YK 004.032.26

H. 3. ®oyeHkoea — CTyaeHTKa kadeapbl KOMMLIOTEPHON MAaTEMATUKM 1 NPOrpaMMUPOBaHMS
M. . Monsik — Hay4HbI PYKOBOAUTESb

KAPTbl CAMOOPIrAHU3ALIUU (SELF ORGANIZING MAPS)

B naHHoi paboTe OCHOBHOW 3afjavent SBMSETCS PACCMOTPEHME TaKOro BUAA HEMPOHHbLIX CEeTew, Kak
KapTbl camoopraHu3auum KoxoreHa (Kohonen self organizing maps), onucaHue o6nactv ux npumMeHeHus, an-
roputMa 0by4eHus 3TUX HEMPOHHBIX ceTeln. Ha HarnsgHoOM npumMepe o6bACHAETCS NpuHLMN paboTsl KapT ca-
MOOpPraH13aLnm, BbISBMAKTCSH UX JOCTOUHCTBA W HELOCTaTK.

PaccmoTpum  Tononornio  kapT  camoopraHusauun. Mogenb camoopraHusyrowencs  kaptbl  (self
organizing map — SOM) 6bina npeanoxeHa QUHCKUM y4éHbIM ToiBo KoxoHeHom B 1982 r. CeTb 0CHOBaHa
Ha npuHumne «MobeauTtens 3abupaet Bce» 1 0byyaeTcs Be3 yuutens. 10 03HavaeT, YTo obyvaroliee MHO-
KECTBO COCTOMT NNLLb M3 3HAYEHMI BXOAHbBIX MEPEMEHHBIX (BEKTOPOB BXOAHbIX CUrHAMOB), KOTOpble 0Tobpa-
XaroTcs B cnoit KoxoHeHa, KOTopblid MOXET ObiTb OQHOMEPHBIM, ABYMEPHbLIM U TpexmepHbiM [1]. Mpumep
ceTn KoxoHeHa npefcraBneH Ha puc. 1.
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Puc. 1. CeTb KoxoHeHa

Ha puc. 2 nokasaHbl okpecTHoCTH D (t) HelipoHa-nobeauTens j B pasHble MOMEHTbI BpemeHW. 30-

Hbl COCEACTBA (HECKOMbKO HEMPOHOB, OKPYXalOLLMX HENPOH-NoBeanTENb) YMEHbLLAKTCS C TEYEHEM BpeMe-
HU.
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Puc. 2. Tononorna SOM

Ha cerogHsLHWN eHb KapTbl CaMOOPraHn3aLi HaxoasaT LWMPOKOE NPUMEHEHWE B KNACTEPHOM aHanu-
3e (oBHapyxeHue HOBbIX SBEHWA NPy HABMIOAEHUSX, MCCIEA0BaHNAX), pacno3HaBaHun 0BpasoB (MHTennek-
TyanbHbIN aHanu3 gaHHbIX, 06paboTka curHanoB), B 3aaadax Knaccudukaumm (BKNYeHe KapT camoopraHm-



3auum B Bonee crioxHble ceTh, obyyaemble C yuuTenem), 3agadyax Bu3yanusauuu (aHanuTUYeckue 3agauv,
MOMOLLb B NPeACTaBfEHNN pe3ynbTaToB — rpadoukoB, CxeM, rMcTorpaMm, guarpaMm v T.4.), a Takxe 3agavax
MOZENMPOBaHNS 1 MPOrHO3WUPOBAHNSA (CTpaTeryeckue 3agayu, NOMOLLb B NPUHATUM pelleHui). Kaxagas oT-
[enbHas 3agaya TpebyeT HACTPOMKM HEMPOHHOM CETW (KONMWMYECTBO HEMPOHOB B cnoe KoxoHeHa, pasmep-
HOCTb KapTbl, BUL ee O0ToBpaxeHus W T.4.) NO4 KOHKPETHbIE BXOAHbIE AaHHble, @ TaKkKe NpeaBapuUTEnbHYH
06paboTKy aTVX JaHHbIX Nepeq nogadven Ha Bxog ceTu [1].

Mepengem Tenepb k 0byyeHnto kapT camoopraHuaumn. Cetb KoxoHeHa obyvaeTtcs meTogom nocne-
[0BaTENbHbIX NPUBKEHNA. ANTOPUTM 0BYYEHUS CETU COCTOMT U3 CreayoLWwmX waros [2]:

1. WMHuumanusaums cetu. BecoBbiM kK03(hULIMEHTAM HEMPOHOB CETW AAOTCS HEBOMbLLME CryYaiHble
3HayeHus. ObLee YMCNo CUHANTUYECKNX BECOB HEMPOHOB — M x N, rae M — yucno knactepos, N — anu-
Ha BXOLHOrO BEKTOPa;

2. [penobsiBneHne ceT HOBOrO BXOAHOrO CurHana (Bektopa);

3. BbluncneHue paccTosHua [0 BCex HEMPOHOB ceTu. PaccTosHus d; OT BXOAHOIO cUrHana fo Kax-

[I0T0 HeMpoHa j onpeaenstTcs no opmyne:
N
d; =Y 0 (W, ()7,
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rAe X; — i-bll BNEMEHT BXOAHOTO CUTHana B MOMEHT BpeMeHU t, wj (t) — BEC CBS3M OT i-TO anemeHTa
BXOZHOTO CUrHana K HeMpoHy j B MOMEHT BPEMEHM! t .
4. BblbupaeTcs HepoH-nobeautens j*, Ans KOTOPOro paccTosHue d ; camoe maroe;

5. HactpauBaloTcs Beca HEMpoHa j* ¥ ero Cocefien, HOBbIE 3HAYEHNS BECOB BbIYUCNSAOTCA NO op-

Myre:

w;; (t+1) = w; (£) + r () (x; (1) —w; (1),
roe r(t) — ckopocTb 0BYy4eHMs, KOTOpas YMEHbLIAETCS C TEYEHUEM BPEMEHU (NOMOXMTENIbHOE YMCIIO MEHb-
e eAnHULbI);

6. OcywwecTBnseTca Bo3Bpar K Lary 2.

CeTb (hopmupyeT rpybyto CTPYKTYpy TONOMOMYECKOro Nopsiaka, Mpu KOTOPOM MOX0XME NPUMeEpbI aKT u-
BMPYIOT TPynMbl HEMPOHOB, KOTOPbIE BIIM3KO HAXOAATCA Ha TONONOrMYeckomn kapte. C Kaxaonm HOBOW SMOXOW
CKOPOCTb 0BYYEHNS 1 pa3Mep OKPECTHOCTM YMEHBLUAKTCS, U BHYTPU y4acTKOB kapTbl 06HapyxuBatoTcs 60-
nee TOHKME PaCXOXOEHWs, YTO NPUBOAMT K TOYHOMY HACTpaMBaHMIO KaXaoro HepoHa. KoadduumeHT ckopo-
CTM 0ByyeHus NpeacTaBnseTca nponssegeHneM yHKUMM COCeACTBA (KOHCTaHTa UK rayccoBa (hyHKLMS) U
YHKLMM CKOPOCTK 0ByYeHns (MMHenHas unm 0b6paTHO NPOMopLKOoHanbHas Homepy uukna obyyeHus). Obe
9TV (hyHKUMM YBBIBAKT C yBEIMYEHWEM HOMepa LuKkna obydeHns (3noxu). Konmyectso knactepos Heobxoau-
MO 3HaTb TOSbKO Ha dTane 0byyeHus ceTh. Kaxagomy Knactepy MOXeT COOTBETCTBOBATb HECKOMBKO HEMPOHOB
C BNM3KUMM 3HAYEHUSIMIA, HO, KaK NPaBWNO, KOMNYECTBO KNAcTepPOB M HEMPOHOB OAMHAKOBO. HelpoHbl Koxo-
HEeHa MOXHO BOCMPUHUMATb Kak Habop 3neKTPUYECKUX Namnoyek, Tak YTo 4ns moboro BXOAHOrO BEKTOpa 3a-
ropaeTcs ogHa U3 Hux.

Uncno knactepos nocre 3aBeplueHnst 06y4eHns onpeenseTcs aKcnepuMeHTanbHo. T.e., Ha OCHOBe
oByyaroLLero MHOXeCTBa CrieflyeT caenatb NpeanosioxXeHre 0 TOM, CKOMbKO Knactepos OyaeT 3afeincTosa-
HO. [Ins 3TOr0 CyLLECTBYIOT pasnunyHble MeToabl (nepebop, meToabl omkura v 1.n.). Ecnm cetb nocne obyye-
HWS1 BCTPETUTCS C HAOOPOM [aHHbIX, HEMOXOXUM HU HA OaWH 13 06pa3LoB 0byYatoLLEro MHOXECTBA, TO OHa
He CMOXeT ero KnaccuuumpoBaThb U TEM CambiM BbISIBUT €70 HOBU3HY.

PaccmoTpum npumep paboTbl HepoHHOM ceTh KoxoHeHa. Knaccuyeckum npumepom uantoctpauum pabotbl
cetn KoxoHeHa siBnsieTCs knactepusaums Habopa uetos [3]. MMycTb obyyatoLiee MHOXECTBO COCTOMUT U3 8
LiBETOB, Kbl U3 KOTOPbIX MPEACTaBMEH TPEXMEPHbIM BEKTOPOM CO creaytolwmmm RGB-komnoHeHTamu:
kpacHbIi (red): (255,0,0); 3eneHsin (green): (0,128,0); rony6oi (blue): (0,0,255); TemHo-3eneHbIi (dark green):
(0,100,0); TemHo-cuHun (dark blue): (0,0,139); xentbin (yellow): (255,255,0); opaHxeBbli (orange):
(255,165,0); dmonetoBbin (purple): (128,0,128). Takum obpa3om, HeipoHHas ceTb ByaeT coctoATb U3 8
HEMPOHOB ANA Kaxaoro Lgeta u 6 knactepos (red, green, blue, yellow, orange n purple). Moxoxue ugeTa
(green u dark green, blue n dark blue) 6yayT oTHeCeHbl kK ogHOMY knacTepy. Mpouecc 0byyeHus Takomn ceTu



npeacTasneH Ha puc. 3. Kak BuaHoO 13 puc. 3, kapta OKoHYaTesnbHo opmupyetcs yxe nocne 2400 utepauui
(KonWYecTBO MTEpALMA YKa3aHO NMOA PUCYHKaMM).
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Puc. 3. [InHamuka npouiecca camoopranusaumu kaptel KoxoHeHa

B paHHoi pabote Gbinn Noapo6HO paccMOTPEHbI UCKYCCTBEHHbIE HEMPOHHbIE CETW, OCHOBaHHbIE Ha
NpuHUMNE camoopraHm3auum (0byyeHus 6e3 yuntens), cnocobHble aHanU3npoBaTh BXOAHbIE AaHHblE, Haxo-
[VUTb CBA3b MEXAY HAMM, N HA OCHOBE 3TOM MH(hOPMaLK pelaTh 3adady Knactepusaumm aTux aHHbIx. Pac-
CMOTPEHHas MOAENb HEMPOHHbIX ceTeit obnagaeT psagom ocobeHHocTen. K ee 4OCTOMHCTBAM MOXHO OTHECTM
CnocobHOCTb (hYHKLMOHMPOBATL B YCMOBMSX MOMEX, Tak Kak YMCMO KNacTepoB (IMKCUPOBAHO, CUHAMChI MO-
AMULMPYIOTCA MeANeHHO, HacTpanBaHWE CUHANCOB 3akaH4uMBaeTcs mocne obyyeHus. Ewle ogHum cyuye-
CTBEHHbIM JOCTOMHCTBOM [aHHOIO Bia HEMPOHHbIX CETEN ABNSAETCS BbICOKAs CKOPOCTb UX 0ByyeHns. Takke
CYLLECTBYET BO3MOXHOCTb BK3yarbHOMO aHanu3a MHOrOMEpHbIX AaHHbIX (YMPOLLEHNe MHOTOMEPHbIX CTPYK-
Typ). K HepocTaTkam Takoro poga CeTel MOXHO OTHECTH CNIOKHOCTb MOHUMAHWS npoLecca NosTyYeHns CEThbio
pesynbtata. Kpome TOro, Takas cetb MOXeT BbITb MCMOMb30BaHa AN KNacTepHOro aHanu3a TOMbKO B TOM
cnyyae, ecnu 3apaHee W3BECTHO YKCIO KNacTepoB Ans 00y4aloLiero MHOXeCTBa. Takke BO3MOXHbI MCKaxe-
HWS B pe3ynbTate paboTbl ceT (bnmnakne 06bEKTHI MCXOAHOTO MPOCTPAHCTBA MOTYT NEPEXOauTb B Aanékve
TOYKM Ha KapTe, M HaobopoT). [INs ycTpaHeHMs Takoro poga HefocTaTkoB CeTU pa3pabaThiBaloTCs pasnnyHble
ee MoamuKaLmum, kaxaas u3 KOTopblx 0BbIMHO NPUMEHUMA K KOHKPETHO 3aAaye U BXOAHBIM AaHHbIM.
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