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LLMs
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Large Language Models (LLMs) are neural networks that have revolutionized the field of natural language processing 
(NLP) by demonstrating an impressive ability to understand and generate text. Many models have also demonstrated 
an ability to generate code in common languages (e.g. Python).

Training: Teaching a model how to perform a task using large amounts of data

Inferencing: Model making inferences based on new inputs

Common LLMs (not an exhaustive list)
• Proprietary: OpenAI ChatGPT, Google Gemini, Anthropic Claude
• Open source: LLaMa, Falcon, Mistral

Model Characteristics 
• Size is the number of parameters (e.g. 70B model = 70B parameters)
• Quantization is a compression technique used to reduce memory and compute requirements. It converts weights 

to a lower precision data type (e.g. 32 bit floating point à 8 or 4 bit integer).

Challenges
• Hallucinations
• Access to Unique Training Data
• Inelegant (not optimized) Code Generation



Improving LLM Responses
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• Re-Training: Re-train base model with new dataset

• Finetuning: Teach the base model specialized knowledge by adjusting a small number of internal 
parameters. Significant time savings compared to re-training entire model

• Retrieval Augmented Generation (RAG): Utilize external data to augment the LLM’s knowledge without 
changing model weights 

• Prompt Engineering: Optimize prompts for optimal outputs

– Few Shot prompts teach LLMs to perform a task through examples 

– Zero Shot prompts challenge the LLM to perform a task correctly when it has not been correctly trained 
for that task

These methods can also be combined
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Systems Engineering Processes
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• Systems Engineering “Vee” Model
• Waterfall
• Spiral Model



Systems Engineering Processes:
Augmenting with AI LLM Teams
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• Normally the human SE would 
work through the spiral 
themselves

• Pair the human SE with an AI SE 
as spiral development progress

• Specialized agents provide 
feedback/input along the spiral 
for iterative development
– Both for the system architecture 

and the model (e.g. SysMLv2)
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Language Model Interaction 
Frameworks
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• Singular (e.g. Manual Chat Interface)
– High human interaction and guidance
– Human provided query chains

• Potentially inconsistent framework
• Sequential

– As needed human interaction/review
– Guidance and roles pre-defined for agents

• Enforces consistent framework
– Outputs given from each agent to human

• Hierarchical
– As needed human interaction/review

• Managing LLM handles orchestration of tasks to 
agents

– Singular output provided from Managing LLM
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Language Model Interaction 
Frameworks
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• Some implementations of 
frameworks allow for human 
interjection for iterative refinement 
and approval of tasks (sequential) 
and delegated tasks (hierarchical)
– These typical points are marked on the 

diagrams to the right
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Language Model Interaction Frameworks:
CrewAI
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• CrewAI is a multi-agent framework built on top of 
LangChain

• “CrewAI is designed to enable AI agents to assume 
roles, share goals, and operate in a cohesive unit -
much like a well-oiled crew. Whether you're building a 
smart assistant platform, an automated customer 
service ensemble, or a multi-agent research team, 
CrewAI provides the backbone for sophisticated 
multi-agent interactions.”

• https://github.com/joaomdmoura/crewAI AutoGen is another popular Python 
package for orchestration of agents

https://microsoft.github.io/autogen/



Case Study Across Frameworks: 
All-Terrain Bike
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• Background and Intent
– We want to see how seamlessly we can chain together language models through an abbreviated systems engineering 

design cycle, from conceptualization to requirements, use cases and functions, traceability back to requirements, and risk 
identification and monitoring.

• Frameworks Tested:
– Singular
– Sequential

• Input provided:
– We will provide the following system description as context for each method implemented

• Develop a highly versatile bike capable of navigating diverse terrains, including urban environments, off-road trails, 
mountainous regions, and sandy deserts. The bike should be designed with features that ensure optimal performance, safety, 
and comfort in varying conditions.

• Outputs Expected:
– A list of requirements with their types
– A list of use cases and up to 2 decomposed layers of functions
– A list of requirements traced to functions
– A list of risks for the project



Singular Framework

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 11



Bicycle Case Study using ChatGPT-4o
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• Provide system context ~ 1-2 paragraphs
• Provide context for each task

– Background prompt describing the expertise of the person who would perform the task
– Problem statement describing the task to be completed
– Longer, detailed prompts often equate to much better responses

• Generate requirements
• Generate use cases
• Consolidate functions and allocate them to multiple use cases using an allocation matrix
• Map functions to hardware / system components
• Trace hardware components to requirements with a matrix
• Generate risks based on previous generated artifacts

ChatGPT Log: https://chatgpt.com/c/84f6165a-1726-4ac6-a058-e24b805a9e0f

https://chatgpt.com/c/84f6165a-1726-4ac6-a058-e24b805a9e0f


System Description
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The following system description was used to generate requirements, 
use cases, traceability between requirements and use cases, and risks:

Develop a highly versatile bike capable of navigating 
diverse terrains, including urban environments, off-road 

trails, mountainous regions, and sandy deserts. The 
bike should be designed with features that ensure 

optimal performance, safety, and comfort in varying 
conditions.



ChatGPT-4o Requirements Prompt
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Requirements Prompt:
You are an experienced Requirements Engineer with a strong background in gathering, analyzing, and documenting 
requirements for complex systems. Your keen eye for detail and ability to translate user needs into clear, actionable 
requirements quickly made you an expert in requirements engineering. You have worked in various industries, including 
defense, aerospace, and automotive, where precision and clarity in requirements are crucial.

Your primary objective is to ensure that all project requirements are accurately captured, well-documented, and 
understood by all stakeholders. You aim to bridge the gap between clients and the development team by translating 
business needs into technical specifications. Your success is measured by the completeness and clarity of 
requirements, minimizing ambiguities, and ensuring that the final product meets all specified requirements. Only 
decompose requirements to a maximum of 3 levels. Types of requirements should include functional, non-functional, 
and interface requirements. Remember that all requirements should follow SMART criteria: Specific, Measurable, 
Achievable, Relevant, and Testable.

Analyze the provided user description of a desired system and extract clear, measurable, and relevant system 
requirements. These should include functional, non-functional, and interface requirements that are essential for the 
system design.

<<System Description>>



ChatGPT-4o Generated Requirements
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Generated 22 Requirements
• 11 Functional

– Example: The bike shall include a mode 
selector for different terrains (urban, off-road, 
mountainous, desert)

• 6 Non-Functional
– Example: Usability – The bike shall require 

minimal maintenance, with routine checks 
needed no more than once per month.

• 5 Interface
– Example: The bike shall have mounting points 

for additional accessories such as GPS units, 
water bottle holders, and panniers

ChatGPT Log: https://chatgpt.com/c/84f6165a-1726-
4ac6-a058-e24b805a9e0f



ChatGPT-4o Use Case Prompt
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Use Case Prompt:
You are a seasoned Systems Architect with extensive experience in designing and overseeing the implementation of 
complex systems. Your journey began as a software developer, but your passion for seeing the bigger picture led you 
to systems architecture. Over the years, you have designed systems for various high-stakes projects, from defense 
systems to large-scale enterprise applications.

Your mission is to create a robust, scalable, and efficient system architecture that meets all project requirements and 
constraints. You focus on high-level design, ensuring that all components of the system work together seamlessly. Your 
goal is to deliver a design that not only meets current needs but is also flexible enough to accommodate future changes 
and expansions.

Using the system requirements and the original user description, develop detailed use cases that demonstrate how the 
system will fulfill these requirements. Subsequently, identify and define system functions necessary to perform the 
tasks outlined in the use cases.

<<System Description>>



ChatGPT-4o Generated Use Cases
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Generated 4 Use Cases
• Navigating Urban Environments
• Navigating Off-Road Trails
• Navigating Mountainous Regions
• Navigating Sandy Deserts

For each use case, a description, actor, 
preconditions, main flow, and postconditions were 
generated.

In each case, the rider was identified as the actor. No 
use cases were generated for maintaining the bicycle. 
However, a fully assembled and operational bike was 
identified as a precondition for each use case.

18 Functions were generated (e.g. Suspension 
Adjustment, Tire Pressure Adjustment). ChatGPT Log: https://chatgpt.com/c/84f6165a-1726-

4ac6-a058-e24b805a9e0f



ChatGPT-4o Traceability Prompt
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Traceability Prompt:
You are a dedicated Systems Engineer with a background in quality assurance and requirements traceability. Your 
career has focused on ensuring that all project artifacts are traceable throughout the development lifecycle. You have 
worked in highly regulated industries such as aviation, aerospace, and defense where traceability is critical for 
compliance and safety.

Your primary goal is to establish and maintain comprehensive traceability matrices that link requirements to architecture 
products, design, implementation, and testing artifacts. You ensure that every requirement is traced through the entire 
development process, from initial specification to final verification. Your aim is to provide clear and auditable traceability, 
facilitating impact analysis and ensuring compliance with industry standards.

Use the original user description, system requirements, and system functions, map these functions to potential system 
components. Then, create an allocation matrix that shows how each component addresses specific system 
requirements, highlighting dependencies and interfaces between components and requirements.



ChatGPT-4o Generated Traceability
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Generated traceability between requirements and 
functions

Allocated system components to functions

Defined interfaces between system components

ChatGPT Log: https://chatgpt.com/c/84f6165a-1726-
4ac6-a058-e24b805a9e0f



ChatGPT-4o Risk Prompt
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Risk Prompt:
You are an expert in Risk Management with a deep understanding of identifying, analyzing, mitigating and tracking risks 
in complex projects. Your career began in project management, where you quickly recognized the importance of 
proactive risk management. You have developed risk management plans and frameworks for various sectors, primarily 
defense and aerospace, but also finance and IT.

Your objective is to identify potential risks early in the project lifecycle and develop effective mitigation strategies. You
aim to minimize the impact of risks on project outcomes by maintaining a comprehensive risk register, conducting 
regular risk assessments, and ensuring that all stakeholders are aware of and prepared for potential issues. Your 
success is measured by the project’s ability to stay on schedule and within budget, despite the uncertainties and 
challenges that arise. You are particularly effective at risk matrices and risk burn down analyses.



ChatGPT-4o Risk Prompt (cont’d)
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Risk Prompt (cont’d):
The Risk Management Agent is responsible for identifying potential risks, assessing their likelihood and impact, and maintaining a risk 
register. Take into account the system description, requirements, and functions to identify risks that could impact the project's success. 
The agent will use the following criteria to categorize the likelihood and severity of each risk:

Likelihood Criteria: Level 5 (Near Certainty): Probability of occurrence is greater than 80% to 99%. Level 4 (Highly Likely): Probability of 
occurrence is greater than 60% to 80%. Level 3 (Likely): Probability of occurrence is greater than 40% to 60%. Level 2 (Low Likelihood): 
Probability of occurrence is greater than 20% to 40%. Level 1 (Not Likely): Probability of occurrence is greater than 1% to 20%.

Severity/Consequences Criteria:

Level 5 (Critical Impact): Significant cost increase, major schedule rebaselining required, and severe performance degradation 
preventing mission success. Level 4 (Significant Impact): Moderate cost increase, schedule slips close to thresholds, and significant 
performance impairments requiring work-arounds. Level 3 (Moderate Impact): Minor cost increase manageable with assistance, 
schedule slips impacting key events, and moderate performance impacts. Level 2 (Minor Impact): Minimal cost increase manageable 
internally, minor schedule slips, and reduced performance tolerable with little impact. Level 1 (Minimal Impact): Costs expected to meet 
funding levels, minimal schedule impact, and negligible performance consequences.

User System Description: Develop a highly versatile bike capable of navigating diverse terrains, including urban environments, off-road 
trails, mountainous regions, and sandy deserts. The bike should be designed with features that ensure optimal performance, safety, and 
comfort in varying conditions.



ChatGPT-4o Generated Risks
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Identified 13 Risks:
• Description
• Likelihood (1-5)
• Severity (1-5)
• Composite Score = Likelihood * Severity
• Mitigation Strategy

Performed adequately at identifying risks, but 
overestimated severity 

Example: R3 – Estimated a severity of 4 (significant) 
for insufficient battery life on an electric bike

ChatGPT Log: https://chatgpt.com/c/84f6165a-1726-
4ac6-a058-e24b805a9e0f



Sequential Framework
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Bicycle Case Study using Llama3 70B
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• Provide system context ~ 1-2 paragraphs
• Provide agents

– Requirements
– Architecture
– Traceability
– Risk

• Provide tasks
– Extract Requirements
– Develop Use Cases and Functions
– Allocate Functions to Requirements (Traceability)
– Track Risks

• Provide crew
• Kickoff the crew



Agent Creation with CrewAI
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# Example: Creating an agent with all attributes
from crewai import Agent

agent = Agent(
role='Data Analyst',
goal='Extract actionable insights',
backstory="""You're a data analyst at a large company.
You're responsible for analyzing data and providing insights
to the business.
You're currently working on a project to analyze the
performance of our marketing campaigns.""",
tools=[my_tool1, my_tool2], # Optional, defaults to an empty list
llm=my_llm, # Optional
function_calling_llm=my_llm, # Optional
max_iter=15, # Optional
max_rpm=None, # Optional
verbose=True, # Optional
allow_delegation=True, # Optional
step_callback=my_intermediate_step_callback, # Optional
cache=True # Optional

)

Example Agent creation

All potential attributes for Agents



Agent Creation:
Requirements Agent
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requirements_agent = Agent(
role='Requirements Agent',
goal="""
Your primary objective is to ensure that all project requirements are accurately captured, well-documented, \
and understood by all stakeholders. You aim to bridge the gap between clients and the development team by \
translating business needs into technical specifications. Your success is measured by the completeness and \
clarity of requirements, minimizing ambiguities, and ensuring that the final product meets all specified requirements. \
Only decompose requirements to a maximum of 3 levels. \
Types of requirements should include functional, non-functional, and interface requirements. \
Remember that all requirements should follow SMART criteria: Specific, Measurable, Achievable, Relevant, and Testable.""",

backstory="""You are an experienced Requirements Engineer with a strong background in gathering, analyzing, \
and documenting requirements for complex systems. Your keen eye for detail and ability to translate user needs \
into clear, actionable requirements quickly made you an expert in requirements engineering. You have worked in \
various industries, including defense, aerospace, and automotive, where precision and clarity in requirements are crucial.""",
llm=GROQ_LLM,
verbose=True,
allow_delegation=False,
max_iter=5,
memory=True,
step_callback=lambda x: print_agent_output(x, "Requirements Agent"),

)

Defining our agent



Agent Creation:
Systems Architect Agent
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systems_architect_agent = Agent(
role='Systems Architect Agent',
goal="""Your mission is to create a robust, scalable, and efficient system architecture 
that meets all project requirements and constraints. You focus on high-level design, ensuring 
that all components of the system work together seamlessly. Your goal is to deliver a design 
that not only meets current needs but is also flexible enough to accommodate future changes and expansions.""",

backstory="""You are a seasoned Systems Architect with extensive experience in designing and overseeing
the implementation of complex systems. Your journey began as a software developer, but your passion for 
seeing the bigger picture led you to systems architecture. Over the years, you have designed systems for 
various high-stakes projects, from defense systems to large-scale enterprise applications.""",
llm=GROQ_LLM,
verbose=True,
allow_delegation=False,
max_iter=5,
memory=True,
step_callback=lambda x: print_agent_output(x, "Systems Architect Agent"),

)

Defining our agent



Agent Creation:
Traceability Agent
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traceability_agent = Agent(
role='Traceability Agent',
goal="""Your primary goal is to establish and maintain comprehensive traceability matrices that link 
requirements to architecture products, design, implementation, and testing artifacts. You ensure that 
every requirement is traced through the entire development process, from initial specification to final 
verification. Your aim is to provide clear and auditable traceability, facilitating impact analysis and 
ensuring compliance with industry standards.""",

backstory="""You are a dedicated Systems Engineer with a background in quality assurance and requirements 
traceability. Your career has focused on ensuring that all project artifacts are traceable throughout the 
development lifecycle. You have worked in highly regulated industries such as aviation, aerospace, and 
defense where traceability is critical for compliance and safety.""",
llm=GROQ_LLM,
verbose=True,
allow_delegation=False,
max_iter=5,
memory=True,
step_callback=lambda x: print_agent_output(x, "Traceability Agent"),

)

Defining our agent



Agent Creation:
Risk Management Agent
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risk_agent = Agent(
role='Risk Agent',
goal="""Your objective is to identify potential risks early in the project lifecycle and develop effective 
mitigation strategies. You aim to minimize the impact of risks on project outcomes by maintaining a 
comprehensive risk register, conducting regular risk assessments, and ensuring that all stakeholders 
are aware of and prepared for potential issues. Your success is measured by the project’s ability to 
stay on schedule and within budget, despite the uncertainties and challenges that arise. You are 
particularly effective at risk matrices and risk burn down analyses.""",

backstory="""You are an expert in Risk Management with a deep understanding of identifying, analyzing, 
mitigating and tracking risks in complex projects. Your career began in project management, where 
you quickly recognized the importance of proactive risk management. You have developed risk management 
plans and frameworks for various sectors, primarily defense and aerospace, but also finance and IT.""",
llm=GROQ_LLM,
verbose=True,
allow_delegation=False,
max_iter=5,
memory=True,
step_callback=lambda x: print_agent_output(x, "Risk Agent"),

)

Defining our agent



Task Creation with CrewAI
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• We’ve created our agents, 
but now we need to create 
tasks and assign those tasks 
to agents

• Even though we are only 
giving one task to each 
agent, we could pass multiple 
tasks to a singular agent

Task Task Task Task



Task Creation with CrewAI
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task = Task(
description='Find and summarize the latest AI news',
expected_output='A bullet list summary of the top 5 most important 

AI news',
agent=research_agent,
tools=[search_tool]

)

from crewai import Agent, Task, Crew
from crewai_tools import SerperDevTool

research_agent = Agent(
role='Researcher',
goal='Find and summarize the latest AI news',
backstory="""You're a researcher at a large company.
You're responsible for analyzing data and providing insights
to the business.""",
verbose=True

)

search_tool = SerperDevTool()

All potential attributes for Tasks

Example Task

Agent selection context



Task #1 Creation:
Extract Requirements
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def extract_requirements(self, system_description):
return Task(

description=f"""Analyze the provided user description of a 
desired system and extract clear, measurable, and relevant system 
requirements. These should include functional, non-functional, and 
interface requirements that are essential for the system design.

SYSTEM DESCRIPTION:\n\n {system_description} \n\n
Output the list of requirements in a structured format
""",

expected_output=""“<SEE TO THE RIGHT>
""",
output_file="output_system_requirements.json",
agent=requirements_agent,
# human_input=True,

)

expected_output="""The output will be a JSON or structured text file 
containing a list of system requirements.

DO NOT INCLUDE ANYTHING OTHER THAN JUST A JSON. This file 
will be imported and read as a JSON so ensure the format is correct.

{
"requirements_specification": [

{
"id": "1",
"type": "functional", // Replace "functional" with the 

appropriate requirement type
"description": "Requirement Description 1",
"sub_requirements": [

{
"id": "1.1",
"type": "functional", // Replace "functional" with 

the appropriate requirement type
"description": "Sub-Requirement Description 1.1",
"sub_requirements": [

{
"id": "1.1.1",
"type": "interface", // Replace "interface" with 

the appropriate requirement type
"description": "Sub-Requirement Description 

1.1.1"
},
{
"id": "1.1.2",
"type": "interface", // Replace "interface" with 

the appropriate requirement type
"description": "Sub-Requirement Description 

1.1.2“
…

Defining our task
Defining task output



Task #2 Creation:
Develop Use Cases and Functions

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 33

def develop_use_cases_and_functions(self, systems_description):
return Task(

description=f"""Using the system requirements and the 
original user description, develop detailed use cases that demonstrate 
how the system will fulfill these requirements. Subsequently, identify 
and define system functions necessary to perform the tasks outlined in 
the use cases.

SYSTEM DESCRIPTION:\n\n {system_description} \n\n
Output the list of requirements in a structured format
""",

expected_output=""“<SEE TO THE RIGHT>
""",
context=[extract_requirements],
output_file=f"output_use_cases_and_functions.json",
agent=systems_architect_agent

)

expected_output="""The output will be a JSON or structured text file 
containing a list of system requirements. DO NOT INCLUDE ANYTHING OTHER 
THAN JUST A JSON. This file will be imported and read as a JSON so ensure 
the format is correct.
{
"system_architecture": [

{
"use_case_id": "UC1",
"use_case_description": "Use Case Description 1",
"functions": [

{
"function_id": "F1",
"function_description": "Function Description 1",
"sub_functions": [

{
"sub_function_id": "F1.1",
"sub_function_description": "Sub-Function Description 1.1"
},
{
"sub_function_id": "F1.2",
"sub_function_description": "Sub-Function Description 1.2"
}

]
},
{
"function_id": "F2",
"function_description": "Function Description 2",
"sub_functions": [

{
"sub_function_id": "F2.1",
"sub_function_description": "Sub-Function Description 2.1"
},
{
"sub_function_id": "F2.2",
"sub_function_description": "Sub-Function Description 2.2"
}

...

Defining our task
Defining task output



Task #3 Creation:
Allocate Functions to Requirements
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def create_traceability_matrix(self, system_description):
return Task(

description=f"""Using the original user description, system 
requirements, and system functions, map these functions to potential 
system components. \

Then, create an allocation matrix that shows how each 
component addresses specific system requirements, highlighting 
dependencies \

and interfaces between components and requirements.

SYSTEM DESCRIPTION:\n\n {system_description} \n\n
Output the list of requirements in a structured format

""",

expected_output=""“<SEE TO THE RIGHT>
""",
context=[extract_requirements, 

develop_use_cases_and_functions],
output_file=f"output_traceability_matrix.json",
agent=traceability_agent

)

expected_output="""The output will be a JSON or structured text file 
containing a list of system requirements. DO NOT INCLUDE ANYTHING OTHER 
THAN JUST A JSON. This file will be imported and read as a JSON so ensure 
the format is correct. 
{
"traceability": [

{
"requirement_id": "REQ-001", // Replace with the appropriate 

requirement ID
"requirement_description": "Requirement Description 1", // Replace 

with the appropriate requirement description
"functions": [

{
"function_id": "F1", // Replace with the appropriate function ID
"function_description": "Function Description 1", // Replace 

with the appropriate function description
"sub_functions": [

{
"sub_function_id": "F1.1", // Replace with the appropriate 

sub-function ID
"sub_function_description": "Sub-Function Description 

1.1" // Replace with the appropriate sub-function description
},
{
"sub_function_id": "F1.2", // Replace with the appropriate 

sub-function ID
"sub_function_description": "Sub-Function Description 

1.2" // Replace with the appropriate sub-function description
}

]
},
{
"function_id": "F2", // Replace with the appropriate function ID
"function_description": "Function Description 2", // Replace 

with the appropriate function description
"sub_functions": [

…

Defining our task
Defining task output



Task #4 Creation:
Track Risks
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def create_risks(self, system_description):
return Task(

description=f"""The Risk Management Agent is responsible for identifying potential risks, 
assessing their likelihood and impact, and maintaining a risk register.

Take into account the system description, requirements, and functions to identify risks 
that could impact the project's success.

The agent will use the following criteria to categorize the likelihood and severity of 
each risk:

Likelihood Criteria:
Level 5 (Near Certainty): Probability of occurrence is greater than 80% to 99%.
Level 4 (Highly Likely): Probability of occurrence is greater than 60% to 80%.
Level 3 (Likely): Probability of occurrence is greater than 40% to 60%.
Level 2 (Low Likelihood): Probability of occurrence is greater than 20% to 40%.
Level 1 (Not Likely): Probability of occurrence is greater than 1% to 20%.

Severity/Consequences Criteria:

Level 5 (Critical Impact): Significant cost increase, major schedule rebaselining
required, and severe performance degradation preventing mission success.

Level 4 (Significant Impact): Moderate cost increase, schedule slips close to thresholds, 
and significant performance impairments requiring work-arounds.

Level 3 (Moderate Impact): Minor cost increase manageable with assistance, schedule slips 
impacting key events, and moderate performance impacts.

Level 2 (Minor Impact): Minimal cost increase manageable internally, minor schedule slips, 
and reduced performance tolerable with little impact.

Level 1 (Minimal Impact): Costs expected to meet funding levels, minimal schedule impact, 
and negligible performance consequences.

SYSTEM DESCRIPTION:\n\n {system_description} \n\n
Output the list of requirements in a structured format
""",
expected_output=""“<SEE TO THE RIGHT>
""",
context = [extract_requirements, develop_use_cases_and_functions, 

create_traceability_matrix],
output_file=f"output_risks.json",
agent=risk_agent

)

expected_output="""The output will be a JSON or structured 
text file containing a list of system requirements. 
DO NOT INCLUDE ANYTHING OTHER THAN JUST A JSON. This file 
will be imported and read as a JSON so ensure the format is 
correct.
{
"project_risks": [

{
"id": "RISK-001", // Replace with the appropriate risk 

ID
"description": "Risk Description 1", // Replace with the 

appropriate risk description
"likelihood": 3, // Replace with the appropriate 

likelihood (1-5)
"impact": 5 // Replace with the appropriate impact (1-5)
},
{
"id": "RISK-002", // Replace with the appropriate risk 

ID
"description": "Risk Description 2", // Replace with the 

appropriate risk description
"likelihood": 4, // Replace with the appropriate 

likelihood (1-5)
"impact": 4 // Replace with the appropriate impact (1-5)
}

]
} 

Defining our task
Defining task output
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# Instantiate your crew with a sequential process
crew = Crew(

agents=[requirements_agent, systems_architect_agent, traceability_agent, risk_agent],
tasks=[

extract_requirements,
develop_use_cases_and_functions,
create_traceability_matrix,
create_risks

],
verbose=2,
process=Process.sequential,
full_output=True,
share_crew=False,
step_callback=lambda x: print_agent_output(x,"MasterCrew Agent")

)

# Kick off the crew's work
results = crew.kickoff()

# Print the results
print("Crew Work Results:")
print(results)
print(crew.usage_metrics)



Sequential Framework Case Study Setup
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• System Description
– Develop a highly versatile bike capable of navigating diverse terrains, 

including urban environments, off-road trails, mountainous regions, and sandy 
deserts. The bike should be designed with features that ensure optimal 
performance, safety, and comfort in varying conditions.

• Outputs
– output_system_requirements.json
– output_use_cases_and_functions.json
– output_traceability_matrix.json
– output_risks.json

• Let’s visualize these outputs…
– Visualizations created by parsing the JSONs and creating visuals in Python 

using the GraphViz and se-lib libraries



Sequential Framework Case Study Outputs:
System Requirements
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Generated 15 Requirements
• 6 Functional

– Example: The bike shall ensure 
optimal safety and comfort for the 
rider in varying conditions

• 3 Non-Functional
– Example: The bike shall have a 

maximum weight capacity of 250 
lbs.

• 6 Interface
– Example: The brake pads shall be 

designed to maintain effectiveness 
in wet conditions

F

F
N

N

I

I

Recall:
Functional Requirements: Define what the system should do 
(actions and behaviors).
Non-Functional Requirements: Define how the system should 
perform (quality and performance metrics).
Interface Requirements: Define interactions and integrations with 
external systems and entities. 



Sequential Framework Case Study Outputs:
System Function Decomposition
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Gave 3 Decompositions
• 2 were functional:

– Ensure safety and comfort
– Navigate diverse terrains

• 1 was not functional
– Optimal Performance in varying weather

• Should be “perform”

Quality of the Decompositions
• Output seems to include more of a 

hierarchical decomposition of the green 
box are valid functions

• Decompositions otherwise were:
– Physical components
– Physical attributes
– Requirements

No actors = Not use cases

JSON format did not include actors to keep 
complexity lower given that functional 
decompositions were challenging for the model



Sequential Framework Case Study Outputs:
Traceability Matrix
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Traceability Analysis
• The model re-numbered the requirements 

when provided the requirement IDs - few 
shot/more rigid prompts may be necessary

• Example: REQ-001
– The bike shall be capable of navigating 

diverse terrains, including urban 
environments, off-road trails, mountainous 
regions, and sandy deserts

– 2 functions it is allocated to F1.1 and F2.1
• F1.1: User-adjustable damping mechanism 
• F2.1: Corrosion-resistant materials for frame

• All requirements traced were properly 
traced.

– Need to quantify accuracy across larger 
number of requirements and functions

{
"traceability": [

{
"requirement_id": "REQ-001",
"requirement_description": "The bike shall be capable of 

navigating diverse terrains, including urban environments, off-road trails, 
mountainous regions, and sandy deserts.",

"functions": [
{

"function_id": "F1",
"function_description": "Adjustable suspension for 

optimal performance",
"sub_functions": [

{
"sub_function_id": "F1.1",
"sub_function_description": "User-adjustable 

damping mechanism"
}

]
},
{

"function_id": "F2",
"function_description": "Robust frame design for rough 

terrain",
"sub_functions": [

{
"sub_function_id": "F2.1",
"sub_function_description": "Corrosion-resistant 

materials for frame"
}

]
}

]
} . . .

*.json Output



Sequential Framework Case Study Outputs:
Risk Matrix
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Formatting and Output
Format is: RISK-### [Likelihood, Consequence]: Description

• RISK-001 [4, 5]: Failure to design and manufacture a bike that can navigate diverse terrains, including urban 
environments, off-road trails, mountainous regions, and sandy deserts.

• RISK-002 [3, 4]: Inadequate adjustable suspension design, leading to poor performance on varying terrains.
• RISK-003 [3, 4]: Insufficient robust frame design, leading to durability issues in rough terrain and harsh weather 

conditions.
• RISK-004 [3, 4]: Inability to ensure optimal safety and comfort for the rider in varying conditions, due to 

inadequate weight capacity and ergonomics.
• RISK-005 [3, 4]: Failure to design and manufacture weather-resistant components, leading to poor performance in 

varying weather conditions.
• RISK-006 [2, 3]: Inadequate lighting system design, leading to safety issues in low-light conditions.
• RISK-007 [4, 5]: Supply chain disruptions, leading to delays in component delivery and manufacturing.
• RISK-008 [2, 3]: Regulatory compliance issues, leading to delays in certification and market release.
• RISK-009 [3, 4]: Inadequate testing and validation, leading to poor performance and safety issues in real-world 

conditions.
• RISK-010 [2, 3]: Lack of contingency planning, leading to unpreparedness for unexpected events and crises.

Response Analysis
In general, responses seemed conservative (higher likelihood/consequence) with estimates given no context on a business 
plan or otherwise. 
There were a few outliers to this stance, including:
• Risk-004: while no context provided on optimal safety, non-optimal safety was consequence 4
• Risk-006: while no context of time of day provided, safety issues was consequence 3

It seems human safety was less consequence than should be – human safety should be of the upmost importance (e.g. 5).

Further investigation on this model’s approach to safety is required for any statistical significance. 



Challenges and Limitations
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• Class definitions for Agents and Tasks was required to be able to 
easily pass inputs 
– Kicking off the crew passed a System Description provided by the user

• Some of the outputs from Llama3 with the sequential approach were 
not in proper format or out of context 
– ChatGPT4o understood what a use case was – Llama 3 70B struggled with 

use cases and decomposition of functions was not valid

• The sequential agent approach with Llama3 demonstrated that tighter 
guardrails or constant interaction with a human in the loop provides 
the best outputs as seen with ChatGPT4o with the singular model



Summary
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• Explored different language models (ChatGPT4o and Llama3) for use with Systems 
Engineering common approaches and analyses

• Created/defined SE agents
• Created/defined SE tasks with standard *.json format for simple LLM integration
• Explored singular/chat interface and sequential tasking frameworks for SE
• Shared a case study comparing LLM frameworks for an all terrain bike 

– Zero shot approach outputs suggest custom SE LLMs and/or techniques are required 
• Discussed limitations on LLM scope of knowledge

– Case study focused on a non-novel implementation
– Need to ensure that the LLM has been trained on relevant knowledge and/or has access to 

database of relevant knowledge (e.g. via RAG)
– Dictates that the LLM will know how to present your idea, but will not - in most cases - be able to 

come up with the idea itself
• Need a quantitative method for assessment of language model performance for SE tasks
• A step towards the role of future SE to focus on architecture in plain language and tool 

agnostic architecture



Future Work
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• Explore using other models and techniques 
(RAG or fine tuning) with Agents

• Explore varying levels of human in the loop 
with Agents

• Explore a SysMLv2 modeling agent to perform 
modeling as a part of all user queries

– Extends SysMLv2 research (Longshore, 2024)
• Explore a cost modeling agent to perform 

project cost modeling
– Extends AI cost modeling research (Madachy, 

2024)
• Explore quantitative methods of comparing SE 

work product outputs from LLMs / Agents
– Extend SysEngBench (Bell, 2024)

Requirements
Agent

Architecture
Agent

Traceability
Agent

Risk
Agent

Task
Delegations

Agent
Responses

Systems Architect

User
Query

Crew
Response

Managing Agent
(Systems Engineering Agent)
Shared Information
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Modeling

Agent
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Model
(SysML textual)
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