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Introduction

1) DBSE/MBSE/PBSE Dilemma
2) LLMs Emerge
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Dilemma

DBSE

J Looseness

Expressiveness

MBSE
*  Usability

*  Model complexity

Test ﬁScience
Systems ‘ 'i Assemblies

Operations #

PBSE

¢ Over-complexity
*  Dependency

. Innovation limitation

Pattern-Based Systems
Engineering (PBSE)
Processes

Pattern Management
Process o

i

| Pattorn Configuration
Process

(Projects,
Applications)

Pattern Class Hierarchy
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IBSE/AI4SE

*  Empower SE
*  Address cost overflow

* |dentify "patterns"

LLMs

Transformer (2017)
ChatGPT (2022)
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Theory, Framework, and
Platform development

1) S* Metal-Model, S* Model, S* Pattern
2) Technical Framework

3) Platform Development
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S* Metal-Model, S* Model, S* Pattern

Pattern-based Systems Engineering

Pattern-Based Systems
Engineering (PBSE)
Processes

Pattern Management
Process

Learnings
suisped

Pattern Configuration
Process

(Projects,
Applications)

Individual Product

or System Configurations
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Pattern Class Hierarchy

Feature

Intera

Stakeholder Stakeholder
La‘:“’“u‘a . Requirement
n' . Statement
A
LY ng
T -
Every S*Metaciass shownis
embedded in both a
contanment hierarchy and an
Techrical  abatracton (class) hierarchy.
World
Language
Detai Level echnica
Statement
High Level Design
Design Constraint
v Statement

‘Characterization



Technical Framework

. a Prompt
— Select Template
- 1 e Library
User | | | | e

Scenario |— Fit — |||| || — Integrate —> Prompt

Submit

Scenario Selection

Prompt Template Selection

Prompt Generation

Engineering

Database
Feedback

LLM Response Generation

Mapping to Systematica Model

S* Model [«— Mapping —— Source Data [¢<— Generate

Feedback and Continuous Improvement
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Platform Development

. Interface
. Database

e  Library

Prompt
Template
Library

Stakeholder Requirement Statement Prompt Template

Stakeholder Prompt Template

Feature Prompt Template

Interaction Prompt Template

State Prompt Template

Target
Database

L_ Design Prompt Template

Description

Type Prompt Template
Character Systems Engineering expert in Civil Aircraft
Character Familiar with the top-level design process of civil aircraft, the system division

and the tools and methods for data processing and analysis.

of civil aircraft, the modeling concepts of pattern-based systems engineering,

and the [feature 1] has [attribute 1], [attribute 2], etc, the [feature 2] has
[attribute 1], [attribute 2], etc.

Generate feature of [product system] , including [feature 1], [feature 2], etc,

Theoretical Foundations Related to Data Analysis and the Meta-Model of
[product system].

Product Table

Prm(:l:;)t_lD Product_Name Product_Parent
Feature Table Feature Attribute Table
Feature_ID Product_ID Attribute_ID . Feature_ID
(PK) Feature_Name (FK) (PK) Attribute_Name (FK)

-
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Case Study & Experiment
Analysis

1) Case Study

2) Experiment Analysis



LLM Interaction

4 A ] C
1 _ Feature | Feature Attribute Feature Attribute Value
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3 Pﬂuwe between Nose LG and Main LG
4] Main wiheel track
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Experiment Analysis

Feature Feature Attribute At trli:lfzzzl;falue Amount | Chapter DocIul;r.l ent
Geometry Layout Three-point o 3
Nose landi.r'l.g';. ;gear wheel |
Function retraction anti‘—rotation Capable of 12 4 XXX
mechanism
Non-function Maximur.r;.;v'et weight 5860kg ” 5

incose.org | 14



g =
INGPE W
Experiment Analysis
1P .. 1P isi
Recall = Precision —- Fl- 2 x Precision x Re call
TP+ FN P+ FP Precision + Re call
Amount of Feature . .
Methods LLMs Attribute Value Recall Precision F1

Hybrid Retrieval = False Re-ranker = False
No hybrid retrieval M1-LLM Deepseek-Rl -70b 9 0.328 0.355 0.341
and re-ranker Qwg-32b 0.319 0.337 0.328
model LLM(with Prompt Deepseek-R1-70b 1 0.624 0.691 0.655
Template) Qwq-32b 0.611 0.683 0.645

Hybrid Retrieval =True Re-ranker = False
. ) Deepseek-R1-70b 0.409 0.433 0.421
Hy‘;“d:ﬁt“ival LLM Qwg-32b 12 0.398 0.402 0.400
?:r?keivinozlz:lre- LLM(with Prompt Deepseek-R1-70b . 0.702 0.793 0.745
Template) Qwq-32b 0.693 0.764 0.727

Hybrid Retrieval = True  Re-ranker = True
) ' LLM Deepseek-R1-70b 17 0.535 0.590 0.561
Hybrid retrieval Qwg-32b 0.533 0.581 0.550
used with re- LLM(with Prompt Deepseek-R1-70b 3 0.741 0.802 0.770
ranker model Template) Qwg-32b 0.739 0.799 0.768




35.9%
Experiment Analysis Chart 7" 37%
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Experiment Analysis Chart oo
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Discussion & Conclusion



INCOSE

Discussion

Remaining Issues:

* The integrity of data initialization is still lacking.

* Understanding regarding the same content expressed in different forms is
lacking.

* The deployment of such systems in enterprises has certain thresholds.



Conclusion

Address fundamental issues such as the complexity of constructing S* models.
Reduc the barriers to entry and improved efficiency by leveraging PBSE data reuse.

Contribute to increasing the success rate of enterprises in solving problems under
different system engineering approaches.

Partially solve the problem regarding the difficulty of capturing system environment
requirements or assumptions during the development phase

Vision of Future:

Generate higher quilty outputs by fune-tuning and information
continously integating.

Explore more senarios in SE domain.
SE Al Agents.
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