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Abstract
Most of social network visualization methods have b B/ fog@aﬁ presentation of

social network relationship. However, the metho ider g efficient processing
speed and computational complexity for increasin e ra thmetlcal of a big data
regarding social network. This paper propose@cloud b n visualization method to
visualize an inherence relationship of us @ social n k The proposed method can
intuitionally understand the user's s latio sh ince the method uses correlation
matrix to represent a hlerarchlca r shlp nodes of social network. It also can
easily identify a key role relati users ong:;%ll network. In addition, the method uses

Hadoop based on cloud for distri ed paTK rocessing of visualization algorithm, which

it can expedite the big dat @ual ne%
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1. Introduc t
Every day, we use @ gital information with respect to social networks by using file
exchanges, chat, nd collective development such as Wikipedia and Open-Source
Software projects. nformatlon in today’s world can mostly be found online, which has
increased the e social networks. According to the increment of online social activities,

the necessi social network analysis (SNA) has been a growing area of the social sciences.
The s can be automatically instrumented and analyzed for discovering terrorist
net , monitoring outbreaks of diseases, commercial activities, etc. Many of these social

networks are large, complex and continuously changing which need an effective approach to
help social science researches. Information visualization can well display relationships
between users and present their findings to others for SNA [1].

Recently, the approaches of visualizing social networks including node-link (NL) based
[2], matrix graph based representations (MAT) [3], and a hybrid based representation with
NL and MAT [4, 5] have been proposed. The NL based approaches can be usefully displayed
by the overall structure of a network however details about dense sub-graphs is difficult to
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read by the overlapped nodes and the crossed edges [1, 2]. In other words, if the users of
social networks are increased, identifying the user’s relationship is difficult. In order to
resolve the limitation of NL methods, various methods are proposed in connection with post-
processing (i.e., sampling, filtering, clustering, etc.) for partial visualization of social network.
However, those methods also have problems of the difficulty of understanding results and the
high cost. The MAT based methods are proposed for solving the readability problem of NL
methods. Those methods can easily grasp the node and the path of node on the network more
than NL based approaches. But the MAT based methods waste a lot of memory (i.e. cost
problem) because the visualization of matrix form represents sparse matrix or§me ory
Besides, the methods are also poor for path-finding tasks and understanding the

4]. The hybrid based approaches also showed that makes relationship betw rs d|ff|cult
to understand [1-5]. The typical approaches of hybrid based{methods mlnk [4] and
MatTrix [5]. MatLink is proposed to resolve the problem 0 % finding\af the NL and MAT
based approaches. This method enhances the performarce of the NL and MAT based methods,
since the edge of NL based method connects the nad MA ed method. However, this
method also is difficult to understand of visualization results, sifge’ it have a disadvantage of
complex connection between matrix and % . MatT, '@ethod is proposed for solving

the disadvantage of MatLink method re the r ity. This method uses the small

size multi-matrix to connect link and |s also difficult to understand the
nodes relationship since it have ased r& . In our previous works, we proposed
the visualization methods usm fuzzy ional product and the correlation matrix to
represent hierarchy tree for ith res de and link of social network. Our methods
resolve the readability m [6 owever the methods have a problem of the
computational comp r mcre ng at the social networks data.

Most of social netwo k vis tlo methods have been only focusing on presentation of
social network @ inshlp er, the methods do not consider an efficient processing
speed and computational exity for increasing at the ratio of arithmetical of a big data

regarding social netwg his paper proposes a cloud based on visualization method to
visualize an inheren ionship of user on social network.
In order to res e limitation of the social network visualization methods, this paper

proposes a égga d on visualization method to visualize an inherence relationship of user

on social n which uses internal relation of the correlation matrix and the external
relation Eb ork traffic quantity. The proposed method can intuitionally understand the
userssgosial relationship since the method uses correlation matrix to represent a hierarchical
rel@ip of user nodes of social network. It also can easily identify a key role relationship
of users on social network. In addition, the method uses Hadoop based on cloud for
distributed parallel processing of visualization algorithm, which it can expedite the big data of
social network.

The Apache Hadoop software library is a framework that allows for the distributed
processing of large data sets across clusters of computers using simple programming models.
It is designed to scale up from single servers to thousands of machines, each offering local
computation and storage. Rather than rely on hardware to deliver high-availability, the library
itself is designed to detect and handle failures at the application layer, so delivering a highly-
available service on top of a cluster of computers, each of which may be prone to failures [8].

This paper is organized as follows: Section 2 reviews the related works regarding
correlation matrix; Section 3 presents the proposed method; Section 4 shows the performance
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evaluation and experimental results of the proposed method. Finally, in Section 5 concludes
this paper.

2. Correlation Matrix

In this section, we give a brief introduction to correlation matrix that is used to take
internal relation of the user on social network. The key concepts of correlation matrix can
be formalized as follows [9, 10].

Definition) Let M=[m;] be a term-document matrix with t rows and N columns
where mj; = w;j, i.e., each entry ij in the matrix is given by the weight asso |th
the term-document pair (k;, d;). Given that M" is the transpose of M, the m
M is a term-term correlation matrix. Each element cuv e C expres@%oﬁelatlon

between terms k, and k,, given by @
)

d Wy,
The term-term correlation matrix C establlsheQelatl Metween any two terms

k, and k,, based on their joint co-occurren n3|de nts of the collection, as
exemplified in Figure 1. This relatlonshl antlfle e correlation factor c,,. the
higher the number of documents in W e ter k nd k, co-occur, the stronger is

this correlation [9]. %

dl ki ks ks

ki Wi, Wiz
kl Wy o Q dq [Wl 1 W21 Wzj
2 d Wiz Wz W3
DS b v v
ix M (b) M’s transpose matrix M"

k
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2 Wy, 1W 2, 2W1 2 Wy 1Wp 1+ WyoWoo Wy W3q + WyoW3)
T W3,Wi2 W3 1Waq +W3oWp, W3 W31+ W3,W35
(c) M x MT term-term correlation matrix

Figure 1. 5 lation matrix for a sample collection with just two document

and tree terms [9]
3. %osed Method

This paper proposes a visualization method to visualize an inherence relationship of social
network user based on Hadoop which uses internal relation of the correlation matrix and the
external relation of network traffic quantity. The proposed method consists of three phases:
preprocessing, calculating visualization relationship, and visualizing user relation, as shown
in Figure 1. In the subsection below, each phase is explained in full.

Copyright © 2014 SERSC 15



International Journal of Multimedia and Ubiquitous Engineering

Vol.9, No.4 (2014)

(a) Preprocessing

v

- o | (b) Calculating visualization
relationship

User ¢

[ ]
(c) Visualizing user relation x)

—) results feedb ck &
d@ que

A

3.1. Preprocessing

In preprocessing phase of Figure 2(a), %&mrmatl h btained for next phase of
calculating visualization relationship. Thi$ explalns\g xample to apply our proposed
method using a structure of Twitter. Ta % ows theZdbtained information from a structure
of Twitter. The obtained mformatlo % tern of the correlation matrix and the
external relation of network traf |ty Th i‘g cessing phase consists of two steps.
First step preprocess the co of Twlt or’internal relation of the correlation matrix
as follows. After the given o inment res weet are decomposed into individual users,
the stop words are rem smg %gen s stop words list, and word stemming is
removed using Port s$ ing algor [10]. Then the term user frequency matrix T is
constructed from th e\s; set. Let‘% m by n terms by users matrix, where m is the number
of terms and pi number ser. The element of matrix T, T;; represents i’th term
frequency of j r [10].
In second step, the |n
relation of network tra

ion of network topology of Twitter is extracted for external

'&able 1. Information structure of Twitter
A4

n item description
N’
(D’roflle Name u Tweet user
b Tweet tw Text-based posts of up to 140 characters
Tweet
day d Posting day
Sender u, User of sending message
Mention
Receiver uy User of receiving message
Retweetee ru Referenced user of tweet
Retweet
Retweeter su User refer to tweet
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3.2. Calculating visualization relationship

The visualization relationship is calculating using Hadoop [8] for distributed parallel
processing. In the calculating visualization relationship phase in Figure 2(b), this phase
consists of internal relation of the correlation matrix and the external relation of network
traffic quantity for constructing hierarchy relationship of SNS. The internal relation of the
correlation matrix represents the relationship between users to be derived from the
contents of user’s post. The external relation of network traffic quantity means the
relationship between users on social network topology.

The internal relation of the correlation matrix is derived from user-user correlation
matrix. User-user correlation matrix is calculated by equation (1) and “Bseritérm
frequency matrix. Equation (1) is converted to MapReduce operations of
distributed parallel processing (e.g., Z; = w,, ; X w,, j is computed to M@ﬂ educe).

MapReduce is a programming model and assomat infrast at provide
automatic and reliable parallelization once a comput sk is Q}sed as a series
n

of Map and Reduce operation. Open- sourc io of MapReduce
infrastructure are readily available such as the pr ct [8].

The The external relation of network traffic qu con ectlonal characteristics
of user relationship, mention period, amount oQ;essage e external relation, e( ), is
given by as follows, \

e(ua - ub) é% i—(1- l))} + (ttv:l:?lsu) (2)

where, u, and u, are the aﬂad the ‘b ers respectlvely A right arrow, —, is the

direction from sender to rec r, ntw i ber of mention message from a to b, nt is the
number of term of aII tweet b n a and b. ttw is the number of mention tweet of
all user on social n d is ng of posting day of referenced message, nru is the
number of retw is th b of user refer to tweet.

Equation ( so con to MapReduce operations of Hadoop for distributed
parallel proce hows the summary of distributed parallel processing for
external relation usin educe.

Table mary of external relation MapReduce operations
We e(ug = up)
O 1 W, = (nt::vxvnt) is computed to Map and Reduce
2 =— 2
@ X, = oy computed to Map and Reduce
3 Y; = ——= is computed to Map and Reduce
ttw+nsu
4 Z, = (W; x X;) +Y; is computed to Map and Reduce

Sum of internal relation and external relation, sr(), is as follows,
sr(ug = up) = nor(calb) + nor(e(uy, = up)) 3

where, nor( ) is a normalization function. Table 3 shows the summary of distributed
parallel processing for sum of internal and external relation using MapReduce.
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Table 3. Summary of sum of internal and external relation MapReduce
operations

Stage sr(ug = up)

W, = nor(c,,;) is computed to Map and Reduce
X, = nor(e(u, — up)) is computed to Map and Reduce
3 Z3 = W, + X, is computed to Map and Reduce

3.4. Visualizing user relation

In this section, user relationship is visualized by constructing hierarchy refagi s.hip
between users of social network to use the internal relation and the externa on for
analysis of SNS. The visualization of hierarchy relationship of user’s soci@ roves the
performance of analysis, because it reflects the internal relatjonship o ’s/posts by the
correlation matrix and the external relation of user’s sociaﬁq@f)gy by us¢r’s activity.

Visualizing user relation as in Figure 2(c) can be deseribed as foitews) Ih the first step, the
internal relation and the external relation are cal ed” by atior’(1) and Equaion (2)

respectively. And the sum of the internal and the eXternal relﬁ'%k' calculated by Equation
(3). In the second step, the elements of sum internal. and”the external relation lower
than cut value of Equation (4) are transfo to 0, e others to 1. The hierarchy

relationship is created by using the tr%anrmed rews. n the final step, the hierarchy
relationship of social network user tl% rm 5% form for visualizing on the web
browsers by D3. JSON is a text a@g open s%r designed for human-readable data
interchange [11]. D3 is a Ja ipt library that"uses digital data to drive the creation
and control of dynamic and_jnteractive gr al forms which run in web browsers [12].

In addition, user can adju hierar ionship of social network by changing the cut
value, which enhancg%‘; lysis per nce of SNS.
i (

Cut value of the reIaE Kv ), is az%lows,

@ cv(ugy) = L1t 4)

n

where, nisa num@b&al user on social network.

4. Experimegt and results

The perf ce evaluation was conducted by comparing the proposed method (i.e. HR;
hierar. h@ ion) with four methods (i.e., NL [1], MAT [2], MatLink [4]) using the real
soc'Q? orks data [13-16]. NL denotes node-link based method, MAT denotes matrix
graph¥dsed method, and MatLink denotes a hybrid method based on NL and MAT.

The mid-level readability tasks [3] used to measure the visualization performance. The
tasks consists of evaluating connectivity (task 1, 2 and 3), finding central actors (task 4), and
identifying communities (task 5). The readability of a node representation can be defined as
the relative ease with which the user finds the information he is looking for [1]. The answer
correctness is scored on a scale of 0 ~ 3, with 0 meaning error and 3 as the best answer [3]. In
our experiment results, the average score of HRV is 18.32% higher than that of NL, 16.02%
higher than that of MAT, 12.980% higher than that of MatLink. Figure 3 shows the result of
visualization performance evaluation using the mid-level readability tasks.
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MatLink
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Figure 3. Evaluation result using mld@b ;ad bili sks

5. Conclusion X

In generally, social network V|suaI|zat|on ds use graph based and a matrix
based approaches. However, these appl'o are dlff to understand a relationship
between users on SN, because the us interac| io rge complex and continuously
changing. In addition, the methods t co efficient processing speed and
computational complexity for |ng at atio of arithmetical of a big data
regarding social network. I er to ov thls limitation, this paper proposes a
Hadoop cloud based on visu atlon methc |suaI|ze an inherence relationship of user on
social network. The pr met intuitionally understand the user's social
relationship since th h)& uses ¢ rr on matrix to represent a hierarchical relationship
of user nodes of socjalNgetwork. o can easily identify a key role relationship of users on
social network %ﬂlon t uses Hadoop based on cloud for distributed parallel
processing of izati

OE a r|t WhICh it can expedite the big data of social network.
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