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o=ce" cdeF /
de” = ¢de" y J do=cde® +dce”

coefficients, ¢ and /, are function
of elastic strain, although form is
quite complicated

( d0=ide+dcaEJ
de 1+/

>
€

1. non-symmetric elasto-plasticity tensor
2. loss of positive-definiteness in increasing deformation
3. numerical differentiation in computing elasto-plasticity tensor



BERIEEHLLVTZILTYX L

O A ct >0

de” —¢dAVg(--)=0
df(dh,-) =0

« same form as non-associated flow rule

« functions, g and f, are function of elastic
strain, which can be explicitly determined

do=c:de+do’
do" = -c:de” +(Vc:€"):de”

. . - >
simpler expression of elasto-plasticity tensor e

new algorithm

use of overlooked relation that corresponds to consistency condition
affine form with symmetry and positive-definiteness elasticity tensor



DUAL DOMAIN DECOMPOSITION

W \

Voronoi blocks for Delaunay triangles for
function derivative



SUMMARY

@ Use of different sets of basis functions for function and
derivative

0 =3 e
[0 g ®=Y gy’ (x)

@ Optimal pair of basis function sets
® function  Voronoi tessellation (quasi-Voronoi tessellation)
® derivative Delaunay tessellation

“For any pair of basis function sets, coefficients are uniquely"
determined by minimizing a discretization error. There is an
optimum pair that minimizes an error between discretized

\function and.integration of discretized derivative v,




COMPARISON

PDS-FEM

i

basis functions are element- discretized function is
wisely smooth functions discontinuous across Voronoi
boundary



J-INTEGRAL

Number of degree-of-freedoms

3
10 , . ' !
3 4
o> 10 10 10 10°
_ -4
g 10 -
=
=
g —ae— FEM
N —%—PDS-FEM
blunt crack tip — PDS-FEM with
0 rotational DOF
]
.5
10 -

The accuracy of crack tip stress computed by PDS-FEM is at almost the same level
as that of FEM, regardless of approximate failure treatment. The accuracy can be
improved by including rotational DOF.




EXTENSION OF PDS

® Consistency of discretization scheme

Liu|=f — [LM[u™] =[fV]

discretization

{/ solution @

u=Llf] == ] =[(C'[F)]
=LY [F]
@ Local Taylor series expansion at Voronoi mother point

® 1st-order polynomials can be included in basis function

® numerical connection of neighboring TSE’s using Delaunay domain in
which their derivatives are matched




DETAILED MODELING

a) whole view b) column

element 29,740,000
s node 4,860,000
e DOF 14,580,000




b) surface covered by rectangular
elements of 15 x 7.4 mm

in pier

DETAILED MODELING
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a) steel bar embedded



TENATIVE RESULTS

2.713e+001
2.544e+101
2.374e+01

2.204e+001
2.035e+101
1.865e-+101
1.696e+001
-~ 1.526e+001
1.357 e+001

1.167 e+001 .

1.017 e+001

B 47964000 b) connecting part

6.753e+100

5.087e+000
3.391e+000
1.696e+000

0.000e-+200

a) whole view C) cross section at connecting part



TENATIVE RESULTS

0.86 [s] 0.88 [s]

b) stress distribution inside of column
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Calculation time(s)
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OVERVIEW OF IES

| computer model of city |

| houses/buildings | | lifelines |

— | infrastructures |

| public spaces | ""

structure response simulation

earthquake action against earthquake ‘

amplification
|_crisis management |
time | evacuation |
| retrofitting ]
* | recovery ]

earthquake simulation action simulation



SYSTEM OF IES

earthquake scenario

IES

a set of (application) layers of GIS

earthquake

o

SGM distribution

m— propagation
— amplification
—— | structure response
model construction |
4 m— steel structure -
disaster
prediction - | concrete structure =

_—
S~ | Vv

GIS

fault mechanism

I
el

m— geotechnology

data:

underground
results:
SGM

data:
structure
results:

damage

— | buildings/architecture

action

epeople
¢agents
4community
#society



DESIGN OF AGENT

class diagram

_Ability parameters
MaximumSpeed
Visibility i Ao average of agent maximum speed [m/s]
PassingProbability Ability e
_/—(> Thought o | SD of agent maximum speed [m/s]
See(). R | visibility radius [m
Thought Think(): DIy redus ml____
Direction Move(): D | dimension of forward domain [m]
Speed (domain: DXZD)
Path m | speed reduction rate in passing
6 | modification of moving angle in passing
agent [deg]
(0 0)see P | probability of making forced passing

think
—~—

A

move



YOKOHAMA CITY FIREWORK

FESTIBAL

locus of running person

Reproduction/prediction of waking speed
distribution, using image analysis of walking
people captured by a video camera

at instance of
signal turning blue
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2005 MIYAGI-KEN OKI
EARTHQUAKE

male | speed [m/s] | female | speed [m/s]

locus of running person A 59 A 3.1

B 3.3 B 3.2

C 5.9 C 4.0

D 3.0 D 4.2

E 4.5 E 2.7

F 3.0 F 3.0

G 3.9 G 2.8

H 3.0

mean 4.05[m/s]
SD 1.34[m/s]



IMPROVEMENT OF AGENT
NAVIGATION




INTRODUCTION OF OFFICIAL




Log(runtime,2)

1

11

—

SCALABILITY OF MAS

Number of agents = 500,000

2 . <
N \\ ———"|deal gradient
llac
0 N
9
8 \
. Dotted lines show the / AN
ideal gradient, not the .
ideal run time \\
6
3 4 5 6 7 8 9 10

Log(CPU cores,2)

Domain partionining for load
balance; a node is assigned to
each zone, and special cares are
taken for agents moving from one
zone to another



STRONG SCALABILITY

@ Strong scalability in K
® with flat MPI
® Number of agents : 2,000,000
® Number of steps :400 (80 seconds)

number of nodes runtime /(s) Strong scalability /(%)
512 1814.318
1024 965.242 94.0
2048 495.2311 97.5

Strong scalabiity = 7772 /7T4n /Nin /NVim X100, where
7dm =run time witn m cpus and n=2m



RUNTIME DETAILS

1024 NODE 20 + e 25 1 .
0 ODES repartitions . , .38 ot . t? ta
":0'0 * ,“ s’
15 - /T% 2 _..fj..:,::e,...,,.g. IR WY S TR 1
% . . « total % 1”‘ 2 M’ &' M"‘
e 10 - 815 -
o 1 -
0 1 I 1 I 1 05 1 I I 1
0 100 200 300 400 0 100 200 300 400
lteration step lteration step
20 - 2.5 - .
2048 NODES total
15 - . ; ’ 2 -
} W « total
& 10 - repartitions 15 -
rln 5 i IP ‘,ﬁ"" o 4 Q‘
IEVIV" < JOPETSS. 2 JUROP - PR
M—-&
0 - ! ' ' ! 05 . . : .
0 100 200 300 400 0 100 200 300 400
lteration step |teration step

runtime and migration time are reduced, although repartition time remains the s
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