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Subduction of oceaniccrust beneathcontinent
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Oceanic-continental convergence

Overriding plate - continental crust
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An alternativeto diff. equ.in modelling physics

[1thelD SPM: [1the2D case

[dynamicsof granularmaterial(Bak, [&two-dimensionategular lattice of

TangandWiesenfeld- 1980), cells/grains,

[a&n infinite sequenceof stacks(or [A sort of individual-basedmodel:

sizesof stacks), eachgrainis individualize(with their

[eachstackholds a finite numberof own nature/colouattributes),

grains, [& more complicatedtransitionrule

[transitionrule: basedon the extendedMoore neigh-
bourhooddependingntheprevious

Oif n <2

let: I(n) = statesof 25 neighbouringcells),
1 otherwise

Cit = Ci-1(Cj-C5_,)-I(Cj=Cj 1 )+I(C;_, —CH)+I(C}, , —CF)

J
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[1 Screerdumpsof the 1D/2D SPMsimulations
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Models: topology, dynamicsand specificitie

One dimensional model Two dimensional model
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Lattice of cells : OH

] (7 altitudes per cell)

1D discretizatiorof spacgblock 2D discretizatiorof space
decomposition) (block-blockdecompaosition)
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[11D model:
(& finite arrayof 1,000cells. Eachof

. . [12D model:
themrepresents vertical portion of
the”universe”,
[the stateof acell is determinedy a
setof sevencross-sectiothicknesses the stateof a cell is determinedby
and 2 coeficients (ageingand step) & set of 6 integers (colour, nature,

— afinite setof states, ageing..) = afinite setof states,

(82D regularlatticeof 200,000cells,

[2 neighbours, 24 neighbourgthe extendedMoore
[an overlap of 3 functions of tran- nejghbourhood),

sition. They represent3 different
physicalphenomenathemseles, on
3 quitedistinctscalesof time,

(& global value (signal):

QQ@\.«\W{@sz@Soz.

[ mechanismof copy of inside
boundariesells marked by an inva-
riantboundarystate,
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[1 1D simplified algorithm

r epeat
CC « C
C  Fs100(CC,Coef fr.)
r epeat
CC «+ C
C < Fintermediate (CC, Coef fry)
r epeat
CC «+ C
C + NU?QAQQV

r epeat

C +
unti |

condi tion

October27-29,1999

[12D simplified algorithm

CC + C
copy of boundaries cells
of CC

F(CC)

]

external boundaries cells

internal boundaries cells

I s achi eved

until “‘fast condition’’

I s achi eved,
until “‘internediate
condition’’ is achieved,
save the current inage

| f necessary,

until ‘“‘slow condition’’ p—
py of in

ternal lower left corner boundaries cells to the uppefr right co

I s achi eved,

y of right hand side internal boundaries cells to left hand side external bou

ndarges cells

P
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Simulations: developmentof new dedicatedparallel soft

L] strat@)y .
[parallelizatiorvia domaindecompositior=- all thesubproblemganbe

solve concurrently
[&all thesubproblemsirecoupled=- domaindecompositiomwith

overlappinggridson eachsubdomain

1D model

Ve

ghost cell
¢ inner cell
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[1 simplifiedalgorithm:
[to improve performance overlapcommunicatiorandcomputation
periods

1. non-blockingsendof internalboundariegells,

2. updateof pureinnercellsof the currentsubdomain,
3. blockingreceve of outerboundarieells,

4. updateof internalboundariegells.
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[1 Specificitiesof the parallelismof the 2D simulation

(A virtual Cartesiartopologyof process
- thedefault MmPI_coMM_WORLD hasbeendividedinto two distinct

subgroupgdivide uptheprocesses> allow differentgroupsof processeto

performindependemvork),
- the*workers” aremappedntoaregularlogical 2D-Cartesiartopology

(MPI_cart.create()),

~

Gather of Emmmcg:m:_x of image
MW Pe(nbpcs-1)

Broadcast > Supervisor
the parameters

Gather of H:mwmccﬁsm:_x of image

“ Point-to-point communication ~ MPI_COMM_WORLD communicator

.

Thonmas. Leduc@i p6. fr 12/24



4*" |FIP workshopon Cellular Automata October27-29,1999

[useof derveddatatypes

MPI providesmechanism$or groupingindividual dataitemsinto asingle
messagebuild new derveddatatypes.

- point-to-pointcommunicationsMpl_Type.cell (MPI_Type_struct()),
MPI_Type.2rons, MPI_Type_2cornersandMpl_Type_2columns,

2 Rows and 2 columns of inside boundaries cells

MPI_type_Z2rows

MPI_type_cel

VIPI_type_2columns

 Lattice of inside cells
Running PE

|

2 Rows and 2 columns of ghost cells

MPI_type_2corners

Overlap area (ghost cells) Inside boundary cells
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L'p

- collectve communicationsMmpPl _Type_block.image,
MPI_Type.totalLimage,

Pel Pe3 ] Pe 9

Pe0 Pe?2 A

Gather of the image U_ooﬂ\\oomﬁmq on Pe 6

Supervisor
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Results,screen-dump

Simulation time of the 2D-model
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Origin 2000 ———
Cray T3E~ m
X

Speedup of the 2D-model
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Efficiency of the 2D-model
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P

(I minimizetheratio: sizeof thesubdomairboundaries/globaizeof each
subdomain

numberof processorperraw « numberof processorpercolumn

associedatio (numberof boundariegellsover globalnumberof cellspersubdomain)

Thonmas. Leduc@i p6. fr 18/24



4*" |FIP workshopon Cellular Automata

P

October27-29,1999

associedatio (numberof boundariegellsover globalnumberof cellspersubdomain)

numberof processorperraw « numberof processorpercolumn
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[1 Screen-dumpef the 1D simulation:
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[1 Screen-dumpef the 2D simulation:

M=
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M=
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Conclusionand futur e reseach works...

[1 concerninghemodels we drawv ourinspirationfrom the1D SPMto
developourown 1D model.In the 2D caseaccordingo thesame
principle,we firstimplementa 2D modelof avalanchesSincethe
multiplicationof thedatastoredin the structureoffersbettervisual
resultswe thenchoosdo generalizehis method,

theresultsobtainedshaw (for the 2D simulationat least)thevery good
parallelisabilityof the problemandshav alsowhatcanbe gainedby
usingasuitablemessage-passirigprary in thefield of regulardomain
decompositioronto parallelarchitecture,

futureresearchworks couldconcernthe developmentf a specialized
parallelsoftwareandthe studyof the concentratiorof the deformations
within theoverlappingplate.
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