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As the growing popularity of the Internet, the online social network has become an indispensable part
and played a more and more important role in our daily life. People in the online social networks would
link with their friends through chatting, e-mail, posting, commenting directly, which are built on the
mature relationships in reality. However, this link-ship provides only a coarse representation of re-
lationship rather than revealing the relationship strengths. Accurate measurement of social relationship

could be applied to many applications, such as project or paper review. In this paper, we propose a
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probabilistic graphical model to measure the relationship strengths between different users in the social
network by taking consideration of the similarities among users profiles, co-occurrence of user names
and interaction activities in different activity fields.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The social network service (SNS) has become a necessary
contact way for humans to expression, communication and shar-
ing information with their family, friends and colleagues, by
messaging, publishing newsfeeds, uploading photos and posting
comments. The current relationships of network users in Face-
book, Twitter, Sina Weibo, are mostly simple binary status, such as
Follow, Fans, Friends, which ignores their relationship strengths
between different users, furthermore, much of the past work on
social network relationship has focused on coarse relational ties
(e.g. friends or not). However, people obviously prefer contacting
with their friends to just acquaintances and more inclined to ex-
change emotion with their close friends. It seems more reasonable
to use relationship strength to evaluate the closeness than just
simple relationship status. Therefore, we will focus on designing
an effective estimation method to measure the relationship
strength accurately.

The existing works of estimating the relationship strengths
consider only two cues: the users profiles and the interaction ac-
tivities among different users. The users profiles including their
age, location, hometown, hobbies, work experience etc, provide
the basic attributes to help exhibit the similarities between users.
It is believed that the higher similarity of users profiles is, the
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higher relationship strength will be. For instance, if the geo-
graphical positions between users are closer, or the users share
more interests and friends, their relationships will be stronger.
From the activity aspect, frequently interactions, such as sending
messages, comment on friends posting, @ other users, could reveal
their closeness in daily life, thus can be used to measure the re-
lationship strengths between different users.

Most approaches of relationship strength estimation confused
all the interaction activities together and didnt take into account of
the fact that the relationship strengths between the same users
will vary significantly in various activity fields. For example, user A
has a frequent contact with his partner B in work time, that means,
A and B have stronger relationship strength in work field com-
pared to the scarce contact in entertainment or diet fields.
Therefore, measuring the relationship strength on each specific
activity field seems more reasonable and useful in real applica-
tions, rather than the overall relationship strengths between dif-
ferent users.

Inspired by this motivation, we proposed a general framework
to measure the relationship strengths between different users on
various activity fields, based on three information sources: simi-
larities of users profiles, co-occurrence of user names and inter-
action activities. After data processing, our approach is composed
of two primary sequential steps: (1) Classify the activity docu-
ments into their corresponding activity fields by a new classify
algorithm SVM-KNN. The SVM-KNN is the mix-algorithm of Sup-
port Vector Machine and K Nearest Neighbor, which improves the
accuracy of classification. (2) Measuring the relationship strengths
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between different users on different fields. In this step, we pro-
posed a probabilistic graphical model by taking consideration of
the similarities of users profiles, co-occurrence of user names and
interaction activities in different activity fields. By maximizing the
joint probability of the data distribution, we obtain the single re-
lationship strengths on each different field, and then calculate the
overall relationship strength by the weighted sum of each ones.We
adopt the normalized Discounted Cumulative Gain and Receiver
Operating Characteristic to evaluate the performance of this work,
and achieved a promising result compared with the previous ty-
pical methods.
To summarize, this work contributes on the follow aspects:

® We differentiate the relationship strength values on different
fields of the same two users, and firstly use SVM-KNN to classify
the users activities into corresponding fields.

® Distinguished from the existing methods which only consider
users profiles and interaction activities, we add the co-occur-
rence of user names to build the probabilistic graphical model.
And the experiment results prove that our new added informa-
tion source significantly improves the accuracy of estimation.

e To verify the performance of our approach, we compare the result
with two previous methods. One method only evaluates the
overall relationship strength which neglects the activity fields, and
the other one combines the users profiles with the interaction
activities to measure the relationship strengths on different fields.

The rest part of this paper is organized as follows: Section 2
reviews the related works and Section 3 briefly generalizes the
framework of our estimating model and detailed expresses the
processing steps before measuring. The details of the proposed
approach are elaborated in Section 4 and the experiment and re-
sult analysis are showed in Section 5 with the dataset from Sina
Weibo. Finally, we conclude the paper and discuss the directions of
the future works in Section 6.

2. Related work

Weak relationship was firstly proposed by Granovetter Mark [1]
in 1974. Four indicators: interaction time, emotion intensity, in-
timacy and mutual benefit are used to divide the relationship into
strong or weak ties, and he realized that weak ties are more valu-
able in information dissemination than strong ties. From then on,
many researches focused on distinguishing the strong relationships
from weak ones based on one or two information. For example
Gilbertet al. [2] presented a predictive model for analyzing the re-
lationship strengths together with their evolution based on various
user activities. Zhang et al. [3] defined effective relationship
strengths (ERS) to distinguish link importance by utilizing node
activity, node attraction and link frequency. And Niladri and Sana-
sam [4] studied the effect of tie weight on link prediction and
perform an analysis of the weak tie theory. Ricard [5] presented a
BFF tool that could classify the friend types in communities and
assign the relationship strength values to each other.

In addition to the above binary predicting methods, several
achievements of representing the full spectrum of relationship
strengths were made in succession. Horowitzand and Choudhury [6,7]
traced the relationship on the basis of regular e-mail, instant message
and personal profiles. Ehsan Khadangi et al. [8] utilized the profiles
and interaction activities and Ye et al. [9] used the characteristics
distribution of relations and interactions to present a method for
quantifying links’ tie strength. Especially, a latent variable model de-
veloped by Xiang et al. [10] estimated the relationship strengths based
on user's profiles and interaction activities, along with a coordinate
ascent optimization procedure for the inference.

However, these former works mixed all the activity fields to-
gether rather than considered that the relationship strength of a
pair of users may be different in various activity fields. After that,
Zhao et al. [11] proposed an improved method to estimate the
different relationship strengths on different activity fields. They
used the LDA clustering algorithm to cluster all the uses' activity
documents, and then built a graphical model to estimate their
relationship strengths on the basis of users' profiles and interac-
tion activities. There exists another attempts focusing on different
topics to investigate the strength of influence, which emphasized
that the inter-user influence is essentially topic-sensitive. For ex-
ample, Tang et al. [12] introduced topic-based social influence
analysis and proposed a Topical Affinity Propagation (TAP) ap-
proach to describe the problem using a graphical probabilistic
model. Liu et al. [13] moved one step further and not only for-
mulated a probabilistic model to mine direct influence between
nodes but also presented a topic-level influence propagation
method to mine indirect and global influence. The experimental
results showed that the learned influence model can greatly im-
prove the accuracy of user's behavior prediction. Different from
the former two works, Sang et al. [14] investigated the topic-
sensitive influence in the multimedia context. Besides the explicit
influence link and the textual annotation, they provided a multi-
modal framework simultaneously modeling visual content.

Ma Chao et al. [15] proposed a hierarchical entropy-based re-
lationship measurement approach (HERMA) at the help of the
tracking and positioning function of smart phone to analyze the
user's activity trajectory. Even though the direction of this paper is
off course with our research, it strongly demonstrated that the in-
teraction frequency, the geography proximity and the duration of
common position have the direct impact on relationship strength.

3. The system framework

As mentioned above, due to the distribution of users relationship
strengths on different activity fields are different, we must firstly
classify the users activity fields, and calculate the relationship
strengths of different users in every single field on the basis of the
similarity of users profiles, co-occurrence of user names and inter-
action activities, respectively. The estimation model will be described
in detail in Section 4. Ultimately, the overall relationship strength is
calculated from the weighted sum of all single relationship strengths
on each activity field. The entire processing flow is as shown in Fig. 1,
and the processing steps before estimating the relationship strengths
are generally expressed as following.

3.1. Data acquirement and processing

The Open API of SinaWeibo [16] is utilized to obtain users' in-
formation data in a period time, and the downloaded data is pro-
cessed by word correction, stop word removing, short text proces-
sing, feature extending etc. After that, we acquire the profiles and
interaction activity documents of a user set U = {ul, u, ..., uk}, in
which the user’s profile f, = {f,;, f,, ... f, | is the essential attri-
bute of user, composed of the location, personal description, job
experience, education etc. The interaction activity documents
D= {dl, dy, ..., dn} include newsfeed, received or post comment,
forward or forwarded content etc. Each document is referred to one
or several users. In our experiment, we will combine the newsfeed
with its all comments and forwarding contents to a session
S={(dnds ..., dn3), (do, ds, ..., dn_2), ..., (da, diy, ..., dn)}  and
analyze the interaction strength on the basis of a session.
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