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AHHOTaUKA

B cratbe npoBefeH aHanM3 CKOPOCTM 06paboTKM [aHHbIX aropuTMaMu MallMHHOro 00y4eHus B
3aBMCUMOCTM OT AOCTYMHbIX BbIMUCAUTENbHBLIX pecypcoB CPU n ob6bema Habopa AaHHbIX. McnbiTaHus
NPOBOAMNNCH Ha CUHTE3MPOBAHHBIX TECTOBbIX Habopax HapacTaroLlel pasmepHocTy oT 100 HabnaeHWi 1
100 npeaukTopoB Ao 2000 HabnogeHnidn n 2000 NpeaMKTOPOB C MCMOMb30BAaHWEM MO/EPHU3NPOBAHHOIO
aHcamb6nesoro anroputmMa. B pesynbrate uccnefoBaHUS  OMpPefenieHo, 4TO MPU  UCMO/b30BaHNUM
NCKNIOYUTENIbHO JOCTYMHbIX BbluncnTenbHble pecypcoB CPU NpupocT CKOPOCTY BbIMOMHEHWS airopuTma
TpebyeT 3HAYMTE/IbHO OMepeXxarollero Temna npYpPOCTOB CYMMApPHOM BbIYMUC/IMTENILHON  MOLLHOCTH,
onpefeneHa ucuucnsemas nponopums npupocTa N8 YaCTHOW 3agaun. PaccMOTpeHa TexHOorus
rMNeproToYHOCTM B  KayeCTBe MHCTPYMeHTa MoBbllleHWs npou3soguTensHoctn CPU. B xoge
9KCMEPUMEHTOB OMpeseNieHo, 4YTo 06paboTKa aIropuTMOB MAaLLUMHHOIO 00y4YeHWs B OLHOMOTOYHOM
MPUIOXEHNUN - A3bIKOBOW cpefe Python - He ABNAETCH OrpaHUYeHVEM MCMO/b30BaHUA TUNEePNoTOYHOCTY,
HanpoTWB, NPUMEHEHWE JaHHOW TEXHONOMMM MOXET MOBbLICUTL CKOPOCTL 06paboTKN ML-anroputMoB.
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Abstract

The paper analyzes the data processing speed of machine learning algorithms depending on available CPU
computing resources and data set size. Tests were conducted on synthesized test suites of increasing
dimensionality, from 100 observations and 100 predictors, to 2000 observations and 2000 predictors, using a
modern ensemble algorithm. As a result of the research it is determined that to increase the training speed of
an ML-algorithm a much larger increase in computational power is required, given that the only
computational power used is that ofthe CPU. A numerical exemplary proportion valid for a specific task is
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provided. Hyperthreading technology as a tool for increasing CPU performance is considered. In the course
of experiments it is determined that processing of machine learning algorithms in a single threaded
application - Python language environment - is not a limitation for hyperthreading; on the contrary, using
this technology can increase the processing speed of ML algorithms.

Keywords: machine learning, ensemble algorithms, hyperthreading, single-threaded application.
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BeegeHune

BbluncneHns o6l1ero HasHavyeHWs C MCNOMb30BaHMEM rpaduyeckoro npoueccopa (GPU),
Ob1n npeacTaBneHbl B Havane 2000-x rogoB v ¢ Tex NOp cTanu NonynspHoOW KoHuenuueid. MepBbiMu
npuMepamMmu 6bii YCKOPEHUE MPOCTbIX airoOpUTMOB, TAKUX KaK YMHOXEHMEe MaTpuLbl Ha MaTpuuy,
nyTem nepegpasmpoBaHns anropuTMa B BUAe onepaunii Hag rpagmyeckumu npyuMmutmeamm [Larsen un
ap., 2001]. 310 6bINO rPOMO3AKO, N HE CYLLECTBOBA/IO MHCTPYMEHTOB Pa3paboTKM ANS BbIYUCIEHWI
obulero HasHayeHus. TeM He MeHee MHOrVMe anropuTmbl 6bINM peann3oBaHbl Ha rpauueckom
npoueccope B KayecTBe A0Ka3aTeNbCTBa KOHUEMUWW, LEMOHCTPUPYSA 3HAYUTE/IbHOE YCKOPEeHMue Mo
CPaBHEHUIO C LeHTpanbHON o06paboTkoi Ha npoueccope (CPU) [Seung Won Min u gp. 2021].
CerogHa cpefa pas3paboTKM NS BbIYMC/MEHWIA Ha rpauyeckom npoLeccope 3HAYUTENbHO
3BOMIOLMOHMpPOBaNa W SBNAETCH OAHOBPEMEHHO 3penoli U CTabubHOW: [OCTYMNHbI NepeaoBble
OTNafuMKn 1 NPOPUAMPOBLLMKKA, 4YTO [enaeT OTNAAKY, pa3paboTKy Ha OCHOBe npoduien u
ONTUMM3ALMIO MPOU3BOAUTENIBHOCTM MpoLle, Yyem Korga-nnbéo [Rex Ying v gp., 2018; Seung Won
Min un gp., 2021]. Mpwn 3TOM M3MeHeHUs B rN06anbHO KOHBIOHKTYpe pbiHka GPU 2020-2021 rogos
nog BAWAHUEM pAfa (akTopoB (4eduunT NOMYyNpOBOAHUKOB, POCT KYPCOB KPUNTOBAMOT U Ap.)
onpesennin CHWKeHNe MaccoBOW AOCTYMHOCTU BbICOKOI(MEKTUBHBIX rpapuyecknx npoLeccopos.
B paHHOi paboTe Mbl paccmaTpuBaeM MpPakTUKY WCMOMb30BAaHUA BbIYUC/IEHUA anropMTMOB
MalLUMHHOro oby4yeHns ¢ obpaboTkoli Ha CPU, onpeaeneHnemM 3aBUCUMOCTI CKOPOCTU 06paboTKu OT
o06beMa [LOCTYMHbIX BbIYUC/NTE/bHLIX MOLLHOCTEA U UCMONb30BaHUE TEXHONOTUIA, MO3BONALLUX
YBENNUYNTb NPOU3BOAUTENBHOCTb.

BnusHue BbIUNCINTENBHOW MOLLHOCTU Ha CKOPOCTb 06paboTkn ML-anroputmoB

B uenax onpegeneHns BAUAHWUA BbIYUCIUTENbHOW MOLLHOCTM Ha CKOPOCTb 06Yy4YeHus
ML-anroputMoB 6bin ChOPMUPOBAH KOJ C FeHepaLueli TeCTOBOro Habopa [JaHHbIX HapacTaroLlel
pasmepHocTu oT 100 HabnwoaeHuid n 100 npeankTopos Ao 2000 Ha6nwaeHUt 1 2000 NnpeAnKTOPOB
COOTBETCTBEHHO. TakuMM 06pa3om o6uiee KOAMYEeCTBO 3HavyeHU K o06paboTke B Habope
BapbupoBanocb 0T 10 ThicAY A0 4 MWANMOHOB. TecCTOBbI/ anropuTM Obl MOCTPOEH B A3bIKOBO
cpege Python ¢ ucnonb3oBaHMEM OfHOro K3 Hambosiee pacnpoCTPaHEHHbLIX W MONYAAPHbIX
anropuTMoB MalMHHOIo obyyvyeHuns - XGBoost, 0CHOBAHHOIO Ha rpajMeHTHOM 6YCTUHTIe [epeBbeB
pewieHunii [Chen n ap., 2016; Guolin Ke n ap., 2017; Bopo6bes, 2021].

B KauyecTBe OCHOBHbIX MOLLHOCTEN ANns NPOBEPKN Oblnn BblbpaHbl BM ¢ MAEHTUYHOR nnn
CXOXei onepaunoHHol cuctemoli, CPU c patoit Bbixoga Ao 2014roga wn Texnpoueccom
22-32 UM (Windows 10 gnsa Intel(R) Core(TM) i5-4210U n AMD FX(tm)-8320; Windows 10
CEPBEP gna Intel(R) Xeon(R) E5-2660). Bbl4ncneHumsa BbINONHANUCL NCKNOUYMTENbHO Ha CPU.

Ons cobniofeHns BO3MOXHOCTU COMOCTaBUMOCTM pe3y/ibTaTOB B MIOCKOCTUM «BpPEMS
06paboTKM - [OCTYMHble BbIYUC/UTENIbHbIE pPeCYpCbl», Ana npeacTaBneHHbix CPU  6blna
paccuuMTaHa ycnosHasa obuwas yactota no Metoanmke VMware (and xocta ESXi): cooTBetcTBYeT
NPOM3BEAEHNIO KO/IMYecTBa (U3NYECKUX Afep, WX TAaKTOBOM 4acToTe M KO/MMYECTBY COKETOB
[PekoMeHaaUnmM No noBbILLEHUO NPOM3BOAUTENBHOCTU Ana VMware].
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Tabnuua 1
Table 1
KntoueBble xapaktepuctnkm CPU 9BM npu npoBeeHUN TeCTUPOBaHUS
Main technical details of PC's CPU in testing

Intel(R) i
KntoueBble XapaKTepuCTUKM Core(TM) i5- AMD FX(tm) Intel(R) Xeon(R)
8320 E5-2660
4210U
Konnuectso usnyeckux saep 2 8 8
Konnuyectso noTokos 4 8 16
ba3oBasi TakToBast YactoTa npoueccopa (GHz) 17 35 2,2
YcnosHas 06was yactorta (GHz) 3,4 28 35,2

MonyyeHHble [aHHble O0XWAAeMO [AeMOHCTPUPYIOT 3aBUCUMOCTb CHUKEHUS CKOPOCTU
peanusayuMy anroputma npu yBeMYeHUM pasmepa AOCTYMHbIX BbIYUC/IUTENbHLIX PecypcoB
(puc. 1, a) [Hamotskyi un gp., 2017; Kochura Y. un gp., 2017; Holm w pgp., 2020]. Mpn 3atom
HabnogaeTcsd U3MEHEHWe [AaHHO 3aBMCUMOCTU C NMHeilHol ans CPU ¢ OTHOCUTENbHO BbICOKMM
nokasaTtesieM 0OLLEi 4acTOTbl Ha 3KCMOHeHUumanbHy ana CPU ¢ MWHUMAaNbHbIM pasMepom
pecypcos.

a 6
Puc. 1 CkopocTb BbINO/IHEHWS ML-a/iropuTma B 3aBUCMMOCTW OT pasMepHOCTU Habopa AaHHbIX (a)
1 OTHOLLEHME [OCTYMHbIX BbIYMCINTENbHBIX PECYPCOB K CKOPOCTM BbIMNOSIHEHWUS anrOpUTMa B KOHEYHOIA
TOukKe HabnogeHus (6)
Fig. 1 The speed of ML-algorithm execution as a function of data set size (a) and the ratio of available
computational resources to the algorithm's execution speed at the final point of observation (b)

Bosnee BbipaxeHHas gucrnponopuuns HabnopaeTcq nNpyY pacCMOTPEHMM YCIOBHOMO MokKasartens
«Totalmhz / FIT TIME» (puc. 1, 6) B KOHEYHOI TOUYKE HabMOAeHUS (HA6OP AAHHbIX Pa3MEepPHOCTLIO
2000 x 2000), xapaKTepu3ytoLLero OTHOLLIEHWE AOCTYMHbIX BbIYUC/UTENbHBLIX PECYPCOB K CKOPOCTM
BbINONHEHUSA aNropuTMa B AaHHON TOYKe HabnogeHns. XapakTtep AWHAMUKW JaHHOrO rnokasatens, B
COBOKYMHOCTM C PacCMOTPeHVWEM OTHOCUTENIbHOTO W3MEHeHWs CKOPOCTW BbIMOJIHEHWUSA anroputma
CBUAETENbCTBYET O  HEOOXOAMMOCTWM  3HAUUTENbHOrO  HapawuMeaHuA  pasmepa  LOCTYMHbIX
BbIYMC/IUTENbHBIX PECypcoB N5 MOBbIWEHWUA CKOPOCTW BbIMOMHEHUS TECTOBOro anroputma. Tak,
NCK/IOYNTENIbHO B TECTOBbLIX HAabopax yBeNMYeHMEe CKOPOCTM BbIMOSIHEHNSA anropuTma Ha 1% Tpebyet
yBeIMYeHUs BbIUNCINTENbHBIX pecypcoB Ha 10 %.

766



JKoHOMMKA. VH(popmaTuka. 2021. Tom 48, No 4 (764-770)
Economics. Information technologies. 2021. Vol. 48, No. 4 (764-770)

Mcnonb3oBaHume TexHonorun hyper-threading B uenax noBbILWEHNA CKOPOCTU
ML-anropntmMoB Ha O4HOMOTOUYHOM MPUTOXKEHUN

MNepnoTo4YHOCTL - 3TO TexHonorus Intel, koTopas obecneuynBaeT BTOPO HabOp PErMcTpoB
(T. e. BTOpOe apXMTEKTYpHOe COCTOSIHME) Ha OLHOM (hM3MYECKOM MNpPOLECCOPHOM fgpe. 3TO
NO3BONSET OMepaunoHHOW CUCTeEMe WAW TUNEPBM3OPY KOMMNbiOTEPA MOAYYUTb AOCTYN K ABYM
NOTNYeCcKUM npoueccopam Ana Kaxporo usmyeckoro sgpa cuctembl (puc. 2). TMnepnoToyYHOCTb
npowuna AONrui NyTb C Tex Mop, Kak oHa 6bina Bnepsble BbinyleHa B 2002 rogy. Bo MHOrom 3To
ynyduweHve 00yCnoBAEHO YYULIEeHHOW NOALEPXXKOWA rMMneprnoTOKOB B OMepaunoHHbIX cucTemax u
runepsmsopax [Witten u ap., 2016; Zhen Jia n gp., 2019].

Hyper-threading co3gaeT fBa JfloOTMYeCKUX npoueccopa W3 0O4HOr0  (YM3NYECKOro
npoueccopHoro fgpa. OH pfenaet 310, NpeaocTaBnss [fBa Habopa perucTtpoB (HasblBaeMbiX
apXUTEKTYPHbIMU  COCTOSIHMAMM) Ha Kaxgom agpe. Korga B cokeTe Intel BkAO4YeHa
MHOrONOTOYHOCTb, BTOPOE apXUTEKTYPHOE COCTOSIHME KaXXAOro f4pa MOXeT NPUHMMaTh NOTOKM OT
onepaunoHHO cuctembl (MAK runepemsopa). ATW fABa NOTOKA MO-MpexHemy 6yAyT COBMECTHO
MCNOMb30BaTb BHYTPEHHWE KOMMOHEHTbl MWKPOApXUTEKTYpPbl, Ha3blBaeMble WCMOMHUTENbHbIMU
6710KamMKn. STO MOXET NPUBECTU K YBENNUYEHWNIO MPOMN3BOANTENLHOCTU 06paboTkm Ao 30 % B 0AHONA
cucteme CcokeToB. B cuctemax ¢ [AByMA pasbemaMu TUNEpPrnoTOMHOCTb MOXET o06ecneyunTb
ynyduweHue go 15 % [Sahil Munjal v gp. 2014]

Puc. 2. [ocTyn K NOrnyecknM npoLeccopam s Kaxkaoro pranyeckoro agpa cucteMsl 6e3 TeXHONormm
Hyper-threading (a) 1 ¢ yuyeTom ee npumeHeHus (6)
Fig. 2. Access to logical processors for each physical core ofthe system without Hyper-threading technology
(@) and with its application (b)

OfHako runepnoToOYHOCTb He BCerfja Crnoco6CTBYET MOBLIWEHUIO MNPOU3BOLAUTENLHOCTY
cuctembl. B psage cnyyaeB BKNOYEHME TUMEPNOTOYHOCTM MOXET CHU3UTL ee NMPOU3BOAUTENIbHOCTb
[Hassanein n gp. 2008].

[MNepnoToYHOCTL MOXET MNPUBECTU K He3HauYUTeNbHOMY YNYyulleHW, OTCYTCTBUIO
YNYULIEHUA UIN CHUKEHWUIO MPOW3BOAUTENLHOCTM CUCTEMBI B CNyYasX:

- Hanuums 6onbLWIOro KonnyecTsa dmnsnyvecknx agep CPU,

- OnepauMoHHas cucCTeMa He MNOALepPXMBAeT rUMneprnoToyHocTb (Hanpumep: Windows
Server 2003),

- NPUNOXEeHUe ABNAeTCA OLHOMOTOUHLIM WU He MOXeT 3((peKTUBHO o06pabaTbiBaTbh
HECKO/IbKO MOTOKOB,

- TMPUNOXeHne yxe pa3paboTaHO TakuMm 06pasom, 4TO6bl MAKCMManbHO WCMOJIb30BaTb
NCNOMHUTENbHbIE 60K B KaXAOM A4pe, WM MNPUIOXEHWE MMeeT O4YeHb BbICOKYH CKOpPOCTb
BBO/Ja-BbiBOJa NaMATL.

B uendax onpefeneHns  BAWAHWMA  TUMEPNOTOYHOCTM Ha  CKOPOCTb  BbIMOJIHEHMA
ML-anroputma B OAHOMNOTOYHOM npunoxeHunm (Python) ¢ wucnonb3oBaHnem CPU co
3HAUYUTENbHLIM KOMIMYECTBOM (hnanyeckux agep (8), 7. e. B cnyyvyae HECKONbKMUX OrpaHUYMBaOLLMNX
MCNoNb30BaHMe TMMNepnoTOYHOCTU (haKTOpOoB, OGblN NpOBeAeH AOMNOMHUTENbHbLIN TecT Ha Intel(R)
Xeon(R) E5-2660, AeMOHCTpPUpYHOLWMUM nydlinMe pesynbTaThl CKOPOCTM 006paboTKM anroputma
cpeam TecTtoBbix ABM.
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B nposefeHHOM 3KcnepumeHTe HabntogaeTcs pasHoHanpaB/ieHHOEe OTK/IOHEHWE 3Ha4YeHWUi
CKOpPOCTM BbINOMHEHNA 06paboTKM anroputma. [Mpum pa3mepHOCTM Habopa o6pabaTbiBaeMbIX
JaHHbIX A0 1300 x 1300 6Gonee BbICOKME TMOKazaTenu GUKCUPYKOTCA MNpW  MCNOMNb30BaHUK
LOCTYMHbIX BblYMCAUTENbHBLIX pecypcoB CPU 6e3 runepnoTo4YHOCTW - B CPeAHeM MoKasaTenu
nydwe 6onee 4yem Ha 1/3. C poctom o6bema TeCcTOBOro Habopa AaHHbIX WCMNONb30BaHUe
TexHonorum hyper-threading no3BonseT yAyuYWwWUTb pe3ynbTaTbl, /AWHEAHO YBeAnMUMBas WUX
NPOMNOPLNOHaNbHO pacTylleMy oo6bemy. Mpu pasmepHOCTU Habopa cebie 1600 x 1600 gmanasoH
ynyJuieHns Bapbupyetca oT 10% pgo 12 %, 4TOo 6AM3KO K 3a8BNAEHHbIM, M0 POCTY
npoun3BoAnTeNbHOCTKN, napameTpam Intel.

SIZEDS
lot 40k got 160k 250k 360k 490k 640k 810k 1000K 1210k 1440k 169Dk 1960k 2250k 2560k 2890k 3240k 3610k 4000k

)

Puc. 3. CkopocTb BbINoHeHUss ML-anropvtma B 3aBMCMOCTY OT PasMEPHOCTY Habopa AaHHbIX
6e3 TexHonorun Hyper-threading (-HT) n ¢ yueTom ee npumeHexuns (+HT)
Fig. 3. ML-algorithm execution speed as a function of data set size without Hyper-threading (-HT)
and with Hyper-threading (+HT)

Takmm obpa3om, ncnonb3oBaHue TexHonorum hyper-threading gonycTmo Npu BbINOAHEHUN
ML-anroputMoB B OAHOMOTOYHOM MPUNOXKEHUN C LONYLLEHWEM HEO6XOAMMOCTU TeCTUPOBaHMUSA
NPON3BOANTENbHOCTW CUCTEMbI B 3aBUCUMOCTU OT METOA0B 06paboTKM 1 06bema Habopa AaHHbIX.

3aKnoyeHue

POCT nNpou3BOAUTENbHOCTM  BbIYMCAUTENbHLIX MOLLHOCTEA He Bcerga npuMBOAMT K
NponopuMoHanbHOMY CHVDKEHUKD CKopocTu o06ydveHusa. [lpu pabote ¢ ML-anropytmamu B
ofHONOTOYHOW cpefe (Python) ¢ Mcnonb3oBaHMEM WUCKNKOUUTENBHO LOCTYMHbIX BbIYUCAUTENbHBIX
pecypcoB CPU npupocT CKOPOCTW BbIMNO/IHEHUS anropuTtma TpebyeT 3HaYUTeNbHO OMepeXxaroLlero
Temna npuMpocToB CyMMAapHOW BblYNMCANTENbHOI MowHOCTK (A0 1K 10).

Vicnonb3oBaHue rMNepnoToYHOCTYU MOXeT MOBbICUTb CKOpPOCTb 06paboTKm
ML-anropuTMoB B 04HOMOTOYHOW cpefe Ao 10-15 %, npu 3TOM POCT NPOM3BOAUTENLHOCTA MOXET
OblTb HE/IMHEEH Y 3aBUCUT OT COfepXaHusa 1 obbema Habopa faHHbIX, UCMO/b3yeMbIX aNropuTMOoB
M MeTofoB 06paboTKM, KOMM4yecTBa MOTOKOB. Heob6xoAMMO TecTMpoBaHWe MPOU3BOLAUTENILHOCTU
CMUCTEMbI C BK/KOUYEHHON rMNeprnoTOMHOCTbIO U 0e3 Hee ANS KaXAO0W 4acTHOM 3afadynm 06paboTKu
ML-anroputMoB B LeNdX ONpeAeneHus ONTUMaNbHOro 3HayeHUs KOJMYEecTBa MOTOKOB MOf
KOHKPETHYI0 pa3MepHOCTb BblbpaHHoro DS.
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