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The Need for V&V

* Model verification and validation (V&V) are
essential parts of the model development
process if models to be accepted and used to
support decision making

* One of the very first questions that a person who
iIs promoting a model is likely to encounter is
“has your model been validated?”



If the answer to this critical question is No...

* Experience has shown that the model is unlikely
to be adopted or even tried out in a real-world
setting

* Often the model is “sent back to the drawing
board”

* The challenge then becomes one of being able to
say “yes” to this critical question



Model Verification:
Does the model perform as intended?

Verification is done to ensure that:

— The model is programmed correctly

— The algorithms have been implemented properly

— The model does not contain errors, oversights, or bugs

Verification ensures that the specification is

complete and that mistakes have not been made
in implementing the model

Verification does not ensure the model:

— Solves an important problem

— Meets a specified set of model requirements

— Correctly reflects the workings of a real world process



Practical Verification

No computational model will ever be fully verified,
guaranteeing 100% error-free implementation

A high degree of statistical certainty is all that can be
realized for any model as more cases are tested
— Statistical certainty is increased as important cases are tested

— In principle, a properly structured testing program increases
the level of certainty for a verified model to acceptable levels

— Exercise model for all possible cases

— Automated testing process

Model verification proceeds as more tests are performed,
errors are identified, and corrections are made to the
underlying model, often resulting in retesting requirements
to ensure code integrity

The end result of verification is technically not a verified
model, but rather a model that has passed all the
verification tests!



The Model Validation “Gold Standard”

* In Physics, is the name given to the
current theory of fundamental particles and their
interactions

* The Standard Model is a good

theory because it has been The Standard Model of
validated Particle Interactions
— Its predictions have matched Three Generatlors of Matie
experimental data, decimal
place for decimal place, with
amazing precision
— All the particles predicted by
this theory have been found

e Can such a theoretical model be
found for social systems?




Important Questions about Model Validation

How can the model be validated if...

* Controlled experiments cannot be performed on the
system, for example, if only a single historical data set
exists?

®* The real-world system being modeled does not exist?

®* The model is not deterministic (has random elements)?

* How can agent-based models be validated?

— Agent behaviors and interaction mechanisms
— Adaptive agent behaviors of emergent organizations



Model Validation:

Does the model represent and correctly reproduce the
behaviors of the real world system?

* Validation ensures that the model meets its
intended requirements in terms of the methods
employed and the results obtained

The ultimate goal of model validation is to make
the model useful in the sense that the model
addresses the right problem, provides accurate
information about the system being modeled,
and to makes the model actually used



An Information Focused View of Model V&V
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Validation Depends on the Purpose of the
Model and Its Intended Use

Reasons we do modeling and simulation:

— We are constrained by linear thinking: We cannot understand
hhow arI.I tlhe various parts of the system interact and add up to
the whole

— We cannot imagine all the possibilities that the real system
could exhibit

— We cannot foresee the full effects of cascading events with
our limited mental models

— We cannot fo_reseg novel events that our mental models
cannot even imagine
We model for insights, not numbers

— As an exercise in “thought space” to gain insights into key
variables and their causes and effects

— To construct reasonable arguments as to why events can or
cannot occur based on the model

We model to make qualitative or quantitative predictions
about the future
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The World of Model Validation
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Practical Validation

Validation exercises amount to a series of attempts to
invalidate a model

— One recently proposed V&V technique, Active Nonlinear Tests
(ANTs), explicitly formulates a series of mathematical tests
designed to “break the model”

Presumably, once a model is shown to be invalid, the
model is salvageable with further work and results in a
model having a higher degree of credibility and confidence
The end result of validation

— Technically not a validated model, but rather a model that has
passed all the validation tests

— A better understanding of the model’s capabilities,
limitations, and appropriateness for addressing a range of
important questions
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Establishing Credibility

Unlike physical systems, for which there are well-
established procedures for model validation, no such
guidelines exist for social modeling

In the case of models that contain elements of human
decision making, validation becomes a matter of
establishing credibility in the model

Verification and validation work together by removing
barriers and objections to model use

The task is to establish an argument that the model
produces sound insights and sound data based on a wide
range of tests and criteria that “stand in” for comparing
model results to data from the real system

The process is akin to developing a legal case in which a
preponderance of evidence is compiled about why the
model is a valid one for its purported use
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Pathways to Validation

Cases
— Exploration of critical cases
— Exhaustive exploration of cases

Using models as exploratory e-laboratories

— Rapid prototyping

Multiple models

Maximally diverse model ensembles

Using subject matter experts

— Evaluation

— Role playing, participatory simulation
Computational simulations as a special cases of
analytical modeling
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Validation Case Study:
Deregulated Electric Power Markets

Data
—  Checking the currency of the data with the original data sources
—  Cross-checking data with third parties having a vested interest in the data

Subject Matter Experts (SME)

—  Model was developed by a team of experienced domain experts

— Independent electric utility SMEs provided critical industry experience

Participatory Simulation

— Ability to place themselves in the positions of agents in the deregulated
markets

Replication of Special Cases

— Model runs constructed to replicate special case for the previously validated
regulated power market

Comprehensive Model Cases for the Agent Parameter and Strategy Space

— Not possible to draw general conclusions from only a handful of model runs:
non-linear, dynamic aspects of the agent behaviors and interactions

—  Extensive cases verified expected model behaviors and discovered model
unexpected model behaviors

— Unexpected cases created focal points for further model runs and in-depth
analysis

—  Comprehensive testing of plausible agent strategies
Extensive use of data visualization techniques
Model-to-Model Validation

— Validation of the simplified DC model to the complete and validated AC model
was done by comparing results for extensive number of cases
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Validation Case Study:
Deregulated Electric Power Markets

® Lessons

All model results and the answers to the obvious
questions pertaining to the model results had to be
explainable in plain English or they would not be useful
to decision makers

The model validation phase ended up taking as long as
the model development phase. In the end, however, it
was generally accepted that the model was a valid one
for answering a wide range of important questions
pertaining to electric power deregulation
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Example Supply Chain Results Over Fine Mesh
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0=0.25Q=17

<05

Cost

Agent Behavioral Parameters
> 17




Other Aspects of V&V

* Independent Verification & Validation: The V&V of a model
is considered independent (IV&V) when it is conducted by
knowledgeable people other than the original model
developers.

* Accreditation (IVVA) is the process of determining whether
a model is useful for a particular purpose and is applicable
to answering a specific set of questions.

* Certification is the process of ensuring that a model meets
some specified standard or set of standards
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The Challenge of Validating Theory

Theory validation relates to the technical details of the
model and how it relates to the relevant disciplines,
knowledgeable expertise and underlying theories

V&YV is required at multiple scales

— Agent-to-agent interactions

— Organizations

— Society and culture

Validation of theory

— What theory is used in the models

— How the theory is used in the models

— How the theories are combined in the models
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