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TPEHYBAHHA HEMPOHHOI MEPEXI JI/I1 IPOTHO3YBAHHA IOMMUTY HA ACAXKHPCBKI
INEPEBE3EHHA TAKCI 3A JOIIOMOI'0OI0 TPA®IYHUX ITPOLIECOPIB

Po3riisiHyTO 0cOOIMBOCTI TpeHYBaHHS HEHPOHHOI Mepexi IS IPOrHO3YBAHHS MONUTY Ha NacakKUPCHKi MepEeBE3CHHs TaKci 3a
JIOTIOMOT0I0 I'pa)igHMX MPOLECOpiB, MO Jajl0 3MOTY MPUIIBUAMINTY IPOIENypy HaBYAHHS 32 Pi3HUX HAOOPIiB BXiJHUX NAaHUX I
KoH(]irypamiii anapaTHoro 3a0e3neueHHs Ta HOro MOTYKHOCTI. 3'ICOBaHO, IO MOCIYTH TAKCl CTAOTh MOCTYMHIMIMMHA JUTS OiTb-
mof KiJbKocTi Jifoneid. HaliBaxxuBimmM 3aBraHHAM Oyab-sK0i KOMIIaHIT Ta BOAIS TAaKCi € MIHIMi3allis TPUBAJIOCTI OYIKyBaHHS
HOBUX 3aMOBJICHb Ta BIICTaHi 10 KJII€HTIB HA MOMEHT 1X 3aMOBJEHHS. AOH NOCATTH Ili€i MeTH, MOTPiOHO MaTH PO3yMiHHS TpaH-
CIIOPTHO! JIOTiCTHKH Ta BMIHHS OLIHUTH TeorpadivHuii MONNT Ha MEepeBe3CHHS 3aJIe’KHO BiJ 0araTbox YMHHHKIB. Po3risHyTO
MIPUKJIAJl TPEHYBaHHS HEHpOHHOI Mepexi Ui nepenbadeHHs MOMHUTY Ha MAca)XMPChKi IepeBe3eHHs Takci. Beranosieno, mo6
HeWpoHHa Mepeka JaBajia XOpOIlli IPOTHO3H, HeoOX1THO 00poOuTH BenKui Halip BXigHUX JaHUX. OCKIIbKA HaBYaHHS HEHPOH-
HOI Mepei — I JOBIOTPHUBAIUI IPOLEC, TO JUIS BUPIIMICHHS i€l mpobiieMu OyI0 3aCTOCOBAHO PO3NapaeNIIOBaHHS NIPOLEAYPH
HaBYAaHHS MEPEeXi 3 BUKOPUCTAHHAM I'padidHIX IIPOLECOPiB.

[IpoBeneHo HaBYAHHS HEHPOHHOI MepeKi Ha IEHTPAITEHOMY IIPOIECOPi, OMHOMY Ta JBOX rpadidHUX Mpoliecopax BiANOBiA-
HO, BUKOHAHO TIOPIBHAHHS TPHBAJIOCTI MPOLEIYPU HaBYaHHS Mepexi s omHiel emoxu. OIiHEHO BIUIMB KiJIBKOCTI BUKOPHCTA-
HUX Tpai9HUX MPOIECOpPiB HA TPUBATICTH TPEHYBaHHS HEHPOHHOI MEpeXi y IBOX pi3HHX KOH(]Irypamisx amapaTHOro 3adesre-
YeHHs Ta Horo NoTyxHocTi. TpeHyBaHHS Mepexi 31ificCHeHO 3a JOIOMOTrol0 Habopy HaHUX, SIKHH MICTHTH 4.5 MIIH HOI3I0K y Me-
’Kax OHOTO MicTa. Pe3ynmbraTu DOoCiikeHHs TOKa3yIoTh, [0 MPUIIBUIIICHHS IPOIEAYPH HaBUYAHHS 3a JOIIOMOTOI0 rpadidHmux
MIPOLIECOPIiB HE 3aBXKAU Ja€ IMO3UTHUBHUN pe3ylIbTaT, M03asK 3aJICKUTh Bil 0araTh0X YMHHHKIB — PO3MIpYy BHOIPKHM BXiJHUX Ja-
HUX, IPaBAIEHOTO MOALTY BUOIPKY JaHUX Ha MEHIII IiIBHOIPKH, a TAKOXK XapaKTEPHCTHK alapaTHOTo 3a0e3NeYeHHs Ta Horo 1mo-
TYXKHOCTI.

Kniouogi cnosa: MamHHe HaBYAHHS, IPOTHO3YBaHHS MOIUTY, TPEHYBaHH HEHPOHHOI MepeXi, IPUIIBUMICHHS IPOLETYPH
HaBYaHHS, TapaJielTi3amis IponeIypy TPeHyBaHHS.

HaBYaHHS HE 3HAMIUIM IIHPOKOTI0 3aCTOCYBAHHS Y MOBCSK-
JICHHIi poOOTi, HANPUKJIAM, BiIIMOBIIHAX CEPBICIB Iaca-
KHUPCHKUX TIePEBE3EHb.

Jliist Toro, o0 HelipoHHa Meperxa JaBajia XOpOIi Ipor-
HO3H, HEOOXiJJHO 00pOoOHUTH 3HAYHMIA HAOIp BXIIHUX JaHUX
[16]. TpenyBanHs Mepexi HO CyTi o3Hadae BHOIp OHi€i
MOJIEJIi 3 MHOXKMHH JIO3BOJICHHX MoJeielt (abo, B GaecoBiit
cHCTeMi — BH3HAYCHHS PO3IOJUTY HaJ MHOXHHOIO J103BO-
JICHUX MoJiesiell), 0 3BOJUTh BUTpATU Ha 11 HAaBYAHHS 0
MiHiMyMmy [18]. OTxe, TpeHYBaHHS MEpEeXi € HalOIbII pe-

Bcryn

[Mocyrn Takci € 3pydHUM CIOCOOOM I€peBE3EHHS Ia-
CaXUPIB 1 IXHBOro Oaraxy He TUIBKH y BEJIMKHX 1 MaJMX
MicTax, ajie i MaJHuX HaceJeHHWX NyHKraX. Sk i Oararo iH-
mux cpep HaJaHHS MOCIHYT, JIOTICTHKA MAcaXXMPChKUX IIe-
peBe3eHb TaKci NMEPeXNBAIOTh CHOTO/IHI HIBHAKY LU(PPOBY
tpancdopmanito. Hosi rpasmi, Taki sik, Hanpukian, Uber,
30UIBIIYIOTH CBOIO YAacTKy PHHKY 3a JOIOMOI'OIO 1HHOBa-
uiitanx 1M poBux npoaykTiB [31]. 3 KOXXKHUM POKOM MHOC-

JIYTH TaKCi CTAIOTh JOCTYIHINIMMU JJIsi 3HAYHOI KiJIbKOCTI
MOTEHLIHHNX MacakKnpiB.

HaiiBaxnmuBinimMm 3aBraHHAM Oy/b-s1KOI KOMIIaHii Ta BO-
JIist TakCl € MiHIMIi3alisi TPUBAJIOCTI OYiKyBaHHS HOBHX 3a-
MOBJIEHb Ta BIJICTaHI O KJII€HTIB Ha MOMEHT IX HaIXo-
JUKCHHS. AOH JOCSTTH Ii€l METH, MOTPiOHO MaTH PO3YMiH-
HS TPAHCIOPTHOI JIOTICTUKHU Ta BMiHHS OLIHUTHU Teorpadiy-
HUH TIONUT Ha IEPEBE3CHHs MAcaKMPIB 3alEKHO Bij Oa-
raTbOX YMHHUKIB, HAPHUKJIAA, HOPU IHS, TOTOJH, CBSTKO-
BHX Y{ BHUXIJHUX JHIB, KYAbTYpHHUX 3aX0iB i T.1. [IporHo-
3yBaHHS Micll nepeOyBaHHS MaiOyTHIX HacakUpiB — Ie
npobJieMa, sIKy MOKHA BUPIIIUTH 3a JOIIOMOI'OI0 HEHpOH-
HHUX MEPEeX 1 IXHPOr0 MAIIMHHOT'O HABYaHHS.

OcTaHHIM YacoM HEHpOHHI Mepeki HabMparoTh Headu-
SIKOT TTOMYJISIPHOCTI, 1M03asK iX IIMPOKO 3aCTOCOBYIOTH IS
PO3B's3aHHS pi3HMX 3a/1ad 3 0araTbox NpEeIMETHHX obJac-
TEH 3HAaHb, HANIPHUKIAJ, TYPU3MY, KOMEpIii, MApDKETHHTY Ta
inwi. IIpore, /1 BupilleHHs 3aBJaHb NPOrHO3YBAHHS I10-
IIUTY Ha TOBapy YM IOCIYTH 3a JIOIOMOI'OI0 MAalIMHHOTO

cypcoMicTkuM 3aBraHHsAM. 11[06 BupimuTn mo mnpobiemy
SIKHAMIIBH/IIIE, 3aCTOCOBYIOTh PO3IapalieNIiOBaHHs IpoIie-
JlypH HaBYaHHS Mepesxi 3 BUKOPUCTaHHAM TrpadigyHuX Hpo-
necopis [32].

Jlis peamizanii npouenypu nepeadadeHHs IMOMUTY Ha
HaJlaHHS MOCJIYI YacTO BMKOPHUCTOBYIOTH OararomapoBHi
niepcentpoH (anra. Multilayer Perceptron). Jlns obuucieH-
HS Ta OHOBJICHHS Bar EJIEMEHTIB MEpEXi 3aCTOCOBYIOThH
TEXHIKY CTOXaCTHYHOTO rpajieHTa crnycky [20]. dynkuiero
BTpaTH JUIs BHpILIEHHS NPOOJEMH INPOTHO3YBAHHS YacTO
BHOUPAIOTH CEPEIHbOKBAAPATHYHY IIOMUIIKY.

06'ekm docnidoicenns — TpEeHYBaHHSI HEHPOHHOI Mepexi
JuIsl iepea0adeHHs IONNTY Ha TIEPEBE3ECHHS TaKCl.

Ilpeomem Odocniddicenns — METOIM 1 3aCO0H, SIKI JaTyTh
3MOTY IPHIIBUIIINTY IPOLEAYPY HABYAHHS HEHPOHHOT Me-
pexi i mepenOavyeHHs MONUTY Ha MAaCaXUPCBKI IepeBe-
3€HHS Takci 3a PI3HUX YMOB 30BHIIIHBOTO CEPEIOBHINA,
KOH(]iryparii amapaTtHoro 3a0e3medeHHs Ta HOro IMOTYX-
HOCTI.
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Mema pobomu — MOCHIIATH BIUTUB Mapaneiizamii Hel-
POHHOI Mepex, 110 Ma€e apXiTeKTypy OaraTomapoBoro rnep-
CEeNTPOHY, Ha IIBUJAKICTH 11 HABYAHHS ITOPIBHSIHO 31 3BH-
YaliHUM TPEHYBAaHHSAM 3a JOIOMOIOI0 LIEHTPAJIBHOTO IPO-
ecopa.

Jlis mocsrHEeHHs! 3a3Ha4YeHOi METH BM3HAYEHO Taki oc-
HOBHI 3a680aHHs 0OCHIOdCeHHs: 3MICHUTH NOPIBHSIHHS TPH-
BaJIOCTI NPOLEAYPU HaBUAHHS po3apayesneHol HeWpOoHHOT
Mepexi Ha OJHOMY Ta JBOX IpadiyHMX Ipolecopax, a Ta-
KOXX TPEHYBAHHS Ha LIEHTPAJIBHOMY IPOLIECOPI.

Haykosa nosusna ompumanux pezyibmamie 00caiodcen-
Hsl — PO3POOJICHO MiAXiJ, SIKMH Ja€ MOXJIHMBICTH IPOBECTH
TpeHyBaHHS HEHPOHHOI Mepexi ISl IPOTrHO3yBAHHS IIOIH-
Ty Ha MaCaKUPChKi NEPEeBE3CHHSI TaKCi 3a JOIOMOIOI0 Tpa-
(1YHMX TpoIecOopiB, IO a0 3MOI'Y NPUIIBUIIINTY i1 HaB-
YaHHA 3a PI3HUX HaOOpIB BXIMHMX JaHMX 1 KOH]iryparmii
anapartHoro 3a0e3ne4eHHs Ta oro MOTyKHOCTI.

Ipaxmuuna 3uauywicms pesynomamie 00CHIONHCEHHS
OJISITa€ y TOMY, 110 BOHH ITOKa3aJIM HE3HAYHY KOPUCTH BiJ
BHUKOPHCTaHHS TPpaidHUX IPOLECOPIB JUIS IapaielIbHOTO
TpeHyBaHHs 00paHOi HEHPOHHOI MepexKi, 0 Mae apXiTek-
Typy OararomapoBoro nepcentpony. Sxmo Bubipka qaHux
HEJOCTaTHbO BEJMKa JUIs Hapajiesisamii Hpouexypu Has-
YaHHS Ha JIEKUIBKOX rpadiyHuX Ipolecopax, TO Take Tpe-
HYBaHHS € 3Ha4YHO TPUBAJILINM, HIXK 3BUYAHHE HA OJHOMY
rpadiyHOMY 200 LEHTPaAILHOMY HPOIECOPi.

Ananiz ocmannix oocnioxcenv ma nyonikayii. Cbo-
TOJIHI METO/M JJIsl BUPIICHHS 3aBJlaHb IIPOrHO3YBAaHHS 110~
IIUTY Ha HaJ@HHS [TOCIYT He 3HAWILIM IIUPOKOIo 3aCTOCY-
BaHHS Yy MOBCSKJICHHIH poOOTI CepBiciB MacakMpChbKUX I1e-
peBeseHb Takci. IIpore, 3HauHa KNBKICTh CyYacHHUX IOCIHIi-
JOKEHb CBIIYATh PO aKTYaJbHICTH i€l npodsiemu. IIporxo-
3yBaHHS Micll nepeOyBaHHS MaiOyTHIX HacaKUpiB — Ie
mpoOiema, Mo ieadbHO IMiIXOAUTh JUIsl i1 BUPIIICHHS 3a
JIOTIOMOT'OI0 MalIMHHOTO HaBYaHHS HEHpOHHOI Mepexi. Ic-
HYIOTh 3aKOHOMIPHOCTI, SIKi J{y)Ke CKJIaqHl JUIS PO3YMiHHS
TPAHCIIOPTHOT JIOTICTUKYM Ta BUPILICHHS ONEPaTOPOM TaKci,
aie 1X MOXKHa (opMaltizyBat, chOpMYITIOBATH y BHUIJISII
MIOCTaHOBKH 3aJa4i i po3B's3aTH 3a JOINOMOTOI0 MallnHHO-
ro HaB4aHHA [26]. Lle € OCHOBHOIO XapaKTEPUCTUKOIO MPO-
671eMH, 110 CTOCYIOTHCS IITYYHHMX HEHPOHHHX MeEpex 1 iX
MAalIMHHOIO HAaBYaHHS [7].

3 iHmoro 00Ky, Ui TOro, 00 Mepexa JaBajla Xopouli
IIPOrHO3U, HEOOXiTHO OOpOOMTH BEJMKHH HAOIp BXITHHX
nanux [15]. Tomy HaBuaHHS HEHPOHHOI Mepexi € HalHO1Ib-
I PECYpPCOMICTKHM 3aBIaHHAM. [HOII 1s mpoueaypa Moxe
BHKOHYBATHCh 32 JIIYEHI XBWINHH, IPOTe OYBAIOTh BUIIAJI-
KM, KOJIN TPAaAMLIHHUKM MiAXiJ 10 TpeHyBaHHS Mepexi He
MOXE BIIOPAaTHCh 3 TaKMM 00csroM BXimHux manux. 11]06
BUPIMINTH 110 NPOOJIEMY, HAyKOBIIl Bce OLIbIIE CXMIISIOTh-
csl 10 po3NapajesioBaHHs MPOLEypy HaBYaHHS MEpexi 3
BHUKOpHCTaHHAM rpadivynnx npouecopis [10].

Fei Miao Ta ixmi [13] 3anpononyBany cydacHy HaJiiHy
iHpOpMaliliHy CHCTEMY, sIKa BUBYA€ JaaHi, 310paHi 3 HasB-
HOI TpaHcropTHOI Mepexi. Ha mincraBi orpuMaHnx 3HaHb
Bi0OyBa€THCS aHAJI3 MMOMKUTY HA ITACaKUPCHKI MepeBE3CHHS
Takci. B po0oTi HaBeleHO METOAN MTPOTHO3YBaHHS MOIUTY
Ha HaJIaHHS IIOCIYT TaKci, BUKOPUCTOBYIOUH iH(OpMAIIiI0
PO TPHUBAIICTH IXHBOI'O NEpeOyBaHHA B J0pPO3i Ta MIBUI-
KIiCTb IEpecyBaHHS BiIIOBIIHO 10 CTaHy JOPOXHBOTO PY-
Xy. 3arponoHoBaHa HUMHU pOOOTOTEXHIYHA MOJEINb 30aIaH-
COBYE KUIBKICTh IIOI3/JOK TaKCi Ta MPONOHY€E HaWKpaly cuc-

TEeMy IapKyBaHHS Ha ITiICTaBi MONEPEIHIX MUIATeXiB BOIs.
Po3pobiieHi anropuT™Mu CripsiMOBaHi Ha CKOPOYEHHS BiJCTa-
Hi JIO KJIIEHTIB 1 MiHIMI3aIlii TPUBAJIOCTI O4iKyBaHHS SK 3a-
MOBJICHHS, TaK 1 MOTEHIIMHUX KIi€HTIB. X04Ya ONTHMI3allisa
B JIaHOMY IIIXOJi Ma€ Ha METi MiHIMI3yBaTh HANOLIbIII
BUTpATH 31 BCIX HasBHUX, BUKOPUCTOBYIOUM BUIIAJKOBI Ia-
paMeTpH, OJHAK Lie MPU3BOJUTH JI0 CEPEIHBOI MPOTYKTHB-
HOCTI cucTeMH 3arayioM. [Iporte, 11 cucTeMu BinpaBieH-
HS Takci BaXKJIMBO BUPIIINTH NHTAHHS KOMIIEHCALUT MIiX
HaWTipIIMM BUMAAKOM 1 CEpeHIMU BUTpaTaMH Ha BiANpaB-
JICHHS ITpY HEBU3HaYeHOMY nonuTi. OLiHKK eKCIepTiB Io-
Ka3yloTh, IO BIATIOBIZHO 10 po3pobiieHOi aBTOpamMH Ha-
JIIHOI cHCTEeMM BIiAIIPAaBKU TaKCi, CepelHbOCTATHCTHYHHI
JcOaiaHC CIIBBIAHOUIEHHS HOIMTY Ta IPOIMO3HIIT 3MEH-
mryerbes Ha 31,7 %, a cepenniil 3aranbHuill podir 6e3 ma-
caxupiB ckopouyerbest Ha 10,13 %, abo npubimsHo Ha 32
MJTH KM 32 OJIFH PiK.

Mohammad Saiedur Rahaman Tta ixmi [6] Bu3HaYHIH
mpoOieMy ieHTH(IKAIIi CyciCTBa TaKCi 3a HASIBHOCTI Be-
JIMKOT KUJIBKOCTI Pi3HOPIJHUX KOHTEKCTYaJIbHUX MOAYJIIB. ¥
CBOiH pOOOTI aBTOPH JIOCIIJDKYBAJIH MPOOJIEMY IPOrHO3Y-
BaHHS TPUBAJIOCTI OYIKyBaHHS BOJIISIMM TaKCi MacaKHpiB B
aeporopTax, a TaKoXK Pi3HOPiAHI eNeMEHTH, HOB'sI3aHi 3 Ie-
piogoM J00H, TOTOI0K, MPUOYTTAMHU aBiapelciB i Moi3aKa-
MU HacaXHpiB Ha Takci. ABTOpaMu OyJI0 BCTAaHOBJIEHO, 1110
TakCl BB@KAIOTh HAWMPOCTIIIMM BHJIOM TPAHCHOPTY IS
TpaHcdepy MiXK aepornopToM i MicToM. MeHepkepH Iepe-
BE3€Hb MMACAXKHMPIB Ha TaKCi IMOCTIHHO KOHTPOJIOIOTH KiJIb-
KIiCTh aBiapeiciB i JalOTh BKa3iBKHM BOJMISAM 3a0paTd MOTCH-
idHUX KITieHTiB 3 TepMmiHaiiB. 1[0 3a0e3meunTtn 6e3nepe-
OiIfHICTh IFOTO TPOIIECY, MCHEIHKEPH OIIHIOKTH MOMUT Ha
Takcl 3 npuiigeniHporo aBiapeiicy. Pedtunr 3amoBoneHocTi
BOJIIB TaKci BiJI KUTBKOCTI 3aMOBJICHb B aepoIOpTaxX 3alie-
KHUTh BiJl HAJIEKHOTO YIPABIIHHSA YepraMy IacaKHpiB i
Takci. Hamararounch miaTpuMyBaTé CHMETPUYHICTh IOMH-
Ty Ha TaKci, MEHEPKEpH aepOoIOPTOBHUX NEPEBE3CHb 3aCTO-
COBYIOTh MiJIXiJl, SIKMH BHMara€ poO3LUIMPEHOI'0 BTPYYaHHS
JIIOIMHO-MAIIMHHOI cucteMu. [IpoBeneHi aBTopamu Hayko-
Bi JOCIIIPKECHHS CTBEP/KYIOTh, IO SKICTh PE3YJbTATIB IS
OKPECJICHOTO0 HUMH MIKpOpaHOHY 3Ha4YHO MOKPALIYeEThCS 3a
paxyHOK BpaxyBaHHS BiJIOBIAHMX HEOJHOPIIHUX KOHTEK-
CTYQJIBHUX YMHHHKIB, TOMY €()EKTHBHICTH 301JIBIIYETHCSL.

Jun Xu Ta iHmi [25] 3anporonyBaiM cucteMy, B SIKiH
BOHM BHUKOPHUCTAJIM IEPIOANYHI HEWPOHHI MeEpexi st
MIPOrHO3YBaHHS IIONUTY Ha Takci y MalHOyTHbOMY Ha IIij-
CTaBi ICTOPHYHMX JaHUX, ki MatoTe GPS. Bonu Bukopuc-
TOBYBaJM JoBrorpusaiy mnam'ste (LSTM) s nporuosy-
BaHHS MallOYTHHOT'O IONUTY Ha MACAXKHPCHKI MEepeBE3CHHS
takci. 3azBuyaii, LSTM BUKOPHCTOBYIOTH IJIsi PO3Ii3HA-
BaHHSI PYKOIIMCHOTO TEKCTYy, 0OpOOJICHHS NPUPOJAHUX MOB
tomo. OfHaK, y CBOIil MOJieJli aBTOPH BUKOPUCTOBYIOTH JIe-
SIKMH MEXaHI3M JUIsi 30epiraHHs IONepeaHbOro 3HAUCHHS,
T00TO Mepexy 3minraHoi migsHocTi (MDN) pazom i3 10B-
rorpuBasioro nam'strio (LSTM). Lleii anroputm nae 3mory
nocsartd 83 % TOYHOCTI NPH NMPOTHO3YBaHHI MalOyTHHOrO
TIOIMTY Ha NMaca)XMPChKi IIepeBe3EHHS TAKCI.

Nicholas Jing Yuan Ta inmi [1] 3ampononyBanu cucre-
My PEKOMCHIAMIN K I BOMAITB TaKCi, TaK 1 JJIs Maca)Ku-
piB, SIKi OYIKYIOTh IPUOYTTS Takci. ¥ CBOEMY METOJI aBTO-
PH 3aCTOCOBYIOTH 3HAHHS PO WMOBIPHICTH PHOYTTS TaKCi
3a TpaekTopiero Horo pyxy no GPS. Bonu po3poduiu rimo-
BiIpHICHY MoJenb Uit (OpMyIIIOBaHHS 3aJ€XKHOI BiJ dacy
MOBEAIHKM Takci (IiaOupaHHs/BHCaAKN/TIOI0POXKI/TapKy-

30 Ukrainian Journal of Information Technology, 2020, vol. 2, no. 1



BaHHS) Ta 3aIIPOBAIMIIN CUCTEMY MiCBKHX PEKOMEHIAMIN K
JUTSL TIACaXKUPIB, TaK 1 JUIs BOMIiB Takci. Takox aBTOpH
BJJOCKOHAJIMJIM PEKOMEH/AIl BOMISIM Takci, BPaxOBYIOUH
Yac Ta JOBKMHY Yepr'y Ha MICIIX MapKyBaHHA. SIK aist Bo-
IiiB TaKci, TaK i I MACaXHUPIB aBTOPH MOOYIyBaIIU BiJIIO-
BiHI MOJENi, IO BPaxOBYIOTh JICHb TH)KHSA Ta iCTOPUYHI
TIOTO/IHI YMOBH.

Moreira-Matias Ta iHmom [23] po3poOuiu anbTepHATHB-
HUH 710 MAITMHHOTO HAaBYAaHHS METOJ] IPOrHO3yBaHHS OLiH-
K{ TIONHUTY NMACaKUpiB Ha HaWOmMmKkunid 30-XBUIMHHAH TTe-
pioxn. A came, Metoau nporuo3yBaHHs noxiii GPS B pean-
HOMY 4aci, nepenanux Mix 441 aBToMoOUIIMH B Mepexi
Takci. BoHM MOpIBHSUIM CBOIO OLIHKY B peajJbHOMY Haci 3
(axkTHYHUM OTUTOM Ha 63 Takci B micti [TopTo. Burpo0y-
BaHa MOJIEJIb J0CATIIa TOYHOCTI IoHaT 74 %.

Naoto Mukai ta Naoto Yoden [24] cipoOyBanu peani-
3yBaTH MOMIOHMH CrOCiO MPOrHO3yBaHHS IONUTY HA Haca-
KHMPCHKI TIepeBE3EeHHS TaKci Ha MiJCcTaBi reorpadivyHux pa-
HOHIB Ta YacoOBHX BiApi3KiB. BoHM 3rpymyBanyu HasBHI JaHi
npo 25 ocHOBHMX paioHIiB ToKio 3a YacOBHMH BiJpizKaMu
10 YOTHPU TOJIMHHU Ta NepeAdadymin IONUT Y KOKHOMY
paifoHi Mmicra Ha MalOyTHIM mpoMikok uacy. Lled minmxin
JIEIIO BIJPI3HAETHCS BiA migxomy y poOoTti [23], ockinbku
BOHM HE IependayaroTb BUKOPHUCTAHHS JOCTYITHHX HOBHX
JIAaHUX JUIsI TPOTHO3YBAaHHS HACTYIMHOTO HaOOpy IMOMHUTY.
IxHilf migxin Takok MOXKHa BMKOPMCTOBYBATH JUIs 3HAYHO
MEHIIOI KUIBKOCTI BXIJHUX IapaMeTpiB nepeadaueHHs 1o-
IIUTY Ha TaKci.

HaykoBusimM Brasmocst mepeadauuTy MOMKT HA TaKCl JUIs
paiioniB Tokio 3 moxubkow B Mexax 6-24 % s pizHHX
nepioniB 106w Ta 30H Micta [9]. BoHn Hamaramuce Bpaxy-
BaTH y CBOIX IOCNTIPKEHHSIX KIUIBKICTh OMAMiB SK OyJieBHI
BXI/HMH napameTp — ¥ae nomr i He gomuTh. [Ipore, BoHH
3poOMIM BHCHOBOK, IIO [1€ HEMA€ CTaTHCTHYHOTO 3HAYEH-
Hs. OfiHaK, aBTOPU CTBEPXKYIOTh, 110 OLIbII OOMIMpHI Ta-
paMeTpy NOroN MOXKYTh, MOXJIUBO, JaTH Kpallli MPOTHO3H.
Hanpukian, HasiBHICT KUIBKOCTI ONaniB SIK Oe3lepepBHUM
napamerp abo BpaxyBaHHsS HOI'o, SIKIIO KUIBKICTH OINaiB
JIOCSITA€ TIEBHOTO TIOPOTY.

I'pinGepr ta iHmi [12] 3podunu moxioHe NpOrHo3yBaH-
Hs TONUTY HA Takci ams Heto-Mopka. Po3GuBmm Micto Ha
Oararo KBajapariB, aBTOPH Hamarajuch NeperdaYnTH KiJlb-
KIiCTh ITOT3/I0K CITKaMM KBaJApaTiB 3a JaHy rouHy. BoHu
crpoOyBaJIn TPU IIAXOAM /10 MAIIMHHOIO HAaBYAHHS: JIi-
HilfHy perpecito HaMEHIINX KBaJpaTiB, PErpecilo BEKTOpa
miarpuMku (auria. Support Vector Machines) Ta perpecito
JiepeBa pimeHb. Y AOCIDKEHHI 0YyJI0 BHKOPUCTaHO pi3Hi
HaOopu (QyHKLIH, IO MICTATH 30HY MicTa, Iepiof 100w,
JICHb TIDKHS Ta TOTOAWHHY KiTBKICTh omamiB. Sk i Naoto
Mukai ta Naoto Yoden, BoHH He BBaXalOTh, IO KiJIBKICTh
OITa/iB € CTATUCTUYHO 3HAYYIIUM [TapaMeTPOM.

Schaller [2] mocnipkyBaB MeTox IPOrHO3YBaHHS TIOIH-
Ty MAcaXMPChKUX IEPEBE3CHb TaKCi Ha OIBbII BHCOKOMY
piBHI, 00 3aNpOIIOHYBAaTH AJTOPUTM PETYIIOBAHHS aBTO-
Mo01iB Takci B Mictax CIIIA. Bin BukoprcToBYye pisHOMA-
HITHI TapaMeTpH JUIs TPOTHO3YBaHHS IIOIMUTY Ha TaKCl: 4YH-
CeJIbHICTh HAceJeHHs Ta piBeHb WOro 3alHATOCTI, Ipo-
MaJICBKUH TPaHCIOPT, PIBEHb TYPU3MY Ta 3aXOIH 3 BEJINKH-
MU TOJisIMH, KUTBKICTh JAUIOBHX BiBiIyBayiB, YaCTKy Hace-
JICHHS 3 HU3BKUM DIBHEM JIOXOJy Ta BOJIOJIHHS TPAaHCIIOP-
THUMH 3aco0amu. BHacliZoK NpOBEAEHOTO JOCIHiPKEHHS
HayKOBELlb BUSBHB, 110 iCHYE TPU MTapaMeTpu HaJ3BHYANHHO
BaXJIMBI y CBOII 3aTHOCTI mependayaTy MOMUT: KUIBKICTh

BJIACHHX aBTOMOOLIIB, aKTUBHICTh B aE€POIOPTY Ta MOI3IKH
B METPO.

Pal Ta ixmi [27] mocmimkyBaiu MeTOA TiIOPUIHOTO Ta-
paenizmy, mo € OUThII ePEeKTHBHUM 3aCO00M Y 3MCHIIICHI
3arajgbHOI TPUBAJIOCTI MPOIEAYPH HABYAHHS HEWPOHHOI Me-
pexi HX mapanenizm JaHux uu mogeni. Krizhevsky [19]
3ampoBajMB OJHMH TOPUIHUNA MiIXid 10 HABYaHHS 3TOPTKO-
BHX HEHPOHHHX MEPEX, SIKHH IMOEJHYeE Iapajesi3M JaHuX
JUIsl OOYMCITIOBAJIBHUX YAaCTUH MOJIeNi (3TOPTKOBI MIapy) pa-
30M i3 mapasenizMoM MOAENi Ul [IapiB 3 BEIHMKOIO KiJb-
KicTI0O mapaMeTpiB (MOBHICTIO 3B's3aHi mapm). Lleit minxin
MacmTabyeTbCsl 3HA4YHO Kpallle, HiX yCi aJlbTepHATHBH CY-
YaCHUX KOHBOJIIOLIHHNX MEPEXK.

OTKe, Uil HABYaHHS HEWPOHHOI MEpEeXi HaM BapTo BU-
KOPUCTOBYBATH 3HaYHY KiJIbKICTh HAOOpIB BXIJHUX JAHHX.
B Hamomy nociipkeHHi 0ysio BUKopuctaHo 4,5 MIIH IOi3-
0Kk Takci komnanii Uber B mexax Heio-Mopka 3a mepion 3
KBiTHS 110 >k0BTeHb 2014 poky. /st Ginbiioi TOYHOCTI Iie-
pendavyeHp Hamu OyI10 310paHo Ta 10JaHO 10 HAbOpy AaHUX
MIOTOJTMHHI METCOPOJIOTIYHI JIaHi 3a Iel mepiod, a came,
TEMIIEpaTypy MOBITPs Ta HasBHICTh CEMH BHUIIB aTMocdep-
HUX SIBUII. TpeHyBaHHS MepeXi NPOBOIWIM Ha OJHOMY
LEHTPaJIbHOMY IIpOLECOpi, OAHOMY Ta JBOX TIpadiuHuX
npouecopax NVIDIA TESLA K80.

Jlyis IpoBeNieHHsT OCIHIDKEHHS Y Lill poOOTI B3sITO 3a
OCHOBY 4ac, 3a SIKMH HEHpOHHA Mepexka IPOXOIUTh OJHY
ernoxy (aHri. epoch) tpenyBaHHs. LIBunkicTs npouenypu
HaBYaHHS HEHPOHHOI Mepexi 3aJeXHUTh, HacaMIIepel, BiJ
00paHoro anropuTMy il TpeHyBaHHS Ta apXiTEeKTypH IIpOr-
paMHOi CHCTEMH, KUIBKOCTI HaOOpiB JaHMX Ui 1i TpeHy-
BaHHS Ta IXHHOTO 00CSTY, KOMIUIEKTalii arapaTHOro 3a0e3-
MIEYCHHS Ta HOro MOTYKHOCTI. JloCTiKeHH BUKOHAHO JUIS
JIBOX pi3HMX KOH(]Iryparuiii anapaTtHoro 3abe3nedyeHHs, adbu
MIOKa3aTH KOPUCTH Bij napaeizarii HeHpoHHOT Mepexi 3a-
JISKHO BiJI pO3MIpY BXIIHUX JaHHUX y HaOopi Ta IXHBOT Kijlb-
KOCTI.

Pe3yjbTaTH AOC/IiAKEHHA Ta iX
OGroBOpPEHHS

Ilepedbauenns nonumy na nacax@cupcvki nepeee3en-
Ha makci. HalfiBaxmBimmM 3aBIaHHSIM Oy/b-sIKOi KOMIIa-
Hi Ta BOAIS TaKcl € MiHIMI3aIlisl TPUBAJIOCT] OYIKyBaHHS HO-
BHUX 3aMOBJIEHD Ta BIJCTaHI JO KIIIEHTIB HA MOMEHT iX HaJ-
XO/DKEeHHsI. 3apa3 BOAISAM HEOOXiJHO caMOCTIHHO BHpiHIy-
BaTH, JI¢ YSKaTH I1acaXUpiB, TaK 1100 BOHK MOTJIU IX IIBUJI-
Ko 3abpatu. IIpupoaHo, 1110 BOHM HIKOJIM HE MOXYTH JIOC-
TOBIPHO 3HATH, y IKOMY MicLi OyayTh MaiOyTHI macaxupHy,
OJTHAK JIOCBiYEHI BOIIT MOXXYTh POOMTH 30TaAKN Ta IIPOT-
HO3M HA MIiJCTaBi cBOIX 3HaHb. CHCTeMa BIIIPaBKU TaKCi
eeKTUBHO JloroMarae KiiieHTaMm Ta BogisMm. EdexrusHa po-
0oTa Ii€i CHCTEMHM TaKOX JOIIOMarae CKOPOTHTH TpUBa-
JICTh OYiKYBAHHS SIK 3aMOBJICHHS, TaK 1 camoro Takci. I1po-
T€ BOMIl OJHAKOBO HE MAalOTh JOCTATHHOI iH(popMaIii Ipo
Te, 7€ YeKaTH, 00 IIBUIKO MPUIXaTH 10 HOBOTO MacaXH-
pa. A oreparop Takci-LEHTPY MOXe OpraHi3yBaTu Ta HaJic-
JIaTH HEeoOXiJHY KUIBKICTh BOJIIB 10 paioHYy, BUXOASYH 3
ICTOPUYHHX JIaHUX.

Bimomo [22], mro monuT Ha mMacaKUPChKi MEpEBE3CHHS
TaKCl 3MIHIOETHCS 1]l BIUIMBOM DI3HUX YMHHHKIB. OKpemi
po0JIeMH BUHUKAIOTh Yepe3 NmapKyBaHHs y micTi. Hepinko
y NIEBHUX paiioHax, 0COOJIMBO OJIMKYE /IO HEHTPAIIBHOT Yac-
THUHM MicCTa, HE BHCTA4a€ BUIBHUX MiCLb Ha MapKoBIi. SIKk-
II0 BJAJIOCh 3HAWTH IApKOMicIe, TO MOXXE CTAT'YBaTHUChH
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IUTaTa 3a Yac OYiKyBaHHS HACTYITHOTO 3aMOBJICHHS Y IbOMY
Micri. Takoxk HEOOXiTHO B3STHU JO yBar i Te, mo 0yBarwTh
BHITQIKH, KOJM HOBi 3aMOBJICHHS KIII€HTIB 3'SBISIFOTBCS Y-
e TAJICKO B1JI MICIs OYiKYBaHHS BOJIS.

OTxe, abu JOCSTTH Li€l METH, HOTPIOHO MaTH PO3YMiH-
HS TPAHCIOPTHOI JIOTICTHKY Ta BMIHHS OIIIHUTH MOXJIABHA
reorpaiyHii MONHUT HAa MAacaXMPCHKI MEPEeBE3EHHS TakKci
3aJICKHO Bij 0araTbOX YHHHUKIB, HANPUKIIAMN, MOPH JHS,
MIOTOJTH, CBATKOBUX JHIB, KyJTbTYPHUX 3aXOIB 1 T.II.

Mani ona mpenyéanna. JIns TpeHyBaHHS HEWPOHHOI
Mepexi y poO0Ti BUKOPUCTOBYEThCSI HAOIp BXIMHUX JaHUX,
0 MIiCTHUTH 4,5 MITH Moi310K Takci kommanii Uber B Mexax
Hero-Mopka 3a mepion 3 kBiTHa 10 x0BTeHb 2014 poky.
Hab6ip BXiTHUX JaHUX B3ATO 3 BLAKPUTHX JKepern [22]. s
OLTBIIOT TOYHOCTI TepeadadeHb 3i0paHo Ta JOJaHO 10 Ha-
00py JMaHUX ITOTOJWHHI METEOPOJIOTIYHI JaHi 3a Lei caMuid
nepiog, a came TeMIlepaTypy IOBITps Ta HasBHICTb CEMH
BUIIB aTMOC(EPHHX SIBHIIL.

CcdopmoBanuii HaOip BXiHMX JaHWUX AJISl TPEHYBaHHS
HEWpOHHOI MEpeXi Mae Taki aTpUOyTH: JEHb, MICALb 1 PIK
MOT3/IKH, MIMPOTA Ta JOBrOTa IOYATKOBOI TOYKH MOI3IKH,
TEMIIEpaTypa MOBITPsI, HASBHICTH JIETKOTO, CEPEAHBOTO Ta
CHJILHOTO JIOIIY, HAsBHICTb TyMaHy, CEpIIaHKY, JIEIKOTO
cHiry [30]. lupoTa Ta MOBrota MOYaTKOBOI TOYKH IOT3IKA
— 11e aTpuOyTH, SIKi HEeHpOHHA Meperka IOBUHHA Iepedada-
TH I BU3HAYCHHS MICIIE3HAXOJDKCHHS IMacaxkupa y 3aja-
HUH Yac Ta HasBHY noroay [8], [29].

Bazamowaposuii nepyenmpon. Jlns nepenOadeHHS
MICIIE3HaXO/PKCHHSI HACTYITHOTO MacaXXHpa BHKOPHCTAHO
bazamowaposuil nepcenmpon (auri. Multilayer Perceptron)
SIK OJIMH 3 BB HEWPOHHUX Mepex. bacamowaposuil nep-
cenmpon — 1ie PISHOBUJL MEPEXi MPSMOro 3B'SI3Ky 3 OJHUM
a00 JeKiIbKOMa PIBHSIMM BHYTPIIIHIX IIApiB MK BX1JTHUM i
BUXIJHAM [IapaMu. BXimHuii curaan y Takiii Mepexi rnomm-
PIOETBCS B OZIHOMY HAIPSMKY, BiJ mIapy 1o mapy. Buxinni
OJMHUII NPEICTABISIOTH TINEPIUIONIMHY B HPOCTOPI IMIad-
JIOHIB BBEJICHHS. Mepexa CKIIQIaeThest 3 M mapiB, KOXKEH 3

AKMX MicTHTB J,,m=1,M By3nuiB. Baru Bix (m—1)-ro mapy

m?
JI0 M-T0 Wapy Mo3HavarThes W' . MYHKIIS 3MilleHHs, BU-
XO/y Ta aKTuBauii i-ro HeWpoHa B m-My IIapi, BiANOBIIHO,
no3Hayaetbes sk 6, 6 ta ¢ () [5].
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Puc. 1. ApxiTekTypa 6araromapoBoro nepcentpony [5]

BarartomiapoBi nepcenTpoHM YCIHIIIHO 3aCTOCOBYIOTH
JUTSL BUPINICHHS DPI3HOMAaHITHUX 3aBJaHb Ta MalOTh TakKi
ocobymBocTi BuzHaHHA. KoxxHa HelipoHHa Mepeka Mae He-
niHidHY (yHKOito aktuBanii. OKpiM IapiB BXOAY Ta BUXO-
Iy, TAKOT'O THITY HEHpOHHA Mepexa Ma€ JAeKiJIbKa MPUXO0Ba-
HUX IIapiB.

3acio ona mpenysanna HelipoHHOI Mepedici. [Ins Tpe-
HYBaHHS HEHPOHHOI MepeXi HAMH BUKOPUCTAHO ONTHUMI30-
BaHy TEH30pHY 0i0J0TEeKyY 3 BIAKPUTHM KOZOM I IIH0O0-
KOTO0 HaBYaHHS 3 BUKOPHCTaHHIM rpadiuHHX IPOIECOpiB
ta npouecopiB PyTorch [28]. Bona 3abesneuye maxcu-
MaJIbHY THYYKICTh Ta HIBHAKICTh HAYKOBHX OOYHCIIEHD JUIS
rTMOOKOT0 HaBYaHHSI.

Bukopucranns 6i6miorekn PyTorch mns tpenyBanHS
Mepexi Mae Aeski mepeBaru. Xopomia JOKyMEHTallis Ta
MIPOCTHI CHHTAKCHC JIa€ 3MOT'Y IIBHJIKO PO3POOHUTH IOTPiO-
HY K0JI0BY 0a3y. bibmioreka j1ae MOXKIUBICTH po3napaseny-
TH TIPOLEAYpPY TpeHyBaHHS. 3 1 BUKOPHCTaHHSIM MOXKHA
PO3IOIUIATH O0YUCITIOBAIBHY POOOTY MiXK AEKiJIbKOMa sii-
pamu 3BuyaiiHoro abo rpagivynoro nporecopa [3].

Cmoxacmuunuit zpadicnmnuii cnyck. HainommpeHi-
IIOF0 TEXHIKOIO JUIsl O0YMCIICHHS Ta OHOBJICHHS Bar MEpEexi
€ cmoxacmuynuti epadienmuuti cnyck SGD (anri. Stochas-
tic gradient descent). SGD BuKOHye TaKi KpOKH iTepaTHB-
Ho. CriovaTKy 004MCIIIOETHCS KPOK nepeaadi Buepes. Bxin-
Hi BHOIpKM OOpOOJISIOTBCS LIap 3a IIapoM, IMOKH He Oyne
OTPHUMAaHO IIPOTHO3 Iicisl OCTaHHBOTO Mmapy. Ha HacTymHo-
My KpOlli, 3BOPOTHOMY pPO3NOBCIOJUKEHHI, Baru OHOBIIIO-
I0ThCSl Ha IJCTaBi OOYMCIECHOI PI3HMII (TPali€eHTIB) MiX
IIPOrHO30BaHUMH Ta MO3HAYCHUMH pe3ynbratamu. Lli kpo-
K{ BUKOHYIOTBCSI ITEPaTUBHO JUISl BCIX MiHi-TIAaKeTiB (aHTIJI.
mini-batch) y Habopi naHuX. SIK TUIBKH BCl MiHI-TIAKETH ON-
panboBaHo, TO OJHA ernoxa 3aBeplyeTbes. Lle o3Hauae, mo
Bech HabIp BXIAHMX JJaHUX IE€peaBaBcs BIEPEX i Ha3al de-
pe3 DNN rinbkn onuH pa3. [Iponec MokHa IPOJOBKYBaTH
npoTsroM HacTtynHux emnox. SGD mparne MiHiMizyBaTH
(GyHKIII0 BTpaTH, 3HaXOJIM4M BarW, sKi O y Kpamomy BH-
MKy BiIIoBigamy oMy Habopy nanux. Omke, SGD Bu-
KOHYe (DyHKILiIO arpokcuManii Juis Bciel HaBYaJIbHOI Ipo-
uenypu [21].

OcTtanHiM YyacoM HaOyBa€e HOMYJISIPHOCTI BUKOPHCTAHHS
ontumizaropa tury SGD Adam. Bin BHKOpHCTOBYE KBaj-
paTuuHi IpagieHTH i MaciTaOyBaHHs IIBHIKOCTI IpoIie-
JlypH HaBYaHHS, Ta IMIIYJIbC, BHKOPHCTOBYIOUM KOB3HY Ce-
peIHIO TpajlieHTa 3aMiCTh caMoro rpajieHra. Merox BUKO-
PHCTOBYE OIIHKHM IEpUIOr0 Ta JPYroro MOMEHTIB TIpa-
JieHTa, o0 alanTyBaTH MIBUAKICTH IPOLEIYypPH HaBUaHHS
Juil KokHOI Bard HeWponHoi Mepexi [17]. Adam moGpe
IAXOANTD JUIs BUPILIEHHS MPo0JIeM MAIIMHHOTO HaBYaHHS
3 BEJIMKMMHU HaOOpaMu JaHUX, a TaKOX 3 ITTMOOKMMU Oara-
TOLIAPOBUMH HEHPOHHUMH MEpEKaMH, YAaCTKOBO 3aBJISKH
XOopouIoMy KoedilieHTy mam'sri.

@Dynukuii empamu. HeillponHy Mepexy MOXHa HaBUATH,
BHKOPHCTOBYIOUH JUIS IIbOTO ITONIEPEIHI 3HAYCHHS BX1JHUAX
1 pe3yJabTYIOUMX NaHUX JUIS OHOBJICHHS Bar, OTPHUMYIOYH
IIpY [[bOMY NPAaBWIBHUM BUXiA. Taka npouenypa HaBYaHHS
Mepexi Mexye 3 mpoOyieMoro ii onmTuMizarii, Je MOMUIKa
HaBYaHHS MEPEeXi Ma€ 3BOAUTHCS 10 MiHIMyMYy. 11106 MiHi-
MI3yBaTH IO TIOMHJIKY T IPaBHJILHO HABUUTH MEPEXKY, Ha-
camIiepei HOMHJIKY IIOTPiOHO BU3HAYHTH.

Dynxyis empamu (anra. Loss function) omvcye, Hac-
KIJIBKH J1aJIeKO 3HaXOIUTHCS Mepexa Bij 31iHCHEHHS ine-
aJBHUX IPOTHO3IB Ui 3amaHuX JaHuX [4]. PesympraTtom
pobotu (YHKIIT BTpaTH € BiIHOCHE 3HAYCHHS. SIKIIO MpOor-
HO3M TOKPAIIYIOThCs, TO 3HAYEeHHS (QyHKUii BTpaTH 3MEH-
mryerbes. BuGip Tumy QyHKIil Uit HEHpOHHOI Mepexi
3HAYHOIO MIipOI0 3aJICKUTh BiJ NMPOOJIEMH, SIKY HOTPiIOHO
BUpIMMTH. [ MPOTrHO3yBaHHS MONMTY HA MACaKUPCHKI
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IIepeBe3eHHs TakCl K (QYHKIII0 BTpaTH HaifyacTilie BHKO-
PHCTOBYIOTh cepednbokgadpamuyny nomuaxy MSE (aHri.
Mean Square Error). Bu3Ha4aloTb sSIKy CyMy KBaJpariB Bij-
CTaHeW MIX LIJbOBOIO 3MIHHOIO Ta INEpeAdadyeHUMH 3Ha-
YEHHSIMHU, TOAIIEHUX Ha iX KIIBKICTh, a came

n

MSE:%Z(V[J}[_)}F)Z ’ (l)

i=1
Jie: n — KiJIbKICTh HEHPOHIB y CXOBaHOMY IIapi; v; — Bara
CHHAIICY j-TO HEHpOHa CXOBAaHOTO MIapy JIO BUXIJHOTO
HeWpoHa; ); — BUXiJHE 3HAYCHHS j-TO HEHpOHAa CXOBAHOTO
mapy (uinpoBa 3MiHHA); )X — MOpIr BUXIJHOTO HelipoHa (11e-
pendaveHe 3HAUCHHS).

Tpenysannna uneiiponnoi mepeici na zpagiunomy npo-
yecopi. [l Oynp-sikoi HeHpoHHOT Mepexi cramis il HaB-
YaHHS € HalOUIBII PECypCOMICTKMM 3aBAaHHAM. SIKIIo
HelpoHHA Mepexa Mae mpuomusno 10, 100 abo HapiTe 100
000 nmapamerpiB, TO 3BHYaHHMI KOMIT'IOTEP OJHAKOBO 3MO-
K€ BIOPATHCS 3 UM 3a JIIYeHI XBUJIMHHU, YH JICCSTKHA XBU-
quH. Ilpore, sko HelipoHHa Mepeka Mae HoHaz 10 Mibs-
pAiB mapameTpiB, TOAI Uil ii HaBYAHHS, BUKOPUCTOBYIOUH
TpaguUiiHui miaxia, Oyau 6 noTpiOHI MicsLi.

I'nmuboka neiiponna mepexxa DNN (anrn. Deep Neu Ral
Network) — 1ie mITydHa HEHpOHHA Mepexa 3 JIEeKUIbKOMa
NpUXOBaHUMH Hiapamu. [lofiOHO 10 3BMYAHHMX HEHpOH-
HHUX Mepex, IMO0KI HEHPOHHI Mepexi MOXKYTh MOJEIIOBA-
TH CKJIaJHI HEJIHINAHI BIAHOCUHU MiX exeMenTamu. I1ig yac
HaBYaHHS TIMOOKOI HEHpPOHHOI Mepexi OTpuMyBaHa MO-
JIeNlb HAMAraeThCs IMOJATH O0'€KT Yy BUTIIAAI KOMOiHamii
MIPOCTHX NPHUMITHBIB (HaNpUKIa, Yy 3aaadi po3Ii3HaBaHHI
0ci0 TaKUMH MPHUMITHBAMH MOXYTh OYTH YacTHHU O0JINY-
4si: Hic, 04i, poT i T.4.). JlogaTkoBi mapyu galTh 3Mory Oy-
JyBaTH aOcTpakiii Bce OUIbII BHUCOKMX PIBHIB, IO 1 Jae
MOJIMBICTh OyIyBaTh MOJEIi JJIS PO3Ii3HABAHHS CKIIAJ-
HUX 00'€KTIB peaJbHOTO CBITY.

Sk npaBwiio, TIMOMHHI Mepexi OyIyIOThesl SIK Mepexi
npsiMoro nommpeHHs. OfHaK OCTaHHI JIOCHIPKEHHS MOKa-
3ainm [17], sIK MOXKHa 3aCTOCYBaTW TEXHIKY IJIMOMHHOTO
HaBYaHHS ISl PEKYPEHTHUX HEHPOHHHUX MEpeX. 3rOPTKOBI
HEeWpOHHI MepeXi BUKOPUCTOBYIOTH B 00JIACTI MalIMHHOTO
30py, A€ Lel miaxin mokaszae ceode sk eexTuBHUi. Takoxk
3rOPTKOBI HEHPOHHI Mepexi OyH 3aCTOCOBaHI [UIsl PO3ITi3-
HaBaHHS MOBH.

HaBuaHHS MOMHHMX HEHPOHHHUX MEPEX MOXHA 3[iH-
CHHTH 3a JOIIOMOTOI0 3BHYalfHOTO aJTrOPUTMY 3BOPOTHOTO
MOLIMPEHHS IIOMWIKH. ICHye BeiMKa KiIbKicTh Moauika-
il TaKOro ajNropuTMy, B SIKUX BUKOPUCTOBYIOTH JEKIUJIbKa
NIpaBWJI HAJIAIITYBAHHS Bar. Hanpukian, Juis HaBYaHHS Ba-
roBux Koe®illieHTiB ®;(f) MOXHA BUKOPHCTATH aJrOPUTM
CTOXACTUYHOTO I'PAJIEHTHOTO CITyCKY:

w[f(t+1)=w[f(t)+77£,j=1,m;z=1,n, 2)

' ' 60}

Jie: M — cTajia JUIs peryifoBaHHs BEJINYNHH TOTOYHOTO KPO-

Ky; C — dynkuis BTpar. Bubip ¢ynkuii Brpat Moxe OyTH

00YMOBJICHHI KJIaCOM 3aBJaHHS MAIIMHHOTO HaBYaHHA (3

yuuTesaeM, 0e3 yauTess, 3 MiAKPIIUIeHHIM) 1 GYHKII€I0 aK-

tuBauii. J{o 7BOX TOJOBHUX MPOOJIEM TITHOOKMX HEHPOHHHUX

MEpEeX HaJleKaTh Ti X IPOOJEMH, 1[0 BUHHMKAIOTH 1 MPH

HaBYaHHI 3BUYaWHUX HEHPOHHUX MEPEX: TPUBAIICTH HaB-
YaHHS Ta IepeHaBYaHHS.

I'muboKi CTpYKTYypH HEHPOHHHUX Mepex Oiblie CXMIbHI
JIO TIEpEHaBYaHHS, OCKIJIbKH, MAIOUU 3HAYHY KIJIbKICTh IIa-
PpiB, L0 TAIOTh 3MOT'Y MOJICIIIOBATH BHCOKOPIBHEBI a0CTpaK-

ij

i, HeMpOHHA Mepeka Moke "BHBUMTH" PiAKICHI CHTYali.
VY 1poMy BHITAJIKy MOXYTb JIOIIOMOI'TH Pi3HI BUIH PEryJisi-
pusanii npoueaypu HaB4aHHS Mepexi. OIUH 3 MOXIIUBHX
METOiB peryisipusauii (auri1. Dropout) npuiycKae BHIaI-
KOBO BWJIy4YEHI BY3JIM HEHPOHHOI Mepexi Mij 4ac HaB4YaH-
HS. Y JeSKUX BUNAJKax Ie JoroMarae 3Ha4HO MEHIIe 3a-
nam'sITOBYBATH PiAKICHI 3aJISKHOCTI B TPEHYBAJIbHUX HAa0O-
pax JaHuX.

UYepes mpocToTy peaiizaii Ta Xopomry 301KHICTE st
peaizauii npoueaypy HaBYaHHS TTTMOOKNX HEHPOHHHX Me-
PEX 4acTo BUKOPUCTOBYIOTH METO] 3BOPOTHOTO MOIIHPEH-
HS NTOMWIKK 1 TpajfieHTHHH cryck. OpHaK, NpH HaBYaHHI
ITMOOKHX CTPYKTYp MepeXi BMHHMKAE AEKiJIbKa IMpolJeMm,
sIKI 0COOJIMBO BaXKJIMBI IpH onTuMmizanii GyHKUiil BTpar y
MPOCTOPI BEIHMKOI PO3MIPHOCTI: KUTBKICTh OOYHCIIOBAIH-
HUX €JIEMEHTIB, TI0YaTKOB1 YMOBH JUISl Bal' MEpPEXKi, a TAKOX
KOHCTAHTAa PEryJIIOBaHHS BEIMUUHU KPOKY.

Bapro 3a3HauuMTH, 110 AITOPUTM CTOXAaCTUYHOI'O Ipa-
JIEHTHOTO CITYCKY BiJOMHI CBO€IO IPOOJIEMOIO 3HUKAIOYO-
ro rpagieHta (anri. Vanishing Gradient), sixa nonsrae B oc-
nmabJICHHI TpajJiieHTa, a 3HAYUTH 1 3MCHIICHHS MIBHIKOCTI
IIpOLIECY HaBYaHHS MEPEeXi B Mipy IOrJIMOJIEHHS BiJl OCTaH-
HiX ii mapiB mo movyatky mepexi. Yepes ue rimmboxi mapu
HEeWpOHHOI Mepexi ayxe rmoraHo HaByaroTecs. [Ipore, oc-
TaHHIM YacoM JesKki HaykoBii [23], [27] 3amicTh (yHKIiT
aKTHBAIll By3Jla MEpEeXKi BHIYy CHI'MOina B INIMOOKHX HEH-
POHHHX Mepexax IMOoYajld BUKOPHUCTOBYBAaTH HEJIHIHHICTH
Buny ReLU (anrn. Rectified Linear Unit), ¢yHKLiO SKOT
MoxHa oncatu sk max(0, x). 3a Takoro maxonay rimboka
HeWpOHHa Mepexa 3 TakuM BujaoM (yHKHii axTuBamii He-
Mae npobiieMu ocnallieHHs TpajieHTa 1 JoOpe HaBYaAEThCS
METOJIOM TPAJIEHTHOrO CITYCKY. 3a YMOB BEJIHMKHX PO3Mip-
HOCTEeH HOBHMI Iepedip BCix KOMOiHAIii 3Ha4YeHb Mapa-
METpPiB HENPaKTUIHHUH.

I'muOuHHI HEHpOHHI MepeXi MOXKHa HaByaTH 3HAYHO
LIBHJIIE, BUKOHYIOUH JUIS [ILOTO BCl omepaii 0JHOYacHo, a
He OJHY 3a OJHO0. 1[poro MOXKHa JOCSITH, 3aCTOCOBYIOUYH
rpadiunnii npouecop, Hanpuxinax, GPU (aurn. Graphics
Processing Unit) — crieniani3oBaHuii npouecop i3 BHaije-
HOIO IIaM'ATTIO, SIKMH, 3a3BUYaii, BUKOHYE Oreparlii 3 miaBa-
10900 KOMOIO, HEeoOXifHi sl peHnpepunry rpadiku [11].
CyuacHi rpadiuni npomecopu ayxe epeKTHBHO 00poOs-
I0Th T BiTOOPaXXyIOTh KOMIT'IOTEpHY rpadiky 3aBIsSKH cIie-
IiaJi30BaHili KOHBEEPHiil apXiTeKTypi, BOHH Habararto edexk-
TUBHILI M 4ac oOpoOieHHs rpadivnoi indopmarmii, Hix
TUIOBUH IEHTpaJIbHUH nporiecop. Takox rpacgivni mpore-
COpH OINITHMI30BaHi JUIsl HaBYaHHS MOJEJIeH IUTY4YHOrO iH-
TEJIEKTY Ta MPOBE/ICHHS TITMOOKOr0 HaBYaHHSI, OCKIJIBKH BO-
HHU MOXYTb 00pOOJIATH JEKiJIbKa 00UNCIICHb OHOYACHO.

Iapanenizauia oanux 6 HeluponHux mepexncax. Eek-
TUBHE HAaBYaHHS HEHPOHHHX MEPEX € BAXIMBOIO YaCTH-
HOIO TJIMOOKOTO0 1X HaBYaHHSA. 31 301IbLIEHHSIM OOCSTY HaB-
YaIbHUX HA0OPIB JAaHHUX ¥ CKJIATHOCTI MOJEIi MEpexki Mmpo-
MOPUIHHO 3pOCTae 0OUUCIIOBANIBHA MOTYKHICTH IIpoIiecopa
Ta norpeba B nmam'siti komn'torepa. [IpumBuamenHs npore-
JlypH HaBUYaHHS CIIPHUSE IIiJBUILEHHIO SKOCTI MOAeNi, Ja-
I0YM MOXJIUBICTH 3IMCHUTH HaBYaHHS HEHPOHHHX MeEpex
Ha 3Ha4YHO OLIBIIMX HAOOpax JaHHUX.

[MapanensHe HaBYaHHS TIIMOMHHUX HEHPOHHHX MEpPEX
Mae ICTOTHI IIepeBary rnepej cepiiinnM HaBuyaHHAM. Hepinki
BUIIAJIKH, KOJIM BEJIHMKI MOJE HEHMPOHHHUX MEpexX He Mo-
XKYTb ITIOMICTHTHUCS B IIaM'AITi OJJHOTO I'padivHOTrO HPOLECO-
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pa. HaBuyaHHS pi3HMX 4acTHH MOJIEJi HA Pi3HUX rpadivHuX
mporecopax — Ie MPOCTUH CIIOCIO MOJ0IaTH OOMEKCHHS
nam'sTi rpadiyHUX mpouecopiB. BopHowac, 3acTocyBaHHS
napajieIbHAX HaBYAJIBHUX CTPATErid NPUBOAATH 1O JIEIIO
LIBHIIOr0 HaBYAHHS, PO3MOAUISIOUN IEPEKPHUBAIOdl 004YH-
CJICHHSI MDK pI3HUMHM By3/aMH. BuKopucranHs o04HCIIEHb,
3B'I3KY Ta IEPEKPHUTTS] BBEICHHS/BUBECHHS JaHUX CIPHSIE
KpaIoMy BUKOPUCTaHHIO OOYMCIIIOBAIBHHUX PECYPCIB 1, SIK
HACIIIJIOK, 3HAYHO MIBHIIIIH KOHBEPreHIlii PU HABYAHHI MO-
JIeITi MEepexi.

Bapro 3a3HaunTH, 110 ITiJ Yac HaBYaHHS HEWPOHHOI Me-
Pexi 3a JOMOMOror0 napaienisanii JaHuX HaMH Oyllo Bpa-
XOBAHO TaKi JIBl XapaKTEPUCTUKU: BUTPATH HA 3B'S30K MIX
PI3HMMU BY3JIaMU JUIsSl CHHXPOHI3auii rpa/lieHTiB i TpUBa-
JICTh TPEHYBAHHS Ta BUTPATH 4yacy Jjst o0uucieHs [14].

062060penna  pe3ynrvmamie o0ocnioxycenna. Jlocmi-
JOKEHHS 3/1IHCHEHO Ha IEHTPaJbHOMY IPOIECOpi, OJHOMY
rpadigynomy npouecopi NVIDIA Tesla K80 ta Ha nBox Ta-
KHX TIpolriecopax BimmoBinHo. TpeHyBaHHS Mepexi mpose-
JICHO Ha JIBOX Pi3HMX po3Mipax BXiAHHX JaHMX batch_size =
16 ta batch_size = 2048. Pe3ynpTaToM J0CITIDKEHHS € TIO-
PIBHSHHS Yacy JUIsl OJ{HI€T eIOXU TPEHYBaHHS.

—— 1 GPU
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Puc. 2. 3anexuicTs TpUBaATOCTI NpoLeIyPH HABYAHHS B/l KLJIb-
KOCTi BUKOpHCTaHUX pecypciB (mini-batch = 16)

JlaHi, HaBeJleHI HA pHC. 2, MOKa3yIOTh MOPIBHIHHS TPH-
BaJIOCTI IPOLEAYpH HABYAHHS HEHPOHHOI MEpexi Ui Of-
Hi€l enoxXu Ha OJHOMY IIEHTPAIEHOMY IIPOLECOpi, OHOMY
Ta JBOX TrpadiyHMX Npolecopax, BHKOPHCTOBYIOUH IS
1poro mini-batch posmipom 16 npo0. Ile mopiBHsHHS npen-
craBieHe Ha oci X. Bicb Y npencrasisie pyHKIito BTpaTH —
cepeHbOKBaJIpaTHIHa TOMUIIKA.

JlocimkeHHs: Ha oqHOMY rpadidHoMy mponecopi (dep-
BOHA JIHIS) NMPUIIBUALIYE TPEHYBAaHHS Ha LEHTPAJIbHOMY
nponecopi (4opHa inisg) y 1.0715 pasis. Take HeBenuke
NPUIIBUALIICHHS] NPOLEAYPH HaBYAHHS ITOSICHIOETHCS Ma-
JUM pO3MIpoM Ha0opy HaHMX, L0 PO3MapaleNoI0ThCI
(po3mip mini-batch) Ta 3HaYHNMM BUTpaTaMu 4acy JJIs Iie-
penadi JaHUX MK rpadivHuM 1 IEHTPaIbHUM IPOLECOPOM,
SIKHH Kepye MPOLEYPOIO TPEHYBAHHSIM.

TpenyBanHs Ha JBOX rpadiyHUX Tpolecopax (CHHS Jii-
Hisl) TOTIpHIye TPUBAIICTH NPOLEAYPU HABYAHHS MEpEexi
MOPIBHAHO 3 TPEHYBaHHSAM Ha OAHOMY rpadiuHomy abo
LEHTPaJIbHOMY Tporiecopi. Takuid pe3yabTaT IOSICHIOETHCS
BHCOKMMH BUTpaTaM{ yacy JJIsi CHHXPOHI3alii rpaieHTiB
CIYCKY MDX JBOMa rpa)iYHUMH MPOLECOPaMH Iepes] KOXK-

HUM OHOBJICHHSIM ITapaMeTpiB Mepexki (ITicist KokHoi batch-
itepanii). Lli BuTpati aist CHHXpOHi3alii HE IepeKpHhBa-
I0TbCsl €()EKTOM BiJ| mapaneiizauii 0OYMCIeHb, OCKUIBKH
pPO3MIp BXiJHHMX JaHUX, IO PO3MAPAIETIOITHCS (PO3Mip
mini-batch), € 3anaaTO MaIMM.

OTxe, npu BUKOpUCTaHHI mini-batch po3mipy 16 mpo6
HAMONTUMAJBHIIINM € TpeHyBaHHS oOpaHoi KoH(irypamii
HEeWpOHHOI Mepexi s nependavyeHHs HONMTY Ha Taca-
KHUPCHKI IEpeBE3EHHsI TaKCl TUIBKU HA OJHOMY IpadidHOMY
IPOIIEeCOopi.

JlaHi, HaBeJieHI Ha pucC. 3, OKa3ylOTh PE3yJbTaT IOPiB-
HSHHS TPUBAJIOCTI NMPOLEAYPH HABYAHHS HEHPOHHOI Mepe-
XK1 JUTS OJTHI€T €NOXHU Ha OJJHOMY LIEHTPAJIIEHOMY IIPOLECOPI,
OJHOMY Ta JIBOX I'padiuHHX MpoIecopax, BAKOPHCTOBYIOUYH
mini-batch posmipom 2048 mpo6. Po3mip BXimHHX AaHUX,
IO po3TapajenoThes, mini-batch poswmip, € y 128 pasis
OUTBIIMI 32 PO3MIp BXIIHUX JaHWX, BUKOPUCTAHUM JIJIS OT-
pHMaHHS pe3yJIbTaTiB 3 pHC. 2.
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Puc. 3. 3anexuicTs TpUBaTOCTi NpoLeIyPH HABYAHHS B/l KiJIb-
KOCTi BUKOpHCTaHUX pecypciB (mini-batch = 2048)

TpenyBaHHS HEHPOHHOI MepeXi Ha OAHOMY (UepBOHA
JiHIA) Ta ABOX (CHMHS JIiHISN) TpadiyHUX Hpolecopax € y
1.0861 Ta 1.0811 BimmoBigHO pa3iB IMIBHIIIC, HIX TPEHY-
BaHHS Ha OJJHOMY LIEHTPaJILHOMY IpoLecopi (Y0pHa JIiHis).
[MopiBHsHO 3 pe3yabTaramu il mini-batch posmipy 16
po0, TpEHYBaHHS Ha ABOX IpadiyHUX Mpolecopax Biady-
BA€THCSl 3HAYHO IIBHUJIIC, HDK Ha OJHOMY LEHTPAJIbHOMY
npouecopi. Ilpore, HemMae NPUIBHIIICHHS MK TPEHYBaH-
HSM MeEpexi Ha OIHOMY Ta JBOX IpadiyHuX mporecopax,
OCKIUIBKH KOPHCTH BiJ Hapaienmizaimii OOYUCIICHh Ha JIBOX
rpadiyHHUX MPOLECOPaX KOMIICHCYEThCSI BUTPATAMH Ha CHH-
XPOHI3alil0 MK LMMHU MPOLECOPaMH IIiJ] TPUBAIICTh Tpe-
HyBaHHS.

Indopmanis, HaBeneHa Ha puc. 4, IOKa3ye 3aJEKHICTH
TPHUBAJIOCTI TPOLEIYpH HABYAHHS HEHPOHHOI Mepexi Juis
OJHI€T enoXy MiXK yciMa BUKOPHCTaHUMHU y Lilf poOOTi ana-
patHUMH KOH(]IrypamisiMu KoMn'torepHoi TexHiku. Tpeny-
BaHHS Ha OJHOMY rpai4HOMY HPOLECOpPi 3 BUKOPHCTAH-
HAM mini-batch posmipy 2048 mpo® Oyno HaliMeHIINM,
BOJIHOYAC SIK aHAJIOTIYHE TPEHYBAaHHS Ha JIBOX IpadiuHuX
npouecopax po3mipy 16 npo6 Oys0 HalOLIBIIAM.

Pi3HUIS MiX TPUBAIIICTIO TPEHYBaHHSI HEHPOHHOI Mepe-
XK1 1711 OJHIET eITOXHM 3HAXOJUTHCS B MEKaX COTEHb CEKYH]
Juiss 00paHMX amnapaTHUX KoHQirypaniii Ta BuOpaHoi apXxi-
TEKTYpH HEHpOHHOI Mepexi. Bapro 3a3HauumrH, mo apxi-
TEKTypa PO3IJISIHYTOI HEWpPOHHOI MEpeXi MICTUTH BEJIHKY
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KIJIBKICTh MapamMeTpiB, Ta BiTHOCHO MaJy KiJIbKICTh 004HC-
JICHB, TTOPIBHSHO 3 IHITMMH apXiTEeKTypaMHu.
6000 -

4500

M 1 GPU, batch_size = 16

M 2 GPUs, batch_size = 16
CPU, batch_size = 16

B 1 GPU, batch_size = 2048

B 2 GPUs, batch_size = 2048

B cPu, batch_size = 2048

0
Puc. 4. 3Beena 3aj1e:kHicTh TPHBAIOCTI MPOLEYPH HABYAHHS
BiJ KIJIbKOCTI BUKOpHCTaHUX pecypciB

Tak, HanpukIaa, ATl 3TOPTKOBUX HEHPOHHHX MEPEX,
Jie KUTBKICTh OOYHCIICHb OinbIna, eEeKT Bii Iapaenizamii
Ha JEKLIbKOX rpadiuHux npouecopax Oyzae Ourpmmii. [Ipo-
Te, BUTPATH ISl CHHXPOHI3alil MK TpadiyHIMH IPOLeco-
pamu Oyayts ctamuMu. OTXe, 32 JOMOMOTOI0 PO3IIISTHYTHX
METOJIiB Mapajiesntizamii npoueypyu TpeHyBaHHs HEHPOHHUX
MEpEeX, MOXKHA JIOCSATTH 3HAYHO KpalIMX pPE3YJbTATIB 3a
YMOBH OOpaHHS BiANOBIHOI apXiTEeKTypH NPOrpaMHOI CHc-
TEMH, OCHOBOIO SIKOI € HeHPOHHA Mepexa.

BucHoBKH

1. 3'sicoBaHo, 110 /ISt MiHIMI3aLii TPUBAJIOCTI OYiKyBaH-
HsI HOBHX 3aMOBJIEHb Ta BiACTaHI 10 KIIE€HTIB HA MOMEHT IX
HaJIXO/DKEHHS, a caMe ISl BHPIMIEHHS MPOOJIEMH IIPOrHO-
3yBaHHS IOIUTY Ha Maca)XKUPChKi IEepeBe3eHHs Takci, J0-
LIBHO BUKOPUCTOBYBATH 3aCO0M MAIIMHHOTO HaBYaHHSL.

2. BcranoBineHo, mo0 JOCATTH BEJNHMKOI TOYHOCTI Yy
IIPOrHO3YBaHHI MOMUTY Ha MACAXKUPCHKI IEPEeBE3CHHS TaK-
ci, HAMH OIPAIbOBAHO BEIMKUI HAOIp BXiTHUX JTAHUX, a Ca-
Me 4,5 mutH moi3nok Takci. s 3MEHIISHHS TPUBAJIOCTI
MIPOLIECY TPEHYBAHHS HEMPOHHOI MEpeXi 3aCTOCOBAHO PO3-
napaJiesIIOBaHHs MIPOLUEAYPH ii HABYAHHS 3 BUKOPHCTaHHSIM
rpadiyHHX MIPOLECOPIB.

3. IIpoBeneHO TpeHYBaHHS HEHPOHHOI MEpexXi Ha IICH-
TpaJBHOMY IIPOLIECOpi, OAHOMY Ta JBOX IpadidHUX IMpoIe-
copax BianosigHo. [Tapanenizanis Ha AEKIIBKOX rpadiuHnuX
MIpOLIECOpax HE 3aBXK/IU O3HaYa€ MPUIIBUILICHHS MTPOLETY-
pPH HaBYAHHS, OCKUIBKM BUTPATH Ha KOMYHIKAIiI0 MIX aK-
TUBHHMMHU IIPOIIECAaMH Ha Pi3HUX TpadidHuX Ipolecopax me-
PEBHILYIOTH KOPHUCTH Bijl MTapaienizamii npoueaypu TpeHy-
BaHHS. 32 YMOBH OOpaHHs JOCTATHBO BEJIMKOTO 00CATY J1a-
HUX JUIsl napasielntizamii BUKOHaHHS PO3PaxyHKiB (BEIHMKHUH
mini-batch po3Mip) MOXKHa IOCSATTH NUIIXOM HPHUIIBUI-
LIEHHS POLEYPH HAaBUaHHS MEPEXi.

4. BuzHaueHo, 110 NMPUIIBUALICHHS IPOLEAYPH HaBYaH-
HSl HEHPOHHOI Mepexi 3alIeXnTh Bij OaraTboxX YMHHHMKIB: 11
apxiTeKTypH, TineprapamerpiB TpeHyBaHHs, KOHIirypamii
anapaTHOro 3a0e3neyeHHs Ta METOy Napaesnizamii BUKO-
HaHHS pPO3PaxyHKIB.
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TRAINING NEURAL NETWORK FOR TAXI PASSENGER DEMAND FORECASTING USING

GRAPHICS PROCESSING UNITS

The peculiarities of neural network training for forecasting taxi passenger demand using graphics processing units are
considered, which allowed to speed up the training procedure for different sets of input data, hardware configurations, and its
power. It has been found that taxi services are becoming more accessible to a wide range of people. The most important task for
any transportation company and taxi driver is to minimize the waiting time for new orders and to minimize the distance from
drivers to passengers on order receiving. Understanding and assessing the geographical passenger demand that depends on many
factors is crucial to achieve this goal. This paper describes an example of neural network training for predicting taxi passenger
demand. It shows the importance of a large input dataset for the accuracy of the neural network. Since the training of a neural
network is a lengthy process, parallel training was used to speed up the training.

The neural network for forecasting taxi passenger demand was trained using different hardware configurations, such as one
CPU, one GPU, and two GPUs. The training times of one epoch were compared along with these configurations. The impact of
different hardware configurations on training time was analyzed in this work. The network was trained using a dataset containing
4.5 million trips within one city. The results of this study show that the training with GPU accelerators doesn't necessarily
improve the training time. The training time depends on many factors, such as input dataset size, splitting of the entire dataset
into smaller subsets, as well as hardware and power characteristics.

Keywords: machine learning, demand forecasting, neural network training, training speedup, training parallelization.
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