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System (58 racks)
TS U BAM E 2 - 5 1442 nodes: 2952 CPU sockets,
4264 GPUs ar bRy

Performance: 224.7 TFLOPS (CPU) 3 Turbo boost
Rack (30 nodes) 5.562 PFLOPS (GPU)

Total: 17.1 PFLOPS

Performance: 122 TFLOPS
Compute Node Memory: 2.28 TB

(3 Tesla K20X GPUs)

Performance: 4.08 TFLOPS
Memory: 58.0GB(CPU)
+18GB(GPU)
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GPU: Kepler core NVIDIA Tesla K20X

Details of GP
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TOP 500 Ranking 2014 Jun

~ |MIC Xeon Phi U=/ 800
e e = GPU k20X

"|GPU K20x \

~ | MIC Xxeon Phi NN

. Gl -
Inexpensive

| GPU k20x High Performance
- Low Electronic Consumption
- |GPU Kk20x

| GPU m2050
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TOP 500 Ranking 2015 November

RMAX RPEAK POWER

RANK SITE SYSTEM CORES (TFLOP/S] [TFLOP/S) (Kw) £ y =)= EDO
1 National Super Computer Center in Tianh MilkyWay-2] - TH-IVB-FEP 3,120,000 138827 549024 17808 e 4
i 2 Yeon E5-2692 120 SUPERCOMPUTER SITES
MIC Xeon Phi

o | GPU k20x
GPU k20x Top500 D55
| — 69 O XT LA GPU
— 27 AT LAY MIC

MIC Xeon Phi
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Bandwidth Bottlenecks

B Memory Hierarchy DDR3-1333
= 32 GB/sec

Tesla K20X

1000BASE-T
0.125 GB/sec

PCI Express 2.0 x16

64 Gbps (8 GB/sec)
InfiniBand QDR

32 Gbps (4 GB/sec)

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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RIMES Regional Integrated Multi-Hazard Early Warning
System for Africa and Asia
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Shallow Water Solver

| ===
oU oF oG i iy v
8t+c'3x+6fy:S U=|hu|, F=|hi’+1igh’ |, G=|huy
hv huv hv2 -]-%ghz
Two GPU kernels: .

B Characteristics Method for Deep Ocean
Directional splitting (fractional step)

B FVM for the area including Coastlines A
A lot of exceptional processes

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Characteristics Method

E

GP"GPU
Factorization: 1 1
U, U _,  _0F [0 1 et F*”“+F"’+‘+—(u+—u')
a5 CTwTtIr e 2 2
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Riemann invariants :
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Inundation at coastlines

m

sam!l thickness e

Many exceptional treatments

Thinf-film technic

Land Sea

Sea surface
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Time-step Control (Sub-cycling)

n+1 step
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Global Tsunami Simulation
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Sri Lanka

Inundation Validation

27
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Comoro Island

(2016/03/11)

Water surface height

2R D

(T
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GP "GPU
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-
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A Tsunami Shelter Project

Urgent Electric
Power Supply

Vertical Axis
- Wind Turbine

~ 100kW
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[BE =R (ARERE)

Two-Phase Flows Mesh Method (Surface Capture)
to solve Navier Stokes equation

B Navier-Stokes solver:Fractional Step

M Time integration:3rd TVD Runge-Kutta

H Advection term:5th WENO

B Diffusion term:4th FD

B Poisson:MG-BiCGstab

B Surface tension: CSF model

M Surface capture: CLSVOF(THINC + Level-Set)

Fine meshes should be assigned around
gas-liquid interfaces

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Sparse Matrix Solver

_—
1 V -u
Ax=b for V| —Vp|=
p At
BiCGStab + MG preconditioner '
n Step Smoother : Red & BlackILU 4] step .,
G° I°f% =89 AF : Fine Matrix Seei
Poisasn Fq. A€ : Corse Matrix '
esticion R Restriction e .t
G cf‘rrl‘;u; E{: P : Prolongation IV =R? T
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A drop on the dry floor
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SPH (smoothed Particle Hydrodynamics)

= GP "GPU
Improve SPH: Generalization of Finite Difference Operators (imoto, Tagami 2014)

Physical property o(z) = Ej mjﬁ—jW(m —z;) O O O O

h : Kernel radius

mj;:mass p;:density o /6 ....... x\ o
\

Kernel function W F/(:) :L'i \ O
A ) 0/6'/;0
Particle ) O\ @ O

about 100 particles

Kernel radius within the kernel

Copyright @ Global Scientific Information and Computing Center, Tokyo Institute of Technology

DEM (Discrete Element Method)

Contact interaction

Normal direction

Viscosity Spring

O

Tangential direction

Spring

Friction

Viscosity B

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Golf Bunker shot using 16.7 millions¥pa
with 64 GPUs | e
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Complex Shape Objects

[ ==

Non-spherical model described by rigidly connected sphere part%cles

Fg:ZF Mg=Z(x—xg)xF

VGt+at/2 = VGe-at2 + (Fg/mg)At
XGt+at = XGt + VG rvae/2A

WYrat/2 = WGe-atjz + (Ig~Mg) At
Q9riat = 8QGr+at/2Q9:

Igesat = Rt+at_1f.9inith+M

_ T
Xesat = XGerae + QG r+aeTinit (QGe+at)

Vesat2 = VGesat2 T OGeeatsz X (Xewat — XGesat)

Copyright @ Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Particle Distribution

* The load imbalance problem among subdomains

_ Many particles

No particle

Copyright @ Global Scientific Information and Computing Center, Tokyo Institute of Technology

Dynamic Domain Decomposition

B 2-dimensional slice-grid method

1. Boundary shift for
vertical direction

2. Boundary shift for
horizontal direction

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Multiple GPU Scalability

« Conditions

Particles : 2 x 109,16 x 107,1.29 x 108
Domain Decomposition : Dynamic load Balance using Slice Grid Method
Time-Integration  : 2-stage -
Runge-Kutta

T 85 Fira ooy H ) H S . o I
T ¥ V1 1| T MBSO SUMSUNS: SNSRI S R Tt A

Perfoemance[s-1]

107 £

Ll l
10 102
Number of GPUs
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Sub-domains with High Aspect ratio

Slice Grid Metho

o~

* The passive particles under vortex velocity field using 64 GPUs

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Space Filling Curves

v' Construction of a tree so that each leafs contain minimum number of particles
v' Each leafs is numbered by following the rules of space filling curves.

Peano Hilbert Morton

B

9 Cells 4 Cells 4 Cells

A tree-base cell refinement

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

Space Filling Curves

B The connections of leafs by B The domain decomposition
Peano curve by Peano curve

_ GP GPU

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Scalability on TSUBAME2.5

) . —&—Morion
Comparison of 3 different SFC —o—Hilbert
with slice-grid method o sl O P
108 } L_=@=Slice Grid ’ P
111,896,543
particles
o,
P
dEir g >
& n:‘ ..-"J'
Peano Hilbert o 14,152,248
104 ) & Particles
1,766,143
Particles
- - |
3
Morton Slice-grid i 4GPUs 10° 32 GPUs 10: 256 GPUs 10°

Number of GPUs
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Tsunami Debris Flow

M Including a lot of floating objects

Computational conditions Initial state of each objects
+ Simulationarea :180m X 160 m X 20 m
+ Total particles  : 117,561,285
» Particles / object : 19 ~ 472
* Objects - 10368
* Physical time (s) : 10.0
« Steps : 20,000
+ GPUs : 256 Representation of object shapes
« Simulation (h) : 100 CAD Data Particles

» Initial height (m) : 10.0 -

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Dynamic Domain Decomposition

» Using the improved SPH with 87Million particles with 256 GPUs
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LBM (Lattice Boltzmann Method)

: - 15
af, | ” ;
—j . o — —_— ¢ 12 ...... R —— [T T ——
‘52‘ + £, fo A(f:‘ ff ) S 16 5 7711
. icl : < A , y -
Streaming e L Bl Al
step: step: pd it B =3
- Wy 10 e E ...... :......4/....::.;..:...\..\....- 9 ;
L L4 Sk b
14,77, b 3
SRT: Memory Bound, MRT: Compute Intensive - =

i is the value in the direction of ith discrete velocity

3 9 2 3 | e, is the discrete velocity set;
eq __ i
f;' = pwi|:l+ o2 (ef'u)"' 204 (e:"“) - c2 (ll-l]) w, is the weighting factor

2 u is the macroscopic velocity

fa(x + Cit,t + AL) — fo(x,t) = —MzhSpp Mg (fa:(x, t) - £ (x, r))

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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LES (Large-Eddy Simulation)

(2016/03/11)

file — bt + A8) = fula,t) = —(fula,t) — £%@,1) +

Energy spectrum

Relaxation time 107

for LES model =

1 3, 100

— = 10
T 2 + 2 At 107

ve =0 HW) =

Molecular viscosity and Eddy viscosity 13:
P 103
OAE—LUMBEERATTIURAF—FETIV| 10+
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Major part of Tokyo

Including Shnjuku-ku,
Chiyoda-ku, Minato-ku,
Meguro-ku, Chuou-ku,

10km X 10km

Building Data:

Pasco Co. Ltd.
TDM 3D

t“..:
)

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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LBM-DEM coupled method

M Solid fraction in each cell: 5,
B Bounce back boundary condition f™

fx + ¢iAt, t + At) = f(x,£) — (I — pM1S(m(x, t) — m®9(x,t)) + Bf™

Pn = EL__! / B: B, diagonal matrix

ﬁm = [f—i(xr t) - f_eiq(pl u)] - [f;:(x! t) - ff‘-](p’ vwall)]

Ciﬂt
Vwall = vparticle + wparticle X (x + 2 - xparticle)

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

DEM
68,921 particles

LBM
288x288x576 mesh
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Falling Gingko leaves

Modeling of Gingko leaf

Real Polygons

Level Set

(2016/03/11)

Particles
(Collision detection)
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BRERE SAL—3y

= GP GPU
Compressible Fluid p pu pv pw
pu pu+p puv puw
a_U + a_F+ a_G + a_H — oF, 9G, + oH, U=|pv F= pvu G=| pv+p H= pvw
ot dx a}" d Z dx a}' d 4 pw pwu pwvy pu-'2 +p
pe u(pe+p) v(pe+p) w(pe+p)

Immersed Boundary Method

“ TN R{AIIC TNT 1kg
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Tokyo Tech

TSUBAMEZ2.5

5.7PFlops Green Supercomputer

AINAUDDA/RN—3>

RRIRKF FHERERES— XEFAHEEE

B R I % X % F W ER®®E R —

27 / 32




27 (2016/03/11)

H FNFAICH T STSUBAMED BRR DR

1600 -
24 F A (HPCI)
1400
2465 %| A (JHPCN)
1200 w ST F A (B R - RLRAF)
wEEF A (- RREAR
1000 +—F— —
& = BRI (IR LR 4B
a
9 80 — w EER A (EEAMA) T
[T
=

600 | | S
400 -
il

0 . - .

2007 E 20084 20095 E 2010 20114 & 20124 & 20135 E 20144 20154 &

F M ER® B LI -

#[F# F (JHPCN/HPCI)
18.1%

HAHA(ERHBERSATILA—A)

i ; |
| —— #AHA

55.6%

FEPIA (WK ER-RRLN)
10.7%

SEF M (AR
4%

FEF A AR ER-RRELMW)
0.4%




97 (2016/03/11)

PFYr— A BRI/ —F R MRS (2015412 A SEM).

mTinker

| VASP

W OpenFOAM

W Gaussian

B GROMACS

B QuantumEspresso
® AMBER

® WRF

® DesmondMD
GGGGGGG W MATLAB
® Lammps
CST MW-Studio
LS-DYNA
NAMD
ANSYS Fluent

Others
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VR Lb—a BRDOFBER

1.5mm /mesh

0.5mm /mesh

(BE3E: Bt O75R%) (TSUBAME)

= 2&IC

ANAVIIHREEROCEITY—IVERET BT,
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