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Conepxatve

npe,qucnosue

3agyMaiiTech Ha HEKOTOPHIMM €XeTHEBHO BHIMONHAEMBIMH 3alayaMy. Bol
CHJIMTE 32 CTONOM B odHce, a B 3TO BpeMs B KOMHATy BXOOUT B HOBOH 1LisAIIe
Balll KOJUIEFa — MYXYMHA, BRIDJIAIALIMA HEMHOro IOMOJOACBIIMUM OT TOIO,
yto OH cbpmi Gopony. Y3Haere M Bbl ero? HecoMHeHHO, TOCKOJIBKY MacKH-
POBKa €ro Lielbio He sBisercs. OH cripaiumBaeT Bac: “Ie kHura, KoTopyio Bbl
B3SUIM Yy MeHs Byepa?”. Bbl TOMHUTE O KHUIE Y MHTEPIPETHUPYETE BOMPOC KakK
npockby BepHYTh KHUTY. BbI TiepeBoIMTe B3IVIAN Ha CBOM CTON ¥ BUAWTE Ha
SHIMKE C JUCKETAMM CTOMNKY [elIOBbIX OyMmar, cpeIN KOTOPBIX JIEXHT M Ta
KHHIA, O KOTOPOM MaeT peub. Bel MpoTArUBacTe pyKy K KHHUIe, He 3a1yMbiBa-
SICb 0 ABWXEHUSX, KOTOPbIEC TIPH STOM JIOJIKHa BBLITIOJIHUTH Ballla pyka, M3BNe-
KaeTe KHUTY U3 CTONIKH C JIOKYMEHTaMH U OTIAeTe €€ CBOeMY KOJIIEre.

DTH eXEeNHEBHO BBHIMOMHSEMbIE 3a1aul He TpeOGYIOT ocoObIX YCHIIWHA, HO
Kaxaas U3 HMX BKJIIOYAET MHOXECTBO TOYHO PaCCYMTAHHBIX IUaroB. Mbl
IOJIKHBI 6bUTM ObI ¢ BraroroBeHWEM B3WpaTh Ha MalllMHY, paboTamollyio Tak
Xe coBepllieHHo. MaciiitaGsl pobieMbl cO3JaHUA TaKOH MallMHBI MOXHO
[TOYYBCTBOBaTb, IBITASICh MPOTPaMMMPOBaTh KOMIIBIOTEPHYIO CUCTEMY AN
pacrio3HaBaHMs OOBEKTOB TI0 BHELIHEMY BMAY WJIH [PYTMM TIpHU3HAKaM,
B 3aBUCUMOCTU OT KOHTEKCTa, KOTAa NMPUXOAMTCA aHaJM3MPOBaTb BbITNIONHSE-
Mbie IeiicTBMS, ITAaHUpOBaTh ABUXeHUs pobora u T.M. IlpiTasich pewurtsh Ta-
KUE CHOXHbIE 3aJadyd, MHOIrMe YuyeHble OOpaTMIM BHMMaHWE Ha MAalUWHBI,
CXOMHBIE TI0 TIPUHIMITY paboThl ¢ HALUMM COOCTBEHHBIM KOMIBIOTEPOM — HYe-
JIOBeYeCKMM Mo3roM. Takue MallMHBI, MCIONb3YIOLIUE CETH, COCTOALLHE M3
NpocThix 06paGaThIBAIOIMX 3/IEMEHTOB U JIETKO afamnTHpyeMble K BbIITOJIHE-
HHIO COBEPLICHHO Pa3HbIX 3a1a4, Ha3bIBAIOTCA Helponubimi cemsmiy. HelpoH-
Hble CeTU He TPOrpaMMHUpYIOTCSA, a obydaloTcs TOMY, Kak MpaBWIbHO peaiu-
30BaTh KOHKPETHYIO 3aiauyy.

HeilpoHHbIE CETH OKa3ajauch OYEHb TONE3HBIMU ITPU pEeleHUH 3aaay pac-
[TO3HaBaHWUA 06pa30B TUMa MIeHTU(dUKALIMK MOABOLHBIX OOBEKTOB MO CHUrHA-
JIaM IMApPOJIOKATOPa WM BHISBIEHUS QalIbLIMBBIX KPEIUTHBIX KapTouek. Yuc-
710 KOMMEPUECKUX MPUIOXEHUN, UCTIONb3YIOIMX HEAPOHHBIE CETH, MOCTOSAH-
HO pacTeT. PasBuBaercs U TeopeTHueckas 6a3a NpUMeHEHUS HENpPOHHBIX
ceTeil B TaK Ha3blBaeMbIX KOTHMTHMBHBIX 3aJayaXx TUIIa 3aJa4y IIOHMMaHHUA
0BLIYHOIO Pa3sroBOPHOTO s3blKa WIU 3ajla4 YNPaBACHUS JBUXEHUEM aBTOHOM-
HOIO TPaHCIIOPTHOr'O CpefcTBa. Takve 3alayd BBICOKOTO YPOBHS C/IOXHOCTH



JOJTHeE Toabl GBUIM MPEIMETOM M3YYeHUS TMCUMIUTMHBI, 00NaCTRIO MHTEPECOB
KOTOpO#i SIBJISIETCS MCKYCCTBEHHBIH MHTe/UTeKT. Tereph BbUICAIOT HOBYIO 00-
JIACTh MCKYCCTBEHHOTO: MHTEJ/UIEKTA, B PaMKaxX KOTOPOi NpeAnpUMHUMAIOTCS
TIONBITKM- OOBSAMHHUTHS UAEH “TPaMUMOHHOTO HCKYCCTBEHHOro HHTEJLIEKTa”
M WIEH TeopuH HEPOHHBIX ceTeil. DTOT “HOBBIA MCKYCCTBEHHBIH MHTEIUIEKT”
HeceT B cebe GonpliMe MOTCHIUATbHBIC BO3MOXHOCTH U [EPEXOia KOMIIbIO-
TEPHBIX CUCTEM Ha CACAYIOLMIA YPOBEHb Pa3BUTUS.

JlanHasg KHMIA Apeiiaraetcsl B KayecTBe TEPBOi KHMIH JIO TEOPHH Hell-
POHHBIX ceTeil AT CTYNEHTOB CTapLIMX KypcoB. BONBUIMHCTBO KHHI IO . JaH-~
Holf TeMaTHKe NpeAnojaraer HaTUIKHE Yy YUTATENA Xopollieil MaTeMaTH4eCKOoii
nogroroBku. [ToMHOCTbIO M30eXaTh MCMOMb30BAHUA MATEMATHKU TPU U3Yy4e-
HUU- HEMPOHHBIX ceTeil HEBO3MOXHO, HO B JaHHOK KHHUIe cAenaHa TNomnbiTKa
CBECTH ' UCTIONb30BAHME MATEMATUYECKOIO alnapara K MHUHHUMYMY — 31¢Ch,
B OCHOBHOM, MAaTeMaTHKAa HUCIIOJIb3YETCS IUIS CXKATOTO MNPEACTARICHUS airo-
putMoB. TlpuyeM ecM HCHONb3yeMble B KHHUIE MaTeMAaTH4YeCKME BBIKIANKH
JUISE: KOTO-TO OKAXYTCA CAMUIKOM  CIOXHBIMY, YHTATENIO MPEIOCTaBICHa BO3-
MOXHOCTb Pa3obpaTh UMetoLMecs IPUMEpPHI, YTOOb YBHIIETH, KAK COOTBETCT-
Byouiyie 0003HAYCHUS UCTIONB3YIOTCS B TIpUMeEpax. [NaBHOM LENbIo KHUIH
apisieTcsl OOBICHeHMe 6a30BbIX KOHIEMLMI TeopHH HEHMPOHHBIX ceTeil, HO
B Hell JOCTATOYHO MOAPOGHO paccCMATPUBAIOTCA M -Haubonee BaXHbIE MONETA
HEeHpPOHHEBIX ceteif, YTOOBl ONBITHBIA MPOrPaMMHUCT MOl PeaIM30BaTh TaKyXo
ceTh Ha TOM SI3BIKE TIPOrPAMMHUPOBAHNS, KOTOPBIA OKaXETCA UIA HEro mnpen-
TIOYTUTENBHEE. :

B mepBbIX 1IECTH INaBaX OMMCHIBAIOTCS HanGo/lee BaXHbBIC MOACIIH Heil-
POHHBIX ceTell, 4TO HO/DKHO OOeCreyuTh MOHUMAHME OCHOB H3Yyd4aeMOro
fpeaMeTa. DTH LIECTh [J1aB 3aHMMAIOT 4yTh Gonee ABYX Tpereit KHUrU. Y Hac
BO3HUKANO MCKYyUIEeHHE PacliUpUTh MCIIONB30BAHHE MAaTeMAaTH4YeCKoro anma-
paTa M aJIropuTMOB B STHX IJIaBaX, HO 3TO MOLJIO OBI CY3UTh Kpyr yuTatese
kuury. [TosToMy npeacTaBieHMe MaTepUana B HEKOTOPBIX YacTAX KHMIH §339, ()
CO3HATEJNbHO €XaTo, a 00beM Dpa3lejioB ¢ NMpHMepaMHu —— YBEJIUYCH. Hanpu-
Mep, aJIropUT™M 06PaTHOro PaclpOCTPaHEHHS ommboK, 0 KOTOPOM MIET peyb
B I7aBe 2, M3 TIPEACTABJIEHHBIX B KHUIE AIFOPUTMOB SBJIACTCA, BEPOATHO,
Hanbosiee TPYAHHIM I MOHMMAHUS, HO BMECTE C TEM 3TOT AJITOPUTM OKa3bi-
BaeTcd O4YEHb IPOCTBIM, €CJIM PAcCMOTPETh NMPUMEPBI €ro peanusallMd Ha
npaktuxe. Ilo 3T0i NMPUYUHE B JONOJHEHHE K HEKOTOPHIM MPOCTHIM MIPHME-
paM B KOHIle IJIaB NpeiaraoTcst Gojiee COXKHBIE. Yurareab MOXET TaKxke 00-
PaTUTLCS K TIPWIOKEHHIO A, TI€ B KpaTKoi ¢opMe H3araioTest HeobXoqMBbIE
cBelleHHsT M3 00J1acTH JTMHEWHOU aireOphl, a TAKKe pashACHAIOTCA HEKOTOPHIC
o6o3HayeHus, UCToNb3yeMble B [MaBe 2. B mociaeqHux ABYX IlaBaX KHUTU 06-
CYXIAIOTCSi HEKOTOPbIE CBA3M MeX1y HeHPOHHBIMU CETAMM M MOHATHUAMU W3

cd)epbl TPaOULIMOHHOTO MCKYCCTBEHHOro MHTe/lekTa. [yaBa 7 comepxur
IOArOTOBUTENBHEIA MaTepuall Wi mapbl 8. CeronHs HabmomaeTcd pocT MH-
Tepeca K MAee CHHTe3a HEPOHHBIX ceTeil M. TpaquLMOHHOTO UCKYCCTBEHHOIO
MHTEJUIEKTA. B omiMune OT MNepBbIX 1ECTH [JIaB, B aBe 8 He CTaBUTCH LeNb
[IPEUIOKUT YMTATEITIO 3HAHUS, KOTOPbie MOI'YT cpa3y ¢ HaWTH HEMOCPEACT-
BeHHoe mpuMeHeHue. HekoTopple M3 npepraraeMbIx TaM WAeil MOTYT IOKa-
3aTbCA HOBOJIGHO TPYAHBIMHU TS MTOHUMaHUA U clullikoM abcrpaktHeiMM. Ho
COOTBETCTBYIOLIMIA MaTepHal JaeT BO3MOXHOCTh MPEACTaBUTh PElICHUs, B KO-
TOPHIX C TIOMOIIBIO MCIONb30BAHUS MOIYJIBHBIX CETEBBIX CUCTEM pellaloTcs
HEKOTOpBIE BeCbMa CJIOXHBIC BBIYMCIIMTENbHBIE npobneMbl. [lo wenomy psaay
HanpaB/icHMi pa3paboTKa HOBBIX MOIeieil HEMpPOHHBIX ceTeil. HECOMHEHHO
GyZeT MPOROIKATHCS, HO YUTATENb YXe TOTYYUT JOCTATOYHO BECOMBI 06bEM
3HAHUI, TTO3BOJIAIOIIMX pellarh 3aJauyM, OTHOCALIMecT K cdepe TpaIuIMOH-
HOTO MCKYCCTBEHHOro MHTeJ/UTeKTa. Ilpeanonaraetcsd, yuro y uuTatens 6yner
BO3HMKaTh HEOOXONMMOCTb BpeMs OT BPEMEHH CHOBa oDpalllaThCcsi K IVlaBe 8
3a uHGopMalreil, HO oOpaTHTe BHMMaHWE W Ha myOyMKalluM, TpelUlaraeMbie
B CITMCKE JINTEPaTyphl B KOHLE KHUTHU.

B nomonHeHue K MaTepualy JaHHOM KHUIM mnpeanaraercs Web-cTpaHuua,
pasMellIeHHas 1o aapecy

http://www.solent.ac.uk/syseng/faculty/html/staﬁ/rcallan/essnn,

re MOXHO HaiiTM M MporpaMMHoe obecrieyeHHe Mo HEMPOHHLIM CETSAM, KO-
TOpPOE YUTATEIIL MOXET HCITONIB30BaTh Ha CBOEM KOMIIBIOTEpe.
P. Kannan.



bnarogapHocTH

s xoren 6pt mobnaroxaputs JomuHuk Ilamvep-BpayH (Dominic- Palmer-
Brown) 3a psiI MOJE3HBIX 3aMeYaHMi, KacalolUXCs IaB 7 u 8. bnarogapio 3a
romoms [xoxa Pnakerra (John Flackett), 0coGeHHO 3a NPEMIOKCHHYIO UM
CXEMy PEKYDCHBHOI aBTOAaCCOLMATHBHOM TMaMATH, NPEACTABNCHHYIO B I1aBe 8.
Braronapio Jeiisa IapcoHca (Dave Parsons) 3a ero noinesHsle KOMMEHTapHH
K MepBbIM NByM [maBaM. Sl Taxxke Ornarofapro 3a IOMICPXKY Xemiama A3z3aMa
(Hesham Azzam), ¢ KOTOPBIM s paboTalo yXe MHOTO JieT. Hakonell, s xoTe 651
106GNIATONAPUTh DELIEH3CHTOB 3a MX LEHHbIC DEKOMEHJALMY, IO3BOJMMBLINE
YILy4IUUTh OKOHYATENbHbI BAPUAHT TEKCTA KHUIM IO CPaBHEHUIO C HCXOIHBIM,
u JIxexu Xap6op (Jackie Harbor) u3 Prentice Hall 3a moMolib ¥ IOMIEPKKY.

[naBa 1

Beenenune

3agava. Onpele/ieHe OCHOBHBIX 3JIEMEHTOB HEMPOHHOM CETH.
Ilemm. BB JOKHBI ITOHSATS!

KaK OOBACHHUTH IIPOCTBIMU CAOBaMHM, YTO Takoe HEeWpOHHas CeTh,
4YTO TaKO€ 3JIEMEHT, €ro CBA3U U d)YHKI.IPUI aKTHUBHOCTH,

KakK TpeACTaBUTh CBA3H B CETH B ManPl‘{HOﬂ d)OpMC;

KaK OOBSICHUTb MPOCTBIMU CJIIOBAMHU, YTO O3Ha4YaeT O6y'~[CHP[C CETH.

1.1. BeegeHue

MckyccTBeHHBle HEMPOHHBIE CETH TIPEACTABMOT coboi ycTpolcTBa mnapait-
JICJISHBIX BBIYMCIIEHHIA, COCTOSIIINE U3 MHOXECTBA B3aMMOJENCTBYIOUIMX MPOCTBIX
ripoueccopoB. Takue npolieccopbl OGbIYHO UCKTIOUUTENBHO MPOCTHI, 0COOEHHO
B CPaBHEHUM € TPOLECCOPAMU, HCTIONB3YEMBIMU B MEPCOHANBHBIX KOMIbIOTEpaX.
Kaxneiil npoueccop mogoGHOM ceTd UMeEET A0 TONBKO € CUIHajaMH, KOTOpbIe
OH TEPUOINYECKH T0JTyYaeT, ¥ CUrHalaMH, KOTOPBIE OH IIEPHOIUYECKH TOChUIACT
IPYTMM TIpoLieccopaM, W, TeM He MeHee, OyIydd COCIMHEHHBIMM B JOCTaTOYHO
GONBIIYIO CETh C YNPAaRITEMBbIM B3AMMOINEHCTBUEM, TaKMe€ JIOKQJIbHO MPOCTHIE
NIPOLIECCOPEI BMECTE CIIOCOOHBI BBITIONHATH JIOBOILHO CIOXHBIE 3a1ayH.

Pa3paGoTKa MCKYCCTBEHHBIX HEMPOHHBIX CeTeil Hayamach eiue Ha 3ape XX
CTOJIETUSI, HO TOJNBKO B 90-X rogax, Korja ObpliM MpeonosieHbl HEKOTOPHIE TEO-
pernyeckre Gapbephbl, a BHIYUCIUTENbHbIE CUCTEMBI CTaJM AOCTATOYHO MOLU-
HBIMK, HEHpPOHHble CETH TONYyYWIM LHpoKoe TmpusHaHue. CioBo
“HMCKycCTBEHHBIE” B TaHHOM KOHTEKCTe MHOIAA MCIIONB3YeTCs IS TOro, 4To-
OBl MONYEPKHYTh, 4YTO peyb HAECT 00 MCKYCCTBEHHOM YCTPOWCTBE, a He
0 peaNbHBIX GUONOrHYECKMX HEHPOHHBIX CUCTEMaX TMIIA TOW, KOTOPYIO MMEET
yenoBeK. Co3IaHKUE UCKYCCTBEHHBIX HEPOHHBIX ceTei ObUI0 MHCITMPUPOBAHO
MOTIBITKAMY TIOHSTH IPUHUMIIBI PaGoTEI YeI0BEYECKOro Mo3ra M, 6e3 coMHe:-
HUS, 9TO GyIeT BIMATL M Ha JajibHeiiliee ux pa3putue. ONHAKO, B CPAaBHEHUU
C YeJOBEYECKUM MO3IOM, MCKYCCTBEHHBblC HEHPOHHBIE CETU CETOTHS HpEn-
CTaBJIsIOT coboil BecbMa yrmpouleHHble aberpakuuu. Kora sICHO, B KaKoM
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KOHTEKCTe OOCYXIAIOTCSL 3TH CETH, CJIOBO “pcKyccTBEHHBI” OOBIMHO OITyC-
kator. KpoMe Toro, xoraa TpeGyercst MOXYEPKHYTh BbIYHCITUTEILHBIE BO3MOX-~
HOCTH, a He GHOJIOTUYECKOE COOTBETCTBUE, MCKYCCTBEHHBIE HEHPOHHBIE CETH
Ha3piBalOT KOHHeKumaAMHK. [IpH 3TOM LEJbIO “KOHHEKLIMOHNCTOB” SIBISIETCS
Haje/leHye HepOHHOM CETH BO3MOXHOCTBIO PElIaTh KOHKPETHBIC 3alladH,
4 He UMUTHPOBaTh ¢ MaKCUMaJIbHO TOYHOCTBIO OuonorMyecKuii mpolecc.
XoTst HelipoHHBie ceTH MOTYT ObiTh peajln30BaHbL B BUIC GBICTPBIX allia-
PaTHBIX YCTPOHCTB (M TakMe peanu3aunu JEeCTBUTENIPHO CYLIECTBYIOT), 60ib-
IIMHCTBO MCCIEXOBAHUI BBITIONHSAETCSA C MCMOJIb30BAHUEM [TPOTPaMMHOI0 MO~
JeTUpOBaHKUA Ha OOBIMHBIX KOMITBIOTEPAX. [IporpaMMHOEe MONENTMPOBAHUE
obecrieunBaeT JOCTATOYHO JELIEBYIO M TMOKyIO cpely IS TIOMCKa U TIpOBEPKA
HcCIenoBaTebLCKIX MleH, a Uil MHOIMX peajibHbIX NPUIOXEHUI TaKoe Mole-
JIMpOBAHME OKA3bIBAETCS BIOJIHE AACKBATHBIM M JOCTATOYHMLIM. Hanpumep,
MpOrpaMMHasl peaiM3alius HEHPOHHOM CETH MOXeT JCIIONB30BaThCs MUTsS CO-
CTABJICHUS TUIaHA KPeIMTHBLIX BHIILIAT MHAMBUIYYMa, oOpaliaiomerocs B 6aHK
32 3aiiMoM. XOTS pellicHHe Ha OCHOBE HEWPOHHOM CETH MOXKET BBINIALCTH
1 BecTH cebsg Kak o0BblYHOEe mporpaMMHoe obecreyeHue, OHU PasjIMIHBI
B IPUHLIUIE, TIOCKOJIBKY 6OIBUINHCTRO peanu3aluii Ha OCHOBE HEHPOHHBIX
ceTeii “0byyaeTcsi”, a HE TPOrPaMMHpPYETCS: CEThb YYUTCSH BBITIONHATD 3anauvy,
a He MporpaMMHUpyeTcd HETOCPEACTBEHHO. Ha camoMm zene B OOJBLIIMHCTBE
C/lyuaeB HEPOHHBIE CETH MCMONB3YIOTCS TOIAA, KOTla HEBOSMOXHO Hanucarb
MOIXOSLLYIO TIPOTPaMMYy, WM 110 MPUYMHE. TOTO, YTO HalileHHOe HeMpOHHOM!
CeThIO pellieHre OKasbiBaeTcd 0ojiee COBEPLICHHBIM. Hamnpumep, 6yay4mn aKc-
MepTOM 10 NPOAaXe HEABMXHUMOCTH, Bbl MOXETE U3 CBOCTO OTbITA MPEKPAcHO
3HATb, Kakue (AaKTOpbl BIMAIOT Ha MPOJAXHYIO LEeHY KaXIoro KOHKPETHOTO
JoMa, HO TpM 3TOM YacTo UMEIOTCS TaKue 0cOoBGEHHOCTH, KOTOpble OyaeT
BecbMa TPYAHO OOBSACHMTH MPOTPAMMHKCTY. ATEHTCTBO IO Mpoaxe HEIBUXHU-
MOCTH MOXeT TIOXeJIaTh MMeTh “IpelcKasaresst [IéH Ha OCHOBE HeipOHHOM
cetu”, 06Y4EHHOro Ha MHOXECTBE TMPUMEPOB PealbHbIX TPOJaX TOMY, Kakue
$akTOpH! BAMSIOT Ha LICHY ITIPOAABAEMOro 0bBeKTa, U TOMY, KaKylo OTHOCH-
TeNBHYIO BAXKHOCTh MMEET KaXIblit U3 3TUX daxropos. Ho 3mech Hosee. Bax-
HBIM OKa3bIBAeTCs TO, YTO pellieHMe Ha OCHOBE HEMPOHHOIL CeTH ABNACTCS 60-
Jlee THOKUM, TIOCKOJIBKY COOTBETCTBYIOIIAS CUCTEMa MOXET B JajbHeHLIeM co-
BEpILEHCTBOBaTh TOYHOCTb fpe/cKasaHUil 1o Mepe HAaKOIUIEHUS €10 OmbITa
H aJanTHpOBaThCA K MPOUCXOAAIMM Ha PHIHKE N3MEHCHUAM. ‘
PeleHnst Ha OCHOBE HEPOHHBIX ceTeil CTAHOBATCA Bce Ooyee COBEPILCH-
HBIMH M, HECOMHEHHO, B OylyllleM Hailld BO3MOXHOCTH I10 pa3paboTKe coOT-
BETCTBYIOLIMX YCTPOWCTB BO3PACTYT 32 CYET JIYYLIETO. NOHUMAHNA MX OCHOBOIO-
JaraolyMx NpHHLMIToB. Ho yXe ceroiHst UMeercss HEMalo BrieHaTISIOIIMX pas-
paGorok. Ba3sa mpuioxeHuil HEeHPOHHBIX ceTeil MPOCTO OTPOMHA: BBLISBIECHUE
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aNBIIMBBIX KPEAMTHBIX KAPTOYEK, MPOTHO3NPOBAHME U3MEHEHUI Ha ¢boHIoBOM
6UpXe, COCTARICHNE KPEOUTHBIX IUIAHOB, ONTHUYECKOE PACHO3HaBaHUE CUMBO-
7oB; npodHaKTMKa W AMArHOCTMKA 3aboJieBaHuil yenoBeKka, HabmioleHHe 3a
TEXHUYECKNM COCTOSTHMEM MAILMH U MEXaHU3MOB; aBTOMATHYECKOE YNPaBiACHHE
JBUXEHHEM aBTOMOOWIA, NMPUHSATHE PELUEHUI NTPY NocaIKe MOBPEXICHHOrO Jie-
TaTeJILHOTO anmapata W T.4. JanpHeiituue ycriexu B pa3paboTke MCKYCCTBEHHBIX
HEUPOHHBIX ceTeil 6yny1f 3aBUCETh OT JA/JbHEMIUECTO TTOHMMAaHUS TPWHIIUIIOB pa-
GOThi YEJIOBEYECKOTO MO3Ia, HO 3/IcCh MMeeTcsl ¥ oOpaTHast CBA3b. MCKYCCTBEHHBIE
HEIPOHHBIE CETUH ARISIOTCST OJHUM M3 CPEJICTB, € MOMOILIBIO. KOTOPBIX COBEPUICH-
CTBYeTCS Hallle MpeAcCTaRNeHHe O MPOLIECCax, NPOUCXOAAINUX B HEPBHOM cUCTeMe
4eJIoBeKa, BBICTYNAs B KAYeCTBE MOJE/EH COOTBETCTBYIOIUMX MPOLIECCOB.

Bynyuiee HeAApOHHBIX ceTell KaXeTcs BMOJIHE SICHBIM, M CETOAHS 3TO Ta
o0nacTh 3HaHMIl, 0 KOTOPOIl HNOKHBI MMETH OMNpeAeSieHHOEe NPeACTaBICHHUE
BCE HAyYHBIE€ CNEUMANMCTHE, paboTaollne B 00MaCTM KOMIBIOTCPHBIX TEXHO-
JIOTHil, paBHO KaK W MHOTME WHXCEHEphl M HaydHble PaGOTHHUKH CMEXHBIX
CreiHATBHOCTEN.

1.2. OcHOBHbIEe KOMMOHEHTbI

HeiipoHHas ceTh SIBASETCS COBOKYNHOCTBIO 31€MEHMO8, COCAUHEHHBIX He-
KOTOpbIM 06pa3oM Tak, YTobsl Mexly HHUMM obecreunBasoch B3aUMOACHCT-
BUe. DTH 3JIEMEHTHI, Ha3bIBAEMbIE TAKXKE HelpoHamu WIW y31amu, TIPEICTaB-
NS0T co6oi MPOCTBIe MPOLIECCOPHI, BBIYHUCANTEABHBIE BO3MOXHOCTH KOTOPLIX
OGBIYHO OTPaHUYMBAIOTCS HEKOTOPBIM MPaBUIoM KOMOMHMPOBAHMS BXOOHBIX
CHMTHAJIOB W TIPaBUJIOM AKTMBHM3AllMM, TO3BOMAIOILMM BLIYUCIUTh BbLIXOZHON
CHUTHal MO COBOKYIMHOCTH BXOAHBIX CHUTH&IOB. BBIXOAHOI CHrHan a/neMeHTa
MOXET MOCHUIATBCH APYTUM 3MEMEHTAM M0 B3BELUCHHBIM C6A3AM, C KaXioit U3
KOTOPHIX CBSI3aH 6€c060i Ko3(uyuenm Wi éec. B 3aBUCUMOCTH OT 3HAYCHHSA
BecoBoro Ko3ddulMeHTa TiepelaBaeMblif CUTHAN WIM YCUIMBAeTCH, WM Io-
HABASIETCA. DIIEMEHT HEHPOHHO! CeTH cXeMaTHyeckM Mokas3aH Ha puc. 1.1.

EREEER 3nemenT
\ \ A Vexosume cesian,
Bxogsiume Cesau 33M13I01ME CHTHANbI
OT APYTHX 3NEMEHTOB / ANA APYIUX 3fEMEHTOB
Puc. 1.1. OtgensHbiif aneMeHT ceTu
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Omm M3 caMBIX IIPHBIEKaTeNbHbIX aCleKTOB MCIMOJIb30BaHMA HeilpOHHBIX
" ceTeil 3aKIOYAETCS B TOM, YTO, XOTS NEMEHTHI TAKOH CETU UMEIOT OYCHB Or-
paHWYEHHbIE BBIYMCANTENbHBIE BOSMOXHOCTH, BCs CCTh B LEJIOM, OOBEAUHSIS
6OMBILOE YMCIO TAKMX IJIEMEHTOB, OKAa3bIBaeTCS CIIOCOOHOM BBITONHATL N0~
BOJIBHO CJIOXHbBIE 3aga4yl (puc. 1.2).
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CKpbITHIE 2NEMEHTHI

. ‘ BxoaHbie aneMeHTH, PUHUMAIoLLNE IaHHbIE OT JaTuuKkos nedopMaumm

Opyu BbIXO[IHOM 3NIEMEHT, ABNAOILMACS MHAUKATOPOM
TEXHWYECKOrO COCTOSHUS aBuanaliHepa

Puc. 1.2. Cxema MpUMEHEHNS HEJIPOHHONM CETH ANA KOHTDONA TEXHUECKOro COCTORHHA
asnanaiivepa. CBA3M SMEMEHTOB N0KA3aHbl CTPENKaMH. BxoaHsie 3neMeHTs! nony4anoT
MHGOPMALMIO HEMOCPEACTBEHHO OT AATHMKOB, YCTAHOBGHHBIX Ha 6opty camonera. Bbl-
XOZHOW 3NEMEHT SBARETCS MHAMKATOPOM TEXHUYECKOrO COCTOSHUS JIETATENbHOMO annapara

CTpyKTypa cBsi3ell OTpaXaeT AeTald KOHCTPYKIIMH CETH, 2 UMCHHO TO, KaKue
STeMEHTbl COSIMHEHBI, B KAKOM HarlpaBeHHM PpaboTaloT. COCAMHEHU U KaKoB
ypOBEHb 3HaYMMOCTH (T.€. BeC) KaXoro u3 coeauHeHn. 3agaya, KOTOPYIO no:
HIMaeT ceTh (WIN ee IPorpaMMa), oMMChIBACTCH B TEPMUHAX BECOBBIX 3Ha4YeHUH
cBsizeii, CBA3BLIBAIONMX 3JeMeHTB. CTpYKTypa CBsI3eil OOBIYHO OIpeaessieTcs
B JIBa 3Tala; cHayaa pa3paboTUMK CHCTEMBbI YKa3bIBAeT, KaKUe ICMEHTLI JOJDKHBI
6LITh CBI3aHbl 1 B KAKOM HATIpaBJIeHHH, a 3aTeM B MpoLecce ¢azbl 0OyyeHNA OIl-
PeIensIOTCS 3HAUEHHS COOTBETCTBYIOLMX BECOBBIX K03 bUUUEHTOB.

BecoBble K02(@HUIIMEHTH MOXHO OINpPENCIUTE U 6e3 mpoBeaeHUsT obyde-

HUSI, HO KaK pa3 caMoc fonpuIoe MPEeUMyLIECTBO HEHUPOHHBIX ceTell 3axkimoya- ‘

eTcsl B MX CIOCOGHOCTH OBYYAaThCS BBIIIONHEHMIO 3aaiM Ha OCHOBE TeX HaH-
HBbIX, KOTOphIE ceTb OyHeT IojiyyaTh B Iponecce peanpHo#t pabotel. [List
MHOTHX TIPWIOXEHUI 0OyYeHHUE ABIACTCA HE TOJNBKO CPEICTBOM MpOrpaMMu-
pOBaHHs CETH, KOTJa HET NOCTATOYHBIX 3HaHUi o criocobe pellleHUs 3aAayu,
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MO3BOJISTIONIMX BBHIITOJIHUTG TIPOrpaMMHPOBaHMe B TPATULIMOHHOH ¢opMe, HO
‘4YacTO €IMHCTBEHHOM LIeNbl0 OOYyYeHMS SBJSETCS] NMpPoOBepKa TOTO, YTO ceTb
IEWCTBUTEILHO CMOXET HAYYUThCS pElLaTh MOCTaBACHHbIE TIepe] HEW 3aJadyul.

. CyluecTBYeT MHOXECTBO Pa3/MUYHBIX TUIIOB HEMPOHHBIX CeTel, HO BCE pac-
CMaTpuBaeMble B JAaHHOM KHHIE€ CETU OONaNaloT pSIAOM OOLIMX XapaKTepH-
CTHK, KOTOpbl€ MOXHO IPEeICTaBUThL C MTOMOILUBIO CIedyIoUMX abCcTpaKLUii.

e MHOXeCTBO [POCTBIX TIPOLIECCOPOB

o CrpykTypa cBsi3eit

o [IpaBuyo pacrpocTpaHEHUS! CUTHAJIOB B CETU

o . TIpaBuno KOM6anpOBaHn§I BXOJSIIIIUX CUTHAJIOB
o [IpaBuwio BHMMCAECHUS CUrHANA AKTUBHOCTH

e T[IpaBwio o0yyeHUSI, KOPPEKTUPYIOLIIEE CBI3U

MHOXeCTBO NPOCTLIX NPOLLECCOPOB

C kaxnapM TnpoueccopoM (T.e. oOpabaThIBAIOLIMM 3JIEMEHTOM CETH) CBSI3bIBa-
€TcsT Habop BXOISIIMX CBA3CH, IO KOTOPHIM K TJAHHOMY 3JIEMEHTY MOCTYNAIOT CUr-
Halbl OT APYTHX 3/IEMEHTOB CETH, U Ha0Op MCXOAAIUUX CBsi3eif, IO KOTOPBIM CUT-
HaJbl IAHHOFO 3JIEMEHTa IepelaloTes APYTUM 3leMeHTaM. Hekoropble 37eMeHTHI
TIpeAHA3HAYEHBI TS TIOMYYEHUsI CUTHAMIOB M3 BHENIHE! cpelbl (M [MO3TOMY Ha3bl-
BalOTCA 6XOOHbIMU ‘IAeMeHmamy), a HEKOTOpble — JUIST BbIBOAA BO BHELUHIOIO CPedy
PE3YNLTATOB BBIYMCIACHUN (U TIO3TOMY TAKUE 3JIEMEHTHI CETU Ha3bIBAIOTCS biX00-
Howmu nemerimamy). JIrobast BBIYUCIUTENbHAS MalllMHa UMeeT XoTs Obl OJHO YCT-
pPOWCTBO BBOMA (HarpMMep, KJIaBUaTypy), € TIOMOLIBIO KOTOPOTO CUCTEMA MONy4yaeT
JaHHBle M3 BHelIHeW cpedbl, M YCTPOMCTBO BhIBOAA (HAampUMEP, MOHHUTOD),
C TIOMOIIBIO KOTOPOTo OTOOpaXKaloTcs pe3ysbTaThl BblMMcAeHUiA. B ciayuae mnpo-

_ IPaMMHOIO MOJEINPOBAHUA PeabHbIX NPOLECCOB Ha BXOOHBIC 3JIeMEHTb! OOBIYHO

TIOJAIOTCA YXKE INPpECABAPUTCIBHO TMOIATOTOBJICHHDLIC NJAHHBIC M3 HCKOTOPOIo (bafma
JaHHBIX, a HE OT HEMMOCPECACTBCHHO CBSAA3aHHBIX C BHEHUIHEN CpClIOfi JaTYUKOB.

CTpykTtypa cBasei

CrpyKTypa CBg3eil OTpaxaeT TO, KaK COeIMHEHbI 3/IeMeHTHI ceTH. B oaHOI Mo-
Jenu (T.e. JUISE OOHOTO TUMA ceTei) KaXIblil 3JIeMEHT MOXeT ObIThb CBSI3aH CO Bce-
MH JIPYTHMHU 3JISMEHTaMU CETH, B IPYTO# MOOEAM 3/IEMEHTBl MOTYT ObITh OpraHU-
30BaHbl B HEKOTOPOM YIIOPANOYEHHON TIO YPOBHSAM (CJI0SIM) MEPapXUM, TAE CBS3U
JIOTIYCKAIOTCA TOJIbKO MEXIY 3JEMEHTAMM B CMEXHBIX CJIOSIX, @ B TPEThell — MOIyT
JIOIYCKATECST OBpaTHbIE CBA3M MEXIY CMEXHBIMU CIAOAMM WIM BHYTPM OIHOIO
CIOSi, MJIM XK€ JIOMYCKAaThCsl MOChUIKA CUTHAOB: BeMeHTaMI - cantrm -vebe:~Boa-
MOXHOCTH 30€Ch [TPAaKTHYECKH BeCcKoHeY IWWMOH%WtWW
MOJIETH CeTH YKA3bIBAETCH THUIT JOITYCTUMBIX CBsTiwl. WWWWC” ;
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TpeMsI NapaMeTPaMM: 3JIEMEHTOM, OT KOTOPOTO MCXOIMT JAaHHAs CBS3b, NEMCH-
TOM, K KOTOPOMY HaHHas CBf3b HAIpaBieHa, ¥ 4McioM (OObIMHO NefCTBUTENb-
HBIM), YKA3HIBAIOLIMM BecOBoi Koa(pHimeHT (T.e. Bec cBa3M). OTpHLATEIBHOE
3HaueHMe Beca COOTBETCTBYET MONABIECHUIO AKTUBHOCTHM COOTBETCTBYIOLLETO 3jie-
MEHTA, 2 TONIOXUTEAbHOE 3HAYEHHE — YCWICHHIO €10 aKTHBHOCTH. AGCOIOTHOS
3HaYeHUe BecOBOTO KOXD(PUIIMEHTA XapaKTePU3yeT CHITY CBA3H.

CTpyKTypa CBi3eil OOBIYHO MPENCTABJIAETCA B BUAE BECOBOM MaTPHILBL W,
B ROTOPOil KaXIBIi 3NEMEHT Wj; TPEACTAB/ACT BEHYMHY BECOBOIO koadbdu-
LIMEHTa [UIs CBA3M, MAYILIEH OT JMEMEHTa i K 3/ieMeHTy j (obpaTuTe BHUMaHHE
HA TO, YTO BO MHOIMX IyGJMKALMsX CBA3M B BECOBBIX MaTPULIAX Npearofara-
IOTCSL MOYIUAMHA OT JIEMEHTA j K IEMEHTY i, YT0, OYEBHAHO, CIERYET YYMTHI-
BaTh NpPH NPEACTARICHMM MATPHYHBIX M BEKTOpHBIX onepauwif). Ui onuca-
HUSI CTPYKTYPHl CBSI3€il MOXET MCTIONB30BAaThcA HE OfHA, 4 HECKOJIBKO BECO-
BBIX MATPHLL, €CJIM IJIEMECHTbI CETH OKa3bIBAIOTCS CTPYNMHPOBAHHBIMH B CIIOU.
Ha puc. 1.3 u 1.4 npeanaraioTcsi NpUMEPBI MPEACTaBICHUS CTPYKTYPBI cBA3CH
B BUA€ COOTBETCTBYIOLUMX MATPHIL. .,

Marpyua BecoB SIBSIETCS IAMSITBIO CETH, XpaHsauei HHPOPMALIMIO O TOM,
KaK MOJDKHA BBITONHATHCA 3aj1a4a.

00 -26 43 00
12 00 00 05
-08 00 -04 09
07 -10 23 00

Puc. 1.3. Matpuua, omucuiBaiowas ceTessle Caaau. B gaHHoM
cny4ae, Hanpumep, BEC CBSI3M anemenTa 3 (CTpoka 3) ¢ ane-
menToM 1 (cTonbey 1) oboaraqaercs cumponoM wsy =—0.8
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Puc. 1.4. Matpuupl, onucwiBaiowme ceressie CB3n. B faHHOM
Cly4ae Ans Kaxgoro Cnos MMeeTcs CBoA 0TAeNbHas MaTpuya

MpaBuno pacnpocTpaHeHus CUrHanos B CETH

B 0GBIYHBIX KOMMIBIOTEPHBIX NMPOrpaMMax HCIOJNbL3YIOTCS YCJIOBUS, BBIINOJ-
HEHHE KOTOPBIX OMpelessaeT HAYalo U KOHELl pa3jIMYHBIX Npoleccos. To xe ca-
Moe Be{‘{; U UL HEMpOHHBIX ceTell. Kaxmast KOHKpeTHast MOIENb CETH TIPEAIIo-
JlaraeT Hajivuye HEKOTOPOTo MpaBHIa OOHOBJICHUSI COCTOSHMUSI 3JIEMEHTOB CEeTH
(T.e. mpaBwIa KOMOMHMPOBAHUSA BXOASALUMX - CUTHANOB W BBIYMCJIEHMS WCXOAA-
LLEro CUTHa/Ia) M MOCBUIKM CHIHaNa JAPYIUM 3/ieMeHTaM. [1pu 3toM B onHUX Mo-
IENSX MOMEHThI OGHOBJNEHHMS 3JIEMEHTOB BBIGHPAIOTCS CIyMallHBIM 06pa3oM,
B IPYTHX XK€ MOIENsX OOHOBIEHHE HEKOTOPHIX IPYI 3JIEMEHTOB JOMYCKAETCS
TOJIEKO TOCTIE OOHOBJICHUS OTIPEEICHHBIX TPYIIN APYTUX JIEMEHTOB.

MpaBuno KOMGMHUPOBaHUA BXOASLUMX CUTHANOB

JloBONbHO YacTo BXOMLUME CHTHAJBI 3JIEMEHTA IIpEAINoaraeTcss KoMou-
HHMPOBATh IyTEM CYMMUPOBAaHUS MX B3BELIEHHBIX 3HauyeHwuit. [Ipumep 3toro
MeTOJla CYMMHPOBaHUS NI0Ka3aH Ha pUc. 1.5, Tie nef; 0603HAYAET Pe3ybTaT
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- Puc. 1.5. TunuyHbivi MeTod CyMMUpOBaHUA CHIHa/0B, Hanpas-
JIEHHbIX KOHKDETHOMY 3/1IEMEHTY

KOMOGMHNPOBAaHMS BBOJA 2JIEMEHTA j, X; — BBIXOJ 3JIEMEHTA i, a n — YMCIO
3afieicTBOBAHHBIX cBsizeil. Mcnonbayiotes U apyrue GopMbl KOMOUHHPOBAHUS
BXOASILIMX CUTHAJNOB, ¥ APYIMM YacTO BCTPEYAIOLIUMCS. METOLOM SIBISETCA
paccMOTpeHHe KBajpaTa PpasHOCTH MEXIY 3HaYEHHWEM CUJIbI CBA3M M 3HAUCHM-
€M MepefaBaeMoro To CBA3M CUTHana ¢ MOCeAYIOlUM CyMMUPOBAHMEM TaK1X
pasHoCTell Ui BceX BXOISIIMX CBA3CH JaHHOTO 3JIEMCHTA.

MpaBuno BbiYUCNEHWUS CUrHaNa aKTUBHOCTU

JUIS BceX 37€MEHTOB MMEETCS TIPaBUJIO BHIYHCICHUS BBIXONHOIO 3Ha4YCHHA,
KOTopoe Mpelrojaraercsl MmepeaaTh APYruM SJEMEHTaM WM BO BHELIHIOO
cpelly (ecqM pedb MIAET O BBIXOAHOM 3JIEMEHTE, MPECACTABIIAIONIEM KOHEYHbIH
pe3y/bTaT BBIYMCICHHH). DTO MPaBWIO HA3BIBAlOT QyHKyuell axmuerocmu,
a COOTBETCTBYIOLEE BBIXOAHOE 3HaYECHUE Ha3bIBAIOT GKMUEHOCHIbI0 COOTBETCT-
BYIOILENO 3JIEMEHTa. AKTHBHOCTh MOXET IpPEACTaBIATHCS b0 HEKOTOPBIM
JeHCTBUTE/IBHBIM 3HAYCHHEM TPOU3BOJBHOTO BMIA, MO0 NEHCTBUTETLHBIM
3HayeHMEeM U3 HEKOTOPOTo OrpaHHYEeHHOro MHTEpBaia 3Ha4eHMi (Hanpumep,
U3 uHTepsana [0, 1]), WM Xe HEKOTOPBIM 3HaYeHHEM M3 OIpelNeieHHOro JUC-
KpeTHoro Habopa 3HauyeHMii (Hanpumep, {0, 1} wm {+1, -1}). Ha Bxon §yHK-
UMM aKTHBHOCTH MOCTYIIAET 3Ha4yeHHE KOMOMHMPOBaHHOIO BBOIA IAHHOIO
sneMeHnTa. [IpuMepsl GYHKUMIA aKTHBHOCTY NPUBOAATCS HUXKE.
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ToxpecTeHHas GyHKumns

OYHKIMSA aKTUBHOCTY JUTST BXOOHBIX 3JIEMEHTOB MOXET OBITH TOXIECTBEHHOU
GbyHKIMEH, U 3TO MPOCTO O3HAYAET, YTO 3HAYEHUE AKTUBHOCTU (CUTHA, TOCHI-
JIaeMBIH JpYTMM 3JIEMEHTaM) OKa3bIBACTCS B TOYHOCTH PAaBHBIM KOMOWHHpPOBaH-
HOMYy BBoay (puc. 1.6). Bxomurie 3/1eMeHTBI OOBIYHO NMpeAHa3HAYeHHI T pacIipe-
JeJIeHUs] BBOIMMBIX CUTHANIOB MEXIY APYTMMH JIeMEHTaMU CeTd, TIOSTOMY I
BXOIHBIX 2JIEMEHTOB OOLIYHO TpeOyeTcs, YTOObl MCXOMSIUMIA OT 3JIeMeHTa CUTHAT
6BUT TAKHMM K€, KaK U BXOIAIIMIA. B OTIHYMeE OT OpYTHX 3JIEMEHTOB CETH, BXOTHBIC
3JIEMEHTHL UMEIOT TOJBKO TI0 OAHOMY BXOIHOMY 3HayeHuio. Hampumep, Kaxnwiit
BXOOHOI 3JIeMEHT MOXET IONyyaTh CHUIHAlA OT OJHOTO COOTBETCTBYIOILENO €My
IaT4yMKa, pa3sMeleHHOro Ha rosenspke camosieTa. OIUH 3TOT 3NEMEHT CBA3bIBACT-
¢S CO MHOTMIMM IPYTMMM 3JIEMEHTAMH CeTH, TaK YTO JaHHBIE, IIOTyYeHHbIE OT Ofl-
HOTIO JaT4YMKa, OKA3BIBAIOTCH PacIpeie/IeHHBIMH MEXITy MHOTMMH 3JIeMEHTaMM ce-
TH. TTocKONBKY BXOOHBIE 3JIEMEHTHI INpedHA3HAYCHBI MCKTIOYHUTENBHO WIS TOrO,
YTOOBI pacIpele)IsiTh CUTHATBI, ITOTyd4aeMble U3 BHENIHEH cpeibl, MHOTHE Mccie-
JIOBATETM BOOOILE HE CYMTAIOT BXOIHBIE IEMEHTH YacThIO0 HEMPOHHOMN CETH.

f(ner)

/[ net

Puc. 1.6. 38eCb aKTUBHOCTs B TOHOCTM PaBHa KOMGMHIPO-
BaHHOMY BBogy. OBpaTuTe BHUMaHME Ha TO, 4YTO AKTUBHOCTb
0603Ha4aeTca CHMBONIOM finet)

Noporosas GyHKuuSA

B GonblIMHCTBE MoOjeieil HEMPOHHBIX CETEil UCIONB3YIOTCS HEJINHEHHBIE
¢yHKuMM akTUBHOCTU. [loporoBast GyHKUUS OrpaHMYMBAET aKTUBHOCTb 3Ha-
YyeHUIMHA 1 uid O B 3aBUCHMOCTH OT 3HAYE€HMSI KOMOMHMPOBaHHOIO BBOZA
B CpaBHEHWM ¢ HEKOTOPOH MOoporoBoit BeTHUKHOM 8 (puc. 1.7).

f(net)
1

1, ecnu net, > 6,

0, ecnu net, < 6.

 f(net) = {

l 0 net .

Puc. 1.7. Moporosas QyHKuuA
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Yamre Bcero ymoOHee BBIYECTh IIOPOTOBOE 3HAYEHME (Ha3sbiBaeMoE cmelje-
Huem WM cdeueom) M3 3HAYEHUS KOMOMHHPOBAaHHOTO BBOJA M PacCMOTPETh
MOPOroByIo (YHKLMIO B €€ MaTeMaTHYECKH SKBUBAJIEHTHOM (opMe, MOKa3aH-
Hoit Ha puc. 1.8. CIBUI w, B JaHHOM CJIyYac OKa3bIBaCYCsl OTPHLIATENBHBIM,
a 3HayeHNe KOMOMHHPOBAHHOrO BBOJA BhIUMCHAETCS IO opMmyre

. n
netj =wy+ inwij .
i=1
f(net)
1 _ |
1, ecu net, > 0, S
0, ecnu net; < 0.

sone = {

net

Puc. 1.8. I1oporoasi pyHKUMS C YHTEHHbIM CMELLEHHEM

Capur oOBIMHO MHTEPIIPETHUPYETCS KaK CBfI3b, UCXOOsLIast OT 3JIEMEHTAa,
aKTMBHOCTb KOToporo Bcerma pasHa 1 (puc. 1.9). KoMGMHUpOBaHHBIA BBOX
B JJAHHOM CJIyYae MOXHO TIPEACTaBUTh B BUie

n
net; = inwij ,
rd

TAC BCeraa cYUTaeTcs paBHBIM 1.
Xo

1 Woj
Wi

X1 /
waj

X2
W3j

X3

Puc. 1.9. [lns yqobCTBa KOMNOHEHT CMELLEHMs 4acTo MHTepnpe-
THDYETCS KaK CBS3b C JIEMEHTOM NPEeAbAYLLIEro CNos B Npes-
[I0/IOXEHMH, YTO aKTBHOCTb 3TOFO 3MIeMeHTa BCeraa pasha 1
CurmoupancHan GyHKuus
Haubosee yacto UCNoONb3yeMoil GyHKIMEH aKTUBHOCTU SIBISETCS CUTMOM-

nanpHast GyHKUMA. BhixomHble 3HaueHMS TakoW GYHKUMM HEMpEPHIBHO 3a-

rnonusoT muanasodH or 0 go 1. IIpuMepoM MOXET CAYXKHTH JIOTMCTHUYECKas
cbym(uyiﬂ, nokasaHHas Ha puc. 1.10:

22 naBa 1. Beegenme

1
1+ exp(—net) '

f (ner)

HaknoH M 06JacTh BBHIXONHBIX 3HAYEHHI JIOTUCTHYECKOH (PYHKLUHMH MOTYT
0611 pasHbIMM. Hanpumep, wist GUMONSIPHOro CHrMonAa 06/1acThIO BHIXOMHBIX
3HAYCHUI SIBSICTCA AUANA30H MeXTy —1 u 1.

Snet) i
0.8
0.6 |
o4 |
0.2}

—4 -2 2 4 net

Puc. 1.10. CurmongansHas QyHKumns

Mpumep 1.1

BTOT NpUMeEp WUTIOCTPHUPYET HEKOTOPLIC MOHATHA, oOCyXnasllinecss Bbi-
ute. [Tpeanonaraercs, 4To paccMaTpuBaeMasi 31€Ch CeTh IMMOHUMAET OTHO-
mweHue XOR. OrtHomeHue XOR oToOpaxaeT napy ABOMYHBIX BXOIHBIX
3Ha4YeHHUI1 B 0 WK 1, TouHOE oMnpelesieHUe NpeacTaBieHo B Tabn. 1.1.

Tabauya 1.1. Onpegenenne XOR

Bsog : ~ BwiBog
X X2
1 1 0
1 0 1
0 1 1
0 0 0
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Mogens ceTH IokKasaHa Ha. puc. 1.11, ¥ B JaHHOM cJy4ac 3TO C€Thb
¢ OpSMOli CBS3BI0, B KOTOPOH MMEKOTCSA [IBA BXONHBIX JJIEMEHTA, -ABA
CKDBITBIX 37IEMEHTa W ONMH BBIXOIHOM 37eMeHT. [Ipamas c643b O3HAYAET,
YTO BCE CBA3M MOrYT HITH TONBKO B HANpPABICHUU OT BXOIHOTO CJOS

- K. BBIXOOTHOMY. Cxpumbte 31EMEHTHI Ha3bIBAIOTCS TaK IMOTOMY, YTO OHH HC

24

T10J1y4aloT - JAHHBIX OT BHEITHEH cpéﬂ,bl HEMOoCpeICTBEHHO U HE IOCBUIAlOT
JaHHBIC HEMOCPEACTBEHHO BO BHEIIHIOO CpEly. ‘ /

O—

Puc. 1.11. Cerb ana npumepa 1.1

B maHHOM cllyyae B POJIM BHELUHEH Cpellbl MOXEM BBICTYNaTb Mbl CaMH,
roxagasi pa3iMyHble 3HaUeHUsT Ha BXOI CETH. (T.€. BXOAHBIM /1€eMEHTaM)
M Ha6onas Pe3yNbTaThl, MOAYyYeHHBIE Ha €€ BBIXOJE (T.€. Ha BBIXOMHBIX
a/leMeHTaX). DJNEMEHThl CETH pa3fie/icHbl MO COSM: BXOLHOM CIIOH co-
JEPXHUT BXOAHBIE BJIEMEHTBI, CKPBITHIA CJOM — CKPBITHIE 35€MEHTHI,
a BBIXOIHOM — BBIXOAHBIE.. YKCIO 37IEMEHTOB KaXIOro CJIOS 3aBUCHUT oT
pelaeMoii TIpo6eMBl, 1 MBI OGCYAMM 3TO B [JiaBe 2, Fle CETH C Npf-
MO CBS3bIO GYIYT paccMOTpeHb! noapobHee. IToka e MBI IIPOCTO 006-
pallaeM BHMMaHMe Ha TO, YTO YMCJIO BXOAHBIX 3JEMEHTOB PaBHO YMCIY
BBOIMMBIX B CTPYKTYpY 3HaueHHUI, a YUCIO BBIXOMHBIX — YMCIY 3Haye-
HUi{, [MOJaBaeMbIX JaHHOM CTPYKTYpoil Ha BpiXoAd. B Hauem ciyyae
3HauYeHHe KOMOMHHMPOBaHHOIo BBOJAA BhIYMCIIAETCA 110 GopMyie

n
netj = inwij ’
i—0

a BBIBOJ TIOJyYaeTcs KaK Pe3ysbTaT IPUMEHEHHUS NoporoBoi GpyHKIMK

naBa 1. Beeaexue

1, >
f(net)={0 ecny net 20, ’

eciu net <0.

BcnioMHuTe, 9TO 1S 31€MEHTOB BXOAHOIO CIOS aKTUBHOCTE . [IPEeICTaB/Is~
€TCsT 3HAYCHUEM, COBIIANAIOLIMM CO 3HAYCHUEM KOMOHHHMPOBRHHOTO BBO-
Aa. CUrHasbl PacrpOCTPAHSIIOTCS 110 CETH OT BXOXHOFO CNOS K BBIXOAHO-
My, TaK 4YTO AJI1 KaXIO0ro KOHKPETHOro Habopa BBOXMMBIX 3HAYCHUI fO-
CJIeNOBaTEILHOCTb UX 00paboTKM OyleT cleayouei:

BXOJIHOM CJIOW — CKPBITBIA CJIOH — BHIXOIHOM CHOI.
B KayecTBe BBOAMMBIX JAHHEBIX PACCMOTPHM TiEPBYIO Mapy 3HaYEeHUI BRO~
ha u3 1abi. 1.1, a UMeHHO napy 3HaueHuit [1, 1}. Dns MEPBOTO CKPLITOro
3JIEMEHTA CO CMELLEHHUEM 1.5 nomyyaem
net = (xyX1.5) +(x; x~1) + (xyxX-1)
=(IX1.5) + (Ix~1)+ (Ix-1) = -0.5,
[OSTOMY BBIXOAHBIM 3Ha4YeHUEM aliemeHTa Gyxer 0. s BTOpPOro cKpbl-
TOI'o 3J1EMEHTa CO cMeIleHHUeM 0.5 noyyaeM
net = (x9%0.5) + (q X ~1) + (x, X =1)
=(1x0.5) +(Ix-D+(Ix-1)=-1.5,

TI03TOMY BBIXOLHBIM 3HaYEHUEM 3eMeHTa Toxe Gyaer 0. Jnst BoIxoaHoro
3JIEMEHTA CO CMelleHUeM —0.5 nonyyaeM

net = (xp X ~0.5) + (x X1) + (x; x—1)
=(1x-0.5) + (0x-1) + (0x-}) =-0.5,
IIO3TOMY BBIXOAHLIM 3Ha4yeHueM Oyner .0. Ecniu mpouemypy mnoBroputh

U TPEX OCTaBUIMXCS Map, TO Mbl YBUJIMM, YTO BBIBOI YKA3aHHOMH CeTH
COOTBETCTBYET NaHHbLIM U3 MOCaeaHero cronbua tabn. 1.1.

Mpasuno oby4eHus, KoppeKTUpyIoLLee CBA3U

OnHO M3 TIAaBHBIX MPEMMYLIECTB HEHPOHHBIX CeTel 3aKTIOYaeTCs B TOM,
YTO OHM TIPEINOJIATalOT HAJMYHME TPaBI, C NMOMOLIBIO KOTOPBIX CEThb MOXET
NporpaMMHpoBaThest aBTOMaTHYecku. HampuMep, MoXHO paccMoTpers cite-
AYIOLIYIO (HPYHKUMIO, PEaIM3YIOLIYIO BbILENPUBEAEHHOE onpeaeeHme XOR.

int XOR (int val 1, int val 2)

A

if (val 1 == 1 && val 2 == 1)
return 0; ;
if (value 1 == 0 && val 2 == 0)

return 0;
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if (val 1 == 1 && val_2 == 0)
return 1;
if (val 1 == 0 && val 2 == 1)

return 1;

} i

Henp3st cka3aTh, YTO JAHHBIH KOI ONTHMAICH M YTO NaHHAA (b);HKLlPIH 1}1;
MOXeT 6BITh peaNM3oBaHa MHaye. Mbl yXe BHAETH, 4TO CETh U3 npumepa 1.
BHINOJIHAET Ty Xe 3amayy. IIpaBwibHOE BBINONHEHHE ONCPALIMN XOR 3aBUCHT
OT pa3MeLlEHHUS IJIEMEHTOB, BbIGOpa GYHKUMY aKTUBHOCTH U Habopa BeCOBng
spaveHuil. PasMellleHHe 2EMEHTOB OOBIMHO (GUKCHPOBAHO YXe B Ha4aIC O Y
YeHHsI ¥ TOUHO TaK XE OKA3bIBAeTCS 3aJaHHOM QYHKUMSA aKT:/IBHOCTl/I. l';o:-nomy
HeNblo OOyYeHUs SBISAETCS M3MEHEHHC BECOBBIX 3HAYCHUN TakKuM o0Opa3oM,
4TO6HI B pE3yJIbTaTe TIONYYUTh TpeGyeMble XapaKTepUCTHKH TOBeIEHUS CETH.

REEERRES BbIX0AHO## anemeHT

&x %O—b y

w

Puc. 1.12. B3pewweHHas cBa3b ABYX aneMeHTos. CHrHai x yM-
HOXaeTca Ha Becosoi koap@uunent w. [na BLIXOAHOMO ane-
MeHTa (yHKUMS aKTHBHOCTH SIBASETCH TOXJECTBEHHOH oyHK-
LMeli, 4TO 03HA4aeT PaBEHCTBO BLIBOAA y B3BELIEHHOMY BBOAY

TunmyHoit dopMoii oOydeHMS ABIACTCA YNPABIAEMOC oOyyeHHue, Koraa
JUIS Kaxnoro Habopa JaHHBIX, NOJAIONIETocs B npolecce o6chm1;j Ha B)éOl}
CETH, COOTBETCTBYIOLMI BBHIXOAHOM Habop masecteH. OOBYHO B Ha:{a.ne o yn
YeHus BecoBble KO3(hOUUMEHTH YCTAHARIMBAIOTCS PaBHBIMM CIIydauHBIM Ma
JIBIM 3HAYECHHSM, TAK YTO B IepBbIil pa3 MpH NpPENbABICHUA CETH yqe6H:rc_)
06pa3lia OKa3bIBaeTCs BecbMa MANOBEPOATHBIM, yToOBl CETh MPOU3BENA B 1;0
Uil BeBOZ. PacXoXICHHE MEXIY TEM, UTO JAcT CETh, U TEM, 4TO JUIA IIaHH06
yue6HOro Habopa JOJIKHO GBITH TOJYYEHO Ha CaMOM e, cocTaBsieT OLIMO-
Ky, KOTOpasi MOXET HCIIONb30BaThCs ISl KOPPEKTUPOBKH BECOB. Hpm;z}pz)l(r:
TpaBiJia KOPPeKUHU OMGOK SBISETC ACIbTa-NpaBuio, Ha3bIBaCM01€12 xe
npaswioM Bunpoy—Xodda (Widrow—Hoff rule). Barnsanure Ha puc. 112, !
BEIXOIHO! 37EMEHT MMEeT aKTUBHOCTb (T.€. BBIBO) » a ncmmir‘,m BBIBOI
J0IDKeH G5ITh paBHBbIM £. OmMbKa § 3ajaeTcst CIeAyIoLIen dopmyoir:

S=t-y.

oT-
CurHan, TMPUXOLAIIMA K BBIXOJHOMY 3JNCMEHTY, o6o3HaueH uepe3 x. B co
BETCTBUH C IeJIbTa-TIPABUIOM, HEOOXOIUMO BHECTH KOPPEKLIHIO Aw , BBIYHUC

JiseMyIo 1o (opMmyre
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Aw=néx,

rae 7 o6o3HayaeT AEHCTBUTENILHOE YHCIO, Ha3biBaeMoe HOpMOl o6yuenus. Ho-
BBl BECOBOM KO (PULIMEHT YCTAHABINBAECTCS PaBHBIM CyMMe 3HayeHU# cTa-
poro Beca U KOppeKIIUU:

w=w+Aw.

B anropurMe 0Gy4eHUs BBIIONHEHMIO onepaluii TNa XOR, KOTOpBIi Oyaer
NpelCTaBlieH B IMaBe 2, UCIIONb3yeTcsl 06001IeHHass BEpCUS JebTa-TIpaBUIa.

B Havane obyyeHHs BecoBble KOIGGUIMEHTH YCTAHABIMBAIOTCH paBHBIMU
MajibiM CIYYallHbIM 3Ha4YeHUSIM; HallpUMep, U3 auarasoHa [-0.3,+0.3]. B Apo-
Liecce 0DY4YeHMS Ha BXOX CETH IMOAAIOTCS obpa3en 3a o6paslioM, U B pe3ynbTa-
Te UX 06paboTKK BecoBble KOI(hOHLUEHTBI KOPPEKTUPYIOTCS 10 TEX nop, roka
INA BCeX BBOAMMBIX 00pa3loB oUIMOKM He CTaHYT MeHbllle HEKOTOPOro IpH-
C€MJIEMOr0 NOCTaTOYHO MaJoro 3Ha4yeHWS. B 3aBeplreHMe mponecca ceTb Tec-
THPYETCA Ha JAHHBIX, HE MNPEICTAaBJAEHHBIX B (dale oOyyeHUs: B pe3yiabTaTe
MOXHO OLCHMTB, HACKOJIBKO XOpOWIO CeTh paboTaeT ¢ OaHHBIMHU, KOTODBIE
.B npoluecce obyyeHUst 6bLIM €if HEN3BECTHDL.

1.3. O6y4eHne HelipOHHOI ceTy

KayecTBo paboThl HEMPOHHOI CETM CHILHO 3aBMCHT OT MPEXbBISEMOTO
eil B npouecce o6yyeHUss Habopa y4eOHbIX NaHHBIX. YUYeOHbie NaHHbIE MO~
HBl OBITH TUMMYHBIMU IS 33Ja4YH, PELIEHUIO KOTOpOil oByyaeTcs ceTb. Oo6y-
YEHUE YacTO OKa3blBACTCA YHHUKAAbHBIM IIPOLECCOM, KOTAa NMpHeEMEMble pe-
UICHUSI MHOTMX NpobjieM MOTYT ObITh MOJMYy4YeHbI TONBKO B IPOLIECCE MHOTO-
YHCJIEHHBIX IKCTIEPUMEHTOB. PaspaboTuMKaM pelieHHs Ha OCHOBE HeHpOHHOI
ceTu Tpe6yé'rc;1 creaymoliee.

e BrIGpaTh COOTBETCTBYIOLLYIO MOIENb CETH
¢ OmpeaenuTsb TOMONOMHIO CETH (T.€. YUCIO INEMEHTOB U UX CBS3H)
e Vkasars napameTpbl 00y4eHHUS

Yacro pa3paboTynKy HEOGXOZUMO BHIMIOAHUTE U TIPEABAPUTENLHYIO TTOATOTOB-
Ky naHHbIX. Takas npensapuTenbHasi TIOATOTOBKAa MOXET GbITh COBCEM MpO-
CTOM, — HanpuMep, NMEPEBOA C MOMOILBIO MacCIUTabHPOBaHUS 3HAYEHMI Beex
MPU3HAKOB (T.€. IIEPEMEHHBIX)' B JMAMa3oH oT 0 10 1, — a MOXET BKJIIOYATh
UCTIONB30BaHUE M GOJIee CIIOXKHBIX CTATUCTUYECKMX Mpoueayp. OIHAKO 3hech
CllelyeT NOAYEPKHYTh, YTO JNOATOCPOYHOM LIeNbio pa3paboTKM HeHpOHHBIX ce-
Tell SIBISIETCS MUHUMM3aLIMS HEOOXOOUMOCTU MPSAMOro BIMSHMSI pa3paGoTdu-
Ka Ha MPOLECC HAXOXNIEHHUS PELICHHS, TaK KaK MIaBHBIM MIPEUMYIIECTBOM
HEAPOHHBIX CeTell ABNAETCS MX MOTEHLUMAIbHAas BO3MOXHOCTb BbIPabaThiBaTh
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cobcTBeHHble perieHrs. Ha mpakTHKe JydlIMe pe3ylbTaThl IOTyaloTcs TOrIa,
KOTZA UMeeTcsl YeTKoe MOHMMAaHMe pacCMATpHBaeMOH MpobieMHOM obnactu
3HaHMI U KOHLENTYAIBHOE IOHMMAaHUE MPOGIIEM MIOCTPOCHHS HEHPOHHOI CETH.
JlaHHbBIe, UCIIONb3yeMble WIS 0OyYECHMUs] HEHPOHHOMN CETH, 06BIYHO pa3ssie-
NSHOTCS Ha JBe KATEropMM: ONHM [aHHble WCIIONB3YIOTCS Uil obydeHud,
a npyrue — mna TectiposaHus. Ha caMoM Jene peajibHBIC KauecTsa HEHpPOH-
HOIL CETH BBIABISIOTCS TOJIBKO BO BPEMS TECTMPOBAHHMS, MIOCKOJIBKY YCIIEUIHOE
3aBepllieHHe 0BYYeHUsI CETH NOJDKHO O3HAaYaTh OTCYTCTBUE NMPU3HAKOB HElpa-
BIIbHOI PaGOTBI CETH BO BPEMs €€ TECTUPOBAHMS. [pouecc TeCTUPOBaAHUA
pa3pabaTHIBaeTCA TaK, YTOObl B €ro Xone Wisi JaHHOW CETH MOXHO 6bU10" OBI
OLICHUTB €€ CTIOCOBHOCTh 0606INATh TIONyYeHHbIe 3HaHus. OGobLIeHne B 1aH-
HOM cJly4ac O3HA4aeT CIIOCOOHOCTh CETH MPaBUIIbHO BLITOIHAT 3alady
C IaHHBIMM, KOTOpblE OKA3BIBAIOTCA XOTS U AHAIOTMYHBIMHM IaHHBIM, IPEAh-
SIBIABIIMMCS CETH B TIpolecce 00y4eHHs, HO BCe XE OTIMYHBIMU OT HUX.

1.4. MpocToit npumep oby4exus

JlaBaiiTe paccMOTPHM OTHOCHTENIBHO TIPOCTYIO 3alayy M BBISCHVIM, KaK IULA €€
peLIeHHUsT MOXHO MCIIONb30BaTh CaMbli TIPOCTOM TUIT HEHPOHHOI ceTH. Hamua cetb
GyJIeT COCTOSTH TOILKO U3 OFHOTO BXOIHOIO M OIHOTO BBIXOXHOTQ 3/IEMEHTOB.

MBHOIHMe 3 Hac B LIKOJIE Ha ypoke (U3UKM BBITIONHAIN 3KCTIEPUMEHT,
B KOTOpOM TpeGoBanoch M3MEPUTH OTKIIOHCHME METAUIMYECKON TMNJIaCTUHBI
B 3aBUCHMMOCTH OT TIDWIOXEHHOM K HeH Harpy3ku — IMpb ONpPENeIeHHOI'O Be-
ca. TToToM HeobxoaMMOo GbLIO HayepTUTh rpadUK OTKIOHEHUSI B 3aBUCUMOCTH
OT Beca TIPWIOXKEHHOW Harpy3ku. I'padbuk CTpoMWicA MO TOYKaM, KOTOpbIE
JIOJOKHBI 6bUTH B Haeate o0pa3oBaTh NPSAMYIO TUHHIO. Wcronb3ys METOI Hau-
MeHbUUX K6adpamog, TIo NOTy4eHHBIM TOYKAM MOXHO NMOCTPOUTE MPAMYIO JIH-~
HUIO, C [TOMOLIBIO KOTOPOf MOXHO OyZeT IpeicKa3aTh, HACKOJILKO OTKIOHHMT-
cs IUIACTHHA TIOI HArpy3Koi, Ui KOTOpO# OTKJIOHEHHE HE M3MEpsJioch.

MHorue NpoGIeMBl Monennpym"rc;{ ¢ MOMOIUBIO TIOCTPOEHUS MPAMBIX (WM

KPHBbIX) JTMHUI 10 MMEIOLIAMCS naHHbIM. HampyMep, MOXHO aHaU3MpoBaTh
rpaduKy TPOM3BOACTBA 3a TIPOLUEANHIC HECKOJIBKO: JeT, YTOOB!l OLICHHUTH,
CKOJBKO CTHUPAIBHBIX MAllMH M3IOTOBUT QMpMa B TEYEHUE CIEAYIOIMX NBYX
ster. Ecy TeHIeHLMs! U3MEHEHHUS JAHHBIX COOTBETCTBYET MPSIMOM JIMHUM, MBI
TIOYy4MM HEYTO NOXOXee Ha JHarpaMMy, NOKa3aHHYIoO Ha pUC. 1.13, roe maH-
Hble paclloNaraloTcsl BIOJb MPSAMOM, XOTS M HE CYLIECTBYeT MpSMO# JIMHUMU,
Ha KOTOPOW OHH JieXaaud 6bl B TOYHOCTH. DTOrO M CIENOBalO OXMIATH —
B peaJIkHOM Mupe IpY Mo60M M3MEPEHNH BCeraa MMEIoTCs OLIMOKM.
YpapHeHHUe TpsAMOI 3aaeTcs hopMyIIon

y=mx+c,
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+ [anHbie

0 0.2 0.4 0.6 08 1 1.2

PncJ 1.13. Janreie pacnonaraiotcs BAOAL NPAMOIA NHIN, HO HE NEXAaT B TONHOCTY Ha NPS-
MO 13-3a OWNBOK HIMEPEHUS

[I€ Yy U X SBJISIIOTCS IIEPEMEHHBIMM (HaIlpUMeEpP, OTKIOHEHHEM M HAarpy3koii),
m OIpe/ie/IeT HAKJIIOH WIM IpaJueHT NpsMOil, a ¢ — 3HaYeHUe capura (T.e.
TOYKY, B KOTOPOH MpsMast TepecekaeT och y). MOXHO MpoBECTH NMPSIMyo Ha
[J1a3, a 3aTeM U3MEPUThb €€ HAKIIOH U 3HaYeHHWe COBMUIa, HO METOI HaUMeHb-
LIMX KBaJpaTOB Ja€T HaM BO3MOXHOCTb BBIMMC/IMTL m U c¢. YTO o3Hayaer
‘Hanbonee ropxonsilas npsiMas”? B gaHHOM ciyvae 3To mpsiMasi, 1S KOTO-
poit cymma keadpamog owuboK IS BCEX TOYEK, COOTBETCTBYIOLLUX MMEIOLIMM-
¢Sl JaHHBIM, OKa3biBaeTCA HaumMeHblleidl. UYTo Takoe oluMOGKM A Habopa To-
YeK, MoKa3aHo Ha puc. 1.14. YtoBGel HaliTH cyMMy KBaJpaToB OIMBOK, CIELY-
€T BO3BECTH 3HaYeHHE KaXHOoH U3 OLIMOOK B KBampaT M IIPOCYMMMpPOBATh BCE
NOJNIyYeHHbIe TAKUM 0Opa3oM 3HayeHMSI.

inI HMCITIOJIb30BaHUU METOJa HAaMMEHBLIMX KBaIpaTOB m HaXOAMUTCA IO

¢opmyie
_ iy - Zny,
"in ‘(sz')

(1.1)

a ¢ — no ¢opmye

'c= D yi—myx;

n

(1.2)
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The x; U y; NPEACTaBIAIOT 3HAYCHUA KOOp)IPIHaT JUISA TOYKH i, @ n paBHO YHMC-
JIy TOYECK. CYMMI/IPOBZIHI/IC BBITIOJIHSAECTCS 110 BCEM TOYKaM JAAHHBIX.

——————— Oumbka 3T0i TouKM

‘Puc. 1.14. Kaxgoit To4Ke cooraércrsyer cBOA olunbKka, paBHasi
PACCTOSHUIO OT TOHKM [0 NPAMOJT

1.4.1. BuiBoA YpaBHEHWA g m U C

DTOT NOApa3ieNl He ABIAeTCA 00sI3aTeIbHBIM, HO MOXET OKa3aThCs I10J1€3-
HBIM [UTS JIyJILEro NNOHUMAHHUS HEKOTOPBIX TEOPETHYECKHMX TIOHATHHA, O KOTO-
PBIX IOIJIET peyb B IJaBe 2.

Kak TONBKO C JAaHHBLIMU OKa3bIBACTCA COIOCTABIEHHOW HEKOTOpas Ipsi-
Masi, ¢ ITOMOILIBIO YPaBHEHUSA 3TOW TPSIMOM WIS J000ro JaHHOIO 3HAYCHUS x
MOXHO TIONYYHTh OLEHKY COOTBETCTBYIONIETO 3HAYeHHMS y. B peanbHOCTH Jio-
60i1 OoLIEHKEe 3HAaYeHUs y COOTBETCTBYET cBosl olinbka. IloaroMy HIs OLEHKM y
MBI MOXKEM 3aITHCATh!

rae e, oGo3HauaeT oMIHOKy Wit Todyku i. CymMMa KBaJpaToB oumumbok, E, BbI-
yrcisgeTcd mo dopmyne ‘

E=Yel. (1.4)
Hcnonpays paseHctBa (1.3) u (1.4), ronyyaem:
E=Y[y-(my+of. (1.5)

Teriepb, paccMOTPEB YacTHbIE IMMPOM3BOAHBIE YpaBHeHWs (1.5), Mbl YBUIANM,
KaK 3aBUCHUT o61uas oIMbKa OT U3MEHEHUS m U c:

g_f, = 23 x [y~ (mx +0)], (16)
% =28 [y -mn+0)]. (17

Ecmu (1.6) u (1.7) MpupaBHATL K 0 ¥ PELUNTH COOTBETCTBYIONINE YPAaBHEHMS, -

6ynyT nonydeHsl paseHctsa (1.1) u (1.2).

MeTo HaMMEHBIIMX KBaaparoB AaeT 3GbpeKTUBHBINA CHOCO0 HAXOXIEHUS

TIpAIMOi1, HAWIy4LIUM 06pa3oM COOTBETCTBYIOMIEH MMelIEMyC Habopy nNaH-
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HpIX. MeTon npocT B NPUMEHEHNH, HO ero obocHoBaHue TpebyeT onpencieH~
HOTO YPOBHA 3HaHHUS MareMaTHKu. s HaxoXAeRUS NpsAMOI, COOTBETCTBYIO-
et uMeronieMycsd Habopy JaHHBIX, MOXHO HCIONB30BaTh HEHPOHHYIO CETb.
Takoil ceTM HyXHO NPOCTO NMpPeAOCTaBUTh Y4eGHBIE MaHHBIE M AATh BO3MOX-
HOCTh OOYYUTBHCS Ha HUX. ’

CeTb ¢ OIHHUM BXOOHBIM M OIHHM BbIXOHHBIM 3JIEMEHTaMU GbLta 0GyueHa
NMPOBOAUTL TPSAMYIO JIMHHMIO HAa OCHOBE aHalM3a MMEIOLIMXCS JaHHBIX
(cM. puc. 1.13). B aToii ceru ucnonbs3oBanacs auHelHHas (GYHKHUS aKTUBHO-
cTi. 3ama4ya TpeboBasa, YTOGH CETh OLEHUBANA m M C, TO3TOMY m H ¢ SIBJS-
IOTCS MapaMeTpaMM CETH (T.€. BECOBBIMH KO3 ULIMEHTAMHU), 3HAYEHUS IS
KOTOpHIX TMepel HayasioM o0yyeHMd ObUIM BhIOpaHBI Cy4ailHBIM 0Opa3oM u3
AManasoHa Mexay -0.3 u +0.3. Mozenb cetv nokasaHa Ha puc. 1.15. JJaHHbI-
MH Uit oOyyeHHs1 ObUIM 3HAYEHUS KOOPIMHATHI X WISt KaXI0o# TOYKH U COOT-
BETCTBYIOLUME LeNeBhie 3HAYEHUsT KOOPAMHATH y. Bec ¢ Ha Bxole MMeeT 3Ha-
yeHue 1 (c, YMHOXEHHOE Ha 1, PaBHO c; 3TOT BeC 3afaeT cMewieHMe). s
00y4yeHMS. CETM MCIOJb30BAJIOCh AENBTA-IIPABWIO, a HOpMa OOYdYeHMs! Obbia
BbiGpana paBHo# 0.1. OGydeHNe 3aKaHYMBAIOCh MOC/IE PACCMOTPEHHS KaXIOH
Touku 10000 pas. ‘

X m

Puc. 1.15. JinHelHbiit aneMeHT, KOTOPbIH MOXHO
06y4uTb HAATH NPAMYIO AR AaHHbIX HA puc. 1.16

OueHKH IS m M ¢, NOJyYEHHbIE C TOMOLILIO CETH, B pe3yabTaTe NpHUMe-
HEHUS METOla HaMMEHBLIMX KBAaAPaTOB, TNPeACTaBIeHbl B ciedyonieil Tabnu-
Lie, a NMHUSA, HalileHHas CeThIO, NOKa3aHa Ha puc.1.16.

[apametp Meroa HaumeHbLNX KBaApPATOB Cers
m 1.0085 1.0284
c 1.0450 1.0360

Ha caMoM zesne coBceM He YAUBUTEIBHO, YTO CE€Tb 110 CPAaBHEHHUIO C Me-

TOAOM HAMMCHBLIUX KBaJApaTOB JacT CPpaBHUMBIE PeE3YJIbTaThl, NOCKOJIbKY,
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KaK Mbl YBUAMM B TJIaBe 2, IebTa-TIPaBUIIO 0GYYCHHST BHIBOIUTCSA U3 MPHH-
LMMa MUHUMU3alUM CYMMBl KBagpaToB owmnGok. Hama ceTh pemuna AaH-
HYIO 3ajady IyTeM 06oGIueH s Pe3yIbTaToB BHIBOAA B 3aBHCHMOCTH OT BBO-
na, mono6pas Ut HUX HEKOTOPYIO JIMHEMHYIO 3aBUCUMOCTb. B HameM ciy-
yae CceThb MOIEJMPYET MPAMYIO JUHHUIO, HO OosblINe HEHPOHHBIE CETH C
HEJMHEHHbIMU GYHKIMAMU aKTUBHOCTHM MOTYT NOXGUpATh IUIA JaHHBIX 00Yy-

'YeHUd BecbMa CJIOXHBIC CbOprI U TakKUM o6pa30M pewiatb MHOITME€ BECbMa

CJIOXKHBIC 3agaqdH.

¢ [JlaHHbe
®  QOueHra
HedipoHHo# ceTw
—— Pesynbrar MeTona
HauMeHbLLIKX KBaapaToB

0 0.5 1 15

Puc. 1.16. [JaHbie # COOTBETCTBYIOWAd npaMas, HalAeHHas C MOMOLbIO HEHpPOHHOA CeTH,
cxema KoTopoil nokasawa Ha puc. 1.15. HaiigeHHas HeApOHHOM CETbI0 NPAMas Mano oTnYa-
eTcs OT NPAMOIA, NOAY42EMOii NIPU MCHIONB30BAHIUN METOAA HAUMEHBLLIMX KBaAPATOB

1.5. Pe3iome

e HeiipoHHas ceTs npeacTaBIsieT coG0ii COBOKYMHOCTB MPOCThIX 0Gpaba-
THIBAIOIIAX 3JIEMEHTOB, IIOCBHUIAIOUIUX CUTHaJbl OAMH IpYroMy IIO
B3BELICHHBIM CBSI3SIM. :

o  Tunsl cBa3eil, JOMYCTUMBIX MEXJY 3/M€MEHTaMM B CETH, 3aBUCAT OT
KOHKPETHOU MOJAEIM CETH.

o JIns Xaxaoro 3jieMeHTa CeTUM MMEETCA NPAaBWIO CYMMUPOBAHMA ITOCTY-

_ MAOIMX CUTHAJIOB U TPABWIO BBIYMCICHUS BBIXOAHOIO CHTHAmA, Mo-
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CBUTAEMOr0-3aTEM APYTUM 2JEMeHTaM ceTH. [IpaBUIO BBIYMCICHHUS Bbl-
XOIHOI'O CUTHANa Ha3biBaeTCA MYHKUMEN aKTMBHOCTU.

o HejipoHHass ceTh MoxeT 0O0y4aThbCA BBLINTOJIHEHUIO OIpEAeeHHOMN
3alayd U OOBIYHO B NPUBBIYHOM CMEBIC/E HE TPOrpaMMUpYyeTcs.
OOyyeHMe 3aKNMIOYAaeTCSd B U3MEHEHMM 3HAYEHUH BECOBBIX KO3+
¢buuneHTOB. B xome o0y4eHuA BENTMYMHA, HA KOTOPYIO JOMKEH M3-
MEHUTHCS BeCcOBOH K03(DDOUUMEHT, BBIYMCAIETCA C MOMOIILIO COOT-
BETCTBYIOILETO IIpaBuUJa.

1.6. [lononHutensHas nuTepatypa

OTa KHHUIa cO3aBAIach Kak BBEACHHE B O0/AaCTh HEMPOHHBIX CETEl, cTaBsilee
CBOEH LE/BIO TIOArOTOBUTD YMTATENS K IIOHUMAHMIO G0oJiee CIOXKHBIX MYBIUKALMIA.
B. mampHeiiilieM B KHMTe Bl BCTPETUTE MHOXECTBO CChUIOK Ha JpYrue reyaTHble
uspnaHusi. HexoTtopble M3 peKOMEHI0BaHHbBIX MyOIWKALMIT OCBELUAIOT OYEHb Y3KUE

" acMeKThl HEIpOoHHBIX ceTeil. Cpeny NpoumMX CChUIOK, YUTATENI0 BYIYT BCTpeYaThest

M CCBLUIKW Ha criedylolue Haubosee MHTEPEeCHbIE KHUMHM, KOTOpbIE HACTOATELHO
HaM¥ PEKOMEHIYIOTCS 4151 6osiee ryBOKOro NMoHUMaHWs NpeaMera.
B xnure ®ocerra [Fausett, 1994] 6onee nogpobHo OCBelLEHbl TeMbI, pac-
CMOTpPEHHblE B MEPBLIX LUECTU IJlaBaX Halueil KHUIU. BOJbLIMHCTBO NMOCBs-
LIEHHBIX HERPOHHBIM CETAM TEKCTOB HUCMOJIb3YEeT MHOTO MaTeMaTHUYECKMX Bbl-
xnagok. Xorst kHura Mocerra WU SABAsSETCA MaTeMaTUMUYECKOit, paccMaTpiBae-
Mble B HeW BOMPOCH! OCBEILAIOTCA [OOBOJBLHO NOAPOOGHO, a OOBACHEHMS
CONPOBOXIAIOTCS XOPOUIMMHU NTPUMEPAMM.

Knura Xeitkuna [Haykin, 1994] He nmns Tex, KTo 60OMTCS MaTeMaTUKMU.
B Heii ¢ ZocTaTouHOi ﬁO}lpOGHOCTb}O paccMaTpUBaIOTCH pa3fiIUdHbIEe TUIbL ap~
XMTEKTYpPbl CeTell. BONBLIMHCTBY CTYNEHTOB KHMIa [OKAXETCH CIMLIKOM
CJIOXKHOM, €ClIK UCITONb30BaTh €€ Ui 3HAKOMCTBa € NpPEAMETOM, HO OHa Mo-
KeT ObITb MPEBOCXOAHBIM CIPABOYHBIM TNoOcobueM, eCliK Bbl MOXeNaeTe Yriy-
OMTb CBOU 3HAHUSA B 00JJACTH HEMPOHHBIX CETEM.

KHure PymenxeipTa  1p. [Rumelhart er al., 1986b] Mbl B 3HauMTENbHOM CTeTTe-
HU 00s13aHbl 33 BO3POXAECHHE UHTEPeca K HEMPOHHBLIM CETSIM, MOCIEN0BaBIIMM 3a
JIOBOILHO CITOKOMHBIM: MEpHOIOM MccieoBaHUi 70-X rofoB. Dra KHUIMA 4acTo LM-
TUpYETCA B M3IAHMSIX, MOCBSILUEHHbIX HEHPOHHBLIM ceTAM. XOTS KHMIa, BEPOSITHO,
OTYaCTH U YCTapesa; B HEM MOXHO HaMTH ellle HeMaJo MOJE3HbIX MIE, U ee CTo-
UT NOUYUTATh XOTS Obl U3-32 TOI POJIU, KOTOPYIO OHa ChIrpaia B UCTOPUU Pa3BUTHS
HEUpPOHHBIX ceTeil. B lieioM KHUra UHTEpecHa, a aBTOp KHUTM, KOTOPYIO Bbl JEp-
JKUTE B pyKax, KOIJa-TO peanu3oBal Ha si3bike C CBOI0O TEPBYIO MCIIOJB3YIOLLYIO
AITOPUTM OOPATHOTO PACMpPOCTPAHEHUSI CeTh, UMeS B KayecTBe eJMHCTBEHHOTO
yuebHMKa UMEHHO 3Ty RHUTY (4 ma npoepamma delicmeumensio pabomanal).

Jononxutenstas ateparypa : 33
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TOYKa JAHHBIX. IIpelcTaBbTe MOJYYEHHYIO B Pe3yibTaTe PEUICHUS YIIPaX-

1.7. ana)KHeHml T e s ' ‘ HeHUs 2 IPAMYIO B CIIEMYIOLIEM BULE:

\ : 6600(x, y) =mx—y +c.
1. Jins AaHHBIX, IPEACTABNEHHbIX HYKE, HAYCPTUTE HA IN1a3 HECKOJIBKO Mps- '

*_MBIX,. KOTOpbI€ MOLYT COOTBETCTBOBATH 3TUM IAHHDLIM. 3anumme ypaBHe-

.. HMST 3THX TIPAMBIX, M3MEPHB COOTBETCTBYIOLUHME HAKIOHBI 1 KOOPAMHATEI
“TO4eK TepeceyeHMst IPAMBIX ¢ Ochlo. y. Jlisi Kaxnon MPSIMO}1_ BBIYMCIIUTE
CpeIHEeKBaApaTUYECKyIo OLIMOKY NMPH YCIOBHMH, YTO JUIS BBOAMMBIX 3Ha'ue-
HMI1 x BBIBOA 3agaeTcs (HopMyIon

Bbrunciure BBOA [UIS BCEX TOUYEK HaHHBIX, OMpPENCNCHHbIX B dopmynupos-
Ke yhnpaxHeHUs 1, M LIS KaxJaoit' TOUKM HaWOUTE BBIXOQHOE 3HaueHMe,
WCTIONb3ys ABOMYHYIO ToporoByio ¢dyHKuumio. Kak Bbl gymaere, MOXHO U
MOZEMIPOBATh ¢ TIOMOLLBIO. HERPOHHOM CETH BhIYUCIEHHE 3HAYCHNTH 6600a?

BBIBOI = mx + C.

X : ‘ Tpe6yeMHﬁ BHIBOJ
0.30 1.60 '
0.35 1.40
0.40 1.40
0.50 ‘ 1.60
0.60 ‘ 1.70
0.80 ‘ 2.00
0.95 1.70
1.10 2.10

2. nst JaHHBIX M3 yrpaxHeHUs | HaillnuTe NpAMYIO, MOTYYaEMYyIO B pe3yib-
TaTe TIPUMEHEHUS METOIa HAMMEHBILIMX KBAJIPaToB.

3. Anst AQHHBIX ynpa)KHeHuﬂ 1n 3a)1aHHbIX HavyaJibHBIX BECOBBIX Ko3ddu-
LIEHTOB

BbIBOA = 0.5x + 0.5

BHIMMCITATE HOBYIO TIPAMYIO MOCJIE OLHOrO IMpoXoja 4Yepe3 NaHHBIE, UC-
nose3ys npasuio obydeHus Buapoy—Xodda (1enbTa-NpaBUII0) ¢ HOPMOM
obyueHms, pasHoil 0.3. (3amevanue: 1mocjic pacCCMOTPEHHST KaXIoro yyeb-
Horo obpaslia NoAyJaeTcsl HOBas IpsMast.)

Hama noabuparoliiass npsiMble JIMHUM HEHPOHHas CETh U3 pa3fena 1.4
MMeIa ONMH BXOMHOM MEMEHT, a LIENBIO GbUIO HAaXOXIEHHE BECOBBIX KO-
3 pULIMEHTOB, MTPH KOTOPbIX MO 3aaHHOMY X MOXHO 66110 OBl OLICHUTS Y.
Kaxk 6yIeT nokasaHo B [iaBe 2, BO MHOTMX 3ajlayax TpebyeTcs 3HaTh, ¢ Ka-
KOIi CTOPOHBI OT TIPAMOIA (T.e. BBILIE WM HIDKe ee) OyAeT pacrnojiarathes

&
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[naga 2

Knaccudukaums o6pasLos

3anava. - Onucanme MpodieMbl KiaccubUKalMK U HEHPOHHBIX ceteid,
CHIocOGHBIX BHIMOMHATE Kiiaccubuxauuo obpasuos.

Henu. Bb! JOMXKHBI NOHSTE:

yTOo TaKoe NpobieMa KiaccUbHUKallMi U YTO TaKOE YIpaBifaeMoe
00yueHHE; ‘

Ha OCHOBE Yero BHINONHAETCS KiaccuduKaluusg B ceTax ¢
TIPSIMOM CBSI3BIO;

TIPMHLIUIBL TIOCTPOEHUST CeTel ¢ MPAMON CBSI3bIO, B KOTOPBIX
HCIOJB3YETCA aITOPUTM OOPAaTHOTO pacripoCTPaHEHH oumboxK,
4YTO6Hl UMETH BO3MOXHOCTh PEATM30BATE. TAKYIO HEUPOHHYIO
ceTh Ha SI3bIKE MPOrpaMMUPOBAHUSA, KOTOPbIN BBl NPEANOYTETE;
PA3HMILY MEXIY JMHEHON ¥ HEMMHEHHON npoGreMaMH.

TpeGoBanus. 3HaHME OCHOB JIMHEHHOM areOpsl Ha YPOBHE, NPEACTABICHHOM
B npwioxeHnn A. [t oHMMaHUA HEKOTOPBIX pa3e/ioB
TpebyeTcst 3HaHWE OCHOB JucdbepeHIIMPOBAHHUSI, HO 3TO
He CJIMLIKOM BaXXHO C TOYKHM 3PeHMsT YKa3aHHbIX BBIILE LeNei.
3HAKOMCTBO ¢ MaTepUaloM I7asbl 1.

2.1. Mpunoxexus

MHorHe TIpUTOXEHHST MOXHO MHTEPIIPETMPOBATh, KakK npoGieMbl KjlacCcH-
dHKaLyH. Hanpumep, ecu Bbl paGoTaeTe AIMMHMCTPAaTOpOM B GaHKe M BaM
MPUXOMUTCS peltaTh, CJeAyeT BblIaTh KOMY-TO KPEIWT KA HET, BBl MOXETC
KraccuGUUMPOBaTh BCeX NMOTCHUMANBHBIX KIMEHTOB M0 YPOBHIO puicKa: HU3-
Kuit, cpedHUH WM BeICOKMI puck. Hpy onTuyeckoM pacTio3HaBAHUM CHMBO-
JIOB CKaHMPYEMBIE CHMBOJIBI TOXE aCCOLIMMPYIOTCH ¢ COOTBETCTBYIOLUIMMH UM
Kiaccami. ViMeeTcd HeMato BapHaHTOB M300paxeHus Oykser “H” maxke s
OJIHOr0 KOHKpETHOTo wpudTa -— CHMMBOJI MOXET OKa3aThCfl, HallpMMeEp, CMa-
3aHHBIM, — HO BCE€ 3TH M300paXK€HUS JOJIKHBI - [IPHHAUIEXKATDH Kilaccy “H”.
PacriosHaBaHHe CJIOB B 3BYKOBOH 3allMCH, BOCITPOM3BOINMOM IMHAMMKOM
MarHuTo)oHa, JaeT HaM ellle OIMH U3 MHOXECTBA IIPUMEPOB K1acC(pUKaLUU.
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Koraa Mbl 3HaeM K KakoMy KJIacCy OTHOCHTCS KaXXIblit U3 y4eGHBIX IpUME-
POB; MOXHO MCIOJIb30BaTh yipapiseMoe obydeHue. 3ajaveil UK CeTH ABASETCA
ec oOyyeHMe TOMY, KaK COIOCTAaBUTH TpPEHBSABIAEMBIA CeTH obpaseu ¢ KOH-
TPONBHBIM LEeBbIM 06pa3lioM, NPeJCTaRIIOLIMM HYXHBIA Kiacc. Hampumep,
CETH MOXHO TIpeIbIBUTL H300paxeHue 6ykBol “H” U oOy4dUTb CETh TOMY, YTO
IIPY 3TOM COOTBeTCTBYIoMit “H” BBIXONHOI 3/IeMEHT HO/LKEH ObITh BKIIIOYEH,
a BHIXONHBIE 3JIEMEHTBI, COOTBETCTBYIOIUME IDYTMM OyKBaM, — BBIKIIOYEHBI.
B sToM ciyyae BXOZHOM ofpa3sell MOXET OblTh HabOoOpOM 3HayeHMM, XapaKTepH-
3YIOLMX TIMKCENM W306pakeHUsI B OTTEHKax CEporo, a LieeBoii BhIXoAHON obpa-
3€1] — BEKTOPOM, 3HaYeHHUS BCEX KOOPIMHAT KOTOPOTo JODKHBI GbITh PaBHBIMU O,
33 UCKJTIOYEHMEM KOOPIMHATHI, COOTBETCTBYIOILEI BBIXOAHOMY 3JIEMEHTY, INMpea-
crasnsoleMy “H” (3HayeHUe 3TOi KOOPOMHATHI JOJDKHO OBITh PaBHBIM 1).

OCcHOBHas 4acTh MaTepMaia 3TOil IJaBbl TIOCBSLIEHa OMUCAaHUIO Haubosnee
YacTo MCITONB3YEMOrO CEroOgHS THUIA 'HEMPOHHBIX CeTEd, a MMEHHO CeTAM
¢ 06paTHBIM pacnpocTpaHeHHeM OLIMO0K. Takue CeTH MCMOJb3YIOTCA TIpU
pEllieHMH LeJOro psAsa 3alay, HauMHas OT pacrno3HaBaHUsI OOBEKTOB MO CHT-
HanaM TMAPOJIOKAaTOpa N0 MONENTUPOBAHUS JUCIEKCHM — Tpo6lieMbl, BO3HN-
Karollei ¥y HEKOTOPBIX JIIOAEH NpU pacrio3HaBaHUM CJIOB.

2.2. OCHOBHbIe naeu

B 3TOM pasgefie paccMaTpUBAIOTCS OCHOBHbBIE TIOHSATUSA, Heob6xonuMBble Ans
OTIMCAaHUA MOJEIM CETH, MCIONB3YIOLIel aIropUTM 0OpaTHOTO pacrpocTpaHe-
Hus olMBOK, 0 KOTOPOM MoliaeT pevb B pasnene 2.4.

2.2.1. OyHKuua BoIOOpa pelieHuns ~

Y1068 OnUcaTh, KaKuM obpa3oM paboTaeT HEMPOHHAS CETb, PACCMOTPHUM
TPUBUAIBHYIO 3a7a4yy U UCTIoNb3yeM IS peleHMs 3TOH 3ajauu camblit Tnpo-
CTON THUII CETH.

Wmoctpauus Takoit 3amauu KiaccugpuKaluum npexcraBieHa Ha puc. 2.1. 3a-
Jaya COCTOMT B BbpaboTKe mpasui Kiaccudukaumu camornetos mis 6ombapaun-
POBLIMKOB M MCTpeOUTENEil B 3aBUCMMOCTM OT MX MAaKCHMMAIbHOM CKOPOCTM H
MAaKCHMAITBHOTO BIIETHOro Beca. Takue mpaBuia MOTYT ObITh 3aaHbl (OPMABHO:

ECJIA Bec > 0.80 U cxopocth < 0.55, TO 6oMbaparpoBILUK,
ECJIN Bec < 0.90 U ckopocts > 0.25, TO ucTpedburens.

DTH TIpaBWia UCHONB3YIOT IUCKPETHBIC IPAHMYHBIE 3HAYEHMS, PA3IENAIO-
1i{e NPOCTPaHCTBO BCEX 3HAYEHMII Ha MpsAMOYyronbHble obnactu. PasneneHue,
MOpOXAEHHOE 3TUMM NpAaBWIaMH, BIOJIHE YCTIELUHO KlacCU(MUUMpPYET caMo-
JIETBI, TIpeJCTaBNEHHbBIE Ha HALUe# AUarpaMMe, HO OKa3bIBaeTCSl HE CIIMIUKOM
rMOKUM, ec/IM MO 3TUM TIpaBuiiaM TIpuieTcd KiaccuduUMpoBaTh HOBLIH caMo-
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Puc. 2.1. Paznenenne abCTpaKTHbIX JaHHbIX HA ABa K1acca

ner. KpoMe Toro, STW NpaBiia B YKasaHHOM BHIE HUYero He coo0LuaoT
O TOM, HacKOJIbKO TOYHOM OyaeT KiaccuduKaunss HOBOrO CaMoJieTa.

ANbTEpHATUBHBIN TIOAXO/ K MCITOIb30BAHUIO TMPaBUJT 3aKJIIOYAeTCsS B BbIBO-
Je OYHKIIMH KiaccM(PUKALMU TIyTEM TIOCTPOSHUS TIPSIMONA, pasiensowIeil 18a
Kiacca. JJ1s HOBOro caMojieTa HaM HYXXHO TPOCTO YKa3aTh TOYKY Ha IL1OCKO-
CTH, COOTBETCTBYIOILYIO M3BECTHBIM 3HAYEHUSIM MAKCHUMAJBHOM CKODOCTH
M MaKCUMaJILHOTO B3JIETHOIO BeCca H NMOCMOTPETh, MO KaKylo CTOPOHY OT Ips-
Moit ByaeT pacniofloXeHa 9Ta Touka. B maHHOM ciydae JUIS HEGOJNBLIOTO KOMH-
YecTBa CaMOJIETOB PacCMOTPEHBI JBa IpPU3HaKa, CKOPOCTb M BeC, MOITOMY
MOXHO NpPEACTaBUTh NaHHbIC B BUie H300pakeHWsT Ha IutockoctH. OnxHaKo,
€C/iv NpueTcss UMEThb AENO C COTHSIMHM CaMOJIETOB M 3HAYUTENBHO GOMBLIMM
YKCIOM MPU3HAKOB (T.e. B C/Iyyae MHOrOMEPHOI 3afaud), 3amady maccudm—
KallMM B BUJE NPOCTOIl KAPTUHKU NPEACTABUTh OYAET HEBO3MOXHO.

Boixon 3aKJIOYaeTcsl B MCIONb30BaHMM (GYHKUMHU BhIOOpa peiteHus. Ypag-
HEHUE TIpAMOit, pasielisolleil ABa TUIA CaMOJIETOB, 3allMChIBAeTCS B Clie-
JIylonieM BUIE: '

X, =15x+05,

Ifie x, TPEeACTaBJIseT CKOPOCTh, a x; — Bec. OT10 ypaBHeHue MOXHO MCIOJb-
30BaTh [UIS CO3MAHUA DYHKUHM BHIGOpPA PEIICHUS:

f(xly x2) ==X +1.5X1 +0.5 .
_ [uctpeturens, " ecnm fOx, x) 20,
GombGapauposimk, ecnn f(x, x;) <0.

Hanpumep, ucrpeﬁmenb npencraane}'mblﬁ Toukoii (0.4, 0.5), nact
f(04 05)=-05+1 5><04+05 0.6,
u yHKuug BbIOOpa pellieHUS TIPaBWIBHO KIAacCUPUUMPYET 9Ty TO‘le, Kak

UCTpeOUTEND.
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[Tpeanaraemyio dyHkIMI0 BEGOpa pPEUIEHUS MOXHO MOZEINPOBATH

C MOMOLIBIO HEHPOHHON ceTH M JaXe pealu30BaTb B BHIE amlapaTHBIX
cpeacte. Ha puc. 2.2 nokasaHa ceteBas MOIENb U NaHHOM (YHKIHH Bbi-
Gopa petueHnsa. CeTeBoil BBOI JUIS LIEHTPANbHOTO 3JIEMEHTA HAXOLUTCS My-
TEM YMHOXEHHSI NEPEMEHHBIX BBOMA, X; K X , Ha COOTBETCTBYIOLIME MX
B3BELICHHBIM CBSI35IM K03(h@dULKEHTHE C MOCTEAYIOIHM CYMMHUPOBAHHEM pe-
3yNBTATOB. . YKa3aHHOe Ha CXeMe 3HauYeHHE CMCLICHUS TOXe JpobansieTcs
B CYMMY, B pe3yjbTaTe 4ero Moiy4yaeTcs 3HayeHUe KOMOMHHPOBaHHOTO BBO-
Ia jis JanHoro aneMenTa. Kak GbU10 nokasaHo B r7aBe 1, Bca cyMMa umeeT
CHenyIolHiA BUI

n

netj =W + Zx[w,

i=1
Ihe net; TPEACTaBIseT 3HaYEHHE KOMOMHUPOBAaHHOTO BBOJA, Wy — CMELUe-
HUE, CBA3BIBAEMOE C 3JIEMEHTOM, 3HAY€HHE aKTHUBHOCTH KOTOPOro CYMTaeTCs
BCerla paBHBIM 1, x; — 3Haue€HME aKTUBHOCTH i-ro /EMEHTA, a w; — BeC
CBA3W, Belylleil OT 3/IeMEHTa C HOMEPOM i K 3IEMEHTY € HOMEDOM j. Ons
3JIEMEHTA, NMOKA3aHHOTO Ha pucC. 2.2, BBIXOAHOE 3HAYCHHWE BRIYMCIIACTCS CO-
[JIACHO KPUTEPMIO MOPOroBoit GyHKUMHU:

1, eciau xoMGuHMpoBaHHbIi BBoL =0,
BBIXOX

0, eciu koMOuHupoBanHsiii BBoA <0.

BroixoaHoe 3HauyeHMe | JOJKHO YKa3biBaTh Ha TO, YTO caMoJieT SBAACTCA MC-
Tpe6GuTENEeM, a 3HaueHMe 0 JOIKHO COOTBETCTBOBATH GOMOAPAMPOBLUKKY.

‘1; ........................ . . CMellienme
s

X, e—15 %
_10
o«

Puc. 2.2. lpoctas HelpoHHas ceTb

Xy

BBoxo ISl ceTH Ha puc. 2.2 NPOMycKaeTcsl Yepe3 Moporosylo (GyHKUMIO,
B pe3y/IbTaTe Yero MOpOXaaeTcs BhIXONHOE 3HaYeHue, paBHoe 0 Win 1. BwMmecrto
yKa3aHHOW MOpPOroBoil’ GYHKIMHM MOXHO ObUIO 6bl  MCIMOJB30BaTh JI06YIO
apyryio- GyHKIMIO, Jaloulyl0 BBIXOZHBIC 3HaYCHHS B IHana3oHe oOT 0 mo 1.
Tak, ecIM BBLIXOQHOE 3HaYeHUE OKa3biBaeTCA PaBHbIM 0.9, MBI MOXCM ObiTh
npaxmqecxu YBEPEHBI, YTO CAMOJNET SBNAETCA MCTpeOuTEIEM, a BOT 3HaYyeHHe
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0.5 He JaeT HAM YBEPEHHOCTH OTHOCHUTENBHO ero kiaccubukauun. Ha caMoM
Jejle CUCTEMY MOXHO MCIOJBE30BATL HE TONbKO LTS Knaccn(bnkauuu au ang
OLICHKH CTENEHU TOYHOCTH TAKOH KiaccHpUKALMHU.

Mpumep 2.1

N

(a) Beruncmure KOMOGUHUPOBaHHBII CeTeBOl . BBOA NI 3JEMEHTa Ha,

puc. 2.2 1 COOTBETCTBYIOILEE BBIXOAHOE 3HAYeHUE TIPK KCTIONB3OBA-
HUU ITOPOroBoi GpyHKLUMHU U BXOZHOro BekTopa [0.7 2.5].

(6) Berumcnute BEIXOZHOE 3HAYCHHME, UCIONb3OBAB B KAYECTBE (DYHKLMU
AKTHBHOCTH - CHTMOWJIAJIbHYIO (DYHKIUIO, onzmou BEKTOp OCTaeTcs
TaKiM Xe€, KaK ¥ B 1. (a). \

(B) Bblymcaure KoMOMHMPOBaHHBIH BBOA VISt CETU C apXUTEKTYPOIA, 1O~
KazaHHOM Ha puc. 2.2, HO ¢ HaboOpOM BECOBBIX 3HAYECHMIl [-
0.2 0.03 1.2] n TaKuM Xe BXOAHBIM BEKTOPOM, KaK U B I1. (a).

PeiweHue 2.1

(a) Topsmok  371eMEHTOB BO BXONHOM BEKTOPE TOBOPUT O TOM, YTO
=07 1 x,=05. Takum obpa3oM, KOMOMHUPOBAHHBINA BBOX OKa-
3bIBA€TCSl PaBHBIM :

0.54+(0.7%x1.5) +(2.5%x~=1) =-0.95.
KoMOuMHUpOBaHHBIA BBOA  OKA3BIBaeTCA OTPULIATEJIBHBIM, TO3TOMY
BbIBOJI paBseH 0.

(6) AKTUBHOCTD B cjydae curMounaanon byHKLIMM  BBIYMCIAETCH FO
. cneaonmen dopmyie:

* f("f’tj)z !

L+exp(-net ;).

KomMOuHUpOoBaHHBIX BBOL paBeH —0.95, M IMOICTAHOBKA 3TOrO 3HAYe-
HUS B CUTMOHMIANBHYIO ¢>yHKumo JaeT BLIXOAHOE 3HayeHue 0.28.

(B) B 5Tol KHUTe B BECOBBIX MATPHLIAX COOTBETCTBYIOLLUME CTPOKAM HHIEK-
Chl YKa3bIBAIOT HA SNEMCHTbI, OM KOMOPbIX UCXONAT CBA3M, & MHIACKCHI,
COOTBETCTBYIOLIME CTOIOLAM, yKa3blBaIOT Ha 3JIEMEHTBI, K KOMOpbiM 3TH
CBSI3M HallpaB/icHbl. [1OPANOK pa3MeLIEHNST BECOBBIX 3HauYeHWH B MaT-

pHLie BECOB O3HAYaeT, YTo CMELeHUe paBHO —0.2, a LIS aleMeHTa, oM
KOMmMopo2o WCXOOWUT CMeLlgHMe, 3HAY€HUE AKTUBHOCTU JONKHO OBITh

paBHbiM 1. Eciu BXoaHO# BeKTOp 0GO3HAYMTH X, a BEKTOP BECOB — W,
TO KOMOMHUPOBAHHBIA BBOM 3JIEMEHTA MOXHO BBIDa3UTh B BUIE

net; = Xw /
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Ipy YCJIOBHHU, 4TO BXOTHOW BEKTOP BKJIIOYAET ¥ 3HA4YEHUE aKTUBHOCTU
JICMEHTA CMECILCHUSA. ).1063B)'l$[9[ KO BXOOHOMY BEKTOpY 3HAYCHMHE aK-
TUBHOCTU = 3JIEMCHTA CMCIUCHUA, A KOM6MHVIpOBaHHOI‘O * BBOJA
B HalleM ciiy4ac rojryyaem

-0.2
net =[1 0.7 2.5] 0.03
1.2
= (1x-0.2) +(0.7x0.03) + (2.5x1.2)

= 2.82.

Npumep 2.2
Haiiti BecoBble KO3(GMUMEHTH IISE MOZENN HEMPOHHON ceTH; 1onod-
HOI MMOKa3aHHOM Ha puC. 2.2 U NIPEACTaBAAIOUIE] crelyrolee ypaBHeHHe:!

2X2 = "4xl+8.

PewieHue 2.2

Jlnst mo6oit Toukw, Nexalleil Ha YKa3aHHOM NpsiMoii, BecoBble Koaddu-
LIMEHTBI MOXHO OTIPEAEIUTb U3 YPABHEHUSA

Wo +le1 +XZW2 =0.

O1cioga nojgyyaeM
W WO
- Xy = —X ~ 70 .
Wy W
CpaBHuUBasE uJieHbl TOJYYEHHOTO. PaBEHCTBA € Ko3(pdUUMEHTAMH, YKa-
3aHHBIMU B YCIIOBMH TIpUMepa, UMEEM ‘

w 4 W _ 8

Wy 2 ’ ‘ Wy 2

Takum obpaszoM, wy=-8,a wy; =2.

2.2.2. KoppexTipoBka BECOB

U3 puc. 2.1 JOKHO BbITh ACHO, YTO UMEETCH LIENI0e MHOXECTBO MNPAMBIX,
KOTOpbIE MOTYT GbITb BHIGPaHBI B KAa4eCTBE TPaHMLbI, pasiensioeil JaHHbIE,
MIO3TOMY MMEETCS 1IeJI0€ MHOXECTBO BECOBBIX 3Ha4Y€HMM, JAOLIMX Moxxons-
Lee peme‘Hue. Ecin TpeGyeMblit BHIXOM i-T0O a/eMeHTa OB03HAUMTb f;, 2 Ha-
GmofaeMblit Ha caMoM jelie — o;, To owwubka E, ans obpasua p MOXeET
ObITh OTnpeneneHa no dopmyie
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va—

=¥ (5-0,), @D
] o
a  roHast owmbKa 6yner pasHa E= ZE MHO)KMTCJIB 1/2 BKIIOMEH 3/IECh
'B bopMyITy € LENbIO YIPOLICHUS BHIKIANOK B pasnene 2.2.3.

AKTMBHOCTPH JII0BOTO - 3leMEHTa 3aBHMCUT OT KOMGUHMPOBAHHOTO 'BBOAA
3’1‘0]‘0 9NIEMEHTa, a 3HAYWT, OT BECOBBIX 3HAYCHMIi, BIMSIOIUMX HA 3TOT e~
MEHT. anI[CTaBbTC cebe 3/eMEHT, TONOOHBINH MOKa3aHHOMY Ha pHc. 2.2, HO
: 6e3 cMellieHus. Takoit 2EMEHT MOXeET MOLENMPOBATh JIOOYIO MpAMYIO, TPo-
XOMSLIYIO Yepe3 Hayano KoopauHaT. B ciydae NHHEHHOTO 3/IEMEHTa M OIXHOrO
obpasia paBeHcTBO (2.1) MOXHO 3amucaTh B BUAE

E = %(t—net)2 ,

Tak KakK JUIg JIMAHEHHOTO 3J1IEMEHTa BHIBOI oxa%maé’rcx paBHbLIM BBOAY. Pa3Bo-
' paunBaHHE npaBoﬁ YacTH paBCHCTBA Hac€T

1 ,
E= —[12 —2tnet +net2]
2
1
= ) [tz =2t (xyw; + xyw,) + x12w|2 +2xwpxaw, + x%w%] ,

rae net= x,wl + x,w, - JuddepeHumpys paBeHcTBO (2.2) 10wy, NONYYacM

‘B_E = (=t +xyw; + X;W3)x . (2.3)

ow,
PaBeHcTBO (2.2) FOBOPMT O TOM, YTO 3aBUCHMOCTb KBajpara OwMbku oT wy
aBisgercd napaGoAMyecKoii, KaK MOKa3aHo Ha pue. 2.3, a €C/IM TIPUPABHATD
K HY/IIO TIpaBYIO YacTh papeHcTBa B (2.3) M peluMTh Mony4yeHHOE TakKMM obpa-
30M ypaBHEHME, MOXHO HaiiTH TOYKY MHHMMYMa COOTBETCTBYIOLLEH KPHBOH.

E2

n w

Puc. 2.3. Mpamast auwms NPEncTasaser npoM3BOIHYIO OLNOKH
B 33BYCHMOCTH OT BECA B MOMEHT BPEMEHH n
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22) .

BeriomHuTe T1aBy 1: Tepen HayaioM OOYYEHUS BecoBble KO3((dHLIUEHTD!
YCTAaHAB/MBAIOTCA PaBHBIMM HEKOTOPbIM CydailHbIM 3HayeHusiM. Ilpy atom
TOYKA, TIPEACTABNSIONIas HaYa/IbHOE COCTOSIHUE CETH, MOXET OKa3aThCS B JIIO-
6OM MeCTe Ha ITOBEPXHOCTH OIUMGOK, HO OYEHb MallOBEPOSITHO, YTOOBI OHA
OKa3aJoch B TOUKe MUHIMYMa 3Toii ToBepxHocTy. B mpoliecce obyueHus ceTh
IO/DKHA KOPPEKTHPOBaTh BEcOBble KOD@UINEHThl TaK, YTOGBI - MaKCUMAJIbHO
YMEHBLINUTH 3HAUYECHUE obiueit ownbKu. JpyruMy clloBaMH, BecoBbie KO3hdu-
HMEHTB! HOJKHBl KOPPEKTHPOBAaTbCcH B TOM HANpPAaBIEHHM, B KOTOPOM CIYCK
BHM3 TI0 TIOBEPXHOCTH OIUMGOK MpoucXoauT GbicTpee Beero. Ha puc. 2.3 a1a
Mies WULIOCTPUPYETCS JUIS OHOTO Beca, e n 0603HAaYaeT BpeMsi Wi HTepa-
umo. Jisi clydast OByX BecoBbiX K02(PHUMEHTOB MonyyaeTcs YalleBMAHAA
MOBEPXHOCTh OIMGOK, MOA06Hast OKa3aHHOM Ha puc. 2.4.

E2
w
BecoBoii BexTOp,
LAOLWNA
MUHUMANBHYIO OLIMOKY
w2

Puc. 2.4. [NosepxHocTs, NpeACTaBAsioWas BensmHy owumbku
JU19 pa3Hbix KOMOUHALMIA BECOBBIX KO3GPULMEHTOB

2.2.3. MMHMMM3auma KBappara owmoku

OfMH U3 3KCIIEPUMEHTOB, KOTOPbIIt MHOTHE M3 HaC BBHIMTOJNIHSUIM B LIKONE,
COCTOS/I B HAHECEHMM Ha KOOPAMHATHYIO CETKY TO4YeK, COOTBETCTBYIOLUMX BE-
JIMUKHE M3rMba METAJUIMYECKON TLIACTMHBI B 3aBUCHMOCTH OT MPHIOXKEHHOM
K Heil Harpy3KH, C MOCTEAYIOLUMM IIOCTPOEHHEM NPSAMOM, JUlsl KOTOPOt cyMMa
KBAJpaToOB PacCTOSHMIl OT TONYYEHHBIX TOYEK HO TPSIMO¥ OKa3blBANach MM~
HUMabHOM. TOT e NMPUHLMII MOXHO MCNONB30BaTh [ KOPPEKTHPOBKH BE-
COB, Y OIHO W3 TAKMX MPABUN KOPPEKTHPOBKU BECOB, Ha3blBacMOE IPaBUIIOM
Bunpoy—Xooda uny [enbTa-NpaBUioM, yXe YNOMHMHANOCH B rnase 1. 10
MPaBWJIO 3aITMCHIBAETCA B CICAYIONIEM BUAE! ‘

Aw; =16 ;x;, 8, =(@;-0;), (2.4)
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‘rncu t j' obo3HavaeT TpebyeMoe 3HaYeHME VT dAeMEHTa j, 0 j — €ro peajb-
HBIH BBIBOA, X; — CUTHAJI, NMPHUXONSIIKIA OT 35eMeHTa i, 1) — HopMa oby-
YeHUs (Ko3bGhUILMEHT, OT KOTOPOrO 3aBHUCHUT BEJUYKMHA M3MEHEHMS Beca),
a Aw; — BENTMYMHA, Ha KOTOPYIO M3MEHSETCH. BeC JUIS CBA3M, MAYLLEH OT
3JIEMEHTA i K JIEMEHTY j.

BTo TIPaBUIO O4YEHB IIPOCTO TOJIyYaeTcss B Cllydae NTMHERHOTO 3/EMEHTa,
Korza BbIBOJL OnpejesisieTcs ceayiouelt hopmynoii:

Oj = EXIWU .
J

Hcrone3ys nienHoe Mpasiio, MOXHO BbIPa3UTh TPOUIBOIHYIO rIOBeprocm
oumbOK B 3aBHCUMOCTU OT Beca B BUIE TPOM3BENECHUS, XapaKTEPU3YIOLLIETO W3-
ME€HEeHHe OLIMOKHU B 3aBUCHMMOCTH OT BbIBOAA 3JIEMEHTa, U M3MEHEHMWe BblBOda
B 3aBUCHMOCTH OT CBSI3AHHBIX C 3NIEMEHTOM BECOBBIX KO3(hMHIINEHTOB:

aE - oE aoj

—_— =1 2.5
dw;  do; owy @3)
9E _ s ‘
aoj =-9; (aTo cnenyer u3 (2.1) u onpenenenus 5, s (2.4)),
do;
_i- —3 x[ 5
owy;

OTKyZla, BO3Bpallasich K (2.5), nonydaem

‘——a£ - O x;

ow; 7

IlpuHuMaa Bo BHUMaHKe TOT (baKT, YTO Bec NOJDKEH U3MEHSATBLCS B HarpaBie-
HHH, NPOTHBOIIONIOXHOM HAMPABICHUIO BEKTOpa IpaJueHTa, W YMHOXast Ha
HOpMY OOyJYeHMsI, IPUXOINM K paBeHCTBY (2.4). '

Momudukanust 3Toro Merona KOPPEeKTHPOBKM BECOB OyleT paccMOTpeHa
B pazzene 2.4, rae oHa OyZeT UCTIONB30BaTECA WISk OOYYEHUS CeTell ¢ HECKOIBKUMU
CIIOSIMM JIEMEHTOB, HO CHayala Mbl JO/DKHBI OOCYIUTh NpeUMYIIECTBA TaKUX Ce-
Tell B CPaBHEHMH C CETHIO, B KOTOPO UMEETCA TOBKO OIMH CJIOH BECOBBIX 3Haye-
HHIA (T.€. TONBKO C/0/ BXOAHBIX 27EMEHTOB U CNIOM BBIXOIHBIX 3JIEMEHTOB).

2.3. JluneiiHbie W HennHeliHble NPoBAEMbI

CeTb Ha pMc. 2.2 UMeeT Ba BXOOHBIX 3MEMEHTA JUIS ABYX . IPU3HAKOB.
Yncio NPM3HAKOB OMNPEAENACT Pa3sMEPHOCTb MPOCTPAHCTBA, U3 KOTOPOIO BHI-
GuparoTca Bce BBONUMBIE 0Gpaslipl: IS ABYX MPU3HAKOB IIPOCTPAHCTBO OKa-
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3BIBAETCS ABYMEPHBIM, IS TPEX — TPEXMEPHBIM, a.IUISi n MPU3HAKOB MPO-
CTPaHCTBO OKa3bIBaeTcsi n-MepHbiM. [IpocTas Molejib CeTH, COCTOsiLLeH U3
TpeXx BXOLHBIX M OJHOTO BBIXOJHOTO 3JEMEHTa, OyIeT MOAEAMpPOBaTh ILIOC-
KOCTb, @ MOJENb C N BXOIHBIMM JIEMEHTaMM GyIeT n-MepHOH IMIMepruIocKo-
cteio. JnA 3a1auyn KiaccnpUKALMY, HanpUMep, BBIACHEHUS TUIA CaMOJIETOB,
ecny TpsiMast (U1 pasMEPHOCTH IBa) WM THUIEPILUIOCKOCTD (A1 pasMepHOCTH
n) MOXeT pa3ieNUTh Bce 06pa3subl HAa COOTBETCIBYIOLUWE MM KJIaccel, TO Mpo-
6ieMa SIBIsieTcs aunednol. Eciy e Ins pellleHus NMpoblieMbl pasaeneHust o6-
pasloB Ha Kjacchl TPebGyeTCs HECKONBKO TMPSMBIX MM [UIEPILTOCKOCTEH, TO
npobnema HasbiBaeTcst HeauHeiinod. TIMpOKO M3BECTHBIM NPUMEPOM HENU-
HeilHOIt Mpo6ieMBbl SIBISIETCS YITOMUHABLLAsACS B IaBe 1 mpobsiema MOAETHPO-
Balng orHoureHusi XOR. OtHoleHue XOR Tipy BbIBOJE daer | TonbKo TOria,
KOrIa B TOUHOCTH OJHO M3 BBOIMMBIX 3HAUeHMI paBHO 1, WHaue BHIBOI OKa-
3piBaeTCs paBHbIM 0. OmpeneneHue oTHoweHyuss XOR npuseneHo B Tabn. 1.1
IMpobneMa XOR, TakuM 0Opa3oM, SBASETCS HEJIUHEAHOMN, U LISl ee PELICHUS
¢ TIOMOLLBIO HEPOHHOM CETH MMeeTcs IBe BO3MOXHOCTH: JIMGO UCIONb30BaTh
CeTb, KoTopas OylIET CTPOUTH ABE WM GONblIC NPAMBIX WIS pa3ie/leHU daH-
HBIX, 1160 MU3MEHUTh BMJI BBOAMMBIX JaHHBIX. IToCIEAHAS BO3MOXHOCTb MO-
3KeT TpeBpaTHThL TNpoGJieMy. B IMHEHHYIO, €CIH K IBYM MMEIOLIMMCH BBOLM-
MBIM MpU3HaKaM A06GaBUTH TPEeTUH M cHeNlaTh TPOCTPAHCTBO BBOAMMBIX HaH-
HBIX TPeXMepHbIM (B pe3ynbrate [Ba Knacca OYEYT pasMellaTbcs B IBYX
[POTHBOIOOXHBIX BepiuMHax Kyba). Mbl Ha camoM feNe He GyaeM cuuTaTth 1o-
CMIEHIOK BO3MOXHOCTb HEMPOHHBIM pellieHueM, IOCKONbLKY aobaBneHue

.TPEeTbero IMpu3Haka O3HayaeT, YTO Mbl BMEILIMBACMCH B npouecc NMpUHATUS pe-

LIeHNUs1, TeM Gornee, YTO [UIS LEMOro psa CNOXHBIX MpobjieM Takoe BMeMaTeNlb-
CTBO OKa3bIBAaeTCS HeBO3MOXHBIM. TT03TOMY MBI MpelriodnTaeM, 4To0p! CeTh pa-
GoTana B yCJOBHAX. HeJIMHelHo# npobnemsl. Takum ob6pazoM, Mbl cOCPEAOTO-
4YpMCS Ha PELICHMU, MCTIONB3YIOLIEM IBE NPAMBIX Ui Pa3ie/ieHust JaHHBIX B X
MCXOIHOM IBYXMEPHOM BuIe. Takas ceTh MOTpeGyeT IBa 37€MeHTa, KaXIbli 13
KOTOpBIX FOMYYUT Ha BXOIE IO ABa 3HAa4eHMs, YTOOBI MPEeJCTaBUTh ABE pasie-
SISIOLIME TIPSMBIE, U TPETHI 3NeMeHT, O6beAMHSIOWMH NHbOpMaLMIO 00 3THX
IOBYX NpsMmelX. [lpo6iema MomenupoBaHMsA oTHowweHMs XOR pasnensiominMu
IPaHMLIAMM WUTIOCTpUpYeTcst Ha puc. 2.5. Ha puc. 2.6 rokasaHa apxuTeKTypa
HeHPOHHOIA ceT, KoTopast Gy1eT MOAENNPOBATh ABE Pasie/sTioLIne IPaHHULbI.
JlaBaiiTe BBISICHMM, YTO TPOMCXOZMT C ITONaBaEMBIM Ha BXoid obGpasuom
B TiepBoM ciioe. JIig 371€MEHTOB BXOZHOTO ciosd GYAyT HCMONMb30BATHCH MHAEKC
i, I TEMEHTOB CKPHITOrO CNOS — j, @ JUISL 3/IEMEHTOB BBIXOAHOTO cJiost — k.
B cetd Ha puc. 2.6 3/eMeHTHI pa3feiieHbl Ha TpU CJosA. DJIEMEHTbl TIepBOro
C108 ABJISIOTCS JIEMEHTAaMM BBOJA JaHHBIX B ceThb. He 3abbiBaiiTe 0 TOM, 4TO
3TH 3JIEMEHTHI OTAUYAIOTCH OT JIEMEHTOB MOCAENYIOUIMX CJIOEB TEM, UTO OHHU
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| ~———— lpamMas 2

Npsimas 1

o0 N ® 1,0

Pnc. 2.5. ﬂpo6/1eM3 XOR, pewaeMas C nomowsl0 AByX Paspensio-
_ LYMX NPAMBIX

]

Bxogroit cnoi k CxphiTHiit cnoi BuixoaHoi# cnoit

Puc. 2.6. Hesipontast ceTb Ans Mogenmposama oriowenms XOR; sTo-
PO C/I0 BECOBbIX 3Ha4eHNii ByfeT noKasaH Huxe

He UMeIOT GYHKUMHK Npeobpa3oBaHus (T.e. BbIBOL 3THX SMEMEHTOB OKa3bIBAE€TCH

PaBHbIM BBOZY). BTOpOIi C/0ii 3/1EMEHTOB Ha3bIBACTCA CKPbIMbIM CIIOEM — CKPbI-

Thi€ 3/IEMEHTHI CBSI3aHbl TONBKO € IPYITMMM MEMEHTAMU U He UMEIOT Hemocpen-

CTBEHHBIX CBA3€l ¢ BHENIHEH cpenoii. BbIXonHOM cJoii peaHa3HayeH i Tepe-

Jla4yy OTBETA CETH BO BHELUHIOW cpeay. B Tabn. 2.1 noka3aHbl KOMOMHHUPOBaHHRLII

BBOJ U BBIBOX (IIPH MCMO/Mb30BAHMN MOPOroBoi (byHKLMH) WIS SJIEMEHTOB CKpbl-
"'TOTO CJIOS TIPH OTBETE CETH Ha BBONMMBIE JaHHbIe Mpodnembl XOR.
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Tabnuya 2.1. Peaxumus cKPITHIX 3NEMEHTOB CETH, NIOKa3anHOH Ha puc. 2.6

KombunnposaHHsiit BBOS CKPBITOrO CAOA " BbiBOg CKPHITOrO CAIOS

Onemenr 1 SneMéHr 2

X1 X2 Onemenr 1 3nemeHr 2

1 1 -05 -5 0 0
1 0 05 -05 R 0
0 1. 0.53 -0.5 \ A1 0
0 0 15 05 ‘ 1 1

BeoauMble o6pa3ubl mpeobpa3yiorca TOA HeficTBMeM BeCOBbIX K03¢-
GULUUEHTOB MEPBOro CIOS W CKPBITHIX 371€MeHTOB. Bropoit cnoit Becos,
COEMMHSAIOIMX CKPbIThIIl CNOI ¢ BBHIXOOZHBIM CJlOeM, ToXe GyaeT monenM-
poBaTh TMPpSIMYIO, TOCKOJbKY Y €IMHCTBEHHOIrO BBIXOAHOrO 3JEMEHTa
TaKXe MMeeTcsl [1Ba BBOAMMBIX 3HAYeHUS M 3HayeHUE CMELIEHHMS. Ecan
BBIXOHOI 2/EMEHT TNPaBWIBHO YKa3biBaeT KJIACC, COOTBETCTBYIOWMA KaxX-
oMy BBONMMOMY o06pasily, To HOaHHbBle BBOJa I BTOPOro ciaosi Be-
COB JOJKHBI OBITH NUHEHHO oTAeNMMbl. MBI MOXEM NPOBEPUTH 3TO C NO-
MOILBI0O HAHECEHUS Ha IUIOCKOCTb TOYEK, COOTBETCTBYIOLUMX BbIBOLY
CKPBHIThIX 3JIEMEHTOB, KaK M0Ka3aHo Ha puc. 2.7. Ha puc. 2.8 ykasaHbl Be-
coBble KO(h@HUUMEHTHI, U KOTOPbIX MOoJyyaeTca pasfensiomas npamasd,
nokKasaHHasi Ha puc. 2.7. ‘

0,0

o1

(1, 1)
1,0

Puc. 2,7. B peaynsrate npoxoxaenus nepeoro cjos se-
cos ucxogHas Touka (0, 1) nepemectunacs 8 (1, 0). 06-
patute BHuManme Ha 1o, 4ro touku (0, 0) u (1, 1) nome-
HAANCH MECTaMy
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Puc. 2.8. MNonwas cTpykrypa cetu ana pewenns npobaems XOR

YToOBI TNpOBEPUTH MPABUIBHOCTE PaGOTHI CETH, HEOBGXOAUMO TIPOBEPHTh
PeaKUMIO CETH Ha KaXIbli W3 BBOAMMBLIX 00Opa3lioB. BecoBbIMM 3HaueHUsMU
TIEPBOIO CJIOA ABJAIOTCS ‘

1.5 05
-1.0 -1.0{.
-1.0 -1.0

Ecnn ans BecoBbix Ko3Gh@HULMEHTOB NCMONB30BaTh 0603HAYEHHE wj;, TO BEC
Wjg HOJXEH ObITb PaBHBIM —l, YTO COOTBETCTBYET BeCy CBSI3W, MAYILEH OT
a7eMeHTa 1 BXOQHOrO C/IOSl K 3JIEMEHTY | CKpBITOro c10e, W pacronarathbest
B CTpOKe 2 1 cTo61ie 1 MaTpHLbl, MOCKONBKY UHAEKCALIAS HAYMHAETCS € Hy-
ns. B 1abn. 2.2 anst maHubIX BBoga XOR 1oKasaH MOMHbIA Habop OTBEeTOB ce-

TH, NPeICTaBAeHHON Ha puc. 2.8.

Tabnuya 2.2, Beog v BeiBOA Ans cetn Tuna 2-2-1

Bxoawoit  Iepaeiii cnos Peakums ckpsitoro cnos . Bropodi cnoit  Peakuyus sbixog-
BEXTOp, p Becos ‘ Becos HOro c1osl
Kom6urupoBarneii BBOR Buigos Beog BeiBog
[ 1t 1][ 15 05 [-0.5 ~1.5] [0 0] -0.5 -05 0
-1.0 ~1.0 1.0
-1.0 ~1.0 , ~1.0
48 [nasa 2. Knaccugukatina obpasuos

Oxoxyanue Tabn. 2.2

Bxogroii  [Nepsbiif coit Peakuwnsa ckpeitoro crios Bropoii cnoit Peakumst Bbixoa-
BEXTOD, p Becos ; Becos © Horo cnof
KombuHuposaHHsii BBog. Bbisos ‘ . Bsog Bwigog
[1] 1 o] 15 05][05 -05] [t o] [-0.5] 05 1
' ~1.0: ~1.0 ‘ 1.0
|-1.0 -1.0] |~1.0]
[1} 0 1] 1.5 05][05 -05] [1 o] -05] 05 1
-1.0 . -1.0 1.0
|-1.0 -1.0] ‘ o |-L0]
[1] 0 o] 15 o05][t5 03] [t 1] [-0.5] -05 0
-1.0 -1.0 1.0
|-1.0 -1.0] |-1.0]

HUTak, MBI BpY4YHYIO MOCTPOMUJIM MHOIOCJOIHYI0 HeHPOHHYIO CeTh, pe-
apmylo Kiaccuueckyio npobneMy XOR, HO B AeMCTBUTEIbBHOCTH HAC MHTeE-
pecyeT co3flaHMe MeXaHM3Ma, KOTOpBIii TMO3BONMN 6Bl CETH HAYYUTHCS HAXOOMTH
peuleHre caMocTosTesbHO. TTpexae yeM o6paTHTbCs K pacCMOTPEHUIO aNropyUT-
Ma oBy4eHUSs, NalolIero BO3MOXHOCTb CETM HayUYMThCS HaXOAMTh PELUEHUS, He-
00X0AMMO MOMYEPKHYTh BaXHOCTb GYHKLUMM NpeobpasoBaHust (PYHKLMM aK-
TUBHOCTH), CBA3bIBaéMOM € KaXIbiM 3jieMeHToM. [IpuMepoM HenuHeiHOM
(hYHKUMN aKTHBHOCTM ABNAETCS MoporoBas ¢yHKuus. Ipumepom nuHediHow
dbyHKUMM ABNSIETCS ToXIAECTBEHHas MYHKILMS, TIPU KOTOPOM BBLIBOI OKa3bIBaeTCS
paBHBIM BBOAY. OrpaHUUYEHUST CETU C JIMHENHBIMU 3JIeMEHTAMH WLUIIOCTPUDYIOT-
cs Ha puc. 2.9. lNlokazaHHag Ha pUCYHKE CeTb MMEET JBa BXONHbIX 3JIEMEHTA,
IIBA CKPBITBIX 3JIEMEHTA U TPU BBIXOOHBIX 3feMeHTa. MaTpHubl BECOBbIX 3Haue-
HHI BIUTIOYAIOT BecoBble KO3(HULIMEHTBl CMELIEHNUI U UMEIOT BU

1.0 -2.0
20 05
=30 1.0

- I NEPBOTo CJIod U

20 1.0 3.0
-1.0. 5.0 4.0
=30 10 20

Ul BTOPOTO.

JInHediHbIe M HeMMHEeAHbIe NPobAeMb!



Puc. 2.9. Cerb Tna 2-2-3

Jlng BxonHoro BekTopa [1.0 0.0 1.0] BBOA (a TaKXe M BHIBON, BBUAY. MC-
f10/1b30BaHUs TUHEHHON (YHKUMM Apeobpa3oBaHUs) CKPBITHIX 3/IEMEHTOB 3a-
JaeTcs claeAyloluM o0pa3oMm:

10 20
[10 00 10]| 20 05|=[-20 -10].
-30 10

BBoa U BBIBOI JUISA BBIXOAHOrO C/IOS MOJAYYAETCS B PE3YAbTaTe NPUCOCTUHEHMUS
- K CKpPBIThIM ANIeMEHTaM 3HayeHus 1.0, PpaBHOro 3HaA4YCHHUIO AKTHBHOCTH CMeE-
IICHNA, U YMHOXCHHS Ha ’BTOpOifl clioii BeCOB:
‘ 20 1.0 3.0
[1.0 20 -10]|-10 50 40|=[70 -100 -7.0].
-30 10 20

PaccMoTpHM Teneph cnenylolee MPOU3BEICHHE:

50 30 30
[10 00 10]|-35 105 90|=[70 -100 -7.0].
20 -130 -100

OHO naeT TOT Xe pe3yibTaT, YTO W NpeAbUIyLUee, SBASIOUEECH Pe3yabTaToM
IBYX MaTpUYHBIX YMHOXeHMil. U3 accouMaTMBHOro 3aKOHa YMHOXEHWS MaT-
PHLI CleyeT, YTO B Clyyae JHHEHMHBIX (YHKUMN aKTHUBHOCTM MOXHO HalTH
OIMH CNOI BECOB, HAIOLMIl TOT XK€ pe3ylbTaT, YTO U CEThb C HECKOJBKMMH
cnosiMu. JIpyruMu cinoBaMM, MHOIOCJIOHHAas CE€Th ¢ JIMHEHHBIMM (QYHKLUHUSMU
aKTMBHOCTH CMOXET peillaTh TOJIBKO Te¢ NMpoOsieMbl, KOTOPbie€ MOIYT ObITh pe-
'LLIEHBI OXHOCOIHOI CeThIO (T.€. CEThIO, MMEIOLIEl TONBKO BXOXHBIE U BbIXOI-
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Hble ‘2MeMeHTbl). TaKUM 06pa3oM M3 pPacCMOTPEHMS BbIMANAIOT HETHHEHHbIE
npo6nemst. . Utak, mis MHOTOCJIOMHBIX ceTeil HeobXoAMMO PacCMATPUBATh He-
nUHeiHble GYHKUMHM aKTUBHOCTH, a U AITOPUTMA, K OGCYXINEHHIO KOTOPOro
Mbl cobGMpaeMcs TPUCTYIINTh, Takasi (YHKUUS AOJDKHA OBITh HENMPEPHIBHOM,
tnddepeHUMpPYEMO M MOHOTOHHO Bo3pacTawlucil. MyHkuvel, yHoBIeTBO-
pslollieil BCceM 3TUM  TpeGOBaHMSAM SBJISIETCS JIOTMCTHYecKas  DyHK1ms
(c™. naBy 1, puc. 1.10). '

2.4. O0y4eHune no anroputTMy 06paTHOro
pacnpoCcTpaHeHus oWwnooK g

Ha npoTsiKeHUH MHOTHX JIET He 3HAIM MpaBW/a, KOTOPOE MOXHO OBbLIO GBI
HCNONb30BaTh UIS KOPPEKTUPOBKM BECOB MHOIOCIOMHON ceT B mpouecce
ynpasisgemoro obyyeHusa. B 70-x romax BepGoc (Werbos) paspaGoran noixo-
ISLLUMIA  QJITOPUTM KOPPEKTUPOBKH BecOB, HO Toiabko Pymenxapt u ap.
[Rumelhart et al., 1986a] cMornu narb HOBBI TOMYOK Pa3BMTHIO HEMPOHHBIX
ceteit. [IpaBUI0O KOPPEKTUPOBKH BECOB, O KOTOPOM MIET pedb, Ha3biBacTCs
anzopummom o6paniHoeo pacnpocmparenus owubox. B panbHeiillleM B 9TOM
paszmesie Mbl GyIeM paccMaTpUBaTh MIOTHOCBS3HYIO CETh C MPSAMOI CBA3bIO, T.€.
CETb, B KOTOPOIl CUTHaIbi AKTUBHOCTH NeEPelaloTcs TOJAbKO B HalpaBleHWH OT
BXOJIHOT'O CJIOSL K BBIXOMIHOMY, a 3JIEMEHTbl OAHOTO CJOSl COEAMHEHBI CO- BCEMU
3JIEMEHTAMHU CJIEdYIOLIEro Cos.

ANropuTM OBpaTHOrO PaclpocTpaHEHUS ONpelessieT JBa MOTOKAa B CETH:
MPSAMOIA TTOTOK OT- BXONHOTO CJ0H K BBIXOGZHOMY M 0OpaTHbIA MOTOK — OT Bbl-
XOMHOTO ¢JIOF K BXOAHOMY. MBI yXe BHIENH, YTO NpPSAMOH MOTOK NpPOABUTaeT
BXOIHBIE BEKTOPbI Y€pe3 CeTh, B PE3YAbTATE Yero B BHIXOAHOM clo€ nojy4a-
OTCH BbIXOJHblE 3HaueHUA ceTh. OBpaTHbBI NMOTOK NMoao0eH MPSIMOMY, HO OH
NPOABMIacT Ha3al MO CETH 3HAYEHWs OWMOOK, B pPe3ylbTaTe Yero ompencis-
I0TCS BEJIMUUHBI, B COOTBETCTBUH C KOTOPbIMU CHEIYeT KOPPeKTHPOBaTh BECO~
Bele K03 duumeHTH B npoliecce obyyeHusi. B oOpaTHOM MOTOKe 3HAYEHUS
NPOXOIAT 1O B3BElIEHHbLIM CBA3IM B HanpaBjicHWM, oOpaTHOM HallpaBJCHUIO
npsamoro noroka. HarmpuMep, B NpMOM TIOTOKE SAEMEHT CKPLITOFO CJIOS IMOChI-
JIAET CUTHAJIBl KaXIOMY 3NIEMEHTY ‘BLIXOOHOIO CNOS, a B 0DpaTHOM IIOTOKE 3Jle-
MEHT CKpPbITOTO CJIofg OyleT Moay4yaTb CUTHaJIbl OLIMOOK OT KaX1oro 3fieMeHTa
BbIXOAHOrO cos. Hajimume ABOMHOTO MOTOKa B CETH WIIOCTpUpYeT puc. 2.10.

B npouecce o6yyeHMs1 Kaxabli BXxoaHOM obpaselt OyaeT METb COOTBETCT-
BYIOLLIMI LIEJIEBOI BBIXOAHOW o0Opa3sel,, KOTOpbIA JOMKEH roay4aTbesa And
JaHHoro BxomHoro. Hanpumep, B ciayyae npobnembl XOR st BXoOIHOro 06-
pa3ua [1.0 0.0] ceTh Jo/XHa JaBaTh Ha Bbixode 1.0, MoaToMy 3Hauenue 1.0 Oy-
JIET LeJIEBbIM BBIXOAHLIM 3HauyeHUEM T JaHHOFO BXOAHOro odpasua.

O6yyexue no aaropuTMy 06paTHOro PacnpoCTPaHEHHs OWHBOK 51



. vy [IDSMOH OTOK

susnnannnfp ObparHbiit noTok

Puc. 2.10. 3akpaiuieHHbiii CKDLITbIA 3NIEMEHT MOCHLINAET CHIHan
aKTHUBHOCTH KaxgOMy BbIXOZHOMY 3NIEMEHTY, no3aToMy B obpar-
HOM 10TOKE 3TOT CKDBITLINA 3MIEMEHT NONYYMUT CHrHanbl OWHBOK
OT BCEX BbIXOAHbIX 3/1EMEHTOB

B .o61ueM, uenbio ofyuyeHHsT SBIAETCSI HAaXOXIeHHE TaKoro Habopa Beco-
BBIX KO3(pPHIMEHTOB CeTH, KOTOPHIl obecreyuBaeT pelieHne HaHHOU KOH-
KpeTHOH npobiaemsel. [lepen HayasoM 0byyeHHUS BecoBble KOI(MOULIMEHTH YC-
TAHABJIMBAJOTCS PaBHBIMU MaJlbIM CIyYaWHBIM 3HAa4YE€HUSIM — HAINpHMeEp, 3Ha-
YyeHusAM M3 aManasoHa ot -0.3 gmo 0.3. Ilo npuuvHaMm, KOTopbie yxXe
0bCyXIaTUCh BhILE, OYIET MCHOJb30BATBCA HEMUHeHHast GYHKLMS aKTHBHO-
c¢TM. MOXHo, HalpuMep, PaccMOTPeTb CUrMOMIANBHYIO ¢yHKUMI0. CUrMona

JaeT 3HaYeHMS TOJILKO Mexay O U 1, a NOCKOJIbKY JaHHas (.I.))IHKU.PIH HUKOraa.

He JocTuraer 3HayeHuili 0 u 1, To, KaKk MpasBuio, BMecTo 0 Ucnoab3ywoT 0.1,
a BMecto 1.0 ucnionb3yior 0.9. BeiGop KOHKpeTHBIX 3HauyeHUit 0.1 U 0.9 3mech
He obs3aTeNleH, TOCKOJIbKY OOBIYHO CUMTACTCH, YTO CETh HAYYW/Iach BBITIOJ-
HATH 3aJa4y, KOIla BCE BBIXOJHbIC NaHHBIE IOMAJAIOT B OIpelcIeHHbIE J0-
MYCTUMBIE -PaMKM, COREpXalllue 1IeIeBble BBIXOLHBIE 3HAYCHMUS. Hanpumep,
€CJTH 1IeJIEBBIM BBIXOOHBIM 3HAYE€HMEM SIBIsIeTCA 3HauyeHue 1.0, a monmycTUMast
HOTrpeIrHOCTD paBHa 0.1, To 060¢ BbIBOAMMOE 3HayeHHe Mexay 0.9 u 1.0 6y-
JET HaxoOuTbcs B AOIYCTHMBIX paMKax. [Ipouenypa obyvyeHus o mpaBHiIy
ofpaTHOro pacHpoCTpaHEeHUS OIUNGOK BHINISAUT CIEAYIOMMM 0Bpa3oM.

ANA KaXA0ro BXOGHOTO BEKTOPA M CBA3AHHOTG BLIXOAHOMO BeKTopa
BLINOAHSTL, Noka not STOP

STOP = TRUE

AN Kaxaoro BX04HOro BeKTopa
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BbINONHUTL NPAMOM NIPOXOA 1 HalT peanbnbm BbIXOZ

NOMYYMTL BEKTOP owmrboK NyTeM CPaBHEHUs PEanbHbIX I LEMEBbIX 3HaYeHuil

€CNM peantHblit BLIXOA HE NonagaeT B A0NYCTMMbIE paMku, yeTaHouts STOP = FALSE
BbINONHKTL 0BPATHLIA NPOXOA AN BeKTOpa owwubok ‘

8 peaynbTate 0BpaTHOrO NPOX0Aa ONPEAE/TL BENM4UHDI M3MEHEHUA 3HaYeHuit BECOB
OBHOBUTL 3HA4EHVA BECOB

Koporko roeops, cetu npemnsBisercd obpasell M BbIMUCISETCS BEKTOP
owunbOoK, B PE3YNbTaTe YEro BBISCHSAECTCS, HACKONBLKO CleayeT M3MEHHTh 3Ha-
YeHUS BECOB; IPOLIECC MOBTOPSAETCA WA Kaxmoro obpasua. ITonHbii wnuxin
paccMOTPEHMS BceX UMEIoILMXest o0pa3LioB HasblBaeTca amoxoii. Bee o6pasisl
MOJalOTCS Ha PacCMOTPEHME CETH CHOBa M CHOBa, 3110Xa 3a 3ITOXOM, MOoKa Ha

- MMPOTAXKCHHUHN OIHOI 3MOXH BCE 3HAYCHMS peaqibHOIO BbIBOJA IJIA KaxXAoro 06-

paslia He TONagyT B ROMYCTUMBIE PaMKH.

2.4.1. HemHoro Teopuu

AJITOPUTM ODpaTHOro pacrpocTpaHeHUsT OLUMOOK omnupaeTcs Ha 06061ie-
HU¢ ZenbTa-NpaBuia. B 3ToM pasfene MbI MCHONb3yeM NpeACTaBlIeHHE, TpH-
BeneHHoe B [Rumelhart er al., 1986a). Ona Gonee rnyGokoro aHaamsa airo-
putMa obparturech K [Rumelhart et al., 1986a) wi [Werbos, 1990].

[TpencraBuM NMPOM3BOIHYIO OLUMOKK B BUIE

oE aE do; Odnet;

E 80 Onet ; aw,-j

(2.6)

¥ OnpefieMM J; ¢ NMOMOLIbIO HOPMYITBI
__ OE
J Onet

2.7)
J
HcxonHoe nmenpra-npaBwio M3 pasaena 2.2.3 onpenensier o j Kk 0;=-dE/do;,
HO Hallle HOBOE OIIpeie/icHHE OKa3bIBAETCS COITIaCOBAHHBIM C MCXOMHBIM, Tak KakK
MCXOIHOE [e/bTa-MPaBUNIO MpeAHA3HAYAeTCH Mis JIMHENHBIX 3/1EMEHTOB, IJie Bbl-
XOII OKa3bIBaeTCHA PaBHBIM BBOIy. PaBeHCTBO (2.7) MOXHO Mepericars B BUE

0E Jo;

] 60 3net

Hockonbky E, = %Z (t -0; )2 , UIMeeM

oE
3, =~(t;-0;).
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s dyHkuun aKTHBHdcTPI f (66bl!{Ho 3TO NOTMCTHYECKAsT (YHKIUST)  BbIXO-
JOM SIBJISIETCSI.

0; = f (netj)
M MO3TOMY [UII IPOM3BOAHON f  mnony4yaeM:

do; , :
= f'(net j) .
onet ;

Takum o6pasom,
8; = (tj—oj)‘f'(netj).

JInsi HaxoXIeHHsA KOMOMHHPOBAHHOIO BBONA UCMOJb3yeTcss OObIYHOE CyMMM-
pOBaHHe HPOU3BEIEHUI:

net; = Zx,-wij .
=0

IToaromy
Onet ;

= xi .
ow;
PaccMoTpeB Hpou3BeACHHME TONYYEHHBIX [IPOM3BOAHBIX M BO3BpallascCh
K (2.6), noayunm
aE ( ’

—_— t'—o-)f (net;)x; .

7 J JI
ow;
C y4YeTOM TOrO, YTO BEC HOJKEH M3MEHSIThCS B HaNpaBIEHHMM, NPOTHBOINO-
JIOKHOM TOMY, KOTOpOE€ YKa3biBacT IPOMU3BOAHASI TIOBEPXHOCTU OLUMOOK,
M C YYETOM HOpPMbI OOYYEHMS 1, MI3MEHEHME Beca [UIS JIEMEHTA JOJDKHO Bbl-
YUCATBCA 10 hopMmyne

Awy; =16 ;x; .

YkazaHHas Bblwie ownbka §; COOTBETCTBYET OLUIMOKE BBIXOLHOTO ajie-
MEHTa, HO oUIMOKa CKPHITOTO 3JIeMEHTAa He CBA3aHa C LEJE€BbIM BLIXOAHBIM
3HaueHHeM HemnocpelacTBeHHO., Ilo3ToMy BecOBBIE 3HAYE€HUS CKPBITOro
3JleMeHTa CcJieiyeT CKOPPEKTHpOBaTh IIPOMOPUMOHANBHO ero “skiany”
B BEJIMYMHY OLIMOKU cieayoollero ciaos (T.e. BbIXOJHOTO cJiosl B Ciiyyae
CeTH C OJAHMM CKpBITHIM cjioeM). B ceTH ¢ OXHMM CKPBITBIM CJIOEM TpH
pacrpocTpaHEHNM CUTHaNOB olMbG0oK B 06GpaTHOM HampaBJieHHH oluKbKa
KaXOTO ‘BLIXOZHOTO 3JIEMEHTa BHOCUT cBoOif “BKian” B OWIMOKY KaXaoro
3MEMEHTa CKPBITOTO CJIOSl. DTOT “BKAaA” AN 3JEMEHTa CKPHITOTO C/IOA 3a-
BHCHT OT BEJIMYMHBI OLIMOKM BBLIXOAHOrO 3fAeMEHTa U BecoBoro Ko3gpodu-
LIMEHTA CBSI3M, COCIMHAIONIICH 3neMeHThbl. JIpyruMu cioBaMM, BbIXOAHOM
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afeMeHT ¢ Gonblieil ounbkoil memaer GonbiMi “BKaan” B OIIMOKY TOro
2JIEMEHTA CKPHITOTO CJIOSI, KOTOPKiil CBSI3aH C JaHHBIM BBIXOAHBIM 3JIEMEH-
TOM GONBIIMM MO BeJMYMHE BecoM. IS CKPBITOro aJieMEHTa OHIMOKA Bbl-
qucnasercs no dhopmyie

5j = f'(netj)zklé'kw,q- 5

Ie UHAEKC k COOTBETCTBYET CJOIO, MOCHUIAIOILEMY OIIMOKY obpatHo (mns ce-
TH C OJIHUM CKPBITHIM cJIoeM 3T0 6yneT BbIXOAHOI coit).
A
Tloaxonsaumeit yHKUHel aKTUBHOCTH SIBJISIETCH JIOTUCTHYeCKAS DYHKLIUS

1
f(netj )= 1+exp(—net j) )

TpousBonHas 370k GyHKUMH aKTUBHOCTH paBHa

, exp(—net ;)
f (net]) = z 2
(l + exp(—net j))

1 1

- 1+ exp(—netj)Ll N 1+ exp(—netj)
= f(net))[1- f(net))].

2.4.2. AnroputM 00paTHOro pacnpocTpaHeHus oWwnooK

Ha nepBoit cTagun nmpoMcXooUT MHMLMANU3ALIMSA BECOB MajbIMH CHy-
YaiiHBIMU 3HAYECHUSAMMU — HANpUMep, 3HaY€HUSIMM U3 IHUana3oHa MeX1y —
0.3 1 +0.3. OOyueHne mpeAnojaraeTcs YNpaBAsieMbiM, MOCKOJIBKY € KaX-
IBIM BXOAHBIM 06pa3LiOM CBSI3BIBacTCH LleeBoit BbiXxoqHOM obpasen. O6y-
YyeHHe TPONOJIXKaeTcsl 10 TeX Mop, MOKa W3MEHEHHe YCpeAHeHHOIl KBaapa-
THYHOU OLIMOKH He OKaXeTCS MEHblUe HEKOTOPOro IOMYCTHMOro 3Haye-
HUA TMpH nepexoge OT OAHOH 3noxu K ciaenyioulelt. Hanpumep,
IonyctuMoe 3HauyeHue 0.01 o3HauyaeT, UYTO YyCpelHeEHHasi KBaapaTU4Has
omr6Ka coCemHHX 3MOX He NOoJDKHA oTJiuvarecs Gojee, yeMm Ha x0.01. Ec-
JU B mipoliecce 06y4eHHST HACTYMaeT MOMEHT, KOria olnbKka B ceTH mona-
JaeT B paMKHM JONYCTMMOro M3MeHEHHUSs, TOBOpAT, YTO HaOniopaercs cxo-
dumocms. IpyruM KpuUTepHEeM OKOHYaHHS OOyYeHHS MOXHO CYHTaTh Ha-
CTYyMJIeHHEe MOMEHTa, KOraa BBIXOJA st Kaxgoro yvebHoro obpasua
OKa3blBaeTCsl B paMKax AOMYCTMMOTO OTKJIOHEHUS OT COOTBETCTBYIOLLETO
11eNIeBOro BbIXOAHOro obpasua.
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YTOGBI YMEHBILHTH BEPOSTHOCTh TOTO, YTO U3MEHEHMA BECOB MPHUOOPETYT
OCLHWUTUPYIOUMIA XapaKTep, BBOOUTCS WHEPLMOHHBIN. YJeH o, JobaBlIsieMblii
B MIPOTNOPLMH, COOTBETCTBYIOLEH NMpeaplIylleMy U3MEHEHHIO Beca:

Aw,-j(n+1‘) = 175,- 0; jHXAw,-j(n) .

Taxum 06pa3oM,  H3MeHEHHUE Beca Ha ware n+ 1 OKa3bIBACTCH 3aBUCSIUMM OT
M3MEeHEHHUs Beca Ha Lare n. AJITOPUTM OOPaTHOTO PaclpOCTPaHEHUS B 1I€JOM
MpecTaBaed Ha puc. 2.11. ‘

Hipke 6yayT pacCMOTPEHBI caMbie TIPOCTBIE NPMMEPbL COOTBETCTBYIOLINX
BBIYMUC/ICHU, HO. €CIH npeJICTziBneHHbm aNTOPUTM TIOKaXETCS BaM CJIMIUKOM
CJIOXHBIM U Henongfﬂbe, TO B pasgene 2.7 BBl CMOXeTe HAWTH NMpUMep MOJ-
POGHBIX BRIYMCJICHU T KOHKPETHOM ceTd. DTa ceTb OydeT UMETh ABa CKpPbi-
THIX CJOA, U BBl CMOXETE TIPOCAeJUTDL 33 BBIKJIAAKAaMM, YTO ZOJLDKHO IOMOYB
BaM pa3o0paThCsl B COOTBETCTBYIOIUUX BHIYMCICHUSX.

Mpumep 2.3

INpencraBbTe MOMHOCTHIO MPAMON M OOpaTHBIA NPOXOABI B CETH C IPSMOM
CBA3BIO, MCHOML3YIOLEH aNTOPUTM 0OpaTHOIO pacipoCTpaHEHUs OLIMOOK,
U1 BXomHoro oOpasua [0.1 0.9] U ueneBOro BbIXOAHOTO 3HayeHUs 0.9
B IPEANONOXKEHUH, YTO CETh UMEET apXUMTEeKTypy 2-2-1 (T.e. IBa BXONHBIX,
JiBa CKPbITHIX OOUH Bblxon}mﬁ 3JIEMEHT) ¢ BeCOBBIMHM K03 duueHTaMu

0.1 0.1 \
~0.2° -0.1
0.1 03
IUIST IEPBOTO C/IOA U
0.2
0.2
0.3

JJIs1 BTOPOro CJIOA.

PemeHue‘ 2.3

BBLIXOJ U BXOIHBIX 3/IEMEHTOB COBMANaeT C BBOAMMBIMU 3HAYCHUSIMU.
[lepBrie CTPOKM 0GEeMX BECOBBIX MATpULL OINPENESTIOT 3IJNEMEHTHI CMe-
LIEHUST COOTBETCTBYIOLLIETO CJIOSi, KOTOPble, KaK Bbl IIOMHUTE, CBA3bIBa-
IOTCA € 3JeMeHTaMM, 3HayeHMS aKTUBHOCTH KOTOPBIX DaBHbI 1. Die-
MEHTHI IMoNy4yaloT HoMepa {0, 1,2} ans BXoaHoro ciod, {3,4,5} — and
CKPBITOTO CJIOS M {6} — AnS BeIXogHOro cijiost. Ilpu 5TOM 3JIeMEeHTBI
¢ HoMepaMu 0 M 3 OKa3bIBAIOTCH 3JIEMEHTAMM CMELUEHMUST LIS BXOIHOTO
U CKPBITOro CJI0€B COOTBETCTBEHHO.
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War 1. TlpounraTs nepabIi BX0AHOM 0GpaseL) U COOTBETCTBYIOLAI eMy
“ sbixopHoit 06pasey CONVERGE = TRUE

LWar 2. [1nq BX0AHOMO CIOS-YGTAHOBHTL COBOKYNHbiit BROA
, KQKAOro 3/1eMeHTa PaBHbIM COOTBETCTBYIOLLEMY BNIEMEHTY

BXOBHOr0 BEKTOpa. 3HayeHue BLIBOAA KAX0rO NEMeHTa

YCTaHOBMTL PaBHbIM BBOLY :

TlpoumTaTL Criesyioumi BXoaHoM
ofipazel 4 COOTBETCTRYIOLWIA eMy |
BbiX0AHo# oBpagey,

LWar 3. [ln3 2n1eMeHToB NEPBOTO CKPLITONO CNIOR BHYUCHMTL COBOKYMHbIA BROZ
¥ BbIBOR
t

n
neti=wy+ ) Xwy, 0 ==————— R !
JEH ; ™y 1 1 + exp(—net;) '

MoBTopuTL War 3 s Bcex nocieaylolnx CKpbITsiX cnoes

LLiar 4. [lna 3neMeHTOB BbIXOAHOTO CNOS BLINUCAKTL COBOKYTHGIA BBOA ¥ BLIBOJ,

n
1
net; = w XiWyy, - 0f = ———————
j = wo + ; B 17 + exp(—net;)

War 5. MNonapaeT nu. pasHOCTb MEXAY LENEBLIM BHXOIHBIM 06PA3LIOM H PeaibHbIM
BbiBoZoM ceT B fonyctumble pamku? ECJTH Her TO CONVERGE = TRUE

LWar 6. ing Kaxaoro BLIXOAROTO 3/1EMEHTA BLMUCIMTS €10 OLWKOKY
b = (4 —0)o,(1 - 0)

War 7. [ing nocneaHero CKpIToro Ciost Bul4MCMTL owMbKy Kaxzioro sfleMenTa
Ok = 0(1 — o) Z Sxwiy
3

MoBTOpUTL War 7 Ans Beex oCTanbHuX CKpbiTHIX Cnoes

Lllar 8. [lnn Bcex cnoes 0GHOBMTSL 3HAYEHNS BECOB KAXOT0 BNEMEH

Awiy(n+ 1) = n(6j01) + adwi () Mocnennmit obpaely?

| CONVERGE = = TRUE

| cron |

Puc. 2.11. AnropurM obpaTHoro pacnpoctparenusi ownbok. MHgexc k CooTBeTCTBYeT npessi-

Aywemy cnoio npu o6paTHOM ABuXeHMM B CeTU. Mcnonsayemsie ageck 0603HaveHns NOAPO6-
Hee onucarbl B NPUAOXeHnn A
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nety = (1.0x0.1) +(0.1x -0.2) +(0.9x0.1)
=0.170,
1
04y = ———
1+exp(—0.17)
=0.542,
nets = (1.0x0.1)+ (0.1x~-0.1) +(0.9x0.3)
= 0.360, '
1
05 = ————————
1+exp(-0.36)
=0.589.
TouHo Tak Xe TIPU TIepexone or CKpPBITOI'O K BBIXOAHOMY CJIOIO ITOJYYHUM:
netg = (1.0x0.2) + (0.542x0.2) +(0.589x0.3)
= 0.485,
0 = 0.619.

OwwubKa BHIXOJHOTO 3JIEMEHTA paBHa
8¢ = (0.9-0.619)x0.619x(1-0.619)
= 0.066. ‘

O1MOKH CKPHITBIX 3JIEMEHTOB PaBHBI
85 = 0.589%(1.0-0.589)x(0.066%0.3)
= 0.005,
8,4 = 0.542%(1.0-0.542)x(0.066x0.2)
= 0.003.
OGpaTuTe BHUMaHWe Ha TO, YTO OIUMOKU CKPBITBIX 3/1eMEHTOB MCIIONb-
3yIOTCSA MPH BHIYMCIEHUY 3HAYEHUH KOPPEKUUH JUTS TIEPBOTO CIOST BECOB.
JIis sneMeHTa CMeuleHUsT OlIMOKa He BBIYMCISIETCS, TaK KaK C 3/IEMEH-
TOM CMELUEHHUS CKPLITOTO CJIOS HE CBSI3aH HUKAKOW 3JIEMEHT U3 NEpBOTo
cnost. HopMa obOydeHHs U1 3TOrO NMPUMEPa Gwla“nbi6paHa paBHoi 0.25.

Jina miepBoro obpasiia HeT HeOOGXOIMMOCTH [06aBNATH HHEPUUOHHBIA
yieH, MOCKONBKY UTS 3TOro obpasua HET U3MEHEHUs NPEAbUIYILETo Beca:

Aws ¢ = 0.25%0.066x0.589
= 0.0l

HoBbIM BECOM ABJISICTCA
03+0.01=0.31.

nasa 2. Knaccmbuxauu;v o6pa3uba

. lanee nonyyaem
Awy ¢ = 0.25%0.066 x0.542

= 0.009
"
0.2+0.009=0.209.
HaxkoHew, )
Awy ¢ = 0.25x0.066x1.0
=0.017
U

02+0.017=0.217.

Yurarenio npeanaraeTcss BBIYUCIUT HOBbIE 3HAYEHUS BECOB [UISI NEPBOTO
CJIOst B KaYeCTBE YMPaKHEHUS. '

Mpumep 2.4

Ha puc. 2.12 nokasaHbl CKpBITHIA M BBIXOOHOM CJIOM CETH C MPSIMOi CBA3BIO.
BbruucauTe olMOKY ISt CKPBITOro aieMeHTa U NP YCJIOBHM, YTO 3Haye-
HME ero akTUBHOCTH LUl 06pabaThiBaeMOro ceThio obpasiia paBHO 0.64.

Q 0.87 0.58

~ Jnement U
\ —0.45 0.23 0.20
QAOQ
PeansHeiit BhX0A, / ¥ INnanoswiii BbiX0A

Puc. 2.12. flpocras cets. BxogHoi cnoii He nokasaw

v

Pewenue 2.4
CHaanla BbIYUCAAKOTCH OUJMGKPI JJIS BbIXOOHBIX 3JIECMEHTOB:
Suxon_i1 = (0-58-0.87)x0.87x(1-0.87)

= -0.033, \
Sauxon_2 = (0.20-0.23)x0.23x(1-0.23)
= —0.005.
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Teneps OWMOKN PaclIpOCTPAHIOTCS 06paTHO K NIEMEHTY U:
8y = 0.64x(1~0.64)x[(—0.033x-0.45) +(=0.005x%0.20)]
= 0.003.

2.4.3. MpakTuyeckue peKOMEHAALMM

B sToM pasjesne NpUBOIUTCA PAI TIPAKTUHECKUX PEKOMEHAALMI 110 UCIIONb-
30BaHUIO CETEMH, B KOTOPHIX NMPUMEHAETCS aIrOpUTM OOpaTHOTO pacripocTpaHe-
HUS OLUUGOK, HO YMTATENIO PEKOMEHAYETCS 0OpaTUTh BHUMAHUE TaKXKe Ha pa3-
Oen 6.4, rae DaHHbLIA Borpoc ofcyxnaercss mogpoGHee. Ycrmex TpHMEHEHMSA
HEMPOHHOM CeTH OOBIYHO TpeOyeT TNPOBEIEHUS! MHOXECTBA SKCMEPHMEHTOB.
EcThb Leblii psig HapamMeTpoB, OT IMPaBWIBHOTO BhIOOpa KOTOPBIX 3aBUCHT, Ha-
CKOJIBKO 651crpo'6y)1er HaiineHo pelueHue. Uit ceTell ¢ NPAMON CBA3BIO YUCIIO
CKPBITBIX 3JIEMEHTOB M CJIOEB MOXeT GBITh pa3mHyHbIM. HecoMHeHHO, BaXHBIM
(bakTOpoM ABISETCS BRIGOP yueGHBIX TaHHBIX, M €My HO/DKHO YAENAThes . Gonb-
LIoe ‘BHMMaHMe, 4ToObl 6bITh YBEPEHHBIM, UTO CeTh OyneT obnadaTh XOpPOLUUMH
CBOIfCTBaMM 06061IEHUS Ha JaHHRIX, KOTOPBIE HE TMpeUTarainch €if B xoae oby-
yeHus. MoxHO HabMoZaTh ycrelliHylo paboTy CeTH IIPH MCTIONb3OBaHUM y4eh-
HBIX JaHHBIX M BITOCJENCTBUM OBHAPYXWUTh, YTO CETh HE MOXET NpaBWIbHO obpa-
60TaTh HOBble HaHHble. JINs KaXIOro HOBOIO TUIA 3afa4 HET YHHBEPCAIBHOIO
criocoba HaxoXIeHUS pelueHus. WHorma peumrs npobiieMy He yhaercs, HO He-
yiaya B IIONBITKE HalTH pelleHMe He O3HayaeT, YTO 3aJjayy HEBO3MOXHO PELUMTh
C MOMOLUBIO HEMPOHHOrO Moaxofa. XoTs B HEHPOHHBIX CETAX W MCIONL3YETCH Me-
TON “TIONBITOK M OLIEHOK pe3yNbTaTa”, 3HAUeHME XOPOLLEro IOHMMaHMUsA pelliae-
MO#i TIpoGIeMbl U NPUHLIKMIIOB paboThl HEHPOHHBIX CETEM TPYIHO NEPEOLIEHUTD.

Teopust TOBOPUT O TOM, YTO CETh C ONHHUM CKPBITBIM CJIOEM MOXET Tpen-
CTaBUTD JIF000E HENpephIBHOE OTOOpaXeHUe BUAA

y=f(x.

FockonbKy B OpMe TaKOro OTOOpaxeHUsT MOXHO MPEACTABUTh MHOIHME pe-
ajibHBIE TIPOGJIEMBI, €CTh JIM BoOOlle HEOOXOOMMOCTb HCIIO/b30BaTh HECKOJNb-
KO CKpbITHIX ciioeB? Ho uHorza okaamaaerca, YTO C€Th. C IBYMS CKPBITBIMU
CIOSIMM OBYUMTH TIpOLLE, a BAPUAHT CETU C TIPSMOIi CBS3b10, Ha3blBaeMblil aB-
TOACCOLIMATUBHOM CETHIO, JUIA pellleHUs 3aJayM CXKAaTUs JaHHBIX MOXET MMETh
MHOXECTBO CKPBITHIX cloeB (CM. IaBy 4).

-AJIrOpUTM OOYYEHWS B TOM BHIE, KaK OH OBUI MpeaCTaBiieH, WUCIONb3YeT
riollaropoe o6HOBJIEHNE HaGopa BECOBbIX 3HAYEHHUH, YTO O3Ha4YaeT U3MEHEHHE
BECOBBIX KOO (UIIMEHTOB TIOCNE . pPACCMOTPEHUs Kaxaoro obpasua. WUHoraa,
yTobyl GpIcTpee OOYYUTh CeTh, OKa3biBacTcA 6ojiee BHITONHBIM MCIIO/B30BaTh
[akeTHOe OOHOBJICHUE, KOTAa OIMOKY IS KaXIOro 3JIEMEHTa HaKaruIMBaioT-
cS1 B TEYEHKE 11€10M STIOXH, U TOJNBKO IMOC/IE 3TOr0 NMPOUCXOAUT KOPPEKTUPOB-
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Ka BECOB 3TOTO 3JIeMeHTa. MOXeT 0Ka3aTbCsl BBI'OAHBIM HCIOIB30BaTh CIIy-
YaiHBIA [OPAIOK MPEACTABICHHUS CEThIO Y4eOHBIX 06Pa3IIoB OT 3MOXH K 3I10-
Xe — B TakoM ciy4ae NOTpeGyeTcs Iolarosoe o6HOBIEHUE BECOBBIX 3Haue-
Huit. OGBIYHO TYYIINIA TOAXON OBHAPYXUBAETCS 3KCMEPUMEHTAITBHO.

0006LweHue

Ecian ceTs nopoxaaer NpaBWIBHBIA BBIBOA IS GONBUIMHCTBA BBOMMMBIX
00pa3uoB u3 Habopa TECTOBBIX JaHHBIX, TOBOPSIT, YTO CETh OGNANAET XOPOLIM-
MU CBOMCTBAMH 0606uerus. TIpennonaraercsi, 4To Habop TECTOBBIX HAHHBIX
B TIpoLiecce 0Gy4eHHS He MCITONb30Basicy.

Ecnu ceth Xopoulo o6ydeHa CTpOMTH IJIaakoe HENMUHeNHHOe 0T06pa)KeHPIC
€€ BO3MOXHOCTH MOXHO MHTEDPIOMPOBaTh Ha HOBble 0Gpa3sLBl, KOTOPhIE MO~

g 1106Hbl, HO H€ ITOBTOPAIOT B TOYHOCTH T€ ‘06pa3ub[, KOTOpPBIE MCITOJIL30BANINCh

B nipouiecce obyyeHuss. Hernankoe oToBpaxeHne BOIHMKAET TOraa, KOraa ceTh
riepeTpeHupoBaHa. B Takoit cuTyaLn ceTh ckopee GyaeT nogobHa NMamsTH, Ha-
XOJUSt TIOAXOASAIIME BBIXOAHbIC JAHHbIE CPEAY MHOXECTBA YUeGHBIX 06Pa3LOB.

KayecTBo 060611eHUs ceTH 3aBUCUT OT Habopa y4eGHBIX JAHHBIX M apXH-
TEKTYphl ceTd. HaGop yueGHBIX NaHHBIX DOMKeH GbITh XapaKTePHBIM ISt pe-
l1aeMoi npoGieMbl, HO BaXHbIM TaKXe SIBASETCA U YMCIO CKPITHIX 3E€MeH~-
T0B. Ec/iv CKphITBIX 371eMEHTOB Gonblue, YyeM TpebyeTcs AN OOYYEHMsST HyX-
HOMY OTHOLUCHMIO BBONa-BbiBOJA, OydeT Gosblue BecoBbIX KO3(MDMULIMEHTOB,
YeM 3TO HeoOXOIMMO, M, eclU Mpolecc OBYYeHHSI NPOINOJIKAETCS CIULIKOM
HOJIIo, B pe3ynbTaTe MoxeT HabmiogaTbes CIMIKOM 61M3KOe OTCNeXMBaHNE
HaHHbIX. MHOIMA B 3KCIIEPMMEHTaX C CETSAMM Pa3TMYHON apXUTEKTYpbl M MPo-
JOJKUTENBbHOCTLIO BPEMEHH 00yYeHUs! B KauecTBe BPEMEHHOIO TeCTOBOTO Ha-
Gopa MCMoONb3yIOT NOJAMHOXECTBO YYeOGHBIX JaHHBIX. [JIaBHBIR HaGop TecTo-
BbIX aHHBIX MPHU 3TOM BCE PABHO PE3EPBUPYETCS LISl OCHOBHOIO TECTUPOBA-
HUS CNIOCOOHOCTH 000611EHNS COOTBETCTBYIOLIEH CETH.

TpumeHente HEHPOHHBIX ceTeil MNpeicTaBasieT coboff 3KCEPUMEHTAb-
HBI MOOX0 B NMPUKITafHON Hayke. TIpy 3ToM M1 paspaboTKu ceTeil MMeIoTcs
HeKoTopbie obiuMe pekomeHnauuH. B xHure Xeitkuna [Haykin, 1994] uc-
nonb3yeTest pe3ynbrar u3 pabotel Bayma u Xaccnepa [Baum, Haussler, 1989],
JaoWni ofluMe peKOMEHIALUM OTHOCHTENLHO pa3MepoB Habopa y4eOHBIX

- JAHHBIX. PCKOMeH,lIyeTCH BBITTOJTHEHUE CJIEAYIONIETO HEPAaBEHCTBA:

w
N>—,
£
rae N obg3HayaeT yucio yueGHbIX 06pasioB, W — YUCIO BECOBbIX Koahdu-
LIMEHTOB B CETH, @ € — JOJIO OWMOOK, AONYCTUMYI0 B XOHE TECTUPOBAHMAL.
Tak, npu monycruMoct 10% oOLIMGOK YMCIO Y4eGHBIX 0o6pa3LoB NOMXHO

ObITh B 10 pa3 Gosnblie YUC/Ia UMEIOLIMXCS B CETH BECOBBIX KO3 dUIINEHTOB.
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2.5. Wcnonb3oBaHue CeTH ¢ 06paTHbLIM
pacnpoCcTpaHeHnem oLMboK .

B 3Toii TJ1aBe MbI PacCMOTPUM THIT TIpOONEM, KOTOpbIE MOTYT OBITh MH-
TeprpeTUpOBaHbl, KaK NPoGieMbl 0TOOpaXXeHMsI BBOAMMOro obpasiia B onuH
#3 HECKOJbKUX UMelommxcd KiaccoB. Jag npobiembl XOR yucino Kiaccos
PAaBHO - IBYM, IT03TOMY [Utsl pellieHMsl 3Toil Mpo6iieMbl AOCTATOMHO OJHOrO
SBIXONHOLO. BMEMEHTa C JBYMSI BO3MOXHBIMU COCTOSHUSIMH (T.€. 3HAYCHME,
meHbliee 0.1, coorpetcTsyer cocroguuio BbBIKJIIOYEHO, a 3HayeHue,
Gonbliee 0.9, coorBetcTByeT cocrosHuio. BKIIIOYEHO). O6muM moaxoaoM
SABASETCS CBSA3bIBAHUE C KaXIbIM KJIACCOM CBOEr0 BBHIXOLHOTO 3neMeHTa. Ec-
M BBOAMMBIN obpa3el, GepeTcs, cKkaxeM, u3 Kiracca C; , TO BBIXONHO# 3Jie-
MeHT U, HOJDKeH GbITh BKJIIOYEH, B TO BPEMS KaK BCE OCTAIbHbLIE BbIXOAHbBIE
3JIEMEHTblI — BbIKJIXOYEHBI.

2.5.1. Knaccudukaums yucen

PaccMoTpuM 3agayy Kiaccudukauuu yucen ot 0 1o 9. B maHHOM cnyuae
uMeeTcs: 10 KJaccoB, IMO3TOMY B KauyecTBE€ LEJAEBOro BLIXONHOTO BEKTOpa
MOXHO  MCIOJNIb30BaTs BeKTOp, cocrosdumii u3 10 anemeHToB. Hanpumep,
% KauecTBe LEeJEeBOro BEKTOpa JUlf YMcia 2 MoxHo BelOpats [0010000000],
D3HAYaIOMMil, YTO TPETHI1 BBIXOJIHOM 3JEMEHT JOJDKEH OBIThb BKIIOYEH, a U
BCE€ OCTaJIbHbIE — BbIK/IIOYEHBL. .
B paccmarpuBaeMoM 31ech Cllydae LIEE€BbIE BbHIXOAHbIC 3HAUCHUS IS UYU-
cen of 1 10 9 6yAyT NpeacTaBIsSiThCA BEKTOPaMH U3 9 aneMeHTOB, a yucay 0
OyleT coOTBETCTBOBATh BEKTOpP, BCe OMTHI KOTOporo BbiKIouyeHbl. Hanpumep,

€CNU CETh pCLL[MT YTO €W MPEACTABJIEHO YHCIIO 2 TO Ha €€ BbIXOJE BTOpOVl'

BBIXOHOM 3JEMEHT OKaXeTcsl paBHBIM 1, a Bce ocTanbHble OyayT pasHbi 0.
{ycna, KOTOpBIE JOKHBL GLITh BBIYYEHBI CEThIO, [TOKa3aHbl Ha puc. 2.13. Ka-
KIOE YUCIO MPEICTABISETCS CETKOH pa3mepoM 9 X7, Tie CepbiM MHKCENM
cooTBeTcTBYeT 0, a YepHbiM — 1.

Jins MonenpoBaHusi BhIOMpaeTcs ceTh THIa 63-6-9: 9 X 7 BXONHbIX 3/IEMEHTOB
(1o oIHOMY Ha KaXblit TIMKCEJIb), IIECTh CKPBITBIX 3/IEMEHTOB W ACBATh BbIXOI-
HBIX 3NIEMEHTOB UTST LIEJIEBBIX BHIXOMHbIX BEKTOpOB. COOTBETCTBYIOLUME TTHKCEAAM
3HauEHMSA OTOBPAXKAIOTCSA BO BXOIHOIMA C/IOM Tak, KaK MOKa3aHo Ha puc. 2.14.

O6y4eHHe ceTH MPOAOIKAIOCH B TEUEHHE 600 3riox, MpU 3TOM HOpMa 0By~

YeHHs BbibMpasiach pasHoi 0.3, a koaddULMEHT MHEpUMHU ObUT paBeH 0.7.
BuixonHoM 3/IeMEHT TEPEBOJAMICS BO BKIIOYEHHOE COCTOSTHME, €CJIM 3HaYeHue
AKTUBHOCTU OKa3sbiBalloch Oosbiiie 0.9, U B BBIKIIOYCHHOE COCTOAHUE, €CIH
3HaycHWEe aKTHBHOCTU OKa3bIBaJoCch MeHblle 0.1.
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Puc. 2.13. Y4ebHsie gaHHbie

OOGyueHHMe ceTH 3aBepLUWIOCh YCITIEUIHO. 3aTeM CeTh IMOIBEPINach TECTUPOBa-
HHMIO Ha JaHHBIX, NMPeACTABNEHHBIX Ha puc. 2.15. Kaxnoe u3 umcen umesno He Me-
Hee OfIHOro MNpornylueHHoro 6urta. Bee TecToBbie Yncia GbUTH MAEHTH(OUIMPOBAHb
MPaBWILHO, KPOME 4YMcna 8, Korga akTMBHOCTh UIECTOTO BBIXOXHOIO 3NeMeHTa
OKa3ajiach paBHO# 3HayeHHIo 0.53, a BocbMoro — 3HadeHuIo 0.41. CeTb He cMorna
PELLMTb, KAKUM YHCIOM ABASETCS BOCbMOIt obpaseu — uMciaoM 6 Wi 8 — u mo-
3TOMY HE CMOIIa OTJATh NPEAIIOYTEHUE HH OTHOIl M3 3THX BO3MOXHOCTE.

2.5.2. Knaccudukaums CUMBOJIOB

Bra 3amaya nogobHa npeasiayuieil. Lenvlo sBasleTcst o0yueHWe ceTH
C TIPSIMOMi CBA3BLIO pacro3HaBaHUIO CUMBOJIOB A, B, C, D. YuebOHble CUMMBOJIbI
GbUIM B3ATbl M3 TPeX pasHbX wWpHbTOB. JUIS TECTMPOBAHMS CETH MCMOJB30-
BajicA YeTBepThifl TMN wpudTa. Bece 3TH cuMBonbl MokasaHbl Ha puc. 2.16.
OHHU ObiIM MOCTPOEHBI IO CETKE pa3MepoM 16 X 16 nukceseil, noatoMy s
ceTH notpeboBaioch 256 BXONHBIX 3/1eMEHTOB. UHC/IO BBIXOAHBIX 3JIEMEHTOB
ObL10 PaBHO YETLIPEM, MO OAHOMY IUISl KaXIOI'o Kjacca.

IMonobxas ceTb OymeT ycrewHo oby4arbesl M npasuiibHO 06061naTh JaH-

'Hble NpHU pa3Hoil apxurekType. OHa serko obyyaeTcst MPH HATMYMK OJHOTO

CKPBITOIO CJIOS U3 BOCBMH 3JIEMEHTOB M MPaBUILHO paboTaeT Ha yKa3aHHOM
TecTOBOM Habope cMMBOJIOB. Takast ceTb MOYTH BCerga YCNEWHO TMPOXOAUT
obyyeHHe Ha yKa3aHHBIX yueGHBbIX AaHHbIX. OIHAKO YUCIC HEyda4YHbIX Mo-
NLITOK TECTUPOBAHMUSA OKA3BIBAETCH IPUMEPHO PaBHBIM YMCIY YIayHBIX, €C-
MM WCMONB3OBaTh IPYrue TecToBble HaGopbi. Heyaaum o6biMHO cBAA3aHBI
C OOHHMM TECTOBBLIM CHMBOJIOM, KOTOpBI CETh KIacCH(PULMPYeT HEKOPPEKT-
Ho. CeTb MMEET H0CTATOYHO PeCYPCOB, YTOOB BHIMOJHUTD 3aJaHUE C BOCEMBIO

Ucnons3osanue cety ¢ 0BpaTHbiM pacnpoCcTpaHeHueM oLwmbox 63
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0
®
° Puc. 2.15. UckaxeHHsie noMexamu TeCTOBLIE faHHbIE
o
: ABCD
1
®

: ABCD

Puc. 2.14. Cetka 3HadeHwit 0ToOpaxaerca BO BXOAHOM CNOA C NOMOLUbIO ee NPeaCTaBieHns
B BMAE A/IMHHON CTPOKM BMTOB, pasHbix 0 win 1. OToBpaxeHme 3HaqeHui GUTOB HaYMHaeTcs oT

BEDXHEro JIEBOro yriia Cetki BHU3 [0 KOHLA. NepBoro cTonbua v nosTOPSETCS ANs. Kaxgoro
cnegyrotero cronbua no nopsaKy ‘
WIN MEHbBIUMM YHCIIOM CKPBITBIX 3MeMeHTOB. Kak M oxmaaeTcst, croco6HOCTb

K 060011IeHHIO YXyAlIaeTcss ¢ pOCTOM 4YMCia CKPBIThIX 3JIEMCHTOB, HO MHOrda

- 0bobieHMe oKa3sbiBaeTca BechMa xopoiinM ans 100 unu gaxe Gonbuiero yuc- Puc. 2. {6- [lepssie Tpu pspa cumsonos obpasyior
Ja CKPBITHIX 3MEMeHTOB. , ‘  y4ebnbiii Habop, a CHUMBOBI HUXHErO psAa —
‘ ‘ TecToBbIiA
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2.5.3. NporHo3uposaxune Noroabt

Yro6bl 3aCTaBUTh HEHMPOHHYIO CETh MpeICcKa3bIBaTh NMOroay ¢ moboii crene-
HBIO HANEXHOCTH, BEPOATHO, TOTpeOyeTcsl BbHIONHUTDL IPAHAMO3HYIO MCCIIEH0-
BaTeJIbCKYIO paboTy. DTo oveHb COXHasi TIpobieMa, M yUCHbIe NOTPaTHIN He-
MaJIO JIeT Ha pa3paboTKy CHOXHEHIUMX KOMMBIOTEPHBIX NpOrpamMm, IOMOrao-
LMX CTPOMTh NPOrHo3bl. OOHAKO B KayecTBe YNMpPaXHEHMsT Mbl XOTeau Obl
OBCYAUTh TO, KAKUM 00pa3oM MOXHO ObUIo OBl MONOHTH K BOMpPOCY pa3paboTKu
CHCTEMBI TIPEACKA3aHUS TMOrobl Ha 3aBTpa, OCHOBBIBAIOLUEHCS Ha MHGDOPMALMH O
niorozie cerofHs. Takylo cHcTeMy MOXHO Ha3BaTh “HaMBHBIM TIPEACKA3aHHEM”.

B Tabn. 2.3 npencrasneHsl HEKOTOPbie JaHHbIE, MOJYYCHHbIC HAa OQHOH U3
OPUTAHCKMX METEOPOJIOTMYECKUX CTAaHUMI TO NMATH NPU3HAKaM Ha NpoTsKe-
auu 10 aHeit. MoXHO MOMBITATECA PELINTH 3a4a4y MPOrHO3UPOBaHMA, INpe-
IOOCTaBisA cetH MHGOPMauuio o noroie MepBoro AHA M CYMTad LENEBHIMU
BBLIXOAHBIMM IJaHHBIMM HHdoOpMaLMIc O norole BToporo AHA. Crenyioumium
Y4eOHBIM 00pa3UOM JOMXHBI ObITH JAHHBIE O TTOrojie BTOPOro NHA, a COOTBET-
CTBYIOUINMM LIC/IEBBIMH BbIXOIHBIMU JAHHBIMM — JAHHbBIE TPETHETO AHA U T.A.
CeTb JO/LKHA MMETh NSITh BXOAHBIX M NSATh BBIXOAHBIX 3JIEeMeHTOB. MoXHO

HayaTh ¢ OOMBIUIOTO YMCHAa CKPBITHIX 3JEMEHTOB (Hampumep, ¢ 30), B manb-

HeHNIEM MBITASCh YMEHBIINTh UX uncio. KoHeyHo, xoresoch 66 noTpedoBaTh
CylllecTBeHHO Oonbllle JaHHbix, 4eM 3a 10-nHeBHbIN mepvon. Umesa Gonbuie
JIAHHBIX, MOXHO ObLI0 6b1 chopMHpPOBaTh KaK:y4eOHbIH, TaK U TeCTOBbIH Ha-
60opbl faHHBIX: JlaHHble cienoBano Obl mMpeasaputenbHO ob6paboTaTh, YTOOMI
BCEe 3HAYEHMS] OKA3aJIUCh B PaMKaX AOIMYCTUMBIX 3HAYEHMIA aKTHBHOCTH 2Je-
MEHTOB (WISl CUTMOMIATBHON GyHKUMH 3TO Auana3oH or 0.1 a0 0.9). Janube
B ChIpOM Bue, 6¢3 npenBapuTelibHON 0OpabOTKH, OKa3bIBAaIOTCS HETNONXOAd-~
LMMHU A0S Mcnonb3oBaHus. Takue faHHbiE HE TOALKO HE NOMAaaloT B obnacThb
JOMYCTUMBIX 3HAYeHHUi# PyHKUUM aKTMBHOCTH, HO HabmofaeTcsl TAaKXKe OYEHb
Gonblloii pa3bpoc 3HayeHMit Mexmy npusHakamu. Hanpumep, AaBieHHe Xa-
pakTepu3yeTcst 3HaueHusMu ropsinka 1000, Torna Kak XapaKTepMCTMKH LOXIS
BbIpaXaloTcsl B 3HaueHHMAX, MeHbuux 10. Mbl O6b1 He xoTenau, yToObl naHHbIE,
Kacalolimecs IaBACHUS, OKa3ajlMcb B ceTy Oosee 3HaYMMBIMM, YeM IaHHBIE,
KacalollMecsi YPOBHS OCAIKOB, NO3TOMY M Tpebyercsl MpeaBapuTeNbHas obpa-
6otka gaHHBIX. [IpeaBapuTenbHasg o6paboTka JAHHBIX 00CyXIaeTcs B IiaBe 6.

KoHeuHo, Henb3s ObITH YBEPEHHBIM, YTO MBI CMOXeEM pa3paboTaTh cucTe-
My MpPOTHO3MPOBAHMS NOTOABI C MIOMOLUBIO YKA3aHHOTO BbILIE MPOCTOro Moa-
XOa, HO B TAaKoli NMoNbITKe U Bpela He Oynet. [lo KpaitHell Mepe, MBI MOXEM
OGHAPYXHUTb, YTO HETUIOXOi KPaTKOCPOUHBIA MPOrHo3 (T.e. MPOrHO3 Ha 3aB-
Tpa) caenarb BIoXHe Bo3MoxHo. Ha camom nene Hemano moaeit mbitaiores
peLINTD 3Ty 3a1a4y. 3HaHUe 0cobeHHOCTEH NMPobIEMBI IPOrHO3UPOBaHMS 110~
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Tabnuua 2.3. MoroaHsie AanHbie

Temneparypa (C) Ocagkn Haenetne Conxue

LeHs MUHUMYM Makcumym (mM) (mMbap) (4acs)
01 -1 4.8 0.7 1011 38

02 -1 28 0 1024 54

03 -5.3 36 0 1032 4.8

04 -5 6.6 2.8 1026.5 0

05 35 47 3 1019.5 0

06 15 79 0 . 10185 5.2

07 -1.4 9.5 0.2 1034.5 0

08 0.8 104 14 10285 0.2

09 1.8 10.4 04 '1028.5 0

10 4 12 2 1020.5 0

robl MoMorJio 6bl HaM (opManu3oBarh NpobiieMy M BbLIEIUTbL Haubojee mo-
Ne3Hble JaHHble. HanpuMep, BroJHE pasyMHbIM KaXETCH IPEATONOXEHHE
O TOM, YTO JIYYLIHIi IPOrHO3 MOXHO TTOJAYYUTh Ha OCHOBE HENPEPBIBHOIO MO-
HUTOPHUHTa W3MEHEHUs] NaHHBIX B TEYEHME BCEro IHA, a HE Ha CyMMapHBIX
JaHHBIX 06 YPOBHE OCAJKOB, MAKCUMYME TEMIIEPATYPbl U T.A.

3anaua MoCTPOEHHUS MPOrHO3a FIOroAbl TUIMHYHA LIS HeHpOHHBIX ceTeil. B Heit
HMeeTcsT HHGOPMaLMA, KOTOPYIO Mbl CYMTAEM XapaKTepHOM T paccMaTpHBaeMOi
TIPOGEeMbI, HO TPYIHOCTh COCTOMT B TOM, UTO HE AICHO, KaK CJIEAYET MCIIO/b30BaTh

" IaHHbBlE W KaK BBIOpATh TMOOXOASAUIYIO APXUTEKTYPY CETU, ¢ MOMOIILIO KOTOPOii

JOJKHA 3Ta npobnema peluarsbes. 34ech CleAyeT HaYMHATL C 3KCMEPUMEHTAILHOM
MIPOBEPKM WJIEH, KOTOpble MOrTM Obl B JAHHOM CJyyae oKa3aThCst paboTocnoco6-
HbIMH. Yepe3 3KCNEePUMEHT ¢ JAHHBIMUM NPUXOIMT Jiydlliee TIOHUMaHHWe MPoBieMbl
U BO3HUKAIOT HOBbIE UIIEW, OTKPHIBAIOLIME HOBbIE BOZMOXHOCTH TSI €€ PeLLIEHNS.

2.6. CeTyn ¢ papgnanbHbIMuU 6a3UCHBIMUA GYHKLUAMM

B atom pa3zzmene Mbl pacCMOTPUM APYTOM THIT MOIEJIM CETH, KOTOPYIO TOXE
MOXHO MCMOJb30BaTh Iist KJMaccupUKauuyu o6pa3uoB U KOTOpast Ha3blBaeTCs
CETbIO C pafuaJIbHbIMU 0a3UCHBLIMHU (QYHKLIUSIMH. ‘

Cetb ¢ panyaibHBIMH Ga3UCHBIMU byHKuMAMM B Hanbonee TipocToii opme
NpeCTARNseT coboit cetb ¢ TpeMs CNOAMMU: OGBIMHBIM BXODHBIM CJIOEM, BBINON-
HSTIOLLMM pacnpeueneuufz AaHHBIX obpasiia JUls TIEPBOTO CJIOSl BECOB, CKPbITBHIM

Cetv ¢ panuanbHbimu GasuCHbIMK GYHKUMAMM ' | 67
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CJIOEM M BHIXOAHBIM cJioeM. OToOpaxeHue OT BXOZHOIO CJIOS K CKPBITOMY CJIOKO
ABAAETCA HEMUHENHBIM, a OTOOPaKEHME CKPRITOrO CJ0S1 B BBIXOJHON — JIMHEIHO.
OG6byHO (HO He BCerna) YMCAO CKPBITBIX 3JIEMEHTOB OOMbLLE YKcia BXOMHBIX e~
MeHTOB. MIes 31eck B TOM, YTO €C/IM HEJTMHEHHYIO NpobneMy pa3MEeCTUThL B ITpO-
CTPaHCTBE BBICOKOI pa3sMepHOCTH HEKOTOPhIM HEMHENHBIM 00pa3oM, TO BEpOAT-
HOCTB TOro, YTO OHa OyAeT JIMHEHHO OTASIMMOMN, JO/DKHA OKa3aThCs BhIUIE.

PaccMoTpuM oToBpaxeHue mepBoro cnos. C KaXAbiM CKPBITBIM -3JIEMeH-
TOM CBSI3bIBaeTcH HekoTopas GyHkumg ¢. Kaxmas u3 atux ¢$yHkumii 6eper
KOMOMHUPOBAHHBII BBOA U MOPOXIAET 3HAYEHUE aKTUBHOCTH, I10JlaBacMOE Ha
Bbixod. COBOKYIMHOCTh 3HaYEHMiIA aKTUBHOCTH BCEX CKPBITHIX 3J€MEHTOB OIl-
pelleNseT BEKTOP, Ha KOTOPBI oToGpaXxaeTcs BXOAHON BEKTOP:

P(x) = [@(x), (x2), ..., 9(xp)]

rae M 0603Ha4aeT YUCIIO CKPBITHIX JIEMEHTOB, a X — BXOJHOH BEKTOP.

CBA3M 3JIEMEHTa CKPBITOTO. CJIOS OMNpPEAENSIOT LEHTP pagUaibHON ®yHK-
LMK UIA JaHHOrO CKPBITOro 3jeMeHTa. BBOI U1 KaXHoro ajeMeHTa BblOMpa-
€TCS paBHBIM €BKJIMAOBOII HOpMe:

net; =}{x-w; I
1/2

L ‘7
Yoxi-wp)?|
i=1

rje n o6o3HaYaeT YUCAO BXOMHBIX 3JIEMEHTOB.
Jnst CKPBITBIX 3MEMEHTOB MCIIONB3YIOT CaMble pa3Hble (PYHKLMU aKTHBHO-
ctu. Bpymxen u Jlays [Broomhead, Lowe, 1988] ucnonssoBanu ¢dyskuuio I'a-

ycca @(r) =exp[—r2] unu ysxuuio @(r) —-\/c2 +r2.

Mpumep 2.5

Cetb Tuna 2-2-1 ¢ paguadbHBIMUA 6a3MCHBIMM DYHKLUSAMU UCIIONb3YETCA
st peliennst npo6neMbl XOR. [TepBblit coit BecOB 3a7laH MaTpULIei

i)

IInst Kaxmoro BBoAMMoOro obpasua XOR BbIYMCINTE 3HAYEHUST aKTUBHO-
CTH JUIA BCEX CKPBITHIX 3JIEMEHTOB, €ClIM (PYHKUMS aKTUBHOCTM MMeEET

BUA @(net) =exp[—net2], rae net SIBASIETCS €BKJIMIOBOI HOPMOM.

Pewenue 2.5
Jlnst obpa3stia (0, 1) M NepBOro CKPLITOro JIEMEHTA I10y4aeM:
¢, =exp[-[(0- D2+a-D2= exp[-1]=0.368 .
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Jnsa obpasua (0, 1) ¥ BTOPOro CKpLITOTO 3JIEMEHTA OJIyYaeM:
@ = exp[-[(0—-0)? + (1= 0)*]) = exp[~1] = 0.368 .

Bech HabGop 3HaYeHMit AKTUBHOCTU BHITISAUT CEIYIOLIMM 06pa3oM.

Beog @ 2
0.1) 0.368 0.368
(1.0) 0.368 0.368
(0,0) 0.135 1
(1.1) 1 0.135

Eciy HaHecTM 3HauyeHMS aKTHMBHOCTM HEBUAMMBIX 3JIEMEHTOB Ha
MJIOCKOCTh, OyAeT BUAHO, YTO Teleph oOpa3libl OKa3blBAIOTCH JMHE -
HO OTIEJIMMBIMM,

CyluecTByeT HECKOJBKO METONOB OMNpPENENEHUSI BECOBBIX KO3(DHULIMEHTOB.
Tlepsbiit cioit BecOB mepel HayaloM oOy4eHUS] MOXeET ObITh 3aaH B pe3ynbTrare
c/ly4aiiHoro BbIGopa LEHTPOB (GYHKIMIA KAXIOro CKphITOro 3J1eMeHTa U3 Habopa
yue6HbIX aaHHbIX. [lepBbli coit BecoB 0GbIYHO HAXOAMTCS C MCTIONb3OBaHMEM
TEXHUKHN 00ydyeHUs Ge3 yrpasneHus (cM. raBy 3). Kak Tonbko HailleH rnepBbli
CJioii BeCOB, BTOPOM C/IOM MOXHO ONPEACTUTh HETIOCPEACTBEHHO, a €CNH 3TO He
yaaeTcsl, TO € TIOMOLIBIO JIMHEHHOTO AIrOPUTMa YIIPaBISEMOro obydeHuUsT.

OnHy M Ty Xe npob/ieMy MOXHO PElUMTh KaK C ITOMOLUBIO CETH € paauaib-
HBIMH 023UCHBIMM (YHKIIHAMH, TaK U C MOMOLIBI0 MHOTOCJOIHON ceTH ¢ 00-
paTHbIM pacrnpocTpaHeHUEeM OLIMOOK. DTH ceTH TIPEACTABNAIOT cODOA BbIYMCIH-
TeNbHbIE CXEMBl JOBOJBHO OOLUEro Bula, NPUMEHUMBIE NPU PELUEHHU OYCHB
LUMPOKOTO Kpyra 3afay. [asailte paccMOTPYMM TMpHMEP MUCMONB3OBAHHUS CETH
C pazuabHbIMHU Ga3sUCHBIMH (YHKUMSMH IS PELUEHUS 3ala4yd annpoKCHMaLUH -
KpMBOii. KpuBas, KOoTopyio HYXHO anmnpoKcMMUpOBaTh, 3aaaetcsl pyHkuuei

F(x)=05x+2x* - %,

a ee rpadMK INokasaH Ha puc. 2.17.
Bra KpuBasg OymeT annpoOKCUMUPOBAThCS C MOMOLUBIO B3BEILECHHBIX CYMM
dyHkunit Maycca, UMEIOWINX BUA

1 2
net; =exp| ——(c-x)" |,
j p[ 20( ) ]

rae ¢ 3agaer UeHTp ¢GyHKuuu. Ilpumep xpusoit I'aycca, uMerouled LIEHTP
B HyJle, MoKa3aH Ha puc. 2.18. OT 3HayeHUs] KOHCTAHTbl ¢ 3aBUCUT UWIMPHHA
KOJNIOKOJIa KPUBOH.
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Puc. 2.17. Mpagux f(x) = 0.5x + 2¢ - x°

Ara xpuBasg OyAeT ArlPOKCUMUPOBATHCSA € MOMOLIBIO B3BELICHHBIX CYMM
¢byukumit 'aycca, UMeOINX BUA

1 2
net; =exp| ——(c—-x)" |,
! [ 20 ]
e ¢ 3aJaeT LEHTp ¢byukunn. Ipumep kpuBoit Faycca, umeromieit ueHrtp

B Hy/e, noka3aH Ha puc. 2.18. OT 3HayeHUS KOHCTaHTHl O 3aBUCHT UWIMPUHa
KOJIOKOJIa KPUBOIA.

-2 -1 1 2

Puc. 2.18. ®ynxuua Maycca
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Yucno GasucHbIX PyHKUMIT BbIOMpaeTcsi Mpou3BoAbHBIM obpasoM. bouin
BbIOpaHbl ACBATH PYHKLUMII ¢ LeHTpaMHu B Toukax {-0.8, 0.6, 0.4,-02, 0, 0.2,
0.4, 0.6, 0.8}. [Iupuna ¢yHKuMil 6bU1a BbiOpaHa pasHo# 0.5. KpuBas annpok-
cHMHUpYeTCsT B3BELEHHOM cyMMoii 6asucHbIx dyHKuMi. 311 dyHkuun Iaycca
MPEACTABJIAIOT CKPBITHIL CJOi CEeTH, NIO3TOMY CKPBITHII CJOil COCTOMT U3 Jie-
BATH 35ieMeHTOB. T1epBblii ¢JI0i BECOB, COOTBETCTBYIOIMIT CBA3AM, UAYLUHUM OT
€/IMHCTBEHHOTO BXOMHOTO 3JIEMEHTA; MpeAcTaBiseT codoii Habop LIEHTPOB Bbi-
GpaHHBIX (yHKUMii. BTopoii cnoii BecoB HaXoOMTCS ¢ TNOMOLUBIO NpaBWIa
obyyenus Bumpoy—Xodda, npeactasneHHoro B rnase 1: mias BbIxoda o
M LEIEBOro BbIXONA 7 olMOKa § onpenenserca dopMynoit

d=t-o.
CyMMapHBIii CUTHaJI, TIOCTYNAIOWKI K BBIXOAHOMY 3/IEMEHTY, OGO3HaYeH net.
Mo 3akoHy obyucHus Buapoy—Xodda (aenbra-npasusio) BHOCHMast KOppeK-
LMS JODKHA GBITH Clenylolei: i
Aw =118 net .

ApPXMTEKTYpa ceTH NoKa3aHa Ha puc. 2.19. Hopma o6yyenus Oblia BbiGpa-
Ha paBHoii 0.1. UToGbl HaiiTH BTOpOil c/oil Becos, ObU1 creHepupoBaH 21
y4e6HbIii 06pa3ell myTeM MPOMYyCKaHWsI HEKOTOPOro YMcia (M3 AuanasoHa Me-
Xay -1 ¥ +1) yepe3 mepBblii cnoii BecoB. 3HaUeHWS aKTUBHOCTH CKPHITOro
c/losl 3aTeM AaBaii BEKTOP C AEBATBHIO 3JIEMEHTAMM Ui KaXaoi yyebHoit Tou-
ku. [TonydeHnble B pesynbrate 21 BekTOop hopMupoBasiv Habop yyeOHBIX 00-
pa3uoB Ul JIMHEMHON CETH, a COOTBETCTBYIOIUME LiEJIEBbie BBIXOAHbIC AAHHbIC
ObIIM 3HAYEHUSIMM OPUTHHANIBHONH KpHBOH. ANMNPOKCUMALMS, NOCTPOEHHAs
CeTblo, BMecTe ¢ rpad)MKoM OpUrHHANBHOIM KPUBOl Moka3aHa Ha puc. 2.20.

Ha ppakTike HeoOXOAMMO ONMpPEAENNTH BECOBbIE 3HAYEHUS CETH U NpOBEC-
TH TECTUPOBaHMeE, B Xole KOTOpOro npoBepsiercsi KauyecTBo paborni ceth. Ilo-
c/le 3TOr0 MOXHO CKOPPEKTHPOBATh CHayajla MepBblil c/ioil BecoB, a 3aTeEM —

BTOpO#, YTOObI MONLITATLCA YIYULIMTL KadecTo. [lpouecc 3kcnepuMeHTHpO-

BaHUSA € NapaMeTpaMH CETH NPOAOJIKACTCA OO TEX NOP, IOKa Ka4yeCTBO pa601'|>l
CETHU HE CTAHET NMPUCMIICMbIM.

2.7. Pe3iome

B s31oli rmaBe Mbl ropopunu o6 ynpasasieMoM ©OOyueHHUM, NPH KOTOPOM
paccMaTpuBaeTcsl oToOpaxeHHe BXOAHOro obpa3ua B LieJIEBOi BbIXOOHOH 06-
pasen. [Lis ynpasnsieMoro oby4eHUst HEOOXOAMMO UMETD!

e JNaHHbIC, UMECIOLLMEC U3BECTHYIO KJIaCCMCbMKZ\LlVllO;

e JaHHble B 00beMe, JOCTATOYHOM MAsl TNpPEACTaBJE€HUS] BCEX acIEKTOB
peiuaeMoit npobiembli;
e JlaHHbIe B 00bEeMe, OCTATOYHOM ISl NIPOBEAEHMS TECTUPOBaHHUS.
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MNepBtii crioit Becos Bropoit cnoit npeacrasnset

33/136TCA LIGHTPaMK NIMHEIARYIO CYMMY BBIXOHBIX

KpvBbiX Faycca [DAHHBIX CKPBLITOrO COA.
3HaYeHus 3TUX BECOB HAXOAATCH
no npasuny Buapoy-Xodda

Puc. 2.19. Cero ¢ paguansHbiMy Ga3UCHbIMM  YHKUMSIMK, OBY4eHHas
npeacraBasTb KPUBYIO, KaK NoKa3aHo Ha puc. 2.17

Habopb! TecTOBBIX M yueOHBIX JaHHBIX HOIXKHBI OBITH PA3HBIMH (YTODbI TECTO-
Bble JaHHbIE HE MCTIOJNb30BAINCH B Xo/e obyyeHus). 3HaHUE pelIeHUs 3a1auu
oTpaxkaeTcs'B Habope BeCOBBIX 3HAYEHUI CETH.

OyeHb YacTo KCIONb3YeTCs ANTOPUTM OOPaTHOTO PacripoCcTPaHEHUS OLIMGOK.

e B aToM anroputme obyyeHUe MPOUCXOOMT IYTEM KOPPEKTUPOBKU Be-
COBBIX Ko2(pbULHEHTOB Ha OCHOBE NPUMEHEHUS OBOBLLIEHHOrO A€/b-
Ta-TipaBuJ/ia, KOrJa OCYILECTBASETCS NMOMbITKA MUHUMHW3UPOBaTh KBaj-
PaTUYHYIO OLIMOKY, COOTBETCTBYIOLLYIO OTKJIOHEHMIO PealhHOro BHIBO-
Ja ceTH oT TpebyeMOoro BhIBOJA.

e B xome obyuyeHus naHHbIE LMKNMYECKU 0OpabaThIBAIOTCST CHOBA M CHO-
Ba [0 TEX IOp, ITOKa OIIMOKA He CTAHET AOCTATOMHO MaJloi JUisl TOro,
urobbl 3a4aya cyurtanach peitenHoit. Ho naxe ecau ksampaTuyHas
OIMOKA OKA3bIBACTCS MANON [0 BEJIMYMHE, BAXHO TPOBEPUTH, YTOOBI
BCe yuebHBIe 00pa3upbl KIaccuPULMPOBATUCE TTPABUIBLHO.
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— Kpusas

----- AnnpokcumaLms

Puc. 2.20. ANNpoKcHMALMS KDMBOI C MOMOLBIO CETH C PajmanbHbIMy 6a3nCHbiMu GYHKUNAMH,
npescTasaenHod Ha puc. 2.19

e Tlocne 3aBeplucHMsi OByyeHMS] 3HAUYEHHMST BECOBBIX KO3(PULUEHTOB
B ceTyt (PUKCHPYIOTCH, U CETh MOXET MCIIO/b30BaThCA MUl Kiaccudu-
Kal¥M HOBbIX HEM3BECTHBIX €/ 0Opa3yoB. ’

L TCOpCT]A‘lCCKM A MOJeJINpoBaHUS MHOI'MX npo6neM MOXeT ObITb JOC-
TATOYHO OJHOTO CKPBLITOrO CJIof JIEMEHTOB, HO Ha NMPAaKTUKE HECKOJIbKO
CKPBITBHIX CJIOEB MOIYT JaThb JIy4dllice KayeCTBO BLINMOJTHECHUA 3aJa4in.

o CeTy ¢ 06paTHBIM pacCNpoCTpaHeHHEeM OLINGOK MOTyT TpeboBaTh MIH-
TeJILHOro Mpolecca odbydeHuUs.

o O6GoGLIEHUE SIBISETCS Mepoil KavdecTBa pabOTbI CETM HAa NAHHBIX, HE
NpefcTaBleHHbIX el B Xoae obyueHus. YMCNO CKPHITBIX 3MEMEHTOB
W JUTMTEeNIbHOCTh OOYYEHMSI MOIYT OKa3blBaTb CYLIECTBEHHOE BJIUAHUC
Ha crocoOHocTH 0600LIEHHUs CETH. '

CeTb ¢ panqUalbHBIMK 6a3UCHBIMM GYHKLMAMYU MpeAcTaBasieT coboit apy-
roil TMN CETH, McrHolb3yeMoit s Kiaccuukaumu (MM MOLETMPOBAHHUS
dyHKuUMit oblero Buaa).

e Jing Hee TpebyloTcd AaHHble B 00beMe, NOCTATOYHOM LIS NPEACTaBie-
HUsST BceX acreKTOB peliaeMoi npobiaeMbl.

o [lns Hee TpebyloTcs OaHHble B oObeMe, AOCTATOYHOM [IJIS MpoBeje-
HUA TecTUpoBaHUs. HabGopbl TecTOBLIX M Y4eOHBIX HaHHBIX AOJKHDI
GbITb Pa3sHbIMU (T.€. TECTOBBIE JaHHbiE He AOMXKHBI MCIIOb30BATHCH
B Xole ODYUYEHMUST).

i
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o Certp peniaeT HelUHeliHYI0O TIpobyieMy TMyTeM pPa3MELICHUS BBOIUMBIX
00pa3ioB B MpoCcTPaHCTBe 0ojiee BBLICOKOM pa3MEPHOCTH HEKOTOPBIM
HENMMHEHHbIM 00pa3oM. ' ’

¢ Bpibop GOYHKIIMM aKTUBHOCTH VTSI CKPBITBIX 3JICMCHTOB AOJDKEH OBITh
caenaH 10 Hayana obyyeHMst. TUNMUYHBIM SIBASIETCS HMCMONb3OBAaHUE
dyukuum laycca. ‘

o llentpsl dyHkumii aycca onpenesmor nepsbiii coit BecoB. OHU MOTYT
OBITh OnpeeneHbl ¢ HOMOILBIO METONIA KIIaCTEpU3aLMK (CM. TNaBy 3).

e Bropoii cnoil BecoB ceTH MOXET OBITh OTpeleieH C HUCMONb30BaHUEM
JINHENHOTO NPaBWIa YIIPABASAEMOro 0GyYeHHS.

I'naBHast TeMa 3Tofi IJlaBH — MCIIONB3OBAaHME CETH C OOpPaTHBIM pacnpo-
CTpaHEHHEM OIIMOOK, TMO3TOMY HOaBaiiTe PAcCCMOTPUM ' €llle ONMH MpHUMep,
Npe/icTaBUB. €ro B BUIE TMOMHOM AHarpaMMpbl MpaMoro U odpaTHOro IPOXOHOB
B ceTH. BBoauMMbIMU gaHHbBIMM OyayT (0.1,0.9), HopMa oOy4yeHUS paBHa 0.8,
- a xoabduuneHT UuHepunHn paBeH 0. CeTb MMeeT apxXUTeKTypy 2-2-2-1, a Beco-
Bble 3HAYCHHUS 3aJaI0TCH MaTPULIAMHU

22 3 2 -2
=2 3, {-2 2{,| 3,
-2 3 -4 2 1

rAe Kaxias Marpula TnpeAcTaBiseT CBOH cioii BecoBbIX 3HaueHuid. Ha
puc. 2.22 nokasaH NMpsAMOil MOTOK JAHHBIX B CETU C YKa3aHHBIMU CYMMAapHbIM
BBOJIOM M CYMMAapHBIM BBIBOJOM KaXIoro 3jieMeHTa. OOpaTHBIN MOTOK OWIM-
60K MOKa3blBacT B3BELICHHbBIC OMIMOKHU, TMOJyYyaeMble 3JIeMEHTAMM, U OOLILYIO
oliubKy, BeIYHMCIAeMYI0 To dopMyne, TpeacTaBleHHON Ha puc. 2.21. Ha
puc. 2.23 npenctaBjieHbl 0OHOBAEHHbIE BECOBbIC 3HAYEHHS.

1
1+ exp(—ner;) D dewiy
k

O O

Oj(l - Oj) Z 6kwkj
k

n
net; = wo + Z XiWij

i=1

Npsmoit npoxog, O6patHbiii npoxop,

Puc. 2.21. Yucna nepes aneMeHTaMu 1 nocae HuX Ha puc. 2.22 cooreer-
CTBYIOT BBIMUCNICHNAM N0 POPMYNaM, 3aKTIOYEHHLIM 30ECh B PaMKK
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Llenessim sBnsetca aHavenme 0.9, noaromy
oumbKka Ans BLIXOAHOTO 3NEMEHTa paBHa

(0.900 — 0.288) x 0.288
x (1 —0.288) = 0.125

3 1 3 1
Oumbka npeapiaywiero
€O, YMHOXEHHast
Ha BECOBbIE 3HAYEHNA

|o.122 ] | 0.728 | 0.375 ‘ 0.125
—%l_l O¢— -
3 —1972 | [osse | 72 N > oo oo | 2
b

I [Tpsimoit npoxog - J

3 ] Y 3
otunbka
0.122(1 - 0.122) x 0.375
-2 =2 2
BuiBog

aneMeHTa ‘ 2 —4

l—0.030 l -0.110
2
—0.007 —0.001
Beog 2

3/ieMeHTa

O @)

Puc. 2.22. Mpumep npamoro u obpaTHOro NPOXoA08 B ceTw Tna 2-2-2-1 ¢ Npamoii CBA3bIO.
[lanHble BBOZA, BLIBOAA M 3Ha4eHMs OWNBOK noKasaHs! B pamkax (cM. puc. 2.21)
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— 0

~1.900 = -2+ (0.8 x 0.125) x 1

3012=3+(08%0.125)x0.122  1.073=1+(0.8 x 0.125) x 0.728

[

3.032=3+ (0.8 x 0.04) x 1 ~1.98 = —2+(0.8 x 0.025) x 1

2,019 = 2+ (0.8 x 0.025) x 0.993

~1.984 = -2 4+ (0.8 x 0.04) x 0.5

2.010 = 2 + (0.8 x 0.025) x 0.5 ~3.968 = —4 + (0.8 x 0.04) x 0.993

|/ \ |

1.994 =2 + (0.8 x —0.007) x 1 1.999 =2+ (0.8 x —-0.001) x 1

-2.001 = -2+ (0.8 x —0.007) x 0.1 2.999 = 3+ (0.8 x ~0.001) x 0.9

“

2999 =3 + (0.8 x -0.001) x 0.1 ~2.005 = -2+ (0.8 x ~0.007) x 0.9
17 N

O O

Puc. 2.23. HoBbie BecoBble 3HaYeHUs!, BLIYUCNEHHLIE N0 3HAYEHMAM OWHOOK, NOKA3aHHbIX
Ha puec. 2.22
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2.8. [JononuutenoHaa nutepatypa

OpUrMHaNbHOE TIPEACTABJIIEHHUE AJITrOpUTMa OOpaTHOIO pacrpocTpaHeHUs
n3 [Rumelhart et al., 1986a] mo cux nop ocraercd HOCTOMHBIM uU3yvyeHus. bo-
Jlee TO3nHAA cTaThs [Werbos, 1990] Takke pasbsicHSIET TEOPUIO, Ha KOTOPYIO
OTIMpAeTCst AAHHbII ATOPHTM M €0 BAPHALIMS JUIsi Cydast PEKYPPEHTHBIX CBA-
3eil (cM. miaBy 5). Tlo noBomy ceteit ¢ panyalbHBIMU 0a3MCHBIMM (GYHKLUSMHU
cleiyeT 03HaKOMUThCH co cTaTheli [Broomhead, Lowe, 1988] u xuuroit [Haykin,

" 1994], xoTopast ABnfeTCS AOCTATOYHO NMOAPOGHBIM BBEIEHUEM B NMpEIMET.

CyliecTByeT MHOTO BapHaHTOB arOpMTMa oOpaTHOTO pacnpoCTpaHEeHHS,
CTaBALLUX LETbI0 YCKOpeHHe OOyyeHMS M TOMOralpolUMX ceTH Hu3bexarb Jio-
KaAbHBIX MUHMMYMOB, KOTOpbl€é MOIYT He TO3BOJMUTL YCMNEIIHO 3aBEepPLIMTh
obyyeHne, HekoTopble U3 3THX BOMPOCOB OGCYXIAIOTCSA B IiaBe 6, HO 060~
3HaTeJTbHOMY YMUTATeNI0 MBI CHOBa pekoMeHayeM KHury [Haykin, 1994],
a taxxe [Masters, 1995], rae npemnaraercs NpakKTUYECKOe pellieHUe STUX Ipo-
6J1eM C HCIMOb30BaHUEM TIporpaMM Ha si3blke C++,

2.9. YnpaxHeHus

1. Ha puc. 2.24 nokasaHa ceTb ¢ 0OpaTHBIM pacnpocTpaHeHHEM OIMOOK BO
BpeMs obpabotku y4yeOGHoro Bextopa [1.0 0.9 0.9], AN KOTOpPOro LIeJEBbIM
BbIXOAHBIM BekTopoM asisiercs [0.1 0.9 0.1]1. Ilyctb BbixogoMm anemeHTa B
stBsieTcs 3HauyeHue 0.6, a BbIXoAoM 3jeMeHTa C — 3HaueHue 0.8. Tlpeano-
JIOXHM, YTO PYHKUME aKTUBHOCTHU SIBNSETCS CUTMOUI.

(a) Boluncnure pakTHyecKUit BbIXONIHOM BEKTOP.
(b) Bbiuncnure 3Ha4eHUS OLIMOOK IIST KaXKAOTO BBIXOLHOIO 3JIEMEHTA.
(B) Briumcinte 3HayeHUs ouIMOOK WISt KaXA0ro CKpbITOro 3JeMeHTa.

Puc. 2.24. Cers Tuna 3-2-3, B KOTOPOIi HET ANEMEHTOB CMELLEHNS

Ynpaxrenua " 77



2.

3.

78

(r) BolunciauTe M3MEHEHUS] BECOBLIX 3HAYCHUIl g CBsi3el, MOYLUIUX OT
aneMeHTa A. HopMa o6ydeHus npearonaraercs pasHoit 0.25.
[ToBTOpUTE BHIYUCITIEHUS YIIpaXHEHUS | .JUTS 1L1eIeBOro BBIXOJHOTO BEKTOpa
[0.1 0.9 0.9].
[TpeanonoxumM, yro Touku {(-1, 1), (-1, ~1), (1, ~1)} nMpuHaanexar kiaccy A,
a Touxu {(-2,-2), (1, 1), (2, 2), (4, 1)} — kuaccy B.
(a) Jokaxure, YTO 3TH KIacChl HE SIBISIOTCS JIMHENHO OTAEIMMBIMMU.
(6) IpenmnonoXuB, YTO BLIXOJ 3JIEMEHTOB CETU 3aJaeTCS YCIOBUEM
1, ecnu komGuHMpoBaHHbIii BBOA > 0,

BBIXOA =

. 0, ecnmm komMGuHMpOBaHHBIA BBOA < 0,
TOKaXUTe, YTO OMNpeleIeHHbIII HUXe MaTpULENd W, IEpBbliA cloi Be-
COBBIX 3HaYeHWH B CETU C TpeMs CNOSIMU MNpeobdpasyeT mnpobreMy
B JIUHeHHYIO (MepBasi CTPOKa MaTpULb VY| OMNPEACNSeT BECOBbIE KO-
3tbbUIIUEHTHI CMELIEHUS )

1 -6
W, =|-2 -2
-1 -3

(B) OmpedenuTe 3HAYECHHUST BTOPOTO CJIOS BECOB TaK, YTOGHI CETh TPABUIIb-
HO KiaccuduimMpoBana ykas3aHHble Bbille obpasubl. [Ipeamonoxure,
YTO CETh UMEET OZUH BBIXOTHON DNIEMEHT.

Touku {(4,-1), (8,-2), (1, 1), (3, 6)} MpUHaWIEXKAT KJIaccy A, a TOYKMU {(-

8,4), (-2,-3), (~1,-1), (2, -9} — knaccy B. IlocTpoiiTe MUHUMAaJIBHYIO CETh,

MPAaBUJIBHO KNacCU(PUUUPYIOLLYIO 3T TOUYKH.

TTokaxuTte, 4TO ceTh ¢ PAAUATBHBIMU 0a3UCHBIMU (YHKLIMSIMU U3 TIpUMeE-

pa 2.5 MoxeT peminTh npobiaeMy XOR, eciiy 3HaYEHUS MEPBOIO CNOSl BECOB

YCTAHOBUThH PaBHBIMU

0 1
i)

MocTpoiite BTOpoi cnoit BecoB A pellleHUs ynpaxHenus 5. Tpennono-
JKUTE HaiuuMe CMELEHUS U BBIXOAHOTO 3JlEeMEHTA.

Onpenennute ceTb ¢ paauanbHbiMU Ga3sMCHBIMM (GYHKLHSAMM, PELUAIOLLYIO
npo6ieMy XOR, B NPEANTONOXEHUM, YTO (PYHKIHMH AaKTUBHOCTH CKPBITHIX
9

3JIEMEHTOB UMEIOT BHI @(r) = Vet 42,

IloBTOpHTE BBIYUCIEHUSA MPAMOro WU OOPAaTHOro IMPOXOJOB B CETH, INOKa-
3aHHOM Ha puc. 2.22, U HalAUTE HOBbIE BECOBbIE 3HAYEHMUS AJISI BXOAHOIO
obpa3zua [0.9 0.9] ¥ 1e/IeBOro BbIXOAHOTO 3HavyeHus [0.1].

naBa 2. Knaccuguxaims 0bpa3uos

9. TlocrpoiiTe MOAXONAILYIO CETh € MPAMOIH CBA3BIO, MOAEAUPYIOLLYIO Omepa-

Mo orudeckoro AND.

10. Inst ceteil ¢ OOpaTHBLIM pPacMPOCTPaHEHUEM OLUMOOK IAPYTrof 4acTo Mc-

nonb3yeMoil ¢yHKUMENR AKTMBHOCTH ABISETCA IOBYXIIONIOCHBIM CHIMOMWI.
3rta QyHKUMA UMeeT obacTh 3HaueHMit (-1, 1) u onpegensercst popmyoii

_ 2
1+ exp(—x)

fx)
ITpon3sBonHyo 370l (PyHKUMM MOXHO BbIPpa3sUTh B BUAE

£ = Sl ML= £ ).

[pennoxute NpaBWIO KOPPEKLMH OWMOOK JASt BBIXOAHBIX M CKPBITHIX
3JIEMEHTOB.

11. MMocTtpoiite rpaduk npoU3BoaHOI GYHKUMH-CUTMOUAA U OOBSICHUTE, KaK

CBA3aHbl OTHOCHUTENbHAS BeJMYMHA OOHOBJIEHHS Beca M 3HaYCHHE aKTMB-
HOCTH IJIEMEHTA.

12. Ha puc. 2.25 noka3aHsl ABa Kjlacca, A u B, obpasyiouie TpeyrosnbHble 06-

nact. TpeTwit Kinacc onpenensieTcst Kak IepeceyeHHe KiaccoB A U B.
MpernoXuTe apXUTEKTYPY CeTH ¢ OOPaTHBIM pacnpocTpaHeHUeM OLIUOOK,
peluaioLeil Takylo 3amauy Kiaccuduxkaunmu. OObsicHUTE, TO4YeMYy Bbl Bbi-
OpaIM UMEHHO TAKyIO apXHTEKTYypYy.

Tperuit knace

Puc. 2.25. [lse TpeyronsHbie 06nacTy u ux nepeceverme

13. O6bsAcHUTE, NOYEMY B CETH ¢ OOPaTHBIM pacnpocTpaHeHHUEM OLIMOOK Beco-

BbI€ KOBCl)CbMU.MCHTb[ MHULHATHU3UPYIOTCA KaK FOJMIOXHUTE/IbHBIMU, TaK U OT-
pULaTeIbHbIMH cJiyMaitHBIMM 3HAYEHUAMU, a HE TOJILKO MONOXKUTENbHBIMU.

14. [Toaymaiite 0 TOM, YeM OTNHYaETCA CeTb ¢ OOPATHBIM PacNpOCTPAHEHHEM

OIIMOOK, B KOTOpOH B KauecTBe (YHKLHUI aKTUBHOCTU HCMOJb3YIOTCS
dyHkumnu laycea, oT ceTH ¢ pagnanbHbBIMU 6a3UCHBIMU (DYHKLIUAMM.
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[nasa 3

Knacrepusauuna o6pasios

3anava. OrnuncaHue oOyyeHHUs Ge3 yripaBieHHUs.
ITemm. Bt JOJDKHBI HHOHSATS:

YTO Takoe oOyyeHue 6e3 yrpaBiaeHUS U YTO TaKoe MPUHLINM
KJIacTepU3auuu oOpa3lIoB;

TIPUHLMITLI TOCTPOEHUS caMoopraHusywolieiica ceth KoxoHeHa,
YTOOBI UMETh BO3MOXHOCThL PEalM30BaTh TAKYIO CETh Ha TOM
SA3bIKE NPOrpaMMMPOBAHMSA, KOTOPBIN Bbl' IpEANoyTeTe.

TpeGoBanusa. 3HaHUE OCHOB JMHEHOM anreOpbl Ha YPOBHE, NpeACTaBIcHHOM
" B IIpWIOXeHUU A. 3HAKOMCTBO C MaTepHuajioM IjtaBhl 1.

3.1. OcHoBHbIe naeu

B npenpiayileii rinaBe Mbl paccMOTpENU yrpaBigeMoe oOyuyeHWe, KOraa Helf-
POHHag ceTb ofyyaercs KilaccuuuUMpoBaTh 06paslibl B COOTBETCTBUU
C MHCTPYKUMSMM: LIEJIEBOM BBIXOAHOI obpasell JaeT MHGOPMALIMIO CETH O TOM,
K KaKOMY KJIACCY CJIE[lyeT HayuyUThCs OTHOCUTH BXOAHOM oBpasew. [Ipu obyue-
HHUM 6e3 yNpaBjieHUST TaKMX WUHCTPYKLUMU HET, U CEeTU TPUXOIUTCA IPOBOANTb
KJlacTepU3allkio obpasiioB (T.e. pasfefieHWe MX Ha TPYNIBI) CaMOCTOSITEILHO.
Bce ofpasuel opHOro xniacrepa JOMXHBI MMETb YTO-TO ofllee — OHU OyAayT
OLEHUBATbCA, KaK NoaobHble. [IpeanonoxumM, Hanpumep, YTo NMepes HaMMU CTO-
HT 3aja4a Kiaccuduxkaluuu Mebeny no npU3HaKaM MoJIE3HOCTH M KpacoThl. Bee
OOBEKTBI, TTONOOHOE CTYJY, MONAyT IIPU 3TOM B OOHY TPYNIY, a Bce OOBEKTHI,
ronobHbBlE CTONY, — B APYTYIO. DT IPYMIIbl 3aTEM aHATM3UPYIOTCA, W OT Fpyri-
Tbl TMOAOOHBIX CTONY MPEAMETOB OTACNSETCA TIPyNMa MMHCHbMEHHLIX CTOJIOB.
I'pynina nMMceMEHHBIX CTONOB MOAOGHA TPYIIE TIPEAMETOB, TMOJOOHBIX CTOJNAM,
MO3TOMY 3TH IPYNNbI JOMKHBI Pa3MECTUThCH OAM3KO ofHa K APYroit U Jajeko
OT IPYINBI [IPEIMETOB, NOJOOHBIX CTYNY. AJITOPUTMBI KIacTEPU3alMH BhINON-
HAIOT TaKHe ollepallMy ¢ obpa3liaMHi JaHHBIX. [pynnbl B JaibHe1leM Mbl GyaeM
Ha3bIBaTh KAacmepamy W TIPeAToiarath, 4To pasfeieHue obpas3lioB Ha KiacTepbl
JOJDKHO YAOBAETBOPSTH CIENYIOIUMM JIBYM TpeGOBaHUAM.

80 [nasa 3. Knactepu3ayus 06pa3ios

e O6pa3sipl BHYIPH OIHOTO KJIacTepa JODKHBI ObITh B HEKOTOPOM CMBIC-
Jle TIONOOHBL.

e KiacTepsl, mono6Hbie B HEKOTOPOM CMBICTIE, JOMDKHBI  pasMEILATBCA

6JIM3K0 OOWH OT JpYroro.

Ha puc. 3.1 nokasaHo pasmetiieHHe Ha JIByMEPHOM IUIOCKOCTH JaHHBIX, KOTO-
Pbl€ €CTECTBEHHbIM 00pasoM OPraHM3YIOTCS B TPH KIacTepa: COOTBETCTBYIOLLAT
obpa3slly TOYKa TONafaeT B OMpeNe/ICHHBIA KJacTep, €cii OHa pacrojiaracTes
6/IM3KO K TOYKAM 3TOrO KJlacTepa B CpPaBHEHHMM C TOYKAMM, IpHHAMIEXKALUMMH
APYTMM KiacTepam. Mepoit 6:1130cTH (WM 110106Ms) IBYX TOYEK OOBIYHO SBISET-
Cs1 KBajpaT eBKJIMIOBA PACCTOSHUSI MEXIY HUMH, BHIYMCIISIEMbLA 110 HopMyIie

n

, 2
dpg = Zupi ~Xi)” s

i

e d,, o6o3HauaeT KBaIpaT EBKJMIOBOTO pacCTOSHMS MexXy TOYKOU P
M TOYKOM g, X,; — i-fi KOOpIMHaTa obpa3ua p (ananornyHo wist obpasua q),
an — 3HayeHUe pPa3sMEpPHOCTHU.

X2

Xy

Puc. 3.1. [laHnble, popmupyioLme Tpu knacrepa

Ecnu ans knactepa j paccMOTpeTb BEKTOP P, ONpEAeNsieMblil LEHTPOU-

" 10M (TOYKOW, COOTBETCTBYIOLIEH YCPEAHEHHOM XapaKTepUCTHKE PasMeLeHNs

Bcex oOpa3loB B KjiacTepe), TO IS JaHHBIX Ha pHC. 3.1 peuleHue o TOM, Ka-
KOMY M3 KJIacTepoB MPUHALICKUT MPOM3BONBHBIM BEKTOP X (M300paxaeMbli
Ha IUIOCKOCTH B BMIE TOYKM), ONpelessieTcs 3HaYeHUEM

index(x)=min d(p;, x) , JUTS BCEX },
BO3BPALLUAIOLIMM MHIEKC KJIACTEPA C HAKMEHBLUWM KBaipaToM €BKJIMAOBA pac-
CTOSIHUS 10 BeKTOpa X . BekTopsi p; MOTYT paccMaTpuBaThCSl KaK MPOTOTHIIHI

KJIacTepOB, U 3TH INPOTOTUITLI MOTYT CIYXWTb I TNpeIdCcTaBAeHNSA KIIOHYEBBIX
NMPHU3HaAKOB KjiacTepa. HanpuMep, ecM HeoOXoaMMO pas3ieiuTb Ha TpYIIIbI
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6acKeTOONMMCTOB U JKOKEEB, HECOMHEHHO, YTO B KayecTBe xapalcrebﬂoro npﬁ—
3HaKa MOXHO BbIOPaTh pocT. [103TOMY 3HAYEHHUS 3JIEMEHTOB, O3HAYAIOLMX POCT
B BEKTOPaX-NPOTOTUINAX JABYX KJIACTEPOB, JO/DKHBI CYLUIECTBEHHO OTIIUYATHCA.
AJITOPUTM KIIaCTEPHU3ALIMH TIPEACTABISAET coBOH CTATUCTUYECKYIO TIPOLICAYPY
BBUICJICHUS TPYIHT U3 MMetollerocst Habopa gaHHbIX. CylliecTBYeT HeMaio ajiro-
PHTMOB KJIaCTEpPU3aliMM CaAMOTO Pa3HOTO YPOBHA CJoXHocTH. ONMH U3 CaMBIX
MPOCTHIX NOAXONOB 3aKJIIOYAETC B TOM; YTOOBI MPEANIOAOXKUTS CYIIECTBOBAHUE

OMPCACICHHOrO YUcja KJIacTepoB U MPOU3BOJIBHBIM 06pa30M BblﬁpaTb Koopau--

HaThl JUTA KaXIOro M3 NMPOTOTUIIOB. 3aTeM KaXAblii BeKTOp M3 Habopa NaHHBIX
CBA3BIBACTCH C OMKAKWIMM K HEMYy MPOTOTUIIOM, W HOBBIMH MpPOTOTHIIAMH
CTAHOBSATCH LEHTPOUIBI BCEX BEKTOPOB, CBSI3aHHBIX C UCXOOHBIM MPOTOTUIIOM.
Ha puc. 3.2 mokasaH ciay4aiiHbiii BbIGOp NPOTOTHIOB, KOTOpble K KOHLY o0yye-
HUS IOJDKHBI NEPEMECTUTBCS B LUEHTPBI KJIACTEPOB, KaK MOKA3aHo Ha puc. 3.3.

X

Py
Xy

Puc. 3.2. Tpu cyqaitubix BexTopa, KoTopsie BygyT cMelyarscs,
BbICTYNas B PO/ NPOTOTHNOB A9 KNaCTEPOR

Pnc. 3.3. Kaxapiii u3 npototunos nepemectuics B TouKy, co-
OTBETCTBYIOLYYIO LIEHTDOUGY KnacTepa
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Mpumep 3.1
1. Haitaute KBagpat éBKﬂymosoro PacCTOSHUS MEXIY BEKTOPaMH:
p=[-23 14],
x =[45 0.6].

2. Haijigute xBaapaT: €BKJIMIOBOTO pacCTOTHUA MEXKIAY BCKTOpaMH:

p=1[04 03 1.1.09],
x =[06 07 -0S5 1.1].

Pewetue 3.1
1. d(p,x) = (-2.3-4.5)° +(1.4-0.6)" = 46.9.
2. d(p,x)= (04-0.6)%+(0.3-0.7)% +(L.1--05)? +(0.9-1.1)* = 2.8.

TpoToTHNBI MOXHO PacCMaTpUBaTh, KAK PE3IOME K3aMEHYEMOTo HaGopa JaH-

Heix. Kiactepbl Ha puc. 3.1 UMEIOT pasHble pa3Mepbl, U caMblif GO/BLIOH U3 HHMX

WUMeeT NOCTATOYHO OGO/BLIVIO TPOTSDKEHHOCTh 1Mo obenM ocsiM. MHorna Guisaet
yI0GHO MPEACTABAATL KIacTep HECKONbKUMMU TPOTOTUIAMK, YTOObI MOTYYUTH 60-
flee [ETATIbHYIO XapaKTepUCTHKY IaHHbX. UToObi pacriosHaTh KIAcTeph, SBIISIO-
LIMecs YacTAMHK BoMbILero KnacTepa, HEOOXOIUMO 3HATh TIONIOXEHHE BCEX MPOTO-
THMOB JIpYT OTHOCHTe/IbHO apyra. OaHoil U3 npobieM NPUMEHEHUA IrOpUTMOB
KIacTepH3aLMN SIBISETCS BHIOOP ONTMMAJIBHOTO uMcia Kiactepos. Ecmi umcno
KJIACTEPOB BbIGPaTh CJMILKOM MaIbiM, MOTYT ObITh YIYLUEHBI HEKOTOPbIE BAXKHbIE
XapaKTEPUCTUKHM NAHHBIX, 2 €CITH KIIACTEPOB OKAKETCH CNMLIKOM MHOFO, TO Mbl He
NIONYYMM HUKaKo# 3¢deKTHBHOI NToroBoit UHGOPMALMK O JAHHDBIX (MOXeT Jaxe
CIIY4MTBCS, YTO Kaxblii obpaselt co3nact cBoil kimactep). MoxHo copmymmpo-
BATh HEKOTOPbIE OCHOBHBIE CBOICTBA WICAIBHOIC AJIFOPUTMA KIacTepU3aLnu:

¢ ABTOMAaTH4ECKOE OoMpeleieHUe YMCa NPOTOTHUIIOB,
e CpaBHCHHE NMPOTOTUIIOB;
e [IpeACTaBJ€HHUE XapaKTEPHBIX MPU3HAKOB NpoTOoTHIIA.

Ha npakTyKe nepBbiM M3 yKA3aHHBIX CBOMCTB He 06/1a1acT HU ORMH M3 M3BECTHBIX
AIropuTMOB KnacTepusaunu. HeitpoHHas ceTb ¢ ofyueHueM Ge3 yrpamieHus, Bbl-
NOHSIOWAsT KIaCTePU3aLIMIO, TPEACTABNAeT coboi caMOOPraHU3YIOLIYIOCA KapTy
NPU3HAKOB, KOTOPYIO B Hayase 80-X ronos NMpeuioxHl Koxone\H (Kohonen).

3.2. CamoopraHu3yloLiascs kapta NpU3HaKkoB

CaMoOopraHu3yIolascs Kapra NMpU3HAKoB (CeTb SOFM — Self-Organizing
Feature Map, cM. [Kohonen, 1990]) umeeT HaGop BXOAHBIX 3JIEMEHTOB, YUC/IO
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KOTODBIX COOTBETCTBYET Pa3MePHOCTH Y4eGHBIX BEKTOPOB, M HabOp BBIXOZHEBIX
3JIEMEHTOB, KOTOpbIE CNyXaT B KayecTBe HpoToTUroB. BasoBag apxurekTypa
cett SOFM mnokasaHa Ha puc. 3.4. HanpumMep, 11 TaHHBIX, MOKA3AHHBIX Ha
puc. 3.1, norpebyercsi ceTh ¢ ABYMsI BXOAHBIMU M IO KpaiiHeil Mepe Tpemsi
BBIXOTHBIMH 3JIEMEHTAMM, NPEJICTABISIOIUMMHU TP KJIacTepa.

Q @,

Puc. 3.4. 31a cetb UMEET TPU BXOGHbIX U NATH KNACTEPHLIX 3IEMEHTOB,
Kaxgwid aneMeHT BXOBHOrO CNOA CBA3aH C KaXAbiM 3NEMEHTOM Kna-
CTEPHOIO CNos

BxomHble 3eMeHThl NMpeIHa3HaYeHBI TOMBKO VISl TOro, YToObl pachpese-
JIATh JaHHBIE BXOJHOrO BEKTOpPa MEXIY BBIXOTHBIMU 3JIeMEHTaMMU ceTH. Bbi-
XOAHbIE 3JIEMEHTBHI Ha3bIBAIOTCS KAGCHMepHbiMu 3aemenmamu. Tak KakK YyHcio
BXOJIHBIX 3JIEMEHTOB COOTBETCTBYET Pa3MEPHOCTH BBOAUMBIX BeKTOPOB,
a KaXIblil BXOXHOM 3/EMEHT CBA3aH CO BCEMM KITaCTEPHBIMH 3JI€MEHTaMM,
ofl1liee YNCIIO BIUSIOILHUX Ha KJIACTEPHBIN 3JIEMEHT BECOBBIX 3HAYEHWI TOXe
OKa3blBACTCA paBHBIM pa3MEPHOCTH BXOOHBIX BEKTOpPOB. YacTo ymoGHO MH-
TEPNPETUPOBaTh BECOBblE 3HAYEHUSI KJIACTEPHOTO 3JIEMEHTAa KaK 3Ha4YeHMs
KOOpAHMHAT, OMUCHIBAIOIUMX IMO3ULMIO KJAcTepa B IPOCTPAHCTBE BXOXHBIX
naHHbix. Ha puc. 3.5 nokasaHo, Kak CBS3bIBAIOTCS BECOBBIE 3HAYEHUS
€ IIPOCTPAHCTBOM BXOXHBIX JaHHBIX.

KitacTepHbie 37€MEHTbl pa3MeWaoTCs B BUA¢ OIHO- WJIM ABYMEDHOTO Mac-
CMBa, KaK I10Ka3aHO Ha puc. 3.6. B Xonme oByyeHMs! Bce aTE€MEHTHI MOIYT
paccMaTpuBaTBCA KakK MPEeTEeHAEHTH Ha Harpaabl B BUAE YYeOHBIX BEKTOPOB.
Korna Ha KOHKypC BBICTAaBISIETCS KaKOW-NM60 y4eOHBIH BEKTOD, BBIYHCIA-
IOTCSl PacCTOAHUS OT HEro A0 BCEX KJIACTEPHBIX 3JIEMEHTOB, M 3JIEMEHT, KO-
TOPBIA HaXoZWUTCH K JAaHHOMY yyeGHOMY BekTopy 6iMXe Bcex, oOBbsiBAseTCH
aneMeHTOM-1o6eauTeneM. IS ameMeHTa-1noGeAUTeNsT BHIIONHAETCS KOp-
PEKTHUPOBKA BECOBBIX 3HaYEHMUI TaK, YTOOBI STOT KIACTEPHEIA 37€MEHT CTal
K yye6HOMY BeKTopy elie Oimxke. OGBIMHO KOPPEKTHPOBKA BECOBLIX 3Haye-
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HUIii  BBITIOJNIHAETCS M JJIS SJEMEHTOB, OJIM3KUX K 3JIEMEHTY-ToGenUTENIO.
BecoBble 3HaueHUs 3JIeMeHTa TOMIeXaT OOHOBIEHUIO, €CJIU 3JIEMEHT JIEXHUT
BHYTPM Kpyra 3aJaHHOTO pajuyca C LEHTPOM B 3JieMeHTe-robenurese.
B xone obyyeHuUs paamyc ob6bl4HO mocrterieHHo ymeHbluaercsi. Hopma oby-
YeHUS OrpaHWYMBAET BeJIMMHMHY, Ha KOTOPYIO KJIACTEPHbIA 3J€MEHT MOXET
MEePENBUHYThCH TI0 HAMpPaBJIeHUIO K y4eOHOMY BEKTOpY, U, MOZOOHO paguy-
cy, HopMa OOy4eHUS] TOXE CO BPEMEHeM MOCTEeNEeHHO yMeHbIlaeTcsl. B Ha-
LIMX TIpMMepax pacCMaTpUBAeTCsl pasMellE€HME KJIACTEPHBIX 3JIEMEHTOB
B BUJle JIMHEHHOro MacCHBa WJIM KBaJpaTHOM CEeTKH, HO MOTYT HCHONIR30-
BaThCSL U ApYyrue ¢hOpMBbI, HallpUMep LIecTUMYroibHasi ceTka. OT Tonojoruu
3aBUCUT TOJNBLKO TO, KakMe 3JIeMEHTBl NOJIXKHBI OOHOBISITECA AN AaHHOIO
KOHKPETHOTO paauyca. .

OGBIYHO YHMCJIO KJIACTEPHBIX 3JEMEHTOB BBIOMPAIOT MEHBIIUM, YEM HHC/IO
y4eOHbIX 00pa3LoB, MOCKOJbKY LEJBIO SIBISETCS MNMOTydeHUe YIpoliieHHO! Xa-
PAaKTEPUCTUKM JaHHbIX. K KoHIly 06yyeHHs1 KITacTepHble 3JIEMEHTHI obecnedu-
BaloT “MHGOPMALIMOHHYIO CBOAKY” IO NPOCTPAaHCTBY BXOAHBIX 06pa3LOB.
KnacTepHble 2/€eMEHTbl BBICTYNAIOT B PONY KapThl NPU3HAKOB IPOCTPaHCTBa
BXOIHBIX JaHHBIX. HampuMep, HEMHOIO MO3Xe B 3TOil Xe IN1aBe Mbl YBUAWM,
4YTO B pe3yabTaTe KJacTepuU3alndh U300pakeHHi! CUMBOJIOB pa3Hble 001aCTH
KIaCTEPHBIX 3JIEMEHTOB OyayT XapaKTepu30BaThb pa3Hble CHUMBONBI (WK
NX KOMOMHAUMH).

KoopawuHata
X2

KoopauHara
X

Puc. 3.5. Ha 3roii cxeMe noxasaHo, KaK B Ka4ecTse MpOoTOTUNA MOXET BLICTYNaTb KAacTepHbI
3NeMeHT. BXOAHOA CNOI UCNONL3YET 3HAYEHMA KOOPAMHAT TOYKM BXOOHOrO NPOCTPAHCTSA.
B npouecce 0By4eHns BecoBble 3HaYeHMs KOPPEKTUPYIOTCS, M 10 OKOH4aHWW oByyeHna Bce
KNaCTEPHBIE BEMEHTb 3aiMyT B MPOCTPAHCTBE BXOAHLIX AaHHBIX NONOXEHHe, COOTBETCTBYIO-
L{ee NONYHEHHbIM [U15 HUX BECOBBIM ' 3HAYEHUAM
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IAnemenT-nobeauTeNs — TONLKO OH 0MXeH 0GHOBNATLCS,
Korfia paguyc paseH 0

IneMeHTH, KOTOpbie OMKHB OGHOBNATLCS, KOTAia paauyc pagen 1

IneMeHTH, KOTopbie LLOMKHL! 0BHOBNATLCS, KOrAA Paguyc paseH 2

Puc. 3.6. BBepxy KnacTepHbie 37EMEHTHl CETH pa3MelieHsl B SIMHUO,
a BHu3y — B Buge kBagpaTHoi cetkn. OT pasMellyeHnss 3aBUCUT, Kakue
9NeMEHTH! NONaAYT BHYTPL KPyra 4aHHOro Pagmyca ¢ UEHTPOM B 3NeMeHTe-
nobeautene. SneMeHTbl MOXHO Pa3MECTUTL MHAYe (HanpuMep, B Buge Tpe-
YronbHYUKa MAW LIECTUYrONbHNKA), HO Yalye BCEro MCRONMb3YIOTCH WMEHHO
JMHeliHoe pa3MelLeHne v pa3MelLeHne B Buae keaapara
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3.2.1. Anroputm

B cnenymiomem anroputMme 1 obo3Hayaer HopMy obydyeHHs, a n — LIar BO
BPEMCHH.

MHULMAU3NPOBATL BECOBLIE 3HAYEHWN CNYYARHBIMM 3HAYCHUAMM
BHINOAHATSL, Noka not HALT
LNS KAXAOrO BXOQHORO BEKTOPA
[Vi KOKAOMO KAACTEPHOrO 3MeMeHTa BHIYMCUTL paccTonHue A0 yueBHOro BexTopa:

d; =Y (w;-x)*
i

HaUTH INEMEHT j, AN KOTOPOrO PACCTOAHME MUHUMANBHO

Q7151 3NEeMEHTOB U3 Kpyra 3aaHHOro paguyca 0BHOBMTL BECOBLIE BEKTOPHI N0 GOpMyne
wy(n+1) = w;(n)+n(n)lx; - wy(n)]

npoBepuTs, Tpebyetcs M 0GHOBNEHUE HOPMbI 0BY4EHU U paguyca

nposeputs HALT

YueGHbie BEKTOpPHI BRIOUPAIOTCS M3 Habopa BEKTOPOB Cly4yaliHBIM 00pa3oM.
Venosue HALT (octaHoB) BbIMONHAETCSA TOrga, KOraa BeIMYMHBI M3MEHEHHS
BECOB JUISL BCEX KJIACTEPHBIX 3JIEMEHTOB CTAHOBSATCS O4YeHb MAJICHBKUMM —
TIpY 3TOM YCJIOBUM yueOHble BEKTOPBI JOMIXKHBI MONajgars B ONHU M Te Xe 30-
HBI KapThl NP [epexolie OT OHOI 3MOXU K clelyloluei.

Hopma o06yuyenusi co BpeMeHeM MeHserca. OHa MOXeT, HalpHMep,
cHayana UMeTh 3HadyeHue 0.9, a 3aTeM yMEHbLUIATHCHA JIMHEHHO 10 HEKOTO-
poro GUKCUPOBaHHOro Majnoro 3HaueHUs (ckaxeM, 0.01), rocie yero oc-
TaBaTbcs Heu3MeHHoi. Pammyc o6bIuHO BbBIGUpaeTcs JOCTaTOYHO 60Mb-
LIMM, YTOGbl cHayajla OOHOBASIMCH BCce 3JeMeHTh. Paavyc ToXe co Bpe-
MEHEM YyMEHbLUAeTCs, U B KOHLE, KaK MpaBWio, AOAXHBI OOHOBAATBLCS
TOJIbKO HECKOJIBKO COCEACTBYIOLIHX C 3/IEMEHTOM-TIo0eaUTEIeM 3JIEMEHTOB
unu Booblile TONBKO caM 3TOT 3neMeHT. HopMa ofyuyeHusi Toxe MOXET 3a-
BUCETb OT TOr'0, HACKOJABKO OJHU3KO pa3MellaeTcss OOHOBASIEMblil 31EMEHT
K 3JIEMEHTY-NO0EAUTENIO.

Mpumep 3.2
1. Ckonbko 3nox TorpebyeTcs IS TOro, YyroObl 3HayeHUE 1 YMEHb-

wunock 1o 0.1, IIpH YCJA0BUM MCNONB30OBAHUSA ClIeAYIOLIEro rnpapuia
OOHOBNEHMS:

1n(0) = 090,
n(n+1) = n(n)-0.001.

2. Cerp SOFM uMeer BHUI AByMepHON ceTKH pa3mepoM 10x 10, a pa-
JIMyC W3HAYaabHO 3alaH PaBHLIM 6. BhIICHUTE, KaK MHOTO 3JIeMEH-
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TOB [OJDKHBI 6ynyT oOHOBIATHCA mocie 1000 3rox, ecnm sIeMeHT-
nofeanTeNh pasMeIlicH B NPaBOM HIKHEM YINy CETKH, a paguyc
MEHSETCS 110 TIPaBHILY:

r=r-1, €CJIM HOMepP_TeKyluei_3moxu mod 200 = 0.
Tpennonaraercs, YTo HyMepaLIUs 310X HaYMHaeTcs ¢ 1.

Pewenue 3.2

1. 0.1 = 0.9-r0.001,
= 09-0.1 — 800,
0.001

2. Ecmv npeanonoxutk, 4To cYeT 910X HauMHaeTcs ¢ 1, pagmyc Gyner
yMeHblIaThes Ha 1 mocne kaxabix 200 snox. [Mocne 1000 anox pa-
Auyc oOKaxercs paBHbIM 1. Yuciio M3MeHsieMbIX 37eMeHTOB 6ymer
PaBHO. YETHIPEM, BKIIOYaS BJIEeMEHT-I100EIUTEND.

3.2.2. 06yuenue cetn SOFM

Kapra npusnakoB npoxomut asa stana obyyenus. Ha mepBom stare
9JIEMEHTBI YHOPAXOYUBAIOTCS TaK, YTOOBI OTpaxaTh MPOCTPAHCTBO BXOMHBIX
3JIEMEHTOB, a Ha BTOPOM 3Talle NMPOUCXOAMT YTOYHEHHEe WX mno3uumii. Kak
NpaBUITO, TNPOLECC MPEACTABASETCS BU3YaJbHO TNMYTEM MCIOIb30BAHUSA JBY-
MEPHBIX J[@aHHBIX M MOCTPOEHMS COOTBETCTBYIOLIEH MOBEPXHOCTH. Hanpu-
Mep, BXOJHbIC BEKTOPhI BbIOUPAIOTCS Cy4aiiHbIM 06pa3oM Ha OCHOBE OJHO-
POAHOIO pachpelic/iecHUss B HEKOTOPOM KBaipaTe, MU HayuHaeTcsi obyyeHue
KapTol. B onpenenenHbple MOMEHTHI B Xoe 0OyuyeHUsl CTpOSITCS M30Gpaxe-
HHUS  KapThl INYTEM MCHOJB3OBAaHUS COOTBETCTBMS, [IOKa3aHHOro Ha
puc 3.5. DeMEHTHl COCOUHSIOTC JIMHUSMM, YToObI 110Ka3aTb UX OTHOCH-
TeJbHOE pasMenteHne. CHayala KapTa BBINISANT CUIBHO “M3MSTOR”, HO Mo-
CTEeNEeHHO B Xoje oOy4YE€HMS OHa pa3BopaurBaeTca U pacnpabisieTcs. KoHeu-
HBIM De3yJIETaTOM oOy4yeHMsT SgBNsieTCsl KapTa, NMOKPbIBAaloLLas BCE BXOMHOE
HPOCTPaHCTBO U SIBJSIOLUASICSA JOCTATOYHO PETYISPHON (T.€. 3JE€MEHThbl OKa-
3bIBAIOTCA PacTipe/ic/ieHHbIMM NOYTH paBHOMepPHO). Jna npumepa 6buia pac-
CMOTpPEHA KapTa ¢ Tornojorued KBajapara U3 49 aneMeHToB, U 1nsa 250 Touek
JaHHBIX, B3ATHIX U3 eAWHHUYHOIO KBaipaTa, ObUIO MPOBeleHO €€ 0ByvyeHuUe,
KOTOpOe HaYWHAJIOCh CO CyYaifHOro HaGopa BeCOBBIX 3HAYEHHUIl, 3aAafOILUX
pa3sMeLIeHHEe KIaCTEePHbIX 3IEMEHTOB B LIEHTPE BXOAHOIO MPOCTPaHCTBa, KaK
nokasago Ha puc. 3.7. Ha puc. 3.8 u 3.9 wunoctpupyerca npouecc pa3po-
pauvBaHUS KapThl ¢ TEYEHHEM BPEMEHU.

'
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Puc. 3.7. Becosbie BEKTODbI MHULMANU3MPYIOTCS CAy4aiHbiMH
3Ha4eHnamu u3 auanasora 0.4-0.6
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Puc. 3.8. Kapra no npowectanm 20 anox

Kak u ans apyrux TMIoB ceTeil, B JaHHOM clyyac pe3yabTar oby4eHHUs 3a-
BUCHUT OT Y4eOHBIX JaHHBIX M BbIbopa rapamerpoB obyuenus. Ha puc. 3.10
nokasaHo pacnpeaencHue 100 yuebHbix 06pa3iioB B eAWHMYHOM KBaaparte. Ha
3TOM Habope JaHHBbIX Obula o0yuyeHa KapTa ¢ TOMOJOrMed KBaaparta M3 25
3JIEMEHTOB, 2 00yyeHUe HauMHANOCh CO CAy4aiHOro Habopa BeCOBbIX 3Haye-
HUH, COOTBETCTBYIOLUIMX Pa3MEUICHUIO 3JIEMEHTOB B LEHTPE IPOCTPaHCTBA
BXOAHbLIX JaHHbIX. [JaHHAs ceTb OTHOCUTEILHO Masa, MO3TOMY COBCEM He YAM-
BUTENIBHO, 4YTO KOHEYHBIM pe3YyJIbTATOM MCIIONb3IOBAHUST HEOAHOPOAHO pac-
TIpeAeIeHHbIX JaHHBIX ABUJIACh HEPETy/IsipHasi KapTa, NMoka3aHHas Ha puc. 3.11.
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Puc. 3.9. Kapra no npowectsm 20 3n0x He3afoAro 40 OKOHYaHuA
00y4enns. 3neMenTsl Teneph YNopagoYeHsbl,  Kkapra CTaHer ellje
6onee perynapHoii N0 OKOHYaHUH PHHANLHOM (assl CXOAUMOCTH
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Puc. 3.10. [Jaswsle, CreHepupoBaHHbie CAyaitHbiM 0OpasoM.
3107 Habop JaHHbIX HE OAHOPOAEH — 3[ECk MMEIOTCS MYCTOTH,

Tak 4TO Hexoropwie 00nacT BXOHbIX AAHHLIX OKa3blBaKOTCSH
npe/cTasneHHsIMN BecbMa 6egHo

Cxl

Dta KapTa UMeeT “cMATBIA” yYyacToK B BepXHeMy IpaBoMy yriy. Ckpy4yHBa-
HHS MOTYT OBITh PE3YyJIbTATOM HEMPaBWIBHOIO BBIOOPA HaYaNbHbIX BECOBBIX 3Ha-
YeHMII, KOTOpbie B Hayane OOyd4eHMs 3alal0T MECTOMONOXEHHE KaXKIOro Kia-
CTEPHOTO 3JIEMEHTA B TIPOCTPAHCTBE BXOAHBIX AaHHBIX. HanpuMep, ecnm B Havaste

90 nasa 3. Knacrepusaumsa 06pa3uos
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Puc. 3.11. Paametuenne a7eMeHTOB KapTel nocae oby4eHns cetu
C MCIONb30BaHNeM JaHHbIX, noka3aHHeix Ha puc. 3.10. Coceghue
INEMEHTHI COBANHEHbI IMHNAMMU

i

0 0.2 0.4 0.6

0.8 1
Puc. 3.12. JlunesiHas kapra u3 25 aneMeHToB, COOTBETCT-
BYIOLUYMX CIyHalHBIM JAHHBIM 13 NHNYHOMO KBaApaTa

0oOy4YeHHST BCe 3JIEMEHTBI B3BELUIMBAIOTCS TaK, YTO OHU OKA3bIBAIOTCH CMELLEH-
HBIMM B OJJHOM HampaBfieHUHM B MPOCTPAHCTBE BXONHBIX JAHHLIX, TO Apolecc
YIOpSIIoYeHHsE MOXeT ycnoxXHUTbess. Ha puc. 3.12 nokasaH ToT Xe 3Kcrepu-
MEHT, HO Ha 3TOT pa3 KapTa NpeldcTaBaseT coboil JIMHEUHbIH MACCHB 3JIEMEH-
TOB. DTOT JUHEMHBIH MACCHUB CKpy4YMBaeTcsl TaK, 4TOObl OH 3aflOJIHUI TIpO-
CTPaHCTBO BXOAHBIX JaHHBIX. Te Xe caMbie CBOMCTBA MPOCTPAHCTBEHHOrO 3a-
MOMHEHUST MOXHO MPUMEHUTL M B ciiydae apyrux cdopM. Hanpumep, ecnu
Habop y4eOHbBIX JaHHbIX BbIOMPAETCA PaBHOMEPHO W3 TPEYroibHWUKa, TO MOX-
HO Pa3sMECTUTb 3JIEMEHTbl KBRIPATHOM KapThl TaK, YTOObI 3TH 3/IEMEHThI 3a-
MOJHUAMN TPEYroibHUK, KaK MoKa3aHo Ha puc. 3.13.
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Puc. 3.13. Ksaaparwas cerka cetn SOFM, nocteneHHo npespatyaio-
L4asics B TPEYroabHyK. YuebHule AaHHsle Bbinn B3STbl U3 3aKpalUeH-
HOJ cepbiM 061acTy, @ BeCOBbIe 3HaYeHHA CeTH Nepes Hadanom oby-
YeHus BLIBUpanUCL CRydaliHeiM 06pa3oM Tak, 4T06bl BCE NeMeHTs!
pacrnonaranuch BHyTPU YEPHOTO NPAMOYTONbHAKE

Xext-Hunbcen [Hecht-Nielsen, 19901 npeanaraer 1onoOHbIA T1pumep
' IBYMEPHOI'O OTOOpaXXeHUs, HO B TOM NpUMepe 3ajayeil SBIAETCS MOCTPOEHUE
KapThl YIJIOBBIX XapakTePUCTUK ABMXEHHMSI PyKH poboTa ¢ KoopIMHaTaMHu
(x, y). OnucaHue COOTBETCTBYIOILETO IKCNIEPUMEHTA NPUBOAUTCST HUXE.

JIns Toro 4roObl TNPEACTABUTL KOOPAMHATHI (X, y) 3aXBaTa pobora, rae co-
CellHUE 3JIEMEHTHI TIPEACTABJISAIOTCS COCEIHMMHM KOOpIMHaTaMH, Oyxer uc-
[OJMIb30BAaThCA KapTa KBanpaTHo#t ¢opMbl. MOXHO NpeACTaBAATL KapTy Kak
LIaxMaTHYIO JOCKY (WJIH e¢ 4YacTh, B 3aBUCUMOCTHM OT YMCJa MUCMONb3YeMbIX
aneMeHToB). Mues rnokaszaHa Ha puc. 3.14. CooTHOlueHME MEXAY YINamH
M KOOpAUHATaMU 3afaeTcsl cenyolunMn dopMylaMu:

x =l cosf, +1,cos(6, +8,),
y = [;sin8 +1,sin(0, +0,) ,

A YR+

0, = cos
B 211,

3

o 1,8in8,

9, = tan”'(y/x)+tan™| —2—2—
' (/) I, +1,c0s8,
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DTO0 COOTHOILEHHUE. SIBIAETCH HEAWHENHBIM, HO COCEIHHUM KOODAUHATaM (X;y)
OyAyT COOTBETCTBOBATh GJIM3KME YIIHL. ‘

O - - OO0
- 00

Puc. 3.14. [loctpoeHue oTOBpaxXeHMs YrNoB, XapaKTEPH3YIOLMX CErMeHTsl pyKH,
B Y3l CeTKH, ECau pyKka JONXHA NePEMECTUTLCS, HANDHMED, B BEPXHI NpaBbiid yrof,
TO 3HA4eHMs COOTBETCTBYIOLIErO 3NEMEHTY BEPXHEro npasoro yrna BECOBOro BeKTopa
6yayT 3a4a8aTHCA IHAYEHUSMM YI7IOB, KOTODbIE JOMXHL MOMYYHTL CErMEHTHI pyKkn. Wh-
TepNPETHPYIATE 3TO Kak AABNGHNE HA SNEMEHT B HANPaBNeHuH, KyAa AONKEH NepemMec-
TUTLCR KOHEL| PyKn. NIeMeHT B pe3ynbTaTe NoKaXeT COOTBETCTBYIOLME 3Ha"YeHNs YInoB

3nech MpeAcTaBleHbl Pe3yNbTaThi OHOM MonbITKM Ge3 Kakoro-nubo yrou-
HeHus. Ckopee BCEro Mocje HECKOJIbKMX IKCIEPUMEHTOB MOXHO TOMYYUTh
Y nyyinve pe3ynbTaThl. Pyka po6ota GbUta pa3MelieHa Tak, KakK MOKa3aHO Ha
puc. 3.15. HaGop yuebHbIX HaHHBIX GbUT OYEHb HeGONBLIMM M comepxXan 25
touek: {(4, 1), 4,2), (4,3), (4,4), (4,5), 5, 1), (5,2), (5,3), (5.4), (5,5), ... 8,35)}.
BsUTH BBIYUCITEHBI YIJIbl, COOTBETCTBYIOLME HAXOXIEHNIO KOHLIA pykH poboTa
B 3TUX TOYKaX, MU 3HAUEHHUsT 3TUX YIVIOB MCIONb3OBAJUCh Ui obydyeHus ce-
™ SOFM. 3ieMEeHTOB OOBIYHO MCHOJB3YIOT HaMHOI® MEHBbIIE, YeM TOYEK,
COOTBETCTBYIOLLUUX JaHHbIM O0YYEHUS, TIOCKOJBKY OCHOBHOE Ha3Ha4YeHHE CETH
SOFM — nonyyeHHe CBOOKHM O TNMPOCTPAHCTBE BXOAHBIX HAaHHBIX B TEPMUHaX
HeKoToporo HaGopa mnporoTMnoB. OAHAKO B JaHHOM 3KCIMEPUMEHTE 3TO HeE
TaK, M 33€ch Oblla pacCMOTPEeHA KBaApaTHas KapTa u3 49 ameMeHTOB. llenbio
ABASMIACh AEMOHCTpaLMs TOTO, YTO B 3TOM CJy4Yae C KaXIbIM IJIEMEHTOM MO-
XeT ObITb CBSI3aHO He Bosiee OIHOI COOTBETCTBYIOIIEH Y4eOHbIM AaHHBIM TOY-
KM W BBLISICHEHHME TOTO, KaK IPH ITOM PacIpefeNsaTcs 3NEMEHTHI B IIPOCTPaH-
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CTBE .BXOIOHBIX JaHHBIX. CHavajga BecOBble 3HAUEHUS YCTaHAaBJIMBAIOTCS paB-
HBIMU MaJIbiM CJIy4YaiiHbIM 3HAUYC¢HUSIM. Pe3ynbrathbl, NMOJIYYEHHBIE B XOAE 3KC-
MepUMeHTa, ToKa3aHel Ha puc. 3.16—3.18. U3 puc. 3.18 BUIHO, YTO WIS Kax-
Joro yyeGHoro obpasia nMmeeTcs MpeACTABIAIONIMIA ero 3eMeHT. KpoMme Toro,
MMeeTcs 0OJIbIOEe YMCIIO CBOOONHBIX 3JIEMEHTOB, 3AaHMMAIOILKUX B IPOCTPaHCT-
" Be BXOMHBIX JaHHBIX MTPOMEXYTOYHBIC TIOJIOXKECHUS.

6

Puc. 3.16. PaamelijeHne BecOBbIX BEKTOPOB B KoopamuHarax (x, y) nocae 5000 ynknos
006paboTku BCex y4ebHbIX AaHHbIX

94 nasa 3. Knacrepu3atiys 06pa3yos
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Puc. 3.17. Pasmelyenne BecoBbiXx BEKTOPOB B Koopaunartax (x, y) nocne 10000 yux-
N108 06paboTky Bcex y4eOHbIX JaHHBIX

0 2 4 6 8 10

Puc. 3.18. Paameuyenne BecoBbix BEKTOPOB B KoopAuHatax (x, y) nocne 20000 ywk-
108 06paboTkn BCex y4eOHbIX AaHHbIX

Mpumep 3.3

Jnst obyyeHus cetu SOFM ¢ TpeMsi BXOZHBIMHU U OBYMS KJACTEPHBIMH
3NIEMEHTaMH MCMOJB3YIOTCS YeThIpe yueOHbIX BEKTOpa

[0.8 0.7 0.4], [0.6 0.9 0.9], [0.3 0.4 0.1], [0.1 0.1 0.3}
Y HayaJbHbl€ BECOBbIE 3HAUCHUSA
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HauanbHbrit paguyc BEIGUpaeTcs paBHBIM 0, 2 HOpMa OOy4YeHHS N — paB-
Holl 0.5. BbIYHCIIUTE M3MEHEHMs] BECOBBIX 3HAaUCHUU B XOI€ IEPBOrO
IMKiIa obpaboTKU AaHHBIX, pacCMaTpuBasi ydeOHBIE BEKTOPHI B YKa3aH-
HOM TIOpPSIKE.

Pewenue 3.3
Paccmarpusast BxonHo#t Bextop 1, mwis KﬁéCTepHoro 2JIeMEHTa |1 nony4yaem
d; = (0.5-0.8)> +(0.6-0.7)% + (0.8-0.4)> = 0.26,
a Juig KJIaCTepHOr'o 3JIEeMEHTa 2 —
dy = (04-0.8)>+(0.2-0.7)* +(0.5-0.4)* = 042 .
DJjieMeHT | oKa3bIBaeTcs OAUXKE, MOITOMY
wy(n+1) = wy;(n) +0.5[x; —w; (m)] .

HoBLIMU BeCOBBIMM 3HAYEHUAMU ABNSIOTCS

0.65 04
0.65 0.2].
0.60 0.5

PaccMaTpuBast BXOIHOIA BEKTOp 2, IS KNACTEPHOTO 3ieMeHTa 1 nmonyyum
d; = (0.65-0.6) +(0.65 - 0.9)> +(0.60 - 0.9)* = 0.155 ,
a Jig KJaCcTCpHOIO 3JICMCHTa 2 —
dy = (04-0.6)* +(0.2-0.9)* +(0.5-0.9)> = 0.69 .

BneMeHT 2 0Ka3bIBaeTCs OJIMXKE, U HOBbIMM BECOBBIMHU 3HAYEHUAMHM OYIyT
0.625 - 0.400
0.775 0.200].
0.750 0.500

PaccMaTtpyBas BXOIHOM BEKTOp 3, ISt KIaCTEPHOTo 31eMeHTa 1 moayunm
d; = (0.625-0.3)2 +(0.775-0.4)* +(0.75-0.1)? = 0.67 ,
a JUid KNaCcTEPHOro 3jJicMeHTa 2 —

dy = (04-0.3)2 +(0.2-0.4)> +(0.5-0.1)> = 0.21.

9 nasa 3. Knacrepu3auus o6pasiios

DneMeHT | oka3blBaeTCs 6JTH)KC, W HOBBIMHU BECOBBIMU 3Ha‘{€HI/ISIMI/I GYIIYT
0.625 0.350]
0.775 0.300|.
0.750 0.300
PaccmatpuBasg BxonHoH BekTop 4, M KJIACTEPHOIO 3jeMeHTa |
MNOJIYYUM
d; = (0.625-0.1)> +(0.775-0.1)> +(0.75-0.3)> = 0.93,
a JUia KJ1acTepHOTO JIeMEHTa 2 —
dy = (0.35-0.10)% + (0.30 - 0.10)? +(0.30-0.30)* = 0.10..
DleMeHT 2 OKa3bIBaeTc 6JIV[)KC, WU HOBbIMH 3HAUYCHUSIMU BECOB 6yuyT
0.625 0.225
0.775 0.200 |.
0.750 0.300

3.2.3. [lononHuTenbHble caeAéHun o cetn SOFM

B onpeaeneHHBbIX cayyasix B KadecTBe Mepbl CXOACTBA. BEKTOPOB MOXHO
UCIMOJIB30BaTh YroJM MexXay HUMU. BarnsHute Ha puc. 3.19. Bextop a Gauxe
K NIPOTOTUIY P; B CMBbIC/IE €BKJIMAOBA PacCTOSHMA, HO GIMXe K NMPOTOTUITY
P», €C/IM B Ka4yecTBE MePbl CXOACTBA BBIGpaTh 3HaueHue yrma. Ilpoussedenue
(Ha3bIBAEMOE TaKXKe CKAAAPHbIM NPOU36edeHlemM) BEKTOPOB

v=[vy vy oov, ] mow=siw ow o ow,]
onpenensercs hopmynoit

Vew =[yw mwy L v, d.

Yron Mexay HeHyJIeBbiIMH BEKTOPaMM V MW paBeH

-1 VW
0S Erumme I
(nvuuwn]

Hopma uaAM  MoAylb  BEeKTOpa  BbIYMUCAAETCS  To’  dopmyie

’ V| = v +v5 +...+vS . BekTto MOXHO HOpMajJu3oBaThb IIYTEM OdCNEHUS
1 2 n :

KaxJAoro 3JJEeMEHTA BEKTOpa Ha HOPMY BEKTOpaA. Ecnu Bce BEKTOpPBI HOpMa-~
JIl/l3OBaHbl, TO UHOCKC ‘nporomna-noﬁenmenﬂ AN BXOOHOTO o6pa3ua 3aja-
€TCA YCIOBUEM: |

index(x) = max {pj -x} JUTST BCeX j.
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P1

Puc. 3.19. Tpu Bextopa, ucnonsayemsie 8 npnmepe 3.4

O6yyenne cetu SOFM, B KoTtopoii B KauecTBe Mepbl CXOACTBa UCIIONb-
3yeTca CKaJigpHOe NMPOU3Be/leHHE BEKTOPOB, MPOBOAMUTCS TaK Xe, Kak Obl-
JIO OnucaHo Bblllle, HO dopMysa OOHOBJIECHHUS BECOB TeNepb AOJXKHA ObITh
ciaenywounei:

w ;(n) +71x

w.(n+l)y= ———,
! It w ;(n)+nx ||

Taxum 06pa3oM, Wid 3/IeMEHTa-TIOOEANTENS K €r0 BeCOBOMY BeKTOpy AobaB-
JISETCS YacThb 3TOro -BEKTOpa, a 3aTeM MOJIyYeHHbId B pe3ylbTaTe BEKTOp HOp-
MaJIN3yeTCs. :

Mpumep 3.4
Ilyctb BekTOpaMu Ha puc. 3.19 aBistiorcst
a=1{1 4},
. m=2 1,
‘ p; =[6 6).
(a) Mcnionbayst ckaJIsipHOE MPOM3BEIEHHUE, IIOKAXHTE, 4TO a G/mxe K p;,
YeM K Py .

'(6) Ecmu p, okasbiBaeTcs MPOTOTUMOM-ITOOEAUTENIEM B HEKOTOPOI ceTu
SOFM, To mokaxute, KaKk [AO/KEH IABUraThCsl BEKTOpP p, B Mpearo-
_JIOXEHMH, YTO BEKTOD & MpeUlaraeTcs Ha pacCMOTPEHME CeTH lBa

. pa3a noapsg (T.e. B cJlyvae, KOIAa HeT APYTHX. y4eOHBIX 0OpasLioB).
Cuwuraiite, uto n=1.
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Pewenue 3.4
(a) Hopmanu3oBaHHbIE CKaJIApHbIC TPOU3BEACHUS PaBHbIL:

r_ (X2)+(@x1)

ap, = === 0.651,
NP+ 4222422
(1% 6)+(4%x6) ~0.857

T _
o2 Ji2+ 426 + 62

Tak 4To p, okasbiBaeTcs Gamxe. OGpaTuTe BHHMaHME Ha TO, YTO
ap) MWCTOJb3yeTCs 31eCh A 0603HaYeHUST HOPMaJIM30BAHHOTO

NPON3BEAEHUsI, TIe BEPXHUIT MHIEKC O3HAYyaeT TPAHCIIOHMPOBaHUE
BEKTOpA.

(6) HopMmanu30BaHHBIMHA BEKTOPaMH SBISIIOTCS

a=[1/«/1_7- 4/J1—7],
p,=[6/472 6/472].

Jnst mepBoOro NMpeicTaBleHUS UMeeM:

[6/472 + 117 6/4/72 +4/417 |
(6/J7_2+1/JI7)2+(6/Ji+4/J1_7)

= [0.493 0.870].

2

pa(n+l) = \/

Jns Broporo npeiacTaBleHUA UMEEM!

[0.493 +1NT7 0.870+4/417 '|

\[(0.493+1/~/ﬁ )2 +(0870+4/417 )2 :

=[0.371 0.928].

py(n+2) =

B pa6ote [Kohonen, 1990] maercsi HECKONBKO NMPAKTUYECKHX COBETOB IS
o6yyeHust ceth SOFM. B teyenue nepsbix 1000 utepaumnit HopMa OGy4eHUS
JOMXHa GLITh OKOJNO €AUHHULBI, a ITOC/Ie 3TOTO OHA MOJXHA IMOCTENEHHO CHU-
Xatkcs. XapaKTep YMeHblLeHUST HOPMbI 0OydeHUS He MMeeT ocoboro 3Haue-
HHUST M MOXeET ObITh JMHENHBIM, SKCITOHEHIIMANBHBIM UM ob6paTHO Ipornop-
LIMOHANBHBIM YHMCIY UTepalinil. YHopsioyeHUe KapThi NPHU3HAKOB MTPOUCXOAUT
Ha MPOTSDKEHUU 3Tol HayanbHOM dasbl. Ilocne okoHyarMs Ga3bl ynopsiioye-
HMSL HOpMa OOYdeHMs [O/DKHA ITONAEPXKMBATLCA IMOCTOSHHOW W Maioi
(HanpuMep, paBHOl 0.1 UMM MEHbLUEMY 3HAYEHUIO) Ha MPOTKEHUU HOCTA-
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TOYHO OONTOro BPEMECHH, MOKAa MPOUCXOOUT YTOYHEHHE KapThl. PaLmyc A0~ .

KEH HaYMHaAThCA 'C GONBIIMX 3HaYeHUH (Hampumep, cO 3HauYeHUs, OonblIero

IIOJIOBUHBI JHaMeETpa Kaprl) N YMCHBIUATLCA JIMHERHO B TEueHUeE NEPBLIX -

1000 uTepaumii, HOC/IE YEro pagMyc MOXET OCTaBaThcsl paBHBIM | wim 0. Yuc-
JI0 UTepaLUii JO/DKHO OBITh GONMBLINM, 0OBIYHO MexIy 10000 u 100000.

3.3. 3KchepumeHT

B rnape 2 6511 paccMOTpeH Ipoliecc HaCTPOMKM CETHU ¢ TMPSIMOIi CBA3BIO Ha
OCHOBE HCIIO/Ib30BAHUS YTIpaBiAsAeMOro obydeHuUs I pacrio3HaBaHUs YEThIPEX
cMMBOJIOB {A, B, C, D} 13 TpexX pa3nuyHbIX WPHUPTOB. 3TH yueOHbIE CHUMBOJDI
noxasaHbl cHosa Ha puc. 3.20. Ceiiyac Mbl pacCCMOTPHUM €llie¢ OTWUH 3KCIEPH-
MEHT C HCIIONb30BaHHEM TeX Xe yuebHbIX 00pa3LoB. ‘

ABCD
ABCD
ABCD

Pnc. 3.20. Kaxgsif psg cMMBONOB NPEACTaBASET CBOM WpnNPT

Ienbio 3TOTO: IKCIIEPHMMEHTA SIBIAETCS HEMOHCTpallMs TOro, Kak ceTh
SOFM rpyrnmupyeT yyeOHble 3K3eMIUIIPH JaHHbIX. st JeMoHcTpauuu Obula
BblOpaHa KBagpaTHas CeTKa W3 JeBATH 3NeMeHTOB. HayanbHoe 3HayeHUe pa-
Iuyca ObUT YCTAaHOBJEHO PaBHBIM 3, a HopMa oOyyeHust — papHoit 1. Cetb
obyyanace B TeueHue 3000 uuxinos obpaboTku Bcex obpasuos. B tabn. 3.1 mo-
Ka3aHoO, Kak TpYNNUPYIOTCH CHMBOJBI MO OKOHYaHMM oOy4yenms. Kaxmas
sdedka TabIUiIbl COOTBETCTBYET OTHOMY SJIEMEHTY CETKH.
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Tabnnya 3.1. Anements cern SOFM ¢ npunMCaHHBIMU UM CUMBONIAMH: pasHble YHCAa
COOTBETCTBYIOT Pa3HLIM WpHPTaM

Al ‘ ‘ Bi ;
A2 D1 >
A3 ‘ B3 ‘
D3
B2 ‘ . c1
D2 : c2
c3

H306paxeHns CUMBOJIOB 3afaloTcst CeTKOH 16 x 16 TIMKceeneH, Tak YTo uist
KaXIOrO 3JeMEHTa Monydaetcsl 256 BXOHHBIX 3HaueHMH. Mbl cuMTaeM, YTO
nocne IOCTIKEHUS CXOOMMOCTH B CETH, KaXIOblif U3 3IEMEHTOB MOXHO OyleT
CYMTATh MPOTOTHUIIOM Ul TeX 00pa3lloB, KOTOPbIE OKaXyTCS C HHM CBSI3aH-
HbiMU. EcaM TipelcTaBUThL BECOBbIE BEKTOPbL B BUAE H300paXxeHUH, MOXHO
OXMAATb, YTO U300paxeHUsS 3/eMEHTOB OyIyT BHIDIAAETD mogo6Ho M3o6paxe-
HHUSIM 06pa3lioB, WIS KOTOPLIX 3TOT AJIEMEHT oKaxeTca nporoturioM. Ilpoue-
aypa MOCTPOEHUS n306paxeHus 3JIeMEHTa  JOBOJBHO npocra.
B opMruHanbHOM TMOTO4MEYHOM M300paXkeHHMHM cMMBofa Gelnble MUKCENW Npen-
CTaBNeHbl 3HayeHUeM 0, a yepHble — 3HayeHUeM 1. [losToMy Bce BecoBbie
3HAYEHUS JOJKHBI 6bITh Mexay 0 u 1. Kaxmoe BecoBoe 3HaYyeHUE CBS3bIBAcT-
cs ¢ OAHMM IMKCeSeM OPUTMHANTBbHON CETKM, NMO3TOMY KaXIBl BeC MOXHO
WHTEPHPETUPOBATh KaK 3HAYCHME, XapaKTepU3yIolllee OTTEHOK CEporo LBeTa
(B IeiiCTBUTEIBHOCTH OTTEHKHM CEPOTO XapaKTEPU3YIOTCS 3HayeHUsMU oT 0 1o
255, O3TOMY M BECOBblE 3HaYeHUS NMPUETCss MaclTabUpoBaTh B 3TOM Auana-
soHe). Ha puc. 3.21, rae mokasaHsl n3oGpaxkeHuss HAGOpOB BECOBbIX 3HAYEHU
KaXI0ro U3 3J1eMEHTOB, MOXHO BUAETb, C KAKUM MMEHHO 3JIEMCHTOM BEPOST-
Hee BCero clelNyeT cBs3aTh obpasell. B aTOM akcnepuMeHTe Bce CHMBOMB “A”
GLUTH CIpYNIMpOBaHBI BMecTe, Kak W Bce cumBonbsl “C”. Cumsonsl “B”
1 “D” uMeroT noxoxue ¢GopMbl, NO3TOMY OHM TOXE OKa3ajJMCh CIPYMNUPO-
BaHHBIMU BMecTe. B uaeane MoxHo 6bu10 6B HazesAThes, yto “B” u “D” to-
XKe GyayT OTHeceHbl K pa3HBIM KiacTepaM. O@HaKo B pealbHBIX 3ajayax Kia-
CTepU3aLUs YKa3biBaeT JMLIbL Ha Nofobue U COBCEM HE O3HAyaeT MMONHYIO 3a-
WMty or ownbok. Kpome Toro, Mbl camu mpu pacrpelefieHHH 06BEKTOB 1O
KATEropHsM JeNlaeM 3TO B 3aBUCHMOCTH OT KOHTeKcTa. Hampumep, xopewrku
KHUI MOXHO PaCCMAaTpuBaTh Kak yAOOHbIA MHGOPMalMOHHBIA 3JIEMEHT, €CU
HUMETE B BULY OpraHM3auuio paGoThl, MM KaK yKpallieHus oduca, eciu UMETh
B BUIY Ax3aiiH. B maHHOM mipuMepe ceTh cooblIMIa HaM KOE-YTO O CUMBOJIaX,
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HeE TMONYYHB 00 3TUX CHMBOJIaX HUKaKoi MHGopMaLlMK oT Hac (ceTh obyya-
nachk 6e3. ynpasneHus). CeTb cooBIUMIa HaM, 4YTO HIECTh o6pasnoB (“A”
n “C”) nonaiy B IBe oYeHb HecXoaHble Ipyrinei. KoHeYHO, BOCIIONB3OBAB-
ILIUCh CBOMM COBEPIIEHHBIM 3pEHHEM, Mbl MOTNM OBl B IAHHOM Cily4yae pac-
MO3HaTh CXOACTBO pa3HBIX (opM ObICTpee U Jiyyllle, HO CYTh 3HECH, OIHaKO,
B TOM, YTOOBI MMETh BO3MOXHOCTh aHAJIM3UPOBaTh JaHHbIE, KOTOPbIE MOTYT
HUMeTh OYeHb MHOTO TPHU3HAKOB U He MOIYT ObITh IpPENCTaBJieHbl TaK MPo-
cto. Ecay Mpl He 3HaeM, Kak MOXHO ObUlo OBl KilaccudUUMUpoOBaTh TaKue
NaHHBlE, CEThb THUIA caMOOpraHusyioluciicss KapTel KoxoHeHa MOXET OKa-
3aThCcS BeChbMa IMOJIE3HOM. ‘

OyO
O

QEzompop

Puc. 3.21. Becosble 3HaYeHusi 2MIEMEHTOB, NpPeACTaBneH-
Hble B BUAE M306paXennii B OTTEHKAX Ceporo

3.4. Pesiome

HejipoHHas ceTh MOXET OCYIIECTBIASTh IPYNNUPOBAHUE NAHHBIX, MCITONb-
3y NpoLECC, HAMOMUHAKIUNNA KOHKYPEHIUIO. DJIEMEHTbl CETH MOIYT TaKXKe
JEMOHCTPUMpPOBaTh CaMOOPTaHM3ALMIO, TIPU KOTOPOil 3JIEMEHTHI CETH, Npel-
CTaBISEMBbIEC B TIPOCTPAHCTBE BXOAHBIX JAHHBIX, NOBTOPSIOT TOMONOIUIO Y4eb-
HbIX JAHHBIX. B.KauecTBe cTemeHHM cXOACTBA OOBIYHO MCHONB3YIOTCH JIHOO
€BKIMIOBO PACCTOSAHME MEXIY BEKTOPaMH, JIMGO Yrol MeXIy HUMH.
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' CaMOOpraHU3YIOLIASICS KAPTA TIPU3HAKOB HMeeT Ciefyiollive cBOHCTBA.

e .Bce xiacTepHble 3/IEMEHTHI CBA3LIBAIOTCS, C BXOAHBIMM 3MEMEHTAMH.
3anayeil BXOIHBIX 3JIEMCHTOB SIBISICTCS . pacnpcn,enenue‘ BBOIAMMbIX
MPHU3HAKOB MEXAY KJIaCTEPHBIMHU 3JIEMEHTaAMHU.

e B xone obydeHMS. SNEMEHTHl KOHKYPHPYIOT .33 .00pasibl. DJIEMEHT-
riobeAnTeNDb, KOTOPBIl ABASETCS 3JIEMEHTOM, HaXONSLUUMCSA K BXOOHO-
My 06pasiy GAMXKe BCEX IPYTMX, KOPPEKTHPYET 3HAUeHUS CBOMX BECO-
BBIX KO3(ULMEHTOB Tak, YTo6bl OH -CTal K JaHHOMY BXOIHOMY 00-
pasLy eue 6muxe (T.€. YTOObI OH CTa ellie Gosee CXOMHBIM C HUM).

e OO6yueHne cocTOoMT U3 IBYX 3tanos. Ha nepsom artane oGHoBeHNe Be-
COBBIX 3HAYEHHUI NPOMUCXOOUT M IS BCEX DJIEMEHTOB M3 HEKOTOpOiA
OKPECTHOCTH 3JieMeHTa-mobeauTeNst. DTa OKPeCTHOCTh TOCTENEHHO
yMeHblaercs. Ha BropoM aTare oGyueHust BECOBble 3HAUCHMs Kop-
PEKTHPYIOTCS MaJIBIMK J06aBKaMH 10 TeX MOp, NMOKa He GyNeT JOCTUT-
HYTa CXOOUMOCTDb CETH.

o Tipowenias ofyuyeHne ceTh MOXET MCIIONB3OBAThCA /Uil Klacchpuka-
LIMM HEU3BECTHBIX 0Bpa3lioOB Ha OCHOBE HX CXOACTBa ¢ obpasuamy,
NpeNbsiBJIEHHBIMU CETH B Mpolecce o0ydeHHUs .

3.5. fononHuTtensHas nuTeparypa

B pa6ore [Kohonen, 1990] npuBoasTcst HEKOTOpbIE UHTEPECHBIE NPUMEPhI
npolecca caMOOpraHu3allui M NMpaKTHYECKHe COBETHI 710 KCIOB30BaHMUIO Ce-
teit SOFM. Cratba KoxoHena siBnsieTcsl TakXe€ XOPOLIWM MCTOYHHKOM CCbl-
JIOK Ha NMyGJMKalMK O APYrMX MCC/IeJOBaHMsX, MOCBSALIEHHBIX ceTam SOFM.
B [Hecht-Nielsen, 1990] cosepXHTca XOpoluHit 0630p NpUMEPOB KOHKYPEHT-
Horo obyueHusi. JIpyrMM LUMPOKO MCTIONb3YEMBIM THUTIOM OCYLUECTBISIOLINX
K/1aCTEPH3aLIMIO CETel SIBISIOTCS CETH, B KOTOPbIX. NIPUMEHSIETCA METOM ajar-
THBHOTO pe3oHaHca. OHu GbUM npeatoxeHsl B [Carpenter, Grossberg, 1987],
HO 11 TIEPBOTO 3HAaKOMCTBA Mbi pekoMeHayeMm [Fausett, 1994].

3.6. YnpaxHenus

1, BexTophbl X, p; ¥ P, ABISAIOTCH CNEAYIOLUNMU:

x=[02 -14 23],
p,=[06 -4.0 7.0],
p,=[0.1 -1.0 22].
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(a) K kakoMy M3 IpOTOTUIIOB OKa3bIBA€TCH OJIKE - BCETO BEKTOP X
‘B CMBIC/IE €BKJIMIOBA PACCTOTHMNA?

(6) K xakomy u3 NIPOTOTUIIOB OKa3bIBAETCS 6mixe Bcero BEKTOD X B CMBIC-
Jie CKaJIAPHOTO IPOM3BENCHMS?

(8) CkoppekTupyiite BeCOBOM BEKTOp IIPOTOTHMNa-TIOGexuTenss M3 1. (a)

B COOTBETCTBUM ¢  ajroputMoM- obydyenuss SOFM npu Hopme
obyueHus 0.8.

(r) CxoppexTHpyliTe BecoBOH BEKTOp IpPOTOTUMa-Mobeautens M3 1. (a) -

B COOTBETCTBUM € afiroputMoM obyueHuss SOFM mna cnyyas ucnonnso-
BaHUA CKaJISIPHOTO MPOU3BENEHUS IIPU HOpMe oOydyeHus 0.8.

2. TMoBTOpHUTE BBIYMCIEHMS YIPAXHEHUS 1 IS CHEAYIOLIMX BEKTOPOB:
| =[02 -14 -03 038],
p;=[03 -3.0 10 02],
p,=[04 ~14 -2.0 3.0].

3. Hopma obyuenust B cett SOFM yMeHblliaeTcs B TeueHHe nepsbix 1000
UTEpaUUil Mo 3aKOHY

n(n) =0. 15( OOOJ

IIe n 0603Ha4YaeT HOMEDP UTEpALIUU.

(a) Ckonbko UTEpaLUMil GYAET BLIMONHEHO IMpeXIe, YeM HopMa obByueHMs
YMEHBLIMTCA A0 3HauyeHUs 0.003?

(a) ITouemy yxa3aHHBIi 3aKOH He SABJIAETCA XOPOLIUM BbIGopom?

4. Ha puc. 3.22 moka3aHbl ABa KJiacTepa JaHHbIX (Ha PUCYHKE OHM 3a-
Kpawenbl). He 3akpalueHHass oblacte B BepXHEM JIEBOM KBajpaHTe
COJEPXUT HECKOJNBKO NPOTOTHIOB (€NMHMYHBIX BECOBLIX BEKTOPOB),
BBICTYMAIOIUX B KayeCTBE Ha4yaldbHbIX COCTOAHMN st cetu SOFM.
[IpuHuMas paguyc paBHbIM HYNIO, OGBSACHUTE, YTO MOXET Tpo-
HCXOIUTb C KapTOit NPHU3HAKOB, €C/d Ha4yaTh OOYYeHUE CETH C ITH-
MU TaHHBIMH.

5. Bce BekTopsl Ha puc. 3.23 jexar Ha eOMHUYHOMN okpyxXHocTH. [peamona-
rasi, 4YTO BEKTOpPbI BCErla JOJDKHBI MPUBOAUTHCHA K TAKOMY BUAY, QyueT v
‘Pa3HULIA B OLEHKE MPOTOTUMNA-NTOOEINUTENS NPU UCITONB30BAHMM B KayecT-
Be Mepbl OIU30CTH €BKIIUAOBAa PACCTOSHUSA U CKaIIPHOIO npomseueﬂus{"
O06ocHyiiTe cBOE 3aKIIOYEHUE.
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Puc. 3.22. []sa knactepa gannsix u nporotunsl gng cetu SOFM

KnacTepii AaHHbIX

—

NpotoTunbl

Puc. 3.23. Bextopsi Ha eauHUIHON OKDYXHOCTH

6. Tloxaxwure, 4TO INST TIPOMU3BOJILHOIO BEKTOPa X HAXOXICHUE 3JIEMEHTA-
nobeaureNss MO KPUTEPUIO MMHUMYMa €BKJIMIOBAa PacCTOSHUA 3KBHBA-
JIEHTHO WCMOJB30BAHUIO KPUTEPUS MaKCHMMyMa CKaJISIpHOro IpOU3BEJCHUS
NS HOpManu3oBaHHbIX BekTopoB. ([lodckaska. B eBKIMOOBOI MeTpUKe
3/eMeHT-TI00eIMTeNb MOXET ObITh BbipakeH 4epes min{||x—p;|l}. Pac-
KpOIiTe 3TO BbIpAaXEHWE M CPaBHWUTE C HOPMANM30BaHHBIM Ofpele/ieHHEM
CKaJIAPHOTO MpPOMU3BEICHNS.)

7. JNuneitnas cetb SOFM ¢ Tpemsi aneMeHTaMU oOyvaercst peliEeHUIO Tpo-
6seMbl XOR ¢ ucnonb3oBanuMeM 0.1 1 0.9 mns 3HauyeHMHA O M 1 COOTBETCT-
BEHHO U C MCIIONb3OBAHUEM COOTBETCTBYIOLIMX YeTblpex yueOHBIX 00Opa3-
nos. Ilpn o6yyeHMH MCMONb30BAINCH CKaISIPHble NMPOU3BENeHUSA M OblIM
NOJNYYEHBl YKa3zaHHbie HMXe OKOHYaTe/bHble BecoBble 3HayeHUs. Kax Obl-
M pasfeieHbl Ha KiacTepbl o6pasiibl?

OneMeHrT 1 DnemeHT 2 DneMeHT 3
0.110 0.707 0.994
0.994 0.707 0.110
Ynpaxrexus 105



8. Cere MAXNET (cm. [Lippmann, 1987]) npeacrasisieT co6oii KOHKYPEHT-

HYIO HEMPOHHYIO CeTh, KOTOPAS MOXET MCHOJB30BATHCS [UTS. HAXOXKAEHHS
3IEMEHTA CETH,. BBOJ KOTOPOIO OKA3RIBACTCHA  MAKCHMMAIBHBIM.  Kaxnmiii
3JIEMCHT COCOMHEH ¢ caMHM coboli, a Takxe cO BCEMU APYTUMH 3/EMEH-

THBHOCTH 3/eMeHTa 6yleT ocTaBaThcsl paBHOM 0.2. BBox [Uist TpeThero aje-
MeHTa paseH 0.6 + 0.5 x-0.5+0.2x-0.5=0.25. HoBbIM 3HayeHWEM aKTHB-
HocTH ‘6yzer 0.25, TTOCKOJNLKY BBOJ OKasbiBaeTcs Gosblie Hynd. B maHHbIA

MOMEHT BC€ 3JIEMEHTBI MOI'YT U3MCHHUTL 3HAUCHNS aKTUBHOCTH.
TaMH ABYHAIPaBJE€HHBIMH B3BCIIECHHBIMU CBA3AIMH. Bce BCCOBI)IC 3HaYCHUA '

| YCTAHABJHMBAIOTCA PaBHBIMM MeXay coboil, KpoMe Beca am*ocs;ml KOTO-
PBIfi YCTAHAB/IMBAETCS PaBHbIM 1:

Jinsi BTOpOIi MTepalluM BBOIOM MepBoro aneMeHrta Oyider 0.1 +0+0.25 X~
0.5 =-0.025. TloaTOMy HOBBIM 3HaUY€HUEM AKTUBHOCTH B KOHUE UTEpaLUH
Oymer Hyab. BBOX AN BTOPOro 3J€MEHTa AO/LKEH ObiTh MeHbIIE HYJNS.
Beon mis TpeThero sneMeHTa paBeH 0.25+ 0.1 x-0.5+0=0.2. EanHcTBeH-
HBIM 3]ICMEHTOM € HEHYJIEBOIl aKTUBHOCTBIO OKas3bIBACTCS TPETUIA NIEMEHT.
Moaromy npolecc 3aBepLINTCST, v NobeauTeneM GyaeT TPETHI SMEMEHT.

1, ecnu. i= j,
Wy =

-0, ecam i # J,
rae 0 <w< 1/N, a N paBHO YUCJIY 3JIECMEHTOB CETH. .
: : IToBTropHTe BHILIENIPUBEACHHBIE PACCYXAEHUS JUISI 3HAYeHUM aKTUBHOCTH

3HayeHHe AKTUBHOCTH JJIEMEHTA YCTAHaBJAWBAeTCSA PAaBHBIM. BBOHLY, €CIH - 3MEMEHTOB, paBHbIX 0.7, 0.6 U 0.3, COOTBETCTBEHHO.

BBOJ OKa3biBaeTca Gosblie HYNIS, a NHa4Ye 3HaYcHHE aKTHBHOCTH YCTaHaB-
JMBAETCS PaBHBIM HYJIIO. DNeMEHT NnoayqyaeT Bssemeﬂﬂmﬁ CHTHAJ OT BceX
APYTUX 3NIEMEHTOB U OT cebst caMoro. DitleMeHT He U3MEHSET CBOIO aKTUB-
HOCTh N0 3aBepleHUsi MTepauuH.  OOHOBIAIOTCS BCE - 3NIEMEHTHI,
1 OGHORJIEHHE MPOMCXOMMUT O TEX TIOP, 1I0Ka OCTaHeTcsi He Gosee OAHOro
2JIEMEHTA ¢ HeHyneBoﬁ aKTUBHOCTBIO.

9. IMoxaxure, KaK MOXHO Mcrionb3oBaTs ceth MAXNET mis HaxoxaeHus
aTleMeHTa-TI06eIUTeNs PN PELICHNM YNIPaXHEHUs 8.

10. Paccmotpute ceth MAXNET, cocrosiiiylo M3 BOCHMHM 3jieMeHToB. [lo-
cTpoiiTe cxeMy ceTH M 0603HaybTe Ha 3TOM CXEME COOTBETCTBYIOIUE BECO-
Bble 3HayeHUs. ITokaxute, uTo AN BbIOpaHHOTO BaMHU Habopa 3HaueHMIA

‘ aKTHBHOCTH ceTh OyieT paboTaTh HallexaluuM obpa3oM.
Ha puc. 3.24 nokasaHbl 3Ha4€HHs] aKTUBHOCTH TPEX 3JI€MEHTOB MPH YCIIO- HO YACT p u p

BUH, YTO 3HAYCHUS BECCOB 6bUIM HMHHULMATU3UPOBAHBI B OOOTBCTCTBMH
Cc BBI].[IC)’Ka3aHHHMPI l'lpaBPUlaMH

11. Ecnu jist cetn SOFM ncnonbayeTcs LWUECTUYTONbHAS CETKA U Mpe/ronara-
eTcsi, YTO 3NeMEHTOM-TIo6eAuTENIEM SBASETCA UEHTPaJIbHBIA 3/IEMEHT CeT-
KH, TO CKOJIbKO 3/IEMEHTOB NOMKHO ObITb OGHOBICHO NMPH 3HAYEHMM pa-

—0.5 : : : IHMyca, paBHOM }, U CKOJNIbKO 3JIEMECHTOB AONXHO ObIThb OGHOBAEHO MpPH

‘ ’ 3HaYeHUM paamyca, paBHoM 27

-0.5

r r

Prc. 3.24. 3HayeHus aKTHBHOCTY TDEX 3NIEMEHTOB

Ina mepsoit uTepaliMd BBONOM TEpBOro aneMeHTa OyaeT 0.5 +.0.2x-0.5+

0.6 x —0.5=0.1. HoBBIM 3Ha4YeHHEM aKTHBHOCTH oyaeT 0.1, MOCKONABKY BBOI -
oKa3piBaeTc Oombile ‘Hyasd, o KOHLAa uUTepallMd aKTUBHOCTb 3JICMEHTA ,
OyneT ocrtaBaTbed - paBHoif 0.5. BBog And BTOPOro 3JIEMEHTa paBeH

0.2 + 0.5 x-0.5 + 0.6 x ~0.5 = —-0.35. HoBbIM 3Ha4YeHHEM aKTHUBHOCTU Oyaer 0,

TaK KaK BBOJ OKa3biBacTCsl MEHbIIIe Hys. Jlo KoHLa NepBoii UTepalluy aK-
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I'naBa 4

Accoumaums 06pa3ios

3anaua. OnucaHKe acCOUHAaTUBHOM NaMATH.
e, BbI JO/DKHBI TOHSTH:

Pa3sHHUILY MeXAY aBTOACCOUMATHBHOM 1 TeTepoaccoLMaTHBHOM
CETAMM; :

MPUHLIMITEL ITOCTPOEHUS TUCKPeTHO! ceTd Xonduiia

W JIByHaTlpaBlieHHO aBTOaCCOUMATUBHOM ceTH, YTOGH UMETh
BO3MOXHOCTh PeallM30BaTh 3TH CETHU € NMOMOLUBIO NPOrpaMMBbI
3JIEKTPOHHBIX TaGNML WK Ha TOM fI3bIKE NMPOrpaMMUpPOBaHHS,
KOTOPBIA BBl NPENrioyuTeTe,;

KAaK WCTIONb30BaTh IS aBTOACCOLIMallMK CeTh ¢ OGpaTHBIM
pacnpocTpaHeHueM olnboK;

KaK oBecneynTh CXaThe JaHHBIX C TIOMOLIBIO aBTOACCOLMATHBHON
ceTH ¢ 0BpaTHBIM PacTIpOCTPaHEHHEM OLIMOOK.

TpeGosanna. 3HaHMe OCHOB JIMHeHHOM anreGpbl Ha YpOBHE, NPeNCTaBICHHOM
B NPUWIOXKEHUU A. 3HAKOMCTBO ¢ MaTepUaioM IiaBhl 1.

4.1. BeegeHue

Bce 3HaoT, YTO TaKoe acCOLMalUs: CJIOBO OZHOIO A3bIKa MOXET acCOLIMM-
POBaThbCS CO CJIOBOM APYTOro s3bika, ororpadms Apyra acCOLMUPYETCS € ero
MMeHEM W MOXHO JaXe YMYAPMTHCS acCOLMUPOBaTh HEKOTOPOE TyMaHHOE
u3obpaxeHHe C OIpefeSeHHbIM peajibHbIM 00bekToM. B rnase 2 yxe Goura
paccMOTpeHa HIes -accollMaTMBHOro obyyeHMsT B BHIE, KOraa ISl Kaxaoro
y4ye6Horo ofpasua MMeNcs XelaeMblil BbIXoOHOM obpasen. B aToil rnase Mbi
PaccMOTPHM cliydall 3aroMMHaeMbiX Iap obpasilos. Maes 3akiiodaeTcs B TOM,
yTO6BI BHIOPATh HYXHBI ofpasell U3 NMaMATH, JaXe €CM Y Hac HeT BCel He-
06X0MMMOIl MHGOPMALMK IS Hayana TMOMCKa COXpaHeHHoro ofpasua. Ha-
npUMep, Bbl XOTUTE HalTM KHHUTY B 6MbmMOTEKE, HO HE MOMHHUTE e¢ Ha3pa-
Hust. [Ip1 5TOM ecnu Bbl 3HaeTe MMs aBTOpa U ONMCaHUe TOro, YeMy KHHMIa
MIOCBSILLEHA, ITOTO yXe JOCTaTouHo (¢ Gombuioil noneft yBepeHHOCTH!), YTOOMI
HANTY accOLMMpYeMBI ¢ 3Toil MHpOopMaLeil 06BEKT. ‘
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~ Korza coxpandemas B naMsiTH Iapa acCOUMHPYEMbIX 00pa3lLoB co3xaeTes
OOMHAKOBBIMHI 06pa3liaMM, IaMSAThL Ha3bIBAETCH A6MOAccOyUAMUEHOU;, a eCcly
obpa3libl SBIMIOTCS Pa3HBIMU, TO HaMSATh HA3BIBACTCH 2€MEPOAcCOUUaMUEHOU.
B ato0it rmaBe 6yayT pacCMOTpeHB! TPU MOAE/IM. HEMPOHHBIX CeTel Ul aBToac-
couyauuy odpa3LoB. '

4.2. QuckpetHasa cetb Xondpunga

Cetb Xondwina (Hopfield) apnsercs aBToacCOLMATUBHOM ceThio, Bedyllei
cebs 11010GHO MaMATH, KOTopast MOXET BCIIOMHHMTh COXpaHEHHBIH oGpasell naxe
o roackaske (B BUAE BBOOMMBIX AaHHBIX), MPEACTaB/sIoIe coboil HCKaXeH-
HYIO MOMEXaMM BepCHIO HyxHoro obpasua. Hanpumep, ceTb MOXET COXpaHWTDb
Habop n3obpakeHUit OyKB, a Korda ceTh ByIeT NpeacTaB/ieHa MCKaXXEHHas BEpPCHA
COXpaHEHHOIrO CHMBOJIA, CETh JO/DKHA OKa3aThest CIIOCOGHON HaiiTh MCTMHHbBIA K-
seMruisp. JmckpeTHast ceth Xonduiga umeeT CJTEAYIOLLINE XaPaKTEPUCTUKH.

e OnauH cjofl 371eMeHTOB (BXOAHBIE 3JIEMEHTHI, IPEACTaBASIIOLIME BXOI-
Hoil 0bpasell, He YUYMTHIBAIOTCH).

o Kaxuplil 3ME€MEHT CBA3BIBAETCA CO BCEMM APYIMMM 37EMEHTaMM, HO
3JIeMEHT HE CBS3bIBAETCH C CAMUM COOOH.

e 3a oouH war oGHOBIAETCA TONMBLKO OOWH 3MIEMEHT, B OTINUYUE, HANIpUMED,
OT CETU ¢ oBpaTHBIM pacrpOCTpaHEHUEM OLUMGOK, e BCE MEMEHTh! COst
MOTYT U3MEHSTbCS OMHOBPEMEHHO, €C/IM CETh pealn3oBaHa B BUIE amMa-
PaTHBIX CPENCTB € COOTBETCTBYIOLUMMU TapajuTeSIbHBIMM BO3MOXHOCTAMM.

e DyeMeHThl OOHOBJIAIOTCS B CIydyallHOM TNOpSiKe, HO B CPENHEM KaX-
JbI 3MEMEHT No/KeH OGHOBISATHCS B OAHOM M Tolt xe Mepe. Hanpu-
Mep, B ciydae ceTd U3 10 aneMeHToB nocie 100 oGHOBNEHMIA KaXablit
3/IEMEHT NOJXEH o6HOBUTbCS NpubmuanTenbHo 10 pas.

e BriBox 3neMeHTa orpaHuyeH 3HadeHusMu 0 way 1.

Cetb Xonduina SBISETCS PeKyPPEHTHON B TOM CMbicie, YTO WIS KaxX-
JOro BXOAHOro o6paslia BBIXOA CETH ITOBTOPHO WCTIONBb3yeTCsT B KayecTBe
BBOJa JO TeX Iop, Ioka He OyleT OOCTMIHYTO YCTOHYHMBOE COCTOSTHME.
MMpumep cetn Xondunma nokasaH Ha puc. 4.1. YIo6HO cuuTarh, 4TO CeTb
Xondunaa He UMeeT BXOAHBIX 3JIEMEHTOB, TaK KaK BXOIHON BEKTOP NMpOCTO
olnpefe/ifieT HayalbHble 3HAYEHUsT aKTUBHOCTH 3ieMeHTOB. Hanpumep, ecnu
BBOJ|, SIBNSIETCA JBOMYHBLIM, TO BXOZHOW BekTop (1 1 0 1] o3Hayaer, YTO 3Ha-
4YeHUS aKTMBHOCTU IS 3NeMEHTOB {1, 2, 4} OyayT pasHbl 1, a 11 a71eMeHTa
{3} aktusHocTh Oyner paBHa 0. DieMeHT oOHOBisieTcs Toraa, Xoraa BCE
3/IEMEHTHI TepenaayT CBOM 3HA4YEHUSI aKTUBHOCTH I0 HMEIOLIMMCH B3BeE-
LIEHHBIM CBSA3SIM, TOCJI€ YEro BHIYMCIAAETCS CyMMa NpousBeneHudl (T.e. Oe-
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percs cKaJsIpHOe Mpou3BeldeHue). 3HaYeHHE aKTUBHOCTH. 3JIEMEHTA TTOJTyYa-
eTCs Ha OCHOBE UCIONB30BAHUS HEKOTOPOTo IpaBuia akTuBM3auun. Kax-
Iblil- 37ileMeHT ceTH Xombuwiga UMeeT COCTOSTHUE, XapaKTepusyloleecs 3Ha-
YeHHEeM aKTMBHOCTH, KOTOpOe HOJKEH MOCHUIaTh JaHHBIA 3/IEMEHT APYIUM
3JIeMEHTaM, a COCTOSIHME CETH B JII0G0 MOMEHT BPEMEHHU 3alaeTCHA BEKTO-
POM COCTOSHMIA BCeX €€ 3JIEMEHTOB.

v v 4
—O -0 ~O O
Puc. 4.1. Cers Xondunga ¢ 4eToipsMsa anemenTamy. [ina kaxgo-
ro aneMeHTa BXOGHOrO BEKTOpa MMEETCS CBOH 3IEMEHT CET.

3neMenTH CeTH CBA3aHB CO BCEMM OCTAfIbHBIMM €€ 3NTEMEHTa-
My, HO He camu ¢ co00i. CBAan SBNSIOTCA ABYHANPABNEHHHIMH

B kayecTBe BXOAHBIX JaHHBbIX ceTH Xomduiga MOXHO MUCMOIb30BaTh NBO-
HYHBIE, HO 3leCh Mbl OyleM HCoONb30BaTh +1 AN 0603HaYEHMS COCTOSHMS
“BKITIOYEHO” M ~1 — JUIA COCTOSTHUA “BbiKITIOueHO”. KoMOMHMpoBaHHbII BBOI
3lIEMEHTa BBIYMCIISETCS Mo popMmyiie:

n
neti = ES’WU 5
i=1

rae s; o6o3HaYaeT COCTOSTHHE eMeHTa ¢ HomepoM i. Koraa anemeHT 06HOB-
JIsileTcsl, €r0 COCTOSTHUE U3MEHAETCS B COOTBETCTBUU C TIPaBIIOM

+1, ecnu net; > 0,

J ~1, eciu net; <0.

DTa 3aBUCHMOCTb Ha3bIBaeTCsl CMTHYM-(yHKLVeEd U B Gosnee Kparkoit ¢dopMme
OHa 3amnuchiBacTCSd B BUAE
5; = sgn(netj).

Ecny KoMOMHMpPOBaHHBIN BBOA OKa3bIBA€TCSl paBHbIM HYJIO, TO 3JIEMEHT OCTa-
€TcH B COCTOSIHMM, B KOTOPOM OH IpeObiBan nepel oOHOBICHHEM.

Cetb paboTaeT oyeHb npocTo. BXONHOM BEKTOp 3aaeT HadalbHbie COCTOSA-
HHUS BCEX MEMEHTOB. DNEMEHT Uit OGHOBNEHUS BbIOMpaeTcs ciyyaiiHbIM 06-
pa3oM. BeiOpaHHBIA 3JIeMEHT TOJyYaeT B3BELUEHHBIE CHMTHAJBI OT BCEX OC-

110 ’ | nasa 4. Accoumayms 06pastos

TANBHBIX 2IEMEHTOB M U3MCHSET CBOE COCTOSTHME. BHIGUpaeTCs ApYroii MEMeHT,
U npoltecc NopTopseTcst. CeTh NOCTUTAeT Tipeaesa, KOriad HH OOMH U3 ee ane-
MEHTOB, 6yny4H BLIODAHHBIM ANST OOHOBNEHHUS, HE MECHSIET CBOECIO COCTORHHSL..

1. BecoBbie 3Ha4eHUS I cetd Xondunaa onpeaensioTcs HENoCpeaCTBEHHO
U3 yyeOHBIX JaHHBIX 6e3 HeoOXONMMOCTH NpoBeieHUs o0yyeHus B Gonee mpu-
BbIYHOM cMEicie. Cerb Xondwiaa BefeT cebd Kak naMarh, U Ipoueaypa co-
XPaHEHHUS OTIAENLHOTO BEKTOpa TIPEACTaBJACT COOOH BbIYMCIIEHHE MNPAMOro
NPOU3BEACHMSA BEKTOpa ¢ HUM caMUM. B pesynprarte 3Toil mpoueayps! cosna-

-€TCAl MaTpula, 3a1alollast BCCOBbIC 3HAUYCHUA I CETH Xombmma, B KOTOPOIi

BCE IMArOHANLHEIE 3JIEMEHTHl MOJDKHEI ObITH YCTAHOBACHBI PaBHBIMU HYJIO
(NOCKOMIbKY AMArOHANbHBIC JIEMEHTHI 33JaIOT ABTOCBSI3U 3JIEMEHTOB, a JJe-
MEHTHI caMH ¢ coBoil He cBsiaHbl). TakuM o6pa3oM, BecoBasi MaTpULIA, €OOT-
BETCTBYIOLLAS COXPAHEHMIO BEKTOpa X, 3ajaercs ¢popMynoii

W = x'x.

Mpumep 4.1.

Haillaure HaGop BecoBbix 3HaueHMil cetu Xomnduiga, cOOTBETCTBYIOLIMIA

coxpaHeHHUI0 obpa3ua
[1-111).

Pewenue 4.1.

1 1 -1 1 1
~1 -1 1 -1 -1
1l -111]=
L} ‘ 1 -1 1 1
1 1 -1 1 1

MosToMy BeCOBLIMM 3HAYeHUSIMU OyayT

0 -1 1 1

-1 0 -1 -1
W =

1 -1 0 1

1 -1 1.0

IMepBolit cTOnGell NpelAcTaBAsIET BeCcOBble 3HAMCHUA, CBSI3aHHbIE C Iep-
BbIM 3MIEMEHTOM, CTON0el 2 TpeACTaBAsieT BecOBbie 3HAYeHHUS, CBA3aH-
Hbie CO BTOPBIM 31eMeHTOM, U T.4. Ecnu ceru OymeT npeanoxen obpaseu
(1 -111], To Bce aneMeHTHl nocje OGHOBICHUS OCTAHYTCSI B TOM Xe€ CO-
croaHUU. JlaHHble MOACKAa3KU. OMNPEeAcsioT ‘HayalbHble COCTOSIHUA BCEX
3/IEMEHTOB, TaK YTO B HalUleM C/iydae BTOpPOil 3nEMEHT JO/KEeH cHauana
HaXOIMTLCSI B COCTOAHMM -1, a BCe ocTanpHble — B cocTosiHMM 1. [lep-
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BHIiA. 3/leMEHT OBHOBISETCA ¢ TTOMOLUBIO YMHOXEHHST BEKTOPa HOACKA3KH
Ha HepBHIl cTONOEL MATPHLIB! BECOB:

0

-1
n-tig) f=3, sgn(3) =1.

1

Tax yTo nepBbIR 3TEMEHT ocrpﬂercsx B TOM € COCTOSHMU. TOYHO TaKxe
npy 0OHOBJIEHMM OCTaBaJIMCb Obl HEM3MEHHLIMM W' COCTOSIHUSI BCEX OC-
TaJIbHBIX 3JIEMEHTOB. !

Mpumep 4.2.

Haiinure ycroitumBoe cocTogHue cet Xondunma u3 npumepa 4.1 npu
'YCIIOBUM, YTO BXOAHBIM OOpPa3lioM SIBISETCA

[-1-111]

Pewenue 4.2,

112

DIeMEeHTBI JOJIXKHBI OOHOBIATLCSA B ClIy4aiiHOM mopsake. Jns wimocTpa-
UMK OyaeM OOGHOBAATH 3JIEeMEHTHl B mopsiake 3, 4, 1, 2. CHavyana pac-
CMOTPUM 3JIEMEHT 3:

1
-1
(-1 -1 11} =1, sgn(l) =1
0
1

Taknm obpa3om, aneMeHT 3 ocTaeTcs B TOM Xe cocTosHUM. Cleayoimm
SBASIETCA 3JIEMEHT 4:

-1 -111)

i

1, sgn(l) =1

Taxk uto aneMeHT 4 ocTaeTca B TOM K€ COCTOSTHHMU. TCﬂCpb 3JIeMeHT 1:

[-1 =11 1] =3, sgn(3)=1.

[naBa 4. Accotmaumsi 06pa3LoB

Tak 4to 2neMeHT | M3MEHMT cBoe cocTosgHue ¢ -1 Ha:l. HaxoHel,
37EMEHT 2: ‘
-1

0 ‘
n-111 = -3, sgn(=3) =-1.
-1

Tak YTO 2J€MEHT 2 OCTAHETCH B TOM Xe COCTOSHUU. MBI BUIUM, YTO Bbi-
ABUJICA paHee COXpaHEHHBIH BEKTOp, XapaKTepU3YIOLINI YCTONYMBOE CO-
cTosuue. ceT. UToGbl yGeIuTbCS B TOM, YTO 3TO COCTOSHWE Ha CAMOM
Zefnie SIBASIETCS YCTOHYMBBIM, HEOGXOAUMO IPOBEPHMTH, YTO B PE3YNbTATE
OGHOBJICHUS HM OOMH M3 3JIEMEHTOB AeMCTBUTEILHO HE MU3MEHUT CBOETO
COCTOSTHUS. : ‘

Mpouenypa coxpaHeHUs HECKONbKHUX o0pa3loB B ceTd Xomdui-
Ia TOXE MpOocTa: TNpPSMOe MPOU3BEAEHUE BHIYMCIAETCH IS Kaxaoro
BEKTOpPa, U BCe IMOJNYYyeHHBbIe TaKUM 06pa3oM BECOBbIE MATPHULLBI CKla-
JbIBAIOTCS. :

Npumep 4.3.

OrmpenennTe BECOBYIO MaTpHlly ceTH Xomnduiia, COOTBETCTBYIONLYIO CO-
XPaHEHUIO C/IEAYIOLIUX ABYX BEKTOPOB

-1 1 -],
nm -1 11

Pewenue 4.3. |
CooTBeTCTBYIOLIE BECOBOH MaTpuleH ABNAETCA MaTpyla
[-1 1
W=} 1|[-1 1 =1]+[-1{[1 -1 1]

-1 | 1 |
1 -1 1] 1 -1 1

=|-1 1 -1{+|-1 1t -1

1 -1 1 1 -1 1

[0 2 2

=|-2 0 =2
L2 2 0

JivaroHajibHble 3JI€MEHTHI ObUTH OBHYIEHBI.

JuckpeTtHas cets Xongunaa



JKcnepuMeHT

Cetn erld)lmua HUCIONh30BaNaACh JUIS Tdro, YTOOBI coxp:ifmn, Tpu obpa3-
14, U300paXeHHs KOTOPhIX NMoKa3aHbl Ha puc.-4.2. Kaxnusil obpasen pac-
CMaTpUBAJICS B BUIE CTPOKH 6MNONApPHBIX 3HaYeHUiA, rae 1 TIpeAcTaBIsLIa
YepHBIi LBET, a ~1 — cepyiii. CTpoKa cocrosia U3 63 3JIEMEHTOB, NMO3TO-
MYy ceTb UMena 63 anemeHTa U 63 X 63 — 63 BecoBBIX 3Haqc,ﬁnﬂ (31O 4Mc-
JIO BECOBBIX 3HAYCHMH TIPAMOrO MPOM3BEACHUS MUHYC HyJeBble JHaro-
HaJIbHBIE 3MeMenThl). Toce onpeneneHUst BECOBBIX 3HaYeHMHl ceTH Gbiia
TIPEABSAB/ICHA HCKAXCHHAS ITOMeXaMu Bepcus yucna “1”. Obpasel, Koro-
PBiii BHISBHIICS NIOCJIE HEKOTOPOTO YHCNA 'mépauuﬁ, noxaﬁau Ha puc. 43.

L U Y i B e

B
we

YeprmM nuKCensM  cOOTBETCTBYIOT 3Havenus 1, a ce-
PaiM — 3HaveHns —1 ‘ .

BTOT 3KCMEPUMEHT JEMOHCTPUPYET MMPABUILHOE BOCCTAHOBJICHME COXpa-
HeHHoro ofpa3lia no uckaxeHHoi ero Bepcuu. UHorma cers Xondwiaa no-
nyckaer owWMOKH, HanpuMep, BBIABISAS HEBEPHbI o6pasell WK NMoka3biBas
HCKaXEHHYK BEPCUIO NpaBWibHOro obpasua (B mocjeAHEM Clyyae BbisiBlCH-
Hbli1 obpaselr MOXeT ObITh pacro3HaH, HO BCe €llle MCKaXeH).

B pane paGoT MMeIOTCA OLEHKH, KACAIOMIMECS 4Mcaa oOpa3loB, KOTOpHIE
MOXHO coxpaHUTh B cetd Xomndwnga. OnHoit Takoil obwieil oueHkoil M3
[Haykin, 1994] asnsiercs ouexka

N
2nN’

XapaKTepU3yloliasi MaKCUMaJIbHOE YUCTO 06pa3lioB, KOTOphie MOTYT GbiTh coO-
XPaHEHBI, eC/i¥ TpeGOoBaTk MPaBUILHOTO Paclo3HaBaHUs GONBIUMHCTBA 06pa3-
1OB; N 0603HaYaeT YKUC/IO 3NIEMEHTOB CETH.

Pmax

4.2.1. DyHKuMA sHeprumn

B pa6ore [Hopfield, 1984] Xonduna noxasan, 4rto ero cerb AOMXKHA CXO-
JUTBCS K YCTOWYMBOMY Habopy 3HaYeHHi aKTMBHOCTH, PACCMOTPEB (DYHKLMIO
aHepruu cucteMsl. B npeacraBreHHolt HamMH dhopMe ceTh onpenenseT Heobxo-
IUMOCTb U3MEHEHUS COCTOAHUS 3JIEMEHTA IO OPOTOBOMY 3HAUEHMIO, PABHOMY

‘114  Tnasa 4. Accoumaums 06pa3jos
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Puc. 4.3. Cootsercrayiowmi BBOAUMOI nogckaske 00pasel -noxasaH
B MepBOM Kajipe B BEpXHeM NieBoM yrny. Kafpsl npencTasnsior Aecato
uTepauwi cet (T.e. BECATb Cyyaiinbix obHoBAeHui). Kagpul creayer pac-
CMaTpuBaTh B NOPAAKE CNEBa Hanpaso M CBepXy BHH3

HYJO, TIO3TOMY MBI MOXEM MCIIO/Ib30BaTh YIPOUIEHHYIO BEPCHIO QYHKUMH.
sHepruu Xondunga, noxobHyo ToH, KoTopas NPHBOANTCH B {Haykin, 1994]:

1
E = -3 Xs sy
joi

Fcau 3jleMeHT j U3MEHSIET CBOE COCTOSiIHME Ha As;, TO M3MEHEHUE SHEPIHH
Oyaer paBHO
AE = -As; Y s;w; -
i

MOXHO pacCMATPUBATh W3MEHEHME 3HEPIMM KaK QYHKUMIO  As,
u Y sw;. M3 1abn. 4.1 suano, uto As; u Y s5;w; MMEIOT onMHAKOBble

3HaKH, [TOSTOMY SHEDIus NpH Nepexole OT UTEPallMK K UTepalMy BCEraa
yMeHbluaercsi,. Hampumep, mnepBas CTPOKa HaHHBIX TaGaMLbl FOBOPHT
O TOM, YTO €CJI 3JIEMEHT HAXONAMTCH B TOJNIOXHUTENIBHOM COCTOSIHMM U €ro
KOMOGHMHMPOBAaHHBI BBOX Goblue HyNs (T.e. MONOXMTENEH), TO HOBOE CO-
CTOSTHME OCTaHeTcs TONOXMTEAbHEIM W H3MEHEHHE COCTOSHUS TOXE
GyIeT MOMOXUTENBHLIM, 2 H3MEHEHHE SHEPTUM TakuM obpasoM OyaeT oT-
PHULATENBHBIM. ‘
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Tabnuua 4.1. HaMeHeHHS SHEPTHM NIPH UIMEHEHNSIX COCTOSHHS SNIEMEHTa

W3merenne

Crapoe s, Y siwy Hosoe s ; As;

: aHeprm
NonoxutentHoe - MonoxuTensHoe - . [onoxutensHoe  lonoxutensHoe OtpuuatensHoe
MonoxurensHoe - OTpuuatensHoe OTpuuaTenSHoe ' OTpuué'reanoe OTpMuaTeanoe
OrpuuarensHoe: Orpuuarénbuoe Otpuuatenstoe OTpmuareanoe OrpunatensHoe
Otpuuatensioe — MonoxwTensHoe  TonoxwuTensHoe  [lonoxutensHoe  OTpuuaTensHoe

4.3. [IByHanpaBneHHaa acCoLMaTMBHas NamsThb

CeTbIo, UMEIOLIE! MHOTO OGLIEro:C ceThio XOnduima, SBIeTCS IByHa-
TIpaBJIEeHHasl acCOLMAaTUBHas raMsaTh (cetb BAM — Bidirectional Associative
Memory), npemnoxenHas Kocko (cm. [Kosko, 1988]). Cers BAM sBnserca
reTepoaccOLIMaTMBHON peKyppeHTHOM ceTsio. CeTh coxXpaHseT napbl oOpa3iuoB
M MOXET BOCCTAHOBUTb O6Gpasell, KOrja acCOLMMPOBAHHBIN ¢ HuM obpasewl
npenaraeTcs €il B KauyecTBe MOACKa3KH. B 3Toit ceTH nBa. Cjiost 2/1IEMEHTOB —
110 OAHOMY JUTA KaXIOro U3 o0pa3loB Mapbl — M o6a Clost COETUHSIOTCS IBY-
HAaNpaBACHHBIMH CB3SMH (T.€. aKTUBHOCTb MOXET NEPEeNaBaThes MO CBA3SAM
B 06oux HampaBieHusax) (puc. 4.4).

Puc.-4.4. [IpyHanpaBneHHas accounarmsHas naMaTs. dne-
MEHTbl CNesa. NPesACcTasAfioT 00pasubi pasMepHoCTH 4,
8 3N1eMeHTbI CNPaBa — acCoLMMPOBaHHbe C HiuMM 00pas-
Ubl pasmepHocTn 3

[

3mech MBI PACCMOTPHMM TONBKO JTHUCKPETHYIO GunonspHyio cetb BAM, Ho
MOXHO pacCMOTPETh U HelpephlBHbIC 3HaYeHUS. UToObI COXpaHUTE oOpaselt s
M acCOUMMpPYeMBI ¢ HUM obpasell t, paccMaTpUBaeTcsl TIPAMOE ITPOU3BeIe-
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HUe, Onpelensiollce BeCOBhIE 3HaueHMs. Ilpoueaypa TOYHO TaKas Xe, Kak
U B ceTH Xondmiaaa, Ho Terepb MaTpula yXe He o6s3aHa ObITb KBaJpaTHOM,
a IMaroHaJIbHbIE DJeMeHTH He oOHynsiorcsl. BecoBoll Marpuueit i onHOM
napsl OymeT MarpuLa ‘ ’ .
W =5"t.

Yr1o6bl COXPaHMTh HECKONBKO TIAp, BCE COOTBETCTBYIOLLME TPON3BEICHUS, OI-
pelensIollne BeCOBbIE 3HAYEHUS, CKJIALBIBAIOTCSA, TOYHO TaK Xe€, KaK 3TO Je-
JlaeTcst st ceTy Xorduna. ‘

TIpoLiefypa HaXOXICHUS B NMaMsATH dJeMeHTa Mogo6Ha COOTBETCTBYIOLLEH
npollenype cetu Xondunga. B crenyrouieM ormucaHuM i ofo3HayaeT OAUH
CJIOil ANIEMEHTOB, a j — acCOLMHPOBAHHBII CI0H 3/IeMEeHTOB.

e YcTaHaBIKMBAIOTCH 3HAY€HMS aKTUBHOCTH 3JIEMEHTOB CJIOSI i B COOTBET-
CTBHUM CO 3HAYCHHUSIMH, 3alaBa€MBIMU BXOAHBIM 06pa3u0M.

» Pacrnipoctpansiercss akTHBHOCTH Ha ciot j. KoMmOGuHMpoBaHHBIA BBOI
aNeMeHTa cNos j paBeH

netj = ZSIWU .
i
e BrruncaseTcs HOBOE COCTOSHUE LIS KaXIOro 3JIEMEHTA oSt _]

e PacrnipocTpaHserca akTMBHOCTb Ha cioil i. KoMbGuHMpoBaHHLIH BBOI
3JIEMEHTa €0 i PaBeH:

neti = Zsjwﬂ .
j

e Briuncisiercss HOBOE COCTOSTHME IS KaXXAOTO 3JIEMEHTa CJIoA i:
s; = f(ner).

e 3DTO ABYCTOPOHHEE PAacnpOCTPaHEHHUE CUTHAIOB aKTHUBHOCTH NOBTOPSA-
ercs IO TeX Top, MOKa He OymeT HOCTUTHYTO YCTOHYMBOE COCTOSIHME.
AKTMBHOCTb IJIf KaXIOrQ CJIOSl OMNpeneNsieTcsl OTHOCUTEIBHO HEKOTO-
poii noporoBoii BEIUYMHBI 0. ‘

1, ecnu net;>8,,
t; = fnet;) = {1;, ecmm netj=9j,

-1, ecau net; <0j ,
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Peweuue 4.4.
L

1, ecnu net; >0;,

5= flnet)) = { s;, ecnn net; =06;,

-1, ecin net; <8;. -1 1 1
1 -1 -1
Bce 1eMEHTBE CETH CHayana UMEIOT HyNeBble 3HaYeHUs akTuBHoCcTH. O6- ‘ TR -1 1 _1
paTuTe BHHMaHME Ha TO, YTO pPACIIPOCTPaHEHWE MOXET HayaThCsl C JII0doro i 1 ]
YPOBHSI, TAK KaK M § MOXET MCIOJIL30BaThCA Wisl BbI30BA t, M, HA060pOT, — t
MOXET UCIIONB30BaThCs IS BLI30BA §. 1 1 , 1
. 1 1 1
Npumep 4.4. 1 -1 -1
1. Ha puc. 4.5 moxasaHbl TpH o6Gpasua (uM3obpaxeHus uudp 1, 2 W=| 1|[-1 -1 0+] 15(-1 1T =11+ L|[-1 1 1]
n3). O Tpu obpasua AOMKHH OBITb cOXpaHEHH - Gumo- y 1 -1 , -1
AspHO¥# ceTbio BAM. AccoumMpyeMBIMH C HMMM obpa3laMu 1 1 1
ABNSIOTCA TPeXGUTOBBIC - ABOMYHBIE. 4YHCIA & (KOHBEPTHPOBaH- -1 1 -1
Hble B OUMoNsApHYIo dopMy). AccolMMpoBaHHble 00pasLbl Npea- i 1 |
cTaBjieHB B Ta6a. 4.2. [Ipeanoxure BecoBble 3HAYEHUS IS : -
3TOil CeTH. - ; -1 1 -1
2. TlokaxuTe, 4YTO KaXjas accOUMaLsi MOXET ObiTh Bbl3BaHa -1 -1 -1
W3 MAMSTH. [ 1] [ 1] [ L]
: " o (-1 3 -I]
+ ++ +
++ + + 1 -3 1
+ +++ ++ 11 -3
+ + + 11 -3
++ 4+ +++ +++ -3 1 1
-3 1 1
Puc. 4.5. Kaxgas undpa uzobpaxera Ha cetke 5 x 3. llpoben xo- 1 =3 1
Amnpyercs 3HavenneM ~1, a 3xak '+’ — 3navermem +1. Linppui
NPEACTABAIOTCA NMHEIHBM MaCCHBOM  3HA4EHWH, - TONyaeMbiM w=|-3 1 1
npy ZBUKEHNA IO CETKE CBEPXY BHH3 M CNEBa Hanpaso A _ 1 -3 1
‘ -3 1 1
* Tabnuua 4.2. Undpwi {1,2,3), accouynnposaninbie ¢ 6unonsipHbiMu o6pa3iamu 1-1 3 -1
O6pasey k AccounmpoBanHbiii 06pasey ‘ _i ::: -1
: - -1
1 -1 111
2 -11 -1 ) . -3 1 1
3 -111 ‘ 2. CHayana B KayecTBé BXONHOro paccMOTpUM obpa3el], TpencTas-

oLl oundposaHHOe H300paxeHue LUUdpsl “27:
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KOMGI/IHI/IpOBaHHbII/I BBOJ IS CIIOSt _] ,
 —[1 -1 11 i 1-—1‘ 1L-1 1.1 11 -1 1]

-1 3 -1
1.-3 1
1 1 -3
11 -3
311
=311
1 -3 1
x(-3 1 1
13 1
311
-1 3 -1
-1 371
103 -1
111
L= o1

=[=21 27 -9].
C y4ETOM noporosoro 3HAYEHUS nonxy4yaeM [—1 1 -1], ln'o U 6y)1e'r
accouvmpyebeM 06pastioM.
06pa3cu -1 1 =1] MOXHO PICI'IOIlb3OBaTb B KayecTse onm{oro
Komﬁuﬂuponaﬂﬂbm BBOJ JUISL CJIOA j

=1 3 = [ sT

1-3 1} -5

11 -3 3

11 -3 3

-3 11 3

-3 1 1 3|

=11~ 11 -3 1| =|-5
x(-3 1 1 3

1 -3 1 -5

=311 3

-1 3 -l 5

-1 3 -l 5

-1 3 -1 5

0 D WS IR 8

-3 1 1] | 3]
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OpUrnHaIbHBLH coome‘rchylol.unu H306pa)KCHPHO obpaseL; Bocco3-
JaeTest Mociie NMpPOXOXKACHUS rxonyquHoro BEKTOpa uepes d)}'HKUM!O
AKTHBHOCTH.

Ecny mpouecc [OBTOPUTb ISt IPYFMX BEKTOPOB, GyZeT BUIHO, 4TO
BBI3BIBAIOTCA BCE acCOLMALUU.

4.4. ABTOacCCOLMaTMBHOE 0GpaTHOE |
pacnpocTpaHeHue owmnook

CraHpapTHast ceTb C TIpPSIMOIl CBSI3BI0 M OOpaTHBIM paclpocTpaHeHUeM
olIKMbOoK, paccMOTpeHHas B IJiaBe 2, MOXET GbITh 0OyYeHa aBTOACCOLIMATHB-
HBIM METOZOM BBINTOJHEHMIO 3aJay THIIA CXKATHS U300paxeHHH. DTOT MeTox
JaeT BO3MOXHOCTb CHEJIaTh LieJIeBOM obpasell TaKUM Xe, KaK W y4yeOHbIH 06-
pasell, TaK YTO CeTb YYUTCS BOCMPOU3BOAUTH B BBIXOAHOM CJIOE TO, 4TO Iola-
eTcsa el Ha pacCMOTpeHMe BO BXOJHOM cloe. ba3oBast apxMTeKTypa CETM INoKa-
3aHa Ha pMc. 4.6. Cerb o0y4aercss CTaHIApTHBIM 00pa3oM, HO LeNBl0 0byye-
HUA SABIFETCS acCOLMaLMs Kaxaoro yyebHoro: obpasua ¢ caMuM coboii.
[Mocne yenemiHoro okoHYaHUsl o6y4eHUst ceTh MOXeT paboTaTh Kak JBa Mexa-
HM3Ma: MepBbIi CIoil BecOB MOXeT obecrneynBaTh cxatue obpa3lia, a BTOpOM
CJIOii BECOB MOXET BOCCTAHABWBATh IMOJHbLIA oBpasell U3 €ro cXaToro nped-
craBieHUst. KOHeuHo, B pe3yabTaTe PEKOHCTPYKLUMH MOTYT ObITh M IIOTEpH

_MH$OpMaLIHH, MOCKOIbKY ceTh He OyaeT B COBEPLUCHCTBE CO3daBaTb Ha Bbl-

XONHOM YpOBHe Bce yueGHble 3K3eMIisiphl. O6pasen cXkuMaeTcs mocsie €ro
ToJa4yy Ha BXOA CETH M PaclpOCTPAHEHMS] CUTHAIOB, IO KOTOPbIM BBIYMC/ISIOT-
€Sl 3HAYEHUS aKTUBHOCTU CKPBITBIX 2JIEMEHTOB. ISl CETH ¢ apXHUTeKTypoil TMna

{ )

BbixoaHoiA

OpyHakoBoe Yueno MaHbLLee YACNO 31EMEHTOB,
ANeMEHTOB B CNOKX [ ] B8 CPaBHeHWA C ADYTUMU CNOSMK

CKpbiTbiA

BxonHoit

Puc. 4.6. ABroaccoumarusHas ceTb C NPAMON CBA3bIO
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20-10-20 (20 BxomHBIX 3MeMeHTOB, 10 CKme,IX 3JIEMEHTOB M 20 BBIXOMHBIX
3/IEMEHTOB) OTHOLIEHUEM cxaTst 6yaer 2-1, MOCKONBKY UIS JAHHOTO BXdﬂ-
HOTO BEKTOpa CXAaThlif BEKTOp 3ajaeTcsl 3HaYeHUSIMH aKTMBHOCTH CKPBITHIX
ameMeHTOB. UTo6Bl BOCCTAHOBUTH BXOIHOHM BEKTOp, CXKAThlii BEKTOP NpeabIB-
JISETCSL CKPHITOMY CJIOIO, ¥ aKTHBHOCTD PACMPOCTPAHAECTCH HA BBIXOIHOMN CIOIA.

HHorma mMoxer oKa3arbcs BHIrogHbIM 00paboTaTh faHHBIC C TIOMOUILIO aB-
TOACCOLMATUBHON CETH MEPel TeM, KK PACCMOTPETb MX € MOMOLUbIO APYroi
ceTeBOl Moze/M (M Jaxe Iiepell TeM, KaK BBHINOAHUTh MX KiIacCH(PMKAIMIO

¢ MOMOILBIO IPYTOit CeTH ¢ MpsAMOit cBsi3b10). M3BecTHO, HaNpUMep, YTO aBTo-
" ACCOIMATHUBHAS CETh C TPAMOIl CBSI3bIO, MMEIOMIAS OIMH CKDBITBIA CJOMH, Bbi-
YUCASET MO CYTM IIaBHbIE KOMIIOHEHTHI. AHAJU3 IJIABHBIX KOMIIOHCHT ABJS-
€TCS OCHOBHBIM METONOM CTATHCTHYECKOH oBpaboTKM JaHHBIX M MCHOJNb3YET-
ci JUIA° TOro, MTOOBE YO&IMTh H3OBITOYHOCTD HAHHBIX U - TIPOBECTH
- KIacTepM3aLMIo. B pesyibTaTe aHaqM3a [MIaBHBIX KOMIIOHEHT HPOMCXOOMT
TaKKe JEKOppEeNsiysl MPU3HAKOB BEKTOPOB (NIpM3HAKM XapaKTEPHU3YIOT MOJo-
KEHHE NIEMEHTOB), YTO MHOINA OKa3bIBAaeTCH MOJIE3HbIM NPH OOYUEHHH ApY-
roii ceTH ¢ NpsMoit cBsa3pio. Mnes 3akmodaercss B npeobpa3oBaHUU y4eGHBIX
NAHHEIX ‘B HEKOTOPOE COKPpAIlEHHOE ONMUCAHHE, TIe KOMITOHEHTaMH TaKoro
COKpAILEHHOTO ONMCAHHsL BHICTYTIAIOT CKPITHIE SIEMEHTBI.

AHaNM3 [IaBHHIX KOMIIOHEHT MOXHO HMCIO/Ib30BATh Aisl BBITIONHEHHUS CXa-
THST ¢ noTepsiMu. HanpuMep, Ha puc. 4.7 mokaszaHa HEKOTOPasg COBOKYITHOCTb
JBYMEPHBIX IaHHBIX. Yepe3 aTy COBOKYMHOCTh NaHHBIX MPOBENEHA HOBas Tapa
oceil, HepeceKalolMXcs MOA NPAMBIM YIIoM.. ToUuKy AaHHBIX TeTepb MOTYT
GBITH BHIPaXXCHB! B KOOPIMHATAaX 3TUX HOBBIX “INAaBHBIX oceit”. Bonmee. miuH-
Hasi ocb YKa3biBaeT HampapicHUe Haubonbuiero pasbpoca WAM IUCIIEPCHUA

_nauublx, .Eciu nucrepcHs B HanpapleHuM Gonee IUIMHHOW [JIaBHOM OCH co-
craBnger 85% pasbpoca HaHHEBIX, a B HanpasjieHUM Bropoil ocu — 15%, TO
85% nucriepcuM JaHHBIX COXPAHUTCS, JaXe e€CJIM BTOPYIO TNaBHYIO KOOpAWHa-
Ty M3 PacCMOTPEHHS MCKMOYHUTD. JIpyTHMMHM CJIOBaMM, €C/IM JaHHBIC OMUCATh
TOJBKO B TePMMHAX HAauGOJNBIIEro IfTaBHOTO KOMIIOHEHTa, TO B OCHOBHOM WH-
cdopMalMs 0 JaHHBIX COXPAHUTCSH, HO HEKOTOpasl e 4acTh Bce ke Byaer mote-
pana. MiHoroa B JaHHBIX MPUCYTCTBYET HEKOTOPas M3OBLITOYHOCTb, KaK IMOKa-
3aHO Ha puc. 4.8. TOYKM JaHHBIX Pa3MELUAIOTCS Ha NMpAMOH x, = x;. Jliobas
TOYKa JaHHBIX MOXET ObITh BHIOpDaHa B KaUeCTBe €IMHCTBEHHOM “IJiaBHON KO-
opauHaThl” 6e3 Kakoil Ol To HU GbUTo MoTepu MHdopmanuu. Moatomy ecnu
JaHHblE BHIPA3HTh YEpPe3 TAKyl0 [IABHYIO KOOPAMHATY, TO KaXHbli obpasey
GymeT ONMMcaH OOHUM YMCIOM BMecto aByX. Ha mepBeiii B3risx, TO, YTO 06-
pasLBl MOTYT OBITH OfMCAHKI - OXHOI  KOOPAMHATO! BMECTO MBYX (HO TONbKO
B cllyuae, Korja HMeeTcs M3OBITOYHOCTb, He 3abpiBaiiTe!), MOXET MoKa3aThCs
crpaHHbIM. O3HaKoMbTeCh Torma ¢ -Tabi. 4.3, B KoTopo#l Habop IByMEPHBIX
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TOoYyeK OIMUCHIBACTCHA C NMOMOILUBIO NPCACTaBICHUA UX 3HAYCHUEM 0)1H0171 Koop- '
nuHatel. TpaHcdopManns KByMEpHBIX 06pa3LioB B OIHOMEPHBIE IIPOMCXOAUT
cJICAYIOILUM 00pa3oM: ‘
1 1
2
1

=[1.414 4.243 5.657 11.314].

V2 :

o0 W
o0 W =

Tabnuua 4.3. Npumepsl NIPeACTABNCHHS TOYEK NPAMON Xz = X; IHAYEHUAMM OJHON

'KOOpAHHaTBI
x1 ‘ x2 OBHo 3HaeHue KoopavHaTLI
1 1 1414
3 3 4243
4 4 5.657
8 8 11.314

O6paTHoe oToOpaxeHHe Wist 1.414 3agaeTcsd C NMOMOUIBIO CJIEAYIOLLETo

BbIPaXECHMUS.
[1414][ :|=[l 1].
V2 2
To4HO Tak e MOTYT ObITb BOCCTAHOBIEHbI H APYre KOOPAMHATLI.

X,

Bropas rnaeHas 0cb

[MepBast rnagHas ocb

X

Puc. 4.7. AHanu3 rnasHbiX KOMIOHEHT MOXET UC-
roNb30BaTeCa AN NPEACTaBACHUA  [AHHBIX
C MOMOLLBIO HOBOIO Habopa KOOPAMHATHBIX OCEH
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Puc. 4.8. 31a npamas COCTOMT 3 TOYeEX, ONK-
CbIBaEMbIX ABYMS KOODAMHATHLIMIA 3HAYCHUSMY,
HO MoXer ObiTb npegcTasneHa M ¢ NoMOWbIo
0/1HOI KOOpAMHaTH! (T.e. B O4HOMEPHOM BUgE)

Bonee BBICOKOTO ITOKa3aTe/ist CKaTust MOXHO MHOrIa AOCTHYH C NMOMOLUBIO

IOTIONHUTENBHBIX CKPBITHIX coeB. Hampumep, ceTh ¢ apxutekTypoit 40-20-8-

20-

40 mMoxeT obecneyuTh oTHOWEHUE cxaTus 40 K 8, ecnu, KOHEUHO, ¢¢ 0by-

yeHUE NMPOMIET yCneUHo.

4.
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5. Pe3iome ’

AccolHaTHBHAas CeTh AEHUCTBYET NOAOOHO MaMSATH.

e ABToaccollMaLMs CBs3biBaeT obpa3el ¢ HUM caMuM. Hanpumep, aBro-
aCCOLIMATMBHAS NaMATh MOXET MCIIOJIb30BaThes M TOTO, YTOBB! BOC-
CTAHOBUTb UCTHHHYIO BEPCUIO COXpaHEHHOro. obpasla 1o WcKaxkeHHON
BepCUHU 3TOro obpasuia.

¢ TeTepoaccounanus npeacTaBiseT cofoi cBs3blBaHUE IBYX pasHbIX 06-
pasuoB. OAMH o6pa3ell MOXET WCIOb30BaThCsl B KaYeCTBE TOACKA3KH,
10 KOTOPO# M3 MaMATH U3BNEKAETCS Apyro¥ obpasew.

¢ Korza aBToaccounaTHBHOe 0GYYeHHE NPOUCXOIUT MIYTEM TPOMYCKAHUSA
CHUTHANOB Yepe3 Y3KMil KaHaJl THMa CKPBITOro €0 aBTOacCOLMaTHB-
HOJ CeTH C TpPSAMOIl CBSI3BIO, TIPOMCXOAUT B HEKOTOPOM CMBIC/IE CXa-
TUe JaHHBIX. CXaThe MOXET oKa3aThcH ToJiesHoit ¢opMoit npeasapu-
TeJIbHOM 006paGoOTKY AaHHBIX Mepea UCMONb30BaHUEM HUX INA obyuyeHUst
CETH ¢ IPYroit apXUTeKTypoil.

nasa 4. Accoumaums 06pasLios

o Cerb Xorduana MOXET HCIONB30BAThCA IS aBTOACCOLMALIMM, a ABY-
HATIpaBJIEHHas acCOLIMaTUBHAs MaMATh — IS IeTepoaccoLtialyy.

e Becosble 3HaYeHHUs OTUCKpeTHOU ceTd Xonduiga M ABYHAIIpaBJIeHHOA
ACCOLIMATMBHOM NaMSATH MOIYT OBITh HaleHBI ¢ TIOMOLUBIO MPOCTBIX
MaTpHAYHBIX BBIMHUCIEHHI, TIO3TOMY TaKHe CETH He TpeOyIOT ANuTen-
HOro obyuyeHUs.

e OT yncla 3JEMEHTOB B ACCOLIMATUBHOM CETH 3aBUCUT YMCIO 06pa3lLos,
KOTOpble MOTYT ObITb COXPaHEHHI.

4.6. [lononHurensbHas nuTepatypa

IMonpobHoe obcyxneHue cetd Xonbdunga U aBTOACCOUUATUBHOM CETH
¢ obpaTHBIM paclpocTpaHeHHeM ownbox nMeercs B kHure [Haykin, 1994].

4.7. YnpaxHexus

1. Omnpexpenute BecoBble 3HayeHUst ceT Xordunsa, COOTBETCTBYIOLIHME CO-
XpaHeHMIo obpasua [1 1 1 -1].

2. Jnsa ceTM M3 ynpaXxHeHUA 1 pacCMOTpUTE NMOACKA3Ky B BHAE BXOAHOIO

obpasua [1 11 ~1] 1 npoBepbTe, cTabUIU3UpPYETCS JIM CETh Ha COXpaHeH-
HOM ofpa3ue.

3. TloBTOpHTE BHIMMCIEHMS ynpaxHeHus 2 g obpasua [-1-11-1].

4. Ckonbko 06pa3lioB MOXHO BbI3BaTh M3 ceTd Xondunaa, eciu Kaxiblii co-
XpaHeHHbll BekTop nmeeT 10 snemeHTOR?

5. (a) OnpexmennTe BecoBble 3HauUeHUs ceTd Xonduiia LS COXpaHeHUs cle-
JyPolIuX o0pa3uoB.
=1 1 -1 =11 =1 =1 -1],
-1 -1 1 -1 -1 -1 1 -1].
(6) I[MpoBepbTe YCTOMYMBOCTH CETH NMPH NPEAOCTaBICHUU el Ha BXOI B Ka-
4ecTBe MOACKa30K COXPaHEHHBIX 06pas3loB.
(8) IIpoBepbTe ycTOMYMBOCTD CETH NpPH INpeIOCTaBIeHNU €l Ha BXOX B Ka-
4eCTBe INO0JCKa30K CleAyolnX o6pa3LioB:
11 -1 -1 1 -1 -11],
-1 11 =11 -1 —1 -1].
6. Ornpesenute BecoBble 3HaueHUs cetd Xondunaa Ansg COXpaHeHUs cClie-
Jylolux obpa3uoB: . .
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1 1 =1 =1 1 -1 =1 -1,

-1 =1 1 =1 =1 -1 1 -1],

[t -1-11-11-1-1].
Hponepre YCTOﬂ‘{HBOCTB CCTHU TIpHU HpClIOCTaBIICHPIPl en Ha BXOJ B KayecT-
BE MOACKA3KH NIEPBOro COXpaHCHHOTO o6pa3ua.

7. Ompenenure cetb. BAM s npumepa 4.4, HO B KauecTBe acCOLMMPOBaH-
{ HbIX 00pa3LoB Ui H300pakeHUH LMdp BO3BMUTE CIIEAYIOLIKE BEKTOPHI.

Qbpasey AccoumuposarHsiii o6pasely

1 -1 1
2 1 -1
3 . 11

CpaBHUTE IOJydeHHBbIE DPE3yNbTaThl C pe3yabTaTaMU, MPEICTaBJICHHBIMH
B OIMMMCAHUM NpUMepa 4.4.
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[nasa 5 | o

PekyppeHTHbie ceru

3anaua. Omncanye ceTeil ¢ PEKYPPEHTHBIMHU CBA3AMM.

Hemn. - Bbl HO/XKHB! HOHSTD:

JUISL 4ero rpeaHa3sHaueHbl PEKYPPEHTHBIE CETH K B YEM 3aKiIio-
4aloTCA WX MPEeUMYLLECTBa 10 CPABHEHUIO C IPYTUMH CETSIMU
TIpY’ pellieHU U 3aa4 onpeleleHHOro THIa;

KaK A1 KOHKPETHOM 33124y NMOCTPOMTh CETh, HE SIB/ISIOLLYIOCS
peKYPPEHTHOM, HO IKBUBAJIIEHTHYIO PEKYPPEHTHOIA 11O Mojyyae-
. MBIM Ha BbIXOlIe pe3yJbTaTaM; ,

Kak MoaM(HULMPOBaTh allrOPUTM 06paTHOrO pacrpocTpaHeHUs
oMBOK IS ero peajM3alMu B MPOCTOH PeKYPPEHTHOI ceTH.

TpeGoBanus. 3HaKOMCTBO c MaTepHasioM rias 1 u 2.

5.1. Beeaenue

B a3Toli rMaBe maeTcst KpaTKuit 0030p HEKOTOPBIX CTPYKTYpP, NpeaHa3HayeH-
HbIX W11 06paGorku nocacaoBateabHocteil. [locaedosamensiocms — 3TO LEMOY-
Ka o6pa3LOB, MMEIOLLNX OTHOLUEHHE K OAHOMY M ToMy Xe obbekry. Hanpumep,
TIOCJ/IENOBATEILHOCTL MOXET COCTOSTh M3 OykB, oOpasyloliuxX cl0BO, WIM M3
cnos, obpasyiouux npeaioxeHne. MMersb 1eno ¢ nocnenoBaTe/IbHOCTAMHU He Tak
yX NpOCTO, MOCKOJABKY OHM MOTYT MMEThb Pa3Hylo WiMHy. Hanpumep, uucno
BXOASIUMX B NPEIOXKEHHE CIOB MOXET MEHATHCS B JJOBONLHO IHHPOKUX TIpele-
jax. Ecan yyeGHBIM 06pasuaMm No3BOJUTL UMETh Jl060e YMCIO 3JEMEHTOB, TO
CKOJILKO TOra JO/DKHO GbITh BXOAHBIX 3JieMeHTOB B ceTH? OnHMM U3 crniocoboB
06paboTKH NpeUIoXeHUl ¢ noMolubio GHUKCHPOBAHHOTO YMCIA BXOMHBIX -
MEHTOB SIBASETCS MCMONb30BAHUE CKOJB3ALUEIO OKHA, KaK II0Ka3aHO Ha
puc. 5.1. HemocrarkoM 3Toro mnoaxofa SIBIFeTcs TO, YTO MOCHENOBATE/ILHOCTh
HeoOXOAUMO AENIMTh HA CEIMEHTHI, B Pe3y/bTaTe Yero 3aBUCUMOCTh MeXIy Ha-
XOOALIMMMCS JaneKo APYyr OT Jpyra clioBaMu Tepsiercsi. Utobbl cpasy obpabaTbi-
BaThb BCe NpeioXeHHe, noTpeGyercst HepOHHas ceTh C apXUTEKTYpoH, dormyc-

. Karolei o6paboTKy caMoro UIMHHOTO M3 OXHMAAEMBIX MpeaioXeHuH. ta npo-

61eMa peluaeTcs [MyTeEM UCIMOB30BAHUS CETH € PEKYPPEHTHBIMU CBA3SMH.
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! ‘ 9 Bonbtuan
bonsuiasn cobaxa
cobaka N Haiuna Bpems
Hawna Gonoiuyio
Bonbiuyi0 ; ' rocs v

Puc. 5.1. lpeanoxenne ‘Bonbwas cobaka Hawna 60nbLyiO
KocTs" nojaercs Ha Bxog cetu. BxogHoit cnoii cetv nmeer gsa
nons anemeHToB, 4ToBbl paccmarTpuBaTh B Kaxgblii MOMEHT
BpemeHn Aga cnosa. o Toro KkaKk cet BCTPETUTCA nocnefHee
cnos “xocTb”, elf npugerca 4eTsipe pasa obpaborats no asa
Ccl0Ba (TeKywjee nnioc npenbiayuee) ‘

I

5.2. 06paTHOe pacnpocTpaHeHue BO BpeMeHM

CeTb ¢ 06paTHBIM pacnpocTpaHEHHEM OIIMOOK, ONMCcaHHas B IJaBe 2, SB-
JIAETCS CETBIO C IPSAMOM CBA3BIO, YTO O3HAYAET OrpaHUYEHWE HarpaBJICHUS
cBA3€ii: BCe CBA3W JOKHbBI UATH B OJHOM HamlpaBl€eHUM — OT BXOAHOTO cjofl
K BbIxogHOoMYy. Ho ceTb ¢ 0BGpaTHBIM pacrpocTpaHeHHeM OWMGOK He o6s3a-
TEJIbHO NOJDKHA OBITh CeThK® C TNPAMONH CBA3BIO, OHAa MOXET HMETh
1 pPEKYPPEHTHBIE CBSI3M, KOTJA 3NIEMEHT ITOCHLIAET CUTHATBI cebe MaM IPYrMM
3JIeMEHTaM TOro Xe cnosg wM Horee HU3KUX cloeB. MakTUyecKH AOMycTH-
MEBIM ‘sIBNIgeTCs JI000i1 BapuaHT obpartHolt cBsg3u. OBpaTHYIO CBS3b, 3ajaBac-
MYIO PEKYPPEHTHBIMM CBSI3SIMH, He CJIefyeT NyTaTh ¢ OOpaTHOM CBSA3BIO OLUM-
00K IpH KOpPpeKTUpoBKe BecoB. OOpaTHas ¢BA3b OLIMOOK SBASETCH YacTbio
NpoleAYPbl KOPPEKTUPOBKH BECOB, TOrAa KaK PeKyppeHTHasi CBA3b TNojaeT o6-
pPaTHO 3HadyeHHE aKTMBHOCTHM, KOTOpoe OyIeT BIUATH Ha BBIXOL CETH B Teye-
HME CeIyIoIMX UTepalui. ‘

AJITOpUTM paboThl PeKyppeHTHOM ceTU ¢ OOpaTHBLIM pPacrpocTpaHEHUEM
OLIMOOK IpencTaBisieT cobol HEMOCPEACTBEHHYIO MOAMMUKALMIO COOTBETCT-
BYIOLLIEI0 AJTOPUTMa PaboThl CETH C TpAMOM CBA3bIO. BTa MoanbHUKalUsa
ONUpAeTCAd Ha YTBepXIEHHUE, YTO LA 1000 peKyppeHTHOI CETH CyLIeCTBYET
ceTh ¢ TIPSIMOI CBA3BIO, UMEIOHIAS WACHTUYHOE nmoBeacHue. Ha puc. 5:2 noka-

128 | [naBsa 5. PexyppeHTHble ceTv

3aHa CETh CO CBS35SMU, I10 KOTOPBIM CHTHAMBI BO3BPAILAIOTCS ‘'OOpPaTHO OT BhI-
XOIHOIO CJIOF K BXOJXHOMY, a pHC. 5.3 WITIOCTpUpPYeT paboTy 3TOI CeTH B Te-
YeHHe ABYX lIaroB Bo BpeMeHu. O6paTuTe BHMMaH{E Ha TO, YTO JOMOJNHU-
TeJIbHbIE CJIOU C HallpaBJeHHBIMHU Bliepell B3BCIICHHBIMU CBSI3SIMU TyOIMpPYIOT
Ha@paBleHHBIE BIlEped CBSI3U PEKYypPPEeHTHOTO BapuaHTa ceTH, Jpyrumu cio-
BaMU, 4YTOOBI MMUTHMPOBaTh PEKYPPEHTHYIO CeTb, OHa AybOiupyetcs LTS ABYX
1aroB BBHITOJIHEHUST BO BPEMEHU.

Puc. 5.2. PexyppenTHas ceTb ¢ 06paTHeIM PacnpoCTpaHeHueM ownbok

B xozne o6GyueHUs Ha BXod ceTH nojaetcst obpa3sell M BhINOJHSETCS NpAMOit
npoxod. Jnsg xaxmoro wara BpeMEHM paccMaTpUBAeTCsl CBOS KOMUSA CETH
M JUIS KaXAO0ro Iliara BpeMEHM BbIYMCISIIOTCS OLIMOKM TOYHO TaK Xe, Kak
B CTaHIApTHOI ceTH ¢ oBpaTHbIM pacripocTpaHeHHeM ownbok. Mamenenus
BECOBbIX 3HAUYEHMWil, BBIYMCIACHHbBIE JUIS KaXIOro 3K3eMILIsSpa CeTH, nepel
KOPPEKTHPOBKOi cymmupyrotes. Habopb! BecoBbIX 3HAUCHHMH BCEX 3K3EMIUIA-
POB CeTU (MJIM UIAroB BPeMEHU) AOMKHbB! OCTABaTbCH OAWHAKOBBIMM.

B [Rumelhart et al., 1986a] npencraBneH psi IKCNEPUMEHTOB € PEKYp-
PEHTHBIMU CBA3AMU. B 0IHOM M3 3THX 3KCIIEPUMEHTOB MPOUCXOAUT 0OYyYEHUE
CeTH BBINOJIHEHWIO 3alayd JAOMNONHeHUd nochenoBaTenbHocTH. [locnenosa-
TENBbHOCTh COCTOUT M3 LECTH CUMBOJIOB, NPUYEM TEPBbie ABa CUMBOMA JOJXK-
Hbl GbITh OykBaMM, BbIOMpaeMbiMM U3 MHOXecTBa (A, B, C, D, E}, a octanb-
Hble — LIEJbIMM YUCIaMK, BHIOMpaeMbIMM U3 MHOXecTBa {1, 2, 3}. IlepBbie aBe
OYKBbI OIpeEJENiIoT OCTaBIIYIOCS YacTb nocneaoBaTeabHocTU. Hanpumep, ec-
nn “A” onpeaenser nocjienoBarenbHocTh “12”, a “C” — nocienoBaTeNbHOCTh
“13”, To BCS MOC/IENOBATENLHOCTb, HaYu Harwllasgca OykBamu “AC”, nomxHa
uMeTb BUL “AC1213”, a Bcs nociefo-BaTeIbHOCTb, HaYMHaloulasicss 6ykBaMu
“AA”, — Bna “AAI212”.
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Puc. 5.3. PaasepHyTast BepcHs CeTy, NoKa3aHHo Ha pyc. 5.2

CeTb cofiepXaja MsITh BXOJHBIX 371eMEHTOB (10 ONHOMY Ha Kaxaywlo 6yk-
BY), TPM BBIXORHBIX 3JleMeHTa (MO ONHOMY Ha Kaxaylo uudpy) u 30 cKpbITBIX
3neMeHTOB.. Bece cKpbiThle 3/ieMeHTbl ObLIM CBS3aHBI CaMK € coboil U BcEMM
OCTANBHBIMU CKPBITBIMM 3JIEMEHTAMH, U BCE BBIXOIHbBIE €MEHThI ObUIH CBSA-
3aHBI caMU ¢ coboif M BCEMM OCTAILHBLIMU BBLIXOAHBIMU 3ieMeHTamH. O6yue-
HUE OCYLUECTBIISUIOCH B PE3YNLTATE BHITIONHEHUS CAEAYIOUIMX LIATOB.

Hlar 1.Jnst BXOZHOIO 3/IeMEHT4, COOTBETCTBYIOLLEro nepBoii Oykse, ycTaHaB-
JNIUBaeTcs 3HauYeHME aKTUBHOCTM, paBHOe |, a Bce OCTajibHbI€ BXONHbBIE
3JIEMEHTBI TIEPEBOASTCS B BHIKJIIOYEHHOE COCTOSIHHUE.

Llar 2.l BXOAHOTO 3/1eMEHTa, COOTBETCTBYIOIEro BTOpoii GyxBe, ycraHas-
JIMBAeTCH 3HaYeHWe aKTUBHOCTH, paBHOe 1, a Bce ocTajlbHbl€ BXOJHbIE
3IEMEHTHI NMEPEBOMATCH B BHIKIIIOYEHHOE COCTOSIHHE.

Bce BXoaHbIC 3JIEMEHTHI MEPEBOAATCS B BHIKJIIOUEHHOE COCTOSTHHE.

130 nasa 5. PexyppeHTHbie CeT!

IHar 3. B kauecTBe 11eJ1€BOro BBIXOAHOIO 3HAYEHUS PaccMaTpUBAeTCAd TPETUH
CHMBOJI (T.€. MEPBOE YUCIO).

[IIar 4. B KayecTBe 1I€J1€BOr0 BBIXOJHOIO 3HAYEHUS PacCMaTPUBAcTCsA UETBEP-
TBHII CUMBOJI (T.€. BTOPOE YHCIO).

[ar 5. B kauyecTBe UE/EBOr0 BBIXOAHOTO 3HAYECHUSI PacCMaTpHUBAETCS IATHINMA
CUMBOJ (T.€. TPEThE YUCIO).

Hlar 6. B xayecTBe LI€JIEBOT0 BBHIXOAHOIO 3HAYEHHUS PAacCMATPHBACTCS LUECTOM
CHMBON (T.€. YETBEPTOE YUCIIO).

Bce CKpbITble M BBIXOAHBIC 3JIEMEHTHI B Hadajle Moyyald 3HAYe€HUS aKTUBHO-
ctu, pasnbie 0.2. Cerb obyyaace Ha 20 nociefoBaTeNbHOCTAX. 3aTeM Ha TISITH
TecTOBbIX MPUMepax GbUIO MPOIEMOHCTPUPOBAHO, YTO CETh ACHCTBUTEIBHO MOIJIA
3aBepLINTb TIOCTEN0BATENIBHOCTH M0 3aJaHHBIM JBYM IMepBbiM cMMBoniaM. [pyroi
3KCIIEPUMEHT JEMOHCTPUPORA, YTO MOCNEJOBATEABHOCTH YCMEUIHO MOMIW ObITh
DOTMOMHEHB! JaXe B CJIyyasiX, KOFa MMEJY MECTO 3adepXKH TNMPU MpeabaBIeHUU
ceTH NepBoii U BTopoit 6ykB (Hanpumep, “C, 3adepxcka, A, 3adepycka, 13127).

Npumep 5.1.

PaccMaTpuBaeTcsl MOJMHOCBSI3HAsA CeTh C MPSMOI CBA3bIO W apXUTEKTYPO#
3-2-2, uMeloLlas peKyppeHTHbIE CBSI3U: KaXAbIA CKPBITHIA 3JIEMEHT CBA3aH
¢ caMHUM coBoil ¥ co BCeMU APYTMMM CKDBLITBIMH 3JIEMEHTaMK, U KaXIbIi
BLIXOAHOM 3JIEMEHT CBA3aH C caMHUM coboif U co BCeMM APYTMMU BBIXOI-
HbIMU 37eMeHTaMu. U300pa3ute cxeMy Takoi ceTM U cCXeMy 3KBUBAIECHT-
HOi eit ceTH 6e3 peKYPPEeHTHbIX CBs3eil Ul OZHOrO lara BpeMeHu. OouH
liar BpeMeHd B JAaHHOM TpUMepe O3HayaetT oO6paboTky BxoaHoro obpasiia
IBYMSI CKDbITBIMH 3JIEMEHTAMHU U ABYMSI BBIXOAHBIMH 3JIEMEHTAMM.

Pewenue 5.1.

CoOTBETCTBYIOLLUE CXEMbl TMOKa3aHbl Ha pHc. 5.4 n 5.5.

Mozenn HeMpOHHBLIX CeTel, He UMEIOLLME OTPaHUYCHHUI Ha YUCIO W TUMN pe-
KYPPEHTHBIX CBfi3ei, MOTYT MNP MEPBOM PacCMOTPEHHM TOKA3aThCsl CMLIKOM
cnoxHeiMU. CeTb, 00CyXIaeMast B CleXyIOUIeM pasfeie, Jierde A NMOHUMaHug,
TIOCKOJTbKY OKA3bIBAeTCA NMPOCToil MoauGUKalLMel cTaHOapTHON ceTU ¢ 0OpaTHbIM
pacrpocTpaHeHHeM OLIMOOK. DTa ceTh, HasbiBaeMasi MPOCTOI PEKYPPEHTHOR ce-
TblO, HECMOTPSA Ha €€ NPUMHTUBHYIO apXUTEKTYPY, UCTTIONB3YETCA OYEHb LUIMPOKO.

Monenn HelipoHHBIX ceTeit, He MMEIOLLME OrpaHM4YeHU Ha YHUCIIO U T pe-
KYPPEHTHDBIX CBSI3€H, MOrYT TPU TNEPBOM PACCMOTPEHMH [10Ka3aThCA CIMILIKOM
cnoxHbiMi. CeTb, 0bcyXaaeMasi B CNEyIOLIEM pa3jene, Jerdye A NMOHUMAaHuS,
TMOCKOJbKY OKa3BIBAETCs NPOCTOi MoaudMKalMelt CTaHAAPTHOM! ceTH ¢ 0OpaTHBIM
pacnipocTpaHeHeM OMIMGOK. 3Ta ceTh, Ha3biBaeMasl MPOCTOH PEKYPPEHTHOM ce-
TbIO, HECMOTPSI Ha €€ MPUMMUTUBHYIO apXHTEKTYPY, UCITONBL3YETCA O4€Hb 1UMPOKO.

O6paTHoe pacnpoCTPaHEHNE BO BPEMEHM 131
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@ CKpbIThIi AneMeHT

@ BuIX0AHON 3NeMENT

Puc. 5.5. MepeyepxHyTuie CBA3M COOTBETCTBYIOT PEKYPPEHTHLIM CBA3AM
Ha puc. 5.4. CootseTcrayioume aa Habopa BECOBLIX 3HA4EHNN CBAIEH
MeXay NeMeHTaMu CKDITOrO i BLIXOAHOTO CA0EB OANHAKOBE!

[naBa 5. PeKyppeHTHbIE CETH

5.3. MpocTast peKyppeHTHas CeTb

B cBoeMm poxiage [Jordan, 1989] JIxopaaH mpexctaBwil ofHy U3 Hambosee
paHHUX (opM pexyppeHTHO cetn. Cerb [IkopoaHa KMMeeT CBSI3M, WIylilke
06paTHO OT BHLIXOTHOTO K BXOXHOMY CJIOIO, M HEKOTOPBIE 3JIEMEHTHI BXOAHOTO
€101 UMEIOT CBSA3M, BO3BpAlLlalOLIHecT o6paTHO K 3TUM 3JieMEHTaM. ApXUTeK-
Typa ceTH nokasaHa Ha puc. 5.6. Cetb Croco6Ha OGYYUTHCS BHIMOJHEHMIO 3a-
Jay, 3aBUCSKIIMX OT IOCJEN0BATEILHOCTH cocTosIHUI. Takasi ceTb MOXET GObITh
o6yyeHa ¢ IOMOLUBIO AJIFOPUTMa OBPATHOTO PacrpocTpaHEHUS OLIMGOK.
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Puc. 5.6. Cerp [Ixopaana

N3-3a pekyppeHTHbIX cBsA3el B ceTh JIxopnaHa rioBeaeHHe ceTH GopMHUpyeTcs
BBEACHHBIMM paHee BXOOHbIMU JaHHBIMU. CeTb 0b/azaeT HEKOTOPBIMU CBOMCTBA-
MU KpaTKOCpO4YHOM naMsiTi. Eule omHON o4yeHb MOMYNAPHOMA peKyppeHTHOH ce-
THIO C MNMOACGHBLIMM CBOICTBAMM KPAaTKOCPOYHOI NaMATH SBNSAETCS TaK Ha3bliBae-
Mast npocmas pexyppenmuas cems (cetb SRN — Simple Recurrent Network).

B [Elman, 1990] 6b110 npoaeMoHcTpupoBaHo, yTo ceTh SRN MoxeT npen-
cKa3aTh CJEAYIOIMI1 3JIEMEHT MOCAeIOBaTEABHOCTH MO TEKYllUeMy H Tipellie-
cTByouleMy BBoay. B cetu SRN cKpbIThIE 3/1EMEHTbl UMEIOT CBS3U, HarlpaB-
JIeHHble 06paTHO BO BXOMHOI CNOM, KakK IMoOKa3aHO Ha puc. 5.7. PassepHyrast
Bepcust cetd SRN jutst Tpex LuaroB mokasaHa Ha puc. 5.8. CKpbIThbIE 3JIEMEHTBI
COCTaBJIAIOT BHYTPEHHee pelyLIMpOBaHHOE TNpeiCTaBlIeHHE JaHHbIX, Npealle-
CTBYIOLIMX TeKyUIEMY BBoay. DTo pexylmpoBaHHOe MNpeicTaBleHHe obpasyer
KOHTEKCT, OKa3blBalOIUMilcA IS ONpeleNeHHbIX 3agay cyllecTBeHHbIM. Ha-
NpHMMep, TPEeTU 3IEMEHT B mocnenoBaTenbHocTaX {110, 000, 101, 011} He Mo-
XeT ObIThb ONHO3HA4YHO TIpeJCKa3aH 10 BTOPOMY WIM IIEPBOMY 3JIEMEHTAM,
paccMaTtpuBaeMbiM He3aBucuMo. Ho TpeTuit 3/ieMeHT 3aBUCHUT OT COBOKYIHO-
CTH TMepBOro M BTOPOro 3JIEMEHTOB, paccMaTpuBaeMbix BMecTe. [lepsbie nBa
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SIeMeHTa 3THUX IOCAEHOBATENBHOCTEH. COOTBETCTBYIOT ABOMYHBIM JaHHbBIM
pBOAa Wis npobiembl XOR, u Anman (Elman) npoaeMoHCTpHpoOBa, 470 ceTb
SRN MoxeT ObITh 00ydeHa pellieHuIo rnpobieMbt XOR.
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Puc. 5.7. lpocras. pekyppeHTHast ceTb. YUCAO KOHTEKCTHbIX 3MEMEHTOB
PaBHO 4NCNY CKPLITHIX 3/1EMEHTOB
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Puc. 5.8. PassepHyTas Bepcus cetn SAN, npeacrasnexHoi Ha puc. 5.7

B cayyae mpo6rembl XOR cetb SRN o6yuaetcst Ha WIMHHOM MOC/IEN0BA-
TeJIbHOCTU GUTOB. B 3Tl MOCTENOBATELHOCTH TICPBbIit U BTOPOH OUTHI CBS-
3pIBatOTCS orepauueil XOR, 4T06bl MOMYYUTh TPETHi OUT, 4YeTBEpTHIA U IiA-
Thlii GUTBl CBSI3BIBaIOTCS onepauueit XOR, 4TOOBI MOMY4YHUTh ILECTOM, W T.JA.
CeTb DO/DKHA HAyYMUThCS TEHEPUPOBATh CIICAYIOIUMIA 3/IeMEHT I10C/1€10BaTe/lb-
HocTu. Bot mpumep BBOJa U BbIBOJIA CETHU!

BBOI: 101000011110101..,,
BiBog: 010000111101017....

134 ' [nasa 5. PexyppeHTHsie cety

B skcnepumenTte cetb SRN, cocrosiiasi: U3 OQHOrO BXOAHOIO 3JIEMEHTA,
JBYX' KOHTEKCTHBIX 3JI€MEHTOB (C/ICHOBATENBHO, IBYX CKPBITHIX 3JIEMEHTOB)
Y OJHOTO BBIXOIHOIO 3JIEMEHTa, obyyanack Ha mocienosarenbHocTH 3000 Ou-
T0B. PesynbraT 00yyeHHs fIOKa3aj, YTO CeTh BbIyYMia BPEMEHHYIO CTPYKTYPY
MoC/eA0BAaTENLHOCTH, TaK KakK Ul KaXIOro TpeThero OMTa KBaapaTr OIIMOKM
JOJDKeH 0Ka3aTbcd ManbiM. CyHIECTBEHHOE YMEHBUIEHME BEJIMYMHBI OMIMOKH
BNOJIHE aJ€KBAaTHO XapPaKTEPU3yeT BPEMEHHYIO CTPYKTYPY MNOC/IeAOBATENIbHO-
cm. HanpuMep, ceTh Beeria MOXeT AHITAaThesl cBs3aTh onepauneit XOR mnpe-
IbiAyIIMe ABa 6uTa, HO MPAaBUILHOCTb TAKOTO NPEACKAa3aHUS OYAET rapaHTH-
poBaTh TOJNBKO KaXIblii TpeTHit 6uT. PaccMOTpMM nocienoBaTelbHOCTb
101110. Tpetnit n wecroil OUTHI ABNAIOTCA Ppe3yJbTATAMH IPUMEHECHHS
onepauuy XOR K npeAbIAyIUMM ABYM GMTaM, MosToMy oIMOKa NpeACcKa3aHus
OKa3blBaeTcd MaIOil JUIst TPEThEro H LecToro GUTOB.

5.3.1. Mpumenenne cetu SRN
00y4eHne NPoCTLIM NpaBusiaM rpaMMaTHKK

B pabore [Cleeremans, 1993] mpeacraBleHO HECKONbKO MHTEPECHBIX 3KC-
nepumenToB ¢ ceriMy SRN. Onxoit u3 3amauy 6bu1o ob6yyenme cetn SRN
rpammaTike Pebepa (Reber), nmokasaHHo# Ha puc. 5.9. 3ta rpaMmarika cxe-
MaTHYECKU TNPEICTABNAETCA B BUAE KOHEYHOrO aBTOMaTa (aBTOMaTa KOHEYHBIX
cocrosiHuit). C NMOMOILBIO TAKOTO aBTOMAaTa MOXET FeHEPHPOBaTbCA CTPOKA
CHUMBOJIOB B COOTBETCTBUM € MpaBWJIaMH YKa3aHHOM rpaMmatuku. MoxHo
TaKXe MpOBEPHUTh, BYAET JIM TaKasi CTPOKA rPaMMAaTH4€CKH NMPaBHUIIbHOM.

Puc. 5.9. Korewnbiit asToMar ans rpammarnkn Pebepa

lpocTas pexyppeHTHas ceTb 135



Y1066l CTeHEpUpPOBAaTh CTPOKY, BbiGepHTe CHavala y3el B, 3aTteM — ayry,
MOYLIYIO K Jpyromy y3ny. Kaxaeiil pas, Korga ayra MpoxouuT yepes y3en, 3a-
IMUCBHIBAETCS COOTBETCTBYIOLLASI STOMY Y3y MeTka (cumBoi). Koraa 6yner noc-
TUTHYTa KOHeuHas BepluinHa E — M3 Hee MOXHO IEPENTU TOJIBKO K BBIXOAY —
cTpoka obpeiBaeTcs. YToOBI HEKOTOpasi CTpOKa oOKa3salach IpaMMaTU4ecKH
NpaBWILHOI, Heo0XOIUMO MOPOIUTH 3TY CTPOKY B COOTBETCTBUHM C JYyIamy,
3aJaHHBIMHM B aBToMaTe. Hibke npuBeaeHbl IIPUMEPBI CTPOK.

BPVPXTVPXVVE,
BPVPXVVE,
BTXSE,

BPV VE,
BTSSXSE,
BPTTTVVE.

Mbr TOBTOPUM oIMH U3 3kcrepuMeHToB KieepmaHca (Cleeremans) ¢ He-
GoNnbLIMMU Mogudukauuamu. HamoMHUM, 4TO LeJblo SIBsETC obydeHue ce-
1 SRN ykazaHHol rpammaruke. Mcronp3yeM 1IeCTb BXOAHBIX U HIECTb Bbl-
XOIHBIX 3JEMEHTOB, Ile KaXIBIi 3/IEMEHT NPEACTaBIseT OIUH CUMBOA. Die-
MEHTBI BXOJHOTO M BBIXOAZHOIO CIIOEB pa3MeELICHbl TaK, KaK TI0Ka3aHO Ha
puc. 5.10. C noMoOuIbIO CrielMaNTbHON MPOrpaMMbl Cly4aifHbiM 00pa3oM reHe-
pupobanuck 20000 cTPoK B COOTBETCTBUM ¢ rpaMMaTHKoil PeGepa (Kneepmanc
ucnonb3osan 60000 crpok). B xome obyyeHus BO BXOAHOW CJIOH MojaBajics
OIVH CUMBOJI CTPOKH, a CJIEAYIOLIUI CUMBOJ pacCMaTpvBa/ICSl B KayecTBe Lie-
nesoro Bbixoda. Jist Bcex TMocseaoBaTeIbHOCTEN KOHTEKCTHBIC DJIEMEHTHI Ha-
yuHanu obydyenue co 3HayeHus 0.5. [Tocne mpoxoxIeHUA TEPBOro CUMBOJA
Yyepe3 CeTh, HA BXOJA CETH ITOJABANCS BTOPOIl CMMBOM, a TPETHIl BBIIOIHSI
posib lleeBOro BbixoAHOro 3HadeHus. Ileped paccMOTpeHMEM o4epeIHOro
BBOJIa 3HAYEHMST aKTUBHOCTH CKPBITBIX 3JIEMEHTOB KOIMMPOBAIUCh Ha KOHTEK-
CTHbIe 3neMeHThl. TIpolece TOBTOpsUICSA ST KAXAO0F0 U3 CMMBOJIOB TTOC/Ie0Ba-~
TeNLHOCTH, a BCSA MpOLEaypa B lieToM 6bUTa BBIMONHEHA IS Kaxaoro u3 20000
o6pastoB. Hopma obyuenna U Koab¢pUUMEHT HHEPLMY ObUTM BbIOPAaHbI PaBHbI-
Mu 0.1, U TIpu 06GydeHUM ceTH GbUIM BBUIONHEHBI TPU MPOXOHA Mo BceM 06pa3-
naM. BecoBble 3HaYeHUS OOHOBISUIUMCE MOCIE PAaCCMOTPEHMNA KAaXI0ro CUMBOA.

PesynbraThl 06y4eHHS TMOKa3blBAIOT, YTO CETh MOAEAMPYET BEPOSATHOCTh
c/eNOBaHMS OJHOTO CUMBOJA 3a ApyruM. Hampumep, B Kaxaom ysie rpamMma-
KK Pebepa onHa U3 ABYX Ayr MOXET ObITb BbIOpaHa ¢ paBHOI BEPOSITHOCTHIO
(yuebHblE CTPOKY TeHEPUPOBATUCH TaK, YTO JII0OOH MyTh BhIGUpacs ¢ oauHa-
KOBOI BEpOSITHOCTBIO). MHTepecHass 0cOGEHHOCTb JaHHOM FpaMMaTHKKW 3aKITiO-
yaeTcs B TOM, YTO KaXIblii CHMBOJ TMpEACTaBIsAeTCA ABYMs OyTaMu, a Cllefyio-
1iee JONYCTUMOE COCTOSIHUE 3aBUCUT OT TOrO, IO KaKOH Iyre OCyLIECTBASCTCS
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Puc. 5.10. 3nemeHTb BXOZHOrO 1 BLIXOQHOTO CNOEB

nepexon. Hanpumep, 3a cuMmBosioM P, creayouium 3a HayalbHbIM COCTOSHU-
€M, MOXeT nociegosath T UAM V, HO 3a Apyrum P B rpaMmaTtuke MOTyT ciie-
poBaTh ToAbKo S wian X. TakuMm obpa3om, 3a cuMBOJIOM P MOXeT cneloBaTh
OIMH M3 yeTblpex pa3lMYHbIX CHUMBONOB, HO B J1060i1 Touke nocnenoBaresib-
HOCTH OYIyT HOMYCTUMBIMU TONbKO ABa U3 HUX.

Ha puc. 5.11 nokasaHbl Mocief0BaTeNbHbIE COCTOAHHUA BCEX DJIEMEHTOB
ceTH npu obpaboTke MmocnefoBaTenbHocTd B PV P X V V. [lng kaxuoro co-
CTOSTHUS . BLICOKYIO aKTMBHOCTb OYAYT MMETb JBa BLIXOJHBIX 3JIeMEHTa, MNo-
CKOJIBKY JUIS CJIEYIOIIETO COCTOSIHUSI MMEETCS JiBa BO3MOXHbBIX BapvaHTa.
HauansHoe coctosiHue B aktususupyer T u P B BbIX0oAHOM cJ10€, MOCKOJIBKY
MMEHHO OHM C PAaBHOI BEPOSTHOCTbIO SIBISIOTCA JOMYCTUMbIMM ITOCIENOBA-
tenssmu. Ilepsbiit cuMBon P omnpenenser BO3MOXHBIMM [OCNENOBATENSIMHU
T u V, Ho, KaK 1 0XUa10ch, BTOpoil cuMBoll P B KauecTBe nociegosarteieit
ykaspiBaeT X u S.

Jlns TectupoBaHus cBoeil oGydyeHHoii cetn SRN KieepManc ucrionbsosan
20000 cnydaiiHBIM 00pa3oM CreHepHpPOBaHHBIX B COOTBETCTBUM € IrpaMMaru-
KOi1 CTpOK, YTOOBI NPOBEPUTD, MPU3HAET JIX UX CETb TPAMMATHYECKH MPaBUITb-
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naBa 5. PexyppeHTHble ceTH

nbimu. CeTh mpu3Hana npaBwibHbIMU Bce 20000 ctpok. 3ateM cerb ObI-
Jla IIPOTECTHpOBaHa Ha MHoxecTBe M3 130000 cTpok, KoTopbie ObLIM cre-
HEepUpPOBaHBI CydYailHbIM 00pa3oM, HO He 00s3aTeNbHO TIO INpaBUiaM
rpaMMaTuKy. TouHee roBops, CTPOKa CTPOMJach C MOMOILBIO TIOCNENOBA-
TeJbHOTO cay4aiiHOro BblOOpa OQHOTO M3 TISITU CUMBOJIOB (T, S, X, V, P).
W3 130000 ctpok 260 okasanudch rpaMMaTHYeCcKW MpaBUJIBHBIMH, a .OC-
TanbHble (99.8%) GbUIM rpaMMaTHYECKH HeMpaBUIbHBIMU. CeTh BBITIONHA-
na cBOWO paboTy B COBEPLICHCTBE, OTBEPras HEAOMYCTUMBIE C TOYKH 3pe-
HUS TpaMMaTMKM CTPOKM ¥ TMpHM3HaBag T[PaMMaTH4eCKH IpaBWIBHLIC.
CeTb TakXe NpaBUIbHO 06pabaTbiBaa OYEHb JUTMHHBIE CTPOKM (MoOpsiaKa
100 cMMBOJIOB).

OGy4eHne CnoXeHuio yucen

Tenepb AaBaiiTe paccMOTPUM HMcmonb3oBaHMe ceTH SRN st cloXeHMs
ymcen. JUis MPOCTOTHI Mbl OTPAaHUYMUMCS CJIOKEHMEM TOBKO LIEJIbIX 3HAYEHMIA.
INpuHUMast BOocbMUBUTOBOE HpeACTaBIeHKE, yucio 11 Oyner HABOMYHBIM
00001011, a uncno 9 — asonunbiM 00001001. CnoxeHue B NBOMYHOM BMAE
BBITIOJIHSIETCA TaK: .

00001011
00001001 .

00010100

CioxXeHMe OBOMYHBIX YMcel TOIOOHO CNOXEHUIO AeCcATHYHBIX. 3Haue-
HUS pa3pafoB CKJIaabiBaloTCs Mo cronbuaM Mo oyepeldy, CpaBa HajleBo.
Ecnu cymMma B cronbue okasbiBaeTcd Oonbuie 1, B pe3ynbTaT 3anUChiBaeT-
¢ 0, a 1 nepeHocUTca B cleAyounit ctonben. B xaxabsii MOMEHT obpa-
GaThIBAIOTCS TONBKO ABe UMPPB, M MX KOMOGUHALMK JO/KHBL ObITb
CENYIOLUMU:

Ol = =
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rie B HUXHEl CTpoKe MPUBOIMTCS CyMMa JABYX UMbpP M3 BEPXHUX CTPOK.

Puc. 5.11. 3Hayewus aKTUBHOCTH 3/eMeHTOB CeTu npu obpaborke BPVPXW. Ilep-
Bbie WECTh 3NEMEHTOB BXOAHOro CNOs NPEeACTaBAKIOT CUMBOALI, @ CAeAylolue Tpu [Bns-
J0TCH KOHTEKCTHLIMY aneMeHTaMy. [locaeqHuMy aneMenTaMy BXOJHOTO M CKPHITOro Cnoes
ABNFIOTCA 3NEMEHTH CMELLEHHS, NO3TOMY YCTaHOBAIeHHbIE AN HNX 3HA4EeHUA OKa3biBaeTca
Bcerga paBHbiMy 1

[Npocras pekyppeHTHas Cetb: 139



Pe3ynbTaT M3 HWXKHER CTPOKU MOXET ObITh MHTEPHPETUPOBAH KakK pe-
3ynbTaT onepauny XOR (onepauMs MCKITIOYAOLIEro “UNTN”) ana oByx
cyMMupyeMbix uudp.” IlepeHoc eIMHMLBI IMPOUCXOIUT TOTHA, Koria obe
cyMMupyeMble 1Mdpbl paBHbl 1. Pesynbratom omepauuu AND (onepanuu
“U”) mns mByx 3Tux OutoB Gyzmer 1. Takum oGpa3oM, cymMMa, KOTopas
OMKHA OBITh 3arycaHa, MOXeT OBITh ITOJIyYe€Ha ¢ TOMOILUBIO JIOTHYECKOTo
sneMeHTa XOR, a nepeHoc — ¢ TOMOIIbIO JIOTHUYECKOro 3JIEMCHTA AND,
KaK TIOKa3aHo Ha puc. 5.12. DTa cxeMa HasbIBaeTCSI HOAYCYMMAMOPOM,
W, TOTIONHUB 3Ty CXeMY ellle HECKOJBLKMMH 3JIEMEHTAMH JIOTMKH, MOXHO
peanu3oBaTh NBOMYHOE CIOXEHME B TMOJHON Mepe. Mpr yxe 3HaeM, 4TO
HelipoHHas ceTh MoXeT 6BIThb 00y4eHa OCYLIECTBIEHUIO orepauun XOR,
a cxemy AND ocymecmmb enje mnpoure. [To3ToMy MOXHO MCIIOJB30BaTh
MOIVJIbHYIO HEUPOHHYIO CEThb, BBITIOJHAIOLLYIO CJIOXEHHE B JIBOUYHOM
cHcTeMe cuMucaeHus. Tak KaK OCHOBY BbIYHMCIIEHHWI1 HA YPOBHE anfapaTHbIX
CpeACTB 06pa3yloT MMEHHO JIOTMYECKHE IEMEHThl, MOXHO Ha OCHOBC
37IeMEHTAapHBIX CXeM HEHPOHHOH CETH CO3JaTh rnonoOHble anrapaTHbIE
CpecTBa, UMUTUPYIOLHE OOLIYHBIA KOMIIBIOTEP. OnQHako NpU MOIeNupo-
BaHNUM OGBLIYHBIX aNMapaTHbIX BHIYMCINUTENBHBIX CPEICTE C MOMOLUBIO HEH-
DOHHBIX ceTeil MMeeTcs OCOOEHHOCTh, COCTOSMIAas B TOM, 4TO MPHACTCA
HCKaTh pellleHUue, IONIy4eHHOe B pe3ynbTaTe o0yyeHuUS.

1 \ XOR | Omwa_

2

AND ‘ MepeHoc

Puc. 5.12. Jlornyeckas cxema, Ha3siBaeMas nonyCyMMaTopom

CxuranbiBag 6onblve 9ucha {(ecld Mbl He oDOnafaeM MCKIIOUNUTENbHbBIMU
CMocOBHOCTSIMU), HAM TIPUXOAMTCS UCIIONB30BaTh KapaHiall u Oymary, uro-
6Bl 3aMUCHIBATH PE3YJILTAThl MIPOMEXYTOYHEBIX CTaAHMi BBIYMCIEHUS. Mbi Ha-
YUHaeM CYMMMpOBaHHe C KpaiiHero cTonfua crpaBa, 3allMCBIBAEM CyMMY
lepBbIX IBYX Pa3pSAHOB U, eCIM Heo6X0IMMO, OTMEYaeM Ha Gymare eIMHHULY
nepexoca (puc. 5.13).
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Puc. 5.13. CnoxeHue JByx 4MCEN C NOMOLLbIO KaparaaLsa v bymarv

B cratbe [Noelle, Cottrell, 1995] onucana peannsauus cymmatopa Ha oc-
HOBe HeMPOHHOM CeTH, B KOTOPOM HET ABHOTO yyeTa UHGOPMALKH O NMepeHo-
ce U3 oIHoro cronbia B Apyroii. BMecTo aToro, nHbopMauus o repeHoce oT-
PaXaeTcsi COCTOSTHUEM CETH. ABTODBI MCTIONb30BAIM JBa THIMA HEHPOHHBIX ce-
Teil: TNpOCTYIO PEKYPPEHTHYIO ceTh (ceTb SRN) u cers OxopnaHa. Msi
paccMoTpuM 3fiech ceTb SRN, HO aHamoruyHas npouedypa HCIOIb30Batach
n s cetn JxopaaHa. Basopasi apxMTeKTypa ceTH MpeacTaBleHa Ha puc. 5.14.

3anuce Meperoc Crepytowuii Totoso Peaynerarhi
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Puc. 5.14. Cers SAN ans cnoxenns umgp

DrieMeHT “3almUch” YKa3bIBaeT, KOrJa pesy/ibTaT AO/DKEH ObITh 3anmcaH,
3JleMeHT “nepeHoc” — Korga MMeeTcsl MHGOpMaUMusi O TepeHoce, SNEMEHT
“CremyrolMit” — Koraa Joj/DkHa ObITh NpecTaBleHa mapa 3HauyeHW# ciedyio-
1LETO pa3psia, a ATEMEHT “TOTOBO” — KOrila CyMMHpPOBaHUE 3aBEPLLEHO. Hlary,
BBITONIHSAEMbIE TIPU CIOXEHUHU umcen 865 u 327, npeacrasneHs! B T261. 5.1. Bo
BCex IKCIEPUMEHTaX MCIIONB3OBAUCH BHIYMCIICHUS 1O OCHOBaHMIO 4 (T.e. OuT
NepeHoca BO3HMKAN Torda, Koraa cyMma JByX Ludp oKasbiBanach Gonblueii WK
paBHoit 4). Kaxnas umdpa npeacrapisnach AByMs 3jIeMEHTaMH.
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Ta6nuua 5.1. MlocnefoBaTensHOCT, Waros npu cnoxerny 865 u 327 8 cerh SRN (puc. 5.14)
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VyebHble HJaHHEBIE COCTOSUIM M3 YUCES, UMEIOLIMX He Bojee Tpex paspsnoB.
HayanbHoe ofyueHHE Ha MaJibIX CAY4aiiHbIX MOAMHOXECTBAX TONHOTO y4eld-
Horo HaGopa IaHHBIX Jajlo cnabbie cBoiicTBa 0600LEHMA: CETb MPOCTO. 3a-
MIOMHWIa BCe yueOHble JaHHBle. Toraa GbUT MCIHONB30BAH METON KOMOUHUPO-
6aHH020 0GYHenus Ha NOOMHONcecmaax (TAK ero Ha3Bald aBTOPBI), MPU KOTOPOM
cHayana ofy4eHHe TPOXOAMT Ha CIy4aliHOM MAJOM IIOIMHOXECTBE YYCOHbIX
JAaHHBIX, 3aTEM Pa3Mepbl 3TOTO NMOAMHOXECTBa yIBaUBalOTCA, MOKA HE OKa3bi-
BaeTCsl NPEICTABJICHHBIM Bech Habop yueOHBIX JaHHBIX. Pe3ynbTaThl BBIF/IsAIE-
11 BevaTnsowne. CeTh MoOrJIa 0GOBIINTE pe3y/bTaThl 0OyueHHs Ha Bee yueb-
Hble Tapsl yXe TOC/He pPacCMOTpeHUs Tonbko 8% Bcero Habopa HaHHBIX.
BoJblile TOro, MOCAE B HEKOTOpPOM cMblcie “padpuHUpOBaHHOro” obydeHUs
(3aKJTI0YAIOUIETOCST B PACCMOTPEHMM HeGONBLIOro IMOAMHOXECTBA TPYAHbIX
y4eBHBIX IPMMEPOB), CETh MOIJIA MCMONB30BaTh MOAYYCHHbIE 3HAHMS LIS pe-
LIeHUs 3aay, B KOTOPBIX MCIIONb30BATNCH Jaxe 14-pa3psiiHble YHCna.

Hoens (Noelle) u Korrpenn (Cottrell). BoISICHWIM, YeM OTAMYACTCA CETh
leopnaﬂa or cetu SRN. Cetp [IXopmaHa He MorIJa BbIMOJMHUATE 3ajayy Mpu
BHECEHUU HeBONBIIMX M3MEHEHUIl B onepaluu BHIBOJA, Korda MHQOpMauus
YBENOMJIEHHSI O MEPEeHOCe 3afepXMBalach N0 3aBEPLICHUS 3aMUCH CyMMBI
cneayiowero croin6ua. M cers dxopmaHa, u ceTb SRN ssnastioTcsl ceTAMHU
-C PeKYPpPEHTHO} apXuTeKTypoil, Ho ceTb SRN HenpepblBHO OOHOBNSIET CO-
CTOSIHMS, TTO/Ty4aeMble KaK BHYTPEHHME NPEACTaBICHUS.

AHAM3NPYST COCTOSHUSL CKPBITBIX 2/eMeHToB, Hoans 1 Korrpemn nokasanm,
yto cetb SRN paGoTaa noro6HO KOHEYHOMY aBTOMArty (T.€. PaCCMOTPEHHOM Bbl-
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1€ CTPYKTYpe, MOJeMpyouicii BEMUCTHTEIbHbIE YCTPOMCTBA WISl MPECACTABICHHS
rpammatiku). HssectHo, yto ¢ momomsio ceth SRN MoxHO peann3osarh Jo0oi
KOHewHbiii aBroMar (cM. [Kremer, 1995]). B npurinmne cets SRN Moxert okasars-
51 TIONE3HOM 1St MOAENMPOBAHMS MHOTHMX THUTIOB BHIMHMCIMTENBHBIX MaluH. [Ipu-
MeHenvie ceti SRN [U1st pelucHUs psia ApyrMX 3a0a4 paccMaTpuBacTcs B Iiase 8.

5.4. Pe3iome

CeTH, PACCMOTPEHHBIE B 3TOil J1aBe, UCTIONB3YIOT MPOCThie MOANDHKALIMH
ANropuTMa OBPaTHOrO PacnpocTPaHEHUs OWMOOK. ITH MOAMPUKAUMH RAIOT
BO3MOXHOCTb MCTIONb30BaTh PEKYPPEHTHHIE CBA3H.

e Jlns moboii peKyppeHTHOIl CETH UMeEETCS CeTh ¢ NPAMOI CBA3bIO, 00-
slafaoWas UACHTHYHBIM MOBEACHHEM. '

o PekyppeHTHDIE ceTH MCMIONB3YIOTCA JUIS 06paboTku 06pa3iios, MMelo-
WX nepeMeHHylo winMHy. Takue oOpa3ubl mepeMeHHOi UIMHBI pac-
CMaTPHMBAIOTCH KaK MOCAEA0BATENBHOCTH: TIOCNIEN0BATENBHOCTE Pa3bu-
BaeTcsl Ha OTPE3KHM JAHHBIX, W KaX/blil OTPE30K NOJAETCS Ha pacCMOT-
peHHEe CETH Ha PasHBIX 1arax.

e Tlpoctbie peKyppeHTHbie CETH MOTYT IEMOHCTPUpPOBATh CROCOGHOCTD
MPEeACKA3biBaTh CACAYIOLIME OTPE3KM IMOC/IEA0BATEILHOCTY JaHHBIX MO
paHee BBEACHHBIM NaHHBIM.

5.5. lononHutensHas aMreparypa

Kuura [Cleeremans, 1993], nocesiucHHasi Ge3ycioBHOMY o6y4yeHHIO, CO-
NEPXUT PSl MHTEPECHBIX TPUMepoB ceTeit SRN U Brecyamigioune pe3ynbTaThl
MX npumeHeHus. Jlpyrve npUMephl HCTONb30BAHUA PEKYPPEHTHBIX ceTeil Oy-
IYT NpefcTas/ieHsl B rase 8.

5.6. YnpaxHeHus \

1. Cerb SRN uMmeeT NATL BXOAHBIX 3MEMEHTOB, BOCEMb KOHTEKCTHBIX 3/IEMCHTOB
M YETHIPE BHIXOMHBIX J/ieMeHTA. CKOMbKO BECOBBIX 3HAUECHMII NMEET 3Ta CETh?
2. Cets SRN 6bu1a 0byuyeHa Ha MHOXECTBE CTPOK MMEpEMEHHON UIMHBI, COCTOS-
KX U3 cuMBOoB. CHMBOJIBI Beerga pasMeunanuch no andasury. Hanpumep:
B C D E koneun,
B C D E F G konen,
E F G H xoneu.
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CeTb obyyanach TNpeACKa3piBaTh CIEAYIOLIUI CAMBOJI B IOCAEIOBATE/Nb-
Hoctu. He kacasch yucna aneMmeHToB, Wig cetd SRN, BbuINoMHAIOLEH
o6pabotky nocnenosatenshoctn “E F G H KoHew”, moctpoiite cxemy
SKBUBAJIEHTHOI CETH ¢ MPAMOIl CBA3BIO. YKAXWUTE BBOI U LEJEBON BbI-
BOJIl Ha KaXXJON CTaauu.

CKONbKO BXOIHBIX 3JIEMEHTOB Bbl MCIIONB30BAIM JUIS BBITOJHEHUS YTIpax-
HeHusa 2? O6ocHylTe cBOM BBIOOD.

Cerb SRN obyyaeTcd Ha IOC/NEAOBAaTEIbHOCTAX, COCTOSIIIMX U3 BOCbMM
CHMMBOJIOB M cuMBoia NIL: {B, R, A, E, T, N, S, [, NIL}. Tlopsinok, B KOTOpOM
TMOSIBJISIOTCS 3TU CUMBOJIBI B TTOCJIEIOBATEILHOCTH, HE UMEET 3HaYCHUS, HO
Kaxas Ioc/eloBaTe/IbHOCTh JOJDKHA colepXaTh I10 KpajiHeil Mepe OIHY
IJIACHYIO M OHY COIJIaCHYIO M 3aKaHuYMBaTbcs cuMMBOJOM NIL. CuMBObL
MOC/eI0OBaTebHOCTH TojaloTcd Ha paccMoTperue ceti SRN B mopsike
cJleBa HaIpaBO, HO LIEJIEBBbIM BBIXOIOM BCErla ABJISETCS MONHas Nocieno-
BaTeJILHOCTDL: CeTh 0OyyaeTcsl MpeacKa3blBaTh MOMHYIO MOCICAOBATEIBHOCTD
10 yXe NPEIbSBIECHHBIM €i IepBbIM CHMBOJIAM.

(a) Ilpemwioxute HECKONbKO YUeOHBIX 3K3EMILIAPOB.

(6) Tlpemnoxute apxuTekTypy cetd SRN u o6bscHUTE, 1MOYEMY BbI Bbl-
6pajii MMEHHO TaKYIO apXUTEKTYpy.

[naBa 5. PekyppeHTHbie cetu

[nasa 6

fpyrne mogenu cetei
W MpaKTMYeckue BOmpoCh

3anaua. OnucaHMe IPYrux Mojgeneit ceTeil U 0bCyXAEeHHE HEKOTOPBIX
IPaKTUYECKUX BOIMPOCOB.
Henu. Bl OMKHB! TOHATD:

YTO TAKOE METOI MOAEILHON “3aKaKHU” M KaK OH UCMONb3yeTCs
B HEPOHHBIX CETAX; ’

MPUHLMITE TIOCTPOEHUS BEPOSTHOCTHOH HEHPOHHOM CeTH, YTO-
Gbl UMETH BO3MOXHOCTb PEAIM30BaTh TAKYIO CETh B NporpaMme

3MeKTPOHHBIX Tabnnu;

yTo Takoe “MalivHa bonpumaHa”;

Kakue npobiaeMbi BOZHUKAIOT MPH HCMONb30BAaHUM HEHPOHHBIX

ceTei.

TpeGoparust. 3HAKOMCTBO ¢ MaTepuanoM mas 1—5. 3HaHME 3EMEHTapHbIX
OCHOB CTATUCTHKH.

6.1. BBegeHue .

B mpeapiayiiux riaBax GbUTH PAcCMOTpeHBl MOZE/H, JieXallne B OCHOBE
TEXHOJIOTUM WCTIONB30BAHUST HEeMpOHHBIX ceTeid. Llesiblo maHHOM raBbl SABIS-
eTcsl PACCMOTPEHME HEKOTOPBIX APYTMX MOMEJIEH U HEKOTOPBIX MPaKTHYECKUX
BOMpPOCOB, BO3HUKAIOLMX MPH UCHONb30BAHWM HEHMPOHHBIX ceTeil. [aBa Ha-
YyMHaeTcs ¢ pasfiefia O MOJENSX ceTeil, B KOTOPLIX NMPUMEHSIOTCS CTaTUCTHYE-
ckue Meronbl. OCHOBHBIM ODBEKTOM PAacCMOTpeHMsi OyleT BepOSATHOCTHas
ceTh, 2 MeToJ MoJesbHOl “3akanku” ¥ MawmHa BonbliMana 6yayT paccMmoT-
peHbl TOJBKO Ha CAMOM HAYILHOM YPOBHE, YTOOB! NPOCTO WHGPOPMUPOBATH
ypTaTens O CYLIECTBOBaHMM TakMX o6beKTOB. OTOT pa3iesl 3aBepliacTcs npu-
MepOM MOJYJIbLHON apXWTEKTYpPbl, B OCHOBY KOTOPO# FOMOXEHbl MOAEIH,
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MpelcTaBiAeHHBIC B TPEIbIyIIMX FMaBax. Mbl cTpeMWIMCh NOKa3arh, Kak
MOXHO CO3/laBaTh HOBBI€ MOMIEIH, M AaTh YUTATENIO MOHATH, YTO MHOTAA pe-
eHUS TIPoGJIeM, KaXyLIMXCS Ha MNEPBBbiil B3NN NPaKTHYECKH HEpa3peln-
MBIMH, BCE X€ CYHIECTBYIOT.

6.2. Ceti, Mcnonb3aylowwme CTaTMCTUYECKNIA NOAXOA,

Ho cux nop Bce pacCMOTPeHHbIC HAMH MOJEIM HEHPOHHBIX ceTel UCMOb-
30BAJIH demepmunupoeantsie AJIFOPUTMBI obyuyenusi.  Cnoso
“IeTEPMUHMPOBAHHBIE” 3IECH O3HAYAET, YTO MPU HEOOXOAMMOCTH OOHOBJIE-
HUST BECOBBIX 3HAYCHUI WIM 3HAYCHHMS AKTHMBHOCTU 3JIEMEHTA COOTBETCTBYIO-
LIMe BETUYMHB W3MEHEHUIT MOTYT OBITh ONpeNeNeHbl B Pe3y/bTaTe HENocpea-
CTBEHHOro MNpsiMoro BeiuucieHus. Jaxe B cerd Xondunna, rac oOGHOBIAEMblii
2JIeMEHT BBIOMpaeTcd cNyyailHO, caMH H3MEHEHMSA SIBIAIOTCA AETEPMUHMPO-
BaHHBIMU, TTOCKOJILKY €C/IM 3JIEMEHT yXe€ BbIOpaH, HOBOC 3Hau€HHE €ro ak-
THBHOCTH MOXET OblTh BHUYMCIECHO BMOJAHE OAHO3Ha4yHO. B mporuBononox-
HOCTb 3TOMY, IUISI CMOXACMUMECK020 ANTOPUTMAa OOy4YeHMS B JII00OI MOMEHT
BPEMEHH MBI OCTa¢MCSl B HEBEACHUM OTHOCHTEILHO TOro, KaK M3MEHHUTCS CO-
croaHMe ceTH (“cocTostHue” B JIAHHOM CJIy4ae O3HayaeT Habop TeKYyLMX Beco-
BbIX 3HAYEHHUI1 ¥ aKTUBHOCTD 3NeMeHTa). JpyruMu cioBamu, 1o nHdopMauum
O TEKYLIEM COCTOSIHMM TMPEACKA3aTh C/ieAyloliee COCTOSTHUE OKa3biBaeTcad He-
BO3MOXHbIM. Hanpumep, npH MCNoAb30BAHUU CTOXAaCTHYECKOTO AJrOpUTMa
OGHOBJICHMST COCTOSHUA 3/IeMeHTa B ceTH Xondwiaa Wi NPUHATHS peliCHHS
O TOM, JOJIKCH AAHHDI 3/IEMEHT MepeiiTH B HOBOE BBLIMMCIEHHOE COCTOSHUE
WIN HeT, Uchoab3yercd (QyHKUMS pacnpeiencHust BeposTHocTeil. loaTomy
IaXe KOTAa 3J1eMEHT BuibpaH /Ui OOHOBJIEHMSI, HEMOCPEACTBEHHOTO OOHOBIIE-
HMS €ro COCTOSIHUSI MOXeET W He npou3oiiti. Ho, XoTa Mbl B HE MOXEM CKa-
3aTh, KAK CTOXAacTHYECKas ceThb OyNeT pearMpoBaTb B Kaxiblii KOHKPETHBIA
MOMEHT BPEMEHH, MBI B 00lLIEM HAa CAMOM Jiejie 3HaeM, KaK OyneT BecTu cebs
CETh IO MPOLICCTBUM AOCTATOYHO AOJITOTo MEPHOAa BPEMEHH.

6.2.1. MeTop, moaenbHo# “3aKkanku”

MeToll MofeibHOH “3aKaNKu” SBJSETCS METONOM, YacTO MCMONB3YEMBIM
NpY pelreHuM npobnaeM ontuMu3auuu. PeleHne paccMarpuBaeMoii npobne-
Mbl TIPEACTABISIETCA B BUIE PpElUEHUS 3aJa¥¥ MMHMMM3ALKM HEKOTOpOil
dyHkimy croumMocTH. OYHKUUS CTOMMOCTH OTpelesaeTcs B TEpMUHAX INo-
6anibHOI 3Heprun ceTH. Hampumep, onpeneneHHass CTOUMOCTb COOTBETCTBYET
KaXIOMY MapLIPYTy, KOTOPbiii IPUHUMAET PeLICHHE MPOHTH MPOAABELL, YTOOb!
MTOCETUTL CBOMX KIMEHTOB B pa3HbIX ropogax. B naHHOM ciyyae CTOMMOCTh
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MOXET ObITh BhIpaXXeHa B TEPMUHAX PacCTOSHUsA, KOTOPOE TIPEACTOMUT NPeolo-
JIeTh, U Torga GyHKUMS CTOMMOCTH BO3BPaTHT IIMHY BHIOpaHHOTO MapLIpyTa.
MapiupyThl ¢ MEHBIIMM pacCTOSHUEM OYIYT MMeTb MEHBIUYIO CTOUMOCTb.
CaMbIM ONTHMANbHBIM MapLIpyTOM B JHaHHOM ciyyae OyleT MaplupyT Hau-
MeHbIleil LTHHBL. MHOIrIa HEBO3MOXHO HaliTM ONTUMAJIbHOE pEllicHHE, TOrAa
clefyeT UCKaTh Pa3yMHO ONTMMAaNbHOE PElLlCHHE.

MeTon MoOIeNbHON “3akajiku” 0a3sMpyeTcsl Ha aHAIOTUH C MPOLIECCOM 3a-
Kanku Metayia. Korga metann noiBepraercsl 3akajlke, OH HarpeBaeTcsl MOYTH
710 TOYKM TUIABJICHUS, a TIOTOM MeUIEHHO OXJIaXIaeTcsd A0 KOMHATHOM TeMIle-
patypsl. [Ipoliecc 3aKanku Jenaet MeTal 6ojee THOKMM, TaK YTO CTAHOBHUTCA
BO3MOXHBIM TIPHIATh €My HyXHyo ¢opMy Oe3 usnomos. Korma meraur Ha-
IpeT 10 BBICOKOI TeMIepaTyphl, aTOMbl JIBUTaloTCs XxaoTnyecku. Eciu Metamn
GLICTPO OX1aIUTh, ATOMbI 3aCTHIHYT B CNy4aitHbIX nonoxeHusax. Ecan xe Mme-
TaJUl, HAIIPOTHB, OXJIAXIATh MELJIEHHO, aTOMbl GYAyT CTPEMMTBCH BBICTPOMUTD-
s perynspHbiM o6pa3soM. [ToaToMy OCHOBOM BCEro mpouecca SBASETCSA YNpaB-
neHue rpadUKOM CHUXEHNS TeMIIepaTyphl.

AHaIOTHIO ¢ QYHKLHMEH ONTMMHU3aLMU WUTIOCTPUpYIOT puc. 6.1 u 6.2. Ha
puc. 6.1 rokasaHa KpuBas, 3aaHHast HEKOTOPO# TMAOTETUYECKON YHKUHEH
OIHOI1 NepeMeHHOM. DT1a GYHKUUSA He ABNAETCS IMAaIKOM U MMEET HECKOJIbKO
(nokanbHblX) MUHMMYMOB. [IpoLienypa wisi HaxOXaeHUs I106abHOrO MUHH-
MyMa sIBJIsieTcsl odeHb npoctoil. CHayana BhiOMpaercsi IManasoH, B KOTOPOM
GyaeT oueHuBaThes (GYHKUMS. 3HayeHMS (YHKUMM OLEHMBAIOTCS B HEKOTO-
pOM- yMcle CAy4adHO BbLIOMpAeMBIX TOYEK, TIPHM 3TOM 3alIOMHMHACTCS Hau-
MeHblliee U3 HUX. J{Mana3oH 3aTeM yMeHbIUAaeTcs, M 3HaueHMst (GyHKUUH olle-
HUBAIOTCS CHOBA B HEKOTOPOM YMCJe clyyailHO BbiGMpaeMbIX ToueK. CHOBa
COXpaHSieTCs HauMeHbllee W3 3TUX 3HaueHuit. Ilpouecc moBTOpseTcs CHOBA
W CHOBa € TMOCTENEHHBIM YMEeHbLIEHUEM IMANa30Ha.

BeiGop AMana3oHa M ero coKpallleHHe aHaJorMyYeH YCTaHOBKE U3HAYaIbHO
BbICOKOI TeMIlepaTyphbl M IOCTENICHHOMY YMEHBILEHUIO 3TOW TeMnepaTypbl Ha
nocaeayomx craauax. CHayaia To4ka MOXET HaXolUThes Besle 6e3 orpaHu-
YeHUit, “rippirag” oT OAHOrO KOHILIa KPUBOit K APYroMy, IMOCKOJBKY AManasoH
W3HayalibHO BbIOMpaeTcs GonblMM. OnAThb Xe, 3T0 HalTOMMHAET XaoTHYECKOE
JNBUXKEHME aTOMOB METAJIA TIPU BBICOKOM TeMIleparype.

Ellle 0IHMM NIPUMEHEHUEM METONa MOEIBLHON “3aKaNKu” aBseTcs 06xon
JIOKANbHBIX MMHMMYMOB. JleTepMMHHPOBAHHBIE aNTOPUTMbI TUIA AIrOPMTMa
0BpaTHOTO PACTIPOCTPAHEHMS, UCTIONbL3YIOUINE METOA [PANMEHTHOTO CIyCKa,
YacTo TMPUBOLAT K JIOKaibHbIM MUHMMYMaM. [lomap B Tako# MHHUMYM, ceTb
He MOXeT GoJbllie IBUraThcsl O MOBEPXHOCTH OLIMOOK K Oonee onTHMajbHO-
My pellieHMIo. ANrOpuTMbl, MOAOOHBIE IPAIMEHTHOMY CIYCKY, BCErda IbiTa-
JOTCSI POABUHYTLCSA BHU3, YTOObI YMEHBLINTh BENMYMHY TOTHON OLMOKM, HO
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JlokanbHuie nobantHui
MUHUMYMB : MUHMMYM

— P> x

Puc. 6.1. JlokansHbie MUHUMYMB! M rNOGANbLHBIA MPHIMYM

HHOIZA XEJIaTeJIbHO YTO-TO W NPOUTHOPHUPOBATH, YTOGBI OTKPBUINCH BO3MOX-
HOCTH VIS JaJibHeMIUEro nporpecca. Meton MoaeidbHOR “3akanku” cHavana
yXyaIiaeT paboTy ceTH, YToObI ITOTOM ee ycoBeplleHCTBOBaTh. Harnpumep, npu
OLCHKE TOYKHM Ha KPMBOI1 3Ta TOYKa HUKOTIA He UTHOPUPYETCH, eClM [UId Hee
paboTa ceTH yaydiuaeTcs, HO MHOIA TOYKA MOXET UCIIONL30BATLCS, JaXe ec-
Ji Ut Hee ceTh paGoTaeT He Tak 3¢ deKTHBHO.

‘ EAMHOTO M OKOHYATENBHOrO aJITOPUTMA MOJENBHOM “3aKanku” HeT, HO
NPUHLMII, Ha KOTOpPOM O0asupyercss METOI MOAEABHON “3aKalku”, 3ajloKeH
B OCHOBY anroputMa Mertpomnonuca (Metropolis). OcHOBHON Ipolienypoii
3TOr0 JIFOPUTMa ABJIsAeTCA CIyYalHblil BEIGOP YacTH CUCTEMBI JUIS M3MeHEHUs
(HampyMep, KOMITOHEHTa BekTopa). MaMeHeHMs Bcerga NpPUHMMAIOTCH, €CITH
YMeHbILAeTCsl MobanbHasg SHEPIUS CUCTEMBI, a €CM HabmomaeTcss pocT IHep-
THM, TO U3MEHEHHUS ITPUHUMAIOTCS C BEPOATHOCTHIO p, 3agaBaeMoi dopmynoit

AE
=exp| -—— |, 6.1
p p( T ] 6.1
rae AE — U3MeHeHMe 3Hepruu, a T 0o603HavaeT TeMIlepaTypy.

Mpumep anroputma MUHUMU3aLMK GYHKLMM

PaccMOTpHM mNpocToil airOpUTM MONENBHOM “3aKkanku” NS MMHMMM3a-
UMK IEHCTBUTENBHO3HAYHONH GYHKUMM f(X) ABOMYHOro Bekropa x. Ipemna-
raeMoe HMXe TIpeJCTaBJICHUE TIPOLEAYPhl AHANOTHYHO IpPEACTaBIEHUIO
B [Geman, Hwang, 1986].
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Touku, NpoBEPEHHLIE NPy BLICOKOA TeMnepartype

Touku, nposepeHHbIe NpY CpefiHeii Temnepatype

‘ Touku, NpoBEPeHHLIE NP HU3KOH TemnepaType

.

Hu3xan remneparypa

CpenHan TeMneparypa

Buicokas Temnepatypa

Puc. 6.2. HaxoxgeHne rnobanbHoro MUHUMYMa C MOMOIbIO METOAa MOZENbHOA
“3akanku”

CnyuaifHpIM 06pa3oM BbIGUpaeTcs ONWH 3NAEMEHT ABOMYHOTO BEKTOPA,
W BbIGpaHHbIM GUT nepekmoyaercs: (T.e. 0 3ameHseTcs Ha 1, a 1 — Ha 0).
DyHKLMS OLIEHUBaETCS € TOf LENbI0, YTOOHI YBUAETh, KaKOE 3HAYEHUE HOJDK-
HO OblTh BO3BpallleHO, €CINU TIPUHATH TPEMIOKEHHOE  M3MEHEHUE
(nepexmioueHue GuTa), M BBIYMCIACTCA COOTBETCTBYIOLIEC U3IMEHEHME 3HEp-
ruu. Ecnn 3Heprua yMeHblIaeTcsl, U3MEHEHME NPUHMMAETCS, MHaYe U3MEHe-
HHe NMPUHMMAETCS ¢ BEPOSTHOCTBIO, 3a1aHHON PaBEeHCTBOM (6.1). ®opmanpHO
npoueaypa BbICISAUT CIIEAYIOIUM 06pa3oM.
1. CiyyaiinpiM o6pa3oM BbIOMparoTCs HayalbHBIA BEKTOP X M HauajbHOE

3HavyeHue T.

2. Co3zgaeTcs KOTMHUS X C MMEHEM X, M CIyyaiiHbIM oBGpasoM BblGnpaetcs
KOMIOHEHTA X, I W3MEHEHMs. BUT BbIOpaHHON KOMIIOHEHTH nepe-
KITIO4aeTCs.
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3. BolumcisieTcss U3MEHEHHE SHEPTUM.

4. Ecim u3MeHeHHME 3HEPrMM MEHBLIE HYNIS, YCTAHABIMBACTCH X =X, -
Wnaye ¢ nomoipo ¢GbyHKUMM OMHOPOTHOTO pPaCHpeAe/IEHUsT TUIOTHOCTU
BEPOSATHOCTEel BBIOMpaeTcs cirydaiiHoe yncio Mexay O v 1. Ecnu coyvaii-

HOE YHMCJIO MEHbllIE, YeM exp(—AE/T), yCTaHaBIUBACTCA X =X, -

5. Ecau 6bu10 BBINOJNIHEHO 3afaHHOE yucjo (M) M3MeHeHUI BeKTopa X, IS
KOTOPBIX 3HayeHUe f YyMEHBIUMJIOCH, WJIH ObIJIO BHITTONHEHO N H3MeHe-
HMIl X ¢ MOMEHTa MOCJEIHEero U3MEHEHMST TeMIIepaTyphl, TO YCTaHaBIMU-
Baetcst T =aT .

6. Ecmu MUHMMaNbHOE 3HaueHMe f HE YMEHBLIAETCH YXKe B TCUCHUE HEKOTO-
poOro omnpeaejieHHOro GUKCUPOBAHHOIO YKCia L IMocieIHUX UTepaLiii, TO
TIpOLiECC OCTAHABJIMBAETCS, WHAYe MPOUCXOMMUT BO3BpAT K II. 2, U BbIYKC-
JIEHUA NPOIODKAIOTCS.

3recs M MeHbie N, a L o6blyHO HaMHoro Gonbitie N. IToHMXeHMe Temriepa-
TYpbl YNpaBAseTCsl KOHCTAaHTOH a, 3HaAaYeHUe JUIST KOTOPO#H, KaK IpaBuno, Bbl-
O6upaercs U3 nuanasoHa ot 0.8 1o 0.9999. HayanbHoe 3HayeHue T BhIOUpaeTcs
Tak, 4YTO Ui BCEX HU3MEHEHWH OSHEPIrMU MMEET MECTO HepaBEHCTBO
exp(—AE/T)>0.9999 .

MaiwuHa bonbymana

MaumHa bonbuMana, npeanoxeHHas B [Ackley ef al., 1985], npencrasnsier
coGOil HEHAPOHHYIO CETb, MCIONB3YIOUYIO MACIO MOIEBHONM “3aKanku” Ins
OOHOBNEHHUS cocTosiHUSL ceTH. B cBoeil 6a3oBoii ¢opme MammHa BonbumaHa
sBnsieTca cethlo Xondwunma (cMm. raasy 4), ucnonbayiolleil st oOGHOBAeHUS
COCTOSTHMSL 3JIEMEHTAa CETU CTOXacTHYecKuil nmpouecc. B npeanaraemom 3aech
MPEACTaBACHUU COCTOSTHUSI aKTHUBHOCTH SABJISIOTCS OUTMONSIPHBIMU (T.€. Xapak-
TEPU3YIOTCS 3HAYeHUSIMH +1 U —1). DHeprus cetH Xondunma O6nu1a onpenene-
Ha B IMaBse 4 crnenymooleit popmyoii:

1
E= "2‘223/“:‘%"
joi

rae s 0003HAYAET COCTOSIHME 3JieMeHTa ceTH. ECM 2JIeMeHT j U3MEHSET CO-
CTOSIHUE Ha BEJIMYMHY As;, TO H3MEHEHUE SHEPTHMM OyeT paBHO

AE = —AstS,-w,j .
i

HM3MeHeHHEe 3HEPIrMM MOXET TAKXE ObITh BLIPAXEHO B BUIE
AE = —ZSjZS,-wU .
i
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D10 NIerKo A0Ka3aTh, paccMaTpUBasg BO3MOXHBIE H3MEHEHMS COCTOSTHUS 3JIe-
menTa. Eciu cocrogHue s; B JaHHBIIi MOMEHT paBHO —1 U OHO H3MEHSETCA
K 3HaueHHIo +1, U3MeHeHue OymeT paBHO +2 WIH —2s Ik Ecnu cocrosiHUue s I
B NAHHBIA MOMEHT paBHO +1 M OHO M3MeHAeTcs K 3HaYEHMIO —1, U3MEHEHHE
6ynet pasHo —2 win —2s;. JIng BHIMUCICHUST BEPOSTHOCTH TIPUHSATHA TIpel-
JIOXXEHHOTO M3MEHEHUS COCTOSHHUSA 00BIYHO MCIIONb3yeTcs GYHKLUMA-CUTMOMIL

1

p=l+ex -E ‘
T

IMostomy BEPOATHOCTb lepexolla 3JIEMCHTa B HOBOC COCTOSIHUC OKa3bIBacT-

Csl paBHOI:
1

p =
S;Wy
L+exp| 2s; Z?f—-—”-

6.2

Mammta BonabumaHa HCIONB30BANACH WIS PellieHUs psfia npobieM onru-
MM3aLMH, BKMOYas TNpobieMy KOMMHBOSDKEpa (HaXOX[A€HHE ONTHMANBLHOIO
MapLIPYTa MEXIY HECKOIBKUMH TOPOJaMH). ‘

Mamuna BoabLiMaHa MOXeT MMETh H CKPBIThIE 3JIeMEHTH. Buaumbie ane-
MEHTH{ (T.€. JICMEHTBI, UCTIONb3YeMble WISl CONPSKEHUST ¢ BHeUHeli cpenoit)
MOTYT GbITh pasfie/icHbl Ha BXOAHBIE M BbixofHble. TIpuMep cooTBeTCTBYIOLICH
APXUTEKTYpHl NOKa3aH Ha puc. 6.3. Bce 3neMEeHTH MMEIOT ABYHATIpaBJICHHBIC
CBAI3M CO BCEMH JPYTMMH 3JIEMEHTAMH, KPOME 3JIEMEHTOB BXOJHOIO CJIOS, KO-
TOopble He CBI3aHBI HEMOCPEACTBEHHO C 3NIEMCHTaMMu BbixonHoro cios. Cers
¢ TaKoli apXMTEKTYpOil MOXHO TOABEPrHYTH ynpasisieMoMy obydyenuio. B xone
oByuyeHHSI BXOAHbIC M BBIXOIHBIE JICMEHTH 3aKPEIUISIOTCA (3afaloTesl BXOA-
HBIM BEKTOPOM M ACCOUMMPOBaHHBIM C HUM BBIXOAHBIM BekTopom). Ilo 3a-
BEPLUICHUU OOYUEHMS 3aKPETUIAIOTCA TOJNIBKO BXOAHBIC JIEMEHTBI, H CETh BbI-
TIOHAET HEKOTOPOE YHC/IO UTEpaLUii 1o TeX 1op, MOKa B pe3yJbTaTe He ycTa-
HOBATCA 3HAYCHHUS BBIXOAHBIX 3JIEMEHTOB.

Mpouecc obyuyenus ynpapnsemoii cetv BonbliMaHa pasgensiercss Ha fBe
daspi: a3y dpukcaumu, B Xolle KOTOpoii BXOAHBIE U BHIXOAHBIC IEMCHTHI 3a-
KPEIUIAIOTCS BXOAHBIM U LieIeBbIM o0pa3uaMu, M a3y cBOGOIHOrO BBIMONHE-
HMS, B XOlle KOTOpOil 3aKpennsiorcss TOAbKO BXOAHbIe 3neMeHTHl. Ceresast
CTATUCTHKA cobupaercsd Ha RPOTSDKEHMM obeux ¢a3 M ucrnonb3yercd 3areM
IS TOro, 4TOOB OOHOBUTb BeCOBbIE 3HAYCHUSA.

Bec cBS3M MexXay 3MeMEeHTaMU i U j KOPPEKTUpyeTcs B COOTBETCTBMU

¢ dopmynoit
Aw; =1(p; = Py) »
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BxopHo#t cnoi : BuixozHot cno

=

X7
i

4

Puc. 6.3. IMpumep MatwnHsl BonbuMaa ¢ BXOQHbIM 1 BLIXOAHbIM CROSMY. B AaHHOM chyvae
CeTb MMEET OAUHAKOBOE HUCNO BXOAHLIX M BbIXOAHLIX 3NEMEHTOB U MOXET MUCMO/Ib30BATHCH
AN asToaccoumnaimm

rae p;; 0603HAaYaeT KOPPENALMIO MEXIY JJIEMEHTAMH i M j B Xole ¢a3bl HUK-
calMH, a p; — KOppenasuuio B xofe (asbl CBOOGOJHOIO BbIMIONHEHUS;
B HallleM cJIyyae KOppesisiiuvs O3HayaeT BEPOSTHOCTh OJNHOBPEMEHHOrO HaXo-
XKACHUA OBYX 3JIEMEHTOB BO “BKJIIOYEHHOM” COCTOAHMM. Mbl He OyaeM pas-
6MpaThcsl B JETAISIX alTOPUTMa, HO, IO CYTH, 3[eCh ST KaXIOH rapbl BXOI-

HBIX 1 BBIXOIHBIX 06pa3L10B 3aKPCIVIAIOTCH BUAUMMBIC IJICMCHTHI U BbINNOTHACTCA .

MojiefibHaA “3akayika”. Il KaXIoro ypoBHSI TeMIlepaTyphl TIPOUCXOAUT OOHOB-
JIEHUE COCTOSIHMII CKPBITHIX 3/IEMEHTOB B COOTBETCTBMM C TPABWIOM BEPOSTHO-
CTel, TNpeacTaBIeHHBIM paBeHCTBOM (6.2). st KoHeuHOi TeMmepaTyphl cobupa-
€TCS CTATHUCTHKA, MO3BOJISIOLIAs OLEHUTb Koppensunu pf . Tlpouenypa nosro-
pseTca o5 (pasbl ¢cBOGOTHOrO BBLIMONHEHHS, 110 3aBepIIEHUM KOTOPOI BECOBbIE
3HaueHUS OOHOBINAIOTCS. Bech mpoliecc MOBTOpsIeTCS 40 TeX IMop, NoKa U3MEHe-
HMS BECOBBIX 3HAYEHMI HE MpeKpaTATCs (T.€. IO TOro, KaK CeTh COMIETCS).

6.2.2. BepoATHOCTHbIE HEMPOHHbIE CETH

~ B 3T0M pasgene Mbl pacCMOTPHUM CETh, KOTOPYIO MOXHO HCIIO/IB30BaTh IS
Krmaccuukaumy o6pas3slioB U KOTOpasi Ha3bIBAETCH GEPOAMHOCHHOU HelUpoHHOU
cenmbio (cetb PNN — Probabilistic Neural Network). Cerb PNN Ha camoMm jae-
Jie npeacTaBisieT coboit MapajUlefIbHYIO pealM3alivio JaBHO M3BECTHBLIX CTaTH-
cTUyecKMX MeronoB. B paborte [Specht, 1990] Gputo mokasaHo, Kak Juisl KJjlac-
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cuduxaiuy- od6pasloB MOXHO HCIIOAb30BATh HEMPOHHYIO CeTh, B KOTOPOM
peaNnm3yioTcs cTaTMcTUYecKHe MeTobl. [Ipexnae yeM paccMOTpeThb OETajld ap-
XUTEKTYpPbl TAKOW CETH, BbISCHUM INPUHLMITEL e paboThL.

B cetn PNN o06pa3ubl x1acCHGUUMPYIOTCS Ha OCHOBE OLIEHOK MX 6.11130-
CTM K cocenHHMM oOpasuaM. PaccTosHue Jo cocegHUX oOpa3lloB SBISETCA
BaXXHBIM GaKTOpoM MNpH KiaccudUKalLUU HOBOro obpa3lia, HO BaXHBIMU SIB-
JIFIOTCS ¥ 0CODEHHOCTH pacnpefie/ieHUsT cocelHMX ob6pa3uoB. CTaTUCTHYECKHE
METOIB! MCIIOABb3YIOT PAN KPUTEpHEB, Ha OCHOBE KOTODBIX IPUHUMACTCH pe-
IUEHME O TOM, K KaKOMY M3 KJIACCOB OTHECTH ellle HeKiacCuDUUMPOBaHHbIH
obpaseu. BarisiHuTe Ha puc. 6.4. OfHUM M3 METOIOB, HA OCHOBE KOTOPOTO

- MOXXKHO NPUHATH PCIUEHHUE O KJIACC€ HOBOTO 06pa3ua, ABASACTCHA BbIYHCICHHUC

LIEHTPOMJIA KaXIOoro Kjacca (T.e. YCpeAHEHHON XapaKTEepUCTHKM pa3MeileHHA
Bcex 00pa3iioB B Kiacce). Takol Meron IpekpacHO MOAXOQWUT MJisSI pacnpele-
JIEHUH, TIOJOOHBIX TOKa3aHHOMY Ha puc. 6.4d, HO MOXET IIPHBOIMTEL K OLUINO-
KaM KiraccuuKauuM T1pM  pachnpeleieHusix, MNMoaoOHbIX TMOKa3aHHBIM Ha
puc. 6.46. AnsTepHAaTUBHBIM NPOCTOM M 4acTo MPUMEHSIEMbI KpUTEPUI Kiac-
cUdHKaAUUM OCHOBAH Ha MCIOJB3OBAHUM “OiMXaiilliero cocega”: sl Heknac-
cuduruMposaHHoro obpasia MLeTes GaMKaiLImit ofpa3ell] ¢ U3BECTHBIM KJlac-
COM, M HekaccubHULIMPOBaHHBIIT obpasell OTHOCUTCA K TOMY Xe Kiaccy. Ho,
OMnATb Xe, TaKOH MeTon Toxe He Bcerga pabotaer, 4TO WILHOCTPUpYET
puc. 6.46. Bonee “usolupeHHble” MeTOAb! B JAOMOJHEHUE K PaccCMOTPEHHUIO
PacCTOSHUS YYUTBIBAIOT TJIOTHOCTh pacrpeleieHUsT coceTHUX o6pa3LloB.

+
e
% b G j&%ﬁ&
A A? %iﬁ
¥, 5% /
1} LIEHTPOUA
a) 6) 8)

Puc. 6.4. He ncnons3yowme ynpasneHne MeToAb kKnaccupukaynn tovex. B cayyae a Hewns-
BECTHbII 3K3eMnnap, 0BO03HaveHHI 3HaKoM “?7”, Kaxerca npuHagnexalyuMm knaccy *;
8 3TOM Cfiy4ae MeToj LEHTPOMAA NPasuiibHo onpeaenser knacc. B cnyyae 6 HenasecTHbii
3K3EMNNAD KAXETCH NPUHAZNEeXalynM Knaccy »*, B 3TOM CAy4ae MeTof LEHTpoufa Aact
HeBepHbIl pe3ysnbTar. B chy+ae B HEM3BECTHbI 3K3EMNNSP KaXETCH NPMHaZNeXalyuM Knac-
cy +: Onuxadwmit “coces” aToro aK3emnaapa He SBASETCA NpefcrasuTenem knacca .,
B naHHoM ciyyae npasunsHas knaccugukaums 3aBuUCHT OT yyeTa 0CoBeHHoCTel pacnpege-
NeHns cocesHnx 06pasyos :
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B ocHOBy knaccudukanun B ceTh PNN I00XeHO UCIONb30BaHHE Me-
Tonos Baiteca (Bayes). Unest cocTouT B TOM, 4YTO ISl KaXmoro obpasla
MOXHO HPHHSATH pElllCHHE Ha OCHOBE BbIOOpa HauGoslee BEPOSTHOTO Kiacca
U3 Tex, KOTOPHIM MOr GBI NpHHALIEXaTh 3TOT obpasel. Takoe pelieHue
Tpebyer olleHKH (YHKIIMHM TUIOTHOCTH - BEPOSTHOCTEN IUIS KaXIoro Kiacca.
D1a OLEHKA MOJyYaeTcd B pPE3YIbTATE PACCMOTPEHUSI Y4YEOHBIX JaHHBIX.
@opMaTbHBIM NPaBUIOM ABISAETCA TO, YTO KJacc ¢ HauOosee TUIOTHBIM pac-
NpeleiEcHUEM B 00JIACTM HEM3BECTHOTO 3K3eMIUISIpa Oyler MMETh NPEHUMY-
IECTBO IO CPABHEHMIO ¢ APYrMMH Kiaccamu. ToyHo Tak Xe 6yneT HUMeETh
NPEUMYIIECTBO M KNAcC ¢ BHICOKOH anpUOPHOI BEPOATHOCTBIO MM BHICOKOH
neHo# onmbku Knaccuduxkauuu. JUig aByx xnaccoB A U B B COOTBETCTBMH
¢ JaHHBIM TIPaBUJIOM BHIOHpaeTcd Kiacc A, ecnu:

hycqfa(X) > hgep fp(x),

rae h obo3HayaeT alpUOPHYIO BEPOSTHOCTb, ¢ — LIEHY OLIMOKHM Klaccuduka-
MU, a f(X) — DYHKIMIO IUIOTHOCTH BeposiTHocTeil. Boobuie rosopsi, oLieHka
CTOMMOCTH OIIMOKH KiaccudUKalMKM TpeOyeT XOpOLIEro 3HaHWSA MPHIIoXe-
" HUS, HO BO MHOTMX NPWIOXKEHHUSIX LieHa OoINOKM KiaccupHKaLMU H anpHop-
Hbie BEPOATHOCTU BbIOMPAIOTCA ONMHAKOBBIMH UISI BCEX KJIACCOB.

HrHopupoBaHHe LEHBI OHIMOKM U anpHUOPHBIX BEPOATHOCTEN BCe XKe He
n36aBasieT OT HEOOXONMMOCTH OLEHKH (YHKUHHU IUVIOTHOCTH pacrpenesie-
HUs BepoATHOCTei. OUEHUTh 3Ty (YHKIHMIO MOXHO ¢ NMOMOUIbIO MeTona
IMapuena (Parzen), B KoTopoM Hcrnions3yercs BecoBasi GyHKLUsSI, MMeOUIast
LHeHTp B TOYKe, MPEACTaBAAIOIIEH Y4eOHBIA obpaseu. Takas BecoBas
GyHKUMS Ha3sslBaeTcA ywkyued nomexyuasra Wiv adpom. Yawe Bcero
B KayecTBe siApa HUCIOJb3yeTCs d)yuxduﬂ Taycca. ®opma 31Ol dyHKUMHU
B cjiyyae OJHOI MepeMeHHON Moka3aHa Ha puc. 6.5. Ins AByx mepeMeH-
HbiX (T.€. B ABYMEDHOM ciiy4yae) ¢yHKuus umeeT ¢GopMy KojioKona, Kak
MoKa3aHo Ha puc. 6.6.

T T i T I I 1

-1.5 -1 —0.5 0 0.5 1 1.5

Puc. 6.5. Qyrxyma laycca ogHOiA nepeMeHHOM
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Puc. 6.6. ®yrkuuns [aycca asyx nepeMentbix

Y1066l MNOCTPOUTH (GYHKUMIO paclpefelleHUst Kjacca, Al KaxAoro
y4yeGHOro BekTopa paccMarpusaetcs ¢yHkuMA ['aycca ¢ LEHTPOM B TOUKE,
COOTBETCTBYIOLUEH 3TOMY BeKTOpy. 3ateM dyHkuuu laycca ans Bcex Bek-
TOPOB CYMMMpYIOTCS, B pe3y/ibTare Yero mnonyvyaercsl HyXHas GyHKUWA
pacnipenesnienus. OueHka GyHKUUHN pacnipefieeHUs B OJHOMEPHOM clyyae
ISt JAHHBIX, TPUHAAJEXAILMX ONHOMY Kjaccy, TMoka3aHa Ha puc. 6.7.
Ha sToT pa3 ucnonb3osaiach Gosee npocrtas dopma ¢yHkuuu Taycca,
a UMEHHO:

_ ~ | x=x; 1°
g(x) = l};exp -———0

Mapamerp ¢ 3agaeT WHPHHY GYHKUMIA U ONpPENEAseT WX BAUSHUE, YTO WIIIIO-
cTpuUpyeTcst Ha puc. 6.7—6.9.

Mpumep 6.1.

UMeeTcs nBa Kjacca JaHHBIX ONHOM MNEpeMEHHO!, Kak I1OKa3aHO Ha
puc. 6.10. lns obpa3sua, pasMelleHHOro B Touke 0.2, KNacc He W3BECTEH.
Hcnonbays (GyHKUMIO pacrpenc/ieHUsl ¢ TaycCOBbIM SIAPOM, OnpenesinTe
KJ1ACC, M3 KOTOPOro B3fIT YKa3aHHbIN obpa3ell.

Pewenue 6.1.

3HaueHUe AN © NpuHUMaeTcst paBHBIM 0.1. B Tabu. 6.1 nokasaHel pe-
3YNBLTATBI OLIEHKM TJIOTHOCTH PACTIPE/ENIeHUsT BEPOSTHOCTENR. XOTSA Heus-
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BECTHBII1 3K3EMILISP HaxoauTcsl GMXe BCEro K TOYKE U3 Kiacca A, Bbl-
YHCJIEHUS 3acTaBJIAIOT OTJaTh npeAnoyTeHue Kiaccy B. IlpuumnHoit, no
KoTopoil B okasbiBaeTcst NpelnodYTUTENBHEE, ABASETCS. BBICOKAST IUIOT-
HOCTBH TOYEK 3TOro Kjiacca oKojo 3HayeHus 0.35. :

2.5 1

1.5 A

0.5 1

0 p
» S N A A
oD oF 0¥ oV 017 0P 0P o o 087 o8 oF o 0P ¥ o T

Puc. 6.7. Ouenxa ¢yHKumn pacnpegencHus, nonydeqHas B Buge cymMmbl yHkymi aycca
C LIEHTPaM# B TOYKaX, COOTBETCTBYIOWMX AaHHEIM uMelolmxca obpasyos; 3geck o = 0.1

1 -
o o 0¥ 0P 0 0P o3 o 0P 0P o8 o8 o o 0B O
Puc. 6.8. Ouerixa, ’no,qo6Haﬂ noxasanHoi Ha puc. 6 7, Ho ana o = 0.3. TaKas wupuHa oxassi-

BAeTcs CrluKoM BOJIbLLIOH M €CTb 0NACHOCTb, YTO KNACCH OKAXYTCS Pa3MbIThiMU (4TO O3Haua-
€T BLICOKYIO BEPOSTHOCTb OWwnBOK Kknaccuduxaumm)
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2
1.8 -
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0
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Puc. 6.9. Ouenxa, nogo6as noxkasanHoi Ha puc. 6 7, Ho ang o = 0.05. Ecan WwnpuHa nukos
CTaHOBMTCS C/MLLKOM Manoli, eCTs ONacHOCTs yXyAleHns CBOCTE oboblyexus: aonycku so-
Kpyr y4ebHuIx 06pa3L08 0Ka3blBaIOTCS CNWKOM ManeHbKuMi

-1.0000 -0.5000 0.0000 . 0.5000 1.0000

Puc. 6.10. HeussecTHbiA 3K3eMNARp, KNaccnduuupyemsil C MOMOWBIO (yHKUHH NAOTHOCTH
pacnpegenexus BeposTHoCTel (cM. npumep 6.1)
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Tabnuuya 6. 1. PeaynsTarsi BeIMUCICHHS OLEHOK MNOTHOCTH pacripe/ie/IeHUsi BEPOSTHOCTEH
ang npumepa 6. 1.

Knacc = Yuebuuiii o6pasey  PaccTosnme go HeuasecTHoro [TnotHocTs pacnpenenenqus

AT -0.2000 0.1600 0.0000
A ~0.5000 0.4900 0.0000
A -0.6000 0.6400 0.0000
A -0.7000 0.8100 0.0000
A 08000 1,0000 0.0000
A 0.1000 00100 0.3679

' 0.3679°
B 0.3500 00225 01054
B 0.3600 0.0256 Ve
B 0.3800 0.0324 00392
B 0.3650 0.0272 0.0657

B 0.3550 0.0240 0.0005
B 0.4000 0.0400 00183
B 05000 00800 0.0001
B 0.6000 0.1600 0.0000
B 0.7000 0.2500 00000
0.3965

Apxutekrypa HelipoHHoit ceTu PNN

TIpuMep apXUTEKTYphl CETH IS peIlieHHd NPOCTON 3ajayM ToKa3aH Ha
puc. 6.11. 3amayeif BXOOHOrO cloOSl SIBISIETCS paclpelesieHHe JaHHLIX BXOI-
Horo obpasua juig ciod o6pa3lioB. B JaHHOM ciiyyae Kaxiabiii BXomHo# Habop
JaHHBIX MMEET YeThipe nmpu3Haka. Cloil o6pa3LioB UMeeT NO OJHOMY 3/IEMEH-
Ty g Kaxjaoro obpasua u3 Habopa yyeGHbIX JaHHbIX. BxomHoi cioit u ciioit
06pa3lioB 06pa3yIoT MOJTHOCBA3HYIO CTPYKTYpY. Jiss BXOASIUUX B 3JE€MEHT
ciost 06pa3loB CBsA3EH BECOBbl€ 3HAYEHUS YCTAHABIMBAIOTCA PABHBIMU 3Je-
MEHTaM COOTBETCTBYIOILIETO BekTopa-oOpasua. Hanpumep, mnsg nmepsoro sie-
MEHTa ¢JI0si 00pas3lior 3HaYeHHUE ero MepBOro BXONsIIEro Beca 6yneT ycTaHOB-
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JIEHO PaBHBIM 3HAa4YCHMIO TMEPBOro dJEMEHTa NEPBOro BeKTopa-06p33ua, 3Ha-

“4CHHE BTOpPOro BXOHSILLETO Beca — BTOPOMY JJICMCHTY BEKTOpa M T.A. AKTHB-

HOCTB 3JIEMEHTA ciod oOpa3ioB Oyaer paBHa

- e, — . 2
0, =exp[~——-—z(w”2 % } (6.3)
' [¢3

rae X 0003HayaeT HEU3BECTHHI BXOAHOM oOpasen. B 3ToM BbIpaXeHMM HC-
MONIb3YETCSA KBaApaT eBKIMUAOBOTO PAcCTOSTHUA OT HEHU3BECTHOTO 3K3CMIUIpa
J10 3JIEMEHTa CJIosE 00pa3LoB.

Sa(x)

Cnoii cyMMUpOBaHUs

Cnoii o6pasuios

Puc. 6.11. MNpumep apxutexrypsl cetn PNN

Cnoil CyMMHUpPOBaHHSL MMeET 110 OJHOMY 3JMEMEHTY Ui KaXIoro Kjiacca u3
y4e6HOro MHOXecTBa JaHHbIX. K JI0GOMY 3NIEMEHTY CJI0S CYMMMPOBAHMS MAYT
CBSI31 TONIBKO OT 3JEMEHTOB CJIod 00pa3LioB, MPUHALIEXKALUMX COOTBETCTBYIOLIEMY
Knaccy. BecoBble 3HaueHMs CBs3eil, MAYLIMX OT 3J€MEHTOB ciosi ofpa3uos
K 2JleMEHTaM CJIoS CyMMMpPOBaHHSA, GUKCHUPYIOTCA paBHBIMM 1. BieMEHT criost
CYMMMPOBAHHSI TIPOCTO CYMMHPYET BHIXORHbIE 3HAYECHMSA IEMEHTOB CJIoA 0Opas-
LOB. 3Ta CyMMa JIAeT OLEHKY 3HayeHMss PYHKLUMHU TUTIOTHOCTH pacrpesiesieHust Be-
POSITHOCTEH U1l COBOKYNHOCTH 3K3EMILISIPOB COOTBETCTBYIOLLEro Kiacca. Bbixon-
HOJ1 3JIeMEHT MNpeACTaBaseT coboil AMCKPUMUHATOP MOPOTOBOii BENMUMHDI, YKA3bi-
BalOLLMIA NEMEHT CJIOS CYMMUPOBAHUS C MAKCUMAIbHBIM 3HAYE€HHEM AKTHBHOCTH
(T.€. YKa3bIBaeT KJIAacc, K KOTOPOMY MPHUHAIUICKHUT HEUIBECTHDIA 3K3EMILIAD).
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Jnst cet PNN He TpebyeTca o6y4eHUs B TOM CMBICHE, Kakoe Tpebyercs
UL ceTeil ¢ 0OpaTHBIM paclpoCTPaHEHMEM OIIMGOK, TaK KdK BCe MapaMeTphI
cet PNN (4Mciio 31eMEeHTOB M 3HAYE€HMS BECOB) OTPENETSIOTCS HETOCPEICT-
BEHHO Y4eOHBIMM JTaHHBIMU.

Ipouenypa g ucrionb3oBaHusl cetn PNN' gBiistieTcst OTHOCUTENBHO MpPO-
CTON. ApXMTEKTypa CeTH ONpeleNiIeTCss CTPYKTYPOil Y4eOHBIX JaHHBIX:

¢ YMCJO BXOJHBIX 3JIEMCHTOB PAaBHO YHMCIY ITPU3HaKOB,
® YHCJIO IIEMEHTOB CJ104 06pa3u08 PaBHO 4YHCY y‘{CGHbIX o6paau013;
® YHCJIO 3JICMCHTOB CJ10A C)”MMPIpOBaHI/ISI PaBHO YMCJIY KJ1acCOB.

IlepBhIil ClIOH BECOBLIX 3HaueHWM orpelensieTcs yyeOHbIMU oOpa3uaMy.
‘JI;19 BTOPOro C/10sf BCe 3HAYEHMS YCTAHABAMBAIOTCA PaBHBIMU elvHHLE. Beco-
Bhle 3HaYeHWS KOHEYHOrO CJIOST YCTaHaBJIMBAIOTCS TaK, YTOOBl Ha BbIXOAE pac-
MO3HABAJICA JMEMEHT CJIOSE CYMMMPOBAHMS ¢ HauBOMBIINM 3HaYeHHWEM aKTHB-
Hocti. Mg 3neMeHTOB cod o6pa3noB HeoOXONUMO BbIOpaThb MOAXOASLLYIO
¢dyHKuMIo akTUBHOCTH. Kak mpaBuio, ucnoss3yercs sapo I'aycca B BUAde, 1MO-
Ka3aHHOM B BhIpaxeHMH (6.3). 3HaueHHe © 3aJaeT WHPUHY OYHKUUU aKTUB-
HOCTM. 3HaYe€HUE G OKa3bIBAETCS OYE€Hb BAXKHBIM, II03TOMY Yaille BCEro OHO
nogbmpaeTcsl B pe3ysbTaTe dKCIIePUMEHTa.

ITocne Toro Kak ceTb NMOCTPOEHA, HEW3BECTHBIN 3K3eMIISAP MOXHO ITOAaTh
Ha BXOJ CETH, U B pe3ynbTaTe MPSMOTO MPOXOJa Yepe3 CeTb BLIXOOHON cloM
yKaxeT KJiacc, K KOTOPOMY, BEpOsITHEE BCEero, NPUHAIEXUT obpa3ell.

JanHoe 3aech npencTasieHue ceTy PNN TpebyeT BhIUUCIEHUS €BKIUIO-
BOTO PacCTOSHUSA OT HEU3BECTHOIO K3eMIUIApa IO BceX YYeOHBIX 0OpasLoB.
Ecnu Bce BXOIHBIE BEKTOPHI MMEIOT €IMHWYHYIO JUIMHY, TO (DYHKLMST aKTHB-
HOCTH JUIA 37EMeHTa cJiod o6pa3lioB MOXET OBITH IIpe/cTaBleHa B ¢popMe, co-
Jepxalieit 6osee ynoGHYIO A UCMONL30BAHUSL CyMMY IPOM3BEACHUIA:

Ex.wu -1
0. = exp Lty
J 0.2

Mpumep 6.2.

Ha puc. 6.12 noka3ansi cocrogiiiee U3 TpeX KJIacCOB MHOXECTBO Y4eOHBIX

_TOYEK M HEW3BECTHBII 3K3eMruisap. HopmanuaylTte faHHbIC BBOJA K eIM-
HUYHOM inHe U, ucnonawsdys cetb PNN, HaiiauTe kiacc, K KOTOpOMY
cleqyeT OTHECTU HEM3BECTHBIA SK3eMILIAP.

Pewexue 6.2.

HopManusosaHHBIe BEKTOPBI IMOKa3aHbl Ha puc. 6.13. B 1abn. 6.2 npencras-
JIEHBI Y9eOHBIE IaHHbIE 10 U Moce HopManusalmu. B tabn. 6.3 npencrasieH
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HEU3BEeCTHBIM 0Opaszell: B TaOn. 6.4 ToKaszaHbl pe3yJBTaTHE [IpoXoda yepes
CeTh € LEJBbI0 KlacCM(MUKALMM BEKTOpa HEeU3BECTHOro obpasua. 3HaueHue
0 paBHo 0.1. BeluucneHUs TOMELIAIOT HEU3BECTHBII 00pasell B Kitace A.

7
6..
5]
4
3 -
9 1
i ‘
0 : : T .
~140
—2
-3
-4

- HenasecTHblit aksemMnnsp

Puc. 6.12. Hem3seCTHbifi, 3Kk3eMnnsp Ans knaccugukauyuu ¢ nomdwb;o ceru PNN
(cM. npumep 6.2)

1
08 1
0.6 |
04 -
02 - '
0 . . : 1 ;

0240 o2 0.4 0.6 08 1 12

044

~0.6 1

~08 -
~1

Puc. 6.13. Pesynstar HopMann3aiumum BeKTOPOB, NOKA3aHHbIX Ha puc. 6.12
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Tabniya 6.2.- Hopmanu3osanHsie yiebHble ganHse

Oxonuanme Tabn. 6.4

Onement oo w, wy ' AKTUBHOCTb AKTUBHOCTb BN1EMEHTA -
06pa3tos CAI0S CYMMUPOBAHIA
3 0.6000 . .0.8000 0.0213

4 0.6402 - 0.7682 0.0768

5 0.5547 08321 0.0040

6 0.6247 0.7809 "~ 0.0480 0.5459

7 0.9615 027147 0.0011

8 - 0.9191 10.3939 0.0516

9 0.9701 0.2425 0.0003

10 0.9363 0.3511 0.0153

11 0.9138 0.4061 | 0.0706 0.1389

12 0.7071 -0.7071 0.0000

13 0.4472 -0.8944 0.0000

14 0.7071 -0.7071 0.0000

15 0.8321 -0.5547 0.0000

16 0.7071 -0.7071 0.0000 0.0000

Heropmanu3osanHwii BexTop ~ HopmanusosanHbiii BEXTOP
N x X X
3.0000 5.0000 0.5145 0.8575
4.0000 40000 0.7071 0.7071
3.0000 4.0000 0.6000 0.8000
5.0000 6.0000 0.6402 0.7682
4.0000 6.0000 0.5547 0.8321
4.0000 5.0000 0.6247 0.7809
7.0000 2.0000 0.9615 0.2747
7.0000 3.0000 0.9191 0.3939
8.0000 2.0000 0.9701 0.2425
8.0000 3.0000 0.9363 0.351
9.0000 4.0000 0.9138 0.4061
1.0000 -1.0000 - 0.7071 -0.7071
1.0000 -2.0000 0.4472 -0.8944
2.0000 -2.0000 0.7071 -0.7071
3.0000 -2.0000 0.8321 ~0.5547
3.0000 -3.0000 0.7071 -0.7071
Tabnnya 6.3. HenssecTHbii aK3eMnnsp
Heropmann3osaHHbii HopmanuaosanHbii
X X2 ! X2
5.8000 4.4000 0.7967 0.6044

. Tabnuya 6.4. Botuncnenns cetu PNN pns xnaccuduxaluy HeH3BeCTHOIo K3emMnnapa,
npegcrasnexHoro 8 Tabn. 6.3

Onemenr cnos. w Wy AxTnBHOCTL AKTHBHOCTb 3/1eMenTa
obpa3syos CNOA CYMMHNPOBAHNS
1 05145 0.8575 -~ 0.0008

2 0.7071 0.7071 0.3950
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Cetu PNN Moryr ObiTh Gonee CIOXHBIMM, UYeM MNpeicTaBiACHHas 3A€Ch
cetb. HarnpuMep, LTS KaxIOTO BXOXHOTO TPU3HAKAa MOXHO MHCMOMb30OBaTh
pasHble 3HaYeHUs ©. TakuM oGpa3oM OKa3bIBAaeTCs BO3MOXHBIM B 3HaYMTE/b-
Hblil CTENEHM KOHTpoiupoBath dopMmy KIaccupUKalMOHHO! TMOBEPXHOCTH,
COOTBETCTBYIOIIEH yueOHbIM obpa3uaM.

Cetn PNN oueHb yno6HO Mcronb3oBats i kiaccudukaunu. OHu ObicT-
po 06yyaloTCsl, NOMYCKAOT HaIMYME OWMGOYHBIX JAaHHBIX U OGECTeYHBAIOT
MoNe3HBIE pe3yNbTATH Jaxe Ha Manblx Habopax yueGHbIX JaHHbIX. Ho cetn
PNN o0Ka3biBaloTCsi BecbMa TPeGOBATENLHLIMM B OTHOLUEHMM pecypcos. Pe-
ILIEeHHE HEKOTOPbIX NpobiieM TpeGyeT coTeH U Jaxe ThicAY y4eGHbIX 06pa3LloB,
B pe3y/bTaTe Yero KiaccMMHUKalMs KaXIOro HEU3BECTHOrO 3K3EMIULpA mo-
TpebyeT Hemano BpeMeHU. OIHaKO HeO6XOAUMO TNOMHHTD, YTO €CJIH CETh pea-
AN30BaHa B BUAE allllapaTHLIX CPEACTB, TO BbIYMCIICHHS Yalle BCETro BHINOJ-
HSIOTCA NapaJUIENIbHO.
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Cets PNN He smiisreTcs cTolb 0biieil, K4K HEKOTOpbie ApyTie HeHPOHHBIE ce-
1. Tak, B cBoeil 6azosoii ¢opme cets PNN orpanmyrisaetcsl 3afayaMi KIacCH-
¢buKaliHK; B OTINYHE OT MHOTOCIOMHOM CETH € IIPAMON CBSI3BIO M 0DpaTHLIM pac-
HpOCTpaHeHHeM OUIMGOK, KOTOPas MOXET MOIEIMpOBaTh oToBpaXeHMe OBLIEro
suna. Tem He MeHee KiacchbuKalis TpebyeTca BO MHOIMX 3ajiadaX, a Kiaccugu-
Kaipio ceti PNN BEITONHSIOT o4deHb Xopoiio. He ciyuaiino B [Masters, 1995] as-
Top 3asgBsgeT, yto ceth PNN smisercs ero o61Moii HEHPOHHOM CETHIO.

6.3. Mpumep Mbnynbuoﬁ HelpOHHON ceTH

Ceth BP-SOM npencrasnsier coboit ceTh, 06beAUHSIIOIIYI0 MHOTOCTONHYIO
ceTh ¢ npsiMoil ceaspio (cétb MFN — Multilayered Feedforward Network),
0ByYeHHYI0 [0  ajfiropuTMy  ofpaTHOro - pacnpoctpaHeHWsT  owmnbok
(backpropagation), ¥ caMoOpraHu3yIoLLyiocs KapTy npu3Hakos (cetb SOM —
Self-Organizing Map). Ms! paccmarpuBaeM cetb BP-SOM st Toro, utoGbl
MOHATH, KaK, He 3aTpaynBas ocobbIX YCHIMI, CTPOUTh CeTH ¢ HOBOH apXUTEK-
Typoit, 4To6bl NMOTYEPKHYT, YTO HE CledyeT CIEWNTh OTKa3biBaThCA OT MC-
MOJIb30BaHUA HEMPOHHBIX ceTeil, eclid TIPH TIEPBHIX MOMBITKaX CeTh He CMoIia
ClpaBUTbhCS ¢ MOCTABICHHOM Iiepel Hel 3anayeil.

ITo cBoeit apxutektype cers BP-SOM  sBasieTcs craHmapTHOR cerThbio
¢ MpAMO# CBA3bI0, UMEIOLIEH OIWH WM HECKONLKO CKPITBIX cloeB (s 6o-
7iee ronHON MHGOPMalLMM MO 3ToMy Bompocy cM. [Weijters et al, 1997]).
C KaXAbIM CKpPBITBIM clioeM accouuupyercsa cetb SOM. B cnenyroiieM onuca-
HHM MBI IpelrosiaraeM HaJIMYHUe TOJNBKO OXHOTO CKPHITOTO CJIOS, HO TOYHO Ta-
Kas Xe MpoLeaypa UCTIOb3YeTCH U NMPU HATUYKHU HECKONBKUX CKPBITBIX CJIOEB.

Yucito anemeHToB B ceTd SOM BbiOHMpaeTcss NpOM3BOJILHLIM 06pa3oMm,
a YUCIO BXOMOB KaXIOro 3jeMeHTa ceTd SOM ycTaHABIMBAETCS PAaBHBIM YHUC-
Jy 3JIEMEHTOB B COOTBETCTRYIOLIeM CKphiToM cioe. Cetd MFN u SOM o6y~
YyaroTcA NMapauieNibHO, 3HAYSHHSI aKTHBHOCTU CKPBITOTO CJIOS CYXaT BXOAHBI-
MM HaHHBIMH it ceTd SOM. B xonme o6yyeHus cetb SOM caMoopraHMU3yeT-
_cd, M 9Ta CaMOOPTaHW3aLMs IIEPEeBOAMTCA B KiaccMbUKalMIO 1ocie
HasHauyeHMs KaxmoMmy ajieMeHty cetd SOM MeTkm Kiacca. Merka Knacca
aneMenTa cetu. SOM ornpenensercsa cnenyloummM obpasom. Ilocne Hekoroporo
yHcila yaeGHBIX LMKI08 Bee yueOHble 0Opasiibl (BMecTe ¢ MX MU3BECTHBIMU Bbi-
XOAHBIMM KJlaccaMH) OIMH 3a APYTMM Npeabstaisiorest ceth MFN. 3HaueHns
aKTUBHOCTH CKPBITOTO -cjiost ITojaloTcsi Ha Bxod ceth SOM M aneMeHTy-
no6eziurento ceth SOM (1.e. a)leMeHTY, OKa3blBalolleMycss B MeTpuke EBkin-
ga Onuxe Bcex APYTMX K BeKTOpY 3HauyeHUH aKTUBHOCTH CKPBHITOrO CJIOS).
C KaxXabsIM 3neMeHTOM ceTd SOM CBA3BIBAIOTCA CYETYMKM BBIXOMHBIX KJac-
coB. Kaxupiit pas, xorma anement SOM oka3nlBaeTcsi MOGEAUTENIEM B KOHKY-
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peHLIMM 3a y4yeOHpIii obpasell, CYETYWK COOTBETCTBYIOIErO 3TOMY 06pasiy
Kiacea yBejinyuBaeTes Ha éfunuiy. Ilocne paccMotpeHust Beex yuebHbIX 00-
pastoB Kaxaeii snemeHr ceru SOM Momyuaér METKY, ' COOTBETCTBYIOLLYIO
Kjlaccy € HauBBICIHMM 3HayeHieM cuyerddka. Bmecre ¢ MeTkoif Kiacca pac-

. EMATPUBAETCH M 3HAYEHMe HAXeXHOCTH, NpeicTapigouiee coboit oTHOLUICHHE

IHAYEHUS CYeTYMKA COOTBETCTBYIOLEro Kiacea K oOiliemMy ducmy robex saH-
Horo aneMeHTa. [IpMep apxuTeKTypsl Takoi ceT nokasaH Ha puc. 6.14.

O O pr— - ) N 8 noBea ¢ knaccom A
Py ~ .’/ W3 Tt ¢ kaotom B -
: meTka A, = 8/11
OOz

OM

. 3 noBeplt ¢ xnaccom A
7 nobep ¢ knaccom B —
Metka B, r=7/10

MFN 2 rioBeps ¢ knaccom A
W 4 rioBesy © knaccoM B —
meTka B, r = 7/10
Pue. 6.14. B naxvoM npumepe umeerca 27 yqebHbix 06pasyos — 13 u3 knacca A u 14 13
xnacca B. Yrobw u3bexars nyrawuusl, 34ech nokasaHs cBaau cetn. MFN Tonsko ¢ OAHUM
anementoM ceétn SOM

Ipu KOppeKTUpoBKe Becos B xofe obyuenus cetu MEN paccMatpuBaloTes
fBa Bektopa owubok. TMepsbiit M3 ITHX BEKTOPOB BhIYMCASiETCS ¢ HCMOMBb3O-
BaHUeM cTaHZapTHOI TeXHMKM oOpaTHOro pactipocTpaHeHMs oumbok. ITo
3HauuT, YTo obpajell rofaerca Ha paccMmorpeHue cetd MFN, u peanbHbiit
BBIXOI CETH CPABHMBAETCS C ILIAHOBBIM BbIXooM. BuixonmHas ommnbka sareM’
MCRONb3YETCs TS TOro, YToObl BEIUMCAMTL 3HAYEHUS OMOOK MUt Xax1oro u3
CKPLITBIX MEMEHTOB ( Vi eryor ). BTOPOE 3HaueHME OLIMOKM BHMMCIETCS s
cett SOM. 3HayeHMst aKTUBHOCTU CKpBITHIX 3JIEMEHTOB, FeéHEpUpYEMbIE Te-
KYLMM BXOIHBIM 00pa3lioM, CPaBHUBAIOTCA. CO 3HAYEHHMAMH 3JIEMEHTa-
nobegurenst cetu SOM, nMMerolnero MeTky Kjacca, COOTBETCTBYIOLIETO TEKY-
miemy obpasuy. IpyruMu ciosami, aneMeHThl SOM KOHKypHpYIOT 3a BEKTOp
3HaYeHUN AXTHBHOCTU CKPBITOTO CJOSl, HO B KOHKYPEHLIMHM YYacTBYIOT TONBKO
3MEMEHTH! ¢ NpaBuipHOM MeTKoM knacca. PasHoCTb Mexay BEKTOPOM 3Haye-
HUP aKTUBHOCTM CKDBLITOrO CJIOSi M BEKTOPOM BECOBBIX 3HAYEHUH 3jleMEHTa-
nobeautenst cetu SOM u sBnsterca oumbkoit ceth SOM (Vo oror )- Ecru
ajieMeHTa cetm SOM ¢ Mértko#i Kiacca TeKylwero obpaslia He HaiieHo, Bce
AMEMEHTBl BEKTOPA Vi eor YCTRHABNMBAIOTCA PABHBIMU HYIIIO. Ouinbka
CKPBITOTO 37IeMEHTa BBIYUCIIsieTCo 110 hopmysne
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S 1(Q-ec)x Vop_error; Y+ {(rxo xvsom_em,j ), ecmu r>t,
vbp_som_errbrj = " B IDOT
bp_error; > POTUBHOM Clly4ae,
rie o 0603HayaeT BIIMSIHUE OLUMOKM CETH SOM, koTopoe OOBIYHO yCTaHABIH-
BaeTcsl PaBHBIM 0.25 (€CNM YCTAHOBUTH €ro PaBHBIM 'HYJMIO, TO 6YNET HMMETh
 MECTO CTAHIAPTHOE 06paTHOE PacHpoCcTpaHEHUE OLUMOOK), r SABMSIETCS ITOKa3a-
TeNEM HAIEeXHOCTH, a t — MOPOTrOBLIM 3HAYEHUEM, OOBIYHO paBHBIM 0.95.

TMpouecc 06y4yeHNs He OTAMYAeTCs OT. Mpolecca obydeHs CTaHAAapTHOM ce-

TH ¢ OBpaTHBIM pacpocTpaHeHHeM OLIMGOK, eCiM He YYUTbIBaTh NOGABICHME -

JIOTTONIHUTENIBEHOTO  YYHTHIBAIOIIETO OUMOKY WIEHA IS KaXIOIo CKPHITOro 3aje-
MeHTa. TIporecc o6yueHus GopMabHO MOXHO MPEACTABUTD B CJICAYIOLUEM BUIE.

1. BecoBbie 3HaueHus s ceteit MFN 1 SOM ycraHaBnuBaooTcs paBHbIMH
cnyyaiiHbIM 3HayeHusiM. Jlng Bcex anemeHToB SOM YCTaHaBJIHBAIOTCS
3HaYeHUS METOK, COOTBETCTBYIOLME HEU3BECTHOMY Kiaccy, a 3HayeHUSA
CYETYNKOB KJIACCOB M HANEXHOCTH YCTAHABNMBAIOTCA PABHBIMH HYJIIO.

2. Cetb MFN o6yyaercss B TeYeHME HEKOTOpPOro (PUKCUPOBAHHOIO 4YMCia
anox (m). Ha NpoTsxeéHHN KaXIoW 3MOXM BBIMONHSAETCS CIEIYIOLIEE.

o Jing Bcex yueGHBIX 0OPa3llOB U COOTBETCTBYIOLIMX MM BbIXOAHBIX KJac-
COB BBIYMCASIOTCA BEKTOPHl 3HAYEHMII AKTUBHOCTH CKPHITOrO CHOf,
W 3TH BEKTOPBI MCHob3yloTed Wit obyueHust cet SOM; BhuucsieTcs
Vbp_som_emor 1 OBDHOBISIOTCH BecoBble 3HaueHust ceth MFN.

e Tlocne Kaxablx n UMKIOB (1 <n<m) METKU KJIAaCCOB U NOKAa3aTe/M Ha-
JEXHOCTH 3J1eMeHTOB ceTh SOM BBIUHCASIOTCS CHOBA.

Mo 3aBepuiennu obyyenus cetb MFN MoxeT paboTaTh B aBBTOHOMHOM pPEXHME.

IMpenmyuiecTBoM ucronb3oBaHus cetd BP-SOM sBnsorcst ee Bbllleymno-
MSIHYTHIE UCKIIIOYUTENbHBIE CTIOCOGHOCTH' K 06001eHHIo. MBI 3HaeM, 4TO XO-
polle CrocOOHOCTH 0606LUEHUS BaXHBI UL JII060r0 NMPUIOXKEHNS, NOCKONb-
Ky OT ceTu OyleT Maino MoNb3bl, €CIM OHa He CMOXeT paGoTaTh ¢ JaHHBIMH,
KOTOphle He TIPEIBbABILINCH €if BO BpeMs oOyucHUs. bbiBaeT Tak, 4To CeThb
MFN, o6y4aBluasicst ¢ OTHOCUTEIBHOI JIETKOCTBIO 110 METOLy oOpaTHOro pac-
MpocTpaHeHUs OIIUGOK, OKa3piBaeTcsl HeCnocoGHOH K 0000LLeHMIO TIpU TIpU-
€MJIEMOM YPOBHE IPOM3BOAMTENBHOCTH. WUHorma ynyuimurth cBoiicTBa 0606-
IeHUS TOMOraloT OYeHb IMpOocThie Mephl (HalpuMep, NpoBEpKa Ha Neperpe-
HHPOBAHHOCTB), HO OYE€HBb YACTO pellleHWe He OyleT croib nmpocTeiM. Korma
ceTb paboTaeT HealleKBaTHO, BO3HUKAET MCKylIeHHe KBanuduumposath C€Tb,
KaK He crocoOHyIo BBINOJIHUTH TOCTAaBIEHHYIO Tepell Heil 3agady. B paGore
[Clark, 1993] onucaH psii 5KCNIEpUMEHTOB, NpPOBEAEHHBIX PA3HBIMM MCCIIEAO0-
BaTeNSEIMH, . YbM CETH CHayalla He CMOIJIM BBINOJHUTH CBOY 3afauu, HO yNyy-
LIMTM Ka4yecTBO CBoel paGoThl mocjie U3MeHEHUs CTPYKTYpbl ydebHoro Habo-
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pa. CTpykTypa o6bIYHO MEHSIETCS B pe3y/bTaTe ACKOMITO3UUMM 33[a4H. 10
MOXHO CI€JIaTh ¢ ITOMOIIBIO Pa30HeHMsT YIEOHBIX JaHHBIX Ha a3p (obydyeHHe '
Ha TIOAMHOXECTBE Y4eOHBIX JAHHBIX Nepel pacCMOTPCHUEM OCTaJIbHBIX yyeb-
HBIX 3K3eMIUIIPOB) WIK C MOMOIIBIO pa30HeHus 3a5ayd Ha nojsajgaqd, KoTo-

' pble. MOXHO TIBITaTbCA PEIUUTDH, HCMOJIb3YS Ppa3HBIC CCTH.

OIHHM U3 3KCTIEPMMEHTOB, 0 KoTopbix coobiaeT Knapk (Clark), ssnsercs
nonsitka Hoppuca (cM. [Norris, 1989]) o6yuuts cete MFN BbIBOLY AHA He-
Nienn no NaHHoi mare. Hanmpumep, no nare “24 ¢despans 1998 r.” ceTs N0onX-
Ha BBIIATH OTBET — “BTOPHUK . :

Chavana B skcniepuMenTe Hoppuca paccmarpusanacek cetb MFN, oby4ae-
Masi 110 IFOPUTMY OOPaTHOro PacrpOCTPAHEHHS OLIMOOK. CeTp HEe Morja
060611aTh TOMY4eHHblE JaHHBbIE JaXe TNPY BapbHPOBAHHM YMCHA C/OCB U e~
MeHTOoB. - HoppHc mpoBen JOTMYECKMii aHAIM3 airoputMa BbIMMCHCHHS AHS
HelleNM Mo JaHHoi mare. Tlpoueaypa BelMMCIEHHA AaThl GbUta pa3bura Ha TpU
wara. HanpuMep, MOXHO BbiGpaTh 6a30Bblil Mecsll (CKaXxeM, HOSOpD 1957 r.)
M yKa3aTh JeHb MIS KaXaoro 4ucia Gasoporo mecsua. 3atem obyYuThH CETb
HaXOLMTh pellieHHe UL Yucel Beex MecsalieB 6a30B0ro rosa (1957), ucnonb3ys
cMellieHHe OTHOcUTeNbHO GaszoBoro Mecsiua. Hakoew, oBy4uTh ceTb Haxo-
AUTH pelicHUE MO CMEIUEHUIO MEXIY rofiaMu (HampuMep, NPUHUMACTCS cMe-
[ieHWe Ha OAMH A€Hb IS cremyloluero roaa). Kaxawiii tar mMoaenmposancs
cOOTBeTCTBYOLLEH NozceThio. [epBast noaceTh 3aBeplunia ofyyeHHe 10 Hava-
na 0Gy4eHHs! BTOPOii MOACETH, a BTopas [OICETh 3aBepLunia oby4eHHe 10 Ha-
yana obyyenus Ttpetbeil. OB606UICHHE MMENO TOYHOCTb OKOJO 90%, a Hau-
Gobliiee YNCO OLIMOOK BHINAJAIO HA BUCOKOCHBINA rof.

Xotst HoppHc B KOHEYHOM cYeTe co3liall YCTEWHO paboTalollyio ceTh, 3TO
NpOM30OLLIO Toce “BMELLATENbCTBA YenoBeka”. Takoe pelieHHE 3aBUCHT OT
XOpolLluero 3HaHUs creunduku 3agauu. [Toka 4YTo nonyyaembie Ha NMPaKTHKE
pelleHust peanbuuk npobieM HUCMONb3YIOT 3HAHMS IKCMEPTOB, HO BaXHO BbI-
SICHUTB, KaK MOXHO 6bUIO 6bl YCOBEPIIEHCTBOBATh PaGoOTy caMoii HeilpoHHOI
cetu. Yalue Bcero HepOHHBIE CETH NMPHMEHSIOTCS BCJIEMYIO: Mbl HE 3HaeM,
KaK PElINTb HEKOTOPYIO MpobieMy, M MO3TOMY MpodyeM HCNONL3OBaTh Heil-
poHHYyIo ceTh. [Ipy 3THX YCIOBMSIX, €C/IM CETH HE YAAcTcs PELINTD npobiemy,
TO Mbl He GyaeM . 3HaTh MPUYMH, MO KOTOPHIM OHa He paboTaeT, — HM3-32
NPUHLMITHAIBHON HEBO3MOXHOCTH PELUMTb MOCTABJICHHYIO 3a1avy, HErouxo-
Isiueii CTpYKTYphl yueOHoro Habopa JaHHbIX WIH 1O Kaxoi-mb6o apyrod npm-
yyne. CnelManycT No NpHMEHEHUIO HEHPOHHBIX ceTed 3HaeT, YTo NS pelle-
HUSA peaibHbIX NpobiaeM OObIYHO TpeGyeTcst MHOXECTBO 3IKCMEPHMEHTAILHBIX
JAHHBIX, HO BCE 3TO BpeMsl IENAIOTCA. MOMBITKM NOCTHYb CYLIECTBEHHOIO npo-
rpecca ¢ MOMOLLBIO Pa3paGOTKH HOBBIX Mojened HeHPOHHDIX ceTeil 1 MOHUMA-
HMS TOTO, KaK MMEHHO HEHPOHHBIE CETH PEILAIOT KOHKPETHBIE MPOOIEMBI.
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B [Weijters er al.; 1997] 3amaya BrIACHEHHS AHA HeJenu NO JaTe pelleHa
¢ nomouipto cett BP-SOM. KauectBo paboThl npencTaBleHHOI CeTH ABIAETCA
BrieYaT/solnM, JIisT cpaBHeHUsT aBTOpBI OGYYWIM M CcTaHAapTHVIO cetb MFEN,
UCTIONB3YS METO[ OOpaTHOro pacrpocTpaHeHusi olmbGok. B Xome TectpoBaHMst
ceTh ¢ 0OpaTHBIM PacripocTpaHeHHeM olLGOK paboTajia HeaNeKBaTHO B 61% ciry-
4acB, B TO BpeMs Kak Wwis cetd BP-SOM stoT nokasatens cocraBut Beero 3%.

B rnaBe 8 MBI paccMOTpMM eule HECKOJIbKO MPUMEPOB MOIYJIBHOI ap-
XUTEKTYPEL.

6.4. Npaktuyeckue BOMPOCHI 0Gy4eHUs
HEeWUPOHHbLIX ceTel

6.4.1. Buibop mopenu cetun

TlepBbIM BONPOCOM, Ha KOTOPBIA MNPUXOXMTCS OTBEYATb TPU MOMBITKAX
MPaKTHYECKOr0 IIPUMEHEHUS HERPOHHBIX CceTel, ABSETCS BOMIPOC O THIE BbI-
' 6upaemoit Mosen. OTBET Ha HEro 3aBUCHT OT TOrO, M3BECTHA MJIM HeT KJac-
cudukaung yuyebHbIX AaHHBIX. Hanpumep, obydeHHe CHUCTEMBI, pacrosHamo-
el KIWEHTOB ¢ HU3KHUM IIoKasaTe/leM KpeJUTOCNOCOBHOCTH, CKOpee BCEro
GyneT BKIOYaTh yripaBiseMoe o6yueHue, BBHIY TOTO, YTO KPEANTOP HABEPHS-
Ka 6yIeT MMEThb 3allMCH O TOM, KaK aKKYPaTHO BbIMJIAYNBAJIUCh JOATH JaHHBIM
KIMEHTOM B nipouuioM. MHoraa uHdopMaluyi OTHOCHTENLHO Kilacca, K KOTo-
pOMY CJieyeT OTHECTH JaHHbIE, HET BooOllle, a MHOTAA KilaccUuKauus sSBisi-
€TCA HEYCTKOM. Hanpumep, yacto OblBaeT TPyAHO ZaTh TOYHYIO XapakTepu-
CTUKY COCTOSIHUSI MallIMHBI, HanpuMep Beprojera. B Hacrosulee Bpemst npo-
~ b1eMe MOHUTOpPHHIA TEXHUYECKOTO COCTOSHUS BEPTOJNIETOB YAENAETCS MHOIO
BHMMaHUA. DBoOpTOBblE AaTHMKU PErucTpUpyoT MHGOPMALMIO, KOTOpas 3aTeM

3arpyxaercsa B 6a3y JaHHBIX Ha 3eMJIC IS aHa/IKk3a. .ﬂpcnnonaraﬂ, 4TO BCPTO-

JIET OOBIYHO HAXONUTCS B XOPOLIEM TEXHMYECKOM COCTOSIHUM, 3arPYXKEHHAs WH-
thopMaLMsT MOXKET aHANTU3MPOBATLCH Ha TPeNMET OGHAPYXEHMS CYILECTBEHHBIX
OTKJIOHEHHIT OT NapaMeTPOB NpPEAbLIYINX TToNeToB. Ecnu B naHHBIX 06HapyxK-
BalOTeA GoMbIIME PACXOXACHUSA, HEOOXOAMMO BHMUMATENIBbHO TNPOBEPUTH JIETa-
TEJBHBIA annapar Ha BO3MOXHOCTB OTKa3a. B Takux cUTyauusix 4acTo MCMOJMb-
3yeTcs KiiacrepHblil aHanu3. CamoopraHusylollasicst Kapta npusHakos Koxowe-
Ha MPU 3TOM ABIACTCA He MpeANoJiaralolleil ynpasjieHUe HelpOHHOt ceThlo,
MMeIoLieil MHOTO 0BUIero co CTaTUCTUYECKON KlacTepu3aLueil.

[prpona npobneMsl, Kak MpaBWIO, OrpaHMYMBAET LUMPOTY BbIGOpa CeTH
OHOM-ABYMST MoneNsIMU. . MHorga KOHe4HbIH BHIGOP 3aBUCHUT OT JIMUHBIX
MpearnoyTeHUA M 3HAHWH crenManucTa, Jenamoluero BetGop. B apyrux ciy-
yasix cama npobjiemMa cHoBa orpaHnuMBaer Bbibop. [peanonoxum, HanpuMep,
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« YTO CHUCTEMA, B KOTOpOU CeTh pealn3oBaHa B NMPOTPaMMHOM BUIE, 06yqéeTc51
10 METOAY VIIpaBaseMoro obydyeHust, ¥ 3agaya TpebyeT, YTOOBL IO OKOHYAHNU
06yueHHs BpeMsl BBIIIOIHEHUS ObUI0 MUHUMAaNbHBIM. s yrpasisieMoro o0y-
YeHUS TNOAXOIAT U CeTh ¢ OOpPaTHBIM PaclpoCTpaHEHHEM OLINOOK, U BEPOSIT-
HocTHasd HeiipoHHast cetb. Ho eciu mpoGieMa mpenrnofaraeT  aHalu3 OYeHb
6osbloro Habopa JaHHBIX ¢ OONBILUM YHCIIOM IPU3HAKOB, TO BEPOATHOCTHAS
CeTb MOXET MNpPeIbABUTH CIUIIKOM Oosblune TpeboBaHMA K OIEpallMOHHOA
CHCTEME, B KOTOpO#t peajiu3yeTcsl COOTBETCTBYIOILAs NporpaMma. Paccmorpum,
HarpuMep, yuebHoe MHOXecTBO U3 2000 06pa3LoB, KaXablil 13 KOTOPbIX UMe- |
et 30 npusHakcs. [lepBblit ol BecoB B ceTH ¢ 0OpaTHBIM pacnpocTpaHeHU-
eM OoIUMOOK, MMelouled 15 CKpPLITBIX 37IEMEHTOB, MOTPeOYeT BHIMTOTHERUS
30x 15 omnepauuii YMHOXEHWST I 0OOpabOTKM HEW3BECTHOIO 3K3eMILISApa,
TOrla KaK BEPOSTHOCTHAA ceTh — 30X 2000.

6.4.2. ApxutekTypa

MHormMe acrnekTbl CETEBOH APXMTEKTYphl (Hampumep, 4YMCIO SNEMEHTOB)
YacTo oNpeleNsoTes caMoil npobiemoit. HanpuMep, BepoaTHOCTHast HEPOH-
Has ceThb AOMXHA UMETh apXUTEKTYpy, KOTopasi TIPaKTH4eCKU OAHO3HAUHO Ofl-
penensiercst yueOGHbIMM JaHHBIMH. YHCNO BXOAHBIX W BBIXOAHBIX 3JIEMEHTOB
CETHU C MpsIMOIi CBSI3bIO M OOPATHBIM pacnpocTpaHeHHEM OLIMOOK ToXe AMKTY-
eTcsd paccMaTpHBaeMoil Mnpo0eMoil (YMciIoM BXOJHBIX MPU3HAKOB M YUCIIOM
M3BECTHBIX KilaccoB). PasMmepn! cKpbiTOro ciosi o6bIYHO HAXoAsATCA 3KCnepu-
MeHTanpHO. OOBIMHO HAYMHAIOT ¢ OAHOIO CKPLITOro C10s, KOTOPBIH CONEPKUT
30—50% uuclia 3eMEHTOB BXOAHOro cnosl. it caMoOpraHU3yIolLeNcsa KapThl
KoxoHeHa 3HaHue npoOneMbl MOXET TMOAcKa3aTh oOLIee YKUCNAO IJIEMEHTOB
B ceTn. HanpuMep, cBsisb Mexay HaGopoM AaHHBIX M MX KiaccupMKaUuuein
MOXeT O6bITh HEM3BECTHOM, HO OOBIYHO HMeeTcs HeKoTopas WHbopMauus OT-
HOCHUTENILHO TOIO, CKOJIBKO JOJDKHO OBITh KJIAacCOB (Hampumep, 3TO MOIYT
ObITL THUIBl OTKA30B, KOTOpble BO3MOXHBI A TakUx MallinH). O6bIYHO Ha
KaXablil KJlacC NMPUXOAUTCHA TIO HECKOJIBKO 3JIEMEHTOB, YTO NO3BOJAET KJac-
caM pa3MECTUTLCSA B pa3HbIX OGIACTAX NPOCTPAHCTBA BXOAHBIX 0Opa3LIoB.

6.4.3. laHHble

JLOCTYIMHOCTL ¥ LIEJIOCTHOCTh JAHHBIX COCTABISIOT HanbGonee BaxHbIl dak-
Top ycnewHoro o6yyeHust HepoHHOM ceTu. JlaHHBIE LONXHbBL B NONHON Mepe
NpeACTaBUTh BCE BO3MOXHBIE COCTOSTHMST pelllaeMoil npoGnembl, WX LOJKHO
6bITh JOCTATOMHO ISl TOTO, YTOOLI U3 HUX MOXHO ObUIO U3B/eYb NaHHbIE IJIA
TeCTUPOBAHMA U TPOBEPKU MPABUILHOCTH UX 00paboTKU CEThIO.

IanHbte, BoIOUpaeMble anst oOydeHHs!, TOJDKHBl XapaKTepU30BaTh BCE TPO-
CTPAHCTBO, KOTOPOE MOXET 3aHATh COOTBETCTBYIOLMIA Knacc. Hanpumep, ecyn
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IBa KJacca pasMelleHbl OYeHb GJM3KO OIMH OT JPYroro, Kak IIOKa3saHO Ha
puc. 6.15, To BAXHO PacCMOTPETb AaHHBIE, 6/1M3KHe K rpaHnuc, pasfensoeit
KJIACCBI, YTOObI GBITH YBEPEHHHIMH B TOM, YTO CETh “MOCBSTHT” 4acTb CBOMX
pecypcoB JaHHBIM: U3 3TOi 001aCTH, TIOCKOJIBKY B IIPOTUBHOM Cily4yae 3K3eMII-
NSIpbl M3 3TOM 06JIacTH JAHHBIX MOTYT KJIacCH(PULMPOBATbCS € OLIMOKaMH.

CreqyeT AcTIoNb30BaTH
JlaHHbie aToét 0bnacTn

Puc. 6.15. Yrobm npasunbHO Knaccuduunposars He-
M3BECTHLIE JaHHble, CeTb [ONXHA o6y4arbcA Ha Xa-
PaKTepHbIX JaHHbIX, YTOOB pacniosxats rpaHnLy Mex-
Zy knaccamu A n B, cets gonxHa Ouite 0Byyena Ha
[aHHBIX U3 OONACTH, YKA3aHHOH NYHKTHDOM

IlaHHble creayeT IPOBEPHTb M- Ha corlacoBaHHocTh. Kak mnpasuno,
B GosbLIOM Habope AaHHBIX BCErla HaXOASTCS HECONACOBAHHOCTU M OLUMOKH.
HWHorna HesepHble NaHHBLIE BBOAATCS OMNEPAaTOPOM, a HEKOTOPbIE 3HAYCHMSA
IS OTHENIbHBIX 00pa3LoB MOryT GbiTh TNportylleHsl. MHorga B maHHBIX coiep-
XaTcd TOCTOPOHHMe 3HayeHMUs. [lOCTOPOHHMMH SIBISIIOTCS TOYKH, KOTOpbIE
CWIBHO BBUIENSIOTCS U3 OCTAJNIbHBIX JaHHBIX M MOTYT YKa3blBaTb Ha KaKue-TO
OolINOKM, TIOABUBLIMECS M3-3a HENPaBWIbHOH 3alMCH HCXOAHBIX JaHHBIX.
3nech TpebyeTcss BHUMATENBHOCTb, TaK KAaK MHOrOAa NMOCTOPOHHUE 3HAYEHUS
MOTYT TIOPOXIAaThbcd M rones3Hoit MHbopMauueit (Hanpumep, nHdopMauMen
06 oTkase MaunHbl). Jlaxe Koraa HCHONb3YyeTcsl yrpasisieMoe obyueHue, Mo~
XEeT 0Ka3aThCsAd pa3yMHBIM CHayaja MpOBECTH maﬁepmaumo JaHHBIX, MC-
MONb3yd MeToabl 00yueHHst Oe3 ynpaBieHUs] WiM Kakoii-To apyroil TMn cTaTi-
CTHYECKOTO aHaIN3a, YTOOB! BBIABHTh MOTCHUMAIbHBIE MPOOJieMbl ¢ JAHHBIMHU.
Tdroa MoxHO GyleT CKOPpPeKTHPOBaTh MpobneMHble JaHHbIE WIH MPOCTO OT-
¢unprpoBaTh UX U3 yyeGHOro Habopa. ’

TecToBRIE NaHHBIE U JaHHBIE IS MPOBEPKU NMPAaBUJIBHOCTH JOJDKHbBI BbIOH-
paThes ClyyaiiHpIM 06pa3oM M, ONSTh Xe, OHU JOJCKHBI OBITh XapaKTepPHBIMH
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WIS viccnenyemoil ipobaeMsl. [IpoBepka npaBuIbHOCTH JaHHBIX YacTO OKasbl-
BaeTCs ITOJIE3HOM TIOTOMY, YTO TECTOBBIE JAHHBIE MHOTIA MCTIONB3YIOTCS IS
KOHTPOJIS OOY4eHUs CETH (CM. pasien 6.4.5).

JlanHsle 00pHO TPebyIOT MacluTaGupoBaHNs, YyTobbl OHU TIONANaNH B 06-
nacTh JeicTBUA cetv. Harpumep, 1ieeBbie BBIXOXHBIE JaHHBIE VIS CETH C 00-
paTHBIM pacripoCTPaHEHUEM oum601< W C CUrMOMIANbHOM (GYHKUUEN aKTHB-
HOCTU 3IEMEHTOB JOJDXHBI JIEXATh MeXIy O U 1, ITOCKONBKY COOTBETCTBYIOILEH
aBnsgeTcs obaacTb 3HAuUeHWil curMoumansHoM (yHkuMu. KaXmelil npHsHaK
MOXeT Tpe6oBaTh CBOEro MaciuTaGupoBaHus. IIPEANONOXMM, YTO OAMH TIpH-
3HaK M3MeHsieTcs B AManasoHe or 300 mo 2000, a mpyro#t — ot 5 mo 130
(ckaxeMm, 3TO POCT B MWUIMMETPax U BeC B kwiorpammax). Torma mepsbiit
npusHak GyaeT CTPEeMUThCA NOMHHMPOBaTh Hal BTOPBIM, TOCKOJBKY oyner
UMeTh. GoMblliee BAMSHME Ha BBOX COOTBETCTBYIoHIero 2nemeHTa. Ilpocrteit-
UMM METONOM MacluTaGUpoBaHMs SIBIACTCS JeJ€HHE 3HauyeHWs IMPH3Haka Ha
MaKCMMAITbHOE 3HaueHHe 3Toro MpH3Haka. B pesynsrate HauGolbllee 3Hade-
Hue GymeT orpaHMyeHo 3HayeHueM 1. MHoraa HeobxoamMmo Macitabuposarth
nanHble. Hanpumep, s ¢hyHKUMM aKTUBHOCTH THIIA “curmMona” 4acTo MC-
nonb3yloT Auanason mexay 0.1 u 0.9, yTo nomoraer usbexarb Nepexoaa ceTH
B COCTOSIHME “XO0JIOCTOro Xofa” MpU JOCTHXEHHHM KpaiHHX Npeaenos obnactu
ee pabotocnocobHocTH. TIpu3HaK MoXeT ObITb MaciuTabupoBaH K JAvarna3oHy
0.1-0.9 ¢ noMolubio GJOPMYJIBI

09-0.1 0.9-0.1
y = ———x+| 09— —————xpy, |,
Xmax ~ *min Xmax ~ *min
rae y o6o3HaYaeT HOBOE 3HayeHME, a x — MEPBOHAYAIBHOE 3HauCHHUE. Ha-
npuMep, TPEANONOXKUM, YTO 3HAMCHHS NPU3HAKA HIMEHAIOTCH OT 2 no 20.
3HaueHUe 2 nepeiiaeT B 3HAYCHHUE

209201, (05 08 1) _o4
20-2 ~( 20-2

KoTopoe OyleT HOBbIM MUHHMMAaNbHBIM 3HAYEHHEM. 3Hauenme 20 orobpasurcs
B 0.9, a 3HaYeHMIO 5 OyleT COOTBETCTBOBATL

_09-01, (19 98 55) 023,
20-2 20-2

BmecTo 3HaueHmit 0.9 1 0.1 MoXHo BuIGpaTh Apyrue, ecan Tpebyercs MacluTa-
6upoBaTh AaHHbIE K APYrOMY AHaNa3oHy.

PasHble NPM3HAKH MOTYT TaKXKe MMETh CYLIECTBEHHO pasnMiHbIC BapHalllH
B pacripeieleH1H 3HadeHuii. Hanpumep, a8a npu3Haka MOTYT MMETh ONMHAKO-

. Bble 00JIaCTH U3MEHEHUS 3Ha4YeHMi, HO 3Ha4YCHHS OMHOro M3 IPHU3HAKOB MOIYT
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B GONBUIMHCTBE CBOEM HAXOIWTBCS OKOJIO MAKCHMATBHOTO 3HAYEHHS B KOHLE
A¥ana3oHa, TOrJa KaK 3HAYeHsi APYroro NpM3IHaka MoryT Goree MM MeHee
PaBHOMEPHO PAacnpeeNATECH Mo BeeMy Auana3oHy. CooTBETCTBYIOLIAA WINIOCT-
paumst wist 10 Touek mokasaHa Ha puc. 6,16. Ipyroit dopmoii MacutaGuposa-
HUS ABIAETCH BRMMCICHHE [UIS KaXAOro MpPH3HAKa cpefHEeKBalpaTHiHOrQ OT-
KJIOHEHNUS! ¥ CPERHETO 3HaHeHMsl. VIMeIoLMecs 3HAYCHNA NPH3HAKA 3ATEM Mac-
WTAGUpPYIOTCS - ¢ MOMOIIBIY BBIMMTAHUS CPEAHEr0 W JeNeHUA Pe3ylbTata Ha
3HaYyeHUe cpeAHEeKBaPaTHYHOIO OTKIOHEHUS AU JAHHOTO NMPU3HAKa.

12
10

] Mpuariak 1
B Npuanax 2

o N e O o™

1 2 3 4 5 6 7 8 9 10

Puc. 6.16. [sa npuaHaka ¢ oguHakoBsiMy 061aCTIMN 3HaYEHHI; HO Pa3HBIMKM pac-
npeseneHuiMmu

JIins npobneM ¢ MHOXECTBOM CBOMCTB 4acto HabmiomaeTcss M3GLITOYHOCTH
JaHHBIX. VI30BITOYHOCTh O3HAYaeT, YTO MOXHO OMNUCaTh NaHHbIE, UCIONL3YA
MEHbllle TIPU3HAKOB, HO COXPaHWB IpPU 3TOM BCIO umbopmaumo. Bra uies
MOXeT MOKa3aThcAd CTPaHHOW, HO e€e MOXHO W/UTIOCTPUPOBAaTh C TOMOUIBIO
npocToro rnpruMepa. COOTBETCTBYIOLINE 3HAYCHUAM X M y U3 Tabi. 6.5 Touku
rokasaHbl Ha puc. 6.17. DTH Touku JiexaT Ha npsmoil. Eciu MpIcieHHO MMo-
BEPHYTh OCH TaK, YTO OCb abCIMCC pacTroNOXUTCS BAOIB NPAMON, Ha KoTopoi
JIeXaT TOYKM JaHHBIX, TO ach abcuuce MOXHO CUUTaTh HOBOH OChIO, OTHOCH-
Te/IbHO KOTOpOI Bce TOUKHM HaHHBIX MMeIOT 3HaueHMe 0 JUIH MX KOMITOHEHTHI
y. JpyruMu cioBaMy, Tenepb JUIS OMUCAHMS JaHHbIX TpeGyeTcs TONBKO OAHA
HoBasy och x. CooTBercTBylOllasi TpaHchopMalMst MOXET OBITH BBINOIHEHA
€ MIOMOILBID YMHOXEHHUS 3HaYeHuH x U y Ha 1/ J2 1 nocnenyiomero ux cyM-
MUpoBaHUsi. BMecTo onycaHust JaHHBIX C ITOMOLUBIO JBYX MPU3HAKOB MBI Te-
nepb MMeeM ToNbKO oauH. Takas . TpaHchopMaLus COXpaHSeT TIPOCTPAHCT-
‘BEHHYIO B3aMMOCBSI3b JaHHbIX. Hampumep, eBKIMIOBO DACcCTOSHHE MeEXAy
ToYkol (3,3) ¥ Toukoi (7,7) paBHO PacCTOAHUIO MexXay rnpeobpa3zoBaHHBIMU
TOYKaMHU 4.2426 1 9.8995 coOTBETCTBEHHO. :
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Tabnuya 6.5, [aunbie, onucanHbie ABYMS NEPeMEHHbIMH X U ¥, npeofpasyiorcs Tax,
41068l T2 Xe HHopMaLns ofecneyusanacs ogHOM fepeMeHHoR

X ‘ ¥ ﬂpeodpaaoaauhoe‘éuaqenue
©1.0000 1.0000 14142
2.0000 2.0000 " 2.8284
3.0000 : 3.0000 4.2426
40000 4.0000 5.6569
50000 5.0000 7.0711
6.0000 .~ 6.0000 8.4853
7.0000 7.0000 9.8995
8,0000 8.0000 11.3137
9.0000 ’ 9.0000 o 12.7279

1 2 3 4- 5 6 1 8 9

Puc. 6.17. JanHbie u3 Tabn. 6,15 coorsercTayior TouKkam (X, y), PaCIONOXEHHBIM Ha
npaMoi. Ecnu fanble NPeACTaBnTL B HOBLIX KOOPAMHATAX, NOKA3AHHbIX 34eCh OCA-
MH CO CTPEKaMH, ANS WX onucaxus Gyaer BOCTaTONHO OAHOW KOOPAHHATS!

N36biTONHOCTE MOXeT OBITh BbIBJICHa C FOMOLUBIO aHaINW3a TJIaBHBIX
KoMrioHeHT. O6 aHanM3e ITaBHBIX KOMITOHEHT YXe Lijia peyb B riase 4, HO
BBUAY BaXXHOCTH 3TOTO MeToda Mbl ofcyauM ero sgech cHopa. C MoMoLIbIO
3TOr0 METONA HAaXOAWTCH albTepHATMBHOE MHOXECTBO OCEH, OTHOCHTEJIBHO
KOTOPRIX MOXeT OHITh NMpeAcTaBicH UMeUHAca Ha66p naHHbix. Kpome
TOrO, BBISICHAETCS, BHOJbL Kakoil ocH Habnionaercd HauOosbiliasgs BapHALHS
naHHbX. Hampumep, Ha BHIILEYIOMSHYTOH WUNOCTpaLlMM BCA BapHalus
NPOMCXOIMT BHOAL HOBOM ocu abcuucc, a OTKJIOHEHHE BAONb HOBOM OCU
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OpIMHAT OKa3blBaeTcsi PABHBIM HYJIO (WMEHHO- [I03TOMY BTOpas OCb. M He
Tpebyetest). ITocne TOro Kak M306bITouHass MHbOpMauus yrajisercs, MOXHO
YIAJIUTh U HEKOTOPHIE MaIO3Hayalllie KOMITOHEHTHI (TIPUHATO Ha3bIBaTh HO-
Bble OCH KOMIIOHEHTAMM), BIOJjIb KOTOpHIX Habiiojaercd O4YeHb Majias Ba-
pyalMa OAHHBIX. B pe3ynbTaTe MCIUIIOYEHUS M3 PAacCMOTPEHMS Mallo3Hava-
LIUX KOMITOHEHT HeKoTopasd uHdopMauus 6yaer yrepsiHa, HO aHanau3 [JIaB-
HBIX 'KOMITOHEHT I[IOKaXeT, KaK MHoro uH¢opMmaluuu Bce Xe Oyaer
coxpaHeHo. Bbl MoXere, HalpuMep, oTOPOCHTbL MaJlO3HAYallUUe KOMIIOHEH-
Thl, HO COXPAHUTH AOCTATOYHO KOMIIOHEHT, uToGbI onucate 95% HaHHBIX.
Ha puc. 6.18 mokasaHHble TaM [IBe ITIaBHblE KOMITOHEHThl MMEIOT pa3Hbie
Bapuaunu (Wwin aauHel). IlepBas KoMItoHeHTa “pacTSHyTa” B HampaBAE€HMH
HauGonbllero pa3bpoca NaHHBIX, a BTopas HanpaspieHa 1o yrioM B 90 rpa-
JlycoB K TepBoif. Bropasi KOMINOHEHTa OMHCBHIBAET OCTATOYHYIO BapHaluio,
T.€. BAPUALIMIO, OCTABLIYIOCA IOCJIE yyeTa I1E€PBOii KOMIIOHEHTHI.

Bropast (W Mnafiiias) KOMNoHeHTa

Tepsan (WM cTapiuan) KOMNOHEHTa,
B/0Ab KOTOPOH BapHaLys MaKCUMansHa

Puc. 6.18. [JaHHble, pasMelLeHHsie BHYTPH 0BanbHOH obnact, MoryT Guits
npeqCcTaBneHbl HOBHIM MHOXECTBOM FNIasHbix 0CeH

ABTOaCCOLIMAaTHBHAsI CeTh C OOpaTHBIM PacrpOCTPAaHEHHEM OLINGOK BbI-
TIOJIHSIET CBOETO PONA aHAJM3 TIaBHBIX KOMMOHEHT. [Ipn pelieHUN HEKOTOpbIX
rpobyieM MOXET 0Ka3aThCs IMOJIE3HBIM BHITIONIHEHHE TIpeABapUTENbHOM 06pa-
6OTKM AaHHBIX € MOMOLIBIO ABTOACCOLIMATHBHOI CETH, NPEXIE YEM MCII0Nb30-
BaTh JPYTYIO C€Th. Bropas ceTh JOJXKHA MOJNy4aTh Ha BXOJ 3HAYeHMS aKTHUB-
HOCTH CKDBITBHIX 3JIeMeHTOB IepBoii ceti. Ho, ynansst MajiosHayallide KOMMo-
HEHTHI, HYXHO TpPOSABISATE OCTOPOXHOCTb, TAK KaK IS HEKOTOpBIX Ipobiem
Takue Majlo3HayallMe KOMIIOHEHThl MOIYT cofiepXaTh MHGOPMalLMIO, SIBJISIO-
HLYI0CSI O4€HB BAXXHOM € TOYKM 3peHUSA pelIeHHUS 3a/layu.

BHyMaHue AODKHO YAENATHCS M TOMY, UYTOObl B YueOHBI HabGop HaHHBIX
He GbUIO BHECEHO CMeLIeHHWE M3-3a HEaleKBaTHOIO MpEACTaBRlTeHMsl NPU3HA-
KoB. B cetn BP-SOM, onucanHoit B pasiene 6.3, aTophl pabotsl [Weijters er
al., 1997] vcrionb30Baiu 12 BXOAHBIX 37M€MEHTOB, YTOGHLI NPEACTABUTh MECSILIbE
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roga. PasHble 3/IEMEHTHI NPeACTaBIsUIN pa3Hbie Mecsubl. IIpy HauBHOM mox-
Xome MOXHO 6bUTO 6b1 MCIONB30BaTh OOUH 3JIEMEHT U HYMEpOBaTh MECHIILI OT
1 mo 12. Taxkas HyMepallus MOPOXIAET CMEUICHME, B Pe3yJIbTaTe KOTOpOro
OIMH MeCSL] MOXeT HUMETh Oosbluce BAMAHME, YeM apyroii. Ho B KaxoM
cMBbIc/IE - JeKabps MOXET ObITh OoJsiee BaXHBIM, YeM. sIHBapb, ¢ TOYKHM 3peHUs
BBIYHCIICHUS JaHHBIX? ,

6.4.4. JlokanbHbie MUHUMYMbI

Jna cetn ¢ obpaTHbIM pacnpochaHCHneM‘omHGO’x He ABNAETCS PerKo-
CTBIO MOMAJAHUE B JIOKATBHBIH MUHUMYM. JlokanbHblii MMHHUMYM MOXET OBITH
GIM3KMM, HO BCE X€ HENOCTATOYHO OJNIM3KMM K YHOBJICTBOPUTEIIBHOMY pelle-
HMIO NpobieMbl. MeTo IpalMEHTHOIO CIycKa paboTaeT MpeKpacHo, NOKa Ha-
KIOH (yHKLUHMH OWMGOK Bce BpeMsl BENET BHU3, HO Ha MPAKTUKE NMOBEPXHOCTHL
owmbok N Gonpliofi ceTM OymeT MMETh MHOXECTBO JIOXOMH, XOJIMOB
u cxnanok. [Tpu TakoM penbede OyaeT A0CTATOYHO MECT, IIe MOXHO 3aCTPATh.

IMpobaeMy NOKANbHBIX MUHHMYMOB MOXET IOMOYb MNPEOJONETh WHEpUM-
OHHBII1 WIEH, MOCKOJBKY TNIPH €ro MCMOJb30BAaHMM U3MEHEHUS BECOBBIX 3Ha-
yeHMi BKJIIOYAIOT 4acTb Apeaslayliero usaMeHeHus. Ecnwn npenbiayuee naMe-
HeHHe BecOBOro 3HaueHHMs o3Hayaslo 0OMbilofl Mo BEJIMYMHE LIAT BHHU3 MO M0~
BEpPXHOCTH OIIMGOK M ceTh OKasajach B JIOKAJIBHOM MHHHMMYyMe, TO Takoe
Tpeabiaylliee U3MEHEHHE BECOBOTO 3HAYEHUA MOXET MOMOYb CETHM IMPONOI-
XHTh IBMXEHME BHM3, NMOCKONbKY MHEPLIMM OKAaXeETCH JAOCTaTOYHO WIS TOro,
uTobBI TpeononeTh Hebonpluylo JoXOMHY. Miesa ucrnonb3oBaHMS HHEPLIUH
WUTIOCTpHpYeTca Ha puc. 6.19.

MocnepHee uaMeHeHne seca

NPUBENO K YMEHBLIGHUIO OLHGKN.

Cerb Tenepb HaxoauTcs B RoXGUHe

¥ NOTEHLUANLHO MOXET 3aCTPATL B Hef.
OfHaxo, echn Yepe3 MHEPLMOHHbII WieH
YaCTHYHO YYeCTb MOCNE/Hee H3MEeHeH e,
TO OLKOKY MOXHO 3aCTaBUTL
YMEHbWIATLCH W Ranblie

Prc. 6.19. MonbiTka 000#HTH NOKANLHBIA MUHUMYM C MOMOLLBIO MHEPLIMH
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Ecnu ceth BemeT cebst Tak, KaK 6yITO OHA 3acTpsuia B JIOKAJIBHOM MMHH-
MyMe, OJHMM M3 IPOCTHIX PEIICHUMN SIBNSETCS MpeKpallleHUe TeKYIIero mnpo-
ecca 00yyeHUs ¥ 3aMycK ero CHOBA ¢ HOBBIMH Cy4aifHBIMH BECOBLIMM 3Ha-
yeHusiMy. it BOAbUIMX ceTeil, KOraa ISt OBYyYeHUS CETH [0 TPUEMIIEMOro
YPOBHS KayecTBa BBLITIOJTHEHMS 3afayM TPeOYIOTCI MHOIOYacoBbie YCWINS, He-
06X00MMOCTh HaYMHATH BCE CHayajla BBIDISIMT BEChbMA HEMPUBICKATEbHOM.
HHorzna oToATH 0T HeymauHOTO MOJIOXEHHS JIOKATBHOIO MUHMUMYMa Ha TOBEpX-
HOCTM OUIMOOK MOXHO € NMOMOHIBIO HeGOJNBLIMX CIyYailHBIX M3MEHEHMUI Bcex

| BECOBBIX 3HAueHMil cetw. Hampumep, MOXHO HailTM MMHHMAAbHOE W MAKCH-
MaJIbHOE BECOBBIE 3HAYEHUS M K KaXIOMY Becy NOOaBUTh CIyYalHBIA TPOLEHT
(06b1yHO MeHble 10%) LTUHBI TONY4EHHOrO TAKUM 06pa3oM JIUaria3oHa.

AJIBTEPHATUBON YKa3aHHOI BO3MOXHOCTH OGOMTH JNOKajibHBIE MUHYMYMBI
B CETAIX € OOpaTHBIM paclpPOCTPAHEHHEM OIUMOOK SBISETCS WCMOAb30BAHUE
MeTola MOAeNbHON “3akankyu”. Kak Tonsko ceThb HauMHAeT IpOSBIATH TpU-
3HAKHM MONaJaHUst B JIOKAJbHBIH MUHUMYM, HMCIIONb3YETCS METOL MOIENBHOM
“3aKanku”, 4YToGbl BEPHYTHCH Ha CIYCKAIOLIYIoCs BHU3 YacTb IOBEPXHOCTH
olIMGoK. BepHYBIIMCH Ha CIyCKaOUIMICA Y4acTOK, MOXHO IpOJOiXaTb MC-
MOJIb30BaHUE aNropuTMa oOpaTHOTO PAcNpPOCTPaHEHUS OLIMOOK.

6.4.5. ‘0606u1.euue

HeilpoHHast ceTb oka3biBaeTcs COBEPLIEHHO GecrionesHoit, ecM OHa He yMe-
eT obodLiaTh NOTYyYeHHYIO €0 uHbopMaumio. OGoblueHUe O3HayaeT Crocob6-
HOCTb CETH KayeCTBEHHO BBLITIONHSATh CBOK PaBoOTy ¢ ZaHHBIMM, KOTOpbIE CETh
B npotiecce ofyuyeHus He BUAena. B cnyyae ceTeil ¢ oOpaTHbIM pacnpocTpaHe-
HHEM OLIMOOK TUTOXHE BO3MOXHOCTH OGOGLIIEHUS MOTYT GbITh CIEICTBUEM HAlM-
Yy CJIMILKOM GOJTBLLIOTO YMCIa CKPBITHIX SJIEMEHTOB WIK NEPETPEHUPOBKH CETH.

CAMIIKOM MHOTO CKPBITBIX 3J€MEHTOB MOTYT OKa3aTbCSl INpEMNSITCTBUEM
s obobiueHusi. Eciu ceTh UMeEET CAMIIKOM MHOILO PECypcoB, TO OHa Mo-

~ XeT TNPOCTO 3arOMHMThL Bce yueGHoe MHoXecTBo. Hampumep, paccmotpum
KpaiiHM#l ciy4alf, KOTAa YUCIO CKPBITBIX 3JEMEHTOB B CETH C NPSIMOil CBsI-
3BI0 COOTBETCTBYET YUCHY YuyeOHbIX 0bpasnoB. C TaKUM 00BLEMOM pecypcos
CETh MOXET 3aNOMHHUTL Bech Y4eOHBIH HAGOp HAHHBIX, TIOCBATHUB IO ONHOMY
CKPBITOMY 3JIEMEHTY Kaxaomy obpa3uy. Ho kauectBo paboThl ¢ AaHHBIMH,
KOTOpBHIE CETb €llle He BUJENa, CKOpee BCETO OKAaXeTCS BECbMAa HU3KUM.
HHorma MoXHO u36exaTb TaKOro 3alfOMMHAaHMA IYTeM NMOCTOSHHOIO MU3Me-
_HeHusi yyeOHBIX 06pasioB, moGaBissa K  obpasuy no 10% uryma. (TouHee,
"cyyailHyIo NOI0 yKa3aHHOW BENWYMHBI) KaXIbli pa3 fIpu NpeAbsBIEHUN
obpasua cetn. [llyM nomxeR K06aBASATLCS K OPUTHHATBHOMY YMCTOMY BEK-
TOpPY, UHayYe CO BPEMEHEM HCXOMHBI Y4YeOHBI BEKTOP MOXET HepecTarh
ObITh XapaKTEPHBIM JUIS pelllaeMoil MpobieMBbl.
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TTepeTpeHHpOBKa TpH YCIOBUU CIAMIIKOM OOJNBUIOIO. YHUCIa CKPBITHIX 3JIe-
MEHTOB o3na§aer, YTO CETh TIOBTOPSIET YYeOHBIC OaHHbIE CHMIHKOM XOpOILO
M.He IO3BOJSET HOBLIM 3K3EMILISIpAM TOCTATOYHO HAIeKO OTKIOHATHCH OT
y4eOHbIX ZaHHbIX. YTOOBI He IONYCTHTHh NEPETPEHUPOBKH, oOyueHHe MOXKHO
MEPUOANYECKH MPEPLIBATE VIS TOTO, YTOOBI MPOMYCTUTH Yepe3 CeTh TECTOBLIE
naHHble. Ecny oblast ombKa S TECTOBOro Habopa JaHHBIX YMeHBILAETCH,
T0 00y4eHHe MOXHO IPOIOLKUTE. Kak TONIBKO OLIMGKA Ha TECTOBOM MHOXE-
CTBe HauyMHAeT pacTu, obydyeHHe rpeKpaluaercd. KoHTpomupys ripouecc oby-
YeHUsT ¢ MTOMOILBIO TECTOBOro Habopa JaHHBIX, MOXHO TIPEOOTBPATUTh CIIHII-
KOM OJIM3KYIO alnpoKCUMAallWIo. YYeOHOrO MHOXECTBa Jaxe HpU HaIU4YHHU
OYeHb GOJNBIIOro YMCNIa CKPBITHIX 3jIeMeHTOB. ECiU Ui KOHTpoJis mpoliecca
00yYeHUST UCIIONIL3YETCS TECTOBOE MHOXECTBO, HEOGXOAMMO TaKXe UMETh Ha-
Gop 111 MPOBEPKM TMPABMIIBHOCTH JaHHBIX, aHaJOMMYHbIN 1I06OMY TecTOBOMY
Habopy, HO COCTOSALIMII U3 JaHHBIX, KOTOPbIE B Xole 00y4eHUS He INOJDKHBI IO-
JaBaTbcsl HA PACCMOTPEHME CETH HU B Kakoil ¢opMe (KpoMe Kak Uit KOHTPOJST).

6.5. Pe3iome \

B nocnenHee Bpemst HabmoflaeTcsl 3HAYMTENBHBIA POCT MHTEepeca K WC-
MOJIb30BAHUIO CTOXaCTMYECKMX MeTOomoB. Psa Moxeneil ceteil ¢ Lenbio ONTH-
MHU3ALMM  HCIOJBL3YET MAEK MofenbHON “3akanxku”. Meton MonenbHON
“3aKAIKM” MOXET MCIONb30BATHCA W IS TOTO, YTOOBI MOMOYb aJrOPUTMaM
TPagUEHTHOTrO CNycKa u30eXaTh MOoMajaHUs B IOKAIbHBIE MMHUMYMBI.

BeposrHocTHast HeifpoHHasi ceTb (ceTb PNN) B cBoeil 6a3opoii ¢opme
MOXET MCIONb30BaTbesd ANA wiaccudukauuu obpasuos. OHa obnagaer cie-
IYIOIUMMU CBOMCTBaMU.

e Cerb PNN aBnsercss MooeNibio ¢ ynpasiisieMbIM 00y4eHUEM.

L KﬂaCCMCbMKaLlHH HEN3IBECTHBIX 06p€l3l.l0B OCHOBaHa Ha OLICHKE BEpO-
SITHOCTHU TOrO, YTO AaHHbIMI oGpaaeu B3MIT U3 UMCIOLIETOCs Kiacca.

e OueHKa BEpOSITHOCTH BBIUMCISIETCS Ha OCHOBE pacllpefe/IEHUS Bepo-
ATHOCTe yueOHbIX 0Opa3uoB.

¢ OO6yyeHHe O3HaYaeT HACTPONKY MapaMeTPOB CETH (BECOBBIX 3HaYE€HWI)
Ha OCHOBE MCIOJNb30BaHHUST YYeOHBIX 3K3EMIUISPOB M 3KCIIEPUMEHTH-
POBAHMS C LEJBIO YTOUHEHHUSI BEPOATHOCTHBIX OLICHOK.

JIOCTYNHOCTh U KayecTBO Y4eOHBIX JaHHBIX B KOHEYHOM CYETE CaMbIM He-
NOCPeNCTREHHBIM 06pa3oM BIMAIOT Ha KayecTBO pabGoTbl HEilpOHHOM ceTH
JlaHHble HepeAKo TpeOyIoT nNpelBapMTeNIbHOI 06paboTKM MNeped TeM, Kak
MPEACTABUTD UX HA PacCMOTpPeHMe HeilpoHHoit ceTh. Ecu HeitpoHHas ceTb He
MOXeT 06061LaTh CBOM BO3MOXHOCTH Ha HEU3BECTHbIE €ii JaHHbIe, TaKas CeTh
He NPeACTaBNAeT HUKAKOH LEHHOCTH.
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6.6. lononuutenbHaa nutepatypa (a) “6miafiiuero cocena”;

(6) ueHTpowuz;
ObcyxieHue MeTola MOJIENbHOM “3akanku” M MaulMHbl BonbliMaHa MOX- (B) ceth PNN ¢ 6=0.9:
HO HaliTW B GONBIUMHCTBE KHUT TO HelpoHHBIM cerssM. Ho Haiinercs coBceM o
HEMHOTO KHHT, B KOTOPBIX PACCMATPUBAETCA BEPOSTHOCTHASI HEMPOHHAS CeTh. 8

B [Masters, 1995] maetcs noctarouHo IyGOKHMiII ¥ BMecTe C Te€M TOJE3HBIA

C MpPAaKTMYCCKONH TOYKU 3PECHUSI AHATU3 BCPOATHOCTHON HENPOHHOM ceTh. Or 7
yuTatens TpeOyloTcst 6azoBble 3HAHMA sA3bika C++ (Wi, no kpaitHeit Mepe, C). '
6.7. YnpaxHeHus 5
1. MacmTaSMpyﬁTe cncnylouu/ke JaHHBle K AdanasoHy ot 0.1 go 0.9: 4
+ w
~-12,~-8,~6,-2,4,8,9, 15, 15. 3
2. I[loBTrOopuTe BHIYMCIEHUS YIpaXxHeHUs 1 s auana3oHa ot -0.9 oo 0.9. 2

3. bosbluas TOproeas CeTh IO IPONAaXe ABTOMODWIEH MOXET INpeacKas3arb
THIT aBTOMOOWISA, KOTOPbIii BbiGepeT MOTEeHUMANbHBIA MMOKYNaTenb, OCHO- 1
- BbIBAsICh HA TaKMX MPU3HAKaxX, KaK YPOBEHb A0X0Ia, ceMeiiHoe MOoJIoXeHHe

0
u T.4. FIpu3Haky aBTOMOOWIS ZOJLKHBI BKJIIOYATh €M0 TEXHUYECKHE Xapak- 8 10
TepUCTHKHU M Au3aiiH. Kak MoxHO ObUio 6b KOAMPOBaTH NMPU3HAKHU, TaKHeE 0 _ 2 4 6 -
Kak, Harpumep, uBer aBToMoOWis? CocTaBbTe CMUCOK TNPHU3HAKOB, KOTO- Puc. 6.20. M3o6paxenue AaHHbX ANR ynpaxHenns 9

phle, Ha Balll B3IISil, MOXHO ObL1O Obl MCIIONB30BaTh WIS pelUeHUs yKa-
3aHHOM 3ama4yM. B COOTBETCTBMU € 3TMM CHHMCKOM CHE/IAiTEe OLEHKY YHC/Ia
3JIEMEHTOB, KOTOpbIe TpeOyloTCs Ui CETU C MPSAMOI CBSI3bIO, YTOOBI BbI-
TNOJHUTH nocrénneHHon 3afaqyy, a 1Mo pa3MepaM CeTH OLIEHUTE pa3Mephl Knacc X y
HeoOXxoauMoro ydyeGHoro MHoxectBa. OBOCHYyiiTe CBOU OTBEThI.

Tabnuua 6.6. [lannsie, scnons3yemie B ynpaxHenuu 9

He ‘u3BecTeH 5.50 6.00
4. HeitponHas cetb PNN of6yuaercst Ha crpouHbIX .OykBax andasura. st A 400 6.20
YYe6GHBIX JaHHBIX UCMONB3YIOTCSA HIeCTh pa3HbIX wWwpHdTos. IMpeanonoxum, '
YTO CHMMBOJIBI TIPEACTABNAIOTCA B BUAE CETKH M3 11 x 11 Touek. Ykaxure A 3.50 5.80
4YHCNIo 3NIEMeHTOB B Takoil ceth PNN. A 4.00 6.00
5. TlosropuTe BBIUMCIEHHS NpuMepa 6.2 s o =0.3. A 4.00 5.80
6. TloBTopuTe BHIYMCICHMS npuMepa 6.2 wis 6 = 0.5. A 450 6.00
7. Tlosropure BbIYMCIEHUS NpuMepa 6.2, HO Ha 3TOT pa3 UCMONB3YiATE HEHOpMa- A 450 6.50
JIN30BaHHBIC JAHHBIE U METPUKY €BKIMIOBA paccrosHust. Mcnombayiite 0=0.9. . 6.00 6.00
8. IloBropuTe BHIYMCICHMS YNIpaXHEHUS 7, UCTIONb3YA O = 1.5. B ’ '
: " B 7.00 6.70
9. Ha puc. 6.20 nokasaHsl TpH KJacca AAaHHBIX M HEU3BECTHBIl IK3eMMsp
JaHHbIX. COOTBETCTBYIOILME TOYKAM JaHHblE NpuBedeHbl B Tabi. 6.6. B 6.00 7.00
Boiuncaure Kiacc, K KOTOPOMY NpUHAIUIEXXUT HEU3BECTHHIA obpasel, B 7.00 750

HUCNIOJNIb3YA:
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Oxonvanue Tabn. 6.6

Knace | o X : y
— M v s
B 6.50 6.00
B 8.50 - 650
B 7.00 5,50
B 7.00 6,00
B - 8.20 650
B 820 5,50
c 520 5.80
e 500 4,00
¢ 5.50 450
N 6.00 400
c 5.00 ‘ 3.00
e 5.90 3.00
c 5,00 3.00
c

6.00 3.00

10. TNopropurte ¢ nomoweio PNN inaccudukaumio U3 ynpaxHeHus 9, wc-
nonbays g =0.8. ‘

11, Mosropure ¢ nomowsio PNN wnaccudukauuio u3 ynpaxHeHus 9, uc-
nonw3ys o =0.5.
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r haaa 7

CBsi3b ¢ MCKYCCTBEHHbIM
UHTENNIEKTOM

3anava. BseneHue B CHMBOJIBHYIO ITAPAIUIMY UCKYCCTBEHHOIO
WHTEJUIEKTA M CBA3b C HEMPOHHBIMHU CETSIMU.

em. BbI DOMXKHBI ITOHATB:

KAKOBO CETOfHSsIIHee COCTOSHUE U LeMN U3YYeHHS
HMCKYCCTBEHHOr0 MHTEIUIEKTa;

TJIaBHbl€ COCTABJISTIOLINE MHTEJUIEKTYAJbHBIX CUCTEM;
OCHOBHbIE TIPHHIMITBI CUMBOJIMYECKHX PacCyXIeHUH;
CYTh OCHOBHBIX Mpo6iieM, BOZHHKAIOLIMX MpU paspaboTke
CHCTEM TNOHVMaHUA PEYU. -

TpeGosanua. O61ue 3HaHUA, KacaloLIMecs MPUMEHEHHUSI KOMIIbIOTEPHOI!
TEXHUKH.

7.1. Beepenne

He#ipoHHble ceTM MOTYT NIPUMEHSATHCA TIPU PEIEHUU CaMbIX pa3HBIX TeX-
HUYECKHX NMpolsieM, U Mbi YK€ BUJEJIH HECKONBLKO TIPUMEPOB TaKOTo UX TpHU-
MEHEHNS! B MpPeIbUIYLIMX TNaBaX. APXMTEKTYpPa HCKYCCTBEHHBIX HEMPOHHBIX
ceTeil He MICT HM B KaKoe CPaBHEHME C YEJOBCUECKMM MO3IOM IO CROXHOCTH
M pa3MepaM, HO UMEHHO TaKHe CETH COCTABASIOT abCTpaKTHble Modeau Mo3ra.
ToaToMy cpa3y Xe BO3HMKAET BOTPOC: MOXHO JY € IOMOILULIO MCKYCCTBEH-
HBIX CeTell peaid3oBaTh “MCKYCCTBEHHBIH WUHTELTEKT ? McKyccTBeHHBIN MH-
TeNNEKT ABNAETCA ONHOM M3 BaXHEMLIMX IMCLUMIUIMH B obnacTh MHdpopMaTH-
KM, UMelollleit Ty6oKye CBA3M ¢ MaTeMaTHKOH, ncuxonornell M maxe ¢uo-
copueit. Dta gucuuniauHa ObUla NpHU3HaHAa caMocTosSTeNbHOM B 1950-x,

U C TeX NOp Ha McCleJOBaHUSA TG ITOCTPOCHHUIO MHTEJUICKTYyaJlbHBIX MallUMH - .

ObUIO MOTPaYeHO HeMano BpeMeHHM M AcHer. Llenb uayuyeHUs MCKYCCTBEHHOTO
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WHTEJUIEKTa B [IMPOKOM CMBICIE MOXET OBITh OITKCaHA KaK CO3daHue MallIWH,
BBIMTOMHSAIOIMX 331a4yy, C KOTOPLIMU XOPOILIO CIIPABIIAETCS YENOBEK, HO KOTO-
phle HEJIETKO 3aMporpaMMHpOBaTh: € UCTIONB30BAHUEM TPATHIIMOHHOIO HOIXO-
la K BBIYMCIIEHMAM. 3ajayu, KOTOPHIE JIIOAM BBIMOIHAIOT XOpOWIO, HO KOTO-
pble TPYOHBI JUIS MPOTPaMMMPOBAHUS, YacTo OKa3bIBAIOTCH BIIOJIHE OOBLICH-
HeiMu. ‘Harnpumep, XoXieHMe IO KOMHATe WM NOMIEpXaHHE pasroBopa He
TpebyeT TaKMX YMCTBEHHBIX YCWIIMIA, KaK cnoxenue uynucen. Ho cosganne Ma-
LIMH, BBHITIONHSIOLIMX TIONOOHBIE 3a[aHUs, OKa3aloch A/ MHXEHEPOB -Ipo-
Gnemoit orpomHoii croxHoct. Tor dakr, 9ro OTHOCHTEIBHO [IPOCTO MOCTPO-
HTb MAaLIMHY, COCOOHYIO CIATh YHUBEPCUTETCKMH IK3aMCH, HO HE MAalluHY,
CIIOCOGHYIO BBITIONHUTL YOOPKY JOMa, HENAeT BHI30B HAallMM TPaAMLIMOHHBIM
TIPEACTABJICHUSAM O TOM, YTO 3HAYUT ObITh MHTE/UICKTYAIOM.

HccenegoBaTe UCKYCCTBEHHOTO MHTEJUIEKTa COCPEIOTOYWINCHL IJIaBHBIM
06pa3oM Ha TOM, YTO OGBIMHO HA3BIBAIOT CUMEOALHOU napaduemoii, a TakKxe —
“TpamULIMOHHBIM HCKYCCTBEHHBIM MHTEJUIEKTOM” WIHM “KJIacCMYECKUM MCKYC-
CTBEHHBIM MHTEJIEKTOM” (a MHoOrga M “CTapOMOAHBIM HMCKYCCTBEHHBIM HH-
tennekroM”). Temeph cyuecTByeT HoBass popMa HCKYCCTBEHHOI'O MHTEJICKTa,
OCHOBAaHHas Ha KOHHEKUMSX (T:€. HEMPOHHBIX CETAX) M IBOJOLMOHHBIX MO-
Hensx (T.e. CUCTeMaXx, CYIHEeCTBYIOLMX B HEKOTOPOM cpele M alanTHPYIOLUMXCA
K Hell Ha ocHoBe ecmecmeennozo ombopa). HoBblil NCKYCCTBEHHBIH MHTENNEKT
HE OTPULAET TPAAULIMOHHBI MCKYCCTBEHHBIN MHTENIEKT, H HEKOTOPbIC CYM-
TaloT, uTo He GyneT oTpuuaTh HuKkoraa. Ha caMom jenie Wist co3MaHMst UCTHH-
HO MHTEJUIEKTYaJIbHBIX MAlIMH MOXeT IoTpe6oBaThcA PaIMKAILHbIA TEpeBo-
POT B HAIUMX MPEACTABICHUAX O HUX. MOXHO BO3pa3uTh, YTO HOBBI# MCKYC-
CTBEHHBIIT MHTE/UIEKT ABASETcS TONAbKO HOBOH ¢OpMOH TPaIWLIHOHHOIO
MCKYCCTBEHHOTO MHTEIUICKTa, H OCHOBAHMEM WISl TAKOTO BO3PAXEHUS SIBISCTCH
TOT HaKT, 4TO [0 CHX MOP Ha HU3LIEM YPOBHE Mbl MCIONb3YEM BCE TE XKE Bbl-
YUC/IUTENbHBIE YCTPOMCTBAa (CMMBONBHBIE CUCTEMbL HAa CAMOM JIEJIE PEATIM3YIOTCs
Ha NOC/IE0BATEbHBIX MALMHAX, TO XK€ CaMOe MOXHO CKa3aTh M O GO/bLIMHCT-
Be Mozelieli HeiipoHHbIX cereil). MickyccTBeHHBIH MHTEJUIEKT BCE €lle obelilaer
TO, 4TO OOEWANOCH €ilie: B HAyalle €ro Pa3BUTHSA, HO T0Ka YTO O BAXHOCTH UC-
KYCCTBEHHOIO HHTEJUIEKTa Mbl JO/KHBI [OBOPHUTH C ONTHMH3MOM. B xoHue
KOHILIOB, Halli 3apochl K KAYeCTBY paboThi- TEXHHYECKUX YCTpOICTB Bce Bpems
PacTyT, O3TOMY Ha JiloboM 3Tarne pa3paboTku TakUX YCTPOHCTB BCerna HesiBHO
CTaBUTCA 3ajaya CO3JaHus MAIIUHBI ¢ Gonec BHICOKUM YPOBHEM HHTE/UICKTA.
HecomHeHHo, 6yayT co3iaBaThest Bee Goee M Gonee MHTEIUIEKTYalbHBIE Mallu-
Hbl, HO MBI Beera Oy/ieM )XHBO MHTEPECOBATBCS BO3MOXHOCTBIO CO3NAHMA aHA-
pousa, crocoGHOro BECTH ¢ HAMM HaCTOSLUMH JNAJIOF. M paxe xoraa Takoii aH-
apoun 6yneT nocrpoeH, ¢wiocodsl Bce paBHO HE HepecTaHyT CIIOPUTL O TOM,
obJagaeT u 3TOT aHIPOUI MUHTEUIEKTOM, CPABHUMbBIM C HalIUM.
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Yt106bl pa3BUBATL HOBBIH HUCKYCCTBCHHBIH MHTEJUIEKT, HAM HYXHO HOHSTBH

© KO€-4TO U3 TPAIMLIMOHHOI'0 MCKYCCTBCHHOTO MHICIUICKTa U, BO3MOXHO, CBC-

cti 06e 3TH MapagurMbl BMecTe “Flof 3HaMeHeM” HEKOTOPOTO OOLIEro MCKYCCT-
BeHHOTO MHTeJUTeKTa. B 3T0i1 raBe Mbl 06cyIMM NMPUPONY MHTEUIEKTa M pa3pa-
GOTKM B 0GNAcTM TPaJHMLMOHHOIO MCKYCCTBEHHOTO MHTEJUIEKTa, YTOOBl B Clle-
JAYIOLIE I7TaBe 06paTMTBhCA K AOCTIDKEHHAM Pa3paboTYMKOB HEHPOHHbIX CETEi.

7.2. Mpupopa uHTennekTa

HHTennexT npeacTasisieT co0oil KOHLENIHIO, HE NOANAIOLIYIOCs CTPOroMy
onpeneneHuIo. YenoBedecknii HHTEAIEKT CKIANbIBAacTC U3 MHOXECTBA KOM-
MOHEHTOB, CPEAM KOTOPHIX CMOCOOHOCTh K 0Oy4eHMIO, oOpraHbl 4YyBCTB
(HampuMep, 3peHHe M OcsA3aHMe), TTO3BOSIOIIME B3aUMOEHCTBOBATh .C BHELI~
Heli cpemoii, M 06beM 3HaHMIA, KOTOPHIH Booblue He mopnaercs oueHke. Jaxe
HALLUM JOMallIHHe XUBOTHBIE MOTYT CUUTATbCA UHTECJUICKTYAIbHBIMH: OHH UMEIOT
CJIOXHbBIE CHCTEMBI 06paboTKM MH(OPMaLKK, KOTOpble JalOT MM BO3MOXHOCTB
PACMO3HABATh JIIoAel U BBITIONHATH 3adaHusA, TpeOyollle HEMANIOro MacTepcTBa.

HHTemeKTyalbHOE IMMOBEACHUE HE SBASETCS MCKIIOYMTENBHOIN NpeporaTu-
BOI AEHCTBYIOLIEro B M30/SLMH LICHTPAJBHOTO Tnpolieccopa (Ye0BEe4eCKOro
Mo3ra) — pabora LEHTPAbHOIO [MpoLEeccopa 3aBUCHT OT HOTNOJHHUTENbHbBIX
NpU6OpoB, BOCTIPUHUMAIOLIMX, MPEABAPUTEIBHO 0OpabaThiBalOMIMX M CTPYKTY-
PMPYIOILMX MOCTYMaowye JaHHble. UHTeIUIeKTyanbHble areHThl MOryT OBITH 110~
CTPOEHBbI TAKUM 00pa3oM, YTo UM npuaeTcs AeiicTBOBaTh B MOJHOCTBIO BUPTY-
aTbHOM MMpE, HO 3THM areHTaM Heobxonumo OyleT 3aMeyaTh M pa3BHBaTh Xe-
JaHUA U Lefiv, 4ToObl TNposABIATh ceda HHTeekTyanbHo. MccnenoBaHus
OOBIMHO KOHLEHTPUPYIOTCS Ha KAKOM-TO OTIAEJbHOM M Y3KOM acreKTe MHTeN-
JIEKTa, U U3 NPaKTUYECKUX COOBPaXeHUN CEHCOPHBIE KaHANBl Wi NepBHYHas 00-
paGoTKa JaHHBIX YacTO 3aMEHAIOTCA MPEATNONoXeHNEM O HAIMYHK MOAXOAsLIEH |
CTPYKTYPH! JaHHbIX. TpaIuLIMOHHBIN UCKYCCTBEHHBI MHTEIUIEKT .3aCTaB/ISUT Hac
BEPHTB, YTO TEOPETUYECKH BO3MOXHO (HO MpPAKTMYeCKH BCe €HIE HET) cO3AaTh
MO3[' — BOIVIOIIIEHNE HCKYCCTBEHHOro MHTE/UIEKTa — cielyeT JIMIIb CO3AaTh
MpPaBWIbHBIA anrOpUT™M, U MO3T TYT Kak TyT. B pamMKax TpaMLIMOHHOTO MCKYC-
CTBEHHOTO MHTEJUIEKTa M3yYeHUE WHTE/UICKTYaJIbHbIX CUCTEM KOHLIEHTPUpOBa-
JIOCh BOKPYT HECKOJIBKMX KJIIOUEBBIX BOMPOCOB — 3TO MpeEACTaRIeHHe NAHHBIX,
CMocoGHOCTh PacCyXIaTb M CHOCOOHOCTh CUCTEMBI aBTOMAaTHYECKM ananTHpO-
BaThCA K UBMEHEHUIO YCIOBHIt (APYTHMM CJIOBAMH, CIIOCOGHOCTb 00Yy4YaTbes).

7.2.1. 3HaHue u npefcTaBieHue

WHTeekTyanbHag CcHUCTeMa BOIUTOLIaeT 3HaHMe. Korza Mbl roBOpUM
0 3HaHMAX, 3TO MOIYT 6bITh HaKTHYECKNE 3HAHUA, HeoGXOOMMBIE, HalIpUMED,
ISl y4acTUst B BMKTOPMHE, WIH TPAKTHYECKUE 3HAHUS, NPUMEHsSIEMBblE NpU
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3aMeHe aBTOMOOHMJILHOTO Kojeca. DTOo MOTYT ObITh 3HaHHWS, Ha3biBacMbIe Ha-
BHIKaMH, HeoOXOAMMBle, HalpHMep, NMpH e3¢ Ha BeJoCHUNeNe, WIK Xe 3TO
MOTYT ObITH MWJUTHOHBI OUTOB HHGOPMANH, KOTOPYIO MBI Ha3bIBAEM 3APABbIM
CMBICJIOM, TIO3BOJITIOIMM, HArpuMep, He NMPOJUTh BOAY U3 YalUKH npu MHTHE.
[IpencraBnerne 3HaHMA MOXET ObIThL SIBHBIM MW HESBHBIM.
SIBHOE 3HaHWE MOXeT GbITb yCTaHOBJICHO M MHCIEKTUPOBAHO, HAaIlpuMep,
B d)opMc q)aKTOB
AA610K0 €cTh IIIOL.
Kot ectb JXKMBOTHOE.
BTOV‘MoryT' OLITb TAKXKE W MPaBHIA.
Ecau akkyMynaTop pa3psawics, mo aBTOMOOWIb He 3aBeleTCs.
Ecau TipoueHTHBIE CTABKM PACTYT, MO0 LieHa KpeJuTa MOgHUMAETCS.

HessHoe 3naHue mepenath Hénpocm. HanpuMep, peOGeHKYy MOXHO pa3b-
SCHUTh OOLIMe NPMHLMIIE e3lbl Ha Belocuriene, BKIo4as HeoBXOIMMOCTh
BpalllaTh NEIANM W HANPABNATH NepeIHee KONECO B CTOPOHY ABMXEHMS, HO
npoleaypa He MOXET ObITh 3aMMcaHa TakK, YTOObI pebeHOK MOr ee IpovYMUTaThb,
a 3aTeM MCIIONb30BaTh UIA TOro, 4ToObl MOEXaTh Ha Benocuriene. B neifcTeu-
TEJILHOCTH 3HAHME TOrO, KaK €XaTh Ha BeJIOCUIIENE, MpUobpeTaeTcs B Pe3ysib-
TaTe Npod U oUbOoK.

TpaTuUMOHHBIA UCKYCCTBEHHBIH MHTE/IEKT CKJIAAbIBAeTCs N3 06pa60"r1<n
CUMBOJIOB, a 3HAaHHUSA TIPEICTABJISIOTCS C IOMOLILIO CHMBOJBHBIX CTPYKTYP.
IpeacTapieHye 3HAHUA UMEET HECKONBKO ¢OpM M pa3nu4YHbBIX YpoBHeH. Bor
TIPUMEpHI TIPEACTABICHMI: 3HAHMS, BHIPAXEHHBIE B BHIE NMpPaBWI; rpaduk U3-
MEHEHNS pocTa pebeHKa; KapTa JIOHIOHCKOTO METPO. YPOBEHb NMpeacTaBleHUs
3aBUCHUT OT YPOBHS JIeTAJIM3alMM MHOOPMALIK, KOTOPYIO HEoOXOmIHMMO nepe-
Jath. Hanpumep, Kapra NOHAOHCKOrO METPO MpeAcTaBasieT coboit abcrpaxr-
Hoe M300paxeHre UCTUHHOM CeTH CBIA3aHHBIX craHuuit. [ns ueneit TIaHUpO-
BaHMS Epee3oB MeXIy CTaHUWSIMHM KapTa OKa3blBAaeTCH BIIOJIHE MOAXOMSi-
e,  TaK XaK I10Ka3blBaeT BCE COEAVHEHUS U B3aMMHOE pacloNloxXeHue
ctaHuuit. M3o6paxkeHHble Ha KapTe JIMHMM HE OTpaXxaloT peajibHOro -pac-
CTOSTHUS ¥ KPUBU3HY WCTUHHBIX JIMHUU, CBA3BIBAIOLLIMX CTAHUMM, TaK Kak
3ra MHboOpMaLMsA K AeJly He OTHOCUTCSI, a TOJABKO MellaeT 3PUTENbHO-
MY BOCIIPHSITHIO.

Hccnenopareny HCKYCCTBEHHOTO MHTE/UIEKTa UCHONB3YIOT 3HAHHUA O MO3re
KaK PYKOBOJACTBO [UISL TOro, 4TOObI CTPOUTb MCKYCCTBEHHBIN WHTEJUIEKT, HO
TEOPHIO TOrO, KaK YeJIOBEK INpeNcTaBisieT 3HaHUs, HPOpPMan30BaTh OYEHb TS~
xeno. Kak noau BOCIIPMHHMMAIOT KOPELIKM KHU I — KaK KaHLEJASPCKUE TIPU-
HalUIeXXHOCTH, YKPAIIEHUST WIM 3/leMeHThl 06cTaHOBKU? Kak MOXHO npeacra-
BHTDb JII0OOBb, €C/IM MalIMHAa He WCIbIThIBaeT Takux 3Mouuit? MoxHo Ju 3a-
,CTaBUTh MAlUMHY WCHBITATH JIFOOOBb M, €CU 3TO BO3MOXHO, TO OyneT 1M ee
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TIOHUMaHMe JI00BU OTJIMYAThCS OT Hallero? CyIIlCCTBYIOT KOTHUTUBHBIE TEO-
PHHU TOI'0, KaK INpPEeACTAaBRACT 3HAHWUST MO3TI 4YesioBeKa, i UMEHHO Takue TCOpI/IPl
CJIY)KaT OCHOBOM 1711 CUMBOJIbHBIX HpCI[CTaB.TICHI/IPI

7.2.2. Paccy)xp.euua

YenoBek 3HaeT, KaK BECTH Ce0sl B HOBBIX CUTYaLMsIX, TOCKONBKY OH MOXET
aHaJIM3NPOBaTb CBOM 3HAHUS M NPUHUMAThb alleKBaTHbIE PELUEHHS, OCHOBaH-
Hble Ha IPOIJIOM OIbITEé W Ha MPOTHO3MPOBAHHM BO3MOXHBIX ' [TOCAEACTBHI
Takux pewleHnil. CHUMBOAbHAs MapagurMma -IbiTaeTcd OTYACTH WMUTUPOBATh
TaKoe: IoBeJeHHUE C MOMOLIBIO IIPOTPaMM, BKITIOYAlOIMX Habop npasun npen-
CTaBJIEHUST COOTBETCTBYIOLLMX YMO3aKIIIOUEHH .

Npaguno. Ecau akkyMynsTop pa3papuncs, 7o asToMoBunb He 3aBegeTcs.
KoHKpeTHble faHHeble, AxxymynaTop B astomoOune CioaeH paspsanncs.
Hosoe BbiBeaeHHOE 3HaHWe. AsTomobunb Cio3eH He 3aBegercs.

CoBceM He CNIOXHO 3amporpaMMHUpOBaTh CUCTEMY, paGoTAIOLIYIO B COOT-
BETCTBMM C OCHOBHBLIMM TNpaBUJIAMM JIOTMYECKUX 3aKJIIOHYEHUI, HO Tpexie,
YeM MallMHAa CMOXET JEMOHCTPUPOBATh HEYTO MONOOHOE peanbHOMY WHTE-
JIEKTY, NMPUOETCS HaNTH OTBETHI Ha HEKOTOpbiE BaXHbie Bompockl. [lpasuna
BOIUIOIIAIOT 3HAHUS, & MOSTOMY M BONPOCHl OKa3blBAIOTCH CBS3aHHBIMU CO
3HaHMAMHU. Kakue npasuia TpeGyioTcs M SIBASIOTCS JOCTAaTOMHBIMM ST TOTO,
4TOOBI BBHUTOJIHUTh 3a4ady WHTEJUIEKTYalbHO? PaccMOTpHMM crieuMalbHYIO 3a-
nauy, TpeOyIOLLYIO TOJIBKO 3HAHMSA YCTPOICTBA aBTOMOOHJIA. DKCMepTHas CUC-
TeMa (CMCTeMa, OCHOBAHHasl Ha MCMNONbL30BAHMMW 3HAHWN, HEOOXOAUMBIX IS
BbIBOJIA 3aKJIIOYEHHUI B Y3KOii 06IaCTH) BOBJIEKACTCH B CACRYIOLIUI INATOT.

Knuent: 3a4em Ha aBTOMOBMARX YCTAHABAMBAIOTCA PyuHble TOPMO3a?
JKkcneptHan cucTema: YTobbl OCTAHOBUTL ABUXEHUE aBTOMOBMAR.

Knuent: ABTOMOBUAL BeAb HE BCEraa ABUXETCH, KOr4a PYYHOR TOPMO3 BLIKOYEH?
JKcnepTHas cuctema: 310 3aBUCUT OT TOPUIOHTANBHOCTU NOBEPXHOCTH.

KnueHT: Y10 NaeT aHepruio, 3acTaBnAIoLLyio Koneca asToMo6UAR Bpawarsca?
dkcneptHas cuctema: Jsuratens.

Knuent: Takum oBpasom, ecnu gsuratens paboraer, 1o koneca 6yayT spatwatses?
3kcnepTHan cucTema: Ecau cuennienve BKNIOYEHO.

Knuent: Yro caywutcs, ecnv asvratens Byaer paboTarh CO BKIKOUEHHLIM PYYHBIM TOPMO3OM
W BK/IOYEHHbIM CLENNeHrem?
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AxcnepTHas cuctema: Nipeanonaraercs, 4To Bul CHaYana AOMKHE OTKMIOYUTL PYYHON TOPMO3.

Knuent: [la, HO NPeAnoOnoXuM, 4TO 1 3TOTO He caesnan.
AxcneprHasd cuctema: 27?7

OrBer “He 3Ha10” Ha NOCACHHUIA BOMPOC SIBJISIETCS TIPHEMIIEMbIM, €CJIH
BBl HE 3KCHEPT M0 aBTOMOOWIAM, HO BBIIJISAUT CMEUIHBIM, €CIH ITPEAIoa-
raercst, YTo BbI 3KCIepT. TOT, KTO HUKOTAA HE BOTMI aBTOMOOWIb, HO UMEET
Xopollee 3HaHUE QUINKU U MeXaHMYeCKUX YCTPOICTB, BIIONHE MOXET Mpe/-
JIOXUTH pasyMHblit oTBeT. Ho 3HaHue GU3MKU TpeGyeT BbIXOAA IKCMEPTHOM
CHCTEMBI M3 Y3KOil 06/1acTH aBTOMOOWIEl M BEAeT K HEOOXOMUMOCTH OCBOC-
Hus Gosee INPOKOl obmacth 3sHaHuil. [ToHMMaHHe TOro, CKONBKO Tpebyert-
¢ 3HAHMI1 JUIS afeKBATHOTO BEHIMTOJIHEHMSI COOTBETCTBYIOLIEH 3aia4yu, sBJIS-
eTca npobiaemoil pa3paGoTYMKa 3KCIEPTHOH CHCTEMBI: JOCTATOYHO TPYAHO
TapaHTHPOBaTh MpPaBWIbHYIO PaBOTy KOMIBIOTEPHON MNpPOrpaMMbl, AOMycC-
KaIOLIYI0 OrpaHHYeHHOE YUCJIO TUIOB BBOJA, HO TPYAHOCTH NPOBEPKH Mpa-
BIJIFHOCTH paGoThl BO3pacTaeT MHOTOKpPaTHO, KOIa Ha 3Tarne MpOCKTHPO-
BaHMS MOTeHLMANbHBIH BBOJ HE MOXET ObITh MpelcKa3aH Boobule. CyllecT-
BYIOT BMEYAT/ISIOIIME 3KCMEPTHBIE CHCTEMBI, BBINOIHSIOLINE OrpPOMHYIO
paboTy M, KaK cooOluaeTcs, 3HAUMTENbHO YMCHBIIAIOMIUE PACXOAbl KoMra-
Huii. Ho moTpe6yiite OT 3KCrMepTHOM CUCTEMBI CJIIMIIKOM MHOro — M OHa
BCKOpe MOKaXeTcsl BaM cllaboil, TOCKOIbKY 3HAHUS €€ OrPAHHYEHbI. \

Y cneuuaTMcToB, CO3NAIOUIMX IKCIEPTHBIE CUCTEMBI, BOSHUKAIOT U Ipyrue
TpyaHocTH. PaccMOTpUM yTBepXIeHMe, MOJ06HOe CienyloLIeMy.

YyscTBO 66110 NPOCTO YXACHHIM, 3TO CYACTLE OCTATLCA NOCNE TAKOTO B XVBLIX, BEAb BCE
MYX4HHBI B CamosneTe norubu.

SIBnsieTcA IM PaccKasuMK xeHumHoi? Haxomunach M oHa B camonete?
§1 He COMHEBAIOCh, YTO OHW BO3NOXAT BCIO BUHY HA XEHLUWHY-NUAOTA.

Tenepb KaxeTrcsi pasyMHBIM MPEANOAOXHUThb, YTO PACCKA3YUKOM SABAACTCH
XEHIIMHA-TIMNOT U 4TO OHA 6bl1a eMMHCTBEHHO!N XeHUWMHOH Ha 6opTy camo-
JIeTa, MOTepIeBILETro aBapHIo.

Ml CTOAKHYAIMCH HA NOAXOAE K a3p0ApOMY. 51 Bbifa B OAHOMECTHOM CaMONeTe, U Y MEHs
6L0 KaTanynbTUPYeMOe Kpecno.

Mocnennss UHGOPMALNS 3aCTABNAET HAC MEPECMOTPETh MpebUIyLIME BHIBO-
apl. [TocTpoeHMe WMHTEIUIEKTYAlBHOrO areHTa, CnocoGHOro Jenarh Cepuu 3a-
KITIOYEHMIi, HO MCTIPABNSIOIUMX 3TH 33aKMOYCHUS HA MOCACAYIOIMX CTaausX,
SBJISIETCS TONBKO OQHON U3 MHOXeCTBa NpPo6jieM, CTOSLIMX mepel pa3pabor-
YMKAMHU UHTEJUTEKTYATbHBIX CUCTEM. '
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7.2.3. 06y'-|eHué

BoiKiBaHMe TO6GOr0 KXMBOTHOTO 3aBUCHT OT CIIOCOGHOCTH aJanTHpPOBATLC
K U3MEHEHMIO CUTYallMM Ha OCHOBe MMefolllerocs ombita. MBI mosaraeMcs Ha
TO, YTO Hallii AOMALIHME XUBOTHBIE CIOCOOHBI K 0OY4YEeHHIO B TaKoil Mepe,
YTO Mbl CMOXEM HAYyYUTh MX BECTH cebsl COLMAIBHO npneMﬂéMblM obpa3oM.

BOJIBILIMHCTBO KOMITBIOTEPOB NPOrpaMMHUPYIOTCS IS BBITIOJIHEHUS OTIpesie-
JIeHHBIX 3ajay. MHXeHep-NporpaMMMCT TIPEACTABIACT OMMCAHUE MPOOIEMBL
B BUJE JrOPUTMA, a 3aTeM PEATM3YET 3TOT AJITOPUTM Ha KAKOM-HUOYIL SA3bIKe
MPOrpaMMHUPOBAHUA BBICOKOTO YpoBHA. CB3b Npob6iieMB! € ‘peaju3aliveil onu-
paeTcsa Ha 3HaHHe U NpeacTaBireHMe. Hanpumep, MOXHO 3asBUTh, YTO IUIOLIANb
KpYra paBHa 7ir*, rle m SBJIAETCS YUCIOBOM KOHCTaHTOM, a r — pammycom. ITo-
HMMaHWe 3TOTO OTMCAHUA ONUpaeTCs Ha 3HAHHUE TOTo, YTO PAANyCOM SIBJSIETCS
JUTHHA OTpe3Ka TMPSAMOIi, COEMUHSIOLIEIO LEHTP Kpyra C TOYKOMl Ha OKPYXHOCTH,
YTO TAKOE OKPYXKHOCTb M T.0. [IpennoxeHHas Bbiile dopMyna BbIpaXaeT 3HaHMUE,
HO MCIONb30BaHMe 3TOi dopMyabl Toxe TpebyeT 3HaHUI: HanpuUMep, ITOJIb30Ba-
TeJIb JOJDKEH 3HATh, YTO TUIOLLAAb OYIAET BBIPAXAThCA B €IVWHMLAX, ITPEACTaBIMIO-
LIMX cODOi KBaIpaT eIUHMIL, UCTIONB3YIOWMXCS VIS U3MEPEHUST paauyca.

BoT npumep rnporpaMMbl Ha si3blKe C ans BbIYMCIICHUS TUIOLLAIW Kpyra 1o
yKazaHHo# dopmyine:

float areaOfCircle(float radius)
{ ‘
float pi = 3.1415927;
return{pi*radius*radius);

}

BHyTpeHHe KOMIBIOTEP MPEACTaBASET YUCIO T B IBOMYHOM.dopMaTe, HO
3TO HE UMeEeT HMKAKOro 3HaueHus i NMPOrpaMMUCTa, paBHO KaK M peanmusa-
UMA MMEHHO Ha si3bike C He MMeeT HMKAKOro 3HauyeHWUs JUlsl IoJib3oBaTels
MporpamMmsl, NOCKOJMbKY MOHMMaHUE NAHHOTO aliropuTMa 3aBUCUT TOJABLKO OT
JOCTATOYHO XOpOIIEro 3HaHUS AaHIMIMMACKOTO SI3bIKA U HEKOTOPbIX MaTeMaTH-
YeCKUX Pe3yNbTaToB. ,

KitouoMm K nporpaMMHpOBaHHIO SIRISETCA CIIOCOOHOCTb BBIPa3HTh MpoOieMy
B BUIE aIropuTMa M BbIOpaTh nomxofsitiee npeacrasieHue. Ho 4Tto MoXHO cka-
3aTb O 3HAHUM, KOTOPOE He MOXET GbiTh BulpaxeHo gBHO? HeBoamoxHOCTh SIBHO
BbIPA3UTh PellieHUe 03HAYaeT, YTO MPOTpaMMa He MOXET ObITh IOJNyyeHa Tpaiu-
LMOHHBIMM MeTosaMu. Ho MOXHO co3zarb NMporpaMMy aBTOMAaTHYECKW B PeE3ylib-
Tare npouecca odyueHUs. MalluMHbI MOTYT NPOrpaMMHpPOBATLCS Tak Xe, Kak Ipo-
UCXOIMT OOyuyeHMe cobaky BBIMOAHEHMIO KOoMaHAbl. KoMaH#a ciyXWT BBOIOM,
MPaBWIbHBII OTBET BO3HATPAXKNAECTCS, U CUTHAI TOBTOpsieTcA 1O TeX TNop, [oKa
cobaka He aJlanTUpyeT CBOE MOBEACHUE B COOTBETCTBUU € TPEOYEMBIM OTBETOM.
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MMeeTcsl MHOTO CHMBOJIbHBIX AJIFOPHTMOB 00YyueHUH, HO 0ObEM KHUTH HE |

: NpeAycMaTPUBAET UX OfIUCaHUS B 3TOM riaBe. 3aunTepecoBasiliiecs YATATENN
MOTYT  O3HAKOMMTBCH C MOTIONMHUTEABHON  IMUTEPATYpOil 110 3TOMY Bolipocy,
" yKd3aHHoii B pasjese 7.8.

. 7.3. TUnoTe3a CUMBO/ILHBIX CUCTEM

TpaauiMOHHBIA HCKYCCTBCHHBI MHTENUIEKT OMUpaeTcsl Ha TUIOTE3Y CHM-
'BOJ‘[I:HBIX CHcTeM. Dfa rurioTesa B CIWIBHO yhpoiugHHoM (opMyanpoBKe yT-
BEPXKaeT, YTO, peasu30BaB OTPOMHYIO CTPYKTYDPY B3aUMOCBS33aHHBIX CUMBO-
OB, MpPENCTABISIONIYIO peafibHble 3HAHWA, M CNOXHbifi HabOp CUMBOABHBIX
TIpPOLIECCOB, HO3BOMSIOMIMX OMepUPOBATH CTPYKTYPAMHU C LEeNBIO CO3NaHM HO-
BBIX CTPYKTYp, MOXHO co3fiaTh MallMHy, paboTatolilylo TaK Xe XOpoLIo, Kak
yestoek. KopoTko rosops, rumnoresa yrBEpXKAAeT, YTO MOXHO 3alporpaMMu-
~ poBaTh KOMIIBIOTEP TaK, YTo OH GyneT AyMath.
B 5TOM pa3jiesie Mbl PaCCMOTPUM Mapy MPOCTEIX MOAENBHBIX 3a0ay, I103BO-
JITIOLIMX TIOHATh, YTO Takoe CMMBOJNbHas obpaborka. Mbi He Gydem obcyx-
IaTh 3eCh MPaBWILHOCTL yKa3aHHOM I'MMOTE3bl, MOCKONBKY XOTenH Gbl TONbKO
. BBISICHUTh, YTO TaKoe CHUMBOJibHbe Tpoilecchl. HeofxoiriMo Takxe HMeETh
B BHOY, YTOo ecnu Ha Daze 3Toit TMMOTE3s! MblC/sfillasi MAIIMHA MOXKET 6bIth
MOCTpOeH4, TO Takaf MallliHa JOJDKHa KOHLEHTPHPOBAThH KONOCCANLHEIE (o1}
eMbl 3HaHMH, OObeJWHEHHBLIX B OIPOMHBIM MacCHB CIOXHBIX TNPOLIECCOB.
B sToif If1aBe Mbl PACCMOTPUM MPUPONY BBHIYHCIEHHH. Mo npakTHYyecKUM co-
obpaXxkeHUAM [OYTH BCe SKCIMEPUMEHTHI ¢ UCKYCCTBEHHBIM UHTE/IEKTOM UMe-
JIM MaJible MacLiTaGbl, HO €CIM CO3aHME MAalLUHBI, nono6Hol YeaoBeKy, BO3-
MOXHO, MacCIUTabsl 3THX IKCIIEPUMEHTOB JOJKHBI CYIIECTBEHHO M3MEHHMTHLCH.
JIBMXKeHe B 3TOM HanpaBleHUU yXe Hauyanock (cM. pasgen 7.8).

7.3.1. NMownck

- PellileHHe To0BONIOMOK, MTOCTPOEHME TNaHOB, JMarHocTHKa 3abonesaHuN
M T.I. — BCe 3TO MPo6eMbl, KOTOpbie MOXHO PELIUTL B pe3y/ibTare mpolecca
rnovicka. PaccMOTpHM IIaHMpOBaHME aBTOGYCHOTO TyTElUECTBUS MO AHIIHMM
C IOra Ha ceBep. B BalleM pacropspkeéHMH MMeeTcs pacticaHue IBHKEHUS aB-
ToGycoB, a 3ajayeil ABIAETCS HaXOXIEHHE MOC/IeA0BaTeNbHOCTH CTBIKYIOLINX-
cq MaplupyTOB, koropme N03BOJAT BaM Hobpathest u3 Cayrremnrona B Hor-
THHTeM (TIpENIIONAraeTcst, YTo NPSMOro coobIleHus Mexay 3TUMH ropoaamu
Her). Moxso Hayath ¢ CayTreMITOHa, KakK MyHKTa OTIPaBICHUSA, MPOCMOT-
peTh CIMCOK MTYHKTOB HasHAYeHWs MapiUpyToB, BHIGpaTh HEKOTOPBIH MyHKT
HAa3HAYCHUS U MepedATH Ha Ty CTPaHULLY PaCTIMCAHHMS IBIKEHUSA, KoTopast co-
OTBETCTBYET BHIGDAHHOMY ITYHKTY HA3HaYeHMS. I'lyHKT Ha3HAaYeHUs Tenepb
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CTAaHOBHTCH BalllUM BOOGpaXaeMbIM MyHKTOM OTNpaBICHUH; M Bbl BbIGHpaeTe
Ipyrofi MyHKT HasHaYeHus.. Bui fiponosbkasTe 3Ty Mpolenypy Ao Tex fop, fio-
Ka He YBUAMTE Hd3BaHHWe NMyHKTa OTIIPABICHMS, I KOTOPOro IyHKTOM Ha-
3HayeHus Gyner ykasan Horruurem. Her muvero npouwie! Ha ripaxruke, on-
HaKo, BBl BOCIHOJIB3YETECH CKOpee BCero MMEIOLIMMHUEA ¥y Bac 3HaHUSIMU Téo-
rpapur u Oysere paccMaTpuBaTh TOJNBKO Te IPOMEXKYTOUHbIE HYHKTHI
Ha3HAYEHMA, KOTOphIE JieXar B HalpawieHUM, NpUbIinKafoleM Ba¢ K KOHey-
HOMY MyHKTY HasHayeHMst, HortuHremy. Bist MoxeTé TakXKe HCNons30BaTh
HECKOJIBKO 3aK/IAfioK, YTobbl, HAMIA Hekotopbiit Mapiipyr U3 CayTreMfiToHa
B IIYHKT A, repeiiTn K cooteeTcTBYIouielt HortuHreMy cTpaHuile pacriicaHus
U TIOCMOTpeTh; ecTs AM Mapiupyt u3 Hotruxrema B fiyHKT A. M Bel Gynere
NPOAOXKaTh TEpecKakUBaTh TAK ¢ ORHOR crpaHULibl HA ApyTyio B Hazexae
HaWTH MYHKT, K€ Ball MapLIpyT Biiepefl ¥ o6paTHbI MapiIpyT HepeceKyTCs.

Bt paspaGoTaHbl KOMIBIOTEPHBIE ajiroputMbl, MMHTHpYylOllke Taxoii
TUN Tioucka. [JaBaifte paccMOTPUM OZHY NMPOCTYIO TIOMOBOJIOMKY, Iozo6HYIO
“Urpe B MATHaAHATh”, HO. 13 BOCBMM 3JIeMeHTOB. ['010BOJIOMKa HpPEACTABAAET
co60ii pelleTKy ¢ AeBATHIO AYeilkaMM, II€ BOCEMb STYeeK 3aHSThI NMPOHYMepo-
BaHHBIMM TUIMTKaMH. HesaHaTyio sueiiky MOXHO MHTepHpETHPOBAThL KaK Myc-
TYIO IUIMTKY: COOTBETCTBYIOLUE! IUVIMTKM HET, HO 3TO OKa3blBaeTCH fiojte3Hoit
UIeeit, MO3BOAIOLIEN! YIPOCTHTD onucaHue npobaemet. ITnnuTkK paameiuanoT-
cA cyyaifHbIM 006pa3oM, a LENBIO SAB/seTCH pa3MelleH#e TUIMTOK B IOpsiaKe
HOMEPOB CjleBa HATPaBO M CBEpXy BHHU3. 3agaya CraBUTCH CKyYyHas H He-
CKOJIbKO TPYIOCMKAS: Bbl 3aBA3BIBACTE APYTY INd3a U naete eMy rOJIOBONIOMKY
ISt Toro, YyToGbl OH mepeaBuray IUIMTKY. Bail Apyr mepenasiraet ogHy MuT-
KY, a Bbl [IpoBepsAeTe pe3y/bTar. TntuTky He pa3MeltaloTcsl B Hy)XXHOM ropsig-
Ke, TI03TOMY BbI IIPOCHTE Ipyra NepeaBUHYTD elite oaHy mwintky. Kakyio rumt-
Ky JBUraTh, peiliaer Bali apyr, a He Bbl. [Toc/ie oyepefHOro nepeaByXeHUs Bbl
BBITIOJIHSIETE OYEPEAHYIO MPOBEPKY, U 3TOT MNpollecc MporojKaeTcs OO TeX
rnop, Moka IVIMTKK He 6yayT pa3MellieHbl B HallexXallleM Iopsake.

MMauTkY nepeMelunBaOTcs cHoBa B caydyaitHoM ropsaxe. Ha afor pas s
BeAETe 3aMNMCh BLITTOMTHEHHbIX TepeMeliieHuiA, yrobbl Balll ApYr Heé MOBTOPSII
O[THU M Te Xe IOC/IeJOBATEIBHOCTY MepeMellieHH H3 OOHMX H TeX Xe KOM-
GuHaLMit TMTOK. Balll ApyT BLIMONHAET NOHCK BClenyio.

Ha kaxnoit craguu momcka s IepeMellieHHs! CYLUECTBYET OIpeneNcHHOE
yucno BoaMoxHocrelt. Utobr! ynpocTuTh ofivcaHue, rpentTaBuM cebe, 4To re-
penBuraeTcs nycrad IUIMTKA U 4TO oHa MOXET ABUfatecst BHepX, BHU3, BripaBo
WIH BEBO, B 3aBUCUMOCTH OT TOro, B KAKOM Mecte pelitetki oHa HaxXOmHTCH.
EnnHcTBeHHOMN dopMoit moMollM, KOTOpyio BaM paipeliisercd oka3aTh BallieMy -
IpYyTy, SBISETCSl CUTHAL 3aBepLUeHMN BBIMOMHEHMst 3aflaHUs H HemonylleHHe
MOBTOpPEHUs MochenoBare/ibHocTy nepeMeuteHuii. Kaxnan koMGMHauMs IWTOK
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Ha3BIBaeTCA CcOCMOoAHUeM, TaK YTO 3ajadedl SBJISCTCS HAXOXICHUE LieJieBOro co-
| CTOSIHMS — TOTO, B KOTOPOM BCE IUIMTKH OKa3bIBAIOTCH B HYXHOM ' TIOpsIIKE.
' MOXHO PacCMOTPETh CIIy4aiiHOE HaYalbHOE COCTOSHUE U BbIAACHHUTD, KaKUe HO-
BbI€ COCTOSIHUSI MOTYT GBITh U3 HEro MOJMYYeHHI ¢ TIOMOILLBIO ITEPEMELIEHUS TTyC-
1ol TUMTKM. M3 KaXIoro HOBOIO COCTOSIHMS IPOLIECC MOXHO: NPOLOTKUTL
nanbie. COOTBETCTBYIOLIAS MAEs MPEACTaBIeHa Ha puc. 7.1. ITokasaHbl He Bce,
a TONBKO HEKOTOPhIE COCTOSHMSL. OT KaXIOro COCTOSIHHSI OTXOXMT HECKOJIBKO
JIMHMI, KaX7asi U3 KOTOPBIX COOTBETCTBYET ONpPEAEICHHOMY MepeMEIICHHIO- ITyC-
TOi IUTMTKU. B pe3y/isTaTe TaKOro TNepeMelleHUs BO3ZHMKAET HOBOE COCTOSHUE
pewreTky. Ecii NpONODKUTE MOCTPOSHUE WUTIOCTpALMU b, Mbl YBUIMM,
YTo B HECKO/BKMX MECTaX WUIIOCTpaluy GyAyT pasMellleHbl COCTOSIHHMS, COOT-
BETCTBYIONIME KOHEYHO LieM. B pesynbrate NBIDKCHMS MO MaplIpyTy nepeme-
IUEHUIA OT HAYaTBHOTO COCTOSHMUS, (KOPHSA) K Jo6oMY M3 LIENEBBIX COCTOSTHHIA
BBISBJISIETCS TTOC/IENOBATENBHOCTD TIepEMEILEHHI, Jafolliast pewieHne. OIHYU ro-
CJIeJOBATEILHOCTH MOTYT [P 3TOM OKa3aThCs KOPO'e APYTHX.
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Puc. 7.1.-Hexotopsie 13 COCTOSHH/A NOKCKa, reHepupyembie Npy NONbLITKax peiTs
roNI0BONOMKY M3 BOCbMM NMTOK. ‘Llenesoe COCTORHMe HaxouTCs B HUXHEM PRAY
cnieBa. [IIA HAYanbHOTO COCTORHMS NEpeMeLLeHHe NYCTOro Keajpara BBEPX 3KBH-
BasIeHTHO EpeMeLLeHHIo “1BO¥KM" BHM3, HO OMMCAHME rOSOBONOMKH B TEPMHUHAX
JBHXEHNS NYCTOro KB3Apara 0kaspisaeTcs osee yno6HuM
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AJITOPUTMBI TIOUCKA BCIETIYIO JIETKO PEaU3yIoTca Ha KoMmbiotepe. Tpya-
HOCTM OBBIMHO 3aKNIOYAIOTCS B BHSICHEHHHU TOTO, OT YEro 3aBUCAT COCTOSHHUS
M KaK JIy4llie BCErO 3TH COCTOSTHHS ‘npcucranvm‘,. Jnst ronoBOIOMKH M3 BOCh-
MU TUIMTOK IPEACTABICHUE COCTOSHUI OKa3bIBACTCA IMPOCTBIM, HO JUIS peatb-
HbIX 3ala4 HaWTHU MOAXOAslIee NPEACTABICHHe GbIBAaCT OBOABHO HEMPOCTO.

Ecnu BB caMM pelliaeTe TOJNOBOJIOMKY M3 BOCBMHU IUIMTOK, TO, BEPOSTHO,
HaiigeTe pelieHHue GpicTpee, yeM 3TO caenan 6bi Baur IpYT C 3aBSI3aHHBIMH
rnasamu. Bul Gynerte nesath JUist ceOsl BHIBOABI O TOM, NpUOTHXAET JIM Kaxoe
KOHKpeTHOe NnepeMellcHUue Bac K KOHEYHOM Leu. DTOT MHbOPMUPYIOILMil
BApMAHT MIPhl Ha3blBaeTcst Igpucmuueckum nouckom. Ilovck noaxonsiuero
MapuIpyTa 110 pacnuCaHUIO C UCIOJb30OBAHUCM 3HAHMA reorpaduy ABASETCS
3BPUCTUYECKUM: [UISL HAMpPaBJICHUS MOMCKA MCIONB3YIOTCS NOAXOAALIME 3Ha-
Hust. PaspaboTKa anropuTMOB JUISE OCYILECTBIEHHS] IBPUCTHYECKOTO MOMCKA He
HAMHOTO ClOXHee NpOrpaMMHPOBaHMS  ITIOMCKA Besenyto. CaMbIM COXHBIM
MOMEHTOM 31€ECh SIBAACTCH ONpeAcieHNe 3BPUCTHK, T.€. [IPaBHJI IIOMCKA.

TloucK sBNSETCS OCHOBOI MCKYCCTBEHHOTO MHTesUlekTa. Kak mouck Moxer
6bITh NpefCcTaBlIeHa U JUarHOCTHKA COCTOSHMS 3M0POBbSA MALIMEHTA ¢ MOMOLLBIO
MPUMEHEHUS NPaBUJI, U HEKOTOPbIE ACTIEKTHI MPOGJIEMbl MOHUMAHUS PEYH.

7.3.2. MpoAyKuMOHHbIE CUCTEMbI

MponykuMoHHas cucTeMa HeceT B cebe pyHIaMeHTanbHbie MIEH, HA KOTO-
PbiX “BBIPOCAH” 3KCMEPTHbIE CHUCTeMbl M sI3blkM Tuma Prolog. “Cepauem”
NPORYKLIMOHHOM CHUCTEMBbl SIBJISIETCS TIPOLIEAYPA YNPaBICHHUS,  OCTAIOLIAsCH
HEU3MEHHOI BO BCEX MPUWIOXKEHHAX. BhiuMCIEHUS, KOTOPBIE BBHIIIOIHAET IPO-
JAYKUHMOHHasg CHCTeMa,” YNPaBAAIOTCS HaGopoM MNpOAYKUMOHHBIX MNpaBUII
M KOHKpeTHHIMU JaHHbIMM. Tlponyxiuonnsie npasuina o6pasyloT MHOXECTBO
nap “ycnopue—aeiicTBve”, ONpeResIOUIMX YCROBUS, KOTOpble NOMDKHBI ObiTh
BLINIOJIHEHBI JUTSL TOr'O, YTOOBI MPaBHJIO OKa3ajioCh Pa3pelUCHHBIM K NPUMEHe-
HHIO, M HEACTBHE, KOTOpoe NO/DKHO ObITh BBLIMOJHEHO, €CAM 3TO MPaBUWIO
NpUMeHNTb. Pabouas namams XPaHUT TEKYUIEE COCTOSHHE, W MMEHHO OT Te-
KYLUEro COCTOSHMSI 3aBMCHUT, OyJET JIH BLIMONHATHCH YCHOBHE KOHKPETHOTO
npasuna. [TpoAyKUMOHHBIA LMK MCKIIOYUTENBHO MPOCT: 1O COCTOSHUIO pa-
Gouyeii NaMATH cleflyeT CHayaaa MpoBepUTh, KAKME NPaBUIa MOTYT ObITh YIOB-
NEeTBOPEHDI, cAeNaTh pa3pellieHHBIMM K NPHMEHEHUIO BCe YNOBIETBOPCHHbBIC
NpaBKJia, U3 MHOXECTBA pa3pellieHHbIX K NPHUMEHEHNIO NpaBU BBIGpaTh rpa-
BHMJI0, KOTOPOE ClleAyeT NPUMEHHTL, U OGHOBUTL COCTOSSHME paboyedi maMsTH
COOTBETCTBEHHO JefiCTBUIO IPUMEHEHHOTO NpaBua.

MHOXEeCTBO pa3pellieHHBIX K NPUMEHEHHIO NPaBUIT Ha3bIBAETCH MHONCECH-
80M npomueopequti, a cTpaTerusi BbIGopa H3 3TON0 MHOXECTBa NpaBWia, KOTO-
poe cienyeT NPUMEHHTb, HA3bIBACTCS cmpamezueil paspeuienus npomugopequil.
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‘Becs mponecc BeGopa MpaBuia Wi MPUMEHEHUS IIOBTOpsSieTCs 1O TeX IIop,
moka He OymeT YIOBAETBOPEHO HEKOTOPOE ycioBue ocTaHoBKU. IIpocToit
ApHUMep TaKoro Mpollecca TOKasaH Ha puc. 7.2. B aToM mpyuMepe CTpaTerus
paspellleHUsA MPOTMBOPEYMI NpeacTaBisieT coboil CTpaTeruio HOGU3HbI, O3Ha-
YaIOIIYIo MPOCTO BHIGOP NpaBuiia, YCIIOBME KOTOPOTO paHee eille He ObUIo yAO0B-
JIETBOPEHO, a B CJIydae HECKONIbKUX TAKUX MPaBUI — NPOU3BO/BHBIA BBIGOP JIIO-
6oro u3 Hux. OmnpelefieHUEe CTPaTErWy’ pa3pellieHUs IMPOTUBOPEYUil ABIAETCH
3afaveil pa3paborymka. CylllecTBYeT HECKOJNBKO CTaHNAPTHBIX CTpaTerwid, Ha-
NpUMeEp YK€ YHNOMUHABIUASICS CTPaTervisi HOBU3HBI WIH CTPAaTerusl KOHKPETHO-
cTH (KorIa IIPEMMYILECTBO MMeeT MPaBMNO, MMelolliee GOJblee YNUCIO YCNO-
BUif), HO YMTATeNb AOJDKEH IMOHSTh, YTO AETATM KOHCTPYKLIMM NI0G0H cHCTeMbl
OCTaBILIIOTCA Ha YCMOTpPEHUE ee pa3paboTyuka: NPOLyKLMOHHAsA cUCTeMa SIBJISA-
eTcs oblieit BRIYMCINTENBHON MpPOLEAYPOii, KOTOPYI0 MOXHO HacTpauBaTh TaxK,
KakK 3Toro TpebyeT KOHKpETHas 3afada. I1puMep mocieoBaTelbHOCTU ACHCTBH,
BBIITOJIHAEMBIX NPOTYKLIMOHHON CUCTEMOH, ITOKa3aH Ha PUC. 7.3.

npOﬂ.)’KU.MOHHOC MHOXECTBO:

1 PAQAR= ueab

C cocTosHWeM pabouei namaTn

{ CpasHuTb YCROBMA NpaBuRa

b4

MoMecTuTb Bee NpasuAa, |
YCOBUA KOTOPLIX YAOBNETBOpEHb,
B MHOXECTBO NPOTUBOPEYMit

A4

WCNONL3YS CTPATErMIo PaspeLLerust NPOTUBOpEYMi

[ Bribpar, NPaBuNo 4NN NPUMEHEHNR,

)

[ [IpUMeH!TL NPasuno, Y1066l BLINOAHUTE AeACTBIE I

A

2 S=R
3 TAW=Q
4 T=S
Ilukn | Paboyada namaTe MHoxecTBO Bri6paHHoe
TIPOTUBOpEUUit NPaBUIoO
-0 T, W, P 3,4 3
1 T, W, P, Q 3,4 4
2 T,W,P,Q, S 2,3,4 2
3 T,W,P,Q,S, R 1,2,3,4 1
|4 T, W, P, Q, S, R, uens 1,2,3,4 OcTaHOB

Puc. 7.2. Ularu npogyxumoHHos cucTemsi npu Bsisoge Lenesoro 3akmoderns (T, W u P cyue-
CTBYIOT, Kak QaKThi, C CaMoro Hadana)

7.4. MpepcraBneHune ¢ NOMoOLLbI0 CUMBOOB

Ytob6hl CTpOUTH HHTCHHGKTyaijHbIC CUCTEMBI, SA3bIK npenc*rasncnnﬁ aon-

K€eH OTBEYaTh CACAYIOIIUM TpCﬁOBaHMHM.
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BpiTh JOcTaTOYHO Bblpa3]AT€IIbeIM, yToObl TMO3BOJATH IpeACTaBlieHUE
BCEX peaJIbHbIX COCTOSTHMH.
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( [o6aeuth HoBbIE flaHHbIe B pabouyto NamaTh

YRoBneT80peHo

Lienesoe ycnosue?

cron

Puc. 7.3. Liukn npogykumoHHOA CUCTEMBI

Mpeacrasnenue ¢ NOMOLBI0 CHMBO/IOB
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e BBITh CXaTbIM HACTONBKO, 4YTOOBL BBLIYHCIICHHS NOAKABATHCH

" ynpaBieHMIO. ‘ '

o -MiMeThb opMy, NOAXOAALLYIO-IUIST PACCYXKACHU, YTOOBI MOZE/b peaib-

HOCTHU MOTJIa MEHSITB CBOE COCTOSTHME. B ‘

Jloruka HCHONB3yeTcd MayeMaTHKaMH IS Toro, 4roObl 10Ka3biBaTh
MPaBHJIBHOCTh KM ‘HEMpPaBHIBHOCTH YTBepXAeHMil. Bce rnasHble A3BIKH
npeactaBieHuil, skmoyas Rules, Semantic nets u Frames, MoryT 6biTh Te-
peseleHbl B GOpMY JIOTUKH, U3BECTHYIO KaK HCYMCIICHHE MPEAUKATOB Mep-
Boro nopsanka. KpaTkoe ofcykneHue HCHHCICHUS NMpeAMKAaTOB IEPBOTO
MopsaKa JaeTcs cpa3sy Moce paccMOTpeHus Gonee npoctoit GpopMsl joru-
KW, HAa3blBaeMoii IPOMO3ULUOHHBIM UCYUCIEHHEM UMM MCUYMCICHUEM BBI-
CKa3blBaHUIA.

7.4.1. Wicuncnenme BoICKa3bIBaHMiA

BbicKasbIBaHMEM SABISETCA MpPELIOXEHUE, KOTOPOMY MOXET ObITh MpH-
cBoeHo 3Hayenne MCTUHA wu JJOXb. Hanpumep, “CerofHs uuer JoXub”
win “Meap ecTh MeTa1” SABASIOTCST WX ITPaBUIbHBIMHU, WIH JIOXKHBIMU YT-
BepXAeHUAMU. B paMKax McUMC/IEHMs] BBICKAa3biBaHMI MOXHO MNpelCTaBJIsTh
MpeUIOXEHHUsI B CUMBONLHOM BHIE, CO3ABaTh CJIOXHbIC MPEUIOXCHUA M3
IPYTHX TNPCIUTOXKEHUM, WCIIONL3YA CBA3KH, U BHIBOIAMTb 3aKMIOYEHMsI, YTOObI
HaliT! 3HayeHHe npeltoxeHust. CUHTAKCUC UCHUCTICHHS BbleKa3bIBaHHIi Onu-
CHIBaeT TO, KaK CO3NAIOTCH MpEMIOXeHMs (BKIOYasi CIOXHbIE BBIPAXKEHHUS),
rPaMMAaTHKa OIPefeNsieT MpaBuia, 110 KOTOPhIM BRISICHAETCS CHMHTaKCUYeCKast
KOPPEKTHOCTb Tpe/utoXeHusl. CeMaHTHKa MCHMCIIEHHS! BBICKA3bIBAHMA omnpe-
HJeNIAET TO, KaK OMNPEACINTh COOTHOLUIEHHE MEXIY MNMpEeMIOXEHHEM M 3Haye-
Husamu UCTUHA wu JIOXb. i

DJieMeHTapHbIM IIPEUIOXEHUEM SBASETCA TPOCTOE BBICKa3bIBaHHME THITA
“CerofHsa MAET AOXIH”, U TaKue MPEeITOXEHHS YacTo INpeACTaBAAIOTCS Npo-
NMUCHBIMU OykBaMu, Hanpumep P win Q. CnoxHoe MNMpeioXeHHe co3aaeTcd
C TIOMOLLBIO CBA3KHU, COEAMHSIOLICH IBAa WIM HECKOJILKO 3JIEMEHTapHbIX Mpe-
noxenuit. Kpyrinle ckob6ku MCIONBL3YIOTCS IS TOro, YToObl yKasaTb NpHopu-
TeT onepaumili MPY KOMOMHMPOBAHMM JIEMEHTAapHBIX MPEUIOXEHUH ¢ TOMO-
nIplo CBA30K. B Tabiu. 7.1 maHo o6bAcHEHHe CBA30K, a B Tabn. 7.2 npusene-
HbI MIpaBWIa TPAMMAaTUKU A JIOTUKH BhICKa3biBaHMil. ['paMMaTHKa MOXeT
MCTOJIB30BaThC [UIS aHAJIM3a TPEMTOXEHHMS W IIPOBEPKHU TOFO, YTO OHO
‘CHHTaKcHYyecKu npaswibHo. HanpuMep, HedopManbHOe onHucaHue NpoBep-
KM CMHTaKCHYeCKO¥ NpaBMAbHOCTU BhipaxeHUsi ((PAQ)AR)=>§ npenna-
raercst B Ta6a. 7.3.
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Tabnnya 7.1. loruseckne cBA3KM

Css3ka

lpumep

A (W), Ha3biBagMas KOHBIOHKLMER
v (W), HasbiBaeMast ANSBIOHKLuER

— (HE), Ha3biBaemas OTpULiaHneM

= (BJIEYET), Ha3biBaeman
UMNAKKaLMER nan
YTBEPXAGHMEM “€CiK ..., TO ...

"

< (OKBMBANIEHT), Ha3biBaeMas
3KBMBANEHTHOCTHIO
VNN OBOMHOI UMNIMKALMEd

CerogHs voet foxas W f npomok

P A Q, rae P 0603HA4aET KOHBIOHKT “CerogHa naer
~ BOXAb", @ G — KOHBIOHKT “H NPOMOK”

Cannv noiwna 8 marasuH WIX Tom nowen B Maraux

P v Q, rpe P 0bo3HayaeT auabioHkT “Cannn nowna
B Marasuh”, a Q — AM3bIoHKT “ToM nowen B MarasuH”

Cnon HE po3osuii.
—P, roe P obosHayaeT “Cnox po3osbiit”
ECNW aHaymue W uget noxas, TO 9 NPOMOKHY

(P A Q) = R, rhe P 0603HauaeT “f Ha ynuue”,
Q p6o3navaeT “Mnet aoxaw”, a A — "5 NpoMOKHY"

BbipaxeHusi no 06 CTOPOHbI 3TOW CBA3KM AONXKHB! BbiTh
NOTMHECKM 3KBUBASIEHTHBIMM

Tabnuya 7.2. NpaBuna rpaMMaTiKu gNS JOTHKH BbICKa3biBaHHi

[Npasuno rpammarnku

O6bscHeHue

peavioxexie — SnemenTapHoe -
MPEAOXeHMe
[ CroxHoe - npeanoxeHme

JnemeHTapHoe - npezuloxenué -
plalAi..

SnemeHTapHoe - Npeanoxexue —
UCTUHA | NOXb

Cnoxuoe - npeanoxexue —

Mpeanoxenve Cesaka MNpepnoxenme
| —Mpegnoxenue I (Npeanoxenue)

Cenaka — alv]-|=le

MNpennoxexue ABaseTcs Ambo anemenTapHbIM, nubo
CNOXHBIM

3nemeHTapHoe npennoxexne 0603Ha4aeTCH NPONMCHOM
6ykBOM, KaKk NpaBuno M3 nocneaHei Tpe andasuTa

3AnemeHTapHoe NPeANOXEHUE MOXET NPEACTABAATLCA
Takxe 3Hadenmamu UCTUHA unu NOXb

CROXHOE NPEAJIOXEHUE CTPOUTCA U3 ABYX APYIUX
npennoxeHmi u cenaku. OTpULAHYE NPEANOXEHHs
TOXE ABNAETCA NPEMNIOXEHUEM, U NOMeLLeHYe
NPEANOXeHUs B CKOBKM TOXe B pesynibTate AaeT
npeasioxexve

Can3Koit aBnAeTcs NioGoit U3 noru4eckux CUMBONOB,
npepcTasnexxbix 8 Tada. 7.1
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Tabnuua 7.3. llpumMep CHHTAKCHYECKOr0 aHann3a

Laru ObwscHenue

(PAQ)AR)=S B COOTBETCTBUM C NEPBLIM NPABANOM NPEAAOXKEHWE ABAACTCA WK
ANEMEHTAPHLIM, WM CNOXHBIM, OYEBUAHO, YTO 3TO BbIpPAXEHME
HE ABASETCA 3NEMEHTAPHBIM NPELNOXEHUEM, NOSTOMY Mbl

[0AXHbl NPOBEPUTL, YTO OHO ABNAETCA CNOXHLIM NPEAI0KEHNEM

(PAQYAR)= S MpaBoii CTOPOHOIA BbIpaXeHUs SBARETCH S, & S ABNALTCA 3NeMeH-
et

TaPHbIM NPELNIOXEHUEM B COOTBETCTBUM CO BTOPLIM NPaBUSIOM

{(PAQ)AR) Mel fonXHb Noka3ath, 410 (P A @) A R SBRSETCH CAOXHbIM
' NPeANOXeHUeM o
(PAQ)AR CpasHvgasn ¢ npasunom “Mpegnoxenve Ceaska Mpeanoxetne”,
2 t
[enaeM BbIBOf, 4TO R ABARETCA NPEANOXEHNEM, NOCKONbKY
!
* OHO RBNFETCH 3NEMEHTAPHBIM

(PAQ) Mbl BORXHBI NI0KA3aTh, 4T0 P A O SBNAETCS CNOXHLIM NPEANOXEHUEM
P A Q CHoga cpasHuBas ¢ npasunoM “Mpeanoxenve Ceaska MNpennoxenme”,

[enaem BLIBO, 4TO 1 P,  Q SBNSKOTCA NPEANOXeHUAMMU

CeMaHTHKa MCYUCIEHUSA BbICKa3bIBAHUM OIMpeIensieTcs ¢ TIoMoLbIo mab-
Auysl ucmunHocmu. Bee CBA3KM, 3a MCKITIOYEHUEM OTpPULIAHWA, SBsoTcd Gu-
HapHBIMH OTHOMIEHUSIMH, TIO3TOMY B OFpeleNIeHUsAX TpeGyeTcsi MCIoNb30BaTh
xBa cuMBona. IlpewtoxeHue MoxeT npuHuMMaTh 3HaseHne MCTUHA wm
JIOXDb, nostoMy wist GMHAPHBLIX CBA30K MMEETCS YEThIpe BO3MOXHbBIE KOMOM-
HallMM, KaK MoKa3aHo B Tabn. 7.4.

Ta6nuya 7.4. Tabauua HCTUHHOCTH

P Q —P PAQ PvQ P=0Q PsQ
NCTUHA  WCTWHA  JIOXb MCTUHA  WCTMHA  WCTUHA  WUCTVHA
UCTUHA  NIOXb NOXb NOXb UCTUHA  NIOXb NOXb
NOXb UCTUHA  WCTUHA  NOXb WCTUHA  WCTMHA  JOXb
NOXb JIOXb NCTMHA  JOXb NOXb CTHHA  WCTUHA

Mo Gonblueil YacTH OMpedeNeHUs CBA30K MHTYUTHBHO NOHATHBL.. Hanpu-
Mep, “Ceromus muger moxmp” W “Ceromns HE wuger moxap”, oueBMIHO,
JIOXD, yro noaTBepxIaeTcs Tabauieil UCTUHHOCTH, €clM HaiTH B Hell BO3-
moxuble 3HauyeHusa wia UCTUHA A TOXb wm JIOXDb A MCTHHA. Onpe-
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IeneHue umrmuxaunn 4YacTo BbI3bIBAET BOIIPOCHI, nocxom,xy MBI HHTYUTUBHO
TBITAEMCsT TIPMMEHUTh MHTEPIPETALNIO, OCHOBAHHYIO Ha HallleM obuieM TI0-
HUMaHUM 3bika. HarpuMep, MOXHO 3aBUTh, YTO NpPEUIOXEHHE TUNA “Ecnn
YUC0 5 YETHO, TO MOl aBTOMOGWIIb po30BbIil” (MMemolee dhopmy P => Q) gB-
JSIETCA JIOXBIO, TTOCKOJBbKY OHO 'He MMeeT cMbicia. OnHako, B COOTBETCTBUH
C onpefeAeHNEM UMIUTMKAIUY, 5TO BhIpaXeHUWE OKA3BIBACTCS MCTUHHBIM, BHE
3aBHCHMMOCTH OT TOTO, SBJSETCS JIX Balll aBTOMOOWIb PO30OBLIM WM HET: MBI
3HAeM, “4UCIIO 5 YeTHO” ABNSETCH JIOKBIO, TAK YTO COOTBETCTBYIOLUCH KOMOH-
Hauueit pomkHa Geith 6o JIOXKD = UCTHHA (aBToMO61Ib PO3OBBI) WIH
JIOXDb = JIOXDb (aBTomMo6uns He po30Bhlit). Mbl CTpeMHUMCSE HHTEPIIPETUPO-
BaTh BbIpaXeHWe THMa “ecny .., TO ..” KaK TPUYMHHO-CIEICTBEHHOE,
M MMeHHO I03TOMY npemnoxeHue “Eciu yucio 5 YeTHO, TO MOid aBTOMOOWIb
PO30BbII” BHIJISAAMT GECCMBIC/IEHHBIM, TaK KaK OMNPENEICHKE YUCa 5 He oka-
3pIBAET HMKAKOTO BAMSTHUS Ha LIBET Balllero aBTOMOOMSA. 3Xech CexyeT Io-
HSATb, YTO MMIUIMKaUMS B MCUMC/ICHUH BbIpaXeHUl He TpebyeT, 4TOOH MMe-
ach XOTh KaKasg-TO CMBICIOBAs CBSI3b MeXIy NpeiioXeHUAMU 1o obe cTopo-
Hbl CBAI3bIBatOLEl WX MMIUIMKauuu. [lo UMIUIMKauuM, 3HaHME TOro, Yro P
ABJISeTCH JIOXKBIO, HE JaeT HMKAKOH BO3MOXHOCTH CHENaTh BHIBOA 06 MCTUH-
Hocti Q. Hanpumep, npemwioxeHue “Eciin akKkyMysnsitop paspsiwicsd, TO aB-
TOMOOW/IL He 3aBeleTca” NaeT HaM BO3MOXHOCTb 3aK/IOYHTh, YTO HCTHHOM
aBiseTcs “aBToMOGHIb He 3aBeleTcs”, eC/IM UCTHHOM ABIseTca “aKKyMynsTop
pa3psIWICA”, HO NPaBWIO He TOBOPHT HAM HMYETO O CIIOCOGHOCTH aBTOMODHU-
JIfl 3aBECTUCH, €CTM Mbl HE 3HAEM, YTO “aKKyMYNATOp HE paspsauics” — aB-
TOMOGWIb MOXET He 3aBECTMCh IO LieJIoMY PSAAY MPHYMH COBEPLIEHHO WHOIO
pona. Ecau 31X oGbACHEHUIT BaM BCe €l HELOCTATOYHO, JIYYIUC BCEro MH-
TepApETPOBaTh P = Q MPOCTO KakK MNpeUIoXeHue, NO3BOASIONIEE CAEAATH Bbl-
Box o ToM, uto Q ectb MCTUHA, eciu Mbl 3HaeM, yTo P ects UCTH HA.

CylLeCTBYeT LeNbl P NMpPaBWI BbIBOAA JIOTMKM BbICKA3bIBAHMA, U OHH
npeacTaBieHbl B Tabm. 7.5.

Ta6nuya 7.5. Mpasuna BbIBOJa NOrMKK BLICKa3bIBAHUH

pasuno ObbacHeHme
Modus ponens: ‘ Ecnw noceinka (A) ects UCTVHA, To 1 3aknioqexme (B)
A= B,A ecTb UCTUHA
B
Wckniouenue W: , 3nanme Toro, 410 A W B ecTb UCTUHA, RonxHo 03HauaTb,
AAB AAB 470 A ecTb UCTUHA 1 uTo B ectb UCTUHA
A ' B
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Oxonyanue Tabn. 7.5

lipasuno . . ObbscHeHmne :

WHTPOASII{;(MMH Wi Ecnm A ecTb UCTUHA, 1o A VWA B ecTb MCTUHA;
, B TO Xe CaMOe umeeT MecTo, ecan B ecTe MUCTUHA
AvB AvB
Wntponykums W: Ecnm A ectb UCTUHA 1 B ecTe UCTUHA,
A B 10 A U B ectb MCTVHA
AAB ‘
[flBoiiHoe c:pwuauue: : Ecu A ectb HE-HE UCTWHA, 10 A ectb UCTUHA
A

EanHr4Has peaoniouust:

Econ A MWW B ectb UICTUHAM HE B
AvB,—B AvB,—A , 10 A ects MCTUHA,

TouHO Tak Xe echu HE A, 10 B ects UICTUHA

A B
PeaoJl;ouMZ Ecom A WAW B v HE B WK C, 10, nockonbky B
vB,-~BvC He MoxeT 6bite MCTUHA n TOXb ogHoBpeMeHHO,
AvC onxHo 6uitb A VN B ecte UICTUHA -
Mpuwmep 7.1

Wmeertcs cnenyrouas uHpopMauus.

Ecnu-akkyMynsTop MalLnHB Pa3psiXeH, TO MalliHa He 3aBoauTes. Ecau MawmHa [xoHa He
| 38BOMTCA ¥ TeKyluee BPEMS OKa3LIBAeTes Modxe 8 yacos yrpa, T0 [pKOH OnO3faeT Ha noesn,
OpHaxapl YTpOM nocne 8 4acoB yTpa akkyMyAsTOp MalLMHbl [KOHA 0KA3a/CH Pa3PAXERHLIM,

MC]’IOJIB3)'H JJOTUYECKHNC TTpaBUNa BbLIBOJA, MOKAXHUTE, YTO I[)KOH orio-
3jaj Ha Imoe3n.

Pewenue 7.1

B cuMBonbHOM BHae MHGOpPMaLUS MOXET ObITh IpeIcTaBieHa Cleaylo-
LKUM 06pa3oM. ‘

aKKyMYNATOP MALMHLI Pa3pAXeH.
MaLLMHA He 3aBOBMTCH.

Bpemna nocne 8 yTpa.

[xoH ono3gan Ha noeag.

LDDOm

Mpasuno 1. P= Q.
MNpasuno 2. Q AR=>S.

198 | [nasa 7. CB3b C MCKYCCTBEHHBIM MHTENNIEKTOM

M3sectHo, yto P u R ects UICTHHA. 3anaueii sBiseTCA I0Ka3aTeIbCTBO S..
Jloka3aTeNbCTBO CTPOUTCS CACAYIOLMM obpa3oM. s

1 P Dano.

2 R Jawo.

3 Q Cnepyer u3 wara 1 v npasuna 1 no npasuny modus ponens.
4 QAR Creayer u3 waros 3 u 2 no npasuny MHTPOAYKiwM U.

5§ Cnepyer ua wara 4 v npasuna 2 no npasuny modus ponens.

7.4.2. UcuucneHne npeaukaros

HcyucieHre BHICKA3bIBAHUI TIpEAIoNnaraeT, YTO MMP MOXHO MONEIMPO-
BaTh ¢ moMolubio daktoB. Ho st peasbHbIX MPUIOKCHUHA UCYUCICHUE Bbi-
CKa3blBaHMII He mnoaxoauT. PaccMOTpHMM, HampuMep, 4HCIO NpeJUTOXEHHIA,
KOTOpbi€ MOTPeOYIOTCA VISl MOAENMPOBAHHS ONO3JNAHUA Ha paboTy, CKaXeM,
50 yenosek. s aToro Tpebyercs A3bIK, Gonee BBIPa3UTEbHBI B TOM CMBIC-
e, YTO OH JO/KEH AOMYCKaTh 00OGILEHHBIE BbIPAXCHUS. HcuncneHue mnpe-
aukatos (Wwid, Gojiee TOYHO, MCYMCICHHE MNpPEINKATOB MEPBOro niopska)
pacuIMpsieT S3bIK UCYMCICHUS BbICKA3biBaHUI TaK, YTO MHMP OKa3bIBaeTcsl CO-
CTOSILUM M3 0O6BEKTOB, OTHOIIEHMIA Y CBOMCTB. JTOT S3BIK JAOMYCKaeT 06006-
LeHHble YTBEPXKACHUS, BBOAS B PaCCMOTPEHHE MEPEMEHHBIC, a Takke KBaH-
TOpbI, NO3BOJNSIOMIME ONPEAENsATh CBOHCTBAa COBOKYNHOCTH oBnexros. Pac-
CMOTPUM yTBepXaeHue “Ecau Jolanpio Brajeet JI>KoH, TO Jouianp SIBASCTCA
YUCTOKPOBHOM”. DTO YTBEPXAEHHE CCBUIAETCA Ha COBOKYMHOCTH O0BEKTOB,
a MMEHHO, Ha BCeX Jioliafeit, KOTopbiMu Brazeer [KOH, BCIEACTBUE HETO OT-
MafaeT HeOBXOAMMOCTb CCHUIAThCS HA KaXIblil 3K3EMILIAP (T.e. Ha KaxIyio 13
nowrafeil JIxkoHa) B OTHENLHOCTH. DTO YTBEPXICHHE SABISACTCH 00001EHHBIM
u usbapnsier oT HeobxommmocTu GOPMYIHPOBKU COOTBETCTBYIOLUETO YTBEP-
XICHHUs ISl Kaxnoi u3 nowaneit [HkoHa. MoxHo nepedpasmpoBarb YIBEp-
XIeHue U cKa3aTh “Bce nollrany, KOTOpHIMU BlaxeeT I X0H, ABASIIOTCH YNCTO-
KpPOBHBIMHU”. 31ech LIS YKa3aHMs TOro, YTo CBOWMCTBO “YMCTOKPOBHBIN” TpH-
MeHHMO KO Bceit COBOKYMHOCTM Jiolnafeil JIKoHa, MCMONB3YeTCs KBAHTOP
(Bce). Croso “Bnaneth” gBJsieTcd OMHAPHBIM TPEAMKATOM, OMNMKCHIBAIOLINM
oTHoWEeHHE Mexny JDKOHOM M Jiollajblo, a CJIoBO “YKCTOKPOBHBIIA” SABISETCSA
YHapHBIM TIPEAMKATOM, ONMCHIBAIOLMM CBOHCTBO JIOLIAIH. B TepMuHax uc-
YMCJIEHNs TIPEIMKATOB YTBepXacHHE “Bce nolliany, KOTOPLIMM BJIaeeT JxoH,
SABJISIIOTCS YMCTOKPOBHBIMM™ B CUMBOJIbHOM BHIE 3allMCHIBACTCH Tak:

vx(JTouanb(x) A Branern({xoH, x)) = YuCTOXpOBHBIHA(X).

CuMBOA V Ha3biBAETCS KEaHMOPoM oBuHOCMU W YMTAETCS KaK' “Wist Beex” WM
“xaxaplii”. B HMcYMCIEHHMM TNpPENMKaToB onpeaendeTcd M Ipyroii cHMBOJ,
a UMEHHO, CUMBOJI 3, Ha3bIBACMBIN KEGHNMOPOM CYU{ECmBO6aHUA, KOTOpbIi YHTa-
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eTcs Kak -“cyluectByer”. Hampumep, Korma Mbl rOBOpHM “JIKOH UMEET YHCTO-
-KPOBHYIO JIOIIab™”, 3TO O3HAyaeT, YTO CYIIECTBYET IO KpailHeil Mepe oaHa Jio-
IWane (a BO3MOXHO M Oonblie) B KoaneKUMy IXoHa, ABISIOLIAScS YUCTOKPOB-
Hoi: Ha g3bIKe nNpeavKaToB 9TO YTBEPXKAEHHE BIJIAUT CIEAYIOLIMM 06pa3oM:

3x Jlowaas(x) A Bragetb(IXoH, x) A UHCTOKPOBHBIA(X).

WcurcneHne NpeauKaToB MpeilaraeT si3bik Gosee CKaThiif, 4eM OObIY-
HBIA Pa3sTOBOPHEIA A3bIK. B cucTeMe McyUCIeHUS TPEINKATOB OLHO IIpei-
JIOXeHNUEe OydeT COOTBETCTBOBAaTh MHOXECTBY ITPEIUIOXKEHMIA OOBIYHOIO pas-
TOBOPHOro si3bika.  McuMcinenue mnpeankaros yMeHBbIIAeT ¥ HeOOHO3Hay-
HOCTb. Hanpumep, “Bce nowaay He SABIAIOTCH YMCTOKPOBHBIMM” MOXHO
cnyrath ¢ “He Bce nowanu. aBiasioTcs YMCTOKPOBHBIMU”, U MyTaHMIa pa3-
peliaeTcd € TTOMOLUBIO 3HAHUS TOIO, YTO CYLUECTBYIOT APYrHe IOPOAbI JIO-

waneit. TTpeacTaBieHne KaxIoro U3 TPEINOXEHUH B TEPMUHAX TPEANKATOB,

ToKa3bIBae€T UX pasHuuy: Viouwagy —~YUCTOKpOBHBIN(IoIIAAL) ¥ —VIoLIagH
YucTokpoBHbli(lomans). ITepBoe NMpemtoXeHUe AeACTBUTENBHO yTBEpXaa-
€T, YTO BCE YUCTOKPOBHBIE BLIMEPIU (HU OJHOTO 3K3eMILIApa He CYLIECTBY-
€T), a BTOpOe Npe/UIoKEHHEe YTBEPXKAAET, YTO “TO, YTO KaXKAas Jowaab SB-
JII€TCST YACTOKPOBHOM, HEBEpHO.

7.4.3. [pyrve CUMBONbHBIE A3bIKK

EcTb MHOro si3bIKOB MpeicTaBieHUIN, HO OHU UMEIOT MHoro obiero. To-

nyasipubie s3biku TUNa FOPC, Frames win Semantic nets no cyiuecrBy 3KBU-

BaJICHTHBI 1 UMEIOT UENbI psa OOILUX KJNIOYEBBIX 3JIEMEHTOB:

* ofsexmbl, TakKUe Kak, HalIpUMep, MAY, ITEPCOHA, JIO/IKA, BEJOCUTIE WU
dunocod; ‘

*  OomHOWeHUA MeXDy o0beKTaMM, Takue Kak, Hampumep, XOH ecTh
otel KuM, Wi napoBo3 TAHET COCTaB;

* céolicmea, TaKWE KaK, HarpuMep, MOsI MalliMHa 3¢JIEHOro LBeTa, s
HMeEEeT POCT 11eCTh PYTOB.

DTU SI3bIKM Ha CaMOM JieNle OTIMYAIOTCA TOJNBKO CHMHTakcucoM. CHHTAKCUC SBIIS-
€TCS BAXHDBIM, TTOCKOMBKY JUISL BHIpaXeHNS UHMPOpMaLMK OMH (OPMAaTTU3M MOXET
OKasarhcst Gosiee MOAXOASALIMM, 4YeM apyroi. Hanpumep, nerde HaitTu Mapiupyt
MEXIY ABYMS CTAHLMSIMH. JIOHIOHCKOTO METPO, MCTIONb3ys IpacbhuecKylo CXeMy
CETH, YEM OMMNCAHKE COENMHEHUIT MEXILy €€ CTAaHLIMSMH B BUIE TeKCTa. Bhibupae-
MBI HAMH S3bIK JOXEH ObITh HACTOJIBKO BbIPA3HTE/IbHBIM, YTOObI Mbl MOIJIM Bbl-
pasnTh BCe HEOOXOIMMBIE 3HAHUS, HO JOCTATOUHO CXATHIM, YTOOBI MOXHO GbLIO
3¢dbeKTUBHO OpraHM30BaTh HeoOXoauMele BbiMUcTeHus. KpoMme Toro, s3blK 10/-
X€H TO3BONIUTh BBIBOIUTH HOBBIE 3HAHHUS U3 YK€ MMEIOLLUXCS.
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7.4.4. 31K Prolog

S3pix’ Prolog ¢opManbHO He SIBASETCSA SI3BIKOM IIpeNCTaBIeHMIA, HO €ro
CHHTAKCHC MCITONB3YeTCS B CIIEAYIOINEil TaBe, II03TOMY Mbl IPUBEIEM 3IE€Ch
€ro oITMCcaHue. '

Sl3pik Prolog sABNsieTcsl SI3bEKOM TPOTPaMMHUPOBAHUST MCKYCCTBEHHOIO MH-
TEJUTEKTa, B KOTOPOM JaHHbi€ MPEICTABISIOTCS KaK MHOXECTBO OTHOLICHHIA
Mexny obbekTaMu. IIporpamma Ha s3bike Prolog ckiambiBaeTcs M3 CIMCKa
$aKToB ¥ MpaBWI, U 3TOT fA3BIK SIBJISIETCS NPMBJIEKATEIbHBIM IO NMPUYMHE TO-
IO, 4TO OH MMeET BCTPOEHHDLA MEXaHU3M BbIBOJA 3aKJIIOYEHHH, KOTOPHIN Haet
BO3MOXHOCTB TIOJIYYUTH OTBETHI Ha BOTIPOCBHI O 3allPOrPaMMHPOBAHHOM 3Ha-
Hun. CUHTAaKcUC S3pIKa Prolog onmpaercss Ha McyucieHMe npeaukaTtoB. Or-
HoleHne THna “JxoH jiodur Mepu” 3anuceiBaeTcs Tak:

JMIOOUT(IDKOH, MEPH).
[Mpenyuxar (T.e. OTHOlUEHHE) U OOBEKTHl OTHOHIEHMS NOJDKHBI HayMHATBCS
c 6ykBb HMXHETO perucrpa. YKa3aHHOE BHIlIE OTHOLIEHME TPaKTyeTcs Kak

dakT, ¥ ApyruMu npuMepamu (HaKkTOB ABJIAIOTCS:
MeTau1(Menn) Melb €CTh METALT;
UTpaloT(KOH, MepH, TeHHHC) JIXoH U Mepu UrpaioT B TeHHUC.

[epeMeHHas NOMKHa HauyMHAThCSL € CUMBOJNA BepXxHero peructpa. Korza
nepeMeHHAs CChITAeTCsl Ha KOHCTaHTY (T.€. Ha KOHKPETHBIA 3K3eMIUISp, Ta-
KOii KaK IKOH), TOBOPSIT, YTO TlepeMeHHast KoHKpemusuposara. TlepeMeHHas
MOXET GbITh KOHKPETH3MpOBaHa B pe3ylbTaTe CpaBHeHMs BbipaxeHuit. Ha-
NpUMep, TPEANoNoXUM, 4YTo Gaza JaHHBIX COAEPXKMT JOOMT(IXKOH, MepH).
Toraa MoryT GbITh 3ajlaHbl CHEAYIOLLME BOMPOCH.

Kro nobut mepu?

Mmobut(X, mepu) ‘
oTBeT X = IXOH X KOHKPeTU3UPOBaHa 3HA4eHUeM [XOH
Ko aBnsetcs Tem, Koro modut pxoH? !
nobut(axoH, X)

oteet X = mepu

Kro koro nobur?

nodur(X, Y)

oTeeT X = OXoH, Y = mepu

TpaBuaa BeIpaXaroTcsl ¢ MOMOLUBIO 0BpaTHON HOTaLMKU B GopMe “ycroBue
€CJIM yCOoBUE”, B TIPOTMBOMOJIOXHOCTh TIPSIMOI HOTALIMM “€C/IM YCJIOBME, TO
yenaosue”. Hanpumep, ‘

aana(X, Y) :- oren(Z, Y), 6pat(Z, X).
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Cumson ucnonssyercs BMecto ECJIU,- a cumson — gMecto U. Ta-
KNM oGpa30M yxaaalmoe TIpaBHIIO yTBcp)l(lIaCT 4ro ‘
Xects aans Y, ecnu Z €CTh OTell Y u.Z ecrp 6pat X.

IIpumep KOHKpeTHU3aLIMKM 3TOTO TpaBHiia IOKa3aH Ha puc. 7.4.

Dosup Do

Orey

‘ Mankonbm
IAA(IOKOH, MATKOJIBM) i~ OTeL(IBHI; MATKOJIBM), 6paT(A3BU, IXKOH).

Puc. 7.4. lNpasuno s3vika Prolog, KOHKPETU3MPOBAHHOE CEMAHTHYECKWM NPEACTABNICHH-
€M, 10Ka3aHHHIM B BUAE Anarpammbl ‘

Hcpcmem—xax SABNSETCS  JIOKAILHON [0 OTHOLICHMIO K BHIPAXEHHUIO
(T e. dbakTy WIM TpaBWly): MepeMeHHass ¢ OOHUM U TEM X€ MMEHeM, FOsB-
JNIoWAsAcs B IBYX -pa3sHBIX TIpaBWJiaX, OyAeT MHTEPHpPETHPOBATHCA B SI3bIKE
Prolog xak umeroliiast pasHble UMEHa.

PaGota Prolog nocrpoeHa Ha yHudmkauun. Koraa Prolog neitaetces noka-
3aTh YTBEpXICHME, MILETCS NEpBOE BHIpaXeHHe, Nalolliee coBhaneHue. [ns
COBINAMIcHUS JBYX BBIPAXCHUI1 OHU JOJDKHBL

e MMETb OIHO U TO XE OTHOLICHHE;
e HMETh OJIMHAKOBOE YMCIIO APFYMEHTOB;
e aBaTb COBMANEHME MO KAXKIOMY apTyMEHTY.

CpaBHeHHe apryMEHTOB ONpeaeNseTcs CAeAyIoWUM 00pa3oM.

1. KOHCTAHTbI: B¢ KOHCTAHTHI JAIOT COBMANCHUE, €CIIM OHM SBISIIOTCS WICH-
THUYHBIMHM CTPOKAMH.

2. KoHcraHTa u mnepeMeHHast: €CIM TepeMeHHast He KOHKPETH3HpPOBaHa,
To oHa GyeT aBaTh COBMAZEHUE ¢ JIOGOI KOHCTaHTOM K GyIeT KOHKpeTH-
3MpOBaHA 3TOH KOHCTAHTOM; KOHKPeTH3HpOBaHHas nepeMeHHas Oyxer na-
BaTh COBMallcHUE ¢ KOHCTAHTOM B COOTBETCTBUM € . 1.

3. ITepeMeHHBie: jBe NPOU3BONBHBIE TIEPEMEHHbIE (HE KOHKPETH3MPOBaH-
Hble) BCErIa JAlOT COBMAlcHUE, a €CIM B JabHEHIEM OAHA IepeMEHHast
CTAHOBHTCA KOHKPETU3UPOBAHHOM HEKOTOPOH KOHCTAHTOM, TO Apyras Ie-
peMeHHast Takoke OylIeT KOHKPETU3HPOBaHa TOM e KOHCTaHTO.

IMpuMepsi coBrIafieHUIi MOKA3aHbL B TabM. 7.6
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Ta6nuya 7.6. CpasHeHue o6pasios 8 sabike Prolog

Boipaxetme 1. Buipaxenme 2 Cosnagenme
noBuT(X, mepu) THO6UT(FKOH, MepH) na

MobuT{axOoH, X) AoBUT{OXOH, Mepu) - X=wmepu
IIVDOGMT(JJ,)KOH, mepu) HPaBUTCA(AXOH, Meph) ' HeT

nobut(X, Y) NIOBUT{AXOH, Mepu) X=pnxoH Y = mepu
AOBUT{OXOH, Mepy) mobut(X, X) ' HeT

nobut(X, Mepu) n X = AXOH nobuT(Y, mepy) Y =X = [X0H
TONKAET{XOH, KpHC) TONKAET(AXOH, KpUC, pyKa) HeT

Mpumep 7.2.
Huxe npuBefcHa nporpaMMa Ha sa3bike Prolog. OGbAcHUTE, KaK OTBETUT
Prolog Ha 3arnpoc
?-nsnsi(mkoH, X),
rae “?-;’ spasiercss npurnamenneM Prolog. JINCTUHT mporpaMmsl cie-
OyIOUHHA.

1 oTel (A3BuUI, MAJIKOJIBM) .

2 pans(rpaxemM, MaNnKOMBLM) .

3 ©Opart (O3BMHO, IXOH) .

4 napga(X, 'Y) :- oreu(Z, Y),6par(Z, X).

Homepa cTpoK MoKa3aHbl Al yaobcrsa.

Pewenue 7.2.

Prolog GyseT MCKaTh BHIPAXEHHE C MPEAMKATOM “Asad” W OBYMS apry-
mentamu. [TepBoe Takoe BbIpaXEHME HAXOIHTCH B CTPOKE 2, HO coBraje-
HUS He HaGMIONAETCH, MOCKONBKY NEpBbIil apryMeHT “rpaxeM” He COOT-
BETCTBYET apryMeHTy “IKoH”. BTopoe BhipaxkeHMe, colepXaillee “nsns’”,
HaxomuTcss B CTpoKe 4, Ho mis Toro, yrobbt Prolog “moctur ycnexa”
B JOCTYOKEHMH Leny (LeIbIo SRISEeTCS MoKasaTh, 4To JDKOH ecTb 4eit-To
A1), NOKHA JOCTIXCHHH YIOBTETBOPeHa IpaBasi CTOPOHA BHIPAXCHUS!
JOJKHEBI 6bITh coBragenust st oteu(Z, Y) u 6par(Z, X). X B 3anpoce u X
B IIpaBIJIe CYMTAIOTCS PAVIMYHBIMH, TaK YTO MBI MMEEM ClEAyIOLIEe:
3amnpoc: asasa(axoH, X1)

JODKEH cpaBHMBaThes ¢ aas(X2, Y), yTo ABASETCA JICBOH 4acThio Tpa-
Buia B crpoke 4. CosnaneHue monyyaercs wis X2 = KOH U Y = X1
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(w1 X1 = Y). Tenepsb 3anaveii spasercsa nokazars orer(Z, X1) u 6par(Z,
IxoH). oten(Z, Xl) maer coBmajeHue co cTpokoif 1 mpu Z = psBua
u X1 = mankonsM. Tenepb 3amaveil sBiseTcss nokasaTh 6pat(a3Bui,
JDKOH), 4TO YAOBJIETBOpSIETCS CTPOKOIA 3. Prolog oTBeTuT X = MaIKONBM.

7.5. Moxnmakme peun

Hns nromeit oblieHNe € TOMOLUBIO 06BIYHOTO PA3TOBOPHOIO A3bIKA SIBNSET-
¢, OYEBUIHO, HECJIOXKHOI 3aiaveit, a BOT-BCEe KOMIIbIOTEPHbIE CUCTEMEI, MO-
IEeTUPYIOLIUE 3TOT MpOLECC, IO CHX NOp MMEIOT BO3MOXHOCTH, CYLIECTBEHHO
'ycryna}omnelsoaMom—locmM camoro obblyHOro mnepsoitaccHuKa. Co3taHbl
CUCTEMBI (T.€.  MalIMHHBIC MOIEH) NMOHUMAaHUS peyM, JOKa3aBLIME CBOIO MUC-
KITIOYUTENBHYIO MPAaKTHUECKYIO MoAb3y. HanprMep, MOXHO TNOCTPOHTH KOM-
MBIOTEPH30BaHHYIO CHUCTEMY 3aKa3a aBUaOWJIETOB, BENYLUYIO AMaNor € ITOJIb30-
BaTeJleM Ha oObIYHOM Pa3roBOPHOM sI3bIKE, M TaKast cucTema OyIeT NpaBUJIBLHO
‘oTBeyaTh Ha GOJBLIMHCTBO BOMPOCOB MONb30BaTest. HeoGXonMMoCTh B HaU-
YUY CHCTEM ITOHUMaHUS PeYH CTAHOBUTCS OYUEBUAHOM, ecil BCIIOMHMTH
O BO3MOXHOCTSIX, BO3HHUKAIOLUKX B CBSI3U C YCKOPEHUEM Pa3BUTHUS CPEACTB Te-
JIEKOMMYHUKaLUK. Bce 6osee. MPUBBIYHBEIMK CTAHOBATCS 3JMEKTPOHHBIE GaH-
KOBCKME  pacyeThl B MHTEPAaKTUBHOM peXHMe, U INOCTOSHHO pacTeT MHTEpeC
K pa3paboTKe ABTOMATU3MPOBAHHBIX areHTOB, CIOCOOHEBIX OCYHIECTBJIATH IO~
HCK Y aHAJIN3HUPOBaTh OrpoMHble 00beMbl JaHHBIX B Internet. OgHako Bce Ta-
KHe TIPWIOKEHUS UMEIOT JOBOJBHO Y3KMe 06MacTH NpuMeHeHus. OrpaHuye-
HHe 00/1acTH MPUMEHEHHUSI MO3BOJISIET CHU3UTh YPOBEHD CJIOXKHOCTH p§3pa60T-‘
KUY 3a cYeT COKpallleHUSI pa3Mepa CloBaps U YNPOLUEHUS 3aJayyl NTOHWMaHUs
cMBIcNa 3ampoca. M XoTd Yucio y3KOCIELMAIbHbIX NPUIOXEHUI IS pacrio-
3HaBaHMS Pa3rOBOPHOTO f3bIKA 3a MOCAEAHUE HECKONBKO JIET 3aMETHO BLIPOC-
JIo, MBI BCe ellle He MOXEM CKa3aTb, KOTa )K€ MAIUMHHBIE BO3MOXHOCTH I10-
HMMaHUg peyn NpUOJIU3ATCA K TOMY YPOBHIO TIOHMMAaHUs, HA KOTOPOM Haxo-
JUTCA YeJIoBeK. Pa3roBOpHBIM S3bIK SBJISACTCS CHMILKOM BbIpa3UTENbHOI
dbopMoit KOMMYHUKAILIUU, CTaBALIEH IMepel YUEHBIM U IPOrpaMMHUCTOM Maccy
nipo6neM. Heckonbko NMpHUMepoB MpeacTasieHo B Tabn. 7.7.

JlaBaiiTe HEMHOTO MOrOBOPUM O TOM, KaK BbISICHUTDb 3HAUYCHME IpEIOXKe-
HMS WIH pa3speliuTbh HEOOHO3HAYHOCTh YTBEPXKICHMS, YTOOBI MOAYEPKHYTH,
' YTO CHCTEMa MOHMUMAHMS PEYM CWIBHO 3aBUCHUT OT HAJIMYMS B €€ pacropsiKe-
HUM GoNbluoi 6a3bl JaHHBIX PeabHBIX 3HAHUI. MHOroBapMaHTHOCTb BO3HH-
KaeT TaM, TAe Mbl He MOXEM OBbIThb YBepeHbl, YTO Hallla WHTeprpeTalus, CH-
TyallM{ OKa3bIBaeTcsl TIPaBWIBbHOM, HO OGILMe 3HAHMI JAlOT HaM ONpeleeH-
HYI0 CTeneHb. YBEPEHHOCTH, a TakXke JaloT BO3MOXHOCTb MEHATh
HHTEPIIPETALMIO B CBeTe MH(MOPMallMK, MTOCTYIAloUIei B JaNbHeH1IeM.
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Ta6nuya 7.7. Hexotopsie TpyaHOCTH 06paboTKM pa3roBOpHOro f3bika

Tun npobnems! ﬁpnmep O6bsicHeHe
Nepenaya 0AUHAKOBOrO 1. CrioapT pasbun sasy (1) BoipaxeHo B aKTUBHOR HOpME

CMbICNA Pa3HBIMA MO -9 Ba3g fana paabuta (2) sBAsIETCA NaccuBHoi dopMoi (1)
$OpMe BbICKa3bIBaHUAMM CrioapTom ‘

1. HeaHakomka Tonksyna B (1) npepnior “c” o3xavaer
Manbyvka C eBoYko - 0BbepvHeHne nocTpanasium,

Torzaa kak B (2) npeanor “c”

n06aBAseT ONMCaHKe Manb4uka

Pons npegnora “c”

2. HeaHakomka TONKHYNa
Mansiuka ¢ cobakoi

1. Yxop, 3a pebeHkom B (1) “yxon" 0603HauaeT NOCTORHHbIA
npucMoTp 1 3aboty, Toraa kak
8 (2) “yxon” 0603Ha4aET OOHO-
pa30B0e KOHKPETHOE AeiCTBME

Meorue cnosa UMeT
HECKONbKO 3HAYEHWN 2. Yx00 CO CLEHH

Cwmbicnogoe cornacosaHe 1. Yron asToMo6uns B (1) umeeTcs B By ONacHOCTb ANK
cnos SBNSGTCH ONACHOCTHIO gnazienbla, Toraa kak B (2)

WUMeeTCS B BUAY ONAacHOCTb

ANS NPECTYNHAKA

2. YroH asTomMobuns
ABNAGTCH ONACHbIM

Mopaaok cnos 1. Myaei coxpauun goxos, B (1) MOXeT UMETbCH B BURY, 4TO Bbin
COXpaHeH JOX0f, a B (2) — 4To

2. Jloxon, COXpaHun Myaei g
6bln COXpaHeH My3eit

Kak U B cyyae GONBLUMHCTBA APYTUX CTOXHBIX 3amay, 3ajaya peaiM3auny
CHCTeMbl MIOHMMAHMSL Pedd Ha KOMIBIOTepe pa3bUBAacTCA Ha HECKOJBKO YpOB-
Heil. TpeMsi YPOBHSAMM, PaccMaTpHBaeMbIMM B IMCKYCCHSIX, MOCBSIIEHHbIX CUC-
TeMaM TIOHUMAHHMSI pedu, SBISIOTCA CUHMAKcudeckuii ypOBEHb, CeMAHMUECKUl
ypOBeHb M npazmamuyeckull ypoBeHb, CHHTaKCHYeCKHi ypoBeHDb KacaeTcs Toro,
KaK C/10Ba OGBEAMHSIOTCS B CTPYKTYPhl, Ha3blBaeMbie BBIPOKEHUSIMM, U KaK Bbl-
pakeHUsT OGBEAMHAIOTCS B CTPYKTYPBI, Ha3biBAaEMBIC MPELTOXEHUAMH. Jnst npo-
BepKH TOTO, AB/sETCS M HEKOTOpoe MpPeAIoXEeHHe JIOMyCTUMBIM (T.€. rpaMMa-
TUYECKU TIPaBIIBHBIM) M WIS pa3bMeHMs NpPEMIOKEHUs Ha COCTaBHbIC 4acTH,
OBBIYHO MCTOMB3YIOTCA TpaBWia rpaMMatku. CeMaHTMYECKWit M mparMaruie-
CKUIl YPOBHM KacaloTcsl 3HaYeHus1 npeioxeHui. Ha cemanTiyeckoM ypoBHE Bbl-
nensercs colepXaHue (CyTh MPeIOKEHUs]), U [UTA BHIPAXEHNST COAEPXAHMA HacTo
MCITONB3YIOTCS oMpeaeNieHHble Jiornyeckue ¢hopmbl. Hanpumep, npeanoxexust

JIOH yaapui 1o Msyy.
Vxapun nu JxoH no Mady?
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HMEIT OOHO M TO XK€ CO}ICp)KaHHC KOTOpOE B A3BIKC Prolog MOXET OBITh
TIPEICTABJICHO B BUIE: ;,

} YAAPUI(IKOH, MSY).
HMest BO3MOXHOCTh aBTOMAaTU3MPOBATh CHUHTAKCUYECKUA M CeMaHTUYECKUIA
aHAIHM3, MBI MOXEM YTBEPXKIATh:

JIKOH yIapun ro msuy.  YAAPWI(IKOH, MsT4)

3aTeM MBI MOXEM CIIPOCHUTB.

.

K10 yuappm no Ms4y? yaapun(X, Msa4)

Ilo yemy ynapwn JIxou? yaapuwi(xoH, X)

Kro no yemy ynapun? "yrapwi(X, Y)
TIparMaTHyeckMil aHaiaU3 KacaeTc WHTEPIPETALUU TPEIOKEHUS

B KoHTeKcTe. Tak, Bompoc o6 HWHTeprpeTaUnH MecrouMeHHa “OnH”
B MpeLIOXECHUH

OH 3a6¥1 roin.

MOXET OBbITh pEellieH TOJBKO B KOHTEKCTE (T.€. ¢ MCMONBb30OBAHUEM COCCAHMX
npemioxeHnit). YUrobsr oTBeTUTh Ha Bonpoc “KTo 3a6uMn ron?”, Mbl JOJDKHBI
PENIUTh, Ha KOTO UMEHHO YKa3biBaeT MecToMMeHHUe “OH”. HaMepeuust roso-
PALIETO TOXe KOHTEKCTHO-3aBUCHMBL. [Ipemnoxenue

Moxkere i Bbl IPUTOTOBHUTH Yaii?

4acTo O03HaYaeT NpocbOy NPUTOTOBUTH 4ail, HO MOXET UMeTh U GYKBAIBHBINA -

CMBbICH: “YMeeTe M BBl TOTOBUTH Yail?”. KOHTEKCT TakXkKe MCMoONb3yeTcs Uis
TOro, 4ToObLl OrpaHUYUTL CMBICK oOrpefeAeHHbIX. cjoB. Cnoso “moburs”
B OObIICHHOM HCTIONB30BAHUU MMEET CMBbICII, BbIpaXaeMbiit B ¢popMe

MoOUT(4eN0BEK, OOBEKT).
3710 cMBICH JOfycKaeT BbipaxeHus Tuna “IxoH mobur Mepu”, “IXoH o-
6ut pabory” U “JIxoH moOGUT LIOKOMax”. B KOHTEKCTe OTHOLUEHHH MeXIy
JIOOBMHU “MOOUT” MOXeT ObITh OrpaHHueHo popmoii

JIo6UT(YeNIOBEK, YeoBeK),
M B 3TOM CMBICJIE MBI MOXEM Npedrnonararb, 4to “BeHepa” B

" MO6GUT(IKOH, BeHepa)

SIBISAETCS MMEHEM XCHLIMHBI, a He Ha3BaHMEM IUIaHeThl. B JaHHOM ciyyae
OrpaHHYEHHUE pelIaeT MOTCHUHANbHYI0O HEONHO3HAYHOCTb MEXIY TeM, YTO
MOXeT 0003HayaTh “BeHepa” — MMS yeNnoBeKa WIH Ha3BaHHUE IUTAHETHI.

[aBaiiTe Temeph BKpare paccCMOTPHM CaM MPOLECC CHHTAKCUYECKOro
U CEMaHTUYECKOro aHaIn3a.

206 ‘ [naga 7. CBA3b C UCKYCCTBEHHBIM MHTENNEKTOM

7.5.1, CuHTaKCH4ECKUA aHanU3

parMeHT TEKCTa CKIaNbIBACTCA M3 MPEIOKEHUH, a KaXIoe Mpeioxe-
HHE KOMIIOHYETCS M3 BHIPAXECHHUH, KOTOPBIC MOTYT CONEPXATh NMOABBIPKCHHT
M, B KOHEYHOM cHeTe, COCTOST M3 cjoB. [pamMmaTnKa omnpefnesnset cmocod,
B COOTBETCTBMM C KOTOPHIM C/IOBA M BHIPAXEHMSI MOTYT OOBCIMHSTBCS B NPEl-
noxenusi. [paMMaTHKa MoXeT GOHITb NMPEACTaBicHa C TMOMOLIBIO JIOOOro M3 .
MHOXECTBA SI3bIKOB MpEJCTaBleHMii, HO Yallle BCEro IS 3TOro HMCHONL3YIOT
dopmar npasun BeiBofa. [IpUMep rPaMMAaTHKH, MPEACTABICHHON C HCMONB30-
BaHMeM TIPaBWI BHIBOMA, NMOKa3aH Ha puc. 7.5. Ha puc. 7.6 nokasaHa CTpyKTy-
pa mpemnoxenust “the dog ran across the road” aHDIHICKOrO A3bIKA (B nepe-
BoJle OHO O3HayaeT “cobaka Gexana yepes gopory”).

S —»NPVPNPV
NP —D AP|D N|NP PP
PP 5P NP

VP ~»V NP|V PP

AP —>AAPAN

Puc. 7.5. llpumep rpaMmaTvky, BHPaXeHHON NPaBuiaMy BLBOAA. S 03Ha4aeT NPefyioXeHwe,
N - uma cywectsutensHoe, A — npwiaratemioe, P— npeanor, D — onpeaentrens
(apvknb), V — rnaron, NP — umennas rpynna, VP — rnaronbHas rpynna, AP — rpynna npu-
nararensHoro, PP — npepnoxuas rpynna

<y
TN v/ \
—the N-dog —ran P—a(<\
TN

D-the N-road
Puc. 7.6. [lepeso CHHTaKCHYECKOro aHanuaa ans npeanoxenms “The dog ran across the road”
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lpennoxeHue aHaMU3MpPYeTCS € LENbIO BBUICJICHUS BXOASLIMX B €ro
CTPYKTYPY BBIPAXKECHHUI M ¢ Ii€JibIO €ro IPOBEPKM Ha COOTBETCTBUE IpPaMMaTi-
ke. Jlng aHanM3a mpeuioxenust TpebyeTcs Takxke crnosapb. CnoBaph onpene-
Aset Kateropuu cioB (N, V, P, A, D). Takoit aHaM3 MoXeT 6bITh UHTEpPIPE-
TUPOBAH ‘KaK IMOMCK, NMPU KOTOPOM MOIAEPXKHMBAETCA CTEK NYONMpOBaHUA AN
PE3epBHOTO KONMPOBAHUS COCTOSTHMIA, YTOOB MMeNAch BOSMOXHOCTh BEPHYTh~
Csl U3 TYITUKOBOTO COCTOSTHMSL.

Mpumep 7.3.

NnmocTpupyiite T0o, KaKk MOXHO B BHUIE TIOMCKa MPOBECTU CUHTAaKCHYE-
ckmit aHanu3 nipepoxenns “The dog ran across the road”. Ucnoneayiite
CIIEAYIOLLYIO TPAMMAaTHKY:

S —- NP VP
NP - D AP|D N
PP — P NP
VP - V PP
AP - AN
U clenyIoUMid CITOBaph:
D —the N - dog|road V - ran P — across

PeieHue 7.3.

Ipouecc mnokasaH B Tabn. 7.8, a reHepupyeMble TIPU 3TOM COCTOA-
HUA — Ha puc. 7.7.

Tabnuya 7.8. Cuntaxcuyeckuit ananua npegnoxenus “The dog ran across the road”,
paccmarpuBaeMbii Kax Mouck

Texywas nonsitka  Crex cnos Crex noceujenmit  Crek aybnnposaqus

S-S NPVP the dog ran across the road NP VP
NP — D AP the dog ran across the road D AP VP NP — DN
D~ the dog ran across the road AP VP NP — DN
AP - AN dog raﬁ across the road VP NP — DN
dog He OTHOCUTCA K Kateropuu A, noaToMy BO3BpaT
NP—->DN the dog ran across the road DNVP
D — the dog ran across the road N VP
N — dog ran across the road VP
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Okonyanmne Tabn. 7.8

Texytyas nonoitka  Crex cnos Crek nocewjennsi  Crex aybavposaHus
VP — VPP ran across the road VPP

V—run across the road PP

PP —>PNP across the road P NP

P — across the road NP

NP —.D AP the road D AP NP — DN
D—othe road AP NP — DN
AP AN road | AN NP — DN
road He OTHOCUTCS K KaTeropuu A, NosToMy Bo3BpaT

NP—-DN theroad - DN

D — the road

N — road

AJITOPUTMBI CMHTAKCMYECKOTO aHAIN3a M3Y4aluCh HOCTATOYHO UHTEHCHBHO,
TNOCKOJIbKY CUHTAKCUYECKNIA aHATU3 SBMSAETCS] OCHOBOH MHOIMX BbIYMC/IMTE/ILHBIX
cucTeM, Oymb TO. KOMITWISILMS TIpOTpaMM WM TpOBEPKa CUHTAKCHCa  3arpoca
K Gase maHHbIX. TlpeloxXeHHbI 3aech NMPUMEP NMPELIOKEHUSA BHIITSAUT TPUBU-
AILHBIM, HO JTI06as peanbHas cUCTEMa MIOHUMAaHUS peyy Ucrionb3yeT fofee Cox-~
HYIO TPaMMATHKY, [03BOJISIOLLYIO TIOHUMATh, HAaNIPUMEP, COIIACOBaHWE MHOXeECT-
BeHHOTO uucna U BpeMeH. OBCYXIEHUST 3TUX YCOBEPLUEHCTBOBAHMM OCTalOTCs 3a
paMKaMM Hallleil KHUIM, HO 3aMHTEpeCOBABIUMECA YMTaTe/lM HalIyT COOTBETCT-
BYIOLLIME YKa3aHWS B KOHLE IJIaBbi B Pa3aeie JONOJHUTENbHOM! UTEpaTyphl.

7.5.2. CeMaHTU4eCKMI aHanu3

CeMaHTHUYECKMIT aHa/iM3 4acTo peajin3yeTcd KakK 3Tan CHHTAKCHYECKOTO'
aHalM3a B pe3ynbTaTe A00ABIEHMS K IpaBUiaM IPaMMaTUKH COOTBETCTBYIO-
LMX CBOMCTB M MCHOJb30BaHUS CPaBHEHHS o0pa3lioB. 34€Ch Mbl UMEEM BO3-
MOXHOCTb CKa3aTb TOJIbKO HECKONBKO CJIOB O TOM, KaK BbIIENAETCH: CYTh
npewioxeHus: B gopMe A3bika Prolog. I'pammarnka

S—NPVP

NP— N

N — name

VP - VNP~

name —> mepit | IxoH
verb — nioBut

[NoHumarne peyn



/

/ \\ N
NN AN
(the) :g:zfr the | dog across / \

/\/\

AN D
(the) Bosspart the road
K "road”

Puc. 7.7. CocTosHus, reHepHpyembie Npy CHHTAKCHYECKOM axammse npegnoxenms “The dog ran
across the road”

JomnyckaeT mpemioxenue “IIxon nobuteMepn”. B s3pike Prolog oHo uMeeT
caeayiolyo ¢gopmMy.

TobUT(oXOH, Mepu)
Y1o6bl BBIAETUTD 3TY GOpMY B MPOLIECCE CHHTAKCHYECKOIO aHaJlu3a, rpaMMa-
THKa JOTIONHSIETCS CCAYIOIMMH CBONCTBAMH.

S(sem-vp sem-np) — NP(sem-np) VP(sem-vp})

NP(sem-np) — N{sem-np)

N(sem-n) — (sem-n)

VP(sem-v sem-np) — V(sem-v) NP(sem-np)

name(sem-n) — mepu(“mepu”)

name(sem-n) — axoH(“john”)
verb(sem-v) — moBuT(Ay.Ax.mobuT(X, y))
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VYKa3aHHBIH 31ech DIATOALHBIL 37IeMeHT (verb) cooepXUT BBIpaXXCHHE, Ha3hbl-
BaeMoe A-ucuucnenuem. OHO WCIONB3YETCS U TOTO, YTOOB! BEHIIIOJIHUTE IIPO-
CTYIO OIEPALHIO, Ha3bIBaeMyIO A-pedykyueli, W YIPOCTHTH BbipaxeHHe. Hanpu-
Mep, BhIpaxXeHHe B hopMme

((\ x Px)a)
MOXeT OpITh pelyuupoBaHO (T.e. cBemeHo) K “Pa”. Ilostomy BbipakeHHUe
AY.AX.JHOOUT(X, ¥); chopMyiupoBaHHoe B Buie (Ay.AX.JHOOUT(X, y)) “MepH’),
CBOIUTCH K AX.MOOMT(X, MepH), a ((AX.T06UT(X, MEPH)) “IDKOH”) CBOIOMTCA
K JIOOUT(UKOH, Mepu). '

Takas A-pemyKuust BLITIONHSETCA B NMOPSIKe cJieBa HallpaBo, U €e LIEJIBIO
SBNISETCS TPUBEIEHNE BhIpaXeHHUs K Ooliee Jlerko YMTaeMoil (WM pacrno3Ha-
BaeMoii) ¢popMe.

B ciyyae Hallero TMpocTOro mNpuUMepa MOXHO MNpPEACTaBUTh CpaBHEHUSA
CBOMCTB KaK cepuio BbizoBoB dyHkuMiil. JleBass cropoHa fipaBuia pacCMaTpH-
paeTcsl KaK ¢yHKUMS, a NpaBasg CTOPOHA BBHIMIONHSET CEPUIO BBI3OBOB APYTHX
dyHkumii. DTU onepaury MPOXOLKATCS PEKYPCHUBHO A0 TeX MOp, MOKa CJIOBY
He 6yner HaiileHO COOTBETCTBHE U He OylleT BO3BpallieHa CTpOKa.

Mpennoxenne “IxoH mo6ut Mepn” 6yneT NpoaHaIK3HPOBAHO C UCTIONb-
30BaHUEM “ncepno-C” HOTALMM U C IPUMEHEHUEM A-PEeIyKLUMH TaM, Ile 3TO
Heobxoaumo. YUTUTe TO, YTO HEKOTOpPHie CKOOKM B rpaMMaTHYECKHUX BbIpaxe-
HUSAX GBUIM OMYILEHB! € LENBIO COXPAHEHUS MPOCTOTHI 3aNHCH.

BbI30B S C aPryMeHTOM “IXOH 06Ut Mepu”
8038paLuaeT (AX.MIBUT(X, Mepu) AXOH) = MOBUT(AXOH, MepH)

S(sem-vp sem-np) { ‘
NP{sem-np) B pe3ynsrare Bui308a NP B KOKeYHOM HTOre BO3BPALLACTCH AXOH
VP(sem-vp) B pe3ynbrare 8bi308a VP BO3BpaLLaeTCs

(Ay.Ax.mobut(x, y) Mepu) = (Ax.no6ut(x, mepu))

)

NP(sem-np) {

N(sem-np)

}

N{sem-n) {
name(sem-n)

}

name(sem-n) {
if “axOH"

return sem-n = “gxoH”
if “mepu”
return sem-n = “mepu”
}

VP(sem-v sem-np) {
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Visem-v) - B pesynbTate Bui30Ba V B03BpaiaeTca (Ay. Ax.mobut(x, y))
NP(sem-np) BO3BPALLAETCH MepH

} .

V(sem-v) {

sem-v = (Ay.Ax.nobur(x, y))

7.6. CumBonbHbIE CBSAI3U HEWPOHHBIX ceTelt

Haes ucnonb3oBaHUA HEMPOHHBIX CeTel A BHINONHEHMS 3amad, Tpaau-
' LUOHHO OTHOCHIUUXCS K 00JacTH CHMBOJIBHBIX CHCTEM HCKYCCTBEHHOIO MH-
TEJUIEKTa, ale/UTUPYeT K MHTYUIMM UHXEHEPOB U He TOJBKO IIOTOMY, 4YTO ab-
CTPAaKTHBIE aPXMTEKTYPHI MCKYCCTBEHHOIO MO3ra MOLYT BbLIABAaTh HeCTaHIApT-
HBIE PEeLIeHUsI, HO TaKXKe U IMTOTOMY, YTO HeHPOHHBbIE CETH MMEIOT LeJIbli psf
IpYTHX BecbMa TpMBJIEKaTeNbHbIX CBOICTB. HeilpoHHbIe ceTu oOy4yaloTcs BbI-
TONTHEHUIO 3alaY¥ ¢ TIOMOLIBIO afanTallMy K HpellaracMbiM CETH CTHMYJIaM.
CucreMa, OCHOBaHHasi Ha OOyYeHWUH, UMeeT BO3MOXHOCTb BbIBOJAWTH 3HaHUS
aABTOMAaTMYECKM, a TaKKe OOHapYyXMBaThb 3HAHMSI, KOTOpPhIC SIBISIIOTCSA CITELIH-
buyecKUMHM U1 KOHKPETHOMN 3aayd ¥ KOTOpble TPYAHO IPEACTAaBUTH B BUIE
Habopa npaBWJI (HampuMep, Kak exaTh Ha Benocuiiene). CeTb pefiko Ipenara-
€T ONHO3HAYHBII OTBET, OHA OOBIYHO OOECIeYNBAET OTBET B BHAE OLEHKH, HO
IUISE PELICHHUST MPaKTHYECKMX 3aJay OLIEHOYHBIE OTBETBI KaXyTcs KakK pa3 6o-
Jiee moxxoaslMMU. HelpoHHBIE ceTH MOrYT TakKe IeMOHCTPMpPOBaTh IL1aB-
Hoe CHIDKeHHME cBoeil 3 dhEeKTHBHOCTH, COXpaHSS CITOCOOHOCTb BBIMOJHATD:
3a1a4yM (XOTS K Ha XyOIUEM YPOBHE), €C/IH YaCTh CTPYKTYPBI CETH OKa3blBaeTCs
nioBpexaeHHoil. HefpoHHBIe c€TH MOTYT MHOIIA COXPaHATh CBOIO paboTocno-
cOGHOCTb, JaXe ecM KakKas-TO YACTh apXMTEKTYPhl CETH MepecTaeT (hyHKIHO-
HupoBaTh BooOlle. HaxoHel, HelpoHHbIE ceTM MOryT OBITH peasM30BaHbI
B BUJe MAacCOBBIX MapaUle/IbHBIX CTPYKTYp, KOTOpbie MOTEHLMAIbHO MOTYT
MpeoXUTh 6Gonee - 3hGHeKTUBHYIO TNPOU3BOAUTENBHOCTE IO CPaBHEHUIO
€ MalllMHAMU, UCITOJIb3YIOIIMMHU MOCIEIOBATENEHYIO apXUTEKTYDY.
CHUMBOJIBHBIE CUCTEMBI MMEIOT CBOM IpeuMyllecTBa. CpeICcTBOM KOMMY-
. HUKALMH SBJISIOTCS CUMBOJIBI, M B MPOLIECCE KOMMYHMKALMU TIPOMCXOMUT Me-
pexaya Gonplroro o6neMa 3HaHUNA. HanpuMep, ecii KOMY-TO CKaXxyT, YTO OH
MOrM6HET, ecJIi KOCHETCH pENbCOB, IO KOTOPBIM MAYT IT0e3da METpo, TO, 3a
PEOKUM UCKITIOYCHUEM, YeJIOBEK CEPhE3HO OTHECETCSt K TAaKOMY Ipeayripexne-
HUIO. 3HaHUe, BBIPAXEHHOE B BUIE IIPAaBUJI, MOXET COXPaHUTb XU3Hb B CH-

TYyaLUsIX, KOTOpbIe paHee He ObUIM MCIBITAHBI Ha MpakTuke. [Tunor camonera,

HelpeIHaMepeHHO BBOASLUMI caMONET B LUTOMNOP, JHLOM K JIMLY CTaJIKUBAeT-
Cf C CUTyauHeil, Hecylleil yrpo3y XH3HHU, M XOTA TIPAKTHKA BBIXOAA M3 LUTO-
[IOpa MOXeT HOMOYb CIIPAaBUTBCA ¢ CUTYalMed OMBITHOMY IMMJIOTY, HEOIBIT-
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HOMY MWIOTY MOXET TIOMOYb 3HaHHe COOTBETCTBYIOLIMX NpaBuil.  3HaHUE, CO-
ofliaeMoe B CHMBOJIBHON (DOpPME, MOXET TaKXke YCKOpHTh obydenue. Tpya-
HBIM 3TalloM IIOATOTOBKM JI060Oro NMujoTa sipjserca obydyeHue mMocaake. Xo-
POLINI WHCTPYKTOP MOXET TIPEIOXUTL IMITUPUYECKUE IpaBuia, CIIOocCOOHbIE
MOMOYb TTAJIOTY-HOBUYKY U MOXET IOBTOPUTH WIH TOIKOPPEKTUPOBaThL UHCT-
pyKUMH, o6HApYKHB HETIPaBUILHOE WU IUIOXOE MX BBITIOMHEHHE.

WTak, ¥ cUMBOJIbHAs TapafuIMa, M MapagdrMa HEMPOHHBIX ceTell UMEIOT
CBOM IIPeMMYLIECTBA C TOYUKM 3PEHHUS TTOCTPOSHMS MHTEIUIEKTYATBHBIX CUCTEM.
[MoatoMy HEyIMBUTEJIBHBIM ABISETCS TOT (akT, YTO NMPOBOAUIOCH (U TMPOBO-
IUTCS CEroJHsA) HeMasio MCCieJOBaHUM, TTOCBSILLEHHBIX BO3MOXHOCTH Hasla-
KUBaHMS CBA3€Hl MeXIYy TPaAMLIMOHHBIM WIH CUMBOJbHBIM MCKYCCTBEHHBIM
MHTEJUIEKTOM U HeHUpOHHBLIMH CeTIMM. DTU CBSA3M OYeHb pa3HOoOpa3Hel, HO
DJIABHBIM BOIPOCOM IUTSE MHOTMX TIPMBEPXEHLIEB HEMPOHHBIX CETel sBAsETCH,
MO-BUAVMMOMY, BONPOC O TOM, MOIYT JU OBITH CO3NaHbl HEMPOHHBIE CETH,
criocoBGHble peliaTh KOTHUTUBHBIE 3aayll CaMOTO BbICOKOTO YPOBHS, KaKMMH
ABNSAIOTCSA, HAIpUMED, ITOHUMaHHe pedyu M TUIaHUPOBaHMUE.

Matepuar, NnpeJcTaBjIeHHbI! B CEAYIOLLEl TaBe, MHCIIMPUPOBaH dunocod-
CKMMH 1€6aTaMy, KOTOPBIE BENMCh Ha MPOTSDKEHUM BTopoi monoBuHbl 1980-x
ronos (cM., Hampumep, [Fodor, Pylyshyn, 1988]). IlepBble MpuIoXeHMsI Heli-
POHHbIX CETeilf, MOCeNOBaBINNE 32 BO3POXIEHUEM HHTEPECAa K HEMPOHHBIM Ce-
TaM B 1980-x romax, xacaiuch npobiaeM pacro3HaBaHHUS, OTHOCSILMXCSA K HU3-
KOMY YPOBHIO, Y BBIITOJIHAUIN, JIO CYLLECTBY, IMOCTPOECHHE OTOBPaXKEHHUST MHOXeE-
CTBa HavYaJIbHbIX JAHHBIX BO MHOXECTBO IOAXOISILIMX OTBETOB. A TIOCKOJBKY
BEJIUCh OXMBJIEHHBIE IUCKYCCMM B OTHOLUEHMM HEMPOHHBIX CETCif Kak KOTHM-
TUBHBLIX MOJ€JIEH, HEYAMBUTEALHO M TO, UTO HEKOTOphle ¢unocodbl U KOTHHU-
TMBHBIE TICUXOJIOTM HAYyaJli MHTEPECOBAaThCS BO3MOXHOCTAMU ceTeil neppoil re-
Hepauuy. BbUTO BLIICHEHO, YTO YacTh KPUTUYECKUX 3aMedaHUi ObUla OCHOBaHa
Ha He3HaHMM TOro, KaK JOOMTBCS OT HeMpOHHOMN ceTH HeobXoouMOoro KauyecTBa
BLINONHEHUA 3anaHusa. CleIyeT 3aMeTUTh, YTO KPUTHYECKME BONPOCHI BCE elle
KIYT CBOMX JOCTATOYHO SICHBIX OTBETOB, HO MBI HaJ€eMcs, YTO ¢ 3TUM He Gyner
npoGieM Mo Mepe paclIMpeHUs HallMX 3HaHWH B 061acTH HEMPOHHBIX ceTel.

TpeMst xapakTepHbIMH OCOGEHHOCTSIMH, OTBEYAIOIIMMM 32 YCIIEX CUMBOJILHOMN
MapaiurMsl, SIBISIOTCH KOMITO3ULIMOHHBIE CTPYKTYpbI, CEHCUTMBHas obpaboTka
CTPYKTYp M 00061IeHue. Bee 314 TpU CBOMCTBA OKA3bIBAIOTCSH TECHO CBS3AHHBIMM.

KoMIo3sniMoHHble CTPYKTYPbl MOTYT ObITb ONpeAeiieHbl KaK Wepapxuye-
CKHMe CTPYKTYphI, B KOTOPBIX BCS CTPYKTYpa CKJambiBaeTcs M3 OTAEIBHBIX Yac-
Teil. TUNMMYHBIM NPUMEPOM TAKMX CTPYKTYP SIBISIIOTCS JepeBbs, a TaKXKe Ha-
CNeICTBEHHbBlE M arpermpoBaHHELIE Moixenu, UCTONb3yeMble MHXCHEpaMU.
Kommosunms crpykKTyp gBisieTcs ocHOBOI to0oi1 ¢hopMbl pa3paboTKH KOHCT-
pYKLUM#: TIpM IONBITKaX pelueHUs Joboil ciioXHOM 3ajmaud Takasl 3aj1aya
06bI4HO pa3bKBaeTca Ha YacTH. MBI yXe BHUieau B pasjene 7.5, 4To KOMIIO3U-~
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LMOHHBI aHAIM3 WrpaeT GONBIIYIO PONb B CHUCTEMAX MOHMMAaHMS DPEuH.
CTpyKTypa BBIPQXEHWI NPELTIOXEHUST TIPEICTABIANACE B BHJIE MEPApXUM €ro
yacTeif, ¥ CEeMAHTUYECKMii aHATU3 MPEATIONATAN, YTO CMBICIT BCEro IpeUIoXe-
HUST MOXET OBITh HallleH KaK KOMOMHALIMSI COIePXKaHMUs YacTelt. . ,

Tpancdopmauns —(P A Q) B ero JOTUYECKHii 3KBHBaNEHT (—P v =) sABs-
€Tcs IPUMEPOM Oflepallii, CCHCUTMBHO 3aBUCSLIENA OT CTPYKTYPBHI. Ecm Pu Q
3aMeHUTb Ha R 1 S, TO oflepallist OCTAETCH MPABOMEPHOI, TaK KaK CTPYKTYPHOIA
dopMoit siBnsteTcst cyTh: —~(R A S) TpaHchOPMUPYETCS B JIOTHYECKMI 3KBUBATIEHT
(=R v —S). JlaHHas ornepanysi MOXeT ObITh TAKXE NpeICTaBlIeHa B Buie Gonee
CJIOXHBIX BBIPAXKEHUI, TIOCKONBKY BCE BRIPaXXEHHE MOXET OBITh pa3buTo Ha yac-
1. Hanpumep, —~((P v R) A Q) Bce paBHO umMeeT GopMy —(A A (), Mo3TOMY €ro
JIOTUYECKUM 3KBHBAJIEHTOM sABIsieTCs (—(P v R) v Q).

“A6cTpakumsi 0GOGIIEHHBIX BHIPAXEHHI TOXe ABJISETCH €CTeCTBCHHOH Ya-
CTBIO  CHUMBOJIBHOI  MapaaurMbl.  ApPryMEHTBl = B BBIPaXEHUM  JIIO-
6UT(OmyIIERIEHHBI, OOBEKT) HOMYCKAIOT JII06YI0 KOMOMHALIMIO 00BbEKTOB, MOA-
XONAIIMX JUIST pACCMATPHUBAEMOrO OTHOLUIEHUS. 3TO MO3BOJAET CUCTEME NEMOH-
CTPUpOBATh peryjiipHoe moseieHve. Ecim cucreMa perynsipHa, OHa JOJDKHA
IOIYCKATh ceMAaHTHYECKOe (M CHHTaKcuueckoe) obobuieHue. PerynspHas cucrema,
MOHHMMAIOLIAST “JDKOH JIOOUT MepH”, MOMMET Takxke ¥ “MepH JIOOUT JOKOHa”.

Haue obcyxneHue HEHPOHHBIX CeTeil B ceayollel IiaBe COCPEAOTOUNTCA
HMEHHO Ha 3THX OCHOBHBIX CBOWCTBAX CHMBOJIHBIX CUCTEM.

71.7. Pesiome

B obnactn 'rpannuuormoro‘ HMCKYCCTBEHHOTO HHTE/UIEKTa 3HAYUTEIbHbIE
YCWIMSI TpaTATcsl Ha MccieqoBaHue mnpencrapieHuil. KioueBbiM KOMIOHEH-
TOM 000l MHTEUIEKTYANLHONM CHCTEMBI SIBJSETCH CHOCOOHOCTb alanTHpo-
BaThCA K M3MEHEHHMSIM Cpelbl, T.e. CMoCoGHOCTh oby4arhed. TpanuLMOHHbIE
CHUCTEMBl MCKYCCTBEHHOTO HMHTEIUIEKTa ISl MPEACTAaBICHUA 3HAHMIl UCTIONDb-
3yIOT CHUMBOJILHBIE CTPYKTYDBI, TaK YTO BBIYHCICHHS MOTYT pacCMaTPUBATbCA
KaK TIOC/EeAOBATENBHOCTh Ofepalit, HPUMEHSIEMBIX K 3TUM CTPYKTypam
B Mpouecce Noucka peuleHus. Huke mepeyucieHbl HEKOTOPbIE KTIOYEBbiE MO-
MEHTHI, HAa KOTOphIE OMUPAETCS TPANHLIMOHHBIA UCKYCCTBEHHbBIH HWHTEIUIEKT.

¢ 3HaHMWe MpeacTaBIsACTCSA B ABHOM BHIC.

e CTpyKTYypHBIE KOMIIOHEHTBI MOTYT OGBEIHHATLCS VIS TOro; YToBbl CTpo-
UTh elle Gonee CIIOXHBIE CTPYKTYpbl. DTO 3HayMT, 4YTO OoJsee KPYIHbIE
CTPYKTYPBI MOIYT ObITb CKOMITOHOBAHBI U3 Ma/biX CTPYKTYP, U, HaoGopor,
3TU GoJlee KpYITHbIE CTPYKTYPbI MOTYT OBITh pa3ziesieHbl Ha MeHbIIHE.

o CUMBONBHbIE MpeEACTABTECHUS MO3BONAIOT 0bobLieHWe M abCTpakTHOE
onucaHue 3HaHUM.
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7.8. Aononuménbuasl nuTepartypa

Ec/ii Ui Bac TeMa MCKYCCTBEHHOIO MHTEJUIEKTa AB/IsieTcsl HOBOI, TO XO-
pollleii KHUTOH U 3HAKOMCTBA € NPeOMETOM sBNfgercs KHura [Cawsey,
1998], Bilueauiasi B TOM Xe CEPMH KHHI, YTO M Ta, KOTOPYIO BBl AEPXHTE
B cBoMX pykax. ®unocodckoe BBeAcHHE B 00JacTh UCKYCCTBEHHOIO MHTEN-
‘nexTa [Copeland, 1993] npemiaraet o6muit 0630p xopoluero ypopHsi. TekcT
xuuru [Dean et al., 1995] aBnsieTcad XOpOLIMM HM3JIOXKECHHEM IIPEIMETa C Ps-
IIOM MHTEPECHBIX MPUMEPOB, HO 3TO U3JIOXKECHHME CAHMHIKOM TATOTEET K A3BIKY
Lisp. IlpeBocXomHBIM M BCEOOBEMIIIOLIUM H3JIOXCHHEM BOMPOCOB, OTHOCA-
muxcd K obJacTH MCKYCCTBEHHOTO MHTEJUTEKTa, siBisieTcsl KHMra [Russell,
Norvig, 1995].

OnauuM 13 Haubosee aMOMLIMO3HBIX M, BEPOSATHO, KPYMHEHIIUM U3 CO-
BPEMEHHBIX [IPOEKTOB, MOCBSALIEHHBIX UCKYCCTBEHHOMY MHTEJUIEKTY, SIBJIS-
ercs mpoext CYC. Mpoexkt CYC npencraBaser coboit MaccuBHy0 Gasy
3HaHUI, npelHa3HAYeHHYIO IS XpaHEHHMsl 3HaAHMI, KOTOpHIE MOIYT TNoO-
TpeGoBaThesl UIA. TOro, YTOGHl MONYYMTH HOCTYN K HWHGbOpMailUH, coxep-
*Kauieiica B SHUMKIONEAUAX, U npuaaTh eit cmbicin. CYC xpaHHUT Gonbiine
06beMbI TeX OOLIMX 3HAHHWI, KOTOpbi€ MbI MCIOJB3YEM KaXIb ACHB
M KOTOpble, Kasaloch Obl, He TPEOYIOT HUKAKUX YCHUAHMHA JUISL MX TpHMEHe-
Hua. HanpuMep, Koria BaM ropopsit 0 YbeM-TO AHE POXACHHS, Bbl 3Hae-
\T€, YTO AEHb POXIEHMS ITOro YeJiOBeKa OTMEYaeTcsl B TOT Xe€ AE€Hb Kax-

piit ron. Ho CYC colepXHUT He TOJNBbKO 3TO. 3HauMTeJIbHbIii 06beM 3Ha-

HUI CYC  o6bin 3anporpaMMHUpoOBaH KOMaHI oM HHXEHEepOB-
crneuuanuctos, Ho teneps CYC Haxoautcs Ha Takof cTaluM, 4YTO yXe
MOXeET 00y4yaTbcsi OTPOMHBIM 06beMaM 3HaHHI CaMOCTOATENBHO C MOMO-
mpio yteHus Tekcra. CYC TpebyeTcst onpeliejieHHas MOMOILL B MOHUMA-
HHMHU TeKcTa, HO riaBHas Ueab KoMaHabl CYC — nocTuXeHHEe NOHMMaHHUS
€CTeCTBEHHOro A3biKa. Jlyumum ucTodHnKoM MHbopmauun o CYC sBas-
etca Web-ctpanuua CYC:

http://www.cyc.com/

7.9. YnpaxHeHus

1. Tloxkaxute, 4TO BBIpAXECHHUE

(P=>QAR)=S

6yleT NMPOoaHATM3UPOBAHO KaK JONMYCTUMOE B COOTBETCTBHM C IpaMMaTH-
KOi#i, TIpelcTaB/icHHOI B Tabn. 7.2.
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2.

I/Icr[om,3y;1 Tab/MIy MCTUHHOCTH, TIOKAXUTE, YTO —-.((P v R) A Q) 3KBI/IBa-
nex—m{o PV ERvVSO).

Ha puc. 7.2 MokazaH NPUMEP MCHOB3OBAHUS MPOLYKUMOHHON CHUCTEMBI
JUTS. I0Ka3aTeNIbCTBA LU TIpH CIeAYIOUINX npaBymax ¥ IIPU YCJIOBHMH, ‘YTO
T, W n P ectb UCTUHA.

1 PAQAR:uenb
2 S=R ’
3TAW=AQ

4 T=S

Hcrnonp3yiiTe npagwia BHIBOAA JOTHKHM BBICKAa3bIBaHMH, 4TOOBI JOKa-
3aTh LIETb. :

S— NPVP|NPV
NP — D AP{D N|NP PP
PP —> PNP
VP — VNP|VPP
AP —> AAP|AN
Hcnonb3ys 3Ty rpaMMaTiKy, IOCTPOiiTe JepeBO CHHTAKCHMYECKOTO aHa-
Jau3a IS
(a) “The little dog barked” (ManeHbKasi cobaka 3anasna);
(6) “The horse jumped over the fence” (nolwass mnepenpeirHyia yepes
HU3ropofb).
BRINMILMTE COCTOSIHMSA TIOMCKa, T€HEpUpyeMble B XOle CHHTaKCHUYECKOro
aHaIU3a NPeLIOXKeHUH U3 yrpaxHeHus 4.
Kak HYXHO M3MEHMTb TPaMMaTUKY M3 YIpaxXHeHUs 4, 4yTobBI npejno-
xeHue “John found the book” (JXOH Halllen KHHUIY) OKa3anoch JOIYyC-
THUMBIM?

HUmeerca 6asa naHHBIX Prolog:
4aCTb(3aKPbLIIOK, KPbIO)

4acTb(3N1epOoH, KpbiNo)
4acTb{KpbiNO, camoner)

IMepedpasupyiiTe creayoLiMe BONPOCH M MOKaXuTe, Kak Prolog orse-
TUT Ha HHX.

(a) 'yacTh(3aKpBUIOK, KPBLTO).
(6) vacTb(kpruto, X).
(8) yacte(X, KpHUIO).
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8. TIpennonoxuM, uro K Kxony Prolog u3 ynpax(HeHﬁx 7‘,£l[§6‘aBanT¢sgx k

l1ach(X Y} :- wacts(Z; Y), vacts(X, Z}

(a) Kaxk nporpamMMa oTBeTMT Ha qacn(saprmox caMoneT)” Tpaccupyure
COOTBETCTBYIOLIMIA NPOLIECC CPaBHEHUSL. ‘

(6) He BuauTe nM BB KaKUX-THGO IIOTEHLMAIBHBIX npobJieM, - KOTOpBIE
MOTYT BO3HUKHYTb C YKA3aHHbBIM Bbllle NIpaBUIIOM?
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[nasa 8

CuHTE3 CUMBOJIOB C MOMOLLbIO
HEePOHHBIX CeTeH

3anaua. BoisscHeHUe HEKOTOPhIX CBA3EH MEXTY TPaIUIIMOHHBIM
MCKYCCTBEHHBIM MHTE/UIEKTOM M HEHPOHHBIMU CETAMU.

emn. BEI TO/DKHBI OHATE!

B Y€M COCTOAT MOTEHUUAJIbHBIE TIPEUMYLLECTBA
KOMOMHHMPOBAHHOrO TMOAXOa Ha OCHOBE CHMBOJIBHBIX
MpeACTaBIEHUI 1 HEPOHHBIX ceTel;

YTO TAaKOE JIOKATbHBIE U paclipelic/IcHHbiE NPEACTABICHHUA,
KaKue TOIXOMIbl UCTIONB3YIOTCS UCCNIEN0BaTENAMU HEHPOHHDIX
ceTeil IS pelleHUs npobaeM NOHUMAaHUSA PEUn; :
4YTO TAKOE KOMIO3ULIMOHHOE U CHUCTEMATHYECKOE NPEACTABNICHNUA,
"y1o TaKoe “06OCHOBAHHE CHUMBOJIOB”.

TpeGosamns. 3HaKOMCTBO C MaTepyajioM IJIaB 1-7.

8.1. HeiipoHHbie ceTh B CHMMBONbHOI popme

B at0ii r1aBe Mbl He péccmanMBaeM HOBbI/i MCKYCCTBEHHBIH WHTEJUICKT
6 4e0M, a TONIBKO acTleKT, CBA3aHHBIi C HEPOHHBIMM CETAMH, a TAKXKE HEKOTO-
phle TOKa3aTelbHbE PUMEPHl  HOBEHLUMX HcCeAOBaHMI, WUTIOCTpHUpYIOLLHe
(dyHIaMeHTANBHBIE TIOHSATHS 3TOM 00/1acTH. BMecTo TepMUHa “HeApOHHas CeTh”
YacTO UCTONB3YeTCS TEPMUH “KOHHeKUUR”, a TEPMUH “ KOHHEKYUOHUBM™ WCTIONb-
3yeTcsi N 0603HaYeHHUs] YHUBEPCATBHON NMapaanrMbl HelipouHsIx cereil. TTpu-
BepKEHLIbl KOHHEKIIMOHM3MA — Y4YeHble, CTpemslMecs “0by3aTh” BBLIYUCIH-
TeNbHbIH MOTEHLMA! HEMpPOHHBIX ceTel, HE Kacasch HEMOCPEACTBCHHO OGuono-
TMYECKOTO peaji3Ma, B OTJMYMe OT [APYIoro HampasicHHA HCCIENOBaHUNA
HEHpOHHBIX ceTeld, rie HEHPOHHbIe CETH HCMONL3YIOTCH B TONBITKE HaliTH 00B-
SICHEHVE IPOLIECCOB, IIPOUCXONSAIINX BHYTPH MO3Tra 4e/IOBCKa,
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CyluecTByeT HECKOBKO 3aC/y>KMBAIOLIMX BHUMAHUS MoIeeil KOHHCK].I]/Iﬁ
(cM. criucok JOTIONHUTESBHOR JUTEpaTyphl B pasfiene 8.8), pa3paGoTaHHBIX
C LEJIbI0 KOZUPOBAHUS M MOCHeayoleil o6paGoTKH CHMBOJIBLHBIX - CTPYKTYD.
B 3Toit rmaBe MBI CHayajia  pACCMOTPUM apXMTEKTYPY HEMPOHHOM CEeTH, Ha3bl-
BaeMyIo pexypcueHoli aemodccoyuamusro namamoio (RAAM — Recursive
Autoassociative Memory). nsa nogpobHoro obcyxneHus ceth RAAM ectb
HECKOJIbKO TpUYUH. -Bo-niepBbiX, ceTh RAAM MoXeT ‘ObITH OIMCaHa TOYTHU
AKX Jaxe BooOule 6e3 MCHOb30BaHUA MaTeMaTHKU. Bo-BTOpBIX, INMOSBJIEHHE
cetn RAAM — cepbesHoe MMpeayTnpexiaeHue sl KPUTUKHU, 3asgBSIOLLEei, YTO
HEeUpPOHHBbIE CETU HE MOTYT BeCTH ce6S KOMIO3MLIMOHHBIM M CHCTEMaTHye-
ckuM obpasom. Kpome Ttoro, cetb RAAM Bbi3Bana OrpoMHBIH MHTEpEC €O
CTOpOHBbI coolllecTBa UcCCAeAoBaTeNeil HEHPOHHBIX CETEH, yXe€ IMPOBENCHO
MHOXECTBO MCCJIEJOBAHMI W HMeeTca oBUIMpHAs JMTepaTypa Ha 3Ty TeMmy.
HakoHell, 4TO, BO3MOXHO, 6oJiee BaXXHO, apXUTEKTYpPY 3TOI CETU MOXHO MC-
M0J1b30BaTh MPU UCCJAENOBAHUM HEKOTOPBIX KIIOYEBBIX BOMPOCOB.

IMocne pa3paboTKN apxMTEKTYpbl ceTH RAAM M BbIICHEHUS HEKOTOPBIX
BOTIPOCOB, KacalolLMUXcs TPEACTABIEHHIl, ObLTM TIPEAJIOXEHBl ABE MOIENU
MOHUMAHUS peud. DTU MOAENHU UMEIOT JOCTATOYHO CAOXHYIO apXHMTEKTYpY,
M Mbl HE CTaBUM cBoell 3ajaveil obecrneqynTh yUTaTeEMoO rnyboxoe NnoHUMa-
HHUe peanusauuit aTux Moaeneit. lLlenblo mpeactaBneHUs 3aech 3THUX U Cle-
OYIOIIMX 32 HUMU MoJeJieil KOMMbIOTEPHOro oblueHus siBnsgeTcss UHbOPMU-
POBaHHUE YMTATENS O TOM, YTO CHELNANUCTHI 1O HEMPOHHBIM CETAM YXE Ibl-
TAlOTCS pellaTb HEKOTOPble BECbMa CJOXHBbIE MpobAeMbl, OTHOCSLIMECS
K chepe TPaAULIMOHHOTO MCKYCCTBEHHOTo MHTeanekTa. M xors ceroanst Ta-
KM€ HCCNeNOBaHUS HAaXoAsATCAd Ha paHHed CcTaluW, 35TH MOAENM AAIOT BO3-
MOXHOCTb HOYYBCTBOBaTb, KaK B 6yaylieM Ha oCHOBe 0a30BbiX HEPOHHBIX
CTPYKTYpP MOIYT pa3pabaTbiBaTbCsi CJIOXHbIE CUCTeMbl. Mbl Ha caMoM Jeie
HaXxooMMCsl B CaMOM Hayalie pa3paboTKM “MCKYCCTBEHHBIX HECHPOHHBIX CHC-
TeM”, M TIepBble PE3YJNLTaThi TOBOPAT O TOM, YTO HAC NPU ITOM €IUE MOLYT
0XWIaTh pa3Hbie CIOPNPU3BI.

B aTtoit xe rnaBe 6yayT pacCMOTPeHbl BaXHble, HO TpYAHbIE INS MOHUMa-
HMS BONPOCHI abcmpakmioeo 0600ueruUss 1 060CHOBAHUA CUMB0A0G.

YuraTteab He ROMXKEH CHABaThCS, €CAW MaTepuas 3TOil INaBbl MOKaXeTcs
€My CIWIUKOM TpyaHbiM. Hekoropble M3 00CyXaaeMmbIX HUXe IMPUHUMIIOB

'CHOXHbl IUTA BOCMPUATHA, a peallbHOC UX NMOHUMAHUEC MOXET ObITb Nnojay4eHo

TOABKO B pe3yJbTaTe U3yUYEHUSI PEKOMEHIOBaHHOM JIUTEPATYPBhI. Jrta rnaBa
U npeanosiaraiach Kak Gonee TPpydHast NMO.CPaBHEHUIO C OCTaJIbHbIMH, HO €€
rnapHad 3ajgada — O3HAKOMMUTb MHUTATENA C BOIIPpOCAMU, KOTOpbLIE, HECOMHEH-
HO, ABJAIOTCS BaXHBIMH U KOTOPLIC MOCTENECHHO NMPUBICKAIOT K cebe To BHU-
MaHME, KOTOPOrO OHM 3aCNyXUBAIOT.
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8.2. PeKypcyBHasi aBTOacCcOLMATMBHAs NamsiTh

Apxurektypa ceti RAAM 6blna MpeUtoXeHa MomnnakoM [Pollack, 1990].
Lensio RAAM siBnsieTcsl MpeACTaBIeHMEe CUMBONBHBIX CTPYKTYP CPeACTBAMU
HeMpOHHBIX - ceTell. CHMBOJIBHbIE - CTPYKTYPBI  TIPEACTABILIOT coboit nepeBbs

CbHKCHpOBaHHOFI BaJICHTHOCTU. BaJleHTHOCTBIO HA3bIBAIOT YMCIIO BETBEH, BBIXO- -

JAIIHX M3 KaXIoil BeplUMHBL, M (PUKCUpOBaHHAs BANIEHTHOCTb. O3HAYACT, YTO
BCe BEpLIMHBL JOJDKHBL UMETh OJIHO M TO XK€ YMCIIO BBIXOLMILMX U3 HUX BETBEIA.

Ha puc. 8.1 nmokasanbr 15 6MHapHEBIX 1epEBLEB (BaJIeHTHOCTH 2). OTH Jepe-
BbS MICHTUGHUMPYIOT CTPYKTYPBl BBIpAXEHUM, I¢HEPUPYEMBIX B COOTBEICT-
BUM CO CJTEIYIOLIMMU NPaBUIaMi TPaMMaTHKIL

S - NP VP|NPV
NP —> D AP|D N|NP PP
PP - P NP
VP - VNP|V PP
AP -5 AAP|AN
Ilie WCroNb3yeMble CHMBOJIbI MMEIOT T€ Xe 3HaYCHHUS, YTO U Ha pHC. 7.5.

Cetb RAAM SIB/ISETCS MO CYLISCTBY aBTOACCOLIMATUBHOM CETHIO ¢ OOpaTHBIM
pACTIPOCTPaHEHHeM OLIMGOK (CM. Iasbl 2 U 4). Bo BxOIHOM M BBIXOJZHOM CJIOSIX
RAAM 3/1eMEHTHI OPraHU30BaHbI B TOJis1, TI€ KAXI0€ T0/IE CONEPXKUT OAMHAKOBOC
uMcno 31eMeHToB. Yucrno rofeil onpenelisiercss BaIEHTHOCTBIO KOMUPYEMBIX I€-
DEBBEB, A YMC/IO IEMEHTOB B CKPBITOM CJI0€ COOTBETCTBYET “MCILY /IEMEHTOB O
Horo nos. Ha puc. 8.2 nokasaHo 1Ba NIPMMEPa COOTBETCTBYIOLIEH apXUTEKTYPBI.

JagaiiTe MpoOUTHOPUpPYeM crocob OByYeHUA CETH RAAM u paccMOTpUM
TONBLKO TO, KaK 3Ta CETh CO3NAET MPEACTARNCHME M CHOBA pa30MBACT €ro Ha co-
ctaBHbIE yacT. Ecnu B3aTh ceTb RAAM, o0y4eHHYIO NPEACTAB/IATE HEKOTOPOE
MHOXECTBO [EPEBbEB, TO 3Ty CETh MOXHO pacCMaTpuBaTh Kak 1Ba aBTOMATa:
TIEPBLI C/IOJ BECOBBIX 3HAYCHUM SBISICTCA aBTOMATOM UL CO3NAHNA NpeAcTaB-
JIeHUI1 JepeBbeB, @ BTOPOM COH BECOBBIX 3HaYeHWI — aBTOMAaTOM, GepyllMM
CO3MaHHOE TIPCACTARIEHUE W Pa3bUBAIOILMM 3TO MPEICTAB/ICHNHE Ha COCTABHBIE
yacty. ITlepBBlif aBToMaT GylZeM Ha3blBaTh K0JepoM, a BTOPOi — 0ex00epom.
IpeacraBieHne HeKOTOPO# CTPYKTYPHI B CETH RAAM mnopoxzaercs 3Ha4eHUs-
MM aKTHBHOCTH, CKPHITOrO C/iosl. B mpoliecce co3faHust NPEACTaBNIeHUs BCero Je-
pesa RAAM reHepUpyeT TIPEACTABIEHHUS U KaXIOH BHYTPEHHEH BEpLUMHDI (re.
115t Kavkaoro romnepesa). Tak, komvposanye (D N)(P(D N)) BemeT K MOSIBNIEHUIO
npencrapnenuit wist (D N) u (P(D N)), reHepupyeMbIX B IIPOLIECCE BBITOTHEHMA.
JlepeBbs ABISIOTCS PEKYPCUBHBIMU CTPYKTYPaMH, M RAAM cdopmMupyeT ux Inpen-
CTARJEHMS] HEKOTOPBIM PEKYPCHBHBIM 06Pa3oM € TOMOLIbIO OGPAaTHOM MOANMTKM
BXOIHOTO CNlosl paHee CHOPMMPOBAHHBIMU IIPEICTABJEHUSMH YacTel, MPOUCXO-
IMIeil B onpeleneHHble MOMEHTHI BpemeHM. KoauposaHue —CTPYKTYpI
(DN )(P(D N)) roka3aHo Ha puc. 8.3, a ee JeKOMPOBaHHE — Ha pUC. 8.4.
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1 2 3 4 5
A /N
A N £ A D D N

A N A A
A N A
o | A N
] .
7 8 9

P/>\ 6\ />\

D N v D
P
D N
10 g 11 12
P /<\V V/>>\
D D N D
R A N
3 " s
\%
D N P
\ D N D v
5 A N P
A N b N
1L.(AN) | 2.(A(AN)’)
3.(AA(AN))) 4.(D(A(A(AN))))
5.(P(DN)) 6.((DN)(P(DN))
7.(V(DN)) 8.(D(AN))
9.(® (D(AN))) 10.(D(AN))
HA(DN)V) 12.(V(D(AN)))

B(DON)VDAN)) 14.(V®@DN))
15.(DAN))(V(EP((DN))))

Puc. 8.1. 3t gepesss 83sTsl u3 [Pollack, 1990]. [Jepesss noxa3sisaloT CTPYKTYDY BbipaxeHus,

13 KOTOPLIX COCTOSIT NPERNOXEHNS (Mn HacTn NpeRnoXeHui ). ObpaTuTe BHUMaHue Ha 70, 4TO

MHOTYe epesbs ABNAIOTCA NOAAGDEBLAMK (T.€. YacTAMu) ADYTuX Aepesbes. Hanpumep, Aepe-

80 1 9BASIETCA YacThio Aepesa 2, a AepeBo 2 SBAAeTCH YacTbio gepesa 3. To4HO TaK Xe, fepe-

Bbs 8 n 14 asnsioTca yactamu gepesa 15 ‘
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Konep [ ‘ / [:]‘\LT‘J :
flexone, L
rofep _ /I"[\ I ’—4'

a) 6)

Puc. 8.2. ApxuTexTypa a npesCTasnser AsouyHyio ceTo RAAM, a 6 — TpouuHyio

> i ’
1. % Ha nepBoii cTaguK BekTopw, NpeacTasnsioluye cumeony D u N,
NOAAIOTCA Ha PAcCMOTPEHYE KOAMPYIOLUEH YacTh CeTH.
/ \ BLiX0ioM SIBNIRETCS “cxaroe” (Nomedaemoe anocTpodom)
[ 1 [ 1 npepcragnenue ans {DN)
D N

2. PON))
o BTopo¥ CTAMell SBNAETCH NPEbABNEHHE Ha PACCMOTPEHHE CETH

/' '\ “cxaroro” npepcrasneqns aan (DN) (co craguu 1) BMecte
C 1 C — ¢ BEXTOPHLIM NpeaCTaBneHueM ana P ¢ uentio coananus (P(DN)Y

P (DN)

TpeTueil cTaameit ABRRETCA NPebABAEHWE HA PACCMOTPEHHE

3. ((ONYPON))
E— ) ,
cet “cxaroro” npescrasnequs s (DN} (co ctagum 1) BMecTe

/' i ¢ {P(DN))’ (co cTagmy 2) ¢ uenbio CO3AAHMA CXATOro NpeCcTaBNeHHs
C——3 L1 soero sepesa— ((DN)P(DN))Y

(ONy  (PON)Y

Puc. 8.3. Koanposanne (DN)(P(DN)). OgHa n 1a Xe CeTb nokasaHa Ha TPEX PasanyHbix
CTaanaX KOAMPOBAHNS NpeACTaBNeHNA

TepmuHanpHble cumBoisl (D, A, N, V u P) npeacraBnsiorcsd B CeTH
BekTopaMK. Kak TmpaBuio, HCTONB3YIOTCS OPTOTOHANbHBIC BEKTODBI,
W B IaHHOM cJIyyae 3TO O3HA4aeT, YTO KaXIBIi CHMBOJI MpeJCTaBiseTCA
BEKTOPOM C TSTHIO 3/EMEHTaMM (IOCKOJIbKY MMEETCSl NATh CHMMBOJIOB),
M Y KaXJIOr0o U3 COOTBETCTBYIOLMX BEKTOPOB ONMH 3JIEMEHT paBeH 1, a Bce
ocTanbHbie paBHBI 0 (BCe BEKTOPHI IOMXHB ObITh Pa3HHIMH U TOJBKO
¢ oaHuM. 6uToM, paBHbiM 1). TpuMepoM noaxozsiiero Habopa BEKTOPOB
6ynyT ciaeayollne BEKTOPHI:
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L (ONy  (P(DN)y 2. D N
[ 1 ] o

, — ]
(DN)YPON))Y - ONy
. MpeacTasnesive AnA Bcero Aepesa | (DN)'coctanuui PacCMATPMBAETCA
NofIaeTCA Ha BXOfl iekoAepa 1 fiexoaupyetca ciopaB Du N
’ D N
3. { E b0 (DN)J 4. [ 1 L ]
(PDN)) - oNy

{DN)’ co cranmuu 1 paccMaTpBaeTcs
1 pexoampyetcsi ciosaBDu N

(P(DN))' co cranuy 1 paccmarpueaeTcy
1 fexopmpyercs cHosa B P u (DN)’

Puc. 8.4. flexoanposanue (DN)(P(DN))'. Onra n 13 Xe CeTb N0Ka3aHa Ha YeThipex pasnnyHbix
CTaAMAX AeKOANPOBAHHS NPELCTABNCHHS

D 10000,
N 00100,
P 00001,
A 01000,
\Y% 00010

PasMepHocTh (UMCn0 OMTOB) BEKTOPOB, NMPEACTAB/SIIOLINX CUMBObI, Ofnpe-
JensieT MUHHMANIBHOE YNCJIO 3/IEMEHTOB, cocTaBnsolux rnone RAAM. Ckphi-
Thlil /0¥, B KOHEYHOM HUTOTE, MOPOXIAET CXATOE MPEACTaBAEHHE, NOCKOJIBKY
YHCJIO 3IEMEHTOB B 3TOM CJIOE MCHBILE YUC/Ia BXOAHBIX 3ieMeHTOoB. Ho HopMa
CXATUS, KOTOpasi NIPY 3TOM MOXET ObITb NOCTUIHYTa, 3aBUCHT OT KOHKDET-
Horo HaGopa y4eOHBIX JaHHBIX, B CBSI3U C YEM MOXET BO3HHUKHYTH HeoOXoau-
MOCTb JOMONHUTb COOTBETCTBYIOLME TEPMUHAIBHBIM CUMBOJIaM BEKTOPbl HY-
namu. Hanpumep, cetb RAAM, ucnonb3yeMas Ulsi NpeAcCTaBlieHUs] AePEBLEB,
M300paxeHHbIX Ha puc. 8.1, uMena apxutextypy THna 20-10-20. Takum obpa-
30M, KaXaoe Mojie CONEPXAIO NAECATh JIEMEHTOB, a 3TO 3HAYUT, YTO BEKTOPhI
TEPMHHANBHBIX CMMBOJIOB TpeOOBaIOCh AOMOJHKUTE NAThIO HyasaMmu. [logobHo
GONBIIHHCTBY HPYrMX ceTeil, YUCNO CKDHITHIX 3JIEMCHTOB ONpCACISCTCA M3
JKCIIEpUMEHTa (B XoOlle 'KOTOpPOTO HaXOOMTCS apXWUTEKTypa, obecriednBalonuast
YAOBJIETBOPHTENIBHOE PELUCHHE 3a[a4H).
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Tlpu nekomuposaHUM TpebyeTcs MPOBEPKa, MO3BOMSIOLLAS BRIACHUTH, YEM
.ABJIIETCS TIOSBIISIIOIMUCS B IT0JI€ BBIXONHOIO ¢lios obpa3ell — TePMHUHAIbHBIM
CHMBOJIOM WM 00pa3lioM, TPeOyIOlLIMM COXpaHeHUs LI JaibpHeiiurel obpa-
GOTKM B CKpBITOM Cjioe T0 oOpaTHOii cBst3u. st TaKOM NMpPOBEPKU €CTh He-
CKOJIKO BO3MOXHOCTEH, HO B C/lyyae OPTOTOHAJIBLHBIX CHMBOJIOB MNPOLLE BCEro
TIpOBEPUTDL, OYIET JIM OAMH 3/EMEHT paBeH €IMHHIE, 3 BCe OCTaIbHbIE — HY-
mo. Ecnu Hajmyue TepMHUHANBHOTO CUMBOJIA HE nonTBépxmaeTc;I, TO BBIBOJI
MOXEeT GBITh CHOBA MPOIYLIEH Y€PE3 CKPBIThIN CIIO.

8.2.1. O6yuexne RAAM

Mpoliecc obyueHust B IaHHOM CJy4ac COOTBETCTBYET Ipolieccy oGyyeHus
N060i1 aBTOACCOLIMATUBHOIA CeTH, HO ¢ TpeGoBaHUeM BO3BpaTa BO BXOJIHOW cloi
paHee nojyyeHHoi urHbopMaimy. [IpaBuna Takoi o0paTHOM CBA3M TaKUeE Xe,
Kak IS M KOHCTPYKUMWH, oOcyxiaBuleiics Bblllle. TepMMHaNbHbIM CHMBOJNaM
COOTBETCTBYIOT  BEKTOPbI, BO BXOIHOM MHOXECTBe (PMKCUPOBaHHbIE, HO TaK Kak
BecoBble K03(hHULIMEHTH B Xoae 0OyYeHHS MOCTOSTHHO KOPPEKTUPYIOTCS, Tpel-
CTaBNEHMUS] BCeX APYIMX BEeKTOPOB JOJMXKHbI MeHSTbCA. Harpumep, CcKpbiToe
npencragnenne wig (D N) B xoge oOydeHUs U3MEHSAETCS, TaK KakK IMOCTOAHHO
MEHSIOTCA BECOBBIC 3HayeHUs. Takoe U3MeHeHUe BO MHOXECTBE yueOHBIX obpas-
110B Ha3bIBaeTcs 3ddexroM deuxcyujetics yeau. Koraa cetb NpubauxaeTcst K Touke
CXOIMMOCTH, U3MEHEHUSI TBIKYLIMXCS Liefiell CTAHOBSATCA O4eHb MAIEHbKUMMU.

Yro Kacaercs peanusaliiu ceTd RAAM, efMHCTBEHHOI AOMOIHUTEbHON
C/IOXKHOCTBIO I10 CPaBHEHMIO ¢ OObIMHBIMYM aBTOACCOUMATUBHLIMM CETAMMU
¢ 0OpaTHBIM paclpOCTPaHEHUEM OLIMGOK SBIAETCA HeoOXOAUMOCTh BO3BpaTa
paHee c(OpPMUPOBAHHBIX B CKPHITOM €l10¢ 006pa3lioB cHOBa BO BXOAHOM: CNIOiA.
DTOT BOMPOC JETKO pellaeTcs, €Cjd UCMOJb30BaTh CTPYKTYPY CTeKa JaHHbIX
IUIst XpaHeHUs nHdOpMauuKu ¢ BHYTpeHHMX y3nax. IlpeacrasieHue nocieno-
BaTeJBHOCTell ¢ roMouisio RAAM okasbiBaeTcss Haxe Gonee npocteiM. Ha-
IpUMep, TIOC/TEA0BATENBHOCTb, COOTBETCTBYIOWAs cioBy BRAIN, moxer ObITh
MpeAcTaBleHa B BUAE AepeBa, MokKasaHHoro Ha puc. 8.5. TepMUHaNbHbLIA CHUM-
Bon NIL Mcronb3yeTcss npocTo Kak npo6en. KoguposaHue HauuHaeTcs, Kak
0obOLIYHO, CHU3Y BBEpX, U B momaercss Ha pacCMOTPEHHUE JIEBOMY BXOIHOMY MO~
mo, a NIL — mpaBoMy BXogHOMY ronto. Beuay Toro, 4rto cxarble MpeicTaB-
JIEHMS TIOAAIOTCA N0 0OpaTHOIA CBSI3U TOJILKO MPaBOMY BXOIHOMY 10110, JIEBOE
M NpaBoe BXOZHbIE NOJISI (M, TAKUM 0OPa3’oM, COOTBETCTBYIOLUME BbIXONHbIC
TONI) MOTYT COHEPXaTh PAa3HOE YUCIIO NMEMEHTOB: OrpaHUUYEeHHUE 3aKIIoYaeTCs
TOJILKO B TOM, YTO CKpBITBI CJIOR M NpaBble BXOOHOE M BBIXOAHOE MO
IOJKHBI GBITH OZHOIO U TOro Xe pasMepa. [{ns1 mocneloBaTENbHOCTU HET He-
06XOIMMOCTH XpaHUTh MpPENCTABIECHUSA B CTEKE, TaK KaK paHee cXarble afe-
MEHTHI IIOJAI0TC 06paTHO BO BXOAHOIA Cioi. ‘
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A
<

B NIL

Puc. 8.5 Npeacrasnenne cnosa BRAIN 8 suge ,qepesé

Mpumep 8.1.

1. TlpomeMOHCTpuUPpYiiTe MOPSAIOK KOAMPOBAHUS U JEKOAUPOBaHUS OU-
HapHOTO JepeBa

((D (A N)) (V (P (D N)))).
2. Ilns NIpefIoXKEHHOro HUXE y4eOHOro MHOXECTBA BLISICHUTE, CKOJIb-

KO IepeBbEB HayuUTCsl MpeacTaBisTh ceTh RAAM, ecau ucnonb3o-
BaTh 3TO MHOXECTBO?

(DAAAN))))

((D N Y(P(D N))

(V(IDN))

(P(IDAN))

(DN)V)

(DN)(V(DAN)))

(DAN))V(P((DN))))
Pewenue 8.1.

1. Topsaaok koauMpoBaHus NMOKa3aH B Ta6a. 8.1, a MopsIoOK AeKOAUPO-
BaHUS — B TaG. 8.2.

2. Bechb cooTBeTcTBYIOMI HaboOp AepeBbeB MoKa3aH Ha puc. 8.1.

Tabnuya 8.1. Mopsgox xoguposanus GuHapHoro gepesa u3 npumepa 8.1

Jlesas etsb [Mpasas setab CxpeiToe npeacrasneHne

D N (D Ny

p (DNY (PON))

v (P{DNY (V(P(DN)Y

A N (ANy

D (AN) (DAN)

(D (AN)) (V(P(DN)Y ((1_3 (AN)) (V(P{DN))'
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Tabmmya 8.2, Mopsaox AexogupoBaHus GiuHapHoro epesa U3 npumepa 8.1

CxpeiToe npejcTaseHmne Jlesas setsb [pasas BeTsb
((D (AN)) (v (P (D N (D(AN)Y (V(P{ON)"
(D(AN)Y D (ANY

(ANY) A N
(V(PONYY v (P(DNY
(PON)Y P (DNY

(DNY D N

8.3. MpepncTaBnexns HeMPOHHbLIX ceTel

Apxutektypa RAAM ucnosb3yeT CTPYKTYphl MEPEMEHHOro pasMepa (t.e.
JepeBbA Pa3HOil IIMHBI) M OTOGpaxaeT UX B BEKTOPbI ¢bukcupoBaHHOA ANU-
Hbl. Takoe OTOGpaxeHHe MMEeT psill ONpPEAENEHHBIX CBOWCTB, KOTOpbIE MU
ceiiyac U pacCMOTPHM.

8.3.1. JlokanbHble 1 pacnpeaeneHHbie npeacTaBneHnus

JlokanpHoe ﬁpencrameuue BO3HMKAeT Torga, KOorga CeTh YCTPO€HA TaKUM
06pa3oM, YTO OTAEbHBIC 3JIEMEHTbl O3HAYalOT KOHKPETHBIC MOHATUS. Ha-
TIpUMep, OQMH 3JIEMEHT MOXET 0003HaYaTh “cobaka”, Apyroit — ‘‘owanp”,
TPETHIf — “KPOJNUK”, 4eTBEPThill — “BOJAK” M T.A. Ho uanie npeactaBieHUs
JUTT ONHOTO TMOHSATUSI GbiBalOT pacrnipelefeHHbIMM. Mies pacrpeneneHHOro
AIpelICTaBNEHHUS WUTIOCTPHPYETCA CXeMO Ha pUC. 8.6. PacnpeneneHHoe npen-
CTABNEHHE 1O M3BECTHOI CTENCHH OKa3biBAeTCsS TOJNEPAHTHBIM K AedeKTaM,
TaKk KaK TOBPeXJECHUE ONHOro MM HECKONbKHUX 3JEMECHTOB HE obg3aTeNIbHO
O3HAYaEeT, YTO CE€Th YTPATHT BCE IPEACTABICHHE COOTBETCTBYIOLLETO NOHATUA.
B pacripefieIeHHOM MPEACTABICHUH JIEMEHT TOJIbKO Y4acTBYeT B MpPEACTaBIIC-
HUM MOHATUS (M TaKuX 3JIEMEHTOB OOBIYHO HecKoNbKo). Koraa noHsitue
NpeCTaBJeHO B paclpe]eNEHHOM BHAE, OHO BHIIJANT Kak pacrnpee/IeHHbIA
Habop 3HaueHWit akTMBHOCTH. JleBoe Moie BXOAHBIX JIEMEHTOB B NOC/ICN0BA~
TenbHOl ceTh RAAM neiicTByeT Kak JIOKATbHOE MMpeAcTaBNeHUE B Cydae op-
TOTOHABHBIX TEPMHUHAbHBIX BEKTOPOB: TOJIKO OAWH 3JIEMEHT B TEPMUHATLHOM
BEKTOpE. MMEeT 3HauyeHue 1, FO3TOMY TONBKO OIMH 3JIEMEHT nepeiaer Bo
“BKIIOYEHHOe” cocTosiHue. CxXaTble TIpEACTaBjJIeHUSA, CO31aBacMble CKpPbITbIMH
3/leMEHTaMH, OBLIYHO OKa3bIBAIOTCS pacnpefie/icHHBIMU B TOM CMBIC]E, YTO, HA-
npuMep, ofHa GyKBa COOTBETCTBYIOLLEil CJIOBY MOC/IEN0OBATENbHOCTH TNpeacTaB-
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JISIETCS HECKONBKUMM CKPBITHIMU 3jieMeHTaMu. IS TipefcTaBIeHUs MTOHATHIA
pacrpefe/ieHHass apxXUTEKTypa oOKa3blBacTcsi Gojiee KOHOMUYHOM, 4YeM Jio-
KanbHass. Hanpumep, ceTb, UMeoLLas n IBOMYHBIX 3JIEMEHTOB, NpHU JIOKAIb- -
HOM MOAXOIe MOXET MPEACTABUTH TOMLKO n TOHSATHUI, a NPU WUCTOIb30BaHUU
pacripeleleHHOW apXUTEKTYPhl MOXHO MPEICTABUTh NOPSAKA 2" IMOHSATHM.

®)

~rmmmmee o’

-------------------- OxBaTHBaeT ANeMEHTH, YHaCTBYIoLME B NOHATUM “cobaka”
——————————— OXBaTLIBAET 3NEMEHTH, YYACTBYIOLIME B NOHSTUM “BONK”

OxBaTLBAET ANEMEHTH, YYaCTBYIOWNE B NOHATUM “KPONKK”

@ 3NEMEHT, YYacTBYIOWMHA B NOHATUAX “coaka”,
“BONK” 1 “kponuK”

© 3neMeHT, y4acTBYIOLLMiA B noHsiTusix “cobaka” u “sonk”

® ONeMEHT, YHacTBYIOWMMA B NOHSTUSIX “BONK” U “KponuK”

Puc. 8.6. lpu pacnpeneneHHOM NPEACTABNEHNN 3NEMEHTbI y4acT-
BYIOT B NPEACTABACHUM HECKONbKUX MOHATHHA, 8 NOHATUS NPEACTaB-
NIAOTCA HECKONLKUMM INEMEHTaMU

HekoTopble NMpeICTABICHUST OKa3biBAalOTCA He BMOJHE pacrnpele/ieHHbIMU.
Hanpumep, Ansi MpedCTaBJIEHUS TNOHATHS MOXHO MCIIOb30BaTh [BOMYHBII
BEKTOP, B KOTOPOM KaX/bli OMT O3Ha4aeT NMPUCYTCTBUE WU OTCYTCTBUE ONpe-
nenerHoro npusHaka. Tak, mist nonsaTus COBAKA otaensHble OuTbl MOTYT
NpEeACTABAATL MPM3HAKYM THMA “UMeeT XBOCT”, “TIOOUT KOCTU” M T.I. Mpu Ta-
Kol hopMe IpPEACTABICHUST KaXI0€ MOHSATUE MPENCTARNAETCA HECKONbKMMU
3JIEMEHTAMU, HO KaXAblH 2JIEMEHT MPEACTaBISET TONBKO OJMH IPU3HAK.

PacnpeneneHHble NpPeACTABICHMsT BCe XK€ MMEIOT M HEKOTOpble HeNocTarT-
ku. [peanonoxum, uTo HeilpoHHast ceTb OOyuaeTcs NMPUHUMATL peLIEHHE
0 TOM, KOMY MOXHO JaTh pa3pelileHHe Ha Bbliauy GaHKoBckoro kpeanta. CeTb
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MOXeT 6LITh 0Oy4yeHa Ha TaKHMX MPU3HAKAaX, KaK, HallpMMep, YPOBEHb IOXOAOB,
TeKyllasi CTOMMOCTb MMEIOUIMXCSL LIEHHBIX OyMar, MMYIUECTBEHHbIE AKTHMBbI,
exeMecsidHbIe PacXolbl, LIMTeNbHOCTL paborhl ¢ GaHKoM M T.1. B Hauem
pacTIOpSXEHHH MMeeTCst OrpoMHasi 6a3a JaHHBIX MPEAbIAYILUX 3aiMOB, U 3Ta
Ga3a JaHHBIX BKJIIOYAET MHOXECTBO JOMXKHUKOB, KOTOpLIE He BbINOIAHWIN
cBoM obst3atenbetBa. CeTh obyuyaeTcst W xopowo paboraeT ¢ GompbuMM Habo-
pPOM TecTOBBIX IaHHbIX. [locne 3Tore Mbl 3afaeMcsi BOIPOCOM: KaKoe 3HaHHUE
HCIIONB3YeT ceTh NpM NpUHATUM petieHUss? HMudopmauus o6 sToM MOXeET
0Ka3aThkCsI BECbMa I10JIE3HOM, MOCKONBKY Mbl MOXEM HayYUThCS Y CETH HeMY-
HUOY/b HOBOMY M, YTO Ha caMoM feiie Gofiee BaXHO, Mbl CMOXeM Gonblie 10-
BEPATH CMIOCOOHOCTH CETH BHITONHUTD 3a/a4y, €C/IM BbIICHMM, KaK OCYIUECTB-
nsieTcsl BeiOop. YToOBI BRIICHUTH, KAKME 3HAHUS MCTIONB3YIOTCS [UIST MPUHATHA
peleHUs,, HaM HeobXomMMO 3HaTh, KaK CETh NpeACTaBIseT MHGPOPMAaLUIo,
a JUIS 3TOTO, B CBOIO OYepelb, HYXHO 3HaTb, YTO NPEICTABJISIOT OTAENbHbIE
3JIEMEHTHI U BecoBble 3HayeHUst. OTBETUTbL Ha 3TH BOIPOChI B CJIyyae KUCMONb-
30BaHMA paclpene/ieHHBIX NpeJcTaBIeHUR He BCeraa rnpocro.

8.3.2. MpocTpaHCcTBEHHOE COXpaHeHue CTPYKTYpb!

OGpaboTKa CTPYKTYD NepeMeHHOM JUTMHBI C MOMOLIBIO CETH (PUKCUPOBaH-
HBIX pa3sMepoB SIBNSETCS JUI KOHHEKUMOHNCTOB NpobieMOil HETPUBHANBHOH.
B 6ymylieM 60bIIMHCTBO BBIYHCIAMTENBHBIX CHCTEM Ha OCHOBE He#pOHHBIX
ceTeil JOMKHO MMETh MOAYAbHYIO apXMTEKTYpy, Ile OHa ceTb Ho/kHa 6yner
COOBIUATLCA C APYTOil CETHIO, a MOCTPOEHKE CHCTEM Ha OCHOBE MHTEPGhENCOB,
TMpeATIoNaraoIMX 06MeH NaHHBIMM (PUKCHPOBaHHBIX Pa3MEpPOB, MOXET YNpO-
CTHTb 3ajayy. KpoMe Toro, ecnu Bce NPEeACTABAEHUs JH0/KHBL ObITh ONHOM 1LUU-
PUHEL, TO COOTBETCTBYIOILUE TIOHSTHS MOXHO OYAET MPOBEPATh Ha CXOACTRO.

Cetb RAAM oT00OpaxkaeT CHUMBOJIBHYIO CTPYKTYPY B MNPOCTPAHCTBEHHOE
TIpEACTAaBIEHUE B TOM CMbIC/IE, YTO n 3HAYEHMI aKTHMBHOCTH CKPBITHIX 3JIEMEH-
TOB JIEXAaT B n-MepHOM IpocTpaHcTBe. CUMBOJBHbIE CTPYKTYPbl KOMITOHYIOTCS
C TIOMOLIbIO KOHKaTEHAUWK COCTaB/MIOMX. [IpocThIM TNMpUMEPOM  SIBJSICTCS
cnoso BRAIN, KoTopoe KOMIOHYeTCsE KaK KOHKaTEHALIWsI BXOASILUMX B HEro OT-
IenbHbIX OykB. Bektophoe npeactasineHue ciosa BRAIN moxer 6biTh nomyye-
HO C TOMOLUBIO KOHKaTeHAIMM TepMUHATBHBIX KOIoB. Hanpumep, ucnonbys 5-
6uTOBbIe Konbl Asl 6yKB, cnoso BRAIN MoxHo npeacraButh kak ‘10000 01000
00100 00010 00001’. KoHkaTeHalMsi ABOMYHBIX KOAOB WIS MOCTPOCHUS Nped-
CTaBJIeHUIl HEMPOHHBIX ceTeit OKa3blBaeTCsl HOBOJIBLHO HeyloOHOM: cjioBaM pas-
HOI1 [UTMHBI BYIYT COOTBETCTBOBATL BEKTOPbI Pa3HOM IUTMHBI, €CJIM UX HE JOIOIN-
HATH JIOCTATOYHBIM KOJMYecTBOM Hyneil. [lpu npeiactaBieHUM ¢ ITOMOIUBIO NO-
ClelOBaTe/IbHOM KOHKATeHALMM OMHApHBIX [epeBbeB WU JepeBbeB Oolee
BBICOKOHM BaJIEHTHOCTU MOXET TEPAThCS BaXHas WHGOpPMallMs, BBUIY TOro, 4TO
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MpY 3TOM yTpauuBaeTcs MH(popMauusa o6 OTHOCUTENLHOM TONOXEHWM Mollie-
peBbeB. Hanpumep, npu o6paboTke AepeBbeB OT BEPIUMHBE K OCHOBAHUIO
u (V(DN)), u ((D N) V) npu xonkateHauuu magyt ‘DNV’. Moxno u3bexarb
3TOro, YKa3aB B BEKTOpE IMONOXEHHE KaXAOH BEPLIMHDBI JcpeBa, HO 3TOT METOJ
OKa3bIBaeTCsl JOBOJILHO rpoMo3akuM. CeTb RAAM KOMOWHMpYET IpelcTaBic-
Hust GYHKLUMOHANBHBEIM MeTonoM. Kozrep MOXHO MHTEpNpeTUpOBaTh KaK peKyp-
CHBHO Bbi3biBaeMyio ¢yHkumo. Popmuposanue cnosa BRAIN torma 6Gyner
peirnsaetsh, Kak f{N f(I f(A f(R f(B NIL))))), rxe f(x) obo3HayaeT KOAMPOBaAHUE
B cetd RAAM. Tlpu ucnonb3oBaHMM (GYHKLMOHANLHOrO BUIa OTOOpaXeHHUs
MOAAEPEBb ¥ BCE JIEPEBO B LIEJIOM HAKIIANLIBAIOTCH OJHO Ha APYTOe.

CrpyKTypa AepeBbeB Ha puc. 8.1 ynpapisiercsi npaBWlaMi TpaMMAaTHKH Bbl-
paxXeHMil. DTW TNpaBUNa JalOT SBHbIE 3HAHMSA, YKA3bIBAIOLUME IOMYCTUMBIE
CTPYKTYPBI BbIpaXEHMIt X UX B3aMMHBIC CBS3M, HO 3TM 3HAHUS CTAHOBATCA Me-
Hee SIBHLIMU (WM HesiBHBIMU) B Cilydae AepeBbeB. Harpumep, ecnay Bac npocst
pa3buTh AepeBbS HA PYIIibl, BbI MOXETE MCIOb30BaTh WIS 3TOTO pa3Hble KpU-
TEpUM, TaKHe KaK JUTMHA JepeBa, YUc/o OBLUYX MOATEPEBbEB WM YUCIIO TEPMHU-
HAIBHBIX CUMBOJIOB KaK Mepy JUTHHBI JepeBa U T.4. 3afaya rpyrnrvpoBaHUs He-
TPUBHAIbHA, HO CYLUECTBYET eule SIBHOE IPYMIUpOBaHue, ornpelesieMoe npasu-
AaMM IpaMMAaTHKM: OIHM JepeBbs MoOMajaloT B rpynmy S (sentence —
npeUioxXeHKe), apyrue xe — B rpynnsl NP (noun phrase — uMeHHas rpynmna),
VP (verb phrase — rnaronbHas rpynmna), PP (preposition phrase — npemioxHas
rpynna) U AP (adjective phrase -— rpynna npunararensHoro). OHO MpaBwio IS
OLIEHKH CXOJICTBA MOXET CAENaTh 3aaqy TPYMIHPOBAHMS TPUBUANIBLHOI — TpHUMe-
POM SIBISIETCSE TPYIIITMPOBAHUE CTOB, OCHOBAHHOE HAa MX UTHHE (YMUCIIE CUMBOJIOB).
HecKonbKo MpaBW VIS OLIEHKUM CXOACTBA MOXET TIOPOXKIATh MPOG/IeMbl, TaK Kak
B pe3y/ibTare JeNaeTcsd AOMNbITKA MapaUleNbHO YIORIETBOPUTE HECKOVIBKO KOHKY-
pupylolux orpaHnyerunit. IlpocTpaHcTBEHHOE MpeACTaBNeHHE CTPYKTYpbI JefaeT
3aja4yy TPYIIIMPOBAHMS 110 CXOICTBY Oonee MPOCTOil, TAK KAaK OKa3blBaeTcs BO3-
MOXHBIM NMPHOGErHyTh K MPYNITAPOBAHUIO, OCHOBAHHOMY Ha METpHMKE THUMa €BKIU-
JoBa pacctosHusa (cM. masy 3). OnHako, i TOro, YToObl PYTIITKPOBAHUE UMENO
CMBIC/, MBI JIOJDKHBI OfIMpaTLCS Ha NpPOCTPAHCTBEHHOE MpelcTaBleHKE, Hecyllee
B cebe HEKOTOpYIO TNoNe3Hyo HHdopMaLMIo o cTpykType. K cuactsio, cetb RAAM
TeHEpUpYET TIPEACTARIEHMSI, COXPAHSIOLIME CTPYKTYpHyIo HHbopmauuio. Ha
puc. 8.7 uzobpaxeHa Hepapxudeckast KiacTepHas IuarpaMMa IpeAcTaBleHKH,
TeHEPUPYEMBIX C MCIIO/Ib30BAHMEM [EpeBbEB, TOKa3aHHBIX Ha puc. 8.1. Btu
MPOCTPAHCTBEHHbIE MpencTaBieHUst ObUIM  TONYYeHBI C TIOMOUIBIO  CETH
(S)RAAM (cm. [Callan, Palmer-Brown, 1977]), kotopasi ABISETCH MaTeMaTHye-
ckoit Moaenbio ceTd RAAM, Ho U oObluHas cetb RAAM nopoxaaer nonobHoe
rpynnuposaHue (cM. [Pollack, 1990]). KnacrepHast anarpaMma I1okasbiBaeT, YTo
MOYTH BCE AepeBbst (KpOME ONHOro) MoMajaloT B OnpelefeHHYIO KaTeropuio
B COOTBETCTBMH C IIPABUIOM BbIpAXEHHS, KOTOPOMY COOTBETCTBYET IEPEBO.
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P(DN)

pogyl PP
V(ON)) .
V(D(AN»H w J
V(B(DN))

D(A(A(
D(AN) ANW NP (
(DN)V
(DN)(V(DXAN) I —————l
ND)

(DAN))(V(P(D
A(AN)
A(A(AN))D AP

(DN)(P(DN)NP ‘—‘—‘*——_]

Puc. 8.7. KnactepHas amarpamma nipegcrasnenuii cetn (S)RAAM ans Aepesses CHHTaKCH'e-
CKOro aHanuaa

Kractepnzauusa Ha puc. 8.7 MOXET BbIMISIAETh HECKOJIBKO ciay4aiiHoi, HO
B o61ieM cetb RAAM obecrieynBaeT 0ToOpaxXeHUE CTPYKTYP B BEKTODbI uk-
CHPOBaHHOM MUTMHBI, B HEKOTOPOM CMBbICTIE COXpaHsIoLlee CXOACTBO.

[IpocTpaHCTBEHHOE MpeACTaBlIeHNE CTPYKTYD WHTYUTHBHO TOJE3HO. Hns
TOro yTobBl M36eXaTh XpaHEHMS HECKOJbKUX KOMUI OJHOro M TOrO Xe 3Ha-
HUS U 0BecrieunTh N0KA3aTebCTBO 110 YMONYAHUIO B Cjlydae OTCYTCTBHMSA HYX-
HOM MHMOPMALIMM, KaK MHXEHEPbl MTPOrPaMMHOr0 00eCMeueHHMs, Tak U Npak-
TUKYIOLIME CHELMANUCTEL M0 HCKYCCTBEHHOMY MHTEIUIEKTY WCMONBL3YIOT TEX-
HUKY HAacnedCTBEHHOCTH.  HacnelncTBeHHOCTE MOXET MOpOXIaTh nipobnembt
B HEKOTOPBIX MCIJIIOUMTENBHBIX CUTYaUMWsX (HanpuMep, CTpayC He HacielyeT
npu3HaK “yMeeT JieTath’ OT Kijacca NTHL) M HEOXHO3HAYHOCTb, Korja He-
CKOJIBKO POIMTEABCKMX DJEMEHTOB MMEIOT OJIHO U TO XE CBOWCTBO (oT Kakoro
U3 poauTesieil Toraa HacjieJlyeTcsl COOTBETCTBYIOLUEE cBoiicTo?). ins paspe-
HIEHUST TAKUX TPOBIEMHBIX CUTYallMi MOXHO BBOAWTH JONONHMUTEIbHBIC 1Ipa-
BWIA, HO MO ONpeaeNeHHbIM NIPUYHHaM (CXOLHBIM C npoGjieMaMy BbISICHEHUS
Hoxo6ust) ST MpaBMJIa MOTYT OKAa3aThCA YPE3MEPHO OTPaHHUMTENBHBIMU U3~
33 CMMBOJIbHO TIpMpOnbl GopMaTn3Ma MoOJiefieil, UCMONB3YIOLIMX HaCneACT-
BEHHOCTb. TTONBITKY TpeofosieTh npobiemst B ceTax RAAM, cBsi3aHHbIE C nC-
KHOUUTEIbHLIMY  CUTYAUMSAMKM UM HEONHO3HAYHOCTBIO, TPEANPUHUMATUCH
B [Boden, 1996]. IpewioxXeHH bl B yKasaHHOW paboTe MOAXOA OMMPACTCA Ha
TIPOCTPAHCTBEHHBIE MPEACTABNCHMUS acCOLMaLNi 0OBEKTOB.

CrpykTypa nepefaercs ceTH RAAM nyTeM cOIIacoOBaHUSt BpEMEHH Tpelh-
ABJEHUA TIONLEPEBbEB BXOAHOMY cnolo. MoxXHo 6buUio ObI BO3pa3UTh, 4TO
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CTPYKTYPBI JOJDKHBI BO3HMKATb KaKUM-TO GoJiee eCTeCTBEHHBIM OOpa3oM. Ha-
NpUMep, NPU BOCTIPUSTHH PEUN FOBOPALIEFO HalMM OPTraHbl YYBCTB BBHUACISIOT
MOC/IENOBATEIBHOCTH CJIOB, He MMEIOHIME SIBHBIX SIPJILIKOB CTPYKTYPBI BbIpa-
XEHUST WAy Kateropusauuu cioB. B [Elman, 1990] 6puro nponeMoHCTpHPOBa-
HO, YTO UEpapXHyecKas. KATETOPU3aLMs MOXET BO3HUKATh U3 MOCIEN0BATEIb~
HocTH. B olHOM M3 cBoux 3KcriepuMeHToB DnamaH (Elman) ucnons3osan npo-
CTYIO peKyppeHTHYIo ceTh (ceTb SRN, cM. rnaBy 5), ¢ MOMOLIbIO KOTOpOil U3
TNOpSIIKA COB JOMKHBI GBUIM BBISBIATHCS JieKCHueckue Kiacchl. list cosna-
Hust 10000 OByx- M TPExXcNOBHBIX $peiiMOB NpeLIOXEHHId HCMONb30BATUCDH
wabsnonsl. [Ipumep dpeiiMa, nokasaHHBIA Ha puc. 8.8, reHepupyer npeuno-
XKEHUS U3 TPeX CNOB — Hampumep, “man see woman” (T.e. “MyX4YMHa BUIMT
KeHIUUHy”). Kaxaoe cnoBo komupopanioch Kak 31-GHTOBBIA BEKTOp U HUMeE-
jock 150 KOHTEKCTHBIX 2MeMeHTOB. Bce paccmaTpuBaBiuuecs: 27534 crosa,
comepxXalirecst B 10000 nipeaioxeHusiX, 66U CBA3aHbL KOHKaTeHaUMEH, B pe-
3yAbTaTe yero Gbul cosgaH ofuH (27534 x 31)-GUTOBBIA BEKTOP. Kaxnoe cno-
BO MoJaBaioch BO BXOHXHOI cinoit ceth SRN BMecTe ¢ MpelblaIylIMM KOHTEK-
cToM, a 3ajayedl ceTu 6bUIO MpPENCKA3AHME CICAYIOWIEro ¢JIoBa TOCAEN0Ba-
tenpHocT. CeTb obyyanach B TeYeHHE LIECTH  TMOJHBIX  HHKIOB
IOC/IeI0BATENBHOCTH, TTOC/E YEro BECOBbE 3HAUESHMS GbLIH 3aMOPOXEHbI (T.C.
HUKakoro obyyeHmst Gosblle He npoBomuiock). IlocnenoBatenbHOCTb Gbula
MpOMNyLIEHa Yepe3 CeTh ellle ONHH Pa3, M BCe 3HAYCHWS AKTUBHOCTH CKPBITBIX
371eMEHTOB ObUTH coxpaHeHbl. Kaxnoe cloBo Mocaen0BaTeNbHOCTH TUIIOC KOH-
TekcT (27534 enuHui) Gbinn npeacTapicHbl 150-MepHBIMN BEKTOPAMM. U xors
Ha caMOM JAeJie MMEJIOCh TOMbKO 29 YHHKaJbHBIX CIIOB, OXHAANOCh, YTO BCE
27534 BeKTOpa OKaXYTCsl YHUKAIbHBIMU BBUIY TOTO, YTO OHW KOMOHMHMPOBA-
JIMCh ¢ KOHTEKCTHON MH(popmauumeih. CyMMapHbIii BEKTOP KaXIO0ro cJoBa Bbl-
YUCHAJICS C MOMOLILIO BCEX CKPBITHIX BEKTOPOB, aKTUBM3MPOBAHHBIX COOTBET-
CTBYIOLUUM C/IOBOM (BMECTE C KOHTEKCTOM). DTH BEKTOpbI 3aTeM Gbian crpyn-
MUpPOBaHBI HA  OCHOBE  WMCMOJNb30OBAHUA  MEPApXUYECKOW  TEXHUKH
Knactepusauuu. Kiactepusauust nokasana INPOCTPAHCTBEHHOE pasienieHne
IIaTONOB M CYLLECTBUTEIbHBIX, a TAKXKE BbISIBUJIA MEPAPXHYECKOe pasMEILIEHUe
KaTeropMii c/ios, KaK 1okasaHo Ha puc. 8.9 n 8.10.

NOUN-HUM VERB-TRAN NOUN-HUM
/N /N /N
man woman see chase manv worman

Puc. 8.8. LLIa6noH ana reHepuposanus npeanoxexuii u3 Tpex cnos (NOUN oawayaer cywecr-
sutensHoe, a VERB — rnaron)

[peacrasnexus HEAPOHHBIX CETEH 231



XuBOTHblE

OgyuiesnexHble

CyuwecTsuTenshbie

HeonywesnenHsle

Puc. 8.9. ABCTpakTHas cxema KnacTepHoii auarpamMsl. Bce npescTasneHis SBnsioTCs CylecTam-
TE/bHBIMY: XMBOTHBIE U JIOLM SBSIOTCS OLYIIEBACHHLIMM, NULLA 1 NOCYAA — HEORYEBNEHHbIMH

CYWECTBUTENBHBE
/ \\\
OOYWEBNEHHLIE HEOAYWWEBNEHHBLIE
XWBOTHBHIE Jioan NALLA NOCYOA

Puc. 8.10. Crpyxtypa, oTobpaxalowas NpoCTPaHCTBEHHOE pasMeleHne UMeH
CYLLECTBUTENbHBIX, [10]y4EHHAA B PE3yNbTATE KAACTEPU3ALIMM 3HAYEHNA aKTuB-
HOCTHM CKPBITHIX 3NEMEHTOB NPOCTON PeKyppeHTHOM cetu. Vepapxus sensetcs
HEsBHOM B TOM CMBICTIE, 4TO Kaxabiil ypoBeHb 3TOW uepapxuu onpesensercs
MPOCTPAHCTBEHHOA BAN30CTHI0

3lech CYLLECTBYET OMACHOCTh CAMLIKOM YBJIEUbCS COXpAaHEHMEM CTPYKTYP
B NPOCTPAHCTBEHHOM TpPEACTABACHUU: MONOOHBIE CTPYKTYpbl B KOHEYHOM
WTOre pa3MellaloTCs B PacHoIOKEHHbIX psAaoM obsacTsix npocTpaHcTBa. PaHee
yxe ObUI0 OTMEYEHO, YTO BbISICHEHUE MOAOOUA CUMBOJNBHBIX CTPYKTYP MOXET
0OKa3aTbCsT HEMPOCThbIM AesioM. Ho 3aaya cTaHOBHUTCS COBCEM CIIOXKHOM, KOTaa
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JUIS OLICHKM CXOJICTBa -BooOlle HeT KpuTepues. Hampumep, coBceM IpocTo
YBUIIETh, COOTBETCTBYIOT JIK [Ba  JIOTHYECKUX YTBEPXIEHUSA  (opMe
“BpIpaxeHue A Bolpaxenune”. Takue ¢GoOpMbl MLIYTCS WIS Toro, 4rolbl cka-
3aTh, GYIYT M IPUMEHMMBI K JaHHOMY YTBEPXXICHHUIO Npapunia npeobpa3oBa-
HHA WY [IpaBuia BhiBoJa. B 2TOM cMblcie BbIACHEHHE CXOACTBA OKAa3bIBACTCS
[IPOCTBIM JA€JIOM, ITOCKOJIBKY CHMBOJIBHBIE CTPYKTYPhl CO3JAIOTCH € MOMOLIBIO
KOHKaTeHallUH 3JIEMeHTApPHBIX CTPYKTYp (aToMOB). B cilydae YMCNOBBIX BEKTO-
pOB Mephbl CXOACTBAa OKA3bIBAIOTCS IPOCTBIMU M3-3a TOTO, YTO Mbl MOXEM OlLle-
HUBaTh CXOJCTBO IO €BKJIMAOBY paccTosiHuoo. OIHAKO UCIOIb30BAHKE CBKIN-
ZIOBOM METPUKH, CKaxXeM JUTsS KlacTepu3alluM, OKa3hIBAETCS MPU OLIEHKE CXOJ-
CTBa CTPYKTYp TIONE3HBIM TOJBKO TOIJa, KOIJa BEKTOp, B KOTOPHIN
OTOBpaKaeTCa CTPYKTypa, coxpaHsieT HbopMaLnio 06 3Toil cTpyktype. OTHO-
CHTE/IbHOE MPOCTPaHCTBEHHOE pa3MellieHne npexncrasiecHuii ceTn RAAM mo-
XeT, HalpuUMep, CYHIECTBEHHO M3MEHUTHCS TPU UCMOIb3OBAHMMW Ul TEPMM-
HaJbHbIX CUMBOJIOB CJIVHaliHbIX BeKTOpoB. [1oaToMy OOLIYHO TEPMUHAIbHBIM
CHMBOJIaM Ha3HayaloTCsl OpTOroHajibHble BeKTOpbl OMTOB. Bonpockl, paccMoT-
peHHble B [aHHOM pasfene, MoZpoGHO paccMmaTpuBanuch B [Sharkey,
Jackson, 1995]. Mbl 31ech MOXEM TONbKO OTMETMTb, YTO OOLIYHO B CETSAX
tuna RAAM MMmeeTca BO3MOXHOCTbH MONYYUTh IMPEACTABIEHUA, KOTOpPbIE
B pe3yJIbTaTe MX KAacTepu3alMW TPOSIBAT ONpeleseHHbIE XapaKTepUCTUKH
JaHHBIX (HampUMep, rpyNnuMpys UX Kak CYLIeCTBUTENbHbIE, TNaroib U T.A.
MW TPYTIITUPYS MX 1O 3HAUEHUSIM).

8.3.3. KonTekcr

HeiipoHHble ceTH, pacrpelefsiolliie ¥ HaKIalbiBalolWe MPeaCTaBlIeHNs,
o0ecreuynBalT KOHTEKCT — CBOMCTBO, KOTOpPOE€ MHOTMe€ KOHHEKLWOHWUCTDI
MPOBO3MIALIAIOT INIABHBIM Y Hanbojiee BaXHbIM MPEUMYLIECTBOM KOHHEKIINO-
HuaMa. TTpelnonoxmnm, 4to BaM HUKOTAA HE BCTPEYaNoCh CJIOBOCOYETAHME
“MaJIOYKH INs eabl”, ¥ B HEKOTOPOM TEKCTE BaM Monajaercd Ha rijasa npel-
noxeHve “UM noaaaM LUMNWHAT C rnajoykaMu s eabi”. Bbl He 3HaeTe, 4TO
Takoe “MajJloyky 1A eibl”, HO Ha 3TOH CTaAuM Bbl MOXETE MPEITIONIOXKUTD,
YTO 3TO WIM 4TO-TO CheloGHOE, MIM, BO3IMOXHO, MPUHALIEXHOCTH IS
npuema muuu. ITozxe Bol untaere: “Ilasouku juig eabl BMecTe ¢ OCTATbHBIMU
KYXOHHBIMM Npu6opaMu MOMECTHIM B MTOCYAOMOEYHYIO MaliMHy”. B pe3ynb-
TaTe Balla WHTEPNpeTauysi “rajaovek s elbl” TIepeMECTUTCSE OT BO3MOXHOM
WHTepnpeTallMy UX KaK Buia oBolleit K 6onee BEPOATHO! MHTepIpeTalUMH KX
KaK MPUHAIIEXHOCTH IS TIpMEMa MULUN — TaKoi BbIBOJ OKa3aics BO3MOX-
HbIM BBHIY TOTO, YTO Bbl 3HAETE, YTO TAKOE “JIOXKKA” W “BuiKa”, a “nanoykm
IUIST enbl” OKA3AINCh B TOM Xe KOHTeKcTe. DnmaH (Elman) ripoaeMoHCTpUpo-
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Bajl 3TOT TUIl KOHLENTYalILHOTO BHIBOJA B 3KCHEPUMEHTE, OMUCAHHOM BBILIE,
Korna Bo Bcex 10000 npeanoxeHusx DjMaH 3aMeHWI CJIOBO “man” (YeJoBeK)
cloBoM “zog” (OTCYTCTBYIOIUMM B CJoBape) W Modal 3TH BHIAOM3MEHEHHBIE
NPEJUTOXEHNS] HA PaCCMOTPEHHe paHee oOyueHHOI CeTH, CNoBO “zog” ToKa3a-
JIO T€ Xe€ MPOCTPaHCTBEHHBIE CBSI3M, YTO M CJIOBO “man”.

PaccmatpuBaeMplii HAMU THUI HEWPOHHONM CETU IMOPOXIAET pasHBIE TIpeli-
CTaBJIEHNs1 VI OJHOIO M TOro e CJIOBa, MOSBISTIOIErocss B Pa3HOM KOHTEK-
cre. Hanpumep, “avMoHax” B BbipaxXeHMM “OaHOYHEBIA JIMMOHan” OymeT
MMETh NPEACTaBJICHME, OTIMYHOEC OT €ro TIPEACTaBAeHUS B BbIpAXEHHH
“OYTHUIOYHBIN TUMOHAA”. 3TO KaxeTcsi HEYAOOHBIM, IIOCKOJLKY CaMoO C/OBO
B CUMBOJILHOM [€4aTHOM BMJE BBICTYIIAeT KaK (pyKcHUpOBaHHbIN obpa3, He 3a-
BUCSLIMI OT KOHTEeKCTa (€cnm He IMPUHMMATh BO BHHUMAHHE pa3Tu4Ms
B wipudTe win pasmepax). KoHTekcTHas 3aBUCUMOCTb TIPEACTaBACHHIA CTaBUT
nepea KOHHEKIIMOHUCTAMM TPYAHblE NpoOGNeMBbl NPH MONBITKaX BHIONHCHUS
BBIYMCIIEHMI oNpefieSIEcHHOro TUNa (HanpuMep, Mpy pealiM3alii CTPYKTYPHO-
CEHCUTHBHBIX NPOLIECCOB; CM. TAKKE IIPUMEPHI, O KOTOPLIX peyb TOWAET HU-
xe). OnHako 3To CBOMCTBO KaXeTcs ToJie3HbIM. BosBpallasicb K NpuUMepy
¢ 6yTHIIKOI/6aHKOI1 JIMMOHALA, 3aMETUM, YTO XOTS “JIMMOHaA” M ocTaeTcs
OIHOI M Toit Xe MPOo3pauHoil XUIKOCTHIO H B OYTBUIKE, M B BaHKe, HEKOTO-
pble 3HAaTOKH MOIYT 3aMeyarb Pa3HULly BO BKyC€ B 3aBHCMMOCTH OT TOIO,
B KaKyI0 YIMAKOBKY 3Ta XWIKOCTb pa3nnTa. Mbl HOJXHBI OXWAATb, UTO Tpen-
CTABIEHUST “TIOHATHIl JIMMOHAJIA” OKaXyTcsi OuYeHb OJIM3KMMM B CeMaHTHYE-
CKOM NPOCTPaHCTBE, HO He B TOMHOCTH OAMHAKOBBIMM, 4TOOBI pasHULA B 3a-
BUCHMOCTH OT KOHTEKCTa 0Ka3ajiach BIOJIHE Pa3yMHOM.

B [Kohonen, 1990] 6bu10 nMpoaeMOHCTPUPOBAHO TEHEPHPOBAHHE CEMAHTH-
4YecKOil KapThl CJIOB C ITOMOILBIO CaMOOPraHU3yIoOIEHCs KapThl TPU3HAKOB
(cM. raaBy 3). C MOMOINBIO MeTO/la, B HEKOTOPOM CMbIC/IE MOLOOHOIro METORY
Dimana, KoxoHeH ¢ noMouiblo wabjaoHa nojayyunt Habop TPEXCIOBHBIX Mpe-
JloxeHui (cM. pasnen 8.3.2). IlpewioxeHuss oObeAUHANNCh KOHKaTeHaLMEN,
M KOHTEKCT JUBI KaXIOro CJIoBa ONpeesisvics ¢ MOMOLLBIO YCPEAHEHMS IO BCEM
CJIOBaM, HENOCPEACTBEHHO MNPEIILICCTBYIOLUNUM JaHHOMY CJIOBY U CJIEAYIOLUMM 3a
HMM. BekTop Kaxmoro cioBa NoJyyasicsl B pe3y/lbTaTe KOHKaTeHallMH Kola BEK-
Topa €JIoBa M GJIM3/IEXAllero KOHTEKCTHOTO BEKTOpa (HEKOTOpBbIC HETAIN 3TOrOo
NpoLEcca 3AECh OMYCKAloTes1). 3aTeM BEKTOP-PE3Y/ILTAT UCITONB30BAJICS WIS 06y-
YeHUs] cCaMOOpraHM3yIollleiica KapThl npu3HakoB. [lonyqaemass ceMaHTHYecKas
KapTa nokasaja pasfiejicHMe CJIOB Ha CyLUECTBUTEJbHBIE, TJIarojiki M Hapeyus,
a TakXe JanbHEHLIYIO CEMAHTHYECKYIO OPraHHU3alMIO BHYTPU 3THUX PETHOHOB.
KoxoHeH oTMewaeT: “Mbl SICHO BMAMM, YTO KOHTEKCT “3acTaBisieT” cloBap-
HBI€ 3JIEMEHTB! 3alIOMHHATh MO3MIIMU, B KOTOPBIX HMX pa3MELUEHUE OTpaxaer
KakK I'paMMaTHYeCKHe, TaK U CEMaHTUYECKHE CBA3N”.
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8.3.4. CuMBONbHOE NpeacTaBsienne u npeacTasneHne
HepPOHHbIX ceTeit

CHMBOJTbI MPOU3BOJIbHBI B TOM CMBICIIC, YTO OJMH CHMBOJI MOXET ObITh 3ame-
HeH JpyruM. Ecay Mbl B HEKOTOPOM TEKCTE CJIOBO TABJIVMLIA 3ameHHUM C0BOM
ALIWJIBAT, uutateib MOXET CHECTb TEKCT HEMHOTO HEYIOOHBIM NSt BOCIIPUSATHS,
HO Bee ellie JocTynHbiM g noHuMatust. Cumpont TABJIMLIA cesutaerca Ha 00b-
€KTbI, OMBIT PaBOTHI C KOTOPbIMM YUTATENb UMEET, M TIPOCTOE U3MEHCHHE METKH
Ha ALIMJIBAT Ha 3T0T onbIT He NoBuser. CHMBOJIb SIBMSTIOTCS MPOCTO METKAMU
M BOCTIPMHMMAIOTCS KaK MPENCTABIEHUST TONLKO TOIMA, KOTAA UCTIONL3YIOTCH Ha-
GimonaTeNieM, MMEIOIMM NPUOGpPETEHHBIE (HAa OCHOBE OMBITA) 3HAHUSI O TOM, Ha
4TO CChUIAETCS KOHKPETHBI CMMBOJ. JIpyTMMM CJIOBaMH, CHUMBOJIBI €CTb HUUTO
6e3 ux TBOpLOB. CUMBONBI SIBASIOTCS JAMCKPETHBIMM CYLIHOCTAMH W TO, Ha YTO
OHM CCHUTAIOTCS, MHOLIA 3aBUCMT OT MMEIoLUerocsi psiom Tekcra. Harpumep,
“yxon” B MpPEUIOXEHUIX “Yxon 3a HOBOPOXIEHHBIM” (3a60Ta) M “YXo apTHCTa
co cueHsl” (oMnpeneneHHoe JeWCTBUE) SBIAETC IMCKPETHBIM CHMBOJIOM, HO pe-
[LieHMe O TOM, KAKOMY M3 TIOHATHIA 3TOT CUMBOJ COOTBETCTBYET, IPUHUMACM Mbl,
B 3aBUCHMOCTH OT CBSi3ell ¢ pacroiOXEHHbBIM PSIOM TEKCTOM.

B npOTHBOMOIOXHOCTb 3TOMY, MPEACTAaBICHUsT HENPOHHBIX ceTed He Mpo-
U3BONbHBI, @ SIBJSTIOTCS KOHTEKCTHO-3aBUCUMBIMHU. DTO MHTYHTHBHO MONE3HOE
CBOMCTBO CTABMT TPYIHBIN BOTpPOC: CKOMbKO KOHTEKCTOB HEOOGXOAMMO pac-
CMOTpPETb ISl TOTO, YTOObI TNpPEACTaB/ieHHe OKa3aloch YHUBEPCAILHO I10/1€3-
HBIM (HarpUMep, U1 o6LIero MOHUMAHUS Pa3roBOPHOH peun)? MoxHo npu-
BeCTH IPUMEP CMBIC/IOBOM DPasHUILL MEXAY MPOM3BONBLHBIM CUMBOJIBHEIM
npecTaBieHUeM M NPEACTABIEHHEM, TMOJYYEHHbIM Yepes BHEAPEHHBI KOH-
tekct. TlpeacTasbre ceGe rpymny JeBylieK-MOJe/eil, paboTalolMX B HEKOTO-
pOM MoJIe/IbHOM areHTCTBe. [IoM MOIbI YXe I0J]b30BajiCsl YCI1yraMu BCEX STHX
Mojefeil B NPOLUIOM, TIO3TOMY IJIABHBIA Av3aiiHEp 3HAET HMX BCEX MO MMCHAM.
[ MaBHbIiL AM3aiiHEp BCTPEYAETCS € TMPEACTABUTENEM areHTCTBA, YTOObE 06CYINTD
TO, KTO M3 Mozeneii OyleT yd4acTBOBaTh B MpEACTOALICM MOKase MOI. B xome
BCTpeur Ha mobyio U3 Mozesiei MOXHO CChUIaThCs 10 UMEHH MK 10 ¢dotorpa-
¢dnu. Kak nms, Tak 1 dororpadus ABISIOTCA 3aMELICHHEM peaibHOTO o0beKTa,
Ho ¢otorpacdusi MMeet Gosiee Mojle3Hoe CoAEpKaHUE, MOCKOJILKY Mpeiaraemas
¢10 popMa HHOOPMALIMU 3aBUCUT OT PEANIbHOTO TIPEICTABIAEMOTO 00BEKTA.

KOHEeYHO, CHMBOMBHBIE CTPYKTYPbl SIBJISIIOTCA KOMITO3MLMOHHBIMM, M CO-
OTBETCTBYIOUINE MPOLECCH MOTYT 6bITh CTPYKTYPHO-CEHCMTHBHBIMU. TpyaHo
BOOGLLUE HAMTH BBIYMCIUTEBHBIE CUCTEMBI, HE 0OMazalollue TaKMMH CBOWCT-
Bamu. B pe3yabTaTe KOMITO3MLMOHHOM MPUPOMb! CTPYKTYP MMEETCS BO3MOX-
HOCTh Pa3GMTh CTPYKTYpY Ha COCTaBHble 4acTH (Hampumep, Wis MOAYJIbHOWM
06paboTKM), a CTPYKTYpHO-3aBUCUMas 0o6paboTKa HaeT BHICOKYKD CTEMEHb
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obobinenns. [peanonoxum, 4To TpebyeTcsa cosmarh cuMmsoi BACKACHE
(Gons B crivHe) M3 cumBonos BACK (cnimna) u ACHE (6one). Ecin cuMBosist
paccMaTpMBaTh KaK CTPOKH (HAIUM BBIMUCIMTENbHBIE APIBIKH), TO MBI 3HAaEM,
yto HoBblil cumBoi BACKACHE sBasercs mpocto KonkareHauuedn BACK
u ACHE, a Ha HuxHeM ypoBHe (DYHKUMSI KonkameHnayuu OYHET 3HaTh, YTO
BACK mMmeeT ueTslpe CHMBOJIA, U B KOHKaTeHallMd HoBasi cTpoka 6yner co-
nepxaTs ACHE HauuHas ¢ maToil cMMBOJbHOIL Mo3uuMu. B paMkax cuMBo-
JM3Ma, MPEICTABSIOLINE SPIBIKM, TAKME KaK CTPOKH, COOTBETCTBYIOT BBIYHMC-
JIMTEJBHBIM SIPBIKAM, JOIMYCKAKUIMM UX MCMOb30BaHUE B SIBHOM aJlfOPHUTME
pewieHust TpebyeMoit 3alayu (B JaHHOM Cllyyae 3TO NPOCTO KOHKaTEHAaLMs).
B ciyuae HeHpOHHOM CETH BBIUUCIHTENBHDbIE SIDJIBIKKA SIBIAIOTCS 3HaYCHUSIMU
AKTUBHOCTH U 3HAYEHHUSMM BECOB JIEMEHTa. AJIrOPUTMbI OOYYEHUS BBIUKCIISIOT
BBOJI U BbIBOJ 3/IEMEHTOB U OOHOBJISIIOT BECOBble 3HayeHHS. Eciy MBI JTOJIKHBI
UCMONB30BaTh ceTh RAAM ¢ 25 CKpBITBIMHM 3J€MEHTaMM WISt TPEACTaBICHUS
cumBonoB BACK n ACHE, To npencraBneHust He 6yayT jieXarb Ha YpOBHE Bbi-
YMCTUTENbHBIX APJbIKOB. B ceTu RAAM Bce 25 371eMEHTOB HCTIONB3YIOTCA M JUIS
Toro, uto6sl npeactaButh BACK, u pis Toro, ytobnl npeacrabute ACHE, no-
3TOMY TO, Kak cosnath BACKACHE, 6yneT coBceM He OyeBMAHO. Mbl He Mo-
KEM VKa3aThb Ha ONMH M3 25 3JIEMEHTOB M CKAa3aTh, YeMY SBHO COOTBETCTBYET
aTOT aneMeHT (Hampumep, B wan C u 1.4.). T103TOMY MBI HE MOXEM B3ATh 25
371eMeHTOB ceTd RAAM M ykasaTh, Kakoe AeHCTBUE M C KAKMM M3 3JIEMEHTOB
HeoBXOIMMO BBIONHUTh I TOTO, YTOOBI IMOMYYUTH KOHKaTeHauumo. YT1obel
BBIMONMHUTbL KOHKATEHALMIO, MOXHO NPUOErHYTh K TOMY, YTO Ha3biBalOT yel0-
cmubimM TIonxonoM. MoxHo, Harpumep, 00yYHTh APYTYIO CETh € MPAMON CBA3BIO,
KoTopasi mofayyita 6bl Ha Bxoa mpexactasneHust RAAM mms BACK n ACHE
W npousBena Ha Bbixone npenctasiende RAAM mias BACKACHE. Moxuo
OOYYUTb TAKYIO CETb Ha COTHSX MPUMEPOB B HAIEXIE INOSYYUTh CEThb, BBINON-
HsroLLYIo QYHKUMIO KoHKamenayuu. CeTb KOHKAMEeHAUuu MOXET NPaBUITbHO Bbl-
MOIHSTL 0000ILEHHE TIPH €€ TECTHPOBAHMM Ha HOBBIX NPUMEPAX, HO Hallla yBe-
PEHHOCTb B TOM, YTO 3Ta ceTh TPABHIBHO BHITOIHHUT KOHKamerayuio oo ma-
pbi CMMBONOB, OyIeT HeEMoAHOW M3-3a TOro, YTO Mbl He 3HaeM TOYHOrO
MEXaHN3Ma, KOTOpbIil MCITONb3yeT MPU 3TOM ceTb. IN1aBHOE NpENUMYLLECTBO CHUM-
BOTM3Ma 3aKIIOYacTCs B TOM, YTO eC/Id HeKoTopasi (PyHKUMS (HanpuMep, KoHKa-
menayus) Obula OTHAXILI MPABUIBHO OMpelesieHa Kak JCHCTBYIOLIast Ha onpene-
JIeHHble TUMBl BBEIYUCIUTENBHBIX SPNBIKOB, TO B JTBHEHLIEM Mbl MOXEM ObITh
YBEpEHHBIMM B TOM, YTO, He MPYHMMas BO BHUMaHMe BO3MOXHOCTb OILMOKM ye-
JTOBeKa M OTKa3 amnilapaTHbIX CPEICTB, AaHHasg ¢yHKUMs OyneT npaBuibHO pabo-
TaTh C JEOOBLIMU SIPJIBIKAMM, JIMILIL Obt OHM ObUTH COOTBETCTBYIOLIETO TUMA.

XoTsl HelpoHHBIE CeTH BCE €lie He BBLIEPXMBAIOT KPUTMKM KakK CHMBOJIb-
HbIE TIPOLIECCOPHI [UIS 3aJa4y THNa KOHKATEHALUM, CYLUECTBYET PSA NMPHMEpoB
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JEMOHCTPALIMH 1IEJIOCTHOrO MOIXO0Na, HE YIOMUHABILUXCS B TPEABIIYILEM na-
parpade, HO 00eCMeYUBAOLIMX B KaKOH-TO Mepe OTBET Ha KPUTHUKY, YTBEp-
KIAOLIYIO, YTO KOHHEKLMSM HE TPUCYIA CHCTEeMaTHYHOCTh. BcroMHUTE, YTO
IUIS TOTO, YTOOBI HEKOTOpasi CHCTeMa ObLTa CUCTEMaTHYHOI, OHa JOJDKHA BECTH
cebs Tak, Kax Oyaro oHa noHuMaeT “IXoH modur Mepu”, ecii OHa TIOHMMaET
“Mepu mobut JIxoHa” win ecnu oHa moHuMaeT “JDkeitH Dymaer, yto Mepu
mo6ut IxoHa”. CUMBONBHYIO CUCTEMY MOXHO 3aCTaBUThH BECTH cebsl cHCTeMa-
THYECKMM OOpa3oM 10 paxTMYHBIM cLieHapuaM. Hanpumep, eciiu B cocTaBe HeKo-
TOpOI CTPYKTYpPbI CUCTEMA COREPXKUT BhipakeHue mobut(X, Y), To el MOXHO 3a-
Jath obliMe BOMpPOChl 00 OTHOILIEHMM MoOBM (“MIOOUT” SABNSAETCH ITPEIUKATOM,
KOTODBIH C/IElyeT NP STOM MCKATh, a APIYMEHThI SBMSIOTCS NEPEMEHHBIMH, KO-
TOpble MOTYT 0603Ha4aTh Jobyio KoHcTaHty). B [Niklasson, Sharkey, 1997] npen-
JlaraeTcsi fIpMMEp CTPYKTYPHO-3aBUCUMOlT 0DpaboTKM CTPYKTYp CMCTEMOM Hei-
POHHOI1 ‘ceTH. BbU1o MoKa3aHo, YTO C NOMOLIBIO HEAPOHHOH CETH MOXHO BbITION-
HSITb Mpeobpa3oBaHus  JNoruyecknx yreepxaeHuil. Hanpumep, (P A Q) =R
MOXHO TpeoOpa3oBaTh B ero jorudyeckuii skBusaieHT —~(P A Q) v R.

TpounuHast ceTb RAAM (T.e. ceTb ¢ TpeMs BXOOHBIMHU TIONAMM) C TOMOJO-
rueit 30-10-30 ucnonb3oBanach WA MNpeacTapieHus 156 ¢dopMyn c Bblckasbl-
BaHMSIMM pasHoii cnoxHocTu. Tlocne 3aBepiieHus obyyenus ceti RAAM no-
JIoBUHA U3 156 nocTtpoeHHsbIX ceTbio RAAM ripeactaBiaeHU UCTTONB30BANOCH
Ui Toro, 4toGbl 0OYyYMTh Mpeobpa3yIollyIo CeTh BHINOJHEHUIO TNpeobpa3oBa-
HMIi cnenyiomero TUa:

(BbIpaXeHHe => BbIPaXEHHE &> —BbIPAXEHUE v BbIpaXKeHHE).

Hanpumep, BBOIOM mNpeobpasyiolueit cetd Morjo ObITh NpeacTaBieHUe
RAAM m1s (P ~ Q) = R, a ueneBbiM BbiBoIOM — TipedcTaBieHue RAAM st
—(P A Q) v R. Ipeo6pasyowas ceTb MpeAcTapisiia coboil craHIapTHYIO reTe-
POACCOLIMATUBHYIO CeTh C MPAMON cBsizblo (cM. rnasy 4). IlpeobpazoBaHHoe
npeacraBieHe RAAM nekoaMpoBaloch K €ro COCTaBJSIIOUIMM C TTOMOIBIO
nekoaepa RAAM. TepMMHaTbHBIM CHMBOJAM COOTBETCTBOBAIU JBOMYHBIE
BEKTOPbI C ApABIKAMM THIA, KaK Noka3aHo B Tabn. 8.3. Tak, A U v nmewOT
OIMH THII, HO, B OT/IMYME OT NPaBU rPAMMATHKM NMpeLIOXEHUI U3 IaBbl 7,
= U — He KinaccupuuMpyloTcs Kak cBS3KM. Huke npuBeaeHsl Npasuna,
yIpasisiollie CHHTaKCHcoM (opMyit.

dopMyna — [BIpaxeHue => BbipaxeHve]
dopmyna — [—BIpaxenue v BbipaxeHue]
BbIpPAXeHUe — [3nemeHTapHoe | cnoxtHoe]
anemenTapHoe — [P{Q|R]

CNOXHOE — [3NneMeHTapHOe CBA3KA CNOXHOE]
cesiaka — [A|v]
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B 78 TecToBbIX NMpeoGpasopaHMAX He ObUIM MpaBWIBHO NMpeobpasosanbl 20
dopMmyr. Bo Beex 20 HenmpaBMABHBIX NMpeoGpasoBaHUsIX OWKMOKa coaepxanach
B Npeobpa3oBaHUM COCTAB/AIOWIErO B COCTABMAIOIIMHA TOTO XKe Thna. 3ToT
ypOBeHb 00OBLIEHUS MOXHO CYMTATh BBICOKMM C YYETOM TOTO, YTO Npeodpa-
3yIollias ceTh He obyyanach HU Ha OJHOM M3 78 TECTOBbIX NPUMEPOB.

Ta6nuya 8.3. OpTOroHaNbHbIE BEKTOPbI, COOTBETCTBYIOWME TEPMUHANBHBIM CHMBONAM

TepMuHanbHbI CHMBOS JlBonyHbivi Kog
P 1000 100000
Q 1000 010000
R : 1000 001000
A 0100 100000
v 0100 010000
= 0010 100000
) 0001 100000
NIL 0000 000000

MOXHO 3arofo3pHUTh, YTO YCIEX 3TOrO 3KCMEPUMEHTA 3aBUCEIl OT criocoba
NPUCBOECHMS APJIBIKOB TUMNa TEPMUHANTBHBIM cMMBoIaM. YToGHl paccesiTh Ta-
KHME TIOAO3PEHUSI, SKCTIEPUMEHT ObUT MOBTOpeH 6e3 MCMONB3OBaHUS SIPBIKOB
THTIA, a C UCTIONb30BaHMUEM KOJMPOBAHUS BCEX TEPMHUHAJIbHBIX CHMBOJIOB CJy-
yallHBIMM BeKTOpPaMU OWTOB — Uit KOAMPOBAHUS MCrofib3oBanuch 20 OuToB,
1 BEepOATHOCTb TOTO, YTO GMT YCTaHOBJCH paBHbIM 1, Obina 3/20. O6obuieHne
0Ka3aJIoCh HEMHOTO JIy4llle, YeM B MpelbllyLieM 3KCIIEPUMEHTE.

JOpyroit axcniepument u3 [Niklasson, Sharkey, 1997] nokasan, YTo MpOLEHT
0606LLEHNST OKA3bIBACTCH BHICOKMM JAaXe TOTHA, KOra rpeobpa3ylolieil ceTy npu-
XOMUTCST paGoTaTh ¢ APYTMMK 3aKOHaMK TipeodpasoBanus joruky. Hanpumep,

—(P v Q) npeobpa3yerca B NOrU4ECKM 3KBUBANEHTHYIO PopMy —P A —Q,
—(P A Q) npeoBpaayeTca 8 NOruyecky akauBanexTHylo GopMy —P v —Q.

XoTs B 3TKX IKCIIEPMMEHTaX HEMpOHHBbIE CETU JEMOHCTPUPYIOT BIEevaT-
JSTIOIMIA ypoBeHbh 06OOLUEHMsS, OHU ellle HE MIYT HU B KaKoe CpPaBHEHHE
C CHCTEMATMUYHOCTBIO, TNPUCYILUEH CHMMBOJIBHBIM TIpaBuiaM Npeobpa3oBaHus.
Onnako Gyayllee HEMPOHHBIX ceTeil BBIISIAMT MHorooGewaomum. Huknac-
con (Niklasson) u 1llapku (Sharkey) cMornu npoaeMOHCTPUPOBATh, YTO HEM-
POHHasg CeTb MOXET HayyuTbCAd TOMY, KaKne CHUMBOJIbHBIE THIbI SBJIAIOTCA
JONYCTUMBIMU Ha ONpeJeeHHbIX MO3ULHUAX (a8 HE NPOCTO TOMY, KakHe JoMyc-
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KaloTcsi CUMBONbHBIE ApibikK). O600uIeHHe “TUNBI” B JAHHOM ciy4yae sBis-
eTCST BaXKHBIM 1AaroM 110 HaMpaBJicHHIO K ©ojiee CMJIBHBIM CBOMCTBaM CHUCTe-
maTuyHocTH. Hampumep, cnabas ¢ TOYKM 3peHMst CUCTEMAaTUYHOCTH CHCTEMa
MOXeET MOoNy4UTh 06061leHue TOOUT(IXOH, JKeiH) TIo Habopy 3K3eMIUISPOB
{MOGUT(IUKOH, MepH),  JIOOMT(A3BMA, MepH), JHOOMT(13BUA, IXEHH)}, HO
CWJILHAsI CHCTEMa HOJ/DKHA HoNnyuMTh 06obiueHue nobut(Yenosek, Uenopek).

KOHHEKLIMOHUCTBI yX€ HayaJii oTBe4yaTh Ha KPUTHKY, HO Mbl HE HOJDKHBI
3a6bIBaTh M O npeuMylliecTBaX HeMPOHHBIX ceTeil B Borpocax obecreueHUs
[UIaBHOTO CHWXEHUs 3(deKTUBHOCTH, GBICTPOil mapaiienbHolt o6paGoTku
M YYBCTBUTENLHOCTH K KOHTEKCTY. Mbl JOKHH TIOMHUTH U O TOM, YTO IPEa-
CTABJIEHMST HEMPOHHBIX CETE HE SIBISIOTCS MPOM3BOJIbHOI KOHKpETHU3allMeH,
a SBNAIOTCS YYBCTBUTE/NBHBIMU K BBOAY (T.€. K TOMY, YTO OHU NMPHHUMAIOT U3
BHEIIHEN cpelbl).

8.4. 06pabotka peuun
8.4.1. CuHTaKcuyeckuit aHanu3

B {Reilly, 1992] onucan npuMep CHHTAKCHYECKOTO aHAIN3a TIPEUIOXEHHI.
3agaueli MCMONB3YEMOrO TaM AHAJIM3AaTOpa SIBASIETCA BLIACHEHME KaTEropuu
KAaX/Oro cjioBa B OTAENBHOCTH (CYLLECTBUTENbHOE, [arol M T.A) H MOCTpoe-
HHUE AEpeBa CHMHTAKCHUECKOro aHanusa Bcero mpeanoxenus. Takoe auHamn-
yeckoe TMOCTPOEHME JAEPEBa CMHTAKCHMYECKOTO AaHAIKM3a M3 MOCCAO0BATE/IbHO-
CTeil Ha3bIBACTCS ONepamueHviM cunmaxcudeckum anatuzom. Hanpumep, xare-
ropusiMM CnoB, cocTasnsiowtMx npewioxeHue “The boy kicked the ball”
(“Manbumk yaapun no Msuy”), ssasiotrcss D NV D N, a 1epeBoM cHHTaKcH-
yeckoro aHanusza— (D N)(V (D N)). Cuntakcuueckuit aHanusarop, o KoTo-
pOM MIeT pedb, MpEACTaBIseT coBOil NPOCTYIO PEKYPPEHTHYIO CeTh (ceThb
SRN), npu obyueHuH KOTOpPOii LieNEBbIM BbIBOAOM SIBASIETCS MPEACTaBICHUE
RAAM wuenoro gepesa cMHTakcHueckoro aHanusa. llary, BeimonaHseMble npu
CUHTAKCHUYECKOM aHATN3E OTAENbHOTO MpELNOXEHUS, NoKa3aHk! Ha puc. 8.11.

Paitm (Reilly) noxa3san, 4To MOXHO NMOCTPOUTb ONEPATUBHLIA CHMHTaKCH-
yeckMit aHuIM3aTOp, Ucronb3ys cetht RAAM u SRN. Tlpu atom obHapyxu-
JIKCh TIPO6EMBI NIPH JOCTUXKEHUU XOPOLUMX CBORCTB 0000LIEHHUST CHCTEMBI, 1A
M caMo obyueHHe TOXE OTYACTH BbI3bIBAJIO TpyAHOCTH. OIHaKo, Kak M B ciy-
yae mo6oil HelpoHHOI MoaeNn, CBOHCTBA 0606lteHMs MOryT ObITh, CKopee
BCEro, yAy4lIEHbI MyTEM M3MCHEHUSI pexuma obyyenusa. [naBHoil wuenbio
Paitny 6bi1a TipoBepka BO3MOXHOCTH TMPOBEIEHUA ONEPATUBHOIO  CHH-
TAKC YeCKOro aHaIN3a, Mo3ToMy y4eGHOe MHOXECTBO Oblio coBceM HeGOMb-
wnm (16 nocaenoBaTenbHOCTEN).
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Puc. 8.11. Matb waros, BLINOAHIEMBIX NDY CUHTAKCHYECKOM aHanuae nipeanoxenqus tuna “The
boy kicked the ball” ¢ noMoLbI0 MPOCTON PEKYPPEHTHON CETH. BXOBHBIMU JaHHBIMU ABASIOTCA
Kareropuy /108, a BbIBOLOM — npeacTasneHne RAAM sepesa CcuHTakCH{eCKoro aHanmaa

B [Sharkey,; Sharkey, 1992] ToxXe Obll1 MOCTPOEH CHMHTaKCHUYECKMI aHanm-
3atop, ucnoapsyowmmit cetn RAAM u SRN. B Monenn 3TuX aBTOpOB CETb
SRN obyyanack NpelcKasaHWIO CAEdYIOLEro CJIOBa B IOC/EIOBATENBHOCTH
cnop. CeTh C NpsAMOil CBA3BIO M TpeMs cJosMM obyyanach oToOpaXeHuIo
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. HpCI[CTaBIICHl/lﬁ CKPBITOI'O CJIOSI 3JIEMEHTOB CETH SRN B TIPEeICTaBIICHHUA CETU

RAAM JepeBbeB CMHTaKCMYeCKOTO aHanu3a. Bo BpeMs BBIMOIHEHMs NPELIo-
xeHne untanoch ceTblo SRN, yTo6GB creHepUpoBaTh WJISI HEro IpeAcTaBlIeHHNe
CKPBITOTO CJIOfl, a 3aTeM 3TO NpEACTABIEHUE OTOOPaXaioch B MPEICTaBlIEHUE
RAAM, xoTopoe B KOHIIE KOHLOB JE€KOIUPOBAIOCH, YTOOH BHIICHUTL MCTHUH-
HYIO CTPYKTYPY BbIPAXEHHS.

8.4.2. I'IpeoGpasoaaulue npeasioXeHui

Pa3roBopHblii A3bIK OYEHDb BHLIPA3UTEIIEH U IO3BOJIAET MEPEeNaTh ONHY U Ty
5Ke MbIC/Ib HECKONTBKUMHU criocofamu. OmHO M TO Xe coolLIeHUEe MOXHO Tie-
peaTh TAKXe B aKTHBHOM WM IaccuBHoM Qopme. Hanpumep, naccupHo#
dopmoit npemnoxenuss “IxoH noctpoun noMm” ssagercst “JloM mocTpoeH
Jxoxom”. Yenmepc nmoxasan (cM. [Chalmers, 1990]), uro cuctema Ha ocHOBe
HElPOHHOM CETH MO3BONSIET OCYLIECTBIATh Mpeobpa3oBaHUE aKTHUBHOI1 dop-
MbI B MaccHBHY0. OH ToxXe MPHUMEHM TIOAX0, MCToab3oBaHHb Hukacco-
HoM u Llapku mwisi mpeobpa3oBaHUs JIOTMYECKMX YTBEDXAEHMH (CM. pas-
nen 8.3.4): cetb RAAM wucrionb3oBaniach WISt TIPEACTABIEHUs TNPeLTOXEHUMA
B 06eux dopMax, a ceTb ¢ OOPATHBIM PacMpoOCTPaHEHHEM OLIMGOK obyuanach
[Ipeo6pa3oBaHMIO aKTUBHOM (OPMBI NPELIOXKEHNS B NMaccuBHYylo. bBeulo cre-
HepuposaHo 125 npeanoxenuit, n 40 u3 Hux 6pU10 BLIGpaHo WIS o0yueHUst
cetu RAAM. Cetb RAAM Obuta o0y4yeHa MpeacTaBasiTb KaK aKTUBHYIO, TakK
1 naccuBHYIO (opMy 3Tux 40 npemnoxeHui (T.e. B pesyabTaTe ObUIO Monyye-
Ho 80 npeacTaBrcHUi Npeatoxenuit). Jlns nposepku cBocTB 06o61EeHNS ce-
TH 6bUIO 3aKOAMPOBAHO APYroe MHOXecTBO M3 40 npemnoxeHuin (80 mpenno-
KEHUI1 ¢ Y4ETOM aKTMBHOW M MacCUMBHOH ¢OPM Kaxmoro u3 HUX), KOTOpbIE
3aTeM AEKOAMPOBATUCH. YNCI0 3aKOAMPOBAHHbIX TECTOBBIX NpPEICTaBleHMIA, KO-
TOpBIE HE NEKOAMPOBATUCH MPaBIIbHO, OKa3anoch pasHbiM 13. TIpeobpasyroulas
ceTb obyuanach Ha Tex Xe 80 NPEMLTOKEHUSAX, KOTOPbIC HMCTIONb3OBAIMCL JUISA
obyueHnst cetm RAAM. TpeacraBieHusi ceth RAAM ans 40 npewioxeHui
B aKTMBHOI (hOpMe CYXMIU BBOIOM, a LIEIEBbIM BbIXOAOM ObLIM COOTBETCT-
syrowne 40 npencrasnenunit ceth RAAM B MACCHBHOM dopme. [lo okoHHaHUH
oBy4eHUs BCce MPEACTABIEHUS MACCUBHBIX OpM Pe/UIoXeHNH, NMOyYeHHbIC Ha
BbIXode Npeobpasyouleit CeTH, MOIIM OblTh IEKOAMPOBAaHBI CEThIO RAAM.
060611eH1e NpoBepsioch Ha 40 MpeUIoXeHUAX, UCIONb3YeMBbIX IS TECTHPO-
BaHust ceTt RAAM. M3 40 creHepMpoBaHHBIX NpPeACTABIEHWIA MaccuBHOL op-
Mbl MpeUIOXKEHMIA, 26 ObUIM MPaBUIBHO AEKOAUPOBAHbI CETLIO RAAM.

U xorst Yenmepe oTMeyaeT, YTO IMOKa3aTe]lb 0000LIEHUA OKasics Jyyule,
yeM OH OXHJaJ, OH TOXeal BbISICHUTb, [AE CJIEAYET MCKATh NPHUMHY HECMHO-
COOHOCTM CeTH BBHIMOJAHWTh 0DODILEHHE HAa HEKOTOPBIX CTPYKTYpax -- i CETH
RAAM unu npeobpasymolueit ceTH. Bbilue yxe oTmedanoch, 4to cetb RAAM
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oKasajnach He crnocobHoil natb 100% o6o6uieHns. Ytobbrl MCKIMIOYNTH BO3-
MOXHOCTB ITOSIBJICHUST OLUNOKM 060011IeHIsT n3-3a ceTh RAAM, mns obyyenus
RAAM ucnions3oBanucek Bee 125 (uau 250 ¢ ydeToM aKTUBHOM M ITaCCHBHOM
(bopm) MpeUTOXEHHUIA.~ 3aTeM TIpeobpa3sylonias ceTs obyyanach Ha 75 u3 125
nap akTHBHO-TAacCUBHBIX dopM npemwtoxeHuit. Ilokasarens o60bHIeHUST OKa-
3ancs paBHbiM 100% ripu TecTHpoBaHMM Tipeobpa3syloleiil ceT Ha Apyrux 50
Tapax aKTHBHO-TIAaCCMBHBIX (OpM. ‘ ‘

YenMepe Takxke MpooeMOHCTPUPOBAJI, YTO Apyrag npeobpasymoolilas ceTb
Toxe npocturana 100% mnokasatensi o6oblieHns npu obyyeHUu npeobpasosa-
HMIO TIpeanoXeHuii U3 NaccuBHOIl ¢GOpMBI B aKTUBHYIO.

IkcnepuMeHT Yenmepca eule pa3 nokasai, YTO CMCTEMa Ha OCHOBE HEii-
POHHOM - CETH MOXET BBIMOMHATh CTPYKTYPHO-3aBUCHMBIE TIpeoOpa3oBaHUs.
B [Callan, Palmer-Brown, 1997] akcniepumeHT YanMmepca 6bU1 NOBTOPEH € UC-
nosnb3oBaHueM apxuTekTyphl (S)RAAM. Ilokasarens o6oGuieHust npeoGpa-
3yoleil ceTn ToxXe oKasaica paBHeiM 100%, Ho, B omiMume ot ceti RAAM
Yenmepca, cetb (S)RAAM He TpebyeT oOyyeHHMSI Ha BceX NPELTOXCHHUSX.
10T pe3yabTar BecbhMa HHTepeceH. Cerb (S)RAAM He obyvaeTcs Tpaguuu-
OHHBIMH METOJaMH THIA METOAa O0BpaTHOro pacnpocTpaHeHHsA ownbok. O6y-
YeHHe NpM YCJIOBUM, 4TO MpedcTaBieHus ceTH (S)RAAM umerotr Gonblue or-
paHMYCHUIA, YeM MnpeacTaBicHUS RAAM (HanpuMmep, YMCJIO CKPBITBIX 3JIEMEH-
TOB OKasbiBaeTcsl Gonmue), M Tor dakr, yro cetb (S)RAAM “xopoiuo
BBITONHSET 00001i1cHHUS”, TOBOPAT O TOM, YTO 0oDyyalouiee MHOXECTBO ARISETCS
oueHb pa3HoobpasHbIM. Xots 0000lieHne ceth RAAM B akcniepuMeHnTe Yen-
Mepca ObUTO XOpOIMM, OHO OKA3a/IoCh BCE JXe HEeCOBEPLUEHHBIM, a pe3yabTaT
3KcriepuMeHTa ¢ ceThio (S)RAAM ykasbiBaeT Ha TO, YTO BIOJIHE BO3MOXHO 1OC-
THYb JyYlllero oGo6IIEHNS U TIPU UCMONB30BaHUH ceTH RAAM. Kak MpaBuJIo,
Bech MOTEHUMAN KaYecTBa paboThl CETH PeaiM30BaTh O4EHb TPYAHO.

'8.4.3. 3aBepLueHHble Moaenu

B 3tOoM niompasnesie Mbl pacCMOTPHM [IBE CUCTEMBI HA OCHOBE HEMPOHHbBIX Ce-
Teii, KoTopble NBLITAIOTCA BHINOJIHUTL 3aayy oOpaGoTKM XWBOro s3bika B Gonee
MoNHOM of6beMe. O6e cUCTEMbI OITHPAIOTCA Ha MIECIO UCTIONb30BaHUS CLIEHApPHEB.

HpenngnaraeTcs{, YTO CLICHAPUHM HOJDKHBI OTpa)XaTh CTEPEOTHITHBIE CUTYa-
tun. C MOMOMIBLIO CLIEHAPUSI MOXHO BOCIIONIHUTL OTCYTCTBUE HEKOTOPOIl MH-
¢dopManiuy B TeKCTax, MOAOOHBIX CICAYIOLIEMY.

Lxynuan nowen ¢ APY3bAMKU B UX JIIOOUMBIA MHAMACKUIA pecTopad. OHu 3akasann eay
¥ MHOTO BOAM, BCE CHenu U He 3abbiNu OCTaBMTL YaeBbie Nepej TeM, Kak yiTu.

N3 3roro OrpaHNM4Y€HHOro TEKCTa, UMEA OMBIT NOCEUICHUST HHAUMCKUX pecTo-
PaHOB, MOXHO OTBETUTH Ha BONPOCHI, nopoGHble CJICAYIOUIHUM.
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TMoyeMy oHHM 3aKa3ajl MHOIO BOOBI?
Kro nomasan nuiy?
KoMy OHHM ocTaBUIN 4YaeBhie?

B 60J1bIIMHCTBE ClIyyaeB MOCELEHHE pecTopaHa CKalbiBaeTcs U3 psla CTaH-
JApTHBIX JIEHCTBHIL: BXOL B PECTOpaH, pa3sMELICHHE TIOCETUTENA 32 CTOJIOM
obULIHaHTOM, BbIGOP GIOA U3 MEHIO, TIPUHSTHE 33Ka3a, NPUEM TTHIIH, OrUTaTa
o cueTy U T.4. CLueHapuii coRepXHT ponu. Poiu MOryT npeJHa3sHayaThCsd M.
KMeHTa, obuLMaHTa, wed-nosapa ¥ T.A. Tak, B cLeHapuy, NPUBEICHHOM
Bblllle, OHA M3 poseil yxe 3aHaTa (JIXyl1HaH UrpaetT posib KIMEHTa).

KauecTBo paGoTBI ABYX paccMaTpuBacMbiX Mopenedt 6yzer obcyxnaTees
rocJie Toro, Kak oHHU OyAyT OIMUCAHBHI.

O6paboTtka cueHapues B mogenu DYNASTY

Monems DYNASTY (DYNAmic STory understanding system — JluHaMu-
yeckasi CHCTeMa TIOHMMaHMS TeKCTa), TMpeioxeHHas B [Lee et al., 1990], 8-
NsIeTCsT MOALY/IbHOM CUCTEMO} Ha OCHOBE HEHPOHHBIX ceTeil, nonyvaioileil Ha
BXOJle OCHOBAHHBIN Ha CLEHapUsX QpparMeHT TeKCTa U Jjalolleil Ha BbIXole 3a-
BeplLIeHHBIH Nepecka3 (napadpa3sy). Hasaiite ncrmonb3yeM NEpPEBOA NnpuMepa
co3mateneil Mogenu DYNASTY u paccMOTpUM crie/lylolinit BBOA.

JLxow 3awen B Yapt-Xayc. [ixon cven GuduTexc. [IXOH 0CTasun Yaeswie.
Takoit BBOJ NOPOXAAET CNEAYIOLIMI BbIBOA. '

JixoH 3awen 8 Yapt-Xayc. OcuumanT ycapun [xona. OduimaHT npuHec MeHio. [XoH npo-
yuTan meHi. [XoH 3akazan GudLutexc. [xon cben BudTekc. JkoH 3annaTtun no cHety.
JIxoH ocTasun vaesbie. [LXOH Boiwen U3 Hapt-Xayca 1 Hanpasunce [AOMOR.

Jeiictsue B Momenu DYNASTY KOHUEHTPUpYETCH Ha pachpefeeHHbIX
CEMAHTHYECKMX MPEACTABJEHHUSAX, COOTBETCTBYIOIUMX TMOHATUSM (Hanpumep,
MOJIOKO M 4eoBeK) U YTBEDXKIAECHUSM (HANpUMeED, YeoBeK MbET MOJIOKO “epes
CONOMHUHKY). PacnipesiesieHHble CeMaHTUUECKHE TPEACTABICHUS TEHEPUPYIOTCH
¢ nomouwpio paciuupennit cett RAAM (XRAAM — extended RAAM), saB-
AAIOLIMXCS N0 cYTH ceTAMH RAAM ¢ rinobaibHbIM CIOBapeM, XpaHSILMM Ma-
pbl “cUMBON”—*‘pacrnpefesieHHOe CEMaHTUYECKOoe npeacrasienue”. Hanpu-
Mep, CUMBOJT “MOIOKO” JOJXKeH ObITh COXpaHEH BMECTE C €ro NpeAcTaBlIeHHU-
eM RAAM. [lng BHIMOJHEHMS ITOH 3alayd MCMOAb3yeTcs LENbIA  psin
B3aMMOAENCTBYIOLLUUX MONYJIEH.

PacripefeneHHoe CeMaHTHYECKOe TPEACTABJACHUE IS  CNOBA-TIOHATHA
CTPOMTCA TaKMM 06pa3soM, 4ToObl NMPeICTaBICHUE OTPAXANO YTO-TO BPOAE BCEX
pasiMuHbIX pojeil, B KOTOPbIX 3TO ClOBO HCHONb3YETCS. Hanpumep, poib
CIOBA MOA0KO B TIPENOXEHHUU “4eJIOBEK ITBET MOJIOKO” HEMHOTO OTIMYACTCA
OT PO/ TOFO Xe€ CIOBA B “4eNoBEK €cT X1e6 ¢ MONOKOM”: B NEPBOM CIy4ae Mo-
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J0KO SIBJIIETCS IIaBHBIM OOBEKTOM, a BO BTOPOM M040KO SIBJIIETCS COOOBEKTOM.
[lpu coszmaHuM NMpeNcTaBAEHUS [TOHATUS MOAOKO CBOW BKJIAJl BHECET KaXIOE U3
TIPEUTOXEHNH, B KOTOPBIX BCTPEYAETCH CJIOBO MOJIOKO. C KaXIbIM NPelIoXeH -
€M CBA3BIBACTCSI HEKOTOpast cTpyKTypa. Hamnpumep, 1abioH NpemioxeHust

YeNoBeK ecT MLy ¢ NoMOwWkIo npKbopa

VMEET CTPYKTYPY
ATEHT-JEWCTBNE-OB bEKT-MHCTPYMEHT.

BOK3eMILIAp “MYXUYMHA €CT CITareTTH C TIOMOIUBI0 BUJIKHU” COOTBETCTBYET
KoHkpetusauuu poneit [ATEHT-myxumna, JEMCTBHE-ect, OBBEKT-
crarertuy, MHCTPYMEHT-punka)l. MiMeeTcsi IBYXCTOPOHHSISI CBSI3b MEXIY
CHOBAMM-TIOHATUAMU Y TIPEUIOKEHUSIMU B TOM CMBIC/IE, YTO CEMaHTHYECKOe
colep>XaHUE TIPEIIOXKEHHST 3aBUCUT OT KaXIOTO M3 €ro CIOB-IOHSTHI, U Ka-
KIO€ CJIOBO-NIOHATHE 3aBHCUT OT KaXIOro M3 MpeLTOXEeHUH, B KOTOPhIX OHO
BcTpevaeTcd. B onpenesieHHOM Mepe 3Ta 3aBUCUMOCTh YYMTHIBAeTCA B MpoLec-
ce OOy4YeHHMS CO3JaHMIO paclpeleeHHBIX CEMaHTUYECKHMX TpeICTaBICHUMN.
YTo0OBbl BBIYYHTH CIOBA-TIOHATUSA, UCIIONbL3YETCS KOIMUPYIOLIAsi TOHATUS CETbh,
a yToObl BBIYYMTH TPEIIOKCHUS, MCHOJB3YETCS CeTh, KOAMpYIOLIAs MNpelio-

. xeHus. Obe 3t ceTH gBAsMIOTCA ceTIMH RAAM, cBS3aHHBIMU C [J1I06aIbHBIM
cnoBapeM. ObydyeHHe obGenx ceteit RAAM B3alIM0O3aBUCMMO B TOM CMbICIeE,
YTO Ha BXOJ CETH KOIMPOBAHMA TIOHSTUIl TOJAIOTCH NPEACTABIEHHS, CO3Ja-
BaeMBbI€ CEThI0 KOAMPOBAHMA MNPEUIOXKEHHN, U Haobopor. B xome obyueHus
pacrpeleieHHbBIM CEMaHTUUYECKUM IPEICTaBAeHUAM KOLMUPYIOTCSI BCE CJlOBa-
TIOHSITHS, 3aTEM KOAMPYIOTCS BCE IPEIUIOXEHMS, U MPOLECC INMOBTOPSAETCS AO
TexX Mop, TIoKa He OyayT HalJeHbl yCTOWYHBBIE 00pa3lbl pacripeleieHHbIX ce-
MaHTHUYECKHUX TMpeICTaBlIeHUit (T.e. TaKue, Uit KOTOPBIX He GYIeT 3HauuTe/b-
HBIX M3MEHEHHIT 3HaYeHUH aKTUBHOCTU CKPBITBIX 3JIEMEHTOB 06EUX ceTeif).
CioBa-TMIOHATUA M TIPEIUIOXEHHUS TMOAAIOTCA Ha paccCMOTpPeHUE CeTH B BMile
TpoeK. CIOBO-TIOHATHE CTPYKTYPMpYeTCd KaK “CJIOBO-TIOHATUE, KOHKpEeTU3a-
LIMS-pONib, TNpPelUIOXKEHWe-MeTKa”, a IpeUIoXeHUe — Kak “NpeisloXeHue-
MEeTKa, KOHKpETU3alus-poib, CIOBO-NIOHATHe”. Mcnonb3yeTcss TpoMyHast ceTh

.RAAM. Hanpumep, rpelionoXxuM, 4TO W3Y4YaeTCs CIIOBO-TIOHATHE MOA0KO
U 4YTO MOA0KO BCTPEYAETCS B YETHIPEX IMPEIUIOXEHUSX.

pl. MyxXuMHa TBET MOJIOKO Yepe3 COJIOMUHKY.

p2. KoMnaHus D0OCTaBAsgeT MOJIOKO B KAPTOHHOM YNaxKoBKe.
p3. Jlionu nony4yaroT MOJOKO OT KOPOB.

p4. MyxuuHa ecT x1e6 ¢ MOJIOKOM.

CTpYKTYPHBIMH TPOMKAMH CJIOB-TIOHSTUI LIS CETH SABJISIOTCH
(Monoko OBBEKT pl)
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(mosioko OBBEKT p2)

(monioko OBBEKT p3)

(monoko COOBBEKT p4),

a CTPYKTYPHBIMHU TpoﬁKaMu MpeINoXeHHs pl aBisoTes
(p1 JEVCTBUE nper)

(p1 OBBEKT monoko)

(p1 MTHCTPYMEHT conomuHka)

(p1l ATEHT MyxuuHa)

JpeBoBUAHBIE CTPYKTYPHI, ITOKa3aHHbIe Ha puc. 8.12 u 8.13, 1o/KHBI MOMOYb
pa3o6paThcs, KakuM obpasom nmpoucxoauso obydyeHue ceteit RAAM.

Monoko OBBLEKT

Puc. 8.12. [lonHas ApesoBugHas CTDYKTYpa KOBQMPOBaHWA CnoBa “MOOKO
B ripumepe cetn RAAM. Cnoso “Monoxo” BCTpeyaercst B YeTbIpexX NPEANOXEHN X

WHCTPYMEHT ConomuHka
OBbEkT Monoko
N T
AEHT MyxuuHa
P U
pl JENCTBUE Muet

Puc. 8.13. [lonnas ApesoBugHas CTPYKTYPa KOAMPOBAHMA NDE/IOXEHHS
“MyxXunHa nbet MONOKO 4epe3 CONOMUHKY”
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OO6yyeHHe pacrpele/ieHHbIM CEMaHTUYECKUM IIPEICTABICHUSM B obenx
CETIX NPOMCXOAMUT OAHOBpeMeHHo. B Hauane 0OY4eHHs] CXKaThIX MpEeACTaBlie-
HUit Wit pl U “MONOKO” He CYUIECTBYET, IIO3TOMY MX 0Opa3Libl YCTAaHOBIEHBI
Ha “He 3Haw” (Bce 3HAUEHWS 3EMEHTOB ITonsT 1 W3HaYalbHO YCTaHOBJICHBI
pasubiMu 0.5). Bcee koHKpetsauuu poneit (s ATEHT, OBBEKT u 1.1.)
(UKCUPYIOTCS Ha OPTOTOHAIBHBIX 0Opa3Lax.

Monens DYNASTY colepXHT LBl psijl Caeayouux MOAyIeH.

1. O6yyarommii MOAYAb pPacrpele/eHHOTO CEMAaHTHYECKOrO MPEICTaBleHUSA,
cocTosiumil U3 AByX Momyneit XRAAM, onucaHHBIX BBILLE.

2. Konep cobbiTuit, apnsiomuiics TporuHoii ceThio RAAM.

Orno3HaBaTeNnb CLICHApHEB, MPEACTABNSIONNI cob0if peKYPPEHTHYIO CETh,
3ajayeil KOTOpoil SIB/sieTcA pacrno3HaBaHKe TUIA CLiEHapUs 1O nociefoBa-
TEJIBHOCTHU COOBITHIA.

4. OcHOBHOIl TreHepaTOp, NpelCTaBASIIOMIA CODOI PEKYPPEHTHYIO CETb,
3agayeii KoTopoil sAIBJsieTCA TeHEPUPOBAHUE MOJHOM IMOCIeN0BaATEIbHO-
CTH COOBITHIA.

Konep cobuiTHii MCIIONAb3YeT TPOUUHYIO ceTb RAAM st npeicrasne-
HUA TpoeK BUIa “coObiTHE, KOHKpPETH3aUUS-POJib, CJIOBO-TIOHATHE”.
Ha puc. 8.14 mokasaHa cXxema CTPYKTYpnl BBoma st “JIxoH 3auwen
B Yapr-Xayc”. [IpemnoxeHnss U coObITUA ABJIAIOTCA, MO CYLIECTBY, OAHHUM
U TeM Xe, HO ceTH, (GOPMUPYIOLIME MMPENCTABACHUS IS TpPEATOXKeHUN
M cobbITMIl, paziuyHbl. HamoMHMM, YTO MpPEeNIOXEHUs NpeACTaBasOT-
csi B oOyqalollleM MoJyjie pacnipeleleHHOro CeMaHTHYECKOro MpeicTaBie-
HMSI, a Kojep CcOOBITUII MCoNb3yeT pacnpeleieHHble CEeMaHTHYECKHE
npeacTaBieHUs.

AN T

B Yapr-Xayc
ATEHT [Dxon
evi0 JERCTBUE 3auen

Puc. 8.14. Cipykrypa kognposamus cobuitus “Jxon 3awen 8 Yapt-
Xayc” 8 cetu RAAM. CumBon ‘ev” ¢ HomepoM sBAsfeTcsd npo-
CTO SpALIKOM
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“PoJIIMH PeCTOPaHHOTO CLEHApHs ABIIOTCA CeayIOUIHe.

Posm cuenapus; KITMEHT, HA3BAHUE-PECTOPAHA, MULLIA
Sxaemnnspsl: [xon, [ixek, Yapr-Xayc, Kopeickuii-Cap, Gudwrexc, pebpbiku

KJ/IMEHT 3awen 8 HA3BAHWUE-PECTOPAHA

oduupant ycagun KIUEHT

OGULMAHT NPUHEC MEHIO

KNMMEHT npouutan meio

KNMMEHT 3akasan MULLIA

KNUEHT cwen NALLA

KNUEHT onnatun cyet

K/MEHT octasun yaessie

KJWMEHT noxunyn HASBAHWE-PECTOPAHA 1 Hanpasuncs foMOi

Ecin Bmecto KJIIMEHT wucnons3osate JIxoH, Bmecro HA3BAHME-
PECTOPAHA — Yapr-Xayc, a Bmecto IHUILA — 6udiurexc, Mbl nojayuum
NpUMep cLeHapHs, npuBoausiuMiics sbilie. TlepBoit craaueit o0yueHUs SBISA-
€Tl onpeleNieHNe pacripefie/icHHbIX CEeMaHTUYECKMX MpPEACTaBNEHUN Ui Bcex
poneil CUEHApHs, MCMONb3YEMbIX B OOYYAIOUIMX CLEHapUAX 3SK3eMIUISPOB
M IPYIMX TNOHsTHi (MeHio, 3awen u T.0.). [lonHeiM HaGopom poneii Gyaer
{1ENCTBUE, ATEHT, OBbEKT, COOFBEKT, UHCTPYMEHT, U3, B,
MECTO, BPEMS}. Tak, mist cobuitus

KSMEHT sawen 8 HA3BAHWUE-PECTOPAHA
MBI HMEEM

JIENCTBUE-3awen, ATEHT-K/IMEHT, B-HA3BARWUE-PECTOPAHA.

TouyHo TakxXe, 1

JxoH 3awen B YapT-Xayc
HMEEM

JEVICTBVE-3awen, ATEHT-fIxow, B-Yap1-Xayc.

Y1066l MONYYUTH MPaBWIbHYIO Mapadpasy (T.e. HONHBIA CMMCOK COOBITHI
M3 HEKOTOPOro OrpaHMYeHHOro moAMHoxectsa), moaens DYNASTY nomxHa
cBf3aTh 3ANOHUTENM C pOMSIMM  ClieHapust (HampuMep, cBs3aTh  JIXoH
n KIIMEHT). lMpoueaypa ceasbiBaHus ponei OyleT paccMOTpeHa cpasy xe Io-
cile KpaTKoro oGcyXIaeH!s ONo3HaBaTesisi CLIEHapeB M OCHOBHOTO reHeparopa.

3agayeit ono3HaBaTeNns CLEHAPUEB SBISETCA Pacfo3HaBaHWE ClICHApHeB
(pecTopaH, Toxof 3a MOKYMKaMHU M T.I.) M0 NocienoBaTebHOCTH cobbituit. Uc-
MOMb30BAHHE COOTBETCTBYIOIEN ceTH NofobHo ceth SRN, NOCcKoNbKy 3HaYeHUS

AKTMBHOCTH CKPBITOTO CJIOf TOAAlOTCsl oOpaTHO BO BXOAHOM choil LSl TOTO,
4TOGBI CITYXMTb KOHTEXCTOM. OGydeHHe NPOUCXOIUT 1O MeToay 06paTHOro pac-
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ripocTpaHeHus oUbOK, a yHeOHbIe TaHHBIE BKIIOYAIOT HECKOJIBKO 9K3EMIUIAPOB
PA3IMUHBIX clieHapueB. TUIThI CLiEHapUs OMNPEAENSIOTCS OPTOFOHABHBIMU 00-
‘pa3sliaMi, U LETEBBIM BbIBOJIOM SIBJISICTCS, COOTBETCTBYIOLIMI THTI CLEHApHSL.

3agayeit MOAYIST OCHOBHOIO TeHepaTopa SIBISETCS CO3JaHME TMOJHOW Ma-
padpasbl (T.c. BceX COOBITHI) U KOHKPETHOIO THIIA CHEHADUSA. IToatomy
BBOIOM CETH OCHOBHOIO TeHepaTopa SIBISETCS THMII CLiEHapusi, a BbIBOAOM —
ONHBIIT CMHUCOK cOGBITHIT B (opMe poneii cieHapus (Ge3 Kakux O6bl TO HM
6blI0 cBsi3biBaHMil). Hampumep, MepBbIMU AByMsSi COOBITUSIMU [UISL CLIEHApUs
pecropara ssiotest “KJIMEHT samen B HA3BAHME-PECTOPAHA”
n “opuumant ycagun KIJIIMEHT”. Cerb obyuyeHa reHepupoBath COOBITHS,
FIPEACTAB/ICHHBIE KOIEPOM COGBITHI, M VIMEET apXUTEKTYPY, OXOGHYIO Moy~
JII0 pacro3HaBaHus cueHapues. OIHO ToJe 3JIEMEHTOB BXOJHOIO CIOS IMpel-
Ha3HaueHo JUIS TOro, YTOOBI BBICTYNATh B Ka4eCTBE KOHTEKCTa, a Apyroe Ioje
3JIEMEHTOB NOJydaeT MHMOPMAaIMIO O THIE CUEHApUS.

B monenr DYNASTY npoliecc nonydyeHus NoNHON napadpasbl B3 HEKo-
TOPOTO TIOAMHOXECTBA TEKCTA BBIIISLAUT CNEAYIOLINM 00pasoM.

1. BxozHoil TekcT npescTaBisiercsl B hopMe Tpoek coOnITuil.

2. Jng Kaxjmoro cMMBoja B Tpoiike coObITHI MuleTCs COOTBETCTBYIOLLMH
obpasell paclipee/leHHOro CeMaHTHYECKOro MpeicTaBleHUS M3 IJ10-
GajipHOro cjioBaps.

3. Ucnonb3yeTcss Komep coBbITHIA, YTOOB! CO30aTh NPENCTABIEHHS COOLITHIA.
HUcnosns3yeTcsl ONO3HABATENb CLIEHAPUEB, YTOOB! BBISBUTH THIT CLICHapHs.

5. C noMoLIbI0 OCHOBHOTO TeHEpaTopa INMOPOXIAETCA TTOJHOE MHOXECTBO
COOBITHIA.

6. Kaxmoe cobbithe wiara 5 gekoampyercs B GopMmy Tpoiiku-cobbiTus (C 1o-
MOILBIO CeTH Kolepa cobbITHiA, T.e. AeKoaepa RAAM). BtoT npouecc pas-
nensieT YpeAcTaBieHde coBbiTHst Ha KOHKPETM3auuu posieii W pacnpeje-
fleHHble CeMAHTHYECKUE MPEACTABIEHUS, ONpelesiolline JAaHHOE CoBbITHE.

BoLinoNHAETCS CBSI3bIBAHUE pOJiEit clieHapus (OMMCBIBAETCA HUXE).

8. B rnoGanbHOM CiioBape HINYTCH pacnpeleleHHble CeMaHTUYECKHUe Tpel-
CTaBJICHUS ¥ BbIOMPAETCA CBA3aHHBI ¢ HUMHM CHUMBOJL.

9. Co3spaerca nofHas napadpasa.

3agaHWeM pelakTopa cBsizeit poseil sBAseTCA CBA3bIBAHME poiieil clie-
Hapus ¢ sKk3emmisipamu. Hanpumep, BBoa B cucreme DYNASTY moxer
ObITh CJEIYIOLIUM:
.

[xou 2awen B Yapr-Xayc.
IxoH cven buduirec.
JXOH OCTaBUN H3EBbIE.
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TlepBoit BROAMMOIT Tpoiikoi cobuiTil sBisercs. (evl0 JEMCTBUE 3a-
wen), (evl0 ATEHT Hdxou) u (evl0 B Yapr-Xayc). IlepBoii Tpoiikoil coBbI-
THit OT ocHOBHOTO reHepatopa Gyner (evl JEMCTBUE sawen), (evl ATEHT
KJIMEHT) u (evl B HASBAHUE-PECTOPAHA). Ing seoma JEMCTBHE
MMEET TOT e 3aTOJHMTENb (3allie), YTO U B TIEPBOii BBIXOXHOM TPOiKe coBbl-
THI OCHOBHOTO I€HEpaTopa, MO3TOMY 3TH PONM CUEHApUS BhIOMPAOTCS U CO-
XpaHswTcs B Tabnuue cBssed. B mannom npumepe ase poau (KJIHMEHT,
OxoH) u (HA3BAHUE-PECTOPAHA, Yapr-Xayc) coxpadsiorcs. 3aTeM
ceayiolwas BXOAHAA TPOiiKa COBBLITMII CPABHUBAETCS CO CIENYIOILEH ITOPOX-
ncﬂyoﬁ OCHOBHbIM I'€HEPATOPOM TPOIiKOI coObITHil. Ecnu sanomuuresin ami
JEUCTBHE He coBmamaior, sl CpaBHEHUS HCHOJB3YETCS CNSAYIOIUAS TPOM -
Ka coObITUH, NOPOXIEHHas OCHOBHLIM reHepatopom. Ilpouecc moBTOpsicicH
IO TexX Iop, Nnoka He Oyayr obpaboTaHbl Bce CODLITHMS OCHOBHOI'O IeHEepaTop:.
3aTeM 3aMeLIAIOTCS POJM CLEHAPUsl BO BCEX BBbIXOAHBIX COOBITHAX. .

Moaens DISCERN

Monens DISCERN (Dlstributed SCript processing and Episodic memoRy
Network — ceTb 06pabOTKH pacnpeleNieHHBIX CLEHApHEB 1 3MTH301HYecKOi
namaTt, cM. [Miikkulainen, 1994]) Ha ceromHs gaBnsieTca oaHOM W3 HaubGosee
MOJIHbIX CUCTEM MoHUMaHHUA peun. [TonobGHo monenn DYNASTY, snech Toxke
BCe CTPOMTCS Ha OCHOBe cleHapueB. PacuivpeHHas napadpasa opurdHalb-
HOTO paccKa3a MOXeT ObITh MOyYyeHa W3 OrpaHU4YeHHOTOo TCKCTOBOTO BBOAA,
a kpome toro, DISCERN Moxer orBeyath Ha Bonpochl (Hanpumep, “Yro en
Axon B Ma-Meitzon?”). Beogom u BbiBonoM DISCERN sBnsiorca pacnpe-
JOENEHHblE TPEJCTABICHUS JIEKCHYECKUX CNOB (T.€. CJOBECHLIX CHUMBOJIOB).
Monenb DISCERN cocTOUT M3 HECKOJIBKUX MOJYJIei.

Ananuaarop

AHanM3aTop MpPELIOKEHHH YUTAET COBAa IO OJHOMY M CTPOMT MpeAcTaR-
JIEHUE JUISl KaXIOro MpeIokeHUs. AHAM3aTOp PaccKa3os CO3LAET MpeACTaB-
JIEHUE CIOXETa U3 TIOC/IE0BATENLHOCTH TIPEUIOKEHMI U COXPaHSET 3TO MNpej-
CTaBJ€HME B NAMSITH. '

FeHepatop

rCHCpaTop pacCKa3oB, UCNONAb3YA COXPaAHCHHOC npcncraméuwe, co3laeT 1moJi-
HYIO napaq)paay, reHepaTop ﬂpCIUIO)KCHl/ll?'l BbIBOJAUT BCE COOTBETCTBYIONINUC C/TIOBA.
MNamaTb

CrnoBapb peaJii30BaH B BUAE ABYX KapT npusHakoB (cM. rnasy 3). lepsas
(nekcuyeckast) KapTa XpPaHMT pachnpeaeieHHOe IpeacTaBleHUe CHUMBOJILHOM
dopmsbl (Takoit kak, HanpuMep, COBAKA), a BTopas (ceMaHTHyYecKas) Kap-
Ta — pacnpejicieHHOe TMpPEACTAaBieHUWE CEMAaHTMKM cjioBa. PacnpenenerHble
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CTPYKTYPHI JIEKCMKOHA OTPAXaloT BU3yaibHbIC XapaKTePUCTHKH CJIOBa, MO3TO-
My ciosa JIAK u ITAK GyayT XpaHHTBCH PSIOM. PacnipeneneHHbie CTPYKTYPbI
CEeMAHTHYECKO KapThl OTPaXaloT XapaKTEPUCTHKH MCMONB3OBaHUS CJIOB, 10~
atomy ciosa XXEPTBA u XUILIHUK Takxe GYIyT XpaHUTBCS PSAOM. IMMU30-
JMYecKas MaMsTh XPAHUT CLIEHApHil, BADHAHT (HaNpUMeEp, creHapuii pecTopaHa
¥MeeT BAPMAHTBI M3BICKAHHOI KyXHHU M ObICTPOro MUTAHUA) YU POJIEBbIE CBS3M.
DK3eMIUISPHI PACCKA30B XPAHATCS B BMJE NEPAPXMYECKUX KapT NPU3HAKOB.
ClieHapUM COXPaHSIOTCSI B OJHON KapTe, KOTOpas CBSI3BIBACTCA € KapToii Ba-
PUaHTOB, a NOCNEAHSAS, B CBOIO OYEPelb, CBS3LIBACTCA C KapToil MpU3HAKOB
posteBbiX cBsideil. CXaToe MPEACTABJICHUE paccKasa.MOXeT HCITONIB30BAThCA
IV MOICKAa3KW KapTe cueHapus, PacTpoCTPaHSAIOILEN COOTBETCTBYIOILYIO aK-
THBHOCTb, B PE3Y/ILTATE YET0 BOCCTAHABIMBACTCS MOJNHAA napacdpasa.

OtBeTbl Ha BONPOCH!

Ananuzatop GopMHpYyeT NpeACTaBNIeHHE BOMpOca, yTo6Bl MCMONB30BaTh 3TO
fpelCTaRNeHMe B KauecTBe MMOACKA3KM MU anmsoguueckoit namsty. Ilocne
3TOro reHepUpYeTCs COOTBETCTBYIOILEE MPEACTABICHHUE PaccKasa, NCMOJIb3yeMOoe
BMeECTE C BOMPOCOM OTBEYAIOLUMM MOMIYJIEM WISl CO3NAHUS NPEACTABICHNSA OTBE-
Ta, a TOC/AeHEE MOJACTCS 3aTeEM Ha BXOI TeHepaTopa MpeLIOXeHUH.

3a7ayM TUMA aHAM3a TIPEMIOKEHMI W CO3aHMSA OTBETA BBIMONHAIOTCH
¢ MIOMOILBIO HepapXUyecky OpraHM30BaHHbIX monyneit FGREP (Forming
Global Representations with Extended backPropagation — ¢dopmupoBaHue
DI0GaNbHBIX TIPEJCTABIEHUH C MOMOIIBIO PaCIIMPEHHOTO ajlropnTMa obpart-
HOTO PaclpOCTPAaHCHUST OLIMOOK; CM. [Miikkulainen, Dyer, 1991]). Monynu
FGREP 1o cyr¥ NpeacTaBisioT coboil TpexcIoiHbie CeTH € oOpaTHBIM pac-
npocTpaHeHneM olmMGoK. JaHHsle BBOMA U BbIBOAA 3THX ceTeil COXpPaHSIOTCH
B ciosape. Ecnu momyne FGREP 06pabaThiBacT IOCNEN0BATEIBHOCTD BBOIA
WM BbIBOAA, HA KAXKIOH CTAANM 3HAYEHHST aKTMBHOCTH CKPBITOro CJI0s COXpa-
HAIOTCA, 4 3aTeM TIONAIOTCS 0OPATHO CKPBITOMY CJIOK0 BMECTE €O CJIEAYIOLHM
3/IEMEHTOM TIOC/IEA0BaTeNbHOCTH. Monyau ¢bopMUpoBaHHMS TOACKA30K M CO3Aa-
HHUS OTBETA UCIONB3YIOT HEPEKYPPECHTHBIE CETH FGREP. Ananusatopbl ¥ FeHe-
paTOPHI SABSIOTCS PEKYPPEHTHBIMM, W IIPU 3TOM MNepBble MOTYHAIOT nocjeaoBa-
TeJIbHBIIi BBOJ, @ TIOC/IEAHUE ~— TEHEPUPYIOT MOCNENOBATEIBHbIN BbIBOA.

" BxomHble U BbixonHbie cnon moaysiss FGREP pa30uTsl Ha nons, YMCIo Ko-
TOpPBIX 3aBUCUT OT 3aJa4Yd MOLYJISL. HepekyppenTthblit Monyns FGREP MoxHo
OBYYNTh CO3AAHMIO OTOOPaXEHMST CUHTAKCHMYECKHMX COCTABAAIOLINX Tipeioxe-
HNA B KOHKpeTH3aumu posiei. Tlons BXoAHOrO €10 MOFYT O3Ha4aTh CHHTAK-
cnueckue coctapnsioune {[Tomexaiee, Ckasyemoe, OObEKT, HononHeHue},
a MOJS BBIXOJHOIO CNOS — POJIEBbIE COCTABNSOIIME {ATCHT, Heitctaue, O6b-
ext, UHcrpyment, Moaudukarop}. Tpumep MogobHOro OTOOPaKEHUsT TOoKa-
3aH Ha puc. 8.15.
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Toanexatuee Ckasyemoe O6bexT [lononHenue
[Maanux | nonan Ip,eaoqxa J MsY |

Ve

| I CKpbITHIt CRoi

lMaﬂb‘IMK I nofan | Aesoyka l MY I 1

BBog, (cuHTaKcUYeckue cocTasnsiolme)

v
: Buigop (koHkpeTHbIe ponu)
Arent  [leiticteue  O6bext  Wnkctpymedt Moanduxatop

Puc. 8.15. OtobpaxeHne CHHTaKCHHECKUX KATErOpMii B KOHKDETH3ALMM poneit

[lonst BO BXOAHOM M BBIXOJHOM CJIOSIX 3arpyXaroTcsl JaHHBIMH M3 COOTBETCT-
BYIOLLICI CIOBY 3anMcH ciioBaps. B npouecce o6yyeHUs 3amuch cjioBaps MOCTO-
stHHO MeHgiorcst. CHayaja B CJIOBapb 3aHOCATCS CAyYaiiHble NaHHbIE, KOTOpbIE
B Xole OOYYEHUS] MEHSIOTCA O TexX INOop, MOKa K KOHLY OOyyeHUsT OHM He cTa-
6unusupyrorcs. [lpeacraBieHUs1 UBMEHSIOTCST BO BXOJAHOM YPOBHE, IS YETO UC-
NMONb3yeTCst PACIIMPEHHBIA anroputM oOpaTHOrO pacrpocCTpaHEeHUs OLIMGOK.
B omiMuMe oT cTaHZapTHOroO ajropuTMa o0paTHOro pacrpocTpaHEeHUST OLIUGOK,
KOrja ROJDKHBI BbIYMCIISITBCSI TONBKO OLUIMOKH ANSI CKPBITBIX 3/IEMEHTOB, YTOOBI
CKOPPEKTUPOBAaTh MEPBbiit CJOM BecoBbIX 3HaueHMit, cetb FGREP uper Ha war
Janblie U BbIYMCASIET OLUMOKY JUIS BXOAHBIX 3JIeMEHTOB. M3MeHeHus 3HaueHuUit
AKTUBHOCTHU KaXJAOrO BXOAHOIO 3/IeMEHTa OIpeleNsiioTesl NPOU3BEICHUEM COOT-
BETCTBYIOLIETO CHUFHajla OIMOKKM M HOpMBI 0OyuyeHUss. CyTbio MeTola SIBISIETCS
Waesi TPAKTOBKM BXOAHBIX MPEACTABICHUIN KaK JOMONHUTENBHOTO CJIOSA BECOB.

AHanuMzaTop npeanoXxeHuit ucrnonbdyer pekyppeHTHyo cetb FGREP ¢ on-
HUM BXOIHBIM rmoJjieM (MOCKOJIbKY CJIOBA YMUTAIOTCS MO OAHOMY) U € OAHHM
BBIXOOHBIM TOJIEM JUIST KaXJ0#H KOHKPETH3aUMM POAM. AHAU3ATOP PaccKa3oB
MMeEeT NO OAHOMY BXOJHOMY TOJIO JUISI KaXI0ii KOHKpPETH3alUUu poJM, a Ha
BbIXOJ€E BbIAAETCS TUI CLEHapHsi, BADUAHT U BCe POAM cueHapus. BuiBox naH-
HbIX aHUIA3ATOPA NPEIOXKEHUN CIYXUT BBOLOM TSl aHAIU3aTOPa paccKas3oB.

CosnaHue napad)pa3b1 noaaBacMoro Ha BXOA pacCKa3a BKNRIOYACT pald CJic-
AYIOILUMX 1Jaros.

1. Jlekcuueckoe NpeacTaBlICHUE KAXIOro ¢JioBa TIoJaeTcs Ha pPacCMOTpEHHUE
JIEKCUYECKON KapTe, KOTOopasg C NMOMOLUBIO CEMAHTUUYECKOW KapThl MPOMU3-
BOAWUT CEMAHTUYCCKOC anllCTaBHCHH‘CI.‘,

2. CeMaHTH4YECKHE HpCIlC’faBﬂCHMH no oqep\mu noaarTcda Ha BXOd CEMaHTHU-
YECKOIro aHajausatopa. o 3aBCPUICHUNU TIPECINIOXKECHUSA TIPCACTAaBNICHUA
KOHKPETU3alUlNH pOJ'lCﬁ nojaaloTCsd Ha BXOI aHalu3aTopa pacCKa3oB.
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3. AHaIM3aTOp PaccKa3oB MOJydaeT OT aHAJIM3aTopa MpeATOXeHHi mocieno-
BaTeNbHOCTh TPEACTABICHHWI TPEUTOKEHUH M TeHEPUPYET B BBIXOAHOM
cIoe TMONHOE IpeACTaBAeHHE BCEro paccKasa. DK3EMIULIPBl H3 paccKasa
TeIeph OKa3bIBAIOTCA CBA3AHHBIMY C POIAMHU.

4. TlpencTaBneH¥e paccKa3a ITOJAETCS B SMM3ORUYECKYI0 NaMATh, KOTopas
Boinenser  (knaccudbuuMpyer) ClieHapuil pacckasa, BapMaHT M pO/ieBble
cesi3u. [IpencraBieHde MOMHOroO pacckasa (MoJHoN napacgpassl) onpeaesi-
eTcs 3HAYeHMSAMHU BEKTOPOB BECOB 3JIeMEHTOB-NoOeaUTENEN B CIOSX CLiE-
HapMeB, BAPHAHTOB M CBA3EH.

5. TeHepaTop paccKa3oB, MCTONb3Ysl MPEICTABJIEHME PaccKasa, CO3facT Mo-
CJIEIOBATE/ILHOCTh NPEATOXEHUI ¢ KOHKpeTH3aluel poneil.

6. TeHepaTop NpE/UTOXEHHIi, UCIONB3Yd II0CTENOBATEIbHOCTH [eHEpaTopa
paccKasoB, BHIBOIMT CJOBa (B MX CEMaHTMYECKOM MpeICTaBNeHUH).

7. HakoHell, ¢ TIOMOLIbIY CJOBaps CeMAHTHYECKOEe IPEICTaBICHNE ClIOBa
FIpEBpaLiaeTcs B ero IEKCHYeCKyio hopMy.

Borpoc MoXeT 6bITh NepeBeieH B (GOpMy NpPEACTABICHUN KOHKPETH3aLMK
poreif, KOTOpbie COCTaBHTENb INOACKA30K HMCITONB3YeT MJIA TOTO, yToGBI TO-
CTPOMTH npnﬁnml(eﬂﬂoe npeAcTaBIeHME pacckala. 3aTeM SMu3oidyeckas MNa-
MSTh MOMY4YaeT MOACKa3Ky IUIS ONpele/IeHUs] ClieHapysl, BApUaHTa U POJIEBbIX
CcBsi3eil, MCTIONB3YEMBIX BIIOCNEACTBUH LI POPMUPOBAHUS OTBETA.

Kayectso pa6otel DYNASTY u DISCERN

OGe MoIenM I[OKaszamu Xopollee KayecTBo oGoGwieHus. i mozenu
DYNASTY B [Lee et al., 1990} ncrionn3oBaanch YeThipe cLeHapHsi (MOCELIEHNE
pecTopana, MpOC/YLIMBAHNE JIEKIIMK, TMOXO/ 32 NMOKYNKAMH M BU3UT K Bpauy)
¥ 6bLIM CrEHEPHPOBaHbl N0 BOCEMH NPUMEPOB KaXI0ro U3 HUX. N3 32 npume-
POB CLIEHAapHeB, 16 MCTIONB30BANTMCE UL OOYYCHUS U CTOJIBKO Xe It TECTUPO-
BaHMs KayecTBa 0600IeHnst. Bce yueGHbIe N TecTOBbIE cLieHapuu ObuUM 06pabo-
TaHbl NpaBWIbHO. MukkynaitseH (Miikkulainen) TecTupoBan Mozcib DISCERN
Ha 96 paccka3sax, TONYYEHHBIX B pe3y/bTaTe KOHKPETH3alMM TPEX CLCHApHEB
1 TPeX MX BapMaHTOB. B creHepnpoBaHHOM TekcTe 98% C/OB GbUTM NpaBUIbHBI-
‘My. OYEBHIHO, YTO 00€ CHCTEMBI BHIMONHSIH CBOIO pafoTy xOpoulo.

Monens DISCERN gsisiercs Gonee IMOJHOW MOJENpI0 MO CPaBHEHMIO
¢ DYNASTY xors 6bl IOTOMY, HarpuMmep, 4TO aHanusaTop (B MOJEIH
DYNASTY) He 6bu1 pealii3oBaH, a OCTaBJIeH JUISl peanu3alniy B JaJbHEeNIEM.
LleHTpaIbHBIM C TOYKM 3DEHMST KauecTBa paboThl 06GeMX CUCTEM SABIACTCA Me-
XaHN3M (DOPMMpOBAHMsS TPEACTABJICHMH, a 3lech 0be CHUCTEMBI MCTIONL3YIOT

- OYeHb cXOXHe MeTobl peunpkynsuuu. [pencranenuss FGREP, cosnaromme-

cs B monenu DISCERN, HakaruiuBaioTcss BO BpeMsl 0OY4EHMsI CUCTEMBI Bbl--
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HOJNHEHUIO 33l1a4y, TOMNA KaK paclpelciicHHbie CEMaHTHYECKHME IpelcTaBie-
nusi B monenu DYNASTY ¢opMHpyIOTCsE HesaBUCHMMO OT 3agayu. M xorg
npexnctasienns FGREP HacTpanBaloTcs HMEHHO B COOTBETCTBHMM € pelllaeMoit
3ajayeii, pacrnipefie/IeHHbIE CEMaHTUYECKHE TpeNCTaBICHMS, Gy,HYqu HalxeH-
HbHIMM HE3aBUCMMO OT KOHKPETHOH 3ajlayM, HOKHBI ObITh ITE€PEHOCHMMBIMH
WM Ha [Opyrde 3aiayd, TpeOyloule [OCTYII K CJIOBECHOMY COREpKHMOMY
(cM. [Lee et al., 1990]). B obuieM, 0Oe MomenH BbIIIOIHMIOT CBOIO paboTy Xxo-
pOLUIO Ha NPaKTHYeCKM OMMHAKOBBIX 3ajayax, U o0e MpemiaraloT XopoLiHe
NpUMEPBI MOTYNIBHOH apXHTEKTYPHI. ‘

B [Miikkulainen, 1995] onucana apyrasi MOJy/ibHas apXUTeKTypa, Ha3BaH-
Hag SPEC (Subsymbolic Parser for Embedded Clauses — cyOcUMMBOABHBIN
aHaJIM3aTop MU NMONYMHEHHBbIX MPELIOXEHUIH), NpeaHasHayeHHasa s obpa-
O0TKM MpeUTOKEHHI ¢ MOTUMHEHHBIMH TIpeLIOXEHUAMU (Hanpumep, “Ta me-
BYLlIKa, KOTOpoH NoHpaBuiach cobaka, 3alloMHUAa Xo3fiMHa cobaku”). Mo-
aenp SPEC paspa6artbiBanack Ui aHafiM3a MpeUIOXEHHH ¢ HOBBIMU KOMOU-
HalUMSIMU = TIOAYMHEHHBIX CTPYKTYp, He TIp¢/UiaraBlIMXCs B Ipolecce
obyuyeHus. LleHTpaibHBIM KOMIIOHEHTOM CHCTEMBI SIBISIETCH TENEPh YXE XO-
pouro 3HakoMasi HaM ceTb SRN, xoTopas crpour oTOGpaxeHHe MocCjeq0Ba-
TeNbHOCTE B NpeACTaBACHHSA KOHKPETU3alWU ponei. DTOT aHalnM3aTop Ha
ocHoBe cetM SRN pgononHsieTcst peanusaumeit cteka RAAM, npeaHasHayeH-
HOrO JUISL XpaHEHHs BblpaxXeHWHU (HanpuMep, “Ta neByluka”), MCHONB3yEMBIX
B X0le aHAIM3a MO3XE, a TAKXKE CETHI0 CETMEHTAUMM, SBISIOLIENCS CeThIO
¢ NMpsIMOIi CBA3bIO, BBIMOJHSIOWEN pa3fe/ieHUS NPEATOXEHUS Ha BhIpaXeHHUsI.

8.5. [ipyrue Bonpocsl, Kacalowmecs npeacTaBneHui

| 8.5.1. 0boo6weHune

“O60011eH1e” ABNAETCH TEPMUHOM C O4YeHb LIIUPOKOM OBNACTHIO MCIIONb-
3oBaHMsA. YenoBek BbINoNHsieT 0bobuleHns Ges ocobwix ycwumii. Hanpumep,
Bbl Y3H@eTe JULO Apyra, AaXe €c/lh OH OTPacTUT Gopoay WIM U3MEHUT TIpuU-
yecky. O6o61ieH1e MOXET O3HaYaTh M HeuTo 6onee aGerpakTHoe. Hampumep,
CcOBceM He obs3aTe/bHO SBHO UH(POPMHUpPOBaTHL O TOM, UTO OOGBLEKT, IMOCTAaB-
JIeHHBI Ha KoJjeca, Oyaer Jjierye nepeJBUHYTh, YeM 00beKT 6€3 Konec — Mbl
MOXeM Jloraatbesi 06 aToM U caMu. OMBIT MOMNBITOK NEpeEMELIEHUS 00bEKTOR
CaMbIX pa3HbIX TUIOB Ja€T HaM BO3MOXHOCTb BbIBECTH TIOAXOAsllEe 3HAHME,
TakK YTO KOrja MbI BRAMM HOBbI OOBEKT B NepBbIil pa3, MOXHO JOCTATOUHO
TOYHO OLEHMTb T€ YCHAMS, KOTOpble NOTpebyeT ero nepeMenicHue. 3HaHuUd,
Kacamolueecs NperMyLLECTB UCOAb30BaHUS KoJjlec, HOMXHBI Kak-To abcTparu-
pOBaTLCST OT OOBEKTa B LICJIOM, TOCKOJBKY OOBEKTHI ¢ KOJIECAMU I10 BHEILHEMY
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‘ Bpmy MOTYT CWJIbHO OTJIMYaThCS: JANEKO He BCErJa Mbl, YKa3blBas Ha 00BEKT,
TOBOPUM, YTO OH MOf0GeH HEKOTOPOMY ApPYroMy oOBeKTY M HO3TOMY TIEpE-
IBUHYTE €10 GyaeT serko. ToyHO Takxe, HAINYMS KOJNEC He NOCTATOYHO I
06061IEHUS: CYILECTBYET HEMAJIO OOBEKTOB, HE MPEAITOIaralolmx MepeMenie-
HUe, HO MMEIOUIMX €T, HaroMUHaoUiMe Kojeca. AGCTpakums 3HaHUS
JOJDKHA JenaTh 3HaHMe nepeHocMMbIM. Hampumep, MHXeHep-pa3paboTiuk
3HAET, YTO TejeXKa s cylepMapKeTa JHOJDKHA ObITb C KOJECaMM, & Mbl MO-
KeM 3aKITIOYMTh, YTO CTMPANbHYIO MAlUMHY OVAET Jerde rnepefBUHYTh, €CIU
MOCTAaBUTh €¢ Ha PONHMKHM. 3HAHUE O KOliece CYLIECTBYET B (opme, NOTYyCKaro-
LIeil MPUMEHEHHE TOTO 3HaHUS B OYEHB IIMPOKOM J1ana3oHe CUeHapHeB.

B pabore [Barnden, 1992] mpenaraercs NpUMEp SABHOFO 00OOILEHMS.
HeilpoHHble ceTH Mo GONbLIEH YacTH MCIONb3YIOT HEsIBHOE 0000LIeHHE. Ha-
MIpHMeEpP, CETh MOXHO OOYYMTh CBA3bIBATbL (aMUINKM KOHKPETHBIX KOMMYHH-
CTOB, XHBYLIMX B Topofie, ¢ MOHSTHEM “aTemct”. CHCTEMY MOXHO obyyatb
0606111aTh TaK, YTOOHI ST JII0O6Or0 KOMMYHMCTA, ITPOXUBAIOLIETO B ropole, e
BBLIXOZHOE 3aK/IIOYCHUME 06 aKTMBHOCTH BKIIOYAIO XapaKTePHCTHKY “3Ta fep-
coHa gBisercd ateucroM”. CHcTeMa IIPM 3TOM He cTpouna oboluieHue THmna
“gce WIKM GONBIIMHCTBO XHUBYIIMX B TOpoJlc KOMMYHHCTOB SIBJISTIOTCA aTeMcTa-
Mu”. TIpeanonoxumM, 4To SBHbIM 0000ILEHHEM ABISETCA Nojaya Ha BXOI CUC-
TeMbl Tpe6OBaHUA YCTIONB30BATh CIEAyIOllee NPaBUIIO.

Ecnu Bce (U GONbIIMACTBO) XUBYLMX B TOPOZIE KOMMYHUCTOB SIBNISIOTCA aTencTamu, 70
ropog, UMEEeT NPaBo NPeTeHaoBaTh Ha AoTauuu GoHaa danu.

Ipumep Baphnena (Barnden) BBISIBISET pasHUI MeXay O0OOUIEHHEM 3Ha-
HMiT B cllydae KOHKDETHBIX 3K3EMIUIIPOB U 00OGLIEHMEM Ha HEKOTOPbIN
xnacc. TlpaBo mpeTeHaoBaTh Ha gotaunyu doHza Panau Tpebyer 06OGHIEHUS
C WMCIOJNB30BAaHUEM KITACCOB.

TMpeanonoXuM, 4TO Bbl BBHIPOCIH, HE 3Has TOTO, 4TO TaKoe 4aillka 4as,
M KTO-TO (KTO TpeArofaraeT, Yto Bbl IWIM Yail paHblle) MpeanaracT BaM
YalUKy Yasi, KOrga Bbl MPUUUIM K HEMY B rocTu. Yepe3 HEKOTOpPOe BpeMs Bbi
yxe OyfeTe 3HaTh, YTO YallKa C KPACHO-KOPNUYHEBOU XMIKOCTBIO, MTOCTABICH-
Has Tiepel BaMM, cKopee Bcero, Gymer ropsuyeil (BaM Takke HECKONBLKO pa3d
MomaBaid XOMOAHBIM 4Yait). Bel Moxere caenath o6oOuieHHe, 3aKIIOYMB, HTO
“OBBIYHO Yaii nojaeTcs ropsuuM”. SBHoe oboOlleHUe AesiaeT 3HaHUE mepe-
HOCHMBIM. BBl 'MoOXeTe, HanpuMeEp, TNOHSTb acCOLMaUMK MNPELTOXEHHUs
“KYNUTe CTeraHbiii yexon Ui YyaiiHHKa, ec/ii BaM HPABUTCA ropsayuit yaid”.

Jlerko MOHSTH, MOYEMY MHOIME TIparMaTUKH BBICTYMAIOT 3a TMGpuIHbIE
CHCTEMBI — CHUCTEMBI, KOTOPBIE UCITONB3YIOT MPEeNMYILECTBa KaK CUMBOIBHOMN
NlapaIMTMbl, TaK Y IapagurMbl HEMPOHHBIX ceTei. “I'nbOpua”. Kak TEpMUH SB-
JISEETCST OTYACTU He CJIMLIKOM YIAYHBIM, NTOCKOJIBKY JUISL Pa3HbIX JIOACH OH 03-
HayaeT pa3Hbie Belud. J11g oXHMX TMOpUIHAs CHCTeMA O3HAYAET CUCTEMY, CO-
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JepXauiylo pasHble MOJY)NH, KOTOPblE MOIYT GBbITh MAECHTHGMOWUIMPOBAHBI KaK
CUMBOJIPHBIC WIN OCHOBaHHBIE HA HEHPOHHBIX ceTsix. JLig ApYrux Taxkoii CHH-
Te3 MOXET O03HayaTb GoJjiee CHIIBHYI0 MHTErpauyio B paMKax apXUTEKTYpPHI,
HanpuMep Tuna RAAM, aeasolueiics Moaensio cem, npeAHa3HAuYeHHOH Mg
TIPEACTABJICHUST CUMBONIBHBIX CTPYKTYP. HO MBI MOXeM HUTrHOpHpPOBaTh CTENEHb
rubpuan3anym, YTo6bl BBIICHUTD, B YEM NPUBIEKATEABHOCTD CaMOi WIEH.

Paccmotpum konTeker. Cumson Y€ spmsercs 6ykBoit “v” wim “u”? Pac-
NO3HaBaHKE CHMBONA HE ODA3aTENBLHO MOJDKHO OBITh MPo6seMoil, MOCKOIbKY
MBI MOXEM TNPUHATH PellleHUE N0 MMEIOLIEMYCS KOHTEKCTY. B mokazaHHOM Ha
puc. 8.16 cinyyae ator cumpon B cnose PUT uHTepnpeTupyercs, Kak “u”
(HeTpynHO noragatbes, uto cumson PNT  nomken 6siTh cinooM). Ho xakum
ABasgeTca Bropoe cnoso — DOVE munmn DOUE? Paspemnts 3Ty HeonHosHau-
HOCTb TIOMOXET JOMOJIHMTE/IbHBIA KOHTEKCT (CKaXeM, €CJM ClOBO SIBASETCS
4acTeio NpeioXeHusT). st pelieHuss HEOMHO3HAYHOCTH MHTEPHPETALIHM OY-
KBbl MOXHO MCIO/NB30BaTh FUOPUIHBIA MOIXOA: CO3MaTh HEHWPOHHYIO CeTh,
BBIOMPAIOLIYI0 HECKONBKO BO3MOXHBIX KAaHIUIATOB (Harpumep, “u” u “v”)
W UCTIONB3YIOIRYI0 CUMBOJIbHBIE TpaBWIa Ut KOAMPOBAHUSA CJAOB M 3HaHHeE
CTPYKTYPbI NpPEUIOXKEHUI 15 OKOHYaTeNIbHOro BeIGopa BapuaHTa. B maHrom cny-
yae He#poHHas ceTb JOJDKHA PacCMOTPETh ONMH CUMBOJ M C TOMOLLBIO npaBi
00paboTath KOHTEKCTyanbHYI0 MHGopMaumio. Kak BAPHMAHT MOXHO 6bUIO 6bi pe-
LIMTL BCIO 3a/layy C MOMOLUbIO HEHPOHHOM ceTH. DTa 3a5aya Ha CaMoM Jejie Ka-
XKETCH O4YEHDb TNOAXOASALIEH WIS MCTIONb30BAHUST HEUPOHHBIX CETeil BBUAY TOTO, YTO
OHa TpebyeT pacrio3HaBaHUST 0OPa3LOB, YTO HEHPOHHBIE CETH AENAIOT AOCTATOUYHO
XOpOLLO, a KPOME TOTO, Mbl 3HaeM, YTO MpeACTARIEHHE KOHTEKCTa TOXE CBA3AHO
€ HEPOHHBIMKU ceTamu. Ho TyT HacTymaer MoMeHT, Korma AT TIPOLECCOB Bbic-
ILETO YPOBHSI TpebyeTcss MeXaHN3M abGCTparnpoBaHUs 3HAHMIA, a 3TO 4O CUX NOp
ZUIST KOHHEKLIMOHUCTOB OKa3bIBAETCSI BECbMa TPYAHO! 1pobieMoi.

PNT DONG

Puc. 8.16. Cumson N Moxer wurarsea kak u wm v 8
3aBUCHMOCTY OT KOHTEKCTa, B KOTOPOM OH BCTPEYaerca

Cnoco6HocTb abeTparnpoBaThcsi HEOGXOAMMA WIS PEILEHHS CIOXHBIX 3a-
nay. Yepes abGeTpakuMio MBI MOXEM OTOPOCHTb AETAMH W CKOHUEHTPUPOBATh
PECYPCHl Ha CYINECTBEHHBIX 3JIEMEHTax 3ajauu. [IpoekTupyeM MM Mbl 31aHue
WK NUIAaHUPYEM MPasIHUYHBIA Beuep, Mbl CHayala paboTaeM ¢ MUHHUMANLHOMN
Jdetanu3auuen, ytobst fepxaTh paboTy Moa KOHTponeM, X06aBnsis umbopiwa-
U110 nocreneHHo. AGCTPakUMsT UMeeT ¢ A3bIKOM (YHAAMEHTANbHbIE CBS3M.
PaccmoTpuM crienyoime yreepxaeHusI.
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XKH1BOTHbIE UMEIOT KOXY.
XusOTHble ablwart.
XKnBOTHLIE easT.

DTU yTBepXKIEHUA abCTparupoBaHbl -Ha OCHOBE HAOMIONCHMI 32 MHOTMMH XM-
BbIMU CO3JaHMAMHM Hallero mupa. Yepes 3TU YTBEpXKIEHUS 3HaHMe AenaeTcs
MIEPEHOCUMBIM JUIS MCIIONIb30BaHMs B CaMBIX pasHbIX KOHTekcTax. Hampumep,
BaM HeT HeoOXOOWMOCTH 3HaTh, YTO TakKoe cobaka, €Cjli BaM CKaXyT TOJBKO,
4TO 3TO XMBOTHOE, YTOOBI 3aKIIIOYUTh, YTO €CIM Y BaC OyneT cobaka, Bbl 06d3a-
Hbl 6yaeTe ee xopmuth. [l Bac naxe He sBisieTcsl HEOOXOAMMOCTRIO XOTS Obl
pa3s B XW3HM BUIETh PEanbHYIO co0aKy, 4ToObl 3HaTh O HEW JAOCTAaTOYHO MHOTO.

SI3pIK JUisT MoAei IBsieTcs odeHb Goratoit dopMoil KoMMyHHKauuu. [lo-
CPEACTBOM fI3bIKAa MOXHO C IOMOILBI0O MHCTPYKUUM MOJETUpOBaTh 00pasell
MOBeIEHUS B OMpeAesicHHOM coobllecTBe, y4acTBOBaTb B UIPax CO CIOXHBIMM
MpaBuiaMH U, KaK Mbl YK€ BUIENH, NepefaBaTh 3HaHUS. CUMBOJIbHbBIE CHCTE-
MBI SBJISIOTCH S3bIKOBBIMM cUcTeMaMM. Bce ydeHsble, 3aHMMaroMecs KOMITb-
IOTEPHBIMU pa3paboTKaMM, XOTequ Obl MONYYHUTh B CBOE PAacMoOpsKeHHE Mpo-
CTble B UCIIOJIL30BAHUM CPEACTBa Tepedaun 3HaHUM MaliMHe. MBI BUOUM 3TO
10 HEMpPEKPALIAOLUIMMCS TIONbITKaM pa3paboTKK BCe HOBBIX M HOBBIX SI3bIKOB
W BEPCUIi A3BIKOB NMPOrpaMMUPOBAHUSA BCEX YPOBHEM, OT YPOBHS MaUIMHHBIX
KOJIOB JI0O CAMOTrO BBICIIETO YpOBHSI. Mbl TpeGyeM cO3daHUS CUCTEM, KOTOpbIE
6bU10 OBl Jlerde nMporpaMMMpoBaTh. B HacTostiliee BpeMsl GONbLIIMHCTBO CHCTEM
Tpe6YIOT OT YesIoBeKa CHayajla PEeLIMTh CTOSILLUYIO Nepel HUM 3aiady, a 3aTeM
COOBIIUTE ITOTydeHHOE pellleHe MalllMHE MOCPEACTBOM sI3bIKa MPOrpaMMUpO-
BaHud. TTpenmylliecTBO OOyYaloOLIMXCS MAlIMH THUNa MailMH Ha OCHOBE HeM-
POHHBIX CETEN COCTOMT B TOM, YTO B HMX MpOrpaMma MosiBAsSETCSA KakK no6ou-
HbI TIPOAYKT 0OyYeHUS MalluMHbl peliaTb TMOCTABJICHHYIO MEpea Heil 3amavy.
Ho MBI HE CMOXEM MCITONL30BaTh MOTEHUMAT TAKUX MalUWH TTOJIHOCTBLIO, MOKa
He HayuMMca obuwarbcd ¢ HUMU. WM jpaxe orpaHuyeHHas ¢opma oblueHus
(HanpuMep, B TEPMUHAX peakliMi MallMHbl Ha KOMaHObl) Obia 6bl HEMaJibiM
wiarom Breped. B cieaymoluem mozpasiesie BBOAUTCS NOHSATHE OOOCHOBaHUSA
CUMBOJIOB, KOTOPOE MOXET OKa3aTbCsl CYLUECTBEHHBIM Ul BOMPOCOB, CBA3AH-
HBbIX C BO3MOXHOCTSAMM MALLMH NpPOABIAThL MCTUHHOE TMOHVMMAaHWE U CIOCob-
HOCTb K OBLIEHMIO. 3aTeM clefyeT KpaTkoe obcyXIeHME ABYX CHCTEM Ha OC-
HOBE HEHPOHHBIX CeTeil, Jalolliee MPUMEDP TOTo, KakK MOXHO Obl1o Obl peanu-
30BaTh MalllMHHOE OOLIEHHUE.

8.5.2. MNpoonema 000CHOBaHNA CUMBOJIOB

B paGote [Harnad, 1993] XapHaz 3agBun crienyloliee.

[Mo3HaHUe He MOXET OBbITh TOJNBKO BBIYUCIECHUEM, IMOCKOJBKY Bbi-
YUCJICHUE NPEACTABIACT co0oi JIMILD cCUCTEMATHYECKU WHTEprpe-
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THUPYEMYIO MaHUNYJIALUIO 6€CCMBICACHHBIMU CUMBOJIAMH, TOTIA KaK
COEPXaHHUE MOMX MbICTEH He 3aBUCUT OT UX MHTEPIPETHPYEMOCTH
WIA MHTEPIPETALIMU KEM-TO IPYIUM.

CornacHo XapHany, CHMBOJIBHOE COIEpPXaHUE TOJDKHO BBIPAXAThCS B PaMKaXx
COIEPXaHHUs aBToMara.

Panee B oToii I7laBe Mbl YK€ TOBODHIM O TOM, YTO CHMBONBI SBJISIOTCS
GecCMBICIEHHBIMM CYLITHOCTSMU B ce6e, KOTOpBlE MOTYT BBIpaXaTh 3HAaYeHWe
TOJIBKO TIPY UHTEPIpPeTalli UX HEKOTOPHIM arceHTOM, yXe MOHUMAIOLIMM TO,
YTO O3HAYalOT 3TH CHMBOJIbl. CIIOCOGHOCTh BOCIIPHHUMATH BHEUIHIOK CPELY
1 B3aUMOJEiCTBOBATh CO CPefloil JaeT MallMHe NOTEHUHMATBHYIO BO3MOXHOCTD
BbIpaGoTaTh NS ce0f TOHMMaHHMEe OOBEKTOB M COOBITUIX B OKPYXKAIOIIEM MU-
pe. XapHal cyuTaeT, YTO HEHpPOHHBIE CETM SBASIOTCH NOTEHIMANLHBIMU
“KaHIMZaTaMit” B CUCTEMEI OBOCHOBAaHUS CUMBOJOB.

B [Hamad et al., 1994] orMeyeHo, 4TO MOAN BUIAT O6BEKTHI MO-pa3sHOMY, KO-
Tla yyaTcst COPTMPOBATh UX MO KaTeropusiM. OGbEeKThl OIHOM KAaTEropuu KaKyTcs
Gonee MOXOXUMM, a 0GBEKTHI pa3HbIX KaTeropuit — MeHee. XapHa U ero coasTo-
Pbl HCTOB30BATH CETb ¢ OOpaTHLIM PacipoOCTPaHEHHEM OLUMGBOK, uToBbI Mpofe-
MOHCTPHPOBaTh CO3IaHUE TaKUX KAaTEropuil, rie ofbekThl MMETH MpPOCTPAHCTBEH-
HOE TMpelCTaRIeHWEe B TEPMMHAX 3HAYEHUN AKTUBHOCTU CKPBITBIX 3JIEMEHTOB.
Cornaco aBTopaM YKa3aHHON paboThl, TAKUMK KaTErOPUSIMU MOTYT GbITh 3aaH-
Hbl€ CUMBOJIBHBIC METKH, M 3TH CHMBO/bI MOTYT ObITb OOBEAMHEHBI B CTPOKH,
dbopmHpyIoLIMe YTBEPXKAEHHS, Kacalollnecsi 06bekToB. [To MHEHMIO aBTOPOB YKa-
3aHHOW paboThl, 3HAYCHMS TAKMX CHMBOJABHBIX TPEACTABIEHUI NOMKHBI ObITh
“0B0CHOBaHBI” BO BHYTPEHHMX €IMHHLAX CUCTEMbI, YTOGbI BbIGPATh M3 MX CEH-
COPHBIX MPOEKLINit OOBEKTHBIE KATETOPHH, CONEPXKALIMECS B YTBEPXACHHUSX.

YTo6b1 chopmynmpoBath Hiel0 OGOCHOBAHWS sicHee, Mbl MCHONb3yeM Gosee
paHHMI npumep Xaphana (cm. [Hamad, 1990]). Mpencrasbre ceBe po6ora, paGo-
TAIOLLErO B pealbHOM MUPE M 00yYaloLUErocsi BbUIEJIEHHIO OMHOI KaTeropuu s
00OBEKTOB, KOTOpbIE MBI Ha3biBaeM “JOLUANL”, a JAPYToii KaTeropuum — mis o6beK-
TOB, KOTOPbI€ Mbl Ha3blBaeM “rniofiocku”. Ecnn sTMM KaTeropusiM NpucBOMTH CO-
OTBETCTBEHHO METKH “NIOladbL” U “Nofiocku”, To CUMBOJBI “folanb” M “nofoc-
KN” OKaXyTcsi 0BOCHOBAHHBIMU. 3aTeM M3 “3e6pa = Jomanb & MOAOCKU” MOXHO
copmupoBaTh 06OCHOBaHHbBIH CHMBOA NS “3e6pa”.

IpernoxenHbiit XapHanoM noaxoa sieisieTcss rTM6pUAHBIM. MOXHO mipes-
CTaBUTbL ceGe HEMPOHHYIO CeTh, NMPUCOCAMHEHHYIO K CEHCOPHOMY aImaparty.
B pesynbrate HabsroeHUst MHOXeCTBa OGBEKTOB pPEaNbHOrO MHpa B TpO-
CTPaHCTBE [MpeACTaBICHUN ceTH obpasyeTcsl onpeftencHHas o61acTh, comep-
Xawasi Bce, YTO Mbl 3HaeM 06 ofbekTax TUMa “jowans”, U Jpyras obaacTb,
TI€ HAXOQUTCST BCe U3BECTHOE 00 oObekTax TUNa “monocku”. HeitpoHHas ceTb
BOCNPUHMMAET WHGOPMALMIO M TIPOBOAUT KATErOPU3alMIO. 3aTeM KaTeropuu
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MOIYT OBITH MIOMEUYECHB! CHMBOJIAMHM, M C TIOMOLIBIO KOMOGMHUPOBAHHUS CHMBO-
JIOB MOTYT TeHEpUPOBAThCSA HOBBIE CUMBOJIBI. Cumsosnst THTIA
“3e6pa = Jiowwanp & NOJOCKU” cO3AaI0TCA KOMOMHALIMENR CHMBOJIOB, HO TIpel-
NoJIaraeTcsl, YTo CUMBOJ “3e6pa” MOMKEH OKa3aThbCs O0OCHOBAaHHBIM BBHIY TO-
IO, YTO OH BO3HMKAET B pe3y/bTaTe KOMIIO3ULIMM NPEICTABICHUI KATETOpHi.

B paGore [Sharkey, Jackson, 1994] Takoit ruGpumHbIi NOIXON MPU3HAH Jaje-
KUM OT coBepuieHCTBAa. Mcrmonb3yeM IBa mpumepa U3 3Toi paGoThI: IIpeICcTaBbTe
cebe Jionraas ¢ TOHKMMH TOJIOCKAMM BAOJB CIIMHBI WM JIOLIALb, HAKPBITYIO MOJI0-
cartoit nonoHoi. Haseanau Osl BbI' TaKMe KoMosunuy 3¢6paMn? KoHEYHO Xe HET,
x0T 06a o6beKTa SBISIOTCS KOMITO3ULIMSIMH BHIA “JI0MIaib & ITOTOCKH”.

KoHTexcTHasi 3aBUCUMOCTb. NMPEACTABACHHUIT HEHPOHHBIX CeTeil, KOTophle
MBI 4acTo MPM3HAEM MCKITIOYHTENBHO MOJNE3HBIMM, GbIBAET HCTOYHUKOM 10-
TONHUTENBHBIX . fIipobieM. PaccMorpuM noHstue “kode”. “Kode” umeer
NnpeicTaBjAcHue, 3aBUcsllee oT KoHTekcra. “Kode” B 6aHKe AOKHO MMETh
IpejcTaBlIeHUe, oTAMYapileecs oT “kode” B yallike (XOTH 3TH NpeACTaBIEHUS
Y JOJLKHBI OBITH B ONpEAEJICHHOM cMbIcie noaobHeiMu). Kak MoXxHo maeH-
TUNUMpPOBaTh NOHATUE “Kode”, YTOOBI ¢aenaTh 3TO MOHATHE NEPEHOCHMBIM
Ha Ipyrue ciaydyau Ucrnosb3oBaHUA? CHUMBOJIbI OKa3biBAIOTCA TEPEHOCHMBIMU
11O TNPUYMHE TOTO, YTO OHM AMCKPETHBI, MPOU3BONbHBI M HE3ABUCUMBI OT KOH-
TeKcTa. BO3MOXHO, MBI HyXJaeMcCS B KOHTEKCTHO-HE3ABUCUMBIX KOMIIOHEH-
Tax npelncTaBlieHUil HefipoHHBbIX ceTeit? B ceTn ¢ npsamoit ¢Bs3blo M3 paGoThI
[Sharkey, Jackson, 1994] aKTUBHOCTH CKPBITbIX 3JIEMEHTOB SIBISIOTCH KOHTEK-
CTHO-3aBUCUMBIMH, a BECOBbI€ 3HAYCHUS — KOHTEKCTHO-HE3aBUCHMbIMU
npeacTaBneHUsAMU. UToObl NOHATH 3Ty HICIO, paccMOTpUM ceTb RAAM, co3-
Jaollylo NnpeacrasiaeHre Uil “yaiuka kode” u “OaHka kode”. “Kode” B aTnx
BBIPAXECHHUAX UMEET pa3HOe NpeACTaBieHUe, TIOCKOJbKY B MEPBOM cliyyae Ko-
(e BBICTYNAaeT B KOMITO3ULMHU ¢ “yallKoii”, a Bo BTopoM — ¢ “6GaHKoi”. On-
Hako 11 o6o3HauYeHMs] cMMBOJIa “Kode” BO BXOAHOM cjioe OyaeT OAMH WIM
HECKOJILKO 3JIEMEHTOB, M MO OKOHYaHWHU OOYYEHHS BECOBbIC 3HAYEHUS CBA-
3€il, COCAMHSIOLIMX COOTBETCTBYIOIIME KO(E IJIEMEHTBI CO CKPLITHIM CJIOEM,
6yayr ocraBaTbcst HeM3MeHHbIMM. CHrHa1 BO30OYXIEHHUS MO COOTBETCTBYIO-
UM cBA3AM OylleT nochiaTh HUYTO HHOE, KAK CUMBON “Kode”, M 3TOT CHUT-
Han 6yneT OOHUM U TEM Xe IUIS BCeX IK3eMIVIApoB “Kode”, He3aBUCHMO OT
KOHTEKCTa, B KOTOpoM OyneT BcTpeuaTthest “kode”. BecoBble 3HaYEHUsI, TAKUM
06pa3oM, MOTYT CIYXHTb B KAaYeCTBE KOHTEKCTHO-HE3aBUCHMBIX TpENCTaBlic-
Huii. Tak 4YTo BMecTO 0OOCHOBAHMS CUMBOJA “YallKa Kode” Kak KOMMO3ULIUU
“kote & yaluka”, nMpu KOTOPOM MCHOJIL3YIOTCS METKM KaTeropuii, npémiara-
€Tcs NCIOJIb30BaTh KOHTEKCTHO-HE3aBUCHMbIE BECOBble 3HauYeHHUd Uid “kode”

M “yallika”, ¢ MOMOLLBIO KOTOPBIX Ha 3JIEMEHTAX CKPBITOro cos hopMHUpyeTes -

KOHTEKCTHO-3aBUCHMAasi KOMIIO3ULIMA 1Sl CUMBOJIA “4yalika Koge”.
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IMondriie 060CHOBAHUST CUMBOJIOB MOXET OKA3aThCS MCKIIOYMTENIBHO BaXK-
HBIM UT pa3pabOTKU NCTHHHO MHTEIUIEKTYaIbHBIX cHcTeM. Bosspamasich K mo-
HSATHIO “KOJIECO”, KTO BO3BMETCS MONHOCTHIO ONMMUCHIBAIOT BCE TO, YTO CIICAYET
3HaTh 00 3ToM MNOHATHHU? [[e 3aKaHYMBAETCS 3HAHME O IIOHSTHH “Koneco”?
Passe B NpoLiecce PasBUTHS obulecTBa HalllM 3HaHUA 06 OObEeKTaxX HE pacILMps-
101¢s1? A ec/l MBI He MOXEM coDpaTk BOGAMHO Bce 3HAHUS O KOJECe, TO CMOXEM
JIM MbI TOTJIA CACNATh 3T 3HAHUA JOCTYIHBIMU JUIST UCTIONb30BAHUS B CAMBIX pa3-
HbIX cueHapusix? BosMoxHo, MMeHHO uied XapHama BmecTe ¢ muesimu 1llapku
1 JIKeKcoHa 1 IPYTHMX aBTOPOB 0GCCIIeYaT HaM JBIKEHME Briepes!

8.6. BO3MOXHOCTb MALUVHHOIO OOLLEeHUS

B aTOoM pasnene 6yayT paccMOTpeHbI [BE CHCTEMbI, SABISIOLIMECS MPUMEPAMU
TOro, Kakoi IIO[XON MOXHO HCIIONb30BaTh NMpPU pa3paboTKe CUCTEMBb! OBLLEeHMS
C MalMHOM. 31€ech cneayeT MOMYEPKHYThb, YTO A0 pealM3aliiM CBOGONHOINO aMa-
Jiora ¢ MAIUNHOM ellle OYeHb JaNeKO, HO HEeT HMKAKMX OCHOBaHMil He OXMIaTh
HEKOTOPbIX TOJIE3HbIX Pa3paboTok yxe B Gmxaiiline Heckonbko JeT. Ceiiuac cy-
LIECTBYIOT UHTEUIEKTYalIbHble Web-areHTbl, NIpUHUMAaIOILME KOMaHb! Ha aHIIKiA-
CKOM $i3bIKe IUIsT IOUCKa JIOKyMEHTOB B ceTH. OHAaKO IMOKa YTO 3TH areHThl TIpell-
CTaB/LTIOT CO0OM He Gonee, YeM “HaMeK” Ha TO, YTO JOJDKHO BbITh B GYIyILEM.

ABTOpBI paboThbl, NMPENCTABNSIEMON B 3TOM pa3fieNie, He CTABWIM CBOEH LIeJIbIO
JEMOHCTPALIMIO BO3MOXHOCTEH MalIMHHOIO OGILEHUS KaX TaKOBOTO, HO Mbl MO-
K€M B3MISTHYTh Ha MX paboTy U € TOYKH 3PEHUS MEPCIIEKTHBLI KOMMYHUKALIMIA.

Henos (Nenov) u [aitep (Dyer) paspabotanu cucreMy DETE
(cm. [Nenov, Dyer, 1994] unn [Dyer, 1994]). Cuctema DETE npeaHa3sHaueHa
ZU1s1 BOCMIPUSITUST OFPAaHMUYEHHOM cpelbl U B3aMMOAEHCTBUS ¢ Heil. DTa cucTe-
Ma obopyloBaHa IMa3oM, ¢ MOMOLBIO KOTOPOro BOCTIPUHUMAIOTCSL MATHA, re-
peMeluapolivecs Ha BU3YaIbHOM 3KpaHe, U MAIBLEM, ¢ [OMOIIBLIO KOTOPOro
MOXHO TOJIKHYTh MATHO MJIM KOCHYThcA ero. B xome obydeHust BocrnpuHuMa-
ercst TpU Buia uHbopmanun: ¢peitMbl (CHUMKHM) 3KpaHa (NpeicTaBisOLMe
CTallMOHApHbIE MM IBMXYLUHUECS MATHA), MOCNAENOBATEIbHOCTH KOMAaHI [BH-
XEHUS (HanmpuMep, As TTepeMELLEHUS 111a3a) U peveBble OMMCAHUS BU3Yallb-
HbIX/IBUTATENBHBIX MOcea0oBaTeNbHOCTeH. TTo 3aBeplIeHUN OBYYEHUSt cHCTe-
ma DETE moxer obecrieunTs peueBoe onucaHWe BU3yaJbHOMN/IBMraTebHON
MOCNEeA0BaTe/IBHOCTH WK, HA000OPOT, FreHEPUPOBATh NOCAEAOBATENLHOCTL BH-
3yaJibHbIX/IBUTATE/ILHBIX APEICTABAECHHIA [0 YCTHOMY OMUCAHHIO.

BusyanbHble M IOBuratesbHbie TNPM3HAKU  CBA3BIBAIOTCH CO  CJIOBa-
mu/BbipaxeHusiMH. Hanpumep, xoManga “KocHyTbcs GonblUOro 3eneHoro
KBajJpaTa” CMITHAIM3MPYET Majiblly O TOM, YTO6Bl OH BCTYITWJI BO B3aUMOJECT-
BUE C 06’bCKTOM 3Ha‘lCHVIHMH NPU3HAKOB KoToporo Oyayr “Gonbiuoii”,

3

“3eseHbIit” U “kBanpar”. Mup cuctemsl DETE, xoTs u siBnseTcss orpaHUYeH-
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HbIM, JOCTATOYHO 6OraT B CMBIC/IC BO3MOXHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
accounanuit. Harmpumep, KBaIpaT MOXeT HaXOIMThCs CJIE€BA OT TPEYTONbHOIO
MATHa, IBUTaThCs TI0 3KpaHy CJieBa HallpaBo, U Ha KakKoi-TO CTalMu KBaJpat
MOXET “IorHath” TPEYrONbHMK, €C/iM KBalpaT IBHxercd 6wicTpee. CiioBo
“mIOTHaTh” SABASETCSA accoLHalMeil MeXHy IMATHAMM, 3aBUCALICH OT H3MeHe-
HHSI NPOCTPAHCTBEHHOTO pa3MeLUCHMS [IATEH BO BPEMEHHM.

Ilns npeacTaBieRUsT BU3YalbHBIX/ABUTATEbHBIX [IPU3HAKOB HCITOMb3YeTCS
JeBATh (PpeiiMOB NPU3HAKOB, KaXIblif U3 KOTOPBIX COCTOMT M3 IBYMEPHOTIO
MAaccHBa 3JIEMEHTOB, MMeEIOWMX pasMep 16 x 16. BHyTpm kaxzmoro ¢peiiMa
MPHU3HaKa TISATHO NPENCTABASETCS YETLIPhMS COCEACTBYIOLUMMH 3JIEMEHTAMU.
Ans KaXIoro KOHKPETHOTO NATHA MPU3HAK MOXET ObITh MEHSIOLMMCS WU
HMHBapraHTHBIM. Hanpumep, xpyr Ha pmuc. 8.17 .mepeaBuraercsi OT HHUXHETO
JIEBOTO  YIJIa 3KpaHa K BepXHeMy mpaBoMy yrny. Kpyrioe mATHO B JaHHOM
ciayyae octaeTcsl Toi e (OpMBI M TOrO Xe pa3Mepa, M JBHIaeTcs C OJHOW
M TOM € CKOPOCTBIO. B I1710CKOCTAX MPU3HAKOB U1 (hOPMBI, pasMepa U CKOpO-
CTH TIEPEMEILEHHUS I KaXIOro BpeMEHHoro ¢dpeiiMa OyIeT aKTMBU3MPOBaH
OIMH M TOT Xe Habop 3JIEMEHTOB, HO 1O MEPE TOro, KakK KpYr IBHXETCs, BO
¢peiiMe NpU3HaKa pasMellleHHs GyIyT aKTHBU3MPOBATECA Pa3HbIE 3IEMEHTHL.

9KpaH

-InockOCTb Npu3Haka pasmMetlenms

)
- ]
]
lMnockocTb npu3Haka GopMbl
[ ] ] . [

v

Bpems

Puc. 8.17. ®peiimbl npuaraxos cucremsi DETE. C peiiMamu ZBUXEHNS SKpaHa CBA3LIBAETCA
cepus PPenMoB NPH3HAKOB, OMUCHIBAIOLUMX UIMEHEHHE THX NPHU3IHAKOB BO BPEMEHN
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Ha Bu3yanbHOM 3KpaHe OZHOBPEMEHHO MOTYT TIPHCYTCTBOBAaTh HECKOJILKO
nsreH. PasHeIM nATHaM HazHayaloTcst pasHbie (askl aKTUBM3ALMHU B TUIOCKO-
CTSIX TMPH3HAKOB, YTOOBI YYECTh BO3MOXHOCTh “BU3YallbHOTO TEpeKpPeLUUBa-
HUA” (HarpHMep, ecy GONBIION TPEYTONBHUK U MalleHbKHIA KBaapaT MpUCYT-
CTBYIOT Ha 9KpaHe OJHOBPEMEHHO, cUCTeMa 6e3 yueTa (a3 He CMOXET OTIU-
YUTh 3TH OGBEKTEI OT MAIEHBKOTO TPEYTOJBHUKA U GOJBILIOro KBaapaTta).

Hns peyesoro BBOZAa MCNONB3YETCS YIpPOLUEHHOe hoHEMATHYECKOE Ipel-
crapienue. Ilo cytn ucnonbayercs 64-6UToBast cTpoka, KaXablil 6UT KoTopoik
O3HayaeT HaJMYWE WIM OTCYTCTBME OIPEIC/ICHHOTO 3HayeHUsA 4acTtoThl. Po-
HEMBI ITOBTOPSIOTCA TakK, YTOOB! NMPOAOKUTEABHOCTh PEYEBOTO OMUCAHUS CO-
OTBETCTBOBaJIa BPEMEHH NPUCYTCTBUS KaIUlM Ha BU3yaiibHOM 3KpaHe. YTobnl
BBIYYUTb 3HaYEHUE BHIPAXEHUS “lap IBUXETCH”, 3TO BbipaXXeHHE BOCIIPOU3-
BOAMTCA IS PasHBIX BWICONOCIICAOBATENBHOCTEN, B KOTOPHIX NpU3HaKaM
pa3Mepa, CKOPOCTH M T.H. pa3pellieHO MEHSAThCH, HO IUIOCKOCTH ITPU3HAKOB
GopMBl M JIBWXKEHHUSI OCTAIOTCS MHBapUaHTHLIMHM ([TOTOMY YTO LJap BCerda
KPYIIIBIA M BCEraa ero nepeMelleHHUe OMUCHIBAETCH KaK “luap ABUXeTcs”).

Cucrema DETE BwmodaeT psaa Momyseiil NaMsTH, KaxIbiii M3 KOTOPBIX
HMeeT HEMPOHHYIO apXWUTEKTYPY, Ha3blBaeMyIo “KaTaMM4ecKoll MNaMAThIo”.
Katamuyeckass naMsTe npeacTaBasetT coGOM CIIOXHYIO apXHMTEKTYpY, MpelHa-
3HaYEHHYIO U CO3JaHHs acCcoLMallMil MOCAeJOBaTeNbHOCTEN U 3aBeplUEHUS
110C/IeIOBaTENILHOCTEN MO NOACKa3KaM B BMIE YACTH IOCAENOBATENBHOCTH. DTa
ApPXMTEKTYpa BKIIOYAET MOLY/IM MaMSATH JUIS KaXIOH M3 IJIOCKOCTel Npu3Ha-
KOB, 3ajlayeil KOTOphIX ABISETCA KOXMPOBaHME 3aluceil MaMATH, OTpaXaroLMX
U3MEHSIOIYIOCS aKTUBHOCTD B TUIOCKOCTSIX COOTBETCTBYIOIINX NPU3HAKOB.

Cuctrema DETE o6yyaercs mocTeneHHO: cHayana 3allOMUHAIOTCS OTAETb-
HBIC CJIOBA, 3aTEM I[1apbl CJIOB U T.A., B pe3yibrate Yero GhopMuUpyioTcs Bee 60-
Jiee LIMHHBIE nocienoBaTenbHocTH cnoB. CucreMa DETE q6nagaer cnoco6-
HOCTBIO 06061LEHNST HOBBIX NOCIIEOBATEILHOCTEN CJIOB, MOKa3aHHBIX €il B XO-
Ae obyyeHus. JaHHast cucTeMa ofyyanack TaKkKe OTBEYaThb Ha IPOCTHIE
BOTIPOCHL ¢ MOMOLUBIO 3aBEpLIEHUS rocieaoBaTeibHOCTeR. ObyyeHne 3aKUT0-
YaJoch B MCIIOMB30BaHMU TMOCAEA0BATEILHOCTEMN, COAEPXAalIUX pacCMaTpUBae-
MblI€ B BU3yaJlbHOM KOHTEKCTE BONPOCH K OTBETHI:

“xaKoii_paamep” (Bu3yanbHan CLeHa: 60NbLUON 3eneHbIl TPeYronbHUK)?, OTBET “6OMbLIOi”:

“kaKoi_Let" (BU3yanbHas CLeHa: ManeHbKUi KpacHslik Wwap)?, oTeeT "kpacHsIii".

Cuctrema DETE obyyanach M mocnenoBaTesbHOCTSM aBWXeHUS. Hanpu-
Mep, CHUCTeMe MOXHO Opulo MOKa3aTh [ABa MNATHA W 3alaTh peyeBOH BBOI
“yTo_Gosbllie”, Ha KOTOPBIA OHAa ROMXHA Bblla OTBETUThL BbIGOPOM MOIXOIS-
LIEro MATHA ¢ NMOMOLIBIO I7la3a ¥ FeHEPUPOBAHUEM PEYEBOro OTBETA.

Hoaab u Kortpemn (cm. [Noelle, Cottrell, 1995]) Toxe mccnenoBanu acco-
LIMALMIO JIMHTBUCTUYECKOTO BHIBOAA € BOCIpPUATHEM. MX moaxon 6bUT o4eHb
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TIPOCTBIM. APXUTEKTYpa CeTH CKIa[bIBaiach U3 AByX ceTeit SRN, kak mokasa-
HO Ha puc. 8.18. BhIxomHO# c/0# NOpOXIAeT JMHIBUCTHYECKOE ONUCAHME
BOCTIPUHUMAEMOTO COOBITHS, ITOJaHHOIO Ha PaCCMOTPEHUE CJIosl cleHbl. Cloit
CLEHBI TIPUHMMAET MOC/IEA0BaTEIBHOCTH MIPOCTHIX (MMEIOILMX BCETO 1Ba THK-
CeJIA B BLICOTY M YeThbIPe MUKCES B LIMPUHY) NPENCTABAEHMH 1IAPUKa, KaTd-
LIErocs, JICTAIOLIETO WX TIPHITAIOLIET0 Ha SKpaHe. 3a OXMH Llar BpEMEHHU
CO31aeTCs OfHA JIMHI'BUCTHUYECKAsA JIEKCEMa, TaK YTO OMUCAHME TWUMa “Hiap
NIPBITAeT BIPaBo” JODKHO MOPOXIATHCA 32 TPH IOCHEAOBATENbHbIX Liara. JLns
KaxIIOro 1iara BpeMEHH B CJIOH CLEHBI NMojacTcsi KapTUHKa HM306paxeHUs.
Korzaa tpeGyetcst peyeBoe ommcaHue, 3HaYeHUS] RKTMBHOCTH TOICETH M306pa-
XKEHUSA 3aMOPAXUBAIOTCH, a NOACETh ONMCAHUS MPOXOLUT TPU paboumx LIKKNA,
TpebyeMsle JUIST CO30aHMSA TMHIBUCTHYECKOTO BHIBOJIA.

BbIBOA

A

CTPYKTYPA

‘ |7 LL LﬂPEﬂC):ABAHME}
—

e A —
L

Noacets onucaHust MNonceTs n3obpaxeHus

Puc. 8.18. Ucnonw3osanme Asyx ceteii SRN, 0ByyeHHbIX CBA3LIBATL MHIBUCTUHECKMIA BHBOA C
NPOCTHIMYU 110CNEA0BATENLHOCTIMI N30GPaXEHHI

Llensio Hoans n KoTTpesmna 6bina 1eMOHCTPALMS TOTO, YTO JIMHTBHUCTHYE-
CKHE CTPOKU MOTYT OBITh BHYTPEHHE CBA3aHBI ¢ HEKOTOPOM CHELHATbHOI 3a-
Aayeil. 1O, BMECTE C MIEEH O TOM, YTO CUCTEMa HAa OCHOBE HEHPOHHOW CeTH
MOXET 00JIafaTh CUCTEMATHYECKMM MOBEACHUEM (4TO MPOAEMOHCTPUPOBAIA
HX CETh-CYMMAaTOp, O KOTOPOH FOBOPUNIOCH B IJIaBe 5), JIErJI0 B OCHOBY MIEU
YNPaBJISIEMOM CETH, T.€. CETH, KOTOpas MOXET pearupoBaTh MOIXOOAIINM OO-
Pa3oM Ha HEKOTOpbIC TPOCTHIE MOC/EA0BaTeNbHOCTH KoMaHI. CaM sKcnepu-
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menr Hosnst u KorTpeista 6bUT O4eHb NPOCTHIM, a pelliaeMasl CIleLMaibHas
3aa4ya He 0COoOeHHO MHTEPECHOM, HO UX Lieblo ObUla JEMOHCTpaUMs IOTEH-
LHaJIbHOM, MOJIb3bI YTIPaBISIeMOii CeT U IEMOHCTpauus TOro, YTO 3Ta IOJb3a
BIOJIHE JOCTHXUMa. MI3BECTHO HECKOIBKO TOAXOIOB, MO3BOJISAIOUIUX BHEAPHUTD
B HEMPOHHYIO CeTh allPUOPHBbIE 3HAHUA UISE TOro, 4YTOOBI. HayaThb OOydeHMe.
Hnes Hoans u KoTrpenna oka3biBaeTcsl HHTEPECHOM  MOTOMY, UTO OHa MHTEr-
pupyer 06bI4HOE 06yYyeHHE HEMPOHHOM CETH M “00yuyeHHe M0 UHCTPYKLUAM .
YcnewHast peanusalusg Takodl uaed Morjia Obl INMPUBECTU K JAMHAMUYECKH
ajanTHUpyeMoil CHUCTeMe: ecM HeoOXOAMMO, YTOObI cHCTeMa U3MEHMWIA CBOIO
peaklMIO Ha OTIPEIeEHHYI0 CHUTYallMIo, CUCTEME MOXHO MPOCTO IMPUKA3aTh!
Bo3MOXHOCTb OBILATLCA € CETHIO C ITOMOMIBIO peYM MOXeT ObiTh MONE3HOM
M B XOHE IPOBEPKH KayecTBa paboOThI CUCTEMBI: €ClM cHcTema pearupyer Ha
HHCTPYKUMH GBICTPO Y MPaBWIBHO, TO 3aJI0XXEHHBIE B CUCTEMY 3HAHUSI MOXHO
cyuTaTh noaxoasmmMu. Kpome toro, kak ormeyator Hoanb u Kotrpenn, Tta-
Kasl cMcTeMa Morna 6bl MOMOYb MCCIIEIOBATENSM B Jejie TOHUMaHUs TOro, Kak
MPOTEKAIOT IIPOLECCHl TOMYYeHHS YMO3aKJIIOYeHHI Ha BbICHIEM YPOBHE,
a TakXe TOro, Kakue 6ojee MpocThie acCOLMATUBHBIE MEXaHM3MBI JIEXAT B OC-
HOBe 3TUX npoueccoB. Hoanb u KoTTpesn akcrnepuMeHTHPOBAIM C LIE/NbIM ps-
JIOM apXMTEKTYp, HO Mbl BKpaTLie PACCMOTPYM TOJIBKO OJHY M3 HHX.

Io cBoeii cyrn obyyeHUe ceTH pearMpoBaThb Ha MHCTPYKLMMK HUYEM HE OT-
JiMyaercst oT Jioboro Ipyroro BUaa oOydeHHs. MoxHoO, HampuMep, KOAMPO-
BaTh MHCTPYKLIMM KaK 06paslibl, COEAMHSAS MX 3aT€M C y4YeOHBLIMU JaHHBIMM
(T.€. CBA3bIBASA MHCTPYKLHMH C IK3EMIUISIPaMH y4eOHbIX 00Opa3lLioB KOHKaTeHa-
umeit). OoHAKO ¢ TeXHHYECKOH TOUKM 3PEHUS JIyyllle XpaHUTbh WHCTPYKLUH
OTeJIbHO OT BBOAMMBIX JaHHBIX. TakXe XeNlaTeJIbHO UMETh CPpeCcTBa 1S BBO-
Ja UHCTPYKLIMII NMEPeMEHHOI JUIMHBI, U 3TO CHeMATh Jierye, €CiM MHCTPYKLIMH
M JIaHHble XPaHSTCS OTIE/IbHO.

Hooanb u KorTpenn skcrepMMeHTHUPOBAIM € AUCKPETHBIMU OTOOpaXKeHUS -
Mu. [pumepamn seasiorca otodbpaxenus A B B uan C B A n 1.n. UHcTpyk-
UMM MMEIOT BMJ TOC/EA0BATEIBHOCTENM, TAKMX KakK, Hanpumep =>AB, uto 03-
HayaeT KOMaHAy Ui ceTH otobpa3uTh BBold A B BbiBog B. CoorseTcTByIOLIas
NocJiel0BaTeIbHOCTL MOXeT ObiTh NMOJAHA HA BXOA CETH, HamnpuMep B BUIE
=AB=CC=BC, uTo o3HayaeT IIsi CETH HeoOXoaAMMOCTb OTOOpa3nuTh A B B,
aCwu B — B C. B crenyoliMit MOMEHT WHCTPYKLUUS MOXET ObITb M3MEHEHA
Ha =AA=>BB, 4to o3HayaeT Wi ceTH otobpaxeHue A B A, BB B, a uia C
OCTaeTCS BO3MOXHOCTb OTOOPAXaThesl BO YTO YTOAHO.

Monenp ceTH nokasasa Ha puc. 8.19. O6yueHHON ceTM MHCTPYKLUMM NOAa-
JOTCS B CJIOH COBETOB, aKTUBHOCTb KOTOPOTO PACMPOCTPAHSETCA TONbKO 4O CJIOS
mnaHa. [lo 3aBeplieHMM BBOJA COOTBETCTBYIOLEH MHCTPYKLUU INOCAEAOBaTE b~
HOCTH 3HAYCHMSI aKTUBHOCTU B CJioe TUIaHa 3aMOpPaXHBAalOTCs (T.e. OCTAloTCA
B JanbHelilieM (PUKCUPOBAHHBIMM) M UCIONB3YIOTCSI B KaueCTBE KOHCTAHT MO-
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AYJSIMKM BBOZA TIOACETH 0TOOpaxeHUs. Beck BBOA, ocyllecTBIsIEMBIil ¢ MCITONB-
30BaHUEM MOJYMALUH, NOJDKEH MOPOXIATH BHIBOM, COOTBETCTBYIOIUMI BBEICH-
HBIM MHCTPYKUMsM. ITpu 3T0M TpuMeHsieTCs cTpaTerus HCIIONb30BaHNA (a3 oby-
HEHWH, KOrJa YMCJIO WMHCTPYKUMIA YBEJIMYMBAETCST MocTeneHHo. [lpembapisercs
MHCTPYKIIMSA, CIIOi TUlaHa 3aMOPaXMBACTCS, a CETh 3aTeM OBYYAeTCA Ha KAXIOM U3
TEX IK3EMIUIAPOB, JUI KOTOPBIX 3Ta MHCTPYKLIUS OKa3bIBAETCS HPHMEHNMOIH,

! BbIBOA
y .

o N
¢

Puc. 8.19. Cxema ynpasnsiemoif cety, kotopyio ucnons3osanu Hoanb u Kortpenn

TouHocTs oGyueHust coctaBuna 98%, a 060BIICHHE OKA3aIOCh PaBHBIM

96%. Tlo3xe 3TOT pe3ynnLTaT GBI YAYYLIEH B pe3yJbTaTe HEKOTOPbIX U3MeEHe-
HUI apXUTEKTYpEL.

8.7. Pealome

B a10i rmaBe GbLTM paccMOTPEHBI KL HEMHOTHE U3 MMEIOLLMXCS CBA3CI
MEXIY HEAPOHHBIMU CETMU M MCKYCCTBEHHBIM MHTEJUIEKTOM. B pabote [Sun,
1995] VHTErpaliust CMMBOJNbHBIX M HEHPOHHBIX IPOLIECCOB pasleisieTcs Ha
CJIENyIOLIME YEThIpe KATETOPHM.

1. O6paGoTka CUMBOJIOB B CETAX, HCIOB3YIOLMX JTOKATHBIE NPEACTABICHUS.
2. O6paboTKa CHMBOJIOB B pacnpeaesieHHbIX HEAPOHHBIX CeTsX.
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3.. CoBMeCTHOE MCITONb30BAHHE CUMBOJBHBIX CUCTEM U HEHPOHHBIX CETEIL.
4. BHenpeHHe 3/IEMEHTOB HEMPOHHBIX CETEH B CUMBOJILHYIO apXUTEKTYPY.

B 5Toit rnaBe Mbl paccMOTpesiM BOTIPOCHI, OTHOCSIMECS K KaTeropuu 2
(mpuyeM MHOTHME W3 BCEro CMEKTPa COOTBETCTBYIOIUIMX BONPOCOB BOOGLie
He TOIHMMAJKCB), U HEKOTOPbIE ACMEKTHl MONYJIBHOrO Moaxona. B coo6-
1leCTBE KOHHEKLMOHUCTOB YacTo IOHYepKMBAETCS BaXXHOCTh pacrpene-
JIEHHBIX TpeACTaBIEHUI, HO CYLIECTBYIOT U T¢, KTO CYMTAET, YTO JIOKaJb-
Hble [peACTaBNEHUS B IIpoliecce CO3NAHMA BHICOKOMHTEUIEKTYAIbHBIX
MallMH UIpaloi HE MEHee BaXHYI0 poib. To, YTO KOHHEKLHMOHMCTAM IIpO-
CTO HeobxomuMo pelinTh npobieMy o6paboTKM CHUMBOJBHBIX TIPOLECCOB
BBICOKOTO YPOBHSI, COMHEHHUIO HE TMOMIEXMUT. DTO HOIXKHO OTKPBITh MyTh
K KOMIIO3ULIMOHHBIM BO3MOXHOCTAM W cucTeMaTMyHoctu. Ceiiyac cylue-
CTBYeT MHEHME, YTO 3a MOCJeAHEe JeCATUIETHE UCCIeJOBAHUA HEWPOH-
HbIX ceTell NpUBEIM K 3aBEpPLUCHUIO oMNpeaeaeHHoro sTtama. Yacro LUUTH-
pyemble ToMa MakKnemnanga u ero rpymnel (¢cM. [Rumelhart er al.,
1986b]) 6bI1M nocBALIEHB! [1aBHBIM 06pa30M KOTHMTUBHBIM M OuoI0THYE-
ckuM MogensiM. Tor dakr, yTo GONBUIMHCTBO CBA3AHHBIX ¢ HEMPOHHBIMU
CeTAMM NyOAMKAaUUH# MMEIOT MPUKIAIHYIO HaNpaBAeHHOCTh, CBUAETENbLCT-
BYET O TOJjib3¢ HEUPOHHBbIX Moaeneil. CeroaHsi HOBBIi AKUEHT MojyyaeT
pa3paboTka HENPOHHBIX MOAeNAEH VISl HHTEIEKTYaJbHBIX TMPOLECCOB
Belcuiero yposHs. leiicTBUTeNbHO, KaK oTMeuaeTcsi B [Arbib, 1995]), “Ham
HYXHO 00Jiblie TAKUX KHUT”.

8.8. lononkutenpHas nureparypa

HetanbHoe obcyxaenue monyneit FGREP u cucremst DISCERN B uenom
MoxHo Haith B [Miikkulainen, 1993]. Psn crarteil, nocBsILUEHHBIX cUCTEMaM
TIOHUMaHUsl pedd Ha OCHOBE HEPOHHBIX ceTel, comepxutcs B [Reilly,
Sharkey, 1993], a 0630p NMONBITOK pellieHUS TMpoGreMbl 00paboTKM peyd Ha
OCHOBe rnbpuaHoro moaxoaa Bbl Hailnere B [Wermter, 1995]. Umeerca psn
KHHUI, B KOTOPhIX PAcCCMaTPUBAIOTCS CUMBOJIbHbBIE CBA3W HEWPOHHLIX CeTeil.
B 3THX KHMrax BBl HalieTe HEKOTOPbie U3 MOJE/eil, 0OCYXKAaBUIUXCH B JaH-
HOi rnaBe. MHoOrve raBbl 3TUX KHHUI ObUIM HanucaHbl crieLlMaIUCTAMHU, 3a-
HUMAaIOILMMUCS aKTHBHBIMM HCCIIEJOBAHUSAMH, TIO3TOMY TaM BbI HaiifeTe
MPUJIOXKEHYS, TEOPETUUECKUE PEe3YJIbTAaThl U OOCYXIOEHUS COOTBETCTBYIOLIMX
dunocodpcknx BonpocoB. KHMrammu, o KOTOPLIX MIAET peyb, SBASIOTCSA
[Dinsmore, 1992], [Honavar, Uhr, 1994}, [Sun, Bookman, 1995] u [Dorffner,
1997]. B kayecrBe McTOYHMKA MHOPMALIMM MO KIIOYEBBIM BONPOCAM Mbl pe-
KOMeHAyeM Mcnonb3oBaTb [Clark, 1993].
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8.9. ¥YnpaxHeHus

1.

5.
6.

Cetb RAAM mncnons3yercs s KOOMpPOBaHUS CIENYIOIIETO AepeBa;

((AB)YC B)).
(a) U3o6pa3ute cOOTBETCTBYIOMIEE JEPEBO.
(6) CocraBbTe €nMCOK BCEX TIONAEPEBLEB.

(B) CocraBbTe CHMCOK HOAXOOAIIMX BEKTOPOB IJI1 TEPMHUHANIBHbIX CUMBO-
JIOB.

(r) TlpeanoxuTe UCXOAHYIO apXUTEKTYPY cetn RAAM.
OTBeThTE Ha BONMPOCH YAPaXHEHHUS | 17151 ClEAYIOLLEro JepeBa;
((A (FG))B (C D) E))).
OTBeTbTe Ha BONpPOCHI YNIpaXHEeHUs | Ui chenyloLero epesa:
{A{(BC D) AE) NIL).
Hna nepeBa, NpUBENCHHOTO B YNPaXHEHHWH 2, BBLITIOIHUTE ClleAyIOlLEe.
(a) OnumiuuTe ¢Moco6 KOAMPOBaHMA TOMIEPEBLEB 3TOTO JlepeBa.
(6) OnunTe cnocod JeKOANPOBaHHS MOMNEPEBLER 3TOTO AEPEBa.
OTBeTbTE Ha BOTIPOCHI YIIPaXHEHUS 4 LI JepeBa U3 YpaxXHEHUs 3.

JaHbl crnenyiolme HaGaIoHbl NPEUIOXEHMIA.

II1abnoH npemioxeHus

KoHkpeTnzaumnu-ponu

YesioBek B3si1 0OBEKT
OOBbEKT NepeMecTHICA
YenoBek Gpocuit YesloBEKyY NpeaMeET

ATEHT-IEMCTBUE-OBBEKT
OBBEKT-JEMCTBUE
ATEHT-IEMCTBUE-OBBEKT-
WMHCTPYMEHT

7.

8.

P1. [1xoH B3an May.
P2. IxoH 6pocun Nasnay may.

(a) CocTaBbTe CIIMCOK CTPYKTYPHBIX TPOEK CIOB-TIOHATHI M MpeIoXKeHMi
st cetn XRAAM.

(6) ns Tpoek, o KOTOPbIX MAET peub B II. (@), MOCTPOiiTe JepeBbsi, OTpa-
Kalollue CTPYKTYPY UX KoaupoBaHHst B ceTH XRAAM.

OTBeThTE Ha BOMPOCH YNPAXXHEHUS 6 C AOMONHUTEIbHBIM MPEUIOKEHUEM:

P3. May nepemecTuncs.

PaCCMOTpPIM HEIIPOHHYIO CEThb C MATHIO NBOMYHBIMU 3jleMeHTaMM. Ecau
SJIEMCHT 4YTO-TO NPEACTABAACT, €rO0 BbLIBOA YCTAaHABJIMBAETCA pPaBHLIM 1,
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a €CJIM 3JIEMEHT He NPUHUMAET YYacTHUS HU B KaKOM IpeACTaBieHUH, €ro
BsIBOX Gyner paBHbIM 0. CKOJBKO JOKaNbHBIX MPEACTABACHUIT MOXET KO-
IUpOBaTh yKa3aHHas CETh U CKOJILKO pacripelie/ieHHbIX?

CroBa MOXHO paccMaTpHBaTh KaK CKIIajibIBAIOLIMECS M3 TEPMHHATBHBIX
CHMBOJIOB (OYKB), BBINOJHAIOILUX KOHKPETHBIe ponu. Hanpumep, cioBo
BAP umeer B B poin 1, A — B poru 2 u P — B ponu 3. MoxHO cyu-
TaTh, YTO YeM OOJIbile CJIOBa MMEIOT OAMHAKOBBIX 3allOJHUTECH, Hr-
paolMX OAWHAKOBble ponu, TeM Oojiee BU3yanbHO MogoOHbI cioBa. Ha-
npumep, BAP B aToM cMbicie oka3sbiBaeTcsi Gojiee MONOGHBIM CNOBY
BAP, deM cnoBy PAB. O6bsicHuTe, KaK Ha 5T0 MogobHe MOXET ITOBJIM-
ATb UCMONB3OBAHNE ISl TEPMMHAIBHBIX CHMBOJOB ITPOU3BONALHBIX IBO-
UYHBIX BEKTOPOB BMECTO OpTOroHanbHbIX. MmocTpupyiite cBoe o06mbsic-
HEHHE TIpUMEpaMu.

10. Otnnyaercs nm cetb SRN oT nocnenoBatensHocTHol cet RAAM (T.e. or

CETH, NpefHa3HaY€HHON! I MpeAcTaBleHUs TMocaeaoBaTensHocTei)? o-
SICHUTE CBOIi OTBET.
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[Mpunoxenue A

HemHoro siuHeliHoI anre6pbi

YriopsigoyeHHast napa YMCEJN MOXET CYMTAThCH TOMKOM MM BEKTOPOM
B IBYMEPHOM IIPOCTPAaHCTBE, KaK MoKazaHo Ha puc. A.1. B 1ByMepHoM ciydae
FOBOPAT, YTO TOYKA SBISETCA MeMeHTOM RZ, B TPEXMEPHOM — 3JIEMEHTOM
R}, aB n-MepHoOM - 3neMeHTOM R”. Jlns oGo3HauyeHuss BexTopa B R” wc-
MONIb3yeTes 3aMUCh X =[x X, ... X,]. DNIEMEHTHI BEKTOpP2 MOTYT TaKXe pa3ie-
JITBCS 3aNATBIMM. BeXTop MoxeT GbITh 3anMcaH B BUAE CTPOKM WIM B BHUIE
cronbua. Hampumep, sexrop

x=[1 3 2]

TIpeICTAB/IEH 3[€Ch B BUAE CTPOKM, a BEKTOP
1
y=|3
2

NpeAcTaBieH B Bule cTonbua. 3Ha4yeHUS OJJIEMEHTOB M MX MOPALOK
Y BEKTOPOB X M y ABJIAIOTCS ORMHAKOBBIMU, B TAKOM CJy4yae [OBOPSIT, YTO
BEKTOP y MONY4eH TPAHCIIOHUPOBaHUEM BEKTOPA X, YTO 3aMMCHIBAETCH KaK
y=x', a BEKTOp X — TPaHCMOHMPOBAHUEM BEKTOPA Y, YTO 3aMMCBHIBAETCS
Kak x=y'.

X2 b )
3 +(1, 3) 34
24 24
=1
N ] /v=1
T T
1 X1 1 X1

Puc. A.1. Ogun u ToT Xe anemenr RZ, paccMarpuBaeMbiii Kak To4Ka
(cnesa} u sexTop (cnpasa)
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CnoXeHue BEKTOPOB

BekTOpel MOXHO CKJaIblBaTh M BHIYUTAaTh. COOTBETCTBYIOLIAsT MpOLE-
Iypa aHAJIOIMYHA MPUBBLIYHBIM CIOXEHHIO M BBIYMTAHHIO M TPOBOAWTCS
MO3JEMEHTHO:

x=[1 3 2],

y=[1 6 5],
x+y=[2 9 7],
x-y=[0 -3 -3].

YMHOXeHWe Ha cKkansp

BexTop MOXHO yMHOXaTk Ha ckamsap. Hanpumep, yMHoXeHHe BeKTopa
x=[1 3 2] Ha 2 B pe3y;bTaTe JacT BEKTOP, KOTOPBII OKa3biBaeTCsl B JBa pas3a
AJIMHHEe, a UMEHHO: 2x=[2 6 4].

Hopma BekTopa

Hopma vinn modyas BexTOpa onpenensertcs Mo cielyiolueil hopMmyie:

nﬂh,hf+v§+.”+v§.

Tak, 11t HOpMbI BeKTopa x=[1 3 2] nonyyaem:

lixll=v12 +3% +22 =14 .

CkansipHoe npou3sBsegeHue

CKkaisipHbIM  NPOM3BENEHMEM [1BYX BEKTOPOB V=[v v, ... v,] M
w=[w w, ... w,] aBigercs

v-w=v1wl+v2w2+...+v"wn.

Takxke MOXHO 3anucarb
v-w =|v]|||w|| (cos 8),

rie 8 obo3HauaeT yroa Mexay AByMs BEKTOpaMH.
Mpumep

Haiitu ckansipHoe npowsBeneHue BekTopos [-13 6 ~2] u [1 2 2 -3].
Haiitu yron Mexay 3TMMU BEKTOpaMM.
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Peltenune N

CkansipHOe Tpou3BelecHNE paBHO
[~<136 —-2)[122 -3]=-1x1+3%2+ 6x2 + —2x-3 =23,

VYron Mexny ABYMSI BEKTOpaMM paBeH

cosf = 23
Jsov18’
6 = 39.94°.

JlBa BeKTOpa SIBNSAIOTCS nepnenOuKyAAPHLIMU AU OPMOCOHANBHBIMU, €CITN
HX CKajlsipHOe MMpou3BEAEHUE paBHO Hymo. YToGH TpOBEpUTHL OpTOTO-
HaIPHOCTb BEKTOPOB, BCIOMHMTE, 4YTO ecau cosf =0, To yron 8 pa-
BeH 90°. :

Martpuusl

Martpuua npeactaBiaser coboit MpsAMOYTOIBHBIN MaccUB YHCeE. Marpuua
pasMepa mXn — 3TO MaTpHlLa, MMeIOWAas m CTPOK M n cTonbuos. Kaxaeiii
SJIEMEHT MaTpULbl MOXHO WHIEKCHpOBaTh, YKa3aB CTPOKY M cronbell,
B KOTOPbIX 3TOT 3NIEMEHT pas3MeilicH. TakuM oGpa3oM, 37€MEHTHI MaTpHULIbL
pasMeHIaloTcs B ClleyIoLieM MOopsKe:

Q) 43 43 ... Q,
@1 Ap 3 ... 4y
A=lay ay L T R
Ay Ay Qp3 - Ay

Hna oripenesieHHOM HuXe MaTpuubl B pasMepa 3X2 wuMmeeM b3 =-5
Hu b21 =3:

~2 1
B=| 3 4
2 -5

YMHOXeHne MaTpuL

YtoGbl YMHOXHWTL 1B MaTpuilbl, A M B (pe3yibTaT 3amMCBIBAETCS
Kak AB), yMcno cTONGLOB B MaTpule A JOKHO ObiTh PaBHBIM YHUCITY CTPOK
B Matpuue B. Ecin A umeer pasmepst mxn, a B — pasMmepsl nxs, To Mx
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N

npousBeaecHue AB Oyaer Mmarpuueil pasmepa mxs. [Ing npousBeaeHMs
C = AB 271€MeHT 3TOFO NPOU3BEACHUS ONMpeAensaeTcs KaK
¢;; = (i-n crpoxa sektopa A)-(i-i crosnben Bextopa B),

n
Cij = Eaikbkj .
k=1

Mpumep
Breiyuncanrs NpPON3BCIACHHUC
4 2 11
-2 3 1
C=[ ] -3 -1 4 3].
1 2 4
1 4 51

PelwueHue
BHCMCHTBI C1 u (,‘23 BBIYUCTAKOTCA Tak:

c -2x4 + 3x-3 + Ix1
- IX1+ 2x4 + 4x5 .|’

a OKOHYaTCNbHBIM OTBCTOM SIBISACTCSA
| co[6 -3 15 8
o2 16 29 1)
TpaHCNOHMPOBaHNE MaTPUL,

Ecnu matpuua B nonyuyeHa TpaHCTIOHMPOBAHMEM MaTpMLbl A, TO 3JIEMEHT
b,-j PaBEH 2/IEMEHTY a; .

Mpumep
3anucars Matpuuy B, ecin B=AT u
2 31
A= .
1 2 4
Pewenue
-2 1
: B=; 3 2
1

CnoxeHue martpuy,

Matpuubl MOXHO CKJIaAblBaTh, CYMMMPYS COOTBETCTBYIOLUME 3/JE€MEHTHI.

Hanpumep, ecnin C=A +B, 10 cj=a;+b;.
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Mpeacrasnenue rpados ¢ NOMoOLWBIO MaTpuLY

Matpuua MoXeT MCTONb30BaThCS MUIA TIpEAcTaBleHUs rpada co B3BelueH-
HBIMHU IYTAMMH, KaK [10Ka3aHO Ha puc. A.2.

a

4
:abcde:
.af0 3 0 6 07:
b13 0 10 0 5§
tef0 10 0 0 0f:
:d60004:
:e05040:

Puc. A.2. Matpuua, npescraensiowas B3selweHHsi rpag

BekTopHble n MaTpuyHblie 0603HaYeHUS
B HEMPOHHbIX ceTsax

B pesiome raBbl 2 MpUBeneH NPUMEP MPSIMOrO U 0BPATHOrO MPOXOIOB Ye-
pe3 CeThb ¢ NPSAMOii CBA3bIO, OCHOBAHHBI Ha KCIIO/Ib30BAHMM aNrOpUTMa 06-
paTHoro pacnpoctpaHeHus omubok. [IpuMep npeacrasnreH B dopMme aua-
IpaMMbl (CM. puc. 2.22), 4yToGbl YMTATENIb MOT NPOBEPUTH BHIYHCHEHHUS. st
YROGCTBa Ta Xe AMarpaMma 3lech I10KasaHa cHoBa (puc. A.3). AJroputm oG-
PaTHOTO pacIpOCTPaHEHUs, KaK U BCE [PYr1e CETEBble ATOPUTMBI, NpeiCTAB/IEH
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Lleneaim sBnqeTca aHaveHme 0.9, nostoMy,
owmMbKa 19 BLIXOAHOrO ANEMEHTa PaBHa:

| Mpswolinpoog | (0.900 — 0.288) x 0.288
x (1—0.288) = 0.125

OLumbka NpeabayLlero
CNOSl, YMHOXEHHaS
Ha BECOBbIE 3HaYeH!s

0.122 0.728
—_—’ ‘—_2__'__

0.986 -2
daktuyackag

owubka
0.122(1 — 0.122) x 0.375

-2

Bbisop, anemenTa

Beog, anemeHta

3 .
0.1 | 0.9 |
O O
Puc. A.3. lpnmep npamoro u o6parroro npoxogos B cetu tuna 2-2-2-1 ¢ npamoit casabio. Jjau-
Hble BBOAA, BLIBOAA M 3Ha4eHNs owMBOK oKalaHs! B pamkax (cm. puc. 2.21)

B CXXaTOM BUAE C MOMOLLBIO MaTeMaTUYeCcKUX 00o3HaYeHuit. C Touku 3PCHUSA BbI-
YUCJIEHUH B AITOPUTME HHYETO CJIOKHOTO HET, HO ONMUCAHUS AJIFTOPUTMOB MOTYT
NOKAa3aTbCHA CNOXKHBIMHU, €CJIM Bbl HE 3HAKOMbI C COOTBETCTBYIOLUMMH obo3Haye-
HUSMU. BCpOHTHO, CaMbIM CJIOXKHBIM J€JIOM B JaAHHOM Cly4ae SABIAECTCH COIMNOCTaB-
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JICHHE MHICKCOB B YpPaBHEHUSIX C COOTBETCTBYIOILUMMH 3JIEMEHTAMU CeTH U COOT-
BECTCTBYIOILIMMH BECOBBIMH KOS(I)(I)HU,PICHT&MI/I. )

I[Jlﬂ ciiyqyad anropuTtma OGpaTHOI'O PaCHpOCTPAHEHMST - BBOL - KOHKPETHOTO
SJICMEHTA 3alacTCA PpaBEHCTBOM

n
net; =wo+ Y xw; ,

i=1
rae x 0603Ha‘laCT CHUI'Hal, MOCHUIaEMBbIH  OT COOTBCTCTBleU.ICrO JNIEMCHTa,
a w — BecC CBA3H, HanpaBI[CHHOﬂ OT 3TOr'0 JJIEMEHTa K TOMY ANIEMECHTY, KOM-
6MHHPOBaHHblﬂ BBOJ KOTOpPOTro MBI BBIYUCIISIEM. quCJIO JJIEMEHTOB, I1OCHI-
JIAI0IIUX CHUrHanbl, PaBHO n. 3Ha"lCHl/lC WO 3a4a€T BeC CMCEIUECHUA, KOTOpblﬁ
MOXHO MHTEPIPETHPOBATL KaK MPUCOCAMHEHHDII K SMEMEHTY, Yel BbIXOIHOIL
CHUTrHaJj1 Bcerma paBEeH 1. H03TOMy BBIPAXXCHHUE VIS BXOOHOTO 3HaYeHUS MOXHO
nepenucarb B BUIC

1
net; = Ex,-w,-j .
ard

s npuMepa B KOHUE IMaBel 2 NepBbiii COH BECOBBIX 3HAYCHMI 3agaeTcs
MaTpuulei

2 2
Wl =1-2 3
-2 3

IepBoiit psan 3anaer BecoBble KOPPULMEHTHI CMEILIEHHI, COOTBETCTBYIOLLMX
TIEpBOMY U BTOPOMY 3/IeMEHTaM TIEPBOTO CKPBITOro ciiost. C ydeToM 3/leMeHTa
CMEILCHNS, BXOAHON CJOH CONCPXUT TPH JIEMEHTA, U MO3TOMY MATPHLA NS
ABYX CKPBITBIX 37I€MEHTOB UMEET TPH CTPOKM M ABa cronbua. B ckpbitoM cioe
TOXE €CTb 3IJNIEMEHT CMEUIEHMUS, HO TaK KaK 3JIEMEHT CMEIIeHHUS He MOXeT

" OBITH CBSI3aH C 3MIEMEHTAMM MpEbLIYLIErO ¢/Iosi, TO B MaTpHLIe BECOBLIX 3Ha-
YEHHI 3TOT 3/IEMEHT CMELUEHHUS HE TIPEJCTARIEH.

Ilpn BBIMOTHEHMH NpsiMoro mpoxona j COOTBETCTBYET 3JIEMEHTY, BBOJ KO-
TOPOTO BBLIMHCISAETCS, a i — 3JIEMEHTY U3 MpeAblAywero cios. Eciu Ha Bxox
CETH nojaroTcs 3HaveHHus [0.1 0.9], To BBOX IS MEPBBIX OBYX CKPBITBIX 3jle-
MEHTOB 3aa€TC NPOU3BEACHUEM

2 2
(1.0 0.1 0912 3] =1[0 5].
-2 3

Bo BxomHolt BekTOp HOGaBnsteTcs 3HAYeHHE 1, TAK KAaK UMEHHO 5TO 3HAYECHHE
BCErla MOCBHUIACT MEMEHT cMemeHHs. TakuM o6pa3oM, KOMOMHHUPOBAHHBIH
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BBOJI. OKa3bIBACTCA PaBHBIM O I I1€pBOTO IEMEHTA U 5.— IS BTOpero. Bei-
YHMCJIMB BBIXOIHBIE 3HAYEHMA ISl 3TUX DJIEMEHTOB IPH YCIOBUHM HCIIONB30Ba~
HUS CUTMOUIATBHON (PYHKUIMH aKTHBHOCTH, B BHIXONHOM BEKTOp CJEAYET MO-
0aBUTb | M paccMOTPeTh NpPOM3BENCHUE IIOJYYEHHOrO BEKTOPa C MaTPHLICH
BECOBBIX 3HAYEHUNH BTOPOro cJ0f, YTOOBl pacCYMTATL BXONHBIE 3HAYEHHS IUIS
3JIEMEHTOB BTOPOTO CKPBITOro cjiosl. Telleph 3HayeHHE j DOKHO GYAET COOT-
BETCTBOBATb TOMY 3NE€MEHTY BTOPOrO CKPBITOFO CJIOSI, BBOI KOTOPOTO BBIMHC-
JIIETCA, a i — 3JIEMEHTY NEePBOTO CKPHITOrO CJIOS.

B anropurMe o6paTHOro pacnpoCTpaHEHHs OLIMOKU CKDBITBIX 3JIEMEHTOB
BBIMHUCIISIOTCS B IIPOLIECCE BBIMOJHEHUST obpaTHoro npoxoaa. Ommbka ymoboro
CKPBITOTO 3JIEMEHTAa 32BMCUT OT OLIMOOK TeX 3JIEMEHTOB, KOTOPBIM NaHHBIil
3/IEMEHT MOCBUIAET CUTHANH B NPOLIECCE BHIIIOJIHEHMS TPSAMOrO IIPOXOMa;

30ech j COOTBETCTBYET TEKYLUEMY 3IEMEHTY, OWIMOKY WIS KOTOPOrO Mbl Bbi-
HUCIIsIEM, a 0 0003HayaeT 3HaYeHHE aKTUBHOCTH (BBIXOI) TEKYLIETO 3JIEMEHTA.
Ciioit 271eMeHTOB, BO3BPALLAIOIMX CBOM OLUMOKY, WHAEKCHUPYETCS 3HAYEHUEM
k. BropbiM cioeM BecOBBIX 3HaYeHUIi B HallleM NpUMepE SBISETCS

. 3 -2
W,=|-2 2
-4 2

Tak Kak curHanbl olMGOK BO3BPAILAIOTCA B HANPaBICHHM, OGPaTHOM Ha-
TIPaBJICHUIO TIPSMOrO IPOXoAa, TO IS BBIMMCIEHUS TNMPOM3BEICHUS 20wy
MaTpULly BECOBbIX 3HaYeHHM HEOOXOOMMO TPaHCMOHUPOBaTh. BcrioMHHUTE, YTO
MHIEKC k COOTBETCTBYET 3/IEMEHTAM, MOCHUIAIOIUM OIIMGKU obpaTHO. Ouu6-
KU i ABYX 3JIEMEHTOB IOC/HEIHETO CKPBHITOTO CJIOS 0Ka3alMCh PABHBIMH
[0.040 0.025]. IMoaTomy npousBeaeHHe, onpeaesoliee OLLIUOKH, MOChUTAEMble
3/IEMEHTaM NEPBOro CKPBITOTO cios, GyneT caeayoLuMm:

[0.040 0.025][—; _ﬂ = [-0.03 -0.11].

O6parire BHMMaHKe Ha TO, YTO U OGPaTHOrO MpPOXOJIa MepBasi CTPOKA U3 MaT-
puLbl BecoB W, ©Obula yaieHa, TIOCKOMbKY OLIMOKA ISt 37EMEHTa CMeELeHHs
He BbiuMcnsiercs. Ham He TpebyeTcst 3HATh OLUIMGKHM IS 3/1eMEHTOB CMELLEHHSE,
NIOCKONBKY OMIMGKU 9NIEMEHTOB BAMSIIOT HAa M3MEHEHUE BeCOBbIX KO3(MdpULIMEH-
TOB, HUCMOMB3YEMbIX B MpPOLECCE BHIMOJHEHUS NIPAMOrO MPOXOAa CETH, a TAKUX
BECOBbIX KO3(hQULHUEHTOB Y 3JIEMEHTOB CMEILEHMST, KOHEYHO e, HET, TIOCKOMb-
KY B CETU HET BXONSILHUX B 3JIEMEHTHI CMELLEHHS CBSI3EiL.
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[punoxerue b
CnoBapp TepMuHoB

ABToaccoumaums.

AKTHBHOCTR.

Accoupauus.
Becosas MaTpHua.

B3Bemennas cBasb.

T'etepoaccomuanus.
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ABTOaCCOLMBHOE 0GYYEHNE UCTIONB3YETCS TOT/IA,
KOIla HEOOXONMMO 3aITOMHHUTE 06paslibl, KOTOPbIE
MOTYT BIOCNEACTBUM OBITH BBI3BAHBI M3 MAMSTH

€ NIOMOIIBIO MX UCKAXEHHBIX TIOMEXaMH BEPCHIA.
Llensio npu 3ToM sABASETCA BHI30B UCTMHHOM BEPCHUH
obpasua.

B KOHTeKCTe NaHHOM KHMIM 3TO CHrHan,
HOCBUTAEMPIil 3JIEMEHTOM TGO APYrOMyY 37€MEHTY,
160 BO BHELUHIOO cpey.

CM. Asmoaccoyuayus, 2emepoaccoyuayus.

B sr0it MaTpuIte 3amalOTCA BecoBble 3HayeHud,
XapaKTepU3yIoLUHe AeHCTBYIOIME B CETH CBA3M.
Mecro BecoBoro 3HaueHus B MaTpuLe onpenensercs
3JIEMEHTaMH, COCAMHEHHBIMH COOTBETCTBYIOLIEH
cBs3bi0. MHOrMa, YTo6bI onucaTh CBA3H 3/1eMEHTOB
B CETH, MCTIONB3YIOT HECKONBKO BECOBBIX MaTpMHLL.
HarnpuMep, ecnu anemeHTHI pasgeneHsl o CJIOSIM,
TO JUISl OITUCAHHMA CBSA3EH MeXNy ABYMS COCEIHUMU
CJIOSIMU MOXET HCTIONbL30BATLCA OTAE/bHAS MAaTPHLIA.
Cea3b MeXay IBYMS 37€EMEHTaMMU,
XapaKTepH3YIOUIAsiCt HEKOTOPBIM AEHCTBUTEILHBIM
UHCJIOBLIM 3HAYCHHEM, Ha3bIBAEMBIM BECOM (a TaKXKe
BECOBBIM 3HaY€HHEM WIIH BECOBLIM KoadduuneHToM),
MCIMONB3YIOIMMCS JUIA YCUNIEHUS WM MOJABNEHUS
CUTHAJIOB, MAYLIUX I10 JaHHOM CBSI3U. DJeMEeHT
MOXeT ObITh CBA3aH ¢ caMuM co6oit. CBsI3b
OTPENENAETCS HaYalbHBIM 3MIEMEHTOM (M3 KOTOPOro
MCXOANT JaHHas CBsI3b), KOHEYHBIM 3JIEMEHTOM

(K KOTOpOMY CBsI3b HampaBleHa) U 3HaYeHHUeEM,
3aJ1al0UIMM Bec.

- Accoumanums, cBsi3blBaroLas oGpasell ¢ Ipyrum

06pa3tioM, a He ¢ caMuM coboi.

[punoxenve b

I'no6anbHbiit
MHHHMYM.

Hyra.

Huepuus.

Knacrep.

Komno3unnouusie
CTPYKTYPpbl.

Konnekuus.

JlokannHoe
npeIcTaBJieHue.
JlokasbHbie
'MHHHMYMBI.
Mouaean ceTn.

Cnosapb TEpMUHOB

CocrosiHue, Npy KOTOPOM NMapaMeTpsl CETH (BeCOBble
KOG GUUUEHTB! /11K 3HaYeHuA HYHKUUN
AKTUBHOCTH) SIBASIOTCH TAKUMH, YTO
CpeHEKBaipaTUYHAA OHIMOKa (IHEPIUs) OKa3bIBaeTCS
MHHUMaNbHON. [o6atbHBI MUHUMYM TIpecTaBaseT
onTUMainbHoe peweHue. Jlokaibtbie MUHMMYMbI '
COOTBETCTBYIOT MUHUMAIBHOIA OMIKOKe (3Hepruu)

B OrpaHUYEHHOM 06MacTy MapaMeTpoB, HO He
MpeICTaBSIOT ONTUMAIBHOE pellIEHME.

Cesi3b MEXAY ABYMS BepLUMHAMM B NPEACTABIEHHOM
B BHIe rpada CTPYKTYpe JaHHBIX.

TlocTostHHbIi MapaMeTp, HCTIONB3yeMblit TpH
06y4yeHMH ¢ 0OpaTHBIM pacripoCTPaHEHHUEM OILINGKH.
VHepuHs KOHTPONUPYET BIMSIHUE NPEAbIIYILEro
WU3MEHEHHSI BECOBOrO 3HAYCHUS Ha BEJIMYHHY
TEKYILEro H3MEHEHUS. DTOT NapaMeTp IIOMOraeT
M36€XaTh BO3HUKHOBEHHUS OCLIMUISIIMOHHBIX
W3MEHEHMI! BECOB H 060MTH NOKaIbHbIE MUHUMYMBI.
I'pynna o6pasLoB, pasMelleHHBIX 6IM3KO OaMH

K APYTOMY.

CTpyKTYphI, CO30aHHbIE U3 APYTUX CTPYKTYP.
IIpumepom ABNSTIOTCS ApEeBOBUAHbBIE CTPYKTYpbI, KOT/a
KaxJoe 1epeBO COCTOMT U3 IOIIepEBLEB.
HckyceTBeHHbBIE HelfipPOHHBIE CETU YacTO Ha3bIBAIOTCS
KOHHEKUMAMHU, a napagurMa HeHpPOHHBIX ceTeil YyacTo
Has3bIBaeTCs “KOHHEKLUMOHM3M”. HekoTophie
UCCIIeAoBaTEY PAcCCMaTPUBAIOT MCKYCCTBEHHBIE
HEHAPOHHBIE CETH KaK OJHO M3 CPEICTB YIYOIeHHOro
TIOHUMaHUSE HEPBHOM CUCTEMEBI Y€JI0BEYECKOTO MO3Ta.
Zpyrue xe MCTONb3YIOT TEPMUH “KOHHEKLMS” IS
TOTO, YTOObI NOAYEPKHYTh, YTO HEAPOHHBIE CETH
NpeaHa3HaYeHbI Ul BBIYUCIUTEILHBIX LieJielt,

HE CBA3aHHBIX ¢ JOCTHXeHHEM BHOIOrMYyecKoro
peanusma.

CM. Pacnpedenennoe npedcmaenenue.

CM. Thobanerbiti Munumym.

TepmuH, ucnonb3yeMslil LIS TOTo, YTOGB! pa3THyaTh
HE{pOHHBIE CETH pa3TUYHBIX THNOB. PasHble Mogenu
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Heiipon.
Hopma o6yyenns.

Oﬁoﬁmenne.

O6pazen.

OGyuenne.
Obyuenue Ge3s
YupasJieHus.

Orobpaxenne.

ITaxerHoe
OOHOBJICHHE.
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MOTYT OTIMYAThCA AJIFOPUTMaMU OGYUEHUS,
crnocobaMu CBsI3bIBAaHUA 3JIEMEHTOB U CIIocoGaMu
OOHOBJIEHHS 3JIEMEHTOB.

CMm. Saemenm.

IMTapaMeTp, KOTOpPbIii O6BIYHO YCTAHABAMBAETCH
PaBHBIM HEKOTOPOMY IIOCTOSIHHOMY 3HAQYEHHIO Mepes
HayasioM npotiecca obyueHus. DTOT napaMeTp
OrpaHMYHBAET BEJIMYUHY, HA KOTOPYIO MOXET
U3MEHHUThCH BECOBOH Ko3abduUUEHT 3a ogHO
oOHOB/IeHHE.

TepMuH, Ucnonb3yeMblii Kak XapaKTepHCTHKA
CHOCOBHOCTU CETH MpPEACTAaB/IATh JaHHbIE, Ha
KOTOpBIX ceTh He obyyanack. Hanipumep,
yIipaBJisieMasi CETb ¢ XOPOUIMMHU CBOMCTBAMHU
000011eHNsT TOMKHA POBOAUTE MPaBIUILHYIO
Knaccuduxanmio 60JbLLIMHCTBA TECTOBLIX HAGOPOB.
CMplcn nioHATUsT “060011eHe” MOXeET ciierka
MEHATbCA B 3aBUCMMOCTH OT KOHTEKCTa 06CYXIEHMUS,
HO JaHHOE 3[1eCh OOBSICHEHHUE COOTBETCTBYET
HauboJiee YacTo UCTIONb3YyeMO MHTEPIPETALIMM.
Habop naHHBIX, mogaBaeMblii Ha BXo CeTH.
Hcnoneayercst Takxke wist 0603HaueHus (0byyarowiero
WIN TECTOBOTO0) 3K3EMILIAPA. DTO MOXET GbITh HaGop
JBOMYHBIX JaHHBIX, ONUCHIBAIOIIMX H306paxKeHHE
CHUMBOJIa Ul NeYaTH, WK MEPCOHANIbHbIE
XapaKTEePUCTHKH KJIMeHTa, oOpaiualolierocs: B 6aHK
3a 3aliMOM. .

Npouenypa, ucnons3zyemas ans Toro, 4To6sl CeTh
CMoOrJIa HayYHUThCST BBITTOJIHATD [TOCTABIEHHYIO Mepes
Helt 3a1a4y 10 NPeAbABICHHBIM €if JaHHbIM.

Tun obyyeHHs1, HCMONb3yeMBIii TOTOa, KOLNA HeT
MHGOPMaLMK O KJIACCaX, HA KOTOPHBIE CIIEAYET
pas3jgenuTh yyeOHble 0Opa3Libl.

STO NOHATHE UMEET TOYHBIA MaTeMAaTHYECKUI CMbICI,
HO €CJIH roBopUTh HeopMaibHO, TO OTOGpaXKeHUe
O3HAYaeT npouecc, npeodpasyoinil BXORHOI
obpa3sell B BBIXOAHOIA. .
BeInosnHeHHe KOPPEKTUPOBKH BECOBBIX 3HAYEHMIA
nocie paccMOTpeHUs Beex obpasuos. JUis Kaxaoro
obpa3lia IPOUCXOMUT HAKOIUIEHHE OLIMGOK,

lNpunoxenmne b

IInukcesns.

Ilomarosoe v
00HOBJIEHHE.
IIpu3nax.

Pacnpenenennoe
npeacTaBieHHe.

Pexyppentnan
ceTb.

Cemantuyeckoe
NPOCTPAHCTBO.

Cerb ¢ npamoii
CBA3BIO.
CuMBOIH3M.

CkpbIThie
3JIEMEHTBI.

CnoBapb TepMUHOB

a BECOBBIE KOI(UIMEHTb OGHOBIAIOTCS B KOHLIE
nrepauud. Kak npasuno, oGHoBIeHHE IPOUCXOAUT
TIOCJIE TOTO, Kak pacCMOTpPeHbI Bee 0bpasLbl, HO,
BOOOLile TOBOPS, pa3Mep MAKETa MOXET 6BITH JOOBIM.
Haumenpiumit aneMeHT U306paxeHuss Ha 3KpaHe. Uem
GoJnbuie YHCO MUKCceNel (Toyek), TeM Gonbiiie
pasperiaronas CHoCo6HOCTB.

BhinonHeHNe KOppeKTUPOBKY BecOBBIX 3HAYEHMIT
TOCJie paCCMOTPEHUS KaXmoro obpasua.

Ilepemennasa (unu atpu6yt). Hanpumep, MpU3HaKaMH
SBNSIOTCA POCT U BEC MHAMBUAYYMA.

- Bo3Hukaer NpY UCTIONB30BAHUU HECKOJIBKMX

3JIEMEHTOB JUISI NPEACTABJICHUS ONHOIO MOHSTH,
a TaKKe OJHOIO 3JIEMEHTA B MPEACTABICHHUH
HECKONbKUX NoHsTUil. [pu nokanbHOM
NPEJICTaBICHUN KaXIO€E OHATHE NpeACTABISETCS
OIIHUM OTIENbHBIM 3JIEMEHTOM.

CeTb, MMerOILIAs CBA3M, O KOTOPBHIM CHIHAJbI
Bo3BpalialoTcs obparHo. Hanpumep, snemeHT Moxer
nosryyath U 06pabaThiBaTh CUrHANKI OT APYTUX
3JIEMEHTOB, a CBOM CMTHall aKTUBHOCTH MOCLUIATh
00paTHO TeM 3AEMEHTaM, OT KOTOPBIX BXOASLIME
CHUTHaJIBl 6bUTH TNOJTy4EeHDl.

OG6pasibl, MMEIOLINE CXOOHBIA CMBIC, JO/DKHBI J1EXaTh
B OJIHOM TUTOCKOCTH NpPOCTPaHCTBa 06pa3LoB (310
3HAYUT, YTO CXOAHbIie OOpa3Lbl AOIXKHBI UMETh BIM3KO
PaCMONOXEHHbIE COOTBETCTBYIOLUME UM BEKTOPHI).
Certb, Bce CBSI3M KOTOPO# MMEIOT OHO HANpaBJeHue
OT BXOIHOIO C/IOSI K BHIXOLHOMY.

Tepmun, ucnonbayemblit B 061acTH TpagMLUHOHHOTO
HCKYCCTBEHHOIO MHTEJIIEKTa JUIS XapaKTEPUCTHKH
crnocoba MOENMPOBAHHS PEeabHOTO MUpa. 3HaHKe
NPE/ICTABIISACTCA B BUAE CUMBOJILHBIX CTPYKTYP.
Hanpumep, cumBon Moxer 0603Hayath ciioso,
NpeACTaBAsdgIonlee ONHO MOHATHE (TaKoe KaK
“cobaka”), WK Xe MoxeT 0603HauaTh 6osee
CNOXHBIiT 00bEKT ¢ HabopoM aTpuByTOB (MMeeT Mex,
JIaeT, ecT MsICO).

DJIeMEHTBI, He CBSI3aHHBIE HEMOCPEACTBEHHO

C BHEWIHeH cpenoii.
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CrpyKTypa cBaseit.
Tonoaorus.

Vien
Yupasasemoe
" obyvenne.

Dyuxumsa
AKTHBHOCTH,

Llenrpoua.
Hlpudr.

DJIeMeNT.

Jnoxa.
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To, Kak 3JIeMeHTHI CeTH CBA3aHBI MEXIY COBOIL.

B ciyyae cereit o6o3Havaer cTpyKTypy CBsI3eit
3JIEMEHTOB CETH.

CM. Jnemenm.

Tun obyuenns, npUMeHAEMBIN Tora, Koraa
M3BECTHO, K KaKOMY KJIaCCy OTHOCMTCH KaXIbIf - ;.
y4e6HbIit obpasen. [Tpu yripapisiemMom obydeHnu mis
Kaxjaoro yyebHoro o6paslia U3BECTHO, YTO JUISI HETO
JOJUKHO OBIThH HOMYYEHO Ha BhIXode ceTH. Eciu ceTh
HE JaeT COOTBETCTBYIOLLUETO Pe3yNbTaTa, TO aiFOPHTM
O0YYEHHS UCTIONB3YET peanbHblil BLIXOA AJIST TOrO,
4YT06bl HACTPOUTH CETh (OOBIYHO ¢ NOMOLLBIO
KOPPEKTUPOBKMU BECOB).

DyHKUUA, UCNIONb3yeMast ISl BLIYMCAECHUS

- @KTUBHOCTH 3JICMEHTa I10 JaHHBIM €ro BBOA.

YcpeaHeHHas XapaKTepUCTHKa pasMeELLIEHUS BEexX
obpasnos B knacrepe. LleHTpousa Bhiukc/IseTcss Kak
cpellHee BceX COOTBETCTBYIOLLMX oOpa3liaM BEKTOpOB.
Hab6op atpubyros, onpenensiolmx BUI CUMBOJIOB Ha
BHELIHEM YCTPOICTBE BbIBOJA, HAlTIpUMEp Ha 3KpaHe
MOHHTOpA.

IMpocroit npoueccop HEAPOHHOM ceTH, COEAUHEHHDIN
C APYTMMH 37IEMEHTaMM B3BELIEHHBIMU CBSI3SIMM.

B xauecTBe Opyrux HasBaHMil s3neMeHTa
HCIOJIB3YIOTCSI TEPMHHBI “y3en”, “HeilipoH”

n “Heiipoysen”.

OnHa urepauus Bcex oOpasLioB.
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