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In
tro

d
u

ctio
n

results
from

a
cooperation

w
ith

the
Laboratoire

de
G

éodynam
ique

Tectonique
et

E
nvironnem

ent(P
aris),

refers
to

a
m

odeling
ofa

geotectonics
phenom

enon
ofsubduction

erosion
atthe

interface
betw

een
tw

o
convergentm

argins
(=

tectonic
plates),

an
originalapproach

based
on

C
ellular

A
utom

ata
overlap

(”an
alternative

to

differentialequations
in

m
odeling

physics”),

the
goalofsuch

studies
is

to
estim

ate
the

am
ountofsolid

m
ass

ofsedim
ents

subducted
atconvergentocean

m
argins,thatis

notfrontally
accreted.
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U
p

to
now

,
som

e
experim

entalS
andbox

m
odeling

and
som

e
globalnum

ericalm
odels

(F
inite

E
lem

ents
m

ethods)
have

already
been

m
ade.

T
he

goal
of

such
studies

is
to

estim
ate

the
am

ountofsolid
m

ass
ofsedim

entsubducted
atconvergentocean

m
argins,

thatis
notfrontally

accreted.
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S
u

b
d

u
ctio

n
o

f
o

cean
ic

cru
st

b
en

eath
co

n
tin

en
t

T
he

lithosphere
ofthe

globe
is

m
ade

ofrigid
plates

ofa
hundred

kilom
eters’

thickness,floating
upon

viscous
asthenosphere,

there
are

relative
plates

m
otions

ofapproxim
ately

10
cm

a
year

due
to

the

convection
process

in
the

m
antle,

types
ofplate

boundaries
:

divergentboundaries
(ocean

ridges),conservative

boundaries
(transform

faults
and

fracture
zones)

and
convergentboundaries

(trenches)

w
e

focus
on

the
case

ofconvergentm
argins

(or
plates)

in
subduction

w
ith

extension,

atconvergentm
argins,the

oceanic
plate

(the
low

er
plate)

is
subducted

beneath

a
continentalcrust(the

upper
plate),
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Inner slope
O

uter slope

O
ceanic trench

O
verriding plate - C

ontinental crust

Subducting plate - O
ceanic crust

Subduction interface

25 km -6 km

0 kmthe
extension

results
from

a
phenom

enon
oferosion

ofthe
basis

ofthe
upper

plate
by

hydrofracturation.
A

llincom
ing

sedim
entis

subducted
beneath

the

upper
plate

and
sink

to
the

viscous
asthenosphere.
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T
he

lithosphere
(=

the
outerm

ost 1
layer 2

of
the

earth,
including

the
crust,

reacts
as

a

brittle
3

solid)
of

the
globe

is
m

ade
of

a
m

osaic
of

rigid
plates,

w
hich

range
from

50

to
over

200
km

thick,
floating

upon
viscous

asthenosphere
(=

a
w

eaker
region

in
the

m
antle,extending

from
the

base
ofthe

lithosphere
to

the
660

km
discontinuity),

there
are

relative
plates

m
otions

due
to

the
convection

process
in

the
m

antle.
E

stim
ated

rates
ofplate

velocities
range

from
1

to
20

cm
a

year,
av eraging

a
few

centim
eters

per

year
for

m
ostplates.

A
boutplate

driving
forces

:
m

ostinvestigators
agree

thatplate
m

otions
m

ustbe
relativ e

to
therm

alconvection
in

the
m

antle.
C

om
puter

m
odels,

how
ever,

indicate
that

plates

m
ove

in
response

to
slab-pullforces

(am
ount

to
about

95%
of

the
totaldriving

force),

and
ridge

push
and

drag
forces

atthe
base

ofthe
plate

(am
ountto

about5%
ofthe

total

driving
force).

A
bout

convection
process

:
the

R
ayleigh-B

ernard
type

of
convection

arises
because

of
heating

at
the

base
and

cooling
at

the
surface

of
fluid

(convective
behaviour

of
a

substance
is

dependent
on

a
dim

ensionless
num

ber
know

as
the

R
ayleigh

num
ber

;

1le
plus

à
l’extérieur

2couche,
strate...

3cassant
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irregular
turbulentconvection

probably
exists

in
the

E
arth

w
here

this
num

ber
is

greater

than
)

;

the
boundaries

of
plates

can
take

three
form

s
:

m
id-oceanic

ridge
(w

here
plates

are

diverging
;

accretive
or

constructive
plate

m
argins),

trenches
(w

here
plates

are
con-

verging
;

destructive
plate

m
argins)

and
transform

faults
(relative

m
otions

of
adjacent

plates
are

tangential;conservative
plate

m
argins),

atconvergentm
argins,the

oceanic
plate

(the
low

er
plate)

is
subducted

beneath
a

con-

tinentalcrust(the
upper

plate).
In

this
kind

ofkinem
atics,tw

o
types

ofm
ajor

processes

can
occur

:
a

com
pression

(type
1

m
argins,accreting

process)
and

an
extension

(type

2
m

argins,
subduction

erosion
process).

A
t

type
1

m
argins,

accreting
ones,

sedim
en-

tary
m

aterialthat
has

been
laid

dow
n

the
outer

slope,
is

progressively
accum

ulated
to

the
frontofthe

inner
slope.

A
ttype

2
m

argins
(21,000

km
in

globallength,
allover

the

w
orld),

all
incom

ing
sedim

ent
is

subducted
beneath

the
upper

plate
and

sunk
to

the

viscous
asthenosphere.

T
he

subduction
zone

is
characterized

by
an

oceanic
trench,

an
overpressure

of
fluids

along
the

subduction
interface,a

landw
ard

dipping
zone

ofearthquakes
(F

igure
9)...
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the
extension

results
from

a
phenom

enon
oferosion

ofthe
basis

ofthe
upper

plate
by

hydrofracturation.
A

llincom
ing

sedim
entis

subducted
beneath

the
upperplate

and
sink

to
the

viscous
asthenosphere.
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1D
S

an
d

p
ile

m
o

d
el

one
ofthe

m
ostinteresting

phenom
ena

in
the

dynam
ics

ofgranular
m

aterial:

the
evolution

ofa
pile

ofgranular
m

aterial(B
ak,Tang,W

iesenfeld
studied

a

m
odelbased

on
1D

cellular
autom

aton
:

the
S

and
P

ile
M

odel),

a
1D

S
P

M
consists

ofan
infinite

sequence
ofstacks

(or
sizes

ofstacks).
E

ach

stack
holds

a
finite

num
ber

ofgrains,

transition
rule

ofthe
1D

S
P

M
:let

ifotherw
ise
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S
creen

dum
ps

ofthe
1D

sand
pile

m
odelw

e
used

:

S
creen

dum
ps

ofthe
2D

sand
pile

m
odelw

e
used

:
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a
1D

S
P

M
consists

of
an

infinite
sequence

of
stacks

(m
ore

precisely
:

sequence
of

sizes
ofstacks).

E
ach

stack
holds

a
finite

num
ber

ofgrains.
T

he
total num

ber
ofgrains

never
changes

;

in
S

P
M

,
if

a
stack

has
at

least
2

m
ore

grains
than

its
right

(or
its

left)
neighbor,

then
a

grain
”tum

bles
dow

n”
from

the
firststack

to
its

right(or
its

left)
neighbor.

form
ally,a

cellular
autom

ata
has

three
characteristics:

1.
P

arallelism
Individualcells

are
updated

sim
ultaneously

and
synchronously.

2.
L

o
cality

T
he

new
status

of
each

cellis
determ

ined
from

its
position

in
the

gr id,

by
the

exam
ining

the
status

of
its

neighboring
cells.

T
he

new
value

of
a

cellis

exclusively
based

on
its

old
value

and
the

old
values

ofthe
surrounding

cells.

3.
H

o
m

o
g

en
eity

A
llcells

ofa
given

type
use

the
sam

e
setofrules

forupdating
their

status.

You
can

think
ofa

cellular
autom

ata
as

a
grid

builtfrom
state

m
achines

thatreactto
the

activities
oftheir

neighbors.
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1D
m

o
d

elto
p

o
lo

g
y

a
discrete

universe
represented

by
an

array
ofsites

(about1000
cells),

a
cellis

a
verticalportion

of”space”,

N
B

C
-1

0
j+1

C
j

A
rray of cells : C

t

t

j-1
j

7 altitudes
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each
celltake

a
value

from
a

finite
setofstates,

a
finite

linear
set(in

linear
space)

offinite
autom

ata,
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1D
C

A
s

are
generally

easier
to

handle
(there

is
a

m
uch

sm
aller

set
of

possible
r ules,

com
-

pared
to

2D
C

A
s,

according
to

the
fact

the
neighbourhood

of
the

cell
is

low
).

T
hat’s

w
hy,

as
it

is
sim

pler
to

sim
ulate

avalanches
and

self-organized
criticality

in
a

sandpile
w

ith
a

one-

dim
ensionalcellular

autom
aton

rather
than

w
ith

a
tw

o-dim
ensionalone,

w
e

have
firststudied

a
one-dim

ensionalm
odelofthe

subduction-erosion
phenom

enon.

a
discrete

universe
represented

by
an

array
ofsites,

each
cellrepresents

a
verticalportion

of”space”,the
state

ofw
hich

belongs
to

a
finite

sequence.
Indeed,

the
state

of
a

cell
is

determ
ined

by
a

set
of

seven
cross-section

thicknesses.
E

ach
of

those
thicknesses

is
coded

by
an

integer
inferior

to
the

global

height.

therefore,w
e

consider
a

finite
set,in

one-dim
ensionalspace,

offinite
autom

ata
(cells).
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D
yn

am
ic

o
f

th
e

d
iscrete

system

S
tarting

from
an

initialconfiguration,the
setofcells

evolves
ateach

discrete

tim
e

step
according

to
a

localtransition
(updating)

rule.
T

he
sam

pling
ofthe

m
otion

is
periodic

and
the

update
is

local,paralleland
synchronous,

C
C

C
j

j-1
j+

1

t+
1

t+
1

t+
1

C
C

C

j
j t

j+
1

t
C

  =
 f(C

    ,C
    ,C

    )
t

t+
1

j-1

t
t

tj
j-1

j+
1

T
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C
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the
rule

oftransition
can

be
seen

as
a

function
w

hose
argum

ents
are

the
states

ofthe
cellitselfand

its
neighboring

cells,atthe
previous

tim
e

step.
T

he

evolution
ofa

celldepends
only

on
a

localneighborhood
ofthree

cells
(running

cellincluded),

an
overlap

of3
globalfunctions

oftransition.
T

hey
represent3

differentph ysical

phenom
ena,them

selves,on
3

quite
distinctscales

oftim
e

:
a

dive
ofthe

oceanic
plate,a

subcrustalerosion
as

w
ellas

the
subsidences

w
hich

resultfrom

iton
allthe

heightfrom
the

overlapping
plate,and,finally,surface

avalanches
at

the
top

ofthe
higher

plate.T
LE

D
U

C
-

LIP
6

Laboratory
S

lide
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S
tarting

from
an

initialconfiguration,
the

setofcells
evolves

ateach
discrete

tim
e

step

according
to

a
localtransition

(updating)
rule.

T
he

sam
pling

of
the

m
otion

is
periodic

and
the

update
is

local,paralleland
synchronous.

T
he

rule
oftransition

can
be

seen
as

a
function

w
hose

argum
ents

are
the

states
ofthe

cellitselfand
its

neighboring
cells,at

the
previous

tim
e

step.
T

he
evolution

ofa
celldepends

only
on

a
localneighborhood

of

3
cells

(running
cellincluded).

To
sim

ulate
the

tem
poraldim

ension,
w

e
use

tw
o

arrays
of

cells
:

C
and

C
C

.
T

hus,
at

each
iteration

(or
tim

e
step),there

is
a

logicalcopy
ofthe

contents
ofC

to
C

C
. C

is
the

last
that

has
been

updated
at

the
previous

tim
e

step
using

the
totaltransition

rule.
C

w
illthen

be
updated

again
by

application
ofthe

sam
e

transition
function,and

so
on.

A
boutour

autom
aton

:
T

he
subducted

lithosphere
is

m
echanically

sm
ooth

and
passes

from
an

alm
osthorizontallevelin

frontofthe
pitto

a
constantdip

underthe
volcanic

arc

(beyond
50-100

km
).

Itis
generally

estim
ated

thatthe
subduction

speed
is

a
constant.

W
ith

regard
to

the
boundaries

problem
,itis

necessary
to

com
pute

separately
the

cells

located
at

the
tw

o
lim

its
ofthe

unidim
ensionalautom

aton
(the

first
introduces

m
aterial

into
the

system
,w

hereas
the

lastm
akes

possible
to

elim
inate

it).

T
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T
he

engine
of

”our”
basalerosion

is
not

the
subduction

of
asperities

(such
as

the
un-

derw
ater

m
ounts,

m
id-oceanic

ridge,
grabens...)

on
the

oceanic
plate.

It
is

rather

necessary
to

take
into

accountoverpressures
offluid

atthe
top

ofthe
subduction

inter-

face,w
hich

can
induce

a
hydrofracturation.

O
ur

cellular
autom

aton
is,

in
fact,

an
overlap

of
3

globalfunctions
of

tr ansition.
T

hese

3
functions

of
transition

can
be

regarded
as

generalizations
of

the
one-dim

ensional

S
and

P
ile

M
odel.

T
hey

represent
3

different
physical

phenom
ena,

them
selves,

on
3

quite
distinctscales

oftim
e.

In
the

circum
stances

:
a

dive
ofthe

oceanic
plate

(oblique

dow
nw

ard
translation

under
the

constraint
of

the
w

eighty
effort

exer ted
by

the
upper

plate),a
subcrustalerosion

(by
hydro-fracturing

and
overpressures

on
the

outline
level

ofsubduction)
as

w
ellas

the
subsidences

w
hich

resultfrom
iton

allthe
heightfrom

the

overlapping
plate,and,finally,surface

avalanches
atthe

top
ofthe

higher
plate.

It
is

im
portant

to
distinguish

3
different

scales
of

tim
e.

T
hat

of
the

”instantaneous”

phenom
ena

(relative
to

the
other

phenom
ena

at
least)

initially,
w

hich
occur

on
a

”fast”

scale
of

tim
e

(it
is

the
case

of
the

surface
avalanches).

T
hat

of
the

phenom
ena

”w
ith

great
w

idth”,
then,

w
hich

occur
on

a
”slow

”
tim

e
scale

(it
is

the
case

of
the

subduction

even
of

the
oceanic

m
argin

w
ith

the
”generation

of
steps”

w
hich

is
correlated

to
it,

but

T
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U
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itis
also

the
case

of”ageing”
and

the
subcrustalerosion

ofthe
overlapping

continental

m
argin).

Last,
w

e
introduce

an
”average”

scale
of

tim
e

to
represent

physicalphenom
ena

inter-

calating
them

selves
betw

een
the

tw
o

classes
ofabove

m
entioned

phenom
ena

(itis
the

case
ofthe

generaltranslation
ofthe

face
ofthe

oceanic
m

argin,ofthe
lev elling

ofthe

oceanic
trench

and
the

subsidences
w

ithin
the

overlapping
m

argin).
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A
p

arallelim
p

lem
en

tatio
n

o
n

th
e

C
R

A
Y

T3
E

co
m

p
u

ter

developm
entofa

new
dedicated

softw
are,

parallelstrategy
:

w
ork

and
data

are
distributed

am
ong

the
processor

elem
ents,

a
sim

ple
and

naturalone-dim
ensionaldom

ain
decom

position,

after
each

iteration,solution
values

on
the

boundaries
ofa

subdom
ain

need
to

be
exchanged

w
ith

the
adjacentsubdom

ain
each

processor
w

illexchange

m
essages

w
ith

its
leftand

rightneighbors,

the
tandem

C
and

P
V

M
library

for
questions

ofportability.
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T
here

already
exists,

in
the

public
dom

ain,
softw

are
tools

m
aking

possible
to

visual-

ize
or

handle
cellular

autom
ata.

H
ow

ever,
it

seem
s

to
us

necessary
to

de velop
our

ow
n

platform
.

Indeed,
although

very
effective

and
very

useful
for

a
tw

o-dim
ensional

sim
ulation,

T
he

C
ellular

A
utom

ata
S

im
ulation

S
ystem

,
developed

around
the

C
ellang

language,
cannot

absolutely
be

appropriate
to

us
here,

since
it

does
not

allow
us

a

tw
o-dim

ensionalvisualization
in

the
case

ofa
uni-dim

ensionalautom
aton.

T
he

parallelstrategy
w

e
use

is
the

follow
ing

one
:

w
ork

and
data

are
distributed

am
ong

the
processor

elem
ents.

W
e

use
a

sim
ple

and
natural

one-dim
ensional

dom
ain

de-

com
position

:
the

array
of

cells
has

been
divided

into
a

num
ber

of
parts

(subdom
ains

of
contiguous

cells)
equalto

the
num

ber
of

P
E

s.
A

fter
each

iteration,
solution

values

on
the

boundaries
of

a
subdom

ain
need

to
be

exchanged
w

ith
the

adjacent
subdo-

m
ain.

W
e

can
see

that
each

processor
w

illexchange
m

essages
w

ith
its

left
and

right

neighbors
except

the
first

and
last

ones
w

hich
have

respectively
no

predecessor
and

no
successor.

T
hat’s

w
hy

there
is

an
increase

ofcom
m

unication
tim

e
as

the
num

ber
of

processors
increases.

W
e

chose
the

tandem
C

and
P

arallelV
irtualM

achine
library

for
questions

ofportability.

T
hus

our
application

functions
as

w
ell,

except
for

the
perform

ances,
on

a
netw

ork
of
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heterogeneous
w

orkstations
as

on
a

M
assively

P
arallelP

rocessors
com

puter
like

the

C
R

A
Y

T3
E

(concerning
the

processing
and

the
firstgraphic

post-processing
atleast).
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R
esu

lts
o

f
th

e
o

n
e-d

im
en

sio
n

alsim
u

latio
n

M
P

E
G

m
otion

pictures
have

been
realized

using
the

convert
toolof the

Im
ageM

agick
softw

are
on

a
four-processors

S
ilicon

G
raphics

com
puter.

T
hese

im
ages

w
ere

generated,for
the

processing,on
a

C
R

A
Y

T3
E

w
ith

256
processors

D
E

C
A

L
P

H
A

E
V

5
,and,for

postprocessing,on
a

f our-processors
S

ilicon

G
raphics

P
ow

er
C

hallenge
X

L.

visualrendering
ofthe

one-dim
ensionalsim

ulation
:

T
LE

D
U

C
-
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in
order

to
optim

ize
the

perform
ance

ofthe
processing,w

e
have

over lapped

tim
e

ofcom
m

unications
by

tim
e

ofcom
putations

(non-blocking
sending

of

boundaries
values,com

putation
oflocaldata,receiving

ofupdated
values

from

the
neighboring

P
E

s,lastcom
putations

ofboundaries
cells),

0 2 4 6 8 10

0
20

40
60

80
100

120

Speedup

N
um

ber of processors p

O
ne-dim

ensional discrete com
puter m

odel

Speedup (S=T
1/T

p)
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O
ur

localtransition
function,is

able
to

representphenom
ena

on
a

w
ide

tim
e

scale
such

as
:

a
dip

ofthe
low

er
subducted

plate
(80

km
/1

m
illion

years),a
landw

ard
m

igration
of

the
frontofthe

upper
plate

and
the

trench
axis

(20
km

/1
m

illion
years),a

subcrustally

erosion
of

the
continentalm

argin
basem

ent,
an

underthrust
of

sedim
ent

m
aterialand

avalanches
at

the
top

of
the

overriding
plate

(alm
ost

instantaneous
phenom

ena
com

-

pared
w

ith
the

dip
or

the
landw

ard
m

igration).

A
s

show
n

in
the

figure,
the

dynam
ical

behavior
of

our
m

odel
is

proper.
W

e
are

ex-

pecting
from

a
further

im
provem

ent
of

the
tw

o
dim

ensionalcellular
autom

aton
w

e
are

developing,
that

it
w

ill
also

represent
a

frontal
accretion,

a
subcrustally

underplating

and
an

internalfluid
overpressure

causing
hydrofracturing

effects
in

the
upper

plate.
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F
ro

m
1D

m
o

d
elto

2D
m

o
d

el

O
ne-dim

ensional m
odel

T
w

o-dim
ensional m

odel

V
ector of cells : C

t
t

L
attice of cells : C

C
tj

C
ti,j

O
ne-dim

ensionaldiscretization
ofspace

(one-dim
ensionalm

odel)
in

com
parison

w
ith

the
tw

o-dim
ensionaldiscretization

ofspace
(tw

o-dim
ensionalm

odel).
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1D
m

odel
:

a
discrete

universe
represented

by
an

array
of

sites
(cells).

E
ach

cell

represents
a

vertical
portion

of
”space”,

the
state

of
a

cell
is

determ
ined

by
a

set
of

seven
cross-section

thicknesses.

advantage
ofthis

m
odel:

the
am

ountofinform
ation

to
be

treated
is

w
eak

2D
m

odel,
the

discrete
system

consists
of

a
tw

o-dim
ensionallattice

of
200,000

cells.

C
ells

updating
uses

a
localtransition

function,only
depending

on
the

previous
states

of

25
neighboring

cells
(running

cell,contiguous
cells

and
contiguous

cells
ofcontiguous

cells
included).
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R
esu

lts
o

f
th

e
tw

o
-d

im
en

sio
n

alsim
u

latio
n

M
P

E
G

m
otion

pictures
have

been
realized

using
the

convert
toolof the

Im
ageM

agick
softw

are
on

a
four-processors

S
ilicon

G
raphics

com
puter.

T
hese

im
ages

w
ere

generated,for
the

processing,on
a

C
R

A
Y

T3
E

w
ith

256
processors

D
E

C
A

L
P

H
A

E
V

5
,and,for

postprocessing,on
a

f our-processors
S

ilicon

G
raphics

P
ow

er
C

hallenge
X

L.

visualrendering
ofthe

tw
o-dim

ensionalsim
ulation

:

T
LE

D
U

C
-

LIP
6

Laboratory
S

lide
17/21



C
E

S
A

’98
A

pril1998

E
ven

though
m

apping
of2D

-toritheoretically
is

a
sim

ple
problem

,the
M

P
Ilibrar y

virtualtopology
m

echanism
(or

logicalprocess
arrangem

ent)
seem

s
to

be
a

convenientprocess
nam

ing
structure

w
e

have
decided

to
use

the
M

P
Ilibrar y.

0 10 20 30 40 50 60

0
20

40
60

80
100

120

Speedup

N
um

ber of processors p

T
w

o-dim
ensional discrete com

puter m
odel

Speedup (S=T
1/T

p)
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T
heoretically,none

ofthe
cells

ofthe
lattice

has
know

ledge
ofits

position
(thatis

to
sa y

of
its

coordinates)
in

the
m

atrix
of

cells.
F

urtherm
ore,

cells
located

at
the

boundaries

ofthe
finite

tw
o-dim

ensionallattice
have

also
to

com
m

unicate
w

ith
theirow

n
neighbors.

S
o

the
discrete

system
has

to
be

m
apped

by
a

tw
o-dim

ensionalfully
periodic

grid
of

cells
(a

2D
-torus)

;

the
tests

w
ere

executed
upon

a
C

R
A

Y
T3

E
and

a
netw

or k
of

Linux
2.0

w
orkstations

(using
the

L
A

M
6

.1
im

plem
entation

of
M

P
I).

the
speedup

of
this

tw
o

dim
ensional

sim
ulation

is
alm

ost
linear

and
increasing.

W
e

obtained
an

optim
um

speedup
ofabout60

;

in
the

tw
o

dim
ensional

case,
the

interest
of

a
parallel

solution
is

obvious,
since

the

sim
ulation

tim
e

in
the

parallelcase
is

of
about

42
seconds,

instead
of

2,462
seconds

(about40
m

inutes)
in

the
sequentialcase.

[1,3,4,2]
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C
o

n
clu

sio
n

an
d

fu
tu

re
d

evelo
p

m
en

ts

developm
entofthe

LA
C

platform
.

T
his

platform
consists

of:

–
a

program
m

ing
language

LA
C

a,

–
an

associated
com

piler
thatgenerates

C
-code

using
M

P
Im

essage
passing

library,

–
a

G
raphicalU

ser
Interface

b.

aLanguage
pour

A
utom

ates
C

ellulaires
bW

ritten
using

the
interpreted

scripting
language

P
erl/T

K
...

T
LE

D
U

C
-

LIP
6

Laboratory
S

lide
19/21



C
E

S
A

’98
A

pril1998

R
eferen

ces

[1]
T

hom
as

L
E

D
U

C
.

M
odélisation

par
un

systèm
e

dynam
ique

discretdu
processus

de
subduction-érosion

en
tectonique

des
plaques

:
prem

ière
approche

uni-dim
ensionnelle.

R
apportinterne,Laboratoire

LIP
6,

ftp://ftp.lip6.fr/lip6/reports/1997/lip6.1997.008.ps.gz,M
ai1997.

[2]
T

hom
as

L
E

D
U

C
.

M
apping

a
tw

o-dim
ensionalcellular

autom
aton

onto
distributed

m
em

ory
m

achines.
In

E
uro-P

ar’98
S

outham
pton,S

eptem
ber

1998.
R

efusé.

[3]
T

hom
as

L
E

D
U

C
.

A
one-dim

ensionaldiscrete
com

puter
m

odelofthe
subduction

erosion
phenom

enon.
In

C
E

S
A

’98
N

abeul-H
am

m
am

et,A
pril1998.

(2C
ongrés

M
ondialIM

A
C

S
etIE

E
E

/S
M

C
).

[4]
T

hom
as

L
E

D
U

C
.

P
arallélisation

d’A
utom

ates
C

ellulaires
uni-

etbi-dim
ensionnels

etapplication
à

la
m

odélisation
du

processus
de

subduction-érosion
en

tectonique
des

plaques.
In

R
enP

ar’10
S

trasbourg,Juin
1998.
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W
eb

sites

http://quartz.dgs.jussieu.fr:8080/A
N

IM
/

http://w
w

w
.cs.runet.edu/

dana/ca/cellular.htm
l

http://penguin.phy.bnl.gov/w
w

w
/xtoys.htm
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