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PARALLEL IMPLEMENTATION OF PREDICTION
ALGORITHM IN GRADIENT BOOSTING TREES METHOD

P.N. Druzhkov, N.Yu. Zolotykh, A.N. Polovinkin

OnncaHo HECKOJILKO TIapaslie/IbHBIX PeaIH3alfii OHOTO U3 aJropUTMOB
obyueHus ¢ yuuTejieM — IpaueHTHOro GycTunra Jepesbes pernennii (Gradient
Boosting Trees) — ¢ ucnosibzosanuem 6ubaunoreku Intel Threading Building
Blocks. Ilpupogsrcest pe3yabraThl 9KCIEPUMEHTAIBHOTO CPABHEHUS 1 aHAJN3
IIPOUBBOJIUTEILHOCTH PA3JIMHHBIX TIOAX0J0B K PAcClapaslIesTHBaHNIO.

Karouesvie caosa: epaduenmnudi bycmunez depesves pewenuti, Intel
Threading Building Blocks.

Several variations of parallel implementations of one of the supervised
learning algorithms, Gradient Boosting Trees (GBT), with the use of Intel
Threading Building Blocks are described. Results of experimental comparison
and performance analysis of different approaches to parallelization are
discussed.

Keywords: gradient boosting trees, Intel Threading Building Blocks.

BBengeunne

MarmuHHOe 06yteHne SBISETCS M0/IPa3/IesIoM BeChbMa OBIMUPHOIT 06I1acTi HayKH, N3ydalolei
MCKYCCTBEHHBIH MHTENIEKT. AJTOPUTMBI, OTHOCSIINECS K JJAHHOMY HAIPABJIEHHIO, HCIOIb3YIOT-
csl IPH peIeHnH 3a/ad, JIJIs KOTOPhIX 3a4acTyIo CJIOXKHO HMJIM HEBO3MOXKHO IPUIYMAaTh SBHBII
AJTOPHTM DpeIeHNsl: Ipe/CKa3aHne MOTO/bI, MPOrHO3HPOBaHIE IKOHOMHUIECKNX M CONHANBHBIX
IIPOIECCOB, MEJMIMHCKAs JUAarHOCTHKA, JIETeKTHpoBaHne 06beKTOB Ha (DOTO MM BHIEO, PACIIO-
3HaBaHNE TEKCTa, PEUN, CO3/IaHIe aHTHBUPYCHBIX IIPOrPaMM, ajJlOPUTMOB (PUIBTPAINH PEKIaMbI
u ciama u ap. [9].

B Hacrosiimee BpeMsi H3BECTHO JOCTATOYHO MHOTO aJTOPHTMOB OOy UIeHHsI ¢ yUUTeIeM, IPe/i-
Ha3HAYEHHBIX JJIsI PEIeHNs] 3a/1a49l BOCCTAHOBJICHUS] PEIPECCHH HIIN KJIACCH(MUKAINN: MaIlnHa
onopHBIX BekTOpoB [13], MeTon K Gamxaiimux coceneii |9], veitponnsle cetn [9], AdaBoost [9],
JlepeBbs pernennii [2|. Ucnonbaylorcsa pasnndHble aHCcaMbIIN YKa3aHHBIX BBIIE METOJOB: CIIydaii-
HBbIe JiepeBbs 1], momHOCTRIO cay4aiinble JepeBbs [8]. B pabore paccmarpuBaeTcst HporpaMMHast
peasin3alis OJHOTO U3 HanboJlee ePCIEKTHBHBIX aJrOPUTMOB OOYUIEHHs ¢ yUUTeIeM — aJrOpPHT-
Ma IpaJieHTHoro 6ycrnHra JepebbeB perennii |6, 7] (GBT — gradient boosting trees), koropas
sBnsieTcs nepBoil momrodyHKInoHansHoii C/C++ peannsanueil JaHHOIO METO/a ¢ OTKPBITHIM
KOIoM. Pe3y/bTaTsl BEIMHCINTENBHOTO 9KCIIEPIMEHTa, TPOBEEHHOIO ¢ HCIIONb30BaHHEM MHPOKO
pacIpoCTpaHeHHBIX HaOOPOB pealbHBIX JAHHBIX, B3AThIX n3 penosntopust UCI [12], ceuaerens-
CTBYIOT O KOHKYPEHTOCIOCOBHOCTH IIpe/[TaraeMoil peansalliil 110 CPaBHEHHIO ¢ pean3alnsaMu
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JIPYTUX aJITOPUTMOB. PazpaboranHblil KOJi MHTEIPHPOBAH B OJHY U3 Haubojiee H3BECTHBIX ¢BODO/I-
HO paclpocTpaHsieMbIX 6ubnoTek KoMibioreproro spennst OpenCV [11].

M#orue U3 pelaeMbIX B HACTOSIIEE BpeMs IPAKTHYECKHX 33189 MAIITMHHOTO 06y YeHUsl 1 KOM-
[BIOTEPHOTO 3peHust TpebyIoT 06paboTKH 3HAYUTEIBHOIO 06 beMa BXOJIHBIX JaHHbIX. B yacTHOCTH,
KaXKJIbIH MCCTIElyeMblil 06'beKT MOXKET ObIThH ONHCAH BEKTOPOM IPU3HAKOB, COIEPXKAIIUM COTHH
UJIH JIa2Ke THICAYM IePEMEHHBIX, a 00yUaroas U TecToBas BbIOOPKH MOTYT COJEPKATH HECATKH
ThICSY onucanuit 0obekToB. HarssgubiM mpuMepoM TaKo# 3884 MOXKET CJIYKUTh JeTeKTHPOBa-
HIUE TIEMeX0/I0B [4], Te B 3aBUCHMOCTH OT BRIOMPAEMBIX ApaMETPOB HEOOXOIMMO KIaccupUIpo-
BaTh oT 10000 10 185000 06bekTOR Ha oJiHO uzobpakenue. B ¢BA3u ¢ 9TUM, HAPSY € KAYECTBOM
Ipe/IcCKa3aHus Ha OHO U3 IEPBLIX MeCT BCTaeT BOMPOC MPOU3BOANTENBHOCTH UCTONIB3YEMOTO aJl-
roput™ma. B pabore paccMarpuBaioTcs acleKThl apasjiebHol peajn3allii ajJropurMa obydeHus
MOJIEN, & TaKyKe MpeJlaraloTcs U aHaJIN3UPYIOTCd Pa3/ndHble MOAXOAL] K paclapaiieTnBanuio
aJITOPUTMa IpelcKa3aHus Ha HOBLIX TAHHBIX.

1. I'pagmeHTHBIIT OYCTUHT JepeBbeB pelleHnit
1.1. IlocTanoBka 3aa4u

OpHoit w3 3a/1a4, H3y4aeMoil B MAITHHHOM OOYUYEHUH, SBJISETCH 3a]a4a 0OyYeHUus ¢ yUuTe-
JieM. B pamkax sroit 3ajiauu 1aHo HEKOTOpoe MHOXKecTBO 00bekToB X . Kaxkaomy obbekty & € X
[OCTAB/IEHA B COOTBETCTBHUE BEJIMYUHA 1, HA3BLIBAEMAsl 6bLO0OM, WJIH OMBEMOM, U TPUHAITIE-
JKalllash MHOYKECTBY JONMYCTHMBIX OTBETOB Y. YmopsiodeHHasl apa «00beKT—oTBeT> (X,Y), Iae
x € X, y € Y HasbiBaeTcs npeyedenmom. Tpebyercss BOCCTAHOBUTD 3aBUCHMOCTb MEXKJIY BXOJOM
U BBIXOJIOM, OCHOBBIBASICh Ha JIAHHBIX O KOHEYHOM HabOpe IpeleleHTOR, HA3BIBAEMOM 00yuarouet]
ub0pKot:

{(miv yz) | 2 € X, yzEYa ’L:L,TL}

pyrumu ciioBamu, 3ajia4a COCTOHT B HocTpoeHun (pyHKIUH [ U3 HeKoToporo MHoxkecTBa K|
KOTOpasi, IOJIYIUB Ha BXOJ| T, IIPEJCKa3aja Obl 3HAUEHUE OTBETa Y KaK MOXKHO To4yHee. B ciyuae
KOHeYHOTO Y, roBOpHT 0 33Jiaue kaaccudurxayuu, ecin Y = R — zasiaue socemanosaenus peepec-
cuu [9]. Tporece naxoxkaenusi f HasbiBaeTcss obyuenuem (Mmpenuposkoti, HacmMpPotKkot) MOIETH,
MPOIIECC ONpeJieleHus BBIXOJIa 110 HEKOTOPOMY BXOJY € MOMOINbBIO YK€ MOCTPOEHHOH MOoJesn —
NPEOCKa3aHUEM.

1.2. Meroa pernenus

OnuH 13 oOMMX TOIXO0B PEIIeHns 3a]a4 0OyUeHNs] 3aKII0UaeTcs B KOMOMHUPOBAHUT MO-
neneii. JlBe ocHOBHBIE KOHKYPUPYIOIINE HCH JaHHOTO moaxoia — 6ozeune (bagging or Bootstrap
Aggregating) [3] u 6ycmune (boosting) [5]. IlepBast u3 HUX COCTOMT B MOCTPOCHUM MHOYKECTBA
HE3aBUCHMBIX MeXKLy coboil MoJiesieil ¢ JaabHel M TPUHITHEM PEIIeHNs IyTEM IOJIOCOBAHUS B
ciaydae 3a/1aun KaaccupUKAIMKU U yCpeJIHeHNsl B cliydae perpeccii. JJaHublil MoX0 peaJn3oBat
B aJITOPUTME CIy4YaiiHbIX fepeBbeB (random trees mwnn random forest). Bycrunr, B mpornsomnoiox-
HOCTH O3TTHHTY, 00yUYaeT KarKJIyIo CIeyIONyio MOJelb ¢ HCIOMb30BaHNEeM JaHHBIX 06 OMMOKax
IPEIBIIY X MOJeIel.

AJropur™ rpajeHTHOr0 GYCTHHIA JePEBLEB PelleHUil SIBJISeTCs Pa3BUTHEM OyCTHHT-HJIEH.
OH 1o3BOJISIET CTPOUTDH AJJINTHBHYIO (DYHKIMIO B BHUJE CYMMBI JE€PEBLEB peIleHnii uTepainoH-
HO 110 aHAJIOTHH ¢ METOJIOM TPaJIMEHTHOTO CIycKa. JIaHHBIN TTOIXO0/] TTO3BOJISAET PACIIUPUTL KPYT
pelaeMbIX 3THM aJTOPUTMOM 38J1a4, & TaK¥Ke 3a4acTyio MOJYYHUTh BBIUTPLIIN B TOYHOCTH MPe/I-
CKa3aHus.

Hajtee IpuBOUTCST KpaTKoe OlMCaHUe aJropuTMa oOydYeHHs TPaJHeHTHOrO OYCTHHTS, Jlepe-
BLEB peIleHnil s 38/1a4i BOCCTAHOBJIEHUsI PEIPECCHU B Cllydae HCIIOIb30BaHUs KBaJIpaTHYHOI
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T = To

OaHHble

Boixogbl
(ucxoaHbie)

+ vTi +

O6bekTol (MCXOgHbIE),

BbIXCAbl MZMEHAKOTCA
Ha NceBaooCTaTKH

v T2 +

OB6berTbl (MCXOOHbIE),

BbIXOAbl HZMEHAKDTCA
Ha NCeeA00CTaTRH

vTs +

O6beKTbl (MCXogHbIE),
BbIXOZbl MEMEHAKTCA

Ha NcesaoocTaTku

Puc. 1. Anropurm o6y4deHust MOIeIN IPAJIMEHTHOrO OYCTHHIa IePEBhEB PEIeHn

dyurnuu norepsb. [lycts obyuaroriast BEIGOPKaA CONEPKUT 1t NMPENENEHTOB, ¥; — 3HAUYEHHE OTBe-
Ta J7Id §-ro upenenenta, 15(x;) — 3Hadenne, IpeicKa3aHHOe j-M JepeBoM B aHcaMbie I7s §-T0
obbekTa, ¥V — KoaddunmenT MacmabupoBatnus. Tora neepnoocTarkoM Jjist §-ro obbekTa Ha k-M
Imare ajropurMa obydeHusl HA3bIBAETCS 3HAUEHUE

k—1
Ui = yi — To(ws) —v - Y Tlas),

m=1

paBHOE PA3HOCTH MEXK Yy UCTHHHBIM 3HAYEHUEM OTBETa U 3HAYEHUEM, TPEICKa3aHHBIM aHcamMbieM
JIePEBLEB pelennii, mocTpoeHubIM Ha (k — 1)-M mare ajgroputma obyuenus. [Tycts M — obimee
4qucyIo JiepeBbeB B aHcambie. Torma obimasi cxeMa TPEHHPOBKH MOJIETH MOXKeT ObITh cOpMyITH-
pOBaHa CJIEIYIONIM 06pazoM:

1. O6yuuts jepeso 1p Ha ucxomHoM Habope JaHHBIX (X4, Ys), | = 1,2,...,n.
2. Ina kaxporom =1,2,..., M

2.1. s Bcex 0OBEKTOB B 0Oy1IAIONMEH BEIOOPKE BHITHCINTh TICEBIOOCTATKH ¥

2.2. noGaBuThH B aHcaMO/Ib HOBOE JiepeBo, oOydeHHOe Ha Habope TaHHBIX (X,¥;), | =
1,2,...,n.

eranpaoe onncatme anropntMa obydeHnsl, a TaKyKe 10JOOHOCTH, CBA3aHHBIE ¢ TPEHNPOBKOI
OT/IETIbHBIX JIEPEBbEB DEIEeHNH, N 0COBEHHOCTH peasiM3allii aJroOpHTMa IS 3a/1ad BOCCTAHOB-
JIEHHsI PErpecun ¢ JAPYTUMH (DYHKIMSAMH IOTEPb, a TakKe KIaccnpUKaluu ¢ AByMs H Golee
KJIacCaMyl MOYKHO HaiTH B [6).

Taxknm o6pasoM, Ha BEIXOJe aJropuTMa obydeHns MbI mosnydaeM Habop m3 M jiepeBbeB pe-
IMIEHN{T, ¥ JJ1s1 OCYIECTBIEHNS TIPEICKa3aHNsl, T. €. OlPe/Ie/IeHns] BBIXOJa Y JIIsl HOBOTO 0O'heKTa
X, CHEJIyeT BBIYUCIUTD CYMMY

M
y="To(x) +v Z Tila).

m=1
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1.3. Peanmzanusa ajropurMa rpaJeHTHOro OYyCTUHTA /IepPeBbEB perieHuid

Apropamu janHol paboThl Gblla BHIOJHEHa TPOTPAMMHasi peaJnsalys aJlropUTMa I'pajiu-
€HTHOTO OYCTHHTA JIEPEBbeB PelleHnil, BKITOUaIoIast KaK aJlopUTM TPEHUPOBKH MOJE/IH, TaK 1 ee
JlasibHellInee nerob3oBaHne JJisl peJcKasatns. B JaHHoM pasjielie MpUBeIeHbl HEKOTOPhIE SKC-
HepUMEHTAJbHBIE PE3YJILTATHI, TIOKA3BIBAIOIINE JJOCTOMHCTBA U HEJIOCTATKH METOJIa I'PaueHTHOIO
Oycrunra. Hapsily ¢ olUCBIBAEMBIM OJX00M ObLIH PACCMOTPEHBI KOHKYPUPYIOIIHE aJlOPUTMbI:
onuHOYHBIe JepeBbs perennii (agroputm CART) [2], ciydaiibble mepeBbsi (ciydaiinble Jeca)
[1, 8], mammHa omopHBIX BeKTOpoB [13]. [IporpaMmHOil 0CHOBOI IPOBEEHHBIX SKCIIEPUMEHTOB $1B-
JisleTcst OTKphITast GubnoTeKa KoMmiibioTephoro spenust OpenCV: Bece pesynbTaThl, OTHOCSIINECS K
KOHKYPHUPYIOIIUM aJIrOPUTMAaM, OBLIH MOJYYeHbl HEMOCPEICTBEHHO ¢ MOMOIIBIO €6 KOMIIOHEHTOR:
CvDTree, CvRTrees, CvERTrees u CvSVM. DKcriepuMeHThI TPOBOJUIUCH HA, HADOPaX peaibHBbIX
JAHHBIX, B3aThIX U3 penosutopust UCI, npu 3ToM Mepoil KadecTBa MOJENN CUUTAIACH CpeIHsIs
abcosmioTHast omubKa 10-KpaTHOro MepeKpecTHOrO KOHTPOJIS.

Tabauma 1

PeSyJH)TaTI)I SKCIICPUMEHTAJIbHOI'O CpaBHEHNA aJITOPUTMOB O6yLI€HI/IH C ydurTejyieM

I'paduenm- . Hoaroemoro Mawuna
Aepeso Cayuatinvie

Habop danmnwvix 6y:ZZH2 pewenut depesva Cnge;Z::;te :;iig;i

(GBT) (CvDTree) | (CvRTrees) | pRTvees)|  (CvSVM)
Auto-mpg 2 2.238 1.879 2.147 2.981

Computer hardware 12.62 15.62 11.62 9.631 37

Concrete slump 2.257 2.923 2.6 2.359 1.767
Forestfires 18.74 17.26 17.79 16.64 12.9
Boston housing 2.033 2.602 2.135 2.196 4.049
Imports-85 1306 1649 1290 1487 1787
Servo 0.238 0.258 0.247 0.42 0.655
Abalone 1.47 1.604 1.492 1.498 2.091

2. llapaaneabHasdg peaJan3aliiis aJrOpPUTMa
2.1. Aaropurm obydenus

ObyueHue MoJie/In NPEJCTABIIET cODO JIOCTATOYHO TPYLoeMKHil 1porecc. Bojiee Toro, njis
OCYIIECTBIECHNsT MOA0Opa HAWIYUIINX MapaMeTpoB MoJAeTn (KOJHIeCTBO JEPEBbEB B aHcaMbie,
MacIITabHbI apaMeTp, orpaHuYeHne Ha pasMep JIepeBbeB) Tpebyercss HeOJHOKpATHOE MOBTO-
peHHe MpoIecca, YTO 0DYCJIABIMBAET HEOOXONMMOCTb ONTHMH3AIUN 110 CKOPOCTH, B TOM 4HCJIE
3a CYET HPUMEHEHHS TEXHUK MapaJsijie;IbHbIX BhruuciaeHnii. CorjiacHo pesybraTaM MpouinpoB-
KU [IOC/IEJIOBATEIBHON BEpCHH aJITOpUTMa 06y deHust (MCIoIb30BaIcsd Habop JaHHBIX spambase us
6ubuorekn UCL: pazMepHOCTh TPOCTPAHCTBA IPU3HAKOB paBHa 56, 4HCJ/IO IPEIENeHTOB B 06y da-
fotreit BeiGopke — 2300), TpUBEICHHBIM Ha PHC. 2, OCHOBHOE BpeMs pabOThI TPATHTCS Ha 00y UeHHe
OJMHOYHBIX JE€PEBbEB pelleHnii.

K coxanenuto, 6yCTHHT-aJITOPUTMBI SBJISIOTCS ILJIOXO PACIapalie/IIBAeMbIMU: [TOJIXO, CBsi-
3aHHBIH ¢ OJIHOBPEMEHHBIM TOCTPOEHHEM HECKOJIBKIX KJIacCu(PUKATOPOB B aHcambJie, 37eCh HEBO3-
MOXKEH B CHJIy TOI'O, YTO TPEHHPOBKA KaXKJIOTO CJIEAYIONEro jJepeBa pellleHnil TpebyeT pesyiib-
TATOB NIPEJICKA3aHIs BCeX NpelblyuX. OJHAKO HEKOTOPBIE STAIlBI TOCTPOEHUS OJIMHOYHOTO Jie-
peBa perieHrii MOTyT OBITh BBIIOJIHEHB HE33BHCHMO JIDYT OT Jpyra: HaIlpUMep, HAXOXKJeHUe
pasbueHnst BO BHYTPEHHEM y3Ji€ JlepeBa, KOTOPOe OCYIECTB/ISeTCs IyTeM BBIYUCIEHUS JIJIsl KayK-
JIOi TIepeMEHHOl YMEHBITIeHNsT 3HaUeHUsT (PYHKINN HEOTHOPOIHOCTH [2] u BBIGOpa ONTHMAIBHOTO
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= "2 main 100.0% (IR
# o CwMLDatasread_csv 1.2%'
[= " CwisBTrees:train 98.5% —
= = CyGBTrees:train 98.50% —
J CwDTreenpredict 2.2%]
“u CviGBTrees:find_gradient 1.2%'
[ 4 CwGBTrees:change_values 1.5":‘r$|
“ CvGBTrees::do_subsample 0.3%
= "y CwDTreestrain 933% _
= CyDTree:do_train 933% _
[* 4 CwDTreeTrainData:subsample_data 12.5%.
[# "y CwDTreentry_split_node 80.8%_

Puc. 2. PesyapraTsl mpoduIMpOBKH aaropuT™Ma 00y IeHsE MOJIEIN TPAIHEHTHOTO Oy CTHHTA,
JIEPEBBEB PENTeHUN

1,4

1,2
1
0,8
0,6
0,4
0,2
0
1 2 3 4

Yucno notokos

YckopeHue

Puc. 3. 9ddexTuBHOCTD pacnapasieIMBaHIsI aJIrOPUTMa, 00y IeHNsT MOIEIN TPaUeHTHO-
ro 6ycrunra (Ha Habope JAHHBIX spambase)

3HAYEHWsT CPEeId BCeX TepeMeHHBIX. VIMeHHo Ha 9TOM ypOBHE BBLIMOJHEHO paclapalieTuBaHue
obyueHus JiepeBbeB perrenuit B 6ubinoreke OpenCV.

st usydennst BAUSHAS TapaJleIbHOTO TOAX0a K OTHICKAHWIO OMTHMAJILHON TMepeMeHHoM
KasKI0To pasbHeHnst Ha CKOPOCTh PabOThI BCETO aJITOPUTMa 06y IeHNsT MOJIENIH IPaJHEeHTHOTO GY-
CTHHTa, OBLTa MTPOBEIEHA CepHsi KCTTEPUMEHTOR.

Kax BujHo u3 prc. 3, monydenHoe YCKOPeHne 3HATNTETHFHO HIKE JTHHEHHOTO. DTO CBA3AHO ¢
TeM, YTO CyMMapHOoe BpeMsi paboThl alTOPUTMa OUCKA ONTHMATBHOTO PasbUeHNsT COCTABIISIET (110
pesynbraraM mpoduInpoBKn) Juiib okoy1o 40 % BpeMeHu paboThl BCEro ajropuT™a obyUYeHHUs.
Taxum obpazoM, MaKCHMAaTBHOE YCKOPEHHE, KOTOPOE MOKET OBITH TOJYYEHO, COTIAcHO 3aKOHY
Awmpana pasro 1.67.

2.2. Ajaroputm npe/icCKazaHus

HecmoTpst Ha To, 4TO NpeicKazaHue B ajifOPUTME I'PAJMEHTHOTr0 GYCTHHIA JIEPEBBEB pellie-
HUI He CTOJIb TPYAOEMKH PONECC M0 CPABHEHHUIO ¢ IIOCTPOCHUEM MOJIENH, BpeMs paboThl 3TOr0
AJITOPUTMA, 329aCTYI0 TaK¥kKe dABjsgercd KpUuTudHbIM. Ha 210 ecTh Heckosibko npuynd. Obydenue
BBINOJTHsAETCST Ha «oppiaiiny sTale, B To BpeMs Kak JajbHeiinee (01 OCHOBHOE) MPUMEHEHHE MO-
JelN 3aKJTI09aeTcs B OCYITIECTBJIEHUN ¢ ee MOMOIIBIO MpelcKa3aHnil Ha HOBBIX JaHHBIX. Dojee
TOT'O, Ha MPAKTUKE YacTO MPUXOJUTCH BBLIIOJHATH He €AUHMYHBIE IIPEJICKA3aHUdA, a IeJible ce-
pUH: HapUMep, B HEKOTOPBIX AJIFOPUTMAaX, PEIaoNuX 33124y JeTeKTHPOBaHUs O0OBEKTOB Ha
U306 paykKeHI, MOXKET TOTPeBOBaATHLCS BBITIOJIHEHUE JECSTKOB ThICSY NPEJICKA3aHM Ha ONHO H306-
paxkenne. Bce 9To HaK/MaIbIBAET JOCTATOTHO YKeCTKHEe BpeMeHHbIe PAMKHU Ha BpeMsl BLIUHUCTeHNsI
IpeJcKa3atHusi — KpPoMe TOT'0, B HEKOTOPBIX NMPUKJIATHBIX 3aja4ax Tpebyercs paboTa B pexuMe
peasibHOI'O BPEMEHU.
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6 O spambase
o 5 O anneal
z 4 O housing
E —
z 3 O segmentation
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0
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Uuc10 MOTOKOB

Puc. 4. DddexTuBHOCTL pacnapasieIMBaHus aJIrOPUTMa IPEICKA3aHUs 110 JIEPEBbsIM B
aHcaM0OJie ¢ UCIIOJIb30BaHUEM MOJIEIN TPAJIUMEHTHOTO OYCTUHIA IEPEBLEB PEIIeHMIH

8
7 Ospambase
o O anneal
; 3 O housing
= 4
2 B segmentation
° 3
s > . Hagaricus lepiota
1 __‘_|_|_|_- = = B car evaluation
0
1 2 4 8
HHCT0 NOTOKOB

Puc. 5. DddekTuBHOCTL pacnapasiie IMBaHusT aJrOPUTMa IPEICKA3AHUS 110 JAHHBIM C
HCIIOJIb30BAHUEM MOJIETH TPAJUEHTHOTO OYCTHHTA IEPEBbEB PEITeHM

B pamkax JaHHOI cTaThblil paccMaTpUBAaeTCs JiBa PasIUYHLIX MOAXoJa K pacliapajiiennBa-
HUIO aJlOpUTMa MpeJICKa3aHusl ¢ HCHOIb30BaHneM 0OyYeHHONH MOJeIN I'paJUeHTHOro OYCTHHTa
JlepeBbeB perennii. HamoMuuM, 4To sl TOJTyYeHHusl BBIXOJa ¥ 10 HEKOTOPOMY BXOJIY X HeoO-
XOJIMMO BBIUHCIHTEL CYMMY TIPeJICKasaluii BeeX JepeBbeB U3 nMelolerocs ancamois. B ornnune
OT Tmpollecca 0OYUYeHUsl, 3/IeCh 3HAYEHHE KayKJIOrO CJIaraeMoro MOXKET OBITh IOJIYYEHO He3aBH-
CHMO OT OCTAJLHBIX — OTCIOJIa BOZHUKAET NepBasl NapaJjielbHas CXeMa NMpeJcKasaHusl, B KO-
TOpOI JJis1 0JfHOTO O0BEKTa X 3HAYECHHUs] NPEICKA3aHWil OTIEeNbHBIX JepeBbeB 1y, (2) B cymme
y="To(x) +v- Z%:l T (x) BBIYMCSIIOTCS TapaIebHO HECKOJIBKUME moTokamu. pyroii pac-
CMATPUBAEMBIH TIOJIXOJ: paclapaljieluBaHie 110 JaHHBIM — OCHOBaH Ha HEOOXOIUMOCTH OJHO-
BPEMEHHOIO TPEJCKasatus JIJIsi GOBINIOTO KOMNYeCTBa HOBBIX 0ObeKTOB. B JlaHHOM cilydae BbI-
HOJTHSIETCS TapaJiieibHoe Bhluncienne snadennit y; = To(w;) +v - Z%zl T (x;) 17151 HECKOTBKUX
00BEKTOB Z;. [IporpaMMHasi peauszallis MPeJIoyKeHHbIX MOJX0J0B K paclHapasjieMBaHiuio Bhl-
nosiHeHa ¢ ucnonb3oBanneM texHosornn Intel Threading Building Blocks [10].

Kak BujgHo uz puc. 4 — 5, oba paccMaTpUBaeMbIX MOJX0JIa JIAIOT CYIIECTBEHHOE YCKOPEHHE
npoltiecca npejckazanns. OIHAKO MeTOoJI paciapaie/IMBaHus 1o JaHHBIM 00JIaaeT Jydineii Mac-
MTabUPYyEMOCTBIO, TaK KaK YUC/I0 OObEKTOB, JIJIsi KOTOPLIX TpebyeTcs: BBIMOJHUTE MpejicKa3aHue,
KaK [IPaBUJIO, 3HAYUTENBLHO TPEBOCXOIUT KOJIUIECTRBO JIEPEBHEB B MOJIEN IPAIMEHTHOrO OYCTHHTA.

3. 3akJrodyeHue

B cTaTthe paccMOTpeHBI aclieKThl HapasjelbHON peaiu3allii oOJHOro U3 Haubojiee Mepcrek-
TUBHBIX aJl'OPUTMOB O0yUeHUs ¢ YUUTEIeM — I'PaJIHEHTHOTO OyCTUHIa, iepeBbeB pertenuii. [Ipo-
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aHAJU3HPOBAHA [TPOTPAMMHAs PEAIN3allisd 00yYeHusT PACCMAaTPUBAEMON MOJIEIH, OCHOBAHHAS HA
napaJsiie/ibHOM BEPCHU aJrOpUTMa TPEHUPOBKH OTIEJbHBIX JNEPEBLEB pelleHuil, BXoJsdIell B co-
craB 6ubsnorekn OpenCV. Taxxke B paMKax JJaHHOH paboThl OB MPEJJIOXKEHBI U PEAN30BaAHBI
¢ ucnoybzoBanneM texuosoruu Intel Threading Building Blocks nBe cxembl pacnapaJiienubanus
AJITOPUTMA, IPEJICKASAHNS ¢ TIOMOINbIO MTOCTPOEHHON MOJIEH.

Aemopoe 6aazodapsam U.B. Meeposa (HHI'V) u B.JI. Epyrumosa (xomnanus ITSeez) 3a
UEHHDLE 3AMEYAHUA U NOAESHBIE 06CYHCIEHUA.

Paboma evinoanena npu noddeporcke gedepanvrots ueaesots npoepammout « Hayunnie u nayvro-
nedazozumeckue Kadput urnosauuonHott Poccuus, zockonmpaxm 02.740.11.5131.

Cmamoa pexomendosana Kk NYdAUKGUUL NPOZDAMMHBIM KOMUMEMOM MENHCOYHADOOROT HaY -
notl kongepenuuy <llaparireavroie evuucaumensusie mexnoaroeun 2011,
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