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NumericalSimulation

' ' ' i Physical knowl ing Equatiprfolutions
Numerical Physical Simulation ysical knowledge (e.g., Governing Eq 2}

Pros Physical plausible, generalizable
Cons Computational expensive, discretization errors, undiscovered physics

Goverr_ung Discretization PDE Solve Solutions
Equation

Insufficient knowledge to model Imperfect discretization Solving large scale

the phenomenon (e.q., turbulence schemes (both spatially especially nodinear

modelling still relies on empirical and temporally) induce system is slow to

models) errors converge

Rishiri Island (Japan) #4. CEGSSSSTE

photograph from NASA, 2001; ST®



NumericalSimulation

. 7 Physical knowl ing Equatiorgolut
Numerical Physical Simulation ysical knowledge (e.g., Governing Equatisrjolutions

Pros Physical plausible, generalizable
Cons Computational expensive, discretization errors, undiscovered physics

Discretization —>»  Solutions

Imperfect discretization
schemes (both spatially
and temporally) induce

errors




Mesh Adaptation

A Mesh adaptation are techniques for distributing mesh according to
the requirements of numerical accuracy. Two main categories of mesh
adaptation techniques can be identifieckaldaptation and +
adaptation.

h-adaptation r-adaptation
Corbin Foucart, Aaron Charous, and Pierre F.J. Lermusiaux. Deep reinforcement learning for adaptive mesh refinenefr@ojoputatiional Physics, 491:112381, 2023.



MeshMovement

AA monitor functiond over the spatial domain is used to specify the desired mesh
density. Finding a mapping so thatis equidistributedover the adapted (i.e.,
physical) mesh.
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Monitors

AA monitor functiond over the spatial domain is used to specify the desired mesh

density. Finding a mapping so thatis equidistributedover the adapted (i.e.,
physical) mesh.

u(x) = exp (= 2;(V (x — x0) = ro)?)

MOI’]ItOI’ FunCtIOn Absolute Value of First Gradient |u(x)|
@ e.g., gradient, hessiagtc | =,/

Absolute Value of Second Gradient |uix)|

3000 — luix)
Solution § 2000
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Monitors

AA monitor functiond over the spatial domain is used to specify the desired mesh
density. Finding a mapping so thatis equidistributedover the adapted (i.e.,
physical) mesh.

() = 1+ ma (o UL 5 JOL)

max || H ()] max [|G(u)|

e.g., Combined gradient and

@ hessian with smoothing @ !

Solution Monitors Adapted mesh




Meshtangling

AMesh tangling occurs when elements of a computational mesh overlap or
Intersect, I.e., negative Jacobiansiovertedelements.
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Fig. 1. (a) A tangled mesh and (b) a close-up of the tangling (observe the inverted element).

Mesh Tangling

Mesh tangling leads divergence in simulations!

Josh Danczyk, Krishnan Suresh,Finite element analysis over tangled simplicial meshes: Theory and implefaitaibements in Analysis and Design, Volume37,2013



Monge-AmpereMesh Movement

ABY using concepts fromptimal transport theory, the problem can be
constrained to have a unique solution, with the deformation of the map
expressed as the gradient of a scalar poterftigl.e.,e(K) K 1y %oK
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Monge-AmpereMesh Movement

APros
A Output a nontangled adapted mesh which satisfies egdatributed theory

ACons

A Computational expensive: we need to solve an additionaHimear PDE!
A Complex geometry: MongAmpére fails on scenarios with complex geometries.

Geometry can not be too complex
(i.e., nonconvex)!
I A\ 4 A 4

Mesh/Geometry -
| | Numerical Solution - Mesh | Adapted
Initial/boundary Simulator Adaptor Mesh

conditions *

A 4

MA PDE solver is too expensive!



Learningpasedmeshadaptation

AGoals:
AMesh adaptoris efficient
AAdapted mesHhs nontangled
AGeometrycan be complex (e.g., naonvex)

Mesh/Geometry

R Ngmerlcal . Solution - Mesh | Adapted
Initial/boundary Simulator Adaptor Mesh
A

conditions




Limitation of Existing Work

ARequire to retrain the model from scratch given a new problem or scenario

PDE solutions

Input mesh

rained Model 1

rained Model 2

rained Model 3
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Limitation of Existing Work

ACan we train once arahdzeroshot apply the trained model to other problems

or scenarios?
PDE solutions

Input mes

rained Mod
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Keylntuition

ADecouple the inputs from the PDES, use monitors instead of PDE solutions

PDE solutions

Input mesh

rained Model 1

rained Model 2

rained Model 3

apted mes
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Keylntuition

ADecouple the inputs from the PDES, use monitors instead of PDE solutions

Monitors Input mesh apted mes
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PDEIndependenttraining

ARandomly generating generic fields as monitors for-PD&pendent training
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Resultson Swirl

.. .. 2
Initial condition: uo = exp  —5 5 (v/(z — o 24+ (y—yo0)?—ro

Velocity field

c(z,y,t) = . Oa(t) sin®(7z) sin(27y), —1—0a sin® (7y) sin(27z
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Resultson Swirl
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Flow Pasta Cylinder
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Resultson FlowPastCylinder
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Resultson TsunamiSimulation
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TohokuTsunamiSimulation
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Resultson TsunamiSimulation

Mesh Tangling
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More Results

Navier-Stokes - Vortex
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Thanks!

https://erizmr.github.io/UM2N/




