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Network structure of about 1 million Japanese companies is analyzed using the database provided by RIETI. We calculated

various quantities using the adjacency matrix representing business interaction among companies. Degree of links, degrees of

hub and authority, PageRanks and strongly-connected-components are calculated. It is shown that some of these methods are

useful for evaluation of company's value taking into account the effect of network structure. 

As a visualization method of the network structure we adopted molecular dynamics by representing each company by a par-

ticle having interaction with other particles. At an equilibrium state the configuration gives an intuitively reasonable clustered

company network structure. 
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1. Introduction
Human economic activity is now considered as one of the

main cause of the Earth's global warming, and it is an impor-

tant first step to clarify detail structure of economy from the

real data. For this purpose we have stated analysis of a huge

business dealings data of Japanese companies provided by

RIETI (Research Institute of Economy, Trade and Industry).

As mentioned in the last year's annual report [1] the data

consists of about 1 million companies, that is, practically all

active companies in Japan. For each company, basic infor-

mation such as job category, number of employee, annual

sales, annual income, names of business partners are listed.

The business relation matrix, or an adjacency matrix in the

terminology of network analysis, becomes of size about 1

million by 1 million, and we need to analyze a matrix with

about 1 trillion elements using the computational power of

the Earth Simulator. 

2. Company's network properties
Complicated network structures are characterized by vari-

ous quantities. The most elementary quantity is the degrees

of links, that is, simply the number of links which are con-

necting from a node. In the terminology of economy, this is

the number of business partner companies. Based on the

direction of money flow there are in-coming-links and out-

going-links for each company. For a given adjacency matrix

M, these numbers are given by the number of non-zero ele-

ments for each column and row, where the (i,j) component

of this adjacency matrix is 1 if the j-th company buys some-

thing from the i-th company, or equivalently if there is a

money flow from the i-th to the j-th, otherwise the compo-

nents are 0. The distributions of number of links for both

directions are well approximated by power laws with the

exponent about 1.3 for link numbers larger than 25 for both

directions [2]. By comparing with randomly reconnected

artificial networks keeping the link numbers, it is found that

there is a tendency that companies with large link numbers

are avoiding direct links each other.   

The degrees of authority and hubs are defined by the fol-

lowing formulation [3]. Let M be the adjacency matrix, a
→
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and h
→

be the vectors which satisfy the following relation:

h
→

= Ma
→

and  a
→

= tMh
→

(1)

The i-th component of a
→

is called the degree of authority

of the i-th company, and the components of h
→

are called the

degrees of hub. As known from Eq.(1) a
→

and h
→

can be

obtained as the maximum eigen vectors of the matrices tMM

and M tM, respectively. The companies having large values

of degree of hubs and authorities satisfy a kind of conjugate

relation: The degrees of hub are larger if the companies have

direct links to those companies having large degrees of

authority, and the degrees of authorities are larger if the

companies are linked by high hub companies. 

As already reported [1] the distribution of degree of

authority is characterized by a power law with the exponent

about 0.3, and the distribution of degree of hub shows a sim-

ilar power law in the same small value range, but there is

another power law behavior in the large value range with the

exponent 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. 

Another quantity of network characterization is called

PageRank, which is commonly used in characterization of

web page ranking such as Google [4]. This quantity is

defined by considering 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. We can define two types of PageRanks by considering

ordinary link direction and the opposite link direction. The

ordinary link direction is the direction of money flow and

the opposite direction corresponds to material flow which is

a conjugate of money flow. The value of steady state proba-

bility of this random walker is called the PageRank. It is

confirmed that the distribution of PageRank for each direc-

tion type, i.e. the money flow or material flow, follows a

power law with an exponent very close to that of link num-

ber distribution [1]. 

For these characterizing quantities of the company net-

work, we checked mutual correlations and correlations with

company's financial quantities such as sale, income, profit,

number of employee and growth rate [2]. In order to avoid

error due to statistical outliers we applied Kendall's correla-

tion significance testing by comparing with randomly recon-

nected artificial networks. From Table 1 it is known that all

quantities except growth rates have significant positive cor-

relation, namely, for large companies almost all quantities

are large. As for growth rate of profit only PageRanks have

non-negligible correlation. 

In the study of directed network structure a set of nodes

are said to belong to the same strongly-connected-compo-

Fig. 1  Cumulative distribution function of sales of companies in manu-

facturing category. All companies (green), the largest strongly-

connected-components (red) and the rest of companies.

Table 1  Correlation among characterization quantities. "indegree" and "outdegree" denote number of links

for incoming and outgoing links. "pa" and "ph" show PageRanks for money-flow and material flow,

respectively. "a" and "h" are the degrees of authority and hub. The last three "r"s are growth rates

for sale, income and profit. The signs * show statistical significant level at p-value < 10–8.
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Fig. 2  The configuration of Japanese companies obtained by MD simulation. The radius of each sphere is proportional to the link num-

bers. (a) Large companies with the number of employee larger than 500. (b) Middle size companies with the number of employee

larger than 100 are added. (c) Small size companies with the number of employee larger than 25 are added. (d) All companies.

nent when any node in the set is connected to any other node

in the set. Strongly-connected-components can be calculated

from the adjacency matrix. For manufacturing category the

number of companies is 143,628 and the number of largest

strongly-connected-components is 50,367, about 35%. As

known from Fig. 1 the companies which belong to the

largest strongly-connected-elements tend to have larger sales

than other companies. 

3. Visualization of company networks
For visualization of company networks we apply MD

simulation method assuming that companies are represented

by particles having interaction. The interaction potential

between nodes in the MD simulation is given by

where Qi is the Coulomb charge for node i and ki j is the

spring constant between nodes i and j. Here we neglect the

direction of links (flow of goods or money), and assume that

Qi and ki j take identical values for all of nodes and all of

pairs, respectively.

MD simulation for a system consisted of about one million

charged particles is not a simple task because of the long-

range nature of the Coulomb force; the computational task is

of order of million times million without any tricks. To speed

up the computation, we implemented the hierarchical tree

algorithm [5] into our MD code. The whole space is divided

by cells at hierarchical levels. The interactions of a given par-

ticle with other remote particles are replaced by the interac-

tions with the cells to which those particles belong. As the

distance between particles is larger, cells at higher level are

used. On the other hand, the force on the particle is calculat-

ed directly for its neighbors residing in the same cell or the

adjacent cells at the lowest level. This trick reduces the com-

putational task to O(N logN) where N is the number of nodes.

We show a steady state structure of the transaction net-

work in Japan obtained by this MD simulation in Fig. 2. We

confirmed that the final structure is essentially independent

of initial configurations or cooling processes we adopted. In

this figure the companies are categorized by the size defined

by the number of employee. It is found that large companies

are located near the mass center of the particles. 

The company configuration is decomposed by the sectors

of industry in Fig. 3. As seen from this set of figures we find

that each sector has its own characteristic configuration, for

example, wholesale industry includes clustered structure

while companies distribute rather uniformly in real estate

industry. 

As an application of visualization of company network we

plot the companies which are involved in the scandal over sale

of contaminated rice. Here, the trigger company firstly sold

contaminated rice in Fig. 4 to a food processing company in

the autumn of 2007 and then many companies having business

relation are affected step by step in the company network. It is

found that the shock is directed to the center of the network,

indicating amplified impact on the economic system; actually

a number of downstream firms and consumers were affected.

4. Summary 
In this project we analyzed the whole network properties

of Japanese companies by solving the adjacency matrix of

size about 1 million by 1 million. We observed basic quanti-

ties of networks, the link numbers in both directions, the

degrees of hub and authority, and the values of PageRanks.

We calculated mutual correlation among these numbers and

also we checked correlation with basic quantities of compa-

nies such as sale, income, number of employee, and growth

rate. It is found that all of these quantities are positively cor-

related. An exception is the growth rate of a company, which

is nearly independent for any of these quantities except the

PageRank. This implies that larger companies and smaller

companies are having almost similar chance in their growth,

and the network structure is actually effecting slightly.

As the second stage of this research we introduced visual-

ization of company network using MD simulation which is

(2)
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Fig. 3  An optimized network structure of whole economy in Japan (e); only nodes are drawn. And it is decomposed into various

sectors: (a) construction, (b) manufacturing, (c) services, (d) real estate, (f) transport, (g) wholesales/retail trade, (h) informa-

tion/communications, (i) others.

Fig. 4  Propagation of a shock due to the scandal over sale of contaminated rice by a food distri-

bution company through the production network. The circle depicts the trigger company.
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suitable for the Earth simulator. The configuration of all

Japanese companies is oained, and the structure of each

industry is depicted. As an application we checked the case

of rice contamination scandal occurred in autumn of 2007.

We confirmed cascading shock propagation on the company

network toward the center of the whole network. This

implies the possibility that the network configuration can be

used for prediction of shock propagation in the company net-

work when a big accident occurred on a company.     
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