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This paper is a literature review on how gaps in regulatory disclosures can be detected 

with the help of NLP techniques in 15 studies between 2019 and 2025. It has a 

discussion regarding transformer-based techniques, domain-based programs on NLP, 

and check programs on compliance in order to identify gaps in regulation. It has 

impressive development in automatic checking to achieve a level of 85-96% accuracy 

and a range of reduction in human review time of 65-85%. Open questions such as 

interpretability, complexity across jurisdiction, and deployment still remain. Research 

studies regarding explainable regulation-based AI, transfer learning, and common 

frameworks still require to be performed. It is a preliminary work in order to create a 

successful system in NLP to achieve regulatory compliance.  
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INTRODUCTION 

The regulatory environment is no longer 

complicated by industries, requiring companies to 

be compliant while still operating smoothly. 

Organizations are challenged by a changing set of 

regulations, and conventional approaches to 

compliance such as manual reviews are no longer 

able to respond to changes adequately. This 

challenge has led to the growth of RegTech 

platforms using advanced natural language 

processing to automate compliance. These systems 

can adjust in scale and deliver consistent results 

that manual methods can't achieve. There are many 

compliance documents to manage for companies, 

for instance, policy manuals, risk analyses, and 

audit reports. It is challenging to process 

regulatory documents because of technical terms, 

complex cross-references, and varying 

requirements of jurisdictions. For these reasons, 

NLP's regulatory applications demand special 

treatment from regular systems of text processing.  

https://www.ijpsjournal.com/
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Recent progress in transformer models, BERT, 

and their variations for regulatory purposes has 

garnered significant achievements in deciphering 

intricate regulatory language. Their applications in 

regulations, nonetheless, necessitate significantly 

greater standards for accuracy, explainability, and 

auditability than those offered by common NLP 

tools. A new domain has emerged focused on 

creating AI systems capable of reading, 

understanding, and making regulatory decisions at 

or close to human performance levels. The onset 

of the COVID-19 pandemic has accelerated 

remote work and major regulatory changes, 

necessitating quick deployment of digital 

compliance solutions. Despite the quick 

implementation showcasing the pros and cons of 

prevailing NLP-driven systems, it suggested that 

better solutions are required. Moreover, the 

regulatory environment is rapidly evolving, with 

emerging demands for AI governance, 

environmental reporting, and data privacy 

increasingly complicating compliance 

management. 

2. Approach And Methodology 

Research Design 

A systematic review began with a search for all 

pertinent studies using NLP techniques in the 

analysis of regulatory compliance gaps and 

submission evaluations. A multi-stage search plan 

was conducted on widely accepted scholarship 

sources such as IEEE Xplore, ACM Digital 

Library, ScienceDirect, arXiv, SpringerLink, and 

special sources on legal informatics. A primary 

search was conducted on a structurally 

predetermined set of queries consisting of 

keywords within three wide-ranging domains:  

(1) natural language processing approaches,    

(2) regulatory compliance themes, and    

(3) gap analysis approaches.    

Preliminary search gave a set of candidate papers 

which had 127 relevant articles within a duration 

spanning between 2019 and 2025. Subsequently 

citation analysis was performed systematically 

involving forward and backward citation tracking 

within most influential works obtained during 

preliminary search step. Therefore, some other 

candidate papers were considered that overall 

number of research works become 168 and thus 

ensuring that adequate coverage be provided 

regarding research area specified. Notable point 

here is that selective studies reported in special 

conference proceedings such as those within 

RegNLP workshops, the ACM Conference on 

Fairness, Accountability, and Transparency, IEEE 

International Conference on Requirements 

Engineering, and some symposiums within 

artificial intelligence and law were considered in 

order to include recent developments regarding 

research area specified. 

Filtering Process and Inclusion Criteria 

It utilized an energetic and meticulous three-stage 

screening procedure to narrow down harvested 

studies, in a manner that only studies meeting 

specified quality and relevance filters were 

deemed worthy. On level one, titles and abstracts 

were screened systemically against publicly 

available inclusion and exclusion criteria, coming 

out with a reduced pool in the form of 58 papers. 

Proceeding to level two, a meticulous reading of 

introductions, conclusions, and methodology 

aspects was performed, further refining selection 

procedure and bringing it down to a further 

selected number of 28 papers most relevant to 

answer specified research questions effectively. 

Finally, at level three, the leftover papers 

underwent exhaustive full-text examination, 

where they were carefully analyzed according to 

the rigor of their methodology, their relevance to 
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regulatory compliance applications, and the 

novelty of their contributions to the field. The 

selection criteria involved literature released from 

2019 to 2025 to cover current methodological 

approaches, focusing primarily on NLP 

applications for assessing submissions, conducting 

gap analysis, or ensuring regulatory compliance. 

Literature had to show evident adaptability or 

applicability in regulatory document analysis 

scenarios by means of peer-reviewed articles, 

conferences papers, or noteworthy preprints with 

full methodological descriptions. Published works 

also had to show empirical analysis or conceptual 

frameworks for manifested practical applicability 

in regulatory compliance scenarios. Exclusion 

criteria were further extended towards research 

that only focuses on general analysis of legal 

contracts with no regulatory environment, works 

which consider only rule-based solutions with no 

machine learning capabilities, and papers with 

insufficient method descriptions for consideration 

towards reproducibility. Works with poor 

evaluation frameworks or unsubstantiated results 

for performance were further shut out, besides 

those mostly involving privacy or security 

capabilities with no features for compliance 

analysis.  By filtering with such criteria, 15 core 

papers were identified as reflecting the state-of-

the-art in NLP-aided regulatory compliance gap 

analysis so far, encompassing solutions based on 

transformer architecture, construction of domain-

variant models, automatic checking modules for 

compliance checking, as well as applications in 

certain regulatory domains. 

Figure 1: PRISMA-Style Flow Diagram of Paper Selection 

This figure illustrates the stepwise screening 

process used in this systematic review. Starting 

from 127 initially identified records, citation 

tracking and workshop inclusions expanded the 

pool to 168 papers. After title/abstract screening, 

58 papers remained, further narrowed to 28 

following introduction and methodology review, 

with 15 studies finally included for full analysis. 

Quality Assessment Framework 

Researchers designed a quality assessment 

template for selected papers on six assessment 
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aspects, each on a 1-5 scale, where inadequacy is 

represented by a score of 1 and excellence by 5. 

Clarity in problem formulation tested how 

regulatory limitations and compliance gap analysis 

were formulated. Methodological appropriateness 

tested appropriateness of regulatory compliance 

NLP methods. Experimental design quality tested 

methodologies' rigor, comparisons against 

baselines, and statistical examinations. Depth of 

results analysis tested performance analysis, 

discussion on limitations, and error assessment. 

Applicability in practice tested deployment 

difficulties in practice use cases, scalability, and 

operational issues. Reproducibility was tested in 

implementation details, dataset, and protocol 

availabilities. Papers scoring below 20 out of a 

possible 30 were not studied in depth but rather 

stressed excellence in superior contributions. Such 

assessment characterized typical weaknesses, 

particularly in evidence on deployment in reality 

and standardized measurement, guiding further 

gap analysis and future research 

recommendations. 

Data Extraction and Synthesis Methodology 

The authors created systematic procedures for 

extracting information for making in-depth 

conclusions based on all papers selected. Two 

authors independently extracted information 

suitable for inclusion with use of standardized 

forms for problem setting and needs for regulatory 

domain NLP method descriptions and 

architectural decisions, features in datasets and 

assessment procedures, performance measures and 

comparison outcomes, problems in 

implementation and decisions for rollout, and 

authors' noted shortcomings and suggested 

avenues for further research.   Disagreements in 

the extraction process were resolved through 

discussion with a third reviewer. Collected data 

underwent triangulation using qualitative thematic 

analysis combined with quantitative performance 

comparison across studies. The researchers 

identified key patterns, methodological trends, and 

evolutionary developments throughout the field's 

timeline, enabling comprehensive synthesis of 

current knowledge and identification of critical 

research gaps. 

3. Reviewed Papers 

Here is a chronological summary in table 1 of 15 

papers included in this systematic review in order 

to obtain a synopsis of research evolution 

alongside key contributions towards the field. 

Table 1: Chronological Summary of Reviewed Papers 

Year Paper Title Key Findings Ref 

2019 
FinBERT: Financial Sentiment Analysis 

with Pre-trained Language Models 

Domain-specific BERT adaptation 

achieved 15–20% improvement over 

general models in financial text 

understanding 

[1] 

2020 
LEGAL-BERT: The Muppets Straight 

Out of Law School 

Specialized legal LM showed 23% 

performance gain on legal document 

classification tasks 

[2] 

2020 

NLP-Based Automated Compliance 

Checking of Data Processing 

Agreements 

GDPR compliance system reached 85–

92% precision in identifying regulatory 

violations 

[3] 

2021 

Leveraging Deep Reinforcement 

Learning for Regulatory Document 

Analysis 

DRL techniques applied to regulatory 

text classification with 88–94% accuracy 
[4] 
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2022 
Summarizing Legal Regulatory 

Documents using Transformers 

Two-stage summarization pipeline 

reduced review time by 70% while 

maintaining accuracy 

[5] 

2022 
Automated Interpretation of Regulatory 

Requirements using Neural Networks 

Neural models achieved 90–95% 

accuracy in extracting regulatory 

obligations 

[6] 

2023 

Cross-Jurisdictional Compliance 

Analysis with Multilingual 

Transformers 

Achieved 78–85% accuracy in mapping 

requirements across different legal 

frameworks 

[7] 

2023 
Graph Neural Networks for Regulatory 

Document Understanding 

GNNs captured document structure with 

20–30% improvement in relation 

extraction 

[8] 

2024 

Large Language Models for Regulatory 

Compliance: Opportunities and 

Challenges 

LLMs achieved 92–96% accuracy but 

faced interpretability challenges 
[9] 

2024 

RegNLP: Facilitating Compliance 

Through Automated Information 

Retrieval 

Novel QA framework for regulatory 

queries with practical deployment 
[10] 

2024 

AI-Powered Regulatory Compliance 

Solutions: Current State and Future 

Directions 

Systematic analysis showed 65–85% 

reduction in compliance review time 
[11] 

2024 

Enhancing Legal Compliance Analysis 

with Domain-Adapted Language 

Models 

Domain-adapted models outperformed 

general-purpose by 25–35% in 

compliance tasks 

[12] 

2025 

Explainable AI for Regulatory 

Compliance: Bridging the 

Interpretability Gap 

Attention-based explanation methods 

achieved 80–85% agreement with expert 

rationales 

[13] 

2025 

Multi-Modal Regulatory Document 

Analysis using Vision-Language 

Models 

Incorporating layout/visual features 

improved accuracy by 15% 
[14] 

2025 
Automated Interpretation of Financial 

Regulations Using NLP 

Framework demonstrated 90%+ 

accuracy across multi-jurisdictional 

financial compliance scenarios 

[15] 

Figure 2: Timeline of Research Evolution (2019–2025) 
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This figure visualizes the chronological 

development of research from 2019 to 2025, 

highlighting breakthroughs such as FinBERT 

(2019), LEGAL-BERT (2020), Graph Neural 

Networks for regulatory documents (2023), and 

Multi-Modal Vision–Language approaches 

(2025). 

Research Questions 

RQ1: How NLP frameworks evolved for handling 

specific 2019-2025 regulatory compliance gap 

analysis problems, and what architectural 

developments were most effective in handling 

regulatory document understanding?     

RQ2: How far can transformer-based 

contemporary models cope with linguistic 

variation, domain-specific expressions, and cross-

referring frequently occurring in regulatory texts 

in various jurisdictions and compliance fields?    

RQ3: How can computer-automatable NLP-based 

compliance gap analysis's strengths and 

weaknesses be compared against traditional 

manual reading processes in preciseness, 

consistency, and extensibility?  

RQ4: State-of-the-art compliance systems 

powered by NLP fulfill competing obligations and 

achieve optimization regarding performance, 

interpretation request demand, and deploy ability 

in production regulatory contexts.  

RQ5: What new methodological insights into 

handling current shortcomings in cross-

jurisdictional compliance studies, adaptive 

regulation responding, and explainable automated 

decisioning? 

4. In-Depth Investigation 

This systematic research investigation sets out a 

prolonged study through implementation of 

qualitative thematic research methodology and 

quantitative performance measurement. With this 

two-faced approach, a careful and rigorous 

investigation of fresh observed research evidence 

in NLP-based regulatory compliance gap analysis 

is possible. These 15 hand selected studies of high 

utility contain a range of distinguished themes 

such as evolutionary architectural patterns, many 

numbers of domain adaptation techniques, a range 

of differing performance optimizing mechanisms, 

and many numbers of deployment phase concerns. 

Architectural Evolution in Regulatory NLP 

Systems  

Relevant formulation in NLP in regulatory 

compliance reveals a typical development process 

that is motivated by sophistication and a 

knowledge base regarding a field. Initial 

applications freely employed classical machine 

learning patterns that were based on large feature 

engineering in order to be deployed on linguistic 

practice regulatory patterns. Transformer 

architecture introductions that were spearheaded 

by BERT and its extensions brought a 

foundational paradigm shift in NLP operation in 

regulation. Legal-BERT was one of the first 

domain-specific adaptations to bring historic 

improvement in performance upon being pre-

trained using legal corpora. Pre-trained model 

outputs bettered general-purpose BERT's 

performance by 23% in running operation 

execution within legal document classification 

while concretizing domain-specific advancement 

of language models' applicability [2].  Subsequent 

architectural advances involved meeting unusual 

demands of regulation documents such as very 

long sequences, very cross-referenced documents, 

and multi-mode material such as tables and 

structured data. Such architectures as Long former 

in particular hold out hope of accepting entire 

regulatory documents without truncation, while 
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hierarchical attention networks allow a model to 

be uniform both in acting on localized linguistic 

signal and large-scale document structure 

simultaneously [8]. Most recent work applies 

graph neural network architecture to represent 

explicitly the relational structure underlying 

regulatory regimes. These can be posed as 

processing regulatory documents as structurally 

encoded knowledge graphs in which regulatory 

concepts are entities and edges utilized in coding 

relations such as exceptions, or dependencies, and 

cross-references. Graph-learned methods were 

observed to be better by 20-30% in process-based 

sequential tasks of relation extraction compared to 

strategies [4].  

Domain Adaptation and Transfer Learning 

Strategies  

Successful transfer of general-purpose NLP 

knowledge to regulatory tasks requires accelerated 

knowledge concerning linguistic as well as 

conceptual variation between general text and 

regulatory text. Most research consistently 

substantiated that domain-specific pre-training is 

an entirely superior method over fine-tuning alone, 

whose gain in performance ranges between 15% to 

35% depending on the target regulatory domain 

[5]. Fin BERT's creation is an example of effective 

domain adaptation technique using wide pre-

training on financial regulatory documents for 

extracting domain-specific lexicon and linguistic 

features. Comparison studies prove that FinBERT 

outperforms general-purpose BERT and legal 

domain models on financial compliance tasks 

while showing the essence of accurate domain 

matching in model construction [1]. Cross-

jurisdictional mapping creates further 

complication for which models must understand 

how similar regulatory concepts can be framed in 

different jurisdictions. Multilingual research in 

regulatory compliance in recent years attempted 

knowledge transfers between jurisdictions while 

retaining proper correctness in jurisdiction-

specific requirements. Such systems are capable of 

having 78-85% mapping accuracy within a certain 

group of jurisdictions but their performance is 

poor in other legal traditions and regulatory areas 

[7]. Transfer learning approaches are now key 

facilitators in taking up regulatory NLP 

deployments in limited-resource situations where 

large-scale training content-specific to domains is 

lacking. The few-shot learning paradigm is very 

exciting with such potential to adapt in novel 

regulatory scenarios by using limited training 

instances and having an acceptable level of 

performance. 

Performance Optimization and Scalability 

Considerations  

Rules today in NLP are justified to balance trade-

offs across efficiency, accuracy, clarity, and 

scalability while attempting to meet business 

output. The performance has been fine-tuned to 

support efficient constructions with requirements 

on accuracy while maintaining low-computation 

requirements in the realm of real-time deployment. 

Hybrid initialization and optimization methods 

bring together optimization and computational 

effectiveness. The neural networks and processes 

are optimized to enhance candidate solutions in 

steps. The procedure is akin though to a neural 

method involving 65-80% extra computations 

[15], but it leads to almost optimum results. It 

supplies infrastructure to structures to achieve 

organizational maintainability and rapid response 

rates. The systems employed accommodate 

running thousands of papers on regulation at the 

same time and preserving consistency at the nodes. 

Such advanced systems can realize remarkable 

reductions in total processing time by up to around 

65% to 85% over typical sequential approaches 

but at comparable levels of accuracy. Memory-
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optimized configurations specifically tackle the 

problem of processing very long regulatory files, 

if at all possible, within an input limit over and 

above the usual transform standard. Novel 

approaches like sparse attention methods and 

hierarchical processing allow full coverage of 

papers to be carried out without necessary 

truncation but at a comparable level of contextual 

understanding across the full range of regulatory 

compliance. 

Interpretability and Explainability 

Requirements  

Compliance programs in rules have unique 

interpretation requirements and stand out from 

most NLP applications. Autonomously made 

compliance decisions need to be explainable and 

auditable to typical interpreters who can be 

regulatory authorities and interpretable to non-

machine learning trained experts in a field.  

Attention-based approaches reach interpretable 

compliance assessment identifying informative 

parts of speech and linguistic features to be 

supported in machine reasoning by experts. Top-

performing performance exhibits 80-85% 

concordance for quality assessment expert 

justification in explanations [13]. Explanation 

natural language generation produces 

understandable explanations regarding reasons for 

compliance assessment. It can produce 

explanations like "This clause is violating GDPR 

Article 6 requirements due to absent explicit 

consent processes," pointing to regulatory material 

in documents. It is challenging to quantify 

explanation quality because it is subjective.  

Counterfactual explanation methods enable users 

to understand how they can alter documents to 

perform compliance tasks and provide prescriptive 

suggestions. They detect least-change changes 

with compliance decision impact and provide 

suggestions regarding how compliance gaps can 

be addressed. 

Figure 3: Accuracy vs Interpretability Trade-Off in Regulatory NLP Models 

It presents the trade-off between explainability and 

accuracy of regulatory NLP models. High-

performing Large Language Models (LLMs) have 

high accuracy (92–96%) but poor explainability, 

while explainable AI has higher transparency (80–

85% agreement with experts) but poorer accuracy. 
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Fin BERT, LEGAL-BERT, Graph Neural 

Networks, and Multi-Modal models exhibit 

medium performance, pointing out this continued 

trade-off between performance and explainability 

across compliance systems.  

Multi-Modal and Structured Document 

Analysis  

Multi-modal analysis achieves higher 

performance on mixed visual and text modeling. 

The regulatory application of vision-language 

model beats the text-based method by 15% 

performance difference while taking advantage of 

layout, table schema understanding, and visual 

formatting comprehension [14]. Data from the 

filings is extracted by detecting and excluding 

features like tables. It utilizes computer vision-

based layout analysis and natural language to 

enable extraction of information from regulatory 

filings. A dedicated attention method detects 

relations of words and numbers to enable the 

application of rules for extraction of compliance. 

This is specifically important in the case of 

regulatory reports in finance where numbers are 

required to be written in words. 

5. RESULTS 

This advanced critical review on regulatory 

compliance gap analysis fueled by NLP has been 

influenced by research questions highlighted while 

presenting exemplary contributions juxtaposed 

with dominant gaps in this rapidly changing 

context. 

RQ1: Architectural Evolution and 

Effectiveness   

They frame it in terms of the evolution of NLP 

architecture tailored to regulatory writing over 

three generations. Traditional rule-based systems 

using machine learning were employed by the first 

but successful generation of systems that could not 

extract sophisticated regulatory term patterns. 

Second generation used transformer structure 

architecture, primarily BERT variations, and 

attained 85-92% accuracy in testing [3].  

Third generation makes use of special 

augmentation such as graph neural networks, 

hierarchical attentions, and multi-modal 

processing which has further better performance 

mostly in complex cross-referential analysis work.  

Domain-specific pre-training is a state-of-the-art 

level requirement within regulatory application 

work. Specialized models improve non-

specialized baselines to a level of 15-35% on a 

number of regulatory applications and most 

prominently within highly technical regulatory 

applications such as financial services and 

healthcare compliance [12]. The work decisively 

makes a case in favor of architectural decisions to 

be informed by some elements within the 

regulatory domain instead of common-sense 

heuristics.  

RQ2: Handling Regulatory Document 

Complexity   

All these transformer-based networks perform 

quite well in regulatory text at a compliance check 

level of 88-96% accuracy [9]. However, they 

perform within complexity level. They perform 

better within identifying transparent violations and 

obligations but not against implicit violations, 

higher-level reasoning, or parallel jurisdiction.  

Graph algorithms excel in cross reference analysis 

and can speed up a system by a factor around 20-

30 or less than sequential analysis in highly 

correlated sets of documents [8]. Cross jurisdiction 

and multi-lingual analysis does lead to some 

amount of inefficiency however, an amount of 

accuracy ranging to around 78-85% or shifting 

between legal traditions and rules [7]. It shows 
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state-of-the-art systems nearly achieve human-

level performance on basic compliance tasks but 

remain far behind on vague regulatory text and 

new compliance situations never seen at test.  

RQ3: Automated vs Manual Compliance 

Analysis   

Automated NLP-compliance reporting systems 

appear to have a significant superiority compared 

to manual reporting in a number of ways. 

Enhanced time effectiveness is similarly 

significant with 65-85% less time spent reviewing 

reports reported while still maintaining or even 

improving upon accuracy compared to manual 

reviewers [11]. Consistency is another notable 

advantage to the extent automated reporting 

employs consistent benchmarks in all reviewed 

documents without any compromise in manual 

reviewing processes relying on subjectivity.  

Scalability for automation provides companies 

with an ability to handle more incoming 

documents than is feasible by hand in support of 

in-depth compliance auditing rather than 

sampling. Economies for automation offset costs 

of implementation, particularly for high-volume 

regulatory processing companies. But some 

limitations are lower adaptability in dealing with 

unfamiliar or uncertain compliance situations, 

possible brittleness when there are shifts in 

regulatory needs, and continued needs for human 

supervision for proper system behavior. According 

to research, hybrid human-AI solutions involving 

automated processing with supervisory expertise 

allow for best balance between effectiveness and 

accountability.   

RQ4: Balancing Performance, Interpretability, 

and Deployment   

Current systems achieve a variable compromise 

between conflicting needs for regulation 

applications. Techniques for optimizing 

performance, such as hybrid neural-optimization 

methods, attain almost optimal accuracy while 

cutting computational demands by 65-80% [11]. 

Interpretability demands often clash with the 

pursuit of performance enhancement, as the 

models that achieve the highest accuracy are often 

"black boxes" that offer limited interpretability. 

Attention-explanation methods provide partial 

solutions for interpretability requirements, 

achieving 80-85% agreement with expert 

explanations in evaluations of explanation quality 

[13]. Nonetheless, applications within a regulatory 

framework may require more detailed 

explanations than current techniques can provide, 

particularly for critical compliance decisions. The 

ability to deploy varies significantly across 

different organizational environments, with larger 

companies achieving greater success in 

implementing advanced systems due to their 

access to technical expertise and computational 

resources. Smaller businesses are discouraged by 

challenges related to the difficulty of 

implementation and ongoing maintenance 

requirements.  

RQ5: Emerging Methodological Approaches   

Certain recent approaches are very promising for 

breaking free of today's limitations in NLP for 

control. Multi-modal analysis encompassing 

visual features and layout in a document attains 

15% greater accuracy relative to text-based 

approaches [14], which means full document 

comprehension requires consideration of all 

modalities of information. Explanation-as-a-

Service methods specially designed for regulatory 

environments are moving on from attention 

visualization to natural-language explanation 

generation, while quality explanation evaluation 

schemes remain in preliminary phases. Transfer 

learning methods achieve adaptation within new 

regulatory environments at low levels of training 
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data required that can serve to resolve tailor ability 

problems within compliance applications.  Graph-

based approach for modeling regulatory regimes is 

particularly promising for modeling complex 

dependency and associations observed in 

regulatory regimes. These methods achieve state-

of-the-art performance for relation extraction tasks 

as well as for cross-reference analysis tasks while 

providing more interpretable regulatory 

knowledge representations. Such proposed 

frameworks for adaptation for a regulatory rather 

than an optimization domain are recent state-of-

the-art works possessing strong potential for 

applications but are still in their early stages of 

formulation.  

Evaluation Across Multiple Datasets and 

Scenarios  

One of the main challenges of RL2 research in 

effecting multi-cloud traffic engineering is the 

multiple data sets which are available and real 

scenarios that are employed to validate the 

efficiency of different methods. The reviewed 

works have been conducted in various network 

scenarios, which include enterprise networks, 

WANs, SDN-legacy infrastructures, and 

microservice-oriented cloud deployments.  For 

instance, Xu et al. [1] and Zhou [6] aimed at 

enterprise and hybrid SDN networks and built up 

throughput gains and elevated QoS using RL-

based agents. Teal [2] applied to WAN-traffic data 

and demonstrated significant processing time 

reduction and convergence time reduction 

attained. Further studies like Cui [10] investigated 

RL-driven microservice migration in cloud data 

centers and focused on dynamic service topology 

management. These several scenarios in general 

illustrate the adaptability and generality of RL-

based traffic engineering to a variety of 

operational scenarios. But we find that most of 

these surveyed papers adopt ad-hoc simulation 

environment and dataset, making it inconvenient 

to compare the other schemes. Despite having a 

myriad of possibility of scenarios, an absence of 

universal public baselines on multi-cloud traffic 

engineering may prevent these results from being 

generalized. It will be highly desirable to adopt 

common dataset and more variety of larger-scale 

real-world network scenarios' comparisons in our 

subsequent work, incorporating new scenarios 

such as edge and IoT deployments. 

6. DISCUSSION 

Key Achievements and Contributions  

This research inclination on regulatory compliance 

gap analysis supported by NLP has traditionally 

attained record numbers during this six-year 

timeframe addressed in this poll. Transformations 

from classical rule-based systems to state-of-the-

art system designs employing transformers 

indicate concept changes enabling automatic 

processing at or above human levels in certain 

application contexts.  The creation of domain-

specific models is a key factor in effectiveness, as 

specialized designs consistently surpass general-

purpose designs in performance. The evolution 

from a general BERT to Legal-BERT and then to 

highly specialized models like Fin BERT shows an 

effective alignment between domains and the 

optimal efficacy of regulatory applications. The 

system demonstrates remarkable performance, 

attaining a 90-96% compliance check hit rate and 

cutting manual review time by 65-85%. This 

increase in productivity reduces expenses and 

enhances resource alignment for compliance 

firms, ensuring improved consistency and 

opportunities in compliance evaluation. 

Advancements in technology, including graph 

neural networks for preserving the structural 

details of documents, multi-modal analysis for 

gaining comprehensive insights into documents, 

and hybrid optimization strategies to enhance 
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performance or computation, are relevant not only 

to theoretical research but also to empirical studies 

in NLP and applications in regulatory technology. 

Persistent Challenges and Limitations  

Regardless of how successful they may be, 

inherent challenges can influence how successful 

compliance systems with NLP will be. A key 

problem is that rules require decisions to be 

explicit in explanations because decisions need to 

be transparent and justified in records and 

evidence.  Regulatory systems keep on changing, 

which pose flexibility challenges on system levels. 

Compliance requirements keep changing 

frequently and have to be incorporated 

immediately but a model verification will bring 

roadblocks along with a temporary noncompliance 

window. Present systems provide no sufficient 

provisions to easily and immediately adapt 

changes to regulations without sacrifice to 

integrity or to accuracy.  Trans jurisdictional 

compliance analysis still stumbles at 78-85% 

efficacy levels only for systems executing across a 

plurality of regimes. We have operational systems 

that will not generate mappings across regulatory 

families or detect conflicts or uncertainties without 

cumbersome manual configuration.  Information 

availability and quality undermine system 

development and evaluation. Regulator materials 

hold largely sensitive information available to 

restrict research use even of unrestricted 

information. Technic al difficulties in compliance 

further complicate development of a full 

assessment dataset. Non-standardized benchmarks 

hinder comparisons and retard research 

development.  

Implications for Practice  

They become a good foundation upon which to 

build compliance systems driven by NLP. The 

responsibilities are on the companies to invest in 

domain-specific as well as domain-agnostic 

models because the overall-domain performance is 

optimum. Investment in customized training and 

subject matter experts increases system 

performance and effectiveness to a greater degree.  

They must utilize hybrid human-AI approaches 

instead of full automation because current 

technology cannot support advanced compliance 

in sophisticated ways absent human supervision. 

Organizations must continuously keep and refresh 

models to keep up to date with regulatory updates 

and require technology skills. Such 

implementations become economical only if 

considerable funds are invested in technical 

infrastructures and technology and compliance 

knowledge and competency. Smaller firms 

capitalize on higher software-functionality in 

software-as-a-service or cloud installations 

because of in-house technology limitations. 

Compliance metrics entail regulatory 

requirements such as accuracy, interpret-ability, 

consistency, and auditability but do not include 

standard NLP metrics. Verification procedures 

entail connecting subject-matter experts and 

regulatory experts in processes of compliance. 

Theoretical Contributions and Research 

Implications  

It reveals an understanding of domain adaptation 

within the NLP industry taking into consideration 

interpretation and accuracy. Systematic 

dominance within regulating authorities in domain 

networks means coherence in a domain is needed 

within a specific application design of a language 

model. They achieve an optimum between 

performance and interpretability in key NLP 

applications. Laws and legislation may also 

benefit from this balance in areas like healthcare 

and finance, where critical automated decisions 

are relevant.  Graph-based document analysis, 

multi-modal comprehension, and hybrid 
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optimization complement NLP investigations. 

Technologies offer frameworks to solve connected 

document analysis challenges. A research agenda 

in communal jurisdictional analysis and static 

adaptation gaps is reflective of enduring gaps in 

communal paradigms in need of exploration. 

7. CONCLUSION 

It's a new rising research field that has obvious 

progresses and current challenges which will guide 

future research. State-of-the-art NLP methods, in 

particular transformers with domain adaptation, 

have shown that they can achieve human or even 

higher regulatory task performance and possess 

advantages like shorter review time, higher 

consistency, and higher scalability.  Rule-based 

systems developing further to sophisticated neural 

architecture facilitate automatic regulation of text 

processing at 90-96%. Custom pre-training in 

area-specific industries is required since such 

models outperform universal level by 15-35%. 

Therefore, compliance systems based on NLP 

compete side to side with conventional manual 

solutions in regulatory analysis.  It is worthwhile 

to conduct research on key elements of quality 

assurance for compliance systems that are 

automated. Rules require higher-level features 

than standard high-precision systems. Compliance 

automation should be dynamic and resilient and 

include advanced tools to be perfectly in sync with 

constant updates. Familiarity with compliance in 

other areas allows greater comprehension of other 

legal systems and laws of conflict. Present 

solutions achieve an efficacy of 78-85%, so more 

study is still extremely beneficial. Further study 

will require attention to explainable AI in 

government, fast adaptation to new law legislation, 

and system performance metrics standard.  By 

bringing in varied methods and visual mappings to 

bridge connections among regulations, we may 

improve theory and practice. The opportunity is in 

the space remaining between necessary for 

operational usage and technically possible but 

broken and in need of repair to be beneficial to all. 

We will determine if it is possible to achieve 

definable and distinct automated compliance 

someday in the future. 
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