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«O0Hapy:KeHrEe aHOMAJTHIDY

BBenenue

3anaya oOHapyKEeHUs] aHOMaJIMK aKTyaJlbHA JJIsl MHOYKECTBA MPUKJIAAHBIX 00IaCTeM:

Nudopmarmonnas 6e3onacHOCTh (0OHapyKEHUE CETEBBIX aTakK, AHOMAJIUI MOBEACHUS
MOJIH30BaTENS U TIP.);

[IpombInIeHHOCTH (0OHAPYKEHNE aHOMAJIBHBIX COCTOSTHUM 000py10OBaHU);
bankoBckas cpena (0OHapy)eHUEe MOILIEHHUYECTBA U aHOMAJIbHBIX TPAaH3aKILIHM);
MenuiivHa u 3ipaBooxpaHeHue (paHHee 0OHapyKEHUE MaTOJIOT Ui );

Dxonorus (00HapY)KEHUE aHOMAJIUKA B IPOCTPAHCTBE IKOJIOTHYECKUX (aKTOPOB) U T.1.

OnHUM U3 COBPEMEHHBIX HMHCTPYMEHTOB OOHApY)XEHUS aHOMAallUil sBIAETCS
ABTOKOUPOBIIMK. ABTOKOIHUPOBIIMK — 3TO HEHPOHHAs CETh CHEUUAJIbHON apXUTEKTYpHI.
KonmyecTBo HEMPOHOB BO BXOJHOM U BBIXOJTHOM CJIO€ COOTBETCTBYET Pa3MEPHOCTU BXOAHBIX
JaHHBIX (KOJTUYECTBY NMpU3HAKOB). [Ipu 3TOM CKpBITBIE CIION COAEPKAT MEHBIIEE KOJTUYECTBO
HelpoHOB. Bo BpeMsi 00yueHHsI aBTOKOAUPOBIIMK 00ydaeTcsi cHayajda KOAUPOBATh BXOJIHBIE
JaHHbIE B MEHBIIYIO0 Pa3MEPHOCTb, a 3aT€M JEKOIUPOBaTh MX C MUHMMAJIbHOM OIIMOKOM.
OOyyeHue aBTOKOJIMPOBIIMKA MPOAOIDKAETCS N0 TEX IOp, MOKa OH HE HACTPOUTCS
BOCCTAHAaBIIMBATh MPUMEPHI O00y4Yaroiel BBIOOPKH C MPUEMIIEMON TOYHOCTHIO. OOBIYHO
TOYHOCTBH OTPEIEISIETCS BETUYMHOU cpeaHekBaaparnunoi ommOku (Mean Squared Error,
MSE). BoccTaHoBieHHBIE Ha BBIXOJ€ aBTOKOJAMPOBIIMKA JaHHBIE Ha3bIBAIOT
PEKOHCTPYKLIHEH.

[Tocne oOydyeHUs aBTOKOIMPOBIIMK MOXHO HCIIONb30BaTh JJIi OLEHKH OJIM30CTH
NOJAHHBIX Ha BXOJ| MPUMEPOB K OOyyaroluM JaHHBIM. [103TOMYy aBTOKOAMPOBIIMK 4YacTO
HCIIOJIb3YETCA B KaueCTBE OJHOKJIACCOBOro kiaccugpukaropa. CreneHb OIM30CTH BXOTHOTO
nmpuMepa K 00yJaronuM JaHHBIM orpeaesnsercs Bennunnoi Immediate Reconstruction Error
(IRE). 3nauenue IRE st Bxomguoro mpumepa X(Xi, Xy, ..., X,...X,) pa3MEpHOCTH I

m
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PEKOHCTPYKLHSI BXOIHOTrO mpuMepa aBrokoaupoBuimkoM. Yem Ommwke IREy k Hymo, Tem
TOYHEE aBTOKOJMPOBIIMK BOCCTAHOBHJI BXOJJHOM BEKTOP M TEM JOCTOBEPHEE IMIIOTE3a O TOM,
YTO BXOJHOW BEKTOpP MNPHHAICKHAT K OOydaronieMy MHOXeCTBy. st oOHapyKeHus
aHOMaJIMii B IaHHBIX yCTaHaBIMBaeTcs noporosoe 3naueHue /R E,, . IToporoBoe 3HaueHue B
NaHHOW paboTe BBIOMPACTCS KaK MaKCHMMalbHOE 3HAYEHHE CPEIH OIIHOOK PEKOHCTPYKIIHH,
pacCUYMTAHHBIX JJIsI MPUMEPOB 00yUaroIIero Hadopa.

[ToporoBoe 3HaueHHE OIMUOKU PEKOHCTPYKIIMH MOKHO HHTEPIPETHPOBATH KaK TPAHHUILY
KJlacca B MPOCTPAHCTBE MPHU3HAKOB, KOTOPYIO «OYEPTHI» OOYYCHHBIM aBTOKOIMPOBIIHK.
Takum o6paszom, ecnmu IRE mmsa mpumepa X mpesblmiaer mopor pacnosHasanus IRE, ,
3HAYMT, TIPUMEP HAXOIMTCS 3a IPAHUIIEH Ki1acca M KIACCU(PUIMPYETCs KaK aHOMAJIHs.



CymecTBeHHasi mpobieMa NMPUMEHEHUsSI HEHPOHHBIX CETEH 3aKJI04aeTcsl B TOM, YTO OHU
MPEACTABISIOT COOOM «YEepHBIM SAMMK». B TOM cMbIcie, 4TO pe3yabrar uX paboThl Ha
HEKOTOPBIX BXOJHBIX JTAHHBIX MOXET OBITh HEOOBSICHUM WM HEMpEeICKa3zyeM, HECMOTps Ha
BBICOKME TIOKa3aTelau TPAJUIMOHHBIX XapaKTePUCTUK KadyeCTBa, PACCUMUTHIBAEMBIX IIO
pe3ysbraraM Kiaccu(uKaluy orpaHuYeHHOTO TeCTOBOro Habopa.

Ota mpolbiieMa MOXKET OBITh perieHa ¢ MOMOIIbI0 HOBOTO KPUTEPHsI KadecTBa OOy4YEHUS
EDCA, no3BoJisifoIero npoBepsTh 00NacTh, CO3aBa€MYyI0 MOJEIbIO TOocie OOy4YeHHs, Ha
COOTBETCTBHE O0yYaIOLUM JaHHBIM.

[Ipennaraercsi kputepuii Ha OCHOBe ueThIpex mokazareneil: Excess, Deficit, Coating,
Approx (EDCA), KOTOpbIii MO3BOJSET OLEHUTh TOYHOCTh aNMpPOKCHUMAIIMU MOJEIbIO
obOnactu oOydaronux JnaHHbIX. KpuTepuil olleHMBAaeT BEIMYMHY U TMOJOXKEHHE 00JiacTei,
dbopMupyeMbIX KiacCU(PUKATOPOM MOciie 00y4eHHs, OTHOCUTEILHO IeeBbIX. [IpuMenenne
KpUTEPHs TIO3BOJIUT OIEHUBATh MOJEIM MAIIMHHOTO OOyYeHMsI M HACTpauBaTh UX JO TeEX
Mop, MOKAa PUCK HENpaBUJIIBLHON Kiaccudukanuu 3a mpenenamy oOydarouieil BHIOOpKH HE
OyZIeT MUHUMHU3HPOBAH.

3HaYEHUS XapaKTEPUCTUK PACCUYMTHIBAIOTCS HA OCHOBE JABYX AUCKPETHBIX OIICHOK: OIICHKU
o0beMa, 3aHMMaeMoro OOy4yarlIMMU JaHHBIMA B MPOCTPAHCTBE MPU3HAKOB, U OILICHKU
o0bemMa, KOTOPBI 3aHMMAIOT JaHHBIE, pacmo3HaBaeMble KiaccudukaropoMm. Bce manHeble,
KOTOphie OOydYeHHass MOJeJb OTHOCHT K II€JIeBOMYy KJlaccy, OylemM Ha3bIBaTh
ne(opMHUpPOBAaHHBIM HAO0OpPOM JaHHBIX. UTOOBI ompenenuTs AedhOpMHPOBAHHBIN HaOOP
JTAHHBIX, MPOCTPAHCTBO OOBEKTOB CKAHUPYETCSA C OMPENCIICHHBIM IaroM, a 3aTeM JIaHHBIE
CKaHHUPOBAaHUS KIACCUDUIMPYIOTCA C UCMONb30BaHUEM OOydeHHOW Monenu. JlaHHble, s
KOTOPBIX pPe3yJbTarT KiacCU(PUKAIUU TOJONKUTEIbHBINA, COCTaBIAIOT aAehOPMUPOBAHHBIN
Ha0Op JTaHHBIX.

Jist oneHkn oObeMa JaHHBIX MPOCTPAHCTBO MPHU3HAKOB B MCCIEAYEMbIX T'paHMIIAX
pasnensercss Ha aToMapHble siueiiku. [Ipudyem rpaHUIBI HCCIETyEeMOro MPOCTPAHCTBA
MIPU3HAKOB BHIOMPAIOTCS Ha OCHOBE CYIIECTBEHHO PACIIUPEHHBIX MPEAEIIOB 3HAYCHUN BCEX
npu3HakoB. OO0beM aToMapHOW S4YEWKH MpeaBapUTENIbHO Bbruucisgercs. Hampumep, ecnu
MPOCTPAHCTBO MPU3HAKOB JIBYMEPHOE, TO OHO MOXET OBITh Pa30UTO CETKON C OJMHAKOBHIM
mwaroM 7 1o xaxaoi ocu (mpusHaky). Torma 00bEM aToMapHOW SYEHKM paBeH ILIOMIAAU

sueiiku, 72,

B obmem ciydae, nuckperHas orieHka o0beMa oOyuaroniero Habopa

Xk

T
co00ll CyMMy HEIMYCTBIX SY€eK, YMHO)KCHHYIO Ha aTOMapHbId 00beM. YUUTHIBAIOTCS TOJBKO
T€ SIMEUKHU, KOTOPbIE COAEPKaT XOTs Obl OJHY TOUKY 0Oydaromiero Habopa. COOTBETCTBEHHO,

MPECTaBISICT

JUCKpEeTHasi olleHKa oObeMa aehopMHUpOBAHHOTO Habopa X;)“ Ipe/ICTaBIsAeT CcOOOM

CyMMY OOBEMOB aTOMApHBIX SYEEK, COJAEPXKAIIMUX, IO MEHBIIEH Mepe, OAHY TOYKY
nedopmupoBaHHOro Habopa.
Xapaktepuctuku EDCA paccuuThIBaoTCs MO CIEAYIOMUM GopMyliam:
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NneansHbI OMHOKJIACCOBBIA KIacCU(DUKATOP XapaKTEPU3YETCsS CICAYIOIUMU
3HAYEHUSIMU TTOKa3aTesei:
Excess =0, Deficit =0, Coating =1, Approx =1 (5)

MeTto0510THs OLIEHKH KJIaCCHU(PUKATOPa BBINISIAUT CIEAYIOIIUM 00pa3oM:

1) Onpenenenuie rpaHul] UCCIIEYEMOIO MTPOCTPAHCTBA MPU3HAKOB;

2) BeIOop 1mara ckanuposanus /1;

3) CkaHupoBaHHE MPOCTPAHCTBA MPU3HAKOB U MOJTYyUYECHUE JTAHHBIX CKAHUPOBAHUS;

4) Ilony4eHne OTBETOB KiaccupHKaToOpa JUIst IPUMEPOB o0ydaroiero Habopa Xp;

5) Pacder oObpema X;k JUI Ka)XK10ro Kjacca;
6) IlonyueHue oTBETOB KiIacCHU(PUKATOPA AJIs1 JAHHBIX CKAHUPOBAHUS;

7) Pacuer oObeMa X[)" JUTS Ka)KJIOro Kjlacca;

8) Pacuer xapakrepuctrik EDCA nis kaxxaoro kiacca;
9) Onpenenenne kadecTBa Kiaccuukaropa MyTeM CpaBHEHUS 3HAUYCHUU
XapaKTEPUCTUK JJISI KaX0T0 KJacca CO 3HAUYEHUSIMU, YCTAaHOBJIEHHBIMU B (5).

Takolt moaxoa K OIEHKE KadecTBa KiacCUuPHUKATOPOB TpEACTaBIgeTCS Ooliee
MH()OPMATUBHBIM U TOYHBIM. A TJIaBHOE, MO3BOJISIET CTPOUTH HAACKHBIC U IMPEJCKa3yeMbIe
KJIACCU(PHUKATOPBHI.

DdbdexTuBHOCTh KpuTepuss Ha ocHoBe xapaktepuctuk EDCA MoxeT OBITH
IPOJIEMOHCTPUPOBAHA Ha TPUMEpPE OJHOKIACCOBOTO KiIacCH(UKATOpa U CUHTETUYECKOTO
Ha0opa JIByMEpHBIX JaHHBIX. B KauecTBe OAHOKIACCOBOTO Kiaccu(puKaropa HCHOIb3YeTCs
aBTOKOAMpOBIIUK. Paccmorpum paBa aBtokoaupoBmuka AEl u AE2. IlepBniid
aprokonupoBuIMK AE] umeer apxurtektypy [2; 1; 2], a BTopoit aBrokonupoBmuk AE2 nmeet
apxutextypy [2; 3; 5; 2; 1; 2; 5; 3; 2]. AprokonupoBiuku AE1 u AE2, oOyueHHble Ha OHOM
CUHTEeTHYEeCKOM Habope naHHbIX B TeueHwe 1000 »smox, oOecreynBarOT pPa3Hy TOYHOCTH
anmpokcuMaiu odyuatomiero Habopa. Ha puc. 1 mpomeMoHCcTpupoBaHbl 00JaCTH TOYEK B
MIPOCTPAHCTBE MPU3HAKOB, KOTOpbIe OOyueHHble aBTOkKOonupoBIIUKU AEl (puc. 1a) u AE2
(puc. 10) OyayT OTHOCHUTH K IIEJIEBOMY KJIACCY.
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Puc.1 [lepopmupoBanHble 06JaCTH, TOCTPOECHHBIE aBTOKOUPOBLIMKAMU
AEIl(a) u AE2(0)

Puc. la noxka3siBaeT, yTo mepBbIii aBTOKOAUPOBIIMK AEl OTHOCHUT K IieleBOMY Kilaccy
HECKOJIBKO OOIIMPHBIX O00JIACTEll MPOCTPAHCTBA MPU3HAKOB, B TO BpPEMs Kak OOydaroiiue
JAHHBIE 3aHUMAIOT TOJBKO YaCTh OJHOW U3 HUX. Takoi aBTOKOAMPOBIIMK OYIET MPOIyCKaTh
aHOMAJIMU, a TaKXKE YSA3BUM JUIsI COCTSI3aTENbHBIX aTak, MOCKOJIbKY BO3MOXHO TMOI00paTh
COCTSI3aTeJIbHBIN MPUMED, KOTOPBIA CMOXKET OOMaHyTh KiiacCu(UKaTOp.

Apxurektypa aBTokonupoBiivka AE2 Oblia cliokHEe, MOATOMY OH allpOKCUMHUPOBAI
obnacte oOydaromux AaHHbIX TouHee. Kak mokazano Ha puc. 10, oOmacth, OTHOCHMAs
aBrokonupoBiinkoM AE2 Kk weineBoMy Kiaccy, MOJHOCTbIO COOTBETCTBYET OO0JIaCTH
oOydJarouux JaHHBIX. DTO O3HayaeT, uto Mojaelb AE2 Oonblle MOAXOAUT JJIsi TOYHOTO
oOHapy>KeHHUsI aHOMAJIUI U HE ySI3BUMa JIJIsl COCTSI3aTENIbHBIX aTak.

UToOBI MPOIEMOHCTPUPOBATH HHTEPIPETUPYEMOCTh U APGEKTUBHOCTh KpPUTEpPHs, B
Tabnuue 1 mpuBeneHbl 3HAUYCHUS MpeiokeHHbIX mokazareneit EDCA nns mepBoro u
BTOPOT'0 aBTOKOJAUPOBIIMKA.

Tabnuma 1. EDCA mia AE1 u AE2

Excess  Deficit Coating Approx

AE1 11.25 0 1 0.08

AE2 0.5 0 1 0.67

Ideal 1
AE 0 0 1

3HaYeHUS TTOKa3aTesei i1 aBTOKOAMPOBIMKa AE2 Onmmke K uacadbHbIM. DTO 03HAYACT,
9YTO OH MEHEE YSI3BUM ISl COCTSA3ATENbHBIX aTak M MPOMYCKOB aHoManuid. [IpemmaraeMbrit
KpUTepuil 0COOCHHO IIEHEH B Clly4ae BBICOKON Pa3MEpHOCTH JAHHBIX, KOT/Ia BU3yaln3aIlus
oOmacteli, kak Ha puc. |, HeBo3MOkHA. OmHaKO 3TO OCTaéTcs 3a paMKaMu TeKyIIeh
71a00paTOpHON pabOTHI.

IToaroroBka Cp€abl BbLINTIOJIHCHUA

B cpene Google Colab HeoOxoammo co3aaTh HOBBIM OJOKHOT M TMOIKIIOUUTH JIHMCK, Kak
IIOKa3aHO Ha PUCYHKE:
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Hanee cornacHo 3agaHuto Tpedyercsa co3aark Ha Jlucke nmanky ¢ umenem is_lab2. Coznanue
Manku MOXeT ObITh chenaHo wHTepakTuBHO B Colab, mnbo nemocpenctBeHHo Ha Google
Jlucke, mTuOO ¢ TOMOIILIO KOMaHIbl mkdir.

Jlanee B mpumepax OymeT mpeanoyiararbCsi, 4yTo Tamka is lab2 pacmonaraercs 1Mo IyTH:
drive/MyDrive/Colab Notebooks/is lab2.

s ynoOcTBa manbHeielr paboThl MpesiaraeTcs BhIOpaTh CO3IaHHYIO MAnkKy padoueit
TAPEKTOPUEH:

import os

os.chdir('/content/drive/MyDrive/Colab Notebooks/
is lab2’)

Hns ckaunBanusg OuOnuoreku 1ab02 lib.py u daiinoB ¢ BeIOOpKaMu name._train.txt,
name_test.txt, a TaK)KC CO3JaHHUsA IAKU ou! NpeajaaracTcsli BOCHOJb30BaThCA CICAYIOIIMMU
KOMaHJaMH:

# crauMBaHve OUBIIMOTEKU
'wget -N http://uit.mpei.ru/git/main/is dnn/raw/branch/
main/labworks/LW2/1ab02 1lib.py

# cxaurBaHMe BHOOPOK

'wget -N http://uit.mpei.ru/git/main/is dnn/raw/branch/
main/labworks/LW2/data/name train.txt

'wget -N http://uit.mpei.ru/git/main/is dnn/raw/branch/
main/labworks/LW2/data/name test.txt

# cosmaHMe nankm
'mkdir out

Utoro B manke is lab2 mOMKHBI HAXOMUTHCS CAEAyIOMUe (DAMITBI U IMAIKH:

* [ab02 lib.py,

® nanka out,



* name_train.ixt,

® name_test.txt, THe name — BapWaHT JAaHHBIX, Ha3HAYCHHBIA OpHTraze UCXOIS U3 €€
HOMEDA.

Nmnoprt 0uO1moTeKk U MoayJiei

JIJIs  BBITIOJTHEHUST JTaHHOH J1a0opaTopHOM pabOThl IMOHAAOOUTCS HMMIIOPT CJICAYIOIINX
OuOJINOTEK:

# mMmnopT mMomyJiem

import numpy as np
import lab02 1ib as 1lib

3amanme 1
3arpys3ka u u3y4eHue Ha0opa TaHHbIX

B nepBoii yactu nabopaTtopHOil pabOThl MCCIEAYETCS] CUHTETUYECKUM JABYMEpHBI HabOp
JAHHBIX B LEISIX 3HAKOMCTBA M MOHUMAHMS MPUHIMUIOB PabOTHl aBTOKOAMpPOBIIUKA. JlJis
reHepalui JBYMEPHOTO HaOopa AaHHBIX, cocrtosimero u3 1000 s1eMEeHTOB € IIEHTPOM,
Hampumep, B Touke (5, 5) MOXKHO UCIONIb30BaTh PyHKIMIO datagen u3 OubnuoTeku 1ib:

# TeHepalus maTacerTa

data = lib.datagen(5, 5, 1000, 2)

Kon ¢yHKIIMM MOXXHO M3y4HTh, OTKPBIB JUIs TipocMoTpa lab(02 [ib.py. ®yukiusa datagen
NPUHUMAET Ha BXOJ| KOOPAMHATHI IIEHTpa KJlacTepa B MPOCTPAHCTBE MPU3HAKOB, YMCIIO
AIIEMEHTOB U KOJIMYECTBO OCEH B MPOCTPAHCTBE (MPU3HAKOB). YIIOMSHYTAas BbIIIE (QPYHKIIUSA
aBTOMAaTUYECKU TeHepupyeT HAOOp JAAHHBIX C 3aJaHHBIMU MapaMeTpaMH, BHIBOJUT JAAHHBIC
Ha PUCYHOK U coxpaHsieT Habop B daiin 'data.txt’.

BeiBecTn MaccuB M €ro pa3sMepHOCTb B KOHCOJIb MOXKHO C ITOMOIIBIO CBOMCTBa shape:

# BHIBOI IOAHHEIX M PAa3MEPHOCTU

'IcxonmHBEIe IaHHBE: ')
data)

'PasMepHOCTb IOAHHBIX: ')
data.shape)

print
print
print
print

o~ o~ o~ o~



Co3nanue U 00yyeHUue aBTOKOAUPOBIIAKA

Jlns co3nmanus, oOydeHHUs] M COXpaHEHMsS] aBTOKOJWPOBIIUKA IMpeJjIaracTcs HCIOIb30BaTh
GyHKIUIO 1ib.create fit save ae. DyHKIMSI IPUHUMAET HAa BXOJ CJIEIYIOLIUE JaHHBIC
B KaY€CTBE NTapaMeTPOB:

® JaHHBIE 111 OOyUYCHHS,

nyTh U UMS Qaiiia 1Uig COXpaHEeHUs aBTOKOIUPOBIIHNKA,

* myTh ¥ UM (aiina 1 coxpaHeHHs Mopora 0OHapyKEHHsI aHOMAJIUH,
KOJIMYECTBO 30X 00yUeHUs,

* True wiu False s BU3yalUM3allK WKW COKPBITHS MpoIecca 00ydYeHHUs,

® a Takke napamerp patience, 3aarOlIMP YUCIO 3MOX, B TEYEHHE KOTOPBIX
HEO0OX0qUMO MpoAoJIKaTh oOydyeHue, eciu omubOka oOyuyeHUs Iepecralia
yMmeHblarbes. [1o ucreuenne 3aJaHHOrO YMCIa 310X MMPOUCXOINUT PaHHSAS OCTAHOBKA
oOyuenwus. J[aHHBII mapaMeTp MO3BONISIET U30€KaTh C OTHON CTOPOHBI MEPEOOyUCHHUS
(korma Beca HEHPOCETH HACTPAaMBAKOTCS JUIS PACHO3HABAHUSA HCKIHOYHUTEIBHO
nprUMepoB o0ydaromiero Habopa), a ¢ Apyroid — MomnajJaHusl B JIOKAJIbHbIH MUHUMYM
omnbOku obyuenus. B ciydae, eciu ommOka oOydyeHHs MepecTana yMEHbIIAThCs U
oOy4eHHE TPEephIBACTCS CIUIIKOM PAaHO, HEHpPOHHAs CEeTh MOXKET OKa3aThCsl HE [0
KOHIIa 00yYEHHOM, €CJIM CIMILKOM MO3/IHO — NEePE0OyUYEeHHOI.

st coznanusa u ooydenus aBrokonupoirka AE] B Teuenne 1000 smox ¢ Bu3yanuzaruei
oOyueHus u mapameTpoM patience paBHeiM 300 310X, HEOOXOIWMO BBIOIHUTH

cienyouiee:

# obyuenume AE1

patience = 300
ael trained, IRE1l, IREthl = lib.create fit save ae(data, 'out/AEl.h5', 'out/
AEl ire th.txt', 1000, True, patience)

OyHKIMS TPEANnoNaraeT UHTEPAKTUBHBIN BBIOOP apXUTEKTYphbl aBTOKOAUpOBIIKKa. CHavana
MOYKHO 3a/1aTh apXUTEKTYypy aBTOKOAMPOBIIMKA Bpy4HYI0. J[71s1 3TOr0 HEOOXOIUMO BHIOPATH
KOJIMYECTBO CKPBITHIX CIOEB, HAIpUMep, 1. A 3areMm ykas3aTb KOJIMYECTBO HEWPOHOB B 3TOM
cioe, HanpuMep, 1. Pazmep BXOZHOIO M BBIXOAHOTO CJIOS BBICTABIISIETCS aBTOMAarHYECKU B
3aBUCHMOCTH OT Pa3MEPHOCTH BXOJAHBIX JTaHHBIX.

B nepemeHHy10 ael trained mnepenaércs oOy4eHHbI aBTOKOAUPOBUIMK. B mepemMeHHy:o
TRE1 TIepeaeTcs MacCUB 3HAUYEHUN OIMMOKH PEKOHCTPYKLIHMH, PACCUUTAHHBIX IS
oOyyarorieil BEIOOPKU data. A B MEPEMEHHYIO IREthl — MOPOT OMMUOKU PEKOHCTPYKIIUU
(MakcUMyM CpelM 3HaUYeHUM MaccuBa IRE1). JlaHHBIN MOpOT Aabliie OyIeT UCIOIb30BaThCS
ISl OOHApyKeHHsI aHoMaJui aBTokonupoBiiukoM AEL .



[Ipu Bu3yanuzaiuu mnporecca oOy4yeHHUss B KOHCOJIU OyJEeT BBIBOAMTCS TEKyIIash 310Xa U
3HaueHue omuOku oOydeHus (B gaHHoMm ciaydae MSE). Ommubka oOydeHus MpeacTaBiisieT
co00 pa3HHUIly MEXIy LIEJICBBIM BBIXOIOM, OKHIAEMBIM OT HEHPOCETH, U (AKTUUECCKUM.
Ommbka oOy4eHHs, Ha KOTOpOW oOydeHue 3aBepimmioch, obo3znauuMm MSE stop. Ecnm
ommnbka MSE stop Bemmka, 3TO O3HA4YaeT, YTO HEWPOHHAs CETh C HHU3KOM TOYHOCTBHIO
BOCIIPOM3BOINT HA BBIXOZE BXOAHOH mpumep (IJI0X0oe KadecTBO oOydenws). Ecnm ommbka
MSE stop s naHHBIX H3MEHsoluxcsi, Hanpumep, B mpeaenax (0, 2000) cocrapiseT
0.0001, To ¢ OonbIIONW BEPOATHOCTHIO Takas HeWpoceTh mnepeodydeHa. [lepeoOyuennas
HEHUPOHHAs CETh HE MOXET OBbITh HCIOJIb30BaHA I PACIO3HABAHMS HOBBIX MPUMEPOB,
MOCKOJIbKY JIIOOBI€ JIaHHBIE, KOTOpbIE OTCYTCTBOBaJIM B oOOydyaromieid BbIOOpKe, OyIyT
pacno3HaHbl KAaK aHOMaJibHble. [[€EHHOCTP HEHUPOHHBIX CETEW 3aKJIIYaeTCi B WX
CIIOCOOHOCTH K 0000IIeHnt0 — Tmocie OOydeHUss Ha OTpaHWYEeHHOM Ha0Ope aHHBIX
HEHUpOHHAs ceTb (POPMHUPYET MpEACTaBICHUE O TeHEepaIbHOM COBOKYMHOCTH M CIIOCOOHA
BEpPHO pacIlO3HaBATh JaHHBIEC, HA KOTOPHIX HE ObLIa 0OyYeHa.

JIns olleHKM KadecTBa OOyYEeHHMS HEMPOHHOM CETH ClielyeT OIEHUTh C KaKoW OIIMOKOM
ABTOKOJIMPOBIIUK BOCCTAHABJIMBAET (PEKOHCTPYUPYET) MPUMEPHl 00ydaroiiei BHIOOPKH Ha
BBIXOJIHOM cjioe. JlJig 3Toro Bocnojib3yemcsi PyHKIMEH 1ib.ire plot U HOCTPOUM rpaduk
OIMMOKH PEKOHCTPYKIMU OOydaromiell BeIOOpKH. DyHKIMS MPUHUMAET HA BXOA WUMS IS
3arojioBKa pucyHKa (st oOyuaromield BBIOOPKH CJENyeT yKaszaTh 'training'), MacCuB
3HAQUEHUM OIIMOKU PEKOHCTPYKIIMM W TMOPOr ONIMOKU PEKOHCTPYKIIMHM, a TakkKe UM
ABTOKOIMPOBIIMKA!

# TocTpoeHue Tpadvka omMOKM PEKOHCTPYKLUU

lib.ire plot('training', IREl, IREthl, 'AEl')

CToUT OTMETUThH, YTO O KayecTBE OOyuYeHHUS HEHPOHHOW CETH MOXKHO CYIUTh IO BUAY
rpaduka OmMMOKM PEKOHCTPYKLUMU W BEJIMYMHE Mopora (y4yuTbiBas pabouyuil auamna3zoH
3HAQUEHMI WCXOAHBIX MAaHHBIX). Hampumep, ecnu rpaduk OMMOKH PEKOHCTPYKIUU
oOyuatoield BHIOOPKH UMEET BT (3HAYEHUS OMUOKH MOTYT HauMHAThes U OT 0):

IRE for training set. AE2

— IRE
— IREth
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W BennurHa mopora He BBICOKA, TO 3TO O3HAYAET, YTO HEHPOHHAs ceTh 00yUyeHa ONTUMAIbHO
U MOpOr OOHApYXEHUS aHOMAJIWil aJeKBaTHO OIKCHIBAET T'paHUIy OOJacTH TeHepalbHON
COBOKYITHOCTH HCCJIETYEMBIX TaHHBIX.

Ecnu e rpaduk ommOKku peKOHCTPYKLIUHA UMEET BU/L:

IRE for training set. AE1

— IRE
— IREth

IRE

M Ay g Ao A A il N A A AN A

0 200 40 600 80 1000

0
Vector number

To sT0 ¢ GOMNBINON BEPOSITHOCTHIO O3HAYAET, YTO B OOywaromeid BHIOOpKE OBLT BBIOPOC.
[TockombKy MOPOT 3aBBIIICH B COOTBETCTBUU C IMUKOM OINMUOKH PEKOHCTPYKIIUU, HEUPOHHAs
ceTb OyJeT pacrio3HaBaTh MPUMEPHI U3 00J1acTu O0JIee OOMMPHOM, YeM 00JacTh 00yUYaroIINX
JTaHHBIX. DTO MOXKET NMPHUBECTH K YSI3BHUMOCTH KiacCcH(HUKaTopa K COCTI3aTeIIbHBIM aTakam
(xorma kiaccudUKATOp pacro3HaeT MpUMEP, HE OTHOCSIIMICS K WM3BECTHOMY KIaccy) H
NPOINYCKy aHOMaJIHii. B OOMBIIMHCTBE MPUKIIATHBIX CHCTEM, TaKUE OIMTUOKU HEJIOTYCTUMBI.

N36exaTh 3TOro MOXKHO, U3MEHUB TIapaMeTphl 00yUYeHHsI, HAIIPUMED, YBEITHUUTH KOJINIECTBO
310X O0yUYEHHUS.

Jlns ucnonb3oBaHus (QYHKUUH lib.create fit save ae M lib.ire plot B LeNAX

CO3/1aHMsI, OOyYEeHHs] U COXPAHEHHS JIPYroro aBTOKOJUPOBIIHMKA, a TAKXKE MOCTPOCHUS IS
Hero rpaduka omuOKH PEKOHCTPYKIMKA HEOOXOIMMO COOTBETCTBYIOIIMM 00pa3oM U3MEHSIThH
MMEHa MIEpeMEHHBIX U apameTpoB. Hampumep:

# obyueHue AE2
ae2 trained, IRE2, IREth2 = lib.create fit save ae(data, 'out/AE2.h5', 'out/

AE2 ire th.txt', 3000, True, patience)
lib.ire plot('training', IRE2, IREth2, 'AE2')

JIJ1st BTOpOTO aBTOKOIUPOBIIHKA 0/1 HAYAAA MOKHO BBIOpATh apXUTEKTYPy MO YMOTYAHUIO
(TOra KOJMYECTBO CKPBITHIX CIOEB OyIeT S5, a KOMWYeCTBO HEHMpoHOB B Hux: 3 2 1 2 3). A
nanee nmoadupaTh He0OXOIMMOE KOJIMYECTBO AIOX U APXUTEKTYPY B 3aBUCUMOCTH OT JAHHBIX
JUTSl HAWJTY4IIero kauectsa ooydyeHus. Bo uzbexxanue nepeoOyueHus Wid MI0X0ro KadyecTna
oOydeHus B paMKax JTaHHOW pa0OThI PEKOMEHIyeTCs MOA0UPaTh apXUTEKTYPY U KOJTUICCTBO
AMOX TakuMH, 4ToObl MSE stop nj1si mepBoro aBTOKOAMPOBIIMKA Oblla HE MeHbIne 1-10, a
1151 BToporo — He Menbiie 0,01.



Pacuer xapakTepHCTHK KayecTBAa 00y4YeHHsI ABTOKOTHPOBIINKOB

Xapakrepuctuku kadectBa oOyuenus EDCA st aBTOKOIUPOBIIMKA MOKA3bIBAIOT TOYHOCTh
aNMMmpOKCUMAIIMA O0JACTH OOydYaromiero Habopa, KOTOPOHM TOCTUT aBTOKOAMPOBIIUK TOCIE
oOyuenus. [[is AByMepHOTO MPOCTPAHCTBA MPU3HAKOB PacueT XapaKTEPHUCTHK PEan3yeTcCs
byHKIMEH 1ib.square calc. Ha Bxom QyHKIUM momaroTcs:

* ImapamMceTp nunﬁ{_sqluare, OTBEUAIOIIMIN 3a KOJIMYECTBO 3JICMEHTOB p336H€HHH I10
K&)K,Z[Oﬁ OCH IMPOCTPAHCTBA ITPU3HAKOB,

oOyuatoias BbIOOpKa

00y4YeHHBI! aBTOKOJIUPOBIIIHK

MOPOT OITUOKY PEKOHCTPYKITUU

HOMEpP aBTOKOAMPOBIIHKA JJIs1 KOPPEKTHBIX MOAIMUCEN PUCYHKOB,
* True wm False i BU3yallM3alluy pacyera XaparKepUCTUK.

Hampumep, nis pacuera XxapakTepuCTUK KadecTBa Juisi aBTokoaupoBumka AE1, Heodxoqumo
BBITIOJTHUTH:

# mocTpoeHme obJjacTer NOKPHTHS ¥ TPAaHMI KJIAaCCOB

# pacueT xapakKTEepPUCTUK KauecTBa OOyUueHUS
numb_square = 20
XX, yy, Z1 = lib.square calc(numb_square, data, ael trained, IREthl, 'l', True)

JUIsi MHTEpIPETUPYEMOCTH YHCIOBBIX XAPAKTEPUCTUK KayecTBa W CpaBHEHUs oOiacTei
aNMmpOKCUMAIIMK JUIS Pa3HBIX aBTOKOAMPOBIIMKOB MPEIaracTcsl MCIONb30BaTh (YHKIIHIO
lib.plot2inl. @OyHKUMA NPUHUMACT Ha BXOJ OOYy4alollyl0 BBIOOPKY, M BBIXOJHbBIE
napaMeTpbl QYHKIMHM 1ib.square calc Ui JBYX aBTOKOAMPOBIUMKOB. [lapameTpsl xx, yy
(KoopMHAaTHAs CETKa MPOCTPAHCTBA MPU3HAKOB) ISl IBYX aBTOKOJMPOBILIMKOB OJIMHAKOBBI,
MOCKOJIbKY BBIYMCJICHBI MO0 OJHOMY M TOMY e oOyuaromemy Habopy. A BOT Z1 u 72,
onuchiBalomue obnactu annpokcumanuu AE1 u AE2 B pamkax nabGopaTopHOil pabOThI
JOJKHBI CYIIECTBEHHO OTJIMYAThCSI.

# CPaBHEHIME XapaKTepMCTUK KadecTkBa Ooby4dyeHMd U obyacTen allrpoxKCcruMalnm

lib.plot2inl (data, =xx, yy, 21, Z2)

10



TecTnpoBaHue aBTOKOIAHPOBIIHKOB

Jlist TecTupoBaHusl OOyYEHHBIX aBTOKOJUPOBIIUKOB HEOOXOIUMO IMPEABAPUTEIHLHO CO3ATh
TECTOBYIO BBIOOPKY C MMeHeM data test.txt B manke Lab(2. A 3arem 3arpy3uTh TECTOBBIE
JTaHHBIE B IEPEMEHHYIO data_test:

# Barpyska TecToOBOTO Habopa

data_ test = np.loadtxt('data_test.txt', dtype=float)

[Tomyunth pe3yapTaThl KiIacCU(PHUKAMKM TECTOBOTO HabOpa C MOMOIIbI0, HampuMep,
oOyueHnHoro asrokogupoBiiuka AE1 moxuo ¢ ucnonb3oBanuem (yukuuu [ib.predict ae.
OyHKIMS TPUHUMAET Ha BXOJ OOYYCHHBIH aBTOKOAMPOBIIUK, TECTOBBIH HabOp W TOpOT
oOHapy>KeHUs1 aHOMAJIUA:

# mecTuporBanme AE1L

predicted labelsl, irel = lib.predict ae(ael trained, data test, IREthl)

BbixonoM (GyHKUIMU SBISIOTCS: MAacCUB OTBETOB aBTokogupoBmiuka (0 - HOpma, 1 -
aHOMaJIus) U MacCUB OIIMOOK PEKOHCTPYKLIUH JUIsl TECTOBOTO HAabopa.

Jlist BBIBOJ@ PE3YJBTATOB KiIacCU(UKALIMK B BUIE TAOIUIBI U TOCTPOCHUS Ipaduka OmHOKU
PEKOHCTPYKIIUHA TECTOBOr0 HabOpa HEOOXOIUMO BBITTOTHUTH:

# TmecTupoBaHme AEL

lib.anomaly detection ae(predicted labelsl, irel, IREthl)
lib.ire plot('test', irel, IREthl, 'AEl')

YtoOBl CpaBHHUTH peE3yJbTaThl KilaccU(DUKAIUM TECTOBOTO Habopa Ias JIBYX
aBTOKOJMPOBIIUKOB HEOOXOAMMO BBITIOJHUTh BBHINIEYKAa3aHHBIC IHard [Js BTOPOTO
aBTOKOMUpOBIIKKA. J[as Bu3yamuzanuu oOgacTedd anmmpoKCUMANHUU IS JBYX
ABTOKOJIUPOBIIIMKOB W MPUMEPOB TECTOBOTO HAOOPa BHITIOIHUTH:

# mocTpoenme obyacTey annpoKCHUMMalLMM M TOUYEeK TeCTOBOTO Habopa

lib.plot2inl anomaly (data, xx, yy, 21, 722, data test)
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3ananme 2
3arpy3ka u usydeHue Habopa JaHHBIX

Bo Bropoit wactu nabGopaTopHOil pabOThI HCCIEAYyeTCs pealbHBbIA HAOOp MAaHHBIX II0
BapuaHTaM. lIpemmaraercs uccnenoBarb Tpu HaOOpa JaHHBIX:

1. Cardio http://odds.cs.stonybrook.edu/cardiotocogrpahy-dataset/

Ucxonusii Habop nanubix Cardiotocography Data Set (https://archive.ics.uci.edu/ml/
datasets/Cardiotocography) wu3 peno3utopust mamuHHOTO o0Oydenuss UCI cocrout wus
W3MEPEHUN YaCTOTBl CEPACYHBIX COKpAIEHWH IUIOAAa W COKpAlleHHWHW MaTKu Ha
KapANOTOKOTpaMMax, KIIacCU(DHUITMPOBAHHBIX JKCHepTaMu-akymiepamu. Mcxomusiii HabOp
JaHHBIX TIpelHa3HaueH i kiaccudukanuu. B Hem mpencraBieHo 3 Kiacca: «HOPMay,
«IIOI03PECHUE» U «IMaToJoThs». [ 0OHapy)KeHUs aHOMAJIMA KJIacC «HOPMay MPUHUMACTCS
3a HOPMY, KJIacC «IaTOJIOTHS» TPUHUMAETCS 32 aHOMAJIHMH, a KJIACC «IOAO03PECHHE» OBLI
OTOpOIIICH.

KonmuuectBO KomuuectBo KommuectBo KomuuectBO

MIPU3HAKOB MIPUMEPOB HOPMAJIBHBIX | @aHOMAJIbHBIX
PUMEPOB MIPUMEPOB

21 1764 1655 109

2. Letter http://odds.cs.stonybrook.edu/letter-recognition-dataset/

Ucxomuwiit Habop nmanubix Letter Recognition Data Set (https://archive.ics.uci.edu/ml/
datasets/Letter+Recognition) wu3 peno3utopus MammuHoro obydenuss UCI nmpencrapisieT
co0oit HAObOp MAaHHBIX NJIsi MHOTOKJIACCOBOW Kiaccudukanuu. Habop mpemHasHaueH s
pacno3HaBaHUs YEPHO-OENBIX MUKCETbHBIX MPSMOYTOJIBHUKOB Kak OAHY M3 26 3ariiaBHBIX
OykB aHIMiicKoro andasuTa, rae OykBbl ajidaBuTa npeacTanBieHsl B 16 uamepenusx. UtoOsl
MOJIyYUTh JAHHbIC, NOAXOJAIIME s OOHapyXeHUs aHOMalaui, OblJa NpOoU3BElICHA
MOJIBRIOOPKA TaHHBIX U3 3 OyKB, YTOOBI CHOPMUPOBATH HOPMAJBHBIN KJIACC, U CIyYalHbIM
o0pa3oM ux mapbl ObUIM OOBEIMHEHBI TaK, YTOOBl MX PA3MEPHOCTH ylBauBasiach. UTOOBI
chopmupoBarh KilacC aHOMAaJIMH, CIy4alHBIM 0O0pa3oM ObUTM BBIOPAHBI HECKOJIBKO
AK3EMIUIIPOB OYKB, KOTOpPbIE HE BXOAAT HOPMaJIbHBIA KJIAcC, U OHU OBUIM OOBEIMHEHBI C
AK3EMILISIPAMH M3 HOpMajibHOTO Kiacca. [Iporecc oObennHeHus: BBIOIHSAETCS ISl TOTO,
4yTOOBI c/enaTh OOHapykeHHe 0oJiee CIOKHBIM, MOCKOIbKY KaXKIblii aHOMAJIbHBIM MpUMEp
TaKke Oy/leT UMETh HEKOTOPble HOPMaJIbHbIE 3HAYEHUSI IPU3HAKOB.

KonuuectBO KomuuectBo KoamuectBo KomuuyectBo
MIPU3HAKOB MIPUMEPOB HOPMAJIBHBIX | aHOMAJIbHBIX

MIPUMEPOB MIPUMEPOB
32 1600 1500 100
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3. WBC http://odds.cs.stonybrook.edu/wbc/

Ucxonupiit Habop nanubeix Breast Cancer Wisconsin (Diagnostic) Data Set (WBC) (https:/
archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+%28Diagnostic%29) wus3
penosutopusi mamuHHoro oOyuyenuss UCI mpexacrtasisier coOoii HaOOp JaHHBIX IS
KJIacCU(pUKAIIMU, B KOTOPOM 3alHUCHIBAIOTCA HM3MEPEHHUS I CIydaeB paka MOJOYHOU
xkene3bl. EcTh n1Ba Kilacca, JOOPOKAaueCTBEHHbBIE M 3JI0KAaYECTBEHHBIC. 3JI0KaYeCTBEHHBIN
KJIACC ATOr0 Habopa JAaHHBIX YMEHbIIEH A0 21 TOYKH, KOTOPHIE CUUTAIOTCS aHOMAJIUAMH, B
TO BpEMsI KaK TOYKH B I0OPOKaYE€CTBEHHOM KJIaCCE CUUTAIOTCSI HOPMOIA.

KoanuectBo | KonuuectBo | KonmuuectBo KonmuecTBO

IIPU3HAKOB MIPUMEPOB HOPMAaJlbHBIX | aHOMaJbHBIX
IpPUMEPOB PUMEPOB
30 378 357 21

HaGop naHHbBIX yke pasfeneH Ha 00yJarollyro U TECTOBYIO BBIOOPKY. [[J1s 3arpy3ku JaHHBIX
MOKHO MCTIOJTb30BaTh :
# 3arpyska BHOOPOK

train = np.loadtxt (‘name_ train.txt',K dtype=float)
test = np.loadtxt (‘name_ test.txt',6 dtype=float)

Nmena (aitioB oTIIM4arOTCS B 3aBUCUMOCTH OT HOMEpPA BapUaHTA.
Co3nanne u o0y4yeHre aBTOKOAMPOBIIUKA

Hns co3nanusi, oOydeHuUss W coxpaHeHus aBTokoaupoBmuka AE3 mpennaraercs
UCIIONIb30BaTh (PYHKIMIO lib.create fit save ae. OYHKIUS NPUHHMAET HA BXOJ
CJIEAYIOLINE JaHHBIEC B KAYECTBE MTAPAMETPOB:

® JaHHBIE U1 00y4YeHUS,

nyTh U UM ¢aiina g COXpaHEeHUsT aBTOKOIUPOBIINKA,

yTh U UM (paiiia 171l COXpaHEHUs TOpora 0OHapyKEHHsI aHOMAJIHi,
KOJIMYECTBO 30X 00yUYeHUs,

* True wiu False s BU3yaJIU3allMu WM COKPBITHS IIpoliecca 00yueHus,

®* a Takke mapameTp patience, 3aJaroUIMil YUCIO 3MOX, B TEUEHHUE KOTOPBIX
HE00X0MUMO MpPOJOJKaTh oOydeHue, eciau omubka oOydyeHHus mepecrala
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ymenblaTbes. [1o ucteuenne 3ajaHHOTO YKciaa SMO0X MPOUCXOJUT PaHHSISI OCTaHOBKA
oOyueHus. JlaHHBIN MapaMeTp MO3BOJISAET U30€XKATh C OHOM CTOPOHBI NepeoOyUeHUs
(korma Beca HEMpPOCETH HACTPauBaKOTCS ISl PACHO3HABAHMS HCKIIOYUTEIBHO
npuMepoB oOyyaromiero Habopa), a ¢ Apyroi — momajaHus B JIOKAJIbHBIH MUHUMYM
omnOku oOyueHus. B ciywae, ecan ommOka oOyueHHs mepecrajga yMEHbIIAThCS U
oOyuyeHuEe MpephIBACTCS CIUIIKOM pPaHO, HEHPOHHAS CEThb MOXET OKa3aTbCs HE [0
KOHIIa 00YYEHHOM, €CJIM CIUILKOM MO3/IHO — epe00yYEHHOM.

ABTOKOJUPOBILMK PEKOMEHyeTcsl 00yyaTh Kak MHHMMYM 10 MSE stop mopsaka 0.01 —
0.1.

[TapameTp patience pekomenayercs BbIOMparh He MeHee 5000.

[Ipu sTOM crnenoBaTh CIHEAYIOIMM pPEKOMEHAAIUSIM MO MOAOOPY AapXUTEKTYPHI
ABTOKOJIMPOBIIMKA U KOJIMYECTBA M0X:

Juasa HaGopa aanHbix Cardio: KOIMYECTBO CKPBITBIX CIIOEB HE MEHee 7, KOJIMYECTBO
HEUPOHOB B y3KoM ciioe He MeHee 10, komnuecTBo s1mox He MeHee 100 000.

Jusa HaOopa nmaHHbIX Letter: KOJIMYeCTBO CKpPBITBIX CJIOEB HE MEHEE 7, KOJIMYECTBO
HEWPOHOB B Y3KOM CJIO€ HE MeHee 7, konuecTBo 31mox He meHee 100 000.

Jns HaOopa nanHbix WBC: KOIMYECTBO CKpPBITBIX CJIOEB HE MeHee 9, KOJIMYeCTBO
HEWPOHOB B Y3KOM CJIO€ HE MEHee 7, koinuecTBO 310x He MeHee 50 000.

JIns olleHKM KadecTBa OOyYEeHHS HEMPOHHOW CETH ClelyeT OIEHUTh C KaKOW OIIMOKOM
ABTOKOJMPOBIIUK BOCCTAHABIMBAET (PEKOHCTPYUPYET) MPUMEPHl 00ydaroiiei BHIOOPKH Ha
BBIXOMTHOM clioe. J[7s 3TOro MOKHO BOCIIOJNB30BaThCS paHEE OMMCAHHOW (yHKIHEH

lib.ire plot H MNOCTPOUTH TpapuK OIIMOKH PEKOHCTPYKIMH OOydarolieil BBIOOPKH.
OyHKIMSA TPUHUMAET Ha BXOA MMS JJIsl 3arojioBKa pucyHka (s oOydwaromiel BBIOOPKHU
CJIEAyeT yKa3aTh 'training'), MACCUB 3HAUE€HUMN OMIMOKU PEKOHCTPYKIMHU U TIOPOT OLIUOKHU
PEKOHCTPYKLNH, a TAKKE UM aBTOKOJMPOBLIUKA.

K coxanenuro, ana pacuyera xapakrepuctuk EDCA nnsg ciydas MHOTOMEpPHOTO
IPOCTPAHCTBA MPHU3HAKOB, TpeOyeTcs CYIIECTBEHHO OOJbllee KOJUYECTBO BPEMEHH U
BBIUMCIIMUTEIbHBIX PECYpPCOB, MO3TOMY B JaHHOM 4acTH JabOpaTopHOW pabOThl OHU HE
UCIIOJIB3YIOTCS.

TecTupoBaHue AaBTOKOIHPOBIINKA

Jlist TecTpoBaHUs OOYYEHHOTO ABTOKOAMPOBIIMKA MOXKHO BOCIIOJIB30BAaThCS (PYyHKIIMEH
lib.predict ae. dyHKUMA TpUHUMAET HAa BXOA OOYUYECHHBIM aBTOKOAUPOBIIHMK, TECTOBBIM
HAa0Op U COOTBETCTBYIOIIUI MOPOT OOHAPYKEeHUsI aHOMaIUN. BrIxomoM (yHKIMH SBISIOTCS:
MaccuB OTBETOB aBTokoaupoBiuka (predicted labels3) u MaccuB ommOOK PEKOHCTPYKIIUU

JUTSL TECTOBOTO Habopa (ire3).
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JJist BBIBOJIA PE3YABTATOB KilacCU(UKAIIMK B BUIE TAOIUIBI U TOCTPOCHHS Tpaduka OmmOKu
PEKOHCTPYKIIUU TECTOBOTO HAOOpa HEOOXOIMMO MCIIOIb30BaTh paHee ONMUCaHHbIE QYHKIINH:

# TecTupoBanme AE3

lib.anomaly detection ae(predicted labels3, ire3, IREth3)
lib.ire plot('test', ire3, IREth3, 'AE3')

eanb 3a1aHus: MOCTPOUTH TAKOH ABTOKOAMPOBIIHUK, YTOOBI IOCTHYD € €r0 MOMOIIIbI0,
KaK MUHUMYM 70% TOYHOCTH 00HAPY:KEeHHSI AHOMAJIUI B TeCTOBOM Habope.
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