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Abstract: The recommendation algorithm is a very important and challenging issue for a personal
recommender system. The collaborative filtering recommendation algorithm is one of the most
popular and effective recommendation algorithms. However, the traditional collaborative filtering
recommendation algorithm does not fully consider the impact of popular items and user character-
istics on the recommendation results. To solve these problems, an improved collaborative filtering
algorithm is proposed, which is based on the Term Frequency-Inverse Document Frequency (TF-IDF)
method and user characteristics. In the proposed algorithm, an improved TF-IDF method is used
to calculate the user similarity on the basis of rating data first. Secondly, the multi-dimensional
characteristics information of users is used to calculate the user similarity by a fuzzy membership
method. Then, the above two user similarities are fused based on an adaptive weighted algorithm.
Finally, some experiments are conducted on the movie public data set, and the experimental results
show that the proposed method has better performance than that of the state of the art.

Keywords: collaborative recommendation; TF-IDF method; user characteristics; fuzzy membership
function; weighted fusion

1. Introduction

With the advent of the big data era, information on the Internet has grown exponen-
tially. People have entered the era of information explosion from the past when information
was scarce. However, most of this massive amount of information is worthless. The in-
formation explosion has made it more and more difficult for people to obtain valuable
information from the Internet [1]. To improve the efficiency of production and life, people
need some information filtering technologies to filter out useless information. The recom-
mender systems are software tools and techniques providing suggestions for items which
are useful to a user. As one of the effective information filtering tools, the personalized
recommendation system can help users efficiently obtain information that meets their
needs when their needs are unclear [2].

The core of a personalized recommendation system is the recommendation algorithm,
which mainly includes the content-based recommendation algorithm, collaborative filter-
ing recommendation algorithm, and hybrid recommendation algorithm [3,4]. Among them,
because of the high efficiency, accuracy, and personalization, the collaborative filtering
recommendation algorithm has become one of the most effective and extensive application
recommendation algorithms [5]. For example, Nakagawa and Ito [6] proposed a recommen-
dation system which can recommend interesting document files to users by collaborative
filtering. Yu et al. [7] presented the application of a collaborative filtering algorithm in the
field of E-commerce. Park et al. [8] presented a fast collaborative filtering algorithm with a
k-nearest neighbor graph. Wu et al. [9] used a collaborative filtering algorithm to improve
the prediction accuracy of large-scale recommendation system. Bartolini et al. [10] imple-
mented a personalized recommendation. Although the collaborative filtering algorithm
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has been widely used, there are still some problems such as data sparsity, cold start, and
information expiration, etc [11].

To solve the problems above, a series of improvements based on the traditional
collaborative filtering algorithm were made and achieved some success. For example,
Piraste et al. [12] alleviated the sparsity and cold start problems of the matrix using the
film type label and director genre. Kumar et al. [13] used matrix decomposition technology
to reduce the dimension of the matrix and improve the accuracy of the recommendation
result. Sun and Dong [14] proposed a dynamic time drift model considering the influence
of user interest changes on similarity in different time periods. Wang et al. [15] pro-
posed a collaborative filtering algorithm combining the KNN model and XGBoost model.
Zarzour et al. [16] presented a new effective model-based trust collaborative filtering to
improve the quality of recommendation. In addition, there are some collaborative filtering
algorithms based on clustering [17], neural networks [18], and various probability mod-
els [19]. The above studies optimized the recommendation model to a certain extent and
improved the accuracy of the recommendation results, but there are still some problems to
be further studied. For example, most of the existing collaborative filtering algorithms only
consider the rating information among users, but ignore the user characteristics and the
impact of popular items on user similarity, which leads to poor recommendation results.

To further improve the accuracy of recommendation, a collaborative filtering algorithm
based on the TF-IDF method and user characteristics is proposed in this paper. In the
proposed method, both the rating information and the characteristics of the users are fully
considered. The contribution of this paper can be summarized as follows: (1) Based on the
rating data, the TF-IDF method is used to calculate the user similarity matrix to punish the
impact of popular items on user similarity, and to improve the ability of mining unpopular
items. (2) The user characteristics are fully considered in the proposed method, which
is used to calculate user similarity based on a fuzzy membership function, to deal with
the cold start problem by combining different dimension characteristics information of
users. (3) An adaptive weighted algorithm is presented to fuse the two kinds of similarities
of users obtained on the above two steps, to form a new user comprehensive similarity
for recommendation algorithm. At last, experiments are carried out on real data sets to
evaluate the accuracy of the proposed recommendation model. Experimental results show
that the proposed algorithm is better than the state-of-the-art algorithms in accuracy.

This paper is organized as follows. Section 2 gives out an overview of related work.
The proposed algorithm is presented in Section 3. Section 4 provides the experiments and
results analysis. Discussions on the parameters and performance of the proposed algorithm
are carried out in Section 5. Section 6 gives out the conclusions.

2. Related Work

The basic idea of the collaborative filtering algorithm can be simply summarized
as recommending items of interest to target users who have similar interests [20,21]. As
shown in Figure 1, the collaborative filtering algorithm is mainly divided into three steps,
namely establishing the user-item rating matrix, finding other users with similar interests
to the target users, and finally making recommendations by rating and predicting based
on similar users. Traditional collaborative filtering (CF) algorithms are mainly divided
into user-based collaborative filtering (UCF) and item-based collaborative filtering (ICF)
(see Figure 2). There are many improvements in the collaborative filtering recommendation
algorithms, to solve the data sparsity and cold start problem. These existing methods give
a good research basis for the recommendation system.

In this paper, the user-based collaborative filtering algorithm is focused on, which is
more suitable for responding to the favorite items for groups with similar interests, and
the recommendation results are more social. The proposed collaborative recommendation
algorithm is similar to those existing TF-IDF-based methods. However, there are many
differences between the proposed methods with those existing methods. In the proposed
method, the TF-IDF method is applied to rating data, and the user characteristics are
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fused to optimize the user similarity and improve the accuracy of rating prediction. It is
different from those methods that use a time-dependent similarity measure to compute the
user similarity without considering user characteristics [22]. It is also different from those
methods that directly calculate the user similarity through the TF-IDF method [23].

Rating prediction

Data set User-item rating
preprocessing d matrix

»  Similarity matrix »| Nearest neighbor

Generate
recommendations

Figure 1. The main architecture of CF model.
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Figure 2. The collaborative filtering algorithms: (a) user-based; (b) item-based.

The user-based collaborative filtering algorithm first needs to calculate the similarity
between the target user and other users. Then, some users with high similarity are selected
as the nearest neighbor set. Finally, aim at items in the neighbor set and predict all ratings
of the target user. The main process of the traditional user-based collaborative filtering
algorithm will be described as follows.

2.1. Data Preprocessing

Suppose the data set of a recommender system is D{U, I, R}, where U = {u,uy,
..., Uy} is the user set of the system, I = {iy,ip,...,iy} is the item set of the system,
and R is a user-item rating matrix. For a data set with m users and n items, the data
are preprocessed to obtain a m X n user-item rating matrix R(m x n), which is shown
as follows:

1 12 ... 7’1]' ... TIp
21 Yoo ... 7’2]' P o2
R=\| @
il Tipo oo Tij ... i
Fmi Tm2 ~ Twmj -+ Tmn

where r;; represents the rating data of user U; for item I;.

2.2. Similarity Calculation

In the recommender system, there are three main methods used to calculate the
similarity between two users: the cosine similarity, adjusted cosine similarity, and pearson
similarity [24]. In this study, the pearson similarity will be used, which is calculated
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through the common rating items between any two users. The pearson similarity is shown
as follows: _ _

Yier (Ryi = Ru) X (Ryi — Ro)
\/Zier (R, = Ru)? Liey (Ry, — Ro)?

where R, ; and R, ; represent the ratings of user u and user v on the i-th item, respectively;
Ry and R, represent the average of all the ratings of user u and user v, respectively.

SimUser(ur v) =

2

2.3. Generate Recommendation Set

Before rating prediction to generate recommendation, it is necessary to determine the
target user’s similar neighbor set. A similar neighbor set refers to the set of users who have
similar preferences with the target user. In the recommendation system, the most K similar
users are usually selected as the nearest neighbor set to form the similar neighbor set of the
target user [25].

After the neighbor set of the target user is selected, it combines with all the neighbors’
ratings of the items and the similarity between the users to predict the target user’s ratings
on the test set. The rating prediction is calculated as follows [26]:

5 EveS(u,K)ﬂN(i) SimUser(u/ U) X (Ry,i — RU)
Pyi=Ry+ ;
Yoes(uk)nN(i) | Simuser(4,0) |

®)

’

where P, ; represents the prediction rating of user u for unknown item ; S(u, K) is the set
of K users most similar to user u; and N (i) represents the set of users who have rated item 7.
After rating prediction, select the N items with the highest rating from the predicted rating
set as the recommendation results to the target users, and the recommendation process
ends [27].

3. Proposed Method

As introduced in Section 2, the traditional user-based collaborative filtering algorithms
usually only use the user’s rating information, but ignore the impact of other aspects of
user information and popular items on user similarity. To deal with these problems, an
improved collaborative recommendation algorithm (defined as ICFTU) is proposed by
combining the Term Frequency-Inverse Document Frequency (TF-IDF) method and user
characteristics model. The overall framework of the proposed algorithm is shown in
Figure 3, which has three main parts, namely the improved TF-IDF-based method, the
improved user characteristics model, and the proposed fusion strategy. The proposed
method will be presented as follows.

Rating data

TF-IDF model

Dataset {\7

# Fusion model

User characteristics

l Age
Impoved user

2 — characteristics model

3
Occupatioy' B Vender

Figure 3. Framework of the proposed collaborative filtering algorithm.
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3.1. Improved TF-IDF Based Method

The traditional collaborative filtering algorithm calculates the user similarity matrix
based on the user’s rating data of items, which is easily affected by popular items. For
example, “Shawshank Redemption” is a very good movie. If the user A and user B both
gave the movie “Shawshank Redemption” 5 points, the traditional collaborative filtering
algorithm will come to the conclusion that the user A and user B have high similarity.
However, the fact is not necessarily the case. As we know, the same behavior of users on
popular items does not mean that they have similar interests. On the contrary, if two users
have taken the same behavior on unpopular items, it is more likely that their interests are
similar. For example, if both users A and B have watched a relatively small number of
movies, such as musicals, then they can be considered to have similar interests. Therefore,
in order to eliminate the impact of popular items on the user similarity, the Term Frequency-
Inverse Document Frequency (TF-IDF) method is applied to the traditional collaborative
filtering algorithm in this paper, which is used to punish the popular items in the user
behavior list. The main reason to use the TF-IDF method is that it is suitable for the problem
of weight extraction. In addition, the TF-IDF method is simple and easy to calculate [28].

TF-IDF is a statistical method, which is often used to evaluate the importance of a
word to a file. The importance of a word is directly proportional to the number of times
it appears in the file, but at the same time, it is inversely proportional to the frequency
it appears in the file library [28]. Based on the principle of TF-IDF, an improved user
similarity calculation method is proposed to reduce the weight of the impact of popular
items on the user similarity. If an item appears in the user’s behavior list, but it also appears
many times in other users behavior list, this item is regarded as a popular item, and its
impact on the user similarity should be punished. The weight of the i-th item in this paper
is calculated as:

W, = TE, x IDF; = 744 U]

| u | & (1 + popular(i)) @)

where freq(i, u) represents the number of times that the i-th item appears in the behavior
list of user u; | u | represents the length of behavior list of user u; | U | represents the total
number of users; and popular(i) represents the number of times that the i-th item appears
in all of the user behavior lists.

Then the weight of the item is introduced into the equation of Pearson similarity
(see Equation (2)), and an improved similarity calculation method is obtained as:

Zze[( ulXW R) (lew RU)
\/ZZGI uzXW Ru) ZIGI( lew RU)

SlmUser(” U

©)

3.2. Improved User Characteristics Model

In real life, people living in the same area tend to have similar lifestyle and eating
habits, while people in different areas may show greater differences. Similarly, if two
people’s characteristics are more similar, such as gender, age, and occupation, then their
interests are more likely to be similar. For example, there will be more common topics
between students, but students and teachers may have different interests due to their
different work and social experiences. Therefore, it is reasonable to recommend a user pref-
erence item to other users similar to their characteristics when making recommendations.
There are some improved collaborative filtering algorithms, which have used the user’s
characteristics information. However, there are still some problems in the existing method,
for example, the similarity of age and occupation is calculated in a crude way, which makes
the recommendation results have some limitations [29].

To deal with these problems above, an improved user characteristics similarity model
is set up in this paper, which is based on the fuzzy membership method. The proposed user
characteristics similarity model can alleviate the cold start problem of the recommendation
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system caused by the lack of rating data for new users. The user characteristics similarities
in this study are defined as follows:
(1) Age similarity

Suppose that if the age difference is less than 5 years, the similarity is regarded as

1, and if the age difference is more than 25, the similarity is regarded as 0. The fuzzy
membership for the age similarity of users is defined as follows:

1, | Agey — Agey |< 5
Simage(u,v) = § BASAZ] 5 | Age, — Age, |< 25 ©6)
0, | Agey, — Agey |> 25

(2) Occupation similarity

The traditional method of occupation similarity calculation is that: if the occupation
is the same, the occupation similarity is set as 1, otherwise it is set as 0. Although it can
measure the similarity of two users to a certain extent, the user’s characteristics are not
fully exploited. In this paper, a tree diagram for the classification of occupations is set up
first based on the international standard classification of occupations [30], which is shown
in Figure 4.

Occupation

The distance between the
two nodes is 1

b

The distance between the

two nodes is 2 \

Occupation Occupation
A B
Occupation Occupation Occupation Occupation occupation 4
a b c d
occupation 1 occupation 2 occupation 3

Figure 4. Occupational classification tree.

In this occupation classification tree, the distance between two nodes is defined as
the number of edges between these two nodes. The distance between the parent node and
child node is 1, and the distance between adjacent brother nodes is 2. The distance between
the farthest two occupations in the occupation classification tree is defined as Dmax. Then
the fuzzy membership for the occupation similarity of users is defined as follows:

0, du,v:Dmax
Simocp(u, v) = H'gid%/v’ 0 < dup < Dmax (7)
1, duo=0

where d,,, is the occupation distance between users A and B; and 7 is the correction
coefficient, which is adjusted dynamically according to the occupation.

(3) Gender similarity

Different gender users have different preferences for items, so the gender should be
taken into account when calculating the similarity of user characteristics [29]. Assuming
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that the gender of user u is G, and the gender of user v is G, the gender similarity of users

is calculated as:
0, Gu # GU

SimGender(u/ U) = 8)
1, Gu = Gv

(4) User characteristics similarity

Combining the mentioned characteristics similarity of users in different dimensions
based on the age, gender, and occupation, the final characteristics similarity of users is
calculated as:

SimCharacter (ur Z)) = O‘SimAge (”r Z)) + ,BSimGender(”l 7)) + 5SimOCp (u, ZJ) (9)

where x + f+ 0 = 1 and a,B,6 € (0,1) are the similarity weights for the user’s age,
gender, and occupation. For different recommender systems, these weights can be adjusted
dynamically to achieve the optimal recommender effect.

3.3. Proposed Fusion Strategy to Generate Recommendation

Based on the improved similarity calculation method above, the final user compre-
hensive similarity calculation method can be obtained by weighted fusion, namely:

Simp(ur U) = CSimUser(”/ Z)) + VSimCharacter(”r Z)) (10)

where { + p =1,and ¢, u € (0,1) represent the weights for the similarity obtained based
on the TF-IDF method and the user characteristics. For different recommender systems,
¢ and p should be optimized. In this paper, a searching algorithm is proposed to obtain the
optimal values of ¢ and y, which is shown in Algorithm 1:

Algorithm 1 Optimal solution search algorithm

1 =0, =1—pu;, %Initialization parameters

2: foriinrange(N) :

3: ifu==1:

4: break;

5: else:

6: Simp =¢Sima+uSimb; %Model fusion

7: MAE(p,8); RMSE (p.0);

& f(1€) = min(MAE(u, &), RMSE(1,©));

9: u=u+057¢=1-—pu %Parameter update
10: end

11: end

122 ifi>=Noru==1,
13: w6 = fu &)

14: end

After obtaining the user’s comprehensive similarity Simy(u,v), K users which are
most similar to the target user are selected as the nearest neighbors to form the similar
neighbor set of the target user. Combined with the rating information of all neighbors and
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the similarity with the target user, the target user’s rating on the i-th unknown item is
predicted. In this study, the rating prediction in (3) is changed to:

P =R, + Y oes(uK)NN() Simp(”/z") x (Ry,i — Ry)
Yoes(u,k)nN(i) | Simp(u,0) |

(11)

7

The total work processing of the proposed collaborative recommendation algorithm is
summarized as follows:

e  Step 1: Preprocess the rating data and construct the user-item rating matrix R(m x n);

¢  Step 2: Use TF-IDF method and rating data to calculate the user similarity matrix
Simyser (”/ U);

e  Step 3: Use user characteristics information to calculate the user characteristics simi-
larity matrix Simcparacter (4, 0);

®  Step 4: Fuse the similarity matrices from Step2 and Step3 to generate the final user
comprehensive similarity matrix Sim, (u, v);

*  Step 5: After the comprehensive similarity matrix of a user is obtained, the nearest
neighbor set of the target user is selected to make rating prediction and generate
recommendations.

4. Experiments
4.1. Dataset and Metrics

To verify the effectiveness of the improved algorithm, this paper uses a dataset from
the MovieLens recommender system [31]. The Movielens dataset is a public movie dataset
released by the GroupLens Laboratory of the University of Minnesota. At present, there are
eight versions with different sizes. The dataset mainly includes the following information:
users ID, items ID, user’s rating information of the items, and time stamp of the rating,
etc. The Movielens-100k (ML-100K) data set and Movielens-1M (ML-1M) data set are used
in this paper, and the basic information of the two datasets are shown in Table 1. In the
experiment, the dataset is randomly divided into training set and testing set according to
the ratio of 8:2 for comparative analysis.

Table 1. The information of the dataset.

Dataset User Item Number of Ratings Rating Range
ML-100K 943 1682 100,000 1-5
ML-IM 6040 3900 1,000,209 1-5

There are many evaluation indexes of recommender systems [32]. Because the ultimate
goal of the improved collaborative filtering recommendation algorithm is to improve the
accuracy of the recommendation results, this paper mainly considers the accuracy of the
algorithm. To evaluate the recommendation accuracy of the improved recommendation
algorithm, the root mean square error (RMSE) and the mean absolute error (MAE) are used
to measure the effect of recommended systems [33]. MAE and RMSE are the measurement
of the deviation of recommendations from their true user-specified. MAE and RMSE values
can be obtained by calculating the rating deviation between the actual rating and the
predicted rating between users. The lower the values of RMSE and MAE, the higher the
accuracy of the algorithm recommended. The calculation methods for MAE and RMSE are
defined as:

leil | Pui —Tui |
N

N L 32
RMSE = \/Zi—l (Pl]l(] ru,l) (13)

MAE =

(12)
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where N is the total number of rating forecast items in the testing set, r,, ; represents the
actual rating of user u for the i-th item, and p,, ; is the prediction rating of user u for the
i-th item.

4.2. Comparison Experiment

To evaluate the performance of the proposed algorithm (ICFTU), the traditional user-
based collaborative filtering algorithm (UCF), the collaborative filtering algorithm with user
characteristics (CFUC), the collaborative filtering algorithm based on clustering (K-MCF),
and the algorithm based on optimizing similarity calculation (ICFOS) [34] are selected for
comparison. These four algorithms used for comparison are classical and often used in
the recommender systems. The above five algorithms are trained in the training set of two
data sets, respectively, and the ratings prediction is carried out in the test set to compare
the MAE and RMSE value of different algorithms. The nearest neighbor K is set as 35 for
all of the algorithms used in this experiment, the comparison of recommendation accuracy
is show in Table 2 and Figure 5.

Table 2. The results of the comparison experiments.

- MAE RMSE
t t

A€ TUCF CFUC  ICFOS K-MCF ICFTU UCF CFUC ICFOS K-MCF ICFTU

ML-100k 0976 0839 0806 0792 0771 1156 1011 105 0982 0941
ML-IM 0992 0852 083 082 0801 1219 1101 1102 1042 0976

2 B UCF . UCF

L Il CFuC 1.4+ I CFUC
S ICFOS s ICFOS

104 I K-MCF 1.2 B K-MCF

I ICFTU B ICFTU

ML-100K MLIM
(@ ®)
Figure 5. The results of the comparison experiment: (a) of MAE; (b) of RMSE.

It can be seen from the figure that the ICFTU proposed in this paper has a better recom-
mendation effect on both datasets. Among them, the traditional user-based collaborative
filtering UCF algorithm has the largest error and the lowest prediction accuracy. The CFUC
method (a collaborative filtering algorithm with user characteristics) combines the user’s
characteristic information, which makes up for some defects of the traditional algorithms
and improves the accuracy of recommendation. The K-MCF algorithm based on clustering
and ICFOS algorithm based on optimizing similarity calculation both improve the accuracy
of recommendation to a certain extent. The ICFTU algorithm combines the TF-IDF method
and user characteristics, reduces the impact of popular items on user similarity, improves
the calculation of user characteristics similarity, improves the accuracy of recommendation,
and still has some advantages in large-scale data sets.
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5. Discussions
5.1. Parameter Discussion

In this section, the influence of the parameters involved in the algorithm mentioned
in this paper will be discussed. The experiments are carried out on ML-100k data set,
where about 20,000 rating data are used to test the influence of the parameters in the
proposed algorithm.

(1) About the nearest neighbor

First, the reasonable number of the nearest neighbor K is discussed, which is one of
the key factors for the recommendation algorithm to achieve good results. The MAE and
RMSE of the proposed method under different K are shown in Figure 6. The results in
Figure 6 show that with the increase of the number of nearest neighbors of the target user,
the MAE and RMSE of the algorithm show a downward trend and gradually tend to be
saturated. Therefore, the nearest neighbor K is set as 35 in this study, to keep a relatively
high accuracy and low computation.

0.95

e~ ICFTU --+-- ICFTU
1.10
‘\
0.90 R
1.05 N
*
0.85 s - N
E . ¢
= LN % 1004 ..
0.80 e, e
+
- *.
Ry SN e
0.951 R
0.75 *
0.90
0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55
K K

(a) (b)
Figure 6. The influence of K on the proposed method: (a) of MAE; (b) of RMSE.

(2) About the user characteristic parameters

Secondly, the user characteristic parameters «, 3, and ¢ are discussed. In this experi-
ment, the parameter adjustment step is set as 0.1. Because a+pB-+0 = 1, to keep all the three
parameters bigger than 0, all the three parameters are set between [0.1,0.8]. The MAE and
RMSE of the proposed method under different «, B, and J are shown in Figure 7. It can be
seen that the MAE and RMSE are the minimum when « = 0.5, 8 = 0.2, and § = 0.3.

0.852

0.851 4
0.850 4
0.849
0.848 -
0.847 A
&= 0.846
0.845
0.844 4
0.843 4
0.842 4
0.841 4
0.840

1.042

1.041
1.040
1.039
1.038
1.037 4
1.036 1
1.035

2 1.034

2 10334
1.032
1.031
1.030
1.029
1.028
1.027 4
1.026
1.025 4

0.839
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
a

0.0

0.5

0.7 0.8

0.9

1.0

(a) (b)

Figure 7. The influence of the user characteristic parameters «, 8, and ¢ on the proposed method.
(a) of MAE; (b) of RMSE.

(3) About the model fusion parameters

Thirdly, the similarity weighted fusion parameters ¢ and y are discussed. In this
experiment, the parameter adjustment step is set as 0.05. The MAE and RMSE of the
proposed method under different ¢ and y are shown in Figure 8. It can be seen that the
MAE and RMSE are the minimum when ¢ = 0.8 and y = 0.2. This proves that the user
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similarity calculated by the TF-IDF method has the main influence on the recommendation
algorithm, and the recommendation effect can be improved by properly fusing the user
characteristics similarity.

0.84 1.02
o-- ICFTU --e-- ICFTU
0.834 1.014
e ‘\;‘ \V -..
0.82 S, 1.00 b
. e
.- -
081 . g 0:99 ",
= A <
= .. 3
0.80 . = 0.98 .
“u, S,
0.79 .. 0.97 »
.. -
N, - . )
0.784 0.96 o
Y
o [

.95
00 01 02 03 04 05 06 07 08 09 1.0

.77
00 01 02 03 04 05 06 07 08 09 10
g g

(2) (b)

Figure 8. The influence of the model weights ¢ and u on the proposed method: (a) of MAE;
(b) of RMSE.

5.2. Ablation Experiment

In this paper, an improved collaborative filtering recommendation algorithm based on
the TF-IDF model and user characteristics model is proposed. To discuss the influence of
the two main improvements of the proposed method, two ablation experiments are carried
out. The experiment is carried out on ML-100k data set, and the results of the proposed
method (ICFTU) in Section 4.2 are used as reference. The method which is only based on
the TF-IDF model is called ICFTU-TI, and the method which is only based on the proposed
user characteristics model is called ICFTU-UC. The results of this ablation experiment are
shown in Tables 3 and 4 and Figure 9.

Table 3. The results of the ablation experiment of MAE.

MAE
10 15 20 25 30 35 40 45 50

ICFTU-UC 0975 0916 0.897 0.873 0.859 0.847 0.838 0.827 0.822 0.819
ICFTU-TI 0.894 0.855 0.832 0.817 0.804 0.798 0.792 0.785 0.784 0.779
ICFTU 0.894 0.849 0.82 0.807 0.798 0.793 0.783 0.779 0.774 0.771

Method

Table 4. The results of the ablation experiment of RMSE.

RMSE
Method
10 15 20 25 30 35 40 45 50
ICFTU-UC 1.174 1.118 1.097 1.069 1.052 1.023 1.01 1.004 1.001 0.999
ICFTU-TI 1.087 1.045 1.015 0.998 0.985 0.976 0969 0959 0.957 0.952
ICFTU 1.090 1.038 1.002 0.988 0.976 0.968 0.957 0951 0.945 0.941

The results show that: (1) The ICFTU algorithm has the best performance and the
smallest error, which shows that the method using both the TF-IDF and the improved
user characteristics models are effective; (2) The error of ICFTU-TI is smaller than that of
ICFTU-UC, and it is close to that of ICFTU. This shows that the TF-IDF method is the main
factor to improve the accuracy of the model, and the improved user characteristics are the
secondary factor, which is consistent with the discussion results on similarity weighted
fusion parameters ¢ and y in Section 5.1.
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Figure 9. The results of the ablation experiment: (a) of MAE; (b) of RMSE.

5.3. Compared with Other Methods

To further show the performance of the proposed collaborative recommendation algo-
rithm (ICFTU), it is compared with two other state-of-the-art recommendation approaches.
The first one is a new collaborative filtering framework based on a gauss core and an
extension classification method (known as GCEDA) [26]. The second one is an advanced
approach, which is based on Deep Feed-Forward Neural Networks (known as DFFN) [35].
This comparison experiment is carried out on ML-100k data set, and the results are shown
in Table 5 and Figure 10.

Table 5. The results of the compared experiment with other two recommendation approaches.

Metric GCEDA DFFN ICFTU
MAE 0.799 0.779 0.771
Improvements 3.50% 1.03% -
RMSE 0.979 0.959 0.941
Improvements 3.88% 1.88% -
1.21 BN GCEDA
114 BN DFFN
BN ICFTU
1.0 1
0.9 4
0.8 1
0.7 4
0.6 1
0.5 4
0.4
0.34
0.2 4
0.14
0.0 -

MAE RMSE

Figure 10. The results of the compared experiment with other two recommendation approaches.

The results show that the proposed ICFTU in this paper has a better recommendation
effect compared to GCEDA and DFEN. The results in Table 5 show that the performance of
the GCEDA and DFFN methods are close to the K-MCF method (see Tables 2 and 5), the
main reason is that all the three methods use the information of the input data by different
strategy. However, the comprehensive performance of the proposed model is the best. The
MAE value of the proposed model is 3.50% and 1.03% lower than that of GCEDA and
DFFEN. Meanwhile, the RMSE value of our model is 3.88% and 1.88% lower than that of
GCEDA and DFEN.
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6. Conclusions

To solve the impact of popular items on user similarity, the TF-IDF statistical method
is used in this paper, and optimizes the formula to adapt to the recommendation model. At
the same time, an improved user characteristics similarity calculation method is proposed,
which makes use of the user characteristics information and alleviates the cold start prob-
lem. Finally, this paper conducts off-line experiments on Movielens data sets. Experimental
results show that the proposed algorithm is more accurate than the comparison algorithm.
There are still some problems that should be further studied in future, such as some new
user similarity models by fusing the item tag and user characteristic, and the deep learning
technology to mine the potential information of user and item.
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