JlabopaTopHasi padoTa Ne/
no qucuuniune «Teopust uHp opManuu, JaHHbIE, SHAHU
«PelieHne 3a1aun perpeccuu ¢ NOMOIILIO He i POHHOM ceTH»

Leap padoThl — nccieq0BaHUE TPUHIIUIIOB pa3pabOTKH HEHPOHHOM CeTH Ha mpumMepe
3a7lauyu PETPECCHU.

Perpeccusi—3T0  0JIHOCTOPOHHSISI CTOXacTUYECKask 3aBUCUMOCTb,  YCTaHaBJIMBAIOLIAS
COOTBETCTBUE MEXKIY CIIydallHBIMM I€PEMEHHBIMH, TO €CThb MAaTEMaTUYECKOE BBIPAKEHUE,
OTpaXKalollee CBS3b MEXKJY 3aBUCUMOM MEPEeMEHHOW Y U HE3aBUCHMBIMU MEPEMEHHBIMU X MPU
YCIIOBHMH, YTO 3TO BhIpa)KeHHE OyJIET UMETh CTATUCTHYECKYIO 3HAUUMOCTb.

QaxTuyecku, 3amada PErpeccuu —imo HpeoCcKa3anue HeKoOmopo2o BeujeCmeeHHO20
yuca.

Jnst perieHuss MOJIebHON 3a7a4d HCIOJIb3YeM HEUPOHHYIO CEThC OJHUM IOJTHOCBS3HBIM
CKPBITBIM CJIO€M, NPEJCTABICHHYIO HA PUCYHKE.

[lpexxne wem paccMaTpuBaTh MPOIECC OOYYCHHS HEHMPOHHOM CETH, MBI PACCMOTPHM
NOHAMuUe pazmeyeHHol odyuaroueli 6bLOOPKUL.

Pa3meuennas oOyuaromiasi BHIOOpKa COCTOUT U3 KaKOTO-TO KOJIMYECTBA OOBEKTOB, IS
KOTOPBIX MBI 3HaeM JBE BEIM: BO-TIEPBBIX, 3TO HEKOTOPBIC MPHU3HAKU X1..XN. s Kaxmoro
00beKTa MBI 3HAaEM HEKOTOPBIH HAaO0Op mpu3HAKOB. KpoMe TOTO, MBI 3HaeM HEKOTOPYIO METKY
00BEKTA )1 ... IN.

MpsI MOXKeEM Ha 3TOM OOY4UTh HEKOTOPYIO HEWpOHHYIO ceTh. Ho, mpexae uem o0ydaTh
HEHPOHHYIO CETh, MBI pa3leIMM STy BBIOOPKY Ha TPU YACTH. MPEHUPOBOYHDIL Oamacem,
BATUOAYUOHHBLLLOAMACEM U MeCmOosblil 0amacen.

TpeHupOBOYHBIN AaTaceT — ATO TO, YTO MBI HEMTOCPECTBEHHO UCIIOIB3YeM TSl 00 yUeHU S
Haled Mojenu. BamumannoHHBIIIATACETHY)KEH Ui TOTO, YTOOBI MOJCTPAaUBAThH MapaMETPhI
oOyuenust Hameil moaenu (eunepnapamempot). Ha camMoMm jene ero HUKOTJa HE HCIONIB3YIOT B
npoiiecce OOy4eHHs, HO MBI MOATOHSIEM HEKOTOPBIC MapaMeTphbl, YTOOBI Ha ITOM JaTaceTe
pe3yabTaThl ObLIH Jydine. TeCTOBBIN JaTaceT — A3TO JaTaceT, Ha KOTOPOM MbI Oy/IeM MpOBEpsTh
OKOHYATENbHBIN pe3ynbraT. Eciu y Hac MonyduTcss XOpOUMi pe3ysibTaT Ha TECTOBOM JlaTaceTe,
ATO O3HAYAET, YTO Hallla MOJIe)Ib 0000 1IMIIa WH (opMaIINI0, KOTOpas €il Oblja peI0CTaBIeHA.

Beimonnenue mabopaTopHoit paboTel MOXHO npou3BouTh B cpene GoogleColaboratory:


https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%BE%D1%80%D0%BE%D0%BD%D0%BD%D1%8F%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%BE%D1%85%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B2%D1%8B%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%BD%D0%B0%D1%87%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C

https://colab.research.google.com/notebooks/welcome.ipynb.
Eciu Bel xorute ycraHoBuTh PyTorch Ha 1OKaJIbHOM KOMITBIOTEPE, TO MOXHO
YCTaHOBUTh  mUCTpuOyruB  Anaconda: https://www.anaconda.com/distribution/ ¢  Python

MOCIIETHEW BEPCUU.

OO0 me 10J10K€e HUS

PaccMoTpuM clienyronyio yaeOH yIO 3a1a4y: npeackas3ars GyvHKIuo sin(X).

TekcT mporpaMMBbI IPEJICTABIICH HIKE.

1. Wmmnoptupyem torchu matplotlib, uro6sr pucoBars rpaduku.

2. HyxHo coctaButh "traindataset". Bo3pMEM TOUYKHM M3 paBHOMEPHOTO pPACIPEICICHUS

OT HyJA 10 enuHulbl, 100 mryk, Kakayo Touky ToMHOKUM Ha 20, otHuMeM ot He€ 10, uToObI
rpauk mpuMepHO OBLI MO IEHTPY — 3TO OyayT Hamm 3HadeHus 'X". A "y" — 3710 OyayT CHHYCHI
OT JAHHBIX TOYEK.

¥ = sin(x)
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3. JlobaBuM B oOywaromryro BBIOOpKY HemMHoro mryma. lllym Oyaer w3 HOpManbHOTO
pacrpeieneHus. ITOT myM TpubaBUM K KaKIOH Touke mpeapaymero. [lomyauTcst o0ydaroimas
BBIOOpKA.
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x_train

4. Korma mbl OyneM mepefaBaTh B HEMpPOCETh JaHHbIE, HAM XOYeTCs, YTOObl OHU ObLIH
IPABWIIBHOM pa3MepHOCTH. Benb, 10 CyTH, MpU3HAKOM OOBEKTa MOKET OBITh HE OJHO YHCIIO,
Kak 37ech (koopaunHara "X'", M0 KOTOPOl Mbl XOTHM MpeJcKazaTh KoopauHaty "y"), a MOXKeT
ObITh Cpa3zy Heckoibko uucesn. COOTBETCTBEHHO, JUIS OOIHOCTH, HaM HY)KHO Hall BEKTOp X


https://colab.research.google.com/notebooks/welcome.ipynb
https://www.anaconda.com/distribution/

(KOTOpBIN ceiiyac CTpOUKa), MPEBPATUTh B CTOJOCI], Y KOTOPOTO B KKIOW CTpoUke OyAeT OJHO
qucio X. Dto penmaet Metos unsqueeze(). Eciu 8ol B Py Torchesuante HrokHee moquépkuBaHue B
Ha3BaHUM METOJa, 3TO 3HAYUT, YTO ATOT METOJ TPAHCPOPMUPYET TOT 0OBEKT, K KOTOPOMY OH
MIPUMEHSIETCS, TO €CTh MOCJIE BBIMOJHEHHS 3TOW sueikn y HacX_train u y_train u3aMeHuImuch, u

Tenepb 3TO CTOJIOIIBI.

5. Kpome traindataset Ham HyxeH OyneT oTaenbHbI validationdataset, Mbl enum Haml
dataset Ha TpEHUPOBOYHBIC IaHHBIC, W TE€, HAa KOTOPBIX MBI OyJeM TECTUPOBATh WIIH
BamuaupoBaThes. Cerhb oOydaeTcss Ha TPECHUPOBOYHBIX JIAHHBIX U, COOTBETCTBEHHO,
BAJTUMPYETCS HA TE€X JAHHBIX KOTOPhIC OHA HE BU/JIEINA.

Mpbl 3HaeM, YTO TOT 3aKOH IPHPOJBI, KOTOPBIH CreHEpHUPOBA] HAIM JaHHBIE — 3TO
byaknus cuayca. [103TOMy MbI BO3bMEM B BallUJAIMOHHBINIATACET TPOCTO (PYHKIIMIO CHHYCA,
He OyaeM 100aBIATh K HEH HUKAKOTO IrymMa. KOHEYHO 3TO HE 0YeHb JKU3HEHHO, TOTOMY YTO Y
BAaCc HUKOTJAa TaKOTO He OyIeT, 4yTo BallM JaHHbIe OyIyT He 3alIyMJICHBI, TaM Bcerna Oyner
HekoTopbI 1iyM. Ho B JaHHOM IpuMepe Mbl BO3bMEM KaK BATUIAIMIO OOBIYHBINA CHHYC.

Cosznanum aBe nepemennbie "X_validation" u "y _validation". TTocMoTpuM, Kak BBITJISIAT
rpauk 3Tol QyHKIUU. DTO OOBIYHBIN CHHYC Ha TOYKaX, KOTOpPBIE paclpe/ieieHbl paBHOMEPHO
OT MHHYC JIECATH JIO JiecsTH. MBI OyJeM UX IepelaBaTh B HEHPOHHYIO CETh, COOTBETCTBEHHO,
OHH JIOJDKHBI OBITh MPABUIBHOW PAa3MEPHOCTH — 3TO JOJDKCH OBITh JIBYMEPHBIA TEH30D, TIC
KaXJass  CTpOYKa  COOTBETCTBYET  OJHOMY  DJJIEMEHTY, OJHOW  Touke. Jlemaem
x_validationunsqueeze(1) u y_validationunsqueeze(1).
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6. Temepb MOXKHO CO371aTh HEMPOHHYIO CeTh. UTOOBI CO3aTh HEHPOHHYIO CETh, HYKHO
co3math Kiacc, Ha3oBéM ero SineNet, mpeanonaras, 4to 3To OyneT HEHpoceTh, KOTOpas pelaeT
3a/1a4y BOCCTAHOBJICHHsI CUHYyca. E€ MbI JTOKHBI OTHacien0BaTh oT kiacca torch.nn.Module.
Takoe HacieqOBaHHWE BHECET B HAll OOBEKT JOMOIHUTENbHBIC (DYHKIIMH, KOTOPbIE MBI Oynem
UCIONB30BaTh. Kpome TOro, HYKHO NPOWHUIMATH3UPOBATH TE€ CIIOH, KOTOpBIE OyayT
UCIIOIBb30BAThCS B CETH,C MOMOIIBI0 (GyHkmuu'__iNit__**, oHa Ha BXOI MOXKET MPUHUMATh YTO
YTOJIHO, JIOOBIE MapaMeTphl, KOTOpPble HaM OyaeT MHTEPECHO IepelnaTh B 3Ty C€Thb B MOMEHT
KOHCTpyupoBaHus. Hampumep, HHTEpeCHO NeEpenaTh KoAUUECHEO CKPbIMbIX HElPOHO8,
KOTOpbIE OYyAyT XpaHUTHCSA B KKIOM CJO€, TO €CTh MBI IpENIoyiaraéM, 4To BCE CIOH OyayT
oauHakoBOro pasmepa. Tam 6ymer n_hiddenneurons.



Ternepp UHULIIMUPYEM POIUTEILCKUN 00BeKT.COo31aquM CJIOH : TIEPBBIA CIIOM, KOTOPBIH
Oyner wHaswiBathes fcl, aro '"fullyconnected" cioii, monHocBs3Hb ciaoii. B PyTorch
"fullyconnected" croii HaspiBaercs "linear". Mpl nepenaéM KOJIM4eCTBO BXOJIHBIX HEHPOHOB U
KOJINYECTBO BBIXOJHBIX HEMPOHOB. BXOTHBIX HEHPOHOB Oy/IeT POBHO OJUH. TO €CTh ATO MPOCTO
BXOJl B HEHPOH. ITO 0JHO uuciio "X", KoopAUHATa HAIIEW TOYKH, 110 KOTOPO MBI Oy/IeM 4TO-TO
npeackasbIBaTh. BeIxoqHBIX HelipoHOB Oyaer posHo "N_hidden_neurons”.

7. Tlocne storo HyxkHa ¢yHKuus akTuBauuu. Kcratu, momnpoOyiite yOparh (yHKIIUIO
AKTUBAIlMM, Y3HAWTE, 4TO MonyduTcs. B kauectBe QyHkumu akruBaimuu Oepem curmoumay. B

OpUHIUIE, HaM Obl mojouvia jgrobas QyHkus akruBanuu. Ho curmompga — camasi mpocTas.
Kpowme Toro, Mbl 106aBUM €IIE OANH MTOJIHOCBA3HBIH CIIOW, HO Y HEro Oy/ieT BCero OAuH HEHpPOH.
DTOT HEUPOH OyJET BHIXOAHBIM - HAIIIMM OTBETOM Ha BOIIPOC O perpeccuu. Tak Kak y Hac 3ajada
perpeccuy, Hac MHTEpPECYeT OTBET, KOTOPBIM SBISETCS OJHUM YHCIOM, CJIEJOBATENbHO, Ha
BBIXOJIC Halllel CeTH JOJKEeH ObITh OJIMH HeWpoH. B urore, Hama HelpoceTs OyAeT BBHIMVISAICTS,
KaK JIBa CJIOsI, B OTHOM U3 HUX Oy/IeT HECKOJIbKO HEMPOHOB, a BO BTOPOM Oy/IeT O/MH.

Teneppr Ham HY)XKHO Hamucath QyHkuuio forward, OonmuCHIBAIOIIYI0 KaK HAlM CJIOU
nociea0BaTebHO TpuMeHstoTcs. CHavana Mbl mpumensiem ciod "fcl" ma "x". To, 4ro
MOJIy4UJIOCh MBI IIepeaaéM B (YHKIMIO aKTUBALMM, TO YTO BBINUIO U3 (YHKUUN aKTUBAIIMU MBI
nepenaém B "fc2". B npunnune, Gyakius forward moBTOpSET MHUIIMATN3AIHMIO.

Cozmagum Takyto ceTb. KonmuecTBO CKphITHIX HEHPOHOB — 50, YTOOBI TOUYHO XBAaTHIO. Y
Hac Tenepb ecTh "SineNet" — 00bEKT, KOTOPBIA MOKHO 00y4aTh MPEICKA3aHUIO.

8. MaBaiiTe He OyaeM Huuero oOyuaThb, a Cpa3y HIpelCKa)keM. A BIpYr YyKe cpa3y
3apabotaer? Hanumem HekoTopyro dyHkiuio "predict”, BHYTpr oHa OyAeT OU4CHB MPOCTAst — TaM
Oyner Bb13oB Merona "forward". U ecnu BBl mepenaiuTe TyAaa HEKOTOPYIO NMEPEMEHHYIO X, Ha
BBIXOJIE Y Bac OyzeT HeKoTopbli prediction (01HO UCKOMOE Ynciio). Jlanee ecTh HEKOTOPBIN KO,
KOoTOpbIM pucyer 3ToT prediction. /laBaiite mocMoTpum, uto mpoucxonut. IlpeacraBieHo asa
rpaduka, cuHUM 0003HadeH groudtruth, (To, 4TO MBI OBl XOTEJIHM HA BAJIUIAIIUH YBUJIETH), X — 3TO
TO, UTO MBI ITepelaéM B CETh, a Y — 3TO TO YTO MBI OBl XOTEJH, YTOOBI CETh BEpHYIA, a KPACHBIMU
TOYKaMU 0003HAYEHO TO, YTO CETh HaM IMpe/icKa3aa.
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HerpynHo noramaTthesi, 4TO, TaK KaK y Hac CeTh OblIa MHUIMHPOBAHA CIy4ailHBIMHU
yuciiaMi  (Ko20a  6bl _3a0aéme  ciou, OHU UHUUUQIUSUDYIOMCSL  HEeKOMOPLIMU  CAVYAUHIMU




Yucnamu), TO Ha BBIXOZAE y HAC IOJy4MJach HEKOTOpas cilydaiiHas KpuBas (OHAa MOXKET ObITh
pa3Hasi B 3aBHCUMOCTH OT 3aITyCKa).

9. JlaBaiiTe o0yuuM 3Ty HelpoceTb. YTOOBI 0OYUUTH HEHPOCETh, HAM HYKHO HECKOJIbKO
BEIIEH JIOMOJHUTEIBbHO. Bo-TIepBBIX, HAM HYKE€H HEKOTOPBI ONTUMHU3ATOP — HEKOTOPBIN
00BEKT, KOTOpPBHIH  Oymer coBepm@arh Uil HAac  [ATH  TPAJUCHTHOTO  CITyCKa.
Hcnonpzyemtorch.optim.adam. Ber mMoxere mompo6oBath uto-To apyroe. Meron ADAM —
adaptivemomentestimation —ontumuzanuoHHbll anmroputM. OH codeTaeT B cebe HJCIO
HAaKOIUIEHUs! IBMKEHUS U HACI0 Oosee c1aboro 0OHOBIIEHUS BECOB Ul TUIIMYHBIX MPU3HAKOB
(nanGonee n3BecreH SGD — 0OBIYHBIN TPAJAMEHTHBIN CITYCK, HO B JIaHHOU 3a/1a4e OH paboTaer He
OYEHb XOPOIIO, COOCTBEHHO, II0O3TOMY HUCIIOJIb3YEM AP YIUe IPaAUEeHTHBIE CIYCKN).

OuyeHp BaxkHO, 4TO Ha BXoA Adam mepenaroTcsi T€ HapaMeTpbl, KOTOPbIE Mbl XOTUM
MO (UITUPOBATH —TAPAMETPBI, KOTOPHIE MBI XOTUM 00ydaTh B HEMPOHHOU ceTh. MOKHO OBLIO
MOJyMaTh, 4TO 3TO "X ", HO ATO HE TakK, TOTOMY 4YTO "X" — 3TO HaIllM TOYKHU, MBI HE MOKEM Ha HUX
HUKaK MOBJIHATh. 3aTO Mbl MOKEM HOGIUAMb HA 6eCad HEUPOHHOU cemu — me 8ecd, Komopule
xpausimes 6 uetponax (OHU HaxomsaTcs B Sine_net.parameters). DTo oaHa W3 TeX NPUYHH,
nouemMy HelpoceTh Mbl HacleI0BaJIM, a HE CO3aBali Kak Kiacc ¢ HylIst. COOTBETCTBEHHO, €CIU
Mbl mepenaguM B Adam Takoit o0bekT, To ADAM moHMEr, 4TO 37eCh JIeKaAT BCE TE
IepeMeHHbIE, KOTOPhIE OH MOKET MOAM(HUIINPOBATH BCIEICTBAE TPAIUEHTHOTO CIycKa. Tarke
HeoOxoauMo repenats "learningrate” — mar rpagueHTHoro cnycka. 3aech B3sto 3uadenue 0.01,
MOYKHO TaKoKe MOMpoOOBaTh IpyTrue 3HaUCHUsI.

10. Co3ganum Takoit ontuMu3arop. Takke HaM Hy)kHa (QyHKIHS TOTEPh — Ta (yHKIUS,
KOTOpasi TOBOPHUT, HACKOJILKO HEMPABUIIBHO MBI MPEACKA3aIi, HACKOIBKO MBI OMMOIHNCE. DTO Ta
byHKIHS, TO KOTOpOH OyneT MPOUCXOAWTh 6BbluUCieHue epadueHma, W KoTopas Oyner
y4acTBOBaTh B TpaAWeHTHOM crycke — ¢yakiuus lossfunction. B mammHoit  pabote
ucnonezyercsiM SE (meansquarederror).

11. Haunem tpeHupoBky. Ecam mMbl BO3bMEM BeCh Halll J1aTAceT, MPOIOHUM €ro 4epes3
HelipoceTb, MOJYyYMM HEKOTOpble mpeackazaHus. Ilocie 3Toro, Ha 53THUX MpeACKa3aHUAX
nocunTaeM QyHKLUHUIO TOTEPh, KOTOPYIO MblI 3aaaiu. Ilocne atoro y gyHkiuu norepb nocunTaeM
IPOM3BOHYIO U CIeNlaeM T'PaJMEHTHBIN mar. DTo OyaeT Ha3bIBaThCs 3MOX0i. Takum oOpazom,
MBI IOCMOTPEIIM Ha BCE HAILM JAHHbBIC U CeTalId TPAJUCHTHBIN 1I1ar.

Bo3moxHO HaM noTpeOyeTcst MHOTO 3110X. TyT B3STO 1BE THICAUYH, YTOOBI TOYHO XBATAJIO.
Uro Mbl AenaeM BHYTPU OJHOM WTepaluu, BHYTpU oJHOHN smoxu? CHauyana Mbl OOHYIsiEM
rpagueHTsl. MOXHO OBIIIO OOHYJIATH IpaJMEHThl B KOHIIE, HO,4YTOOBI HE 3a0bITh, JIyUIlle Cpa3y
JiesIaTh 3TO BHAYasle.

Kaxxmast srioxa Ha4MHAETCS C TOTO, YTO Yy ONTHUMai3epa oOH ynsroTest rpaaueHTsl. [loce
sToro cuuraeM forward, To ectb Mbl OepéM Haml Bech X train W mepegaéM ero B (pyHKIHIO
forward, cuntaem prediction (cunTaeMm npenckazaHus Hallel HeHpOoceTH), Mociae ITOr0 CUUTAeM
(GYHKIIUIO TTOTEPh, MOJydaeM HEKOTOPOE€ YHCIO — CKaJsip, MO0 KOTOPOMY MBI MOXEM CHeNaTh
backward. Jlemaem mo stomy ckamsipy backward, To ecTb 3TO HEKOTOPBIA TEH30pP, KOTOPHIH
3aBHCUT OT IApaMETPOB CETH, TO €CTh OT BECOB HEMPOCETH, KOTOPHII 0OOEpHYT B ONTHUMA3ep, U,
COOTBETCTBEHHO, Korga Mbl JenaeM loss valbackward, ontumaiizep monumaer, 4ro Tam
MOCYUTAIIUCH TPATUECHTHI, U 3HAYUT ONTHMAaN3ep MOXET CIIeNIaTh Iar. JTO BECh UK OO0yICHUS

Ha ofHoM snoxe. JlaBaiite nposeném oOyuenne Ha 2000 smoxax ¥ TOCMOTPHUM, YTO MOTYYUTCSL.
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Msbl BUIUM, 4YTO pe3yibTaT xopolmii. Mbl oOydanuch Ha 3aUIyMJIEHHBIX JTaHHBIX,
KOTOpbIE COBCEM HE IOXOXKM Ha CHUHYCHl. llonmydunn HEKOTOpble TOYKH, KOTOpbIE 371€Ch
OTMEYEHBI KpacHbIM. OKa3bIBAa€TCs, YTO Y HAC JOBOJIBHO XOPOIIME PEe3yJIbTaThl, Mbl 00yJaluch
Ha 3alIyMJIEHHBIX JAHHBIX, a MOJIYYUIIH JEHCTBUTENBHO (DYHKIIMIO, KOTOpas OueHb OnM3Ka K
cuHycy. OHa He MJAeaIbHBI CHHYC MOTOMY YTO JaHHbIE, KOTOpbIE MPUXOAUIH, OOBEKTHUBHO
OBbLIIM HE OYEHB IMOXO0KU HA UJICAJIbHBIA CUHYC.

12. TTocMOTpUM, KaK MOKHO YIYYIIUTH Pe3yAbTaTbl. Bo-TEpBBIX, MBI MOIJIM B3STh U
IIOCTaBUTh [IOMEHBIIE HEMPOHOB B HAILIEM €IMHCTBEHHOM CKpBITOM cioe. [locraBumM, Hanpumep,
omquH HewpoH. Uto Oyaer B Takom ciydae? I[lepenaém mapameTpbl HEMpPOCETH B ONTHUMAM3E.
MoxHo e pa3 HHUIMHPOBATh lossfunction, 3To HE Ha YTO He BiMseT. M oOydunmMcst 3aHOBO.
MOoOXHO yBHJIETB, YTO €CJIM BCEr0 OJMH HEHPOH, TO Y HAC IOJIy4aeTcsl NPaKTHUUECKH JTMHEHHOe
npenckazanue. HaBepHoe, 0HOTO HEMpOHA HEAOCTATOYHO, HAIlla HEHPOCETh HE OUYEHb CIIOKHAS,
OHa HE MOXKET MPEJCKa3aTh CIOXKH YO (pyHKIHIO.

JaBaiiTe 100aBUM emE HEHpoHOB (Hampumep, 3), Y HAC MOJIYYHTCS YK€ OAWH HU3IHUO.
MOXHO 3aMETHTh MHTEPECHYIO 3aKOHOMEPHOCTh: 4eM OOJIbllle HEHPOHOB MBI HCIOJIB3YyeM B
CKPBITOM CJIO€, TeM OOJbIle M3rM00B y Hameld HTOroBoW (yHKIWHU moiydaercs. Eciam Bb
IPENCTAaBUTE 3Ty HEUPOCETh, TO 3TO IPOCTasi CyMMa CUIMOMJI. B HaleMm CKpBITBIM C€JI0€ €CTb
Ncurmonn,.

DTO YacThIM Cy4ail, Korja co3aHa HEHpOHHAs CeTh OoJiee CIOXKHAs, 4eM Tpeodyercs,
KOTOpasi MOXKET alipoOKCUMUPOBATH O0Jiee CIOKHbBIE (YHKIUHU, YeM Ta (YHKIUs, KOTOPYIO MBI
nMeeM. [lepeycioxHeHne HEHPOHHOM CETH — 3TO HE BCETIA II0XO.

14. Jlns BuU3yanu3amuy Iporiecca OOYYeHHsl IO 310XaM MOXXHO J00aBUTh KO,
MOKa3aHHBIM KPAaCHBIM XUPHBIM IpHPToM. Bua gyHkuun onmOxu no snoxaMm (juisg 50 amox)
MOKa3aH Ha rpaduke.

plt.plot(test_loss_history):
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##

importtorch
importmatplotlib. pyplotasplt
##

##

importmatplotlib
matplotlib.rcParams['figure.figsize']=(13.0,5.0)
#4#

#4#

X _train=torch.rand(100)

x train=x train*20.0-10.0
y_train=torch.sin (x train)

plt.plot(x train.numpy(),y train.numpy(), 'o")
plt.title('sy = sin(x)$'");

#H

##

noise=torch.randn (y train.shape)/5.
plt.plot(x train.numpy(),noise.numpy(),'o")
plt.axis([-10,10,-1,11)

plt.title('Gaussian noise');

y train=y traintnoise

plt.plot(x train.numpy(),y train.numpy(), 'o")
plt.title('noisy sin(x)"'")
plt.xlabel ('x train')

plt.ylabel('y train');

##

##
x_train.unsqueeze (1)
y train.unsqueeze (1) ;
##

#4#

x validation=torch.linspace(-10,10,100)

y validation=torch.sin(x validation.data)

plt.plot(x validation.numpy(),y validation.numpy (), 'o")
plt.title('sin(x) ")

plt.xlabel ('x validation')

plt.ylabel ('y validation') ;

x validation.unsqueeze (1)
y validation.unsqueeze (1) ;

##

##

classSineNet (torch.nn .Module) :

def init (self,n hidden neurons):

super (SineNet,self). init ()
self.fcl=torch.nn.Linear (1,n _hidden neurons)
self.actl=torch.nn.Sigmoid ()
self.fc2=torch.nn.Linear (n_hidden neurons,1)

defforward(self,x):
x=self. fcl (x)
x=self.actl (x)
x=self. fc2 (x)
returnx

sine net=SineNet (50)

##



##
defpredict (net,x,vy):

y pred=net.forward(x)

plt.plot (x.numpy(),y.numpy (), 'o',label="'Groud truth')

plt.plot (x.numpy(),y pred.data.numpy(),'o',c='r',label="Prediction');
plt.legend(loc="upper left')

plt.xlabel ('S$xS$")

plt.ylabel ('$yS')

predict (sine net, x validation,y validation)

##

##

optimizer=torch.optim.Adam (sine net.parameters (),lr=0.01)

##

#test_accuracy history = []
#test _loss_history = []

##

defloss (pred, target) :
squares= (pred-target) **2
returnsquares.mean ()

##

#4#
forepoch indexinrange (2000) :
optimizer.zero grad()

y pred=sine net.forward(x train)
loss val=loss(y pred,y train)

loss val.backward ()
optimizer.step()

# test_preds = sine_net. forward(x_validation)
# test loss_history.append(loss(test preds, y validation))

predict (sine net, x validation,y validation)

##
##
#plt.plot(test loss history);
##
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3ajanue Ha 1a00paTOPHYIO PadoTy

1. UccnenoBarh HEHPOHHYIO CETh IIPU 33JaHHBIX HaUaIbHBIX IapaMeTpax (CM. TadnuILy).
Haiitn MunnmanbsHOe 3HaueHune N_hidden_neurons, mpu KoTopoM ceTh JaeT
YAOBJIETBOPUTEIbHBIE PE3YIIBTATHI.

2. HaiiTu Hamydiee 3HaYeHKE Iara rpagueHTHoro ciyckalre marepsane + 100% ot

HOMHHAIBHOTO 3HAYCHUSI.
3. M3MeHMTH HEMPOHHYIO CETh I MpeacKasanus GpyHKuuu y= 2**sin(2 )
4. Jlns oroit 3ampau (1. 3) monyunte MmeTpukyMAE = %Zf |y_pred ,—y_target |
He xyxe 0.03, Bapbupysi: apXUTEKTYpYy CeTH, loss- hyH Km0, Ir ontumuszaropa wim
KOJIMYECTBO AMOX B OOy4ICHUH.

5. MerpukaBsrauciseTcscrnoMonproBeipakenus(pred - target).abs().mean()u BeiBoguTcst

oneparopom

print(metric(sine_net.forward(x_validation), y_validation).item()).
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Tabnuua. HauanbHble 3HaYeHUs TUIIEpIapaMeTpOB HEHPOHHOU ceTn

Bapuanr | MeToa onTumMu3auuu Yucao veiiponos | Ilar rpaaueHTHOrO
B CKPBLITOM CJI0€ CIycKa
n_hidden_neurons | Ir

0 ADAM 10 0.01
1 ADAM 20 0.001
2 ADAM 30 0.01
3 ADAM 40 0.001
4 ADAM 50 0.01
5 SGD 10 0.001
6 SGD 20 0.01
7 SGD 30 0.001
8 SGD 40 0.01
9 SGD 50 0.001




IIpumeyanue

1. HoaroroBka aaHHbIX A yHkmm Y= 2*sin(27)

deftarget_function(x):
return 2**x * torch.sin(2**-x)

# ------Dataset preparation start--------
X_train= torch.linspace(-10, 5, 100)

y train = target_function(x_train)
noise = torch.randn(y_train.shape) / 20.
y train=y train + noise
X_train.unsqueeze_(1)
y_train.unsqueeze (1)

x_validation = torch.linspace(-10, 5, 100)
y_validation = target_function(x_validation)
X_validation.unsqueeze (1)
y_validation.unsqueeze (1)

# ------Dataset preparation end--------

2. OnucanmedyHkuuumetric

def metric(pred, target):
return (pred - target).abs().mean()

Conep:xxanye oT4eTa

TuTynBHBIN TUCT

Llens paboThI, MOCTAaHOBKA 33Jja4l HCCIIEIOBAHUSI.
Onucanue METOOUKN UCCIIEIOBaHNUS.

Pe3ynbraTel Hccen0BaHNs B COOTBETCTBHHM C 3aJaHUEM.

ok bR

BeiBojie1 o pabore.



