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Abstract. Often the nature of something affects methods to resolve the related issues about
it. Likewise, methods to extract social networks from the Web, but involve the structured data
types differently. This paper reveals several methods of social network extraction from the
same sources that is Web: the basic superficial method, the underlying superficial method, the
description superficial method, and the related superficial methods. In complexity we derive
the inequalities between methods and so are their computations. In this case, we find that
different results from the same tools make the difference from the more complex to the simpler:
Extraction of social network by involving co-occurrence is more complex than using occurrences.

1. Introduction

The social network extraction is a model for constructing the data structure of the social
community from the unstructured data, i.e. 73 : A — V and 79 : A x A — E, whereby A
is a set of social actor names, V' and E are the set of vertices and the set of edges, respectively,
in G = (V,E) as a graph [1]. So, as information source and social media, Web contain data
about both the social actors and their relations [2]. The data in Web, over again, are growing
very rapidly and dynamically changeable. In that order, there are some methods that have been
developed by the researcher, and each has advantages and disadvantages [3]. In general, the
methods for extracting social networks from the Web is by exploring the limited potential of
search engine [4].

Extracting the social network is to establish a reliable method for revealing the trusted
information about social network from dynamic media and large data like Web. Technology
that may be able to optimally disclose the trusted information in certain constraint dimensions.
This paper intends to analyze some methods of extracting social network from Web.

2. Related Work
The idea of the social network extraction from Web is based on the strength of relations by
involving similarity distance. The strength relation comes from the results of the search of two
occurrences of social actor names and co-occurrence of the social actor names. Therefore, if there
are n social actor names differently, then we obtained n(n — 1)/2 iterations computationally or
exactly is as set O(n?) [5].

Some of systems have been implemented to generate social network from information sources
are related Web. Therefore, the systems use the interrelated methods: The ReferralWeb [6]
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Table 1. Iteration for queries and computation

No Model Iteration Queries Computation
1 Basic A={ali=1,...,n} n
Expanded m keywords n(m(m —1)/2)
2 Basic R={rjlj=1,...,n(n-1)} n(n-1)/2 n(n—-1)/2
Expanded m keywords n(m(m —1)/2)
Threshold n(n—1)/2

involved co-occurrence to find the experts on a sequence of social actors through the social
network extraction. Although not disclosed that this system involves similarity distance, but
the similarity by using search engine reveal clearly that results based on the implementation of
similarity. On different occasion, one system has been developed (i.e. Flink) by a researcher
to represent a social network of social actors through the concept similarities in the Web
contents [7]. It powered by metadata such as FOAF. In other system, the researchers call
it as POLYPHONET), systematically has been defined that to extract social network from Web
needs a way of referring to the template, the theory of graph G(V, E), which involves two steps:
First define vertices (as social actors), and further define the relationship between them (the
strength relations) [8]. To support the system, several measurements of co-occurrences take the
decisive roles. One of them is Jaccard coefficient, i.e.

X nY]|

J. =
C X UuY|

€ [0,1] (1)
|X NY] is a cardinality of intersection of a set X and a set Y, and | X UY| is a cardinality of the
joint of a set X and a set Y. The co-occurrence analysis is also used to extract the relations in
heterogeneous community such as artists and the relations in complex community such as firms
[9]. In this case, the analysis is done by adding keywords as appeals parameters in sentences
that reveal the relations between firms [10, 11].

3. Kind of Approaches
Considering that the social network extraction from Web is so important [12]: Web as the
information source, then be the knowledge, and based on trusted information the knowledge
releases the needed wisdom [3]. Thus, the Web have some potentials that may serve as a basis
for generating the social network. An extraction method which involves the search engine as the
possible approach for crawling webpages [13, 14]. This approach we call as superficial method
[15]. The method is to pick up information via the query ¢ and generate hit count and snippet
[16, 17, 18]. This is modeled as follows: For a pair of social actor names a;,a; € A, query ¢
assigned a; or/and aj, and any search engine will generate hit count |a;| and |a;| as occurrences
and |a; N a;| as a co-occurrence. So based on the queries, the search engine dedicate sa; and
saj as collections of snippets of a; and aj, respectively, and sa; N sa; is a collection of snippets
associated with a pair of actors [19].

Each snippet contains URL addresses, web title, and summary of webpage. The canonical
form of URL address is

w= http(s) : //dp ...dad1/p1/p2/ -+ [ P2/ (2)

whereby {s,d,p,q} = {scheme,authority,path,query}, x = p,—1 or x = p,_1q. Each URL
address has n layers where each layer is separated by a slash [15]. While web title and summary
of webpage contain words, and each snippet contains 1, ..., max = +50 words [20].

Thus, the model expresses some methods for extracting social network from Web as follows.
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Actors | Extraction Occurrence Co-occurrence Scale of

Method | Iteration | Content | Iteration Content Queries | Computation
BSM a; i,y
BSMv a;, kw n(n-1)/2 a, c,bw (m+m)/2
PSM n “a;” “a:”, "
PEMY P AT
USM ua; - - n
n [ TUSM - - An-1)/2 ua; ua; ()2 n(n-1)/2
PUSM H Ut~ - - n
JPUSM - - n(n-1)2 - (ntt+n)/2
DSM 73 54 - - n
JDSM - - n(n-1)2 533,50 (nn)2
DPSM H Stl~i~ - - n
JDPSM - - nln-1)2 5@ 50 (n*t+n)/2

Figure 1. Type of methods for extracting social network from Web.

8.1. Basic superficial method
The basic superficial method (BSM) involves 3 (three) times to submit queries to the search
engine for a pair of social actors and the computation by involving Eq. (1) [6, 9, 21],
Je = laiNaj|/(Jail +|aj| — |a; Naj]), is done with BSM procedure: BSM(a;, a;), (a) |a;| «— q = aj,
(b) |aj| < ¢ = aj, (c) |a; Naj| < ¢ = a;,a;, and return j.. Therefore, like Table 1, for n
social actors, number of queries is n + n(n — 1) = n? or if in symmetric condition the number
of queries is n?/2 +n/2, while the computation scale is n(n — 1)/2 times, where |a; N a;| < |a;],
|ai N aj| < lal, [ai| + |az| —[ai N ag| # 0.

The BSM produces a strength relation between two social actors a;, a; € A. This relation is
influenced by social behavior [22], that is if the name of social actor is more than one word, then
the other social actor name similar to one and more of the words (phrase) will be counted in,
otherwise a name involves the matching pattern will generate exactly corresponding information
[23, 24]. In last case, the name of the chosen social actor is a well-define name [25]. For
example, the phrase Mahyuddin K. M. Nasution (without quotes) is a social name or in general
a;, "Mahyuddin K. M. Nasution” (in quotes) is a phrase in pattern form or "a;”. Generally
there are not many of the same names in the form of patterns, whereas in the form of social
names allows the similar names of social actors from anywhere to participate [26]. Therefore,
to correctly identify the information source about a social actor, it requires the identity of
each social actor, i.e. keywords kw [27]. Like Table 1, it is possible to have m keywords for
each social actor, but the keyword serves to lift the related webpages from below of stack and
reduces the ambiguity. Thus, BSM procedure can be expanded by adding keyword to each
query: |a;| < q = a;, kw; |aj| — q = a;, kw; and |a; N a;| — ¢ = a;, aj, kw. Or we call it as the
expanded basic superficial method or the basic superficial method with keyword (BSMv), see
Fig. 1.

In co-occurrence concept, a name of social actor becomes a keyword (keyphrase) for the other
name [28]. Therefore, if |a; N a;j| = 0 or one actor has nothing to do with the other actor, then
Eq. 1 be

_ laiNayl

= Jaal £ o) € 1 ®)

m
where j,, < j.. Moreover, computationally any strength relation generated from social names
require a threshold [29]. It is to ensure the trusty of information about social network. In this
case, j., is the approximate value of threshold which is generally the lowest value of j.. Thus,
Jm is a threshold whereby j,, # 0 is the smallest for n(n — 1)/2 potential strength relations.
The addition of threshold computation on BSM will enhance BSM and is called as the enhanced
basic superficial method (EnBSM) [30].
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In case of using the name in pattern form and each query contains the couple among co-
occurrence with keyword, then social network based on keyword be a community layer. In other
words, there are m concentration of social actors based on m keywords, see Fig. 1.

8.2. Pattern superficial method

This method is as development of basic superficial method whereby each query contains entries in
quotes. Therefore, complexity of the pattern superficial method (PSM) equal to BSM for n social
actors. Similar to BSM, this method have the generated methods such as the pattern underlying
superficial method (PUSM), the joint pattern underlying superficial method (JPUSM), the
description pattern superficial method (DPSM), and the joint description pattern superficial
method (JDPSM), see Fig. 1.

3.8. Underlying superficial method

The underlying superficial method (USM) involves twice submitting queries to the search engine
for a pair of social actors [15]. Based on Eq. (1), each query ¢ produces a list of snippets and
then a list of URL addresses, or g, URL addresses for a social actor, i.e. L(u,). Each URL has
¢ duplication, m is a number of URL parts, thus u to be em/n;, n; is layer of URL. Therefore,

we get |a;| = Z?Zl(cjmj/ni)Z. While each same URL of queries g, and ¢, produces the vector
q9j = (¢jaTjo /1a) (¢, /T00), thus we get

Yabd

labl = > _(cjumia) (ciymi,)/ (nigni, ) (4)
j=1
and then similarity based on USM as follows [31]
9 (ejamy, ) (cjmy,) [ (ni,ni, )
S0 (Cjamy, /1) 4 50 (c,my, /1, )2

()

SIMysm =

and the computation by involving Eq. (5) is done with USM procedure: USM(a;,a;), (a)
L(ug) < q = a, (b) L(up) < q = b, and return simygn.

The USM can also be expanded and/or enhanced by involving keywords and threshold
usage. Keyword inclusion will reduce the number of URL addresses being processed while
the involvement of threshold point measurements will reduce the similarity between the lower
layers. In general, for n social actors it takes n times the submitting to a search engine, but
computationally it takes n(n — 1)/2 iterations potentially and is charged gu» = gags iterations
for comparison between URL addresses based on a pair of social actors. In another case, co-
occurrence also generates a set of URLs for two different social actors, and this will cause in
the number of queries being n?/2 + n/2 times submit to the search engine, even though the
computation of the Eq. (4) will be simplified into [ab;| = 392 (¢jm;/ni)?. See Fig. 1, for the
generated and related methods.

8.4. Description superficial method

Similar to USM, the description superficial method (DSM) also involves 2 (two) queries. Each
query produces a list of snippets, or it produces a group of the words sets. Thus, each set of
words has probability of sets and probability of word, with which each word has a weight. In
other word, based on list of snippets, we have a set of vocabularies with their weights, we call
it as the weighted words. The words in snippets are the description of a social actor. By using
a similarity measurement towards two lists of snippets, we get the description relation between
two social actors [14]. Let W, and W, are the sets of weighted vocabularies for social actor
a,b € A, respectively. A set of weighted vocabularies for both social actors ¢ and b in A is W,
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then we have a relation based on Eq (1), i.e. simy, = Wap/(Wo + Wiy — W), To get a weight
from two weights of same words of the different social actors we propose using average of two
weights, i.e. wep = (wa + wp)/2, Wap € Wap, we € W, and wy, € Wy, [32]. See Fig. 1, for the
generated and related methods.

The computational implementation procedures for this method involve the same concepts
like USM either involving just occurrence or by involving co-occurrence as the treatment, and
likewise about behaviors of complexity of this method is dependent on the use of same treatment.

8.5. Seed based superficial method

This method is developed with the concept of association rule. By the intent that search engine
and query are used to obtain a URL address corresponding to the pattern of the social actor
name and a name of the referenced online database. The database contains a list of scientific
papers: author names, title, year, and events. Social network of authors are formed following
a record of online database, and the descriptions of social network refer to titles of scientific
paper. Therefore, through the titles that consist of words, we can use the concept of DSM for
generating the clue of concentration of the scientists community [25]. We call this method as
the seed based superficial method (SSM).

For n social actors this method employs n queries. Each social actor will generate 0,...,m
others social actors, and SSM will produce 0, . .., m relations with 0, . . ., p edges, p < m, because
each edge may be consists of more than one relations between two social actors. So, SSM first
produces a social network based on the social actors or a social network with one social actor
as central, and for n social actors this method generate the social networks. Therefore, the
complexity computationally of SSM is n(m;), i = 1,...,n, m; is number of record rows in online
database.

4. Conclusion

Using the same source, Web, there are several methods that can be employed to extract social
networks. Each method has a different complexity than others, and they computationally involve
multiple iterations. In general, methods involving sources related to snippets will have lighter
complexity than others, as well as iterations used. Based on their complexity, the integration
of methods is likely to be mutually supportive for generating credible social networks, but this
needs the comparison study.
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