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NASA Model And Simulation VV&A

NASA has recently instituted requirements for establishing
agency-level safety thresholds and goals that define long-term

targeted and maximum tolerable levels of risk to the crew as

gui dance to developers 1 n eval ua
for a given type of mission.

Some of the major benefits of high-fidelity modeling and
simulation include training and decision-support systems that
Increase performance and safety while decreasing cost by using
modeling and simulation (M&S) directly in mission systems.

If models and simulations are to be used in safety-critical
decision making, the reliability of their prediction needs to be
thoroughly investigated.

To this end, NASA has developed a process of Verification,
Validation, and Accreditation (uncertainty quantification) to
rigorously evaluate the credibility of computational model
predictions.
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How M&S Fits into the Project-Management Lifecycle

NASA SYSTEM DESIGN LIFECYCLE
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The Essenti al nvVo,

it wer k} as | VERIFICATION
woul d. o/ The process of determining that a model [or simulation]

iImplementation and its associated data accurately
represents the devel oper 6s
speci fi cdwe buildghe thing right?
Developer
Verification Agent

VALIDATION

Al't 1l ooks |just I|ike .. )

the real [ hidfgeprocess ofdeterminingthe degreeto which a model
} [or simulation] and its associated data provides an

accurate representation the real world from the

perspective of the intended uses of the model or

s i mu l a tDid wenbéild the right thing?

Functional Expert
Validation Agent

i} ) ACCREDITATION
nlt suilf s m
needs } The official acceptance of a model or simulation or
federation of models and simulations and its associated
data to use for a specific purposeé Should it be used?
Requester/User

Accreditation Agent

Verification, Validation, and Accreditation (VV&A):
A process for substantiating the credibility of models and simulations.




VV&A Process Overview

S

NASA Standard for M&S, NASA-STD-7009

M&S VV&A Recommended Practices Guide
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@ VV&A Process, Responsibilities and Products

Composite VV&A TEAM

Producers Consumers
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VV&A Phase 1: Initialization Process
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@' M&S VV&A Accreditation Authority

Zﬁ Accreditation

Authority

Organizational Authority

C Reports to program/project management
C Must have the authority to prescribe & approve specific M&S use
C Must have the authority to commit resources for specific M&S VV&A

Qualifications

C Must have the technical cognizance to assess the proper use of specific M&S applications
C Must be able to weigh cost, schedule, and risk against alternatives

M&S VV&A Responsibilities

C Specifies (and documents) the programmatic priorities for specific M&S use

- based upon technical need, schedule, and any associated risk factors

Approves resource expenditures and schedules for specific M&S VV&A
Specifies (and documents) the technical requirements for specific M&S use

- specifies the specific minimum levels reqd for each VV&A accreditation criterion

Reviews and Approves Accreditation Plans for specific M&S use

Makes Go/No-Go decisions for each of Three VV&A Phases

Makes accreditation decision based upon results of VV&A assessment results, and other inputs
- Approves and signs accreditation memos and memorandum of records for M&S

Reports to project management on any special conditions of specific M&S use
- caveats, limitations, assumptions, constraints of specific M&S

O OO0 OO0

10



VV&A Phase 2: Planning Process

START
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* B
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@’ A V&V Taxonomy based on Execution Method & Formalism

(DMSO)

VERIFICATION AND VALIDATION TECHNIQUES

INFORMAL STATIC DYNAMIC FORMAL
| I
[ 1
Audit Cause-Effect Graphing Acceptance Testing Predictive Validation Induction
Desk Checking  Control Analysis Alpha Testing Product Testing Inductive Assertions
Face Validation  Calling Structure Analysis Assertion Checking Regression Testing Inference
Inspections Concurrent Process Analysis Beta Testing Sensitivity Analysis Lamda Calculus
Reviews Control Flow Analysis Bottom-up Testing Special Input Testing Logical Deduction
Turing Test State Transition Analysis Comparison Testing Boundary Value Testing Predicate Calculus
Walkthroughs  Data Analysis Authorization Testing Equivalent Partitioning Testing  Predicate Transformation
Data Dependency Analysis Performance Testing Extreme Input Testing Proof of Correctness
Data Flow Analysis Security Testing Invalid Input Testing
Fault/Failure Analysis Standards Testing Real-Time Input Testing
Interface Analysis Debugging Self-Driven Input Testing
Model Interface Analysis Execution Testing Stress Testing
User Interface Analysis Execution Monitoring Trace-Driven Input Testing
Semantic Analysis Execution Profiling Statistical Techniques
Structural Analysis Execution Tracing Structural (White-Box) Testing
Symbolic Evaluation Fault/Failure Insertion Testing  Branch Testing
Syntax Analysis Field Test Condition Testing
Traceability Assessment Functional (Black-Box) Testing  Data Flow Testing
Graphical Comparisons Loop Testing
Interface Testing Path Testing
Data Interface Testing Statement Testing
Model Interface Testing Submodel/Module Testing
User Interface Testing Symbolic Debugging
Object-Flow Testing Top-Down Testing
Partition Testing Visualization / Animation
Not e: Extracted from the fAiDoD VV&A Recommended Practices Guideo developed by DMSO.
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VV&A Phase 3: Execution Process
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Evaluation Criteria

A Completeness
I The simulation conceptual model identifies all representational

entities and processes of the problem domain, the mission space,

and all control and operating characteristics of the simulation,
simulation space, needed to ensure that specifications for the
simulation fully satisfy simulation requirements.

A Consistency

I Representational entities and processes within the conceptual
model are addressed from compatible perspectives in regard to
such features as coordinate systems and units, levels of
aggregation/de-aggregation, precision, accuracy, and descriptive
paradigms.

A Coherence

I The conceptual model is organized so that all elements of both
mission space and simulation space have function (i.e., there are
not extraneous items) and potential (i.e., there are no parts of the
conceptual model which are impossible to activate).

A Correctness

I The simulation conceptual model is appropriate for the intended
application and has potential to perform in such a way as to fully
satisfy simulation requirements.
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@’ Verification Deals with Mathematics

Conceptual Model

Computational Correct answers provided
Model by highly accurate solutions

Analytical solution.

Benchmark ordinary

: Verification differential equation
[ CompUta_lt'O"‘a' ] Test solutions.
Solutior — Benchmark partial
differential equation
Comparison solutions.
& Test of
Agreements

Source: Sandia National Laboratories Verification & Validation in Computational Simulation
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