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Abstract—Blockchain technology has transformed
digital transactions by enabling decentralized and
transparent systems. Smart contracts, which are self-
executing programs running on blockchain networks,
automate agreements without intermediaries. However,
smart contracts often contain vulnerabilities that can
lead to severe financial losses and security breaches.
Traditional vulnerability detection methods are often
slow and limited in scalability.

Artificial Intelligence (AI), particularly machine
learning and deep learning techniques, has emerged as a
promising solution for detecting vulnerabilities in smart
contracts. This paper explores the role of Al in
identifying vulnerabilities in blockchain smart
contracts, discusses common security issues, analyzes
Al- based detection techniques, and evaluates their
advantages and challenges.

Index  Terms—Artificial Intelligence, Blockchain
Security, Smart Contracts, Vulnerability Detection,
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I. INTRODUCTION

Blockchain technology is widely used in finance,
supply chain management, healthcare, and many
other sectors. Smart contracts are programs stored on
the blockchain that automatically execute predefined
rules when certain conditions are met.

Most smart contracts are written in programming
languages such as Solidity and run on blockchain
platforms like Ethereum. Although smart contracts
provide automation and transparency, they are also
vulnerable to security flaws. Once deployed on the
blockchain, modifying or fixing smart contracts
becomes extremely difficult.

Blockchain  smart contracts automate digital
transactions but often contain security vulnerabilities
that can lead to financial losses. Al-driven techniques
help detect these vulnerabilities automatically by
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analyzing patterns in smart contract code using
machine learning and deep learning methods.

Several major incidents have demonstrated the impact
of vulnerabilities in smart contracts. For example, the
DAO attack in 2016 caused a loss of millions of
dollars due to a reentrancy vulnerability.

Traditional security testing methods such as manual
code review and static analysis tools are often
insufficient to detect complex vulnerabilities.
Artificial Intelligence provides advanced techniques
to automatically analyze code patterns and detect
potential vulnerabilities in smart contracts.

II. RELATED WORK

Previous research on smart contract security mainly
used static and dynamic analysis tools to detect
vulnerabilities. However, these methods often produce
high false positives and have scalability limitations.
Recent studies apply

Artificial Intelligence techniques such as machine
learning and deep learning to automatically identify
vulnerability patterns in smart contract code. These
Al- based approaches improve detection accuracy
and efficiency compared to

traditional methods.

[II. METHODOLOGY (BASED ON
FLOWCHART)

The proposed method starts with collecting smart
contract code written in Solidity or EVM bytecode.
After that, feature extraction is performed using
techniques such as opcode analysis, control flow
analysis, and code embedding to obtain important
patterns from the contract code. These extracted
features are then given to Al models such as machine
learning or deep learning algorithms for training and
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analysis. Finally, the system performs vulnerability
detection and risk classification, where the smart
contract is categorized as either vulnerable or secure,
and appropriate warnings or recommendations are
provided.
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IV. SMART CONTRACTS AND SECURITY
VULNERABILITIES

4.1. Smart Contracts

Smart contracts are digital programs that execute
automatically when

predetermined conditions are met. They eliminate the
need for intermediaries and ensure transparency and
trust.

Key features of smart contracts include:

e  Automation of transactions

e  Transparency and immutability

e  Decentralized execution

e  Reduced operational cost

Despite these advantages, smart contracts can contain
programming errors that attackers may exploit.

4.2. Common Smart Contract Vulnerabilities

1. Reentrancy Attack

This occurs when a malicious contract repeatedly
calls a vulnerable contract before the previous
transaction finishes. It can drain funds from the
contract.

2. Integer Overflow and Underflow

Arithmetic operations exceeding storage limits can
cause unexpected results and security issues.

3. Denial of Service (DoS)

Attackers may manipulate contract logic to prevent
normal operations.

4. Timestamp Dependence
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Some contracts rely on timestamps that miners can
manipulate.

5. Access Control Vulnerabilities

Improper access control allows unauthorized users to
perform sensitive operations.

These vulnerabilities highlight the need for automated
and intelligent detection systems.

V. TRADITIONAL VULNERABILITY
DETECTION METHODS

Traditional approaches for detecting smart contract
vulnerabilities include: Static Analysis

Static analysis tools examine the contract source code
without executing it. Examples include symbolic
analysis and pattern matching.

Advantages:

e  Fastdetection

e No need for execution environment

Limitations:

e High false positives

e Difficulty detecting complex logical
vulnerabilities Dynamic Analysis

Dynamic analysis examines the contract during

execution by simulating transactions.

Advantages:
e  Better detection accuracy
e Observes runtime behavior

Limitations:

e Time-consuming

e Requires extensive test cases

Because of these limitations, researchers are exploring
Al-based approaches.

VI. AI-DRIVEN VULNERABILITY DETECTION

6.1. Artificial Intelligence techniques can
automatically analyze large amounts of smart
contract code and detect hidden vulnerabilities.

Al-based methods typically use machine learning

models trained on datasets of vulnerable and secure

smart contracts.

6.2. Machine Learning Approaches
Machine learning algorithms can classify smart
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contracts based on vulnerability patterns.

Common algorithms include:

e Random Forest

e  Support Vector Machine (SVM)

e Decision Trees

These models analyze features extracted from contract
code, such as opcode patterns and control flow
structures.

6.3. Deep Learning Techniques

Deep learning models are more powerful for
analyzing complex code structures.

Examples include:

e  Convolutional Neural Networks (CNN)

e  Recurrent Neural Networks (RNN)

e  Graph Neural Networks (GNN)

These models can learn semantic relationships within
smart contract code and identify  subtle
vulnerabilities.

6.4. Natural Language Processing for Code Analysis
Some Al systems treat smart contract code as textual
data and apply NLP techniques to detect vulnerability
patterns.

Methods include:

e  Tokenization of code

o Embedding representations

e Sequence analysis

This approach helps detect vulnerabilities based on
coding patterns.

VII. ADVANTAGES OF AI-BASED DETECTION

Al-driven vulnerability detection offers several
benefits:

1. Automation

Al systems automatically analyze thousands of smart
contracts without human intervention.

2. High Accuracy

Deep learning models can detect complex
vulnerabilities with improved accuracy.

3. Scalability

Al tools can analyze large blockchain ecosystems
efficiently.

4. Continuous Learning

Machine learning models improve as they are trained
with more data. These advantages make Al a powerful
tool for smart contract security.
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VIII. CHALLENGES AND LIMITATIONS

Despite its benefits, Al-based vulnerability detection
faces several challenges: Limited Training Data
High-quality labeled datasets for smart contract
vulnerabilities are limited. False Positives

Some Al models may incorrectly classify secure
contracts as vulnerable. Model Interpretability

Deep learning models often act as “black boxes,”
making it difficult to understand their decisions.

Evolving Attack Techniques
New types of attacks continuously emerge, requiring
models to be regularly updated.

IX. FUTURE RESEARCH DIRECTIONS

Future research in Al-driven smart contract security

may focus on:

e Hybrid approaches combining static analysis and
Al

e  Graph-based deep learning models

e Real-time vulnerability monitoring

e  Explainable Al models for security analysis

o Integration with blockchain development tools

Advancements in these areas will improve the

reliability and security of blockchain systems.

X. CONCLUSION

Smart contracts play a crucial role in blockchain
applications but are highly susceptible to security
vulnerabilities. Traditional vulnerability detection
techniques are often insufficient for identifying
complex security flaws. AI- driven approaches,
including machine learning and deep learning,
provide powerful tools for automated vulnerability
detection.

By analyzing patterns in smart contract code, Al
models can identify potential security risks and help
developers create more secure blockchain
applications.

Although challenges such as limited datasets and
model interpretability remain, Al-based detection
systems have significant potential to enhance the
security of blockchain smart contracts in the future.
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