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ABSTRACT

Automatic product classification based on short-text data is essential for managing the
vast information generated on e-commerce platforms. As a subset of text classification,
product classification assigns items to predefined categories. Within this domain,
product title classification is challenging due to text brevity, inconsistent terminology,
and noisy information. Accurate classification is crucia for enhancing the online
shopping experience by improving organization, retrieval, and recommendation.
Despite the rapid growth of data on e-commerce platforms, existing classification
models continue to face challenges with accuracy and efficiency. These difficulties arise
from short and inconsistent product descriptions, varying terminology across sellers and
noisy or redundant information that complicates classification. This research addresses
these challenges by leveraging Hidden Markov Models (HMMs), which capture
sequential data through probabilistic modeling of hidden states and transitions. The
study improves HMM performance in short-text product title classification through two
key innovations which are feature substitution using Latent Dirichlet Allocation (LDA)
and weighted parameter estimation in HMM. Traditionad HMMs often degrade with
complex data, while rigid emission parameters limit adaptability. Feature substitution
reduces sparsity and redundancy in text, whereas weighted parameter estimation
increases flexibility in parameter learning. To overcome these limitations, weighted
parameter estimation is integrated into the HMM framework. This enhancement
addresses the rigidity of emission parameters and improves adaptability to complex and
diverse product data, which increases the model's flexibility and overall performance.
This study proposes three methods to enhance HMM performance in product title
classification. The propose method | (FS-LDA) substitutes semantically related features
within the same product category to reduce sparsity and strengthen representation. The
proposed method 11 focuses on adjusting emission parameters based on information
from the training data, which alows the modd to adapt more effectively to complex
and imbalanced distributions. The proposed method IIl integrates FS-LDA with
weighted parameter estimation in a unified framework, combining the advantages of
both techniques to achieve improved classification outcomes. Experiments across five
e-commerce datasets show significant improvements over traditiona HMMs. Method
Il achieved over 95% accuracy in binary classification and Fl-Scores above 90%. In
multi class scenarios, Fl-Scores exceeded 70%, demonstrating robustness across
categories. The proposed methods also outperformed Naive Bayes and Support Vector
Machines, particularly in short-text multiclass tasks. Beyond e-commerce, validation in
gpam filtering and occupational data mining confirmed substantial gains in accuracy
and FI-Scores. In conclusion, the proposed method 111 is the most effective approach to
enhance HMM-based product title classification. The scope of this research is explicitly
focused on short-text product title classification in e-commerce, contributing to the
body of knowledge on text classification using HMMs. This study also provides a
foundation for developing user-friendly tools, libraries, and documentation to facilitate
the integration of enhanced HMM-based classifiers into existing e-commerce systems.
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CHAPTER 1
INTRODUCTION

11 Introduction

Chapter One describes the basis of conducting this research. This chapter aims
to emphasize the importance of this research through research motivation, research
gaps, problem statement, research questions, and research objectives. Besides that, this
chapter also includes the significance and limitations of the study. The main topic
focuses on classifying e-commerce product data, specifically utilizing the Hidden
Markov Model and the enhancement for more accurate classification. This chapter is
essential in highlighting the reasons for conducting this research, outlining its expected
contributions to both theory and practice. In particular, the research contributes by
proposing improved methodol ogies for short-text product title classification.

1.2 Research Motivation

Automatic text classification (TC) is crucial for organizing the massive amount
of textual data that has accumulated over time. TC refers to the task of automatically
assigning pre-defined categories to text by learning from labeled data. It is widely
applied in various domains such as classifying in-patient discharge summaries
(Fernandes et al., 2021; Roussinov et al., 2022), flora data classification (Molina
Venegas et al., 2021), legal document classification (Rusiya & Jamatia, 2023; Stow et
al., 2023), and patent document classification (Haghighian Roudsari et al., 2022; Miric
etal., 2023). However, TC can be challenging due to the ambiguous meanings of terms,
the high dimensionality of the data, and the need for models that are both accurate and
efficient for large datasets.

Product classification is a specific application of TC that assigns pre-defined
product categories to product-related text data, such as product metadata (titles and
descriptions). This process hel ps organize the large-scal e data generated on e-commerce
platforms. Automated e-commerce product classification has been recognised as an
important task for managing online product data (Moiseev, 2016) and is typically



