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Simulating Physics
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Partial Differential BEquation
(PDE)
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PDE Solving




Finite Element Method (FEM)




Finite Element Method (FEM)
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Finite Element Method (FEM)




Ihree Factors Affect FEM
Accuracy

« Mesh resolution

- Basis order

« Element quality



Quality Matters???
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Our Solution

Linear Quadrc’n

Cubic Quartic




Posteriori Refinement

- h-refinement |[Wu O1], [Simnett 09|, [Wicke 10],
Pfaff 14], -«

. p—refinement [BabuSka 94], [Kaufmann 13],
Bargteil 14], [Edwards 14], -



Priori1 Refinement

We 1increase order only based on the input



Overview
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Order of an element

In (BiAL’%H(;—%) —In hg

L —
lnhE



User parameter, = 3
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Average edge length
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Base order, usually |
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Overview
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. Use formula . Propagate degrees



Degree Propagation

- For each element E

- Compute k ¢ using formula

- Increase the order

(if necessary) of:

+ The element E

- A1l edge/face neighbors

Py

P>
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Overview
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3. Construct CO basis



Building Continuous Basis

[Linear P11

. Cubic




Building Continuous Basis

[Linear P11
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. Use formula 2. Propagate degrees

3. Construct CY basis 4. Simulate!



LLaplace

Standard
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[Large Dataset
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How to Measure Errors?

- Standard L, error estimate for linear elements

en = ||lu—upllo < Ch?||ul|s



How to Measure Errors?

- Standard L, error estimate for linear elements
en = lu=unllg < Ch7||ul2

L, NOrm or average error



How to Measure Errors?

- Standard L, error estimate for linear elements

en = [[w— unllo < Ch%||ull:

Exact solution




How to Measure Errors?

- Standard L, error estimate for linear elements

en = |lu—llo < Ch*|[ul|;

Approximated solution




How to Measure Errors?

- Standard L, error estimate for linear elements
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« Different h for every model!



How to Measure Errors?

- Standard L, error estimate for linear elements
= [lu—unlo < Ch7|Ju]
Ch u URKI0 > wil2
« Different h for every model!

- L, efficiency

|lu — unlo
L, =
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Summary

In BiAL’%H% —In hg

k =
lnhE

1. Use formula

2.
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Propagate degrees

3. Construct CY basis

4. Simulatel



Ihank you!

Code available
hitp://www.github.com/polytem



