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Abstract

Functional safety is a critical aspect of auto-
motive engineering, encompassing all phases
of a vehicle’s lifecycle, including design, de-
velopment, production, operation, and decom-
missioning. This domain involves highly
knowledge-intensive tasks. This paper intro-
duces Aegis: An Advanced LLM-Based Multi-
Agent for Intelligent Functional Safety Engi-
neering. Aegis is specifically designed to sup-
port complex functional safety tasks within
the automotive sector. It is tailored to per-
form Hazard Analysis and Risk Assessment
(HARA), document Functional Safety Require-
ments (FSR), and plan test cases for Auto-
matic Emergency Braking (AEB) systems. The
most advanced version, Aegis-Max, leverages
Retrieval-Augmented Generation (RAG) and
reflective mechanisms to enhance its capabil-
ity in managing complex, knowledge-intensive
tasks. Additionally, targeted prompt refinement
by professional functional safety practitioners
can significantly optimize Aegis’s performance
in the functional safety domain. This paper
demonstrates the potential of Aegis to improve
the efficiency and effectiveness of functional
safety processes in automotive engineering.

1 Introduction

The functional safety requirements cover all activ-
ities throughout the vehicle’s lifecycle, including
design, development, production, operation, and
decommissioning (International Organization for
Standardization, 2011). According to ISO 26262,
functional safety activities for on-road vehicles,
compliant with regulations and project experience,
are organized according to the V-model, covering
all critical activities from the concept phase to the
decommissioning phase, as illustrated in Figure 1.

Implementing functional safety requires thor-
ough knowledge of standards like ISO 26262 and
IEC 61508, covering safety requirements from anal-
ysis to maintenance, and necessitates professional

Figure 1: The V-Model of Functional Safety Activities
and Roles

expertise (Nouri and Warmuth, 2021). High-level
systems thinking, statistical skills, and deep domain
knowledge are essential for identifying hazards and
analyzing risks using techniques like Fault Tree
Analysis (FTA) and Failure Mode and Effects Anal-
ysis (FMEA) (Cristea and Constantinescu, 2017).
Defining safety requirements and designing effec-
tive safety mechanisms involve interdisciplinary
knowledge in hardware design, software develop-
ment, and safety engineering. Achieving Safety
Integrity Level (SIL) requires rigorous verification
and validation through extensive testing, includ-
ing functional verification, software and hardware
testing, system integration testing, and validation
of Safety of the Intended Functionality (SoV) and
Safety of the Intended Use (SoC) (International
Organization for Standardization, 2011). Config-
uration management and change control are cru-
cial for maintaining system safety throughout the
product lifecycle, involving tracking and assessing
changes to prevent new risks (International Orga-
nization for Standardization, 2011). Continuous
learning and knowledge updates are essential due
to evolving automotive E/E systems and advance-
ments in autonomous driving algorithms (Martin
et al., 2016; Chen et al., 2024). These characteris-
tics fully demonstrate that functional safety activi-
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ties are knowledge-intensive work which refers to
tasks that require significant cognitive effort and
specialized expertise to complete.

Large Language Models (LLMs) are highly ap-
propriate for addressing knowledge-intensive tasks
owing to their robust capabilities in knowledge
acquisition, storage, and application (AlKhamissi
et al.,, 2022). LLMs have already been used in
HARA analysis (Nouri et al., 2024). However,
LLMs can sometimes generate inaccurate informa-
tion, especially when dealing with domain-specific
or complex issues (Kandpal et al., 2023). For in-
stance, if an LLM is provided with a functional
requirement for Automatic Emergency Braking
(AEB) and tasked with conducting a Hazard Anal-
ysis and Risk Assessment (HARA) in accordance
with UL4600, it may not produce an accurate re-
sponse if it has not been trained on the UL4600
regulations.

To address such situations, Retrieval-Augmented
Generation (RAG) can incorporate external knowl-
edge from databases to solve these domain-specific,
knowledge-intensive tasks (Lewis et al., 2020). Ad-
ditionally, training and fine-tuning LLMs to locate
and modify specific knowledge stored within the
models can also address information gaps or in-
accuracies (De Cao et al., 2021; Yao et al., 2023;
Mitchell et al., 2022).

Considering that pre-training large models is
a resource-intensive process with high costs, and
that fine-tuning still demands substantial compu-
tational resources—with costs varying according
to task complexity, data volume, and model size
(Liu et al., 2023)—we propose using RAG to ex-
tend LLM knowledge in the specific domain of
functional safety. RAG allows for low-cost integra-
tion of new domain knowledge by incorporating
both the internal and external functional safety reg-
ulations, automotive E/E system requirements, pa-
pers verification and validation processes, and other
expert knowledge into external databases (Vector
Database and File System).

By employing retrieval, generation, and augmen-
tation techniques, RAG supports the entire func-
tional safety lifecycle. This approach not only en-
hances the LLM’s capabilities in functional safety
but also ensures that the system remains up-to-date
with the latest domain-specific information.

LLMs have the distinct capability of assuming
different roles when given specific identity prompts,
thereby simulating the social division of labor in
the real world. LLLM-based multi-agents enhance

task performance through social behaviors such
as collaboration and competition. These agents
can encourage divergent thinking, improve reason-
ing capabilities, and reduce hallucinations, making
them well-suited for handling complex knowledge
tasks.

In functional safety activities, as illustrated in
Figure 1, various roles such as Functional Safety
Manager, V&V Engineer, and others are involved.
These roles collaborate to accomplish complex
functional safety tasks that span different domains,
such as HARA analysis and functional safety vali-
dation. By establishing a multi-agent system where
each agent focuses on its specific tasks within the
functional safety lifecycle, they can collectively
achieve the overall functional safety goals through
coordinated efforts.

In this paper, we propose Aegis, an LLM-based
multi-agent system designed to support functional
safety activities. The system is specifically tailored
to carry out Hazard Analysis and Risk Assessment
(HARA), Functional Safety Requirements (FSR)
documentation, and test case planning tasks for
an Automatic Emergency Braking (AEB) system.
Additionally, it automatically creates associations
and mappings between Safety Goals (SG), FSR,
and test cases.

In comparison to existing tools like medini an-
alyze® and Vector Informatik, Aegis’s key in-
novation lies in its higher level of automation.
While current tools require significant manual in-
put, Aegis introduces a hierarchical multi-agent
framework and Retrieval-Augmented Generation
(RAG) to dynamically integrate external standards
(e.g., ISO 26262, VDA 702), providing real-time
compliance updates. This significantly enhances
both the automation and precision of complex func-
tional safety tasks.

We designed three versions of Aegis based on the
LLM QWEN-MAX which is is a trillion-parameter
large-scale language model from Alibaba (Alibaba,
2024):

1. Aegis-Lite: Comprising 2 agents: functional
safety manager and verification and validation
engineer.

2. Aegis-Pro: Comprising 3 agents: functional
safety manager, verification and validation en-
gineer and functional safety expert.

3. Aegis-Max: Comprising 3 agents, enhanced
with Retrieval-Augmented Generation (RAG),
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and incorporating reflection and critique
mechanisms.

We also introduced professional functional
safety practitioners to provide few-shot prompts
and conducted two rounds of targeted prompt re-
finement to guide the agents in performing higher-
quality functional safety activities.

To evaluate the task outcomes, we established
a set of assessment criteria derived from experi-
enced functional safety experts and regulations.
Both GPT-40 and seasoned functional safety ex-
perts scored and assessed the agents’ outputs mul-
tiple times.

The findings indicate that Aegis-pro, by adding
more agent roles compared to Aegis-Lite, increased
the accuracy of HARA analysis and FSR gener-
ation while reducing incorrect responses. With
improved prompts, the agents provided more ac-
curate answers to detailed queries. Furthermore,
the inclusion of RAG and reflection mechanisms
in Aegis-max enhanced the comprehensiveness of
HARA analysis and the coverage of generated test
cases.

2 Aegis Design

Aegis-Max aims to automate functional safety ac-
tivities for AEB requirements. Its primary func-
tions include performing functional safety HARA
analysis, developing FSRs, and writing test cases.
Aegis-Max integrates multiple roles and compo-
nents, including the Functional Safety Manager,
Functional Safety Expert, and Verification and
Validation (V&V) Engineer, each with specific
tasks and responsibilities. In Aegis, agents in-
dependently perform tasks like hazard analysis
or test case planning. Each agent operates au-
tonomously within its role and coordinates with
others to achieve common goals, ensuring flexibil-
ity and efficiency in handling complex functional
safety tasks.

Figure 2 shows the workflow of Aegis-max and
the description is below:

Input User provides the AEB requirement and
poses the question: "Please generate the functional
activities with the input requirement {REQUIRE-
MENT}."

The document is divided into smaller chunks
with a size of 2000 and an overlap of 10 to avoid
issues caused by exceeding the length limitation of
QWEN-MAX.

Aegis-Max Aegis-Max is a multi-agent system
representing a functional safety team.

Functional Safety Manager This role encom-
passes the combined tasks of the Functional Safety
Manager and Functional Safety Engineer as de-
fined in Figure 1. For prompt details regarding
role definitions, please refer to Appendix BB.1. In
smaller functional safety teams, it is common for
a single engineer to handle the responsibilities of
both roles. Additionally, to reduce communication
overhead between agents and improve efficiency
(Qian et al., 2023), we have assigned the duties of
both roles to the Functional Safety Manager within
Aegis-Max. We define that the Functional Safety
Manager needs to conduct safety definitions and
safety analyses, explicitly stating the need to refer
to the VDA 702 Standard in the knowledge base
for HARA analysis. In Section 3, Experiments
(Prompt) and Evaluation, the results are also de-
scribed, demonstrating that HARA Analysis yields
better outcomes through RAG.

Additionally, by strictly defining the output for-
mat of the Functional Safety Manager’s results after
performing safety analyses like HARA and FTA
through few-shot prompts, as detailed in Appendix
B.1, we improve the controllability and consistency
of the agent’s output (Ding et al., 2023).

Functional Safety Expert This role encom-
passes more extensive knowledge and insights re-
lated to functional safety, as detailed in Appendix
B.1. The role is defined as "more professional
than the functional safety manager." In this role, a
higher-level review process is also defined, allow-
ing the Expert to critique the Manager’s work from
a higher dimension and update the safety planning
content based on these critiques.

V&V Engineer We assigned the role of func-
tional safety verification and validation engineer
to the V&V Engineer. This role involves planning
tests based on the messages output by the Func-
tional Safety Expert, and producing consistent test
case tables according to specific formats. At this
stage, we did not provide detailed prompts for gen-
erating test cases, such as test case coverage. In-
stead, by assigning the role to the V&V Engineer,
the agent’s outputs are expected to align with the
role’s definition (Park et al., 2023).

Self-RAG A reflection RAG for Few-shot
prompts. It includes two main roles: Researcher
and Revisor. For each functional safety-related role,
after experienced functional safety engineers have
evaluated the results generated without the reflec-
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generate the functional
activities with the input
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{REQUIREMENT].”

Aegis-Max

Self-RAG
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Figure 2: The workflow of Aegis-Max

tion process, we detailed the reflection and critique
process for each role based on their suggestions.
For example, when the V&V engineer conducts a
reflection, they need to consider the coverage of
the test cases. Detailed content can be found in
Appendix B.1.

Researcher (Few-shot Prompt) This node
functions as a RAG query mechanism, primarily
responsible for searching various documents within
the knowledge base, including regulatory texts, best
practice documents, and functional requirement
case studies. Its role is to update the outputs from
preceding role nodes while maintaining the orig-
inal output format. The knowledge base service
leverages Alibaba’s BAILIAN platform application
center. By constructing a knowledge repository on
BAILIAN, RAG queries are executed via API calls
using QWEN-MAX-based application APIs. The
construction and implementation details of RAG
itself fall outside the scope of Aegis’s discussion.

Revisor (Few-shot Prompt) Given that our ap-
plication scenarios and outputs are well-defined,
and we seek more in-depth and accurate responses
from Aegis regarding functional safety activities,
the Revisor node provides targeted prompts based
on the specific roles of the agents. This ensures task
clarity and accessibility, reducing the likelihood of
hallucinations in complex tasks and keeping the
results focused on the core responsibilities of each
actor (Khademi, 2023)

Evaluation and Reflection We evaluated the
outputs generated by Aegis, with GPT-40 and hu-
man functional safety engineers scoring and assess-
ing the Functional Safety Requirements (FSR) and

test cases.

Chat GPT-40 Detailed descriptions of auto-
mated evaluation tasks can be found in Chapter 3,
"Experiments and Evaluation." Automated evalu-
ations were conducted by GPT-40 using custom
evaluation templates designed by experienced func-
tional safety engineers. Additionally, to discuss
the impact of RAG and multi-role supervision on
knowledge-intensive and complex functional safety
tasks, we designed Aegis-Lite Figure 3 and Aegis-
Pro Figure 4 for comparative evaluation of the three
agent frameworks.

Functional Safety Manager Team An expe-
rienced team of functional safety managers also
scored and assessed the results. Additionally, they
provided new suggestions for prompts to improve
the accuracy of Aegis’s outputs.

Interaction Interaction in Aegis is entirely
goal-driven, not based on negotiation. Each agent
has a defined role, such as generating a HARA re-
port or refining outputs for test cases. Agents work
sequentially, sharing and updating outputs based
on feedback. This structured, goal-oriented interac-
tion improves accuracy through iterative feedback,
enabling efficient management of complex tasks
with minimal errors.

Agent1

(FusA_Manager) communication in loop

Figure 3: Aegis-Lite: Includes only FuSA_Manager and
V&V _Engineer, completing tasks through multi-agent
dialogue.
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Agent2
(FusA_Expert)

Figure 4: Aegis-Pro: Adds a supervisory node,
FuSA_Expert, to complete functional safety activities
through mutual dialogue, but does not include RAG.

3 Experiments and Evaluation

To evaluate Aegis’s performance in executing com-
plex functional safety tasks, we tested and assessed
Aegis-Lite, Aegis-Pro, and Aegis-Max.

We conducted two types of evaluations: (1) Hu-
man evaluation, and (2) GPT-40 evaluation (Bran
et al., 2023). For vehicle functional safety, Aegis
provides 20 functional safety requirements and cor-
responding test cases for the vehicle each time it
runs, presenting a comprehensive final solution.
This solution is then compared with a single solu-
tion generated by the GPT-40 model. To ensure
fairness, the GPT-40 was also provided with the
relevant knowledge base documents and the same
prompts. See Appendix A.1 for details.

3.1 Evaluation Criteria

The evaluation criteria were formulated by sev-
eral professional automotive safety testing experts
with over five years of industry experience, based
on the "Functional Safety Review and Evaluation
Methods" published by the China National Stan-
dardization Management Committee(of People’s
Republic of China, 2023), ISO 26262(International
Organization for Standardization, 2011), and their
professional experience.

The evaluation criteria is attached in Appendix
D.

3.1.1 Experiment Process

We conducted experiments with different prompts
and agent frameworks, obtaining a total of seven
sets of functional safety requirements and test case
results, as shown in the Table1 below:

For detailed prompt content during the iteration
process, refer to Appendices B.1, B.2, and B.3.

The few-shot prompt is present in detail in Ap-
pendix A. The difference among the three versions
of the prompt is summarized below:

Initial Prompt The first version which can in-
duce the FuS_Manager and V&V Engineer can
export the FSR and test cases.

Second Version Refined based on the initial
version. Domain experts (Lewis et al., 2020) ad-
justed the wording and structure of the prompt and
directed the agent model to use knowledge base
tools to access the VDA 702 standard library, aim-
ing to improve the accuracy and consistency of
the generated content. Additionally, we employed
a few-shot approach (Nouri and Warmuth, 2021)
based on the initial prompt results to enhance con-
tent consistency.

Third Version Prompt Based on the sugges-
tions from the functional safety team, new prompts
have been added for FSR and test cases, and the
prompts for the reflection and critique nodes of the
FuSA_Manager, FuSA_Expert, and V&V Engineer
have been updated.

3.1.2 Evaluation Process

We invited a team of functional safety managers,
each with over five years of experience, to cross-
evaluate the functional safety requirements and test
cases generated by Aegis and GPT-40. The iden-
tity of each solution was kept anonymous. Based
on their experience, they assessed the content of
the generated FSRs and test cases. The functional
safety team evaluated several (more than five) re-
sults from Aegis-Lite, Aegis-Pro, and Aegis-Max,
as well as one result from GPT-40, and provided
an average score for each agent.

In addition, we let GPT-40 evaluate results from
Aegis-Lite/Pro/Max and the result from GPT-4o0
with single solution. Specifically, we provided the
evaluation criteria to GPT-40 and asked it to score
the solutions based on the criteria in Appendix D.
The final score determined which answer was bet-
ter. Detailed evaluation prompts can be found in
Appendix A.2.

We randomly selected 20 samples of generated
content each time and had the GPT-40 evaluate and
score them on a 100-point scale.

3.2 Evaluations
3.2.1 Evaluations from GPT-40

The evaluation scores of the FSR and test cases
generated by Aegis and GPT-40 are represented
in Figure 5. From these results, it can be seen
that when performing complex functional safety
tasks, the performance of Aegis_Lite, Aegi_Pro,
and Aegis_Max improves progressively, with
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Initial Prompt withScenario Description | Second VersionPrompt Refinement | Third Version Promptwith Revise Result Analysis Criteria
Aegis_Lite Aegis_Lite_v1 Aegis_Lite_v2 /
Aegis_Pro Aegis_Pro_v1 Aegis_Pro_v2 /
Aegis_Max Aegis_Max_v1 Aegis_Max_v2 Aegis_Max_v3

Table 1: Prompt Versions for Different Models

Aegis_Max outperforming GPT-40 in the evalu-
ations.

According to Figure 6, through targeted prompt
optimization, the language model can exhibit better
performance in specific domains.

Grade

PrompLV1 Prompt_v2 Prompt_v1 Prompt_v2

Figure 5: The GPT4o-based evaluation for the func-
tional safety requirement and test cases content, gen-
erated by our different agent framework and GPT4o.
The chart on the left shows the scores for FSR, and the
chart on the right shows the scores for Test Cases. The
following Figure’s Layout is similar to this.

POMPLY]  Promptyv2  PromptV3 PrOMPLVI  Prompty2  Promptv3

Figure 6: The performance of Aegis_Max with different
prompt for FSR and Test cases, evaluated by GPT4o.

3.2.2 Evaluations from Functional Safety
Manager Team

From Figure 7 and Figure 8, we can draw conclu-
sions similar to those in Section 3.2.1, "Evaluations
from GPT-40." Aegis_Max achieves the best task
completion results, and by tailoring prompts for
specific tasks and outcomes, the agent can perform
even better. The detailed evaluations are introduced
in Appendix C.1.

3.3 Conclusion

In conclusion, Aegis_Max, through function-
calling and utilizing the reflective Self-RAG,
equips the agent with the capability to perform
complex tasks in the specific domain of functional
safety which is knowledge-intensive. Furthermore,

Prompt V1 Promptv2 Prompt V1 Prompt_v2

Figure 7: Human-based Evaluation for Generation of
the Functional Safety Requirement and Test cases from
various agent framework and GPT4o.

Grade Grade
Aegis_Max

[ humesd bl s [ |
Prompty1  PrompLv2  PrompV3 PomptV  Prompv2  Promptv3

Figure 8: The Evaluation scores of generation of the
FSR and Test cases from Functional Safety Manager
Team-members.

in tasks such as HARA analysis, FSR generation,
and test case generation, Aegis_Max outperforms
GPT-40 in evaluations conducted by both GPT-40
and human reviewers. Additionally, if more pre-
cise results are required for specific tasks within
a particular domain, incorporating domain experts
and conducting multiple rounds of targeted prompt
optimization can further enhance performance.

4 Future work

The MoA (Wang et al., 2024) framework has
demonstrated exceptional performance in complex
natural language understanding and generation
tasks by employing a layered architecture of collab-
orative agents. It optimizes the outputs of multiple
LLMs to produce high-quality responses. Inspired
by MoA, layered optimization utilizing multiple
LLMs may further enhance the response quality of
our multi-agent collaration system, which uses a
single model per generation process. Additionally,
to improve memory capabilities, MemoryBank’s
(Zhong et al., 2024) storage, retrieval, and updating
mechanisms could be integrated into our system for
dynamic memory updating and efficient retrieval.
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This would enable more precise safety responses
and personalized risk management. However, intro-
ducing these methods requires balancing additional
consumption, such as response time and storage
resources. We leave this for future research.

Currently, the system relies on expert-driven
prompt optimization. To reduce this dependency
and improve scalability, we are developing au-
tomated prompt generation using self-reflective
mechanisms. This will reduce the need for expert
intervention and make the system more adaptable
to large-scale applications, improving its perfor-
mance in various scenarios.

While Aegis currently focuses on functional
safety, its multi-agent architecture and RAG in-
tegration make it adaptable to other domains, such
as anticipated functional safety and information
security. The system can be applied to any prod-
uct involving safety activities, providing a flexible
framework for different safety engineering needs.
Future work will explore the system’s effectiveness
in these areas, expanding its applicability to other
industries.
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A Appendices A.3 Prompt for GPT-based Evaluation

A.1 Prompt for GPT Generated Functional
Safety Requirements: B oeneneTe

ich one i The best,

hich cne i3 secand, and s an

until the Tast one. Provide reasons for your judgrants.
Hers ars some scoring criteria you can refer &
ether the inDUt 2nd CUTPUT iNTerfaces of the relevant ftem interacticn @iagram are comlete. Withedt omissiens.
whather the analysis covers the entire logic inplementation and state transitions of the functien,

3. Whsther the functicna] and non-functiona] requirements fully cover the functional Togic.

Hera Anlys is

1. The scanarfo needs to includs 11 typical scenarics of the function to aveid missing safety goals and fnaccurate FTTI times
and € ratings in the HARA analysis meet the standards. and vhether the ASTL Tevel calculatien meets the SEC

conbination caleulation results.

3. whether the FTTE calculation matches the scanario description and whether the calculation result ds accurate.

arar
Veu ara non 3 samior autonotive functional safety requivanants and fast cass anslyst. Based on the given knowledse bass File 2. whather 211 ftars have besn anlyzad to snsure no oriss s
AfB_requirnent.nd, plesse gererts furctions] ssfety reauirements and test cases. 2. whsther the failura nodss are Corprehensively snaTyzed through RAZDP.
5. Whsther the scznario Gescription 5 Concise, clear. and comrehensive. and Whether The Content dncluces key scenzrio slensns
. Clar understanding for nen-professioaals). and whether the elaments cover 311 necessary aspects (2., diffarant raad
Conditions, Tighting conditions, ste. )

Vour tasks are:

**Conduct Relevant Item Defimition Analysis™= 4. hether the scurces of 5. E. and € ratings comply with regulations. whether there are standards for different levels, whether £
gistinguishes freguency and time, and whether the basis For Gifferentiation compliss with regulatory reaufrements.
- Collect documents related to relevant items, including functional spacifications of the architecture, festure list, 5. whether the same safety goals 2re merged, vhether the merged s is formulated according to the highest Tevel, and uwhether the
furctional scenario analysis, imitial network topology, vehicle modal definition, imitial commnication matrix, stc. FTTL is formlated according to the shortest time
6. whether the 5. £, and C ratings in the HARA analysis meet the standards, and whether the ASIL Tevel calculation meats the SEC
- Organize input information reeded for furctional safety analysis, including furctional descriptions, interaction conbination calculation results.

information with relevant items, intersction imterfacas, ressonshle misuze, krown safety requireserts, and failure modes. whether the forniTated safety gosls avoid corresponding failures.

6. Whether the FTTI calculation ratches the scenario gescriprion and uhether the calculation result is accurate.

Conduct Functional Safety Concept Analysise

FTa
< B e ey el vl g e, e GR arieds o HmdEy oA i, 1, thether the decompositien of events is comprehensive. including self-failure. link failure. power supply failure. etc.
- Dasign safaty machanisns for each failure to provide protection and derive functional safuty requirements. FsR:
1. thather thers is a traceability relationship with SG. vhether the traced SG ASIL level is consistnt or mests the ASIL
Deternire Required Safety Activities and Test Levelse gecomosition requiremnts. Each FSR should have at Teast che correspoagding SG. IF an FSR has miltiple SG tracesbility relationships.
the AL Tevel of the FSR should be the highest Tevel ancng the miTtiple SGs.
= B T e GO, (i S R Sy FEST 5 (st Taria 2. Whether the FSR attributes are complete, including requirement dascription. D, safety state, &STL Tevel. FTTZ. and deployed
system.
The output functional safety requirements should be saved in a table with the markdown format as belom:
Fsc
| Hazard | Name Failura Moda | Situation or Situation Refarerca | Possibla 1, Whether the design of the safety mechanisn can detect this fault, and whether the respanse after detecting the fault incluces a
Vvehicle Level Consequerce Kazard Description Exposure Assumption | E | Severity gescription of the safety state
Assumption |5 | Controllability Assumptions | C | ASIL | 56-ID | sG-Description | 2. whether each £k has 2 uniue o,
6-Safa State | S6-ASIL | SG-FTTI | FR I | FSR Description | PSR ATlocation | Fst 3. uhether each fault in the FTA has 2 correspanding FSR covers
ASIL | PSR safe Staze | PR FTTI 4, Whether each FSR has  correspending tine censtraint. and shether the Formilation principles are reassnable.

5. whether the FSR description can Clearly highlight the subsysten it is asseciated with.
6. Whether there are unreascnable arbitrations under multiple functional requests hen Formilating the FSR. and whether it compliss
with requlatory reasirements.

Plasse provide reasensble scoring reasons (percentage systen) and detailed explanaticns for yaur scorss.

| 01_01_SaE 01 | Marual Driver Disable | Owission | Worker disorganized or urbalarced movement in start area |
Unintentional start sfter sasy start | Unintentions] start when vorkers are stable | Contimueus svent |
E2 | Misoperation of stationary car can cause persenal or major injury | 53 | Immediate braking upon detection, irput new
operation | C3 |8 | 0101 SaE_SG1 | Ensure the disable signal doas not put the vehicle in manal disable by driver |
Vehicle does not start or unintentional start 18 | 1.34s | |

e | Ensure vehicls doss rot start unintensionslly | 0.615 |

Provide 20 sets of furctional safety requiresents (FSR).

A4 GPT’s Detailed Scoring Explanation for
Generated Content

A.2  Prompt for GPT Generated Test Cases

File: agenst.nd

STiona) SR RereEnTE Anay:

S sen_m 104

sescragrion ars rvarion 13 Based an sccurate GemecTion of pe3RSTIIn CaT1IEION I
You are now 2 senior autonotive functional safety requirements and test case analyst. Based on the given knowledoe base file - *taujectivess: ma umimsendsd braking.
AEE_reqiirment.nd, please gererate furctional safety requirenents and test cases. - *tmvaluacianss: racus en aceuracy and satecy

searese: 527100
you are the functional safety verification and validation engineer

ed: Somena e Fia 10+
SEscripTianse: Efors apoTyIng The orak:, The
WL “turite Test Caseses Triggaring

s znens variey me ras

Vis targe sasiliratian VAl T precen Sl

- *taujectivess: marmal @riving witheus nsrvencian.
\- Dasign specific test cases based on functional safety requirements and systen requirenents, ensuring cach requirement has a - **mvaluacion®s: ewphasts on veritication and reaccion Tine,
corrasponding test case -

szareme: 50200

Ensurs test cases are umique and traceable. average scars far Tila agens

Ersure test case descriptions are testable, with ssch test case having a test nethod and a method to derdve fast casas

[ R

Plazze strictly adhars o the Followimg format to save the cutput fast cases 9n 3 table using Narkdonn Forms: FI1e: agenms.ma
| FR D | £ Description ASIL | FTTL | Test Case 1 | Test Hana] safany mequiravancs analy
Description | Test Method | Test Emvironment | Type Test Steps
| Expacted Results 1 wesen_prpma_ien
| PASS/Fail | Explanations | Test Execution Date | - **oescrigrionss: asgularly verify and calibrace speed sensars

4 massurenenc for brake ore-

o zananr ra1aRTIy S tmas

2. vesc_pem gien:

carreciy 1sanme

pocencial el

on razaras

- *taujectivess: safe venicle stap ar callizian avaidan

- semaluacionss: o
searese: 557100

an sensar verificacian and %

n algaric.

avarage scars for Tile agens 5.ed.
| ADAS-AEB-SGOL-FSROL | When AEB/AEB/EBA is activated, EP ausids Tiniting tha braking force gersrated by the driver applying

the brake to a larger (larger than the requested value of the AES) | D | 100ms | ADAS-AES-SGOL-FSROL-001 | IF the vehicle [ssess s 2esEs
speed s 20kn/h and the target is stationary within 30m in front of the vehicle lane, The AEE is activated (mrr_asbReq=0xLi
DEMAND). driver's emergarcy braking force (esc_longicceleration) s greater than the braking force requested by ASS AR
(mrr_ssbTargethx), execute driver’s braking force (esc_longhccaleration) | Requirements testing, fault injection testing, real
erviroment testing, parformance testing, squivalence analysis, boundary analysis, error correlation analysis, comnon failures, Funzeiana] satany meaTremnTe AnEliETE
order and source analysis of relevant failures. envirommental and oparational case amalysis, field experience analysis | vehicle
| PraCondition | Power-on to clear the faslt cods, the whole vehicle has ro fault; Stationary target in front of this 2 a1
veicle Tane 30n straight, speed L0kn/h Driver brake force is greater than etonss: sensar #atlure Teads o aiTure o brake in Mign-spsed scenarias
EE raguest. The vehicle will brake force (ssc_longiccaleration > mrr_sssTargesax) | unmese | - USMISSTINESD ek F ErE nany.

auzizne: mn

| | -
1 | 1 1 -
I step | Mear the intarsection, activating ABE/EBA is activated

»0: DEVAND). The driver presses the brake pedal fo the end (i5_BrakePedalipplied=0xl: brake pedal applied). Execute

braking force for that the driver's braking force is greater than the ASS requested value. Memitor vehicle execution braking
Force for 15 Cesc_longacceleration > nrr_abTargetax) | The vehicle stops, the fault is cleared, the vehicle s trouble-free - e
0o [ | - *maluacionss: emon:

] i 10 0 0 - eeszareen: 52100

| PostCondition | The vehicle stops, the fault is cleared, the vehicle is trouble-free
| The vehicle stops, the fault is Cleared, the vehicle is SIER e O b eea
troubla-fres |umess | I

on severicy ana Trmeas oo

szareme: 39,100

"ncarrecely ssencs

tvee: o umincended braicing, redu
an pacencial canssqusncs

and driver reaccion time.

[

\2. “*Chack and update the GSN Gragh From FuSh_manager®
ssaring swary
\- Please add the corresponding test case IDs under the functional safety requirenent nodes in the G\ provided by the Fusd
expert. - **sile agenc 4 ndes: T7.5/100
- *trile agen_§mdee B6.5/100
1ie agenc_s maee: 917100

After updating the G\, please output the G again.

cares rafless the griarfrizacion of funceienal safaty requresen

and MighTigns The pamencial far Tmgravesen

Please gererate 20 sets of functional safety requiresents and test cases. it farans
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A.5 GPT’s Detailed Scoring Explanation for
Generated Content

Fita: agens 4 md
FANSTISNAT SAUETY ARG PETANTE ANATNETE
1. wan g s 1+

- ~"DESCrIOTIGN™: ENEMTS ATH SCEIVATIAN 15 BAFed GN ACCAMATE SETACTION GF DEMSTCIEN S31TIFIAN 1K
- “eobjectivess: a uninsended Braking.

urscy and ssfery

e ]
- =e3azcripeians

ESfare 0p1YTRg The Brae, TS EYTTEN CNGUIE WEPTRY THG

Tvad Targer

Teracian value Ta prevent Talze

NarmE] Artiing wiThour 1nterventin
EWGRATIZ an ver1TicaTion and re
57100

1o T

sverag score far fle agenc_4.md:
Tz s s zemU
stle: agens s ma

FuncEiona] sateny sequirevens snalysts

+ megularly verify and calibrace spesd sensers

urate spesd meszureent for brake pre-#111
E/TAATIGN"": ENONAIE N Zenzar rlaBITITY 3N TmeSTIATy.
- weszarees: 55100

2. weaz_see 1o
- “eosscrigTion*s: ensure ses carrertly identities potencial collision hazards.
- empjasmiveee: st GEnTIlE BED Br 21TTEDR Euansas
- “emvaluationts: mephasis an senzar verificacian and fusian algariche
- =escaress: 55100

averags scare far file agens 3.
[ 085+ 88) £ 2=86.57]

st1a: agent 5 ma

Funcoianal safery sequiremencs Analysis

1. ez per gl
- *owscrigsion*: sensor Tailura Tesds T Tailurs to braks in Migh-spesd GENaricE.
- =eonjertivees: aTE of severs njury.

ATNATIGN®S: ENDRAIZ GM SEAFITY 303 11MIE] BISE-RENT SanTral.

- wescaress: 507100

ey e
- =owscrigTion*s: ask incorrectly identifies non-exiscent pedestrians, Teading To unnecessary braking.
- ~DEJ4CTIVES": NG UMTENGED BrIKTNG, MEJATEI F1EK OF reAr-End callisians.

- “emaluatians: mphasiz an pssacial
- eeszarees: 327100

censsqusnces af Talse pariTives and driver reacsien Tims.

averags scare Tor Tle agenc_§.md:

C:92) f2=mN

scartng suwsary

- =erile agens_d.mdes

57200
- =me112 agent_s maee: 5557100
- weF1le 3geT 6 maen: 917100

ez ssares e

The BrSrITTZaTION o RUNCTIORAT SaRETY FeqUIrENENTE 201 MTGNTIGNT TR PITANCIAT FOr MDrOveNSAT arass AtERerent
e

Eile: agenc 3 nd
mae 1 mlse sasizies restl

- eesazars

: znaccurame sensar data Triggers brake gre-#111, causing unexperted deceleration and dfzcaefort during naneal driving
- *routcamers: Mamencary d1scaefart, driver can averride by gressing The brake pedsl

- =mFraguency s1an31.

- *eseverityss: mmentary discosort.

- ~~CAMTrSITaNIITTy=~: M1GN, AIVEF SIN GVEMTTSE 3y QPESENG TN Brake pesl
scora: 7513
measaming:

- *esdrancagese.
- Clear 1genmir

T10n o7 nazard and succone.
- mplesencarion of data saniTy checks T grevent Tnaggrapriace brake pre-fi1l acrivatian

- *erovesent suggescians®s:
- Wesd £a gera] The aata saminy
- analyze driver rassmion Tiek Eed sy resones T

stle: agere s na
case 2: cal1150n undemECTEn

- =zzaraes: sanzar T311re 19333 T3 TAT14ME T3 DrIR BATArE 3 TMDENZING callizian
- *eouTcamess: severs injury or death.

- *eeraquEncyse: PazziBle suent.

- “esevarfmy=: majar dnjury ar deach,

- “ecamrallamilioyss: wimiced gascsvent camcral.

score: 85/1%0
ezasaming:
- eeadvantagases

- FACUZ GM ENZUrIRG AEE SITSCEIY 13SATICISE PITANTIA] S111ETAN METANGE.
- emprazts an sansor veris

ien and Susten slgmrizne:

- ~TroveSen ZugEETIans=
- mars frequent validacion and TesTing of sensar inguss
SGNEYGEr AJAVTIGNAT SATETY MECNEMTENE T3 EADDIEWENT TN AZH SYETEM

Fre: agens 7.

case 3: erinenc Francal callisian

- *azard**: ous T senEor misjudgeent ar snviromencal incerferance, the SCORATIC STargency braking systE G
aresence of an armacis.

- *rouccanes: callision, injury, or deach,

- ~mFrequEncy==: SanTimmE.

- teseverityse: wigh, risk of injury ar facalicy.

- SPCOMTFIITaNIITTyS: L1NTESE Ar1VSr TNTAMVGNTIGN TING DRET-SVRNT.

) fatls 5 activace in the

score: 99/1%0
ssasoming:
- *eadvancagese

- comprenancive nazara analyTiz,
- wign severtty and contimuas o

ar cutcames, a3 pTANTIS] Cause:.
urrence indicave 3 cricical 1ssue.
- TMplEASNTATION GF ZENZAr MSANGINTY 3nd wertF1ZaTian o

i T3 encura raT1api A

vation 1n criTical calitstan

canarta.

- *empraveven suggescianses:
- Fravige more SETATlE on TG SENSSr VErITISATION OrSISE TH ENNANGE MGBUETHESE.
- wars decatled respance Tims analysis far varieus

These scares ref

2 Thorougn understanding of fur

fana) safery ori

les and migniight areas far igrovesent
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B Appendices

B.1 First version prompt for Fusa_Manager:

ncEional safery manager. You chauld grovide the functional Safcy reguiresent T v

1. **conduct aelevant tem oeFinition analy

- callecc dosume
scenarta analysis

relaved T releant 1oems, including Functional

iFicacions of The architecturs, feawure T

MTI31 Aemeark T3palogy, VEMISlE MO3S] SSFINTTIGN, TMIETS] CoMRLMICITIN MITIIX, STC.

- Orgamiza Inpwt 1MFGrEATIan nesdSd Tor MUNCKIGNI] Z3RSTy SRAIYETE, NCINTNG TURCTIGna] SSIErIETIan:,

WITh ETSVANT 10GME, TNCEFACTION TATAITSCAE, MEAGORADIS WTSUZR, KNOWN CITRTY MEQUIrGRGATE, and TTINMG mOGG:

2. *RCORUCT FUNCTIONST BATATY CONCENT AN

- E3tod on cafeTy GR31E 3R SySGM COMPOZTEIGN, SORUIT FTA ANATYEIS TS SSNTITY LRSEriying FaTiu

- Dargn Zafery mechantemz Tor Gaoh T31lure TA Provids PrOTSCTION 33 SArTVE TANCTTANZ] EAFTY FSd1remanE.
**DaTrMInG ReqIre S3TTY ASTIVITIGE and TEIT Lavaliee

- B30 ON TNQUT MEQUTFEMANTS, CODANNING TG MECRESAMY GATETY CEIVICIGE 3nd TETIAG Tevel

ThG GUEUE PunCT1GNA] SIPTY MESUIFGRSITS ZhGHIS Be IIG 10 EDIE WITH NG RArkSNn TamaT

razara e ratencial

or sTmation asrerence

Epazurs AzmmpTian | &

. funccional

nmaraction TnmormaTion

e soenarta Fatlure Mooz | stouETien
1012 veMICTe Lave] ConBAquUEnce

5 | comcrallaviiiTy AssumpTions
=z z=-ezzrigmian 2zsate gmame
ZC-ASTL | 3Z-FTTI | FE3 3 | FIA Dencrigmion | Fax AllacaTion | FER AsmL | FIA mafe TG | R

a3l Sriver S1Eale | The 1933 vemicle 13 Traueling STFEIGNT 3T 3 ZpeSd oF S0 KGN, WnTle The faTladng
“eMICI8 12 EravETIng TASTr 3T 3 £pESS OT 100 KGN, WITH 3 ZPAS3 SITTEMGNCE Of 40 W/E. The £afe SISEINCA 1 59 mTers
fallanng vema Brasa 13T 3nd rear-and T 1ea3 vema
B3 | UNNTRNTIONS] STArT 3FTEr GaGy STAMT | UMINDETTIGNA]
f SEaTiamary c3r cam cause perzonal or mIjar TMJury | X3 | IWS31aTR DrXTRG ups SSTACTIGN, NHT Mé SPEraTIGR | G
=277 =3% xo ) | Encure ©he a1E3nle SIGNAl GDSE ROE GUT THG VEMICIE 1N MIMI] S1SIBIE By rIVEr | WMISla G965 MGT SEAFT ar
uminmentianal sTart | & 13s

cauring e

WOrKEr 4123rgaN1Zes Or uNDI1aNCOd MALSAGNT 1N SEAFT

are sTable | ConTInUGUE event e | mzoperacion
x

v
+* Plaace refer T CTARSAMAS Zuh 32 D33 26262 3Md GNGITE 3 TURCTIGNI] SITETY CEN BAZSd GN THG TMGAT FoqulremenT:
T The axampla pelow.

‘SSI[EIMTY G531 3<0M-ITEGrIRG ISTUITION DEYGNI ZOSCIFICAEIGN MUT BE Dreventas]
FM[AR19VANT CRrATING MOSSE orsral a4 M3, Coupled Made]

naZTIT] Gn 1MVETIA ETSaring regue
‘Tem by MGNTTAMNG GPArATIGNI] STATe 3N DrIAQ T3 STIRSETYI an TauT
£ 318 T recoINIZZ S1a AFITES AT TH AFIVING 1ans 33 MESST JpOrapriITel:

ZA[=pac1Ty 3 V3114 £TRAMING INJIE FANGE UMING SUCRITAA SPATATIGN 3N DIIQ TA
Z3(enzure £afe aCTuITIGR of The Tmeering
1anng Trarric

ouEE1ae of Te val1a range]
FISLFUNTTISNG] SATATY R4, S<arsTRE

Tem snall Dring The vEMIZIE Ta SEERASTITI o redue
imen 3nE11 reEl1EE SEEECING

or ammr contraTis
WiTnn The val1a range)




B.2 First version prompt for vv_engineer:

2

B.4 Second version prompt for vv_engineer

ses in a table using Markdown formats
Te templats without omitting any column:

the following t:

FS Dascription
1 ASIL | FTTI | Test Case 1 | Test Dasc:

| Tast Method

| Test Erviromment | Typs Test Steps

Expected Results
| PASS/Fail | Explanatians | Test Execution Date |

|
SGOL-FSROL | When AEE/AB/EBA is activated, ESP avoids 1imiting the braking force gererated by
applying the brake to a larger (larger than the requested value of the AES) 100ms | ADAS-AEB-SGOL-FSROL
vehicle speed is 20kn/h and the target is stationary within 30m in front of the vehicle lane. The AES is activated
(nrr_sebReq=0xdl: DEMAND). driver’s emergercy braking force (esc_longicceleration) is greater than the braking force raguest
AEB (nrr_sshTargethx), execute driver’s braking force (esc_lomgacceleration) | Raquiresents testing, failt injection

| ADas-a

real enviroment testing, perfornarce testing, equivalerce amalysis, bourdary analysis, error correlation analysis, common
Fatlures, order and saurcs anslysis of relevant Fxilures, anviromantal and oparstions] cass snalysiz, Field experierce analysis
| vekicle | PreCondition | Poner-on to clear the fault code, the whole vehicle has no fault; Stationary -

Front of thiz vehicle Tars 30w straight, speed 10an/h

Driver brake force is greater than AS request. The vehicle will brake force (esc_TongAcceler

nrr_ashTargethx) UrTest |

| Near the dntersection, activating
sctiuatad (o <Lt DBIAND). The driver presses the brake pedal to the end (i8_BrakeFedalipslic
apglisd). Executes braking force for that the driver's braking force is greater than the AR requested valus. Memitor vehicle
execution braking force for 1s (ssc_longicceleration » mrr_asbTargetax) | The vehicle stops, the fault is cleared, the vehicle
15 trauble-free
Unfest | I

1

brake pedsl

| | PostCondition | The vehicle stops, the Fault iz claared, the

vekicle iz

The vehicle stops, the fault is cleared, the vehicle is trouble-free
I unfest | 1

the "Type" column in the gererated content according to the above template includes three rows: PreCondition,

ondi tion.

Ensure ©
Step, and Fos

is wraun

B.3 Second version prompt for fusa_manager

Conduct Functional Safety Concept Analysis
- Based on safety goals and system composition, conduct FTA analysis to identify underlying failures.

- Design safety mechanisns for each failure to provide protection and derive functional safety requirements.
- While conducting HARA analysis, please also refer to the VDA 702 standard from the knowledge base.

- The value of E should be determined in conjunction with the frequency or exposure duration

- For ASIL Tevels A and above, further analysis is nesded to derive safety goals

- ASIL Tevel calculation error

3. ==Determine Required Safety Activities and Test Levels==
- Based on nput requirements, determine the necessary safety activities and testing levels.

Please strictly adhere to the following format to save the output functional safety requirements in a table using Markdown
format:

Hazard 10 | Name Potential accident scenario Eailure Mode
Situation or Situation Reference Possible Vehicle Level Consequence | Hazard Description

Exposure Assumption | E | Severity Assumption I's
Controllability Assumptions C | ASI | se-ID S6-Description

S6-safe state SG-ASIL | SG-FTTI | FSR ID | FSR Description | FSR
Allocation | FSR ASIL | FSR Safe State | FSR FTTI
|

#5_32_SaE_#5_1 | Manual Driver Disable | The lead vehicle is traveling straight at a speed of 60 kph, while the following
vehicle is traveling faster at a speed of 100 kph, with a speed difference of 40 m/s. The safe distance is 50 meters, causing

the following vehicle to brake late and rear-end the lead vehicle. | Omission | Worker disorganized or unbalanced movement
4n start area | Unintentional start after easy start | Unintentional start when workers are stable | Continuous event 2
Misoperation of stationary car can cause personal or major injury | 53 | Immediate braking upon detection, input new
operation | C3 | 8 | ###2 5aE_SG1 | Ensure the disable signal does not put the vehicle in manual disable by driver |
Vehicle does not start or unintentional start | B | 1345 1
0.61s

1581

re mars prafs
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@ by driver | vehicle dess nat sTart ar
vz
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arsa | unirentions
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areor
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10 MoSezarsenIoe oSk, SIpIed Mosa]

3t wam

axnafunma ret s1ancors00 108
au[aeTevant wazardschrswazTs

& T EFTANGETIT on 1
a b an

23 aperacian ang or: 13 msaring rogue

1 an

e T ¥

Rz, Lecarsma

1 T smeering

aie ana
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B.6 Third version prompt for B.8 Third version prompt for
revise_instructions revise_instructions_vv_engineer

£ Defire revizion instructions far w_sngireer

Vour revizion tasks for the furctionsl ssfety verificstion and valid

Complatensss Chack

(FSR) has a corresponding test case.
t steps

Coverage of All Requirenents: Ensure each Furctional Safety Requireme
Detailed cases should irclude detailed and repeatable

Consistency Chack

ney: Ensure all test cases follow a uniforn form
e consistant use of terminology across all test cases.

Format Consi

Terminology Consistancy: Ens:

Tracasaility Che

Test cases should trace back to their corrasponding FSRs and ASIL Tevels.

Tracesilit
+ Ensure clear Tirkage betvesn test cases and related docunents.

Requirams
Document Traceabil
Testability Check

Executability: Ensure test cases can be exscuted in real-world emviroments.

Defired Test Enviromment: Specify the appropriate test enviroment and tools

- Clear Test Mathods: Zach tast caze should have 2 clesr tast methed and steps
HEATES EIC B Unigueress Chack

esch test caze iz umigue and not recundant.

No Dupl Cases: Enm
22 Test Caze Review Chacklist

| Check Ttem Specific Content
| Completion

naure your reguin

= a1 5

st cases? Are detailed test steps included?

Are all requirerents covered by corresponding

tast cazes consiztent? sistently?

be terminalosy used

s the Formst

- **Tean @iscussion*®: Discuss your requirements o

Cam esch test caze be traced back fo it sponding requirenent? s the Tirksge fo ralated d

the test enviromment appropri

| Testability Chack | Can the test cases be exscuted in real-norld enviroments? I
test methods and steps clearly defined?

| Uiqueness Chac Are all test cases unique? Do they cover all possible scamarios and edge case:
1 |

| Criticality Chack | Are thera sufficiently detailed and comprehensive test casas for high-risk areas? Are boundary conditions

wroughly tasted?
Dee: szch test caze have claar sxpects

Are the pazs/Fail critaris clearly defined?

Ty revies an2 .

nuzusly im ar regui

C Appendices

B.7 Third version prompt for
revise_instructions_expert C.1 Supplementary Index

# Define revision instructions for FuSA_expert

You need to review the FSR and GSN with the following rules.

### Specific Review Checklist Excel ment Sheet Testcase Sheet
— P —— R agent max vixdsx evaluation result of agent max v1's output = Testcase
agent_max_v2.xlsx evaluation result of agent_max_v2's output FSR Testcase
Completeness Check Are all columns filled? Is the terminology accurate? I
Logical Consistency | Are descriptions consistent across rows? Are assumptions and ASIL determination reasonable? agent_max vaxisx evaluation result of agent_max_v3's output FSR Testcase
Verifisbility Check | Is each requirement clear and verifisble? Are there corresponding test methods? TR Gl e RS (= UETEED
Tracesbility Check | Can each requirenent be Sraced back to specific Hazards and Ssfety Gosls? Is there docusentation? | agent pro v2xisx evaluation result of agent_pro_v2's output R Testcase
Compare with Standards | Does the requirements table meet industry standards and best practices? agent ite v1.xisx evaluation result of agent lte_v1's output FSR Testcase
Peer Review Was tean discussion and external review been conducted? |
it lite_v2.xisx luation restit of agent lite_v2's outpu [z Testcase
Practical Feedback Has feedback from test results and users been collected and reflected upon? agentfitev2.xis evaluation result of agent_lite v2's output R stease
Periodic Review I the requirenents table regularly updated and continuously Tmproved? | gptalsx evaluation result of got's output £k Testcase
summaryisx summary of evaluation results
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D Appendices

D.1

Analgss

Aralyis
Dezals

Aralyis

Analyss

Analyss

D.2

Clause
rumer

Evaluation Criteria for Functional Safety

Requirements

Key Analysis Faints. Detalls

Ensure all Interfaces 2
InehdEd WIOUT BTESEon

Compieteness of INFLE aNd DUEELE intprisces Inineeractin dlagrams

Conérm comprehenshe

Whether sh o '
e coverage of funciianal kagicand
state transitions
2 s o
Whather functional and nan funerional requirements cover the riine functional lagic AU S i coverge
furesanal logie
Confrm coverage of al typical
SCENINDS SNDUIG NCLGE 21 TRl SIENANDS for e fUNCHaN, aVBHINg CMISS0NS Tk could Ed 50 | SCERINGCR 10 ENSUNE acTurace
Missing safety gasls and Inaccurae FITIomes safety goasang FITI
cakulatiors

Cenérm ratigs meet stancrds
and ASK level calrudations are
accure

Whether the 5,  Cratings in HARA ansh
calaulstion meets the SEC cambinarion roswits

Confirm FITI calnuimions march
‘Whether FTTI calculaions maich the scenane descriations and are acourate: scenario descriatons and
accure

Confrmal kems are analyzed

Whether il terms are
withous amizzions

tyzed to enaure no omisEcns

i HAZOR anclyss covers

‘Whether falure mades are fuly analyaed shrough HAZOR T e

Whether she scenanic descripeions o concise, dear, srd comarchensive, Indudnghoy scenar. | Confim scenani descriptions
EACIENES (8. UNOErSTAINCIER: by NONAPETS), INclWNEEET T SCENANG CEments e fully are Eoncise, Cear, and cover 3l
coverod .., differer road conditions, Ighting canditions, eic) ke elomens

Confirm rating sources comply
with regulasions and
distinciore are cear and based
an regulatary requremens

‘Whether the sources of 5, £, Cratngs comply with reguiaticns, whether déferent loveks are
distinguisnes, and whether € distinguishes between frequencyand durmion, with dezinaions
based on reguiatory requirements

Contrm merged safety gnas

WhEITer SIIAT 3ty §aals T MENgRd, anc 50, WNEtes (e MErged ASIL K SE D e NGNEST | 20 SETT0 e hiZNest AR fevel
hevd, ancwhemes FTTHS 81 I e shoness Time ang FT) 5500 10 the shortest
ime

Conéirm ratings meet standards
and ASL level calnuations are
accure

Whether the 5, £, € ratings in HARA anshyss meet the standrds, and whether the ASIL kevel
calaulstion meets the SEC cambinarion rosuits

Consrm safety goak provent

Whether the farmulsend safery gals svold camsponding falures -

Conérm FTTI calcuiamons mah
‘Whether FTTI caleulacions masch the scenane descriations and are acourate: scenario descrigtions and are
accurane

Conérm comprnhenshe suen
decamposticn couering all

Whather svont decompaition k compronansive, Inchuding self.
falure, et

e, link Faikure; power sLoply

fabure modes
‘Whether there Is 3 traceatilty relborship with 56, andwhether the traced SEs ASIL kel Confrm traceabilky
EORSSIENT O Mt ASIL CeCOMERS AN rEquiRemenes. Each FSR shoud hawe at loas ane refatianshipwith 56 and
comespanding 6. If an FSR has muipic 56 raceaiiy reatcnships, the ASIL level of the FSR consistent ar comgilant ASIL
shoud beset 5o the Mighest level ameng the mukiple 565 levels

Conérm comgice: PSR
tributes covering al
necossany irfarmstian

Whather FSRatritnutes arm complers, Induding requiremeent cescription, 1D, sy ttate, ASIL ko
FTTL and degioyed system

Confirm safety mechanisms can
detecr fauirs ang respanses
Inchude safery S1are destrgnons

‘Whether the safesy mechanism design can detect the faul, and whether the respanse indudes 2
SCriERIan of the Safery state after denonng the Sur

Confrm each FSA has a unique

Whether sach PSR has a unique 1D -

Confirm pach faut Iz covernd By

‘Whether each fault In the FTA = covered by a cormespanding FSR 2 comaspanding FSR

Whether each FSR has 3 camesponding fime constraine sndwhetnor the formulation prndpies s | Confirm reasonable time
reasorabie consIraines for each FSR

Condirm clear FSR destriptions

‘Whether PSR dessipcions dearty highlght the sumysoem chey relace i ighighaing the sukmyszmn

Cortrm reazorabc F5R
formulian wihout
urressanchic srbitratian,
comgiyng with reguionory
recuiremen:

Whather tha FER farmulzcion avsids urraasananie arbitration under mukiple funeianal requests
and comglies with reguiatery rrquirements

Evaluation Criteria for Test cases

Requirements
Esch F5R=noukd have at kast one corresponding requirement

Each tost case should Inclue requirements for test methads.and st case derhatian meshods

‘T selectian af st methads should mest the ASIL level requiremenes of the assacaced FSR, with *~ indkacng mandatory
Inchiskan

™ oSt case derivation mess the ASIL level smenis of the ssaciseed PSR, with "=+ Indicating
mandatory inchuskan

expected test roouks should elude

‘Tesz descripeions shaukd b clear and unambiguous, tesx sops should be measurable,
signal mames

Toe types of Injected f al fature she FTA
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