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Abstract Functional safety requirements extraction is a crucial and foundational step in the de-
velopment lifecycle of safety-critical software systems, directly influencing the functional safety
and overall reliability of such systems. Functional safety requirements serve as the cornerstone

for designing, implementing, and verifying software components that must operate safely under
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all conditions, especially in domains where failures can lead to catastrophic consequences, such as
automotive, aerospace, and medical devices. Traditionally, the extraction of safety requirements
has been a labor-intensive, manual process carried out collaboratively by system engineers and
software engineers. This approach heavily depends on the engineers’ domain-specific knowledge
and accumulated experience, making it not only time-consuming but also prone to the risk of o-
missions, which can undermine the quality of the final requirements. Given these challenges, re-
ducing the risk of omissions and enhancing the efficiency and comprehensiveness of the safety re-
quirement extraction process have become pressing and significant research topics. In recent
years, Large Language Models (LLMs) have demonstrated strong capabilities in natural language
understanding and generation, suggesting new opportunities for automating safety requirements
extraction. However, leveraging LLMs effectively in this context requires addressing the chal-
lenge of adequately infusing them with domain-specific knowledge and practical experience, espe-
cially given the nuanced and complex nature of safety requirements. To address these issues, this
paper proposes a novel, model-driven approach for the generation and optimization of prompts for
LLMs, specifically tailored to the extraction of functional safety requirements. By metamodeling
the domain knowledge necessary for safety requirements extraction, this method established
prompt frameworks to guide the construction of prompt, and uses LILMs to extract the safety re-
quirement features of natural language text with automatically generated zero-shot prompts.
Based on the extracted safety requirements features, this method identifies similar cases from his-
torical safety requirements extraction results to generate few-shot prompts, which guides LLMs
to combine domain knowledge and historical experience for safety requirements extraction. This
paper conducts a comprehensive evaluation of the safety requirements extraction performance of
the proposed method in comparison with existing requirements extraction methods and main-
stream Retrieval Augmented Generation (RAG) methods on three cases from safety-critical do-
main requirements practice, and explores the impacts of the underlying LILM, the number of ex-
amples included in the few-shot prompt, the example selection strategy, the application scenarios
on the performance of the proposed method. This paper also conducts ablation experiments to in-
vestigate the impact of method design on performance of the proposed method, and further con-
ducts a case study to explore the practice effectiveness of the method. The results show that the
proposed method can effectively provide domain knowledge and experience to LILMs, thus obtai-
ning better safety requirements extraction results, with F1l-score enhancements of up to 25. 75% on the
three selected Chinese LI.LMs compared to the existing LLLM-based requirements extraction meth-
od. When compared with TF-IDF and semantic similarity-based RAG methods, the proposed
method has better results in extracting system functionality and software safety information,
with F1-score enhancements of up to 5.18% and 6.14 %, respectively. These results demon-
strate that our approach can effectively bridge the gap between domain knowledge and L1LM capa-
bilities, offering a promising direction for automating and improving safety requirement engineer-

ing in safety-critical software domains.
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L5 LTI AR ALEE SR 0 AT LA T LLM 1Y %
A FORIEEUR B, (B LLM 1 4 4 7 R 48 BUSUR IF
AN 5 4 B8 7 A9 £ R AL 8 AT T 3R IR AP AR B0 52 461
FIREZs ] LLM #2 {5 T8 Sy Z2 4 9 03, DA I i i 42
T+ LLM Wiz fefig J1 3 & LLM Y48 4 oK 328 Bk
BE. ZAERESHAMIEMLEL 8", BWRELE
ARSI B R 2 A e SRR AR BE 7S 91 i B SR W R L AT
DL o 39 4 de AH AU 1 48+ LLM I 4E: 55 68 1, 3
BB AN A LR 2 7 LM 1932 fE g 77, AT ik
FE A LLM MRS EREM B . 245 Rl R,
AN TR)AHABLEE 7 B 4 4 1T i 3 3 O i LM A9 4T 55 g
TFZALRE J1 . — B4 T LLM 9 %8 4 75 oK $2 B
TR Efe . T B 20 G SR B T R AR SRS T G
KICAMMTENA .

(DORQ2. 4 : A J7 EEAEAS R W G T 1Y 42 4>
7 SR R HCHE g an ey 2

AR SO X 5 v ARG B vh A 6] U 9 T 1 P
BER AT T J7 2243 (Analysis of Variance, fij #%
ANOVA) ZIFIERTZ T B = A Lh 1 41 %1
Z P 2 5 . BA SO ANOVA 43 # 4R
FARSCTTEAE =AY LLM EORE R 3 5 F e
2 REE. AR ME 9,

K9 AXAZFEAERMAFESR ANOVA FHER(p B

LLM 1-shot 2-shot
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Background

When conducting software safety requirements analysis,
it is necessary to comprehensively consider information from
various aspects, including system architecture and system
functionality. The process of extraction of this information is
still done manually with the collaboration of system engineers
and software engineers, which results in a significant invest-
ment of manpower and the risk of omission of safety require-
ments. How to reduce the risk of omission of safety require-
ments and improve the efficiency of the extraction process is
an urgent problem to be solved.

Recently, a series of Large Language Models (LLMs),
represented by ChatGPT, LLaMA, and Qwen, have devel-
oped rapidly. LLMs are pre-trained on massive corpora and
have excellent natural language understanding abilities and
rich human knowledge. They also have the characteristic of
being ready to use without the need for additional training,
providing automated solutions for software engineering tasks

that lack public data, such as safety requirements extraction.

This paper proposes a model-driven prompt generation
and optimization method for functional safety requirements
extraction. The method extracts and represents relevant do-
main knowledge involved in safety requirements extraction as
a meta-model to automatically generate and optimize
prompts. The method first automatically generates zero-shot
prompts to guide the LLM to obtain safety requirements fea-
tures from target requirements. Then, it identifies similar
cases from historical safety requirement based on the features
to construct few-shot prompts, guiding the LLM to combine
domain knowledge and historical experience to complete the
software safety requirements extractions task.

This method reduces the demand for users to have do-
main knowledge of safety-critical software, and thus reduces
the risk of omission of safety requirements due to engineers’
lack of domain knowledge, and improves the efficiency of ex-
traction process while ensuring the quality of safety require-

ments.



