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Abstract. Artificial intelligence (AI) has become a common technology on
e-commerce platforms, revolutionizing consumer behavior. One of the most
effective technologies is product recommendation systems. Al systems leverage
behavioral data, interaction history, and contextual information to analyze and
predict user needs and enhance the user experience. Using content-based
filtering, collaborative filtering, deep learning, and reinforcement learning
techniques, these systems can identify customer preferences and provide timely
and highly accurate recommendations. This reduces recommendation errors and
fatigue, and ensures that recommended products align with user needs and
expectations, ultimately increasing sales. Xiang notes that the Transformer
architecture is a fundamental building block of large-scale language models
(LLMs), widely used in industries including e-commerce. These models power
everything from text understanding to recommendation engines, providing
powerful technical capabilities and information retrieval and screening
capabilities, thereby further enhancing user experience and streamlining service
operations. This article explores the concept of recommendation systems and
the development trends of Al-driven personalized recommendation systems in
the e-commerce sector. Through a comprehensive analysis of relevant literature
and research results, this article explains the current status of personalized
recommendation systems in the e-commerce sector, analyzes the key role
played by Al technology, and provides insights into future developments. This
article provides a theoretical reference for the further development of
personalized recommendation systems in the e-commerce industry.
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1 Introduction

In the continuous advancement of Al technology, the application of machine learning
algorithms in personalized recommendation systems for e-commerce has evolved
from simple collaborative filtering to more functional models such as reinforcement
learning and deep learning. Early recommendation systems mainly depended on user
historical behavior data to predict user preferences through collaborative filtering
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algorithms, but this method has a limited effect when faced with large-scale data and
sparsity problems. With the advent of the period of big data era, the introduction of
deep learning technology has brought revolutionary changes to personalized
recommendation systems. Recommendation systems are used in e-commerce and in
other fields. The technologies used are diverse, covering decision rules, artificial
intelligence, virtual assistants, and personalized recommendation systems. There are
many methods for recommendation systems, including collaborative filtering and
hybrid methods. Collaborative filtering uses historical behavior data of user groups to
detect user preference profiles [1-3].

The Al-driven e-commerce personalized recommendation system provides a
direction for e-commerce companies to optimize their recommendation strategies.
This study can improve the accuracy and efficiency of e-commerce push, increase
user stay time, increase sales, and increase sales. This review paper adopts the
literature research method to collect relevant academic papers, and adopts the case
analysis method to select personalized recommendation cases of typical e-commerce
platforms for comprehensive analysis.

2 Overview of Personalized Recommendation System for
E-commerce

2.1  Definition and History of Personalized Recommendation Systems

Early recommendation systems primarily employed two approaches: content-based
filtering and collaborative filtering. Content-based systems analyze item
characteristics and user history to suggest products resembling those previously
favored by the user. For instance, a user frequently purchasing frozen meals might
receive recommendations for similar frozen items. Whereas effective with limited
data, this method often struggles to uncover new user interests and can result in
repetitive, homogeneous suggestions.

Collaborative filtering (CF) conversely identifies recommendations by assessing
similarities between users or items. It involves two forms: user-based collaborative
filtering locates users with analogous tastes to the target user and promotes items that
similar users enjoy, while item-based collaborative filtering recommends items akin
to those the user has already liked. A significant drawback for collaborative filtering,
however, is the cold start problem, where new users and items lack sufficient
behavioral data or information to generate accurate recommendations [2].

2.2 Limitations of Traditional E-Commerce Recommendation Systems

Traditional recommendation systems based on rules, popular recommendations,
related recommendations, and simple collaborative filtering algorithms have
shortcomings, such as being unable to accurately capture user personalized needs,
having unsatisfactory recommendation effects for new users and new products, and
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being difficult to adapt to dynamic changes in data. Therefore, it is necessary to
introduce Al to improve the recommendation system.

3 Current Status of Artificial Intelligence Applications in
E-Commerce Personalized Recommendation Systems

3.1 Commonly Used Artificial Intelligence Technologies

Deep learning models are widely used in artificial intelligence technology. Neural
network collaborative filtering (NCF) has revolutionized traditional collaborative
filtering, using the powerful nonlinear modeling capabilities of neural networks to
automatically explore the deep potential relationship between users and products. Its
core structure includes an embedding layer and a neural network interaction layer: the
embedding layer converts user IDs and product IDs into dense vectors, which are then
input into the interaction layer composed of multi-layer perceptrons (MLPs). Through
nonlinear transformations, it automatically learns complex interaction functions
between user preferences and product characteristics that go beyond simple dot
products.

Compared with traditional matrix decomposition, the advantage of NCF lies in its
powerful automatic feature learning capabilities. MLP can fit any complex interaction
patterns and capture subtle associations hidden in user behavior data, thereby
significantly improving the accuracy and personalization of recommendation results.
For example, Tmall uses NCF to optimize the "Guess You Like" recommendation on
the homepage, significantly improving the click-through rate (CTR) and conversion
rate (CVR), and driving the growth of core transaction indicators.

The core advantage of recurrent neural networks (RNNs) and their variants
(LSTMs) in recommendation systems lies in directly modeling the temporal
dependencies of user behavior sequences. Unlike traditional models, they can process
time series data such as browsing history and purchase trajectory, remember and
analyze the context of user behavior through their loop structure. After learning the
sequence pattern, the model can predict the next item that the user is most likely to be
interested in and can make real-time, personalized dynamic recommendations.
Taobao's Footprint recommendation is based on the user's historical browsing
sequence, using LSTM to predict the new products that the user may return to buy or
be interested in, significantly improving the repurchase rate and conversion rate.

The Transformer is a model proposed by Google for neural machine translation. Its
architecture fully utilizes the self-attention mechanism to model the global
dependencies between source and target language sequences. The model used in the
experiment leverages the Transformer module and incorporates positional information
from behavioral sequences to better extract representations of user behavior
sequences. The combination of recommendation algorithms and the Transformer
architecture provides a more accurate and rich representation of user behaviour
information, and therefore represents an important direction for the future integration
of recommendation and NLP fields.
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The Transformer model's ability to capture complex relationships within text
sequences makes it particularly adept at understanding user behavior and preferences
in e-commerce scenarios. Research has demonstrated significant improvements in
recommendation accuracy and user satisfaction by integrating the Transformer model
into recommendation algorithms. The BST model leverages the Transformer's ability
to effectively model sequential information, thereby enhancing the representation of
user behavior and product interactions.

3.2  Development Trends of E-commerce Personalized Recommendation
Systems Driven by Artificial Intelligence

Multimodal data fusion represents a transformative advancement for precision in
next-generation recommendation systems. These future systems will transcend
traditional behavioral data limitations by deeply integrating diverse inputs—including
voice commands, image/video interactions, sensor data, and social activity —to
construct comprehensive user profiles. For instance, natural language processing
enables the interpretation of informal user needs expressed through voice commands.

Trend analysis indicates that artificial intelligence has significantly enhanced
collaborative filtering, branching into two key directions: semantic web/taxonomy
integration and broader AI methodologies. Decision trees and feature extraction are
now the foundation of e-commerce recommendation engines, which are common in
data science and machine learning techniques. Emerging Al technologies, including
augmented reality, deep learning, and virtual assistants, demonstrate strong potential
to further improve e-commerce recommendation performance, aligning closely with
identified research clusters. This connection is logical given e-commerce's inherently
interdisciplinary nature, intersecting with fields like data mining and machine
learning. Advanced approaches combine neural networks with other Al techniques;
examples include calculating sentiment scores using hybrid Support Vector
Machine-Artificial Neural Network models alongside feature frequency analysis to
generate product recommendations [3].

3.3  Case Studies from Other Experts

The Al-based recommendation system in this paper has been piloted at a
medium-sized e-commerce retailer operating in a specific region, dealing in
electronics and home appliances, to test its practical applicability in this business. The
platform continues to attract users, with an estimated 100,000 active users in a month
and more than 50,000 product registrations. The recommendation engine is applied to
the homepage, category lists, and product detail pages, and supports multiple forms of
revenue and strategies. The architecture is implemented in two ways: batch inference,
when the recommendation model is updated daily, or real-time response is provided
for a single session. The selected Al model is a Transformer-based hybrid
recommender, which incorporates collaborative signals and product-related content,
including descriptions, images, and user-provided tags. To achieve real-time
personalization, it dynamically re-ranks recommendations by streaming user behavior
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to update the session state. The system was tested with a shadow deployment,
followed by a gradual and controlled deployment using an A/B testing approach. The
measurement indicators include front-end indicators, such as click-through rate,
bounce rate, session revenue, and back-end parameters, such as latency and model
throughput. User interaction logs collected from user feedback and observations show
that traffic to all touch points increased significantly after the recommendation engine
was deployed. In addition, the homepage design resulted in a 35% higher page
click-through rate than static featured products. Interactive engagement and
participation in carousel and PDP recommendation segments increased the percentage
of add to cart actions. Returning customers also had a higher retention rate, with a
return rate of 19% within 14 days of their last interaction [4].

Amazon widely uses Al-driven personalization technology. Its recommendation
engine analyzes users' purchasing preferences, browsing history, and the behavior of
similar users to recommend products. This approach has effectively improved the
efficiency and accuracy of Amazon's ability to provide users with highly relevant and
personalized content [5-7]. Netflix's recommendation algorithm analyzes viewing
history, genre preferences, and user ratings to recommend television entertainment
programs based on individual preferences. Netflix leverages Al to provide users with
a massive amount of accurate, personalized content recommendations in the digital
streaming space. This personalization strategy has played a key role in retaining users
and maintaining platform engagement. Spotify, a music streaming platform, also
makes extensive use of Al, carefully preparing and presenting personalized music
recommendations based on users' playback history and preferred music genres. This
approach encourages users to discover new music that matches their preferences and
improves user satisfaction. These case studies demonstrating the effectiveness of
Al-driven personalization in improving user engagement, satisfaction, and business
success for leading e-commerce platforms highlight how leading platforms are
leveraging Al-driven personalization to improve user experience and business
outcomes. The application of Al-driven personalized recommendation systems on
media platforms can provide a valuable reference for e-commerce platforms. Amazon
employs sophisticated recommendation algorithms that analyze individual browsing
and purchase histories, along with behaviors of similar users, to deliver highly
relevant product suggestions. This capability significantly bolsters its reputation for
personalized service. Netflix utilizes Al in the streaming sector, examining viewing
habits, genre preferences, and ratings to tailor content recommendations for each
subscriber. This personalization strategy is crucial for user retention and platform
engagement. Similarly, Spotify applies artificial intelligence to curate customized
playlists based on users' listening history and genre favorites, boosting satisfaction
and facilitating music discovery. Collectively, these case studies demonstrate how
Al-driven personalization effectively increases user engagement, satisfaction, and
commercial success for major digital platforms [8-10].
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Conclusion

Through deep learning algorithms, recommendation systems can process and analyze
massive amounts of user data, including browsing history, purchase records, search
habits, etc., to achieve a deep understanding of user preferences. The integration of
cross-platform personalized recommendation systems will become a major trend. As
users' activities on different platforms become more frequent, recommendation
systems that integrate multi-channel data will provide a more coherent and consistent
user experience. E-commerce companies and research institutions continue to
innovate in this field, pushing e-commerce personalized recommendation systems to
develop in a more intelligent, accurate, and personalized direction.
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