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Data pre-processing and analysis enabled identification of the non-linear dependencies of the target
variable and prepared the data for effective modeling. SVM method with Rbf Kernel was applied for
the classification model building. The model parameters were optimized using a grid search with
cross-validation of each combination of the parameters.

Building a model first of all it is necessary to analyze the available data in order to reveal the
complexity of the given problem and narrow down the range of suitable methods. Next, it is needed to
clean and pre-process the data — prepare it for modeling. Then the selected method should be applied
and optimization of the parameters should be provided. By the parameter selection, it is crucial to use
cross-validation both on the training and test samples, and within the training data set itself. Thus, it
is possible to achieve high accuracy of the model with a good degree of its robustness.

Keywords: machine learning, classification, support vector machine, data mining, t-SNE
visualization.
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3ACTOCYBAHHSA AHCAMBJIIB HEfIPOHI—{HX MEPEX JJISA PO3B’AA3AHHSA
3AJAYI KITACUPIKALII 30bPA’KEHD

Y pobomi onucano icuyroui nioxoou 00 no6yoosu ancamonie mooenel y MauuHHOMY HABUAHHI.
Hagedeno natibinv nonyaspui cucmemu 05 HAGYAHHS HeUPOHHUX Mepedic. Y axocmi 6a3060i modeni
00pano 08OWUAPOBY HEUPOHY MEPeHCy NPIMO20 PO3NOBCIOONCEHHS, WO MAE 0OUH NPUXOBAHULL uLap.
Posensnymo 0ea nioxoou 00 nobyooeu aHcambOnO HEUPOHHUX Mepexc, MaKi K YCepeOHIHUll
ancambab ma aHcamoOnb 3 KepieHukom. Bonu Oyau peanizosani za donomoeoro bOibniomex Keras i
TensorFlow. Ilposedeno 0ocnioxcenHs epheKkmueHoCmi 3aCmMOCY8anHs aHcamoOnie 00 pO38 S3aHHS
3aday knacugixayii s06pasicenv. s mecmysanns oopano nabip danux MNIST ons kracugixayii
pykonucHux yugp. Hocriosceno eghpexmusHicms uKopucmants ancamoénie pisnoi cmpyxmypu 3 3-9
HeUpOHHUX MepedrC.

Knrouosi cnosa: mawunne nasuanms, 3aoava Kiacuixayii, HeUpoHHa mepedica, ancamoiv
Modereti.

ITocranoBka npodaemu

OcTaHHIM YacoM MallMHHE HABYaHHS € OJHIEI0 3 TEPEIOBHX TEXHOJIOTIM Cy4aCHOCTI.
MaivHHe HaBYaHHS K 00JaCTh IMPAKTHYHOI JISJIBHOCTI, 1 SIK c(pepa HAYKOBUX JOCIIIKEHb
QITOPUTMIB, TOJAra€ y OTPHUMaHI 3HaHb 3 JaHMX MIJISXOM BHSBICHHS IPUXOBaHUX
3aKOHOMIpHOCTEeH B HUX. [lepeTBOpeHHs JaHUX Yy 3HAHHS € 0COOJMBO aKTYyaJbHOIO 1 I[IKaBOIO
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3aJ1a4u€t0, OCKUIbKM Hapa3si JI0JCTBOM HAKONMMYEHI BEIMKI 00’eMU IUPPOBUX JaHUX. 3aMICTh
TOro, mo0 y pPyYyHOMY pEeXHMIi BHUSBIATH TpaBuja 1 OyayBaT MOJEJl, METOMOJIOTIA
MalIMHHOTO HABYAHHS MPOIOHYE OUIbII JI€BY albTEPHATUBY — aBTOMAaTH30BaHE MOCTYIIOBE
MOJIIIIEHHS SIKOCTI MPOTHO3HUX MOJIENIEN 3a paxyHOK y3arajJbHEHHS BIIOMHUX MPHUKIAIIB 13
ONpalbOBaHUX HUMHM MacuBiB JaHuX. OKpiM TOTo, L0 MAallMHHE HaBYaHHsS HaOyBae Bce
OUTBIIOT BAarOMOCTI y HAyKOBHUX JIOCHII/DKEHHSIX B 00sacTi 1H(QOpPMATUKH, BOHO BLAIrpae Bce
OUIBII 3HAUYUMY POJIb Y MOBCIKACHHOMY JKUTT1. 3aBJISKH aIrOPUTMaM MAllMHHOTO HABYAHHS
JOCATHYTO 3HAUYHUX YCIIXIB y PO3MI3HABaHHI MOBHM 1 PYKOIHCHOIO TEKCTY, Kiacupikariii
300pakeHb, pPO3pOOJEHO HAAIMHI MOWTOBI cHnaM-QUIBTPH, SAKICHI MNOIIYKOBI CHCTEMH,
MporpaMu IS BUSBJICHHS MAXpalChKO1 NISUTBHOCTI IO KPEAUTHUM KapTax Ta iH. [1].

Oco06MBUM PO3ALIOM MAITMHHOTO HABYAHHS € TJIMOOKe HaBuaHHsl. Lle iHmui maxig 1o
MOIIYKY MPEJICTABIICHHS JaHUX, SKUW pOOUTH aKICHT HAa BUBYCHHI MOCIIJIOBHUX IIIapiB BCE
OUThII 3HAYYHIMX MmpezcTaBieHb. CydacHe INTMOOKEe HaBYaHHS 4acTO 3ajlydae /10 IMpoLecy
JIECSITKU 1 HaBITh COTHI MOCHIAOBHMX HIapiB NMpEACTaBIEHHS JaHUX. THIOBUM MPUKIAAOM
MoZeNl TJIMOOKOro HaByaHHS, 3a JONOMOIOI0 SIKMX BHMBYAIOThCS Takli OaraTolaposi
IIpe/ICTaBJICHHS, € HEHPOHHI Mepexi [2].

Hapasi icHye Oarato THUIIIB HEMPOHHUX MEPEXK, SKI BIUIPIZHSIIOTHCS OJHA B OJHOT
apXiTEeKTypOl0, BUJOM HEHPOHIB, CTPYKTYpOIO 3B’S3KIB, aJlIfOpUTMamMu HaBuaHHA. J[OCUTHh
4acTo OJIHY 1 Ty caMy 3aJiauyy MOJKHa pO3B’sA3aTH 3a JOIIOMOTIOI0 PI3HUX HEHPOHHUX MEPEK,
MIPU IbOMY BHOIp Kpaioi 3 HUX HE BU3HAYAETHCS CTPOTUMHU MPaBHIIaMH. SIKICTh PO3B’A3aHHS
KOHKPETHOI MOCTaBJICHOI 3a7a4l MOXe OyTH CYTTEBO IMiJIBHINECHA 3a JOIOMOTOI0 aHCaMOJIIB
HEHPOHHUX MEpeX, B SKUX OJHI 1 TI caMl JaHHI MapajelbHO OIPALbOBYIOTH JEKLIbKa
HEHPOHHUX MEPEXk, BUXIIHI CUTHAJIM SKUX JIEIKUM YMHOM KOMOIHYIOTBHCS B y3arajbHIOIOUUN
pesynbTat [3].

TakuM yuHOM, 00’€HAHHS CYKYNHOCTI HEHPOHHUX MEpeX Yy €IUHY MOJEIb €
MEPCIEKTUBHUM HANpsIMOM JOCIUDKEHb Yy TiaubokoMmy HaBuaHHI. [lepenOauaerbcs, 110
HEHpPOHHI Mepexi, 00’enHaHl y aHCcamMOab OyAyTh MaTH Kpally y3araJbHIOYY 3JaTHICTH 1
J03BOJISITH PO3B’SI3yBAaTH OUTBIT CKJIA/IHI 3a/1a4l.

butbmricte po6iT, MPUCBAYEHUX BUBYCHHIO BJIACTUBOCTEH 1 MOXKJIMBOCTEH aHCAMOJIEBUX
CTPYKTYp 3 HEHPOHHHX MEpEX, HalpaBJIeHI Ha TOCTKEHHS] METOIB OTPUMaHHS (reHepariii)
CHUIBHOTO KIHLIEBOTO pe3yapTaTy aHcamOimto. [linxoau 10 00’eiHaHHS HEHPOHHUX MEPEX Y
aHcamOii po3risiHyTo y [3-4], ocobnuBocTi 00’ €AHAaHHS (CTBOPEHHS aHCaMOIII0) s 3a/1a4y
MIPOTHO3YBAHHSI YacOBUX PsiAiB y [5-6], ans 3amaui knacudikaii y [7].

Metor0 cTarTi € AoCHKEeHHS €(QEeKTUBHOCTI 3aCTOCYBaHHSI aHCaMOJIIB HEHPOHHMX
MepesK JI0 pO3B’si3aHHs 3aa4 Kiacudikaiii 300pakeHb.

Buknan ocHoBHOro marepiany

1. HeiiponHi Mmepe:xi Ta nporpamui 3aco0u 1Ji1 ix peaJi3zanii

[Ipukmagom Mopmeni TIMOOKOrO HaBYaHHA € HEHPOHHA Mepexka MpsSMOTo
PO3NOBCIOKEHHS, a00 OararoliapoBuil mepuentpoH. bararomapoBuil mepuentpoH — e
MaTeMaTU4Ha (YHKIIIs, 10 BioOpakae MHOKHMHY BXIJHUX 3HaY€Hb HAa MHOXKMHY BUXIJHHX.
s ¢yskis sBise co000 KOMITO3MINEID JEKUTbKOX Outbln mpoctux (GyHKmin. Taky
KOMITO3ULII0 (YHKIIA MOKHa MpPEICTaBUTU Yy BUIVISL JIAHLIOTa, JOBXKUHA SIKOro 1 Oyne
BU3HAYaTU INMOMHY HepoHHOI Mepexi. CydacHi apxXITeKTypu HEHpOHHMX 4acTO MaroTh
JOCUTD CKIIQJHY CTPYKTYPY 1 CKJIaJal0ThCs 3 AECATKIB IIApPIB.

Ha nmouarkoBomy erari peanizaiis NMUOOKUX HEMPOHHUX MEPEX MOTpedyBaa 3HAUHUX
3yCWIb BiJ JOCHIJHUKIB, ajle Hapa3l cuTyauis 3MiHuiacs. Ha cborogHi icHye psn 3pydyHHUX
MIPOrpaMHUX 3ac00i1B, SIK1 JO3BOJISIIOTH MOOYIYyBaTH MOJENIb HEHPOHHOT Mepexi, chopMyBaTu
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rpad oGuucieHb 1 BUKOHATH MpPOLIEC HABYAHHS, BUKOPUCTOBYIOUM IpPH I[bOMY pPi3HI PIBHI
abcTpakiii.

Haii6inpn nonynsipHUMHU cUcTeMaMu JJis HaBYaHHS HelpoHHuX Mepex € TensorFlow,
Theano, Caffe, Torch 1 CNTK. bibnioreka TensorFlow po3po6nena y 2015 poii komnaHiero
Google 1 mobynoBana Ha Tpadax omepaniid, sKi OMEPYyIOTh 3 TEH30pPaMH bl MOTOKOBOIO
00poOkoro nanHux Ha rpadi. bidmioreka Theano po3pobiserscs 3 2007 poky, roJIOBHUM
yiHOM, rpynoro MILA 3 VHiBepcutery Monpeansi. OCHOBHUMH NPUHIUIAMHU €: IHTErpalis 3
numpy, Mpo30pe BUKOPUCTAHHA pi3HUX 00uncmoBanbHuX npuctpoiB (GPU/CPU), nunamivna
re”eparis ontumizoBaHoro koxy Ha C. Theano, sk 1 TensorFlow, BukoprucTtoBye CUMBOIBHUIMA
miaxia 1o odunciens. bidmioreka Caffe — ogHa 3 HalimepmuX MOMYISPHUX CHCTEM TJIMOOKOTO
HaBYaHHS, ska Oyna po3pobiieHa y LIEHTP1 KOMIT I0TepHOro 30py 1 HaB4aHHs y bepkii. Caffe
MIATPUMYE 0arato pi3HUX THUIIB apXITEKTyp INIMOMHHOTO HABYAHHS, OPIEHTOBAHUX B MEpUIY
yepry Ha Kiacuikaiiio Ta CErMEHTYBaHHS 300paxxeHb. TakoX BOHA MICTUTh HAMOLIbIIY
KUIBKICTh T'OTOBHUX JI0 BUKOPHUCTaHHS TOINEpeIHbO HaBueHUX Mojenel. bibmiotexka Torch
po3pobiiena Ha MoBi Lua 1 Hajmae 3pyyHUl BUCOKOpPIBHEBHI 1HTepdelc sl CTBOPEHHS
nporpaM MalIMHHOTO HaByaHHs, aHajoriunuii MATLAB. Bucoka mnpoayKTHUBHICTh
3a0e3neuyeThes, Tak camo sk 1y Theano, 3a paxyHok iHTerpaimii 3 MmoBoto C. bibmioTeka
CNTK (Cognitive Toolkit) po3pobnena kommaniero Microsoft, BoHa opieHTOBaHa came Ha
po6OTYy 3 pI3BHMMH THUIAMU HEUpOHHUX Mepex. Habip 3acob6iB 0i107T10TEKHM MpencTaBisie
HEHPOHHI Mepexl SIK MOpANOK OOUMCIIOBAIbHUX KpPOKIB depe3 opieHToBaHMM rpad [8].
Oxkpemo BapTo 3a3HauuTH 0i0mioreky Keras, sika He € CaMOCTIHHOIO CHCTEMOIO, a SIBIISIE
co0oro HanOynoBy Haa Theano, TensorFlow abo CNTK, ta Hajmae 3py4Huil 1 mpoctuit
iHTepdelic A1 HaBYaHHS TTMOOKUX HEMPOHHUX MEPEXK.

2. AHca0Ji Mojesiell y MAIIMHHOMY HABYaHHI

binpuricte Mojenell MallMHHOTO HAaBYaHHA € YYTIMBUMHU JI0 BHOOPY KOHKPETHHX
rmapamMeTpiB Ta TineprapaMeTpiB MOJENIl NMPU HaBYaHHI, TOOTO MAlOTh PI3HI MO TOYHOCTI
pe3ynpraTtd. ToMy JUIsl MiABUILEHHS TOYHOCTI OTPUMAHUX PE3YyNbTATIB Y TEOPIii MAIIMHHOIO
HaBYaHHS IIMPOKO 3aCTOCOBYIOTH aHcaMOul Mojeneil. AHcamOib SBIsS€ COO0I0 CYKYITHICTh
JNEKUTBKOX MOJENe, 00’€IHAaHUX THM YH IHIIUM CTHOCOOOM, SIKI BUKOPUCTOBYIOTHCS ISt
po3B’si3aHHA OJHIET CHOUIbHOI 3adadl. TeopeTMuHO OOIPYHTOBAHO, IO BUKOPHCTAHHS
aHcamMOm0 Mojened € Oulbll eQEeKTUBHUM, Yy TOpPIBHSAHI 3 pe3ylbTaTaMUu OKpPEMHX
camocTiiHuX Mojenel. Ilpu nboMy peKoMeHIyeTbcs CTBOPIOBAaTH aHcaMmOII1 Ha 0a3i MPOCTUX
MOJIENIEH, 10 HE KOPETIOITh MK CO00I0.

[caytoTe pi3HI miaxoau A0 00 ’enHaHHSA Mojened y aHcamOumi. Skmo y ancamOii
BUKOPUCTOBYIOTh OJIHAKOB1 MOJEJNI, SIKI HaBYAIOThCS MapajiesIbHO Ha PI3HUX MIJAMHOXKUHAX
TPEHYBAJbHUX JAHUX 3 MOJAJIBLIINM YCEPEAHEHHSIM Pe3yibTaTy, TO TaKUil MiJXiJl HA3UBaIOTh
OerriHrom. [HIIMM Ba)XJIMBUM KJIacOM aHCaMOJIeBUX MoJiesel € OycTiHr. Y MeTonax OyCTIHTY
OJIHAKOB1 MOJIeJIl HaBYAIOTh IOCIIJOBHO TaKUM YMHOM, 100 HaBYAaHHS MOJEJl Ha JaHOMY
eTari 3ajJexkajno Bl HaBYaHHS MOJENell Ha MOINEepelHIX eTanax, TUM CaMHUM IMICHIII0YU
nonepeaniin pesynbtaT. e onun migxix 1o moOyaoBU aHcamOIIIO — 1€ CTeKIiHr. B mpomy
BUIAJIKy apajelbHO HABYAIOTH PI3HI THIM MOJEJEH, pe3ylbTaTu sIKUX abo ycepeaHIOITh,
a00 BUKOPHUCTOBYIOTH JUIsl HaBYAHHS Yy3arajbHIOOYOi MOJEN! JUIsl OTPUMAaHHS OCTAaTOYHOI'O
pe3yibTary.

B niutomy ycepenHenHst Mojenel € MOTY>KHUM 1 JIEBUM METOJIOM 3MEHIICHHS TOXUOKH.
JlocuTh 4acTo y 3MaraHHsX 3 MalIMHHOTO HABYaHHS IepeMararoTh MOJIEN], K1 311HCHIOITh
yCEepEeHEHHsI 10 JecaTKaM MOJelIeH.

OcTaHHIM 4acoM CIIOCTEPIra€TbCs TEHJEHIIS 10 OUIBIIOrO MPAaKTUYHOIO 3aCTOCYBAHHS
aHcamOJiB 3 HelpoHHUX Mepex. He3Bakarounm Ha BHCOKY TOYHICTh pe3yJbTaTiB, aHcaMmOIi
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HEHPOHHUX MEPEX 3aCTOCOBYIOTHCA HE TaK LIMPOKO, K aHCaMOil 3 KIACMYHUX MoOJene
MaIlIMHHOTO HaBYaHHS, OCKUTbKH BUMAaraloTh 3HAYHUX 00YHCITIOBATILHUX pecypciB [7].

AHcamOm1 yTBOPIOIOTH 13 CIa0KHX Ta IpocTUX Mojenei. HellpoHHI Mepexi MOXKYTh
BB@)KATHUCh TaKUMHU, SIKIIO BUKOPHUCTOBYBATH HEBEIMKY KUIBKICTh enoX HaB4yaHHsS. OKpiM
TOTO METOJY HaBYaHHSI HEHPOHHUX MepexX rnepeadavyaroTb BUIAAKOBE 0YaTKOBE BU3HAUCHHS
3HA4YE€Hb BAaroBUX KOe(Iilli€EHTIB, TOMY MOJEJI, 0 HABYAINCh HA OJHUX 1 THX CaMHX JaHHUX
OyayTh BIAPIBHATHCSA. BaXIMBOIO CKIIagaBOI0 aHCAMOIIO0 € METOJ OTPUMAaHHS OCTaTOYHOTO
CHUIBHOTO MPOTHO3Y. JJOCUTh 4acTo y KOCT1 OCTATOYHOI'O PE3y/bTaTy OOUPAIOTh YCepETHEHE
3HAYEHHS MPOTHO3IB BCIX HEHPOHHUX MEPEX, 110 BXOJATh 10 aHcaMmOmto. [laHy i/1e10 MOKHa
ynockoHaymtH. Hampuxman, y poOoTi [5] mpomoHyeThCcs HABYHMTH, 1€ OJHY HEHPOHHY
MEpEeKY, BXIITHUMU JaHUMU JJIs K01 OyAyTh MPOTHO3U BCIX HEHPOHHUX MEPEX aHCaMOIIto, a
BHUXOJIOM — PE3YyJIbTYIOUUI IPOrHO3 aHCaMOJTIO.

3. IloOynoBa i qocaigxeHHss aHCaMOJII0 HEHPOHHUX MepeK

VY naniii poOoTi B siKOCTI 0a30BOi MoJeni 00epeMo JBOIIAPOBY HEUPOHY MEPEXY
IPSIMOTO PO3MOBCIO/KEHHS, 110 Ma€ OAMH IpuxoBaHul map. g peanizauii HeWpOHHOT
Mepexi BUkopucraemo 016miotexy Keras, a Takoxx TensorFlow y sikocTi oOumcitoBaibHOTO
Ooexkenny. OCHOBHMMH IapaMmMeTpaMH Takoi HEHMpPOHHOI Mepexi BHCTYHNAaTUMYTh KUIBKICTb
HEHpPOHI y BXIJHOMY Ta IMPUXOBAHOMY IlIapaX, KUIbKICTh €MOX HaBYaHHS, PO3MIp MiHi-
BHOIPOK, METO] ONITUMI3AILii.
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Puc. 1 /IBomapoBa HelipoHa Mepeka NPSIMOro PO3NOBCIOHKEHHS

Posrnsinemo nBa migxoAu A0 moOynoBH aHCaMONI0 HEHPOHHUX Mepex Ui 3adadl
kjacudikanii, KoJu HEOOXIAHO CIPOTHO3YBATH WMOBIPHICTH BIJHECEHHS 300pakKeHHs 10
OJIHOTO 3 KJIaciB:

1) Ycepennworounii ancamOib. OKpeMO HaBYaEMO JEKUTbKa HEUPOHHUX MEPEXK, a y
SIKOCTI OCTaTOYHOTO PE3YJIbTAaTy Takoi Mojeni oOupaemo cepenHe apudMeTHydHe
3HaYeHHS UMOBIPHOCTEH, OTPUMAHUX BCIMa HEHPOHHUMU MEpPEKaMH.

2) Ancamb61b 3 KepiBHUKOM. CIOYaTKy OKpEMO HaBYa€MO JEKLUIbKAa HEHPOHHUX MEPEK.
[ToTiM HaBUYaeMO HEMPOHY Mepexy («KepiBHUKA aHCAMOJII0»), BXIIHUMHU JaHOT ISl SIKOT
OyIyTh pe3yabTaTH MPOTHO31B UMOBIPHOCTEH 3Iy4CHUX HEMPOHHUX MEPEXK. Y SKOCTI
OCTAaTOYHOTO PE3y/IbTaTy 00MpPaEMO MPOTHO3U HMOBIPHOCTEN «KEpIBHUKA aHCAMOIIION.

CnouaTky moTpiOHO 00paTtu 6a30B1 HEHPOHHI Mepex1 I aHcamOIiB. s BCix Mepex

3aJ1aMO KUIbKICTh €M0X HaB4YaHHS — 25, po3mip MiHi-BuOipok — 100 1 y SIKOCTI onTUMizatopa —
METO/I CTOXaCTUYHOI'O I'PAJIEHTHOIO CIycKy. [lepeBipumMo BCl BapiaHTH HEHPOHHUX MEPEX,
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KOJIM BXiTHUHM Ta mpuxoBaHuil mapu mictats 50, 100, 200, 300, 400, 500, 600, 700 ta 800
apis.

Jlis TecTyBaHHsS po3riisiHEMO KiacuuHui HaOip ganux: MNIST (kmacudikaiis
pykonucHux 1udp). Januit Ha6ip mictuth 60 000 300paxkeHs po3mipoM 28%28 miKcemniB AJs
HaByaHHs, 1 10 000 300paxeHns i TecTyBaHHs. TOYHICTH MOJIEl BUBHAYAIU SIK JIOJIIO BIPHO
Kiacu(ikoBaHUX 00’ €KTIB.

|
|
|
I
|
= e I
| MNIST > : s _>O
|
Ve I
! :
I
I

Bximui mani Heiiponni Pesynbratn Kepyroua OcTaToYHHIT
MepeKi (BX1HI /1aHI) HEHpOHHA pe3ynbTaTt
Mepexa

Puc. 2 Crpykrypa ancamOII10 3 KEpIBHUKOM

Byno obpano HacTymH1 HEHPOHHI MEPEX1, JUIsl AKUX 3a3HAYEHO KUIBKICTh HEUPOHIB y
BX1JJHOMY, IPUXOBAHOMY 1 BUX1THOMY LIapi Ta OTPUMaHy TOYHICTb:

1) Heliponna mepexa Nel (NN1): 400x600x10, 97.3%;
2) neliponHa mepeska No2 (NN2): 400x800x10, 97.5%;
3) neitponna mepexka Ne3 (NN3): 700x300%10, 97.4%;
4) neitponna mepexa Ned (NN4): 300x600x10, 97.39%;
5) neitponna mepexxa NoS5 (NN5): 600x200%10, 97.52%.

[ToGymoBaHO 1Ba ycepemHIOIYUX aHcamOJl Ta JaBa aHcamMOJIl 3 KEpIBHUKOM, B SK1
YBIMIUIM BiNoBIAHO HeWpoHHI Mepexi Nel-3 1 Nel-5. Apxirekrypa kepyrouoi HEMpOHHOI
Mepeski 0yna HactynHoro: 400%600x10.

Pe3ynbratu oTprMaHuX 00UMCIIOBATILHUX €KCIIEPUMEHTIB HaBeleHo Yy Tal. 1.

Tabmums 1
Tounicth knacudikarii ajis ancam6J1iB HEHPOHHUX MEPEX
AHcamOb HEHPOHHUX MEPEX OTpuMaHa TOYHICTh
Ycepennrorounii aHcamOIIb 3 3-0X HEUPOHHUX MEPEK 97.90%
Ycepennrotounii aHCaMOIIb 3 5-TH HEHPOHHHUX MEPEK 98.08%
AncaMO1b 3 KEPIBHUKOM 3 3-0X HEMPOHHUX MEPEK 97.42%
AHcamO5b 3 KEpIBHUKOM 3 5-TH HEHPOHHUX MEPEX 97.43%

Sk BUIHO 3 pe3yabTaTiB NPOBENEHUX JIOCHIIKEHb, YCEpeIHIOYl aHcamoOJi
JEMOHCTPYIOTh OUIbIIY TOYHICTh, Y MOPIBHAHHI 3 aHcaMOyAMU 3 KepiBHUKOM. CripoOyeMo

57



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2019

30UIBIIUTH KUIBKICTh HEMPOHHUX MEpEeX B ycepeaHioodomy aHcamOui. /lomamo HacTymHi
JIBOILIAPOBI1 Ta TPULIAPOBI MOJIE1 HEUPOHI MEPEX1 Ta OTPUMAHY JJIsl KOXKHOT 3 HUX TOUYHICTB!

6) neitponHa mepexxa Ne6 (NN6): 300x200%10, 97.16%;

7) neitponna mepexxa No7 (NN7): 600x600%10, 97.43%;

8) netiponna mepesxa Ne8 (NN8): 200x50%40%10, 96.46%;
9) neiiponna mepexa Ne9 (NNO): 200x100x300x%10, 96.69%.

Pe3ynbratu oTprMaHuX 00UMCIIOBAILHUX €KCIIEPUMEHTIB HaBeIeHO Y Tall. 2.

Taomus 2

TounicTh K1acudikaii A1 ycepeaJHI0IYNX aHCaMOJ1iB HEHPOHHUX Mepex

VYcepenHtorouuiit ancamO1b HEHPOHHUX MEPEK OTpuMaHa TOYHICTh
AncaM0Omb 3 7-mu HelipoHHHX Mepex (NN1-NN7) 98.11%
Ancamb6mb 3 7-mu HelipoHHuX Mepex (NN1-NNS, NN§, NN9) 98.10%
Ancam0mb 3 7-mu HelipoHHHX Mepex (NN3-NN9) 97.98%
Ancam0mb 3 9-u HeitpoHHux Mepex (NN1-NN9) 98.15%

30UIbIIEHHS KUIBKOCTI HEHMpPOHUX MEpEX HPHUBOIUTH 10 TOKPAIIEHHS pe3ysbTaTiB
kinacudikamii. Takok BapTo 3a3HAYUTH, 10, OCKUIBKM aHCaMOJI1 CKJIQJarOThCA 3 MPOCTHX
MoJeneH, To 3arajibHUi yac iX HaBUaHHS MEHIINH, HDK Yac HaBYaHHA 3TOPTKOBUX HEHPOHHUX
MEpeK, SKI 4YacTO BHUKOPHCTOBYIOThCS Ui Kiacudikauii 300pakeHb. 3arajibHU 4ac
HaBYaHHs aHcaMOmro 3 7-mMu HeipoHHUX Mepexx (NNI-NN7) cximamae 14 xB. 24 cek., a
ancam0Ouro 3 9-tu HeitpoHHux Mepexk (NN1-NN9) — 16 xB. 32 cek.

Posrnsinemo juia mpukiany 3roprkoBy HeilpoHHy mepexy (CNN1) 3 nBoma mapamu
3rOpTKM 1 MIABUOIPKM Ta OJHUM IIOBHO3B S3HUM ILIAPOM, JETalbHY apXiTeKTypy SKOi
IIpe/ICTaBJICHO Ha puc. 3.

100
32x3x3 32x2x2 64x3x3 64x2%2 10
] | ]
] ‘ | |_ | |
BxijHi Ilap IMlap Iap [Tap OcTtatouHHit
JaHi 3TOPTKA MIBHOIPKN 3TOPTKH  TABHOIPKH pe3yabTat

IIoBHO3B 43HHIL
map

Puc. 3 3ropTkoBa HelipoHHA Mepexa
Tounicte kiacudikamii 3a AOMOMOTIOK 3ropTKOBOi HepoHHOT Mepeki CNNI
cTaHoBUTH 99.02%, npu poMy 4yac HaBuaHHS Mepexi 3 10 enoxamu ckiaB 2 rof. 8 XB. 7 Cek.

OTpumaHi pe3yiabTaTH MPOJEMOHCTPYBATH, 110 HEBEIUKI aHCAMOJI1 3 JBOIIAPOBUX HEHPOHUX
MEpeX HAaBUalOThbCA 3HAYHO IIBHJLIE, HDK 3TOPTKOBI HEHpoHHI Mepexi. Kpim Toro, 3
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MPAKTUYHOI TOYKH 30pY MOXE BUSBHUTHUCS MPOCTILIE peai3yBaTh aHcaMOJb 13 MPOCTHX
MoJenel, HXXK po3poOUTH apXITEKTYpy 3rOPTKOBOI HEHPOHHOT MepexKi.

BucHoBku

VY crarti onucaHo po3poOKy aHcamOJIiB 3 JABOLIAPOBUX HEHPOHHUX MEPEX IMPSMOTO
PO3MOBCIOKEHHS Ul PO3B’si3aHHs 3a/1aul Kiiacudikaiii 300paxens 3 Habopy nanux MNIST.
Byno posrmsiHyTO NBa criocobu moOya0BU aHCAMOIIIO: yCepeaHIOIYni ancaMOmb 1 aHcaMOITb
3 kepiBHMKOM. Jlmsi peamizamii omucaHux Mojeniel BUKOpucTaHO 0i0miotexkn Keras 1
TensorFlow.

Kpami  pesynapTaTé  NpOAEMOHCTpYBaIM  ycepedHioroui  ancamOmi.  TouHICTh
kjacudikaiii Takoro ancaMoino 3 5-9 HeHpPOHHUX MEpEX Y MOPIBHAHHI 3 PE3yJIbTaTH OKPEMOi
HEHPOHHOI Mepexi 30UIbIIyeThbesl B Mexkax 1%. TakuMm 4nMHOM, ycepelHEHHs pe3yJbTaTiB
BUSIBJISIETBCS BUTIIHUM, OCKUIBKM WJIEHM aHCaMOJIO JOMYCKAalTh pPI3HI MOMWIKH IpU
kinacudikamii, X049 1 HaBYAJIMCh HAa OJHUM JaHUX. lle OOyMOBJIEHO 1 BHIIAJAKOBOIO
HIIaTi3amiero, 1 BUMAIKOBMM BHOOPOM MIHI-IIAKETIB, Ta 3arajioM pe3yJbTaTaMu
HeJepMIHOBAHOI peatizallii HeHpOHHON MEpexKI.

Bbyno BcraHoBi€HO, 110 3arajdbHUM Yac HaBYaHHS aHCAMOJIB 3 IBOLIAPOBUX HEMPOHHUX
MEpeX 3HAaYHO MEHILIWH, HDK Yac HaBYaHHS 3TOPTKOBUX HEHPOHHUX MEpPEeXk, SKI 4acTo
BUKOPHUCTOBYIOThCS JJIs1 KJacuikaiii 300pa’keHb.

TakuM 4YMHOM MOKEMO 3pOOHUTH BHUCHOBOK, IO BHUKOPHUCTAHHS YCEPETHIOIOUUX
aHcaMOJIIB 3 TPOCTHX HEHPOHHHX Mepex s Kiacudikamili 300pakeHb € JOCHTh
e(eKTUBHUM, OCKUIbKM BOHM MAalOTh OUIbLIYy IPOTHO3YIOUY 3/aTHICTh Ta IOPIBHIHO
HEBEJIMKUI Yac HaBYaHHS.
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APPLICATION OF NEURAL NETWORK ENSEMBLES TO SOLVE THE PROBLEM OF
CLASSIFICATION OF IMAGES

Summary. Introduction. Recently, machine learning is one of the leading technologies of today.
Machine learning algorithms have made significant progress in language and handwriting
recognition, image classification, robust email spam filters, high-quality search engines, credit card
fraud detection programs, and more.

A special section of machine learning is deep learning. A typical example of a deep learning
model is neural networks. Currently, there are many types of neural networks that differ in
architecture, type of neurons, communication structure, learning algorithms. Often, the same task can
be solved using different neural networks, and choosing the best one is not determined by strict rules.
The quality of solving a particular task can be significantly enhanced by neural network ensembles.
The ensembles share the same data in parallel with several neural networks, whose output signals are
somehow combined to summarize the result.

Thus, combining a set of neural networks into a single model is a promising area of research in
deep learning. It is anticipated that neural network ensembles will have better generalizability and
enable more complex tasks.

Purpose. The purpose of this paper is to investigate the effectiveness of using neural network
ensembles to solve image classification problems.

Results. The paper describes the development of ensembles of two-layer direct-propagation
neural networks to solve the problem of image classification from the MNIST dataset. Two ways of
constructing an ensemble were considered: averaging ensemble and an ensemble with a leader. The
described models were implemented using the Keras and TensorFlow libraries.

The best results were demonstrated by the averaging ensembles. The classification accuracy of
such an ensemble from 5-9 neural networks in comparison with the results of a single neural network
increases within 1%. Thus, the averaging of the results is advantageous, since the members of the
ensemble make different classification errors, although they have been trained on the same data. This
is due to both the random initialization, and the random selection of mini-packets, and generally the
results of the non-term implementation of the neural network.

It has been found that the total learning time of ensembles from two-layer neural networks is
significantly less than the learning time of convolutional neural networks, which are often used to
classify images.

Conclusion. This paper describes the existing approaches to building model ensembles in
machine learning. The most popular systems for learning neural networks are given. The base model
is a two-layer direct propagation neural network with one hidden layer. Two approaches to building a
neural network ensemble are considered and implemented. The effectiveness of ensembles in solving
image classification problems has been investigated.

We can conclude that the use of averaging ensembles of simple neural networks for image
classification is quite effective, since they have greater predictive power and relatively little training
time.

Keywords: machine learning, classification problem, neural network, ensemble of models.
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