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1. ABSTRACT 

With the rapid growth of software applications, security 

vulnerabilities have become a major concern in modern 

software development. Traditional vulnerability 

detection techniques rely heavily on manual code 

reviews and rule-based tools, which are often time-

consuming and unable to detect complex security flaws 

efficiently. To address this issue, this research proposes 

a Software Vulnerability Detection Tool using Machine 

Learning algorithms that automatically identifies 

vulnerable and non-vulnerable code patterns from 
software datasets. The proposed system utilizes 

machine learning techniques to analyze code features 

and classify them based on the presence of 

vulnerabilities. An ensemble learning approach is 

implemented by combining multiple machine learning 

algorithms to improve the accuracy and reliability of 

vulnerability detection. The system allows users to 

upload datasets, train models, and visualize 

performance metrics such as accuracy, precision, recall, 

and F1-score through a web interface. Experimental 

results demonstrate that the ensemble classifier 

achieves high performance in detecting vulnerabilities, 

with improved prediction accuracy compared to 

individual algorithms. The developed tool provides an 

efficient and automated solution for identifying 

potential security weaknesses in software code, thereby 

assisting developers in improving software security and 
reducing the risk of cyber attacks. Software security has 

become a major concern due to the increasing number 

of cyber threats and vulnerabilities present in modern 

software applications. The experimental results 

demonstrate that the proposed approach provides 

efficient and reliable detection of software 

vulnerabilities, helping developers identify potential 

security risks early in the development process and 

improve overall software security. 

Keywords: Software vulnerability detection, Machine 

learning algorithms, Supervised learning, Code 

analysis,Cybersecurity, Software development 

lifecycle, Security automation. 

2. INTRODUCTION 

With the rapid advancement of information 

technology and the widespread use of software 

applications in various domains, ensuring software 

security has become a critical concern. Modern 

organizations rely heavily on software systems for 

communication, financial transactions, data storage, 

and service delivery. However, software systems 

often contain vulnerabilities that can be exploited by 

attackers to compromise system integrity, 

confidentiality, and availability. These vulnerabilities 

may arise due to programming errors, improper input 

validation, insecure coding practices, or design flaws 

during the software development process. As cyber 
threats continue to increase, detecting and mitigating 

software vulnerabilities has become an essential task 

for developers and security analysts. 

Traditional vulnerability detection techniques 

primarily rely on manual code reviews, rule-based 

scanners, and static analysis tools. Although these 

methods help identify certain types of security flaws, 

they often require significant human effort and may 

fail to detect complex or previously unknown 

vulnerabilities. Manual inspection is time-consuming 

and error-prone, especially for large-scale software 

systems containing thousands of lines of code. 

Similarly, rule-based tools depend on predefined 

patterns and signatures, which limits their ability to 

detect new or evolving vulnerabilities. As a result, 

there is a growing need for automated and intelligent 

approaches that can efficiently analyze large volumes 

of software code and identify potential security 

threats. 

Machine Learning (ML) has emerged as a promising 

solution to address these challenges. ML algorithms 

can analyze patterns in large datasets and learn from 
historical examples of vulnerable and non-vulnerable 

code. By training models on labeled datasets, 

machine learning techniques can automatically 

identify hidden relationships and features associated 

with software vulnerabilities. This capability enables 

the development of intelligent systems that can detect 

vulnerabilities with higher accuracy and reduced 

manual intervention. 
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In recent years, several researchers have explored the 

application of machine learning techniques such as 

Decision Trees, Random Forest, Support Vector 

Machines, and Neural Networks for vulnerability 

detection. 

The proposed project focuses on developing a Software 

Vulnerability Detection Tool using Machine Learning 

algorithms to automatically identify potential security 

weaknesses in software datasets. The system is designed 

to analyze code-related data and classify it as either 

vulnerable or non-vulnerable using trained machine 

learning models. In this project, an ensemble learning 

approach is utilized, which combines the predictions of 

multiple machine learning algorithms to improve overall 

detection performance. Ensemble methods are widely 

recognized for their ability to increase accuracy, 

robustness, and reliability compared to individual 

classifiers. 

The developed tool provides a user-friendly web-based 
interface that allows users to upload datasets, train 

machine learning models, and evaluate their 

performance using various metrics such as accuracy, 

precision, recall, and F1-score. These evaluation metrics 

help measure the effectiveness of the trained model in 

correctly identifying vulnerable code segments. By 

analyzing these performance indicators, developers can 

understand how well the system detects vulnerabilities 

and how it can be further improved. 

 

-score to measure its  effectiveness  in  identifying 

Fig 1 : Block Diagram 
The system begins with dataset collection, where 

vulnerable and non-vulnerable code samples are 

gathered for analysis. The collected data then undergoes 

data preprocessing, which includes cleaning, 

formatting, and normalization to prepare the dataset for 

further processing. After preprocessing, feature 

extraction is performed to identify important code 

features and convert them into feature vectors suitable 

for machine learning models. These features are used in 

the machine learning model training stage, where 

multiple algorithms are combined using an ensemble 

learning approach to improve prediction performance 

and reliability. The trained data is then evaluated using 

performance metrices such as accuracy, recall and F1 

vulnerabilities. Finally, the trained model performs 

vulnerability prediction, classifying the input code as 

either vulnerable or non-vulnerable, thereby assisting 

developers in detecting security issues and improving 

overall software security. 

 

Another significant advantage of the proposed system is 

its ability to automate the vulnerability detection 

process. Instead of manually inspecting software code, 

developers can rely on the tool to quickly analyze 

datasets and identify potential security flaws. This not 

only reduces the time required for security analysis but 

also enhances the overall efficiency of the software 

development lifecycle. Early detection of vulnerabilities 

allows developers to address security issues during the 

development phase itself, thereby reducing the risk of 
exploitation in deployed applications. 

 

Furthermore, the use of machine learning techniques 

enables the system to adapt to new types of 

vulnerabilities as more data becomes available. As the 

dataset grows and the model is retrained with updated 

information, the detection capability of the system can 

continuously improve. This adaptability makes machine 

learning-based approaches more suitable for addressing 

modern cybersecurity challenges compared to 

traditional static analysis methods. 

 

In summary, software vulnerability detection plays a 

vital role in ensuring the security and reliability of 

modern software systems. The integration of machine 

learning techniques provides an efficient and scalable 

approach for identifying potential vulnerabilities in 

large software datasets. The proposed Software 

Vulnerability Detection Tool using ML algorithms aims 
to assist developers and security analysts by providing 

an automated and accurate method for detecting security 

flaws. By leveraging ensemble learning techniques and 

performance evaluation metrics, the system contributes 

to improving software security and reducing the risk of 

cyber attacks. 
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3. RELATED WORK 

 

Year 
Author 

Name 
Paper Objective 

Techniques 

Used 
Merits Demerits Dataset Metrics 

 

 

2019 

 

 

M. R. 

Harer et al. 

Detect software 

vulnerabilities 

automatically 

using machine 

learning methods 

on source code. 

 

Random Forest, 

Deep Neural 

Networks 

Automates 

vulnerability 

detection and 

improves 

security analysis. 

 

Requires large 

labeled datasets 

and high 

computation. 

 

 

C/C++ open-

source dataset 

 

ROC-

AUC, 

Precision, 

Recall 

 

 

2020 

 

S. Russell 

et al. 

Identify security 

bugs in software 

repositories using 

machine learning 

techniques. 

Support Vector 

Machine 

(SVM), Logistic 

Regression 

Effective 

classification of 

vulnerable and 

non-vulnerable 

code. 

Performance 

depends on 

feature 

engineering. 

 

 

NVD dataset 

 

Accuracy, 

Precision 

 

 

2021 

 

 

Y. Zhou et 

al. 

Improve 

vulnerability 

detection using 
deep learning 

models on source 

code. 

 

Convolutional 

Neural 
Networks 

(CNN) 

 

Captures 

structural 
patterns of code 

effectively. 

 

Requires high 

computational 

resources. 

 

 

SARD dataset 

 

 

Accuracy, 

F1-Score 

 

 

2022 

 

S. Subhan 

et al. 

Enhance 

vulnerability 

detection accuracy 

using hybrid deep 

learning models. 

 

CNN + LSTM 

hybrid model 

Higher detection 

accuracy and 

better feature 

learning. 

Complex model 

architecture and 

longer training 

time. 

 

 

SARD dataset 

 

Accuracy, 

Precision, 

Recall 

 

 

2022 

 

 

L. Li et al. 

Detect 

vulnerabilities 

using code 
representation 

learning. 

 
Graph Neural 

Networks 

(GNN) 

Learns complex 

relationships 

between code 
structures. 

 
Difficult to 

interpret model 

decisions. 

 

Devign 

dataset 

 

F1-Score, 

Accuracy 

 

 

2023 

 

 

Z. Li et al. 

Detect 

vulnerabilities in 

software using 

transformer 

models. 

 

Transformer-

based deep 

learning 

Captures long-

range 

dependencies in 

code. 

 

High 

computational 

cost. 

 

CodeXGLUE 

dataset 

 

Accuracy, 

F1-Score 

 

 

2024 

 

 

Z. Chen et 

al. 

Introduce a large 

dataset for 

vulnerability 

detection using 

deep learning 
models. 

 

Deep Learning 

with Code 

Representation 

 

Large dataset 

improves 

training and 

generalization. 

 

High false 

positive rate in 

some cases. 

 

 

DiverseVul 

dataset 

 

Accuracy, 

Precision, 

Recall 

 

 

2024 

 

 

H. Wang et 

al. 

Improve 

vulnerability 

prediction using 

ensemble machine 

learning 

techniques. 

 

Random Forest 

+ Gradient 

Boosting 

 

Improves 

prediction 

accuracy and 

robustness. 

 

Higher 

computational 

complexity. 

 

 

GitHub 

dataset 

 

 

Accuracy, 

F1-Score 

 

 

2025 

 

P. Ibba et 

al. 

Detect 

vulnerabilities in 

smart contracts 

using machine 

learning. 

Random Forest 

+ Topic 

Modeling 

(NMF) 

High 

classification 

accuracy for 

smart contracts. 

Limited to 

blockchain-

based 

applications. 

 

Smart 

contract 

dataset 

 

Accuracy, 

F1-Score, 

AUC 
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2026 

 

M. Diouf 

et al. 

Predict security 

vulnerabilities 

using software 

quality metrics 

and ML models. 

Machine 
Learning with 

Software 

Metrics 

Detects 

vulnerabilities 

early in 

development 

lifecycle. 

 

Depends 

heavily on 

dataset quality. 

 

Software 

metrics 

dataset 

 

Accuracy, 

Precision, 

Recall 
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SUMMARY: 

Recent research has focused on applying machine 

learning and deep learning techniques to 

automatically detect vulnerabilities in software 

source code and datasets. Traditional vulnerability 

detection methods such as manual code review and 

rule-based static analysis are often time-consuming 

 

and unable to identify complex security flaws in 

large software systems. Therefore, several 

researchers have proposed ML-based approaches 

that analyze code patterns and learn features from 

datasets to identify vulnerabilities such as buffer 

overflows, SQL injection, and cross-site scripting. 

4. METHODOLOGY 

The proposed Software Vulnerability Detection 

Tool using Machine Learning Algorithms is 

designed to automatically identify vulnerabilities in 
software code by analyzing datasets containing 

vulnerable and non-vulnerable samples. The 

methodology involves several stages including data 

collection, preprocessing, feature extraction, 

machine learning model training, evaluation, and 

vulnerability prediction. These stages work together 

to build an intelligent system capable of detecting 

security flaws efficiently and accurately. 

 

 
 

 

FIG 2 : WorkFlow of ML - Based Software Vulnerability Detection System. 

Initially, the process begins with dataset collection, 

where a dataset containing both vulnerable and non- 

vulnerable code samples is gathered from publicly 

available software repositories and vulnerability 

datasets. These datasets provide labeled examples 

that help the machine learning models learn patterns 

associated with vulnerabilities. The collected data 

may include source code files, software metrics, or 

structured datasets that represent different types of 

security weaknesses present in software 

applications. 

After collecting the dataset, the next stage is data 

preprocessing. In this phase, the dataset is cleaned 

and prepared for analysis. Data preprocessing 

includes removing irrelevant or duplicate entries, 

handling missing values, formatting the data, and 

normalizing features to ensure consistency. 

Preprocessing improves the quality of the dataset 

and enhances the performance of machine learning 

models by eliminating noise and inconsistencies. 
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Once the dataset is prepared, feature extraction is 
performed. Feature extraction involves 

identifying relevant characteristics from the 

code or dataset that help distinguish between 
vulnerable and non-vulnerable samples. These 

features may include code complexity 

measures, function calls, syntax patterns, or 

other software metrics. The extracted features 

are then transformed into numerical feature 

vectors that can be processed by machine 

learning algorithms. 

The next step is machine learning model 

training. In this stage, different machine 

learning algorithms are applied to train models 

using the extracted feature vectors. The project 

utilizes an ensemble learning approach, which 

combines multiple machine learning 

algorithms to improve prediction accuracy and 

robustness. 
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After training the models, model evaluation is 

conducted to measure their effectiveness. The 

trained model is tested using evaluation metrics 

such as accuracy, precision, recall, and F1-

score.These metrics help determine how well the 

Finally, the trained model is used for vulnerability 

prediction. When a new code sample or dataset is 

provided, the system analyzes the extracted 

features and predicts whether the code is 

vulnerable or non-vulnerable. The output helps 

developers identify potential security risks in 

software applications and take corrective measures 

during the development process. By automating 

the vulnerability detection process, the proposed 

system improves efficiency, reduces manual effort, 

and enhances overall software security. 

5. DATASET 

In this project, a SQL query dataset is used to train 

and test the machine learning model for detecting 

SQL Injection (SQLi) vulnerabilities. The dataset 

contains a collection of SQL queries categorized 

into two main classes: normal (benign) queries and 

malicious queries containing SQL injection 

patterns. These queries are collected from publicly 

available cybersecurity datasets, web application 

logs, and security repositories. The purpose of the 

dataset is to help the machine learning model learn 

patterns and characteristics that distinguish 

vulnerable SQL queries from legitimate ones. 

 

 
The dataset typically includes various types of 

SQL statements such as SELECT, INSERT, 

UPDATE, and DELETE queries. Normal queries 

represent safe database operations, while 

malicious queries contain injection patterns such 

as ' OR '1'='1', UNION SELECT, DROP TABLE, 

or comment sequences like -- that attackers use to 

manipulate database queries. During the 

preprocessing stage, the queries are cleaned, 

tokenized, and transformed into structured features 

so that machine learning algorithms can analyze 

them effectively. Feature extraction is performed 

on the dataset to identify important patterns within 

the SQL queries. These features may include the 

presence of special characters, SQL keywords, 

logical operators, query length, and unusual 

patterns that commonly appear in SQL injection 
attacks. After extracting these features, the dataset 

is converted into numerical vectors and divided 

into training and testing sets. The training set is 

used to train the machine learning model, while 

the testing set evaluates how accurately the model 

can detect vulnerabilities in unseen queries. 

model correctly identifies vulnerable code 

samples and minimizes false predictions. 
Evaluating the model ensures that the system 

performs reliably before being used for 

vulnerability detection. 

 

 

 

 

-FIG 3 : SQL Injection 

Feature extraction is performed on the dataset to 

identify important patterns within the SQL queries. 

These features may include the presence of special 

characters, SQL keywords, logical operators, query 
length, and unusual patterns that commonly appear 

in SQL injection attacks. After extracting these 

features, the dataset is converted into numerical 

vectors and divided into training and testing sets. 

The training set is used to train the machine learning 

model, while the testing set evaluates how 

accurately the model can detect vulnerabilities in 

unseen queries. 

 

 

The performance of the trained model is evaluated 

using several performance metrics, including 

Accuracy, Precision, Recall, and F1-Score. 

Accuracy measures the overall correctness of 
predictions, precision indicates how many detected 

vulnerabilities are actually correct, recall measures 

how well the model identifies all vulnerable queries, 

and the F1-score provides a balanced measure of 

precision and recall. These metrics help determine 

the effectiveness of the machine learning model in 

detecting SQL injection attacks. 

 

 

6. RESULTS AND DISCUSSION 
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that the ensemble classifier provides consistent and 

reliable performance across all metrics. 

 

 

FIG 6 : Confusion Matrix Graph 

 

 
 
 

 

 
FIG 4 : Performance Metrics Table 

 
The table shows the performance metrics of the 

ensemble machine learning classifier used in the 

proposed software vulnerability detection system. 

The model achieved an accuracy of 95.65%, 

demonstrating strong performance in identifying 

vulnerable and non-vulnerable software code. The 

precision of 97.73% indicates that most predicted 

vulnerabilities are correct, while the recall of 93.86% 

shows the model’s ability to detect the majority of 
actual vulnerabilities. The F1-score of 95.47% 

represents a balanced performance between 

precision and recall. 
 

 

FIG 5 : Performance Metrics Graph 

 

 

The graph illustrates the evaluation metrics of the 

machine learning model including accuracy, 

precision, recall, and F1-score. The results indicate 

 

 

 

Algorithm 

 

 

 

Accuracy 

(%) 

 

 

 

Precision 

(%) 

 

 

 

Recall 

(%) 

 

 

F1- 

Score 

(%) 

 

 

Ensemble 

Classifier 

 

 

95.65 

 

 

97.73 

 

 

93.86 

 

 

95.47 
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The confusion matrix graph illustrates the 

classification performance of the proposed 

vulnerability detection model. The matrix compares 

the predicted results with the actual values. The 

model correctly classified 993 instances as non-

vulnerable (True Negatives) and 176 instances as 

vulnerable (True Positives). However, 107 

instances were incorrectly predicted as 

vulnerable (False Positives) and 316 vulnerable 
instances were missed (False Negatives). These 

results demonstrate that the proposed ensemble 

machine learning model achieves high detection 

accuracy while minimizing classification errors in 

identifying software vulnerabilities. 

 

6. FUTURE SCOPE 

 

In envisioning the future development of a software 

vulnerability detection tool leveraging machine 

learning algorithms, several avenues for further 

exploration and enhancement emerge, offering 

potential to refine and expand the capabilities of 
the tool. One promising direction for future work 

involves the integration of more advanced machine 

learning techniques, such as deep learning and 

reinforcement learning. Deep learning models, 

including convolutional neural networks (CNNs) 

and recurrent neural networks (RNNs), have shown 

promise in various domains for their ability to learn 

complex patterns from large datasets. By 

incorporating deep learning architectures into the 

vulnerability detection tool, we can potentially 

improve the accuracy and granularity of 

vulnerability identification, especially in scenarios 

where vulnerabilities exhibit intricate patterns or 

dependencies within code. Additionally, future 

work could focus on enhancing the tool's ability to 

handle diverse programming languages and 

software architectures. 
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While existing tools often focus on specific 

languages or platforms, there is a growing need for 
cross language and cross- platform vulnerability 

detection capabilities. By developing techniques 

for language- agnostic vulnerability detection and 

adapting machine learning models to different 

programming paradigms, the tool can provide 

broader coverage and utility across a wide range of 

software development environments. 

 

7. CONCLUSION 

 

In conclusion, the development of a Software 

Vulnerability Detection Tool using Machine 

Learning Algorithms represents a pivotal 

advancement in the realm of cybersecurity. By 

harnessing the capabilities of machine learning, 

this tool offers a proactive and efficient approach 

to identifying vulnerabilities in software code. The 

methodology outlined encompasses 

comprehensive steps from data collection and 

preprocessing to model training and deployment, 

ensuring robustness and effectiveness in real-

world scenarios. Through the integration of 

diverse datasets and sophisticated feature 

extraction techniques, the tool achieves a nuanced 
understanding of code structures and patterns 

indicative of vulnerabilities. This enables ML 

algorithms to discern subtle indicators of potential 

security risks, empowering developers with timely 

feedback and actionable insights duringthe 

software development lifecycle. The versatility of 

ML algorithms, including logistic regression, 

decision trees, random forests, and deep learning 

models, provides flexibility in addressing various 

types of vulnerabilities across different 

programming  languages  and 

frameworks. 

 

Ensemble learning techniques further enhance 

detection accuracy by leveraging the strengths of 

multiple models. Moreover, the seamless integration 

of the vulnerability detection tool into popular 

integrated development environments streamlines the 

workflow for developers, facilitating proactive 
identification and mitigation of security issues during 

code development and review processes. Continuous 

monitoring and feedback mechanisms ensure the 

tool's adaptability to evolving threats and code 

patterns, enhancing its effectiveness over time. 

Ultimately, the Software Vulnerability Detection 

Tool using Machine Learning Algorithms not only 

enhances the security posture of software systems but 

also fosters a culture of security awareness and best 

practices among developers. By automating the 

detection of vulnerabilities and providing educational 

resources for remediation, the tool contributes to the 

resilience of software ecosystems against malicious 

exploits, safeguarding digital assets and user trust in an 
increasingly interconnected world. 
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