Variational Backward Euler
Time Integration



What is Variational Method?

* Solution is expressed by the optimization
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Variational Principles Iin Physics

* Mechanics * Optics
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Solving Constraints v.s. Variational Problem

P‘{ Solution should be } { Solution should be at the

on this line bottom of this hole
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weapons to fight

There are many }




Solving Constraints v.s. Variational Problem

P\ Solution should be Solution should be at the
!.‘.k on this line bottom of this hole




Making a Variational Problem

* We only need a single scalar value E to find solution
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Making a Variational Problem

* Integration with X will make a variational formula
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Variational Formulation of Backward Euler

e Review of Backward Euler
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Variational Formulation of Backward Euler

* Getting next time step by minimization

X;y+1 = argmin E;(x)
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Scheme of Variational Backward Euler
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Variational Formula Explained

* Solving tradeoff between elasticity & inertia
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Optimization with Newton Method

e optimize E;(X¥) = W(X) + 1/2dt? (X — y;)"M (X — ¥;) to get X; 4
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