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Fig.6-41 Weak scaling performance of FFV-C application
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Fig. 6-42 Vortex structure around a vehicle (the 2nd invariant of velocity gradient tensor)
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Fig.6-43 Comparison of mean streamwise velocity for channel flow.
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Fig.6-44 Dependence of vertical grid size on mean streamwise velocity.
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Fig. 6-45 Dependence of Reynolds numbers on mean streamwise velocity.
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w/o overlap w/ overlap Implementation of comm. thread
1$OMP PARALLEL
1$OMP MASTER

call MPI communication
1$OMP END MASTER
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1$OMP DO SCHEDULE(DYNAMIC)
1234 - n, do

) call calculation
Reduction of enddo

1234 - n, comm. overhead 7
thread 1$OMP END PARALLEL

E calec. O comm.

time

N\

4

—
N

Fig.6-46 Communication overlap technique using communication threads. By processing
communication and computation simultaneously, communication overheads are ideally
reduced by 1/nt, where n¢ is the number of threads per MPI process. This technique is
universally applicable to non-blocking, blocking and collective MPI communications.
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Fig.6-47 Multi-dimensional domain decomposition models. By extending the domain
decomposition from 3D to 4D, the sizes of MPI communicators in each axis is suppressed and
the ratio of computation (volume) to communication (surface) is improved.
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Fig.6-48 Strong scaling of (a) the finite difference plasma turbulence code GT5D and (b) the
spectral plasma turbulence code GKV on the K-computer (SPARC64VIIIfx/Tofu interconnect)
and the BX900 (Nehalem-EP/InfinibandQDR).
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Fig.6-49 Left shows client-server processing in the remote visualization system based on the
Particle Based Volume Rendering (PBVR). Right shows a volume-rendering image of PLOT3D
data generated by the UPACS code. The image shows flow velocity along a high stagnation
pressure region in a steam turbine.
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Fig.6-50 Peta-scale plasma simulations are enabled via the developed computing techniques. Left
shows plasma size scan of global ion turbulence simulations, in which the computational cost is
increased by ocat~256x. Right shows the ion/electron multi-scale turbulence simulation, which
requires ~503~105x higher resolution compared with the conventional single scale turbulence
simulation.
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Fig. 6-51 Single-CPU (thread parallel) performances
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Fig. 6-52 To-peak performances of Flat-MPI and Hybrid
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Fig. 6-53 Printed circuit board model (voxel mesh)

Table 6-3 Analysis meshes

1A2r32 D #0.03mm

BRY B
FIVOFIL 38, 689, 706 41,044, 244
DI27421[H 309, 517, 648 318, 932, 409
V27742 2[H 2,476,141, 184 2,513,793, 437

Table 6-4 Numerical results of Flat-MPI and Hybrid

Refine | /—FK# | a7#% | #FARX | HERME | RERK TEE 5t Peak Lt
0 128 Flat MPI 3.8h 374, 373 74. 7% 4. 7%
Hybrid 4.5h 374, 373 57. 6% 3.3%
| 1024 Flat MPI 5.7h 775, 834 88. 0% 5.0%
Hybrid 8. 6h 771,788 60. 3% 3.3%
Flat MPI 13.7h 1,616, 318 82. 6% 4.2%
2 8192 65536 -
Hybrid 21.7h 1,594, 693 50. 3% —

(a) udisplacement
Fig.6-54 Displacement and von Mises stress distributions (2,513,793,437 nodes, 2,476,141,184
elements and 7,541,380,311 DOFs).
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(b) Mises stress




(2) ZEMREHMNESEERTICHE TEIREEYIL/A—D UL 4T

FrontISTR LR L1 -EEZBHEL T BARTOC /MO TR LRI CHEEEILIEXS ., 2 [E
HARLGETHRITAXELIZABORYRAA, I—F—HhoBLHEEDERE FESDBE. &
ERELTWNS, TO—RELT. 7TV ITUBERNITA ARG Z R HREHFLEIZEEL. BRIC
REINTUWBIRFILTAE. BV BB HEEEETHS MPC-CG EIZH TS, BITIHIRE
EVILA—DIEMEICET 2EBERRIRT D=0, oD FERELERLTREZEVIL/A—DIR
HHEICBNE-TILTYX LERHKLT,

ZEBEEEESOBBICE TAREERVILA—DIGESETET 576 BB RKETILE
AW5, ERFMTIEIRER | REZRTHY. 81R% 7,932,500, EXREK 7,745,536, L mREH
8 132,153 THD, RIEEFHVILA—DIVREICEED VLRV Z S REGHLEFEELT,
FICENEBREEEEEREL(1] BNEBREBEEETIE. AL—T BHEDHBEEIZHEL.
LARRIETHOEELEOTATFAILHNEL, FTHRINLBIZE TIEE/NFI—BERT S, Z
NITKIET 518, EESEIDEMET. BHEEEROIEELOTOT7/ILEEZELEET—T
IWDERZEITICEELT-, COERE(ZKY., BILUQ)RINEZAL-I5E . #EED MPC-CG %&tt
BLTRERKENF R T 5 EICHIILT(Fig.6-55),

3500

2 3000
S 2500
@
£ 2000
g 1500 " MPC-CG
£ 1000 Exp.Eliml
=z
500

SSOR BILU{0) BILU(1) BILU({2)
Preconditioner for CG method

Fig.6-55 Number of iterations of preconditioned CG methods with MPC-CG and explicit elimination

BEICERRTIECERIN TV ABERTOAF T, IREEI LITEM TE RGBT
FRAVWSIENZV, REAVWTEMBBEICRYBEDICIE. DO NASEREDEOmEEMH
BIAENEETHS, AMARTIE, 7EVTVEBEBTICHRAIRGLZ R REHLEICHEIR
EEER L A— DU D FEREZfRRL . SSOR, BILU(0), BILU(1), BILUQ)D & Bii L EE % LY
BRI, REEBRBEYVILA—DIREERENRIEERICBONDIENERINT, BB, SEE
HLE-ZRBEREHENEFXRL SRVILAN—ETEITHILTWSE=O ., FEDORTLIESSOR,
¥R r—1)>%, BILU(0), BILU(1), BILUQ2))$ & U R 18 fi#i%(CG i%. BiICGSTAB j&. GMRES .
GPBiCG &) LHMAEHETHRAT LN ARETH D,

EAEATIE T o JUBERTERRICEENBVEETH D, BELMNLIZET SN TERE
T AHERDEMEBITE SO RMERNETRET IEEMRILMEN I I HIREEEEREL TL
5, EERT CIEREEBRBEVILA—DIERENBELLZ> TV T, BIRTIHEREEZEREVILA
—AEIZALLA TS, KREBEICEVWTEREEREVIILA—OBERANTAIRTHY. &5
BHINRMERENZFEETHS,
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(3) HPC/PF ##|FLT= FrontISTR &3+ —0 %5 - B

TR 27 F 11 BICRRERRZEERMARARICHLT, BHTEITIRE HPC/PF 28| ALt
S —%EWELz, ZCOEIF—TIX, HPC/PF IZ&2 T, RRAMEE O = FrontISTR 2L D —ENDfE
HAEZED FOCUS R/ L CHBICTEDIEFAREBRTES, EAMICIZ. AELERT HH6E
AR DR EEAT D AU FIEIT. BY LD MBS BT DO MFIEIT. PDI 1IZKE/NTA—FEKTE.
W B HEREDIREI R EF 1T o=, 9 #EBE (K- AR 5. R ZE 4) H5 16 &SI,

YT IVBIREEL T, 8IS DR EBINIC BB OBIREZ EELT =,
-RELIERT SINENIRTE D FRAEAT

ERIEWPNEREREL. MFHIREREEARTELT L. ERATHAEELDOHATHY . A
BERIZEANEZALND, SHIR/ANERE 1 RER (B-bar EXR) #EHAL TS, Mises i 1D 5
% Fig.6-56 IZ7RY .
-EY LR DR RIS B AR

ERIEWNEREREL., M HITEREEERTELT 5, AIEICHITS z AREMAESHELC
(2B KSITMPC EENERIND, B OYMHEEILFERSARIZHHL TS, AN Bt ER
ELTHERT AN NIEHREILT 2ARBENTH S SHRAEE | RER GEHEEER) L28x
P2 EXR (Bernoulli-Euler 2E %) #FHAL TS (Fig.6-56), MLt ORIAEBMEREZHERXH
MPC &£#HELTERASNS, ZOXIHTDERD x ARBFZIEZ Fig.6-57 [TRT,

m T a
0.000 0117 [MPg]

X

—

¥

Fig.6-56 Mises stress distributions of an aneurysm model

|

Fig.6-57 Finite elements for a soil-structure interaction model
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