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What's GPU ?

m Graphics Processing Unit
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Computer Graphics

GPGPU EGPU\

m General Purpose computation on GPU http//gpgpu.org/
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CPU and GPU
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CPU and GPUDEBE AL
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Tokyo Tech TSUBAME 2.0 Supercomputer

m TSUBAME 2.0 started operating in Nov. 2010

Y

|

NVIDIA Tesla “Fermi” M2050
515 GFlops (DP), 1030 GFlops (SP)
Memory BW 148 GB/s

4224 GPUs on TSUBAME 2.0

“““““

TSUBAME 2.0

Node of TSUBAME 2.0

TSUBAME 2.0 Node detail
Intel Xeon X5670 6-cores 2.93 GHz NVIDA Tesla "Fermi” M2050
12 cores/node N T——
Memory ~51 GB
e VRAM 3GB
DDR2
1000BASE-T
0.125 GB/s

VRAM 3GB

InfiniBand QDR x2
4 GB/s x2(=8GB/s)

PCI Express 2.0 x16 VRAM 3GB
8 GB/s

12




Numerical Weather Prediction
ASUCA
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SFREDIRETE

s TUSRW
v BENTHHBRRA (~km - ~10km)
v 2 | IBMAIRB ECKDEDPRM (~100km)
—» RZEDSkm L TR FTHEIT DI EHWEAE
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http://www.nikkeibp.co.jp/sj/2/column/z/33/ 14
http://trendy.nikkeibp.co.jp/Ic/photorepo/080916_photo/
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m ASUCA Production Code
v SRFICEH>THRENMED SNZIZRERERBRETRY I 2
L—y3ayvid—k
v SEREMEFEREHFEARAR
75w O R, —MREER
m AtFGPUDIVEI—TFTa VD ?
v ZEL, 2L, (EEEEH

Meso-scale

2000 KM a few km

http://wallpaper.free-photograph.net/

SREAEICHFBGPUIC KD ERIE

B The Weather Research and Forecast (WRF) @ GPU #l|FH
= STERROYIBEY 1 — )L ZGPUTER 2B (CHDR
B E2FUPIEES 1 —)L WSM5 (WRF Single Moment 5-tracer) *
KMBKER. TR MK XK. BOREHLZTFIR
WRF D 1% D I— K, 25%DEITHRRE
= 20 x =Rt
(P TVT— 3 VEETI1.2-1.31 B0 ER)

m 818 L 2 #HHXTT JL WRF-Chem**
KREDBIHICE (FBDBFRIMEDE XL ERIG
= 8.5 x @RIk

* Michalakes, J. and M. Vachharajani: GPU Acceleration of Numerical Weather Prediction. Parallel Processing Letters Vol. 18 No. 4. World

Scientific. Dec. 2008. pp. 531—548
**John C. Linford, John Michalakes, Manish Vachharijani, and Adrian Sandu. Multi-core acceleration of chemical kinetics for sim%I%tion

and prediction, proceedings of the 2009 ACM/IEEE conference on supercomputing (SC'09), ACM, 2009.




WRF & ASUCAD SxR{ED 77 0—FDiELN

v WRF GPU Acceleration

Accelerator Approach
Initial condition Dynamics  Physics  Output

CPU

4

GPU
v ASUCA GPU Computing

Full GPU Approach wes) HHEBDOER{IEDEIR

Initial condition Dynamics Physics  Output

CPU y /
GPU
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ASUCA: Fortran DS CUDA /\
m JJLGPU P TV T—3Y
m PONSESHRZ
s 0id . aciupeaiiz >
P:“%grla + none ancl <105 #mcw - <cuda'-: ﬂ\ﬂ;-ln (;;?X yrbs
N 1)(\ R e
thread1 '
Fortran ML} C{cm “CUDA
B} d dkoﬂ for { gt A1 'zeoﬂ'l“ﬂ*w
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ond proar” * e e
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zx,y (kij)-ordering  x,zy (ikj)-ordering  x,zy (ik,j)-ordering
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m RITEENDE (x,y AM)
v IKEABDBFE ~ 1000 > $BEABIDIEFE ~ 100
v 256 x 208 x 48 Sub-domain / GPU
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) How to Overlap?
——Time P >

| H_Lﬂ_/;$/£

v (1) Inter-variable Overlapping '

v (2) Kernel division Overlapping -
v (3) Fused Kernel Overlapping “Y_
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gE b FE 1 : Inter-variable Overlapping
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Em b F % 2 : Kernel division Overlapping

Non-Overlapping Overlapping (Three divided kernels)
(Single Kernel)
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x Whole domain x boundary  yboundary Inside domain
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>| >| >i y boundary
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TSUBAME 2.0(C &K DASUCADETE A

14368 x 14284 x 48
-3990 (57 x 7_0) GPUs |

Weak scaling

145.0 TFlops

nnt 76.1 TFlops
GPU, double I:)r-e(:isio_nm,i ..... . ' ........................
e ~ xb0

GPU, single i:recision

— — —
o o o
= ) w

| ||||||||| ||||||IT| T T

Performance [TFlops]

At 3936 (41 x 96) GPUs

102 A ..... A ........................................ ......... Mesh:
103 *  CPU, double precision 256 x 208 x 48 / GPU
- Ll R | R | TR |

1 10 100 1000 5000
L ER=Es Number of GPUs / CPU cores

m  NVIDIA Tesla M2050 card / Intel Xeon X5670 2.93 GHz on TSUBAME 2.0
m  Weak Scaling, each GPU handles 256 x 208 x 48(SP) , 256 x 108 x 48 (DP)
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RE

103

145.0 TFlops /

Weak scaling ASUCA on TSUBAME 2.0

76.1 TFlops

GPU smgl r'eC|S|on —

102
100
1
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Performance [TFlops]

WWEBREER
m  NVIDIA Tesla M2050 card / Intel Xeon X5670 2.93 GHz on TSUBAME 2.0
m  Weak Scaling, each GPU handles 256 x 208 x 48(SP) , 256 x 108 x 48 (DP)

WRF on Jaguar
50 TFlops

|AFES on ES

26.58 TFlops

‘ CPU double precusuon' 256 x 208 x 48 / GPU

1 10 100 1000 5000
Number of GPUs / CPU cores
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Real case of ASUCA operation

4792 x 4696 x 48 mesh (horizontal mesh resolution =500 m)
437 GPUs on




Phase-field Simulation
for Dendritic Solidification

27

BE - @RE0ERMEIORF

=0 O ERIEE

0

BRFHBHLSDRER
—r

BEEVEFEEEL L.
& DIE)

—

EODE%%%@@U%Z&E&D\F.‘ :
2E TEMIAE OBV ORI
2B Tl SLHEOR T




MEBRZORYZRT—ILOYZa2L—Y3Y

TS RYRT—=IDIT—XT4—ILREHE
2RTTHE

v GPUR—/)\—JVFEa1—4 (R/)L3YV)
vV RYZAT—=)LEEICRF =SB FE
> GPU-CPU ZWVz/\1 TV v REtE

1 ZIK(D’f ]‘7|‘§

"~5\‘_)./\ VW’-.' I \—- ‘ v T N AZUD . ‘~}_~/_".\

J21—X74—I)LEETI

m JI—XJ4—)LREFIVLIEIFEFEFHST HEHNSEY
m BELRIOORBEZYI2L—Y3Y

JI—Z 71— REH
BE18: p=1
CDFEE. BEREZARNICE
g DR FDGRZER
A 9=0 TE?

EEREEDIER ¢=0.5
—




J21—RX74—)LREFIL
m Phase-field ¢ G)H%Feﬁ%@ (Allen Cahnﬁ'@_t)
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]T-EQIE /\Hli

0 2 dp(¢) . dq(9)

5z (435,179 ) ASAT =55 Wﬁ]
{L300508) 1 HBZ(LOIRILE —
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B 7 L 32 : GPU-only method
BRDETE PR

1GPUDETE 581K

X /
nz
g \
T ~ny-— w_
Boundary exchange
. GPUto CPU CPU to GPU

'ka-|'| >|MPI>| > BISESED
GPU kernel | — TS TRL
i Onejtime step - time

stE B .




=ik dd D 2% : Hybrid-Y method

o CPU%
Whole subdomain ! Divided doma
I
= ! oo = P ﬁ‘.
7 : é:éfé 7 6 |
>z S |
I 1 1
z H |
i : i / ;
nz+2} 5 | , |
E H I i ! 7 ’
Yy \d Y nx | N : Vo
x ny+2 LT ny— -~

GPU-CPU/\M/ TV w R CPU GPU

GPUIC KB DiMElE,

MPLE1S/ D o
GPU-CPUSR(E CPUTHFMBIADE
VPO BEBEETS,

CPUSTE

B ohOvaEIE
GPUSHE i I

m 1GPU + 4CPU cores (icc+ OpenMPFIR) TEE  #ime

TSUBAME 2.0 CDETE4E8E (Weak scaling)

400 x 12800

— = L GPU-Onl 4096 x 6400 x N Hybrid-Y
2 L (BEERE L) 4000 (40 x 100) GPUs S
2 0° | O Hvbrid-vz 16,000 CPU cores o83, [ 1 86%
EE | @2 JGPU-Only
g [ | OHERECPU) 88 O 11.186 PFlops
e [ | A Hybrid-Y » OO .
£ | | (EROHCPU) @ 0
= 10 = r Hybrid-Y method
g = 2.0000045 PFlops

: @ :

i O GPU: 1.975 PFlops

10 g_ ............ g ................... “ ..... E=k"- ............................. CPU: 24.69 TFlOpS
: g*ﬁf’?ﬂg TR 44.5%
i (2.000 PFlops / 4.497 PFlops)
1I ! o ! | ! C
10 10° 10°
Mesh size: 4096 x160x128/GPU Number of GPUs

Weak Scaling: GPUBH T D DREIRETS A A—E TEHEY 1 XZZ XD
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m TSUBAME 2.0 TIXHES HZEFMICEZYV VoI LTW
Do
m JI—X74=)LREAHEEF7TUI5—Y3Y)
v/ 2.000 PFlops (B f5E st E)
v 275 E— O MBEMA4.5%  2PFlops> =1L — =
VIEIRILX—HEE: 1468 MFlops/W  ~1.36 MW
=P DBVWIRILF—HETENE I DHERERN e
‘o, 1 Y.

> »l

N ]

== ¢ IS RRARRARY AR R
= 1LoM L
Linpack RV F I —72 T oen

v 1.192 PFlops ({Z¥5fEste) o Electric Power Consumption
v RITE52.1% Sneil L i
v’ 827.8 MFlops/W =

Large-scale Phase-field Simulation

4096 x 1024 x 4096 (periodic boundary)
(Special thanks to Mr. Kuroki for 3D rendering.)
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