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Fundamentals



Just before we start, let’s go over …

• Syllabus changes
• Short writing assignments (SWAs)
• Paper presentations
• Final project
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Use of Generative AI (e.g., ChatGPT)

• Generative-AI tools such as ChatGPT are permissible to use following the 
fundamental principles of the Honor Code.
• Rules

• Be transparent about the use of these tools for submitted work 
• Include citations when using the work of others, whether individual people or Generative-AI tools.

• For instance, if you copy/paste a sentence from a Generative AI tool, you have to cite it properly. 
• You’re responsible about the correctness of a statement taken from these tools.

• Without proper explanation of the use of such AI tools, you may face disciplinary action. 
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Don’t blindly trust generative-AI
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Schedule changes (updated on the system)

• Week 9 (invited lecture) moved to Week 11
• Week 10 moved to Week 9
• Week 11 moved to Week 10

• Invited lectures
• Week 8 invited lecturer confirmed: Dr. William Kennedy @ GMU
• The new Week 11 invited lecturer confirmed: Dr. Bilal Kartal @ NVIDIA
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SWAs

http://hamdikavak.com/course-v-and-v/docs/content 

http://hamdikavak.com/course-v-and-v/docs/content


SWAs
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• 20% of the grade comes from SWAs
• Select one of the assigned papers for the week
• Answer the following questions w/ approx. 

500 word-long essay
• What is the research question or research gap 

addressed by the author(s)?
• How effective is the approach followed by the 

author(s) in addressing the research question or 
research gap posed by the author(s)?

• If you were given the same research problem, 
what else would you try to make the research 
stronger?

• Due noon (12 pm) Mondays
• You can make up two SWAs
• Submit everything on BB.



Paper presentation (PP)

• 30% of the grade comes from PPs
• In depth review of two articles 

presented in class
• No longer than 25 mins + 5 mins Q/A
• Slide draft due noon on your 

presentation day
• Paper presentation schedule is available 

on BB.
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BB => Paper Presentations (2 per student) => Paper Presentation Schedule
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Enter your PP choices

BB => Paper Presentations (2 per student) => Paper Presentation Choices

• Enter your four choices 
• E.g.,

• PP3
• PP1
• PP8
• PP5

• Due Friday, September 8, 2023 11:59:00 pm
• If you do not provide your preferences, you will get 2 random papers.
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Final project

• 50% of the grade comes from final project
• 10 pts proposal
• 20 pts presentation
• 70 pts paper

• The goal is to gain some hands-on V&V 
experience and learn how to report it
• Model selection: pick a model (published or 

of your own) or develop a new model
• Must have model source code

• Conduct at least three unique V&V 
techniques on the model code.
• Report your findings in two forms

• Presentation
• Paper
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Final project - abstract
• Due September 18 at 11:59 pm
• Model description: If creating a model from scratch, 

describe the model you wish to create. If selecting from 
existing published models, describe this model in your 
own words.

• What is the purpose of this model?
• Why is this model interesting for the scientific 

community?
• Mention at least three verification and validation 

techniques you wish to apply on the model. If you use an 
existing model, choose V&V techniques that have not 
been applied on this model.

• Implementation details: programming language, tools.
• Using existing model?

• You can use an existing model that you have developed for 
another class but need to document its report and code.

• You will still need to propose at least three V&V techniques.
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Final project - presentation
• No longer than 25 minutes + 5 mins Q/A.
• Draft slides are due at noon of the presentation 

day.
• Give a clear motivation of the final project,
• Explain model assumptions and main 

components of a model.
• Explain mathematical equations, rather than 

presenting all the math.
• Discuss verification and validation techniques 

applied.
• Practice once, even if to your cat.
• Stay within the allotted time limit. You can 

always expand if needed during questions and 
discussion.
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Final project - paper
• The final paper should be no more than 12 pages 

and follow the ACM Journal Article Format (including 
citation format, table layouts etc.) located 
at https://www.acm.org/publications/authors/submi
ssions.

• Papers not following this format will lose point. E.g.: 
reference style, poorly formatted references, tables 
not formatted correctly etc…

• Must utilize and be relevant to material discussed in 
the class (i.e., must include some verification and 
validation techniques).

• Clearly describe the model details and discuss results
• In addition to the paper, the model code (in 

electronic format along with auxiliary material) is 
also expected so I can run the model when grading 
the paper.
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Final project - paper

• Tentative paper outline
• Abstract: Summarizing the paper
• Introduction: Discussion on the purpose of the model 

and verification and validation approached.
• Background: What prior work has been carried out in 

your area of research
• Method: A description of the model (i.e., How did 

you go about building the model and applying V&V 
techniques)

• Results: Systematic experimentation with the model 
and presentation of model results.

• Discussion and Conclusion: Limitations, 
generalizability. Summary of findings and future 
work.

• References (properly formatted)
• Appendix (if needed)
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Questions about the assignments?
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Verification and Validation Fundamentals

Objectives of this lecture
• Understand V&V terminology
• Learn about V&V within the model development cycle
• V&V techniques
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V&V terminology
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V&V terminology
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Changed and evolved over time

- Influenced from the philosophy of science
- Invention and use of general-purpose computers
- Wide range of model used by different domains

Different communities have 
different definitions
- Operations Research (OR)

- Modeling and Simulation (M&S)
- Electrical and Computer Engineers

- Software Engineers
- Mechanical & Aerospace Engineers



Building blocks
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REALITY
“An entity, situation, or 
system which has been 
selected for analysis.”

CONCEPTUAL MODEL
“Verbal description, 

equations, governing 
relationships, or “natural 

laws” that purport to 
describe REALITY.”

COMPUTERIZED MODEL
“An operational computer 

program which 
implements a 

CONCEPTUAL MODEL”

Source: Schlesinger et al. (1979)



Verification definitions

Definition Community - reference
“Substantiation that a COMPUTERIZED MODEL represents a 
CONCEPTUAL MODEL within specified limits of accuracy”

Society for Computer Simulation 
(SCS) – Schlesinger et al. (1979)

”The process of evaluating the products of a software development 
phase to provide assurance that they meet the requirements defined 
for them by the previous phase”

Institute of Electrical and 
Electronics Engineers – IEEE 
(1984)

“The process of determining that a model implementation accurately 
represents the developer’s conceptual description of the model”

US Department of Defense – 
DoD (1994)

“The process of determining that a model implementation accurately 
represents the developer’s conceptual description of the model and 
the solution to the model”

American Institute of 
Aeronautics and Astronautics – 
AIAA (1998)

“The process of determining that a computational model accurately 
represents the underlying mathematical model and its solution”

American Society of Mechanical 
Engineers – ASME (2006)
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Verification definitions – what do they tell?

Definition Community - reference
“Substantiation that a COMPUTERIZED MODEL represents a 
CONCEPTUAL MODEL within specified limits of accuracy”

Society for Computer Simulation 
(SCS) – Schlesinger et al. (1979)

”The process of evaluating the products of a software development 
phase to provide assurance that they meet the requirements defined 
for them by the previous phase”

Institute of Electrical and 
Electronics Engineers – 
IEEE(1984)

“The process of determining that a model implementation accurately 
represents the developer’s conceptual description of the model”

US Department of Defense – 
DoD(1994)

“The process of determining that a model implementation accurately 
represents the developer’s conceptual description of the model and 
the solution to the model”

American Institute of 
Aeronautics and Astronautics – 
AIAA (1998)

“The process of determining that a computational model accurately 
represents the underlying mathematical model and its solution”

American Society of Mechanical 
Engineers  – ASME (2006)
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Verification (a visual description)
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• Conceptual model
• Requirements
• Conceptual description of 

the model
• Conceptual description of 

the model and the solution 
to the model

• Mathematical model and its 
solution

Description of the concept



Verification (a visual description)
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• Conceptual model
• Requirements
• Conceptual description of 

the model
• Conceptual description of 

the model and the solution 
to the model

• Mathematical model and its 
solution

Description of the concept

• Computerized model
• Products of a software 

development phase
• Model implementation
• Computational model

Model code (software)



Verification (a visual description)
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• accurately represents

• provides assurance to meet

• Conceptual model
• Requirements
• Conceptual description of 

the model
• Conceptual description of 

the model and the solution 
to the model

• Mathematical model and its 
solution

Description of the concept

• Computerized model
• Products of a software 

development phase
• Model implementation
• Computational model

Model code (software)



Verification (a visual description)
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• accurately represents

• provides assurance to meet

• Conceptual model
• Requirements
• Conceptual description of 

the model
• Conceptual description of 

the model and the solution 
to the model

• Mathematical model and its 
solution

Description of the concept

• Computerized model
• Products of a software 

development phase
• Model implementation
• Computational model

Model code (software)

Substantiation, the process of evaluating/determining



Validation definitions

Definition Community - reference
“Substantiation that a COMPUTERIZED MODEL within its DOMAIN OF 
APPLICABILITY possesses a satisfactory RANGE OF ACCURACY 
consistent with the intended application of the model”

Society for Computer Simulation 
(SCS) – Schlesinger et al. (1979)

”The process of testing a computer program and evaluating the 
results to ensure compliance with specific requirements”

Institute of Electrical and 
Electronics Engineers – 
IEEE(1984)

“The process of determining the degree to which a model is an 
accurate representation of the real world from the perspective of the 
intended uses of the model”

US Department of Defense – 
DoD(1994)

Same as above American Institute of Aeronautics 
and Astronautics – AIAA (1998)

Same as above American Society of Mechanical 
Engineers  – ASME (2006)
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Validation definitions

Definition Community - reference
“Substantiation that a COMPUTERIZED MODEL within its DOMAIN 
OF APPLICABILITY possesses a satisfactory RANGE OF ACCURACY 
consistent with the intended application of the model”

Society for Computer Simulation 
(SCS) – Schlesinger et al. (1979)

”The process of testing a computer program and evaluating the 
results to ensure compliance with specific requirements”

Institute of Electrical and 
Electronics Engineers – 
IEEE(1984)

“The process of determining the degree to which a model is an 
accurate representation of the real world from the perspective of 
the intended uses of the model”

US Department of Defense – 
DoD(1994)

Same as above American Institute of Aeronautics 
and Astronautics – AIAA (1998)

Same as above American Society of Mechanical 
Engineers  – ASME (2006)
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Validation (a visual description)
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• Reality
• Specific requirements
• The real world

Concept to be modeled (system)



Validation (a visual description)
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• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Computerized model
• Computer program
• Model

Model code (software)



Validation (a visual description)
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• provides satisfactory range of 
accuracy

• ensures compliance

• accurately represents

• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Computerized model
• Computer program
• Model

Model code (software)



Validation (a visual description)
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• provides satisfactory range of 
accuracy

• ensures compliance

• accurately represents

• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Computerized model
• Computer program
• Model

Model code (software)

Substantiation, the process of testing/determining the degree



A simplified modeling process
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• Computerized model
• Computer program
• Model

Model code (software)

• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Conceptual model
• Requirements
• Conceptual description of the 

model
• Conceptual description of the 

model and the solution to the 
model

• Mathematical model and its 
solution

Description of the concept

Modeling Coding

purpose, abstraction, assumptions, formalism

aims to represent



Focus of verification
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• Computerized model
• Computer program
• Model

Model code (software)

• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Conceptual model
• Requirements
• Conceptual description of the 

model
• Conceptual description of the 

model and the solution to the 
model

• Mathematical model and its 
solution

Description of the concept

Modeling Coding

purpose, abstraction, assumptions, formalism

aims to represent



Focus of validation
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• Computerized model
• Computer program
• Model

Model code (software)

• Reality
• Specific requirements
• The real world

Concept to be modeled (system)

• Conceptual model
• Requirements
• Conceptual description of the 

model
• Conceptual description of the 

model and the solution to the 
model

• Mathematical model and its 
solution

Description of the concept

Modeling Coding

purpose, abstraction, assumptions, formalism

aims to represent



Challenges w/ conducting V&V
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Easier to verifyHarder to verify

When verification becomes challenging

• Verification seems straightforward
• Make sure model code reflects the description of the concept (the product of 

modeling)
• What about the formality of this description?

CSI 709/CSS 739 - Verification and Validation of Models — © Dr. Hamdi Kavak 38

more formalless formal

Mathematical formalism

Logical statementsAlgorithm

Diagrams Pseudo-code

Textual description
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When validation becomes challenging

• Short answer: all the time
• Long answer
• Determining what is satisfactory for the purpose of the model

• E.g.: A machine learning model that predicts cancer patients with 99.5% accuracy 
• Inherent assumption: model is verified

• Buggy model makes accurate predictions
• Sometimes it is not possible to collect data from the system that is being modeled

• E.g.: ethical concerns, system does not exist
• Uncertainty or bias in collected data

• Hint: does the model involve human decision?
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When validation becomes challenging

• With four parameters I can fit an elephant, and with five I can make 
him wiggle his trunk.”– John von Neumann
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Source: https://youtu.be/CVDYh5liQkA 

Boué, L. (2019). Real numbers, data science and chaos: How to fit any dataset with a single parameter. arXiv preprint arXiv:1904.12320.

https://youtu.be/CVDYh5liQkA
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Source: https://sites.google.com/site/ingvdpc2014progettos2/tasks/task-6



Is it possible to have a 100% valid model?
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Source: Sargent (2013)



Types of errors
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*See Balci (1998) for a flowchart of how to decide the error type.

Type I Error

“Sufficiently credible 
model results are 
rejected.”

Type II Error 

“Model producing 
insufficient results 
are accepted.”

Type III Error

“Partially suitable 
solution is accepted 
but it does not cover 
a sufficient problem 
space.”



Is this a verification or validation activity?

• Debugging model code
• Conducting unit test
• Model output exploration
• Model code structure check
• Asking an expert if model results make sense
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Model development processes
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Model development processes

• A set of ordered steps that makes up major tasks to develop a model.
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Step 1 Step 2

Step 3Step 4



Model development processes

• V&V is iterative and conducted within the model development process
• Involves both modeling and coding, and V&V.
• Can involve various engineering efforts
• e.g., requirements engineering, software documentation, testing and analysis.

• There are dozens of model development processes proposed by different 
communities.
• We will cover only a few here.
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The model development process
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• Sargent (2013)



Do you like the “spot the differences” game
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• Also, Sargent (1979)            Sargent (1984)                       Sargent (2008)



The M&S System Development Framework

• MS-SDF (Tolk et al. 2013)
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The statistical modeling process

• Shmueli (2011)
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The universal workflow of machine learning

• Chollet (2018)
1. Defining the problem and assembling a dataset
2. Choosing a measure of success
3. Deciding on an evaluation protocol
4. Preparing your data
5. Developing a model that does better than a baseline
6. Scaling up: developing a model that overfits
7. Regularizing your model and tuning your hyperparameters
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Other modeling processes

• ASME (2006) – Model development, verification, and validation process
• Computational fluid dynamics like models

• Balci (1998) – The life cycle of a simulation study
• Large scale simulation models (mostly developed for the US government)

• Robinson (2004) – Simulation Studies: Key Stages and Processes
• Discrete-event simulation models developed for business purposes

• Fayyad, Piatetsky-Shapiro, and Smyth (1996) – The KDD process
• Data mining, machine learning models
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V&V techniques for simulation models

• Sargent (2013)
• Animation
• Comparison to other models
• Data relationship correctness
• Degenerate tests
• Event validity
• Extreme condition test
• Face validity
• Historical data validation
• Internal validity
• Multistage validation
• Operational graphics
• …
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V&V techniques for simulation models
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Balci (1998)



Some techniques used in ML model validation

• Holdout
• Cross-validation
• K-fold
• Leave-one-out
• Nested

• Bootstrapping

• Measures
• Rank tests
• …
• Accuracy
• Area under curve
• Confusion matrix
• ..
• Explained variance score
• MAE
• MSE
• R-squared
• …
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Wrap up

• V&V terminology
• Verification: related to writing bug-free model code
• Validation: related to model performance and correctness of the internal model 

structure.

• V&V challenges
• Vague descriptions of the conceptual model
• What is good enough, bug-free, lack of access or bias in data. 

• Model development processes: methodological approach to model 
development
• V&V techniques
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Next lecture

• Statistics and Visualization Techniques for Verification and Validation.
• This lecture will include some code examples in Python
• I will use the following packages

• NumPy, Matplotlib, and Scipy

• Next lecture is in two weeks (Sep 11). We have the labor day break next 
week.
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