MawinHHoe oby4veHune

Jlekuna 2. YHactb 2.

Mopgenb Xondunga n HEMPOHHAaA
ceTb XoMMMUHra
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Moaenb Xondpunaa

Bug pekyppeHTHbIX ceTen
* [1ONHOCTBIO PEKYPPEHTHLIE CBA3U
» Beca cBa3enn CUMMETPUYHBI

O6y4eHune no npasuny Xebba

- aBToaccouMaTUBHaA NamMATb UK
namMATb,agpecyemMmast no coaoepxxmmomy

J. J. Hopfield, «Neural networks and physical systems with emergent collective
computational abilities», Proceedings of National Academy of Sciences, vol. 79 no. 8

PP. 2554-2538, Aprll 1982. MaBpunos A.B. 3
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Mogenb Xondunaa (2)

! /f// ! /f// ! /7// !
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Ocob6eHHOCTU CTPYKTYPbI:

» Kaxkabl HEMPOH CBSI3aH CBA3aH CO BCEMU OCTalIbHbIMU

* CBA3M CUMMETPUYHbI, T.€. AN BCEX [ U]  W;— W,

* J[TloGo HEMPOH MOXET DObITb BXOAHLIM UMK BbIXOAHbLIM
* [pegbsBrieHne BXOOHbIX JaHHbIX — YCTAHOBKA COCTOAHNN BXOOHbIX

HEWPOHOB
["aBpunos A.B.
HI'TY, kadbegpa BT
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HenpoHbl B ceTn Xondounga

* HenpoHbl bMHapHbIE

— MoryT ObITb akTUBHbLIMU (1) nnn naccueHbIMK (0)

— Nnn + nnmn —

— MoxeT ObITb OHN U3 CreayoLLINX BapMaHTOB

npencrasnexHus: (-1,1) nnn (0,1)
 CeTtb cogepxut N HEMPOHOB

 CoCTOsAHME CeTn onnucbiBaeTCs BEKTOPOM

coctogHUM n3 0 m 1 (unn ns -1 n 1):

U=W.,u,,..u,)=(0,10,L,..,0,0,1)

["aBpunos A.B.
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OYHKUMOHUPOBAHME CETHU
Xonopunaa:

* BbluncnaotTca cocToAHUA HEUMPOHOB CETU MNOKa
CeTb He NpuaeT B YyCTONYMBOE COCTOAHNE

— 1nsa Kaxgoro HeMpoHa BblYMCNAETCS B3BELLEHHas
cymMMa BXOOOB:

N
h, = Z”z"wj,z‘
=1
i#]
— Ecnv aTa cymma nornoxuTenbHa, TO COCTOSHUE
HelpoHa ycTaHaBnuBaeTcs B 1, B MPOTUBHOM Cryyae

-1:

-1 if b <0

["aBpunos A.B.
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OYHKUMOHUPOBAHNE CETU
Xondunaga (2):

« CocTosiHME ceTu accounmpyeTcs C Tak
Ha3blBaeMOW 3HepreTudeckon oyHKLMEn:

1 N 0 Wio... Wiy

T Z Z Wil U; LU

j o=l W= |............

Wy Wppo . . .0

« Cucrema CTpeMnUTCs K yCTOMYNBOMY
COCTOSAHUIO C MUHUMAlbHbIM 3HAYEHUEM
SQHeprnu

["aBpunos A.B.
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JHepreTndeckaa PyHKLNA:

* MoXHo npeacTtaBuUTb KAk MHOTOMEPHYHO
NOBEPXHOCTb

\

NokanbHbIA MUHUMYM

NokanbHbIA MUHUMYM

[(no6anbHbI MUHUMYM
["aBpunos A.B.
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AccounaTmBHaa NnamsaTb,
OCHOBaHHasaA Ha ceTn Xondwunaa

« I1Ba npouecca:
— Oby4yeHune

— Ncnonb3oBaHmne oby4eHHOU ceTU (BbI3OB,
recalling)

["aBpunos A.B.
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Oby4yeHune

« Kaxxabit obpa3s npeactaBnsieTca BEKTOPOM U3 -1

n1:
SP = (_1919_1919'"9_19_191) = (Slpﬂsé)’Sf""S]]\;)

* Ecnun konn4yecTtBo 06pa3oB paBHO M, TO:

=S,

— Beca moryT ObITb Bbl‘-II/ICJ'IeHbI 6e3 npeabsaBNeHUs
obpa3soB

* [1lpaBuno Xebba:

— Ina mooenun Xondgpunga: Beca cBasen
yBeNnnMumnBarTCAa Mexay HepoHamMm ¢ 0gMHaKOBbIMU
COCTOSAHMSAMN N YMEHbLLAKTCA B NPOTUBHOM Cny4vae

["aBpunos A.B. 10
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Micnonb3oBaHne oby4YeHHOU ceTu

* ITepaunoOHHbIN NpoLecc BblYUCIIEHUSA
COCTOSIHUN HEMPOHOB NOKa He ByaeT AOCTUTHYTO
YCTONYMBOE COCTOAHUE

« BxogHble HEMPOHbI MOTYT ObITb 3aMOPOXKEHbI
(HE MEHSATCS NX COCTOSAHUSA), €CINN CHUTaETCH,
YTO HET «LuyMa»

 [Ina nony4vyeHnsi npaBunbHOro obpasa (ogHoro
n3 ccpopMnUpoBaHHbIX B NaMATU B NpoLiecce
00y4eHunsa) HeobxoaMMo NpPeabSABUTL
AJOCTaTOYHO AJIMHHBIN BXOOHOW BEKTOP, N CETb
OOImKHa obnagaTb 4OCTaTOYHOM
MHAOPMALMOHHOW eMKeCTELH T

HI'TY, kadbegpa BT



[lpumep BOCCTaHOBNEHUSA
3alymMmrieHHoro obpasa

3
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Example of preparing of data for learning working (task —

estimation of prize of flat). Length of vector (N) - 29

Destrict:
Name 1
Name 2
Name 3
Name 4
Name 5
Name 6

Type of flat

no

Panel

Large size 10
Monolith

Floor

O©CoOoO~NOOOGP~,WN -

000
001
010
011
100
101

00
01

11

0000
0001
0010
0011
0100
0101
0111
1000
1001
1010
1011
1100
1101
1110

Number of storeys:

14
Material:
panels
bricks
concrete
Square all
20-30
31-40
41-50
51-63
Square of rooms
10-15
16-20
21-25
26-30

0000
0001
0010
0011
0100
0101
0111
1000
1001
1010
1011
1100
1101
1110

00
01
10

00
01
10
11

000
001
010
011

31-35  Tagpunos A.B. 100
36-40 yrry, kacpenpa B!

Square of kitchen
4-6

7-8
9-10
11-12
Balcony
no
balcony
loggia
Balcony + loggia
Phone
yes

no
Prize
71-90
91-110
111-130
131-150
151-170
171-190
191-210
211-230
231-250
251-270
271-290
291-310
311-330
331-350
351-370
371-390

00
01
10
11

00
01
10
11

0
1

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

13




OrpaHun4deHunsa cetn Xondwunaa

MoryT BbI3biBaTbCA HE Hanbonee 6nmnakne
obpasbl 1n3-3a fiokanbHbIX MUMHUMYMOB
9HepreTU4eckom PyHKUUK

HekoTopble 00pa3bl MOryT Bbi3blBaTbCS
yaule, Yem gpyrue

MoryT Bbl3blBaTbCs MHUMbIE 0Dpa3bl U3-3a
CUMMETPUYHOCTU CBA3EN

MHdopmaynoHHaa eMkocTb: <0.75 N

["aBpunos A.B. 14
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« [1ns 60pb0bbI C NOKanbHbIMU MUHUMYMA
9HepreTnyeckon PyHKLUMMU UCNONb3YyeTCH
BHeaOpeHMe B Moaenb Xondunga cny4anHoro
npouecca N3MeHeHNa COCTOAHUN HEUPOHOB
(MawmnHa bonbumaHa)

 EcTb BapuaHT ceTn Xondunga ans aHanoroBblix
BX0OO0B-BbIXOJOB

« Pa3Butne dbuHapHom cetn Xondwunga —
[BYyHanpasfeHHas accolnaTuBHas NamsaTb
(AAM) nnun bidirectional associative memory
(BAM)

— CocTtouTt nx gByx mogenen Xondunga, cBA3aHHbIX
Mexay cobou

— [lo3BonsieT ncnonb3oBaTbh accounaumm mMexay AByMms
obpa3amu

["aBpunos A.B. 15
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AHanoroBas mogenb Xondpwunaa

CocTosiHne HenpoHa — 3Ha4veHune ot 0 oo 1.
[Tpn dbyHKUMOHNpoBaHuu HC:

Ut + 1) = KU + (1= K) ) fw, (D +1;
]

['Ae: [, — BHELWWHNN cUrHan Ha i-blil ANeMeHT,
0.5<k<71 — NOCTOsIHHAA BPEMEHMW.

Ob6yueHue:

,]__[.IIH dHA/IOT OBEIX
IHAYCHHIT [ICPEMCHHEIX

X X 2w
0 O 0

0 0 -XK,
0 =0 'X1Km
0 >0 +X.XK,

wii(t) = wi(tr) = wi(to) + Zwy;.

f(x)
JI71s1 OMHApPHBIX
3HaYeHHIl IepeMeHHBIX
X1 Xi E‘Wij
0 0 0
1 0 -1K,
0 1 -1K,
1 1 +1K,
["aBpunos A.B. 16
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MHC Xa3MmMKHra

CeTb X3MMWHra — 3TO TPEXCNOWHAA PeKyppeHTHasA CTPYKTYpa, KOTOPYK MOXKHO CYMTaTb
pasenThem ceTn Xondunaa.

MAXNET
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CeTb XSMMWHra no3MUWOHWMPYETCA Kak reTepoaccounaTUBHOe 3anomMUHalollee
YCTPOUCTBO. [MNaBHOW WAeeW SBNAETCA MWHUMU3AUMA PaccToAHWA X3IMMUHra mexagy
TECTOBLIM BEKTOpPOM, MogaBaeMbiM Ha BXo4 CeTW, U BekTopaMi obydawwux BblGOPOK,
3aKogVpOBaHHbBIMK B CTPYKTYPE CETW.

MepBbIiA CNOMA UMeeT OJHOHaNPaBNeHHOe pacnpocTpaHeHe CUrHanoB U UKCUPOBaHHbIe
3Ha4YeHWA BECOB.

Bropor cnon, MAXNET, cocTOUT W3 HEeWpPOHOB, CA3aHHbIX 0BpaTHbBIMKM CA3AMWA MO
NPUHUMNY KaXdbld ¢ KaxgbiM®, NpU 3TOM B OTNWYKME OT CTPYKTYpbl Xondunga cyllecTeyeT
HeHyneeas CBA3b BXoda HelpoHa co cBOMM Bbixogom. Beca HelpoHoB B cnoe MAXNET
TakKe NOoCTOAHHbI.

PasnnyHble HellpoHbl cA3aHbl oTpuUaTenbHol (NojasnAwollei) obpaTHoOW CA3bKD C BECOM,
paBHbIM —¢, NMpW 3TOM € ~— (oBpaTHonponopuWoHanbHo KonudecTsy o6pa3os).

["aBpunos A.B. 18
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C coBCTBEHHbIM BbIXOAOM HEWPOH CBA3aH NonoXuTenbHOW (BO3Dyxxpawlwel) obpaTHOM

CBA3bHO C EECOM PaBHbBIM 1.

Eeca nonapuzauny paeHbl 0.

HelpoHel aToro (BToporo) cnos dyHKUMoHKMpYoT B pexxume WTA (Winner Takes All): B Kaxgoi

C*JHI{EMP'DEEHHGH CUTYaUWK akTUEUIWUPYETCA TONBKO OOWH HEI:"IpDH, d OCTalnbHble HAXOOATCAH
B COCTOAHWNKM NOKOA.

BeixogHOW oAgHOHanpaBneHHbIW crio QOpPMWPYET BbIXOOHOW BEKTOR, COOTEETCTBYHLWWMNA
BXOQHOMY BeKTopy. Beca HelipoHOB 3Toro cnoA nogbupakTcA B 3@aBMCMMOCTH OT BXOAHbIX

oBy4varoLwnx BelIGOpoK.

B npouecce dyHKLMOHMPOBAHWA CETWU MOXHO BbIAENUTL 3 OCHOBHbIE (hasbl:

["aBpunos A.B. 19
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B npouecce dyHKUMOHMPOBAHWUA CETWM MOXHO BblAeNNTh 3 OCHOBHbIE (hasbl:

1.Ha Bxop nogaétca N-eekTop X . [ocne 3Tore Ha BbIXOAax HEWPOHOB Nepeore crnos
reHepPUPYTCA CUrHansl, 3agarwne cocToAHKMA HelpoHoe BToporo cnoa MAXNET.

2. MHvunmpoeaswme MAXNET curdanel yaanawTcA, M M3 COOPMUPOBAHHOMO MMM
HayanbHOro COCTOAHWA 3anyckaeTcA WUTepauWOoHHBIA MNpouecc BHYTPWU 3TOro Cnos.
NTepalyWoHHbIA Npouecc 3aBepllaeTcA B MOMEHT, Korga BCe€ HeWpOHbl KpOME& OfHOro
(no6eouTenk C¢ BbIXOAHEIM cUrHanom 1), nepeigyT B HyNeeoe COCTOAHWE. HellpoH-
noGeguTenb ¢ HEHYNEBbIM BbIXOQHLIM CUrHanoM cTaHOBWTCA NpeAcTaBMTeNneM Knacca

AaHHbIX, KOTOPOMY NPpUHa4Nex T EXOOHOM BEKTOP.

3. 3TOT Xe HEI:IPDH nocpedcTBOM BECOE, CBA3bIEAKOLWWX €ro C HEﬁpDHEMH BblXOOQHOMo CNOA,

chopMUpyeT Ha BbIXofe CeTU OTKIMK B BUAE BEKTOpa J' , COOTBETCTBYIOLLErO NCXOAHOMYX

["aBpunos A.B. 20
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CeTb XaMMWHra c4YMTasTCAH reTepoaccoynaTteHelM 3anoMUHaKOLWWMM ‘_-,I’CTPCJIFIETEDM C I'IEpDﬁ

CBA3aHHBIX MeXOy coGoil BeKTopoB (X,V),rae ¥ M )V - COOTBETCTBEHHO BXOOHOW W
BbIXO4HOW BEKTOPbI CETW €O 3HAYEeHNAMN anemMeHToB —1 .

HellpoHbl NepBOro CnoA paccyuTbiBalT paccTosHWe X3MMWUHra Mexgy BeKTopoM X W

(i) —~ (1) -
KaxablM U3 p 3aKOQWPOBaHHbIX BekTopoB-oB6pasuoe X , obpasywlux Beca 1 HelpoHOB

Nepeoro CnoA.

HelpoHbl B cnoe MAXNET BbiGupatoT BEKTOP ¢ HaWMEHbLWUM paccTofHWeM X3MMWHra,

onpegenas TakuMm oGpasom Knacc, KOTOpOMYy NPUHAANEXUT BEKTOp X

Beca HePOHOB BbIXOAHOMO Cros hOPMUPYIOT BEKTOP, COOTBETCTBYIOLMA NPeabABNEHHOMY
BEKTOpY X

["aBpunos A.B. 21
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Mopn6op BecoBbIX KO3(hPULUNEeHTOR ceTU X3MMUHra

Beca NepBOro COA COOTBETCTBYIOT O4epeHbiM BeKTopam obpa3os X :

wo=x i=1...,p

o J
AHanoru4yHo, Beca BbIXOQHOrMo Cros COOTEBETCTEYHOT Q4epelHbIM BeKTOPaM GﬁpEEGB TI .

CA3aHHBIM ¢ ¥

B cny4yae HelpoHoe cnof MAXNET, dyHKUMOHUpYOLWKMX B pexime WTA, Beca ceTW QOMKHbI
ycunueaTb cOGCTEBEHHbBIM CUrHan HelpoHa W ocnabnAaTe ocTanbHble. [NA AOCTUKEHWA 3TOro

adhekTa NpUHMMaeTCA:

(m)
wo'=1

I

d TakHKe.

<w <0, i#]j
p-1

["aBpunos A.B. 22
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3Ha4YeHWA HEMPOHOB NEPBOro CNoA (paccToAHWE X3MMUHra) onpenenseTca:

d (%) i) =
c=1——H " "' rpe dy(X",X) -paccTosHMe
-'I'H..T
’ X3MMWHa MEXKAY BXOAHbBIMM
BeKTOpaMM X M X
v.=1 eerm ¥=%" ; 7,=0  ecru ¥=—3%""". B ocTanbhbix cnysasx ,E[0.1]

CurHanbl ). CTAHOBATCA Ha4anbHbIMU COCTORHWAMKU HellpoHoB cnoa MAXNET Ha BTopoit
cTagun hyHKUMOHWPOBaHWA CeTU. 3a4ada HEWMPOHOB 3TOro CNosA 3aKNK4YaeTcA B onpegeneHun
noBegnTens. T. €. HelMpoOHa, ypoBeHb BbiXxoda KoToporo Bnu3ok K 1. TakoW HEWPOH yKasbiBaeT
Ha BeKTop obpasua ¢ MUHWUManbHBIM paccToAHMEM X3MMWHra 40 BXOAHOro BeKTopa

Mpouecc onpegeneHns nobfeguTena ABNAETCA PEKYPPETHDBIM:

) dm) i1
HZ.H"@? y;lk=1)
J#FE

v(k)=f [ wmy (k=1)\=f[ v, (k-1
|2k

Npy Ha4yanbHOM 3HadeHnn ) ; 10)=y,

["aBpunos A.B. 23
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PyHKUMA aKTUBauyun f () HenpoHoe cnos MAXNET

'

y,y=0

S\y) 0.y<0

kS

HTEPEL‘HGHHbIﬁ npouecc aaegepllaseTcAd B MOMeHT, KOrda COCTOAHWA HEﬁpGHGE
ETEﬁMJ’IMEHP}"IﬂTEH, W akTUEBHOCTE NpodofkaeT NPOABNATE TONBKO O4MH HEHPDH.

AKTMBHbBIA HEWpPOH cTaHoBUTCA nodeguTenem W 4epes Beca 11-;3 NUHENHBIX HEWPOHOB
(i)

BbIXOOHOMO CMOR NpefAcTaBnAeT BekTop 7' , KOTOPbIA COOTBECTBTYET BeKTopy X'

npusHaHHomy cnoem MAXNET Gnmxaiwnm K BXOQHOMY X .

BaHbiM OOCTOMHCTBOM ceTU X3MMWHra c4yMTaeTcA Hebonblloe KONWUYEecTBO B3BeLUeHHbIX
CBAzel Mexgy HelWpoHamu. Hanpumep, 100-exogoBas ceTb Xondwunga, kogupywowas 10
pasnn4YHbIX BeKTOpbIX Knaccos, gomkHa MMeTk 10 000 B3BelleHHBIX cA3eid ¢ nogdupasMbiMu
3HaYeHNAMKN BecoB. MpWU NOCTPOEHUW aHanornyHon ceTh XaMmMuHra Konnm4ecTeo B3BeLUEHHbIX
ceAzel ymeHbWwKTCA Ao 1 100, M3 koTopbix 1 000 Becoe HaxoaATcA B nepeom cnoe n 100 — e
cnoe MAXNET. BeixogHoii cnoit B 3TOM cny4ae He Y4MTbIBAEeTCA, T. K. CETb, aHanorn4Hans ceTu
xondwmnga, ABNAETCA accoUnaTMBHOM.
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