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Tab.1 Classification of linguistic expression patterns for syntactic units in hydraulic construction safety

specifications
KA ZFRAD) 4R Do R
NOUN_PHRASE S SUEATIF A (DT)?+(IT)*+(NNNL)++DEG+(VV|NN))?
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Tab.2 Entity types definitions and example

SEARRAY X Bl
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Tab.3 Calculation results of POS structure
Dispersion for different entity types

SRR D
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Tab.4 Experimental environment configuration
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Fig.5 Relationship between recognition effect of
different entity types in SDCP-LLM and POS
structure Dispersion
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Tab.5 Comparison of Entity Recognition

Performance across Different Models
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Fig.6 Performance comparison of different models

for entity recognition
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Tab.6 Configuration schemes of prompt corpus
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Abstract: [ Objective ] Based on the large language model structural decoupling and collaborative prompting
framework (SDCP-LLM), this study investigates water conservancy named entity recognition methods to address the
issues of ambiguous semantic boundary determination and insufficient domain knowledge adaptation encountered by
general large language models when processing construction safety entities and multi-level nested named entities.

[ Methods 1 Taking the Technical Specification of Safety Protection Facility for Construction of Water and
Hydropower Projects (SL714-2015) as the research object, this study evaluates the incremental effects of SDCP-LLM
compared with mainstream zero-shot large language models and supervised learning models through a performance
comparison of different models. It analyzes the relationship between part-of-speech (POS) structural distribution
dispersion and recognition effectiveness to explore the mechanism by which syntactic structural diversity affects
recognition precision. Furthermore, through the performance analysis of different prompt corpus configurations, the
study quantitatively evaluates the supportive roles of logical rule hard constraints and semantic labeling soft guidance
in enhancing recognition capability. [ Results 1 (O On the water conservancy dataset, SDCP-LLM achieves a
precision, recall, and Fl-score of 93.58%, 96.93%, and 95.21%, respectively. Without parameter fine-tuning, its
performance significantly outperforms mainstream large models such as Model Q, and its recall exceeds that of the
BERT-BiLSTM-CRF supervised model, demonstrating its effectiveness in low-resource specialized domains. @ A
negative correlation exists between POS structural distribution dispersion and entity recognition effectiveness;
syntax-driven structural decoupling effectively reduces structural noise, allowing the model to remain robust even for
entity types with high dispersion. ®In the prompt corpus, logical rules can suppress semantic boundary ambiguity,
while semantic labeling significantly enhances the model's generalization ability across diverse expressions.

[ Conclusion ] The SDCP-LLM framework achieves accurate recognition of complex nested entities in low-
resource and highly specialized water conservancy engineering scenarios. The research results provide reliable
structured data support for subsequent violation rule association analysis and safety risk knowledge graph
construction in water conservancy engineering construction, holding significant practical value for improving the
efficiency of intelligent safety regulation in the industry.

Keywords: named entity recognition; large language model; structural decoupling; prompt engineering;

hydraulic engineering construction
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