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ABSTRACT:

The present invention relates to a method and system for detecting spam emails using a probabilistic machine learning model, specifically the Naive Bayes classifier.
The invention utilizes statistical analysis of email content, including the frequency and occurrence of keywords, headers, and metadata, to classify incoming
messages as spam or legitimate (ham). A training phase is included, wherein the system learns from a labeled dataset of emails, generating probability distributions
for spam and non-spam features. During the classification phase, the system computes posterior probabilities for new emails using Bayes' Theorem, assigning a
spam probability score to each message. The method is computationally efficient, scalable, and adaptable to evolving spam tactics through continuous learning.
The invention can be integrated into existing email servers or client applications to provide real-time spam filtering with high accuracy.

1. FIELD OF THE INVENTION

The present invention relates generally to the field of electronic communication security and, more particularly, to systems and methods for detecting and
filtering unsolicited or harmful email messages, commonly referred to as spam. Specifically, the invention pertains to the application of probabilistic
machine learning techniques, such as the Naive Bayes classifier, for the automated classification and filtering of email messages based on content,
structure, and statistical patterns. The invention lies at the intersection of artificial intelligence, natural language processing, and cybersecurity,
incorporating adaptive learning, data mining, and feature extraction to improve detection accuracy over time. It is designed for integration with email
infrastructure, including mail clients and servers, to enhance user experience by reducing unsolicited messages.

1.1 Background of Invention

With the rapid growth of digital communication, email has become one of the most widely used methods of information exchange across personal,
professional, and commercial domains. However, this widespread usage has led to a significant rise in unsolicited, irrelevant, and often malicious
messages, commonly referred to as spam. Spam emails not only clutter user inboxes and reduce productivity but also pose serious security threats, such
as phishing attacks, identity theft, and the spread of malware. Traditional rule-based filtering techniques have proven inadequate in effectively identifying
and blocking spam, as spammers continuously evolve their tactics to bypass static filters.

To address these limitations, various machine learning approaches have been introduced, offering improved adaptability and accuracy. Among these, the
Naive Bayes classifier has emerged as a particularly effective and computationally efficient method for spam detection. It uses probabilistic reasoning to
classify emails based on the likelihood of certain words or patterns appearing in spam versus non-spam messages. Despite its effectiveness, existing
implementations often suffer from limitations in scalability, adaptability to new spam techniques, or integration complexity with modern email systems.

Therefore, there exists a need for an improved system and method that leverages the strengths of Naive Bayes classification in a dynamic, adaptable, and
resource-efficient manner for realtime spam detection. The present invention addresses this need by providing an intelligent spam filtering solution that
learns continuously from new data, integrates seamlessly into email infrastructures, and provides high-accuracy filtering with minimal computational
overhead.

1.2 Training Phase

In the training phase, the system receives a dataset of pre-labeled emails, where each email is already classified as either spam or non-spam (ham). The
system extracts features from these emails to create a feature set. These features include but are not limited to word frequency, presence of specific
keywords, email structure (such as HTML tags, attachments, or links), subject line characteristics, and metadata (including sender's email address and
domain). Once these features are extracted, the system computes prior probabilities for the likelihood of an email being spam or ham, based on the
proportion of spam and ham messages in the training dataset. Table 1 - An example of a table.
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1.3 Classification Phase

In the classification phase, when a new incoming email is received, the system extracts the same set of features used during the training phase, including
word frequencies, metadata (such as the sender’s email address and domain), and subject line content. The system then applies the Naive Bayes model
generated during the training phase to calculate the posterior probability that the incoming email is spam or ham (non-spam). Using Bayes' Theorem, the
system computes this probability by multiplying the conditional probabilities of the extracted features given the two possible outcomes (spam or ham)
and combining them with the prior probabilities calculated in the training phase. Section headings

1.4 BENEFITS AND IMPACT OF SPAM EMAIL DETECTION

Enhanced Cybersecurity: Spam email detection significantly enhances cybersecurity by identifying and blocking harmful emails, including phishing
attempts, malware, and spambased scams. By preventing these malicious emails from reaching users, the system helps protect sensitive information,
reduces the risk of identity theft, and minimizes the chances of malware infections. This safeguard is especially critical for both personal and enterprise-
level communications, ensuring a secure email environment.

Improved User Experience and Productivity: By efficiently filtering out unwanted and irrelevant emails, spam detection systems reduce email clutter,
allowing users to focus on important and legitimate messages. This reduction in unnecessary emails improves productivity and ensures that inboxes
remain organized. Users are less likely to be distracted or overwhelmed by spam, enhancing their overall email management experience.

Scalability and Adaptability: The system’s adaptive learning capabilities allow it to continuously improve, evolving alongside new spam tactics and
trends. This adaptability ensures the system remains effective in the long term. Moreover, its scalability allows it to be used by both individual users and
large enterprises, making it a versatile solution. Overall, the implementation of spam email detection leads to a safer, more efficient email ecosystem,
benefiting both personal and professional communications.

1.5 Footnotes

This project, "Spam Email Detection — Naive Bayes", is developed as part of our academic curriculum to demonstrate the application of machine learning
techniques in email classification. The algorithms and datasets used are solely for educational and research purposes.

2. Hlustrations

This illustration represents the working process of a spam email detection system using a classifier, such as the Naive Bayes algorithm. On the
left side, incoming emails—some marked as spam (red envelopes) and others as legitimate (yellow envelopes)—are fed into the system. These
emails are processed by the classifier (shown as a blue box in the center), which analyzes their content and features to determine whether each
email is spam or not. Based on this classification, the emails are then directed either to the Inbox (for legitimate emails) or to the Spam Folder
(for spam emails), as shown on the right side of the image. This visual effectively demonstrates the flow of email filtering in a machine learning-
based spam detection model.

|

Fig. 1 - (a) first picture;

3. Online license transfer

We hereby declare that any software license, tool subscription, or cloud-based service used during the course of this project that was registered under a
personal or trial account is being officially transferred or deactivated post-submission. If any open-source libraries or educational licenses were used
(such as scikit-learn, NLTK, or Python), they were accessed under their respective open-source agreements and do not require commercial license
transfers.
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