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Research context
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TemplatesRequirements

If <condition>, the <system name> shall 

<action> <object>

If the user clicks on the create button, the 

website shall create the account

Specified using

✓ Improves quality while preserving readability of NL requirements.

✓ Enables the automated analysis of requirements.

✓ Supports the verification and certification of safety critical systems.

× Resource-intensive process.

× Extensive manual labour.

× Requires domain expertise.



Existing Work Limitations
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Existing approaches still 
require substantial manual 

effort for template 
completion and 

correctness verification.

2

Existing approaches rarely 
exploit MDE, despite its 

demonstrated benefits for 
downstream RE tasks.

1 3

No existing approach 
combines the reasoning 
capabilities of LLMs with 

MDE to support template-
based NL requirements 

specification.



Research Objectives
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▪  Empirically evaluate the use of LLMs for generating template-based requirement specification.

▪  Examine whether domain models provide greater benefits than unstructured textual context 

when enriching prompts.

Template-specified 

requirements
Requirements

Domain models



Research Background
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▪ In this empirical evaluation, we specifically focus on the operational behavior template, a functional requirement 

template developed in our previous work (RESPECT) [1], guided by the ARINC-653 certification standard [2].

▪ The Operational behavior template was selected as it was the most frequently used template in our previous work [1]. 

When the OS calls the service

AND

If ERROR_CODE is equal to DEADLINE_MISSED

Then 

The OS shall set RETURN_CODE to INVALID_PARAM

MODRE - RE 2026



Research Background
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▪ Our previous work, RESPECT, supported the automated verification of requirements using domain models.

When the OS calls the service

AND

If ERROR_CODE is equal to DEADLINE_MISSED

Then 

The OS shall set RETURN_CODE to INVALID_PARAM
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Research Method



Research Questions
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RQ.1: 

To what extent do SOTA LLMs and different prompting strategies effectively generate 

template-based requirements specifications?

RQ.2: 

How does the use of domain models as RAG context compare to unstructured textual 

context for template-based requirements specifications?



Datasets
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▪ The empirical evaluation covers two services from the ARINC-653 certification [2].

▪ The evaluation covers 98 requirements reformulated into 146 requirements.

• Responsible for detecting and 
addressing Errors.

• Includes 30 input requirements 
refined into 53 requirements. 

Health Monitor

• Manages all communication 
between processes of a partition.

• Includes 68 input requirements 
refined into 93 requirements. 

Intra-Partition Communication

✓ They include requirements that differ in terms of content and structure.

✓ Their original requirements were reformulated using the Operational Behavior Template in our prior work (GT)  [1].

✓ We have already developed the domain models for these services in our previous work [2].

✓ Both the specified requirements and domain models were validated by our industrial partner.



Experimental Configuration
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RQ.1: SOTA LLMs and prompting strategies for template-based requirement specification

▪ Selected LLMs: GPT, Llama, and Mistral.

▪ Prompting techniques: zero-shot, few-shot, and Retrieval-Augmented Generation (RAG).

RQ.2: Domain models as RAG context for template-based requirement specification

▪ Domain model-enhanced RAG: The LLM is provided with snippets from the domain model.

▪ Few-shot with RAG: Comparing Few-shot & RAG with Few-shot & DM-enhanced RAG. 

The evaluation covers a total of 138 experiments.



Prompt
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Persona & Requirements 
to Analyze

Template

Instructions

Output Format

Template Definition



Metrics

1

0
MODRE - RE 2026

Evaluates whether the requirement 
was correctly decomposed into 
atomic requirements.

• Atomicity Precision (AP)

• Atomicity Recall (AR)

▪ Evaluating template—based specification requires multiple dimensions: Logical decomposition, structural 

reasoning, and semantic grounding.

Logical Decomposition Structural reasoning Semantic Grounding

Evaluates the correctness of the 
information used to fill the 
placeholder slots within the 
condition and action templates.

• Slot Filling Precision (SFP)

Evaluates whether the LLM 
selected the correct templates for 
conditions and actions.

• Template Accuracy (TA)

• Overall Correctness : (α=0.2   β=0.4   γ=0.4 )



Experimental Results



RQ.1: LLMs and Prompting Strategies 
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✓ GPT-5.4 requires a relatively large number of examples to effectively guide the task in few-shot prompting.

✓ GPT-5.4 requires a relatively large number of 500-character chunks to provide sufficient context through RAG.

✓ Few-shot prompting provides a more significant improvement over zero-shot and traditional RAG, highlighting the 

importance of illustrative examples for this task.

Zero-shot
RAG

Few-shot



RQ.2: Standard RAG  vs  DM-Enhanced RAG
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✓ While DM-enhanced RAG reduces execution time compared to traditional RAG, the performance gains remain marginal. 

✓ Few-shot prompting remains the most effective strategy for template-based requirements specification.

DM-Enhanced RAG
Standard RAG

Execution Time



RQ.2: Standard RAG  vs  DM-Enhanced RAG
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✓ Combining few-shot with RAG does not provide any benefits. 

✓ Simple few-shot suffices, yielding the highest results across all conducted experiments.

Combining RAG with Few-shot

Few-shot



Threats to Validity
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Internal Validity: 
The GT and domain models were manually constructed by one of the authors.

✓ Both the GT and domain models were validated by an RE expert and our industrial partner.

The evaluation of metrics was performed by the authors.

✓ Metrics evaluation was conducted through a script that strictly adheres to the guidelines.

Variability of SCS documents.

✓ SCS generally rely on a more constrained vocabulary.

External Validity: 
The evaluation is limited to a single template.

✓ The template is general and applicable across domains, as demonstrated in our previous work [2].

The evaluation is limited to the ARINC-653 standard.

✓ The datasets include requirements with varying structures and contents.



Conclusion



Conclusion
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Overview

• The paper presents an empirical evaluation of LLM-enabled template-based requirements specification.

• We compared various prompting strategies and context-enrichment techniques, including zero-shot, few-shot, 

traditional RAG, and DM-enhanced RAG.

• The evaluation covered 138 requirements from two datasets from the ARINC-653 standard, assessing logical 

decomposition, structural reasoning, and semantic grounding.

Results

•  GPT-5.4 outperformed Mistral and Llama, with Mistral showing better overall performance than Llama.

•  Leveraging domain models yielded comparable overall correctness to standard RAG, suggesting that the overhead of  

creating and maintaining domain models may not be justified for the task.

•  Few-shot prompting achieved the highest performance.

•  Combining few-shot with RAG proved less effective than few-shot alone, demonstrating that illustrative examples are 

sufficient.

Future Work

• Compare the cost of LLMs against manual effort to assess their value in industrial settings.

• Explore the use of a multi-agent architecture to support the various specification steps. 

• Extend the study to include other safety-critical domains.
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