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1997 1998
- High Performance FE Parallel Platform

Parallel I/0, Solvers,Visualization

Analysis modules(Flmd Solid, Wave)
- Pluggable Design

Snake

1999 2001

- 100M 10G DOF Problems
- Multi-level Approaches Solvers

- Multi-module Couplers
- Optimized Solid Earth Simulation on “GS40”
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http://geofem@tokyo.rist.or.jp

/Leader
/Co-Leader/thermal-fluid
RIST/structure
CRC, RIST/structure
G. Prabhakar RIST/structure
MRI /system integration, coupler
/visualization
RIST/visualization
RIST/linear solver, optimization
/visualization
RIST/thermal-fluid)
RIST/linear solver, optimization
RIST/pre&post-processing
RIST/administration
RIST/administration

® GeoFEM

m GeoFEM







Fortran-77 common

| ——

o
27.86% 534
12,21% 234
16.01% 307
33.33% 639
10.39% 203
100.00% 1917
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GeoFEM

eoFEM

ingle-Program Multlple—gafa
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Node Based Partitioning

. Internal nodes

‘ External nodes

0 Iteratlve Solvers(CG Bi-CGSTAB.. )Wlth L
mllzed precondltloners il

h

Reglonl it Reglon2””‘.'-

_ Parallel Performance. oo

Elapsed Time up to
108 DOF Problems

- simple cubic shape
. - 3.3X107 nodes
/f - Hitachi SR2201 1,000 PEs

10 —®— 1,000 PE

)
N
B
> o
elcl
mm

Elapsed Time at Solver [sec.]
=
o

107 .
10! oy ,4"" Static Linear Elastic

0 7l - localized ICCG solver
10 : : .

an ol - 1,500 iters, 4,600 sec.
T | - >60% scalability

10" —( ; [ _
ol e - >95% CPU usage
10> 10° 10 10° 10° 10" 10® 10°

Degrees of Freedom
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1,000.0 p— T
E ==I% | I / ’:1’000 I /
-=-n=10
- ]
i f ) 3 e
125PE > —-+-n=30
= ——216PE a n=33
2 —a—343PE _=
" 1000} -®m-512PE F ° n=
s E| ——720rE [ 8 —=—n=37 74
S F| —e—1000PE ] 3 100 — ideal 7
o o Pre.(1PE) Q /
o, [ | ——Pre.(iPE/1000) ! £
: 3 Z
£ o
= g e
- 100F i c
B @
© r Q
v [ 1 > 10
o [ o
£ 3
1.0
2 E a
F / H %
[ — / 1
@ L Lo Lammed Lo LnAfed Lvnerrd Lol Lvenerd Lo 1 10 100 1,000
1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 No. of PEs

Degrees of Freedom

Wave Propagation
- explicit time integration
- >98% scalability, >98% CPU usage

Speed-up, Parallel efficiency

Vector Performance

@ Parallel/Vector ICCG for Solid Mechanics : Flat MPI type
m Localized Block IC Preconditioning : Full LU fact. in 3X3 Block
m DJDS (RCM + Cyclic Multicolor) Ordering for Vectorization
- S.Doi, T.Washio, T.Osoda and et. al. (NEC)
- Long Vector Length, Low Memory Storage

@® Example : Pure Extension of Cube
B NEC SX-4
—JAERI/CCSE
= 2X3 PEs, 12 Gflops Peak
— 0:20M DOFs, 1 'PE, 970-Mflops (~ 50% of Peak Performance)
W _Hitachi SR2201
— University-of . Tokyo
—.1,024 PES,;300-Gflops Peak
Pseudo-Vector : Distributed-Memory Architecture
27:2M DOFs; 252.PEs, ~ 95% Parallel Work Ratio. |
16.2 Gflops'(>22%-of Peak Performance)

GeoFEM
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Recent Results :
Performance on SR2201: Fixed Problem Size/PE

27.2 MDOFs, 16.2 Gflops

Mflops /%

Mflops/PE

cl wAwayy O

100 150 200 250 50 100 150 200 250

= PE#

(m : 105, e : 2.40x 10% a: 10%) DOFs/PE

Vector Optimization for GeoFEM of Solid
Earth Simulation Codes

o
= )
Process
Matrix
SR (PRI Assemble Part
Parallel Good - More than 95%
Performance Hitachi SR2201/1,000 PE

Single PE Good - 970Mflops
HETEIIUEE NEC SX-4/peak 2Gflops

GooFEM
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Performance

¢ Test Problem Definition

m_Elastic Structure Analysis
for Cube Shape
m’ 50000 Elements

m 164000 DOF

¢ Whole GeoFEM Test Code
m 900 Mflops on SX-4 (Peak/2.0Gflops)
m 2.1 Gflopson VPP5000 (Peak/9.6Gflops)

Operation

Procedures counts

Alpha

21164/500 NEE A

Fujitsu VPP5000

Mflop

sec. | Mflops| sec. [ Mflops| sec. Mflops

Matrix Assembling 1540

12.5 |123.6 2.1 736.8 0.9 1672.3

Solver 8530 197.1 | 43.3 ©.4L 938.4 | 4.0 2148.6
Total 10070 209.6 | 48.1 [11.2 900.7 | 4.9 2063.5

GeoFEM

Earth Simulator

40 Tflops GS40
X 0.801 640

Xa 8PE

X 0:49 1PE
0.8 X 0.49 = 0.315

= 12.6 Tflops (=

™) vampire,

%) SR8000
(***) SX4 (GS40
GeoFEM

*
, 0.8 #
EEN 0.801 x
)
dimemas T3E
_PE SX4 | )
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Zooming Mes
generation.

Mesh relation data

L parallel Parallel Parallel
— /0 solvers visualize
Platform

control data

ISeismic wave Earthquake
i generation process

propagagion Pl
: o AT,

Analysis subsystem
"‘onb controller

Seismic Wave Fault Dynamic EQ Generation
Propagation Rupture Cycle (GeoFEM)
= (GeoFEM)

S L o s )

E.qqlwﬁ:"

Two “partition” processes are done

® Implementation

dy parti

/ v mesh sets v \

Xmesh: Inter-mesh
parallel analysis tool

A

ik

v

Analyzer_u

esh relation

info.

' | Analyzer
module I'] Sl Pmodule 11
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GeoFEM
[ ]

. Seismic wave Conpiter Earthquake

e e propagation generation
-

/{ process(B) Coupler can Know all process(A)

data space
data space

i data space
@ Job controller Po/Get method
e sty e ? r 7 ? 1 17 . Geofem_get Geofem_put_ e

LY data_md <jl data_md t
b3 o Qal [ ——

X
load Interpolation function

_cup_data

_cup_data can be made by users
|
Coupler data space
convert data type convert data type

3 i e ] '_ 3 e j d and copy data from coupler and copy datafrom A
. i J B i i i St 00 8 (A T toB to coupler

to COUpIer from couple

0 ; Ioad save
ﬁqa!’ﬁﬂ

Zooming analysis

@ Model
m HTTR Carbon Block (CBY)

@ Material property

; Tt
I-Young’s modulus 193 GPa 2 S;S .
= Poisson’s ratlo T ORTS H H e
_'0 Elastic anaIyS|s LA
- D e Vstep LA

constralned

! (&elksplacement
DOFs 24 999

-_ plane

2istep-- (LT eep T




G

|:> Zoomed
mesh

i
e

Whole mesh
Partitioner

|

.I — | - iy

‘ Mesh relanon daIa ‘!J

Elastic Analysis (B)  Elastic Analysis (A)

3] €)

L

Ei

control data |

Analysis modules

Job controller #
I |0 | Solver | I Jlo |l solver
Interface(PLUG)
Parallel Parallel Parallel
1/0 sub solver sub visualize
system system sub system

Platform

T —

1PE

Zoomed Zoomed

'.'Z..:_,\

T J

GeoFEM

Analysis. moduie A

Analy3|s module B
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:ﬁlknn~;r=~..--fffwf

L 'ﬂder the framework of ACES international
‘research coIIaboratlons on earthquake
simulation

[ 3 Fi{qal goal:

subductlon by thls coupled analys|s
LSMearth QUAKES FH T

STUDIES

= to simulate the realistic fault zones/plate s

19
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II Platform on Parallel Computer

Analysis module |
I

Geometric ¢
feature e_xtractlon

HjSimplification .\| —
I Distributed Data
|Viewing/ihading |WS Visualizer
[ tmage display _| Reducing visual Data

(ex:Interval Volume)

456000 nodes /16PEs
GeoFEM :

i
[P . 5




GeoFEM.

(| vl |l

V1(Pd,f) Vz(p“mca\) VZ(P&X)

(D &5 A

Isosurfaces AVSdefaults Constant opacity

Our method

Hue Opacity Huetopacity
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@ GeoFEM ver.4:0

11

26
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66 1

ver.3:5
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(o GeoFEM ver.4.0
ownload

GeoFEM Downloading Page

Coneratulations !
You have reached the GeoFEM downloading page !
Select your choice of downloading from the below:

1 GeoFEM Version 4.0 Basic Dietribution kit PSR )
{1073 KB compressed, 6840 KB expanded J

9 Collection of GeoFEM Version 4.0 Sample Data (=]
{3888 KB compressed, 22593 KB expanded }

3 Thermal Fluid dnalvsis Subsystem for GeoFEM Yersion 4.0 [Re=md]
{809 KB compressed, 4540 KB expanded 2
4 GUIShell for GeoFEM Werzion 2.0
{15 KB compressed, 41 KB expanded }
5 Backend Wizualization Program
(732 KB compressed, 4372 KB expanded 2
P Sample 20 FEM Program Plugeed Ihto GeoFERM
{428 KB compressed, 2140 KB expanded 2
GPPView beta version )
2 {GeoFEM Fre/Fost Viewer Editor }

o Sandia National Laboratories
|

) German National Reserch Center for Information
Technology,-GMD
. AMG

® NEC
n

(] ACES 'APEC Cooperation
for Earthquake Simulation
|

24



@

GeoFEM / Snake

m Solvers. :“multi-level approach

m ‘Parallel Visualizations

m Optimization for’“Earth’ Simulator”

m System Integration ; multi-module couplers
m Non-FEM- Appl:-' FDM; BEM, PSM etc.

@ Applications:

m solid earth issues, practical engineering problems,
problems

GeoFEM

coupled

25



m Mantle : 128X120X240= 3,686,400 cells, r=20 km, d= 1.5 deg
® Core : 10,000X100= 1,000K nodes, t 1077

(
[ 1,100km X 900km X 200km,  t=100y, 103 steps
® SR8000 (4nodes) 0.15M DOF ( h=15km), 1.0M DOF ( h=8km)
@® Earth Simulator :  h=1km, 200M nodes
o 300km X 300km X 50km,  t=10-* sec, 105 steps
® SR8000 (4nodes) 0.15M DOF ( h=15km), 1.0M DOF ( h=8km)
@® Earth Simulator :  h=1km, 30M nodes
[ 300km X 300km X 50km, t=10-2 sec, 10% steps
® Earth Simulator ;. h=0.2km, 100M nodes
Quasi 3D model of Northeast Japan
___.--——""7: _'f__"__ﬂ*:‘- Pacific Sea
[, Eurasia Plafgi~, 4, - Plate constant friction
bh o ©oscmy) o ) (85emy) coefficient (0.1)
\ P |
W S
l'nl ._.'_'____.-_,- _ __-—-\_ ‘:'r
i g 1 Ehilippir)e_ Sea !
Vol -prate )
V¥ (6.6cmly)  f L
AL e

Earthquake Cycle Earthquake Cycle

EX am p| e Of A na] yS| ) In the Southwest Japan (0-400 yr) In the Southwest Japan (0-400 yr)

» Eathqueke cyclea Southwest Ja;ixan
model

Earthqukecycle
for 400 years

3
% \ Subduction Earthquake Cycle

SamAr in the Southwest Japan (0-400yr)
g} o Earthqueke
one earthquke /100y
Crust,Plate Upper Mantle
Rigidity (Pa) 48« 100 63948 1010
Poissoris ratio 0258 0283
Viscosity (Pa.s) 1.0x 10%Pa s

Earthquake Cycle
inthe Southwest Japan (0-400yr)

earthquake

t=100(r) Votical Dispacamen cm) 1=110(r)
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