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PO3POBKA TA HABUAHHS HAMPOHHOI MEPEXXI 3A JOIIOMOI'OIO RAY

Jlokymenm onucye po3pobky ma Hag4aHHs HellpoHHOI Mepedici 3a donomozoro Ppelimeopka Ray, 3ocepedcyroyuce
Ha sunadky 3 Habopom daHux Fashion MNIST. OnucaHo 6nau8 MAawWuUHHO20 HABYAHHA Yy PI3HUX 2aay35X [ 30amHicmb
06po6asimu 8eAuki macusu daHux 3 8UCOKOI moyHicmio. Ray donomazae ynopamucs 3 sukaukamu macumaéysaHus ML-
3acmocyHkie, 3abe3neyyrouu npocmomy po3pobkKu CKAAQOHUX cucmemM ma YnpasAaiHHA 8eAUKOMACWMmAabHUMU
06YUCAEHHAMU.

OnucaHo mexHiuHull npoyec nidzomosku, mpeHysaHHss ma eanioayii HellpoHHOI mepedci 0451 po3ni3HA8AHHSA
306pasiceHb o0dsey 3 Habopy Fashion MNIST 3a donomozoio Ray. IlodaHo apximekmypy HellpoHHOI Mepedici 3 pi3sHUMU
wapamu, exkaroyarovu ReLU i eidmosy, dasa HeainiliHocmi ma pezyasayii. TpeHysaHHs1 8KAO4AE po3n00ineH] 064UCAEHHS,
demoHcmpyouu 30amHicmb Ray 06po6asimu 064uUC/AeHHSs HA Pi3HOMY 001A0HAHHI.

Ray Train, wo cnpoujye macumabysaHHsi 2AUGOKO20 HABYAHHS, 0036015€ Macwumaoysamu Mmodeai 6e3 3HaUHUX
3MiH Kody, nidsuwyryu npodykmugHicmv po3po6HUKi8. [loc/aidxiceHHs] 3asepulyemuvCsi YCNIWHUM CMBOPEeHHSAM ma
mpeHy8aHHsIM HelipoHHOI Mmepedci 3 gukopucmaHHsam Ray, nidkpecaiowyu epekmusHicms petimeopka y nidsuujeHHi
npodykmusHocmi cucmem ML.

Kawuosi caoga: mawuHHe HasuaHHs, ¢ppetimeopk Ray, Fashion MNIST, HellpoHHa mepedxca, po3nodineHi
06YUCAeHHs], MacumabyeaHHsl, 06pobka daHux, mpeHysaHHsl Modeell, 21u60Ke HABUAHHSL.
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DEVELOPMENT ANS TRAINING OF A NEURAL NETWORK USING RAY

The document discusses the development and training of a neural network using the Ray framework, particularly focusing on a
case study involving the Fashion MNIST dataset. Machine Learning (ML) has revolutionized various fields by enabling the processing and
analysis of vast data sets with unprecedented accuracy and speed. It highlights ML's impact in healthcare, environmental science, and
astrophysics, illustrating its ability to improve disease prediction models, climate change scenarios, and astronomical data analysis.

Ray, an open-source Python framework, addresses several challenges associated with scaling ML applications. It simplifies the
development of complex, distributed systems by providing a unified API that supports parallel task execution and large-scale model training.
This framework efficiently manages tasks that require high-performance computing resources, such as real-time data processing and
extensive simulations. Ray's scalability from single machines to clusters makes it indispensable in environments with fluctuating
computational demands.

The document details the technical process of setting up, training, and validating a neural network to recognize clothing images
from the Fashion MNIST dataset using Ray. It covers the initial steps, such as importing necessary libraries and preparing the dataset, and
outlines the architecture of the neural network built with various layers including ReLU and dropout for non-linearity and regularization to
prevent overfitting. The training process involves distributed computing, highlighting Ray's capabilities in handling stateful and stateless
computations across diverse hardware setups.

Furthermore, Ray Train, previously known as Ray SGD, is part of Ray's ecosystem designed to simplify the scaling of deep learning
and ML across multiple GPUs and nodes. It allows users to scale their ML models from a single computer to a distributed environment
without significant code modifications, enhancing the developer's productivity by minimizing setup time for iterative development.

The paper concludes with the successful development and training of a neural network using Ray, which demonstrates the
framework's efficiency in enhancing the performance and reliability of ML systems across various industries. This study not only reaffirms
Ray's role in advancing ML application scalability but also sets the stage for future explorations in distributed computing for artificial
intelligence.

Keywords: Machine Learning, Ray Framework, Fashion MNIST, Neural Network, Distributed Computing, Scalability, Data
Processing, Model Training, Deep Learning.

ITocTaHoBKa Mpo0/1eMH y 3arajibHOMY BHIVIfAAI Ta i 3B°A30K i3
BAKJIMBMMHU HAYKOBHMH YH MPAKTUYHHMU 3aBJIaAHHAMU

Mamwunne HaByanHs (ML) crao OCHOBOIO Cy4acHMX HAayKOBHX IOCII/KEHb, PEBOJIIOIIOHI3YIOUH pi3HI
rajty3i 3aBASKH CBOIH 3aTHOCTI 0OpOOJIATH Ta aHANIi3yBaTH BEIMYE3HI MAacHBH JIaHMX i3 HEOyBalOIO TOYHICTIO Ta
mBUAKICTIO. Y cepi OXOpOHH 3JI0POB'S AITOPUTMHM MallMHHE HaBYaHHS JIONIOMArae IependavyaTH cHajlaxu
3aXBOPIOBaHb, MEPCOHATI3YBaTH JIKYBAaHHS Ta ABTOMATHU3yBaTH JIarHOCTHYHI IPOIECH, 3HAYHO IOKPAIlyIOYH
pe3ysbTaTH JUIs NalieHTiB. Y Tary3i eKoJorii JOCHiHUKN BUKOPUCTOBYIOTh MalllMHHE HAaBYAHHS /IS MOJICIIFOBAHHS
CIleHapiiB 3MiHM KJIiMaTy Ta ONTHMi3amii cmcTteM BigHOBIIOBaHOI eHeprii. Kpim Toro, y cdepi actpodizukn
MAaIlMHHE HAaBYaHHS JIOTIOMAra€ aHali3yBaTH BENWYE3HI HAOOPH JaHUX 3 TEJECKOIIB Ta KOCMIYHHX amapatiB JUId
ineHTHdiKaIii HEOECHUX T Ta SIBUIII, 110 TIEPEBUIIYIOTh MOMIIUBOCTI JIFOJICHKOTO 30DY.

Binkpurnit ¢pperimBopk 1t Python Ray, posrismae xinpka BUKIHKIB, sIKI BUHHKAIOTh PH MacIITa0yBaHHI
3aCTOCYHKIB MAIIMHHOTO HABYaHHs. MIOr0 OCHOBHA CHIIA MOJISTAE B CIPOIICHHI PO3POOKH CKJIAJHUX, PO3IIOIIICHHX
CHCTEM IIJIIXOM Ha/IaHHS YHi(iKoBaHOTO mporpamHoro inrepdeiicy (API) mis BuKOHaHHS mapajielbHUX 3aBJaHb Ta
HaBYaHHS Mojeded y BenukoMy MaciuTtabi. Ray edexkrtuBHo 00poOnisie 3aBpaHHS, sIKi BHMararoTb
BUCOKOIIPOJIYKTUBHUX OOYMCIIIOBAJIBHUX DECypciB, Taki K 0OpoOKka JaHMX y peaJbHOMY 4aci Ta MaciTabHi
cumyisinii. Kpim toro, #oro 3martHicTh Oe3mepebiiHO MaciiTabyBaTHCS BiJl OJZHOIO KOMI'IOTEpa 10 KiacTepa
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poOUTH HOro HE3aMiHHHUM I1HCTPYMEHTOM Yy CEpPEJOBHINAX, 1€ OOYMCIIOBAIBHI MOTPEeOM MOXKYTh HECTIONiBaHO
3pocTaTH. 3MEHIIYIOYM HpoOJieMH, IMOB'A3aHI 3 MacliTabOBaHICTIO Ta yIpaBIiHHAM pecypcamu, Ray no3Boiisie
JIOCHIZTHUKAM Ta po3pOOHMKaM OuIbIle 30cepe/kKyBaTUCs Ha po3poOli Mojelel, a He Ha BHKJIHMKAax, MOB'I3aHUX 3
IHPPaACTPYKTYpOIO.

AHaJti3 ocTaHHIX J0CaiIKeHb | myOaikamii

MamunHe HaBuanHs (ML) 3HayHO BIUIMBa€ Ha Taly3b OXOPOHHM 3[0POB'SI, IOKPAIIyIOUH MOJEN]
NPOTHO3YBaHHs 3aXBOpIoBaHb. Killbka OCTaHHIX JOCHIIKEHb BUCBITJIIOIOTH BUKOPHCTaHHS Pi3HUX TexHiK ML s
OUTBIII TOYHOTO TPOTHO3YBAaHHS 3aXBOPIOBaHb. Hampukian, MeToan aHCaMOJIF0O HaBYaHHSA, TaKi K OCTTIHT, OyCTHHT,
CTEKIHT 1 TOJI0OCYBaHHS, TIOKa3aJH OOIIIHKY Y TIOKPAIIEHHI TOYHOCTI MMPOTHO3IB JJIS TAKUX CTaHIB, AK MiabeT, IIKipHi
3aXBOPIOBaHHA, XBOPOOW HHPOK, IMEYiHKA Ta cepreBi yMoBH. Lli TeXHIKM IHTerpylooTh Kilbka Mogenei, mo0
3a0€e3NeYnTH KpaIly MpOoAyKTUBHICTH, HIK OKpeMi KIacu(ikaTOpH, BUPINIYIOYN IpoOIeMy MOMIIOK y3aralbHEeHHS,
SIKi 9aCTO aCOMIIOIOTHCS 3 IPOTHO3aMHU Ha OCHOBI ojHieT Mozedi [1].

Binbmie toro, anropurmMu ML, Taxi sik JiHilHA perpecis, JOTICTUYHA perpecis, AepeBa pilleHb 1 BUMaJKOB1
JIiCH, IIUPOKO BUKOPHCTOBYIOTHCS Y Taly3i OXOPOHHM 37I0pOB'S JUIs MPOTrHOCTHYHOI aHaniTuky. JliHiiHa perpecis,
HaINpHKJIIaJ, BiJMIHHO HiIXOAUTH ISl IIPOTHO3YBaHHs Oe3NepepBHUX Pe3YNbTATIB 1 € IPOCTOI0 y BIIPOBAHKEHHI, 110
poOuTH 11 Moy I pHIUM BUOOPOM ISl TIOTIEPEAHBOT0 aHANI3Y PH3HKY 3aXBOPIOBaHb. JloTicTHYHA perpecis, 3 iHIIOTO
OOKy, iJeaJbHO MiJXOMUTh Ui OIHAPHMX pE3yJbTATIB i YacTO BUKOPHCTOBYETHCS Uil OLIHKUA HMOBIPHOCTI
BUHHMKHEHHS 3aXBOPIOBaHHs. J{epeBa pillleHb Ta BUIIAJIKOBI JIiICH 3a0€3Me4yI0Th OUIbII TOHKHN MiXiJ, 00poOsiFoun
SIK 3aBIaHHA Kiacu]ikarii, Tak i perpecii, o J03BOJIAE IETAIBFHO aHATI3yBaTH CKIIAIHI HA0opH HaHuX [2].

OcTtaHHI pO3po0KH y PppeiiMBOpKaxX pO3MOALICHOTO 00YHCIICHHS, TONiOHUX M0 Ray, Big3HauatoTh 3HAYHUI
nporpec y MacmraOyBaHHI MallMHHOTO HaBYAaHHS Ta IITYYHOTO iHTEJNEKTY. 30KpeMa, Ray Binirpas BaxIIMBY poib y
MiABHUIICHHI MPOXYKTHBHOCTI Ta €(EKTUBHOCTI BUTPAT Ha BEIMKOMACINTA0HI poOOYi HaBaHTa)KCHHS MAaIIMHHOTO
HaByaHHS. Lleit ¢ppeliMBOpK 103BOIISE TOKPAIIUTH MacIITa0yBaHHS Ta 3HU3UTH 3aTPUMKY, 110 OyJI0 KOPUCHUM IIPH
PO3TOPTaHHI CKJIaJHUX MOJENCH y pi3HUX OOUMCIIIOBAIILHUX CEPEAOBHINAX, BKIIOYAIOYH XMapHi MIaThopMu, Taki
sk AWS, Azure Ta GCP [3].

Apxitexktypa Ray miarpumye apiOHO3epHHCTI, TI'€TEepOreHHI OOYHCIeHHS, SKi € HEeOOXITHUMH IS
JMHAMIYHOTO Ta FHYYKOT'0 BUKOHAHHS 3aBJaHb MAIIMHHOTO HaBYaHHS, MOYMHAIOYHU BiJ MPOCTOi 0OPOOKM JaHUX 10
TPEHYBaHHs CKJIAJHUX MOJITUK 3 BUKOPHCTaHHSIM pPi3HOMaHITHOro oOiamgHaHHs, Takoro sik CPU, GPU ta TPU.
Moro 3pathicTs 06poGNATH OGUMCICHHSA 6€3 CTaHy Ta 3i CTAaHOM pPOOHTL HOro OCOGNMBO E(EKTHBHHM i
PI3HOMaHITHUX 3aCTOCyBaHb MAalIMHHOTO HaBYaHHS, BKIIOYAIOYM Ti, L0 BHMAaralTh pealbHOI B3aeMOJil Ta
HaBYaHHA 3 cepeAoBuIIa [4].

Kpim toro, Ray cripusie po3ropTaHHIO Ta YIPABIIHHIO PO3MOIUICHUMH 3aCTOCYHKaMU 4depe3 Taki (yHKIIIi,
SIK aBTOMAaTHYHE MacIITaOyBaHHS Ta Kiactep Ray, skuii onTiUMi3ye po3Imoaia pecypciB Ha OCHOBI moTped pob6ovoro
HaBaHTaxeHHsA. Lls amantuBHICTH 3poOmia Ray momymsapHuM BHOOpOM sl po3pOOHHKIB Ta KOMMaHIH, sKi
MPAIOIOTh HAaJ| NMEPEAOBUMH TEXHOJOTIIMH LITyYHOTO IHTEJEKTYy, MOKPAIIyIOUH NMPOAYKTHBHICTH Ta HaIiiHICTH
CHCTEM MAITMHHOTO HABYAHHS y Pi3HHUX ranyssx [5, 6].

bibnirorexka Ray Train, panime Bimoma sik Ray SGD, € wactuHOl exocucremu Ray, nmpusHadeHoi st
CHPOLICHHS MaclITa0yBaHHS HaBYaHHS IJIMOOKOrO HABYAHHS Ta MAUIMHHOTO HAaBYaHHS UL KUIbKOX rpadiuyHMX
mporiecopiB Ta By3JiB[7]. BoHa 103B0JIsIE KOPUCTYBayaM JIETKO MaclITa0yBaTH CBOI MO/ MAITHHHOTO HABYAHHS 3
OJTHOTO KOMIT'FOTEepa Ha PO3IOALUICHE cepeloBHIIe 0e3 He0OXiJHOCTI 3HAYHO 3MIHIOBATH TXHIl ICHYIOUHI KOJI.

OpnHiero 3 KiIIOYOBUX ocobimBocteid Ray Train e ii rHyukicTe y BuKopHcTaHHI pecypciB. Cucrema
MATPUIMYE HaBYaHHA Mojenell Ha OaraTthoX TpadigyHHX Tpormecopax, A€ KOXXKHOMY TpoIecy poOiTHHKa
NpU3HAaYaeThesd OKpeMUi rpadidHuil mporecop, Mo 103Boisie e(eKTHBHO NPOBOMUTH MapaienbHe HaBdaHHs. Lle
JTOTIOBHIOETHCS 3IATHICTIO TIPOBOJWTH PO3IMO/UICHE HABYAHHS HA Pi3HOMaHITHOMY OOJIaTHAaHHI, BKIIOYAIOYH Pi3HI
KOH(Irypatii HeHTpaJIbHOTO MPOIecopy Ta rpadivHOro MPOUEcopy, AOCTYNHI y XMAapHUX CEpPEeOBHUIIAX, TAKUX SK
AWS, Azure ta GCP[8].

Ray Train po3poOneHuii 3 ypaxyBaHHSIM IPOJYKTUBHOCTI pPO3POOHMKIB, aKIEHTYIOUYM YBary Ha
MiHIMaJFHOMY Yaci HaJaIITyBaHHS JUIA iTepaTUBHOI po3poOku. Lle mo3Bossie iHkeHepaMm 3 MAIIMHHOTO HAaBYAHHS
IIBHUJIKO BHOCHTH 3MiHH B CBOI MOJIENI 3 MiHIMAJIbHUM NPOCTOEM JJIsl HAJTAIITYBAaHHS PO3MOAiICHHUX mporieciB. Kpim
toro, Ray Train 3a 3aMOBYyBaHHSIM BKJIIO4YaEe B cebe BiAMOBOCTIHKICTb, 3MEHINYIOUM IIEPEPBH, CIPUIHHEH]
HECTaOUTPHUMH XMapHUMHU iHCTAHIISIMH, Ta 3a0e3Medyrour, [0 HaBYaHHS MOKE€ aBTOMAaTHYHO BiTHOBIIOBATHCS
TTiCTIs TIEpEPB.

Jist THX, XTO Mpalfoe B cepeoBHUIlax 3 OararoxMapHUMHU abo riopuaHuMu xMapamu, Ray Train nporonye
3HAUHI NepeBard, YHUKalO4M 3aMKHEHHS BeHjaopa. BiH Hajae THYYKIiCTh JUIs pO3ropTaHHS poOOYMX MpOLECiB
HaBYaHHS Ha OyJb-IKOMY XMapHOMY ITpoBaiiziepi a00 HaBiTh Ha BIACHHUX yCTaHOBKax, BUKoprcToByroun Kubernetes
Juist opkectpaii. Llg aganTHBHICTD € BaXKJIMBOIO VIS MIANIPUEMCTB, IKi IParHyTh MiATPHUMYBAaTH THYYKICTh Y CBOIH
orepariifHiit iHppacTpyKTypi.

®opmyn0BaHHA Wijneil cTaTTi

Meroro poOOTH € CTBOpPEHHS Ta TpEeHYBaHHS HEHpOHHOI Mepexi 3a jgonomoroto Ray Train,

BHKOpHCTOBYIoun Habip gannx Fashion MNIST.
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n«}}v Ray Train

Trainer
Scaling Configuration O ° ~. Training Function
Launch Workers Run Training Function
=% Ray Cluster
Worker 1 Worker 2 Worker 3 Worker ...
Training Training Training Training
Function Function Function Function

Puc. 1: IIpouec B3aemonii Ray Train 3 k1actepom Ray

Po3podka nporpaMmHoro 3aée3neyeHHst

Jyis movyaTky po3poOKH Ta HaBYaHHS HEHPOHHOT Mepeki HEOOXITHO MIATOTYBaTH BCl HEOOXiAHI 010T10TCKH

1 iHcTpyMeHTH. BukopucranHs Takux 0i0mioTek sk torch ta torchvision € KpUTHYHO BaXKIIMBHUM U CTBOPCHHS
HEHPOHHUX MeEpek Ta OOpoOKHM maHWX 300pakeHb. biOmioTeka ray.train BUKOPHCTOBYETHCS IS PO3IOIICHOTO
HaBYaHH, 1110 T03BOJIsi€ eheKTUBHIIIE MacTabyBaTH NpoLeC TPEHYBaHHS MOJEIII.

[NepumiM KpokOM y TIporieci HaBUaHHA € 3aBaHTakeHHs HaOopy nannx FashionMNIST. Ileit HaOip maHuX €

posmupenHsiM kimacugHoro MNIST i mpu3HadeHHE A CKIagHIMOro OEHYMApKIHTY alTOPUTMIB MAIIHHHOTO
HauyaHHS. [lami, naHi TpaHC(hOPMYIOTBCS Ta HOPMATIZYIOTHCS JUIS MOJATBIIOr0 BHKOPWUCTAHHS y TPEHYBaHHI

MOJIEII.

b=
epochs
batch_: 1fig[ "batch_size per_worker"]

train_dataloader, test_dataloader = get_dataloaders(batc =batch_size)

train_dataloader = ray.train.torch.prepare_data_loader(train_dataloader)
test_dataloader = ray.train.torch.prepare data_loader(test dataloader)

model = NeuralNety

model = ray.train.torch.prepare_model (model)

> 1:
train_dataloader.sampler.set_epoch(epoch)

model.train()

for X, y in n(train_dataloader, desc=f"Train Epoch {epoch}"):

pred = model (
loss = loss_fn(pred, y)

optimizer.zero _grad()
loss.backward()
optimiz

model.eval ()
0, @
O:
tqdm(test dataloader, "Test Epoch {epoch}
pred = model(X)
loss = loss_fn(pred, y)
test loss += loss.item()
num_total += y.shape[@]

num_correct += (pred.argmax(1l) == y).sum().item()

test_loss /= len(test_dataloader)

accuracy = num_correct / num total

Puc. 2. Yactuna ¢pyunkuii train_func_per_worker, mo Biinosizae 3a TpeyHBaHHs Mo/ieJ1i HA OKpeMOMY KJacTepi
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ApXiTeKTypa HEHpPOHHOI Mepeki BKIIOYAE NEKiJIbKa IapiB, KOXKEH 3 SKHX BHKOHYE TIEBHY (DYHKIIO Yy
nporeci 00poOku BXinHUX 300pakeHb. [oyaTkoBHi 11ap MepeTBOPIOE TBOBUMIpPHI 300pakeHHSI B OJHOBHMIpHUI
BEKTOp, II0 HEOOXiAHO [yl OOpOoOKM AaHMX MOAANBIIMMH JHIHHMUMHU Imapamu. Lli mapu 3pidCHIOIOTH JiHIHHY
TpaHcopMmalilo AaHUX Ul BUSBJICHHS CKIaJHHX B3a€MO3B'SA3KIB y BXIIHHMX 3paskax. MiK JNIHIHHUMH IIapamu
BcTaBieHi mapu aktuBanii ReLU Ta miapu BixMOBH, sIKi 1OTTOMararoTh YHUKHYTH NPOOJeM 3HHUKHEHHS TPaJi€HTIB
Ta 3MEHILIUTHU IIepEeHaBYaHHSI.

[Ipouec HaBuaHHS HEHPOHHOI MEpeXi MPOBOAUTHCA Y PO3MOIUICHOMY CEPEAOBHIIl, IO JO3BOJISE
BHKOPHUCTOBYBATH OOYHCIIOBANBHI pecypcH eQeKTHBHINIe. 3aBASKH bOMY, MOXIIMBE IapalielbHe HaBYaHHS Ha
KUTBKOX OOYMCITIOBAIbHUX BY3JIax, 10 3HAYHO IPUCKOPIOE 3aralIbHUIT IIPOLIEC TPEHYBaHHS Ta aHai3y NaHuX. Takuid
MiAXiA T03BOJISE MIBUALIC TOCATATH BHCOKOI TOYHOCTI pO3Mi3HaBaHHS 300pakeHb Ta €(DEeKTHBHIIIE ONTHMi3yBaTH
mapaMeTpu MOJIEII.

AHaJi3 pe3yabTaTiB

Y pesynbrari miel poboTH Oyino CTBOPEHO Ta HATPEHOBAHO HEHPOHHY MEPEXY [UIsi pO3IMi3HaBaHHS

300pakeHHs o/1ATY, Oa3yrounch Ha Habopi manux Fashion MNIST, 3a nonomororo Ray.
BuCHOBKH 3 1aHOT0 10CTiTKEeHHSs

3a pesyibTaTaMH JIOCHTIDKEHHS, po3po0Ka Ta HaBYaHHS HEHPOHHOI MEpexi 3a JOIOMOTrow (GpeiMBOpKa
Ray BusiBuimcst ehexTuBHUMH A7t 00poOKky Ta kiacudikaiii 300paxens onsary 3 Habopy nanux Fashion MNIST.
Bukopucranns Ray 3HauHO cripocThiio mporec MacitadyBaHHs Ta PO3IOALTY 0OYNCIICHb, T03BOJISIIOUYH e()EKTUBHO
BUKOPHCTOBYBAaTH pPECypCH OOYHCIIOBAJIGHHX KiactepiB. OTpUMaHi pe3ysbTaTH MiAKPECIIOIOTh MOTEHINANI
¢peiiMBopka Ray sk 3aco0y Uil MiZBHINCHHS MPOAYKTHBHOCTI Ta HAAIHHOCTI CHCTEM MAIMHHOTO HAaBYaHHS, LIO
Mo3ke OyTH 0cOOIMBO KOPHCHUM B Talry3sX, I¢ HEOOX1THO MIBUAKO 00pOOIATH BETUKI MACHBH TaHUX.
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