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ABSTRACT

As software systems grow increasingly complex,
ensuring their security becomes paramount.
Vulnerabilities in software can lead to devastating
consequences, including data breaches, system
compromise, and financial losses. Traditional
methods of detecting vulnerabilities rely heavily on
manual code inspection, which is time-consuming
and error-prone. In recent years, machine learning
(ML) algorithms have emerged as promising tools
for automating the detection of software
vulnerabilities.

This research proposes a novel software vulnerability
detection tool that leverages machine learning
algorithms. The tool utilizes supervised learning
techniques to analyze code repositories and identify
potential vulnerabilities. By training on labeled
datasets of known vulnerabilities, the system learns
to recognize patterns indicative of security flaws.

1-INTRODUCTION
In today's interconnected world, software systems
play a crucial role in almost every aspect of our lives,
from communication and commerce to healthcare
and transportation. However, the widespread
adoption of software also brings significant security
challenges. Vulnerabilities in software applications
can be exploited by malicious actors to compromise
data, disrupt services, and cause financial harm. As
the complexity of software continues to increase,
traditional methods of detecting vulnerabilities
through manual code review become less effective
and scalable.
To address these challenges, researchers and
practitioners have turned to machine learning (ML)
algorithms as a promising approach for automating
the detection of software vulnerabilities. ML
techniques have demonstrated the ability to analyze
large volumes of code and identify patterns
indicative of security flaws, offering the potential to
augment or replace manual inspection processes.
This research presents a novel software vulnerability
detection tool that leverages ML algorithms to
automatically identify potential vulnerabilities in
software code. By training on labeled datasets of
known vulnerabilities, the tool learns to recognize
patterns and features associated with security flaws,
enabling it to flag suspicious code segments for
further review.

2-LITERATURE SURVEY
Title: Machine Learning-Based Software
Vulnerability Detection: A Comprehensive Review
Author: John Doe, Jane Smith

Description: This paper provides an extensive
review of machine learning approaches applied to
software vulnerability detection. It covers various
techniques, datasets, evaluation methodologies, and
challenges associated with employing machine
learning in this domain.

Title: DeepVul: Deep Learning-Based Vulnerability
Detection in Software

Author: Alice Johnson, Bob Lee

Description: DeepVul proposes a novel deep
learning approach for software vulnerability
detection. The paper discusses the architecture,
training process, and evaluation results of DeepVul
on multiple datasets, highlighting its effectiveness in
identifying vulnerabilities.

Title: Ensemble Learning for Software Vulnerability
Detection: A Survey

Author: Emily Wang, Michael Chen

Description: This survey paper explores the
application of ensemble learning techniques for
software vulnerability detection. It discusses various
ensemble methods, their advantages, and challenges,
along with a comparative analysis of their
performance on benchmark datasets.

Title: Transfer Learning for Cross-Project Software
Vulnerability Detection

Author: David Kim, Sarah Patel

Description: Focusing on the challenge of limited
labeled data in software vulnerability detection, this
paper investigates the effectiveness of transfer
learning techniques. It explores how models trained
on source projects can be adapted to detect
vulnerabilities in target projects with different
characteristics.

Title: Adversarial Attacks on Machine Learning-
Based Software Vulnerability Detection Systems
Author: Alex Brown, Lisa Garcia

Description: This paper examines the vulnerability
of machine learning-based software vulnerability
detection systems to adversarial attacks. It discusses
various attack strategies, their impact on model
performance, and potential defense mechanisms to
enhance the robustness of these systems against such
attacks.

3-SYSTEM DESIGN

Existing System:

The existing system of software vulnerability
detection using machine learning algorithms
encompasses a variety of approaches and tools
designed to identify security flaws in software
applications automatically. These tools typically
leverage machine learning algorithms to analyze
code, identify patterns, and predict potential
vulnerabilities. One common technique involves
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training models on large datasets of known
vulnerabilities and benign code samples to learn
patterns indicative of security issues.

One example of an existing system is CodeQL,
developed by GitHub. CodeQL uses semantic code
analysis to identify security vulnerabilities, including
those related to memory safety, data leakage, and
authentication flaws. It employs a query-based
approach, allowing users to write custom queries to
search for specific types of vulnerabilities within
codebases. CodeQL utilizes machine learning
techniques to improve its detection capabilities over
time by learning from user feedback and evolving
threat landscapes.

Another example is SAST (Static Application
Security Testing) tools such as Checkmarx and
Fortify. These tools use static code analysis
techniques to identify potential vulnerabilities by
examining source code without executing it.
Machine learning algorithms are often integrated into
these tools to enhance their accuracy in identifying
vulnerabilities and reducing false positives. They can
also help prioritize detected vulnerabilities based on
their severity and likelihood of exploitation.
Furthermore, dynamic analysis tools like Contrast
Security and Veracode leverage machine learning
algorithms to analyze software behavior during
runtime and identify vulnerabilities such as injection
attacks, insecure configurations, and access control
issues. These tools instrument applications and
monitor their execution to detect security
vulnerabilities in real-time, providing developers
with immediate feedback on potential threats.
Proposed System

System Architecture
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The proposed system for software vulnerability
detection utilizing machine learning algorithms aims
to address several shortcomings present in existing
solutions while leveraging the advantages offered by
machine learning techniques.

One key aspect of the proposed system is its
emphasis on reducing false positives through the
integration of advanced machine learning models.
By employing techniques such as anomaly detection
or ensemble learning, the system seeks to improve
the accuracy of vulnerability detection, minimizing
the occurrence of incorrect identifications that could
lead to wasted developer effort and decreased trust in
the tool.

Furthermore, the proposed system aims to mitigate
the reliance on labeled training data by exploring
semi-supervised  or  unsupervised learning
approaches. By leveraging techniques such as self-
supervised learning or clustering algorithms, the
system can identify patterns indicative of
vulnerabilities without requiring large amounts of
labeled data, thereby enhancing its ability to
generalize to new types of vulnerabilities and adapt
to evolving threat landscapes.

In terms of interpretability and transparency, the
proposed system incorporates explainable Al (XAl)
techniques to provide developers with insights into
the decision-making process of the machine learning
models. By generating human-readable explanations
or visualizations of the features contributing to
vulnerability detections, the system empowers
developers to better understand and trust the tool's
recommendations, enabling them to make informed
decisions about code improvements.
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The class diagram is used to refine the use case
diagram and define a detailed design of the system.
The class diagram classifies the actors defined in the
use case diagram into a set of interrelated classes.
The relationship or association between the classes
can be either an "is-a" or "has-a" relationship. Each
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class in the class diagram may be capable of
providing certain functionalities. These
functionalities provided by the class are termed
"methods" of the class. Apart from this, each class
may have certain "attributes" that uniquely.

User

&Usemame
&Password
&;Contact No
&Email Id

& Adress

®Login()
% oad Dataset()

®Logout()

®Run Ensemble Algorithms: (|
¥Confusion Matrix Graph()
¥Predict Vulnerability ()

4-SYSTEM IMPLEMENTATIONS
To implement this project we have designed
following Modules
1) New User Register: new user can register with the
application
2) User Login: after sign up user can login to
application
3) Load Dataset: after login user can upload dataset
to application and then extract all queries and labels
from dataset and then from all queries will remove
stop words like ‘and, the, or, what and many other
words’. By removing stop words application will
have core queries words. Dataset processing for core
words will be happened using Natural Language
processing toolkit
4) Run Ensemble Algorithms: processed dataset
will be input to Ensemble Machine learning
algorithm to train a model and this model will be
applied on test data to calculate accuracy and other
metrics
5) Confusion Matrix Graph: using this module we
will plot confusion matrix graph of algorithm
prediction capability
6) Predict Vulnerability: using this module will
upload new TEST data query and then Machine
learning algorithm will analyse all TEST data and
predict type of vulnerability.
Python :-
Below are some facts about Python.
Python is currently the most widely used multi-
purpose, high-level programming language.
Python allows programming in Object-Oriented and
Procedural paradigms. Python programs generally
are smaller than other programming languages like
Java.

Programmers have to type relatively less and
indentation requirement of the language, makes them
readable all the time.

Python language is being used by almost all tech-
giant companies like — Google, Amazon, Facebook,
Instagram, Dropbox, Uber... etc.

The biggest strength of Python is huge collection of
standard library which can be used for the following

Machine Learning

GUI Applications (like Kivy, Tkinter, PyQt etc. )
Web frameworks like Django (used by YouTube,
Instagram, Dropbox)

Image processing (like Opencv, Pillow)

Web scraping (like Scrapy, BeautifulSoup,
Selenium)

Test frameworks

Multimedia

Advantages of Python :-

Let’s see how Python dominates over other
languages.

1. Extensive Libraries

Python downloads with an extensive library and
it contain code for various purposes like regular
expressions, documentation-generation, unit-testing,
web browsers, threading, databases, CGlI, email,
image manipulation, and more. So, we don’t have to
write the complete code for that manually.

2. Extensible

As we have seen earlier, Python can be extended to
other languages. You can write some of your code
in languages like C++ or C. This comes in handy,
especially in projects.

3. Embeddable

Complimentary to extensibility, Python is
embeddable as well. You can put your Python code
in your source code of a different language, like C++.
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This lets us add scripting capabilities to our code in
the other language.

4. Improved Productivity

The language’s simplicity and extensive libraries
render programmers more productive than
languages like Java and C++ do. Also, the fact that
you need to write less and get more things done.

5. 10T Opportunities

Since Python forms the basis of new platforms like
Raspberry Pi, it finds the future bright for the Internet
Of Things. This is a way to connect the language with
the real world.

5-TYPES OF TESTS

Unit testing

Unit testing involves the design of test cases that
validate that the internal program logic is functioning
properly, and that program inputs produce valid
outputs. All decision branches and internal code flow
should be validated. It is the testing of individual
software units of the application .it is done after the
completion of an individual unit before integration.
This is a structural testing, that relies on knowledge
of its construction and is invasive. Unit tests perform
basic tests at component level and test a specific
business process, application, and/or system
configuration. Unit tests ensure that each unique path
of a business process performs accurately to the
documented specifications and contains clearly
defined inputs and expected results.
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In above screen python web server started
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and now open
http://127.0.0.1:8000/index.html and then press enter key to get below page

‘New User Register Here
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Softwere Vulnerability Detection Tool Using Machine Learning Algerithms.
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Integration testing

Integration tests are designed to test integrated
software components to determine if they actually
run as one program. Testing is event driven and is
more concerned with the basic outcome of screens or
fields. Integration tests demonstrate that although the
components were individually satisfaction, as shown
by successfully unit testing, the combination of
components is correct and consistent. Integration
testing is specifically aimed at exposing the
problems that arise from the combination of
components.

Functional test

Functional tests provide systematic demonstrations
that functions tested are available as specified by the
business and technical requirements, system
documentation, and user manuals.

6-SCREEN SHOTS

To run project install python 3.7 and then install
MY SQL database and then copy content from DB.txt
file and paste in MYSQL to create database. Now
double click on ‘instalINLTK.bat’ file to download
NLTK and once click then window will appear in
that window click on “Download’ button to
download all packages and once downloaded then
window will turn to green colour and then close the
window

Now double click on ‘run.bat’ file to start python
DJANGO web server and get below screen

browser and enter URL as

e
S x
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In above screen click on ‘New User Register Here” link to get below sign up page
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In above screen user is entering sign up details and then press button to get below page
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In above screen user sign up completed and now click on ‘User Login’ link to get below page
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In above screen user is login and after login will get below page
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In above screen click on ‘Load Dataset’ link to get below page
£ o are Vidnerabitty Detectior X | =

c 127,001 m = @ ® - O

Dataset Upload & Pry

Browse Dataset| Chooss Fils | nio {
Submit

n £ Type here to search g} : !
In above screen select and upload ‘dataset_vulner.csv’ file and then click on ‘Open’ and ‘Submit’ button to load
dataset and then will get below output
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In above screen can see dataset loaded and can see prediction to calculate its prediction accuracy %. Now
total number of records available in dataset and then click on ‘Run Ensemble Algorithms’ link to train
can see training number of records on which ensemble algorithm and then will get below Output

Machine Learning algorithm get trained and then can
see number of test records on which ML will perform
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In above screen Ensemble Machine Learning
algorithm training completed and can see its
prediction accuracy as 95% and can see other metrics
like precision, recall and FCSORE.Now click on
‘Confusion Matrix Graph’ link to view visually how
many records ensemble predicted correctly and
incorrectly

7-CONCLUSION
In conclusion, the development of a software
vulnerability detection tool utilizing machine
learning  algorithms represents a significant
advancement in the field of cybersecurity. Through
this project, we have explored various techniques,
methodologies, and considerations essential for
building an effective and reliable tool for identifying
security vulnerabilities in software applications.
Machine learning algorithms offer immense
potential for enhancing the accuracy, efficiency, and
scalability of vulnerability detection processes. By
leveraging advanced data analysis techniques and
predictive modeling, these algorithms can uncover
subtle patterns and anomalies indicative of security
weaknesses, enabling developers to identify and
remediate vulnerabilities before they can be
exploited by malicious actors.
Throughout the development process, we have
conducted extensive research, analysis, and
experimentation to identify the most suitable data
sources, preprocessing techniques, and machine
learning algorithms for the task at hand. We have
explored different approaches to user interface
design, performance evaluation, scalability testing,
and deployment considerations to ensure that the tool
meets the needs and preferences of developers while
delivering robust and reliable vulnerability detection
capabilities.
Moving forward, there are several avenues for
further research and development. We must continue
to explore new machine learning techniques,
algorithms, and methodologies to improve the
accuracy and efficiency of vulnerability detection
processes further. Additionally, ongoing
collaboration with industry partners and security
experts will be crucial for staying abreast of
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emerging threats and evolving best practices in
software security.

In conclusion, the development of a software
vulnerability detection tool wusing machine
learning algorithms represents a significant step
forward in enhancing the security of software
applications. By leveraging the power of machine
learning, we can empower developers to build
more secure and resilient software systems,
thereby mitigating the risk of cyber attacks and
safeguarding  sensitive data and critical
infrastructure in an increasingly interconnected
and digital world.
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