SRR B #

11-MDO03

FARILERIA - SLRIBFEILR Eak 28 RS RIMZE oS & 2012 4F 5 A

AR H 24— CFD O 7 v =2 X LR

BRI, 2 AR CRIE KRR ZBE T2 st R
NRIREH, JTNFESE (RALKRFEY A N—H A = A & —)
mEEEE, btk CGRORRE TR T 4epe)

WH (KKK« A N—R2 T 4 TR ¥ —)

I ik (BB REEREE 2 —)

s

RE Ty T AR RSB OO B A B EEMRE O ) F A2 STEIC, SEAR
Bt a2_—RA LT B CFD 723U X A% U SEER T CTHEE T 29t 2 & C
WD . T ARG O BN DA AR MO TEEICIT X, @RS AL DE
ALBLGTHD. ZROHAITIKHEHE CHEICHRILIND Z ERHIff SnD—J, K
B AR T W B 2 45 A £ U B AIE L T1T 9 AT, BUEE R O T T1T742 9 MPI
DBEBRZHIC LD LAT oy, F—%20 10 W, F—% DEmEERFEN KX 2R FLx
VI ERDIENTI Do TND. AT, WIFHDREETESEL NS 3250
MERE Izt LT, BAEVEIR )1 ORFGE 7 N — 7 L 3 BB R 2 B & T A s — T L
OWINT L0 fiFR%E Bie+. ARETIE, ¥ 78y P ZRAR L2 TRE L T HE AL
P ih % _— R & T D IEERE TR IR Y VSO HIPERE D BTG B DWW TR R 5. £ 72,

A TEIC IS < SR EOBUEDREBIRILIC DV TR 5

1. HIROEHNEER
BEEZ7a vz e LTED LTINS
WA EPERRA M - RATEH Lz I 2 —v
a UHEICH T D EEEROMIRIIRE <,
RELBHIE DT L — 7 Z)—Z DR RN D T & A
Eanhsd. LorLians, FEEENETICKRE
L72 U — RIZ—KRI72 b DT D D ATREME S K &
V. REERICEHERE DN EE D0 HRIT, T
FRKIBICIEDTEE T LY A EEL, W
B RS HFIE % D 5 F0NERICIE D =R
WORIKIZ SRR D. £ZT, & 70y 7 Ak
TR HEEZFREL T2 A ROT LY XA
BROE &, AR mEAE AR R A1 A RO KRR 7 |k
IVEHR AR T B Y D E SR I T & ATRELC
35 IS EAT R L O T R bR oA FE R
FENHL Y T BTN D B
HRDOZ——a ¥ a—FTilE 10 £ T
1000 f5 & OMEREZ M) LS TER Y, ZOBWES
BbU ok LEbN TS, KIFEIE, ZoOA
—/N—a 2= OFRROE R D MERER B2 R
BT, 2O EZ 70y T AROBEFREN) & K KR
ZIEDTRIROBMEEHFE T LTV X 8%, HiER

EHHEOMFR T V—7 LR 2 2 EM E T 5
WM TN—T DML VBT A EEHBW
LD, ZOWERICED, fERITFHEMRE D OR
AT X0 IR &AL TN kR & e A R RE ~ o Hk ik
EARRICT D L& BT, vYIalb—va rHilio
B AL U O ZE 213 U o & 3 2 iR i
mtERR L L BREEAICE T2 Z LA HIET O
Thd.

AL TIE, B FIEX—ADFEFIETH
% Building-Cube {EDFHHEZIHE (X7 bk - I
k) o EE BRI E LI-AFgEE Ehe L, LA
DM EEH5.

2. HUAAFERARMRE LTERLI-ES
(1) FEFRIWFZE A Fhi L 72 K740 & WFFeiR]
ARILFERFFEL, ALK - HORUE TR - KB
RE: - A B & IR L TFE 2 D 7o

(2) FFEH7ES B
KRB R RIS S B« R BB s 2
7 DBEERFSE S B



SEBOHUE N AR FRT - JLRATTELR Ak 28 FEILRITTE i lisE 2012 425 11

(3) YAFAMLEFTE/2 O TV S FHR L
O A= RS 3N N i Rl = = R RN £ N
NARDT T X LREFED =D, KNS
NV EH RO A R BRI K 2 R A
ThV, BAFERILFEICIC K D FHREEREE 2
BTARARTHD. £, RMFEORKEBAEL LT
X, B F—OERROARGT, HEEHLS
e E TSR A 7 bV AR T I TR
RIRE A FN L, KRHUESE AT 2 T 7S 6 4
RTTPETHD.

3. MIERMRDFME LFTEDZERIKR
3.1 Building-Cube #EDHEE

Building-Cube # (BCM) [13#&F4:5%, AR
Hrornay X, BABEO B2 RO 7 D%
WIFRIE A K T 28 L T 5 @ e o3 ik
Ths. BCM THENSEE %< Offix 7284 X
D”Cube” & FEEIL 5 LT IR ORI EIT 5. %
Cube ¥ XIIMKRDTZIRICE D TIRE S I, 4
Cube O NHZ I LS5 M MR LA 7 Cell” & AR L T
HEN T D, &2 TO Cube BEED Cell &
FFoZ L TEWIEIHERIRPE LN D . WIKEEL
BRI PEBARIC BB L TV 5720, MIREER 0%
{A]F R BE % A% B B 88 S PN O R MEfE I 2 /i < 1
IR TIER DV T AL ETH D, L
L, BTFAERD X D R NBIERENRRENZ /25 2
E ORI EIE, FERETHE L 72 D EHIR TITIE
WIZRE W, £, EEBISHNR2AE T2 AN D
Z L THEMA RO RS ILE T L~ DK
FHEBRETE S,

B 1z, BEYIZAER L BCM & 12 5R~7.
YR TII/ N E W Cube A XE2HHT 2720,
TN T2 BT D Z L iCRY, ikE
FEANCERBT D ENFREE R D, T, BD
Bl 7= fEIk Clx Cube A XA K& T5HZ LT,
s EBOHE AR > TWa., K7 Fa—F|2 &
0, % Cube |ZBJ23tHEANNITE—L20, K
HENEHIFH R BRI C b+ 2 W FIERE A2 BT 5
ZEDHIFFTED.

o
i
"
|
|

I
i

shig

T
HHH
[

I
H
=
M

(b) Cell Bli&
1 #E Yo BCM &+

3.2 FEEMIES ATV LSO FIMERE

SRR =k e IEIEREME Navier-Stokes 77
2L & L, 4% Fractional-step 1512 L » TR
fbL7eDBHiz, AZ T — REFIZBNTENER
DI Z A MRS E TS %, Fractional-step 1%
DT HIBLFE TR DML A 3R 6O HERITIE, *HtH &
RO 85 BT 2 KL O Adams-Bashforth
Bl a VY, SRR O 22PN iE 3 Yok FE
Sy, REMEIE & ) Poisson HiZIE 2 IRFEEE
RSP E 2 Eh V5. ek, K2 I10%
T & 9124 Cube 1T 2 BV DA —"—TF v THH
WAEALTEY, ZTO4—1"—F v 7 HEEFIH
L CH§HE Cube & OIFHATHAAZAT S .

2  Cube BT DA ——F v 7 HEHE



SER B SRR R - SERBFZERLA SRR 23 4FHELLFRIFgE
#1 EF

A
FEMERE

201245 A

Peak ockets | Cores | Memory On-chip
Tflops/s node IPE BW Gst Memory

NEX SX-9 26.2
MNehalem
EP 0.75 8 2 4
MNehalem
EX 1.74 7] 4 3
Fujitsu FX-1 5.16 128 1 4
Tesla 51070 1.24 16 1

A RO THWZFRRIT, R1ISRT LR
ThHY, Y ANTENEROFEKICA DY
THRE{LEZL THD.

(1) X7 b AAEBIGH R

EH Lie~7 b azslEt e SX-9 13, 7rt
v Y Y7= 1 102.4GFlops DIEAEMREEZFF D, &/
— FiZ 16 fild CPU Z#5# L T\ 5. SX-9 OFf
#o—o1%, ADB (Assignable Data Buffer) &
FHENLDA L F o TRy v azA LTSI L
Ths. 20 ADB (256KB) #FHT5Z LIk
ST, FEHREZ M ESEDZENARETH S.
BCM #~7 FAGIEBETIITT DITHZD, v A
27— NEFM LIy R7Z v 27 SOR Ex
BT 5.

(2) A4 T —WHIFHHHE

i L7255 5% Nehalem-EP 27 7 2 ¥,
Nehalem-EX 7 9 2 %, FX-1 lIFhZF1,
Nehalem-EP, Nehalem-EX, SPARC64VII 7' 1z
TV EBEHLIAD T =W A— A —a B
— 2 ThDH. RllIZRMShTWD XL, v~
Fo TRy v rabfBl LTS XY MLEE
BICEA Ly K7 Z w2 SOR JEIXT — 21K
FEMERHTEL—F, ANIA RTF—ET 7%
ANPLELR OB TEZREZT. 22T, AF
7 —WHIFHHH T BCM #5359 D311, @H
D SOREEZHWAZ L& LT,

(3) GPU 5tk

GPU ZZH DA N —A 7 v HinoiEk
INTEY, 7’rr 7 7E8E CUDA TidZti

256 KB ADB 2x 128GB/s IXS
256 KB L2/core,
25.6 AnAB harad s 40 Gb/s IB 0.55
256 KB L2/core,
341 24MB shared L3 20Gb/s IB 0.47
40.0 6MB shared L2 20 Gb/s IB 1.0
102 16 KB/ SM 10 Gb/s IB 1.3

bxEIN—TLTA N =L LFFatyi
ELTH#HY. BCM % GPU 7 7 2% Tt 51
B0, TNENO/ — RIZ Cube 3EFID 4 TH
L, GPUDA N — A= LF7FukyIZEIN
%. Cube N® Cell ®FHEIZA L v REEILTA
M) —Aa7mty Y TiHEIND. BCM ORET
H7%, Cube NO Cell AR THDH Z &b,
A RNY —ATaty P TIERhRICIE SR N HE
fEEn5s.

WHIPEREDFEAGIZFIAH Lz 3 IoeET VX, X
3R TREMEET LV (F1, 2 85 KOVNAR
TF L (BK, 500 J75) O 2FETHDH. K41
KEET L THDH F1 IZBIT WML R L
TW5. MEY SX-9 OEMMEENENZ &%
%.:hiImMﬁx%U%ﬁﬁm®%%$%
ThHIEnb, AEFVAY RIFIZLHEENK
=AW kJmB®%¥7V1%9i<ﬁ9_
THRED [ EAK BTV D

AN T —itEICER TS L, FX-1OFT 5%
HEIZXF LT, BCM Dif%|1EEEDY Nehalem EP <°
EX ([ClE_XRTEWWZ Engnsd. X
SPARCG64VII ® AE Y X2 Rk ¥ $ Nehalem
DHFPREWZHEB 2 BNS. EEE, STREAM
Ry Fw—7 OFERTIE, FX1 1% 10.0GB/s TH

2%t L, Nehalem EP & EX iZF#hF4 17.0,
17.6GB/s TH 5.

AU OBK%E, GPU II/NIFE T L LEHE
TETWRWYD, X 5I12361F 5 b RE % bk



SEBRRBUNE BRI FRIH - SLRAFZEILA SRR 23 F L ALRIATSE R Hily

5. GPU 7 7 A X%, SX-9 L0 ITKwvas, iIF
FIFHERE L b RI%ENENLL EOMREZ R LTV
5. GPU TiX, A RN —a7mtodElmnn
VRAEVEEZFELTNDZ ED, BCM D5
HEADRNATZD ZEZRLTND. TD—
7, GPU & CPU MoF — & @{E=ofthod / — R
2% GPU L O\EEAT O &y, FHEIEE O KR
AR T RS B, 207, GPUIZL DK
KGR 2L 2546, BET — 2 B0
T E RWDEMBI IR T D.

A= T4 —IZERTDE, KHEBEKT
THDH Fl T VBV, EoREBEIZENY
TH RBAFeMEREm LR TE 5. 2k, &7

nt Y HICEHD Y TONIFHEENSZN & &+
BIRA Y NT—=I NN RigZF LTS Z &Il
KL TWD. —J5, /IMIEE T L OERICER VT,
A=V T 4—1x F1 750 LK.
GPU 7 7 AZIZBALCIL, T — X BENA——
~y RiZleoTHY, 2AH 7 —WFHEIZEE L T,
IR OFHHEEN VRN ERFETHS.

adEED S I EEEEE

(a)  KEfLET LV (F1)

b)/EBEET L (ER)

3 FEETL

# 20124FE 5 A

=9=5X-9 Ep =l—EX =¢=FX1
1000
Q
a
o
=
e
o 100
g
£
(=]
b=
&
10
1 -
1 2 4 8 16 32 64 128 256 512
Number of processes
B4 4 BCM DR (KHEET L, F1)
—+SX-9 EP —+EX —“<FX-1 “*GPU
1000.0
Q) ——
ElO0.0 /,
g - v
A=A / _:/A
g 100 T s '
© —
g A/:/
g —
9 1.0 t
0.1 - . . . . . . :
1 2 4 8 16 32 64 128

Number of processes

4 5 BCM DifFIMERE UNREET L, EK)

3.3 HAIFHEI D EAMRBLUIT DN T

ASEE ORI, T vy 7 REARRE EICED
< FRIRFRHT > o8Izt LT A € U AP S L &
i L, BIFIFEE LT OMREE M5 Z &
Thote. SHE, X7 MIEFIEFEE (SX-9),
A H 7 —WHEF% (Nehalem-EP 7 7 & 4,

Nehalem-EX 2 5 %%, FX-1), GPU ZE#&IZT
WHIFHR 21TV, 2 OMEEEDORF M 21T >7=. GPU
ARSI B WEIMEREZ R L2, AT U Ol
XD /INRBEET VOROFICE EF > TV 5D.
—J5, AN T —WHEFHHEETIE, 2 ERORHK
rET MZBW LRGSR r—F ) 7
A —Z o LTens, BAIGH R COFMEICIXE
STV, A%, BIHIFHREEIC B 72 KR
WHNOMRERHMG 217 5 &3S, HRsdEDTD
T BEORMEEITI ZEBRRETHD.



SEBRR B HEARIL FFR - SEFRTFEILA 2R 23 L SEFATE

4. SBEORE

Building-Cube £ (BCM) 235 < FEJEAMEMEN
IRFRMT Y VB VT, X7 MLVEHERE - 20T
—iFFIGFERE - GPU 7 7 A Z 281 HAFFIPEREIC
BLCRHiZtED Cx 7=, LT\ % CPU %
K TH12 TH LR, COFHEBEIIBNTHI
W REFRA T —F )T 4 =R TW5D.
ZDO—%, WHEOEIMI T vy o7 —
ARMWDILENRELRD I END, T+ AE
YRV RIER W EWFIMERED M EA2 5 2 & A
HLNWZ BN D. Sk, T —FBEORE
X572 Y, F—&AZHITRINT 5 WHIEEES L&
M2 5HEEHANL, ZOFEZITS TETH 5.
T/, INE TOMEICE T, BERZKTO
ETH OMRRIEOIRBEZRH S 7T Y XL
BRI HIES LT =T2®, K0 EERA T4
MR 2 IS iR EBRAR 4 Th otz it
ZeERFT O AR E S 57291 BCM O~
L— AT —7 ZFIH U CEMVETR IR TiE0%
BEEMTFEORBELED WD, K 6 1%
OpenMP I X 2 JEME RIS RS R Td 5
w, SHERLEEEEX D720, MPLEFIL
ZEMBLTND. TOMEERTTL, Fa—=v
T wlTolotk, KBWAD 7 —WHIGHEHZ AT
ALERKFOA—IN—a L P a—XEHNTHE
WHIFHRAZH D fLA, PEREREAN & O FE A D 5
TETHD.

X 6 BCM T & Dizetk)E v o EMEIEIREE T
MEHR

FREEE 201245 A

5. WHAEREUXR b+

(1) ZAfram S

ek, KMEE—, HRENERS, 701, #R
B, MEsLE, IRIEH, ‘—T7F 4 ' T IV
WSS b Tatvymaid 7 v 7T A
LRGN, ” [FHRUPEF i Kl 2> Bz — 7 o
2> %74, Vol. 4, No. 3, pp.77-87, 2011.

Kazuhiko Komatsu, Takashi Soga, Ryusuke
Egawa, Hiroyuki Takizawa, Hiroaki
Kobayashi,Shun Takahashi, Daisuke Sasaki,
and Kazuhiko Nkahashi, “Parallel Processing of
the Building-Cube Method GPU
Plathome,” Computers & Fluid Special Issue
“22nd International Conference on Parallel
Computational Fluid Dynamics,” vol.45, No.1,
pp.122-128, May 2011.

on the

Takashi Soga, Akihiro Musa, Koki Okabe,
Kazuhiko Komatsu, Ryusuke Egawa, Hiroyuki
Takizawa, Hiroaki Kobayashi,Shun Takahashi,
Daisuke Sasaki, and Kazuhiro Nakahashi,
“Performance of SOR Methods on Modern
Vector and Scalar Processors,” Computers &
Fluid Special Issue “22nd International
Conference on Parallel Computational Fluid
Dynamics,”vo0l.45, No.1, pp.215-221, May 2011.

(2) EBRs#%Iry—T 47 A

Shun Takahashi, Norio Arai,“Multidisciplinary
Investigation by Fluid-Structure-Motion
Integrated Simulation,” CD-ROM Proceedings
of IV International Conference on
Computational Methods for Coupled Problems
in Science and Engineering, Greece, June 20-22,
2011.

(3) EBRE#TE
Daisuke Sasaki, Akihito Deguchi, Hiroshi Onda,

Kazuhiro Nakahashi, “Airframe Noise
Prediction using Block-Structured
Cartesian-based CFD Solver,”
ASME-JSME-KSME Fluids Engineering

Conference 2011,
2011.

Hamamatsu, dJuly 24-27,



FERR BB AR L RIFI - SLEAFZEHLR SRR 23 R
Kazuhiko Komatsu, Takashi Soga, Ryusuke
Egawa, Hiroyuki Takizawa, Hiroaki Kobayashi,
Shun Takahashi, Sasaki,
Nakahashi, “Performance of Building-Cube
Method on Platforms,” 8th
International Conference on Flow Dynamics,
Sendai, Japan, November 9-11, 2011.

Daisuke Kazuhiro

Various

Shun Takahashi, “Overset Grid
Approach for Moving Boundary Problem based
on Cartesian Grid Method,” 8th International
Conference on Flow Dynamics, Sendai, Japan,
November 9-11, 2011.

Norio Arai,

Yasutaka Nishimura, Daisuke Sasaki, Kazuhiro
Nakahashi, “Aeroelastic Analysis using BCM
Euler Compressible Solver,”
Conference on Flow Dynamics, Sendai, Japan,
November 9-11, 2011.

8th International

Sakai, Akihito Deguchi,
Sasaki, Kazuhiro Nakahashi, “Large-Scale
Unsteady Flow Data Compression for
Buildng-Cube Method,” 8th
Conference on Flow Dynamics, Sendai, Japan,
November 9-11, 2011.

Ryotaro Daisuke

International

Yuma Fukushima, Daisuke Sasaki, Kazuhiro
Nakahashi, “Linearized Euler Equation on
Block-Structured Cartesian Mesh for Noise
Propagation from 2D Nacelle Configuration,”

8th International Conference on Flow Dynamics,

Sendai, Japan, November 9-11, 2011.

Xinrong Su, Daisuke Sasaki, Kazuhiro
Nakahashi, “Developments of a Directional
Ghost Cell Method and the Multigrid
Acceleration for the Building Cube
Method,” 8th International Conference on
Flow Dynamics, Sendai, Japan, November 9-11,

2011.

Xinrong Su, Daisuke Sasaki, Kazuhiro
Nakahashi, “A Hybrid Scheme for the Near
Wall Treatment of Building Cube Method,”

8th International Conference on Flow Dynamics,

Sendai, Japan, November 9-11, 2011.

BRI et

# 20124FE 5 A

(4) .WI\‘D?&: 2%
EiaE, BrHRR, “EAR A BTEE W

EAOKTIEIC K D AR SRR, &5 16 [[lE
HT kRS, 1, 201145 A.
PWAEY KRR, fEx AKEH, B, “v=—71

v MR E O e RBURRER SR EH R T — 2 O
JEAE, 7 5 43 [BIFRIR ) FakiE S e  E EE
I 1/~°/ a Y R T A 2011, BT,
201147 A.

WSS, Vex KX, HEME, <7y 7 i
WE A & IBVEA W= LEE =2 — M% 2, H
43 [EIRAE T F S T Y < = 1/—~°
3 VETY AR Y A 2011, AT, 2011 4E 7 H.

VAR REEE, V2 AR, & FniE, “E#EE Building
Cube Method Z HV 7= VY @ Euler fifhr, ” &
43 [ER ) PRl E S M E T HEE Y < = 1/—:
g UHEY AR Y T 42011, B, 2011 4E 7 H.

VAR REEE, V2 AR, &R, “E#EE Building
Cube Method Z RT3 JE ) O IEE T IR PERT
AURAT, 7 5 25 MIEERIR )5 VAR T A,
KBz, 2011 E 12 H.

KGR, PEME, “BCM(Building Cube
Method)HE A Z 55 AU AR & LV ik & O TR R
TEIRELD 2 WREDORRE L MRGE, 7 55 25 [FIEE
VAR R A, KR, 2011 4F 12 A.

(5) Ffth (HEF, 7L a3k, BELKL)

e

ez, HRVEREMS, TO)IIME, wEREs, [E
NS, RIS STy e v TF R M T ek y

Yoo Fa T AixwElbEf,” SENAC
Vol.44, No.2, pp.29-36, 201147 H.

AR, e AR, 08T 1 72 AT 22 H BR 3 O
Tz O &AL CFD O #F%E”,  SENAC, Vol.
45, No.1, pp. 3-10, 2012 4 1 .



