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Motivation - sedimentary basins
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Mathematical model
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Stokes system discretization - 1

bilinear forms

a(u, v)=J uvu : Vv Yu, v € H!
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b(p,v)=fpv-v Vpel?, VveH"
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weak formulation

a(u,v)+b(p,v)=f(v) VveX
b(q,u)=0 Vges
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Stokes system discretization - 2

m tetrahedral grid 7T4(Q), ne elements and n, points
m element T, | J, Tk = Th
mX={vheH!: v € Pé}

mS={gn GLS : Vhlg, €PL}
Tk
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Characteristic function
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Characteristic function discretization - 1

m multi-fluid support

m robust

m efficient

m automatic topology changes
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Characteristic function discretization - 2

m finite volume explicit method

n+l _ 3n n
ATt = A7 — At"u" - VAT

m dual mesh 771*((2) with np elements
m element %, U, 1i= 7"

mApeVE, Vi ={onel?: pplr €PO}
m ppeVy, Vi={pnheC: pnly €Pl}
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Flux approximation

finite volume approximation on the dual grid
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Interface values - 1

éAgf comes from the constrined minimization problem
2
o1
min 525 (A0 - 6,400
s,f S
n _
ZS:(S)\S, ;=0
1+D"—V1|f|
n n H f n
—)\5 < 5)\S,f < min (W, 1 _)\S)
6)\gf as a best fit approx of LS !
1

Villa A., Formaggia L. Implicit tracking for multi-fluid simulations. JCP 229 (2010) 5788-5802
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Interface values - 2

As
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Interface values - 2
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Interface values - 2
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Interface values - 2
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Domain decomposition with hyperbolic egns
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Domain decomposition with hyperbolic egns

SUBDOMAIN_INTERFACE
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Domain decomposition with hyperbolic egns
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Domain decomposition with hyperbolic egns
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LifeV

finite element library

originally developed for life sciencies
advanced FSI solvers

heart modeling

1D models

multiscale

parallel

based on Trilinos
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LifeV maps

the MapEpetra object

m stores 2 Epetra_Maps

m Unique: objects used to assembly
B Repeated: objects used to share information

handles import/exports between different maps
operator=()

operator+=()

operator|=() for block support

used to build all algebraic objects
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Overlapping maps - 1

m based on connectivity
m each geometric entity knows its neighborhood

JANRIVAN
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Overlapping maps - 1

m based on connectivity
m each geometric entity knows its neighborhood

e
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Overlapping maps - 2

Algorithm
m build neighborhood information on the full mesh
m partition the mesh
m delete full mesh

m identify subdomain interface entities

(check on neighbors)
m init searching set with subdomain interface entities
m for: level of overlap

m add all neighbors not on current partition
m replace searching set with added entities
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Simulation setup

B ne ~ 200K

m np ~ 40K

m dof ~ 750K

mmm =3.0,p=35
[ u=2.0,p=0.2
mEmu=01p=1
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Time evolution
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Performance analysis

mu/U~1—-CN=7-10°

m U1/ ~10—-CN=2.5-10°
m U1/U; ~100 - CN=2.5-107
m preconditioning computation

m reuse?
m Vanka smoothers
m HYPRE

m mesh memory footpint
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Assembly

m phisically replicated mesh

m resort to overlapping maps to avoid comm?

m computation intensive vs memory/comm intensive
m create graph for matrix init

m virtual subdomain interface nodes

R
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ADR test

m 4.5M elements

m 2.2M points

m 4K interface elements
m 4K interface points
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Performance

PROC/NODE STANDARD REPEATED GAIN

2/2 11.52 11.1 3.6%
4/4 6.13 5.89 3.9%
8/8 3.11 3.01 3.2%
16/2 1.71 1.64 4.1%
16/4 1.63 1.62 0.0%
16/16 1.80 1.71 5.0%
64/8 0.47 0.42 10.6%
64/64 0.21 0.18 14.3%
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thanks for the attention... go watch the poster!
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