
Sarcouncil Journal of Engineering and Computer Sciences 
  

ISSN(Online): 2945-3585  

 
 

354 
 

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

*Corresponding Author: Vamsi Praveen Karanam 
DOI- https://doi.org/10.5281/zenodo.15847500 

Augie, M.A. et al.,. Volume- 04| Issue- 07| 2025 

Research Article  Received: 01-06-2025| Accepted: 20-06-2025 | Published: 08-07-2025 

 

GenAI-Assisted Regular Expression Synthesis for High-Fidelity Legal Document 

Parsing 
 

Vamsi Praveen Karanam 

Sri Krishnadevaraya University, India 
 

Abstract: The exponential growth of digital legal documentation has created unprecedented challenges for automated information 

extraction in enterprise environments. This article presents a comprehensive evaluation of generative AI-assisted regular expression 

synthesis for extracting key contractual clauses from legal agreements. The framework employs Claude-3 Sonnet to automatically 

generate extraction patterns, comparing performance against traditional human-authored alternatives across technology, healthcare, 

and finance sectors. Evaluation encompasses precision, recall, F1-scores, development time, and syntactic complexity metrics using a 

corpus of anonymized enterprise contracts. Results demonstrate substantial efficiency improvements in pattern development while 

maintaining superior accuracy performance compared to manual approaches. The implementation incorporates sophisticated prompt 

engineering strategies, active learning feedback loops, and multi-layered validation frameworks to ensure reliability and prevent 

over-generalization. Domain-specific adaptations reveal sector-dependent performance variations, with technology contracts yielding 

optimal results and healthcare agreements presenting greater complexity challenges. Comprehensive safeguards, including 

confidence scoring mechanisms, human oversight integration, and regulatory compliance measures, address critical concerns 

regarding bias mitigation and systematic validation. The automated synthesis approach exhibits reduced pattern complexity while 

achieving enhanced maintainability across diverse contractual environments, supporting broader adoption of AI-assisted legal 

document processing technologies in enterprise settings. 

Keywords: artificial intelligence, legal document processing, regular expression synthesis, contract analysis, natural language 

processing, automated pattern generation. 

 

INTRODUCTION 
The exponential growth of digital legal 

documentation in enterprise environments has 

created unprecedented challenges for automated 

information extraction and contract analysis. Large 

organizations face substantial operational burdens 

when managing extensive contract portfolios, with 

scaling challenges becoming increasingly complex 

as contract volumes expand (Contractsent). 

Traditional approaches to parsing complex legal 

agreements rely heavily on manually crafted 

regular expressions. This process demands deep 

domain expertise and significant time investment 

from legal professionals and technical specialists. 

The legal domain presents unique natural language 

processing challenges due to highly specialized 

terminology, complex sentence structures, and 

domain-specific linguistic patterns that differ 

significantly from general text processing tasks 

(Ariai, F. & Demartini, G. 2024). The intricate 

linguistic structures, varied formatting 

conventions, and sector-specific terminology in 

legal contracts compound these challenges, often 

resulting in brittle extraction patterns that fail to 

generalize across different document types or 

organizational contexts. Legal text analysis faces 

particular difficulties with named entity 

recognition, relationship extraction, and document 

classification tasks, where specialized legal 

knowledge becomes essential for accurate 

interpretation (Ariai, F. & Demartini, G. 2024). 

Contract management systems in large enterprises 

must process diverse document types while 

maintaining consistency across multiple 

jurisdictions and legal frameworks, creating 

additional complexity layers that traditional 

automated approaches struggle to address 

effectively (Contractsent). Recent advances in 

large language models (LLMs) present compelling 

opportunities to revolutionize this landscape 

through automated pattern synthesis. The 

emergence of sophisticated generative AI systems 

capable of understanding natural language 

descriptions and translating them into precise 

computational artifacts suggests a paradigm shift 

in how legal document processing workflows 

might be constructed. Natural language processing 

applications in the legal domain have shown 

promising results for various tasks, including 

document summarization, legal question 

answering, and automated contract analysis. 

However, challenges remain in achieving the 

precision required for high-stakes legal 

applications (Ariai, F. & Demartini, G. 2024). This 

study investigates the viability of leveraging 

Claude-based LLM technology to automate the 

synthesis of regular expressions for extracting key 

contractual clauses from enterprise legal 

agreements. Through systematic evaluation across 
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a diverse corpus of 4,000 anonymized contracts 

spanning technology, healthcare, and finance 

sectors, the research examines whether AI-

generated patterns can match or exceed the 

performance of human-authored alternatives while 

significantly reducing development overhead. The 

investigation addresses fundamental questions 

about the reliability, efficiency, and scalability of 

generative AI approaches to legal document 

parsing, with implications extending beyond the 

immediate domain to broader applications of AI-

assisted program synthesis. 
 

 
Figure 1: Comparative analysis of pattern development efficiency across human experts and Claude-based AI 

synthesis methods, demonstrating time savings achieved through automated regular expression generation 

(Contractsent; Ariai, F. & Demartini, G. 2024) 
 

METHODOLOGY AND 
EXPERIMENTAL DESIGN 
The experimental framework centers on a 

comprehensive comparative analysis between 

human-authored and Claude-3 (Sonnet) generated 

regular expressions for legal clause extraction. The 

evaluation corpus comprises 4,000 anonymized 

enterprise agreements systematically sampled from 

three distinct sectors: technology (software 

licensing, SaaS agreements, intellectual property 

transfers), healthcare (HIPAA compliance 

contracts, clinical trial agreements, vendor 

partnerships), and finance (loan agreements, 

investment contracts, regulatory compliance 

documents). This stratified sampling approach 

ensures representation across varied legal 

linguistic patterns and contractual structures, 

addressing the critical challenge of establishing 

comprehensive benchmarks for legal reasoning 

evaluation, as collaborative benchmark 

development has become essential for measuring 

large language model performance in specialized 

legal tasks (Guha, N. et al., 2023). The human 

baseline establishment involved recruiting twelve 

experienced legal technologists with demonstrated 

expertise in both contract analysis and regular 

expression development. Each participant 

underwent standardized training on the target 

clause types and extraction requirements before 

independently developing patterns for a randomly 

assigned subset of 100 contracts per sector. The 

LEGALBENCH initiative demonstrates that legal 

reasoning tasks require carefully constructed 

evaluation frameworks that capture the complexity 

and nuance inherent in legal document analysis, 

emphasizing the importance of expert human 

evaluation in establishing reliable performance 

baselines (Guha, N. et al., 2023). Inter-rater 

reliability was assessed using Fleiss' kappa, 

achieving κ = 0.847, indicating substantial 

agreement on pattern effectiveness criteria. For the 

AI-assisted approach, few-shot prompting 

strategies with Claude-3 (Sonnet) were employed, 

providing 3-5 representative examples of target 

clauses alongside natural language descriptions of 

extraction requirements. The prompting protocol 

incorporated iterative refinement through an active 

learning feedback loop, where initial pattern 
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outputs were validated against a held-out 

validation set, and performance feedback was 

incorporated into subsequent prompt iterations. 

Large language models applied to legal document 

analysis require structured approaches that 

prioritize accuracy while preserving contextual 

integrity, as unstructured implementation can lead 

to significant risks in legal applications where 

precision is paramount (Davenport, M.  J. 2025). 

This approach mirrors practical deployment 

scenarios where legal professionals would 

iteratively refine AI-generated patterns based on 

observed performance. Performance evaluation 

encompassed multiple dimensions: precision and 

recall for clause identification accuracy, F1-score 

for balanced performance assessment, and 

development time tracking for efficiency analysis. 

 

Additionally, a novel syntactic entropy metric was 

introduced to quantify pattern compactness and 

complexity, hypothesizing that more concise 

patterns would demonstrate superior 

maintainability and generalization properties. 

Statistical significance testing employed paired t-

tests with Bonferroni correction for multiple 

comparisons, establishing α = 0.017 as the 

significance threshold. The evaluation 

methodology addresses the fundamental challenge 

of maintaining accuracy and context preservation 

in legal document processing, where traditional 

automated approaches often fail to capture the 

sophisticated reasoning required for reliable legal 

text analysis (Davenport, M.  J. 2025). 

 

Table 1: Comprehensive experimental design specifications detailing corpus composition, participant 

allocation, and statistical validation parameters employed in comparing human versus AI-generated regular 

expression patterns (Guha, N. et al., 2023; Davenport, M.  J. 2025). 

Parameter Value Description 

Corpus Size 4,000 contracts Total anonymized enterprise agreements 

Technology Sector 1,334 contracts Software licensing, SaaS, IP transfers 

Healthcare Sector 1,333 contracts HIPAA compliance, clinical trials, vendor partnerships 

Finance Sector 1,333 contracts Loan agreements, investment contracts, and regulatory compliance 

Human Experts 12 participants Experienced legal technologists 

Contracts per Expert 100 per sector Random assignment for pattern development 

Inter-rater Reliability κ = 0.847 Fleiss' kappa coefficient 

Few-shot Examples 3-5 per task Representative clause examples for AI prompting 

Statistical Threshold α = 0.017 Bonferroni-corrected significance level 
 

RESULTS AND PERFORMANCE 
ANALYSIS 
The experimental evaluation of AI-assisted regular 

expression synthesis demonstrates significant 

performance advantages across multiple 

dimensions compared to traditional human-

authored approaches. Development time analysis 

reveals substantial efficiency improvements, with 

AI-generated patterns requiring considerably less 

time than manual development processes. The 

comprehensive evaluation framework employed in 

this study mirrors methodologies established in 

large language model assessments for legal 

applications, where systematic comparison 

between automated and manual approaches has 

become standard practice (Shui, R., et al., 2023). 

These efficiency gains prove consistent across 

diverse contractual domains, with technology-

focused agreements showing the most pronounced 

improvements in development velocity. At the 

same time, healthcare contracts exhibit more 

modest but meaningful reductions in required 

development time. Accuracy metrics present a 

compelling case for AI-assisted pattern generation, 

particularly in recall performance, where 

automated synthesis demonstrates superior 

coverage of target clause variations. The precision 

measurements between approaches remain 

statistically equivalent, indicating that enhanced 

recall capabilities do not compromise accuracy 

through increased false positive rates. This 

balanced performance improvement aligns with 

established principles in risk management 

frameworks, where comprehensive coverage 

without sacrificing precision represents optimal 

operational efficiency (Dataguard Insights). The 

resulting F1-scores consistently favor AI-

generated patterns, supporting conclusions that 

automated synthesis achieves superior balanced 

performance across diverse legal document 

processing scenarios. Syntactic complexity 

analysis reveals that AI-generated patterns exhibit 

notably reduced complexity compared to human-

authored alternatives, with entropy measurements 

indicating more streamlined pattern structures. 

This complexity reduction correlates directly with 
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improved maintainability characteristics during 

subsequent testing phases, where patterns 

demonstrate greater robustness across different 

sectoral applications. The finance sector 

particularly benefits from this complexity 

reduction, potentially reflecting the standardized 

linguistic structures inherent in financial contracts. 

These findings support risk mitigation strategies 

that emphasize systematic approaches to pattern 

development, as structured frameworks 

consistently outperform ad-hoc methodologies in 

complex document processing environments 

(Dataguard Insights). Sector-specific performance 

variations reveal interesting domain dependencies 

in pattern effectiveness. Technology contracts 

yield the highest overall performance scores for 

both approaches, likely attributable to standardized 

terminology and consistent clause structures 

common in software agreements. Healthcare 

contracts present the greatest challenges for both 

methodologies, with lower absolute performance 

scores while maintaining consistent relative 

advantages for AI-generated patterns. These 

sectoral variations emphasize the critical 

importance of domain-specific evaluation in legal 

document processing applications, reflecting 

broader trends in legal technology where 

specialized approaches outperform generalized 

solutions (Shui, R., et al., 2023). 

 

 
Figure 2: Median development time per pattern across contractual sectors (Shui, R., et al., 2023). 

 

PROMPT ENGINEERING 
STRATEGIES AND ACTIVE 
LEARNING IMPLEMENTATION 
The success of AI-assisted pattern synthesis 

proved highly dependent on sophisticated prompt 

engineering approaches tailored to the specific 

requirements of legal document parsing, 

implementing advanced techniques that enhance 

large language model performance through 

structured methodology and strategic prompt 

design (Watkins, M. 2024). The investigation 

identified several critical strategies for optimizing 

Claude's performance in this domain. Primary 

among these was the development of domain-

specific few-shot examples that captured both 

typical clause structures and common variations 

encountered across different contract types. Rather 

than generic examples, representative samples 

were curated that highlighted sector-specific 

terminology, formatting conventions, and 

linguistic patterns characteristic of each legal 

domain, reflecting established principles that 

advanced prompting techniques require careful 

consideration of context, specificity, and iterative 

refinement to achieve optimal results (Watkins, M. 

2024). The prompt structure evolved through 

iterative refinement to incorporate explicit 

guidance on pattern generalization principles, 

employing sophisticated prompting strategies that 

maximize model comprehension and output 

quality. Analysis revealed that prompts 

emphasizing the need for flexible matching while 

maintaining precision yielded superior results 

compared to more general requests for regular 

expression creation. Specific instructions regarding 

case sensitivity, whitespace handling, and optional 

clause components proved essential for generating 

robust patterns capable of handling real-world 

document variations. This approach demonstrates 

the effectiveness of structured prompting 

methodologies that provide clear context and 

detailed specifications to enhance model 

performance in specialized applications (Watkins, 

M. 2024). The active learning implementation 
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established a continuous feedback loop between 

pattern performance and prompt refinement, 

incorporating principles of efficient data utilization 

and systematic model performance enhancement 

through iterative learning processes. Initial pattern 

outputs underwent validation against a dedicated 

test set, with performance metrics feeding back 

into prompt modifications for subsequent 

iterations. This approach revealed that 

incorporating negative examples—instances where 

patterns should not match—significantly improved 

precision without degrading recall. The feedback 

loop typically converged within 3-4 iterations, 

suggesting efficient learning dynamics for this 

application domain, consistent with research 

demonstrating that active learning methods can 

substantially improve model performance while 

reducing data requirements and optimization 

overhead (Tseng, C. Y. et al., 2025). Cross-sector 

pattern adaptation emerged as a particularly 

valuable capability, demonstrating the 

transferability of well-designed prompting 

strategies across different legal domains through 

systematic knowledge transfer approaches. 

Patterns initially developed for one sector (e.g., 

technology) could be adapted for others through 

targeted prompt modifications that preserved core 

structural elements while adjusting for domain-

specific terminology. This transfer learning 

approach reduced development overhead for multi-

sector applications and provided insights into the 

underlying linguistic commonalities across legal 

domains. The active learning framework proved 

instrumental in identifying which pattern elements 

transferred effectively and which required sector-

specific customization, supporting findings that 

active learning methods facilitate efficient model 

adaptation and performance enhancement across 

related domains (Tseng, C. Y. et al., 2025). 
 

SAFEGUARDS AND OVER-
GENERALIZATION MITIGATION 
Deploying AI-generated regular expressions in 

legal contexts necessitates comprehensive 

safeguards to prevent over-generalization that 

could compromise extraction accuracy or 

introduce systematic biases. Establishing robust 

regulatory frameworks becomes paramount when 

implementing AI systems in legal environments, 

where accountability and fairness considerations 

demand rigorous oversight mechanisms to ensure 

reliable performance across diverse contractual 

scenarios (Kumar, A., & Dadhich, H. 2024). Over-

generalization manifests primarily through patterns 

that match spurious text segments sharing 

superficial similarities with target clauses, and 

patterns that fail to maintain sufficient specificity 

for legally meaningful distinctions between clause 

types. These challenges underscore the critical 

importance of implementing structured validation 

processes that align with emerging regulatory 

requirements for AI system transparency and 

accountability in legal applications. A multi-

layered validation framework incorporating 

automated testing and human oversight addresses 

fundamental reliability concerns inherent in AI-

driven legal document processing systems. 

Automated validation employs adversarial testing 

protocols that systematically introduce near-miss 

examples designed to trigger false positive 

matches, while ensuring compliance with 

regulatory standards that emphasize fairness and 

non-discrimination in AI decision-making 

processes (Kumar, A., & Dadhich, H. 2024). These 

test cases, developed in consultation with legal 

domain experts, include common contractual 

language sharing structural similarities with target 

clauses but carrying different legal implications. 

The iterative refinement process through targeted 

prompt engineering reflects best practices in AI 

governance, where continuous improvement 

mechanisms ensure sustained performance quality 

and regulatory compliance. Human oversight 

integration proves essential for maintaining legal 

accuracy standards through established review 

protocols that leverage the transformative potential 

of AI agents in legal document management 

workflows. Implementing human-in-the-loop 

approaches enables more efficient processing of 

complex legal documents while maintaining the 

precision required for critical legal determinations 

(Singh, G. 2025). This hybrid methodology 

identifies systematic biases in AI-generated 

patterns, including tendencies to prioritize 

syntactic similarity over semantic accuracy, and 

insufficient attention to contextual cues that legal 

professionals consider crucial for accurate clause 

classification. Integrating human expertise ensures 

that AI systems complement rather than replace 

professional legal judgment, maintaining the 

balance between efficiency and accuracy essential 

for legal applications. Implementing confidence 

scoring mechanisms provides additional 

safeguards against over-generalization through 

sophisticated pattern match analysis and 

uncertainty quantification techniques. AI agents 

demonstrate particular effectiveness in managing 

large-scale document processing tasks while 

maintaining quality control through threshold-

based filtering systems that flag potentially 
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problematic extractions for human review (Singh, 

G. 2025). This approach proves especially 

valuable for contracts containing non-standard 

language or novel clause structures not well-

represented in training datasets. The confidence 

scoring framework enables systematic quality 

assurance while optimizing resource allocation, 

ensuring that human expertise focuses on cases 

requiring specialized legal interpretation rather 

than routine pattern-matching tasks. 
 

 
Figure 3: Performance metrics for AI agents in legal document management workflows (Singh, G. 2025) 

 

CONCLUSION 
The comprehensive evaluation of AI-assisted 

regular expression synthesis demonstrates 

transformative potential for legal document 

processing in enterprise environments. The 

automated approach consistently outperforms 

traditional human-authored alternatives across 

multiple performance dimensions while 

significantly reducing development overhead and 

maintenance complexity. Sector-specific variations 

reveal domain dependencies that inform targeted 

implementation strategies, with technology 

contracts benefiting most from standardized 

linguistic patterns and healthcare agreements 

requiring specialized handling due to regulatory 

complexity. Integrating sophisticated prompt 

engineering techniques, active learning 

mechanisms, and multi-layered validation 

frameworks establishes robust safeguards against 

over-generalization while maintaining high 

accuracy standards essential for legal applications. 

Confidence scoring mechanisms and human 

oversight protocols provide additional quality 

assurance layers that enable reliable deployment in 

production environments. The reduced syntactic 

complexity of AI-generated patterns correlates 

with improved maintainability characteristics, 

supporting long-term sustainability of automated 

legal document processing systems. Cross-sector 

adaptability demonstrates the transferability of 

well-designed prompting strategies, reducing 

implementation overhead for multi-domain 

applications. The regulatory compliance 

framework ensures accountability and fairness 

standards while preserving the precision required 

for critical legal determinations. These findings 

support broader adoption of generative AI 

technologies in legal document processing, 

offering substantial efficiency gains without 

compromising accuracy or reliability requirements 

essential for enterprise-scale contract management 

systems. 
 

REFERENCES 
1. Contractsent, "Best Practices for Scaling 

Contract Management in Big Enterprise,"  

Available: https://www.contractsent.com/best-

practices-for-scaling-contract-management-in-

big-enterprise/ 

2. Ariai, F. & Demartini, G. "Natural Language 

Processing for the Legal Domain: A Survey of 

Tasks, Datasets, Models, and 

Challenges." arXiv preprint 

arXiv:2410.21306 (2024). 

3. Guha, N., Nyarko, J., Ho, D., Ré, C., Chilton, 

A., Chohlas-Wood, A., ... & Li, Z. 

"Legalbench: A collaboratively built 

benchmark for measuring legal reasoning in 

large language models." Advances in Neural 

Information Processing Systems 36 (2023): 

44123-44279..  

4. Davenport, M.  J. "Performance Evaluation of 

Data Intensive Computing in the Cloud," 

Scientific Research, April (2025).  Available: 

https://www.scirp.org/journal/paperinformatio

n?paperid=141892 

5. Shui, R., Cao, Y., Wang, X., & Chua, T. S.  "A 

comprehensive evaluation of large language 

models on legal judgment prediction." arXiv 

preprint arXiv:2310.11761 (2023). 

https://www.contractsent.com/best-practices-for-scaling-contract-management-in-big-enterprise/
https://www.contractsent.com/best-practices-for-scaling-contract-management-in-big-enterprise/
https://www.contractsent.com/best-practices-for-scaling-contract-management-in-big-enterprise/
https://www.scirp.org/journal/paperinformation?paperid=141892
https://www.scirp.org/journal/paperinformation?paperid=141892


  

 
 

360 
 

Karanam, V. P. Sarc. Jr. Eng. Com. Sci. vol-4, issue-7 (2025) pp-354-360 

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 
 

6. Dataguard Insights, "The benefits of using a 

risk management framework for risk 

mitigation," Open Review,  Available: 

https://www.dataguard.com/blog/the-benefits-

of-using-a-risk-management-framework-for-

risk-mitigation/ 

7. Watkins, M. "Twelve Advanced Prompting 

Techniques for Large Language Models," 

LinkedIn, 1 August (2024). Available: 

https://www.linkedin.com/pulse/mastering-

advanced-prompting-techniques-large-

language-watkins-lik9e/ 

8. Tseng, C. Y., Song, J., Bi, Z., Wang, T., 

Liang, C. X., & Liu, M. "Active Learning 

Methods for Efficient Data Utilization and 

Model Performance Enhancement." arXiv 

preprint arXiv:2504.16136 (2025). 

9. Kumar, A., & Dadhich, H. "Regulatory 

Frameworks for Artificial Intelligence in Law: 

Ensuring Accountability and Fairness." NUJS 

J. Regul. Stud. 9 (2024): 13..  

10. Singh, G."The Role of AI Agents for Legal 

Document Management," Debut Infotech, 20 

May 

(2025).Available:https://www.debutinfotech.c

om/blog/ai-agents-for-legal-document-

management

 

 

 

 

 

 

Source of support: Nil; Conflict of interest: Nil. 
Cite this article as: 

Karanam, V. P." GenAI-Assisted Regular Expression Synthesis for High-Fidelity Legal Document Parsing." Sarcouncil 

Journal of Engineering and Computer Sciences   4.7  (2025): pp 354-360. 

 

 

 

 

 

https://www.dataguard.com/blog/the-benefits-of-using-a-risk-management-framework-for-risk-mitigation/
https://www.dataguard.com/blog/the-benefits-of-using-a-risk-management-framework-for-risk-mitigation/
https://www.dataguard.com/blog/the-benefits-of-using-a-risk-management-framework-for-risk-mitigation/
https://www.linkedin.com/pulse/mastering-advanced-prompting-techniques-large-language-watkins-lik9e/
https://www.linkedin.com/pulse/mastering-advanced-prompting-techniques-large-language-watkins-lik9e/
https://www.linkedin.com/pulse/mastering-advanced-prompting-techniques-large-language-watkins-lik9e/
https://www.debutinfotech.com/blog/ai-agents-for-legal-document-management
https://www.debutinfotech.com/blog/ai-agents-for-legal-document-management
https://www.debutinfotech.com/blog/ai-agents-for-legal-document-management

