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'Kaszaxckuil nayuonansholil yrueepcumem umenu aib-Dapabu
?Vuusepcumem Meoswcdynapoonozo Busneca

MAPAJUIEJBHBIA AJITOPAUTM HA CUDA JIJISI PEIIEHMS 3ATAY
MHOT'O®A3ZHON ®UJIHLTPAIITAA MHOTOKOMIIOHEHTHOM KUJIKOCTH
B IIOPUCTBIX CPEJAX

Paccmampusaemcs peanuzayus napannensHo2o aieopumma npoooibHO-NONePeyHOl NPO2OHKU C UC-
nonvsosanuem mexnonocuu CUDA ona pewenusa 3a0ay mMno2oghaznoi gurempayuu MHO20KOMNOHEHM-
HOIUL JlcuOKoCmU 6 hopucmeulx cpeoax. [ns pewenus cucmem mpexouazoHaibHbIX YPAGHEeHU POOOTbHO-
NnonepeyHoll NpocoOHKU ObLIU UCNONL30BANBL MEMOObl YUKIUYECKOU U NAPALIeTbHOU YUKAUYECKOl
peoykyuu. Pesynbmamovl uccie0osanus NOKa3any, Ymo peanu3ayus aieopummos YuKiuyeckou u napa-
JeTbHOU YUKAUYECKOU PeOVKYUU HA COBPEMEHHLIX 2PaPuyeckux npoyeccopax Hamno2o 3ghgexmusnetl,
Yem HA YeHMPAIbHBIX NPOYECCopax.

Knrouesnie cnosa: CUDA, memoo npooonbHO-nonepeuto npo2oHKuY, YUKIUYECKAs peOYKYUs, apa-
JIebHAS YUKTUYECKAs peOYKYUs, MHO20(A3HAS (hunbmpayus.

Beenenune. ['napoauHaMuyeckoe MOJEIMPOBAHUE MPOLIECCOB, KOTOPBIE MPOTEKAIOT B
HEPTSHBIX TUIACTAX, SIBISETCS OMHON U3 CIIOKHBIX 33184 MEXaHUKH KUAKOCTU. CBSA3aHO 3TO
C T€M, 4TO MPOIIECCHI, MPOTEKAIOLIHNE B ITOJ3EMHBIX pe3epByapax, MOTYT ObITh OYCHb CIIOK-
Hbl. Pa3BuTHe coBpemeHHbIX rpaduueckux nporeccopoB (GPU) oTkpbu1io BO3MOXHOCTH
JUTSL BBIYUCIICHHST TAKOTO POJIa 3aa4. Y UYUTHIBast OTOT (pakT, HaMU OBLT PACCMOTPEH Mapai-
JIENBHBIA aITOPUTM TIPOJOIBHO-TIONEpedHoil mporoHku (Alternating Direction Implicit -
ADI) [1] ma GPU st pemenns 3amaan MHOTO(a3HOH (DHIBTpai MHOTOKOMITOHECHTHOM
JKUJIKOCTU B TIOPUCTHIX cpefax. ADI — 3ToO KOHEUHO-pa3HOCTHBIN YHUCIIEHHBIA METO/ s
peLeHus apaboIn4eCKUX, TUIEPOOIMUECKUX U AIIMIITHYECKUX YPAaBHEHUH U IIHPOKO HC-
MOJTB3YEeTCs B HAYYHBIX W HHYKEHEPHBIX oOmacTsx [2-5]. B metone ADI kaxaprit uncneHHbBII
mrar pa3oMBaeTcsl Ha HECKOJIBKO MOJATANOB, OCHOBAaHHBIX HAa MPOCTPAHCTBEHHOM H3MEpe-
HUH 33Ja4d, ¥ CUCTEMa JMHEHHOTO ypaBHEHHUS PEIlacTCs HESIBHO B OJHOM HalpaBlICHUN
IIpH SBHOM cXeMe B Ipyrom HampasiaeHuH. B metona ADI Ha kaxkaom noamare pemaembie
YPaBHEHUSI UMEIOT TPEXIMAroHAIbHYIO CTPYKTYPY M MOTYT OBITh PELICHBI C MOMOIIBIO
TpexuaroHanbHOro MaTpuaHoro anropurma (TDMA) [6].

Jist pereHnst CUCTEM TpeXJMaroHaJbHBIX YpaBHEHHUH ObUIO pa3paboTaHO HEMaso Ma-
paJUIebHBIX alrOpUTMOB: HuKiInueckas peaykuus (CR) [7], mapamienbHas TUKIAYECKast
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peaykmus (PCR) [8]. dns pacnapamnenuBanus metona ADI Mbl ucOnb30BaIu CyIIECTBY-
rouque anroputmsl CR u PCR na GPU. [Ing peanuzaiuu 1nocienoBaTebHOT0 alropuT™Ma
HCIIONIb30BAJIA HESBHBINA METOJ MPOTOHKU [9].

Jnist yCKOpEeHHUsI Takoro poja MapajulelbHBIX alrOPUTMOB OTJIMYHO TOAXOJST ILIaT-
(dopmbl ¢ HecnenuanuzupoBanHbiMu BbruuciieHusmMu Ha GPU (GPGPU). I'paduueckuii
MPOIIECCOp TOCTUTAET BHICOKOM MPOM3BOANTEIBHOCTH, BBIIIONHSSL 00JIee THICSYM MOTOKOB
OZJHOBPEMEHHO, M KayKAbIM M3 HUX 00padarsiBacT pazinyHble HAOOPHI JaHHBIX. B pa3HbIX
00JIacTsIX MCCIIEAOBaHNH ObIIIO MHOTO ycnemHbIX peanu3anun Ha GPU, Takux kak aHanm3
MEIMIMHCKUN n300pakenuii [ 10] u BeiunCIUTENbHAS THApOoanHamMuKa [11, 12].

MaremaTuueckasi MoJesb. PaccMOTpUM MaTeMaTH4ecKyro MOJIEIb IBUYKEHHSI MHOTO-
(ha3HON MHOTOKOMITOHEHTHOH >KHUIKOCTH B MOPHUCTOHN cpene. B monmenu yuuteiBarorcest 3
(a3b1. Homep da3zbl Oyzem 0003Ha4aTh OykBoii 0. MHIIEKC oL = 0 COOTBETCTBYET HEPTIAHOM
(aze: HedTsiHAs, ra3oBas U BOJHAs, 0L = g — ra30BoM (aze, oo = w — BoastHOH (pase. Ho-
Mep KOMIIOHeHTa B (hase o OyneM 0003Ha4YaTh OyKBOIi j. YpaBHEHHE HEPa3pbIBHOCTH IS
OT/ICTIBHOTO KOMITIOHEHTa C HOMEPOM j, cofepikamierocst B ¢aze o, B quddepeHunantsHon
(dhopme u (hazoBbie CKOPOCTH Uu 110 3akoHy Jlapcu umetor By [13-15]:

%(zu mp,C,, ) + div(za paCalea) = div(mDaj s, grad(p,C, ))

o=w,0,g; j=1n (1)

k
u.=-K-—"=V(p_-p.gz), a=w,0,g; ()
M.
e, M — MOPUCTOCTh TOPOJbL, S, — HAcklEeHHOCTH (a3, U, — ckopocTu (uibTpanuu
$as, D, — koddduruenT MonekysapHoi nddysns kommnonenta J B pase a, K — abeonror-
Has MPOHMLAEMOCTS, k= K (S, T) — oTHOcuTenbHas (a3oBas NPOHULAEMOCTH (asbl a,
u, =p, P, T,C, )—BaskocTs dasbl, p, =P, (S) — napienue Gasbl, p, —Maccosas MIOTHOCTh
¢asbl, g — yckopeHue cBOOOAHOTO NaJleHHs, Z — TITyOHHa.
JapneHus ga3 cBs3aHbl MEKAY COOOM CIIEAYIOIIUMH BBIPKCHUSIMU:

Po= P, P, (S,): P, = Pyt Pog(S,): 3)

rnep (S, 1), pcog(S ¥ T) xanmwUIsIpHBIC TaBICHUS HA TPaHUIe BoJa — HEPTH (cow) u HeDTh
— Ta30BO# (cog). DTH 3aBUCUMOCTH CUUTAIOTCS 3alaHHBIMU (DYHKIIUSIMHU HACHIIIIEHHOCTEH.

Huxanyeckas U napajuiebHasi HUKINYecKas peaykuus. /s nocnenoBarenbHOR
peamm3annu MeTona ADI ObuT MCTIONB30BaH aITOPUTM IPOTOHKH [9].

Jua peanmzanmu mapaimensHoro meroga ADI Obuim BBIOpaHBI aJTOPUTMBI ITHKIIH-
yeckoil (CR) m mapamtensaoi muximdeckoi pexykuuu (PCR). Anxroputm CR cocrout
W3 JIBYX 3TaIloOB: MPsIMOI M 00paTHbI xoin. Ha mpsMoM Xojie cucteMa MocieaoBaTesibHO
YMEHBIIAeTCs 10 MEHBIIeH CHCTEMBI C TIOJOBUHOM YMCIa HEM3BECTHBIX, TIOKAa HE Oymer
JOCTUTHYTAa CHCTEMa M3 OJHOTO Hem3BecTHOro. Ha oOparHOM Xozie mocienoBaTeinbHO Ha-
XOJIATCSl OCTAJIbHBIE HEM3BECTHBIE, HCIIONB3Ys PaHee HalIeHHbIE 3HAYCHHS.

Ha xaxqoM miare mpsMoro xoza Mbl OOHOBJISIEM BCE YPaBHEHHS C YETHBIM HHIEKCOM
MapajuieIbHO C YPAaBHEHUEM TEKYIIIeH CHCTEMBI KaK JIMHCHHYI0 KOMOMHAITUIO YpaBHEHUH
i, i+/ u i-1, TaK 9TO MBI BBIBOJIMM TOJIbKO CHCTEMY HEH3BECTHBIX C YETHBIMHU HHIICKCAMHU.
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Ypasuenue i umeet Bujg ax,  +bx +cx = d. O6HoBneHHbIE 3HAUeHH A, b, C, u d. Ha-
XOJIATCS TI0 CJICAYIONUM (hopmMysiam:

a/ =—a,_ kb =b —c_k —a,k,
Ci, = _Ci+1k2 ) di,: di - di—lkl - di+lk2
a. C.
ki =—,k,=—
' b i by

Ha KaXXJ0M 1are 06paTHOFO X0Ja MBI pelIacM MapajjieIbHO BCC Xi C HCUYCTHBIMU HNH-
JACKCaMHU, NOACTABJIAA YK€ PCIHICHHBIC 3HAYCHUA Xi—l nu Xi ‘1 B YpaBHCHUC i:

14 I I
= di—a'%; ~ %y
i b.,

3aMeTHM, YTO JUIsl MPOCTOTHI B NPHUBEICHHOM OIIMCAHWU MBI IIpeHeOperaeM CreLu-
aJIbHOI 00pabOTKOM TOCIIETHEr0 YPaBHEHHS U TIEPBOTO HEU3BECTHOTO, COOTBETCTBEHHO, B
IByX (azax anropurma. Kpome TOro, Ml penraemM cUcTeMy JBYyX YPaBHEHHUH MEXITy AByMs
¢azamu anropurma (Pucynok 1).

Pucynox 1 — Cxema cBszeii anroputma CR 151 CHCTEMBI ¢ BOCEMBIO YpaBHEHUSIMHU

INapannensHslit anroput™M CR 1 nocnenoBareabHbIN alrOpUTM MPOTOHKH BBITOIHSIOT
psA omeparyii, KOTOpbIe SIBISIOTCS JIMHEHHBIMU 110 YHCIy HEU3BECTHBIX. AJTOPUTM TPO-
TOHKH BBITIONHSET 8N onepannii, B To BpeMs kak CR Beimonnser 17n onepanuii. OgHaxo Ha
napajuIelbHOM KoMIbroTepe ¢ N npoueccopamu CR Tpebyet 2log N maros, B T0 BpeMst Kak
AITOPUTM MPOTOHKH TpedyeT 2N 1I1aros.

PCR saBnsercs ycoBepiieHcTBoBaHHBIM BapuanToM CR. B otnune ot CR, PCR nmeer
TOJIBKO MPSIMOH XOA. XOTSl MEXaHNU3M PEAYKUUH U (OPMYIIbI BEIUUCICHHS TaKUe JKe, KaK y
CR, Ha kaxaoMm 3tane peaykunu PCR ymeHbIIaeT KaX 1yt U3 CyIIECTBYIOIUX CUCTEM JI0
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JBYX CHUCTEM C TOJIOBHHHBIM pa3MepoM (Pucynok 2). PCR s 3aBepiieHust BHITOTHSIET
12nlog,n onepamuu 1 log N maros.

Pucynoxk 2 — Cxema cszeil anropurMa PCR 11151 cucTeMbl ¢ BOCEMbBIO yPaBHEHUSMU

Hapanaeasnslii Mmetox ADI. [1pu napamiensHoit peanuzanun meroga ADI na GPU ¢
ucnonb3oBanueM TexHonoruit CUDA anst Bcex peanmzanuii KOmupyeM JaHHbIE OJHMH pa3
¢ CPU na GPU u coxpanseM Bce nanHble B namsatu GPU, nmoka He BepHEM pe3ynbTaT B
CPU.

[Tpu peanmzanuu CR na CUDA cnavana ycTaHaBiIMBaeM MapamMeTpbl BBHIIOTHEHHUS
snpa. KonnyectBo 6:110k0B CUDA paBHO KOJTMUECTBAM CHCTEMBI, TaK KaK Kax/1as OTACIb-
Hasi cuctema comocTanisiercs ¢ oqHuM Onokom CUDA. KonnyecTBO MOTOKOB B OIHOM
0JI0Ke paBHO TIOJIOBUHE YHCIIAa YPAaBHEHUH A KaKAOH CUCTEMBI, TaK KaK Mbl HAYMHAEM
C OOHOBJICHUS TOJBKO YPaBHEHHUS C YETHBIMU MHICKCAMH Ha MEPBOM aJTOPUTMHUYECKOM
miare.

HcnonezyeM mTh T100aIBHBIX MAaCCHBOB Ul XPaHEHHSI TPEX AHAaroHajied MaTpHILbL:
HWDKHSISL IMaroHajlb, OCHOBHAS IMArOHalb, BEPXHsIsl IMaroHaib, IpaBas CTOPOHA U BEKTOP
pemenns. O0beM paszzaersieMol naMsaTH, KOTOpyto BeLaessieM aist kaxaoro CUDA Onoka
WK K&KIO0H TpeXAMaroHaabHOM CHCTEMBI paBHO system_size * 5 * sizeof (float) Gaiit.

IIpsimoit xon BeimonHseT log (system_size/2) anropurMudeckue mard. Bee nars mac-
cuBos alist, blist, clist, dlist u xlist mpeacTaBisitoT cOO0¥ MacCUBBI pa3AeIsieMON MaMSITH C
JaHHBIMH, 3arpy’kaeMbIMH U3 Tito0anbsHoi naMsatu. Lllar nHaunnaetcs ¢ 1 1 ynBauBaeT 3Ha-
YEHUE KaXKJI0TO aITOPUTMHUYECKOTrO Imara. KommuecTBo akTHBHBIX ITOTOKOB YMEHBILACTCS
Ha MOJIOBHHY Ha Ka)JIOM aJITOPUTMUYECKOM ILIare.

B nHauane oOpaTHOro Xozma Mbl pemiaeM CHUCTEMY YPaBHEHHMH C AByMs YpaBHEHHSIMH,
TOJTy4EHHYIO Ha 3aKIIFOUMTEILHOM JTare IPsAMOro Xoja. 3aTeM BhIIOIHAEM log (system
size/2) anrOPUTMHUYECKUE IIAroB JJISl PEIICHHUS BCEX OCTAIbHBIX HEM3BECTHBHIX. COOTBET-
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CTBEHHO JITOPUTMY yJBaUBaeM KOJMYECTBO AKTUBHBIX ITOTOKOB HA KaX/10M aJITOpUTMHYE-
CKOM IIIare.

IIpu peanuzanuu PCR nma CUDA, kxak u B metone CR, ycraHaBnMBaeM KOJIMYECTBO
CUDA 6noxoB Ha konmuuecTBo cucteM. Ho B otiruue ot CR ycTanaBnnBaem KOJTHYECTBO
MOTOKOB B KaXK/IOM OJIOKE Ha KOJIMYECTBO ypaBHEHHWH B KaKAol cucrteme, Tak kak B PCR
0OHOBJISIEM BCE ypaBHEHHS, a HE MOJOBUHHBIC YPaBHEHUsI, HAa aJITOPUTMHUYECKOM JTarle.
Kpome Toro, unuciio akTUBHBIX MOTOKOB OCTAETCs MMOCTOSHHBIM Ha Ka)KJIOM aJITOpUTMHYe-
CKOM JTarle.

Ha nepcoHanbHBIX KOMITBIOTEpAX ¢ Tpa@UUeCKUMH YCKOPUTEISIMH, TA€ BHIYUCINUTEINb-
HBI€ YacTH NporpaMMsl Beirpyxkatorcs Ha GPU uepes mmny PCI Express, nmporpamMma g0mmk-
Ha MMHHMU3HPOBATh Nepeiady JaHHBIX MEXYy XOCTOM U ycTpoicTBOM. [ToaTomMy mydmum
CILIEHapUeM SIBJISIETCS TO, YTO JaHHbIE KOMUPYIOTCS Ha yCTPOWCTBO TOJIBKO OJMH pa3 B Ha-
qaJie ¥ COXPAHAIOTCA JI0 KOHIA BBIYUCICHUS.

Pesyabrartsl. B a3ToM pazznene mMbl TecTupyeM napaiienbHslid anroputM ADI, ucnons-
3ys JIBYMEPHYIO 3a/1auy MHOTO(a3HOH (UIBTpalid MHOTOKOMIIOHEHTHOW Y KHJKOCTH B I10-
PHUCTBIX Cpefax Ha pa3MYHbIX pa3Mepax ceTkH. [l TecTupoBaHUs MPOrpaMMBbl UCTIONb-
30BaJIH MEPCOHATBHBIN KOMIIBIOTEP ¢ BOChMUsiepHBIM rnpotieccopom Intel Core 17-3770 ¢
takroBo yactotor 3.4 ['T u namsiteio 8 1'0, rpaduueckoit kaprort Nvidia RTX 2080 ¢
BupeonamsThio § I'b, ¢ onepanmonnoii cucremort Windows 10 ¢ ycranoBnennoit CUDA
10. B xauecTBe s13bIKa IporpamMmmMupoBanust Obut BeiOpan C/C++.

[TapameTpbl 3a/1a41 YCTAHOBJICHBI CIEAYIONIMM 00pa3oM: pasmep ceTku (N) sBisieTcs
OJTHOPOJHBIM B 000X HanpasieHusx ch =Ax =Ay =1/ (N - 1), uncioBoii BpeMEeHHOH 1ar
At cocraister 0.001, a Bpemst coctamseT (0.1, TO3TOMY KOJTMYECTBO UTEPAIMH IO BPEMEHHU
cocrasiser 100. Pazmep ceTku nokeH ObITh PaBeH CTENEHH BOWKH IUTIOC OIuH. Pazmep
CUDA 0i10Ka 3aBUCHT OT pazmepa N, n3-3a 3TOr0 €CTh OTpaHUYeHHE Ha pa3Mep CETKU.

Pucynok 3 — CpaBHUTEIBHBIN TpaduK pe3ybTaToB BPEMEHH BBIYHCIICHHS
Ha PA3IMYHBIX pa3Mepax CEeTKH
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B PE3YIBbTATE MbI CPABHWJIM BPEMSA BBIUUCIICHHA TPEX IMPOIrpaMM: MOCICA0BATC/IbHAA
Iporpamma, peajan30BaHHas C TOMOIIBI0 METO/A MMPOTOHKU U MapajuleIbHbIe IPOrpamMMmBl,
peanuzoBanHble ¢ nomouibio CR u PCR na CUDA. Pesynbrarsl TECTHPOBaHUS MTOKa3aH,
YTO mapajielbHble TPOorpaMMbl Ha rpa)UueckoM MPOIeccope MO CPAaBHEHUIO € MOCIIEI0-
BaTeJIbHOM mporpammoii 16-37 pa3 OwsicTpee padotaer (pucyHok 3). U3 pucyHka 3 Mox-
HO 3aMeTHTh, 4To napasensHas PCR mporpamma ObicTpee paboraeT yem napaiienbHas
nporpamma, peanuzoBannas ¢ momorisio CR. Pucynok 2 mokassiBaet, uyto anroputm PCR
HUMECT TOJBKO OJWH HpﬂMOfI X004 M Ha KaXKAOM 1Iare peAyKInun KOJIUYECTBO YpPaBHCHUUN
coKpaittaercs. 3a c4er 3Toro no cpaBHeHuto ¢ CR mporpammoil ymeHbIaeTcsi BpeMsl BbI-
YU CJICHUS.

Pucynok 4 — CpaBHUTENBHBIN TpaduK YCKOPEHUN MapajuIeIbHbIX aJrOPUTMOB
(CR u PCR) Ha paznuuHBIX pa3Mepax CeTKH

PucyHok 4 mokasbpIBaeT, 4TO YCKOPEHHE MO YBEIMYCHHUIO pa3Mepa CETKH YMEHBLIACTCSL.
OTO cBfi3aHa C HAKJIAIHBIMHU PACXOlaMH NPH CHHXPOHU3ALMH JaHHBIX MEXKAY XOCTOM U
neBaiicoMm. B mapannensHoi nporpaMMe Ha JieBaiice BBIACISIOTCS MaMsTh s 51 nBymep-
Horo maccuBa c¢ tunom float. IlpumepHnas TpeOyemas mamsTh Uil STUX MAacCHBOB paBHA
51 * system_size * system_size * sizeof(float). OToT mapameTp HyXHO YUUTBHIBaTh HEepeN
KaJIbIM 3aITyCKOM.

3axuouenne. B pabote Oblin peanu3oBanbl napasiesnsHbie anroputmsl ADI na CUDA
JUIsl pelieHus 3a1a4 MHOro(a3HoN (UIBTPALUK MHOTOKOMIIOHEHTHOH KUIKOCTH B ITOPH-
CTBIX cpefax. Pe3ynprarsl TecTupoBaHus nokasanu, 4ro anroput™M PCR na CUDA OsicTpee
paboTaeT 3a cyeT MEHBILIETO KOJIMYECTBa ONEpaluy 110 cpaBHEeHuUIo ¢ anroputMom CR. Ha
BCEX AJITOPUTMax €CTh OTPAHUYCHUS 10 MaMSATH. YUHUTHIBAS 3TH OTPAaHUUYCHHMS, CIIEIYIO-
LIMM 3TaroM paboThI SBISAETCS:

— peanm3arnys pacrpeeeHus JaHHBIX OHOM cucTembl Ha Heckonbko CUDA GriokoB
JUISL CHATHS OTPAHUYCHUS Pa3MEPHOCTH BBIYMCIUTEIBHON CETKH;
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— TECTHPOBaHKE Pa3padOTaHHBIX AITOPUTMOB Ha MOOMIIBHBIX YCTPOMCTBAaX € MOACPK-
kol TexHojoruii CUDA;

— peanu3zanys THOPUIHBIX AITOPUTMOB UIsl 3a/1a4 MHOTO(pa3HOH (QUIBTpalii MHOTO-
KOMITOHEHTHOM KHJIKOCTH B TIOPUCTHIX Cpeax;

— pa3paboTka aJIropuTMa 3aIycKa apajuleJdbHbIX IPOrpaMM Ha HECKOJIBKUX rpaduye-
CKHUX IIPOLIECCOpaXx.

PaGora BeimonHena B pamkax npoekta Ne AP05130366-OT-19 «Pa3paboTrka uHTEN-
JIEKTYaIbHOH BBICOKOIIPOU3BOIUTENIbHON HH()OPMAIIMOHHOW CHCTEMBI aHAJIN3a TEXHOJIO-
ruil moBbIeHus HedTeoTnaun miacta iFields-1I» 3a cuer rpanToBoro pmHaHCHpPOBaHUS
MOH PK.
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KEYEK OPTAJIA KOTI®A3AJIBI KOMKOMIIOHEHTTI CYUBIKTHIKTBIH,
OUJIBTPALIMSA ECEIITEPIH LHELHTYT'E APHAJIFAH CUDA
ITAPAJIJIEJIb AJITOPUTMI

Maxanaoa xeyex opmanapoa Kon KOMROHEHIMMI CYUbIKMbIKMAzbl KON Pa3aibl Guibmpayus eceoin
wewy ywin CUDA mexnonocuscvin Konoamy apyulivl OOUNbIK-KONOeHey Kyanay 20iCiHiy napainens
aneopummin Jicy3eze acvlpy Kapacmulpuliaosl. botlivik-kondeney Kyanayovly yur Ouazonaiovl meyoeyiep
JICYILLeCiH wewly YWiH YUKIOIK dicoHe napaiiens Yukioik pedykyus a0icmepi KoNOaHuliobl. 3epmmeyoiy
Hamudicenepi YUKAIK Jcane napaiiens YUKIoiK pedykyus 20icmepi Opmansik npoyeccopiapaa Kapa2anod
3amanayu epapuranviy npoyeccopiapoa anoexaioa muimoi Jdcyzeze acblpbliamvlHblH KOPCEMM.

Tyitin co30ep: CUDA, 6oiinvi-xkonoeney Kyanay 20ici, yukidik pedyKyus, napauieib Yukioik pedyk-
yus, Kken gazanvix urempayus.
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PARALLEL ALGORITHM ON CUDA FOR SOLVING MULTIPHASE,
MULTICOMPONENT FLUID FILTRATION PROBLEMS IN POROUS MEDIA

The paper discusses the implementation of alternating direction implicit parallel algorithm with
CUDA technology to solve the problems of multiphase filtration of a multicomponent fluid in porous
media. To solve the tridiagonal equations systems of alternating direction implicit method, cyclic and
parallel cyclic reduction methods were used. The results of the study showed that the implementation of
cyclic and parallel cyclic reduction algorithms on modern GPUs is much more efficient than on CPUS.

Key words: CUDA, alternating direction implicit method, cyclic reduction, parallel cyclic reduction,
multiphase filtration.



