
Research Article
Design of Personalized News Recommendation System
Based on an Improved User Collaborative Filtering Algorithm

Xuejiao Wang 1 and Chao Liu2

1College of Art and Design, Xi’an Mingde Institute of Technology, Xi’an 710124, Shaanxi, China
2School of International Economics and Trade, Universidad Complutense Madrid, Madrid 28040, Spain

Correspondence should be addressed to Xuejiao Wang; wangxj@mdit.edu.cn

Received 31 August 2022; Revised 27 September 2022; Accepted 1 October 2022; Published 22 February 2023

Academic Editor: R. Mo

Copyright © 2023XuejiaoWang andChao Liu.Tis is an open access article distributed under the Creative CommonsAttribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

To solve the problem of information overload in the feld of news, this paper designs and implements a feasible news rec-
ommendation system, where the front-end web page is made by Django framework, whose performance is optimized by bootstrap
and jquery, while in the back-end design, the original user similarity calculation method is improved by adding the time at-
tenuation factor, and a news recommendation model based on user collaborative fltering (CF) algorithm is proposed. Ex-
perimental results show that the proposed algorithm achieves highest recall, accuracy, and F1 score ratio compared with other
algorithms, which indicate that the proposed algorithm has better performance.

1. Introduction

With the advent of the information age, the Internet pro-
vides a convenient way to obtain news. However, there are
millions of news reports from diferent channels and felds
on the Internet, which makes users lost in massive data, so
that they need to spend a lot of time and energy to identify
the news they want to browse, that is, “information over-
load” problem [1, 2]. Recommendation system is a kind of
information fltering system, which can predict the user’s
preference for items according to the analysis of users’ in-
terest characteristics and historical behavior data, so as to
help users make decision and analysis, which can improve
the users’ experience.

In the application of news feld, the huge amount of news
produced makes it extremely important to recommend news
efciently and quickly. At present, many websites generally
adopt popular recommendation and click through rate
recommendation to deal with massive news, but these
methods often do not consider the interest diference be-
tween diferent users, and all the recommendation results are
the same, which cannot really meet the actual needs of users
[3, 4]. On the one hand, the current popular

recommendation system can reduce users’ time to fnd news
and improve their browsing experience. On the other hand,
this system provides the output efciency of news platform,
so that more corresponding news can be timely browsed by
users, which improves the utilization value of news and
provides great commercial value for news platform
companies.

Among them, news recommendation is a hot research
feld. By calculating the similarity of articles and considering
topics, categories, etc., the content-based news recom-
mendation systemwill generate a news list for users, which is
similar to the news users as in [5]. In addition, users in the
news feld are more likely to be afected by popular items. At
the same time, due to the timeliness of news recommen-
dation, user interest is constantly evolving [6]. Te collab-
orative fltering (CF) algorithm is useful for personalized
news recommendation (PNC). For news recommendation
based on CF, item CF is generally not adopted because the
number of news is far greater than the number of users, and
the update is fast, resulting in high computational com-
plexity [7]. Terefore, a user-based CF algorithm is adopted
in this paper, the basic principle of which is to fnd
“neighbor” user groups similar to the current user’s
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preferences (ratings) according to all users’ preferences
(scores) for items or information.

Te purpose of this paper is to develop a solution for the
news recommendation and try to make this solution have
strong compatibility and applicability. Trough the research
of hybrid recommendation technology, a feasible news
recommendation system is designed and implemented. In
the algorithm design, the existing similarity calculation
method does not consider the time factor. Terefore, this
paper considers the time factor and improves the original
user similarity calculation formula; in addition, the time
decay factor is considered.

2. Research Status of News
Recommendation Algorithm

Te principle of CF-based recommendation algorithm is to
assume that users who like similar items have similar in-
terests [8]. It frst generates a set of users with similar in-
terests for the target users and then recommends the items
that the target users have not clicked on but the users in the
collection have clicked on. Because the principle of rec-
ommendation algorithm based on CF is relatively simple, it
has been popular in the feld of recommendation. Wu et al.
[9] proposed a cooperative noise reduction coder to rec-
ommend to users, where the automatic noise reduction
encoder formulates the user project feedback data to gen-
erate a distributed structure of users and projects. Han [10]
improved the two stages of data preprocessing and nearest
neighbor selection in the CF algorithm, flled the user project
evaluation matrix, introduced the tag factor and time factor,
integrated CF with dichotomy K-means, and improved the
similarity calculation formula. Saranya and Sadasivam [11]
adopted a CF algorithm based on rough sets to score news
categories, which improve the ranking of novel news. Jiang
et al. [12] combined the knowledge graph with the CF al-
gorithm, connected web API and mashup related in-
formation through the knowledge graph, and then
calculated the distance between web API vectors to make
recommendations. Xue et al. [13] used the matrix de-
composition model to construct user news matrix by dis-
playing rating and implicit feedback information of users
and projected users and news into low-dimensional space
through neural network.

Although the recommendation algorithm based on CF can
obtain satisfactory recommendation results in some cases, it
often has the problem of cold start. With the development of
neural network, it has achieved good results in image pro-
cessing, natural language processing, and other felds. Because
the traditional recommendation model is a general algorithm
model, it does not combinewith specifc business scenarios, so it
is not efective in some specifc application scenarios. In this
case, the recommendation algorithm needs to make some
changes according to diferent applications, so there is a rec-
ommendation algorithm model for a certain application sce-
nario. Veličković et al. [14] proposed a novel attention
mechanism network, which assigns diferent weights to dif-
ferent nodes in the nearest neighbor through the self-attention
mechanism layer. Tese recommended algorithm models for

a certain feld need to be combined with the actual business
scenarios and need to design themodels from the perspective of
business and consider the actual application efect of the
models. Neural network can fnd the hidden feature in-
formation in user behavior records and capture the interaction
characteristics between the project and the user, which im-
proves the accuracy of the recommendation algorithm.

3. Design of PNC System

3.1. Overall Structure. Te architecture design of the system
is shown in Figure 1.Te whole system architecture design is
divided into the following parts.

Te data layer processes and stores user information,
news information, and log fle information, respectively.
Pandas data processing framework is used in the process,
and MySQL and Redis are used in the storage.Tere is user’s
historical information in the user’s news platform. In ad-
dition, the historical browsing behavior of users is the ID of
news, which needs to be mapped to the corresponding news
content. In this system, the news refers to the news title. Log
fles record all operations in the system and are saved in the
MySQL database.

Te strategy layer includes recall strategy, sorting
strategy, cold start strategy, and reordering strategy. Tis
layer is to model the user according to the news content of
user behavior sequence, so as to recommend the interested
news content to the user according to the user interest of the
news platform. Te process steps of this layer are as follows:

(1) Te candidate news is recalled in the news dataset
according to the news in the user behavior. In this
step, several kinds of candidate news are recalled in
the mass news dataset.

(2) In the news dataset, the recommended range of news
is reduced, and then the news ranking algorithm
mentioned above is used to further sort the candidate
news to generate the news recommendation list.

(3) When there is no history browsing record in user
behavior sequence, there is no sorting strategy. In
this case, we need to use cold start strategy to rec-
ommend to users.

(4) After sorting, the news needs to be reordered from
diferent angles, and the fnal sorting results are
returned to the user.

In the strategy layer, the model code is edited and trained
through the Python framework.

Te feedback layer includes feedback evaluation and rec-
ommendation list.Tis layer is to evaluate and adjust the results
of the strategy layer. After the strategy returns the recom-
mendation result, it evaluates the recommendation result
according to the evaluation indicators such as accuracy,
freshness, and popularity. When the strategy does not meet the
requirements of the index, it needs to adjust the strategy again.
In the evaluation process, SKlearn framework is used for
evaluation.

Te application layer provides interactive support for
users and administrators, including user registration and
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login, news browsing, editing materials, user management,
and news management. Te whole framework uses Flask,
HTML, and JavaScript to participate in the interaction
process between the front end and back end.

3.2. Function Module. Te system function module is di-
vided into fve parts, registration and login module, editing
data module, news browsing module, user management
module, and news management module. Te system func-
tion module is shown in Figure 2. Te registration and login
module includes user registration and user login.Te editing
data module includes nickname modifcation, avatar
modifcation, and password modifcation. News browsing
module includes news browsing, category news browsing,
historical news browsing, and recommended news brows-
ing. Te user management module includes user search and
user deletion. News management module includes news
release, news editing, and news deletion.

4. Realization of PNC System

Te recommendation system designed in this paper is
mainly presented in the form of web pages. Since the back-
end recommendation algorithm is designed by Python, in
order to facilitate the interaction between the back end and
the front end, the front-end web page is planned to use

Django framework, and bootstrap and jquery are used to
optimize the web page efect. As a mainstream and popular
web framework, Django uses a program structure similar to
MVC, using MVT (Model, View, and Template) architec-
ture. Te full name of MVC is Model View Controller. M
refers to Model, which mainly encapsulates the access to the
database layer and adds, deletes, modifes, and checks the
data in the database. V refers to View, which is used to
encapsulate the results and generate the HTML content
displayed on the page. C refers to Controller, which is used
to receive requests, process business logic, interact with
Model and View, and return results. MVT is the proper
name of Django framework, and its function is the same as
that of MVC. In MVT, Model is mainly used to defne and
interact with the database. View is similar to controller in
JSP, which is used to control the behavior of the website in
the background. Template is used to display the front-end
efect of a web page.

4.1. Front-End Functions. Te front-end design of website
mainly involves the design and development of template.
Diferent from JSP technology, under the Django frame-
work, an HTML web page is used not only as a page but also
as a template that can be reused many times.

Te realization of template function: when a user logs in
to a website of Django framework, the URL controller is used
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Figure 1: Overall system architecture.
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for routing distribution to match the appropriate view
function, and then the view function will read models or
render a template directly and return to the user interface
according to the process written by the programmer. Dif-
ferent view functions can render the same template, and the
contents of the template will change according to the pa-
rameters passed by the view, which can reuse the pages with
little change in style and reduce a lot of development costs.
Te running process of the whole framework is shown in
Figure 3.

In addition to the design of templates, the front end also
involves the display of back-end data. In this framework, the
data are frst processed by the controller and then trans-
mitted to the template through the corresponding API.
Taking the home page as an example, the parameters of the
page include news title, news classifcation label, and user
information. Among them, the news title and news tag are
imported into the page as a list, and the user information
only needs to pass in a user name, while in the background,
the news list will be sorted according to the user’s in-
formation and then output after processing.

Te method of calling parameters in the template is
similar to that in JSP technology. Each element in the list is
displayed in the page by traversing through the parameters
passed in. It is worth mentioning that all the pages of this
project use bootstrap to beautify the appearance of web
pages. Because bootstrap is a responsive framework, using
bootstrap can avoid the problem of display dislocation in
diferent size devices.

4.2.Back-EndFunctions. Assume that the user namedUneeds
personalized recommendation. First, fnd the users with similar
interests. Tose users are called the nearest neighbor users.
Ten, recommend the news that the nearest neighbor users like
but the user U has not seen. Tis is the CF algorithm based on
users. Te advantage of this recommendation system is that the
recommended newsmay be completely irrelevant in content, so
it can discover the potential interests of users and generate
personalized recommendation results for each user.

4.2.1. Algorithm Design. Te CF algorithm mainly uses the
similarity of behavior to calculate the similarity of interest.
Given user u and user v, formula (1) is used to calculate the
similarity of interest of u and v, where N(u) represents the

news set that user u has read, and N(v) represents the news
set that user v has browsed.

Wuv �
|N(u)∩N(v)|

�����������
|N(u)||N(v)|

 . (1)

User u has read news a, b, d{ }, and user v has read news
a, c{ }. Formula (1) is used to calculate the similarity between
user u and user v, and the calculation ofWuv can be rewritten
by the news sets {a, b, d} and {a, c}, which are shown in the
following formula:

Wuv �
| a, b, d{ }∩ a, c{ }|

�������������
| a, b, d{ }|| a, c{ }|

 �
1
�
6

√ . (2)

4.2.2. Improved Algorithm. Formula (1) only considers
whether the user has read a certain news, but not the reading
time. Due to the strong timeliness of news recommendation,
in the user’s reading history, the farther away from the
present, the more limited the efect of user’s behavior on
prediction. According to the characteristics of news rec-
ommendation, we adjust the similarity formula. At the same
time, the infuence of hot news and news reading time on
similarity is considered. In order to punish the infuence of
the popular news in the common interest list of user u and
user v on their similarity, the popular news is downgraded to
avoid the Harry Potter efect. Te calculation formula
considers the time attenuation factor to prevent the simi-
larity between user u and user v who like news i from being
too small within a certain time range. Formula (1) is
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improved by considering the characteristics of news rec-
ommendation, as shown in the following formula:

i∈N(u)∩N(v)m
∗
(Ta − To/Tc − To) + (1 − m)1/1 + N(i)

�����������
|N(u)||N(v)|

 ,

(3)

where N(u) represents the reading set of user u, N(v)

represents the reading set of user v, N(i) represents the
occurrence times of the news item i, Ta represents the
execution time,Tc represents the current time, To represents
the initial time, and m represents the adjusting factor, which
ranges from 0 to 1. Te larger m is, the more factors are
considered in the change of interest, while the smaller m is,
the more punishment is imposed on popular news.

For the convenience of description, this improved CF
algorithm is renamed as UserCF algorithm.

4.2.3. Algorithm Flow. After obtaining the user’s similarity,
UserCF algorithm recommends k news that users are most
interested in but not read by the recommended user. For-
mula (3) measures user U’s interest in news i in UserCF
algorithm:

P(u, i) � 
v∈S(u,k)∩N(i)

WubRvi, (4)

where S(u, k) represents the k nearest neighbor sets that are
most similar to user u’s interest, N(i) represents the user set
that has read news i, Wuv represents the interest similarity
between user u and user v, which can be calculated by
formula (3), Rvi represents user v’s preference degree or
score for news, user v has read news i, and Rvi is 1. Te
recommended news is the one that user u has not
read before. Te algorithm of user u’s interest in news i is
described as follows. for ((v � 1; v≤ all users; v + 1))

Formula (3) is used to calculate Wuv.

(i) Step 1. Sort all Wuv to get k nearest neighbor sets
S(u, k) with the most similar interests of user u.

(ii) Step 2. Find the users S(u, k)∩N(i) who have read
news i from k nearest neighbor users.

(iii) Step 3. Te similarity degree Wuv of each user
v ∈ S(u, k)∩N(i) in user u and set S(u, k)∩N(i) is
multiplied by the user’s interest degree Rvi and the
sum is the interest degree of user u in news i.

(iv) Step 4. According to P(u, i) � P(u, i) + Wuv ∗Rui,
sort P(u, i) to fnd the news that k neighbors are
most interested in and recommend it to user u.

When a new user registers, the user will select several
categories of interest. Tese categories are displayed dy-
namically through the word segmentation results of news in
the database, which are not fxed. After users choose, the
back end will give priority to the categories they are in-
terested in during the process of visiting the website. Tis
recommendation method is mainly to deal with the problem
of cold start. Before the recommendation data are formed,
tag recommendation is used to deal with the situation that

the recommendation system does not have sufcient data for
recommendation analysis. Similarly, SQL statements are
used to organize the required news objects into a linked list
and then render the output. In the page, the news headlines
are read in an iterative loop. Te recommendation process is
shown in Figure 4.

5. Experiment and Analysis

5.1. Dataset. Te dataset used in this experiment is from the
user data of a domestic news website, including 5000 users
and nearly 120000 reading records. Each dataset contains six
parts, and the details are shown in Table 1. In this experi-
ment, the dataset is divided into two parts, in which the ratio
of training set and test set is 7 : 3. Te data information is
shown in Table 1:

5.2. Evaluation Index. In this experiment, F1 score, pre-
cision, and recall were used to evaluate the algorithm
proposed in this chapter. F1 score is the harmonic mean of
accuracy and recall rate. Accuracy refers to the ratio of
recommended correct news items to the recommended list,
while recall ratio refers to the ratio of recommended correct
news items to the list clicked by users. Te calculation
formulas are as follows:

F1 � 2∗
(precision ∗ recall)
(precision + recall)

,

precision �
u|R(s)∩T(s)|

u|R(u)|
,

recall �
u|R(s)∩T(s)|

u|T(s)|
,

(5)

where R(s) represents the recommended list of news titles
recommended to user s and T(s) represents the news
headlines clicked by user s in the test set.

5.3. Results and Discussion

5.3.1. Parameter Optimization. First of all, in the fusion
similarity calculation, through the weight infuence factor α,
traverse the value, observe the change of precision value, and
measure the weight of similarity calculation method. Te
experimental results are shown in Figure 5.

Te change of weight infuence factor α can afect the
prediction accuracy of news recommendation algorithm.
When α� 0.5, the news recommendation algorithm that
integrates user reading records and news title similarity
proposed in the model has the best performance, and when
α� 0.4, the accuracy is the highest. Terefore, α is selected
as 0.4.

5.3.2. Comparison of Diferent Algorithms. In order to verify
the efectiveness of the back-end design of the system, the
experimental results are compared and analyzed with other
algorithms. In this paper, three algorithms are selected for
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comparison: PNR, FALS, and NR_LDA. Te results are
shown in Figures 6–8.

PNR is an improved PNC algorithm based on consumer
click behavior [15]. Firstly, association rules between adja-
cent news are established in the news browsing sequence of
consumers, and then the restriction of browsing time dif-
ference is added to the construction of association rules to
recommend news to users.

Fused ALS (FALS) uses the weighted hybrid rec-
ommendation strategy to fuse ALS model recommen-
dation, content-based recommendation, and improved
cyclic neural network algorithm and obtains a hybrid
algorithm model through logical regression training
weight [16].

NR_LDA combines the user’s interest and news time-
liness [17] and adds the infuence of news release time to the
topic extraction by using the LDA model to improve the
efect of the recommendation algorithm.

As can be seen from the above fgures, with the increase
of recommendation list N, the accuracy frst increases and
then decreases. When N� 10, the accuracy reaches the

highest. Under the same N value, compared with the four
algorithms, the proposed algorithm improves by 2.7%
compared with PNR, 3.9% compared with NR_LDA, and
12.6% compared with FALS, with the highest accuracy
among the four algorithms. With the increase of recom-
mendation list N, the recall rate increases gradually. Te
recall rate of the proposed algorithm is higher than that of
the other three algorithms in the same recommendation list
N, indicating that the proposed recommendation algorithm
has better performance.

Table 1: Dataset information.

Attribute Details
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Category_id Category of news headlines
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Figure 4: News recommendation process.
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To balance recall rate and accuracy, F1 score was used as the
evaluation standard of this experiment. As shown in Figure 8,
with the increase of N, F1 score frst increases, then decreases,
and fnally tends to be stable, which reaches its maximumwhen
N� 10. In the case of a small number of similar users recently,
the number of news recommended by users may not be
comprehensive enough. However, if too many recent similar
users are selected, some users with low similarity degree will be
included, and the news with high popularity clicked by these
users that has no interest of target users will be recommended to
target users, resulting in reduced accuracy. Terefore, in the
news recommendation algorithm, it is necessary to reasonably
select similar users as recent similar users to obtain the ideal CF
recommendation efect.

 . Conclusion

Tis paper designs a personalized news recommendation sys-
tem. Te functional requirements of this system need to meet
the acquisition and storage of news data, user behavior re-
cording, news content display, etc.Ten, the architecture design
of PNC system is introduced, including multilayer structure,
where the front-end web uses Django framework to reduce
development costs and greatly improve development efciency,
while the back-end design adopts the news recommendation
model based on the UserCF algorithm. Te test results show
that the recall, accuracy, and F1 score of the proposed algorithm
are higher than those of the other three algorithms in the same
recommendation list N.
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