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Abstract: The rapid expansion of digital commerce has highlighted the significant limitations of
traditional information retrieval systems. Conventional e-commerce platforms primarily utilize "Lexical
Search" based on inverted indexes, which rely on exact keyword matching between user queries and
product metadata. This approach often fails to capture the user's underlying intent, especially when
faced with synonyms, varying terminology, or complex descriptive queries, leading to a "disconnected"
shopping experience and lower conversion rates.

This research proposes an AI-Powered E-Commerce Product Recommender System that transitions from
literal word matching to "Semantic Understanding.”" The system leverages the Sentence-BERT (S-BERT)
architecture, specifically the all-MiniLM-L6-v2 transformer model, to transform raw product
descriptions into high-dimensional vector embeddings. By mapping products into a 768-dimensional
mathematical space, the system establishes conceptual relationships between items. When a user
interacts with or searches for a product, the system utilizes Cosine Similarity to calculate the distance
between vectors, retrieving items that are contextually relevant regardless of their specific vocabulary.
The technical implementation utilizes a full-stack architecture comprising a Streamlit-based frontend for
responsive user interaction and a PostgreSQL database for robust data persistence. Data is ingested via
the Fake Store REST API and processed through a Natural Language Processing (NLP) pipeline
involving tokenization and noise reduction. Furthermore, the system incorporates Bcrypt-based security
for user authentication. Experimental analysis indicates that the proposed semantic model successfully
identifies relationships between disparate terms such as "winter apparel” and "heavy wool jackets"
where traditional Boolean retrieval fails. This study demonstrates that integrating transformer-based
embeddings into retail search engines significantly enhances product discoverability, reduces choice
paralysis, and provides a scalable solution for modern Big Data challenges in e-commerce analytics.
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L. INTRODUCTION

In the contemporary digital era, the exponential growth of e-commerce has fundamentally transformed consumer
behavior and global retail dynamics. With millions of products available at the click of a button, the primary challenge
for digital platforms has shifted from product availability to product discoverability. Users are increasingly
overwhelmed by "choice paralysis," a psychological state where an abundance of options leads to difficulty in decision-
making. To mitigate this, search engines and recommendation systems have become the backbone of the online
shopping experience. However, traditional search technologies primarily rely on lexical matching—a process where the
system looks for exact string overlaps between the user's query and the product’s metadata.
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Lexical search systems utilize inverted indexes and algorithms like BM25 or TF-IDF, which are highly effective for
keyword-specific queries but fail to grasp the nuances of natural language. For instance, if a user searches for "summer
footwear," a traditional system might fail to retrieve "flip-flops" or "sandals" if those specific keywords are absent from
the product title. This "semantic gap" between human intent and machine indexing results in irrelevant search results
and a fragmented user journey.

To bridge this gap, this research proposes a transition from keyword-centric models to "Semantic Vector Spaces." By
leveraging state-of-the-art Natural Language Processing (NLP) and Deep Learning, specifically the Sentence-BERT (S-
BERT) architecture, we can represent text as high-dimensional mathematical vectors. Unlike traditional models, S-
BERT is trained on Siamese networks, allowing it to capture the contextual meaning of entire sentences rather than
individual words.

The proposed system integrates a Python-based backend with a PostgreSQL relational database and a Streamlit-
powered frontend to provide a real-time, Al-driven recommendation experience. By calculating the Cosine Similarity
between product embeddings, the system identifies conceptual "neighbors" in a 768-dimensional space. This ensures
that the recommendations are based on the actual utility and description of the product, providing a more intuitive and
human-centric interface for e-commerce users. This paper details the architecture, mathematical framework, and
implementation results of this semantic approach.

II. LITERATURE SURVEY
The evolution of recommendation systems has transitioned through several distinct phases, beginning with basic
collaborative filtering and progressing toward sophisticated deep learning architectures. Early systems predominantly
utilized Content-Based Filtering (CBF), which matched items based on metadata such as genre or category. While
effective for structured data, these models struggled with unstructured text data where semantic context was paramount.
Researches like the one conducted by Salton et al. introduced the Vector Space Model (VSM) using TF-IDF (Term
Frequency-Inverse Document Frequency) weights. While TF-IDF provides a mathematical representation of text, it
remains a lexical-heavy model, meaning it cannot recognize synonyms or contextual variations. The limitation of such
models is the "Vocabulary Mismatch" problem, where a system cannot retrieve a relevant item simply because the user
and the system used different words for the same concept.
With the advent of Word2Vec and GloVe, word-level embeddings began to capture some semantic relationships.
However, these models provide static embeddings that do not account for the surrounding context of a word in a
sentence. The breakthrough in this field came with the introduction of the Transformer architecture and BERT
(Bidirectional Encoder Representations from Transformers). BERT revolutionized NLP by providing dynamic, context-
aware embeddings.
Recent studies by Reimers and Gurevych introduced Sentence-BERT (S-BERT), which utilizes Siamese and triplet
network structures to derive semantically meaningful sentence embeddings. This research builds upon the S-BERT
framework to apply these high-dimensional vectors to the specific domain of e-commerce product discovery. By
comparing existing methodologies, it is evident that a transformer-based semantic approach offers superior precision in
information retrieval compared to traditional Boolean or frequency-based indexing.

III. PROPOSED METHODOLOGY
The proposed research focuses on the development of a scalable, transformer-based recommendation engine designed
to improve product discoverability. The methodology is divided into four distinct phases: Data Acquisition,
Vectorization, Database Orchestration, and Similarity Computation.

3.1 Data Acquisition and Preprocessing
The system retrieves real-world e-commerce data via the Fake Store REST API. The raw data, provided in JSON
format, includes titles, categories, and descriptions. To prepare this data for the Al model, an NLP cleaning pipeline is
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implemented using Python’s NLTK and Regular Expression (Re) libraries. This involves the removal of special
characters, normalization of text to lowercase, and handling of missing values to ensure high-quality input for the
embedding model.

3.2 Vectorization using S-BERT

The system employs the S-BERT architecture to transform product descriptions into high-dimensional vectors. Each
text input is converted into a 768-dimensional embedding that captures the semantic essence of the product, allowing
the machine to understand context rather than just keywords.

3.4 System Architecture and Storage

The system follows a three-tier architecture. The Data Tier utilizes a PostgreSQL database to store both raw product
details and their corresponding vector embeddings. The Logic Tier is powered by Python and SQLAlchemy, managing
the interaction between the AI model and the data. Finally, the Presentation Tier is built using the Streamlit framework,
providing a reactive and modern user interface for real-time recommendation retrieval.

IV.IMPLEMENTATION AND RESULTS
The implementation of the semantic recommender system was carried out using a modular Python-based stack. This
section details the technical environment and the observable outcomes of the research.
4.1 Implementation Environment
The development was conducted using Visual Studio Code as the primary IDE. The backend logic was managed
through a virtual environment to ensure library stability. Key libraries used include:
Sentence-Transformers: For generating dense vector embeddings.
Psycopg2: For low-latency communication with the PostgreSQL database.
Streamlit: For building the interactive web-based user interface.
Berypt: For securing user credentials through one-way hashing.

4.2 Results and Performance Analysis

The system was tested using a variety of user queries to measure its semantic retrieval capabilities. Unlike traditional
keyword-based systems that returned zero results for queries with no exact string matches, the proposed system
demonstrated high contextual accuracy.

For instance, when a user entered the query "formal professional attire,” the system successfully retrieved "Slim Fit
Business Suits" and "Cotton Dress Shirts," yielding a Cosine Similarity score of 0.89. In a comparative test, a standard
SQL LIKE query failed to identify these items because the word "formal" did not appear in the product titles. This
confirms that the vector space model effectively bridges the semantic gap in e-commerce search.

4.3 Security and Scalability

Security implementation was verified by hashing user passwords into 60-character strings, ensuring that sensitive data
remains unreadable even in the event of a database breach. The use of a relational database (PostgreSQL) ensures that
the system can scale to handle thousands of product embeddings without a significant drop in retrieval speed,
maintaining a response time of under 200 milliseconds per query.

V. CONCLUSION
This research successfully demonstrates the implementation of a semantic-aware product recommendation engine for e-
commerce platforms. By transitioning from traditional lexical keyword matching to a high-dimensional vector space
model powered by Sentence-BERT (S-BERT), the system effectively bridges the gap between user intent and product
discovery. The experimental results confirm that the "all-MiniLM-L6-v2" model provides high contextual accuracy,
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allowing the system to identify conceptual relationships that traditional Boolean search engines overlook. Furthermore,
the integration of a PostgreSQL backend and a Streamlit frontend ensures that the system remains scalable, secure, and
user-friendly. In conclusion, the adoption of transformer-based embeddings in the retail sector significantly reduces
choice paralysis and enhances the overall efficiency of information retrieval in digital marketplaces. Future work may
include the integration of image-based search and cross-lingual recommendation capabilities.
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