[NABA 1
HenpoceTb

Co3aaHne yMHbIX MaLUVH

Mosr — caMblii HeBEpOATHBIN OpraH. VIMEHHO OH OlpeZiesifieT, KaK Mbl BOCIIPH-
HUMaeM BCE, UTO BUAUM, CJIBIIIUM, 000HsAeM, TpobyeM Ha BKyC U ocsazaeM. OH
MTO3BOJIIET XPAHUTh BOCTIOMUHAHUSA, UCIIBITHIBATH SMOITUU U Ia’Ke MeUTaThb. be3
MO3Ta MbI ObLTH ObI IPUMUTHUBHBIMU OPraHU3MaMU, CITOCOOHBIMY JIUIIIb Ha ITPO-
cTelire pedeKchl. B IeJIoM OH zieaeT YesoBeKa pa3yMHBIM.

Moa3r pebeHKa BeCUT MeHbIIIE ITOYKWIOTpaMMa, HO KaK-TO pelllaeT 33a/jaqu, IToKa
HEZIOCTYIIHBIE JaKe CAMbIM OOJIBIITMM U MOIIIHBIM KOMITbIOTEpPaM. Beero uepes He-
CKOJIBKO MECSIIEB TIOCJIE POXKAEHUS IETU CIIOCOOHBI PACIIO3HABATD JIUIIA POZAUTE-
JIeld, OTAeNATh 0O0BEKTHI OT GOHA U AaKe pa3indaTh rojoca. 3a MePBhIi o Y HUX
pa3BUBaeTCI UHTYUTUBHOE TIOHUMaHUE eCTECTBEHHOU GU3UKU, OHU yYaTCA BU-
JIeThb, T/le HaXO/ATCSI YaCTUYHO WJIU TIONHOCTBIO CKPBIThIE OT HUX OOBEKTHI, U ac-
COIMMPOBATH 3BYKU C UX 3HAYEHUSIMU. YK€ B paHHEM BO3pacTe OHU Ha BHICOKOM
YPOBHE OBJIaZIEBAIOT I'PAMMATHKOM, a B UX CJIOBAPE TOSBJISIOTCS THICTIH CJIOB.

JlecATUIeTUAMY MBI MEUTAEM O CO3IaHUY PAa3yMHBIX MAIIUH C TAKUM YK€ MO3TOM,
KaK y Hac: poOOTOB-TIOMOITHUKOB /I YOOPKH B IOMe; MAIllMH, KOTOPbIE yIIpaB-
JISTIOT cOO0¥ caMU; MUKPOCKOIIOB, aBTOMAaTUYEeCKH BBIABJIAIONIMX 6one3nu. Ho co-
3/laHKie MAIIMH C UCKyCCTBEHHBIM UHTEIEKTOM TPeOyeT peIleHUs CIOKHENIITIX
BBIYMCTUTETbHBIX 33/I1a4 B UCTOPUU, KOTOPbIE, OZIHAKO, HATIl MO3T CIIOCOOEH PaCKy-
CHUTD B JIOJTU CEKYH/IBI. /I TOTO HY»KHO pa3paboTaTh WHOM CIocob porpaMMu-
POBaHMA KOMITBIOTEPOB TIPY TIOMOIITM METO/IOB, KOTOPbIE MOSBUIMCH B OCHOBHOM
B ITOC/IEZIHUE ZIECATh JIET. DTO OUeHb aKTUBHAS OTPAC/Ib B UCCIETOBAHUAK UCKYCCT-
BEHHOT'0 MHTEJUIEKTA, KOTOPAs IOJIyYMIa Ha3BaHUE 271y00K020 00yUeHUsL.

OrpaHuyeHus TPaaULUOHHDIX
KOMMNbIOTEPHbIX NPOrpamm

HO‘-IEMy HEKOTOPpbIE 3a/1a41 KOMIIbIOTEPAM pEIIaThb TSKEN0? CTaH,ZLapTHbIe IIpo-
rpaMMBbl JOKa3aJjJau CBOX COCTOATE/IBHOCTD B IBYX obacTax: 1) OHU OYeHb OBICT-
PO BEAYT BBIYMC/IEHUA; 2) OHU HEYKOCHUTEJBbHO CIIEAYIOT MHCTPYKIIWUAM. Eciu
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BbI (1)I/IHaHCI/ICT ¥ BaM HYXXHO IIPDOBECTHU CJIOXKHBIE MaTeéMaTHU4YE€CKHE IMOACYETHI,
BaM MOBe3JI0. TUITOBBIE IIporpaMMmbl BaM B IIOMOIIb. Ho IIpeACTaBbTE CE6E, qTOo
HaM HY?KHO CZe/IaTh KOE€-49TO ITIOMHTEPECHEE: HAIIpUMED, HAallMCaTh IpOrpaMMy
AJIA aBTOMAaTHU4Y€CKOI'O paClio3HaBaHUA ITIOYEPKaA. BosbmeMm 3a OCHOBY pHuc. 1.1.
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Puc. 1.1. H3o6panceHue u3z maccusa pykonucHolx 0anHsix MNIST?

Xots kaxzAas nudpa Ha PUCYHKE CJIeTKa OTINYAETCS OT MPEBIAYINEH, MBI JIETKO
OTI03HAEM B IIEPBOM psifie HyJIM, BO BTOPOM — €AWHUIEI U T. /. Terepb HaIm-
IIIeM KOMITbIOTEPHYIO TPOrPaMMYy, KOTOpasi PELIUT Ty JKe 3ajavy. Kakue npaBu-
Jla HY’KHO 3a/]aTh, YTOOBI pa3andaTh IUGPHI?

Puc. 1.2. Hoab, anzopummuuecku mpyoOHOOMAUHUMBLI Om wecmepku

Haunewm c mpocroro. Hampumep, yKakeM, 4TO HYJIIO COOTBETCTBYeT M300pa-
JKeHHe OKpPYIVIOTO 3aMKHYTOTO KOHTypa. Bce mpumepsl ¢ puc. 1.1, kaxeTcs,
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VZOBJIETBOPAIOT 3TOMY OIIpe/ie/IeHH0, HO TaKWUX IIPU3HAKOB HeZOCTaTOYHO.
Yro, eciy y KOro-To HOJMb — He Bcerja 3aMKHyTas ¢urypa? 11 kak omIndnTh
Takol Hojb (cM. puc. 1.2) oT mecTtepku?

MorkHO 3a/1aTh PAaMKH PACCTOSHUA MEX/JY HAdyaJoM U KOHI[OM IeT/IN, HO He
O4YeHb IMMOHATHO Kakue. V1 3To ToJMbKO Havasio nmpobseM. Kak pasauauTh TPORKU
U ATepKu? YeTBEPKU U IeBATKU? MOXKHO 100aBJIATh ITpaBWIA, WM NPUHAKLU,
TIOCJIE TIIATEThHBIX HAOTIOAEHUHN U MECSIEB P00 U OMKNOO0K, HO TIOHSITHO O/IHO:
mpotiecc O6y/ZIeT HeJIETOK.

MHorHe Apyrve Kiaacchl 3a/ay IMOMAZaioT B TY K€ KaTeropuio: paclo3HaBa-
HUe OOBEKTOB U PeYH, aBTOMAaTUYECKUH TIEPEeBO/, U T. . MBI He 3HaeM, KaKue
MPOrPaMMBI MMUCATD /I HUX, IOTOMY YTO He MOHUMAaeM, KaK C 3TUM CIIPaBJIs-
eTCs Halll MO3T. A ectv ObI ¥ 3HAIU, TakKas IporpaMma Obuia Obl HEBEPOSITHO
CJIO’KHOM.

MexaHnKa MaLUUHHOrO 06yl-IEHI/Iﬂ

Jlns peleHusa TakWx 3a7lad Hy)KeH coBceM MHOU moaxo/. MHoroe U3 Toro, 4To
MBI YCBaMBaeM B IIIKOJIe, TOX0XKe Ha CTaHZAPTHbIE KOMITbIOTEPHBIE IIPOT'PAMMBI.
MbI yymMcsa IepeMHOXKaTh YMcja, pellaTh YPaBHEHUA U IONy4YaTh Pe3ysIbra-
THI, CJIeZlyst UHCTPYKIUAM. HO HaBBIKY, KOTOPBIE MBI ITOJIy9aeM B CAMOM FOHOM
BO3pacTe W CIYMTAEM CAMBIMU eCTEeCTBEHHBIMU, YCBAWBAIOTCA He U3 GpOopMyI,
a Ha IpuMepax.

Hampumep, B ABYXJIETHEM BO3pPAcTe POAUTENU HE y4yaT HAc y3HABaTh COOAKY,
usMepsasi GopMy ee HOCa WK KOHTYPHI Tesla. Mbl MOJKEM OTJINYATh €€ OT APYTUX
CYIIIECTB, TIOTOMY YTO HaM ITOKa3aIi MHOT'O IIPUMEPOB cob6aK U HECKOJIBKO pas
HCIIPABWIX HAIIM OIIMOKU. YiKe IIPH POKAEHUH MO3T Zial HaM MO/EJb, OITKUCHI-
BaIOIIyIO Hallle MUpoBocIpusaTre. C BO3pacToM 6Jiarofaps €if Mbl CTalu Ha OC-
HOBE TIOJIy9aeMO¥ CEHCOPHON MHPOPMAIUU CTPOUTD MPEATONIOKEHNUI O TOM,
c yeM cTajkuBaemcs. Eciu mpemnoioxeHne NoATBEPKAAN0Ch POAUTENAMU, 3TO
CIIOCOOCTBOBAJIO YKPEIUIEHUIO MoZiesu. Eciu »ke OHU TOBOPWJIN, YTO MBI OIITHO-
JIUCh, MBI MEHSLTA MOJIEJb, IOTIOHSASA ee HOBOU MHpopManueli. C OIBITOM OHa
CTAHOBUTCS BCe TOUYHEE, TOCKOJIbKY BK/IIOYaeT OoJIblie IpHuMepoB. U Tak mpouc-
XOZUT Ha T0/ICO3HATETFHOM YPOBHE, MBI 9TOTO a’ke He IIOHMMAaeM, HO MOXKEM
C BBIT'OZION HCIIOJIb30BAaTh.

[my6okoe 0by4ueHrie — OTpacyb 6oJjiee MTUPOKOL 06/1aCTU UCCIeZI0OBAHUI UCKYC-
CTBEHHOT'O MHTE/UIEKTA: MAWUHHO20 00yUeHUs, TIOAPa3yMeBAOIIETO MOIydYeHe
3HaHWM U3 IPUMEPOB. MBI He 3a/laeM KOMITbIOTEPY OIPOMHBIM CITUCOK MTPaBHIT
pellleHus 3a/jauy, a MPeJOCTaBIsgeM M00e/b, C TIOMOIIBI0 KOTOPOH OH MOXXEeT
CpaBHUBATh MPUMEPHI, ¥ KpaTKUi HabOp MHCTPYKIMHN A1 ee MOAUPUKAIINI
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B ciydae omubku. Co BpeMeHeM OHa JIOJDKHA YAYYIIUTbCS HACTOIBKO, YTOOBI
pelnaTh IoCTaBIeHHBIE 33/Ia4 OYeHb TOYHO.

I[lepeiizieM K Gojiee CTPOrOMY U3JIOKEHHIO U cHOPMYIUpPYyeM HAEI0 MaTeMaTH-
yecku. [TycTp Haima Moziestb — GyHKIUA h (x, 0) . BXogHOe 3HaueHne x — IIpU-
Mep B BEKTOPHOU dhopme. JIOMyCTUM, ek X — U300paKeHUe B OTTEHKAX CEPO-
ro, KOMIIOHEHTHI BeKTOpa — UHTEHCUBHOCTD MTUKCesel B KaXK0M MO3ULINHY, KaK
IIOKa3aHo Ha puc. 1.3.

Puc. 1.3. Bekmopusayus uzobpaxceHus 0Jis1 An20pumma MaulilHHozo obyueHus

BxozHOe 3HayeHUe 6 — BEKTOP IapaMeTpOB, UCIOIb3yeMbIX B Halllell MOZeH.
[TporpamMMma mbITaeTCA YCOBEPIIEHCTBOBATH UX 3HAUEHUA Ha OCHOBE PaCTYIIIEro
yucna mpuMepoB. [ToZipobHee MbI paCCMOTPUM 3TOT BOTIPOC B IiaBe 2.

YToOBl MHTYUTHUBHO IOHHMAaTh MOJENU MAIIMHHOIO OOy4YeHHUs, PacCMOTPUM
npumep. JOomycTUM, MBI PEIWIN Y3HATh, KaK MPe/CKa3blBaTh Pe3yIbTaThl K-
3aM€eHOB, €CJIM U3BECTHO KOJTMYECTBO YacOB CHA U y4eObl B /IEHD MePe UCIThI-
TaHueM. MbI cobupaeM MacCUB JAHHBIX U ITPU K&XXKJ0M 3aMepe X = [x, x]7
3aIMChIBA€M KOJIMYECTBO 9aCOB CHA (x,), y4eObl (x,) ¥ OTME€YaeM, BbIIIe WK
HIKe OHU CpeIHUX T10 Kiaccy. Harra nemb — co3zaTh Mofienb h (x, 0) ¢ BeKTOo-

pom mapamerpoB 0 = [0, 6, 0,]7, 4TOGHI:
T e1
-1 ecmux’ - 0 +6,<0
h(x,0)= 92
l,ecmux”-| ' |+6,>0
0

[lo HameMy IpeAnonoKeHNI0, IPOeKT MOZeu h (x,0) 6yz[eT TaKUM, KaK OITU-
CaHo BhIlIE (C TeOMEeTPUYECKOM TOUKU 3peHMsI OH OMMCHIBAET JIUHEUHBIN K1ac-
cudUKaTop, AN IVIOCKOCTb KOOPAWHAT HaZiBoe). Terleph MbI XOTUM Y3HATh
BEKTOp MapaMeTpoB 0, YTOObI HAYYUTh MOZE/b JeaTh BEPHbIE MTpeACcKa3aHus
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(1, ecu pe3ysbTaThl HUXKE CPeHETO YPOBHA, U 1 — eCJIU BBIIEe) Ha OCHOBa-
HUM IPUMEPHOTO BXOAHOTO 3HaYeHUA x. Takas Moziesib Ha3bIBaeTC A IMHENHBIM
nepcenmpoHoM 1 ucmosb3yercsa ¢ 1950-x3. [IpeAmnonokuM, Halld ZaHHBIE COOT-
BEeTCTBYIOT TOMY, YTO [TOKa3aHO Ha puc. 1.4.

® ®

Puc. 1.4. O6paszey, 0aHHbLX O Ae0puUmMMa npedcka3aHus 3K3amMeHO8
U NOMEHYUANTBHO20 Kaaccupukamopa

OxaspiBaeTcs, ipyu 6 = [-24 3 4]7 Mozesnb MAalIMHHOT'O OOyYeHUs CIIocoOHa
cienaTh BEpHOE MpeZicKa3aHue i KaXKJ0oro 3aMepa:

—1,ecmm 3x, +4x, -24 <0

h(x,0)= .
(x:6) 1, ecim 3x, +4x,-24=0

OnTuMasbHBI BEKTOp MapaMeTpoB 0 ycTaHaBIMBaeT KiaccupUKATOp Tak,
4TOOBI MOXKHO OBUTO CZIeJIaTh KaK MOXKHO 0O0JIbIlle KOPPEKTHBIX MPeACKa3aHmH.
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OOBIYHO €CTh MHOXXECTBO (MHOT/IA 1ake 6ECKOHEYHOE) BO3MOXKHBIX OTITUMAaJTh-
HBIX BapuaHTOB 0. K cyacThio, B GONBITUHCTBE CIy4aeB albTePHATHUBBI HACTOh-
KO OJIM3KY, YTO PasHUIEH MeXIy HUMU MOXHO MpeHebpeub. Eciu 3T0 He Tak,
MOXXHO coOpaTh OOJIbIIE AAHHBIX, YTOOBI Cy3UTh BEIOOD 0.

3BYy4UT pasyMHO, HO €CTh MHOT'O OYeHb C€pbe3HBIX BOIIPOCOB. Bo-TIepBHIX, OT-
KyZa bepeTrcs onmTUMa bHOE 3HaYeHNe BEKTOpa mapaMeTpoB 0? PelieHre 3TOH
3azaun TpebyeT MpUMeHEHHs MeToza onmumudayuu. ONTUMHU3ATOPHl CTpe-
MSATCSI TTOBBICUTDb IPOU3BOAUTETHPHOCT MOJENU MAIIUHHOTO OOy4eHUs, I10-
CJIeIOBATENbHO U3MEHSIS €€ TTapaMeTpPhl, IIOKA IOTPEITHOCTb He CTAHET MUHHU-
MaJIbHOH.

M&I oZipobHee pacckakeM 06 06ydYeHUH BEKTOPOB ITapaMeTPOB B IVIaBe 2, OMH-
ChIBas Mpoifecc 2paduenmuozo cnycka*. [o3xe Mbl TOCTapaeMcsi HalTH CITOCOOBI
elte 60sblIIe yBeTUIUTh 3G HEeKTUBHOCTH DTOTO IPOIfecca.

Bo-BTOpBIX, OUEBUAHO, YTO 3Ta MOJieb (JTMHEWHOTO MepcenTpoHa) UMeeT orpa-
HUYEHHBIM TOTeHI[MaM o0yyeHusa. Hampumep, ciydyau pacipe/ieleHus JaHHbIX
Ha puc. 1.5 Heb3s yI06HO OIHcaTh C TOMOIIBIO TUHEHHOTO MTepCenTPoHa.

@ e o © e|le ele o o
el@@@ i - ©8%® o oo 1°°
o -(RE i © 7 e® o [ @ S5

1o e ®o e 2
| o\ @ @ ( ol @ ©_©
e\@ @y e \ @@®,e eeel@@
ee\e-ee 0 SN, © e@elca@@

Puc. 1.5. [To mepe moeo kak 0aHHble NpUHUMAOM 60Jiee KOMNJLEKCHbLE hOPMbL, HAM
CMAaHo8mcst Heo6xo0uMbl 60Jiee CA0HCHbLe MOOesU O UX ONUCAHUSA

Ho aTu cuTyanuu — Bepxylika aiicbepra. Korza Mel mepexofiuM K 60jiee KOM-
IUIEKCHBIM Mpo6ieMaM — paclo3HaBaHUI0 0ObEKTOB WM aHAIU3y TEKCTa, —
JaHHbIe TPUOOPETAIOT OYeHb MHOTO M3MEPEHUH, a OTHOIIEHUA, KOTOPhIe MBI
XOTUM OITMCaTh, CTAHOBATCA KpaiiHe HeJIWMHeHHBIMH. YTOOBI OTpa3uTh 3TO,
B TIOC/IEIHEE BPEMs CIEIMATUCTHI 0 MAITMHHOMY OOYYEeHUIO CTalu CTPOUTH
MO/IeJTY, HalTOMHUHAIOIIKEe CTPYKTYPHI HAIllero Mosra. FIMeHHO B 3TO# 06J1acTH,
0OBIYHO HA3bIBAEMOM ITyOOKHUM 00yUeHHEM, YIeHbIe JOOWINCH BIIEYATIAIOIINX
yCIIEXOB B pellleHUH MpobIeM KOMIbIOTEPHOTO 3peHUsT U 06pabOTKU eCcTecT-
BEHHOTO SI3bIKa. VX aJrOpUTMBI HE TOJHKO 3HAUUTETHHO TTPEBOCXOAT BCE OC-
TaJabHbIE, HO Zla)Ke COMIEPHUYAIOT TI0 TOYHOCTH C IOCTH)KEHUSIMHU Y€I0OBEKa, a TO
Y IPEBOCXOJAT MX.
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HeipoH

HelipoH — ocHOBHas eAWHUIA Mo3ra. He6obInoi ero ¢pparMmeHT, pasMepom
MIPUMEPHO C PUCOBOE 3E€PHBIIIKO, COAEPKUT bostee 10 ThICAY HEHPOHOB, KaX-
ZIBIN M3 KOTOPHIX B cpeZiHeM dopmupyeT okoso 6000 cBsi3e ¢ APYyTUMU TaKu-
MU KJIeTKaMu°. VIMEHHO 3Ta TPOMO37iKasi OMOIoThYecKasi CeTh MMO3BOJIAET HaM
BOCIIPUHUMAaTh MUP BOKPYT. B 3TOM paszziesie Halla 3ajaua — BOCIIOIb30BaThCSA
€CTEeCTBEHHOU CTPYKTYPOU I CO3AaHUA MOZIeIel MallMHHOTO OOyYeHus], KO-
TOPBIE PeIlaloT 3a/ja4M aHAJIOTUYHO. [1o cyTH, HEPOH ONTUMHU3UPOBAH I 10-
JydeHust ”HGOPMALIMK OT «KOJLUIEr», €€ YHUKATbHON 006pab0TKU U ITePeChLIKU
PE3y/IbTaToB B IpyTHe KIeTKU. [Ipoilecc oTpaykeH Ha puc. 1.6. HelipoH mosy4yaer
BXOZIHYIO0 MHQOPMAIMIO 10 deHOpUmMam — CTPYKTypaM, HaTOMUHAIOITUM aH-
TeHHBI. KaXkiass U3 BXOZAIINX CBA3EH AUHAMHUYECKU YCUIUBAETCA WM 0CIab-
JIfeTcsl Ha OCHOBAHUM YaCTOTHI HCIOMB30BAHUA (TaK MBI YIUMCS HOBOMY!),
Y CWIa COeJUHEHWH OmpejenseT BKJIAJ BXOAAIIETO dJIeMeHTa WHPOpMAIMH
B TO, YTO HEMPOH BBIIACT Ha BBIXOZIE. BXOZIHbIE JaHHBIE OLIEHUBAIOTCS HA OCHOBE
3TOWU CUJIBI ¥ OOBETUHSAIOTCA B KJIEMOUHOM meJie. Pe3ynbrat TpaHchOpMUPYETC
B HOBBIM CUTHAJI, KOTOPHIN PaclpoCTPaHseTCs IO KIETOUHOMY AKCOHY K IPYTUM
HellpoHaM.
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Puc. 1.6. @ynxyuoHansHoe onucarue 6110102UUecKOll CMPYKNypbL HellpoHa

MsI MoxeM Tpeobpa3oBaTh GpyHKIMOHATIbHOE MOHUMaHue paboTH HEHPOHOB
B HallleM MO3Te B NICKyCCTBEHHYIO MOZie/Ib Ha KoMIlbloTepe. Ilocieanas onvcana
Ha puc. 1.7, Tie IpuMeHeH IOJX0/], BIiepBble BBeJeHHBIN B 1943 roay Yoppe-
HOM Makkaioy 1 YoiarepoMm ITurtcom®. Kak 1 6uosornueckre HEHPOHBI, UC-
KYCCTBEHHBIH IO/Ty4aeT HEKOTOPBIH 06beM BXOAHBIX JAHHBIX — X, X, ... , X,
KaK/[blii 371eMeHT KOTOPBhIX YMHOXKaeTcsd Ha OIlpe/ieiIeHHOe 3HaueHue Beca —
W, W,, ... , w. OTH 3HaY€HWs], KaK W PaHbllle, CYMMUPYIOTCSI, AaBas Jo2um
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HeWpoHa: z = 2?:0 wx,. JacTo OH BKJIIOYaeT Takke cMelleHHe (KOHCTAHTA,
37lech He MoKaszaHa). JIOTUT TPOXOAUT Yepe3 GpyHKI[HUI0 aKTUBAIUU f, 06pasys
BBIXOJJHOE 3HAUEHUE y = [ (z).DTO 3HaYEHUE MOXKET OBITh ITEPEJaHO B IpyTHe
HEWPOHHI.

Puc. 1.7. Cxema pabomu! HellpoHa 8 UCKYccmBeHHOU Hellpocemu

MaremaTuueckoe o0CyXAeH1e NUCKyCCTBEHHOI'O HEHPOHA Mbl 3aKOHYHM, BbIpa-
3uB ero GYHKIMY B BEKTOPHOU dopMe. [TpescTaBUM BXOAHBIE JaHHBIE HEHPOHA
Kak BEeKTOp X = [x1 X, Xn] , aBeca HepOHA KaKw = [wl W, . wn] . Temepp
BBIXOJHEIE TaHHEBIE HeﬁPOHa MOXXHO BHIpa3UTbKaK y = £ (x ¢ w + b),Ine
b — cmemenue. MBI ClTIOCOOHBI BBIYKUCIUTD BBIXOZHBIE JAHHBIE U3 CKAJIIPHOT'O
MIPOU3BEIEHNS BXOJHOI'O BEKTOPA Ha BEKTOP BECOB, 106ABUB CMEIEHNE U I10-
JIYYUB JIOTUT, a 3aTeM IIPUMEHUB QYHKIIUIO aKTUBAI[UU. DTO KayKeTCsA TPUBHAIb-
HBIM, HO TIpeZICTaB/IeHre HEUPOHOB B BU/E PsiZia BEKTOPHBIX OIEepaIii OYeHb
Ba)XKHO: TOJIBKO B TAKOM (OpMAaTe UX UCIIOIB3YIOT B TPOTPaMMHUPOBAHUU.

BbipakeHue NMHeiHbIX NepcenTpoHOB B BUJE HElPOHOB

Bbiie MBI TOBOPWIN 00 MCIIONB30BAHUH MOZEIEH MAIlMHHOTO OOyYeHUs /s
ompezie/IeHHA 3aBUCUMOCTU MeXAy Pe3yJIbTaToOM Ha dK3aMeHaX U BpeMeHeM,
MOTpaYeHHBIM Ha OOydeHue U COH. [l pellleHus 3aja4il MblI CO3/IaJIN JIMHEH-
HBIN KJIaccuPUKATOP-TIEPCENTPOH, KOTOPHIN JEIUT IUIOCKOCTh IEKaPTOBBIX KO-
OpAMHAT HaZBOe:

h(x0) -1, ecmu 3x, +4x,-24<0
x,0)= .
1, ecmm 3x, +4x, —24 20

Kak nokasaHo Ha puc. 1.4, 3To ONTHMaJIbHbIM BapuaHT AJA 0: OH IO3BOJIAET
KOPPEKTHO KJIacciUINpOBaTh Bce IPUMEPH B HallleM Habope ZaHHBIX. 3/1eCh
MBI BUZIMM, YTO Hallla MoZiesib h paboTaeT 1o obpasiy HelipoHa. [TocmoTpure
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Ha HeWpoH Ha puc. 1.8. Y Hero /iBa BXOAHBIX 3HAYEHUsI, CMEIeHUE, ¥ OH HCITOTh-
3yeT QYHKIIUIO:

—l,ecmmz< 0
f(z)=

1, ecmuz >0

Jlerko MmokasaThb, YTO JUHEUHBIU MepCeNnTPOH U HEMPOHHAA MO/IeJb TOJTHOCThIO
SKBUBAJIEHTHBI. M MPOCTO ITPOAIEMOHCTPUPOBATh, YTO OAUHOYHBIE HEUPOHBI 60-
Jiee BBIPA3UTEIbHbI, YeM IMHEHHBIE TIEPCENTPOHBI. Ka)XKIBIH 3 HUX MOKET ObITh
BBIpQ)KeH B BHZIe OMHOYHOT'O HEUPOHa, HO MOC/IeIHHE MOTYT TaK:Ke OTpakaTh
MOZIeI1, KOTOpbIe HeJb3s BRIPA3UTh C IIOMOIIIbIO IMHEHOTO ITepcenTpoHa.

lozpewHocme

Puc. 1.8. BuipadceHue pe3ynbmamos sk3ameHa 8 gude HellpoHa

HepoceTn ¢ npAmMbIM pacnpocTpaHeHeM CurHana

OZMHOYHbIE HEUPOHBI MOIITHEE TUHEHHBIX TEPCENITPOHOB, HO He CIIOCOOHEI pe-
IIIUTh CJIOXKHBIE TPO6IEMBI 06yUeHUsA. [[09TOMY HaIll MO3T COCTOUT 13 MHOKECT-
Ba HepOHOB. Hanpumep, py IOMOIITY OZHOTO U3 HUX HEBO3MOXKHO Pa3IUIUTh
HalMCaHHbIE OT PYKU HUPPHI. V1 4TOOBI pelaTh Oojiee CIOKHBIE 3aZla4M, HAM
HYKHbI MOZIEJT MAIIIMHHOTO 0Oy4eHUs.
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Puc. 1.9. IIpocmoii npumep Helipocemit ¢ NPAMbLM PACNPOCMPAHEHUEM CUZHANA
¢ mpems cnosmu (8x00HOU, CKPbIMbLL, 8bLXOOHOIL) U MpPeMst HellpOHaMU
Ha Kaxncowlil caoil
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HelipoHBI B 4eJIOBeYECKOM MO3Te PACHOJIOXKeHbl croaMu. Ero xopa, mo 60ib-
IIeif YacTy OTBevarouas 38 UHTE/IEKT, COCTOUT U3 IIecTH cjoeB. VTHopmanysa
nepeTeKaeT 10 HUM, ITI0KA CEHCOpPHBIe JaHHBIe He IIPeoOpasyioTcs B KOHIEITY-
ajbHOe MoHUMaHue’. HarpruMep, caMblii HYDKHUH CJ10M BU3yaIbHOM 30HBI KOPHI
nosiy4yaeT HeobpaboTaHHble BHU3yasbHble JaHHBIE OT IVIa3. DTa MHbOpMaIua
npeobpasyeTcs B K&KAOM CIeAyolleM CJIoe U ITepefiaeTcs Aajiee, IoKa Ha Iec-
TOM CJIO€ MBI He 3aKJII0YaeM, YTO BUAVM KOILIKY, 6aHKY ra3vpPOBKY WJIU CAMOJIET.
Ha puc. 1.9 noxa3aH ynpoleHHBIY BApPHUAHT 3TUX CJIOEB.

Ha ocHoOBe aTUX Hzieii MBI MOKEM CO3/IaTh UCKYCCMBeHHYH0 Helipocems. OHa BO3-
HUKaeT, KOIZla Mbl HaYWHaeM COeANHATh HEUPOHE! JPYT C APYIOM, CO BXOZAHBI-
MU ZAHHBIMHU U BBIXOZHBIMH Y3JIaMU, KOTOPbIE COOTBETCTBYIOT OTBETAM CETH
Ha n3y4yaeMylto 3aza4y. Ha puc. 1.9 nokasaH mpocTeiuii npumep UCKyCCTBEH-
HOU HelpoceTH, CXOXKel 10 apXUTEKTYpe € TOH, 4To ObuTa omvicaHa B 1943 roxy
B pabote Makkatoy u [TutTca. B HY)KHUIH €108 ITOCTYTIAIOT BXOZHBIE JAHHBIE.
Bepxuuti (BBIXOZHBIE Y3JIbI) BRIYUCIAET OTBET. CpeHUH ¢10i (C/1oM) HEHPOHOB
VMIMeHyeTCsI CKPBITBIM, U 3/1eCh Wi(,];') — Bec CoeINHEHUA 1-20 HEUpOHa B k-M cJioe
C j-M HEUPOHOM B (k + 1)-m cnoe. OTH Beca 06pa3yroT BEKTOP MapaMeTpoB 0,
1, KaK ¥ paHee, Halla CIIOCOOHOCTD pelraTh 33a4y [IpU MOMOIIHN HeHpoceTer
3aBUCHUT OT HaXOXAEHUA ONTUMAIbHBIX 3Ha4eHUH 1A 0.

B 5TOM TpUMepe COeIWHEHUS yCTAHABIWBAIOTCI TOJHKO OT HIDKHUX CJIOEB
K BepxHUM. OTCYTCTBYIOT CBAI3U MEXXy HEPOHAMU OHOTO YPOBHS, HET TAKUX,
KOTOPEIE ITepe/IatoT JaHHBIE OT BBICIIETO CJIOA K HU3IIeMy. [loo6HbIe Helipoce-
TH Ha3bIBAIOTCS CEMAMU C NPSMbIM PACNPOCMPAHEHUEM CUSHANA, Y MBI HAYHEM
C HUX, TOTOMY YTO UX aHAJIU3UPOBATh Mpoiie Bcero. Takoit pa3bop (mporiiecc
BBIOOpA ONITUMAaNbHBIX 3HAYEHUH /IJIT BECOB) MBI TIPE/JIOKUM B iaBe 2. Boiee
CJIO’KHBIE BAPUAHTHI CBA3el OYyT pacCMOTPEHB! B ZIabHEHIINX TTaBax.

Huke MBI paCCMOTPUM OCHOBHEBIE THITHI CJIOEB, UCIOJIb3yeMble B HEMPOCETAX
C IPSAMBIM pacIpocTpaHeHHeM curHasa. Ho A Hauanma HeCKOJIbKO BaXKHBIX 3a-
MeYaHUuH.

1. Kak MBI y>Xe TOBOPWJIH, CJIOU HEHPOHOB MEXK/Y TIEPBLIM (BXOZIHBIM) U TIOCTIE/T-
HUM (BBIXOZIHBIM) CJIOSIMU Ha3bIBAIOTCA CKPHITBIMH. 37IECh B OCHOBHOM U TIPO-
UCXOZAT BOJIIIEOHBIE MPOIIECCH], HEMPOCETh MBITAETCSA PEIIUTh ITOCTABIEHHBIE
3aga4yu. PaHbIle (kak IIPU paclioO3HaBaHUU PYKOIMCHBIX IU(P) MbI TPATUIU
MHOT'O BpEMEHU Ha OIpeZie/ieHHe TI0JIE3HBIX CBOMCTB; 3TH CKPBITHIE CJIOU aBTO-
MaTU3UPYIOT Ipoliecc. PaccMoTpeHMe IPOIleccoB B HUX MOXKET MHOTOE CKa3aTh
0 CBOMCTBAX, KOTOPHIE CETh HAYYIIACh aBTOMATUYECKU U3BIEKATh U3 JAHHBIX.

2. B aTOM mpuUMepe Y KaXKJ0ro CJI0s OZIH Habop HEHPOHOB, HO 3TO He HEOOXO/H-
MO€e U He peKOMeHIyeMoe ycioBHe. Yaille B CKPBITHIX CJI0AX HEHPOHOB MEHBIIIE,
YeM BO BXOZHOM: TaK CeTh 06ydJaeTcs CXKaTOMY MpeACTaBIeHn0 NHGOPMAIUH.
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Hanpumep, Korjia ria3a moayJaroT «ChIpble» TUKCETbHbIE 3HAYEHUA, MO3T 00-
pabaThIBaeT UX B paMKaX IPAHUI] U KOHTYPOB. CKPBIThIE CJIOU OGUOIOTUYECKUX
HelpOHOB MO3Ta 3aCTaB/IAIOT HAaC UCKATh Oojiee KaueCcTBEHHOe IIpeZCTaBIeHNe
BCETro, YTO MBI BOCIIPMHUMAEM.

3. Heobs3aTenbHO, YTOOBI BBIXO/] K&XKZOT0 HeMpoHa ObUT CBA3aH C BXOJaMU BCEX
HelpOHOB CJIeAyIoIlero ypoBHA. BrIOOp cBs3ell 37ech — HMCKYCCTBO, KOTOpOe
MIPUXOJAUT C OIIBITOM. DTOT BOIIPOC MBI OOCYAUM ZIeTaTbHO IPU U3YIEHUU TIPU-
MepOB HelpoceTel.

4. BxogHble U BBIXOJHBIE aHHBIE — B8eKMOpPHble TIpeJcTaBaeHus. Hampumep,
MOXXHO M300pasuTh HEMPOCETb, B KOTOPOH BXOJHbIE JaHHbIE U KOHKDETHBIE
MIMKCeJIbHbIE 3HAaUYEeHUs KapTUHKU B pexxuMme RGB npegcraBieHbl B BU/e BEK-
Topa (cM. puc. 1.3). [locneaHutt cioit MOXKeT UMeTh /IBa HEMPOHa, KOTOPHIE CO-
OTHOCSTCSA C OTBETOM Ha 3az:auy: [1, 0], eciu Ha KapTuHKe cobaka; [0, 1], ecu
xoika; [1, 1], ecau ectb 06a »kuBOTHBIX; [0, 0], ecyi HET HU OJHOI'O U3 HUX.

3amMeTuM, 4YTO, KaK U HEHPOH, MOXXHO MaTeMaTU4YeCKU BBIPA3UTh HEHMPOCETh
KaK Cepulo olepauuii ¢ BeKTopaMU U MaTpuuiaMmu. [IycTh BXoAHBIE 3HaYe-
HHeE [-20 CJIOSI CETU — BEKTOp X = [x, x, .. x_].HaMm Hazo HalTH BEKTOD
y = ly, v, .. y,1,00pa3oBaHHbI} paclpoCTpaHEHHEM BXOJHBIX JAHHBIX
Mo HedipoHaMm. MBI MOXKeM BBIPA3UTh 3TO KaK IIPOCTOE YMHOXKEHUE MaTpH-
IIbI, CO3/IaB MATPHUILy BECOB pasMepa n x m U BEKTOP CMEIEHUSI pa3Mepa m.
Kaxzpiii cTonber 6yeT COOTBETCTBOBATh HEHUPOHY, IPUYEM j-ii DJIEMEHT CO-
MIOCTaBJIEH BECY COEVHEHUS C j-M BXOAAIMMUM dJeMeHTOM. VIHBIMU cloBaMu,
y = f(W'x + b),rge QyHKIUS aKTUBAIUKM IPUMEHSIETCSI K BEKTOPY I103JIe-
MEHTHO. DTa HOBasi pOPMY/IHPOBKA OYEHDb IIPUTOAUTCS, KOTZIa MBI HAYHEM pea-
JIN30BBIBATH 3T CETHU B IIPOTpaMMax.

JIuHenHble HePOHbI N NX OrpaHNYeHnA

BOJIBIIMHCTBO TUIIOB HEHPOHOB ONpefesAioTcss GPyHKIMel aKTUBALUN f, IPU-
MeHeHHOH K JIOTUTy logit z. CHayaja pacCMOTPUM CJIOM HEHPOHOB, KOTOPHIE
HICTIOJTB3YIOT TMHEHWHYTO QYHKIIUIO £ (z) = az + b. Hampumep, HEHpOH, KOTO-
PBI IIBITAETCS MTOACYUTATH CTOMMOCTHD 0J1t0/Ia B Kade OBICTPOro 00CTy:KUBaHUA,
OyzeT MuHEeHHbIM, a = 1 1 b = 0. Vcnonp3ys £ (z) = z U Beca, SKBUBAJIEHT-
Hble CTOMMOCTH Ka)XZIOTO OJII0/Ia, TIporpaMMa MPUCBOUT JIMHEHHOMY HEHPOHY
Ha puc. 1.10 onpezieseHHyI0 TPOKY U3 OyprepoB, KAPTOIIKH U Fa3UPOBKH, ¥ OH
BBIZIACT I[eHy UX COYeTaHUA.

BrrarcieHus ¢ IMHEMHBIMY HEHPOHAMU IIPOCTHI, HO UMEIOT Cepbe3Hble OIPaHU-
yeHUA. HecI0:KHO Z0Ka3aTh, 9TO Jt00ast HeHPOCeThb C IPAMBIM PaCIIPOCTPAHEHH-
€M CUTHAJIa, COCTOAIIAs TOJIbKO U3 TAKUX HEUPOHOB, MOXKET OBITh ITpe/ICTaBIeHa
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KaK ceTb 6e3 CKPBHIThIX CJIOEB. DTO MpobyieMa: KaK Mbl )K€ TOBOPHJIM, UMEHHO
CKPBITBIE CJIOU TIO3BOJIIOT Y3HABATh BaXKHBIE CBOMCTBA BXOAHBIX JAHHBIX. UTO-
OBl HAYYUTHCA TOHUMATh CJIOXKHBIE OTHOIIEHUS, HY»XKHO HCITOJIb30BaTh HEUPO-
HBI C OTIPeZIEJIEHHOTO POZia HETMHENHOCTBIO.

¥

Y =wx” +w,xl” + woxl

I 2 %5
bypeepol  Kapmowka  [a3uposka

Puc. 1.10. IIpumep nuHeliHO20 HelipoHa

HEI7Ip0HbI ccurmounpon, WII'IEpﬁOJ'IVI'-IECKI/IM TaHFeHcoMm
nyceyeHHble JINHENHbIe

Ha mpaxTuke A1 BBIYHUCAEHUN TPUMEHSIIOTCSI TPU TUIIA HETMHENHBIX HEHpPO-
HOB. [TepBbIfi HA3bIBAETCS CUTMOU/THBIM U UCTIONb3YEeT QYHKITUIO:

1
S @)=

VIHTYUTUBHO 3TO O3HAYaET, YTO, €CJIM JIOTUT OY€Hb MaJl, BBIXOJHbIE JAHHEIE JIO-
TUCTUYECKOT0 HelipoHa 6/m3ku K 0. Ec/iv IOTUT 0OYeHb BeJUK — TO K 1. Mex-
[y 3TUMU JIBYMS DKCTPpEMyMaMU HeUpOH TpuHuMaeT GopMmy OYKBBI S, Kak
Ha puc. 1.11.

HetipoHut eunepbonuueckoeo maxzerca (tanh-HeiipoHbl) UCHIOIB3YIOT OXOXKYIO
S-06pa3HyIo HETMHEWHOCTD, HO MCXOAAIINEe 3HaYeHUd BapbupyIoT He ot 0 70 1,
aoTr -1 go 1.®Popwmysna g HUX IpejcKkadyeMad: f (z) = tanh (z). OTHoIIe-
HUA MEXK/y BXOJHBIM 3Ha4Ye€HUEM y U JIOTUTOM z IOKasaHbl Ha puc. 1.12. Korga
WCIIONB3YIOTCA S-00pasHble HEeJTMHEMHOCTH, 4acTo NpeANOoYUTAIOT tanh-Hel-
POHBI, a He CUI'MOU/HBIE, IIOCKOJIBbKY Y tanh-HelpOHOB IleHTp HaxoAuTcs B 0.
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Puc. 1.11. BoixoOHble OaHHble cCU2MOUOHO20 HellpOHA ¢ NepemMeHHOTl 2

1,0 =

05 —

-10 |-

Puc. 1.12. BuixoOHble daHHble tanh-HellpoHa ¢ nepemeHHOl %

Ellle OfH THUIT HETUHEHHOCTU UCTIONB3YETCS HElIPOHOM C YCeUeHHbIM JIUHEUHbIM
npeobpazosaruem (ReLU) . 37ech 3aieficTBOBaHa GyHKIUA £ (z) = max (0, z),
U ee rpaduk uMeeT GOpMy XOKKeHHOM Kotk (puc. 1.13).
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1,0 —

08 —

0,6 —

04 -

02 +—

Puc. 1.13. BoixooHble 0arHble ReLU-HellpoHa ¢ nepemeHHOl 2

ReLU B IoC/IeIHEee BpeMsA YacTO BBIOMpAaETCs I BBIIIOJTHEHUA MHOTHX 3aa4
(ocobeHHO B crucTeMax KOMITbIOTEPHOT'O 3peHUsA) 10 PAAY IMPUINH, HECMOTPSA
Ha CBOM HeZoCTaTKU®. DTOT BOIIPOC MBI PACCMOTPUM B IVIaBe 5 BMeCTe CO CTpa-
TETUAMH O0PHOBI C TOTEHINMATBHBIMU IIPOOIeMaMH.

BbixoaHble cnou ¢ (I)VHKLI,MEVI MATKOro MakCcmmyma

YacTo HY>KHO, YTOOBI BBIXOZHOM BEKTOP OBbLI paciipe/ieieHleM BEepPOATHOCTeN
110 HabOpy B3aNMOMCKJIIOYAONINX 3HaYeHUH. JIoIyCTUM, HaM HY>KHO CO3/aTh
HeHpOoCeTh /I paclo3HaBaHUA PYKOIMCHBIX I[P 13 Habopa JaHHBIX MNIST.
Kaxxgoe 3naueHue (oT O o 9) HCKIIOYaeT OCTalbHblEe, HO MaJOBEpPOATHO,
9TOOBI HaM yZaJIOCh PACIIO3HATh LUPPHI CO CTONPOLIEHTHON TOYHOCTHIO. Pac-
npezieJieHNe BEPOATHOCTEN IOMOXKET ITOHATh, HACKOJIBKO MBI YBEPEHBI B CBO-
X BBIBO/AX. JKemaeMblil BBIXOZHOM BeKTOp IpuobpeTaeT Takyio GpopMy, rze

i Pi = I:
[P, P, P, Py - P.].
I 3TOTO UCTIONB3YETCS 0COOBIN BEIXOAHOH CI0M, UMEHYEMBIN C10eM ¢ MAKUM
makcumymom (softmax). B oTInuMe OT APYTUX TUIIOB, BBIXOAHBIE JaHHbBIE HEH-

pOHa B ¢jIoe ¢ MATKUM MaKCHMyMOM 3aBUCAT OT BBIXOJHBIX JAHHBIX BCEX OC-
TaJbHBIX HEMPOHOB B HeM. HaMm HY)KHO, YTOOBI CyMMa BCeX BBIXOHBIX 3HAYEHU N
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paBHaAnach 1. [[pUHAB z, KaKJOTUT 1-r0 HEHPOHA C MATKUM MaKCHMYMOM,
MBI MOXKEM JIOCTUYD CJIEAYIOIIeN HOpMaTN3aluiy, 3a/IaB BBIXOIHbIE 3HAYEHUA:

Mk S
PITS

[Ipy cUIBPHOM IIpe/CKa3aHUM OJHO M3 3HAYeHWH BeKTopa OyzeT O1mM3Ko K 1,
ocranbHble — K 0. [Ipu c;1aboM ocTaHeTCsT HECKOJIBKO BO3MOXKHBIX 3HAUEHUH,
Ka)k7loe M3 KOTOPBIX XapaKTepusyeTcs CBOUM YPOBHEM BEPOATHOCTH.

Pe3iome

B oT0li 1aBe MBI 1asu 6a30BBIE [IPeCTABIEHHA O MAIIMHHOM 00y4eHNY U Hell-
poceTsax. MBI pacckasaiu 0 CTPYKType HelipoHa, paboTe HelipoceTeli ¢ IPAMBIM
pacIpocTpaHeHHEM CUTHAJIA ¥ BAXKHOCTH HEJIMHEWHOCTH B PEIIeHUH CIOXKHBIX
3a71a4 obydeHwus. B cienyromeli rimaBe Mbl HAYHEM CO3/[aBaTh MaTeMaTHIeCKII
byHzameHT A1 oOydyeHUsA HelipoceTH pellleHHIo 3aza4. HanprMep, MBI 11oro-
BOPHUM O HaxOXX/IeHUU OIITUMAaJIbHBIX BEKTOPOB IIapaMeTpPOB, JIy4IINX MEeTOL0B
ob6yueHMs HelipoceTel 1 OCHOBHBIX ITpobjieMax. B mocieyonux riaBax Ml 0y-
ZileM IPUMEeHATh 3TU OCHOBOIOJIAraloIIYe HeH K 6osiee CreIaai3upOBaHHbIM
BapUaHTaM apXUTEeKTyphl HelpoceTel.
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