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BuUKoOpUCTaHHS HEUPOHHUX MEPEXK B 3aj1aUuax
EKCILTyaTallll 1 pPEMOHTY PyXOMOI'O CKJIa1y
€JIEKTPOTPAHCIIOPTY
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Anorauis — HeiiponHni mepe:xi i 6araropa3oBi HaBuYaHHA
(MIL) € npuBa0/IMBHMH TEMaMH B JOCTiIIHMIBKHUX 00/1aCTAX,
noB’s13aHuX 3i mWTy4yHum iHtesexktTom. I'inboki Heiiponni
Mepexki JAOMOIJHCS BeJUKHX YCHiXiB B KOHTPOJIbOBAHHX
npodiemax HaBuaHHsa, a MIL sax TuooBuii caado
KOHTPOJLOBAHMI MeTOJ HaBYaHHS € eQeKTHBHMIA A5
faratbox J0JaTKiB B 00JIaCTi KOMII’IOTEPHOro 30py,
oiomeTpii i T. 1.

Kniouosi cnosa — excniyamayis eneKmpompancnopmy,
Oacamopienese HAGYAHHA, HEUPOHHI mepexuci, 2nuboxe
HAGUAHHA, PEMOHM PYXOMO20 CKAAOY.

|.  TIOCTAHOBKA ITPOBJIEMU. AHAJII3 OCTAHHIX
JOCJIIKEHb 1 ITYBJIIKALIIA.

BuBYCHHS AEKUIBKOX CK3EMILLAPIB — 1€ BHU] CJIaOKOTro
KoHTpoiboBaHOTO HaB4daHHA (WSL). KoxkeH 3pasok
BUKOHAHUI y BHUIJISAI MIYEHUX JIAHUX, IO CKIAJAl0ThCs 3
MIUPOKOT PI3HOMAHITHOCTI TPUMIPHUKIB, IIOB’SI3aHHAX 3
¢dbyskmismMu BBeAeHHs. Mera MIL B mopBiiiHii 3amaui —
MiATOTYBaTH Kiacu(ikaTop Ui MPOTHO3YBAaHHS SIPIUKIB
TECTOBUX IIaKETIB, 3aCHOBaHUH Ha MPUITYILIEHHI, L0 €
MO3UTHUBHUI MaKeT Ta MICTHTh X04a O OIWH TO3UTUBHHMA
eK3eMIUISIp, TOAI SK JaHHI HEraTWBHI, SKIIO BiH
CKJIa[Ja€ThCS TITBKH 3 HETaTUBHUX eK3eMIULipiB. Takum
yuHOM, cyThb MIL monsrae B TomMy, 00 MaTu CHpaBy 3
JMBO3HAYHICTIO  SPJIHKIB  TPEIMeTiB, O0coONIHBO B
MO3UTHUBHUX JAHUX, SKI MAIOTh O€3J11Y BUIA/IKIB 3 PI3HUMHU
nosumismu [1].

Jnst Bupimensst npo6iemu MIL Oyno 3ampormoHOBaHO
OaraTo anropuTtMiB. 3riHO 3 omuTyBaHHAM Amores [2],
amroputMu - MIL  3HaxomsTecss B TPHOX BapiaHTax:
napajgirma 1npocTopy-3paska, apajurma IpocTopy JaHux
1 mapaaurma BKIAJeHoro npoctopy. [lapagurma nmpoctopy
NPUMIPHHUKIB BHMBYAa€ KiIacu(pikarop NPUMIPHHKIB 1
BUKOHYE KiacH(ikamilo MakeTiB MNUITXOM arperyBaHHA
BiATIOBieH KiacudikaTopa piBHA ek3eMIuipa. [lapagnrma
npoctopy Bag-space BUKOPHCTOBYE BiIHOCHHHM 3 JTaHUMU i
00po0Isie CyMKy B MiJIOMY;, 30KpeMa, BiH OOYHCIIOE
BiJICTaHb / MO00Y MaHWX O KISHCTEpY; TO HAHOIMKIMIA
cycim abo OaifecoBcbkMH  KiIacH(iKaTop  BUKOHYE
KIacudikamirco 3amady, 3acHOBaHy Ha BijcTaHix /
noxioHocTi. [TapagurmMa BKIAAEHOTO MPOCTOPY BOYIOBYE
MaKeT B MPOCTOPOBE IPOCTIp HA OCHOBI CIOBHMKA, MO0
OTpUMATH KOMIIAKTHE TIPEACTABICHHA Ml JaHUMH,
HalpuKiag,  BEKTOpPHE  MOJAHHS;  TO  KJIACH4HI
KITacu(iKaTOpH MOXYTh 3aCTOCOBYBATHCS JJIsI BUPIIICHHS
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npobnemu kiacudikamii makeriB. [uOOKi  HEHpOHHI
Mepexi Oyam 3acTocoBaHi Ui BHUPIOICHHA 0aratbox
npoOyieM MalIMHHOTO HaBuaHHA. /711 KOHTPOJILOBAHOTO
HaBYaHHS iICHY€ KiJIbKa BHUIIB HEHPOHHIX MEPEIK.

1. META JOCIIJUKEHHS
BupinieHHss npoOjeMu BUKOPHUCTaHHS HEHPOHHHX
MEpeX B 3aJadax  eKCIUIyaTamii 1 pEeMOHTY
€JIEKTPOTPAHCIIOPTY.

I1l.  BUKIJIAIL OCHOBHOI'O MATEPIATY

Posrnsaemo Bm3HauenHs MIL. 3 ormsigy Ha Habip
makeriB X = { X2 , X2 , ..., Xy } 1 ocobauBocCTi
MPUMIpPHHUKA i th maker X; = { Xity Xiz g o v vy Ximi} , Xijj €
Rx1 , e N um m; nmo3HayarTh KUIBKICTE JaHUX 1
KUTBKICTh TMPHUMIPHHKIB B KIsgicTepi Xi BIAIOBIIHO.
IMpunyckaru Yi € {0, 1} uu yij € {0, 1} sipnux nakera X i i
MPUMIpPHHK Xij OKpeMo, Ae | o3Hauae mo3utuBHHMA, a (
o3Hayae HeratuBHUil. Y MIL min yac HaBYaHHS JAIOTHCS
TUIBKM JeTajll 3 JaHUMH, 1 € 1Ba oomexxeHHss MIL: ¢ ko
naker Xi € HEraTMBHMi, TO BCi BUMaIKu B Xi OyoyTh
HETaTUBHUMH.

Po3risiHeMO HanamTyBaHHS OAHOTO makera Xi 3
JIEKIIbKOMa €K3eMIUIIpaMH Xjj KW TPOXOJIUTH 4Yepes
MINN. MINN cknanaersest 3 L miapiB, koxHa 3 SIKMX
MicTuTh HeniHiline nepetBopenns H ', e L inaekcye miap.
H' () Moxe GyTH CKIaJIOBOI0 YACTHHOKO TAKMX OIEpallii,
K BHYTpilIHIM TpoxaykT (abo TOBHE 3’€IHAHHS),
BunpsiviieHi  miHidHI  ommHMmI  (ReLU) [2-9] abo
nponoHoBanuii myn MIL. ITlo3HaunMo BUCHOBOK 1-T0

Iapy NpuMipHUKa Xjj 5K xf j-

CrioyaTKy MH PO3IJSIAEMO TpPAAWLidHI HEWpOHHI
Mepexi 3 JekiuipkoMma ek3eMiuipamu [8, 9, 14], ski
HasuBatoThes mi-Net. SIk moka3aHo, KOKeH eK3eMIUIIp B
KJISIHCTEpl CIIOYaTKy MOJA€ThCS Ha KiJbKa ITOBHICTIO
nos’si3annx (FC) mapiB 3 ¢yHkuiero aktuBamii (B Iii
CTaTTi MH BHKOpPHUCTOBYeMO dotupun mapu FC 3
aktuBamiero ReLU [9]). Mu orpumyemo ¢yHKIi0
NPUMIPHHKA, ITO3HAYECHY AK KX{']:_Z B (L —2) - i piBHA i
HMOBIPHOCTI IPUMipHHUKa, TO3HAYEHOI 5K p{“j_l . p{“j_l €
ckaspoM B miamasoni Big [0, 1] 1 BuBoauThes 3 x L —2 ij
iHauBiqyanpHO. B octanHromy mrapi € myn MIL Pooling
Layer, sikuit npuiiMae HMOBIPHOCTI MPUMipHUKA B SIKOCTI
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BXiIHUX 1  BHBEJIEHHX
nosnauenux sk Pt ( X;).

CyMapHOIO  HWMOBIPHOCTI,

Merton 06’eqnanas MIL 3amoBospHSIE OOMEKEHHSIM
MIL: sixmio kiusicTep MO3UTUBHUI, TOBUHEH OYTH X04a O
OMH €K3eMIUIp 3 BENUKOI0 IO3WUTHBHICTIO. B iHImomy
BUIAJKy BCl €K3EMIULIpM B KIAicTepi HMOBUHHI Matu
HU3bKY  mo3uTUBHiCTh. Komm — 0o0’eqnanmii  map
IHTETpOBaHUN B HEMPOHHY MEpexy, QYHKIis 00’ € THAHHS
noBuHHa OytH audepeHuiioBanoro. Tumouid myn MIL

NPEACTABICHUM  TaKUM  YUHOM, mi-Net MOYKHA
c(hopMyJIIOBaTH TaK:
xj; = H'(xf "
@

pl ML(pljlj 1. ml)

y mi-Net, (GOpMyJIIOBAHHA OCTaHHIX ABOX Iuapis: Pl
=M (pl]U 1.m; )- P'i — e iiMoBipHicTh MakeTa AaHMX

ta M'— e MIL oneparopom. TakuMm YMHOM, HEHPOHHU Bifl
JpYyroro 1o octaHHporo mapy (todrto the (L-1) ro piBHs)
MIPECTaBIIOTh HMOBIPHOCTI IPHMipHHUKIB.

Mu MpomnoHyeEMO Cepil0 HOBHX HEHPOHHUX MEpEK 3
JEKITbKOMa eK3eMIUIIpaMH, SIKi HE TIOKJIAJAIoThes Ha
BHCHOBOK HMOBIpHOCTI NPUMIpHHKA. Mepexi
OesrocepelHbO  BUBYAIOTH  YSBJICHHS  KistiicTepa i
BHPOOJISAIOTh Kpally TOYHICTh Kiacudikamii manmx. Lli
METOIM  BIJHOCATBCS A0  Karteropii  BOYZOBaHUX
npocTopoBux anroputmiB MIL, Bu3HaueHNX B orisaai [2].
JoTtpuMyrounchk CTHIO iMeHyBaHHs B [10], M1 Ha3uBaeMo
o Mepexy sik MI-Net.

Ilokazana mpocta MI-Net 3 TppOMa MOBHICTIO
IOB’s3aHUMH  mapamu 1 omauM mynom MIL. 3wmina
CTPYKTYpPH MepeXi MNPU3BOJUTH JO TOrO, IO Mepexa
(doKycyeTbc Ha TIONAHHI JAaHWX HaBYaHHS, a HE Ha
NPOTHO31 MOBIpHOCTI MpuMipHHUKa. HesanexHo Bix Toro,
CKUTbKH BXigHHX HpuMmipHukiB €, MILL Pooling Layer
00’eiHyE X B OAMH BeKTOpP (DYHKIIH SIK ySIBJICHHS ITaKkeTa.
Hapemri, map FC 3 Tinpkum opnHiei HEWpoOHHOI i
CITMOIJJHOIO AaKTHBALI€I0 MPUHMAEe TOJAHHA AaHUMU B
SIKOCTI BXIIHOTO CHTHaly 1 TIPOTHO3ye WMOBIPHICTP
naaumu. Leit npoctuit MI-Net copmynsoBanuii sk:

xl. = Hl(x.l._l
(et @

ijlj=1..m;

Pizannst mixk MI-Net a6o mi-Net. Ilo-mepme, mu
MOKEMO MOpPIBHATH 1 1 2, m00 3HAWTH PI3HUIO MK mi-
Net i MI-Net. ¥V mi-Net € kinbka By31miB, IO
OpeAcTaBisAoTh  exsemmuipd. B MI-Net  Hemae
JMYAIBHUKIB Ta TMPUMIPHUKIB; 3aMiCTh I[bOTO BiH MICTHThH
BekTOp (yHKHIi 3 JaHMMU. 3 TOYKM 30pY BHMBYEHHS
ocobmmBocTel, mi-Net (OKycyeTbcss Ha  TOAaHHI
HaBYAJILHOTO NPHMIipHUKA; B Toi yac sik MI-Net BuBuae
MOJJaHHA TIPUMIPHUKIB 1 YSBJIEHHS CyM. Y Hac € sBHa
MoruBarist mnpoektyBaHHs MI-Net. Ockinbku  mi-Net
MIPOPOKYE pPaxyHOK TPHMIPHHKA HAa OCHOBI OKPEMOTo
NPUMIPHHKA, 1 OLIHKa CyM 3aJeXWTh BiJ] KUIBKOCTI
MIPUMIPHUKIB, Kiacudikallis maketiB He Oyae BHKOHaHA,
SKIIO Kiacu(pikaTopy NMPUMIPHUKIB MOMWISIOTHCS. Hamna

MoTuBarist MI-Net mossirae B TOMy, 1100 OTpUMATH OiJIBIIT
OaraTe ysIBJICHHS.

HaTtxHenHi TJIMOOKO KOHTPOIEOBAHUMH MEpEKaMHU
(DSN) [13], mu momaemo TimubOKi criocTepexkeHHs B MI-
Net. ToOto koxeH cepenniii piBeHb FC, skuit moxe
BUBYATH (PYHKLIi MPUMIPHHUKA, CYNPOBOIKYETHCS LIaAPOM
nyny MIL i pieaem FC m1s nporHo3yBaHHS CyMapHOTO
Oamy. Ilim wac HaBYaHHSA NOJAETHCS HAa KOXCH PIBEHB.
Kpim Toro, mix 9ac TecTyBaHHS MH OOUHCIIIOEMO CEPEaHii

Oam pmma  koxkHOro piBEA. MI-Net 3  riamboxum
CHOCTEPEKECHHIM (DOPMYITIOETHCS SIK:
;= = H! (x
L
=M (xlm L m) k e{123}

ne imgekc k B X', k i o3mauae, mo Mm BHBYaEMO
Oc3imiy  GyHKOIH CyM 3 YCiX pIBHIB MOXIHBOCTCH
npuMipHrKa 3a gomomororo mymy MIL. MI-Net 3
IIIMOOKMM  CHIOCTEPEKEHHSIM MOXKE BHKOPHCTOBYBATH
KiTbKa iepapxifi, m00 OTpUMaTH Kpamly TOYHICTh
k1acudikarii ganux. Moro MoxHa iHTEpIPETyBaTH 3 IBOX
TOYOK 30py: Y mpoueci HaBuaHHs (QyHKLIs MPUMIpHUKA B
HIDKHIX IIapax MOXE OTPUMYBATH OIUNBII peTeTbHIHA
KOHTPOJIb; 1 (2) MpH TeCTyBaHHI MU MOXKEMO yCEpEeIHUTH
HMOBIpHICTh MHOXHHHUX CyM, MO0 OTpHMAaTH OiIBII
MIIHI AaHHi. Y il CTaTTi MU BCTAHOBJIKOEMO Bard Pi3HUX
PIiBHIB OZHAKOBO.

OcCTaHHIM YacoM TTTHOOKE 3aJMIIKOBE HABYAHHS OYIIO
3arponoHoBaHO B [14] i mpoIEeMOHCTPYBallo Bpakaroue
MOJIMIICHHS PO3IMi3HABAHHSA 300paKEHb 33 PaXyHOK
BUKOPHUCTAaHHS [IyXX€ TIMOOKMX HEHPOHHHX Mepex. Mu
BMBYAEMO 3aJMIIKOBI 3’c¢aHanas B MI-Net, sk moka3zaHo
MI-Net 3 3aTHIIKOBHMU CTIOTyKaM# (POPMYITFOETHCS SK:

xl. = HY(x
ML(xl]|] 1..m; 4)

ML(x )+ x> 1,

ijlj=1..m;

Ha BigMmiHy BiI BUXiZHOTO 3aJHIIKOBOTO HABYAHHS B
[14], B sKOMy BMBYAIOTBHCA 3AJMIIKH pPENpe3eHTaIliil 3
BHUKOPHUCTAHHSAM 3rOPTKH, HopMauizamii maptii i ReLU, mu
BUBYAEMO 3aMIIKH YSABJICHHS CyM 4Yepe3 IOBHICTIO
3B’s13aHi mapy, 06’eqnands ReLU 1 MIL. B kinni mepexi
ysBIEHHS (QiHATBHOI KISHcTepa MOB’S3aHO 3 €TUKETKOIO
nmannMu 4gepe3 map FC 3 onniei HeWpoHHOI 1 cirMoigHO1
aKTHBAIICIO.

IV. BHUCHOBKU

Y 1npoMy JOCHUKEHHI MM HeEperyisigaeMo Ipoliemy
HackpizHoro HaB4aHHA MINN i IpoIIoHyeMO Cepiro HOBHX
MINN 3 HalicyyacHimow npoxykTuBHicTI0. Ha Bigminy
Binm icHytoumx MINN, Ham wmetoa ¢OKYCyeThCs Ha
HaBYaHHI YSBJIEHHS CYMapHOTO piBHA 3aMiCTh OI[HKH
MITKH pIiBHI Ha piBHI TNpuMipHHKA. EkcnepuMeHTH
MOKa3yloTh, IO HAallli MepexXi Ha pIBHI CyM IIOKa3ylOTh
Yy[OBI pe3yNbTaTH MO KITBKOM KOHTPOJIBHUM ITOKa3HUKaM
MIL B mopiBHSHHI 3 MepeXaMHM Ha PiBHI NPHUMIPHHKIB.
bimem  Toro, MM  iHTETpyeEMO B  Hamli  MEpexi
HaWNomyJsipHiI TIMOOKI HaBYaJIbHI TPIOKH (TIIMOOKHHA
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Use of neural networks in the problems of operation
and repair of rolling stock of electric transport
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Deep neural networks have achieved great success in controlled learning problems, and MIL as a typical poorly controlled
learning method is effective for many applications in computer vision, biometrics, natural language processing, etc. In this
article, we review several neural networks with multiple instances ( MINN), which neural networks seek to solve MIL
problems. MINNs perform MILs in the end, which take bags with different numbers of instances as input and directly output
the tags of the bags. All parameters in MINN can be optimized by back propagation. In addition to revising old MINNSs, we
offer a new type of MINN for exploring bag representations, which differs from existing MINNs that focus on the evaluation of
an instance label. In addition, recent tricks developed in deep learning have been studied in MINN; we find that deep
supervision is effective for a better understanding of bag views. In experiments, the proposed MINNs achieve the most
advanced or competitive performance on several MIL tests. Moreover, for testing and learning it is very fast, for example, it
takes only 0.0.0 03 s to predict the bag and a few seconds to learn on the MIL datasets on a moderate processor.

Initially, several instances (MILs) were proposed to predict bounce activity [1]. Now it is widely applied to many domains
and is an important problem in computer training. Many multimedia data have a multiplier (MI) structure; For example, a text
article contains several paragraphs, the image can be divided into several local areas, and gene expression data contains several
genes. MIL is useful for processing and understanding M1 data.

Studying multiple instances is a type of weak controlled learning (WSL). Each sample is executed in the form of labeled
data, which consist of a wide variety of instances associated with the functions of input. The purpose of MIL in the dual task is
to prepare a classifier for prediction of test packet labels, based on the assumption that there is a positive packet and contains at
least one positive instance, while the data is negative if it consists only of negative instances.

Keywords — electric transport operation, multi-level learning, neural networks, deep learning, rolling stock
repair.
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