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Background – MBSE

MBSE: Model Based Systems Engineering

“Model-based systems engineering (MBSE) is the formalized application of 

modeling to support system requirements, design, analysis, verification and 

validation activities beginning in the conceptual design phase and continuing 

throughout development and later life cycle phases.”

INCOSE SE Vision 2020

MBSE activity for satellite development in JAXA:

• Demonstration of MBSE in RAISE (RApid Innovative payload demonstration SatellitE) series

• System model about system specification was built

• Its views were generated.
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Background – MBSE in JAXA

ICS
= Interface Control

    Specification
Operational 

Concept
System 

Requirement Rationale

• MBSE activity for RAISE-3:

• Views were generated from the system model and 
shown to reviewers

• Conventional document-style system specification 
were also shown to them

• → Few reviewers referred the view from system 
model to make review comment

Generated View (Sample)

…
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System 
Requirements
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Background – Model usage (as-is)

• Systems engineers or modelers build system model 
and make view in advance.

• Reviewers review based on view.

• Problem:

• Information that reviewers can get is limited by
systems engineers or modeler

• If reviewers can extract information from system 
model by themselves, they can do better review

Systems Engineer 

/ Modeler
Reviewer

Build system 

model

Extract data &

Generate view

Review design 

based on view
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Background – Model usage (to-be)

• However, to extract information from system model, 
knowledge of modeling language is required.

• Ideally, there should be a mechanism to extract information 
without knowing the modeling language

Systems Engineer 

/ Modeler
Reviewer

Build system 

model

Extract data &

Generate view

Review design 

based on view
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Background – LLM

LLM: Large Language Model

• In recent years, performance has improved rapidly.

• They are able to perform a variety of tasks on behalf of humans

TranslationSearch InformationText Summarization

Brainstorming Role-play Coding

General main use cases of LLM
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Objective

• Extract information from system model 
by using LLM

• Reviewers ask question about system 
model and LLM interprets it and extract 
information and gives it to reviewers

• Support reviewers

Systems Engineer 

/ Modeler
Reviewer

Build system 

model

Ask question as 

natural language

Review design 

based on view

LLM

Extract data &

Generate view
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Related Work

• RAG & Graph RAG
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Related work – RAG

• RAG : Retrieval Augmented Generation

• Graph RAG Framework:

• LLM converts a question from a user to a query

• Querying is executed and a result is given to LLM

• LLM converts the result into natural language and give it to the user

LLM

Question Query Graph DB 

Server

Querying

Result

LLM

Answer

Graph DB

Preset

Prompt

Q&A system
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Related work – Query from Graph DB

• Neo4j is used as graph database

• Popular graph database

• Powerful querying function by Cypher query

Requirement for 

optical sensor

Resolution
function of 

obtained 

observation 

data

Resolution

System 

Requirement

Legend

Mission 

Requirement



13INCOSE’s 35th Annual International Symposium 2025

Method

Incorporate SysML into RAG framework
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Proposed Method

Key points of proposed method:

• 1. Convert SysML model to Neo4j graph

• 2. Convert question from a user as natural language to a cypher query with preset prompt of metamodel

LLM

Question Query Neo4j Server
Querying

Result

LLM

Answer

System 

Model

(Neo4j)

Convert SysML System model to Neo4j
System 

Model

(SysML)

Preset

Prompt

Point 1Point 2
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1. Convert SysML model to Neo4j graph

• An element and a relationship of SysML are converted to a node and a relationship of Neo4j

• After exporting SysML model as Generic Table, this convert can be done automatically by Python

• In this study, port information is ignored

《Requirement》
req-1

《Requirement》
req-2

《DeriveReqt》

SysML Neo4j

《Requirement》
req-1

《Requirement》
req-2

《Call Behavior Action》
ca-1

《Call Behavior Action》
ca-2

port1

SysML Neo4j

port2

《Call Behavior Action》
ca-1

《Call Behavior Action》
ca-2

《ControlFlow》《DeriveReqt》
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2. Convert question from a user as natural language to a cypher query
    with preset prompt of metamodel

• Intension of the metamodel is written in a preset prompt to LLM

• The preset prompt and a user question are merged and given to LLM

• Claude 3.7 sonnet is used as LLM

Prompt Structure

Task instruction

Node & Relationship information (Metamodel info.)

Question from user
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2. Convert question from a user as natural language to a cypher query
    with preset prompt of metamodel

• Intension of the metamodel is written in a preset prompt to LLM

• The preset prompt and a user question are merged and given to LLM

• Claude 3.7 sonnet is used as LLM

#Task: Make Cypher query for Neo4j database.

# Additional information
The node ‘Requirement’ means a requirement for the system. The 
property ’requirement_target’ indicates the system to which the requirement is allocated.
…(about other nodes) …

the relationship ‘(r1:Requirement)-[:DeriveReqt*]->(r2:Requirement)’ means that r1 is 
derived from r2, or r1 is also a requirement to realize r2.
… (about other relations) …

# Question
{question}

《Requirement》
r1

《Requirement》
r2

《DeriveReqt》

Prompt Template
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Experiment
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Target System Model – Metamodel

Main purpose of this model:

decompose behavior & derive function
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Target System Model – Description

Mainly focus on satellite system

• Fictitious satellite system

• Mission: Provide optical image observed by satellite

• System: Satellite system, ground system, 
              integrated system, their subsystems, etc.



21INCOSE’s 35th Annual International Symposium 2025

Test Case (Questions about the System Model)

• Assumed situation

• Design review.

• Reviewers are professionals of SE and intend to ask questions about design of the system.

• Only questions about the fact in the system model are covered.

• e.g., List the all mission requirements.

• Questions requiring inference are not covered.

• e.g., What is the most important mission requirement?

• The number of questions is 51.
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Test Case (Questions about the System Model)

• Characterize questions with three types of features

• It is possible to know the response performance for each feature, enabling deeper analysis

• Hypothesis: The more features a question has, the easier to answer correctly

No. Feature Meaning

f1 Directness of reference

Must be answerable by direct reference to the target data.

There is no need to refer to it via two or more relationships, 

such as element A -> element B -> element C.

f2 Uniqueness of expected elements

The expected answer is narrowed down to one.

Correct example: To which system is functional requirement 

“A” assigned?

Incorrect example: List all the behaviors that use function “B”.

f3

No spelling inconsistencies or 

typographical errors in the question 

text.

Question text does not include any spelling inconsistencies or 

typographical errors.
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Example 1: Answered Correctly

• A user asked a question about previous LL (lessons learned).

• The system model has an element defined by “LLs”.

• The query searched the word “LL” and was able to find the proper element.

[User question] Show a list of requirements defined based on previous LLs.

[Cypher query]

MATCH (r:Requirement_ex)

WHERE r.documentation =~ '.*LL.*' OR r.rationale =~ '.*LL.*'

RETURN r.name, r.documentation, r.rationale, r.requirement_target, r.requirement_type

LLM

[Answer to the user]

One requirement defined based on past LLs is the requirement for thruster placement. 

This requirement requires that the plume from thruster injection be placed in such a way 

that it does not affect the main body of the satellite. This is based on lessons learned 

from previous satellites where thruster injection contaminated mission equipment. This 

requirement is classified as a physical requirement for the propulsion system.
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Example 2: Answered Correctly

• Questions that require tracing multiple relationships (requirement, function and structure)

• LLM was able to generate Cypher and query

[User question]

Show a list of the functional requirements assigned to the attitude control system.

[Cypher query]
MATCH (r:Requirement)-[:Refine]->(f:function)-[:Allocate]->(s:Structure)
WHERE r.requirement_type = 'functionalRequirement [Class]'
  AND (s.name =~ '.*attitude.*' OR s.name =~ '.*ADCS.*')
RETURN DISTINCT r.name, r.documentation, r. requirement_target

LLM

[Answer to the user]

The following four functional requirements are assigned to the attitude control system

(1) Data relay satellite pointing function: The satellite … 

(2) Ground station pointing function: The satellite bus transmission antenna …

(3) Attitude maneuver function: The satellite system can maneuver …

…
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Example 3: Answered Incorrectly

• A user asked a question about previous lessons learned.

• The system model has an element defined by lessons learned,
 but the expression “LLs” is used instead.

• The query doesn’t match anything and failed.

[User question]

Show a list of requirements defined based on previous lessons learned.

[Cypher query]
MATCH (r:Requirement_ex)
WHERE r.documentation =~ '.*lessons learned.*' OR r.rationale =~ '.* 
lessons learned.*'
RETURN r.name, r.documentation, r.requirement_target, 
r.requirement_type, r.rationale

[Answer to the user]

Sorry, but we do not have information on the list of requirements defined based on 

previous lessons learned. We do not have the necessary data to pro-vide a specific 

answer to this question.

LLM
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Evaluation

• An answer from LLM is scored on a 3-levels scale.

• 100: The answer by LLM is consistent with the correct answer.

• 50:   The answer by LLM is partially consistent with the correct answer.

• 0:     The answer by LLM is hardly consistent with the correct answer.

• Overall score

• The mean score for all questions was 78.1 points.

• And questions are categorized and evaluated according to their combination of features.

• Three types of features → the combination is 23 = 8
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Evaluation

• Result: The more features a question has, the higher the mean score of their answers.

• The proposed method is vulnerable to typographical error or spelling inconsistencies

[1,1,1] Questions that satisfy 

all features (the easiest cases)

[0,0,0] Questions that satisfy no 

features (the most difficult cases)

f2
f1

f3

[1,1,0] has typographical error or 

spelling inconsistencies

[1,0,1] doesn’t have Uniqueness 

of expected elements

[0,1,1] doesn’t have directness 

of reference

No. Feature

f1 Directness of reference

f2 Uniqueness of expected elements

f3
No spelling inconsistencies or 

typographical errors in the question text.

[f1, f2, f3]

n=The number of question.

Mean: Mean score.
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Discussion – (1)Weakness and Countermeasure

• Questions which satisfies many features are easy to be answered correctly

• Consideration for each feature:

• f1: Directness of reference

• Probably the metamodel information is written in the prompt, thus LLM was able to 
understand it and make query accurately

• f2: Uniqueness of expected elements

• It should be because Cypher can make query that list all element satisfying given conditions

• f3: No spelling inconsistencies or typographical errors in the question text.

• The proposed method is vulnerable to typographical error or spelling inconsistencies

• It should be because Cypher query is easy to perform keyword searches

• If a given keyword has typo, a query to be made will be also has typo.
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Discussion – (1)Weakness and Countermeasure

• Remaining issues and countermeasures

• Vulnerableness to typographical error or spelling inconsistencies

• Countermeasures: Interactive conversation approach

LLM

Show a list of requirements defined 

based on previous lessons learned.

No data about “lessons learned”. Should 

I search by using keyword “LL” ?

Yes, please.

…
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Discussion – (2)Extensibility

• Our proposed framework is applicable for other modeling languages and other LLM.

• Overall performance depends on performance of LLM

• In this study, we assumed reviewers as users.
But it can be also used for systems engineers.

LLM

Question Query Neo4j Server
Querying

Result

LLM

Answer

System 

Model

(Neo4j)

Preset

Prompt

Can be replaced by system models in 

other description language
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Conclusion

• Background:

• SysML model is hard to understand and extract information for users who is unfamiliar to it

• Objective:

• Extract information from system model by question as natural language by using LLM

• Proposed method:

• converting SysML model to Neo4j graph, 

• converting users’ questions into Cypher query with preset prompt of metamodel, 

• and converting querying result into an answer to the user

• Result:

• LLM can convert simple questions to Cypher query and extract information correctly

• Vulnerable to typographical error or spelling inconsistencies

• Future work:

• Interactive conversation approach
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Appendix
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Detail of the Target System Model

• The number of the elements (nodes in Neo4j): 297

• The number of the elements (nodes in Neo4j): 470

• Elements

• Requirement, Block, Activity, Rationale, function

• Relationships

• DeriveReqt, Allocate, Refine, ObjectFlow, ControlFlow. Trace, Association
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Prompt (1 of 2)

Template for the prompt:

#Task: Make Cypher query for Neo4j database.

#schema:

{schema}

#Note:

Use only the relation types and properties provided in the schema.

Do not use other relation types or properties not provided.

Responses should be in Japanese. Do not include explanations or apologies in your answers.

Do not answer questions that ask for anything other than the creation of a Cypher statement.

If the query results empty, simply state that you cannot answer the question.

Do not include text other than the generated Cypher query.

User questions may contain typographical errors or distortions. Attempt to perform a partial match search 

for multiple properties, rather than a full-text search. Splitting words and using wildcard search are 

effective. 

Consider that the question is related to artificial satellites and aerospace, create a query after correcting 

any words that appear to be misspelled as necessary.

There is no need to limit the number of characters output. If multiple records are generated as query 

results, do not reduce the number of outputs.
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Prompt (2 of 2)

#Additional information:

The target graph database represents design information for satellite and ground systems.

Simple name is written in the property "name" of each node. The details of the design information are described in the property “documentation”.

The node “Requirement_ex” represents a requirement for the system. It includes mission requirements and stakeholder needs. The property “requirement_target” 

indicates the system to which the requirement is made. The property “re-quirement_type” can be “functionalRequirement [Class]” meaning a functional requirement or 

“performanceRequirement [Class]” meaning a performance re-quirement. The property "rationale" is a rationale of the requirement.

The relationship (r1:Requirement_ex)-[:DeriveReqt*]->(r2:Requirement_ex) means that r1 is derived from r2. It can also be said that r1 is a requirement needed to 

realize r2.

The relationship (r1:Requirement_ex)-[:Trace]->(r2:Requirement_ex) means that r1 is a mission requirement and r2 is a stakeholder needs, and r1 is derived from r2.

The node “function” means a function at the satellite subsystem level.

The “Refine” from “Requirement_ex” to “function” means that the function is redefined as a requirement. Note that not all Requirement_ex have a relationship to 

functions.

The node “Activity” means behavior, action, or operation. The property “context” of “Activity” means the subject of the behavior.

"DeriveAct” from ‘function’ to ‘activity’ means that the function is used in the activity.

"Allocate” from ‘function’ to ‘Structure’ means that the block executes the function or the function is assigned to the block.

"Association_block2block” from ‘block’ to ‘block’ means that it is a part of the block.

"Association_Activity2Activity” represents hierarchy relationship between "Activity" to "Activity". It means that the latter Activity is executed in the former Activity.

"ControlFlow_Activity2Activity” from ‘Activity’ to ‘Activity’ means that the latter Activity is executed after the former Activity.

"ObjectFlow_Activity2Activity” from ‘Activity’ to ‘Activity’ means that the latter Activity is executed after the former Activity, with passing an object. The property "Object" 

is it.

Some items contain TBD (To Be Determined) information.

Example of a question and query: 

“What are the requirements that can be derived from a requirement related to ‘AAA’?

The query for the question is “MATCH (r1:Requirement_ex)<-[:DeriveReqt*]-(r2:Requirement_ex) WHERE r1.name =~ '. *AAA.*' RETURN DISTINCT r2.name, 

r2.documentation, r2.requirement_target, r2.requirement_type”

#Question:

{question}
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Test Case (Questions about the System Model)

• Assume reviewers’ intention and derive questions from it

No. Background and intension of question

A

Designers and reviewers check the list of items included in the TBD (to be determined), and designers consider whether 

there are any items that can be finalized by refining the design. Based on past experience, the reviewers check for 

items that should not be left undecided (e.g., items with rework risk).

B
Describe in natural language the flow of the scenario modeled as an activity diagram or state transition diagram 

(assuming the reviewers are not particularly familiar with SysML).

C Ensure that the functions are broken down sufficiently to accomplish the mission.

D

Answers are used as evidence to review whether a certain requirement is appropriate for a higher-level requirement or 

not.

The model is assumed to be referenced by tracing from lower-level functions to upper-level requirements via “Derive”.

E Ask whether all performance, functions, etc. are defined as requirements without omission.

F
Ask which functions are performed by which systems/subsystems (assuming reviewers are particularly concerned about 

the allocation of functions between satellite and ground systems).

G
Question the design rationale and determine its validity. Assume reference to “Rationale” tied to functional requirements; 

if no Rationale, assume reference to other relevant elements.

Intension of question list
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Activity Diagram (Integrated System Level)
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Activity Diagram (Integrated System Level)
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Q&A about System Behavior

Question True answer LLM’s answer

Show a list of activ-ity done by attitude 

control system in activity of the inte-grated 

system “Ob-servation (nominal)” 

- Point antenna to data relay satellite 

(nominal)

- Point antenna to the ground station 

(nominal)

- Stable satellite system attitude towards 

nadir (nominal) 

The following three behaviors are 

performed by the attitude control 

subsystems in the integrated system 

behavior “Observation (nominal)”:

- Point antenna to data relay satellite 

(nominal)

- Point antenna to the ground station 

(nominal)

- Stable satellite system attitude to-wards 

nadir (nominal)

These behaviors play an important role in 

the satellite's ability to make nomi-nal 

observations and transmit data properly.
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Requirement and Rationale




