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PACMO3HABAHME U30EPAXEHWIA C MOMOLLbIO MALUMHBI BOJIbLIMAHA

B paHHoM paboTe paccmatpuBaeTcs MalwuHa bonbLMaHa ¢ orpaHnyeHnsMmn 1 0COBEHHOCTM pacno3Ha-
BaHUs M300paxeHui.

MawwuHa bonbumaHa npeacTaBnseT coboit AByHaNPaBEHHbIA NOMHOCBSA3HLIN rpad ¢ ABYMS CrOSMM
ABOMYHbIX CTOXACTUYECKMX HEMPOHOB: CHON BUANMBIX HEMPOHOB U CMOM CKPbITbIX HEMPOHOB. MMpobnema ma-
LWWHbI BonbLMaHa cOCTOMT B TOM, YTO €€ CMOXHO 0By4nTb, MO3TOMY Ha MPaKTUKE UCMONb3yeTCs MaluuHa
BonbumaHa ¢ orpaHuyeHusmn (MBO). Ee oTinume oT MawwmHbl bonbLMaHa COCTOMT B TOM, YTO OTCYTCTBYHOT
CBSA3M BHYTPW OAHOrO crosi (puc. 1)

Puc. 1 Mawwna bonbLmana ¢ orpaHnyeHusMm

PaccMoTpum 0cob6eHHOCTH MalwnHbl bonbLmaHa ¢ orpaHuyYeHnsMIU Ha nNpUMepe pacno3HaBaHns n3ob-
paxeHun. BxogHbiMu JaHHbIMK OydeT sBnathes 6asa AaHHbIX MNIST, cogepkallas pasnuyHble BapuaHThl
HanUcaHWa LECATUYHbIX Lmndp. Cprlcrypa CETW, pellaroLlen 3agady knaccudmkaumm nsobpaxeHun, npea-
cTaBnseT cobom rpacpmyeckyto Mogens (puc. 2).
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Puc. 2 CtpykTypa MaLmHbl bonbumaHa ans knaccudukaumm uugp ms 6assl MNIST

Mogenb CoCTOMT M3 Tpex Croe.. [epBblid (HWKHWIA) CNOWN — CRON BUAUMBIX HEAPOHOB — COAEPUT 784
9NeMeHTa, 3TO BXOAHble [AaHHble, KOTOpble NpefcTaBnAloT cobon K3obpaxeHne pPasMepHOCTbH
28* 28 = 784 nukcens. BTopbIM Crioem SIBASETCS CMOW CKPbITbIX HEMPOHOB, KOSNIMYECTBO KOTOPbIX MOXHO
MeHsITb. B TpeTbem cnoe cogepxatcs MeTku, COOTBETCTBYIoLWMe Ldpam o1 0 1o 9.

BosbMeM uncno anox, paBHoe 75 1 KONMMYECTBO CKPbITbIX HEMPOHOB — 16. PesynbTat obyyeHus cetu
MOXHO NPeACTaBUTb B BUAE KapTbl NPU3HAKOB (puc. 3).




Puc. 3. KapTa npusHakoB

Kapta npusHakoB npefctaBnsieT cobon Matpuuy pasmepHocTblo 4 * 4. Kaxagblid anemeHT
MaTpuLbl — 3TO HeMpoH. OaWH HEMpOH OTBEYAeT 3a OAWMH MPU3HAK, TO €CTb OH SBMSETCA JKCNepToMm [1]
(oeTekTopom nNpusHaka). Takoi akcnepT BblgaeT +1 Ha CBOEM BbIXOAE C BEPOSTHOCTHHO

P(h, =+1|v) = 1 , (1)

1+exp(2wijvi +ajj

rie h; =s; — cOCTOsHME CKDLITOTO HeWpoHa j, h; e{O,l}; V — [BOWYHbIA BEKTOP, OMKCHIBAIOLLMIA

COCTOSIHME BCEX BWAMMbBIX HEMPOHOB; V, =S, — COCTOSIHWE BWAMMOTO HelpoHa i, T.e. i-A koopauHata
BekTopa Vv, v, € {0,1}; a ; — CMeLLeHIe CKpbITOro HeilpoHa j .

MBO Ha3blBalOT MOZENb0 HA OCHOBE MYNbTUNMMKATUBHOM 3KkcnepTHoM Mogemu (Product of Experts
model, POE), nockornbky oHa COBMeLLaeT B cebe MHOXECTBO OTAEMNbHbIX COCTaBHbIX MOAENeN (3KCnepToB)
nepeMHoXas WX pesynbTaTbl.

YCrnoBHblE pacnpeaeneHns Ans BEKTOPOB COCTOSHWS BUAMMbIX HEMPOHOB V 1 CKpbIThIX h 3agatoTcs
cnegyrowmm obpasom:

p(vI W) =T TP, (2)
rie W - maTpuua BECOB CBSA3E W Mexay BCeMU HeipoHami. W13 BbIpaXeHNs CTaHOBUTCA ACHO, novemy

MBO HasbiBatoT npousseaeHnem akcneptos: MBO 310 MynbTUNNMKATMBHAS 3KCNEPTHAsS MOLESb, FAe KaXabli
CKPbITbIN HEMPOH ABNSAETCSA SKCNEPTOM.

/3 chopmynbl (1) BUOHO, YTO BEPOSITHOCTb TOMO, YTO HEMPOH OyneT aKTMBEH, 3aBUCMT OT BXOAHbIX
AaHHbIX 1 BECOB, HACTPOEHHbIX Npu 06y4eHnn (puc. 4).
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Puc. 4. ®parmeHT MaLwmHbl bonbLMaHa

CkpbiTbiit HelpoH h — akcnept. Beca w;; Ana HelpoHa h MOXHO BM3yanuauposatb. Torga nonyymm
obnacTb YyBCTBMTENBHOCTY HElpoHa h (puc. 5).

Puc. 5. ObnacTb 4yBCTBUTENBHOCTN OHOTO HEMPOHA

Obnactb YyBCTBUTEJIbHOCTU He|7|p0Ha — 3TO MacKa, KOoTopaa ornpenendeTr CteneHb BNUAHUA KaXOoro
nnkcena ncxogHoro M306pa)KeHVI$| Ha NMPUHATUE PELLEHNA 3KCNEPTOM O Hanuyun B V|306pa>i<eva| AaHHOro
Npu3Haka, rge APKOCTb KaXAaoro mnunkcena obnactu YyBCTBUTEITbHOCTN NOKa3blBA€T CWUITY CBA3WM MeEXOY
COOTBETCTBYIOLLNM NMUKCENEM NCXOOQHOIO M306pa)KeHVI$| 1 AaHHbIM CKPbITbIM HeI7IpOHOM.



HelpoHb! YyBCTBUTENBHBI K HEBONbLIOK 06nacTu BXogHoro obpasa, HasblBaeMomn peLenTuBHON obna-
CTbio (Mnm obnacTblo cBsa3ein) [2]. HempoH NpuxoauT B BO3GYXOEHHOE COCTOSHWE, €C B ero peLenTUBHOM
obracTti BO3HWKaeT onpeseneHHbIn 0bpas. PelenTuBHble 06iacTi HeMPOHOB NEPEKPbIBAKOTCA U NMOKPbLIBAOT
BCE M306paxeHue.

Takke MOXHO YBUOETb YTO OTAEMNbHbIE HEMPOHbI HAY4YUNUCh BbIAENATb Hanbonee WHGOPMATUBHYIO
obnactb n3obpaxeHus, T.e. 0TAENATL M306paxeHue oT oHa (puc. 3). Apko BbipakeHHast oBanbHas 0bnactb
YYBCTBUTENBHOCTM Y HEKOTOPbLIX W3 HEMPOHOB YETKO pasrpaHiuMBaeT MUKCENM, BAMSIOLME Ha NPUHSATME
PeLUEeHNs AKCNepTOM (HEMPOHOM) — Genble 1 YepHble NUKCENM B LEHTpanbHOW obnactu oeana, — 1 ¢oH, He
BMMSIOLMA HA MHEHWE 3KCMepTa — Cepble MUKCENM Mo Kpasim M306paxeHns, OKaHTOBbIBALOLLME €rO.

lMpu3Hakm, XapakTepHble 4N ONPEAENEHHON METKW (Y1Cna) MOXHO NPOCMOTPETh Ha KapTe NpU3HaKOB
Ans METOK (puc. 6).

Puc. 6. KapTa npusHakoB ans MeTok

Kaxpgas knetka COOTBETCBYET OAHOM METKE, KOTOpasi NPUHUMAET 3HaveHne Ha Bbixoge nnbo 0, nnbo 1,
a SIPKOCTb MUKCENS YKa3blBAET Ha CTENEHb NPUHAANEXHOCTM JAHHOTO NPU3HaKa METKE.

MeHss KONIMYECTBO CKPbIThIX HEMPOHOB, MOXHO MPOCIEANTb, Kak MEHSIETCS OLUMbKa C NOMOLLbIO rpa-
cukoB (puc. 7).
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Puc. 7. Tpadomk owmbkm ¢ 400 ckpbITbIMI HEAPOHAMY

[Mpw yBUNMYEHUM KONNYECTBA HEMPOHOB OLLMbKa ymeHbLuaeTtcs. Ho npu 400 n 900 CKpbITbIX HEMPOHOB,

KO3PULMEHT OWMBKN MpakTUyeckn oauHakoB W paseH 0.4*10°. 3HauuT HaubBoriee OMTMMANbHO
ncnonb3osath 400 CKPbITbIX HEMPOHOB.

Tak xe HelenecoobpasHocTb ucnonb3oBaHns 900 CKPbITbIX HEMPOHOB, MOXHO ONPEAENUTL MOCMOTPEB
Ha puc. 8. BOMbLIMHCTBO HEMPOHOB MpeacTaBnsoT cobon «cepyto Maccy». OHM He BbIGENSOT KaKyk-TO
KOHKPETHY0 06nacTb U306pakeHUs:, T.€. He OTBEYAIOT 3a KaKOM-TO OTAENbHbIN NPU3HAK, a 3HAYUT SBMSKOTCS
N36bITO4HbIML. HEKOTOpblE HEMPOHBI UMEIDT Spkue YepHble 1 Benble obnacti, oTBevaoLWme 3a OTAENbHbIe
yactu wm3obpaxeHns. benble nukcenn— 310 Te 06rnacti, KOTOpble OKa3biBalOT Hanbonblwii BKNag B
BEPOSITHOCTb aKTMBALWMW HEMpOHa, T.e. B BEPOSTHOCTb HAXOXAEHWS AAHHOTO MpW3HaKa B 1306paxeHnw.



l-Ieprle NMUKCENN COOTBETCTBYIOT obnactam I/1306pa)|(eHMﬂ, KOTOPblE WrHOPUPYKOTCA, T.€. OKa3bIBaKT
HaWMeEHbLUMI BKNag B BEPOATHOCTb aKTUBaLIMN HGI7IpOH3-I'IpI/I3H8K3.

Puc. 8. ®parmeHT KapTbl npuaHakos Ans 900 CKpbITbIX HENPOHOB

Takum 06pa3oM, MOXHO caenatb BbIBOA, YTO AN 3heKTUBHON paboTbl CeTU HelenecoobpasHo uc-
Nomnb30BaTh 3aBbILUEHHOE KOIMYECTBO CKPbITbIX HEMPOHOB, TaK Kak NOSBASAOTCS NPU3HAKW, KOTOPbIE HE HECYT
CYLLECTBEHHON UHOpMaLmK.
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