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Abstract: With the rapid development of digital economy and the in-depth popularization of e-commerce, customer
personalization has become a core competitive factor for e-commerce platforms to improve user stickiness and transaction
conversion rates. Artificial Intelligence (Al), as a disruptive technological force, is reshaping the theoretical framework and
practical path of e-commerce customer personalization strategies with its capabilities of massive data analysis, deep feature
mining and intelligent decision-making. This paper explores the multi-dimensional impact of Al on e-commerce customer
personalization strategies: first, it analyzes the inherent demand for Al-driven transformation of personalization strategies in the
current e-commerce development stage, and sorts out the core Al technologies applied in the field of customer personalization.
Second, it constructs the implementation framework of Al-based e-commerce customer personalization strategies, and expounds
the optimization paths of personalized recommendation, personalized marketing and personalized service supported by Al
Finally, it discusses the practical challenges faced by the application of Al in e-commerce personalization, such as data privacy
risks and algorithmic bias, and proposes targeted solution strategies and future research directions. This paper provides a
systematic theoretical reference and practical implementation scheme for e-commerce enterprises to optimize customer
personalization strategies with the help of AI technology, and has important guiding significance for the high-quality
development of the e-commerce industry.
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process multi-source heterogeneous data of e-commerce
customers in real time, including browsing behavior,

1. Background of the study

In the era of digital economy, the e-commerce industry has purchase. history, search records, soc?ial intergction
entered a stage of competition driven by refined operation information and user feedback,. and mine .the hidden
from the era of traffic dividend. The homogenization of preference features and consumption rules behind the data
commodities and services in the e-commerce market has led through intelligent algorithms, so as to realize the full-link
to the gradual weakening of the traditional price competition personalization .Of c-commerce from demand discovery to
model, and customer personalization has become the key for after-sales service. According to the research report of
e-commerce platforms to achieve differentiated competition ~ €Marketer, the transaction conversion rate of e-commerce
and improve customer lifetime value. Customer platforms applying Al-based personalized recommendation
personalization strategies refer to the series of targeted systems is 3-5 times higher than that of traditional platforms,
strategies formulated by e-commerce enterprises by mining and the customer retention rate is increased by more than 40%.
and analyzing customer portrait data, including personalized In addition, the combina.tion of Al and big data hgs a}so
product recommendation, customized marketing content, and ~ Promoted the transformation of e-commerce personalization
one-stop personalized service, whose core goal is to match strategies from "passive matchlng." to "active predlctlon‘",
customer needs with platform resources accurately and which can predic‘F customer potential c.onsumpti.on needs in
improve the overall user experience of e-commerce. However, advance and provide proactive personalized services.
with the explosive growth of e-commerce user scale and data However, the application of Al in e-commerce customer
volume, the traditional manual analysis and rule-based personalization still faces multiple challenges and bottlenecks,
personalization methods have been difficult to meet the which are mainly reflected in the following aspects:
demand for real-time, accuracy and diversity of Data privacy and security risks: The implementation of Al-
personalization ~ services. For example, the fixed based personalization strategies relies on a large amount of
recommendation rules of traditional e-commerce platforms customer personal data, and the improper collection, storage
can only realize simple "people who bought this also bought and use of data may lead to privacy leakage and information
that" matching, and it is impossible to capture the dynamic abuse, which not only violates relevant laws and regulations
changes of customer preferences and potential consumption such as the Personal Information Protection Law, but also
needs, resulting in low recommendation conversion rate and reduces customer trust in the platform.
poor user experience. Algorithmic bias and homogeneity dilemma: Al algorithms

The maturity and application of artificial intelligence are trained based on historical data, and the inherent bias in
technologies represented by machine learning, deep learning, the data .willl lead to algorithmic bias, resulting .in ipagcurate
natural language processing and computer vision have personalization recommendations and even discriminatory
brought a fundamental solution to the pain points of services; at the same time, the excessive reliance on
traditional e-commerce personalization strategies. Al can algorithmic = recommendation will also lead to the
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"information cocoon room" effect, making customers lose
access to diverse commodity information and reducing the
overall consumption experience.

Technical integration and application barriers: Small and
medium-sized e-commerce enterprises face the problems of
high Al technology application cost, lack of professional
technical talents and imperfect data infrastructure, which
make it difficult for them to realize the deep integration of Al
and personalization strategies, and form a digital divide with
large e-commerce platforms.

Lack of humanistic care in personalized services: Al-based
personalization strategies are mostly driven by data and
algorithms, which ignore the emotional and psychological
needs of customers, and the overly cold "data-based" service
model is easy to cause customer psychological resistance.

Against this background, exploring the impact of Al on e-
commerce customer personalization strategies, constructing a
scientific and feasible Al-based personalization strategy
implementation framework, and solving the practical
challenges in the application process have become an
important research topic in the field of e-commerce and
digital marketing. This research aims to systematically sort
out the application of Al technology in e-commerce customer
personalization, analyze its multi-dimensional impact and
implementation path, and provide targeted solution strategies
for the existing challenges. The specific research contents
include:

Technical level: Sort out the core Al technologies applied
in e-commerce customer personalization, and analyze the
technical characteristics and application scenarios of each
technology.

Strategy level: Construct the full-link implementation
framework  of  Al-driven  e-commerce  customer
personalization strategies, and expound the optimization
methods of personalized recommendation, marketing and
service.

Practice level: Analyze the practical challenges faced by
the application of Al in e-commerce personalization, and
propose targeted solution strategies combined with actual
cases of e-commerce platforms.

Future level: Forecast the development trend of Al and e-
commerce customer personalization integration, and put
forward future research directions from the perspective of
technology innovation and model optimization.

The theoretical significance of this study is to enrich the
research system of e-commerce customer personalization
under the background of digital technology, and reveal the
internal mechanism of Al's impact on e-commerce
personalization strategies; the practical significance is to
provide a clear implementation path and operation scheme for
e-commerce enterprises to apply Al technology to optimize
personalization strategies, help small and medium-sized e-
commerce enterprises break through technical application
barriers, and promote the high-quality and differentiated
development of the entire e-commerce industry.

2. Core Al Technologies for E-
Commerce Customer
Personalization

The realization of Al-driven e-commerce customer
personalization strategies is based on the organic combination
of multiple core Al technologies, which form a complete
technical system from data collection, feature mining to
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intelligent decision-making and service output. These
technologies complement each other and jointly support the
full-link personalization of the e-commerce business process.
The main core Al technologies and their application
characteristics are as follows:

2.1. Machine Learning and Deep Learning

Machine learning is the core foundation of Al-based e-
commerce personalization, which can automatically learn the
mapping relationship between customer data and
consumption behavior through algorithms, and realize the
prediction of customer preferences and consumption needs.
Supervised learning algorithms such as collaborative filtering,
logistic regression and random forest are widely used in
personalized product recommendation, which can realize the
matching of customer preferences and commodities by
analyzing the similarity of customer behavior and commodity
features. Unsupervised learning algorithms such as K-means
clustering can segment e-commerce customers according to
their consumption behavior, browsing habits and purchase
power, and construct refined customer portraits for different
customer groups to provide targeted personalization services.

Deep learning, as an advanced form of machine learning,
can mine the deep and hidden feature information of customer
data through multi-layer neural network models, which is
suitable for processing complex and high-dimensional e-
commerce customer data. Convolutional Neural Networks
(CNN) can extract the visual feature information of
commodity images and combine it with customer browsing
behavior to optimize personalized image recommendation;
Recurrent Neural Networks (RNN) and Long Short-Term
Memory (LSTM) models can capture the dynamic time series
changes of customer consumption behavior, realize the
prediction of customer real-time preferences, and provide
real-time personalized recommendation services for
customers. Transformer model based on self-attention
mechanism can capture the global correlation of customer
multi-source data, and further improve the accuracy and
relevance of personalized recommendation by analyzing the
complex relationship between different customer behavior
features.

2.2. Natural Language Processing (NLP)

Natural language processing technology can realize the
intelligent understanding and processing of unstructured text
data in e-commerce, including customer review comments,
after-sales consultation, search keywords and social
interaction information, and convert text information into
structured feature data that can be processed by algorithms.
Sentiment analysis technology based on NLP can mine the
emotional tendency of customers to commodities and services
from customer reviews, and help e-commerce platforms
optimize commodity selection and personalized service
content; intent recognition technology can accurately identify
the potential consumption intent of customers from search
keywords and consultation content, and realize the accurate
matching of personalized recommendation and customer
needs. In addition, NLP technology is also applied in the
construction of intelligent customer service robots, which can
realize natural language communication with customers,
solve customer consultation problems in real time, and
provide personalized after-sales service support.



2.3. Computer Vision (CV)

Computer vision technology is mainly applied in the visual
link of e-commerce personalization, which can realize the
intelligent analysis and understanding of image and video
data such as commodity display, customer portrait and live
broadcast video. Image recognition technology can
automatically label commodity features and match them with
customer visual browsing preferences to optimize
personalized commodity display; face recognition and human
body feature recognition technology can be applied in the
personalized customization of clothing, cosmetics and other
categories, providing customers with personalized matching
suggestions according to their physical characteristics and
aesthetic preferences. In e-commerce live broadcast scenarios,
computer vision technology can analyze the audience's facial
expressions and behavior in real time, capture the audience's
interest points in the live broadcast content, and help anchors
adjust the live broadcast strategy and personalized
recommendation content in real time.

2.4. Big Data Analytics and Predictive
Analytics

Big data analytics technology is the basic guarantee for the
implementation of Al-based e-commerce personalization
strategies, which can realize the integrated collection,
cleaning, integration and processing of multi-source e-
commerce customer data, including platform internal data
(browsing, purchase, payment) and external data (social
media, third-party evaluation, consumption trends).
Predictive analytics technology based on big data and Al can
predict customer potential consumption behavior, such as
repurchase intention, consumption amount and commodity
preference, by analyzing historical customer data and real-
time behavior data, and help e-commerce platforms formulate
proactive personalized marketing and recommendation
strategies. For example, predictive analytics can identify
customers with high repurchase potential and send targeted
personalized discount coupons to improve the repurchase rate;
it can also predict the hot-selling trend of commodities and
adjust the personalized recommendation list in advance to
seize consumption opportunities.

2.5. Reinforcement Learning

Reinforcement learning is a new Al technology applied in
e-commerce personalization, which can realize the dynamic
optimization of personalization strategies through the
interaction between the algorithm and the e-commerce
environment. The reinforcement learning algorithm takes the
e-commerce platform as the "agent", takes the customer's
click, purchase and retention behavior as the "reward signal",
and continuously adjusts the personalized recommendation
and marketing strategies through trial and error learning, so
as to maximize the long-term benefits of the platform such as
transaction conversion rate and customer retention rate.
Different from the traditional static recommendation
algorithm, reinforcement learning can adapt to the dynamic
changes of the e-commerce market and customer preferences,
and realize the real-time dynamic optimization of
personalization strategies, which is especially suitable for the
highly dynamic e-commerce live broadcast and flash sale
scenarios.
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3. Al-Driven Implementation
Framework of E-Commerce
Customer Personalization Strategies

Al technology has reshaped the entire implementation
process of e-commerce customer personalization strategies,
and constructed a full-link, closed-loop and intelligent
implementation framework covering customer data collection,
customer portrait construction, personalized strategy
formulation, strategy implementation and effect feedback
optimization. This framework takes customer needs as the
core, takes Al technology as the driving force, and realizes the
continuous optimization of personalization strategies through
the closed-loop iteration of data and effect, which
fundamentally solves the pain points of traditional
personalization strategies such as low accuracy, poor real-
time performance and single form. The specific composition
and implementation path of the framework are as follows:

3.1. Multi-Source Customer Data Collection

and Preprocessing

The first step of Al-driven personalization strategies is to
collect multi-source heterogeneous customer data in an all-
round way, and carry out standardized preprocessing to
provide high-quality data support for subsequent Al algorithm
analysis. The data collection covers the entire customer life
cycle of e-commerce, including pre-consumption data (search
keywords, browsing records, attention collection, trial
experience), in-consumption data (purchase history, payment
method, consumption amount, commodity category
selection), post-consumption data (after-sales consultation,
commodity evaluation, repurchase behavior, customer
complaint) and external associated data (social media
interaction, third-party platform evaluation, consumption
trend participation). The data collection methods mainly
include platform internal data tracking, authorized third-party
data access and customer active data submission, all of which
are carried out on the premise of complying with data privacy
laws and regulations and obtaining customer authorization.

The collected original customer data has problems such as
missing values, outliers, data redundancy and inconsistent
formats, which need to be processed through Al-based data
preprocessing technologies, including data cleaning, data
integration, data transformation and data reduction. Data
cleaning uses intelligent algorithms to make up for missing
values and eliminate outliers caused by system errors or
abnormal behavior; data integration merges multi-source
heterogeneous data into a unified data set according to
customer unique identifiers; data transformation converts
unstructured data such as text and images into structured
feature data that can be processed by algorithms; data
reduction reduces the dimensionality of high-dimensional
data through feature selection and extraction to improve the
efficiency of subsequent algorithm analysis.

3.2. Intelligent Construction of Refined
Customer Portraits

Customer portrait is the core basis of e-commerce
personalization strategies, and Al technology realizes the
transformation of customer portraits from traditional "static
label-based" to "dynamic feature-based" refined construction.
Based on the preprocessed customer data, Al algorithms mine
and extract multi-dimensional customer feature indicators,
including basic attribute features (age, gender, region,



occupation, purchase power), behavior preference features
(commodity category preference, price sensitivity, purchase
time habit, browsing depth), emotional psychological features
(consumption motivation, emotional tendency, brand loyalty,
risk preference) and potential demand features (unexpressed
consumption needs, cross-category consumption intention,
future consumption trend).

Machine learning and deep learning algorithms are used to
model the multi-dimensional customer features, and construct
a dynamic and real-time updated customer portrait system.
The system can realize the real-time update of customer
portraits according to the dynamic changes of customer
behavior data, for example, update the customers commodity
preference features in real time when the customer browses
new commodities, and adjust the customers price sensitivity
features according to the customers response to promotional
activities. In addition, the customer portrait system based on
Al can also realize the mining of customer potential demand
features, for example, by analyzing the customers browsing
behavior and social interaction information, predict the
customers unexpressed consumption needs and add them to
the customer portrait, providing a basis for proactive
personalized recommendation.

3.3. Formulation of Multi-Dimensional
Personalized Strategies

Based on the refined customer portraits constructed by Al,
e-commerce enterprises formulate multi-dimensional and
targeted personalized strategies, covering three core links of
e-commerce business: personalized product recommendation,
personalized marketing communication and personalized
service experience, and realize the full coverage of
personalization strategies in the entire customer consumption
life cycle.

3.3.1. Personalized Product Recommendation
Personalized product recommendation is the core
application of Al in e-commerce personalization, which
realizes the accurate matching of commodities and customer
needs through Al algorithms. According to different customer
portraits and application scenarios, e-commerce platforms
adopt a variety of Al-based recommendation algorithms,
including collaborative filtering recommendation based on
customer behavior similarity, content-based recommendation
based on commodity and customer feature matching, and
hybrid recommendation combining multiple algorithms. The
Al recommendation system can provide multi-scenario
personalized recommendation services for customers, such as
personalized homepage commodity recommendation,
personalized search result ranking, personalized shopping
cart associated recommendation and personalized push
message recommendation, and realize the real-time
adjustment of recommendation content according to the
dynamic changes of customer behavior and preferences.

3.3.2. Personalized Marketing Communication

Al technology optimizes the entire process of e-commerce
marketing communication from content creation, channel
selection to timing delivery, and realizes the personalized
customization of marketing strategies for different customer
groups. Natural language processing and generative Al
technologies can create personalized marketing content for
different customer groups, such as personalized promotional
copy, customized commodity introduction and targeted
advertising creative, which are consistent with the language
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habits and interest points of the target customers. Al-based
marketing channel optimization algorithm can select the most
suitable marketing channels for different customer groups
according to the customers channel usage habits (such as APP
push, short video, social media, email), and improve the reach
rate of marketing information. In addition, the predictive
analytics algorithm can determine the optimal marketing
delivery time according to the customers online time habit
and consumption decision-making time, and realize the
accurate delivery of personalized marketing information.

3.3.3. Personalized Service Experience

Al technology promotes the transformation of e-commerce
customer service from traditional "unified standardized
service" to "personalized customized service", and improves
the overall service experience of customers through multiple
intelligent service forms. Intelligent customer service robots
based on natural language processing can provide 24/7
personalized consultation services for customers, accurately
identify customer consultation intentions and provide targeted
solutions according to customer portraits and historical
consultation records. Al-based personalized after-sales
service system can automatically match the most suitable
after-sales service personnel for customers according to the
customers commodity type, complaint content and emotional
tendency, and provide personalized after-sales solutions. In
addition, AI technology can also realize personalized
customization of the e-commerce platform interface, such as
adjusting the interface layout, commodity display order and
functional module settings according to the customers usage
habits and visual preferences, and improving the customers
platform operation experience.

3.4. Multi-Scenario Implementation of
Personalization Strategies

The Al-based e-commerce personalization strategies are
implemented in multiple e-commerce application scenarios,
covering traditional online shopping, e-commerce live
broadcast, social e-commerce, omnichannel retail and other
scenarios, and realize the integration and unification of
personalization services in different scenarios. In the
traditional online shopping scenario, the Al recommendation
system is the main carrier of personalization strategy
implementation, providing customers with one-stop
personalized commodity recommendation and shopping
guidance; in the e-commerce live broadcast scenario, Al
technology combines live broadcast data (audience behavior,
comment information, gift-giving behavior) with customer
portraits to realize real-time personalized commodity
recommendation and live broadcast content adjustment; in the
social e-commerce scenario, Al technology mines the social
relationship and consumption preference similarity of users,
and realizes social-based personalized recommendation such
as "friends recommend"; in the omnichannel retail scenario,
Al technology integrates online and offline customer data to
construct a unified customer portrait, and provides consistent
personalized services for customers in online platforms,
physical stores and mobile terminals.

3.5. Closed-Loop Optimization of Strategy
Effect Based on Feedback Data

The Al-driven e-commerce personalization strategy
implementation framework is a closed-loop system with
continuous optimization and iteration, which takes the
strategy implementation effect data as feedback, and realizes



the dynamic adjustment and optimization of personalization
strategies through Al algorithm analysis. The effect feedback
data includes user behavior indicators (click rate, conversion
rate, retention rate, repurchase rate), economic benefit
indicators (per capita consumption amount, customer lifetime
value, marketing ROI) and user experience indicators
(customer satisfaction, evaluation score, complaint rate). Al
algorithms analyze the correlation between personalization
strategies and effect indicators, identify the problems and
deficiencies in the implementation of personalization
strategies, such as low recommendation conversion rate, poor
customer satisfaction with marketing content, and imperfect
personalized service.

According to the analysis results of feedback data, the Al
system automatically adjusts the parameters of
recommendation algorithms, optimizes the content and
delivery mode of personalized marketing, and improves the
form and quality of personalized services; for complex
strategy optimization problems, the system provides decision
support for e-commerce operators through intelligent data
analysis and visualization, and realizes the manual and
intelligent combined optimization of personalization
strategies. Through the continuous closed-loop iteration of
"strategy implementation - effect feedback - algorithm
optimization - strategy re-implementation", the Al-based e-
commerce personalization strategies are constantly optimized
and improved, and the accuracy and effectiveness of
personalization services are continuously enhanced.

4. Practical Application Effects and
Case Analysis of AI-Based
Personalization Strategies

The application of Al technology in e-commerce customer
personalization strategies has achieved remarkable practical
effects, which has significantly improved the core operating
indicators of e-commerce platforms such as transaction
conversion rate, customer retention rate and customer lifetime
value. At the same time, many leading e-commerce platforms
at home and abroad have formed mature and replicable
application models through the deep integration of Al and
personalization strategies, which provides valuable practical
experience for the entire e-commerce industry. This section
analyzes the overall practical application effects of Al-based
personalization strategies, and takes typical e-commerce
platforms as cases to carry out in-depth analysis of their
specific application paths and effect performance.

4.1. Overall Practical Application Effects

The in-depth application of Al in e-commerce customer
personalization strategies has brought all-round improvement
to the operation and development of e-commerce enterprises,
and the core application effects are reflected in the following
four aspects:

Improvement of transaction conversion rate and economic
benefits: Al-based personalized recommendation systems
realize the accurate matching of customer needs and
commodities, which significantly improves the click-through
rate and conversion rate of commodity recommendation.
According to the industry research data, the average
conversion rate of Al recommendation of head e-commerce
platforms is more than 20%, which is far higher than the
conversion rate of traditional manual recommendation (less
than 5%). At the same time, the personalized marketing and
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service strategies based on Al have improved the per capita
consumption amount and customer lifetime value of e-
commerce platforms, and brought substantial growth of
economic benefits.

Enhancement of customer stickiness and brand loyalty:
The accurate and personalized services provided by Al make
customers feel the customized care of the platform, which
significantly improves the customer's platform usage
experience and satisfaction. The research shows that
customers who receive Al-based personalized services have a
retention rate of more than 60% on the e-commerce platform,
and the brand loyalty is increased by about 35% compared
with customers who receive traditional standardized services.
The long-term stable personalized services help e-commerce
enterprises build a loyal customer group and form a stable
market share.

Optimization of platform operation efficiency and cost
reduction: Al technology realizes the automation and
intelligence of e-commerce personalization strategy
formulation and implementation, which significantly reduces
the human cost and time cost of traditional manual operation.
For example, the Al intelligent recommendation system can
automatically complete the real-time update and adjustment
of the recommendation list without manual intervention, and
the Al intelligent customer service robot can solve more than
80% of the customer consultation problems, which greatly
reduces the workload of manual customer service and
improves the overall operation efficiency of the platform.

Promotion of platform differentiated competition and
innovation development: Al-based personalization strategies
help e-commerce platforms form unique differentiated
competitive advantages, which are difficult to replicate by
competitors. The refined customer portrait and personalized
service based on Al make the platform form a "customer-
centric" operation model, and continuously innovate the
service form and business model according to customer needs,
such as personalized commodity customization, proactive
personalized service and intelligent shopping assistant, which
promotes the continuous innovation and development of the
e-commerce platform.

4.2. Typical Case Analysis

4.2.1. Amazon: Personalized Recommendation Based on
Collaborative Filtering and Machine Learning

Amazon is the pioneer of applying Al technology to e-
commerce personalization strategies, and its personalized
recommendation system based on collaborative filtering and
machine learning has become a classic model in the industry.
Amazon's recommendation system collects a large amount of
customer behavior data, including browsing records,
purchase history, search keywords, shopping cart operations
and product evaluations, and uses machine learning
algorithms such as collaborative filtering and random forest
to mine the customer's consumption preferences and
commodity matching rules. The system provides multiple
forms of personalized recommendation services for
customers, such as "Customers who bought this item also
bought", "Customers who viewed this item also viewed" and
"Personalized Recommendations for You", and realizes the
real-time update of the recommendation list according to the
dynamic changes of customer behavior.

The application of Al-based personalized recommendation
system has brought remarkable economic benefits to Amazon:
the personalized recommendation contributes to more than 35%



of Amazon's total sales, and the customer retention rate is
maintained at more than 70% for a long time. In addition,
Amazon continues to optimize its recommendation system by
introducing deep learning and reinforcement learning
technologies, and realizes the prediction of customer potential
consumption needs, further improving the accuracy and
relevance of personalized recommendation.

4.2.2. Taobao: AI-Driven Full-Link Personalization of E-
Commerce

Taobao, as the leading e-commerce platform in China, has
constructed an Al-driven full-link personalization system
covering commodity  recommendation, marketing
communication, customer service and platform experience by
relying on Alibaba's artificial intelligence technology such as
Diannong and Tongyi Qianwen. Taobao's personalization
system takes the "user portrait big data platform" as the core,
integrates multi-source data of customers on Alibaba's
ecological platform (Taobao, Tmall, Alipay, Ele.me), and
constructs a 360-degree refined customer portrait through
machine learning and deep learning algorithms. Based on the
customer portrait, the system realizes the full-link
personalization of Taobao's business process: personalized
homepage commodity recommendation, personalized search
result ranking, personalized marketing push, intelligent
customer service consultation and personalized platform
interface customization.

Taobao's  Al-based personalization strategy  has
significantly improved the platform's operating indicators: the
click conversion rate of personalized recommendation is
more than 25%, and the per capita consumption amount of
customers has increased by more than 40% compared with the
traditional model. In addition, Taobao combines Al
technology with e-commerce live broadcast and social e-
commerce, and  realizes  real-time  personalized
recommendation in live broadcast scenarios and social-based
personalized recommendation in social e-commerce
scenarios, further enriching the form and connotation of
personalization services.

4.2.3. Sephora: Personalized Customization Service
Based on AI and Computer Vision

Sephora, the global beauty e-commerce giant, focuses on
the application of Al and computer vision technology in
personalized customization services, and has built a number
of intelligent personalized service tools such as the virtual
makeup try-on system and the personalized skin care
recommendation system. The virtual makeup try-on system
based on computer vision technology realizes the real-time
virtual try-on of cosmetics for customers by capturing the
customer's facial features through the camera, and helps
customers select the most suitable cosmetics according to
their facial features and aesthetic preferences; the
personalized skin care recommendation system combines the
customer's skin test data, skin care habits and product feature
data, and uses machine learning algorithms to provide
customers with customized skin care product combination
recommendations and skin care solutions.

The Al-based personalized customization service has made
Sephora stand out in the highly competitive beauty e-
commerce market: the customer satisfaction with
personalized service is more than 85%, and the conversion
rate of personalized recommendation of skin care products is
3 times higher than that of traditional recommendation.
Sephora's practice shows that the combination of Al and
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industry characteristics can realize the in-depth innovation of
personalization services and create unique customer value.

5. Challenges and Solution Strategies
of Al in E-Commerce Customer
Personalization Application

Although Al technology has brought remarkable effects to
the optimization of e-commerce customer personalization
strategies, the practical application process still faces a series
of prominent challenges and problems, including data privacy
risks, algorithmic bias, information cocoon room, technical
application barriers and lack of humanistic care. These
challenges not only restrict the in-depth application of Al in
e-commerce personalization, but also may bring negative
impacts such as customer trust reduction and platform
operation risks to e-commerce enterprises. Aiming at the
above challenges, this paper proposes targeted solution
strategies from the aspects of technology, system,
management and concept to promote the healthy and
sustainable application of Al in e-commerce customer
personalization.

5.1. Main Challenges of AI Application

5.1.1. Data Privacy and Security Risks

The core of Al-based e-commerce personalization is data,
and the excessive collection and improper use of customer
personal data have brought serious privacy and security risks.
Some e-commerce platforms collect a large amount of
customer personal data without sufficient authorization,
including sensitive information such as personal identity,
bank card information and social relationship; some platforms
have imperfect data storage and protection systems, leading
to customer data leakage and information abuse; in addition,
the cross-border flow of customer data also faces the risk of
violating the data privacy laws and regulations of different
countries and regions. The occurrence of data privacy
incidents not only makes customers face the risk of personal
information leakage and property loss, but also makes the e-
commerce platform face legal sanctions and reputation
damage, and reduces customer trust in the platform.

5.1.2. Algorithmic Bias and Inaccurate Personalization

Al algorithms are trained based on historical customer data,
and the inherent bias in the data will be amplified by the
algorithm, resulting in algorithmic bias and inaccurate
personalization services. For example, if the historical data
has gender or regional discrimination, the Al
recommendation algorithm will produce discriminatory
recommendation results; the algorithm's over-reliance on
high-consumption customer data will lead to the neglect of
low-consumption customer groups, resulting in unfair
personalized services. In addition, the lack of update and
optimization of Al algorithm parameters will also lead to the
aging of the algorithm, making the personalized
recommendation unable to keep up with the dynamic changes
of customer preferences, resulting in low recommendation
accuracy and poor user experience.

5.1.3. Information Cocoon Room and Homogenization of
Consumption

The excessive reliance on Al algorithmic recommendation

will lead to the formation of an "information cocoon room"

for e-commerce customers, that is, the platform only

recommends commodities that match the customer's existing

preferences, and the customer has no access to diverse



commodity information and consumption concepts. The
information cocoon room not only limits the customer's
consumption vision and choice space, but also leads to the
homogenization of customer consumption behavior, and even
may cause the customer's aesthetic fatigue and reduce the
platform usage experience. In the long run, the information
cocoon room will also restrict the innovation and
development of e-commerce platforms, making the platform
fall into the vicious circle of homogeneous commodity
recommendation and low-level competition.

5.1.4. Technical Application Barriers for Small and
Medium-Sized E-Commerce Enterprises

The application of Al technology in e-commerce
personalization requires high technical investment,
professional technical talents and perfect data infrastructure,
which forms a huge technical application barrier for small and
medium-sized e-commerce enterprises with limited capital
and technical strength. Small and medium-sized e-commerce
enterprises are unable to independently develop Al
algorithms and build data platforms due to insufficient funds;
the lack of professional Al technical talents and data analysts
makes it difficult for enterprises to realize the deep integration
of Al technology and personalization strategies; the imperfect
data collection and processing system makes the quality of
customer data low, which cannot meet the data requirements
of Al algorithm analysis. The technical application barriers
lead to the digital divide between large and small and
medium-sized e-commerce enterprises, and are not conducive
to the healthy development of the entire e-commerce industry.

5.1.5. Lack of Humanistic Care in AI-Based Personalized
Services

Al-based e-commerce personalization strategies are mostly
driven by data and algorithms, which focus on the mining and
matching of customer behavioral data, but ignore the
emotional and psychological needs of customers. The overly
cold "data-based" personalized service model makes
customers feel that they are being "monitored" and
"calculated" by the platform, and easy to produce
psychological resistance; the intelligent customer service
robot based on NLP technology can only solve the
standardized consultation problems, and is unable to provide
emotional comfort and humanistic care for customers with
emotional complaints, resulting in poor after-sales service
experience. The lack of humanistic care makes the Al-based
personalized services lack temperature, and it is difficult to
establish deep emotional connection between e-commerce
enterprises and customers.

5.2. Targeted Solution Strategies

5.2.1. Improve Data Privacy Protection System and
Standardize Data Usage Behavior

E-commerce enterprises should take the protection of
customer data privacy as the bottom line, and construct a
complete data privacy protection system from the aspects of
legislation, technology and management. First, strictly
comply with the relevant laws and regulations such as the
Personal Information Protection Law and the Data Security
Law, collect and use customer data on the premise of
obtaining explicit customer authorization, and clearly inform
customers of the purpose, scope and method of data use.
Second, strengthen the technical protection of customer data,
adopt advanced encryption technology, access control
technology and data desensitization technology to protect the
storage and transmission of customer data, and prevent data
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leakage and abuse. Third, establish a sound data management
system, set up a special data supervision department, and
standardize the data collection, processing and use behavior
of the platform; at the same time, establish a customer data
right inquiry and deletion mechanism, and protect the
customer's right to know and control of personal data.

5.2.2. Optimize AI Algorithm Model and Eliminate
Algorithmic Bias

To solve the problem of algorithmic bias and inaccurate
personalization, e-commerce enterprises need to optimize the
Al algorithm model from the aspects of data, algorithm and
supervision. First, optimize the training data set, collect
diverse and unbiased customer data, and carry out data bias
detection and correction to eliminate the inherent bias in the
data; at the same time, increase the update frequency of the
training data set to ensure that the algorithm can capture the
dynamic changes of customer preferences. Second, improve
the algorithm model, adopt the hybrid algorithm model
combining multiple algorithms to reduce the over-reliance on
a single algorithm; introduce the fairness constraint
mechanism into the algorithm design to ensure that the
personalized services provided by the algorithm are fair and
unbiased for different customer groups. Third, establish an
algorithm supervision and evaluation mechanism, set up a
special algorithm review team, regularly evaluate the fairness
and accuracy of the algorithm, and timely adjust and optimize
the algorithm parameters according to the evaluation results.

5.2.3. Break the Information Cocoon Room and Realize
Diversified Personalization

E-commerce enterprises should balance the accuracy and
diversity of personalized recommendation, and take a series
of measures to break the information cocoon room and realize
diversified personalization. First, introduce the "diversity
factor" into the Al recommendation algorithm, and
appropriately increase the recommendation proportion of
non-core preference commodities on the premise of ensuring
the recommendation accuracy, so as to expand the customer's
consumption vision and choice space. Second, set up a
"diversified discovery zone" on the platform, recommend
innovative and diverse commodities for customers through
manual selection and algorithm combination, and guide
customers to try new consumption content. Third, carry out
diversified marketing activities, such as theme promotion,
cross-category matching and new product trial, to stimulate
customers' diverse consumption needs and break the
homogenization of consumption behavior.

5.2.4. Build a Low-Threshold AI Application Platform
and Reduce Technical Barriers

To solve the technical application barriers of small and
medium-sized e-commerce enterprises, the government,
industry associations and head e-commerce enterprises need
to work together to build a low-threshold Al application
platform and provide technical support for small and medium-
sized enterprises. First, the government should introduce
relevant support policies, provide financial subsidies and tax
incentives for small and medium-sized e-commerce
enterprises to apply Al technology, and support the research
and development of low-cost Al application solutions for the
e-commerce industry. Second, head e-commerce enterprises
and AI technology companies should open their Al
technology and data platform resources, provide SaaS-based
Al personalization service solutions for small and medium-
sized enterprises, and reduce the technical investment and



application difficulty of small and medium-sized enterprises.
Third, industry associations should carry out Al technology
training and popularization activities, cultivate professional
Al technical talents and data analysts for small and medium-
sized e-commerce enterprises, and improve the technical
application capacity of enterprises.

5.2.5. Integrate Humanistic Care and Realize "Warm"
Personalized Services

E-commerce enterprises should integrate humanistic care
into Al-based personalized services, and realize the organic
combination of "intelligence" and "temperature" to build a
deep emotional connection with customers. First, optimize
the design of intelligent customer service robots, increase the
emotional interaction module in the robot, and realize the
emotional recognition and comfort of customers through
natural language processing technology; at the same time, set
up a manual customer service transfer channel for complex
emotional consultation problems to provide humanistic care
for customers. Second, pay attention to the emotional and
psychological needs of customers in the formulation of
personalized strategies, and provide personalized services
with emotional care, such as sending personalized birthday
wishes and holiday greetings to customers, and providing
targeted comfort and solutions for customers with bad
consumption experience. Third, strengthen the human
intervention of Al algorithm recommendation, and combine
manual selection with algorithm recommendation to make the
personalized recommendation more in line with the emotional
and psychological needs of customers, and avoid the overly
cold "data-based" service model.

6. Future Research Directions and
Development Trends

With the continuous innovation and development of Al
technology and the in-depth evolution of the e-commerce
industry, the integration of Al and e-commerce customer
personalization strategies will show a series of new
development trends, and also put forward new research topics
for academic and practical circles. The future research
directions and development trends of Al-driven e-commerce
customer personalization strategies are mainly reflected in the
following five aspects:

6.1. Deep Integration of Generative Al and E-

Commerce Personalization

Generative Al represented by ChatGPT and Tongyi
Qianwen will become the core driving force for the next stage
of e-commerce personalization innovation, and realize the all-
round innovation of personalization service form and content
from "passive matching" to "active creation". Generative Al
can create personalized commodity descriptions, marketing
copy and service content for different customers according to
customer portraits and consumption needs; it can also realize
the personalized customization of commodities, such as
generating customized product designs and service schemes
according to customers personalized demands. In the future,
the research focus will be on how to integrate generative Al
with e-commerce business processes, construct a generative
Al-based personalized service system, and realize the
intelligent creation of full-link personalized content.
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6.2. Development of Multi-Modal AI
Personalization Strategies

With the diversification of e-commerce customer data
forms (text, image, video, voice, behavior), the future e-
commerce personalization strategies will develop towards
multi-modal Al, which integrates multiple data forms and
realizes the comprehensive mining and analysis of customer
features. Multi-modal Al can combine customers text
information (reviews, consultations), visual information
(browsing images, video watching), voice information (voice
search, voice consultation) and behavior information
(browsing, purchase) to construct a more comprehensive and
refined customer portrait, and provide more accurate and
personalized services for customers. The future research will
focus on the construction of multi-modal data fusion models,
the mining of cross-modal feature correlation and the
optimization of multi-modal personalized recommendation
algorithms.

6.3. Realization of Omnichannel and Cross-
Border Personalization Services

With the development of e-commerce towards
omnichannel retail and cross-border e-commerce, the future
Al-based personalization strategies will break the limitations
of single channel and single region, and realize the integration
of omnichannel and cross-border personalized services.
Omnichannel personalization will integrate online and oftline
customer data of e-commerce enterprises to construct a
unified customer portrait, and provide consistent and
personalized services for customers in all channels such as
online platforms, physical stores, mobile terminals and social
media; cross-border personalization will combine the
regional cultural characteristics, consumption habits and legal
regulations of different countries and regions, and realize the
personalized customization of commodities, marketing and
services for cross-border customers through Al algorithms.
The future research will focus on the construction of
omnichannel customer data integration platform, the cross-
border data privacy protection mechanism and the cross-
cultural personalized recommendation algorithm.

6.4. Construction of AI-Based Personalization
Strategy Evaluation System

At present, the evaluation of e-commerce Al
personalization strategies is mostly limited to economic
benefit indicators such as conversion rate and sales volume,
and lacks a comprehensive and scientific evaluation system
covering user experience, social benefits and sustainable
development. In the future, it is necessary to construct a multi-
dimensional Al-based personalization strategy evaluation
system, including economic benefit indicators, user
experience indicators, social benefit indicators (fairness of
services, diversity of consumption) and sustainable
development indicators (customer loyalty, platform
innovation capacity). The evaluation system will adopt Al-
based intelligent evaluation algorithms to realize the real-time,
dynamic and comprehensive evaluation of personalization
strategies, and provide a scientific basis for the optimization
and adjustment of personalization strategies.



6.5. Exploration of Ethical Norms and
Regulatory Systems for Al in E-Commerce
Personalization

With the in-depth application of Al in e-commerce
personalization, the ethical problems such as algorithmic bias,
data privacy and information cocoon room have become
increasingly prominent, and it is urgent to construct a sound
ethical norm and regulatory system for Al in e-commerce
personalization. The future research will focus on the
formulation of AI ethical norms for e-commerce
personalization, clarify the ethical bottom line and behavior
standards of AI algorithm design, data use and service
provision; at the same time, explore the construction of a
multi-subject regulatory system involving the government,
industry associations, e-commerce enterprises and the public,
realize the whole-process supervision of the application of Al
in e-commerce personalization, and ensure that the
development and application of Al comply with ethical and
legal requirements.

Looking ahead, with the continuous innovation of Al
technology and the deepening of e-commerce refined
operation, Al will play an increasingly important role in e-
commerce customer personalization strategies, and will
realize the transformation from "intelligent matching" to
"intelligent creation”, from "single-scenario personalization"
to "omnichannel personalization", and from "data-driven" to
"data and humanity co-driven". E-commerce enterprises that
grasp the development trend of Al and realize the deep
integration of Al and personalization strategies will gain core
competitive advantages in the fierce market competition. At
the same time, the entire society needs to work together to
solve the challenges of data privacy, algorithmic bias and
ethical norms in the application of Al, and promote the
healthy, sustainable and high-quality development of Al-
driven e-commerce customer personalization, so as to create
more value for customers, enterprises and the entire society.
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