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Integration complete
Integration currently one-way
Integration under developmentDigital Engineering at UA
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Digital Engineering 
Factory

• Support Systems and SW Engineering Students

• Requirements, Architecture, Design, Verification

• Domain-specific Analysis

• Support Instructor Grading
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Digital Engineering at UA

Digital Engineering 
Factory

• Support Systems and SW Engineering Students

• Requirements, Architecture, Design, Verification

• Domain-specific Analysis

• Support Instructor Grading

Digital Test and 
Evaluation

• Novel T&E Methods

• Bayesian Representation of Strategy

• Digital T&E Master Plan (dTEMP) 
• Digital DoDI 5000.89
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Web 1.0
(Static Web)

Documents 
(HTML)

Web 2.0
(Interactive Web)

User-generated 
content

Web 3.0
(Semantic Web)

Data 
connectivity and 
interoperability

We want to leverage Semantic Web Technologies in our domains of interest

Consider the evolution of a ‘keyword search’
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Why Semantic Web Technologies?

Function
satisfies

Req..

?Function
satisfies

req1

function1
satisfies

req1

Resource Description Framework (RDF)
• Triple structure: subject-predicate-object
• It is possible to combine data into large graphs
• Makes information machine-readable

Web Ontology Language (OWL)
• Ontology: Network representation of allowable 

concepts (nodes) and relations (edges) in a domain
• Provides context to information
• Enables inference and validation capabilities

SPARQL
• Enables users to query RDF graphs

Provide an approach to the structuring and understanding of data.
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Why Semantic Web Technologies?
Relational Databases vs Graph Databases [6]

• Graph Databases also 
suited to distributed 
data (horizontal 
scaling)

• Suited to ‘multi-hop’ 
queries

•  Flexible when working   
with evolving schema
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Methodology

How do we capture all of these concepts?

• How do we structure these concepts consistently?

• In what language do we capture this?
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Consistency

• Use a foundational ontology

• Identify and capture repeating patterns
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Methodology
Consistency

• Use a foundational ontology

• Identify and capture repeating patterns (Core)
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Methodology
Ontological Modeling Language (OML)

• Thin extension to OWL 2 DL

• Developed as part of the OpenCAESAR initiative (JPL)

• Enables reification of relations

• Allows users to ‘bundle’ descriptions and apply the Closed-World Assumption (CWA)

• Convenient Eclipse-based tool (OML Rosetta) – open-source!

• We can use Semantic Web Rule Language (SWRL) and SPARQL
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Supporting Work and Use Cases
Overviews
• J. Gregory and A. Salado, “A Digital Engineering Factory for Students,” in CSER, Tucson, AZ, USA, 2024.
• J. Gregory and A. Salado, “The Digital Engineering Factory: Considerations, Current Status, and Lessons Learned,” in 

INCOSE International Symposium, Dublin, Ireland, 2024.

Mars rover student project
• J. Gregory and A. Salado, “Implementing a Student Rover Design Exercise in the Digital Engineering Factory,” in IEEE 

Aerospace Conference, Big Sky, MT, USA, 2024.

Cubesat verification
• J. Gregory and A. Salado, “Spacecraft Test and Evaluation using Semantic Web Technologies,” in AIAA SciTech, Orlando, 

FL, USA, 2024.

Bayesian representation of a verification strategy
• J. Gregory and A. Salado, “Model-Based Verification Strategies Using SysML and Bayesian Networks,” in CSER, Hoboken, 

NJ, USA, 2023.
• J. Gregory and A. Salado, “A Semantic Approach to Spacecraft Verification Planning using Bayesian Networks,” in IEEE 

Aerospace Conference, Big Sky, MT, USA, 2024.
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University of Arizona Ontology Stack (UAOS)
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University of Arizona Ontology Stack (UAOS)

BFO (OML)

Common Core (OML)
PROV-N [1]

[1] Moreau, L., Missier, P., Cheney, J., & Soiland-Reyes, S. (2013). PROV-N: The Provenance Notation. 
W3C Recommendation, April, 1–34. http://www.w3.org/TR/2013/REC-prov-n-20130430 
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University of Arizona Ontology Stack (UAOS)
UA foundation Ontology – based on BFO
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University of Arizona Ontology Stack (UAOS)
System Architecture Ontology – based on ISO 42010
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University of Arizona Ontology Stack (UAOS)
Orbits and Trajectories Ontology – based on SOO
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Applications – Student Project

• Manage 
Architecture
(SysML v2 Manual)

• Manage Test 
Plans
(SysML v2 Manual)



© J. Gregory, A. Salado

Applications – Student Project



© J. Gregory, A. Salado

Applications – AIAA SciTech
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Applications – Digital TEMP (NEJ)
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An opportunity to improve the status quo for 
systems engineering
• What are your costliest problems?
• What are your biggest time sinks?
• What are the most valuable things to connect?
• What other opportunities for improvement do you see?
• Help us to help you!



IOF Systems Engineering WG

https://oagi.org/pages/industrial-ontologies

What we’re doing:

• We created a survey to elicit where the most 
value lies

• The survey should only take about 30 
minutes to complete

• We need ~40 total SE experts to have their 
say



IOF Systems Engineering WG

https://oagi.org/pages/industrial-ontologies

We need your help:

• Are you willing to take the survey?
• Could you recommend ~5 SE experts you 

respect?
• Would your company be interested in working 

towards solutions within the IOF?

• Please email us at:
jlogan@ontogenesis-solutions.com
joegregory@arizona.edu 

mailto:jlogan@ontogenesis-solutions.com
mailto:joegregory@arizona.edu
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Conclusions

• UAOS – supporting SWT-enhanced SE!
• This is Digitalization of SE

• Apply, Evaluate, Refine!
• DEF:  Large-scale class project
• Digital TE: DoD TEMP Data

  Extend Bayesian Capabilities

• IOF SE Survey
• Please reach out if you can help



THANK YOU

joegregory@arizona.edu


