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Personalized recommendation technology, as one of the core technologies of an E-commerce platform, has attracted a lot of
attention with the rise of E-commerce in the Internet industry. Mobile cloud computing-based E-commerce has also exploded
in popularity. You can buy whatever you want without leaving the house. Consumers are becoming increasingly receptive to
online shopping as a result of this convenience; the E-commerce model demonstrates great modern business value. With its
convenient and quick characteristics, online shopping has become fashionable and trendy; however, the popularity of the
Internet and the rapid development of E-commerce has resulted in information overload, making it difficult for users to find
the goods they require among a vast amount of product information. As a result, the E-commerce recommendation system
was born. However, there is currently very little in-depth research on personalized recommendation technology in the field of
o2o E-commerce, and most existing recommendation algorithms need to be improved in terms of accuracy and
recommendation efficiency.

1. Introduction

The Internet first appeared in China at the end of the twen-
tieth century, ushering mankind into a highly information
age [1]. It has now become one of the most important tech-
nologies influencing China’s economic and social develop-
ment, as well as changing people’s lifestyles [2].
Simultaneously, network information is growing at an
alarming rate, and the speed with which news, advertising,
education, the economy, sports, art, and other information
are updated is increasing. It is critical for E-commerce to
develop its own long-term development strategy and reap
the maximum benefits from it [3]. Many large websites, both
domestically and internationally, offer users' recommenda-
tion functions. Many prototypes of personalized recommen-
dation systems have appeared, with positive application
results. Traditional trade behavior has changed as E-
commerce has grown in popularity [4]. Its gradual establish-
ment and perfection have liberated traditional business
operations from existing rules, as well as having a significant
impact on related business forms, trading forms, circulation
modes, and marketing modes. On the one hand, users feel as

if they are in a vast sea of information, and it is difficult to
find the goods they require in a timely manner [5]; on the
other hand, businesses cannot have the same level of interac-
tion with customers as they can in physical stores [6]. The
explosive growth of the amount of information and users
also makes people encounter another problem: the simulta-
neous presentation of excessive information makes it impos-
sible for people to quickly obtain the information they need
from massive data, and a variety of information that is diffi-
cult to distinguish between true and false disturbs people’s
judgment [7]. How to provide useful information to users
in an appropriate way is a problem to be solved. Especially
for E-commerce websites, it has become a new marketing
idea to actively recommend products that users may need
to users. It is also a major problem in Internet technology
[8]. Research scholars and E-commerce enterprises pay
more and more attention to the recommendation system [9].

With the rapid development of personalized recommen-
dation technology abroad, domestic personalized recom-
mendation is also gradually applied to various fields,
among which E-commerce websites are the most widely
used, such as Jingdong Mall, Meituan, and Taobao, and all
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use various types of personalized recommendation technol-
ogies to varying degrees, among which the recommendation
technology based on collaborative filtering (CF) is more
popular [10]. For enterprises, E-commerce not only provides
a new avenue for growth, but it also provides a wealth of
product information and expands business opportunities
[11]. The ability of the o2o E-commerce model to efficiently
obtain useful knowledge from massive data, dynamically
analyze customers’ personalized needs, provide customers
with goods in line with their preferences in real time, and
actively and effectively improve the recommendation level
is of great practical and theoretical significance [12]. To
begin with, E-commerce websites store a variety of data
types, such as transaction details, browsing times, registra-
tion times, and search times for the same topic. High-
quality results recommend excellent recommendation
models, and rich data from mobile phones in E-commerce
websites can establish a variety of models [13]. Second, the
E-commerce system can reduce the manual collection of
mobile phone data, lowering the risk of error due to human
error and external noise [14]. Time and cost can be reduced
through network collection, and the feasibility is very high
[15]. Thirdly, to measure the personalized recommendation
indicators, now E-commerce can flexibly change according
to these indicators and provide personalized services for dif-
ferent users. Fourthly, for merchants, the convenience of E-
commerce can stimulate customers’ desire to buy, tap the
purchasing potential, and increase the sales volume of web-
sites [16]. Fifth, in the fierce competition of E-commerce,
the products built by each family are more and more similar,
and everyone is changing and improving to build an excel-
lent recommendation system, which will increase the advan-
tages in the competition in the same industry and become a
huge driving force for the rapid development of websites.
However, there are still many deficiencies in this technology
in China, and there is a big gap between this technology and
foreign countries [13]. There are also a series of bottlenecks
such as sparsity, cold start, and scalability. Most of the data
found by traditional technologies are difficult to be similar
to the target data, and their accuracy is not enough [17].

For a long time, the recommendation results are not
ideal, so how to provide accurate recommendation results
for different users has become a research hotspot of scholars
in relevant fields at home and abroad, which also highlights
the important position of recommendation technology in
the field of E-commerce research [18]. A good personalized
recommendation system can bring a win-win situation for
users and websites. Due to the continuous penetration of
E-commerce into our real life, under the conditions of the
rapid development of E-commerce technology and the con-
tinuous growth of user demand, the personalized recom-
mendation of E-commerce is facing new challenges.
Customers urgently hope that E-commerce can provide a
type of shopping function, so enterprises are more and more
difficult to survive in the competition. Only enterprises that
fully meet and meet the needs of users can occupy a domi-
nant position in the broad market. This paper systematically
optimizes the E-commerce model based on CF algorithm to
improve people’s sense of trust.

2. Literature Review

Reference [19] suggests using time window information to dis-
tinguish users’ behaviors over time periods and improve rating
prediction accuracy. To improve the accuracy of the recom-
mendation, the corresponding attenuation factor is introduced
based on the time when the item is added to the system. Refer-
ence [20] provides a detailed classification and examples of rec-
ommender systems in E-commerce applications, as well as how
they provide one-on-one personalized service and capture user
loyalty; while these systems have proven to be successful in the
past, their widespread adoption is still a work in progress. The
application also revealed its flaws, such as the data set’s sparse-
ness and the issues associated with high dimensionality. Refer-
ence [21] proposes a fuzzy mean clustering-based
environment-aware recommendation algorithm. Because of
the difficulties people have with environmental perception,
fuzzy clustering is used to group the data, and qualified non-
membership data is mapped into membership data to improve
the recommendation. The algorithm’s accuracy overcomes the
problems associated with traditional hard clustering. The core
idea in Reference [22] is to use the user trust network to select
trustworthy neighbors; however, the current development,
which is based on emotional recommendation technology, has
made significant advances and improvements. Tsinghua Uni-
versity, for example, has identified the emotional corpus of
some tourist attraction descriptions. Researchers value literature
[23] more than other recommendation technologies because it
supports novel recommendations, deals with unstructured
complex objects (such as videos and images), and improves rec-
ommendation quality. It has a wide range of applications and is
very successful, but traditional collaborative filtering’s problems
of sparsity, scalability, and accuracy are impeding its further
development. Reference [24] improves the traditional collabo-
rative filtering algorithm and proposes an improved collabora-
tive filtering algorithm based on concept hierarchy, through
which the recommendation strategy of the recommendation
system is implemented; the recommendation algorithm com-
prehensively analyzes the Web logs, user registration informa-
tion, orders on the server side information, cookies and other
data, and data cleaning of related raw data to realize Web data
mining. but the initial cluster center will affect the stability of
the clustering result. When processing a large amount of data,
the iterative fuzzy clustering is easy to fall into local extreme
points and cannot achieve the optimal solution. Although some
researchers have proposed to integrate artificial intelligence
algorithms such as neural networks and evolutionary comput-
ing into fuzzy clustering, however, this problem cannot be com-
prehensively solved. In Reference [26], after the introduction of
the recommendation system, the search method for users to
find targets will change from the previous active to the so-
called “passive” today, that is, recommending potential targets
that users want to purchase or forming a list based on the his-
tory of browsing information and recommending to the users.
Literature [27] mentions that the research recommendation
network can promote the development of my country’s net-
work information personalized service and can make my coun-
try’s personalized information service achieve leap-forward
development and catch up with the development level of
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western developed countries, which has a very far-reaching dis-
play significance. Almost all the large-scale E-commerce sys-
tems in Reference [28] use various recommendation systems
to varying degrees, among which the ltem-to-ltem algorithm
is the most successful, and its click-through rate and conversion
rate far exceed those of the same type of merchants with tradi-
tional servers.

The above literature shows that the current E-commerce
system is widely used around the world. China’s current
development stage lags behind that of other countries. The
model recommendation personality is not prominent at this
point, the relevance of the recommendation is insufficient,
and the system is a single recommendation. Chinese
researchers, on the other hand, are actively studying and
testing ways to improve the traditional algorithm. The
potential commercial value of recommendation systems is
increasing day by day as their accuracy improves.

3. E-Commerce Recommendation and
Collaborative Filtering Algorithms

3.1. An Overview of E-Commerce Recommendation Systems.
Most people are gradually accepting of the Internet transaction
format. More and more businesses are developing their own E-
commerce platforms in the hopes of conducting business activ-
ities over the Internet, lowering operating costs, and expanding
business opportunities [29]. In the context of E-commerce,
an E-commerce personalized recommendation system is an
application system that provides personalized products and
services to various users. Users should be able to recommend
products that they have not seen before, so that they can not
only save time browsing but also improve the enterprise’s
sales quota. Users are actively provided with content infor-
mation or browsing suggestions in the form of recommenda-
tions based on the discovered user preferences, and users are
given one-on-one guidance and services. It is currently being
researched and used in fields such as E-commerce, distance
education, and information retrieval. For example, a salesper-
son who is familiar with a customer’s preferences will be
more aware of his preferences if he is a regular at a conve-
nience store. He knows what he wants to buy and when
he wants to buy it. With new products, the salesperson can
delve deeper into the customer’s preferences in order to
introduce and recommend new products, increasing turn-
over. In fact, the personalized recommendation system is just
like our salesperson. Its main role is to find out the user’s
goals, consumption methods, and personal hobbies. The rec-
ommendation system of E-commerce is to provide customers
with products they may be interested in during visitors’ visit
to the website and then facilitate the transaction and com-
plete the purchase of this product. Generally speaking, a suc-
cessful and efficient personalized recommendation system
can bring the following advantages to E-commerce websites
and website users:

(1) It provides users with “specific choice,” shortens the
time for users to choose commodities, improves the
efficiency of users’ purchasing frommassive commod-
ity information, and brings users a better experience

(2) It can actively provide customers with products of
interest, broaden users’ horizons, even help users
develop new interests, and bring different experi-
ences to customers

(3) For users who do not have strong desire to buy, suitable
recommendation can just improve users’ desire to buy
and turn an ordinary website visitor into a buyer

(4) When users get a good shopping experience from the
recommendation, they will actively change from a
wait-and-see user of a website to a loyal user, thus
increasing the number of visits to the website

The structure of E-commerce personalized recommen-
dation system is mainly divided into input module, recom-
mendation method module, and output module. The
structure of E-commerce system is shown in Figure 1.

The output module mainly inputs the current behavior
of the user and the behavior in the process according to
the time division, such as the input of personalized registra-
tion information, which includes the user’s name, age, and
occupation, and invisible data to recommend; in E-
commerce modeling, users will definitely only choose their
favorite products, and the system can provide them with
personalized services based on customer behavior. The user
scores the products purchased, and the values are used as
input to the model when entering keywords/product attri-
butes. Furthermore, in a mobile E-commerce environment,
the user’s contextual information, such as location and
weather, is used to personalize recommendations.

Themethod of personalized recommendation is at the heart
of the process. The performance of personalized recommenda-
tions is influenced by different recommendation methods,
which have an impact on the recommendation effect. Further-
more, the requirements for recommendation methods vary by
field of personalization. The output of personalized recommen-
dation takes two forms in various output module applications,
depending on the application requirements: output from
related products and output from mail or short messages.

3.2. Recommendation Technology Based on Collaborative
Filtering Algorithm. In our daily life, we often ask our good
friends for advice when choosing products to help us make
decisions. CF applies this idea to personalized recommendation,
that is, recommending suitable items to target users based on
the evaluation of certain items by users with similar interests.
Taking books as an example, if two users have browsed or
bought the same books, they are likely to have potentially sim-
ilar hobbies and purchase similar books in the future. That is to
say, user A and user B have many purchases that are the same
or similar. User A bought a book, but user B does not know
the purchase record of user A, so this book is likely to be recom-
mended to user B. The structure based on CF technology is
shown in Figure 2.

CF generally consists of two parts, as follows:
The user’s CF recommendation algorithm is used in the

first part. The user’s nearest neighbor query algorithm is
used in the traditional CF recommendation system. As a
result, it suffers from poor scalability and insufficient
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stability. The score prediction analysis is introduced into the
project, and when combined with the effect of data sparsity,
a modified conditional probability calculation of project
similarity is used to propose an optimized CF recommenda-
tion algorithm. The findings are more practical and accurate,
and the quality of the recommendations is improved. Com-
pared to the traditional CF algorithm based on the nearest
neighbor recommendation item, this algorithm effectively
alleviates the sparse data set caused by the above problem
and improves the recommendation system’s recommenda-
tion quality significantly. The process can be roughly divided
into three stages, as shown in the diagram above.

(1) Modeling Data Representation according to Users’
Scores and Effective Measuring of the Similarity
between Users. All users’ information forms a matrix,
also called user item scoring matrix, which is
denoted as R:

(i)

R =

R11 R12 ⋯ R1n

R21 R22 ⋯ R2n

⋯ ⋯ ⋯ ⋯

Rm1 Rm2 ⋯ Rmn

2
666664

3
777775
, ð1Þ

where M represents the number of users in the system, n
represents the number of items, and the value of matrix ele-
ment Ru1 represents the score of user u on item I. The value

of Ru1 is generally in a certain value range, usually an integer
of 1-5, and the items that the user does not score are
replaced by 0. The larger the Ru1, the higher the user U’s
evaluation of project I and vice versa.

(2) Looking for the nearest neighbor user set, the similar-
ity reflects the degree of difference between two objects
or two features, and the greater the degree of differ-
ence, the lower the similarity. On the contrary, the
smaller the degree of difference, the higher the similar-
ity. There are usually several ways to measure

(I) Cosine Similarity Value in the Calculation Process.
We introduce vector thinking, which has both mag-
nitude and direction. Cosine of the included angle
between directions can be regarded as a similarity
measure and monotonically decreases within the
included angle range according to cosine property,
that is, the smaller the measure value, the greater
the similarity. The formula is as follows:

(i)

Sim a, bð Þ = cos �a ∗ �b

a!
���

��� ∗ b
!���
���
=

∑i∈IabRai ∗ Rbiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑i∈IabR

2
ai ∗ R2

bi

q ð2Þ

(II) As the name implies, modified cosine similarity
measure is a modification based on the cosine calcu-
lation method, and cosine only has one fatal flaw:
the recommendation is not accurate enough because
the user’s rating scale is not taken into account. The
modified cosine similarity measure method is based
on the principle of subtracting the user’s rating by
calculating the user’s rating on the project. The for-
mula is as follows:

(i)

Sim a, bð Þ = ∑i∈Iab Rai − �Ra

� �
∗ Rbi − �Rb

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑i∈Iab Rai ∗ �Ra

� �2 ∗ Rbi − �Rb

� �2q ð3Þ

(III) Correlation similarity measurement is the simplest
but most practical way to calculate the similarity
among the three kinds of similarity. Pearson corre-
lation coefficient calculates the similarity formula

Key technology

Enter Recommended
method Output Preference prediction

Traditional business system +
social business system 

Figure 1: E-commerce system structure.

User A

User B 

User C 

Song A

Song B 

Song C

Song D

Figure 2: Structure based on CF technology.
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between target user A and a certain user B as
follows:

(i)

Sim a, bð Þ = ∑i∈Iab Rai − �Ra

� �
∗ Rbi − �Rb

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑i∈Iab Rai ∗ �Ra

� �2q
∗

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑i∈Iab Rbi − �Rb

� �2q

ð4Þ

(3) Generating recommendation is to finally predict the
item score value after obtaining the similarity from
the above and recommend some needed informa-
tion, that is, to give the top items with the highest
evaluation score (top-N) as the recommendation
result to the target users

(i)

K = 1
∑Q

u=1sim a, uð Þ
ð5Þ

The CF of project-based projects in the second part is
completely opposite to the above thought, but the algorithm
is the same, implying that a user will prefer projects that are
similar to those he has already purchased. The recommenda-
tion algorithm is much faster because this method does not
require identifying neighbors. Because the number of users
in most recommendation systems is far greater than the
number of items, finding the relevance between items is
much easier and more stable than finding the relevance
between users, and thus, the item-based CF algorithm is bet-
ter in terms of scalability than the user-based CF algorithm.
The formula is as follows.

(i)

Pu,p =
∑n∈Np

simp,n × Ru,n

∑n∈Np
simp,n
�� �� : ð6Þ

The similarity between items can be calculated offline
and saved in the database, so that it can be used directly
when recommending, which saves the time of recommenda-
tion and improves the efficiency of recommendation. The
disadvantage of project-based CF algorithm is that it does
not have the novelty of recommendation, and it also lacks
the ability of cross category recommendation and singular
recommendation.

3.3. Basic Characteristics of Personalized E-Commerce
Technology Recommendation

(1) E-commerce recommendation technology can better
expand the pull demand, which is different from the
passive information display of search engines in the
past. We can organize information directly accord-
ing to customers’ search to predict customers’ poten-
tial demand, accurately set products and services that
are “congenial” for customers, actively push infor-
mation to our customers, personalize it, and develop
it to people in need

(2) Generate business stickiness, turn customers into
repeat customers, and turn repeat customers into
old customers, which is an important index to mea-
sure user loyalty. Accurate service can make cus-
tomers feel dependent

(3) Support mass customization. This system not only
recommends the configured products to customers
but also assists customers to complete the module
of product selection

(4) To create business opportunities, today’s consumers’
choices are not only based on the use value of com-
modities, but also on their social and spiritual values,
which can increase customers’ sense of identity and
promote consumption. This flexible way of con-
sumption can also be quickly accepted by customers,
bringing huge business opportunities to the market

4. Based on the Actual Measurement of E-
Commerce Technology

Experiment 1. In order to ensure that the experimental data
can ensure the optimal experimental effect of the experi-
ment, the data set is sampled and analyzed, and the most
intensive and effective part of the user rating data is
extracted from the analysis results to carry out the experi-
ment. Before conducting the experiment, the paper analyzes
the number of users when a certain number of rating items
is reached. The user rating system distribution is shown in
Figure 3.

The scale of the user set whose number of scoring items
is within a certain range is represented by the point in the
image. The number of users is growing in tandem with the
number of user scoring items, but this growth is slow. When
the number of scoring items reaches a certain level, the num-
ber of users almost stays the same. When the number of
users is between 0 and 200, the number of users explodes,
and the number of users skyrockets as the number of scoring
items rises. As a result, this portion of the data is extracted
for experiments, and using hierarchical data yields good
experimental comparison results.

Experiment 2. Compare the improved algorithm’s aver-
age absolute error across different sparsity data sets and dif-
ferent numbers of nearest neighbors. The selected data set is
divided into different data subsets according to certain stan-
dards under the same other test conditions. In general, k-
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fold cross validation is used in machine learning to divide
the data, remove the majority of the data for training, and
use the remaining small portion of the data to calculate the
error. The evaluation standard can be the mean value of K
calculations. The experimental results after 4 groups of tests
are shown in Figure 4.

As can be seen from the above Figure 4, the number of
nearest neighbors affects the trend of each curve, and differ-
ent sparsity also greatly affects its value. Compare the tradi-
tional algorithm with the improved algorithm proposed in
this paper, and compare the average value of its 4-cross val-
idation experimental results. The results are shown in
Figure 5.

As shown in the graph, when the number of nearest
neighbors is less than 20, the improved algorithm’s value is
lower than the traditional algorithm’s, implying that the rec-
ommendation accuracy is higher. After the nearest neighbor
is greater than 20, the numerical value of the improved algo-
rithm will be greater than that of the traditional algorithm,
but the difference will be small. When the number of closest
neighbors is small, the number of recommended nearest
neighbors is no more than 20 in the E-commerce website’s

recommendation system. The calculation of online recom-
mendations takes less time and provides better real-time
results.

Experiment 3. After calculating the scoring degree of
each category of the project, analyze the best project scoring
threshold through experiments. During the experiment, we
set the value of the parameter as 0.1. When the number of
user neighbors is 30, 60, and 90, we select seven different
item scoring thresholds of 0.000-0.006 for the experiment.
We can see that when the item scoring threshold is taken,
the value is the lowest. Therefore, we selected the item scor-
ing threshold for follow-up experiments. The scoring trend
of the three groups of items is shown in Figure 6.

It can be seen from Figure 6 that when the parameter α is
equal to 0.1, the value is the lowest, which makes the recom-
mendation show the best effect. Here, the item rating thresh-
old is selected, and then, different parameter values are
selected for experiments when the number of neighbors is 0.
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Figure 3: User rating system distribution.
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Get three curves. It can be seen from Figure 7 that when the
parameter is equal to the lowest value, the recommendation
shows the best effect; The comparison of MAE values based
on interest bias filling and traditional algorithms is shown in
Figure 7.

5. Conclusion

To achieve more accurate and faster recommendation in the
E-commerce mode, personalized recommendation must
meet the special conditions of quick response to changes in
user interests, high real-time online recommendation, high
efficiency in processing big data, and so on. Every industry
is paying increasing attention to recommended technology,
and there is a high demand for it. Theoretical research on
personalized E-commerce recommendation technology and
implementation research are still in their early stages, and
efficient, real-time, and accurate recommendation algo-
rithms require more research and development. People have
widely accepted personalized recommendation technology,
particularly in the field of E-commerce, which has prompted
its application in the industrial field as well as a thorough
study of theoretical knowledge. Publicly adored, at the same
time, it breathes new life into online marketing; the recom-
mendation system has become an essential component of
E-commerce and is widely used. The algorithm is just one
component of the overall system. Perhaps a simple algo-
rithm can have a big impact. In the follow-up, the system
will compile statistics on the items that users have collected
and have frequently browsed but not purchased and send
them to users via mail over a set period of time. This paper
analyzes the problems faced by the development of E-
commerce and improves the traditional algorithm by com-
bining it with the CF algorithm. The domestic algorithm is
currently in widespread use, particularly in the case of sparse
user evaluation data. Due to a time constraint, many aspects
of the topic were left out of the article, and we will return to
them later.
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