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• The work has been realized thanks to several 
contributors and sponsors

• Collaborators include:

• Bernie Zeigler, DH Kim, and RTSync associates
• Content shared with permission

• Brad Philipbar, Senior Wargaming Fellow, 
Institute for Future Conflict (IFC), USAFA
• Content shared with permission

• Peter Beling, Adi Iyer, Grant Anderson, Mary 
Nerayo, Cameron Curran, Bhavya Shanmugum
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Some Upfront Thank You(s)!

https://ms4systems.com/ 

https://ms4systems.com/


How does Systems Engineering Maturity Compare 
 to Other Engineering Domains?

• Engineering domains (other 
than Systems Engineering) 
have theoretical foundations 
upon which software 
platforms are implemented

• Reinvigorated calls for 
theoretical foundations of SE
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PSpice

^ Computational fluid dynamics ^

https://engineering.purdue.edu/~ee255/lecturesupp_files
/PSpice-Tutorial.pdf

^ Finite element analysis ^



How does Systems Engineering Maturity Compare 
 to Other Engineering Domains?

• Current forms of Model-Based 
Systems Engineering (MBSE) 
are descriptive and do not 
have theoretical foundations

• A systematic literature review 
of ~2,000 articles suggests 
that theoretical foundations 
for MBSE are nascent
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Example of Rich Mathematical Foundations 
 for Systems Engineering to Draw Upon

Well-known equivalence between a 
mechanical mass-spring (left)

and
electric circuit (right)
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Example of Rich Mathematical Foundations 
 for Systems Engineering to Draw Upon

Less-known equivalence between a 
Micro-/nanofluidic bubble (left)

and
Capacitor (~right)
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Shifting to Agentic AI for the Co-Pilot

User Interface AI Orchestrator (e.g., LLM)

TOOLS

Hybrid Orchestration Framework 
(e.g., LangGraph + Strands)

MCP

Data storage/library Science-based algorithms
Domain specific

knowledge/tools

…->

Ontology
GPS Domain specific 

knowledge/tools
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Demo Video 2: Current State of the Co-Pilot

Kudos to 
Aditya (Adi) Iyer and 

Grant Anderson
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Discrete Event System Specification (DEVS)

Integration Support Linking of High-Level 
Architecture Products and Downstream Models and 

Simulators 

System Requirements 
and Operation 
Environment

Functional System 
Architecture

Modeling and 
Simulation

Analysis and Design 
Optimization

Generative
 AI

https://ms4systems.com/ 

https://ms4systems.com/
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Demonstrated Efficiency Gain

Model 
Extraction

Model 
Outline 

Generation

DEVS Model 
Code 

Generation

Code 
Verification 

and 
Validation

Manual Labor
(130 Hours)

LLM-Assisted 
DEVS Model 
Workflow
(Development and 
Subsequent use: 
10 hours)

20 Hours 50 Hours 50 Hours 10 Hours

~90% Reduction of Development and 
Subsequent Use Time

2 Hours 3 Hours 2 Hours3 Hours

https://ms4systems.com/ 

https://ms4systems.com/
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Rapid Development of Neural Swarm-Optimized Kill 
Chain Analytics © 2025 Brad M. Philipbar — Senior Wargaming Fellow, Institute for Future Conflict (IFC), USAFA

Live demo



Concluding Summary

➢Main theme: mathematically 
underpinned methods and 
tools enable both efficiency 
and effectiveness

➢Demos shown:

✓Systems Engineering 
assistant focused on 
system requirements, 
system design, and 
verification

✓Modeling & Simulation 
efficiency gains and use 
for kill chain analysis

12 https://ms4systems.com/ 

https://ms4systems.com/


Questions?

Contact:
Paul Wach, paulw86@vt.edu
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mailto:paulw86@vt.edu


Model Extraction Layer

Input:

1. DEVS Formalism
2. Previously 
Generated EF File

3. Requirements/
Source Documents

EF Generation Layer

Input:

1. DEVS Formalism
2. Requirements/
Source Documents

3. Generator/
Transducer Name and 

Port Names

SES File Generation Layer

 

Input:
1. Previously Generated 

Outline
2. DEVS Formalism/Source 

Documents
3. SES Format

Output:
Final SES File 

Output:
Completed EF File

Output:
Extracted DEVS Model 

Hierarchy

Outline Generation Layer

Input:
1. Previously Generated 

Extracted Model
2. DEVS Formalism/ 
Source Documents
3. Outline Format

Output:
SES File Outline
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DEMO Video 1: Graph Database (Neo4j)

Enables enhanced data 
analysis and increased 
rigor data structures, 
based on ontological 

foundations

Kudos to 
Grant Robertson, 

Summer volunteer 
Industrial & Systems 

Engineering rising senior, 
expected graduation 

May 2026



Who is Paul? (or Professor Paul or Doc Wach)

BS in Biomedical Engineering 2009

MS in Mechanical Engineering 2013

PhD in Industrial and Systems Engineering 2022

Research Faculty in Intelligent Systems 
Division 2023-present



OUR MISSION

We meet the pressing needs of the 
defense and intelligence communities 
by developing their future workforce 
and advancing interdisciplinary 
research, technology, and policy.

UNCLASSIFIED

UNCLASSIFIED

Virginia Tech – National Security Institute (NSI)
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