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Abstract
Future high-performance computing (HPC) systems, such as the post-Fugaku and JAXA’s next-generation supercomputers,
are expected to adopt GPU-based architectures. Adapting HPC applications to these accelerators is becoming increasingly
important. We are porting a high-order combustion solver LS-FLOW-HO to GPUs using OpenACC. This report outlines
the current progress, highlights key challenges in GPU adaptation - such as memory handling and parallelization - and

shares insights gained through this effort.
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ANz, kL LRI DR E D RE L ORSHEST
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N=TF1
end do
end od

end do

X1 LS-FLOW-HOD{XFKI /L — T 1E1E.
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A TIEBEICGPUIL S LTV 5 LS-FLOW-HO (DL
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GPUEIENEIZOWTHIT 5. GPUZE W -5HHE
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DF — ZEREDNERER v v 7 L7200,
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GPU A E U OF &I K FAT Al e 72 G R 7 HIAK
BREBZD, AEYV XA Ty NORFERBEL L
TZETTW5H2, CUDA Aware MPIZ W\ T
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Runge-Kutta 1% stage
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5&, ZOFML —ATHET DAL N —THOD
FEITEE T X CGPUL & i L 7=. X 31X Runge-
Kuttal A7 —YNOFRT VI Y XL ERT. 728,
B\ BRI KON A AR B o R X Runge-Kutta
BAT =T OIMATITI TV D . AR OMERERHN
IZ B W TIELS-FLOW-HOD A A v )b — T Z %f 4 L
L7=. £/, BITROLS-FLOW-HO (BAKE, ERATIK
LS-FLOW-HO L FE4) DOGPULEITH I2h Tz, %
AN HE - N E i L 7= OpenACCHE 3k % % D F
FHEH L7z, XA EIGPU{L % D 2 BRI ZATHE
U W REDN AR - ZEAGPUIL 21T 9 BRICH
WERMEEHELI L TR Y, B@iRT 32 L—FrB8LO
N—F U HNONENZIER L THDI 2D THD.

U’ =Reconstruct(U)

Q=Gradient(U)
F’, R=Self _Flux(U)
UT=BC(U)

U’*=Common_U (U’)
Q/ = Face_Gradient(Q, U/ ,U’*)

F/= Common_Fqu(Uf)

Q= Gradient_BR1(Q, U, U )
f p_

F,, R=Self_vFlux(U, Q, R)

Q7 =BC_Gradient(Q)

F/”= common_vFlux(U/*, Q/)
R= Correction(R, Ff, F/*, F{, Fg*)

X3 Runge-Kuttal 27— YNOFRT /LT Y X AL
T =%, UIXRGFEN OB U RS, Qixt
OAEL, FIZIRE THDH. EEXTFOATEAE
Rz oWEE (EA2fEH2D) #&L, b
XXLFOmMNS DL ENVNDOSPTER SN E
BTHD. RPN L 7 — X
BRTY.

%412 GPURLS-FLOW-HO D ¥ — X 7 7 A JLBg
BOo7 4 Vv MR ETRT. ZORNPTRT LIS
GPUJRLS-FLOW-HO Z # 4 2% YV — A 7 7 4 L D
M, OpenACCIZ CGPU{k L7z Y — A 7 7 A JVIFHIT
4 L7 MY (“openacc”7 4 L7 R~ V) Bl FIZED
THY, CCURY —RAT7 7 A VL5 TERBEZ LT
W5, £/, GPULL7ZV—F DO —F U 4I1EK
2« _OpenACC”Z M L7=4ai& LT (f :
CPUH Vv —F »“foo” Ikt i3 A GPUH L —F 4
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Z“foo_OpenACC”E L TW5) , ZhbHDor—F v
DOFFOH LHlfEIE~ 2 2« OPENACC”EFHD 7V
TutyVdEANTIToTWS., ZHLEET 4Ly
FUMEEE L TWDHERE L TIE, GPURRLS-
FLOW-HODGPU{LZ ¥ % B, GPUIHIIT D Y — A
Ty ANER R o lzl-®d, BT 4L 27 FUB
FURIZ7 7 ANV TOEBREIT-> TX . ARITE—
VAT 7 A L THRRTOU D B2 () 7na
o) ET500RBEEBELXLTEY, ZoAIZD
WTIEBI R RSB TFEEZEEB LN bR E L
TWVETZV.

CPURY—ZJ71I GPURBY—XJ7 1L
“src/" T4 L ORUERTF

openace/. lropenace FALINET

—:ésourcleOpenACC.FQO
——#source_3 OpenACC.F90;

X4 CPURY —AT7 7 A )VEGPUY — AT 7 A )b
ERELTWDT 2 L7 UK.

4. OpenACCili Iz & 7= - CORRE & %t 5 F4i)
4.1 OpenACCii# Fl D EA T8t

GPU iz LS-FLOW-HO T % OpenACCIZ TGPU1L L
7oV —=AT7 7 A NECPURY =R 7 7 A VDHIT 7
ANTHDLZENG, BATN—Va ~DEHITK
ELLTFRORAT v I Tiro T,

D GPUJiK LS-FLOW-HO & #.47 ik LS-FLOW-HO &
DCPUEST D Y — AT 7 A VD ES % Tk

Compute Sanitizer®i2Eh

@ 745 % GPURRLS-FLOW-HODGPU Y — & 7 7
A VA L, BHATHLS-FLOW-HODGPU Y —
AT 7 AL L THBRIAT

@I L TiE, BIATIRLS-FLOW-HOIZ R 1T %5 GPU
b5y — A2 7 7 A /LT % L CTOpenACCHL % T
T5HZEBME LT, GPULDRBRN D 72 ino 7=
=%, BEFEEDHHCPUY — A7 7 A Mk LT
OTHERBLIEEZDZRBSE T #ED T Z8HH
L.

42 7u 7T AT AR— MREEICKT DA
QFCEMLBE TS T AEGPU L THE
TLTlZEZ A, Ial I AhTR—ERREELEZ. T
R— hOFEITH = > TIiL, NVIDIA Compute
Sanitizer[9] # i FH L CRIESFE 21T - 7. KI51Z
Compute Sanitizer D & 5] & H 71451 % 7~ 9. Compute
Sanitizer T 21 H7=>T, DY —LHIZE
VR LRMEITRLS, AL TWSIr— REY 2—
NEEOEEFEMRTH LN TE 5. Compute
Sanitizer O fF@ILXI5D THEEFTOH I O X 5 72
NAEMBNEEH I AhEIND. Zof Tk
“foo_OpenACC.F90”N ™ /L — F > “foo_OpenACC”|Z
BV T25981T H THELFIFM 2 A (“out of bound”) 23584k
LTWSHZEZRL TS, ZOBNZIWTIRFER
WX H OB “array B IZi% Y 9 A ELHIIZ BV THEE
FINSHNREAELTEY, YIS DOKREIDOER
I SER R EN TV RN ST 2 ENERTH
o7, YFRSNIK Ll K& S E2IBETLHZ &
WCEOARTAR— N E2ETHZ LN TE.

‘mpirun -n 4 —--npernode 4 compute-sanitizer --tool memcheck --target-processes all ./a.out

RIREERTDE A

Invalid _ global__ write of size 8 bytes

by thread (0,0,0) in bleck (0,0,0)

Bddress 0x50%48d8 is out of bounds

at foo_openacc_2328+0x18dad in /data/LSHO_OpenhCC/src/cpenace/foo_OpenACC.F90:2598

and is 22,736,966, 943,528 bytes before the nearest allccation at Oxl4adeldfcc00 of size 13,312 bytes

S EFr (T —F 2 “foo”; foo. OpenACC.F90)

2230 subroutine foo_OpenAcc (arqg)

(RPHBE)

2596

2597 array A(l,i) =T

2598 array B(1) = array C(n,1i)
2599 - -
2600 array_D(i) =Y

2601

2602 array_A(Z,1) = P

2603 array_A(3,i) =@

2604

2605 enddo

2606

2607 !Sacc end parallel

XI5 Compute Sanitizer®F| . Compute Sanitizer® (1 7JFER 5T R — FRRAFAEL TOLEFFOY —RA 7 7

ANETEFEHND I EINTED.
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4.3 FERAR—B oA  FHE T OMER

7 AR — MEHEE, ERMREEE FEM L. GPUIkIC
BT 5 i B K FE X NVIDIA @ Fortran =2 > 28 A 5
“nvfortran” % fff fl L TCPUSEITHIZ BV K L7=8AT
JRLS-FLOW-HO D FHHFER & T 25 2 L1t kv
Tol. ZZTHOLNRE/BRELE, V7 r L
VAR LT MERMEEAIToTCRER, Vb
v ARER L GPUAL L 72 BUAT IR LS-FLOW-HO O £ i
ICREREAENFEAL TV ENHBALEZ., 22
THERAR B OFE % FEha L 7.

BN, GPUY — A7 7 A )L ~DIREE 5y D5y
NELS KB TETCWEINE I DOREIT 1.
ZOWRITH = o TiE, GPURK Y — A 22— KXt L
aL N AT F T g i ntacc” HIEE L T
OpenACCHE T # i L, Do~/ nm
“ OPENACC’ZHIRMJICRERICLIZREETT =
7T REER L. ZOXHICLIZERIE, GPUY
— A7 7 A V& KWL 7= 84T iR LS-FLOW-HO %
CPULETEITTEZ L THDA, “noacc” 5T T
HL~7nm“ OPENACC"AEF#K SN TLEWGPU
ETEITLTCLEI =D, ZO~7 v BRIk
ERICLTZ, ZOXS5CLTEALRLES B ST A
ZCPUETEITLTHALNFERBREV 77 L
ARER & D AT /6 R, FHREROAERE
BixmnonieholZ &b, GPUY —AT 7 A )L
~OFEEHSOESNE LI KM TETCWND I &
DR TETZ. ZORENDL, HEA—HOERIZ
RARN =T N AMOT — X I E IR EN H
LEMELE. “nvfortran” 2 L CEL R LZ
OpenACCIZ L HAGPUT 11 /5 DT 7 L b D A
£ U & — N Separate Memory & — KiZ 7 5.
Separate MemoryE— RDOH4A, FA MUDOAEY &
TNRAZMDOAE Y HEHRL TT —FEEEOFH
7T IvBLTITOMENRDD. TOD, T
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— AHREFEENFEIZ RSN TV RN T ERERE
TRV EE X,

4.4 FERAR O  Managed Memory € — RiZ &
2 FAT MRS

T AEEERICHERNDH D I L EERT D
Wiz, %9 Managed Memory & — R[10]% & L T
GPUZEATZ AT\, i RMFE%A 1T - 72. Managed
Memory€— KA A b —=F A AR DT — X 5%
B %A OpenACCOERITICHEEZ 1T 5 Z 72K
CUDAZ A 7 7 VIZ X » THBWIZIT I LA TH
D, av AL TF T a  ODREOHRTHEHRATES
EoZhsd. ZOMMAICEY T 7T <IiTRA
— TR AMOT—FEmE T BT D52 Ll
GPUfLZH#E®D 2 Z L W AREL 72V, GPUIZ X %1%
fLlcEZT 22N TE 5. 7272 L, Managed
Memory<€— R Cid b — 75l LI B A IS ek L7
BB T — Z EBOMG L Te o T D728, FRNIC
etk L7 BLAI0 R & 7 I b D Bl 51 138 BEkF 52
Sl linh, TRTOT =BG L > T
WRWRICEEDMLETH S, TXTOT—X &
5 & 4% 72 912 1FUnified Memory<E — K % f# /i
T D HENRH BH[11]238, K6iZH B “nvaccelinf? < >
Rz X % 4 GPUEREE I #) o “Unified Memory”fill 23 7
F & 512 Y )5 OB BE TidUnified Memory € — K % Fl|
HATEARETIEerolzln®, EFEORICEEL
7273 5 Managed Memory<E— K& 7z,

Managed Memory€— RKZfEf L7=GPUa— KT
DFERAEDORER, AERMEROAZRIIFAEL TW
Rinole. TOZ LD, AT X DHGPULL
J—F VN ORI T 5 R R~ F R
372 <, RERA—BOERIIAA b =T 1 X[ D
T AEREEHRICHEN DD L EWET D L
MWTET.

$ nvaccelinfo

CUDA Driver Version: 12020

NVRM version:

-gpu=mem: separate,
cc’l0

Memory Models Flags:
Default Target:

(LA 4BE)

5

NVIDIA UNIX x86_64 Kernel Module

Device Number: 0

Device Name: Tesla V100-SXM2-32GB
Device Revision Number: 7.0

(R HEE)

Managed Memory: Yes

Concurrent Managed Memory: Yes

Preemption Supported: Yes

Cooperative Launch: Yes

Unified Memory: No

-gpu=mem:managed

535.129.03 Thu Oct 19 18:56:32 UTC 2023

(46 nvaccelinfo 2~ > Ko /15 R K 2 Y GPUEREL D1 #i. “Managed Memory fill23«Yes”, “Unified Memory”

HAS“NO”IZ 72 > TWND T ENTIND.
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45 FERAR—FOME . 7 — X EEEHOMER &%t
L

WIZHR AN =T N A OT — ZER5E B
NS D Z L EHERT D721, OpenACCHE/RITD
W, 77— EHIZET 2B~ T2 T X C B4 Lz
GPUZ' 1 7' F A (GPUN — LD EIZET 5
OpenACCHE 7R AT O Z 4 A & 4172 BLAT iR LS-FLOW-
HO) /4 L7z, 7 —# EFEIZEET 2 RTH 20
BE, AL FZIEFERA =T NS A OT — XL
B A AT D AL % GPU I — R /L D HT I LA A
IMEEa—FREEKTE. TR0 Te sl T 0%
Separate Memory <€ — R CTE)fE S & CEAEMG LN E
WTHDH I L EHEFR LT-. Separate MemoryE®— KT
EFICEET HGPU — REMER T 5 Z &N T
7=DT, S LTmT — 2 B RT  OpenACCH R AT
A O SETE DIEFICH#EAH L T o 7.

BHOHETIIZOFIEAETZ L2k v, #Y)
T — FERIEE L & FEE T & TV /21 OpenACCHE
TTERFETEZAABLTHoTN, 4 LT T
DOpenACCHR{TZ M T 5 & IEFICEIEZ L T
LEolz., ZOZLiX, 7—2EHEICETLHERT
EOATRIOY —AT7 7 ANV EAEEMP LY —A
77 AN SPOFERD Y, T OFIE RS R
R—FERAEZITTCWNZLEEZ HND. AROpenACC
WX IEGItT A=Y a VB AT > T\ 2T,
RN AR—FHOREDY —2a— R L45ED Y —
Aa— ROESZHB L, FEEFT28ET 52 &
NTET.

ENEMRLIZE A, T AMITHEHAT S
SO E AR A MUITIT > TWDR, 731 A4l
WML L= — % 8k L TV 72 o 7 (B FT 3
Romol, IELVESHIHELE L THREIS N TY
RUVVREETT N A AN THEAEMThbh T\ iz
O, ELLFERTECWaehotz, ZOEFNIE 3
BECHREZEIICAA V=TT ADHINZT A
ALEDAEVICHESNLTNDZ EnbFRRX M
TR T AL 2ok 2475 L HicLiz. Z
IFTBHIEICKY, KA =TS REOT—Z 5
PEBEMT D2 EMRSGPUa— R TIEFICHA %
T25 X5t o7.

4.6 OpenACCIZ L H5GPULD E &

7K % T |3 OpenACC % il \» T BT i LS-FLOW-HO
OGPULZED DI H - CHBLEZHEEZO
KHRAZ DN TR~ Tz, FATRET R — F OFHAICE L
TIENVIDIA Compute Sanitizerz F|fi4 2 Z L1T Xk
D, IR Z BmT A Z & << T A— FOERK &
RO TWLBEPTAZRE LIFHT 22N TER. —
7, RHREMROAR—EICHET 2MAEICITH DBRED
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FEfIZ L CLE 72, AEZED S ET L
STEFIEEZXTIIC7e—Fvy—FE LTEEDT.
Tua—Fr— k LOLBON, SEOFE TILED
ZENRRDoTE L H DN, A% OGPULDOELY
MAIZBW TS T 57— A B LB A T,
FNHICEHET ML LEE L W&V, F£7,
SBEIOREEREICESTZEREN D, GPULIZIR D
T, TR FOREMAREA B oL T DI
Hlmo TEGHEDNN—V g VEBY — L& L
TY—RAT77ANVDORBEED ML —RAZKZITTE
DEBETITOZEDREE LVWEF RS,

@ = HBAHDIEE

-

OPenACCIRFIPANICNT SHADHE |

GPUBH#SDCPULTOET
(4.38CHEA)

Managed MemoryE—RTMET
(4.485C3RE)

BR Yes
7

N

o
| TSI L BT — SRR S BET }._‘

(4.5 THR)
l
R Yes FOT 35 L0penACCIETITUND ‘
57 BEROPEQIASON—I3E)
No
‘ OpenACCIETITOT —9inik CHT 284 0ELE |

K7 ERA-FHEO 7 e —F v — .

5. GPU{k L 7= B ThRLS-FLOW-HO D BEIR T

5.1 FHExSEs K ORI S

EFICHAEZITZD XD T2 RETOMERE
FEAMIE, 2 RITLOXIH2HE AW g % 3t Fixtg & LT
Felf Lo, RIS OFREEMEERUTT. £,
HIBIZAFH R G oK, X9, 10, HM1liz#
NWENGEXI G OBESNAR, RENAR, £S04 % =
7. 723, Ko~ AT A IR L D55 O
FEA250,0002 7 v FETEITLTEONE/BRET
H5b.

K1 M LGRS O R &A1

Btk 7,100
LR L 2
PRIGEGT HY, FPVET L
NS FER D Rl 43k 7
LD HK 8
FAENDL s 32
WDy Z DB 2

B H 2,683,800
AL UN—TDAT v T 1,000
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Pressure[MPa]
B.S(Ilﬂ 9 9i 10 105 lLST)O
o - .
B N
P »
/.
8 FHHEG O IR (B ¥ : 7,100) . 11 FHARFROFHE AT > 7°250,0000F 450D

FED0A (REC: 1o5E) .

2 PEREIRTIL

R2ATPEREFHMICH W EHR Y A7 ADFE I, K3
WCEHMBICER Licar A ToREE N—T g v
R,

B12(% A4 [al ML RE FEAM (2B U 7= 358 o B Gn T
BMERE, H13IXF N BN O TIIT LI EITH
M, K141ZFX1000% 1 & L72A O FEITHEAEMERE .,

-

9 §+%ﬁ%@§+%1? % 7"250,0005#/,3_;7\@ 1553:%“%%@%1’%%(%?? L/Tﬁ'%‘ Eﬂfi %ﬁi
BESA (R 10BE) . BhRZ R LTS, 7238, KIADEIZ AW T-34T

{6 P BE 1L FX1000 CHR R U 7= ¥ Bh /N B0 i B B >
SR LI E g L.

1273779 & 9 ITFX10001 / — K &V1001H — R
0D P e T AL (350G B8 T2 B0 B ) PE BB LR i T IX FX1000
2%k L CVI00232.3fF @V METIiEd 5 2%, X140 %
ITHFEMEREL B 2 2D L1657 > T D, 1.66F
IR ELVERE LT BT A NS, 22 ST LS-FLOW-
HOIZ R 2 FERE[AT 2B 25 &, P Lo s
borLtlEbnaszZtnn, LMo EiT-7.

K10 FHE D EHE 27+~ 7°250,000/ 5 0D
RESA (KE : 10BE) .

#2 MERERHEXI R T AT LD ) — RYERERE T

FUJITSU PRIMEHPC Intel Xeon Gold NVIDIA Tesla V100
FX1000[12] 6240[13,14] SMX2[15,16]
a7 48 36 (=18 X 2CPU) 2,560 (*2)
HEGTRAERE (TFLOPS) 3.3792 2.9952 7.8
A€ Y Fih HBM2 DDR4 HBM2
AE YN RiiE (GBfs) 1,024 2815 900
B/F (*1) 0.30 0.09 0.12
AE Y P4 X (GB) 32 384 32
*¥ vz (MB) 32 49,5 (=24.75 X 2CPU) 6

(*1) BIFIZ AE U N> RiE%E ©— 27 MERE TR L 72, (*2) GPUH =Y DOFP64 = 7K

K3 FMICHERA Lea A F

i AT A Rz L Z
FUJITSU PRIMEHPC FX1000 frtpx (FRT) 4.11.2 20240524
Intel Xeon Gold 6240 ifx (IFX) 2025.0.0 20241008
NVIDIA Tesla V100 SMX2 nvfortran 24.11-0 64-bit target on x86-64 Linux -tp cascadelake
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KEETSTNDEITH Y, FREDEHNT /SA A

MBRA MIT —HELEEITo TWVWHELTTHD.
ORI G FHAIXE ORI TEILT — X LD FE

FX1000 intel Xeon Gold 6240 V100 ELTWAHZEERLTWS., KITIZAA o V—
X112 BEEmTE MR L. DIAT v THIEVDEA LTA UERERILEZD
DTHY, KA L =T A AMOT — 2 gk F &

80 WEFBBELTWIRWZ LRG0 D.

M18IX# A LT A U EHOLEMIZE RS T
HIEREPER LK THD. ZDOM%HDH L“CUDA
HW” D FT1298.7% Kernels” & “1.3% Memory” &

23?‘

E’ﬁ?ﬁgriaé (TF)

HFRNH Y, Memory D fEFTIZIZHtoD memory &
DtoH memory &\ 2 RN dH 5. Z OFIEIZCUDA

ST e MW7 S T BRI 1A, 98,7975 B ALFE, 1.3%
13 aJr{EJl:F'ﬁﬁE#FﬁEJtti&. WAL =T NA AMOT = F ke G A€ Y
BIEOMIIZE L TWAH I EZ/RLTRBY, ZOk
300 EBNLART T T AIBOTIEARA =T /31 R
250 W#-/“f/f W OT —Z kRN 2RI D AR D20
20 - ZEWIND. ZHULBETHMI LI AL U L—T

15 . 1A B BT EFELIC LB ARSI % T R TF A 2D
10 AEY BICHR L TF A A ETE T > TW

HEERE (GF)

5720, AN =T A AMOT —HREIZL D
0 mo’nrul # oo lntelxeon Vootak BOM/IMEEEBFTETWDLIILEEZRLTND. £

- ZZOBERTIEIL—F O ax Mo FHb R
[}14 FX1000=1 & L 725365 O EATHGEMEREL. FENTHEYE R M —F o ORI

WA N =T A AW O T — FHRRIT & D BN

Y7z &G, Nsight Compute[19] % fEf L T/—
F UL OPERRIRILZ R CA 72 (K19). 2 OIE4A
YT —F O & FEAT R [H (“Duration” il D &

iﬁ?ﬁ]‘& E%)

H)THEMAZE L TWDIEICY —FLEBEDTHS.
CORPTRTEIICKROFHEZEL TWDHL—F

—_— - S > IX“transprop_sp_openacc” Tk 5. L —F 4D

frios codezaoT ortanteed WRICR RINTWNWAEFFILT Y — AT 7 A4V EDTT

X15 &A-FHHi> AT LT 7‘%)9% Zh LS. HBETHD, ZDOXTrI“transprop_sp_openacc” 7 it
WINTWD Y —RAT 7 A /LD5469T H TGPU —

TN, NVIDIADHERES Y — DO EDTH b SN2 @BHOERE R R L TND Z LIk
% Nsight Systems[18]Z i L C7' v /' F ADFEfT4 L. ZON—F &Yy T25H K200 LI
WEHE L7 (K16) . ZOXIFHHIRKE s Z Nsight Compute 23 3 #T L 72 HEREIE 3R S 4L 5.

= Timalina view «| ® opuons [~ - (D 15messager
—
» CPU(38)
~ Processes (43)
Al M asEA T
! r
- a7 e T T Y T T e T TR ST TR RO
T ———
+ B3% thermalprop_sp_fe_og
R elbmionsomen
» 5.3% ressduBlcomECHOn VIS
- 15% Memmary ]
P
Ee—— ‘
50.2% DoH mamcy 3

416 NS|ghtSystems®Hjj7 i (ERPFHIXE RO Z A LT A AFH) .
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gggggggggggg
* [340] J‘ m_ whpess_p2s 0w i00w
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- 13% Momary
275 Memset
30.1% HioD memapy
5825 DieH memepy

1 E e R, (D00 60 EE VEOE [ .JER. O 0EE) EIE0l B EEDDIES S | cER 00 D B B B
s (S |

[%]17 Nsight Systems@;’jjjj W (AATyTHIe D DZALTA UNER) .

= Timeline View - | | @ Options...

- 0s
100%
a

» CPU(36)
~ Processes (43)
~ () [340] ./Isho_r_nvhpc_r_s_p2_scl2_spc8

~ CUDAHW (0000:3:00.0 - Tesla V100-SXM2-32GB) f"'::

0t0100%

~ 98.7% Kemels
+ 18.8% transprop_sp_openacc_546_gpu
b 14.8% computetemperature_sp_eb_openacc_277_gpu
}+ B.3% thermalprop_sp_fc_openacc_233_gpu
+ 5.5% residualfacecommon_g_openacc_963_gpu
» 5.3% residualcorrection_visc_openacc_847_gpu 1
41 kernel groups hidden L
* 1.3% Memory
2.7% Memset
39.1% HtoD memepy
58.2% DtoH memcpy

[X]18 Nsight SystemsiZ & 5 = A k2347 DIFH.

Z DX TIXSMSP(SM sub-partition), SM(Streaming
Multiprocessor), L1(L1 3 v v 3 =) D3FEF D 4 ATl
BNRFRENTND. ZOW, SMSPOZHT A » & —
Uk HTH D L “One or more SMSPs have a much
lower number of active cycles than the average number
of active cycles. Maximum instance value is 34.07%
above the average, while the minimum instance value is
99.91% below the average.” & H Y, TildDO Z L &=L
TWa.

- —ERDOSMSPIE TR XV 34.07%% < B8
- BIDOSMSPIZ ) & ¥ 99.91% 7 72 < Bl
UFEAEBEBL TR

SMSP L IISMD Y7 /8 —F 4 v a D L ThHY,
V100D 54, K210 RT L 51ICSMBH =D 4047
NR—=F 4T a VTHEREIND. 25 OFHIZVI00
ODEAEERZLHSEICHATE TV LR
TH5E—RA U NT UARFEAEL TWDAREN %
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for this result. Follow the rule links to see more context on the Details page.

Note: Speedup estimates provide upper bounds forwc W(Wﬂlla{loﬂ potential of a kernel assuming its

Est. Speedup: 21.85%

Est Speedup: 21 85%

‘Warp Scheduler (32 threadcik)
Dispatch Unit (32 threadiclk)

Warp Scheduler (32 threadclk)
Dispatch Unit (32 threadiclk)

Rogister File (18,384 x 32-bit) Rogistar File (16,384 x 32-bit)
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Warp Scheduler (32 throadiclk)
Dispatch Unit (32 threadiclk)

r File (16,384 x 32-bit) Rogistar File (16,384 x 32-bit)

e INT T FP3Z FRd s INT INT P32 RS2
wr Wt [Fpd esd «wr Wt el el
W wr [FPad et e T T e Fesd

wr fesz Fpa2 o

TENSOR TENSOR TENSOR TENSOR
CORE  CORE CORE  CORE
2 Fea2

2 P32 2 FP32

4 INE T e PRl e T T s Fesd

[X]21 Volta GV100OSM D7 ' » 7 [X][20]

B EE

BUE R R D AT B AL 28 W 5T B FE K A% D R
~N~3/E1—&B%%ﬁﬁbt.llﬂﬁbf
B OB 2FET.

B3R
[1] November 2024 | TOP500
https://www.top500.org/lists/top500/2024/11/
[2] JSS3: JAXA Supercomputer System Generation 3
https://www.jss.jaxa.jp/
[3] 778, &k, RBAN, MRF, 1K, “HiEes v b
TV D ERE A — VR BERRLESIZ [T 72

©copyright 2025 by the author(s). Published by JSASS with

permission

BE 2 md I BT o FmRA ) s s.
DREA” H AR BE T, 64 (208), 126-135 (2022).
[4] A8, 2, “GPUIC X % EAEMERRSE Y /L 3LS-
FLOW-HOD @Edifk,” Wik il s /Wi ze
HEE Y I = b— 3 U AR YT 22023
3A04, (2023).
[5] Pierce, C., Moin, P., J. Fluid Mech 504: 73-97 (2004).
[6] Soave, G., Chemical Engineering Science, 27:1197-
1203, 1972.
[7] Chung, T.H., Ajlan, M., Lee, L.L., and Starling, K.E.,
Ind. Eng. Chem. Res., 27:671 — 679, 1988.
[8] Huynh, H.T., AIAA Paper: 2007-4079 (2007).
[9] Compute Sanitizer
https://docs.nvidia.com/compute-
sanitizer/ComputeSanitizer/index.html
[10]GPUZ' v 7' Z X > 7 AF9 (OpenACC)
https://www.hpc.cmc.osaka-u.ac.jp/wp-
content/uploads/2024/06/20240627_OpenACC_Basi
c.pdf
[11] NVIDIA CUDA Fortran Programming Guide
https://docs.nvidia.com/hpc-
sdk/archive/24.11/compilers/cuda-fortran-prog-
guide/index.html
[12] FUJITSU Supercomputer PRIMEHPC FX1000
https://www.fujitsu.com/downloads/JP/jsuper/primeh
pc-fx1000-datasheet-ja.pdf
[13] 1 > 7 /L® Xeon® Gold 6240 7'tz v ¥ —
https://www.intel.co.jp/content/www/jp/ja/products/
sku/192443/intel-xeon-gold-6240-processor-24-
75m-cache-2-60-ghz/specifications.html



ST

SASEH RIS T 2 L — > 3 VBT VR Y
2025%E7TH2H~4H

27— VRS (R0

[14] HE3HARIAXAZ S RN EHET O -"TOKI™i
AD B & HIERERAT-
https://www.jss.jaxa.jp/mediadir/2021/02/TOKI1_ 4%
. pdf

[15] NVIDIATESLAVI00GPU 775 L—& —
https://images.nvidia.com/content/technologies/deep
-learning/pdf/NVIDIA-Tesla-VV100-JPN.pdf

[16]NVIDIATESLAVI00GPU 7—%7 7 F+ R

BAEsRoOT — 4% — GPU
https://images.nvidia.com/content/pdf/tesla/Volta-
Architecture-Whitepaper-v1.1-jp.pdf

[17] BB, F5E, @R, @ YRS EERIE Y L /S LS-FLOW-

HODHBEGI R T — %7 7 F ¥ (C 81 DYERESHT
BRONRY MVEHBEREIC X 28, s
RS TS X 2 b — g
U UIR T T 12024 3B08, (2024).

[18] NVIDIA Nsight Systems

https://developer.nvidia.com/nsight-systems

[19] NVIDIA Nsight Compute

https://developer.nvidia.com/nsight-compute

[20] NVIDIA TESLA V100 GPU ARCHITECTURE

THE WORLD’S MOST ADVANCED DATA
CENTER GPU
https://images.nvidia.com/content/volta-
architecture/pdf/volta-architecture-whitepaper.pdf

©copyright 2025 by the author(s). Published by JSASS with

permission

JSASS-2025-2009


http://www.tcpdf.org

