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noHUB Enhancing nanoHUB simulations

Explore parameter space to obtain trends or optimal designs
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noHUB Enhancing nanoHUB simulations

Explore parameter space to obtain trends or optimal designs
Capture how uncertainties in inputs affect predictions
Sensitivity analysis for resource allocation

Calibration of model parameters using experimental data
Rigorous model validation using experimental data




NNSA Center for Prediction
of Reliability, Integrity and
A Survivability of Microsystems

//PRISM
4

PUQ - PRISM UNCERTAINTY QUANTIFICATION FRAMEWORK

« NNSA PSAAP Center PRISM
« 2008-2014
« $17M investment by NNSA, $20 M total
* Open source — MIT license
 http://c-primed.github.io/pug/
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UQ in nanoHUB

Prediction

Uncertainty propagation

Parameter calibration

Model validation




.“m‘. noHUB nanoPLASTICITY tool

. 4P Input About this too
P “ Questions >

Sample ] Elastic Constants ] Plasticity ] Loading Conditions ] Uncertainty Quantification ]

This tool is used to investigate the competing grain-boundary and dislocation-mediated deformation
mechanisms in hanocrystalline metals. The model is based on a multi phase field model in which dislocation
and grain boundary sliding are represented by means of scalar phase fields described in “The role of grain
boundary energetics on the maximum strength of nanocrystalline Ni”, Koslowski, Lee and Lei, Journaf of the
Mechanics and Physics of Sofids, 59 1427-1436, 2011.

Burgers vector: ]Single Yalue

Burgers vectar: |U.25nm

Result: | Stress-Strain Curve
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Marisol Koslowski, Mechanical Engineering @ Purdue



%noHUB Uncertainty propagation

Prediction




Uncertainty propagation

Requirements
* Non-intrusive methods — no need to modify deterministic code

 Efficient for computationally intensive codes

Our solutions

« Monte Carlo sampling

« Surrogate models (response functions)
* (Generalized polynomial chaos
« Latin hypercube + radial basis sets
« (Gaussian process regression



Uncertainty propagation
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Thermoelectric Device Simulator

Inputs Sparse Smolyak grid e
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Prediction

PUQ

> Monte Carlo Sampling
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nanoPLASTICITY tool

NanoPlasticity Lab
v

Sample | Etassc Constants | PrasScly | Loading Cond@ons | Unceranty OuandSicaton |

This tool Is used to investigate the competing grain-boundary and dislocation-mediated deformation
mechanisms in nanocrystalline metals. The model Is based on a multi phase field model in which dislocatiol
and grain boundary sliding are represented by means of scalar phase flelds described in “The rode of grain
boundary energetics on the maxdmum strength of nanocrystalline Ni°, Koslowskl, Lee and Lel, Jownaf of oh
Mechanios arxd Physios of Solids, 58 1427-1438, 2011.
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Calibration

Experimental data

Parameter calibration

Bayesian theorem & calibration

=

P(Cold) P(January | Cold)
P(Cold AND January) = -

P(January) P(Cold | January)

P(AIB)=P(A)P(BIA)/P(B)

P (Pamm | Data) x P (Pamm) P (Data | Pamm)



Bayesian calibration tool

noHUB

1. Specify model

Bayesian Calibration

2. Upload data

Introduction | Model | Data Calibratign Parameters

Number of Calibration Variables |2 =

Calibration Type - y/5riable Name | b

Stochastic Prior

Distribution

@ Deterministic Uniform 3. Setup prior
information

Calibration Type - y/3riable Name |m

Stochastic Prior

Distribution

@ Deterministic PrE—

Help | Options

4. Run calibration

Storage (manage)  QEEED | O | ", 780x600
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Bayesian calibration tool

Distributions of calibrated inputs

Result | Calibration for b

o

4.01e—14 i
Mean: 6.267e+13 A"B (x) = b_\‘”‘
3.5 Dev: 1.17e+13 ‘
3.0
Result | Calibration for m
2.5 .
> Including
% 2.0 40 nC U In
o M :-0.9856 -
= correlations
1.0 30
Result | Calibration for b vs m s ; Ay
0.5 25 A 4
>
*3. § 0 -0.96

—?..03 -1.02 -1.01 -1.00 -0.99
m

-0.98 -0.9

-0.97

—0.98

£ -0.99

—1.00

-1.01

-1.02}.




noHUB UQ for all tools

Integration of PUQ and Rappture (Rapid application infrastructure

A A

1D finite difference method tool

Uncertainty propagation
] M with no intervention from
| E tool developers
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levating nanoHUB to the Next
nputs  Level

Prediction

Uncertainty propagation _]\)

« Change the way nanoHUB useorm simulations

* New ways for nanoHUB users to use simulation results
P4+ Powerful analysis tools for experimental data
* New classes of users

« Expert computational scientists
* Experimentalists

M Goervamgeaon




