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How does Systems Engineering Maturity Compare

to Other Engineering Domains?

* Engineering domains (other PSpice
than Systems Engineering)
have theoretical foundations
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A Computational fluid dynamics »

A Finite element analysis »
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How does Systems Engineering Maturity Compare

to Other Engineering Domains?

e Current forms of Model-Based

Systems Engineering (MBSE) «requirement»
are descriptive and do not
have theoretical foundations Id = "1"
Text=""
* A systematic literature review 7 N
of ~2,000 articles suggests «satisfy» / \ «verify»
that theoretical foundations / \
for MBSE are nascent / \

«block» «testCase»
System Design ; Verification Model

W NATIONAL SECURITY INSTITUTE
4 VIRGINIA TECH.



Example of Rich Mathematical Foundations

for Systems Engineering to Draw Upon
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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) W ‘ NATIONAL SECURITY INSTITUTE
VIRGINIA TECH.




Shifting to Agentic Al for the Co-Pilot

User Interface Al Orchestrator (e.g., LLM)
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Demo Video 2: Current State of the Co-Pilot

= about:sessionrestore X Systems Engineenng Al Assistant X + - - O 4

C QO DO httpy//127.0.0.1:5( 67% 7 @ & =
Systems Engineering Al Assistant Current System: Not specified

System Visualization

1 am an interactive systems engineering assistant. You can build a set of engineering documents step-by-step.

Kudos to
Aditya (Adi) lyer and
Grant Anderson

Start by asking for one artifact, for example:
+ "Create System Requirements for a drone delivery system.”

Then, build upon the conversation by requesting other artifacts lilke System Designs, Verification Requirements,
and Verification Methods.

Once you have generated the artifacts you need, you can ask for a visualization:

« "Create a graph of the system.”
» "Visualize the system architecture.”
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System Requirements
and Operation
Environment

Analysis and Design Functional System
Optimization Architecture

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

. Modeling and
Simulators Simulation
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Demonstrated Efficiency Gain

Manual Labor
(130 Hours)

LLM-Assisted
DEVS Model
Workflow

(Development and
Subsequent use:
10 hours)

-meree

Model
Extraction

20 Hours

2 Hours

Model DEVS Model
Outline Code
Generation Generation

50 Hours

— e

3 Hours 3 Hours

=r=a-=

~90% Reduction of Development and
Subsequent Use Time

Code
Verification
and
Validation

2 Hours

1
50 Hours 10 Hours
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Rapid Development of Neural Swarm-Optimized Kill

Ch a i N Ana Iyti CS © 2025 Brad M. Philipbar — Senior Wargaming Fellow, Institute for Future Conflict (IFC), USAFA

Introduction and Indo-Pacific Context Model Workspace

Modern military operations in the Indo-Pacific theater demand F2T2E Calculator DEV S/MDP Formal Details
unprecedented speed and integration across demains. The canonical kill

chain — Find, Fix, Track, Target, Engage, Assess (F2T2EA) — must be executed Interactive F2T2E Calculator @
against fast-moving threats (e.g., hypersonic missiles, mobile launch

compressed timeframes [17[2] . Adversaries such as China are fielding a min]

resilient kill web of networked sensors and shooters, especially in space, to

sharten their own kill chains. For instance, China's kill web links hundreds of

ISR satellites directly to terrestrial strike units, enabling targeting and

engagement within seconds [3] . U.S. Space Force officials warn that this

satellite-enabled web can find, fix, and track U.5. forces over vast distances,

posing a grave threat in the Indo-Pacific region [3174] .

This page implements the paper's core model: a probabilisti tment of the
sequential F2T2E process following Rice’s framework, plus sensitivity ana
with a focus on Indo-Pacific kill-web implications. 8 ] Apply to 8, Reset 8.

Probab tiC MOdeling Of F2T2E Compute & Plot Load Indo-Pacific Example (Fig.like) Li Ve d e m o

Let the times to complete each phase be independent exponentials:

t; ~ Exp(A;) with mean 0; = 1/A,, foré = 1,...,5 comesponding to Find,
Fix, Track, Target, Engage [11[2] . The kill chain succeeds by time T iff the
sum § = Z?=1t T. For distinct rates, the hypoexponential CDF is:

Export CSV

Point Calculation

Pa126(12.350 min) =

and Erlang CDF used if all A; equal.

Finite-Difference
Sensitivities
We expose an interactive calculator (right column) to evaluate Prorog(T), (\Ww2202PN\u22028)
( ze it across a chosen time window, and estimate finite-difference

sensitivities 8P /86; at a specified T' (sign indicates whether increasing 8; L= s

helps or hurts overall success) [1] . ¢ B, (Find)

Kill-Web Elasticity (Parallel Sensors) 8. (Fix)

If multiple independent assets contribute to the same phase (e. 85 (Track)
Find sensors), effective rate increases additively: Afnd efr = E

reduces @gna and lifts Prager(T). expressing the resilience and elasticity of
kill webs under redundancy.

B, (Target)

Bs (Engage)
Notes on DEVS & MDP (Structure Only)

The full DEVS/MDP swarming architecture from the paper is structural and
simulation-oriented. This HTML focuses on the analytically evaluable
component Pryyog(T) and its vities. For formal details, see [5]
(hierarchical MDPs in DEVS) and [6] (DEVS+model-checking).
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Concluding Summary
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» Main theme: mathematically
underpinned methods and
tools enable both efficiency |
and effectiveness o
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v'Systems Engineering
assistant focused on e
N Outlines
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system design, and

Initial
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o s Questions?

Contact:
Paul Wach, paulw86@vt.edu
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EF Generation Layer

Input:

1. DEVS Formalism
2. Requirements/
Source Documents
3. Generator/
Transducer Name and
Port Names

Output:
Completed EF File

RT

Model Extraction Layer

Outline Generation Layer

Input:

1. DEVS Formalism
2. Previously
Generated EF File

3. Requirements/

Source Documents

Input:
1. Previously Generated
Extracted Model
2. DEVS Formalism/
Source Documents
3. Outline Format

Output:
SES File Qutline

A 4

SES File Generation Layer

Output:
Extracted DEVS Model
Hierarchy

Input:
1. Previously Generated
Outline
2. DEVS Formalism/Source
Documents
3. SES Format

vARc

Output:
Final SES File




DEMO Video 1: Graph Database (Neo4))

— :.qeoaj aura Wach Labs / Dissertation Implementation Feedback 2 0 @
@ Instance: Instance01 Vv atabase. neodj Vv User: Aura (grantrobertson26@vt.edu)
@ Get started
> Boenets g SavedCypher @ & & = | ® Enables enhanced data
Select all H H
Data services A DR :welcome Al el A 2 X anaIVSIS and Increased
issertation .
8 Instwices © rigor data structures,
Everythig /7 ©®
ryihidly GUIDE DATASET .
& Impor 22 " {cg based on ontological
f' .
3 Graph Analytics { } Delete Everything @ P !\l fOU n da tIO n S
& Data APIs ( ¢ 1 \
‘ ™
Tool
0% Query fundamentals Try Neo4j with the Movie Ku do S to
Query e —— Graph G ra nt RO be rtSO n,
# Explore A ) e Dive into a fully-built graph example
: :::: ;);SF::' :::"lzzular s to kickstart your Neo4j journey. S ummer vo I un tee r
S| ards > 2 Discover key query patterns through
o e = ) pe‘:fc:jm-\ R a fun, 1ami|i:rqworlt;‘:)f actors and ’ | n d u St r'i aI & Syste m s
Oporations ?uise:or; advanced queries. i . . . . .
- Englneerlng rising senior,
Metrics
o expected graduation
Project M ay 2026
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Who is Paul? (or Professor Paul or Doc Wach)
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Virginia Tech — National Security Institute (NSI)

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.
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