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CMNOCOB BbIABNEHUA MOLWEHHUYECKUX TPAH3AKLIMKW HA OCHOBE
AHAJNU3A TABJIUYHbBIX AAHHbBIX
OBJNACTb TEXHWKHW

HacTosiliee TEXHUYECKOe pelleHne OTHOCUTCH K obnactu aHanusa TabnU4HbIX

AaHHbIX, B 4YaCTHOCTU K crnocobam BbISIBIIEHUS MOLUEHHUYECKUX TpaH3aKU,VI|7I Ha OCHOBe

aHanusa TabnuyHbIX JaHHbIX.

YPOBEHb TEXHWKW
N3 YpOBHSI TEXHUKU W3BECTEH WCTOMHUK uHopMaumm, CN 114298712 (A),

onybnukoBaHHbIi  08.04.2022, packpbiBalown cnocob u npumeHeHve obHapyxeHus
aHOManbHbIX TpaH3akuui kpuntoBantoThl. Cnocob BknioyaeT B cebs atanbl BbIGOPKM
AaHHbIX HOPMarnbHOW TpaH3akuMu U AaHHbIX aHOManbHOW TPaH3aKLUW KpUMTOBAmOThl Ha
OCHOBE LEenodkn 6nokoB, cepuanusauun [aHHbIX TPaH3akuMM OHOTO U TOro Xe
nonb3oBaTenss B COOTBETCTBMM CO BPEMEHEM TpaH3akuuW, cosgaHus  obpasua
nocnegoBaTenbHOCTN  TpaH3akuMA NOMNb30BaTens M MapKUPOBKUM METKNM HOPMarbHON
TpaH3akKUMM W aHOMarmnbHOW  TpaH3akuuu;, opMMUpOBaHUA MeTkun Ana  obpasua
nocnefoBaTeNibHOCTU  TpaH3akumMi  nonb3oBatensi; obpasey  nocnegosaTenbHOCTU
NoNb30BaTENbCKMX  TpaH3akuMh  KoOupyeTcs B BeKTOp  MocnefoBaTeribHOCTU
NONb3OBaTENbCKUX  TPaH3aKuWMK, BEKTOp  MOCnefoBaTenbHOCTU  NOMb30BaTeNbCKUX
TpaH3aKuuit BBOOUTCA B MOAENb OGHapYXeHUs1 aHOMarlbHbIX KPUMTOBAMIOTHBIX TPAH3aKLUiA
ans obyyeHuss, n moaens OBHapYXEeHUS aHOMarbHbIX KPUNTOBANMIOTHBIX TpaH3aKuuni
peanuayeTcs Ha OCHOBE CETEBOW apXUTEKTYPbl Npeobpa3oBaHus.

OTnnuvem npepriaraeMoro pelleHust OT M3BECTHbIX U3 YPOBHA TEXHUKU SBNSETCA
UCMONb3OBaHWE  MATKOrO  noaxoga  AnsA  npeacTtaBneHus  TabnuuyHbiX — AaHHBIX.
JononHnTenbHBIMKM OTNNYUAMU ABISIETCA UCMOSb3oBaHWe noaxodos softonehot, a Takke

soft one-hot encoding.

CYWHOCTb USOBPETEHNA

TexHu4eckon 3aga4ven, Ha pelueHmne KOTOpOI7I HanpaseHo 3aaBNeHHoe TEXHN4eCKoe

pelieHne, saBnaeTca co3faHue crnocoba BLISIBNEHUSA MOLUEHHUYECKUX TpaHSaKIJ,VIVI Ha
OCHOREe aHannaa TabnnyHbIX AaHHbIX,

TexHu4eckuin pe3ynbrat 3adaBNEHHOro TexXHUYEeCKoro pelleHuna coBnagaer C
Ha3Ha4YeHuneM U AOONONHUTENBHO 3aknk4vaeTca B ynydlleHue KadecTtBa KﬂaCCVICbI/IKaLI,MM

TabNMUYHBIX AaHHBIX.



3anBneHHbI TEXHUYECKUIA pesynbTaT AOCTUraeTCs 3a CHET OCyLUecTBneHus cnocoba
BbISBNEHUS MOLLUEHHUYECKUX TpaH3aKkuMii Ha OCHOBE aHanu3a TabnuyHbiX [OaHHbIX,
BKITIOHAIOLWETO 3Tanbl, HA KOTOPbIX:

BXOAHblE JaHHble pas3nensTcs Ha KateropuarnbHble [aHHble U HenpepbiBHbIe
AaHHble, NpUYeM HenpepbiBHbIE AaHHble NPeACTaBnsAlTCA ASNCTBUTENbHBIMU YiCnamu, a
KaTeropuanbHble AaHHble HaTypanbHbIMU YUCNaMun U MOMyT MPUHUMATL OrpaHUYeHHbI
Habop 3HaYeHWI;

KaTeropvarnbHble  [aHHble  KOAMpYITCA  NOCpeacTBOM — MeToga  BbicTporo
koaupoBaHusa one-hot encoding, Npu 3ToM HenpepbiBHbIE JaHHbIe KOAMPYHTCA METOAOM
softonehot;

3aKOOAUpPOBaHHbIE [OaHHble TPaHC(OPMUPYIOTCA B BEKTOPHble NpeAcTaBneHus,
nocpeacTeoM MeToga obyyeHuss maTpuubl  BecoB; fanee  obuiMe BeKTOpHble
NPeacTaBneHuss  OaHHbIX  WCMOMb3YIOTCA  Kak  BXOAHble  [aHHble Ana  moaenu
«TpaHcdopmep» ¢ rnybokon HEMPOHHON CeTbio;

BbIXO[HbIE AAHHbIE U3 rMy6GOKON HEMPOHHOW CeTV NpeacTaBnATCA B BUAE BEKTOpa
ANuHBL |, nocne 4ero BeKTOP CKanspHO YMHOXaeTCsi Ha BEKTOp napameTpoB ANWHbI |,
npuyemM nornyvyaemMoe 3HaveHue npeacTaBnsieT cobor YBepeHHOCTb MOAENU B TOM, YTO
TpaH3aKUUs MOLUEeHHUYeckasi, npuyem 4yem Oonblue MonyvyeHHoe 3HauvyeHue, TeM Bbille
YBEPEHHOCTb.

B vacTHOM BapuaHTe peanusauuu npeanaraemoro cnocoba, BXogHble AaHHble,
KOTOpble ObiNU pasfeneHbl Ha HenpepbiBHbIE AaHHble — 3TO CBeAEeHWUs O TpaH3akuuu, a
UMEHHO cyMMa, JaTa/Bpemsi, MeCTO OCYLUeCTBMEHUs1 TpaH3akuuu, Npu STOM BXOAHble
JaHHble, KoTopble ObiNU pasdeneHbl Ha kateropuasnbHble — 3TO AaHHble NONb30BaTerns,

coBepLiawlero TpaH3akumio, a UMEHHO non, Bo3pacT 1 UCTOpKUA NpeablayLnx TpaHSaKuMﬁ.

OMNCAHWE YEPTEXEW

Peanuzauus M306peTeHWi| 6y,qu onucaHa B [OanbHenWweM B COOTBETCTBUU C

npunaragMbIMM YepTexamu, KOTopble NpeacTaBneHbl ANsi NOSCHEHUA CYyTU U3obpeTeHns u
HUKOUM o06pas3oMm He orpaHuumBaloT obnacte u306peTeHus. K 3asBke npunaratoTca
crnegyroLime YepTexu:

dur. 1 UNNICTPUPYET TSDKECTb XBOCTOB pacnpefeneHns 3HavyeHud B MSTKOM
WHAWKATOPHOM BEKTOPE NPU PasfUYHbIX 3HAYEeHUAX t;

dur. 2 wnnniocTpupyeT pacnpegeneHue MsSIrkKMX WHAUKATOPHbIX BEKTOPOB Mpu
06bIYHOM UHMLManu3aLumu;

dur. 3 unnocTpUpyeT MNIIOTHOCTM pacnpeneneHnin X u 6 npu Knaccudeckou

UHULManuaauum;



dur. 4 unnioctpupyet obLyio Brok-cxemMy 3asBneHHOro cnocoba;

dur. 5 unnocTpypyeT peaynsTaTbl 3KCNEPUMEHTOB,

dur. 6 UNNIOCTPUPYET CTPYKTYPY BEKTOPHOIO NPOCTPaHCTBa A0 0byyeHna Modeny.
dur. 7 UNNIOCTpUpPYeT CTPYKTYPY BEKTOPHOrO MpocTpaHcTea nocne obyyeHus

Moaen.

OETANBHOE OMNCAHUE U3OBPETEHWA

B npvBeaeHHOM Huxke noapo6HOM onucaHuM peanvaaumm n3obpeteHns npuBeaeHsbI

MHOFOYUCINEHHbIE AeTanu peanus3auuuy, NpusBaHHble obecneynTb OTYET/IMBOE NOHUMaHue
HacTosllero u3obpeteHuss. OpHako KBanuUUMPOBAHHOMY B MpeaMeTrHon obnactu
cneunanucty OyaeT O4eBMAOHO, Kakum 0BpasoM MOXHO WCMoMnb3oBaTh HacTosllee
nsobpeTeHne kak C JaHHbIMU AeTansMu peanusaumu, Tak u 6e3 HuX. B apyrux cnyvasx
XOpOLLUO W3BECTHble MeToAbl, Mpoueaypbl U KOMMOHEHTbl He Gbinn onucaHbl nogpobHo,
YTOBbI HE 3aTPyAHSATL MOHMMaHUEe OCOBEHHOCTeN HacToALEro n3obpeTeHns.

Kpome TOro, v3 npuBegeHHOro wusnoxeHuss Gyger ACHO, 4TO u3obpereHue He
orpaHm4mMBaeTcs npuBeaeHHON peanusaumen. MHorouncneHHsie BO3MOXHble
MOAMMMKALMKN, W3MEHEHWs, BapuauMu W 3aMeHbl, CcoXpaHsilolue CcyTb U  dopmy
HacToSLLEro nM3obpeTeHns, OByayT oY4eBMAHLIMWU ANsi KBANUMUUMPOBAHHLIX B NpeaMeTHOMN
obnactv cneunanucTos.

B HacTosiLeM TEXHWYECKOM pEeLUEeHUM ONUCLIBAETCS METOL NMOCTPOEHUS BEKTOPHbIX
npeacTaBneHuint HenpepbiBHbIX NPEAUKTOPHBIX MEPEMEHHbIX, OCHOBAHHbIN HA MMUTaLIUM
noseneHVs [epeBbeB pelueHuit B napagurme rnybokoro obyyeHusi. Cnocob noseonsier
pa3butb HEMNpPepbIBHYID MNEPEMEHHYKD Ha rpynnbl BO Bpems OOyyeHus, npu 3TOM, He
3a/1jaBasd WX A0 Havana npouecca obyyeHusi, ¥ nonyyaer 3TW rpynnbl HEABHO, TO €CTb He
nyTem TpaHcopMaummn camon nepeMeHHoOMN.

N3o0bpeTeHne npegHasHayYeHo Ansi pelleHus 3ajay aHanuida TabnuuHbiX OaHHbIX,
TakMX Kak perpeccust unm knaccudukaums. MNpegnodtuternbHbIM NPUMEHEHEM ABNSEeTCA
3a/ja4a BbISIBMEHUST MOLIEHHUYECKUX TPaH3aKUWA.

3agaya BbIABNEHUS MOLUEHHUWYECKUX TpaH3akumh — 9TO 3agaya 6HuHapHoun
KnaccudukaumMm, B KOTOPOM MO MOMYYEeHHbIM napameTpamu TpaHsakuuu, Heobxoanmo
NPUYUCTINTL €€ K OQHOMY M3 ABYX KNaccoB (MOLLUEHHUYecKasn unu Her).

OpHako, mogenb MoOXeT obyyaTbCsA He TOMbKO Ha WUCTOPUSX TpaH3akuui, a Ha
NMobbIX TabnNUYHBIX aHHbIX.

Yactb wucnonbdyemon B un30bpereHun apxutektypbl “TpaHcdopmep”, 6Obina
npeanoxeHa B hitps://arxiv.org/abs/1706.03762 ansi obpaboTkM eCcTeCcTBEHHOro A3blka,

O4HAKO MPUMEHEHUs] OaHHOW apXUTEKTYpbl OrpaHWYeHHO AWCKPETHOW NPUPOAOIN AaHHbIX



€CTEeCTBEHHOrO #3blka, KOTOpble npeacTaBnsiloT B BuAae “TokeHOB”. [log AMCKPETHbIMU
AaHHBbIMA  MOHUMAIOTCA MepeMeHHble, WCMOoMb3yeMble B aHanuse, Kotopble MOryT
NPUHUMATL OrpaHUYEHHOE YUCO 3HaYeHun. Hanpumep, cnoBo MOXeT BbiTh NpeacTaBneHo
Kak Habop 6yke U kaxnas 6Gyksa npuHumaeT ogHo m3 33 3HayeHui. [lanee 3Ty 3HaYeHUs!
obpabaTbiBaloTcA NMyTeM MOCTPOEHUSI UHAMKATOPHBIX BEKTOPHbIX NpeacTtasneHuin (one-hot
encoding), koTopble NpeacTaensioT n3 cebs BEKTOP, COCTOALLMIA U3 Hynei, KpOMEe OOHOM
No3nLMK COOTBETCTBYIOLLEN, Hanpumep HoMepy Oykebi B andasute. Tak byksa “6” byaert

npeacTtaeneHa kak [0, 1, 0, ..., 0]. Janee Mcnonb3ysa MOCTPOEHHbLIE BEKTOPb! KaXou

NepemMeHHON CTaBUTCA B COOTBETCTBUE HEMpPEepbIBHOE BEKTOPHOE NpefcTaBneHue u3 R",
KOTOpoe YTO4HsieTca B npouecce obyyeHus. [lpumeHeHuss OaHHOro noaxopa Aans
NOCTPOEHUS1 BEKTOPHbIX NPEeACTaBMNEHUN HEMPEpPbIBHLIX NEPEMEHHbIX, TakMX, Kak Hanpumep
obbeM TpaHzakuuy, He ABnsieTcs A(PPeKTUBHbIM, TaK KaK KONMMYECTBO pPasfiMyHbIX
3Ha4yeHun, KOTOpoe MOXET MpUHMMAaTbL HerpepbiBHast NepeMeHHas B AOCTYNHOW Ans
obyueHuns BblIOOpKE MOXET MMETb NOPsAOK pa3mepa BbIGOPKM, YTO NpUBEAET K CIMLLKOM
BonbWoMy KonuyecTBy napameTpoB B moaernu u npobneme nepeobyuenus. Tawke
BO3MOXHO MOSIBNEHUS] HOBbLIX 3Ha4YeHWW NpU MNPUMEHEHUNn MOoJEenn K [JaHHbIM BHe
TPEHNPOBOYHOW BbIGOPKMU.

OAna peweHuss npobnembl NpUMEHeHWs apxuTekTypbl “TpaHccopmep” K
HenpepbiBHbIM AaHHLIM aBTOPaMu U306peTeHus NpeanoXxeH noaxod Msrkoro UHaukaTopa,
KOTOpbIA MO3BONAET MOCTPOUTH BEKTOPHbIE MPEACTaBNEHUSI HEMpPEepbIBHLIX NepeMeHHbIX,
UMUTUPYA NOAXOA, UCNONb3yeMbil AepeBbAMU PeLUeHW B napagurme rmybokoro obyyeHus.

Moaxon MArkoro nHaukaropa:

[MycTb MMmeeTca napameTp xeR, NOCTPOUM BEKTOP eeRk, keN, roe k - runepnapameTp,

onpeaensioLmin Habop NOAMHOXECTB Ha KOTopbie pasbueaeTca nepemeHHas x. O603HauMM

k . .
BEKTOPOM SER", UTOTOBbIV MsIrkuii BekTop nHamkartop (softonehot), , Toraa:

3pgecb t - ranepnapaMmetp, aBnsloWMncs  KoadduuneHTom  TemnepaTyphl,
NO3BONSAIOLMNIA KOHTPONUPOBaTbL TSHXKECTb XBOCTOB pacnpefeneHusi 3Ha4YeHun B MSArkom
nHaukaTopHom BekTope (dur. 1).

MpumenuB yHKUMIO softonehot ana Bcex j oT 1 Ao k nonydnm BEKTOPHYO

hopMynupoBKy softonehot:
S = softonehot(x, 0) = {softonehot(x, 6, 1),.., softonehot(x, 6, k)} .
Hanee ansa nonyyeHus ouHanbHbIX BEKTOPHbLIX NpeacTaBreHni heRU, VEN, rge v -
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pasMep BEKTOPHOro NpPEeACTaBNEHWsi, BEKTOP S, KOTOPbIA MOXHO MpeacTaBuTb B BUAE

1xk kxv
MaTpuubl U3 R, yMHOXaeTca Ha Matpyuy BecoB AER . To eCTb:
h = IA = softonehot(x, 8)A.
BaKHO OTMETUTb, YTO onepaums softonehot SBnsieTca AMdpdepeHUMpyemMon:
e—tlxﬂeil

S =

—t|x—0
. o|x q|’

—tlx —Bi —tlx -0 |
log(s.) = e log( ) e M,
q=1
k
2 _log(s) = -2 e B (Y e |x_eq)
26 09 ) a6 09 ,
j J J q=]_
o —thxo] 1{i=j}e~'|x_s'|r(x—e,)
20 € U= = —, 30ecb 1 - UHAUKaTOpHas PyHKLMS,

YT0 No3BoONseT NPUMEHATL anropuTMbl ONTUMU3ALUMK K napameTpy 6 N YTOYHATb ero
B npouecce obyyeHus.

BxoagHble [fOaHHble O MONb30BaTeNnsiX XpaHATCs B OTAeNbHOW 6Gase [AaHHbIX
nonb3oBarteniei. [laHHble 0 TpaH3aKUMM NPMHMMAKTCA B MOMEHT COBEpLUEHUS TpaH3aKLmK
n npeacTtaenalT coboil ee pasnuyHbie NapameTpbl (Hanpumep, Bpems, OTnpasuUTens,
nony4arenb, obbeM u T.4).

Takum obpa3oM, Npegnaraemsbiii Noaxoa UMeeT criegyowmi obwmnin Bua;

[na BXoAHbLIX AaHHbLIX, UMelowunx Bug Q@ = (x,y), rae y - Metka, ansa 3agadyv novcka
MOLLUEHHUYECKUX TpaH3akuuii npuvHumatowee 3HadeHuss u3  {0,1}, rge 1 o3HavaeT 41O
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TpaH3akuusi sBrAeTca MolleHHWYeckol u 0 o3HauaeT 4TO TpaH3akuus He sBnsertcs
MOLUEHHUYECKOW. x sBrfeTca HabopoM napaMeTpoB TPaH3akuuu, COoCToAwmMM n3 M

KaTeropuanbHbIX NapameTpoB U N HenpepblBHbIX NapameTpos. lNpeacTasum x B BUZE:

v

x = {xl,..., Xy X o Xy }.

PaccMOTpMM MPOLECC MOCTPOEHWUS BEKTOPHBIX MPEACTaBNEeHUN AnuHbl d ANA BCEX

napaMeTpoBs TpaH3akumu. [ns nocTpOEHUst BEKTOPHOTO NPeACTaBMEHUA KaTeropuasnbHoro
napameTpa x, MOCTPOWM BEKTOp WMHAWKATOp E, AnHbI |xi|, roe |xi| - KONU4YEeCTBO

BO3MOXHbIX 3HAYEHUHA, KOTOpble MOXET MPpUHUMaTb NapameTp xi. Torga ans nonyvyeHus

v

(bvHamBLHOTO BEKTOPHOTO MpeAcTaBneHus napamerpa x, MocTPOMM MaTpuly napameTpos

|xi|><d

Hi €ER 1 nonyyum huHanbHoe NpeacTaBneHue B Buae:

h =EH.
i [
[na nocTpoeHnss BEKTOPHOrO MpeacTaBneHnss HenpepbiBHOro napamerpa X,
k
NPUMEHUM YHKUUIO softonehot, onucaHHylo paHee C NapameTpoMm Bj, 34echb ej ER u

kxd
YMHOXUM pe3ynsrar Ha MaTpully napameTpoB Aj € R. Takum obpasom:
hj = So ftonehot(xj, Gj)Aj.

KoHeuHoe BeKTOpHOe npeacTaBneHue h BCcex napamMeTpoB x NPUMET BUA:

) ' (N+M)xd
h={h,h,h b YR .
[Nlanee matpuua napameTpoB h WCMONb3yeTcs kak Habop BXOAHLIX AaHHLIX Ans

rryBGoOKON HEMPOHHOW CEeTU, HanpuMmep [Afs MHOTOCNOMHOMO nepcentpoHa Matpuua

N+M)d
napamMmeTpoB pacnpaMnaeTcA B BEKTOD U3 R( ) , AWMU B NpeanovyTuTenbHOM BapuaHTe

peanu3aumu U30BpeTeHua MaTpuua napameTpoB  h nepegaetca 6e3 U3MeHeHUW B
KayecTBe BXOOHbLIX AaHHbLIX Ansa mogenu “TpaHcdopmep”.
BaxHoit yvacTbio BocnpousBeaeHus adheKTUBHOCTM U300peTeHUs sBnsieTcs

npenobpaboTka HenpepbiBHLIX NapaMeTpos X, M VMHULManMsaumm napameTpos ej. Mpu
WHULUManu3auum napameTpos ej C MCMNonb3oBaHWeM CTaHAapTHOro HOpMamnbHOro
pacnpefeneHnss U oOTcyTcTBUM npenobpabotkn napameTpos X, DOMbLWNHCTBO MSATKUX

MHOMKATOPHbLIX BEKTOPOB MOTYT UMETb pacripefeneHue Kak Ha cur. 2, 4To npuseaeT K



npobremam B npouecce oByyeHusi. [py cTaHgapTU3aLMM UNKU MUH-MaKC Hopmanusauum

napameTpoB xj 1M WHUUWanmM3aumuu napameTpoB 9}, C WCNoJsib30BaHMEM CTaHAapTHOTO

HOpManbHOro pacnpegeneHus M paBHOMEPHOro pacnpefeneHns BO3HUKaEeT npo6nema

HEecCoBNafeHUs MIIOTHOCTEN pacnpefeneHuini napameTpoB X, W napametpos Gj, yTo

NpUMBOANT K GOMbLUOW KOHUEHTpauuM noTeHuMarnbHbIX pasbueHuid B oBnacTax C HUSKUM
yucnoMm napametpoB (dur. 3). 370 NPUBOAUT K MOHWKEHUIO PEenpe3eHTaTUBHOCTM
softonehot cnos. [Ans npeoponeHus 3Tux npobnem B NpeanoyTUTENbHOW peanusauumn

M306peTeva pekomMeHayeTca UCMOoNib30BaTh KBAHTUIIbHYK0 HOpManuasauuio napamerpos xj

(https://iwww.tandfonline.com/doi/abs/10.1080/17517575.2020.1856417).
MonHas cxema M306peTeHns C UCMONb3OBaHWEM apxXuUTeKTypbl TpaHccopmep B
KayecTBe rryGoKov HeMPOHHOW ceTu nNpeacTasneHa Ha dwur. 4.

BbixooHOW CrnoW CEeTM MOXET MEHSITbCA B 3aBUCUMOCTWU OT 3afaun. [na 3agaun
HaAXOXIAEHUA MOLLEHHUYECKUX TpaH3aKuui, nocne npeacTaBneHust BbixoAa u3 riyboKou
HEeMpPOHHOI ceTu B BUAe BekTopa AnuHbl L. [lanee AaHHbIA BEKTOp CKansapHO YMHOXaeTcs
Ha BEKTOp napaMeTpoB ANWUHbI [, nony4aemoe 3HaueHue npeacrasnser cobon yBepeHHOCTb
MOAENU B TOM, YTO TpaH3aKUMs MOLUEHHM4Yeckasi, YeMm Borblue 3HavyeHue, Tem Gonblue

YBEPEHHOCTb. Ons npeacrtaeneHnsa JaHHOro 3Ha4yeHus B BUAEe BEPOATHOCTU UCNONb3YyeTCA

curmovganbHasa yHkumna f(x) = Ona npyMeHeHus JaHHOW mMoaenu Ans 3ajad

—_

1+e
perpeccun curmouvjanbHasa beHKLlI/Iﬂ He wucnonb3yeTcaA W BbIXO4 MoAeNn HABIAETCA

npeanckasaHMemMm HenpepbIBHOINoO 3Ha4deHUA. Ona 3apgav KﬂaCCMCbVIKaLI,MI/l C KOJIN4eCTBOM

IxC
Knaccos bonbwunm 2 BEKTOp nNapaMeTpoB 3aMEeHAeTCA Ha mMatpuly w3 R, rope C -
KOJIMYECTBO KfaccoB, ganee Ana npeacrtaBneHUAa pe3ynbratoB YMHOXEeHUA B BUAe

BEPOATHOCTEN NPUMEHSETCA (PYHKUMA softmax(xl_)z £ Kak 6bINO OTMEYEHO paHee

X
i

Ye
j=1

npegnaraemas apxutekTypa MOSNHOCTbIO AudbdepeHumpyema n MoxeT ObiTb oBydeHa ¢
NpUMeHeHWeM COBpPeMeHHbIX mMeTogoB onTumusaumu (https://arxiv.org/abs/1711.05101). B
npeanoyYTUTENbHOW peanu3aumn usobpeTeHUs ANS 3adad perpeccun pekoMeHayeTcs
npenobpabaTtbiBaTh NEpPEMEHHbIE Y NPUBOASR UX K pacrnpeaeneHunto ¢ HynesbiM cpeaHnm. U
[06aBnATb BEKTOP CMELLEHUs K PuHanbHOMY CroK, UHULManM3aupys ero npu obpaboTku
NepBOi rpynnbl [AaHHbIX, B KayecTBe 3Ha4YeHWs ANS UHUUManusauum vcnornb3oBaTtb
3HaYeHUs OTKMOHEHUS OT HYMS OPUIrMHamnbHbLIX BbLIXOAOB MoAenu. 3TO MPUBOAWT K
cTabununsauum oby4eHns 1 nydllein BOCNpOU3BOAUMOCTU MOAENM.

Mopenb TpaHcdopmep, Kak U niobas cnoxHas HENPOHHAsA CeTb - 3TO MHCTPYMEHT

ans  cosnaHus 6Gornee MHOPMATUBHBIX BEKTOPHbLIX NPEeACTaBNEHUA W NOCTPOEHUS



BEKTOPHOTO MPOCTPaHCTBA WMEIOLEro CTPYKTYpy, CBA3aHHylo C 3ajadveil. Ecnm B3sTb
BXOAHble AlaHHble B TpaHctopMep, KOTopble Takke SIBMATCA BEKTOpaMu U paccMOTpeTb
CTPYKTYpy 3TOrO BEKTOPHOTO MPOCTPAHCTBA, Mbl OBHapyXWM OTCYTCTBME Kakoi-nmbo
CTPYKTYpbI, BeKTOpbl ByayT HOpManbHO pacnpefeneHbl B 3TOM ApocTpaHcTee (¢ur. 6).
MpoCTpaHCTBO BbIXOAHLIX BEKTOPOB, B CBOK o4epedb, OyaeT umeTb CTPYKTYpy, koTopas
MO3BOMUT NOCTPOUTL PELLAIOLLYIO MNOCKOCTb (FEOMETPUHECKUIA CMbICT "NOCTEe YEro BEKTOP
CKarspHO YMHOXAaeTCsi Ha BEKTOp NnapaMeTpoB AfUHbI |, nMpuyeM nonyvyaemoe 3HaveHue
npencTasnseT cobon yBepeHHOCTb MOAENN B TOM, YTO TpaH3aKUmMs MOLUeHHW4Yeckas"), kak
npearnoXeHo B u3obpeteHun (dwur. 7).

Mpu KoHdWrypaumm unsobpeTeHus cyliecTByeT Habop napameTpoB, KOTOpbie He
YTOUHSIIOTCA B npouecce obyyeHus. Takue napameTpbl HasbiBalTCA runepnapameTpamu.
Nyqwuin Habop rvnepnapaMeTpoB HaxoaMTCs C MOMOLLbI0 BanuaauuoHHoro Habopa
[aHHbIX 1 creuuanbHbIX anroputMoB ontumusaumm (https://arxiv.org/abs/1907.10902). [ina
n306peTeHns cyLLecTByeT creayoLwmin Habop runepnapaMeTpoB:

° MpoueHT 3aHynseMblXx HEMpOHOB B Mpouecce perynspusauun “aponayt”
(https://www.cs.toronto.edu/~hinton/absps/JMLRdropout.pdf).

° MapameTp Temeneparypsl t.

° Pasmepbl NUHEWHBbIX CNIOEB BHYTPU apXUTEKTYpbl TpaHcdopmep.

° Pa3smep BEKTOpHOro npeacTaBneHvs napameTpos.

° Pasmep napameTpa 6 npy NOCTPOEHUM MAMKUX BEKTOPOB-UHANKATOPOB.
° MpOUEHT 3aHyNIIEMbIX HEMPOHOB B OCTATOYHOM COEIMHEHUN.

° Yucno crnoes apxutekTypbl TpaHcopmep.

° KoaduuneHT ckopocTu obyyeHus.

° KoadhdunumeHT 3aTyxaHns BECOB.

PeaynbraTbl 3KCNEPUMEHTOB:

Jna 3KCNepuMEeHTOB WCNOMb3YIOTCS PasnuuHbie OTKPbITbIE HaBopbl AaHHbLIX C
pasHbIMX  3ajadYamy, Takumu Kak OuHapHaa  Knaccudukaums, MHOroknaccosast
knaccudmkauua wn  perpeccus.  UcnonwayroTcs Habop paHHbix  California  Housing
(https://iwww.dcc.fc.up.pt/~ltorgo/Regression/cal_housing.html) ana 3agaunm perpeccum,
copepxalumit 8 HenpepbiBHLIX NepemeHHbIX U 0 kaTeropuanbHbix. Beero B faHHOM Habope
20640 06beKTOB, ANs OLEHKM KayecTBa MOAESNM UCMONb3yeTCa METPUKA KOPEHb U3 cpeaHewn
KBagpaTU4eckomn OLWNBKMN. Takke nucnons3yertcsd Habop AaHHbIX Adult
(https://www.kaggle.com/datasets/uciml/adult-census-income), cogepxaLuni 6
HenpepbIBHLIX MapaMeTpoB M 8 kaTeropuanbHbix napameTpos. Bcero B gaHHom HaBope
48842 obbekTa, ANA OUEHKM KayecTBa MoAenu MCMonb3yeTca MeTpuka TOUHOCTb. Takke

ncnosb3yeTca Habop OaHHbIX Janis



(https://link.springer.com/chapter/10.1007/978-3-030-05318-5_10), coaepxawui 54
HenpepbiBHLIX napameTpa U 0 kaTeropuarnbHbix. Becero B gaHHom Habope 83733 obbekTa,
[N OLEHKN KayecTsa MoAern UCTMoNb3yeTcss MeTpuka TOYHOCTb. Tak xe 6bin ucnonb3osaH
Habop aaHHbix IEEE-CIS Fraud detection, coctoswmin n3 590540 o6bekToB, coaepxatumni
206 HenpepbIBHbIX NEpeMEeHHbIX U 46 KaTeropuanbHbiX.

Mpu npoBedeHUM IKCMEPUMEHTOB MUCXOAHbIM Habop OdaHHbIX pasbusaerca Ha 3
nogHabopa TPEHUPOBOYHBIA, TECTOBbI W BanMOAUWOHHBLIA. TPEHUPOBOYHBLIN Habop
UCronb3yeTca ONA MPUMEHEHUs anropuTMoB onTummsauuv. BanugaunoHHbIn Habop
ucrnonsayetcs Ana onTummsaumn Habopa runepnapameTpoB. ANrOpUTM ONTUMU3aLNM
Habopa runepriapametpoB  ocywectenaer 100  uTepauus,  [vnepnapameTpbl

ONTUMUINPYIOTCHA B Cneagylownx npoMexyTKax:

° MpoLeHT 3aHynsieMblX HEVPOHOB B Mpouecce perynsapusauum “gponayt” ot 0
no 0.3.

° MapameTp Temnepatypsl t oT 2 go 10.

° Pasmepbl NMMHENHbIX CNOEB BHYTPY apXUTEKTypbl TpaHchopmep OT 0AHOro A0

Tpex pasMepoB BEKTOPHOTO NPEACTABMNEHUS NapamMeTpoB.

° Pasmep BEKTOpPHOro npeacTaBneHns napameTpos oT 32 Ao 128.

° Paamep napameTpa 6 npyM NOCTPOEHUN MATKUX BEKTOPOB-UHANKATOPOB OT 272
no 592.

° MpoLEeHT 3aHyNnsieMbIX HEMPOHOB B OCTAaTOMHOM coeamnHennn ot 0.3 o 0.5.

° Yucno cnoes apxutekTypbl TpaHcgopmep oT 6 Ao 9.

° KoadhdpuuneHT ckopocTtu obyyeHus ot 0.00001 go 0.001.

. KoathdurumeHT 3aTyxaHust BECOB OT 10® 00 0.001.

[na npepoTBpalleHus nepeobyyeHust CNonb3yeTcs NoAxod paHHenW OCTaHOBKMU, C
napamMeTpomM TepneHus pasHbiM 60.

Ana nonyyeHns oueHku (bUHANBHOrO KayecTBa MOAENN MUCMONb3yeTcs fyudLlni
HaBGop napaMeTpoB COINACHO KayecTBY Ha BanuaauuMoHHOM Habope AaHHbIX. [Janee
mogens obyyaerca 15 pas n ucnonb3yeTca cpeaHee kavyecTBo cpean 15 aKCrnepuMeHToB.
O6y4eHnsas nNpoBoAMNOCL Ha ogHow BuaeokapTe Tesla T4. Pesynbrathl 3KCNEPUMEHTOB
npeacraeneHdbl Ha ¢ur. 5. Mogensmu, kotopble 6binv npusefeHbl AnA CpaBHEHUSA
asnstorca  FT-Transformer  (https://arxiv.org/abs/2106.11959), B ocHOBe KOTOpOMH
UcnonbayeTca apxutektypa TpaHcdopmep, HO UCMOMb3yeTcs ApYyron crnocob noctpoeHms
BEKTOPHbLIX npegcraeneHnin HenpepbIBHLIX napameTpos. TabNet
(https://arxiv.org/abs/1908.07442) - modenb koTopas ABNSETCS OAHOW U3 nepBbiX MOMbITOK
apanTauun apxuTtektypbl TpaHcdopmep K TabnuuHbiM AaHHbIM, HO TpaHcdopmep 3aech

NPUMEHSIETCA HE B YMCTOM BUZE, a KaK 4acTb CreuuanmnanpoBaHHON apxutekTypbl. MLP
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(multilayer perceptron) - MHOrocfnovHbIM MEpUEenTpoH, Knaccuyeckass apxuTekTypa
HelpoHHon ceTn. ResNet (https://arxiv.org/abs/1512.03385) - mopens C npuMeHeHnem
OCTaTOYHbIX COEAVHEHUIA.

BolumcnutensHaa cuctema, cnocobHass obecneuvBatb 06paboTky  AaHHbIX,
HeobxoaMMylo ANs peanv3auuv 3asiBNEHHONo pelleHust, B obLiem cnyvae, coaepxar Takue
KOMMOHEHTbI KaK: oauH unu Goniee nNpoLeccopoB, MO MeHbLEeW Mepe OAHY NaMATb,
CPEACTBO XpaHeHus OaHHbIX, MHTepdencbl BBOAA/BbIBOAA, CPEACTBO BBOAA, CPEACTBa
CETEeBOro B3anMoaencTBuS.

Mpy WCMONHEHMM MalUMHOYMTaAEMbIX KOMaHA, COAEPXalUUXCs B onepaTtueBHOW
namMsaTh, KOHMUIypupylT npoueccop YCTPOWCTBA ANA  BbIMOMHEHWA  OCHOBHbIX
BbIUMCIIUTENBHBLIX Onepauun, HeobxoanMbIX AnA YHKUMOHMPOBAHUS YCTPOWCTBa WUNU
bYHKLMOHANBHOCTU OAHOTO, UK 6onee ero KOMMNOHEHTOB.

MamaATb, Kak npasBuno, BbironHeHa B Buge OJY, kyaa 3arpyxaercsa Heobxoaumas
nporpaMmHasi noruka, obecneumBaiwllan Tpebyembii pyHkumMoHan. Mpu ocyllecTBneHuu
paboTbl npeanaraeMoro pelwenusi BbiAensAlT obbeM namaTn, Heobxoaumbin  Ans
OCYLLECTBIIEHNA Npeanaraemoro peLleHus.

CpencTeo xpaHeHus1 AaHHbIX MOXeT BbinonHaTbes B Buae HDD, SSD auckos, peina
MaccuBa, CEeTeBOro XpaHwnuuwa, dnaw-namaty u 1.0, CpeacTtso NO3BOMAET BbIMOMHATL
[ONTOCPOYHOE XpaHeHMe pasnUYHOro Buaa WHMOpPMaLWKM, HanpuMmep, BbilEeYNOMAHYTbIX
¢daiinos ¢ HabopaMu OaHHbIX Nonb3oBaTenen/naccaxupos, 6asbl AaHHbLIX, coaepXallumx
3anMcu  U3MEPEHHbIX  ONs  KaXgoro  MNONb3oBaTeNns  BPEMEHHbIX  UHTepBaros,
naeHTuuKaTopoB nonb3osaTenen u T.n.

WnTepdelicbl npegctaensaioT cobon cTaHOapTHble CpeacTBa AnA NOAKIIOYEHUs U
paboTbl NnepudepuitHbIX 1 NPOYMX yCTPONCTB, Hanpumep, USB, RS232, RJ45, COM, HDMI,
PS/2, Lightning v T.n.

BuiGop MHTepdeicoB 3aBUCUT OT KOHKPETHOTO MCTIONIHEHUSI YCTPOWCTBA, KOTOpoe
MOXeT MpeacTaensaTe CcOOOW MepcOoHamnbHbI  KOMMbIOTEP, MEWHMPEM, CepBEepHbIn
KnacTtep, TOHKUIN KNUeHT, cMapTeOH, HOYTOYK U T.N.

B kauecTBe cpeacTB BBOAA AAHHbLIX B JIIOOOM BOMMOLLEHUN CUCTEMDI, peanuayloLlemn
onucbiBaeMblid cnocob, MOXET MCnoNb3oBaThbCA KrasuaTypa. AnnapaTHoe UCMOnHeHue
KnasuaTtypbl MoXeT ObiTb noObiM M3BECTHbIM: 3TO MOXeT OblTb, Kak BCTpOEHHast
KnaBuaTypa, ucnosib3yemasi Ha HoyTObyke unm Hetbyke, Tak n obocobrneHHoe yCTpOMNCTBO,
NOOKMIOYEHHOE K HACTOMBbHOMY KOMMbIOTEPY, cepBepy WNU MHOMY KOMMbIOTEPHOMY
ycTpolcTBy. [logknioueHue npu 3TOM MOXET OblTb, Kak MPOBOAHbLIM, MPWU KOTOPOM
coeANHUTENLHBLIM  kabenb knaematypbl nogkniydeH Kk nopty PS/2 wnm  USB,

pacnosioXXeHHOMY Ha CUCTEMHOM Onoke HacToNbLHOro KOMMblOTEPA, TakK U 6eCﬂpOBOLl,HbIM,
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Npy KOTOPOM KnasuaTypa OCyLLeCTBsieT OOMeH AaHHbIMW Mo kaHarny 6ecnpoBogHOM CBA3MN,
Hanpumep, paguokaHany, ¢ 6asoBon CTaHuueW, KoTopasi, B CBOW O4Yepefp,
HEeMnoCpPEeCTBEHHO NOAKITIOYEHA K CUCTEMHOMY GoKy, Hanpumep, K ogHomy 13 USB-nopToB.
MoMuMO KnaBuaTypbl, B COCTaBe CPEACTB BBOAA [aHHbIX TakkKe MOXET MCMOoMb30BaTbCA:
[DKOWCTUK, aucnnen (CEeHCOpHbIA AvCnnei), MpoekTop, Taunaz, MaHUMynsitop Mbillb,
Tpekbon, CBETOBOE Nepo, AMHaMUKN, MUKPOMOH U T.N.

Cpencrtsa CeTeBoro B3anMOAENCTBUA BblOMpaTCcH M3  YCTPOWCTBA,
obecneunBalOWMi CcEeTEBON nNpuveM W nNepegady QAOaHHbIX, Hanpumep, Ethernet kapty,
WLAN/Wi-Fi moaynb, Bluetooth mogynb, BLE moayns, NFC mogyns, IrDa, RFID moaynb,
GSM mogem u T.n. C noMoLLpio cpeacTs obecneunBaeTcs opraHusaums obMeHa AaHHbIMK
no NpoBogHOMY Unu GecnpoBOAHOMY KaHary nepedauu AaHHbix, Hanpumep, WAN, PAN,
NBC (LAN), UnTpaHerT, UHTepHeT, WLAN, WMAN unu GSM.

KOMMOHEHTbI YCTPOMCTBA COMpskeHbl MOCPEACTBOM OOLen LWWHbI nepefaqu
AAHHbIX.

B HacToAwmx MaTepuanax 3asBku Obino npeactaeBneHo  npeanoYTUTENbHOE
packpbiTe OCYLLUECTBNEHNE 3asBMIEHHOrO TEXHUYECKOTo PELIeHUs, KOTOpOe He AOMKHO
UCMONb30BaTLCA KaK OrpaHuuuBaloliee WHble YacTHble BOMIIOLLEHUS ero peanusauumu,
KOTOpOe He BbIXOAAT 3a paMky ucnpaiwmaemMoro obbema rnpaBoBOW OXpaHbl U ABMSAETCA

odyeBMaHbLIMU AnNda cneynanncToB B COOTBeTCTBy}OLLleﬁ obnacTn TEXHUKN.
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dopmyna

1. Cnocob BbIABNEHUA MOLUEHHUYECKMX TPaH3aKUUil HA OCHOBE aHanu3a TabnuuHbIx
AaHHbIX, BKNOYAOLWMIA 3Tanbl, Ha KOTOPbIX:

BXOOHbIE AaHHble pas3jensiioTcsl Ha KaTeropuarnbHble [aHHble U HenpepbiBHblE
AaHHble, NpUYEeM HernpepbiBHblE AaHHble NPeCcTaBnAlTCA AENCTBUTENBHBIMU YMcnamm, a
KaTeropvanbHble AaHHble HaTypanbHbIMW YUCNAMUM M MOTYT MPUHUMATL OrPaHNYEHHbIN
HabOopP 3HaA4YEHUI;

KaTeropuanbHble  daHHble  KOOMPYIOTCA  MOCPeAcTBOM — meToga  ObicTporo
koaupoBaHusa one-hot encoding, Npy 3TOM HenpepbiBHblE [AaHHble KOAUPYIOTCA METOAOM
softonehot;

3aKOOUPOBaHHbIE [JaHHble TPaHCPOPMUPYIOTCA B BEKTOPHble NpeAcTaBneHus,
nocpeactsoM Metoga obyyeHus  maTpuubl  BecoB; fanee oOliMe  BEeKTOpHble
NpeacTaBneHuss  JaHHbIX  UCMOMb3YKTCA Kak BXOAHble  AaHHble Ans  Mogenu
«TpaHcopmep» ¢ rnyboKon HEMPOHHON CETbLIO,

BbIXO[HbIe JAHHbIE U3 rNyboKOoN HEeMPOHHOW CETU NPEACTaBnATCH B BUAE BEKTOPA
ANVHbLI |, nocne 4ero BEKTOpP CKansipHO YMHOXaeTCA Ha BEKTOp napamMeTpoB AnuHbI |,
npuyeM rnonyyaemoe 3HaveHue npeacrasnsieT cobon yBepeHHOCTb MOAENU B TOM, HTO
TpaH3aKUMA MOLUEHHMYecKas, npuvyeM 4yem Oofblie NONyYeHHOe 3HayeHue, TeM Bbille

YBEPEHHOCTD.

2. Cnocob no n. 1, B KOTOPOM BXOAHblE [aHHble, KOTOpble Obiny pasaeneHbl Ha
HenpepbiBHbIE AaHHble — 3TO CBEAEHWUsI O TpaH3akuMu, a UMEHHO cymMma, fAata/Bpems,
MECTO OCYLIECTBIIEHVUS TPaH3akuuMu, Npu 3TOM BXOAHble [AaHHble, KOTOpble Obinu
pasfeneHbl Ha kaTeropuanbHble — 3TO [aHHble nonb3oBaTens, CoBepLlaloLLIero

TpaH3aKumio, a UMEHHO NoNn, BO3pacT U UCTOpUA nNpeabiayLinx TpaH3aKLl,I/II7I.

12



t=45

i

LMo

o
8 @ 3 m o - Q
= =3 153 2 =3
S S S S b3 =3 =3
o ° =3 =3 o =] °

000200

000175

000150

000125

0900100
000075
600050
600025
£.00000

00014
00012

00010

00008
£.0006
00004
00002
0.0000

mxkoaldap



0.010 -

0.008 -

0.006

0.004 -

0.002 -

0.000 - ‘
0 200 400 600 800 1000

odur.2

15




2000 -

1500

1000

500 -

> x

odur.3

16



Bxoawble NanHbie

KareropuanbHbie H 8
AaHHbe flaHHbie
A 4
MocTpoetie BexTopa- R noc;p:::."e BEKTOPHOMD MOCTPoBHYE MAMNOIO
MHAMKATOPOB BXORHHIX ASHHbIX BaKTOPa-HHAKKATONOS
BEKTOpHO®
npeacraBnexun
NO3NUKA NApaMeTPOB
Y
Moayns BHAN A
L 4
C,\
/'
Y
OcrarouHoe
> coe, +
HOPMANK3AUMA CNOA
l Tpanchopmep
{oNHOCBAHLIA CNO#
\xrnyﬁoxan
OcTaTouxoe _/HEeAPOHHAR
»  COH + yd cetb
HOPMATH3ALHRA CNos

BhixoasOU CAGH CETH

odurd

17

Tparcpopuep /



California housing - | Adult - Aceuragy. Jannis - Aceuragy
RMSE
Softonehot 0.4505 0.8643 0.7320
FT-Transformer 0.4591 0.8587 0.7323
TabNet 0.5100 0.8502 0.7230
MLP 0.4985 0.8522 0.7195
Reshet 0.4856 0.8544 0.7280

our.5
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