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BBEJIEHUE

1. Hesan u 3a7a4n U3yYeHUs! AUCHHUIIMHBI

[lenbto OCBOECHHMA AMCHMILIMHBI «Teopusi HEWPOHHBIX CETEW» SABIACTCA OBJIAJACHHUE
HEOOXOJMMBIMU TEOPETUYECKUMHU 3HAHMSIMM W TNPAKTUYECKMMU HaBBIKAMH B 00JacTH
COBPEMEHHBIX METO/J0B M IOAXOJO0B IapauleNbHOM 00paboTku HHbOpManMM Uil 3ajgad
MOCTPOCHHS COBPEMEHHBIX MH(POPMALIMOHHBIX CETEH U CUCTEM.

3ajauaMu  Kypca SBISIOTCS: 3HAaKOMCTBO C MOJEISMHM  OIEpalMOHHOro OJoKa
HEHPOKOMIIBIOTEPA; M3YYEHHE OCHOBHBIX MOJEIEH HEUPOHHBIX CETEH; H3y4eHUE OCHOB
KOHCTPYUPOBAHMs M HACTPOEK HEHPOHHBIX CeTeH; MpUMEHEHHEe METOI0B 00yUeHHsI HEHPOHHBIX
ceTel; U3y4yeHue IPorpaMMHOMN SMYJISLIUNA HEUPOKOMIIBIOTEPOB U HEHPOHHBIX CETEH.
2. O0opyaoBaHue M MaTePUAJIbI

Jis mpoBeACHHsS] TPAKTHYECKUX 3aHITHH HEOOXOIUMO CIEAYyIoIIee MaTepUalIbHO-
TEXHUYECKOoe obecrieueHue: NepCoHaIbHbII KOMIBIOTEP; IPOEKTOP; BO3MOXKHOCTh BBIXO/Ia B CETh
WuTepHeT A1 noucka 1o o0pa3oBareabHbIM caiiTaM U MOpTaiaM; MHTEPaKTUBHAS J10CKa.
3. HaumeHnoBaHmue J1adopaToOpHBIX padoT

JlaGopaTtopHas pabora 1.

Tema 1: buonornueckue ocHoBbl HelipoceTeil. Kitaccugukanyst HEHPOHHBIX CeTeH.
Cooepoicanue: 3naxomemeso ¢ cucmemoun MatLab.

JlaGopaTtopHast pabora 2.

Tema 2: Metozsl 00yueHUs HEHPOHHBIX ceTell. APXUTEKTypa HEMPOHHBIX CETEH.
Cooeporcanue: 3nakomemeo ¢ uncmpymenmanwvvim cpeocmeom Neural Network Toolbox.
Cosz0anue u obyuenue HeupoHHOL cemu 05 peanuzayuu QYHKYuu 08yx nepemeHHblX.
JlaGopaTtopHast pabora 3.

Tema 4: TTporpammuoe cpenctso Neural Network Toolbox cuctemsr MatLab.
Conepxanne: M3ydenne cBoicTB nepcentpoHoB. Co3nanne u o0ydeHrne HEHPOHHON CETH IJis
peanu3alyy Joruyeckoi GyHKINH.

JlaGopaTtopHast pabora 4.

Tema 5: IlepcentpoH. JIuneiHble HelipoHHbIE ceTH. PagnanbHble Ga3UCHbBIE CETH.
Conepxanue: MccnenoBanue JIMHEHHBIX CETEN MPSIMOIO paclpoCTpaHEHMsI CUTHaJIa
JlaGopatopHas pabora 5.

Tema 6: Camoopranusyronuecs: 1 peKyppeHTHble ceTH. [ MOpuaHble HEHPOHHBIE CETH.
Copnepxanue: MccnenoBanue caMoopraHu3yrOIIMUXCsl HEMPOHHBIX ceTelt KoxoHeHa.

4. Conep:xanue 1adopaTopHbIX padoT

JlaGoparopHas padora Ne 1.

buonornueckue ocHoBbI HelipoceTeit. Kiaccudukanus HeMpoOHHBIX ceTeil.
dopMa NpoBeeHUs1: KOMIIBIOTEPHOE MOJEINPOBAHNE
Henn: 3HakoMcTBO ¢ cucteMoit MatLab.

Teopernueckne 000CHOBaAHUS

IMpu padore B Windows sanyctuth cuctemy MATLAB wmoxuHOo u3 menio Ilyck
(cTapTOBOrO MEHIO) ATOH OINEPalMOHHOW CHCTEeMBbl. AJIBTEpHATHBHBIM BAapHAHTOM 3aIlycka
MATLAB saBnsercs nBoWHON miem4ok Ha sApiblke cucreMbl MATLAB, pacnonoxeHHOM Ha
pabouem crone Windows. 3anyck MATLAB 6.x otoOpakaeT Ha 3kpaHe OKHO paboueid cpelsl,
mo00HOE TTOKa3aHHOMY Ha puc. 1.
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OxkHo paboueii cpenbl (rpadhnyeckuii HHTEpQEic) COCTOUT U3 CICIYIOIINX OCHOBHBIX 3JICMCHTOB:
CTPOKa MEHIO;
MaHeJIb HHCTPYMEHTOB C KHOTIKAMU U PACKPBIBAIOIINMCS CITUCKOM;
okno ¢ Launch Pad (ITauens 3amycka) COAepKUT AepeBO (hailIoBON CHCTEMBI, TIe OTOOPaKEHBI
TOJIBKO YCTaHOBJIEHHBIE Ha KOMIIbIOTEPE pa3eibl pacmupenuii cuctemsl MATLAB. C nomotisio
3TOr0 OKHA MOYKHO 3aIlyCTHTb JII000H U3 HUX;
okHo Workspace (Pabouee mpocTpaHCTBO), W3 KOTOPOIO MOXKHO MOJYYHTh MPOCTON AOCTYI K
HEPEMEHHBIM, UCIIOJIb3yEMBIM B JAaHHOM CeaHce paboThl;
okno Command History (McTopust koMaH[), MpeHa3HAYeHHOE ISl TPOCMOTPa ¥ MOBTOPHOTO
BbI30Ba paHee BBEJICHHBIX KOMaH];
okHo Current Directory (Tekymuii Karajor), B KOTOpOM OTOOpaXkaeTcs CIUCOK (ailioB u
BJIOKEHHBIX MaIlOK aKTUBHOTO B JaHHBII MOMEHT KaTaJora,
okao Command Window (OkHO kOMaH[) TpeIHa3HA4YeHO JJisi BBOJA YMCEN, TEPEMEHHBIX,
BBIP@KEHUI M KOMaHJ, JUIsl IPOMOTpa pe3yJbTaTOB BBIYMCICHUH, JUISI OTOOpaKEHUSI TEKCTOB
BBITNOJHAEMBIX MPOTpamMM, a TaKXke JUIsl BbIBOAA COOOIIEHH 00 omunoKax;
CTPOKa COCTOSIHMS, TJI€ OTOOPaXkKatoTCsl COOOIIEHUS] CUCTEMBI.
[Tonp30BaTenb MOXKET HACTPOUTH OKHO paboyeil cpelapl MO CBOEMY YCMOTpeHHto. MOoXkHO,
HarpuMep, U3MEHUTh MECTOIOJIOKEHHE U pa3Mep BHYTPEHHUX OKOH MpHUEeMaMH, OOIIUMH IS
Windows - npunokeruii. OToOpa3uTh WK CKPHITH COOTBETCTBYIOIINE OKHA MOYKHO C MTOMOII[O
xoman1 MeHio View (Bux) ocnoBaoro mento MATLAB. Hanpumep, it 0TOOpaykeHUs MOTHOM
paboueii cpeanl (puc. 1.1) Hago BeiOparh kKoMauay View => Desktop Layout => Five Panel.
JIro6oe 13 BHYTPEHHUX OKOH IOJIHOM paboueil cpeibl MOXKHO 3aKpPbITh LIETYKOM IO KHOIIKE C
KPECTUKOM B ITPABOM BEPXHEM YTITy.
ApudmernyecKue BbIYMCIEHUS

Pa6ora B cpene MATLAB moxeT ocyiiecTBIsSThCS MO0 B npocpammHom pexume, 1udo
B KOMAHOHOM DPEXKUME (PEKUME KanbKYAAMOpa, OUAN02060M PEXHAME) IO TPABUILY «3ajall
BOIPOC, MOMydusl oTBeT». DTo mpeBpamaer MATLAB B HeoObI9aitHO MOMTHBIN KaJIBKYJIATOD,
KOTOPBII crocoOeH MPOU3BOAMTH HE TOJBKO OOBIYHBIE JUISl KAJbKYJISATOpA BBIYUCIEHUS, HO U
OIlepalLliy ¢ BEKTOPAaMH U MaTPHUIIAMHU, KOMIUIEKCHBIMHU YHACIIAMU, PSIaMH M IOJTMHOMAaMU. MOXHO
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MOYTH MTHOBEHHO 3a/J1aTh U BBIBECTH TPA(QUKH PA3TMIHBIX (QYHKIMHA: OT MPOCTON CHHYCOHIBI JI0
CJIO’)KHOHM TPEXMEpPHOM (UTYPBI.

OCHOBHBIM 3JIEMEHTOM KOMaH/IHOTO PEKHMa pabOThI C CHCTEMOIl SIBISICTCSI TJIABHOE WU
komangHoe okHo Command Window. Ono aktuBu3upyercs komanmoi View => Desktop
Layout => Command Window Only ocxoBHoro menro MATLAB. CrpykTypa KOMaHIHOTO
OKHa aHaymoru4na crpykrype Windows - npunoskenuii (puc. 2).

<} MATLAB M[=1E3
File Edit “iew ‘wWeb Window Help
0 g’:| % B o o | i | 9 |CurrerﬂDirectDr'y':IC:MATLAEIBpS‘twork =] J

Uaing Toolbox Path Cache. Type "help toolbox_path cache” for more infa.
To get started, select "MATLAE Help"™ from the Help memnn.

Fr 243
ansg =
5
= a=2/3,4=243;cos(pi) b=exp (1)
a =
0.6667
ansg =
-1
h =
Z.7183
»r disp(d/E+ans)
3
Fr 0=.5+3-11+...
22-8. 447
c =
13,1000
> |

gl N
i start |

Puc. 2

Ctpoka B TEKCTOBOM I10JI€ KOMAaHHOTO OKHA, OTMEUEHHAsi CHMBOJIOM IPUTJIAILIEHUS >>C
MUTAIOIIUM KYpCOpOM, HAa3bIBae€TCs CMPOKOU 66004 WU KomanOHou cmpokou. OHa
npelHa3HayeHa AJis BBOJA C KJIaBUATYPhl KOMaHI, YUCEN, IMEH MIePEMEHHBIX U 3HAKOB OTEPallnid,
COCTaBJISIIONIUX BbIpakeHue. s toro, uroosl cuctema MATLAB BeimonHMIa BBEAECHHYIO
KOMaHy WM BBIYKCIIIIIA 3aJaHHOE BhIpaXEHHE, CIeIyeT HaXxaTh Kiasuiry <Enter>(Bson).

Ilpu 6600e Kypcop morcem HAXOOUMbCA 6 AI0OOM Mecme KOMAHOHOU CHMPOKU.
BBenenHble BBIpaKEHHUS BBIYHUCISIOTCSA, a PE3yJIbTaThl BBHIYMCICHUN U BBIMOJTHEHHUS KOMAaH]I
MOSIBIISIFOTCS] B OJTHOM WJIM HECKOJIBKUX CTPOKAaX KOMaHHOTO OKHA — CTPOKax BHIBOJA.

B pe3ynpTaTe MHOTOKpAaTHBIX BBIYUCICHUN (HaxkaTwil kinaBuimu <Enter>) B komMaHIHOM OKHE
ABTOMATHUYECKU TPOUBBOJIUTCA 8EPMUKAIbHASL NpomsdicKka (scrolling): CTpOKW CIABUTAIOTCS HA
OJIHY TIO3WIIMIO BBEPX, & BHU3Y MOSBISIETCS CTPOKAa BBOJA C CHMBOJIOM MPUTTAIICHUS >>.
WUudopmanus, koTopas MOKHHYIA BHJIMMYIO 4YacTh OKHa, He ucuyezaeT. B MATLAB panee
BBEJICHHBIC CTPOKH KOMAaH]I IPECTABIISIIOT COO0H «UCTOPHUIO» U 3aIIOMHHAIOTCSI B CIeKe KOMAHO.

JIy1st mpocMOTpa BBITIOJIHEHHBIX KOMaH U PE3YJIbTATOB BHIYUCIICHHUH, HE YMEIIAIOITUXCS
Ha JKpaHe, UMEIOTCS MOJIOCHI TOPU3OHTAIILHOM M BEPTUKAIBHOM MpOTsHKKU. Mcnonb3oBaHue
M0JIOC TPOTSHKKKH HUYEM He oTiauuaetcs or apyrux Windows - mpuimoxkenuii. MOXHO Takke
OCYIIECTBIISITh MPOTSHKKY KOMAaHIHOTO OKHA ¢ momoinsio kiaBum <PageUp>, < PageDown>,
<Ctrl+Home>u <Ctrl+End>.

KnaBumm <1> u <|>, KOTOpBIEC B TEKCTOBBIX PEAAKTOPAX CIYXKAT JJIs IepeMEIICHUs BBEPX
uiau BHU3 110 dKpany, B MATLAB pa6otator nHade. OHM UCTIOJIB3YIOTCS JIJIST BO3BpaTa B CTPOKY
BBOJIa paHee BHITIOJTHEHHBIX KOMaH]] C I[EJIbIO UX TIOBTOPHOTO BBHITTOIHEHUS WU PEAAKTUPOBAHUSI.
[Tocne mepBoro HaxaTHsl KJIABUIIM <1> B CTPOKE BBOJA OTOOpA3WUTCS MOCTEAHSS BBEIACHHAsS
KOMaH/1a, PU BTOPOM HaXKaTUHU — MIPEANIOCIIeHss U T. 1. Kimapuina <|> oCyIecTBIsIeT MPOKPYTKY
KOMaH/ B MPOTHUBOIOJIOKHOM HalpaBiIeHHUH.

5



WupimMu cnoBamu, TekcToBoe moie okHa Command Window pacnomaraercs B ABYX
NPUHLMIIAAIBHO Pa3HBIX 30HAX: 30He HNpocMompa W 30He pedakmuposanusi. 30Ha
pEeIaKTHPOBAHUS HAXOUTCS B KOMAHIHOM CTPOKE, a BCS OCTalIbHASI HHPOPMAIIHS BUIUMON 9aCcTH
KOMAaHJITHOT'O OKHa — B 30HE IIPOCMOTpA.

Iloka ©e wHaxara knaBuma <ENter>, BBoxuMoe BBIpaXEHHE MOXKET OBITh
OTPEaKTUPOBAHO WJM yJajeHo. B 30He mpocMOTpa y»Xe€ HHUYEro Helb3s WUCIpaBUThb. Eciu
IIOMECTHTh B HEE Kypcop M HaXaThb KaKylo - JU00 KJIaBHINYy Ha KJiaBHaTrype, Kypcop Oyaer
aBTOMAaTUYECKHU MEPEMEILEH B CTPOKY BBOJIa, PACIIOJIOKEHHYIO B 30HE pelakTupoBaHus. B To xe
BpEMsl, C IOMOILBIO KIABHII <«—> ¥ <—> MOYKHO [I€PEMEIIATh KYpCOp B KOMAHAHOMN CTPOKE.

Hego3mooicnocms pedaxmuposanus panee 66€0eHHON KOMAHObL RPOCMOIL YCHAHOBKOIL
Kypcopa 6 HY)CHYI0 CHPOKY A81Aemcs 00Hou u3 ocovennocmeii cucmemot MATLAB.

Ceanc pabotsl ¢ cuctemoit MATLAB Ha3zwiBaeTcst ceccueti. UHBIMU CIIOBaMU, CECCHUS —
3TO BCE TO, YTO OTOOpa)kaeTcss B KOMaHJHOM OKHE B Ipolecce paboThl ¢ cucremon. Komanabt
CECCHM aBTOMATUYECKH 00pa3yloT CIHMCOK, KOTOPBIH BeIBogUTCs B okHe Command History, a
3HAYCHHS NIEPEMEHHBIX coxpanstoTcs B okHe Workspase (puc. 1).

Hanpumep, ceccuss Ha puc. 2 0TOOpa)kaeT pe3yNbTaThl MOCIEIOBATEIFHOTO BBOJA YETHIPEX
koMaHA. OOCyaUM 3TH pe3yNbTaThl U OTMETUM HEKOTOPBIE OCOOEHHOCMU 8bIYUCTEHULL 8 CUCEME
MATLAB:

>>2+3

ans =

3)

Pe3ynbrary BHINOTHEHHON ONEpaly He ObLIO MPUCBOCHO UMS, IO3TOMY IPHU BBIBOJE OH
ObLT aBTOMATHYECKU 0003HAYCH CUMBOJIOM ans (ansver — orsert). [lox ATUM MMEHEM pe3ysbTaT
BBIYHMCIICHUM XPAHUTCS B MAMITH KOMIIBIOTEPA U €r0 MOYKHO HCIIOJIb30BaTh B IOCIIEIYHOIINX
BBIYMCIICHHSIX JI0 TE€X TOp, MOKa B X0J¢ paboThl HE OYACT MOITYYCH HOBBIM HEIIOMMEHOBAHHBIN
pe3ynbTaT. Pe3ynpTaT BBIUMCIEHUN BBIBOJUTCA B CTPOKax BBIBOJA, HE COJEPXKAIIMX 3HAKA
NpUTJIAIICHUs >>,
>>a=2/3,A=2"3;cos(pi),b=exp(1)
a=
0.6667
ans =
-1
b=
2.7183

B onHOM KOMaHAHON CTPOKE MOKHO BBECTH HECKOJIBKO KOMaHJ, pa3feiiss UX 3alsaThIMU
60 Toukamu ¢ 3anatoil. Cuctema MATLAB BbIMOTHSET KaXayI0 KOMaH[y, 32 KOTOPOM clieyeT
3arsTasi, 1 0ToOpakaeT pe3yJbTaThl B OTJEIbHBIX CTpOKaX. Pe3ynbTar BhINMOIHEHHUS] KOMaH/bl, 32
KOTOPOM CJIEIyeT CUMBOJI <;>, Ha SKpaH HE BBIBOJUTCSA, HO OH COXPAHSETCS B MAMATH U MOXKET
OBITH UCIOJH30BaH B MOCIEIYIOIINX BEIUYUCICHUSX.
3uaxom npuceausanus a61aemcs 3HaK =, a He KOMOMHUPOBAHHBIN 3HAK :=, IPUHATHIN, HAIPUMED,
B sI3bIKE MporpammupoBanus Pascal niu B cucreMe cMMBONIBHOM MaTematuku Maple.

[Tocne BBOA 3TOM KOMaHIHOM CTPOKU BBIYUCIISIIOTCSA U COXPAHAIOTCS B IAMSITU 3HAYECHUS
BEIpaOXKeHHH a=2/3=0,6667, A=2°=8, ans=cosz =-1, b=e!'=e=2,7183 (e — ocHoBaHme
HaTypaJbHOTO Jiorapudma). 3HaueHUE epeMeHHoN A, B OTJIHUHKE OT &, ans, b, He BRIBOIUTCS Ha
9KpaH u3-3a cuMBoa <;>, [Ipu BeIYMCICHUN COS77 UCTIONIBb30BAIaCh CUCTEMHAs ITepeMeHHast Pi —
yucio 7z. Yucio e cucTeMHON NepeMeHHOU He SIBISIETCS, W Ul €r0 BBIYUCIEHUS UCIOIb30BaHa
BCTPOCHHAs 3yieMeHTapHass QyHKius eXP(l). OyHKIUN 3anuChIBalOTCS CTPOYHBIMU OyKBaMu, a
WX apTyYMEHTHI YKa3bIBAIOTCS B KPYTIBIX CKOOKaX. ApryMeHT BCTPOCHHOW TPUTOHOMETPUUYECKON
GbyHKIIMM COS 3aJlaH B paguaHax;
>>disp(A/2+ans)
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Komanza disp (0T cioBa «IucIieii») BeYUCIsAeT BhpakeHne2%/2+C0S 1 BRIBOAUT OTBET, HO HE
IPUCBAaUBAET €ro NepeMeHHONaNs, Kak Mpu OOBIYHBIX BBIYMCICHUSX:

>> Al2+ans

ans=

3

B nanbueitmem diSp ucnonb3yercs s NPEJOTBPAIICHUS BbIBOJA JIMIIHEH CTPOKH ans =B
HarJsHBIX TOKYMEHTAX;

>>c=.5+3-11+...

22-8.4+7

c=

13.1000

WNuorpa tpebyercst BBect B okHe Command Window komas[y, KOTOpasi CIHIIKOM
JUIMHHA, YTOOBI YMECTUTHhCS Ha OAHOHN cTpoke. [Ipu mpuOMIKEHHH K KOHILY CTPOKH MOYKHO
BBECTH...(TpU TMOCIEA0BaTEeIbHbIE TOYKM), HaxaTb kiaBuury<Enter> u nponomxkute Habop
KOMaHJIbl Ha crueayoomed crpoke. [Ipu 3ToM Bl HE yBUAWTE Ha HOBOM CTPOKE CHUMBOJA
pUrjanieHus>>.

Ceccuss Ha puc.l.2 COOEpKUT TOJBKO NPAaBWIbHBIE KOMaHAbBI M pPE3YyIbTaThl HX
BbINOJIHEHMS. B o01em ciydae ceccus siBisieTcs pe3yiapTaToM 1pob u omnbok. Ee Tekct, Hapsany
C IpaBWIbHBIMHU OIPEACICHUSAMH, COJEPKUT COOOIIEHUS U NpeAaynpexaeHus o0 ommokax,
nepeornpeseneHuss (QYHKIMA M TEPEeMEHHBIX, MCIIOJIBb30BAaHHYK CIPAaBOYHYIO HH(POPMALUIO
xoman ibl help. Ecnu ceccust cumiibHO «3acopeHay JiniiHeH uHGOpMAIUEi, JUAJIOT T0JIb30BaTEIs
C CHCTEMOM 3aTpyIHAETCA.

Komanna ouncTku 3xpana Clc

>>clc

cTupaer coaepxaHue komaHaHoro okHa MATLAB u pa3memiaer cuMBOJ IpUIIallleHus >> B
JIEBOM BEPXHEM YTJIy ITyCTOTO DKpaHa.

OTta KOMaH/a, OJHAKO, OCTABISET HEM3MEHHBIM conepxuMoe okon Command History wu
Workspase. I[losToMmy B «4HCTOM» KOMaHJHOM OKHE MOXKHO IIOJb30BAaThCS 3HAUYCHHUSIMH
NIepEeMEHHBIX, MOJYYSHHBIX 710 BBOJAa KOMaH IbI CIC.

Ecnu ke mosBUTCS HEOOXOOUMOCTbh OTPENAKTUPOBAaTh WM MOBTOPUTH paHEE BBITOJHEHHYIO
KOMaH/Iy, TO 3TO JIETKO OCYIIECTBUTH ¢ moMoInbio okHa Command History.

Ilepemennvie — 3T0O UMEHOBaHHbIE OOBEKTHI, XpaHAIHe KaK1e — JTU0O0 TaHHbIE.
[TepemeHHbIE MOTYT OBITH YMCIOBBIMU, MATPUYHBIMU WJIM CUMBOJIBHBIMM, YTO 3aBUCUT OT THUIIA
XpaHALIMXCS B HUX JaHHBIX. THUIIBI NIEPEMEHHBIX 3apaHee He JeKIapupyroTcs. OHM ONpenemnsoTcs
BBIpaXEHHEM, 3HAUE€HHE KOTOPOTO MTPUCBABANBACTCSI IEPEMEHHOM, T.€. I0JIb30BaTeNb HE T0JKEH
3a00TUTBCSI O TOM, Kakuhe 3HadeHHUs OyJaeT NpUHUMATh T[epeMeHHass (KOMIUIEKCHBIE,
BEIIIECTBEHHBIC UJIH TICJIBIE).

Hms nepemennoii (ee uoenmuguxamop) MOXKET conepxkarh 10 31 cuMBoIa U HE JOHKHO
COBMAaJlaTh C MMEHAMH JIPYIrUX NEPEMEHHBIX, (YHKIMHA, KOMaHI M CHCTEMHBIX MEPEMEHHBIX
MATLAB. NMs nepeMeHHOi JOKHO HAauMHAThCs C OYKBBI, MOXKET COJIepKaTh LU(PHI U CUMBOJ
nonuepkuBanus. Cpena MATLAB uyBcTBUTENneHAa K peructpy OykB (mepeMeHHble a U A He
UJICHTUYHBI).

B MATLAB cymectByer HECKOJbKO HMEH  IIEPEMEHHBIX,  SBIITFOLIUXCS
3ape3epBUPOBAHHBIMU. llepeMeHHBIE ¢ TakMMM MMEHaMM Ha3bIBalOTCS cucmemuvimu. OHHU
3aJJal0TCS MOCJE 3arpy3KH CUCTEMbI U MOTYT HCIIOIb30BaThCsl B apU(PMETUUECKUX BBIPAKECHUSIX.
CucrteMHble TIEpEMEHHbBIE MOT'YT OBITh NEpEONpeeeHbl, T. €. IPU HEOXOAUMOCTH UM MOXKHO
IIPUCBOUTH JAPYTUE 3HAUCHHUS.

Huxe nepeuncinensl ocHOBHbIE cucTeMHble epeMeHHble MATLAB:

ans — pe3yapTaT BEIYMCICHHS TIOCIEIHETO HE COXPAHEHHOTO MTOJI30BATEIIEM BBIPAKEHNS;

I, ] — MHMMas eguHUIA (), UCIONIb3yeMast ISl 331aHusI MHUMOM YaCTH KOMIUICKCHBIX YHCEIT;
Inf (infinity) — o603HaYeHMEe MATUHHON OECKOHEYHOCTH;
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NaN — cokpamenue ot cioB Not-a-Number (HE 4YHCIO), TPUHATOE I OOO3HAYCHHUS
HeomnpeneaeHHoro pe3yabrara (Hanpumep, 0/0 wim Inf/Inf).

pi — uucno n ( 7=3,141592653589793);

€PS — MOrpenIHOCTh ONepalyii HaJl YUCIaMHt € TUIaBarolleld TOUYKOM, T.€ HHTEPBAJI MEKIY YHCIOM
1.0 1 cremyronuM OMKaMIIMM YUCIOM ¢ ILIaBarole Toukoii papen 2.2204e-16 umu 2
realmin — MEHEMAaIBEHOE TI0 MOJTYJIIO BEIIeCTBEHHOE urcio (2.2251e-308 nn 2710%2);

realmax — nauGosbIree Mo MO0 BemecTBenHoe uncio (1.7977e+308 umm 21023),
[Tpuopurets! apugmemuueckux onepayuticictembl MATLAB B nopsinke yObIBaHUS CIIeTYIOITHE:
1. Bo3Benenue B crenenp <>,

2. YMHOKeHHe <*> u fenenue (clieBa HarmpaBo </>, crpaBa HajaeBo <\>).

3. CnoxeHue <+> U BbIUUTAHUE <—>.

BrimonHenue onepanuii 0IMHAKOBOT'O MPUOPUTETA IPOUCXOJUT B MOPSAKE ciaeBa HarmpaBo. J[is
M3MEHEHHUS MTOPSA/IKA BBITIOIHEHUS apU(PMETHUECKUX ONIEPaTOPOB CIIEAYET UCIIOIb30BaTh KPYTJIbIe
ckooku. Kpome apudmernyeckux oneparopos, B MATLAB umerorcs oneparopbl OTHOUICHUS U
JIOTUYECKHE onepaTopsl (cM. pasza. 4.1).

[TonHBIH CIIUCOK OMEPaTOPOB U CIIPABOUHYIO HHPOPMAIIHIO 10 JTII0OOMY U3 HUX MOKHO TOJTYYUTh
B pazzaeine OpsS cmpaBounoit cucrembl MATLAB, ucnons3ys komanasl help wiu doc (cwm.
[Tpunoxenue 1).

OcHOBY OOJBIIMHCTBA pPACYETOB COCTABISAIOT BBIYMCIEHUS 3HAYCHUU apughmemuuecKkux
svipadicenuli. B HUX B KauyecTBE OMEpPaHIOB MOTYT BBICTYNATh KOHCTAHTHI, IEPEMEHHBIC WU
¢ynkuuu. B ornmume or OONBIIMHCTBA aNTOpUTMUYECKUX s3bIkOB, B MATLAB nomyckaercs
MCIIOJIb30BaHUE OIEpaH/IoB - MaccuBOB (cM. pa3n. 1.6, 1.7, 1.10). B sTom cinyuyae pesynbratom
BBIYMCJICHHSI BBIPAKEHUS TAaKXKE MOXKET OBITh MAaCCHB.

BripaxkeHusi, mMOMeIIeHHbIE MEXKY IBYMS anocTpodamu (3aKiIF0UeHHBIE B CUMBOJIbHBIE CKOOKH '
'), paccMaTpUBAIOTCS KaK CTPOYHBIE M HE BBIYMCISAIOTCS, JaXE €CIM B HUX COAepKaTcs
MaTeMaTHYecKue BrIpakeHus. Yalle Bcero OHU MPUMEHSFOTCS AJIs 3a/1aHUs TapamMeTpoB (QyHKITUH
Y WX HEUHCIIOBBIX 3HAUYEHMM, BCTABKU TEKCTa B rpaduueckre OOBEKTHI, a TAKXKE JJIsi OMUCAHUS
CUMBOJIbHBIX NIEPEMEHHBIX U BbIpaxkeHH. Tak, BBOJA CTpOKH'2+3 IPUBOJUT K Pe3yNbTaTy
>>'2+3'

ans =

2+3

a He 5.

[Tpu BBIBOAE TpaUKOB CUMBOJIBI, TIOMEIIEHHBIE MEXY allOCTpOhaMu, ONIPEACIISIOT I[BET JTUHUN
rpaduka, UX THUI U THI MapKepa, KOTOPBIM METSATCS JTMHUU

JlabopaTopnasi padora Ne 2.

MeTtoapl 00ydeHHs HEHPOHHBIX CeTe. APXUTEKTypa HEHPOHHBIX CETEH.

DopMa NpoBeJeHUs: KOMIIBIOTEPHOE MOJEIUPOBAHUE.

Iean: 3HakoMcTBO ¢ mMHCTpyMeHTanbHBIM cpeactBoM Neural Network Toolbox. Co3manue u
o0yuyeHHre HEHPOHHOM ceTH Ui peanu3auuu GyHKIUHU IBYX epEMEHHBIX.

IHopsaok BbINOJIHEHUS PA0OTHI
1. O3HaKOMUTHCS C IEMOHCTPAIMOHHBIMU MOJEIISIMU:

nnd2n1 — oAHOBXOI0BOI HEHPOH;
nnd2n2 — nByXBXO/IOBOI HEHPOH.
2. O3HaKOMHUTHCS C BO3MOKHOCTSIMU MHCTPYMEHTaIBHOTO cpencTBa NNTool.



3.  BBINOJHUTH AEMOHCTPAIMOHHBIN TPUMEP U3 METOUYECKUX YKa3aHUHN U TTOT00HBIN TPUMED
COTJIACHO BapHUaHTY.

4, O3HaKOMUTBLCS ¢ MOJICIIbIO HEHPOHHOM ceTu B cpene Simulink.

5. OTBEeTHUTH Ha KOHTPOJIbHBIC BOIIPOCHI 1 COCTABUTH OTYCT.

Teoperuueckne 000CHOBaAHUS

NNTool — uHCTpyMEHTaIBHOE CPEACTBO ¢ rpadHuuecCKUM HHTEPQEHCOM, MMO3BOJISIONICE
HauYMHAKOIIEMY Tosib3oBarento makera Neural Network Toolbox BeimonHsITE co31anue, 00y4eHue,
MOJICIIMPOBAHKE, IKCIIOPT U UMIIOPT HEHPOHHBIX CETEH M JaHHBIX, HE 00panasch K KOMaHIHOMY
okHy MATLAB. BeizoB NNTool Bo3MoskeH 1100 ¢ TOMOIIBI0 KOMaHAbl nntool n3 KoMaHaHOH
ctpoku MATLAB, nmu60 u3 okHa 3amycka npuioxkennit Launch Pad ¢ momompero o NNTool
u3 pasgena Neural Network Toolbox. Ilocie BbI30Ba Ha dKpaHe TUCIUIES MOSIBISETCS OKHO
Network/Data Manager (Ynpasnenue cetbto//lannsivu) (puc. 1).
DJIEMEHTHI OKHa!
Help — knormka Be13oBa okHa mozckasku Network/ Data Manager Help;
New Data — kHomKa BeI30Ba OkHa (hopmupoBanus JaHHbIX Create New Data (puc. 2);

<} Network/Data Manager = [ 3 |
Inputs: Metworks: Qutputs:

Targets: Errars:

Input Delay States: Layer Delay States:

~Networks and Data

Help | Newbata.. | NewNetwork.|
Import... I Export... | e, I [Delete I
— Networks only
iritalize: l Simulzates, | raim | Aaapt: |
Puc. 1
<} Create New Data 3 -0 x|
~Name Data Type
|data1 & |nputs
_Value " Targets
01-1;231] a C Input Delay States
" Layer Delay States
" Qutputs
2l | » C  Errors
Help | cancel |  Create
Puc. 2
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New Network. ..— KHOMKa BbI30Ba OKHa co3/iaHus HeliponHo# cetu Create New Network (puc.

3);

Import... — KHONKa BbI30Ba OKHA JIsI UMIIOPTA WJIM 3arpy3ku AaHHbIX Import or Load to
Network/Data Manager (puc. 4);

Export... — KHOIIKa BBI30Ba OKHA JJIsl SKCIIOpTa MJIH 3alicy JaHHBIX B (haitn Export or Save

from Network/Data Manager;
Kuonku View, Delete craHOBATCS aKTHBHBIMHU IIOCIE CO3MAHMA W aKTHUBU3AIUH JAHHBIX,
OTHOCSIIMXCS K BXOJaM, 1IEISIM, BBIXOJaM MJIM OLTNOKAM CETH.

<} Create New Network E = =] |

Network Name:|networkt

~Network Type: |Feed-f0rward backprop =l

Input ranges: 01;-11] |Getfrom inp... l‘
Training function: TRAINLM
Adaption learning function:{ LEARNGDM
Perfarmance function: MSE

| [KH[K

Number of layers: 2

Properties for: ILayer1 vl

Number of neurons:{1
Transfer Function: |TANSIG LI

view | Defautts | cancel | create |

Puc. 3
UTo0b!I cO31aTh HEHPOHHYIO CETh, HEOOXOIUMO:

1)  chopmupoBaTh MOCIEAOBATEILHOCTH BXOMOB | Lenell (kHomka New Data) mu6o
3arpy3uTh UX u3 paboueit odnactu cuctemst MATLAB;

2)  co3maTh HOBYIO HelpoHHYyI0 ceTh (kHomka New Network) mubo 3arpy3uth ee u3
paboueii obnactu unu u3 gaitna (kHomka Import);

3)  BbIOpaTh THIT HEHPOHHOI CETH U HaXaTh KHOIKY Train, 4T00bI OTKPBITH OKHO JIJISI
3a/laHus IapaMeTpoB MPOLETypPhl 00YUEeHHUS,;

4)  otkpeiTh OkHO Network mms mpocMoTpa, WHUIHATU3AINH, MOJCIUPOBAHUS U
aJarTaluyu CeTH.

Network Name — cranmaptHoe umst cetu, npucBanBaeMoe GUI-uHTEpdeiicoM, MOpsIKOBbIi
HOMEP UMEHH U3MEHSIETCS aBTOMATHYECKH.

Network Type — tun ceteit, 1ocTynHbIx 11st paboTsl B NNTool.

Inputs ranges — moMyCTUMBIEC TPAHUIIBI BXOJOB, KOTOPHIC 3aJIAIOTCS TOJb30BATEIEM JIHOO
OIIPEICIIAIOTCS aBTOMaTHuecku 13 crimcka Get from Inp. ..

Training function — crincokx oOyuaronMx yHKIHA.

Adaptation learning function — crimcok ¢yHKIMIT HACTPOEK VIS peKUMa aTanTalUH.

Performance function — criricok G yHKIHMI OlIEHKH KadecTBa 00yUCHHMS.

Number of layers — kosiuecTBO CI0€B CETH.

Properties for — coiicta s cioes 1 u 2.

Numbers of neurons — koiM4ecTBO HEHPOHOB B CIIOE.
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Transfer function — ¢pyHKIUs aKTHBAIMK CITOSL.

Import or Load to Network/D ata Manager = _)_(j
~Source ~SelectaVariable_Destinaton
@ |mport from MATLAB workspace (no selection) Name
C Load from disk file P1 P1
T S
WATETIE B ImportAs:
l € [ietwork
O
Browse ol
C Targets

 Initial Input States
 Initial Layer States
C Qutputs
 Errors

Cancel I Import

Puc. 4

Okno Import or Load to Network/ Data Manager Bxito4yaet Tpu moJist:

Source — mose [y BEIOOpa MCTOYHKMKA JaHHBIX: padouas obmacte MATLAB (Import from
MATLAB workspace) smb6o ¢aiin (Load from disk file).

[Tpu BBIOOpE mepBoro Bapuanta noje Select a variable comepxut Bce iepeMeHHbIe paboueit
obnactu. [Tpu BeIOOpe Broporo Bapuanra aktuBusnpyercs noine MAT — file Name u kaonika Browse.

Destination — mosie, B KOTOPOM CJIEAYET yKa3aTh TUIT KIMIIOPTUPYEMBIX TaHHBIX ITYTEM BBIOOpa
OJIHOM M3 PaJMOKHOIIOK.

Oxno Export or Save from Network/Data Manager (puc. 5) no3BoiisieT nepenaTh JaHHbIE
u3 paboueii oomactu NNTool B pabouyro o61acte MATLAB win coxpanuTh uX B BUje (aiiia Ha
mucke. Ecnu B kauecTBe coxpaHseMoOil NEpeMeHHOH BblOpaHa MEepeMeHHas, MpUHaIJeKalas
kiaccy network object, u oHa 3kciopTupoBaHa B padbouyro o6macte MATLAB, MOXHO TOCTPOUTH
MoJieJh HeMpOHHOU ceTu B cucteme Simulink.

Export or Save from Network/Data Manager L 5]

— Select Variables

network1
datal

P1

T

Select one or more variables. Then [Expor] the variahles
to the MATLAB warkspace or [Save] them to a diskfile

a3
=
0

Select All Se!ectNonel Cancel I Xt S

Puc. 5
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[locne co3manusi M aKTUBU3AaLUMU HEWpOHHOM cetw B okHe Network/Data Manager
CTaHOBATCS aKTUBHBIMH KHOTIKH View, Delete, Initialize, Simulate, Train, Adapt. I[Ipu BeigeneHun
B obnmactu Networks co3maHHOl ceTH OTKpBIBaeTCS TUAIOroBas maHenb Network: <ums cetm>

(puc. 6).

<} Network: network1 . Algjll

view | initialize | Simulate | Train | Adapt | weights |

@D —F P~
[t |

2 1 1

Manager Close

Puc. 6

[Tanens MMeeT MECTh 3aKIAN0K:

View — mpocMOTp CTPYKTYPhI CETH.

Initialize — 3aganKe HaYAIBHBIX BECOB M CMEIIICHHH.

Simulate — mozenupoBanue ceTH.

Train — o0yueHue ceTH.

Adapt — aganTanus ¥ HACTPOIKa MapaMeTpOB B CETH.

Weights — mpocMOTp ycTaHOBIICHHBIX BECOB M CMEILICHHIA.

OcoGenHoctu paboThI ¢ ceThio B okHe Network paccMoTpuM Ha mpumepe ceTeit ¢ mpsaMoi
nepegavyel CUrHanga u oOpaTHBIM paclpoCTPaHEHUEM OIMIMOKH.

Ilpumep 1.1. Co3nath U 00y4yUTh HEUPOHHYIO CETh BBINOJHEHHIO onepanuu y=x12+x2,
€CITH 3a/1aHbl oceaoBatenbHocTr Bxoaa P[1 0.5 0 1;-200.5 1Juunemu T=[-1 0.25 0.5 2].

Pewenue

B oknax Create New Data cinenyet copMupoBaTh MOCI€10BaTEILHOCTH BXOIOB U LIEJIEH,
a B okHe Create New Network BbiOpathk HelipoHHyto ceTh THNa feed-forward backprop u 3agats
ee XapakTepucTukH (cM. puc. 3). Cxema 3To# ceTu moKazaHa Ha puc. 6. JlJis MHUIIUATTU3aIH CeTH
cinenyer BbIOpaTh 3aknaAky Initialize (puc. 7). B wucnamaromem menro Get from input
HEOOXOMMO 3aJaTh UAIa30HBl 3HAYCHWH BXOAHBIX IaHHBIX. [ BBOAA MCXOMHBIX TAHHBIX
WHUIHAIN3AIMH BECOB CIIeIyeT BOCIIOIb30BaThCs KHOMKaMu Set Ranges u Initialize Weights.

Puc. 7
101X
View | Initialize | Simulate | Train | Adapt | Weights |
-~ Directi
Click [REVERT WEIGHTS] to set weights and biases to their last initial values.
Click [INITIALIZE WEIGHTS] to set weights and biases to new initial values.
Use the "Input Ranges" area below to view and edit input ranges.
~Input Ranges
(01, E
-21]
| | >
Getfrom input |w Revert Rangesl Set Ranges |
Manager Clase Revert Weights| Initialize weighs

3aTeM BBIMIOJHSAETCS OOYYEHHE CeTH, JUIA 4ero BhlOMpaeTcs 3akimanka Train. DTa maHenb, B
CBOIOOYEPE/Ib, IMEET TPH 3aKIAIKH:
Train Info — uadopmariust 06 00yJaroIIKX MOCIE0BATEILHOCTSX (pHC. 8).
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Train Parametrs — mapamerpsl 00yuenus (puc. 9).

Optional Info — nomonauTenpHas urdopmartus (puc. 10).

BBozst 3HaueHHs B MO BBOJA M OCYIIECTBIISISI BBIOOP M3 BBINAAAIONIUX MEHIO, MOXKHO
YCTaHOBUTH MMeEHa mocienoBatenbHocTeil BBoga T u uenu P. Ilapamerpsl oOydeHus B xone
1abopaTopHOil pabOTHI U3MEHATH HE PEKOMEHIYETCS (OCTaBUTh MPUHSATHIC 10 YMOTYAHHIO).

=T
view | Initialize | Simuiate  Train | Adapt | weights |

Training Info I Training Parameters | Optional Info_ |

Training Data Training Results

Inputs P v Outputs IW
Targets T | Errors W
it pULBEl Ry Eiatg (ZE10E) | (| EiralnputDelzyStdnet]_inputStates
(nitdCayerDe Ay Statg (Zeras) "I FinalllLlayer Delay StHhetl _layarStates

manager | close | TrainNetworkI

Puc. 8
[Mocnenusis 3aknanka MpUMEHsSETCs, KOTAa B Mporecce 00y4eHUs UCTIONB3YIOTCS KOHTPOJIBbHBIE U
TECTOBBIE IOCIEN0BATEAbHOCTH. [IpUCTYNUTh K OOYYEHHUIO CEeTHM MOXKHO IYTeM aKTHUBU3ALUU
kHonku Train Network, a pe3ynbraTel mpocMoTrpers B okHe Network/data Manager, BrIOpaB
KHONKY Manager, uMmerolytocs Ha 11000 u3 mectu 3akianok okHa Network. /lis storo cienyer
AKTUBU3UPOBATh TIEPEMEHHBIC, COOTBETCTBYIOIIME TMOCIEIOBATEIBHOCTAM BbIXOAa (net-
work1 outputs) unu ommbok (networkl errors), u Haxkate kHomKy View. KauecTBo oOyueHus
IpeJCTaBiIsieTcss B OTAENbHOM OKHe Train (puc. 11), rae MOXHO HpOCHEINUTh YMEHbIIEHUE

CpEe/THEKBAIPATUYECKON OMMOKN. 3HaUeHHE BECOB M CMEIIEHHH MOXKHO YBHJIETh, €CIIM BHIOPAThH
3aknanky Weighs.

[ Netwon nent — TP
view | Initialize | Simuiate  Train | Adapt | weights |

Training Info | Training Parameters  Optional Info |
IV Supply optional valdiation data? (Used for eatly stopping for many networks.)

[V Supply optional testing data? (Useful for estimating a network's ability to generalize.)

Validation Data Test Data

Inputs ﬁ Inputs ﬁ
Targets T—ﬂ Targets ﬁ
Initinputoelsy et EEme ) B | [ ithputCety et @ men =
|mElayern el sy Stat‘ (ZETOS) Iitcayeriselay E:taiﬁf‘:m’a)—"[

Manager | Close | TrainNelworkl

Puc. 9
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) Netmork net =T

View | Initialize | Simulate  Train | adapt | weights |

Training Info ~ Training Parameters l Optional Info I

epochs |1DD_ mu_dec IU1_
goal IU_ mu_inc |1IJ_
max_fail [5—- mu_max W
mem_reduc |1— show ]25—
min_grad W time Inf
mu oot
Manager | Close | Train Networkl

Puc. 10

Jliis yno6cTBa paboThl MOKHO SKCIIOPTUPOBATH CO3/IaHHYIO HEHPOHHYIO CETh B Pabouyro
obmacte cuctembl MATLAB 1 nomryunts nHGOpMAaLKIo 0 BeCax M CMEIIECHHUSIX HETTOCPEICTBEHHO
B paboueM OKHE CHUCTEMBI:

>>networkl.IW{1l,1}, networkl.b{l}

ans = -1.7530

ans = 1.1592

>>networkl . LW{2.1}, networkl.b{2}

ans = -1.5142

ans = 0.5025

Hcnonb3yst GyHKIMIO gensim, MOXHO MOCTPOHMTH S-MOJAENbs ceTH B cucteme Simulink
(puc. 12). BoiGop (IBOWHOW IIETYOK MBIIINA) 3JIEMEHTOB CETH IO3BOJIIET MPOCMATPUBATh HUX
CTPYKTYPY:

>>gensim(networkl)

<) Training with TRAINLM 3 10| x|
File Edit “iew Inset Tools Window Help
Petrformance is 2.69014e-030, Goal is 0

- 100 : : : . : ——
=]

o

o

(1]

’_.

&

@ 410 i
& 10

(=

8

z

=

-20

o5 b b
=

=

=

£

=

G

F= 10'30 ! L 1 ! I !

£ 2 4 B 8 10 12
Stop Training I 19 Enoche

Puc. 11
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[ { | TOL wigight
Inputt e pi1l (1) plil  Delays 1 W[1,1} W[
pit} 1 = _bf—b@
Neural Metwork Y11 etsum fraining a1l
b1}
O =) | (O»[o el
q Layer 1 i T Delays1  Lwi21) 4
Pl afl} a1} ¥ {2.11 : _’7’,__’@
O—s O (o Phetm gm0
a1} Layer 2 1] bi2}
Puc. 12

Ot CXEMBI, B OTJIMYHUEC OT HHHIOCTpaTHBHOfI CXEMbI Ha puUcC. 6, SIBIISIFOTCS. B IIOJTHOM MEpe
(bYHKI_II/IOHaJ'ILHLIMI/I CXEMaMHU U MOT'yT OBITh MNPUMCHCHBI JI1 MOACIUPOBAHUA HeﬁPOHHOﬁ CCTH.

BapuanTbl 3axanuii
Cozpath ¥ 00y4MTh HEHPOHHYIO CETh JUIsl peanu3alud (YHKIMHU JBYX HEPEMEHHBIX
COTJIACHO OJTHOMY M3 BapHaHTOB:

1) y=x1% — X2®+Xa. 14) y=x12+x2*+x32.

2) y=X1+Xo+Xa. 15) y=x1?+x2% — x3%.
3) y=x1+xo+xa. 16) y=x1? — x2® — x3°.
4) y=x12 — xo+x3°%. 17) y=x13+x23+x3°.
5) y=X1?+Xz2 — X3°. 18) y=— X1%+xo+x3°.
6) y=X1+x2 — Xa°. 19) y=—x12 — x2*xs.
7) y=X1? — X2%+x3? 20) y=— X1+X2+X3%.
8) y=x12+x2>+xs’. 21) y= — X12+xo+x32%.
9) y=x1*+xo+x32. 22) y=—X1? — xo+x32.
10) y=x1*+x23+x42. 23) y=—x1%+x2 — x3%.
11) y=—X1+X2 — X3 24) y= — X13+Xo+X32.
12) y=—x12 — xo*+x4?%. 25) Y= — X12+X22+X3°.
13) y=— X12+X23+X32. 26) }lez-i-xz2 — X32.

Jlnana3oH u3MeHeHus mapameTpoB: x1=[-2;2]; X2=[-1;1]; x3=[0;4].

Conep:xxaHue oT4yeTa
B cocraB oT4eTra BXOAAT CIEAYIOIINE pa3/IeITb:
KpaTkas orieHKa HHCTPYMEHTAIBHOTO CPEICTBA.

1

2. Pe3ynbTaThl cO3/MaHUs, 00YUEHUS U MOJICIIUPOBAHHS CETH.
3. Mogemu cetu B NNTool u Simulink.
4

BriBopbl.

KonTpoJbHbBIe BOPOCHI
1) Yro mpencraBistor coboit HeliponHbie ceTn B cpeae NN Toolbox? Ilepeunciure ux
OCHOBHBIE MMapaMeTpsl U (QYHKIUH.

2) Kaxkwue knaccel 3a/1a4 PEIIaloOTCst IPU TTOMOIIN HEHPOHHBIX CeTe?
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3) UYro moHMMAaETCs 1MoJ1 O0y4ICHUEM CeTH?

4) Kakue anropuTMbl 00ydeHHS HEHPOHHBIX ceTel Bam m3BeCTHBI?

JlabopaTopnasi pabora Ne 3.

ITporpammuoe cpeactBo Neural Network Toolbox cucremsr MatLab.
®opMa npoBeeHUs1: KOMIIbIOTEPHBIE CUMYIISIUH.
Hean: M3yuenue cBoiicTB mnepcentpoHoB. Co3maHue W 0OydeHHWE HEWPOHHOM CETH s
peanu3aiyy JOrn4eckon GyHKINH.
IHopsinok BHINOJHEHHUS PAOOTHI
1. O3HakoMHTBCA C IEMOHCTPAIIMOHHBIMH MTPOrpaMMaMU, WLUTIOCTPUPYIOUIUMH pEIlIeHre
3a/1a4¥ K1accu(UKaIyy pa3IuIHbIME TEPCEITPOHAMH:

demopl — knaccuduKarms ¢ UCIOIb30BaHUEM JIBYXBXOIOBOTO IIEPCENTPOHA,;

demop4 — HopMUpOBaHKE BXOIHBIX BEKTOPOB BHEIIHETO CJIOS,

demop5 — o0yueHue ¢ UCTTOTb30BAaHHEM HOPMHPOBAHHOW (DYHKIIMH HACTPONKH;

demop6 — nmoBeeHKe ceTH NMPH KIIACCU(PHUKAIMN JTHHESHHO HEPa3IeIMMBbIX BEKTOPOB;

nnd3pc — kaccuduKarus peaabHbIX 00BEKTOB IPH MIOMOIIIU [IEPCENTPOHA;

nnd4db — moctpoenwue pa3enAroLei JIMHUN MIEPCEITPOHA;

nnd4pr — mepeMerieHre pas3IeNSIoIeH JTHHUM TPH KCIIOIb30BAHUN PA3IMYHBIX (YHKIHI
o0yueHwHs.

2. M3yunts M-QyHKIMM, TNpeAHA3HAYCHHBIC IS WHUIUAIH3ANWHA, OOYYCHHS W

MOJICJIMPOBAHUS [IEPCENTPOHOB, UCIIONB3Ys cpaBouHyto cucremy MATLAB.

3. PeanmsoBatk pemienue 3a1aun KiaccupUKAIUNH JTHHEHHO OTIEIIMMBIX BEKTOPOB.
4. Peann3oBath pelIeHUE 331a4u KilacCU(PUKAIUN JTUHEHHO HEOTIEIUMbIX BEKTOPOB.
5. OTBeTHTb Ha KOHTPOJIbHBIE BOIIPOCHI U COCTABUTH OTYET.

Teoperuueckne 000CHOBaAHUS

IlepcenTpoHBl — KJacC JMHEWHBIX OJHO- M MHOIOCIIOWHBIX HEHWPOHHBIX CETEM,
peAU3YIOIUX MPSAMOE PacHpOCTPAHEHWE CHUTHAJIA W TMPEAHA3HAYEHHBIX MJI1 PEUICHUs 3a1ad
KJacCU(UKALUN JHUHEHHO OTIEIMMBIX BXOAHBIX BEKTOPOB. MHOTOCIOWHBIE MEPCENTPOHBI
MO3BOJISIIOT PEIIATh CIIOKHBIE MPOOJIEMBI, CBS3aHHBIE C aHATM30M KOMMYTaIIMOHHBIX COSTMHEHUH,
pacro3HaBaHHEeM O0pa30oB, M APyrue 3aJayl KIacCU(PUKAINUU C BBICOKUM OBICTPOJICHCTBUEM U
rapaHTHEed NpaBWIBHOIO pe3ynbTaTa. HEMpoHBI MEpCenTpOHOB MMEKOT CTYNEHYATYIO JUHUIO
aktuBanuu hardlim u, ciemoBaTenbHO, KaXKIAbIH HEMPOH BO3BpAIlaeT €AWHUILY WIH HOJb, YTO
COOTBETCTBYET €r0 BO30YKIEHUIO W TOPMOKEHHIO.

ITo xomanzme help percept MOXXHO TMOTYYUTH MOAPOOHYIO HHpOpMAIUIO 0 Habope M-
(GYHKIHA, OTHOCSIIIMXCS K TIOCTPOCHHUIO HEHPOHHBIX CETeH Ha OCHOBE TepcenTpoHOB. CTpyKTypa
nepcenTpoHa MpeAcTaBieHa Ha puc. 13.
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Input  Perceptron Neudran

-1
a=herdlimi)

a = hardlim (Wp + &)
R = number of elements in input vector

Puc. 13

Jnst hopMHUpOBaHUS MOJEIN OJHOCIOHHOTO TEepCeNTpOHA IpeJIHa3HA4YeHA (QYHKIUS
newp:

net=newp(PR, S, tf, If),
riae net — ums oobekra "Hetiponnast cets”; PR — MaccuB mMin u max 3xHaueHwmii 1y R 3eMeHTOB
BXO/a pasmepoM R*2; S — uucio HeliporoB B cioe ; tf — ¢pynkuus akrusammu {hardlim wim
hardlims}; If — oOyuaromas dhynkuus {learnp wium learnpn}. Ilpu kparkom Bei3oBe net=newp(PR,
S) mo ymonuanuto 6yayT ucnonszoBarbes pynkuuu hardlim u learnp. Hanpumep, BbI30B pyHKIIHH
¢ mapametpamu ([-2 2;-3 3], 1) co3maer mepcenTpoH C ABYXDJIEMEHTHBIM BXOJOM U OIHHUM
HEHPOHOM, 3HAYCHUS JIEMEHTOB BXOJIHOTO BEKTOPA CO3JIAHHOW CETH JOJDKHBI BAPhUPOBATHCS B
nuanaszonax [-2, 2] u [-3, 3]. [IpocMoTpeTs pa3nuyHbie apamMeTpbl U 3HAYECHHS MEPCENTPOHA
MOYKHO CJICAYIONIMM 00pa3oM:

>>inputweight = net.inputweights{l, 1}% napameTps BXOIOB

>>biases=net.biases{1l} % IHapaMeTpH CMeleHUN
>>net % IIapaMeTpH UM apxXUTEeKTypa CeTu

>>net.IW{1l}, net.b{l}% 3HaueHMS BeCOB U CMeUeHUN

Jlist TOro 4toObl U3MEHUTH HYJIEBbIE 3HAYEHHS BECOB M CMEILEHUH, YCTAHOBJIEHHBIE TIO
YMOJIYaHUIO, MO’KHO IIPUMEHUTH CIIEAYIOLIUE ONepaTophl:

>>net.IW{l}=[-1 1]; net.b{l}=[1];

BepHyTbcs K IepBOHAYAIbHBIM YCTAaHOBKaM IapaMETpPOB MEPCENTPOHA MOXKHO C
HOMOIIBIO (PYHKIIMH init

>>net=init (net);

MOXHO H3MEHHUTh CI0CcO0, KOTOPHIM HMHUIUATU3UPYETCS MEPCENTPOH, C MOMOILBIO
¢byHkuM init. J{7s8 3TOro JOCTaTOYHO M3MEHHUTHh TUIBl (QYHKIUN HHULHAIU3ALUH, KOTOpHIE
IPUMEHSIOTCS Ul YCTAHOBKM II€pBOHAYAIbHBIX 3HAYEHUH BECOB BXOAOB M CMEIIECHUU.
Hampumep, uroObl 3amarh cioyvailHble 3Ha4YeHHs MapaMeTpaM MEpCEeNnTpOoHa, CIEAyeT
BOCIIOJIb30BaThCs (DyHKIMEH rands:

>>net.inputweigts{l, 1}.initFcn='rands’;

>>net.biases{1l}.initFcn='rands’;

>>net=init (net);

>>wts=net.IW{1l, 1}

wts= -0,96211 0,3526 % BOBMOXHEIE BHAUEHMUSI
>>pbias=net.b{1l}
b= -0,032452 % BOBMOXHOE BHAUEHME

Emte onuH cioco6 3aanus ceT, KOTOPBIA UCTIONB3YET OMpPEeICHHe MacCHBa dJIEMEHTOB
BXOJa:
>>PR = [-1 1; -2 2; -3 3] % MaTpuia 2x3 (2 - min m max
3HaAUeHUs IJid 3 BXONOB HEeMpOHA)
>>netl=newp (PR, 2) % cosBIaHMe CeTu C 2 HeUpoHaMMu
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Ananrtaius U oOyueHHe NepcenTpOHOB BhIMONHAIOTCS QyHKIMsAME adaptwb u trainwb,
KOTOpbIe MOAUGDUIIUPYIOT 3HAYEHHUS BECOB U CMEIICHUI 10 TeX MOp, MOKa He OyJIeT JOCTUTHYTO
TpeOyemMoe 3HAaYCHHE KPUTEpUsS KadecTBa OOYYCHHS B BHJIC CPEJHEH aOCOTIOTHOW OIIMOKH,
Bblunciasiemor (ynkuuedr mal. [Ipumenenune (QyHKUMM aganTanuu rapaHTUPYET, 4TO JtoOas
3a/1a4a KIacCH(PUKAIUU C JTMHEHHO OTICIMMBIMH BEKTOpaMu Oy/IeT pelieHa 3a KOHEYHOE YHCII0
HUKIOB (1IaroB HacTpoiiku). @DyHKUMA aJanTalld KOPPEKTHUPYET IapaMeTpbl CEeTH IO
pe3ynbTataM 00pabOTKH KaXKAOTO BXOJHOTO BEKTOpa. JTa (DYHKIHS OTHOCUTCS K KaTeTOpUU
YCTapeBIIMX, OJHAKO JUIsl COXPAHEHUs IPEEMCTBEHHOCTH C MpeamecTByromuMu Bepcusimu NNT
€e HWCIoNb30BaHue nomycTuMo. HoBas oOywaromass QyHKOus train peanu3yeT aJanTHBHOE
oOydeHHe C MOCIe0BAaTEeIbHBIM IPEACTABICHUEM BXOJOB, NMPU KOTOPOM HACTpOiIlKa ceTH
BBITIOJHSETCSI HE IOCJIe KaXKIOro IMPOXO0Jid, a B pE3ysbTaTe BCEX IMPOXOJIOB OOydYaIomIero
MHOkecTBa. K cokaneHuio, He CyIIeCTBYET JOKa3aTelbCTBA, YTO TaKOW alrOpuUTM OO0y4YeHHs
nepcenTpoHa sipisiercs cxoasmumcs. [loaromy ucnonszoBanue Gpynkuuu adapt 11 nepcentpoHa
ABJISIETCS] IPEIIOYTUTEIIbHBIM.

Ipumep 2.1. OGydeHune nepcenTpoHa BRIMOIHCHUIO (PyHKINK Jormdeckoe M.

Pewenue

Ornpenenum Mociae0BaTeIbHOCTh IBYXAJIEMEHTHBIX BEKTOPOB BXoa P i cetu ¢ onHUM
JIBYXBXOJIOBBIM HEPOHOM:

>> P=[0 011 ; 0101] % marpuua 4x2

Cdopmupyem mociieoBaTenbHOCTD Lieei T:

>T = [0 0 0 1] % MaTpuua 4x1

YcTaHOBUM YHUCIIO MTPOXOA0B paBHBIM 10 U BBITIOJIHUM aIallTAIHIO:

>>net.adaptParam.passes=10;

>>net=adapt (net, P, T);

[IpocMoTpuM 3HaueHus BECOB U cMelleHus, oToOpa3uM Bektopsl P u T u moctpoum
rpaduk paznenstoniet TMHIH:

>>net.IW{1l}, net.b{l}

ans= 2 1

ans= -3

>>plotpv (P, T);

>>1linehandle=plotpc (net.IW{1l}, net.b{l});

[IpomonenupoBaTh CIPOESKTHPOBAHHYIO HEMPOHHYIO CETh MOXHO C IMOMOIIBI0 (PYHKITUH
sim, TOJaB Ha BXOJ CETH OOYyYarollyl0 TMOCIEI0BATENbHOCTh, COBMAJAIOIIYI0 C BXOJHOMN
IIOCJIEI0BATEIBLHOCTBIO P:

>>Y=sim(net, P)

y=0 0 0 1 % HacTpoOrMKa CEeTM BEBIIOJIHEHA IPaBUIIBEHO

JImuTenbHOCTh 00YYeHHUs] TIEPCENTPOHOB BEChbMa UYBCTBHUTENIbBHA K Pa30opoCy 3HAYCHHI
JUTMHBI OTJEIBHBIX BEKTOPOB. YPaBHOBECHUTH BIHSHHE OONBIINX U MaJbIX 3HAYEHUH BXOIHBIX
KOMITOHEHT MOJKHO TIyTeéM MacITabupoBaHUs BEKTOpa Bxojaa. HopmMupoBaHHOE TIPaBUIIO
o0ydeHus IepCcenTPOHOB peanu3yercs GyHKuen learnpn:

>>net.inputweights{l, 1}.learnFcn:='"learnpn’;

>>net=1init (net);

st perienust 6oJiee CIOKHBIX 3a7ad MOXHO HMCIIOJIB30BaTh CETH C OOJBIINM YHCIOM
HelipoHoB. Hanmpumep, 1utst kaccupuKanuy BXOJHBIX BEKTOPOB M0 4 rpynnaM MO>KHO IIOCTPOUTh
CETh C IByMsI HEPOHAMH, 9TOOBI CPOPMUPOBATH JIBE pa3ACIIAIONICE JIMHIH U MIPUTTACATH KAXKIOMY
BEKTOpY cBOIO o0Onacth. [lomyuuts S-momens cetr B Simulink MOXXHO TyTeM BBI3OBa yKe
M3BECTHOM (YHKIIMH gensim.

BapuanTsl 3a1aHui

Co3nmarh 1 00y4YHTh HEHPOHHYIO CETh IS peau3alfy JIOTHIECKON (YHKIIMH COTJIACHO

OJIHOMY M3 BaApUAHTOB:

BO3BMOXHEIE 3BHA4UYEeHMA
BO3BMOXHEIE BHAUYEeHMA

oo o
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1. (AvB)=(AAB) 16. (A=B)=(AAB)

2. (AVB)vA) 17. (A= B)r(AvB)

3. (AvB)v(B< A) 18. AA(A=B)vB

4. EV(KAB) 19. (Av B)/\g

5. (A< B)AAAB 20. (A< B)A(AnB)

6. [[A=B)AB]=A 21. (A= B)v (A~ B)

7.(A=B)vA=B 22. (AvB)< (ArB)

8. BA(A=B)=A 23. (A< B)A(AvB)

9. (A=B)=(B=A) 24. (A= B)A(AAB)

10. AA(AvB)=B 25. (A< B)v(ArB)

11. K/\B\/(AV B) 26. (AAB)/\(K/\B)

12. A= (ng) 27. (Av B)/\(R/\E)

13. AAB=|(AvB 28. (AvB)A(AAB)

14. (ArB) < (AVB) 29. (AAB)v (AAB)

15. (AvB)< B 30. (A~B)v(AAB)
HHH OIIPCACIICHUS q)YHKI_[I/II/I eI MOKHO BOCIIOJIB30BATHCA Ta6JII/IHeI/I
A B A AAB AvB A=B A<=B
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1

OTyeT N0 BBINMOJTHEHHOH padoTe J0JIKEH COAEPKATh CJeAyI0IHe pa3aesibl:
1) Kpatkoe onucanue nHCTpyMeHTanbHOTO cpenctBa NNTool.

2) Kpatkas xapakTepHCTHKa EPCENTPOHOB.

3) TlocnemoBaTeabHOCTh KOMAHI JJIs CO3aHMsI, HHUITHATU3AINN U O0YUCHHSI CETH.
4) CrpyKTypa CeTH.

5) I'paduk U3MEHEHHUs MApaMETPOB U BEJIUYMHA OMIMOKHU B MPOIIECCEe 00yUCHHS.

6) rpaduk pa3aensoneH TMHAN.

KoHTpoJibHbIE BONIPOCHI
1. Kakue ciocoObl peann3anuu HeHpOHHBIX ceTelt Bam u3BecTHbI?

2. KakoBbl 0COOEHHOCTH HEHPOHHBIX CETeH THIA MepCenTPOH?
3. Onwummre KJIaCCHYECKUN aTOPUTM O0ydEHUS TIepCENTPOHA.
4. UYrto moHMMaeTcs MOoJ1 apXUTEKTypoi HeMpOHHOM ceTn?

5. Urto mnoHuMMaeTcs MOA PpA3ACIAIOLIEH JMHUEW U pa3fessiomeld IIOCKOCTBHIO
nepcentpoHa’?
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6. Kakumu criocobamMu MOYKHO TIPOM3BECTH HACTPOUKY MapaMeTpoB mnepcentpoHa? B uem
UX OTJINYHE?

7. B xakom ciiydae nepcenTpoHbl MOTYT peliaTh JUHEIHO HEOTIeIUMbIe 3a1aun?

JlaGoparopHasi padora Ne 4.

[Tepcentpon. JIunelinbie HeHpPOHHBIC ceTH. PannanbHbie Oa3UCHBIC CETH.
dopma npoBegeHHsI: KOMIIBIOTEPHBIE CUMYJISIUU (2 Yaca)
Heanb: MccnenoBanue cerel NpsMOro paciipoCTpaHEHUsl CUTHAIIA

ITopsinok BbINOJIHEHHS PadOThI
1. MW3yuuTh IEMOHCTpPAIIMOHHBIC MPUMEPHI, WIUTIOCTPUPYIOIIKE PadOTy ceTeil ¢ mpsiMoit
nepefaden CurHana:

nnd11nf — ¢pyHKIMOHMPOBaHUE CETH;

nnd11bc — nemoHcTpals arropuTMa 0OpPaTHOro PACIPOCTPAHEHHUS OIIMOKH;

nndl1fa — ¢pyHKIWs annpokcumaIuy;,

nnd11gn — o6oo1arorre CrIoCOOHOCTH CETH;

appcsl — pacro3HaBaHue HETUHEMHOM CUCTEMBI;

appcs2 — nMHeapu3alys C TOMOIIBIO CeTH C 0OPATHBIM PACIIPOCTPAHEHUEM OIIUOKH.

2. C mnomompio crnpaBouHoit cuctembl MATLAB o3HakoMuTbCs € (YHKIHSIMH,

MpeIHA3HAYCHHBIMU JJIs1 PA0OTHI C YKa3aHHBIMU CETSIMH.

3. CrnpoekTupoBaTh HECKOJBKO BAPHUAHTOB APXUTEKTYPHl CETH Ui PEIICHHs 3aJa4u
pacrio3HaBaHMsa 00pa30B, 3aKOJUPOBAHHBIX C MOMOIBI0 MATpUilbl NxM U mpeaycMOTpEeHHBIX
BAPUAHTOM.

4. Co3nath, 00Y4UTh U IPOMOJICTHPOBATH CETh HA MICaTbHBIX U 3aIIYMIIEHHBIX BXOTHBIX
BEKTOpax, MOCTPOUTH rpaduKH Mporecca OOyIeHHs U pe3yJIbTaTOB MOACIUPOBAHUS.

5. BroiOpatb ceTh ¢ HauTy4IIel apXUTEKTypOH.
6. IlyHKTBHI 3 — 5 TOBTOPUTH JUTS PEIICHHS 33]]a9 PETPECCUU U IIPOTHO3UPOBAHHUSL.

7. OTBeTUTH HaA KOHTPOJIbHBIC BOIIPOCKI, COCTAaBUTH OTYCT.

Teopernueckne 060cHOBaHUSA

B cetu ¢ npsmMoii nepenayeil curnana HeHpOHBI peryasipHbIM 00pa3oM OpraHMW30BaHbI B
ciou. Kaxapiii HelipoH BHYTPEHHUX (CKPBITHIX) CIOEB U BBIXOJAHOIO CJOS COEJAMHEH CO BCEMH
AJIEMEHTaMH MPEABIAYIIETO ClIosl. Takue ceTu — ¢ MOJHON CUCTEMOM CBSI3U — MPEANIOYTUTEIbHBI
JUIst OOJBIIMHCTBA MPWJIOKEHUN B OTIMYME OT CeTeil ¢ BHIOOPOYHBIMHU CBA3SIMU. APXUTEKTypa
OJTHOCJIOMHOW ceTH ¢ S HelpoHaMH, JIOTUCTHYECKOW (yHKuMeH aktuBaimu M R BXxomamu
npejacTaBieHa Ha puc. 14 (a — neranpHOe npeactasienue; 6 — Hotauust MATLAB). Apxutextypa
CETH C OJIHUM CKPBITHIM CIIOEM IIpe/ICcTaBIeHa Ha puc. 15.

Ceru c mpsIMBIM pacIpOCTPaHEHHEM CHTHaja HCIOJB3YIOTCA JJIs pEeLIeHUs 3aaay
KJaccu(uKauy JTuO0 BBICTYNAIOT B KAaUeCTBE HMJICAIBHOTO alPOKCUMATopa, T.€. OHU MOTYT
MOJCIUPOBaTh  (YHKIMIO  TPAKTUYECKH  JIFOOOM  CIOXKHOCTH  (3aJa4ll  PETrpeccu,
IPOTHO3UPOBaHUA). YUCIIO CIIOEB M YUCIIO BJIEMEHTOB B KXJIOM CJIO€ 3aBHCAT OT CIIOKHOCTH
GYHKIIMM M OMNpenesstoTcss sMmnupuyecku. Ilpu 3ToM cienyer y4duThIBaTh, 4TO €clid Oojee
CJIOKHAsi MOJETb HE JaeT pe3yibpTar Jydlle, yeMm Oosee mpocTas, TO M3 3THX JABYX Mojenei
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ClIeZlyeT MPEeANovecTh NocaeIHIO. B kauecTBe HaYaJIbHOTO MPUOIMKEHUSI MOXKHO B3SITh CETh C
OJIHUM MPOMEKYTOUHBIM CIIOEM, a YUCIIO JIEMEHTOB B HEM IOJIOKUTH PABHBIM MOJTYCYMME YK CIia
BXOJIHBIX U BBIXOJHBIX 3JIEMEHTOB.

ITo xomanzae help backprop MoxHO moNy4YnTh MOAPOOHYIO MHPOpPMaLUIO 0 Habope M-
(GyHKUIMH, OTHOCALIMXCS K TOCTPOCHUIO HEHPOHHBIX CeTe ¢ MpsAMOW Mepefadyeil curHaia.
KonnuecTBO BXOJHBIX U BBIXOJIHBIX 3JEMEHTOB ONpENENsieTcs YCIOBHSIMH 3agaud. BxogHbie

NEPCMCHHBIC MOI'YT BBI6I/IpaTbCSI HUCCIICA0BATCIIEM HHTYUTUBHO, HO BCC OHU IOOJIKHBI OBITE
3Ha4YUMbIMMU.

Input  Layer of Neurons Input Layer of Neurons
r N N N N
[ars
L P a
P, Rxl hd n s.n.
SxR
) j x1 .-L
P a 1 b
P
Sx1
’, _ Lo S,
: ' a=F(Wp+h)
pR a.'.‘.‘
> Where... R = numberof
elements in
input vector
—/ C S =number of
a=F(Wp+b) neurons in layer
Puc. 14 (a, 6)
Hidden Layer Output  Layer
N 7 A
Iw ilIvL‘w 7y
11 11
4x2 \ ot e Ixnd -\ o o
j 4xl 7C j 3 x1 74
bt 1=
+x1 Ix1
i S A N )
a1 = tansig (TWuipt +b1) a2 =purelin (LW2.1a1 +b2)
Puc. 15

Jly1g co3gaHust ceTu IPSIMOTO PAaCIpOCTPAHEHUS UCIIONIb3yeTcsl PyHKIMS newft:

net = newff(PR, [S1 S2...Sni], {tf1 tf2...tfnl}, btf, blf, pf),
rae PR — marpunia RX2 MUHUMaThHBIX U MAaKCUMAJIbHBIX 3HAYCHUH I R BXOJTHBIX 3JIEMEHTOB;
Si — pa3mep i-ro cinost s NI croes; tfi — GyHKIMS aKTHBALH i-T'O CJI0s (10 YMOJTYAHHIO tansig);
btf — oOyuarommas ¢yuknus (trainlm); blf — oOyuaromiast GyHKIMS [ HACTPOWKH BECOB
cmemennii (learngdm); pf — xapakrepuctuueckas GyHKuus (mse).

Ilpumep 3.1. Co3natb HEMPOHHYIO CETh JJISI paclo3HaBaHUs 26 CUMBOJIOB JIATUHCKOTO
anaBuTa Ha OCHOBE OIU(POBKU Kaxkaoro cumaona. [IpoexTupyemas ceThb JOKHA TOYHO
pacrio3HaBaTh HJealbHBIE BEKTOPHI BXOJa M C MaKCHMAaJIbHOH TOYHOCTBIO BOCIPOHM3BOIUTH
pacrio3HaBaHME 3alIyMJIEHHBIX BEKTOPOB. IIpaBMIbHO (QYHKIMOHUpYIOIIAs CETh JIOJDKHA
OTBETUTb BEKTOPOM CO 3HAYEHUEM EIMHULA JUIsl IEMEHTA, COOTBETCTBYIOLIETO HOMEPY CUMBOJIA
B aJi(haBUTE, U HOJIb JUIS BCEX OCTAJIbHBIX CUMBOJIOB.
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Pewenue

Kaxxnprit cumBon (00pa3) MOXeT ObITh MpeAcTaBieH madiaoHoM 5x7 (puc. 16), 10x14 u
Ip. ¢ momonieio ctanaapTHor pyakimn MATLAB prprob. Ona onpenensier 26 BEKTOPOB BX0/1a,
KXKIBIA U3 KOTOPBIX COJEPKUT 35 351eMeHTOB (MacCHUB JIATUHCKOTO andasuta). OyHKLus prprob
dbopMupyeT BeIXOJHEIC epeMeHHbIe alphabet u targets, KOTOpbIE COOTBETCTBEHHO OIMPEIEISIOT
MacCHBBI al(aBUTa U LIEJIEBBIX BEKTOPOB.

x olol1]ofo

= | X AEHEEHE

x| |[x of1]of1]o

< X 1lololo]

¥ x| x| x| x 1]1/1]1]1

% < 1ojolo]t

% < 1{ojofo]
[ITabnon cumBona ‘A’ Bekrop Bxona cumBona ‘A’

Puc. 16
Chopmupyem MaccuB BeKTOpoB Bxoza alphabet 35x26 ¢ madiioHaMu CHMBOJIOB alihaBUTa
M MacCUB IICJIEBEIX BEKTOPOB targets:
>>[alphsbet, targets]=prprob;
>>[R, Q]=size (alphabet);
>>[S2, Ql=size(targets);
Uucino HEUPOHOB CKPBITOTO Cilosi S1 peKOMEHIYEeTCsl ONPEACIIUTD SMIUPUUECKUM ITyTEM.
Eciu npu 00y4eHnn ceTr BOSHUKHYT 3aTPYAHCHHSI, TO MOKHO YBEIHMYUTH KOJIMYECTBO HEUPOHOB
storo cnosi. Co3gaauM JBYXCIOWHYIO C€Th C CUTMOMJAIBHBIMH  (YHKIUSMHU aKTHUBALUU
HEHPOHOB:
>>net=newff (minmax (alphabet), [S1,S2], {‘logsig’, "logsig’ },
"traingdx’);
>>net.LW{2, 1l}=net.LW{2, 1}*0.01
>>net.b{2}=net.b{2}*0.01
[TepBoHavyasibHO OOYYMM CETh B OTCYTCTBUHU IIIyMa C 33JJaHHBIM YUCJIOM ITUKJIOB JTUOO /10
JOCTUKEHUS JOMYCTUMOM KBaAPaTUYHOM NOTPEUIHOCTH:
>>P= alphabet;
>>T=targets;
>>net.performFcn='"sse’;
>>net.trainParam.goal=0.1; % IOOoIyCcTMMasd IIOTPEUHOCTDb
obydyeHusa
>>net.trainParam.show=20; % MHTepBaJ BEXOIa MHOOPMALUMU
>>net.trainParam.epochs=5000; % KOJIMUECTBO DINOX OOyUYEeHUS
>>net.trainParam.mc=0.95; rnapamMeTp BO3MYUEHUS
>>[net, tr]=train(net, P, T)
Jl7is IPOEKTUPOBAHUS CETH, HE YYBCTBUTEIBHON K BO3JIEHCTBUIO IIyMa, MOKHO OOYYUTH
ee Ha 10 Habopax ABYX HJI€albHBIX M JBYX 3alIyMJICHHBIX KON BEKTOPOB andaBuTa:
>>netn=net;
>>netn.trainParam.goal=0.6;
>>netn.trainParam.epochs=300;
>>T=[targets targets targets targets];
>>for pass=1:10
>>P=[alphabet, alphabet, (alphabet + randn (R,
Q)*0.1), (alphabet+randn (R, Q)*0.2)1];
>>[net, tr]=train (netn, P, T);
>>end

%
%
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Tak xak HelpoHHas ceTh O0y4yanach B MPUCYTCTBUU IIyMa, OHA TMOTEPsia CIOCOOHOCTh
pacrno3HaBaTh HacalbHbIE BEKTOPbl. OOYy4UM CETh HIeabHBIM BEKTOpaM €Ile pas:

>>net.trainParam.goal=0.1;

>>net.trainParam.epochs=500;

>>net.trainParam.show=5;

>>[net,tr]=train (netn, P, T);

OcymectBum mpoBepky Ha 100 BexkTopax BXozJa NpU  PA3IMYHBIX YPOBHAX ULIyMa.
PaccmoTtpum nBe cetu: network1 — ceTh, 00yueHHYIO Ha WeaTbHBIX BEKTOpax, U network?2 — cetp,
00Yy4YEHHYIO Ha 3allyMJIEHHBIX MTOCIIEI0OBATEIBHOCTIX. Hamnure nryMoB MOXKET MPUBECTU K TOMY,
YTO CeTh He OyaeT (opMuUpOBaTh BEKTOPHI BBIXOHa, cocTosiiero Touno u3 1 u 0. Ilostomy
UCTIONB3YETCsl PYHKIUST compet, KOTopasi MPUCBAUBAeT | €IUHCTBEHHOMY 3JIEMEHTY BEKTOpa
BBIXO/Ia, @ BCEM OCTaJIbHBIM — 3HaueHue 0:

>>noise range=0 : .05 : .5;

>>max_ test=100;

>>networkl=[ ]

>>network2=[ ]

>>T=targets;

[l[poTecTUpyeM ceTuM:

>>for noiselevel=noise range

errorsl=0;
errors2=0;
for i=1: max test
P= alphabet+randn (35, 26) *noiselevel;

Ne N

A=sim(net, P); % TecT g cetu 1
AA=compet (A) ;
errorsl=errorsl+sum(sum(abs (AA-T)))/2;
B=sim(netn, P); $ TecT OJjd ceTm 2
BB=compet (B) ;
errors2=errors2+sum(sum(abs (BB-T)))/2;
echo off
end
>>networkl=[networkl errorsl/26/100]; % cpenHue =ZHAUEHUS
>>network2=[network?2 errors2/26/100]; % ommbox
>>end
[TocTpoum rpaduku 3aBUCUMOCTH MOTPEIIHOCTH OT YPOBHS BXOJHOTO 1myma (puc. 17):
i =10l x]
File Edit ‘“iew Insert Tools ‘window Help
D& KNAr/s 22D
Percentage of Recognition Errors
a5
40
: 35
; 30
§ 2
_! 20
g8
21
5
DIfl 01 I]IQ Ill3 D,JA 05
Noise Lavel
>>plot (noise range, networkl*100, r——r, noise range,

network2*100) ;
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IIpoBepuM paboTy cetm Ha KOHKpeTHOM cumBose ‘T°. Jlns sToro cdopmupyem
3allyMJIEHHBIH BEKTOp BXOJa AJIs 3TOro cuMBoda (puc. 18), mpoMonenupyem ceTb U ONpeaeum

Flo Bt Vew baet Tons Windoer Hel Fle Ede View Insen Toos ‘Window Hel
OFRHES k8 A Ay, B0 DS kA NS BET

BE el - &

m . - =&
=

B =

- =:

m - .

COOTBETCTBYIOILUHN UACaNbHbIN cuMBoOI (puc. 19):

>>masa=alphabet (:, 20)+randn (35, 1)*0.2;
>>plotchar (masa) ;

BEEe

Puc. 17

>>A2=sim(net, masa);

>>A2=compet (A2) ;

>>otvet=find (compet (A2)==1)

>>plotchar (alphabet (:, otvet))

Puc. 18 Puc. 19

Ecnu HeoOxoamMa 0osiee BRICOKAsi TOYHOCTh Paclio3HABAHMS, CETh MOXKET ObITh 00ydeHa
au0o B TeueHHe OoJsiee AJIUTEIBHOIO BPEMEHH, JHMOO C MCIOJIb30BAaHHEM OOJBIIEro 4YUCiIa
HEHUPOHOB B CKPBITOM cJio€. MOKHO YBETMUUTH pa3Mep BEKTOPOB, YTOOBI UCIOIb30BaTh 111a0JI0H
c Oonee MeNKON CEeTKOM.

3aiayl MPOTHO3MPOBAHUS (aHAIM3a BPEMEHHBIX PSAJOB) SIBJSIOTCS YAaCTHBIM ClydaeM
perpeccun. [IpyueM MOXXHO CTPOUTH MPOTHO3BI Kak Ui OJHOW, TaK M JUIl HECKOJBbKUX
MEPEMEHHBbIX KaK Ha OJIMH, TaK M Ha HECKOJIbKO IIaroB Boeped. Takue 3ajayu MpearnoyaratoT
co3nanue (oOyueHue) ceTei, CIOCOOHBIX OOHApYXUThb CKPBIThIE 3aKOHOMEPHOCTH B
MOCJIEI0BATEILHOCTH YHCEN U MIpeJIcKa3aTh ciaeayrouye (0yayiue) 3Ha4eHNsl IEPEMEHHBIX.

BapuanTsl 3a1anuii
3aoauu knaccugukayuu
Co3narh HEWpPOHHYIO CeTh JJIsl pacro3HaBaHusi N CHMBOJIOB KHPWUIMIBI HAa OCHOBE
OoLM(POBKH KAXKJOTO CHMBOJIA (CUMBOJI MOXKET OBITh MPEJCTABICH Kak 1Ia0JI0HOM 5x7, Tak H
nrabiaonom 10x14), comepkanryro:
1) nHenoBTopsrOIIMECs OYKBB HIMEHH U paMmiuy,  5x7;

2) HemoBTOpsIOIIMecs OYKBbI UMEHH U Gamuun,  10x14;

3) 10 cTtpouHbIX OYKB rpedeckoro anpaBura, 5x7,;

4) 10 nponucHBIX OYKB rpeyecKkoro andaBura, 10x14;
5) 10 cumBosnoB mpudra Webdings, 10x14;
6) 10 apabckux mudp, 10x14.

BapI/IaHTBI ¢ 7 1o 20 3aar0TCA MPETIOAaBaATCIICM.
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Conep:xaHue oT4yeTa
B cocraB oTdera BXOAAT CleAyIOIIUE pa3elibl:
1. ®opmynupoBka 3a1auu.

2. Awnamm3 demo-mipumepa (10 yKa3aHHIO IPEToaBaTes).

3. ApxuTexkTypa U mapameTpsl ceTH; QyHKUMs s popMHpoBaHUS 00pa30B; ClIEHAPUU
oOyueHHs ¥  pe3yabTaTbl MOJEIMPOBAHMS JJid 3ajad  KiIacCUPUKAUU U
MIPOTHO3UPOBAHUS.

4. BrIBOOEL.

KoHTpoJibHbIE BOMPOCHI
1. B uewm 3akmodaercs npodieMa rnepeoOydeHus ceTu?

2. Yrto moHMMaeTcs moJ1 0000IIarOIIeH ClTOCOOHOCThIO HEHPOHHOM CeTH?

3. CdopmynupyiiTe OCHOBHBIE MPUHIUIIBI METOIa 0OpaTHOrO pacnpocTpaneHusi? Kakue
MoaudUKaIMU 3TOro Metoaa Bam n3BecTHbI?

4. Kak BbruncisieTcs omuoKa Jisi CeTH ¢ MHOT'OCIOMHOM apXUTEKTYpOii?

5. Uro noHMMaeTcs o] TEPMUHOM «TIOBEPXHOCThH OLIMO0K»?

JlaGopaTopHas padora Ne 5.

Camoopranusyromiuecs: ¥ peKyppeHTHbIe ceTH. [ HOpuaHbie HEHPOHHBIE CETH.
®opma npoBeeHUs1: KOMITBIOTEPHBIE CUMYIISIUH.
Hean: MccnenoBanne caMoopraHu3yomuxcs HeMpoHHbIX ceTell KoxoHnena.

ITopsinok BbINOJIHEHHS padOTHI.

1. U3yuynth NEeMOHCTpAllMOHHBIE TMPHUMEPHI, HILTIOCTPUpPYIONINE paboTy CIOEB U ceTei
Koxounena:

democl — nacrpoiiku crosi KoxoHeHa;
demosml — onxomepHast kapta KoxoHeHa;
demosm2 — neymepras kapra KoxomeHa.
2. Uzyunts M-byHKIMH, TpeAHAa3HAYCHHbIE [UIS WHUIHMAIM3AIMA, OOYYeHUS U
MOJIEJIMPOBAHUS JINHENHBIX CETEH, UCTIONB3Ysl cripaBouHyto cucteMmy MATLAB.

3. TlonmyuuTh 3amaHue y TpEnojaBaTeNis W pPealn30BaTh €ro pelieHHue MpH MOMOIIU
JIMHENHOU CETH.

4. OtBeTuTh HA KOHTPOJIBHBIC BOIIPOCHI 1 COCTABUTH OTYCT.

Teopernueckne 000CHOBaAHUS

B mpormecce ananmmza OonbmIMX WHPOPMAIMOHHBIX MAacCHBOB HEW3MEHHO BO3HUKAIOT
3aJaud, CBSI3aHHBIE C HCCIEJIOBAaHMEM CTPYKTYpbl JaHHBIX, UX OOBEAMHEHHUEM B TPYIIIbI
(KyacTepsl), pacrlpeieseHueM Mo KilaccaM, C)KaTHEM JaHHBIX, ONpPEACTICHHEM XapaKTePUCTHK
00BEeKTa MO0 OrpaHMYEHHOMY HaOOpy MpH3HAKOB W T.O. Takue 3aayMl YCHEUIHO pPelaTcs ¢
MIOMOIIIFI0 CAMOOPTaHU3YIOMIMXCsl ceTei. CeTsiM ATOro Tuma B Tporecce o0ydeHHs] HE HYKeH
"yuntens'", T.e. B pOLECCEe TPEHUPOBKU HE TPpeOyeTcsl cOOOIAaTh CeTH MPaBHIBHBIA OTBET MPH
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IpeIbIBICHUH TPUMEpPa (BXOTHOTO 00pa3a). DTH CeTH CIIOCOOHBI OCYIIECTBIIATH KIIACTEPHU3AIIUIO,
T.€. pa3JiesieHre JaHHbIX Ha pa3lInyHble KaTeropuu (kiaactepsl). KiaccuueckuM mpuMepoM Takux
ceTel SBIAIOTCS TaK Ha3blBaeMble KapThl KOXOHEHa — HEHpPOHHBIE CETH, B KOTOPBIX OJIM3KO
pacroaoKeHHbIe HEHPOHBI COOTBETCTBYIOT OJHM3KUM Kjactepam (YmopsaoueHbl). ApXUTEKTypa
cetu Koxonena mpexacrasnena Ha puc. 20. OOpamaeM BHHUMaHUE, YTO B HEMpOHAX CETH HE
ucrnonb3yroTess cMmemenus. [lo komanae help selforg moxxHo momyuuts uHpopmaluo o6 M-
(YHKIUAX, OTHOCSAIIMXCS K TOCTpOeHUIo KapT KoxoHeHa.

Coznanue camoopranusyrouieicst kaptel Koxonena ocymiectBisercs GyHKIHEH newsom:

net = newsom(PR, [D1,D2,...], tfcn, dfcn, olr, osteps, tlr, tns),
rae Di — pa3smepHocTh KapThl (o ymomdanuto = [5 8]); tfen — Tomomnorus (‘hextop'); dfen —
(GyHKLMS BBIYUCICHHUS JUCTAHLIMOHHOTO paccTrossHus Mexnay Hediponamu ('linkdist'); olr —
CKOpocTh (a3bl ynopsaoueHus kodpourmenton (0.9); osteps — mar ¢aszbr ynopsaouenus (1000);
tlr — ckopocth 3Tana noacrpoiiku koddduirentos (0.02); tnd — HayaTbHBIE OKPECTHOCTH dTara
noactporiku (1).

Input Self Organizing Map Layer

f Nf N\
TWia
Six® l
P i n al
Rxl ndist Syl C 5lxq
R L
AN S
n1=-|] IWw1-pl al = competint)
Puc. 20

OOyueHne ceTH peanu3yercss IOBEKTOPHO HE3aBUCUMO OT TOTO, BBIMOJHSETCA JIM OHO C
nomMoteio GyHkuu trainwbl umm adaptwb. B o0oux cnyuasx ¢yHkuus learnsom BBITOTHSET
HACTpOIKy BeCOBBIX Ko3(duirieHToB HelpoHoB. Ilpu oOyuenun Ha xkapre Koxonena
OJTHOBPEMEHHO M3MEHSIOTCS BeCOBble K03()(PUIIMEHTH HEHPOHOB, COCECTBYIOIIMX C HEMPOHOM-
noOeuTeneM B Ipejienax HeKOToporo paanyca (okpecTHocTH). [Iprmep okpectHOCTH paauyca 1
U 2 mpencTaBieH Ha puc. 21.

OKpecTHOCTH:
Ni(1)={8, 12,13,14,18}
N2(2={3,7,8,9,11, 12,13, 14, 15,17,18, 19, 23}

Puc. 21
Kapra Koxonena MoxeT ObITh HE TOJIBKO IByXMEpPHOM, HO U OJHOMEPHOM, TPEXMEPHOU U
O0IBIINX PAa3MEPHOCTEM.
Ilpumep 4.1. Co3znanue kapt KoxoHeHa pa3inyHON TOMOJIOTHH.

Pewenue
>>pos=gridtop (2,3)% cos3maHMe NPAMOYT'OJILHOM CeTKM 2xX3
pos = 0101 01
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001122

>>plotsom (pos) % OTOOpaxeHMEe CeTHu
>>pos = gridtop (3, 2) % coszIaHMe MNPSAMOYIT'OJIbBHOM CEeTKM 3X2
pos = 012012

000111

>>pos=hextop (2, 3);% co3maHMe I'eKCaAI'OHAJILHOM CEeTKMU,

o)

5 UCIIOJIBE3YyeTCHd 10 YMOJIYaHMIO

pos= 0 1.000 0.5000 1.5000 0.000 1.000
0 0.000 0.866 0.866 1.732 1.732
>>pos=randtop (2, 3); % Cco3maHMe ceTu
% CO CJIydyalHBIM PAaCIIOJIOXEHMEM Y3JIOB
pos=0.061 0.6471 0.408 0.949 0.000 1.651
0.0000.122 0.904 0.547 1.401 1.568

Boluucnenne  pacCTOAHMI — MeXIy  HEMpOHAMU  OCYILIECTBISIETCS  YEThIPbMs
BBIIICYIIOMSHYTHIMU () YHKITUSIMHU:
>>pos=gridtop (2, 3);% npuMep IoJjd NPSMOYIT'OJILHOM CETKU
>>d=dist (pos)
>>d=1linkdist (pos) % MCIOJIb3YyEeTCS I10 YMOJIUaHMUIO
>>d=mandist (pos)
Ipumep 4.2. Paznenenne Habopa BXOIHBIX BEKTOPOB ¢ UcTonb30oBaHueM rpadpuku MATLAB.

Pewenue

Chopmupyem 48 KoopauHAT CITydalHBIX TOYCK:

>>c=8; % UMCJIO KJIaCTEPOB

>>n=6; % UMCJIO BEKTOPOB B KJacTepe

>>t=c*n; % UYUCJIO TOUeK

>>d=0.5; % CpemOHekBaIpaTUUYHOE OTKJIOHEHME OT LeHTpa B

KJjlacTepe

>>x=[-10 10; -5 5]; % mmanasoH BXOIHHX 3HAUEHUN

>>[r, gl=size(x); minv=min (x’)’;maxv=max(x’')’;

>>v=rand(r,c) .* ((maxv - minv) *ones (1, c)+minv*ones(1l,c));

>>v=[v v v Vv v v]; v=v+randn (r, t)*d; % KOOPIMHATH TOUEK

>>P=v;

>>plot(P(1, :), P(2, ), ‘tk’') ; FToToDpaxeHue BEKTOPOB
BXOIa

Co3pmanum cetb U3 8 HEWPOHOB:

>>net=newsom([-2 12; -1 6], [2, 4]);
>>w0=net.IW{1l}

>>b0=net.b{l}

>>c0=exp (1) ./b0% napameTp aKTUBHOCTM HEMNPOHOB
OBbyuuM CeTh:

>>net.trainParam.epochs=500;

>>net=train (net, P);

>>w=net.IW{1l}

>>bn=net.b{l}

>>cn=exp (1) ./bn

[TpoMonenupyem ceTb Ha BXOJIHBIX BEKTOpPaxX U MPOCMOTPUM pPE3yJIbTAaT:
>>a=sim(net, P)

>>bar (sum(a’)) % pacrnpenejieHVMe BEeKTOPOB IO KJjlaCcTepaM.
Ilpumep 4.3. Co3nanue u ooyuenue cetu KoxoneHna jijist 00paboTKH IBYyX3J€MEHTHBIX BEKTOPOB.

Pewenue

>>net =newsom ([0 2; 0 2], [2 3]); % uHMUMaJIMB3ALUI CeTU
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>>net.layers{1l} % TIoJIydeHMe MHOoOpMalluM O CeTU
3azaguM BXOAHON BEKTOp U3 12 311€MEHTOB:

>>p=[0.1 0.3 1.2 1.1 1.8 1.7 0.1 0.3 1.2 1.1 1.8 1.7;0.2 0.1
0.3 0.1 0.30.21.81.81.91.91.7 1.8];
>>plotsom (net.IW{l, 1}, net.layers{l}.distances)

>>hold on

OTobpas3mMM HadaJIbHOE IIOJIOXKEHMS HEVPOHOB Ha Ipadmuke
>>plot(p(1, :), p(2, :),"*k’", "markersize’, 10);
SamanuM napaMeTpsl OOyYeHMA:
>>net.trainParam.epochs=2000;
>>net.trainParam.show=100;

>>net=train (net, p);

>>plot(p (1, :), p(2, ), '*", 'markersize’, 10);
>>hold on

>>plotsom(net.IW{1l, 1}, net.layers{l}.distances)
% MOIesMpOBaHME CeTM Ha MacCuBe oDyuanilMx BEeKTOPOB
>>a=sim(net, p)

a = (2,1) % BEKTOpE BXOZOB 1 M 2 OTHECEeHE K KJjacrepy M2
(2,2)

(1,3) % BexkTOpEl 3 — 6 OTHECEHE K KJjacrepy M1

(1,4)

(1,5)

(1,6)

(4,7) % BexTOprl 7,8 OTHeceHE K Kjacrepy N4

(4,8)

(6,9) % BexTOoprl 9,10 oTHeceHEl K kJjacrepy M6

(6,10)

(5,11) % BexkToprr 11, 12 orTHeceHE K KJjacrepy M5
(5,12)

>>bar (sum(a’)) % pacnpelnejieHMe BEKTOPOB IO KJlaCTepaM.

ITponiecc oOyuenust kaptbl KoxoHeHa BKiIO4WaeT 2 3Tama: YHOPSAOYEHUE BECOBBIX
KOO(QQHUIMEHTOB W TOJCTPOWKA, B PE3ylIbTaTe YEero OCYIIECTBIIIOTCS H3MEHEHHUsS pa3Mmepa
OKPECTHOCTH M CKOpOCTH 0OyueHMs. HadanbHBIN pa3mMep OKpECTHOCTH PaBeH MAaKCUMAJIbHOMY
pacCTOSHHUIO MEXAy HelpoHaMH ¥ yMeHblmaercss 10 BenumuuHbl net.inputWeight{1,1}.
learnParam.tune nd, xotopas o ymoia4aHuio paBHa 1. DTO MPOUCXOAUT HA ATAIE YHOPSI0UEHUS
3a (DUKCUPOBAHHOE KOJIMUYECTBO HUKIOB (Mo ymomuanuto 1000). Yucno maroB Ha dTame
HOJCTPONWKH 3HAYUTEIHHO MPEBBIILIACT YMCIIO IIaroB Ha ATaIe Pa3yIoKeHUs U 37€Ch POUCXOIUT
Oosiee TOHKasi HACTpPOMKa IMPH MajbIX OKPECTHOCTSX W MEIJICHHOM YMEHBIICHHH IapamMeTpa
ckopoctu o0ydeHus. Takum oOpaszom, mpu oOyueHuH KapThl KoxoHeHa pemaercs HE TOJBKO
3aj1aua KJIaCTepU3aIliK, HO U BBITOJIHICTCS YaCTHYHAS KIIACCH(UKAIIHS.

Croit HeiipoHoB KapThl KoxoHeHa MOXHO NpeACTaBUTh B BUE T'MOKON CETKH, KOTOpas
HATSIHYTa Ha IPOCTPAHCTBO BXOHBIX BEKTOPOB. M3-3a TOTO, 4TO B IIpo1iecce 00y4eHHS yIaCTBYIOT
coced HelpoHa-noOeIuTeNs, TOMOJIOrnYecKas KapTa BBIMJISIUT YIIOPSIOUYEHHOM.

BapuanTsl 3a1aHui
1. CoOpatp uHGOpPMALIKIO O CTYACHTAX I'PYIIIHL:
(usnyeckre mapameTpsl (1o, pocT, BEC, IBET IJ1a3...);
y4eOHbIE pe3yJIbTaThl (YCIIeBaEMOCTS 110 TPYIIaM JUCIUILINH, 10 OTIeIbHBIM TUCHHUILIHHAM,
cpenHue 6aisl, ...);
MICUXOJIOTUYECKHE  OCOOCHHOCTH  (TEMIIEPaMEHT,  pe3yJbTaTbl  ICHUXOJOTMYECKOro
TECTUPOBaHUS, ...).
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IIpoBecT aHanmu3 OOBEKTOB, UCIONB3YS pPa3IUYHBIE COYETAHUS COOpPAHHBIX JAHHBIX.
[Ipoananu3upoBaTh MOJyYEHHBIE PE3YNbTATHI, MOMBITATHCA OMPENCIUTh, KAKOW CMBICI
MMEIOT BBISIBICHHBIC KIaCTEPHI.

2. IlpoBectn kiaccudukanu psga dJIEMEHTOB Tmepuoauueckord cuctembr  JI.H.
Menneneesa.

3. Ilpoectu knaccudukaiuio psga rocyaapcts EBponsl, A3uu, JIaTHHCKON AMEPHKH.

4. Tlposectu kinaccuukanuio GyrOOIbHBIX KIyOOB/UTpokoB EBpombI.

5. TlpoBecTu KIaccU(pUKAIUIO JETKOBBIX (IPY30BbIX) aBTOMOOMIICH.

6. IlpoBectn kiaccuukanuio yUpeXKACHUH BhIcHIero o0Opa3oBaHus (HEOOXOAUMO
OTIpEeCNIUTh BUJ BHICIIETO YU€OHOTO 3aBEACHUS: YHUBEPCUTET, aKaJAEMHUSI, HHCTUTYT).
Conep:xaHue oT4yeTa

B coctaB oTuera BXOJAT ClIEAYIONINE Pa3AEIbl:

1. ®opmynupoBKa 3a1a4u.

2. Ananu3 demo-npumepoB (M0 YKa3aHHIO MPENo1aBaTes).

3. ApxutekTtypa u napameTpsl ciiost KoxoHeHa, BXOJJHOM BEKTOP.

4. Cuenapuit o0yueHus ciosi Koxonena, pe3yabTaTbl MOJICTHPOBAHUS.

5. IlyHkTBI 2 — 5, BBINONHEHHBIE U1 KapThl KoxoHeHa.

6. BLiBobl.

KoHTpobHbIE BONPOCHI

1. B dem 3akiro4aercsi CBOMCTBO CaMOOPraHU3alUuU HEHPOHHBIX ceTen?

2. IlpuBenute KOHKpETHBIE NPUMEPHI M3 COOCTBEHHOIO OIBITA, TJI€ MOXHO OBUIO OB
UCIOJIb30BaTh CAMOOPTaHU3YIOIINECS CETH.

3. Kak npoucxoaut o6y4yenune xaptel Koxonena?

4. Kakyto poib Urpaer napaMmerp akTUBHOCTHU HeiipoHa B ceTsax Koxonena?

KPUTEPUU OLIEHUBAHUA KOMIIETEHIIUNA

OneHka «OTJIIMYHO» BBICTABIISAETCS CTYJAEHTY, €CIIU INIyOOKHE, UCUEPIBIBAIOIINE 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B IOHUMAHUH, U3JI0KEHUH M UCIOJIb30BAHUU Y4€OHO-IIPOrPaMMHOTO
MaTepuana; JIOTUYECKH IIOCIIEIOBATEIbHbIE, COJEPKATENIbHbIC, IIOJHbIE, IIPaBUJIbHBIE U
KOHKPETHBIE OTBETBl Ha BCE IIOCTABJICHHBIE BOMIPOCHI M JOINOJIHUTENIBHBIE BOIPOCHI
npenojaBaresnisi; CBOOOJHOE BIAJEHME OCHOBHOW W JIONOJIHUTEIBHOW  JIMTEpaTypoH,
PEKOMEHI0BaHHOH y4eOHOI MpOrpaMMoi.

OneHka «XOpOoLIo» BBICTABISIETCS CTYEHTY, €CIIU TBEpAbIE U JOCTATOYHO MOJIHbIE 3HAHUS
BCEr0 IPOrPAMMHOIO MarTepuana, IPaBUIbHOE ITOHUMAaHHUE CYHHOCTM U B3aWMOCBS3U
paccMaTpuBaEMBIX ITPOLIECCOB U SIBJIICHUM; TIOCIIE0BATEIIbHBIC, IPABUIIbHBIE, KOHKPETHBIE OTBETHI
Ha MOCTaBJIEHHBIE BOIPOCHI NMPH CBOOOIHOM YCTPAaHEHMM 3aMeUYaHHi MO OTAEIbHBIM BOIPOCaM;
JIOCTAaTOYHOE BJIAJICHUE JTUTEPATYPOM, PEKOMEHJOBAHHOMN y4eOHOM MpOorpaMMOH.

OneHka «yZOBJIETBOPUTENBHO» BBICTABISETCS CTYACHTY, €CIM TBEPIAbIE 3HAHUSA U
MOHMMAaHHE OCHOBHOTO ITPOrPaMMHOT0 MaTepHalia; IpaBUiIbHbIE, 6€3 rPyObIX OMIMOOK OTBETHI Ha
IIOCTaBJIEHHBIE BOMNPOCHI MpPHU YCTPAHEHMM HETOYHOCTEH M HECYIIECTBEHHBIX OMIMOOK B
OCBELICHUH OTACIIbHBIX MTOJIOKEHUI MPH HABOJSIINX BOIPOCAX MPENOJABATENS; HEAOCTATOYHOE
BJIaJICHHUE JIUTEPATYPOH, PEKOMEHJOBAaHHON y4eOHOI porpaMmoi.

OneHKka «HEYIOBIETBOPUTEIBHOY» BBICTABISAETCA CTYIEHTY, €CJIM HEIpaBUJIbHBIE OTBETHI Ha
OCHOBHBIC BOINPOCHI, JOMYIIEHBI TpyOble OIMOKM B OTBETaX, HENOHUMAaHHME CYIIHOCTU
M3JIara€MbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE OTBETHI HA JOMOJIHUTEIBHBIE BOITPOCHI
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METOAUYECKHUE MATEPHAUIDI, OIIPEAEJIAIOLHINE ITPOLEAYPbI
OIIEHUBAHHMS 3HAHUM, YMEHWH, HABBIKOB MW (WJIHW) OIBITA
JAEATEJIBHOCTMU, XAPAKTEPU3YIOIUX IOTAIIbBI OOPMUPOBAHUSA
KOMIIETEHIIUIA

Texymass arrecranuss CTYyIEHTOB IPOBOAMTCS  IPENOAABATEISAMH, BELyIIUMU
nabopaTOpHbIE 3aHATHUS 110 TUCIUILIMHE, B CIEAYIOMUX (popMax: oTueT, codeceJoBaHue.

3amura oT4eTa IpoXoAuT B popMe JI0KIIajia CTYACHTA [0 BBIIIOJHEHHOH paboTe U OTBETOB
Ha BOIIPOCHI IPEI01aBaTEsl.

MakcumanbHOe KOJIMYECTBO OauIOB CTYAEHT IOJIydaeT, eciu oQOpMIIEHHE OT4eTa
COOTBETCBYET YCTAHOBJICHHBIM TPEOOBAaHHSM, @ OTYET IOJIHOCTHIO PACKPBIBAET CYTh PAaOOTHI
OcHoBaHMEM JUIsl CHUKEHUEM OLEHKU SIBIISIOTCS:

- YACTUYHO HE COOBECTBYET YCTAHOBJICHHBIM TPEOOBAHUSM;

- B OTYETE HENOJIBHOCTBIO PACKPBIBAETCS CYTh PAOOTHI.

OTyeT MOKET OBITh OTIIPaBJICH Ha I0PAOOTKY B CIACAYIOIMIUX CIydasx:

- IOJILHOCTBIO HE COOBECTBYET YCTAHOBIJICHHBIM TPEOOBAHUAM;

- HE PACKpbITa CYTh paOOTHI.

Kpurepun onenuBanuss oTueToB InpuBeneHbl B DOHIE OLEHOYHBIX CPEICTB I10
qucuurHe «Teopuss HEHPOHHBIX CETEMM.

Pe3ynpTaToM HTOrOoBOI MPOBEPKH 3HAHUM CTYIEHTOB IO JAUCLMILIMHE YYEOHBIM IJIAHOM
NPEIYCMOTPEH 3a4eT C OIEHKOHN (IudepeHIIMpOBaHHBINA 3a4€T), KOTOPHII BBIPAXKAETCs B BHJIE
OLICHOK «OTJIMYHOY, «XOPOILIO», «yIOBICTBOPUTEIBHOY, «HEYIOBICTBOPUTEILHOY.

YYEBHO-METOAUYECKOE n NH®OPMALIMOHHOE OBECIIEYEHHUE
JUCHUIIVIMHBI
10.1. Pexomenayemas Jqureparypa
10.1.1. OcHoBHas uUTepaTypa:
1. Komaprmora JI.I'., Makcumos A.B. Hefipokommstorepsl: Yue0. mocodue a1 By30B. — 2-€ U3,
nepepad. u gon. — M.: I3a-so MI'TY um. H.D. baymana, 2013. — 400 c.
2. Mensenes B.C., IToremkun B.I'. Heiiponnsie cetn. MATLAB 6 / Ilog o6m. pen. B.T.
[Toremkuna. — M.: IMAJIOI-MU®DU, 2012. — 496 c.
10.1.2. /lonosiHUTEIbHAS JIUTEPATYpa:
1. Tanymkua A.W. Teopus Heiiponnsix cereil. — M.: UTTPXKP, 2000. — 416 c.
2. Xatikun C. Heitponnsle cetu. [lonnslii kype. — M.: U3a. nom Bunesamc, 2006.
3. YepnsimeB A.b., Koznos B.A., XKepnocek N.A. HelipokomnbsroTepusie cetu: JlabopaTopHbIit
npaktukyMm. — [Isaturopck: U3n-so III'TY, 2011. —40 c.
10.1.3. MeToau4eckasi Jureparypa:
1. Meronuueckune yka3aHUs IO BBITIOJIHEHHIO JIAOOPATOPHBIX paboT mo aucruiuinHe «Teopus
HEHPOHHBIX CETEN.
2. Meromuyieckne yKa3aHHS 110 BBITOJHEHUIO KOHTPOJIBHON paboOTHI Mo AuciuiumHe «Teopus
HEHPOHHBIX CETEN.
3. Meronnyeckue peKOMEHIAIMH Uil CTYIEHTOB MO0 OPraHU3allui CaMOCTOATENbHOI paboThI 10
nucuuiuinHe «Teopust HEUPOHHBIX CETEN.
10.1.4. UuTepHeT-pecypcesbi:
1. http://www.intuit.ru — caiiT AMCTAaHIIMOHHOTO OOpa3oBaHHsS B 007acTH HH()OPMAITHOHHBIX
TEXHOJOTHI

2. http://window.edu.ru — o6pa3oBaTenbHBIE PECYPCHI BEAYIIHX BY30B
10.1.5. IIporpammHoOe obecnieyeHue
1. Neural Network Toolbox cucremsr MatLab.
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1. HEJb U 3AJAYU OCBOEHUS JUCHUTIJIMHBI

Ilenbro ocBoeHMst aucuMIUIMHBL «Teopus HEHPOHHBIX CeTEl» SBISAETCS OBJIAJCHUE
HEOOXOJMMBIMU TEOPETUYECKUMHU 3HAHMSIMH W TPAKTHYECKUMHM HaBBIKAMH B 00JacTu
COBPEMEHHBIX METO/J0B M IOAXOJO0B IapauieNbHON 00paboTku MHMOpManMM Uil 3ajad
MOCTPOCHHS COBPEMEHHBIX MH(POPMALMOHHBIX CETEH U CUCTEM.

3ajauaMi  Kypca SBISIOTCS: 3HAKOMCTBO C MOJEISMHM  OIEpalMOHHOro OJoKa
HEHPOKOMIIBIOTEPA; M3YYEHHE OCHOBHBIX MOJCIEH HEHPOHHBIX CETEH; H3y4EHHE OCHOB
KOHCTPYUPOBAHMs U HACTPOEK HEHPOHHBIX CeTeH; MpUMEHEHHEe METOI0B 00yUeHHsI HEHPOHHBIX
ceTel; U3y4eHue IPorpaMMHOMN SMYJISLIUNA HEUPOKOMIIBIOTEPOB U HEHPOHHBIX CETEM.

2. TEXHOJIOTUYECKASI KAPTA CAMOCTOSITEJIbHOM PABOTHI

CTYAEHTA
11 cTY/1eHTOB 3204HOI ()OPMBI 00yYeHHUS:
Bun nestensHOCTH Htorosslii CpencrBa u OO0beM yacoB, B TOM YHUCIIE
CTYJICHTOB MPOSYKT TEXHOJIOTHHU CPC | KonraktHast | Bcero
CaMOCTOSITENIbHO OLIEHKHU pabora c
i1 paboThI IIPENoIaBaTe
JaeM
IToaroroBka K JIEKIIUIM KOHCIEKT CobecenoBanue 0,36 0,04 0,4
CamocrosTenbpHOe KOHCIIEKT CobecenoBanne | 79,56 8,84 88,4
U3y4eHHE JIUTEPATYPhl
IToaroroBska k OTYET Otuer 1,08 0,12 1,2
1a0opaToOpHbIM paboTam MCbMEHHBIN
Boinonnenue KoHTposbHast | KoHTponbpHas 9 1 10
KOHTPOJIbHOH paboThl pabota pabota
Hroro | 90 10 100

3. COJAEP)KAHUE CAMOCTOSTEJbLHON PABOThHI

Tema camocTosiTeJIbHOTO N3yueHus Ne 2.
Mertonbl 00yueHuss HeHPOHHBIX ceTel. ApXUTEKTypa HEHPOHHBIX CETEH.
Buj 1esiTeJJbHOCTH CTYI€HTOB: CAMOCTOSITEIBHOE U3yYEHUE JINTEPATYPBI

Kparkoe cogep:xanue MmaTepuasa:

MeTtoabl 00yyeHre HEHPOHHBIX ceTel

OueBHIHO, YTO (PYHKIIMOHUPOBAHWE HEWPOHHOM CEeTH, T.e. JAEWCTBUSA, KOTOpbIE OHA
CrocoOHa BBIMOJIHATh, 3aBUCUT OT BEJIMYMH CHHANTHYeCKHX cBs3eil. [loaTomy, 3amaBIinch
CTPYKTYpPOU HEHPOHHOW CETH, OTBEUAIOIIEH ONPEACIICHHON 3a7a4de, pa3padoTunK JOJIKEH HAUTH
ONTUMAaJIbHbIE 3HAUEHUs JUIS BCEX BECOBBIX KOI(D(UIMEHTOB W. ODTOT OSTal Ha3bIBaeTCs
oOydeHrneM HEWPOHHOM CeTH, U OT TOr0, HACKOJBKO KaueCTBEHHO OH Oy/eT BBIIOJIHEH, 3aBUCUT
CHOCOOHOCTh CETH pelIaTh BO BpeMs HKCIUIyaTalldH, MOCTaBJICHHBIE Iepea Heill MmpoOiieMbl.
Baxueitmnmu napamerpaMu 00y4eHHs! SIBJISIFOTCS: KaU€CTBO MOJ00pa BECOBBIX KOAPHHUIIMEHTOB
U BpeMs, KOTOpoe HeoOXOAMMO 3aTpaTuTh Ha oOydeHue. Kak mpaBmio, JBa 3TUX MapameTpa
CBS3aHBl MEXIy co00il 0oOpaTHOW 3aBUCHMOCTBIO U HMX NPUXOJUTCS BHIOMpPATh HA OCHOBE
KoMIIpoMucca. B Hacrosimee Bpemsi Bce aJIrOPUTMbI OOy4eHHUS HEHPOHHBIX CETed MOXKHO
pa3zeNuTh Ha J1Ba OOJIBIIMX KJIacca: ¢ yUUTeNIeM U 0e3 yuuTens.
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OOyuenue ¢ yunreneM. HeiipoHHO# ceTn mpeabsBIsSIOTCS 3HAYEHUS! KaK BXOJHBIX, TaK
BBIXOJHBIX [apaMeTpPOB, U OHA MO HEKOTOPOMY BHYTPEHHEMY aJTrOpPUTMY IMOJCTpauBaeT Beca
CBOMX CHHANTUYECKUX CBsi3ei. OOyueHue ¢ yuuTesneM NpenosaraeT, YTo s KaX/10ro BXOJIHOTO
BEKTOpa CYIIECTBYET 1IEJICBON BEKTOP, MPEICTABIIAIONINI cO00i TpeOyeMblii BbIx01. Bmecte onun
Ha3bIBAIOTCS TPEJCTABUTENBCKON MM oOydaromedl BeIOOpKoi. OOBIYHO HEWpOHHAasl CeTh
oOy4aeTcsi Ha HEKOTOPOM YHCIIe TaKuX BBIOOPOK. [IpenbsaBisieTcst BXOAHON BEKTOpP, BBIYUCIIACTCS
BBIXOJI HEHPOHHOM CETHM M CPaBHUBAETCS C COOTBETCTBYIOIIMM LIEJIEBBIM BEKTOPOM, Pa3HOCTh
(ommOKka) ¢ MOMOIIBIO OOpaTHOM CBsI3W MOJAETCSl B HEUPOHHYIO CETh, U Beca M3MEHSIOTCS B
COOTBETCTBUH C JITOPUTMOM, CTPEMSAIIMMCS MUHUMH3HPOBATh OMUOKY. BekTopbl 00y4aromiero
MHO>KECTBA MPEABABIIAIOTCS MOCIEA0BATEIbHO, BHIYUCISAIOTCA OIIMOKU U Beca MOJICTPAUBAIOTCS
JUTSL KaXKI0TO BEKTOpa JI0 TeX MOp, MOKa OIIMOKA 110 BCEMY 00yJaroIeMy MacCUBY HE IOCTUTHET
MPUEMIIEMO HU3KOTO YPOBHSI.

OOyuenne 0e3 yuntens. HelipoHHOW ceTH MPEeIbsIBISIOTCS TOJIHKO BXO/JHBIC CUTHAIBI, a
BBIXO/IbI CETU (POPMUPYIOTCS CAMOCTOATEIBHO C YUETOM TOJIBKO BXOJHBIX U MPOU3BOAHBIX OT HUX
curHasioB. HecMoTpst Ha MHOTOUYMCIICHHBIE TPUKIATHBIE AOCTIDKEHHs, 00ydeHHE C yduTelIeM
KPUTHKOBAJIOCh 32 CBOIO OHOJIOTHYECKYIO HEMpaBaonoAo0HocTh. OOydyeHue Oe3 yduTemns
SBIIIETCSL OOJiee TMPaBIOINOJIO00HONH MOJENBI0 OOy4YCHHsSI B OMOJIOTHMYECKOW cucteme. Pa3Buras
KoxoHeHOM ¥ MHOTMMH JAPYTUMH, OHa HE HYXKJIAeTCS B IEJIEBOM BEKTOpE MJsl BBIXOJOB W,
ClIeIOBaTeNbHO, HE TpeOyeT CpaBHEHUS C MPEeNONpPENCIICHHBIMU HICAJbHBIMU OTBETAMHU.
OOyuaroliee MHOXKECTBO COCTOMT JIMIIb W3 BXOJHBIX BEKTOpoB. OOyyaromui aaroputm
MOJICTpauBaeT Beca HEMPOHHONW CETU TakK, YTOOBl MOJIY4alUCh COTJIACOBAHHBIC BBIXOJHbIE
BEKTOPHI, T.€. YTOOBI MPEABSBICHUE JOCTATOYHO ONU3KUX BXOJHBIX BEKTOPOB J1aBajo
OJIMHAKOBbIE BBIXOJIBI. [Iporiecc o0yueHus, cieaoBareiabHO, BbIIEISIET CTATUCTUUYECKUE CBOMCTBA
00y4arolero MHOXXECTBAa M TPYIIUPYET CXOJHBbIE BEKTOPHI B Kiacchl. [IpenbsiBieHne Ha BXOJ
BEKTOpPa M3 JAHHOIO KJjacca JacT OINPEAENICHHbIM BBIXOJHOM BEKTOpP, HO 10 OOy4YeHHs
HEBO3MOXXHO TIpe/ICKa3aTh, KaKOW BBIXOJ OyJeT MPOU3BOAMUTHCS JAHHBIM KIJIACCOM BXOJHBIX
BEeKTOpOB. ClieZI0BaTEIbHO, BHIXO/IbI TOAOOHON CETH JOKHBI TPAHC(HOPMHUPOBATHCS B HEKOTOPYIO
HNOHATHYIO (opMy, OOYCJIOBJIEHHYIO MpOLECCOM OOy4deHHs. DTO He SBISETCS Cepbe3HOM
npobsiieMoil. OOBIYHO HE CJIOKHO HIACHTU(QHUIHMPOBATH CBSA3b MEXKIY BXOJAOM U BBIXOJOM,
YCTaHOBJIEHHYIO CETBIO.

ApPXHTEKTYpa HEHPOHHBIX ceTeH
OnHoc0iiHbIe ceTH

PeanpHas HelipoHHas CETh MOXKET COAEPKAaTh OJUH WM OOJbIlee KOJTMYECTBO CIIOEB U
COOTBETCTBEHHO XapaKTEPU30BAThCA KAK OJHOCIOWHAsA WJIM KaK MHOTocioiHas. Pa3BepHyras
CXeMa CeTH M3 OJTHOTO cJosl ¢ R BXOJHBIMU dJIeMEHTaMu U S HelipoHamMu mokas3aHa Ha puc. 7.1. B
ATOM CETH KaXKIbIA AJIEMEHT BEKTOpa BXOJAa COEAMHEH CO BCEMH BXOJAMHU HEWPOHA W HTO
COelIMHCHUE 3ajaeTcs Matpuiied BecoB W, mpu 3TOM Kaxablid i-if HEWpOH BKIIOYAET
CYMMHPYIOIIUI 3JIEMEHT, KOTOpPbIA (opmupyeT ckamspHbiii Bbixox N(i). COBOKYMHOCTb
CKaIApHBIX QyHKIUH N(I) 00beTUHSACTCS B S-3JIEMEHTHBIM BEKTOP BXO/Aa N (GYHKIIUU aKTUBAIMH
ci10s1. BBIX0/16I Cl10s1 HEMPOHOB (POPMUPYIOT BEKTOP-CTOJIOLIT 8, U, TAKUM 00pa30M, OTTMCAHHE CIIOS
HEUPOHOB UMEET BUJ:

a=f(W*p+b)

KonmuecTBo BX0/10B R B c10€ MOXKET HE COBNAATh C KOIMYECTBOM HEHPOHOB S. B kaxkom croe,
KaK TMPaBWIO, UCIOJIB3YETCS OJHA M Ta ke (PyHKuusa aktuBamuu. OgHAKO MOXKHO CO3/aBaTh
COCTaBHBIE CTIOM HEHPOHOB C UCIIOIB30BAHNUEM PA3NINYHBIX (PYHKIIUN aKTUBAIIUHU, COSAUHSISI CETH,
napauieabHo. O0e cetr OyAayT UMETh T€ K€ CaMble BXOJbI, M KaXK/las CETh Oy/IeT TeHepUPOBaTh
ONpENIETICHHYIO YacTh BBIXOJOB. DJEMEHThI BEKTOpa BXOJla MEPEAAIOTCSA B CETh UEpPEe3 MATPULLY
BecoB W, UMEIOIIYIO BU/:
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Wi, W, ... Wg

W _ W21 W22 e W2R

We, Wy, ... Wgy

Wupnexcel ctpok Marpuisl W yKas3blBaloT agpecaToB (IIyHKThl Ha3HAUEHHUsI) BECOB HEMPOHOB, a
UHJIEKChl CTOJNOLOB — KaKOH HMCTOYHMK SIBJISIETCA BXOAOM JJIsi 3TOro Beca. TakuM o0pasom,
anemMeHT marpuisl BecoB Wiz = W(l, 2) ompenenser kodppuIneHT, Ha KOTOPBIA YMHOMXKAETCSI
BTOPOH 3JIEMEHT BXOZa IIPU IIepeiade ero Ha NepBbIii HEHpPOH.

Bion C ot xeHp oxoE
Fi A b - T
a,

P,
P,
p_‘t I"t
P

& ag
R L,

'_V_._}

a= EW:;;IJ)

Puc. 7.1. Pa3zBepHyTas cxema OTHOCJIOMHOW CETH
J171st oTHOCIOMHOM ceTH ¢ S HelipoHaMM YKPYITHEHHAsl CTPYKTypHas cxeMa Moka3aHa Ha puc. 7.2.

Bxop Hestpon
—= - % ~

P W
n a
Rx1 Sx R —b—. f »

b ’ Exl Sx1
1 —

—~

a= f{W*p +h)

Puc. 7.2. CtpykTypHasi cxema OJHOCIIONHOM ceTH

3neck p — BekTop Bxona pamepa Rx1, W — BecoBast marpuna pasmepa SXR, a, b, n — BexTopsr
pa3mepa Sx1.

MHorocJjoiHbIe ceTH

PaccmoTpuM ceTu, umeromme HECKOIbKO ClI0eB. bynem Ha3piBaTh BECOBBIE MATPHIIBI,
COEIMHEHHBIE C BXOJaMHU, BECaMU BXOJa CJIOsA, & BECOBbIE MATPHUILIBI JJISl CATHAJIOB, UCXOIAIINE U3
CJI0sI, Ha30BEM BecaMHu BbIXojia cios. Jlamee, OyneM HCIOIB30BaTh BEPXHUE WHIEKCHI, YTOOBI
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yKa3aTh HICTOUHUK U aJjpecar JUIs pa3IMyHbIX BECOB U JPYTUX 3JIEMEHTOB HEUPOHHOH ceTH. YTOOBI
MOSICHUTB TO, PACCMOTPUM CHauasa TOJIbKO OJIMH, IIEPBBIN CIIOW MHOTOCTIOWHOM ceTu (puc. 7.3).
0G603Ha4MM BECOBYIO MaTpHILy, CBA3aHHYIO ¢ BXxogamu, yepes IWL, Bepxuue unmekcel kotopoi
YKa3bIBAIOT, YTO MCTOYHHKOM BXOJIOB SIBIISIETCS MEPBBIM CIIOM (BTOpON HHIEKC) U aapecaToM
SBJIAETCS TAK)KE MEPBBIH CII0M (IIEPBBIA MHIEKC). DIEMEHTHI 3TOTO CJI0s, TaKUe, Kak cMelienue bl
BX0 (QYHKIMHU akTHBaLMU N! U BBIXOX CJI0s al, MMEIOT BepXHUI UHAEKC 1, 4TOOBI 0003HAYUTS,
YTO OHHU CBSA3aHbI C IIEPBHIM CIIOEM.

Bxon Cnoni |
— A =~
P rwl! al al
Rx1 —P
SR ] S'xt
L] b A
R Sxl st
| I A\ A

N 11 1
al= £ (rw'iep +1p')

Puc. 7.3. Ci0it MHOTOCJIONHOU cETH

B nanpHelimieM 111 MaTpul] BECOB BXOJa M BbIXOJAa cj0s OyIyT MCIIOJIB30BaHbI
o6oznauenust IW(Input Weight) u LW(Layer Weight) cootBerctBenHo. Korma cers umeer
HECKOJIBKO CJIOEB, TO KaXK/IBIH CIION UMeeT CBO MaTpuily BecoB W, BekTop cMemienust b i Bekrop
BbIX0/a a. YTOOBI pa3inyarh BECOBbIE MATPUIIbl, BEKTOPBI BBIXO/A U T. A. IS KaXJ0r0 U3 3TUX
CJIOEB, BBEJIEM HOMEp CJIOSl KaK BEPXHUN MHAEKC JJIS MPEICTaBIAIONIEN MHTEPEC MEPEMEHHOM.
Cetb, NokaszaHHas HIKe, uMeeT R Bxoz10B, S HelipoHOB B mepBoM ci10e, S? HePOHOB BO BTOPOM
cioe u T. A. Jnsg obuHocTH OyAeM cuuTaTh, YTO pa3IMyHbIE CJIOUW MMEIOT Pa3IMYHOE YHCIO
HelipoHOB. Ha cmemieHus g KakJI0ro HEHpOHAa MOAAH IOCTOSHHBIM BXOJHOM curHan 1.
3aMeTHM, YTO BBIXO/bI Ka)KIOT0 IPOMEXYTOUYHOTO CJI0SI CIIY AT BXOJaMU ISl CIEAYIOLIETO CIIOA.
Takum 06pa3zoM, CIOi 2 MOXKeT OBITh PAcCMOTPEH Kak OAMH cioi cetw ¢ S' Bxomamm, S2
HEUpOHAMH U Stx §? matpuneir BecoB W2. Bxon k croro 2 ectb 1, a Beixoa — 2. Teneps, koraa
0003Ha4YeHbl BCE BEKTOPbI U MAaTPULIbI CJIOS 2, MOXKHO TPAKTOBaTh €r0 KaK CaMOCTOSITEJIbHYIO
OJTHOCJIOMHYIO ceTbh. Takoi MoaX0/1 MOXKeT ObITh UCIOIB30BaH K JTI0O0MY CIIOI0 CETH.

Cnou MHOrOCJIOHHOM CeTH MMEIOT pa3inuHble Ha3HaueHus. Cioi, KOTOphlii oOpasyeT
BBIXOJl CETH, Ha3bIBacTCA CJIOEM BbIXOAa. Bce apyrue cion Ha3bIBAIOTCS CKPBITBIMHU CIIOSIMU.
TpexcnoiiHas ceTb, UMEET BBIXOJIHOM cioil (cioi 3) m 2 cKpbIThIX cios (cioit 1 u cioit 2).

TpexcroiiHasi ceTb MOXET ObITh Mpe/CTaBleHa B BUI€ YKPYIHEHHON CTPYKTYpHON cXeMbl (pHuc.
7.4).
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Bxon  Ilepsuii cioii Bropoii crnoit Tperuii croit

§1x1

Ry \ e 5! VRN 52 J sty

al= T IW" p ) a?= fALW a'+b?) a =P LWy

Puc. 7.4. CtpyktypHas cxema TpeXCIOMHON CeTH
3aMeTHM, 4TO BBIXOJ] TPETHETO CJI0sA a5 0003HAYEH Yepe3 y. DTa CIeTaHo VIS TOr0, 9TO0bI
MOAYEPKHYTh, YTO BBIXOJ IOCIEIHEro CJ0s SBJISIETCS BBIXOAOM CE€TU. MHOIOCIOIHBIE CETH
0o0yanal0T BecbMa MOIIHBIMM BO3MOXXHOCTSAMHU. Hampumep, nByxcioifHas ceTb, B KOTOpPOH
NEPBBIA CIOM CONEP’KUT CUTMOMJIATBHYIO, a BTOPOH CJIOW JMHEWHYI0 (YHKIMIO aKTUBAILIUU,
MOXET OBbIThb O0y4YeHa ammpOKCHMHUPOBATh C MPOHM3BOJIBHON TOYHOCTBHIO JIOOYIO (DYHKIHIO C
KOHEUYHBIM YHCIIOM TOYEK pa3phIBa.

CeTn ¢ npsaAMoOM nepegaveil CMrHaJaa

OnHocnoitHas ceTh ¢ S Heiiponamu ¢ GyHKuusaME akTiBanuu 10gsig, nMeromias R Bxo/10B,
noKa3aHa Ha puc. 7.5. OTa ceTh, He MMeIoIasi OOpaTHBIX CBs3€il, Ha3bIBAECTCS CETBIO C MPAMOM
nepeqadell curHana. Takue CeTH 4acTo MMEIOT OJUH WM 00Jee CKPBITHIX CIOEB HEHPOHOB C
CHUTMOUIANBHBIMU (DYHKIIMSMH aKTHUBAIMH, B TO BPEMsI KaK BBIXOJHOM CIIOW COJECPIKUT HEHPOHBI
¢ nuHeHHbIME (QyHKIUsMH akTuBaiuu. CeTH C TaKoi apXHUTEKTYypOH MOTYT BOCHPOHM3BOJIUTH
BEChbMa CJIOKHbIE HEJIMHEHHbIE 3aBUCUMOCTH MEKIY BXO/IOM U BBIXOJIOM CETH.

Input  Layer of Neurons Input Layer of Neurons
r Y7 A r N R
It a
, D e P g N LN
L Rxl n Sx
lb SxR L
1 ! j Fxi
Py n a 1= b
z ’-L R Sx1 £
Py +b .. —/ \ J
: ’ too a=f (Wp+b)
i s "s p‘ﬁip Where R = numberof
elements in
l b input vector
1
N AN J S = number of
a=F(Wp+b) neurons in layer

Puc. 7.5. OgHocnoliHas ceTh ¢ IpsAMOM nepeiadeil CUrHaia

Jns nosicHeHus: 0003HAYEHH B MHOTOCIIOMHBIX HEMPOHHBIX CETAX BHHUMATEIbHO H3Y4HTE
JIByXCIIOWHYIO CeTh, MOKAa3aHHYIO Ha pHC. 7.6. DTa ceTb MOXeT ObIThb HUCIOJb30BaHA IS
anmnpoKCUMaluy (QyHKIUH.
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Input

Hidden Layer

Output Layer

N A
WHR, vk o
4x2 - 7C Ixd ne 74
4x1 3x1
bt -/ 19 b2 -/
"\2 __} "\ 4x1 4 __} k3x1 3 _}

a1 = tansig (TWwipt +by)

a2 =purelin (LWz.a1 +h2)

Puc. 7.6. JIByxcnoiiHas ceTh C NpsIMOM Nepeadeil curuaia

Ona MoOKeT JA0CTAaTOYHO TOYHO BOCIIPOMU3BCCTH J'IIO6y10 (I)YHKI_[I/IIO C KOHCYHBIM YHUCJIOM TOYCK
paspbiBa, €CJIM 3a1aTh JOCTATOYHOC YU CIIO HeﬁpOHOB CKPBITOT'O CJIOS.

HUTOroBbIii NPOAYKT CAMOCTOATEILHONH PadOThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIEHKH: coOeceloBaHNe
Pabora ¢ auTeparypoii:

Pexomenayembie ncrounnku napopmanuu (Ne HCTOUHMKA)

OcHOBHAasA

JlomosiHuTENbHAS

Mertoanueckas

HNHTepHeT-pecypcesl

1-2

1-3

1-3

1-2

Tema camocrosiTesbHOr0O N3yuenus Ne 3.
[TporpammHast sMyIsiius HeiipokoMIbioTepoB. [IpeacTaBienue Heiipona B cucreme MatLab.

BI/I)I ACATEIBHOCTH CTYACHTOB: CaAMOCTOATCIIbHOC NU3YYCHHUEC JINTCPATYPhI

Kparkoe cogep:xanue maTepuasa:

IIpencraBiienune Helipona B cucreme MATLAB
HeiipoH co ckaJsspHBIM BX010M

DOnemMeHTapHOW sYeWKoW HEWpPOHHON ceTH sBiseTcss HelpoH. CTpykTypa HeHpoHa ¢
€MHCTBEHHBIM CKaJSIPHBIM BXOJOM ITOKa3aHa Ha puc. 6.1,a. CkansdpHblii BXOIHOM CHUrHai P
YMHOXAETCsl Ha CKaJIIPHBIA BECOBOM KO3(DPUIMEHT W, U pe3yJbTUPYIOUINI B3BEILIEHHBIH BXO]I
W*p sBIIsieTCS apryMeHTOM (DYHKIMM aKTUBalMu HelpoHa f, koTopas mopoxkaaeT CKaaspHBIN

BEIXOJI d.

Input  Neuron without bias
r N7 A\
p ° w n ’ f a ’
\_/ \L J

Input  Neuron with bias

r N7 N\

P.u-lz nlf al
lb

/! J
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Puc. 6.1. a) Heiipon 6e3 cmertenus 6) Helipon co cMmerieHnem

Heiipon, moka3aHHbli Ha puc. 6.1, 6, TOMOJIHEH CKAIAPHBbIM cMmemieHueM D. CmemieHue
CYMMHPYETCSI CO B3BELICHHBIM BXOJOM W*D M HPUBOJWT K CABHUTY aprymenrta (ynkuuu f Ha
BenuuuHy b. JleficTBUe CMEIICHHS MOYKHO CBECTH K CXEME B3BEIIMBAHUS, €CIIUA NPEJACTABUTh, YTO
HCHPOH MMeEeT BTOPOW BXOJHOW CHUTHAJ CO 3HaueHuweM, paBHbIM 1 (b*1). Bxox n ¢dyHKumn
AKTHBAIUY HEMPOHA MO-TIPEKHEMY OCTACTCS CKAJISIPHBIM U pPaBHBIM CYMME B3BEIICHHOTO BXOJ[a U
cmemerus b. Dta cymma (W*p + b*1) sistercst aprymenTomM GyHKIUK aKTUBAIMHK f, a BBIXOI0M
(GYHKINU aKTUBAIUK SBJISICTCS CUTHAT . KOHCTaHTBI W 1 D SIBJISIFOTCS CKAISIpHBIMU ITapaMeTpaMu
HelipoHa. OCHOBHOM MPUHIUI PaOOTHl HEHPOHHOW CETH COCTOMT B HACTPOHKE MapaMeTpoB
HelipoHa TakuM 00pa3oM, YTOOBI MOBEICHHUE CETH COOTBETCTBOBAIO HEKOTOPOMY JKEIAEMOMY
noBeseHu0. Perynupys Beca M mapamMeTpbl CMEUICHHS, MOXXHO OOYYUTh CETh BBIMOJHATH
KOHKPETHYIO paboTy; BO3MOXKHO TaKXkKe, 4TO CeTh cama Oy/IeT KOPPEKTUPOBATH CBOU TTapaMeTPhI,
4TOOBI JOCTUYb TpeOyeMoro pe3ynpTaTa. Y paBHEHHE HEUPOHA CO CMEIICHUEM UMEET BUIL:

a=f(w*p+b*1)
Kak yxe oTMeuanocs, cMmerieHie b — HacTpanBaeMblil CKaJIIPHBIN apaMeTp HEHpPOHa, KOTOPbIH
HE sIBIIsICTCS BXOZ0M. B 3TOM ciydae b — Bec, a koHCTaHTa 1, KOTOpast yIpaBisieT CMCIICHUEM,
paccMaTpuBaeTCs Kak BXOJ, U MOXET ObITh YUYT€Ha B BHUJE JIMHEHHON KOMOHMHAIIMU BEKTOPOB
BXOJ1a

P

n=[w b] |=wxp+b=*1l

HeiipoH ¢ BEeKTOpPHBIM BX010M

Heiipon ¢ onqaum BekTopoM Bxozaa P ¢ R anementamu Pi, P2,..., Pr MOKa3aH Ha puc. 6.2.
3/1ech KaXIblil 2JIEMEHT BXOJAa yMHOXKaeTcs Ha Beca Wii, Wiz,..., WIR COOTBETCTBEHHO, U
B3BEILICHHBIE 3HAUYEHUS NIEPENAIOTCS Ha cyMMaTop. MIX cymMMa paBHa CKaJIIpHOMY IIPOU3BENECHUIO
BekTopa-ctpoku W Ha BekTop-cTonbenr Bxona pP. Heiipon wumeer cmemenue b, kotopoe
CYMMHpYETCS CO B3BELIEHHOW CyMMOM BX0J0B. Pe3ynpTHpyromas cymma

N =W + Wiz P2 +... + Wir pr + b.

cyxuT aprymeHToM ¢yHkuun aktuBanuu f. B HOoTammm s3pika MATLAB 510 BBIpaxkeHue
3anuceiBaetcs Tak: N = W*p + b. Ctpykrypa HelipoHa, TOKa3aHHasl BBIIIE, SBJISETCS pa3BEPHYTOH.
[Tpu paccMoTpeHMH ceTei, COCTOSIUX U3 OOJBIIOrO YMCia HEHPOHOB, OOBIYHO HUCHOJIB3YETCS
YKpYIIHEHHas! CTPYKTypHas cxema HelpoHa (puc. 6.3). Bxon HelipoHa m3oOpaxaercs B BHJIE
TEMHOW BEpTUKaJIbHON YEePThI, O]l KOTOPOH yKa3bIBaeTCs KOJIMYECTBO 3J€MEHTOB BXoja R.

Input Neuron w Vector Input

C N7 A\

[ R B

T osee T

AV A N J

Puc. 6.2. HelipoH ¢ BEKTOPHBIM BXOJ0M

Pa3mep BekTopa Bxo/1a P yka3pIiBaeTCs HUKE CUMBOJIA P U paBeH Rx 1. BekTop Bxo/1a yMHOXKaeTcs
Ha BekTop-cTpoky W mmnsbl R. Kak u npexJie, KoHcTaHTa 1 paccMaTpuBaeTcs Kak BXOJ, KOTOPBIN
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YMHOXAaeTCsl Ha cKaJisipHOe cMmenienue b. Bxoaom N GpyHKIMK akTHBaMY HEWPOHA CIY)KUT CyMMa
cmerenust b u nmpousseneane W*p. Dta cymma npeodOpasyercs GyHKIpend akTupaiuu f, Ha
BBIXOJIE KOTOPOM ITOJIy4aeM BBIXOJ HEMPOHA @, KOTOPBIM B JAHHOM CIIy4ae SIBJISICTCS CKAJSIPHOU
BenMunHOW. CTpyKTypHasi cxema, NpuBelleHHass Ha puc. 6.3, HazwpiBaeTca croem cemu. Cnoit
xapakrepusyercsi mampuyeil eecos W, cmemenueM b, onepaumsmu ymHOKeHus W,
CYMMHpPOBaHHs U PyHKIKEH akTHBanuH f.

Input Meuron
N A
P a
rng A A I e
o Lx1 f
I &
G .

Puc. 6.3. YkpynHeHHas cxema HelpoHa ¢ BEKTOPHBIM BXOJIOM

BexTop BX0/10B P 0OBIYHO HE BKJIIOYAETCS B XapakTepucTuku cios. Kaxaelii pas, kormaa
UCIIOJIb3YETCSI COKpAalleHHOEe O0003HAYeHHE CETH, Pa3MEpPHOCTh MATPHI] YyKa3blBaeTcs O]
MMEHAMH BEKTOPHO-MaTPUUYHBIX MepeMeHHBbIX (cM. pHuc. 6.3). Dra cucremMa 0003HauYEHUN
MOSICHSIET CTPOEHUE CETU U CBSI3aHHYIO C HEW MaTPUUYHYIO MATEMAaTHUKY.

DOYyHKIUM AKTUBALIMU HEHPOHOB

OyHKIMK  akTUBAIlMK (MIEpPEeJaTOvYHbie (YHKIMK) HEHPOHA MOTYT HWMETh CaMbIi
paznuunbiii Bu. OyHKIUS akTHBanWK f, Kak TPaBUIIO, MPUHAIUICKHUT K KITACCY CULMOUOANbHBIX
GyHKIMI, KOTOpblE MMEIOT JIB€ TOPH30HTAIbHBIE ACUMOTOTHI M OJHY TOUYKY Tmeperuda, c
apryMeHToM (QyHKIMH N (BXOAOM) U 3HaUe€HHEM (YHKIIMH (BBIXOZO0M) a.
Paccmotpum Tpu Hambonee pacnpoctpaHeHHbIE GOPMBI PYHKIINN aKTHBALIUH.
Eounuunas gpynkyus akmusayuu ¢ scecmrkum oepanuyeruem hardlim:

A+l

a = hardlim(n)
Puc. 6.4. Equanunas GyHKIUSA aKTUBALIIN

Ora ¢yHkums onuceiBaeTces cootnomenueM a = hardlim(n) = 1(n) u mokaszana Ha puc. 6.4. Ona
paBHa 0, eciu N <0, u paBHa 1, eciu N > 0.
Yto6b! MOCTpOUTH TpaduK 3T0i GYHKIMH B TMana3oHe 3HaYeHUH BXoa oT —5 10 +5, Heo0X01uMo
BBECTH clieyromue onepatopsl si3pika MATLAB B kOMaHAHOM OKHE:

n=-5:0.1:5;

plot (n,hardlim(n), 'b+:");
Jluneunas gpyukyus akmusayuu purelin:
Ota (yHKIUS OnKCchIBaeTCs cooTHoreHrneM a = purelin(n) = n u moka3ana Ha puc. 6.5.
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a = purelin(n)

Puc. 6.5. Jluneinas pyHKIUS aKTUBALUU

Urto0bI HOCTPOUTH rpaduK 3TOM PYHKIIMH B JHara3oHe 3HaYeHUH BX0/1a 0T —5 10 15, He00X0 1Mo
BBECTH cleaytomue oneparopsl sizbika MATLAB B koMaHAHOM OKHE:

n=-5:0.1:5;

plot (n,purelin(n), 'b+:");
Jlocucmuueckas ¢pynxyus akmusayuu 10gsig:

Ota ¢yHKIms onuchiBaeTcs cooTHomenueM a = logsig(n) = 1/(1 + exp(-n)) u nmoka3ana Ha
puc. 6.6.

a

L

a = logsig(n)

Puc. 6.6. Jloructuueckas QyHKIUS aKTUBALUN

Jannast GyHKUMS NPUHAIJIEKHUT K KIACCYy CUTMOUJAIBHBIX (DYHKIMH, U €€ apryMEHT MOKET
NPUHUMATH J1000€ 3HAaYEeHUE B AMaNa3oHe OT —o0 J0 100, a BBIXOJ U3MEHseTCs B Auana3zoHe ot 0
no 1. bnaronaps cBoiictBy nuddepeHnupyemMoct (HET TOYEK pa3pbiBa) 3Ta (PYHKIHS 4acCTO
UCTIOJIb3YeTCsl B CETSIX ¢ O0y4eHHEM Ha OCHOBE METO0Jla OOpaTHOrO pacHpOCTPaHEHUs OLIMOKH.
Uto06s! moCTpouTh rpad vk 3TOM HYHKIIMH B AMaNia30He 3HAYEHUI BXoa OT —5 110 +5, He00X0AUMO
BBECTH cliieyromue onepatopsl A3sika MATLAB B koMaHAHOM OKHE:

n=-5:0.1:5;

plot(n,logsig(n), 'b+:");

Jna mnoctpoenust rpaduka (yHkuMu oaHOM mnepeMeHHo B cucreme MATLAB
ucnonb3yercs onepatop plot. IIpu 3ToM rpaduku cTposATCsS B OTACTBHBIX MACIITA0OMPYEMBIX U
nepemMeniaemMbix okHax. Hampumep, s moctpoeHus rpaduka GyHKIMHU sin X 1O0CTATOYHO BHAYaJIe
3aJaTh JUAara3oH U IIar U3MEHEHUs apryMeHTa, a 3aTeM UCIOJIb30BaTh ornepaTtop plot:

x=-5:0.1:5;

plot(x,sin(x))

Omnepatop plot sBiIsIETCS MOIIHBIM WHCTPYMEHTOM JJIsl IOCTPOEHUS rpapukoB GyHKIUN OJHOM
nepeMeHHoi. OH MO3BOJSET CTPOUTH TpaduKU cpa3zy HECKOIbKUX (DYHKIUN U UMEET pa3InyHbIe
(opMBI, CHHTaKCHC KOTOPBIX MOKHO y3HATh, BOCIOJIB30BABIINCH KOMaH 101 help plot.

HToroBblii NPOAYKT CAMOCTOATE/ILHOM Pa0OThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIEeHKH: coOeceoBaHNe
Pabora ¢ aureparypoii:

Pexomenayembie ncTouHuku nHGopMaryu (No HCTOUHHKA)

OcHoBHasl ‘ JlonosHUTEIbHAS ‘ Meroauueckas ‘ HHuTtepHET-pecypcesl
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| 1-2 | 1-3 | 1-3 1-2

TeMa caMOCTOATENBHOT0 M3ydeHus Ne 4.

[porpammuoe cpeactro Neural Network Toolbox cucremsr MatLab.

Buj 1esiTeJIbHOCTH CTYIEHTOB: CAMOCTOSITEIIbHOE H3YUCHHUE JINTEPATYPhI
Kpartkoe cogep:xkanue MaTepuaJjia:

NNTool — uHCTpyMeHTalIbHOE CPEACTBO C IpaduueckuM HHTEp(hEHcoM, MO3BOIIAIOIIEE
HauYMHAOIIEMY Toiib3oBarento makera Neural Network Toolbox BeimonHsTE co31anue, 00y4ueHue,
MOJICIIMPOBAHKE, SIKCIIOPT U UMIIOPT HEHPOHHBIX CETEH M TaHHBIX, HE 00paIasch K KOMaHIHOMY
okHy MATLAB. BeizoB NNTool Bo3MoskeH 1100 ¢ TOMOIIBI0 KOMaHAbl nntool n3 KoMaHHOH
ctpoku MATLAB, nmu60 u3 okHa 3amycka npuioxxennit Launch Pad ¢ momombro o NNTool
u3 pasnena Neural Network Toolbox. Ilocie BbI30Ba Ha SKpaHe IUCIUIES TOSBISAETCS OKHO
Network/Data Manager (Ynpasnenue cetsto/JlanasiMu) (puc. 1).

DJIEMEHTHI OKHa!
Help — kxomnka Be130Ba okHa mojackasku Network/ Data Manager Help;
New Data — kHomka BeI30Ba okHa popmupoBanus naHHbIX Create New Data (puc. 2);

=10]x]
Inputs: Networks: Qutputs:
Targets: Errars:
Input Delay States: Layer Delay States:
~Networks and Data
Help | NewData.. | NewNetwork. |
Import... | Export... | iEw. | [De(ete |
—Netwarks anly
Iritialize I Sirmulate | iraif I Adapt |
Puc. 1
=
~Name Data Type
|datat @ Inputs
~Value C Targets
01-1;231] a " Input Delay States
C Layer Delay States
 Qutputs
1 |+ C Etrors
Help | cancel | create
Puc.2
New Network...— KHOIIKa BbI30Ba OKHA co3qaHus HelpoHHoi cetn Create New Network (puc. 3);
Import... — kHONKa BBI30Ba OKHA I MMIIOpPTa WM 3arpy3ku naHHbIX Import or Load to
Network/Data Manager (puc. 4);
Export... — KkHOTIKa BBI30Ba OKHA JJII SKCIIOPTA WJIW 3aMMCH JaHHBIX B (aitn Export or Save from

Network/Data Manager;
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Kuonku View, Delete craHOBSATCS aKTHMBHBIMH IIOCIAE CO3MaHUS M aKTUBU3AIMM TAHHBIX,
OTHOCSIINXCI K BXOJaM, LIEJISIM, BEIXOJaM HMJIM OIIMOKaM CETH.

<} Create New Network } = D’ﬂ
Network Name:|network1
~Network Type: ]Feed-forward hackprop :]
Input ranges: 01;-11] lGelfrom inp...
Training function: TRAINLM

Adaption leaming function:| LEARNGDM
Performance function: MSE
Number of layers: 2

Properties for: |Layer 1 _:_I'

Number of neurons:{1
Transfer Function: [TANSIG |

| <l <] <]«

View | Defaults | Cancel | Create |

Puc. 3
Uto0bI co3AaTh HEMPOHHYIO CETh, HEOOXOAUMO:
5) chopmupoBaTh MOCIEIOBATEILHOCTH BXOMOB M Ienell (kHomka New Data) mm6o
3arpy3uTh UX u3 pabdoueit ooactu cucremsl MATLAB;
6) co3aarh HOBYIO HEHpOHHYIO ceTh (kHOMKa New Network) n6o 3arpy3uTh ee u3 paboyeit
obnactu ninm u3 ¢aitia (kHomka Import);
7) BBIOpaTh THI HEHPOHHON CETH M HaXaTh KHOMKY Train, 4TOOBI OTKPBITH OKHO IS
3aJJaHusl TAPaMETPOB MPOLEAYPHI 00ydeHUS;
8) oTkpbITh OKHO Network /it pOCMOTpa, MHUIHATU3AIMH, MOJACTUPOBAHUS U aIalTAI[HH
CeTH.
Network Name — cranmaptHoe mmsi cetH, nmpucBamBaemoe GUI-mHTepdeiicom, MopsaKoBbIi
HOMEp UMEHH U3MEHSETCS] aBTOMAaTHUECKH.
Network Type — Tum cereit, noctynHbix i padotsl B NNTool.
Inputs ranges — nomycTHMblE TI'paHUIBI BXOAOB, KOTOpBIE 33Jal0TCs MOJb30BAaTENEM JHOO
onpeeNnsoTcs aBTomaTnuecku u3 cnucka Get from Inp. ..
Training function — circok o0y4aronux GyHKIHHA.
Adaptation learning function — criucok QyHKIHIF HACTPOEK IS peXKMMa a/TalTAIlHH.
Performance function — criucok (yHKIIHIi OIIEHKH KauecTBa 00yJICHHUSI.
Number of layers — konudecTBO ci10eB ceTH.
Properties for — cBoiictBa ms cimoes 1 u 2.
Numbers of neurons — koM4YecTBO HEHPOHOB B CIIOE.
Transfer function — g yHKIMs aKTUBAIMU CITOS.

x|
~Source ~Selectavariable Destinaton
= Import from MATLAB workspace (no selection) Name
 Load from disk ile P1 [Pt
MATEN e e f Import As:
I € Tetwar
Er— @ |nputs
" Targets
 Initial Input States
 Initial Layer States
 Qutputs
C Erors
Cancel Import
Puc. 4
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Oxno Import or Load to Network/ Data Manager Bxitoyaet Tpu moJist:

Source — moje I BHIOOpPAa MCTOYHHKA JaHHBIX: pabouas obmacte MATLAB (Import from
MATLAB workspace) 6o daiin (Load from disk file).

ITIpu BEIOOpE MepBoro BapuaHTa mosie Select a variable comepkuT Bce mepeMeHHbIC padbouei
obnactu. Ilpu BeIOOpe BTOpOro Bapmanrta akTuBu3upyercs moine MAT — file Name u xkHOmKa
Browse.

Destination — moiie, B KOTOPOM CJIEAYEeT yKa3aTh THUI MMIOPTUPYEMBIX JAHHBIX ITyTeM BBIOOpA
OJIHO U3 PaJOKHOIIOK.

Oxno Export or Save from Network/Data Manager (puc. 5) mo3BoJisieT mepeiarb JaHHBIC U3
paboueit o6actu NNTool B pabouyro oomacte MATLAB wnu coxpanuth ux B Buje (aitna Ha
mucke. Ecnu B kadecTBe coXpaHseMOW TNEpEeMEHHOH BhIOpaHa MEepPeMEHHAs, MPUHAIJIeKAIas
kiaccy network object, u oHa skcopTUpoBaHa B pabouyto o61acte MATLAB, MOXHO TOCTPOUTH
MOJIeTh HEMPOHHOU ceTu B cucteme Simulink.

Export or Save from Network/D ata Manager H )ﬂ
~Select Variahles

netwark1
datal

P1

T

Select one or maore variables. Then [Expot] the variables
to the MATLAB workspace or [Save] them to a diskfile

Select All Select None Cancel | X I Saye

Puc. 5

[Tocne cozmanus v akTUBU3aLKMU HEWpPOHHOH ceTn B okHe Network/Data Manager craHoBsATCA
aKTUBHBIMU KHOMKU View, Delete, Initialize, Simulate, Train, Adapt. [Ipu Beigenenun B oo6nactu
Networks co3anHO#M ceTu OTKpbIBaeTCs nuanoroas manenb Network: <umsi_cetu> (puc. 6).

=T
view | Iniialize | Simulate | Train | Adapt | weights |

D—1F D1
1

2 1

Manager Close

Puc. 6
ITanens UMeET MIECTh 3aKIAM0K:
View — npocMOTp CTPYKTYPBI CETH.
Initialize — 3amanne HaYaIbHBIX BECOB M CMELCHUIA.
Simulate — moxenrpoBaHue CeTH.
Train — oOydeHue ceTH.
Adapt — amanTanus ¥ HaCTpOMKa MapaMeTPOB B CETH.
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Weights — mpocMOTp yCTaHOBJICHHBIX BECOB M CMEIIICHUH.

HUTOroBbIii NPOAYKT CAMOCTOATEILHON PadOThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIEeHKH: coOeceloBaHue
Pabora ¢ aureparypoii:

PexomeHyemble HCTOUHUKN HHPOpMaIuu (Ne nCTOYHMKA)

OcHoBHast JononHuTenpHast Metoanueckas HNutepHeT-pecypchl

1-2 1-3 1-3 1-2

TeMa caMOCTOATENIBHOT0 H3yYeHus Ne 6.
CamMoopranmu3ymomimecs: U peKyppeHTHbIC ceTH. [ MOpuaHbIe HEUPOHHBIE CETH.
Buj 1esiTeJIbHOCTH CTYIEHTOB: CAMOCTOSITEIIbHOE H3YUCHHUE JINTEPATYPhI

Camoopranusyrliuecs ceTu
Ceru Koxonena

B mnpomecce ananmza Oonplmiux HH(DOPMAIIMOHHBIX MACCHBOB JAHHBIX HEU3MEHHO
BO3HUKAIOT 3a/1a4d, CBSI3aHHBIE C HCCJIEIOBAHHUEM TOIIOJIOTMYECKOM CTPYKTYpBl JaHHBIX, HUX
o0beIMHEHHEM B TPYIIBI (KJIacTephl), paclpeesieHneM Mo KiaccaM M T. M. JTO MOTYT ObITh
HKOHOMUYECKHUE, (PMHAHCOBbIE, HAYYHO-TEXHUUYECKUE, MEAULIMHCKHUE U JIpYrHe IPUI0OKEHUs, T
TpeOyeTcs pelieHre TaKuX MPaKTHYECKUX 3a]ad, KaKk C)KaTHe JaHHBIX, UX XPAaHEHUE U TOUCK,
OIpe/IeNIEHUE XapaKTEepPUCTUK OOBEKTa MO0 OrpaHMYEHHOMY Habopy npusHakoB. Takue 3anauu
MOTYT OBITh YCHEIIHO PEIICHbI C MPUMEHEHUEM CIIeHUATbHOr0 Kjacca caMOOpTraHU3YIOMIMXCS
HelpoHHbIX ceTed. HeliponHbie cetn KoxoHeHa wnu camoopeanusyrowuecs kapmol Koxonena
(Kohonen's Self-Organizing Maps) mnpegHa3HauyeHbl JUIS pEIICHHS 3aJad aBTOMAaTHYECKOM
KJacCupUKaluy, Korja  oOydamomias  IOCJIEI0BaTeIbHOCTb  00pa3oB  OTCYTCTBYET.
COOTBETCTBEHHO OTCYTCTBYET M (UKcalMs OIIMOKH, Ha MUHUMM3AIMA KOTOPOW OCHOBAaHbI
QIrOpUTMBl  OOYyY€HHs, HaNpuUMep, aIrOpUTM OOPATHOIO PacHpOCTPAHEHUS  OIIMOKHU
(Backpropagation).
Cetp KoxoneHna — 310 IByXclioitHasi HEHPOHHAS CETh, COJIEPIKAIIAs 8X00HOU 10t (CIION BXOTHBIX
HelipoHOB) U cnou Koxonena (crmoil akTuBHBIX HeipoHOB). Cnoit KoxoHeHa MOXeT OBITh:
OJIHOMEpPHBIM, JBYMEpPHBIM WJIM TpeXMEpHbIM. B mnepBoMm ciaydae aKTHBHBbIE HEHpPOHBI
pacroyio’)keHsl B LeMouky. Bo BTopoM citydae oHM 00pa3yroT JBYXMEpHYIO CETKY (OOBIYHO B
dbopme KBaapaTa WM TPSMOYTOJIbHMKA), @ B TPEThEM CIydae OHU OOpa3yloT TPEXMEPHYIO
KOHCTpYKLHUIO. B cuity oTcyreTBus 00yuaromiel nocieaoBaTeaIbHOCTH 00pa3oB, A Kax/10ro 13
KOTOPBIX U3BECTHA OT YUHUTENS IPUHAUIEKHOCTh K TOMY WJIM HHOMY KJIacCy, ONpE/IeJIEHNE BECOB
HelpoHOB cyosi KoXOHEHa OCHOBAaHO Ha HCIIOJIB30BAHMM aJITOPUTMOB  KJIACCHYECKOMN
kinaccuukanuu (Kiactepusanuu wid caMooOydeHus). CBOMCTBO CaMOOpPTraHW3AIUU SIBIISETCS
OIHUM U3 Hauboyiee  TPHUBJIEKATENBHBIX  CBOMCTB  HeHpoHHBIX ceredl.  HelpoHbl
CaMOOpPraHU3yIOUIeHCcs CeTU MOTYT ObITh OOYyYEHBI BBISIBJICHHMIO TPYII (KJIACTEPOB) BEKTOPOB
BX0/1a, 00J1a/Jal0IUX HEKOTOPBIMU OOIIMMU cBOMCTBaMHU. [Ipy n3yueHnn caMoOpraHu3yIOIIMXCs
HEHPOHHBIX CEeTeU, WK cemel Koxonena, CylmeCTBEHHO pa3inyaTh CETH C HEYNOPSJOYEHHBIMU
HEHpOHaMH, KOTOPbIE YacTO Ha3bIBAIOT crosimu Koxonena W CETH C YNOPSAIOYEHUEM HEUPOHOB,
KOTOpBIE 4acTO Ha3bIBalOT kapmamu Koxonena. Ilocnennue oTpakaroT CTPYKTYpY JaHHBIX TaKUM
o0pa3oM, 4To OJIM3KHUM KiacTepaM JIaHHBIX Ha KapTe COOTBETCTBYIOT OJIM3KO PACIOJIOKEHHBIE
HEHUPOHBI.
Canoii Koxonena

PaccmoTpuM camoopraHu3yronrytocsi HEHpOHHYIO CeTh C €AMHCTBEHHBIM CIIOEM, 3ajayda
KOTOPOH 3aKirodaeTcs B TOM, YTOObI MPaBWJIBHO CrPYNIUPOBaTh (KJIAaCTEPU3UPOBATH)
MOCTYMNAIONINe Ha Hee BEKTOPHI BXO/1a.
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Puc. 12.1. Apxutekrypa cios Koxonena

Herpyano ybenutbes, 4yTO 3TO CIOW KOHKYPUPYIOLIETO THIA, IOCKOJIbKY B HEM IPUMEHEHA
KOHKYypHpYyomas GyHKIHs akTuBanuu. KpoMe Toro, apXuTekTypa 3Toro cjiosi OueHb HallOMUHAET
APXHUTEKTYPY CKPBITOTO CIIOS paaualibHOil 0a3uCHOM ceTH. 31ech MCIob30BaH Oyok Ndist s
BBIUMCJICHHS] OTPULIATENBHOIO €BKJIUA0BA PACCTOSIHUS MEXAY BEKTOPOM BXOAAa P U CTPOKaMU
matpuusl BecoB IW?!. Bxon ¢ydkuum aktuBarmu n!' — 9T0 pesyabTar CyMMHMpPOBaHUs
BBIYMCIICHHOTO PAacCTOSHUS C BEKTOPOM cMelneHuss D. Eciu Bce CMEIICHUS HYyJEBBIC,
MaKkcuMalbHOE 3HadeHue N He MoxkeT npesbimars 0. HyneBoe 3nauenne N BO3MOKHO TOJIBKO,
KOI'Zla BEKTOP BXOJa P OKa3bIBacTCs paBHBIM BEKTOPY BECA OJTHOTO U3 HEHPOHOB. Eciin cmelenus
o4kl 0T 0, TO BO3MOKHBI M ITOJIOKUTEIBHBIE 3HAYEHHS IS JIEMEHTOB BEKTOpa N,

Konkypupyromas GpyHKIMs aKTHBAlMM aHAIM3UPYET 3HAYEHHS SJIEMEHTOB BeKTopa N' u
dbopMHUpyeT BBIXOJbI HEHUpPOHOB, paBHbie O 15 BCEX HEUPOHOB, KPOME OIHOTO HEHpOHa-
noOenuTelis, UMEIOIEro Ha BXOJE MaKCHMalbHOE 3HaueHue. TakuM o0pa3oM, BEKTOp BbIX0Ja
cinos al MMeeT eIMHCTBEHHBIM OJIEMEHT, paBHBIA 1, KOTOPBIM COOTBETCTBYET HEMPOHY-
nobenuTento, a ocraibHble paBHbl (. Takas akTHBallMOHHAs XapaKTEPUCTHUKA MOXKET ObITh
OIMCaHa CJIEIYIOINUM 00pa3oMm:

ol L, i=i, i* = arg(max nﬁ)
i

*

0, i#i

3aMeTHM, 4TO 3Ta aKTUBALMOHHAsl XapaKTEPUCTUKA YCTAHABINBAETCS HE HA OTAEIbHBIN HEHPOH,
a Ha cnoi. Ilooromy Takas aKTUBAallMOHHAs XapaKTEpUCTUKA M TIOJy4WJla Ha3BaHUE
koHKypupyioweti. Homep akTUBHOTO HeWpoHa i ompenensier Ty rpymmy (KiIacTep), K KOTOpOu
HauOosiee OMM30K BXOonHOM BekTop. st dopmupoBanus ciosi Koxonena npegHazHaueHa M-
byHKIHS NEWC.

[Toxaxkxem, kak oHa paboTaeT, Ha mpocTtoM npumepe. Ilpennonoxkum, 4Tro 3aJaH MaccuB W3
YETHIPEX JBYXDJIEMEHTHBIX BEKTOPOB, KOTOPHIE HAJI0 pa3JeUTh Ha 2 KJlacca:

p=1[1.8.1.9 2 9.1 .8]

P=

0.1000 0.8000 0.1000 0.9000

0.2000 0.9000 0.1000 0.8000

B sTOM npumepe HeTpyIHO BUIIETH, UTO 2 BEKTOpa pacnonoxeHsl Boau3u Touku (0,0) u 2 BekTopa
— BOmm3u touku (1,1). Chopmupyem crnoii KoxoHena ¢ nByMss HeWpoHaMu Uil aHaIHM3a
JIBYX?3JIEMEHTHBIX BEKTOPOB BXO/J1a C Tnana3oHoM 3HaueHui ot 0 1o 1:

net = newc ([0 1; 0 1],2);

IlepBbIil apryMeHT yKa3blBae€T AMANa30H BXOJHBIX 3HAYEHWM, BTOPOM ONpeneseT KOJIUYECTBO
HENpoHOB B cioe. HayanbHble 3HA4YEHMsI DJIEMEHTOB MAaTpPUIIBI BECOB 33JAOTCS KaK CpelHee
MaKCHMaJIbHOTO ¥ MUHUMAJIBHOTO 3HAYEHUH, T. €. B IECHTPE NHTEPBAJIa BXOAHBIX 3HAYECHHM; 3TO
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peau3yeTcs o yMOJYaHHIO ¢ TOMOIIb0 M-pyHkiimu midpoint npu co3nanuu cetu. Y oemaumcs,
YToO 3TO I[Gf/iCTBPITCJ'IBHO Tak:

wts = net.iw{l,1}

Wwts =

0.5000 0.5000

0.5000 0.5000

Ornpenenum xapaktepuctuku ciosi Koxoncna

net.layers{1}

ans =

dimensions: 2

distanceFcn: 'dist’

distances: [2x2 double}

initFen: ‘initwb’

netlnputFcn:  'netsum’

positions: [01]

size: 2

topologyFcn: 'hextop?!

transferFcn:  ‘compet’

userdata: [IxI struct]

W3 sToro omucaHus ClEeAyeT, 4TO CETh HCIOJIb3yeT (YHKIMIO €BKJIMI0BA PACCTOSHUS dist,
byHKIM0 HHUIHATH3anuU INItwD, ¢pyHkuio 00paboTku BX0A0B NEtSUM, (GYHKIIMIO aKTHBAIIMN
compet u GpyHKIHIO onucanus Tomosoruu hextop.

XapaKkTepUCTUKU CMELICHUH CIIEYIOLIHE:

net.biases{1}

ans =

initFen: ‘initcon’
learn: 1

learnFcn: 'learncon’
learnParam:  [IxI struct]
size: 2

userdata: [IxI struct]
Cwmenienus 3amarotcest QyHKIEeEH iNitCoN 1 Ui MHUIHATM3UPOBAHHOM CETH PaBHbBI
net.b{1}

ans =

5.4366 5.4366

dyHKIMeH HACTPOWKU cMelleHuid siBisiercs GyHkius learncon, obecrieunBaroias HACTPOMKY ¢
y4eTOM IapaMeTpa aKTUBHOCTU HEWpOHOB. Temneps, korna chpopMupoBaHa caMOOPTaHU3YIOLIAsICS
HEHpOHHAas ceTh, TpeOyeTcss 00yUnTh Ce PELICHUIO 33/1a4M KJIacTepu3alluy JaHHbIX. HamomuauM,
YTO Kbl HEMpPOH Osioka COMpet KOHKYpHUpYeT 3a MpaBO OTBETUTh Ha BEKTOp BXxoxa p. Eciu
Bce cMelleHus: paBHbl 0, TO HEHpPOH ¢ BEKTOPOM Beca, CaMbIM OJM3KUM K BEKTOpY BXOja D,
BBIMTPHIBAET KOHKYPEHLHMIO M BO3BpalllaeT HA BBIXOJAE 3HA4YEHHE 1; Bce Ipyrue HEHPOHBI
BO3BpaaroT 3HaueHue 0.
IIpaBuiia 00yyeHUs1 U HACTPOIKHU cMeleHuii cjioss Koxonena

IIpaBuno obOyuenuss cnos KoxoHena, HaspiBaemMoe Takke mpaBuwiioM KoxoHeHa,
3aKJIIOYaeTcsi B TOM, 4YTOOBl HACTPOUTh HYKHBIM O0pa3oM »3JIEMEHThl MAaTpPHUIIBI BECOB.
[penamnonoxuM, 4TO HEHPOH | MOOeAM pH Nmojade Bxoaa p(Q) Ha mare caMooOydeHus (, Toraa
CTpPOKa | MaTpHIIbl BECOB KOPPEKTUPYETCSI B COOTBETCTBHH C TpaBiiioM KoXOHEHa Cleayromum
obpazom: _ _ _

W' () =IW1i' (g - 1) + a(p(q) - IW1i' (g - 1)).

[TpaBuno Koxonena mpeacrapisier coO0i peKyppeHTHOE COOTHOLIEHHE, KOTOPOe 00ecreunBaeT
KOPPEKIHUIO CTPOKU | MaTpHUIIBI BECOB J00ABICHUEM B3BELICHHOW Pa3HOCTH BEKTOpa BXOJA U
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3HaYeHUs CTPOKU Ha mpeabiayiieM miare. Takum obpa3om, BeKTOp Beca, HanOomee OIM3KUN K
BEKTOpY BXOJa, MOAU(PHULUUPYETCS TaK, YTOObI PACCTOSIHME MEXKIY HMMHU CTajo €llle MEHBIIIE.
Pesynbrar Takoro obydeHus OyAeT 3aKi0YaTbCs B TOM, YTO MOOEIUBIIMK HEHPOH, BEPOATHO,
BBIMIPAaeT KOHKYPEHLMIO U B TOM Cilydae, Koraa OyleT Ipe[cTaBieH HOBBIH BXOIHOW BEKTOD,
ONMU3KMI K TpeAplAyIieMy, U ero rmodeqa MeHee BeposiTHA, Korja OyneT NpeACTaBIeH BEKTOD,
CYLIECTBEHHO OTIMYAIOIIMCcs oT npeasiayiero. Koraa Ha BXoa ceT nocrynaer Bce Oosibliee U
OoJblliee YMCIIO BEKTOPOB, HEWPOH, SIBISIOIIMICS ONMKAaWIIMM, CHOBa KOPPEKTHUPYET CBOMU
BECOBOW BEKTOp. B KOHEUHOM cueTe, ecly B €J10€ UMEETCS JOCTaTOYHOE KOJIMYECTBO HEUPOHOB,
TO Ka)KJasti Tpymna OJM3KUX BEKTOPOB OKAXKETCS CBSI3aHHOM C OHUM U3 HEHPOHOB ciosi. B aToM
Y 3aKJII0YAETCsl CBOMCTBO caMOOopranu3anuu cios KoxoHeHa.

[IpaBuiio HacTpoiiku cmemeHuii. OHO U3 OrpaHMYEHUI BCIKOIO KOHKYPUPYIOIIETO €0
COCTOMT B TOM, YTO HEKOTOPBIE HEMPOHBI OKa3bIBAKOTCS HE3aACHCTBOBAHHBIMU. JTO MPOSBIIACTCS
B TOM, YTO HEHpPOHBI, UMEIOLIUE HayajlbHbIE BECOBBIE BEKTOPbI, 3HAUUTEIHHO YIAJIECHHBIE OT
BEKTOPOB BXO0J/la, HUKOIJA HE BBIUIPHIBAIOT KOHKYPEHLIMH, HE3aBUCUMO OT TOr0 Kak JOJIIO
npojoipKaeTcst ooyuenue. B pesynbraTe oKka3pIBaeTCsl, YTO TAKUE BEKTOPHI HE HCITOIB3YIOTCS TIPU
0o0y4yeHMH U COOTBETCTBYIOLME HEWPOHBl HUKOIAA HE OKa3blBalOTCSA moOenutensimu. Takue
HEHUpPOHBI-HEYJAUHUKU Ha3bIBAIOT "MEPTBBIMHU" HEWPOHAMHU, IMOCKOJIbKY OHU HE BBINOJIHSIOT
HUKAKOM mosie3HOM (yHKIuM. YUTOOBI MCKIOYMTH TaKyl0 CHUTYallMI0 U CHENaTh HEHpPOHbI
YYBCTBUTEJIbHBIMU K IMOCTYHAIOIIMM Ha BXOJ BEKTOPaM, HCIOJIb3YIOTCS CMELICHHS, KOTOpbIE
HO3BOJISIIOT HEHPOHY CTaThb KOHKYPEHTHBIM C HEHPOHAMU-TIOOEIUTENIMU. DTOMY CIIOCOOCTBYET
HOJIOKUTEIIbHOE CMEIIEHHE, KOTOPOEe J00aBIIETCsS K OTPUIIATEIbHOMY PACCTOSHHIO YIAIEHHOTO
HeripoHa. COOTBETCTBYIOLIEE IPABUIIO HACTPOUKH, YUUTHIBAOILEE HEUYBCTBUTEIbHOCTD MEPTBBIX
HEWPOHOB, pean30BaHo B Buje M-¢pyHkiuu learncon u 3akiodaercs B clienyroonieM. B Havyane
IIPOLEAYPBl HACTPOMKU BCEM HEMpPOHAM KOHKYPHUPYIOLLErO CJIOS IPUCBAMBACTCS OAVHAKOBBIN
napaMeTp aKTUBHOCTHU

rae N — Komu4ecTBO HEMPOHOB KOHKYPUPYIOILIETO CJIOS, paBHOE YUCITY KjacTepoB. B mpoiecce
HacTpoiiku M-¢pyHkuus learncon KoppexkTupyer 3TOT HmapameTp TakuM o0pa3oM, 4TOOBI ero
3HAUEHUS 7151 aKTUBHBIX HEHPOHOB CTAHOBWIIUCH OOJIbIIIE, a JJ11 HEAKTUBHBIX HEMPOHOB MEHBbIIIE.
CootBercTBytomas (GopMyna sl BEKTOpa MPUPAIICHHH MapaMeTpOB AKTUBHOCTH BBITJISIUT
CJIEAYIOIIUM 00pa3oM:

Ac = Ir*(ai* — ¢),
rae Ir — mapamerp CKOPOCTH HaCTPONKH; ail — BEKTOP, 2JIEMEHT I* KOTOPOTo paBeH 1, a ocTanbHbIe
0. HerpynHo yOenutbes, 4yTO Ui BCEX HEHPOHOB, KpoME HEWpOHa-NMoOeauTeNs, MpupalleHus
oTpuuaresbHbl. [10CKOJIBKY TapaMeTpbl aKkTUBHOCTH CBSI3aHbI CO CMELIEHUSMU COOTHOILLIEHUEM
b= exp(1) /¢,
TO W3 3TOTO CIIEJYeT, YTO CMEIIEHUE TS HEHpOHA-MOOEeIUTEeNs] YMEHBIIUTCS, & CMEIIEHUS AJIs
OCTaJIbHBIX HEHPOHOB HEMHOro yBenuyarcs. M-(yHkiwus |earncon ucmosb3yer CleayroInyro
dbopMyy IS pacdyeTa MpUpaIIeHH BEKTOpa CMEIEHUI
Ab =exp(1 - log(c)) - b.
[Tapametp ckopoctu Hactpoiiku Ir mo ymomuanuto paseH 0.001, u ero BenuyrMHa OOBIYHO HA
MOPSIOK MEHBIIIE COOTBETCTBYIOIIETO 3HaueHus 11t M-byukuuu learnk. Yeenuuenue cMeneHui
JUI HEAKTUBHBIX HEHPOHOB ITO3BOJISIET PACIUMPUThH JHANA30H IMOKPBITHS BXOAHBIX 3HAYEHUM, U
HEAaKTHBHBI HEUPOH HauyMHAeT (POopMUPOBAThH KiacTep. B KOHEYHOM cueTe, OH MOXXET HavyaTh
NPUTATUBATh HOBBIE BXOJHBIE BEKTOPHL. JTO JaeT JBa NpeumyliecTBa. Ecinu HeWpoH He
BEIMTPBIBAET KOHKYPEHIIMH, IIOTOMY 4YTO €ro BEKTOP BECOB CYIISCTBEHHO OTJIIMYAE€TCA OT
BEKTOPOB, TOCTYMAIOIIUX HAa BXOJ CETH, TO €ro CMEIIEHHE MO Mepe OOyueHHUs CTaHOBUTCS
JIOCTaTOYHO OOJBIIKMM, U OH CTAHOBUTCS KOHKypeHTocrnocoOHbIM. Korga 3To mpoucxoaur, ero
BEKTOP BECOB HAUMHAET MPUOIMKATHCS K HEKOTOPOW TpyIIe BEKTOpoB Bxona. Kak Tombko
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HEHpOH HaYMHAET MO0k IaTh, €r0 CMELICHHE HAYMHAECT YMEHbIIAThcsa. TakuM oOpa3oM, 3a1ava
aKTUBH3aLMK "MEPTBBIX" HEUPOHOB OKA3bIBACTCS PEIICHHON. BTOpOEe MpenMyIecTBO, CBSI3aHHOE
C HACTPOMKOM CMEIIEHUN, COCTOUT B TOM, YTO OHM IIO3BOJISIOT BBIPOBHATH 3HAYEHUS I1apaMeTpa
AKTUBHOCTH U O0ECIEeUUTh MPUTSHKEHHUE MPUOIU3UTENIBHO OJMHAKOBOIO KOJIMYECTBA BEKTOPOB
Bxoza. Takum 0O6pa3om, eciii OJJH U3 KJIACTEPOB MPUTIATUBACT OOJIbILEE YUCIO BEKTOPOB BXOAA,
4yeM Apyroii, To OoJiee 3anoaHeHHas 00JI1acTh NPUTSIHET JONOJHUTENbHOE KOJIUYECTBO HEUPOHOB
u OyJzeT rnojeneHa.
Kapra Koxonena

Camoopranusyromnasics ceTb B Bujie kKapTel KoxoHeHa IpeiHa3HaueHa Jyisl peleHus 3aaa4
KJIACTEpU3aLMM BXOJHBIX BEKTOpoB. B ornmmume ot cnos Koxonena kapra Koxonena
NOJ/IEP’KUBACT TAKOE TOMOJIOIMYECKOe CBOMCTBO, KOTa OJIM3KUM KJIACTEpaM BXOJHBIX BEKTOPOB
COOTBETCTBYIOT OJIM3KO PaCIOJIOKEHHbIC HEUPOHBDI.
[TepBoHavanbHasE TOMOJOTHS pa3MelieHus HelpoHOB B cioe KoxoHneHa 3amaercs M-(yHKIUIMU
gridtop, hextop wmu randtop, 4Tto COOTBETCTBYET pa3MEIICHHIO HEHPOHOB B y3Jax JIMOO
IPSIMOYTOJIBHOM, TINOO reKcaroHaJIbHOM CETKH, 100 B y3J1aX CETKU CO CIy4yailHOW TOIMOJIOruei.

Input Self Organizing Map Layer

f N7 Y
TWi
SixRk l
P ) ni al
™ Il ndist Il W’ C W’
R L
AN >
ni=-|| Iwu-p | al = compet ()

Puc. 12.2. Apxutekrypa kaptsl KoxoHena
PaccTostHust MEXTy HEWPOHAMH BBIYUCIISIFOTCS C TIOMOIIBIO CIICIHATBHBIX (DYHKIHIA BHIYUCICHHSI
paccrosiamii dist, boxdist, linkdist u mandist. Kapra Koxonena misi ompejeneHust HelipoHa-
00eINTENIsI UCTIOB3YET TY JKE MPOIIEAYPY, Kakas mpuMeHsieTcs U B ciioe Koxonena. OHako Ha
kapte KoxoHeHa OHOBPEMEHHO M3MEHSIOTCSI BECOBbIE KOI(P(UIMEHTHI COCETHUX HEHPOHOB B
COOTBETCTBHH CO CIIEAYIOIINM COOTHOIIICHHEM, UMEHYeMbIM mpaBmiioM KoxoHeHa:
wi(q) = (I - o)i w(q - 1) + ap(q).
B 3TOM ciydae OKpecTHOCTh HeHpOHA-OOeIUTENs BKIIOYAET BCe HEHPOHBI, KOTOPBIC HAXOISTCSI
B Ipefieiax HEeKOToporo paauyca d:

Ni(d) = {j,dij<d}.

OKpecTHOCTH:
Ni(1)={8, 12,13,14,18}
N2(2)={37,8,9,11, 12, 13, 14, 15,17, 18, 19, 23}

Puc. 12.3. OxpyxHoctu paguycos 1 u 2 HeiipoHa-noGenuTesns ¢ Homepom 13.
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Tonosorust KapThl pacnoiOkKeHNUs HEMPOHOB HE 00s3aTENbHO AOJKHA OBITh JBYMEpPHOH. DTO
MOTYT OBITh U OJJHOMEpPHBIE U TPEXMEpHBIC KapThl, M Jaxe KapThl OONbIINX pa3MepHocTell. B
ciydyae ogqHOMepHOM KapThl KOoXOHEHa, Koraa HEMpOHBI PACIOIOKEHBI BIOJIb JTUHUM, KaXIbII
HEHpOH OyleT MMETh TOJIBKO JIBYX COCENeH B mpenenax panuyca | win eIMHCTBEHHOTO COCe/a,
€CJIM HEHPOH PACIIONIOKEH Ha KOHIIE JMHUU. PaccTOsHMS MEKIy HEHPOHAMU MOKHO OIPENEIATh
Pa3IMYHBIME CIIOCO0AaMU, UCTIOIB3Ys MPSIMOYTOJIbHBIC WM T€KCArOHAIBHBIE CETKH, OJHAKO 3TO
HUKaK HE BIMAET Ha XapaKTePUCTUKU CETH, CBSI3aHHBIE C KIacCU(pUKAIMEeH BXOAHBIX BEKTOPOB.
MoXHO 3a1aTh pa3IM4YHBIE TOMOJIOTMM JUIsl KApThl PACIOJIOKEHUS HEUPOHOB, UCHONb3Yys M-
dbyuxuuu gridtop, hextop, randtop. PaccmoTpum mpocteiiinyio npsMOyrojibHYyK CETKYy pa3mepa
2x3 ans pa3MemieHus] IeCTH HEHPOHOB, KOTOpask MOXKET OBITh CPOpPMHpPOBAaHA C TOMOIIBIO
byuknuu gridtop:

pos = gridtop{2,3)

pos =

010101

001122

plotsom(pos) %

3neck HelipoH 1 pacnonoskeH B Touke ¢ koopauHaTamu (0,0), Heiipon 2 — B Touke (1,0), HeitpoH 3
— B touke (0,1) u T. 1. 3aMeTHM, YTO, €CJIM IPUMEHUTH KoMaHy gridtop, nmepecTaBuB aprymMeHThI
MECTaMH, MIOJIyYUM MHOE Pa3MEIICHUE HEHPOHOB:

pos = gridtop(3,2)

pos =

012012

000111

['excaroHaJIbHYIO CETKY MOYKHO c(hOPMHPOBATH C MOMOILBIO GyHKIMK hextop:

pos = hextop(2,3)

pos =

0 1.0000 0.5000 1.5000 0 1.0000

0 0 0.8660 0.8660 1.7321 1.7321

plotsom(pos)

3ametum, uto M-yHkuus hextop ucmonb3yercs Mo YMOIYaHHUIO MpU co3naHuu kapt KoxoneHa
npu npuMeHeHnH GyHKuu NEwsom. CeTka co cilyyailHBIM pacHoOXKEHUEM Y3JI0B MOXKET OBbITh
co3aaHa ¢ momMonipio ¢ynkuuu randtop.

PexyppenTHbIe ceTn

Ceru Daimana

B oroil rnaBe paccMarpuBarOTCAd 2 THIA PEKYPPEHTHBIX HEHPOHHBIX CETEH,
HPE/ICTABISIOIINX HAUOOIBINNI MHTEpEC IS OJIb30BaTesel, — 3TO Kiiacc cereit Dnmana (Elman)
u kiacc cereit Xondunaa (Hopfield). XapakrepHoli 0cOOEHHOCTHIO apXUTEKTYPhI PEKYPPEHTHOU
CETH SIBIIACTCA HAM4YHe OJIOKOB TUHAMUYECKOW 3aJIEPKKU U OOpATHBIX CBSI3EH. DTO MO3BOJISET
TaKUM CEeTsIM 00pabaThIBaTh TUHAMUYECKHE MO1ed. OOpaTHUMCs K OTTMCaHUIO KOHKPETHBIX TUIIOB
PEKYPPEHTHBIX HEMPOHHBIX CETEN.

Cerp DnMaHa — 3TO CETh, COCTOSIIAS U3 JBYX CIIOEB, B KOTOPOI CKPBITHIM CION OXBaueH
JTUHAMUYECKOM OOpaTHOM CBsA3bI0. DTO MO3BOJISIET YYECTh MPENbICTOPUIO HAOII01aeMBIX
IPOIIECCOB U HAKOMUTH MH(POPMALIUIO JUTsl BRIpaOOTKHU MPABUIILHOM cTpaTeruu ynpasienus. Cetu
DOnMaHa MPUMEHSIOTCS B CHCTEMax YIPAaBJICHUS ABIKYIIMMHUCA OOBEKTaMH, NMPU MOCTPOESHUU
CHCTEM TeXHUYECKOT'0 3peHHs U B IPYTUX MPUIOKEHUX. B kauecTBe (yHKIIMIA aKTUBALIMU B CETH
DOnMaHa 4acTo UCHOJb3YIOTCS: B CKPBHITOM, PEKYPPEHTHOM CJI0€ — PYHKIMS TUIEPOOTUIECKOTO
taHreHca tansig, B auHeitHoM ciioe — ynkuus purelin. Takoe coueranue QyHKUIMI aKTUBAIMU
MO3BOJIIET MAaKCUMAJIbHO TOYHO AaNMpOKCUMHPOBaTh (DYHKIHMHM C KOHEYHBIM YHUCIOM TOYEK
paspbiBa. EnuHCTBeHHOE TpeOoBaHHE, MPEABSIBIIEMOE K CETH, COCTOUT B TOM, YTOOBI CKPBITHIH
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CIIOM MMeNn JOCTaTO4YHO OOJNBIIOE YHCIO HEWPOHOB, YTO HEOOXOOUMO IS YCHEIIHOW
anMpOKCUMALIUU CJIOXKHBIX (QYHKIIMH.

Di—

aillk-1)
ak) =y
LA ey a1 (k) 8=
Rixl 5lyy 57xl
slxm! 7‘: 7L
19 bt 19
Rl slxl Sl 52
/| AN J
Input Recurrent tansig layer Output purelin layer

al(k) = tansig (TWilp+LWtiiaik-1) + by) az(k) = purelin(LWziat(k) + bz

Puc. 13.1. Apxutexrypa cetn DnmaHa

B cooTBeTCTBUM CO CTPYKTYpHOUH cxeMoii ceTu DiMaHa chopMupyeM TUHAMHYECKOE OMUCAHHE
€€ PEKYPPEHTHOTO CJIOSA B BUJIC YPAaBHEHUU COCTOSIHUS

n'(k)=LW"a'(k-1)+IW'p+b', a'(0)=a);
a'(k) = tansig(n] (k)).

Orta pekyppeHTHas MaTpuuHas (GopMa ypaBHEHHH COCTOSIHMSA JMIIHMA pa3 MOAYEpKHBAET
Ha3BaHME M3y4yaeMbIX HEUPOHHBIX ceTel. BTopoii, muHelHbIl ol ABIseTcs] Oe3bIHEPIUOHHBIM
Y ONMCBIBAECTCS] COOTHOIICHUSAMU

n*(k)=LW?'a' (k) +b?;
az(k) = pur&:!in(n2 (k)).

Cetun Xonduaaa

Beskuil 11eneBoii BEKTOp MOKHO paccMaTpUBaTh KaKk HA0Op XapaKTEpHBIX MPHU3HAKOB
HEeKoTOporo o0nekTa. Ecnm co3math peKyppeHTHYIO CETh, IMOJIOKEHHE PAaBHOBECHS KOTOPOU
COBMAJIajio OBbI C ATUM IIEJEBBIM BEKTOPOM, TO TaKyl0 €CTh MOKHO OBIJIO OBl paccMaTpUBaTh Kak
accoruaTuBHYIO mamsaTh. [locTymiienne Ha BXOA TaKOW CETH HEKOTOPOTO HaOOpa MPHU3HAKOB B
BUJIC HAYAJIBHBIX YCIOBUI MPUBOAUIO OBl €€ B TO WIM WHOE IOJIO)KEHHE DPAaBHOBECHS, UTO
MO3BOJISITIO OBI ACCOIMUPOBATH BXO/JI C HEKOTOPHIM 00BEKTOM. MIMEHHO TaKUMHU acCOIMaTUBHBIMU
BO3MOXXHOCTSIMU M oOmamatoT cemu Xongunoa. OHH OTHOCATCS K KJIAacCy PeKYpPPEeHTHBIX
HEHWPOHHBIX CETEH, 00JaTAONIUX TEM CBOMCTBOM, YTO 32 KOHEYHOE YMCIIO TAKTOB BPEMEHH OHU
Y3 IPOU3BOJIBHOIO HAYaJIbHOI'O COCTOSHUS NMPUXOAAT B COCTOSHHUE YCTOWYMBOIO PAaBHOBECHS,
HazpiBaeMoe ammpakmopom. KoOIM4ecTBO TakWX  aTTPAKTOPOB  OMpEAeNsieT 0o0BeM
ACCOLIMATUBHOM maMaTu ceTr Xonpuiaa.

CnpoektupoBaTh ceTh Xonduiga — 5TO 3HAYAT CO3JaTh PEKYPPEHTHYIO CETh C
MHOKE€CTBOM TOUYEK PABHOBECHS, TAKUX, YTO TP 33aJaHUU HAYAJIbHBIX YCIOBUI CETh, B KOHEYHOM
cyeTe, MPUXOJIHUT B COCTOSIHUE MOKOS B OAHOM U3 3TUX TOYEK. CBOKMCTBO PEKYPCHUH MPOSBISETCA B
TOM, YTO BBIXOJ CETH MOjaeTcs OOpaTHO Ha BXOA. MOXKHO HAJEsAThCS, YTO BBIXOJ CETH
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YCTaHOBUTCS B OJTHOM M3 To4ek paBHOBecHs. CHHTE3UpyeMasl CETh B JIONIOJIHEHHE K JKEIAEMBbIM,
MO3KET UMETb napazumHvle mouku pagnogecus. OJHAKO YUCIIO TAKUX ITAPA3UTHBIX TOYEK JOJIKHO
OBITH CBEJIEHO K MUHHMYMY 3a CUET KOHCTPYMpPOBaHHUS MeToja cuHTe3a. boinee Toro, obimacth
IPUTSKEHUS. TOYEK PaBHOBECHs JIOJDKHA OBITh MaKCUMallbHO OosblIOoW. MeToJ cuHTe3a ceTu
Xomndunaa OCHOBaH Ha TOCTPOCHHWU CHCTEMBl JIMHEHHBIX U(QepeHINaTIbHbIX ypaBHEHUN
IIEPBOTrO MOPsI/IKA, KOTOPas 3a/1aHa B HEKOTOPOM 3aMKHYTOM I'MIIEpKYOe IPOCTPaHCTBA COCTOSIHUN
U MMEET pEUICHUs B BEpIIMHAX O3TOro rumepkyba. Takas ceTb HECKOJBKO OTIMYACTCS OT
KJIaccu4eckoil Mozenu Xonduiaa, Ho OHa MpoLie Ui HOHUMaHUS U IPOEKTUPOBAHMSL.

D

al(k-1)
' 3
alk)
LW
nit Flxl
Sixm!
Rix1 a1(0) S ixl 7£
19
R Sixl 5L
—J N J
Initial Symmetric saturated linear layer
conditions

ali0)=p andthenfor =12, ..

ai(k) = satlins (LWtiai (k-1)) + b1)

Puc. 13.2. Apxurekrypa cetu Xonduiga

Bxoj p ycTaHaBIUBaeT 3HAUCHUS HAYaIbHBIX YCIIOBUI. B ceTH ucmonb3yeTcs JInHeiHas GyHKIUs
aKTUBAIMK C HAChIICHHEM Satling, KoTopast OMKMChIBAETCS CACAYIOIINUM 00pa3oMm:

-1,

a = satlins(n) =

n,
1

n<-1
-1<n<1I
n>1.

DTa ceTb MOXKET OBITh TPOMOICTUPOBAHA C OAHUM WU OOJBIIUM KOJIMYECTBOM BEKTOPOB BXO/Ia,
KOTOpBIE 3aal0TCs KaK HadaJlbHbIE yCiIoBus. [locie Toro kak HayajabHbIE YCIOBHS 3aJaHbl, CETh
TeHepUPYET BBIXOJI, KOTOPBIN MO0 0OpaTHOM CBS3M MOJAETCA HA BXOJ. DTOT MPOIECC MTOBTOPSETCS
MHOTO pa3, MOKa BBIXOJ HE YCTAHOBUTCS B MOJIOKEHHE paBHOBeCHs. MOXHO HAIEAThCS, YTO
KK BEKTOP BBIX0JIa, B KOHEYHOM CUETE, COUJIETCS K OJIHOM M3 TOUEK paBHOBECHs, Hanbomee
OJIM3KOW K BXOJTHOMY CHUTHAIY.

HTOroBblii NPOAYKT CAMOCTOATEIbHON PA0OThI: KOHCIIEKT
CpeacTBa M TeXHOJIOTMM OLIEHKH: cobeceloBaHNe
Pabora c 1ureparypoii:

Pexomenayembie ncrounuku nHpopmanmu (Ne nCTOUHUKA)

OcHoBHAasA

JlomosHuTENbHAS

Mertonnueckas

HHuTtepHET-pecypcesl

1-2

1-3

1-3

1-2
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4. KPUTEPUM OLIEHUBAHHUA KOMIETEHIIAN

OneHka «OTJIIMYHOY BBICTABIISICTCS CTYACHTY, €ClIU TITyOOKHe, CUepIbIBAIOIINE 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B IOHUMAHUH, U3JIOKEHUH M MCIIOJIB30BaHUU y4eOHO-TTPOTPAMMHOTO
MaTepuaina; JOTHYeCKH IIOCIeI0BaTEe/bHbIE, COJEep)KaTelbHbIe, TOJHbIe, IPaBUIbHBIE U
KOHKpDETHBIE OTBETHI Ha BCE IIOCTABJIEHHBIE BONPOCHl U JOIOJIHUTEIbHBIE BOIIPOCHI
npenojaBarenisi; CBOOOJHOE BIAJCHHE OCHOBHOW U JIONOJIHUTEIBHOW  JIMTEPaTypoOH,
PEKOMEHI0BAaHHOH Yy4eOHOH MPOrpaMMOi.

OrneHka «XOpOIIOY BBICTABISIETCS CTYEHTY, €CIIU TBEpAbIE U JOCTATOYHO MOJIHBIE 3HAHUS
BCEro IPOrpaMMHOIO MaTepuasa, I[PAaBUIbHOE IIOHUMAHUE CYUIHOCTH U B3aUMOCBSI3U
paccMaTpUBaEMBIX ITPOLIECCOB U SIBJICHHI; OCIIEI0BATENIbHbIE, IPABUIIbHbIE, KOHKPETHBIE OTBETHI
Ha MOCTaBJICHHBIE BOIIPOCHI MPH CBOOOIHOM YCTPAaHEHHH 3aMEUaHH IO OTAEIBHBIM BOIIPOCaM;
JOCTAaTOYHOE BJIaJIEHUE JIUTEPATypOid, PEKOMEHIOBAHHOM yueOHOH MporpaMMoi.

OneHka «yIOBIETBOPUTENBHO» BBICTABISETCS CTYACHTY, €CIU TBEpIble 3HAHUS U
MOHMMAaHHE OCHOBHOTO [TPOrPaMMHOI'0 MaTepHalla; IpaBUIbHbIE, 0€3 rPyObIX OMIMOOK OTBETHI HA
MOCTaBJICHHbIE BOIMPOCHI MPU YCTPAHEHUU HETOYHOCTEW M HECYIIECTBEHHBIX OIIMOOK B
OCBEILIEHUU OT/EIbHBIX MOJIOKEHUHN MTPU HABOJASIIUX BONPOCAX IMPENoJaBaTelis; HEJOCTATOUHOE
BJIQ/ICHUE JIUTEPATYPOH, pEKOMEHAOBAHHON Y4eOHOI MporpaMMon.

OrneHka «HEeyI0BIETBOPUTEIBHO» BBICTABIISIETCS CTYIEHTY, €CJIM HENPABUIIbHbBIE OTBETHI Ha
OCHOBHBIE BOIIPOCHI, JOMYIIIEHbI IPyOble OIIMOKN B OTBETAX, HETOHUMAHHUE CYITHOCTH
U3JIaraeMbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE OTBETHI Ha JIONIOJHUTEIbHBIE BOIIPOCHI.

9. YYHEBHO-METOJUYECKOE U TH®OPMALIMOHHOE OBECIIEYEHHUE
JAUCHOUIIJINHbI
9.1. Pexomenayemas Jqureparypa
9.1.1. OcHoBHasl TUTEpaTypa:
3. Komaprosa JL.I'., MakcumoB A.B. Heilipokommnbtorepsl: YueO. mocobue it By30B. — 2-€ U31.,
nepepad. u gon. — M.: I3a-so MI'TY um. H.O. baymana, 2013. — 400 c.
4. Mensene B.C., [loremkun B.I'. Heiiponnsie cetu. MATLAB 6 / Tlog o6m. pen. B.T.
[ToremkunHa. — M.: IUAJIOI-MUDU, 2012. — 496 c.
9.1.2. lonoiHMTeIbHAS JIUTEpPaTypa:
1. Tanymkua A.W. Teopus Heiiponnsix cereil. — M.: UTTPXKP, 2000. — 416 c.
2. Xatikuz C. Heliponnsie cetu. [lonnslii kype. — M.: U3a. nom Bunesamc, 2006.
3. YepnrimeB A.b., Koznos B.A., Kepnocek 1.A. Heitpokomnbrorepasie cetu: JlabopaTopHbIit
npaktukyMm. — [Isaturopck: U3n-so III'TY, 2011. —40 c.

9.1.3. MeToanueckasi JuTepatypa:
4. Metoauyeckie yka3aHUs MO BBIMOJIHEHUIO J1a00OpaTOpHBIX paboT mo nucuuiuinae «Teopus
HEUPOHHBIX CETEN.
5. Meroanueckue yka3aHHs MO BBIMOJIHEHUIO KOHTPOJIbHOM paloThl 1o aucuuiinHe «Teopus
HEUPOHHBIX CETEN.
6. MeTroauueckne peKOMEHAINHN ISl CTYIEHTOB TI0 OPTaHU3AIlMH CaMOCTOSTEIBHOM paboTHI 110
aucuuiuinHe «Teoprst HEUPOHHBIX CETEN.

9.1.4. UnuTepHeT-pecypcsl:
3. http://www.intuit.ru — caiiT AUCTaHIIMOHHOTO O0pa30BaHUS B 00JACTH WH(POPMAIIMOHHBIX
TEXHOJIOTUI
4. http://window.edu.ru — o6pa3oBaTebHbIE PECYpPChI BEAYIIUX BY30B
9.1.5. IlporpammHoe o0ecnieyeHmne
2. Neural Network Toolbox cucremsr MatLab.
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BBEJIEHUE

Meroauueckne yka3aHusl COAEpKaT IEpedeHb BAapUAHTOB 3aJaHUN IUII KOHTPOJIBHBIX
pabot, TpeboBaHUS K O(GOPMIICHHIO KOHTPOJBHBIX pabOT M NPHUMEP BBITOJHEHHS 3aJaHUS.
Teoperndeckoii OCHOBOI IMOJITOTOBKY CIIEIHATIHNCTA SABISIFOTCS 3HAHUS B 00J1acTH MH(OpMATHKHY,
BBIYUCIIUTEIILHOW CUCTEM.

1. ®OPMYJIUMPOBKA 3AJJAHUSA U EI'O OFBEM

KontponpHas pabora BKiIodaeT B ceOe BOIPOCHI IO TeMaM, KOTOPbIE HYXHO H3y4YHTh
CaMOCTOSITENILHO U 110 HUM IOJATOTOBUTH OTUYET. Pe3ynbTaThl BHIMOIHEHUS! KOHTPOJIBHON PabOTHI
IPEIOCTABIISIOTCS B JJIEKTPOHHOM BHJIE M pacneyaTaHHOM Buae. OO0beM KOHTPOJIILHON paboThI
cocrasisieT 10-15 nevatHpix auctoB hopmaTa A4.

BapuanTsl 3a1anuii BEIOMparoTCs U3 TaOIMIBI IO TTOCTIeIHEH [udpe 3a4eTHON KHIKKH.

2. OBIIME TPEBOBAHMUS K HAITMCAHUIO U O®POPMJIEHUIO PABOTbBI

Kontponbnas paborta BbIONHAETCA W caaercs B anekTpoHHoM Buae Ha CD/CDRW
HOCHTEJIC U B pacreyaTaHHOM Buje. Ha KOHBepTe HEOOXOAMMO yKa3aTh Ha3BaHUE JUCIUILINHBI,
®UO crynenta, pakyabTeT, HOMEp TpyHbl, mMUdp 3a4eTHON KHIKKU, No BapuaHTa 3aJaHus, U
CITMCOK BCEX CO3/IaHHBIX B XOJI€ BBIMOJIHEHUS 3a/1aHus (Pailios.

[IpuBeneHHbIN B KOHIIE METOJAMYECKUX YKa3aHUN CIHUCOK JUTEPATyphl MOKET HCIOJIb30-
BaTbCsl CTYJEHTAMU MIPH BBIMOJHEHUN KOHTPOJIBHON PaOOTHI.

3. BAPHAHTBI 3AJJAHUM A CTYJIEHTOB 3AOYHOH ®OPMBbI
OBYYEHUA

3aganue 1. OnucaTh NPUHIUNBI IOCTPOEHUS U 00y4YeHHs] HelipOHHOM ceTH:
IlepcenTpoH

Craruyeckas JIMHEHHas CEeTh
JluHaMuueckas JIMHEWHas CEeTh
Panuanbnas 6a3zucHas ceTb

Croit Koxonena

Kapra Koxonena

PexyppenTHas cetp DnmaHa

Cetp Xomnduiaa

Certb ¢ npAMO niepenadel CUrHaiza
10. I'nOpuaHbIe HEHPOHHBIE CETH

CoNoOAEWNE

3ananue 2. Ucnouan3ys cpeacrBo NNTool MATLAB, co3naTh U 00yYnTHh HEHPOHHYIO CETh
BBINOJTHEHHIO ONepaliii ANNPOKCHMANMM (PYHKIMH, €CIH 3aJaHbl MOCJIEI0BATEJIbHOCTH
BX0/Ja M LIeJIN.

9) y=X12-X2%+Xs. 14) y=X1+X2-X3°.
10) y:X1+X2+X32. 15) y=X12-X22+X32.
11) y=xX12+Xo+X3’, 16) y=x12+X23+x3?.
12) y=X12-X2+X32. 17) y:x13+)(2+x32.
13) y=X1*+X2-X3%. 18) y=x13+x23+x3?

Jluana3oH u3MeHeHus mapameTpoB: x1=[-2;2]; X2=[-1;1]; x3=[0;4].
3aganue 3. PeanuzoBats B MATLAB mMoaeupoBanue nepcenTpoHHOI ceThI0 3aJaHHOM
JIOTHYECKON (pyHKIUM.

1. (AvB)—(AAB) 6. (A>B)AB)—>A
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2. (AVB)v A 7. (A>B)VA—>B

3. (AvB)v (B A) 8. BA(A>B)>A

4. A>Bv(AAB) 9. (A>B) (B > A)

5. (Ao B)AAAB 10. AA(AVvB)>B

Jist onipenenieHust yHKIUH LIETH MOKHO BOCIIOJIB30BAThCSI TAOIHUIICH:

A B A AAB | AvB | A>B | A&B
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1

4. TIPUMEP BBIIIOJIHEHUS KOHTPOJIbHOMN PABOThHI

3aganue 1. OnucaTh NPUHIUNBI IOCTPOCHHUS U 00y4YeHUs] HelipOHHOM ceTH:
PAJITUAJIbHAS BASUCHA CETb

B obmem cirydae mox paauanbHOU Oa3zucHoOM HelipoHHOU ceThto (Radial Basis Function
Network, cetb RBF) nonumaercst qByxcioiiHasi cetb 0€3 0OpaTHBIX CBS3€H, KOTOpas COACPKHUT
CKPBITBIN CJIOH paJinalbHO CUMMETPUYHBIX HEHpOHOB. PajgnanpHple Oa3ucHbIE HEWPOHHBIE CETH
COCTOSIT M3 OOJBIIET0 KOJMYECTBA HEHPOHOB, YeM CTaHIAPTHBIC CETU C NPSIMOW mepeaaueit
CUTHAJIOB U OOY4YEHHEM METOJOM OOpaTHOrO0 pacHpOCTpaHEHUs OIIMOKM, HO Ha MX CO3/laHue
TpeOyeTcs 3HAUUTEIbHO MEHBIIIE BpeMEHU. DTH ceTu Hambosee 3(PpPeKTUBHBI, KOT/Aa JOCTYITHO
00Jb1110€ KOJTMYECTBO 00y4Jaromux BekTopoB. Ha puc. 1. nokaszan paananbHblii 0a3MCHBIN HEHPOH

cR BXOdaMU. CDYHKI_[I/IH AKTUBAIUU JIA PAAAAJIbHOT'O 0a3uCHOTO HeﬁpOHa HNMCECT B[

a=radbas(n)= €
BXOI[ (byHKI_[I/II/I AKTUBAIIUU ONPCACIIICTCA KAaK MOAYJIb Pa3HOCTHU BEKTOpAa BCCOB W n BCKTOpPa
BXOJ1a P, YMHOKEHHBII Ha cMenieHue b.

Bxox Paguaneneni SasucHEL Helipon

C N 0 N
Hooo..

/

a = radbas | w-p || £
Puc. 1. Pagnanbupiii 6a3uCHBINA HEHPOH

['padmk GpyHKIMM aKTUBAIIMN TIPEJICTABIICH HA PHUC. 2.

57



;-_,-.H

20833 | +0.833
a = radbasi)

Puc. 2. I'paduk GpyHKIUN aKTUBALUU

Bxon ¢pyHKIMM aKTUBAaLMKU ONpeensieTcs Kak MOIyJIb pa3HOCTH BEKTOpPa BECOB W M BEKTOpa
BXO0J1a P, YMHOKEHHBII Ha cMerieHue b:

n =[|p - wijb.
PanuanbHblil 6a3uCHBI HEUPOH (popMuUpyeT 3HaueHue 1, Koraa BXO P UIACHTHYEH BEKTOPY BECOB
w. CMmerieHne b mo3BosisieT KoppeKTUPOBaTh YyBCTBUTEIBHOCTH HelipoHa radbas. Hanpumep, eciin
Helipon umen cmenienue 0.1, To ero Beixoom Oyzaer 0.5 uist 1r000ro BeKTopa BXo/1a P U BEKTOpa
Beca W IpH PacCTOSTHUU MEXy BeKTopamu, paBHoM 8.333, nim 0.833/b.
PangunanbHas 0a3ucHasl CETh COCTOUT W3 JIBYX CJIOEB: CKPBITOTO PaaUalibHOTO 0a3MCHOTO CIIOf,
uMeromero S' HefpoHOB, M BHIXOZHOTO JIMHEHHOTO CIIOS, UMeromero S? HeiliponoB (puc. 3).
Bxonamu 6noka ||dist]| Ha 2ToM pHCyHKe ABJIAIOTCS BEKTOp BXojaa P u Marpuua BecoB IWL a
BBIXOJIOM — BEKTOP, cocTosmuii u3 St anementos. Brixon 610ka ||dist|| yMHOXkaeTcs modIeMeHTHO
Ha BekTop cMemenus b u popmupyer BXxox QyHKIUN aKTUBALKHL.

Bxoa PamuaibHbiii DA3HCHBIH CI0H Junciinbit ¢aod
e N A\
shep | TWL
v "
Il dist I
1—p bt e
sixi N i 52
AN Y,

al = radbas (|| TWLL-p |l b1 a = purelin LWz al+h2)

Puc. 3. Paguanspuas Oa3ucHas ceThb

Bce omepamum, cBsi3aHHBIE C CO3/IaHUEM pPaJUAIbHOM O0a3MCHOM ceTH B CHCTEMeE
MATLAB, obopmiensl B Buie crenuanbHbix GyHKimid newrbe u newrb. Tlepsas mo3Bossier
IOCTPOUTh PaJUaIbHYIO OAa3MCHYIO CETh C HYJEBOW OIIMOKOW, BTOpas MO3BOJISIET YNPaBIISATH
KOJIMYECTBOM HEHPOHOB B CKpbIToM cioe. Ilycte 3amana ¢yuknus f(X) rpaduuecku 0e3
aHanmuTHueckoro omnucanus (puc. 4). Heobxomumo mnono0paTh Takyl aHaIMTUYECKYIO
3aBHCHUMOCTb, KOTOpasi C 3aJaHHOW TOYHOCTHIO OMNHUCHIBaJIa Obl 3Ty (YHKIUMOHAIBHYIO
3aBHCUMOCTh. B JTaHHOM cilyyae MCIIONB3yeTcs CyMMa pajuaibHbIX Oa3ucHbIX (QyHKIMA. Unes
arnmMpOKCUMAaIMA MOXKET OBITh TpeJCTaBlieHa TpaduUecKu cieayromuM oopaszom. Paccmorpum
B3BELLICHHYIO CYMMY TpeX paJlalIbHBIX 0a3UCHBIX (DYHKIIHIA, 3aJaHHBIX Ha HHTEpBaJe
[-3; 3].
clear, p=-3:1:3;
al = radbas(p);
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a2 =radbas(p - 1.5);

a3 = radbas(p + 2);

a=al +a2*1 + a3*0.5;

figure(1), clf,

plot(p,al,p,a2,p,a3*0.5,'LineWidth',1.5),hold on,
plot(p,a,'LineWidth',3,'Color',[1/3,2/3,2/3]),grid on,

legend('al','a2','a3*0.5','a")

Kak cnenyer u3 pucyHka 4, npu 3aJlaHii BEKTOpa BX0/1a KaXblil HEUPOH paHaIbHOTO
0a3UCHOrO0 C10g BbIAACT 3HAYCHUEC B COOTBCTCTBHUU C TCEM, KaK 030K BCKTOP BXOJa K BCKTOPY
BECOB KaXXI0Io H€I>'Ip0Ha.

(= | e D DT DR

Puc. 4. ®ynkius f(X)

PaguanbHble Ga3ucHbIE HEWPOHBI C BEKTOPAMH BECOB, 3HAYUTEIHHO OTJIMYAIOUUMHCS OT
BEKTOpa BXoJia P, OynyT MMETh BBIXOJIbI, Ou3kue K 0, U MX BIMSHHE Ha BBIXOABI JIMHEHHBIX
HEHpOHOB OyneT He3HauuTenbHO. HanpoTus, paananbHbIi 0a3ucHBI HEHPOH C BEKTOPOM BECOB,
OJIM3KUM K BEKTOPY BXOJa [, BbIACT 3HaUeHue, Onmu3Koe K 1, ¥ 970 3HaueHue Oy/ieT nepesaHo Ha
JMHENHBIA HEMPOH C BECOM, COOTBETCTBYIOIIMM BBIXOJHOMY cior0. MTak, ecnu Tonbko oauH
paavanbHbIM Oa3UCHBIN HEHPOH UMEET BBIXO/ 1, a Bce Ipyrue UMEIOT BHIXObI, paBHbIE MJIU OYEHb
6muskue K 0, TO BBIXOJ JIMHEMHOro cinosi OyJeT paBeH BeCy aKTHMBHOI'O BBIXOJHOTO HelpoHa.
OpnHako 3TO MCKIIOUUTENbHBIN citydaid. OOBIYHO BBIXOJ] (POPMUPYIOT HECKOJIBKO HEWPOHOB C
pa3HBIMM 3HAYEHUSAMH BECOB. BBINIOIHUM py4YHOH pacdeT [ulsd aHainu3a ai, az, as.

radbas(n) =e™ _
p=2,W, =-2;W, =0;w, =15;b =h, =b, =1,
[p—wiflb, =[2—(-2)-1=4,
lp—velb, ~2-0-1-2,
Ip-wjb, ~[2-15-1-05,
radbas(n,) =e™* =e** ~0,
radbas(n,) =e % =e™ ~0,000001,
radbas(n,) =e % =e°% ~08.
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B Touke p = 2 cyMMupyercs IpakTH4YECKH TOJIBKO BBIXOJ| TPEThErO HeilpoHa. BiusHue B sTOM
TOYKE MEPBOr0 U BTOPOr0 HEMPOHOB HE3HAUMTEIHHO. Brixonbl a1 u a2 6mmsku k 0. Beixon az =
0,8 0m30K K 1. AHanu3upys puc. 4, IPUXOAUM TaKkKe K BEIBOLY, UYTO PA3JIOKEHHUE MO PaAUaIbHBIM
0a3ucHbIM QYHKIMSIM OOeCreurnBaeT HEeOOXOAUMYIO INIaaKOCTh. [loaToMy UX mpUMeHeHHe s
anmpOKCUMAIIUU TIPOU3BOJIBHBIX HETMHEHHBIX 3aBUCIMOCTEH BIIOJTHE OIPaBJIaHO.
PaccmoTpum npumep (opmupoBaHus paguanbHoi OasucHoi cetn B cucreMe MATLAB nmsa
pemenns 3azaun  annpokcumanuu. Cdhopmupyem oOydaromiee MHOXECTBO U 33aJaJuUM
JOIYCTUMOE 3HaueHue ¢yHKIMOHaita omuoOku, paBHoe 0.01, mapameTp BAMSHHS ONPEICIUM
paBHBIM | W OyIeM HCIIOJIb30BAaTh HMTEPANMOHHYIO TPOIEAypy (HOpMHpPOBAHHS paJaHaTIbHOM
0a3ucHO ceTH:
P=-1.1:1;
T =1[-.9602 -.5770 -.0729 .3771 .6405 .6600 .4609 .1336
-.2013 -.4344 -.5000 -.3930 -.1647 .0988 .3072 .3960

.3449 .1816 -.0312 -.2189 -.3201];
GOAL =0.01; SPREAD =1;
net = newrb(P,T,GOAL,SPREAD);% Co3aanue cetu
net.layers{1}.size % Yuciio HEpOHOB B CKPBITOM CJIO€
NEWRB, neurons = 0, SSE = 3.69051
ans =6
J1s 3ajaHHBIX TApaMeTPOB HEMPOHHASI CETh COCTOUT M3 6 HEHPOHOB U 00ECTIEYNBACT CIICAYIOIINE
BO3MOKHOCTH aIlllIPOKCUMALINY HETMHEWHBIX 3aBUCUMOCTEH 1OCiIe 00yUeHHS.

Puc. 5. Annpokcumanus HeIuHENHON 3aBUCUMOCTH

Monenupys cpOpMUPOBAHHYIO HEUPOHHYIO CETh, IIOCTPOUM AMMPOKCUMAIIIOHHYIO KPUBYIO Ha
untepBaie [-1; 1] ¢ marom 0.01 ams HeTMHEHHOM 3aBUCUMOCTH.

figure(2), clf,

plot(P,T,'sr',MarkerSize',8,'MarkerFaceColor',"y")

hold on;

X =-1:01:1;

Y = sim(net,X); % MoaenupoBaHue ceTu

plot(X,Y,LineWidth',2), grid on
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W3 amammsa puc. 5 ciuemyeT, 4TO MpU HEOOJBIIOM KOJIUYECTBE HEUPOHOB CKPBITOTO CIIOS
panuanbHas 0a3ucHas CeTh JOCTATOYHO XOPOIIO anlpOKCUMHUPYET HEIMHEHHYIO0 3aBUCHMOCTD,
3aJIaHHYI0 00yYaroIMM MHOXKECTBOM U3 21 TOUKH.

3ananue 2. Ucnoun3ys cpeactBo NNTool MATLAB, co3naTh 1 00y4uTh HEHPOHHYIO CEeTh
BBINOJTHEHHU IO ONlePALMH ANINPOKCUMALUH (PYHKIHH, €CJIM 32JaHbI N10C/1€10BATeILHOCTH
BX0/1a U LeJH.

Y=X12-Xo+X3°.

Pewenne:

NNTool —wuHCTpyMEHTaIbHOE CpPEACTBO ¢ TpaduueckuM urepdeiicoM, IMO3BOJISIOICE
HAUMHAIOIIEMY TII0JIb30BaTEIII0 I1aKeTa BBIMONHATh CO3/aHUE, OOYYEeHHE, MOJCIUPOBAHHE,
HKCHOPT U UMIIOPT HEHPOHHBIX CeTEH M JaHHBIX, He oOpamasich k komanaHomy okHy MATLAB.
Beizos NNTool Bo3moskeH 1160 ¢ TOMOIIBI0 KOMaHAbI nntool u3 komanaHoi ctpoku MATLAB,
1100 U3 oKHa 3amycka npuioxenuit Launch Pad ¢ momomipro onmmu NNTool u3 pasnena Neural
Network Toolbox. ITocie Bei30Ba Ha skpane auciuies nossisercs okHo Network/Data Manager

4\ Network/Data Manager = S
Uk Input Data: W Networks i Output Data:
(S [rc:voti networkd_outputs
@ Target Data: 3 Error Data:

T networkl_errors
i
| ) Input Delay States: ) Layer Delay States:
(S ) (Frvo ] [Dover ) (S b ] [ B0une ]

Janee HaxknMaeM Ha KHOTIKY NEW U TIOSIBIIIETCS OKHO B KOTOPOM HaM ClieTyeT c(hOpMHPOBATH
nocJeioBaTebHOCTh Bx00B 1 1eneit (NEW DATA)
Ll Ll

rﬁ Data: P = | B s (& Data: T E—)
Value Value
[2-1012 [5-1-2-2-1]
] -1100 1; [
01234 kKt
’ Q OK l [ @ Cancel l ’ @ oK ] [ @ Cancel ]

Janee He06X0aMMO BBIOpATh TUIT HEHPOHHOM CETH U 331aTh €€ mapaMeTpbl
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-
7 Create Network or Data

Metwork | Data

Name

network?

Network Properties

Network Type:

Feed-forward backprop -

Input data:

Target data:

Training function:
Adaption learning function:
Performance function:

Mumber of layers:

Properties for:

Mumber of neurens: |1

| Transfer Function:

(TANSIG v

_{Se\ectan[ﬂput) ~
_(Se\ectaTarget] ~

(TRAINLM~ ~
LEARNGDM = |
(MSE v

[ EV\ew H ¥ Restore Defaults ]

(Ertn ) (O )|

f o

Create Metwork or Data

Metwork | Data

Name

nebwork?

Metwork Type:

Network Properties

: Feed-forward backprop v:

Input data:
Target data:

Properties for:

| Transfer Function:

Training function:
Adaption learning function:
Performance function:

Mumber of layers:

Mumber of neurons:

| PURELIN  ~

: (Select an Input) -
: (Select a Target) |
| TRAINLM  ~

| LEARNGDM

| MSE -

L]

L]

[ E‘u"ie‘w ][ ‘E'ﬁRactoreDefault: ]

[ \f,:r(:reate ][ @CIose ]

-

o —

[Tocne yero nHaxartps Ha kHonKy CREATE
Ha Bxagke VieW MbI MOKEM MTPOCMOTPETH CXEMY HEHPOHHOM CETh
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’m Network: networkl | = B X .|1

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights|

Layer Layer

Output

‘ v

%

A

[Tocne yero npoBoauM o0ydeHue cetu. [IpucTynuth Kk 00y4eHHIO CETH MOKHO ITyTeEM
akTuBaiuu kHomku Train Neework.

f= -
‘ Meural Network Training (nntraintool) ==h

MNeural Network

Layer Layer

Algorithms
N Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error (1mise)
Data Division: Random (dividerand)
Progress
I Epoch: o | 11 iterations 1000
i Tirne: 0:00:00
Performance: 0260 [ RG0S | 0.00
Gradient: 1.00 1.26e-14 | 1.00e-10
Mus: 0.00100 L.00e-06 1.00e+10
Validation Checks: 0 6
Plots
(plotperform)

_.Training State

(plottrainstate) I
Regression (plotregressian)

Plot Interval: O 1 epochs

v Opening Performance Plot

| .StopTraining || .Cancel |

Hanee HaxxuMaeM Ha KHOTIKYy Perfomance uto Obl IpOCMOTpPETh PE3YIIBTATHI
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@ Performance (plotperform) - l = | (S| -
plotp
Best Validation Performance is 4.8204e-005 at epoch 8

(1] T T T T T T T T T T
L E_— Train

Validation

__________________________________________________ Test H
107 F .

-
=,
-
(=]
T

—
=
T

]
2

Mean Squared Error (mse)
3

10 F

| 0 1 2 3 4 5 6 T
11 Epochs

Ha rpaq)m(e BHUAHO, 4YTO IIOCJIC 11 smoxu ominbOka CTPEMUTLHCS K HYJITO, CIICAOBATCIIbHO, CCTh
HACTpOCHA BCPHO.

3ananue 3. PeannzoBats B MATLAB mMoaeupoBanue nepcenTpoOHHOM ceThI0 3aJaHHOM
JIOTHYeCKO pyHKIHUH.

AS>Bv(AAB)

Jlns onpenenenns QyHKIUU 1€ MOKHO BOCIIOJIb30BAThCS TAOJUIEH:

A B A AAB | AvB |A>B | AoB
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1
Pemenue:
ITepcenTpoHbl — KJacCc JMHEWHBIX OJHO- W MHOTOCIIOWHBIX HEWPOHHBIX CETEM,

peanu3yroumMx MpsSMOE paclpOCTPAaHEHHE CUTHANIA W MPEJIHA3HAYEHHBIX IJIs PEIICHUs 3aJad
KJIaccu(puKaluu JIMHEWHO OTACIUMBIX BXOJHBIX BEKTOPOB. MHOTOCIOWHBIE MEPCENTPOHBI
MO3BOJIIOT PEIIaTh CIOKHBIE TPOOIEMBI, CBSI3aHHBIE C aHATTM30M KOMMYTAIlMOHHBIX COEIMHEHUH,
pacro3HaBaHUEM 00pa30B, U JPYrue 3agaqyd KJIacCU(PUKAIMKU C BBICOKMM OBICTPOJICUCTBHEM U
rapaHTHeil MpaBWIBHOrO pe3ynbTaTa. HelpoHBl MepcenTpOHOB HMMEIOT CTYIMEHYATYHO JIMHHUIO
aktuBanuu hardlim u, ciemoBaTenbHO, KaXAbli HEHPOH BO3BpAIIAET €AMHUILY WU HOJb, YTO
COOTBETCTBYET €0 BO30YKACHHUIO HIIK TOPMOKEHUIO.
OnpenenuM TOCIENOBATEILHOCTh JBYXAJIEMEHTHBIX BEKTOPOB Bxoaa P s cetm ¢ ogHUM
JIBYXBXOJIOBBIM HEUPOHOM:
>>P=[0011;,0101]
P=

0O 0 1 1

0 1 0 1
Cdopmupyem nocne0BaTeIbHOCTD 1esei T:
>>T=[1110]
T=1 1 1 0
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>> net=newp([0 1,0 1],1);

VcTaHOBUM YHCIIO IIPpOXOI0B PaBHbBIM 10 ¥ BBITTOITHUM aaarrTaluro:
>> net.adaptParam.passes=10;

>> net=adapt(net,P,T);

[IpocMoTpuM 3HAYEHHSI BECOB M CMEIICHHS, 0TOOpa3uM BekTopsl P u T u moctpoum rpaduk
pa3aensoIIe JIUHUN:

>> net.IW{1},net.b{1}

ans=-1 -1

ans=1

>> plotpv(P,T);

>> linehandle=plotpc(net.IW{1}, net.b{1});

[TpomopenupoBaTh CIPOESKTUPOBAHHYIO HEHPOHHYIO CETh MOYKHO C TTIOMOIIBIO (DYHKITUH Sim,
M0JIaB Ha BXO/J] CETU 00YYaIOIIYIO MOCIEI0BATEIbHOCTh, COBIMAAAIOIIYIO C BXOJHON
MOCJIeI0BATEIbHOCTHIO P!

>> Y=sim(net, P)

Y=1 11 0

-
el ==
File Edit View Inset Tools Desktop Window  Help u
ﬂ@lﬂﬁé [:3 -%\--%\-@@@’f'@; DIE =m0

Vectors to be Classified
'1.5 T T T

1+ o .
% 05} .
0F + 4
0.5 1 1 1
0.5 0 0.5 1 15
P(1)
| S HE "

5. KPUTEPUU OLNEHUBAHUSA PABOTBI

OI_ICHKa «OTJIMYHO» BBICTABJIACTCA CTYACHTY, CCJIM OH HNPOACMOHCTPUPOBAI FJ'IY6OKI/IG,
HUCUYCPIBIBAIOIIUE 3HAHUA W TBOPYCCKHUC CIIOCOOHOCTH B IIOHUMAaHWH, HU3JI0KCHUU U
HCIIOJIBb30BaHNH y‘-I€6HO-Hp0FpaMMHOI‘O Marcpurajia, JOTHUYCCKHU OCICI0BAaTCIIbHEIC,
COACPIKATCIIBHBIC, IMOJIHBIC, ITPAaBUJIBHBIC 1 KOHKPETHBIC OTBETHI HAa BCE IMOCTABJICHHBLIC BOIIPOCHI
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U JONOJHUTENbHBIE BONPOCHI MpEnojaBaTelsi; CBOOOJHOE BIaJeHHE OCHOBHOM U
JIOTIOJTHUTEILHOM JINTepaTypOil, peKOMEHI0BAaHHOW y4eOHOH TTPOrpaMMOi.

OneHka «XOpollo» BBICTABISAETCS CTYACHTY, €CIU OH IPOJAEMOHCTPUPOBAI TBEPJbIE U
JIOCTaTOYHO TIOJIHBIE 3HAHMSI BCEro0 MPOrPaMMHOTO MarepHuala, IMpaBUIbHOE MOHHUMAaHUE
CYLIHOCTH M B3aMMOCBS3M PAacCMAaTPUBAEMBIX IIPOLIECCOB U SIBJICHMM; IOCIEA0BATEIbHBIE,
MpaBUJIbHbIE, KOHKPETHBIE OTBETHl Ha IMOCTABJIEHHBIE BOMPOCHI MPU CBOOOJHOM YCTPAaHECHUU
3aMEuyaHuil 110 OT/AEIbHBIM BOIPOCAM; JOCTATOYHOE BJaJICHUE JIUTEPATYPOH, PEKOMEHI0BaHHOM
y4eOHOM TTporpamMMoii.

OneHka «yJ0BIETBOPUTEIBHO» BBICTABISETCS CTYAEHTY, €CIIM OH IMPOJEMOHCTPUPOBAI
TBEp/bIE 3HAHUS U MOHMMAaHKUE OCHOBHOT'O IIPOrPaMMHOT0 MaTepuala; npaBuibHble, 6€3 TPyObIX
OLIMOOK OTBETHI HA IMOCTABJICHHBIE BOIIPOCHI IIPH YCTPAHEHUH HETOYHOCTEH M HECYIIECTBEHHBIX
OIIMOOK B OCBEIICHUM OTACNbHBIX IOJOXEHUH MpU HABOISIIMX BOMpPOCaX IMperoaaBaTes;
HEI0CTaTOYHOE BIIAZICHUE JINTEPATYPOil, pEeKOMEHIOBaHHON Y4eOHON MPOTrpaMMOi.

OrneHka «HeyI0BIETBOPUTENBHOY BBICTABIISETCS CTYACHTY, €CIH OH MPOJAEMOHCTPUPOBAT
HETPaBWIIBHBIE OTBETHl HAa OCHOBHBIE BOIPOCHI, JOMYIICHBI TPyOble OMMOKM B OTBETaX,
HEMOHMMAaHWE CYIIHOCTH H3JIaraéMbIX BONPOCOB; HEYBEPEHHbIE M HETOYHBIE OTBETHI Ha
JIOTIOJTHUTEIIbHBIE BOIIPOCHI.

6. MOPAAOK 3ALLIUTHI PABOTbI

3ammTa KOHTPOJILHON pabOThl IPOBOJUTCS B BUE HAYYHOI'O JUCKOCA C JEMOHCTpAIHEH
BBIMIOJTHEHHBIX 3a/laHui, B COOTBETCTBUU C rpaduxom 3amuTel. [locnme mokmana cryaeHty
3a/IaI0TCSl BOITPOCHI KaK MperoaBaTeIeM, TaK U CTYI€HTAMU TPYIIIIHI.

B npornecce 3amuTel cBoeit paboThl CTYACHT JelaeT AOKIaA IPpOoAoDKUTEIbHOCTRI0 7-10
MHUHYT. I[OKJIaII JOJIDKCH OBITH npeaABapuTCIIbHO MOATrOTOBJICH CTYACHTOM. CTyIICHT JOJIDKCH
CBOOOJHO OPUEHTHPOBATHCS B CBOEH padorTe.

B BhICTYyIIIIEHMH HEOOXOIMMO KOPPEKTHO UCIOIb30BaTh IEMOHCTPAIIMOHHbBIE MaTepHAaIbl,
KOTOpBIE€ YCUIUBAIOT JOKA3aTEIbHOCTh BBIBOJOB U 00JIETYAIOT BOCIIPUSATHE JIOKJIa/1a CTYCHTA.

7. YYEBHO-METOAUYECKOE U NH®OPMALMNOHHOE OBECIIEYEHHUE
JAUCHOUTIJINHbI
PexoMenayemasi Jiutepartypa:

OcHoBHasi iMTEpaTypa:
5. Komapmosa JI.I'., MakcumoB A.B. HelipokoMmibtorepsl: Y4eb. mocodue it By30B. — 2-€ U3/,
nepepad. u gon. — M.: I3a-Bo MI'TY um. H.3. baymana, 2013. — 400 c.
6. Mensenes B.C., IToremkun B.I'. Heiiponnsie cetn. MATLAB 6 / Iloxg o6m. pen. B.T.
[Toremkuna. — M.: IMAJIOI'-MHU®U, 2012. — 496 c.
7.1.2. lonoJHUTEILHASA JINTEpaTypa:
1. Fanymkun A.W. Teopus Heiponnsix cereil. — M.: UTTPXKP, 2000. — 416 c.
2. Xaiikun C. Heitponnsie cetu. [lomasiii kypc. — M.: U3a. mom Bunbesamc, 2006.
3. YUepnsimeB A.b., Koznos B.A., Keprnocek U.A. HelipokommnbrorepHsie cetu: JlabopaTopHbIii
npaktukyMm. — [Isturopck: U3n-so III'TY, 2011. — 40 c.
7.1.3. MeToanyeckasi JuTepaTypa:
7. Meroandeckue yka3aHUs IO BBITOJHEHHUIO JIAOOPATOPHBIX paloT mo auciuiuuHe «Teopus
HEUPOHHBIX CETEN.
8. Meromuyeckne yKa3aHHs 110 BBITOJHEHUIO KOHTPOJIBHON pabOTHI Mo AuciuIumHe «Teopus
HEUPOHHBIX CETEN.
9. Meroauyeckne peKOMEHJAINH JJIsl CTYIEHTOB TI0 OPTaHU3aIllil CaMOCTOSTEIBHOM paboTHI 110
nucuuiinHe «Teopust HEUPOHHBIX CETEN.
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7.1.4. UHTEpHET-peCypChI:
5. http://www.intuit.ru — caiit QHCTaHIIMOHHOIO O00pa30BaHHS B 00JaCTH HH(POPMAIMOHHBIX
TEXHOJIOTHUI
6. http://window.edu.ru — o6pa3oBaTenbHBIEC PECYPCHI BEAYIIHX BY30B
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