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IOBYJI0BA PEKOMEHJIAIIIMHOI CUCTEMM BIJIEO 3A
JIOITOMOTI OIO KJIACY MOJIEJIEM WORD2VEC
IMOCTPOEHUE PEKOMEHJIATEJIBHOM CUCTEMBI C TIOMOIIBIO
KJACCA MOJEJIEM WORD2VEC
BUILDING A RECOMMENDER SYSTEM USING WORD2VEC
MODELS

Anomauisn. Jlocnioxceno ancopumm nobyoosu mooeneti kiacy \Word2Vec.
Ilobyoosano pexomenoayitiny cucmemy Ha ocHosi moodeni SKipGram kracy
Word2Vec ma oocnioaceni pezynomamu it pobomu.

Knwuosi cnoea: pexomenoayiiini cucmemu, NpPOSHO3Y8AHHS, HEUPOHHI

Mmepexct, Word2vec.
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Annomauun. Hccneoosan aneopumm nocmpoeHusi mooeieu Kiacca
Word2Vec. Ilocmpoeno pexomenoamenvhyro cucmemy HA OCHO8e MOOeNU
SkipGram xnacca Word2Vec u uccneoosanul pe3yibmamsl ee pabomeoi.

Kntouesvie cnosa: pexomeHOAyuUoHHble CUCEMbl, HPOSHO3UPOBAHUE,

Hetiponnble cemu, WOrd2vec.

Summary. The algorithm for building Word2Vec models was investigated.
A recommender system based on the SkipGram model of Word2Vec class was
constructed and the results of its work were investigated.

Key Words: recommendation systems, forecasting, neural networks,

word2vec.

IHocranoBka 3agayvi. PekomenaaiiitHi cucTeMu 3’ IBUJIKCS. HA Cy4aCHOMY
punky IT sk MexaHi3M [Js 3aMIHM CTaTUYHOMY CIHUCKY PEKOMEHIAUid Npu
NOIIYKY a00 MOKyINKax Ha BeO-caitax. LI cuctemMu GopmMyroTh peUTHHTrOBUIA
nepenik 00’ekTiB (TOBapiB, (IbMIB, My3UUYHUX KOMIO3UIIIKA) HA OCHOBI PI3HUX
KpUTEPIiB: PEIEBAHTHICTh, MOMYJISIPHICTD, 1ICTOPIs OI[IHOK TOIIIO.

AJle, He3BaXKAIOYM Ha T€, 110 PEKOMEHJAIIHI CUCTEMH JOCHUTh HEJABHO
3'SIBUJTMCSL HA PUHKY, BXKE ICHYE 0e3114 croco0iB iX MoKpamuTu. 3 pO3BUTKOM
nociimxkenb y cdepi Big Data ta Machine Learning, Bce Ounblie KoMIaHii
MOYMHAE BUKOPUCTOBYBATH HEHUPOHHI MEPEXl M1 TOKpPAIIEHHS SKOCTI
pexoMeHaIiii. BUKkopucToByoThCS BC1 J1aH1, K1 KOPUCTYBAY 3aJIUIIIA€ HA CANTI —
ICTOpIS TEeperyisaaiB, KIKiB, OILIHOK TOIIO. 3apa3 HaOyBae NOMYJSPHICTh
anroput™M 1noOyaoBu Mmozeni Word2Vec (aqiroputm MNOIIYKY CEMaHTHYHHMX
3B’S3KiB Mi cI0BaMM). MOTO MOYMHAIOTH BHKOPHUCTOBYBATH UIS IIONIYKY
CEMaHTHYHMX 3B’S3KIB MDK PI3HUMH TUIIaMH Mefia-aanux. CaMme eKCIepUuMEHT 3
JOCITIJIKEHHSI MOYKJIMBOCTI BUKOPHCTAHHS IILOTO QJTOPUTMY I MeJia-TaHux
Oy/ie OCHOBHHMM IIPEIMETOM JOCIIIKEHHS 1aHoi poboTH [5].

Housarrs Word Embeddings. OCHOBHMM 1HCTPYMEHTOM CYy4YacHOI1

0o0OpoOKM TEKCTIB Hapasi € po3nojiiaeHi npeactaBieHHs ciiB (distributed word
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representations, Bouu x word embeddings), rpadiuHe iHTYITUBHE ITpeICTaBICHHS
SAKUX MOXKHa 1M00auuTH Ha pUCYHKY 1. B 1UX mpeacTaBieHHSAX KOKHOMY CIOBY
CTaBUTHCS y BIAMOBIIHICTH BEKTOp 13 MIACHUX YHCEI, €IEMEHT E€BKIIiJJOBOTO
npoctopy RY 1 sikorocs d (3a3Buuaii Kinbka coTens). Lli BekTOpH 1aii clyKaTh
BXOJIaMH JUIsI HACTYITHUX MOJieliel, a 0a30Be MPUITYIIECHHS TOJISITaE B TOMY, 1110
reoMeTpHuHi BigHOIEHHS B mpocTtopi RY GyayTh BiANOBiZaTH CeMaHTHYHUM
BIIHOIIICHHSM MIDXK CJIOBaMH, HAIpPHUKJIAJ, HAHOJIMK4Yl CYCid CJIOBAa B ILIbOMY
MPOCTOP1 BUSIBJISIIOTHCS MOT0 CHUHOHIMAaMU a00 1HIIMMM TICHO MOB’SI3aHUMU

cioBamu i T. 1. [2]

Paris
Coamera”
SeaWorld
ForPoise doLPki.v\

Puc. 1. I'padiune npencrasienns ciiB y 3-Bumipaomy npocropi [1]

Ines Word2Vec. OcHoBHEe 3aBOaHHS JaHOTO aJrOPUTMY IIOJISITAE€ B
1mo0y10B1 HEHPOHHOT MepeKi, sika Oy/Ie 3a 3aJIaHUM CJIOBOM y CEpEIMHI PCUCHHS
(BXiTHE CJIOBO) NIYKATH CJIOBA IMOPSA Ta OOMpaTH OJHE BUIAIKOBHM YHHOM.
Mepexa Oyae 00UHnCIIFOBaTH HMOBIPHICTH KOKHOTO CJIOBA 31 CJIOBHUKA CTATH 1M
«OIM3BKUM» CIIOBOM JI0 TOTO, sike MU oOpayii. Ko MoBa iifie mpo «OJIU3BKICThY,
TO MA€ThCS Ha yBa3l mapameTp ajJropuTMy «po3mip BikHa». TUMOBHI po3mip
BiKHA MOXK€ OyTH 2, sIKMii O03HA4ae€, 10 2 CJIoBa JI0 Ta 2 CJoBa MICIA JaHOTO

OyayTh «OMM3bKUMMY» J10 1aHoro [3].
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BuxigHunia TekcT TpeHyBanbHi
npuKnagm

fox jumps over the lazy dog. = (the, quick)

(the, brown)

IThe- brownlfox‘jumps over the lazy dog. = (quick, the)
(quick, brown)

(quick, fox)

| Thel quick- fox | jumps | over the lazy dog. = (brown, the)
(brown, quick)

(brown, fox)

(brown, jumps)

Thel quick| brown - jumps| over‘ the lazy dog. = (fox, quick)
(fox, brown)

(fox, jumps)

(fox, over)

Puc. 2. [To6ynoBa TpeHyBaJILHUX NPUKJIATIB 1JIsi Mepexi [3]

Hetiponna mepexa Oy/e BUBYATH CTATUCTUKY KIJTBKOCTI 3yCTPi4ajibHOCTI
KOKHOI 3 map. OTxe, I NpUKIaay, HEUpOHHA Mepeka WMOBIpHO Oynie Matu
HaOararo Ounbine npukianiB tumy “United” - “States”, nixk “United” - “Roads”.
Tox, mmicis TpeHyBaHHS SKIO Ha BXij mojaHo cioBo “United”, To Ha BUXO/II
HMOBIpHOCTI JiJ1s1 cimiB “States” Ta “America” OyayTh y pa3ud BUILUMHU, HIK JJIs
cioBa ‘“Roads”.

ApxiTekTypa HelpoHHOI Mepexi aaa Word2Vece. Ilo-nepiue,
HEMOXKJIMBO TIOJIATH CJIOBO Ha BXI1J 0 HEMPOHHOI Mepexi sk String. HeoOximgHo
3HANTH CTOCIO perpe3eHTallii Horo y akuich Tl inertudikaropy. 1106 uporo
JOCSITTH HEOOXITHO CIOYATKy IMOOYIyBaTH CIIOBHHUK 3 HAIUX TPEHYBAIBHUX
nokyMmeHTiB. Hexaii mu Bxke maemo ciioBHHK i3 10000 yHikansHUX ciiB [3].

Jlami Mu 3aK0y€eEMO KOXHE CJI0BO (Hampukiaj “trees”) sk one-hot BekTop
3a nonoMoroto anroputmy OHE (One-Hot Encoding). Lle#t Bektop Oyzae MicTUTH
10000 xoopauHaT (10 OJHINA KOOPAMHATI NIl KOXKHOTO CJIOBa 31 clioBHUKA). Ha
MO3MIII1, IO BIATOBIAE 3a CJIOBO “trees’” Oyze cTtosTy 1, Ha Beix iHmuUX — 0.

Buxogom HelipoHHoi wepexi Oyzae 3BuvaitHuii Bektop 3 10000
KOOpJIMHATaMU, B SKOMY OYIyTh MICTUTHCS JUIsl KOKHOTO CJIOBAa 31 CJIOBHHUKA
HMOBIPHOCTI TOTO, IO BHIAJKOBO B3ATE CJIOBO Oy/ae 3HAXOIUTHUCH TOPSI 3

JTaHUM.
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Puc. 3. ApxitekTypa HeiipoHHoi Mepexi Mmoxesi Word2Vec [3]

VY nmpuxoBaHHX IIapax Hemae (yHKUII aKTUBI3allli, ajle BUXIJHI HEUPOHU
BUKOpPUCTOBYIOTh softmax. Konu BiaOyBaeTbcsl TpeHyBaHHS MEpeXl Ha mapax
CJIIB, BX1JTHUM CIIOBOM OyJie one-hot BEKTOp, 1110 MPE3EHTYE 11€ CIOBO, @ BUXITHUM
OUIKY€TbCA TaKOX one-hot BeKTOp, 110 MPEACTaBis€ BUXIIHE CIOBO. AJle Mpu
MIPOTOHI CJIOBA YePe3 MEPEKY HACTIPABII MU OTPUMYEMO BUXITHUN BEKTOD, SIKUN
€ PO3MOIiJIOM HMOBIpHOCTEH (HAOOPOM YKCeN 3 TUIaBarv00 KoMoio) [3].

Mincymkn momeni Word2Vec. Otxke, SAKIIO JBa Pi3HUX CJIOBa MAarOTh
JTy’K€ CXO0K1 «KOHTEKCTH» (CJIOBA, 110 Ay>KE WMOBIPHO 3’ ABJISITHCS KOJIO HUX ), TOAI
Hallla MOJIeJIb Ma€ Ha BUXOJI1 JTyKe CXO0XK1 pe3yJabTaTH JJIsl IUX IBOX CJiB. | oHUM
31 CroCcO01B HAIIOK MOJIEIUTIO IBOTO JIOCSATTH — 1€ BUAATH HA BUXOM1 MOAIOHI
BEKTOPHI MpeJICTaBICHHS CIiB. TOX, SIKIIO JIBa CIOBA MAlOTh CXOXHI KOHTEKCT,
TO Hallla Mepeka HaMaraTUMEThCsl BUJATH CXOX1 BEKTOPHI MIPEACTABIICHHS CJIiB
JUTSL HUX.

IoOynoBa pexomenaauiiinoi cucremu. Hagana reopetnuna ingopmaiiist
Word2Vec ta apxiTekTypa THUIOBOI HEHMpOHHOI Mepexi anst moxaeni Skipgram
MiIBOANTH 10 AyMKH, 1m0 ID Bizjeo MokHa BUKOPHUCTOBYBATH B SIKOCTI CJiB, a
ceccli KOpUCTYBaYiB sIK peueHHs a00 TOKyMeHTH. ToMy, TEOPETHUYHO, LI 17es1 Ma€e

CIIpanrOBaTH CXOXKHUM YHMHOM.
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IMinroroBka nanmx. /s moOymoBH HEHPOHHOI MEpPEXi pEKOMEHIAIN
HE0OX1T1HO 310paTy rapHUM AaTaceT 3 CeCisIMU KOPUCTYBayiB, IKMH MOYKHA Oy/ie
BUKOPHCTOBYBATH JIJIsl HAaBYaHHA HeHpoHHOI Mepexi. [licns nmpoBeaeHHs: poOoTH
3 MOIIIYKY TaKoro Habopy JaHUX OyJI0 BUPIIIEHO BUKOPUCTOBYBATH HaOlp TaHUX
3 cepBicy Kaggle.

3HaiiieHnii Halip MICTHTH B 001 aHOHIMI30BaH1 aKTHBHI CECii Mepexo/IiB
KOPHCTYBauiB 3a PI3HUMHU BiAco-¢ainamu. Burisgae BiH SK IOKa3aHO Ha

PHUCYHKY 4.

IGZL61uig7nO0 I2Je1d9kZ0zm3JHmU eUsqti2tru24M
134Ael9PBY3IVW 1CEoPFtZIIHbG 13kgEAXtINGDXJC 1CEoPFtZIIHbG
xTiTnBDM8bHWQHCOxXW 1411IfgVzvalJbs6A xTITnBDM8bHWQHCOxW
El1azCHIBcIHO 714WPxUXTYBnG El1azCHIBcIHO 7I14WPxUXTYBnG

‘\

N

ID Bigeo

Puc. 4. CTpykTypa 1aHMX NiAT0TOBJIECHOI0 JaTACETy

ITooynoBa SkipGram mopaeni Videoid2Vec 3a gomomorow PyTorch.
[IponyctuBimM 070K 3 IMOOPTOM O10MIOTEK 1 AaHUX 3BUYalHA MOJENb MJIs
nooynosu embeddings myisi pekomMeHalli CXO0XHUX BiJIEO MaTUME HACTYIHI

napaMeTpu:

e emb_size: Po3aMip BEKTOPHOTO MPEICTABICHHS.
e emb_dimention: Po3mipnicts mpoctopy embedding, 3a3Buyaii - 32,
e U_embedding: BekTopHe npeacTaBiIeHHS HEHTPAIBLHOTO Bij€o.

e Vv_embedding: BekTopHe npeacTaBieHHs A1 CYCIAHIX BiJ€O y ceclii.

International Scientific Journal “Internauka” hitp://www.inter-nauka.com/



International Scientific Journal “Internauka’ hitp://www.inter-nauka.com/

def forward( f, pos_u, pos_v, neg_v):
"""Forward process.
As pytorch designed, all variables must be batch format, so all input of this method is a list of gif id.
Args:
pos_u: list of center gif id indexes for positive gif pairs
pos_v: list of neibor gif id indexes positive gif pairs
neg_u: list of center gif id indexes negative gif pairs
neg_v: list of neibor gif id indexes negative gif pairs
Returns:
Loss of this process, a pytorch variable

emb_u = f.u_embeddings(pos_u)

emb_v = .v_embeddings (pos_v)

score = torch.mul{emb_u, emb_v).squeeze()

score = torch.sum{score, dim=1)

score = F.logsigmoid(score)

neg_emb_v = f.v_embeddings{neg_v)

neg_score = torch.bmm(neg_emb_v, emb_u.unsqueeze(2)).squeeze()
neg_score = F.logsigmoid(-1 * neg_score)

return -1 * (torch.sum{score) + torch.sum{neg_score))

Puc. 5. Kox npsimoro xony HelipoHHoi Mepeski Mmoaeai SkipGram

[nimiamsamiss Mozeni Oynxe 3acTocoBaHa ISl JABOX IapiB HEHUPOHHOI
MEpEexi, 1110 JEKUTh B OCHOBI peKOMeHJal1iHo1 cucteMu. Ha iboMy etarni OyayTh
1HII1aJ1130BaH1 Baru HEUPOHIB HA MPUXOBAHOMY IIapl Ta Ha BUX1IHOMY. BekTopHe
npezctasiacHHs (U_embedding) rieHTpaabHOTO BiIeo — e PIBHOMIPHHUN PO3IIO/LT
B mpomikky [-0.5/em_size, 0.5/emb_size], nme BekTOopm cycigHiX Bizmeo
(v_embedding) 6yayTs 3anioBHeHi HysMu [6].

TpenyBanusa moaesi SkipGram. IIpouiec TpeHyBaHHSI MOJISATAE B MOALTY
BXIJTHUX JaHUX Ha Mapu Bineo il TpeHyBaHHS mozeni. Ilicis ¢popmyBaHHS
Takux map Gopmyrorecsa Habopu (batches) Bigeo /i1t CTBOPEHHS KITBKOX €MOXiB
TPEHYBaHHS, OCKUIBKA HEMOXJIMBO OJIHOYACHO OOpPOOHUTH BENUKY KIKIBKICTh

nanux. Kox TpeHyBaHHs NpeACTaBICHUN HA PUCYHKY.
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def train(self):
"""Multiple training.
Returns:
None.
pair_count = self._data.evaluate_pair_count(self._window_size)
batch_count = self._iteration = pair_count / self._batch_size
process_bar = tqdm(range(int(batch_count)), smoothing=1.8)
for i in process_bar:
pos_pairs = self._data.get_batch_pairsi{self._batch_size, self._window_size)
neg_v = self._data.get_neg_v_neg_sampling{pos_pairs, 5)
pos_u = [pair[8] for pair in pos_pairs]
pos_v = [pair[l] for pair in pos_pairs]
pos_u = Variable(torch.LongTensor(pos_u))
pos_v = Variable(torch.LongTensoeripos_v))
neg_v = Variable(torch.LongTensor{neg_v))
if self._use_cuda:
pos_u = pos_u.cudal)
pos_v = pos_v.cudal)
neg_v = neg_v.cudal)
self._optimizer.zero_grad()
loss = self._skip_gram model.forward({pos_u, pos_v, neg_v)
loss.backward()
self._optimizer.stepi)
process_bar.set_description(f'Loss: {loss.data[@]:.4f}, lr: {self._optimizer.param_groups[&]["1r"]:.6f}")
if i * self._batch_size % 1888088 == @:
1r = self._initial_1lr % (1.8 - 1.8 = i / batch_count)
for param_group in self._optimizer.param_groups:
param_group['lr'] = 1r
self._save_embedding( )

Puc. 6. Kox TpenyBanns moaesi SkipGram (SkipGramTrainer)

3BUYANHO, IJIA 3ayCKy JaHOro Koy Ta e(peKkTuBH1M poOOTI HEOOXITHO
BUKOpucTOBYBaTH pecypcu GPU, ToMy HenuMBHO, IO A iX 3aAisiHHSA Oyso
Bukopucrano 6i16miorexy CUDA.

IloOynoBa BeO-10AaTKYy pekoMeHAaliiiHOI cuctemMu. OTxe, MiCHs
OTIPAIIOBAHHS BCIX BXIJHUX JAaHUX MU MOOYTyBall BEKTOPHE MPEICTABICHHS Y
32-MipHOMY TPOCTOpi ISl KOXKHOTO Bifeo. Takuii CIOBHHK BXXKE MOXKHA
BUKOPUCTOBYBATH JUIsl TOOYJAOBU PEKOMEHAAIINHOI CUCTEMHU. 3BUYAIHO, IO ii
CTpyKTypa Oyjae Haa3BuYailHo mpoctoro. Ha Bxim Oyne momaBatucs Bieo 3
KOPITYyCY B1JI€0, a Ha BUX0,11 MU MaTuMeMo 50 cxoxkux Bifeo. Cxoxi1 Bijieo Oy1yTh
oOupatucs 3 KOPIYyCy BiJ€0 HUIAXOM IMONIYKY HaWOMMKYOro — icHye Oe3mnid
iHcTpyMeHTiB nakeTy PyTorch ms uporo.

[Ipoctuit BeO-mOmATOK MJIE HAOYHOI JIEMOHCTpallii e(eKTUBHOCTI
eKCIepUMeHTy OyI10 o0y aoBaHo 3a gomomororo dpeiimopky Flask (back-end)
ta React/Redux (front-end). PesynpTaT moOymoBu 10aTKy MOYKHA MOOAYUTH Ha

PHUCYHKY /.
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Puc. 7. Ilpuknajg Be6-10AaTKy peKoMeH/Iallili KOPOTKUX Bigeo

Pe3yabTatn po6oTuH pexoMenaauiiiHoi cucremu. I[licas noOymoBu
noaaTky Oysio MpoBeleHO TecTyBaHHsS cucteMu. 90% koprycy Bigeo Oyio
HaJaHo JIJIsl TpPeHyBaJbHUX 1iiel, a 10% - aiig tecryBanHs. Lle 3BUyaiiHuil KpoK
pu 1MOOYI0BI €KCIIEPUMEHTIB IIIMOOKOro HaBuYaHHA. ['padik Ha pucyHky 3.15
JIEMOHCTPY€E pe3yJbTaTh TECTyBaHHS, a caM€ Ha SKIM TMO3UIli BUSBUIUCA
PEKOMEHJIOBaH1 BiJIe0 BIIHOCHO TECTOBOTO MpUKIaay. TOOTO, SKIIO TMO3HUIIIS
BiJIcO B peKoMeHAaIlli 30iraeTbcsi 3 TECTOBOK, TO KOHKPETHA KOJIOHKA, IIO
BI/IMOBIZA€ 3a JaHy Mo3ulliio, Oyae 30uibimieHa Ha 1. SAkmo no3uiis >= 50 —

OCTaHHIO KOJIOHKY OyJie 30uibieHo Ha 1.

OuikyBaHa No3uLis Bigeo B NPOrHO3yBaHHi

KinbkicTb Bigeo

X-TMo3uuia

Puc. 8. I'padik ouikyBaHoi nmo3uilii Bizeo B pexoMeHaalisix
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Sk MmoxxHa MobaunTH 3 JaHOTO Tpadiky (puc. §) MU OTpUMAIIH JTy>Ke TApHUN
pe3ynbTaT, OCKIJIBKU JyXkKe 0arato JaHuxX BIAJIOCS PEKOMEHAYBATH MPABUILHUM
YUHOM. 3BHYalHO, T€, [0 OCTaHHS KOJIOHKA BUSBMJIACS JOCUTH BEIHMKOIO HE €
TyXe J0OpHM 3HAKOM. AJle 1€ JTUIIE € 3HAKOM TOT0, 110 MU MPOCTO HE BraJajiu
[MO3UIIIIO BIJEO.

Ioganbmuii PoO3BUTOK JOCJHIIUKEHHA PeKOMEHAAIIIHUX CHCTEM.
3BUYAiHO, SIK MOXKHA MMOOAYMTH, JJaHA MOJIETb BXKE MOBOJUTH ce0e HAJIEKHUM
YMHOM — PEKOMEHJAIlll € peneBaHTHUMH. [laHy TeMy MOKHa pPO3BHBATH
HECKIHYEHHO, TMOKpAILIYIOYH SKICTh peKoMeHjauid. s uporo, mno-mepuie,
MO>KHa 301JIBIIMTH KOPITYC BIJI€O Ta Kpalle po3napaienutyd HaByaHHs. [lo-apyre,
MO>XHa BHUKOPUCTOBYBATH OUIbIIE JAHMX, OCKUIbKM OKpiM ID Bimeo MoxHa
BUKOPHCTOBYBATH SIK ME€Ta-iHPOpMaIlilo, TaK 1 caM KOHTEHT Bifeo. Toi 3amaya 3
NLP anroputmis 6yne yckinagaena Computer Vision CKJ1aJ0BO0, 110, 3BUYAMHO,
301IbIIIy€ Yac po3poOKH, ajie, B TEOPii, MOXKE MOKPAITUTHU SIKICTh PEKOMEH AL
[4].

BucHoBku. byno no0ynoBaHo peKOMEHAAIINHY CUCTEMY JJISI BEJIMKOIO
Kopnycy Bigeo Ha ocHoBl SkipGram mogeni. Ilicns moOynoBu moneni Oyno
CTBOPEHO PEKOMEHAIlIIHY cucTeMy, BOy/I0BaHy y Be0O-10/aTOK, CTBOPEHUH 3a
nonomororo Flask (back-end API) ta React/Redux (UI front-end) qist HaouHO1
JEMOHCTpalii  pe3yiabTaTiB  JOCHDKEHHA. 3 pe3yJbTariB  poboTu
pPEKOMEHAAIIMHOI cUCTeMU OYyJIo 3p00JIEHO BHCHOBOK, IO CHCTEMa IMOBOJUTH
cebe KOPEKTHO, peKOMEHJallli — peieBaHTHI. ToMy MO»Ha BHUKOPHCTOBYBATU
MOTOYHE PIIIEHHS JIJIs1 PI3HOTO POy Meia-TaTdopM st 301IbIIICHHS] KOHBEPCIi

TOILIO.
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