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C
ontents

☞
subductionofoceaniccrustbeneathcontinent,

☞
C

A
asan

alternative
to

differentialequationsin
m

odelling
physics,

☞
m

odels:topology,dynam
icsand

specificities,

☞
sim

ulations:developm
entofnew

dedicatedparallelsoftw
ares,

☞
results,screen-dum

psand
future

researchw
orks...
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S
ubduction
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A
n

alternative
to

diff.equ.in
m

odelling
physics

➥
the

1D
S

P
M

:

➧dynam
icsofgranularm

aterial(B
ak,

Tang
and

W
iesenfeld-

1980),

➧an
infinite

sequenceof
stacks

(or

sizesofstacks),

➧eachstackholds
a

finite
num

berof

grains,

➧transitionrule
:

let:�����
	
��


�

if�
�
�

�

otherw
ise

���
� ��
	
������
�� ���� �
�������
� �
�� ���� �
���� � �
���
�� ������� �
� �� ���
�� ���� � � �
���� �

➥
the

2D
case:

➧a
tw

o-dim
ensionalregularlattice

of

cells/grains,

➧a
sort

of
individual-basedm

odel:

eachgrain
is

individualize(w
ith

their

ow
n

nature/colourattributes),

➧a
m

ore
com

plicatedtransition
rule

basedon
the

extendedM
oore

neigh-

bourhood(dependingon
the

previous

statesof25
neighbouringcells),

T
h
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a
s
.
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c
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➥
S

creendum
psofthe

1D
/2D

S
P

M
sim

ulations:

T
h
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m
a
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M
odels:

topology,dynam
icsand

specificities
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������
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V
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decom
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➥
1D

m
odel:

➧a
finite

arrayof1,000
cells.E

achof

them
representsa

verticalportion
of

the
”universe”,

➧the
stateofa

cellis
determ

inedby
a

setofseven
cross-sectionthicknesses

and
2

coefficients
(ageing

and
step)

5

a
finite

setofstates,

➧2
neighbours,

➧an
overlap

of
3

functions
of

tran-

sition.
T

hey
represent3

different

physicalphenom
ena,them

selves,on

3
quite

distinctscalesoftim
e,

➧a
global

value
(signal):

�6
788 9:
;<=
>;�?
@<

,

➥
2D

m
odel:

➧a
2D

regularlattice
of200,000cells,

➧the
state

of
a

cellis
determ

inedby

a
setof

6
integers

(colour,
nature,

ageing...)5

a
finite

setofstates,

➧24
neighbours(the

extendedM
oore

neighbourhood),

➧a
m

echanism
of

copy
of

inside

boundariescells
m

arked
by

an
inva-

riantboundarystate,

T
h
o
m
a
s
.
L
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c
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➥
1D

sim
plified

algorithm
r
e
p
e
a
t

C
C

A
C

BA C
DEFG
H BBI B JK
LL MN
O

r
e
p
e
a
t

C
C

A
C

BA C
PQRSN
TS
UPVRS
H BBI B JK
LL MN
O

r
e
p
e
a
t

C
C

A

C

BA C
W VDRH BBO

u
n
t
i
l
‘
‘
f
a
s
t
c
o
n
d
i
t
i
o
n
’
’

i
s
a
c
h
i
e
v
e
d
,

u
n
t
i
l
‘
‘
i
n
t
e
r
m
e
d
i
a
t
e

c
o
n
d
i
t
i
o
n
’
’
i
s
a
c
h
i
e
v
e
d
,

s
a
v
e
t
h
e
c
u
r
r
e
n
t
i
m
a
g
e

i
f
n
e
c
e
s
s
a
r
y
,

u
n
t
i
l
‘
‘
s
l
o
w
c
o
n
d
i
t
i
o
n
’
’

i
s
a
c
h
i
e
v
e
d
,

➥
2D

sim
plified

algorithm
r
e
p
e
a
t

BBA
B

c
o
p
y
o
f
b
o
u
n
d
a
r
i
e
s
c
e
l
l
s

o
f
C
C

BA C
H BBO

u
n
t
i
l
c
o
n
d
i
t
i
o
n
i
s
a
c
h
i
e
v
e
d

external boundaries cells

internal boundaries cells

array of cells

C
opy of right hand side internal boundaries cells to left hand side external boundaries cells

C
opy of internal low

er left corner boundaries cells to the upper right  corner
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S
im

ulations:
developm

entofnew
dedicatedparallelsoft

➥
strategy

:
➧parallelizationvia

dom
aindecom

position5

allthe
subproblem

scan
be

solve
concurrently

➧allthe
subproblem

sare
coupled5

dom
aindecom

positionw
ith

overlappinggrids
on

eachsubdom
ain:

1D
m

odel

inner cell
ghost cell

XXX XXX XXXYYY YYY YYYZZZ ZZZ ZZZ[[[ [[[ [[[\\\ \\\ \\\]]] ]]] ]]]^^^^
^^^^
^^^^

____
____
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ddd ddd dddeee eee eee

fff fff fffggg ggg ggg
hhhh
hhhh
hhhh
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iiii

jjj jjj jjjkkk kkk kkk

2D
m

odel
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➥
sim

plified
algorithm

:

➧to
im

prove
perform

ance:overlap
com

m
unicationand

com
putation

periods:1.non-blockingsendofinternalboundariescells,

2.updateofpure
innercells

ofthe
currentsubdom

ain,

3.blocking
receive

ofouterboundariescells,

4.updateofinternalboundariescells.

T
h
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m
a
s
.
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c
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➥
S

pecificitiesofthe
parallelism

ofthe
2D

sim
ulation

➧a
virtualC

artesiantopologyofprocess

-
the

defaultM
P

I
C

O
M

M
W

O
R

L
D

hasbeendivided
into

tw
o

distinct

subgroups(divide
up

the
processes5

allow
differentgroupsofprocessesto

perform
independentw

ork),

-
the

“w
orkers”are

m
appedonto

a
regularlogical2D

-C
artesiantopology

(M
P

I
Cartcreate()),

P
e(0)

P
e(nbpcs-2)the param

eters

P
e(nbpcs-1)

P
oint-to-point com

m
unication

M
P

I_C
O

M
M

_W
O

R
LD

 com
m

unicator

C
om

m
unicator

B
roadcast

W
O

R
K

E
R

S

G
ather of the subm

atrix of im
age

G
ather of the subm

atrix of im
age

S
upervisor

T
h
o
m
a
s
.
L
e
d
u
c
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.
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➧useofderived
datatypes

M
P

Iprovidesm
echanism

sfor
groupingindividualdataitem

sinto
a

single
m

essage:build
new

derived
datatypes.

-
point-to-pointcom

m
unications:

M
P

I
Type

cell(M
P

I
T

ype
struct()),

M
P

I
Type

2row
s,M

P
I

Type
2cornersand

M
P

I
Type

2colum
ns,

ll llmm mmnnn nnn nnn nnnooo ooo ooo ooo ppppppppppppppppppppp

ppppppppppppppppppppp

ppppppppppppppppppppp

qqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqrrr rrr rrr rrr rrr rrr rrr rrr rrr rrr rrrsss sss sss sss sss sss sss sss sss sss sss

tt tt ttuu uu uu

M
P

I_type_2corners

M
P

I_type_2row
s

M
P

I_type_cell

M
P

I_type_2colum
ns

2 R
ow

s and 2 colum
ns of ghost cells

2 R
ow

s and 2 colum
ns of inside boundaries cells

Lattice of inside cells
R

unning P
E

O
verlap area (ghost cells)

Inside boundary cells

T
h
o
m
a
s
.
L
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c
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-
collective

com
m

unications:
M

P
I

Type
block

im
age,

M
P

I
Type

totalim
age,

v vw w

x xy yz z{ {| |} }~ ~� �

� �� �� �� �� �� � � �
� �

� �� �� �� �� �� �

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �   ¡ ¡¢ ¢£ £¤ ¤¥ ¥

P
e 0

P
e 1

P
e 9

P
e 2

P
e 3

W
orkers

S
upervisor

G
ather of the im

age block located on P
e 6

T
h
o
m
a
s
.
L
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c
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.
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R
esults,screen-dum

ps
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Simulation time (seconds)¨

N
um

ber of processors

S
im

ulation tim
e of the 2D

-m
odel

O
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C
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S
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O
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Efficiency

N
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ber of processors

E
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odel

O
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C
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➥
m

inim
ize

the
ratio

:size
ofthe

subdom
ainboundaries/globalsize

ofeach

subdom
ain

nbof

num
berofprocessorsperraw ©

num
berofprocessorspercolum

n

proc
associedratio

(num
berofboundariescells

overglobalnum
berofcells

persubdom
ain)

2

ª ©
«
« ©
ª

4,23
2,74

4

ª ©
¬
« ©
«
¬ ©
ª

7,78
4,61

3,50

5

ª ©
­
­ ©
ª

9,45
3,88

8

ª ©
®
« ©
¬
¬ ©
«
® ©
ª

14,14
8,14

5,36
5,00

10

ª ©ª¯
« ©
­
­ ©
«
ª¯ ©ª

17,00
9,81

5,73
5,73

16

« ©
®
¬ ©
¬
® ©
«

14,48
8,87

6,83

20

ª ©«¯
« ©ª¯
¬ ©
­
­ ©
¬
ª¯ ©«
«¯ ©ª

28,86
17,33

10,52
9,22

7,54
9,22

25

ª ©«­
­ ©
­
«­ ©ª

33,60
10,87

10,87

32

¬ ©
®
® ©
¬

15,15
10,28

T
h
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nbof

num
berofprocessorsperraw ©

num
berofprocessorspercolum

n

proc
associedratio

(num
berofboundariescells

overglobalnum
berofcells

persubdom
ain)

40

ª ©¬¯
« ©«¯
¬ ©ª¯
­ ©
®
® ©
­
ª¯ ©¬
«¯ ©«
¬¯ ©ª

44,67
29,14

17,98
15,48

11,91
10,97

10,97
15,48

50

ª ©­¯
« ©«­
­ ©ª¯
ª¯ ©­
«­ ©«
­¯ ©ª

50,20
33,86

18,30
12,59

12,59
18,30

64

® ©
®

16,47

80

« ©¬¯
¬ ©«¯
® ©ª¯
ª¯ ©®
«¯ ©¬
¬¯ ©«

44,89
29,70

19,25
17,11

14,27
17,11

100

ª ©ª¯¯
« ©­¯
¬ ©«­
­ ©«¯
ª¯ ©ª¯
«¯ ©­
«­ ©¬
­¯ ©«
ª¯¯ ©ª

66,80
50,40

34,38
29,97

19,87
15,82

15,82
19,87

29,97

125

­ ©«­
«­ ©­
ª«­ ©ª

34,64
17,36

34,64

160

¬ ©¬¯
® ©«¯
«¯ ©®
¬¯ ©¬

45,32
30,79

20,18
20,18

200

ª ©«¯¯
« ©ª¯¯
¬ ©­¯
­ ©¬¯
® ©«­
ª¯ ©«¯
«¯ ©ª¯
«­ ©®
¬¯ ©­
­¯ ©¬
ª¯¯ ©«

«¯¯ ©ª

80,08
66,93

50,79
45,53

35,40
31,32

22,84
21,63

21,63
22,84

31,32
45

,53

250

­ ©­¯
ª¯ ©«­
«­ ©ª¯
­¯ ©­
ª«­ ©«

«­¯ ©ª

50,98
35,90

24,24
24,24

35,90
50,98
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➥
S

creen-dum
psofthe

1D
sim

ulation:

T
h
o
m
a
s
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L
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➥
S

creen-dum
psofthe

2D
sim

ulation:

T
h
o
m
a
s
.
L
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C
onclusion

and
future

research
w

orks...

➥
concerningthe

m
odels:w

e
draw

ourinspirationfrom
the

1D
S

P
M

to
develop

ourow
n

1D
m

odel.In
the

2D
case,accordingto

the
sam

e

principle,w
e

firstim
plem

enta
2D

m
odelofavalanches.S

incethe
m

ultiplication
ofthe

datastoredin
the

structureoffers
bettervisual

results,w
e

then
chooseto

generalizethis
m

ethod,

➥
the

resultsobtainedshow
(for

the
2D

sim
ulationatleast)the

very
good

parallelisabilityofthe
problem

and
show

also
w

hatcan
be

gainedby
using

a
suitablem

essage-passinglibrary
in

the
field

ofregulardom
ain

decom
positiononto

parallelarchitecture,

➥
future

researchw
orks

could
concernthe

developm
entofa

specialized
parallelsoftw

are
and

the
studyofthe

concentrationofthe
deform

ations

w
ithin

the
overlappingplate.

T
h
o
m
a
s
.
L
e
d
u
c
@
l
i
p
6
.
f
r
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