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bapanor M.B. BukopuctanHs TeXHIK HaBUYaHHS HEUPOHHUX MEPEK Ha MajoMy
HaOopi maHux I agantamii moaem. — KpamidikamiiiHa HaykoBa Ipalsg Ha IpaBax
PYKOTIHCY.

Jucepraiiisi Ha 3A00yTTs CTymneHs JoKTopa ¢igocodii 3a cremianpHicTIO 122
«Komm’totepHi Haykun». - JIbBIBCbKHIA HaIllOHANBHUHN YHIBepcUTeT iMeHi IBana ®dpanka,

JIpBiB, 2025.

I ty4yHi HEMPOHHI MEPEXKI € YHIBEPCATHHUM Ta BUCOKOS(HEKTUBHUM 1HCTPYMEHTOM
IUIS PO3B’SI3aHHS IIMPOKOTO CHEKTPY 3aBlaHb, OCOOJIMBO THX, A SKUX PO3pOOKa
0e3IocepeIHIX aJrOPUTMIB BUSBIISETHCA CKIAJHUM Ta JOCUTh TPYAOMICTKUM IPOIIECOM.
Mopgeni, mo 0a3yloTbcsi Ha MNpUHOUIAX (YHKIIOHYBaHHA HEUPOHHUX MEPEXK,
BCTaHOBITIOIOTH CKJIQIHY CTATUCTUYHY 3aJI€KHICTh MIXK BX1THUMH JAHUMH, 110 TIOJAIOTHCS
710 MOJIEJIl, Ta OYIKYBaHUMH pe3yJIbTaTaMu, K1 Il MOJIe]Ib TOBUHHA I'eHepYyBaTH. 3aBIsSKH
BUKOPUCTAHHIO CHEIlaJbHUX aJITOPUTMIB HaBYaHHsS, OTPMMaHiI B peE3yJbTaTi IHOTO
MpOLIECY MOJENI CTalOTh 3aTHUMH PO3B’S3yBAaTHU TakKl 3a4adl, AKi (GOpMaIbHO Ta YITKO
OMHCaTH 3a JIOMOMOTOI MaTeMaTH4YHuX (Gopmyn Oyiao O MPaKTUYHO HEMOXKIMBO abo

BKpau CKJIaJHO.

[ToOymoBa mpsMHUX aNTOPUTMIB JUIsl BHPINMIEHHS KOHKPETHOI 3a/1adl JIFOJAHHOIO
3a3BUYail BUMArae riin0OKOTO 1HTEJIEKTYaJbHOTO aHalli3y HasBHUX JAHUX, 10 0a3yeTbes
Ha TOMEPEeIHhOMY TOCBIJI JOCHITHUKA Yy BIAMOBIAHINA TpeaMeTHIN obmacti. Mopeni
HEHPOHHUX MEPEX, Ha BIAMIHY BiJ JIIOAWHH, B 3arajlbHOMY BUIIaJIKy HE MICTITh B COOI1
NONEePEeIHHOTO TOCBIAY a00 3HAaHb MPO MPEAMETHY 00JacTh, TOMY YCIIIIHICTh PO3B’SI3KY
IIOCTABJIEHOI 331241 IIJIKOM 1 OBHICTIO 3aJIEKUTH Bl HAIBHOCTI JOCTATHHOTO 3a 00CATOM
Ta SIKICTIO HabOpy MaHWX, IO BUKOPHCTOBYETHCSA IJII HaBYaHHS MoAeli. BaxiuBum
¢dakTopom, 10 Oe3mocepeHbO BIUIMBAE HA SAKICTh OTPUMAHOI MOJEII, € PO3MIpP TaKOTO

Habopy nanHux. MacmtaOHuil HaOlp HaBYAJIBHUX JAHUX, SIK MPaBHIO, MPU3BOIUTH 0



Kpallloi TeHepaizailii oTpuMaHoi BUOIPKHM Ta, SIK HACHIJIOK, 10 3HAYHO KpaIloi SKOCTI
PE3YIBTYIOUOi MOJIETI, SKa 3[aTHA OLIBII TOYHO IepeadadaTH pe3yibTaTH Ha HOBHX,

HEBITOMUX JTAHUX.

[ToOynoBa mpsMUX alIrOpUTMIB 7Sl BHPIMICHHS KOHKPETHOI 3aJadl JIIOJUHOIO
3a3BHYail BUMarae TIMOOKOTO 1HTEIEKTYaJIbHOTO aHaJli3y HasSBHUX JAHUX, M0 0a3yeThes
Ha TOMEPeIHhOMY JOCBiAl JOCTIAHUKA Yy BIAMOBIAHIA mpenMeTHid o6macti. Mogeni
HEHPOHHUX MEPEX, Ha BIAMIHY BiJ JIOJUHH, B 3aTaJIbHOMY BUIAJKy HE MICTATH B c001
MOMEPETHHOTO JTOCBIAY a00 3HAHb MPO MPEAMETHY 00JacTh, TOMY YCIIIIHICTh PO3B’SI3KY
MIOCTABJICHOI 3aJ1a41 IIJIKOM 1 MMOBHICTIO 3aJI€KUTh B1JI HASBHOCTI JOCTATHHOTO 32 0OCSTOM
Ta SKICTIO HAOOPY MaHWX, M0 BUKOPHCTOBYETHCSA IS HABYAHHS Mojeii. BaxmmBum
dakTopom, 110 O6€3MOCepe/IHbO BILUIMBAE HA SIKICTh OTPUMAHOI MOJIENI, € PO3MIP TaKOro
Habopy aaHuxX. MacmTaOHUil HaOlp HaBYAIbHUX JIaHUX, K MPABHIO, IPU3BOAUTH IO
Kpallloi reHepaiizaiii oTpuMaHoi BUOIPKHM Ta, SIK HACHIJOK, 10 3HAYHO Kpalloi SIKOCTI
PEe3yIbTYIOUOi MOJIENI, SIKa 3[aTHA OLIbII TOYHO TepeadayaTH pe3yibTaTH Ha HOBUX,
HEBIJIOMHX JIaHUX.

BumMora 10 HasSBHOCTI BEIMKOI KIJbKOCTI ITONEPEAHBO PO3MIYCHUX JaHUX €
BOKJIMBUM (DAKTOPOM, SIKUM TOCUTH 4acTO OyBa€ BaXkKKO, & 1HOJI i HEMOXKJIMBO JIOCSTTH B
MPaKTUYHUX 3a]ayax 3 1101 HU3KU 00’ ekTuBHUX npuuuH. [lo-niepie, cam mpoiiec 300py
HEOOX1THUX TaHUX MOKe OyTH HAJ3BHYAWHO TPYJOMICTKAM Ta YACOMICTKUM (2 B IEIKUX
VHIKQIBHAX BUIIAJKaX MOXKE BUSBHUTHCS 30BCIM HEMOXKIMBHM, OCOOJHMBO SKIIO 3ajadya
orepye PiIKICHUMHU JAHUMH, TAKUMH SK YHIKaJIbHI BUIAJIKM PIAKICHUX 3aXBOPIOBAHb Y
mofiel a0 aHOMaJTbHI SIBUIIA B TIPUPOJI, SIKI TPAIUISIOThCS BKpail Heuacto). [lo-apyre,
mporiec aHoTallii (po3MITKH) 310paHUX TaHUX HE € TOBHICTIO aBBTOMATU30BaHUM MPOIIECOM,
OCKIJTbKM YaCTO BUMArae 3aJly4eHHs] €KCIIEePTIB JJIsi KOPEKTHOTO BH3HAYEHHS KJIaciB abo
3HaueHb. L{g moTpeba B e€KCHEpPTHOMY BTPY4YaHHI BUHHMKAE 4Yepe3 CKIAJHICTh JAHHX,
HEOOX1THICTh ITMOOKUX 3HAHb Yy MPEIMETHIN 001acTi a00 Cy0'€KTUBHICTD IHTEpIpETAIlii.
[ xo4a Ha CHOTOAHINIHIN JEHb ICHY€ BEIHMKA KUIBKICTh PI3HUX TEXHOJIOTIH, SIK1 JAl0Th
3MOTYy 3HAYHO CIPOCTHUTH Ta ONTHUMI3YBaTH el MPOIEC, TOBHICTIO BUKIIOYHTH PYYHY

po0OTy JIOAWHU, OCOOIMBO MPHU POOOTI 31 CKIATHUMH JAHUMHU, YACTO € HEMOMJIMBUM.



Hageneni Buiie pakTopu B CBOiMl CYKYMHOCT1 MalOTh HETaTUBHUM BIUIMB SIK Ha 3arajbHUAN
yac, HEOOXIAHUN JJIs1 300py BEJIMKHUX OOCSTIB HaBUAJIbHMUX JIaHMX, TaK 1 Ha 3arajibHy
BapTICTh TaKOT0 300py, 10 MOKE OYTH JOCUTH 3HAYHOIO.

[IpoTsiroM ocTaHHIX POKIB 3HAYHOI MOMYJSPHOCTI HAOYB OJIMH 3 MEPCHEKTHUBHUX
HaIpPsMKIB TTMOOKOTO HaBUAHHS - HABYAHHS HEHPOHHUX MEPEX Ha HAaBYAITBHUX HaOOpax
naHuX oOMexxkeHoro po3mipy. OCHOBHA i7iesl IIbOTO HAIMPSIMKY BKIIFOYA€E B ceOe pO3pOOKy
Ta MOOYIOBY TaKUX CIHEHIaJbHUX aJrOPUTMIB HaBUYaHHSA Ta/ab0 Takux OCOOJUBUX
apXiTeKTyp HEHPOHHUX MEPEXK, sIKi 0 MO>kHA Oyi10 O yCHINIHO HaBYaTH 3 BUKOPUCTAHHSIM
nuiie oOMEXKEHOT KUIBKOCTI JAOCTYIMHUX HaBYAIBHHX J@HUX, MPHU I[bOMY JIOCSTAr04H
NPUNHATHOI sIKOCTI. YacTuHA HAyKOBUX MIAXOAIB, IO PO3BUBAIOTHCS B PaMKax I[HOTO
HanpsMKy, (OKYCyeTbCsl Ha po3poOlll METOMIB IITYYHOro 301IbIIEHHS HasBHOI
HaBYaJIbHOI BUOIPKU 3a PaXxyHOK 3aCTOCYBaHHS PI3HMX TEXHIK ayrMmeHTarii nanux. e
OJTHUM BaXXJIMBUM TIJIXOJOM € TIEPCHOCHE HABYaHHS, SKE JIa€ MOYKJIHMBICTH TOBTOPHO
BUKOPHCTOBYBATH 3HAHHS, OTPUMaHI Ha BEJIMKUX HA0Opax JaHWX, 11 BUPIIICHHS 3aBIaHb
3 OOMEXKEHHMH TPEHYBaJbHUMU BUOIpKaMu. [HIIN MiIX0IM 30CEpeKEeHl Ha MOIIyKax
ONTHUMAaJIbHUX 3HAY€Hb TiNepriapaMeTpiB NpoLecy HaBYaAHHS, K1 O MPU3BENU 10 Kpamioi
301KHOCTI MOJIeJl TTPU OOMEXEH1M KIIBKOCTI JIaHUX, Ta 1HIIIL.

Hapuanus mojenel 3 BUKOPUCTAHHAM OOMEXKEHOI KUIBKOCTI JAHUX CTaBUTh HOBI
CEpHO3HI BUKIWKH TEpe]] MPOIECOM HABYAHHS TaKUX MOJCNICH - HEHpPOHHA Mepexa, 3
OoJHOTO OOKy, TMOBHMHHA OYTH JIOCTaTHHO BEJIMKOI0 Ta CKJIQJHOIO, a0M MaTH 3MOTy
e(eKTUBHO pO3B’sI3yBaTH KOMIUIEKCHI 3a/1a4i. BogHouac, BeIuKi 32 po3MipoM MO, SIK
IPaBUIIO, € OUTBII CXUIBHUMU O BUHUKHEHHS €(DEeKTy MepeHaBUaHHS MPU HEAOCTATHIN
KUIBKOCTI HAaBUYAJILHUX JaHMUX, [0 HETaTHUBHO BIUIMBA€ Ha IXHIO 3JaTHICTH O
y3arajibHeHHs. [le BigOyBaeThCs TOMy, IO MOJENh 3 BEJIIMKOIO KIJBKICTIO MapaMeTpiB
MOXKe JIerKo "3amam'sTaTu" HEBENWKUM HaOlp JaHWX, BKIIOYAIOYHM IIyM Ta aHOMAIi,
3aMICTh TOTO, 100 BHBYATH OCHOBHI 3aKOHOMIPHOCTI. OCOOJMBO CKJIATHO JIOCATTH
XOpOIIoi TeHepasli3allii Ha OCHOBI Majior0 HaBYAJIBHOTO HAOOpY JaHUX 3 OISy Ha
MO>KJIMBI HasiBHI MOXMOKH, HETOUHOCTI Ta HAaBITh MpsAMI MOMUJIIKH, SIKI MOXYTh OyTH

OPUCYTHI B aHOTAlIMHUX JaHUX [[OTO HAOOPY.



VY naniii HaykoBili poOOTI JAETAIBHO AOCIIIKEHO 3aCTOCYBaHHS HMOBIPHICHUX
MojieNiel, ikl po3poOiieHl uisi e(peKTUBHOTO HaBYAHHS 3 BHUKOPHUCTAHHSIM JIMILE Majoi
KUIBKOCTI HAsSBHUX HAaBUAJbHUX JaHUX. Taki WMOBIpPHICHI MOJENl € PO3UIUPEHHSIM
KJIACUYHOI peajizalii HeHpOHHUX MEpeXkK, 1[0 BUKOPUCTOBYIOTh TPAIUIIIMHUI MIIX1d 10
0o0poOKHM Ta aHami3y BXIIHUX JAHUX y MOJEJb, IUIAXOM 3aCTOCYBaHHS HMOBIPHICHOTO
MIIXOTy IS OLTBIT TIMOOKOTO Ta IHPOPMATUBHOTO aHAJI3y BXiTHUX JAaHUX Y MOJACHb. A
caMeé - OCHOBHUM pe3yJIbTaTOM POOOTH TaKOi MOJIENl € HE YITKMH Ta OJHO3HAYHMIA
MPOTHO3, a NESIKWWA HEYITKUW MPOTHO3, IO XapaKTEPU3YEThCS IEBHUM PO3IOIiIOM
iMoBipHOCTEH. Ha npoTtuBary TpaguiiiiHuM MoJIesisiM, sIKl BUAAIOTh JIMIIE OJUH BapiaHT
BIJIMOBI/II, IMOBIPHICHI MOJIEJII MalOTh YHIKQJIbHY 3MOTY MPOTHO3YBAaTH HE JIUILE CaMy
BIIMOBIJIb HA TOCTaBJI€HE MUTAaHHSA, a W HaaliiHI WMOBIPHOCTI, IO XapaKTEPU3YIOTh
CTYMiHb BIIEBHEHOCTI B IUX MporHo3ax. GakTHUUHO, TaKa MOJIETh IPOTHO3Y€E HE OKpeMe
3HAYEHHS, a UMK PO3MOiT UMOBIPHOCTEN MOKJIIMBUX MPaBWIbHUX Bianoiael. Lle nae
3MOTY CHCTE€Mi HE TUIbKM JaBaTU BIANOBIb, aj€ ¥ MOBIAOMIISITH, HACKUIbBKHA BOHA
"BeBHEeHA" y IIA BIATOBIII, IO € HaJ3BUYAHO KOPHUCHHMM IS MPUHHATTS PIllIeHb B
YMOBaX PU3HKY.

OxkpiM I1bOTO, TAKUM TIAX1J1 HE JHIIE Ja€ 3MOTY €(EKTUBHO BUKOPUCTOBYBATH ITIO
JI0aTKOBY 1H(OpMAIIitO TICIs 3aBEPIICHHS MPOIECY HABYaHHS MOJENI, HAPUKIIAI, JJIs
OLIIHKK PU3HKIB a00 MPUIHATTS O1IbII OOIPYHTOBAHUX PIllIEHb, a i 3HAYHO JIONIOMArae
camiii MOJeJi Kpallle y3arajdbHIOBaTH HAsIBHUN HaBUYaJIbHUN HAOIp MaHUX Ta €(EeKTUBHO
YHUKaTH HebaxaHoro edekTy nepeHaByaHHs. Lle pgocdraeTscs NIUIAXOM 3MiHU
TpaaUIiifHOI NUTLOBOT (YHKIIT BTpAT, sika 3a3BUYail 0a3yeThCsl HA 0OYMCIEHHI TOXUOKH
MDK TIPOTHO30BaHUMU MO/ICJUTIO Ta peaIbHUMHU 3HAYCHHSAMH, HA HOBY (DYHKIIIFO BTPAT, 1110
0a3yeTbcsi Ha OOYHMCICHHI WMOBIPHOCTI TOTO, IO peajbHE 3HAYEHHS HAJICKUTH JI0
CIIPOTHO30BAaHOTO MOJICILTIO PO3MOALTY WMOBipHOCTEH. L], cBOEIO ueproto, 1a€ 101aTKOBY
MOJKJIMBICTh Kpallle KOHTPOJIFOBATH CaM ITPOIIeC HaBYaHHS IIIJITXOM BCTAHOBJICHHS IICBHUX
oOMexeHb ab0 peryyispu3alliiHuX WICHIB Ha MPOTrHO30BAaHUN PO3MOIiNA WMOBIPHOCTEH.
Takuii miaXiJ BUKOPUCTAHHS WMOBIPHICHOTO aHAJi3y B MOJEINAX, SKI HABYAIOTHCS HA

MaJaux Habopax JaHUX, BXE€ TMPOJAEMOHCTPYBaB 3HAYHE IMOKPAUIEHHS KIHLIEBOIO



pe3yJibTaTy B TOPIBHSHHI 3 TPAAUIIMHUMHU MIAXOJaMH, SIKI HE BHKOPUCTOBYIOTH
1H(opMaliro mpo IMOBIPHOCTI.

Knacuuni Mozeni MalmmMHHOTO HaBYaHHS, 110 3aCTOCOBYIOTHCS NIJII HaBYaHHS HA
OCHOBI MaJIuX HaOOPIB JaHUX, apXITEKTypHO HaldacTime noOyaoBaHi Il BUPIMICHHS
3amadi O1HapHOI KiIacudikaiii 3a OIUH MPAMUN POXif (TOOTO, TSl HATaHHS BiAMOBIAI HA
MPOCTE MUTAHHS HA KIITAIT "9¥ € MOAIOHNMHY IBa BX1AHI 00’ €kTH, ur Hi?"). Po3mmpeHHs
MOXKJIMBOCTEH TakKMX MoOJeied 10 3amad kiacudikaiii Ha BeJHUKY KUJIbKICTh KJaciB
3a3BUYail BUMArae IMociiJJOBHOTO BUKOPHUCTAHHS IIi€i K caMOi MOJENI JEKUIbKa pasiB 3
PI3HUMH KOMOIHAIIIMH BXIHUX JIaHUX, 10 3HAYHO YCKJIAJIHIOE MPOIEC Ta 30UIBIIYE Yac
obuuciieHp. Y JaHiil poOOTi OKpEMO PO3TIIIHYTO IIJIX1 A0 MO0y 0BU MOJIEIICH Ha OCHOBI
BUKOPUCTAaHHSA KOHIIEMI[II MHOXUHHM €KcIepTiB. Mojeinb, o 0a3yeTbcd Ha Mapagurmi
MHOXXHHHM €KCIIEPTiB, Ja€ YHIKaJbHy 3MOTY €(EeKTHBHO aKyMyJIOBaTU 3HAHHS TIPO
CKJIaJIHy NIPEMETHY 00J1aCTh Y PI13HUX, BITOKPEMIICHUX YaCTUHAX MOJIEIIL, SIKI BUCTYIAIOTh
Y POJIi OKPEMHX €KCIIEPTIB, KOKEH 3 SIKUX CIEI1ali3y€eThCsl Ha IEBHIN MIIMHOKWHI TaHUX
a0o0 acrekTi 3aja4i.

Taki Mozeni 3 pO3NOAICHUMH 3HAHHSIMU € 3HAYHO O1IbII THYYKUMHU 3 TOYKH 30Dy
iXHBOTO MOJATBIIOTO 3MIHEHHS Ta/a00 PO3MIMPEHHS 1ICHYIOYOI apXITeKTYpH (HANPUKIA],
y BUIAJKY HEOOXITHOCTI JOJAaBaHHS HOBOIO KJAacy JaHUX JI0 BXKE ICHYIOUOI CUCTEMH
kiacudikailii). 3anporoHOBaH1 B JaHii pPoOOTI MOJAENI 3 PO3MOAIICHUMU 3HAHHSIMU
NPENCTaBIAIOT, COOOI0 YHIBEpCATBHUM MiAXiA, SKHM Moxke OyTu edeKTUBHO
3aCTOCOBAaHUM [IJIi IIMPOKOrO KoJIa 3ajad y pI3HUX Tally3sX, Takux sK cdepa
KOMIT IOTEPHOTO 30py, 0oOpoOka Ta aHalli3 MNPUPOAHOI MOBU (TEKCTy) Ta CKJIaaHI
MYJIBTUMOJIAJIBHI 33]1a4i, 1110 ONEPYIOTh JAHUMU Pi3HOT PUPOIH.

OkpeMo B po0OOTI MPOAEMOHCTPOBAHO, L0 €(EKTUBHA I1HTErpauis MoOAeNen 3
PO3MOJUICHUMH 3HAHHSIMM YCHIIIHO PO3B’A3y€ CKJIAJAHY 3a7ady 0araToKJIacoBOi
kjacudikamli y MoJemnsx, skl HABUYalOThCSl HA HABYAIbHUX Ha0Opax JaHUX OOMEXEHOIro
pO3Mipy, 3 BHKOPHUCTAHHSM JIMIIE €JUHOTO IPSIMOTO IMPOXOAY TaKHUX MOJEICH depe3
obOuucoBasibHy rpadoBy CTpyKTypy. Ha momaTok mo 1mporo, iHTerparisi MojeseH, 1o
0a3yl0ThCs Ha PO3MOAICHUX 3HAHHSIX, MOJICJICH, 1110 pO3pO0JICH] 1JI1 HaBYaHHS HAa OCHOBI

Majux HaOOpPIB AaHUX, Ta €(PEKTUBHOTO WMOBIPHICHOTO MIAXOAY A0 MPOIECY HaBYAHHS



Jajga 3MOTY YCHIIIHO PO3B’s3aTH 3ajady OaraToOKIacoBOi Kiacudikallii B CKIJIQJIHHX
yMOBaxX OOMEXEHOI KIIBKOCTI JOCTYIHHUX JaHUX JJis HaBYaHHsS, a TaKOXX B yMOBax
HAsIBHOCTI MEBHUX MOXUOOK Ta HETOYHOCTEH Y HABYAIBHUX JAaHUX, a TAKOXK Yy CUTYaIlisX,
0 XapaKTepPU3yIOThCS 3HAYHOK HEBU3HAYCHICTIO Ta HASBHICTIO BHYTPINIHIX

HEY3TOJI>KEHOCTEN B TaHUX.

Knrouosi cnosa: mTydHi HEWpPOHHI Mepeki, MaIIMHHE HaBYaHHS, TJIUOWMHHE
HABYaHHs, MMOBIpHICHE MOJIEIIOBAHHS, TEXHIKM HAaBYaHHS Ha MaloMy HaOOpl JaHUX,
MOJIEII 3 PO3IMOAIICHUMH 3HAHHIMHU, PEIISIIiHI MOJIeJ, HeBU3HAUYCHICTh B MOJICTIOBAHHI,
KOMIT'TOTEpHUM 31p, OA€CIBChKI HEHPOHHI MEpeki, MeTa-HaBUaHHS, aJalTarlis MOJeIeH,

reHepasizalis Majaux BUOIpOK.



ABSTRACT

Baranov M.V. Few-shot learning approaches for model adaption — Manuscript.
Thesis for the degree of Doctor of Philosophy in the specialty 122 "Computer

Science" — Ivan Franko National University of Lviv, Lviv, 2025.

Artificial neural networks are a versatile and highly effective tool for solving a wide
range of tasks, especially those for which the development of direct algorithms proves to
be a complex and rather laborious process. Models based on the principles of neural
network functioning establish a complex statistical dependency between the input data fed
into the model and the expected results that this model should generate. Through the use
of specialized training algorithms, the models obtained as a result of this process become
capable of solving tasks that would be practically impossible or extremely difficult to
formally and clearly describe using mathematical formulas.

Building direct algorithms for solving a specific task by a human usually requires
deep intellectual analysis of the available data, based on the researcher's prior experience
in the relevant subject area. Neural network models, unlike humans, generally do not
contain prior experience or knowledge about the subject area, so the success of solving the
assigned task entirely depends on the availability of a sufficiently large and high-quality
dataset used for training the model. An important factor that directly affects the quality of
the obtained model is the size of such a dataset. A large-scale training dataset typically
leads to better generalization of the obtained sample and, as a result, to significantly better
quality of the resulting model, which is capable of more accurately predicting results on
new, unseen data.

The requirement for a large amount of pre-labeled data is an important factor that is
often difficult, and sometimes impossible, to achieve in practical tasks for a number of
objective reasons. Firstly, the process of collecting the necessary data itself can be
extremely laborious and time-consuming (and in some unique cases may turn out to be

completely impossible, especially if the task operates on rare data, such as unique cases of



rare human diseases or anomalous phenomena in nature that occur very infrequently).
Secondly, the process of annotation (labeling) the collected data is not a fully automated
process, as it often requires the involvement of experts to correctly determine classes or
values. The need for expert involvment arises due to the complexity of the data, the
availability of in-depth knowledge in the subject area, or the subjectivity of interpretation.
And although today there are a large number of different technologies that allow to
significantly simplify and optimize this process, completely excluding manual human
work, especially when working with complex data, is often impossible. The factors listed
above collectively have a negative impact both on the total time required to collect large
volumes of training data and on the total cost of such collection, which can be quite
significant.

Over the past few years, one of the promising directions of deep learning — training
neural networks on training datasets of limited size — has gained significant popularity. The
main idea of this direction includes the development and construction of such specialized
training algorithms and/or such special architectures of neural networks that could be
successfully trained using only a limited amount of available training data, while achieving
acceptable quality. Some scientific approaches developed within this direction focus on
the development of methods for artificial expansion of the existing training sample through
the application of various data augmentation techniques. Another important approach is
transfer learning, which allows you to use knowledge gained on large data sets to solve
problems with limited training samples. Other approaches focus on the search for optimal
values of hyperparameters of the training process that would allow achieving better
convergence of the model with a limited amount of data, and others.

Training models using a limited amount of data poses new serious challenges to the
training process of such models — the neural network, on the one hand, must be large and
complex enough to be able to effectively solve complex tasks. At the same time, large-
sized models are generally more prone to overfitting with an insufficient amount of training
data, which negatively affects their ability to generalize. It is especially difficult to achieve

good generalization based on a small training dataset given the possible existing



inaccuracies, imprecisions, and even direct errors that may be present in the annotation
data of this dataset.

This work investigates in detail the application of probabilistic models designed for
effective training using only a small amount of training data. Such probabilistic models are
an extension of the classical implementation of neural networks that use the traditional
approach to processing and analyzing input data into the model, by applying a probabilistic
approach for a deeper and more informative analysis of the input data into the model.
Namely, the main result of such a model's operation is not a clear and unambiguous
prediction, but a certain fuzzy prediction characterized by a certain probability distribution.
In contrast to traditional models that output only one answer option, probabilistic models
have a unique ability to predict not only the answer to the question posed, but also reliable
probabilities that characterize the degree of confidence in these predictions. In fact, such a
model predicts not a single value, but an entire probability distribution of possible correct
answers. This allows the system to not only give an answer, but also to associate how
“confident” it is in that answer, which is extremely useful for decision-making under risk.

This approach not only makes it possible to effectively use this additional
information after the model training process is completed, for example, to assess risks or
make more informed decisions, but also significantly helps the model itself to better
generalize the available training dataset and effectively avoid the undesirable effect of
overfitting. This is achieved by changing the traditional target loss function, which is
usually based on calculating the error between the model's predicted and actual values, to
anew loss function based on calculating the probability that the actual value belongs to the
probability distribution predicted by the model. This, in turn, provides an additional
opportunity to better control the training process itself by setting certain constraints or
regularization terms on the predicted probability distribution. This approach of using
probabilistic analysis in models trained on small datasets has already demonstrated a
significant improvement in the final result compared to traditional approaches that do not

use information about probabilities.



Classical machine learning models used for training based on small datasets are most often
architecturally built to solve a binary classification problem in one forward pass (that is, to
answer a simple question like "are two input objects similar or not?"). Expanding the
capabilities of such models to classification tasks with a large number of classes usually
requires the sequential use of the same model several times with different combinations of
input data, which significantly complicates the process and increases computation time.
This work separately considers an approach to building models based on the use of the
concept of an ensemble of experts. A model based on the ensemble of experts paradigm
provides a unique opportunity to effectively accumulate knowledge about a complex
subject area in different, separate parts of the model, which act as individual experts, each
specializing in a specific subset of data or aspect of the task.

Such models with distributed knowledge are much more flexible in terms of their
further modification and/or expansion of the existing architecture (for example, in case of
the need to add a new class of data to an already existing classification system). The models
with distributed knowledge proposed in this work represent a universal approach that can
be effectively applied to a wide range of tasks in various fields, such as computer vision,
natural language (text) processing and analysis, and complex multimodal tasks that operate
on data of various natures. The work separately demonstrates that effective integration of
models with distributed knowledge allows successfully solving the complex task of multi-
class classification in models trained on training datasets of limited size, using only a single
forward pass of such models through the computational graph structure. In addition to this,
the integration of models based on distributed knowledge, models designed for training
based on small datasets, and an effective probabilistic approach to the training process
made it possible to successfully solve the multi-class classification problem in difficult
conditions of a limited amount of available data for training, as well as in conditions of the
presence of certain errors and inaccuracies in the training data, and also in situations
characterized by significant uncertainty and the presence of internal inconsistencies in the

data.
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