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* Develop, implement and demonstrate an uncertainty
quantification-based orchestrator for multi-fidelity and multi-
scale simulations of materials.

* Determine when and where high-fidelity simulations are more
critically needed to maximize their impact in terms of increasing
the accuracy of the predicted quantity of interest (Qol).
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Problem statement

The result of the simulation 1s a function of input parameters {P;}
and a functional of constitutive functions {f,}

0=0({P}.{£(z:0)})

Assume constitutive models f. can be replaced with a higher fidelity,
but computationally costly, simulation: g,

When and where (value of its independent variable) to run the high-
fidelity model?
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Functional uncertainty quantification

* Quantity of interest: Q= Q({E},{f, (Zi;Qi)})

* Functional (Frechet) derivatives
* Quantifies how the Qol depends on the constitutive function
* It depends on the independent variable

50 = f(SQ[f]Sf

60 f] (2))=lim,__, OLf(z)+e0(z-2,)1-OLf(2)]
of (z) £
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Functional uncertainty quantification

1. Uncertainty quantification:
0

of (z)
2. Error correction:

/ Functional sensitivity
80, = [ S5 (6(2) £ (2)) e

o6f (2) \

3. Ranking high-fidelity simulations

Functional discrepancy

00| f]
5f (2) (g(z) —f(z))
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Example: force on a cantilever beam

RF-MEMS Switch
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Example: force on a cantilever beam

Functional derivative
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