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CoCHEHEBtS BOMMdoe O, BOBOIT 9 Ols! tOL dg" |
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1 jtcosdzOyOdz! detsy (d Bmdzse dzts g m defshigljts dn oL td5)e:
sO¢Ctsi: Ikrmwyd fdE&Mmijdg?2, Ctliter j dsy dats
fdzzyoj, cwlzffr §dSMmidi?).

4 SOCB2 yJ Ykt BdtsMmilss ¥ iBsy dzs Mls s dz¢
f ctsB dzj O3, zOf ted d3d to, 9 N-sig Gz offistf yd@EeiBtaEE © L
Bsdzj Cdzvtcdats?2 HJdzOdR] € J , ® ddz" m LOHOYO-R
sO¢ dn ¢ O CSPHdyfsasthed Particle Hydrodynamics | d H te s H d dz
Mc dzOY J dedz" ~ yomisdy) , ftcd t©WOMY OtcOdzdzj dzd
dimf sdz? L so Odzd d tc PN Ji sty OO B Is Hs d3dzts ¢ d
Ctsded ydzts 4 , oL d3gtsy dets, dzOdBBdzy § H 5GERURW
Hdzw or ydmdzj dzgd?2 Bh jets dzOL d&zOyj dedvw W o dzv
GPU M smtse dg Ldz2Oydilsj dz' des bEmMStsedls! jslsfzy
1l sdzj j Issets, dgj Qtetsdedzs” § M Iside d/c Odidls MIE Py Is a
MddzO o BdzOMIsd tOLOBSISSd d EMte jtoh j dzf

ydfMmdzj dedz" | OdzetstedlIlsdzr tojh jdedw HIWW ] to,
ftesdLoaBHd ~ BSOS | dRstzeskzEOnY Bic Odzizy gz§ 82" .
ted h j dzgd W sO¢dn ztcOo dzj dzd 2 d oL dz | ma .
fsHARtSHB d dd3j s s ttOL &zdydzr 2 Y slsjdzydOdz +

t JOdzdL zj d3r 2 2O f tsSHRtsH L OCdzs yOj Ismw
HdMGte] IsdL Qupdia)-w@asdasIsdzs?2 M~ J d3" © o " yd mdzc
dL ddzesy i Mlso O kL dzsoe, COYHT22 dL Cliter -
sj Skhjd3 otcj d&3j dedesdz NP OGj . | dzO"M dr -4 OE DM
dhf sdz? LkzjlsmMw OdzestedIlsds HtesBdzr = "N Oetseo ( C

CUDA dzj W dzW j Isfyw J HddzMise j dzdz" d3 o 5L O3t
o' ydmdzj dz2d?2 d&O cctwOWduyuijmMédr ftoetyj MstcOR
OpenCLd OpenACC( mMkzh jmiseze s d Htkzecd] o Otcd Odz
fils ©OdzH OpetsSL d DirectX d d&3j ¢ Is MY j yd Oy ddef Igjj dB dzr |
SOYHM2 YBHARtH dd&jil Meotsd ftoj dqdikzh j Mlse O
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I wOBl&)sjf e HMIsOo dzj dets CHBAQOMRNCEAY BE o B
LOHOyYd ts OHdOBOIsduyj MWEFR Jand dslsits a 'zAs Ol gials:
J L Oo dMmd dgsMmlis d s IEUDAY @tie®dgj IsgisEanlstcd cso O
ftesdL o 5H s 50 Uesinfis? stcjldgd 4  PpenCiptc Qo dij 188y ls -
tOMmBOlstedo Of s d3j IstsH Higvy e )] joddef Y= dacted@)
GH] dOfttslsde dizyh d Dpencl ( Bty &E®F i 2O PJ
Odzc stcdIsdBBO Mddz des 9 Otc’ dqelzjlsmw o L O dmdc

J tcOBISH | flcso JH ] des B Odefgets jf cEfifipezisH
OpenGLd CUDA dz0 ftoed d3j toj zdetsy j Miseo O tcOL dzd ydz"
ftoj sBtcOL 59 Odzd | ANzte! |§, Bsdzj ¢ &z dzv tc dzO W F
BOMMpdxd@steclsJtectso €O d dBRdesetsjy Hikzcetsj CUYDAMJ
tcOB tslsOjjlsj ,B"dpdchd dsz ds k& M ¢ ts tc PuzeCLn tf fipls Grptad@vock
bolssteOBRd ¢ tsalpenfls MW, plits d , dzj HsMIsOj Is
tc] Mztcftde jPps CtoesMimyf dzOlsW stcBZgURGE BB FISOHIs s
ZzO0 Mo tsj 2 totsH dzsNvidid dzQ Isshistigesjfdzeids ¢ yj fMils dzs ¢
fMHj dzOdets L OC dz yJ ded 4 , YWBA doOpaaCls gz'dzds dzin fg tzt$
1 CodoOdzj delsdze” § tj L zdz' IsOIsT .

I 190 &@tsHj dzdtetse Odzinw W o dzj @ADA J PpalrAUBJ ,
Clstster j f tetiHsjo @ExEnsiipsslso j kMiso j dedes EMEC s
MtcOo dzj dzd ) f sMmdzj Hiso Ols j CRPU.dzts 2I i[12(:0i::2¢e i5(: SO
ftosH | 3cdzMistcdtctseo Odzr tojL Ezdz sOIT EedHsHd
tcJh jlssydzsects &P Ez@UDA d OEdACQf ¢ OL Odzd Mtstf t
MEsesMmMis! orf f sdzdzj dzgdWw Odze sted Is dG30.

]l wWOBRSjffj HMsOodzj dz BN dtedz" 2 MY dlirts ¢
tcOL dzsy jdzgd j, g jlstsyds 2 3JIstsH 1 Skz®adzPde
f tctso sH d dzts GUDA,dQpenACC OpenMPd OpenCL( dzgj eofMmj 19
9" f sdzdzj dz" H dzv o MAPE B jtstaly | dffigizjlsdads fls | Mistso
H dzCUDA d OpenCl . t Omyyd Ist fsCOL Odzd Mmddz' dzts
ftesdLotHdIsj dz detslsdOHOud@e d nd Gz Mmisd tslis




188

vsO0Cddz BBtOL 53, ) sB M J d3, dzOo j todzats j
fjtojydmdzj dadz" = HtSHRtSHBe dzj Is CUDAdESE tiste tt H
or Bste Hdz¥ MNvidiay j sCtOdetdste OV  Hdzv  dzgj § Weo dzw j
SlsdetsdIlsj dz des dzj 6 C 5] tsSdz®f Cfifhda], j det¥ W gizg 16
Emistes?2 Mlso Oz Htczedr Ibdftse (BBd M ddzMmlsoe ts
o Yydmdzj dzdz’ » ©WOMYJsOr, o ISEWJ L] tedzfigsit§ g
W dzw ¥ Is fyw d d3j dzdztsNvidiag H jJlECOteigBdEd 1 Iss  dzj
ftojésdj dg) . OpenCL ~tstetsh Mo s 2 GBEj 1 t
ftesdLotHdIsj dz' datsfls! sSOC Y j dORBHJIMY dzC
dzj S slstster 7 MMz yoOwrn dhsy jls slstcj B Ols! MW
k2 Yj {WWjiClkdodetslsd, +ylst jd Ode® s@UD Az
dzOL " o@pen€LAPI Btsdzj j L OfEkzlsOdadz" d3 d fdztsy dz" c
Slsdzd yojlsfmw Moetsj?2 WddtshsWdj?2; HOdzdzr 2 f
Ef ctsmisdIs! ftesctcOBBdteso Odzd ] QBENACCEHO B ¢ J
OpenMP 37 ff tots fipsjtsC tflsgidtgi'dd Hdtej SIsder (2 OL
CsH Ooalss®@OIsdyj MSd tOMmY Otc ORRIDACGIAPI® jolsty vj .Is
B dzj § edBCdd3; d EMSttwjddj, HBMISde O] ddt
z mls &z CUDAIS OpenCL OpenACCw o dzW j Isfqpw € to ts fndy) f IAOG dzHs@
dets fsSHHjtYdo Ojlsmw EteOded yj dedzr a3 € tsdzd yj fi

l sSsHoatsHY dltseg, & MCdztsdedz HEKBOI: , toj
sls dzOeor Ctso ftosetcOBBBdMIsO, d ofmj YSHABHT
dmf sdz' L s9 Odzr H dzv UG, distslktsts 'tcjO Md Ofst® dz

l jtodzj dzsmw dzj f s@QUDAKWMiva FURMEE. Cs OC BT dzts
CUDA Cwodzw jIsipw t©OMh CI€F tizd § &8 "WHLR2WM@B o dIsj dz!
sBMistsdls Mdzj HEeEh dd3 SBtOL 5. sBH Mmistsd
tsls dzts M 'CRUGP'GPWU s SICPWHdeYj H MisQoa dzv jIs MtsBts?2 B
dzi Bsdzr hdd&3d tOMmh qtej dzd W o3d , Coslsster § dzj ff
or L8O WEkdzCyd2, GOUY todzdevjjddi’ d2d j G, O difv jlste[j +
HOdzdzr = d3J Y HGPU OB st ®Isd o dzts Y ! §f O @RBRA) { d&
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10O Yyofmis CtsH O mMetslse § Ismis sdpdiadidsH + ¢ Sz
C s d3tf d dzvw@As s @@adgy Microsoft visualC d Is. H . ) .GPlsats HtS frHAARYS
ftcj HMIsOQoadzw jIs MsBB2 dzOBtste WkdzC yd?2, § sd3
(_device = ddiopbal ) d € tsd&3f d dzd tclz j N&/GE@ (NVidia GDd dzw
compile) ; d ~"tlw ftod LIstsd3 & dJd3j jd3 HJ dzts
Wi CHru++, o f§dzdets? d3j toj ,deds tSH tedg i d3.v  {dAD
d LNvidia OCIsdo dets or f EMC O Is {f detlses O d3tizdztizts t5 dz jJ dz
Ftoctse dz 2 , sO¢ yYlsts MsOdzse dlsmw oL Bdtsy dz' o
g4/ 4++ ( 2OCWRAd®] tcdzj o SHH jtoy do O Ismw siIsts
fijtcor n e€UDBR QL& PBt o' 9 tsH GPUS I3 fpds ylsfedts © O dz

JHAd2OMszd Jjdzj ©9HOo OBGUDHW T bilste j fBtijlsts WL
f SHH] OGPUBS2dz] W o dzw slshtsd 2uyie'] Luzids dets Mmdztsy dz' d3
o tsj dzdCGUDA s edzts f stoj C 53 IRY.s9 Ols: Cdzd e kz

[ f) dzts BUDA

[ &2V dzZ® y®osB tsist { tsls taCUBAtQokkitrfry wSCdoOpdCdsdr! dzt
Nvidia. Wihdows o i) j dzj sB R tsH J @B § Qo lstsdzOIsd yj M
Microsoft Visual Studia Liux 3y dzs o M sdzr L 59 Ols+ MW
Edition ddzd fwsmists dfistfctsdizy, tsof@daf d3j dcEHAB® C
Cedkf ddzvw ydd BBs Y 4 Is nvee dzgodefie® .6u d 2 + generate - code
arch=compute_35,code=compute_35 -w -02 -0 run.

] dzd mils d dzG § 1 §ted Hiis OGP GPU, W &OE d&39 tizb
f Odzw Is f sHN dgBjndyiddzls ts o d 9" L' 9808 I€£MpMs St
ddzdydodzdL dqtekzs sfqpw dzOyOdz dz" | L d&zOyd dzd v
dmy s dzdzv JGRBU Rkerde® &z dz¢ yqd d e ) , smizh j Mise dzv j Is
Hsf sdzdzd Isj dz! dzr =  Otc O d3j Is tc 5 9<<<@rid, Bldeks=2. dz'[ 7] dASG
9 b®BGPUEBEWY dzbH @pls MBlsdzvy d&3d d Is™ mw yOdzgd
Bsh dzs s GOV dyd M dn ftesyd Mhstese o Md
SHdso toj d3j dzdets BB OB OIs™ 9 Ols B4 MC tsdzj QRIS §
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d H dztso toj d3j dzdats 1 to Jmiack g Qigj sz fialstisg o dlsHfj 2iids
Btsdzr h j, L Iss LOadmdls s Csdzdyj mlses O {§ S
1 Isdr BdzsCtse i tcj HGridzWijdsdnWH of JO teffOjd3g Jsdgjsdiiz" |
fted oriLtej Wkd¢ yddGPU d MY &dzdg” jidsdds dEB N
f Otc Odzdzj dz' dz'NA3H (g Mss SBE) dzt M § YdJd Bl ifAES L 9
(WssBsts zyd Mis! d3" dMmif S(dz'<iNg.J &g~ F s 4 4 gzt
ftoeddeydy dL 5B tcOAl]. dz |dz@zddpsiyitaezSiy 1 SOS Y4
threadldx .x,  blockldx .x, blockDim.x. ] dzOyj dagapldx .x tslseo j YOG
dsC Odz! desdzglz dets a3 oz ff sSIs5C O blakplz Ixtc d | B 2§ @&
blockDim.x j Mis tcOL d3j &6 B dzs € O, Is. J . Cdzd yJj m!
LdzOyj dzedy B Yydets Qo dets 1024), fted + st
tcOL d3 tedztsfisd o h | tigjtsizddzChy J olztdzt S35 ydgtde J - @ H O
Istcj - d3j todz" § .

N
4 \
—
N A A ) e -

Block Block Block Block

tdmMedzsS ¢1. wrnj BOdyd MEB] tsBI W@RIE

CIC++ CUDAC
lrnjdjddd fO&¥Isd

double *a_h; double *a_d;
a_h=( double *)malloc( N * sizeof (double)); cudaMalloc(( void **)&a_d, Nrsizeof (double));

WEdeS ydv, dddydOodzdL dqtekzs h Ow L da@ y jth

void add_one_h(double *a){ __global__ void add_one_d(double *a){
for (int i=0;i< N i++) { YY vydad wyde hyy} 3t aaGRU| g1
alilj=i+1.0; unsigned int i=threadldx.x +
} blockldx.x*blockDim.x;
} if (< N{
a[i]= i +1.0;

}
}

YY 1 d yneon hyy3iemPO| a| o1
add_one_h(p_h); add_one_d <<< Grid, Block >>> (a_d);

[ dmisd dz¢ 1 .CIGHts CaDA Clzd
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[ Olsj d&30Isdyd M OW dsHjdzr, BJISBH tejh jddw L

{ OffmBsslsted &5 b avQfodddi et 1§ ©LUAOO .

A FEI0 mh (A.1)
T, P s P
S n -1 —3n* A.2
o 17l Noog T gouh (A.2)
T o ., . P .
9 5 P A.3
o Be s A h (A.3)
00 0 .
T _ #h 6 (A.4)
T O

1HJIMOA 79 j Clstste MStstesisd, HOsdzj dzd j, € tsda
2R BHT T BjLEOL B tdf QeOdgf O L OH OYd,
wdrdudmSdd Mes2Mmlse O YduSEsmisd d Isjuj dz
fSHictsB dzsets tsf dMOded™ HOdzdz" 7 i B9 dzjted@ep iz
md zzQtHo@ S MO oL wWIsr o COyjMmbe,j fted d3j to
BilssHT  ®jlsSHT flescteOBBEess Odzd™w &scl
Htezedms LOHOY: G6dHteBHd®ZOBdUI MSd] tSHASHW C
(EtcOgvizd ¢zOtefd) , daj L tslsjted3dud M&dd §$tsdzo
off jtoejH, tldijlsdd, vybts HOodzjdzedj o' ydmdzv j
WH] LOHOY WdBsyjls ftslstej Btso Olst mw dmif sdz! L
ftcdcetcOdzd ydz' = kL @gdE, f§sHtesBdzj ] o [

] ¢cOyjfmlsej &jksHO HdMStjlsdL Ooydd fte
wodats? 5 otejd3jded MOojks2. 144 @) cyo dEs
LOdGj dgv j &5 20 HdMCtejlsdy j .

~ ~

w ‘TWOhQ M) hQ 07T h (A.5)

>0¢

W DOhQ M hQ 0 10 (A.6)

Qad © "Qhé Ggzh & T3 (A.7)
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1HjGhi Hj COtelstse r | WS topjdddEodsd iy dzj dzdzr QRQ § dzH
ftesmisteOdziise j dzdzr 2 h O¢ M jOs Q0 "Q ( s | i
fiosiisteOdMls e j dzdzr j 0ite @i dghe0 ¢ S sz B dzd .

 dzw otoj d3j dadets? fHftesdL otHAS?2 L O dh j o3
T I B (A.9)
T 0 T
[ dzw HdMCtejIlsdL Oydd ftetsmilstcOdzMmlilse j dadz’ n
fsteWHCO Wstodzd fHtoddddzOsls 9adH: ot o dalzlk

TQ Qn QrlIQ Q Q
T ® ¢ Q hT @ ¢ Q h (A-9)
Tw Q Tw Q

ZO cteOdzedyj B d&ZOMIsd Hdzv f jtcor n ftesdL ot

T 0% % O (A.11)
T w cQ )
T Qt] O'Qﬁ TQ R Q HF] (A.12)
T o i cQ
TS 9% TH &y (A.13
T w ¢ Q
T oQ TQ' Q . (A1)
T w cQ

O ctOdedyj Hdzv oltster 7 ftotsdL otsHA A

” " 0" - Q
! ‘Qa ¢k Qa" ST (A.15)
”n T (o ”n ”n Q n n
) Qﬁ CQH 0Q R TQ R Q - (A.16)
T (b ”n ”n ”n "Q ”n ”n I
LA o VR TR By (A17
Tw Q

TR Qg uvQ TQ Q

A.18
- 5 8 (A.18)



193

Stsdzo jClsdo dzO% ftosdL o 5HdZOY Of ftesC fdddik |

A%, 4% (A.19

"o T w

rdzv tejh jdedw 1 otsdzs ydosdader = ktcOo dzj dzd 2
(B stsH HtetsBABR .~ "@fcdse]) B3 [ Iz teCOsotsuR MR | H B E o]
o qHJ

-0 0Q U

~

15 Iy P . P

T 7|ﬁ:)1 7|ﬁ ”hﬁ Z—’Br\l ,||7] U‘_éﬁn‘ ﬁ8 (A.20)
Il T tOLdd3 Woadsets L dzOyjdedy MEstesMmisd dzO0 detso t
¥ ¥ ¥ ¥ \ P > P, .
I 1y T I3 Ty Np 2—'&1 I U‘_Oﬁn 8 (A.21)

lojujd ojddydd, ¢ olos ke s filsd fdr Mtk
B Ccsclybherdgzs (cekl jtdzye) MNSstshls!

T Tyt TR X Zﬂﬂ*lﬁ Uﬁéﬁn‘ﬁs (A.22)

R s d dzdzOv IS Bis MG Bl Mls ‘Odzr Mdzj ks h dds Mt

Tw s T8 (A.23)
1tod 1 Istsdg dfls ddeCws difCsotsdylsi'ls bt 0o dailizd 4o
Slsdzd ud 4 s sleas@isald i34 dev v s jOyds HEALI 66
fsdzeyddz EtcOodzj dedj 1} EOMMsdzO Hdzw H O9 dzj dac

M %3& =e! (A.24)

LiIeOo dgj dzd W H dz¥ (AQ)E dz v iddldst@ ik ds c@.4) % 518 i dg§ @
odHj LOYJh EIlsfw

0 p oy T HPge P O;&‘ﬁﬁ (A.25)
‘h C0G TO6F #NM ;8 (A.26)

vOCdd BBELOLEBER, GojHmlsOs dj dder 2 djlstsH
1) Irydmdzv jd& Co0OL d DB’ H @ dzdatz t5O® @zg gizg



194

PteOo dgj dedW Hdzv ~ddi3d YATHCd G 8 5 dzpjs gesiaig Prftad
RIsjtcOydsdadzts toj M Of Isfi)(A.248.tc OB)dzj rdfigt]j ts dr (OEPH) i
fskzyoj & o' 6Oy jdedj HA&v dhsddds? NSt

l e tcOdBBdzOY 6 JCOBA] L Oydw dz0

ltejHiMisOodB hdase dz § YOMlsd EUDAG it ks f
flsOdzH Otelfisigzvjls dd j ojhd, kOSHdj] COC Bl wod
oM sdREcOlsjd dr 7 §jtej Bjdeder 7, ootH/ O 8t
fsHS dzs ydls' L OcCsCERABYd j W02 &

#include "cuda_runtime . h"
#include "device _launch _parameters . h"

' cdzsB Odz' dgts? HSBloAO MdSdEd wdd@idddds d ez j d3 § j o4
GPU C(tlstster j f sdzOHBSBWISMY o HOdMz! dgj 20 J d3:

/l time and spatial parameters

__constant__ double hx, hy, tau, Lx, Ly, tau_p;
__constant__ unsigned int nx, ny, n, offset;
/Iphysical parameters

__constant__ double A Ca, Gr, Pe, Re, MM;
/lother things

__constant__ double pi=3.141592653;

llauxiliary arrays (explained in the end)
__device__ int *nl, *n2, *n3, *n4, *;

szt yjotsj chpsamo s zSOLT" 9 O Is, Yylss § j o] «
My dydodz dets? dzj dL tgfatiz? ¢ YO BY Bz dQ@dete s ls
RZOBdztse s o M j | YJ B3 GPU dztiss O df'2 dzte?s | ] @3zwIds@
ftcjorhOjl dmMisd ¢ Cddtss O2Is, dzs 1 Istsc
dmfsdz Lzj 3" J GCdmlsOdzlsr . v OS] diEeyides, df
o s Mazzyoj fjtej di3j dede" § dL d3f da¥ j 3" d -

]l sdzj L dzs dzOyOls! ftosctcOdEBRE M ftese jtoC d
it deviD ~ 0, deviceCoumt = 0r
cudaGetDeviceCount(&deviceCount);

if (deviceCount == 0) cout << "there is no detected GPU" << endl;
else cout << "GPUs available: " << deviceCount << endl;
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VL dzOIs f SHictsB dzlz ® ddeW stedzsOyde tsB dd3j!
35y dzts LOfEMmMlsde ElsquRd SEK. d é Vv iBtc®Bu e@ipy dzs
Bsy des Mdzj Hiz® M B W EzdzC ydw &izd,

cudaSetDevice (devID);

cudaDeviceProp deviceProp ;
cudaGetDeviceProperties(&deviceProp, deviID);

printf( "\ nDevice %d: \"%s\"\n", devID, deviceProp.name);

GHgeviD z dqdzH § ¢ M  @RY dzsROC Y J o SL BB dats, i
EmMsOdztso dIs! tOL d3j totled € Z oy v j MB. § lo fiffistaiiiztgty]n
91 GB.

size_t heap =1024 * 1024 * 1024;
cudaDeviceSetLimit( cudaLimitMallocHeapSize , heap);

[ dzv  f sdzi 2 vinWstketshs L gy ts s fifldsddzy(j GlEB)ie O
HOo dzjpgi{)¥ d ~ dd3dud MS e Y § tzils | Hz) & OO@(b@dk )
dlZWW JE@ps)  tBL dZOYOj SCPZO fififizfiol (éwge_ s Is dats f)
BO i d oGP dzO

double *CO0_d, *C_d, *p_d, *p0_d, *ux_d, *uy_d, *vx_d, *vy_d, *mu_d;
double *C_h, *p_h, *ux_h, *uy_h, *vx_h, *vy_h, *mu_h;
/lalloc  ating memory for arrays on CPU and initializing them

C_h =( double *)malloc( sizeof (double )*N);
mu_h = ( double *)malloc( sizeof (double )*N);

134

/[allocating memory for arrays on GPU
cudaMalloc(( void **)&mu, sizeof (double )*N);
cudaMalloc(( void **)&C, sizeof (double )*N);

{lsd3j Isdd3, ubts, kO COfdEHYOAO M das C
Bsy jIs otsL dzd € dzglz s NJd Z20dzedj dMftsdz' L s9 Ols+
FHtsBdes s jtocdtotseo Ols! ) Hokzd3j tcdz' dzdCURRKRQ fisfitsds:
fsHAaBBH dzj 3§ ZOB B dzgede$ O ls IstclzH dztsls d CRUsED S
GPUJ B tcOdbwtordfCUDAdzj HEMiskzy jdz) . 1 i Issdil
dzd dzj Oted L s Odedzr 2 tsH dzb 3gfszge] ? i dpBsietiijdis o ) gizy t
1 dzj d3j dzls ts aNxe @y tjicLos@izd y J fivllgjodids slodzjo  dz@ftfy, tofBet dzj
=(Nx+l)t¢mMHoadce dzO dqdzHJ ¢ o9 jten/ adzdL .

YIstsB T ddzed yd O0dzd L dGPg o Odsts 3 delsO Mfifffjots o © d d
BOMMGRUY L Olj &3 ME s dcs6RUE! § &sd ! &30 des -
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cudaMemcpy(C_d, C_h, sizeof (double)*N, cudaMemcpyHostToDevice);
HdzZv BtcObdtsets Csf dqetso Odzdw dMYf tsdz! L kzj Isfyu

cudaMemcpy@_h, 06_d, sizeof (double)*N, cudaMemcpyDeviceToHost);

rdzv Cosf dtetso Odedw o € tsdzfls OuitEMemEpyToSmBotEY Is ¢ ¢

cudaMemcpyToSymbol(hx, &hx_h, sizeof (double), 0, cudaMemcpyHostToDevice);
cudaMemcpyToSymbol(hy, &hy_h, sizeof (double), 0, cudaMemcpyHostToDevice);
cudaMemcpyToSymbol(offset, &offset_h, sizeof (unsigned int ),0, cudaMemcpyHostToDevice);

é

OS] dzjSBOoGHJ®EE G d Blozd Is 't Ofindnesisds jol
dfisddej 1, Hdv S’ n t©jSodjdHkz]jlsihw
dm3. [ fdzd & L OHGHJGBlokOBO RE s i3] wdz j, dst
sB'" yYydz' @3 yJ dzsydmadzj dzdzr d3d Isd§f Od3d H Odzdz’ - ,
dm3dzj SBRSHJ BS. o Souckipigifids stej 1 Istscets Isdf
LdzOyjdedi fJbkd @hdetleg®,) oz BBrtsHdBS f j o HC
f OtcOdij st O.

size t thread_x_d = 1024;
dim3 gridD(ceil((N + 0.0) / thread_x_d));
dim3 blockD(thread_x_d);

vud 4t di3F sl a3 O teOpsedflz  dzOM d = o " ud
fts otcj d3j dad dz2OYd dzOjIsqw M f jtcotsets "N OO
CoOLdMEstetsmis: , Ctdyj desteOydw d = ddsduj ms

/I the main time loop of the whole calculation procedure
while (true ) {
iter = it er+1;
/[1st step, calculating of time evolutionary parts of velocity (quasi - velocity) and
concentration and chemical potential
chemical_potential <<<gridD, blockD >>> (mu_d, C_d);
quasi_velocity <<< gridD, blockD >>> (ux_d, uy_d, vx_d, vy_d, CO_d, mu_d );
concentration <<< gridD, blockD >>> (C_d, CO_d, vx_d, vy_d, mu_d);

Il dH HOdzdz" = d MGRUZAzUZS dgkdiRelVdiz@izC yd2) BEHJ IS
dzdy 4. wlkls! HOdzdsets " OCODAY Higdz] W st Az dgO J
sfftcjHJdzj dgdgr 2 or" ydmdzd & ] ®'tsdg'ts2c ts @51 jo dz y &) fi tiz¥
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d&sd ud & 56 mf)5is jHdalpd-O k@ &Y © dzjwizlsy) ¢ o @&d d in &z
sdzyj delsteOydd dz0 Mmdzj HIEE M j o3 otej d3j dedats i fc

11

N

C

©Oo dzj dzd j ) kOt dzO

10 obktstsd hOc] &jssHO fsjCyd?2 toj
HOo dzj e sz’ R 2 j IsTw  dlsj tOyd sdzdzO" §tetsyj H Izt
L ez f s uj MS 5] EtOodzj dedj 1 EOMMBsdzO fted ot

; M %o& ElG} 8 (A.27)

1 H§ T Ng NIt T ftesdLosHdOY s WdElsd
1 CteOYj ftbyjHktLO tejh j dadity M d2)n ke @iy dzvl
[ Brsnp s 3) dfmdd ©OLddyO dzjoewL €db daiss:

E

h

—

o toJ d34 dzd d3d dz' " § -dzj C LK dEd3 dL
(i i e ; 4) BBRjEJOOj BB L Oy ddw 1 dj
Ne Ng s fsoltstew jd&3 ftesyjHEkZtee HB Ijn Gt
Ms2HjIsmw .,

I 7 yddadizii dzj oGPUC afdzdzOls MW  dzj Isted o d Odz! dzats 2
LOMRR) sdelzs Mmdztsy dets s . [ U alzts 9 ' y dsfitedRyf Is j Wil wizts
Wy dzw jIsfyw G dizsB Odz! dzts 2 f 4 toj d3j dadats 2 . 1 tod

SHdSo toj i3j dedets § sz ydls' HEMOHE © v Gz ?
G tsdz$ d {rsdecsrilitos) . (CPWn dzj Bsdz! hddg ydmdzsdz o
COYH' 2 flsS &eyjlk §t BuyjtjHd MKkt
o' fsdzdzv jIs s jtcOydr HtodMmo Odoe OdzedV , dz@Rilz G
qagjr Mwyd orfr ydmddlsjd d & wHJjt, HOd®O
cBllST dzsydatsj bottetedy " Cdzg EMSseww, O EBdsc
ftescteOBBE. | d&2v HOddy & yizkeRd fetsd @z j 16 f
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MzddBdtctso Odzd j o' ff sdzdzts  Is i WzOo ff gz ) & HRAzZHBE s tol
BOMMdo O ¢t OO, COYHT 2 f cslsts@ o yd-
fsdzeydeh drafmw §Otc MMmlsOo dzw s Isfw  deser j |
d HJ dzMlis o j dedzr 2 1 dzj d3j dzls.

1 @CUDA o " ydmdzj dzgdwvw o' ff sdzdgw ¢ Isfpw  B@ESE 20 dg]
MeMlsQoadzw jIs BOSCMHdBEzdE 1024 fslstsCO (9of tsdz
BOC Md d&3kz d3, BT 90Ojls, tHdAdOCt, ybkt &GOS MHd RO
ftod djde hjd&3 LdzOyYd dzedd, des tj Cts5d3j deH iz Isf
ltcd 1 stsd3 Audydizzdgf $HEZ BAZCOR GlsMizlsMmiso |
fJtcj HOo OIs! ¢ Otedg" § Mzdzdz" € M BHdSEts B
ejHEZSYdd. 10ftedjte, d&jwv &OMMdes JL
smikh jmlseadils: twijHkSGyds 1024 1 dzjw3]ddgds's adzO A
9 twOLd » BIEZECOR. [ 90 1 dzj d3j-dzlf ® Iz alsts ) elzte z |
sMmis©eh dr Mmw L dzOyd dzd 2 Bsy JIs BN Is ClzHC
stccOdzd L so' 9 Ols! Htseo jteh jdzedd tWiHESCYdd s
dMmrtHdr 2 KBOMNMde24,H ddeiaigjgh QUg'ds ted HESCyde
cOLO (. j. oMmMjcet orLtseatse Btdzr hj Helkr) .

sO0Cddz tBtOL 53, Odze stedIlsdz ttOMmMyj lsO dzj
orL ot fsyjHkter tjHEZSYdd. 1 jtokzlsmw 2
dlsjtcOydd oty st VtcfHkzSCydd, o Chlststots?
mMsB 52 dfmna SH dgy.2 Id3CHEH(dats 2 BOMMdoe W sted3d
LdzOyjdzd?2 f COYHBEB BAEBCO. | " oBHds2 ®&Of
fsfmr dzOj Ismw dzO o - sH | it UsjcHEz toy d Ctel HHZSE Yl §
9" nibHdets?2 dB3OMMde dzgj BEZHJjIs MBHjtey Ols! JHC
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0\1/1 2\5/3 4\9/5 6\13/
\/ /
\28 /

it I MzA2CR § B30 o " f sdzdzj ded W t-fitplasdgdp i tiztics O d

1d3%j fjHmlsOodzjdz StsH tOMYjlsO bkicOo dzj ded

/[2nd step, Poisson equation for pressure

double eps=1.0; /I current accuracy

double epsO=1 e-5; /I setting accuracy

double psiav0 = 0.0; /Ir, on residual n - th step
double psiav =0.0; /Ir0, onresidual (n -1) - th step
int k=0; /I iteration number

while (eps > epsO*psiav0 )

{
psiav = 0.0; k++;
Poisson << <gridD, blockD >> > (p _d, p0_d, ux_d, uy_d, mu_d, C_d);
for (int i=0;i<s;i++t)
reduction <<< Gpl[i], 1024, 1024 * sizeof (double ) >>> (arr[i], Np[i],
arrfi + 1]);
temp = p; p = p0; p0 = temp; IlIswap p and p0
cudaMemcpy(&psiav, psiav_array, sizeof (double), cudaMemcpyDeiceToHost );
eps = abs(psiav - psiav0); psiav0 = psiav;
}

1dowLCd dzO Hebkr hOeOR 6 WJCIsdo datadilrf o
psiav 0. & ff j tijo @ s d3tsh 1 skerrel Iz &z8 @oifsgn o * yd dzw & Is myw
Ng - 1Olsjd3 dHjls s kgt dzelzr R tsoasreh j ff tousdy 4 H
[MsOdetso 3w f sHtcsB dzj J 2O H Odgdesdz d3ts d3j dzls

AdCdz or § sdedplj IE@YER ] filsdzty) .o " L so e Y j
1 tw©OL JjMmdd ydmdts + dzj &3j delstse  dzj B =2df hlgj. |
{3 sdd3, yYysts ONISIcEEIFOYdaPd COo ssBOISd y
fsfmdzy L Oo j tckenekf b dz® yd o O
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/Inumber of reductions
int s =ceil(log(N) / log(1024));

I f Ot O dgjneh B &S tpdudtions stets2de & kedser & @S

dzf 2, O Isted ¢ Otc®dzjj OO .Is grefOtoumtf niddrH oALZES S 9
block ( ydmdzs f tslsts¢ o ) BdztsC j ) , stcj Isd 2 )
HgdzOBd ud MSd o' Hj dzsharagif DdBME g y d O QzdzdzB?2 ¢ O
COYHTMT2 BdSC, WwWodzw jlsmw Btsdzj j BT Mlsicdrp czdzj
constardf O A3V Issharedf @3V Isd sy dzgs H EZ BBOIs! |, -fEADRW Idsc
ColttcOW By jls COL Ol Mw §tsdzj L dets?2 H dzw
sharedf O d3w Is ! LWWJCIsdodzO o Isjnr Mkzeyowra, ¢
Mdeds ysfRj eH BHdddE d sjdB 3j d&ZOBBGKSH !

[ Omfplse j yOjls gidD ©OLMKHE? dj sBrBHJNR
tcj HEZC ydd; Np ds@&Pgaf| ds Csdzdyj Mo ts 1 dzj d3j dzlst
Ctej HzYydtetso Ols! e dzO NgQ»=HJsd3 " Ocj (fteduj d3

int *Gp = new int [s];
int *Np= new int [s];

int GN=N;
for (int i=0;i<s;it+)
Gpl[i] = GN = ceil(GN / (1024.0));
Np[O] = N;
for (int i=1;i<s;it+)
Nplil=Gpli - 1J;

[ OMfpd §f o j HMMIsOo dzw jIs MtsB B2 &BOMMde dL k¢ Ol
GPU).
doubl e *arr[10];

l sL By dets, Y lstejBlzjlsmMw Bsd " 4 UOzj d3ge
anfii 1T € OL Olsj dz dZO o - SH dzs2 BOMMmdreli+1y dzw
£C OL Olsj dz zZO or AatsHdes?2 BOMMde Hdzv ot
fMdzj Hize h j2 disj tOyde Bk OdzsazfR MwzkOMMsH dz" d3.
arr[0] T 4 fMis! EZCOLOIs] dz2 dzO pfg it HE 6 Hsts dzis IsHe
st1l EC Qar@ils jadzfs], W OCIsdyd MS OW H dzd dz@r [i§ @Pie Hzé
Ndi]l. sOYHT2 fYtsMmdzjHlze hd2H EBOINGH s (NdZj el )n.j |
Hy2Mbodlsj dzt detsfisd dzjls dzj sBratsHdd@sMisd of
arr[i]ci= 1-é i3 By B dMfsd L s Ol tHdd d
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¢ OL Ofsigvdzitray ) © COyJMmlsea ] ontHdAdsets d [offddds
dmn SH dz" 2 BZOMMd e i sdzw HO9 dzj dzd W dzd B 5¢C
9N Hjdzw jlIsfqpw dzdh 4 H dzW dotsbie dztdedzd Njilz i HilglzWdzls © IS C

double *psiav_array;
(s!=1) ? cudaMalloc(( void **)&psiav_array, sizeof (double )*Np[1]):
cudaMalloc(( void **)&psiav_ar ray, sizeof (double));

arr[0] = p_d;
for (int i=1;i<=s;i++)
arr [i]= psiav _array ;

1LiCtltter j OMfjSlsr ftjHumlsOs dzj dedzets2 o
fs5C 0L O MW dLddh dzd i3, GHAOSE 1kt 1§
BOSC d BOdz dzs  C s RHOWs dets o to bagdey st jj ©
HOdzdz' = .

rodzj j, femdj o udmdz ddv dzj 9" dfdf,kz Isd"d
B 20 bkCOL Olsj dzj 2 .psiav) a@ds | @ ls SUtjditcz Fds o st
d HddzMmls o j dzdzrardy _arrdg joi3jzd8lsts tggets | L dzO Y4 dzdGPU) dzjoo
f4 ] B3ipdaaziz(¥dzj oW L C OCRY § OZW BN j &3 Mdzz yOj ¢
Bj 3 IBBUG CPUW o dzv j IsfW  d3j H dzj dzdzs? &4 j teOydj 2,
Csfdtckjdg dzdh ! 8 BO22I/ 64 Bdl, Yt daj' f
hddr fO®RYISd odHjSC OIS Mty Ok jds R
BisHjdvR). 1 LOCd yjddd o' §tsddw j sy f Gt
B fittjosHddE S$ bjls! jBz hOEk &jlscsHO {t

[sjlsdd, Ut o ddlsjtOktc] dSEERS S .
fosj Syd2, ds ) bftsh jddjid fesyjHEzts
dzj oW LCO dgj or Mydlsr aOjlsmw, d " AatsH dL C
Ctedlsjteds (dzOfteddjte, ydmas dlsjtwoOyd?2 do
or ydfdzdlsj d' dff &5 a ®©sdPEPd], o daj Sslssier o
GjLbd OE. 10h Odkestdlsd, Msslss jlsmlss jec
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1 OC dzs ydlsj dzr dzOw  yOfls! BjlssHO (]S
stekzHdatsflsj 2. [ HetoeWindsdsS wd sL,r 990 lsHs e OV s daj d
HOo dzj ded v, o ydfmdzy jlIs L dz@wJ zd)v. Gl jdaliztst9B
L zOyj dedv fdzj?2 MCotesmisd g Stdeyj delsteOy(dc
fdzj HEs h jdke hOck & otj dsj dag .

//3rd step, velocity correction and swapping field values
velocity_c orrection <<<gridD, blockD >>> (vx_d, vy_d, ux_d, uy_d, p_d);
temp=C_d; C_d=C0_d; CO_d =temp;
temp = vx_d; vx_d = ux_d; ux_d = temp;
temp =vy_d; vy_d=uy_d; uy_d =temp;

} //ithe end of the main time loop
} /ithe end of the main function

Kernel-W 2%y d d

1l fmkerne 2 dz€ ydd, L O dMmSdzs yjdedj &3 ¥ z2dz€ yddg
odH. 10 fteddzjdws IsmMw HOO fBHABHO: 1)
Hdzw ftesMmiss?2 ¢ jd3jlstcdd B dzOMIsd ( dzOf tod d
Hist sdzdzd Is j dz' dz" i RS CArssiodz didzr = d3OMMdoe tse
oL sy des f sydlsOls: dBOtedyk dL Mmjlsd € Of

it OmMmdsslstedds  jteor 2 HoHRtsH  WEkdC yds
LdOyj dzdj S tdeyj dzlstcOydd o COYHBR2 IsySJ fte
ZHtsB des dO)df'tsdm a isdg] edzgz® ddzH J S MOyYydys B AzZSE
orLser WEdzCyd?2 (ybsts & tfidMmreOdzd eor hj
dzdh ' tsftej Hj dzd lgidD dfblpcidjCde)Sdzdr ojlz d3j todz" J :

size t thread_x_d = 32;
size t thread_y d=32;

dim3 gridD(ceil((Nx +1.0) / thread_x_d), ceil((Ny + 1.0) / thread_y_d));
dim3 blockD(thread_x_d, thread_y_d);

sO0Cddz tsBtOL ts5d3, 9 Kegeli isdzds\§ effdc gthi izl itz o g OL B |
BdzsCd L 1024 (tskbtsCO, 3dts 9 M egged &9 Oy
zOf tc Oo degydiwdgly dzv & Isw s silsd Nis fiFl®aNy. dzdzts € OC

__global__ void concentration( double *C, double *CO, double *vx, double *vy, double *my {
unsigned int i=threadldx.x + blockldx.x*blockDim.x; /lglobal index i (x direction)
unsigned int j=thre adldx.y + blockldx.y*blockDim.y; /lglobal index j (y direction)
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unsigned int | =i+ offset*;

if (i<=nx&&j<=ny&&I<n)
{
/I Inner
if ((i>0&&i<nx&&j>0&&j<ny)
{
+tau * (
/lconvective term
- uxI] * ( Cql+ 1] - Ccqr - ap/ (. 0 * hx)
- vyl *( C(l + offset] - C(l - offset]) /(2.0 * hy)
/Nlaplacian
+ (+( myl + 1] - 20 myl+ myl - 1]/ (hx * hx)
+ ( myl + offset] - 20* mfl]+ myl - offset])/ (hy * hy)
)/ Pe);
}

/I Rigid bottom wall
else if (j==0)
dn = 4.0* C(l + offset] - C(l + offset * 2]) / 3.0;
/I Rigid top wall
else if (j==ny)
dn = 4.0* Cql - offset] - COl - offset*2])/3.0;
Il left inlet side
else if (i==0&&(j>0&&j<ny))
daj= -0.5;
/l right outlet side
else if (i==nx&&(j>0&&j<ny))
dn = 4.o0* cqr - 1] - cq - 2])/3.0;
} /lend of if
} /I end of kernel

1 toj HMIsObetpghtizdz@® ydw tOLBJdISO dzO yOMmilsd: or
d dz0 cteOdzgd yor B dZzZOMIsd. | tc OB AQfia] dzdz'iz th)leizts ¢
CsdzyO Cbttetsets ftosdMrotsHdls L OSOYS O, ff e
dzed y dgwvw MilsjdzgS d wWoeodzws Isfqpw Ise jtoH™ ddd dzj ff totsc

lteddzydf 1 tcsc ckerdptiydaaioy@dad WH dzv o ¥ yd mdzj
OBMisdzet Isdets IsOQLEBE O jls ds tedzjn das mls j 2 .

Reduction

ltesyj HEteO of ydmdzj @EW  dig jiHsz ¢ dgdztg ) jdiEds o
Mo w L Odgdz" = ) GPWF difstg t§ dstz BAZBdABRIUDA. dstey H digits®iod iz
do tsL i3ty @l Odzlsts o
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__global__ void reduction (double *input , unsigned int n, double* output) {
extern _ shared__ double shared[];

unsigned int id = threadldx.x;

unsigned int i= blockldx.x*blockDim.x + threadldx.x;
shared[id] = (i < n) ? abs( input [i]) : O;
__syncthreads();

for (unsigned int q=blockDim.x/2;q>0;q>>=1)

{
if (id<q)
{
shared]id] += shared]id + q;
__syncthreads();
}
if (id==0){

output [blockldx.x] = shared[0];

} Il kernel end

l fjtoats?2 MtetsyC j tsharedfodywjldsfnw Cd@ifying]e
o' HJ dzv jlsfmw HddsOdsd st S dis ted) Ists fftez) Hf jOdB O d34 Is to
ftcd o kerneb g dz€ ydd .
extern _ shared __ double shared [J;
Il sLBsy jdz IsOC Y] o0ttdOdzls MsOdyj MEtsets s

__shared __ double shared [1024];
[Odzj j o' ydmadzw j &5 desC Ocdz' dzr 2 d ¢ dzis B Gotimredz 2
BOMMdokz YOMmls: dMEtsHA & HOdd B )L {fEisdj
ftesdLotHdd®B MddemtetsdzdL Oydes  slssCso o B dzt

unsigned int id = threadldx.x;
unsigned int i = blockldx.x*blockDim.x + threadldx.x;

shared[id] = (i < n) ? abs( input [i]) : 0;
__syncthreads ();

10j 5 fesdLosHdd MOBE fesyjHbtk t©j HESA

for (unsigned int q=blockDim.x/2;q>0;q>>=1)
{
if (id<q)
{
shared[id] += shared[id + q;

__syncthreads ();
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I LOCds yjdedd CSO3yH'T2 BdSSC ¥sttdddmeds
fsfidzj HEs h R hOctse tjHEZSYd(.

if (id==0){
output [blockldx.x] = shared[0];
}

} /I kernel end

I fmdzyoj, JMmdad eor § tsdzdzv j Is ) woutptf Boigatzx H dzg 2
shared[0] j MiIs' dME sdBOW o j dzd yd dz0.

[ dzv  ftosmistsisT orhgze ®BHAzY ) H fif ls@dndzj 2 "
Cbtstesd ft6OCIsdud M d-dzdep s 8 By dgf 4 ©®fGY 2 ¢ O
feslssSCd © HJ2MmMlseadils] dz detsmisd Mctcled & I fofs® Ot
fslssC O (9 Odzaveni % ipzabdgadd f sSESC d/ wPEYIPrn B
o0t O oL By dts EMEstedls! Cosdsslzded € Oy &
tcOL dzdydz" | BBHJWJSCOYydd OdzetstedlsdzO® toj HEZGC
MeisttsMisd o dagj MEtsdz! S5 OL © L OoadMmddizsmlisc
Emdzse d d ,sdagiytg lsemwyf Istsdz! €5 tojHEZSYydw (o' ff 5
[HAZOC s, odzlstcd BN jets ydmdzj dgdetsets dzj Ists+
9" Bte CtdeStejlsdats? BsHIW JSCOYdd Odze tstedlIs d
B MistesH j2Misadd ftotsctcOd3d3r o 5L [dBtS ywdiEj dgj dz i Is
Bsy dets dzO2Isd Nvidfagd9s. j dzels Oyd d

I sstes? § SH Y & kernes®  dzf) @ dzd v

[ dzv d20yodzO Bl wided 3 f toed yd dz dz&etfingtfn O
WwidSyd?2. 1 0d3d, f sdyuds cgCdpkyildsdded o IsfGdtsyfy
BfSdzd § fMdztsyde § Mdzzyod, dOfwdddte, A3 C
ftocjHMIsOodzj dz ftodd3d tc OMMABOIstco O diIs2 G J ¢t

lrhj, o ftodd3j toj HdzWw ftesyj HEzZter 9" Y
SIsH j dzWw dzd o dzzIstcj dzdedz’j » 1) dzYf ts tBis N ‘cstc Oz ddfs o d
elseif . 1 Mdzey0O,j o Ote@POdgls OB O dzdzts & dztf P tc D Is ts
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oMmd odzzlstej dzdzd ji G BOdzd Yy dz©j L DBRPEEOEMS.2 fdB-™ -
fslstc] BB Odz d MY 5dz kemehNDHzdz® y dcD,L H § figklsdgicfizlg o
slsdzd yoazd ! s GAY] §ylsiay, LDOctotzw Kdis, f§tedo ts
G tstedz" hBotttedeck W W j Clskz) |, f s54 Istsdzz kech® isdi? y dzvy
dzy MG sdz! C Gif dedipdifiso 2 dzOC s HdzW G B Istedd
ftodh dzts? L Ptz O RO detsy yYydmzs SOC d A
Emdzsy dgW dzs § tSH, HJ dzOW fiosctcOBABIz Istelz H C
Gtz stcepf[,H s Az ftocdotsHdJddzs BT € EZabkzuh

B
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\

N N N
\
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N N NN
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NN N NN

NN
o+
N

N N N N N
N N NN
N N N N NN
Y N N N NN
N N N NN
\

LN NN N NN

Y,
7

\
N

ﬁ

dmkzds& S dzj © O: Cjtsd3j stcdw B dZOMIs

Of Jdzdzw tetso . wjter j L OhlIstcdr s Odadz" j
Of ddzdzw tetso, s Clstste’ &3 ftocglsj  §@j B f
OL s’ 2 L dzj dzj dzls (tedMmizdaets¢C MftcOo O
dzj d3j dzls©@ L OH Os Is d3OM" Is @&shy ti 5 of @ dzdj @ o
h O Mmjils¢d.

1 03 fteddgd dzvjlsmwy MmdzjHizs " da desi - BOM
Yyj zsyd mdzj dedetse s s O, o Sttt & Flic dgeds
fdzy @) ( Msmd M3 MeNEREIN M gOMHEOYH , Mdzd L Z)]].7 1
L dzj a3 dals F3OMEEB @' 2 d2O~ SH J I5[H) ' Fn2An&{ifa § gzj d3gzg
BOMMRf o @O slstste’ 7 dZOR sHJdIsM® o ff BHiH @6 tsdz® dzd s ¢
o otsHdIsMY HGY sdzdadils ] Zsthsk WO YO Isi Is
odzzlstcj dgdzd j EkLidZzj o O1, &) tc3dza" V4 ftcOo OW
Msslse j lsflso j dkddsg dzthe, r j6 ,Is57yS d8 dzO Iso j teA3s?2



207

MftcOoO) | o DSHAAO d of RsH&OW Mbstesdr
RZOSBHYISMY o ¢ dse Od GBEJ isB o i tkafxek &f Hzl dgt fr

I ditsed & By j B kisnsl @UdS de] ¢ i) &Y detf Ols
Ctsdzyj desteOydd o MmdzjHksh jdg odH .

__global__ void concentration( double *C, double *CO double *vx, double *vy, double *mj {
unsigned int | =threadldx.x + blockldx.x*blockDim.x;
if (I<n)
{
switch  (t[I])
{
case 0: /linner
an= cdn
+tau * (
- vx[I] * dx1(l, CO
- vy[I] * dyq, CO
+ (dx2(l, my + dy2(l, my) / Pe
)i
break ;
case 1: //leftrigid
dll = dx1_eq_0_forward(l, CO);
break ;
case 2: /lupper rigid
dll =dyl_eq_0_down(l, CO);
break ;
case 3: /[rightr igid
dll = dx1_eq_0_back(l, CO);
break ;
case 4. /llower rigid
Il =dyl_eq_0_up(l, CO);
break ;
case 5: //left upper rigid corner
dll = 0.5* (dx1_eq_0_forward(l, CO + dyl_eq_0_down(l, cOpy;
break ;
case 6: /Iright upper rigid corner
dll  =0.5* (dx1_eq_0_back(l, C0O +dyl_eq_0_down(l, CcOy;
break ;
case 7: [Iright lower rigid corner
Il = 0.5* (dx1_eqg_0_back(l, CO +dyl_eq_0_up(l, CO);
break ;
case 8:. /lleft lower rigid corner
dll = 0.5* (dx1_eqg_0_forward(l, CO +dyl_eq O up( I, CO);
break ;
case 9: /linlet (from left)
dn= -0.5
break ;
case 10: //outlet (to right)
dll = dx1_eq_0_back(l, (0
break ;
default :
break ;
}
}
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g foBsh s ¢ swibsas@Coyddin s sHdls o' Bte Isd{
COYH™ 2 § GipdeSj o rfiyafss L OHOYk. | H-EBL dz iods
Wstedkzd L OYfdMmOdy o odHj GlsHjd dF 8 Wl dzS

__device__  double dx1(unsigned int |, double *f){
return  0.5%( f[n3[ I]] - f[ni[ I]])/hx;

}

__device__  double dyl(unsigned int |, double *f){
return  0.5*% f[n2[ I]] - f[n4[ I]])/hy;

}

__device__  double dx2(unsigned int |, double *f){
return  (f[n3[ 1] - 2.0 f[I]+ f[n1[ I]])/hx/hx;

}

__device__  double dy2(unsigned int |, double *f){
return  (f[n2[ I]] - 2.0 f[I]+ f[n4[ |]])/hy/hy;

}

ANzdz€ ydhd] oo tsL o tcOh O Is L dzOyj dedw HtesdL o BH d
Y dzlstc Odz' dz" B(A.9) PA.G8s s W d3q

__device__ double dx1_eq_O forward( unsigned int |, double *f){
return (4. O*f[n3[ I]] - f[n3[n3[ I]])/3.0;

}

__device__  double dx1_eq_0_back( unsigned int |, double *f){
return  (4.0* f[n1[ I]] - f[ni[nd[ I]]D/3.0;

}

__device__  double dyl_eq_O_ up(unsigned int |, double *f){
return  (4.0* f[n2[ I]] - f[n2[n2[ I]]D/3.0;

—

__device__  double dyl_eq_0O down(unsigned int |, double *f){
return  (4.0* f[n4[ I]] - f[n4[n4[ I]]D)/3.0;
}

ANzdzCydd orhj oLoatcOh O8ls L dzOyjdedj ctcOd
bizseo dv t©0Oo j dzijlso © dzz dzt  cztste 3O dz Mzts 2 0),4 to
d Moz L 2w YASIE)dRzdd)!

Az ydd M) € dz¥ ydpvrd dssfedsls say LT oo Ols W
Wz GRR ftd {lstsd SOCdj WkdSydd o&scdekt .o
AdzC ydd ) C dz¥ ygiobal o5 dsfsdztzdstsagT st GPU L oGPt
sqdf lsOCdr %ok yd2 ofjcHO

) 65 YyjHEZEO ©OMUjO OHEjfses mMsMmjHj2 d
RZOYOdj fscwOdrdE . | LOsdmddishlsd ¢ tsdS ts
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fiosctcOBRBRIMISO 1 sk ftesyjHEZE otL @3y des s
h O foLotsdzwWjls IsHj dzdls! ZscdSk ctejh Olsy
f toj HMIs OketaghtizdaR® ydwWw BEHjIs t©OBBISOIs! Hdv d
L OHOI! L dzOyJ datpw - o dR® iz ®ds.j dd tslstcj B dzj dzd |
oMy sBESEOlsj dz' de" = @OMMde se kepda yYdlodyg s
ftodj dgdzj o) , O MmoewL Odadz j M 1Idd3 HBY B
MCOLTr 908 IsmMw dzO BM MistetsH j2Mlsadd § tetsae tcOd3cC
Kernekt z dz¢ yd d  Hdzy dzdovr yetplz ¢ d - f sdzj 2 L O
sBteOLtsd3; ftod L Istsd3 ftesyjHEzteO® o' ydmdzj dzd
BSHIJWJSOYydwa doy dzy HOJ Isyw.

sjMmlsr fesdLosHdls] d dshlsd

Il LOoCdzs yjdedd ftejHMmlsQoddz Isj misr BT Mist
dz@GPU.

10 kdfpgd o odH ] cdMmistsc tc OB’ ftoj HMIs
Odze tsted Is 3O H dzVGPW BgFBrce@IX AQh@edaK4 0 Taflavli 0 0
MeOo dzj dzd ¥ M f sMdzi v CBUR Idf jteds VojpiHepDdreiq-42 1K 3.50  d
GHz ) .CUDAGsOMmyJj s fJtesopdzfzdisstctidd dzf dmMOC
kerneb zdzC yd2, M dMftsd Lsoa0ddjd3 oM sdssc O
ftotsctcOBBRO dzOf ddni@mds Jdpd vz L Gsjo O dzd IntekFoftrand3
Compiler  Offyjlsr ftotso sH ddzd i ol YOO ditsLizdzidsodz!

[ BH j ddeForce GTX 1050 weo dzv J Ismw BE HY J Isdzt
odH ] s Otclsts? dzts HOY O [O¢C 52 d3ts H J dzc
tojLizdz sOIstsoe . | ®eslp tzdf dzt=thgwdigi fiPWe d ¢ 9odHjCC
cOL tcOBBIsOdzdz” d3 HdzW tcOL dzd ydz' =  de@zdd ¥ dz" B D
dZOL dzOyj dzedw, L OHOY tBlZYyjddw dMS EzMAhlse g dzd
Ylsts d3Eeslgviz0 0 f sLotdzv jIs HEsBdIs! MW § sylsd m
Yylsts ModHjlsjdzt Mlsalkzjls tsB 1+ WWjCIlsdoe desmisd t
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l EmS stej &
Odetstedls

GTX Tesla Tesla
1050 K40 V100

{  MzALMS stej dzd j 1 Ot Odzdzj d

GPUY 5 ftcOo dzj ded ¢ ) off tsen@dg o
dz@PU(Intel Corei7-477XK).



