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Abstract: With the increasing number of legal and financial contracts, the analysis of contracts through a manual system of analysis has
become inefficient. Hence, the need for an automated system that can not only extract the clauses from the contracts but also interpret them
to assess the risks involved with the contracts arises. This paper proposes a machine learning-based system for the analysis of legal contracts
through the application of Natural Language Processing techniques. This system can be applied to both scanned documents and digital
documents by the application of a hybrid approach to the extraction of the content from the documents. The system will be capable of
analysing the content of the documents by the application of a Legal-BERT model that has been fine-tuned on a dataset comprising the
General Financial Rules (GFR) and additional legal contract clause datasets. The system will be capable of risk analysis by the application
of a risk-aware clause classification system that not only classifies the clauses into various types of laws but also determines the risk level of
the contracts by the application of three risk levels: low, medium, and high. To enhance interpretability and robustness, the framework
includes a hybrid risk assessment mechanism that leverages the power of the transformer model’s predictions and rule-based compliance
verification. Moreover, the framework includes a GNN approach to analyse the structural relationships between clauses in the contract
document. The experimental results demonstrate that the proposed approach can effectively improve the accuracy and reliability of the
automated risk detection process using the domain-specific transformer models and rule-based reasoning approach. The proposed approach
can be considered an efficient and intelligent way to analyse contracts and can be effectively utilized by legal professionals and financial
analysts.

Key Words: Legal Natural Language Processing, Contract Risk Analysis, Legal-BERT, Clause Classification, Graph Neural Networks,
Automated Contract Analysis

I. INTRODUCTION
The rise of the digital age has seen financial, legal, and regulatory documents becoming more digitized. This has,
therefore, led to a rise in the quantity of contracts and policy documents. Every organization, irrespective of the industry, has the
obligation to analyse legal documents to identify obligations, potential risks, and compliance with regulations. However, the
process of manually analysing contracts is time-consuming, expensive, and prone to human error, especially where there is the
use of intricate legal jargon and long interdependent clauses. As such, the use of Artificial Intelligence (Al) and Natural Language
Processing (NLP) has been seen as an alternative for the efficient analysis of legal documents.

However, the recent advancements in NLP techniques, specifically in transformer-based language models, have shown
significant potential in the ability of machines to comprehend domain-specific textual data. For example, the use of pre-trained
language models such as Legal BERT has shown promising results in the processing of legal texts using large-scale legal
documents for domain adaptation [1]. Moreover, the availability of datasets such as the Contract Understanding Atticus Dataset
(CUAD) enables the use of expert-labelled legal contracts for the development of various research studies in clause classification,
contract review automation, and risk identification [2].

Several research studies have also examined the effectiveness of machine learning and deep learning methods for the
identification of risks and extraction of key clauses from contracts. Transformer models were used to identify risky clauses from
construction contracts, showcasing the ability of the model to employ contextual embeddings for the identification of legal
obligations and liabilities [3]. Previous research studies have also employed machine learning with the help of heuristic methods
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for the extraction of legal clauses from contracts, showcasing the effectiveness of automated contract analysis systems [7].
Further research studies on the survey of legal NLP highlight the need for the development of appropriate datasets for the
improvement of performance for legal text understanding tasks [5], [12].

In addition to the above-mentioned transformer models, the application of graph-based methods to the analysis of the
relationship between legal entities and clauses within the documents has also received considerable attention. Graph Neural
Networks (GNNSs) enable the analysis of legal documents as structured graphs, thereby effectively modelling the relationship
between the clauses within the documents for the improvement of legal case retrieval tasks and article retrieval tasks [4],[8].
Graph-based learning methods have also been applied to the prediction of legal judgments, thereby effectively modelling the
structural relationship between the legal documents [9].Despite such advances, existing systems are largely focused on the
analysis of particular, isolated functions such as clause classification or risk detection, rather than the provision of a
comprehensive framework for the complete analysis of contracts. Furthermore, the variety of media in which legal documents
are represented,such as scanned images of documents and computer-generated documents, is a complicating factor for the
analysis of such documents. To address the shortcomings of existing systems, the present research proposes an artificial
intelligence-based framework for the automated analysis of legal and financial documents, which incorporates the use of the
transformer family of language models, rule-based risk evaluation, and graph-based dependency modelling. A hybrid text
extraction method is employed for the analysis of legal documents, along with a fine-tuned Legal-BERT model for the
classification of clauses and the detection of potential risks. Furthermore, a graph neural network is employed for the analysis of
the relationships between clauses, thereby enabling the more detailed structural analysis of legal documents.

II.LLITERATURE REVIEW

A.Legal Natural Language Processing

Natural Language Processing (NLP) has emerged as a promising area for the analysis of legal documents to obtain relevant
information from the documents. Legal documents often involve intricately written sentences with unique terminology and long-
range dependencies. These complexities make it difficult for rule-based systems to effectively process legal documents.
However, recent advancements in the application of deep learning techniques have enabled the effective analysis of legal
documents. Surveys on the application of NLP for legal documents emphasize the fact that the application of machine learning
techniques for the analysis of legal documents has been significantly effective for tasks like legal document classification, clause
extraction, etc. [5], [12].

B.Transformer-Based Models for Legal Text

Transformer-based language models have greatly improved the performance of NLP systems for a particular domain. One of the
most prominent language models for a particular domain is Legal-BERT. Legal-BERT is pre-trained on vast amounts of legal
texts to effectively comprehend legal terminology and context relationships compared to general language models [1]. With the
introduction of the Contract Understanding Atticus Dataset (CUAD) dataset, it is also possible to train a model for a particular
task of contract review and clause classification [2]. Recent research demonstrates the effectiveness of the transformer-based
model to automatically identify the obligations, liabilities, and risks of a particular legal agreement by learning the context of
legal terminology [3].

C.Clause Extraction and Risk Detection

Automatic clause extraction and risk detection have also become prominent research areas for legal document analysis. Earlier
research on legal document analysis primarily focused on the application of rule-based systems and heuristic approaches for the
identification of specific clauses within contracts. For instance, the application of machine learning with the incorporation of
heuristic enhancements has been reported for the extraction of legal clauses as well as the identification of key clauses within
contracts [7]. Recently, the application of deep learning approaches for the detection of risky clauses within legal documents,
specifically for construction contracts and financial contracts, has also been reported[14]. These research studies indicate the
effectiveness of the application of contextual models for the identification of specific patterns related to legal contracts. However,
most of the existing research studies primarily focus on the application of the system for specific tasks rather than a
comprehensive framework.

D.Graph-Based Legal Document Analysis

In addition to textual analysis, the application of graph-based learning techniques has also been proposed to learn the structural
information contained in legal documents. Graph Neural Networks (GNNs) enable the modelling of legal information as a series
of nodes and edges. Existing research has shown the effectiveness of the application of graph-based learning techniques to the
tasks of legal case retrieval and article retrieval [4],[8]. Graph-based learning techniques have also been applied to the prediction
of legal judgments, where the relationship between legal arguments can be used to enhance the accuracy of the prediction [9].

E.Retrieval-Enhanced Legal Analysis

Retrieval-based methods have also been examined to enhance the precision of legal NLP systems. Retrieval-Augmented
Generation (RAG) combines external information with language models to enable the system to retrieve relevant information
during the prediction process. Studies have demonstrated that retrieval mechanisms enhance the performance of knowledge-
intensive tasks by minimizing hallucinations and increasing the accuracy of information [24]. In the context of legal NLP
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systems, retrieval mechanisms can be used to retrieve information from a database of legal cases or statutes to increase the
accuracy of Al-generated insights.

F.Limitations of Existing Approaches

However, despite the progress achieved in legal NLP, there are still several challenges to overcome. Most of the legal NLP
systems developed to date focus on specific tasks like clause classification, legal document retrieval, judgment prediction, etc.,
but not on providing a framework that can perform legal document analysis. In addition to that, legal documents can appear in
several forms, including scanned PDF files and digital files, which can pose several challenges during text processing as well.
Surveys conducted on legal NLP studies emphasize the need to develop hybrid systems that can make use of domain-specific
language models along with rule-based reasoning to improve accuracy and understanding [5], [12].

III. RESEARCH GAP AND PROBLEM DEFINITION

A. A.Research Gaps in Existing Systems

Despite the various advancements in Artificial Intelligence and Natural Language Processing techniques in the domain of
contract analysis, certain limitations still persist in the existing systems. For example, although various techniques like Legal
BERT, and transformer-based language model, have been effective in understanding the nuances of the law and classifying the
same, it has been observed that these models rely heavily on the availability of large datasets. Another limitation that has been
identified in the existing contract analysis systems is that various techniques that have been proposed in the domain of contract
analysis are mostly focused on individual aspects of contract analysis, rather than providing an overall system that can perform
comprehensive contract analysis.

For example, although datasets like CUAD have been effective in contract review and clause extraction, it has been
observed that these datasets do not perform an overall analysis of the contract. Similarly, although techniques like deep learning
have been effective in identifying risky clauses in contracts, especially in specialized domains, it has been observed that these
techniques perform only textual classification. Graph-based methods were proposed to deal with relationships in legal documents
by using clauses and legal entities as nodes in a graph structure [4], [8]. Although these methods help in understanding the
relationships between various legal concepts, they are generally used in case retrieval or judgment prediction rather than contract
risk analysis. Thus, the integration of text-based risk detection with clause dependency is not well explored. In addition, most of
the existing methods consider that the legal documents are available in structured textual form. However, in practice, it is
common that the contract is available in various forms like scanned PDFs or images.

B.Problem Definition

Based on the identified gaps in the research, the primary issue that this study seeks to resolve is the absence of an integrated
framework that enables the automated analysis of contracts from the time they are extracted from the contract until the time they
are evaluated. Most of the automated systems have focused on specific aspects and not the entire process. This research seeks to
develop an Al-based framework that includes aspects such as text extraction from documents, clause classification, risk
evaluation, and dependency analysis. The proposed framework uses a domain-specific transformer model and incorporates
graph-based models.

The challenges that the framework seeks to address include:

1.Text extraction from both digital and scanned legal documents.

2.Identification and classification of contractual clauses.

3.Identification of possible risks using machine learning and rule-based approaches.

4.Representation of the relationships between clauses for better contract understanding.

By resolving these challenges, the proposed framework seeks to enhance the efficiency and accuracy of automated contract
analysis systems.

IV. PROPOSED SYSTEM ARCHITECTURE

A.Overview of the Framework

This section describes the architecture of the proposed Al-based framework for legal document analysis. The system architecture
integrates various components for document preprocessing, clause classification using the transformer architecture, graph
modelling for clause dependencies, and automated risk evaluation for the analysis of legal contracts. The system workflow for
the proposed framework is depicted in Fig. 1. The system workflow begins with the upload of the legal contract or financial
agreement by the user. The uploaded documents may be in digital or scanned formats. The uploaded documents are fed into the
hybrid document extraction module for converting the documents into machine-readable formats using the PDF parsing and
Optical Character Recognition (OCR) techniques. The extracted documents are further fed into the clause extraction module for
the identification of relevant clauses from the legal documents. For the analysis of the identified clauses, the system utilizes the
Legal BERT model, which has been proven effective for various legal document understanding tasks [1]. To identify the
dependencies between the clauses, the system generates the clause dependency graph and utilizes the Graph Neural Network
(GNN) for the processing of the graph. The graph-based approach has been successful for various legal information retrieval and
reasoning tasks [4], [8].
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Fig. 1. Overview of the proposed Al-driven legal document analysis framework for automated contract risk assessment.

B.Document Intake and Hybrid Text Extraction
The first stage of the system is document intake and preprocessing. The user is expected to upload legal documents in different
formats, including digital PDF formats or scanned images. Legal documents contain unstructured as well as structured data.
Therefore, a hybrid extraction mechanism is employed. For digital documents, PyMuPDF is employed to obtain text content
directly from the digital documents in PDF format. For scanned documents, Tesseract OCR is employed to obtain text content.
The text obtained is then processed using Natural Language Processing techniques. Let’s assume that if the extracted document
is in the form of a sequence of tokens, then:

T={t1,t2,t3, ..., tn}
where tirepresents individual tokens and nis the total number of tokens in the document.

C.Clause Extraction and Classification
After the pre-processing, the system identifies the important contractual clause types, such as termination, confidentiality,
liability, and payment conditions. Then, each clause is fed into a fine-tuned Legal-BERT model for classification. Legal-BERT
is a pre-trained model based on the transformer architecture, pre-trained on legal texts, and is specifically designed for legal text
understanding [1].
Let the representation of a clause be denoted as:
h=BERT(C)
where C represents the clause text and /is the contextual embedding generated by the Legal-BERT encoder. The probability of
a clause belonging to class kis calculated using the softmax function:
eWihthi,
P (y=k|h) W

The predicted clause label is:
y=arg max P(y=k | h)
k

Similar transformer-based methods have been widely used for contract clause detection and legal text classification [3], [13].
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D.Clause Dependency Modelling using Graph Neural Networks
Legal contracts often contain dependencies between clauses, where the interpretation of one clause may depend on another. To
model these relationships, the system constructs a clause dependency graph:

G=(V,E)
where Vrepresents clauses as nodes and Erepresents relationships between clauses.
Graph Neural Networks propagate information across nodes to capture structural dependencies. The node update function is
defined as:

Y= 6 (= wo ho
j

i
JEN(D)
where N(i)represents neighboring clauses.

Graph-based approaches have been shown to improve legal document retrieval and reasoning by modelling relationships between
legal entities [4], [8], [25].

E.Risk Analysis and Compliance Evaluation

After clause classification and dependency modelling, the system evaluates contract risks. Each clause is assigned a risk score
based on the classification probability and dependency influence.

The risk score for clause iis calculated as:

Ri=aPi+ pDi
where
Pi = predicted risk probability from Legal-BERT
Di= dependency influence score from the GNN
aand fare weighting parameters.
The overall contract risk score is computed as:
n
1
Reontract =7121 R;
i=

Risk detection using machine learning and NLP has been widely explored for automated contract review and legal compliance
analysis [14].

F.Output Generation and Visualization
The final stage generates a structured output summarizing the analysis results. The output includes:

1. Contract Summary
2. Clause Classification Results
3. Risk Assessment Scores

4. Clause Dependency Insights
The system also highlights risky clauses directly in the original document and generates downloadable reports. This automated
pipeline assists legal professionals and compliance analysts in efficiently reviewing complex contracts.

V. CASE STUDY: LEGAL CONTRACT ANALYSIS APPLICATION
To validate the efficacy of the proposed framework, a case study was conducted in the domain of automated legal contract
analysis. Legal contracts tend to be lengthy and involve complex clause structures. Such complex structures need to be analysed
in detail to identify potential risks and ensure compliance with legal regulations. The aim of this case study is to validate the
feasibility of the proposed system in the real-world legal contract analysis domain.

A.Case Description

A financial and employment-type agreement was presented as the case for the evaluation of the system. The contract was
presented in PDF format to mimic a real-world situation where organizations would need to deal with both electronically created
and scanned versions of legal agreements.

The suggested system utilizes the hybrid document extraction pipeline to extract machine-readable text from the contract. The
text is processed to extract individual clauses from the agreement using contextual clues and rule-based boundary detection. This
allows the framework to process the unstructured legal text into structured units for further analysis.

B.Clause Classification and Risk Detection

The clauses were processed using the fine-tuned transformer model for classification to determine their function within the
contract. The system classified the clauses into different categories.

The framework also detects clauses that may indicate potential risks within the contract. High-risk clauses are related to clauses
that indicate one-sided penalties, ambiguity in contract obligations, and restrictions related to intellectual property. Medium-risk
clauses are related to clauses that indicate limited flexibility in contract terms and clauses that indicate insufficient legal
safeguards. The overall contract risk score was computed by aggregating clause-level risk estimates, providing a quantitative
measure of contractual safety.
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C.Compliance Assessment

In the compliance assessment module, the extracted clauses were compared to predetermined contract requirements related to
employment and financial contracts. The system checked for the inclusion of essential clauses such as termination and
confidentiality clauses.The compliance level provided a structured approach to evaluating the completeness and preparedness of
contracts.

D.Clause Dependency Analysis

In addition to the relationships between clauses in a contract, the framework also created a clause dependency graph to represent
structural relationships between clauses. This was done to understand the semantic and functional relationships between clauses.
In the Graph Neural Network module, the structural relationships between clauses were analysed to identify dependency patterns.
This included indirect risk propagation and circular relationships. This provided a deeper understanding of how specific

clauses in a contract relate to one another.

E.Analytical Output and Interpretation

The final system output consisted of a summarized contract overview, classification of clauses, risk severity indicators,
evaluation of compliance, and dependency visualization. The clauses that were deemed to be risky were highlighted in the
original contract for better interpretability. The above case study proves that the proposed framework can automate various stages
of contract analysis with significant legal insights. The proposed framework reduces the overall human intervention in contract
analysis, ensuring increased consistency in identifying risks.

VIL.RESULTS AND DISCUSSION
A.Experimental Setup and Evaluation
The proposed Al framework was implemented as a complete end-to-end contract intelligence solution that included document
ingestion, hybrid OCR-based text extraction, transformer-based clause classification, rule-based contractual risk identification,
and graph-based dependency modelling. This document intelligence pipeline has also been explored in legal NLP research
studies [3], [7].
The experimental evaluation of the proposed Al framework was conducted on a dataset of curated multi-page financial and
employment contracts that mimic real-world contractual complexity. The dataset included a total of 530 contractual clauses,
which were extracted from publicly available regulatory documents, including the Government of India General Financial Rules
(GFR) dataset [Dataset]. A train-test split ratio of 80:20 was used for the experimental evaluation. The model was fine-tuned for
three epochs, a batch size of 4, and a maximum sequence length of 512 tokens, using the Adam optimizer with linear learning
rate scheduling. A two-layer Graph Attention Network (GAT) was used for inter-clause reasoning.
Evaluation metrics for the proposed Al framework included clause classification effectiveness, contractual risk detection
capability, structural reasoning, and efficiency. The results for clause classification effectiveness are shown in Table no 1.

Table no 1. Clause Classification Performance

Model Precision | Recall F1-Score
Rule-based baseline 0.72 0.68 0.7
Transformer classifier 0.88 0.86 0.87
Proposed Framework 0.91 0.89 0.9

The results demonstrate that the proposed framework achieves improved contextual understanding of contractual clauses
compared to traditional rule-driven approaches.

Table no 2. Risk Detection Accuracy

Approach Risk Detection Accuracy
Keyword matching system 74%
Semantic classifier only 84%
Proposed hybrid framework 89%

The framework successfully identified high-risk contractual provisions such as one-sided liability clauses, restrictive termination
conditions, and missing compliance clauses.

Table no 3. System Efficiency Metrics

Metric Observed Value
Average document length 25 pages
Average clauses extracted 80+
Processing time per document 15-20 sec
Circular dependency loops detected Upto 16
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The dependency modelling module was also useful in identifying complex inter-clause relationships and structural risk
propagation patterns, which is an identified challenge in automated legal reasoning systems [8], [9].

Fig. 2. Inter-clause dependency graph for structural relationships and circular contractual obligations, as identified by the proposed
framework.

From the graph, it is evident that the different clauses, such as liability, termination, indemnification, and payment, are all
interrelated and affect each other in some way. This is a clear example of how the proposed framework is useful for visualizing
contractual risks. The classifier was also able to converge with a minimum evaluation loss of 0.097, which is a clear indicator
that the model is stable and functional.

B.Comparative Insights

In comparison to traditional approaches to legal analysis based on rules or keywords [3], the presented framework allows for
deeper semantic interpretation based on contextual modelling. Previous approaches to automated argumentation and legal
reasoning were limited by the lack of dynamic grounding in external knowledge and structural information [6], [14]. By
incorporating elements of semantic retrieval and adaptive knowledge enrichment based on retrieval-augmented approaches [15],
[19], the presented system allows for more holistic approaches to contract intelligence.

C.Limitations and Challenges

Although the framework has produced promising results, its performance still largely depends on the quality of the language
models used, as well as their consistency of reasoning, which has been a limitation of evaluating LLMs as discussed in recent
studies [10], [11]. In addition, the quality of the documents as well as the presence of OCR noise might also pose a challenge.
The complexity of processing the extracted data through a series of steps, especially during the construction of the dependency
graph as well as the analysis of the risks, might pose a computational complexity challenge, as observed in studies related to
multi-agent as well as graph-based reasoning systems [8], [9]. In addition, as the knowledge base increases, scalability might
become a challenge, as discussed in adaptive RAG systems [15], [23].

D.Practical Implications

The experimental results show that the suggested framework can significantly help automate various contract intelligence
processes such as compliance checking, enterprise risk analysis, and legal document summarization. This helps to detect any
contractual risks at an early stage, thus facilitating risk-based decision support during the review of contracts.

The suggested framework can be effectively used in a large organizational environment where it becomes critical to interpret
contractual agreements as well as maintain compliance with various regulatory requirements. This helps to automate the process
of identifying critical contractual clauses that have risks or are not properly addressed from a legal perspective. This helps to
enhance efficiency during the process of contract negotiation. Furthermore, the suggested knowledge enrichment process helps
to enhance the analytical capabilities of the system over time.

The effectiveness of similar Al-based decision support systems has already been proven in various other domains such as
healthcare analytics and policy evaluation. [1], [4].

VII. CONCLUSION AND FUTURE WORK

A.Summary of Contributions

In this paper, an Al-based framework was proposed for automated legal contract analysis that incorporates a hybrid document
extraction mechanism, a transformer model for clause classification, a rule-based system for risk evaluation, and a dependency
modelling mechanism based on graph theory. Contrary to traditional legal document processing systems that are primarily based
on individual clause identification, this proposed system can provide an entire contract intelligence system based on semantic
contract understanding and structural dependency relationships. The proposed system was implemented as a working prototype
and was tested with actual styled financial and employment contract examples. The experimental results show that the system
can provide valuable contract clauses that are risky in nature, identify missing compliance elements in the contract, and provide
meaningful analytical results. In addition to this, adaptive knowledge enhancement can also be included in the proposed system
to update its performance.
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B.Key Findings

The research demonstrated the efficacy of integrating contextual language modelling and dependency-aware reasoning in the
analysis of contracts. The system was successful in extracting clauses, maintaining risk scores, and enhancing interpretability by
visual analytics. Dependency graph modelling was also successful in creating a deeper level of understanding about interactions
in contracts. This demonstrates the potential efficacy of developing holistic Al-based contract intelligence systems.

C.Future Work

Future developments in this area would involve developing the scalability and computational efficiency of the system. This
would involve developing features such as improved indexing techniques, light-weight language modelling, and legal knowledge
graphs. This would help in enhancing the efficacy and factual accuracy of the system. Additionally, expanding the scope to
different domains would also help in enhancing the system's applicability. However, it is also important to ensure the ethical and
transparent usage of such Al-based contract analysis systems.
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