MeToanueckue yKka3aHusl Mo BINOJHEHUIO J1a00PaTOPHOI padoThl Ne2
«O0Hapy:xeHHEe AHOMATIHID)

BBenenue

3aaya oOHapY>KEeHUs aHOMAJIMH aKkTyallbHa JIJI MHOXKECTBA MPUKIIAIHBIX 00JIacTeM:

e Hudopmarmonnas 6e30macHOCTh (0OHAPYKEHHE CETEBBIX aTaK, aHOMAIUNA TTOBEIACHHUS
MOJI30BATEIIS U TIP.);

o [IpombinuieHHOCTH (OOHAPYKEHHE AaHOMAJILHBIX COCTOSIHHM 000pYy10BaHMs );

e bankoBckas cpena (oOHapyKeHHE MOIICHHUYECTBA M aHOMAJIbHBIX TPaH3aKITHi);

e MenunyHa U 37paBOOXpaHeHUe (paHHee 0OHAPYKCHUE TTATOJIOTHH);

e Dxosorus (0OHapy)KeHHUE aHOMAJIHI B IPOCTPAHCTBE IKOJOTHUECKUX (DAKTOPOB) U T.].

OmHuM U3 COBPEMEHHBIX HMHCTPYMEHTOB OOHApYy>KEHUsS aHOMajuil  SIBIsETCS
ABTOKOJMPOBIIUK. ABTOKOIHMPOBIIUK — 3TO HEWPOHHAS CETh CICIHAIBHONH apXHTEKTYpPHI.
KonmdecTBo HEHPOHOB BO BXOHOM U BBIXOJTHOM CJIO€ COOTBETCTBYET Pa3MEPHOCTH BXOIHBIX
JaHHBIX (KOJMYECTBY MPU3HAKOB). [IpH 3TOM CKpPBITBIE CIIOU COAEPKAT MEHBIIIEE KOTUYECTBO
HelpoHOB. Bo Bpemst 00yueHns: aBTOKOIUPOBIIMK 00y4YaeTCsl CHavajaa KOJUPOBATh BXOIHbIE
JaHHBIE B MEHBIIYIO Pa3MEpPHOCTb, a 3aT€M JIEKOJUPOBATh MUX C MHUHHUMAJIBHOW OIIMOKOM.
OOyuyeHue aBTOKOIUPOBIIHMKA TMPOAODKAETCS N0 TEX IOp, MOKa OH HE HACTPOHTCS
BOCCTaHABJIMBATh NPHUMEPHl OOydaromeld BBIOOPKH C TPHUEMIIEMON TOYHOCTHIO. OOBIYHO
TOYHOCTH ONpECNIIeTCS BEIMUYMHON cpenHekBaapaTuunoi ommubku (Mean Squared Error,
MSE). BoccranoBieHHbIE Ha  BBIXOAE  aBTOKOAUPOBIIHWKA  JIAHHBIE  HA3BIBAIOT
PEKOHCTPYKIMEM.

[Tocie 00ydeHns aBTOKOAUPOBIITMK MOYKHO UCTIONB30BATh JJISI OIIEHKH OJIM30CTH MOJJaHHBIX
Ha BXOJ TPUMEPOB K 00yUYaOIINUM JTaHHBIM. [109TOMYy aBTOKOIUPOBIIHMK YaCTO UCIIOJIb3YETCsI
B KauecTBE OJIHOKJIACCOBOTO Kiaccudukaropa. CrerneHb OJM30CTH BXOJHOTIO TMpUMEpPa K
oOydaronuM JaHHbIM omnpenernsercs BenmauHor Immediate Reconstruction Error (IRE).
3nauenne |IRE s BxomHoro mpumepa X(xq, X3, ..., X, ...Xp) PaZMEPHOCTH M

paccuntbiBacTcs 1o Qopmyne: IREy = \/Z?;l(xi —vyi)?, toe YV, Y2 0V Vi) —
PEKOHCTPYKIIMS BXOJIHOTO MpUMeEpa aBTOKOAUpOBIIMKOM. Yem Ommke IREy K HYIO, TeM
TOYHEE aBTOKOJMPOBILKMK BOCCTAHOBUJI BXOJIHOM BEKTOP U TEM JOCTOBEPHEE TMIIOTE3a O TOM,
YTO BXOJHOW BEKTOp MPHUHAIICKUT K oOydaromeMmy MHOXecTBYy. Jlns oOHapykeHwus
aHOMaJUM B JAHHBIX YCTAaHABIMBAETCs MOpPOrosoe 3HaueHue [RE.,. [loporoBoe 3HaueHue B
JTAHHOM paboTe BHIOMpPAETCS KaK MaKCUMaJIbHOE 3HAYEHUE CPEIU OMIMOOK PEKOHCTPYKIIUH,
PACCUMTAHHBIX JJIsl IPUMEPOB 00yUaroIero Habopa.

[ToporoBoe 3HaueHHE OMIMOKH PEKOHCTPYKIIMM MOXKHO HMHTEPHPETHUPOBATH KaK T'PAHUILY
KJlacca B TPOCTPAHCTBE MPHU3HAKOB, KOTOPYIO «OUEPTHI» OOYUYEHHBIN aBTOKOJMPOBIIUK.
Taxum ob6pazom, ecnu IRE nst npumepa X mpeBsimaer mopor pacno3HaBanus IR E,, 3HAUUT,
NpUMep HAXOJUTCS 3a TPaHUIIeH Kiacca U KiIacCuUUUpPYyeTcsl Kak aHOMaJIusl.

CymiectBeHHasi npobJjieMa NMPUMEHEHHs] HEHPOHHBIX CETEeH 3aKiIo4aeTrcsi B TOM, YTO OHHU
MPENCTABISIIOT COOOM «YEepHBIN AMUK». B TOM cmbIcie, 4TO pe3yiabTaT uX paboThl Ha
HEKOTOPBIX BXOAHBIX JaHHBIX MOXKET ObITh HEOOBSICHUM U HEIMpenckazyeM, HeCMOTps Ha
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BBICOKME T[OKa3aTelu TPATUIMOHHBIX XapaKTEPUCTUK KauecTBa, PACCUUTHIBAEMBIX I10
pe3yabpTaTtaMm Kiaccu(uKaiu orpaHudeHHOr0 TECTOBOTO Habopa.

Ota npobiieMa MOXKET OBITh PEIIeHa C MOMOIILI0 HOBOTO KPUTEPHUSI KadyecTBa OO0y4deHUs
EDCA, no3Bosstoiiero npoBepsiTh 00J1acTh, CO3AaBaeMYI0 MOJIEIbIO TOCIE OOy4eHHs, Ha
COOTBETCTBHE 00YYAIOIINM JaHHBIM.

[Ipennaraercss kpurepuil Ha OcHOBEe dYerbipex mnokazarernei: Excess, Deficit, Coating,
Approx (EDCA), koTopplii T03BOISET OLEHUTh TOYHOCTb aNMPOKCUMAILIMA MOJIENBIO 00J1acTh
oOyJarommx JaHHBIX. Kputepuii OlleHMBAaeT BEIWYMHY U TMOJOXKEHHWE OO0JacTel,
(bopMHpYEMBIX KJIACCUPUKATOPOM MOcae 00y4eHHs, OTHOCUTENBHO 1iesieBbIX. [Ipumenenune
KpUTEpUs MO3BOJIUT OLEHUBAThH MOJI€JIM MAIIMHHOTO 00yU€HHS U HAaCTpauBaTh UX JI0 TEX MOP,
MOKa PUCK HEMpaBWIbHOM KiaccuuKanuu 3a npezaenaMmu oOydaromieil BBIOOpKH He Oyzer
MUHUMU3UPOBAH.

3HaueHUs XapaKTEPUCTUK PACCUMTHIBAIOTCS HA OCHOBE JBYX JUCKPETHBIX OLIEHOK: OLIEHKU
o0beMa, 3aHUMAEeMOro OOYYalollUMH JIaHHBIMH B TPOCTPAHCTBE NPHU3HAKOB, U OILICHKH
o0beMa, KOTOpPHI 3aHUMAIOT JaHHBIE, pacro3HaBaeMble KiaccudukaropoM. Bce manHbie,
KOTOpble OOy4YeHHas MOJETb OTHOCUT K IIEJIeBOMY Kiaccy, OyleM Ha3bIBaTh
ne(pOpMHUPOBAHHBIM HAOOpPOM JaHHBIX. UTOOBI ompenenuTs AePOpMHUPOBAHHBIN HAOOP
JAHHBIX, MPOCTPAHCTBO OOBEKTOB CKAHUPYETCSA C OMPEEICHHBIM IIaroM, a 3aTeéM JIaHHbIE
CKaHUPOBAHUS KIACCUDUIMPYIOTCA C UCIOJIb30BaHUEM OOydeHHOW Mozenu. JlaHHble, HJis
KOTOPBIX PE3yJdbTaT KIACCU(PUKAIMKA TIOJOKUTEIBHBIN, COCTaBIAIOT JehOpMHUPOBAHHBIN
HAOOp JaHHBIX.

Jlns oueHkn oObeMa JIaHHBIX MPOCTPAHCTBO MPU3HAKOB B HCCIEIYEMBIX TIpaHUIIAX
paszzmensercss Ha aTomapHble syedku. [IpuyeM rpaHULBI HCCIEIYEMOro MPOCTPAHCTBA
NPU3HAKOB BHIOMPAIOTCS HAa OCHOBE CYIECTBEHHO PACIIMPEHHBIX MPEEIOB 3HAYEHUN BCEX
npu3HakoB. O0BEM aTOMapHOW SYEWKHU TMpEABAPUTENBHO BhIUMCIseTcs. Hampumep, eciamn
POCTPAHCTBO MPU3HAKOB ABYMEPHOE, TO OHO MOXKET OBITh Pa30UTO CETKOM C OJIMHAKOBBIM
maroMm h mo kKaxjaoi ocu (mpusHaky). Torma oObEM aTOMapHOUN SYEHKW paBeH IUIOMIATU
sueiiku, h?.

B obmem crydae, TUCKpeTHast olleHKa oO0beMa oOyuarormero Habopa |Xr| mpemcrasnsier
co00#1 CyMMy HEITyCTBIX SUEEK, YMHOKEHHYIO Ha aTOMAapHBINH 00beM. YUHUTHIBAIOTCS TOJIBKO
Te TYEHKH, KOTOpbIE COIEpKaT X0Ts Obl OJIHY TOUKY oOydatomiero Habopa. CoOTBETCTBEHHO,
JIMCKpETHast OlleHKa obbeMa nehopMHUpOBaHHOrO Habopa |X;,| mpemcraBiser coboi cyMMy
00BEMOB  aTOMapHBIX SUEEK, COJEpXKAIMUX, [0 MEHbIIEH Mepe, OJHY TOYKY
nedhopMHPOBAHHOTO HAOOpa.

Xapakrepuctuku EDCA paccuuthIBatoTCs 1Mo cienyonmm Gopmysam:

| Xp\Xr|
Excess = ———— 1
O
Xr\Xp
Deficit = M 2)
| X7
X7 N Xp|
Coatin " 3
Approx = X7 4)
1Xpl



N neanbHbIN 0JJHOKIACCOBBIN KJIACCU(UKATOP XapaKTEPHUIYETCsl CIASAYIOMUMU 3HAYECHUSIMU
IoKasarenein:

Excess =0, Deficit =0, Coating =1, Approx =1 (5)

MeTomonorust OIeHK! KilacCu(hUKaTOpa BBITIISINAT CICTYIOMAM 00pa3oM:

1) Ompenenenue rpaHul] KCCISTYEMOro MPOCTPAHCTBA TPU3HAKOB;

2) Bp16op mara ckanupoBaHus h;

3) CkaHupoBaHHE MPOCTPAHCTBA MPU3HAKOB U MOJIYYCHUE TaHHBIX CKAHUPOBAHHUS;

4) Tlony4yeHue OTBETOB KiaccupHKaTopa A IPUMEpPOB oOydarolero Habopa Xr;

5) Pacuer obbema | X7 | mis kaxmoro kiacca;

6) ITomydeHnue oTBETOB KiIaccu(puUKaTOpa JJIsl JAHHBIX CKAHUPOBAHUS;

7) Pacuer obbema |Xp| ais xaxmoro kiacca;

8) Pacuer xapakrepuctuk EDCA miis kaxxnoro kiacca;

9) OmpeneneHue KayecTBa  Kiaccupukaropa IIyTeM CpaBHCHHS  3HAYCHHI
XapaKTEPUCTHK JIUTS KKIOTO KIIacca CO 3HAYCHUSIMH, YCTAHOBIICHHBIMHU B (5).

Takoii moaxon K OIEHKE KadyecTBa KJiacCcM(UKATOPOB TpelcTaBisiercss Oosee
WH(OPMATUBHBIM U TOYHBIM. A TJIaBHOE, TIO3BOJISIET CTPOUTh HAJACKHBIC U TIPEICKa3yeMbIe
KJIaCCU(DUKATOPHI.

OddekTuBHOCT KpHUTepusi Ha ocHoBe xapakTepuctuk EDCA  Moxer ObITh
MPOJIEMOHCTPUPOBAHA HA TPHMEPE OJHOKIACCOBOTO KIACCU(HUKATOpA W CUHTETUYECKOTO
Habopa JBYMEpHBIX JaHHBIX. B KadecTBe OIHOKIACCOBOTO KiaccHU(PUKATOpa MUCIOIb3YyeTCs
aBToKoAMpoBUIMK. Paccmorpum  nBa  aBrokoaupoBimimka AEl u  AE2.  Ilepsbiit
aBTokoaupoBIIMK AE] umeer apxutektypy [2; 1; 2], a Bropoii aBTokoanpoBimnk AE2 nmeer
apxutexTypy [2; 3; 5; 2; 1; 2; 5; 3; 2]. ABrokoaupoBimukua AE1 nu AE2, 060ydyeHHbIE Ha OTHOM
CUHTETUYECKOM HaOope naHHbix B TeueHwe 1000 smox, oOecrneyumBarOT pa3sHyK TOYHOCTH
anmnpokcumaluu oodyuyaromiero Habopa. Ha puc. 1 npoaeMoHCTpupoBaHbl 00JaCTH TOYEK B
MIPOCTPAHCTBE MPHU3HAKOB, KOTOphIe 00ydeHHBbIC aBTOKOAMpoBIIUKH AEL (puc. 1a) m AE2
(puc. 16) OyayT OTHOCHUTH K IIEIIEBOMY KJIACCY.
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Puc.1 JedopmupoBanHbie 00,1aCTH, TOCTPOSHHBIE ABTOKOIUPOBIIUKAMHU
AE1(a) u AE2(0)

Puc. la nokaspiBaer, 4yTO MepBhI aBTOKOAUPOBIIMK AEl OTHOCHUT K 1€I€BOMY Kiaccy
HECKOJIbKO OOIIMPHBIX 00JacTed MPOCTPAHCTBA MPU3HAKOB, B TO BpeMs Kak OOydaroliue
JTAaHHBIE 3aHUMAIOT TOJIBKO YacTh OJHOM U3 HUX. Takol aBTOKOIUPOBIIUK OyAET MpOIyCcKaTh
aHOMAJIMU, a TaKXKEe YSI3BUM JIJISi COCTSI3aTENbHBIX aTaK, MOCKOJIbBKY BO3MOXKHO TMOI00pPAThH
COCTSI3aTENIbHBIN MPUMEP, KOTOPBIN CMOKET 0OMaHyTh Kiaccudukarop.



ApxuTekTypa aBTOKOaupoBIIMKa AE2 Obuta cio)kHEe, TO3TOMY OH ammpOKCHMHUPOBAI
obOnacte oOywarmux AaHHbIX To4yHee. Kak moka3zano Ha puc. 16, o6nacth, OTHOCHMAs
aBTOKOAMpOBIIMKOM AE2 Kk 1eneBoMy Kiaccy, TMOTHOCTBIO COOTBETCTBYET OO0JIACTH
oOydJarommx JaHHBIX. DTO O3HA4aeT, uro Mmojaeidb AE2 Oonblle MOAXOAWT AJiE TOYHOTO
OoOHapYyKeHHSI aHOMAJINH U HE YA3BUMA JUIsl COCTS3ATEIIbHBIX aTak.

UToOBI TMPOAEMOHCTPUPOBATh HHTEPNPETUPYEMOCTh M IP(PEKTUBHOCTH KPHUTEPHS, B
Tabnuie | mpuBeneHbl 3HaYSHUS TTPeI0KEHHBIX Toka3ateneit EDCA st mepBoro u BToporo
aBTOKOJIUPOBIITUKA.

Taomuna 1. EDCA mng 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

3HaveHus mokasaTenei s aBToKoaupoBiiuka AE2 Omke K uacaibHbIM. DTO 03HAYaET,
YTO OH MEHEE YS3BUM JJISI COCTA3ATENbHBIX aTaK U MpoIyckoB aHomanuil. [Ipennaraembrit
KpUTEpPUN OCOOCHHO IIEHEH B CJIydae BBICOKOM Pa3MEpPHOCTH JIaHHBIX, KOT/ia BU3yaJlU3allvs
obrnacteil, kak Ha puc.l, HeBo3MOxkHA. OJHAKO 3TO OCTA€Tcs 3a paMKaMH TeKyLlel
nabopaTopHOM paboTHI.

IToaroroBka Cpeabl BLINOJTHCHUA

B cpene Google Colab Heodxomumo co3aatrh HOBBIN 010kHOT IS _LR2 w moakirounth JIWCK,
KaK MOKa3aHO Ha PUCYHKE:

cO & IS_LRLipynb

dann  WMaMeHuTb Bua BeTaBka Cpefa BbiNoNHEHUA WHCTpyMeHTbl (

Gaino: X + Kog + Tekct

2

o B =B o
.
¢, pm sample_data
||:|
N,
B manke Colab Notebooks/Lab2 nomxHbl HAX0IUThCS CIEAYOIIKE (Qaiibl U aIKH:

e S _LR2.ipynb,
e |ab02_lib.py,
® nanka OUt,
e train_N.txt,

e test name.ixt, 2c0e name — gapuanm OAHHBIX, HAZHAUEHHBIU CMYOEHM) UCX00s U3
HOMepa No JHCYPHATL).

B kauectBe Tekymieit nupexropun 3agaéres drive/MyDrive/Colab Notebooks/Lab2:



import os
os.chdir ('/content/drive/MyDrive/Colab Notebooks/Lab2'")

NMmnopTt 6ubmMoTeK U MOAy e

JIist  BBITIOJTHEHUST JaHHOW jabopaTopHOW paldOThl MOHAJOOWUTCS WMMIIOPT CIETYIOIMINUX
OMOJIMOTEK:

# vMnopT MoIyJien
import numpy as np
import lab02 1ib as 1lib

3aganue 1
3arpy3Ka )4 | M3yqe1me Haﬁopa JAHHBIX

B nepBoii yactu nabopaTopHOil pabOThl MCCIENYETCs] CUHTETUYECKUN JIBYMEpHBIM HabOp
JAHHBIX B IIENIAX 3HAKOMCTBA W MOHUMAHUS MPUHITUIIOB PabOThl aBTOKOAMPOBIIUKA. J[iis
reHepanuy JAByMEpHOro Habopa maHHbIX, cocTosiiero u3 1000 s7eMEHTOB ¢ IIEHTPOM,
HanpuMmep, B Touke (5, 5) MOXKHO UCTIONIB30BaTh PYHKIMIO datagen U3 OMOIMOTeKH 1ib:

# TeHepauus maTaceTa
data = lib.datagen(5, 5, 1000, 2)

Kon ¢yHKIIMM MOXKHO M3y4nTh, OTKPBIB s mpocMotpa 1ab02_lib.py. ®dyukuus datagen
NPUHUMAET Ha BXOJ KOOPAMHATHI IIEHTpPAa KiacTepa B MPOCTPAHCTBE MPU3HAKOB, YHMCIIO
DIIEMEHTOB M KOJIMYECTBO OCEH B MPOCTPAHCTBE (IIPU3HAKOB). YIOMSHYTasl BbIIIE (DyHKIUSA
aBTOMATHYECKU FCHEPUPYET HAOOP JaHHBIX C 33JaHHBIMH [TapaMeTPaMH, BBIBOJUT JaHHbBIC HA
PUCYHOK M coxXpaHseT HaOop B (aiin 'data.txt'.

BhiBecTH MaccuB U €ro pa3MepHOCTh B KOHCOJIb MOYKHO C IIOMOIIIBIO cBOMcTBa Shape:

# BEIBOI HAHHBIX U Pa3MEPHOCTU
print ('MicxonHele HOaHHBEIE: ')
print (data)

print ('PasMepHOCTb HOaHHEIX: ')
print (data.shape)

Co3nanne u o0yuyeHue aBTOKOAUPOBIINKA

JUig co3naHus, OOy4eHHs M COXpPaHEHMsI aBTOKOAMPOBIIMKA IIPEUIaracTcs HCIOIb30BaTh
(GyHKIMIO lib.create fit save ae. DyHKUUSA NPUHMMAET HA BXOJ CIECAYIOIIHE JaHHBIE
B KaueCTBE I1apaMeTPOB:

® JaHHBIC JIJIs1 OOYUCHHSI,



e 1yTh U UM (ailyia AJi1 COXpaHEHUsI aBTOKOAMPOBILIKKA,

e 1yTh U UM (ailyia 411 COXpaHEHUs TOpora OOHAPYKEHUSI AHOMAJIHIH,

® KOJMYECTBO 30X 00y4YeHUs,

e True win False /Ui BU3yaIM3allMu WIM COKPBITHS Ipoliecca 00yyeHus,

e a TaKXkKe mapamerp patience, 3ajalOmUi YHCIO 3MOX, B TEUEHHUE KOTOPHIX
HEOOXOIMMO TpPOJOJKaTh OOydyeHHe, eciaud omuOKa o0ydeHuss mepecrana
yMeHbIatees. [1o ucredenne 3ajaHHOTO YMCIIa SMOX MPOMCXOIUT PAHHSS OCTaHOBKA
oOyueHnusi. JlaHHBIN mapaMeTp MO3BOJIsAET U30eXKaTh C OJHON CTOPOHBI MEPEOOyICHHUS
(korma Beca HEHUPOCETH HACTPAaMBAIOTCS JJIi PACHO3HABAHMUS HCKIIOYUTEIBHO
NpUMEpOB 00ydaromero Habopa), a ¢ IPyroil — MmomajgaHus B JIOKATbHBI MUHUMYM
omnOku o0yuyeHusi. B ciyuae, ecnu ommOka oOydeHHUs TMepecTaia yMEHBIIAThCS U
o0ydeHue TpephIBaeTCA CIUIIKOM paHO, HEWPOHHAs CETh MOXKET OKa3aThCs HE 0
KOHI[a O0YYEHHOM, €CIIU CIIUIIKOM MO3JHO — IEPe0OyUEeHHOM.

Jlist cozmanust u o0yuenus: aBrokoauposimka AEL B teuenne 1000 smox ¢ Bu3yanuzaiuein
oOydyeHus W mapamerpoM patience paBHbiIM 300 3m0X, HEOOXOIWMO BBIMIOJHUTH

CIEyIOIIEe:

# 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)

DyHKIUS MpenoiaracT MHTEPAKTUBHBINA BBIOOP apXUTEKTYPhl aBTOKOAMpOBIMKa. CHavana
MOKHO 33/1aTh apXUTEKTYPY aBTOKOIUPOBIIMKA BPYUHYIO. [[7151 3TOr0 HE0OX0IMMO BHIOPATh
KOJIMYECTBO CKPBITHIX CIOEB, HaNpuMep, 1. A 3aTeM ykazaThb KOJIMYECTBO HEUPOHOB B 3TOM
cioe, Hanpumep, 1. PazMep BXOAHOrO M BBIXOJHOI'O CJIOSI BBICTABJISICTCS aBTOMATUYECKU B
3aBUCUMOCTH OT PA3MEPHOCTH BXOJIHBIX JaHHBIX.

B nepeMenHyto ael trained mnepenaércs oOy4eHHBIM aBTOKOAMPOBUIMK. B mepemeHHyto
TRE1 TIepelaeTcs MacCHB 3HAUYCHUH OIMMOKM PEKOHCTPYKIMH, PACCUYUTAHHBIX IS
oOyyaroiiel BBIOOPKH data. A B MEpPEeMEHHYI0 IREthl — IMOPOTr OMIMOKHA PEKOHCTPYKIIMHU
(MakcUMyM cpeiu 3HaYeHUH MaccuBa IRE1). JlaHHBIN Opor Aaibline OyIeT UCIOIb30BaThCS
TU1s1 OOHApYKEHUS aHOMAJIMK aBTOKoaupoBIukomM AEL.

[Tpn Bu3yanmzanuu mporecca oOydeHHs B KOHCONMU OYyJeT BBIBOAUTCS TEKyIas SIoXa U
3HaueHWe OomuOku o0ydeHus (B maHHoMm ciydae MSE). OmmbOka oOydeHHs mpencTaBiseT
co00ii pa3HUIly MEXTY IEIeBBIM BBIXOJOM, OXKHIAACMBIM OT HEHPOCETH, U (DaKTHUCCKHM.
Ommbka 0o0y4deHHUs, Ha KOTOpOW oOydeHue 3aBepmuioch, obo3znauum MSE_stop. Ecim
ommbka MSE_Stop Bemmka, 3TO O3Ha4aer, 4TO HEHpOHHAs CETh C HU3KOW TOYHOCTHIO
BOCIIPOM3BOJIMT Ha BBIXOZAE BXOJIHOM IMpuMeEp (IU10X0e KadyecTBO oOyueHus). Ecnu ommbOka
MSE_stop s qaHHBIX U3MeEHsonMXcst, Hanpumep, B peaeiax (0, 2000) cocrasser 0.0001,
TO ¢ OONBIION BEPOSTHOCTBIO Takas HeillpoceTh mepeoOyueHa. IlepeoOyueHHas HellpoHHas
CEeThb HE MOKET OBITH MCIOJIb30BaHA /AJIsl pacliO3HABaHUs HOBBIX IPUMEPOB, MOCKOJIBKY JHOObIE
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JaHHBIE, KOTOpbIE OTCYTCTBOBAIM B oOOydaromieil BbIOOpKe, OyAyT paclo3HaHbl Kak
aHoMaJIbHbIE. [[eHHOCTh HEMPOHHBIX CETEW 3aKII0YAETCs B UX CIIOCOOHOCTH K 0000ILEHHIO —
nocie OO0y4deHHs Ha OrpaHUYEHHOM Ha0oOpe MaHHBIX HEHpOHHAst ceTb (QOpPMHUPYET
MpeCTaBICHUE O TeHePAIbHON COBOKYITHOCTH M CIIOCOOHA BEpHO PAclio3HaBaTh JaHHBIC, HA
KOTOPBIX HE ObLIa 00y4eHa.

Jlns olleHKM KadecTBa OOYyYECHHUS HEUPOHHOM CETH CJeAyeT OILCHUTh C KakKOoW OmMOKOoM
aBTOKOJMPOBUIMK BOCCTaHABIMBAET (PEKOHCTPYUPYET) MpHUMEPHI 0Oyyaromeld BbIOOPKH Ha
BBIXOJHOM ciioe. [{s aToro Bocnonb3dyemcs: PyHKIuen 1ib.ire plot M HOCTPOUM TIpaduK
OIMOKHA PEKOHCTPYKIMU OOydaromie BbIOOpKHU. DYHKIMS MpPUHUMAET HAa BXOJ UM JUIs
3arojioBKa pHCyHKa (i1 oOydaromiedl BBIOOPKH CIeAyeT yKa3aTh 'training'), MacCHB
3HAYCHUN OIIMOKH PEKOHCTPYKIMH M TOPOT OIIMOKU PEKOHCTPYKIIMHU, a TakKe WM
aBTOKOJIMPOBIIUKA!

# TocTpoeHue Tpadmka OMUOKU PEKOHCTPYKLUM
lib.ire plot('training', IRE1l, IREthl, 'AEl')

CToHT OTMETHTD, UTO O KaueCcTBE 00yUeHHs HEHPOHHOM CETH MOKHO CYJUTh 0 BUY rpaduka
OLIMOKM PEKOHCTPYKIMM M BEIMYMHE Mmopora (y4uTbiBas paboO4Mil Auama3oH 3HAYEHWUH
UCXOJMIHBIX JaHHBIX). Hammpumep, eciu rpaduk ommoOKy peKOHCTPYKITHH 00yYaroIeii BBIOOPKU
uMeeT BUJ (3HaYeHUsI OIIMOKY MOTYT HauYMHaThCs U OT 0):

IRE for training set. AE2
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W BenuumHa mopora He BBICOKA, TO 3TO O3HAYAET, YTO HEUPOHHAsS CEeTh 00y4YeHa ONTUMAIILHO
U MOpor OOHApPYKEHHUsS aHOMAJIHMM aJeKBaTHO OIKCHIBAET T'PaHUIy OOJACTH TeHepabHON
COBOKYITHOCTH UCCIEAYEMBIX JAHHBIX.

Ecnu e rpaduk ommOku peKOHCTPYKITUN UMEET BU/I:



IRE for training set. AE1
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To 3T0 ¢ 0ONBLION BEPOSATHOCTHIO O3HAYAET, YTO B OOywaromeld BbIOOpKE ObUT BBIOpPOC.
[TockonbKy MOPOr 3aBBILIEH B COOTBETCTBUM C MUKOM OLIMOKU PEKOHCTPYKLUHU, HEMPOHHAs
ceTh Oy/eT pacno3HaBaTh MPUMEPHI U3 001aCTH OoJiee OOITUPHOM, YeM 001acTh 00yUYaroIIuX
JaHHBIX. DTO MOXKET MPHUBECTH K YSI3BHUMOCTH KiacCHPHUKATOpa K COCTSI3aTENbHBIM aTakaM
(xorma kiaccuuUKaTOp paclo3HAET MPUMEP, HE OTHOCALIMHCA K M3BECTHOMY KIaccy) M
NPOMyCKy aHOMaluil. B OONbIIMHCTBE MPUKIAAHBIX CUCTEM, TAKUE OIIMOKH HEAOMYCTUMBI.

N36exath 7TOro MOXHO, U3MEHUB TTapaMeTPhl 00y4EHHUS, HAPUMED, YBEITUIUTH KOJIMYECTBO
30X O0yYEHHUSI.

JUis ucrosnb30BaHUd (YHKIUM lib.create fit save ae U 1lib.ire plot B LEIAX
co3maHus, OOy4YCHHUS U COXPAHCHHS JIPYroro aBTOKOIUPOBIIHKA, & TAKKE TMOCTPOCHUS IS
Hero rpaduka ommOKA PEKOHCTPYKITUU HEOOXOAMMO COOTBETCTBYIONUM 00pa30oM M3MEHSTh
MMEHa TIEpEMEHHBIX U TTapaMeTpoB. Hampumep:

# obyueHme 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')
J1J1st BTOpOTO aBTOKOJIUPOBIINKA 0/ HAYAAA MOKHO BBIOPATh apXUTEKTYPYy MO YMOTYAHUIO
(Toraa KOJIMYECTBO CKPBITBHIX CIIOEB OyneT 5, a KOJU4ecTBO HelpoHOB B HUX: 3 2 1 2 3). A
nanee moadupaTh HEOOXOIUMOE KOJIMUECTBO 3TOX U apXUTEKTYPY B 3aBUCUMOCTH OT JaHHBIX
JUISL HAWITYYIlero kayecTBa o0yueHnus. Bo nzbexanue nepeoOydyeHus: Wi MmIoxXoro KauecTsa
oOy4YeHHsI B paMKax JaHHOW paOOThl PEKOMEHIYETCS MOJ0NPATh apXUTEKTYPY U KOJINYECTBO
310X TakuMH, uTo0bl MSE_Stop miist mepBoro aBTokoaupoBIuka osuta He Mmenblie 1-10, a s
BTOpOro — He menslue 0,01.

Pacuer xapakTepuCTHK KayecTBa 00y4eHHsI ABTOKOIMPOBIIUKOB

XapakTepucTuku kadectBa o0ydeHuss EDCA miist aBTOKOIMPOBIIMKA TIOKA3bIBAIOT TOYHOCTh
anmpoKcUMaIuu 00J1acT o0ydaroiiero Habopa, KOTOPOl JOCTUT aBTOKOAMPOBIIMK TMOCIE
oOyueHus. J{7s IByMEpHOTO MPOCTPAHCTBA MPU3HAKOB pacdeT XapaKTEPHUCTUK pealin3yeTcs
byHKIMEH 1ib.square calc. Ha Bxonm GyHKIMH mogaroTcs:



e MapaMeTp numb square, OTBEYAIOIIUH 32 KOJIMYECTBO JIEMEHTOB pa3OHEHHs IO
KaXJI0M OCH TTPOCTPAHCTBA MTPU3HAKOB,

e oOyuarormast BEIOOpKa

e 00y4YEHHBI aBTOKOJIUPOBIIUK

® [IOpPOT OITUOKH PEKOHCTPYKITHH

® HOMEpP aBTOKOIMUPOBIIHNKA TSI KOPPEKTHBIX MOAMUCEH pUCYHKOB,

e True wm False /i BU3yalH3alldy pacuera XapaTKEPHUCTHK.

Hampumep, 17151 pacuera XapakTepuUCTUK KadecTBa i aBTokoaupoBiuka AEL, HeoOxoaumo
BBITIOJTHUTB:

# mocTpoeHme obJjacTeM MNOKPHTUA M TPAHMUI KJIACCOB

# pacueT xXapaKTEepPUCTUK KauecTBa OOyUeHUS

numb_ square = 20

XX, Yy, %21 = lib.square calc(numb_ square, data, ael trained, IREthl, 'l', True)

JIJIsi MHTEPIPETHUPYEMOCTH YHUCIIOBBIX XapaKTEPUCTUK KadecTBa M CpPaBHEHUS oOOacTen
anmpoKCUMAIUU JIJISl Pa3HBIX aBTOKOJMPOBIIMKOB IPEIJIAraeTcsi UCIOIb30BaTh (HYHKIIUIO
lib.plot2inl. @DYHKIMS TPUHUMAET Ha BXOJ OOYYarol[yl0 BBIOOPKY, M BBIXOJHbBIC
napaMeTpbl PyHKIUU 1ib.square calc JJs ABYX aBTOKOJUPOBIIMKOB. [lapamerpsr XX, Yy
(koopaMHaTHAs ceTKa MPOCTPAHCTBA MPU3HAKOB) JIJIS IBYX aBTOKOJIMPOBIITUKOB OJIMHAKOBEI,
MIOCKOJIBKY BBIYMCIICHBI 110 OJHOMY M TOMY K€ oOydaromiemy Habopy. A BOT z1 W 72,
onuchIBaomue odnactu annpokcumarmu AE1 u AE2 B pamkax maGopatopHoit pabOTHI
JOJKHBI CYIIECTBEHHO OTJIMYATHCA.

# cpaBHeHME XapPaKTEePUCTUK KauecTBa OOyUeHMsa M oBJlacTeM aNnpOKCUMALUM
lib.plot2inl (data, xx, yy, 21, Z2)

TCCTI/lpOBaHI/le ABTOKOJMPOBIINKOB

Jlist TectupoBaHusi 00YYEHHBIX aBTOKOAMPOBUIMKOB HEOOXOAMMO MPEABAPUTEIBHO CO31aTh
TECTOBYIO BBIOOpKY ¢ mMeHeM data_test.txt B mamke Lab02. A 3atem 3arpy3uTh TeCTOBBIC
JaHHBIC B TIepeMeHHyo data_test:

# sarpyska TecToBOTO Habopa
data test = np.loadtxt('data_test.txt', dtype=float)

[Tonyunth pe3ynbpTaThl KiacCH(HKAIMKA TECTOBOrO Habopa ¢ IOMOINBIO, HaIpuMep,
ob0yuennoro aBTokomupoBinuka AEl moxHO ¢ mcrons3oBanneM (yukuuu lib.predict ae.
®OyHKIUS TPUHAMACT Ha BXOA OOYUYEHHBIH aBTOKOJHPOBIIUK, TECTOBBI HAOOp M IOPOT
OoOHapy>KEHHsI aHOMAJTUH:

# TecTupoBanme AEL



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

Brixonom QyHKIIMU SBISIOTCA: MacCUB OTBETOB aBTOKoAupoBIuKa (0 - Hopma, 1 - anomamnus)
¥ MacCHB OIMOOK PEKOHCTPYKIIUH JIJIsl TECTOBOTO Habopa.

JJ1st BEIBOJIA pe3yibTaTOB KIacCU(UKAIIMU B BUIC TAOJIUIIBI U TTOCTPOCHUS Tpaduka OmmmOKu
PEKOHCTPYKITMHU TECTOBOT'O HAO0Opa HEOOXOIUMO BHITIOIHUT:
# TecTupoBaHme AEL

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

YroObl  CpaBHUTH  pe3ynbTaThl  KJIacCU(pUKALMK  TECTOBOrO Habopa 1 JBYX
aBTOKOJUPOBUIMKOB HEOOXOIMMO BBIIIOJHUTH BbILIIEYKAa3aHHbIE ILIArd JUisi BTOPOTO
aBTOKOAMpOBUIMKA. Jlns  Busyanuzauuu — o0nacTel  anmmpoKCUMaluu Ui JIBYX
aBTOKOJUPOBLIMKOB 1 IPUMEPOB TECTOBOI'O HA0Opa BHIIIOIHUTH:

# mocTpoeHme objacTeM annpoKCUMAllMM M TOUeK TeCTOBOTO Habopa
lib.plot2inl anomaly(data, xx, yy, 21, Z2, data test)
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3aganue 2
3arpys3ka u uzyuyeHue Habopa JaHHBIX

Bo Bropoil uwactu nabGopaTopHOil pabOThl HCCIEAYEeTCs pealbHbI HA0Op JaHHBIX I10
BapuanTaM. [Ipennaraercs uccienoBats Tpu HaOOpa TaHHBIX:

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

Wcxoamblii Ha0op JTAHHBIX Cardiotocography Data Set
(https://archive.ics.uci.edu/ml/datasets/Cardiotocography) w3 peno3uropusi MaIIMHHOTO
obyuenuss UCI cocTouT M3 H3MEpPEHUIl 4YacTOThl CEpPACYHBIX COKpAIIeHUH 1102 HU
COKpAIllEHW MaTKU Ha KapAUOTOKOrpammax, KIacCU(HUIMPOBAHHBIX JKCIEpTaMu-
akymepamu. Vcxomuelii HaOOp JaHHBIX MpeJHA3HAuYeH s Kiaccupukanuu. B Hem
MPEACTABICHO 3 Kjacca: «HOpMay, «II0J03peHHe» M «maronorus». s oOHapyXeHUs
aHOMaJIMN KJIacC «HOpMa» NPUHUMAETCS 3a HOPMY, KJIAcC «IaTOJOTHs» NPUHUMAETCS 3a
aHOMAJINH, a KJIaCC «I10103pEHNE» ObLT OTOPOIIIEH.

KonuuecTBo KonuuecTBo KonuuecTBo KonuuecTBo
MIPU3HAKOB MIPUMEPOB HOPMAJIBHBIX | aHOMAJIbHBIX

MIPUMEPOB MIPUMEPOB
21 1764 1655 109

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

HcxonHbrii Habop JTaHHBIX Letter Recognition Data Set
(https://archive.ics.uci.edu/ml/datasets/Letter+Recognition) u3 peno3uTOpPUs MAIIUHHOTO
ooyuenust UCI npencrasisier co00i HaOOp JTaHHBIX JI1 MHOTOKJIACCOBOM KJlacCU(HUKALUU.
Habop npenna3HaueH A paclio3HaBaHUsl YEPHO-0EIIbIX MUKCEIbHBIX MPAMOYTOJIbHUKOB KaK
OJIHY 13 26 3arnaBHBIX OYKB aHTJIMKACKOTO andaBura, rae OykBbl ajngaBUTa MPeICTaBICHbI B
16 u3mepenusx. UToObl NOTYYUTH TaHHBIE, TOAXOASIINE Al OOHAPY KEHUS aHOMAJIUi, ObLIa
MpOU3BEEHA MOABBIOOPKA NaHHBIX U3 3 OYKB, 4TOOBI cPOPMUPOBATH HOPMAJIbHBIN KJIacC, U
CIIy4ailHBIM 00pa30M HX Maphl ObUTH 00BETUHEHBI TAK, YTOOBI UX Pa3MEPHOCTH y/IBAMBAIACH.
Yro6s! chopMHUpOBaTh KJIACC aHOMAJMM, ClIy4ailHIM 00pa3oM ObUIM BHIOpAaHBI HECKOJIBKO
HK3EMIUIPOB OYKB, KOTOPHIE HE BXOMSIT HOPMAIbHBINA KJIAaCC, U OHU OBUTM OOBEAMHEHBI C
SK3EMIUISIpAMH U3 HOpMalibHOTO Kiacca. [lpouiecc oObeanMHEHUsT BBIMOMHSAETCS IS TOTO,
4YTOOBI CZeNaTh OOHApYyKEHHE OO0Jee CIOKHBIM, IMOCKOIbKY KaXKIbli aHOMAJIbHBINA MpUMeEp
Takke Oy/IeT UMETh HEKOTOPbIE HOPMAJIbHBIE 3HAUYEHUS TPU3HAKOB.

KonnaecTBo KonuuecTBo KonuuaecTBo KonuuaecTBo
MIPU3HAKOB MIPUMEPOB HOPMAJIBHBIX | aHOMAJIbHBIX

MIPUMEPOB MIPUMEPOB
32 1600 1500 100

3. WBC http://odds.cs.stonybrook.edu/wbc/
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Hcxonupiii Habop manHbix Breast Cancer Wisconsin (Diagnostic) Data Set (WBC)
(https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+%28Diagnostic%29) wu3

penosutopus MammHHOrOo o6yuenus UCI mnpencraBnser coboii HaOOp MaHHBIX IS
KJIaCCU(PHUKAIINH, B KOTOPOM 3aIMMCHIBAIOTCS M3MEPEHUS JJIs CTy4aeB paKka MOJIOYHOH Kee3bl.
Ectp nBa ximacca, 1o00pokaduecTBEHHBIC U 3J10KAY€CTBEHHBIC. 3II0KaYECTBEHHBIN KJIacC 3TOTO
HaOopa JaHHBIX YMEHBIIEH /10 21 TOYKH, KOTOPBIE CUUTAIOTCS aHOMATUSIMH, B TO BpeMsI KaK
TOYKH B JOOPOKAYECTBEHHOM KJIACCE CUUTAIOTCSI HOPMOH.

KomuaecTBo KomuaecTBo KonuaecTBo KonuaecTBo
MIPU3HAKOB MIPUMEPOB HOPMAJIbHBIX | aHOMAJIBHBIX

IPUMEPOB IPUMEPOB
30 378 357 21

HaGop naHHBIX yxke pa3jielieH Ha 00y4Jarollyto U TECTOBYIO BBIOOPKY. st 3arpy3Ku JaHHBIX
MO>KHO UCITOJIb30BATh :

# sarpyska BHOOPOK
train =
test =

np.loadtxt ('train. txt',
np.loadtxt ('test.txt',

dtype=float)
dtype=float)

NmeHa (aiiioB oTIMyaroTcsa B 3aBUCUMOCTH OT HOMEpa BapuaHTa.

Co3nanne u o0yuyeHHe aBTOKOAUPOBIINKA

Jnis cozmanusi, 00ydeHus U coXpaHeHHs aBToKkoaupoBiinka AE3 npennaraercs HCIonb30BaTh

GyHKIUIO lib.create fit save ae. DyHKUIHSA NPUHUMAET HA BXOJ CIECAYIOIINE JaHHBIC
B KaueCTBE [1apaMETPOB:

JaHHBIE 111 OO ydeHMUS,

nyTh ¥ M3 paiina s COXpaHEeHUsT aBTOKOINPOBIIUKA,

myTh U UM Qaiiia 1uig COXpaHeHHs Opora 0OHAPYKEHUsI aHOMAJIHUH,
KOJIMYECTBO 3MOX 00y4EHHUS,

True wiu False ais BU3yaJu3alMd WIH COKPBITHS Mpoecca o0ydyeHus,

a TaKkKe mapaMmerp patience, 3aJalOIUNA YHCIO SMOX, B TCUCHUE KOTOPBIX
HEOOXOIMMO TPOJOKATh OOydeHHe, eclau Oomubka oOoOydeHusl TepecTana
yMeHbIathes. [1o ucreuenne 3a1aHHOT0 YHCIIa SII0X MPOUCXOINUT PAHHSS OCTAaHOBKA
oOyuenws. JlaHHBIN MapaMeTp MO3BOJISET U30EKaTh C OJTHON CTOPOHBI MTEPEOOyUCHUS
(korma Beca HEHPOCETH HACTPAWBAIOTCS /I PACIO3HABAHHS HCKIIOYUTEIHHO
MpUMEpoB o0ydarotiero Habopa), a ¢ Apyroid — MmonajaHus B JIOKAJbHBI MUHUMYM
ommnOku oOydeHus. B cimydae, ecnu ommOKka o0ydeHHUs TepecTaia yMEHBIIAThCS U
OoOy4YeHHE TPEPHIBACTCS CIUIIKOM paHO, HEMPOHHAS CETh MOXET OKa3aThCsA HE 0
KOHIIa 00YYCHHOH, €CITM CITUIIIKOM ITO3HO — Mepe00yIeHHOM.
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ABTOKOJIMPOBIIIHNK PEKOMEHAYETCS 00yuaTh Kak MUHUMYM J10 MSE_stop nopsinka 0.01 —0.1.
[Tapamerp patience pekomenayercs BeiOupaTh He MeHee 5000.

[Ipyu »TOM cnegoBaTh CHEAYIOIIMM PEKOMEHJAIUSIM 1O TOAOOPY apXUTEKTYpHI
aBTOKOJIMPOBIIMKA U KOJIUYECTBA AIOX:

Jnsi Hadopa nanHbix Cardio: KOJIMYECTBO CKPBITBIX CIIOEB HE MEHee 7, KOJIHMYECTBO
HEHpPOHOB B y3koM cioe He MeHee 10, komudecTBo 3mox He meHee 100 000.

Jliisi HaOopa naHHbIX Letter: Kkomu4ecTBO CKPBITHIX CIIOEB HE MEHEE 7, KOJIMUECTBO HEHPOHOB
B Y3KOM cJI0o€ He MeHee 7, konmuuecTBo 3mox He Meree 100 000.

st Hadopa manHbIX WBC: KoIM4ecTBO CKpBITBHIX CIIOEB HE MEeHee 9, KOJTMIeCTBO HEHPOHOB
B Y3KOM clioe He MeHee 7, konnyecTBo 3mox He MmeHnee 50 000.

JIist oneHKM KadecTBa OOyYEHUS HEUPOHHOW CETH CJIENYEeT OIICHHTh C KaKOW OIIMOKOM
ABTOKOJMPOBIIMK BOCCTaHABIMBAET (PEKOHCTPYUPYET) MpUMEPHI 00yvaroiieid BbIOOPKU Ha
BBIXOJIHOM cJoe. /[l 3TOro MOKHO BOCIIONB30BAaThCA paHee OMUCAHHOW (QyHKIMEH
lib.ire plot H MOCTPOUTH TpaduK OMIMOKH PEKOHCTPYKIMH OO0y4aromieil BbIOOPKH.
@OyHKIUS NPUHUMAET Ha BXOJ MM JUJIS 3arojoBka pucyHka (s oOydaromieil BbIOOpKH
CJIEIyeT yKa3aTh 'training'), MAaCCUB 3HAYEHUMN OMIMUOKHU PEKOHCTPYKIIUU U TOPOT OIIUOKH
PEKOHCTPYKIIUH, & TAK)KE UMSI aBTOKOIUPOBIIINKA.

K coxanenuto, miis pacuera xapakrepuctuk EDCA st cimydass MHOTOMEPHOTO TIPOCTPAHCTBA
NPU3HAKOB, TPeOYyeTCsl CYIIECTBEHHO OOJbIliee KOJIMYECTBO BPEMEHH U BBIYMCIHUTEIBHBIX
pECYpCOB, IO3TOMY B IaHHOM YacTH JJA0OPATOPHOM pabOThl OHU HE HUCIOIb3YIOTCS.

TecTupoBaHne aBTOKOANPOBIIHKA

JIns TecTUpOBaHHMS OOYYEHHOrO aBTOKOJUPOBIIMKA MOXKHO BOCIIOJIB30BAaThCs (DyHKIMEH
lib.predict_ae. ®ynkuus npuHUMaET Ha BXOJI 00YYCHHBIN aBTOKOJUPOBIIIHK, TECTOBBIH HA0OP
¥ COOTBETCTBYIOIIUH MTOPOT OOHAPYKEHHUS aHOMAITH. BBIX01OM (QyHKIIMH SIBIISTFOTCS: MACCUB
orBeToB aBTOKOAupoBInvka (predicted labels3) m mMaccuB ommOOK PEKOHCTPYKIMH IS
TecToBoro Habopa (ire3).

J1yist BBIBOZIa pe3ynbTaTOB KiacCU(UKAIMU B BUAE TaOIUIIBI U TOCTPOCHUS Tpaduka OmmOKu
PEKOHCTPYKITMHU TECTOBOI'O HAO0Opa HEOOXOIMMO HCIIONH30BATh PaHEE ONMMCAHHBIC (DYHKIIHH:

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

Hean 3a1aHus: NOCTPOUTH TAKOI ABTOKOIMPOBIIUK, YTOOBI JOCTHYb € €r0 MOMOIIbIO,
KaKk MUHUMYM 70% TOYHOCTH 00OHAPYKEHUSI AHOMAJIMI B TECTOBOM Hadope.
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