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Abstract— Trustworthiness is used to solve cold-start problem in recommender systems. In such systems, user assigned
explicit trust rating such as how much they trust each other and trust can be used for neighbor formation to generate
automated recommendation. However, reliable explicit trust data is not always available. In this paper we propose a new
method of deriving implicit trust relationships based on user’s interest similarity without needing explicit trust data. To
measure the users' interest similarity, user’s personalized tagging information is used. The derived implicit trust values
are used to generate resource recommendations for social bookmarking website users. Our experiment result shows that
the proposed recommendation method outperforms the traditional collaborative filtering approach.
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1. INTRODUCTION

With the rapidly growing amount of information available on the World Wide Web, it is important to have tools to
help users to select the relevant part of online information. Recommender systems are a solution to information
overload problem. Its task is to recommend highly relevant items with a given user. The correct recommendation is
increasingly important because of information overload. It is impossible for a user to search all items to get the
items the user interests because the number of existing items is too large. In this case, recommender system helps the
user to find his interesting items. Typically, in a recommender system, we have a set of users and a set of items. Each
user u rates a (small) subset of the set of all items with some numeric score, e.g. on a scale from 1 to 5. The
recommender system has to predict the unknown rating for source user u on a non-rated target item based on the
known ratings.

Collaborative Filtering (CF) is one of the most successful technologies among recommender systems [13]. CF is a
process that the system uses the preference similarity from users in the system to sort out the relevant information
from the non-relevant information. Most of the CF-based recommender systems use either the user-based CF or the
item-based CF schemes for recommending resources to users. The approach of user-based CF calculates the similarity
between neighbors and the target user for predicting the new proper items to the target user. On the other hand, the
approach of item-based CF collects the interaction history of user-item from the system and selects the most similar
items based on the similarity between items.

To overcome the well-known cold-start problem, recommender systems are extended with trust-awareness. Trust-
aware recommender systems make recommendations based on the ratings of users that are directly or indirectly
trusted by the target user. They assume that users tend to find trusted users when receiving recommendations. To say
it formally, trust is the subjective probability that the trustier, u will have the same preferences and tastes as the trustee
v. By utilizing trust information, recommender systems relieves sparsity problem [4]. However, most of the trust-
aware recommender systems provide no means of representing implicit trust relationship between users. In the
proposed system, trust values between users are tried to estimate implicitly without needing explicit information.
Social tagging systems have gained popularity on the web. They allow users to create tags that annotate and
categorize content and share them with other users. People tag resources for future retrieval and sharing [10]. Tags
can convey information about the content and creation of a resource [11]. Tags identify what the resource is about and
the characteristics of a resource [12]. This additional metadata could also be used to support the recommendation
process. The tags assigned to items by the user describe user’s personal interest and preferences who added them. In
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this paper, how the information represented by the folksonomy data can be used to improve the performance of
traditional collaborative filtering algorithms. This paper presents a resource recommendation method which is based
on implicit trust relationships which are obtained from users’ tagged resources and tags.

The rest of the paper is organized in the following ways. In section 2, other related works are presented. Section 3
describes the traditional approach of making recommendation. Section 4 presents the framework of proposed system.
Section 5 explains the dataset and experimental setup. Section 6 presents the experimental results and the paper
concludes in section 7.

II.  RELATED WORK

Trust-awareness is used to overcome cold-start problem in recommender systems. Trust could be used as
supplementary or replacement method of widely used collaborative filtering [1, 2]. Reference [4] introduced a trust-
aware recommender system which relies on user’s explicitly stating trust values for other users. Reference [3]
conducted analysis on the correlation between interpersonal trust and interest similarity. They suggested that the
relationship between users’ trust and similarity is positive. Reference [1] presents a survey on the relationship
between trust and interest similarity in a social network. Reference [6] proposed a method of developing trust network
based on user tagging information but they required item description information while defining the semantic
meaning of tags. This work differs from the above research in several ways, most notably, in the estimation of trust
values. Rather than having the user explicitly declare trust vales, the recommender system will implicitly estimate
trust values between users. Users may not want to expend effort on assigning trust values to other users.

There is not so much research work done on the item recommendation. Reference [5] discussed about using the tag
information to do item recommendation. In [5], the tag information was converted into two 2-dimensional
relationships, user-tag and tag-item, and was used as a supplementary source to extend the rating data. A tf-idf
weighted tag-based item profiles have been used for web page recommendation in [7] and [8].

In this paper, user’s tagging behavior in social bookmarking website will be explored to know the user’s interest and
preferences. After determining user’s preferences and interest based on user’s tag usage, user-item rating matrix is
derived which is not explicitly available in social bookmarking website based on user’s tagging behavior. And,
implicit trust relationships between users are derived in order to be used in proposed resource recommender system.

III. OVERVIEW OF COLLABORATIVE FILTERING RECOMMENDER SYSTEM

In this section, the basic work of recommender system is described. The goal of a CF algorithm is to recommend
products to a target user based on the opinions of other users. A recommender system assumes a set of users U=
{uy,....ux} and a set of items I= {iy,........iy}. Each user u rates a set of items by r,;. r,; can be any real number, but
more often ratings are integers, e.g., in the range [1,5]. The basic task of recommendation is as follows. Given a user
ull U and an item il I for which ru,i is unknown, predict a rating for u on item i.

For each user u; we have a list of items I; for which the user has expressed an opinion about. These opinions can be
either explicitly given by the user as a rating score (as is the case with Netflix) or can be implicitly derived from the
user’s purchase records. Under this setting we consider a distinguished user u, € U called the active user for whom the
task of a collaborative filtering algorithm is to suggest other items that the active user might like. This suggestion can
take either of the following two forms:

* Prediction: Provide a numerical value, P, expressing the predicted likeliness of item ij / € I, for the active user
u,. The predicted value should be within the same scale (e.g., from 1to 5) as the opinion values provided by u, in the
past.

* Recommendation: Provide a list of N items, Ir [ I, that the active user will like the most. Obviously the
recommended list should only contain items not contained in I,,. This kind of suggestion is also known as Top-N
recommendation.

The proposed system is a top-N collaborative filtering recommender system that provides users with a ranked list
of top-N items.

III.  PROPOSED TRUST-BASED RECOMMENDER SYSTEM

In social bookmarking system, the following data exists:
U={u;, uzy..evnn.... ,Un} 1s a set of n users,
T={t,tyyeeeeeen.. ,ti} is a set of tags annotated by users to describe bookmarked resources,
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={igige e einnn. ,in} 1s the set of resource items tagged by users.

Trustworthiness between users is useful for recommender systems. However, the trust information is not always
available, and even available, it may change over time. In this research, we propose to automatically construct the
trustworthiness between users based on users’ online information and online behavior. Users with similar tagging
behavior and resource items will trust each other. Therefore, user’s tagging information will be used to measure
trustworthiness between users.

In social bookmarking systems, users annotate the bookmark resources using their own keywords called tags.
Therefore, tags show user’s interest and preferences on the bookmarked resources. The proposed system will analyze
user’s tag usage and find out user’s interest on resource items. Therefore, as the first step the proposed system finds
the interest factor of a user for a particular tag. Then the resulted interest factor is used in calculating the interest
factor of user for a particular item. A user will be more interested in tags which are highly used by the user than tags
which are rarely used. And he will be interested in related resources in the same way.

Each user uy E U has a set of personal tags: Ti= {tu,tka,e.venv... Jtat used to annotate the particular resources.
Therefore, as the first step, the tag score of a user for a particular tag, ts(ust;) , is defined as follows,

)

where freq(t;) is the total frequency of tag i used by user to annotate his resource items. Freq (t)) is total frequency of
all tags used by user i. Therefore, how much each tag important to the user in all the tags used by this user is
measured in this step. Then the interest Factor of a user to a resource item ‘i’ is the sum of interest factor of all tags
used by the user to annotate the resource item ‘i’. It is written in formula as follows:

IN (u,i) =Y s (u,t;) 4)

JeTr

Bookmarked items annotated with important tags by the user are important to user and will have highest interest
factor values.

After finding user’s interest on tags and resource items, the next step is to measure trust values between users based
on their interests. Prior work on trust-enhanced recommender systems worked on the explicit trust relationship of
users. They need users to provide explicit trust rating for other users. But it is not always possible to obtain explicit
trust information from users. In our research, measuring trust values between users base on three similarity measures:
tag usage similarity, resource item similarity and interest similarity on resource items.
To compute tag usage similarity for the two users u, and u, let T, and T, be the sets of tags for each user u, and u,
respectively. Tag usage similarity is measured based on the common tags used by the two users, u, and u,. It is
calculated as follows:
(r,nT,) (5)

T, |
To compute the resource item similarity between two users u, and uy, both of their resource items are considered as
two sets, and the Jaccard Index is applied between these sets. The Jaccard index is a well known statistic, widely used
to compare the similarity between two sets. This formula is presented below in equation 1, where I, represents the
item set of user u, and I, represents the item set of u,.

sim . (u,,u,) =

SimR(ua’ub):J(ua’ub):W ©)

To calculate interest similarity on resource items, we use interest factors values calculated from equation (4). Interest
factor values calculated at equation (4) indicate the users’ interest on resource items. These values can be taken as
user’s implicit ratings on resources items. Then, the similarity between two users’ rating behavior can be by using
various similarity measures. In the proposed system, to measure item interest similarity called simy(u,,u,), Pearson
Correlation similarity method is used. Let a and b be two users, R, , be the rating of user a for item p and P be the set
of items, rated both by a and b. Then Pearson correlation coefficient is defined as follows:
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Finally, level of trust ‘st’ is the sum of three similarity measures stated above,

= 3LMMal ®)

A

]

stiel, o

The proposed social bookmark recommender utilizes trust values calculated in the above step to filter most trusted
users in neighborhood selection process. After neighborhood selection, the resource recommender subsequently
chooses which resource items of neighbor users to be recommended to user. In order to generate a top-N list of items,
the ranking score of an item is computed according to the following equation,

RScore (u,i) = ZnENei(u)St (u,n) 9)

Where Nei(u) is neighbors of user u produced from neighborhood formation phase. st(u,n)=trust value of user u and
his neighbor n.

IV. EXPERIMENTS

This paper uses the version of the Delicious.com dataset published for the HetRec 2011(hetrec2011-delicious-2k).
This dataset was obtained from Delicious social bookmarking system. Its users are interconnected in a social network
generated from Delicious “mutual fan” relations. Each user has bookmarks, tag assignments, i.e. Triples [user, tag,
bookmark] and contact relations within the dataset social network. Each bookmark has a title and URL. Table 1
shows some statistics about the dataset.

Table I. DATA STATISTICS OF HETREC-DELICIOUS-2K DATASET

1867 users

69226 bookmarked URLs

38581 bookmarked principal URLs(e.g., www.delicious.com for
http://www.delicious.com, http://www.delicious.com/

104799 bookmarks (avg. 56.1 bookmarked URLs user; avg. 1.5
users/bookmark)

53388 tags

437593 tag assignments(avg. 234.4 tags/user;avg. 6.3 tags/URL

7668 bi-directional user relations (avg. 8.22 relations/user)

An experimental study was performed to evaluate the performance of our resource recommender. The recommender
was tested with derived implicit trust relationships for various numbers of trustful users. In our experiments, the
dataset is divided into two parts — training (80%) and testing datasets (20%).

The “Precision and Recall” method is used to evaluate the recommendation performance. Precision and Recall for
an item list recommended to user u; is computed based on the following equations:

Precision = % (10)
Recall = @ (1 1)

Where T; is the set of all items preferred by user u; and P; is the set of all recommended items generated by the
recommender system.

The proposed trust-aware recommender system (ST) was compared with traditional user-based collaborative
filtering recommender system. Both methods ST and Traditional CF used the same recommendation technique
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except the neighborhood formation phase. With proposed ST algorithm, top N most trusted users are selected as
neighbors. For neighborhood formation in traditional user based CF, cosine similarity method is used. In the
performed experiment, the number N of recommended items is set to 100. The dataset contains significantly more
items than users which is different from many other data sets, so using a small value for N will produce generally
poor results for all compared methods. And then the system is tested with various numbers of neighbors from 10 to
50 by an interval of 10.

Fig 1 shows the average recall values of our proposed system and traditional CF. When the recommender system
deploys the implicit trust relationships, the performance of the system is higher than that of the traditional system
without trust information. If the user has the small number of trustful users, the derived implicit trust relationships
are important to improve the quality of recommendation results.

According to the figure, the proposed implicit trust relationship extraction can find more hit items than the
traditional approach.
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Fig 1 Recall comparison of the two models for resource recommendation Fig 2 Precision comparison of the two models

by varying number of neighbors N=10,....,50 and fixing top N =100.

V. CONCLUSION

In this paper, a recommendation method based on implicit trust relationships is presented. Implicit trust relationships
are derived by analyzing the users’ tagging information and preferences. The implicit trust metric is incorporated
into top n recommendation system to provide more accurate and reliable recommendations to users. Moreover,
user’s interest and preferences are captured by analyzing user’s tagging information and generated the user-item
rating matrix to be used in top-N recommender system even though there is no explicit rating matrix available. For
future work, we will evaluate our recommendation approach with other datasets, such as CiteULike.
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