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Use Case

« The field of Advanced Air Mobility (AAM) is witnessing a transformation with innovations such as electric aircraft
and increasingly automated airspace operations. Within AAM, the Urban Air Mobility (UAM) concept focuses on
providing air-taxi services in densely populated urban areas.

« This research introduces the utilization of Large Language Models (LLMs), such as OpenAl's GPT-4, to enhance
the UAM Requirement discovery process.
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Workflow

Architecture, requirements, task deliverables, Miigic off
and traceability are captured in the SysML

models, serving as the single source of
truth.
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Knowledge Graph for Roadmap Development

Schema (left) showing graph structure between
nodes.

* Node represents the type of objects (e.qg.,
Actor, Roadmap Requirement, etc.)

* Link represents the relationship types.
Due to the CUI nature of data, only focus on

Roadmap Requirement and Actor for this study.
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Knowledge graph (middle and right) displays
complexity beyond human user’s ability to perform
Roadmap’s requirement discovery and analysis to
identify potential missing requirements.
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Knowledge Graph for Roadmap Development

Cha”enges: er‘ﬁ OpenAl Researchv Productv Developersv Safety Company v
* SE is worried that we might miss some requirements in the roadmap.
* SE has a limited bandwidth to perform requirement analysis.

Solution:
* Knowledge Graph:

analytig) Accurate information based on database, readily available advanced |nt|’0d UC| ng ChatG PT

(-) Complicated query command, queried results are not human readable

We've trained a model called ChatGPT which interactsina

) conversational way. The dialogue format makes it possible for
* ChatGPT/LLM (Large Language MOd_eI)- ) ) ChatGPT to answer followup questions, admit its mistakes,
(+) Generate reasonable programming code, generate user friendly dialogue challenge incorrect premises, and reject inappropriate

(-) Hallucination (fake research) requests.

Try ChatGPT 2~ | Read about ChatGPT Plus

* Using Knowledge Graph structure with ChatGPT capability

A
Off Nominal Proce- For operations in controlled sirspace, The UAM Operator shall establish a | The PIC or RPIC will take any mnter- 3
dures the FAA will approve off-nominal pro- | plan to resclve off-nominal conditions | vention during offnominal conditions g
pedures that accommaodate the appro- | with the PIC, Fleet Manager, or Ver- | with the support of & sufficient auton-
prate mreraft performance charactens- | tiport Manager, without ATC mvolve- | omy level in the TAM velaeles. (329
tics. (268 UML-2 ADY) ment. (150 UML-3. ATY) UML-4.AD)
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Approaches

ChatGPT + Document Embeddings (RAG)

. e e“Destructure”
Orlglnal Requirements

Create eUsing LLM
. embeddings
embeddings

model

eRetrieval
Augmented
Generation

eCompare to
ground truth
using computed
answers
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Graph Database + ChatGPT

User enters guestion
into the Chatbot
Interface

¥

ChatGPT converts
users guestion to a
Neod.) cypher query.

¥

System checks
to make sure
MeodJ query is

vaV

Valid Query

v
Meod.J runs query
and returns answer
v

System checks
to see if the

ChatGPT "temperature”
is set to low (less
creative).

ChatGPT takes the
resulting data and "

Generating new

user is trying to requirements is set to high (more
generate new creative).
reguirements
Mot generating new
requirements

Legend

D = ChatGPT Component
= Graph Database Component

D = Web Application Component

Invalig [Prompt is modified, telling
Query ChatGPT to try and pull

the data it needs from the
chat history instead

ChatGPT “temperature”

convers it into "human |~
friendly” format.
v

Display answer to
user.




ChatGPT (Azure OpenAl GPT 3.5) Sample Questions

Applied Stereotype ReqID Actor Requirement Text
Allocate [Abstraction] 19 UML-2.AM ATC When ATC is the designated separator; The Fleet Manager and PIC will receive services from ATC.

Requirement number “19 UML-2.AM" states "When ATC is the designated separator; The Fleet Manager and PIC will receive
services from ATC." and has an Allocate relationship to the actor “ATC".

Query submitted to LLM after retrieval of relevant requirements information

How many unique requirements do we have for the System?

How many unique system actors do we have?

Please list the unique system actors

Give me 5 requirements with multiple actors. List them using a Python list of Requirement Numbers
List all existing requirements for UAM Aircraft

Predict five requirements for Urban Air Mobility systems that | may have missed

Create ten new requirements based on these predictions.

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 7



Graph Database + ChatGPT - Architecture
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User queries the system

User;

List 3 existing requirements for the ATC. )

A

User \—/

(start here)

——-

UAM Chatbot:
Based on the information provided, here are three existing requirements for the Alr Traffic Control (AIC):

1. Requirement 59 Ui -4.55: The £A4 will approve flight rules that allow AC to delegate separation
responsibility to the PIC, Elset Manager, or or 54 under appropriate conditions. This
requirenent is part of the '97_SS. Separation Services and Standards’ component and is expected to be
implemented in FY22.

2. Requirement 207 UML-3.AD: The FAA will establish emergency procedures that include how to alert AIC and
how to execute cleaning procedures or other appropriate actions. This requiresent falls under the '62_AD.
Atrspace and Procedure Design’ component and is slated for FY23.

3. Requirement 333 UML-4.AN: The PSU shall coordinate airspace configuration actions with ATC when necessary.

This requiresent is part of the "@1 AM. Alrspace Management Systems and Services' component and is expected
o be implemented in FY22 and FY23.

Response is displayed to the user in an sasy lo
read format

Cypher query generated by LLM

LLM converts the user's
guestion to a cypher query

LLM converts the raw data into
an easy to read response

MATCH r = (a:Actor {name: ATC})-[:Allocated)-

("Roadmap Requirement’) RETURN r LIMIT 3

Infermation gets
extracted from the

graph database

ﬂm}d sl =215 b bde =l obec sl [ Foadmap Aequrerent) uu:ﬂlh
o LA Fors pascn AAL Dbk’ “pagefta ric: DOBS SO0 1 0 EQTD,
“serrrrunily: 350, ‘el 2.0, ‘cemBned_redast 2.3, eeteei’: [TIC, ATE, CFleat

Pl g’ FAL "PELT, Varkport blandoe] cormpannl: TF_SEC04. Rk s

Fasponsils Fas’, % Py uml: UWML-4 MamsdEkrmmnl], thikdran” [Tniiel LA
Arspacs Strecture Coscapl DRS00, Trilalsirmses S rucheeCosop -4 ATC

s aarvicEs”, sl Opanelor] ‘nem’: B9 UNL-S 22

- J

Results fram the graph database are
returned in a raw list format.
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Graph Database + ChatGPT — Prompt Engineering

Prompt to Convert User's Question to a Cypher Query

Prompt to Convert Database Responses to Structured English

Instructions

You are an assistant with an ability to generate Cypher queries based off
example Cypher queries. Here is a list of example cypher queries:

Instructions

Examples

User Question: What nodes are allocated to requirement 222 UML-
2.5U7

Expected Cypher: MATCH (n)-[r:Allocated]-(b)WHERE n.name="222
UML-2.5U" RETURN b

User Question: Predict 10 requirements related to the System Actor
actor FAA that | may have missed.

Expected Cypher: MATCH (n{name:'FAAT), (b’ Roadmap Requirement’)
where not (n)-[J-(b) with b.name as name, b.text as
roadmap_requirement_description,
gds_alpha.linkprediction.adamicAdar(n, b) as score where score = 0
return name, roadmap_requirement_description, score order by score
desc LIMIT 10

User Qustion: ...
Expected Cypher: ...

You are an assistant that helps to translate database responses to
human readable answers. The latest prompt contains the information,
and you need to generate a human readable respoense based on the
given information. If the user asks to generate new requirements, use

the examples provided below.

Examples

User: Generate 1 new reguirements for the Actor ATC

Meod] response: [{input_name’: "ATC', 'input_description'. "A service
operated by appropriate authority to promote the safe, orderly, and
expeditious flow of air traffic.’, 'predicted_roadmap_requirement_name"
‘411 UML-3. WX, ‘roadmap_reguirement_description: 'The SD5SP shall
publish forecasts that meets performance standards for weather
parameters to all subscribers ...

Mew requirement description to return to the user: New reguirement
based on 411 UML-3.WX: The ATC shall use weather forcasts provided
by the SDSP to ensure the safe, orderly. and expeditious flow of UAM air
traffic.

2-6 July 2024
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Graph Database + ChatGPT — Prediction Algorithms

« The system predicts requirements using Adamic-Adar link prediction provided by the Neo4J Graph Data Science
Library. This measure looks at common neighbors and it attributes less significance to those common neighbors that
have in turn too many neighbors.

™~
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Graph Database + ChatGPT — Prediction Algorithms

 The UAM Chatbot combines the information from the ATC and the predicted requirements to generate a whole new set of
requirements catered towards the ATC.

-
NS
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Results

User Question Approach 1: LLM with RAG (Azure OpenAl GPT-4) Approach 2: Graph Database / Data Science +
LLM (Azure OpenAl GPT-4)

How many unique requirements do we have for
the System?

How many unique system actors do we have?
Please list the unique system actors

Give me 5 requirements with multiple actors.

Find all requirements where one actor is UAM
Aircraft

Predict five requirements for UAM Aircraft that |
may have missed
Create five new requirements for UAM Aircraft

Summarize the responsibilities of the UAM
Operator
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Capable of answering

Capable of answering
Capable of answering
Capable of answering

Only Finds 4 of 6
Not able to answer

Capable of answering

Capable of answering
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Capable of answering

Capable of answering
Capable of answering
Capable of answering

Capable of answering
Capable of answering

Capable of answering

Capable of answering, requires two separate
qguestions from the user.

table Answer - ] | Partially Acceptable Answer - [l | Unacceptable Answer - [l



Results

Aspects Approach 1: LLM with RAG (Azure OpenAl GPT-4) Approach 2: Graph Database / Data Science + LLM (Azure
OpenAl GPT-4)

Implementation Moderate: Retrieval-augmented generation pattern Difficult and more expensive, requires deployment of
using LLM and vector store supporting infrastructure and curation of graph
database.
Cost for cloud server and developer . OpenAl subscription . Open Al subscription

. Server for graph database
. Server for web-application

. Application / system administrator

Quality of solutions Varies based on type of query and structure of Using the graph database provides a ground truth,
embedding vector store: better on general open chances of hallucination are much lower (almost 0
queries, worse on numerical counting but not quite since GPT-4 is a “black-box”). Capable

of providing accurate answers for questions involving
numerical counting. Provides advance graph
algorithms to the user.

Lessons Learned . Controlled Unclassified Information (CUI) not - CUI not permitted

permitted e .
. Difficult to get consistent, complex, cypher

queries from GPT. Took many instances of trial
and error to come up with a functional prompt.
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Conclusion

Revolutionize the way SE works UAM Chatbot

FOR PUBLIC DATA ONLY, DO NOT SEND ANY SENSITIVE NASA DATA THROUGH THIS SEARCH ENGINE
Observed 7x improvement in the speed of which SEs
navigate the UAM roadmap and in some cases the e ’ S
LLM exhibited more creativity than human user when

generating requirements.

Allows users to access powerful graph data
algorithms, like link prediction, without having to know
the complex cypher query language needed to access
those methods traditionally.

Reduces the likelihood of hallucinations from the LLM
by“Ccoupling It with=an_ authoritative data source (graph
d aADadSE).

echnical Exchange SERC"eammumity, potentially
inspire the SE community on‘this innevati |
app roaCh Ask a question here!
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Future Work

Investigate fine-tuning open-source models that we can deploy in-house for use with CUI data.

Look at potential to generate a dynamic system that can choose which data source it uses based off the user’s question.
l.e the model will select to pull data from a SQL database, vector store, or graph database.

Find additional fields that may benefit from this approach. The approach can be applied to other fields with some
modifications to the LLM prompt.
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