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Abstract

In recent years, severa social activities have been shift-
ing into networked virtual society called Cybersociety be-
cause of rapid advancement of network technologies. For
designing and realizing a new service in Cybersociety, it
is crucial to fully investigate desired structure of commer-
cial transactions and circulation activitiesin Cybersociety.
For this purpose, it must be fruitful to investigate the struc-
ture of business relationships among existing corporations
in real society, which are believed to be working effec-
tively. Inthis tpaper, by utilizing a corporate information
database, we first build a corporate transaction network
based on dealings information among Japanese corpora-
tions. We then investigate structure of the corporate trans-
action network by applying severa network-analysistech-
niques, which have been used for analyzing various social
networks. We show that the average distance of the cor-
porate transaction network is approximately 3.4-5.4, and
that it has a scale-free property with a power-law index of
2.1. We aso show that our proposed structural superior-
ity index of the corporate transaction network is greatly
_relde_xted to several stock price indices and profit financial
indices.

1 Introduction

In recent years, severad social activities have been shifting
into networked virtual society because of rapid advance-
ment of network technologies. It is expected that virtua
society called Cybersociety will be emerged on a network.
Since several commercial transactions and circulation ac-
tivities will be performed in Cybersociety, realization of
new services that can improve efficiency and productivity
of those activitiesis strongly demanded.

For designing and realizing a new service in Cyberso-
ciety, it is crucia to fully investigate desired structure of
commercial transactions and circulation activities in Cy-
bersociety. We expect that business transactions and cir-
culation activities in Cybersociety will be performed be-
tween severa types of entities, such as individuals and
corporations.

For this purpose, it must be fruitful to investigate the
structure of business transactions among corporations in
real society, which are believed to be working effectively.
Once the structure of such business transactions becomes
clear, it is expected that several useful services, such as
offering business transactions to talented individuals and
predicting growth of corporations in Cybersociety, can be
realized in Cybersociety. However, it has not been suffi-
ciently investigated how such business transactions should
be developed in Cybersociety.

For clarifying the desired structure of business transac-
tions in Cybersociety, it is necessary to clarify the struc-
ture of business transactions in real society. For instance,

analyzing the structure of corporatetransactionsinreal so-
ciety will give us knowledge on the desired structure of
business transactions in Cybersociety.

In recent years, researches on social networks, which
are networks of human communications, have been ac-
tively performed [1—32. Moreover, analyses on the struc-
ture of real networks (network analysis), such asa WWW
hyperlink network and a co-authorship network of jour-
nal papers, have been actively performed [4-6]. For in-
stance, [4] analyzes the structure of a movie actors net-
work. It is reported in [4] that the movie actors net-
work has a small network distance and clustered struc-
ture. Also, [5] analyzes the structure of a mathematics
co-authorship network. It is reported in [5] that the math-
ematics co-authorship network has asmall average degree
and clustered structure.

These socia networks have common characteristics that
their network structure are considerably different from
that of a random network. For instance, these networks
have clustered structure; i.e., the network distance is small
(small-world network) [4] and their degree distributions
follow a power-law (scale-free network) [7]. Researches
on revealing reason that unlike a random network, those
social networks have a small-world property and/or a
scale-free property have been performed [6, 8-10]. For
instance, a simple network model for reproducing charac-
teristics of social network is proposed in [8]. This model
mimics the following characteristics of social networks:
(1) aperson with many existing human relations is likely
to acquire a new human relation, (2) sinceiit is costly for
a person to maintain existing human relations, there is an
upper-bound in the number of human relations that every
person can have, and (3) the strength of human relations
decays with time (i.e., they will be diminished after a cer-
tain period).

As explained above, researches on structure of several
socia networks and models reproducing the character-
istics of social networks have been actively performed.
However, when business transactions among Individuals
and corporations are viewed as a network, the structure of
such business transactions has not been sufficiently inves-
tigated.

In this paper, by utilizing a corporate information
database, we first build a corporate transaction network
based on dealings information among Japanese corpora-
tions. We then investigate structure of the corporate trans-
action network by applying several network-analysistech-
niques, which have been used for analyzing various other
socia networks.

Specificaly, for building a corporate transaction net-
work, we first obtain information on existence of corpo-
rate transactions between real Japanese corporations from
the corporate information database [11]. We then investi-
gatethe fundamental characteristics of the corporate trans-
action network, such as the number of nodes, the num-
ber of links, and average degree. By applying network-
analysis techniques, we also investigate detailed charac-
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Figure 1: Example of a corporate transaction network

teristics of the corporate transaction network: average dis-
tance, clustering coefficient, degree distribution, spectrum
density, and structura superiority. We show that the av-
erage distance of the corporate transaction network is ap-
proximately 3.36-5.36, and that it has a scale-free prop-
erty with a power-law index of 2.06. We also show that
our proposed structural superiority index of the corporate
transaction network isgreatly related to several stock price
indices and profit financial indices.

The organization of this paper is as follows. First, in
Section 2, we define the corporate transaction network.
We explain how the corporate transaction network is built
from the corporate information database. In Section 3, av-
erage distance, clustering coefficient, degree distribution,
spectrum density, and structural superiority index of the
corporate transaction network are analyzed. By compar-
ing with a random network or other social networks, we
discuss the structure of corporate transactions. Finaly,
Section 4 concludes this paper and discusses future works.

2 Corporate Transaction Networ k

In this paper, a corporate transaction network is defined as
a network that represents existence of transactions among
corporations. Generally, each corporation performs sev-
eral commercia transactions and circulation activities by
dealing in products and services with other corporations.
In acorporate transaction network, every noderepresentsa
corporation, and alink between nodes represents existence
of transactions between nodes (i.e., dealings of productsor
services) between two corporations.

An example of acorporatetransaction network is shown
in Fig. 1. Asshown in Fig. 1, a corporation is represented
by a node, and a transaction between corporations is by
a link between nodes. By representing corporate trans-
actions as a network, it becomes possible to analyze the
structure of corporate transactions.

It is an important problem how information on nodes
(i.e., corporations) and links (i.e., existence of transac-
tions) fromreal businesstransactionsisobtained. Itiseasy
to obtain information on nodes from, for example, a pub-
licly available corporation database. On the other hand,
it might be possible to obtain information on links from,
for example, some documents or Web pages introducing
the profile of a corporation, which sometimes includes a
list of major customers. However, it is unredistic to ob-
tain information on linksin such away since profiles of all
corporations are not available and those corporation pro-
files are difficult to be processed electronically.

In this paper, by utilizing the corporate information
database [11], we obtain information of transactions
among real corporations and build a corporate transaction
network based on this information. This corporate infor-
mation database is published quarterly and includes data

Figure 2: Graphical representaion of the corporate trans-
action network (1st quater of 2004)

for approximately 3,700 Japanese corporations. In ad-
dition to fundamental information, such as the corporate
name, total assets, capital, stock price, the date of founda-
tion, and the number of employees, this database contains
alist of mgjor customers.

Each corporation included in the corporate information
database is assigned as a hode in the corporate transac-
tion network. Based on the list of magjor customersin the
database, undirected links between nodes in the corporate
transaction network are generated.

Note that, the list of major customers in the database
does not contain information on trading direction of prod-
ucts and/or services (e.g., direction of cash flow). There-
fore, we build the corporate transaction network as an
undirected graph. This is because the corporate transac-
tion from a corporation A to a corporation B should exist
when the corporation B considersthe corporation A to bea
major customer. In the corporate transaction network, cor-
porations having no transaction with other corporationsin
the database (i.e., isolated nodes) are removed.

In the corporate information database, for each corpora-
tion, not all customers but major customers are listed. For
thisreason, links of the corporate transaction network rep-
resent not all corporate transactions among corporations,
but major corporate transactions among corporations. In
reality, it is virtually impossible to obtain lists of al cus-
tomers for all corporations. We believe that lists of major
customers in the corporate information database is useful
to reveal fundamental structure of the corporate transac-
tion network since those lists represents typical transac-
tions among corporations.

An example of corporate transaction network that we
have built is graphically shown in Fig. 2. This figure
represents the network built from the corporate informa-
tion database [11] in the first quarter of 2004. This figure
showsthat the corporate transaction network formsalarge
cluster. In Tab. 1, we summarize fundamental characteris-
tics of corporate transaction networks built from the cor-
porate information database from the first quarter of 2004
tothefirst quarter of 2005. Thistable shows that the num-

ber of nodes N are 2,066-2,099, and avera(];e degrees k
are 4.52-4.58. The network distances ¢ and clustering co-
efficients C' are also shown in the table, which will be ex-
plained in Section 3. The network distance..,,,4 and clus-
tering coefficient C',..,,q Of a random network, which has
the same number of nodes N and the same average with
the corporate transaction network, are also included in the
table. Fundamental characteristics of the movie actors net-
work [4] and the mathematics co-authorship network [5]
are aso included.



Table 1: Characteristics of corporate transaction networks and other social networks

corporate transaction network (1st quarter of 2004)

corporate transaction network (2nd quarter of 2004)
corpprate transaction network (3rd quarter of 2004)
corporate transaction network (4th quarter of 2004)
corporate transaction network (1st quarter of 2005)

movie actors network [4]

mathematics co-authorship network [5]

3 Network Analysis

In this section, the corporate transaction network built in
Section 2 is analyzed, and its characteristics are inves-
tigated. In what follows, for analyzing the structure of
the corporate transaction network, we employ several met-
rics such as average distance, clustering coefficient, degree
distribution, spectrum density, and structural superiority
index, which have been developed in network-analysis
techniques.

3.1 AverageDistance

We first focus on the average distance ¢ of the corporate
transaction network. We investigate distance between cor-
porations from a network topological viewpoint. In other
words, weinvestigate how close corporate transactions ex-
ist among corporations.

By letting NV be the number of nodes, the average dis-
tance ¢ of anetwork is defined as[12]
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where ¢;; is the shortest path length from node 7 to node
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Let N be the number of nodes, and % be the average
degree. It is known that the average distance ¢,.,.q4 Of a
random network is approximately given by [6]
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Hence, if the corporate transaction network was a random
network, its average distance would be 5.07 (in the case
of thefirst quarter of 2005) (see Tab. 1). The average dis-
tance ¢ of the corporate transaction network is shown in
Tab. 1. For instance, the average distance of the corporate
transaction network in thefirst quarter of 2005is¢ = 3.36.

This table shows that the average distance ¢ of the cor-
porate transaction network is close to the average distance
£,qnq Of arandom network (Fig. 3). Note that the average
distance of 3.36-5.36 issmaller than that of the mathemat-
ics co-authorship network, which has a comparable aver-
age degree (Tab. 1). These results suggest that in the cor-
porate transaction network, corporations are more closely
related than nodes in other social networks such as the
mathematics co-authorship network.

3.2 Clustering Coefficient

We investigate cluster structure of the corporate transac-
tion network. The objective of this section is to answer
thefollowing questions: does each corporation belongto a
specific group? If so, are the corporate transactions closed
within those groups?
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Figure 3: Average distance of the corporate transaction
network (1st quarter of 2005) (dotted line is the case of
random network)

For this purpose, we derive the clustering coefficient of
the corporate transaction network. Clustering coefficient
is a metric that measures cluster structure of nodes in a
network. Specifically, clustering coefficient is defined as a
probability that triangular cycle exists between each node
pair. The clustering coefficient C' of a network is defined
as

1 N
OEN;@, ()

where C; is the clustering coefficient of node i, which is
defined as

2,
leilk; — 1)

In the above egquation, k; isthe degree of node i, and E; is
thetotal number of triangular cycles, which start from and
return to node i. B

Let N be the number of nodes, and & be the average
degree. It is known that the clustering coefficient C'qpq
of arandom network is given by [6]

k

- (5)

Hence, if the corporate transaction network was a random
network, the clustering coefficient would be 0.0021 (in the
case of the first quarter of 2005) (see Tab. 1). The cluster-
ing coefficient C' of the corporate transaction network is
shown in Tab. 1. For instance, the clustering coefficient
of the corporate transaction network in the first quarter of
2005is C' = 0.072.

Thistable shows that the clustering coefficient C' of the
corporate transaction network is larger than the cluster-
ing coefficient C'..,,q Of a random network by an order
of magnitude (Fig. 4). This means that corporations tend
to have more grouped structure in the corporate transac-
tion network than in arandom network. However, if com-
pared with other social networks such as the movie ac-
tors network and the mathematics co-authorship network,

Ci = 4)
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Figure 4: Clustering coefficient of the corporate transac-
tion network (1st quarter of 2005) (dotted line is the case
of random network)

the value of clustering coefficient is not so large (Tab. 1).
These results indicate that the corporate transaction net-
work tends to have less grouped structure than other social
networks.

3.3 DegreeDistribution

We then focus on degree distribution of the corporation
transaction network. Namely, we investigate the distri-
bution of the number of transactions of each node (i.e.,
corporation) in the corporation transaction network. The
objective of this section is to answer the following ques-
tions: does any hub corporation, which has a very large
number of business transactions with other corporations,
exist in the corporate transaction network? does the cor-
porate transaction network have a scale-free property?
The degree distribution is determined by the degree-
distribution function P(k). P(k) is a probability that the
degree of arandomly chosen nodeis k in a network.
When the number of nodes IV is large, it is known that
the degree-distribution function P(k) of a random net-

work with the average degree k approximately followsthe
Poisson distribution [6]; i.e.,

R
P(k) ~ kg. (6)

It is reported that many real social networks have a scale-
free property unlike a random network [13]; i.e., the tail
of the degree-distribution function P(k) is governed by a
power-law function

P(k) ~ k77, ()
where « is a constant and called a power-law index. It is
known that many real scale-free networks have a power-
law index v of 2.0-3.4[6].

Figure 5 shows degree distribution of the corporate
transaction network (in the case of the first quarter of
2005). This figure shows the estimated degree distribu-
tion function P(k) as a function of node degree k. It
can be found from this figure that the degree distribution
of the corporate transaction network is considerably dif-
ferent from the Poisson distribution (i.e., a random net-
work). Also can be found that the tail of the degree distri-
bution function P (k) follows a power law. For instance,

in the corporate transaction network, the average degree k
isaround 4.52—4.58. We found that the power-law index -y
of the corporate transaction network was vy = 2.06, which
clearly suggested existence of scale-free structure in the
corporate transaction network.
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Figure 5: Degree distribution of the corporate transaction
network (1st quarter of 2005) (dotted line is the case of
random network)
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Figure 6: Spectrum density of the corporate transaction
network (1st quarter of 2005) (dotted line is the case of
random network)

3.4 Spectrum Density

We focus on spectrum density of the corporation transac-
tion network. Namely, topological characteristics of the
corporation transaction network are clarified.

Spectrum density is a metric used for anayzing the
topology structure of a network [14]. Let A be the in-
cidence matrix of a network with the number N of nodes.
Namely, A isasquare matrix of NV x N, and each element
ay; 1s 1if alink exists between node ¢ and node j, and is
0 otherwise. Eigenvalues of the incidence matrix A are
denoted by A; (1 < i < N). The spectrum density p(k) is
defined as [6]

)

Let N be the number of nodes, and % be the average
degree. It is known that the spectrum density p(k) of a
random network is given by [6]

{ VNP DN ey 2¢/Np(1 —p)(9)
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The spectrum density of the corporate transaction net-
work for different values of A (in the case of the first quar-
ter of 2005) is shown in Fig. 6. . This figure shows that
the spectrum density of the corporate transaction network
significantly differsfrom that of a random network. Spec-
trum density of the corporate transaction network has a
large peak at A = 0 and asmall peak at A = 1. However,
it takes rather small valuesin other regions.



3.5 Structural Superiority

In [15], an index called structural superiority index is
defined in the inter-industry relation network, where a
node corresponds to an industry and alink to relation be-
tween industries. In the inter-industry relation network,
the structural superiority index shows how advantageous a
certain industry is as compared with other industries from
a network structural viewpoint. In[15], the inter-industry
relation network is built from Japanese inter-industry re-
lations table [16], and the relation between structural su-
periority index and profit of each industry is investigated.
Consequently, it is shown that the industry with a high
structural supleriority index has tendency to obtain more
profits than that with alow structural superiority index.

In this paper, we propose a structural superiority in-
dex for the corporate transaction network by extending the
idea of the structural superiority index proposed in [15].
We clarify relations between the structural superiority in-
dex obtained from the corporate transaction network and
severa corporate indices such as stock price indices and
profit financia indices. As stock price indices, we fo-
cus on price earnings ratio (PER) and earnings per share.
As protfit financial Indices, we focus on return on equity
(ROE), return on asset (ROA), and market capitalization.

In Section 2, the corporate transaction network was
built asan undirected grgph. Inwhat follows, for obtaining
structural superiority index, the corporate transaction net-
work isbuilt asadirected graph. Thisis becausethe struc-
tural superiority index is determined by whom a corpora-
tion is considered to be amgjor customer. For instance, if
a corporation A considers a corporation B to be a major
customer, and if the corporation B does not consider the
corporation A to be amajor customer, the corporation B is
in asuperior position to the corporation A.

Hence, the definition of a link in the corporate transac-
tion network is changed as follows. When the list of ma-
jor customers of a corporation A includes a corporation B
(i.e., transaction exists from the corporation A to the cor-
poration B), we have alink from the corporation A to the
corporation B.

In this case, the structural superiority index C; of acor-
poration ¢ in the corporate transaction network is defined
as

c
C; = ZCjiW? (10)

J#

where C is an approximate value of the structural superi-
ority index of a corporation j, and is defined as

_ k.
CJ/’ = ZC’W (k0)a’

k) k

(11)

where k! is the input degree of node i, k¢ is the output
degree of node ¢, and « isaparameter (0 < o < 1). ;5 is
1if alink existsfrom node i to node 5, and O otherwise.

Equation (10) indicates that, when & is large (i.e, a
corporation j, which considers a corporation i to be a
major customer, is considered to be a major customer by
many other corporations), the structural superiority index
islarge. Moreover, Eq. (10) alsoindicatesthat, when  §’ is
small (i.e., the number of major customers of acorporation
4, which includes a corporation i is small), the structural
superiority index is large.

The relations between the structura superiority index
for « = 0 and several corporation indices — price earn-
ings ratio (PER), earnings per share, return on equity
(ROE), return on asset (ROA), and market capitalization
— are shown in Figs. 7 through 11, respectively. In the
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Figure 7: Relation between structura superiority index
and price earnings ratio (PER) for o = 0
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Figure 8: Relation between structura superiority index
and earnings per sharefor a = 0

figures, regression lines obtained from the least-squares
method are also plotted.

First, we focus on the relation between the structura
superiority index of the corporate transaction network and
stock price indices. Figure 7 shows existence of a weak
negative correlation between the structural superiority in-
dex and price earningsratio (PER). On the contrary, Fig. 8
shows that relatively strong positive correlation exists be-
tween the structural superiority index and earnings per
share. From these observations, we conclude that the
structural superiority index of the corporate transaction
network is strongly related with stock priceindices.

Next, we focus on the relation between the structural
superiority index of the corporate transaction network and
profit financial indices. Figures9 and 10 show that aweak
negative correlation exists between the structural superi-
ority index and either return on equity (ROE) or return on
asset (ROA). On the contrary, Figure 11 shows that the
strong correlation exists between the structural superior-
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Figure 9: Relation between structural superiority index
and return on equity (ROE) for o = 0



T T T
adv-roa [ ]

T

= 3.23 + (-0.00)*x ---------
T
172
[ %]
< -
% L d ® L J
£
S . .
L e —
g ® o e e
o %

1 1 1 1 1

200 300 400 500 600 700

Structural superiority index

Figure 10: Relation between structural superiority index
and return on asset (ROA) for o =0

5e+06 T o (I:‘| T i I2| Lu——
. adv-capita o |
4.5e+06 581851 + (6378.96)*x ~~-><< -
4e+06 Ps e —
3.5e+06 - =

Market capitalization / 108 [yen]

3e+06 - —
2.5e+06 - —
2e+06 e ° . e -

L ] ®_-
1.5e+06 it e —
le+06 e oo -
500000 L4 —

0 ol 1 1 1 1 1
O 100 200 300 400 500 600
Structural superiority index

~
(o}
o

Figure 11: Relation between structural superiority index
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ity index and market capitalization. From these observa-
tions, we conclude that the structural superiority index of
the corporate transaction network is strongly related with
profit financial indices.

4 Conclusion and Future Works

In this paper, we have built the corporate transaction net-
work based on dealings information among real Japanese
corporations. Furthermore, average distance, clustering
coefficient, degree distribution, spectrum density, and
structural superiority index of the corporate transaction
network have been obtained and investigated by apply-
ing network-analysis techniques. Consequently, we have
found the followings regarding the corporate transaction
network: (1) average distance is approximately 3.4-5.4,
which indicates that nodes in the corporate transaction
network are more closely related than nodes in other so-
cial networks, (2) clustering coefficient is approximately
0.07, which indicates that the corporate transaction net-
work tends to have less grouped structure than other social
networks, (3) the tail of the degree distribution function
follows a power law, which suggests the corporate trans-
action network has a scale-free property, (4) spectrum den-
sity hasasmall peak at A = 1, but it takes rather small val-
uesin other regions, and (5) structural superiority index is
strongly related to stock price indices and profit financia
indices.

As future work, constructing a network generation
model that can reproduce the structure of the corporate
transaction network is of interest. Moreover, based on our
findings on real corporate transaction networks, reaiza-
tion of a new network service that can improve the ef-
ficiency and convenience of a commercial transaction in
Cybersociety is also interesting.
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