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Digital engineering is defined as:

‘‘an integrated digital approach that uses authoritative 
sources of systems’ data and models as a continuum 
across disciplines to support lifecycle activities from 
concept through disposal [1].’’
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Digital Engineering for Students

Digital engineering is defined as:

‘‘an integrated digital approach that uses authoritative
sources of systems’ data and models as a continuum 
across disciplines to support lifecycle activities from 
concept through disposal [1].’’
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Goal is to develop a ‘Digital Environment’ to support students during class and on projects, 
that can:

• support authoritative representation of system description and simulation,

• host tools to support students across all engineering courses,

• connect this data across courses (lifecycle phases).

Digital Engineering for Students

Digital engineering is defined as:

‘‘an integrated digital approach that uses authoritative
sources of systems’ data and models as a continuum 
across disciplines to support lifecycle activities from 
concept through disposal [1].’’
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Courses – Software Engineering (SFWE), Systems and Industrial Engineering (SIE)

Code Name Description Tools

SFWE-301 Software Requirements 
Analysis and Test

Students learn how to develop high-quality software requirements, test plans and test 
procedures. Students also learn the importance of traceability.

Requirements
Test Strategy

SFWE-302 Software Architecture & 
Design

Students learn how to build, test, and deploy software applications. Students will 
automate test cases and run static code analysis on their code.

IDE
Static Code Analyzer

SFWE-403 Software Project 
Management

Students learn how to plan, manage and track the progress of an Agile software 
management project. 

Project Management

SIE-431 Simulation Modeling 
and Analysis

Students learn how to conduct simulations on candidate system architectures. 
Discrete event simulation, model development, statistical design and analysis of 
simulation experiments, variance reduction, random variate generation, Monte Carlo 
simulation.

Requirements
System Architecture
Physics Simulation
Statistics Tool

SIE-458 Model-Based Systems 
Engineering

Students learn how to use a SysML v1 modeling tool to exercise the systems 
engineering process.

SysML v1

SIE-498 Senior Design Project The Senior Design Project pulls much of this together. Students use material taught 
across the curriculum to address a customer's needs and help a real-world client 
design or improve a system.

Requirements
Software 
Architecture
Test Strategy
Code Test

… … … …
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Tool Examples

Systems Development Tools

Software Development Tools

Requirements 
Analysis

SW Design and 
Modeling

Code and Unit Test Continuous 
Integration

Verification / 
Validation

Continuous 
Deployment & 

Operations

Requirements 
Engineering

System 
Architecture

Domain-Specific 
Analysis

Design and 
Manufacture

Trade-Offs and 
Optimization

PLM
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Silos in Engineering Education

Software Electronics Aerodynamics Mechanical

This is not good enough in industry!

But what do we do across engineering curricula?
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Silos in Engineering Education

SIE 431 SFWE 302 SIE 458 SFWE 403
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Silos in Engineering Education

SIE 431 SFWE 302 SIE 458 SFWE 403

Engineering courses are silos

• Students do not observe effects downstream
• Students do not gain experience of working in a DE environment
• Data / effort duplication across courses
• There is limited scope for collaborative work
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Students no longer submit homework, they commit models.

Students have access to data and tools through a single integrated environment.

Digital Engineering is embedded into the engineering curriculum.

Potential benefits include:

• Over multiple courses, students see a complete end-to-end process,

• Students see the consequences of their decisions downstream,

• Students gain experience working collaboratively in a digital environment,

• Instructors (and students) can evaluate / grade work more effectively.

What are the Possible Benefits of DE in Engineering Curricula?
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Tool Map

Requirements 
Tool
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Hub and Spoke

• Hub and Spoke approach

• The ‘Hub’ enables integrations from 
multiple tools

• Data is connected within the Hub

• Intra-tool relations are carried

• Inter-tool relations can be added

• Comprehensive representation of 
entire dataset in one place
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• Hub and Spoke approach

• The ‘Hub’ enables integrations from 
multiple tools

• Data is connected within the Hub

• Intra-tool relations are carried

• Inter-tool relations can be added

• Comprehensive representation of 
entire dataset in one place
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The Hub – Violet Labs [2]

Connect tools
Violet continuously 
fetches and 
structures the data

Enables bi-directional data 
sync, parameter backbone, 
report generation

www.violetlabs.com
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The Hub – Violet Labs [2]

How can we add value?

So, we have a graph representation of the data…
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Semantic Web Technologies (SWTs)
• provide an approach to the structuring and understanding of data [4].

• Resource Description Framework (RDF) [5]

• Makes information machine-readable

• Web Ontology Language (OWL) [6]

• Provides context to information, enables validation

• SPARQL [7]

• Enables users to query RDF graphs

The Hub – OML Rosetta [3]

Function
satisfies

Req..

?Function
satisfies

req1

function1
satisfies

req1
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• The Ontological Modeling Language (OML) is a thin extension to OWL 2 DL
• Part of the ‘OpenCAESAR’ project [3]
• enables reification of relations and convenient use of mixin classes (as aspects).
• enables representation of data as RDF and therefore SPARQL querying.

• OML uses the concept of ‘bundles’
• these allow the modeler to group together multiple descriptions into a closed-world dataset.
• the closed-world assumption allows the reasoner to highlight the absence of expected information.

• OML Ontologies and Descriptions can be modeled
using OML Rosetta

• OML Rosetta is Eclipse-based
• supports textual notation
• supports graphical representation

The Hub – OML Rosetta [3]
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The Hub – OML Rosetta
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The Hub – OML Rosetta
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The Hub – Violet Labs [2] and OML Rosetta [4]

Generate OML/RDF
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The Hub – Violet Labs [2] and OML Rosetta [4]
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The Hub – Violet Labs [2] and OML Rosetta [4]
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The Hub – UA OML Ontology Stack

• Foundation Ontology
• uses Basic Formal Ontology (BFO) 

[8]

• Core Ontologies
• uses Common Core Ontologies 

(CCO) [9]

• Domain Ontologies
• identified as key to support student 

work
• draws from relevant standards and 

theory
(e.g. ISO 42010 [10], VIM4 [11])

• Libraries
• draws from existing libraries

Reuse wherever possible!
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The Hub – Domain-Level ‘Test’ OML Ontology
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Digital Engineering Factory
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Digital Engineering Factory

• Cluster of 320 CPUs to support students

• Distribution to support high-availability 
load balancing and ease of maintenance

• Server nodes will provide ~100TB of 
usable storage for installations

• Testing required to determine number of 
simultaneous users supported (expected 
in low thousands)
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Use Case 1 – Transferring Project Data Between Courses
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Use Case 1 – Transferring Project Data Between Courses
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Use Case 2 – Static Data Integration and Evaluation
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Use Case 3 – Continuous Requirement Verification



Global Product Data Interoperability Summit | 2023

Use Case 4 – Team Project Submission
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“Arizona Sat”

• Students are developing a Low-Earth Orbit satellite

• Students have requirements defined in Jama.

• Students have components defined in Duro.

• Students wish to review and submit their entire dataset

Example – Overview



Global Product Data Interoperability Summit | 2023

Example – Sign-on

Students will log into
the DEF to:

• Access tools

• Access projects

• Work collaboratively

SFWE students are currently 
helping to develop the
DEF Landing Page
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Example – Student Project Data
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Example – Student Project Data
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Example – Student Project Data
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Example – Student Project Data
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Example – Student Project Data



Global Product Data Interoperability Summit | 2023

Example – RDF Representation
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Example – Validation
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Example – Validation

Initial issue with build – validation failed
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Example – Validation
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Example – Validation
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Example – Validation

After identifying the issue using the Reasoning report, the issue is rectified
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Example – Querying (as Grading)
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Example – Querying (as Grading)

Prefixes – UA Ontology Stack
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List all entities, their IDs and their sources:

Example – Querying (as Grading)
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List all entities, their IDs and their sources:

Example – Querying (as Grading)
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List all components, their descriptions and their masses:

Example – Querying (as Grading)
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List all components, their descriptions and their masses:

Example – Querying (as Grading)
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List all requirements and the entities that satisfy them:

Example – Querying (as Grading)
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List all requirements and the entities that satisfy them:

Example – Querying (as Grading)
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We are at the beginning of this journey!

• We have tools ready to go:

• Others will be online soon:

• And we are in the process of developing the automation pipelines
• Elaborating use cases: change management, consistency checking, student submission.
• Reviewing IncQuery.

We are interested in your use cases!

• What would you like your future engineering grads to have experience with?

• How can we use the DEF to provide those opportunities?

Future Work
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• Selection of hub ‘type’ and data representation is key
• Are you interested in workflows?
• Are you interested in mappings?
• Are you interested in translations?

• Not all of the n connections are necessary
• Leverage existing connections
• OpenMBEE, Plug-ins, Repositories

• Tool selection criteria
• Open-source?
• License availability?
• Existing integrations with other tools to be exploited?

• HW Considerations
• Implement locally, or use a service?
• Data volume, port requirements, etc. impacts configuration

Lessons Learned
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• This material has been produced using funds provided by the Arizona Technology and 
Research Initiative Fund

• Violet Labs
• for continued support of the DEF project
• www.violetlabs.com
• hello@violetlabs.com

• UA IT Team
• for continued work on hardware configuration

• UA SFWE Students
• for continued work on DEF development
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Thank you.
Questions?

joegregory@arizona.edu

A Digital Engineering Factory for Students


