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Abstract: Recently, search engines have enabled us to access immense quantities of useful information in an instant. In thi
paper, we propose a procedure for analyzing the social relationship and structure using Web search engines, which includes nov
ways to create a search query and to use the number of hits. This allows us to construct various networks that reflect directe
and undirected relationships among actors under arbitrary contexts. As a case study for evaluations of the proposed procedul
we focus on 50 companies belonging to automotive industry in Japan. We constructed several directed and undirected networl
under different temporal and geographical contexts. We show that we can obtain more general knowledge about this industri
community from the analyses of these created networks and their centrality measures.
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1 INTRODUCTION that we can observe various aspects of a social relationship

Characteristics of social networks are a valuable piece of PY constructing networks using different ways to use search
information for understanding social activities and communi- duéries and the search resuits, although each previous study
cations. However, it had been very costly, or even impossible mainly focused on a specific topic in detail. We believe that
for non-specialists, to obtain large-scale data for measuring SUch @ multifaceted approach gives us valuable insights into
the strength of the relationship among many actors (e.g., per- understanding of essential properties of social networks.
sons, companies) to create their social network, which had ~ From this viewpoint, in this paper, we propose a simple

made such an approach only applicable to limited and well- procedure for analyzing social relationships and structures
organized data. using Web search engines, which includes novel ways to cre-

On the other hand, the progress in the field of Web tech- ate a search query and to use the number of hits. This al-
nologies have enabled us to access immense quantities ofIows us to construct various networks that reflect directed and

useful information for creating social networks in an instant. undirected relationships among actors under arbitrary con-

Especially, various methodologies for extracting social net- texts. As a case stuc_iy for evall_Jat|ons of this pro_cedure, we
works using search engines have been proposed [1]. focus on 50 companies belonging to automotive industry in

. Japan. We constructed and analyzed several networks usin
Lee et al. proposed a method for social network analyses . b y 9

. : : indices for measuring directed and undirected relatedness un-
based on the statistical physics using the number of Google der different temporal and aeoaraphical contexts
search hits in order to estimate the relatedness between two P geograp )
actors [2]. They introduced a general framework for measur-

ing the disparity or heterogeneity of weights a node bears. 2 METHOD

They constructed a social network of the 109th US Senate
members, and successfully showed the division or commu-
nity structure, reasonably consistent with the senators’ polit-
ical parties, and so on. Recently, Akaishi et al. proposed a
method to analyze the temporal change in a social network
every year by adding the enumeration of years to a query [3].
They observed the temporal dynamics of the social network
composed of the 93 people who have played major roles in
the US economy, showing its relational changes surrounding
the economic crisis in 2008. They also analyzed the interdis-
ciplinarity of researchers and research topics by construct-
ing a bipartite graph using queries composed of topics and
researchers, using a new quantity nanaiibility boostfor

Generally, the number of hits obtained by a search
query consisting two keywords reflects the co-occurrence fre-
quency of these words in the Web. We can approximate the
strength of the relationship between actors (e.g. companies,
researchers) by using this property of search engines.

If X and Y are the sets of the web pages obtained by search
queries for “x y”, respectively, we can regard statistical met-
rics for the relationship between these two sets as the strength
of the relatedness between the actors x and y. As for undi-
rected relationships between actors, we use a standard Jac-
card coeﬁicient:%, whereh(X NY) andh(X UY)
are the number of hits obtained by the search query for “x y”
and “x OR y” (using the Google search engine), respectively.

the calculation of relatedness [4]. These studies clearly show In order to measure the asymmetric relationship between two
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Fig. 1. The social networks of automotive industry in Japan, constructed by using (a) the Jaccard coefficient and (b) the Simpso
coefficient.

Table 1. The 50 companies of automotive industry in Japan.
Toyota, Honda, Nissan, Matsuda Motors, Suzuki Motor Corporation, Daihatsu Motors, Mitsubishi Motors, Fuji Heavy In-
dustries, Isuzu Motors, Hino Motors, Denso, Aisin Seiki, Toyota Auto Body, Toyota Industries, Toyota Boshoku, JTEKT,
Calsonic Kansei, NSK Ltd., Toyoda Gosei, NTN Corporation, Bridgestone, Sumitomo Rubber, Yokohama Rubber, Toyo Tire
and Rubber, Tokai Rubber, Bando Chemical, Okamoto, Kinugawa Rubber, Nishikawa Rubber, Mitsuboshi Belting,|Nippon
Steel, JFE Holdings, Kobe Steel, Sumitomo Metal, Nisshin Steel, Hitachi Metals, Daido Steel, The Japan Steel Works, Topy
Industries, Aichi Steel, Mitsubishi Chemical HD, Sumitomo Chemical, Mitsui Chemical, Shinetsu Chemical, DIC Cqgrpora-
tion, Tosoh, Asahikasei, Nitto Denko, Ube Industries, Hitachi Chemical
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Fig. 2. Network centralities of the top 20 companies. (a) and (b) are the closeness and betweenness in the undirected netwot
(c) and (d) are in-degree and out-degree in the directed network.

3 MULTIFACETED ANALYSES

As a case study for evaluations of the proposed procedure,
we constructed social networks of 50 companies, whose
names are listed in Table 1, belonging to automotive industry
(assembling, material and part makers) in Japan. We used
Google Search API for web searches. We also used the set-
ting 7" = 0.1(Jaccard) and 0.4(directed Simpson).

Fig. 1 (a) and (b) show the constructed networks using
the Jaccard coefficient and the directed Simpson coefficient,
respectively. In the undirected network (Fig. 1 (a)), we see
; ; X the two major clusters composed of material companies (in-
instead of “x y” in order to obtaii(X NY’) underthe con-  ¢y,4ing steel, chemical and rubber companies) and parts &

text of “z”. In this paper, we use the name of places in order ,qsempling companies, respectively. The Jaccard coefficient
to analyze the geographical variation of the networks as well ;.45 to become large when h(X) and h(Y) are close if h(X

as the years to analyze the temporal variation, which has also o Y) is large. Because the number of hits obtained by a
not been used in the previous research for this purpose, as fargg 4o query for a company is expected to reflect the scale of
as we know. the company’s business, we can expect that mutually related
We construct a network that reflects their social relation- companies with the more similar scale of business tended to
ship using these indices. Each actor is represented as a nodebe clustered in the network in Fig. (a). When we used the
and the strength of relationship between two actors is repre- directed Simpson coefficient (Fig. 2 (b)), we observed the
sented as the width of the link between their corresponding “flows” of the relationships from the former cluster to the
nodes. Note that two nodes are connected only when the latter, implying the significance of the latter companies. We
strength between them is equal to or higher than a threshold also see that the assembling makers (e.g. Toyota, Nissan)
T. We visualized a network using Cytoscamad adopted a have more input links than output links. This implies that it
spring model in which the higher relatedness between nodes is likely that the assembling maker is socially depended on
pull them together, in order to arrange the nodes in a two- by other suppliers in automotive industry.
dimensional plane. We can examine the topological prop-  \ve calculated the several centrality measures of each node
erties of the network by measuring various metrics used in i these networks, and listed the top nodes, as shown in Fig.
complex network studies such as the closeness (the averagey  |n this paper, we focused on the closeness and the be-
path length from the focal node to the other nodes), the be- tweenness in the undirected network (Fig. 2 (a) and (b)). It
tweenness (the proportion of shortest paths from all nodes to spould be noticed that both centrality measures of a major
all others that pass through the focal node), and the degree chemical company (Mitsubishi chemical holdings) tended to
(the number of edges which a node has). be higher than others’. This seems to reflect that this com-
pany has wide relationship with other companies in this field.
As for the directed network, we focused on the in-degree and

actors, we introduce a new index nantieécted Simpson co-
efficient: h(}fg}f) , whereh(X) is the number of hits obtained

by the search query for “x”, which reflects the relatedness of
the actor y for the actor x. Thus, this coefficient allows us
to measure the asymmetric relationship between two actors.
As far as we know, the directed Simpson coefficient has not

been used in the previous research despite of its simplicity.

In addition, we can calculate the relatedness under an arbi-
trary context if we measure these indices by adding a specific
word related to the context to the all queries for the calcula-
tion of relatedness. For example, we use the query “x y 2"

1Cytoscape: http://wwweytoscape.org/
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Fig. 3. The betweenness of each node in the directed networks under the different (a) geographical contexts and (b) tempor
contexts.

out-degree (Fig. 2 (c) and (d)). We found that major car man- texts. The analyses clarified not only the overall topologi-

ufacturers (e.g. Toyota, Nissan) tended to have both high in- cal properties of the social network, but also the existence

degree and high out-degree, which is expected to be due to of its geographical and temporal variations. We believe that

their high importance in this industry. the proposed procedure enables many people including non-
We also constructed different directed networks using the specialists to understand social relationships and structure

different temporal (from 2000 to 2012) and geographical between individuals, companies or countries through con-

(from Okinawa to Hokkaido) contexts. Note that these years structing and analyzing the networks by making use of search

and names of places themselves were used for additional key- engines.

words for a query. The keywords except the focal context

are also used to limit search results to a particular context ACKNOWLEDGEMENTS
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