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TSUBAME2.0
World’s Smallest Petafl

‘ TSUBAME 2.0
New Development

~4000 NVIDIA Fermi GPUSs, 200TeraBps NW
~3000 SSDss, /7PetaByte HDDs
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Tsubame 2.0's Achievements
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4 Fastest Supercomputer in
the World (Nov. 2010 Top500)

I 11311)
Rank Sit Computer/Year Ve peak
200
MNational Supercomputing ILGI;%E,'JQ’Q(;’:*J%E-l}TT&E'
1 8ﬁ:1ntgr|n Tianjin GPU. FT-1000 8C /2010 186368 2566.00 4701.00 4040.00
NUDT
DOE/SCIOak Ridge Jaguar - Cray XT5-HE Opteron
2 Mational Laboratory G-core 2.6 GHz /2009 224162 1759.00 2331.00 6850.60
United States Cray Inc.
Mational Supercomputing MNebulae - Dawning TC3600
Centre in Shenzhen Blade, Intel X5650, MVidia Tesla
3 (NSCS) Co050 GPU /2010 120640 1271.00 2984.30 2580.00
China Dawning
- |
1 TSUBAME 2.0 - HP ProLiant
1 SIC Center, Tokyo 5L390s G7 Xeon 6C X5670, |
1 4 Institute of Technology Mvidia GPU, LinuxWindows [ 73278 1192.00 228763 139861 |
1 Japan 2010
______________ e e e e e e e e e e e e e
e BN Hopper - Cray XEG 12-core 2.1
5 ROEBCLBNUNERSC ) 5549 153408 1054.00 1288.53 2810.00
United States
Cray Inc.
! ‘ /]
2011 Gogpcoy) 2=z

Frurit of Years of
Collaborative Research -
Info-Plosion, JST CREST, NEC

Over 10 Petascale Applications  Ultra Low Power HPC...

X66,000

World’s Greenest faster

Production
Supercomputer
Nov. 2010, June 2011

X3 power
efficient
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TSUBAME2.0 Software Stack (Red: R&D at Tokyo Tech)

GPU Enabled 0SS and ISV SW: Amber, Gaussian (2011) BLAST,GhostM ---

Programming Environment GPU) CUDA4.0, OpenCL, System Management
PGl C/Fortran, (CAPS C/Fortran) (YY%YM% Fortran) , { User Manggement
: : rid Middleware .
MATLab, Mathematica, Physis, [ Sieilicdenars ' - Accounting
Resource Scheduler and Fault Tolerance - Data Backup
PBS professional (w/GPU extensions), Windows HPC Server - System Managemen

GPU Libraries Message Passing FileSystem: Lustre, | Fault Tolerance (A“?Onomic
CUDA Lib, CULA, | OpenMPLMVAPICH2 | GPFS, GFarm2 BLCR.NVCR,  |Operation, Power

NUFET, --- W/GPU Direct NFSCIFS_iscsl, [ FTi checkeoint | ppn o dement)

x86 Compiler - Systen| Monitoring
PG, Intel, TotalView Debugger Operating Systems/Virtual Machine

(GPU/CPU) SUSE Linux Enterprise Server, Windows
HPC Server, KVM

Driver (Voltaire OFED/InfiniBand, CUDA4.0 Driver)

Server and Storage Platform
HP ProLiant SL390z G7, DL580G7, NVIDIA Tesla M2050/2070, Voltaire
InfiniBand) DDN DFA10000, Oracle SL8500, ---
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High Peak ~= High GPU Usage
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Heterogeneous Petascale Linpack

Results on TSUBAME 2.0
7:06 —9:33, October 18, 2010

TN N N P 0 Time Gf lops

WRISR2R16 2490368 1024 59 69 8639. 84 1.192e+06

| |Ax-b| |_oo/ (eps* (| |A] | _oo*| |x| | _oo+| [b] | _oo)#N)= 0.0008911 ...... PASSED
1.192PFlops with 4071 GPUs No.4 in Top500
958MFlops/Watt (1244kW) No. 2 in Green500 (Nov 2010)
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Overhead analysis 100 7
Ralative performance is 52%; is this overhead e
n

essential on GPU systems?

(o))
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Efficiency (%)

= 40 | -

DGEMM kernel on Fermi GPUs exhibits only 20 —-T1(CPU) -=T1 T2
~70% performance of peak, which was >90% B -
0 [ [ [ 1

on older gen.
Peak  Indiv- Node- Linpack

DGEMM DGEMM



GPU vs. CPU Performance
Socket-to-Socket Roofline Analysis

Roofline model: Williams, Patterson 2008 FLOP/Byte =
Comm%gca'rion s of the ACM F/B
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TSUBAME 2.0 [CKDARIMRIRETE

n BIRREEER R (SC11 Tech Paper/Gordon Bell Award Finalist)
m [IHRETE (SC10 Technical Paper/Best Student Paper Finalist)

4000GPU+16000CPU
cores C 1.017 Pflops

3990 GPUs € 145 TFlops

13
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SR> =1L —>3> 11— KRASUCA

m ASUCA Production Code

v [IRTICEK D CTHEMNED SNDIRENESHRERRS =

L—>3>d—k
v Compressible nonhydrostatic equations
Flux form, Generalized coordinate

m/E GPU OED—Fa 207
v R, B, EHBEH-BREESTEA

Meso-scale

2000 kM e@——) a few km

I I I
- aR | EE. BHMAT

I — |

L— 1|

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




EFRERRSTEOUNE

B UUSERM
v EFENTHRMWHNRZEMA (~km - ~10km)
v B R ECKBEDSER (~100km)
—» BEOSKkM UTORFTHET BT ENNE

http://www.nikkeibp.co.jp/sj/2/column/z/33/ 15
http://trendy.nikkeibp.co.jp/lc/photorepo/080916 photo/



WRF&EASUCADGPUIC KB EFREDIEL
v WRF (HFRM(IC{EODN TR I—R)

Accelerator Approach

Initial Dynamic Physics Outpu
ccc>:nPdLthio S t
5 I /

GPU
v ASUCA
Full GPU ApproaCh mes) #+E0ERIEDEIR
Initial Dynamic  Physics Outpu
conditio S t
CPU

GPU
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TSUBAME 2.0%

JLNTZASUCADETE!

I HE

8 14368 x 14284 x 48
& : GPU, I 5
L 4 sing e____p_r_@__c_l___s_l__o_n ________ _______________ ._.___-___
O 10 Lm0 [76.1 TFIor#»s
= I GPU, double recnsuon ........... Lt T
E 1L _ e ________________________________________ Lot ] ﬂﬁﬁ %%fr%
o : = . L WRF on Jaguar
"a:) 10 ™ R T— 50 TFlops
as _ 10336 x 9988 x 48 | AFESOnES
1002t 3936 (41 x 96) GPUs 26.58 TFlops
10~ : CPU double precision : |
1 10 100 1000 5000

m | LEEREEER
TSUBAME 2.0

Number of GPUs / CPU cores
m NVIDIA Tesla M2050 card / Intel Xeon X5670 2.93 GHz on
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AR B EROETE (Al-Si G3%)

768 x 1632 x 3264 #&+F+TTSUBAME 2.0 1156 GPUszFiA
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TSUBAME 2.0CDsTE4EE (Weak scaling)
4096 x 6400 x 10240

'Q'_ — GPU-Only 4000 (50 x 80) GPUS‘
E 103 ? (ﬁ'fél‘%ﬁﬁrgb) """" 12000 CPU cores; 1.017 PFlopS
- — - 2 AR
-;- E O HYbI‘Id-YZ A@ B8 .
S [ (yZERECPU) N ‘259.2 TFlops
e . ol A Hybrid-Y AB. . o '
= 1% (yigRoOHCPU), . = U G
£ F ? 5 0 A
o B Wi [ = | Ak A 0 _
ST mmEEtE b, . :
L Do e -
4096 x 4608 x 7168
o " | [ZFEEETE 4032 (36 x 112)
B ] GPUs
4L . ] .....i116128CPUcores
10 10° 10°
Number of GPUs

Weak Scaling: GPUS =D DEIEES A X —E RS A XZ2ZEZ D




TSUBAME 2.0 (1 GPU)

GP GPU

X50 speedup

X6 speedup compared to
compared to Xeon 1 CPU core
X5670 1 socket (SFP)

(DFP)

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Physis (Duolc) DSL Framework
[ IVI a ruya m a Mgts u O ka, 'e’:gh.iloé;gic]a'/,]ﬁ/]d scientific term usually

Ph ys}/s

is a Greek theo

ogical,

translated into English as "nature.” (Wikipedia:Physis)

4

i

Stencil DSL
e Declarative
e Portable
e Global-view
e (C-based

-
DSL Compiler

generation and

optimizations

* Automatic
parallelization

e Target-specific code

void diffusion(int x, inty, int z,

PSGrid3DFloat g1, PSGrid3DFloat g2) {
float v = PSGridGet(g1,x,y,z)
+PSGridGet(g1,x-1,y,z)+PSGridGet(g1,x+1,y,z)
+PSGridGet(g1,x,y-1,z)+PSGridGet(g1,x,y+1,2)
+PSGridGet(g1,x,y,z-1)+PSGridGet(gl,x,y,z+1);
PSGridEmit(g2,v/7.0);

}

C+MPI

CUDA+MPI




Physis Productivity

Increase of Lines of Code

10
3 M Original
6 = MPI
“ Physis
A y
M Generated (No Opt)
2 M Generated (Opt)
0

Diffui an Himeno Seismic

Similar size as sequential code in C
Communication incl. overlap auto-generated



Physis Seismic Weak Scaling

(Original code courtesy Prof. Imamura @ U-Tokyo)
Problem size: 256x256x256 per GPU

450
400 /
350

300 /
/

(7]
o
. I~ /
L.
o 200
/ \/
150
100 /
50 /
0
0 50 100 150 200

Number of GPUs



Multiphysics Bio

2011 Gordon Bell Award Finalist

[Bernaschi et. al., IAC-CNR ltaly

To understand real-life biofluidics problems, simulations of bloo! flows that
accounts for from red blood cells to endothelial stress are conducted

Multiphyics simulation

with MUPHY software

Fluid: Blood
plasma

-

Lattice Boltzmann coppled

Irregular mesh is divided by
using PT-SCOTCH tool,
considering cutoff distance

=

Body: Red blood
cell

g
Extended MD

Red blood cells (RBCs)
are represented as
ellipsoidal particles

Strong Scaling Results on TSUBAME?2.0

Elapsed time per timestep
for 1G mesh nodes and
450M RBCs (log scale)

Parallel efficiency for 110,
220, 450M RBCs

~80% with 4K
GPUs

Muphy components performances
Timings breakdown N

MD
@ LB
LB-MD Coupling
LB-MD Coupling W!e'ghled Av. _J

0.6PFlops with 4,000GPUs

for 1G mesh nodes, 450M RBCs
A complete heartbeat at microsecond

resolution can be simulated in 48hours

TFlops/sec.

0 200 400 600




Large-Scale Metagenomics

[Akiyama et. al. Tokyo Tech.]
Combined effective use of GPUs and SSDs on TSUBAME2.0.

Metagenome analysis: study of the genomes of
uncultured microbes obtained from microbial
communities in their natural habitats

Collecting bacteria in soil

Two homology search tools are available:

1) BLASTX, standard software on CPUs

2) GHOSTM, our GPU-based fast software
compatible with BLASTX

Data: 224million DNA reads(75b) /set
Pre-filtering: reduces to 71M reads
Search: 71M DNA vs. NCBI nr-aa DB (4.2GB)

Results on TSUBAME?2.0
BLASTX: 24.4M/hour with 16K cores

70 . #CPU core versus

360+ Throughput

950

40

530

©20 4”",/4

=10

E(w#"*V . .

0 10000 20000

#CPU Cores

GHOSTM: 60.6M/hour with 2520 GPUs
70 - #GPU versus Throughput

3 60
-8 50 //K
= 40 It would be

© 30 /
D 20 / more |
= 1 7/ scalable with
0 ' ! T 1
0 1000 2000  3000/@r8Er data
# GPU

sets



Turbulence Simulation using FMM
[Yasuoka et. al. Keio Univ.]

We simulate turbulent flows using the fast multipole method (FMM), which is
more scalable than the traditional FFT-based approach

Weak scaling results on TSUBAME2.0
Comparing parallel efficiency

(4x1076 particles per proc)

Domain decomposition
and tree construction
in FMM

2 ExaFMM: 72%

with 2048GPUs
€—FFTW: 27%
Q criteria in isotropic with 2048CPUs

turbulence Weak scalability of ExaFMM

Experimental conditions:

Mesh: 204873

Re_A:500

Used library: ExaFMM (ours on GPUs) and
FFTW (on CPUs)

0.5PFlops with 2,048GPUs
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8nodes(16GPUs)
4nodes(8 GPUs)
2nodes(4 GPUs)
1node(2 GPUs)
1node(1 GPU)
8nodes(96 CPU cores)
4nodes(48 CPU cores)
2nodes(24 CPU cores)
1node(12 CPU cores)
1node(6 CPU cores)

M GPU
M CPU

Calculation speed

3.44
0.31 -
o1 8~10 times
011 Ster per socket
0.1
0.50 1.00 1.50 2.00 2.50 3.00 3.50

ns/day

?» faster

4.00
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Calculation speed

stmv (1,066,628 atoms), NPT
I I

I I I

| | | | o L
| | | | oY
| | |
6.

567 GPUs(189 nodes) 12.32

384 GPUs(128 nodes)
192 GPUs(64 nodes) 8.98 Nw
96 GPUs(32 nodes) 01

48 GPUs(16 nodes) 3/56

2268 CPU cores(189 nodes) _K

1536 CPU cores(128 nodes) [N 4.05

768 CPU cores(64 nodes) NN 2.34 ~X6 times faster

384 CPU cores(32 nodes) N 1.22 per SOC:ket

CPU/GPU Spec

192 CPU cores(16 nodes) F 0.64
GPU '
M CPU

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
ns/day

[ >> faster
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3 GPU; l on TSUBAME2.0
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Power Efficiency Compared

Tsubame1l.0 1.8MW 0.038 21 2368
(2006Q1) \
ORNL Jaguar ~OMW 1.76 196 256
(2009Q4)

Tsubame2.0 1.8MW 1.2 667 75x31.%
(2010Q4) \
K Computer ~16MW 10 625 80
(2011Q2)

BlueGene/Q ~12MW? 17 1417 35.3
(2012Q1)

Tsubame3.0 1.8MW 20 11000 4.6, Gl
(2015Q1) o

EXA (2018Q4)? 20MW 1000 50000 1
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RINT2D DI TY)—2EH23 BEEEXK)
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Ultra Multi-Core

Slow & Parallel ULP-HPC - ;
(& ULP) SIMD-Vector ETIERHO Bayes Hika -
(6PGPU, etc.) e EFLEBMAT, ..\ N
=) ﬂ SNV T
MRAM ko] jl
ULP-HPC FRam LEABERE }*Z“""’f‘“’“”“""‘ )%
Networks Flash B )= T RE .
etwer efc. VISR -ETILE =]

(2) TSUBAME2.0 (2010
2.4PFlops

(]R=1) ULP-HPCAXHKSW/HWERFIA
BB LVUETILE

ey

EEHEHRE
FILTYRXL-ETILE
(85%2) BEBABOHPCT Yo —S 3w RUTZLTYR L 2016&;&‘,’5"% o
Nvidia Maxwell
TSUBAMEZ2.0/3.0 (2013):EHN
TSUBAME2.5
RKKFvo/N— ~10PF
R AR EEWEE LMW @D
ol SEROZL P80 EAVES O~ DA
2014-5%F TSUBAME3.0

20PFlops ---TSUBAMEL1.0
()ERASAHE FFHPUE - | e




	TSUBAME 2.0における�大規模GPUアプリケーション
	スライド番号 2
	TSUBAME2.0 Nov. 1, 2010�World’s Smallest Petaflops Supercomputer
	スライド番号 4
	スライド番号 5
	Tsubame 2.0’s Achievements
	スライド番号 7
	スライド番号 8
	スライド番号 9
	2010年11月Top500, Green500においてTSUBAME2.0上位入賞
	Heterogeneous Petascale Linpack
	GPU vs. CPU Performance�Socket-to-Socket Roofline Analysis
	TSUBAME 2.0 による大規模計算
	気象シミュレーションコードASUCA　
	高解像度気象計算の必要性
	WRFとASUCAのGPUによる高速化の違い
	スライド番号 17
	TSUBAME 2.0を用いたASUCAの計算性能
	金属材料の機械的強度
	フェーズフィールドのデータアクセス
	樹枝状凝固成長の計算（Al-Si 合金）
	計算による通信の隠蔽
	TSUBAME 2.0での計算性能（Weak scaling）
	TSUBAME 2.0 (1 GPU)
	東北地方�太平洋沖地震�[東工大・岡本ら]
	GPU１個での計算性能�（GPU-MPI 並列コード：単精度、弾性体）
	計算と通信のオーバーラップ
	海陸地形を含む計算例
	スライド番号 29
	スライド番号 30
	Physis (Φύσις) DSL Framework �[Maruyama, Matsuoka, etc. SC11]
	Physis Productivity
	Physis Seismic Weak Scaling�(Original code courtesy Prof. Imamura @ U-Tokyo)
	Multiphysics Biofluidics Simulation�[Bernaschi et. al., IAC-CNR Italy ]
	Large-Scale Metagenomics�[Akiyama et. al. Tokyo Tech.]
	Turbulence Simulation using FMM�[Yasuoka et. al. Keio Univ.]
	AMBERとは？
	Calculation speed
	NAMDとは？
	Calculation speed
	スライド番号 41
	産業界でのGPU活用例 on TSUBAME2.0 �建築物の室内外環境の連成解析とその高速化技術の開発 �　　　　　　　　　　　　　　　　　　　　　　清水建設株式会社 技術研究所
	産業界でのGPU活用例 on TSUBAME2.0 �
	スライド番号 44
	「エクサ10億並列へ」は勇ましいが。。。
	Power Efficiency Compared
	TSUBAME2.0に至る15年間：連続的なmulti waterfall model研究開発
	JST-CREST ULP-HPCの成果適用による�スパコンのウルトラグリーン化(H23~概算要求)

