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Heiipocers kinacca RNN

Heiipocets RNN (Reshetov Neural Network), siBisiercss OuHapHBIM Ki1acCH()UKaTOPOM U UMEET
TPH CIIOSI:

[

BxonHoli cnoii. BXxogHble JaHHBIE HOPMUPYIOTCS B Auamna3oHe oT 0 10 1 BKIIIOUUTENBHO.

2. Jloruueckuit cioii. COCTOUT U3 B3aUMOUCKITIOUYAIOIINX JJOTHYECKUX (HOPMYI HEUETKON
noruku. KonmnmuecTBo B3aMMOUCKITIOUAIOMINX (hOPMYIT IS IOTUYECKOTO CJI0sI paBHO 2°n,
II€ N — KOJIMYECTBO BXOJI0B HEMPOCETH

3. BseixogHo# cnoit. OquH UCKYCCTBEHHBIN HEHPOH.



Jlormueckuii cjioi

3akoAupyeM BXOJIHbIE 3HAUEHUsI B BUJE JIBOMYHBIX 4Yucel. Hampumep, y Hac Tpu BXoja,
CJIEIOBATENBHO ITOHAIOOUTCS 273 = 8 JIOTHYECKNX COCTOSHUIA.
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3amenum 0 Ha 1 — X5, a 1 Ha X;, r/Ie 1 — HOMEp BXOJa M IMEPEMHOXHUM apu]mMeTHuecKue
BBIPAKEHHUS:

(I-x0) * (1 =x1) * (1 = x2)
(1- Xo) * (1 —X1) * X2
(l-Xo) * X1 * (1 *Xz)

(1- Xo) * X1 * X2

X()>l< (1 *X]) * (1 *Xz)
X()’l< (1 —Xl) *Xz

Xo0 *X] * (1 *Xz)

Xo * X1 * X2

HpI/ICBOI/IM KaXJa0¢€ apI/I(I)MCTI/I‘-ICCKOC BBIPAXKCHUC HCpCMCHHOI\/'II

Outo = (1- Xo) * (1 —Xl) * (1 —Xz)
Out; = (1-x0) * (1 —x1) * x»

Outz = (1- Xo) * X1 * (1 —Xz)

Out; = (1- x¢) * x; * X,

Out4:X0 * (1 —X1) * (1 —Xz)
Outs =xo * (1 —x;) *x,

Outs = xp * x; * (1 —Xz)

Out; =%xo * X1 * X»

[Tepemennsie Outy, Out,, ..., Out; — BBIXOJbI JIOTHYECKOTO CIOSI.

[TogamuM BBIXOJIbI JIOTHYECKOTO CJI0SI HA UCKYCCTBEHHBIM HEHPOH C BECOBBIMHU
Kod(ppunreHTamu:

Probability = Out, * w, +
Outl * w; +

Out, * Wy +

Out3 * ws +

Out4 * wy +

Outs * Ws +

Outs * We +

Out7 * "%

T'ne:



Wo, Wi, ..., W7 — BECOBBbIE KOA(DPHUITMEHTHI B Trana3one 3Ha4eHuit ot 0 10 1 BKIIOYUTENHHO.
Probability — 3nadenune Ha BbeIxoge RNN M OJHOBPEMEHHO BEPOATHOCTh MPUHAITIEKHOCTH
naTTepHa K OJTHOMY U3 KIIaCCOB.



Oo0yuenue cetu RNN

OoOyuenne cetu RNN cBoauTCcsi K 00Y4E€HHUIO BBIXOJHOTO CJIOA, T.€. MOA00PY KO3 (HHUIMEHTOB
MCKYCCTBEHHOTO HEHPOHA Ha BBIXOJIE CETH.

O6yuenne RNN TpuBuanbHO, T.K. OHO CBOJUTCS K PEIIEHUIO CUCTEMbI JIMHEWHBIX HEPABEHCTB.

[IpenmnonoxuM, 4To y HacC ecTh 0Oydaromiast BHIOOpKa:

X115 X125 «+ -5 Xin, Y1
X21, X225 -+ -5 X2n, Y2
Xmls Xm2s +-+5 Xmn, Ym
T'ne:

Xjj — J-€ BXOJTHOE 3Ha4eHHe IS i-ro mpuMepa B AuanazoHe ot 0 10 1 BKIIOYUTETHHO
yi — BBIXOJTHOE 3HAYEHUE JJIs JIJIs 1-TO B OMHapHOM auamnaszone 0 ymbo 1

B sToM ciydae cuctema JIMHEMHBIX HEPABEHCTB UMEET BUIL:

Outll * w; + Outlz* w, +...+ Outln * Wh Z] 0.5
Outy; * w; + Outy * wy +...+ Outy, * Wy, Z, 0.5

Outy * wi + Outyy * Wy +...+ Outyy * Wy Z, 0.5
I ne:

Out;; — j-€ BBIXOJIHOE 3HAUEHUE JIOTUYECKOTO CIIOS IS 1-T0 IpuUMepa
Wj — J-i BecoBOM KOA(P(UIIUEHT BBIXOJHOTO CIIOS
Z; — 3HaK HepaBeHCTBa JJI 1-To MpuMepa B Buje > ecnu y; = 1 u<ecnu y; =0

HecnoxxHO mMOHATH, 4YTO BBIIIEYKa3aHHAs CUCTEMa JIMHEWHBIX HEPABEHCTB BCEr/a HMEET
TPUBHAJIBHOC PCUHICHUEC, 3HAYCHUC BCCX BCCOBBIX KOB(l)(l)I/IHI/IeHTOB BBIXOJJHOT'O MCKYCCTBCHHOI'O
HelipoHa paBHa (.5, B Uy TOr0, 4YTO CyMMa BCEX 3HAUYEHHUU Ha BBIXOJIE JIOTHUECKOTO CJOSI CETH
Bcerja pasHa 1.

COOTBETCTBEHHO, €CJIH CYIIECTBYET PEIICHUE CHCTEMbl HEPABCHCTB IPH KOTOPOM 3HAYCHHE
X0Tss OBl OJHOTO ETWHCTBEHHOTO BecoBoro koddduimenta He paBHo (.5, T.e. peuieHHe
HeTpuBuaabHO, TO RNN oOyuaema. Eciu Takoro pemeHus HE CYIIECTBYET, TO OOydarormas
BBIOOpKA HEpENpe3eHTaTHBHA.

CootBercTBeHHO MeTO 00yueHUs: ceTH RNN CBOIUTCS K alropuTMaM ONTUMHU3AINY JTUHEHHBIX
HEPABEHCTB, T.€. TUHEMHOMY MPOrPaMMHUPOBAHUIO.



CeoiicTBa cetu RNN

Cetp RNN B oTiinume oT Ipyrux oOLIeM3BECTHRIX HEMPOHHBIX ceTell TpeboBaTeabHa K MOJTHOTE
Y HETIPOTHBOPEYMBOCTH JIaHHBIX B 00yyaroieit Bioopke. T.e. eciiu o0ydarolyie mpuMephl
coJIepKaT NaTTEepPHbI, UMEIOIINE HEOTHO3HAYHOCTH UITU COJEpKAT HETIOJIHYI0 HH(POPMAIIUIO, TO
BEPOSATHOCTh TAaKUX MAaTTEPHOB Ha BBIXOJIE ceTu OyneT paBHoii 0.5.

Ecnu npyrue HeiipoceT He TpeboBaTeIbHBI K 00yJaromeil BHIOOPKE U MOT'YT OOY4HUTHCS Ha
JOOBIX, B TOM YUCIIE U Ha CITy4yalHBIX, MPOTUBOPEUMBLIX JTUOO HE MOJIHBIX JaHHBIX, TO B RNN
9TOT HEJIOCTATOK YCTPaHEH.

I[JBI HarJIIHOCTH JIYUIIC MIPUBECTU ITPUMCPBI:

[Ipenmonoxxum, 9T0 HaM HEOOXOAUMO 00yUYUTH ceTb RNN naHHBIM MOAECTUPYIOLTUM
nmoruueckyto ¢pynkiuio y = A NJIN B:

3HaueHHEe Ha | 3HAUCHHE 3HadyeHNe Ha
BXoze A Ha BXoxe B | BrIxoje

0 0 0

0 1 1

1 0 1

1 1 1

Ecnm olGyuaromme mpuMepsl MpeCTaBUTh B BUIE BBIICITPUBEICHHOMN TaOIHUIIBI, TO PE3yIbTAThI
paboThI ceTH OYyIyT TOYHO COOTBETCTBOBATH TAOIMYHBIM MATTEPHAM.

Hpe,Z[HOJ'IO)KI/IM, 49TO B o6yqa10me171 BLI60pKC COACPIKUTCA HCTIOJIHAA HH(bOpMaI_II/IH, T.C.
HCKIIFOYUM OJIUH U3 IPHUMEPOB!:

3HaueHHUE Ha 3HadyeHMe 3HadyeHMe Ha
BXxoze A Ha BXoxe B | BrIxoJe

0 0 0

0 1 1

1 1 1

B sTOM ciydae, ans octaBmuxcs B o0ydaronieil BeIoopke mpuMepoB, ooyueHnHas cetb RNN nact
pe3ybTaT, TOYHO COOTBETCTBYIOLIUI TaOIMUHBIM JJaHHBIM, a JJIsl IpUMEpa, OTCYTCTBYIOILETO B
BbIOOpKE BEpOSTHOCTD OyzeT paBHa 0.5:

3HaueHHe | 3HaUEeHUE 3HaueHHe Ha
Ha BXxoze | Ha Bxojae B | Beixome RNN
A

0 0 0

0 1 1

1 0 0.5

1 1 1

T.e. RNN He u3MbIILISeT TUIIOTE3 U HE UHTEPIIPETUPYET HH(POPMALIUIO O KOTOPOH €il HU4Yero He
ObLIO M3BECTHO B Ipoliecce 00y4eHus:, a MoMevaeT e€, Kak HeOoIlpeJeIeHHOCTb.
Eme onun npumep, 100aBUM IPOTUBOPEUUS B 00YUaIOLIyI0 BBIOOPKY:



3HayeHue | 3HaUEHIE 3HayeHne HA
Ha BXoze | Ha Bxonme B | BeIXOmIE
A

el Ll el (=] k=)
— oo~
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[Tocne oOyueHHsI ceTH MoJTy4yaeM pe3yabTaThl:

3Hauenne | 3HadyeHue 3HaueHune Ha
Ha Bxoze | Ha Bxozae B | Beixome RNN
A

0.5

—_ = OO

0
1 1
0
1

T.e. uTo HemocTarouTyr0 HHHOPMAITUIO, YTO MPOTHBOPEUNBYIO, ceTh RNN TpakTyeT Kak
HEOIPEAEIEHHOCTb, T.€. IOMEUYAET BEPOSITHOCTHIO (.5.

[Tpu mombiTkax oOyueHust cett RNN ¢ moMOIIpI0 ONTUMU3AINH CUCTEMBI THHEHHBIX
HEPaBEHCTB AJITOPUTMOM JIMHEHHOTO MPOrpaMMHPOBAaHUS Ha 00yJaroIel BHIOOPKE, CO3TaHHON
C IOMOIIBIO0 TeHEpaTOpa MCEBIOCIYYaHBIX MOCIIEI0OBATEILHOCTEH, 3HAUUTENbHAS YaCTh
MaTTEePHOB UMEET HA BHIXOJIE 3HaUeHUs paBHbIe 0.5, 1 HE3HAUMTEIbHAS 3HAYCHHS 3HAUCHUS
oueHb Oym3kue k 0.5.



BeiBOALI:

Cetp RNN, oOyueHHasi aJropUTMOM JIMHEHHOTO MPOTpaMMHUPOBAHUS, ITyTEM ONTUMHU3ALINN
CHCTEMBI JINHEHHBIX HEPABEHCTB, CIOCOOHA YCTPaHATh (AHHUTUIIMPOBATH) J1e3UH(POPMAIIHIO B
oOyuarolieil BbIOopke U 00y4yaeTcsi TOIbKO Ha BBISIBJICHHBIX 3aKOHOMEPHOCTSIX.



