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GPGPU

(General-Purpose Graphics Processing Unit)

[GPU 2ERRELSNOEMTHES |
GPUDE 1

W WiERE: /\MIUF GPU [¥E—% 2 TFlops #8
W Effi#: N\ATUFTHL BBFAGHEM)
B FRS . EEFROPCIZLERETES

—GPU
ENREH ™ EHREH Flops/w
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NVIDIA GPU

* 2 instruction issue

GeForce GTX 285 Tesla S1070

Peak Performance [GFlops] 708* 1063 691* x4, 1036 x4

GPU [#ofsP | 20 | 240x4
SPClock MHzl [T ue T 10T
Transfer Rate[GB/s] 159 102

Video Memory Interface [bit]

Memory | Memory Data Clock [MHZ]

Capacity(GB]

— 1

Peak Power : 183W Peak Power : 700W
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GPU P—%TIFv

Repister Memory

S LIIIIIIIILY,

! Hllllllllllll

| Video Memory
[ Global memory ~4GB (VRAM
B Multiprocessor ~30 (GTX280(GT200))

|:| Shared memory 16 Kbyte
[l Streaming Processor 12 MMultiprocessor| =818 T& 5240(&
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BWIK TSUBAME 1.2 E

Storage
Voltaire ISR9288 Infiniband x8 NEC SX-8i l 1.5 Petabyte
10Gbps x2 ~1310+50 Port;

~13.5Terabits/s
(3Tbits bisection)

) |

(Sun x4500 x 60)
0.1Petabyte (NEC iStore)
| Lustre FS, NFS, CIF, WebDAV (over IP)

60GB/s aggregate /0 BW
50068
10Gbps+Extern. 10.000 CR&tgres x4600 (16 Opteron Cores)
. =h 32~128 GBytes/Node
ﬁ?-u(;tlwork 300,000 SWMB Cares 10480core/655Nodes
GCoE 188 ~900T p §\<SLF<F 21.4TeraBytes

| 50.4TeraFlops
~170TFlops-DFP 08 i (SuSE 9, 10
80TB/s Mem BW (x2 ES) | 'iREGIGrd Mw

NEW: co-TSUB i
72Node 586CPU (Low Power) Al
~STeraFlops ClearSpeed CSX600
SIMD accelerator
360 648 boards,

35 52.2TeraFlops

oA,

Nvidia Tesla $1070: 170#, #& 680h—F
High Performance in Many BW-Intensive Apps
10% power increase over TSUBAME 1.0 (130TF SFP / 80TF DFP)
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HPCIZ#$I+dGPU Computing =

HFHN: ZE102KRHE(REYE)

Fwtin o CohaRa,
BRI E3RIEFHH - SPH
FFT: CUFFT [AEU-7oEABSBL |

Nukada FFT((E LK)

BFHN: 0. BIAREShIBO TS

AEYTHRRISHLTHESFHIMELN
AE-FTHERMRIS—R
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HPCZ YD AEYTPOtAR

BT ST IER
(EDRBTFEHE

OVTLETTTTT

(T T17D

FERE (SUE L) TY
FITTIT T lU Prcriaitte
(I frrr]

BT — KT
Ali] = A[i-1] + A[i-2]*C;
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RN ERNEN
EEEEESE

GPUDRE -~ E

K IU7ZLBETALR, BABIEFEFSASES
O BiFEE (RLIEE(SASED)

*ALYREHE (#1000~ (10000 LYK)

RN HBEAEVENL TS BHEDBRALYRDOT—H(E
RGN

TRGIEY - TFOZVINRE (HRISRAELHETELL)

BEOCPUIZLDTOTS L
Ffloat *a = malloc(.);

CUDAT RS 5L
cudaMalloc((void**) a,.. );

for(i = 0; i1 < n; i++){ 1 = blockDim.x*blockldx.y

afi] = . . . + threadldx.x;
3 afi] = . - -
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HPCPZ ) 4r—Saviciitd
GPUDFI A

FULL GPUR K INER 10f& ~1006%

X ERATELHENRIND
X A—K EDAEBIZHIE
—#B GPURHIK s Br10 %~3f%

3% Hot spot D& GPUALIE
¥ CPUBID AE EDT—AZHE

[[daGPU

77— 3 %Pl CFD
ERRE R

HBEERNGE, Boh=2BTOHBE

BRI S SBmMENEH HFik
T. Aoki, Comp. Phys. Comm., Vol.102, No.1-3, 132-146 (1997)
Y. Imai, T. Aoki and K. Takizawa, J. Comp. Phys., Vol. 227, Issue 4, 2263-2285 (2008)
K. Kato, T. Aoki, et. al., Int. J. Numerical Methods in Fluids, Vol.51, 1335-1353 (2006)

Y. Imai, T. Aoki, J. Comp. Phys., Vol.217, 453-472 (2006)
Y. Imai, T. Aoki, J. Comp. Phys., Vol.215, 81-97 (2006)

FEEBIE TR kR4

HELEFBLANILTRECSAEDRRITFERERE
TEEICKGELTES

[ZESRAA D Semi-implicit FfEIFE 5> AN E > Poisson Solver
Z NAHVHN
~HF|8
b iz A < Xz %88
AL, BHR, EERIS, BE
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Rayleigh-Taylor Instability -
Y. Imai, T. Aoki and K. Takizawa, J. Comp. Phys., Vol. 227, Issue 4, 2263-2285 (2008) -
512 x 512
IDO-CF Scheme

Euler equation:

0Q oOE oF
—Q+—+—=0
o ox oy
p pu pv
2
o=|PE-|PV TP e pul/
pv puv pve+p
e eu+ pu ev+ pv

Heavy fluid lays on light fluid and
unstable.
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CFD7 7Y (FEEMIET R MR IT)

FEREST T A—HXFER

cuoa

V U= 0 Poisson 7558

V . n+l
a—quu'Vu:—EVervAu pprt=Y Y
ot p At
W BRIEETE: BREEESE (GPUR])
W BURET R 2RHPIDED K (F)
R REREE ARYA—FRFED ()

M Poisson A2 5tH: Red & Black MG;Z% (%)
BEENEE: AEYH—FBFEH(5)
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(d4GPU

Poisson Equation solved by
MG(Multi Grid), Red & Black method

V-Cycle MG

(GEGPU

n+1 Step

n Step
0 LO f 0 — SO
H Algorithm Acceleration G Poisosn Eq.
. . ~ X 100 Restriction Prolongation
Point Jacobi =mmm=jp SOR =m==p MG-SOR R
1 - 1,1 1
G Correction Eq. L V= R
l Hardware Acceleration : Restriction Prolongation
2 Lv? =R? Lv? = R?
GPU (CUDA) xs0? G
Restriction Prolongation
3 v =R® v =R®
fo;—2f +fi; fa—2f,+ 1 G
2 + 2 =Pij Restriction Prolongati
AX Ay rolongation
G4 L4V4 — R4
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[[daGPU
- % ZHILTUEE ., —
. ff)fﬂ;f;;ﬁﬂm%b B SPMDK) (—#BSIMD) 7Y 5307 -EF L
U @ b o ‘ (Single Program, Multiple Data)
- Re = 2000
= W MECER+GPGPURLIRMAE

Navior Stokes Eq. CUDA Runtime (Driver) API
GPU kernel 3%
‘ Poisson Equation ‘ M 2006511 A #%, REV2.3
ﬂJ’ﬂ:i(@J’Qj Windows, Linux, Mac OS X & NVIDIA CUDA enable
oyt At\ax oy GPUMDEHEHE TRIATRE (GeForce 8000LAEE)
Correction H BROGPGPUHR—FERETRLER
M_le v 1w Cf. Brook+(AMD), OpenCL, RapidMind, etc.
at p ox ot poy
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CUDA Library

CUBLAS Library

CULA Library (Lapack)

CUFFT Library

CUDPP (Data Parallel Primitives)
http://www.gpgpu.org/developer/cudpp/

Reduction, Scan, Sort, ...

MATLAB
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CUDAT7OYSLBESEH

GPU

Device Memory

cuoa

Host Memory

Host (CPU) Code

AEY-R1o%
float *f_d, *f_h;

CUDA API
cudamalloc(&f_d);

N
cudaMemcpy(f_h,f_d);
N X 1%

iy

Device Code kernel function
__global__ ﬁ;‘:' func(f_d)

func(f_d){ }

N —
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Thread D EER @

Host Code DT call %, kernel B§#f<<< ﬁ1g§c!§k, ﬁbzlogclkﬁ»yeﬁi

GPU kernel-function call

grid
kernel_function<<< Dg, Db, Ns, S>>>(a, b, c, ... .); grid A% block Z&HEL
Dg: dim3 247D grid DY A Xis%E block A% thread Z%E
Db: dim3 247 ® block D41 XIEE Té&b\.ﬁ.“ﬁ
Ns: ETBIZIEE T B shared AT DHAX 9 °
WA HEELISAIE, 0 A |
s: FERHETO stream B block F—— |

HERE: HBELIBAE, 0 ANERESH.,
GPUMDthreadlIERI#ARITELD

Dg, Db THEESH MM Thread AR{TEhD,

5I#IZHost memory Mpointer DI/EITZFA,
kernel function M3{TIX, CPU ICHL TR T IER
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[F2GPU

Lattice Boltzmann Method @

Discretizing Boltzmann-BGK equation in the momentum space

using a finite set of velocities {e}

TILFGPU HX

D2Q9 D3Q15 D3Q19

‘%wi -V, =_%(fi - fieq)

i is the value in the direction of
ith discrete velocity

3 9 , 3 e vloly
eq _ 9
‘fi = pWi|:1+ Feru)ro e uf —ogueu)) g

2c*
¢ is the particle velocity

u is the macroscopic velocity
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[F2GPU

Lattice Boltzmann Method GPUMIT—4:& 1R @

Further discretization in physical space x, and time t T Host N T GPUs —
f,(x+e3t,t +3t)- fi(x,t):—l(fi(x,t)— fieq(x't)) T=Afot e '
T =
LBM code Q pCi =y -
gy || g
Collision step: Streaming step: = 4
(1) = 00— (1, (6 t)- £9(x.t) f,(x+edt,t+5t)= f(xt) ‘ y
Py Data _—
\ g
Uniform data shifting 384x384x768 b
11
Purely local !! Little computational effort !! .
N
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Re = 3000

Incompressible Flow @

(@2GPU

Multi-GPU Scalability @

4005
n 300 32 adie
% I 16

k a
L 200
) L
] L 4
o
= +
w
E 100
£ |
o . . I
o | —=— 7BBxTEEXTEE |
—m— 334x384x384
—m— 384x182¢182
Tesla S1070 64 GPU x89 '10" e T
Number of GPUs
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GPEl GPEl
r @ L @
ADPC : Asian Disaster Preparedness Center R | B~ @
o} ]

Early Warning System:

Data Base »

high accuracy

Real-time CFD

Shallow-Water Eq. oh ohu v _ o

Conservative Form: ot ox oy

Assuming hydrostaﬁc @+i[huz +£gh?J+ huv __gh@
bfilan?e in the vertical a 2 76y o
direction,

ohv ohuv o6 1 oz
3D == 2D equation *+7+@(hVZ+§9hZ)=—gh*

ot ox oy
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Directional Splitting
First Step: x-directional computation

oh ohu_, ohv_ duhv_ o ah—uﬁLﬁ(huzﬁL%ghzj:—ghg

a o a o ox
Second Step: y-directional computation
ih_,.aihvzo 6?17u+8v7hu=0 Lm+£[hv2 +lghzj=—gh@
ot oy at oy ot oy 2
MOC (Method of Characteristics),

Conservative Semi-Lagrangian Method,

Thin Water run-up to dry area.
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KRWM) 7 I3 A L EcPy
EBESAL—3DME @

W

241 GPU 5000km X% 5000km (500m#&F)

8 GPU 400km X 800km
(100mi&+)
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CPU-GPU Comparison

(1 CPU Core based)

GPU-CPU Scalability

10000.00

1000.00 —
% —
° ——cpu
g 10000 L i 4 GPU:
s
% X 66W

1 10 100 1000

Number of GPU/CPU core
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Phase Field Model I=&% LGP

HERRE T TIRE B2

o SEREAH (M E) DR
S>NEHFERIMBOI/00HEBREEISER
—HRREE R BRTE D TR

+ Phase Fleld=E7':)L .

: =0
CHEnAE R i
KIREFE #=1(Solid)

-G RE~OEF {
TERE #=0(Liquid)

Phase Field>ZalL—>avIzxidd 3
GPUaYEa1—T1 T I2&DEHEE
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ﬁ*ﬁ mi (1024x1024x1024)

¢ || ¢

t=1.38x10""

f . Amup
=7

t=3.44x10"° t=6.88x10"° .

Isosurface of ¢=0.5

Phase Field [0,1]
Liquid =0
Solid =1
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t=2.06x10"

Paraview 3.6

IRGA—=Z DB N KDER

y =0.015, A=0.01 y =0.075, A=0.01

y =0.1,A=0.01, BEZE(4) y =0.075, A=0.01 y = 0.075, A=0.005
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vy =0.015, A=0.01,
At=half

VIL?GPUI'I'IU)RH TREM

GPUDMMHEL V=6, GPU 4==h CPU (DT —43LH
IZIERICHERETEL-57 THEMELHD.

GPUNTOHNE CPU LDERERMLED /AT IAHE
BRIV MIED, GPUEB OB/ —FDI5R 58—
(R/2aV) Tl /—FMA 2—aRo a0 DEREIZ
EETIDENDD.

¥ PCIl Express Gen 3.0 [CHif¥,
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(d4GPU

NI

con

(d4GPU

w»a‘-epuﬁlwnm TREM

GPUDMAHEL V=6, GPU 4= CPU DT —H3H
IZIERICHERETEL-5T TN HD.

GPUNTOHNE CPU LDERERMLED/ AT RANE
BRIV MIHD, GPUEB OB/ —FDI5R 48—
(R/R22aV) Tl /—FMIL>2—aRo a0 DiEREIZ
EETIDENRDD.

¥ PCIl Express Gen 3.0 [CHif¥.
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SUMMARY

BFULL GPUD AT E A AT BE

BR/N\OVIZEET HHERENH D

BEFROBAFETIEBNEZTHS
(EEERAHEICFHSSISELTLNS)

BGPU OBE -AEEXEMLTCUDATRY 324
ISV ELHD

BEEEMRGPUZFE SIS CTHLEBEMEIE

EmShared A& OFAHS Key Point

B3RTHE. B RBEFENGPUDEE HEE%#E|EH T

BT /LFGPUEHO—F -3/ —F) K5 &R DRE
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