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Kak paboTtaet mo3r

@ Kak paboTaeT Hawa namaTs? Mbl 3anoMuHaeM accoumauuu.
Hanprmep, Hagetoch, «9 : 30 B BOCKpeceHbey» — «JEKLUS NO
machine learning».

@ [lotom Ham roopsiT — «9 : 30 B BOCKpeceHbe» uau (410
rnasHoe) «10 yTpa B BOCKPECEHLEY, @ Mbl NPUMNOMNHAEM —
TaM Xe fekuus byger.
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Cetn Xondmnpa: onpepeneHus u obyqeHune

Kak paboTaet komnbtoTep

@ Kak paboTaeT namsaTb koMnbroTepa? KomnbloTep 3anoMuHaeT
MacCUBbI AaHHbIX.

@ Mo)KHO, KOHEYHO, NCNoJIb30BaTh M3bbLITOYHOE KOAMPOBaHUE U
3aWMUTNTLCA OT HeDOABLIOro KONNYECTBA OLINBOK.

@ Ho 570 He HacTosiwas accouynatnerocTb. Kak gobutbes Toro,
4Tobbl N0 pasMmbITo—oWNBboYHOMY 0bpa3sy nosiBAsSNACh HY>KHas

accoymnauus?
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3a4yeM 3T0 Hago

@ 3auem HY>XHa accounaTuBHas namate?

@ [epsuiii npumep — pacnosHaeanne obpasoe. Yem pasHble
KapTUHKN NOXOXW Apyr Ha apyra? Kak no nckakéHHoii
KapTUHKE NOJyYUTb acCoumauuio Ha eé 3HaveHne?

Cepreili Hukonenko Cetu Xondunga



AccouynatueHas namsate u cetn Xondunga AccouynatuBHas namaTs
Ob6y4erHne no Xebby
Cetn Xondmnpa: onpepeneHus n obyqeHune

Obyuenmne no Xebby

@ Obyuenne no Xebby (Hebbian learning) — ato
MaTeMaTUYeCKasa peannsaumns acCoOLNaTUBHON NaMsATH.

@ [lycTb eCTb HelipoHHasl CETb, B KOTOPOIW KaXkAablii HEWiPOH X;
OTBEYAET 33 KAKOe-TO CobbITHeE.

@ [lpn 3TOM KaxKablii HEPOH CBS3aH C KaXKAbIM, 1 BECA Y HUX
N3MEHSAIOTCA B COOTBETCTBUU C KOPpensuneid mexay
cobbITaAMU:
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Obyuenmne no Xebby

@ Tenepb 370 paboTaeT Tak: Kaxablli pas, Korga B 7 Bedepa B
MOHEAENbHUK NPONCXOANT NEKLNS, BEC MEXAY 3TUMM
cobbITUAMN yBENNYMBAETCS.

o [losTomy noTom, Ha CTagun NpUMEHEHUS CETW, KOrAa CeTb
«BCMOMUHAET» OAHO W3 3TUX COBBITUI, OHA C BLICOKOIA
BEPOSATHOCTBIO aCCOLMUPYET €ro C ApPYrum.

@ JTo obyueHue He TpebyeT yuuTeneii, TECTOBLIX MPUMEPOB C
rotoBbiMu oTBeTamu (unsupervised learning) — yuntcs npocto
N3 NPONCXOASLLEro.

Cepreli Hukonenko Cetu Xondunga
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Cetn Xondwmnaa

o Cetu Xondmnga HyXKHbl Kak pas ans Toro, 4tobbl HayunTb
KOMMbIOTEP aCCOLMAaTMBHO MbICAUTD.

o Kak Bbl yxxe goraganuce, cete Xondunga — 370 HelipoHHas
ceTb, npeacTasastowan coboli nonHblii rpad.

@ HelipoHbl — AuHeliHbIE C AUMUTOM aKTUBALUW; ANA HelipoHa

1, a>0
ai =) wpxg,  xila) = { 1 a<0
J ’ '

X;:

Cepreii Hukonenko Cetu Xondunpga



AccouynatueHas namsate u cetn Xondunga AccouynatueHas namaTs
Oby4erne no Xebby
Cetn Xondmnpa: onpepeneHus u obyqeHune

CUHXpOHHbIE N aCUHXPOHHbIE OOHOBEHUS

@ BaxHbIli MOMEHT: NOCKONLKY CeTb € 0bpaTHO CBA3LIO
(feedback), Hago NOHATH, CUHXPOHHO MAM ACMHXPOHHO Mbl

NpoBOAVM anaenTbl BECOB.

@ CMHXPOHHO — 3TO KOrga BCE BECAa CYWUTAOT CBOW pe3ysbTaT
OfHOBPEMEHHO N OfHOBPEMEHHO MEHSIOTCS.

@ ACVHXPOHHO — KOrZa no OfHOMY.
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CyTb mMeToga

@ CyTb B TOM, 4TObbI CceTb Xondunga cxoannace K 3apaHee
3agaHHoMmy Habopy socrmomutanmii {x1};.

@ Torga, ¢ yero Obl Mbl HU HaYanu, Mbl NPUAEM K OQHOMY U3
NMEIOLLMXCSA BOCMOMUHAHWNIA, TO €CTb BbI30BEM CaMYyHO
Ban3Kyto accoumauumio.

o BocnoMuHaHne — 3TO MHOXECTBO 3Ha4YeHUN Ka>XOoro BecCa
(i)
{Xj }j-
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ObyueHne cetn Xondunaa

o Ecan mbl xotum 3anomuuTb Habop {x!7)};, To Becam
npuceaneaem, no metoay Xebba, 3HaueHus, CBA3aHHbIE C

k) _(k
wij :T]in( )xj( ),
k

@ 3[eCb 1 HUKAKOA POSIN HE NIPaeT, MOXKHO, HanpumMep, caenaThb
1 obpaTHOIl Yncny BoCnoMUHaHWIA, 4TObLI BECa He pocan

Koppenaunamu:

CJINLLUKOM.
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HenpepbigHble ceTn Xondunga

@ To 6binm guckpeTHbie cetn. BbiBatoT n HenpepbiBHbIE, rae
HelipoHbl paboTatoT no tanh:

a; :ZW,'_,'XJ', x; = tanh(a;).
Jj

@ TyT y>e 3HayeHue 1] UMeeT 3HAUYEHNE; NN MOXKHO ero
pukcnpoBaTh, a BMECTO 3TOrO BBECTM LpPYrOi runepnapamerp

x; = tanh(Ba;).
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O cxognmocTu

@ Mul bbl x0Tenu, 4TODObLI CETN CXOLUANCH KyAa HaMm Hago.
@ [lns atoro Hennoxo 6bino Bbl, 4TOObI OHM BOODLLE CXOAMANCS.

e [agaiiTe nonpobyem [oKa3aTb, YTO HeMpepbiBHAsH CETb
Xondunga npu M3BECTHOM NpaBue NEPECHETa BECOB
OeliCTBMTENBbHO CXOAMNTCS.

@ Kak Bbl fymaeTe, kakoii annapaT Ham Afa 3TOro
noHapobutca?
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O cxognmocTu

@ Mul bbl x0Tenu, 4TODObLI CETN CXOLUANCH KyAa HaMm Hago.
@ [lns atoro Hennoxo 6bino Bbl, 4TOObI OHM BOODLLE CXOAMANCS.

e [agaiiTe nonpobyem [oKa3aTb, YTO HeMpepbiBHAsH CETb
Xondunga npu M3BECTHOM NpaBue NEPECHETa BECOB
OeliCTBMTENBbHO CXOAMNTCS.

@ Kak Bbl fymaeTe, kakoii annapaT Ham Afa 3TOro
noHapobutca?

@ Hy koHeuHo, Mbl ByaeM CTPOUTL CUCTEMY CMUHOB HECKONbKUX
31EMEHTapHbIX Y4acTUL, 1 NOACYNTLIBaTb €€ 0bLyIo SHEpruto.
Ho 06 3Tom 4yTb no3xe, Ha4HEM Mbl M3aaneka.
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

Outline

9 Ot HelipoHHbIX ceTeii Kk ceTssm Xondunga
@ [lyHanpaBneHHast acCcoLnaTMBHAA NamsAThb
o CxopgumocTb ceteli Xondunaa
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ HayHém co 3HakOMOro amnaparta: HENPOHHbIX CETEA.

@ PaccMOTpuM HelipoHHYH CeTb C ABYMS CAOSIMU: BXOAHLIM U
BbIXOZHbIM.

o BxopHoli cnoii nonyyaer BXod, NepecHUTbIBAET CBOU
pesynbTaThl U NepefaéT NX BbIXOLHOMY CJIOHO.
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ HoBunsHa B TOM, 4TO Tenepb BTOPOI C/Ol, NEpECHNTaB CBOU
pe3ynbTaThl, OTAAET NX 0bpaTHO BXOQHOMY CAOHO.

N npouecc ntepaTUBHO NpOAOSIXKaAETCs.

o Vpes B Tom, 4TOBbI CeTh AOCTUINA KAKOFO-TO PaBHOBECUS,
CTabuNbLHOro COCTOSIHMS.

Takme ceTn Ha3bIBAKOTCA PE3OHAHCHBIMMU, NAN
ABYHanpasJseHHol accoynatusHoii namsatero (BAM).
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ Ecnn B nepeom cnoe n nepuenTpoHoB, Bo BTOPOM Kk, TO
nonyyaetcs maTpuua secos W pasmepom n x k.

@ Ha Bxop noctynaet BekTop Xg (CTpoka), KOTOpbIii
npeobpasyeTcsi B BEKTOP Yo.

@ Meul bygem ncnonb30BaTh JIMHERHBIE NEPLENTPOHBLI C TMMUTOM
aKTMBaLMu:

yo = sgn(xoW).
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ [loTom yo nogatoT Ha BXOZ, HOBbIA LWIAT MPONCXOANT Kak
T T
x; =sgn(Wyyg )

(nonyvaem u3 BekTOpa A/IMHBI K BEKTOP OJIMHbI ).

o W Tak panee; nonyyaetcs nocnefoBaTensHOCTL nap (X;,yi):

yi = sgn(x;W), X;Erl = sgn(Wy,-T)-
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ Bonpoc: coligérca an npouecc? To ecTb Aoiaém an Mbl go
BEKTOPOB X 1 y:

y =sgn(xW), x' =sgn(Wy').

o Ecau ga, nonyuntcs accoumaTuBHas NnamsiTh: Mbl LaNN OAWH
BEKTOP, @ NOTOM MOC/I€ HECKONbKNX MTepaLunii CeTb
«BCMOMHWIA» LOMOJAHUTENbLHBIA K HEMY BEKTOP, 1 HA0bOPOT.

o Bonee toro, cetb BcnomHunna bel accoumaunto, gake ecam ool
BEKTOP Dbl HEMHOXKO HE TaKOW, KaK paHblue — BCE COLIAOCH
bbl kK Gavxkaliweii nape (x,y).
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ YT1obbl 0byunte BAM, moxHO ncnonbsosaTh xebbosckoe
oby4enne.

@ Korga Mbl XOTUM 3aMOMHUTbL BCErO O4HY acCoLMaLuIo,
MaTpuMua KOppensaunii Mexxay 4ByMsl BEKTOpPaMu — 3TO NMPOCTO
W =x'y. Torga

y = sgn(xW) = sgn(xx'y) = sgn(/x/’y) =y,

x' =sgn(Wy') =sgn(x'yy') =sgn(x'llyl?) =x".

Cepreili Hukonenko Cetu Xondunga



[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

JlByHanpaBaeHHast accounaTMBHAs NaMsThb

@ Ho MOXHO xpaHuTb 1 HECKONBLKO accouvaumii
(X1>Y1)» ey (Xm)Ym):

W:x]—yl—l—...—I—X;ym.

@ [lns atoro cnyyas bymert nydile, ecin BeKTOpbl X; U y; byayT
MeXZy coboli nonapHoO OpTOroHasbHbI.

Cepreili Hukonenko Cetu Xondunga



[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

BAM u eé dpyHKUNA dHEPrUw

Paccmotpum BAM co cTabunbHbiM cocTosihuem (X, by). Mei
ceiivac B nonoxeHun (Xg,yo)-

Onpegenum BekTOop BO3bY>XaeHwii (excitation vector):
el = Wyy.

o nOJ'Iy‘-IaeTCﬂ, 4YTO CNCTEMA B CTa6I/IJ'IbHOM COCTOSAHUN, ecnn
sgn(e) = xo.

@ To ecTb ecnu BEKTOp € JOCTAaTOHHO BIN30K K Xp.
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

BAM u eé dpyHKUNA dHEPrUw

@ 3Ha4nT, MOXXHO BBECTU SHEPTUIO
E= —xoeT = —XOWyJ,

1 oHa bygeT Tem MeHblUe, 4em Banxke e K Xp.

@ E nonyuaetcs mepoli Toro, HackoNbLKO Mbl Ban3KM K
CTabnabHOMY COCTOSHMIO.
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

BAM u eé dpyHKUNA dHEPrUw

@ Ecan 0606wt 310 npocto Ha BAM c matpuuein W, 1o Ha

ware (X;,y;) PyHKLUMUA SHEPrUnN ONpenensieTcs Kak

1
E(xi,yi) :_EXiWYiT-

° % NpUroanTCs NO3XKE, NPOCTO Ans yaobcTea.
@ Tenepb Mbl MOXeM gokasaTb, 410 BAM paHo namn nosgro

COMAETCS K CTabUAbHOMY COCTOSIHUIO.
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

BAM u eé dpyHKUNA dHEPrUw

@ 3ameTum, uto E(x, by) MOXHO nepenucaTh B ABYX pPasHbIX

BUAAX:
k

1 1 ¢
Exy)=—5 > eiyi= 5 D aixi,

i=1 i=1
roe € = xW — B03byKAeHUs1 HEPOHOB BTOPOro CJI0s, a
g = Wy — nepsoro cnos.

o Bynem paccmaTpuBaTh acCMHXPOHHbIE anAeiTol: BO Bpemsi t
Mbl Cly4aliHo BbIbMpaeM, Kakoii NepuenTpoH NepecHuThIBaTS.
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[AByHanpaBneHHasi accoumaTMBHasi NaMsATh

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteii Xondunga

BAM u eé dpyHKUNA dHEPrUw

o CocTosiHne i-ro nepuenTpoHa NepBOro CJIOsi USMEHUTCS,
TOJIbKO €CAN gj U X; He COBMaAaloT B 3HaAKe.

I ,
e U1 B Takom cnyyae x; 3aMeHUTCS Ha x; = sgn(g;).
@ [lockonbKy OCTasnbHble NPM 3TOM aCMHXPOHHOM angeiiTe He

MEHAKTCA, SHEPIUA N3MEHACTCA Kak

1
E(X>y) - E(X/>y) = _Egi(xi - Xi,) > 0.

@ 3Ha4NT, SHEPrns YMEHbLIAETCS Ha KaXKAOM Llare, a BCEro
KOMBUMHALUA BO3MOXKHbBIX COCTOSHUI KOHEYHOE YUCAO.
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

F pnaynoHHbIE METObI

@ B cratdusuke yacto beiBatoT pacnpeaeneHus tuna

1 =
5 _ L —BERJ)
p(X) €

S 1
E(X,J) = —3 Z Jijxixj — Z hix;.
i i

@ Jta E — dpyHKUNSA SHEPraM CUCTEMBI JEMEHTAPHBIX HacTuL,

, TOE, Hanpumep,

CO CNUHamMKn X.
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTs ceteli Xondunga

[Mpnbnnxenne E

o Kak nam obpaboTaTs Takyto cyHKLMI0O?

o Bynem e€ npubnnxaTs 6onee npocTbiM pacnpegeneHnem:
Q(%,3) = le*Z,-a;x,-
) Z M

o KauecTteo npubnuxeHus byaeMm oueHnBaTL NOCPELCTEOM
BapuaLmoHHoN cBobOAHOMN sHEprum

@ DTO Ha caMOM fgeJie CpefHssa sHeprua E no pacnpegenenuto @
MUHYC 3HTponua Q.

@ Yem Bamxe npubnumxerune K p, TeM meHblue BF.
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

Mpubnuxernne E yepes Q: sHTponus

@ B Hawem koHKpeTHOM cniydae aHTponus @ — 3To cymma
SHTpPONWIA WHANBUAYANBHBIX CMUHOB

SQ—ZQIn— ZHQ qi) —Z(qilni—l-(l—q)lnl

i

=)

@ 3pecCb g; — BEpPOATHOCTb TOrO, HTO CMUH X; paBeH +1, To ecTb

e 1
edi +ed 14 e 24’

qgi =
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
r P buna CxopumocTs ceteli Xondunga

[Mpnbnuxxernne E yepes Q: cpeaHee no @

o CpegHee no @ Toxe BymeT [OCTaTOYHO NPOCTO MOMYHUTH:

Y QR AER S =3 3w Y b,
i iJ i

efi—e %

edit+e 2

roe X; = =tanha; =2q; — 1.

VnpaxHeHue. [lokaszaTe 3Tu hopmynbl. [NaBHOe — TO, 4TO X; U X;
B JjjXjXj HE3aBUCUMbI.
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[JByHanpaBneHHasi accoumaTMBHas NaMsATb

CxopumocTb ceteli Xondunga
eqaHus o cetsix Xondunga

MuHnmMmusauus

Tenepb HaZO MUHUMWU3UPOBATL BAPUALMOHHYHO CBODOAHYHO
3Hepruo

B'E:B ;ZJI-J},-)_(J-Z./?;)_(,' *Z.H2(Qi)-
iy ! !

VnpaxxHeHune. B3atb yacTHble nponsBoAHble U AOKA3aTh, YTO
MUHUMYM AOCTUraeTCs B

ax=p ZJk,')_(,' + h |, Xx = tanh ay.
i
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[eyHanpaBneHHas accoumaTUBHasi NaMsiTb

OT HellpoHHbIX ceTell k ceTsam Xondunga =
P buna CxopumocTb ceteli Xondunga

OT MUHUMU3aLUK K aNTOpUTMY

@ B 3Tux ypaBHeHuMsix a; BbIpaXkatoTCsi 4epes x; N HaobopoT.

@ Ecnn nonbsoBaTbcs Mun Kak MTepaTUBHON npouemypoii, To
[BF byaeT ymeHblIaTbLCS.

o Takas dyHkuus HasbiBaeTca ¢pyHkymeni Jlanynosa. Ecnn
yHkunsa JIsanyHoBa eCTb, TO, 3HAYUT, GUHAMUYECKaAs CUCTEMA
TOYHO CXOAUTCS K TOYKE WM LMKIY, Ha KOTOPOM byHKLUs
JlsnyHoBa KOHCTaHTHa.
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maTuBHas namsaTb n cetu Xondunaa
OT HelipoHHbIX ceTell k cetam Xondunga
Odpyrve sameqanus o cetax Xondunga

JByHanpaBneHHas accoumaTuBHas NamMsaTh
CxopumocTb ceteli Xondunga

Cetn Xondwmnga

@ B ceTtsax Xondunga BCE TO Xxe camoe:
~ . 1+ x;
BE(X) = foZH2< )

@ Ho 3To cuibHO 3aBNCUT OT YCIOBWIA 3afaqun.

YnpaxHeHue.

O T[pueegute npumep cetn Xondunaa ¢ HECUMMETPUYHBIMU
BECAMU, KOTOPAsl HE CXOAMUTCS K OBHOMY COCTOSIHUIO.

Q T[lpuesegute npumep cetn Xondunga ¢ CMHXPOHHLIMM
angeiTamu, KOTopasi He CXOLUTCS K OQHOMY COCTOSIHUIO.
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Outline

© [pyrve 3amedanus o cetax Xondunga
@ Bpems B cetax Xondunga
@ [Mpumenenue ceteii Xondunga
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Bpems B cetax Xondunga

MpumeHeHme ceteli Xondunaa
Apyrue samevaHus o cetax Xondunga

Cetn Xondumnga co BpemeHeM

(] HEXOpOLIJO, Y4TO Mbl 3aBUCUM OT TOro, CUHXPOHHbLIE aHAEMTbI
nan aCUHXpPOHHbIE.

o [losToMy MOXXHO Ha CaMOM Jene He 3aBUCETb, a CHMTATb
PEaKLMIO HEMPOHOB byHKLMEH OT BpEeMEHN.

o bynem cuntaTb, 4TO a3;(t) = Zj wiix;(t) nogcunTeIBaETCA

MIHOBEHHO, @ HelipoH pearupyeT no ypaBHEHUIO

d 1

aX,.(t) — —;(X,-(t) —f(ay)),

roe f(a) — dynkuns aktusauun (tanh).
e Torga, ecnv MaTpMUA BECOB CUMMETPUYHA, 3Ta UHAMUYECKAS
cucrtema byaet nmetb Ty xe camyro dpyHkuunto JlanyHosa.
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MpumeHeHmne cereii Xondunpa
Apyrue samevaHus o cetax Xondunga P bunn

Pacnos+aBaHue obpaszos

o Cetun Xondunga npuMeHslOT, HanpumMep, A0S pacno3HaBaHus
obpasos.

@ [Mpn 3ToM cTabuiibHbIE COCTOAHUS CUCTEMBI — 3TO 0bpa3ubl
O151 pacno3HaBaHus, n paboTaeT Tak: Npu NOCTYNAEHUN
obpasa HaynMHaem 3anyckaTb CeTb, MOKa He CORmércs.

@ Ecan nbitaTthen 3aNUXHYTb CANWKOM MHOro O6pa3OB,
nosay4aroTcsa I'IpO6J'IEMbIZ NOXHble CTabunkHble COCTOSAHNA,
HeyCTOﬁ‘-IVIBbIe cTabuabHbIE COCTOAHMS. .
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3aja4m onTuMuUsaLmmn

o A ewg moxHo nonpobosaTte npucnocobuTs cetn Xonduaga
ans constraint satisfaction.

@ Hanpuwmep, onst 3afaqm KOMMUBOsKEpPa Ha K ropogax MOXKHO
pPacCMOTPETb CETb C K? HelipOHaMU, KaXKAblA N3 KOTOpPbIX
COOTBETCTBYET TOMY, YTO FOpPOf, i HaXOAUTCS Ha j—OM MeCTe
nyTu.

@ Beca gosnxHbl obecneqmnsathb, 4TOObI NyTh BblT NpaBubHbIA
(oTpruaTensHble BECa Ha HEPOHLI B OAHON CTPOKE 1
cTonbuge), a oCTaNbHbIE COOTBETCTBYIOT PACCTOSIHUASIM.

@ Ho TyT ToXe Hajo akKypaTHO.
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Bpemsa B cetax Xondunga
MpumeHeHme cereli Xondunaa

Apyrue samevaHus o cetax Xondunga

Cnacubo 3a BHumaHue!

@ Lecture notes n cnaiigsl OyayT nosiBAsSTLCA Ha MO
homepage:
http://logic.pdmi.ras.ru/~sergey/index.php?page=teaching

o [lpuckinaiite ntobble 3aMeYaHUs, PELLEHUS YNIPAXKHEHWIA,
HOBbIE€ YUCNEHHBIE NPUMEPLI K NPOY€ee NO afpecam:
sergey@logic.pdmi.ras.ru, snikolenko@gmail.com

o 3axoguTe B XK Lsmartnik.
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