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Abstract:

Recommender systems are systems that, over time, learn what product(s) or item(s) each person or customer is
(are) likely to like and recommend it (them) to him/her. These systems often operate based on similar
behaviors from other (possibly similar) people. Finding similar people is generally a highly time-consuming
process due to the large number of users and inaccurate due to the lack of information. For this reason, some
methods have resorted to increasing speed. On the other hand, some other methods have added additional
information so that they can increase the accuracy of finding similar or neighboring users. Some others have
resorted to hybrid methods. Recently, by the use of basic clustering methods, which is based on finding the
most similar neighbors with the help of users’ clustering, as well as by using basic content analysis methods
and sometimes adding ontology to these methods, researchers have been able to take the advantage of these
methods in order to solve some of the above challenges acceptably. In the proposed hybrid recommender
system, we have used a two-stage system in which, in the first stage, two models of predictions are made, then
in the second stage, by a combining component, the results of the first two parts are combined and the obtained
results are given to us as the final results of the system. In the first part, a system based on imputation of
missing values fills in the blanks in the scoring matrix. For this end, among the methods of the missing data
imputation, we designed a method that was compatible with filling the data set in very sparse conditions, and
then generalized it to our own method. In this regard, we have proposed a method based on the grey distance
clustering. In the second part, which itself is a hybrid ontology-based recommender system, we first extract the
information of each item with the help of a web crawler, then based on a basic article, we produce our own
limited ontology, and after that we apply our proposed method. Then, with the help of a proposed method, we
improve the ontology structure, thus increasing the accuracy of measuring semantic similarity between the
items and users in later stages, and significantly improving the effectiveness of the created recommendations.
It should be noted that this ontology is not comprehensive. Finally, we measure the similarity of item-items,
user-users, and user-items using an innovative basic ontology similarity measurement method. By the use of
this similarity matrix, we cluster users and items, and then store similar users and items as a new feature in the
user/item profile for each user/item. This will help us speed up the process of looking for similar users and
similar items in the future. In fact, based on this feature, we have increased the speed of the whole work. Since
we have set our goal to build a system that makes a balance between the two criteria of accuracy and speed, we
use these two criteria to evaluate the proposed system using a real data set. The results of comparing our
proposed method with some up-to-date similar methods presented in this field (using the same data set) implies
that our method is slower than fast methods, although it is more accurate than them; for example Recall of the
fastest method with 0.11 second per prediction is 0.30 while our method consumed time is 0.40 and its Recall
is 0.80. These results also suggest that the proposed method is faster than accurate methods and its quality is
more competitive or even better than them; for example the OTopN consumes about 0.58 seconds and has a
Recall of 0.65.

Keywords: Recommender System; Ontology; Memory-based Filtering; Model-based Filtering; Clustering; k-
NN.
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Table 2: Statistical test for the proposed method the state-of-the-art methods
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Table 3: Comparison of the proposed method with one of the updated similar methods based on the MAE criterion
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Figure P-2: Second algorithm related to pseudo-code of the
proposed ontology-based recommender system

Algorithm 3: ProposedRS

Input:
R: An incomplete rating dataset
t: Index of target user
N;: Number of defined clusters of users
N,: Number of used clusters of users
N3: Number of used similar items
Des!: Description text of different items
p: Number of keywords
n,: Algorithm parameter
Output:
UR: Completed rating of the target user
[a, B] = size(R)

[IP,UP,R] = OBRS(R, Des’,p,2,n,)
R= MKC(R,N)
UR ="
Return UR
SIS S i Ry WS A 4y gy po p g ooty 98I0 - S
ol 09

Figure P-3: Third algorithm related to pseudo-code of
combiner part in the proposed method

Algorithm 1: ProposedClustering
Input:
R: An incomplete rating dataset
N: Number of clusters
Output:
R: Completed rating dataset
p: A partition of users
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Figure P-1: First algorithm related to clustering pseudocode
of the proposed method

Algorithm 2: OBRS

Input:
R: An incomplete rating dataset
Des': Description text of different items
p: Number of keywords
T: Algorithm parameter
n4: Algorithm parameter
Output:
IP: The items’ profiles
UP: The users’ profiles
R: Completed rating dataset
[a, B] = size(R)
Compute [b,Vj € {1,2,..., B} b_
WholeDes = Ule Des!
0 = ExtractOntology(WholeDes)
KW = ExtractKeyWords(WholeDes, p)

pYiE{L2, .. a}kib;_]

vie{12,..,8}j €{12,..,p}:1P;; = tf;; X idf; according to
Des! and WholeDes

Vi€ {12, B)j € {12, B} ;8= siEF
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