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Abstract. In the era of big data information explosion, people are faced with a
large amount of information every day, and how to obtain the required content
in a large amount of information. The appearance of intelligent recommendation
system has brought great convenience to our life. The recommendation system can
recommend corresponding functions, products and services according to users’
past browsing information, enabling users to get their desired information data
from massive data more efficiently. As an indispensable part of most people’s
entertainment life, movie recommendation has also become a very important
part of Internet recommendation content. The collaborative filtering algorithm
is used to realize the personalized recommendation of movies. However, in the
process of movie recommendation, it is found that new users are only recom-
mended movies based on their ratings without considering the attribute informa-
tion between movies, which may lead to problems such as inaccurate recommen-
dation accuracy. Therefore, this paper further optimizes the collaborative filtering
algorithm and introduces the similarity calculation between movie attributes to
improve the accuracy of movie recommendation.

Keywords: Movie recommendation system · Collaborative filtering algorithm ·
Optimization of algorithm

1 Introduction

In today’s information explosion, there are various ways and means of obtaining infor-
mation, as well as various kinds of information. Nowwhat people spend the most time is
no longer where to get information, but to find the content or information they are inter-
ested in among the numerous information, which is the so-called information overload
problem. To solve this problem, recommendation systems are applied. Recommendation
systems are ubiquitous in everyday web applications, such as online shopping, online
bookstores, news apps, social networks, music websites, movie websites and so on. The
systemwill make personalized content recommendations based on personal preferences,
habits or needs. For example, open the news app. Because of the personalized recommen-
dation function in the app, the front page of news is different for everyone. Collaborative
filtering algorithm is the first personalization recommendation technology and the most
widely used recommendation algorithm. The movie recommendation system makes use
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of this special information recommendation technology to recommend somemovies that
users may like or be interested in according to their previous information about watching
movies and their rating information. However, in the process of using collaborative fil-
tering algorithm, we found that if the movie recommendation is only based on the user’s
rating of the movie, the recommendation result is not accurate, and the recommendation
accuracy and coverage may not be accurate enough. Therefore, collaborative filtering
algorithm can be further optimized. In the process of movie recommendation, not only
the rating information of the movie by users, but also the attribute information of the
movie itself, such as themovie category and the similarity between themovie categories.

2 Collaborative Filtering Algorithm

2.1 Introduction of Collaborative Filtering Algorithm

Collaborative filtering algorithm is a recommended technique which is widely used and
matures at present. Its working principle is to learn the user’s interests and preferences
according to the user’s historical operation behavior, find out the user’s neighbor users
according to their interests and hobbies, determine the set of goods that the neighbor
user likes, and then recommend to the user the information of goods in the set that the
user has not bought.

The collaborative filtering algorithm is mainly divided into three steps:

(1) Create a “user-item” rating table

According to the user’s purchase record and the score information of the purchased items,
a “user-item” rating table is formed. Among them, The user set U = {u1, u2, . . . , um},
where ui represents the user i, T = {t1, t2, . . . , tn}, where ti represents the item t. Rui,ti
represents user ui buys item ti and gives a rating. The “user-item” rating table formed is
shown in Table 1:

Table 1. “user-item” rating table

t1 t2 … tn

u1 Ru1,t1 Ru1,t2 … Ru1,tn
u2 Ru2,t2 Ru2,t2 … Ru2,tn
… … … … …

um Rum,t1 Rum,t2 … Rum,tn

(2) Form a neighborhood set

Neighbor set refers to the collection of users (items) with common characteristics with
the target user. According to the data set in Table 1, the historical score records of
each user (item) can be obtained from the “user-item” scoring matrix. Assuming that
the target user is uv, to calculate the set of neighbors of the user uv, you should first
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calculate the similarity between the target user and other users. The higher the similarity
between users, the closer the two users’ interests and hobbies will be, and the greater
the probability that they will share the same characteristics. Sort by similarity degree,
take the first N users to form the neighbor set.

(3) Form a list of recommendations

Set the user’s neighborhood set U = {u1, u2, . . . , uN }, and then add the collection of
favorite items of each neighbor user to the list to form a recommended list set, which is
recommended to the user.

Collaborative filtering recommendation algorithm can also be subdivided into two
algorithms: user-based collaborative filtering and item-based collaborative filtering
recommendation algorithm.

The main principle of user-based collaborative filtering algorithm: When the user
needs personalized recommendation, according to the user’s personal interests, hobbies
or behavior habits and other information, calculate the similarity between users, and
find the set of neighbors with the user. Then the information that each user likes in
the neighbor set is added together to form a commodity set, and then the items in the
commodity set are recommended to the user.

The main principle of item-based collaborative filtering algorithm: When a user
needs personalized recommendation, he can usually analyze the historical behavior data
of the goods he has purchased before, analyze the characteristics of the goods he has
purchased, and then learn the characteristics of the items he likes. In the commodity set,
according to the user’s interest and the characteristics of the items to be recommended,
a group of items with the greatest correlation is determined in the commodity set as the
recommendation list and recommended to the user.

2.2 The Evaluation Index of Recommendation Algorithm

The evaluation index is used to measure the performance of collaborative filtering
recommendation algorithm. The recommendation performance is mainly reflected in
two aspects: prediction quality and recommendation quality. Recommendation algo-
rithms usually use precision rate and recall rate to measure the quality of recommen-
dation, and use coverage rate to measure the quality of recommendation prediction by
recommendation system.

(1) Precision rate

The precision rate is the measure to evaluate the recommendation algorithm, which is
used to evaluate the recommendation effect of the recommendation system. Precision
rate is used to describe the ability of a recommendation system to predict user behavior.
Generally, the coincidence rate between the recommendation list and user behavior given
by the algorithm on the offline data set is calculated. The higher the coincidence rate is,
the higher the accuracy will be.

Precision =
∑m

i=1

∣
∣Tui ∩ recommenderui

∣
∣

∑m
i=1

∣
∣Tui

∣
∣

(1)
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Where, Precision refers to the precision of the recommendation algorithm, Tui refers
to the items purchased by user ui, and recommenderui refers to the items recommended
to user by the system. Tui ∩ recommenderui refers to the items that user ui purchases
which are recommended to the user by the recommendation system.

(2) Recall rate

Recall rate is a measure of how good a recommendation algorithm is. Recall rate mea-
sures the quality of the recommendation system by calculating the proportion of items
purchased in the recommended items.

Recall =
∑m

i=1

∣
∣Tui ∩ recommenderui

∣
∣

∑m
i=1

∣
∣recommenderui

∣
∣

(2)

Where, Precision refers to the precision of the recommendation algorithm, Tui refers
to the items purchased by user ui, and recommenderui refers to the items recommended
to user by the system. Tui ∩ recommenderui refers to the items that user ui purchases
which are recommended to the user by the recommendation system.

(3) Coverage rate

Coverage rate is an important measure of a recommendation system. Coverage is calcu-
lated as the ratio of the number of items recommended to the user to the total number
of items. Suppose the user set of the system is U, the list of items is represented by L,
and the length of the list of items recommended to users is represented by R(u).

Coverage=
∣
∣∑

u∈U R(u)
∣
∣

|L| (3)

3 Optimization of User-Based Collaborative Filtering Algorithm

3.1 User-Based Collaborative Filtering Algorithm

The main content of user-based collaborative filtering recommendation algorithm is:
when to recommend items to target users A, with target users will find A have similar
preferences, user B, then the user B items like, the target users before A no goods,
recommended to the user. For example, in Fig. 1, we can see that user u1 watched the
moviem1 andm2, user u2 watched the moviem1,m3 andm4, user u3 watched the movie
m1, m5 and m6. Recommended new movies to user u1 based on the above viewing
records.

The relationship between movie names and movie types is shown in Table 2.

(1) According to the similarity between users, find the set of users with similar
preferences to the target users.
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Fig. 1. User-based collaborative filtering recommendation

Table 2. Relationship between movie titles and movie types

Name/type Romance Comedy Drama Action Horror Thriller Fantasy Crime

m1 1 1 1 0 0 0 0 0

m2 1 0 0 1 0 0 0 0

m3 1 0 0 0 1 0 0 0

m4 1 0 0 0 0 1 0 0

m5 1 0 0 0 0 0 1 1

m6 1 0 0 0 0 0 1 1

For the first time, we need to calculate the similarity between users. We set user ui
and uj, Nui represents the collection of items that user ui likes, and Nuj represents the
collection of items that user uj likes. We can use the following formula to calculate the
similarity between users.

sim (ui, uj)=
∣
∣Nui ∩ Nuj

∣
∣

√
|Nui|

∣
∣Nuj

∣
∣

(4)

In Fig. 1, user u1 likes to watch movie m1, m2, user u2 likes to watch movie m1, m3
andm4, user u3 likes to watch moviesm1,m5 andm6. Now recommend movies to target
user u1. Calculate the user similarity between user u1 and user u2.

sim(u1, u2) = |{m1,m2} ∩ {m1,m3,m4}|√|{m1,m2}||{m1,m3,m4}| = |{m1}|√
6

= 1√
6

The user similarity between user u1 and user u3 is calculated as follows.

sim(u1, u3) = |{m1,m2} ∩ {m1,m5,m6}|√|{m1,m2}||{m1,m5,m6}| = |{m1}|√
6

= 1√
6

The similarity between user u1 and user u2 is calculated to be the same as that
between user u1 and user u3.
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(2) Forming neighbor sets and recommendation lists

By the above calculation, {u2, u3} becomes the user set of user u1. Add user u2 and
u3‘s movies to the list to form a recommendation list {m3 , m4 , m5 , m6},which is
recommended to user u1.

However, from Table 2, we can see that user u1 likes movie m1 and m2, while movie
m1 andm2 belong to romance, so user u1 prefers Romance. User u2 likes to watch movie
m1, m3, and m4, while movie m1, m3, and m4 belong to romance, so user u2 prefers
romance. User u3 likes to watch movie m1, m5, and m6, while movie m5, and m6 belong
to science fiction and crime movies, so user u3 prefers science fiction and crime movies.
To sum up, user u1 and user u2 prefer romance movies, while user u3 prefers science
fiction and crime movies. Therefore, user u1 has a high similarity with user u2, but a low
similarity with user u3.

Based on the above analysis, it can be seen that when using user-based collaborative
filtering algorithm for movie recommendation, the attribute characteristics of items that
users like need to be considered; otherwise, the similarity between users calculated is
incorrect. Therefore, it is necessary to optimize the user-based collaborative filtering
algorithm.

3.2 Optimization of User-Based Collaborative Filtering Algorithm

When the collaborative filtering algorithm based on users is optimized, the attribute
information of items is added in the process of similarity calculation. The specific steps
are as follows: firstly, the collaborative filtering algorithm is used to calculate the sim-
ilarity between users, then the similarity of attribute feature vectors of the items that
users like is calculated, and finally the two similarities are fused as the final similarity
between users. Make recommendations based on the final similarity calculation.

(1) The first step is to calculate the similarity between users.

sim (ui, uj)=
∣
∣Nui ∩ Nuj

∣
∣

√
|Nui|

∣
∣Nuj

∣
∣

(2) Calculate the similarity of properties between films

Set the category set of the movie A = {a1, a2, . . . , an}, and construct the movie’s
attribute feature vector according to the category to which the movie belongs. →

ami
=

{ai1, ai2, . . . , ain},→
ami

represents filmmi category information vector, as shown in Fig. 2,

aij value is 0 or 1, used to indicatewhethermoviesmi belongs to the category aj . Calculate
the similarity between films as shown in formula (5).

sim
(
mi,mj

) = →
ami

∗→
amj

=
∑S

b=1

(
aib ∗ ajb

)

√∑S
b=1 a

2
ib

√∑S
b=1 a

2
jb

(5)
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Fig. 2. Comparison of precision before and after optimization

In the formula, b represents the category b attribute of the movie; S represents the
total S attributes of the movie, and sim

(
mi,mj

)
represents the similarity between movie

mi and movie mj.

(3) Calculate the similarity between users after optimization

The similarity between users after optimization mainly considers the similarity of item
attributes while calculating the similarity of users. The specific calculation formula is
shown in formula 6:

sim
(
ui, uj

) = α ∗ sima + (1 − α) ∗ simb (6)

In the formula, sim
(
ui, uj

)
is the similarity between the optimized users, sima is

the similarity of item attribute characteristics, simb is the user similarity calculated by
the traditional collaborative filtering algorithm, and α is the parameter to adjust the two
similarities.

(4) Forming neighbor sets and recommendation lists

According to the optimized user similarity value, users with higher similarity value
constitute neighbor sets, and the recommendation list is constructed to complete the
user’s movie recommendation.

4 Algorithm Evaluation Experiment

4.1 Data Acquisition

Using Movie Lens data set, the collection contains 209,171 movies rated by 526 users
with a score of 0–5. Themovie categories aremainly divided into 12 categories, including
adventure, animation, children, drama, fantasy, romance, drama, action, crime, thriller,
horror and so on. Category information for movie properties is indicated by 0 and 1
respectively to indicate whether the movie belongs to that category. The data in the set is
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Fig. 3. Comparison of recall rate before and after optimization

divided into two parts, one as the training set and the other as the test set. Select different
number of neighbors to test.

4.2 Algorithm Testing

Using the data collected above, the optimization algorithm based on user collaborative
filtering was used to calculate the precision rate, recall rate and coverage rate before
and after optimization. By comparing the three evaluation indexes before and after
optimization, data simulation test was conducted according to formulas (1), (2) and (3).
The specific test results are shown in Fig. 2, Fig. 3 and Fig. 4.

As can be seen from the following three figures, in the user-based collaborative
filtering algorithm, the similarity of attributes and features of items is introduced to
calculate the user similarity. After the algorithm is optimized, the precision and coverage
of movie recommendation are significantly improved, but at the cost of the recall rate.

Fig. 4. Comparison of coverage before and after optimization
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5 Conclusion

This article mainly adopted the user-based collaborative filtering algorithm to movie
recommendation, but in the process of recommendation, find only according to the sim-
ilarity between the user and the target collection of users, the user preference similarity
recommendation precision is not accurate, so the filmwas introduced to the optimization
algorithm in attribute characteristics of similarity between two neighbor set and form
the suggestion list is calculated after synthetically, in order to enhance the precision in
movie recommendation.
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