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HelipoHHbIe ceTH aCCOUMATUBHOM MAMATH

E.M.Mupxec
BeruncimrensHerii nearp CO PAH B r. Kpacrosipeke!

PaccmatpuBarorcs HEHUPOHHBIE CEeTH aCCOLIMAaTUBHOMU NaMsATH,
BOCCTaHABJIMBAIOIINE 110 UCKa)KEHHOMY H/HJIM 3alIyMIIEHHOMY 00pa3y OmKalmmii K
HeMy JTajloHHbIM. MccnenoBaHa nH(pOpMalMOHHAs €MKOCTh CETel M MPeasIoKEHO
HECKOJIBKO IIyT€H €€ IOBBINICHWS, B TOM 4YHUCJIE - OPTOTOHAJIBHBIE TEH30PHBIE
(MHOrOuacTHuHbie) cetd. llocTpoeHsl cmocoObl MpenoOpadoTKH, TO3BOJISIONINE
KOHCTPYHPOBAaTh HEHPOHHBIE CETU aCCOLMATUBHOW MaMsTH Uil 0OpaboTKH 00pa3os,
WHBapUAHTHOH OTHOCHUTENBHO Tpynm mpeoOpazoBanuii. OmnmcaH YUCIEHHBINA
DKCIIEPUMEHT I10 MCIIOIb30BAHUIO HEMPOHHBIX CETEH I AEKOAWPOBAHUS Pa3INYHBIX

KOJOB.

1. Beenenue

[Ipexe yeM 3aHMMATHCS KOHCTPYMPOBAHHEM CETEW ACCOLUMATUBHOW MaMSTH
HE0OXOAMMO OTBETUTh Ha CJEAYIOIIHME ABa Bompoca: “Kak ycTpoeHa accoruaTHBHAsI
namath?” U “Kakue 3agaun ona pemaer?”’. Korga mbl 3a1aeM 3T BONPOCHI, UMEETCS
B BUJy HE YCTPOMCTBO OTIEIOB MO3ra, OTBEYAIONIMX 3a ACCOLMATUBHYIO MaMATh, a
Halle MpeACTaBlI€HHE O MakKpompoleccax, MNPOUCXOASIINX TPU MOPOSIBICHUU
aCCOIMAaTHUBHOM MaMsTH.

[IpuHATO TOBOPUTH, YTO Yy YEJIOBEKA BO3HMKJIA AacCCOIMALIMS, €CIU MpHU
MOJIYYCHUN HEKOTOPOH HEMOJIHOW HHPOPMAITUU OH MOXKET MOJPOOHO OMUCaTh OOBEKT,
K KOTOPOMY IO €r0 MHEHHIO OTHOCHTCS 3Ta MH(opMamus. J[0CTaTOYHO XOpOIIHM
MPUMEPOM MOXKET CIYKUTh OMUCAaHWE Majo3HakoMoro uenoBeka. K mpumepy, npu
BbICKa3biBaHuM: “Ciymiai, a 4To 3a NapeHb, C KOTOPHIM Thl BU€pa pa3roBapuBaj Ha

BEUCPUHKE, TaKOW BBICOKMH ONOHAMH?”- y coOeceqHUKa BO3HUKAET 00pa3
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BUEpAIITHETO cOOECeTHUKA, HE OTPAaHUYUBAIOIIUNACS POCTOM U IIBETOM BoJsioc. B oTBer
Ha 3aJJaHHBII BOIPOC OH MOXKET paccKa3aTh 00 3TOM YelOBeKEe JOBOJIHHO MHOTO. [Ipn
9TOM CJENyeT 3aMeTHTb, YTO COAEp)Kameiics B Bompoce HWHGOpPMAIMH SBHO
HEJOCTATOYHO Ui TOYHOM wuaeHTHUuUKauuu cobeceanuka. bonee Toro, ecnu
BUEpAIIHUN cOOECeTHUK ObLT CIy4YailHBIM, TO 0€3 TOTOTHUTENBHON HH(OpMALIUU €To
Y HE BCIIOMHSIT.

B kauectBe npyroro mpuMepa MOKHO PACCMOTPETh CHTYalHIO, KOTJa Balla
OJIHOKYPCHHUIIA TOSIBISAETCA B HMHCTUTYTE C COBEPLUICHHO HOBOW NPUYECKOW U B
HE3HAaKOMOM BaM ognexzae. [Ipm 3ToM BBI, TEM HE MEHee, Yalle BCEro €€ y3HaeTe U
CMOJKETE OINPEIECIUTh YEM €€ HOBBIM 00pa3 OTIMYAETCS OT MPUBBIYHOIO. MOXKHO
NPEIOJIIOKUTh, YTO 3TO MPOUCXOIUT cheAyromumM obOpa3zom. [Ipu Buzme ee HOBOTO
o0nMKa B Balled MaMsITH BO3HUKAET accoLMalus C MPUBBIYHBIM JJi1 Bac. A jpanee
CpaBHMBAs ATH JIBa 0OJIMKA Bbl MOXKETE OMPEEIUTh OTINYUSI.

Hcexonst U3 pacCMOTPEHHBIX NMPUMEPOB MOXHO CKas3aTbh, YTO aCCOLMATUBHAS
namsITh MO3BOJSET MO HEMOJHOW W Jake YaCTUYHO HEJOCTOBEPHOW HH(OpMaIuu
BOCCT@HOBHTD JIOCTATOYHO MOJHOE OMHCAHUE 3HAKOMO20 00BbeKTa. CIIOBO 3HAKOMO20
SBJISIETCS  O4YEHb BAXKHBIM, ITOCKOJIBKY HEBO3MOXXHO BBI3BATh AacCOLMalMU C
HE3HAKOMbIMU 00bekTamu. [Ipu 3TOM OOBEKT JOJIKEH OBITh 3HAKOM TOMY, y KOTO
BO3HHMKAIOT aCCOLIUALUU.

OAHOBpEMEHHO PpAacCMOTpPEHHbIE MPUMEPhl MO3BOJSIOT  CHOPMYIUPOBATH
penacMple ACCOLMATUBHON NaMATHIO 3a1a4N:

1. CooTHeCTH BXOJHYI MH(QOPMAIUIO CO 3HAKOMBIMH OOBEKTaMH, U JOTOJTHHUTD
€€ J10 TOYHOTr'0 OIUCaHusl 00BEKTA.
2. OrdunbTpoBaTh M3 BXOJHOW WH(OPMAIMK HEJOCTOBEPHYIO, a Ha OCHOBAHHH

OCTaBUIECHCS PEIIUTh NEPBYIO 3a/1a4y.

O4eBUAHO, YTO MOJ TOYHBIM ONHCAHHUEM OOBEKTa CIIEAyeT MOHHUMATh BCIO
uH(pOPMALINIO, KOTOpasi JOCTYIHA acCOIMaTUBHON mamsaTH. BTopas 3amaya pemaercs
HE MOATAITHO, & OJJHOBPEMEHHO MPOUCXOIUT COOTHECEHHE MOTyYeHHOU HH(POPMAIIIH C

N3BCCTHBIMU 06pa3uaMH Hn OTCCB HeHOCTOBepHOﬁ I/IH(bOpMaHI/II/I.

2. [locTaHoBKa 3aa4M



IlycTb 3amaH HaOOp U3 7 3TAJTOHOB — 71 -MEPHBIX BEKTOPOB {x l} . TpebOyercs

HOCTPOUTh CEThb, KOTOpas NpH MNPEeAbSBICHUM HAa BXOJ IPOU3BOJBHOIO 0o0pasza —
BEKTOpa X — JaBaja Obl Ha BBIXOJE “‘HanboJIee MOX0KHIT~ 3TAJIOH.
Bcrony nmanee o0pas3sl M, B TOM 4YMCIE, 3TAJOHBl - H-MEpPHbIE BEKTOPHI C

koopauHatamu t1. Dranon, “Hanbosiee MOXOKUK™ Ha X - OJIMKAWIIUN K X BEKTOP
I
x°. Jlerko 3ameTWTh, YTO OTO TpeOOBaHWE OKBUBAICHTHO TPEOOBAHUIO

I
MaKCHMAaJIbHOCTH CKaJIsIPHOTO MPOM3BEAEHHS BEKTOPOB X U X :
2 I
—2(x,x )

o i
HepBI)Ie ABa CJIaraCMbIX B IIPpaBOU YaCTU COBIIAJAXOT JIA JTFOOBIX 06pa30B X U X ,

i
X

2
~ | +

i
e

TaK KakK JUIMHBI BCEX BEKTOPOB-00OpPa30B paBHEI V. Taxum o0Opa3oM, 3aja4ya MOUCKa
Omkaiiniero oOpaza CBOAMTCA K IOUCKY o0pa3a, CKalsipHOE IPOU3BEICHHE C
KOTOPBIM MaKCHUMaJlbHO. DTOT MPOCTOW (DaKT MPUBOIUT K TOMY, YTO CPAaBHHUBATH
npuaercs JuHeWHble (QyHKIMUM OT 0oO0pa3oB, TOrAAa KAaK PpAcCTOSHUE SBISIETCA

KBaJAPaTUYHON (yHKIIHEH.

3. Cetu Xonduiaga
Haubonee n3BecTHON CETHIO ACCOIMATUBHOW MAMSITH SIBISIETCS ceTh Xomnduiaa

[1]. B ochoBe cern Xondunga JeKUT cienyrolmias Haes — 3alulieM CUCTEMY
mudepeHMaNbHbIX ypaBHEHUH JUIS TPaJUeHTHONM MHWHUMU3auuu ‘sHeprun” H
(pynkuuum JlanyHoBa). Touku paBHOBECHS TaKOMl CHCTEMBbl HAXOIATCS B TOYKax
MUHMMyMa d3Hepruu. @DyHkuuioo sHeprun OyAeM CTPOUTh M3  CIEAYIOLIMX
COOOpaKeHUM:

1. Kaxxaplii 3TanoH A0yKeH ObITh TOUKOM MUHUMYMA.

2. B Touke MUHHMYyMa BC€ KOOPAMHATHI 00pa3a IOJHKHBI UMETh 3HaYeHus T 1.

DOyHKIMSA



HC YIOBJICTBOPACT 3THUM Tpe60BaHI/ISIM CTpOro, HoO MOXHO IIpCAIojIaraTb, 4TO IICPBOC

ciaraeMoe O0eCHeuuT MPHUTHKEHHE K dTaloHaMm (s BEKTOpa X (UKCUPOBAHHOU

\2
1
JIMHBI MAaKCUMYM KBaJpaTa CKaJLIPHOI'O IIPOU3BCIACHUA (x,x ) AOCTHUTaCTCA IIpHU

n
2
X=X; ), @ BTOpOE claraeMoe Z(x j —l) — NpUOIM3HUT K eIuHUIe abCONIOTHBIC

j=1
BEIIMYUHBI BCEX KOOpAMHAT TOYKM MHHMMyMa. BenmuunHa o XapakTepusyeT
COOTHOIIIEHUE MEXIY STUMH JBYMs TPEOOBAaHUSIMU U MOXET MEHATHCS CO BPEMEHEM.
Hcenone3ys BeIpakeHUE U1 SHEPTMM, MOKHO 3alMCaTh CUCTEMY YpPaBHEHHH,

ONKCHIBAIOMIMX (QYHKIIMOHUPOBAHUE ceTH Xomduia:
m . . 2
- — . = l l. —_ PR—
X;= ﬂH/é}c]—Zl(x,x )x] 4a(x] l)xj. (1)
1=

Cetp Xondunaa B Buae (1) ABiseTcs ceTbio ¢ HEMPEPHIBHBIM BpeMEHEM. JTO, ObITh
MOXET, M YHOOHO MJii HEKOTOPHIX BapUAHTOB AHAJIOTOBOW peanu3aluu, HO IS
U(POBBIX KOMITBIOTEPOB JIy4Ille BOCIOIB30BATHCS CETSIMH, (HYHKIMOHUPYIOIIUMHU B
JUCKPETHOM BPEMEHH - IIar 3a [IaroM.
[Moctpoum cerp Xonduiuga ¢ AUCKpeTHbIM BpemeHeM. CeTb JOMKHA
OCYIIECTBIISITh MPE0OpPa30BaHNE BXOJHOTO BEKTOpPA X Tak, 4TOOBI BHIXOJHOW BEKTOP
!

X Obu1 OJMKe K TOMY OSTaJIOHY, KOTOprﬁ ABJACTCA TIPpABHUJIBHBIM  OTBCTOM.

[IpeobpazoBanue ceTu OyIeM UCKaTh B CIEAYIOIIEM BHJIC:

m .
x'=Sign| Y wix'|, )
i=1

IJI€ W; — BeC [-ro 3TaJloOHa, XapaKTepHU3YIOIUil ero OGIM30CTh K BEKTOpPY X , Sign -

HEJIMHEWHBIN oIepaTop, MEePeBOSIIMI BEKTOp C KOOpAWHATAMU ); B BEKTOp C

KOOpAWHATaMH sign y; .

dynknuoHupoBanue ceT. CeTb paboTaeT CICAYIOIINM 00pa3oM:
1. Ha Bxox ceTu momaercsi o0pa3 X , a Ha BBIXOJIe CHUMAaeTcsi 00pa3 x '
2. Ecnu x' # x , To nojaraem X = X' u BO3Bpalaemcs K miary 1.

3. TlonyuyeHHBIN BEKTODP X' SBIISETCS OTBETOM.
y4 p



Takum 00pa3oM, OTBET BCETa SABISCTCS HEMOABIKHON TOYKOM TpeoOpa3oBaHUs CETH
(2) 1 UIMEHHO 3TO yclIOBUE (HEM3MEHHOCTh IMPU 00pabOTKe 00pas3a CEThIO) U ABISAETCS

YCJIIOBHUEM OCTAaHOBKH.

%
[Tycte i — HOMep 3TanoHa, Omwkaimero k odpasy x . Torma, ecinu BeIOpaTh

BC€Ca IIPOIOPHHUOHAIIBHO OJIM30CTH STAJIOHOB K HCXOJHOMY o6pasy X, TO CICOYCT

*

i
OXKWAaTb, 4TO O6p33 x' 6y,I[eT OmmKe K 9TAJIOHY X , Y€EM X , a4 IMOCJIC HCCKOJIBKUX

*

UTEPALIUN OH CTAaHET COBMNAAATh C ATAJIOHOM x!

Haubonee mpocrtoit cerbto Buaa (2) sIBIAETCS AUCKPETHBI BapuUaHT CETH
Xondunma ¢ BecaMd paBHBIMU CKaJlsipHOMY TIPOM3BEJCHUIO D3TaJOHOB Ha
pebsABIsEMbI 00pa3:

m . .
x' = Sign Z(x,xl)xl . (3)
i=1

O cersx Xomdwiamza UW3BECTHO, UYTO OHH a 6 B r
CIOCOOHBI  3allOMHHTH W TOYHO BOCIIPOM3BECTH
“nopsinka 0.14n cmabo ckoppenupoBaHHBIX 00pa30B”.

Puc. 1. a, 6, c — smanonwi,

B 3TOM BBICKAa3bIBAHUU COACPIKUTCA JABa
2 —omeem cemu Ha

OTPAaHUYCHHS:
npeovssienue 106020

e yucyo 3taoHoB He npeBocxoaut 0.14n.
9MANOHA
® STAJOHBI CIa00 CKOPPEIUPOBAHHEI.

Haubosnee cymiecTBeHHBIM SBISIETCS BTOPOE OTpaHUYCHHUE, TOCKOIBKY 00paskbl,
KOTOpBIE CeTh JOJDKHa 00padarbiBaTh, YacTO O4YeHb MOXO0XHU. llpumepom moryt
CIy)XUTh OyKBBI JatuHCKoro andasura. Ilpm oO0ydenmn cetn Xomdunaa
pacro3HaBaHUIO TpeX MepBbIX OykB (cM. puc. | a, 0, B), MpH NPEAbABICHUNA HA BXOJ
ceT JM000TO0 WX HTAJIOHOB B KaueCTBE OTBETA MOJy4yaeTcs oOpa3, MpHUBEICHHBIA Ha
puc. 1 1.

B cBsa3u ¢ TakuMu mpuMepaMu TEPBBIA BOMPOC O KadyecTBe pPaOOTHI CETH

acCOIMaTUBHOM  MHaMSITH 3BYUUT TpPUBHUAJILHO: 6yz[eT JM CCThb IIPAaBUJIBHO

00pabaTeIBaTh CaMU 3TAJIOHHBIE 00pa3kl (T.€. HE HCKaXKaeT ux)?



3aBUCUMOCTb paboThl ceTH Xomnduiga OT CTENeHH CKOPPETUPOBAHHOCTH
00pa30B MOKHO JIETKO MPOJAEMOHCTPUPOBATh Ha ciedyrolieM npumMepe. Ilycts naHbl

1 .2 .3
TPU 3TAJIOHA X ,X~,X~ TaKuX, 4TO

(4)

(xl,x])> 0 (Vi,j).
Jlst 110001 KOOPANHATHI CYIECTBYET OJIHA U3 YE€THIPEX BO3MOKHOCTEH:
1) x} =le =1(Vi,j),

2)x; =—x/

J
)
3)x; =—xlj =xlk =-1,

B nepBoM ciiydae npu npeabsIBICHUH CETH ¢ -T0 dTaloHa B cuily ¢opmyisl (3)

4) x; =X

3 .
nomydaeM Xx; =S ign(Z(xq,xl)x 1] =1, Tak KaKk BCe CKalsIpHBIC MPOM3BEIACHUS
i=l1

HOJIOKHUTENBHBl 110 YCIOBHIO (4). AHAJOIMYHO IIOJy4aeM B YETBEPTOM CiIydae
x}- =-1.
Bo BTOpoM cirydae paccMOTPHM OTIEILHO TPU BapHaHTa
X =xi, x} = Sign(—(xi,xi)+(xi,xj)+(xi,xk)) =1
x=x/, x| = Sign(—(xj,xi)+(xj,xj)+(xj,xk)) =1
X =xk, x] =Sign(—(xk,xi)+(xk,xj)+(xk,xk)) =1
TaK KaK CKaJsApHBIA KBaapar jroboro obpasa paBeH 7, a cymMMa IBYX JHOOBIX

CKaJSIPHBIX TPOU3BENCHUHN 3TANIOHOB Oojbine 7, mo ycinoBuio (4). Takum obpazom,

HC3aBUCHUMO OT IPCABABICHHOTO 3TAJIOHA ITOJIYy4YacM X}' =1. AHajlorn4yso B TPCTHECM

cilydae Mmojy4yaem X } =—1.



OKOHUaTenbHBIN BBIBOJ TAaKOB: €CIIHM ITAJOHBI YIOBJIETBOPSIOT YCIOBHIM (4),
TO TIPU TIPEABSBIICHUN JTIOOOTO ATAIOHA HAa BBIXOJE Bceraa Oyaer oguH obpa3. DToT
o0pa3 MOXeT OBITh ATAJIOHOM WIH ‘“XHMEpOW~’, COCTAaBIEHHOW, dYalle BCEro, H3
y3HaBaeMbIX ()ParMEHTOB PA3IHYHBIX OTAJOHOB (NMPUMEPOM “XUMEPBHI” MOXKET
CIIy’)KUTh 00pa3, MpuBeneHHBIH Ha puc. 1 T). PaccMoTpeHHBIH paHee mpumep c
OyKBaMH JIeTaJbHO WILTIOCTPUPYET TAKYIO CUTYAIIUIO.

[TpuBeneHHbBIC BEINIE COOOpPAKEHHSI TIO3BOJISIIOT CPOPMYIMPOBATH TPEOOBAHHE,
JETATU3UPYIONIHE MOHATHE “Clabo CKOppeIupoBaHHBIX 00pa3oB”. [ mpaBUIBLHOTO

pacro3HaBaHusl BCEX ATAJIOHOB JIOCTATOYHO (HO HE HEOOXO0AUMO) MOTPEOOBATh, YTOObI
;o

HarjsiagHaoc, X0TA 141 ooitee CHJIBHOC YCJIIOBHUC MOJXHO 3a1carb B

)

O9TAaJIOHOB, TCM Ooyiee KECTKHE Tpe60BaHI/I$[ ONpCaABABIIAIOTCA K CTCIICHU HX

<n,Vj. Bonee mpocroe u

m
BBINOJIHAJIOCH CJICAYIOIIESC HEPAaBEHCTBO Z
i=1
i#]

n . . o
<—,VZ-¢]. N3 stux YCJIIOBHUU BHIOHO, YTO 4YCM OoJbIIIe 3aJ1aHO
m

BHUJIE

CKOPPCINPOBAHHOCTH, TEM OJIMKEe OHHU JOJIDKHBI OBITH K OpPTOr'OHAJIbHBIM.

PaccmoTpum npeoOpazoBanue (3) Kak Cynepro3ulnio IBYX MpeoOpa3oBaHUM:

Px = Z x,xi)xi, x'= Sign(Px). (5)
i=1
. m .
OGosnaunm  uwepes L {xl})z x|x=Y ax'; ¢y eR} — numeitnoe
=1

IPOCTPAHCTBO, HATSIHYTOE Ha MHOXKECTBO ATAJIOHOB. Torna mepsoe npeobdpa3oBaHuE B
n i
(5) nepeBoaut BekTophl B3 R ™ B L ({x D . Bropoe npeoGpazoBanue B (5) mepeBoauT

pe3ysbTaT IMepBOro npeodpasoBaHuss Px B ofHy W3 BepIIMH TUNepkyda oOpa3os.
Jlerko mokasaTh, 4TO BTOpoe TpeoOpasoBanue B (5) mepeBoAUT TO4YKy Px B
OMMKAMIYI0 BEPINUHY THIEpKyOa. JIeWCTBUTENBHO, MYCTh @ W b JBE pasindHbIC
BEPIINHBI TUIIEPKYOa Takue, uTo a — Omwkaiimias k Px , a b=x'. U3 Toro, 4ut0 a u

b pasiindHbl  CJIICAYCT, HYTO CYMCCTBYCT MHOXCCTBO MHIACKCOB, B KOTOPBIX



KOOpAWHATHI BEKTOPOB @ W b pasmuunbl. O6GO3HAYUM 3TO MHOKECTBO Yepes3
I = {i: a; = _bi} . I3 BrOporo npeobpasosanus B (5) u Toro, 4yro b= Xx', caeayer, 4ro
3HAaKW KOOpPJHMHAT BEKTOpa PX Bcerga COBMAgarOT CO 3HAKAMH COOTBETCTBYIOIIMX

KOOpAWHAT BCKTOpPaA b. YuursiBas pas3jiniunuc 3HAKOB I-X KOOpAuHAaT BEKTOPOB d U

Px npu i €l MoxHO 3anucaThb ‘ai - (Px)l.‘ = ‘al-‘ + ‘(Px)l.‘ =1+ ‘(Px)l.‘ . CoBnanenue

3HAKOB I -X KOOPAWHAT BeKTOpPOB b u Px mpu i €/ MO3BOJSET 3amucarh Cleayromiee

‘ai‘ - ‘(Px)l.H <Il+ ‘(Px) ‘ CpaBHMM paccTOSHUS OT

HEPaBEHCTBO ‘bi - (Px)l.‘ = ;

BepuiMH a U b 10 Toukn Px

p-Pxl= 3 ((Px), = Tt (Pe), )+ 2o (P, <
i=1 iel igl
%(1 Hl(px),|)” + %(al. ~(Px),) = é(al- ~(Px),)" =Ja-Px]

[TonyyenHoe HepaBEHCTBO Hb—PxH <Ha—PxH MPOTUBOPEUUT TOMY, UYTO d —

Oommxaitias k Px . Takum o0pa3oM Ji0ka3aHO, 4yTO BTOpoe IpeoOpasoBaHue B (5)

NEePEeBOIUT TOUKY PX B Omwkallnyto BepIInHy runepkyda oOpa3os.

4. OpToroHajbHble ceTH

I[JI)I obOecrieyeHust MMPaBHUJIBHOI'O BOCHPOU3BCACHUA J3TAJIOHOB JOCTATOYHO

I i
notpeboBaTh, 4ToOBI TIepBOE MpeobOpa3oBanue B (5) ObUIO TakuM, 9To X = Px’.

O‘ICBI/IIIHO, qTo CCJIH IIPOCKTOp ABJACTCA OPTOrOHAJIbHBIM, TO 3JTO Tpe60BaHI/Ie

BBITIOJIHACTCS, TOCKOJABKY X =Px 1pu XEL({Xi})’ a x/ eL({xi}) 1o

I
OTIPEICTICHUIO MHOXKECTBA L({x D .
Jlnst obecriedyeHHss OPTOTOHAIBHOCTH MPOEKTOPa BOCIOIB3YEMCS TyaabHBIM

i
MHOXCCTBOM BCKTOPOB. MHOX€ECTBO BCKTOPOB V({X }) HAa3bIBACTCA OYAJIbHBIM K



i .
MHOKCCTBY BCKTOPOB {x } €CJIM BCC BCKTOpPA 3TOI0 MHOKCCTBA V] YAOBJICTBOPSAIOT

CJIcAyromum Tpe60BaHI/ISIMZ

1.(xi,vj)=5,j; 8; =0, mpui# j; §; =lnpui=j

2./ eL({xi}).

[TpeobpazoBanune Px = Z(x,vi)xi, v eV({xi}) SIBIIIETCS. OPTOTOHATIBHBIM
i=1

o i
IMPOCKTOPOM Ha JIMHCHUHOC ITPOCTPAHCTBO L ({X }) .

OproroHanbpHasi CeTh AacCOLUMATUBHON maMmsaTH mpeodpazyeT oOpa3bl MO

dopmyie

m . .
x' = Sign Z(x,vl)xl . (6)
i=1

I[yanbﬂoe MHOXCCTBO BCKTOPOB CYHICCTBYCT TOI'Ja M TOJIBKO TOI'Jad, KOI'da

MHOKECTBO BEKTOPOB {x l} JIMHENHO He3aBucUMO. Eciin MHOKECTBO ITAJIOHOB {xl}

JVMHEIHO 3aBUCHMMO, TO MCKJIIOYMM M3 HEro JIMHEWHO 3aBUCUMBbIE 00Opa3bl U Oynem
paccMaTpuBaTh MOJYYEHHOE YCEYEHHOE MHOKECTBO JTAJOHOB KaK OCHOBY IS
MOCTPOCHHUSI IyaJIbHOTO MHOXKECTBA U npeodpazoBanus (6). O6pa3bl, UCKIIOUEHHBIE U3
UCXOJHOTO MHOXECTBA JTaJIOHOB, OYIyT TMO-TIPEKHEMY COXPAHATHCS CEThIO B
UCXOJIHOM BHJE (IpeoOpa3oBhIBATHCS B caMux ce0s). JleCTBUTENBHO, MYCTh 3TAIOH
X SIBISIETCSI JIMHEMHO 3aBUCUMBIM OT OCTaJbHBIX M 3TaJOHOB. Torjga ero MOKHO

m
npe€aACTaBUTb B BHIAC X = Zaixl . HOILCTaBI/IB IMOJIYUCHHOC BBIPpAXKCHUC B

i=1

npeoOpa3zoBaHue (6) U yUUTHIBasi CBOMCTBA IyalIbHOTO MHOYKECTBA MOIYUHM:



m m m
x' =Sign Z(x,vl)xl =Sign| D | Da;x’ V' x| =
i-1 i—1\j=1

(7)
m . . . m .
=Sign| > aj(xj,v’)x’ = Sign Zajxj =Sign(x)=x
i, j=1 j=l1

PaccmotpumMm cBoiicTBa cetu (6) [2]. Bo-nepBbIX, KOJIMYECTBO 3aIIOMUHAEMBIX U
TOYHO BOCIPOM3BOJIMMBIX 3TAJIOHOB HE 3aBUCUT OT CTEMEHH UX CKOPPEITHUPOBAHHOCTH.

Bo-BTOpsIX, ¢opmanbHO ceTh crmocoOHa paborath 0€3 HWCKaXEeHWH Npu JII00OM

BO3MOYKHOM HUHCJIE STAOHOB (BCEro MX MoxeT ObiTh 10 2'). OmHAKO, €CTH YHCIo
JMHEWHO HE3aBUCHMBIX 3TAJOHOB (T.€. paHT MHOXECTBA 3TaJOHOB) PaBHO 1, CETh
CTaHOBUTCS MPO3pAaYHON — Kakoil Obl 00pa3 He MpeabsIBUIIM Ha €€ BXOJ, Ha BBIXOJE
OKaXkeTcst TOT ke oOpa3. JleiicTBuTenbHO, Kak Obuto mokazaHo B (7), Bce 00paswl,
JUHENHO 3aBUCHMBbIE OT JTaJOHOB, MpeoOpa3yloTCs MPOEKTHUBHOM  YacThbIO
npeoOpa3zoBanusi (6) camu B ceOsl. 3HAYUT, €CIAM B MHOXECTBE 3TaJOHOB €CTh 7
JVMHEIHO HE3aBUCUMBIX, TO JI000W 00pa3 MOXHO MPEJCTaBUTh B BHUJIE JUHEHHON
KOMOHMHAIIMK TAJIOHOB (TOYHEE 71 JMHEIHO He3aBUCHUMBIX ATAJIOHOB), a MPOECKTUBHAS
gacTte mpeoOpasoBanusa (6) B cuiry ¢opmyinsl (7) mepeBOAUT JOOYIO JIMHEHHYIO
KOMOHMHAIIMIO ATAJIOHOB B camy ceOsl.

Ecau yucno nuHeitHO HEe3aBUCHUMBIX 3TaJIOHOB MEHBIIIE /1, TO CETh Mpeodpa3yeT
noctynaroumii o0pa3, oTGUILTPOBBIBAS IOMEXH, OPTOrOHAIBHBIE BCEM ATATOHAM.

OtmeTum, 4TO pe3ynapTaThl paboThl ceteil (3) u (6) 3KBUBAJIEHTHBI, €CIIU BCE
ATAJIOHBI MTOTIAPHO OPTOTOHAJIBHBI.

OcTaHOBUMCS HECKOJIBKO Hoz[p06Hee Ha aJITOPUTMC BBIYHUCICHUA AYAJIbHOI'O

I
MHOECTBa BEKTOpoB. (O003HauuM uepes F({x D Marpully ['pama MHOXKeCTBa

BEKTOPOB {xl}. OnemeHThl MaTpulbl I'pamMa HMEIOT BUI ) =(xl,x]) (7j -p1id

3JIEMEHT MaTpullbl ['pama paBeH CKalsIpHOMY MPOU3BEIEHUIO I -I'O ATAJIOHA Ha J -bIil).

HSBCCTHO, YTO BCKTOPBI AYAJIbHOI'O MHOXKCCTBA MOKHO 3al1CaTh B CJICAYIOIICM BHUAC:
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IDI(S 71]_- 1 _ AJIEMEHT MAaTpPHIIbI F_l({xl}). [TockoipKy ompenenuTenb MaTPHILLI

FpaMa PaBCH HYJIIO, €CJIIM MHOKCCTBO BCKTOPOB JIMHEHHO 3aBUCHUMO, TO MaTpuua,
06paTHa;1 K MaTpune FpaMa, a CJICHOBATCIIBHO W AYAaJIbHOC MHOKCCTBO BCKTOPOB

CYIIIECTBYET TOJIBKO TOT/Ia, KOT/Ia MHOKECTBO ATAIIOHOB JINHEWHO HE3aBUCHUMO.
-1 i
Jlist pabot cetr (6) HEOOXOAUMO XPAHUTh ITAJIOHBI U MATpHUIy I x ).

PaccMoTpum npouenypy 100aBieHMsI HOBOTO 3TajloHa K ceTH (6). DTta onepanus 4acto
Ha3bIBaeTCAd J1000y4YeHHEM CeTH. BaXHbIM KpUTEpUEM OLIEHKH aJropuTMa
dbopMHUpPOBaHUS CETH SBISIETCS COOTHOIIECHUE BHIYUCIUTEIBHBIX 3aTpaT Ha O0yUYeHHE U
nooOy4yeHue. 3aTpaThl Ha J0OO0YYEHHE HE JOJDKHBI 3aBUCETh OT YHCJIa OCBOEHHBIX
paHee 3TaOHOB.

Jlnst cereii Xondumnaa 3T0, OYEBUIHO, BHITIOJIHSIETCS - 100aBIEeHUE €Ie OJHOTO

m+l 2
STaJIOHa CBOJIUTCS K MPUOABIEHUIO K GyHKIHMKA H OZHOTO ClIaraeMoro |Xx,Xx ,a

MOIU(UKAIUS CBS3€H B CETH - COCTOMT B NMPUOABICHUM K BECy ij-i CBSI3M 4YHMCIA

m+1_m+l 2 .
X; X yi - BCEro n~ olepauuu.

JUig paccMaTpuBaeMbIX CETE€ C OPTOTOHAJIBHBIM IPOEKTHPOBAHUEM TAKXKE
BO3MOXXHO TpocToe aoo0ydeHue. Ha mepBbIil B3I, 3TO MOXET IOKa3aThCs
CTPaHHBIM - €CJIM J00aBIsIEMbIil ATAJIOH JTUHEHHO HE3aBUCHUM OT CTAPBIX 3TAJIOHOB, TO
BOOOIIIE TOBOPS HEOOXoAMMO mepecunTaTh marpuily ['pama um obparuts ee. OgHaKo
CUMMETPUYHOCTh MaTpulbl ['pama mo3BOJSET HE NMPOM3BOAUTH 3aHOBO IPOUEAYPY

oOpamenus Bcelr marpunbl. [leifictBurensHo, o6o3HaumM uepes G, — marpumy

i.
I'pama Ui MHOXKeCTBa U3 71 BEKTOpoB Xx ; uepe3 E, — enunuuynyro marpumy

pasmepHoctd m x m. [lpu oOpamenun wmaTpull MetojgoM laycca ucmolib3yercs
cienyrouas npoueaypa:

1. 3anmmem MaTpUIy pa3MEPHOCTH 71 X 2/ CIEAYIOIIETO BH/A: (G m ‘E m )



2. I/ICHOJ'II:-?;y}I orcpanuu CJIO0XKCHUA CTPOK M YMHOXCHHUS CTPOKM Ha HCHYJICBOC

yyciio InpeoOpazyeM JIEBYIO KBaJpaTHYIO MOAMATpULly K eIWHU4YHOU. B

pe3ynbTaTe MoayIuM (E m ‘G ;11) :

-1
[Tycts n3Bectna G, — obparHas k marpune ['pama Ui MHOXKECTBA U3 M BEKTOPOB

I m+1
x . JlobaBUM K 3TOMY MHOXKECTBY BEKTOP X . Torma marpuna s oOparieHus

matpunpsl G, 1 MeTonom ['aycca Oynet UMeTh BUA:

(x{xm+w

(x

m _m+l
o X

(XRxm+w

(xm,xmﬂ) (xm+1,xm+1)

Em+1

[Tocme npuBeneHus K €AMHUYHOM MATPHIE TJIABHOIO MHHOpA paHra m

MOJIYUYHUTCA CIICAYIOIIAasa MaTpuia:

|

1

X ,X

Em

m+1)

(x

h

bm

m,xm+1) (xm+1,xm+1)

TIie bl- — HEU3BECTHBIC BEJIMYMHBI, OJYYEHHbIE B XOJI€ MPUBECHUS ITIaBHOTO MUHOpPA
K eAMHNYHOM MaTpuie. [ 3aBepiieHus obpamenns matpunsl G, 1 HE0O0X0OUMO
NPUBECTU K HYJIEBOMY BHJY INEPBbIE 7 JIEMEHTOB MOCIEIHEW CTPOKU U (m +1) -0

cron6Oma. Jlns oOpamieHUss B HOJb i-O DJIEMEHTA IOCIEIHEH CTPOKH HEOOXOIAUMO

. ] +1 o
YMHOXHUTb [-}0 CTPOKY Ha (xl,xm ) U BBIYECTh M3 nocieaHen crpoku. [locie

IMPOBCACHUA 3TOI'O HpeO6p330BaHI/IH IIOJIYy4YUM

h 0
E,, Gyl :
by, 0|’
0 - 0 Hlq Cm



m
re b0=(xm+1 m+1) Z( m+1)l’ ¢ =—

M

(Xj,xm-i_l)G;,ll,ji. b()ZO

j=1
TOJIBKO €CJTM HOBBIM ATAJIOH SBJISICTCS JTMHEHHON KOMOWHAIIMEH MEPBBIX 7 3TAJIOHOB.

CnenoBarensHo By #0. s 3aBepmieHHs oOpalieHHs HEOOXOIMMO pPa3IeUTh
IIOCJICTHIOI0 CTPOKY Ha Ay M 3aTeM BBIYECTD M3 BCEX NPEIBIAYIINX CTPOK HOCIIEIHION,
YMHOXKCHHYIO Ha COOTBETCTBYIOIlEe HOMepy CTpoku b;. B pesynbrate momyuum
CIIEIYIOIYI0 MAaTPHILY

0 -h/h
E,, : F :

S

- m/bO
a/by - cm/lp Uk

0 - 0

—

roe F;; =G ;11,1] - bic; / by . IockonbKy MaTpHIia, 0OpaTHas K CHMMETPUYHOM, BCETna

cummeTpuuHa oydaem ¢; /By = — b; /By npu Beex i. Tak xak By #0 cnenosatensHo
bi =—¢.

O6o3naunm yepe3 d BekTOp ((xl,xmﬂ),...,(xm,x m+1)) , yepe3 b — BekTop

(bl yeees Dy ) . Hcnons3yst chv 0003HAYCHHS MOXKHO 3aImcarh
b=G ;}d, hy = (x mHl x m+1) —(d,b) . Marpuma G ;11+1 3aMUCBIBAETCS B BUJIE

-1 _1[kG, +b®b —b

m+l = bO b 1
Takum o0Opa3om, mpu A00aBICHUM HOBOTO JTaJioHAa TpeOyeTcs MPOHU3BECTH
CIEYIOLIME ONEPaALUU:
1. Boumcauts Bektop d (7 CKalsApHBIX NPOU3BENEHHN — MmN  ONEPALHid,

mnSnz).

2 o
2. BBIYHCITUTB BEKTOp b (yMHOKEHHME BEKTOpA HA MATPHILY — /1~ OTIEPAIlHii).

3. Berunciauts h) (I1Ba CKaJspHBIX MPOU3BEACHUSI — M + M OMEpaLHil).



4. YMHOXKUTH MATPHIly Ha YHCIIO U J00ABHTL TEH30PHOE NPOMU3BEIEHHE BEKTOPA
b na cebs (2m2 oreparui).
-1
5. 3amucars G, 4.

Takum oOpazom, 3Ta npoieaypa Tpedyer m + n+ mn + 3m? onepanuii. Torga

KaK CTaHAapTHas CXEMa IIOJIHOI'O IepeCcUcTa HOTpe6yeTZ

1. Beramcnuts Bcro Matpuiy ['pama (nm(m + 1) / 2 oneparii).

2. Metomom INaycca nmpuBeCTH JIEBYIO KBAIPATHYIO MATPUIY K CIUHUIHOMY BHIY
(2m3 oreparuii).

3. Bamucarb G;,llﬂ.

Beero 2m> + nm(m + 1) /2 oTepartii, 9T0 B M pa3 OOJIbIIIE.

Hcnonb3yst opToroHanbHyl ceTh (6), yaaloch IOOUTHCS HE3aBUCUMOCTH
CIIOCOOHOCTU CETH K 3allOMUHAHUI0O U TOYHOMY BOCHPOU3BEICHHUIO 3TATIOHOB OT
CTENEHH CKOPPEIMPOBAHHOCTH JTAJIOHOB. Tak, HampuMep, OpPTOTOHAJIbHAS CETh
CMOrJia MPaBUIBLHO BOCIPOU3BECTH BCE OYKBBI JTATUHCKOTO ayipaBUTa B HAIHMCAHUU,
NpUBEACHHOM Ha puc. 1.

VY cetn (6) MOXKHO BBIJICJIUTH BA OCHOBHBIX HEJIOCTAaTKA:

1. Yucno nuHEHHO HE3aBUCHUMBIX ATAJIOHOB JOJKHO OBITh MEHbINE Pa3MEPHOCTH
CHUCTEMBI 7.

2. HewHBapHaHTHOCTBIO - €CIIM JIBA BU3YAIbHBIX 00pa3a OTIUYAIOTCS TOJBKO CBOUM
MOJIO)KEHUEM B paMKe, TO B OOJIBIIMHCTBE 3314 JKeIaTelIbHO O0bEIUHATh UX B OJUH
3TaJOH.

Ob6a »9TUX HemocTaTKa MOXHO YCTpaHUTh, HM3MEHUB BBIOOP BECOBBIX
K023 pumreHTos B (2).

5. Ten3zopHble ceTH

JInst yBenuyeHusl 4Kclia JTMHEHHO HE3aBUCHMBIX 3TAJIOHOB, HE MPUBOJAIIUX K

MpPO3PAaYHOCTH  CETH, MCIOJIL3YeTCsl TMpUeM Mepexofa K TEH30PHBIM  WJIU

MHOTOYAaCTHYHBIM ceTsaM [3-7].
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TCHSOpHLIM IIPpOU3BCACHHUCM k n-MCPHBIX BEKTOPOB ) ,--, ) Ha3pBaeTcs Kk -

HMHIACKCHAas BCINYHMHA bil"'ik .Y KOTOpOI71 BCC MHACKCHI HC3aBHUCHUMO Hp06eFaI-OT BCCH

1.2k
gV, Vi

k -oif TeH30pHOI
k

Ha0Op 3HAYEHWW OT EAWUHUIIBI 0 71, a bil"'ik =y

®k .
CTCIICHBIO BCKTOpa X 6y)1eM Ha3bIBaTb BEKTOP X , HOJTYYCHHBIM KaK TCH30PHOC

®k k
IMPOU3BCACHUC k BCKTOPOB X . BCKTOP X SABIISIETCA N -MCPHBIM BEKTOPOM.

®k
OpHako MPOCTPaHCTBO L[{xl }) UMEET pPa3MEpPHOCTb, HE MPEBBIIIAIONIYIO

k
; |
BEIMYNHY 1y | = ZCZ—I , THie C% =— P uueno coueranmii n3 puoq.
=0 4((p-q)"
Teopema. Ilpu k<n )
B PaHr 7,  MHOXECTBa 3 4
{x®k} paBeH: 4 7 8
5 11 15 16
k
; 6 16 26 31 32
"k = ZCZ—I .
i=0 7 22 42 57 63 64
Heb6onbmmas 8 29 64 99 120 127 128
MOJIEpHM3ALIAS TPEYrOJIbHUKA 9 37 93 163 219 247 255 256

[Mackams, NO3BOJISIET JIETKO 10 46 130 256 382 466 502 511 512

BBIMUCIIATE OTy BenumauHy. Ha 711 712 M13 M14 M15 M16 M1,7 11,8 11,9 7110

puc. 1 IIPUBEICH
. Puc. 1. “Ten3opusblit” Tpeyronbauk Ilackans
“TEH30pHBIN~  TPEYTOJbHUK
[Tackans. [Ipu ero mocTpoeHUM UCIOIB30BaHbI CIEAYIOIINE ITpaBuia:
1. IlepBast cTpoka CONEPKUT ABOMKY, MOCKOJIBKY IPU 7=2 B MHO>KECTBE X BCErO JBa

HCKOJUIMHCAPHBIX BCKTOpA.



2. Ilpu mnepexome K HOBOM CTpOKE,

Taomuna 1.
MIEPBBIN JJIEMEHT oJIy4yaeTcs
P 7 n |k |k ck-1 1n nk
no0aBIIEHUEM EIWHHIBI K  TIEPBOMY ntk—1
AJIEMEHTY IpeAblAYIIEH CTPOKH, BTOPOU —
1P Y P P 5 12 (25 15 11
KaK CyMMa [IEPBOTO U BTOPOTO 3JIEMEHTOB
3 1125 35 15
NpEabIAYIIE CTPOKH, TPETUM — Kak
10 (3 |1 000 220 130
CyMMa BTOPOT'O U TPETHETO 3JIEMEHTOB U
. 6 |1000 000 5005 466
T.0. IlocmenHuii >aE€MEHT moJaydaeTcs
8 [100 000 000 (24310 |[511
YABOCHUEM MOCJIETHETO 3JIeMEeHTa

MPEABIAYIIEN CTPOKH.

B T1abn. 1 mpuBeneHo cpaBHEHHE TpeX OLEHOK WMH(GOPMAIMOHHON €MKOCTH
. . k
TEH30PHBIX CEeTeW JUIsi HEKOTOPhIX 3HaueHuil n u k. [lepBas oneHka - n~ - 3aBEJJOMO

3aBbIllIEHA, BTOpas - C’I;}(_l - nmaercs Qopmynoil Diinepa s pa3MepHOCTH

IPOCTPAHCTBA CHMMETPUYHBIX TEH30POB ¥ TPEThS - TOYHOE 3HAYEHUE 7}, |
b
Kak nerxo BuzmeTh U3 TaONMIBI, YyTOUYHEHHE IIPH IEPEXOAE K OLEHKE 7y

SBIIIETCS BeCchMa cyliecTBeHHbIM. C JIpyroil CTOpOHbI, MpeenbHas nHGHOPMAIIMOHHAS
€MKOCTh TEH30PHOH CeTH (YHCIO MPaBWIBHO BOCIPOHM3BOIMMBIX 00pa3oB) MOXKET
CYILLECTBEHHO MPEBBIIIATh YMUCIO HEHPOHOB, Hanpumep, s 10 HepoHOB TE€H30pHas

CETh BAJICHTHOCTH 8 UMEET NpeeIbHYI0 HHPOPMAIIMOHHYIO eMKOCTh S11.

i
Jlerko IMMoKa3aTb, 4TO €CJIM MHOKCCTBO BCKTOPOB {.X } HC COACPIKUT B3aMMHO

.Qn
i
o0paTHBIX, TO pPa3MEpPHOCTh MpocTpaHCcTBa L| X paBHa YHUCIy BEKTOPOB B

i .
MHOKECTBE {x } . Cetb (2) i cyyasi TEH30PHBIX CETel UMEEeT BUJ]

) o Qk Rk . . m ANk
x'=Sign| > | x* x" " |x'|=Sign Z(x,xl) x|, 9)
i=l1 i=l

a OPpTOroHalJibHasA TCH30pHAasdA CCTh



m Qk i\ i m m | ANk
x' = Sign Z(x ,vl)xl = Sign 22711_ (x,xj) x', (10)
-1 -1 ) i®k
A Yy — SNMEMEHT MaTPHLI r X . Cetb (9) xoporio pabotaet Ha ci1abo

CKOPPEJIMPOBAHHBIX JTajloHaX, a ceTb (10) He 4dYyBCTBUTENbHA K CTENEHU

CKOPPCIMPOBAHHOCTH 3TAJIOHOB.

6. CeTn 1u11 THBApMAHTHOI 00pa0OTKH M300paKeHU I

Jlnst toro, 4YTOOBI mpu 0OpabOTKE TEpPEeBOAUTHL BU3yaJbHBIE O0O0pa30B,
OTJIMYAIONINECS TOJBKO TIOJOKEHHEM B paMKe H300paKeHUs, B OJWH STaJOH,
npuMmensiercst cneayromuid npuem [7]. IIpeoOpaszyem wucxomHoe u3zo0paxeHue B
HEKOTOPBI BEKTOP BEIMYMH, HE U3MEHSIOUINXCS TPU CABUTE (BEKTOP MHBAPHAHTOB).
[Ipocreiimmii HabOop HWHBAapUAHTOB JAIOT  aBTOKOPPEISATOPHI -  CKaJspHbIE
POM3BEICHHS 00pa3a Ha CIIBUHYTHIM 00pa3, paccMaTpuBaeMbie Kak (DYHKIIUHA BEKTOpa
C/BUTA.

B kayectBe mpumepa pacCMOTPUM BBIYMCIIEHHE CIIBUTOBOTO aBTOKOpPpEISITOpa

Ui 4epHO-Oenbix wu3o0paxeHwit. [lycTh nmaH JaByMepHBId o0pa3 S pasmepom

px q=n.0O003Ha4uM TOUYKH 00paza Kak Sij - DjeMeHTaMu aBTOKOppeisiTopa A C(S )

P 4
OylyT BEJIMYMHBI Q] = Z Zsijsi+ k,j+1> TA€ Sjj—0 TIPU BBIIOIHEHUH aoboro w3

i=1j=1
HepaBeHCTB I <1,i> p, j <1, j>¢g. Jlerko mpoBepuTh, 4TO aBTOKOPPEIATOPHI JTFOOBIX

ABYX 06p830B, OTIIMYAOIIUXCA TOJIBKO PAcCIIOJIOKCHUCM B pPaMKEC, COBIIAJaroT.

OtmeTuM, 9TO ajj =a

—i,—

j TpH BCEX I, ], H ay =0 mpu BBHIIOJHEHUU JIFOOOTO W3

HepaBeHCTB [<1—p,i>p—1j<l—¢q,j>g—1. Takum 0Opa3oM, MOXKHO CUHTATH,
4TO pa3Mep aBTOKOPPEISITOpa PaBeH P X (Zq + 1) :

ABTOKOppeJ'I}ITOpHa}I CCTh UMCCT BU/]

m

x'=Sign Z(Ac(x),Ac(xi))xi : (11)
i=l



Cerp (11) mos3Bomser o00pabaThiBaTh pa3IUYHBIC BH3yaJlbHBIE 0O0pa3Hbl,
OTJIMYAIOIINECS TOIBKO MOJI0KEHNEM B paMKe, KaK OJuH 00pas.

[ToxBoast UTOTH, MOKHO CKa3aTh, YTO BCE CETH aCCOIMATHBHOW MaMSATH THUIA
(2) MO’XKHO TOTYYUTh, KOMOMHHUPYS CIAEAYIOITUE TPeoOpa3OBaHUS:

1. TlpousBosbHOE mpeoOpazoBanue. Hampumep, mepexol K aBTOKOPPENISITOpaM,
MO3BOJISIONINA  OOBEAMHAT, B OJWH BBIXOJHOW 00pa3 Bce 00pasbl,
OTIIMYAFOIINECS TOJHKO IMOJIOKEHUEM B PAMKE.

2. TeH3opHoe mpeoOpazoBaHUE, MO3BOJIAIONICE CHIBHO YBEIHYUTH CIIOCOOHOCTH
CETH 3aIIOMHHATHh U TOYHO BOCIIPOU3BOIUTH 3TAJIOHBI.

3. Ilepexoq K OpPTOTOHAIBHOMY TMPOEKTOPY, CHHUMAIONIMH  3aBUCUMOCTH
HAJIGKHOCTH pabOTHI CETH OT CTETICHH CKOPPEIUPOBAHHOCTH 00Pa30B.

Haubonee ciioxxHas ceth OyeT UMETh BU/T;

m

x'=Sign Z%}/ij_-l(F(x),F(xj))kxi , (12)
i=1j=1

-1 .
rae ;i — DJEMEHTHl MATPHIBL, oOpaTHOl Matpuie I'pama cuCTEMBI BEKTOpPOB

I JF| «f , F (x) — MPOM3BOJILHOE MTPEOOpPa3OBaHUE.

7. UncJIeHHbIN IKCIIEPUMEHT

PaboTta opTOroHaabHbIX TEH30PHBIX CETEN MTPU HAIMYMH IIOMEX CPABHUBAIACH C
BO3MOXXHOCTSIMU JIMHEHHBIX KOJOB, HCIPABJISIONUX OMIMOKHU. JIMHEHHBIM KOAOM,
UCTIPABJSIIOIIMM & OMMOOK, Ha3bIBAETCS JIMHEHHOE MOJINPOCTPAHCTBO B 7-MEPHOM
npoctpaHcTBe Haa GF5,, Bce BEKTOpa KOTOPOro yIaJjeHbl IPYT OT Apyra HE MEHEE YeEM
Ha 2k+1 (cm., Hampumep, [8]). JIMHEHHBIN KO HAa3BIBAETCS COBEPIIECHHBIM, €CIU IS
J000r0 BEKTOpa #-MEPHOr'0 MPOCTPAHCTBA CYIIECTBYET KOJIOBBIM BEKTOD, yIaJIeHHBIN
OT JJaHHOTO He Ooiiee, yeM Ha k. TeH30pHOI ceTH B KayecTBE ATAJIOHOB MOJABAJIUCh
BCE€ KOJIOBbIE€ BEKTOPBI M30PaHHOIO JIsl CpPAaBHEHUS KOJ1a. YUCIIEHHbBIE SKCIIEPUMEHTHI C
COBEpIIEHHBIMU KOJAMH MOKa3alii, YTO TEH30pHAas CEeTh MUHUMAJIbLHO HEOOXOIUMOM

BAJICHTHOCTHU TMPABUIIBHO IACKOAUPYCT BCC BCKTOPBLI. I[J'ISI HCCOBCPIICHHBIX KOIOB



KapTHHA 0Ka3alach XyXe — Cpelld YCTOHUMBBIX 00pa30B TEH30PHOM CETH IMOSBUIINCH
“XUMepbl”’ — BEKTOPbI, HE PUHAJIEKAIINE MHOXKECTBY 3TAJIOHOB.

B cmygae n=10, k=1 (cm. Tabn. 2 u 3, crpoka 1) mpu BajleHTHOCTSX 3 U 5
TEH30pHasi ceTh paboTana Kak €IUHUYHBIA OIepaTop — BCE BXOJAHBIE BEKTOPA
NepelaBaJIuCh Ha BBIXOJ ceTH 0e3 n3MeHeHn. OJJTHAaKO y’Ke IIPU BAJIEHTHOCTH 7 YUCIIO
XMMEp pEe3KO COKpATHJIOCh U CETh MPAaBUIbHO JeKkoaupoBana Oosiee 60% curHaios.
[Tpu 5TOM OBLTH MPABMIIBHO IEKOAMPOBAHBI BCE BEKTOPHI, YIATICHHBIE OT OJIIMKANHIIEero
ATAJIOHA HA PAcCTOSIHUE 2, @ YaCTh BEKTOPOB, YAAJEHHBIX OT OJIMKaWIIEero STajloHa Ha
paccrosinue 1, ocranuchy xumepamu. B cnydyae n=10, k=2 (cm. tabn. 2 u 3, cTtpoku 3,
4, 5) HaOM01a10Ch YMEHBIIEHUE YHCIAa XUMEP C POCTOM BaJIEHTHOCTH, OJJHAKO YaCTh
XMMEp, YAAJEHHBIX OT OJMMKaWIIero 3TajJoHa Ha paccTosiHue 2 coxpaHsanach. CeTb
npaBUIbHO AexogupoBana Oonee 50% curnamoB. Takum o00pa3oM TpuU MaibIX
pa3MEpHOCTSIX M KOJaX, JaJeKUX OT COBEPIIEHHBIX, TEH30pHas CeTh paboTaeT
JOBOJIBHO TI0X0. OmHAKO, YK€ npu n=15, k=3 u BanentHoctu, Gonpiren 3 (cMm. Tabd.
2 u 3, cTpoku 6, 7), ceTb NpaBUIbHO JEKOAMUPOBaja BCE CUTHAJBI C TPEMsI OIIMOKaMH.
B GonpImIMHCTBE KCIEPUMEHTOB YHCIIO TAJIOHOB OBLTO OOJBIIIE YKCIa HEUPOHOB.

[lonBoas WUTOr, MOYKHO CKa3aTh, YTO KAadyeCTBO padOTHI CETU BO3PACTAET C
POCTOM pa3MEPHOCTH MPOCTPAHCTBA U BAJICHTHOCTH U MO 3()(PEKTUBHOCTH YCTPAHEHMUSI
OmMUOOK CeTh MPUOIIKAETCS K KOy, TApaHTHPOBAHHO HCIIPABIISIONIEMY OIINOKH.

PaGora BbImonHeHa mpu noanepxke KpacHosipckoro kpaeBoro ¢oHia Haykw,

rpant 6F0124.
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