacuiiv 4acTh KApTUHKHU - MOJEJb AOPUCYeT (DOH Tak, 4To He
OTJINYUTD.

- Super-resolution: noselieHre pa3perieHus crapbix gororpaduil (Mogeab «yraJblBaeT»
AETaJI1, KOTOPBIX He OBLJIO).
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- Bumeo u 3D: reHepaiys 1iaBHbIX NEPEX0A0B MEXAY KaApaMH WM CO3JaHHUe TPEXMEPHBIX
OOBEKTOB.

4. IlTouemy umenno aucpdy3us nodequia GAN-p1?

Panbinie kapruHku renepupoBaiu yepe3 GAN, rie iBe ceTh COpeBHYIOTCS: OIHA MOAIEIIbIBAET,
Apyrasi JJOBUT. DT0 padoTaio, HO ObUIO HECTAOMIIBHO (PEeKUM KOJIarica, KOrja CeTh pUcoBajia OIHO
U TO Xe).

Huddy3us nana

CradéuiabHOCTH 00yUYeHus!
IPOCTO MpeAcKa3biBaeM IIyM - ipoctas pyHkuus norepb (MSE, Mean Squared Error - cpen-
HsISl KBaJJpaTHYHAs OIMMOKA), HUKAKUX COPEBHOBAHMIA.

Pa3znoo6pasue
MOJKET CTeHepHPOBATh OECKOHEYHOE KOJIMUYECTBO BAPUAHTOB, IOTOMY UTO CTAPTYET C Pa3HOTo
CJIy4aliHOr O IIyMma.

KonTtpouasn
JIETKO «TIOIAMEIINBATL>» YCJIOBUA (TEKCT, KOHTYP, IPYI'yIO KAPTUHKY) Ha KaKJOM Iare OYMCTKH.

BaskHbiil HIOaHC

GAN-bI He yMepiH TIOJTHOCTHIO. B 3a1avax, re Tpedyercst oTopeaTuCTUIHAS TeHEePAITU ST JIUT]
WM KOHKPETHBIX OOBEKTOB C MUHUMAJIBHBIMU MCKaxkeHusiMU, GAN-bI 10 CHX MMOp JepKar Mo3u-
1y (Hanpumep, StyleGAN3). duddysus nodenuna B MaCCOBBIX TEKCTOBO-KAPTUHOYHBIX CEPBUCAX
(Midjourney, Stable Diffusion) 6iarogapsi cBoeil cTaOUIBHOCTH U KOHTPOJIMPYEMOCTH, HO B Y3KHMX
Huiax GAN-bI IPOAOIKAIOT UCHIOJIB30BATHCSI.

Huddy3nonnas moaeab

3TO reHepaTop, KOTOPBIN YUUTCS MPeBPamaTh IyM B 0CMbICJI€HHOE N300pakeHue, mpo-
XOJI1 MHOKECTBO MAJICHBKHUX ITIaroB OYMCTKU. Ha KakoM 1mare oHa cBepsieTcs ¢ TeKCTOBBIM 3arpo-
COM, TIOCTETICHHO MPOSIBJIsAS AeTalu. ITO Me/IJICHHEee, YeM OfIHA IMPOXojIKa HelipoceTu (Hy:kHO 20-50
TMOCJIeJOBATEIIHBIX IIIATOB), 3aTO PE3YJIbTAT MOMYYaeTCsl AeTaTbHBIM U pa3HOOOPa3HbIM.
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2.8 3a pamMkaMu TeKcTa: KakK
TpaHcdopMepbl HAYYHJIHUCh BUIETH

Ms1 pa3obpanu, Kak TpancdopMepsl padoTaioT ¢ TekctoM. Ho Ta ke apXuTeKkTypa - ¢ MUHU-
MaJIbHBIMU U3MEHEHUSIMU - IPUMEHSETCS K M300pakeHusIM, 3BYKY U Jaxke BUIeo. U kimoueBas uies
3[€Ch: PEBPATUTDb «HE-TEKCT» B M0CJeJ0BATEJbHOCTD, IOX0KYI0 HA TOKEHBDI .

Kak 310 padoTaer st kapruHok (Vision Transformer, ViT)

[pencrasbte, uTo BH OepeTe (poTorpaduio u paspesaere e€ Ha MaJIeHbKHE KBAJIPATUKU OfIU-
HAKOBOI'O pa3Mepa - Haripumep, 16x16 nukcenen. Kaxaplii KBagpaTHUK (I1aT4) - 3TO aHAJIOT TOKEHA.
B omimmume ot TekcTa, y matyei HeT 3apaHee 3aroToBJIEHHOTO CJI0Bapsl.

Ho ecTtp BaxHbII HIOAHC: CBIPOM ATy - 3TO MPOcTO 16Xx16X3 = 768 uncen (ApKOCTU KPACHOTO,
3€JIEHOTO M CHHETO /IS K010 nukcesns). Camu o cede 3TH urciia TOBOPST TOJIBKO O IBeTe. UToOb!
MoO7IeJIb MOIJIa padoTaTh € MaryeM, TOro Majlo - il Hy’KHO OOJIbIlle «MeCcTa» JUIsl 3alMCH CIIOKHBIX
IIPU3HAKOB: €CTh JiM 311eck rpaHuua’? [oxoxe i 310 Ha r1a3? Kakas tekcrypa?

ITosToMy Kax[blil aTd MPOIYCKAeTCsl Yepe3 JUHeHHbI CJI0M, KOTOphIil rpeBpaiiaer 768
YHCe B BEKTOP ropaso OoJblneii pasMepHocTH (Harpumep, 4096). 1o He cxartre, a pacHIipeHHe.
Mogenbs cama yuuTcst 3anoiHATh 9Tu 4096 yncen Tak, 4TOOB B HUX TIOMEIIAINCh BCE BaKHbIE TTPH-
3HaKM narya: (hopma, CTPYKTYpa, OTHOLIEHHE K COCe/IsIM. DTO KaK eCJIi Obl Bbl HOIMPOCHIIN IKCIIEPTA
OIUcaTh KBAJPATUK HE TPEMs CIIOBaMM («KPACHBIM, KPYIJIbIM, IpKUi»), a 4096 cioBaMu - B TAKOM
OIMCAHWUU TIOMECTUTCS BCE, UTO HYKHO.

Hasiblie - BCE Kak B TEKCTOBOM TpaHcdopmepe

K kaxnomy BekTopy mobaBisiercss HHGpOpMalUs O MO3UIMU (4TOOBI MOZAENb 3HANA, rae Obul
9TOT KBAJIPaTHUK - B JIEBOM BEPXHEM YIUIy UJIM B IIPABOM HUKHEM).

MexaHu3M BHUMaHUS UIIET CBSI3U MEX]y MaT4aMH: «3TOT KBaAPATUK MOXOX Ha a3, a 3TOT
- Ha HOC, Yl OHU JIOJIKHBI OBITH PSIIOM».

MHorocsoiiHbie OJIOKU CTPOSIT UEPAPXUIO MTPU3HAKOB: OT MPOCTHIX (TPAHUILIbI, TEKCTYPHI) 1O
CJIOXKHBIX (YXO, XBOCT, MOpJIa).

ITouemy 3TO Ba:KHO MOHUMATh

TpaHcopmepbl He «3aTodyeHbl» 1of TeKcT. OHU yHUBepcasbHbI. JIioOble JaHHbIE, KOTOpBIE
MOXHO pa30UTh Ha MOC/IEI0BATEIbHOCTh KYCOUKOB (I1aT4yeit), MOKHO CKOPMUTD TpaHcdopmepy. Pas-
HMILIA JIMIIb B TOM, KaK Mbl TIOJIy4aeM 3TH KyCOUKH U KaK MpeBpallaeM X B Ha4aJlbHble BEKTOPBI.

J17151 3ByKa - 9TO KOPOTKHE (pparMeHThl ayIMOIOPOKXKHU. 17151 BUZIEO - NMOC/IEI0BATEIbHOCTD Ka/l-
POB WJIM ITPOCTPAaHCTBEHHO-BpeMeHHbIe naTuu. I reHoma - yyactku JHK.

U Besze paboTaeT OIUH U TOT K€ MPUHLIMUIT: ChIpbIe JaHHBIE TPEBPAIIAIOTCS B BEKTOPHI, pas-
MEPHOCTb KOTOPBIX BHIOMpAETCsl MHAKEHEPOM. BoJibllie pa3MepHOCTb - OOJIBIIIE «MECTa» JUTSI CTIOKHBIX
IIPU3HAKOB, HO MeJJIeHHee padoTa. MeHbllle - 9KOHOMUS NaMATH, HO PUCK MOTEPATh JETalIH.

Metacopa
Tpancdopmep - 3T0 yHUBEpCalbHBIA unTaTesib. EMy BCE paBHO, Ha KaKOM SI3bIKE HAIKCAHA
KHUTA: CJIOBaMH, TIMKCENISIMU WK HoTaMu. Ho Tiepes uteHneM eMy HyKHO, YTOOBI KXyl «OyKBY»

73



C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

OIMCAIM HEe OHUM CJIOBOM, a IEeJbIM ad3aleM - Tak, YTOObl B 9TOM OMUCAHUM MOMECTHIIICH BCE
HIOAHCHI. JIMHEWHBIN CJION - 3TO U €CTh TOT CAMbIU «IIE€PEBOYUK>», KOTOPBIN MPEBPAIIAET CHIPOH MUK-
ceJib B TAaKOUW MOIPOOHBIN a03aIl-BeKTOP.

WTtak, Mbl coBepIIMIM 0030p OCHOBHBIX apXUTEKTYP - OT CBEPTOUHBIX ceTel 10 auddy3noH-
HBIX MOJICJICH, a TaKKe 3arIsTHY/IM 32 PAMKH TEKCTa, YTOOBI IOHATH, KaK Te e MPUHIIUATIB pad0TaloT C
n300pakeHussMy. Tenepb Bbl IOHUMaETe, YeM OHM OTIMYAIOTCS U [Tl KAKUX 3a/1a9 TIPeIHA3HAYCHBI.
Ho apxuTtekTypa - 3T0 TOJIBKO «Xkene30» Mojend. YtoOs! oHa 3apadoTaia, e€ Hy)KHO 0Oy4nTh. A 00Y-
YeHHe COBPEMEHHBIX MOJIeJIeH - 9TO OT/Ie/IbHAs MHKeHEpHAas BCeJIeHHas! CO CBOMMU JTallaMH, IIeHAMU
1 komripomuccamu. OO 3TOM - B CJIeAYyIOIIEH IJIaBe.
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PE3IOME IJIABbBI 2

CNN (cBEpTOUHBIE CETH) UCTIONB3YIOT CKOJIb3SILEe OKHO ¢ 00yyaeMbIMU (pUIbTpamu; 3ppek-
THBHBI JIIs1 U300pakeHUi, HO He Il TEKCTA U3-3a OTCYTCTBUS IPOCTPAHCTBEHHOM CTPYKTYPHI.

RNN (pekyppeHTHBIE ceTH) 00pabaThIBAIOT TEKCT MOC/IE0BATENBHO, Bells OJIOKHOT-NaMSTh,
HO CTPAaIOT OT HEBO3MOXKHOCTH MapaslieIM3aliM U 3aTyXaH!sl [PaJUeHTOB.

LSTM no6asssier Tpu BeHTWIS (3a0bIBaHMSI, BXOJHOM, BBIXO/THOM) M «JIGHTY KOHBe#epa» (cell
state), pemast mpoOIemMy J0Iror MaMsiTi, HO OCTAETCS MOCIEI0BATEILHOM.

GRU - ynpomennas LSTM ¢ nByms BeHTwiisiMu (reset 1 update), Ha 25-30% MmeHblile napa-
METPOB, UyTh OBICTpPEE, HO UYTh XYK€ Ha CBEPXAJMHHBIX I1OCIIE10BATEIbHOCTSIX.

TpchcbopMep O6pa6aTbIBaeT BC€ TOKCHBI MapaJUICJIbBHO 4Y€pE3 MEXAHU3M CAMOBHUMAHUS.
O,HHaKO y TpchcpopMepa €CTb q)YHI[aMCHTaJILHLIC HCAOCTATKH: KBaApaTU4HasA CJIIOKHOCTbL BHUMaA-
HUA (O(I’lz)), «BBIMBIBAHUE>» TIEPBbLIX TOKEHOB HA AJIMHHBIX KOHTCKCTAX U T'MTAHTCKUC TpC6OBaHI/IH K
IHaMATH.

Decoder-only (GPT, LLaMA) - reHepupyeT TEKCT, IS/ TOJIBKO Ha IPOLLIBIE TOKEHBI; OCHOBA
BCEX COBPEMEHHBIX YaT-00TOB.

Encoder-only (BERT, RoOBERTa) - noHMMaeT TeKCT LEIMKOM (ABYHAIIPaBI€HHOE BHUMAHKE),
HO He TeHepUPYeT; UCTIONb3YeTCs AJIsl aHAIM3a U KJIacCU(UKAlIUK.

Encoder-Decoder (T5, BART) - mpeoGpasyeT oiHy NOCe10BaTeIbHOCTh B APYTYIO; UJeasieH
U151 IepeBOa M CyMMapHU3aliH.

MOoE (cmech 3kcnepToB) 3ameHsieT oquH FFN MHOXecTBOM 3KCIEepToB, aKTUBUPYS TOJIBKO
1-2 u3 HKX; NO3BOJISIET UMETh TPUJJIMOHBI ITAPaMETPOB MPU YMEPEHHBIX 3aTpaTax Ha MH(EepeHc.

HMndy3nonHbie Moe I yJaTcs IIOCTENEHHO YOUparh IIyM ¢ KapTHHKY; nooeamm GAN-
bl B text-to-image Onaromapsi cradribHOCTH M KOHTpoiio (Midjourney, Stable Diffusion).

AabTepHaTuBbl TpaHc(opmepy - State Space Models (Mamba) u rubpunbs (RWKYV,
RetNet) mpeaaraior JuHeHHYI0 cI0XHOCTE O(n) U paboTy C KOHTEKCTaMH B MIJUIMOHBI TOKEHOB.
[Tnara - 4yTh XyKe KauecTBO Ha 3a7a4aX CO CJIOKHBIMU JAIbHUMU CBSI3SIMH.

JKocHucTeMa HMeeT 3HaYeHHe. Y TpaHc(OPMEPOB - THICSYH TOTOBBIX MHCTPYMEHTOB, OMO-
JIMOTEK ¥ (PPEeAMBOPKOB. AJIbTEPHATUBHI MIOKA YCTYTAIOT B 3PEJIOCTHU: AJIs1 HUX MEHBIIIE PeaoOyyeH-
HBIX MOJIEJIEH, XyKe IOKyMEHTAIMsl U TOYTH HeT KOPHOPAaTUBHOMN NOAJePKKHU. [l sKcniepruMeHTalb-
HBIX IPOEKTOB 3TO HEBAKHO, [UISl IPOJAKILIEHA - KPUTUYHO.

I'mOpuaHble moaxoapl HaOMpawT cuiay. Hekotopsle HOBble apXuTeKTypbl (Jamba, S4)
MBITAIOTCS] KOMOMHUPOBATD JIyUIle YepThl TpaHcopmepoB 1 SSM: OpaTh BHUMaHHUE 151 CJIOKHBIX
3aBUCHMOCTEH M JIMHEWHYIO CJIOKHOCTD /IS JUTMHHBIX KOHTEKCTOB. CKopee Bcero, Oyayiee MMEHHO
3a ruOpuaaMu.
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Nu>keHepHBINA BHIBOJ

Br160p apxuUTeKTypbl 3aBUCHUT OT 331a4u. [17151 yHUBEpCATbHBIX PEIICHUH C OI0KETOM - TpaHC-
dopmep. 1151 CBepXITMHHBIX KOHTEKCTOB WM paboThl Ha nepudepru - Mamba v RWKV. s
MPOJAKIIIEHA C KECTKMMU TPeOOBAHUSAMHM K TaMSTH - THOpuibl. TpaHcgopmep ocTaérest cTaHIapToM,
HO HE €MHCTBEHHBIM UI'POKOM Ha IOJIE.

Tpancdopmepbl yHUBEpCAIbHBI: OHU padOTAIOT He TOJBKO ¢ TeKCToM. M300paxeHre MOKHO
paspes3arb Ha KBaIPaTHKH (MaT4YM), KKIbIM IaTd IPEBPATUTh B BEKTOP Uepe3 JIMHEUHBIN CII0i, 100a-
BUTbh MH(OPMALIMIO O MO3ULIMH - ¥ TIOZIaTh B TOT ke TpaHcpopmep. B omimuume ot Tekcra, y nardyen
HET 3apaHee 3aroTOBJIEHHOTO CJIOBApsi, a pa3MEPHOCTh BEKTOPA BHIOMpAETCs] MHKEHEPOM: OOJIbIIIE -
OobIIIe «MecTa» ISl CIIOKHBIX TIPU3HAKOB, HO Me/IJIEHHEe; MEHBIIIE - ObICTpee, HO MOKHO MOTEePSTh
JeTanu. DTOT MPUHLIUIL JeKUT B ocHoBe Vision Transformer (ViT) u reHepaTuBHBIX Mojiesiell Bpoje
Stable Diffusion.
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Bonpocs! 1J1st caMmonpoBepKu

1. [Touemy CNN, omnuHO padoTaioiiye ¢ U300pakeHUsIMU, TI0OX0 MOIXOAAT 151 00paboTKu
TekcTa?

2. B uém nposiisieTcs «3a0bBUMBOCTB>» MPOCThIX RNN 1 kak LSTM mnbitaercs 3Ty npodiemy
pemuTs?

3. Kakue vepocratku LSTM ycrpansier GRU u kakon 1ieHoit?

4. Tpu cemeirctBa Tpancopmepos: decoder-only, encoder-only, encoder-decoder. [IpuBenure
NIpUMEpHI 3aJa4 I KaxJOro.

5. Kakue dyHaaMeHTanbHbIE HEAOCTATKH €CTh Y TPAHC()OPMEPOB U KaK aJIbTEPHATUBHBIE apXU-
TekTypbl (SSM, RWKYV) nbitatorcs ux odontu?

6. O6bsicHuTe MeTaopy «KJIMHUKH C Y3KMMH CIIEHUATACTAMU» MTPUMEHHUTEIBHO K apXUTEK-
Type MOE.

7. Yem nupdy3ronHble Moaeay npuHIMnuansbHo onmyarcsa ot GAN? Touemy nuddysus
noOenua B text-to-image?

8. Kak Tpancdopmepsl o6padarsiBaioT n3o0pakeHus? UTo Takoe mard v rMovyemy ero Hemib3si

3aMEHUTh TOKEHOM M3 clioBapsi? [Touemy BEeKTOp maTya 0OBIYHO OOJIbIIIE, YeM KOJIUIECTBO MUKCEIEeH
B HEM?
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IJTIABA 3. OBYYEHUE MO/EJIEN

B npenpiny1ieil riaBe Mbl paCCMOTPENH «XKEJIE30» - Pa3IMYHble APXUTEKTYPbl HEMpoceTe, OT
CBEPTOUHBIX 10 AU Py3roHHBIX. HO apXuTeKkTypa - 9T0 TONMBKO cKeseT. YToObl Mozesb 3apadoTaa,
€€ HY’)KHO OOyYHTb, BJIOKUTh B HEE 3HAHUSL.

W BOT 31€Ch HAUMHAETCSI caMOE MHTEPECHOe: 0OyYeHHe COBPEMEHHBIX S3bIKOBBIX MOJENEH -
9TO He OJMH 3Tall, a LeJIblii KOHBeiep.

Tpu kiaro4eBbIX 3TANIA

1. Pre-training (mpeaBapurejibHOe 00y4eHHe) - MOJE/Ib YATACT UHTEPHET U YUUTCS TIpe/i-
CKa3bIBaTh Clie[yIolliee CI0BO. ITO (DyHIAMEHT, HO OH CTOUT JIECSATKOB MUJUIMOHOB JIOJIJIAPOB.

2. SFT (Supervised Fine-Tuning, 1o00y4eHue ¢ yuyurejeMm) - MOje/Ib TPEHUPYETCS HA
napax «BOIPOC — UieaIbHbI OTBET». [IpeBpaliaer «3HIMKJIONEANIO» B aCCUCTEHTA.

3. RLHF (Reinforcement Learning from Human Feedback, o0yuenune ¢ nmoakpemne-

HHEM Ha OCHOBE OﬁpaTHOﬁ CBA3H OT quIOBeKa) - JIIOOW ITOKAa3bIBAIOT MOACI/IM, KaKHNE OTBETHI
Xopouiue. JlenaeT MOIEJIb BEXJIMBOHI 1 OE30ITaCHOM.

DTanbl Oﬁy‘IeHHﬂ: ITO NPOHCXOOHT, BO CKOJIBKO 06X0£[HTCH, K 1eMY IIPHBOOHUT

CTOHMOCTB
ITan Yro geaaer PesyabTar
(omeHKa) h
.. VUuT A3BIK 0 (DaKTHI Ha Bazopasg
Pre-training ¢ $15-150 M
TPIJLIHOHAX TOKEHOB MOemhb
VYuurt oTBeuath B hopmate
$5-50 TEIC (apeHma
SFT JIHAaIora Ha TeICauax ACCHCTeHT
GPU) + pa3meTKa
TIPHUMEPOB
VUuT OBITH BEKINBEIM H .
$50-500 TEIC + BexIHBEIIT
RLHF Oe30macHEIM Ha
. pa3Merka aCCHCTEHT
TIpeATOYTeHHAX JIFOJIeH

B 31011 raBe Mbl pa3zdepéM Kaskblid ITall. Y3HaeM, CKOJIbKO 3TO CTOUT, TOYeMY JTaHHbIE BaXK-
Hee apxuTeKTypbl, 1 moueMy RLHF He nenaer Monenb «0ObeKTUBHOW», a BIIMBAET B HEE IIEHHOCTU
pa3paboTumKa.
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3.1 Pre-training (IlpeaBapurejbHoe 00y4yeHHe)

IIpencraBbre, 4TO BBl XOTMTE BBIPACTUTH CHELUAIMCTa HIMPOKOro npodwis. CHavana Bbl
OTIIpaBJIsieTe ero B OMOIMOTEKY YMTATh BCE MOAPS - THICSYM KHUT, SHIMKJIONEe i, crateid. OH emmg
He 3HaeT, Kakue UMEHHO BOIPOChI eMy OyIyT 3aJaBaTh, HO BIUTHIBAET UH(OPMALIMIO, YUUTCS CTPYK-
Type s13bIKa, (paKTam, JOTUKe. DTO U eCTh MPeABAPUTEIBLHOE O0yUYEHHE.

3ByUMT NMPOCTO: OEPU OIPOMHBIM KOPITYC TEKCTOB M yYM MOJIEJb IPe/ICKa3bIBaTh CAEAyloIlee
ciaoBo. Ho 3a 3TOil MpOCTOTOM CKpbIBaeTCs MHKEHEPHBIN IMOABUT, JOCTYIHBIN JIMIIb €IMHHULIAM.
JlaBaiiTe IPUKMHEM, YTO 3HAUUT «OIPOMHBIN» B L] pax.

Monenb o0yyaeTcss Ha OTPOMHBIX HEPa3MEUEHHBIX KOpIlycax (TPHJUIMOHBI TOKEHOB). 3ajaya
- TpeAcKasaHue ciedyomero TokeHa (next token prediction). DTo oOydeHue Oe3 yduTens
(self-supervised learning) - mpaBWJIbHBIE OTBETHI YK€ €CTh B JaHHBIX. Llesb: BBIyUHTh CTATUCTUKY
AI3bIKa, (PAKTBHI, JIOTUKY TTOBECTBOBAHMUS.

Pre-training - 310 He MPOCTO "MHOTIO JaHHBIX . DTO MHKEHEPHBIN MOJBUT, KOTOPBI MOT'YT I103-
BOJIUTh ceOe eJUHULIBL.

I'psA3HBIN ceKpeT G0JILIINX Mo/IeJIeli: JaHHbIe BajKHee apXHTEKTYPhI

Korza roBopsT 0 TpUIMOHAX TOKEHOB, 4acTO 3a0BIBAIOT O KaYeCTBE ITHX TOKEHOB. A 3psl.
Mycop Ha BXo/1e - Mycop Ha BbIX0/ie pa0oTaeT [isl HelipoceTeil faxke KEcTue, yeM 1JIsI Kilaccude-
CKOTo TporpammupoBanusi. MoxxHo coOpars 100 TepabaiiToB TekcTa, HO eciu TaM 30% - peKJIaMHBIH
cram, 20% - MalMHHBIN niepeBoj ¢ ommokaMu, a 10% - OTKpPOBEHHO TOKCUYHBIA KOHTEHT, MOJIE/b
BBIYYMT 3TOT MYCOP TaK k€ XOPOLIO, KaK U IPaBUJIbHBIN S3bIK.

HpOﬁJIeMbI ¢ JaHHBIMH, ¢ KOTOPbIMH CTAIKHUBAKTCA HHKCHEPBbI

JyOJuKaThI

OIMH ¥ TOT € TEKCT MOXKET BCTPEYAThCS B KOPITyCe THICAUYM pa3 (HAlPUMED, TUITOBBIE MOJTb-
30BaTe/IbCKKE coranieHust). Mojiesb repeoOydaercs: Ha 3THX AyOJIMKarax, CYuTas MX BakHee, YeM
YHHUKAJIbHBIA KOHTEHT.

HuskokayecTBeHHBIN KOHTEHT
®dopymbl ¢ 6ecCMBICTIEHHBIMUA COOOIIEHUSIMH, aBTOMATUYECKU CTEHEPHPOBAHHBIC CTPAHUIIbI,
PEKJIAMHBIH CITaM - BCE 9TO 3acCOpsIeT KOPITYC U YUUT MOZEb TaJUTIOIIMHUPOBATS.

A3pIKOBOM qUCOAJAHC

AHIJIMACKOrO B MHTEpPHETE B pa3bl OOJbIIE, YEM BCEX OCTAIBHBIX SI3BIKOB BMECTE B3SITBIX.
Mogesb, 00yueHHasi Ha TaKOM KOpITyce, Oy[eT FOBOPHUTh MO-aHIJIMACKH OTJIMYHO, & HA IPYTUX s3bl-
Kax - CO CTPaHHbIM aKIIEHTOM U OIIMOKaMHU.

SIBHBINA ¥ HESIBHBII TOKCHYHLIH KOHTEHT

Ecnu He punbTpoBaTh KOpITyC, MOIE/b BBIYYUT BCE TPEIPACCYIKH, HEHABUCTh U CTEPEOTHITHI,
kotopbie ecTb B uHTepHere. RLHF motom 310 Mchpapisier, HO 3a4eM CO3[aBaTh ceOe JIUIIHION
padory?

Yro 1earT HHXKeHePhI ¢ IAHHBIMH Nepes] 00ydeHneM
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Heaynmkanusi
YAAJISIOT TIOBTOPSIIOIIMECS TEKCTHI (Ha YPOBHE TOKYMEHTOB, a03aIleB U Aake TPEJIOKSHUN).

PuabTpanus no Ka4ecTBy
UCTIONB3YIOT KJIaCCU(PUKATOPHI, YTOOBI OTCESTh CIaM, MAIIMHHBIN MepeBol, OSCCMBICICHHBIN
KOHTEHT.

basancupoBka sI3bIKOB
€CJIM aHIVIMICKOTO CJIMIIIKOM MHOTO, €r0 UCKYCCTBEHHO OIPaHHUYMBAIOT, YTOOBI IPYTHe S3bIKH
MOJIYYHJIK JOCTaTOYHO BHUMAHUA.

TokeHuzanmsi ¢ y4éTom siI3bIKOB
NOIOMPAIOT pa3Mep CIOBAPs ¥ AJITOPUTM TaK, YTOOBI PeIKUE SI3bIKY HE Pa30MBAIMCH HA CJTHIII-
KOM MEJIKME TOKEHBI.

Safety -cpuabTpbI
YAAJISIOT OTKPOBEHHO TOKCUYHBIA WUJIM HEJIETabHBI KOHTEHT (HACKOJIBKO 3TO BOOOIIE BO3-
MOYHO ISl THTEPHET-MaCIITaboB).

IIpakTUyecknii BLIBOJ

ApxXUTeKTypa onpeessieT NOTOJIOK BO3MOKHOCTEN MOJIEJN, HO JAHHBIE OMPEIESIOT, JOCTUT-
HET JIM MOJEJb 3TOTrO MOTONKA. [IBe OAMHAKOBBIE apXUTEKTYpbl, 0OyUeHHbIE Ha Pa3HBIX KOPITyCax,
MOT'YT OTJINYATHCS TIO0 Ka4ecTBY B pasbl. [109TOMy, KOra BbI CIBIIINATE «Mbl O0y4YHIM MoAeb Ha 10
TPUJTMOHAX TOKEHOB», BCErJa CTOUT CHPOCUTD: «A UYTO 3TO ObUM 3a TOKeHbI? CKOJBKO U3 HUX -
mycop? Kak Bbl uncTiim qanHbie?» YacTto OTBETH Ha 3TH BOMPOCH OOBSCHSIOT Pa3HUILY B KAUECTBE
JIydIlie, 4eM CpaBHEHHE apXUTEKTYP.

Peub nn€r He TOMBKO O cOOpe NaHHBIX, HO M O CO3/1aHUM UH(PACTPYKTYPHI, CIOCOOHOH Tiepe-
BapuTh 3TH 00bEMBI. Kimactepsl u3 toicssu GPU pabotalor mMecsiiamu, oTpedisisi SHEPruio Majioro
ropona. Coou 060py/1oBaHusI, IOTEPU IAHHBIX, HECTAOMILHOCTh OOyUEHHS - BCE ITO YACTh €KETHEB-
HOW PyTUHBI UHKEHEPOB, KOTOPbIE TPEHUPYIOT Oosbiie Mozenu. Kakias takas TpeHUPOBKA - 3TO
JoTepes: Jaxe MpH UJEaIbHbIX HACTPOMKAX HUKTO HE rapaHTUPYET, UTO MOAENb ""COMIETCA" B HY K-
HYIO CTOPOHY.

Ho 4to cTouT 3a cyxumu nudpamu «TpuLTHOHBI TOKEHOB» ? JlaBaiiTe nepeBeiéM X B IMOHST-
HbIe MHKEHEePY BeJIMUMHBI - yachkl padoTel GPU, cueTa 3a 71eKTpUIecTBO U cefible BOJIOCH 1aTa-IIeHTp-
IIIMKOB.
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C. HerteB. «VHXUHUPUHT UCKYCCTBEHHOIO MHTEJIJIEKTA»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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