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Role of Experiments in Model Validation and Decision Making3
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What is CompSim Credibility and Experimental Credibility?

CompSim Credibility – May Include:
◦ Trust a user or decision-maker has in the computational simulation (CompSim) 

outcomes.
◦ Assessment of  correctness or completeness of  MVUQ process.

 PCMM is an assessment tool *
◦ Assessment of  uncertainty of  outcomes and predictions.
◦ Evidence convincingly communicated and documented.

Experimental Credibility – May Include:
◦ Assessment of  correctness and completeness of  several experimental elements.
◦ Assessment of  experiment’s use with its intended purpose (e.g. model validation).
◦ Assessment of  uncertainty of  measurements.
◦ Evidence convincingly communicated and documented.

* Oberkampf, W.L., M. Pilch, and T.G. Trucano, Predictive Capability Maturity Model for Computational 
Modeling and Simulations. SAND2007-5948 (UUR). 2007: Sandia National Laboratories.
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Goals of Experimental Credibility Framework

◦ Structured method to assess experiments used for validation:
◦ Correctness

◦ Completeness

◦ Applicability to intended application

◦ Tools that encourage:
◦ Early planning of  validation experiments

◦ Communication and documentation of  experimental credibility, to aid in assessment of  
CompSim credibility
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Proposed Tools

“Assess Validation Experiment” Tool
◦ Seven elements

◦ Team of  experts and users:
◦ Computational Analyst (“user” of  validation test data)

◦ Experimentalist

◦ V&V partner

◦ Team discusses prompts

◦ Team writes assessment commentary

◦ “Tool” is a spreadsheet or table that team fills in

“Assess Experimental Uncertainty” Tool
◦ Addresses uncertainty quantification (UQ) element of  

first tool

◦ Five Elements
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First Tool:  Assess Validation Experiment

Seven Elements in Tool:
1. Planning

2. Sample, Geometric, and/or Material Fidelity

3. Experimental & Environmental Fidelity

4. Experimental Verification

5. Intended Use

6. Uncertainty Quantification  Expands to second tool: Assess Experimental Uncertainty

7. Peer Review and Documentation
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“Assess Validation Experiment” Tool – details on subsequent slides8



First Tool - Element 1: Planning9

Communication

◦ How much 
communication between:
◦ Experimentalist

◦ Analyst

◦ Customer

during planning and post-
test stages?

Partnering with

CompSim Analyst

◦ Was computational 
simulation (CompSim) 
involved in the design of  
the experiment?

“Customer”

of  validation assessment

Experimentalist “CompSim Analyst”:

End-user of  validation test data

Planning

Test Purpose

◦ Was test originally 
intended for validation?

◦ Who was the original end 
user?

◦ Did the experimentalist 
know the original purpose 
of  the test?



First Tool –
Element 2: Sample, Geometric, and/or Material Fidelity10

Fidelity

◦ Relevance to:
◦ Requirements

◦ Intended application

◦ Proximity sufficient for 
this validation assessment?

◦ What would improve 
applicability?

Pedigree of  Sample

◦ Source and specs of  
sample known and 
documented?

◦ Pre-processing of  sample 
known?

Element 3: Experimental & Environmental Fidelity



First Tool - Element 4: Experimental Verification11

How do you know you measured what you think you measured?

Test Control Code

◦ Code that controls testing 
apparatus.

◦ Was it verified?

Post-processing Code

◦ Post-processes raw data.

◦ Was it verified?

Test Equipment

◦ Documentation

◦ Calibration

First Tool - Element 5: Intended Use

Intended Use

◦ Where test conditions characterized well enough for intended validation assessment?

◦ Where output measurements?

◦ Where validation metrics and criteria specified before testing, or after?



First Tool - Element 6: Experimental Uncertainty Quantification

Is the uncertainty quantified for:
◦ Test Conditions?

◦ Measurements of  outputs?

This element is examined with the second tool:  “Assess Experimental Uncertainty”.

Why need well-defined experimental uncertainty quantification (UQ)?:
◦ Test condition uncertainty contributes to parametric uncertainty of  simulation.

◦ Output measurement uncertainty needed for probabilistic-based validation metrics.
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First Tool - Element 7: Peer Review and Documentation

◦ Assessed for each of  the Elements of  this tool.
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Peer Review

◦ Which of  Elements 1-5 
were reviewed by subject 
matter experts?

Documents

◦ Are all of  the Elements 
documented?

◦ What documentation is 
missing that would have 
improved the validation 
process?



Second Tool:  Assess Experimental Uncertainty

Five Elements in Tool:
1. Planning of  data analysis and UQ

2. Definition of  measurand(s) needed to obtain QOI(s)

3. Definition of  measurement process and management of  uncertainties

4. Expected and estimated measurement uncertainties

5. Uncertainty propagation and sensitivity analysis

This tool feeds back into the element for Uncertainty Quantification in the first tool.

Contains best practices summarized from:

◦ ASME Performance Test Codes Supervisory Committee, ASME PTC 19.1-2013: Test 
Uncertainty 2013, New York, NY: ASME.

◦ Coleman, H.W. and W.G. Steele.  Experimentation, Validation, and Uncertainty Analysis for 
Engineers. 3rd ed. 2009, New York: Wiley.
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“Assess Experimental Uncertainty” Tool – details on subsequent slides15



Second Tool - Element 1: Pre-Test Planning16

Best Practices:

◦ Agree on roles – who will 
do data analysis and UQ?

◦ Clearly define end use of  
experiment.

◦ Agree on documentation

“Customer”

of  validation assessment

Experimentalist “CompSim Analyst”:

End-user of  validation test data

Planning 
Roles and 
Defining 

Test



Second Tool - Elements 2- 517

2 - Define Measurands and 
Connections to QOI(s):

◦ How are they related?

◦ Do they require post-processing?

◦ Range of  local and global quantities?

3 - Define Measurement Process 
and Manage Uncertainties:

◦ Are the measurement and 
calibration methods well described?

◦ Where expected uncertainties for 
each measurand considered in test 
design?

4 – Expected and Estimated 
Uncertainties

◦ Is there an uncertainty inventory 
for all conditions and 
measurements?

◦ What is missing for computational 
UQ and validation needs?

5 – Uncertainty Propagation and 
Sensitivity Analysis

◦ What uncertainty sources are large 
compared to others?

◦ Which uncertainties are not well 
characterized? 

◦ What could be done now or in 
future to reduce or better define 
uncertainties?
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Conclusions

◦ Anticipated outcomes of  tool usage:
◦ Communication of  applicability and limitations of  experiments.

◦ Provide evidence of  how experiments support overall simulation credibility.
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