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Motivation

• Systems Engineering (SE) is inherently 

transdisciplinary.

• SE tools must be both deep and broad: 

Can LLMs be both?

• Central question: Should LLMs for SE be 

generalists or specialists?
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“Approximate” History of Systems Engineering
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Why LLMs in Systems Engineering?
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LLM Metrics

Metric What It Measures Analogy Used For

MAUVE
Style similarity (statistical 

distribution)

“Does it sound like 

a human wrote it?”

Comparing LLM 

output to human 

text

BERTScore
Semantic similarity 

(meaning overlap)

“Does it mean the 

same thing?”

Translating models 

to human-readable 

form

SysEngBench
Correctness in SE 

knowledge via MCQs

“Did it get the 

answer right?”

Measuring domain 

reasoning (SE skill)

*IS paper is on use of SysEngBench
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Three Limited Experiments

• MAUVE

oTo what extent do LLMs achieve stylistic similarity of SE artifacts without 

specialization?

• BERTScore

oTo what extent do LLMs interpret a SysMLv2 diagram as accurately as a human?

• SysEngBench

oAre the more specialized language models more competent at SE tasks?

oHypothesis: Specialized LLM will perform better than foundation models (unaltered) at 

Systems Engineering tasks.

oNOTE: The term “specialized” is used in reference to common means of adjusting LLMs 

toward emphasis on a specific domain, such as fine-tuning

*IS paper is on use of SysEngBench
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MUAVE Results

• 3 LLMs tested on 3 prompt styles

• Higher prompt specificity → better 

style matching with humans

• Baseline – high stylistic similarity 

achieved

• Begins to suggest : do we need 

costly specialization?
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BERTScore Results

• 3 LLMs:

oA foundation model (GPT-4o, and 

two other fine-tuned GPT-4o 

models)

• Task: Describe SysMLv2 
diagrams

• Suggests that LLMs may 
achieve a statistically 
significant equivalence to a 
human generated textual 
description of SysMLv2
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Background on SysEngBench

Major Categories Subcategories Question 
Count

Systems 
Engineering 
Overview

Systems Engineering Overview/System Concepts and Structures 68

Systems Engineering Overview/Application and Value of Systems Engineering 18

Systems Engineering Overview/Systems Science and Thinking 22

Lifecycle Stages Lifecycle Stages/Generic Life Cycle Stages 35

Lifecycle Stages/Defense Acquisition Life Cycle/Milestones and Reviews 57

Lifecycle Stages/Defense Acquisition Life Cycle/Lifecycle Phases 95

Technical 
Processes

Technical Processes/Identifying Stakeholder Needs and Generating Requirements 88

Technical Processes/Architecture Definition Process 18

Technical 
Management 
Processes

Technical Management Processes/Decision Management, Analysis of Alternatives, and Tradespace Analysis 39

Technical Management Processes/ Risk and Opportunity Management Process 30

Technical Management Processes/Configuration and Information Management 43

Cross-Cutting 
Systems 
Engineering 

Methods

Cross-Cutting Systems Engineering Methods/Modeling and Simulation 3

Cross-Cutting Systems Engineering Methods/Model-Based Systems Engineering/Modeling Frameworks and Methods 92

Cross-Cutting Systems Engineering Methods/Model-Based Systems Engineering/Modeling Language SysML v1.x 183

Specialty 
Engineering 
Activities

Specialty Engineering Activities/Cost Modeling 41

Specialty Engineering Activities/Electromagnetic Compatibility 41

Specialty Engineering Activities/Reliability, Availability, and Maintainability 139

Specialty Engineering Activities/Supportability, Producibility and Disposability 93

Specialty Engineering Activities/System Safety Engineering 9

Specialty Engineering Activities/Usability and Human Systems Integration 96

*Total Questions 1144

*Common practice to ‘rank’ LLMs in specific domains through set of multiple choice questions
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Background on SysEngBench
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Results from SysEngBench

Identifier Foundation Language 

Model 

Model Setting(s) Method of Specialization 

Foundation model 

(FM) 

ChatGPT-4o Temperature = 0 None 

Fine-tune model 

(FT) 

ChatGPT-4o Temperature = 0 Fine-tuned on SysMLv2 

FT with RAG 

(FT-RAG) 

ChatGPT-4o Temperature = 0 Fine-tuned on SysMLv2 with provided 

SysMLv2 knowledge-base 
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Digging in

• FT and FT-RAG 

underperform in most areas, 

suggesting over-

specialization harms general 

SE reasoning.

• Some gains in "modeling" 

and "SysML-related"

0.85

0.9

0.95

1

Cross-Cutting Systems
Engineering Methods

Lifecycle Stages

Specialty Engineering
Activities

Systems Engineering
Overview

Technical Management
Processes

Technical Processes

FM: ChatGPT-4o

FT: ChatGPT-4o

FT-RAG: ChatGPT-4o
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Why would LLMs specialized on SysMLv2 perform worse 

than unaltered LLMs?

• Overfitting: 

• Small, specific data (SysMLv2) hurts 

general SE understanding

• Loss of General Knowledge

• a.k.a. "catastrophic forgetting"

• Task misalignment: 

• SysMLv2 ≠ SE competence

• Maturity of SE: 

• Data currently may not fully represent 

SE discipline
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Work-in-progress

• LLMs show potential in generating & describing SE artifacts

• LLMs can mimic and translate - but may struggle with 

reasoning when over-specialized.

• Implication: 

• Is SE mature enough for LLM specialization? 

• What other LLM-based methods could change this outcome?

• Our next steps include:

• Conduct further statistical analysis to look for trends within 
categories and subcategories

• Conduct additional runs on the same LLMs, additional LLMs

• Establishment of a baseline method and initial ranking for 

benchmarked performance of LLMs on SE tasks
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Questions?
Paul Wach, paulw86@vt.edu

mailto:paulw86@vt.edu
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