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Outline

What is validation and why do we care?

How is validation performed?

What is prediction?

How does validation inform the model’s predictive capability?



What is model validation and why do we care?

* Computational modeling and simulation are used to aid the decision-making process

* e.g., Predicting deformation of a structure: an inaccurate model could lead to poor decisions,
potentially resulting in excessive deformation or even failure of a bridge or building.

» Validation compares the simulation model results to real-world observations (data) to ensure it
captures essential features (physical phenomena) of the real system.

e Validation data should reflect the conditions of the intended use of the model.

* e.g., Assessing the predicted deformation of a structure against measured deformation under realistic
or maximum loading conditions.
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How is validation performed?

Collect Quantify Model Error

Create Model Verification Measurements Uncertainty Estimation

Create model: build a computational model for a specific context of use

Verification: assess numerical errors (see previous module)
Collect measurements: conduct validation experiments (preferred) or collect historical data

Quantify uncertainty: estimate for both model outputs and measurements

Validation assessment/model error estimation: compare model outputs to measurements via

e qualitative assessment by expert judgment
e guantitative assessment using mathematical validation metrics

Note: There is often a hierarchy of validation in real-world complex systems
 validation of individual components or subsystems
 validation of the entire system



How are validation experiments different from other experiments?

Traditional experiments/tests are conducted to:
* Improve physical understanding of the physical processes occurring
* Calibrate/update model input parameters
» Assess or certify system/subsystem performance or safety

Model validation experiments are conducted for the primary purpose of assessing the ability of the
simulation model to predict the system responses for the experiment that is conducted.

Validation experiments can be conducted on the actual system of interest, but more commonly it is:

* A subsystem, assembly, or component of the actual system of interest
* The experimental conditions are not fully representative of the actual operating conditions of the system

Other important features of validation experiments:

* Experimental measurement uncertainty should be estimated in both the system response quantities of
interest and the input quantities that are used the simulation model

* Quantitative methods should be used to assess the agreement between simulation and experimental results
» Blind model predictions of the validation experiment are the most informative of predictive capability



What is model prediction?

* Prediction involves producing model outputs for which Model Input Settings for Prediction
corresponding measured data is not available.

Intended use domain

» Validation domain: A model is validated against experimental / validation point

results at a specific set of input conditions (‘validation points’)
that form the validation domain.

Model Input 2

Validation

* Intended use domain: Predictions in the intended use domain dormain

of the model input space may be interpolative or
with respect to the validation domain.

Model Input 1
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What is predictive capability of a model?

* Predictive capability is producing a simulation result, including all sources of uncertainty, at
conditions where no experimental measurements are available.

* Predictive capability is informed by:

Quantitative validation assessment at conditions relevant to the prediction conditions of interest

The similarity of the conditions at the prediction conditions to the model validation conditions

The estimated magnitude of all the numerical solution uncertainties at the prediction conditions of interest
The effect of the model input uncertainties at the prediction conditions of interest

The uncertainty due to the model formulation itself, i.e., model form uncertainty

* A simulation model’s adequacy for intended use involves diverse requirements such as:

Requirements for model accuracy plus uncertainty at the prediction conditions of interest
Economic, safety, and liability risks if the simulation model is potentially inaccurate
Personnel, computer, and software costs to produce the simulation results

Experience level required of the personnel to produce credible simulation results
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