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PEIIEHUE YPABHEHUI 'A30BOM JIMHAMUKH
C UCITIOJBb30OBAHUEM TEXHOJIOT'MHA CUDA

AHHoTanusi. B paboTe omucaH YHMCICHHBIH aJTOPUTM PEIICHHUsS YpaBHEHUW Ta30BOM
nuHaMmuku. [IpencraBiensl stanbl peanu3anuu anroputma Ha sizeike CUDA C. st yuciaeHHOoro
JKCIIepUMeHTa ObUTa BhIOpaHa 3amavya PuMaHa o pacmaje MpoW3BOJIBHOTO pa3pbiBa B JIBYMEPHOMN
MOCTAHOBKE ¢ HadaubHbIMU JaHHbIMU Coma. [IpuBefcHHBIE YHCIEHHBIC PE3YJbTAThI
JEMOHCTPUPYIOT KadyecTBO pacrapauleIMBaHus U BO3MOXKHOCTH pa3pabOTaHHOW MapaienbHON
BEPCHUH MPOTPAMMBI.
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CUDA.

MASYAGIN V. F., PANYUSHKINA E. N., PESKOVAE. E.
THE SOLUTION OF GAS DYNAMICS EQUATIONS
USING CUDA TECHNOLOGY

Abstract. The article presents a numerical algorithm for solving the equations of gas
dynamics. The stages of implementation of the algorithm in the language of CUDA C are described.
The two-dimensional Sod’s Riemann problem was chosen for the numerical experiment. The results
of the test problem solution demonstrate the parallelization quality and the capability of parallel
version.
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Beenenue.

3amaun BBIYMCIUTEIBHOM Ta30BOM IMHAMUKU HPUOOPETAIOT BCE OOJBIIYI0O BaXKHOCTh M
aKTyaJIbHOCTh BO MHOTHX 00JacTAX COBPEMEHHON HAyKU M TEXHUKH. MOJIeIMpOBaHUE TaKUX 3a]a4
CBSI3aHO C TpeOOBaHUEM BBICOKON TOYHOCTH PE3YyJIbTaTOB, KOTOpas Mpu (GUKCUPOBAHHOMN pacyeTHON
o0JacTh MOXKET HapalluBaThCs KaK MyTeM U3MEIbUYEeHUS UCIIOJIb3YEMBIX CETOK, TaK U MOBBIIIEHUEM
TOYHOCTH YMCJCHHBIX alropuTMoB. O0a MyTH BeOyT K YBEIHYEHHUIO PACUETHOIO BPEMEHH.
Pemenuem mpoGsieM BBIYMCIMTENBHBIX PECYpCOB SIBJISIETCS HCIOJNB30BAaHUE W BHEAPEHHE
TEXHOJIOTHH MMapajuIeIbHOTO MPOrpaMMHUPOBaHUs. B cTaThe paccMaTpuBaeTcsl YMCICHHOE pEIIEHUE
JBYMEPHBIX YPaBHEHUH ra30BOW JMHAMHKH C UCTIONb30BaHueM TexHoornu CUDA.

1. MaremaTndeckass MoJaeJIb H JUCKPETH3ALMA.

Cucrema ypaBHEHUH Ta30BOW JMHAMUKU MOXKET OBbITh ITPECTABIICHA B CIICAYIOIIEM BUE:
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Cxema AJIL YUCJICHHOI'O0 PCHICHUSA CUCTCEMBbI ypaBHeHI/Iﬁ ra3oBoil JUHAMHKH MOXKET OBITh

MpEACTaBJICHA B BUIC:
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Hcnonk3yeM JByXTOYeUHYI0 KBaaparypy laycca (=2. Jlna peOpa TpeyrojbHHKAa ¢

KOOpAMHATaAMHU Pl u P2, toukn [aycca ompenenseMm cieayromuMm —obpasom  [3]:

V3

1
Glch1+(1—c)P2, 62 :cP2 +(1—C)Pl,me C=E+?, W) =0y =

N

Takum o00pa3zoMm, [UIs HAXOXACHUS Ta30AMHAMHYECKUX I1apaMeTpoB B sueiike A; Ha
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2. Peanusanus aaroputma Ha sisbike CUDA C.
Jns nposenenus pacueroB Ha GPU 6bu10 caenano [4]:
e BBIICIICHHC MMAMATH JJIs JaHHBIX U TOTOKOB Ha GPU,
e KkomupoBaHue gaHHbIX Ha GPU;
® pacrpeieneHue siIep s BEIYUCIICHHUS,
® KONUPOBaHHUE MOJTYyYEHHBIX JaHHBIX 00paTHO B CPU;
e ocBoOoxaenue nmamaru GPU.
3. HccienoBaTejbCcKHe pacueThl U OlleHKA ObICTPOIelicTBHS.
bbuta mpoBeieHa cepusi TECTOBBIX PacueToB IS 3a7adu PruMana o pacrajie Ipou3BOIBHOTO

pa3pbiBa. PacueTsl ObUTH BBIOJIHEHBI B IByMEPHOH MMOCTaHOBKE JIJIst HaualbHbIX daHHbIX Coma [5]:
(pl,ul,vl, pl) =(10,0,2), (p2,u2,v2, p2) =(0.125,0,0,0.1).
3mech 'Ol’ul’vl’ pl u p2,u2,V2, p2 — INIOTHOCTH, KOMITOHEHTHI BEKTOpPa CKOPOCTH H

JaBJIEHHE B KaHAJIE CIIeBa U CIIPaBa COOTBETCTBEHHO.
3amaua paccmarpuBanack B oomactu [—1,1]x[—1,1]. Pa3psis pacronarancs Bxons mpsvoit
X =0. Pacuer npoussoauics g0 Bpemenn t =0.2 ¢ marom At =10_4.

Ha pucyHkax npezcraBieHbl 3Ha4eHUs TIOTHOCTH (Puc. 1), ckopoctu (puc. 2) U ITaBICHUS

(puc. 3), KOTOpBIE XOPOIIO COTIIACYIOTCS C TIOyYeHHBIMU paHee PeIeHUsIMA 3TOH 3axaun [6].
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bbula mpoBeneHa cepus pacuyeToB Ha IOCIEAOBATENbHOCTH CIYIIAIOIIUXCS CETOK.
B Tabmuue 1 mpeacrtaBiaeHo Bpems pabOThI MOCIETOBATEIHPHOM M TMapaylICIbHOW MPOrpaMM U
yCKOpeHue, nonydaemoe 3a cuer ucnosb3oBaHusd GPU. Kak BUAHO M3 pacdyeToB, ¢ POCTOM

KOJIMYCCTBA AYCCK pacquHoﬁ 00J1acTH CTaHOBUTCS OoJice BBITOJIHO HCIIOJB30BaTh GPU.
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Taobmuma 1

KosnyectBo siueex CPU (Intel Core i7- GPU (NVidia Yckopenue, pa3
4500U 1.80GHz), c. | GeForce GT740M), c.
4291 22.8 5.0 4.56
8582 45.0 7.7 5.84
17031 89.1 12.7 7.02
33948 179.5 22.6 7.94
3akiiioueHue

B paboTe mocTpoeH mapaijieNibHbIil aNrOPUTM YUCIEHHOTO PEIIeHHs] YpaBHEHUU Tra30BOU

AWMHAMHKHU Ha HCCTPYKTYPUPOBAHHBIX CCTKAX € UCIIOJIb30BAHUEM TCXHOJIOI'MU CUDA. C IIOMOIIBIO

pa3paboTaHHBIX MpPOrpamMM OBUIM MPOBEICHBI PacueThl HA IOCIEIOBATEIHBHOCTH CTYIIAIONTUXCS

CCTOK.

Kax BUJHO H3 PE3YJIbTATOB pacd€TOB, C POCTOM KOJIMYECCTBA SAYCCK B pacquHoﬁ obnactu

CTaHOBHTCA Ooiee BBI'OJJHO HCIIOJIB30BAaTh IMAPAJUICIIBHYIO BEPCUIO IMPOrpaMMbl Ha OCHOBC

Texnosioruu CUDA.
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