FREKFHEL2—0OF Y L4, Jun 16, 2011

TSUBAME 2.0 DI &

RRILIEXF -FiliEFIEHE 57—

FA BZ

Copyright © Takayuki Aoki / Global Scientific Information and Computing Center, Tokyo Institute of Technology



Copyright © Takayuki Aoki / Global Scientific Information and Computing Center, Tokyo Institute of Technology



GP-GPU Computing

General-Purpose Graphics Processing Unit

B High Performance over TFLOPS

B Major differences from Previous Accelerators
ClearSpeed, Grape, , ,

High Memory Bandwidth
suitable for CFD applications

Consumer Product
inexpensive

Software Development Environment
CUDA, Open CL
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Supercomputer e oy’

§ g - SUPERCOMPUTER SITES
A ~
(@] (@)
A L th Id
INn tne wor 2010 November
BELERMTRREZRETS
- Computer/Year
Rank Site Vendor Cores Rmax Rpeak Power
. Tianhe-1A - NUDT YH
’g‘at'ofa'm . Cluster, X5670 2.93Ghz
1 UpErcomputing 6C, NVIDIA GPU, FT- 186368 2566.00 4701.00 4040.00
Centerin Tianjin 1000 8C /2010
China yed
! Jaguar - Cray XT5-HE
DOE/SC/Oak Ridge g
2 National Laboratory ~ ob e/On 8-C0r€ 20 GH2l 294162 1759.00 2331.00 6950.60
United States Cray Inc
National Nebulae - Dawning
Supercomputing TC3600 Blade, Intel
3 Centre in Shenzhen  X5650, NVidia Tesla 120640 1271.00 2984.30 2580.00
(NSCS) C2050 GPU /2010
China Dawning
TSUBAME 2.0 - HP
. ProLiant SL390s G7
GSIC Center, Tokyo . "6 X5670, Nvidia
4 Institute of Technology GPU. Linux/Windows / 73278 1192.00 2287.63 1398.61
Japan 2010
NEC/HP
s BN /N Hopper - Cray XE6 12-
5 DOE/SCLBNUNERSC .05 1 GHz /2010 153408 1054.00 1288.63 2910.00

United States

CrayInc.




System (58 racks)

T S U B AM E 2 0 1442 nodes: 2952 CPU sockets,
|
4264 GPUs GPYGPU

Performance: 224.7 TFLOPS (CPU) 3 Turbo boost
2196 TFLOPS (GPU)

Rack (30 nodes) Total: 2420 TFLOPS

Memory: 103.9 TB
Performance: 51.0 TFLOPS

Memory: 2.03 TB [l [INUR '

P

Compute Node =
(2 CPUs, 3 GPUs) N
Performance: 1.7 TFLOPS o
Memory: 58.0GB(CPU)
+9.7GB(GPU)
B N
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Details of Compute Node

HP ProlLiant SL390s

GPU : NVIDIA Tesla M2050 (Fermi Core) X3 515GFLOPS VRAM 3GB/GPU

CPU: Intel Xeon X5670 2.93Ghz X2
6 core/socket 76.7 GFLOPS (12cores/node) ¥ Turbo boost: 3.196GHz

Memory : 58GB DDR3 1333MHz —#8103GB
SSD : 60GB X2 (120GB/node) —#&f120GB X2 (240GB/node)

QE Eg E‘Ej QDR Infiniband |_x4 |
nfiniban
§ § g % % % Intel Xeon HCA %1 QsSFP
alal [g|a |g]B DDR3 X5670 X2 QP p %8 Gen2 .| Mellanox ConnectX «——— [ SFP+ ]
2 1| =——|0 X 16 Gen2 x16 GPU
—s—s 1 CPU1 7,8,9,10 _ «——= [ PCISLOT —
L] L "] 0 0le— 1 Tyle‘?r'thJrg- v %8 Gen2 %24 PCIE Riser Conn X8 PCISLOT
N - ' — QDR Infiniband
o [ I o s R G [ QPI Esl  1.2]¢ X4 Gen2 Intelkawela —NIET L [RI45 HCA
B 2 1|+— 82576 —NIC2 RJ45 Mellanox ConnectX
1 1 CPU2
[ 0 (0] R T L [ T ee——— :
e e A | 10 i
22 =22 122 | 9 x16 :
=2 22 22 0 Tylersburg- 8 - PCI-SLOT GPU
2E QE e N 3D 7 :
3
ESI 4 X16_ | e |
5 [ PCI-SLOT | GPU
I
el 6] PCIE Riser |1
I — e | ceceeemmmmmmemeeem == A
X —_—
SRS GXE +— 10/100PHY |[«—|__RJ45
SSD 2XUSB |+— -
ICH10 | Serial (RJ45)

t [ GROM |
Internal |, UsSB , 5p|| *L_GROM
Micro SD DVI . »|  SROM
»[ NVRAM
P6| PCl RN50/ES1000 Video
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High-Speed Network and
Reliable Storage System

Thin /—F x 1408 (MCS SwZJA:1260 + EDftt: 148) Medium /—F x 24 Fat /—F x10
1MCS 5% (Thin /—FKx30)

¥ 15nodes 15 nodes

7 7 #
femm - % AN N Y iessnnnman

Thin Node Thin Node

T ——

St Nt ot ppemeen

Edge Switch # Edge Switch #3  Edge Switch #4

/—REERRY hDO—2
J7AAwF: Voltaire Grid Director 4700 x 12
IyFAAvF :Voltaire Grid Director 4036 x185

APRAYF
Voltaire GridDirector 4700

Infiniband QDR Network for LNET and Other Services

| ! ) !
A, v T ,/ 4 L)
( A QDR IB (x4) X 20 C QDR IB(x4) ) ( 10GbEx2 )
——fF e Eas 1 ——f GPFS#1 " GPFSEZ ~GPRESH¥3.. GPFS#4
St e n e e e —— = W —
Lo B e - e s B L -~ HOME -~ HOME
SFA10k #1 SFA10k #2 SFA1T0k #3 SFA10k #4 i ——" o —=——_
e e P e ~System '_{ ==
E f,{”@i" work ekt gserd- ‘ ‘pplication | sFA1 ==
" Y “Global Work “Global Work . . “cNFS/Clusterd Samba “NFS/CIFS/iSCSI
Global Work Space” #1 Space” #2 Space” #3 Scratch w/ GPFS” by BlueARC"

GPFS with HSM
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ORNL Jaguar vs Tsubame 2.0

Similar Peak Performance, 1/4 the Size and Power

GP™ GPU
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Green500
Rank

M

Supercomputer
in the world

The Green500 list,

November 2010

tGREEN

50Q

4 x - Total Power

N |

IBM Thomas J. Watson Research

N |

{on

[CN ]

TSUBAME2.0 PUE =1.2

1684.20 Gt NNSA/SC Blue Gene/Q Prototype 38.80
1448.03 _T::::a' Astronomical Obsenvatory of o s e DR accelerator Cluster, Infiniband 24 59
GSIC Center, Tokyo Institute of HP ProLiant SL390s G7 Xeon 6C X5670, Nvidia 1243.80
Technology GPU, LinuyWindows ’
Hybrid Cluster Core i3 2.93Ghz Dual Core, NVIDIA
m NCSA C2050, Infiniband 36.00
828.67 RIKEN Advanced Institute for K computer, SPARC64 Vllifx 2.0GHz, Tofu 57 06
. Computational Science interconnect g
773.38 Universitaet Wuppertal QPACE SFB TR Cluster, PowerXCell 8i, 3.2 GHz, 57 54
3D-Torus
773.38 Universitaet Regensburg QPACE SFB TR Cluster, PowerXCell 8i, 3.2 GHz, 5754

3D-Torus

(Power Usage Effectiveness)



CPU/GPU Spec Sheet

Intel Xeon Tesla C2050 GeForce GTX
X5670 /M2050 580 Fermi
FEELC PETRITMENSE 76.8*153.6 | 5151030 197* 1576
[GFlops]
(] =4 e e s
Number of Processor 6 448 512
Core Clock [GHZ] 2.93 1.15 1.544
Bandwidth[GB/s] 32.0 148.6 192.1
Memory Interface [bit] 64 384 384
\V/=7 01]0] V2NN eiieteteleieiieiuieieleiedsininiaieialainieieielnl Heloieiaistauieetatiiaiuiniuinl Haieliuieinioisielainiuiniuiatuink Ininteiatielateaeiaaiatate
Memory Clock [GHZ] 1.333 (DDR3) | 1.50 (GDDR5) | 2.00 (GDDR5)
Bpeak/Fpeak | Bandwidth/Performance 0.416 0.289 0.974

Tesla M2050
Peak Power : 225W

Peak Power : 244
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GPU Architecture

On Chip

GF100, GF103,
GF104

. ] ister Memory
EEEEEEEEEEEEEEEE

JII1111111.
SRR

| Video Memory Off Chip |
1 Global memory ~6GB (VRAM
B Streaming Multiprocessor ~16 (C2050 (GF100): 14)
Shared memory + L1 Cache 64 Kbyte
B Streaming Processor (CUDA core) 8~48 per SM, total 512
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Showcase of CFD Applications
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Lattice Boltzmann Method

f- 1 e
N e, vh=——(f,— 1) 15
ot A 12 , /'f
3 9 , 3
£ =pw|l+—(e -u)+—I(& -u) ——
= o L (e u)+ (e u) -
Strongly Memory Bound Problem: s '} |
s :/‘ s
Collision step: Streaming step: _,-;ii___!-’i_{ 4 e
1432 ! "‘6\

gt ronns
¢ ¢ & L
18

i isthe value in the direction of

‘ < > ‘7 ith discrete velocity

e; Is the discrete velocity set;

w; is the weighting factor

b c s the particle velocity
’ , ?* u is the macroscopic velocity
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Pulmonary Airflow Study

Collaboration with Tohoku University

GP™ GPU
[NADARRGER] LD

X-Ray CT images
512x%X512%X 512

Airway
structure
Extraction
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Pulmonary Airflow Study

Collaboration with Tohoku University

GP™ GPU

Level-0 Mesh
Adaptation

I
&
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Pulmonary Airflow Study

Collaboration with Tohoku University

M GPU #6
W GPU #7
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Building Model

ZL =768

H,..=ZL/3

: /
~ YL =768

/

Uiniet(2)=Utop(2/ Hipay)®? BC: U, ..(z) for inlet and v=w=0

Ui.jllet

IL

- XL = 1536 >

BC: u,v,w,p flux=0 for sides and top and outlet

Re= Uiy Hinau/V BC: bounce back for bottom and building surface
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Real-time

TSUNAMI Simulation

ADPC : Asian Disaster Preparedness Center

Early Warning System:

Data Base » Reacll-:tl;me

high accuracy

Shallow-Water Eq. ch_ ohu_ohv _
Conservative Form: ot + P" + o =
Assuming _ ohu 02, L2, chu _ 0z
hydrostatic balance o Fa MO r o =mah e
in the vertical direction,

ahv+ahuv+8 hv2+1 el h@
3D ==p 2D equation ot ox oy 29 J=-ohs,
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Large-scale Real-time
Tsunami Simulator

8 GPU 400km X 800km
(100m mesh)

within 3 min
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Large-scale Real-time
Tsunami Simulator

GPU Multi-Node Runtimes on Tsubame

400
350
300 |
—4—2GPU / node

. \
—
\

Time (s)

Total Number GPUs

100

. | /L/Jég

. ‘—;—1D Decomposition 8 GPU 400km X 800km
—{3—- 2D Decomposition (1 o0m mesh)

Ideal
within 3 min

1 10  GPUNo. 100
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Performance on Multi-GPU

Tsubame 2.0

100000

6.4 hours

0
) -9-GPUs
£
S -8-CPUs
2
10 \‘\‘/‘\‘
1
1 10 100 1000
Number of CPU / GPU
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Two-Phase Flow Simulation

GP™ GPU
Mesh Method (Surface Capture)
Particle Method B Navier-Stokes solver:Fractional Step
SPH B Time integration:3rd TVD Runge-Kutta
2L B Advection term:5th WENO

M Diffusion term:4th FD
Low accuracy B Poisson:MG-BiCGstab
< 1057 particles B Surface tension: CSF model
B Surface capture: CLSVOF(THINC + Level-Set)

High accuracy > 10%° mesh points

Numerical noise and unphysical oscillation
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Sparse Matrix Solver

Ax=Dp for v. ivp _vu
P Al

(% x X 9 A
Krylov sub-space methods: exx o oxox X
. X X X X
CG, BiCGStab, GMRes, , , xxx ox T
N X X X X X X 9
- X xz;(x xx x =
Pre-conditioner: o ow o xxx Tk K
Incomplete Cholesky, . xxx x
ILU, MG,AMG, xx x)( X X;:;(x Xx
Block Diagonal Jacobi * x X xx
xx xx X X X
. X x X x>>:>><<
- . NS /
Non-zero Packing: x x

CRS — ELL, JDL
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BiCGStab + MG Pre-conditioner

- ooeesssssssssmmmm GPT GPU

Collaboration with
Set K=0r,=p,=M —1(b _ AXO) Mizuho Information & Research Institute

for K=0; k< N: k++:

I, I _
ay = (ro,(l\(/)l 1kA)\pk) a =h —aoM 1Apk W :(

X = X + 0y Py + 0, Qy

(qk’ M _1AQk)
M~Ag,, M?Aq, )

M1 =0 —o,M _1ACI|<
if (r..r.)<e*(b,b) exit;
Bk — (rO’ I’.k+1)
o, (ro, M ‘1Apk)
Pt = Meaa + By (pk -oM _1Apk )

loop end
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MG V-Cycle

GP™ GPU
n Step Smoother : Red & Black ILU n+1 Step
GO 10F0—-gO Af 1 Fine Matrix
Poisosn Eq. A¢ : Corse Matrix
o R : Restriction .
Restriction . Prolongation
P : Prolongation
1 L'v' = R? 1! = R
G Correction Eq. AC — RAFP V=
Restriction Prolongation
G2 L°v? = R? L°v? = R?
Restriction Prolongation
3 *vé =R? L°v® =R°
Restriction Prolongation
G v = R
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Milk Crown Formation

| 4.0 m/sec impact speed

Experiment Simulation

\ [ Y

o %

Guniji, ishii, Saito, Sakai
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Milk Crown
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Initial stages of dam-break flow

P.K.Stanby, A.Chegini and T.C.D.Barnes (1998)

(a)
=
L l
| 9.6 m 55m 1
(b)
(b) e Cable <
‘I [—]
Flume )
7 kg mass Plate

Release point

044 s 0.60s
Container ——+
Laboratory floor

sl

FIGURE 1. Sketch of experimental arrangment: (a) side view;
(b) section showing pulley/weight system.
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Experiment Simulation

—

Collaboration: Prof. Hu and Dr. Sueyoshi, RIAM, Kyusyu University




MULTI-GPU Performance

(TSUBAME 1.2)

10000 |- W 197 Cells | .
o [ 38 cas ==
o _ %84 Cells (2 GPUs/node) 40691
:‘ - v 768> Cells (2 GPUs/node) i //vv --------- .
9 4311719
= ;“/“
S 1000 o 2
o -
(4] -
P—
.
2 M
O >4
R
9, =
| 10 100
Number of GPUs
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