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BlueGene/L USA (DOE) (IBM) 280.60 TFlops
BlueGene/L USA (IBM*Watsen) (1BIV) 91.298Flops
ASCI -Rurple USA (DOE) (1IBM) 63.89 TElops
Colembia USA (NASA) (SGI) 54.87 TFlops

Thunderbird USA (Sandia)'(Dell) 38.27 TEleps
Red Storm d USA (Sandia) (Cray) 36.19'TFlops
Earth Simulator Japan (Jamstec) (NEC) 35.86 TFlops
MareNostrum Spain (Balserona) (IBM) 27.91 TElops

BlueGene/L - eServer (IBM)  Power 4 X 131,072 CPU

GS,} TSUBAME Grid Cluster

Cllntal Sxientilis irmssor

» Tokyo-tech

» Supercomputer and
» UBiquitously

» Accessible

» Mass-storage

* Environment
TSUBAME means swallow in Japanese,
Tokyo-tech symbol is swallow.

TSUBAME configuration details

SunFlre (Galaxy4) Currently 85 Teraflops

655no0des 80+ cabinets ~900KW Power (1.2MW w/cooling)
| 16CPU/node ;
- 1OASOCPU/50TFIOps (Peak) Planned ClearSpeed

extension to 655 nodes, (+ a Small SX-8i)
----------- > 100 TeraFlops (50 Scalar + 60 SIMD-Vector
ClearSPEEd CSX600] Approx. 140,000 execution units,

Initially 360nodes

\ 96GFlops/Node -
“._ 35TFlops (Peak) DDR Capable Infiniband card, dual

lane per node (20Gbps current,
40Gbps with DDR capable switch)

1-2

00+200Gbps
bidirectional

InfiniBand Network Voltaire ISR 9288 x 6
1400Gbps Unified &
/ \ Redundunt Interconnect >~
2

\

24+24Gbps

External bldlrecuon
10Gbps Switch

Fabric

42 units

External
Grid
Connectivnty

SOOGB
48d|sks

500GB 500GB
48disks 48disks

Sun Storage (TBA), all HDD ; T Soragen T
’ NEC iStorage S1800AT

---Rhysical Capacity 1PB, 40GB/s -- L Phys. Capaciy S6TE RAIDG /;

“~~. All HDD, Ultra Reliable. -




TSUBAME is #7 Fastest in World

Linpack is used as a performance measure in ranking
N NB Time Gflops

240 41462.22 3.818e+04
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e 76.56% Efficiency
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Tiproved Dynamic Process:

! _6_p+;( f.v— f.w)+Turbu

X

4thFDM+Leap ﬂog method
(wlth Asselin fllter)

Semi-Lagrangian Scheme
Gubic-Lagrange, CIP Method

" Domain H: 4000 kim ~ 1000 Km « V218 km
" H-girdsize 1000/ m

| \/-grid size 2001~ 300/m (stretched)

Dangerous and difficult

experiment

SMicreEphysics

Gridnumbers HE 1008« 10035 V: 63

Integration, time 48 hours

the bullk coldirain type

Initiall condition JMARegional Spectrall medel output
Boundary, JVIA Regional Spectral model output
Suriace real topegraphy:and ebsenved SST
EarthrSimulator 100 nedes (800 CRU)

EXPIGSIGN SIMUIaWen
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1kg-TNT explosion : 3.22 MJ
30kg-TNT explosion : 100 MJ

=) Numerical Simulation




Blast wave just after explosion
in Cylindrical 2-D geometry

32kg-TNT EXPLOSION
ON THE GROUND

Shock Propagation on
Complex Terrain

400 m
5-ton TNT

Shock pressure front

Pressure history:
on the ground!surface




CompansenWitirEXPERNERL

32Kka-TINTF EXplosion EXpEernment

Safety test for 32kg-TNT:
Explosion on the ground.

Pressure (MPa)
Pressure (MPa)

Tln‘:[msnc} In 2002, December 3,
In Ooita Prefi, Hijuu-dai, at Japan
Ground Self-Defense Force,

The experiment was done by the
Research Center for Explosion
and Safety, National Institute of
Advanced Industrial Science and

Pentolite 1009 Technology.

Pressure (MPa)
Pressure (MPa)

Recorded by High Speed Camera.

15 F ! 15 ]
Time (msec) Time (msec)

Data Compression
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(G Extraction of Blood Vessel Structure from voxel daw

Bleed EleywAVithEComplex BlialChes
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Elow\Velocities

Elow branch ratio

Computatienal Methods

Channel Width (H) 10 mm - : {

Channell Length (L) 250 mm ' ; B Gas — Liquid Unified Solver : CIP (CCUP) method
Mesh Size : 0.25 mm §
Mesh Number : 40X 40 X 1000
Equal grid spacing

B 3-dimentional Compressible / Incompressible fluid

e
|| OrEEe W Surface Tension : CFS model

)
— |

Iomit PE el ar .
VC°°m'”g SR PR SRS - B Contact angle between wall and bubbles
all' Boundary condition: non=slip separaror
1 148

Periodic in the gravity direction

B Surface tracking method : improved VOF method

L (250mm)

Room| Temperature

No thermal process

Initial Condition
— Average Void Ratio : 0.1
— Diameter of bubble : 2 mm
—Number ofi bubbles : 594
(=66 stages X 9)




Ray Tracing Visualization

Free Software :
POV-Ray 3.6 .“

Tracing light ray correctly
and reproducing eptics.

Reflection Refraction Screen

View Point

Void Ratio data : Voxel DF3 format

Prof. F. Xiao
(Tokyo Tech)

NMRI Japan
Dr. Takizawa




SEME ECHRNIGUES

SI il _u I atl ol for : InterGrid (CurCell) @verset grid
Fal I | n g L eaV ES ' - \ Two values, at the saeposiion,

representing the [ REEED)
7
|

front and' the rear
surface pressure.

Major difficulties:
@ Fluid-structure interaction
® Complex shape of leaves
@ \ery thini structure

Shape of the leaf :
modeled by
Geometry data
200 polygons
DXF or STL CAD format

Computational Mother Domain: 50x50x80
Computational Sub-Domain: 40x40%30

ID@NEXPERIMERT

A RrelimmansSimulation:

AEallingrRPIece eifPaper

for example; a Name Card




B WVechanismiof Elaiiering - - 3D Visualization .

W Siart terfall with gravity aceeleration

Bl Iransyerse acceeleration oy thelift
fence due te an attackiangle

l Deceleration oy theldrag due: to
pressure and frction

B llergue Generaton

H| Inverse attackangle

B IransVerse acceleration inithe
INVENSE direction




PaiiclerSimiulatenrion Disasters.

Stiiucture destruction by Landslide;, Boulder flow,
Crater formation by a meteorite impact

“ Eluidiike hehavier off
Glranular

£ Structure Destruction
(Continuousimodellis notiapplicable)

=Crack grewth
- Amputation
=Shear
-Smashing

eDEM

(Exiended Discrete Element Method) Compression iest

pifConcrele Stictine

Madel for Granular (Sand,, etc)

fznigfenizl) @ Maodel for Structure (building) Check for Destruction model

COIIBHEND

Discrete
noszl elements .

COIPLRENTD
. > Pore i Shear Band (Dilatancy)

Material
.

pore-spring
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Rock Fall Simulation

: pjtaliElevationbaite
ock Fall : One of slope disasters

feyentien 1000 Rocks

Sakurajima

Coentroliel Sedimerits
exp : fence, wall, ne

Improvement'of Hazard*Map

Numerncall Simulation: :
effective ool
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1000 Rocks

Sakurajima

tangential
component

| Summationifor all theiparticles | pormal damper
by T component e

eyt

SPIING

| O-0GHIOk
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