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Network structure of about 1 million companies in Japan is studied by analyzing an exhaustive data of trade in Japan. Basic

quantities of network structure, such as link numbers, the degrees of hub and authority, and PageRanks are observed. It is

found that the network belongs to a typical scale-free network. The averaged number of links of each company is 4.5 and the

exponent of the power law distribution is 1.3. Choosing a company as a start point and choosing another company as a desti-

nation, the probability that this pair is connected is about 45%, the mean distance is 4.2, the most-likely distance is 5, and the

frequency decreases exponentially up to the maximum distance 21. These findings are expected to play an important role in

characterization of the economic network's stability and functions.
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1. Introduction

Recently, it is often argued that human economic activity
is affecting the Earth's climate such the global warming in
relation with the density increase of carbon-dioxide. It is
expected as a tomorrow's technology to control the whole
economic system to be compatible to the natural environ-
ment avoiding a catastrophic recession. From scientific
viewpoint the first step of controlling a real complex system
is to observe the system in detail such as quantitative charac-
teristics of elements and interactions among the elements. In
the case of real economic system the units or elements can
be companies and the interactions can be business dealings.
In this project we analyze an exhaustive business dealings
data of Japanese companies provided by RIETI (Research
Institute of Economy, Trade and Industry).

The data we analyze in this project covers about 1 million
companies, that is, practically all active companies in Japan.
For each company basic information such as job category,
number of employee, annual sales, annual income, names of
business partners are listed. In each company's list there are
only up to 30 companies as business partners, however, by
accumulating all companies' data there are big companies
having several thousands of direct business partners. As a
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result the business relation matrix becomes of size about 1
million by Imillion, namely, a matrix with 1 trillion ele-
ments is needed. This size of matrix can hardly be treated
other than the Earth Simulator.

2. Companies' basic properties

Basic quantities characterizing the size of a company
are sales (in unit of 10 million yen), incomes (in unit of
10 million yen), the number of employee and the number of
offices. In Fig. 1 cumulative distributions of these quantities
are plotted in log-log scale. As known from this figure all of
these plots are on straight lines showing that they are
approximated by power law distributions. Such scale-free
properties for companies are well-known for company size
distributions [1].

Network structures of business transactions are analyzed
by solving the adjacency matrix of size about 1 million by 1
million. The (i, j) component of the adjacency matrix is 1 if
the j-th company buys something from the i-th company, or
equivalently if there is a money flow from the i-th to the j-th,
otherwise the components are 0. Figure 2 shows the cumula-
tive distribution of link numbers in log-log scale, where the
link number is defined by the number of non-zero compo-
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Fig. 1 Cumulative distributions of various sizes of companies. The
amount of sales and incomes (in 10 million yen) and the numbers

of employee and offices.
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Fig. 2 Cumulative distribution of link numbers for business transactions

and stock holders.

nents in the i-th row of the adjacent matrix. The distribution
is well approximated by a power law with the exponent
about 1.2 for the wide range from about 10 to 1000 [2, 3].
It is shown by comparing with randomly reconnected net-
work keeping the link numbers that there is a tendency that
companies with large link numbers are avoiding each other.
Also there is a high tendency that the links are bi-directional.

Another adjacent matrix is defined also for stock holders
relations, that is, if the i-th company holds the j-th compa-
ny's stock, then the (i, j) component of the adjacent matrix of
stock holder is 1 and otherwise 0. For this stock holder net-
work the link number distribution also follows a power law
as shown in Fig. 2. The link numbers of the stock holder net-
work are smaller than those of the transaction network, how-
ever, the power law exponents of these two distributions are
very close each other.

The distance of any pair of companies can be defined by
the minimal number of links which connect these two com-
panies. In Fig. 3 the cumulative distribution of distance of
pairs is plotted in semi-log scale. The probability that there
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Fig. 3 Cumulative distribution of company pair distances.

exists at least one path from a randomly chosen company to
a randomly chosen destination company is about 45%. The
peak distance is 5 and the distribution of distance decays
nearly exponentially from distance larger than 8 up to the
maximum distance, 21.

Next, we define the degrees of authority and hubs which
are playing important roles in web-page ranking [4]. Let M
be the adjacent matrix, a and & be the vectors which satisfy
the following relation:
Fi=Ma and a ='Mh %))

The i-th component of a is called the degree of authority
of the i-th company, and the components of / are called the
degrees of hub. As known from Eq.(1) a and K can be
obtained as the maximum eigen vectors of the matrices ‘MM
and M'M, respectively. The companies having large values
of degree of hubs and authorities satisfy a kind of conjugate
relation as typically shown in Fig. 4. Namely, the degrees of

hub are larger if the companies have direct links to those

N

Fig. 4 Schematic relation of hub companies (H) and authority compa-
nies (A).
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Fig. 5 Cumulative distributions of the degree of hub (h), degree of
authority (a), Page ranks for money flow (Ph) and for materials
and services flow (Pa).

companies having large degrees of authority, and the degrees
of authorities are larger if the companies are linked by high
authority companies.

In Fig. 5 the cumulative distributions of degrees of hub
and authority are plotted in log-log scale. The distribution of
degree of authority is characterized by a power law in the
range of [10°%, 107°] with the exponent about 0.3 and an
exponential decay for larger values. On the other hand the
distribution of degree of hub shows a similar power law in
the same small value range, but there is another power law
behavior in the large value range [107%, 10°] with the expo-
nent about 0.5. As known from this result the degrees of hub
and authority can characterize companies quantitatively in a
different way than the simple link numbers. It is confirmed
that there is a tendency that big names of construction com-
panies appear in the companies which have top rank degrees
of authority. It is found that the degree of authority and sales
are positively correlated. For the degree of hubs big names
of retail trading companies tend to appear, but the correla-
tion to the sales and the sizes are less clear than the degree of
authority.

As another quantity of characterization of network struc-
tures we introduce PageRank, which is used in characteriza-
tion of web page ranking such as Google. This quantity is
closely related to the physical problem of diffusion on the
network [5]. Consider an imaginary random walker on the
company network, which moves to one of neighbor compa-
nies having direct links with the same transition probability
when there is at least one outgoing link. In the case there is
no outgoing link the random walker jumps to a randomly
chosen company from all companies with uniform probabili-
ty. In the case of real company network the steady state
probability distribution of this random walker, called the
PageRank, is not uniform but the density distribution fol-
lows a power law distribution as shown in Fig. 5. Here, we
consider two cases, one is the case that the random walker
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moves in the direction of money flow, and the other is the
case that it moves in the opposite direction of money, name-
ly, the direction of material or service. In both cases the
PageRank distributions follow power laws with the exponent
about 1.4 as shown in Fig. 5. The PageRanks can also char-
acterize companies quantitatively from another angle.

3. Graphical representation of company networks

Graphical representation is very important for intuitive
understanding of the complex network structure. However,
this is not an easy job as the number of companies is too big.
In Fig. 6 the network structure of banks is plotted. Even for
this small category of companies the network structure is so
complicated that little information can be retained from the
figure intuitively.

Figure 7 is an example of network structure for companies
in Kagoshima-prefecture. Here, small size companies meas-
ured by sales are neglected, companies with large values of
authority are represented by squares, large hub companies
are represented by ellipses, and colors specify job categories.
It is known from this figure that two retail sales companies
are playing the roles of hubs in this region, and several con-
struction companies are making networks superposing on the
whole networks. Other companies can be viewed as satel-
lites, however, if we zoom up a satellite company it general-
ly links many sub-satellite companies. This type of detail
structure of company network depends on the region, size
and job categories.

Figure 8 is an aggregated network structure representing
interaction between job categories in Japan. Here, the whole
companies are divided into 17 job categories and the interac-

tion between categories are defined in the following way: To

Fig. 6 An example of bank network in Japan shown by non-directional

links.
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define the interaction from category A to category B, we
count up the number of individual links each connecting a
company in the category A to a company in category B. This
number is normalized by the product of the numbers of com-
panies in these two categories. Here, the top 60 links
between categories are drawn in this job category networks.
We can find aggregated interaction among companies from
this figure.

4. Summary

In this project we analyzed the whole network properties
of Japanese companies by solving the adjacent matrix of size
about 1 million by 1 million. We observed basic quantities
of networks, such as the link number distributions both for
transaction network and for stock-holder network, the
degrees of hub and authority and PageRanks. In any case the
network shows fractal or scale-free properties. The distance
of any pair of companies are calculated from the adjacent
matrix and found that the peak distance is 5, the maximum
distance is 21, and the distance distribution decays nearly
exponentially. Visualization of company network is a chal-
lenging task and we introduced two new types of network

representation. One is using the degrees of hub and authority
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which give intuitively consistent information to the network
figure. The other is the category interaction network which
aggregates many companies in the same category and counts
the number of individual links between categories. By this
method the global industrial interactions can be graphically

represented.
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